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Preface

Overview

This Preface contains information on the following topics:
= Purpose and Scope

= Documentation Conventions

»  Quick Reference Macro Table

= Programmable Macro Reference
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Purpose and Scope

Purpose and Scope

The ispLSI Macro Library Reference Manual documents the features, capabilities,
and use of the library macros provided with the pLSI and ispLSI Development System
from Lattice Semiconductor Corporation (LSC). This reference manual provides the
following information about each macro:

Function
Availability
Symbol
Type

Logic Resources

Macro Port Definition

Truth Table

Schematic

The purpose and use of the macro.

1000, 2000, 3000, 5000, or 8000 devices.

The representation of a macro within a schematic.
Macro types are as follows:

Logic

These are the building blocks of macros.

Primitive

AND, NAND, OR, NOR, and XOR gates, and the FD11 and
FD12 D-type flip-flops are logic primitives.

Soft
A soft macro is a predefined netlist of a particular logic
function.

Hard
A hard macro is a netlist that is pre-mapped to the ispLSI
architecture for optimal resource utilization or performance.

The number of product terms (PTs), Generic Logic Blocks
(GLBs), GLB outputs, and approximate GLB levels a macro
requires.

The format of the equation you enter that represents the
macro and the port order.

The table that shows the relationships between all the
possible inputs and outputs for the macro.

A diagram of the logic within the macro is provided for the
more complex macros.

ispLSI Macro Library Reference Manual 8



Documentation Conventions

Documentation Conventions

The following sections describe the conventions used for signal names, truth tables,
pin labeling, and logic resources. A quick reference table is also included which gives
a brief description of each macro and its availability.

Signal Names
A0..Ap.1,B0..B 1 .... inputs

YA R4 outputs

ZNO ..o, output of inverted gate

XIO..ooiiiiiiiiii, external input pin

XOO...ooiiiieeeeeeein, external output pin

OE...ieen, Output Enable

XBO ..o external bidirectional pin

CLK i Clock line

DO..Dpygeeeeeeininneenn. input to D flip-flop/latch; input to T flip-flop; load inputs for counters
and shift registers

QO..Qpig verrrrrreeeaanns output of flip-flop or latch

QO ..Qp1 srrrrrreeeaanns previous output of flip-flop or latch

TE oo, Test Enable input for scan flip-flops

JLILLO I I PR T Test Inputs for scan flip-flops and latches

G, Gate for latch

TG oo, Test Gate for scan latch

[ parallel Load for shift registers and counters

CD.ooeeeeis Clear Direct (asynchronous)

PS . Preset Synchronous

CS., Clear Synchronous

[ Preset Direct (only on latches)

JOKO ..o, inputs to JK flip-flop

S0,S1,RO,R1........... inputs to SR latch

SO..Sp1 e select lines — multiplexors/demultiplexors, decoders/priority
encoders

EN .o, Enable for multiplexors and counters

Cloe, Carry In for adders

(@ Carry Out for adders

2 Borrow In for subtractors

210 S Borrow Out for subtractors

1@ A equals B output for comparators

(C I A greater than B output for comparators

P A Less Than B output for comparators

EQl.ccoiiiiiiiii, Cascade input of EQ from previous stage for mag comparators

[ I I Cascade input of GT from previous stage for mag comparators

N Cascade input of LT from previous stage for mag comparators
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Documentation Conventions

shift registers: serial input; counters: CAscade In
shift right serial input

shift left serial input

shift Right/shift Left control for SRRL shift registers
CAscade Out for counters

count Down/count UP control for up-down counters

ispLSI Macro Library Reference Manual 10



Documentation Conventions

Truth Tables

don’t care

X (unknown) state

high impedance state
any pattern of 1s and 0s on an input or set of inputs

the inverse of d
rising clock edge
falling clock edge

appears in output column if a bidirectional pin acts as an input pin

For macros such as the MUX2 and the MUX2E, which are identical except for the

enable feature on the MUX2E, table cells in gray represent the additional truth table
row and column that apply only to the macro with the enable. For example, the truth
table for the MUX2 and MUXZ2E appears as follows:

Input Output
EN SO Z0
A0
1 Al
X 0

By disregarding the gray cells in the truth table shown above, you can see the truth
table for the MUX2.

Input Output
SO Z0
0 AO
Al

Some truth tables show input and output information for several macros that perform
the same function but handle a different number of bits. For example, LD11 and LD14
have one-bit and four-bit D latches, respectively. In these truth tables, you see 0~,_4,
which indicates that the column represents bits O through n-1, where n is the number
of bits in the macro of interest. The truth table for LD11 and LD14 looks like:

Input Output
DO~Dpy Q0~Qp.1
d d

X Q0~Qp-1

ispLSI Macro Library Reference Manual
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Documentation Conventions

The truth table for LD11 alone would look like this:

Input Output
DO QO

d d

X QO

Module Macro Truth Tables
These inputs, once set, are fixed and can only be connected to VCC/GND.

Refer to the User Programmable Features table.

Refer to the section on Control Blocks for functionality.
ADI and ADO are required to share 1/0 pins so they must be connected to

bidirectional pins.

Data-in can only be external input signals. No logic can be connected.
Data-out can only be external output signals. No logic can be connected.

ispLSI Macro Library Reference Manual
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Documentation Conventions

Pin Labeling

Two formats for describing groups of pins—logic diagrams and equation entry lines—

are included in this manual. Both of these formats are shown in the following

example:

Logic Symbol
CBUDS

| DO
—1D1
—1D2
—|D3
| D4
| D5
| D6
— D7

PS
— CAl

Q0
Q1
Q2
Q3
Q4
Q5
Q6
Q7

__| DN/UP

— | LD CAO
1 EN

CDCs

Macro Port Definition
CBUDS8(Q0..Q7]

,CAO,[DO0..D7],CAI,CLK,PS,LD,EN,DNUP,CD,CS);

Both of these examples refer to pins QO through Q7. The expressions [Q0..Q7] and
Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7 are equivalent.

Macro Port Definition shows the pin order of the macros.

ispLSI Macro Library Reference Manual
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Documentation Conventions

Logic Resources

The logic resources of each macro are described as follows:
Product Terms (PTSs)

Generic Logic Blocks(GLB)
GLB Outputs (Outputs)

GLB Levels (Levels)

The number of gates in the AND array of the
GLBs used by the macro. Add one product term
if you use the Product Term Clock option with
the macro or if the macro has an asynchronous
clear (CD). If “/out” follows the number of
product terms, it means the “number of product
terms per output.”

The number of GLBs that the macro uses.

The number of GLB outputs the macro uses,
including outputs internal to the macro. A GLB
output is also called an Output Logic Macrocell
(OLMC).

The number of levels of GLBs (not gates) used.

For example, this is the logic resource summary for MUX24 and MUX24E:

Macro PT GLBs QOutputs [evels
MUX24 4/out 5 2 1
MUX24E | 4/out 5 2 1

A dash (-) indicates that the amount of the resource the macro uses depends on how
the macro is used or how the partitioner in iISpEXPERT Compiler arranges the macro

in the device.

Logic resources for most of the logic primitive macros are not listed. These macros
are rarely used by themselves, and when used with other macros, they are placed in
space left over by other macros.

Logic resource information is approximate because the partitioner may use different
resources for a given macro depending on the rest of the design.
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Documentation Conventions

Using the NOMIN Attribute

Calling some macros and specifying the NOMIN attribute for a specific pin results in
error 5319 being issued to indicate a problem fitting the logic. The following table lists
the macros and the pin that cannot be assigned the NOMIN attribute.

Macro Parameter
F3ADD_2 P0O12
ADDFS8A_2 P012
ADDF8A 5 P345
ADDF16A 2 P012
ADDF16A_4 P345
ADDF16A_6 P678
ADDF16A 8 P911
ADDF16A_10 P1214
ADDHSA_4 P345
ADDH16A_4 P345
ADDH16A 6 P678
ADDH16A_8 PO11
ADDH16A_10 P1214
CMPS8 EQ

MULT44_6 P345
F3SUB_2 P0O12
SUBFS8A_2 P0O12
SUBFSA_5 P345
SUBF16A 2 P012
SUBF16A 4 P345
SUBF16A 6 P678
SUBF16A_8 PO11
SUBF16A_10 P1214
SUBHSA_4 P345
SUBH16A_4 P345
SUBH16A 6 P678
SUBH16A_8 P911
SUBH16A 10 P1214

ispLSI Macro Library Reference Manual
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Quick Reference Macro Table

Quick Reference Macro Table

The following table lists the macros available from LSC for use with the ispLSI 1000,

2000, 3000, 5000, and 8000 device families.

Macro Description 1000 2000 3000 5000 8000
ADDF1 1-bit full adder X X X X X
ADDF2 2-bit full adder X X X X X
F3ADD 3-bit full adder with X X X X X
propagate-generate
ADDF4 4-bit full adder X X X X X
ADDF8 8-bit full adder X X X X X
ADDF8A 8-bit full adder with X X X X X
propagate-generate
submacros
ADDF16A 16-bit full adder with X X X X X
propagate-generate
submacros
ADDH1 1-bit half adder X X X X X
ADDH2 2-bit half adder X X X X X
ADDH3 3-bit half adder X X X X X
ADDH4 4-bit half adder X X X X X
ADDHS8 8-bit half adder X X X X X
ADDHS8A 8-bit half adder built with X X X X X
propagate-generate
submacros
ADDH16A 16-bit half adder built with X X X X X
propagate-generate
submacros
AND?2 through 2 to 18-input AND gates X X X X X
AND18
Bl11 1-bit bidirect pin X X X X X
Bl14 Four Bl11s with common X X X X X
Output Enable
BI18 Eight Bl11ls with common X X X X X
Output Enable
ispLSI Macro Library Reference Manual 16



Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

BI21 1-bit bidirect pin with X X X X X
inverted output

Bl24 Four BI21s with common X X X X X
Output Enable

BI28 Eight BI21s with common X X X X X
Output Enable

BI31 1-bit bidirect pin with active X X X X X
low Output Enable

Bi34 Four BI31s with common X X X X X
Output Enable

BI38 Eight BI31s with common X X X X X
Output Enable

Bl41 1-bit bidirect pin with X X X X X
inverted output and active
low Output Enable

Bl44 Four Bl41s with common X X X X X
Output Enable

Bl48 Eight Bl41s with common X X X X X
Output Enable

BIID11 1-bit bidirect pin with X X X X
registered input

BIID14 Four BIID11s with common X X X X
clock and Output Enable

BIID18 Eight BlID11s with common X X X X
clock and Output Enable

BIID21 1-bit bidirect pin with X X X X
registered input and inverted
output

BlID24 Four BIID21s with common X X X X
clock and Output Enable

BIID28 Eight BIID21s with common X X X X
clock and Output Enable

BIID31 1-bit bidirect pin with X X X X
registered input and active
low enable
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

BlID34 Four BIID31s with common X X X X
clock and Output Enable

BIID38 Eight BIID31s with common X X X X
clock and Output Enable

BlID41 1-bit bidirect pin with X X X X
registered input, inverted
output, and active low enable

BlID44 Four BlID41s with common X X X X
clock and Output Enable

BIID48 Eight BlID41s with common X X X X
clock and Output Enable

BIID51 1-bit bidirect pin with X X X X
registered input and inverted
clock

BlID54 Four BIID51s with common X X X X
clock and Output Enable

BIID58 Eight BIID51s with common X X X X
clock and Output Enable

BIID61 1-bit bidirect pin with X X X X
registered input, inverted
output, and inverted clock

BlID64 Four BIID61s with common X X X X
clock and Output Enable

BIID68 Eight BIID61s with common X X X X
clock and Output Enable

BIID71 1-bit bidirect pin with X X X X
registered input, active low
enable, and inverted clock

BIID74 Four BIID71s with common X X X X
clock and Output Enable

BIID78 Eight BIID71s with common X X X X
clock and Output Enable

BIID81 1-bit bidirect pin with X X X X
registered input, inverted
output, active low enable,
and inverted clock
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

BlID84 Four BIID81s with common X X X X
clock and Output Enable

BIID88 Eight BIID81s with common X X X X
clock and Output Enable

BllL11 1-bit bidirect pin with latched X X X X
input

BlIL14 Four BIIL11s with common X X X X
G and Output Enable

BIIL18 Eight BIIL11s with common X X X X
G and Output Enable

BlIL21 1-bit bidirect pin with latched X X X X
input and inverted output

BlIL24 Four BIIL21s with common X X X X
G and Output Enable

BIIL28 Eight BIIL21s with common X X X X
G and Output Enable

BIIL31 1-bit bidirect pin with latched X X X X
input and active low enable

BIIL34 Four BIIL31s with common X X X X
G and Output Enable

BIIL38 Eight BIIL31s with common X X X X
G and Output Enable

BlIL41 1-bit bidirect pin with latched X X X X
input, inverted output, and
active low enable

BlIL44 Four BlIL41s with common X X X X
G and Output Enable

BIIL48 Eight BlIL41s with common X X X X
G and Output Enable

BIIL51 1-bit bidirect pin with latched X X X X
input, and inverted G

BIIL54 Four BIIL51s with common X X X X
G and Output Enable

BIIL58 Eight BIIL51s with common X X X X
G and Output Enable
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

BIIL61 1-bit bidirect pin with latched X X X X
input, inverted output, and
inverted G

BIIL64 Four BIIL61s with common X X X X
G and Output Enable

BIIL68 Eight BIIL61s with common X X X X
G and Output Enable

BIIL71 1-bit bidirect pin with latched X X X X
input, active low enable, and
inverted G

BIIL74 Four BIIL71s with common X X X X
G and Output Enable

BIIL78 Eight BIIL71s with common X X X X
G and Output Enable

BIIL81 1-bit bidirect pin with latched X X X X
input, inverted output, active
low enable, and inverted G

BIIL84 Four BIIL81s with common X X X X
G and Output Enable

BIIL88 Eight BIIL81s with common X X X X
G and Output Enable

BIN27 Binary-7-segment decoder X X X X X
with enable

BUF Single input buffer X X X X X

CBD11 1-bit down counter with X X X X X
async clear, CAl, and CAO

CBD12 2-bit down counter with X X X X X
async clear, CAl, and CAO

CBD14 4-bit down counter with X X X X X
async clear, CAl, and CAO

CBD18 8-bit down counter with X X X X X
async clear, CAl, and CAO

CBD21 1-bit down counter with X X X X X
async clear, enable, CAl,
and CAO
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Quick Reference Macro Table

Macro

Description

1000

2000

3000 5000 8000

CBD22

2-bit down counter with
async clear, enable, CAl,
and CAO

CBD24

4-bit down counter with
async clear, enable, CAl,
and CAO

CBD28

8-bit down counter with
async clear, enable, CAl,
and CAO

CBD31

1-bit down counter with
async clear, enable, parallel
data load, sync preset, CAl,
and CAO

CBD32

2-bit down counter with
async clear, enable, parallel
data load, sync preset, CAl,
and CAO

CBD34

4-bit down counter with
async clear, enable, parallel
data load, sync preset, CAl,
and CAO

CBD38

8-bit down counter with
async clear, enable, parallel
data load, sync preset, CAl,
and CAO

CBD41

1-bit down counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBDA42

2-bit down counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBD44

4-bit down counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO
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Quick Reference Macro Table

Macro

Description

1000

2000

3000 5000 8000

CBD48

8-bit down counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBD516

16-bit down counter with
async clear and enable

CBD616

16-bit down counter with
async clear, CAO, and
enable

CBU11

1-bit up counter with async
clear, CAl, and CAO

CBU12

2-bit up counter with async
clear, CAl, and CAO

CBU14

4-bit up counter with async
clear, CAl, and CAO

CBuU18

8-bit up counter with async
clear, CAl, and CAO

CBu21

1-bit up counter with async
clear, enable, CAl, and CAO

CBuU22

2-bit up counter with async
clear, enable, CAIl, and CAO

CBuU24

4-bit up counter with async
clear, enable, CAIl, and CAO

CcBuU28

8-bit up counter with async
clear, enable, CAl, and CAO

CBU31

1-bit up counter with async
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBU32

2-bit up counter with async
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBU34

4-bit up counter with async
clear, enable, parallel data
load, sync preset, CAl, and
CAO

ispLSI Macro Library Reference Manual

22



Quick Reference Macro Table

Macro

Description

1000

2000

3000 5000 8000

CBU38

8-bit up counter with async
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBU41

1-bit up counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBuU42

2-bit up counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBu44

4-bit up counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBU48

8-bit up counter with sync
clear, enable, parallel data
load, sync preset, CAl, and
CAO

CBUS16

16-bit up counter with async
clear and enable

CBUG616

16-bit up counter with async
clear, enable, and CAO

CBU716

16-bit up counter with async
clear, enable, parallel data
load and carry out

CBUD1

1-bit up/down counter with
async clear, sync clear,
enable, parallel data load,
sync preset, CAl, and CAO

CBUD2

2-bit up/down counter with
async clear, sync clear,
enable, parallel data load,
sync preset, CAl, and CAO

CBUD4

4-bit up/down counter with
async clear, sync clear,
enable, parallel data load,
sync preset, CAl, and CAO
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Quick Reference Macro Table

Macro

Description

1000

2000

3000 5000 8000

CBUDS8

8-bit up/down counter with
async clear, sync clear,
enable, parallel data load,
sync preset, CAl, and CAO

CDD14

4-bit decade down counter
with async clear, enable, and
parallel data load

CDD18

8-bit decade down counter
with async clear, enable, and
parallel data load

CDD24

4-bit decade down counter
with sync clear, enable, and
parallel data load

CDD28

8-bit decade down counter
with sync clear, enable, and
parallel data load

CDD34

4-bit decade down counter
with async clear, enable, and
parallel data load, CAl, and
CAO

CDD38

8-bit decade down counter
with async clear, enable, and
parallel data load, CAl, and
CAO

CDD44

4-bit decade down counter
with sync clear, enable,
parallel data load, CAl, and
CAO

CDD48

8-bit decade down counter
with sync clear, enable,
parallel data load, CAl, and
CAO

Cbu14

4-bit decade up counter with
async clear, enable, and
parallel data load

CDhu1is

8-bit decade up counter with
async clear, enable, and
parallel data load
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Quick Reference Macro Table

Macro

Description

1000

2000

3000 5000 8000

Cbu24

4-bit decade up counter with
sync clear, enable, and
parallel data load

cbhuz28

8-bit decade up counter with
sync clear, enable, and
parallel data load

CDu34

4-bit decade up counter with
async clear, enable, parallel
data load, CAl, and CAO

CDuU38

8-bit decade up counter with
async clear, enable, parallel
data load, CAl, and CAO

Ccbu44

4-bit decade up counter with
sync clear, enable, parallel
data load, CAIl, and CAO

Cbhu48

4-bit decade up counter with
sync clear, enable, parallel
data load, CAl, and CAO

CDuD4

4-bit up/down decade
counter with async clear,
sync clear, enable, and
parallel data load

CDuUD8

8-bit up/down decade
counter with async clear,
sync clear, enable, and
parallel data load

CDUD4c

4-bit up/down decade
counter with async clear,
sync clear, enable, and
parallel data load, CAl, and
CAO

CDuUD8c

8-bit up/down decade
counter with async clear,
sync clear, enable, parallel
data load, CAl, and CAO

CGD14

4-bit gray code down counter
with async clear, sync
preset, enable, and parallel
data load
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000
CGD24 4-bit gray code down counter X X X X X
with sync clear, sync preset,
enable, and parallel data
load
CcGu14 4-bit gray code up counter X X X X X
with async clear, sync
preset, enable, and parallel
data load
CcGu24 4-bit gray code up counter X X X X X
with sync clear, sync preset,
enable, and parallel data
load
CGUD4 4-bit gray code up/down X X X X X
counter with async clear,
sync clear and preset,
enable, and parallel data
load
CMP2 2-bit equality comparator X X X X X
CMP4 4-bit equality comparator X X X X X
CMP8 8-bit equality comparator X X X X X
DEC2 1-2 decoder X X X X X
DEC2E 1-2 decoder with enable X X X X X
DEC3 1-3 decoder X X X X X
DEC3E 1-3 decoder with enable X X X X X
DEC4 1-4 decoder X X X X X
DEC4E 1-4 decoder with enable X X X X X
DMUX2 1 of 2 output dmux X X X X X
DMUX2E 1 of 2 output dmux with X X X X X
enable
DMUX4 1 of 4 output dmux X X X X X
DMUXA4E 1 of 4 output dmux with X X X X X
enable
DMUX22 Dual 1 of 2 output dmux with X X X X X
common select line
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

DMUX22E Dual 1 of 2 output dmux with X X X X X
common select line and
enable

DMUX24 Dual 1 of 4 output dmux with X X X X X
common select line

DMUX24E Dual 1 of 4 output dmux with X X X X X
common select line and
enable

DMUX42 Quad 1 of 2 output dmux X X X X X
with common select line

DMUX42E Quad 1 of 2 output dmux X X X X X
with common select line and
enable

DMUX44 Quad 1 of 4 output dmux X X X X X
with common select line

DMUX44E Quad 1 of 4 output dmux X X X X X
with common select line and
enable

DMUX82 Octal 1 of 2 output dmux with X X X X X
common select line

DMUX82E Octal 1 of 2 output dmux with X X X X X
common select line and
enable

F3SUB 3-bit full subtractor with X X X X X
propagate-generate

FD11 1-bit D flip-flop X X X X X

FD14 4-bit D flip-flop X X X X X

FD18 8-bit D flip-flop X X X X X

FD21 1-bit D flip-flop with async X X X X X
clear

FD24 4-bit D flip-flop with async X X X X X
clear

FD28 8-bit D flip-flop with async X X X X X
clear

FD31 1-bit D flip-flop with sync X X X X X
preset
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

FD34 4-bit D flip-flop with sync X X X X X
preset

FD38 8-bit D flip-flop with sync X X X X X
preset

FD41 1-bit D flip-flop with async X X X X X
clear dominant over sync
preset

FD44 4-bit D flip-flop with async X X X X X
clear dominant over sync
preset

FD48 8-bit D flip-flop with async X X X X X
clear dominant over sync
preset

FD51 1-bit D flip-flop with sync X X X X X
preset dominant over sync
clear

FD54 4-bit D flip-flop with sync X X X X X
preset dominant over sync
clear

FD58 8-bit D flip-flop with sync X X X X X
preset dominant over sync
clear

FD61 1-bit flip-flop with scan X X X X X

FD64 4-bit flip-flop with scan X X X X X

FD68 8-bit flip-flop with scan X X X X X

FD71 1-bit D flip-flop with scan and X X X X X
async clear

FD74 4-bit D flip-flop with scan and X X X X X
async clear

FD78 8-bit D flip-flop with scan and X X X X X
async clear

FD81 1-bit D flip-flop with scan and X X X X X
sync preset

FD84 4-bit D flip-flop with scan and X X X X X
sync preset
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000
FD88 8-bit D flip-flop with scan and X X X X X
sync preset
FD91 1-bit D flip-flop with scan and X X X X X
async clear dominant over
sync preset
FD94 4-bit D flip-flop with scan and X X X X X
async clear dominant over
sync preset
FD98 8-bit D flip-flop with scan and X X X X X
async clear dominant over
sync preset
FDA1 1-bit D flip-flop with scan and X X X X X
sync preset dominant over
async clear
FDA4 4-bit D flip-flop with scan and X X X X X
sync preset dominant over
async clear
FDAS8 8-bit D flip-flop with scan and X X X X X
sync preset dominant over
async clear
FJK11 JK flip-flop X X X X X
FJK21 JK flip-flop with async clear X X X X X
FJK31 JK flip-flop with scan X X X X X
FJIK41 JK flip-flop with scan and X X X X X
async clear
FJIK51 JK flip-flop with async clear X X X X X
and sync preset
FT11 Toggle flip-flop with async X X X X X
clear
FT21 Toggle flip-flop with sync X X X X X
clear and preset, preset
dominant
IB11 1-bit input pin X X X X X
ID11 1-bit registered input pin X X X X
ID14 Four ID11s with common X X X X
clock
ispLSI Macro Library Reference Manual 29



Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

ID18 Eight ID11s with common X X X X
clock

ID21 1-bit registered input pin with X X X X
inverted clock

ID24 Four ID21s with common X X X X
clock

ID28 Eight ID21s with common X X X X
clock

IL11 1-bit input pin with D latch on X X X X
input

IL14 Four IL11s with common G X X X X

IL18 Eight IL11s with common G X X X X

IL21 1-bit input pin with D latch on X X X X
input, inverted enable

IL24 Four IL21s with common G X X X X

IL28 Eight IL21s with common G X X X X

INV Single input inverter X X X X X

LD11 1-bit D latch X X X X X

LD14 4-bit D latch X X X X X

LD18 8-bit D latch X X X X X

LD21 1-bit D latch with async clear X X X X X

LD24 4-bit D latch with async clear X X X X X

LD28 8-bit D latch with async clear X X X X X

LD31 1-bit D latch with async X X X X X
preset

LD34 4-bit D latch with async X X X X X
preset

LD38 8-bit D latch with async X X X X X
preset

LD41 1-bit D latch with async clear X X X X X
dominant over async preset

LD44 4-bit D latch with async clear X X X X X
dominant over async preset
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000

LD48 8-bit D latch with async clear X X X X X
dominant over async preset

LD51 1-bit D latch with async X X X X X
preset dominant over async
clear

LD54 4-bit D latch with async X X X X X
preset dominant over async
clear

LD58 8-bit D latch with async X X X X X
preset dominant over async
clear

LD61 1-bit D latch with scan X X X X X

LD64 4-bit D latch with scan X X X X X

LD68 8-bit D latch with scan X X X X X

LD71 1-bit D latch with scan and X X X X X
async clear

LD74 4-bit D latch with scan and X X X X X
async clear

LD78 8-bit D latch with scan and X X X X X
async clear

LD81 1-bit D latch with scan and X X X X X
async preset

LD84 4-bit D latch with scan and X X X X X
async preset

LD88 8-bit D latch with scan and X X X X X
async preset

LD91 1-bit D latch with scan and X X X X X
async clear dominant over
async preset

LD94 4-bit D latch with scan and X X X X X
async clear dominant over
async preset

LD98 8-bit D latch with scan and X X X X X
async clear dominant over
async preset
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Quick Reference Macro Table

Macro Description 1000 2000 3000 5000 8000
LDAl 1-bit D latch with scan and X X X X X
async preset dominant over
async clear
LDA4 4-bit D latch with scan and X X X X X
async preset dominant over
async clear
LDAS 8-bit D latch with scan and X X X X X
async preset dominant over
async clear
LSR1 Simple SR latch X X X X X
LSR2 SR latch withOR on S and R X X X X X
inputs
LXOR2 XOR gate X X X X X
MAG2 2-bit magnitude comparator X X X X X
MAG4 4-bit magnitude comparator X X X X X
MAGS 8-bit magnitude comparator X X X X X
MULT24 2-bit by 4-bit multiplier X X X X X
MULT44 4-bit by 4-bit multiplier X X X X X
MUX2 1 of 2 input mux X X X X X
MUX2E 1 of 2 input mux with enable X X X X X
MUX4 1 of 4 input mux X X X X X
MUX4E 1 of 4 input mux with enable X X X X X
MUX8 1 of 8 input mux X X X X X
MUXS8E 1 of 8 input mux with enable X X X X X
MUX16 1 of 16 input mux X X X X X
MUX16E 1 of 16 input mux with X X X X X
enable
MUX22 Dual 1 of 2 input mux with X X X X X
common select line
MUX22E Dual 1 of 2 input mux with X X X X X
common select line and
enable
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Macro Description 1000 2000 3000 5000 8000

MUX24 Dual 1 of 4 input mux with X X X X X
common select line

MUX24E Dual 1 of 4 input mux with X X X X X
common select line and
enable

MUX42 Quad 1 of 2 input mux with X X X X X
common select line

MUX42E Quad 1 of 2 input mux with X X X X X
common select line and
enable

MUX44 Quad 1 of 4 input mux with X X X X X
common select line

MUX44A Quad 1 of 4 input mux with X X X X X
common select line

MUX44AE Quad 1 of 4 input mux with X X X X X
common select line and
enable

MUX44E Quad 1 of 4 input mux with X X X X X
common select line and
enable

MUX82 Octal 1 of 2 input mux with X X X X X
common select line

MUX82E Octal 1 of 2 input mux with X X X X X
common select line and
enable

NAND2 through | 2 through 12 and 16-input X X X X X

NAND12 & NAND gate

NAND16

NOR2 through 2 though 12 and 16-input X X X X X

NOR12 & NOR gate

NOR16

OB11 1-bit output pin X X X X X

OB21 1-bit inverting output pin X X X X X

OB24 Four OB21s X X X X X

OB28 Eight OB21s X X X X X
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Macro Description 1000 2000 3000 5000 8000

OR2 through 1 through 12 and 16-input X X X X X

OR12 & OR16 OR gate

OT11 1-bit 3-state output pin X X X X X

OoT14 Four OT11s with common X X X X X
Output Enable

OT18 Eight OT11s with common X X X X X
Output Enable

0oT21 1-bit inverting 3-state output X X X X X
pin

o124 Four OT21s with common X X X X X
Output Enable

0oT28 Eight OT21s with common X X X X X
Output Enable

OoT31 1-bit 3-state output pin with X X X X X
active low enable

OoT34 Four OT31s with common X X X X X
Output Enable

OT38 Eight OT31s with common X X X X X
Output Enable

0OT41 1-bit inverting 3-state output X X X X X
pin with active low enable

OT44 Four OT41s with common X X X X X
Output Enable

0OT48 Eight OT41s with common X X X X X
Output Enable

PGl 1-bit propagate-generate X X X X X

PG2 2-bit propagate-generate X X X X X

PG3 3-bit propagate-generate X X X X X

PG4 4-bit propagate-generate X X X X X

PRENS8 7-line to 3-line priority X X X X X
encoder

PRENSE 7-line to 3-line priority X X X X X
encoder with enable
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Macro Description 1000 2000 3000 5000 8000

PREN10 9-line to 4-line priority X X X X X
encoder

PREN10E 9-line to 4-line priority X X X X X
encoder with enable

PREN16 15-line to 4-line priority X X X X X
encoder

PREN16E 15-line to 4-line priority X X X X X
encoder with enable

SRR11 1-bit right shift register with X X X X X
async reset

SRR14 4-bit right shift register with X X X X X
async reset

SRR18 8-bit right shift register with X X X X X
async reset

SRR21 1-bit right shift register with X X X X X
async reset and enable

SRR24 4-bit right shift register with X X X X X
async reset and enable

SRR28 8-bit right shift register with X X X X X
async reset and enable

SRR31 1-bit right shift register with X X X X X
async reset, enable, parallel
data load, and sync preset

SRR34 4-bit right shift register with X X X X X
async reset, enable, parallel
data load, and sync preset

SRR38 8-bit right shift register with X X X X X
async reset, enable, parallel
data load, and sync preset

SRR41 1-bit right shift register with X X X X X
sync reset, enable, parallel
data load, and sync preset

SRR44 4-bit right shift register with X X X X X
sync reset, enable, parallel
data load, and sync preset
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Macro Description 1000 2000 3000 5000 8000
SRR48 8-bit right shift register with X X X X X
sync reset, enable, parallel
data load, and sync preset
SRRL1 1-bit right/left shift register X X X X X
with async reset, enable,
parallel data load, and sync
preset
SRRL4 4-bit right/left shift register X X X X X
with async reset, enable,
parallel data load, and sync
preset
SRRLS8 8-bit right/left shift register X X X X X
with async reset, enable,
parallel data load, and sync
preset
SUBF1 1-bit full subtractor X X X X X
SUBF2 2-bit full subtractor X X X X X
SUBF4 4-hit full subtractor X X X X X
SUBFS8 8-bit full subtractor X X X X X
SUBF8A 8-bit full subtractor with X X X X X
propagate-generate
SUBF16A 16-bit full subtractor with X X X X X
propagate-generate
SUBH1 1-bit half subtractor X X X X X
SUBH2 2-bit half subtractor X X X X X
SUBH3 3-bit half subtractor X X X X X
SUBH4 4-bit half subtractor X X X X X
SUBHS8 8-bit half subtractor X X X X X
SUBHS8A 8-bit half subtractor built with X X X X X
propagate-generate
submacro
SUBH16A 16-bit half subtractor built X X X X X
with propagate-generate
submacro
XNOR2 Input XNOR gate X X X X X
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Macro Description 1000 2000 3000 5000 8000
XNOR3 Input XNOR gate X X
XNOR4 Input XNOR gate X X X X X
XNOR7 Input XNOR gate X X X X X
XNORS8 Input XNOR gate X X X X X
XNOR9 Input XNOR gate X X X X X
XOR2 Input XOR gate X X X X X
XOR3 Input XOR gate X X X X X
XOR4 Input XOR gate X X X X X
XORS8 Input XOR gate X X X X X
XOR9 Input XOR gate X X X X X

* CAO is a 2-level output (1 logic level and 1 CO delay).

** ADDF8: CO is a 3-level output.

*hk SUBF8: BO is a 3-level output.
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Arithmetic Functions

This chapter contains information on the following macros:
= Adders

= Comparators

= Multipliers

= Propagate-Generate

= Subtractors
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Adders

Adders

ADDF1 ADDF8
ADDF1, ADDF2, FSADD, ADDF4,
ADDF8, ADDF8A, and ADDF16A e s I
) —|BO CO— _ |Aa1
Function: A
ADDF1: 1-bit full adder. ADDF2 — A3
ADDF2: 2-bit full adder. S .V (o] B
F3ADD: 3-bit full adder with propagate-generate. —c a7l
ADDF4:  4-bit full adder. — A0 _lae z2l
ADDF8:  8-bit full adder. —At O — A oz
ADDF8A:  8-bit full adder built with propagate-generate T 22 Czéf — B0 z4|
submacros. T Bl 75|
ADDF16A: 16-bit full adder built with propagate-generate —1B2 76|
submacros. F3ADD B3 77|
_ |B4
Availability: —c ey O
— A0
ADDF1, ADDF2, F3ADD, ADDF4, ADDF8, ADDF8A, and _ ;‘1’ T Ej
ADDF16A can be used with 1000, 2000, 3000, 5000, and s T
8000 devices. 5o 22—
Additional symbols and schematics appear on the —B1 Go12 | —
following pages. _1B2 po12l__
Type: ADDF4
Soft: ADDF1, ADDF2, F3ADD, ADDF8A, ADDF16A
Hard: ADDF4, ADDFS8 — Cl
_|Ao0
A1
— A2 z0|
B '\ 4 |
B0 Z2|
_ 1Bl z3|
_IB2
col—
— B3
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Adders

Logic Resources:

ADDF8A ADDF16A
Macro PT GLB Output | Level
ADDF4 | s 2 6 2 5 1
ADDF8 kkk 9 27 3 | —m
ok Z0: 4 PT Z1: 7PT Z2: 4 PT —A2 TR ]
Z3:7PT CO:7PT TCO: 7 PT —As T )
sk Z0: 2 PT Z1:3PT Z2: 4PT o G e Lo O
Z3:5PT Z4:6 PT Z5:7PT —As L TS g
Z6:7PT Z7:7PT CO: 6 PT —A6 ] A ]
CA:3PT CB:3PT CC:7PT —AT L AT g
G0-G6: 1 PT PO-P7: 2 PT —Bo | A 4
— B1 —1 A9 78l
—1B2 —1 Al0 79l
— B3 — ALl 7101
— B4 — Al12 711
I8 ol TAB
—1 B6 — Al4 7131
— B7 — A15 7141
—8% a5l
—B1
— B2
— B3
— B4 col__
—B5
— B6
— B7
— B8
— B9
—B10
— B11
— B12
— B13
— 1 B14
__1B15
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Adders

Macro Port Definition:

ADDF1 (Z0,CAO,A0,B0,Cl):
ADDF2 (20,21,CO,A0,A1,B0,B1,CI);
F3ADD ([Z0..22],G012,P012,A0,A1,A2,B0,B1,B2,CI);
F3ADD_1 (Z0,21,G012,A0,A1,A2,B0,B1,B2,Cl):
F3ADD_2 (Z2,P012,A0,A1,A2,B0,B1,B2,Cl);
ADDF4 ([20..23],CO,[A0..A3],[BO..B3],CI);
ADDF4_1 (20,21, TCO,A0,A1,B0,B1,Cl);
ADDF4_2 (22,23,CO,A2,A3,B2,B3,TCO);
ADDF8 ([20..27],CO,[A0..A7],[BO..B7],CI);
ADDF8_1 (CO,[PO0..P7],[GO0..G3],CC,Cl);
ADDF8_2 (Z7,[P0..P7],[G0..G3],A3,B3,CI,CA);
ADDF8_3 (26,[P0..P6],G0,G1,A0,A2,B0,B2,CI,CB);
ADDF8_4 (Z5,[P0..P6],G0,G1,G3,A2,A4,A6,B2,B4,B6,Cl);
ADDF8_5 (Z2,24,[P0..P4],[G0..G2],G4,A1,A3,A4,B1,B3,B4,CI);
ADDF8_6 (Z3,[P0..P3],G1,G2,G5,G6,A0,A1,A5,A6,80,B1,B5,86,CI);
ADDF8_7 (20,P7,G2,CC,P0,P5,P6,G4,G5,G6,A2,A7,B2,B7,Cl):
ADDF8_8 (Z1,CA,CB,P5,P0,P1,P4,P6,[G3..G6],A0,A5,B0,B5,Cl);
ADDF8A ([Z0..27],CO,[A0..A7],[B0..B7],CI);
ADDF8A_1 (Z0,21,G012,A0,A1,A2,B0,B1,B2,Cl);
ADDFS8A_2 (Z2,P012,A0,A1,A2,B0,B1,B2,CI);
ADDF8A_3 (C2,CCI,CI,P012,P345,G012,G345);
ADDF8A_4 (Z3,24,G345,A3,A4,A5,B3,B4,B5,C2);
ADDF8A_5 (Z5,P345,A3,A4,A5,B3,B4,B5,C2);
ADDF8A_6 (CO,Z6,27,A6,A7,B6,B7,CCI);
ADDF16A ([20..Z15],CO,[A0..A15],[B0..B15],CI);
ADDF16A_1 (20,Z1,G012,A0,A1,A2,B0,B1,B2,CI);
ADDF16A_2 (Z2,P012,A0,A1,A2,B0,B1,B2,Cl):
ADDF16A_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,C2);
ADDF16A_4 (Z5,P345,A3,A4,A5,B3,B4,B5,C2);
ADDF16A_5 (26,27,G678,A6,A7,A8,B6,B7,B8,C5);
ADDF16A_6 (Z8,P678,A6,A7,A8,B6,B7,B8,C5);
ADDF16A_7 (Z9,Z10,G911,A9,A10,A11,B9,B810,B11,C8);
ADDF16A_8 (Z11,P911,A9,A10,A11,B9,B810,B11,C8);
ADDF16A_9 (Z12,713,G1214,A12,A13,A14,B12,B13,B14,C11);
ADDF16A_10 (Z14,P1214,A12,A13,A14,B12,B13,B14,C11);
ADDF16A_11 (Z15,CO,C2,Cl,P012,G012,A15,B15,C14);
ADDF16A_12 (C5,C8,C11,C14,C2,P345,G345,P678,G678,
P911,G911,P1214,G1214);
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Truth Table:

The truth table below applies to ADDF1, ADDF2, ADDF4,
ADDF8, ADDF8A, and ADDF16A. The value of CO
depends on the sum of A+B and n.

Input Output
An-l~AO Bn-l~BO Cl Zn_1~ZO CO
data data 0 A+B *
data data 1 A+B+1 ok

* If A+B<2", CO = 0. If A+B>2", CO = 1.
ok If A+B+1<2", CO = 0. If A+B+1>2", CO = 1.

The truth table for F3ADD is shown below.

Input Output
A,~AO0 | B,~BO Cl Z,~Z0 G012 P0O12
data data 0 A+B * Kk
data data 1 A+B+1 *% *kk

* If A+B<2", G012 = 0. If A+B>2", G012 = 1.
¥ |f A+B+1<2", G012 = 0. If A+B+1>2", G012 = 1.
x P12 = (A0+B0) (A1+B1) (A2+B2).
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F3ADD.2

z2
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ADDF4
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ADDF8A

PP —
A0 A0 ZO z0
AL ALz z1
A2 A2 z2 z2
BO B0
B1 B1 c012P12 9 a1
B2 B2 Po12 @ P12 p 1
PGOL
F3ADD
® PG 1 S
A3 h0  zOl—— 3 z3
PGL
A a1 zal v za
ASy a2 z2l 3y 75
B3y — BO
B4y Bl c012[345 g2
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1
Pl 1
PG 1 i
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B6 B0 z1
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Cl

AO >———— A0 zZOo——> ZOo
Al > A1 Zij—> Z1
A2 > A2 z2——— 3 Z2

BO> — BO

ADDF16 A

BL> — B1 coiz P12 a1
B2y B> Po1z PO12 Pl 1
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L PGL
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S - NN} zol 3y zi2 PGl 1
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ADDH1, ADDH2, ADDH3, ADDH4,

ADDH1
ADDHS8, ADDHS8A, and ADDH16A
A0 z0| ADDHS8
Function: —B0 01— 20
ADDH1.: 1-b?t half adder. ADDH? a1
ADDHZ2: 2-bit half adder. a2
ADDH3: 3-bit half adder. — A0 _ a3
ADDH4: 4-bit half adder. — Al 20— a4 7Ol
ADDHS: 8-bit half adder. —1BO Z1L a5 |
ADDHB8A:  8-bit half adder built with propagate-generate —|Bl COL— |6 72|
submacros. a7 sl
ADDH16A: 16-bit half adder built with propagate-generate ADDH3 Bo 74l
submacros. o
/Bl 75| —
e _1B2 76|
Availability: —A0 o las ozl
ADDH1, ADDH2, ADDH3, ADDH4, ADDH8, ADDHS8A, Atz — B4
and ADDH16A can be used with 1000, 2000, 3000, 5000, —"2 2l g O
and 8000 devices. —BO _ lgs
Additional symbols and schematics appear on the B E; «© —1B7
following pages.
Type:
ADDH4
Soft: ADDH1, ADDH2, ADDH3, ADDH8A, ADDH16A
Hard: ADDH4, ADDH8 —{A0
A1
—|1A2 zo|
— A3 zZ1|
— B0 Z2|
—|B1 Z3|
_IB2
_les O
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Logic Resources:

Macro PT GLB Output Level
ADDH4 ko 2 6 2
ADDH8 Fkkkk 6 22 3 ]
ikl Z0: 2 PT Z1:6 PT
Z2: 4 PT Z3:7PT
CO:7PT TCO: 3 PT o
ik Z0: 2 PT Z1: 2 PT o
Z2: 3 PT Z3: 4 PT ]
Z4: 5 PT Z5: 9 PT

Z6: 11 PT Z7:8 PT
CO: 7PT CC:3PT

G1-G5: 1 PT P1-P7:2PT
Truth Table: T
The value of CO depends on the sum of A+B and n.
Input Output
An_l"'AO Bn_1~BO Zn_1~ZO CO
data data A+B *

* If A+B<2", CO = 0. If A+B>2", CO = 1.
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Macro Port Definition:

ADDH1 (Z0,CO,A0,BO0);

ADDH2 (Z0,Z1,CO,A0,A1,B0,B1);

ADDHS3 ([20..Z2],CO,A0,A1,A2,B0,B1,B2);
ADDH3_1 (Z0,A0,B0);
ADDH3_2 (Z1,22,CO,A0,A1,A2,B0,B1,B2);

ADDH4 ([20..Z3],CO,[A0..A3],[BO..B3]);
ADDH4_1 (20,21, TCO,A0,A1,B0,B1);
ADDH4_2 (Z2,23,CO,A2,A3,B2,B3,TCO);

ADDHS ([20..Z7],CO,[A0..A7],[BO..B7]):;
ADDHS8_1 (CO,Z1,Z3,[P1..P7],[G1..G5],A0,B0,CC);
ADDHS_2 (20,22,24,27,[P1..P7],[G1..G5],A0,A6,B0,B6);
ADDHS8_3 (26,G5,G4,P4,[P1..P3],P5,P6,[G1..G3],A0,A4,A5,B0,B4,B5);
ADDHS8_4 (Z5,G3,P3,G1,P1,P2,P4,P5,G2,G4,A0,A1,A3,B0,B1,B3);
ADDHS8_5 (G2,P2,P1,A1,A2,B1,B2):
ADDHS8_6 (P7,P6,P5,CC,[A5..A7],[B5..B7]);

ADDHSBA ([Z0..27],CO,[A0..A7],[BO..B7]);
ADDHB8A_1 (Z0,A0,B0,C2,CCl,P345,G345);
ADDHB8A_2 (Z1,22,C2,A0,A1,A2,B0,B1,B2);
ADDHB8A_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,C2);
ADDHS8A_4 (Z5,P345,A3,A4,A5,B3,B4,B5,C2);
ADDHB8A_5 (Z6,27,CO,A6,A7,B6,B7,CCI);

ADDH16A ([20..Z15],CO,[A0..A15],[BO..B15]);
ADDH16A 1 (20,215,CO,A0,A15,B0,B15,C14);
ADDH16A_2 (Z1,Z2,C2,A0,A1,A2,B0,B1,B2);
ADDH16A_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,C2);
ADDH16A_4 (Z5,P345,A3,A4,A5,B3,B4,B5,C2);
ADDH16A_5 (26,27,G678,A6,A7,A8,B6,B7,B8,C5);
ADDH16A_6 (Z8,P678,A6,A7,A8,B6,B7,B8,C5);
ADDH16A_7 (29,210,G911,A9,A10,A11,B9,B10,B11,C8);
ADDH16A_8 (Z11,P911,A9,A10,A11,B9,B10,B11,C8);
ADDH16A_9 (Z12,213,G1214,A12,A13,A14,B12,B13,B14,C11);
ADDH16A_10 (Z14,P1214,A12,A13,A14,B12,B13,B14,C11);
ADDH16A_11 (C5,C8,C11,C14,C2,P345,G345,P678,G678,P911,G911,

P1214,G1214);
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ADDH1
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ADDH2
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ADDH3.2

Y =
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ADDH4
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ADDHS8.1
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ADDHS8A
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ADDH16A

A0 > A0
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Comparators

CMP2, CMP4, and CMP8

Function:

CMP2: 2-bit equality comparator.
CMP4: 4-bit equality comparator.
CMPS: 8-bit equality comparator.
Availability:

CMP2, CMP4, and CMP8 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:
CMP2 (EQ,A0,A1,B0,B1);

CMP4 (EQ,[A0..A3],[BO..B3]);
CMP8 (EQ,[A0..A7],[BO..B7]);

Truth Table:
Input Output
AO~A.1, BO~B 1 EQ
A0=BO,... A.1=B,1 1
All other values 0
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Comparators

MAG2, MAG4, and MAGS8

Function:

MAG2: 2-bit magnitude comparator.
MAG4: 4-bit magnitude comparator.
MAGS: 8-bit magnitude comparator.
Availability:

MAG2, MAG4, and MAGS8 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type:
Soft: MAG?2
Hard: MAG4 and MAGS

Logic Resources:

MAG2

AO
Al

BO
Bl

GTI
EQI
LTI

GT

EQ
LT

MAG4

Macro PT GLB Output Level
MAG4 16/out 3 3 1
MAGS8 16/out 6 6 2

Macro Port Definition:

MAG2 (GT,EQ,LT,A0,A1,B0,B1,GTI,EQI,LTI);
MAG4 (GT,EQ,LT,[A0..A3],[B0..B3],GTI,EQI,LTI);
MAG4_1 (EQ,[A0..A3],[BO..B3],GTI,EQI,LTI);
MAG4_2 (GT,[A0..A3],[B0..B3],GTI,EQI,LTI);
MAG4_3 (LT,[A0..A3],[BO..B3],GTI,EQI,LTI);
MAGS8 (GT,EQ,LT,[A0..A7],[B0..B7],GTI,EQI,LTI);
MAGS_1 (TEQ,[A4..A7],[B4..B7],GTI,EQI,LTI);
MAGS_2 (TGT,[A4..A7],[B4..B7],GTI,EQI,LTI);
MAGS8_3 (TLT,[A4..A7],[B4..B7],GTI,EQI,LTI);
MAGS8_4 (EQ,[A0..A3],[B0..B3], TGT,TEQ, TLT);
MAGS8_5 (GT,[A0..A3],[B0..B3], TGT, TEQ,TLT);
MAGS8_6 (LT,[A0..A3],[B0..B3],TGT, TEQ,TLT);
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Truth Table:
The truth table is the same for all MAGs.
Input Output
LTI ETI GTI A B LT EQ | GT
0 0 0 0 0 0
0 0 1 X X 0 0 1
0 1 0 A<B 1 0 0
0 1 0 A=B 0 1 0
0 1 0 A>B 0 0 1
0 1 1 X X 0 0 0
1 0 0 X X 1 0 0
1 0 1 X X 0 0 0
1 1 0 X X 0 0 0
1 1 1 X X 0 0 0

X = don’t care.
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Multipliers

MULT24 and MULT44

Function:

MULT24:
MULT44:

Availability:

MULT24 and MULT44 can be used with 1000, 2000,

2-bit by 4-bit multiplier.
4-bit by 4-bit multiplier.

3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type: Soft

Macro Port Definition:

MULT24 (Z0,Z1,22,23,24,Z5,A0,A1,B0,B1,B2,B3);
MULT24_1 (0,21,72,Z3,A0,A1,B0,B1,B2,B3);
MULT24_2 (z4,25,A0,A1,B0,B1,B2,B3);

MULT44 ([Z0..Z7],[A0..A3],[BO..B3]);

MULT44 1 (LO,L1,L2,L3,A0,A1,B0,B1,B2,B3);
MULT44_2 (HO,H1,H2,H3,A2,A3,B0,B1,B2,B3);
MULT44_3 (L4,L5,H4,H5,A0,A1,A2,A3,B0,B1,B2,B3);
MULT44_4 (20,21,22,G012,L0,L1,L2,HO);
MULT44_5 (23,24,G345,L.3,L4,L5,H1,H2,H3,G012);
MULT44_6 (25,P345,1.3,L4,L5,H1,H2,H3,G012);
MULT44_7 (26,27,G345,P345,G012,H4,H5,C5);

Truth Table:
Input Output
An.1~AO0 B,.1~BO Z,.1~Z0
data data A*B
* = multiply.
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MULT?24.1
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MULTZ24.2
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Propagate-Generate

Propagate-Generate

PG1, PG2, PG3, and PG4

Function:

PG1: Propagate-Generate Bit 1.
PG2: Propagate-Generate Bit 2.
PG3: Propagate-Generate Bit 3.
PG4: Propagate-Generate Bit 4.

Availability:

PG1, PG2, PG3, and PG4 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

PG1 (PGO1,PGI1,PI1,Gl1);

PG2 (PGO2,PGI1,PI1,GI1,PI2,GI2);

PG3 (PGO3,PGI1,PI1,GI1,PI2,GI2,PI3,GI3);

PG4 (PGO4,PGI1,PI1,GI1,PI2,GI2,PI3,GI3,P14,Gl4),

Truth Table for PG1:

PG1

Gl1
PI1

PGO1|—

PGI1

PG2

PG3

G12
PI2

PGO2
Gl1

PI1
PGI1

GI3

PI3
PGO3

Gl2

PI2
Gl1
PI1
PGI1

PG4

Input Output
PGI1 Pi1 Gl1 PGO1
X X 1 1
1 1 X 1
x = don’t care.
Truth Table for PG2:
Input Output
PGI1 Pi1 PI2 Gl1 G12 PGO2
X X X X 1 1
X X 1 1 X 1
1 1 1 X X 1

X = don’t care.
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Gl4

Pl4
PGO4

GI3

PI3
Gl2
PI2
Gl1
PI1
PGI1

74



Propagate-Generate

Truth Table for PG3:

Input

Output

PI1

P12

PI3

Gl1

Gl2

GI3

PGO3

X[ X | X

|| X ]| X

S S

X | k| X | X

X | X[k | X

X | X |X|kF

RlR R e

X = don’t care.

Truth Table for PG4:

Input

Output

PGI1

P11

P12

PI3

P14

Gl1

Gl2

GI3

Gl4

PGO4

X | X | X

=X | X |X|X

R X | X | X

Rl P XX

Rl | X

X |k | X |X|X

X | X || X|X

X | X | X || X

X | X | X |X|FP

RliRlR R R

X = don’t care.
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Propagate-Generate

(€ I B

PG1

Pl >

T

PA 1>
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Propagate-Generate

PG2

A 2 /
P|2>—.— \ \ PGCO2
a1 f/

(=] [ I NS
PE 1>

v
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Propagate-Generate

Pl

Pl

Pl
P4

W

PG3

L
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Propagate-Generate

PG4

A 4

Pl 4
a3 PG4

Pl 3 @

a2

‘77
P2y @ >
)
—

y

4G a4

g B R ————
PG 1 >
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Subtractors

Subtractors

SUBF1, SUBF2, F3SUB, SUBF4, SUBFS,
SUBF8A, and SUBF16A

Function:

SUBF1.: 1-bit full subtractor.

SUBF2: 2-bit full subtractor.

F3SUB: 3-bit full subtractor with propagate-generate.

SUBF4: 4-bit full subtractor.

SUBFS: 8-bit full subtractor.

SUBF8A: 8-bit full subtractor built with propagate-generate
submacros.

SUBF16A: 16-bit full subtractor built with propagate-generate
submacros.

Availability:

SUBF1, SUBF2, F3SUB, SUBF4, SUBF8, SUBF8A, and
SUBF16A can be used with 1000, 2000, 3000, 5000, and
8000 devices.

An additional symbol and schematics appear on the
following pages.

Type:
Soft: SUBF1, SUBF2, F3SUB, SUBF8A, SUBF16A
Hard: SUBF4, SUBF8
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SUBF1

A-B
B

A0 Z0
BO BO

SUBF2

A-B
B

AO

Al 70
BO Z1
B1 BO

F3SuB

A-B
BI

A0 70
Al 71
AZ 72
BO

Bl G012
B2 P012

SUBF4

A-B
B
A0
Al
A2 70
A3 71
BO 272
Bl z3
B2

B3 BO

SUBF8
A-B
B
A0
Al
A2
A3
Ad 70
A5 71
A6 72
A7 73
BO z4
Bl z5
B2 z6
B3 z7
B4
g5 BO
B6
B7
SUBF8A
A-B

B
A0
Al

Z0
A2

z1
A3

z2
A4

Z3
A5

Z4
A6

Z5
A7

z6
BO

z7
B1
B2
B3
B4
B5

BO
B6
B7
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Subtractors

Logic Resources:

Macro PT GLB Output Level
SUBF4 Fhkk 2 6 2
SUBF8 Fhkkk 8 27 3
Fkkk Z0: 4 PT Z1:7PT Z2: 4 PT
Z3:7PT BO: 7 PT TBO: 7 PT
kkkk Z0: 2 PT Z1:3PT Z2: 4 PT
Z3:5PT Z4:6 PT Z5:7PT
Z6:6 PT Z7:7PT BO: 6 PT
BA: 3 PT BB: 7 PT BC: 3PT
G0-G6: 1 PT PO-P7:2PT
Truth Table:

The truth table below applies to SUBF1, SUBF2, SUBF4,

SUBF8, SUBF8A, and SUBF16A. The value of BO
depends on the difference of A-B.

Input Output
A,.1~A0 | B,,.;~BO Bl Z,1~20 BO
data data 0 A-B *
data data 1 A-B-1 ok

* If B<A, BO = 0. If B>A, BO = 1.
** If B<A, BO = 0. If B>A, BO = 1.

The truth table for F3SUB is shown below.

Input Output
A,~A0 |B,~BO | BI |z,~z0 | G012 | PO12
data data 0 A-B * *hk
data data 1 A-B-1 o Fkk

* If B<A, G012 = 0. If B>A, G012 = 1.
** If BA, G012 = 0. If B>A, G012 = 1.

**  P012 = (A0 + BO) (A1 + B1) (A2 + B2) where AO = inverted AO.
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SUBF16A
A-B
Bl
A0
Al
Z0
A2
Z1
A3
Z2
A4
Z3
A5
Z4
A6
51—
A7
Z6 —
A8
Z7 —
A9
78 —
Al10
79—
All
710 —
Al2
Z11 +—
Al13
712 +—
Al4
713 —
Al5
714 +—
BO
715 —
Bl
B2
B3
B4 BO |
BS
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
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Subtractors

Macro Port Definition:

SUBF1 (Z0,B0,A0,B0,Bl);
SUBF2 (Z0,21,B0,A0,A1,B0,B1,BI);
F3SUB ([Z0..22],G012,P012,[A0..A2],[BO..B2],BI);
F3SUB_1 (Z0,21,G012,[A02..A2],[BO..B2],BI);
F3SUB_2 (Z2,P012,[A0..A2][BO..B2],BI);
SUBF4 ([20..Z3],BO,[A0..A3],[B0..B3],BI);
SUBF4_1 (20,21, TBO,A0,A1,B0,B1,BI);
SUBF4_2 (22,23,B0,A2,A3,B2,B3,TBO);
SUBFS ([20..27],BO,[A0..A7],[B0..B7],BI);
SUBF8_1 (BO,[P0..P7],[G0..G3],BB,BI);
SUBF8_2 (Z7,[P0..P7][GO0..G3],A3,B3,BI,BA);
SUBF8_3 (z6,[P0..P6],G0,G1,A0,A2,B0,B2,BI,BC);
SUBF8_4 (Z5,[P0..P6],G0,G1,G3,A2,A4,A6,B2,B4,B6,Bl);
SUBFS8_5 (22,24,[P0..P4],[G0..G2],G4,A1,A3,A4,B1,B3,B4,BI);
SUBF8_6 (23,[P0..P3],G1,G2,G5,G6,A0,A1,A5 A6,B0,B1,B5,86,Bl);
SUBF8_7 (20,P7,G2,BB,P0,P5,P6,G4,G5,G6,A2,A7,B2,B7,BI);
SUBF8_8 (Z1,BA,BC,P5,P0,P1,P4,P6,[G3..G6],A0,A5,B0,B5,BI);
SUBF8A ([Z0..27],BO,[A0..A7],[BO..B7],BI);
SUBF8A_1 (Z0,21,G012,[A0..A2],[BO..B2],BI);
SUBFSA_2 (Z2,P012,[A0..A2],[BO..B2],BI);
SUBFSA_3 (BB2,BBI,BI,P012,P345,G012,G345);
SUBF8A_4 (Z3,24,G345,A3,A4,A5,B3,B4,B5,BB2);
SUBF8A_5 (Z5,P345,[A3..A5],[B3..B5],BB2);
SUBF8A_6 (BO,Z26,27,A6,A7,B6,B7,BBI);
SUBF16A ([20..Z15],BO,[A0..A15],[B0..B15],BI);
SUBF16A 1 (Z0,Z1,G012,A0,A1,A2,B0,B1,B2,BI);
SUBF16A_2 (Z2,P012,A0,A1,A2,B0,B1,B2,BI);
SUBF16A_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,BB2);
SUBF16A_4 (Z5,P345,A3,A4,A5,B3,B4,B5,BB2);
SUBF16A_5 (26,27,G678,A6,A7,A8,B6,B7,B8,BB5);
SUBF16A_6 (Z8,P678,A6,A7,A8,B6,B7,B8,BB5);
SUBF16A_7 (29,210,G911,A9,A10,A11,B9,B10,B11,BBS);
SUBF16A_8 (Z11,P911,A9,A10,A11,B9,B10,B11,BB8);
SUBF16A_9 (Z12,713,G1214,A12,A13,A14,B12,B13,B14,BB11);
SUBF16A_10 (Z14,P1214,A12,A13,A14,B12,B13,B14,BB11);
SUBF16A_11 (Z15,80,BB2,B1,P012,G012,A15,B15,BB14);
SUBF16A_12 (BB5,BB8,BB11,BB14,BB2,P345,G345,P678,G678,
P911,G911,P1214,G1214);
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Subtractors

BO

BI

SUBF1
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Subtractors

SUBF2

BO

)

84
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Subtractors

F3SUB.1

zZ1

o [\
N o
8
B |8 |8 |5B |RE |& 8 | &8 RE SR 8 & 8K 5 &R K 8 &R 8RR N8 8
[}
L 2

Bl

NN EENEEPNEEPNENEE NN
[N 1N o e I O I

> O O 0 O O 0O
AAA ML I AAR
5 8l & &
g 9 ¢

A[ O: 21
Al O: 2]
B[ O: 2]

PO12

B[ O: 2]
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Subtractors

F3SUB. 2

z2

AO

AL
B2
Bl
AO
Al
B2
AL
BO
Bl
AO
B1
B2
B2
B1
Bl
BO
AL
B1
B2
BO
B1
B2
Bl

B[ O: 2]
BI

AL O: 1]

A[ O: 2]

86
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Subtractors

SUBF4

A0 > nO
ALy A1 zZol—— 5 ZO
BO> —  BO zal 5 Za
BLy> — B1 B

SUBF2
PRESERVE
A- B
B1
Az > IAO
A3 A1 ZO z2

B2 — BO ZzZi}— 5 Z3
B3 ——  B1 BOQ— 3 BO
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Subtractors

A0 >—@

BO

Al
B1

SUBF8.1

) PO

PRESERVE

) ) ) S— S
PRESERVE

) ) ————mP2
PRESERVE

® ) ) ————mP3
L PRESERVE

® ) ) ————mPa
@ PRESERVE

® ) ) ——mP5
L PRESERVE

® ) ) — mPe
@ PRESERVE

,QJE > i
PRESERVE

>0 [ S—y
PRESERVE

>0 [
PRESERVE

>0 [ E—p=
PRESERVE

>0 [ E—p=
PRESERVE

Do ‘3
PRESERVE
PRESERVE
Do ‘:\/
PRESERVE
M
PRESERVE
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Subtractors

SUBF8.2

B

Fom—| S0

O 1
P1

ﬁf

Bl ‘7
PO el
P2

y

!

‘7

T o
P3I—‘>O ®

=3 P4W

Pl.—D@—c =

. PS I
.
.

Gl B
P2

)
g

e=y
P3

S o .

ey |
P4

v
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Subtractors

SUBH1, SUBH2, SUBHS, SUBH4,
SUBHS8, SUBH8A, and SUBH16A

Function:

SUBHL1: 1-bit half subtractor.

SUBH2: 2-bit half subtractor.

SUBHS: 3-bit half subtractor.

SUBHA4: 4-bit half subtractor.

SUBHS: 8-bit half subtractor.

SUBHB8A:  8-bit half subtractor built with propagate-generate
submacros.

SUBH16A: 16-bit half subtractor built with propagate-generate
submacros.

Availability:

SUBH1, SUBH2, SUBH3, SUBH4, SUBHS8, SUBHB8A,
and SUBH16A can be used with 1000, 2000, 3000, 5000,
and 8000 devices.

An additional symbol and schematics appear on the
following pages.

Type:
Soft: SUBH1, SUBH2, SUBH3, SUBHS8A, SUBH16A
Hard: SUBH4, SUBH8
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SUBH1

A-B
A0 Z0

BO BO

SUBHS8

SUBH2

A-B
A0
Al Z0
BO 71
B1 BO

SUBH3

A-B
A0 Z0

Al Z1
A2 Z2
BO
Bl BO
B2

SUBH4

A-B

AO
Al
A2
A3

A-B
AO
Al
A2 20
A3 71
BO Z2
B1 Z3
B2
B3

BO

A4 70
A5 71
A6 72
A7 Z3
BO Z4
B1 Z5
B2 Z6
B3 Z7
B4

BO
B5
B6
B7
SUBHSA
A-B
AO
Al

20
A2

z1
A3

72
A4

Z3
A5

z4
A6

z5
A7

z6
BO

z7
B1
B2
B3
B4
B5

BO
B6
B7
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Subtractors

Logic Resources:

Macro PT GLB Output Level
SUBH4 hkk 2 6 2
SUBHS8 Fhkkk 6 22 3
ikl Z0: 2 PT Z1:6 PT Z2: 4 PT
Z3:7PT BO: 7 PT TBO: 3 PT
kkkk Z0: 2 PT Z1: 2 PT Z2:3PT
Z3: 4 PT Z4: 5 PT Z5:9 PT
Z6: 11 PT Z7: 8 PT BO: 7 PT
BB: 3 PT G1-G5: 1 PT P1-P7:2PT
Truth Table:
The value of BO depends on the difference of A—B.
Input Output
An_l"‘AO Bn_l"‘BO Zn_1~ZO BO
data data A-B *

* If B<A, BO = 0. If B>A, BO = 1.
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SUBH16A
A-B

AO

AL
A
A,
aM
A
A
AT
"
A
A0
AL
m2
ISER
ISV
ALS 14
BO 715
B1

B2

B3

B4 o

BS
B6
B7
B8
B9
B10
B11l
B12

B13
B14
B15
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Subtractors

Macro Port Definition:

SUBH1 (Z0,BO,A0,B0);

SUBH2 (Z0,Z1,B0,A0,A1,B0,B1);

SUBH3 ([20..22],BO,[A0..A2],[BO..B2));
SUBH3_1 (Z0,A0,B0);
SUBH3_2 (Z1,22,B0,A0,A1,A2,B0,B1,B2);

SUBH4 ([Z0..23],BO,[A0..A3],[BO..B3]);
SUBH4_1 (20,21, TBO,A0,A1,B0,B1);
SUBH4_2 (22,23,B0,A2,A3,B2,B3,TBO);

SUBHS ([20..27],BO,[A0..A7],[BO..B7));
SUBHS_1 (BO,Z1,Z3,[P1..P7],[G1..G5],A0,B0,BB):
SUBHS_2 (20,22,24,Z7,[P1..P7],[G1..G5],A0,A6,B0,B6);
SUBHS8_3 (Z6,[P1..P6],[G1..G5],A0,A4,A5,B0,B4,B5);
SUBHS8_4 (Z5,[P1..P5],[G1..G4],A0,A1,A3,B0,B1,B3);
SUBHS 5 (G2,P2,P1,A1,A2,B1,B2);
SUBHS8_6 (BB,[P5..P7],[A5..A7],[B5..B7]);

SUBHSA ([Z0..27],BO,[A0..A7],[BO..B7]):
SUBHSA_1 (Z0,A0,B0,BB2,BI,P345,G345);
SUBHSA_2 (Z1,22,BB2,A0,A1,A2,B0,B1,B2);
SUBHSA_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,BB2);
SUBHSA_4 (Z5,P345,A3,A4,A5,B3,B4,B5,BB2);
SUBHBA_5 (26,27,B0,A6,A7,B6,B7,BI);

SUBH16A ([Z0..Z15],B0,[A0..A15],[BO..B15]);
SUBH16A 1 (Z0,215,B0,A0,A15,B0,B15,BB14);
SUBH16A_2 (Z1,22,BB2,A0,A1,A2,B0,B1,B2);
SUBH16A_3 (Z3,24,G345,A3,A4,A5,B3,B4,B5,BB2);
SUBH16A 4 (Z5,P345,A3,A4,A5,B3,B4,B5,BB2);
SUBH16A_5 (Z6,27,G678,A6,A7,A8,B6,B7,B8,BB5);
SUBH16A_6 (Z8,P678,A6,A7,A8,B6,B7,B8,BB5);
SUBH16A 7 (Z9,210,G911,A9,A10,A11,B9,810,B11,BB8);
SUBH16A_8 (Z11,P911,A9,A10,A11,B9,810,B11,BB8);
SUBH16A_9 (Z12,713,G1214,A12,A13,A14,B12,B13,B14,BB11);
SUBH16A_10 (Z14,P1214,A12,A13,A14,B12,813,B14,BB11);
SUBH16A_11 (BB5,BB8,BB11,BB14,BB2,P345,G345,P678,G678,P911,

G911,P1214,G1214);
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Subtractors

BO

SUBH1

y
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Subtractors

SUBH2

BO

Zz1

Al O: 1]

94
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Subtractors

SUBH3.1

P

BO

"
A0 asiaNala

prde)

mm ——A ECEE izmiimﬁzi

B R & 8
- NN AR EEEEEEnm
g 0
] ol 8 &l o
g ¢
g Bl [ B
< @ 0 d N
@) @) O Q O o d M i}

Al O: 2]
AL
A2

B[ O: 2]
BO
B1
B2
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Subtractors

SUBH3.2

I
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Subtractors

SUBH4

A-B
AOY — IAO
ALy A1 zo—
BO — BO zZif 5
BL — B1 B
SUBH2
PRESERVE
A-B
BI
Azy A0
A3 AL ZO
B2 — BO zZi %
B3 ——  B1 BQ 3
SUBF2
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z2
z3
BO
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Subtractors

SUBHS8.1

AO> @
) zo
BO ®
Al
)) —@—mP1L
B1 PRESERVE
Az
: >t
PRESERVE
A3
- )
PRESERVE
Aa
: ? ) >
@ PRESERVE
A5
:  Fe— e L
L 4 PRESERVE
A6
: —
@ PRESERVE
A7 o
P7
: e )
PRESERVE
So S =

>0 [ S
PRESERVE

Do ‘3
PRESERVE

Do ‘3
PRESERVE

{>o ‘3

PRESERVE
Do ‘3

PRESERVE
Do ‘3

PRESERVE

lD—-
PRESERVE
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Subtractors

SUBHS8.2

A0 ._Do _—

BO @ [
P1-—>o P2-—>o—c‘
Y .
L/ —m
P3-—‘>O—‘ D )::>%ZS
P [e<c)
c‘ } =
tki
*
= m
P3l—‘>®—¢
‘0 }
o |
‘7 BO
= m
P4-—>o 0‘ .
o Ao-—Do—

BO

Pi.—D@—D ’—L/ ’ﬁ)% z2
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Subtractors

Ao -—‘>Q— A0 I—Doi

B0 B

SUBHS8.3

A0
BO I
P1

|

|

Gl
P2

%7

é

[e=y |
P3

f?
p
?

= .
P4

y

Sl
PS5

Sl
P

BO

pl._‘>o— pl._bo

y

Gl B

Gl

P m—] >o-e

P3

P m—{ >o-e

[e=y |

= B
P4

P3-—>o—¢

(ecly

Pa

AR

(Y Y

!

PS5

v

T

ey
P66

ey |

P7 Ik
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Subtractors

A0 > |
AL > |
Azy |
BO > |
B1Ly
B2y

AO
AL

BO
B1
B2

BQ

SUBH3

SUBHS8A

BI
A3 >—— A0 zol—> z3
A4y Iaa zil 5 za
A5 > A2 z2l 5 z5
B3> — IBO

Bay> — lB1 coizl S84S5 a1
P345

BS> B> PO12| Pl 1 —

PGO1L Bl
F3suB
PG 1 A6 > lno
’7 A7 S laa
PGL
B6>  BO
B7> B
SUBF2
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Subtractors

SUBH16A

A- B
A0S lno
A1 1 zo zo
Az Ao za z1
BO BO z2 z2
Bl>—p 1 <012
B2y B>
sSUBH3
~B
=
A3 A0 zo z3
Aa 1 z1 za
A5 A2 z2) zs
B3> — BO
B4 B1 coizl 45 a1
B5 B2 Po12l P345 P Pl 1
PcO1
F3suB
PG 1
AB PGL
=]
A6 o zo ze
A7 A1 z1 z7
As A2 z2] zs
B6 > — BO
B7 B1 G012 o 2
B8 B2 Po12 PS78 o P12
PR
F3suB
G 1
A-B ‘ Pl L
B PG 1
A9 o zo zo
PGz
A10 1 z1 z10
A1 Az z2 za1
BOy> — BO
B10O B1 co1z| <911 a3
B11 B2 PO12 P11 @ P13
PGOg|
F3suB
® a2
® Pl 2
A-B G 1
=] Ps =N
A1z o zo ziz PG 1
A1z 1 z1 zas
PG3
Ala A z2 z1a
Bi2> IO
B13 B1 coiz Si214 =
B14 B2 PoO12| P1214 P a
PGO4
F3suB
a3
Pl 3
A B S 2
=] P12
A1 o zo zis a1
B15 BO B BO P11
PG 1
SUBF1
PGa
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Coders

This chapter contains information on the following macros:

= Decoders
= Encoders
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Decoders

Decoders
BIN27 BIN27
Function: sl
Binary to seven segment decoder with enable. A high ey B
level on an output turns on the segment. 72l
A0 z3
Availability: A1 z4
: — A2 75
BIN27 can be used with 1000, 2000, 3000, 5000, and Az 76l
8000 devices.
Type: Soft S
4aD 1234567
Macro Port Definition: Z|Z_6| 2 O00L . OCcC
|Z—3| I Y O

BIN27 ([Z0..Z6],[A0..A3],EN);
BIN27_1 ([20..22],[A0..A3],EN):;
BIN27_2 ([Z3..26],]A0..A3],EN);

Segment Map:

Each BIN27 output corresponds to one of 7 segments.
Combinations of these segments form hexadecimal digits.
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Decoders

Truth Table:

Character

Off

Z6

Z5

Z4

Output

Z3

Z2

Z1

Input

EN | A3 | A2 | A1 A0} Z0

don’t care.

X =
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Decoders

DEC2 and DEC2E

DEC2

Function:

DEC2: 1 to 2 decoder.
DEC2E: 1 to 2 decoder with enable.

SO

Z0
Z1

Availability:

DEC2 and DEC2E can be used with 1000, 2000, 3000,
5000, and 8000 devices.

DEC2E

Type: Soft

Macro Port Definition:
DEC2 (£0,21,S0);

EN
SO

Z0
Z1

DECZ2E (Z0,Z1,EN,S0);

Truth Table:
Gray areas (EN) apply only to DEC2E.

Input Output
EN SO Z0 Z1
1 0 1 0
1 0 1
0 0 0

X = don’t care.
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Decoders

DEC3 and DEC3E DEC3
Function: Z0l
z1l
DEC3: 1 to 3 decoder. ol
DECSE: 1 to 3 decoder with enable. ~so
_Is1
Availability:
DEC3 and DEC3E can be used with 1000, 2000, 3000,
5000, and 8000 devices. DEC3E
0|
Type: Soft sl

. _|EN z2|
Macro Port Definition:

DEC3 (Z0,721,22,S0,S1); —Is1
DEC3E (Z0,21,72,EN,S0,S1);

Truth Table:
Gray areas (EN) apply only to DEC3E.

Input Output
EN | s1 | so ] z0 | z1 | 22
1 0 0 1 0 0
1 0 1 0 1 0
1 1 0 0 0 1
1 1 1 0 0 0
1 X X 0 0 0

x = don't care.
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Decoders

DEC4 and DEC4E

Function:

DECA4:

DECA4E:

Availability:
DEC4 and DECA4E can be used with 1000, 2000, 3000,

5000, and 8000 devices.

Type: Soft

1 to 4 decoder.
1 to 4 decoder with enable.

Macro Port Definition:

DEC4 ([20..23],S0,S1);
DECA4E ([Z0..Z3],EN,S0,S1);

Truth Table:
Gray areas (EN) apply only to DECA4E.

Input Output
EN | S1 | SO} z20 | Z1 | Z2 | Z3
1 0 0 1 0 0 0
1 0 1 0 1 0 0
1 1 0 0 0 1 0
1 1 1 0 0 0 1
0 X X 0 0 0 0

x = don't care.
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SO
S1

Z0
Z1
z2
Z3

DEC4E

EN
SO
S1

Z0
Z1
z2
Z3
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Encoders

Encoders

PRENS8 and PRENSE

Function:

PRENS: 7-line to 3-line priority encoder.
PRENBE:  7-line to 3-line priority encoder with enable.

Availability:

PRENS and PRENSE can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Type: Soft

Macro Port Definition:

PRENS ([Z0..22],[S0..S6]));
PRENSE ([Z0..22],[S0..S6],EN);

Truth Table:
Gray areas (EN) apply only to PRENSE.
Input Output
EN|SO|S1/S2|S3|S4|S5|S6)22 |71 |20
1/0,0|O0|]O|/O0O]O0O]j]OfgO]|]O0O]O
1/1, 0|00/ 0]O0O]|]OfO0]|O0]|1
l1|x,1|0|]0/0]0O]OfgO0O]1]O
1|/ x| x,1,0[0]0]O0O0|1]1
1| x| x|x|1/0]0]0fg21]0]O0
1 | x| x| x| x|[1]0]0pg1|0]1
1 (x| x| x| x|x]1]0pg1|1]0
1 | x| x| x| x| x| x|1}1|1]1
O x| x| x| x| x| x|x}JO0O|O0O]|O

x = don't care
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PRENS8

SO
S1
S2
S3
S4
S5
S6

Z0
Z1
Z2

PRENSE

EN
SO
S1
S2
S3
S4
S5
S6

Z0
Z1
Z2
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Encoders

PREN10 and PREN10OE

PREN10 PREN10E
Function: N
PREN10:  9-line to 4-line priority encoder. lso 2ol lso 70l
PREN10OE: 9-line to 4-line priority encoder with enable. _ls1 ozl _ls1 7zl
o _ls2 z2| . _|s2 z2| _
Availability: —1s3 z3| _|s3 z3| _
PREN10 and PREN10E can be used with 1000, 2000, — 54 — 54
3000, 5000, and 8000 devices. — S5 — S5
_ |se6 __1s6
Type: Soft — 7 — S/
ype: 50 __|s8 __|s8
Macro Port Definition:
PREN10 ([Z0..23],[S0..S8]));
PREN10E ([Z0..23],[S0..S8],EN);
Truth Table:
Gray areas (EN) apply only to PREN10OE.
Input Output
EN | SO | S1 | S2|S3|S4|S5|S6|S7|S8)2723 |22 |71 | Z0
1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 0 1
1 X 1 0 0 0 0 0 0 0 0 0 1 0
1 X X 1 0 0 0 0 0 0 0 0 1 1
1 X X X 1 0 0 0 0 0 0 1 0 0
1 X X X X 1 0 0 0 0 0 1 0 1
1 X X X X X 1 0 0 0 0 1 1 0
1 X X X X X X 1 0 0 0 1 1 1
1 X X X X X X X 1 0 1 0 0 0
1 X X X X X X X X 1 1 0 0 1
0 X X X X X X X X X 0 0 0 0

x = don't care.
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Encoders

PREN16 and PREN16E

PREN16 PREN16E
Function: __|EN
PRENL16: 15-line to 4-line priority encoder. ] 22 ;(1) T 22 ;2 T
PRENI16E: 15-line to 4-line priority encoder with enable. T T T
_1s2 z2L . _Is2 z2| _
e _ |83 z3| _|s3 z3| __
Availability: lsa lea
PREN16 and PREN16E can be used with 1000, 2000, _1s5 __|s5
3000, 5000, and 8000 devices. —1S6 —1S6
_|s7 __|s7
Type: Soft — S8 — S8
__1s9 __1s9
Macro Port Definition: — S10 —1S10
_|s11 _lsn
PREN16 ([20..Z3],[S0..S14)); 1o Ssio
PREN16_1 (Z0,Z1,[S0..S14)); o s13 o s13
PREN16_2 (Z2,Z3,[S3..514)); o s14 : S14
PREN16E ([Z0..23],[S0..S14],EN); ]
PREN16E_1 (Z0,Z1,[S0..S14],EN);
PREN16E_2 (Z2,Z3,[S3..S14],EN);
Truth Table:
Gray areas (EN) apply only to PREN16E. Some areas of this table are
not shown. Refer to the PREN10/10E truth table for the logic pattern.
Input Output
EN | SO | S1 | S2 | S3 S11|S12 | S13 | S14) z3 | z2 | Z1 | Z0
1 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 1
1 X 1 0 0 0 0 0 0 0 0 1 0
1 X X 1 0 - 0 0 0 0 0 0 1 1
X X X X 0 0 0 1 1 0 0
1 X X X 1 0 0 0 1 0 1
1 X X X X 1 0 1 1 1 0
1 X X X X - X X X 1 1 1 1 1
0 X X X X X X X X 0 0 0 0
X = don't care.
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Counters

This chapter contains information on the following macros:

= Binary Counters
= Decade Counters
= Gray Code Counters
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Binary Counters

Binary Counters

CBD11, CBD12, CBD14, and CBD18

Function:

1-, 2-, 4-, and 8-bit down counters with asynchronous
clear, CAl, and CAOQ.

Availability:

CBD11, CBD12, CBD14, and CBD18 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBD11 and CBD12.
Hard: CBD14 and CBD18.

Logic Resources:

Macro PT GLB Output Level
CBD14 * 2 5 1x*
CBD18 * 3 9 1x*
* Q0-Qp.1: 2 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
** (CAOQ is a 2-level output).

Macro Port Definition:

CBD11 (Q0,CAO,CAI,CLK,CD);

CBD12 (Q0,Q1,CAO,CAI,CLK,CD);

CBD14 ([Q0..Q3],CAO,CAI,CLK,CD);
CBD14_1 ([QO0..Q3],CAI,CLK,CD);
CBD14_2 (CAO,[Q0..Q3],CAI);

CBD18 ([Q0..Q7],CAO,CAI,CLK,CD);
CBD18_1 ([Q0..Q3],CAI,CLK,CD);
CBD18_2 ([Q4..Q7],[Q0..Q3],CAI,CLK,CD);
CBD18_3 (CAO,[Q0..Q7],CAl);
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CBD11

CD

__lcAal Qol__

— CAO[__

CBD12

__|cal Qo

Q1

CD

— CAO| _

CBD14

__lcAl Qo

Q1
Q2
Q3

CD

— CAO__

CBD18

__lcAl Qo

Q1
Q2
Q3
Q4
Q5
Q6
Q7

_ CAO

CD
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Binary Counters

Counting Ranges:
CBD11: 1-0. CBD12: 3-0. CBD14: 15-0. CBD18: 255-0.

Truth Table:
The truth table is the same for all CBD1s.
Input Output
CD CAl CLK Q CAO
1 X X 0 CAl
0 0 X Q 0
0 1 1 count down *

* CAO =1 after terminal count, when CAl = 1.
CAI = shift registers: serial input; counters: CAscade In,
Q = output of flip-flop or latch, x = don'’t care, t =rising clock edge.
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Binary Counters

CBD11

D21
D
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Binary Counters

CAlI

CBD12

Q[O: 1]

(> }e)
Qo
Q9 S e)
[o=)
K> @ FD21 A 1 [1
coy |
o1
Q1
Lx2 D d A1
[ o)
cD
Foz1 Qo
Q1 cAao

y
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Binary Counters

CAlI

CBD14

FD21
D

CcD
FD21

il
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Binary Counters

CBD18

Qp[o: 7]

Q[0 7]
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Q
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Q
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Binary Counters

CBD21, CBD22, CBD24, and CBD28

Function:

1-, 2-, 4-, and 8-bit down counters with asynchronous
clear, enable, CAl, and CAO.

Availability:

CBD21, CBD22, CBD24, and CBD28 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBD21 and CBD22.
Hard: CBD24 and CBD28.

Logic Resources:

Macro PT GLB | Output |Level
CBD24 * 2 5 1x*
CBD28 * 3 9 1x*
* Q0-Qp.1: 2 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
** (CAOQ is a 2-level output).

Macro Port Definition:

CBD21 (Q0,CAO,CAIl,CLK,EN,CD);

CBD22 (Q0,Q1,CAO,CAI,CLK,EN,CD);

CBD24 ([Q0..Q3],CAO,CAI,CLK,EN,CD);
CBD24_1 ([Q0..Q3],CAI,CLK,EN,CD);
CBD24_2 (CAO,[Q0..Q3],CALEN);

CBD28 ([Q0..Q7],CAO,CAI,CLK,EN,CD);
CBD28_1 ([Q0..Q3],CAI,CLK,EN,CD);
CBD28_2 ([Q4..Q7],[Q0..Q3],CAI,CLK,EN,CD);
CBD28_3 (CAO,[Q0..Q7],CAIEN);

Counting Ranges:
CBD21: 1-0. CBD22: 3-0. CBD24: 15-0. CBD28: 255-0.
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CBD21

__lcAl Qo
__|EN
_ L cAO

CD

CBD22

__lcal Qo
_JEN Q1
_ L cAO

CD

CBD24

__lcAal Qo

Q1
Q2

_|EN @3
_ & CAO

CD

CBD28

__|cAl Qo

Q1
Q2
Q3
Q4
Q5
Q6

_|EN Q7
| CAO

CD
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Binary Counters

Truth Table:
The truth table is the same for all CBD2s.
Input Output
CD EN | CAlI | CLK Q CAO
1 X X X 0 CAIEN
0 0 X X Q 0
0 X 0 X Q 0
0 1 1 1 count down *

* CAO =1 after terminal count, when CAl=1and EN =1
CAIEN = shift registers: serial input; counters:
CAscade In, enable for multiplexors and counters, Q = output.
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Binary Counters

CAl
EN

CBD21

Tj

CLK

FD21
CcD

8

v

ispLSI Macro Library Reference Manual

CAO

121



Binary Counters

CBD22

QA [O0: 1]
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Binary Counters

CAI

CBD24

»Q'O
QA O

Q
o
T
0

EN>—— @

Q
o

>Q'1
QA1

Q
o]
=
X
N
L 2
v]
0

Q
N

Al
®
0
g
Q
f 8

B P ET N
Qll

Foz1 Q'Z o
AR I IS

’
g

Q
)

oale
Nl [k (o
g
0
g
ol
Q Q1@
N Rl ol |

i
g
g
!

ispLSI Macro Library Reference Manual 123



Binary Counters

CAI
EN
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Binary Counters

CBD31, CBD32, CBD34, and CBD38

Function:

1-, 2-, 4-, and 8-bit down counters with asynchronous
clear, enable, parallel data load, synchronous preset, CAl,
and CAO.

Availability:

CBD31, CBD32, CBD34, and CBD38 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBD31 and CBD32.
Hard: CBD34 and CBD38.

Logic Resources:

Macro PT GLB Output Level
CBD34 * 2 5 1**
CBD38 * 3 9 1x*
* QO0-Qp-1: 4 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
** (CAO is a 2-level output).

Macro Port Definition:

CBD31 (Q0,CAO,D0,CAI,CLK,PS,LD,EN,CD);

CBD32 (Q0,Q1,CAO,D0,D1,CAI,CLK,PS,LD,EN,CD);

CBD34 ([Q0..Q3],CAO,[DO0..D3],CAI,CLK,PS,LD,EN,CD);
CBD34_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);
CBD34_2 (CAO,[Q0..Q3],CAI,EN);

CBD38 ([Q0..Q7],CAO,[DO..D7],CAI,CLK,PS,LD,EN,CD);
CBD38_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);
CBD38_2 (Q4,Q5,[Q0..Q3],D4,D5,CAIl,CLK,PS,LD,EN,CD);
CBD38_3 (Q6,Q7,[Q0..Q5],D6,D7,CAIl,CLK,PS,LD,EN,CD);
CBD38_4 (CAO,[Q0..Q7],CAI,EN);

Counting Ranges:
CBD31: 1-0. CBD32: 3-0. CBD34: 15-0. CBD38: 255-0.
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Binary Counters

Truth Table:
The truth table is the same for all CBD3s.
Input Output
CD | PS | LD EN | CAl |[CLK Q CAO
1 X X X X X X 0 CAIEN
0 1 X X X X 1 1 0
0 0 1 d X X 1 d *
0 0 0 X 0 X X Q 0
0 0 0 X X 0 X Q 0
0 0 0 X 1 1 + |count down *

**

CBD31: CAO = CAIENDO
CBD32: CAO = CAIENDODI
CBD34: CAO = CAIENDOD1M2[D3

CBD38: CAO = CAIENDIOI1MD2ID3 M4 M5M6ID7
CAO =1 after terminal count, when CAl =1 and EN = 1.

CAIEN = shift registers: serial input; counters: CAscade In,
enable for multiplexors and counters, d = any pattern of 1s and
0s on an input or set of inputs, Q = output of flip-flop or latch,

t = rising clock edge.
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Binary Counters

CBD31

L
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Binary Counters

CBD32

LD

EN

D1

PS> @
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Binary Counters
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Binary Counters

CBD38.1
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Binary Counters

CBD38.2
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Binary Counters

CBD41, CBD42, CBD44, and CBD48

Function:

1-, 2-, 4-, and 8-bit down counters with synchronous clear,
enable, parallel data load, synchronous preset, CAl, and
CAOQ.

Availability:

CBD41, CBD42, CBD44, and CBD48 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBD41 and CBD42.
Hard: CBD44 and CBD48.

Logic Resources:

Macro PT GLB Output Level
CBD44 * 2 5 1x*
CBD48 * 3 9 1x*
* Q0-Qp.1: 4 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
*x (CAO is a 2-level output).

Macro Port Definition:

CBD41 (Q0,CAO,D0,CAI,CLK,PS,LD,EN,CS);

CBD42 (Q0,Q1,CAO,D0,D1,CAI,CLK,PS,LD,EN,CS);

CBD44 ([Q0..Q3],CAO,[DO0..D3],CAIl,CLK,PS,LD,EN,CS);
CBD44_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CS);
CBD44_2 (CAO,[Q0..Q3],CAI,EN);

CBD48 ([Q0..Q7],CAO,[DO0..D7],CAIl,CLK,PS,LD,EN,CS);
CBD48_2 (Q4,Q5,[Q0..Q3],D4,D5,CAIl,CLK,PS,LD,EN,CS);
CBD48_3 (Q6,Q7,[Q0..Q5],D6,D7,CAIl,CLK,PS,LD,EN,CS);
CBD48_4 (CAO,[Q0..Q7],CAI,EN);

Counting Ranges:
CBDA41: 1-0. CBD42: 3-0. CBD44: 15-0. CBD48: 255-0.
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Binary Counters

Truth Table:
The truth table is the same for all CBD4s.

Input Output

PS

CS | LD | D | EN |CAlI |ICLK CAO

CAIEN

olo|lo|r|x

o|lo|k|x|x

X | X |[—= | |—

Ololalolr|O
*

OO 00Ok

X | X | X|Q|X|X
R X|O|X|X|X
RO X | X|X|X

0 0 count down **

—

**

CBD41: CAO = CAIENDO
CBD42: CAO = CAIENDODI
CBD44: CAO = CAIENDODIM2m3

CBD48: CAO = CAIENDIDOMI1 D234 M5M6ID7
CAO =1 after terminal count, when CAl =1 and EN = 1.

CAIEN = shift registers: serial input; counters: CAscade In,
enable for multiplexors and counters, d = any pattern of 1s and
0s on an input or set of inputs, Q = output of flip-flop or latch,

t =rising clock edge.
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Binary Counters

CBD41
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Binary Counters

LD

EN

PS

D1
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Q[O0:1]

Qo 1]
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Binary Counters
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Binary Counters
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CBDA48.2

Q[ 0: 7]

I
Qro: 7]

LDI—()—‘>O o=

iQ
IS

FD11

g

9
o

Q)
Hi

cakm—e

Q
N

q
0

[N}

ENE

PS I}

Q
a

i

FD11

Q)
o

q
H

q
N

ele
B |l

Q
)

FD11

i

i
o

K
n

i
N

Bl
B |l

qQ
a

Q
N

>:Q7
L2 A7

D7

FD11

Y
o~
|

9
o

9
i

qQ
N

Il

o
ol

o
ol

-m o

ispLSI Macro Library Reference Manual 138



Binary Counters

CBD516 and CBD616

Function:

16-bit down counters with asynchronous clear and
enable. CBD616 also has CAOQ.

Availability:

CBD516 and CBD616 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard
Logic Resources:
Macro PT GLB Output Level
CBD516 * 4 16 1
CBD616 * 5 18 2%xx

* QO0-Qp.1: 2 PT per output.
CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.

o QO0-Qp-1: 2 PT per output.
CAO: 1 PT.
CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.

kk (CAO is a 2-level output).

Macro Port Definition:

CBD516 ([Q0..Q15],CLK,EN,CD);
CBD516_1 ([Q0..Q3],CLK,EN,CD);
CBD516_2 ([Q4..Q7],[Q0..Q3],CLK,EN,CD);
CBD516_3 ([Q8..Q11],[Q0..Q7],CLK,EN,CD);
CBD516_4 ([Q12..Q15],[Q0..Q11],CLK,EN,CD);
CBD616 ([Q0..Q15],CAO,CLK,EN,CD);
CBD616_1 ([Q0..Q3],CLK,EN,CD);
CBD616_2 ([Q4..Q7],[Q0..Q3],CLK,EN,CD);
CBD616_3 ([Q8..Q11],[Q0..Q7],CLK,EN,CD);
CBD616_4 (Q12,Q13,[Q0..Q11],CLK,EN,CD);
CBD616_5 (Q14,Q15,CA0,[Q0..Q13],CLK,EN,CD):;

Counting Ranges:
CBD516: 65,535-0. CBD616: 65,535-0.
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Binary Counters

Truth Table:
Gray areas (CAO) apply only to the CBD616.

Input Output
CD | EN |CLK Q CAO
1 X X 0 EN
0 0 X Q
0 1 1+ Jcountdown| *

CAO =1 after terminal count, when EN = 1 and terminal count = 0.
EN = enable for multiplexors and counters,

Q = output of flip-flop or latch, x = don't care,

t =rising clock edge.
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Binary Counters

CBD516.2
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Binary Counters

CBD616.1
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Binary Counters

CBD616.2
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Binary Counters
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Binary Counters

CBU11, CBU12, CBU14, and CBU18

Function:

1-, 2-, 4-, and 8-bit up counters with asynchronous clear,
CAl, and CAO.

Availability:

CBU11, CBU12, CBU14, and CBU18 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBU11 and CBU12.
Hard: CBU14 and CBU1S8.

Logic Resources:

Macro PT GLB | Output |Level

CBU14 * 2 5 1
CBU18 * 3 9 1
* Q0-Qp.1: 2 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
** (CAOQ is a 2-level output).

Macro Port Definition:

CBU11 (Q0,CAO,CAI,CLK,CD);

CBU12 (Q0,Q1,CAO,CAI,CLK,CD);

CBU14 ([QO0..Q3],CAO,CAI,CLK,CD);
CBU14_1 ([Q0..Q3],CAI,CLK,CD);
CBU14_2 (CAO,[Q0..Q3],CAI);

CBU18 ([Q0..Q7],CAO,CAI,CLK,CD);
CBU18_1 ([QO0..Q3],CAI,CLK,CD);
CBU18_2 ([Q4..Q7],[Q0..Q3],CAI,CLK,CD);
CBU18_3 (CAO,[Q0..Q7],CAI):;

Counting Ranges:
CBU11: 0-1. CBU12: 0-3. CBU14: 0-15. CBU18: 0-255.

ispLSI Macro Library Reference Manual

CBU11

__lcAal Qo

— CAO

CD

CBU12

— | CAlI QO

Q1

— CAO

CD

CBU14

_lcAal Qo

Q1
Q2
Q3

| CAO

CD

CBU18

_lcAl Qo

Q1
Q2
Q3
Q4
Q5
Q6
Q7

| CAO|__

CD

149



Binary Counters

Truth Table:
The truth table is the same for all CBU1s.

Input Output
CD | CAl |CLK Q CAO
1 X X 0 0
0 0 X Q
0 1 + Jcountup| *
* CAO =1 after terminal count, when CAI = 1.

Q = output of flip-flop or latch,
x = don't care, t = rising clock edge.
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Binary Counters
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Binary Counters
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Binary Counters
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Binary Counters

CBU18

Q2
Qo
QA1

Q3
Qo
QA1
Q=2

QA4
Qo
QA1
QA2
QA3

Qs
Qo
QA1
QA2
Q3
QA4

QA6
Qo
QA1
QA2
Q3
QA4
QA5

QA7
(o Ko
QA1
QA2
QA3
QA4
Q5
QA6

QA7

VVYVVV VY

Qo

QA2

FDz1 A3
Qo a
as

QA 6
QA7

y

ispLSI Macro Library Reference Manual

T 4 4 ¢ 4 8 ¢ 8

154



Binary Counters

CBU21, CBU22, CBU24, and CBU28

Function:

1-, 2-, 4-, and 8-bit up counters with asynchronous clear,
enable, CAl, and CAO.

Availability:

CBU21, CBU22, CBU24, and CBU28 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type:
Soft: CBU21 and CBU22.
Hard: CBU24 and CBU2S8.

Logic Resources:

Macro PT GLB Output | Level

CBU24 * 2 5 1
CBuU28 * 3 9 1+
* Q0-Qp.1: 2 PT per output.
CAO: 1 PT.

CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
** (CAOQ is a 2-level output).

Macro Port Definition:

CBU21 (Q0,CAO,CAI,CLK,EN,CD);

CBU22 (Q0,Q1,CAO,CAI,CLK,EN,CD);

CBU24 ([Q0..Q3],CAO,CAI,CLK,EN,CD);
CBU24_1 ([Q0..Q3],CAI,CLK,EN,CD);
CBU24_2 (CAO,[Q0..Q3],CALEN);

CBU28 ([Q0..Q7],CAO,CAI,CLK,EN,CD);
CBU28_1 ([Q0..Q3],CAI,CLK,EN,CD);
CBU28_2 ([Q4..Q7],[Q0..Q3],CAI,CLK,EN,CD);
CBU28_3 (CAO,[Q0..Q7],CALEN);

Counting Ranges:
CBU21: 0-1. CBU22: 0-3. CBU24: 0-15. CBU28: 0-255.
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Binary Counters

Truth Table:
The truth table is the same for all CBU2s.

Input Output
CD | EN | CAl |CLK Q CAO
1 X X X 0 0
0 0 X X Q 0
0 X 0 X Q 0
0 1 1 + Jcountup| *

* CAO =1 after terminal count, when CAl =1 and EN = 1.
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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Binary Counters
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Binary Counters

CBU22
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Binary Counters

CBU31, CBU32, CBU34, and CBU38

CBU31 CBU32
Function: 4L
PS
1-, 2-, 4-, and 8-bit up counters with asynchronous clear, PS __lcal
__|cAl
enable, parallel data load, synchronous preset, CAl, and DO QO
CAO. _ D0 QOl_ — —
/D1 Q1|
Availability: _ LD cAO|
. _ LD CAO|
CBU31, CBU32, CBU34, and CBU38 can be used with — EN
1000, 2000, 3000, 5000, and 8000 devices. — — EN
CD |
Schematics appear on the following pages. ‘ CD
Type:
Soft: CBU31 and CBU32. CBU34 CBU38
Hard: CBU34 and CBU38. ‘
Logic Resources: PS PS
__|cAl — CAl
Macro PT GLB Output Level Do ol —1D0 Qo
CBU34 * 2 5 1+ _Ip1 Qi —{D1 Qi
CBU38 * 3 9 1+ _Ip2 o2/ —D2 Q2|
* Q0-Q,,.1: 4 PT per output. _|p3 Q3 — D3 Q3 —
CAO: 1 PT. _ D4 Q4L
CLK: 1 PT per GLB if Product Term Clock is used. D caol  —1D5 Q5
CD: 1 PT per GLB. o - lps o6l
o (CAO is a 2-level output). — EN D7 Q7
Macro Port Definition: €D
CBU31 (Q0,CAO,D0,CAI,CLK,PS,LD,EN,CD):; — 1P CAO—
CBU32 (Q0,Q1,CA0,D0O,D1,CAI,CLK,PS,LD,EN,CD); — EN
CBU34 ([Q0..Q3],CAO,[D0..D3],CAI,CLK,PS,LD,EN,CD); — o
CBU34 1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);

CBU34_2 (CAO,[Q0..Q3],CAI,EN);

CBU38 ([Q0..Q7],CAO,[D0..D7],CAIl,CLK,PS,LD,EN,CD);
CBU38_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);
CBU38_2 (Q4,Q5,[Q0..Q3],D4,D5,CAIl,CLK,PS,LD,EN,CD);
CBU38_3 (Q6,Q7,[Q0..Q5],06,D7,CAI,CLK,PS,LD,EN,CD);
CBU38_4 (CAO,[Q0..Q7],CALEN);

Counting Ranges:
CBU31: 0-1. CBU32: 0-3. CBU34: 0-15. CBU38: 0-255.
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Binary Counters

Truth Table:
The truth table is the same for all CBU3s.
Input Output
CD | PS | LD EN | CAl |CLK Q CAO
1 X X X X X X 0 0
0 1 X X X X 1 1 CAIEN
0 0 1 d X X 1 d *
0 0 0 X 0 X X Q 0
0 0 0 X X 0 X Q 0
0 0 0 X 1 1 + jcount up o

**

CBU31: CAO = CAIENDO

CBU32: CAO = CAIENDOI1

CBU34: CAO = CAIENDOID 123

CBU38: CAO = CAIENDOID1M2ID3M4ID5ID6ID7

CAO =1 after terminal count, when CAl =1 and EN = 1.
CAIEN = shift registers: serial input, counters:

CAscade In, enable for multiplexors and counters,

d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don’t care,

t =rising clock edge.
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Binary Counters

CBU38.1

LDY>——g

EN

PS

D1

D2

ispLSI Macro Library Reference Manual 166



Binary Counters
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Binary Counters

CBU41, CBU42, CBU44, and CBU48

CBu4l CBUA42
Function:
. . PS PS
1-, 2-, 4-, and 8-bit up counters with synchronous clear, CAl ~leal
enable, parallel data load, synchronous preset, CAl, and T
CAO. —{Do Qop . — P9 QO—
_ D1 Q1
Availability:
__|Lb cAO|__
CBUA41, CBU42, CBU44, and CBUA48 can be used with . o
1000, 2000, 3000, 5000, and 8000 devices. T — EN
Schematics appear on the following pages. ] cs I cs
Type: |
Soft: CBU41 and CBU42. CBU44 CBU48
Hard: CBU44 and CBUA48. ‘
Logic Resources: PS PS
_lcal — CAl
Macro PT GLB | Output |Level oo ol —{P0 Qo
CBuU44 * 2 5 1** _|D1 Q1|
_ b1 Q1|
CBU48 * 3 9 1x* _|p2 Q2| _
_ D2 Q2| __
* Q0-Q,,.1: 4 PT per output. — b3 Q3 —
CAO: 1 PT. — D3 Q33— Ipsa 4|
CLK: 1 PT per GLB if Product Term Clock is used. __Ips os|
** (CAOQ is a 2-level output). b crol _Ipe o6l
Macro Port Definition: — EN — b7 Qf—
CBU41 (Q0,CA0,DO,CAI,CLK,PS,LD,EN,CS); —]
CBU42 (Q0,Q1,CAO,D0,D1,CAI,CLK,PS,LD,EN,CS); Cs — LD CAOI—
CBU44 ([Q0..Q3],CAQ0,[D0..D3],CAI,CLK,PS,LD,EN,CS); — EN
CBU44 1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CS); ]
CBU44_2 (CAO,[Q0..Q3],CAILEN); €S

CBU48 ([Q0..Q7],CAO,[DO..D7],CAI,CLK,PS,LD,EN,CS);
CBU48_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CS);
CBU48_2 (Q4,Q5,[Q0..Q3],D4,D5,CAIl,CLK,PS,LD,EN,CS);
CBU48_3 (Q6,Q7,[Q0..Q5],D6,D7,CAIl,CLK,PS,LD,EN,CS);
CBU48_4 (CAO,[Q0..Q7],CAI,ENY;

Counting Ranges:
CBUA41: 0-1. CBU42: 0-3. CBU44: 0-15. CBU48: 0-255.
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Binary Counters

Truth Table:
The truth table is the same for all CBU4s.
Input Output
PS | CS | LD D EN | CAl |CLK Q CAO
1 X X X X X 1 1 CAIEN
0 1 X X X X 1 0 0
0 0 1 d X X 1 d *
0 0 0 X 0 X X Q 0
0 0 0 X X 0 X Q 0
0 0 0 X 1 1 1 count up **

**

CBUA41: CAO = CAIENDO

CBUA42: CAO = CAIENDOID

CBU44: CAO = CAIENDOID 123

CBUA48: CAO = CAIENDOID1M2ID3M4ID5ID6ID7

CAO =1 after terminal count, when CAl =1 and EN = 1.
CAIEN = shift registers: serial input, counters:

CAscade In, enable for multiplexors and counters,

d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don’t care,

t =rising clock edge.
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CBU48.2
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Binary Counters

CBU516 and CBUG616

Function:

16-bit up counters with asynchronous clear and enable.
CBUG616 also has CAO.

Availability:

CBU516 and CBU616 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard
Logic Resources:
Macro PT GLB | Output |Level
CBU516 * 4 16 1
CBUG616 * 5 18 2%*

* QO0-Qp.1: 2 PT per output.
CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.

** (CAO is a 2-level output).

Macro Port Definition:

CBU516 ([Q0..Q15],CLK,EN,CD);
CBU516_1 ([Q0..Q3],CLK,EN,CD);
CBU516_2 ([Q4..Q7],[Q0..Q3],CLK,EN,CD);
CBU516_3 ([Q8..Q11],[Q0..Q7],CLK,EN,CD);
CBU516_4 ([Q12..Q15],[Q0..Q11],CLK,EN,CD);
CBU616 ([Q0..Q15],CAO,CLK,EN,CD);
CBU616_1 ([Q0..Q3],CLK,EN,CD);
CBU616_2 ([Q4..Q7],[Q0..Q3],CLK,EN,CD);
CBU616_3 ([Q8..Q11],[Q0..Q7],CLK,EN,CD);
CBU616_4 (Q12,Q13,[Q0..Q11],CLK,EN,CD):;
CBU616_5 (Q14,Q15,CA0,[Q0..Q13],CLK,EN,CD);

Counting Ranges:
CBU516: 0-65,535. CBU616: 0-65,535.
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Binary Counters

Truth Table:
Gray areas (CAO) apply only to the CBU616.

Input Output
CD | EN | CLK Q CAO
1 X CLK 0 0
0 0 X Q
0 1 1+ |Jcountup| *
* CAO =1 after terminal count,

when EN = 1 and each terminal count bit = 1.
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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CBU516.1
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CBU516.3
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CBU516.4
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CBU616.1
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CBU616.4
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Binary Counters

CBU716

Function:

16-bit up counter with asynchronous clear, enable,
parallel data load and carry out.

Availability:

CBU716 can be used with 1000, 2000, 3000, 5000, and
8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

CBU716 ([Q0..Q15],CAO,CLK,EN,LD,CD,CAI,[DO..D15]);
CBU716_1 ([Q0..Q3],[D0..D3],CAI,CLK,LD,EN,CD);
CBU716_2 ([Q4..Q7],[Q0..Q3],[D4..D7],CAI,CLK,
LD,EN,CD);

CBU716_3 ([Q8..Q11],[Q0..Q7],[D8..D11],CAI,CLK,
LD,EN,CD);

CBU716_4 ([Q12..Q15],[Q0..Q11],[D12..D15],
CAI,CLK,LD,EN,CD);

CBU716_5 (CAO,[Q0..Q15],CAIEN);

Counting Ranges:

0 - 65,535
Truth Table:
Input Output
CD|LD| D | EN | CAlI |CLK Q CAO
1 X]| X X X X 0 CAl « EN
o|1]| d X X 1 d *
0 0] X 0 X X Q 0
0 0] X X 0 X Q 0
0O|0] X 1 1 1 count up *

* CBU716: CAO = CAl, EN, DO, D1, D2, D3, D4, D5,
D6, D7, D8, D9, D10, D11, D12,
D13, D14, D15.
** CAO =1 after terminal count, when CAl =1 and EN = 1.
Q = output of flip-flop or latch, x = don't care,
1 = rising clock edge.
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CBU716.1
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CBU716.2
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CBU716.3
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Binary Counters

CBUD1, CBUDZ2, CBUD4, and CBUDS

CBUDL CBUD2
Function: ‘ ‘
: . PS PS
1-, 2-, 4-, and 8-bit up/down counters with asynchronous _lea _lcal
clear, synchronous clear, enable, parallel data load, _|Ipo ol — DO Qo —
synchronous preset, CAl, and CAO. _ | pnigE _ b1 Qi
_ LD cad_ —{DNUP
Availability: _EN — /LD CAOL—
CBUD1, CBUD2, CBUD4, and CBUDS can be used with —Fepes| =N
1000, 2000, 3000, 5000, and 8000 devices. u " Tcp cs
Schematics appear on the following pages. | ]
_ CBUD4 CBUDS
Type: ‘ ‘
Soft: CBUDL1 and CBUD2. S PS
Hard: CBUD4 and CBUDS. _lecal — CAl
oo ool —{PO Q0—
Logic Resources: _Ip1 o1 — Pt —
D2 Q2 _1D2 Q2
Macro PT GLB | Output |Level T D3 st _ b3 Q3
CBUD4 */out 2 5 1** __|pNop — D4 Q44—
CBUDS | *out | 4 9 1% —|cao - |2 82*
*  Q0:4PT. Q1-Q,q5PT — =N o7 o7l
CAO: 2 PT. [ cpecs __| DN/UP
CLK: 1 PT per GLB if Product Term Clock is used. ] _ /LD CAOL
CD: 1 PT per GLB. __|EN
** (CAO is a 2-level output). _—
CD CS

Macro Port Definition: \ \

CBUD1 (Q0,CAO,D0,CAI,CLK,PS,LD,EN,DNUP,CD,CS);

CBUD2 (Q0,Q1,CAO,D0,D1,CAI,CLK,PS,LD,EN,DNUP,CD,CS);

CBUD4 ([Q0..Q3],CAO,[D0..D3],CAI,CLK,PS,LD,EN,DNUP,CD,CS);
CBUD4_1 ([Q0..Q2],[D0..D2],CAI,CLK,PS,LD,EN,DNUP,CD,CS);
CBUD4_2 (Q3,CA0,[Q0..Q2],D3,CAI,CLK,PS,LD,EN,DNUP,CD,CS);

CBUDS ([Q0..Q7],CAO,[D0..D7],CAI,CLK,PS,LD,EN,DNUP,CD,CS);
CBUDS_1 ([Q0..Q2],[D0..D2],CAI,CLK,PS,LD,EN,DNUP,CD,CS);
CBUDS_2 [Q3..Q5],[Q0..Q2],[D3..D5],CAI,CLK,PS,LD,EN,DNUP,CD,CS);
CBUDS_3 (Q6,Q7,CAO,[Q0..Q5],D6,D7,CAI,CLK,PS,LD,EN,DNUP,CD,CS);

Counting Ranges:
CBUD1: 0.1. CBUD2: 0..3. CBUD4: 0..15. CBUDS: 0. 255.
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Binary Counters

Truth Table:
The truth table is the same for all CBUDs.
Input Output
CD| PS | CS | LD D EN | CAl | DNUP | CLK Q CAO

1 X X X X X X X X 0 CAIENIDNUP
0 1 X X X X X X 1 1 CAIENDDNUP
0 0 1 X X X X X 1 0 CAIENIDNUP
0 0 0 1 d X X X 1 d *
0 0 0 0 X 0 X X X Q 0
0 0 0 0 X X 0 X 1 Q 0
0 0 0 0 X 1 1 0 1 count up *x
0 0 0 0 X 1 1 1 1 count down *

*  CBUD1: CAO = CAIENIDNUPDO0+DNUPO)
CBUD2: CAO = CAIEN{DNUPDOMDI1+DNUPDOMD1)

CBUDS: CAO = CAIENI{DNUPDOMD1MD2MD3MD4MD5MDM6MD7+
DNUPDOD1D2M3MD4MD5M6MD7)

*x CAO =1 after terminal count, when CAl =1 and EN = 1.

CAIEN = shift registers: serial input; counters: CAcadeln, enable for multiplexors and counters,
d = any pattern of 1s and 0s on an input or set of inputs, Q = output of flip-flop or latch, 1 = rising clock edge.
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CBuUDA4.1

Q [0: 3]

Qo Q[O0:3]

CAI

EN Q3

L
f
TN

PS

D1

Q
o

Q
h

’

Q
w

d

CAO
cs Do
DNUP
{>o L

JslEle

Q)
wl

ispLSI Macro Library Reference Manual 194



Binary Counters

Q [0: 3]
Qro:al
Q2
'—DI—GD—{>O l—{>o‘?12
D ) . “
D2
CcD
CLKE—@ ‘FDZI
Qo R
Q1
[N
ENg
[exs)
oz
PSR
Qa3
> a3
) ) . =
w—bc
D3
CcD
FD21
Qo
Q1
Q2
uUP I —
Qo
<5y
oz
csH {>o
DNUP [

ispLSI Macro Library Reference Manual 195



Binary Counters

CBuUDS8.1

Q[0: 7]

Qo Qro: 7]

CLKy @ ‘FDZl

cAl
EN

@

PS

TTT7777T

J
i

gz
Q

D1

5,8
la

Q
IS

Q |Q
o |0

Q
<

DNUP

7
lelelalzl=le

;

{>OUP

Q
N

ispLSI Macro Library Reference Manual 196



Binary Counters
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CBUDS8.3
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Decade Counters

Decade Counters

CDD14 and CDD18

Function:

4- and 8-bit decade down counters with asynchronous
clear, enable, and parallel data load.

Availability:

CDD14 and CDD18 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.
Type: Hard

Logic Resources:

Macro PT GLB Output Level
CDD14 * 2 4 1
CDD18 *x 4 8 1

* CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO0:5PT Q1L: 6 PT Q2:5PT Q3:5PT
** CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO0:5PT Q1L: 6 PT Q2:5PT Q3:5PT
Q4:6 PT Q5:6 PT Q6:5PT Q7:5PT

Macro Port Definition:

CDD14 ([Q0..Q3],[D0..D3],CLK,LD,EN,CD);
CDD14_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,CD);
CDD14_2 (Q3,D3,[Q0..Q2],CLK,LD,EN,CD):;
CDD18 ([Q0..Q7],[D0..D7],CLK,LD,EN,CD);
CDD18_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,CD);
CDD18_2 ([Q3..Q5],[D3..D5],[Q0..Q2],Q6,Q7,CLK,LD,EN,CD);
CDD18_3 (Q6,Q7,D6,D7,[Q0..Q5],CLK,LD,EN,CD);

Counting Ranges:
CDD14: 9-0. CDD18: 99-0.
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Decade Counters

Truth Table:
The truth table is the same for both CDD1s.
Input Output
CD LD D EN | CLK Q
1 X X X X 0
0 1 d X 1 d
0 0 X 0 X Q
0 0 X 1 1 count down

Valid states for each 4-bit digit are 0-9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,

t =rising clock edge.
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Decade Counters

CDD24 and CDD28

Function:

4- and 8-bit decade down counters with synchronous
clear, enable, and parallel data load.

Availability:

CDD24 and CDD28 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB Output Level
CDD24 * 2 4 1
CDD28 * 3 8 1

* CLK: 1 PT per GLB if Product Term Clock is used.
QO0:5PT Q1: 6 PT Q2:5PT Q3:5PT
*x CLK: 1 PT per GLB if Product Term Clock is used.
Q0:5PT Q1:6PT Q2:5PT Q3:5PT
Q4:6 PT Q5:6 PT Q6:5PT Q7:5PT

Macro Port Definition:

CDD24 ([Q0..Q3],[D0..D3],CLK,LD,EN,CS);
CDD24_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,CS);
CDD24_2 (Q3,D3,[Q0..Q2],CLK,LD,EN,CS);
CDD28 ([Q0..Q7],[D0..D7],CLK,LD,EN,CS);
CDD28_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,CS);
CDD28_2 ([Q3..Q5],[D3..D5],[Q0..Q2],Q6,Q7,CLK,LD,EN,CS);
CDD28_3 (Q6,Q7,D6,D7,[Q0..Q5],CLK,LD,EN,CS);

Counting Ranges:
CDD24: 9-0. CDD28: 99-0.
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Decade Counters

Truth Table:
The truth table is the same for both CDD2s.
Input Output
CS LD D EN | CLK Q
1 X X X 1 0
0 1 d X 1 d
0 0 X 0 X Q
0 0 X 1 1 count down

Valid states for each 4-bit digit are 0-9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don’t care,

t =rising clock edge.
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Decade Counters

CDD34 and CDD38

Function:

4- and 8-bit decade down counters with asynchronous
clear, enable, parallel data load, CAIl, and CAO.
Availability:

CDD34 and CDD38 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB Output Level
CDD34 * 2 5 Lrxx
CDD38 * 4 9 Lrxx

* CLK: 1 PT per GLB if Product Term Clock is used.

CAO: 1 PT CD:1PT per GLB.
Q0:5PT  Q1:6PT
Q2:5PT Q3:5PT

o CLK: 1 PT per GLB if Product Term Clock is used.

CAO: 1 PT CD:1PT per GLB.
QO:5PT QL. 6 PT Q2:5PT
Q3:5PT Q4: 6 PT Q5: 6 PT
Q6:5PT Q7:5PT

* (CAO is a 2-level output).

Macro Port Definition:

CDD34 ([Q0..Q3],CAO,[DO0..D3],CAI,CLK,LD,EN,CD);
CDD34_1 ([Q0..Q2],[D0..D2],Q3,CAIl,CLK,LD,EN,CD);
CDD34_2 (Q3,CAO,D3,[Q0..Q2],CAI,CLK,LD,EN,CD);

CDD38 ([Q0..Q7],CAO,[D0..D7],CAI,CLK,LD,EN,CD);
CDD38_1 ([Q0..Q2],[D0..D2],Q3,CAIl,CLK,LD,EN,CD);

CDD38_2 ([Q3..Q5],[D3..D5],[Q0..Q2],Q6,Q7,CAl,CLK,LD,EN,CD);
CDD38_3 (Q6,Q7,CA0,D6,D7,[Q0..Q5],CAI,CLK,LD,EN,CD);

Counting Ranges:
CDD34: 9-0. 38: 99-0.
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Decade Counters

Truth Table:

The truth table is the same for both CDD3s.

Input Output
CD | LD D EN | CAl |CLK Q CAO
1 X X X X X 0 CAIEN
0 1 d X X 1 d *
0 0 X 0 X X Q 0
0 0 X X 0 X Q 0
0 0 X 1 1 1 |count down o

*%k

CAO = CAIENI[Ierminal count.
CAO =1 after terminal count when CAl =1 and EN = 1.

Valid states for each 4-bit digit are 0~9. Loading higher hexadecimal
input values (A-F) clears that decimal output digit on the next clock pulse.

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,
1 =rising clock edge.

ispLSI Macro Library Reference Manual

213



Decade Counters

CDD34

Lo> g

car

=N

o1

o=
o=
o
(SR

[==y
Foz1
L

f==y

Fo2a

=5
&‘>—>QZ
e
&'>—><D
=
= ==
o=
o=
— =

ispLSI Macro Library Reference Manual

214



Decade Counters

CDD38.1

Lo>—¢
bo Yy 1

i

19
i [ol
]
%f
x

i 1l
N
K
Gl

1
f
%

rg

ispLSI Macro Library Reference Manual 215



Decade Counters

CDD38.2

aTOoT7

Qpo:7]

]
v
N
$f
.

!

]
X

==
AKE—@ ‘F D21

com

JslslA

@

19 ] 1R el
ol slElK

]
<

Q
o

]
S

0

]
<

to}
o

Q
0
\
[¥)
3?
0

Y T3

JEIRIEIEIR

i
ol

KK
o N

I

Q‘G‘Q‘ﬂ
of |+l [N ol

]
~

[l 5]l

¢

o
o

K
N

o}

1

ispLSI Macro Library Reference Manual

216



Decade Counters

CDD38.3

1o 7]

com—e—{>o

]
o

]
N

g

o7

]
N

B

ispLSI Macro Library Reference Manual 217



Decade Counters

CDD44 and CDD48

Function:

4- and 8-bit decade down counters with synchronous
clear, enable, parallel data load, CAIl, and CAO.
Availability:

CDD44 and CDD48 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB Output Level
CDD44 * 2 5 Lrxx
CDD48 * 3 9 Lrxx

* CLK: 1 PT per GLB if Product Term Clock is used.
CAO:1PT QO:5PT
Q1l:6PT Q2:5PT Q3:5PT
** CLK: 1 PT per GLB if Product Term Clock is used.
CAO:1PT QO:5PT
Q1l:6PT Q2:5PT Q3:5PT
Q4:6 PT Q5:6 PT Q6:5PT Q7:5PT
kk (CAO is a 2-level output).

Macro Port Definition:

CDD44 ([Q0..Q3],CAO,[DO0..D3],CAI,CLK,LD,EN,CS);
CDD44_1 ([Q0..Q2],[D0..D2],Q3,CAIl,CLK,LD,EN,CS);
CDD44_2 (Q3,CA0,D3,[Q0..Q2],CAI,CLK,LD,EN,CS);

CDD48 ([Q0..Q7],CAO,[DO0..D7],CAI,CLK,LD,EN,CS);
CDD48_1 ([Q0..Q2],[D0..D2],Q3,CAIl,CLK,LD,EN,CS);
CDD48_2 ([Q3..Q5],[D3..D5],[Q0..Q2],Q6,Q7,CAIl,CLK,LD,

EN,CS);
CDD48_3 (Q6,Q7,CAO,D6,D7,[Q0..Q5],CAI,CLK,LD,EN,CS);

Counting Ranges:
CDD44: 9-0. 48: 99-0.
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Decade Counters

Truth Table:
The truth table is the same for both CDD4s..

Input Output
CS LD D EN | CAlI | CLK Q CAO
1 X X X X 1 0 0
0 1 d X X 1 d *
0 0 X 0 X X Q 0
0 0 X X 0 X Q 0
0 0 X 1 1 1 countdown | **

*%k

CAO = CAIENI[erminal count.

CAO =1 after terminal count when CAl =1 and EN = 1.

Valid states for each 4-bit digit are 0~9. Loading higher hexadecimal

input values (A-F) clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and Os on an input or set of inputs,

Q = output of flip-flop or latch, x = don't care,

1 =rising clock edge.
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Decade Counters

CDU14 and CDU18

Function:

4- and 8-bit decade up counters with asynchronous clear,
enable, and parallel data load.

Availability:

CDU14 and CDU18 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB Output Level
CDhuU14 * 2 4 1
CDhu18 ** 3 8 1

* CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO:5PT Q1L:4PT Q2:4PT Q3:6 PT
** CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO0:5PT Q1L:4PT Q2:4PT
Q3:6 PT Q4:6 PT Q5:4PT
Q6:4PT Q7:6 PT

Macro Port Definition:

CDU14 ([Q0..Q3],[D0..D3],CLK,LD,EN,CD);

CDU18 ([Q0..Q7],[D0..D7],CLK,LD,EN,CD);
CDU18_1 ([Q0..Q3],[D0..D3],CLK,LD,EN,CD);
CDU18_2 ([Q4..Q6],[D4..D6],[Q0..Q3],Q7,CLK,LD,EN,CD);
CDU18_3 (Q7,D7,[Q0..Q6],CLK,LD,EN,CD):;

Counting Ranges:
CDU14: 0-9. 18: 0-99.

ispLSI Macro Library Reference Manual

Cbui4

| D2
| D3

_1LD

Qo0
Q1
Q2
Q3

Cbhu18

_1Db1
__| D2
_ 1 D3
__| D4
| D5
__| D6
| D7

_1LD

Qo0
Q1
Q2
Q3
Q4
Q5
Q6
Q7

222



Decade Counters

Truth Table:
The truth table is the same for both CDU1s.
Input Output
CD LD D EN CLK Q
1 X X X X 0
0 1 d X 1 d
0 0 X 0 X Q
0 0 X 1 1 count up

Valid states for each 4-bit digit are 0-9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,

t =rising clock edge.
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Decade Counters

CDuU24 and CDUZ28

Function:

4- and 8-bit decade up counters with synchronous clear,
enable, and parallel data load.

Availability:

CDU24 and CDU28 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB Output Level
Cbu24 * 1 4 1
CDhu28 ** 3 8 1

* CLK: 1 PT per GLB if Product Term Clock is used.
QO:5PT Q1L:4PT
Q2: 4 PT Q3:6 PT

** CLK: 1 PT per GLB if Product Term Clock is used.
QO:5PT Q1L:4PT
Q2: 4 PT Q3:6 PT Q4:6 PT
Q5:4PT Q6:4PT Q7:6PT

Macro Port Definition:

CDU24 ([Q0..Q3],[D0..D3],CLK,LD,EN,CS);
CDU28 ([Q0..Q7],[D0..D7],CLK,LD,EN,CS);
CDU28_1 ([Q0..Q3],[D0..D3],CLK,LD,EN,CS):;
CDU28_2 ([Q4..Q6],[D4..D6],[Q0..Q3],Q7,CLK,LD,EN,CS);
CDU28_3 (Q7,D7,[Q0..Q6],CLK,LD,EN,CS);

Counting Ranges:
CDuU24: 0-9. CDU28: 0-99.
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Decade Counters

Truth Table:
The truth table is the same for both CDU2s.
Input Output
CSs LD D EN CLK Q
1 X X X 1 0
0 1 d X 1 d
0 0 X 0 X Q
0 0 X 1 1 count up

Valid states for each 4-bit digit are 0~9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch,

x = don't care, 1 = rising clock edge.
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Decade Counters

CDU34 and CDUS38

Function:

4- and 8-bit decade up counters with asynchronous clear,
enable, parallel data load, CAI, and CAO.

Availability:

CDU34 and CDU38 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard

Logic Resources:
Macro PT GLB | Output |Level
CDhu34 * 2 5 Lrxx
CDu38 ** 3 9 Lrxx

* CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO0:5PT Q1L:4PT
Q2:4PT Q3:6 PT CAO: 1 PT

o CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.

Q0:5PT QL 4PT Q2 4PT Q3:6PT
Q4:6PT Q5:4PT Q6:4PT Q7:6PT
CAO: 1 PT

***  (CAO is a 2-level output).

Macro Port Definition:

CDU34 ([Q0..Q3],CAO,[DO0..D3],CAI,CLK,LD,EN,CD);
CDU34_1 ([Q0..Q3],[D0..D3],CAI,CLK,LD,EN,CD);
CDU34_2 (CAO,[Q0..Q3],CAI,EN):

CDU38 ([Q0..Q7],CAO,[D0..D7],CAI,CLK,LD,EN,CD);
CDU38_1 ([Q0..Q3],[D0..D3],CAI,CLK,LD,EN,CD);
CDU38_2 ([Q4..Q6],CAO,[D4..D6],[Q0..Q3],Q7,CAIl,CLK,

LD,EN,CD);
CDU38_3 (Q7,D7,[Q0..Q6],CAI,CLK,LD,EN,CD);

Counting Ranges:
CDU34: 0-9. CDU38: 0-99.
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Decade Counters

Truth Table:
The truth table is the same for both CDU3s.

Input Output
CD LD D EN | CAl | CLK Q CAO
1 X X X X X 0 0
0 1 d X X 1 d *
0 0 X 0 X X Q 0
0 0 0 X Q 0
0 0 1 1 1 countup | **

*%k

CAO = CAIENI[erminal count.

CAO =1 after terminal count (9 or 99) when CAl =1 and EN = 1.
Valid states for each 4-bit digit are 0~9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.

d = any pattern of 1s and Os on an input or set of inputs,

Q = output of flip-flop or latch, x = don’t care, 1t = rising clock edge.
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Decade Counters

CDuU44 and CDU48

Function:

4- and 8-bit decade up counters with synchronous clear,
enable, parallel data load, CAI, and CAO.

Availability:

CDU44 and CDU48 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Schematics appear on the following pages.

Type: Hard
Logic Resources:
Macro PT GLB Output Level
Cbhu44 * 2 5 Lrxx
Cbu4s8 * 3 9 Lrexx
* CLK: 1 PT per GLB if Product Term Clock is used.
CAO: 1 PT

Q0:5PT Q1:4PT
Q2:4PT Q3:6 PT
o CLK: 1 PT per GLB if Product Term Clock is used.
CAO: 1 PT
Q0:5PT  Q1:4PT
Q2:4PT Q3:6 PT Q4:6 PT
Q5:4PT Q6:4PT Q7:6PT
*rk (CAO is a 2-level output).

Macro Port Definition:

CDU44 ([Q0..Q3],CAO,[DO0..D3],CAI,CLK,LD,EN,CS);
CDU44_1 ([Q0..Q3],[D0..D3],CAI,CLK,LD,EN,CS);
CDU44_2 (CAO,[Q0..Q3],CAI,EN):

CDU48 ([Q0..Q7],CAO,[DO0..D7],CAI,CLK,LD,EN,CS);
CDU48_1 ([Q0..Q3],[D0..D3],CAI,CLK,LD,EN,CS);
CDU48_2 ([Q4..Q6],CAO,[D4..D6],[Q0..Q3],Q7,CAIl,CLK,

LD,EN,CS);
CDU48_3 (Q7,D7,[Q0..Q6],CAI,CLK,LD,EN,CS);

Counting Ranges:
CDuU44: 0-9. CDU48: 0-99.
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Truth Table:
The truth table is the same for both CDUA4s.

Input Output
CS LD D EN | CAlI | CLK Q CAO
1 X X X X 1 0 0
0 1 d X X 1 d *
0 0 X 0 X X Q 0
0 0 X 0 X Q 0
0 0 X 1 1 1 countup | **

*%k

CAO = CAIENI[erminal count.
CAO =1 after terminal count (9 or 99) when CAI =1 and EN =1.
Valid states for each 4-bit digit are 0~9.

Loading higher hexadecimal input values (A-F)

clears that decimal output digit on the next clock pulse.
d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care, t = rising clock edge.
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CDUD4 and CDUDS8

CDUD4 CDUDS8
Function: —ID0 QO —{DO QO —
4- and 8-bit decade up/down counters with asynchronous —{Db1 Q1 - —{D1 Q1 —
clear, synchronous clear, enable, and parallel data load. — D2 Q2 — D2 Q2 —
_ID3 Q3 —1D3 Q3 —
Availability: —_| DN/UP _|D4 Q4
. LD _|D5 Q5|
CDUD4 and CDUDS8 can be used with 1000, 2000, 3000, En _ Ips Q6|
5000, and 8000 devices. ] _lp7 o7l _
Schematics appear on the following pages. b Cs — DN/UP
_|LD
Type: Hard — EN
_ - [cpcs
Logic Resources: ]
Macro PT GLB | Output |Level
CDuD4 * 2 4 1
CDuUD8 o 4 8 1

* CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO0:5PT QL:7PT
Q2:6 PT Q3: 7PT
o CLK: 1 PT per GLB if Product Term Clock is used.
CD: 1 PT per GLB.
QO:5PT QL:7PT Q2:6 PT
Q3:7PT Q4:8PT Q5:7PT
Q6:6 PT Q7:7PT

Macro Port Definition:

CDUD4 ([Q0..Q3],[D0..D3],CLK,LD,EN,DNUP,CD,CS);
CDUD4_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,DNUP,CD,CS);
CDUD4_2 (Q3,D3,[Q0..Q2],CLK,LD,EN,DNUP,CD,CS);

CDUDS ([Q0..Q7],[D0..D7],CLK,LD,EN,DNUP,CD,CS);

CDUDS_1 ([Q0..Q2],[D0..D2],Q3,CLK,LD,EN,DNUP,CD,CS);
CDUDS8_2 (Q3,Q4,D3,D4,[Q0..Q2],[Q5..Q7],CLK,LD,EN,DNUP,CD,CS);
CDUDS8_3 (Q5,Q6,D5,D6,[Q0..Q4],Q7,CLK,LD,EN,DNUP,CD,CS);
CDUDS_4 (Q7,D7,[Q0..Q6],CLK,LD,EN,DNUP,CD,CS);

Counting Ranges:
CDUD4: 0.9. 8:0.99.
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Truth Table:

The truth table is the same for both CDUD4 and CDUDS.

Input Output

CDh | CS | LD D EN | DNUP |CLK Q

1 X X X X X X 0

0 1 X X X X 1 0

0 0 1 d X X 1 d

0 0 0 X 0 X X Q

0 0 0 X 1 0 1 count up
0 0 0 X 1 1 1 count down

Valid states for each 4-bit digit are 0~9.

Loading higher hexadecimal input values (A-F)
clears that decimal output digit on the next clock pulse.

d = any pattern of 1s and 0s on an input or set of inputs,

Q = output of flip-flop or latch, x = don't care,
1 =rising clock edge.
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CDuUDS8.6
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CDUD4c and CDUDS8c

CDUD4c CDUD8c
Function: [en CAl
4- and 8-bit decade up/down counters with asynchronous _ D0 QO _ DO QO —
clear, synchronous clear, enable, parallel data load, CAl, 1Dl Q1 — D1 Q1| —
and CAO. _Ip2 Q2| _ D2 Q2| —
_ D3 Q3 D3 Q3|
Availability: —_| DN/UP D4 Q4L
. _|Lb cAOl__ D5 Q5|
CDUD4c and CDUDS8c can be used with 1000, 2000, _EN D6 Q6|
3000, 5000, and 8000 devices. D7 O7L_
E 9
Schematics appear on the following pages. CDCs DN/UP
PP 9 pad ] LD CAO|
Type: Hard EN
Logic Resources: cbcs

Macro PT |GLB |Output Jevel

CDUD4c * 2 5 (R
CcbubD8c| ** 4 9 1rxx

* CLK: 1 PT per GLB if Product Term Clock is used.
CAO: 2PT CD:1PT per GLB.
Q0:5PT QI1:7PT
Q2:6 PT Q3:7PT
*x CLK: 1 PT per GLB if Product Term Clock is used.
CAO: 2PT CD: 1PT per GLB.
QO0:5PT QL. 7PT Q2:6 PT
Q3:7PT Q4:8PT Q5 7PT
Q6:6 PT  Q7:7PT
kk (CAOQ is a 2-level output).

Macro Port Definition:

CDUD4c ([Q0..Q3],CAO,[D0..D3],CAI,CLK,LD,EN,DNUP,CD,CS);
CDUD4c_1 ([Q0..Q2],[D0..D2],Q3,CAI,CLK,LD,EN,DNUP,CD,CS);
CDUD4c_2 (Q3,CAO,D3,[Q0..Q2],CAI,CLK,LD,EN,DNUP,CD,CS);

CDUDSc ([Q0..Q7],CAO,[DO..D7],CAI,CLK,LD,EN,DNUP,CD,CS);
CDUDSc_1 ([Q0..Q2],[D0..D2],Q3,CAI,CLK,LD,EN,DNUP,CD,CS);
CDUDSc_2 (Q3,Q4,CAO,D3,D4,[Q0..Q2],[Q5..Q7],CAI,CLK,LD,

EN,DNUP,CD,CS);
CDUDSc_3 (Q5,Q6,D5,D6,[Q0..Q4],Q7,CAI,CLK,LD,EN,DNUP,CD,CS);
CDUDSc_4 (Q7,D7,[Q0..Q6],CAI,CLK,LD,EN,DNUP,CD,CS);

Counting Ranges:
CDUD4c: 0..9. CDUDS8c: 0..99.

ispLSI Macro Library Reference Manual 256



Decade Counters

Truth Table:
Input Output

CD | CS | LD D EN | CAl | DNUP |CLK Q CAO
1 0 X X X X X X 0 *
0 1 X X X X X 1 0 *
0 0 1 d X X X 1 d **
0 0 0 X 0 X X X Q 0
0 0 0 X X 0 X X Q 0
0 0 0 X 1 1 0 1 count up 0
0 0 0 X 1 1 1 1 count down | ***

**

*kk

CAO = CAIENDNUP

CAO =1 after terminal count (9 or 99) when CAl =1 and EN = 1.
terminal count = 0 when DNUP = 1 (count down).

terminal count = 9 or 99 when DNUP=0 (count up).

Valid states for each 4-bit digit are 0~9.

Loading higher hexadecimal input values (A-F) clears that decimal output digit on the next clock pulse.

d = any pattern of 1s and 0s on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care, 1t = rising clock edge.
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Gray Code Counters

Gray Code Counters

CGD14

Function:

4-bit gray code down counter with asynchronous clear,
synchronous preset, enable, and parallel data load.
Availability:

CGD14 can be used with 1000, 2000, 3000, 5000, and
8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

CGD14 ([Q0..Q3],[D0..D3],CLK,PS,LD,EN,CD);
CGD14_1 (Q0,Q1,D0,D1,Q2,Q3,CLK,PS,LD,EN,CD);
CGD14 2 (Q2,Q3,02,03,Q0,Q1,CLK,PS,LD,EN,CD);

Gray Code Pattern: Refer to CGU14.

Counting Range: 15-0.

Truth Table:
Input Output
CD | PS | LD D EN |CLK Q
1 X X X X X 0
0 1 X X X 1 1
0 0 1 d X 1 d
0 0 0 X 0 1 Q
0 0 0 X 1 + |count down

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care, 1 = rising clock edge.
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CGD14.2

PSI-@

ispLSI Macro Library Reference Manual 268



Gray Code Counters

CGD24
Function: CGD24
4-bit gray code down counter with synchronous clear,
synchronous preset, enable, and parallel data load. DOPSQO
Availability: —{D1 Q1f _
CGD24 can be used with 1000, 2000, 3000, 5000, and — P2 Q—
8000 devices. — D3 Q3 _
Schematics appear on the following pages.

_|LD
Type: Soft _ |EN
Macro Port Definition: cs

CGD24 ([Q0..Q3],[D0..D3],CLK,PS,LD,EN,CS);
CGD24_1 (Q0,Q1,D0,D1,Q2,Q3,CLK,PS,LD,EN,CS);
CGD24_2 (Q2,Q3,D02,D3,Q00,Q1,CLK,PS,LD,EN,CS);

Gray Code Pattern: Refer to CGU14.

Counting Range: 15-0.

Truth Table:
Input Output
PS| CS | LD | D | EN |CLK Q
1 X X X X 1 1
0 1 X X X 1 0
0 0 1 d X 1 d
0 0 0 X 0 1 Q
0 0 0 X 1 1 count down

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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Gray Code Counters

CGU14

Function:

4-bit gray code up counter with asynchronous clear,
synchronous preset, enable, and parallel data load.
Availability:

CGU14 can be used with 1000, 2000, 3000, 5000, and
8000 devices.

Schematics appear on the following pages.
Type: Soft

Gray Code Pattern:
Note that codes for two successive numbers differ by one bit.

Gray Code Pattern
0 0 0 0 0 8 1 1 0 0
1 0 0 0 1 9 1 1 0 1
2 0 0 1 1 10 1 1 1 1
3 0 0 1 0 11 1 1 1 0
4 0 1 1 0 12 1 0 1 0
5 0 1 1 1 113 | 1 0 1 1
6 0 1 0 1 114 ] 1 0 0 1
7 0 1 0 0 [15] 1 0 0 0

Macro Port Definition:

CGU14 ([Q0..Q3],[D0..D3],CLK,PS,LD,EN,CD);
CGU14_1 (Q0,Q1,D0,D1,Q2,Q3,CLK,PS,LD,EN,CD):
CGU14_2 (Q2,Q3,D2,D03,Q0,Q1,CLK,PS,LD,EN,CD);

Counting Range: 0-15.
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Truth Table:
Input Output
CD PS LD D EN | CLK Q
1 X X X X X 0
0 1 X X X 1 1
0 0 1 d X 1 d
0 0 0 X 0 1 Q
0 0 0 X 1 1 count up

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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CGU24

Function:

4-bit gray code up counter with synchronous clear,
synchronous preset, enable, and parallel data load.
Availability:

CGU24 can be used with 1000, 2000, 3000, 5000, and
8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

CGU24 ([Q0..Q3],[D0..D3],CLK,PS,LD,EN,CS);
CGU24_1 (Q0,Q1,D0,D1,Q2,Q3,CLK,PS,LD,EN,CS);
CGU24_2 (Q2,Q3,02,D3,Q0,Q1,CLK,PS,LD,EN,CS);

Gray Code Pattern: Refer to CGU14.

Counting Range: 0-15.

Truth Table:
Input Output
PS | CS | LD D EN | CLK Q
1 X X X X 1 1
0 1 X X X 1 0
0 0 1 d X 1 d
0 0 0 X 0 1 Q
0 0 0 X 1 1+ Jcount up

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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Gray Code Counters

CcGu24.1
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Gray Code Counters

CGU24.2
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Gray Code Counters

CGUD4

Function:

4-bit gray code up/down counter with asynchronous clear,
synchronous clear and preset, enable, and parallel data
load.

Availability:

CGUD4 can be used with 1000, 2000, 3000, 5000, and
8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

CGUD4 ([Q0..Q3],[D0..D3],CLK,PS,LD,EN,DNUP,CD,CS);
CGUD4_1 (Q0,Q1,D0,D1,0Q02,Q03,CLK,PS,LD,EN,DNUP,CD,CS);
CGUD4_2 (Q2,Q3,D2,D3,Q0,Q1,CLK,PS,LD,EN,DNUP,CD,CS);

Gray Code Pattern: Refer to CGU14.

Counting Range: 0.15.

Truth Table:
Input Output
CD|PS | CS|LD | D |DNUP| EN |CLK Q
1 X X X X X X X 0
0 1 X X X X X 1 1
0 0 1 X X X X 1 0
0 0 0 1 d X X 1 d
0 0 0 0 X X 0 1 Q
0 0 0 0 X 1 1 1 count down
0 0 0 0 X 0 1 1 count up

d = any pattern of 1s and Os on an input or set of inputs,
Q = output of flip-flop or latch, x = don't care,
t =rising clock edge.
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Gray Code Counters
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Gray Code Counters
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Gray Code Counters
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I/0 Pins

This chapter contains information on the following macros:
= Bidirectional Pins

= Input Pins

= Output Pins
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Bidirectional Pins

Bidirectional Pins

Bl11, Bl14, and BI18

Function:

BI11: 1-bit bidirectional pin.
Bl14: Four Bl11s with common Output Enable.
BI18: Eight Bl11s with common Output Enable.

Availability:

Bl11, Bl14, and BI18 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Type: Hard

Macro Port Definition:

BI11 (Z0,XB0,A0,OE);
Bl14 ([20..23],[XB0..XB3],[A0..A3],0E);
BI18 ([20..27],[XB0..XB7],[A0..A7],0OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=1.

Input Output
OE | AO~A,.; | XBO~XB.1 | XBO~XB.1 | Z0~Z, 1
0 X d - d
0 X V4 - X
1 d Z d d

d = any pattern of 1s and 0s on an input or set of inputs, x = don’t care,
X = X (unknown) state, Z = high impedance state,
- = appears in output column if a bidirectional pin acts as an input pin.
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Bidirectional Pins

Bl121, Bl24, and BI28

Function:

BI21: 1-bit bidirectional pin with inverted output.
Bl24: Four BI21s with common Output Enable.
B128: Eight BI21s with common Output Enable.

Availability:

Bl21, Bl24, and BI28 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Type: Hard

Macro Port Definition:
BI21 (Z0,XB0,A0,0E);
BI24 ([Z0..Z3],[XB0..XB3],[A0..A3],0E);
BI28 ([Z0..27],[XB0..XB7],[AQ..A7],0OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=1.
Input Output
OE | AO~A, .1 | XBO~XB.1 | XBO~XB.1 | Z0~Z, 1
0 X d - d
0 X Y4 - X
1 d z d d

d = any pattern of 1s and 0s on an input or set of inputs,
d = inverse of d, x = don’t care, X = X (unknown) state,

Z = high impedance state, - = appears in output column if
a bidirectional pin acts as an input pin.
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Bidirectional Pins

BI31, BI34, and BI38

Function:

BI31: 1-bit bidirectional pin with active low Output Enable.
B134: Four BI31s with common Output Enable.
BI138: Eight BI31s with common Output Enable.

Availability:

BI31, BI34, and BI38 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Type: Hard

Macro Port Definition:
BI31 (Z0,XB0,A0,0E);
BI34 ([Z0..Z3],[XB0..XB3],[A0..A3],0E);
BI38 ([Z0..27],[XB0..XB7],[A0..A7],0OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=0.
Input Output
OE | AO~A,.1 | XBO~XB.; | XBO~XB.; | Z0~Z,1
0 d z d d
1 X d - d
1 X Z - X

d = any pattern of 1s and 0s on an input or set of inputs,
x = don’t care, X = X (unknown) state, Z = high impedance state,
- = appears in output column if a bidirectional pin acts as an input pin.
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Bidirectional Pins

Bl41, Bl44, and BI48

Function:

Bl41: 1-bit bidirectional pin with inverted output and active
low Output Enable.

Bl44: Four Bl41s with common Output Enable.

B148: Eight Bl41s with common Output Enable.

Availability:

Bl41, Bl44, and BI48 can be used with 1000, 2000, 3000,
5000, and 8000 devices.

Type: Hard

Macro Port Definition:

Bl41 (20,XB0,A0,OE);
Bl44 ([20..23],[XB0..XB3],[A0..A3],0E);
B148 ([Z0..27],[XB0..XB7],[A0..A7],OE);

Truth Table:
Do not drive XB0~XB,,.; when OE=0.

Input Output
OE | A0O~A,.; | XBO~XB.1 | XBO~XB.1 | Z0~Z, 4
0 d VA d d
1 X d - d
1 X Z - X

d = any pattern of 1s and 0s on an input or set of inputs,

d = inverse of d, x = don't care, X = X (unknown) state,

Z = high impedance state, - = appears in output column if a
bidirectional pin acts as an input pin.
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Bidirectional Pins

BlID11, BIID14, and BIID18

BIID11
Function: oF
BIID11: 1-bit bidirectional pin with registered input. A
BIID14: Four BIID11s with common clock and Output XB
Enable. D Q
BIID18: Eight BlID11s with common clock and Output —
Enable.
BIID14
Availability: OE
BIID11, BlID14, and BIID18 can be used with 1000, 2000, A0
3000, and 8000 devices. XBO_| Al
Type: Hard XB2 | A3
XB3 |
- QO
Macro Port Definition: 01
BIID11 (Q0,XB0,A0,CLK,OE); Q2
BlID14 ([QO0..Q3],[XB0..XB3],[A0..A3],CLK,OE); —] Qs
BIID18 ([QO0..Q7],[XB0..XB7],[A0..A7],CLK,OE);
BIID18
Truth Table: OE
Do not drive XBO~XB,,.; when OE=1. AD
Input Output 2;
OE | AO~A,.; | XBO~XB_; |CLK| XBO~XB .1 | Q0~Q1 XBO | Qi
XB1 |
0 X d 1 - d xB2 | A5
0 X 1 - X XB3 | AG
XB4 AT
1 d Z 1 d d o
0 X X 0 - Q XB6 | Qo0
0 X X 1 - Q XB7 | Q1
1] d z 0 d Q o
1 d Z 1 d Q’ Q4
d = any pattern of 1s and 0s on an input or set of inputs, 82
Q' = previous output of flip-flop or latch, x = don’t care, Q7
X = X (unknown) state, Z = high impedance state, o

- = appears in output column if a bidirectional pin acts as an input pin,
t =rising clock edge.
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Bidirectional Pins

BlID21, BIID24, and BIID28

Function:

BIID21: 1-bit bidirectional pin with registered input and
inverted output.

BlID24: Four BIID21s with common clock and Output
Enable.

BIID28: Eight BIID21s with common clock and Output
Enable.

Availability:

BlID21, BIID24, and BIID28 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:
BIID21 (Q0,XB0,A0,CLK,QE);

BIID24 ([Q0..Q3],[XB0..XB3],[A0..A3],CLK,OE);
BIID28 ([QO0..Q7],[XB0..XB7],[A0..A7],CLK,OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=1.
Input Output
OE | AO~A,; | XBO~XB,.; |CLK| XBO~XB,.; | Q0~Qp.1

0 X d 1 - d
0 X Z 1 - X
1 d z ' d d
0 X X 0 - Q’
0 X X 1 - Q’
1 d Z 0 d Q’
1 d z 1 d Q

d = any pattern of 1s and 0s on an input or set of inputs, d = inverse of d,

Q' = previous output of flip-flop or latch, x = don't care,

X = X (unknown) state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin,
t =rising clock edge.
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Bidirectional Pins

BIID31, BIID34, and BIID38

BIID31
Function: OE
BIID31: 1-bit bidirectional pin with registered input and A
active low enable. XB
BIID34: Four BIID31s with common clock and Output D Q——
Enable. —_—
BIID38: Eight BIID31s with common clock and Output
Enable. BID34
Availability: OFjo—
BIID31, BIID34, and BIID38 can be used with 1000, 2000, AO | —
3000, and 8000 devices. xgo |  All—
Type: Hard XB2 | A I—
yp XB3 |
L Q0 |—
Macro Port Definition: o1l
BIID31 (Q0,XB0,A0,CLK,OE); Q2 —
BIID34 ([Q0..Q3],[XB0..XB3],[A0..A3],CLK,OE); —r B
BIID38 ([Q0..Q7],[XB0..XB7],[A0..A7],CLK,OE);
BIID38
Truth Table: OElo
Do not drive XBO~XB,,.; when OE=1. 20
Input Output 2; —
OE | AO~A.; | XBO~XB,.;1 |CLK | XBO~XB .1 | Q0~Q,.1 XBO | A3
0 d z d d XBL| At
1 XB2 | A5 |
1 X z ' - X XB4 | AT —
, XBS |
0 d Z 0 d Q = ol
0 d Z 1 d Q XB7 QL
1 X X 0 - Q 82 —
1 X X 1 - Q Qal
d = any pattern of 1s and 0s on an input or set of inputs, Q5 —
Q' = previous output of flip-flop or latch, x = don't care, Q6 —
X = X (unknown) state, Z = high impedance state, — Q7 —

- = appears in output column if a bidirectional pin acts as an input pin,
t =rising clock edge.

ispLSI Macro Library Reference Manual 290



Bidirectional Pins

BlID41, BIID44, and Bl1ID48

BIID41
Function: OE
BIID41: 1-bit bidirectional pin with registered input, inverted A
output, and active low enable. XB
BlID44: Four BIID41s with common clock and Output D Q——
Enable. —
BIID48: Eight BIID41s with common clock and Output
Enable. BIID44
. - OEfo—
Availability:
BlID41, BlID44, and BIID48 can be used with 1000, 2000, 2(1) i
3000, and 8000 devices. X80
XB1 | o
Type: Hard XB3 |
T QoL
Macro Port Definition: Q1L —
2L
BlID41 (Q0,XB0,A0,CLK,OE); ] 83 L
BlID44 ([QO0..Q3],[XB0..XB3],[A0..A3],CLK,OE);
BIID48 ([Q0..Q7],[XB0..XB7],[A0..A7],CLK,OE);
BIID48
Truth Table: OEjo—
Do not drive XBO~XB,,.; when OE=1. AO o
Allo—
Input Output A2 o
~ ~ ~ ~ XBO A3 o—
OE | A0O~A,.; | XBO~XB,.; |CLK]| XBO i(B n1 | QO _Qn_l ol AL
0 d z 1 d d XB2 | A5 o
1 X d 1 - d XB3 | 2? o—
XB4 | >
1 X Z 1 - X XB5 |
0 d Z 0 d Q XB6 | Q0 —
0 d Z 1 d Q XB7 | 8; —
1 X X 0 - Q’ Q3
1 X X 1 - Q Q4L —
— Q5|
d = any pattern of 1s and Os on an input or set of inputs, d = inverse of d, Q6
Q' = previous output of flip-flop or latch, x = don’t care, X = X (unknown) state, o Q7

Z = high impedance state, 1 = rising clock edge,
- = appears in output column if a bidirectional pin acts as an input pin.
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Bidirectional Pins

BIID51, BIID54, and BIID58

BIID51
Function: OE
BIID51: 1-bit bidirectional pin with registered input and A
inverted clock. XB
BIID54: Four BIID51s with common clock and Output 50
Enable. 4
BIID58: Eight BIID51s with common clock and Output
Enable. BIDS4
Availability: OF —
BIID51, BIID54, and BIID58 can be used with 1000, 2000, A0 | —
3000, and 8000 devices. XBO | Al —
Type: Hard xg2 | A
XB3 |
L Qo
Macro Port Definition: o1l
BIID51 (Q0,XB0,A0,CLK,OE); Q2L
BIID54 ([QO0..Q3],[XB0..XB3],[A0..A3],CLK,OE); —q Q3| —
BIID58 ([Q0..Q7],[XB0..XB7],[A0..A7],CLK,OE);
Truth Table: BIIDS8
OE|—
Do not drive XBO~XB,,.; when OE=1.
AO L
Input Output ALl
OE | A0~A,; | XBO~XB,; |CLK| XBO~XB 1 | Q0~Q 2; —
XBO —
0 X d ! - d XB1 | A4l
0 X z ! - X XB2 | AS —
1 d z . d d XB3 | ’/:j —
; XB4 | —
0 X X 0 - Q XB5 |
0 X X 1 - Q XB6 | Q0 |—
1 d Z 0 d Q XB7 | g; —
1 d Z 1 d Q’ o3l
d = any pattern of 1s and 0s on an input or set of inputs, Q4 —
Q' = previous output of flip-flop or latch, x = don't care, Q5 —
X = X (unknown) state, Z = high impedance state, Q6| —
- = appears in output column if a bidirectional pin acts as an input pin, —0 Q7 —

1 = falling clock edge.

ispLSI Macro Library Reference Manual 292



Bidirectional Pins

BIID61, BIID64, and BIID68

Function:

BIID61: 1-bit bidirectional pin with registered input, inverted
output, and inverted clock.

BIID64: Four BIID61s with common clock and Output
Enable.

BIID68: Eight BIID61s with common clock and Output
Enable.

Availability:

BIID61, BIID64, and BIID68 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:
BIID61 (Q0,XB0,A0,CLK,OE);

BIID64 ([Q0..Q3],[XB0..XB3],[A0..A3],CLK,OE);
BIID68 ([Q0..Q7],[XB0..XB7],[A0..A7],CLK,OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=1.
Input Output
OE | AO~A 4 XBO~XB.;1 |CLK| XBO~XB .1 | Q0~Qp.1

0 X d ! - d
0 X Z ! - X
1 d z ! d d
0 X X 0 - Q’
0 X X 1 - Q
1 d Z 0 d Q
1 d z 1 d Q

d = any pattern of 1s and 0s on an input or set of inputs, d = inverse of d,

Q' = previous output of flip-flop or latch,

x = don't care, X = X (unknown) state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin,
1 = falling clock edge.
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Bidirectional Pins

BIID71, BIID74, and BIID78

BIID71
Function: OE
BIID71: 1-bit bidirectional pin with registered input, active A
low enable, and inverted clock. XB
BIID74: Four BIID71s with common clock and Output D O
Enable. 4
BIID78: Eight BIID71s with common clock and Output
Enable.
BIID74
Availability: OEjo—
BIID71, BIID74, and BIID78 can be used with 1000, 2000, AOL
3000, and 8000 devices. XB0 | ALl
Type: Hard XB2 | A3 | —
XB3 |
Macro Port Definition: 82 —
BIID71 (Q0,XB0,A0,CLK,OE); Q2L
BIID74 ([QO0..Q3],[XB0..XB3],[A0..A3],CLK,OE); —q Q3L
BIID78 ([Q0..Q7],[XB0..XB7],[A0..A7],CLK,OE);
Truth Table: BIID78
Do not drive XBO~XB,,.; when OE=1. OFlo—
AOL_
Input Output ALL
OE | AO~A, 1 | XBO~XB.; [CLK| XBO~XB .1 | Q0~Qp.1 A2 —
0 d z d d e A
| XB1 | AdL
1 X d ! - d XB2 | AS|
1 X Z ! - X Xﬁ AG L
, XB4 AT —
0 d Z 0 d Q f—
XB5
0 d z 1 d Q XB6 | Q0|
1 X X 0 - Q XB7 | Q1 —
, Q2 —
1 X X 1 - Q Q3|
d = any pattern of 1s and 0s on an input or set of inputs, Q4L —
Q' = previous output of flip-flop or latch, Q5—
x = don't care, X = X (unknown) state, Z = high impedance state, Q6 —
- = appears in output column if a bidirectional pin acts as an input pin, o Q7 —

| = falling clock edge.

ispLSI Macro Library Reference Manual 294



Bidirectional Pins

BIID81, BIID84, and BIID88

Function:

BIID81: 1-bit bidirectional pin with registered input, inverted
output, active low enable, and inverted clock.

BlID84: Four BIID81s with common clock and Output
Enable.

BIID88: Eight BIID81s with common clock and Output
Enable.

Availability:

BIID81, BIID84, and BIID88 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:
BIID81 (Q0,XB0,A0,CLK,OE);

BIID84 ([Q0..Q3],[XB0..XB3],[A0..A3],CLK,OE);
BIID88 ([QO0..Q7],[XB0..XB7],[A0..A7],CLK,OE);

Truth Table:
Do not drive XBO~XB,,.; when OE=1.
Input Output
OE | AO~A,.1 | XBO~XB.; |CLK| XBO~XB .1 | Q0~Qp.1

0 d Z ! d d
1 X d ! - d
1 X Z | - X
0 d Z 0 d Q
0 d Z 1 d Q
1 X X 0 - Q
1 X X 1 - Q

d = any pattern of 1s and 0s on an input or set of inputs, d = inverse of d,
Q’ = previous output of flip-flop or latch, x = don’t care,

X = X (unknown) state, Z = high impedance state, | = falling clock edge,
- = appears in output column if a bidirectional pin acts as an input pin.
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Bidirectional Pins

BIIL11, BIIL14, and BIIL18

BIIL11
Function: OE
BIIL11: 1-bit bidirectional pin with latched input. A
BIIL14: Four BIIL11s with common G and Output Enable. XB
BIIL18: Eight BIIL11s with common G and Output Enable. D Q
— G
Availability:
BIIL11, BIIL14, and BIIL18 can be used with 1000, 2000, e
3000, and 8000 devices. OE
AO
Type Hard XBO | Al
A2
Macro Port Definition: i% A3
BIIL11 (Q0,XB0,A0,G,OE); XB3 |
BIIL14 ([QO..Q3],[XB0..XB3],[A0..A3],G,0E); Q0
BIIL18 ([Q0..Q7],[XB0..XB7],[A0..A7],G,OFE); 82
Truth Table: —&_ o
Do not drive XBO~XB,,.; when OE=1. BIIL1S
Input Output OE
OE | AO~A,; | XBO~XB,; | G | XBO~XB,.; | Q0~Q,.1 A0
0 X X 0 - Q ﬁ;
1 d Z 0 d Q’ XB0 A3
0 X d 1 - d XB1 | A4
0 X z 1 - X xg2 | A
1 d Z 1 d d x84 | A7
d = any pattern of 1s and Os on an input or set of inputs, XB5 |
Q' = previous output of flip-flop or latch, x = don't care, XB6 | Q0
X = X (unknown) state, Z = high impedance state, XB7 | Q1
- = appears in output column if a bidirectional pin acts as an input pin. Q2
Q3
Q4
Q5
Q6
G Q7
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Bidirectional Pins

BIIL21, BIIL24, and BIIL28

Function:

BIIL21: 1-bit bidirectional pin with latched input and
inverted output.

BlIL24: Four BIIL21s with common G and Output Enable.

BIIL28: Eight BIIL21s with common G and Output Enable.

Availability:

BIIL21, BlIL24, and BIIL28 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:

BIIL21 (Q0,XB0,A0,G,OE);
BIIL24 ([QO..Q3],[XB0..XB3],[A0..A3],G,0OE);
BIIL28 ([QO0..Q7],[XB0..XB7],[A0..A7],G,OE):

Truth Table:
Do not drive XBO~XB,,.; when OE=1.

Input Output
OE | A0O~A.; | XBO~XB,.1 | G | XBO~XB,,.; | Q0~Q1
0 X X 0 - Q
1 d Z 0 d Q
0 X d 1 - d
0 X Z 1 - X
1 d yA 1 d d

d = any pattern of 1s and Os on an input or set of inputs, d = inverse of d,
Q' = previous output of flip-flop or latch, x = don't care,

X = X (unknown) state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin.
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BllL21

OE
A
XB
D Q——
e
BIIL24
OE}——
AO o
XB3
Qo
Q1
Q2L
_ 16 Q3_
BIIL28
OE}—
AO o
Al o
A2 o
XBO A3 jo—
XB1 A4 lo—
XB4 AT jo—
XB5
XB6 Q0 —
XB7 Ql—
Q2L
Q3
Q4
Qs
Q6
_ e Q7L
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Bidirectional Pins

BIIL31, BIIL34, and BIIL38

Function:

BIIL31: 1-bit bidirectional pin with latched input and active
low enable.

BIIL34: Four BIIL31s with common G and Output Enable.

BIIL38: Eight BIIL31s with common G and Output Enable.

Availability:

BIIL31, BIIL34, and BIIL38 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:

BIIL31 (Q0,XB0,A0,G,0OE);
BIIL34 ([QO..Q3],[XB0..XB3],[A0..A3],G,0OE);
BIIL38 ([QO0..Q7],[XB0..XB7],[A0..A7],G,OE):

Truth Table:
Do not drive XB0~XB,,.; when OE=0.

Input Output
OE | A0O~A,.; | XBO~XB,.; | G | XBO~XB.; | Q0~Q-1
0 d z 0 d Q
1 X X 0 - Q
0 d z 1 d d
1 X d 1 - d
1 X z 1 - X

d = any pattern of 1s and 0s on an input or set of inputs,

Q' = previous output of flip-flop or latch, x = don't care,

X = X (unknown) state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin.
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BIIL31
A
XB
D Q
G
BIIL34
OE jo—
AO L
XBO Al —
XB1 A2 —
XB2 A3l
XB3
Qo
Q1
Q2
_ |l Q3 __
BIIL38
OE lo—
AO L
ALl
A2l
XBO A3 —
XB1 Ad—
XB2 AS —
XB5
XB6 Q0 —
XB7 Qll—
Q2
Q3
Q4
Q5|
Q6
_le o7l _
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Bidirectional Pins

BlIL41, BlIL44, and BIIL48

BlIL41
Function:
BIIL41: 1-bit bidirectional pin with latched input, inverted A
output, and active low enable. XB
BlIL44: Four BlIL41s with common G and Output Enable. D Q——
BIIL48: Eight BllL41s with common G and Output Enable. ——G
Availability:
BlIL44
BlIL41, BlIL44, and BIIL48 can be used with 1000, 2000, OEb_
3000, and 8000 devices.
AO |5
Type: Hard XBO Me—
Macro Port Definition: XB2 | A3 o—
BIIL41 (Q0,XB0,A0,G,0E); = N
BlIL44 ([Q0..Q3],[XB0..XB3],[A0..A3],G,0E); Q1|
BIIL48 ([QO0..Q7],[XB0..XB7],[A0..A7],G,0OE); Ql
16 Q3 _—
Truth Table:
Do not drive XBO~XB,,.; when OE=0. BIIL48
OE lo—
Input Output
OE | A0~A,; | XBO~XB,, | G | XBO~XB,; | Q0~Qp; A0 o—
- Al b
0 Z 0 d Q A2 |5
1 X X 0 - Q XBO | A3 lo—
0 d z 1 d d XL SP—
XB2 o—
1 X d 1 - d XB3 | AB o
1 X z 1 - X XB4 | AT o—
d = any pattern of 1s and Os on an input or set of inputs, d = inverse of d, iz% Qo
Q' = previous output of flip-flop or latch, x = don't care, ¥B7 | Q1
X = X (unknown) state, Z = high impedance state, — 2l
- = appears in output column if a bidirectional pin acts as an input pin. o3l
Q4
Q5|
Q6
_ 1 Q7|
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Bidirectional Pins

BIIL51, BIIL54, and BIIL58

Function:

BIIL51: 1-bit bidirectional pin with latched input and
inverted G.

BIIL54: Four BIIL51s with common G and Output Enable.

BIIL58: Eight BIIL51s with common G and Output Enable.

Availability:

BIIL51, BIIL54, and BIIL58 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:

BIIL51 (Q0,XB0,A0,G,OE);
BIIL54 ([QO..Q3],[XB0..XB3],[A0..A3],G,0OE);
BIIL58 ([QO0..Q7],[XB0..XB7],[A0..A7],G,OE):

Truth Table:
Do not drive XBO~XB,,.; when OE=1.

Input Output
OE | A0O~A.; | XBO~XB,.1 | G | XBO~XB,,.; | Q0~Q1
0 X d 0 - d
0 X Z 0 - X
1 d 4 0 d d
0 X X 1 - Q
1 d Z 1 d Q

d = any pattern of 1s and 0s on an input or set of inputs,

Q' = previous output of flip-flop or latch, x = don't care,

X = unknown state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin.
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BIIL51
XB
D O
—JdG
BIIL54
OE
A0
XBO Al
XB1 A2
XB2 A3
XB3
QO
Q1
Q2
—aqG Q3
BIIL58
OE
AO
Al
A2
XBO A3
XB1 Ad
XB2 AS
XB3 A6
XB4 A7
XB5
XB6 Q0
XB7 Q1
Q2
Q3
Q4
Q5
Q6
—0 G Q7
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Bidirectional Pins

BIIL61, BIIL64, and BIIL68

BIIL61
Function:
BIIL61: 1-bit bidirectional pin with latched input, inverted A
output, and inverted G. XB
BIIL64: Four BIIL61s with common G and Output Enable. D Q——
BIIL68: Eight BIIL61s with common G and Output Enable. —qG
Availability:
BIIL64
BIIL61, BIIL64, and BIIL68 can be used with 1000, 2000, OEl__
3000, and 8000 devices.
AO o—
Type: Hard XBO | Al o—
XB1 | A2 o
Macro Port Definition: xB2 |  A3p—
XB3
BIIL61 (Q0,XB0,A0,G,0E); T Q0|
BIIL64 ([QO0..Q3],[XB0..XB3],[A0..A3],G,0E); Q1L —
BIIL68 ([QO0..Q7],[XB0..XB7],[A0..A7],G,0OE); Q2 —
4G Q3|
Truth Table:
Do not drive XBO~XB,,.; when OE=1. BIIL6S
Input Output OE—
OE | AO~A, 1 | XBO~XB,.1 | G | XBO~XB.; | Q0~Qy.1 A0 b
Al o
0 X d 0 - d a2 b
1 d z 0 d d XB1 | Ad o—
0 X X 1 - Q e A6 b
1 d Z 1 d Q XB4 | AT b
d = any pattern of 1s and Os on an input or set of inputs, d = inverse of d, XBS | Q0
Q' = previous output of flip-flop or latch, x = don’t care, XB6_| N
X = unknown state, Z = high impedance state, XB7_| Qli—
- = appears in output column if a bidirectional pin acts as an input pin. 82 7
Q4
Q5|
Q6|
_ oG Q7| —
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Bidirectional Pins

BIIL71, BIIL74, and BIIL78

Function:

BIIL71: 1-bit bidirectional pin with latched input, active low
enable, and inverted G.

BIIL74: Four BIIL71s with common G and Output Enable.

BIIL78: Eight BIIL71s with common G and Output Enable.

Availability:

BIIL71, BIIL74, and BIIL78 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:

BIIL71 (Q0,XB0,A0,G,OE);
BIIL74 ([QO..Q3],[XB0..XB3],[A0..A3],G,0OE);
BIIL78 ([QO0..Q7],[XB0..XB7],[A0..A7],G,OE):

Truth Table:
Do not drive XB0~XB,,.; when OE=0.

Input Output
OE | A0O~A,.; | XBO~XB,.; | G | XBO~XB.; | Q0~Q-1
0 d z 0 d d
1 X d 0 - d
1 X 4 0 - X
0 d z 1 d Q
1 X X 1 - Q

d = any pattern of 1s and 0s on an input or set of inputs,

Q' = previous output of flip-flop or latch, x = don't care,

X = unknown state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin.
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BIIL71
XB
D O
—a G
BIIL74
OE
A0
XBO Al
XB1 A2
XB2 A3
XB3
Qo0
Q1
Q2
_ 4G Q3
BIIL78
OE
AO
Al
A2
XBO A3
XB1 A4
XB2 A5
XB3 A6
XB4 A7
XB5
XB6 Q0
XB7 Q1
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Q4
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Bidirectional Pins

BIIL81, BIIL84, and BIIL88

Function:

BIIL81: 1-bit bidirectional pin with latched input, inverted
output, active low enable, and inverted G.

BIIL84: Four BIIL81s with common G and Output Enable.

BIIL88: Eight BIIL81s with common G and Output Enable.

Availability:

BIIL81, BIIL84, and BIIL88 can be used with 1000, 2000,
3000, and 8000 devices.

Type: Hard

Macro Port Definition:

BIIL81 (Q0,XB0,A0,G,0OE);
BIIL84 ([QO..Q3],[XB0..XB3],[A0..A3],G,0OE);
BIIL88 ([QO0..Q7],[XB0..XB7],[A0..A7],G,OE):

Truth Table:
Do not drive XB0~XB,,.; when OE=0.

Input Output
OE | AO~A,.1 XB0~XB,.1 | G | XBO~XB,.; | Q0~Qu.1
0 d Z 0 d d
1 X 0 - d
1 X Z 0 - X
0 d Z 1 d Q
1 X X 1 - Q

d = any pattern of 1s and Os on an input or set of inputs, d = inverse of d,
Q' = previous output of flip-flop or latch, x = don't care,

X = unknown state, Z = high impedance state,

- = appears in output column if a bidirectional pin acts as an input pin.
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BIIL81
OE
A
XB
D O
— oG
BIIL84
OEo—
AO [o—
XBO Al b
XB1 A2 o—
XB2 A3 lo—
XB3 |
Qo
o1l
Q2
_ 46 03l __
BIIL88
OE o—
A0 o—
Al o—
A2 b—
XBO A3 b—
XB1 Ad o
XB2 A5 b
XB3 A6 o
XB4 AT lo—
XB5 |
XB6 | Q0 —
XB7 | Ql—
Q2
Q3|
Q4L
Q5
Q6|
—o G Q7| —
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Input Pins

Input Pins

IB11

Function: 1-bit input pin.

Availability:

IB11 can be used with 1000, 2000, 3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:

IB11(Z0,XI0);
Truth Table:
Input Output
X10 Z0
d d

d = any pattern of 1s and Os on an input or set of inputs,
XI0 = external input pin, Z0 = output.
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Input Pins

ID11, ID14, and 1D18

_ ID11
Function: X o ol
ID11: 1-bit registered input pin.
ID14: Four ID11s with common clock.
ID18: Eight ID11s with common clock. ]
Availability: D14
ID11, ID14, and ID18 can be used with 1000, 2000, 3000, X0 [p qol
and 8000 devices. X1 | p
Al Q1
XI2
Type: Hard X2 |p Q2
X8 |p @3]
Macro Port Definition:
ID11 (QO0,XI0,CLK); _
ID14 ([QO0..Q3],[XI0..XI13],CLK);
ID18 ([Q0..Q7],[XI0..X17],CLK);
ID18
Truth Table: X0 [p ol
Input Output Lo
X2 |p Q2
X10~Xlp.1 CLK Q0~Qp-1
X3 Ip @3l
d d
! X4 |p Q4|
X 0 QO0'~Qn’
e X5 Ip o5
X 1 Q0'~Qn
: . X6 |p o6l
d = any pattern of 1s and Os on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch, XI7 | p Q7
x = don't care, 1 = rising clock edge.
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Input Pins

ID21, 1D24, and 1D28

Function:

ID21: 1-bit registered input pin with inverted clock.
ID24: Four ID21s with common clock.
ID28: Eight ID21s with common clock.

Availability:

ID21, ID24, and ID28 can be used with1000, 2000, 3000,

and 8000 devices.

Type: Hard

Macro Port Definition:
ID21 (Q0,XI10,CLK);

ID24 ([QO0..Q3],[XI0..X13],CLK);
ID28 ([Q0..Q7],[XI0..X17],CLK);

Truth Table:
Input Output
X10~Xl,,.1 CLK Q0~Qpy
d ! d
X 0 QO'~Qn’
X 1 QO'~Qn’

d = any pattern of 1s and Os on an input or set of inputs,
QO0’~Qn’ = previous output of flip-flop or latch,
x =don't care, | = falling clock edge.

ispLSI Macro Library Reference Manual

ID21
X5 o
—0

ID24
X0 ['p qo
X1 1p o1
X2 |p o2
XB |p o3
—q

ID28
X0 [p  qo
M 1y o1
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Input Pins

IL11, IL14, and IL18

Function:

IL11: 1-bit input pin with D latch on input.
IL14: Four IL11s with common G.
IL18: Eight IL11s with common G.

Availability:

IL11, IL14, and IL18 can be used with 1000, 2000, 3000,

and 8000 devices.

Type: Hard

Macro Port Definition:

IL11 (QO0,XI0,G);

IL14 ([QO..Q3],[XI0..XI3],G);
IL18 ([QO0..Q7],[XI0..XI7],G);

Truth Table:
Input Output
X10~Xlp,.1 G Q0~Qn.1
X 0 QO0'~Qn’
d 1 d

d = any pattern of 1s and 0s on an input or set of inputs,
G = gate for latch, x = don't care,
QO'~Qn’ = previous output of flip-flop or latch.
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IL11
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__lc
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Input Pins

IL21, IL24, and IL28

Function:

IL21: 1-bit input pin with D latch on input, inverted enable.
IL24: Four IL21s with common G.
IL28: Eight IL21s with common G.

Availability:

IL21, IL24, and IL28 can be used with 1000, 2000, 3000,
and 8000 devices.

Type: Hard

Macro Port Definition:
IL21 (QO0,XI0,G);

IL24 ([QO..Q3],[XI0..XI3],G);
IL28 ([Q0..Q7],[XI0..XI7],G);

Truth Table:
Input Output
X10~Xl .1 G Q0~Qn1
d 0 d
X 1 QO'~Qn’

d = any pattern of 1s and 0s on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch,
x = don't care.
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Output Pins

Output Pins

OB11

Function: 1-bit output pin.

Availability:

OB11 can be used with 1000, 2000, 3000, 5000, and

8000 devices.

Type: Hard

Macro Port Definition:

OB11 (XOO0,A0);

Truth Table:
Input Output
A0 XO00
d d

d = any pattern of 1s and 0s on an input or set of inputs
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Output Pins

OB21, OB24, and OB28

Function:

OB21:  1-bit inverting output pin.
OB24: Four OB21s.
OB28: Eight OB21s.

Availability:

0OB21, OB24, and OB28 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:
0OB21 (X00,A0);

OB24 ([X00..X03],[A0..A3)]);
OB28 ([X00..XO7],[A0..A7]);

Truth Table:
Input Output
AO~A 1 X0O0~XOy.1
d d

d = any pattern of 1s and Os on an input or set of inputs,

d = inverse of d.
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— QAL | X01
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Output Pins

OT11, OT14, and OT18

Function:

OT11:
OT14:
OT18:

1-bit 3-state output pin.
Four OT11s with common Output Enable.
Eight OT11s with common Output Enable.

Availability:

OT11, OT14, and OT18 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:
OT11 (XO0,A0,0E);

OT14 ([X00..X03],[A0..A3],0E);
OT18 ([X00..XO7],[A0..A7],0E);

Truth Table:
Input Output
OE AO~A 1 X0O0~XOy1
0 X Z
1 d d

d = any pattern of 1s and 0s on an input or set of inputs,
x = don't care, Z = high impedance state.
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Output Pins

OT21, OT24, and OT28

Function:

OT21:
OT24:
oT28:

1-bit inverting 3-state output pin.
Four OT21s with common Output Enable.
Eight OT21s with common Output Enable.

Availability:

0T21, OT24, and OT28 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:

OT21 (X00,A0,0E):
OT24 ([X00..X03],[A0..A3],0E);
OT28 ([X00..XO7],[A0..A7],0E);

Truth Table:
Input Output
OE AO~A 1 X0O0~XOp 1
0 X Z
1 d d
d = any pattern of 1s and Os on an input or set of inputs,
d = inverse of d, x = don’t care, Z = high impedance state.
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Output Pins

OT31, OT34, and OT38

Function:

OT31:
OT34:
oT38:

1-bit 3-state output pin with active low enable.
Four OT31s with common Output Enable.
Eight OT31s with common Output Enable.

Availability:

OT31, OT34, and OT38 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:

OT31 (X00,A0,0E):
0T34 ([X00..X03],[A0..A3],0E);
OT38 ([X00..XO7],[A0..A7],0E);

Truth Table:
Input Output
OE AO~A 1 X0O0~XOy.1
0 d d
1 X Z

d = any pattern of 1s and 0s on an input or set of inputs,
x = don't care, Z = high impedance state.
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Output Pins

OT41, OT44, and OT48

Function:

OT41:
OT44:
OT48:

1-bit inverting 3-state output pin with active low enable.
Four OT41s with common Output Enable.
Eight OT41s with common Output Enable.

Availability:

0OT41, OT44, and OT48 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Macro Port Definition:

OT41 (X00,A0,0E):
OT44 ([X00..X03],[A0..A3],0E);
OT48 ([X00..XO7],[A0..A7],0E);

Truth Table:
Input Output
OE AO~A, 1 X0O0~XOy 1
0 d d
1 X Z
d = any pattern of 1s and Os on an input or set of inputs,
d = inverse of d, x = don’t care, Z = high impedance state.
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Logic Gates

This chapter contains information on logic gate macros.
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Logic Gates

Logic Gates

AND2 through AND18 AND2

Function: :}

2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, and 18
input AND gates. AND3

Availability : ]

AND?2 through AND18 can be used with 1000, 2000, o
3000, 5000, and 8000 devices.

v

Type: Logic Primitive

Macro Port Definition: AND18

AND2 (Z0,A0,Al); .
AND3 (Z0,[A0..A2]); —
AND4 (Z0,[A0..A3]); —

AND18 (Z0,[A0..A17]); —

Truth Table: -]
The truth table is the same for all ANDs.

Input Output ]
All inputs high High ]
One or more inputs low Low —]
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Logic Gates

BUF and INV
Function:
BUF
BUF: single input buffer.
INV: single input inverter.
Availability: INV

BUF and INV can be used with 1000, 2000, 3000, 5000,
and 8000 devices.

Type: Logic Primitive

Macro Port Definition:

BUF (Z0,A0);
INV (ZNO,A0);

Truth Tables:

For BUF:
Input Output
High High
Low Low
For INV:
Input Output
High Low
Low High
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Logic Gates

NANDZ2 through NAND12, and NAND16

Function:

2,3,4,5,6,7,8,9,10,11, 12, and 16 input NAND gates.

Availability:

NAND2 through NAND12, and NAND16 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Type: Logic Primitive

Macro Port Definition:

NAND2 (ZNO,A0,A1);
NAND3 (ZNO,[A0..A2));
NAND4 (ZNO,[A0..A3));

NAND12 (ZNO,[A0..Al11));
NAND16 (ZNO,[A0..A15]);

Truth Table:
The truth table is the same for all NANDs.
Input Output
All inputs high Low
One or more inputs low High
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Logic Gates

NOR2 through NOR12, and NOR16 NOR2
Function: ﬂ
2,3,4,5,6,7,8,9, 10, 11, 12, and 16 input NOR gates.

Availability: NOR3
NOR2 through NOR12, and NOR16 can be used with

1000, 2000, 3000, 5000, and 8000 devices. ﬂ

Type: Logic Primitive

Macro Port Definition:

NOR?2 (ZNO,A0,AL);
NOR3 (ZNO,[A0..A2]);
NORA4 (ZNO,[A0..A3]);

NOR16

NOR12 (ZNO,[A0..A11]);
NOR16 (ZNO,[A0..A15]);

Truth Table:
The truth table is the same for all NORs.
Input Output
All inputs low High
One or more inputs high Low

ispLSI Macro Library Reference Manual 319



Logic Gates

OR2 through OR12, and OR16

Function:
2,3,4,5,6,7,8,9, 10, 11, 12, and 16 input OR gates.

Availability:

OR2 through OR12, and OR16 can be used with 1000,
2000, 3000, 5000, and 8000 devices.

Type: Logic Primitive

Macro Port Definition:

OR2 (Z0,A0,Al);
OR3 (Z0,[A0..A2));
OR4 (Z0,[A0..A3));

6R12 (Z0,[A0..A11));
OR16 (Z0,[A0..A15]);

Truth Table:
The truth table is the same for all ORs.

Input Output

All inputs low Low
One or more inputs high High
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Logic Gates

XNOR2, XNOR3, XNOR4, XNOR7, XNORS,
and XNOR9

Function:
2,3,4,7,8,and 9 input XNOR gates.

Availability:

XNOR2, XNOR3, XNOR4, XNOR7, XNORS8, and XNOR9 can be
used with 1000, 2000, 3000, 5000, and 8000 devices.

Type:

Logic Primitive: XNOR2, XNORS3, and XNORA4.
Soft: XNORO9.

Hard: XNOR7 and XNORS.

Logic Resources:

Macro PT GLB Output Level
XNOR2 2 .25 1 1
XNOR3 4 .25 1
XNOR4 8 5 1 1
XNOR7 12 1 1 1
XNORS8 16 1 1 1

* ZNO: 2 PT BO:16 PT

Macro Port Definition:

XNOR2 (ZNO,A0,A1);
XNORS3 (ZNO,[A0..A2));
XNOR4 (ZNO,[A0..A3]);
XNOR?7 (ZNO,[AO..A6]);
XNORS (ZNO,[A0..A7]);
XNOR9 (ZNO,[A0..A8]);
XNOR9_1 (BO,[A0..A7]);
XNOR9_2 (ZNO,B0,A8);

Truth Table:
The truth table is the same for all XNORSs.

Input Output

All inputs low High

Odd number of inputs high Low
Even number of inputs high High
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Logic Gates

XOR2, LXOR2, XOR3, XOR4, XORS8, and XOR9

Function:
2,3, 4,8, and 9 input XOR gates.

Availability:

LXOR2, XOR2, XOR3, XOR4, XORS8, and XOR9 can be used
with 1000, 2000, 3000, 5000, and 8000 devices.

Type:

Logic Primitive: XOR2, XOR3, and XORA4.
Soft: XOR9.

Hard: XORS.

Physical (in the silicon):  LXORZ2.

LXOR2 specifies the use of the physical XOR2 gate in the GLB.
See the Lattice Semiconductor Data Book for more information.

Logic Resources:

Macro PT GLB Output Level
XOR2 2 .25 1 1
XOR3 4 .25 1 1
XOR4 8 5 1 1
XOR8 16 1 1 1

* Z0: 2 PT BO: 16 PT
LXOR2: depends on usage.

Macro Port Definition:

XOR?2 (Z0,A0,Al);
LXOR?2 (Z0,A0,Al);
XORS3 (Z0,[A0..A2]);
XOR4 (Z0,[A0..A3]);
XORS (Z0,[A0..A7]);
XOR9 (Z0,[A0..A8]);
XOR9_1 (BO,[A0..A7]);
XOR9_2 ([Z0,B0,A8);

Truth Table:
The truth table is the same for all XORs.

Input Output

All inputs low Low

Odd number of inputs high High
Even number of inputs high Low
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MUX/DMUX

This chapter contains information on the following macros:

= Multiplexers
= Demultiplexers
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Multiplexers

Multiplexers

MUX2 and MUX2E

Function:

MUX2:

MUXZ2E:

1 of 2 input mux.
1 of 2 input mux with enable.

Availability:

Both MUX2 and MUXZ2E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:
MUX2 (Z0,A0,A1,S0);

MUXZ2E (Z0,A0,A1,EN,SO);

Truth Table:
Gray areas (EN) apply only to MUX2E.
Input Output
EN SO Z0
1 0 A0
1 1 Al
0 X 0

A0..A,.1 = inputs, x = don't care.
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Multiplexers

MUX4 and MUX4E

Function:
MUX4: 1 of 4 input mux.

MUXA4E: 1 of 4 input mux with enable.

Availability:

Both MUX4 and MUX4E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX4 (Z0,[A0..A3],S0,S1);

MUXA4E (Z0,[A0..A3],EN,S0,S1);

Truth Table:

Gray areas (EN) apply only to MUX4E.

Input Output
EN S1 SO Z0
1 0 0 A0
1 0 1 Al
1 1 0 A2
1 1 1 A3
0 X X 0

AO..A_1 = inputs, x = don't care.
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Multiplexers

MUX8 and MUXS8E

Function:
MUX8: 1 of 8 input mux.

MUXS8E: 1 of 8 input mux with enable.

Availability:

Both MUX8 and MUX8E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX8 (Z0,[A0..A7],[S0..S2]);
MUXS8E (Z0,[A0..A7],EN,[SO0..S2]);

Truth Table:
Gray areas (EN) apply only to MUX8E.

Input Output
EN S2 S1 SO Z0
1 0 0 0 A0
1 0 0 1 Al
1 0 1 0 A2
1 0 1 1 A3
1 1 0 0 A4
1 1 0 1 A5
1 1 1 0 A6
1 1 1 1 A7
0 X X X 0

A0..A,.1 = inputs, x = don't care.
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Multiplexers

MUX16 and MUX16E

Function:

MUX16: One of 16 input mux.

MUX16E:  One of 16 input mux with enable.
Availability:

Both MUX16 and MUX16E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

MUX16 (Z0,[A0..A15],[SO0..S3));
MUX16E (Z0,[A0..A15],EN,[S0..S3]);
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Multiplexers

Truth Table:

Gray areas (EN) apply only to MUX16E.

Input

Output

m
z
)]
w

S2

n
iy
92
o

Z0

AO

Al

A2

A3

A4

A5

A6

A7

A8

A9

Al10

All

Al2

Al3

Al4

Al5
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AO0..A,_; = inputs, x = don't care.
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Multiplexers

MUX16

A3
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Ae
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Y
Ty
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Als
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ispLSI Macro Library Reference Manual

zo

329



Multiplexers

MUX16E

A3

As

A7

zo

A9

e T
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Multiplexers

MUX22 and MUX22E

Function:

MUX22: Dual 1 of 2 input mux with common select line.

MUX22E: Dual 1 of 2 input mux with common select line and
enable.

Availability:

Both MUX22 and MUX22E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX22 (z20,Z21,A0,A1,B0,B1,S0);
MUX22E (zZ0,Z21,A0,A1,B0,B1,EN,S0);
Truth Table:

Gray areas (EN) apply only to MUX22E.

Input Output
EN SO Z0 Z1
1 0 A0 Al
1 1 BO Bl
0 X 0 0

A0..A,.1 = inputs, BO..B,_1 = inputs,
x = don't care.
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Multiplexers

MUX24 and MUX24E

Function:

MUX24: Dual 1 of 4 input mux with common select line.

MUX24E: Dual 1 of 4 input mux with common select line and
enable.

Availability:

Both MUX24 and MUX24E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX24 (Z0,Z21,A0,A1,B0,B1,C0,C1,D0,D1,S0,S1);
MUX24E (Z0,Z21,A0,A1,B0,B1,C0,C1,D0,D1,EN,S0,S1);

Truth Table:
Gray areas (EN) apply only to MUX24E.

Input Output
EN S1 SO Z0 Z1
1 0 0 A0 Al
1 0 1 BO Bl
1 1 0 Co Cl
1 1 1 DO D1
0 X X 0 0

AO0..A,; = inputs, BO..B,_; = inputs,
X = don'’t care.
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Multiplexers

MUX42 and MUX42E

Function:

MUX42: Quad 1 of 2 input mux with common select line.

MUX42E:  Quad 1 of 2 input mux with common select line and
enable.

Availability:

Both MUX42 and MUX42E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX42 ([Z0..Z3],[A0..A3],[B0..B3],S0);
MUX42E ([Z0..Z3],[A0..A3],[B0..B3],EN,S0);

Truth Table:
Gray areas (EN) apply only to MUX42E.

Input Output
EN SO Z0 Z1 z2 Z3
1 0 A0 Al A2 A3
1 1 BO Bl B2 B3
0 X 0 0 0 0

A0..A,.1 = inputs, BO..B,_1 = inputs,
x = don't care.
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Multiplexers

MUX44 and MUX44E

MUX44 MUXA44E
Function: — 1 A0 — A0
MUX44: Quad 1 of 4 input mux with common select line.  — Al — Al
MUX44E:  Quad 1 of 4 input mux with common select line — A2 — A2
and enable. — A3 — A3
Availability: —4 BO — BO
_ _ Bl _ IB1
Both MUX44 and MUX44E can be used with 1000, 2000, g2 Y
3000, 5000, and 8000 devices. g3 _ Ig3
Type: Soft w 2 — _co zol
T c1 Z1il la Z1
Macro Port Definition: e Bl e 2
] 73
MUX44 ([20..23],[A0..A3],[BO..B3], ez B e
[C0..C3],[D0..D3],S0,S1);
MuXx44 1 (z0,21,A0,A1,B0,B1,C0,C1, | Do — DO
D0,D1,S0,S1); — D1 — D1
MuUX44_2 (z2,23,A2,A3,B2,B3,C2,C3, _ 1 D2 — D2
D2,D3,S0,S1); | D3 — D3
MUXA44E ([Z0..Z3],[A0..A3],[B0..B3],
[C0..C3],[D0..D3],EN,S0,S1); — | EN
MUX44E_1 (z20,Z1,A0,A1,B0,B1,C0,C1, —1so0 — SO
DO0,D1,EN,S0,S1); _ls1 — St
MUX44E_2 (Z2,Z3,A2,A3,B2,C3,C2,C3,

D2,D3,EN,S0,S1);

Truth Table:
Gray areas (EN) apply only to MUX44E.
Input Output
EN S1 SO Z0 Z1 Z2 Z3
1 0 0 A0 Al A2 A3
1 0 1 BO Bl B2 B3
1 1 0 Co C1 C2 C3
1 1 1 DO D1 D2 D3
0 X X 0 0 0 0

AO..A,.1 = inputs, BO..B,,.; = inputs, x = don’t care, C0O..C,_; = inputs,
DO0..Dy,.1 = inputs.
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Multiplexers

MUX44A and MUX44AE

MUX44A MUX44AE
Function: a0 A0
MUX44A: Quad 1 of 4 input mux with common _ a1 1
select line. a2 a2
MUX44AE: Quad 1 of 4 input mux with common a3 A3
select line and enable. ]
Availability: —] 2(1’ — BO
— _ 1B
Both MUX44A and MUX44AE can be used with 1000, __IB2 g2
2000, 3000, 5000, and 8000 devices. _ Ip3 | g3
Schematics appear on the following pages. o D ol
— 211 —cCO
Type: Soft —JcC1 5| —ci 2 —
Macro Port Definition: e P S
MUX44A ([Z0..Z3],[A0..A3],[BO..B3],
[C0..C3],[D0..D3],S0,S1); — Do _ |po
MUX44AE ([Z0..23],[A0..A3],[B0..B3], _1m _ Ip
[CO0..C3],[D0..D3],EN,S0,S1); D2 2
_ /D3
_ | D3
Truth Table:
Gray areas (EN) apply only to MUX44AE. 1 EN
__Iso
Input Output s T icl)
EN S1 SO Z0 Z1 Z2 Z3
1 0 0 A0 Al A2 A3
1 0 1 BO Bl B2 B3
1 1 0 Co C1 C2 C3
1 1 1 DO D1 D2 D3
0 X X 0 0 0 0

AO0..A, .1 = inputs, BO..B,,.; = inputs, x = don't care,
CO0..C,.1 = inputs, DO..D,_1 = inputs.
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Multiplexers

MUX44A
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Multiplexers

MUX44AE

zop— 5
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zo— 5
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A O
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Multiplexers

MUX82 and MUX82E

Function:

MUX82: Octal 1 of 2 input mux with common select line.

MUX82E:  Octal 1 of 2 input mux with common select line
and enable.

Availability:

Both MUX82 and MUX82E can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

MUX82 ([Z0..Z7],[A0..A7],[BO..B7],S0);
MUX82_1 ([20..Z3],[A0..A3],[BO..B3],S0);
MUX82_2 ([Z4..Z7],[A4..A7],[B4..B7],S0);

MUX82E ([Z0..27],[A0..A7],[B0..B7],EN,S0);
MUX82E_1 ([Z0..23],[A0..A3],[B0..B3],EN,S0);
MUX82E_2 ([Z4..Z7],[A4..A7],[B4..B7],EN,SO);

Truth Table:
Gray areas (EN) apply only to MUX82E.

Input Output

EN | SO | 20 | 21 | 22 | Z3 | Z4 | Z5 | Z6 | Z7
1 0 A0 | A1 | A2 | A3 | A4 | A5 | A6 | A7
1 1 BO | B1 | B2 | B3| B4 | B5 | B6 | B7
0 X 0 0 0 0 0 0 0 0

AO..A, .1 = inputs, BO..B,,.; = inputs, x = don't care.
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Demultiplexers

Demultiplexers

DMUX2 and DMUX2E

Function:

DMUX2:
DMUXZ2E:

Availability:

Both DMUX2 and DMUXZ2E can be used with 1000, 2000,

1 of 2 output demux.

1 of 2 output demux with enable.

3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

DMUX2 (Z0,Z1,A0,S0);
DMUXZ2E Z0,21,A0,EN,S0);

Truth Table:

Gray areas (EN) apply only to DMUXZ2E.

DMUX2

AO Z0
Z1

SO

DMUX2E

AO Z0
Z1

EN

SO

Input Output
EN SO Z0 Z1
1 0 A0 0
1 1 0 AO
0 0 0

A0..A,.1 = inputs, x = don't care.
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Demultiplexers

DMUX4 and DMUX4E

Function:
DMUX4: 1 of 4 output demux.

DMUX4E: 1 of 4 output demux with enable.

Availability:

Both DMUX4 and DMUX4E can be used with 1000, 2000,

3000, 5000, and 8000 devices.
Type: Soft

Macro Port Definition:

DMUX4 ([Z0..23],A0,S0,S1);
DMUXA4E ([Z0..Z3],A0,EN,S0,S1);

Truth Table:

Gray areas (EN) apply only to DMUXA4E.

DMUX4

A0

SO
S1

Z0
Z1
z2
Z3

DMUXA4E

A0

EN
SO
S1

Z0
Z1
z2
Z3

Input Output
EN S1 SO Z0 Z1 Z2 Z3
1 0 0 A0 0 0 0
1 0 1 0 AO 0 0
1 1 0 0 0 AO 0
1 1 1 0 0 0 AO
0 X X 0 0 0 0

AO..A_1 = inputs, x = don't care.
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Demultiplexers

DMUX22 and DMUX22E

Function:

DMUX22:  Dual 1 of 2 output demux with common select line.
DMUX22E: Dual 1 of 2 output demux with common select line
and enable.

Availability:

Both DMUX22 and DMUX22E can be used with 1000,
2000, 3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

DMUX22 (Y0,Y1,20,Z21,A0,A1,S0);
DMUX22E (Y0,Y1,20,21,A0,A1,EN,S0);

Truth Table:
Gray areas (EN) apply only to DMUX22E.

Input Output

EN SO YO Y1l Z0 Z1
1 0 A0 Al 0 0
1 1 0 0 A0 Al
0 X 0 0 0 0

A0..A,.1 = inputs, x = don't care.
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Demultiplexers

DMUX24 and DMUX24E

DMUX24

Function:

A0 wol
DMUX24:  Dual 1 of 4 output demux with common select line. 1Al owi
DMUX24E: Dual 1 of 4 output demux with common select line
and enable. X0l
X1l
Availability:
Both DMUX24 and DMUX24E can be used with 1000, YOI —
2000, 3000, 5000, and 8000 devices. V—
Type: Soft — 30 20—
_1s1  zi
Macro Port Definition:
DMUX24 (W0,W1,X0,X1,Y0,Y1,20,21,A0,A1,S0,S1);
DMUX24 1 (W0,X0,Y0,20,A0,S0,S1); DMUX24E
DMUX24 2 (W1,X1,Y1,71,A1,S0,S1); a0 wol__
DMUX24E (W0,W1,X0,X1,Y0,Y1,20,21,A0,A1,EN,S0,S1); A owil
DMUX24E_1 (W0,X0,Y0,Z0,A0,EN,S0,S1);
DMUX24E_2 (W1,X1,Y1,21,A1,EN,SO0,S1); xol
X1
Truth Table:
Gray areas (EN) apply only to DMUX24E. YO
Yil
Input Output | eN
EN | S1|SOJWO Wl1l| X0 | X1 |Y0|Yl Z0 | Z1 — S0 20—
1/ 0|0|Aa AL 00|00 0O —
1 0 1 0 0O |AO|A1| O 0 0 0
1 1 0 0 0 0 O |AO/A1| O 0
1 1 1 0 0 0 0 0 0 | A0 | A1
X 0 0 0 0 0 0 0 0

A0..A,.1 = inputs, x = don't care.
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Demultiplexers

DMUX42 and DMUX42E

DMUX42
Function: ~la0 vol
DMUX42:  Quad 1 of 2 output demux with common select line. B '\ R %
DMUX42E: Quad 1 of 2 output demux with common select line —1A2 Y2
and enable. — |A3 Y3
Availability: z0l
Both DMUX42 and DMUX42E can be used with 1000, 2 —
2000, 3000, 5000, and 8000 devices. 22—
_1so z3|
Type: Soft
Macro Port Definition: OMUXA2E
DMUX42 ([Y0..Y3],[20..Z3],[A0..A3],S0);
DMUX42_1 (Y0,Y1,20,Z1,A0,A1,S0); — A0 YO —
DMUX42_2 (Y2,Y3,22,23,A2,A3,S0); — AL Y1
DMUX42E ([Y0..Y3],[Z0..Z3],[A0..A3],EN,S0); — A2 Y2
DMUX42E_1 (Y0,Y1,20,Z21,A0,A1,EN,S0); — 1A3 Y3
DMUX42E_2 (Y2,Y3,22,23,A2,A3,EN,S0);
0l
Truth Table: z1l
Gray areas (EN) apply only to DMUX42E. —EN 22} —
—1so  z3|
Input Output

EN | SO|YO | Y1l |Y2|Y3 20 71| Z2 | Z3

1 O JAO | A1 | A2 A3| O 0 0 0
1 1 0 0 0 0O | AO| A1 | A2 | A3
0 X 0 0 0 0 0 0 0 0

AO..A_1 = inputs, x = don't care.
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Demultiplexers

DMUX44 and DMUX44E

Function:
DMUX44:

DMUX44E:

Availability:

Both DMUX44 and DMUX44E can be used with 1000,
2000, 3000, 5000, and 8000 devices.

Type: Soft

Quad 1 of 4 output demux with common
select line.

Quad 1 of 4 output demux with common ]

select line enable.

Macro Port Definition:
DMUX44 (J[W0..W3],[X0..X3],[Y0..Y3],

[20..Z3],[A0..A3],S0,S1);
DMUX44_1 (WO0,X0,Y0,20,A0,S0,S1);

DMUX44_2 (W1,X1,Y1,71,A1,S0,S1);
DMUX44_3 (W2,X2,Y2,22,A2,S0,S1);

DMUX44_4 (W3,X3,Y3,23,A3,S0,S1);
DMUX44E ([W0..W3],[X0..X3],[Y0..Y3],
[20..23],[A0..A3],EN,S0,S1);
DMUX44E_1 (W0,X0,Y0,Z0,A0,EN,S0,S1);
DMUX44E_2 (W1,X1,Y1,Z1,A1,EN,S0,S1);
DMUX44E_3 (W2,X2,Y2,22,A2,EN,S0,S1);
DMUX44E_4 (W3,X3,Y3,23,A3,EN,S0,S1);

Truth Table:
Gray areas (EN) apply only to DMUX44E.

DMUX44

AO
Al
A2
A3

SO
S1

WoL —
Wil
")) —
W3l

X0 [
X1l
X2
X3

YO |
Y1l
Y2 |
Y3 |

20 |
Z1
z2
Z3

DMUX44E

A0
Al
A2
A3

EN
SO
S1

w0
wi
w2
W3

X0
X1
X2
X3

YO
Y1
Y2
Y3

Z0
Z1
z2
Z3

Input

Output

EN|S1

SO

WO|{W1 W2 W3| X0 |X1|X2|X3|Y0| Y1l Y2 Y3

Z0

71|72

Z3

AOIAL|A2/A3]O] 0O OO0 0|0 0]|O

AO|A1 A2 A3/ 0| 0|0 ]|O

o

o
o

o

o
o
o
o
o
o
o
o

A0

Al | A2

A3

1
1
1
1
0

X |k, OO

X |k, Ol O

o|lo|lo
(e}
(=}

o|lo|o|lo
(e}
o
(e}
(e}
>
e}
>
[ —
>
N
>
w

AO0..A_1 = inputs, x = don't care.
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Demultiplexers

DMUX82 and DMUX82E

DMUX82 DMUX82E

Function: A0 YOl — A0 YO| _

DMUX82:  Octal 1 of 2 output demux with common T 2; E ] 2; i; |

select line. : A3 Y3 : _ A3 Y3 __

DMUX82E: Octal 1 of 2 output demux with common A val _as ovyal

select line and enable. a5 vsL a5 vysl

A6 Y6 A6 Y| _

Availability: _ A7 YT AT YT|
Both DMUX82 and DMUX82E can be used with 1000, 20 20

2000, 3000, 5000, and 8000 devices. 21 L 71 |

2L 2

Type: Soft 73 23

. z4 | 74|

Macro Port Definition: 751 751

DMUX82 ([Y0..Y7],[20..27],[A0..A7],S0); 26— — EN 76—

DMUX82_1 (Y0,Y1,Z0,Z1,A0,A1,S0); — S0 Zi— — S0 27—

DMUX82_2 (Y2,Y3,22,23,A2,A3,S0):
DMUX82_3 (Y4,Y5,24,25,A4,A5,50);
DMUX82_4 (Y6,Y7,26,27,A6,A7,S0);
DMUX82E ([YO0..Y7],[Z0..27],[A0..A7],EN,S0);
DMUX82E_1 (Y0,Y1,20,Z1,A0,A1,EN,S0);
DMUX82E_2 (Y2,Y3,22,23,A2,A3,EN,S0);
DMUX82E_3 (Y4,Y5,24,Z5,A4,A5,EN,S0);
DMUX82E_4 (Y6,Y7,26,27,A6,A7,EN,S0);

Truth Table:
Gray areas (EN) apply only to DMUX82E.

Input Output

EN|SO|YO|Y1|Y2|Y3|Y4|YS5|Y6|Y7|Z0|21|22 |23 |Z4|25|26|Z7
1|0 |]JAO|A1 A2 AS|AA|A5/A6|A7| O] O O0O]0O0O|]O0OI0]0]O
1,100, 0|0]0|0| 0|0 |AO0O|AL A2 A3|A4|A5 | A6 | AT
o(x}J]o,0;,0}j]0,0/0}]0]O0/0|O0O]O0O|O0|0O0O]O0O]O0]|O0

A0..A,.1 = inputs, x = don't care.
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Registers

This chapter contains information on the following macros:
= D Flip-Flops

s JK Flip-Flops

= Toggle Flip-Flops

= D Latches

= SR Latches

= Shift Registers
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D Flip-flops

D Flip-flops

FD11, FD14, and FD18

Function:

FD11: 1-bit D flip-flop.
FD14:  4-bit D flip-flop.
FD18: 8-bit D flip-flop.

Availability:

FD11, FD14, and FD18 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type:
Logic Primitive: FD11
Soft: FD14 and FD18

Logic Resources:

Macro PT GLB Output Level
FD11 1* .25 1 1
* Add 1 PT per GLB if Product Term Clock is used.

Macro Port Definition:
FD11 (Q0,DO0,CLK);

FD14 ([Q0..Q3],[DO..D3],CLK);
FD18 ([Q0..Q7],[DO..D7],CLK);

Truth Table:
Input Output
DO0~Dy,.1 CLK Q0~Qp.1
d 1 d
X 0 QO0'~Qn’
X 1 QO0~Qn’

d = any pattern of 1s and Os in an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch,
x = don't care, t = rising clock edge.
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FD11

FD14

DO

D1

D2

D3

Qo0
Q1
Q2
Q3

FD18

DO

D1

D2

D3

D4

D5

D6

D7

Qo0
Q1
Q2
Q3
Q4
Q5
Q6
Q7
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D Flip-flops

FD21, FD24, and FD28

Function:

FD21: 1-bit D flip-flop with asynchronous clear.
FD24:  4-bit D flip-flop with asynchronous clear.
FD28: 8-bit D flip-flop with asynchronous clear.

Availability:

FD21, FD24, and FD28 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type:
Logic Primitive: FD21
Soft: FD24 and FD28

Logic Resources:

Macro PT GLB Output Level
FD21 1* .25 1 1

* Add 1 PT per GLB for CD and 1 per GLB if Product
Term Clock is used.

Macro Port Definition:
FD21 (Q0,D0,CLK,CD);

FD24 ([Q0..Q3],[D0..D3],CLK,CD);
FD28 ([Q0..Q7],[D0..D7],CLK,CD);

F

D21

CD

F

D24

DO
D1
D2
D3

Q0|
Q1|
Q2|

Q3|
CD

FD28

Truth Table:
Input Output
CD DO~D,.; CLK Q0~Qp.1
1 X X 0
0 d 1 d
0 X 0 QO'~Qn’
0 X 1 QO~Qn’

d = any pattern of 1s and 0s in an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch, x = don’t care,
t =rising clock edge.
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DO
D1
D2
D3
D4
D5
D6
D7

Qo
QL
Q2 __
Q3|
Q4
Q5
Q6

Q7
CD
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D Flip-flops

FD31, FD34, and FD38 o
Function:

FD31: 1-bit D flip-flop with synchronous preset. PS
FD34:  4-bit D flip-flop with synchronous preset. — 1D QI—

FD38: 8-bit D flip-flop with synchronous preset.

Availability:

FD31, FD34, and FD38 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft FD34

Macro Port Definition:

FD31 (Q0,D0,CLK,PS); PS
FD34 ([Q0..Q3],[D0..D3],CLK,PS); —
FD38 ([Q0..Q7],[D0..D7],CLK,PS); _ b0 Qol__
Truth Table: — Pt —
_ D2 Q2 __
Input Output
_ D3 Q3| _
PS DO~D, 1 CLK | Q0~Qp;
1 X 1 1
0 d A d
X X 0 QO'~Qn’ FD38
X X 1 QO0'~Qn’
d = any pattern of 1s and 0s in an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, PS
x = don't care, 1 = rising clock edge. —
_ /D0 QO __
_ b1 Q1
_ D2 Q2 __
_ D3 Q3| __
_ D4 Q4
_ ID5 Q5
_ D6 Q6 __
_ID7 Q7 __
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D Flip-flops

FD41, FD44, and FD48

Function:

FD41: 1-bit D flip-flop with asynchronous clear
dominant over synchronous preset.

FDA44. 4-bit D flip-flop with asynchronous clear
dominant over synchronous preset.

FD48: 8-bit D flip-flop with asynchronous clear
dominant over synchronous preset.

Availability:

FD41, FD44, and FD48 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

FD41 (Q0,D0,CLK,PS,CD);

FD44 ([Q0..Q3],[D0..D3],CLK,PS,CD);
FD48 ([Q0..Q7],[D0..D7],CLK,PS,CD);

Truth Table:
Input Output
CD PS DO~Dy,; CLK Q0~Qp-1
1 X X X 0
0 1 X 1 1
0 0 d 1 d
0 X X 0 QO0'~Qn’
0 X X 1 QO'~Qn’

d = any pattern of 1s and 0s in an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch,
x = don't care, 1 = rising clock edge.
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FD41

_ Do Qo __
_Ip1 Q1|

_ D2 Q2

FD48

PS

_ /D0 Qo __
_Ip1 Qi _
_|p2 Q2| _
_ D3 Q3| _
_ |p4a Q4
_ D5 Q5

_ D6 Q6 __
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D Flip-flops

FD51, FD54, and FD58 FD51
Function:
FD51:  1-bit D flip-flop with synchronous preset o ol

dominant over synchronous clear.
FD54. 4-bit D flip-flop with synchronous preset
dominant over synchronous clear.

FD58: 8-bit D flip-flop with synchronous preset €S
dominant over synchronous clear. ‘
Availability: FD54
FD51, FD54, and FD58 can be used with 1000, 2000, ‘
3000, 5000, and 8000 devices. oS
Type: Soft _Ipo qol
Macro Port Definition: — Pt O
_Ip2 Q2
FD51 (Q0,D0,CLK,PS,CS); 0 03
FD54 ([Q0..Q3],[D0..D3],CLK,PS,CS); o P
FD58 ([Q0..Q7],[D0..D7],CLK,PS,CS); ‘
Truth Table:
FD58
Input Output
PS CS D0~Dy,.; CLK | Q0~Q.1 ‘
1 X X 1 1 L s
0 1 X 1 0 — D0 QO
0 0 d 1 d _ b1 Q1 __
X X X 0 QO~Qn’ —|p2 Q2| _
X X X 1 QO'~Qn’ /D3 Q3| __
d = any pattern of 1s and Os in an input or set of inputs, — D4 Q4
Q9’~Qn” = previoiJs_o_utput of flip-flop or latch, _ b5 Q5
x = don't care, 1 = rising clock edge. _Ipbs o8l
_ D7 Q7 _
cs
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D Flip-flops

FD61, FD64, and FD68

FD61
Function:
FD61: 1-bit D flip-flop with scan. —D QF—
FD64:  4-bit D flip-flop with scan. — T
FDG68: 8-bit D flip-flop with scan. 1 E
Availability:
FD61, FD64, and FD68 can be used with 1000, 2000,
3000, 5000, and 8000 devices.
Type: Soft FD64
Macro Port Definition:
FD61 (Q0,D0,TIO,CLK,TE); _ e
FD64 ([Q0..Q3],[D0..D3],[TI0..TI3],CLK,TE); —{D0 QO
FD68 ([Q0..Q7],[DO0..D7],[TI0..TI7],CLK,TE); —TIO
—ID1 Q1}—
Truth Table: ] Szl Q2
Input Output ] TD'g Q3
TE | TIO~Tl,; | DO~D,; | CLK | Q0~Q,1 — T
0 X d 1 d
1 d X 1 d
X X X 1 QO0'~Qn’
d = any pattern of 1s and 0s in an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, o
x = don't care, 1 = rising clock edge. ] E% Qo|
—TIO
— D1 Ql—
— T
— D2 Q2—
—TI2
—ID3 Q33—
—TI3
—D4 Q4l—
— T4
—TI5
— D6 Q6
—1Tl6
— D7 Q7 I
— 7
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D Flip-flops

FD71, FD74, and FD78

FD71
Function:
FD71: 1-bit D flip-flop with scan and asynchronous clear. —D Q—
FD74:  4-bit D flip-flop with scan and asynchronous clear. 1 Tl
FD78: 8-bit D flip-flop with scan and asynchronous clear. _ITE
Availability: CD
FD71, FD74, and FD78 can be used with 1000, 2000,
3000, 5000, and 8000 devices.
Type: Soft FD74
Macro Port Definition:
FD71 (Q0,DO0,TI0,CLK,CD,TE); _ e
FD74 ([Q0..Q3],[D0..D3],[TI0..TI3],CLK,CD,TE); — D0 QO
FD78 ([Q0..Q7],[DO0..D7],[TIO..TI7],CLK,CD,TE); ] TD'f o1l
—Tn
Truth Table: —{D2  Q2}—
—TI2
Input Output —{D3 Q3(—
—TI3
CD | TE | TIO~Tl,.; | DO~D,.; | CLK | Q0~Qp.1 CD
1 X X X X 0
0 0 X d 1 d
0 1 d X t d FD78
0 X X X 0 QO0'~Qn’
0 X X 1 QO'~Qn’ ]
d = any pattern of 1s and 0s in an input or set of inputs, —TE
QO0'~Qn’ = previous output of flip-flop or latch, x = don'’t care, —D0 QOr—
1 = rising clock edge. —TIO
— D1 Ql—
—TIn
—D2 Q22—
—TI2
—D3 Q3
—TI3
— D4 Q4—
— T4
—D5 Q5
—TI5
— D6 Q66—
—TI6
—D7 Q7+—
—TI7
CD
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D Flip-flops

FD81, FD84, and FD88

FD81
Function:
FD81: 1-bit D flip-flop with scan and synchronous preset.
FD84:  4-bit D flip-flop with scan and synchronous preset. 5 PS
FD88: 8-bit D flip-flop with scan and synchronous preset. ] T Q—
Availability: e
FD81, FD84, and FD88 can be used with 1000, 2000,
3000, 5000, and 8000 devices.
Type: Soft FD84
Macro Port Definition:
FD81 (Q0,D0,TIO,CLK,PS,TE); PS
FD84 ([Q0..Q3],[D0..D3],[TI0..TI3],CLK,PS,TE); ]
FD88 ([Q0..Q7],[D0..D7],[TI0..TI7],CLK,PS,TE); —ITE
—1{D0 QO—
Truth Table: —TIO
—{D1 Ql—
Input Output — T
—{D2 Q2—
PS | TE TIO~Tl, DO~D,.; |CLK| QO0~Qp.1 —TI2
1 X X X 1 1 ] ?é B
0 0 X d 1 d
0 1 d X 1 d
X X X 0 QO'~Qn’ FD88
X X X 1 QO'~Qn’
d = any pattern of 1s and 0s in an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, x = don'’t care, PS
t =rising clock edge. ]
—TE
— D0 QOF—
—TIo
—D1 Ql—
— T
— T2
— D3 Q3—
—TI3
—D4 Q4—
— T4
—D5 Q5
—TI5
— D6 Q6—
—Tl6
—D7 Q7—
— 7
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D Flip-flops

FD91, FD94, and FD98

Function:

FDO91: 1-bit D flip-flop with scan and asynchronous clear
dominant over synchronous preset.

FD94. 4-bit D flip-flop with scan and asynchronous clear
dominant over synchronous preset.

FD98: 8-bit D flip-flop with scan and asynchronous clear
dominant over synchronous preset.

Availability:

FD91, FD94, and FD98 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

FD91 (Q0,D0,TI0,CLK,PS,CD,TE);

FD94 ([Q0..Q3],[D0..D3],[TI0..TI3],CLK,PS,CD, TE);
FD98 ([Q0..Q7],[D0..D7],[TI0..TI7],CLK,PS,CD,TE);

Truth Table:
Input Output
CD | PS | TE | TIO~Tl,, | DO~D,.; | CLK | Q0~Q.1
1 X X X X X 0
0 1 X X X 1 1
0 0 0 X d 1 d
0 0 1 d X 1 d
0 X X X X 0 QO'~Qn’
0 X X X X 1 QO0'~Qn’

d = any pattern of 1s and Os on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch,
x = don't care, 1 = rising clock edge.
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FD91

FD94

PS

TE
DO QO
TIO
DI Q1
TI1
D2 Q2
TI2
D3 Q3
TI3

TE
DO QO
TIO
D1 Q1
TI1
D2 Q2
TI2
D3 Q3
TI3
D4 Q4
TI4
D5 Q5
TIS
D6 Q6
TI6
D7 Q7
TI7
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D Flip-flops

FDA1, FDA4, and FDAS8

FDA1
Function:
FDA1l:  1-bit D flip-flop with scan and synchronous preset
dominant over synchronous clear. b ool
FDA4:  4-bit D flip-flop with scan and synchronous preset I
dominant over synchronous clear.
FDA8:  8-bit D flip-flop with scan and synchronous preset TE
dominant over synchronous clear.
CS
Availability:
FDAL, FDA4, and FDAS8 can be used with 1000, 2000,
3000, 5000, and 8000 devices. FDA4
Type: Soft
PS
Macro Port Definition: T
FDA1 (Q0,DO0,TIO,CLK,PS,CS,TE); DO QO —
FDA4 ([Q0..Q3],[D0..D3],[TI0..TI3],CLK,PS,CS,TE); Qf o1
FDAS8 ([Q0..Q7],[DO0..D7],[TI0..TI7],CLK,PS,CS,TE); T
D2 Q2| —
Truth Table: TI2
D3 Q3| —
Input Output T3 g
PS | CS | TE TIO~Tl 4 DO~D,.; | CLK | Q0~Q.1 ‘
1 X X X X 1 1
0 1 X X X 1 0 FDAS
0 | 0| o X d . d ‘
X X X X X 0 QO'~Qn’
oY TE
X X X X X 1 Q0'~Qn 0o Q0|
d = any pattern of 1s and Os on an input or set of inputs, TIO
QO'~Qn’ = previous output of flip-flop or latch, D1 Ql—
x = don’t care, 1 = rising clock edge. Ti1
D2 Q22—
TI2
D3 Q3 —
TI3
D4 Q4 —
T4
D5 Q5—
TI5
D6 Q6 —
Tl6
D7 Q7 —
T7g
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JK Flip-flops

JK Flip-flops

FJK11 and FJK21

Function:

FJK11: JK flip-flop.
FJK21: JK flip-flop with asynchronous clear.

Availability:

Both FJK11 and FJK21 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

FJK11 (Q0,J0,KO0,CLK);
FJIK21 (Q0,J0,KO0,CLK,CD);

Truth Table:
Gray areas (CD) apply only to FIK21.
Input Output
CD JO KO CLK CD

1 X X X 0
0 0 0 1 QO
0 0 1 1 0
0 1 0 1 1
0 1 1 T Qo
0 X X 0 Qo'
0 X X 1 Qo'

QO’ = previous output of flip-flop or latch,

QO = inverse of Q0’, x = don’t care, 1 = rising clock edge.
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JK Flip-flops

FJK31 and FJK41

Function:

FJIK31:
FJIKA41:

JK flip-flop with scan.

JK flip-flop with scan and asynchronous clear.

Availability:

Both FJK31 and FJK41 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

FJK31 (Q0,J0,K0,TIO,CLK,TE);
FJK41 (Q0,J0,KO0,TI0,CLK,CD,TE);

Truth Table:
Gray areas (CD) apply only to FIK41.

Input

Output

CD

—
m

TIO

JO

A
o

CLK

QO

x

0

QO’

0

1

QO

d

O OO0 0O|r

Q- = | = |

QU

0

X | X[ P OOO OoO|X

X | X |[Q| X | X|X|[X|X

X | X[ X|P|IPH O O|X

X[ X[ X|PIO|FRLr O|X

1

Q0’

d = any pattern of 1s and Os on an input or set of inputs,

QO' = previous output of flip-flop or latch, QO’ = inverse of QO’,
x = don't care, 1 = rising clock edge.
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JK Flip-flops

FIK51

Function:

JK flip-flop with asynchronous clear and synchronous

preset.

Availability:
FJK51 can be used with 1000, 2000, 3000, 5000, and

8000 devices.

Type: Soft

Macro Port Definition:

FJK51 (Q0,J0,K0,CLK,PS,CD);

Truth Table:

Input

Output

CD

PS

JO

KO

CLK QO

x
o

Qo'

OO 0|O0|O|O|F

X | O O|O0|O|k|X

Xk O O|X |X

QO

0

X

XX PP O OIX|X

X

RIO|- |- |- |- |-
[

QO

QO' = previous output of flip-flop or latch,
QO = inverse of QO0’, x = don't care, t =rising clock edge.
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Toggle Flip-flops

Toggle Flip-flops

FT11 and FT21

Function:
FT11: Toggle flip-flop with asynchronous clear.

FT11

FT21: Toggle flip-flop with synchronous clear and cb
preset, preset dominant. ‘
Availability:
Both FT11 and FT21 can be used with 1000, 2000, 3000, Fral
5000, and 8000 devices.
Type: Soft PS
_|D
Macro Port Definition:
FT11 (Q0,D0,CLK,CD); o
FT21 (Q0,D0,CLK,PS,CS);
cs
Truth Table:
FT11 FT21
Input Output Input Output
CD | DO |CLK Q PS | CS | DO |CLK Q
1 X X 0 1 X X 1 1
0 0 1 QO 0 1 X 1 0
0 1 1 Qo0 0 0 0 1 QO
0 X 0 QO 0 0 1 1 Qo'
0 X 1 QO X X X 0 QO
X X X 1 QO’

QO’ = previous output of flip-flop or latch,
QO = inverse of QO0’, x = don't care, 1t =rising clock edge.
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D Latches

D Latches

LD11, LD14, and LD18

Function:

LD11;: 1-bit D latch.
LD14: 4-bit D latch.
LD18: 8-bit D latch.

Availability:

LD11, LD14, and LD18 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Logic Resources:

Macro PT GLB | Output |Level
LD11 3 1 1 1
LD14 3/out 1 4 1
LD18 3/out 2 8 1
Macro Port Definition:
LD11 (Q0,D0,G);
LD14 ([Q0..Q3],[D0..D3],G);
LD18 ([Q0..Q7],[D0..D7],G);
Truth Table:
Input Output
DO~Dy.q G Q0~Qp.1
d 1 d
X 0 QO'~Qn’

d = any pattern of 1s and 0s on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch, x = don’t care.
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D1

D2

D3
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D Latches

LD21, LD24, and LD28

Function:

LD21: 1-bit D latch with asynchronous clear.
LD24: 4-bit D latch with asynchronous clear.
LD28: 8-bit D latch with asynchronous clear.

Availability:

LD21, LD24, and LD28 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Logic Resources:

Macro PT GLB | Output [Level

LD21 3 1 1 1
LD24 3/out 1 4 1
LD28 3/out 2 8 1

Macro Port Definition:
LD21 (Q0,D0,G,CD);

LD24 ([Q0..Q3],[D0..D3],G,CD):
LD28 ([Q0..Q7],[D0..D7],G,CD):

LD11

LD14

DO

D1

D2

D3

Qo|__
Q1l__
Q2| __
Q3|__

LD18

Truth Table:
Input Output
CD DO"‘Dn_l G QO"‘Qn_l
1 X X 0
0 d 1 d
0 X 0 QO0'~Qn’

d = any pattern of 1s and Os on input or set of inputs,

QO'~Qn’ = previous output of flip-flop or latch, x = don't care.
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D1

D2

D3

D4

D5

D6

D7

Qo|__
Q1
Q2
Q3|
Q4L
Q5|
Q6
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D Latches

LD31, LD34, and LD38

LD31
Function:
LD31: 1-bit D latch with asynchronous preset.
LD34: 4-bit D latch with asynchronous preset. _pfP QL
LD38: 8-bit D latch with asynchronous preset. e
Availability:
LD31, LD34, and LD38 can be used with 1000, 2000,
3000, 5000, and 8000 devices. LD34
Type: Hard
. PD
Logic Resources: —C
_ b0 Qo
Macro PT GLB Output Level o1 o1
LD31 4 1 1 1 02 Q2
LD34 4/out 2 4 1
D3 Q3
LD38 4/out 2 8 1
Macro Port Definition: D38
LD31 (Q0,D0,G,PD);
LD34 ([Q0..Q3],[D0..D3],G,PD);
LD38 ([Q0..Q7],[D0..D7],G,PD); o PD
Truth Table: —1D0 QO
Input Output oL@
D2 Q2
PD DO"‘Dn_l G QO"‘Qn_l D3 Q3
1 X X 1 D4 Q4
0 d 1 d D5 05
0 X 0 QO0~Qn’ A
d = any pattern of 1s and Os on an input or set of inputs, D7 Q7
QO'~Qn’ = previous output of flip-flop or latch, x = don't care.
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D Latches

LD41, LD44, and LD48

Function:

LDA41: 1-bit D latch with asynchronous clear dominant
over asynchronous preset.

LD44. 4-bit D latch with asynchronous clear dominant
over asynchronous preset.

LDA48: 8-bit D latch with asynchronous clear dominant
over asynchronous preset.

Availability:

LD41, LD44, and LD48 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Logic Resources:

Macro PT GLB | Output |Level
LD41 4 1 1 1
LD44 4/out 2 4 1
LD48 4/out 2 8 1

Macro Port Definition:
LD41 (Q0,D0,G,PD,CD);

LD44 ([Q0..Q3],[D0..D3],G,PD,CD);
LD48 ([Q0..Q7],[D0..D7],G,PD,CD);

Truth Table:
Input Output
CD PD DO“‘Dn_l G QO"‘Qn_l
1 X X X 0
0 1 X X 1
0 0 d 1 d
0 0 X 0 QO0'~Qn’

d = any pattern of 1s and Os on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch, x = don't care.
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LD41

PD

CD

LD44

PD

DO QO
DI Q1
D2 Q2

D3 Q3
cD

LD48

PD

DO QO
DI Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6

D7 Q7
CD
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D Latches

LD51, LD54, and LD58

Function:

LD51: 1-bit D latch with asynchronous preset
dominant over asynchronous clear.

LD54: 4-bit D latch with asynchronous preset
dominant over asynchronous clear.

LD58: 8-bit D latch with asynchronous preset
dominant over asynchronous clear.

Availability:

LD51, LD54, and LD58 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Hard

Logic Resources:

Macro PT GLB | Output |Level
LD51 4 1 1 1
LD54 4/out 2 4 1
LD58 4/out 2 8 1

Macro Port Definition:
LD51 (Q0,D0,G,PD,CD);

LD54 ([Q0..Q3],[D0..D3],G,PD,CD);
LD58 ([Q0..Q7],[D0..D7],G,PD,CD);

LD51

W)

D1
D2
D3

Q0
Q1
Q2
Q3

Truth Table:
Input Output
PD CD DO~Dn—1 G QO"‘Qn_l
1 X X X 1
0 1 X X 0
0 0 d 1 d
0 0 X 0 QO0'~Qn’

d = any pattern of 1s and Os on an input or set of inputs,
QO'~Qn’ = previous output of flip-flop or latch, x = don't care.
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D Latches

LD61, LD64, and LD68

Function:

LD61:
LD64:
LD68:

Availability:

LD61, LD64, and LD68 can be used with 1000, 2000,

1-bit D latch with scan.
4-bit D latch with scan.
8-bit D latch with scan.

3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

LD61 (Q0,D0,TI0,G, TG);

LD64 ([Q0..Q3],[D0..D3],[TI0..TI3],G,TG);
LD68 ([Q0..Q7],[D0..D7],[TI0..TI7],G,TG);

FD61

TI

TG

FD64

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3

Qo0
Q1
Q2
Q3

FD68

Truth Table:
Input Output
DO~D, 1 G TIO~Tl 1 TG Q0~Qp-1
X 0 X 0 QO0'~Qn’
X 0 d 1 d
d 1 X 0 d
1 1 X 1 1*
X 1 1 1 1*
0 1 0 1 0*
* In proper operation, G and TG should NOT both be 1 at the same time.

d = any pattern of 1s and Os on an input or set of inputs,

QO0'~Qn’ = previous output of flip-flop or latch, x = don't care.

ispLSI Macro Library Reference Manual

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3
D4
Tl4
D5
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D6
TI6
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D Latches

LD71, LD74, and LD78

Function:

LD71: 1-bit D latch with scan and asynchronous clear.
LD74: 4-bit D latch with scan and asynchronous clear.
LD78: 8-bit D latch with scan and asynchronous clear.

Availability:

LD71, LD74, and LD78 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:
LD71 (Q0,D0,TI0,G,CD,TG);

LD74 ([Q0..Q3],[D0..D3],[TI0..TI3],G,CD,TG);
LD78 ([Q0..Q7],[D0..D7],[TI0..TI7],G,CD,TG);

Truth Table:
Input Output
CD DO0~Dy,1 G TIO~Tl 4 TG Q0~Qp-1
1 X X X X 0
0 X 0 X 0 QO0'~Qn’
0 X 0 d 1 d
0 d 1 X 0 d
0 1 1 X 1 1*
0 X 1 1 1 1*
0 0 1 0 1 o*

* In proper operation, G and TG should NOT both be 1 at the same time.

d = any pattern of 1s and Os on an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, x = don't care.
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LD71

TI

TG

CD

LD74

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3

Qo0
Q1
Q2
Q3

LD78

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3
D4
T4
D5
TIS
D6
TI6
D7
TI7

Qo0
Q1
Q2
Q3
Q4
Q5
Q6
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D Latches

LD81, LD84, and LD88

Function:

LD81: 1-bit D latch with scan and asynchronous preset.
LD84: 4-bit D latch with scan and asynchronous preset.
LD88: 8-bit D latch with scan and asynchronous preset.

Availability:

LD81, LD84, and LD88 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:
LD81 (Q0,D0,TI0,G,PD,TG);

LD84 ([Q0..Q3],[D0..D3],[TI0..TI3],G,PD,TG);
LD88 ([Q0..Q7],[D0..D7],[TI0..TI7],G,PD,TG);

Truth Table:
Input Output
PD DO0~Dy,.; G TIO~Tl, 1 TG Q0~Qp-1
1 X X X X 1
0 X 0 X 0 QO0'~Qn’
0 X 0 d 1 d
0 d 1 X 0 d
0 1 1 X 1 1*
0 X 1 1 1 1*
0 0 1 0 1 o*

*

In proper operation, G and TG should NOT both be 1 at the same time.
d = any pattern of 1s and Os on an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, x = don't care.
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LD81

LD84

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3

Qo
Q1
Q2
Q3

LD88

TG
DO
TIO
D1
TI1
D2
TI2
D3
TI3
D4
T4
D5
TI5
D6
TI6
D7
TI7

Qo0
Q1
Q2
Q3
Q4
Q5
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D Latches

LD91, LD94, and LD98

Function:

LD91: 1-bit D latch with scan and asynchronous clear
dominant over asynchronous preset.

LD94. 4-bit D latch with scan and asynchronous clear
dominant over asynchronous preset.

LD98: 8-bit D latch with scan and asynchronous clear
dominant over asynchronous preset.

Availability:

LD91, LD94, and LD98 can be used with 1000, 2000,
3000, 5000, and 8000 devices.

Type: Soft

Macro Port Definition:

LD91 (Q0,D0,TI0,G,PD,CD,TG);
LD94 ([Q0..Q3],[D0..D3],[TI0..TI3],G,PD,CD,TG);
LD98 ([Q0..Q7],[D0..D7],[TI0..TI7],G,PD,CD,T

Truth Table:

Input Output
PD | DO~Dy.; TIO~Tl.1 | TG | Q0~Qp-1

@)
O

O|lo|o|o|O|kr|Xx

X P X|XxX|Xx|X

Rl OOIX|X|®

RPIX|X|a|x|X|x

R R ORI O|IX|X
o

OO0 O00|O0|O|F

0 0 0 1 o*

* In proper operation, G and TG should NOT both be 1 at the same time.
d = any pattern of 1s and Os on an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, x = don't care.

|_\
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LD91

TG
DO
TIO
D1
TI1
D2
TI2

D3
TI3

Qo0
Q1
Q2

Q3
cD

DO
TIO
D1
TI1
D2
TI2
D3
TI3
D4
TI4
D5
TIS
D6
TI6
D7
TI7

Qo0
Q1
Q2
Q3
Q4
Q5
Q6

Q7
CD
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D Latches

LDAL, LDA4, and LDAS

LDA1
Function:
LDA1: 1-bit D latch with scan and asynchronous preset
dominant over asynchronous clear. b PDQ |
LDA4: 4-bit D latch with scan and asynchronous preset T
dominant over asynchronous clear. —] ?G
LDAS: 8-bit D latch with scan and asynchronous preset o
dominant over asynchronous cleatr. cD

Availability:

LDA1, LDA4, and LDAS8 can be used with 1000, 2000,
3000, 5000, and 8000 devices. LDA4

Type: Soft ‘

Macro Port Definition:

LDAL1 (Q0,DO0,TI0,G,PD,CD,TG);
LDA4 ([QO..Q3],[D0..D3],[TI0..TI3],G,PD,CD,TG);

LDAS ([Q0..Q7],[D0..D7],[TI0..T17],G,PD,CD,TG); Ti1

TI2
Truth Table:

Input Output
CD DO~Dy,¢ TIO~Tl 1

T
O
—
0]
Q
T
QO

>

N

DO QO _

Oo|lo|l0o|O0|O|Fr|X
RPIR|FRPOIOIX|X|®
RIX | X |Q|X|X|X

DI Q1| _
T
D2 Q2| _

OO0 00|00 |O|F

OIX | kPr|IQ|X|X|X|X

PP RO O|X|X
o

0 0

* In proper operation, G and TG should NOT both be 1 at the same time.
d = any pattern of 1s and Os on an input or set of inputs,
QO0'~Qn’ = previous output of flip-flop or latch, x = don't care.

'_\

D3 Q3| __
TI3
D4 Q4

D5 Q5|
TI5
D6 Q6| _

D7 Q7| __
cD
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SR Latches

SR Latches

LSR1 and LSR2

Function:

LSR1:  Simple SR latch.
LSR2: SR latch with OR on S and R inputs.

Availability:

Both

LSR1 and LSR2 can be used with 1000, 2000, 3000,

5000, and 8000 devices.

Type: Soft

Macro Port Definition:

LSR1 (Q0,S0,R0);
LSR2 (Q0,S0,S1,R0,R1);

Truth Tables:

LSR1 LSR2
Input Output Input butput
SO | RO QO S** | R** QO
1 1 Qo0 1 1 QO
0 1 1 0 1 1
1 0 0 1 0 0
0 0 1* 0 0 1*

k%

These outputs are not entirely stable. They may not remain when both
S and R return to 1.
S=1whenSOorS1=1.S=0when SOand S1=0.

R =1 when RO or R1 = 1. R=0 when RO and R1 = 0.

QO = output of flip-flop or latch.
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Shift Registers

Shift Registers

SRR11, SRR14, and SRR18

Function:

SRR11: 1-bit right shift register with asynchronous reset.
SRR14: 4-bit right shift register with asynchronous reset.
SRR18: 8-bit right shift register with asynchronous reset.

Availability:

SRR11, SRR14, and SRR18 can be used with 1000,
2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.
Type: Soft

Macro Port Definition:

SRR11 (Q0,CAI,CLK,CD);

SRR14 ([Q0..Q3],CAI,CLK,CD);

SRR18 ([Q0..Q7],CAI,CLK,CD);
SRR18_1 ([Q0..Q3],CAI,CLK,CD);
SRR18_2 ([Q4..Q7],Q3,CLK,CD);

Truth Table:

The SRR11 has only QO as an output. The SRR14 has QO to Q3.
The SRR18 has Q0 to Q7.

Input Output
CD |CAI |[CLKJQO | Q1 Q2 Q3 | Q4 | Q5 | Q6 | Q7
X X 0 0 0 0 0 0 0 0
d 1 d QO | QL | Q2" | Q3 | Q4 | Q5 | QF’
X 0 1Q0 | Q1 | Q2 1 Q3 | Q4 | Q5 | Q6 | Q7
X 1 ]Q0 Q1 | Q2 | Q3 | Q4 | Q5 | Q6" | Q7
d = any pattern of 1s and 0s on an input or set of inputs,

QO' = previous output of flip-flop or latch, x = don't care,
1t = rising clock edge.

OO Ok
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SRR11

CAl QO

CD

SRR14

CAl QO
Q1
Q2

Q3
CD

SRR18

CAl QO
Q1
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Q6
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Shift Registers

SRR11
cAl > D Qo
Ky 5
CcD
FD2 1
cD
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Shift Registers

SRR14

cAl CAl @% (e'e}

CLK ®
CD
ISRR11
CcD .
cal @% @
[ S
CD
ISRR11
¢
cal @% @
| S
CD
ISRR11
¢
CAl QO o<
CD
SRR11
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Shift Registers

SRR11
cAl CAl O—@ |,> o
cLK @ -
oo |
I:CAI o—@ '|> (o8
‘—

q
g
:
Y
g

q
g
:
Y
g

ﬂ
g
:
Y
:

q
g
:
\/
g
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Shift Registers

SRR21, SRR24, and SRR28

SRR21
Function:
. : : . — CAl QO —
SRR21: 1-bit right shift register with asynchronous reset
and enable. — EN
SRR24: 4-bit right shift register with asynchronous reset —
and enable. CD
SRR28: 8-bit right shift register with asynchronous reset
and enable.
Availability: SRR24
SRR21, SRR24, and SRR28 can be used with 1000, CAI QO
2000, 3000, 5000, and 8000 devices. T L
Q1
Schematics appear on the following pages. EN Q2
Type: Soft — Q3 —
CD
Macro Port Definition:
SRR21 (Q0,CAIl,CLK,EN,CD);
SRR24 ([Q0..Q3],CAI,CLK,EN,CD); SRR28
SRR28 ([Q0..Q7],CAI,CLK,EN,CD);
SRR28 1 ([Q0..Q3],CAI,CLK,EN,CD); CAl QO
SRR28 2 ([Q4..Q7],Q3,CLK,EN,CD); ] B
Q1
Truth Table: Q2|
The SRR21 has only QO as an output. The SRR24 has QO to Q3. Q3| —
The SRR28 has Q0 to Q7. 4l
Input Output Q51—
CD | EN |CAI [CLKJQO Q1 | Q2 |Q3 |Q4 Q5 | Q6 | Q7 — =N R—
x | x|o|o|o|o|o0o|o0]o0]o0 P o

o

d Q0 Q1L | Q2 | Q3 | Q4 | Q5 | QF’
Q0" | Q1" 1 Q2" | Q3 | Q4" | Q5 | Q6 | Q7
Q0" | Q1" | Q2" | Q3 | Q4" | Q5 | Q6 | Q7
X X 1 |QO | Q1L | Q2 | Q3 | Q4 | Q5 | Q6 | Q7
d = any pattern of 1s and Os on an input or set of inputs,

QO’ = previous output of flip-flop or latch, x = don’t care,
1 =rising clock edge.

Q- |-

OO0 OOk
X | Ok | X
X
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Shift Registers

SRR21

CAl
EN
D q |'> o}
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Shift Registers

SRR24

SRR21

CAl @]

SRR21
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Shift Registers

SRR28

cAl PIQO—Q—‘>—>QO

EN @ =N
CcLK @
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Shift Registers

SRR31, SRR34, and SRR38

Function:

1-, 4-, and 8-bit right shift registers with
asynchronous reset, enable, parallel data load,
and synchronous preset.

Availability:

SRR31, SRR34, and SRR38 can be used with

1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type: Soft

Macro Port Definition:

SRR31 (Q0,D0,CAI,CLK,PS,LD,EN,CD);

SRR34 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);
SRR38 ([Q0..Q7],[D0..D7],CAI,CLK,PS,LD,EN,CD);
SRR38_1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CD);

SRR31

SRR38_2 ([Q4..Q7],[D4..D7],Q3,CLK,PS,LD,EN,CD);

Truth Table:

PS
CAl

DO QO

LD
EN

CD

SRR34

PS
CAl

DO
D1
D2
D3

LD
EN

CD

Qo0
Q1
Q2
Q3

SRR38

| CAI
1 DO
_ D1
__| D2
__ |1 D3
__| D4
| D5
__| D6
__| D7

__ LD
__|EN

PS

CD

Qo0
Q1
Q2
Q3
Q4
Q5
Q6
Q7

The SRR31 has only QO as an output. The SRR34 has Q0 to Q3. The SRR38 has Q0 to Q7.

Input Output

CD | PS | LD |DO~D7 | EN | CAl ICLK 1 Q0 | Q1 | Q2 | Q3 | Q4 | Q5
1 X X X X X X 0 0 0 0 0 0
0 1 X X X X 1 1 1 1 1 1 1
0 0 1 d X X 1 DO | D1 | D2 | D3 | D4 | D5
0 0 0 X 1 d 1 d Q0 | Q1 | Q2" | Q3 | Q4
0 0 0 X 0 X 1 Q0 | Q1T | Q2" | Q3 | Q4 | QY
0 X X X X X 0 Q0 | Q1T | Q2" | Q3 | Q4 | QY
0 X X X X X 1 Q0 | Q1" | Q2" | Q3 | Q4 | QY

d = any pattern of 1s and Os on an input or set of inputs,

DO0..D,,.; = load inputs for counters and shift registers,

QO' = previous output of flip-flop or latch, x = don't care,

t =rising clock edge.
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Shift Registers

EN

CAlI
LD

PS

SRR31

L]
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Shift Registers

PS ' 1 ‘
PS
CAl CAIl
Do Do @—Q—% <
LD ’ LD
EN ® EN
cLK ®
CD
‘SRFBl
CcD ‘
PS
L—cAal
D1 oo @—Q—% =]
[ 3 D
® EN
@
CD
‘SRRBl
@
PS
L—CAI
D2 Do @—Q—% ®
[ 3 D
® EN
@
CD
‘SRR—Bl
[ 2
F"S
L—cAl
Ds o < =
LD
EN
CD
ISRR3 1
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Shift Registers

SRR38

T
1= =
cAl ! <o Da ! (o2
LD LD LD
EN EN EN
cLk
cD co
‘SRRS 1 ‘SRRB 1
[='=
P‘ I"
L—cAl L—icAl
Ds
D1 Do <o {> b Do <o {> =
D LD
=N EN
cD cp
‘SRRS 1 ‘SRRB 1
»**‘ L
P! P
L—cAl CAI
D6
D LD
=N EN
cD cp
‘SRR3 1 ‘SRRs 1
P‘ I"
LA LA
’\ (&) D7 o7
Do QO V Do |
=) LD
=N EN
cD cp
fRRS 1 [sRR31
L 4
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Shift Registers

SRR41, SRR44, and SRR48

Function:

1-, 4-, and 8-bit right shift registers with
synchronous reset, enable, parallel data load,
and synchronous preset.

Availability:

SRR41, SRR44, and SRR48 can be used with
1000, 2000, 3000, 5000, and 8000 devices.

Schematics appear on the following pages.

Type: Soft

Macro Port Definition:
SRR41 (Q0,D0,CAI,CLK,PS,LD,EN,CS);

SRR44 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CS);
SRR48 ([Q0..Q7],[D0..D7],CAI,CLK,PS,LD,EN,CS);

SRR48 1 ([Q0..Q3],[D0..D3],CAI,CLK,PS,LD,EN,CS);
SRR48_2 ([Q4..Q7],[D4..D7],Q3,CLK,PS,LD,EN,CS);

Truth Table:

SRR41

CAI

DO QO|

LD
EN

Cs

SR

R44

__| DO
_|D1
1 D2
__| D3

_1LD

CAl

EN

PS

Qo
Q1
Q2|
Q3|

Cs

SRR48

PS
CAl

DO QO
DI Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6
D7 Q7

LD
EN

CS

The SRR41 has only QO as an output. The SRR44 has Q0 to Q3. The SRR48 has Q0 to Q7.

Input Output

PS | CS | LD DO~D7| EN |CAlI ICLK]JQO0 Q1 Q2 Q3 |[Q4 Q5 | Q6
1 X X X X X 1 1 1 1 1 1 1 1
0 1 X X X X 1 0 0 0 0 0 0 0
0 0 1 d X X 1 DO D1 D2 D3 | D4 | D5 | D6
0 0 0 X 1 d 1 d | Q0 | QL' | Q2 | Q3 | Q4 | Q5
0 0 0 X 0 X 1 Q0" | Q1" | Q2" | Q3 | Q4" | Q5 | Q6’
X X X X X X 0 |Q0 | QT | Q2 | Q3 | Q4’| Q5 | QF’
X X X X X X 1 1Q0 Q1 | Q2 | Q3 | Q4 | Q5 | QE’

d = any pattern of 1s and Os on an input or set of inputs,
DO0..D,,_; = load inputs for shift registers,
QO' = previous output of flip-flop, x = don't care,

t =rising clock edge.
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Shift Registers

EN

CAl

880

Ps

SRR41

k

!

Y

G.K)J/ FD11
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Shift Registers

SRR44

PSS . 2

LD

EN
cLK

D1
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Shift Registers

SRR48

PS T
1= =
[N ' '
o D4 (=23
LD LD =)
EN =N EN
cLk
cs cs
‘SRRLt 1 ‘SRRzl 1
cs
P‘ ID‘
LA L —lca
(=18 D5 [®23
o1 Do <o {> Do <o {>
D LD
= EN
cs cs
‘SRRA 1 ‘SRRA 1
P‘ I"
LA L —lca
2 D6 [®5]
D LD
=N EN
cs cs
‘SRR‘& 1 ‘SRRA 1
P‘ I"
LAl L fcAal
(@] D7 o7
Do <ol {> Do <o
D D
=N EN
cs cs
lSRR‘t 1 [sRRa1
L 4
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Shift Registers

SRRL1, SRRL4, and SRRLS8

SRRL1 SRRL4
Function: s
1-, 4-, and 8-bit right/left shift registers with asynchronous PS —1 CAIR
reset, enable, parallel data load, synchronous preset, and __|CAR _ b0 Qo __
synchronous reset. _Ipo ool b1 Qi

D2 Q2|
G __|CAIL

Availability: " b3 o3l
SRRL1, SRRL4, and SRRLS8 can be used with 1000, — RIL _leal
2000, 3000, 5000, and 8000 devices. _ LD __|RIL
An additional symbol and schematics appear on the __|EN — LD
following pages. — EN

CD Cs ]

Type: Soft ‘ ‘ cbcs

Macro Port Definition:

SRRL1 (Q0,D0,CAIR,CAIL,CLK,PS,LD,EN,RL,CD,CS);

SRRL4 ([Q0..Q3],[D0..D3],CAIR,CAIL,CLK,PS,LD,EN,RL,CD,CS);
SRRL4_1 (Q0,Q1,D0,D1,CAIR,Q2,CLK,PS,LD,EN,RL,CD,CS);
SRRL4_2 (Q2,Q3,D2,D3,Q1,CAIL,CLK,PS,LD,EN,RL,CD,CS);

SRRLS ([Q0..Q7],[D0..D7],CAIR,CAIL,CLK,PS,LD,EN,RL,CD,CS);
SRRLS_1 ([Q0..Q2],[D0..D2],CAIR,Q3,CLK,PS,LD,EN,RL,CD,CS);
SRRL8_2 ([Q3..Q5],[D3..D5],Q02,Q6,CLK,PS,LD,EN,RL,CD,CS);
SRRL8_3 (Q6,Q7,D6,D7,Q5,CAIL,CLK,PS,LD,EN,RL,CD,CS);
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Shift Registers

Truth Table:

The SRRL1 has only Q0 as an output. The SRRL4 has QO to Q3.
The SRRL8 has QO to Q7.

Input
CD PS CS LD | DO~D7 | RL EN |CAIR |CAIL |[CLK
1 X X X X X X X X X
0 1 X X X X X X X 1
0 0 1 X X X X X X 1
0 0 0 1 d X X X X 1
0 0 0 0 X 0 1 X d 1
0 0 0 0 X 1 1 d X 1
0 0 0 0 X X 0 X X 1
0 X X X X X X X X 0
0 X X X X X X X X 1
Output
Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0
DO D1 D2 D3 D4 D5 D6 D7
Q1 Q2 Q3 Q4 Q5 Q6 Q7 CAIL
CAIR QO Q1 Q2 Q3 Q4 Q5 Q6
QO Ql Q2 Q3 Q4 Q5 Q6 Q7
Q0 Ql Q2 Q3 Q4 Q5 Q6 Q7
QO Ql Q2 Q3 Q4 Q5 Q6 Q7

CAIL = shift left serial input, CAIR = shift right serial input,

d = any pattern of 1s and Os on an input or set of inputs,

DO0..D,_; = input to D or T flip-flop/latch; load inputs for counters and shift registers,
QO’ = previous output of flip-flop or latch, x = don't care, t = rising clock edge.
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CAIR
DO
D1
D2
D3
D4
D5
D6
D7
CAIL
RIL
LD

EN

PS

Qo0
Q1

Q2

Q3

Q4

Q5
Q6
Q7

CD CS
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Shift Registers

SRRL1

EN

RL

CAI R

LD

CAI L

vv%“%

Lgufgtﬁ

PS

Not e:
EN-H & RL=HI & LD=LO : Shift CAIR to the right
EN=H & RL=LO & LD=LO : sShift CAIL to the |l eft
EN=LO : Keep t he previous state
LD=H : Parallel data | oad
CsS & PS & CD are active hi
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Shift Registers

SRRL4

Ps
!
cal R I R
Do ol ™S~ P
1L L
RL R~/ T
LD D
EN N Not e:
Lk EN=HI & RL=HI & LD=LO Shift CAIR to the right
co cs EN=HI & RL=LO & LD=LO. Shift CAIL to the left
‘ SRRLL1 En—LO Keep the previous state
<o LD=HI: Parallel data | oad
s CsS & PS & CD are active hi
I R
D1 ol ™S~ =
1L L
R/ L
D
N}
co cs
[SRRL1
I R
=23 < {> [s=]
'L
(S
D
N
cD cs
‘ [SRRL1
]
I R
[=C] < ™~ =
cAl L 'L L
R/ C
D
N
cD cs
[SRRL1
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Shift Registers

Ps

cal R

RL
Lo
EN

cLk

838

SRRL8

calL
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CAIR to the

CAIL to the

D4 b—% 2}
Not e

EN=HI & RL=Hl & LD=LO Shift
EN-HI & RL=LO & LD=LQ Shift
EN=LO Keep the previous state
LD=Hi: Parallel data |oad
Cs & Ps & CD are active hi

D5

right
left
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A
ADDF1 39

ADDF16A 39

ADDF2 39
ADDF4 39
ADDF8 39
ADDF8A 39

ADDH16A 54

ADDH2 54
ADDHS 54
ADDH4 54
ADDHS8 54
ADDHB8A 54

AND?2 through AND18
Arithmetic Functions 38

B

BI1l
Bl14
BI118
BI21
Bl124
BI28
BI31
BI34 28
BI38 28
Bl41 287
Bl44 287
Bl148 287

N
~

8
8
8
8
8

N
~

N
~

N
163

N
(62}

N
(62}

N
(o]

N
(o]

N
(0]

\I

Bidirectional Pins 284

BIID11 288
BlID14 288
BIID18 288
BIID21 289
BlID24 289
BIID28 289
BIID31 290
BIID34 290
BIID38 290
BIID41 291
BlID44 291
BIID48 291
BIID51 292
BIID54 292
BIID58 292

16

BIID61
BlID64
BIID68
BIID71
BIID74
BIID78
BIID81
BIID84
BIID88
BIIL11
BIIL14
BIIL18
BIIL21
BIIL24
BIIL28
BIIL31
BIIL34
BIIL38
BlIL41
BllL44
BIIL48
BIIL51
BIIL54
BIIL58
BIIL61
BlIL64
BIILG8
BIIL71
BIIL74
BIIL78 30
BIIL81 30
BIIL84 303
BIIL88 303
BIN27 104

N
w

9
9
9
9
9
9
9
9

N
w

N
w

N
~

N
~

N
~

N
(62}

N
63}

N
63}

N
©
[ep)

N
(o3}

9

N
[e)]

7

N

N
~

N
-

9
9
9
9
9
9
9
9
9

N
oe]

N
0o

N
o

N
©

N
[(e]

299
0
0
0
01
0
0
0

0

N
[(]

1Y)
o

18]
o

w
o

w

8]
=

8]
=

w
N

W
N

(O8]
N

(O8]
w

w

Binary Counters 113

BUF 317

C

CBD11 11
CBD12 11
CBD14 11
CBD18 11
CBD21 11
CBD22 11
CBD24 11

—
w

w

w

w

=
(<o}

—
[<e}

—
[<e}
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CBD28 1
CBD31
CBD32
CBD34 125
CBD38 125
CBD41 132
CBD42 132
CBD44 132
CBD48 132
CBD516 139

CBD616 139
CBU11 149
CBU12 149
CBU14 149
CBU18 149
CBU21 155
CBU22 155
CBu24 1
CBU28 155
CBU31 161
CBU32 161
CBU34 161
CBUS38 161
CBUA41 168
CBU42 168
CBU44 168
CBU48 168
CBU516 175
CBUG616 1
CBU716 1
CBuUD1 19
CBuUD2 19
CBUD4 19
CBUDS 19
CDD14 200
CDD18
CDD24
CDD28
CDD34
CDD38
CDD44
CDD48
Cbhu14
CDu18
Ccbu24
cbuz8
CDhu34
CDuU38 234
CDu44 24
CDu48 24
CDUD4 246

=
=
[2R({e]

—
a1

2

==
o1jon

eekRrRrRERRRERERY

3
3]

o

o

o

N
o

N
o

N
[e)]

N
(o]

1
1
l

N
N

N
N

N
0o

I\)
0)

N
N

2
2
2
2
3

N
N

N
[oe]

N
00

N
~

I\)I\)|
[@RFN

N
o

CDUDA4c 256

CDUD8 246
CDUDS8c 256
CGD14 266

CGD24 269

CGU14 272
CGU24 276
CGUD4 279
CMP2 67
CMP4 67
CMP8 67
Coders 103
Comparators 67

Counters 112

D

D Flip-flops 347
D Latches 361
DEC2 106
DEC2E 106
DEC3 107
DEC3E 107
DEC4 108
DEC4E 108
Decade Counters 200
Decoders 104
Demultiplexers 339
DMUX2 339
DMUX22 341
DMUX22E 341
DMUX24 342
DMUX24E 342
DMUX2E 339
DMUX4 340
DMUX42 343
DMUX42E 343
DMUX44 344
DMUX44E 344
DMUX4E 340
DMUX82 345
DMUXB82E 345

E
Encoders 109

F
F3ADD 39
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FDAS8 356
FJK11 357
FJIK21 357
FJK31 358
FJK41 358
FIK51 359
FT11 360

Gray Code Counters 266

|

I/0O Pins 283
IB11 304
ID11 305
ID14 305
ID18 305
ID21 306
ID24 306
ID28 306
IL11 307
IL14 307
IL18 307
IL21 308
IL24 308
IL28 308

Input Pins 304
INV 317

J
JK Flip-flops 357

L

LD11 36
LD14 36
LD18 361
LD21 36
LD24 36
LD28 36
LD31 36
LD34 36
LD38 36
LD41 36
LD44 36
LD48 36
LD51 36
LD54 36
LD58 36
LD61 36
LD64 36
LD68 36
LD71 36
LD74 36
LD78 367
LD81 36
LD84 36
LD88 36
LD91 36
LD94 36
LD98 36
LDA1 370

LDA4 370

LDAS8 370

Logic Gates 315,316
Logic Resources 14
LSR1 371

LSR2 371

LXOR 322

w
[WEN

(O8]
==

al

(O8]
N

8]
N

8}
N

w
w

(O8]
w

(O8]
w

(€]
Y

W
~

[OF]
~

o8]
o1

(98}
(63

w
[62

(O8]
(0]

8]
(e}

8}
[ep}

w
~

(O8]
~J

&

(O8]
[oeB N

8]
e}

8}
[oe]

w
©

(O8]
©

3|

M

MAG?2 68

MAG4 68

MAGS8 68

Module Macro Truth Tables 12
MULT24 70

MULT44 70

Multiplexers 324

Multipliers 70
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MUX/DMUX 323
MUX16 327
MUX16E 327
MUX2 324
MUX22 331
MUX22E 331
MUX24 332
MUX24E
MUX2E 3
MUX4 3
MUX42
MUX42E
MUX44 334
MUX44AE 335
MUX44E
MUX4E
MUX8 326
MUX82 338
MUX82E 338
MUXS8E 326

w
w
w

(O8]
(O8]
N

N
~

N
63}

w
w
w

w
w

3

w
o

w

N
(6]

W (N
(o]
[e¢)

W

N

NAND16 318

NAND2 through NAND12 318
NOR16 319

NOR2 through NOR12 319

O
OB11
OB21 31
0OB24 31
0OB28 310
OR16 320

OR2 through OR12 320
OT11 311

OT14 311

0OT18 311

0OT21 312

0T24 312

0128 312

OT31 313

0T34 313

0OT38 313

OT41 314

OT44 314

OT48 314

Output Pins 309

Overview 7

w
[<e]

w
o

w
o

o

P
PG1 74

PG2 74

PG3 74

PG4 74

Pin Labeling 13
Preface 7
PREN10O 110

PREN1OE 110
PREN16 111
PREN16E 111

PRENS8 109

PRENSE 109
Propagate-Generate 74

Purpose and Scope 8

R
Registers 346

S

Shift Registers 372
Signal Names 9
SR Latches 371
SRR11 372
SRR14 372
SRR18 372
SRR21 376
SRR24 376
SRR28 376
SRR31 380
SRR34 380
SRR38 380
SRR41 384
SRR44 384
SRRA48 384
SRRL1 388
SRRL4 388
SRRL8 388
SUBF1 80
SUBF16A 80
SUBF2 80
SUBF4 80
SUBF8 80
SUBF8A 80
SUBH1 90
SUBH16A 90
SUBH2 90
SUBH3 90
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SUBH4 90

SUBHS8 90

SUBHS8A 90

Subtractors 80

T
Toggle Flip-flops 360
Truth Tables 11

U

Using the NOMIN Attribute 15

X

XNOR2 321
XNOR3 321
XNOR4 321
XNOR7 321
XNORS8 321
XNOR9 321
XOR2 322
XOR3 322
XOR4 322
XOR8 322
XOR9 322
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