[enuep 192042 SOIND

5861 AINf

NOILYYOdUOD JID01 IS1

R S R R S
LSI LOGIC CORPORATION

CMOS
Macrocell Manual
July 1985

Prepared by the Application Design Engineering Department



CMOS MACROCELL MANUAL

LSI LOGIC CORPORATION



Preface

This CMOS Macrocell Manual is written for logic and system
designers who wish to use CMOS Logic Arrays from LSI Logic
Corporation. It provides circuit, logic, and specifications
of available macrocell-macrofunctions.

Second Edition (July 1985)

This edition, AR50-000001-20 D, is the fourth release of
this manual. The material supersedes the CMOS Macrocell and
Macrofunction Library, Revisions 1 through 5, published in
1982 and 1983.

Publications are stocked at the address given below.
Requests should be addressed to:

LSI Logic Corporation
1551 McCarthy Boulevard
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I.1

Introduction I: Selector Guide

Using the Guide

This introduction lists all the logic functions available for

LSI Logic Corporation CMOS and HCMOS Logic Arrays.
tional, special-purpose functions may be available.
your LSI Logic representative for specific requirements.

Addi-
Contact

If a clear direct (CD) or set direct (SD) is used,this is
Logic complexity (GATES) is listed: if two numbers are
used the first corresponds to single-layer (3000 Series), and
the second to two-layer (5000 and 7000 Series) technologies.

noted.

For more detail,

see specific logic diagrams on the pages

GATES PAGE

noted.

Macrocells

GATES

A0l 2AND INTO 3NOR............................-..2
AQ2 2 2ANDS INTO 2NOReceecccocccccccccsccscccscscsced
AO3 20R INTO 3NAND...............................2
AO4 2 ZORS INTO ZNAND...coo.o-oooooo-oooooocoooooz
AO5 INVERTING 2 OF 3 MAJORITY.cccocccccceccscccscseld
AO6 2AND INTO 2NOReccoccecccvcccccccscccscccccccesl
AQ7 20R INTO 2NAND.cecesccccccccccccscsccccosssscocsced
EN EXCLUSIVE ZNOR.ooooooooooooooooo-....-.o.oooo3
EN3 3=-INPUT EXCLUSIVE NOR.ccceccocscccccscsocsccssseh
EO EXCLUSIVE ZOROOOOOO...0....0.0..0.-0...00...03
EO1 2AND, 2NOR INTO 2NOR.ceccscccccssccscssccccsse3
303 3‘INPUT EXCLUSIVE OR.ooooc.ooo--00-00000000006
EON1 20R, 2NAND INTO 2NAND..ccccecccscccsccsscccse3l
Iv SINGLE INVERTER.eecococccccccccccccccocoscsccel
ND2 ZNAND.ooooooooootoooo-oooooooooooooo.-coo.oo-l
ND3 3NAND...-¢-.o.-ooooo.ooo.o..ooouoooooocooooooz
ND4 4NAND.........-oooooooo.-ooooo;oooooooo-oooonz
ND6 GNAND.oo-ooo..ooooooooooooo--.oooo.ooo.o..ooos
ND8 8NAND.oooo-ooooooco.oo.oo-goo-ooouoa-o.--oo006
NR2 2NOReesececosoccscscccccsccscscscscscscscsscssccscal
NR3 3N°R.oooocooooovcooooooocoooocoooooo-ooooooooz
NR4 4NOR.......-.................................2
NR6 GNOR...........0‘.....0.0.0....O...........Q.s
NRS8 BNORceceoescsceccscccscscsssssccsccscsscscsscssccsnsscsceccech
INTERNAL BUFFERS

BTS4 3STATE INTERNAL BUFFERccccccccccccccscccessccel
BTS5 INVERTING 3STATE INTERNAL BUFFERcccccccccccce3
BlaAa INVERTING POWER BUFFER, 2 IVA IN PARALLEL..1=2
BlI INTERNAL BUFFER (LIKE Bl)o..no.oooo.osoooool-z
BzA INVERTING POWER BUFFER.Q.O..Oo...'.........2-4
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GATES PAGE

INTERNAL BUFFERS (CONTINUED)

B21I

"B3I

B4I
B5I
ICK1
ICK2
Iva
IvVDA
Ive

IV INTO 3x Iv..ooocooo.oo-00000000000000000.02
2X IV INTO zx Iv....oooooooooooo...uoo.oo...oz

4x Iv.aao.obc.o.o.o.oooo.oo.--ooo.o...oooooooz

3x Iv...--..c....o'-oo.oooooo‘ooooono.oo.o..oz

INVERTING CLOCK DRIVER (LIKE Bl)eccceccecccssecesO
INVERTING CLOCK DRIVER (LIKE 2Bl)eccccccccsccsO
SINGLE INVERTER WITH 2 P TRANSISTORS.cocccccel
TANDEM INVERTER PAIRcccccccececcscccccccccccel
POWER INVERTER (2 IV IN PARALLEL)cecccccccccsol

INPUT INTERFACE

IBUF
IBUFD

IBUFI
IBUFN
IBUFU

SCHMDT1
SCHMDT2
ST

ST1
TLCHT
TLCHTI
TLCHN

INPUT PAD WITH BUFFER FOR CMOS INPUT.cce...l=0
INPUT PAD WITH PULLDOWN & BUFFER FOR

CMOS INPUT...........I.Q...................2-0
BUFFER FOR BIDIRECT CMOS INPUT.cccccccscesel=3
INVERTING PAD WITH BUFFER FOR CMOS INPUT.....0
INPUT PAD WITH PULLUP & BUFFER FOR

CMOS INPUTeeececcccccccsscccccscosccsscsccsccccseel=0
INPUT PAD WITH SCHMITT TRIGGER:cccccosccsccse3d
INPUT PAD WITH INVERTING SCHMITT TRIGGERc.«++4
INVERTING SCHMITT TRIGGER, INTRA CHIP WS...2-4
SCHMITT TRIGGER FOR INTRA CHIP WAVE SHAPING..3
INPUT PAD WITH BUFFER FOR TTL INPUT.ccceccesesO
BUFFER FOR BIDIRECT TTL INPUTeccccccccccocse2=3
INVERTING INPUT PAD WITH BUFFER FOR TTL

INPUT..Q.oo.-oo.....oooo.ooooo.oo‘coaooocooooo

OUTPUT BUFFERS

BTS1
BTS14
BTS18
BTS2
BTS3
BTS6
Bl
B1lOD
Bl4
B18
B2
B20D
B3
B30D

3STATE OUTPUT BUFFERececccccccccccccccsccced=?
3STATE oquuT BUFFER.........................5
3STATE ouTPUT BuFFER..'..‘.........'.........5
3STATE OUTPUT BUFFERcccccccccccsccccccccceed=8
3STATE oUTPuT BuFFER.Q....‘...........‘...6-11
3STATE OUTPUT BUFFER TO CMOS.ccecccccccccccsce?
OUTPUT BUFFER..............................1-2
OUTPUT BUFFER WITH OPEN DRAIN.:cccccccoccccccel
OUTPUT BOFFER.Q........-.............‘Q......l
OUTPUT BUFFER...................I............l
OuTPUT BUFFER....‘......‘........I.........2-4
OUTPUT BuFFER WITH OPEN DRAIN.......‘.......'z
OUTPUT BUFFERccscccccccscccccscccccsccscsccsed=2
OUTPUT BUFFER WITH OPEN DRAINecceccccoccccse3=2
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GATES PAGE
BIDIRECTIONAL BUFFERS
BTS7 3STATE I/O BUFFER..ooo-oo.ooooooooooo.oo..o4-7 17-10
BTS7D 3STATE I1/0 BUFFER WITH PULL DOWN..eccsescsecsee? 17=11
BTS7L 3STATE I/0 BUFFER WITH LO POWEReeoseoooccccses? 17=11
BTS7LO 3STATE I/0 BUFFER WITH LO POWER OPEN DRAIN.,..4 17-12
BTS70D 3STATE I/0O BUFFER OPEN DRAIN.cccecccscccccsseed 17-12
BTS70 3STATE I/0 BUFFER WITH PULL UP.cececcccsesed=7 17=13
BTS78 3STATE I/0 BUFFER.ccccccecccsccccccscscscssscsed 17=13

BT58 SSTATE I/O BUFFER.oc.oo-o-c-ooooﬁo-.ooooooos-a 17-14
BTS8U 3STATE I/0 BUFFER WITH PULL UP.,.ccccccccccseces8 17-14
BTSQ 3STATE I/O BUFFER...........-.............6-11 17-15

BTS9D 3STATE 1I/0 BUFFER WITH PULL DOWN.cecoeoeseessell 17-15
BTS9U 3STATE I/0 BUFFER WITH PULL UP..ccececcecesb6=11l 17-16

DECODER

D38HR NON-OVERLAPPING 3 TO 8 DECODER/ACTIVE HIGH..47 17-24
LATCHES

LD1 DLATCH GATED................................3 17‘47
L02 DLATCH GATED LO..........................-c.3 17_47
LD3 DLATCH GATED LO.....o.-..a.........0.00.....4 17-48
LD4 DLATCH GATED CcD LO...............oc-o.-o-oo.4 17‘48
LSR1 SRLATCH SEPARATE GATE..cccecceccccccscscnscoscsd 17-49
LSR2 SRLATCH COMMON GATEccececoccccsscsscccccssssd 17-49
LSl DLATCH LSSDececccccccsccscccscscscsccccscssscsssced 17=50
LS2 DLATCH INTO DLATCH LSSDececscccccccscccccsesd 17=50
FLIP FLOPS

FDA DFF CDM CDS SDM SDS CPM CPSccececccccccsscceld 17=27
FD1 DFF...o..--...-.-.....Q.....oo..n..o...n.oocos 17-28
FDlS DFF SCAN.oo.-o.-...-..o..n....c-oca 17-28
FD2 DFF CD..o.ooo..o.a.-.-oo-ooa.o..oo-.oooooos 17-29
FD2S DFF CD SCAN..oooo.ooa.o.oo.o-‘.o..ooug 17‘29
FD2TS DFF CD TRISTATE OUTPUTececccsccsccsccceesd 17=30
FD3 DFF CcD SD.-.oo.o-....o..o.o-oo..oa.ooo...? 17-30
FD3s DFF CD SD SCANececcccccccccscssscsscseell 17=31
FD4 DFF SD....--.-:...-...---00000000500006 17‘31
FD4S DFF SD SCAN.oo.o-...ooo-oo..o.oo.o.oog 17‘32
FD5 DFF NO CPBUFScececcscccccceed 17=32
FD5s DFF SCAN NO CPBUFSecscecccscccssse? 17=33
FD6 DFF cD NO chUFS.-.............S 17‘33
FD6S DFF (1)) SCAN NO CPBUFScecceccscccseese8 17=34
FD7 OFF CD sbD NO CPBUFSececcccscccesceesbd 17=34
FD7s DFF CD SD SCAN NO CPBUFSccccsccccscsscsed 17=35
FD8 DFF SD NO CPBUFSececesccosscceed 17=35
FD8S DFF SD SCAN NO CPBUFSecccesccscccese8 17=36
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GATES
FLIP FLOPS (CONTINUED)

FJKA JKFF CDM CDS SDM SDS CPM CPSecccecccccccsscssll
FJKl JKFFO..Q....'...'..'0000....'.Q..Q......'.O'.a
FJK1S JKFF SCAN.ceecococscccscccccsssll=1l0
FJK2 JKFF CD.............-...-............-.....9
FJKZS JKFF CD ScAN..........ooooo000000012-11

FJK3 JKFF cD SD..‘.............Q..............lo
FJK3s JKFF CD SD SCAN.cecceseccccsecoscsceel3=12

FT2 TFF CD NO CPBUFSccccscccccccceed
FT3 TFF CD SD NO CPBUFScccecccccccscescbd
FT4 TFF SD NO CPBUFSccccccccscccscsd
MULTIPLEXERS

MUX21L 2 TO 1 TRANSMISSION GATE MULTIPLEXER
(INVERTING) ceceeccecccccccsccenccscscncccccncel

MUX21LA 2 TO 1 TRANSMISSION GATE MULTIPLEXER
(INVERTING) DOUBLE RAIL STEERING..cecoccaceesl

MUX41 4 BIT NON-INVERTING MUX.cecoeoccccccccccsceseb
MUX81 8 BIT NON-INVERTING MUXeceescoococoocsocccscsesl?
RAM

RAM1 DLATCH, GATED WITH 3STATE OUTPUT.cccccccececececd
OSCILATOR

0sc2 COMPLETE OSCILLATOR WITH XTAL CONNECTIONS..1-0

SHIFT REGISTER

SR84 8 BIT SHIFT REGISTER/SYNC PARALLEL LOAD.....60
Macrofunctions
GATES

ADDERS
CLAl 4 BIT CARRY LOOK AHEAD.ceeecccccsccccscscccecal?
CLA2 4 BIT CARRY LOOK AHEAD.cceccsccocsccccccsccseld
HAl HALF ADDER......-0..'.‘.‘......."..........5
FAl FULL ADDER......Q...............O‘OQ.......IO
FA2 2 BIT BINARY ADDER ( 7482 )eeeooescccseeal0
FA4 4BIT BINARY ADDER.O.......0....‘.‘.....‘..44
FAl6 16 BIT FAST BINARY ADDER (USING CLAl,

CLAZI FA4)...0....O.....00000000'00.000000248
FAS2 2 BIT BINARY ADDER SUBTRACTER, A+B, A-B....25
ALU

M2901 4BIT/ALU....IQ....................".....744
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COMPARATORS
MAG2H 2 BIT MAGNITUDE COMPARATORccccccococcccecscel?
MAG2 2 BIT MAGNITUDE COMPARATOR

EXPANDABLE (1/2 7485 )...Q.........'.......zz
MAG4 4 BIT MAGNITUDE COMPARATOR

EXPANDABLE ( 7485 ).0-...........‘......44
CMP4 4 BIT EQUALITY COMPARATOR.csccoccccscccccascld
cMes 8 BIT EQUALITY COMPARATOR.cscccceccccoccssed
PARITY GENERATORS
PARS 8 BIT ODD PARITY DETECTORccecccccccccccccsesll
PARYS 9 BIT ODD PARITY DETECTORecscocccocssccccecld
LATCH REGISTERS
L4 4BIT DATA LATCH.........'....‘.‘......'...12
Le 8BIT DATA LATCHQI‘..‘.......Q..........‘.’24
MULTIPLEX REGISTERS
MR41 4 BIT REGISTER WITH 2 BIT MUXED INPUTS....s29
MR42 4 BIT REGISTER WITH 2 BIT MUXED INPUTS CD..33
MR43 4 BIT REGISTER WITH 2 BIT MUXED INPUTS,

SYNC CLR.....’................0..‘.........31
MR44 4 BIT REGISTER WITH 2 BIT MUXED INPUTS,

SYNC CLR CD..........‘........l"...'..'...as
MR81 8 BIT REGISTER WITH 2 BIT MUXED INPUTS.e...57
MR82 8 BIT REGISTER WITH 2 BIT MUXED INPUTS CD..65
FLIP FLOP REGISTERS
R41 4 BIT DATA REGISTERecceccceccoscccsccccscscreeed0
R42 4 BIT DATA REGISTER CDececococscccccccccsscdd
R81 8 BIT DATA RBGISTER..O...'........'........40
R82 8 BIT DATA REGISTER CDeccoscsceccscccscccsasdB

SHIFT REGISTERS

SR41 4 BIT SHIFT REGISTER...............IQ......ZO
SR42 4 BIT SHIFT REGISTER CDicececccccsccccaceasd
SR43 4 BIT SHIFT REGISTER SDececcccccccccccccsseld
SR44 4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD...29
SR45 4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD

AND CLEARQ........I....I.‘.......'.........31
SR46 4 BIT SHIFT REGISTER, ASYNC PARALLEL LOAD..40
SR47 4 BIT SHIFT REGISTER, SYNC CLEAR.ccccsccecces24d
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18-72
18-72

18-73
18-12
18-12

18-103
18-103

18-71
18-71

18-73
18-74

18-74

18-75
18-75
18-76

18-105
18-106
18-106
18-107

18-107
18-108
18-108
18-109

18-109
18-110
18-110



MODULO
pPs2

MODULO
CM3B
pPs3

MODULO
CM4J
C2G
CM4B
Ps4

MODULO
CM5SR
CM5B

MODULO
CM6J
CM6B

MODULO
C3LSR
CM7B

MODULO
CM8BR
CcM8J
C3G
CM8SR
CcM8B

MODULO
CM9BR
CM9SR
CM9B

MODULO
CM10BR
CM10J
CM10SR
CM10B
M1l60C
M160D
M162C
M162D

GATES PAGE

2 COUNTERS
2 BIT EXTERNAL CLOCK PRESCALER ccecceceeecssl3

3 COUNTERS
2 BIT BINARY COUNTER CD.ceccccccoccocscccosassl3
2 BIT EXTERNAL CLOCK PRESCALER WITH.eeeooeosl9

4 COUNTERS :
2 BIT JOHNSON COUNTER, (SAME AS C2G) CD....12
2 BIT GRAY COUNTER, (SAME AS CM4J) CD...12
2 BIT BINARY COUNTER CDececcccccccccccccceslb
4 BIT EXTERNAL CLOCK PRESCALER WITH.oeeceee.25

5 COUNTERS
3 BIT SHIFT COUNTER CD.ccecocccoccccccccceesl®
3 BIT BINARY COUNTER CDececocecccccocccsese30

6 COUNTERS
3 BIT JOHNSON COUNTER CDececcccccccccccccesl8
3 BIT BINARY COUNTER CD.vcccccccccccccccse3l

7 COUNTERS
3 BIT LINEAR FEEDBACK SHIFT REGISTER CD....21
3 BIT BINARY COUNTER CDecececsccccocccaccse3l

8 COUNTERS

BIT BINARY RIPPLE COUNTER CDeccccccscesssl®d
BIT JOHNSON COUNTER CDececcsccccceccoccces2d
BIT GRAY COUNTER CD......'.....'.........27
BIT SHIFT COUNTER CD...'.Q............."zz
BIT BINARY COUNTER CDccceccccccsccccesesa2d

WWLWwWwWwbW

9 COUNTERS
3 BIT BINARY RIPPLE COUNTER CDecceccceccecse26
4 BIT SHIFT COUNTER CDecececcccscccccccsnceel8
4 BIT BINARY COUNTER CD.cecescccccccsccsecsdl

10 COUNTERS

BIT BINARY RIPPLE COUNTER CDeccocsccccese?
BIT JOHNSON COUNTER CDececcoccocacsccessel0
BIT SHIFT COUNTER CDuececcescscaccccacsseeldl
BIT BINARY COUNTER CDecececcccccccscscecdl
BIT BCD COUNTER ( 74LS160 )ecececeesecesb60
BIT BCD COUNTER ( 74LS160 )eceececeeceesS50
BIT BCD COUNTER ( 74LS162 )iveeeccoeaeead5
BIT BCD COUNTER ( 74LS162 )iceccceneaceaab62

Lo N
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18-104

18-14
18-42
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18-15
18-14

18-16
18-15

18-48
18-16

18-17
18-18
18-42
18-18
18-17

18-19
18-20
18-19

18-21
18-21
18-22
18-20
18-95
18-96
18-97
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MODULO
CM11BR
CM11B

MoDULO
CM12BR
CMl2J
CM12SR
CM12B

MODULO
CM13BR
CM13B

MODULO
CM14BR
CM14J
CM1l4B

MODULO
CM15BR
C4LSR
CM15B

MODULO
CB41
CB42

CB4cC
CB4F
CM16BR
CM16J
C4G
CM16B
CUD41
CcUD42

M1l61cC
M161D
M163C
M163D
M163F
M169C

MODULO
CM17BR
CM17B

GATES
11 COUNTERS
4 BIT BINARY RIPPLE COUNTER CDececcococsceee2?
4 BIT BINARY COUNTER CDececcocscocccscccsedl

12 COUNTERS
4 BIT BINARY RIPPLE COUNTER CDececcccoccccel?
6 BIT JOHNSON COUNTER CDececcccsccccoccssces3b
4 BIT SHIFT COUNTER CD.cesccoccccccccccacesld
4 BIT BINARY COUNTER cD...................42

13 COUNTERS
4 BIT BINARY RIPPLE COUNTER CDececccccccoscee??
4 BIT BINARY COUNTER CDeveccsceccccsccccssedl

14 COUNTERS
4 BIT BINARY RIPPLE COUNTER CD.vceececcecccocce?
7 BIT JOHNSON COUNTER CD.cececsccccccccccescd?
4 BIT BINARY COUNTER cD....l......".‘.'..42

15 COUNTERS
4 BIT BINARY RIPPLE COUNTER CD.cececccccccs2?
4 BIT LINEAR FEEDBACK SHIFT REGISTER CD....27
4 BIT BINARY COUNTER CDececcococccsccsccscd

16 COUNTERS
4 BIT BINARY COUNTER, EXPANDABLE ENABLE CD.42
4 BIT BINARY COUNTER, EXPANDABLE ENABLE
SYNC CLR CD.............................'..46
BIT BINARY COUNTER, FAST, SYNC CLR.ee+s+43
BIT BINARY COUNTER, FAST, INDIV., CD SD...47
BIT BINARY RIPPLE COUNTER CD.cceccescccees2l
BIT JOHNSON COUNTER cD.'O................48
BIT GRAY COUNTER, PRESCALED CD.cccccccces52
BIT BINARY COUNTBR CD.-.Q............-..ss
BIT U/D COUNTER, EXPANDABLE CDeccccccesee56
BIT U/D COUNTER, EXPANDABLE, ASYNC

OAD CD......'.-..........I................74
BIT COUNTER ( 74L5161 )..'.......54
BIT BINARY COUNTER ( 74LS161l )eccecoceccees60
BIT COUNTER ( 74LS163 )ececcecese5d
BIT BINARY COUNTER ( 74LS163 )ccecceccceebl
BIT COUNTER, FAST ( 74LS163 )ececceccese92
BIT U/D COUNTER ( 74LS169 )ececccccseesb5

bbb EEROAMLL

17 COUNTERS
5 BIT BINARY RIPPLE COUNTER CDecececes seosee3l
5 BIT BINARY COUNTER CDecceccoccsccsscscssedl
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18-24
18=25
18-23

18-26
18-25

18-27
18-27
18-26
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18-48
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18-10

18-10
18- 3
18- 3
18-29
18-30
18-43
18-29
18-41

18-41
18-96
18=-97
18-98
18-99
18-99
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MODULO
CM18BR

MODULO
CM19BR

MODULO
CM20BR

MODULO
CM21BR

MODULO
CM22BR

MODULO
CM23BR

MODULO
CM24BR

MODULO
CM25BR

MODULO

CM26BR

MODULO
CM27BR

MODULO
CM28BR

MODULO
CM29BR

MODULO
CM30BR

MODULO
CM31BR
C5LSR

MODULO
CB5C
CB5F

CM32BR
C5G

18 COUNTERS
5 BIT BINARY

19 COUNTERS
"5 BIT BINARY

20 COUNTERS
5 BIT BINARY

21 COUNTERS
5 BIT BINARY

22 COUNTERS
5 BIT BINARY

23 COUNTERS
5 BIT BINARY

24 COUNTERS
5 BIT BINARY

25 COUNTERS
5 BIT BINARY

26 COUNTERS
5 BIT BINARY

27 COUNTERS
5 BIT BINARY

28 COUNTERS
5 BIT BINARY

29 COUNTERS
5 BIT BINARY

30 COUNTERS
5 BIT BINARY

31 COUNTERS
5 BIT BINARY
5 BIT LINEAR

32 COUNTERS
5 BIT BINARY

RIPPLE COUNTER

RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER
RIPPLE COUNTER

RIPPLE COUNTER
FEEDBACK SHIFT

UP COUNTER,
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CDececcecoosese32

CDececoocccseeeld2

CD.............32

CD000000000000032

CDI...Q........32

CDecececccscsse32

CD........-..-032

CD.............32

CDececosccscsae32

CD-‘Q'....‘.I..32

CD....O....O.0.33

CDececococscsee32

CDececoossscecee3ld

CDececooccscese3ld
REGISTER CD....36

SYNC CLReceossosee59

5 BIT BINARY UP COUNTER, FAST,
INDIVIDUAL CD SDecececococccccccccccoccscesbl
5 BIT BINARY RIPPLE COUNTER CDeccccccecccsse26

5 BIT GRAY COUNTER,

PRESCALED CD..ceocecece.64
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18-33
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18-38
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GATES

LARGE MODULO COUNTERS

C6LSR
CB6C
CB6F

cé6G
C7LSR

CB7C
CB7F
c7G
C8LSR
CB8C
CB8F
c8G
COLSR
CB9C
CB9F
ClOLSR
CB10cC
CB1OF
Cl1lLSR
Cl2LSR
C1l3LSR

Cl4LSR

6 BIT MOD 63 LINEAR FEEDBACK

SHIFT REGISTER cD..........................39
6 BIT MOD 64 FAST BINARY COUNTER,

SYNC CLR...........O.‘.....................70
6 BIT MOD 64 FAST BINARY COUNTER,
INDIVIDUAL CD SDececccoccccccccccccsccccasslb
6 BIT MOD 64 GRAY COUNTER, PRESCALED CD..88
7 BIT MOD 127 LINEAR FEEDBACK

SHIFT REGISTER CD....Q...'..........‘...‘..45
7 BIT MOD 128 FAST BINARY COUNTER,

SYNC CLR...........-.......................85
7 BIT MOD 128 FAST BINARY COUNTER,
INDIVIDUAL CD SDeccccccccccccccccccscccscsseed2
7 BIT MOD 128 GRAY COUNTER,

PRESCALED CD.......................C......loo
8 BIT MOD 255 LINEAR FEEDBACK

SHIFT REGISTBR CD.......'..Q.............‘.57
8 BIT MOD 256 FAST BINARY COUNTER,

SYNC CLR.......‘.....................QQ...'gg
8 BIT MOD 256 FAST BINARY COUNTER,
INDIVIDUAL CD SDececccscccoccccscscccscscsselO?
8 BIT MOD 256 GRAY COUNTER,

PRESCALED CDecccsccccocccccccccsccccccccsalld
9 BIT MOD 511 LINEAR FEEDBACK

sHIFT REGISTER CD....'.....................57
9 BIT MOD 512 FAST BINARY COUNTER,

SYNC CLR...'.'.........0....."‘..........114
9 BIT MOD 512 FAST BINARY COUNTER,
INDIVIDUAL CD SDececccccscccccscccsccaceceeel?3
10 BIT MOD 1023 LINEAR FEEDBACK

SHIFT REGISTER CDececccccccccccscscccccccneeb3
10 BIT MOD 1024 FAST BINARY COUNTER,

SYNC CLR...........................OO.....IZB
10 BIT MOD 1024 FAST BINARY COUNTER,
INDIVIDUAL CD SDQ.‘.......................138
11 BIT MOD 2047 LINEAR FEEDBACK

SHIFT REGISTER CDQ.'.........’..........‘.‘69
12 BIT MOD 4095 LINEAR FEEDBACK

SHIFT REGISTER CD....O.Q.‘.................Bl
13 BIT MOD 8191 LINEAR FEEDBACK

SHIFT REGISTER CD.........'................87
14 BIT MOD 16383 LINEAR FEEDBACK

SHIFT REGISTER CD‘.'..........‘........C...93
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18-51
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18-52
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GATES PAGE

LARGE MODULO COUNTERS (CONTINUED)
C15LSR 15 BIT MOD 32767 LINEAR FEEDBACK

SHIFT REGISTER CDecececccccccccccccscscncesedI3 18-54
Cl6LSR 16 BIT MOD 65535 LINEAR FEEDBACK

SHIFT REGISTER CD.........................105 18-54
Cl7LSR 17 BIT MOD 131071 LINEAR FEEDBACK

SHIFT REGISTER cDoo-oo.ouooooooo.-oooooo-olos 18-55
Cl8LSR 18 BIT MOD 262143 LINEAR FEEDBACK

SHIFT REGISTER CDececosscccccscccccccnccnccalll 18-55
Cl9LSR 19 BIT MOD 524287 LINEAR FEEDBACK

SHIFT REGISTER CD-ooo-oo.oo-ooooc-ooooo.o-123 18-56
C20LSR 20 BIT MOD 1048575 LINEAR FEEDBACK

SHIFT REGISTER CD....‘.......-............123 18-56

NON OVERLAPPING CLOCK GENERATORS

CPG1l TWO PHASE CLOCK GEN, UNBUFFERED

HI UNDERLAP Lo DRIVE.Q.O..............O.l.‘.7 18-39
CPG2 TWO PHASE CLOCK GEN, BUFFERED

Lo UNDERLAP Lo DRIvE...........‘..........'.7 18-39
CPG3 TWO PHASE CLOCK GEN, UNBUFFERED

HI UNDERLAP HI DRIVE‘O...OQ.........'0000.009 18‘40
CPG4 TWO PHASE CLOCK GEN, BUFFERED

LO UNDERLAP HI DRIVE.'.......‘...0‘.0...0...9 18-40

MULTIPLEXERS
MUX31H 3 BIT NON INVERTING MUX.ccccoceeccccccccceece/ 18-78

BIT NON INVERTING Mux...b....‘.........‘.13 18-86
BIT INVERTING MUX....ooo-o.oooooooo.ooo..16 18“87
BIT NON INVERTING MUX CELL

EXISTS IN MASTER LIBRARYccccoceccccccccccssld 18-88
MUX22H DUAL BIT NON INVERTING MUX.cceccecescccecee? 18=76
MUX32H DUAL BIT NON INVERTING MUXc.ceoeccoccececeeel2 18=79
MUX42H DUAL BIT NON INVERTING MUXccocooececccecsesld 18=-81
MUX52H DUAL BIT NON INVERTING MUXeceoeccccccecceesld 18-83
MUX62H DUAL BIT NON INVERTING MUXceeoccoeseccceese2l 18-85
MUX72H DUAL BIT NON INVERTING MUXcceooccsoscscee23 18-87
MUX82H DUAL BIT NON INVERTING MUXccecoeocececeecse26 18-89
Msz‘H QUAD BIT NON INVERTING MUXoooooooooo.otnol3 18-77
MUX24L QUAD BIT INVERTING MUX.cceooooccecccccceeed 18=77
MUX34H QUAD BIT NON INVERTING MUXcececccescoccceee22 18=79
MUX44H QuAD BIT NON INVERTING MUXcceoococcccecess26 18-82

MUX71H
MUX71L
MUX81H

MUX31L 3 BIT INVERTING MUX.cccceoceccscccccsccscceecesb 18-78
MUX41H 4 BIT NON INVERTING MUX....oooooooo.ooo--.ooa 18-80
MUX41GH 4 BIT NON INVERTING MUX, GATEDc.ccecccccceccses8 18=80
MUX41L 4 BIT INVERTING Muxaoooooo-o-ooo-coooooooooo7 18-81
MUX51H 5 BIT NON INVERTING MUX......-.............11 18-82
MUX51L 5 BIT INVERTING Muxo.o'ooo.-oo-o..o.ooo.oo.ll 18-83
MUXGIH 6 BIT NON INVERTING MUX....................12 18’84
MUXGIL 6 BIT INVERTING MUX-.oo..o.'oooo.-o.-ooooool4 18‘85

7

7

o

BWNONNONOIOVLLBWN
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GATES PAGE

MULTIPLEXERS (CONTINUED)

MUX54H QUAD 5 BIT NON INVERTING MUX.ceccocececsese3d
MUX64H QUAD 6 BIT NON INVERTING MUXeceeocooceceeeea39
MUX74H QUAD 7 BIT NON INVERTING MUX.ccsceececceceesed?
MUX84H QUAD 8 BIT NON INVERTING MUX.ccecococcccsee52
DECODERS
D244 2 TO 4 DECODER, OUTPUTS ACTIVE HI.ceecececseb
D24L 2 TO 4 DECODER, OUTPUTS ACTIVE LOcccecccceseb
D38H 3 TO 8 DECODER, OUTPUTS ACTIVE HI.ceovoeeeesl9
D38L 3 TO 8 DECODER, OUTPUTS ACTIVE LOe.ccocecessl9
D24GH 2 TO 4 DECODER, GATED OUTPUTS ACTIVE HI....l0
D24GL 2 TO 4 DECODER, GATED OUTPUTS ACTIVE LO....1l0
D38GH 3 TO 8 DECODER, GATED OUTPUTS ACTIVE HI....1l9
D38GL 3 TO 8 DECODER, GATED OUTPUTS ACTIVE LO....l1l9
D410L 4 TO 10 DECODER OUTPUTS ACTIVE LO..ccceccecees24
D410H 4 TO 10 DECODER OUTPUTS ACTIVE HI..coeeesss24
DM6JL SPIKE FREE DECODER FOR MOD 6 JOHNSON

COUNTERI ACTIVE Lo..uoo.oooo.ooocoo-000-00006
DM6JH SPIKE FREE DECODER FOR MOD 6 JOHNSON

COUNTERI ACTIVE HI.-..oo.ooooooooooo-ooooo-.a
DM8JL SPIKE FREE DECODER FOR MOD 8 JOHNSON

COUNTER, ACTIVE LOcccceccccsccccsccccscccccsse8
DM8JH SPIKE FREE DECODER FOR MOD 8 JOHNSON

COUNTER,; ACTIVE HIceeesooccccccccooscccsccee8
DM10JL SPIKE FREE DECODER FOR MOD10O JOHNSON

COUNTERI ACTIVE Lo...n.oooo..o..o...o.o...olo
DM10JH SPIKE FREE DECODER FOR MOD10 JOHNSON

COUNTERI ACTIVE HI.-............oocooonoo.olo
DM12JL SPIKE FREE DECODER FOR MOD12 JOHNSON

COUNTER, ACTIVE LOccceccocccoccscsscscccsessal2
DM12JH SPIKE FREE DECODER FOR MOD12 JOHNSON

COUNTER[ ACTIVE HI.........................12
DM14JL SPIKE FREE DECODER FOR MOD14 JOHNSON

COUNTERI ACTIVE LO.....ooo--ooooo-ooooo.oool4
DM14Jd SPIKE FREE DECODER FOR MOD14 JOHNSON

COUNTERI ACTIVE HI.........-..oooo-.o..ooo.14
DM16JL SPIKE FREE DECODER FOR MOD16 JOHNSON

COUNTER, ACTIVE LO.cccccccccccccscsssccscscselb
DM16JH SPIKE FREE DECODER FOR MOD16 JOHNSON

COUNTER, ACTIVE HI.....oooooc.ooooocooo.ccols
SYNCHRONIZERS
SYNCO1 SYNCHRONIZER FOR ASYNCHRONOUS O TO 1 EVENT.1l
SYNC10 SYNCHRONIZER FOR ASYNCHRONOUS 1 TO O EVENT.1ll

Introduction I: Selector Guide

18-84
18-86
18-88
18-89

18-64
18-64
18-66
18-66
18-63
18-63
18-65
18-65
18-67
18-67
18-57
18-57
18-58
18-58
18-59
18-59
18-60
18-60
18-61
18-61
18-62
18-62

18-111
18-111

. I=-11



GATES PAGE

74XX TTL MSI

M42C
M82C
M85¢C
M138C
M138D

M150C
M151C
M152C
M153C
M157C
M158C
M1l60C
M160D
M161C-
M161D
Ml62C
M162D
M163C
M163D
M163F
M169C
M244C
M244XC
M2901

BCD TO DECIMAL DECODER ( 7442 )ececcoccceeea22
2 BIT BINARY FULL ADDER ( 7482 )ecececcecosees20
4 BIT MAGNITUDE COMPARATOR ( 7485 )ececoeeceso44
GATED 3 TO 8 BINARY DECODER ( 74138 )ece...1l9
3 TO 8 DECODER, GATED OUTPUTS

ACTIVE LO ( 74138 )eceoccccccccccsccccscsceel3
GATED 16 INPUT MUX ( 74150 )ecececcecccccss38
GATED 8 INPUT MUX ( 74LS151 )ecececccesecse20
8 INPUT MUX ( 74LS152 )ececcccccccccscscsccsel8
GATED DUAL 4 INPUT MUX ( 74LS153 )ececcecesld
X 2 MUX ( 74LS157 )eeeccocccceccccsscsesasl3
X 2 MUX, OUTPUTS ACTIVE LO ( 74LS158 )...1l1
BIT BCD COUNTER ( 74LS160 )ececcccceceeesb60
BIT BCD COUNTER ( 74LS160 )eccececcecceeeasd0
BIT COUNTER ( 74LS161l )eccccceccsccsccessdd
BIT BINARY COUNTER ( 74LS161l )eceeccececess60
BIT BCD COUNTER ( 74LS162 )ecececescsaceaedd
BIT BCD COUNTER ( 74LS162 )ececccacacecesb2
BIT COUNTER ( 74LS163 )ececccscccccsccssedd
BIT BINARY COUNTER ( 74LS163 )ececcescsssabl
BIT COUNTER FAST ( 74LS163 )ecececcsccssad2
BIT U/D COUNTER ( 74LS169 )ecccccccsccsesbd
OCTAL TRISTATE BUFFER ON CHIP( SN74244 )..24
OCTAL TRISTATE BUFFER OFF CHIP( SN74244 )..56
4 BIT/ALU.‘.....C...0..........'..0..‘....744

R BB DD D DD
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Chapter 1l: Overview

Design Process Sequence Overview

This macrocell manual is one of two documents needed to
design an LSI Logic gate array. The second document, The
LSI Logic LDS Design Manual, is a detailed treatment of the
methodology necessary to build a circuit using the LDS soft-
ware tools. (The Design Manual is provided to designers
attending the LSI Logic Design Class.) The macrocell manual
is primarily a catalog detailing the libraries of logic
functions available for implementation in LSI LOGIC gate
arrays. It also serves as a preliminary overview of the
complete design process, with emphasis on its initial steps.
This manual enables you to complete steps 1, 3, 4, 6, and 8
below. Steps printed in capitals are formal milestones, and
require the signatures of both the designer and an LSI Logic
applications engineer.

You may want to perform some of the steps in an order
different from the one outlined in this manual. You may,
for example, need to design your circuit for a particular
package. In that case, you would change the order of the
steps outlined below. The lessons you learn in an LSI Logic
Design Class will enable you to design your circuit with
maximum efficiency.

The sequence of initial steps is:

1. Read Background Information to become familiar with
LSI LOGIC design concepts.

2. Become familiar with circuit specification forms and
formal milestone documents. (These are detailed in
Part 1I, the Design Manual.)

3. Choose an array series.

4. Choose a device, i.e., choose an array size.

5. Optimize the design, if necessary.

6. Select a package.

7. Prepare a bonding diagram.

8. Make power calculations.

9. Be sure you have designed testability and reliability
into your circuit.

10. Prepare test patterns.
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The remaining steps, which are explained in the LSI LOGIC
LDS Design Manual, are as follows:

11.

12.

13.
14.

15.

l6.
17.
18.

19.

20.

21.

Formal

Create a network of interconnects.

Execute VERIFY on top-level module to simulate delay
values and functional results.

Modify network, if necessary.

Simulate top-level module.

COMPLETE DESIGN ACCEPTANCE CHECKLIST, only if you
purchased either the Software Data Book or the Design
Verifier Software. For these products the checklist
is the first formal milestone document.

Perform detectable fault simulation.

Execute test patterns extraction program.

Complete ac test form.

COMPLETE ENGINEERING COMPLETION REPORT. THIS FORM
CONSTITUTES THE FIRST FORMAL MILESTONE DOCUMENT.

AFTER LAYOUT, COMPLETE PERFORMANCE APPROVAL, THE
SECOND FORMAL MILESTONE DOCUMENT.

AFTER FABRICATION, COMPLETE PROTOTYPE APPROVAL, THE
THIRD AND LAST MILESTONE DOCUMENT.

Milestone Documents -- Steps 15, 19, 20,and 21 above

are formal milestones; as such, they require the signatures
of both the designer and an LSI LOGIC engineer to establish
that both have approved the circuit at that "milestone”
stage of its design. Step 15 is not required, unless you
purchased either the Software Data Book or the Design Veri-
fier Software.

CMOS Macrocell Manual



System Environment

Table 1.1 illustrates the order in which each task will be
performed, depending upon the environment in which you are

working.

If you are using LSI's
Mainframe LDS System

If you purchased the
Software Data Book

If you purchased the
Software Data Book and
Design Verifier Software

Complete steps 1-10,
20, and 21 at your
desk.

Complete steps 11-14
and 16-19 on the
LDS System.

Do not perform step
15.

Complete steps 1-10,
15, 20, and 21 at
your desk.

Complete steps 11,13,
and 14 on the work-
station.

Complete steps 16-19
on the LDS System.

Do not perform step
12,

m—t
Complete steps 1-10, 15,
20, and 21 at your desk.

Complete steps 11-14
on the workstation.

Complete steps 16-19
on the LDS System.

Design Tasks Related to Working

Table 1.1

Background Information

Environment

As a logic designer, you are undoubtedly familiar with
traditional electronic circuit-design techniques which make

use of standard parts from vendor catalogs.

Your knowledge

of these techniques will help you in learning to design LSI

LOGIC gate arrays.

There are

® 3000 Series
® 5000 Series
® 7000 Series

The array

Speed

Chapter 1:

series differ in:

Number of gates
Number of I/0 and power pads
Package requirements

Overview

three series of arrays to chcose from:



LSI LOGIC software products allow you to design complex
circuits by starting with a functional block diagram and
continuing through a logical sequence to the final tested
product. To help you understand LSI LOGIC's design concept,
this section presents background information about:

Equivalent Gates
Macrocell Models

® CMOS Circuit Structure

® Gate Array Structure

e Traditional Circuit Design vs. Gate Array Design
® Macrocells :

e Macrofunctions

o

°

CMOS Circuit Structure =- LSI LOGIC's circuit structure uses
Complementary Metal Oxide Semiconductor (CMOS) technology.
This technology is made up of N and P channel MOSFET transi-
stors whose switching operation is "complementary"; that is,
when the N transistor is on, the P transistor is off, and
vice versa.

Figure 1.1 is a cross-sectional view of a two-layer metal
array. A P MOSFET transistor is formed directly on the N-
substrate. An N MOSFET transistor is formed in the P- well.
First layer metal contacts form connections to the N+ and P+
areas. First layer metal contacts also form connections to
polysilicon (this connection is not shown in the figure).
The second layer metal (2nd metal in the figure) connects to
the first layer metal through via contacts.
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Figure 1.1
A Cross-Sectional View of a Two-Layer Metal Array
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Two familiar components, an inverter and a two-input NAND
gate, illustrate CMOS circuit operation. An inverter is
shown in Figure 1.2,

To construct a CMOS inverter, a P MOSFET is connected
between VDD (+5V) and the inverter's output. An N MOSFET is
connected between the output and VSS(OV). The gates of both
MOSFETs are connected both to the input and to one another,
as depicted in Figure 1.2.

Vin —{>o— Vout Vin Vout

Figure 1.2
A CMOS Inverter

When vin is low, the P MOSFET is ON, the N MOSFET is OFF,
and Vout is pulled close to VDD (Vout=5v). When Vin is
high, the P MOSFET is OFF, the N MOSFET is ON, and Vout is
pulled close to VSS (Vout=0Ov). Table 1.2 illustrates these
actions.

o ———— —— ———————
Vin P MOSFET | N MOSFET | Vout

0 ON OFF 1
1 OFF ON 0
Table 1.2

CMOS Inverter Operation

For a brief time during input voltage transition, both
MOSFETs are ON. However, since at least one MOSFET is off
when the inverter is in one of its stable states, very
little dc current flows through the inverter, and very
little power is consumed.
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By adding two more transistors to the inverter diagram in
Figure 1.2 (indicated by the dotted lines in Figure 1.3) and
making minor wire modifications, we can create a two-input
NAND gate; one of the basic components used by LSI LOGIC.

A z A
B

Figure 1.3
A Two-input NAND

In Figure 1.3, when both inputs are high, both N transistors
are ON, both P transistors are OFF, and the output is low.
If either input is low, then at least one of the P transi-
stors is ON, and at least one of the N transistors is OFF
and the output is high. The effect of high and low input
states on a two-input NAND gate is shown in Table 1.3.

INPUT N TRANSISTORS | P TRANSISTORS | OUTPUT
Both 1 Both On Both Off 0
Either 0 One or More One or More 1
On Off
Table 1.3

Effect of High and Low States
on a Two-Input NAND
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Gate Array Structure -- The basic LSI LOGIC circuit structure
is an array composed of N and P transistors. It is known as
a gate array, a logic array, a ULA, or a masterslice. The
term "gate array" is somewhat misleading, since the base
array is not an array of gates, but an array of components (N
and P transistors) which may be interconnected to form
inverters, NAND gates, NOR gates, flip-flops, or other types
of circuitry. Because its components are standardized, the
array can be produced in high volume at low cost. All that
you supply is the configuration of your metal interconnec-
tions: these define your logic.

LSI LOGIC's CMOS arrays are structured in columns of gates,

known as "diffusion columns." Each gate location, called a

"slot," consists of two pairs of N and P transistors. There
is enough space to route three horizontal wires across each

slot. The slots are stacked to form columns, i.e., the sum

of all slots in a given axis is a column.

The diffusion columns are separated by blank silicon
columns, which are used for vertical wire routing. In each
blank column there are, depending on the array series, 12-26
wiring tracks available for global vertical wire-routing.
Figure 1.4 shows an unconnected array.
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Figure 1.4
An Unconnected CMOS Gate Array
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Figure 1.5 shows a portion of a 5000 Series wired array.
Most of the wiring connecting the macrocells (the global
vertical wiring) is on the first layer metal. The second
layer metal is used for the horizontal wiring.

The peripheral cells consist of large-geometry i.e., physi-
cally large, transistors plus input protection circuits to
implement input- and output-buffers. Each series has
certain peripheral cells preassigned to power and ground.
The unassigned cells can all be configured either as inputs,
as outputs, or as bidirectional pads.

WIRING DIFFUSION
CHANNELS COLUMNS
— ——e—

Figure 1.5

A Portion of a 5000 Series Wired Array
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Traditional Circuit Design vs. Gate Array Design -- Today's
integrated circuits are impossible to design using
yesterday's methods. Functions previously designed for
large circuit boards are now designed for single silicon
chips.

Using the traditional breadboard method, you designed with a
functional block diagram and a standard parts catalog. You
located parts in the catalog, then purchased them and
inserted them into a circuit board. After you wired and
soldered the parts into a circuit network, you tested the
board to see if it functioned correctly. If a part was
faulty, you removed it and replaced it with a new standard
part. A given circuit might need to be redesigned and
rewired several times before it was finally correct.

In gate array design, computer simulation is used to elec-
tronically breadboard and analyze a circuit's performance.
Voltage, temperature variation, parasitic capacitances, as
well as other factors affecting a circuit's performance, are
simulated on the computer before the circuit is fabricated.
An analog to the redesign and rewire operation continues to
be necessary in gate array design, but computer simulation
spares you the necessity of physical rewiring, and also
catches and corrects timing errors before your design is
fabricated.

Although you may breadboard a circuit before designing the
circuit as a gate array, this procedure has limited useful-
ness. The breadboard will show that the circuit is func-
tionally correct. But the breadboard is an unreliable
predictor of: 1) the circuit's behavior when it is imple-
mented as a gate array, and 2) timing problems due to
capacitive loading and parasitic effects on the silicon.

In most cases you should not map a finished breadboard
directly into a gate array. Rather you should use the
design techniques described in Chapter 4 to optimize your
design either by improving its speed or by reducing its gate
count. There are techniques by means of which to enhance
the testability and reliability of your circuit; these can
be found in Chapter 8 of this manual and in Chapter 2 of the
LSI LOGIC LDS Design Manual.
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Macrocells -- A macrocell is the metal pattern which
connects a group of N and P transistors in such a way that
the end product is a logic element. LSI LOGIC macrocells
are predesigned circuits for which there exist the symbol
and model files needed for accurate CAD analysis. Macro-
cells are available in a library similar to a standard parts
catalog. Macrocells span a wide range of complexity. The
simplest is a simple inverter. Among the more complex are
flip-flops and RAM cells.

Macrofunctions =- Macrofunctions are collections of "soft-
ware coded" macrocells which perform functions more complex
than those of macrocells. Macrofunctions are available from
libraries, or they may be user-defined. Before fabrication,
the LDS System breaks macrofunctions down into macrocells;
thus, unused macrocells can be automatically deleted.

The macrocell/macrofunction concept allows you to work in a
hierarchical fashion with a large number of logic blocks of
several levels of complexity, while at the same time facili-
tating flexible layout with a small number of standard
elements.

Beginning with your circuit specifications and the LSI LOGIC
Macrocell Library, you move through a logical design
sequence to determine the array size, to select the correct
package, and to determine which macrocells will be used as
building blocks to comprise the circuit's network.

Equivalent Gates -- The number of gate equivalents required
to implement the entire circuit, its "gate count," reflects
the complexity of the design. LSI LOGIC array sizes vary
from 400 to 10,000 gates.

LSI LOGIC defines one "gate equivalent" as equal to two P
and two N transistors, or enough to create either a two-in-
put NAND gate or a two-input NOR gate. The complexity of
each macrocell is measured in terms of the number of gate
equivalents required to construct it.

Macrocell Models -- Each macrocell model in the Macrocell
Library contains the information you will need to create a
network and perform preliminary delay calculations and
simulation.
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Chapter 2: Array Series

Choose an Array Series

Your paramount design consideration may be cost, or it may
be performance, or it may be some other other design crite-
rion, e.g., package size. The series at LSI are designed
with overlapping characteristics so you can migrate between
one series and another if the need should arise. Designs a
little too large for the array size you have initially
chosen can move to a larger size; designs a little too slow
can move to a faster series.

Critical Path

To determine speed requirements, you need to identify the
critical path or paths. Generally, the critical path is the
signal path that travels through the greatest number of
gates between one register and another. (A register is
either a flip-flop or a latch.) 1In order to calculate the
propagation delay of each macrocell in the path, it is
necessary to determine the fanout for each macrocell in the
path.

Fanout

A macrocell's fanout is equal to the number of "input loads"
it drives. An "input loading factor" is assigned to the
inputs of each macrocell and is used to indicate how large a
capacitive load is associated with each input. A standard
input loading factor of 1 is defined as the sum of an N and
a P MOSFET gate capacitance. Therefore, an inverter has an
input loading factor of 1; similarly, each of the inputs on
a two-input NAND gate has an input loading factor of 1. The
exclusive OR and exclusive NOR gate inputs each have an
input loading factor of 2, since each input is connected to
2 N and 2 P MOSFET gate inputs.

The equation for calculating a macrocell's fanout is:

FO = IL(MC1l) + IL(MC2) + ... IL(MCn)

where:
FO = fanout for the driving macrocell
MC1l,MC2...MCn = names of the driven macrocells
IL =

Chapter 2: Array Series 2-1

input loading factor of the driven macrocell



Study each macrocell in the critical path and determine how
many macrocells it drives (including those not in the
critical path). Note the input loading factor for each
driven macrocell, taking care to use the factor correspond-
ing to the correct input. Then add the input loading
factors of each driven macrocell. The sum equals the fanout
of the driving macrocell.

Repeat this process until fanout is calculated for every
macrocell in the critical path. Then total the nominal
delays for each macrocell from the verifier delay tables in
the macrocell section. Select from the technology that is
most in keeping with your delay specifications.

Worst-Case

With a defined nominal delay, there remains the necessity of
calculating a worst-case factor in order to find the propa-
gation delay under worst-case operating conditions.

To find the worst-case delay, multiply the nominal propaga-
tion delay by the appropriate standard worst-case factor
below:

w.c. commercial (70 degrees C, 4.75V) 1.74
W.c. industry (85 degrees C, 4.75V) 1.83
w.c. military (125 degrees C, 4.5V) 2.21

It is possible that the standard worst-case delay factors
are not suitable for your application. The following
paragraphs show how LSI LOGIC calculated the commercial
worst-case factor of 1.74; they also give an equation for
calculating your own worst-case delay factors.

The typical propagation delays shown for each series in each
macrocell listing are for 25 degrees C, 5v, and typical
processing. You will need to extrapolate delays if your
fanout are not equivalent to those in the tables.

Process variation could increase delays up to 40%. Thus, a
1.4 multiplier factor (called "Kp") is used to estimate the
effect of worst case processing. Junction temperature
(called "Kt") and supply voltage variation (called "Kv")
also affect the delay. Multipliers for Kt and Kv are shown
in Figure 2.1.
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Figure 2.1
Propagation Delay (a) as a Function of Temperature (KT)
and (b) as a Function of Supply Voltage (KV)

The temperature and voltage effects on delay are quite
insensitive for the single-layer metal 3000 Series because
the typical delays for each macrocell include polysilicon
interconnect delays, which are relatively insensitive to
voltage and temperature effects.

The formula for calculating worst-case propagation delay
factors (Twc) is:

Twc = Kp x Kt x Kv

For worst case commercial range (0-70 degrees C, 4.75 to
5.25V) the maximum delay factor is:

1.4 x 1.16 x 1.07
1.74

Twc
Twc

You can calculate worst case factors for conditions other
than commercial, industrial, or military uses in a similar
manner.

At this point you should be able to decide on an appropriate
array series.
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Chapter 3: Array Sizes

Choose a Device

Choosing a device is sometimes called choosing an "array
size." Each device in each array series has a specific
number of gates, I/O pads, power (VSS, VDD) pads, and
package pins, as shown in Table 3.1. 1In order to choose the
device best serving your needs, you will need to determine
the following factors in your circuit:

® Percentage of device used ("array utilization")

® Number of I/0 pads used, totaling input pads, output
pads, assigned power pads, additional power pads (if
necessary), and BlI pads

® Number of package pins

Then review the table below for an appropriate size in your
chosen array series.
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3000 Series
Silicon gate, oxide isolated, 3.5 micron, single layer metal

Device Gate |% Max.| Max. Assigned | Assigned | Assigned | Max.
Number | Count | AUR* |1/0 Pads| VDD Pads | VSS Pads | VSS2 Pads | Pads
LL3020 272 95 32 1 3 0 36
LL3030 342 95 36 1 3 0 40
LL3040 420 90 40 1 3 0 44
LL3060 600 90 48 1 3 0 52
LL3080 812 90 56 1 3 0 60
LL3110 1056 85 64 1 3 0 68
LL3130 1332 85 72 1 3 0 76
LL3170 1722 85 82 1 3 0 86
LL3210 2162 80 92 1 3 0 96
LL3250 2550 80 100 1 3 0 104
5000 Series

Silicon gate, oxide isolated, 3.0 micron, double-layer metal
LL5080 880 90 66 2 4 2 74
LL5140 1404 90 84 2 4 2 92
LL5220 2224 90 106 2 4 2 114
LL5320 3192 85 130 2 4 2 138
LL5420 4202 85 144 4 4 4 156
LL5600 5902 80 168 4 4 4 180

7000 Series (P-Version Standard Pad Pitch)

Silicon gate, oxide isolated, 2.0 micron, double-layer metal
LL7080 880 90 44 2 4 2 52
LL7140 1443 90 58 2 4 2 66
LL7220 2224 85 70 2 4 2 78
LL7320 3192 85 80 4 8 4 96
LL7420 4242 85 98 4 8 4 114
LL7600 6072 80 122 4 8 4 138
LL7840 8370 80 150 4 8 4 166
LL71000 | 10013 70 158 4 8 4 174

7000 Series (C-Version Tight Pad Pitch)

Silicon gate, oxide isolated, 2.0 micron, double-layer metal
LL7080 880 90 60 2 4 2 68
LL7140 1443 90 78 2 4 2 86
LL7220 2224 85 98 2 4 2 106
LL7320 3192 85 112 4 8 4 128
LL7420 4242 85 134 4 8 4 150
LL7600 6072 80 170 4 8 4 186
LL7840 8370 80 206 4 8 4 222
LL71000 | 10013 70 216 4 8 4 232

*Maximum Array Usage Recommended
Table 3.1

LSI LOGIC Array Specifications
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Slot Count

To arrive at the slot count for your circuit, determine the
number of slots required for each macrocell and then total
the number of slots used for all macrocells. 1In most macro=-
cells the slot count is equal to the gate count shown for
each macrocell in Chapter 17 of this manual. However, there
are a few exceptions which are listed below:

(5000 and 7000 Series)

Macrocell Gate Slot
Name Count Count
IVDA 1 2
ive 1 2
ND2 1 2
NR2 1 2

The cells listed above have an additional space assigned to
them to insure routability. Since the cells are stacked in
diffusion columns, adequate room must be left for horizontal
crossing wires.

When you have added the total slots required for each macro-
cell in your design, divide them by the gate count in your
array size. This percentage is your array usage. Check
Table 3.1 to see that your array usage is below the maximum
percentage of array usage recommended for your array size.
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I/0 Pad Count

Next you must determine the total number of 1I/0 pads used.
Refer to the following two tables and total the pad count
for all input and output buffers. Note input buffers could
require 0 or 1 pads, while output buffers can require 1 to 4
pads.

Buffer Interface * Gate Count
Name TTL CMOS # Pads DT 3000 5000 7000
Series|Series|Series
IBUF X 1 0 1 (o] 0
IBUFI X 0 0 2 3 3
IBUFD X 1l (o} 2 0 0
IBUFU X 1 0 2 0 0
IBUFN X 1 0 - - 0
ICK1 X 2 1 - - 0
ICK2 X 3 2 - - 0
SCHMDT1 1 0 3 3 3
SCHMDT2 1 0 4 4 4
TLCHT X 1 0 0 0 (o}
TLCHTI b4 0 0 2 3 3
TLCHTN X 1l 0 - - 0
Table 3.2

LSI LOGIC Input Buffer Specifications

* DT is a measurement of the drive capability of the I/Os,

using Bl as a standard drive capability equal to 1.

CMOS Macrocell Manual




BUFFER
NAME

NO. OF PADS

W
=

5K 7K DT

EQUIV. GATE COUNT

3K

w»
b

7

K

REMARKS

Bl4
B18
Bl
B1OD
B2
B20D
0SsC2
B3
B30OD

25

.
(S

WWWN N )

WWFENNDMM

Unidirect
Standard
push/pull

BTS14
BTS18
BTS1
BTS2
BTS3
BTS6

w

o o

FWN WD WNN M
NWNFEFON T WWNONON -

w1 )

1rooundi

ot
I OO WNOND N

Uni-tristate

BTS7
BTS7D
BTS7LO
BTS70D
BTS7U0
BTS78
BTS8
BTS8U
BTS9
BTS9D
BTS9U

=

WWWN N M N WN WD WNN

»

[

WoOWMNFONN N0 Wwm WNOND N M

ot v
e
b

-
LI = 0oOUVN=b I N

Bi-=direct

BlI

rlwiwirnr e
HlWWWON
[ R AR RECE URT W Iy

[

[
N

N

Internal
Buffer

Table 3.3
LSI LOGIC Output Buffer Specifications

Chapter 3:

Array Sizes



3.4

Power Pads

After completing the I/0 pad count, total the BlI's and add
them to your total pad count. Finally, you must determine
the number of power pads required and add this number to
your previous total to find your total pad requirement for
your circuit. This number must not exceed the "MAX. PADS"
column in Table 3.1.

The number of power pads is determined primarily by the
number and type of output buffers you used in your circuit.
The output buffers' "slew rate," or the time it takes for a
signal to switch from logical O to logical 1, or vice versa,
causes a current spike (known as "abrupt transient
current"). The output buffer devices in the 3-micron 5000
Series and the 2-micron 7000 Series have the same high slew
rates, switching high capacitance loads (50pfd) in a few
nanoseconds. This slew interacts with parasitic package
inductance to cause current "noise." Several grounds and
VDD supply pads are required to minimize the noise.

Power pads are defined as:

VSS - Ground pads for I/0 buffers on the perimeter of
the circuit.

VSS2 - Ground pads for internal cells of the circuit.
(Protect internal macrocells from current spikes
generated by the output buffers; this is not
required in the 3000 Series).

VDD - Positive power pads (nominal voltage 5V).

Your particular array size (footprint) can be found on the
following pages with its preassigned power pads indicated on
each footprint. You must use the following information to
see which VSS, VvSS2, and VDD pads need to be added to the
ones required originally. These additional VSS, VSS2, and
VDD pads are added to the number of preassigned VSS, VSS2,
and VDD pads and the sum comprises your total power pad
requirements.
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Equations for determining additional power pads are:

3000 Series

VSS = DT/16 - x
Vss2 Not Applicable
VDD = DT/16 - z

5000 Series

VSS = DT/16 - x
VSS2 = C - Y
VDD = DT/16 - z
7000 Series
VSsS = DT/16 - x
VSS2 = All Preassigned VSS2
VDD = DT/32 - 2z

where:

C = the minimum number of VSS2 pads required for the 5000
Series as indicated below. The 3000 Series does not require
any VSS2 pads.

Array Minimum No.
Size of VSS2 Pads
LL5080 1
LL5140 2
LL5220 2
LL5320 3
LL5420 3
LL5600 4

16 is the maximum number of Bl (or equivalent) buffers that
can be placed around VSS pads (8 on each side)
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number of preassigned VSS pads

y number of preassigned VSS2 pads

2 number of preassigned VDD pads

Note 1: Round all results to the next higher integer

Note 2: 1In the 3000 and 5000 Series, you should use the
preassigned VSS, VSS2 (not in 3000 Series), and VDD pads
first, whenever possible. If you need to, you can use any
of the other pads as a VSS, VSS2 (not in 3000 Series), or
VDD. Preassigned VSS, VSS2, and VDD pads cannot be used as
a signal pad in the 3000 and 5000 Series.

Note 3: 7000 Series power pads are separated into primary
and secondary pads. The primary pads are grouped together
in sets of 2 or 4 at the midpoint on each of the four sides.
The secondary pads are located individually near the four
corners of the chip. All primary pads must be used first.
If additional pads are required, then the secondary pads may
be used. All secondary pads not used for power may be used
for circuit I/O signals.
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3000 Series Footprints
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7000 Series High Density Pad Pitch Footprints
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Chapter 4: Optimization

Optimize Your Design
In optimizing your design, you can improve speed, reduce
gate count, and reduce I/0 pin count. These improvements
are covered in more detail in the LSI LOGIC LDS Design
Manual.
Improve Speed

e When FO is low, use AO (And Or Invert) elements

e Place signals efficiently in multilevel gating struc-
tures

e Minimize gate inputs

e Minimize NOR gates

e Use shift counters

® Use independent outputs of flip-flops and latches
e Duplicate logic

e Use carry generate/carry propagate

e Use fast adder techniques

e Avoid high drive buffers with low fanouts

e Design high input AND gates efficiently

® Use on-chip buffers with high fanout

Reduce Gate Count

The size of a circuit is a function of its gate count and
the number of its interconnections (nodes). Use the follow-
ing techniques to reduce required chip area and thus the
gate count and size of your array.

® Make maximum use of large macrocells with many internal
interconnections.

e Use shift counters.
® Use ripple counters, propagation delay permitting.
e Minimize the number of signal nodes by routing only one

polarity of signal between modules.
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® When you need an input multiplexer for a flip-flop or
latch, use a scan test flip-flop or latch.

e Minimize the use of inverters by careful logic design
and the use of DeMorgan's theorem.

Reduce I/O Pin Count

An array's cost is influenced by its package. Often, it is
cost-effective to add logic to reduce pins, and thus reduce
package size. Reducing the number of outputs may also
reduce the number of power pins.

You may use several techniques to reduce I/O pin count:

® Bit Slicing - Partitioning a system by bits rather than
by function will nearly always reduce its pin count.
It will also reduce the number of unique part types.

e Serial Transfer - When propagation delay permits,
transmit data in series rather than in parallel.

e Illegal Input Codes for Test - Initialize test nodes by
forcing array inputs to respond to input patterns which
do not occur in the circuit's normal operating mode.

® Multiplex Test Points - Bring test points off-chip
without using an extra pin by multiplexing the normal
outputs with a test pin control.

® Single Rail Transfer - Transfer only one polarity of
signal between arrays; invert the signal locally on the
receiver array.

® Decode Locally - Use a separate signal decoding network
on each array.

e Use Local Counters - Rather than transferring counter
data between several arrays, duplicate counters in each
array and synchronize the counters.

® Use Signal Bussing - Use one line to carry information
from a variety of sources. Use local storage to hold
signal values.

® Use External MSI - When you require a large number of

parallel outputs, use external MSI registers to save
array pins.
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Chapter 5: Packages

5.1 Selection Process
Selecting a package requires the following steps:
e Decide the package type you want, using the LSI LOGIC
"Logic Array Packaging Application Note A33." (Ask
your LSI LOGIC application engineer for a copy of this
note.)

® Use the charts in this Section 5.3 to determine package
size.

e Use the LSI LOGIC Corporation "Logic Array Package
Selector Guide" to select a specific package.

5.2 Determine the Package Type

You may choose from a variety of plastic and ceramic packag-
es for your device, including:

Package LSI LOGIC Package LSI LOGIC
Type Package Code Type Package Code
Plastic Dual-in-Line Packages Ceramic Chip Carriers
20-pin leadless ceramic chip carrier AG
16-pin plastic dual-in-line package LE 28-pin leadless ceramic chip carrier AE
22-pin plastic dual-in-line package LH 52-pin leadless ceramic chip carrier AJ
24-pin plastic dual-in-line package LA 68-pin leadless ceramic chip carrier
28-pin plastic dual-in-line package LB (ECL type A) AA
40-pin plastic dual-in-line package LC 68-pin leadless ceramic chip carrier
48-pin plastic dual-in-line package LJ (MOS type A) AB
68-pin leadless ceramic chip carrier
(MOS type B) AK
Ceramic Dual-in-Line Packages 84-pin leadless ceramic chip carrier
(MOS type A) AL
16-pin ceramic dual-in-line package GE 84-pin leadless ceramic chip carrier
22-pin ceramic dual-in-line package GH (MOS type B) AM
24-pin ceramic dual-in-line package GA 84-pin leadless ceramic chip carrier
28-pin ceramic dual-in-line package GB (MOS type C) AD
40-pin ceramic dual-in-line package GC
48-pin ceramic dual-in-line package GJ Ceramic Pin-grid Arrays
64-pin ceramic dual-in-line package GD 64-pin ceramic pin-grid array FA
68-pin ceramic pin-grid array FB
. i 3 84-pin ceramic pin-grid array FC
Plastic Chip Carriers 100-pin ceramic pin-grid array FG
120-pin ceramic pin-grid array FD
68-pin plastic chip carrier (J-bend leads)| MC 144-pin ceramic pin-grid array FE
84-pin plastic chip carrier (J-bend leads)| MD 180-pin ceramic pin-grid array FF

Table 5.1
LSI LOGIC Package Types

Chapter 5:
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Determine Package Size

Use Tables 5.2, 5.3, and 5.4 to determine how large a
package you need for the array size you have chosen.

The tables are arranged for each series by device and
package type, showing the minimum number of package pins
required to implement each device. (Pin counts are in
proportion to package cavity size: in general, the larger
the pin count, the larger the cavity size.) Using the
tables, determine the minimum number of pins required to
accomodate your design.

Read the tables in this way:

e The DEVICE column lists the LSI LOGIC part number of
each device.

e The CERAMIC DIP, PLASTIC DIP, CERAMIC CHIP CARRIERS,
PIN GRID ARRAYS, and PLASTIC CHIP CARRIERS columns
refer to package types that are offered by LSI LOGIC.
They are to be read in the following way. Suppose you
have chosen Device LL3020. Suppose also that you have
chosen to use a ceramic dip package. The number 16
signifies the smallest package (16 pin) that will
accommodate your design. The plus sign signifies that
the device can fit into a package with more than 16
pins. The N/A means there is no package of that type
suitable for the array listed in the leftmost column on
the same line; no die is allowed to be placed in a
package with more leads than are needed to bond all
pads. The large lead count packages have large die pad
cavities; therefore, the wire bonds will be too long
for a small die.

CMOS Macrocell Manual



CERAMIC PIN PLASTIC
DEVICE CERAMIC PLASTIC CHIP GRID CHIP
DIP DIP CARRIER ARRAY CARRIER
LL3020 16+ 16+ 20+ N/A N/A
LL3030 16+ 16+ 20+ N/A N/A
LL3040 16+ 16+ 20+ N/A N/A
LL3060 22+ 22+ 20+ N/A N/A
LL3080 22+ 22+ 20+ N/A N/A
L3100 22+ 22+ 28+ 64+ 68+
LL3130 22+ 22+ 28+ 64+ 68+
LL3170 24+ 24+ 44+ 64+ 68+
LL3210 24+ 24+ 44+ 64+ 68+
(1)
LL3250 24+ 28+ 52+ 64+ 68+
Table 5.2

3000 series Minimum Package Pin Requirements

Chapter 5:
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CERAMIC PIN PLASTIC

DEVICE CERAMIC PLASTIC CHIP GRID CHIP

DIP DIP CARRIER ARRAY CARRIER
LL5080 22+ 22+ 28+ 64+ 68+
LL5140 22+ 22+ 44+ 64+ 68+
LL5220 24+ 28+ 44+ 64+ 68+

(1)
LL5320 40+ 28+ 68+ 64+ 68+
LL5420 64+ N/A 68+ 64+ 68+
LL5600" 64+ N/A 84+ 68+ 68+
Table 5.3

5000 Series Minimum Package Pin Requirements
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CERAMIC PIN PLASTIC
DEVICE CERAMIC PLASTIC CHIP GRID CHIP
DIP DIP CARRIER ARRAY CARRIER
LL7090 22+ 22+ 20+ 64+ N/A
LL7140 22+ 22+ 28+ 64+ 68+
LL7220 22+ 22+ 28+ 64+ 68+
LL7320 24+ 24+ 44+ 64+ 68+
(1)
LL7430 24+ 28+ 52f 64+ 68+
(1)
LL7600 40+ 28+ 68+ 64+ 68+
LL7840 64+ N/A 84+ 68+ 68+
LL71000 64+ N/A 84+ 68+ 68+
Table 5.4

7000 Series Minimum Package Pin Requirements

(1) The device may be placed into an etch frame at addi-
tional cost.
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5.5

Use the Selector Guide

Once you have decided on a package and have used the charts
to determine its size, refer to the LSI LOGIC Corporation
"Logic Array Package Selector Guide" for a choice of specif-
ic packages. This guide lists the physical dimensions of
each package.

7000 Series Packaging

If final production will make use of a plastic package, the
device must nevertheless be designed with the standard pad
pitch array footprint. Even though prototypes will be in a
ceramic package, there is no difficulty in taking a standard
pad patch and building it on a ceramic package. But, no
7000 Series array designed on a dense pad pitch footprint
can be put into a plastic package.

CMOS Macrocell Manual



Chapter 6: Bonding Diagram

Determine I/0O Assignment

After the array selection has been made, and the pinout and
I/0 established, a bonding diagram may be done. Obtain from
an LSI LOGIC applications engineer the right package cavity
outline and the correct die footprint. Exercise care in the
assignment of input and output signals: position outputs
near VSS pads and cluster them together, away from inputs.
Make sure that there are sufficient VSS pads to service
output switching current. Identify cell types and name I/O
signals. After the completion of the bonding diagram,
present it to an LSI LOGIC applications engineer for appro-
val.

A completed bonding diagram signifies fixed pinout loca-
tions; while LSI LOGIC cannot guarantee layout according to
the established pinout, every effort will be made to accom-
modate the pinout specification. In general, this can be
accomplished.

Figure 6.1 shows a sample completed bonding diagram.

Chapter 6: Bonding Diagram 6-1




~ u oI M

[0 TR MY 00 TR s R g

(=l (e w) I [l I (W'

o

F~— ©
2

~ | §FA

[3— 2080y

Sy

th doocohoon

]oah ato

o P-4 @

1ic

a
«w 8
w =
S

CMOASSK

15 58 LS15220

O psFCLRz2T

- 46 C

| )

Figure 6.1
A Completed 5220 Bonding Diagram
(68-pin chip carrier)

CMOS Macrocell Manual

~Us

(S

_0BUSY
1BUSY

Voo



Chapter 7: Power Calculations

Junction Temperature

In calculating propagation delays it is necessary to use the
junction temperature (i.e., the temperature of the die
inside the package) in order to determine the temperature
multiplier: note that a rise in junction temperature
increases a circuit's propagation delay.

LSI LOGIC
CORPORATION
1601 McCarthy Boulevard, Milpitas, CA 95035

POWER CALCULATIONS FORM

Customer Information

Company Name:

Engineer’s Name:

Circuit Name:

Circuit Data

Array Series milliwatts/gate (P): P = .025 (3000 Series)

(check one) ____.020 (5000 Series)
____ .0I8 (7000 Series)

MHz

T
|

Operating Frequency (F)

(in megahertz)

Ambient Operating Temperature (T,)
(in degrees centigrade)

Number of Gates (G):

Number of Outputs (B):

Output Load Capacitance (C):

(in picofarads)

C

=
IS
|

Nwo
||

pF
Register Percentage (R): R =
(gate count of registers/total gates)

Internal Power Dissipation (P;,)
(in milliwatts)

PXxFxGx{[Rx01]+[0-Rx03]} =Py Pp=___ mW

External Power Dissipation (Pg,)
(in milliwatts)

025 mW X F x B X 20% X C = Py, Pex = mwW

Total Power Dissipation (Py,)
(in watts)

(P = Pey) x 001 = Py, Pop= — W

Junction Temperature (T;)
(in degrees centigrade)

(Pyoe X 8j5) + Ty = TJ = C

Figure 7.1
Power Calculations Form
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Power Calculations Form

The power calculation form shown in Figure 7.1 helps you to
calculate the junction temperature.

Step Completion

Follow these instructions to complete the power calculations

form:

Step 1: Complete the Circuit Data Section -- Complete each
part of the Circuit Data Section as follows:

Step 2:

Step 3:

Typical Power Dissipation (P) (millwatts/gate):
Put a checkmark in the blank corresponding to the
array series you have chosen.

Operating Frequency (F): Write the circuit's
operating frequency (in megahertz) in the blank.

Ambient Operating Temperature (Ta): Write the
circuit's ambient operating temperature (in
degrees centigrade) in the blank.

Number of Gates (G): Write the number of gates
required by the circuit in the blank.

Number of Outputs (B): Write the number of
outputs the circuit contains in the blank.

Output Load Capacitance (C): If you do not know
the actual wire lengths between your circuit and
interfacing chips on the printed circuit board,
you must estimate the output load capacitance by
using the input capacitance specifications for
the interfacing chips. Write your estimate (in
picofarads) in the blank.

Calculate the Register Percentage (R) =-- Count the

number of registers (flip-flops and latches) your
circuit contains, and calculate the number of gates
used by the registers. Divide the gate count of the
registers by the circuit's total gate count, and
write the result in the blank.

Calculate the Internal Power Dissipation (IP) --

Using the values you noted in the Circuit Data
Section, and the Register Percentage you calculated,
solve the equation shown, and write the result in
the blank.
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Step 4:

Step 5:

Step 6:

Calculate the External Power Dissipation (EP) --
Using the values you entered in the Circuit Data
Section, solve the equation shown; write the result
in the blank.

Calculate the Total Power Dissipation (TP) -- Add
the Internal Power Dissipation to the External Power
Dissipation and multiply the sum by .00l1. The
result is the circuit's Total Power Dissipation (in
watts). Write the result in the blank.

Calculate the Junction Temperature (Tj) -- Multiply
the Total Power Dissipation by the thermal impedence
(0ja) of the package you have chosen. (Typical
package thermal impedences are shown in Table 7.1.
When the thermal impedence is given as a range, use
the highest value in the range.) Add the result to
the Ambient Operating Temperature (Ta) you entered
in the Circuit Data Section. Write the sum in the
blank.

0 4c 0,44 STILL AIR 6 45 300 FT/MIN
PACKAGE TYPE (°C/WATT) (°C/WATT) (°C/WATT)
16 LEAD DIP— Ceramic 28 95
— Plastic 150
24 LEAD DIP— Ceramic 16 45 - 60 30-40
— Plastic 50 110 - 130
40 LEAD DIP— Ceramic 45 - 50 25-30
—Plastic 45 110 - 125
68 LEAD CHIP CARRIER 5 50 35
with heat sink 10 - 20
68 LEAD CARRIER
in socket 40 30
with heat sink/socket 25-30 10-25
PIN GRID (Cavity Up)
64-100 (10 x 10 grid) 30-35 20-23
Table 7.1

Typical Thermal Impedences
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Chapter 8: Design for Testability and Reliability

This chapter concentrates on ways to design testability and
reliability into a circuit. As you complete your design,
follow these recommendations for developing logic that lends
itself to system simulation, functional simulation, and
tester parametric simulation. Details of these techniques
can be found in the LSI LOGIC LDS Design Manual, Chapter 2.

e Recommended Techniques for Improving a Circuit's Testability

Know the characteristics of combinational logic
Add test lines to sequential logic

Use reset signals to reset registers
Break up long counters

Make buried states more accessible
and observable

Use Level-Sensitive Scan Design (LSSD)
to simplify test pattern creation

Use Transparent latches

Be sure redundant logic is testable
Use a test pin to drive all outputs
and I/0's to high impedance states

e Recommended Techniques for Improving a Circuit's Reliability

Avoid Ring Oscillators

Use redundant arrays featuring Monitor-Mode
Be aware of glitch circuits

Use potential glitch generators safely

Avoid Asynchronous Pulse Generators

Correct glitches by using non-overlapping signal
generators

Avoid gated clocks

Use Johnson counters or separate flip-flops
to decode terminal counts

Avoid race conditions

Avoid feedback paths between registers

Avoid floating nodes on internal tristate
buses or external bidirectional buses

Use output buffers with pull-up or pull-down
resistors for external bidirectional buffers
Limit fanout

Chapter 8: Design for Testability and Reliability 8-1






Chapter 9: Test Pattern Generation

Your device will be tested twice during the manufacturing
process: once before and once after the device is packaged.
During both testing sequences, the LSI LOGIC automatic
tester uses test patterns which you create during tester
functional and parametric simulations. The tester verifies
the correct operation of each circuit by clocking in your
test patterns, and then checking to see whether the output
patterns are identical to the ones predicted in simulations.

Final test patterns must conform to the test pattern stan-
dards.

The LSI LOGIC LDS Design Manual will detail preparations for
test pattern generation. (Additional information can be
found in LSI LOGIC Application Note A32A entitled "Testing
Logic Arrays.")

Chapter 9: Test Pattern Generation 9-1






Chapter 10:

Gate Macrocells

i CMOS technology is ideal for logic arrays since it allows
easy implementation of a variety of logic functions.

NANDS,

J NORs, AND=-OR Inverts, and Exclusive ORs are all easily

Table 10.1.

implemented in CMOS.
CMOS's flexibility makes for smaller,

Logic design which takes advantage of

faster circuits.

Available LSI LOGIC Macrocell gates are shown tabulated in

A design can be simplified by considering the
operation of the gate with both active level= high and

active level=-low inputs.

symbols for each physical implementation.

Table 10.1 provides two logic

Manipulation of

the alternate logic symbols and use of DeMorgan's theorem

can facilitate logic design and minimize gates. (1)

macro- | Equiv.(M Loaic ALTERNATE
CELL GATES SYmBOL SYMBOL FUNCTION REMARKS
NAND GATES EXHIBIT
ND2 ND2 1 A B z LOWER, MORE SYMMETRICAL
ALSO ND3 2 A A H H L DELAYS THAN NORS. THEY
AVAILABLE ND4 2 B z B:D— z H oL H PROVIDE THE ACTIVE
ND3, ND4, ND6 5 L H H LEVEL HIGH OR FUNCTION
ND6, ND8 ND8 6 LoL H FOR COMPLEMENTED
(ACTIVE LEVEL LOW) INPUTS.
NR2 NR2 1 A_B z NOR GATES PROVIDE
ALSO NR3 2 A A H H L THE ACTIVE LEVEL HIGH
AVAILABLE | NR4 2 :DD— z jD—z oL L AND FUNCTION FOR
NR3, NR4 NR6 5 B8 B - . COMPLEMENTED (ACTIVE
3 'y Vi L INPUTS.
NR6. NR8 NR8 6 Lo " LEVEL LOW) INPUTS
A B C D 4
A A H O H X X L AO1 PROVIDES BOTH
B B X X H X L AND & OR FUNCTIONS
AO1 2 c 2 X X X H L WITH A SINGLE
D g z X L L L n INVERSION.
L X L L H
A B C D z
A A H H X X L
B B X X H H L THE AO2 PROVIDES AND,
A02 2 z z L X L X H OR FUUNCTIONS WITH A
c c X L L X H SINGLE INVERSION.
o D L X X L H
X L X L H

(1) EQUIVALENT GATES FOR 3K/5K/7K SERIES, LC MAY BE DIFFERENT.

(1) Winkel and Prosser, The Art of Digital Design, Prentice

Hall,

1980
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MACRO-
CELL

equiv.\"
GATES

LOGIC
SYMBOL

ALTERNATE
LOGIC
SYMBOL

FUNCTION

REMARKS

EO1

EO1

o0 o>
N

THE EO1 PROVIDES
AN INVERTING DATA
SELECTOR WHEN

B AND C ARE
CONNECTED.

EON1

EON1

o0 o>
N

o0 w>»
N

ki

IXI XX ([(P|XrxrxI|>»

FEXXIX[OXXIIrXx|[O
XxrrIX[O[IIxxrx|o

X I X I Xr |@W|lrXxrxxI|w

rerrPIIIN(ITIIIICC N

THE EON1 PROVIDES
A NON-INVERTING
DATA SELECTOR
WHEN B AND C

ARE CONNECTED.

AO3

AO3

o0 wW>
N

o

o0 ®>»
N

X X XxXI|»

®x X r I X |
xr>xII|O
rxxITIT]|Oo

IXTIrr|N

THE AO3 PROVIDES
OR & AND FUNCTIONS
WITH A SINGLE
INVERSION.

AO4

o>

oo

o0 w>»
N

I I X Xr x |0

THE AO4 IS

IDEAL FOR THE
AND-OR FUNCTION
WHEN COMPLEMENTED
INPUTS, i.e., INPUTS IN
OPPOSITE STATES,

ARE AVAILABLE.

AO5

FEXIIX[O]XXIIrX|O

THE AO5 PROVIDES

THE MAJORITY
FUNCTION; WHEN ANY
TWO INPUTS ARE

HIGH, THE OUTPUT

IS LOW, AND VICE-VERSA.

EO

i
!

B

[s) o >
@ > ! E !
N

IrIrP|I{XrrerXxXII|P|XIXIXxXr|(>

o>

ITIrFrrF@rxrIXI|o|lIXIXxXxr|o

rIxrN|[TTTrrr|N|FFFFTIIN

THE EXCLUSIVE OR
FUNCTION ALSO WORKS
AS A GATED INVERTER,
WHEN B IS LOW, Z = A,
WHEN B IS HIGH,

z-A

EO3

%

IrIrIrIr-io

3-INPUT
EXCLUSIVE
OR

EN

I
!

> o>

B

THE EXCLUSIVE NOR
PROVIDES THE
COMPARE FUNCTION,
Z - H WHEN A = B.

EN3

%

owr

N

E Dy

IXIXICrCFrC|» | T -rICp| TXITIICCCC >

Irxrrxxrrjio | T XIC-rC o) TIICFCIICC (O

IrIrIrIrio

FIIrFICrCIN | I IIN] ICCFICIICN

3-INPUT
EXCLUSIVE
NOR

10-2

Table 10.1

Combinatorial Macrocells
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The remainder of this manual consists primarily of the
macrocell and macrofunction catalog, with some preliminary
information about gate macrocells, on-chip buffers,
flip-flops, latches, I/O buffers, and counters.

Refer to the table of contents for:
® alphanumeric listing of macrocells
e alphanumeric listing of macrofunctions
Refer to Appendix I, The Selector Guide for:
e functional listing of macrocells

e functional listing of macrofunctions

Note 1:

The delay values for macrocells in both the 5000 and 7000
Series arrays have been calculated based on statistical
wirelengths for a 2200 gate array. For macrocells in a 3000
Series array, calculations were based on an 1100 gate array.
For larger arrays, the delay values increase due to longer
wirelengths. For example, a 6000 gate array has approxi-
mately 10% slower performance for a macrocell with a fanout
of 3.

Note 2:

All macrofunctions using transmission gates will be replaced
by a MUX21LA.
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Chapter 11: Flip-Flops and Latches

11.1 Flip-Flop Characteristics

The following table lists all of LSI's flip-flops and their
major characteristics.

EQUIV.
MACRO- LOGIC GATE
CELL SYMBOL FUNCTION COUNT [TYPE REMARKS
D CP Q QN No async inputs
FD1 -1 9 ot o 1 5 D
—+4cp an 1t 1o
D TI TE CP Q QN No async inputs
o with scan test
FD1s | Lep O o x o t o1 8 D inputs
—In 1 x 0o T 10
—{TE QN|— x 0o 1t 7T 0 1
x 11 *T 10
D CPCD Q QN With clear direct
FD2 -1 9o o T 01 6 D
—bcP ON|— 1 T 10
cD X X 0 01
i
D TI TE CP CD Q QN With scan test
—1o inputs, clear
FD2S | e O 0o x 0o T o1 01 9 D direct
—n 1t x 0o Tt 10
—{TE__ ON|— x 01 T 1 01
ciP x 11 T 1 10
X X X X 0 0 1
1 Q QN With clear direct,
SD set direct
FD3 4o o} 1 7 D
)]
—pcP oN|- 1
c%:) o
1
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EQUIV.
MACRO- LOGIC GATE
CELL SYMBOL FUNCTION COUNT |[TYPE REMARKS
DTITECPCOSD | QN With scan test
inputs, clear
FD3S 0ox 0o ™ 11|01 10 D direct, set direct
' 1t x0T 11]10
X 0t T 11 0 1
x 11t 11 10
X X X X 0 1[0 1
X X X X 10|10
X X X X 00| 11
i With set direct
SD
FD4 —do o} 6 D
CP QN}—
DTITECPSD | QN With scan test
SD inputs, set
FD4S —o 7 o}~ 0o x 0o ™ 1 01 9 D direct
—fcP t x 0o o1 10
]I'E ank x 01 T o1 01
X 11t 1 10
X X X X 0 10
Without buffered
—p al— clocks
FD5 —ter ol 4 D
—3CPN
DTITECPCPN| QOQN Without buffered
-—D al— clocks, with
FD5S : g:N o x 0o T ¥ 0 1 7 D scan test inputs
1 ol 1 x 0 t ¥ 10
—TE x 0o 1 1t ¥ 0 1
X 11 1t ¥ 10
D CP CPN CD | Q QN Without buffered
-1 o clocks, with
FD6 —TCP on|- o T ¥ 1 01 5 D clear direct
—4CPN 1 T ¥ 1 10
%D X X X 0 01

11-2
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EQUIV.

MACRO- LOGIC GATE
CELL SYMBOL FUNCTION COUNT | TYPE REMARKS
D TI TE CP CPNCD | Q QN Without buffered
clocks, with
FD6S :>Dcp al— o x 0ot ¢ 1t ]|o 1 8 D scan test inputs
—4cpn 1t x 0 T ¥ 1 10 clear direct
—T on)- X 01 ¢ 1 0 1
TE cp x 11t 4 1|10
T X X x x x o bo 1
D CP CPN CD SD Q ON Without buffered
4 clocks, with
FD7 i Y so al- ot v ot 1 0 1 6 D clear direct,
—Lep T v 10 set direct
LN X X X 0 1 0 1
cDh X X X 10 10
T X X X 0 0 11
D TI TE CP CPN CD SD | Q ON Without buffered
clocks, with
FD7S o x 0o TV 11 |01 9 D scan test with
Tt x 0 T ¥ 11 10 clear direct ,
X 001 T ¥ 11 0 1 set direct
x 11 T o1 10
X X X X X 0 1 01
X X X X X 10 10
X X X X 00 11
) D CP CPN SD Q QN Without buffered
D so al- clocks, with
FD8 —tecp 5 D set direct
QN}—
—CPN
D TI TE CP CPN SD | Q QN Without buffered
clocks, with
FD8S 0o0x 0o Ty o1 0 1 8 D scan test inputs
1t x 0 Ty o1 10 set direct
X 01 Ty o1 0 1
X 11 Ty 10
X X X X X 0 10

Chapter 11:
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EQUIV.
MACRO- LOGIC GATE
CELL SYMBOL FUNCTION COUNT | TYPE REMARKS
FJK1 e 8 JK
—bcp
—k  oNj}-
J KTITECP | QON With scan
test inputs
FJK1S s 00 x 0™ [QON 10 JK
—cp O o1 x 0™ [0 1 k 11
% tox ot [10
—lte ONF 1 1 x 0o ™ {ov Q
X x 0o 1t 1t 0 1
X x 1 17T 10
J K CP CD Q QN With clear
direct
FJK2 —u al- 00 T 1 Q QN 9 JK
—cp ot T 1 01
A onl- 1t o o1 10
CD 11 1t QN Q
i X X X o0 01
J K TI TE CP CD I Q QN With scan
test inputs,
FJK2S p 00 x o ™ 1| Qown 11 JK clear direct
dcp 9 01 x 0 T 1]o0 1 3k 12
—_l'f| to x o T 1 10
] QN 11 x 0o T 1 |Qv Q
1=co xx 01 T 1 ]o 1
! xx 11t 10
XX X X X 0| 0 1
J K CP CD SD | Q QN With clear direct
: set direct
FJK3 SD 00 T 1 1 Q QN 10 JK
i S 01 t 11 0 1
—pcCP 10 T 11 10
—k _oN|- 11 o1t oN Q
c‘;: XX X 0 1 01
XX X 10 10
XX X 0 0 11
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EQUIV.

MACRO- LOGIC GATE
CELL SYMBOL FUNCTION COUNT |TYPH REMARKS
J K TI TE CP CD SD Q QN With scan test
--------------------- ---- inputs, clear
FJK3S 00 x 0 T 1 1 QON direct, set
0t x 0 T 1.1 01 12 JK direct
10 x 0 M o1t 1 of3k 11
1t x 0o 11 QN Q
xx 01 T 11 0 1
xx 11 T 11 10
XX X X X 0 1 0 1
XX X X X 0 10
XX X X X 0 0 11
CP CPN CD QN Without buffered
dep Q- | e clocks,with
FT2 QN T4y QN Q 5 T clear direct
—3CPN X X 0 0 1
cD
T
| CP CPN CD SD Q QN Without buffered
spb | | b clocks,with
FT3 e ak LR 20 S N I} 6 T clear direct,
QN X X 0 1 0 1 set direct
—PCPN X X 10 10
cD X X 0 0 11
T
i CP CPN SD Q QN Without buffered
SO | clocks,with
FT4 —cP Qr- Ty ON Q 5 T set direct
e X X 0 10
Table 11.1
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11.2 Types of Flip-Flops

11.3

11-6

All D flip-flops change outputs on the positive rising clock
edge,. ~Their asynchronous inputs are active level-low. Some
D flip-flops are available with all combinations of asynch-
ronous inputs, and with scan test input. Parts FD1 through
FD4 make useof a single phase clock. FD5 through FD8
require a dual-phase clock. Be sure to keep clock skew
between CP and CPN at a safe level. These latter flip-flops
(i.e., FD5 through FD8) have somewhat better set-up and
delay time specifications than other D-type flip-flops since
they do not have internal clock buffers.

All JK type flip-flops use a single-phase clock. They are
available with various combinations of asynchronous inputs
and scan-testability.

T flip-flops are available only with dual-phase clocks.
They are used almost exclusively for ripple counters, as
shown in Figure 11.1

D a D a D Qf—-—
INPUT —)> FD2 FT2 X FT2
QN b ON D QNf———

CD CD CD

| [ |

Figure 11.1
Ripple Binary Counter Using FT2 T Flip-Flops

Usage Limits

Heavy input loading on T flip-flops slows clocks down; this.
reduction in clock speed is called clock skew. Clock skew
may cause unreliable circuit operation. 1In all but scan
test flip-flops, the Q output (called the "independent
output") changes first. The QN output (called the "depen-
dent output") is driven by the Q output, and changes later.
The skew between Q and QN outputs increases when the depen-
dent output is heavily loaded. Minimize clock skew on
ripple counters by not heavily loading QN outputs.
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e Avoid Gated Clocks -- To remove gate delay as a clock skew
source, avoid gated clocks. 1In the single-layer 3000
Series, the amount of polysilicon in clock lines is kept
to a minimum during physical design to minimize skew. 1In
the double-layer arrays, such as the 5000 and 7000 Series,
you may eliminate clock skew altogether by using a large
buffer (such as a BlI) to drive all clock inputs simulta-
neously.

® Use Scan Test Flip-flops to Simplify Layout -- Scan test
flip-flops can be useful even if you aren't using scan
testing. Because they have built-in input multiplexers,
you can use them to store data from one of two sources.
Figure 11.2 shows a shift register with a synchronous
parallel load implemented with FD2S scan test flip-flops.
Although the gate count is the same as it would be if you
were using an external multiplexer, the number of nets and
macrocells is reduced, thereby simplifying layout.

Po P
INPUT D D L
3 FD2s N FD2s
T T |
TE TE
PARALLEL l_ (o) l_
LOAD _—
RESET -
CP -

Figure 11.2
Scan Test Flip-Flops Used to Simplify
Design of Shift Register with Parallel Load

11.4 Calculate Setup and Hold Times

A flip-flop's setup time is the minimum time the data pin
must be stable before the active edge of the clock pin
occurs. The hold time is the minimum time the data pin must
be stable after the active edge of the clock. Figure 11.3
illustrates this concept.
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|
|
CLOCK PIN |
|
|
|

DATA PIN

| Tsetup

Figure 11.3
Definition of Setup and Hold Times

internal
flip-flop
on the Q and

Both setup and hold times are a function of the
propagation delays of the master portion of the
only. As such, they are independent of loading
ON outputs.

To calculate setup and hold times you must analyze the
logical schematic representing the flip-flop. Figure 11.4
shows an FD1 flip-flop with each of its internal elements
labeled.

D QN
1 2
cp | | G3 L] G7
G1 T G6 B
G10
L S
G4 LG5 GO -a
G2 1L T | TGs
Master Slave

Figure 11.4
FD1 Macrocell

Assume initially that the clock pin is low. Therefore,
transmission gate G4 is enabled and G3 is disabled. Any
signal changes occurring on the data pin will affect the
outputs of G5 and G6. The result is a change in signal
state that is set up on input G3, as illustrated in Figure
11.5.
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Data Pin
changes State

S:_JTJWJT_
D J rrr——— — QN
""""""" S 3 1
cp R = Sale * L] CP is low
: , G3 is disabled
v LT P Re6 | T G4 is enabled
e i e
Gal G5
-— "

\ G4 is enabled. The signal

that is set up on the
input of G3 changes
because the data pin changes.

Figure 11.5
FD1 Flip-Flop with Clock Pin Low

When the clock pin goes high, G3 is enabled and G4 is
disabled. As a result, the signal set up on G3's input is
transmitted through G3 and G5 to the slave portion. Since
G4 is disabled, any data changes occurring on the data pin
are blocked out, as shown in Figure 11.6.

any changes on the
q data pin are blocked by G4

JLUue
D 1 ' QN
cp | CP.is high
G3 is enabled
G4 is disabled

A"

signal from G3 is
transmitted to the slave

Figure 11.6
FD1 Flip-Flop with Clock Pin High
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To meet setup-time requirements,

any
G5,
the
er,
ing

G3. Therefore,

the signal at G3's input
must be stable prior to the time that G3 is enabled. Since
changes occurring on the data pin must go through G4,

and G6 before reaching G3,
propagation delays through these latter 3 gates.
the clock signal must go through Gl and G2 before enabl-

the setup time for the FD1l flip-flop is

the setup time is the sum of
Howev=-

equal to the sum of the G4, G5, and G6 propagation delays

minus the sum of the Gl and G2 propagation delays.

equation is:

Tsetup = (TpdG4 + TpdG5 + TpdG6) - (TpdGl + TpdG2)

To meet hold=-time requirements,
state before G4 is disabled.
propagate through Gl and G2 before disabling G4,

The

the data pin must not change
Since the clock signal must
the hold

time is equal to the sum of the Gl and G2 propagation delay.

The equation is:

Thold = (TpdGl + TpdG2)

Table 11.2 shows the setup and hold times for the FD1l flip-
flop under various operating conditions.

Setup and Hold Times for the FD1l Flip-Flop

11-10
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Nominal |Worst-case|Worst-case|Worst-case
Condition|Commercial |Industrial] Military
Tsetup 2.5 4.4 4.6 5.5
Thold 2.5 4.4 4.6 5.5
Table 11.2



Table 11.3 shows the Setup and Hold Time (under nominal

conditions) for all of the flip=flop macrocells in the 3000,
i 5000, and 7000 Series.

Cell

3000 Series
Setup Hold

5000 Series
Setup Hold

7000 Series
Setup Hold

FDA
FD1
FD1sS
FD2
FD2S
FD2TS
FD3
FD3s
FD4
FD4S
FD5
FD5S
FD6
FD6S
FD7
FD7s
FD8
FD8S
FJKA
FJK1
FJK1S
FJK2
FJK2S
FJK3
FJK3S
FT2
FT3
FT4

2.6 2.8
6.7 1.7
2.7 2.5
6.7 1.7
2.8 2.6
6.7 1.7
2.7 2.7
6.7 1.7
4.6 (0]
10.7 *
5.2 0
10.7 *
5.2 0]
10.7 *
5.0 (¢}
10.7 *
7.4 0.7
10.7 *
8.4 0.7
10.7 *
8.2 0.7
10.7 *
5.4 o
5.4 0
5.4 (0]

3.0ns 2.0ns
2.5n8 2.5ns
9.1ns *
2.5ns 2.5ns
9.1lns *
2.5ns 2.5ns
2.5ns 2.5ns
9.1ns *
2.5ns 2.5ns
9.1ns
5.0ns
11l.1ns
5.0ns
11l.1ns
5.0ns
11l.1ns
5.0ns
1l.1lns
6.2ns
6.2ns
12.6ns
6.2ns
12.6ns
6.2ns
12.6ns
5.0ns
5.0ns
5.0ns

QOO % % % % % % % 20 %20 %20 %0 »

1.5ns 11l.0ns
1.5ns 1.0ns
4.4ns *

1.5ns 1.0ns
4.4ns *

1.5ns 1.0ns
1.5ns 1.0ns
4.4ns *

1.5ns 1.0ns
4.4ns
2.5ns
5.4ns
2.5ns
5.4ns
2.5ns
5.4ns
2.5ns
5.4ns
3.7ns
3.7ns
5.9ns
3.7ns
5.9ns
3.7ns
5.9ns
2.5ns
2.5ns
2.5ns

QOO % % % % % % % 20 20 %20 %0 »

* Note:

hold time may be negative.

Table 11.3

Setup and Hold Times for All Flip-Flops
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11.5 Clock Pulse Width

To ensure proper flip-flop operation, be sure that clock
signals meet minimum positive and negative clock pulse-width
conditions.

While the clock pin is low (see Figure 11.5) the signal from
the data pin propagates through G4, G5, G6, and is set up on
the input of G3. ' The clock signal must remain low during
this period so that the master can latch in the correct
data. The minimum negative pulse width is:

T(pw-) = (TpdG4 + TpdG5 + TpdG6)

Since the master drives no external loads, the minimum
negative pulse-width is independent of the loading on the Q
and ON outputs.

While the clock is high, data is transferred from master to
slave. The data signal propagates through G8, G9, and G1l0
and is set up on the input of G7, as illustrated in Figure

11.7.
D e - QN
{ Y
cp L s CP is high
h G7 is disabled

G10 G8 is enabled

| S —

(]
i

L

data is transferred from master to
slave and is set up on the input of G7

Figure 11.7
FD1 Minimum Positive Clock Pulse Width
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The minimum positive clock pulse width is:
T(pw+) = (TpdG8 + TpdG9 + TpdGlO)

The clock signal must remain high during this period, allow-

ing the slave to latch in the correct data.

Unlike the master,

the slave drives external 1loads,
drives the O output and G1l0 drives the ON output.
drives a high fanout 1line,

If O

i.e., G9

then the propagation delay of G9

increases, increasing the minimum positive clock
pulse-width., The same argument applies to G100 and the ON
output. Table 11.4 shows the minimum clock pulse-width for
the FD1 flip-flop with a fanout of zero.
NOM WCCOM WCIND WCMIL
Tpw+ Data=0 5 8.7 9.2 11.1
Data=1 5 8.7 9.2 11.1
Table 11.4

Minimum Clock Pulse_Width for the FD1l Flip-Flop

The minimum positive clock pulse-width is a function of
loading on the O and ON outputs. In most applications, you
must buffer both 0 and ON outputs with an IVA and/or an IVP
before they can drive a high fanout line, as indicated in
Figure 11.8.

VP

o al T

—JCP QN

#7\/\/\/\/

Figure 11.8
Buffer Q or ON Outputs
Before Driving a High Fanout Line
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Latches

Latches provide size- and speed-advantages over flip-flops.
Four D-type latches are available:

e LD1l, with active level-high control (gate) input
® LD2, with active level-low control (gate) input

e LD3, a gated D Latch with active level-high and
asynchronous clear.

® LD4, a gated D iatch with active level=low and
asynchronous clear.

LDl and LD2 require three gates: LD3 and LD4 require four
gates.

Two special purpose scan test latches, the LSl and the LS2,

are available for classic Level Scan Sensitive Design. You

may also use the LSI when you require a two-input multiplex-
er. Note that only one control (gate) input may be high at

a time.

Use the RAM1 macrocell to contigure dual port
register/memory requiring separate read and write address-
ing. RAM1 consists of a gated D latch coupled with a sepa-
rately addressable tristate output.
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Table 11.5 lists all of the latches and their

major charac-

teristics:
EQUIV.
LATCH LOGIC GATE
NAME SYMBOL FUNCTION COUNT [TYPE REMARKS
Active level high,
control gate input
LD1 T ° 3 D
—G QN
Active level low
control gate
LD2 —P Q 3 D input
—|GN QN
Active level high
with clear direct
LD3 -1 @ 4 D
—G QN
CD
T
Active level low
with clear direct
LD4 o o 4 D
—4GN QN
CcD
T

Chapter 11:

Table 11.5

Available Latches
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Chapter 12: On-Chip Buffers

For speed-sensitive paths, a maximum fanout of four standard
loads should be bused. For higher fanouts, on-chip buffers
will generally provide increased speed.

Figure 12.1 tabluates available on-chip buffers. The input
loading is shown in terms of standard loads; one standard
load is defined as one N and one P transistor, i.e., the
number comprising a simple inverter. Output Drive is also
shown in terms of a simple inverter; an output drive of 4
will have one fourth the output impedance of a simple
inverter. Note that buffers such as the BlI use an output
buffer internally; one I/0 pad is sacrificed. The BTS4 is
an internal tri-state buffer; if all buffers are off, the
node will float and partially turn on, i.e., enable, receiv-
ing elements, causing dc power supply current to flow. Each
internal bus must be driven by one and only one tristate
driver at all times.
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INPUT LOADING/OUTPUT DRIVE (1)

(2)

(1) Input Loading is one N-P pair,
simple inverter.
Output drive is defined in terms of a simple inverter.

(2) Equivalent gates for 5000 Series; others may differ.

(3) Requires output driver and pad

(4) Symmetric rise and fall propagation delay cells

12-2

Figure 12.1
On-Chip Buffers

DESIG- 3000 5000 7000 EQUIV.

TYPE NATION SERIES SERIES SERIES GATES REMARKS
Balanced IVA 1.5/1.5 1.5/1.5 1.5/1.5 1 One N, Two P
Inverter Transistors (4)
Power IVP 2/2 2/2 2/2 1 Two Parallel
Inverter Inverters
Power BlA - 3/3 3/3 2 Two N, Four P
Inverter Transistors (4)
Power B2A - 6/6 6/6 4 Four N, Eight P
Inverter Transistors (4)
Power B5I 3/3 3/3 3/3 2 Three Parallel
Inverter Inverters
Power B4I 4/4 4/4 4/4 2 Four Parallel
Inverter Inverters
Non-Invert- B2I 1/2 1/3 1/3 2 Inverted Output
ing Buffer Also Available
Non-Invert- B3I 2/2 2/2 2/2 2 Inverted Output
ing Buffer Also Available
Non-Invert- BlI 3/8 3/12 3/12 2(3) Bl Output Buffer
ing Buffer Used Internally
Non-Invert- BTS4 2/1 2/1 2/1 3 Tri-State Inter-
ing Buffer nal Bus Driver
Notes:

the same as that of a
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Chapter 13: 1Input Buffers

13.1 Input Buffer Components

Signals coming from off-chip go through an input buffer made
up of the following:

® an input protection circuit
e an optional voltage translator (TTL or Schmitt trigger)
® an input buffer to drive the signal on-chip

e an optional pull-up or pull-down resistor to increase
noise immunity

The input protection circuit consists of a series resistor
with diodes returned to VSS and VDD (Figure 13.1). The
series resistor introduces a small R-C (resistance-capaci-
tance) delay, typically of 1 ns.

Voo

1.2K

SERIES Vss

1.2K 1.2K

5000 7000
SERIES Vss SERIES Vss

Figure 13.1
Input Protection Circuits (typical resistances shown)
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Two voltage translators are available: a Schmitt trigger and
a TTL input translator. The Schmitt trigger typically
exhibits 1.5 volts of hysterisis. (Hysterisis prevents the
element from reacting to noise by the inclusion of two
thresholds.) Use the Schmitt trigger for noisy or slowly
changing inputs. The TTL input translator accepts standard
TTL worst-case inputs of 0.8 VIL MAX and 2.0 VIH MIN (2.25
VIH MIN for industrial and military temperature ranges).
Because TTL input translators decrease noise immunity and
add propagation delay, you may use external pull-up resi-
stors on TTL signals to eliminate the need for a translator.

If you do not use voltage translators, the circuit will
exhibit standard CMOS input specifications of 1.3V VIL MAX
and 3.5V VIH MIN.

You may specify pull-up or pull-down resistors to provide
noise immunity to an input. The resistors hold an input at
logic one or logic zero when the logic is in the steady
state. The resistors, whose typical values are 50K ohms in
the 3000 and 7000 Series, and one megohm on the 5000 Series,
are intended only to reduce noise. Do not use them to pull
a node up or down, except nodes that are in steady state.
Refer to individual data sheets for more information.

Characteristics

Table 13.1 details input buffer macrocells. Each input
buffer uses one pad location. For high fan-in applications,
put an internal buffer after the input buffer to minimize
delay.
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NO. INTERNAL
CELLS
NO. I/0 LOGIC
MACROCELL| CELLS |3K 5K 7K SYMBOL REMARKS
A Input pad with buffer
IBUF 1 1 0 0 EH>°'[>°-Z for CMOS input
A Input pad with pull
IBUFU 1 2 0 0 []§{>>>£>x»z up and buffer for
CMOS input
A Input pad with pull
IBUFD 1 2| of o DTDO-DO_Z down and buffer for
J CMOS input
Buffer for bidirect
IBUFI 0 2| 3| 3| a—>>-z [cmos input
A Inverting pad with
IBUFN 1 - - 0 []_4:>yz buffer for CMOS
input
A Inverting
ICK1 2 - - 0] [j—{>X~z clock driver
A Inverting
ICK2 3 - - 0 Ej_{>”—z clock driver
A Input pad with
SCHMDT1 1 3 3 3 I:}-—[>—z Schmitt trigger
ST1
A Input pad with
SCHMDT2 1 4 4 4 []—{Z>{>>~z inverting Schmitt
ST1  Ivp trigger

Chapter 13:

Input Buffers
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NO. INTERNAL
CELLS

NO. I/O LOGIC

MACROCELL| CELLS |[3K 5K 7K SYMBOL REMARKS

Input pad with buffer

A
TLCHT 1 0 0 0 DiDO_DO_Z for TTL input

Buffer for bidirect

TLCHTI 0 2| 3| 3| a{>>-z [rTL input
A Inverting input pad
TLCHN 1 - - 0 z with buffer for TTL
input

Table 13.1
Input Buffer Summary
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Chapter 14: Output Buffers

Output Buffer Characteristics

You may configure output buffers in standard, tristate, or
open drain form. (An open drain is an output that can
either float or go low, but can never go high.) You may
also configure output drive to match system requirements.
High drive buffers may use more than one pad, decreasing
available I/O pads, and increasing VDD/VSS requirements.
Table 14.1 tabulates available buffers, their worst case
sinking currents at 0.4 volts, the number of pads each
buffer uses, and the number of internal gates each buffer
uses. Internal gates are used to form a predriver; in
general, output buffers use both internal gates and one or
more pads.

Input/Output (bidirectional) buffers are also listed in

Table 14.1. By putting the buffer into the high impedance
state, you may use the depicted pin as an input.
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3000 Series 5000 Series 7000 Series
Current Load Current Load Current Load
Buffer | (ma) (ma) #I/O Gate (ma) (ma) #1/0 Gate (ma) (ma) #I/IO Gate
Name | I0L I0H Slots DT Count 1oL I0H Slots DT Count 0L IOH Slots DT Count
B14 Not Availabl 1 -1 1 .25 1 1 -1 1 25 1
KL Not Availabl 2 2 1 5 1 2 2 1 5 1
| B1 1.6 -1.6 1 1 1 4 -4 1 1 2 4 -4 1 1 2
D | B1OD 1.6 — 1 1 1 4 - 1 1 1 4 - 1 1 1
| |81 Internal Buffer 1 1 1 Internal Buffer 1 1 2 Internal Buffer 1 1 2
2 B2 3.2 -3.2 2 2 2 8 -8 2 2 4 8 -8 2 2 4
C B20D 3.2 - 2 2 2 8 - 2 2 2 8 - 2 2 2
T | 0sC2 Oscillator Cell 3 2 1 Oscillator Cell 3 2 0 Oscillator Cell 3 2 0
B3 48 -48 3 3 3 12 12 4 3 2 12 12 4 3 2
B30OD | 48 3 3 3 12 3 3 3 12 3 3 3
3 BTS14 ---Not Available--- 1 -1 1 .25 5 1 -1 1 .25 3
S BTS18 Not Availabl 2 -2 1 S 5 2 -2 1 5 3
T BTS1 1.6 -1.6 1 1 4 4 -4 1 1 7 4 -4 1 1 7
A | BTS2 3.2 -3.2 2 2 5 8 -8 2 2 8 8 -8 2 2 8
T | BTS3 48 -48 3 3 6 12 -12 3 3 1 12 1203 3 1
E | BTs6 Not Availabl 4 -4 2 1 7 4 8 2 1 7
BTS7 1.6 -1.6 1 1 4 4 -4 1 1 7 4 -4 1 1 7
B BTS7D Not Availabl 4 -4 1 1 7 4 -4 1 1 7
| BTS7LO Not Availabl 4 ——-- 1 1 4 4 - 1 1 4
D | BTS70D 1.6 - 1 1 4 4 - 1 1 1 4 --- 1 1 1
| | BTS7U | 1.6 16 1 1 4 4 -4 1 1 7 4 4 1 1 7
R | ats7s 2 2 1 5 s 2 2 1 5 3
c | BTs8 8 -8 2 2 8 8 -8 2 2 8
T | BTS8U | 3.2 3.2 2 2 5 8 -8 2 2 8 8 -8 2 2 8
BTS9 438 48 3 3 6 12 1203 3 " 12 1203 3 1
BTSID Not Available- 12 -12 3 3 1 12 -12 3 3 "
BTS9U | 48 -4.8 3 3 6 12 -12 3 3 " 12 -12 3 3 1
Note: 0L, IOH current ratings are for worst-case commercial conditions.

10L, I0H for worst-case military is 3.6ma for the 5K and 7K.

Table 14.1

Output Buffer Summary
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14.2

14.3

Propagation Delays

Consider propagation delay when choosing output buffers.
Output-buffer propagation delay is a function of buffer
type, capacitive load, and type of element being driven.
When driving CMOS chips, buffer delays are normally meas-
ured from their inception to the time at which the signal
achieves the CMOS threshold of 2.5 volts. When driving TTL
or CMOS with TTL input translators, the delays are normally
measured to the TTL threshold from their inception to the
time at which the signal achieve a CMOS threshold of 1.4
volts. The output buffer delays shown in the macrocell
models are measured to a 1.4 volt threshold.

Propagation delays are the sum of a fixed predriver delay
and a load-variable output-driver delay. High drive buff-
ers such as B2 and B3 have larger fixed delays, but lower
total delays into high capacitive loads. For example, in
the 5000 Series, a Bl (4.8 madc) has an average delay of
3.7 ns driving 15 pF, 12.1 ns when driving 100 pF. The
hefty B3 (14.4 madc) has an average propagation delay of
4.7 ns driving 15 pF, 7.65 ns driving 100 pF. Clearly, the
Bl is faster when driving light loads.

Buffer Drive

Use the lowest drive buffer that meets your specifications.
Buffer drive has an impact on the number of required power
pins. 1In general, you should select the lowest-drive buff-
er meeting your ac and dc drive specifications for each
output pin. This minimizes gates, pads, and power pins, as
well as system noise.
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Chapter 15: Counters

Considerations About Counters

Keep the following considerations in mind when you are
designing counters.

Synchronous Clear -- Use synchronous clear when you want
a counter to return to the initial state after detecting
a final state. This scheme can be used with counters of
fixed or variable modulos. Reference macrofunctions CB4C
and SR45 are examples of synchronous clear counters.

Synchronous Parallel Load -- Use synchronous parallel
load when you want a counter to enter a predefined state
after decoding the terminal state. Like synchronous
clear, this scheme can also be used in counters with
fixed or variable modulos. Synchronous load counters use
more gates than synchronous clear counters, and thus
operate more slowly. Reference macrofunction SR45 is an
example of a synchronous parallel load counter.

Expandable Counters -- Many counters are expandable to
increase the number of stages. Ripple carry between
stages may increase propagation delay. Reference macro-
functions CUD41, CB41l, and M160D are examples of expanda-
ble counters.

Shift Counters -- Shift counters are both fast and
compact. Reference macrofunctions CM8SR and C5LSR are
examples of shift counters.

Binary Counters -- Binary counters simplify arithmetic
manipulations on counter states. Reference macrofunc-
tions CM8B, CB4C, CB4F, CB41, and CUD4l1l are examples of
binary counters.

Ripple Binary Counters -- Ripple counters have the lowest
gate count per bit, but their asynchronous nature and
long ripple delay limit their use to special purpose
applications such as pre-scalers, where their limitations
are acceptable. Reference macrocell CM8BR is an example
of a ripple binary counter. A modulo number is equal to
the number of signals a storage element will receive
before it recycles; you can create ripple binary counters
in any modulo by using CMBR an an example and following
the four steps ennumerated below:

1. String n FT2 flip-flops together, where 2 EXP n >
desired modulo.
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2. NAND the 1's of the terminal count into an LD2 latched
with CP. Note: The NAND must be valid, and the LD2
set up before the next low~high transition of CP.

3. AND the LD2 (QON output) with CP.

4. NOR Step 3 with CD and use to clear all FT2
flip-flops.

e Synchronous Counters -- In synchronous counters, all
outputs switch on the same active edge of the clock.
They are faster than asynchronous counters. Reference
macrofunctions CM8B and CB4C are examples of synchronous
counters.

® Gray Counters -- Use gray counters when you want a single
bit change on each clo¢k pulse, or to accomodate high
clock rates. Gray counter decoded states do not generate
glitches. Reference macrofunction C3G is an example gray
counter.

e Johnson Counters -- Johnson counters are shift registers
with feedback; n flip-flops within a Johnson counter will
provide modulo 2n counts. They are fast because there
are no gates between flip-flops. Any state may be
decoded with a two-input NAND or NOR for glitch-free gate
output. Reference macrofunction CM8J is a Johnson
counter.

e Linear Feedback Counters -- Sometimes called pseudo-ran-
dom or polynomial counters, linear feedback counters are
shift registers with one or more exclusive OR feedbacks.
Linear feedback counters exhibit a modulo of 2"% for n
flip-flops, as opposed to binary counters, which exhibit
2h states.
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Linear feedback counters have a number of advantages.
They are fast, with only the delay of exclusive ORs
between flip-flops. They have the lowest gate count per
state of any synchronous counter. And they have the
following additional properties, which are sometimes
necessary or desirable:

® Count sequences satisfy many random number criteria.
® They may be used as pseudo random-number generators.

e They may be used to encrypt and decrypt transmission
data.

e They may be used to generate check sums or CRC charac-
ters.

e They have strong auto-corrolation properties.

The disadvantages of linear-feedback counters are their
unfamiliarity relative to other counters, and the diffi-
culty of decoding their random count sequences. Linear
feedback shift counters are advantageous for use as high
modulo counters where only a few states must be decoded.

C5LSR, a 5-bit modulo 31 linear feedback counter, and its
state table are shown in Figure 15.1.
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Qyn Qg Q¢ Qp Q¢

Qg E0 L1 1
-

5-BIT SHIFT REG.

Qp—o ND2

Qp

ac ND4

G — cLOCK
RESET

oLD NEW
Qp Qp Q¢ Qp Qg  STATE  STATE
0 0 0 0 O 0 )
1 0 0 0 0 1 1
1 1 0 0 0 2 2
01 1 0 0 3 3
—0 0 1 1 o0 a
THESE 1 0 0 1 1 5  STATES TO
STATES o 1 0 o0 1 6 BE DELETED—
DIFFER IN 1 0 1 0 0 7  BECOME DON'T
THEIRFIRST 1 1 0 1 0 8  CARE
BIT ONLY 0o 1 1 0 1 9
— 1 0 1 1 0 10 4
11 0 1 1 1 5
1 1 1 0 1 12 6
11 1 1 0 13 7
o1 1 1 1 14 8
10 1 1 1 15 9
o 1 0 1 1 16 10
1 0 1 0 1 17 11
01 0 1 o0 18 12
o 0 1 0 1 19 13
o 0 0 1 o0 20 14
1 0 0 0 1 21 15
o 1 0 0 0 22 16
0 0 1 0 O 23 17
1 0 0 1 0 24 18
11 0 0 1 25 19
11 1 0 0 26 20
o1 1 1 o0 27 21
0o 0 1 1 1 28 22
o 0 0 1 1 29 23
0 0 0 0 1 30 24
6 0 0 0 O 0 ()}

Figure 15.1
C5LSR Modulo 31 Linear Feedback
Shift Counter Generic Macrofunction

15.2 Truncation

You can "truncate" a Linear Feedback shift counter to any
required modulo with a few extra gates. For example, suppose
a modulo 25 counter is required. The count sequence of the
base modulo 31 counter shows that 6 counts can be truncated
by forcing QA to a one when the state QA QB QC QD QF is
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attained, thereby bypassing six states, as shown in Figure
15.2. This would normally require a five-input gate, but the
state QA QB QC QD QE has been bypassed, and is now in a
"don't-care" state. QE can be deleted, and the gate becomes
an ND4. You can obtain any modulo through sequence trunca-
tion by modifying only the first bit of a count state.
However, the extra gate introduces a speed penalty.

Qa Qg Q¢ Qp Q¢

S I pa—
Qg 5-BIT SHIFT REG.

EN

CLOCK
RESET

Qp Qp Q¢ Qp Qe  STATE
0o 0 O 0

CONOGHWN =

O M B 00000 A0 A0 ANt dOdadO—400~4~00000
-
o

000004 u dOOHMOOO—AO=SO—Eadadad0440-S00=4=40
COO0O -4 d OO - OO0 =-OLdOmdudadadO=uDO0~-00-<40
00O A d b OO SO0 -NOmNO=-—AadadO=4<40~-00-4<400
0O A Ad M ODO 2000 L0 =="uSa0-4-40-+00~-2000

Figure 15.2
Modulo 31 Linear Feedback Shift
Counter Truncated to Modulo 25

| Chapter 15: Counters 15-5



15-6

A manual technique for truncation is:

® Simulate the untruncated Linear Feedback shift counter
and print the states in a column.

® Cut a piece of paper to a length corresponding to the
number of states to be deleted minus 1 in the simulation
print-out column.

e Move the paper up and down, looking for two states which
differ by only the first bit.

® Detect the state prior to the state to be modified, and
force the first bit to the appropriate opposite state.
The bypassed states become don't-cares; they may simpli-
fy the state detection gate.

Both Johnson and Linear Feedback counters have lock-up states
from which they will not exit. This is normally not a
problem, since all counters must be initialized for testing.
Use the chip-initialization capability to power-on reset each
time power is brought up, so that the counter is initialized
with no danger of entering a lock-up state. If power is
brought up without initializing to a known state, you must
force the counters out of lock-up states.

The lock-up state of a Linear Feedback shift counter is the

all-ones state. You can protect against lock-up by detecting
the all-ones state and forcing a flip-flop input low.
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Chapter 16: Adders

ADDER Network Examples

Several carry look-ahead ADDERS have been assembled as
macrofunctions for the convenience of designers. CLAl and
CLA2 are 4-bit ADDERS with and without least significant
nibble (1/2 a byte), while FA4 is a 4-bit binary full ADDER.
Figures 16.1 and 16.2 below show how 4-bit fast ADDERS can
be constructed using the FA4 macrofunction.

cl—————a1c0 sO0p— sO
a0 al—><»{a s1 j—s1
b0 bl——mp<aih co

c0 SO p—s2
a2 a3 —»‘)2 a s1p—s3

b2 b3 ———pta=ib CO 3 cO
2 fa2

Figure 16.1
Using two FA2 Macrofunctions
to Form a 4-Bit Fast ADDER
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]
c0 c0
a0 a0
b0 bo $0 f————a= s0
at al
b1 b1 s1 }———a 51
a2 a2
b2 b2 fad $2 [ 52
a3 a3
b3 — b3 $3 = 53
g0
2 v
= oo
1\
ND2 o ND2
p3 ND2
ND2
1

Figure 16.2
Using the FA4 Macrofunction
to Form a 4-Bit Fast ADDER

As shown above in Figure 16.1, if the ADDER is constructed
using two FA2 macrofunctions, the number of gates used will
be 40. The longest delay path will be up to 29 ns (nominal
5000 Series). If the FA4 macrofunction is used, the longest
delay path is reduced to 21 ns, but it will occupy 51 gates.

Figure 16.3 shows the simulation results for both networks.

The input and output signals are displayed (until stable)
for 8 input patterns using an arbitrary 100 ns clock cycle.
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DELAY VALUE GENERATED DELAY VALUE GENERATED

FROM TWO FA2 TO BUILD FROM FA4 TO BUILD A
A 4 BIT ADDER 4 BIT ADDER
(COeeeeee oo eeeeeeee e
CABABABAB SSSSC CABABABAB SSSSC
000112233 01234 000112233 01234
)))1)))1)) ))))) ))))))))) 1))
INPUTS OUTPUTS INPUTS QUTPUTS
TIME TIME
0 000000000 XXXXX 0 000000000 XXXXX
1st 5 000000000 0XXXO0 5 000000000 OXXXX
PATTERN 9 000000000 0X0XO0 1st 7 000000000 0XXXO
14 000000000 00000 PATTERN 11 000000000 00XXO
14 000000000 000X0
100 111111111 00000 23 000000000 00000
103 111111111 10000
2nd 108 111111111 11010 100 111111111 00000
109 111111111 11011 103 111111111 10000
117 111111111 11111 2nd 104 111111111 10001
113 111111111 11101
200 000000000 11111 114 111111111 11111
202 000000000 01111
3rd 205 000000000 01110 200 000000000 11111
209 000000000 01010 202 000000000 01111
214 000000000 00000 204 000000000 01110
. 3rd 211 000000000 00110
300 101010101 00000 214 000000000 00010
303 101010101 10000 219 000000000 00000
306 101010101 00000
4th 307 101010101 00110 300 101010101 00000
319 101010101 00010 303 101010101 10000
324 101010101 00000 306 101010101 00000
329 101010101 00001 4th 307 101010101 00110
308 101010101 01110
400 000000000 00001 311 101010101 00110
403 000000000 10001 316 101010101 00010
405 000000000 00000 319 101010101 00000
5th 406 000000000 01110 321 101010101 00001
409 000000000 01010
414 000000000 00000 400 000000000 00001
5th 403 000000000 10001
6th 500 001010101 00000 405 000000000 00001
507 001010101 11110 406 000000000 0XX11
407 000000000 00010
7th 600 000000000 11110 408 000000000 00000
605 000000000 00000
500 001010101 00000
700 110101010 00000 6th 507 001010101 10110
703 110101010 10000 508 001010101 11110
706 110101010 00000
8th 707 110101010 00110 7th 600 000000000 11110
719 110101010 00010 605 000000000 00000
724 110101010 00000
729 110101010 00001 700 110101010 00000
8th 703 110101010 10000
800 111001100 00001 706 110101010 00000
9th 805 111001100 00000 707 110101010 00110

806 111001100 11110
Figure 16.3

Comparison of Delay Results Between
the FA2 and FA4 to Form a 4-Bit ADDER
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An 8-bit fast ADDER can be constructed using CLAl and FA4 as
shown below in Figure 16.4.

—

cl - c0 s0 s0
a0-a3 g a sl p—— s1
b0-b3 % b fad §2 p———> s2
$3 f——> s3
go gt
> c0 90 gt
a cla1
b c4 —I
c0
a4 - a0
b4 b0 s0 p———— s0
a5 - al
b5 b1 s1 fb——ns s1
ab a2
b6 b2 tad $2 f———— s2
a7 a3
b7 b3 $3 }——> s3
el
__J ND2 g0
ND2 gt
c4
3 ND2
Lad ND2
ND2

Figure 16.4
Using the CLAl and FA4 Macrofunctions
to Form an 8-Bit Fast ADDER
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This configuration uses 117 gates and the longest delay path
is up to 24 ns (nominal 5000 Series) as shown below in
Figure 16.5.

THE LONGEST DELAY PATH IS UP TO 24NS
AT NOMINAL SIMULATION

0 00000000000000000 XXXXXXXXX
5 00000000000000000 OXXXXXXXX
7 00000000000000000 0XXXXXXXO0
11 00000000000000000 0XXXX0XX0
Ist 12 00000000000000000 00XXX0XXO0
PATTERN 15 00000000000000000 000XX00X0
17 00000000000000000 000X000X0
22 00000000000000000 0000000X0
23 00000000000000000 000000000

1000 11111111111111111 000000000
1003 11111111111111111 100000000
2nd 1004 11111111111111111 100000001
1013 11111111111111111 100101101
1014 11111111111111111 111101111
1017 11111111111111111 111111111
2000 10000000011111111 111111111
2004 10000000011111111 111111110
2006 10000000011111111 010001000
3rd 2007 10000000011111111 000000000
2008 10000000011111111 000000001
2015 10000000011111111 000000X01
2016 10000000011111111 000000001

3000 00000000000000000 000000001
3003 00000000000000000 100000001
3005 00000000000000000 000000001
3006 00000000000000000-0XXX11111
4th 3007 00000000000000000 000011110
3010 00000000000000000 000010110
3015 00000000000000000 000010010
3016 00000000000000000 000000010
3017 00000000000000000 000000000

4000 11111111100000000 000000000
4003 11111111100000000 100000000
4006 11111111100000000 000000000
4007 11111111100000000 001110110
Sth 4008 11111111100000000 011111110
4011 11111111100000000 001111110
4016 11111111100000000 000101110
4018 11111111100000000 000001110
4021 11111111100000000 000000010
4022 11111111100000000 000000000
4024 11111111100000000 000000001

5000 00000000000000000 000000001
5003 00000000000000000 100000001
5005 00000000000000000 000000001
6th 5006 00000000000000000 0XXX11111
5007 00000000000000000 000011110
5010 00000000000000000 000010110
5015 00000000000000000 000010010
5016 00000000000000000 000000010

Figure 16.5
Delay Results Using the CLAl and FA4
Macrofunctions to Form an 8-Bit Fast ADDER
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A similar network for a 16-bit ADDER has been coded as a
FAl6 macrofunction, as shown below in Figure 16.6. CLAl is

used for the lowest four bits only and CLA4 is used for the
higher bits and faster propagation.

16 BIT FAST ADDER

LOGIC DIAGRAN

AND

NETWORK SCHEMATIC
SAME LOGIC

AS
THE ABOVE

FA16 EXAMPLE
2450151+52553+54+55+56+57,58,59,510,511,512,513,514,

S15,C16)=FA1G6(CO,AD+BDO,Al B1,A2,B2+A3,B3,A4,B4/,A5,BS,
A6+B6+A7,B7,AB,B8+A9,B3,A10,B10,A11,BL11,A12,B12,
A13,B13,A14,B14,A15,BI5)S

GATES USED = 248 Lst conp 09/02/83

Figure 16.6
Using the FAl16 Macrofunction
to Form a 16-Bit Fast ADDER
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It uses 248 gates and the longest delay path is 34 ns
(nominal 5000 Series), as shown below in Figure 16.7.

COCOCCCCOOCOOCOOOCCOOCOOreeeeeee ceeeeeeeeeeeee
CABABABABABABABABABABABABABABABAB SSSSSSSSSSSSSSSSC
000112233445566778899111111111111 01234567891111111
1)113)))))1))))))))))001122334455 ))))))))))0123456

NNNNNN MM
INPUTS OUTPUTS

0 000000000000000000000000000000000 XXXXXXXXXXXXXXXXX
5 000000000000000000000000000000000 OXXXXXXXXXXXXXXXX
7 000000000000000000000000000000000 OXXXXXXXXXXXXXXX0
11 000000000000000000000000000000000 OXXXXXXXXXXXX0XX0
Ist 12 000000000000000000000000000000000 00XXXOXXXOXXX0XX0
PATTERN 15 000000000000000000000000000000000 000XX00XX00XX00X0
18 0000000000000000000000000600000000 000XX00XX00X000X0
22 000000000000000000000000000000000 00000000%X000000X0
23 000000000000000000000000000000000 00000000000000000

100 010101010101010101010101010101010 00000000000000000
2nd 107 010101010101010101010101010101010 10111011101110110
108 010101010101010101010101010101010 11111111111111110

200 000000000000000000000000000000000 11111111111111110
3rd 205 000000000000000000000000000000000 00000000000000000

300 101010101010101010101010101010101 00000000000000000
303 101010101010101010101010101010101 10000000000000000
306 101010101010101010101010101010101 00600000000000000
307 101010101010101010101010101010101 00111011101110110
308 101010101010101010101010101010101 01111111111111110
311 101010101010101010101010101010101 00111111111111110
316 101010101010101010101010101010101 00011111111111110
4th 318 101010101010101010101010101010101 00001111111111110
319 101010101010101010101010101010101 00000111111111110
324 101010101010101010101010101010101 00000000011111110
326 101010101010101010101010101010101 00000000011101110
329 101010101010101010101010101010101 00000000000001110
331 101010101010101010101010101010101 00000000000000010
332 101010101010101010101010101010101 00000000000000000
334 101010101010101010101010101010101 00000000000000001

400 000000000000000000000000000000000 00000000000000001
403 000000000000000000000000000000000 1000000000600060001
405 000000000000000000000000000000000 00000000000000001
406 000000000000000000000000000000000 0XXX1111111111111
5th 407 000000000000000000000000000000000 00001111111111110
410 000000000000000000000000000000000 00001011101110110
415 000000000000000000000000000000000 00001001100110010
416 000000000000000000000000000000000 00001000100000010
417 000000000000000000000000600000000 00001000100000000
421 000000000000000000000000000000000 00000000000000000

500 111111111111111111111111111111111 00000000000000000

503 111111111111111111111111111111111 10000000000000000

504 111111111111111111111111111111111 10000000000000001

6th 5§13 111111111111111111111111111111111 10010001000101101

514 111111111111111111111111111111111 11110111011101111

' 517 111111111111111111111111111111111 11110111011111111

i 520 1111111111111111121111111121111111 11111111111111111
i

: 600 000000000000000000000000000000000 11111111111111111

7th 602 000000000000000000000000000000000 01111111111111111

|
! 604 000000000000000000000000000000000 01111111111111110
| 611 000000000000000000000000000000000 01111111111110110

Figure 16.7
Delay Results Using the FAl6 Macrofunction
to Form a 16-Bit Fast ADDER
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Chapter 17: Macrocell Catalog

This page explains how to read the macrocell model catalog
and annotates the AOl macrocell model in Figure 17.1.

1. The macrocell's name appears in the upper-left and
upper-right corners.

2. The macrocell's function is provided on the same line as
the macrocell's name.

3. The macrocell's logic diagram is shown.
4. The electrical schematic is also shown.

5. A truth table is provided. Not all macrocells will have
truth tables.

6. A table of typical propagation delays for various fanouts
(or load capacity in buffer outputs) is provided, so that
you can estimate the critical path delays. The delay
values provided are based on nominal conditions. You may
extrapolate larger fanouts and/or capacitances from these
values.

7. The number of equivalent gates required to implement the
macrocell is given.

8. Input loading is shown for every input pin to the macro-
cell. The order of the values follows that in the
coding syntax equation shown in item 9. The input load-
ing factor of higher capacitance inputs is greater than
one. You should take such extra capacitance into
account when you calculate propagation delays.

9. The coding syntax in TDL format is shown. This partic-
ular syntax is used by the LDS System logic simulator,
not by the workstation simulator.

10. Rise and fall delays fixed in the workstation Software
Data Book are shown. The values are worst-case commer-
cial (70 degrees C, 4.5 V, 40% process.) The LSI LOGIC
Design Verifier on the mainframe or workstation will
calculate more precise delays based on fanout, operating
conditions, and manufacturing process variations.
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17=2

~
Ro1 @ 2AND INTO 3NOR @ AO1

e LOGIC DIAGRAM ° ELECTRICAL SCHEMATIC

‘ % z D 4
; 4
e’rwmwN ﬁP 4d 2
LA ‘*E

Ia)

B A

A B C D 2
HoOH X x L
X X H x 1 - B —’
X X X o H L
X L L L H
L x L U H

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1]|F0=2|F0=3}F0 =4|F0 = 8|GATES
3000 TPLH 13.4ns| 16.6 19.8 231 36.2 2
Series TPHL 4.2 49 5.6 6.3 9.2
5000 TPLH 7.4 9.8 12.2 14.7 243 2
Series TPHL 1.3 1.8 23 28 4.8
7000 TPLH 35 4.5 5.5 6.5 10.6 2
Series TPHL 1.6 1.8 21 23 34
INPUT LOADING: 3K (1,1,1,1)
SK (1,1,1,1)
7K (1,1, 1,1)
° Z=A01(A,B,C,D)$
WORKSTATION WC. DELAY LsIi 09/25/84
(RISE/FALL) DAISY n MENTOR -17.5/ 5.8  VALID - 1B

Figure 17.1
Model for Macrocell AO1l
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A01 2AND INTO 3NOR AO1 o2 2 2ANDS INTO 2NOR AOZ
LOGIC DIAGRAM ELECTRICAL SCHEMATIC LOGIC DIAGRAM ELECTRICAL SCHEMATIC
. 01 poC B A Aoe breoa
B H 8
c z c £ I
D +q D s q
1‘]#‘ »4[: FUNCTION EP_L_ ,4[:
FUNCTION 2 AB C D 2 7
A B C D 2 HOH X x L H =
HoH X x LU E _"1 3 X X H KoL
X X OH o x L - = Lox L o x H -
X X X H 1 < X L L x H = =
X L L L H Lox o x L oH
Lox 1oL H X oL ox LW
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1|F0=2|F0 =3}F0O =4)F0 = 8] GATES FO=1]F0 =2|F0 =3|F0 =4}F0 = 8| GATES
3000 TPLH 13.4ns{ 16.6 19.8 231 36.2 2 3000 TPLH 9.2ns| 11.3 134 15.6 24.4 2
Series TPHL 4.2 49 5.6 6.3 9.2 Series TPHL 4.2 49 5.6 6.3 9.2
5000 TPLH 7.4 9.8 12.2 14.7 243 2 5000 TPLH 5.7 7.3 8.9 10.5 17.0 2
Series TPHL 1.3 1.8 2.3 2.8 4.8 Series TPHL 1.7 2.2 2.7 3.2 5.2
7000 TPLH 35 4.5 5.5 6.5 10.6 2 7000 TPLH 2.8 3.5 4.2 4.9 7.6 2
Series TPHL 1.6 1.8 21 23 3.4 Series TPHL 1.2 1.5 1.7 2.0 3.0
INPUT LOADING: 3K (1,1,1,1) INPUT LOADING: 3K (1,1,1,1)
5k (1,1,1,1) 5K (1,1,1,1)
7K (1,1,1,1) 7K (1,1,1,1)
Z=A01(A,B,C,D)$ Z=A02(A,B,C,D)$
WORKSTATION WC. DELAY LSILOGIC CORP 09/25/84 WORKSTATION WC. DELAY LSILOGIC CORP 09/25/84
(RISE/FALL) DAISY o MENTOR =17.5/ 5.0 VALID = 12 (RISE/FALL) DAISY o MENTOR =10.3/ 5.0 VALID = 8
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AO3 20R INTO 3NAND AO3 A04 2 20RS INTO 2NAND AO4
_LOGIC DIRGRAM ELECTRICAL SCHEMATIC 10GIC DIAGRAM ELECTRICAL SCHEMATIC
" RO3 ) C B A . -
B A
B
D F——«
FUNCTION -4 »-4 FUNCTION t,_‘
A B C D 1 z A B C D z )
H X H H L L L X X H E”__.J L”:I
X H OH OH L X X L L H
L L ox x H "I H ox H X L _'[]l._ .__.“;TL
X X L X H . X H OH X 1L L 1
X X X L H Hox X H 1
= X H X H 1
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1}]F0 =2}|F0 =3{F0 =4|F0 = 8| GATES FO=1|F0=2|F0=3|F0 =4]|F0 = 8|GATES
3000 TPLH 9.2ns| 11.3 13.4 15.6 24.4 2 3000 TPLH 14.7ns| 17.9 21.2 24.6 38.0 2
Series TPHL 4.5 5.4 6.4 7.4 11.3 Series TPHL 49 5.9 6.8 7.8 11.8
5000 TPLH 3.9 5.5 7.2 8.8 15.3 2 5000 TPLH 4.1 5.7 7.3 8.9 15.4 2
Series TPHL 23 3.0 38 4.5 7.4 Series TPHL 1.6 21 2.6 31 5.1
7000 TPLH 24 3.1 3.7 4.4 7.2 2 7000 TPLH 23 3.0 3.6 43 7.0 2
Series TPHL 1.6 2.0 24 2.7 4.2 Series TPHL 1.5 1.7 2.0 2.3 33
INPUT LOADING: 3K (1,1,1,1) INPUT LOADING: 3K (1,1,1,1)
5K (1,1,1,1) 5K (1,1,1,1)
7K (1,1,1,1) 7K (1,1,1,1)
Z=A03(A,B,C,D)$ Z=A04(A,B,C,D)$
WORKSTATION WC. DELAY LSI LOGIC CORP 05/25/54 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY n MENTOR = 10.3/ 6.6 VALID = 9 (RISE/FALL) DAISY o MENTOR = 18.3/ 5.0 VALID =8
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ROS _ A0S
INVERTING 2 OF 3 MAJORITY

LOGIC DIAGRAM

A0S
ELECTRICAL SCHEMATIC

s 2 C B A
c
g 4
FUNCTION
A B C 2 A R&l
HoOHox L z
H X H L i :
X OH OH L
L oL X H _.] —-{
L ox L H =
X oL L oH =

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO =1|F0O=2|F0 =3]|F0 =4|F0 = 8|GATES
3000 TPLH 10.7ns| 12.2 13.7 15.3 21.6 3
Series TPHL 4.5 5.0 5.6 6.2 8.6
5000 TPLH 6.4 8.0 9.6 1.3 17.7 3
Series TPHL 2.0 25 3.0 35 55
7000 TPLH 3.0 3.7 43 5.0 7.7 3
Series TPHL 1.6 1.9 2.1 2.4 3.4
INPUT LOADING: 3K (2,2,1)
5K (2,2,2)
7K (2,2,2)

Z=A05(A, B, Q)%

WORKSTATION WC. DELAY LS LOGIC CORP
(RISE/FALL) DAISY o MENTOR - 10.8/ 6.6 VALID = 9

29/25/84

AO6 2AND INTO 2NOR RO6

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 1|FO =2|F0O =3|F0 =4]|F0 = 8| GATES
5000 TPLH 49ns| 6.5 8.1 9.7 16.2 2
Series TPHL 1.3 1.8 23 2.8 49
7000 TPLH 2.6 3.2 39 4.6 7.3 2
Series TPHL 12 1.5 1.7 2.0 3.0
INPUT LOADING: 3K (1,1,1)
5K (1,1,1)
7K (1,1,1)

Z=A06(A,B, Q)%

WORKSTATION WC. DELAY LS1 LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 9.6 / 4.8 VALID = 7

09/25/84
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A07 20R INTO ENAND AO7

LOGIC DIAGRAM ELECTRICAL SCHEMATIC
R B C
AO7

g? é A

¢ : i M
Z

_i

'—

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0 =2|F0=3|F0 =4]|F0 = 8|GATES
5000 TPLH 38ns| 55 | 7.1 87 |15.2 2
Series TPHL 17 | 22 | 27 3.1 5.1
7000 TPLH 23 | 30 | 36 | 43 7.0 2
Series TPHL 14 16 19 | 22 33

INPUT LOADING: 3K (1,1, 1)

5K (1,1,1)
7K (1,1,1)

Z=A07(A,B, Q)%

BTS1 TRISTATE OUTPUT BUFFER BTS1

PERFORMANCE IS EQUIVALENT TO B1 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS!1
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £ 5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF| OUTPUT DRIVE GATES

3000 TPLH| 89ns| 13.7 18.5 20.6 |IOH =-1.6ma@2.4v 4
Series TPHL | 14.3 233 324 36.3 |IOL = 1.6mae0.4v
5000 TPLH| 5.6 8.8 12.1 13.5 |IOH =-4.0mae@2.4v 7
Series TPHL| 5.4 8.8 12.2 13.6 |!OL = 4.0mae0.4v
7000 TPLH|] 4.1 5.5 6.8 7.4 |IOH =-4.0mae2.4v 7
Series TPHL| 5.2 8.0 10.9 12.1 |IOL = 4.0mag0.4v
INPUT LOADING: 3K (5, 4) ONE I/0 CELL

5K (5, 4)

7K (5, 4)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS1(A, EN)$

WORKSTATICON WC. DELAY LSI LOGIC Core

09/25/84
(RISE/FALL) DARISY o MENTOR =10.4/ 3.9 VALID = 7

WORKSTATION WC. DELRY LSI LOGIC CORP

99/25/84
(RISE/FALL) DAISY o MENTOR = 24 /21.2 VALID = 23
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BTS14 TRISTATE OUTPUT BUFFER BTS14

{5K.7K ONLY) (5K, 7K ONLY)

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

BTS14
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM
5V £5% @0°C-70°C
C=15PF | C=50PF|C=85PF|C=100PF| OUTPUT DRIVE GATES

5000 TPLH 8.4ns| 16.5 24.7 28.1 |OH =-1.0ma@2.4v 5
Series TPHL | 10.9 25.7 40.5 46.8 |IOL = 1.0mae0.4v

7000 TPLH 5.5 10.4 15.3 17.4 | I10OH =-1.0mae2.4v 5
Series TPHL| 9.0 211 33.2 38.4 |IOL = 1.0mae0.4v

INPUT LOADING: 5K (2,2) ONE I/0 CELL
7K

(2,2)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS14(A, EN)$

BTS18 TRISTATE OUTPUT BUFFER BTS18

(5K, 7K ONLY) (5K, 7K DNLY)

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

TS18 |
N BTSI :

| BTS7LA
|

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £ 5% @ 0°C-70°C
C=15PF|C=50PF |C=85PF|C=100PF| OUTPUT DRIVE GATES

5000 TPLH| 7.0ns| 11.6 16.2 18.2 |IOH=-2.0ma@2.4v 5
Series TPHL| 8.0 15.4 22.8 259 |IOL = 2.0mae0.4v
7000 TPLH| 4.6 6.9 9.3 10.3 | 10H =-2.0ma@2.4v 5
Series TPHL| 6.4 12.2 17.9 20.4 |IOL = 2.0ma@0.4v
INPUT LOADING: 5K (2,2) ONE I/0 CELL

7K (2,2)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS18(A, EN)$

WORKSTATION WC. DELRY LSI LOGIC CORP 09/25/84

(RISE/FALL) DAISY n MENTOR =84.9/43.3 VALID = 64

WORKSTATION WC. DELRY LSI LOGIC CORP 09/25/84

(RISE/FALL) DAISY o MENTOR =30.6/¢E@.2 VALID = 37
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BTS2 TRISTATE OUTPUT BUFFER BTSE

PERFORMANCE 1S EQUIVALENT TO B2 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS2
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V 5% @ 0°C-70°C
C=15PF|C=50PF | C=85PF [C=100PF] OUTPUTDRIVE | GATES
3000 TPLH| 9.7ns] 12.1 14.6 15.6 |IOH=-3.2ma@2.4v 5
Series TPHL | 11.2 15.7 20.2 22.1 |IOL = 3.2mae0.4v
5000 TPLH| 7.3 9.0 10.6 11.3 | IOH =-8.0ma@2.4v 8
Series TPHL{ 5.9 7.7 9.4 10.1 |10L = 8.0mae0.4v
7000 TPLH| 45 5.2 5.8 6.1 |IOH=-8.0mae2.4v 8
Series TPHL| 4.7 6.3 7.9 8.5 |IOL = 8.0mae0.4v
INPUT LOADING: 3K (2,2.5) TWO /0 CELL
5K (2,2.5)

7K (2,2.5)
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS2(A, EN)$

BTS3 BTS3
TRISTATE OUTPUT BUFFER

PERFORMANCE 1S EQUIVALENT TO B3 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS3
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £5% @0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUT DRIVE GATES

3000 TPLH| 9.5ns| 11.1 12.7 13.3 | IOH =-4.8ma@2.4v 6
Series TPHL| 11.9 14.9 17.9 19.2 |IOL = 4.8mae0.4v
5000 TPLH| 6.1 7.2 8.3 8.7 |IOH =-12.0ma@2.4v] 11
Series TPHL| 6.6 7.9 9.1 9.7 |[IOL = 12.0ma@0.4v
7000 TPLH| 49 5.3 5.6 5.8 |IOH =-12.0ma@2.4v] 11
Series TPHL| 5.0 6.4 7.7 8.3 |IOL = 12.0ma@0.4v
INPUT LOADING: 3K (2,2.5) THREE 1/0 CELL

5K (2,2.5)

7K (2,2.5)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS3(A,EN)$

WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84

(RISE/FALL) DAISY n MENTOR =17.7/17.6 VALID = 18

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 16 /15.8 VALID = 16

09/85/84
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BTS4

LOGIC DIRGRAM

BTS4

TRISTATE INTERNAL
BUS DRIVER

ELECTRICAL SCHEMATIC

BTS4

A—t

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

BTSS

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

INVERTING TRISTATE INTERNAL
BUS DRIVER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTSS

a—

BTSS

FO=1]F0=2|F0=3]|F0 =4|F0=8|GATES F0 = 1]F0 =2|Fo=3]|F0 =4]F0 =8|GATES
3000 TPLH 66ns| 7.4 | 84 | 93 [130 3 5000 TPLH 23ns| 31 | 39 | 48 | 81 3
Series TPHL 47 | 51 | 55 | 60 | 80 Series TPHL 11 16 | 21 | 26 | 46
5000  TPLH 23 | 32 | 40 | 48 | 81 3 7000 TPLH 14 | 19 | 23 | 27 | 43 3
Series TPHL 31 | 34 | 37 | a0 | 52 Series TPHL o6 | o8 | 11 14 | 22
7000 TPLH 14 | 18 | 22 | 26 | 42 3
Series  TPHL 18 | 19 | 21 | 23 | 30 INPUT LOADING: 5K (1,2)

7K (1.2)
INPUT LOADING: 3K (2,2)
5K (2,2)
7K (2,2)
Y(2) = BTS5(A, E)$
Y(2) = BTS4(A, E)$
1
=
WORKSTATION WC. DELAY LSI LOGIC CoRP 0825784 WORKSTATION "W. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY n MENTOR =5.7 / 4.7 VALID = S (RISE/FALL) DAISY o MENTOR =9.4 /6.4 VALID = 8
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BTS6 BTS6

(5K ONLY) (SK ONLY)

TRISTATE OUTPUT BUFFER

OPTIMIZED FOR EXTERNAL CMOS ENVIRONMENT

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS6
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £5% @ 0°C-70°C
C=15PF [C=50PF|C=85PF |C=100PF] OUTPUT DRIVE GATES

5000 TPLH| 4.7ns| 6.4 8.0 8.7 |IOH =-8.0mae4.5v 7
Series TPHL| 6.9 10.3 13.7 15.1 |IOL = 8.0mae0.4v

INPUT LOADING: 5K (5, 4) TWO I/0 CELL

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS6(A, EN)$

BTS7 BTS7

TRISTATE IN/OUTPUT BUFFER

PERFORMANCE 1S EOUIVALENT TO B1 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS7
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £ 5% @ 0°C-70°C
C=15PF|C=50PF | C=85PF |C=100PF| OUTPUT DRIVE GATES

3000 TPLH| 9.0ns] 13.9 18.7 20.8 |IOH =-1.6ma@2.4v 4
Series TPHL | 13.9 229 32.0 35.8 |IOL = 1.6ma@0.4v
5000 TPLH| 5.7 8.9 12.2 13.6 |I0H =-4.0ma@2.4v 7
Series TPHL| 5.4 8.8 121 13.6 |IOL = 4.0ma@0.4v
7000 TPLH| 4.2 5.6 6.9 7.5 |IOH=-4.0ma@2.4v 7
Series TPHL| 5.1 7.9 10.8 12.0 |IOL = 4.0ma@0.4v
INPUT LOADING: 3K (5, 4) ONE I/0 CELL

5K (5, 4)

7K (5, 4)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS7(A,EN)$

WORKSTATION WC. DELAY LS1 LOGIC Cone
(RISE/FALL) DAISY o MENTOR = 11.5/ 19.0 VALID = 15

09/25/84

LSI LOGIC CORP
WORKSTATION WC. DELAY 09/25/84

(RISE/FALL) DAISY n MENTOR =23.7/ 20.9 VALID = 22

Chapter 17: Macrocells 17-10




BTS7D

(5K ONLY)

BTS7D
(SK ONLY)
TRISTATE IN/CUTPUT BUFFER

PERFORMANCE 1S EQUIVALENT TO B1 OUTPUT BUFFER

L0GIC DIAGRAM ELECTRICAL SCHEMATIC

BTS7D
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM
5V £5% @ 0°C-70°C
C = 15PF|C =50PF | C =85PF |[C=100PF| OUTPUT DRIVE GATES

5000 TPLH ns| 89 12.2 13.6

5.7 I0H = -4.0ma@2.4v 7
Series TPHL| 5.4 8.8 121 13.6

I0L = 4.0mae0.4v

INPUT LOADING: 5K (5, 4) ONE 1/0 CELL

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS7D(A, EN)$

BTS7L

(SK, 7k ONLY)

BTS7L
¢SK, 7K ONLY)
TRISTATE IN/OUTPUT BUFFER
PERFORMANCE 1S EQUIVALENT TO Bl QUTPUT BUFFER
PREAMP 1S SLOWER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS7L
EN

BTS7LA

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM
5V £5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF| OUTPUT DRIVE GATES

5000 TPLH| 6.7ns| 9.9 13.2 14.6 |IOH=-4.0ma@2.4v 7
Series TPHL| 7.1 10.5 13.8 15.3 |IOL = 4.0mae0.4v
7000 TPLH| 4.7 6.1 7.4 8.0 |IOH=-4.0mae@2.4v 7
Series TPHL| 6.2 9.0 1.9 13.1 |IOL = 4.0mae0.4v

INPUT LOADING: 5K (2,2) ONE 1/O CELL
7K

2,2)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS7L(A, EN)$

WORKSTATION WC. DELAY LST LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 15.3/ 16.5 VALID = 16

09/25/84

WORKSTATION WC. DELAY LSI LOGIC CoRP
(RISE/FALL) DAISY o MENTOR =27.8/21.6 VALID = 24

09/25/84
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BTS7L0

(5K, 7K ONLY)

BTS710

(5K, 7K ONLY)
TRISTATE IN/OUTPUT BUFFER
WITH OPEN DRAIN

PERFORMANCE 15 EQUIVALENT TO B18 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

EN

;
,
5
Z e
EN B
A h ) o :
,

1
!
)
1
BTS7LO :
'
'
'
.
.

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V +5% @0°C-70°C
C=15PF}C=50PF | C=85PF |C=100PFf OUTPUT DRIVE GATES

5000 TPLH| ---ns| --.- - -
Series TPHL| 5.4 8.7 121 13.6 |IOL = 4.0mae0.4v 4

7000 TPLH| —- | —- | —-
Series TPHL| 45 | 7.4 [102 | 115 |ioL = 40mac0.av | 4

INPUT LOADING: 5K $3, 3) ONE I/O CELL
7K (3

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS7LO(A, EN)$

BTS70D BTS70D
TRISTATE IN/OUTPUT BUFFER
WITH OPEN DRAIN
PERFORMANCE 1S EOUIVALENT TO B18 OUTPUT BUFFER
LOGIC DIAGRAM ELECTRICAL SCHEMATIC
N BTS70D

d
j
:
1

2 1 ) —1
EN — - H
£ l>°).| ;
= ) \
)

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V +5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUT DRIVE GATES

3000 TPLH| ~- | —- | —-
Series TPHL| 83 |17.4 |26.4 | 303 |ioL = 1.6macoav | 4
5000 TPLH| - | —- [ —--
Series TPHL| 5.1 84 | 118 | 133 |ioL = 40macoav| 4
7000 TPLH| ~- | -—--

Series TPHL| 4.6 7.5 10.3 11.6 |IOL = 4.0mae0.4v 4

INPUT LOADING: 3K (2) ONE 1/O CELL
5K (2)
7K (2)
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.

Z =BTS7OD(EN)$

WORKSTATION WC. DELAY LS1 LOGIC CORP
(RISE/FALL) DAISY o MENTOR = / 24.2 VALID = 24

09/25/84

LSI LOGIC CORP
/ 24.2 VALID = &5

WORKSTATION WC. DELAY
(RISE/FALL) DAISY o MENTOR =

09/25/84
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BTS7U BTS7U

TRISTATE IN/OUTPUT
BUFFER WITH PULL UP

PERFORMANCE 1S SIMILAR TO B1 OUTPUT BUFFER

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

BTS7U

o

:
| BTSIA | BTS7UB
: :

' ' '

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTH

WORST CASE COMM.
5V £5% @0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF| OUTPUTDRIVE GATES

3000 TPLH| 9.0ns| 13.9 18.7 20.8 |[IOH=-1.6mae2.4v 4
Series TPHL | 13.9 229 32.0 35.8 |IOL = 1.6ma@0.4v
5000 TPLH| 5.7 8.9 12.2 13.6 |IOH =-4.0ma@2.4v 7
Series TPHL| 5.4 8.8 12.1 13.6 |IOL = 4.0mae0.4v
7000 TPLH| 4.2 5.6 6.9 7.5 |IOH =-4.0mae2.4v 7
Series TPHL| 5.1 7.9 10.8 12.0 |IOL = 4.0mae0.4v
INPUT LOADING: 3K (5,4) ONE 1/0 CELL

5K (5,4)

7K (5,4)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS7U(A, EN)$

BTS78 BTS78

(5K, 7K ONLY) (5K, 7K ONLY)

TRISTATE IN/OUTPUT BUFFER

PERFORMANCE IS EQUIVALENT TO B18 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

;
.
|
. |
. BTS78 N |
: '
A L : ;
;

BTS7LA

e [ AR s

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V 5% @0°C-70°C
C=15PF | C=50PF |C=85PF |C=100PF] OUTPUT DRIVE GATES

5000 TPLH| 7.ins| 11. 16.3 18.3 | IOH =-2.0ma@2.4v 5
Series TPHL| 7.9 15. 227 25.9 |IOL = 2.0ma@0.4v

7000 TPLH| 4.7 7 9.4 10.4 |IOH =-2.0ma@2.4v 5
Series TPHL| 6.3 12

7
3
A
.0 17.7 20.2 |IOL =2.0ma0.4v
2 ONE I/O CELL

2

INPUT LOADING: 5K (2,
7K (2

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS78(A, EN)$

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =23.7 /20.9 VALID = 22

09/25/84

WORKSTATION WC. DELAY LSI LOGIC CORP 09/85/84

(RISE/FALL) DRISY n MENTOR =45.2/28.2 VALID = 37

Chapter 17: Macrocells ’ 17-13




BTS8 BTS8

TRISTATE IN/OUTPUT BUFFER

PERFORMANCE 18 EQUIVALENT TO BZ OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS8
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £ 5% @ 0°C-70°C
C =15PF|C=50PF | C =85PF|C=100PF] OUTPUT DRIVE GATES
3000 TPLH 99ns| 12.3 14.7 15.8 |IOH=-3.2mae@2.4v 5
Series TPHL| 11.0 15.5 20.1 22.0 |IOL = 3.2ma@0.4v
5000 TPLH| 7.5 9.1 10.7 11.4 |IOH =-8.0ma@2.4v 8
Series TPHL| 5.9 7.6 9.3 10.1 |IOL = 8.0mae0.4v
7000 TPLH| 4.6 5.2 5.9 6.2 |IOH=-8.0ma@2.4v 8
Series TPHL| 4.6 6.2 7.8 8.4 |I10OL = 8.0mae0.4v
INPUT LOADING: 3K (2,2.5) TWO 1/O CELLS
5K (2,2.5)
7K (2,2.5)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS8(A, EN)$

BTS8U BTS8U

(SK ONLY) (5K ONLY)

TRISTATE IN/OUTPUT
BUFFER WITH PULL UP

PERFORMANCE 1S SIMILAR TO B2 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTSBU

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM
5V 5% @ 0°C-70°C
C=15PF|C=50PF | C=85PF [C=100PF| OUTPUT DRIVE GATES

5000 TPLH| 7.
5.

ns| 9.1 10.7 11.4 |IOH =-8.0ma@4.5v 8
Series TPHL 9.3

5
9 7.6 10.1 IOL = 8.0ma@0.4v

INPUT LOADING: 5K (2,2.5) TWO I/0 CELL

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS8U(A, EN)$

WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84

(RISE/FALL) DRISY n MENTOR =17.2/ 17.4 VALID = 18

WORKSTATION WC. DELAY LSI LOGIC CoRP 09/25/84

(RISE/FALL) DAISY o MENTOR = 14.4/ 13.6 VALID = 14
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BTS9 BTS9
TRISTATE IN/OUTPUT BUFFER

PERFORMANCE 1S EQUIVALENT TO B3 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS9
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM
SV + 5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUTDRIVE | GATES
3000 TPLH| 9.6ns| 11.2 12.8 13.5 |IOH=-4.8ma@2.4v 6
Series TPHL | 11.2 129 146 15.4 |IOL = 4.8mae0.4v
5000 TPLH| 6.2 73 8.4 8.8 |IOH =-12.0ma@2.4vf 11
Series TPHL| 6.5 7.8 9.1 9.6 |IOL = 12.0ma@0.4v
7000 TPLH| 5.0 5.3 5.7 5.8 |10H =-12.0ma@2.4v] 11
Series TPHL| 4.9 6.3 7.6 8.2 |IOL = 12.0mae@0.4v|
INPUT LOADING: 3K (2,2.5) THREE I/0 CELLS
5K (2,2.5)
7K (2,2.5)

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTS9(A, EN)$

BTS9D BTSSD

(5K ONLY? (5K ONLY)

TRISTATE IN/OUTPUT BUFFER
WITH PULL DOWN

PERFORMANCE 1S EQUIVALENT TO B3 OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS9D
EN

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V £5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUT DRIVE GATES
5000 TPLH| 6.2 7.3 8.4 8.8 |IOH =-12.0ma@2.4v| 11
Series TPHL| 6.5 7.8 9.1 9.6 |IOL = 12.0ma@0.4v

INPUT LOADING: 5K (2,2.5) THREE I/O CELLS

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=BTSID(A, EN)$

WORKSTATION WC. DELAY LST LOGIC CORP
(RISE/FALL) DAISY n MENTOR =15.5/15.5 VALID = 16

09/25/84

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =13.6/ 13.2 VALID = 14

09/25/84
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BTSSU BTS9U

TRISTATE IN/OUTPUT
BUFFER WITH PULL UP

PERFORMANCE 1S SIMILAR TO B3 QUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BTS9U

o= 1
— 0

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

Bl Bl

OUTPUT BUFFER

10GIC DIAGRAM ELECTRICAL SCHEMATIC

Bl

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM.
5V 5% @ 0°C-70°C WORST CASE COMM.
C=15PF|C=50PF | C=85PF|C=100PF| OUTPUT DRIVE GATES SV +5% @ 0°C-70°C
C=15PF|C =50PF | C=85PF|C=100PFf OUTPUTDRIVE GATES
3000 TPLH| 9.4ns| 110 | 126 133 |[iOH=-4.8mae2.4v| 6
Series TPHL| 11.2 129 14.6 15.4 |IOL = 4.8mae0.4v 3000 TPLH 6.3ns| 11.1 15.9 18.0 |IOH =-1.6ma@2.4v 1
5000 TPLH| 6.2 73 8.4 8.8 |IoH <-12.0mae2.4d 11 Series TPHL| 9.6 17.4 25.3 28.7 |I0L = 1.6mae0.4v
Series TPHL| 6.5 7.8 9.1 9.6 |IOL = 12.0mag0.dv 5000 TPLH| 4.1 73 | 106 12.0 |I1OH=-4.0mag2.av| 2
Series TPHL| 4.5 79 | 113 12.7 |10L = 4.0ma0.4v
INPUT LOADING: 3K (2,2.5) THREE I/O CELLS 7000 TPLH| 30 | 44 | 57 63 |1OH=-40mag24v]| 2
5K (2,25) Series TPHL| 43 | 71 | 100 | 112 |ioL = 40mae0.av
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. INPUT LOADING: gE g; ONE 1/O CELL
Z=BTS9U(A, EN)$ 7K (3)
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=B1(A)$
WORKSTATION WC. DELAY LSILOGIC CORP 09/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 29725784

(RISE/FALL) DAISY o MENTOR = 13.6/ 13.2 VALID = 14

(RISE/FALL) DAISY o MENTOR =20.7 /17.7 VALID = 19
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B1A Inverting Power Buffer

B1A

h

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 4|F0 = 8 {FO = 16|F0 = 32{FO = 64| GATES
3000 TPLH 4.3ns| 6.4 10.6 19.1 36.2 1
Series TPHL 2.8 3.9 6.4 1.3 212
5000 TPLH 1.8 2.6 43 7.5 14.1 2
Series TPHL 1.3 1.9 3.0 5.3 9.9
7000 TPLH 1.3 1.7 24 4.0 71 2
Series TPHL 1.1 1.4 2.1 34 6.1
INPUT LOADING: 3K (3) ONE I/0 CELL
5K (3)
7K (3)
Z=B1A(A)$
FIXED DELAYS [ wORKSTATION SOFTWARE DATABOOK ]
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
BASED UPON FO= 8 WITH TPHL 30 30
STATISTICAL WIRE LENGHTS TPLH 4 35 3
LSI LOGIC CORPORATION ©  COPYRIGHT  1981,1982,1983,1984 MAY, 1984

B1I B1I
INTERNAL BUFFER

PERFORMANCE 1S EQUIVALENT TO B! OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

B11

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 4|FO = 8 |FO = 16[FO = 32|FO = 64| GATES
*3000 TPLH 76ns| 83 9.9 13.4 204 1
Series TPHL 8.6 9.1 10.3 12.8 17.9
5000 TPLH 31 34 4.0 5.2 7.7 2
Series TPHL 3.0 3.1 3.2 3.6 4.4
7000 TPLH 2.3 25 2.8 33 4.4 2
Series TPHL 2.3 24 2.7 32 4.2
INPUT LOADING: 3K (3) ONE I/O CELL
5K (3)
7K (3)
* THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS
CRITICAL NET.
Z=B11(A)$
WORKSTATION WC. DELAY LSILOGIC CORP

099/25/84

(RISE/FALL) DAISY o MENTOR =5.4 / 3.5 VALID = §
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B10D B10D

OUTPUT BUFFER
WITH OPEN DRAIN

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

B14 B14

OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

B14

—> ]

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM. WORST CASE COMM.
5V 5% @ 0°C-70°C 5V 5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUT DRIVE GATES C =15PF|C =50PF|C =85PF|C=100PF] OUTPUT DRIVE GATES
3000 TPLH| --- - 5000 TPLH| 59ns{ 14.0 | 222 256 |lOH=-10ma@24v| 1
Series TPHL] 7.5 12.7 179 20.2 |IOL = 1.6mae0.4v 1 Series TPHL| 9.0 23.8 38.6 449 |IOL = 1.0mae0.4v
5000 TPLH| --.- 7000 TPLH| 47 96 | 145 | 16.6 |IOH=-10mag24v| 1
Series TPHL| 4.7 81 | 115 | 129 |ioL = 40maeo.av | 1 Series TPHL| 83 |204 |325 | 37.7 |ioL = 1.0mae0.4v
7000 TPLH| .- )
SeriesTPHL| 37 | 66 | 94 | 107 |ioL = 40maeo.av | 1 INPUT LOADING: -’;ﬁ ﬁ‘g; ONE I/0 CELL
INPUT LOADING: 3K (1.5) ONE I/O CELL
% 8 3 THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. Z=B14(A)%
Z=B10D(A)$
WORKSTATION wC. DELAY LSI LOGIC CORP WORKSTATION WC. DELAY LSI LOGIC CORP

09/25/84

(RISE/FALL) DAISY o MENTOR = / B2.3 VALID = ge

L

09/25/84

(RISE/FALL) DAISY o MENTOR =80.7 /35.3 VALID = 58
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B18 B18

OUTPUT BUFFER

L0GIC DIAGRAM ELECTRICAL SCHEMATIC

B18

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

B2 B2
OUTPUT BUFFER

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

Be

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM. WORST CASE COMM.
5V +5% @ 0°C-70°C 5V £ 5% @ 0°C-70°C
C=15PF|C=50PF|C=85PF|C=100PF] OUTPUTDRIVE | GATES C=15PF|C=50PF|C=85PF|C=100PF] OUTPUTDRIVE | GATES
3000 TPLH| 5.6ns| 10.4 15.3 17.3 | IOH = -0.8ma@2.4v 1 3000 TPLH| 6.4ns| 8.8 11.3 12.3 | I0H =-3.2mae2.4v 2
Series TPHL | 12.1 27.8 43.6 50.3 |IOL = 0.8ma@0.4v Series TPHL| 9.3 138 18.3 20.2 |1OL = 3.2mae0.4v
5000 TPLH| 4.8 9.4 14.0 16.0 |IOH=-2.0ma@2.4v 1 5000 TPLH| 3.3 5.0 6.6 7.3 |IOH =-8.0ma@2.4v 4
Series TPHL| 6.4 13.8 21.2 24.3 |IOL = 2.0mae0.4v Series TPHL| 3.6 5.4 7.1 7.8 |IOL = 8.0mae0.4v
7000 TPLH| 3.8 6.1 8.5 9.5 |IOH =-2.0ma@2.4v 1 7000 TPLH| 2.6 3.3 3.9 42 |IOH=-80mac24v| 4
Series TPHL| 5.5 1.3 17.0 19.5 |IOL = 2.0mae0.4v Series TPHL| 3.2 4.8 6.4 7.0 |iOL = 8.0mae0.4v
INPUT LOADING: 3K (1.5) ONE I/0 CELL INPUT LOADING: 3K (6) TWO /O CELLS
5K (1.5) 5K (6)
7K (1.5) 7K (6)
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=B18(A)$ Z=B2(A)$
LSI LOGIC CORP LSI LOGIC CORP

WORKSTATION WC. DELAY
(RISE/FALL) DAISY o MENTOR =42.1 / ee.3 VALID = 3¢

09/25/84

WORKSTATION WC. DELRY
(RISE/FALL) DAISY o MENTOR = 12.5/ 9.6 VALID = 11

99/25/84
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B2A Inverting Power Buffer B2A B2l B2l

INVERTER INTO 3 PARALLEL

INVERTERS

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

A ]l>° ’ 21 21

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

= = = = = 64| GATES
FO=4|F0 =80 = 16}F0 = 320 = 646 2B ARk, |Fo = 4a]Fo = 8]Fo = 16]F0 = 32JF0 = 64| GATES
3000 TPLH 34ns| 46 | 7.1 | 123 | 226 2
Series TPHL 2.3 3.1 48 8.1 1149 *3000 TPLH 6.7ns| 82 [113 [175 [300 2
5000 TPLH 14 | 18 | 26 | 42 | 75 2 Series TPHL 87 | 96 |15 |154 |232
Series TPHL 10 | 13 | 19 | 31 54 5000 TPLH 28 | 38 | 60 |103 | 190 2
7000 TPLH 10 | 12 | 15 | 23 | 39 4 Series TPHL 32 | 37 | a5 | 63 | 97
Series TPHL 09 | 10 | 1a | 21 34 7000 TPLA 5 122 135 55 s 3
Series TPHL 22 | 25 | 31 | a3 | 67
INPUT LOADING: glé g;
x 0 INPUT LOADING: gE 8;
7K (1)
Z=B2A(A)$ * THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS
CRITICAL NET.
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR X(Z1, 22) =B21(A)$
BASED UPON FO= 8 WITH TPHL 21 21
STATISTICAL WIRE LENGHTS TPLH 3 28 28
LS LOGIC CORPORATION © COPYRIGHT  1981,1982,1983,1984 MAY, 1984 WORKSTATION WC. DELAY LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY o MENTOR = 5.4 / 4.4 VALID = S
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B20D B20D

OUTPUT BUFFER
WITH OPEN DRAIN

LOGIC DIAGRAM ELECTRICAL SCHEMARTIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

B3 B3

OUTPUT BUFFER

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WORST CASE COMM. WORST CASE COMM.
5V 5% @ 0°C-70°C 5V £ 5% @ 0°C-70°C
C =15PF | C=50PF | C =85PF |C=100PF| OUTPUTDRIVE | GATES C=15PF|C=50PF|C=85PF [C=100PF| OUTPUTDRIVE | GATES
3000 TPLH| --- 3000 TPLH| 11.4ns| 13.0 14.6 15.2 | IOH =-4.8ma@2.4v 3
Series TPHL| 85 10.2 11.9 12.7 |I10OL = 1.6mae0.4v 2 Series TPHL | 11.6 133 15.0 15.8 |IOL = 4.8ma@0.4v
5000 TPLH| --.- - - 5000 TPLH 5.3 6.4 7.5 8.0 I0H =-12.0ma@2.4v| 2
Series TPHL| 4.6 6.3 8.1 8.8 |IOL = 8.0mae0.4v 2 Series TPHL| 6.5 7.8 9.1 9.6 |I10OL = 12.0ma@0.4v
7000 TPLH|} --.- 7000 TPLH| 6.5 6.8 7.2 7.3 |IOH =-12.0ma@2.4v| 2
Series TPHL| 2.9 4.5 6.1 6.8 |IOL = 8.0mae0.4v 2 Series TPHL| 6.1 7.4 8.8 9.4 |I0OL = 12.0ma@0.4v
INPUT LOADING: 3K (3.5) TWO /O CELLS INPUT LOADING: 3K (1) FOUR I/O CELLS
5K (3.5) 5K (1)
7K (3.5) 7K (1)
THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
Z=B20D(A)$ Z=B3(A)$
WORKSTATION WC. DELRAY LSI LOGIC CORP 20/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY n MENTOR = / 8.0 VALID = 8 (RISE/FALL) DAISY o MENTOR = 1e.2/ 12.9 VALID = 13
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B3I B3I

2 PARALLEL INVERTERS INTO
2 PARALLEL INVERTERS

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

B3l
A 21 zl
22
A i)

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

B30D B30D
OUTPUT BUFFER

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
22 OUTPUT
FO =2 |F0O =4|F0 = 8 |FO = 16[F0 = 32| GATES WORST CASE COMM.
Z1 UNLOADED 5V £5% @oacf\%c ATt
*3000 TPLH 58ns| 6.9 89 1132 1217 5 C=15PF | C=50PF | C =85PF |C= 100PF] OUTPUT DR G
Series TPHL 5.8 6.3 7.5 10.0 14.9 3000 TPLH| —- . -
5000 TPLH 1.9 2.7 43 76 | 141 2 Series TPHL| 92 | 110 | 127 13.4 |10L = 1.6mae0.4v 3
Series TPHL 2.0 2.3 29 4.2 6.7 5000 TPLH| --- -
7000 TPLH 1.4 1.8 2.6 42 7.3 2 Series TPHL| 3.4 4.7 6.0 6.6 |IOL= 12.0mag0.av | 2
Series TPHL 1.6 1.7 2.1 2.7 4.0 7000 TPLA | — = ,
i . . . 1OL= 12.0 0.4
INPUT LOADING: 3K (2) Series TPHL| 2.8 4.1 5.5 ma@0.4v
;E 83 INPUT LOADING: 3K (4.5) FOUR I/O CELLS
5K (4.5)
* THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS 7K (45)
CRITICAL NET. THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL.
X(Z1,22) =B3I(A)$ Z=B30D(A)$
WORKSTATION WC. DELAY LST LOGIC CORP R WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY o MENTOR = 5.7 / 4.9 VALID = 5 (RISE/FALL) DAISY n MENTOR = /13.7 VALID = 16
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B4I B41

4 PARALLEL INVERTERS

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

B41

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 4]|F0 = 8 |FO = 16|FO = 32|FO = 64| GATES
3000 TPLH 3.0ns| 4.2 6.8 12.0 223 2
Series TPHL 21 29 4.5 7.9 14.7
5000 TPLH 1.8 2.6 4.3 7.5 14.1 2
Series TPHL 0.9 1.2 1.8 29 5.3
7000 TPLH 1.3 1.7 2.5 4.1 7.4 2
Series TPHL 0.7 0.9 1.3 2.1 38

INPUT LOADING: 3K (4)
5K (4)
7K (4)

THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS
CRITICAL NET.

Z=B4I(A)$
WORKSTATION WC. DELAY LS1 LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 2.8 / 1.2  VALID = 2 po/es/B4

BSI BS1I
3 PARALLEL INVERTERS

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

BS1

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 4 |FO = 8 |FO = 16[F0 = 32|FO = 64| GATES
3000 TPLH 3.5ns| 5.0 8.1 14.4 26.9 2
Series TPHL 2.3 3.2 5.2 9.0 16.8
5000 TPLH 2.2 33 5.5 9.9 18.8 2
Series TPHL 1.0 14 2.2 3.8 6.9
7000 TPLH 1.4 1.9 29 5.0 9.1 2
Series TPHL 0.8 1.0 1.5 2.5 4.4
INPUT LOADING: 3K (3)
5K (3)
7K (3)

THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS
CRITICAL NET.

Z=B5I(A)$

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 3.8 / 1.7 VALID = 3

09/25/84
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D38HR D38HR
NON-OVERLAPPING 3 TO 8 DECODER.
BUFFERED OUTPUTS, ACTIVE HIGH

LOGIC DIAGRAM TRUTH TABLE
p CBA|@B1E34567
— A 2 paooliasnggns
— 6 1|o1006606008
DIBHR z2 | — P 10|08 10080080
23— P11 |eeo1o6p008
—{B e 1@ 00000 io0p
b 16106606108
— 1108|000 00010
26 |— 111|epooeep
—1¢ 27—

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0=2|F0 =3|F0 = 4|FC = 8 |GATES

5000 TPLH 13.4ns| 13.6 13.8 14.0 14.8 47
Series TPHL 10.1 10.1 10.2 10.3 10.6

INPUT LOADING: 5K (2,2,2)

Z(Z0, 21, 22,73, 24, 25, 26, Z7) = D38HR(A, B, O)$

EN EN

EXCLUSIVE ENOR

LOGIC DIAGRAM ELECTRICAL SCHEMATIC
N es
nj 7 f >
B j Do
g .
e
-

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO =1|F0O=2|F0 =3|F0O =4|F0 = 8|GATES
3000 TPLH 3.3ns| 3.7 4.1 4.6 6.7 3
Series TPHL 5.1 5.9 6.8 7.8 1.7
5000 TPLH 3.0 34 38 42 5.8 3
Series TPHL 43 4.5 4.7 49 5.6
7000 TPLH 2.0 2.2 24 2.6 3.4 3
Series TPHL 2.5 2.6 2.7 2.8 33
INPUT LOADING: 3K (4,2)
5K (5.3,2)
7K (5.9, 2)

THE DELAYS FOR HIGH FANOUT CAN BE REDUCED IF SPECIFIED AS
CRITICAL NET.

Z=EN(A, B)$

LSI LOGIC CORP
GATES USED - 19 #9/07/83

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =S5.6 / 3.8 VALID = 5

09/25/84
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EN3 3 Input Exclusive Nor EN3

(7k only) (7k only)

A
B z

FUNCTION
C

A B C z

0
0
0
0
1
1
1
1

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

~s.co-—-=00
s“0om0=0=0
os—0~00~

FO = 1]F0O = 2|FO = 4|F0 = 8 |[FO = 16] GATES
7000 TPLH 4.1ns| 43 a7 5.5 7.2 6
Series TPHL 26 2.7 29 33 4.2

INPUT LOADING: 7K (8.3,3,2)

Z=EN3(A, B, O)%

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK ]

VALID DAISY MENTOR
WORST CASE COMMERCIAL DELAYS

BASED UPON FO= 2 WITH TPLH 7.0 7.0
STATISTICAL WIRE LENGHTS TPHL 6 5.0 5.0
1Sl LOGIC CORPORATION ©  COPYRIGHT  1981,1982,1983,1984 JULY, 1984

EO EO
EXCLUSIVE 20R

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

i
Y
Loy

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 4|FO = 8 |[FO = 16{F0 = 32|F0 = 64| GATES
3000 TPLH 4.3ns| 5.1 6.0 7.0 10.7 3
Series TPHL 4.6 5.5 6.4 7.3 11.2
5000 TPLH 3.4 3.9 43 4.7 6.4 3
Series TPHL 4.2 4.4 46 4.8 5.5
7000 TPLH 2.0 2.2 24 2.6 34 3
Series TPHL 2.5 2.6 2.7 2.8 33
INPUT LOADING: 3K (4,2)
5K (5.3,2)
7K (5.9,2)
Z=EO(A, B)$
LSI LOGIC CORP

WORKSTATION WC. DELAY
(RISE/FALL) DAISY o MENTOR = 5.9 / 4.4 VALID = S

09/25/84
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EON1 EON1

£0R-ENAND INTO 2NAND

LOGIC DIRGRAM ELECTRICAL SCHEMRTIC

DC BA
EON1
ﬁD}-Z
Z

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

=D

oo

EO1 EO1
2AND,2NOR INTC 2NOR

LOGIC DIRGRAM ELECTRICAL SCHEMATIC
E0! l !
z [i
L—l { E |

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

WD

.

)

4
L_l
L_l

..|_.__|—L,J—1_J—L_o

FO =1]|F0O =2|F0 =3|F0 = 4|F0 = 8| GATES FO=1|F0O=2|F0=3|F0 = 4|F0 = 8| GATES
3000 TPLH 94ns|{ 115 |13.6 |158 |246 3 3000 TPLH 7.4 89 | 105 [121 |186 3
Series TPHL 4.0 46 5.3 6.0 8.9 Series TPHL 3.1 3.6 41 47 7.2
5000 TPLH 3.8 5.4 7.1 8.7 | 15.2 3 5000 TPLH 5.6 7.2 89 |105 [17.0 3
Series TPHL 36 41 4.7 5.2 7.2 Series TPHL 3.7 40 44 47 6.0
7000 TPLH 25 3.2 3.9 45 7.3 3 7000 TPLH 2.7 34 41 4.8 7.5 3
Series TPHL 24 26 29 3.2 43 Series TPHL 1.4 1.7 1.9 2.2 33
INPUT LOADING: 3K (1,1,1,1) INPUT LOADING: 3K (1,1,1,1)

5K (1,1,1,1) 5K (1,1,1,1)
7K (1,1,1,1) 7K (1,1,1,1)
Z=EON1(A,B,C,D)$
Z=EO1(A,B,C,D)$
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 WORKSTATION WC. DECLAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY n MENTOR = 12.2/ 8.0 VALID = 10 (RISE/FALL) DRISY n MENTOR =11.8/ 9.4 VALID =
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EO3

(7k only)

3 Input Exclusive Or

EO3

(7k only)

FUNCTION

A
Ho—
C

0
o
[
0
1
1
1
1

w00 ==00

C 4

“o=m0—-0=o0
~“00s0-20

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1]|F0 =2|F0 = 4]|F0 = 8 |FO = 16| GATES
7000 TPLH 2.7ns| 29 3.3 4.1 5.8 6
Series TPHL 40 4.1 43 4.7 5.6
INPUT LOADING: 7K (8.3,3,2)
Z=EO3(A, B, C)$
FIXED DELAYS [ worksTaTion soFTwaRe DATABOOK ]
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
BASED UPON FO= 2 WITH PR 70 70
STATISTICAL WIRE LENGHTS TPHL 6 50 4
LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 JuLy, 1984

FIA

D FLIP FLOP WITH SEPERATE FDA
MASTER o SLAVE CLOCKS.

CLEAR DIRECT n SET DIRECT.

LOGIC DIAGRAM
4 4
SDM SDS

FpA °
~—{CPM

-—D

—{CPS ONp—
CDM  CDS

Ty

ELECTRICAL SCHEMATIC

— .
i

N

i

cPM coM SIM  CPS SDS cos
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
QOuUTPUT FO=1|F0O=2|F0 =3|F0 = 4]|F0 = 8| GATES
5000 TPLH 4.2ns| 5.0 5.8 6.7 10.0 7
Series TPHL 34 39 4.4 49 7.0
7000 TPLH 35 3.8 4.2 4.6 6.2 7
Series TPHL 3.2 3.5 3.7 4.0 5.1
INPUT LOADING: 5K (3.7,2,2,1,1,1,1)
7K (3.4,2,2,1,1,1,1)

Z(Q,QN) =FDA(D, CPM, CPS, CDM, CDS, SDM, SDS)$

WORKSTATION WC.
(RISE/FALL) DAISY o MENTOR =10.8/ 9.2

LSI LOGIC CORP

DELAY 09/25/84

VALID = 10
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FD1 DFF FD1

LOGIC DIAGRAM

b 1] o
FD1

4 o

ELECTRICAL SCHEMATIC

Uogebs
e )

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO=1|F0O=2|F0O=3]|F0 =4|F0 = 8|GATES
3000 TPLH 9.3ns| 10.2 1.1 121 15.8 5
Series TPHL 7.0 7.4 79 8.4 10.4
5000 TPLH 5.8 6.6 7.5 8.3 1.7 5
Series TPHL 4.4 5.0 5.5 6.0 8.1
7000 TPLH 3.4 39 43 4.7 6.3 5
Series TPHL 2.8 3.0 3.2 33 4.1

INPUT LOADING: 3K (2.3,1)
5K (3.8,1)
7K (3.4,1)

Z(Q,QN) =FD1(D, CP)$

FD1S DFF WITH SCAN TEST INPUTS FD1S

LOGIC DIAGRAM

P FDIS
T1

e

1

ONp-

ELECTRICAL SCHEMATIC

LS é
TE ——

L

ON

—

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO=1]|F0 =2|F0O =3]|F0 = 4|F0 = 8| GATES
3000 TPLH 12.4ns| 13.2 14.0 14.9 18.7 8
Series TPHL 125 12.8 13.2 13.7 15.6
5000 TPLH 5.9 6.7 7.5 8.3 11.7 8
Series TPHL 6.2 6.7 7.2 7.7 9.7
7000 TPLH 3.7 41 45 49 6.6 8
Series TPHL 4.0 42 45 438 5.8

INPUT LOADING: 3K (1,1,1,2)
5K (1,1,1,2)
7K (1,1.1,2)

Z(Q,QN) =FD1S(D, CP, TI, TE)$

WORKSTATION WC. DELAY LSI LOGIC CoRP
(RISE/FALL) DAISY o MENTOR =12.7 /13.2 VALID = 13

09/25/84

WORKSTATION WC. DELAY
(RISE/FALL) DARISY o MENTOR =13.2/ 13.2 , VALID = 13

LSI LOGIC CORP

09/25/84
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FD2 DFF WITH CLEAR DIRECT

LOGIC DIRGRAM

1 o
Foe
— on|—
D
Y

ELECTRICAL SCHEMATIC

FDe

cr

RiseiN
1

D

ON

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FDEs

DFF WITH SCAN TEST INPUTS.
CLERR DIRECT

LOGIC DIAGRAM

FD2s

T —

=10
o
T Fpes
7!
ON[-
=T ¢p
v
Aoe ELECTRICRL SCHEMATIC
] es L
A T
— L 1
| T | T

%1}

ON

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO=1|F0 =2]|F0O =3|F0 =4|F0 = 8] GATES QOouTPUT FO=1{F0 = FO = 3|FO = 4|FO = 8| GATES
3000 TPLH 9.7ns| 10.6 11.5 125 16.2 6 3000 TPLH 14.0ns| 14.8 15.6 16.5 20.3 9
Series TPHL 7.0 7.4 79 84 | 104 Series TPHL 125 | 128 132 |13.7 | 156
5000 TPLH 5.8 6.6 7.5 83 1.7 6 5000 TPLH 59 6.7 7.5 8.3 1.7 9
Series TPHL 4.4 5.0 55 6.0 8.1 Series TPHL 6.2 6.7 7.2 7.7 9.7
7000 TPLH 3.4 3.9 43 4.7 6.3 6 7000 TPLH 3.7 4.1 45 4.9 6.6 9
Series TPHL 2.8 3.0 3.2 33 4.1 Series TPHL 4.0 4.2 45 4.8 5.8
INPUT LOADING: 3K (2.2,1,2) INPUT LOADING: 3K (1,1,2,1,2)
5K (3.7,1,2) SK (1,1,2,1,2)
7K (34,1,2) 7K (1,1,2,1,2)
2(Q,QN) =FD2(D, CP, CD)$ Z(Q,QN) =FD2S(D, CP, CD, TI, TE)$
WORKSTATION WC. DELAY L51.LoGIC Conp Ry WORKSTATION WC. DELAY LSI LOGIC CORP 09725784
(RISE/FALL) DAISY n MENTOR =13.4/9.2  VALID = 12 (RISE/FALL) DAISY n MENTOR - 14.6/13.2 VALID = 14
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FDETS DFF WITH CLEAR DIRECT FD2Ts FD3 DFF WITH CLEAR DIRECT. FD3

AND ADDED TRISTATE OUTPUT SET DIRECT
LOGIC DIAGRAM _LOCIC DIAGRAM
.m 4
T s T
FDETS o ‘ 4 L
1 5]
5] Y
ELECTRICAL SCHEMATIC
ELECTRICAL SCHEMATIC D — ——ON
> s
b cp
) 2 2 D10 T o
- ON
1| Al - e
- — ey ey "’
| T | T - .
0 RD o
)

: NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT  |Fo = 1]|F0 = 2|F0 = 3|F0 = 4|Fo = 8| GATES
RDTOZOUTPUT |F0 = 1|F0 = 2|F0 = 3|F0 = 4|F0 = 8| GATES
3000 TPLH | 105ns| 113 | 123 |132 | 169 7
5000 TPLH 22ns| 26 | 31 |35 [ 52 9 Series TPHL 91 | 97 [10a |11 |40
Series TPHL o8 | 11 | 13 | 16 | 2 =500 TPR —Tee 5T s -
7000 TPLH 17 1 19 | 21 | 23 | 34 9 Series TPHL 44 | so | 55 | 60 | 81
Series TPHL 0.5 0.6 0.8 0.9 1.5 7000 TPLH 34 39 23 27 53 7
INPUT LOADING: 5K (3.7,1,2, 2) Series TPHL 28 | 30 [ 32 | 33 | 41
7K (34,122 INPUT LOADING: 3K (2.2, 1,2,2)
5K (3.7.1,2.2)
K (34.1.2.2)
Z(z, Q) = FD2TS(D, CP, CD, RD)$
2(Q,QN) = FD3(D, CP, CD, SD)$
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/85/84
(RISE/FALL) DAISY o MENTOR = 4.7 / 3.2 VALID = 4 (RISE/FALL) DAISY o MENTOR = 13.1/ 11.1 VALID - 12
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FD3S DFF WITH SCAN TEST INPUTS FD3S
CLEAR DIRECT,SET DIRECT

LOGIC DIAGRAM
b

- 9P
ok
T ro3s
—n
ON[
—TE cD
Y
. 0B ELECTRICAL SCHEMATIC
0
[ D
1 — by
TE —— P
- B o
.
cD
sD
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
QOuUTPUT FO=1]|F0O =2|F0O=3|F0 =4|F0 = 8]|GATES
3000 TPLH 13.8ns| 14.6 15.4 16.3 20.1 10
Series TPHL 14.5 15.1 15.7 16.5 19.5
5000 TPLH 59 6.7 7.5 8.3 1.7 10
Series TPHL 6.2 6.7 7.2 7.7 9.7
7000 TPLH 3.7 4.1 4.5 49 6.6 10
Series TPHL 4.0 4.2 45 438 5.8
INPUT LOADING: 3K (1,1,2,2,1,2)
5K (1,1,2,2,1,2)
7K (1,1,2,2,1,2)

Z(Q,QN) =FD3s(D, CP, CD, SD, T, TE)$

FD4 DFF WITH SET DIRECT FD4

LOGIC DIAGRAM

4
8D
—b o
FD4

|

ON[—

ELECTRICAL SCHEMATIC

ce

Lo
Lol

SD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOuTPUT FO=1|F0O=2|F0O =3|F0 =4]|F0 = 8 |GATES
3000 TPLH 11.5ns| 123 13.2 14.1 17.8 6
Series TPHL 10.4 11.0 1.7 12.5 15.5
5000 TPLH 5.8 6.6 7.5 8.3 1.7 6
Series TPHL 4.4 5.0 5.5 6.0 8.1
7000 TPLH 34 39 4.3 4.7 6.3 6
Series TPHL 2.8 3.0 3.2 3.3 4.1

INPUT LOADING: 3K (2.3,1,2)
5K (3.8,1,2)
7K (3.4,1,2)

Z(Q,QN) =FD4(D, CP, SD)$

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =14.3/ 15.3 VALID = 15

29/25/84

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DRISY o MENTOR =12.2/11.1 VALID = 12

99/25/84

Chapter 17: Macrocells 17-31




FD4S DFF WITH SCAN TEST INPUTS,

SET DIRECT

LOGIC DIAGRAM

AOE ELECTRICAL SCHEMATIC

FD4S

cp

A
TE ———t

SD

HC-

——ON

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO=1|F0O=2|F0 =3|F0 =4|F0 = 8|GATES
3000 TPLH 12.4ns| 13.2 14.0 14.9 18.7 9
Series TPHL 14.4 15.0 15.6 16.4 19.4
5000 TPLH 5.9 6.7 7.5 8.3 1.7 9
Series TPHL 6.2 6.7 7.2 7.7 9.7
7000 TPLH 37 4.1 45 4.9 6.6 9
Series TPHL 4.0 4.2 4.5 4.8 5.8

INPUT LOADING: 3K (
5K (
7K (

Z(Q,QN) =FD4S(D, CP, SD, T, TE)$

FDS
DFF WITHOUT BUFFERED CLOCKS

LOGIC DIAGRAM

FDS
ONf—

-

ELECTRICAL SCHEMATIC

A

—

cp
CPN

FD5

ON

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

Q OUTPUT FO=1|F0O =2|F0 =3]|F0 =4|F0 = 8| GATES
3000 TPLH 8.5ns| 9.3 10.2 141 14.8 4
Series TPHL 6.2 6.5 6.9 7.4 9.4
5000 TPLH 4.1 49 5.7 6.6 9.9 4
Series TPHL 33 38 43 48 6.8
7000 TPLH 24 2.8 3.2 3.6 5.1 4
Series TPHL 24 2.7 29 3.2 4.3

INPUT LOADING: 3K (2.3,2,2)
5K (3.8,2,2)
7K (3.4,2,2)

Z(Q,QN) = FD5(D, CP, CPN)$

WORKSTATION WC. DELAY LS1 LOGIC CoRe

(RISE/FALL) DAISY o MENTOR =13.2/15.1 VALID = 14

09/25/84

WORKSTATION WC. DELRY LSI LOGIC CORP
(RISE/FALL) DAISY n MENTOR = 8.0 / 6.6 VALID = 8

09/25/84
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FD5S FDSS FD6 DFF WITHOUT BUFFERED CLOCKS. FD6

DFF WITHOUT BUFFERED CLOCKS. NITH CLEAR DIRECT
WITH SCAN TEST INPUTS _—
L0GIC DIAGRAM 1 L
. FD6
—b o b 4
d ross < L,
-1 Y
ON
1t ELECTRICAL SCHEMATIC
. 08 ELECTRICAL SCHEMATIC b oN
0 L L
= 2 2 xS .
P
CPN 1 = |
T T { 5
71— 1 a" —°
TE — oN L T T
o
D

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT  |FO = 1[FO =2|F0 =3|F0 = 4|F0 = 8 |GATES QOUTPUT FO=1|F0 =2]|F0 =3|F0 = 4|F0 = 8|GATES
3000 TPLH 11.0ns| 11.8 12.6 135 17.3 7 3000 TPLH 7.0ns] 7.9 8.8 98 13.5 5
Series TPHL 99 10.2 10.6 1.1 13.0 Series TPHL 5.0 5.4 59 6.4 8.4
5000 TPLH | 48 | 56 | 64 | 73 105 1 7 5000 TPLH | 41 | 49 | 57 | 66 | 99 | 5
Series TPHL 4.5 5.0 5.5 6.0 8.0 Series TPHL 33 38 43 48 6.8
7000 TPLH 33 | 37 [ 41 | 44 | 60 7 7000  TPLH 24 | 28 | 32 | 36 | 5. 5
Series TPHL 29 3.1 3.4 3.7 4.7 Series TPHL 24 27 29 3.2 43

INPUT LOADING: 3K (1,2,2,1,2) INPUT LOADING: 3K (2.2,2,2,2)

5K (1,2,2,1,2) 5K (3.7,2,2,2)
7K (1,2,2,1,2) 7K (34,2,2,2)

2(Q.QN) = FD5S(D, CP, CPN, TI, TE)$ 2(Q,QN) = FD6(D, CP, CPN, CD)$

WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 I WORKSTATION WC. DELAY LSI LOGIC CORP 09725784

(RISE/FALL) DARISY o MENTOR =10.8/ 8.7  VALID = 10 (RISE/FALL) DAISY o MENTOR = 8.7 / 6.6  VALID = 8
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FD6S DFF WITHOUT BUFFERED CLOCKS.

WITH SCAN TEST INPUTS,CLERR DIRECT

LOGIC DIAGRAM

L4

FD6S

cp
CPN 1 -

TE ——d

D

L
JATH] o

ON

QOUTPUT FO=1|F0O=2|F0O=3|F0 = 4|F0 = 8| GATES
3000 TPLH 129ns| 13.7 14.5 15.4 19.2 8
Series TPHL 8.9 9.2 9.6 10.1 12.0
5000 TPLH 4.8 5.6 6.4 7.3 10.5 8
Series TPHL 45 5.0 5.5 6.0 8.0
7000 TPLH 33 3.7 4.1 4.4 6.0 8
Series TPHL 2.9 31 34 37 4.7

INPUT LOADING: 3K (1,2,2,2,1,2)
5K (1,2,2,2,1,2)
7K (1,2,2,2,1,2)

2(Q,QN) =FD6S(D, CP, CPN, CD, TI, TE)$

FD7 DFF WITHOUT BUFFERED CLOCKS. FD7
WITH CLEAR DIRECT.SET DIRECT
LOGIC DIAGRAM
)\
SD
—b o
FD7
— ON—
CD
7
ELECTRICAL SCHEMATIC
D ON
S ML e
CPN - ]
pe
| | —°

SD
CD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

Q OUTPUT FO=1|F0O=2|F0 =3|F0 =4|F0 = 8|GATES
3000 TPLH 7.8ns| 8.7 9.6 10.5 14.3 6
Series TPHL 7.3 7.9 8.6 9.3 12.2
5000 TPLH 4.1 49 5.7 6.6 9.9 6
Series TPHL 33 3.8 43 4.8 6.8
7000 TPLH 2.4 2.8 3.2 36 5.1 6
Series TPHL 24 2.7 29 3.2 43

INPUT LOADING: 3K (2.2,2,2,2,2)
5K (3.7,2,2,2,2)
7K (3.4,2,2,2,2)

2(Q,QN) =FD7(D, CP, CPN, CD, SD)$

WORKSTATION WC. DELRY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =10.8/ 8.9  VALID =

10

29/25/84

WORKSTATION WC. DELRY LSI LOGIC CORP
(RISE/FALL) DAISY n MENTOR = 8.4 / 8.7 VALID = 9

09/25/84
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FD7S8 DFF WITHOUT BUFFERED CLOCKS. FD7S
WITH SCAN TEST INPUTS.CLEAR DIRECT.
SET DIRECT

LOGIC DIAGRAM

A

SD

—D

—
dro7s
—T1
—{TE D

T

ELECTRICAL SCHEMATIC

ol

ONp~

[94
CPN ]

L
' J 'E}_

CD
SD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOuTPUT FO=1]F0O=2|F0 =3|F0 =4]|F0 = 8|GATES
3000 TPLH 12.2ns] 13.0 13.8 14.7 18.5 9
Series TPHL 12.1 12.7 133 141 171
5000 TPLH 4.8 5.6 6.4 7.3 10.5 9
Series TPHL 45 5.0 5.5 6.0 8.0
7000 TPLH 33 3.7 4.1 4.4 6.0 9
Series TPHL 29 3.1 3.4 3.7 4.7

INPUT LOADING: 3K (1,2,2,2,2,1,2)
5K (1,2,2,2,2,1,2)
7K (1,2,2,2,2,1,2)

Z(Q,QN) =FD7s(D, CP, CPN, CD, SD, TI, TE)$

FD8 DFF WITHOUT BUFFERED CLOCKS. FD8
WITH SET DIRECT
LOGIC DIAGRAM
\
SD
4L
FD8
:::’ ONf—
ELECTRICAL SCHEMATIC
D ON
., P Py
_E:ll> ‘
o]
LT LT

5D
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOuTPUT FO=1|F0O=2|F0 =3]|F0 =4|F0 = 8| GATES
3000 TPLH 7.4ns| 82 9.2 10.1 13.8 5
Series TPHL 73 7.9 8.6 9.3 12.2
5000 TPLH 4.1 4.9 5.7 6.6 9.9 5
Series TPHL 33 3.8 4.3 438 6.8
7000 TPLH 2.4 2.8 3.2 3.6 5.1 5
Series TPHL 24 2.7 2.9 3.2 4.3

INPUT LOADING: 3K (2.3,2,2,2)
5K (3.8,2,2,2)
7K (34,2,2,2)

Z(Q,QN) =FD8(D, CP, CPN, SD)$

WORKSTATION WC. DELAY LSI LOGIC CoRP
(RISE/FALL) DAISY o MENTOR = 11.5/ 11.1 VALID = 12

09/25/84

WORKSTATION WC. DELRY LST LOGIC CoRP
(RISE/FALL) DAISY o MENTOR = 8.7 / 8.7 VALID = 9

09/85/84
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FD8S DFF WITHOUT BUFFERED CLOCKS. FD8S
WITH SCAN TEST INPUTS,SET DIRECT

LOGIC DIRGRAM

FJKA JK FLIP FLOP WITH SEPERATE FJKA
MASTER a SLAVE CLOCKS.
CLEAR DIRECT o SET DIRECT.

J: LOGIC DIRGRAM
SD —_
- ok I
—_—
—& FD8S SDM SIS
—n -1 Fika O
e ONp= —{cPm
~—{CPS ONf—
ELECTRICAL SCHEMATIC . KEDM cDs
0 T 7
cp —_l_ j_ ELECTRICAL SCHEMATIC
CPN "—D* 1 ' 1 oN
T ———-—-4& I A EONS L
- ——ON
1+ )
| T | T T T
K e 1
SD 0
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS Z'&_J Zé‘—_’_
QOUTPUT  |FO =1|F0 =2]|F0 =3|F0 =4|F0 = 8|GATES on oo s ps sps s
3000 TPLH 10.8ns| 11.6 [124 [133 [171 8
Series TPHL | 120 |126 |132 |140 |17.0 NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
5000 TPLH 48 56 | 64 | 73 [105 8
Series TPHL 45 5.0 55 | 6.0 8.0 QOUTPUT |FO =1|F0 =2|F0 =3|F0 =4|F0 = 8|GATES
7000 TPLH 33 3.7 | 41 44 | 6.0 8
A 5000 TPLH 6.7ns| 7.5 84 | 92 [125 10
Series TPHL 20 [ 31 1 34 1 37 | 47 Series TPHL 52 | 57 | 62 | 68 | 89
INPUT LOADING: 3K (1,2,2,2,1,2) 7000  TPLH 34 | 38 | 42 | 46 | 62 10
5K (1,2,2,2,1,2) Series TPHL 32 35 37 | 40 5.1
7K (1,2,2,2,1,2)
INPUT LOADING: 5K (1,1,2,2,1,1,1,1)
7K (1,1,2,2,1,1,1,1)
Z(Q,QN) =FD8S(D, CP, CPN, SD, TI, TE)$ 2(Q,QN) = FIKA(J, K, CPM, CPS, CDM, CDS, SDM, SDS)$
WORKSTATION WC. DELAY LSI LOGIC CoRP 09725784 WORKSTATION WC. DELAY LSI LOGIC CORP 06/25/84

(RISE/FALL) DAISY o MENTOR =10.4/ 11.0 VALID = 11

(RISE/FALL) DAISY n MENTOR =13.9/ 10.8 VALID = 13
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FIK1 JKFF FIK1

LOGIC DIAGRAM

7’ of
Ao
on

ELECTRICAL SCHEMRTIC

ON

. 1 e

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FIK13S JKFF WITH SCAN TEST INPUTS FJK1S

LOGIC DIAGRAM

4
¢ Fakis
I

1

ON |-

EON1
J A0E ELECTRICAL SCHEMATIC

fiEalre I

TI ZZ:& 1
TE

—ON

Ll
L_.|
[>o

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOuUTPUT FO=1|F0O=2|F0 =3|F0 =4|F0 = 8|GATES
3000 TPLH 9.2ns| 10.1 11.0 12.0 15.7 8
Series TPHL 6.9 7.3 7.8 8.3 10.3
5000 TPLH 6.7 7.5 8.4 9.2 12.5 8
Series TPHL 5.2 5.7 6.2 6.8 8.9
7000 TPLH 34 39 4.3 4.7 6.3 8
Series TPHL 2.8 3.0 32 33 4.1

INPUT LOADING: 3K (1,1,1)
5K (1,1,1)
7K (1,1,1)
Z(Q,QN) =FJK1(J, K, CP)$
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84

(RISE/FALL) DAISY o MENTOR = 12.7/ 9.0 VALID = 11

QOUTPUT FO=1[F0O=2|F0=3|F0 =4]|F0 = 8|GATES
3000 TPLH 14.5ns| 15.1 16.0 16.8 20.6 1"
Series TPHL 14.6 14.8 15.2 15.6 17.6
5000 TPLH 6.6 7.5 8.3 9.1 124 10
Series TPHL 6.5 7.0 7.5 8.0 10.0
7000 TPLH 4.0 4.4 4.8 5.2 6.9 10
Series TPHL 43 46 4.8 5.1 6.2
INPUT LOADING: 3K (1,1,1,1,2)
5K (1,1,1,1,2)
7K (1,1,1,1,2)
Z(Q,QN) =FJK1S({J, K, CP, TI, TE)$
WORKSTATION WC. DELRY LSI LOGIC CORP #9/25/84
(RISE/FALL) DRISY o MENTOR =14.1/ 13.6 VALID = 14
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FJK2 JKFF WITH CLEAR DIRECT FJK2
LOGIC DIAGRAM
Bl
of
4 Fuke
onf
-1 o
T
ELECTRICAL SCHEMATIC
o ON
J L
¢ _{ }_ L
1 e
cp L
i+ —o
LT
[
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
QOUTPUT FO=1]F0O =2|F0 =3|F0 = 4]|F0 = 8|GATES
3000 TPLH 9.7ns| 10.6 1.5 12.5 16.2 9
Series TPHL 6.9 7.3 7.8 8.3 10.3
5000  TPLH 6.7 7.5 8.4 9.2 12.5 9
Series TPHL 5.2 5.7 6.2 6.8 8.9
7000 TPLH 34 39 4.3 4.7 6.3 9
Series TPHL 2.8 3.0 3.2 33 4.1
INPUT LOADING: 3K (1,1,1,2)
(1. 1,1,2)
7K (1,1,1,2)

2(Q,QN) =FIK2(J, K, CP, CD)$

FJK2s JKFF WITH SCAN TEST INPUTS. FJK2$
CLEAR DIRECT

LOGIC DIAGRAM

—J
—$ or
v Fakes
-m ok
=€ ¢p
ELECTRICAL SCHEMATIC
0
b i
It “—I A
e pe
D | o—4——on
T —

£
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOuUTPUT FO=1|F0=2]F0 =3|F0 = 4|F0 = 8| GATES
3000 TPLH 15.8ns| 16.6 17.4 18.3 22.1 12
Series TPHL 15.0 15.3 15.7 16.2 18.1
5000 TPLH 6.5 7.3 8.2 9.0 12.3 1"
Series TPHL 6.6 71 7.6 8.1 10.1
7000 TPLH 39 43 4.7 5.1 6.8 1"
Series TPHL 4.4 4.6 4.9 5.2 6.2

INPUT LOADING: 3

Z(Q,QN) =FJK2sS(J, K, CP, CD, T, TE)$

WORKSTATION WC. DELAY

LSI LOGIC CORP

09/25/84

(RISE/FALL) DAISY n MENTOR =13.4/ 9.8 VALID = 11

WORKSTATION WC. DELRY LS LOGIC CORP
(RISE/FALL) DAISY n MENTOR =14.6/ 13.4 VALID = 14

09/25/84
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FJK3 JKFF WITH CLEAR DIRECT. FJK3
SET DIRECT

L0GIC DIAGRAM

A

g SP

o
-} FJK3

ONF

1« o
T

ELECTRICAL SCHEMATIC

EONT S

i 15

. !
H
T

SD
CD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FJK3S JKFF WITH SCAN TEST INPUTS, FJK3S
CLEAR DIRECT.SET DIRECT
1OGIC DIAGRAM
1
s SD
1 of
g Fokas
.T TI on b
~TE cD
EON1L T
J fAoe ELECTRICAL SCHEMATIC
K —t 0
“’ = i Iy
n A I 1
O EHO -
CD
SD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

ouTPUT |[Fo=1|Fo=2{F0 =3|F0=4]|F0 =8|GATES
2 QOUTPUT  [Fo = 1]F0 =2|F0 = 3|F0 = 4F0 = 8[GATES
3000 TPLH | 105ns| 113 [ 123 [132 [ 169 10
Series TPHL 91 | 97 |104 |11 [140 3000 TPLH | 156ns| 164 [ 172 [18.1 [219 13
Series TPHL | 168 |174 |180 |188 [218
5000 TPLH 67 | 75 | 84 | 92 [125 10
Series TPHL 52 | 57 | 62 | 68 | 89 5000 TPLH 65 | 73 | 82 | 90 [123 12
Series TPHL 6.6 71 7.6 8.1 10.1
7000 TPLH 34 | 39 | a3 [ 47 | 63 10
Series TPHL 28 | 30 | 32 | 33 | a1 7000 TPLH 39 | 43 | 47 | 51 | 68 12
Series TPHL 24 | a6 | 49 | 52 | 62
INPUT LOADING: 3K ( 1,1,2,2)
5K (1,1,1,2,2) INPUT LOADING: 3K (1 1,1,2,2,1,2)
7K (1,1,1.2,2) 5K (1,1,1,2,2,1,2)
7K (1 1,1,2,2,1,2)
Z(Q.QN) = FJK3(), K, CP, CD, SD)$ Z(Q.QN) = FIK3s(J, K, CP, CD, SD, TI, TE)$
WORKSTATION WC. DELAY LSI LOGIC CORP LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY o MENTOR =13.1/ 11.1 VALID = 12

WORKSTATION WC. DELAY
(RISE/FRLLY DAISY o MENTOR =14.3/ 15.1 VALID = IS

09/25/84
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FTe TOGGLE FF WITHOUT BUFFERED FTe FT3 TOGGLE FLIPFLOP WITHOUT FT3
CLOCKS,WITH CLEAR DIRECT BUFFERED CLOCKS.WITH CLEAR DIRECT.
LOGIC DIAGRAM SET DIRECT
Losic vinrn
B )
FT2 5
3 .0 o
%] F13
Y _
ONpP=
ELECTRICAL SCHEMATIC - CD
o T
ELECTRICAL SCHEMATIC
L 1 o
| I | I e 1
D_‘ o
T — I
me D" T —0
cD LT W
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS .y
SD
CD
QOUTPUT |Fo =1|F0 =2|F0 =3|F0 =4]|F0 = 8]GATES NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
3000 TRLH | 69ns) 78 | 87| 37 134 3 QouTPUT  |F0 = 1{F0=2{F0 =3]F0=4[F0=s8|cATES
5000 TPLH 41 | 49 | 57 | 66 | 99 5 3000 TPLH 77ns| 85 | 95 | 104 | 141 6
Series TPHL 33 | 38 | 43 | 48 | 68 Series TPHL 72 | 78 | 85 | 92 [121
7000 TPLH 24 | 28 | 32 | 36 | 541 5 5000 TPLH 41 | 49 | 57 | 66 | 99 6
Series TPHL 24 | 27 | 29 | 32 | a3 Series TPHL 33 | 38 | 23 | a8 | 638
. 7000 TPLH 24 | 28 | 32 | 36 | 51 6
INPUT LOADING: glé g % %g Series TPHL 24 27 2.9 3.2 43
® @22 INPUT LOADING: 3K (2,2,2,2)
5K (2,2,2,2)
7K (2.2,2.2)
Z(Q,QN) = FT2(CP, CPN, CD)$ , Z(Q,QN) =FT3(CP, CPN, CD, SD)$
WORKSTATION WC. DELAY LSI LOGIC CORP I WORKSTRTION WC. DELAY LSI LOGIC CORP vorzsyas
(RISE/FALL) DAISY o MENTOR = 8.7 / 6.6 VALID = 8 (RISE/FALL) DRISY n MENTOR = 8.4 / 8.2 VALID = 9
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FT4 TOGGLE FLIPFLOP WITHOUT FT4
BUFFERED CLOCKS,WITH SET DIRECT

LOGIC DIAGRAM

i

SD

0

FT4

ONj—

ELECTRICAL SCHEMATIC

ON

o
ey o

cp
CPN

5D
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

IBUF IBUF

INPUT PAD WITH BUFFER
FOR CMOS INPUT

LOGIC DIRGRAM

A

[:::] [: [: z
ELECTRICAL SCHEMATIC

INPUT
PROTECTION

. o>

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

F0=1|F0=2|F0 =3]|F0 =4|F0 = 8|GATES
QoutpuT  |Fo=1|Fo=2]F0=3|Fo=4]F0=8]|cATES 00 = T T 153 :
3000 TPLH 73ns| 81 | 91 | 100 | 137 5 Series TPHL 49 | 51 | 54 | 57 | 68
Series TPHL 72 | 78 | 85 | 92 |12 5000 TPLH 24 | 25 | 27 | 28 | 33 0
5000 TPLH 21 | 49 | 57 | 66 | 99 5 Series TPHL 26 | 27 | 28 | 29 | 32
Series  TPHL 33 | 38 | 23 | a8 | 68 7000 TPLH 31 | 32 | 33 | 34 | 37 0
00— TP 7 T T3 T5e T - Series  TPHL 29 | 29 | 30 | 30 | 32
Series TPHL 24 | 27 | 29 | 32 | a3
INPUT LOADING: 3K (2,2, 2)
5K (2.2.2)
K 222
Z(Q,QN) = FT4(CP, CPN, SD)$ Z=IBUF(A)S
5]
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FRLL) DAISY o MENTOR = 8.7 / 8.2 VALID = 9 l (RISE/FALL) DAISY o MENTOR = 1.9 / 2.1 VALID = 2
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IBUFD

INPUT PRD WITH PULL DOWN
AND BUFFER FOR CMOS INPUT

LOGIC DIAGRAM

a 1BUFD

gDt

ELECTRICAL SCHEMATIC

INPUT
-—-TV—P‘— o Do—

= 1BUFD

IBUFD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

IBUFI

BUFFER FOR BIDIRECT CMOS INPUT

LOGIC DIAGRAM

S S -

ELECTRICAL SCHEMATIC

S

IBUFI

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0=2|F0=3]|F0 = 4]F0 = 8] GATES FO=1)F0 =2|F0 =3|F0 =4]|F0 = 8| GATES
3000 TPLH 8.6 9.0 9.5 | 10.0 12.1 2 3000 TPLH 4.0 4.4 49 5.4 7.5 2
Series TPHL 8.6 9.0 9.4 99 | 119 Series TPHL 3.9 43 a7 5.2 7.2
5000 TPLH 24 2.5 2.7 2.8 3.3 0 5000 TPLH 1.7 1.9 2.1 2.3 3.2 3
Series TPHL 2.6 2.7 2.8 2.9 3.2 Series TPHL 2.2 2.3 2.5 2.6 3.2
7000 TPLH 3.1 3.2 3.3 34 3.7 0 7000 TPLH 1.3 1.4 1.5 1.6 2.0 3
Series TPHL 4.0 4.0 4.1 4.1 4.3 Series TPHL 1.5 1.6 1.6 1.7 2.1
INPUT LOADING: 3K (1.5)
5K (1.5)
7K (1.5)
Z=I|BUFD(A)$ Z=IBUFI(A)$
LSI LOGIC CORP LSI LOGIC CORP
WORKSTATION WC. DELAY 09/25/84 WORKSTATION wC. DELAY 09/25/84
(RISE/FALL) DAISY o MENTOR = 2.1 / 1.9  VALID = 2

(RISE/FALL) DAISY o MENTOR =3.6 / 3.4 VALID =

4
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IBU FN Inverting Input Pad |BUFN
(7k only) With Buffer For Cmos Input (7k only)
INPUT
A PROTECTION z

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0O=2|F0 =4|F0 = 8|F0 = 16] GATES
7000 TPLH 2.1ns| 2.3 2.5 3.0 3.9 0
Series TPHL 2.0 2.0 22 25 3.2
INPUT LOADING: 7K (5)
Z =1BUFN(A)$
FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK ]
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
BASED UPON FO= 2 WITH TPn 35 35
STATISTICAL WIRE LENGHTS TPHL 4 38 38
LSI LOGIC CORPORATION © COPYRIGHT 1981,1982,1983,1984 JULY, 1984

IBUFU

AND BUFFER FOR CMOS INPUT

a INPUT 2
PROTECTION

INPUT PAD WITH PULL UP

A 1BUFU
z

ELECTRICAL SCHEMATIC

IBUFU

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO = 1|FO 0=3|F0 =4]|F0 = 8| GATES
3000 TPLH 8.6ns| 9.0 9.5 10.0 2.1 2
Series TPHL 8.6 9.0 9.4 9.9 1.9
5000 TPLH 24 25 2.7 2.8 33 0
Series TPHL 2.6 2.7 2.8 2.9 3.2
7000 TPLH 3.1 3.2 33 34 3.7 0
Series TPHL 29 29 3.0 3.0 3.2

WORKSTATION WC. DELAY

(RISE/FALL) DAISY o MENTOR =

29/25/84

Chapter 17: Macrocells

17-43




ICK1

{7k only)

Inverting Clock-driver

ICK1

(7k only)

ICK2

(7k only)

Inverting Clock-driver

ICK2

(7k only)

n —o—2

I

- -

l_ 0 T | - __] 8118
1BUF B1B | | |
L_ 1 T I l
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS - _IBU;— - | |
FO = 4|F0 = 8 [F0 = 16[F0 = 32[F0 = 64| GATES l |
7000 TPLH 4.0 4.2 45 5.0 6.1 0 2= ICK2(A)S T _I
Series TPHL 43 44 4.7 5.2 6.2 - T
THREE I/O CELLS 8118
TWO VO CELLS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO = 4]F0 = 8 |FO = 16{F0 = 32|F0 = 64| GATES
7000 TPLH 4.4 4.4 4.6 4.9 5.4 0
Z=ICK1(A)$ Series TPHL 5.0 5.0 5.2 5.4 5.9
FIXED DELAYS [ worksrarion sorrware patasook ] FIXED DELAYS [ worksration sorrware atasook |
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
BASED UPON FO= 2 WITH TPH 82 52 BASED UPON FO= 2 WITH P a5 a5
STATISTICAL WIRE LENGHTS TPHL 8 75 75 STATISTICAL WIRE LENGHTS TPHL 9 8.2 82
LSI LOGIC CORPORATION © COPYRIGHT  1981,1982,1983,1984 MAY, 1984 LSI LOGIC CORPORATION ©  COPYRIGHT  1981,1982,1983,1984 MAY, 1984
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Iv Iv
SINGLE INVERTER

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

IvA IvAa

INVERTER WITH
PARALLEL P TRANSISTORS

LOGIC DIRGRAM ELECTRICAL SCHEMATIC

n—-—{>o——-z A z

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0O=2|F0 =3|F0O =4|F0 = 8|GATES FO=1|FO=2|F0O =3]|F0 =4]|F0 = 8 |GATES
3000 TPLH 3.7ns| 4.6 5.5 6.4 | 10.2 1 3000 TPLH 29ns| 3.3 3.8 43 6.4 1
Series TPHL 2.3 2.7 3.2 3.7 5.6 Series TPHL 29 33 3.7 42 6.1
5000 TPLH 2.0 2.8 3.6 4.4 7.7 1 5000 TPLH 13 1.7 2.1 25 42 1
Series TPHL 08 1.1 1.4 1.7 29 Series TPHL 0.9 1.2 15 18 3.0
7000 TPLH 15 1.9 2.2 2.6 4.2 1 7000 TPLH 1.1 1.3 15 1.7 25 1
Series TPHL 0.8 1.0 1.1 13 2.0 Series TPHL 1.1 1.2 1.4 1.6 2.2
INPUT LOADING: 3K (1) INPUT LOADING: 3K (1.5)
5K (1) 5K (1.5)
7K (1) 7K (1.5)
Z=1IV(A)$ Z=IVA(A)$
WORKSTATION WC. DELAY LSI LOGIC CORP LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY o MENTOR = 5.0 s/ £.7 VALID = 4

WORKSTATION WC. DELAY
(RISE/FALL) DARISY o MENTOR = 3.3/ 2.7 VALID = 3

099/25/84
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IVDA 1VDA CIVP PONER INVERTER IVP
{2 PARALLEL INVERTERS)

LOGIC DIAGRAM

INVERTER INTO INVERTER

1ve

ﬂ——-l >0————1
LOGIC DIAGRAM ELECTRICAL SCHEMATIC

IVDR ELECTRICAL SCHEMATIC

5

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

ZOUTPUT FO=1]|F0O=2|F0 = 3|FO = 4|F0 = 8| GATES FO=1|F0 =2|F0O =3}|F0 =4|F0 = 8| GATES
3000 TPLH 5.9 6.8 7.7 8.6 124 1 3000 TPLH 29 3.3 38 43 6.4 1
Series TPHL 5.9 6.3 6.8 73 9.2 Series TPHL 2.0 22 2.5 2.8 39
5000 TPLH 2.8 3.6 4.4 5.2 8.5 1 5000 TPLH 14 18 2.2 2.6 43 1
Series TPHL 238 3.1 3.4 3.7 4.9 Series TPHL 0.7 0.9 1.0 1.2 1.8
7000 TPLH 23 2.7 3.0 34 5.0 1 7000 TPLH 1.0 1.2 14 1.6 24 1
Series TPHL 23 25 2.6 28 3.5 Series TPHL 0.6 0.7 0.8 0.9 1.3
INPUT LOADING: 3K (1) INPUT LOADING: 3K (2)
5K (1) 5K (2)
7K (1) 7K (2)
WITH Y OUTPUT UNLOADED
X(Y, Z) = IVDA(A)$ Z=IVP(A)$
LSI LOGIC CORP -LSI LOGIC CORP
WORKSTATION WC. DELAY i 29/25/84 WORKSTATION WC. DELAY 09/25/84
(RISE/FALL) DAISY o MENTOR = 7.3 / 6.7 VALID = 7

(RISE/FALL) DRISY n MENTOR = 4.3/ 2.6  VALID = 3
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LD1 DLATCH, GATED LD1 Lb2 DLATCH, GRTED Lp2
(GATE ACTIVE LOW)
LOGIC DIAGRAM
Losie viecRaw
—D op—
LD1 1T
—c ON }— Lbe
~OiGN ON —
ELECTRICAL SCHEMARTIC
ELECTRICRL SCHEMATIC
D * 0
G j_ D * 0
T4 N &
T
ON _L_
T oN
LT
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
Q1 OUTPUT FO=1|F0O=2}|F0 =3|F0 =4]|F0 = 8| GATES Q10UTPUT FO=1|F0O=2|F0 =3|F0 =4]|F0 = 8| GATES
3000 TPLH 10.4 1.3 12.2 13.2 16.9 3 3000 TPLH 1.1 12.0 12.9 139 17.6 3
Series TPHL 9.6 10.0 10.5 1.0 13.0 Series TPHL 10.0 10.4 10.9 11.4 134
5000 TPLH 4.8 5.6 6.4 7.3 10.6 3 5000 TPLH 5.7 6.5 7.3 8.1 1.4 3
Series TPHL 43 4.6 49 5.1 6.3 Series TPHL 4.6 49 5.2 5.5 6.6
7000 TPLH 3.0 34 3.8 4.2 5.9 3 7000 TPLH 39 43 4.7 5.1 6.6 3
Series TPHL 3.0 3.1 33 3.5 4.2 Series TPHL 33 35 3.7 3.8 45
INPUT LOADING: 3K (2.3,1) INPUT LOADING: 3K (2.3,1)
SK (3.8, 1) 5K (3.8, 1)
7K (3.4,1) 7K (3.4,1)
Z(Q,QN)=LD1(D, G)$ Z(Q, QN) =LD2 (D, GN)$
WORKSTATION WC. DELAY LST LUGEC CORP 99/25/84 WORKSTATION WC. DELRY LSTLOGIC CORP 09/25/64
(RISE/FALL) DAISY o MENTOR -14.6/ 11.4 VALID = 13 (RISE/FALL) DAISY o MENTOR =14.6/ 11.4 VALID = 13
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LD3 DLATCH- GATED, CLEAR DIRECT

GATE ACTIVE HIGH

LOGIC DIAGRAM

LD3

LD3

ELECTRICAL StHEﬁRTIE

: o —o

ON

D

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

LD4

(5K ONLY)

DLATCH, GATED, CLEARR DIRECT
(GATE ACTIVE LOW)

LOGIC DIAGRAM

ELECTRICAL SCHEMATIC

— |l

ON

el

cD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

LD4

(5K ONLY)

Q1 OUTPUT FO = FO =2|F0 =3]|F0 = 4|F0O = 8| GATES Q10UTPUT FO=1|F0 =2]F0 =3|FO = 4|F0 = 8| GATES
5000  TPLH 55ns| 64 | 72 | 80 |113 4 5000 TPLH 6.3ns| 7.1 79 | 87 |120 4
Series  TPHL 49 5.2 5.5 58 | 69 Series TPHL 5.2 5.5 5.8 6.1 7.3
7000 TPLH 45 49 5.3 5.7 7.2 4 7000 TPLH 45 49 53 5.7 7.2 4
Series TPHL 4.2 4.3 4.5 4.7 5.3 Series TPHL 42 43 45 47 5.3
INPUT LOADING: 5K (3.7,1,1) INPUT LOADING: 5K (3.7 , 1)
7K (3.4,1,1) 7K (3.4,1,1)
Z(Q, QN) =LD3 (D, G, CD)$ Z(Q, QN) =LD4 (D, GN, CD)$
LSI LOGIC COR|
WORKSTATION WC. DELAY P 09/25/84 WORKSTATION WC. DELRY LST LOGIC CORP P9/25/84
(RISE/FALL) DAISY o MENTOR = 14.6/ 11.4 VALID = 13

(RISE/FALL) DAISY o MENTOR =

14.6/ 11.4 VALID =

13
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LSR1 SRLATCH WITH SEPARATE LSR1
GATED INPUTS.SD.RD

Sl s SD
s2 :D o
LOGIC DIAGRAM LSR1
R R N |—
e RD
ELECTRICAL SCHEMATIC
sD
st A03
se
0
oN
Rl ——i
Re ——1 A03

RD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO=1|F0 =2|F0 =3|F0 =4|F0 = 8|GATES
3000 TPLH 11.3ns| 13.4 15.6 17.8 26.6 4
Series TPHL 14.6 15.6 16.6 17.5 215
5000 TPLH 44 6.0 7.6 9.2 15.6 4
Series TPHL 5.8 6.5 7.2 8.0 10.9
7000 TPLH 3.1 3.7 4.4 5.1 7.8 4
Series TPHL 4.4 438 5.1 5.5 6.9

INPUT LOADING: 3K (1,1,1,1,1,1)
5K (1,1,1,1,1,1)
7K (1,1,1,1,1,1)

Z(Q, QN) =LSR1(S1, 52, SD, R1,R2,RD)$

WORKSTATION WC. DELRY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 12.3/ 7.8

89/25/84
VALID - 12

LSR2 SRLATCH WITH COMMON
GATED INPUTS,SD.,RD

LSR2

-9
LOGIC DIAGRAM —J6  1sre
—q

ELECTRICAL SCHEMATIC

SD

ON

A03

RD

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

QOUTPUT FO = 1|FO =2|F0 = 3|F0 = 4|F0 = 8|GATES
3000 TPLH 11.3ns| 13.4 15.6 17.8 26.6 4
Series TPHL 14.6 15.6 16.6 17.5 215
5000 TPLH 5.5 7.2 8.8 10.4 16.9 4
Series. TPHL 6.9 7.7 8.4 9.1 12.0
7000 TPLH 31 37 a4 5.1 7.8 4
Series TPHL 4.4 48 5.1 5.5 6.9

1,1.2,1,1)
1.1.2,1,1)
1.1.2,1,1)

.

INPUT LOADING: 3K (
5K (
7K (

Z(Q, QN) = LSR2 (S, R, G, SD, RD)$

WORKSTATION WC. DELRY LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY n MENTOR = 6.6 / 10.3 VALID = 10
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LS1 DLATCH WITH SCAN TEST INPUTS Ls1 Ls2 DLATCH INTO DLATCH WITH Ls2

(LSSD) SCAN INPUTS (LSSD)
LOGIC DIAGRAM _LOGIC DIRGRAM
—n 0 ot 01l
dei B —e1 o
Lst
—{nz LS2
1 af —ce e~
~ce
—cs  oan |-
ELECTRICAL SCHEMATIC
n AO2 ace ELECTRICAL SCHEMATIC
c1—y 1
2 — oN gé +—OIN +—02
c2 — j_ z j_
] -
0 01
: aen
W
c3
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
Q1 0OUTPUT FO=1]|F0O =2|F0 =3]|F0O =4|F0 =8|GATES Q1 OUTPUT FO=1]F0O=2|F0 =3]|F0 =4|F0 = 8]|GATES
3000 TPLH 9.7ns| 10.5 1.4 12.3 16.0 6 3000 TPLH 12.8ns| 13.4 14.3 15.1 18.9 9
Series TPHL 7.6 7.9 8.3 8.8 10.8 Series TPHL 9.3 9.5 9.9 10.3 123
5000 TPLH 5.5 6.4 7.2 8.0 11.4 6 5000 TPLH 6.7 7.5 8.3 9.1 12.4 9
Series TPHL 8.9 9.2 9.6 9.9 1.3 Series TPHL 8.3 8.6 8.9 9.2 10.4
7000 TPLH 4.2 4.6 5.0 5.4 7.0 6 7000 TPLH 3.7 41 45 5.0 6.6 9
Series TPHL 32 34 35 3.7 4.4 Series TPHL 29 31 3.2 34 4.2
INPUT LOADING: 3K (1,2,1,2) INPUT LOADING: 3K (1,2,1,2,1)
5K (1,2,1,2) K (1,2,1,2,1)
7K (1,2,1,2) 7K (1,2,1,2,1)
Z(Q,QN) =LS1(D1,C1,D2,C2)$ Z(Q1,Q1N,Q2,Q2N) =LS2 (D1, C1, D2, C2, C3)$
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY n MENTOR =11.8/ 9.5 VALID = 11 (RISE/FALL) DAISY o MENTOR =14.0/ 12.6 VALID = 12
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MUX21L MUX21L M UX21 LA Two to One Transmission M UXZ 1LA
INVERTING GATE MULTIPLEXER Gate Multiplexer, Inverting output

LOGIC DIAGRAM ELECTRICAL SCHEMATIC A

L :

] [ 1
o S z ) _ﬁ{: z
s — s B _:I" 1

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1}F0=2]|F0 =3]F0 =4}F0 = 8| GATES
PLH 5.5ns] 5.9 6.5 7.0 9.0 2
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS gg?.gs ¥PHL 4.7 49 52 5.4 6.6
5000 TPLH 23 2.7 3.1 35 5.2 2
FO = 1|F0O=2|F0 =3{F0 =4|F0 = 8|GATES Series TPHL 23 25 26 28 34
3000 TPLH a8ns| 52 | 57 | 62 | 83 3 7000  TPLH 13 [ 15 17 119 | 27 2
Series TPHL 4.7 5.1 5.5 6.0 8.0 Series TPHL 1.5 1.6 1.7 1.7 21
5000 TPLH 29 [ 32 [ 35 | 38 | 49 3 . 20
Series TPHL 2.8 3.0 3.1 3.3 3.9 INPUT LOADING: éﬁ 2};%:2; }j4 5;
7000 TPLH 2.0 2.1 2.3 24 29 3 7K (1,4.3,1,4.3)
Series TPHL 1.6 1.7 1.8 19 23
INPUT LOADING: 3K (2.9,2.9,2) Z=MUX21LA (SN, A, S, B)$
5K (4.9,4.9,2)
7K (47,4.7.2) FIXED DELAYS [ workstaTION SOFTWARE DATABOOK ]
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
Z=MUX21L (A: B’ S)$ BASED UPON FO= 2 WITH TPLH 42 4.2
STATISTICAL WIRE LENGHTS TPHL 5 4:5 4:5
LSI LOGIC CORP
WORKSTATION WC. DELRY 29/85/84 LSI LOGIC CORPORATION ©  COPYRIGHT ~ 1981,1982,1983,1984 MAY, 1984

(RISE/FALL) DAISY n MENTOR = 6.7, 6.2  wyaLID - 7
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MUX41 4 Bit Non-inverting Mux

(7k only)

MUX41 MUX81

(7k only) (7k only)

8 Bit Non-inverting Mux

MUX81

(7k only)

Do —

D] et

02 =

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FUNCTION

DO

D1

D2

D3

D4

D5

D6

D7

HENEEEE

FUNCTION

A

0
0
0
0
1
1
1
1

ws0O0==00O

~o-0=0=0

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0 =2]F0 =3]|F0 =4|F0 = 8] GATES FO=1|FO=2|F0 =3|F0O =4]|F0 = 8|GATES
7000 TPLH 2.7ns| 2.9 33 4.1 5.7 6 7000 TPLH 42ns| 4.4 48 5.6 7.2 12
Series TPHL 39 4.0 4.2 4.5 5.3 Series TPHL 5.6 5.7 5.9 6.3 7.2
INPUT LOADING: 7K (3.4,3.4,3.4,3.4,3,2) INPUT LOADING: 7K (3.4,3.4,3.4,3.4,3.4,3.4,34,34,1,3,2)
Z=MuUX41 (D0, D1,D2,D3, A, B)$ Z=MuUx81 (D0, D1, D2, D3, D4, D5, D6, D7, A, B, O)$
FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK ] FIXED DELAYS [ workstation soFrware pATAsOOK ]
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
BASED UPON FO= 2 WITH TPLH 70 70 BASED UPON FO= 2 WITH TPLH 9.7 9.7
STATISTICAL WIRE LENGHTS TPHL 6 50 50 STATISTICAL WIRE LENGHTS TPHL i 75 7.5
LSI LOGIC CORPORATION © ~ COPYRIGHT  1981,1982,1983,1984 JuLY, 1984 LS/ LOGIC CORPORATION ©  COPYRIGHT  1981,1982,1983,1984 JULY, 1984
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ND2 ND2 ND3 ND3
2NAND 3NAND
LOGIC DIAGRAM ELECTRICAL SCHEMATIC
LOGIC DIAGRAM ELECTRICAL SCHEMATIC
C B A
B A o
g"_“‘})—z ¢ 4
z
z
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1|F0O=2|F0=3|F0 =4|F0 = 8| GATES FO=1|F0O=2|F0O=3|F0 =4|F0 = 8|GATES
3000 TPLH 4.3ns| 5.1 6.0 7.0 10.7 1 3000 TPLH 4.7ns| 5.6 6.5 7.4 1.1 2
Series TPHL 35 4.2 49 5.6 8.5 Series TPHL 5.0 5.9 6.8 7.8 11.7
5000 TPLH 23 3.2 4.0 4.3 8.1 1 5000 TPLH 3.0 38 47 55 8.8 2
Series TPHL 1.2 1.7 2.2 2.7 4.7 Series TPHL 2.0 2.7 34 4.1 7.0
7000 TPLH 1.4 1.8 22 2.6 4.1 1 7000 TPLH 1.7 2.1 24 2.8 4.4 2
Series TPHL 1.0 1.3 1.5 1.8 29 Series TPHL 15 1.9 23 26 4.2
INPUT LOADING: 3K (1, 1) INPUT LOADING: 3K (1,1,1)
5K (1,1) 5K (1,1,1)
7K (1,1) 7K (1,1,1)
Z=ND2 (A, B)$ Z=ND3 (A, B, Q)%
LSI LOGIC CORP
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84 WORKSTATION WC. DELRY 09/25/84
(RISE/FALL) DAISY n MENTOR = 5.5 / 4.1 VALID = 4.2 (RISE/FALL) DAISY o MENTOR = 8.8 / 12.8 VALID = 11
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ND4 ND4 ND6 ND6
4NAND
2 3INANDS INTO 2NOR INTO
INVERTER (6NAND)
LOGIC DIAGRAM ELECTRICAL SCHEMATIC
D ¢ B A
f LOGIC DIAGRAM ELECTRICAL SCHEMATIC
D L L H
D z
L" A A
B B
c c
___| 1 7 D 7
E £
] F F
|
1
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1|FO =2|F0 =3|F0 =4|F0 = 8|GATES FO=1|{F0O=2|F0O =3]|F0 =4|F0 = 8 |GATES
3000 TPLH 5.2ns| 6.0 6.9 7.8 1.5 2 3000 TPLH 58ns| 6.2 6.7 7.2 9.3 5
Series TPHL 6.8 7.9 9.2 10.4 15.5 Series TPHL 7.4 7.5 7.8 8.1 9.3
. 4. 49 5.8 9.1 2 5000 TPLH 4.4 4.9 53 5.7 7.4 5
gg?igs ;gl‘ﬂ g; 3.015 46 5.5 93 Series TPHL 5.5 5.7 5.9 6.1 6.7
. A 24 2.8 4.4 2 7000 TPLH 2.8 3.0 3.2 34 43 5
z(e)?igs ;gll::‘l‘_ :g %.1 2.6 3.0 5.0 Series TPHL 33 34 35 3.6 4.0
INPUT LOADING: 3K (1,1,1,1 INPUT LOADING: 3K (1,1,1,1,1,1)
5K 21,1,1,1; 5K (1,1,1,1,1,1)
7k (1,1,1,1) 7K (1,1,1,1,1,1)
Z=ND4(A,B,C,D)$ Z=ND6(A,B,C,D,E F)$
WORKSTATION WC. DELRY LSI LOGIC CORP 29725764 WORKSTATION WC. DELAY LSI LOGIC CORP 29/25/84
(RISE/FALL) DAISY n MENTOR = 7.3 / 8.8 VALID = 8 (RISE/FALL) DAISY o MENTOR = 8.8/ 12.8 VALID = 11
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ND8 ND8

£ 4NANDS INTO 2NOR INTO
INVERTER (8NAND)

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

IOoTmouowD
~
ITommoowD
~

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1]FO =2|F0 =3|F0 =4]|F0 = 8|GATES
3000 TPLH 6.2ns| 6.6 71 7.6 9.6 6
Series TPHL 8.5 8.7 9.0 93 | 104
5000 TPLH 4.7 5.2 5.6 6.0 7.7 6
Series TPHL 6.4 6.5 6.7 6.9 7.7
7000 TPLH 3.0 3.2 34 3.6 45 6
Series TPHL 3.7 3.8 3.9 4.0 45

INPUT LOADING: 3K (1,1,1,1,1,1,1,1)

5K (1,1,1,1,1,1,1,1)
7K (1,1,1,1,1,1,1,1)

Z=ND8(A,B,C,D,E,F,G,H)$

WORKSTATION WC. DELRY LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY o MENTOR = 9.2 / 12.8 VALID = 11

NR2 NR2

2NOR

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

A
= Do

-

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1]|F0O=2|F0=3]|F0 =4|F0 = 8 |GATES
3000 TPLH 7.6ns| 9.7 11.9 141 229 1
Series TPHL 2.4 28 33 38 5.8
5000 TPLH 3.4 5.0 6.6 8.2 14.7 1
Series TPHL 1.0 1.3 1.6 1.9 3.1
7000 TPLH 1.9 26 33 4.0 6.8 1
Series TPHL 1.0 1.2 13 1.5 2.2
INPUT LOADING: 3K (1,1)
5k (1,1)
7K (1, 1)
Z=NR2 (A, B)$
WORKSTATION WC. DELAY LSI LOGIC CORP

> 09/25/84
(RISE/FALL) DAISY o MENTOR = 9.4 / 3.1 VALID = 6
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NR3 NR3 NR4 NR4

3NOR 4NOR
LOGIC DIAGRAM ELECTRICAL SCHEMATIC
LOGIC DIAGRAM ELECTRICAL SCHEMARTIC b c B A
C B A
A
| =k !
R
d D
gﬂ)&—z 9 4
4 4
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1|{F0 =2|F0 =3|F0 = 4|F0 = 8 | GATES FO=1[FO =2|F0 =3|F0 =4|F0 = 8|GATES
3000 TPLH 12.0ns| 15.2 18.5 21.7 34.9 2 3000 TPLH 15.1ns| 18.2 21.4 245 37.3 2
Series TPHL 25 3.0 3.4 3.9 5.9 Series TPHL 3.7 4.1 45 5.0 7.0
5000 TPLH 5.9 83 |[107 |131 |228 2 5000 TPLH 82 | 114 |1a6 |179 |308 2
Series TPHL 1.0 13 1.6 19 3.1 Series TPHL 1.0 13 1.6 1.9 3.2
7000 TPLH 3.3 43 5.3 63 | 104 2 7000 TPLH 4.7 6.1 7.5 88 | 143 2
Series TPHL 1.2 14 1.6 1.7 24 Series TPHL 1.3 1.5 1.6 1.8 25
INPUT LOADING: 3K (1,1,1) INPUT LOADING: 3K (1,1,1,1)
5K (1,1,1) 5K (1,1,1,1)
7K (1,1,1) 7K (1,1,1,1)
Z=NR3(A,B, Q)% Z=NR4 (A, B,C,D)$
WORKSTATION WC. DELAY LSI LOGIC CORP 99/25/84 WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY o MENTOR - 16.8/ 3.5  VALID = 10 (RISE/FATL) DAISY n MENTOR - 21.6/ 3.5 VALID = 13
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NR6 NRE

2 3NORS INTO 2NAND INTO
INVERTER (6NOR)

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

TMgOwmD
~
MmMMeOwD

™

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0=2|F0 =3|F0O =4|F0 = 8|GATES
3000 TPLH 9.8ns| 10.2 10.7 1.2 13.2 5
Series TPHL 4.6 43 5.0 53 6.5
5000 TPLH 7.2 7.6 8.0 8.4 10.1 5
Series TPHL 35 36 38 4.0 4.6
7000 TPLH 43 4.5 4.7 4.3 5.6 5
Series TPHL 2.2 23 24 2.5 29

INPUT LOADING: 3K (1,1,1,1,1,1)
5K (1,1,1,1,1,1)
7K (1,1,1,1,1,1)

Z=NR6(A,B,C,D,E F)$

NR8 NRS

2 4NORS INTO 2NAND INTO
INVERTER (8NOR)

LOGIC DIAGRAM ELECTRICAL SCHEMATIC
A A
B B
C C
D D
E A E Z
F F
G G
H H

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0 =2|{F0 =3|F0 =4|F0 = 8 |GATES
3000 TPLH 12.8ns| 13.2 13.7 14.2 16.3 6
Series TPHL 55 5.7 6.0 6.3 7.5
5000 TPLH 9.3 9.7 10.1 10.5 12.2 6
Series TPHL 34 3.6 3.7 3.9 4.6
7000 TPLH 49 5.1 5.3 5.5 6.3 6
Series TPHL 2.2 23 24 2.5 29

INPUT LOADING: 3K (1,1,1,1,1,1,1,1)
5k (1,1,1,1,1,1,1,1)
7K (1,1,1,1,1,1,1,1)

Z=NR8(A,B,C,D,E,F,G,H)$

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR =13.2/ 7.8 VALID = 11

09/25/84

WORKSTATION WC. DELAY LS1 LOGIC CORP
(RISE/FALL) DRISY o MENTOR = 16.7/ 7.8 VALID = 1@

09/25/84 I
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gsce osce
COMPLETE OSCILLATOR

FOR USE WITH EXTERNAL XTARL

LOGIC DIAGRAM ELECTRICAL SCHEMATIC

INPUT
A = A . PROTECTION

z1 zl

>

1BUF 0SCB2B

mE

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

C = 15PF|C = 50PF |C = 85PF |C = 100PF | GATES
3000 TPLH 10.3 12.6 15.0 16.0 1
Series TPHL 14.2 184 225 243
5000 TPLH 5.2 6.9 8.5 9.2 0
Series TPHL 5.4 71 8.8 9.5
7000 TPLH 4.8 5.5 6.2 6.5 0
Series TPHL 6.0 7.6 9.2 9.9

Z(zX, 21) = 0SC2 (A)$

RAM1 DLATCH, GATED RAM1
WITH ADDED TRISTATE OUTPUT

LOGIC DIAGRAM

RD

—1D
— ¥R N
—Q WRN ON

RAM1

ELECTRICAL SCHEMATIC

L |
0 N
WRN T
1 S
i L T N
ON RD
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
RDTOZNOUTPUT |FO = 1|F0 = 2|F0 = 3|Fo = 4| F0 = 8 | GATES
3000 TPLH S3ns| 57 | 63 | 68 | 88 4
Series TPHL 53 [ 61 | 70 | 78 [113
5000 TPLH 27 | 35 | 43 | 52 | 84 4
Series TPHL 15 | 20 | 23 | 29 | 49
7000 TPLH 18 | 20 | 21 23 | 31 2
Series TPHL 10 | 14 | 17 | 20 | 23

INPUT LOADING: 3K
7K

Z(ZN, QN) =RAM1 (D, WR, WRN, RD)$

WORKSTATION WC. DELAY LSI LOGIC CORP
(RISE/FALL) DAISY o MENTOR = 7.8 / 10.4 VALID = 13

07/05/84

WORKSTATION WC. DELAY LSI LOGIC CORP

09/25/84
(RISE/FALL) DAISY o MENTOR = 5.6/ 4.5 VALID = 5
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SCHMDT1 SCHMDT1
INPUT PAD WITH SCHMDT TRIGGER
LOGIC DIRGRAM

-

ST1

ELECTRICAL SCHEMATIC

INPUT ;
z
f . PROTECTION ; >

INPAD LosTi

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0O=2]|F0O =3|F0 =4|F0 =8]|GATES
3000 TPLH 11.6ns| 12.0 12.5 13.0 15.1 3
Series TPHL 17.4 17.6 17.9 18.2 19.3
5000 TPLH 4.5 4.9 5.3 5.8 7.4 3
Series TPHL 71 73 7.5 7.7 8.3
7000 TPLH 3.1 33 35 3.7 4.5 3
Series TPHL 4.3 4.4 4.6 4.7 5.1

Z=SCHMDT1 (A)$

WORKSTRTION WC. DELRY LSTLOGIC CORP
(RISE/FALL) DAISY o MENTOR = 8.5 / 14.1 VALID = 12

09/25/84

SCHMDTE2 SCHMDTE2

INPUT PAD WITH
INVERTING SCHMDT TRIGGER

LOGIC DIAGRAM

o[ F—{po—

ST1

ELECTRICAL SCHEMATIC

INPRD {STI 1 IVP

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0O=2|F0 =3]|F0 =4]|F0 = 8|GATES
3000 TPLH 20.6ns| 21.0 215 22.0 24.1 4
Series TPHL 14.0 14.2 14.5 14.8 15.9
5000 TPLH 8.6 9.0 9.4 9.8 11.5 4
Series TPHL 5.5 5.7 5.8 6.0 6.6
7000 TPLH 5.4 5.6 5.8 6.0 6.8 4
Series TPHL 3.8 39 40 4.1 4.5
Z=SCHMDT2 (A)$
WORKSTATION WC. DELAY LSI LOGIC CORP 09/25/84
(RISE/FALL) DAISY o MENTOR =17.2/10.4 VALID = 14

Chapter 17: Macrocells 17-59



—
| SRG4 8 BIT SHIFT REGISTER

5R84

(RISE/FALL) DRISY o MENTOR =13.6/ 8.0 VALID = 11

ST ST
(5K ONLY) . (5K ONLY)
WITH 2 BIT MULTIPLEXED INPUTS INVERTING SCHMIDT TRIGGER
T SoRTIC S FOR INTRACHIP WAVE SHAPING
é sty, RO2 n -
A>— L ) ——I o uu—r—nn _ler SHe o l—
—a 08—
I i e . B —iB e
- :' e o LOGIC DIAGRAM ELECTRICAL SCHEMATIC
: 0 : —{n e
? I AOZ | | ol g o s =
I:: :::] —F 6—
U S Lol n—“ >0—-17 A 7
: —e>ac —¢ QH— —D——Do—
€ Et 7777777 I 77777777777777 }I ____________ *—l —H ST ST1 1P
D >—0t I “qu
! T
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS
FO=1|F0O =2|F0=3|F0O =4|F0 = 8|GATES
3000 TPLH 9.4ns| 115 13.6 15.8 246 2
Series TPHL 43 49 5.6 6.3 9.2
5000 TPLH 6.8 7.2 7.6 8.0 9.7 4
Series TPHL 4.2 4.4 45 4.7 5.3
7000 TPLH 43 4.5 4.7 49 5.7 4
Series TPHL 3.1 3.2 33 34 38
INPUT LOADING: 3K (2)
5K (2)
7K (2)
SR84 EXAMPLE
Z(QR. 0B, 0C, 0D, QE.QF, GG, QH)=SR84(SI1.A.B.C. D.E, F. G, Z2=ST(A)$
H.L.CP)$
GATES USED = 60 LSI LAGIC CORP - WORKSTATION WC. DELAY LSI LOGIC CORP

09/25/84 I
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ST1 ST1

NON INVERTING SCHMDT TRIGGER
IN FOR INTRACHIP WAVE SHAPING

LOGIC DIAGRAM

ST1
R———' >——7

ELECTRICAL SCHEMATIC

ST1
ﬂ———b———z

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

TLCHT TLCHT
INPUT PRD WITH BUFFER

FOR TTL INPUT

LOGIC DIAGRAM

At e

ELECTRICAL SCHEMRTIC

INPUT
9 PROTECTION | So—{>0—1

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

FO=1|F0O=2|F0O=3|F0=4|F0=8]|GATES FO=1|F0O=2|F0=3|F0 = 4|F0 = 8| GATES
3000 TPLH 7.7ns| 8.1 8.6 9.1 | 11.2 3 3000 TPLH 3.8ns| 4.1 46 5.1 7.2 0
Series TPHL 128 [13.0 (133 [136 (147 Series TPHL 5.2 5.3 5.5 5.7 6.7
5000 TPLH 3.2 3.6 4.0 45 6.1 3 5000 TPLH 23 25 2.8 3.1 4.1 0
Series TPHL 5.3 5.5 5.7 5.9 6.5 Series TPHL 3.9 4.0 41 42 47
7000 TPLH 24 26 2.8 3.0 3.8 3 7000 TPLH 3.0 3.1 3.2 3.3 3.7 0
Series TPHL 3.2 33 35 3.6 40 Series TPHL 43 43 4.4 45 438

INPUT LOADING: 3K (2) INPUT LOADING: 3K (5) ONE I/0 CELL

5K (2) 5K (5)
7K () 7K (5)
Z=ST1(A)$ Z=TLCHT(A)$
LSI LOGIC CORP

WORKSTATION WC. DELRY
(RISE/FALL) DARISY o MENTOR = 6.1 /10.4 VALID = 8

09/25/84

WORKSTATION WC. DELRY
(RISE/FALL) DAISY o MENTOR = 3.5/ 7.8 VALID = §

LSI LOGIC CORP

09/25/84
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TLCHTI TLCHTI TLCHN Inverting Input Pad TLCHN
(7k only) With Buffer For TTL Input (7k only)
BUFFER FOR BIDIRECT TTL INPUT
LOGIC DIAGRAM
A ——-|>o—~Do——z
INPUT
ELECTRICAL SCHEMATIC A PROTECTION z

S -

NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS

=1|F0=2|F0 =4|F0 = 8|F0 = 16] GATES
FO=1|F0=2|F0=3|F0 =4|F0 = 8| GATES Fo 0 0
7! PLH .0 2 45 5.5 6.1 0
3000 TPLH 34ns| 38 | 43 | 48 | 69 | 2 70000 T3S 32135 33| 5
Series TPHL 6.3 6.7 71 7.6 9.6
5000 TPLH 1.6 20 24 29 46 3 INPUT LOADING: 7K (5)
Series TPHL 2.7 3.0 33 36 47
7000 TPLH 13 1.5 1.7 1.9 2.7 3
Series TPHL 1.6 1.8 20 22 29
INPUT LOADING: 3K (3) Z=TLCHN(A)$
5K (3)
7K (@) FIXED DELAYS [ workstation soFtware patasook |
WORST CASE COMMERCIAL DELAYS VALID | DAISY | MENTOR
Z=TLCHTI(A)$ BASED UPON FO= 2 WITH s v 24
STATISTICAL WIRE LENGHTS TPHL s 56 P
WORKSTATION WC. DELAY LSI LOGIC CoRP 09/25/84 LSI LOGIC CORPORATION ©  COPYRIGHT ~ 1981,1982,1983,1984 JuLY, 1984
(RISE/FALL) DRISY o MENTOR = 3.8 / 8.7 VALID = 6
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Chapter 18: Macrofunction Catalog

This page explains how to read the macrofunction model
catalog and annotates the CB4C macrofunction model in Figure

18.1.

l. The macrofunction's name appears in the upper-left and
upper-right corners.

2. The macrofunction's function is provided on the same
line as the macrocell's name.

3. The macrofunction's network schematic, illustrating
interconnected macrocells, is shown.

4. The macrofunction's logic diagram is also shown.

5. The coding syntax in TDL format is shown. This particu-
lar syntax is used by the LDS System logic simulator,
not by the workstation simulator.

6. The number of gates used by the macrofunction is shown

in the lower left corner.
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CB4CO® 4 g1t pINARY uP counTER  CPBA4C

FAST, SYNC CLEAR®

NETHORK SCHENATIC @

ce CL
- 4

LOGIC DIAGRAN

o]

s

—{>o0—» oo

CB4C EXAMPLE
Z(AON,BON,CON,DQON) =CB4C(CL.CP)S ©

: LSI LOGIC CORP
GATES USED = 43 @

Figure 18.1
Model for CB4C Macrofunction
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LOGIC DIAGRAM

CB4F 4 BIT BINARY UP COUNTER
FAST, INDIVIDUAL CD SD
NETHORK SCHEMATIC
ACD

BCD

cco

oco

p—————< ASD

—> AQN

———< BSD

[>o—> s

——————< €S0

]
—o<]
=pal

5

CB4F EXAMPLE

{>o—.> can

CB4F

L]

> CB4F
ACD  an
8co BON
cco

oco  CaOwN
ASD

BSD oaN
cso

050

Z(AON,BON,CON,DON)=CB4F(CP,ACD,BCD.CCD,DCD,
A50,BS50,C5D,0S8D) S

CB4C 4 BIT BINARY UP COUNTER CLB4C
FAST, SYNC CLEAR
NETUDRK SCHENATIC
LOGIC OIAGRAN
CB4C
—°<} —b AON —
BON }——
CON }——0
DON |—
o
=p «
CB4C EXAMPLE
Z(AQON,BON,CON,DON) =CB4C(CL.CP)S
LSI LOGIC CORP
GATES USED = 43 03/09/83

LSI LOGIC CORP

GATES USED = 47

02/20/83
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CBSF

ACD

FAST,

CP >—

5 BIT BINARY UP COUNTER
INDIVIDUAL CD SD

NETUORK SCHEMATIC

p~t—————< ASD

BCD

cco

nco

[Gunini

CBSF

LOGIC DIAGRAM

BSF
> CBS

—q ACD AON —

—q 8o

—qg CCD BON r——
oco

:j g O [

:j ASD poN

BSD

—dcso EON[—

—q D50

—dqESD

CBSF EXAMPLE

I GATES USED =

61

L]
Z(AON,BON,CON,
DON,EQN) =
= CB5F(CP,ACD,
Ee 5 S wP——<ES0 BCOD,CCD,OCD,
ﬂ RS Sl ECD,ASD,BSD,
h ™ eam —{>o—> e C50,030,ESD)S
LSI LOGIC CORP

04/18/84

g

CB5C

CP >—

NETNORK SCHENATIC

5 BIT BINARY UP COUNTER
SYNC CLEAR

CBS5C
FAST,

LOGIC OIAGRAM

cascC

AON |—
BON|—

CONf—
DON|—
EQN|—

IR A

CB5C EXANMPLE
Z(AON,BON,CON,
DON,EON) =
CBSC(CL.CP) S

104

ECON)

I GATES USED = §9

LSI LOGIC CORP
83/14/83
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CBG6F
CB6C ¢ grT BINARY UP counTErR  CBSC CBEF ¢ BIT BINARY UP COUNTER
FAST, SYNC CLEAR FAST, INDIVIDUAL CD SD
NETWNORK SCHEMATIC ___—_IETIIORK SCRENATIC
- FON ASD BSD csp DSo ESD FSD FON
S N S S Y4 Y4 Y4 Y1
AON BON CON DON EON AON BON CON oaN EQN
> oL EL
1] 0
SEE CBSC ELan !:}D—_D"' For SEE CBSF ean e 03
CP CP
> cp > N > cr p cn“
ET ET
BCOT BCODT
LOGIC DIAGRAM ACO  BCO  CCD  DCD  ECD
| R
CB6C
LOGIC DIAGRAM .
AON —
—} i __[eeer
—q ACD AON }—
CaN — —dsco
DaN b— —dcco  BON—
oco
EON[— -_—: eco SN[
| —dqFCD paN b—
o FON D s
. —daen  Ean}— CBEF EXAMPLE
| - ZCAON,BON,CON,DON,EQN,FON) =
CBEC EXANPLE D CBEF(CPyACD,BCO,CCO,DCOECD,
Z( AN, BON,CON,DQN,EQN,FON) =CBECCCL,CP) § i FC0.ASD.BSD.CS0.050.ESD,FSD)S
I LSI LOGIC CORP LST LOGIC CORP
GATES USED = 70 03/14/83 GATES USED = 76 83/11/83
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CB7C CB7F
CB7C 7 BIT BINARY UP COUNTER CB7F 7 BIT BINARY UP COUNTER
FAST, SYNC CLEAR FAST, INDIVIDUAL CD SD
NETHORK SCHEMATIC NETMORK SCHENATIC
Y LOGIC DIAGRAN ' LDGIC DIAGRAN
2 7 >{s > Q <
= cB7C et == — curF
w g AON — S= < —dACD  agnl—
m als = aP ——d BCD
a e BON [— m = a —dcco BON|—
o [x] m <uw
S i R F - S
&> DON |— o - —qFCco pDON }—
= s —d &C
EON}— - EON }—
=S 2|2 E'_' . —d AsD
= e FON[— = © —dBSD  FON[—
GON — | —d CSD GON
L —dq ps0 —
_J —d ESD
—q FSO
—q G50
FON - -
S [B7F EXAMPLE
o” ZCAQN,BON CON,
“a DON,EQON,FON,
ctam >0 con GON) =CB7F(CP,
o o ACD,BCO.CCO,
a = DCD.ECD,FCD,
B GCD,ASD,BSD,
CB7C EXANPLE g:gggg)isn
Z(AQN,BON,CON,DON,EON,FON,GON) =CB7C(CL,CP) § ’
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 85 03/14/83 GATES USED = 92 03/11/83
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CBBC g grv BInNaARY up counter  CBBC
FAST, SYNC CLEAR
NETUORK SCHENATIC
Y Y LOGIC D1AGRAN
2 R TBEC
:_> AON|—
n E —r BON —
2 g CoN|—
° gr DON|—
gp EQN [—
E—» FONF—
- =l GON | —
_ 3 n‘ oL NN
2 i o

CBBF g BIT BINARY UP COUNTER CBBF

FAST, INDIVIDUAL CD SD

NETWORK SCHENMATIC

) LOGIC DIAGRAN
> o <
>0
g = zls© CBBF
= » >
>__= <in
= « == —qACD AN fb—
a m bl Y ——qBCD
e 1] o s = —qcco BONf—
w = —d DCD
- = —
5 - :g —decn O
H - —qgFCo DON —
m <o —d6eo
>0 m a
= gr-> —d HCD EON[—
TZ'E < IE —qASD  FON}—
— = —q BSD
_)35 I —dcsp  GON[—
| :j 0SD yonf—
- VL - ESD
] = =S o e —qFSsD
=%a - —d&so
—D°—>: —dq Hs0

CB8F EXAMPLE

NDD 059

Z(AON,BQN,CON,
DON,EQN,FON,GON,
HON) =CB8F(CP,
ACD,BCD.,CCD,DCD,

i

= = =
o 8 S o S ECO,FCO,GCO,HCD,
5 B L2 DR
CBBC EXAMPLE =3 2 = =
Z( AN, BON,CON,DON,EON,FON,GON,HON) =CBBC(CL,CP)
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 98 03/14/83 ' GATES USED = 187 83/11/83
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CBYSC CBIF
CBIC g pi7T BINARY UP COUNTER CBIF g BIT BINARY UP COUNTER
FAST, SYNC CLEAR FAST, INDIVIDUAL CD SD
NETNORK SCHEMATIC NETWORK SCHEMATIC
_——Y Y Y LOGIC DIAGRAN
LOGIC DIAGRAN < - =
2 22l e & ze [ cesF
= CB9C - = =
@ >-a wls = —q ACD AON —
o gl " AONf— el D e
- — a <& —d e N—
o gr p BON|— = o = sl —qoco
2 - - il <= —deco SO
ol err CON — 18 & E—>= —dFCD  paN}—
| - - m —d&co
E > DN e E m :g —dHeo EON}—
-l EON|— = :_<; ' pon}—
= FON— = sp*© —qaso o
sl o L <& —q BSD N
= CON— = 2= —qcs0  gonb—
m = | - = = —dq 05D
s =r HON 3 5 =[a —dESD 1ON[—
=] ] ION}— = = —dq F5D
E ~ cL = ] F‘ —q 65D
i = = —dusp
_~U-_ —q 150
- v'ﬂ= —_
a = _© ——<&
2 ¥a
g
- J CBIF EXAMPLE
D = Z(AON,BON,CON,DON,EQN,FON,GON,HON,10QN)=CBYF(CP,
ACD.,BCD,CCD.,DCOD,ECD,FCD.,GCD,HCD,ICD,
CBIC EXAMPLE ASD,BSD,CSD,050,ESD+FSO,GSD,HSD,15D)8
Z( AON,BON,CON,DON,EON,FON,GON,HON,I10ON)=CBIC(CL,CP) S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 114 03/14/83 GATES USED = 123 93/11/83

Chapter 18: Macrofunctions 18-8




CBiOC CBIOF
CBIOC 4o BIT BINARY UP COUNTER CBIOF g BIT BINARY UP COUNTER 0
AST, SYNC CLEAR FAST» INDIVIDUAL CD SD
NETUORK SCNENATIC v Y NETUORK SCHENATIC LOGIC DIAGRAN
<] 2l Y — [ ceior
= LOGIC DIAGRAM > “ | <2
@, >g - >ls= —q ACD AON }—
] 2 = ~—q BCD
csiocC = |_cen
s 8 =l —dqcco  BON|—
e AON — 2 . 9060 conf—
" = —p ponb— g - o —qEco
- = m e - —qFCD DON —
@ m =] < —q GCD
= §L> con |— js 2 E-," —dqHeo  EON[—
zb oan f— {3 - n:E :35: FON |—
= [ =]
sl EN— ~|3 "<z —dasp  SON[—
= FONf— = ! ol 9850 yon}—
=l a o —dcso
_ f GON — 3 g:‘“ —dosn  1oN}—
S = ok [— ~{5 . =2 Tl
2 2 Ton|— E = E - D
- e 3@@ = —d 150
_J 1), r_ﬁ —qse
) I-I_/' -
- "'l'= -
[x] g (=] <
= swn (-]
ﬂG.'[oQ >0 5 CBIOF EXAWPLE
Z(AQN,BON,CAN,DON,EQN,
‘{>$‘D,_ FON,CON,HON,ION, JON)
=CBIOF(CP,ACD,BCB,
o : g [ B
Z(azluognix‘t\::;l-smn EQN,FON,GON ol ng" = e,
] ’ ’ ’ ] ’ y . WS0,150.,J50)8
HON .+ 1ON+ JON) =CBLOC(CL,CP) L5
I LSI LOGIC CORP LSI LOGIC CORP
GATES WSED = 128 03/11/83 GATES USED = 138 03/11/03
—

Chapter 18: Macrofunctions 18-9



CB41 4 BIT BINARY UP COUNTER, CB‘“P CB42 4 BiT BINARY UP COUNTER, CB42
EXPANDABLE ENABLE CLEAR DIRECT EXPANDABLE ENABLE SYNC CLEAR,CD

NETHORK SCHEMATIC
NETHDRK SCHEMATIC

0 1 o 0 0 1} 0
FD4 FO4 FO4 FD4

50 su 50 Bz
cP _b 0A [—
o I I

ue —

LOGIC DIAGRAM

[ x]
a

Y

ap —
o —

co

| >
D
o<Ir
= D
]
>
|
T

cl I

v
i

W
oA 08 at a0
- =
LOGIC DIAGRAM DUTPUT —19= 2
- 0A OB OC 00 el
] 0
CB41 1] ’ A¢ —
0A — 2 0 0 co 1
_b : | >
08 — 5 0
B
7

—Cl ac —

TT
SGE!
\
n’ a jn

co

CB41 EXAMPLE

Z(0A,08,0C,00,C0)=CB41(CP,CI1,CD)S

o

% Al
)]
4
Am

LS1LOGIC CORP CB42 EXAMPLE LSI LOGIC CORP
GATES USED = 42 ‘ 12/01/83 Z(0A,0B,0C,00,C0)=CB42(CP,CI,CL,CO)S 02/01/83
GATES USED = 46
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CLAI

CLAI

CARRY LOOK AHEAD FOR 4 BIT ADDER
(LEAST SIGNIFICANT NIBBLE)

NETHORK SCHEMATIC

co AD4
]

B >—qp

AD

1VA
—> )

=l I

82 A4
AZ
A3 )
A4 LOGIC DIAGRAM
H AD3 —_—
CLAL
)
—1AD
A03 80 (:4L
a1
da woF
a2 oL
—{n2
Az
—{n3

CLA1 EXAMPLE
Z(C4yG0+G1)=CLAICCOD,AD,BO,Al+B1,A2+B2,A3,B3)8

CLA2 CLA?
CARRY LOOK AHEAD FDR 4 BIT ADDER

NETWORK SCHEMATIC

co
1VA

[>o )
y &j;b_
“—DO— FD.;,_—D—> c4

1VA
BI .
Al >——i ) {>c 61
- AD3 LOGIC DIAGRAM
CLAZ
—co
{0
B2 —{s0 GO
TTRD
j“ Gl
83 LY.
A3 > 82
—1A3
83

CLA2 EXAMPLE
Z(G0,G!1,C4)=CLA2(CO+AD,BO,A1,B1,A2,B2,A3,B3)5§

LSI LOGIC CORP
I GATES USED = 22 05/20/83

LSI LOGIC CORP
GATES USED = 1§ 06/21/83
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CMP 4 CMP 4
4 BIT EQUALITY COMPARATOR
NETHORK SCHENATIC
LOGIC O1AGRAN
T QRZ)D—
S P
= -
—{n A AES
— &2
- M
o
TRUTH TABLE
00 1=1 2:2 3.3 AEB
I
C MY 0 ) 0

CNP4 EXAMPLE
Z(AEB) =CMP4(A0,B0,A1,B1,A2,B2,A3,B3)$

GATES USED = 14

LSI LOGIC CORP

13/11/03 I GATES USED = 29

[ CMP8

NETWORK SCHEMATIC

a::::)DJ:}

T o> aep

Z(AEB) =CMP8(AD,BO,AlL,

A6 sB6,A7,B7)S

CMP8
8 BIT EQUALITY COMPARATOR

LOGIC DIAGRANM

CNPB

B3 epl—

NINENERERINENNY

TRUTH TABLE

0=0 {21 222 323 4=4 525 6=6 7=7 AEB
[ S N R R T N e A |
{ ANY 0 Yy 0

CMP8 EXAMPLE
B1+,A2,B2,A3,B3+A4,B4,A5,B5,

LSI LOGIC CORP

e3s11/83 I
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CM4B

CM4B
MODULO 3 BINARY COUNTER MODULO 4 BINARY COUNTER
CLEAR DIRECT CLEAR DIRECT
NETUORK SCHEMATIC NETWORK SCHEMATIC
| FIKe
D a J a
Fo2 —
[~'>c;m - K ON
D
ot T
p |
08N 0B o 0A aEN 0B
LOGIC DIAGRAN LOGIC DIAGRAN
tHas oUTPUT B OUTPUT
S [ L) 0A 08 — LU \OR QB
QAN [ N [~ [
o - w L8
[ | g 1
ca O o @ T
1 T
CM3B EXAMPLE CM4B EXAMPLE
Z(0A,OAN,0OB,0BN) = CM3B(CP,CD)S Z(QA. AN, QB, QBN) = CM4B(CP,CD)$
LSI LOGIC CORP U LSI LOGIC CORP
USED - 16 #2/85/83

CATES USED = (3

03/10/03
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CM4J

MODULD 4 JOHNSON COUNTER
CLEAR DIRECT

NETWORK SCHENATIC

D 0 0 o
FD2 FD2

cp D aN b o
£o l—:n

co > I7
\ A v N
QAN 0A aBN 0B
LOGIC DOIAGRAN
tH4J°A outTeutY
— | 0A_ 08
P OAN 0 0
1 0
a8

_ L
o (1] 1 1

CM4J EXANMPLE
Z(0A,QAN,0B,OBN) = CM4J(CP,CD)S

CH4J I

CM5B
MODULO 5 BINARY COUNTER
CLEAR DIRECT
NETWORK SCHEMATIC
FJKe FJKe FJK2
J a Jg @ J o
T
11— L ON — ON (—4
2 | s
cr :
o [ ! |
—] >

QAN 0A QBN QB QCN aC
LOGIC DIAGRAM
CNSB OUTRUT
A — A up_ac
b AN |— 8 8 @
o |— 10 0
QBN |— g 1 @
a |— 1 1 @
- 5 9 1
o ™

CMSB EXAMPLE
Z(QA, QAN, OB, QBN, QC,QCN) = CMSB(CP,CD)$

CMSB

LSI LOGIC CORP
GATES USED = 12

03/11/03 I

LSI LOGIC CORP
GATES USED =~ 39

#e/85/83
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I CM5SR

NETUOTK SCHEMATIC

La B ]
e =

ﬂv_.:.:.
=
2
o
> —=
= &
(<
>
gvza
=]
o2 ="Ng
e T T
-
=]
o
nvwn
nng
a =" a
a
2 *__m_____;:T—T—
o
Lx] !

CMSSR EXAMPLE
Z(QA,OAN,0B,OBN.QC,QCN)
=CM5SR(CP,CD)S

LOGIC DIAGRAN

MODULO S SHIFT COUNTER,
CLEAR DIRECT

CMSSR

aA
QAN
a8
QBN
ac
acK

co

T

ouTRPUT

CM5SR

oA

ac

o & - -

0
0
1
1
0

CM6B

MODULO 6 BINARY COUNTER
CLEAR DIRECT

NETWORK SCHEMATIC

CM6B

FDE FJke FJKE
D a1 J o +—J u—‘

fuu_‘ :ﬂN_ ﬂi:iun_
IE: 2
s e e el

—-d 8

CM6B EXAMPLE
Z(QA. AN, OB, OBN, QC,QCN) = CM6B(CP,CD)$

oAN OR QBN 0B [}

LOGIC DIRGRAM
CN6B OUTPUT
o [— oA 0B ac
oAN | — 8 8 o
—p B 1 0 B
o | — 8 1 8
a - 1 1 9
e 9 1

acN
] B 18 1

|

LSI LOGIC CORP
GATES USED=138

LSI LOGIC CORP

03/08/83 GATES USED = 31

p2/85/83
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CMEJ CMeJ CM7B CM7B
MODULD & JOHNSON COUNTER MODULD 7 BINARY COUNTER
CLEAR DIRECT CLEAR DIRECT
NETHORK SCHENATIC
NETHORK SCHEMATIC _—
LOGIC DIAGRAN T
L(l a D 0 D a —_— l__
e >m|§n-— >Fnuzn" Fnuzu—< e L »—-cE':v “Z
1] ]— co r co aml— € o
T P o~ = |
" Wi g
co TN By
N ‘L T o E nﬁ
AN OA QBN 0B acK ac E
LOGIC DIAGRAM Ll
|:m;.1‘M | nAMTI;BUT — 3 ——
—> 0AN [— 0 0 0 8«
0 [~ 100
—Jco e [~ S
ac [~ 0 11
acN— 00 1 L L ¢
CM6J EXAMPLE
Z(DA»OAN;OB»DBN.QC:DCN)=CMGJ( CP;CD)‘
GATES USED = 18 LSTLOGIC CORP 83/11/83 CM7B EXAMPLE LS LOGIC CORP 02/25/83
Z(0OA,Q0AN,OB,QBN,OC,QCN) = CM7B(CP,CD)S GATES USED = 31

|
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CMBB CM8B CMBBR CM8BR
MODULD 8 BINARY COUNTER MODULDO 8 BINARY
CLEAR DIRECT RIPPLE COUNTER, CLEAR DIRECT
NETNORK SCHEMATIC NETUORK SCHENATIC LOGIC DIAGRAN
LOGIC DIAGRAN oA a o e
ThEB Yy -
0A |— —b
- + w I
BN }— 9= :.E —qco
ac — a —l a
co "N E
T nl L
T8 .5
§ < I J g = ouTPUT
= 8o 2 oA DB OC
—h L R
-—q':'.':. . e 2 0 1o
s T I il 111
i ] 6N I
L Tl 1 0 1
V 2 I
CMBB EXAMPLE CMBBR EXAMPLE
Z(OA,QAN,0OB,0BN,OC,0OCN) = CMBB(CP,CD)S l Z(0A,0B,0C)=CM8BR(CP,CD)S
LSI LOGIC CORP I LSI LOGIC CORP
GATES USED = 25 12/25/03 GATES USED = I 83/08/83
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CMBJ CM8J

MODULD 8 JOHNSON COUNTER
CLEAR DIRECT

NETWDRK SCHEMATIC

o0 0
Fo2 FO2 FO2 FO2
-—b_ﬁtﬂ—‘ D N} D aN— b aN—
) l_ co [— 1) r £
L*] L]
P T
co

N
0AN QA QBN 0B acw ac aoN ap

LOGIC DIAGRAM

TNEJ QuTRUT
u GA_08_Oc_ao
—4  am| 10 0 0
. .0 0 0
| 100
—dcp W 111
o [~ 111
T T b1 1 1
w 0 0 | 1
aon - T 0 0 1

CM8J EXAMPLE
Z(QA,0AN,0B,0OBN,OC,OCN,0D,0DN)=CMBJ(CP,CD)S$

CMBSR

CLEAR DIRECT

NETHOTK SCHEMATIC

0o o
a
vo.a
8,2
[ = =]
= T
(=]
>
|
‘_.V_“n
ﬂans
) ="
z ]
= T
@
) 203"
(=} =N=
o
FP
SO

CMBSR EXAMPLE
Z(0A,OAN,0B,0BN,OC,0OCN)
=CM8SR(CP,CD) S

LOGIC DIAGRAM

MODULD 8 SHIFT COUNTER.,

CNBSR
0A
QAN[—
a [~
—b OBN[—
oc [~
acNf—
to
_ ]
o0uTPUT
0A 08 QC
0 0 0
1 0 0
(1] | 0
1 0 1
1 1 0
1 1 1
0 1 1
0 [] 1

CMBSR

LSI LOGIC CORP
GATES USED = 24 02/21/83

LSI LOGIC CORP
GATES USED-=22

03/08/83 ]
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I CM9B CMIB CM9BR CM9BR
MODULDO 9 BINARY COUNTER MODULO 9 BINARY
CLEAR DIRECT RIPPLE COUNTER, CLEARR DIRECT
NETNORK SCHENATIC NETNORK SCHEWATIC
aq c cr LOGIC DIAGRAM
LOGIC DIAGRAN T
l [ CM8BR
cmau | »—--c:';v“é' i‘:; @ |-
) AN [— tl- o~ < —p
— 08 — g s_3 B [
P 1°s R.
ot |— > —|co
QCN }— [ o«
a |— - g’v“z V-..\"
co WOV o £ o~ —082 r.!n o L_
f 2 <
] )]
g
3 — . a
1dqa o = gg o
a LI L. OUTPUT
5] a QA OB aC_ap
2 - & 8|e o o ]
8, 3 11 o @ ]
= =2 zle 1 @ ]
3|1 1 @8 []
an 418 8 1 [
g S{1 @8 1 [
: e6le 1 1 ']
e 1] o 711 1 1 []
g v-' 8o o @
CM9BR EXAMPLE
Z(0A. 0B, QC, QD) ~CMOBR(CP, CD)$
LSI LOGIC CORP LSI LOGIC CORP
CMSB EXAMPLE GATES USED = 40 82/25/83 GATES USED - 28 23/08/63
(QA,0AN,0B,0BN,QC,OCN,QD,00N) = CMIB(CP,
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CM3SR CMSSR

MODULOD ‘9 SHIFT COUNTER,
CLEAR DIRECT

NETUOTK SCHENATIC
LOGIC BIAGRAN

[x BNz}
a e

CNISR
0A

QAN
as
asN
ac
ace
as
aex

2
>
=
=

-, - ., - —-ee
- - e - S =
[ L Y

CNISR EXAMPLE
Z(OA,QAN,0B,QBN,0OC,QCN,Q0,0QDN)
=CMISR(CP,CD)S :

CM10B - CM10B

MODULOD 10 BINARY COUNTER
CLEAR DIRECT

NETWORK SCHEMATIC

aon
= ©

LOGIC DIAGRAN

CNl10B
QA

AN
P s
BN
ac
acK
0
cg 00N

T

FTTTTTTTI

LSI LOGIC ConP
93/10/83

GATES USED=28

LSI LOGIC CORP
CM10B EXAMPLE GATES USED = 41 02/25/83

Z({0A,0AN,0B,0BN,OC,0CN,00,00N) = CMIOB(CP,CO)S
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CPN

CPG4 EXANPLE
Z(CP+CPN)=CPG4C(A)S

LSI LOGIC CORP
GATES USED = 9

13/11/83

GATES USED = 9§

LSI LOGIC CORP

83/11/83 I
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4] 4 BIT UP/DOWN COUNTER, CuD41
XPANDABLE WITH ASYNCHRONOUS CLEAR

LOGIC DIAGRAN

CuD
E

NETWORK SCHEMATIC

FTTTT

cp

co
up >
Y "
> D e
5N
3 ] 0 C0 g 0 uc
> >~ Fos
s
—H o0 L0 g 0o
— - u B FD4
5o N
)
™
—> CON
CUD41 EXANPLE
- Z(0A,08,0C, 00, CON) =CUD4|
{CPoPN, TN, UP ,CO) S
LSI LOGIC CORP
GATES USED = 56 03/11/83

CP > —

e e
o

NETHORK SCHEMATIC

AND CLEAR

CuD42 4 BIT UP/DDWN COUNTER,
EXPANDABLE WITH ASYNCHRONODUS LOAD

LOGIC DIAGRANM

CuD42

11 1 & & L 1 |

A B C D L CL
CUD42

PN TN _J
up
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L 0A OB OC_ 0D CON
T T 1
A | )>———————]
“J) 8l pirg A
FD3
%_ sp ™
’ { >
TP s u I
FD3
‘ =1 .
| | 13 B3 C
L = e oy wra O
° D1
T4
; By
a a0
e e = B e i
) 50l
PR I ————
™ X—"1 ]
uP ) —,—L_}z > CoN
CUD4Z EXANPLE LSI LOGIC CORP "
Z(0A,08,0C,00,CON) = CUD42 . 031
CAsBrCoDsLaCLyCPoPN,TNSUP) S GATES USED = 74
18-41




C26 C26 C36 C3C

MODULD 4 GRAY COUNTER MODULD 8 GRAY COUNTER
CLEAR DIRECT (SAME AS CM4J) CLEAR DIRECT
NETUORK SCHEMATIC NETNORK SCHEMATIC
0 10 o = (L I—n 0
FD2 Fo2 FD2 FD2 FD2
N Nt —D o D N D oN
co cb co co |-_CD
cP > T
e >—d et | )|
" D

v !
OAN OA uBN 08 ‘%}:D—

LOGIC BIAGRAN \
—_— AN OA 0BN 0B ock ac
t26 UTPUT LOGIC DIAGRAN
oA DA 0B R —— QUTPUT
X QAN [ Cic 0A_ 0B QOC
- o 1 ’ QA 0 [
1 1 —p QAN [~ 10 8
co B8N T 1 o - 110
T | ] 1 []
BN T 11
oc [~ [
N 01
cTn [
C2G EXAMPLE C3C EXAMNPLE
Z(0A,0AN,0B,0BN) = C2G(CP,CD)S Z(0OA,OAN,OB,0BN,OC,0CN)=C3G(CP,CD)S
LSI LOGIC CORP l LS LOGIC CORP
GATES WSED = 12 03/06/83 GATES USEB = 27 93/86/83
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C46 MODULD 16 GRAY COUNTER  C4G
CLEAR DIRECT, PRESCALED
s = NETHORK SCHENATIC
F
LOGIC DIAGRAN
b — CAG w L
:Euga-—- —> s
=" o w [~
> °<} co 90
 S— — T
*Y&-n
g o<H
1>
:;:29—-
CAG EXAMPLE LSI LOGIC CORP ' /18783
Z(0A,0B,0C,0D)=C4G(CP,CD)S GATES USED = §2
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C56
CLEAR DIRECT,

LOGIC DIAGRAM

CsG
0A

aB
ac
an

o QE

— T

— [

NETWORK SCHEMATIC

MODULD 32 GRAY COUNTER
PRESCALED

C5C CS6

PART 1

MODULO 32 GRAY COUNTER
CLEAR DIRECT,

NETHORK SCHEMATIC

PRESCALED

PART 11

C5G

|__ sJﬁ ] [ CD I:JE |:‘!JL
D n_l>o-1 °"a Ja 3" —Ja —{J a0
FO2 FD4 :1' DFJK2 FJIK?| DF K2 DFJK2
oN i} 0 N N
e p 37 X ”% X “g .fx L??.fx L??
cp - v tve | 1V | 1V e
co ‘ Z [ I % KX
VP M
oA ] ac ao 0E
LSI LOGIC CORP LSI LOGIC CORP
C56 EXAMPLE 08/18/83 C5C EXAMPLE 05/18/83
Z(0QA,0B.,0C,00,0E)=CSG(CP,CD)$ GATES USED = 64 Z{0A,0B,0C,00,0E)=CSG(CP,CD)S GATES USED = 64
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C6G MODULD 64 GRAY COUNTER C66G
CLEAR DIRECT, PRESCALED

LOGIC DIAGRAM

C6G

T

NETNORK SCHEMATIC PART [

ce ¢ !
co ‘ )t l l

Ce66 MODULD 64 GRAY COUNTER CbG
CLEAR DIRECT, PRESCALED

NETHORK SCHEMATIC PART 11

co [CD ]

30 160 —1 a0y —1 a0
fr.mz DF k2 DF JK2 DFIK2
g ON g N sz ¢ O ‘l:K a
Ve
1ve | 1vg | 1VH
I

o Lo Ua

D

0A as ac O] (113 aF
LSI LOGIC CORP LSI LOGIC CORP
C6C EXAMPLE 05/18/83 CEG EXAMPLE 06/21/83
Z(QA,0B,0QC,Q0,0E,QF)=C6G(CP,CO)$  GATES USED = 88 Z(0A,QB,0QC,QD,0E,0QF)=C6GCCP,CD) S GATES USED = 88
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C7C MODULO 128 GRAY COUNTER C76 -C76 MODULD 128 GRAY COUNTER C76
CLEAR DIRECT, PRESCALED CLEAR DIRECTs PRESCALED
LOGIC DIAGRAM
L7
oA —
- 08 —
ac
oo —
0E |—
oF — 1
06 — NETWORK SCHEMATIC PART 11
NETHORK SCHEMATIC PART | co -
R
[: |_ 5InL (] co [,co E[:
nrnzu Drruu r_>J|=.muz >Jr.1xuz f >Jranuz r—;nxuz
D> N ¢ ON —ilz ¢ 0 —XIZ x ON —QZ ¢ 0
Lo
o | . g}j v f el VP _ 1 |
oA o8 ac an 0E oF 06
C7G EXAMPLE C7C EXAMPLE
Z(0QA,0B,0C,0D,0E,Q0F,0QG)=C7G(CP,CD) S Z(0A,QB,0C,00,0E,OF ,0G) =C7G(CP,CO)§
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 100 05/18/83 GATES USED = 100 05/18/83
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C8G
CLEAR DIRECT,

MODULD 256 GRAY COUNTER
PRESCALED

LOGIC DIAGRAM

OA
aB
ac
ap
QE
aF
06
OH

[TTTTTTI

NETWORK SCHEMATIC  PART I
C86
—p
ot
i}
co

C8G

B0, [, S0y
FO4 FJK2 FJK2
D oN

k¢ ON

-
=
Ve
= Y=
[
= =
~ =

v,

e

C8G MODULD 256 GRAY COUNTER C8G
CLEAR DIRECTs PRESCALED
NETWORK SCHEMATIC  PART 11
L I\
SC0 __[jeng _[tog [0y
DFJK2 DFJK2 DFJK2 DFJK2
x O x 0 x ON ¢ ON
T Ry
| 1vp | 1VH | 1VH

TS M

nA i) ac oo 0E oF (Y] oH
C8C EXAMPLE CBG EXAMPLE
Z(0A,0B,0C,0D,0E+QF,0G,0H)=CBG(CP,LCD)S Z(0A,QB,0QC,00,0E,0F »0G,0QH) =CBG(CP,CD) S
LSI LOGIC CORP LSI LOGIC CORP I
GATES USED = 114 05/18/83 GATES USED = 114 05/18/83
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C3LSR 3 prt, woouLo 7, LiNEaR CILSR

FEEDBACK SHIFT REGISTER

NETHOTK SCHENATIC LOGIC BIAGRAN
a9 C3ILSA
oA
] oAR
~ %= s [~
o &
- — BN~
=2 - =
z —T 1 o [~
s LT ] o
:l'—"n o= co,
o ENQ f
a 11 __]
=2
m
1
e me BUTPUT
. el
2 . b"r—r gA 88 oC
B < I )
[ T |
T 1 e
[ |
1 1
[ 1
[ I |

CILSR EXAMPLE
Z(OA,QAN,0B,QBN,OC,0QCN)
=C3LSR(CP,CD)S

CALSR 4 pr17, woouLo 15, LINEAR C4LSR

FEEDBACK SHIFT REGISTER

NETHOTK SCHEMATIC LOGIC DIAGRAM

[x]
=
\

7T T 1T 1T 11

C4LSR EXAMPLE
Z(QA,QAN,08,08N,0C,0QCN,Q0,0Q0N)
=C4LSR(CP,CD) S

LSI LOGIC CORP

03/05/03

GATES USED=21

LSI LOGIC CORP
s2/21/83
GATES USED=27
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CSLSR ¢ ayv, MoouLo 31, LiNear COLSR C6LSR ¢ gr1, MoouLo 63, LINEAR COLSR

FEEDBACK SHIFT REGISTER FEEDBACK SHIFT REGISTER

NETUOTK SCHENATIC NETUDTK SCHEMATIC

Q
=]

43

LOGIC DIAGRAN o LOGIC DIAGRAN
6N 1l
“an E4
2 < T cusn“ | g_= CELSR
$ oA - S ="a w -
] s - z QAN [~
v o o>
a ™ { e
] -—5—"‘— ] unu— 3 l BN~
g < o 8 g "= o [
- 8 acN— = -
— 1 w - = . - o —
- e -
Sg g aon - o = i
=) =" o e o a2 aoN
o D aENH a 2 3 Qe [
a co = DEN—
T — 5] am
rﬂvgu I = moo ofF [~
Ca P a o -
s T = = 0FN
= I co
s < 2 T
__l : |
P ."lﬂ m
feRg d—a'l
(=] ) ;
m ==~
5. | T N ef,
m € l 2 < |
e' P
Q? C6LSR EXAMPLE ,
Z(0A,QAN,0B,QBN,OC,QCN,0OD.,0DN,QE,QEN,QF ,OFN)
. =C6LSR(CP,CD)S
CSLSR LSI LOGIC CORP LSI LOGIC CORP
Z(0A,0AN,0B,QBN,0OC,QCN,0OD,QON,QE,QEN) 02/21/83 GATES USED=39 13/84/83
=C5LSR(CP,CD)S GATES USED=36 '
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C7LSR ; grt1, moouLo 127, LiNEAR C7LSR

FEEDBACK SHIFT REGISTER

BETUOTK SCHENATIC

LOGIC DI AGRAN

(]

o«
Lo

e - 0A

z e AN

=

> —.1 [ I

: o8N

g« -

= o ac [

(-] - -

® « Ew _P ace

-] - - a —

o & =

- o £ -l

g . oew [~
= 2 —

g« oo oF

a e oFN—

- - -

= a [~

R co 6N

=

=

L]

=

[

-

g Py l
C7LSR EXAMPLE

Z(0A,0AN,08,08N,0C,0CN,0D,0Q0N,OE,QEN,OF ,QFN,
QG,aGN) =C7LSR(CP,CD) S

C8LSR ¢ gi71, MoDuLD 255, Linear COLSR

FEEDBACK SHIFT REGISTER

NETHOTK SCHEMATIC
e S————
J LOGIC BIAGRANM
l';Yg
2.2
a 3 2
Z < CBLSR
e | 0A —
l QAN [
=) )Lv -
® a o a8
S . aeN ’C
=] ac
=< oen
(=] - _->
3] = w a
€ < a2 N
= (%)
: - 2 £ wh
- —
o E ] QEN
=« = a oF [~
= = oFN[—
O - -
S « - = ac
= —
S - acN
o ¢ e
«
= co QNN
o«
|
N 2 —

N ¢
204
—t oo

LS LBGIC ConP
03/84/03

GATES USED=4S§

COLSR EXAMPLE LST LOGIC CORP
zmA.nAu.nB.nan nc.ucn,un.unn.nz.usu.ur.orn. 03/04/83
) =C8LSR(CP,C0)S  CATES USED=57
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.
C9LSR g mi1, woouLo 511, Linean BILSR CIOLSR, BIT, MODULD 1023, LINE:ERIULSR
FEEDBACK SHIFT REGISTER FEEDBACK SHIFT REGISTER
_BETNOTK SCHENATIC NETUDTK SCHENATIC l I I__
i -f l LOGIC DI AGRAN a ¥ a LOGIC D1 AGRAM
g e— =
g — = P —— cloLse
P E— I : 0A
> COLSA = | OAN [
g 0A B o ] a8 [~
& — LY a aBN[—
E as — : = ac
- y - 08BN [— : = » —b oo
- == uc [~ g 23 w
Ee—v— 127 —b  oeNf 2 . 2 g oK~
e Pz oo [~ a i o [~
5 = z 0oN[— E s = z QEnl—
= - = ue ™ - 8w o [~
- noo 0EN — z z aFn[—
g z oF [~ 9 < o
= OFN— =2 acN
E :zN: g < o
o € pils auN|—
2 o = a -
= OHN [ g2 < QIN
a ar — a al —
E co QIN[— = aINF
o I a co
v R,
, ? GATES USED=63
CILSR EXAMPLE LSI LOGIC CORP C10LSR EXAMPLE LSI LOGIC CORP
0 M
Z(0QA,0AN,0B,0BN,QC,OCN,Q0,00N,QE,OEN,OF ,OFN,  03/04/83 Z(0A,OAN,0B,0BN,0C,QCN,0D,00N,QE,QEN,QF ,QFN, $3/04/03
0G,0GN,OH,QHN, 01 ,0IN)=C3LSR(CP,CD)S GATES USED=57 06, OGN, OH,QHN,O1 ,QIN,0J,0JN)=CI1OLSRCCP,CD)S
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CI1LSR

11 BIT, MODULOD 2047, LINEAR
FEEDBACK SHIFT REGISTER

CITLSR C12LSR

C12LSR

12 BIT, MODULD 4095, LINEAR
FEEDBACK SHIFT REGISTER

NETWOTK SCHEMATIC

NETHORK SCHENATIC I T — e — ng‘l,ul
E =z =z- g ]

-— ] >
s B -
2 ———— =
= H
2 ¢ (-]
] [x]
=2 -
2 8
8 g <
2 . S =
H = [ Z»
2 < = @ o = 3
s 2 = = g
a m = = 2>
= = O E 2=
g < = EP g4
g 8 g 2 i
8 = e
2 -
= e
= e
=} -
= 2 <
= £
g =
g g <
s ° =
8 g
2 =]

11 =
V - [}

CI1LSR EXAMPLE \i i
Z(QA,Q0AN,0B,OBN,OC,QCN,OD,QDN,QE,QEN,QF »OFN,QG,OGN E >o——————
OH, QHN, 01, 0(N,0J,0JN, 0K, 0KN) =C11LSR(CP,CO)§ GATES USED=81 :

LSI LOGICCORP C12LSR EXAMPLE LSI LOGIC CORP 03/04/83

GATES USED=689

03/13/83

Chapter 18: Macrofunctions

Z(0QA,OAN,QB,QBN,QC,0CN,QD,QDN,QE,OEN,QF »OFN,0G,0QGN,
OH,OHN,O1,0IN,0J,0JN,0K,0KN,OL,OLN)=C12LSR(CP,CD)S
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C13LSA C13LSh) | cr4cse C14LSR
NETUORK SCHEMATIC NETNORK SCHEMATIC
13 BIT b L] 14 BIT e AL
MODULD 8191

MODULO 16383 :;"*—————
LINEAR FEEDBACK LINEAR FEEDBACK o
acN
SHIFT REGISTER SHIFT REGISTER o <
aoN
00 «—
QEN
0E
OFN
oF
Q6N
06
QHN
oH
aIN
a1
aJN
[N
OKN
C14LSR EXAMPLE ok
Z{0QA,0AN,QB,OBN,QC,QCN, OLN
aD,0QDON,QE,OEN,QF ,OFN, oL
QG,0OGN,QH,OHN, QI ,OIN, ONN
QJ,0QJN,QK,QKN,QL,QLN, aN

OM,OMN,ON,ONN) =C14LSR RN
D (Cp,CD) S -

GATES USED=87 mDD— GATES USED=93 Y_V:}Do—— I

C13LSR EXAMPLE LSI LOGIC CORP 13/08/83 LSI LOGIC CORP 03/08/83 I

|

]

3

3

123410 ¥Y3ITD HLIN
¥3ILS1934 L14IHS L19 EI
123¥10 HV3ITD HL1IN
H3ILSII3Y LAIHS LIB ¥I

3

F

NONND TDNTDNONND FONFD IO NIDHD NHD 9D N9B 40 N4D 30 N30 0D NOD 3D NJD B0 NBD VD NVD

Z(QA,0AN,QB,QBN,OC,QCN,OD,»QDN,OE,QEN,OF »OFN,QG,OGN,QH,
(HN,01,01N,0J,0IN,0K,OKN,QL,OLN,0OM,OMN)=CIILSR(CP,CO)S ‘
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CI5LSR
15 BIT

MODULD 32767
LINEAR FEEDBACK
SHIFT REGISTER

L]

15LSR CI6LSR

16 BIT
MODULO 65535

NETWORK SCHENATIC

<_

]

0p—

OWNe————————

OEN —

0FN &——
0f e——r---—
06N &——u-
0f —— |

133410 ¥Y373 HLIA
#3151934 141IHS 118 S1

0 — ]
QN &—m———

QN —

NETWORK SCHENATIC

LINEAR FEEDBACK
SHIFT REGISTER

AN ——rovn——{
A e—————
0BN «&———]
0 e—-——
0N «————
0L «———]
00N e————

QEN e——r
0fF «————
0FN &———]
0F ———]
0N e——————
06 «——r-——
QHN &————————
O «———
QIN €&—]
0
QIN €
0 —«——

KN ———

[aw}

16LSR

ol

133410 H¥Y3I1] HLIM
¥3L151934 L4IHS 118 91

ox
0N ————————— oLN
o — 9 aL
C15LSR EXAMPLE oLs C13LSR EXAMPLE N
Z(QA,0AN,0B,QBN,QC,QCNs 4 Z(0QA,QAN,0B,0OBN.QC,0OCN. -
0D,00N,QE,OEN,QF ,OFN, N 0D,QDN,QE,QEN,QF »OFN, NN
0G,0GN,QH,OHN,QI,0IN, 0G,OGN,OH,OHN,QI,QIN, o
QJ,0JN,QK,OKN,QL,QLN, M ] 0J,0QJN,OQK,QKN,QL,QLN, N
GM,ONN,QON,ONN,Q0,QON) NN OM,OMN,ON,ONN,Q0,00N, g?
=CI5LSR(CP.,CD)S LL] QP,QPN)=CI6LSR(CP,CD)S 0PN <
00N <«
0o . o 1L =5
GATES USED=93 ;E I GATES USED=105 | —
LSI LOGIC CORP LSI LOGIC CORP 03/08/83

03/08/03 I |
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17 BIT Ll 18 BIT L
| O (-] | ™
MODULOD 131071 mw—= MODULO 262143 oa'i—— 18
0BN «——rrmr— 0BN ——————
LINEAR FEEDBACK :'E’N<—-———— LINEAR FEEDBACK 3:"*——
— —]
I e—m-— ] 0f e————
SHIFT REGISTER 0N e——— | SHIFT REGISTER 0N ——
0 «<— —
HEN<—-—————— ggﬂe—-————
0fF «—— | _ OE «— -
OFN «— | 3 FNe————————— =
OF «e—— | Z fF e———— = m
OGNe—+—— | 2 3 0N «—-—o- F 3
6 «——m o . 06 e———m— o w
0N ——o-— O = N —m8M8——— L =
He———ono— ] = 0 i e—— = 3
QAN e————— & o gIN &——-——— a =
g «— = o g «— = o
D EEE— e B
&4 1 — -
OKN «—mmm 1 = QKN ——r—] =
ak 0K «
QN ——m——— 0LN «
oL ——o-o-- aL
OMN —————— ONK <
N ——— aN
ONN «&————— aNn l
ON ON
v g
CI7LSR EXAMPLE QFN CI8LSR EXANPLE PN <
Z(0A,0AN,0OB,0BN,OC,0CN, 2¢ Z(0A,QAN,08,0BN,0C, OCN, b
Q0,00N,QE,QEN, OF yQFN 4 a0 - Q0. QON,OE,QEN,OF »OFN, g o
QG,QGN,OH, QHN, 01 ,QIN, 0G,QGN,OH,OHN,O1 »OINs  ORN <
QJ,0JN,0K,QKN,OL, LN, | 0J,QJN,OK,0KN,OL,0OLN, R < .
M, OMN,ON, ONN, 00, 00N, QM. 0NN, ON QNN , 00, 00N, J_
aP,QPN,00,00N) =CE7LSRCCP,CD)S 0P, QPN,0D,00K,0R »ORN) =
=C18LSR(CP,CD)S \Z
GATES USED=105 GATES USEB=111
LSI LOGIC CORP 03/08/83 LSILOGIC CORP 03/88/83
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CISLSR

19 BIT
MODULO 524287
LINEAR FEEDBACK
SHIFT REGISTER

NETUORK SCHEMATIC

AN ¢«——-—]
0A ——F—

C19LSR

B e—
0N
i «— ]
DN «———
I <
0EN ¥—r-—vrrononnn—
0f -
0FN «———
0fF <

06N <

0 «———]
0N €«
0 e—————
DIN €
0
[ I ——
¥V e—— - - -y
KN €————
K «———
0N &—m—™—™—m7mM ]
L e——m—-
N «————
N —
NN —————————]

LI

133410 HY3ITD HLIN
¥31S1934 L4IHS 119 B1

C20LSR
20 BIT

MODULO 1048575
LINEAR FEEDBACK
SHIFT REGISTER

NETWORK SCHEMATIC

0AN «————]
A —]

C20LSR

0F ———— ]
OCN «——————
i —————
00N «——nr-r
mn —
0EN «——
0fF -
QFN «——————
0F «—— ]

QaGN

a6
OHN ———————
0 <—————]
QIN ——m
2
N
aJ

0KN ————
o
LN e———————
L. —
0NN
N ———
ONN «&——————]
']

133410 $V3T3 HLIN
3151934 L41HS L18 02

N N ]
4———
i gy ————1
QPN 0PN &———r————
ar np ——
CIILSR EXAMNPLE 0aN C20L5R EXAMPLE OON «———
Z(0A,0AN,08,08N,0C,0CN, 20 (DA, OAN, 08, 0BN,0C,OCN, 08
QD,0O0N,OE,OEN,OF »OFNs» g 0, 00N, OE ,0EN,OF,OFN, g
0G,QGN,OH,OHN, 01 ,0IN,  ggy G+ QGN,»OH,0HN,O1,QIN L
0J,0JIN,OK»0KN,OL,0OLN, 1S 0Js QJN, 0K ,QKN, OL,OLN,
OM, OMN, ON 50NN, 0D, 00N, L 1L OM, OMN , 0N , NN, 00, 00N, g}" <
aP,0PN,00,00N,0R»0RN, P, 0PN, 0O ,0ON,QR,ORN, 1T
0S,05N) =CISLSR(CP,CO)$ D 05, 0SN,OT,0TN) =C20LSRCCP,CO)S (Z
GATES USED=123 CATES USED=123
LSILOGIC CORP 03/08/83 LSI LOGIC CORP 03/08/83
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DM6 JH

SPIKE FREE DECODER

OM6 JH

FOR MOD 6 JOHNSON COUNTER,

ACTIVE HI, SEE CM6J

LOGIC DIAGRAM

DMe JL DM6JL
SPIKE FREE DECODER
FOR MOD & JOHNSON COUNTER.,

ACTIVE LO,» SEE CMGJ

LOGIC DIAGRAN

FRON THE O AND ON OUTPUT —{a J0b— FROM THE O AND ON OUTPUT —a Job—
OF THE JOHNSON COUNTER —m - OF THE JOHNSON COUNTER —a aib—
-8 a2 —8 J2p—
ANA BNB CNC e I ANA BNB CNC P i
—c J4— —cC Jip—
—tN IS —en Jsp—
»—j>° > Jt DME JH _—D >0 MG JL
Do-——>.ll Do—->.n
) T >
_D°—>J3 0 OUTPUT OF THE _DD——Ha a OUTPUT OF THE
JOHNSON COUNTER JOHNSON COUNTER
GA_ 08 OC OA_0B_aC
E)__,Js 6 0 0} Jo _D__,Js 00 0| Jo
1t o0 o n 10 0| o
11 a0 g 11 0] g2
11 1| s (R N T
RN I N T
0 o0 1] Js 0 o0 1| oJs
DNGJH EXANPLE DMEJL EXAMPLE
ZCJ0,J1 102,034 J4,05) =ONGIHC AL AN/B/BN,CoOND S ZOJO,J15J21d3 545 05) =DMEJLOALANSBoBNSCAEND §
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 6 03/14/83 GATES USED = € 03/14/83
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DM8 JH

SPIKE FREE DECODER

FOR MDD 8 JOHNSON COUNTER,

ACTIVE HI,

FROM THE 0O AND QN OUTPUT
OF THE JOHNSON COUNTER

AN A BNB

CNC ONTD

o~
=

[

—
~N

s
w

TYYYYTY

DM8 JH
LOGIC DIAGRAM
—{a Jof—
—AN aif—
—{8 J2f—
—{en  a3—
—cC J4f—
—jcN asp—
—o Jef—
—JoNn a7

oM JH

SEE CM8J

0 OUTPUT OF THE
JOHNSON COUNTER

DMBJL

AN A BNB

CNC DNTD

FROM THE 0 AND QN DUTPUT
OF THE JOHNSON COUNTER

[
=]

-

e
~

-
-

T7T97Y

SPIKE FREE DECODER
FOR MOD 8 JOHNSON COUNTER,

ACTIVE LD, SEE CM8BJ

DMBJL

LOGIC DIAGRAM

RN

A Jop—
AN Jip—
B J2p—
BN Jip—
C Jep—
CN J5p—
D Jep—
DN J7p—
DMBJL

0 OUTPUT OF THE
JOHNSON COUNTER

J5 OA 08B 0C_ ap J5 UA_0B_0C_ap
0 o0 o0 o0 |Jo ¢ 0 o0 o |Jo
1 0 0o o |J 1 o0 0 o [J
a6 11 0 o |J2 J6 1 1 0 o |J
1 1 1 o |J3 1 1t o |J3
U S S I 1 I T SR T 7
et 011 1 )Js | 7 01 1 1 |Js
0 o0 1 1 |Js 00 1 1| Je
0 o0 o0 1 |J7 0 0 0 1|47
OMBJH EXANPLE OMBJL EXANPLE
ZCJ0 15 d2+ 03504, J5,06,J7) =OMBJHCA, AN, B, BN, CoCH,D,ON) S ZUJ0, 01502403504, 05506+ J7) =DMBJIL(A,AN»B BN, C,CH,0,0N) S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 8 05/11/83 | GATES USED = 8 05/11/83
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<
o

-

—
~

[
w

L
o

T
on

L)
~

—
@

VYYYYYYYYY

[}
w

DECODER
N COUNTE
E

DMIO0JH
R»

CM10J

LOGIC DIAGRAN

—A JO—
—AN J1p—
—B J2f—
—BN J3—
—C J4—
—CN  J5p—
-—0 J6p—
— DN  J7—
—E JB—
—EN J9—
OMI0JH
Q OUTPUT OF
THE JOHNSON COUNTER
QA 0B OC 0D QE
00 0 0 0 |Jo
10 0 0 0 }J1
1 1 0 0 0 |J2
t 1 1 0 0 ]J3
1 1 1 1 0 ]J4
11 1 1 1}J5
0 1 1 1 1t |J6
00 1t 1 1 |Jz
e 0 0 1 1]J8
g0 0 0 0 1 |J8

DMIDJL
FOR MDD 1D JOHNSON
ACTIVE LO, SEE

NETUORK SCHEMATIC

FROM THE 0O AND ON OUTPUT OF
THE JOHNSON COUNTER

AN A BNB CNC DND ENE

pTeleJseleulele]s

SPIKE FREE DECODER

cau
CMI1

DMIOJL
NTE
0J

LOGIC DIAGRAM

— A Jop—
— AN Jip—
—8 J2p—
—{BN J3p—
—C Jip—
—CN  J5p—
—0 Jep—
—{ DN J7p—
—E Jap—
— EN Jap—
ON10JL
Q OUTPUT OF
THE JOHNSON COUNTER
0A 0B OC 0D QF
6 0 0o 0 0jJo
I o0 0 o0 0|Jl
11 0 0 o0]J2
t 10 0 }|J3
[ A L
t 1 1 1 1 |Jds
0 1 1 1 1|Js
0 0 1t 1 |J7
0 0 0 I 1]J8
0 0o o0 o0 1jJ9

DML1OJH EXAMPLE LSI LOGIC CORP

Z(J0,J1+2503,04505,:06,507,08,J09)
=DMIOJHCAsAN,B,BNSsC+CN5D,ONIELEN)S

DMI0JH SPIKE FREE
FOR MOD 10 JOHNSO
ACTIVE HI, SE
NETHORK SCHEMATIC
FROM THE O AND ON DUTPUT OF
THE JOHNSON COUNTER
AN A BNB CNC OND ENE

03/17/83
GATES USED = (0

DMI0JL EXANPLE LSI LOGIC CORP

2(J0+J1+J2,J3,J4,35,J6,37,J8,J09)
=OMIO0JLCAVANSB,BNSsCCNsDsBNSESEN)S

03/17/83
GATES USED = 10
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DM12JH SPIKE FREE DECODER DM12JH DM12JL SPIKE FREE DECODER DM12JL
FOR MOD 12 JOHNSON COUNTER, FOR MOD 12 JOHNSON COUNTER,
ACTIVE HI, SEE CM12J ACTIVE LO,s SEE CM12J
NETWORK SCHEMATIC _LOGIC DIAGRAN. NETWORK SCHEMATIC _LOGIC DIAGRAN.
— A 0
FROM THE @ AND ON OUTPUT OF dw nE FROM THE O AND ON OUTPUT OF B
THE JOHNSON COUNTER I P I THE JOHNSON COUNTER —{aw np—
—{ BN J3— — B J2p—
AN A BNB CNC OND ENE FNF ' 5k AN A BNB CNC OND ENE FNF v J3b—
—fcn Js— I R i
—n 6 —CN JSp—
__Do—>.w i A I Y0 I P
—E  J8— — N J7p—
) o> o 1 »—u I P
Do—> —F Jio— —EN  J9p—
- 2 —v an 1 >0 —F  Jop—
DM12JH —{FN J11p—
D”_’Jﬁ D°—>Ja DN12JL
:' Do—> 4 D“’u
0 DUTPUT OF f 0 DUTPUT OF
_Do_”s THE JOHNSON COUNTER D_)“ THE JOHNSON COUNTER
Do—ns DA OB OC QD QE OF __DD—>J5 OA OB OC OD OE QF
" 0 0 0 0 o0 ]do 00 0 0 0 0 |Jo
P Lo o0 0 0| { =y 1o oo o o|a
11 0 0 0 o0l 11 00 0 0 |J2
) o> t 1 1 0 o 0|3 [ s 11 1 0 0 o3
11t 1 0 0 |J4 11 11 0 0 |a4
D"'—)-” 1 1 1 1 1 0]|Js D°—>J9 11 1 1 1 o fJus
I BT BB N R 1111 1 1 |de
m 'R T T D 0011111
00111 1 |Jae 000 1 o1 1 1 |J8
D"_’JH 00 0 1 1 1 |Jd9 —D—’Jn 0 0o 11 1 |Js
00 0 0 1 1 |Jdio 00 0 0 1 1 [Jio
e 0 0 0 0 1 |J 000 0 0 0 1 |Jit
DML2JH EXAMPLE LSI LOGIC CORP DM12JL EXAMPLE LSI LOGIC CORP
00, 01002508004, 05,06507+38,09,J10,011) 03/17/83 ZCJ04J1,020030J4505,J6507,08,09,J10,011) 03/17/83
=DM12JHCALAN/B/BNoCoCNoD DN, EEN,FoFN) S GATES USED = 12 =DN12JLCAs AN BsBN»CrCNsD ONSEsEN,FoFN) S GATES USED = 12
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NETWORK SCHEMATIC

FROM THE Q AND QN DUTPUT OF
THE JOHNSON COUNTER

DM14JH SPIKE FREE DECODER DM14JH
FOR MOD 14 JOHNSON COUNTER,
ACTIVE HI» SEE CM14J

LOGIC DIAGRAM

DM14JL SPIKE FREE DECODER DM14JL
FOR MOD 14 JOHNSON COUNTER,
ACTIVE LO, SEE CM14J

NETWORK SCHENATIC

FRON THE 0 AND ON OUTPUT OF
THE JOHNSON COUNTER

LOGIC DIAGRAM
AN A BNB CNC DND ENE FNF GN G

AN A BNB CNCOND ENE FNF GN G
— A Jop—
B R [ »—un —{ v a1p—
,_D—)JU — AN Jl|— —B J2pb—
—8 J2— D)'—)Jl — BN Jip—
D"_"” —{sn a3 ¢ 1ab—
—c J4— DJ_)JZ — CN JSp—
] Do—> —o0  Jsp—
52 —fen as—
g JE— 1 | P> 3 — N J7p—
) —E Jep—
: o> 13 —{oN 7
P D>y v s
] Do—> —F Jiop—
J4 —{EN a9
—F J10f— DD—)_,S —{FN J1lp—
D"_’Js —FN J11— —c  Jizp—
—{s a2 1 P —{oN J13p—
—D"_’Js —leN J13 DM14JL
ON14JH -—D"n
] Do—>
a7
{ >
] Do—> I8
[ >
] Do—>J3
] ‘]D)_)JIU
: o> 11
y D)_)Jll
: Do—> 41
D_>J12
Do_)JIZ ,__D—)
J13
:’ Do—> 13 I
DMI4JH EXANPLE LSI LOGIC CORP DM14JL EXANPLE LSI LOGIC CORP
ZCI04d11d25 03+ J4, 05, J6 407508, d9,010,J11,J12,J13) 03/17/83 ZCJ0, 01 ,J2, 030490500607, 08,09, 010, J11,J12,013) 03/14/83
=OM14JHCAyANsB+BNsCsCN+DsONsESENsFFN>G,GN) S GATES USED = 14 =0MI4JLCAsANsB+BNsC/CN+D,DN/E,EN+F,FN,G,GN) S GATES USED = 14
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DMI6JH SPIKE FREE DECODDER
FOR MOD 16 JOHNSDON COUNTE
TIVE HI» SEE CMIGJ

NETWORK SCHEMATIC

FROM THE O & ON OUTPUT OF
THE JOHNSON COUNTER

AN A BNB CNCONDENE FNF GNG HN H

LOGIC DIAGRAN

DM16JH
14

DMI6JL SPIKE FREE DECODER
FOR MOD

ACTIVE LO,
NETHORK SCHEMATIC
FROM THE O & ON OUTPUT OF

THE JOHNSON COUNTER
AN A BNB CNC DN D ENE FNF GN G HNH

DM1BJL

16 JOHNSON COUNTER,
SEE CM16J

LOGIC DIAGRAM

— A Jo — A Jop—
D°_>“ — A Ji D—-)Jl — AN JIp—
—8 a2 —s  Jzp—
) o, —{en a3 D —{BN  J3p—
—c a4 —c  J4p—
] —ev  asp [ >— —fcn Jsp—
J3 i3
—~0 JE —n Jep—
] o> 44 —fon a7 1 >—>u —on  arp—
—E Jgl— ~—E Jep—
D°—"J5 L D"_’JS —exn  Jsp—
—F J10 —F Jp—
D°_)JG —F D_)JE —{FN J11p—
—6 Ji2/— —6 Ji2p—
=D e Dt A =
Do—>.|n —{un 15 ___Do—>.m —{HN J1sp—
ON16 JH DM1GJL
:‘ > 111 D"_’Jlu
:' 0> 41 D"_’Jll
D"—’m D°"’.uz
] Do 413 =13
:‘ Do 14 DD_’JH
] Do— 145 »—D°_)Jls
DMIGJH EXAMPLE LSI LOGIC CORP DMI6JL EXAMPLE LSI LOGIC CORP
ECJ0 o d1 9 d25d9 504035, 06 +d7 5 d8, 95010, d11+J12,J13,d14,015) 03/14/83 L0 JLsd2, 03, 04,05, 06+ d7dB,J8, 000, J11,012,013,J14,J15) 03/14/83
=OMI6JH(A'AN,B,BN,CoCN+D,ON,E,ENsFoFNoG,GN,H,HN) § GATES USED = 16 =DNIGJLLAYAN+sBsBN+CHsCN+D+ONSEVvENsFsFN+sGsGN/HsHN) S GATES USED = 16
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D2 4GH

ACTIVE HI
NETUORK SCHENATIC
A
>
] )-—'[‘I >°—
Y Mo 0
GN 1/

D24GH
2 TO 4 DECODER,GATED OUTPUTS

LOGIC DIAGRAN

D24GL D246L
2 TO 4 DECODER,GATES OUTPUTS

ACTIVE LO

NETWORK SCHENATIC

LOGIC DIAGRAN

|
T

¢ I
) i I ) 1
TRUTH TABLE TRUTH TABLE
D =D
A B GN|Z0 ZI 22 23 A8 G20 21 2Z 23
00 0|1 00 06 1j0 L I 1
1000 I 00 tetlr e 11
ARIIRRE AHIRRE
_ﬁ'—"’” X X L]o o 0o ...ﬁ}—*n X xo]t & 11
D24GH EXANPLE D24CL EXANPLE
Z(Z0,21+22,23) = D24GH(A,BIGN)S I(Z0,21,22+23) = D24GLCALBIE)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 10 02/04/83 GATES USED = 10 03/11/83
i
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D24H

2 TO 4 DECDDER,OUTPUTS

ACTIVE HI

NETWORK SCHENATIC

v
e R

z0

13!

SBE

D24H

LOGIC DIAGRAM

TRUTH TABLE

D24L

D24L

2 TO 4 DECODER.OUTPUTS

NETHORK SCHEMATIC

ACTIVE LO

LOGIC DIAGRAM

0

3]

TRUTH TABLE

DYy

2 12
A B]Z0 Z1 322 13 A B] 20 21 22 13
b0jt 0 0O oofo 1 11
tolo 1 00 1al1 0 11
I il e
7 _______:::::1::)>___>13 L1l 1 18
D24H EXAMPLE D24L EXANPLE
20Z0,21,22,23) = D24H(A,B)§ 2020,21,22,28) = D24L(AB)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 02/04/83 CATES USED = 6 02/04/83
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D38GH D38GH D38GL D38GL
3 TO 8 DECODER,GATED DUTPUTS 3 TD 8 DECODER,GATED ODUTPUTS
ACTIVE HI ACTIVE LO
NETWORK SCHENATIC NETHORK SCHEMATIC
At LOGIC DIAGRAN At LOGIC O1AGRAN
B _Anaacug: B
T2f—
— C
o iieg 4E ™11 L
D)—)ZI] g:: 70
6N —¢ GN 27— ¢
) Jo————> 11 —J D" 71
Do—»zz ] 12
:I > 73 TRUTH TABLE )1 > 73 TRUTH TABLE
D [T > [T
ploolooinonnod st oiftrorynt
L1 o00j{oo0i0000 T Ijiitol1ti
-D—ns 00 100000100 75 |00t tftrirronit
101 0/00000L00 NERIIEERRE RN
0Ll ofooononio — oL Laftrtirt101
D"'_’“ xxxil[id080 000 D—— x X xalitiiiii!
@0———%27 D 27
D3BEH EXAMPLE D38GL EXANPLE
Z(Z0,Z1,22,23024,25,26,27) = DIBGH(A/B/CoGN) S ZCZ0+Z1+22+23524125,26,27) = D3BELCASBsCeG) S
LSI LOGIC CORP I LSI LOGIC CORP
GATES USED = 19 02/04/83 GATES USED = 19 03/11783
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D38H D38H

3 70 4 DECODER,OUTPUTS
ACTIVE HI

NETUDRK SCHEMATIC

S n See— Aoe st
ST
T
Dc 1)
,E)c 11
T —
_:D° - TRUTH_TABLE
: ABClo12z34567
2::>’ L D00 |10000000
1oo0|otooogod
grojootaonoo
L 1ojoo0iogo00
—:Def > 15 EEEIEEERE RN
RERIEERRER]]
Plilioadotol
0
ﬁ:‘} zh
3): 7

D38H EXAMPLE
Z(Z0,Z1+22+23,Z4,25+2Z6+27) = DIBH(A.B.C)S

LSI LOGIC CORP
GATES USED = 19

04/18/84

D38L
3 TO 8 DECODER,OUTPUTS

ACTIVE LO

NETHORK SCHEMATIC

D3sL

is i Zemmn
T
[ 70
D:——-—-»Zl
Dz TRUTH TABLE
ABClol234567
_& >4 RN EEENE
tooftotiinil
EREIEEEEERE
. EREIERERERE
— o——>z2s |00 0 fLITIRLIL
N RR IR
RIS ERERN
t1iftititi1e
"“Do—>zs
D3 7

D38L EXAMPLE
Z(Z0+Z1422+Z3424425,26427) = DIBLCAIB,CHS

LSI LOGIC CORP
GATES USED = 19

02/04/83 I
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Bt LOGIC OIAGRAM Bt . LOGIC DIAGRAM
>

gty

g
Y
1
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e
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0

e
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21

-t z5

~
~
o
~
~

2

ra
w

3

4

TRUTH TABLE TRUTH TABLE

r~
en

5

r
o

6

e
~

7

— OO ———oa e o (O
————eCEeoEoo (O

OO ———esa o (r
—_———ncoooooos|o
———————— — = |
———— s e e e [0

OO O —O— >
O L T
cocoocoooooa— o
cocooonooS—a [~
coooooooo—oa |~
cooooooo~ooo |w
coocoseo—amas [~
cocooco—ocoooo [t
ocoocoo—oooooo o
coco—cocoooo |~
ocoo—ooooooos |
co~mocoooooooo [w
P D e B e B e 2 o & [
OO —— OO ——0 O |m
e e G
e s s e s e € e [
it it et b bt 1t 3 1t it et et [
e e s g e €3 e e e e 2 |1
J L )
|————e— |
e e 3 e . e b e e 2 e |3
—— e e e e e O

ra
=

4]

YYYYYYYTY

4]

TTTITTY

Z9

D410L EXAMPLE
YCZ0»Z1+2292Z3+24+25+26+27+28,29) = D410L(A,B,CoD) S

D410H EXAMPLE
YCZO 21 +22+23,24,25,26427,208,Z9) = D410H(A,B,C,D)S

LSI LOGIC CORP
GATES USED = 24 D2/23/83

LSI LOGIC CORP
GATES USED = 24 03/11/83

I D410H D410H D410L D410L
4 TO 10 DECODER OUTPUTS 4 TO 10 DECODER OUTPUTS
NETHORK SCHEMATIC ACTIVE HI NETUORK SCHENATIC ACTIVE LO
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FA1 FULL ADDER FAl FR2 2 BIT BINARY FULL ADDER FA2
I (SAME RS M82C)
- TRUTH TARBLE
| I I LOGIC DIAGRAN Co AP BB A1 B1 S¢ 81 CB
8 0OF 3 POFE 4 0 0
cI A B 10F3 #gOFE 1 6 0
FAL eoF3 BOFE2 4 1 0
s o 30F3  BOFE 1 1 @
I | Cv Ap-Dp AL B BOF3  1OFE O 1 6
FRE 10F3 10FE8 1 1 @
S0 81 ce 2 OF3 10FE @ 0 1
NETWORK SCHEMATIC 3 g g ég; : ; . :
- 10F3 2OF2 1 0 1
¢l St BOFI  EOFE @ 1 1
\—EO D—>s 30F 3 BOFE 1 1 1
» )
- ROS Ivp NETWORK SCHEMATIC
0 £0
8 >—y
- )
- A0S
TRUTH TRBLE
CIRD S Co
Y] o0 EN
1 00 18
014 10 Al :) & D st
118 [/} Bl
g g1 10
1 41 g1
8 11 g1
111 11 fios
ca
FA1 EXAMPLE
FAZ EXAMPLE
Z(5.C0) = FAL(CL.A-B)S £(50,51,C2) =FAZ(CH. ARG, BA, A1, B1)
GATES USED = 10 -
WORKSTATION WC. DELAY LSI LOGIC CORP o02/83 WORKSTATION WC. DELAY LS1 LOGIC CORP GATES USED = B0 s
(RISE/FALL) DAISY o MENTOR = / VALID = (RISE/FALL) DRISY o MENTOR = / VALID =
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FA4 4 BIT BINARY FULL ADDER

FAR4

D D

60 G1
g{ ;:)D ID—) st

Ao2

NETWORK SCHEMATIC > p3

FA4 EXAMPLE

Z(S0,S1,Se,53,C4, P3)~FA4(CA, AP, BA, GO, A1, B1,
G1,A2.B2.A3.B3)%

FALGb 16 BIT FAST ADDER FALG

co C
0 FA4 50 —> S0
— A 51— §1
{ §2 |—> 52
B0-3 > B §3 —> 53 r——————————- 3
' 50 G { €0 ), 50—+ 54
] 51 55
60 Gl A4-7 > A 52 T st
| io CLAL B4-7 > B 53— §7
4 60 6! ]
B C4 | Tt }
! 60 Gl )
1
A CLA2 1
LOGIC DIAGRAM ]
B C4 }
AND ] H
Y sps— 4
NETHORK SCHEMATIC - > 58
]

AB-11 >70—-{ SANE LOGIC  Ls g9
|
B8-11 >;i—| THE ABOVE ',:: S0
N T s11
E €O ., S0 —> 512
Al2-15 >+ A 51— 513
B12-15 } B 52— 514
Al2 53 b—> §15§
B12 Go c4
= S ML
‘ ALS cie
BLS|

FA16 EXAMPLE
Z(50+51+,52,53,54,55,56,57,58+59,510,511,512,513,514,
S15,CI16)Y=FAIG(CO,AD+BOsAlB1,A2,B2+A3,B3+A4,B4,A5,B5,

Ab,BE,A7+B7,AB+B8sAS,B3,A10,B10,A11,BLl1,A12,B12,
A13,B13,A14,B14,A15,B15}§

LSI LOGIC CORP
GATES USED = 44

#6/21/83

LSI LOGIC CORP
GATES USED = 248 09/02/83
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FRs2 FRS2 HAL HA1

2 BIT BINARY 2°S COMPLEMENT FULL ADDER (A+B) HALF ADDER
SUBTRACTOR (A-B). SIMILAR TO FAZ EXCEPT SUB
INVERTS B AND BI AND SUBVERTS THE MEANING
OF CARRY TO NO BORROW.

LOGIC DIRGRAM

| | | | l | TRUTH TABLE ELECTRICAL SCHEMATIC LOGIC OIAGRAN
Co AP BO A1 B1 SUB 58 51 C2
CO AP B# A1 Bl SUB '] SEE FA2

FAse ¢ A9 BO A1 Bt SUB | B st1ce 3 —] D—* 5
s s ¢ 1 SEE FA2
| [ to

NETORK SCHEMATIC

B 1S _CO
]

EO
a8 ))DW—’_)D—) % TRUTH TABLE
Al

05

- - o b
-—-a
e - o

At 3 D‘*——’ st
R

SUR > A0S
c2
HA1l EXANPLE
Z(S,CO)=HAL(AsB)S
FAS2 EXAMPLE
Z(50.51.C2) =FASE(CO.Ad.BD,A1. 51, SURS
WORKSTATION WC. DELAY LSI LOGIC CORP GATES USED = ’EE/?G/” LSI LOGIC CORP -
(RISE/FALL) DAISY o MENTOR = / VALID = GATES USED = §
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L4 4 BIT DATA LATCH L4

NETWORK SCHENATIC

DATA LATCH L8

NETUORK SCHEMATIC

L8 8 BIT

A [ DA
LDl
LOGIC DIAGRAN oo AR
By>—o
A LI oA ” nLDln 08
LO1 —A — c ON 06N
LOGIC DIAGRAM A AN g;u_
) —1B 28N — C—1—1 o oc
LD
B>— 1] [il B ] ac —
N o L1 C acnl— ; ON ucN
OAN— o —
¢ ON 0BN —0 0> 0 >
—s B L8 gg": Lot o
1 L e — C—— o}—>ac —E OEN— ¢ O ox
ocN— Lol —F oF — E>X——— 10 13
—p an [— [ ON——>0OCN OFN— Lot
L O0N— — o6 — c ON OEN
06N—
— 0= o> 1y o F——1 oF
LD1 L OHN— LD
¢ ON—> 00N ] ;. ON EN
[ 6 >— 0 a a6
LDl
;0 06N
H——a— a oH
Lot
¢ ON DHN
L>—
L8 EXAMPLE
Lt EXAMPLE Z(QA,OAN,0B,0BN,0C,QCN,0Q0,00N,QE,QEN,OF ,OFN,0G, OGN,
Z(0QA,0AN,0B,OBN,QC,0OCN,0QD,0ODN)=L4CA,B-C,0,L)8 OHyOHN) =LBCAWBsCyDsESFsGoHHLI S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 12 02/01/83 I GATES USED = 24 02/01/83
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MAG2 2 BIT MAG?2 MAGZH 2 BIT MAGZH
EXTENDABLE MAGNITUDE COMPARITOR MAGNITUDE COMPARATOR
| | | (SIMILAR TO 1/2 SN7485)
zZ =z MAGEH
/A === LOGIC DIAGRAM At o — _LOGIC DIAGRAM
— | - NETNORK SCHENATIC —n —_—
—{n MAGZ — ne feD
—m == = ALBI AEBI AGBI — 15 AL [—
o o
| | | NR2 NETWORK SCHEMATIC
Al
AD2 ALN
Al A04
Bt NR2 REN
RO4
e -
5 ]
AD RO
{>c AD4 AEF
BO BB AO4
ND2 AGF
i i
MAG2 EXAMPLE Aot NRZT An4 04 o4
Z(AGB,AEB,ALB) = MAG2
(AGBI ,AEBI,ALBI»Al ,B1,AD,B0)S ALg AER  AGB ALR AE Aos
MAG2H EXAMPLE
Z{AGB.AREB,ALB) = MAGEH (R1.B1.A0.B0)%
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 22 02/02/83 GATES USED = 17 07/05/84
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MAG4 MAG 4
4 BIT MAGNITUDE COMPARATOR

EXPANDABLE (SAME AS MB85C DR SN7485)

NETWORK SCHEMATIC

ALBI AEBI AGBI

L[]

LOGIC DIAGRAN

A3 >—
B3 —{acer
A2 > SEE MAG 2 —{res
B2 >— — ALBI AGB b—
—{a3
J AEB }—
—] A2 (ALB}
Al >—] —1B2
Bl > SEe wac 2 —M
A0 >—] Bl
80 >— 1
—eo
NAG 4
ALB AEB AGB

MAG4 EXAMPLE
Z(AGB,AEB.ALB,)=MAG4( AGBI » AEBI + ALBI »A3,B3,A2,82,
Al1,B1,A0,B0)S

MR41

4 BIT REGISTER WITH

2 BIT MULTIPLEXED INPUTS

NETWORK SCHEMATIC

D0A
b o—>oan
01A>— D2 FO1
il antt
D0B) —1
o o—>aen
p18) AD2 i FO1
aM—> 08
goc> f
. b o—>acn
n1c> A2 F»FD; N
000> i
. b o—>aoN
010>
AD? }—»FD; )
5 A
P>

Z(0A,QAN,0B,0BN,OC,OCN,0QD,ODN)

MR41 EXAMPLE

LOGIC DIAGRAN

= MR4l

(D0A,DLA,DOB,DIB,DOC,DIC,0D0D,D1D+S,CP)$

LSI LOGIC CORP

GATES USED = 44 02/21/83

GATES USED = 29

LSI LOGIC CORP

02/02/83
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MR 42 4 BIT REGISTER WITH MR42
2 BIT MULTIPLEXED INPUTS, CLEAR DIRECT

NETHORK SCHEMATIC LOGIC DIAGRAN

MR43 4 BIT REGISTER WITH 2 BIT MR43
MULTIPLEXED INPUTS, SYNC CLEAR

NETHORK SCHENATIC LOGIC DIAGRAN

DOA
—p S0 g OAN
D1 A AD? FD4
0 0A
. D 5D p; 0BN R —0 o 08N
D18 AD2 FD4 018> AD2 FD1
0 08 — 0 08
noc> { poc> 1
. D 5D q acN R 0 o acN
nic> AD2 FD4 oic> AD2 Fo1
0 oc — 0 nc
nond | non> o
0 D 50 p noN D 0 aoN
10> FD4 010> FD1
; Anz oy oo \ AD2 oM oo
§ cui
[ %
co > s
cP )
MR42 EXAMPLE
Z(OA,0AN,0OB,OBN,QC,OCN,QD,ODN)Y = MR42 MR43 EXAMPLE
(DOA,DLA,DOB,DIB,DOC,DI1C,D0D,01D+5+CP,CD)S Z(0OA,0AN,QB,0OBN,QC,OCN,QD,ODN) = MR43
(DOA,D1A,D08B,D18,00C,D1C,0D0D,010,+,5,CLR,CP)S§
LSI LOGIC CORP LSI LOGIC CORP
GATES USED. = 33 02/02/83 GATES USED = 31 02/02/83
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MR44 4 BIT REGISTER WITH 2 BIT MR44
MULTIPLEXED INPUTS, SYNC CLEAR CD

NETHORK SCHENATIC LOGIC DIAGRAN

DOA
:’D S0 gt—> naN
01 A AD?2 FO4
nos> ' g
. D 5D n—> QBN
e A02 FD;N 08
noe> ' e
D 50 p—> aCN
nic> FO4
A02
Sl el
oo ] 3
- D SO o—> Q0N
10>
AO2 PR ow
CLR )—f
§ >—
cP >
Co>

MR44 EXAMPLE

Z(OA,OAN,OB,OBN,QC,0OCN,0D,ODN) = MR44
(DOA,D1A,DOB,DIB,0D0C,DI1C,D0D,010,+5+CLR,CP,CD)S

MRB1 8 BIT REGISTER MR8 1
NITH 2 BIT MULTIPLEXED INPUTS

NETHORK SCHEMATIC

LOGIC DIAGRAN

MRB1 EXAMPLE

Z(0A,0AN,0B,0BN.OC,OCN,QD,00N,QE,QEN,QF ,OFN,0G,QGN,
QH,OHN) =MRB1(DDA,D1A,D0B,D1B,00C,D1C,D0D,D1D,
DOE,DIE,DOF,D1F,00G>D1G,00H,DLH,S,CP)S

LSI LOGIC CORP
GATES USED = 35§ 02/02/83

LSI LOGIC CORP
GATES USED = 57 05/12/83
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MR8?2
MULTIPLEXED UNITS,

NETUWORK SCHEMATIC

-4 4

8 BIT REGISTER WITH 2 BIT

MR82
CLEAR DIRECT

LOGIC DIAGRANM

MUX22H

LOGIC BIAGRAN

DUAL 2 BIT NON INVERTING MUX

TRUTH TABLE

A

()

aocl)
L REQ ]

MRE2 EXAMPLE

Z(0A,0AN,0B,0BN,OC,OCN,0D,0DN,OFE,QEN,QF »OFN,QG,QGNy
OH,0HN)=MRB2(DOA,D!1A,D0B,01B,00C,01C,00D,01D0,
DOE,DIE,DOF,01F,D0G,01G»00H,01H,5,CP,CO)S

LSI LOGIC CORP

GATES USED = 65 05/12/83

ELECTRICAL SCHEWNATIC

MUX22H EXANPLE
Y(Z0+Z1)=MUX22H(D0O,D10,001,D011,A)S$

LSILeGIC Conr

I GATES USED = 7 03/14/83

Chapter 18: Macrofunctions
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MUX24H MUX24H MUX24L MUX24L
QUAD 2 BIT NON INVERTING MUX QUAD 2 BIT INVERTING MUX
LOGIC DIAGRAN
LOGIC DIAGRAM TRUTH TABLE NUX2AL
—{ 000
A zn s zp—
0 | oocn) — D01
1} on —fonn EPT
e np-
| :323 13p—
—]a
ELECTRICAL SCHEMATIC NETHORK SCHEMATIC
ooe A02 000 02
DIE >—— 0 20
010 >———
oot A2
o1l j%)’”“b"_’z' oot B
AD2
D02 — 011 .
012 z2
1 003 AD2 002 B
013 :%)""D”——’n 012 x
f} 003 ) A2
A 013 n
A
MUX24H EXAMPLE
Y(CZ0,21,22,23)=MUX24H(DO00.0D10, MUX24L EXAMPLE
,o001,011,002,012,003,013,A)8$ Z(Z0,21,22,23)=MUX24L(D0O0,D10,001,011,002,012,003,013,A)8
LSILOGIC Conr LSI LOGIC CORP
GATES USED = 13 03/14/83 GATES USED = § 012/04/83
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MUX31H MUX31H MUX3IL MUX31L
3 BIT NON INVERTING MUX 3 BIT INVERTING MUX
LOGIC DIAGRAN
LOGIC DIAGRAM
LOGIC DIAGRAN TRUTH TABLE T
A B|Z —00
0 ofpo 1 -
1 alo -2
0 1}|D2 —A
11Dz -8
ELECTRICAL SCHEMATIC
ELECTRICAL SCHEMATIC L
00 >—|
0 AD2 T
AD2 T :H
A B
B
MUX31H EXAMPLE MUX31L EXAMPLE
Z = MUX3IH (DD,D1,02,A.B)$ Z = MUX3IL (DO.,D1,D2,A,B)S
LSI LOGIC CORP LSI LOGIC CORP ’
GATES USED = 7 /e GATES USED = 6 phstie
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MUX32H
DUAL 3 BIT NON INVERTING MUX

TRUTH

TABLE

A

un

-_— - =

ocn)
o1
02(n
p2(1)

ELECTRICAL SCHEMATIC

000
DI >—

AO2

001
[1h}

o]

A02

o

MUX32H EXANPLE

MUX32H

LOGIC DIAGRAM

HUX3ZH
000

<010zl
o020
oot gyl
o1t
o2t

—A
-8

AD2

AD2
3l

YCZO0,Z1)=MUX32H(DOO,010,020,001,011,D21+AsB)S

MUX34H

oot
oLt
0zt

ELECTRICAL SCHEMATIC

a2 | T 7 |
[ |
: AD2 :
- -
A
>“: :—>Zl
—
I A
> =722
> I
S
-
|

MUX34H EXAMPLE

MUX34H
QUAD 3 BIT NODN INVERTING MUX

AGRAM

LOGIC DI

ooo
oio
D20
Dot
Dl
D21
Doz
D12
n22
Do3
D13
D23
A

-18

MUX34H

0

Il

I3

TRUTH

TABLE

;19 9]

nocn)
D¢
02¢(1
n2(1n

Y(Z0,21,22,23)=MUX34H(DOD,0D10,020,001,011,021,

pnoz2.pt2,022,003,013,023,A,B)%§

I GATES USED = 12

LSI LBGIC ConP

03/14/83

LSI LOGIC CORP

GATES USED = 22

05/11/83

Chépter 18: Macrofunctions 18-79




MUX41GH MUX41GH MUX41H MUX41H
4 BIT NON INVERTING MUX» GATED 4 BIT NON INVERTING MUX
LOGIC DIAGRAN LOGIC DIAGRAM TRUTH TABLE
MUX41GH h8lz
—oo 0 o000
—n - 1o |m
P 01|02
—us ARE
—{ A
1
ELECTRICAL SCHEMATIC
NETWORK SCHEMATIC
0 AD2
0o AD2 L |1@
Bl >—o AD2
T B2 AD2
z r—:%), z
D2 ] AD2 e n %)D—’
| T

A A =]

[
MUX41GH EXAMPLE
Z(Z) = MUX41GH(DO,D1,02,D3,A,B,G)S MUX41H EXAMPLE
Z = MUX41H (DO,D1,02,03,A,B)$
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 8 83/11/83 GATES USED = 8 83/04/83
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MhuxeiL

MUX41L MUX42H MUX42H
4 BIT INVERTING MUX DUAL 4 BIT NON INVERTING MUX
LOGIC DIAGRAN LOGIC DI AGRAN
TRUTH TABLE TTTTT]
A B|ID -|poo
—o1o
00| —nz20 |
10|y doz0
010 e LT
11|y o1t
ELECTRICAL SCHEMATIC -0zt
031
—A
111} AD2 1s
010 >
020 .y AD2
0
pham =5 4
AD2 01 — A0z
z 011 _@‘f
121 — Aoz AD2
1
131
A %
B
MUX41L EXAMPLE MUX42H EXAMPLE
Z = MUX4IL (DO,D!,02,D3,AyB)S Y(Z0,Z1)=MUX42H(DO0O,D10.,0D20,0D30,001,D11,021,031,A+B)%
LSI LOGIC CORP 117783 LSI LOGIC CORP
CATES USED = 7 01/17/8 GATES USED = 14 03/14/83
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MUX44H MUX4 4H MUXS1H MUXS51H
QUAD 4 BIT NON INVERTING MUX ' S BIT NON INVERTING MUX
ELECTRICAL SCHENATIC LOGIC D1AGRAM LOGIC DIAGRAN TRUTH TABLE
EE— A B C|z
lh_L*"“KEz_"" ______ | HUX44H ‘"'"m“ 0 0 o0)oo
e = | —{poo -1t 1o oot
n > | —oto "‘; 0t 1 o0
| | 20 B 1o
w20 > AD2 ADZ —{030 000 104
| 20 —{oo1 ~A 10 104
030 > | —o11 gz B 01 104
14| I I | b L 4 11 1|04
i >— | —03t
:;: :} Il_>z| :gfll: ol ELECTRICAL SCHENATIC
0B > | —p22
- —— =TT —b32
[IH > Jrhl Jr]l : o3 o0 (4
M2 >— D1 >——
| 22 —013 I
:::q ! —p23 I A02
_ I I | -{D33 B2 z
03 >—-} Jr‘I +Jr : Ha 03 :g}
T Py | T
123 > >3 I~
133 > | 04 > 2P
I ——— e TRUTH TABLE
A B|Z(D Z& A
0 0]onn A
A 10 ]oun
8 0 1 ]ozn B
1 1] oD C >
MUX44H EXAMPLE
Y(Z0,21,22,23)=MUX44H(DOO,D10,020,030.001,D11,021,031, MUXS1H EXAMPLE
pe2,p12,022,032,003,013,023,033,A,B)8% Z = MUXSIH (DO,D1,02,03,04,A,B8,C)$
LSI LOGIC CORP LSI LOGIC CORP
I BATES USED = 26 16/21/83 GATES USED = 11 13/04/83
_
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MUXS51L MUXS1L MUX52H MUX52H
5 BIT INVERTING MUX DUAL 5 BIT NON INVERTING MUX
LOGIC DIAGRAN
NETWORK SCHEMATIC LOGIC DIAGRAM
MUXS2H
boo AD2
= —{boo
Do > D | —bl0
I AD2 —20
D20 ) Anz i LEL S I
Z0 — 040
ELECTRICAL SCHEMATIC 030 T —oo1
—{o11 o=
—{o21
o0 AD2 D40 {>c —{031
01 - —] 041
0ol AD2 — A
02 | ey s
. ih m
T AD2
D4 z 1 [
D21 I AD2
f} | T &
A LER TRUTH TABLE
. A B C| 2D
¢ 041 {>° 0 0 0| oocn
1o 0| oD
A ot 0| oD
11 0| 03D
A 00 1| oKD
B 10 1| oD
0t 1| oD
11 1| oD
MUXSIL EXAMPLE
Z = MUXSIL (DO,D1,02,03+04,AyB,C)S
LST LOGIC CORP MUX41GH EXAMPLE LSILOGIC CORP
GATES USED = 11 03/10/83 Y(Z0,Z1)=MUX52H(DOO,D10,D20,030,040,001,D11, 05/15/83
- 021,031,041,AsB,C)$ GATES USED = 19
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MUXS4H QUAD MUXS4H MUXGE 1 H MUXG1H
S BIT NON INVERTING MUX 6 BIT NON INVERTING MUX
LOGIC OIAGRAN
NETHORK SCHEMATIC
O T T R N T WUXS TR LAGIC BIAGRAN TRUTH TABLE
oo : A2 | A : m [ A B C|z
010 >— P%>° D—| I 103 o 0 000
I T A0z | —Ho4o IO 2 1o oot
028 > AD2 e ] s 20 mH oz L1 01002
D30 — _%>° i 21 -0+ 11 0o
f 31 -10% 00 104
| — | oar I da 1 0 1]os
pag >—1 | :g?; s 0 11|04
|_»_~___-*F_____L____| o2z de 1ot ]os
ot > | —Hm3z L,
011 > ’ Tqo42 ELECTRICAL SCHENATIC
D21 > > 21 —oos3
s o g
D41 > i o33 AD2
Mz>_f|‘_|____|_|___“|‘]r_—~“l o3 I3 00 A
p12 > I —A D1 >—
p22 > > z2 -18 T AD2
D32 >— | g 02 AD2 1 2
n”>_\+‘|_‘"””|‘!_‘“_|‘+__—_l TRUTH TABLE 03 '_:%Db
o3 > I s
013 > | A B C|zZtD
023 >— >3 o4 AO2
033 > | 0 o0 ofoocn »—:8>c
D43>—‘ _________ ] 1 o ofoicn 05
01 0 |D2¢n)
11 0 ]o3cn
A 00 1 |o4cn)
10 1 ]o4cn A
B 0 1 1 ]o4cn 8
c 11 1 ]oen
MUX54H EXAMPLE ¢
Y(Z0+Z1,Z2+23)=MUX54H(DOO,D10,020,D030,040 vUOly
011,021,031,041,002,012,022,032,042,003,013, NUXGIH EXAMPLE
D23,033,043,A,B,C)$ Z = MUX6IH (DO,D1,D2,03,D4,05,AsB,C)S$
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 35 05/12/83 GATES USED = 12 03/04/83
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MUX62H DUAL MUX62H
6 BIT NON INVERTING MUX

NETWORK SCHENATIC

MUX61L

6 BIT INVERTING MUX

1061 DiAGHAN

MUX61L

=711 1 1 1 T T
0o : AD2 1 :
o T > th |
| T AO2 |
020 > AD2 e —%>0-L>zn
" |
|
040 ! AD2 |
p50 > |
T L] I |
no|>—: :
ol > b> 71
p21 > |
03|>—: l
041 >‘| | TRUTH TABLE
051 > I [a B clztD
[ DR E R |
00 ofoocn
1o o]oen
0 1 0}Dp2(I0)
A 11 003D
0 0 t]o4(D)
10 1]escn
011D
11 t]osen
MUX62H EXAMPLE
Y(Z0,Z1)=MUX62H(D00,010,020,030,040,050, MUXG1L EXRMPLE
pot,011,021,031,041,051,A,B,C)$ Z = MUX61L (D@,D1,D2,D3,D4,D5,A,B.C)$
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 21 06/21/83 #2/21/83
GATES USED = 14
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MUXG64H QuUAD MUXG6 4H MUX71H MUX71H
6 BIT NON INVERTING MUX 7 BIT NON INVERTING MUX
NETWORK SCHEMATIC LOGIC DIAGRAM
L N T TRUTH TABLE
D00 : oz | A : | ux7H K
D10 > r:%} D—| | 1o 10 ofoo
020 : a1 Aoz | 13 ool
H L[ H ! Joy ik 0 1 ofn2
pi0 > :8>°1 DJ j%>o—|>“ -Jus L L
' ! o5 00 1|04
040 > o AD2 | T | 1 0 1}]os
D50 > | 1A 0 4 1]oE
[ B I I | :: 1 1 1|0
f,”.'{ : ' ELECTRICAL SCHEMATIC
D21 > L
|Ja|>_I IZI 0o AD2 3
D41
le>—|4H_____H_A~_|+____| m@——{ }—
3',‘§>" ! T AD2 ]
022 > }—>zz 02 Aoz pe :—%>°—’Z
032 —
042 > | 03 :8D° __-rD_
gggj"ﬂ'____H___“H'——_—i TRUTH TABLE - AD2
| ' D4 s
e | A B C|Z(D 05 -—g>& i
p33 > F>z3 T
043 > | 0 0 000D
053 > SN I | 1.0 o0fDICD) Y
010Dzt 06 > {}+
11 003D LT
0o 1]|oHD )§ A
A 1 0 t]0scn Zl&
B D11 foetn 3
C 1 1 1]ostD C
MUXE4H EXAMPLE
Y(Z0,Z1,22,23)=MUXG4H(DOO,D10,020,D30,040,050,D01, MUX71H EXAMPLE
11,021 1,041,051,002,012,022 ) ’
3131n23:3§3,n;‘35053:A,B,’EH 1032,042, 052,003 Z = MUX7IH (DD,01,02,03,04,05,06,A,8,0)8
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 39 05/15/83 GATES USED = 13 03/08/83
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MUX71L MUX7 1L MUX7 2H DUAL MUX72H
7 BIT INVERTING MUX 7 BIT NON INVERTING MUX

LOGIC DBIAGRAN [ T B — - ————
NUX7 1L D00 >———] L |
—oo D10 >+ |
—p1 | T ADZ'
:g: D20 : Ao2 1| A%)ojl—»zu
Jus IP D30 > _:%>° |
NETWORK SCHENATIC i b | T I
-{os p4o > Av2 L :
Do AD2 —a D50 T B>: |
01> -8 | T | |
dc I A |
02 — Aoz AD2 D60 i {>c |
LT |
ERS l .
—td-———t———4]-——
04 AD2 AD2 0t >— :
05 | 021 > |
AD2 031 > | TRUTH TABLE
nes > ' s oz
06 {>c 051 > |
D61 > Fde o oofonen
A I -—— Tt - 1 0 ofDtin
01 002D
A R REEIES
B N 00 1] 04cn
€ 1015
B 01 1]DEtD
L 11 o1fosen
MUX72H EXAMPLE
MUX71L EXAMPLE Y(Z0,Z1)=MUX72H(D00,010,020,030,040,050,060,
Z = MUXx71!iL (DO,D!,D2,03,04,05,06,A,B,C)S$ pot,011,0 D31,041,051,061+A,B,C)5
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 16 05/11/83 GATES USED = 23 06/21/83
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MUX81H MUX81H
8 BIT NON INVERTING MUX
L0GIC DIAGRAN
- TRUTH TABLE
[ 3oz
::; 200 |00
1 1 o8 |0
Jo 2k 10 |0
Js 118 |
e 081 |M
181 |05
—° g1 1 |06
:2 111 |
ELECTRICAL SCHEMATIC
- AoE
phar==
foe
Aoe

;

G
[

Lo G-

>0

M4 AOE

]
LY

A

c

MUX81H EXAMPLE
Z = MUX81H (DO.D1,D2,D3.D4,DS.D6,D7,.R,B.CO%

MUX7 4H QuAD MUX7 4H
7 BIT NON INVERTING MUX

o
oie

|
|
I
|
D20 >—+
I
LE] |
|
I
t
|
|
i

[ 11]

111}

|
|
|
|
|
|
|

A%QF%QMMQPAQH

00l > —r‘———‘W
0t

|
|
|
|
|
|
|
|
|
| TRUTH TABLE
|

>

031 > b1

>—1 I
|
|

A B ClZ(D)

po(n)
o
a2(1)
03
04 (1)
s
06 (1)
06 (1)

lHl

L

iz
D22 k>z2

i |
|
B -4 -H----]
03> > 123
e |
051 > !

ﬁ—ﬁ .

MUX74H EXAMPLE

Y(Z0,21,22423) =MUX74H(DOO,D10,020,030,040,050,060,
pat,D11.,D21,031,D41,051,061,002,012,022,032,042,052,
062,003,013,023,033,043,053,063,A,B,C)§

_——m D - —a o
—_————Em e e e

LSI LOGIC CORP
GATES USED = 14 07/085/84

LSI LOGIC CORP

I GATES USED = 47 06/21/83

9/84 Version
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MUXB 4H QUAD 8 BIT MUX8 4H MUXB2H MUXBZ2H
NON-INVERTING MUX DUAL 8 BIT NON INVERTING MUX
{_— ______ ] NETWORK SCHEMATIC
Doo I poMuxe ‘ AND NETWORK SCHEMATIC LOGIC DIAGRAN
D10 Dl
bt , b | LOGIC DIAGRAM
f L 5 70
D40 04z D00 oo
0s0 : 05 : g >——mmIn MUXB2H
peo ] Dk | p20 > 2 —ooo
D70 | 07 Nlac | 030 >———1p3 MUXB 20 —nto
F——s
! | [ 040 >——— lo4 —b2o
HH===== | 050 > {n5 — 080
001 >—roH | 060 >—— lnE —] 40 0 —
= . . |
834}>—1 zl ] —1 870 Il —
051 >—ol ! — oot
e | =
e e
|
D?Z ot 0o — 041
BZ% D11 01 —Jos1
032: 72 D21 D2 —1 061
Bg§>—5 | D3t p3 Muxs 1 —071
062 >— | D41 04 > 1
051 o5
T e s =
003 | 071 LA
D13 >——
033 — |
D33 — Z3 MUX84H EXAMPLE A
1 S | Y (Z0,Z1,22,73) =MUXB4H B
D63 >—— | (D0O0,D10,D20,030,D40,050, ¢
078§>—— | DB0,D070,001,011,021,D31,
A>___j| pD4t,051,061,071,002,012,022,032, MUXB2H EXAMPLE
B D42,052,062,072,003,013,023,D33, Y(Z0,Z1)=MUX82H(DOO,D!0,D20,D030,040,050,060,D070,
c D43,053,063+073+A+B+C»)$ pot,011,021,031,041,051,D061,071,A,B,C)8%§
LSI LOGIC CORP
GATES USED = §2 05/12/83 LSILOGIC CORP 05/11/83
GATES USED = 2§

9/84 Version Chapter 18: Macrofunctions



M42C

M42C 4 TD 10 DECODER M82C 2 BIT BINARY FULL ADDER  MB2C
LOGIC DIAGRAM (SAME AS FA2)
| | | |
A B C U LOGIE DIAGRAN
N42C =t DALRAR
Z0 7) Z2 73 74 75 76 77 28 79 NETHORK SCHEMATIC l | I l l
CO A0 BO Al Bi
| )c"'” > 20 NB2c
ND3 50 51 2
,! o—— > 71 | |
ND3
1 » > 72
-4 . NETNDRK SCHEMATIC
-1 e
—\ND3 574 o ED
;D A EO D———> 50
ﬁ; )c"“ > 25 B0 ,”
ﬁ[),:"” 576 | ADS
,Duna .
_D&M—)ze
D!M EN
“ AL £ D”—’ 51
Niyayay ! i
] ADS
NR2 ce
b 4}
c 1
v M82C EXAMPLE
M42C EXAMPLE 2(80,51,C2) = MB2C(CO,AD,BOD,AL,B1)S
YOZO0 021022923924 925+260279284+29)=M42C(A,B-Cy0)$
LSI LOGIC CORP 02/10/83 LSI LOGIC CORP 02/15/83
GATES USED = 22 GATES USED = 20
E—
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M8SC M85C
4 BIT MAGNITUDE COMPARITOR

EXPANDABLE (SIMILIAR TO MAG4 OR SN7485)

N NETWORK SCHENATIC

ALBI  AEBI AGBL

L1 o

A >—/ MB5C
B — AGBI
. SEE MAG 2 p—
® >—] — ALBI AGB
— A3
—B3 AEB e
—fe ALB |
Al >— —Be
-
M SEE MAG 2 —M
e — B
W >—
— Ao
L) .

ALB AEB AGB

M85C EXAMPLE
Z(RGB. AEB. ALB, )=M8SC(AGBI, AEBI, ALBI, A3, B3, AC, B2,
A1.B1.AQ.B2S

LSI LOGIC CORP

07/05/84
GATES USED - 44
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—
MI38D GATED 3 TO 8 DECODER  M138D MI50C 16 INPUT GATED MI50C
OUTPUTS ACTIVE LD (74138) INVERTING MUX  wLocic niachan
NETWORK SCHENATIC NETHORK SCHEMATIC poM150C
LOGIC DIAGRAN 01
Gl. G2A G2B C B A B%
CTELL i
— 61 z0 DS
624 21: gg 7b—
—dc28 z2p— gg
I GRS 23 010
VIVIY T it
- — B 5p— 3
— —c 16p— 015
| >——un 27b— ABCDSN
2 0 AD2 |
— ] AD2  ND2
___)——)zz 03 = AD2 | .
010 ) A0z
D’ >3 il ] AD2
— 012 ) A2 —B>’
1)
013 - AD2
D" - 14 Ty A0z
M1380 EXAMPLE s '%J/
}_m I020,21+22,23, 1ve &
14,25,26,27) = A>— ”"4& ”"'le ”"Z “"Z&
MI3BD(G1,G2A, :
77
G2B,AsB/C) S S:
LSI LOGIC CORP MISOC EXANPLE LSI LOGIC CORP .
GATES USED = 23 13/11/83 Z = ML50C(D0,D1,02,03,04,05,06,07,08,08, 03/11/83
010,011,012,013,014,015,A+sB+C+D,5N)8§ GATES USED = 38
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M1S1C 8 INPUT GATED MUX M151C MIG2C g INPUT INVERTING MUX M152C

LOGIC DIAGRAN LOGIC BIAGRAN
NIS1
g'll g M152C
:j 02 Wp— ] g?
—1 03
— 04 —02
—1 D5 — D3 ip—
i -
—1 D6
ABCSN -—DA7
(111 B C
[ 11

0 NETUORK SCHEMATIC

D1 >—

['H

04

05

07

A

Znm >

M1S1C EXAMPLE
Z(U,Y) = M151CCDO,D1,02,D3,04,05,06,07,AsB,C)SN)S

GATES USED = 18
LSI C CORP CORP
GATES USED = 20 Loct 13/11/83 M152C EXAMPLE LI LoGIC 83/11/03

Z = MIS52C(DOD,0!,D2,03,04,05,06,07,A+B,C)$
| .

Chapter 18: Macrofunctions 18-93



M153C

LU L

LOGIC DIAGRAN

MI§3C

12—

22—

ooooo ooooo
—_— e un—m Ewn—e

NETHORK SCHENATIC

DUAL 4 INPUT MUX M153C

M157C QUAD 2 INPUT GATED MI57C
NON INVERTING MUX

LOGIC BLAGRAN
M1S7C
i
2
13—
4
GN

l

NETNORK SCHENATIC

B> E>E» 0>
- LIPS —

REREEEN

—ir

108 AD2
Al A2
101 >—— TGN
Bl >—— 71
102 [ )Ao 1z
A2 AD2
103 1 E 2
16N 8
200 ) A3 ) A02
201 %’L— TGN 'H %:Do-—*u
202 { AD2 2z A4 )02
203 >— B4 8> >°——j do—>14
SN
26N
A ;
A -
: MIS7C EXAMPLE
Y(Z1+22+23+Z4)=MI157C(Al,B1,A2,B2,A3,B3,A4,B4,5,CN)S$
M1S3C EXAMPLE LSI LOGIC CORP LSILOGIC CORP
X(1Zy22Z) = MIS3C(100,1D1,102,103,200,201, 03/11/83 GATES USED = 13 03/11/83
202,203 ,AsB,1GN,2GN) $ GATES USED = 14
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M158C

QUAD 2 INPUT GATED M158C

M16OC

SYNC 4 BIT BCD COUNTER MI160C

INVERTING MUX (74LS160)
NETWORK SCHEMATIC P
P
ﬁ——_—}D A
NETUORK SCHENATIC T
- LOGIC DIAGRAM
M AD2 LOGIC DIAGRAN 2 2 5P BELATH>0A
—] 1 1 OELAY
8 N158C %AN wisoc |
A2 1 AD2 :a{ Zp— oAy
] —A
82 z _ﬁg 2p— I
A A2 —83 13P— w ¢
by M ab— LA o w
'Y —{B4 —{DELAY}->0eN AL v
C
M A2 36N - ur=
aoN —
84 24 -ct:: ol
A
é\ ‘ g® E%‘uc A
o BELAT>0c
5|
SN e D
L
[[Z:L g* é‘"%‘nn
—{DECAT>00N
MISEC EXAMPLE ] Q
Y(Zl ZZ'ZS'Z‘)="15 ’ " » ] v ’ co
’ 8C(Al+B1,A2,B2,A3,83,A4,B4,5,CN)$ C"..;Q M160C EXAMPLE
Z(0A,08,0C,0D,CO,0AN,QOBN,OCN,QDN)
=M160C(AsB+CyD+L,CP,CDsP,T)S§
[~ 0
GATES USED = 11 LOSIC CoRP 03/11/83 GATES USED = 60 LSI LOGIC CORP

02/18/83
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MiGeOD

NETUDRK SCHEMATIC

T

(74LS160)

SYNC 4 BIT BCD COUNTER

T
0A {ELAY}

T >—>-
0B {DECAT}

LD
oc {0EL AT}

é}_-)D’
0D <—DELAY}
g =i

= o

Co>

cu<——0<]—«(:|‘_‘ﬁ<]____(p

M1600 EXAMPLE

M160D MIGIC SYNC 4 BIT COUNTER MIG6IC
(74LS161)
NETWORK SCHEMATIC cp
PK——:)D A
T
LOGIC DIAGRAM LOGIC DIAGRAM
P FHEECAT>04
—[DELAY}>nAN
NLG6OD | || D.: B HlGICﬂA |
—A
—] OAN [—
_.: s = 1Pow
—C —* aBN[—
P LAt —o ]
EECATH>aen —9 oy
-_€>'- a _:3>°—_:)D: c :>p an —
-qco B M
P T CO |— cp €O |
M 2 2 Zpr-measoc —
3 : {TECAV}->0cN
D
L
Y_ L
EEEF an
f 1 —~{DELAY}>00N
S MIG1C EXAMPLE

Z(0OA,0B,OC,0D,C0 )=MIG6OD(A,B,C,O,L,CP,CO,P,T)S

GATES USED = 50

LSI LOGIC CORP

03/08/83

Z(0A,08,0C,00,C0,0AN,OBN,OCN,ODN)
=M151D(A!BIC!DIL!CPYPITIED)S

GATES USED = 54

LSI LOGIC CORP
02/18/83
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M162C SYNC 4 BIT BCD COUNTER  Mle2C MIG61D SYNC 4 BIT BCD COUNTER MI1G61D
(74LS162) (74LS161)
NETNORK SCHENATIC NETHORK SCHEMATIC
P
P D A
=T P T
LOGIC OIAGRAM LOGIC DIAGRAN
0A {TELAY}
| D> Mieze 7| _:DmﬂD: B NTED |
—, o —a
—y [ g m
B PO 1.1} e
" 2;___ a8 {IECAT} -
i ::L w - D> t -C>L an —
b 0oN — -qco
p 1 CO |— 1 P TCO |—
N 72 o I
ac DELAY] I=<IJ
D - é:}——-)D: 0
L ED V
> 2%
' Lj {BECAT>aoN U
D = M162C EXAMPLE e ] <1
Z(QA.0B.0OC,0D,CO,OAN,QBN,OCN,QDN) MIB1D EXAMPLE
=M162C(A,B+CsDsL,CL,CP,+P,T)S$ Z(0A,0B,OC,0D,CO )=M1G61D(AsBsCsDsLsCP,P»T»CD)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = §5 02/18/83 GATES USED = &0 03/29/83
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M1G62D SYNC 4 BIT BCD COUNTER M162D M163C SYNC 4 BIT COUNTER M163C
(74LS162) (74L5163)
NETNDRK SCHENATIC NETWORK SCHEMATIC cp
T T
LOGIC DIAGRAM [ LOGIC DIAGRAM
oA
oA {oELAT] {OECAY}->0AN
_:(}—_)D: B MiezD | ':D"_-)D % Wese |
—A —{y o[
_JB s [— g [
2 ° ] _ BN [—
2 -4 _; ac DELAY}->08 __s w
as {DECAT} -
I - A | > I::BN_cL ucN
r -qcL  an — der 0|
s -5 QON[—
] P T CO [— PTCO |
M- [ [
£ " a DELAY}>0OC
ac EEAT —oH [BECAT}>0CN
[} % 0
L v o ST
cL o° LL>— —>o—
) ) 0o
ao —{BELAT} L;j {IECAY}>non
SIS 9]
‘ ~ co<—CE MIE3C EXAMPLE
M162D EXAMPLE Z(0QA,0B.,0C,00,CO,OAN,QBN,QCN,0ODN)
Z(0A,0B,0C,00,C0 )=M162D(AsBsCsDsL CLsCPsP,T)S =MI63C(A,B,CyD,L,CLsCP,P,T)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 62 03/08/83 GATES USED = 54 02/02/83
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M163F

SYNC 4 BIT COUNTER

(741.S163) OPTIMIZED FOR MAX CLOCK FREQ

A

1

cp

NETWORK SCHENATIC

MIB3F

IIII;’IiI
q o .‘.

LOGIC DIAGRAM

s

- =

1

=]

=5

]
MIG3F ‘
QA o = ;;:; =
—A S B g "~ =1
g e s o] .
—{t acH ’
—qL |
—dcL 0D _% o= 2c =
—p o) - 2 =~
p 7| OC JZ;;ji? = LJ |
~—— D
R m— o]
]
—ﬁ a o — l_j%z = =
an o< Fo<} . [
1] F
— [
co =8 LCL
= =
T
CATES USED = 92
MIB3IF EXAMPLE LSI LOGIC CORP

Z(0A,0B,0C,0D,C0O0 )=MI63F(AsBsCsDsLsCLsCPsP5T)S

03/10/83 I

MIG3D

SYNC 4 BIT

BINARY COUNTER

NETNORK SCHENATIC

(74LS51613)

P> ™
?}'D: >
T
0A OELA
r—
[1]:) ‘lllELr'-'.'l
ac DELAY]
=4 ™
L S —
w
: o
tL>———f
b
E
no {EELAY} H
o &Q—G;_nq—j

Z(0A,0B,0C,00,C0,)=M1630(A,B,C+0+L,CL,CP,P,T)S§

M163D0 EXAMPLE

M163D

LOGIC DIAGRAM

1

—

L &4 1 |

GATES USED =

LSI LOGIC CORP

61

04/18/84
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4 BIT U/D COUNTER
(74LS5169)

cp

>

M163C
NETWDRK SCHEMATIC
PN
n [
up
0A
—{BELAT] -
T ]
a8
<—mELAY
——H
I‘l:)_
ac
foELATH
—
ao
{EELATL
[
coN

M169C EXAMPLE

L

LOG

N |
ERAEECIGEES

11

o

[~

=
[

1

GATES USED = 65

LSI LOGIC CORP

LOGIC DIAGRAM

ON CHIP

IGN

1AL 1yl
1 A2 1y2
1A3 1y3
1A4 1

[TTT

2A1 2Y1
2A2 2Y2
2A3 2Y3
2A4 2Y4

1

ELECTRICAL SCHEMATIC

DELAY 11

DELAY iy2

DELAY 1Y3

DELAY 1Y4

DELAY 2Y2

DELAY 2Y3

gm
<
|~

DELAY 2Y4

M244C EXAMPLE

44C

M244C

24

LSI LOGIC CORP

M163C M244C M2
DUAL 4 BIT TRISTATE BUFFER
—att BT ARAAR — Y4
N
26N
‘ , 1C_DIAGRAN
] M16SC
OA—
aB — '
1 ac—
ap —
-
ZOLYLa1Y201Y3,1V492Y1,2Y2,2Y3,2Y4) =
CLAT21AZ 1A3,1A4/2A1,2A2,2A3,2A4,1GN+26N) §
Z{0QA,0B,0C,0D0,CON )=MIG9C{(A,B+CsDsL,CP,PN-,TN,UP)S
; 03710783 GATES USED

03/11/83
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M244XC M244XC
DUAL 4 BIT TRISTATE OUTPUT BUFFER

OFF CHIP

—Jron

—1AL v f—

—Je 12—

v
LOGIC DI AGRAM N244XC
—— —{uN

—2M 2vif—

—2a2  2v2f—

—2a 2v3f—

—M 2

ELECTRICAL SCHEMATIC

4 BTS7
1 1AL DELAY > 1 Y1
1A2 [DECAY—> 172
1A3 QM 173
1A4 Q_— [DECAY—> 174

A >——— +——{BELAY—> 211
242 >———— —DELAY—> 2v2
2A3 2Y3

Q_ - 2Y4

M244XC EXAMPLE
ZOLYLS1Y241Y3,1Y4,2Y1,2Y2,2Y3,2Y4) = M244XC
(1AL A2, 1A3+1A4,2A1,2A2+2A3+2A4,1GN»2GN) S

LSI LOGIC CORP
I GATES USED = 56 03/11/83
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M2901 4 BIT SLICE ALU M2301 |

RANI3  NETNORK SCHEMATIC aLo
3} 3 4
4
NUX3
L3}
1 16:8 10:2 13:5
AADRD:3 NUX3 I
S L
BADRO:3 4 16x4 EN |
> 2 PORT RAN LATcu—|
1 uN > N
0 REG ALY ALY ALU
. cP DESTINATION |SOURCE DPERAND FUNCTION
cK A LATCH B LATCH DECODE DECODE DECODE
> cP — cp
L 4 ¢!
P » :
00:3
- 7 1 71 EN END3 ENOO
NUX2 | NUX2 |
[ ALU I
]

M2901 EXAMPLE
Hux2 | \ b by ozZeva,y2,.Y1,Y0,RAMO3SRAM0O0,003,000,ENDIENOO,ENDIN,
i 11 ENDON/PN/GN,OVR/CN4»CNANN,FEQON) =M2301C10,11,12
13+14,15,16+17,18,AADR3,AADR2,AADRT,AADRO,BADR3,
] BADR2,BADRIL,BAORO,CK,03,02,01,00,RAMI3,RAMID,013,
4
Yo:3

V¥ 0I0,CNsCNN)S
FEQON Fo F3 Qoo a3o

GATES USED = 744 LSI LOGIC CORP

09/21/83
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PARS

8 BIT DDD PARITY DETECTOR

NETUDRK SCHEMATIC

D_
D

LOGIC DIAGRANM

R8
R
—8
IF NUMBER OF TRUE —c
(1) INPUTS IS 0OD, —0 72—
..—,[
THEN Z = 1. ¢
—6
—H

PARB EXAMPLE
Y(Z) = PARBCAsB+CsDsEsFsGsH)S

PARS

PARS
9 BIT ODD PARITY DETECTOR

NETUDRK SCHEMATIC

=

iR

D__
—D—

-m

(

E3-]

PARY

1 '_)i>—>z

LOGIC DIAGRAM

Y
IF NUMBER OF TRUE —®
—c
(1) INPUTS 1S DDD, 1y
THEN Z = 1. —|e 7l —
—F
—e
—4
—1

PAR9 EXAMPLE
Y(Z) = PARS(A,B+Cs0,E+FsGsHyI)S

LSI LOGIC CORP

GATES USED = 21

02/21/83

LSI LOGIC CORP
GATES USED = 24

02/21/83
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PS2 PS2
DIVIDE BY 2 EXTERNAL CLOCK PRESCALER
WITH NO INPUT PROTECTION

NETWORK SCHENATIC

LOGIC DI AGRAM

dJ
[1M]

PS2 |

co

i
204
0 0

VAl
ﬂ<}—

PS2 EXAMPLE
Z = PS2(CP,CD)S

PS3 PS3
DIVIDE BY 3 EXTERNAL CLOCK PRESCALER
WITH NO INPUT PROTECTION

) NETWORK SCHEMATIC
LOGIC DIAGRANM

[x] [x]
| o

PS3
1]
=
—P ir— = mg
co —l
_ 1T
E:,g
=
-
g E‘:I
&

PS3 EXAMPLE
Z = PS2(CP,CD)S

I LSI LOGIC CORP
GATES USED = 13

05/11/83

LSI LOGIC CORP

GATES USED = 19 05/11/83
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R41
PS54 PS4 Ré41 4 BIT DATA REGISTER
DIVIDE BY 4 EXTERNAL CLOCK PRESCALER
WITH NO INPUT PROTECTION _Looic pincRN
NETUORK SCHEMATIC |
E— s
[x) [x)] —13 @B
LOGIC DIAGRAN = = R41 02" E
o G
—D o —
un“ o
|| S
PS4 Vs,
s Zp
—> z|— —
co VE :3 NETNORK SCHENATIC
.—Yl p—— [ [ ¢ ap
1 A >—D QJB D Q c D uJ D>—D Q
] L FD1 )—1 FD1 FD1 FD1
- do = cr > m—l I_.> N un—l l_> N
ﬂ£ QBN acN QDN
PS4 EXAMPLE " R41 EXAMPLE
7 = PS2(CP,CD)S Z(0A. QAN. QB. QBN. OC. QCN. QD, QDN)=R41 (A, B, C, D.CP)$
LSI LOGIC CORP
GATES USED = 25§ 05/11/83 GATES USED = 20 LSI LOGIC CORP #2/01/83
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R42 |
CLEAR DIRECT

R42
4 BIT DATA REGISTER,

NETUORK SCHEMATIC

A D g oA
LOGIC DIAGRAM FD2
—D £p N QAN
B> D a——>a08
FDe
— (g ON——> 8N
—3
C> 1 o >ac 1
FD2
> . ON acN
0> 0 a——>ap
FD2
—D g O aoN
[ 3 I |
o >—-A -

R42 EXAMPLE
Z{0A,0OAN,0B.0OBN,OC,»OCN,0D,QDN)=R42(¢A,B,Cy0,CP,CD) S

R81

8 BIT DATA REGISTER

LOGIC DIAGRAM

—A gﬁu
—® ggu
—¢ ggn
° pgy oo
-k gEN
—F 2
¢ oo
_>" gﬂn

[TTTTT TR

NETNORK SCHEMATIC

m
v

T

|

L]

ce

R8BI EXAMPLE

1]

Fo1° o
> anj aAN
D

Fo1® as
b ON BN

a ac

FOI

T cy
1] [11)

FOI
D N} aN
1]

Foi® o
D QN aEN
D

Foi® o
> an| aFfFN
! a as

FOL
» 1] QEN

0 aK

FDI

» QN QAN

RE1

Z(0OA,0AN,OB,OBN,OC,OCN,0OD,QDN,OE,QEN,QF ,OFN,QG,0OGN,
OH,OHN)=RB1CAVB CsDsE+FyGsHICP)S

LSI LOGIC CORP

GATES USED = 24 02/01/83

GATES USED = 40

LSI LOGIC CORP

02/01/83
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RB2 R82
CLEAR DIRECT NETHORK SCHEMATIC
A> }___ _n___n—_] oA LOGIC DIAGRAN
LOGIC DIAGRAN | FD2 |
| D ON—1—> OAN
: co : —° SR41
—A g:u"_‘ I __';—__'j;i_l “F oA AN 08 OBN OC OCN Q0 OON
s 08 — B >— L5 08 [TTTTT1T T
0BN— | I—> o
—¢ ac — |_|_Jr ______ |
acN— ¢ Lsac
—to a | l—> acn
Rg2 MM -4 l
—E e— ""—i >
1 oF — |_|“1L ______ ll—”“" NETWORK SCHEMATIC
EEN: £ >—1 Lsae
¢ aGN— : : :—WE“ oA a8 oc ap
—H o — >___J_|_+ ______ I
OHN}— F > aF
— o : l‘qL :—)DFN —p o o K o
- t-———- FDI FD1 FOI FD1
1 6 >—1 Ls ac o 0 oN 0 0
: |>+ [L—>ucu t t
H>— > an
: . :—> OHN OAN BN acw ooN
EPJ '
o
RB2 EXAMPLE
Z(QA,0AN,QB,QBN,OC,QCN,OD,OQDN,QE,OEN,QF ,QOFN,QG, OGN, SR41 EXAMPLE
QH,0OHN)=RB2(CA,B»C+D+E+F+GyH,CP,CD) S Z(0QA,OAN,0B,0BN,QC,QCN,0Q0,QDN) =SR41(D,CP)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 48 05/11/83 GATES USED = 28 03/11/83
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SR4° SR43
4 BIT SHIFT REGISTER, SR42
CLEAR DIRECT 4 BIT SHIFT REGISTER, SET DIRECT
LOGIC DIAGRAM
SR43 oA |—
LOGIC DIAGRAM 0AN —
08—
—lp OBN —
— oc —
_'> SR42 —D EEN_
—q CD QDN }—
OIA O?N ulu u]B!ur l]ll:N uln mlJN .
NETWORK SCHENATIC NETWORK SCHENMATIC
A s ac DA 0B ac
sn N 4\ N
0 >— n D o ") 0 D30 g 'L PELE!
FD2 FO2 FD2 FD4 FD4 FD4
o oN an CP aN— oy ON—
|_> o co co l_> |
cp >
oo | [ l { d |
0AN QBN acN
AN aBN acn
| ]
SR42 EXAMPLE SR43 EXAMPLE
Z(0A,QAN,OQB,QBN,OC,QCN,OD,QDN)=5R42(D,CP,CD) S Z(OA,QAN,OB,QBN,QC,QCN,QD,0ODN)=SR43(D+CP,5D)8
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 24 02/01/83 GATES USED = 24
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SR44 4 BIT SHIFT REGISTER, SR44
SYCHRONOUS PARALLEL LOAD

NETNORK SCHEMATIC

SR45 4 BIT SHIFT REGISTER, SR45
SYCHRONOUS PARALLEL LOAD AND CLEAR

L >— NETWHORK SCHEMATIC
cL -
L E) ) o
) |
LOGIC DIAGRAM LOGIC DIAGRAM A
—{s1 uA - —{s1 oA
0A € > OAN
—a QAN — 5 —a OAN |— DA € > QAN
—B 08 — —B aB |— B
T snas OBW TIE sras BN
—0 o —L — o
—L ncN - = — 0cN f—
— op — 08 I > 0BN —cL a0 —
OoN |— C —Pb aoNL— 08 € > OBN
C
1 ;
A A=
2=
ac L II > acN
] ac € > QCN
D
] ;
Voo
S
£ 1=
an € 1 L > QDN
SR44 EXAMPLE SR45 EXAMPLE ~ O0°€ > o
Z(0A,OAN,0OB,0BN,OC,0CN,0D,ODN) =5R44(51,AyBsC,D,LsCP)S Z(QA,QAN,0B,0BN,0OC,QCN,QD,00N) =5R45
(S1+AyBsCoDsL CLACP)S
LSI LOGIC CORP LSI LOGIC CORP
GATES USED = 29 02/01/83 GATES USED = 31 02/02/83
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SR46

SR46

4 BIT SHIFT REGISTER
ASYNCHONOUS PARALLEL LOAD

LOGIC DIAGRAM

SR47

4

BIT SHIFT REGISTER,
SYNC CLEAR

NETWORK SCHEMATIC

SR47

SR4b
15 oA — 2 = =)
A 0ANf—
b 0B — LOGIC DIAGRAM
—{c 08N— e
] ac —
____" ocNf—
L o — —&
—b 0DN— A 2=
—s1 0AN [— e
NETHORK SCHENATIC B — z
—qCL 0BN
SR47
¢ ? ac
W —> oeN [— ME
= e
aon = = =
nowN g*——l l
o) Yy
0 S0 g 50 ME
[ ==
FO3 FO3 - €~ a
N |_> 0 Ee—————————| |
1
U A i 4 ll o = =
OAN DA 0BN @ ucN  oc apN 0D - 2" =
SR46 EXAMPLE SR47 EXAMPLE =

Z(0A»DAN,0B,0BN,0C,OCN,00,00N) =SR46(ST ,A,B,CoD,L,CP)S Z(OA, QAN+ QB+ QBN+ OC,OCN+ 00 0ON) =SR47(S1 . CLACP) §

LSI LOGIC CORP LSI LOGIC CORP

GATES USED = 40 02/01/83 GATES USED = 24 03/17/83

L
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SYNCO! SYNCOD1
SYNCHRONIZER FOR ASYNCHRONOUS

0 TO I EVENT

LOGIC DIAGRAN

Zp—

—
SYNCOI

NETWORK SCHEMATIC

cp

SYNCO! EXAMPLE
Z=SYNCDICA,CP)S

LSI LOGIC CORP
GATES USED = I1 03/11/83

SYNCLDO SYNCID
SYNCHRONIZER FOR ASYNCHRONOUS

1 TD 0 EVENT

LOGIC DIAGRAN

zp—
—P

SYNCIO

NETHRORK SCHEMATIC

FO1
D N
cp
SYNCI0 EXAMPLE
Z=GYNCI10CA,CP)S
LSI LOGIC CORP
GATES USED = 11 03/11/83
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