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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 l 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 

Milpitas, CA 95035 
Telex 172 153 

@) 1981, 1982, 1983, 1984, 1985 LSI Logic Corporation 
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Introduction I: Selector Guide 

I.l Using the Guide 

This introduction lists all the logic functions available for 
LSI Logic Corporation CMOS and HCMOS Logic Arrays. Addi­
tional, special-purpose functions may be available. Contact 
your LSI Logic representative for specific requirements. 

If a clear direct (CDJ or set direct (SDJ is used,this is 
noted. 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. 

For more detail, see specific logic diagrams on the pages 
noted. 

I.2 Macrocells 

GATES 
AOl 
A02 
A03 
A04 
A05 
A06 
A07 
EN 
EN3 
EO 
EOl 
E03 
EON! 
IV 
ND2 
ND3 
ND4 
ND6 
ND8 
NR2 
NR3 
NR4 
NR6 
NR8 

GATES 

2AND INTO 3NOR•••••••••••••••••••••••••••••••2 
2 2ANDS INTO 2NOR••••••••••••••••••••••••••••2 
20R INTO 3NAND•••••••••••••••••••••••••••••••2 
2 20RS INTO 2NAND••••••••••••••••••••••••••••2 
INVERTING 2 OF 3 MAJORITY••••••••••••••••••••3 
2AND INTO 2NOR ••••••••••••••••••••••••••••••• 2 
20R INTO 2NAND•••••••••••••••••••••••••••••••2 
EXCLUSIVE 2NOR•••••••••••••••••••••••••••••••3 
3-INPUT EXCLUSIVE NOR••••••••••••••••••••••••6 
EXCLUSIVE 20R••••••••••••••••••••••••••••••••3 
2AND, 2NOR INTO 2NOR•••••••••••••••••••••••••3 
3-INPUT EXCLUSIVE 0R•••••••••••••••••••••••••6 
20R, 2NAND INTO 2NAND••••••••••••••••••••••••3 
SINGLE INVERTER••••••••••••••••••••••••••••••l 
2NAND••••••••••••••••••••••••••••••••••••••••l 
3NAND••••••••••••••••••••••••••••••••••••••••2 
4NAND •••••••••••••••••••••••••• • ••• • •• • •• •. •. 2 
6NAND •••••••••••••••••••••••••••••••••••••••• 5 
8NAND••••••••••••••••••••••••••••••••••••••••6 
2NOR•••••••••••••••••••••••••••••••••••••••••l 
3NOR • ••••••••••••••••••••••• • • • ••••••••• • • ••• 2 
4NOR • •••••••••••••••••••••••••••••••••••••••• 2 

6NOR•••••••••••••••••••••••••••••••••••••••••5 
8NOR • •••••••••••••••••••••••••••••••••••••••• 6 

INTERNAL BUFFERS 
BTS4 3STATE INTERNAL BUFFER•••••••••••••••••••••••3 
BTS5 INVERTING 3STATE INTERNAL BUFFER ••••••••••••• 3 
BlA INVERTING POWER BUFFER, 2 IVA IN PARALLEL •• 1-2 
BlI INTERNAL BUFFER (LIKE Bl)•••••••••••••••••·l-2 
B2A INVERTING POWER BUFFER.•••••••••••••••••••·2-4 
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17- 6 
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17-25 
17-25 
17-26 
17-27 
17-26 
17-45 
17-53 
17-53 
17-54 
17-54 
17-55 
17-55 
17-56 
17-56 
17-57 
17-57 

17- 9 
17- 9 
17-17 
17-17 
17-20 
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I-2 

GATES 
INTERNAL BUFFERS (CONTINUED) 
B2I IV INTO 3X IV••••••••••••••••••••••••••••••••2 
B3I 2X IV INTO 2X IV•••••••••••••••••••••••••••••2 
B4I 4X IV••••••••••••••••••••••••••••••••••••••••2 
B5I 3X IV••••••••••••••••••••••••••••••••••••••••2 
ICKl INVERTING CLOCK DRIVER (LIKE Bl) ••••••••••••• O 
ICK2 INVERTING CLOCK DRIVER (LIKE 2Bl) •••••••••••• O 
IVA SINGLE INVERTER WITH 2 P TRANSISTORS ••••••••• ! 
IVDA TANDEM INVERTER PAIR•••••••••••••••••••••••••l 
IVP POWER INVERTER (2 IV IN PARALLEL) •••••••••••• l 

INPUT INTERFACE 
IBUF INPUT PAD WITH BUFFER FOR CMOS INPUT ••••••• 1-0 
IBUFD INPUT PAD WITH PULLDOWN & BUFFER FOR 

IBUFI 
IBUFN 
IBUFU 

SCHMDTl 
SCHMDT2 
ST 
STl 
TLC HT 
TLCHTI 
TLCHN 

CMOS INPUT••••••••••••••••••••••••••••••••·2-0 
BUFFER FOR BIDIRECT CMOS INPUT ••••••••••••• 2-3 
INVERTING PAD WITH BUFFER FOR CMOS INPUT ••••• O 
INPUT PAD WITH PULLUP & BUFFER FOR 
CMOS INPUT•••••••••••••••••••••••••••••••••2-0 
INPUT PAD WITH SCHMITT TRIGGER ••••••••••••••• 3 
INPUT PAD WITH INVERTING SCHMITT TRIGGER ••••• 4 
INVERTING SCHMITT TRIGGER, INTRA CHIP ws ••• 2-4 
SCHMITT TRIGGER FOR INTRA CHIP WAVE SHAPING •• 3 
INPUT PAD WITH BUFFER FOR TTL INPUT •••••••••• O 
BUFFER FOR BIDIRECT TTL INPUT •••••••••••••• 2-3 
INVERTING INPUT PAD WITH BUFFER FOR TTL 
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17-20 
17-22 
17-23 
17-23 
17-44 
17-44 
17-45 
17-46 
17-46 

17-41 

17-42 
17-42 
17-43 

17-43 
17-59 
17-59 
17-60 
17-61 
17~61 

17-62 

INPUT••••••••••••••••••••••••••••••••••••••••O 17-62 

OUTPUT BUFFERS 
BTSl 3STATE OUTPUT BUFFER ••••••••••••••••••••••• 4-7 17- 6 
BTS14 3STATE OUTPUT BUFFER ••••••••••••••••••••••••• 5 17- 7 
BTS18 3STATE OUTPUT BUFFER ••••••••••••••••••••••••• 5 17- 7 
BTS2 3STATE OUTPUT BUFFER ••••••••••••••••••••••• 5-8 17- 8 
BTS3 3STATE OUTPUT BUFFER •• •••••••••••••••••••·6-11 17- 8 
BTS6 3STATE OUTPUT BUFFER TO CMOS ••••••••••••••••• 7 17-10 
Bl OUTPUT BUFFER •••••••••••••••••••••••••••••• 1-2 17-16 
Bl OD OUTPUT BUFFER WITH OPEN DRAIN •••••••••••••••• l 17-18 
Bl4 OUTPUT BUFFER •••••••••••••••••••••••••••••••• l 17-18 
Bl8 OUTPUT BUFFER •••••••••••••••••••••••••••••••• l 17-19 
B2 OUTPUT BUFFER •••••••••••••••••••••••••••••• 2-4 17-19 
B20D OUTPUT BUFFER WITH OPEN DRAIN••••••••••••••••2 17-21 
B3 OUTPUT BUFFER••••••••••••••••••••••••••••••3-2 17-21 
B30D OUTPUT BUFFER WITH OPEN DRAIN•••••••••••••·3-2 17-22 
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GATES 
BIDIRECTIONAL BUFFERS 
BTS7 
BTS7D 
BTS7L 
BTS7LO 
BTS70D 
BTS7U 
BTS78 
BTS8 
BTS8U 
BTS9 
BTS9D 
BTS9U 

DECODER 
D38HR 

LATCHES 
LDl 
LD2 
LD3 
LD4 
LSRl 
LSR2 
LSl 
LS2 

3STATE I/O BUFFER••••••••••••••••••••••••••4-7 
3STATE I/O BUFFER WITH PULL DOWN•••••••••••••7 
3STATE I/O BUFFER WITH LO POWER •••••••••••••• 7 
3STATE I/O BUFFER WITH LO POWER OPEN DRAIN ••• 4 
3STATE I/O BUFFER OPEN DRAIN.••••••••••••••••4 
3STATE I/O BUFFER WITH PULL UP ••••••••••••• 4-7 
3STATE I/O BUFFER••••••••••••••••••••••••••••5 
3STATE I/O BUFFER••••••••••••••••••••••••••5-8 
3STATE I/O BUFFER WITH PULL UP ••••••••••••••• 8 
3STATE I/O BUFFER.••••••••••••••••••••••••6-11 
3STATE I/O BUFFER WITH PULL DOWN •••••••••••• 11 
3STATE I/O BUFFER WITH PULL UP •••••••••••• 6-11 

NON-OVERLAPPING 3 TO 8 DECODER/ACTIVE HIGH •• 47 

OLATCH 
DLATCH 
OLATCH 
OLATCH 
SR LATCH 
SR LATCH 
OLATCH 
OLATCH 

GATEO •••••••••••••••••••••••••••••••• 3 
GATED L0•••••••••••••••••••••••••••••3 
GATED L0•••••••••••••••••••••••••••••4 
GATED CD L0••••••••••••••••••••••••••4 
SEPARATE GATE••••••••••••••••••••••••4 
COMMON GATE••••••••••••••••••••••••4 
LSSD •••• ••••••••••••••••••••••••••••• 6 

INTO DLATCH LSSD•••••••••••••••••••••9 

FLIP FLOPS 
FDA OFF COM CDS SOM sos CPM CPS ••••••••••••••••• 7 
FDl DFF••••••••••••••••••••••••••••••••••••••••••5 
FDlS OFF SCAN••••••••••••••••••••••••••8 
FD2 OFF co . ................................... 6 
FD2S OFF CD SCAN••••••••••••••••••••••••••9 
FD2TS OFF CD TRISTATE OUTPUT•••••••••••••••••••g 
FD3 OFF CD so ••• ••••••••••••••••••••••••••••• 7 
FD3S OFF CD SD SCAN•••••••••••••••••••••••••lO 
FD4 OFF so ••• ••••••••••••••••••••••••••••• 6 
FD4S OFF SD SCAN••••••••••••••••••••••••••9 
F05 OFF NO CPBUFS ••••••••••••••• 4 
FD5S OFF SCAN NO CPBUFS ••••••••••••••• 7 
F06 OFF CD NO CPBUFS ••••••••••••••• 5 
FD6S OFF CD SCAN NO CPBUFS ••••••••••••••• 8 
FD7 OFF CD so NO CPBUFS ••••••••••••••• 6 
FD7S OFF CD SD SCAN NO CPBUFS ••••••••••••••• 9 
FD8 OFF SD NO CPBUFS ••••••••••••••• 5 
FOSS OFF SD SCAN NO CPBUFS ••••••••••••••• 8 
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17-10 
17-11 
17-11 
17-12 
17-12 
17-13 
17-13 
17-14 
17-14 
17-15 
17-15 
17-16 

17-24 

17-47 
17-47 
17-48 
17-48 
17-49 
17-49 
17-50 
17-50 

17-27 
17-28 
17-28 
17-29 
17-29 
17-30 
17-30 
17-31 
17-31 
17-32 
17-32 
17-33 
17-33 
17-34 
17-34 
17-35 
17-35 
17-36 
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GATES 
FLIP FLOPS (CONTINUED) 
FJKA JKFF CDM CDS SDM SDS CPM CPS •••••••••••••••• 10 
FJKl JKFF•••••••••••••••••••••••••••••••••••••••••8 
FJKlS JKFF SCAN••••••••••••••••••••••ll-10 
FJK2 JKFF CD••••••••••••••••••••••••••••••••••••9 
FJK2S JKFF CD SCAN.•••••••••••••••••••••12-11 
FJK3 .JKFF CD SD••••••••••••••••••••••••••••~ •• 10 
FJK3S JKFF CD SD SCAN.•••••••••••••••••••••13-12 
FT2 TFF CD NO CPBUFS ••••••••••••••• 5 
FT3 TFF CD SD NO CPBUFS ••••••••••••••• 6 
FT4 TFF SD NO CPBUFS ••••••••••••••• 5 

MULTIPLEXERS 
MUX21L 2 TO 1 TRANSMISSION GATE MULTIPLEXER 

MUX21LA 

MUX41 
MUX81 

RAM 
RAM! 

(INVERTING) •••••••••••••••• e ••••••••••••••••• 3 
2 TO 1 TRANSMISSION GATE MULTIPLEXER 
(INVERTING) DOUBLE RAIL STEERING ••••••••••••• 2 
4 BIT NON-INVERTING MUX••••••••••••••••••••••6 
8 BIT NON-INVERTING MUX•••••••••••••••••••••l2 

DLATCH, GATED WITH 3STATE OUTPUT •••••••••••• 4 

OSCILATOR 
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17-36 
17-37 
17-37 
17-38 
17-38 
17-39 
17-39 
17-40 
17-40 
17-41 

17-51 

17-51 
17-52 
17-52 

17-58 

OSC2 COMPLETE OSCILLATOR WITH XTAL CONNECTIONS •• 1-0 17-58 

SHIFT REGISTER 
SR84 8 BIT SHIFT REGISTER/SYNC PARALLEL LOAD ••••• 60 17-60 

I.3 Macrofunctions 

I-4 

ADDERS 
CL Al 
CLA2 
HA! 
FA! 
FA2 
FA4 
FA16 

FAS2 

ALU 
M2901 

GATES PAGE 

4 BIT CARRY LOOK AHEAD.••••••••••••••••••••22 
4 BIT CARRY LOOK AHEAD•••••••••••••••••••••l9 
HALF ADDER •••••••••••••••••••••••••••••••••• 5 
FULL ADDBR ••••••••••••••••••••••••••••••••• 10 
2 BIT BINARY ADDER ( 7482 ) •••••••••••••• 20 
4 BIT BINARY ADDER•••••••••••••••••••••••••44 
16 BIT FAST BINARY ADDER (USING CLA1 1 

CLA2, FA4)••••••••••••••••••••••••••••••••248 
2 BIT BINARY ADDER SUBTRACTER, A+B, A-B •••• 25 

18-11 
18-11 
18-70 
18-68 
18-68 
18-69 

18-69 
18-70 

4 BIT/ALU ••••••••••••••••••••••••••••••••• 744 18-102 
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GATES 
COMPARATORS 
MAG2H 2 BIT MAGNITUDE COMPARATOR•••••••••••••••••l7 
MAG2 2 BIT MAGNITUDE COMPARATOR 

EXPANDABLE (1/2 7485 >•••••••••••••••••••••22 
MAG4 4 BIT MAGNITUDE COMPARATOR 

EXPANDABLE ( 7485 >•••••••••••••••••••••44 
CMP4 4 BIT EQUALITY COMPARATOR••••••••••••••••••l4 
CMP8 8 BIT EQUALITY COMPARATOR••••••••••••••••••29 

PARITY GENERATORS 

PAGE 

18-72 

18-72 

18-73 
18-12 
18-12 

PARS 8 BIT ODD PARITY DETECTOR••••••••••••••••••21 18-103 
PAR9 9 BIT ODD PARITY DETECTOR••••••••••••••••••24 18-103 

LATCH REGISTERS 
L4 4 BIT DATA LATCH•••••••••••••••••••••••••••l2 18-71 
LS 8 BIT DATA LATCH•••••••••••••••••••••••••••24 18-71 

MULTIPLEX REGISTERS 
MR41 4 BIT REGISTER WITH 2 BIT MUXED INPUTS ••••• 29 18-73 
MR42 4 BIT REGISTER WITH 2 BIT MUXED INPUTS CD •• 33 18-74 
MR43 4 BIT REGISTER WITH 2 BIT MUXED INPUTS, 

SYNC CLR•••••••••••••••••••••••••••••••••••31 18-74 
MR44 4 BIT REGISTER WITH 2 BIT MUXED INPUTS, 

MR81 
MR82 

FLIP 
R41 
R42 
R81 
R82 

SHIFT 
SR41 
SR42 
SR43 
SR44 
SR45 

SYNC CLR co ••.••••••••••••••••.•••••••••••• 35 
8 BIT REGISTER WITH 2 BIT MUXED INPUTS ••••• 57 
8 BIT REGISTER WITH 2 BIT MUXED INPUTS CD •• 65 

FLOP REGISTERS 
4 BIT DATA REGISTER••••••••••••••••••••••••20 
4 BIT DATA REGISTER CD ••••••••••••••••••••• 24 
8 BIT DATA REGISTER••••••••••••••••••••••••40 
a BIT DATA REGISTER CD ••••••••••••••••••••• 48 

REGISTERS 
4 BIT SHIFT REGISTER•••••••••••••••••••••••20 
4 BIT SHIFT REGISTER CD •••••••••••••••••••• 24 
4 BIT SHIFT REGISTER so •••••••••••••••••••• 24 
4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD ••• 29 
4 BIT SHIFT REGISTER, SYNC PARALLEL LOAD 

18-75 
18-75 
18-76 

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

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

AND CLEAR••••••••••••••••••••••••••••••••••31 18-109 
SR46 4 BIT SHIFT REGISTER, ASYNC PARALLEL LOAD •• 40 18-110 
SR47 4 BIT SHIFT REGISTER, SYNC CLEAR ••••••••••• 24 18-110 
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GATES PAGE 
MODULO 2 COUNTERS 
PS2 2 BIT EXTERNAL CLOCK PRESCALER ••••••••••••13 18-104 

MODULO 3 COUNTERS 
CM3B 2 BIT BINARY COUNTER CD••••••••••••••••••••l3 18-13 
PS3 2 BIT EXTERNAL CLOCK PRESCALER WITH •••••••• 19 18-104 

MODULO 
CM4J 
C2G 
CM4B 
PS4 

4 COUNTERS 
2 BIT JOHNSON COUNTER, (SAME AS C2G) CD •••• 12 
2 BIT GRAY COUNTER, (SAME AS CM4J) CD ••• 12 
2 BIT BINARY COUNTER CD••••••••••••••••••••l6 
4 BIT EXTERNAL CLOCK PRESCALER WITH •••••••• 25 

MODULO 5 COUNTERS 

18-14 
18-42 
18-13 

18-105 

CM5SR 3 BIT SHIFT COUNTER CD••••••••••••••••••••ol9 18-15 
CMSB 3 BIT BINARY COUNTER CD••••••••••••••••••••30 18-14 

MODULO 6 COUNTERS 
CM6J 3 BIT JOHNSON COUNTER CD ••••••••••••••••••• 18 18-16 
CM6B 3 BIT BINARY COUNTER CD •••••••••••••••••• ~31 18~15 

MODULO 7 COUNTERS 
C3LSR 3 BIT LINEAR FEEDBACK SHIFT REGISTER CD •••• 21 18-48 
CM7B 3 BIT BINARY COUNTER CD••••••••••••••••••o31 18-16 

MODULO 8 
CM8BR 
CM8J 
C3G 
CM8SR 
CM8B 

COUNTERS 
3 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 16 
4 BIT JOHNSON COUNTER CD ••••••••••••••••••• 24 
3 BIT GRAY COUNTER CD••••••••••••••••••••••27 
3 BIT SHIFT COUNTER CD•••••••••••••••••••••22 
3 BIT BINARY COUNTER CD ••• •·• •••••••••••••• 25 

MODULO 9 COUNTERS 
CM9BR 3 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 26 
CM9SR 4 BIT SHIFT COUNTER CD•••••••••••••••••••••28 
CM9B 4 BIT BINARY COUNTER CD•••••••••••••••••••40 

MODULO 
CMlOBR 
CMlOJ 
CMlOSR 
CMlOB 
Ml60C 
Ml60D 
Ml62C 
Ml62D 

10 COUNTERS 
4 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 27 
5 BIT JOHNSON COUNTER CD••••••••••••••••••o30 
4 BIT SHIFT COUNTER CD ••••••••••••••••••••• 31 
4 BIT BINARY COUNTER CD•••••••••••••••••••41 
4 BIT BCD COUNTER ( 74LS160 ) •••••••••••• 60 
4 BIT BCD COUNTER ( 74LS160 ) •••••••••••• so 
4 BIT BCD COUNTER ( 74LS162 ) •••••••••••• 55 
4 BIT BCD COUNTER ( 74LS162 ) •••••••••••• 62 
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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 
18-98 



GATES !?AGE 
MODULO 11 COUNTERS 
CMllBR 4 BIT BINARY RIPl?LE COUNTER CD ••••••••••••• 27 18-23 
CMllB 4 BIT BINARY COUNTER CD ••••••••••••••••••• 41 18-22 

MODULO 
CM12BR 
CM12J 
CM12SR 
CM12B 

12 COUNTERS 
4 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 27 
6 BIT JOHNSON COUNTER co ••••••••••••••••••• 36 
4 BIT SHIFT COUNTER CD ••••••••••••••••••••• 29 
4 BIT BINARY COUNTER co ••••••••••••••••••• 42 

MODULO 13 COUNTERS 

18-24 
18-24 
18-25 
18-23 

CM13BR 4 BIT BINARY RIPPLE COUNTER co ••••••••••••• 27 18-26 
CM13B 4 BIT BINARY COUNTER co ••••••••••••••••••• 41 18-25 

14 COUNTERS MODULO 
CM14BR 
CM14J 
CM14B 

4 BIT BINARY RIPPLE COUNTER co ••••••••••••• 27 
7 BIT JOHNSON COUNTER co ••••••••••••••••••• 42 
4 BIT BINARY COUNTER co ••••••••••••••••••• 42 

MODULO 15 COUNTERS 
CM15BR 4 BIT BINARY 
C4LSR 4 BIT LINEAR 
CM15B 4 BIT BINARY 

MODULO 16 COUNTERS 

RIPPLE COUNTER co ••••••••••••• 27 
FEEDBACK SHIFT REGISTER co •••• 27 

COUNTER co ••••••.•••••••••••• 42 

18-27 
18-27 
18-26 

18-28 
18-48 
18-28 

CB41 4 BIT BINARY COUNTER, EXPANDABLE ENABLE CD.42 18-10 
CB42 4 BIT BINARY COUNTER, EXPANDABLE ENABLE 

CB4C 
CB4F 
CM16BR 
CM16J 
C4G 
CM16B 
CUD41 
CUD42 

Ml61C 
Ml61D 
Ml63C 
Ml63D 
Ml63F 
Ml69C 

SYNC CLR co .••....•.•.•••...••.•..•••••.••. 46 
4 BIT BINARY COUNTER, FAST, SYNC CLR ••••• 43 
4 BIT BINARY COUNTER, FAST, INDIV. CD so ••• 47 
4 BIT BINARY RIPPLE COUNTER co ••••••••••••• 21 
8 BIT JOHNSON COUNTER co ••••••••••••••••••• 48 
4 BIT GRAY COUNTER, PRESCALEO co ••••••••••• 52 
4 BIT BINARY COUNTER co ••••••••••••••••••• 35 
4 BIT U/O COUNTER, EXPANDABLE co ••••••••••• 56 
4 BIT U/O COUNTER, EXPANDABLE, ASYNC 
LOAD co •••••••••••••••••••••••••••••••••••• 74 
4 BIT COUNTER 
4 BIT BINARY COUNTER 
4 BIT COUNTER 
4 BIT BINARY COUNTER 
4 BIT COUNTER, FAST 
4 BIT U/D COUNTER 

74LS161 ) •••••••••• 54 
74LS161 ) •••••••••• 60 
74LS163 ) •••••••••• 54 
74LS163 ) •••••••••• 61 
74LS163 ) •••••••••• 92 
74LS169 ) •••••••••• 65 

MODULO 17 COUNTERS 

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 

18-100 

CM17BR 5 BIT BINARY RIPPLE COUNTER CD •••••••••••• 31 18-31 
CM17B 5 BIT BINARY COUNTER co ••••••••••••••••••• 51 18-30 
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GATES PAGE 
MODULO 18 COUNTERS 
CM18BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-31 

MODULO 19 COUNTERS 
CM19BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-32 

MODULO 20 COUNTERS 
CM20BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••• ~ ••• 32 18-32 

MODULO 21 COUNTERS 
CM21BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-33 

MODULO 22 COUNTERS 
CM22BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-33 

MODULO 23 COUNTERS 
CM23BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-34 

MODULO 24 COUNTERS 
CM24BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-34 

MO[)ULO 25 COUNTERS 
CM25BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-35 

MODULO 26 COUNTERS 
CM26BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-35 

MODULO 27 COUNTERS 
CM27BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-36 

MODULO 28 COUNTERS 
CM28BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 33 18-36 

MODULO 29 COUNTERS 
CM29BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 32 18-37 

MODULO 30 COUNTERS 
CM30BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 33 18-37 

MODULO 31 COUNTERS 
CM31BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 33 18-38 
C5LSR 5 BIT LINEAR FEEDBACK SHIFT REGISTER CD •••• 36 18-49 

MODULO 32 COUNTERS 
CB5C 5 BIT BINARY UP COUNTER, SYNC CLR •••••••••• 59 18- 4 
CB5F 5 BIT BINARY UP COUNTER, FAST, 

INDIVIDUAL CD SD ••••••••••••••••••••••••••• 61 18- 4 
CM32BR 5 BIT BINARY RIPPLE COUNTER CD ••••••••••••• 26 18-38 
CSG 5 BIT GRAY COUNTER, PRESCALED CD ••••••••••• 64 18-44 
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GATES PAGE 
LARGE MODULO COUNTERS 
C6LSR 6 BIT MOD 63 LINEAR FEEDBACK 

SHIFT REGISTER CD •••••••••••••••••••••••••• 39 18-49 
CB6C 6 BIT MOD 64 FAST BINARY COUNTER, 

CB6F 

C6G 
C7LSR 

CB7C 

SYNC CLR.••••••••••••••••••••••••••••••••••70 18- 5 
6 BIT MOD 64 FAST BINARY COUNTER, 
INDIVIDUAL CD SD ••••••••••••••••••••••••••• 76 18- 5 
6 BIT MOO 64 GRAY COUNTER, PRESCALED CD •• 88 18-45 
7 BIT MOD 127 LINEAR FEEDBACK 
SHIFT REGISTER co •••••••••••••••••••••••••• 45 18-50 
7 BIT MOD 128 FAST BINARY COUNTER, 
SYNC CLR•••••••••••••••••••••••••••••••••••85 18- 6 

CB7F 7 BIT MOD 128 FAST BINARY COUNTER, 
INDIVIDUAL CD so ••••••••••••••••••••••••••• 92 18- 6 

C7G 7 BIT MOD 128 GRAY COUNTER, 
PRESCALED CD •••••••••••••••••••••••••••••• 100 18-46 

C8LSR 8 BIT MOD 255 LINEAR FEEDBACK 
SHIFT REGISTER co •••••••••••••••••••••••••• 57 18-50 

CB8C 8 BIT MOD 256 FAST BINARY COUNTER, 
SYNC CLR.••••••••••••••••••••••••••••••••••99 18- 7 

CB8F 8 BIT MOD 256 FAST BINARY COUNTER, 
INDIVIDUAL CD so •••••••••••••••••••••••••• 107 18- 7 

CSG 8 BIT MOD 256 GRAY COUNTER, 

C9LSR 

CB9C 

PRESCALED CD •••••••••••••••••••••••••••••• 114 18-47 
9 BIT MOD 511 LINEAR FEEDBACK 
SHIFT REGISTER co •••••••••••••••••••••••••• 57 18-51 
9 BIT MOD 512 FAST BINARY COUNTER, 
SYNC CLR.•••••••••••••••••••••••••••••••••114 18- 8 

CB9F 9 BIT MOD 512 FAST BINARY COUNTER, 

ClOLSR 

CBlOC 

CBlOF 

CllLSR 

Cl2LSR 

Cl3LSR 

Cl4LSR 

INDIVIDUAL CD so •••••••••••••••••••••••••• 123 18- 8 
10 BIT MOD 1023 LINEAR FEEDBACK 
SHIFT REGISTER CD •••••••••••••••••••••••••• 63 18-51 
10 BIT MOD 1024 FAST BINARY COUNTER, 
SYNC CLR••••••••••••••••••••••••••••••••••l28 18- 9 
10 BIT MOD 1024 FAST BINARY COUNTER, 
INDIVIDUAL co SD •••••••••••••••••••••••••• 138 18- 9 
11 BIT MOO 2047 LINEAR FEEDBACK 
SHIFT REGISTER CD •••••••••••••••••••••••••• 69 18-52 
12 BIT MOO 4095 LINEAR FEEDBACK 
SHIFT REGISTER co •••••••••••••••••••••••••• 81 18-52 
13 BIT MOD 8191 LINEAR FEEDBACK 
SHIFT REGISTER CD •••••••••••••••••••••••••• 87 18-53 
14 BIT MOD 16383 LINEAR FEEDBACK 
SHIFT REGISTER co •••••••••••••••••••••••••• 93 18-53 
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GATES PAGE 
LARGE MODULO COUNTERS (CONTINUED) 
Cl5LSR 15 BIT MOO 32767 LINEAR FEEDBACK 

Cl6LSR 

Cl7LSR 

Cl8LSR 

Cl9LSR 

C20LSR 

SHIFT REGISTER co •••••••••••••••••••••••••• 93 18-54 
16 BIT MOO 65535 LINEAR FEEDBACK 
SHIFT REGISTER co ••••••••••••••••••••••••• 105 18-54 
17 BIT MOO 131071 LINEAR FEEDBACK 
SHIFT REGISTER co ••••••••••••••••••••••••• 105 18-55 
18 BIT MOO 262143 LINEAR FEEDBACK 
SHIFT REGISTER co ••••••••••••••••••••••••• 111 18-55 
19 BIT MOO 524287 LINEAR FEEDBACK 
SHIFT REGISTER co ••••••••••••••••••••••••• 123 18-56 
20 BIT MOO 1048575 LINEAR FEEDBACK 
SHIFT REGISTER co ••••••••••••••••••••••••• 123 18-56 

NON OVERLAPPING CLOCK GENERATORS 
CPGl TWO PHASE CLOCK GEN, UNBUFFERED 

HI UNOERLAP LO DRIVE••••••••••••••••••••••••7 18-39 
CPG2 TWO PHASE CLOCK GEN, BUFFERED 

LO UNOERLAP LO DRIVE •••••••••••••••••••••••• 7 18-39 
CPG3 TWO PHASE CLOCK GEN, UNBUFFERED 

HI UNOERLAP HI DRIVE •••••••••••••••••••••••• 9 18-40 
CPG4 TWO PHASE CLOCK GEN, BUFFERED 

LO UNOERLAP HI DR-IVE •••••••••• •••••••••••••• 9 18-40 

MULTIPLEXERS 
MUX31H 3 BIT NON INVERTING MUX•••••••••••••••••••••7 18-78 
MUX31L 3 BIT INVERTING MUX••••••••••••••••••••••·~·6 18-78 
MUX41H 4 BIT NON INVERTING MUX•••••••••••••••••••••8 18-80 
MUX41GH 4 BIT NON INVERTING MUX, GATED •••••••••••••• 8 18-80 
MUX41L 4 BIT INVERTING MUX•••••••••••••••••••••••••7 18-81 
MUX51H 5 BIT NON INVERTING MUX••••••••••••••••••••ll 18-82 
MUX51L 5 BIT INVERTING MUX••••••••••••••••••••••••ll 18-83 
MUX61H 6 BIT NON INVERTING MUX••••••••••••••••••••l2 18-84 
MUX61L 6 BIT INVERTING MUX••••••••••••••••••••••••l4 18-85 
MUX71H 7 BIT NON INVERTING MUX••••••••••••••••••••l3 18-86 
MUX71L 7 BIT INVERTING MUX••••••••••••••••••••••••l6 18-87 
MUX81H 8 BIT NON INVERTING MUX CELL 

EXISTS IN MASTER LIBRARY•••••••••••••••••••l4 18-88 
MUX22H DUAL 2 BIT NON INVERTING MUX••••••••••••••••7 18-76 
MUX32H DUAL 3 BIT NON INVERTING MUX ••••••••••••••• 12 18-79 
MUX42H DUAL 4 BIT NON INVERTING MUX•••••••••••••••l4 18-81 
MUX52H DUAL 5 BIT NON INVERTING MUX•••••••••••••••l9 18-83 
MUX62H DUAL 6 BIT NON INVERTING MUX•••••••••••••••21 18-85 
MUX72H DUAL 7 BIT NON INVERTING MUX•••••••••••••••23 18-87 
MUX82H DUAL 8 BIT NON INVERTING MUX ••••••••••••••• 26 18-89 
MUX24H QUAD 2 BIT NON INVERTING MUX•••••••••••••••l3 18-77 
MUX24L QUAD 2 BIT INVERTING MUX••••••••••••••••••••9 18-77 
MUX34H QUAD 3 BIT NON INVERTING MUX ••••••••••••••• 22 18-79 
MUX44H QUAD 4 BIT NON INVERTING MUX•••••••••••••••26 18-82 
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GATES PAGE 
MULTIPLEXERS (CONTINUED) 
MUX54H QUAD 5 BIT NON INVERTING MUX•••••••••••••••35 
MUX64H QUAD 6 BIT NON INVERTING MUX ••••••••••••••• 39 
MUX74H QUAD 7 BIT NON INVERTING MUX•••••••••••••••47 
MUX84H QUAD 8 BIT NON INVERTING MUX ••••••••••••••• 52 

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

DECODERS 
0248 
D24L 
0388 
D38L 
D24GH 
D24GL 
D38GH 
D38GL 
D410L 
04108 
DM6JL 

DM6JH 

DM8JL 

DM8JH 

DMlOJL 

DMlOJH 

DM12JL 

DM12JH 

DM14JL 

DM14JH 

DM16JL 

DM16JH 

2 TO 4 DECODER, OUTPUTS ACTIVE HI ••••••••••• 6 
2 TO 4 DECODER, OUTPUTS ACTIVE L0•••••••••••6 
3 TO 8 DECODER, OUTPUTS ACTIVE HI •••••••••• 19 
3 TO 8 DECODER, OUTPUTS ACTIVE L0 •••••••••• 19 
2 TO 4 DECODER, GATED OUTPUTS ACTIVE HI •••• 10 
2 TO 4 DECODER, GATED OUTPUTS ACTIVE L0 •••• 10 
3 TO 8 DECODER, GATED OUTPUTS ACTIVE HI •••• 19 
3 TO 8 DECODER, GATED OUTPUTS ACTIVE L0 •••• 19 
4 TO 10 DECODER OUTPUTS ACTIVE L0 •••••••••• 24 
4 TO 10 DECODER OUTPUTS ACTIVE HI •••••••••• 24 
SPIKE FREE DECODER FOR MOD 6 JOHNSON 
COUNTER, ACTIVE L0••••••••••••••••••••••••••6 
SPIKE FREE DECODER FOR MOO 6 JOHNSON 
COUNTER, ACTIVE HI••••••••••••••••••••••••••6 
SPIKE FREE DECODER FOR MOD 8 JOHNSON 
COUNTER, ACTIVE L0••••••••••••••••••••••••••8 
SPIKE FREE DECODER FOR MOD 8 JOHNSON 

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 

COUNTER, ACTIVE HI••••••••••••••••••••••••••8 18-58 
SPIKE FREE DECODER FOR MODlO JOHNSON 
COUNTER, ACTIVE LO•••••••••••••••••••••••••lO 18-59 
SPIKE FREE DECODER FOR MODlO JOHNSON 
COUNTER, ACTIVE HI•••••••••••••••••••••••••lO 18-59 
SPIKE FREE DECODER FOR MOD12 JOHNSON 
COUNTER, ACTIVE LO•••••••••••••••••••••••••l2 18-60 
SPIKE FREE DECODER FOR MOD12 JOHNSON 
COUNTER, ACTIVE HI•••••••••••••••••••••••••l2 18-60 
SPIKE FREE DECODER FOR MOD14 JOHNSON 
COUNTER, ACTIVE LO•••••••••••••••••••••••••l4 18-61 
SPIKE FREE DECODER FOR MOD14 JOHNSON 
COUNTER, ACTIVE HI•••••••••••••••••••••••••l4 18-61 
SPIKE FREE DECODER FOR MOD16 JOHNSON 
COUNTER, ACTIVE LO•••••••••••••••••••••••••l6 18-62 
SPIKE FREE DECODER FOR MOD16 JOHNSON 
COUNTER, ACTIVE HI•••••••••••••••••••••••••l6 18-62 

SYNCHRONIZERS 
SYNCOl SYNCHRONIZER FOR ASYNCHRONOUS 0 TO 1 EVENT.11 18-111 
SYNClO SYNCHRONIZER FOR ASYNCHRONOUS 1 TO 0 EVENT.11 18-111 
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74XX TTL 
M42C 
M82C 
M85C 
Ml38C 
Ml38D 

Ml50C 
Ml51C 
Ml52C 
Ml53C 
Ml57C 
Ml58C 
Ml60C 
Ml60D 
Ml61C 
Ml61D 
Ml62C 
Ml62D 
Ml63C 
Ml63D 
Ml63F 
Ml69C 
M244C 
M244XC 
M2901 

GATES PAGE 
MSI 
BCD TO DECIMAL DECODER ( 7442 ) •••••••••••• 22 
2 BIT BINARY FULL ADDER ( 7482 ) ••••••••••• 20 
4 BIT MAGNITUDE COMPARATOR ( 7485 ) •••••••• 44 
GATED 3 TO 8 BINARY DECODER ( 74138 ) •••••• 19 
3 TO 8 DECODER, GATED OUTPUTS 
ACTIVE LO ( 74138 ) •••••••••••••••••••••••• 23 
GATED 16 INPUT MUX ( 74150 ) ••••••••••••••• 38 
GATED 8 INPUT MUX ( 74LS151 ) •••••••••••••• 20 
8 INPUT MUX ( 74LS152 ) •••••••••••••••••••• 18 
GATED DUAL 4 INPUT MUX ( 74LS153 ) ••••••••• 14 
4 X 2 MUX ( 74LS157 ) •••••••••••••••••••••• 13 
4 X 2 MUX, OUTPUTS ACTIVE LO ( 74LS158 ) ••• 11 
4 BIT BCD COUNTER ( 74LS160 ) •••••••••••••• 60 
4 BIT BCD COUNTER ( 74LS160 ) •••••••••••••• so 
4 BIT COUNTER ( 74LS16l ) •••••••••••••••••• 54 
4 BIT BINARY COUNTER ( 74LS161 ) ••••••••••• 60 
4 BIT BCD COUNTER ( 74LS162 ) •••••••••••••• 55 
4 BIT BCD COUNTER ( 74LS162 ) •••••••••••••• 62 
4 BIT COUNTER ( 74LS163 ) •••••••••••••••••• 54 
4 BIT BINARY COUNTER ( 74LS163 ) ••••••••••• 61 
4 BIT COUNTER FAST ( 74LS163 ) ••••••••••••• 92 
4 BIT U/D COUNTER ( 74LS169 ) •••••••••••••• 65 
OCTAL TRISTATE BUFFER ON CHIP( SN74244 ) •• 24 
OCTAL TRISTATE BUFFER OFF CHIP( SN74244 ) •• 56 
4 BIT/ALU ••••••••••••••••••••••••••••••••• 744 
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Chapter l: Overview 

1.1 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 LOS Design Manual, is a detailed treatment of the 
methodology necessary to build a circuit using the LOS 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 II, 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 
LOS Design Manual, are as follows: 

11. Create a network of interconnects. 

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

13. Modify network, if necessary. 

14. Simulate top-level module. 

15. 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. 

16. Perform detectable fault simulation. 

17. Execute test patterns extraction program. 

18. Complete ac test form. 

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

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

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

Formal 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. 
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1.2 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 If you purchased the If you purchased the 
Mainframe LDS System Software Data Book Software Data Book and 

Design Verifier Software 

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

Complete steps 11-14 Complete steps 11,13, Complete steps 11-~4 
and 16-19 on the and 14 on the work- on the workstation. 
LDS System. station. 

Do not perform step Complete steps 16-19 Complete steps 16-19 
15. on the LDS System. on the LDS System. 

Do not perform step 
12. 

Table 1.1 
Design Tasks Related to Working Environment 

1.3 Background Information 

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 three series of arrays to choose from: 

• 3000 Series 
• 5000 Series 
• 7000 Series 

The array series differ in: 

• Speed 
• Number of gates 
• Number of I/O and power pads 
• Package requirements 
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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: 

• CMOS Circuit Structure 
• Gate Array Structure 
• Traditional Circuit Design vs. Gate Array Design 
• Macrocells 
• Macrofunctions 
• Equivalent Gates 
• Macrocell Models 

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. 

CMOS STRUCTURE 

PROTECTION DIELECTRIC 

P· WELL 

N-SUBSTRATE 

1---- P-CHANNEL DEVICE----+ +---- N-CHANNEL DEVICE -----I 

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 NANO 
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. 

V;n--{::>o--Vout 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=Sv). When Vin is 
high, the P MOSFET is OFF, the N MOSFET is ON, and Vout is 
pulled close to VSS (Vout=Ov). Table 1.2 illustrates these 
actions. 

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 de 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--~--<1 

B---1----........., 

Figure 1.3 

I 
I 
I 

1r-J ,, 
IL..-, 

I 
I 
I 

v .. 

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 

Both 1 

Either 0 

N TRANSISTORS P TRANSISTORS 

Both On Both Off 

One or More One or More 
On Off 

Table 1.3 
Effect of High and Low States 

on a Two-Input NAND 
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~ 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, NANO 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. 

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 
CHANNELS 

Figure 1.5 

DIFFUSION 
COLUMNS --

A Portion of a 5000 Series Wired Array 
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Traditional Circuit Desi~n ~· 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 LOS 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 impiementcne 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 

2.1 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 migrata 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. 

2.2 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.) In 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. 

2.3 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 l; similarly, each of the inputs on 
a two-input NANO 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: 

where: 

FO 

FO = IL(MCl) + IL(MC2) + ••• IL(MCn) 

= fanout for the driving macrocell 
names of the driven macrocells MCl,MC2 ••• MCn 

IL input loading factor of the driven macrocell 

Chapter 2: Array Series 2-1 



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. 

2.4 Worst-Case 

2-2 

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: 

Twc 1.4 x 1.16 x 1.07 
Twc 1. 74 

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 

3.1 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. In 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/O 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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3.2 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. In 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 l 2 
IVP l 2 
ND2 l 2 
NR2 l 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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3.3 I/O Pad Count 

3-4 

Next you must determine the total 
Ref er to the following two tables 
for all input and output buffers. 
require 0 or 1 pads, while output 
pads. 

Buffer Interface 
Name TTL CMOS # Pads 

IBUF x 1 
IBUFI x 0 
IBUFO x 1 
IBUFU x 1 
IBUFN x 1 
ICKl x 2 
ICK2 x 3 

SCHMOTl 1 
SCHMOT2 1 

TLC HT x 1 
TLCHTI x 0 
TLCHTN x 1 

Table 3.2 

number of I/O pads used. 
and total the pad count 

Note input buffers could 
buffers can require 1 to 4 

* Gate Count 
OT 3000 5000 7000 

Series Series Series 

0 1 0 0 
0 2 3 3 
0 2 0 0 
0 2 0 0 
0 - - 0 
1 - - 0 
2 - - 0 

0 3 3 3 
0 4 4 4 

0 0 0 0 
0 2 3 3 
0 - - 0 

LSI LOGIC Input Buffer Specifications 

* OT is a measurement of the drive capability of the I/Os, 
using Bl as a standard drive capability equal to 1. 
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NO. OF PADS EQUIV. GATE COUNT 
BUFFER 
NAME 3K SK 7K OT 3K SK 7K REMARKS 

Bl4 - l l • 25 - l l 
Bl8 1 1 1 .s l l l 
Bl l 1 l l 1 2 2 
Bl OD l l l l 1 l l Unidirect 
B2 2 2 2 2 2 4 4 Standard 
B20D 2 2 2 2 2 2 2 push/pull 
OSC2 3 3 3 2 l 0 0 
B3 3 4 4 3 3 2 2 
8300 3 3 3 3 3 3 3 

BTS14 - l l .25 - 5 5 
BTS18 - l l .s - 5 5 
BTSl l l 1 1 4 7 7 Uni-tr is ta te 
BTS2 2 2 2 2 5 8 8 
BTS3 3 3 3 3 6 11 11 
BTS6 - 2 - 2 - 7 -
BTS7 1 l 1 l 4 7 7 
BTS7D - l 1 1 - 7 -
BTS7LO - 1 1 .s - 4 4 
BTS70D l 1 1 l 1 l 1 
BTS7U 1 1 1 l - 7 7 
BTS78 - 1 l .s - 5 5 Bi-direct 
BTS8 2 2 2 2 5 8 8 
BTS8U - 2 2 2 - 8 -
BTS9 3 3 3 3 6 11 11 
BTS90 - 3 3 3 - 11 -
BTS9U 3 3 3 3 6 11 -
Bl I 1 1 l l l 2 2 Internal 

Buffer 

Table 3.3 
LSI LOGIC Output Buffer Specifications 
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3.4 Power Pads 

3-6 

After completing the I/O 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 0 to logical 1 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 (SOpfd) 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/O 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 SV). 

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, vss2, 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: 

where: 

3000 Series 

5000 

7000 

VSS 
VSS2 
VDD 

= DT/16 - x 
Not Applicable 

= DT/16 - z 

Series 

VSS = DT/16 - x 
VSS2 = c - y 
VDD = DT/16 - z 

Series 

VSS 
VSS2 
VDD 

= DT/16 - x 
= All Preassigned vss2 
= DT/32 - z 

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 
Size 

LL5080 
LL5140 
LL5220 
LL5320 
LL5420 
LL5600 

Minimum No. 
of VSS2 Pads 

1 
2 
2 
3 
3 
4 

16 is the maximum number of Bl lor equivalent) buffers that 
can be placed around vss pads l8 on each side) 
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3-8 

x = number of preassigned vss pads 

y number of preassigned VSS2 pads 

z = number of preassigned VDD pads 

Note 1: Round all results to the next higher integer 

Note 2: In 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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Figure 3.1 
3000 Series Footprints 

(LL3020 through LL3110) 
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Figure 3.2 
3000 Series Footprints 

(LL3130 through LL3250) 
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Figure 3.3 
5000 Series Footprints 

(LL5080 through LL5320) 
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5000 Series Footprints 

(LL5420 through LL5600) 
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Figure 3.5 
7000 Series Footprints 

(LL7080P through LL7320P) 
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Figure 3.6 
7000 Series Footprints 

(LL7420P through LL7600P) 
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LL7840P 

Figure 3. 7 
7000 Series Footprint 

(LL7840P) 
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Figure 3.8 
7000 Series Footprint 

(LL71000P) 
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Figure 3.9 
7000 Series High Density Pad Pitch Footprints 

(LL7080C through LL7320C) 
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LL7600C 

Figure 3.10 
7000 Series High Density Pad Pitch Footprints 

(LL7420C through LL7600C) 
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Figure 3.11 
7000 Series High Density Pad Pitch Footprint 

(LL7840C) 
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Figure 3.12 
7000 Series High Density Pad Pitch Footprint 

(LL71000C) 
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Chapter 4: Optimization 

4.l Optimize Your Design 

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

4.2 Improve Speed 

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

• Place signals efficiently in multilevel gating struc­
tures 

• Minimize gate inputs 

• Minimize NOR gates 

• Use shift counters 

• Use independent outputs of flip-flops and latches 

• Duplicate logic 

• Use carry generate/carry propagate 

• Use fast adder techniques 

• Avoid high drive buffers with low fanouts 

• Design high input AND gates efficiently 

• Use on-chip buffers with high fanout 

4.3 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. 

• Use shift counters. 

• Use ripple counters, propagation delay permitting. 

• 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. 

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

4.4 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. 

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

• 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. 

• 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: 

• 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. 

• 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 1eadless ceramic chip carrier 

(MOS type Bi 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 Ci 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 
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 
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5.3 Determine Package Size 

Use Tables 5.2, 5.3 1 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: 

• 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. 
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CERAMIC PIN PLASTIC 
DEVICE CERAMIC PLASTIC CHIP GRID CHIP 

DIP DIP CARRIER ARRAY CARRIER 

LL3020 16+ 16+ 20+ N/A N/A 

L(.3030 16+ 16+ 20+ N/A N/A 

Lf.,3040 16+ 16+ 20+ N/A N/A 

LL3060 22+ 22+ 20+ N/A N/A 

LL3080 22+ 22+ 20+ N/A N/A 

LL3100 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 
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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+ 52+ 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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5.4 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" fc:>r a choice of specif­
ic packages. This guide lists the physical dimensions of 
each package. 

5.5 7000 Series Packaging 

5-6 

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. 
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Chapter 6: Bonding Diagram 

6.1 Determine I/O Assignment 

After the array selection has been made, and the pinout and 
I/O 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. 
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Chapter 7: Power Calculations 

7.1 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 McCc:irthy Boulevard, Milpitas, CA 95035 

POWER CALCULATIONS FORM 

Customer Information 

Engineer's Name: --------------------------

Circuit Name: ---------------------------

Circuit Data 
Array Series milliwatts/gate (P): 
(check one) 

Operating Frequency (F) 
(in megahenz) 
Ambient Operating Temperature (T,) 
(in degrees centigrade) 
Number of Gates (G): 
Number of Outputs (8): 

Output Load Capacitance (CJ: 
(in picofarads) 

Register Percentage (RJ: 
(gate count of registers/toral gates) 

Internal Power Dissipation (Pim> 
(in milliwatts) 

P x F x G x {[ R x 0.1] + [(I - R) x 0.3]} = Pint 

External Power Dissipation (Pextl 
(in milliwatts) 

.025 mW x F x B x 20'7' x C = Pcxt 

Total Power Dissipation (P101) 

(in watts) 

Junction Temperature (TJ) 
(in degrees centigrade) 

P = ___ .025 (3000 Series) 
___ .020 (5000 Series) 

.018 (7000 Series) 

F= MHz 

T = a c 

G = 
B = 
c = pF 

R = 

Pint= mW 

Pext = mW 

Ptot = w 

T = 
J c 

Figure 7.1 
Power Calculations Form 
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7.2 Power Calculations Form 

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

7.3 Step Completion 

7-2 

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: 

• 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. 

Step 3: Calculate the Internal Power Dissipation (IP) -­
Using the values you notea"Tn 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 ~ 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 Internar-Power-DISS'I'Pation to the External Power 
Dissipation and multiply the sum by .001. The 
result is the circuit's Total Power Dissipation (in 
watts). Write the result in the blank. 

Calculate the Junction Temperature (!i,) -- Multiply 
the Total Power Dissipation by the thermal impedence 
(Oja) 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 JC 0 JA STILL AIR 
PACKAGE TYPE (QC/WATT) (QC/WATT) 

16 LEAD DIP-Ceramic 28 95 
-Plastic 150 

24 LEAD DIP- Ceramic 16 45-60 
-Plastic 50 110-130 

40 LEAD DIP-Ceramic 45-50 
-Plastic 45 110 -125 

68 LEAD CHIP CARRIER 5 50 
with heat sink 

68 LEAD CARRIER 
in socket 40 
with heat sink/socket 25-30 

PIN GRID (Cavity Up) 
64-100 (10 x 10 grid) 30- 35 

Table 7.1 
Typical Thermal Impedences 
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0 JA 300 FT/MIN 
(QC/WATT) 

30-40 

25-30 

35 
10 - 20 

30 
10- 25 

20-23 
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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 LOS Design Manual, Chapter 2. 

• 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/O's to high impedance states 

• 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 
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Chapter 9: Test Pattern Gene~ation 

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.") 
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Chapter 10: Gate Macrocells 

CMOS technology is ideal for logic arrays since it allows 
easy implementation of a variety of logic functions. NANDs, 
NORs, AND-OR Inverts, and Exclusive ORs are all easily 
implemented in CMOS. Logic design which takes advantage of 
CMOS's flexibility makes for smaller, faster circuits. 

Available LSI LOGIC Macrocell gates are shown tabulated in 
Table 10.1. A design can be simplified by considering the 
operation of the gate with both active level- high and 
active level-low inputs. Table 10.l provides two logic 
symbols for each physical implementation. Manipulation of 
the alternate logic symbols and use of DeMorgan's theorem 
can facilitate logic design and minimize gates.(l) 

MACRO- EQUIV.( 1) LOGIC 
ALTERNATE 
LOGIC 

CELL GATES SYMBOL SYMBOL FUNCTION REMARKS 

N02 N02 1 A B z NANO GATES EXHIBIT 
LOWER, MORE SYMMETRICAL 

ALSO N03 2 :=o-z A:[)-
H H L DELAYS THAN NORS. THEY 

AVAILABLE N04 2 B Z H L H PROVIDE THE ACTIVE 

N03, N04, N06 5 L H H LEVEL HIGH OR FUNCTION 

N06, NOB NOS 6 L L H FOR COMPLEMENTED 
(ACTIVE LEVEL LOW) INPUTS. 

NR2 NR2 1 A B z NOR GATES PROVIDE 

ALSO NR3 2 :=lJ-z :=L)-z H H L THE ACTIVE LEVEL HIGH 

AVAILABLE NR4 2 H L L AND FUNCTION FOR 

NR6 5 COMPLEMENTED (ACTIVE 
NR3, NR4, 

NAB 6 
L H L LEVEL LOW) INPUTS. 

NR6, NRS L L H 

A B c D z 

~~z :Tu-z 
H H x x L A01 PROVIDES BOTH 

x x H x L AND & OR FUNCTIONS 
A01 2 x x x H L WITH A SINGLE 

x L L L H 
INVERSION. 

0 
L x L L H 

A B c D z 
~~z ~~z 

H H x x L 

x x H H L THE A02 PROVIDES AND, 
A02 2 L x L x H OR FUNCTIONS WITH A 

x L L x H SINGLE INVERSION. 

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 

Chapter 10: Gate Macrocells 10-1 



MACRO- EQU/11.(1) 

CELL GATES 

E01 3 

EON1 3 

A03 2 

A04 2. 

ACS 3 

EC 3 

E03 6 

EN 3 

EN3 6 

10-2 

LOGIC 
ALTERNATE 
LOGIC 

SYMBOL SYMBOL FUNCTION 

E01 
A B 

~~z ~~z 
H H 
x x 
L x 
x L 
L x 
x L 

A B 
EON1 L L 

~gpz ~~z 
x x 
x H 
H x 
x H 
H x 

A B 

:$ :~z 
H x 
x H 
L L 

~ z x x 
D x x 

A B 

~~z 
L 

~~z 
L 

x x 
H x 
x H 
H x 
x H 

:w· :~· 
A B 

H H 
H x 
x H 
L L 
L x 
x L 

~~z 
A B 

~:::::)D-z 
L L 
H L 
L H 
H H 

A B 
L L 
L L 

~=D-z ~~D-z 
L H 
L H 
H L 
H L 
H H 
H H 

~gp-z 
A B 

L L :=l[>-z H L 
L H 
H H 

A B 
L L 
L L 

~~D-z i=lD-z L H 
L H 
H L 
H L 
H H 
H H 

Table 10.1 
Combinatorial Macrocells 
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c D 

x x 
L L 
H x 
H x 
x H 
x H 

c D 

x x 
H H 
x L 
x L 
L x 
L x 

c D 

H H 
H H 
x x 
L x 
x L 

c D 

x x 
L L 
H x 
H x 
x H 
x H 

c 
x 
H 
H 
x 
L 
L 

c 
L 
H 
L 
H 
L 
H 
L 
H 

c 
L 
H 
L 
H 
L 
H 
L 
H 

REMARKS 

z 
L THE E01 PROVIDES 

L AN INVERTING DATA 

H SELECTOR WHEN 

H 
BAND CARE 
CONNECTED. 

H 
H 

z 
H THE EON1 PROVIDES 
H A NON-INVERTING 

L DATA SELECTOR 

L 
WHEN BAND C 
ARE CONNECTED. 

L 
L 

z 
L THE A03 PROVIDES 

L OR & AND FUNCTIONS 

H WITH A SINGLE 

H 
INVERSION. 

H 

z 
THE A04 IS 

H IDEAL FOR THE 
H AND-OR FUNCTION 
L WHEN COMPLEMENTED 

L INPUTS, I.e., INPUTS IN 

L OPPOSITE STATES, 

L 
ARE AVAILABLE. 

z 
.L THE ACS PROVIDES 

L 
THE MAJORITY 
FUNCTION; WHEN ANY 

L TWO INPUTS ARE 
H HIGH, THE OUTPUT 
H IS LOW, AND VICE-VERSA. 

H z THE EXCLUSIVE OR 

L FUNCTION ALSO WORKS 

H 
AS A GATED INVERTER, 
WHEN B IS LOW, Z = A, 

H WHEN B IS HIGH, 
L z =A. 

z 
L 
H 
H 3-INPUT 
L EXCLUSIVE 
H OR 
L 
L 
H 

z 
THE EXCLUSIVE NOR 

H PROVIDES THE 
L COMPARE FUNCTION, 
L Z = H WHEN A = B. 

H 

z 
H 
L 

3-INPUT L 
H EXCLUSIVE 
L NOR 
H 
H 
L 



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 

• alphanumeric listing of macrofunctions 

Refer to Appendix I, The Selector Guide for: 

• functional listing of macrocells 

• functional listing of macrofunctions 

~.!= 

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.l 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 

g D CP Q QN No async inputs 

FDl 0 t 0 1 5 D 
1 t 1 0 

D TI TE CP Q QN No async inputs 
r----i with scan test 

FDlS -ID at- 0 x 0 t 0 1 8 D inputs 
-I CP 
-!Tl 1 x 0 t 1 0 

-I TE aN I- x 0 1 t 0 1 
~ x 1 1 t 1 0 

g D CP CD Q QN With clear direct 

FD2 0 t 1 0 1 6 D 
1 t 1 1 0 

x x 0 0 1 

D TI TE CP CD Q QN With scan test 
~ inputs. clear 

FD2S -ID at- 0 x 0 t 1 0 1 9 D di re ct 
-I CP 
-!Tl 1 x 0 t 1 1 0 

-I TE aN I- x 0 1 t 1 0 1 
CD x 1 1 t 1 1 0 

x x x x 0 0 1 

D CP CD SD Q QN With clear direct, 

SD set di re ct 
FD3 -ID at- 0 t 1 1 0 1 7 D 

1 t 1 1 1 0 
-I CP aN I- x x 0 1 0 1 

CD x x 1 0 1 0 
x x 0 0 1 1 
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EQUIV. 
MACRO- LOGIC GATE 

CELL SYMBOL FUNCTION COUNT TYPE REMARKS 

D TI TE CP CD SD Q QN With scan test 
inputs, clear 

FD3S D CD Q 0 x 0 1' 1 1 0 1 10 D direct, set di re ct - t- 1 x 0 1' 1 1 1 0 - CP 
-Tl x 0 1 1' 1 1 0 1 

- TE ON I- x 1 1 1' 1 1 1 0 
SD x x x x 0 1 0 1 

x x x x 1 0 1 0 
x x x x 0 0 1 1 

fl 
0 CP so Q QN With set di re ct 

FD4 0 1' 1 0 1 6 D 
1 1' 1 1 0 

x x 0 1 0 

0 TI TE CP SO Q QN With scan test 

SD inputs, set 
FD4S - D Q I- 0 x 0 1' 1 0 1 9 D di re ct 

- CP 1 x 0 1' 1 1 0 
-Tl x 0 1 1' 1 0 1 - TE ON I- 1' x 1 1 1 1 0 .______ 

x x x x 0 1 0 

,----.., 0 CP CPN 

I 

Q QN Without buffered 

-D OI- clocks 
FD5 - CP ON 0 t + 0 1 4 D 

I- 1 1' + 1 0 
~ CPN 

....________, 

.---- 0 TI TE CP CPN Q QN Without buffered 
~D 

01- clocks, with 
FD5S - CP 1' + 7 D 

~ CPN 0 x 0 0 1 scan test inputs 
1 x 0 1' + 1 0 ~ Tl ON I-- TE x 0 1 1' + 0 1 ....__ 
x 1 1 t + 1 0 

,.-----., 0 CP CPN CO Q QN Without buffered 
-D Qt- clocks. with 

FD6 - CP ON 0 t + 1 0 1 5 D clear direct t-
'~ CPN 1 1' + 1 1 0 

~ x x x 0 0 1 
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MACRO­
CELL 

FD6S 

FD7 

F07S 

FOB 

FOBS 

LOGIC 
SYMBOL 

.---­
-0 
- CP Or 
-< CPN 

-Tl ONr 
-TE co 

SD 
- D Or 

- CP QNt-

-< CP~D 

-D SD 
- CP Ql-
-tCPN 
-Tl ONr 
-TEcD 

SD 
- D QI-

- CP QNI-
-< CPN ....____ 

_ D SD 
- CP Qt-
-< CPN 

=- ~~ ONr 
L------J 

FUNCTION 

D Tl TE CP CPN CD 

oxot+1 
1xot+1 
xo1t+1 
X I I t .j, I 

xxxxx 0 

D CP CPN CD SD 

0 t + l I 
1 t .j, I I 

x x x 0 1 

X X X I 0 

Q QN 

0 I 

I 0 

0 I 

I 0 

0 I 

Q QN 

0 1 

1 0 

0 I 

1 0 
XXXOO 11 

D Tl TE CP CPN CD SD 

oxot+11 
1 X 0 t + 1 I 

X 0 I t .j, 1 I 

X 1 I t + 1 I 

xxxxx 01 
xxxxx 10 
xxxxx 00 

Q QN 

0 l 

I 0 

0 l 

I 0 

0 I 

I 0 

1 1 

D CP CPN SD Q QN 

0 t 
1 t 
x x 

+ 1 

+ 1 

x 0 

0 1 

I 0 

I 0 

D Tl TE CP CPN SD Q QN 

0 X 0 t + I 

1 x 0 t + 1 
X 0 l t .j, 1 

X l l t .j, 1 

XXXXXO 

0 I 

1 0 

0 I 

1 0 

1 0 

EQUIV. 
GATE 
COUNT TYPE 

B 0 

6 D 

9 D 

5 D 

REMARKS 

Without buffered 

clocks. with 

scan test inputs 
clear direct 

Without buffered 
clocks, with 

clear direct, 

set direct 

Without buffered 

clocks, with 

scan test with 

clear direct 
set direct 

Without buffered 

clocks, with 
set direct 

Without buffered 
clocks, with 

B 0 scan test inputs 
set direct 
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MACRO­
CELL 

FJKl 

FJKlS 

FJK2 

FJK2S 

FJK3 

LOGIC 
SYMBOL 

.--­
-J 
- CP Qf-
-K 

=~~ QNf-
'---

r----i 

-J Qt-

- CP 

-K QNf-
CD 

r----i = ~P Qf­
- K 
-Tl QNf-
-TEco 

SD 
-J Qt-

- CP 

-K QNt-
CD 

FUNCTION 

J K CP Q QN 

0 0 1' 
0 1 1' 
1 0 1' 
1 I 1' 

Q QN 

0 I 

1 0 

QN Q 

J K TI TE CP 

0 0 x 0 1' 
0 1 x 0 1' 
I 0 X 0 1' 
11xo1' 

x x 0 1 1' 
X X 1 I 1' 

J K CP CD 

Q QN 

Q QN 

0 1 

1 0 

QN Q 
0 1 
1 0 

Q QN 

Q QN 
0 1 
I 0 

0 0 1' 1 

0 I 1' I 

I 0 1' I 

I 1 1' I 

x x x 0 
QN Q 

J K TI TE CP CD 

0 0 X 0 1' I 

0 I X 0 1' 1 

I 0 X 0 1' I 

I I X 0 1' I 

X X 0 I 1' 1 

X X 1 I 1' 1 

0 1 

Q QN 

Q QN 

0 1 

I 0 

QN Q 

0 I 

1 0 
XXXXXO 01 

J K CP CD SD 

0 0 1' 1 I 

0 1 1' 1 1 

1 0 1' I 1 

1 1 1' 1 1 

X X X 0 I 

Q QN 

Q QN 

0 1 

1 0 

QN Q 
0 1 

XXX!O 10 

xxxoo 11 

EQUIV. 
GATE 
COUNT TYPE 

8 

10 
3k 11 

9 

11 
3K 12 

10 

JK 

JK 

JK 

JK 

JK 
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REMARKS 

With scan 

test inputs 

With cl ear 
di re ct 

With scan 

test inputs, 
clear direct 

With clear direct 

set di re ct 



MACRO-
CELL 

FJK3S 

FT2 

FT3 

FT4 

LOGIC 
SYMBOL 

J SD -I I--I CP Q 
-IK 
-ITI r-- TEcgN 

....-----
- CP at-

ON I-
~ CPN 

CD 

SD 

- CP or-
ON r-

~ CPN 
CD 

SD 

- CP 01-
ON I-

~ CPN 
....__ 

EQUIV. 
GATE 

FUNCTION COUNT 

J K Tl TE CP CD SO Q QN 
----- --- -- --- - ------ ----

0 0 x 0 t I I Q QN 

0 I x 0 t I 1 0 1 12 
. 1 0 x 0 t I 1 I 0 3K 11 

I I x 0 t I 1 QN Q 
x x 0 1 t I I 0 I 

x x 1 I t I I 1 0 

x x x x x 0 I 0 1 

x x x x x 1 0 1 0 

x x x x x 0 0 1 1 

CP CPN CD Q QN 
----------- ------

t .j. 1 QN Q 5 
x x 0 0 1 

CP CPN CD SD Q QN 
-------------- ------

t .j. I 1 QN Q 6 
x x 0 1 0 1 

x x 1 0 1 0 

x x 0 0 1 1 

";": ,; I :.": 5 
x x 0 1 0 

Table 11.1 
Available Flip-Flops 

TYPE 

JK 

T 

T 

T 
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REMARKS 

With scan test 
inputs, cl ear 
direct, set 
di re ct 

With out buffered 

clocks.with 

clear direct 

Without buffered 

clocks, with 

clear direct, 
set direct 

Without buffered 

clocks.with 

set direct 
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11.2 Types of Flip-Flops 

All Q 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 FDl through 
FD4 make u~eof a single phase clock. FD5 through FDB 
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 FDS) have somewhat better set-up and 
delay time specifications than other D-type flip-flops since 
they do not have internal clock buffers. 

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

~ flip-flops are available only with dual-phase clocks. 
They are used almost exclusively for ripple counters, as 
shown in Figure 11.l 

INPUT 

D Q 

FD2 

QN 

Figure 11.l 

Q Q 

FT2 

QN 
CD 

Ripple Binary Counter Using FT2 T Flip-Flops 

11.3 Usage Limits 

11-6 

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. In 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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• Avoid Gated Clocks -- To remove gate delay as a clock skew 
source, avoid gated clocks. In the single-layer 3000 
Series, the amount of polysilicon in clock lines is kept 
to a minimum during physical design to minimize skew. In 
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 

INPUT--+----4 D t------+----ID 

FD2S FD2S 

PARALLEL 
LOAD---t--.__--+--------+--1--4---­
RESET---t-----'---------+----'----

cp----'-----------.L....------

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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I 
I 

CLOCK PIN: 
I 
I 
I 

DATA PIN I 
14 
I 
I 

f 

Tsetup 

•14 •1 
I I 
I Thold 1 

Figure 11.3 
Definition of Setup and Hold Times 

Both setup and hold times are a function of the internal 
propagation delays of the master portion of the flip-flop 
only. As such, they are independent of loading on the Q and 
QN outputs. 

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

. . __________________________ ...... ________ .., _______________ _ 

Master 

Figure 11.4 
FDl Macrocell 

Slave 

QN 

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 GS and G6. The result is a change in signal 
state that is set up on input G3 1 as illustrated in Figure 
11.5. 
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Data Pin 
~ changes State 

DJUUl._ 
·------------.... 

'• I 
I 

: 
I 

+ : .. 

G4 is enabled. The signal 
that is set up on the 
input of G3 changes 

CP is low 
G3 is disabled 
G4 is enabled 

because the data pin changes. 

Figure 11.5 
FDl 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. 

signal from G3 is 
transmitted to the slave 

Figure 11.6 
FDl Flip-Flop with Clock Pin High 
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CP. is high 
G3 is enabled 
G4 is disabled 
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To meet setup-time requirements, the signal at G3's input 
must be stable prior to the time that G3 is enabled. Since 
any changes occurring on the data pin must go through G4, 
GS, and G6 before reaching G3, the setup time is the sum of 
the propagation delays through these latter 3 gates. Howev­
er, the clock signal must go through Gl and G2 before enabl­
ing G3. Therefore, the setup time for the FD! flip-flop is 
equal to the sum of the G4, GS, and G6 propagation delays 
minus the sum of the Gl and G2 propagation delays. The 
equation is: 

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

To meet hold-time requirements, the data pin must not change 
state before G4 is disabled. Since the clock signal must 
propagate through Gl and G2 before disabling G4, 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 FDl flip­
flop under various operating conditions. 

Nominal Worst-case Worst-case Worst-case 
Condition Commercial Industrial Military 

Tsetup 2.s 4.4 4.6 s.s 

Th old 2.s 4.4 4.6 s.s 

Table 11.2 
Setup and Hold Times for the FDl Flip-Flop 
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Table 11.3 shows the Setup and Hold Time (under nominal 
conditions) for all of the flip-flop macrocells in the 3000, 
5000 1 and 7000 Series. 

3000 Series 5000 Series 7000 Series 
Cell Setup Hold setup Hold Setup Hold 

FDA - - 3.0ns 2.0ns l.5ns l.Ons 
FDl 2.6 2.B 2.Sns 2.Sns l.5ns l.Ons 
FDlS 6.7 1.7 9.lns ... 4.4ns ... 
FD2 2.7 2.5 2.Sns 2.Sns l.Sns l.Ons 
FD2S 6.7 1.7 9.lns ... 4.4ns ... 
FD2TS - - 2.Sns 2.Sns l.5ns l.Ons 
FD3 2.B 2.6 2.Sns 2.5ns l.Sns l.Ons 
FD3S 6.7 1.7 9.lns ... 4.4ns ... 
FD4 2.7 2.7 2.5ns 2.5ns l.5ns l.Ons 
FD4S 6.7 1.7 9.lns ... 4.4ns ... 
FD5 4.6 0 5.0ns 0 2.5ns 0 
FOSS 10.7 ... 11.lns ... 5.4ns ... 
FD6 5.2 0 5.0ns 0 2.Sns 0 
FD6S 10.7 ... 11.lns ... 5.4ns ... 
FD7 5.2 0 s.ons 0 2.Sns 0 
FD7S 10.7 ... 11.lns ... 5.4ns ... 
FOB 5.0 0 5.0ns 0 2.Sns 0 
FOBS 10.7 ... 11.lns ... 5.4ns ... 
FJKA - - 6.2ns ... 3.7ns ... 
FJKl 7.4 0.7 6.2ns ... 3.7ns ... 
FJKlS 10.7 ... 12.6ns ... 5.9ns ... 
FJK2 B.4 0.7 6.2ns ... 3.7ns ... 
FJK2S 10.7 ... 12.6ns ... 5.9ns ... 
FJK3 B.2 0.7 6.2ns ... 3.7ns ... 
FJK3S 10.7 ... 12.6ns ... 5.9ns ... 
FT2 5.4 0 5.0ns 0 2.5ns 0 
FT3 5.4 0 5.0ns 0 2.5ns 0 
FT4 5.4 0 s.ons 0 2.5ns 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, GS, G6, and is set up on 
the input of G3. ~he 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 + TpdGS + TpdG6) 

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

While the clock is high, data is transferred from master to 
slave. The data signal propagates through GB, G9, and GlO 
and i.s set up on the input of G7, as illustrated in Figure 
11. 7. 

11-12 

CP is high 
G7 Is disabled 
G8 is enabled 

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

Figure 11.7 
FDl 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 loads, i.e., G9 
drives the 0 output and GlO drives the ON output. If O 
drives a high fanout line, then the propagation delay of G9 
increases, increasing the minimum positive clock 
pulse-width. The same argument applies to GlO and the ON 
output. Table 11.4 shows the minimum clock pulse-width for 
the FDl flip-flop with a fanout of zero. 

NOM WC COM WC IND WCMIL 

Tpw+ Data=O s 8.7 9.2 11.1 
Data=l s 8.7 9.2 11.l 

Table 11.4 
Minimum Clock Pulse Width for the FDl 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 O and ON outputs with an IVA and/or an IVP 
before they can drive a high fanout line, as indicated in 
Figure 11.8. 

D Q 

CP QN 

Figure 11.8 
Buffer O or ON Outputs 

Before Driving a High Fanout Line 
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11.6 Latches 

ll-14 

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

• LDl, with active level-high control lgate) input 

• LD2, with active level-low control lgate) input 

• LD3, a gated D latch with active level-high and 
asynchronous clear. 

• LD4, a gated D latch 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 1 

are available for classic Level Scan Sensitive Design. You 
may also use the LSI wnen you require a two-input multiplex­
er. Note that only one control lgate) input may be high at 
a time. 

Use the RAMl macrocell to contigure dual port 
register/memory requiring separate read and write address­
ing. RAM! 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: 

LATCH 
NAME 

LDl 

LD2 

LD3 

LD4 

LOGIC 
SYMBOL 

fl 
g 
0 

D 

Q 0 
1 

x 
x 

EQUIV. 
GATE 

FUNCTION COUNT 

m 3 

x 0 Q Q 

D GN Q QN 

0 0 0 I 3 
I 0 I 0 
x I Q QN 

D G CD Q QN 

0 I I 0 I 4 
1 1 1 1 0 

x 0 1 Q QN 
x x 0 0 1 

GN CD Q QN 

0 1 0 1 4 
0 I I 0 
x 0 0 1 

I I Q QN 

Table 11.5 
Available Latches 

TYPE 

D 

D 

D 

D 

Chapter 11: Flip-Flops and Latches 

REMARKS 

Active level high, 
control gate input 

Active level low 
control gate 

input 

Active level high 
with clear direct 

Active level low 
with clear direct 
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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/O 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 de 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) 

DE SIG- 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 Bl A 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- Bl I 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: 

(1) Input Loading is one N-P pair, i.e. the same as that of a 
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 

Figure 12.l 
On-Chip Buffers 
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Chapter 13: Input 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 

• an optional voltage translator (TTL or Schmitt trigger) 

• an input buffer to drive the signal on-chip 

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

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

5000 
SERIES 

Voo 

3000 
SERIES Vss 

Vss 

Figure 13.l 

7000 
SERIES 

Yoo 

Vss 

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 l.3V VIL MAX 
and 3.SV 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 SOK 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. 

13.2 Characteristics 

13-2 

Table 13.l 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/O LOGIC 
MACROCELL CELLS 3K SK 7K SYMBOL REMARKS 

6--/>o-[»-z 
Input pad with buffer 

IBUF 1 1 0 0 for CMOS input 

~z 
Input pad with pull 

IBUFU 1 2 0 0 up and buffer for 
CMOS input 

~z 
Input pad with pull 

IBUFD 1 2 0 0 down and buffer for 
CMOS input 

Buffer for bidirect 
IBUFI 0 2 3 3 A--{>o-{>o-z CMOS input 

0--f>,-z 
Inverting pad with 

IBUFN 1 - - 0 buffer for CMOS 
input 

0--f>,-z Inverting 
ICKl 2 - - 0 clock driver 

6--c»-z 
Inverting 

ICK2 3 - - 0 clock driver 

6--c>--z 
Input pad with 

SCHMDTl 1 3 3 3 Schmitt trigger 
ST1 

~z 
Input pad with 

SCHMDT2 1 4 4 4 inverting Schmitt 
ST1 IVP trigger 
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NO. I/O 
MACROCELL CELLS 

TLCHT 1 

TLCHTI 0 

TLCHN 1 

13-4 

?JO. 

3K 

0 

2 

-

INTERNAL 
CELLS 

LOGIC 
SK 7K SYMBOL 

0 0 D±c>v-z 

3 3 A---l>o-{>-z 

- 0 01{rz 

Table 13.l 
Input Buffer Summary 
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REMARKS 

Input pad with buffer 
for TTL input 

Buffer for bidirect 
TTL input 

Inverting input pad 
with buffer for TTL 
input 



Chapter 14: Output Buffers 

14.l 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.l 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.l. By putting the buffer into the high impedance 
state, you may use the depicted pin as an input. 
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14-2 

3000 Series 5000 Series 

Current Load Current Load 

Buffer (ma) (ma) #110 Gate (ma) (ma) #1/0 Gate 
Name IOL IOH Slots DT Count IOL IOH Slots DT Count 

B14 --------------Not Available------------- 1 -1 1 .2S 1 
u BlB --------------Not Available------------- 2 -2 1 5 1 
N 
I Bl 1.6 -1.6 1 1 1 4 -4 1 1 2 
D Bl OD 1.6 ---- 1 1 1 4 ---- 1 1 1 
I Bll Internal Buffer 1 1 1 Internal Buffer 1 1 2 
R B2 3.2 -3.2 2 2 2 8 -8 2 2 4 E 
c B20D 3.2 ---- 2 2 2 8 ---- 2 2 2 
T OSC2 Oscillator Cell 3 2 1 Oscillator Cell 3 2 0 

B3 4.8 -4.8 3 3 3 12 -12 4 3 2 
B30D 4.8 ---- 3 3 3 12 ---- 3 3 3 

3 BTS14 --------------Not Available------------- 1 -1 1 .2S 5 

s BTS18 --------------Not Available------------- 2 -2 1 5 5 

T BTSl 1.6 -1.6 1 1 4 4 -4 1 1 7 

A BTS2 3.2 -3.2 2 2 5 8 -8 2 2 8 
T BTS3 4.8 -4.8 3 3 6 12 -12 3 3 11 
E BTS6 -------------Not Available------------- 4 -4 2 1 7 

BTS7 1.6 -1.6 1 1 4 4 -4 1 1 7 

B BTS7D --------------Not Available------------- 4 -4 1 1 7 

I BTS7LO --------------Not Available------------- 4 ---- 1 1 4 
D BTS70D 1.6 ---- 1 1 4 4 ---- 1 1 1 
I BTS7U 1.6 -1.6 1 1 4 4 -4 1 1 7 
R BTS78 --------------Not Available------------- 2 -2 1 5 5 E 
c BTS8 3.2 -3.2 2 2 5 8 -8 2 2 8 
T 8TS8U 3.2 -3 2 2 2 5 8 -8 2 2 8 

BTS9 4.8 -48 3 3 6 12 -12 3 3 11 
BTS9D --------------Not Available------------- 12 -12 3 3 11 
BTS9U 4.8 -48 3 3 6 12 -12 3 3 11 

Note: IOL. IOH current ratings are for worst-case commercial conditions. 
IOL, IOH for worst-case military is 3.6ma for the SK and 7K. 

Table 14.l 
Output Buffer Summary 
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7000 Series 

Current Load 

(ma) (ma) #1/0 Gate 
IOL IOH Slots DT Count 

1 -1 1 .25 1 
2 -2 1 .5 1 
4 -4 1 1 2 
4 ---- 1 1 1 
Internal Buffer 1 1 2 
8 -8 2 2 4 
8 ---- 2 2 2 
Oscillator Cell 3 2 0 
12 -12 4 3 2 
12 ---- 3 3 3 

1 -1 1 25 3 
2 -2 1 .5 3 
4 -4 1 1 7 
8 -8 2 2 8 
12 -12 3 3 11 
4 -8 2 1 7 

4 -4 1 1 7 
4 -4 1 1 7 
4 ---- 1 1 4 
4 ---- 1 1 1 
4 -4 1 1 7 
2 -2 1 .s 3 
8 -8 2 2 8 
8 -8 2 2 8 
12 -12 3 3 11 
12 -12 3 3 11 
12 -12 3 3 11 



14.2 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 made) has an average delay of 
3.7 ns driving 15 pF, 12.l ns when driving 100 pF. The 
hefty 83 (14.4 made) 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. 

14.3 Buffer Drive 

Use the lowest drive buffer that meets your specifications. 
Buffer drive has an impact on the number of required power 
pins. In general, you should select the lowest-drive buff­
er meeting your ac and de 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 

15.l 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 modules. 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 modules. 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, CB41, and Ml60D are examples of expanda­
ble counters. 

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

• Binary Counters -- Binary counters simplify arithmetic 
manipulations on counter states. Reference macrofunc­
tions CMBB, CB4C, CB4F, CB41, and CUD41 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 CMBBR 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 l'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 (QN output} with CP. 

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

• 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 clock pulse, or to accomodate high 
clock rates. Gray counter decoded states do not generate 
glitches. Reference macrofunction C3G is an example gray 
counter. 

• 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. 

• 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 n-s 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. 

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

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

• 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.l. 
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QB::) 
QE QA __ _ 
QB ___ , 

QC 

QE 

ND4 

-THESE 
STATES 
DIFFER IN 
THEIR FIRST 
BIT ONLY -

5-BIT SHIFT REG. 

CLOCK---_. 

RESET-------' 

OLD 
QA QB QC QD QE STATE 

0 0 0 0 0 0 
1 0 0 0 0 1 
1 1 0 0 0 2 
0 1 1 0 0 3 

0 0 1 1 0 4 
1 0 0 1 1 5 
0 1 0 0 1 6 
1 0 1 0 0 7 
1 1 0 1 0 8 
0 1 1 0 1 9 

1 0 1 1 0 10 
1 1 0 1 1 11 
1 1 1 0 1 12 
1 1 1 1 0 13 
0 1 1 1 1 14 
1 0 1 1 1 15 
0 1 0 1 1 16 
1 0 1 0 1 17 
0 1 0 1 0 18 
0 0 1 0 1 19 
0 0 0 1 0 20 
1 0 0 0 1 21 
0 1 0 0 0 22 
0 0 1 0 0 23 
1 0 0 1 0 24 
1 1 0 0 1 25 
1 1 1 0 0 26 
0 1 1 1 0 27 
0 0 1 1 1 28 
0 0 0 1 1 29 
0 0 0 0 1 30 
0 0 0 0 0 0 

Figure 15.1 

NEW 
STATE 

0 
1 
2 
3 

STATES TO 
BE DELETE D­

ON'T BECOME D 
CARE 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0 

C5LSR Modulo 31 Linear Feedback 
Shift Counter Generic Macrofunction 

15.2 Truncation 

15-4 

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 QE 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 
ndon't-caren 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. 

Qe---__:n--..... 
QE ------,f L......,, 5-BIT SHIFT REG. 

CLOCK----' 
RESET------' 

0 0 
1 0 
1 1 
0 1 
0 0 
1 0 
0 1 
1 0 
1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
0 1 
1 0 
0 1 
1 0 
0 1 
0 0 
0 0 
1 0 
0 1 
0 0 
1 0 
1 1 
1 1 
0 1 
0 0 
0 0 
0 0 
0 0 

0 0 0 
0 0 0 
0 0 0 
1 0 0 
1 1 0 
0 1 1 
0 0 1 
1 0 0 
0 1 0 
1 0 1 
1 1 0 
0 1 1 
1 0 1 
1 1 0 
1 1 1 
1 1 1 
0 1 1 
1 0 1 
0 1 0 
1 0 1 
0 1 0 
0 0 1 
0 0 0 
1 0 0 
0 1 0 
0 0 1 
1 0 0 
1 1 0 
1 1 1 
0 1 1 
0 0 1 
0 0 0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0 

Figure 15.2 
Modulo 31 Linear Feedback Shift 
Counter Truncated to Modulo 25 
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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 l in the simulation 
print-out column. 

• 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. 

c1 ---..--1 co so 
ao a1 a s1 
bO b1 b ;82 co 

cO 

a2 a3---a s1 
b2b3 b co 

2 fa2 

Figure 16.l 

so 
s1 

s2 
s3 
co 

Using two FA2 Macrofunctions 
to Form a 4-Bit Fast ADDER 
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co 
aO 
bO 
a1 
b1 
a2 
b2 
a3 
b3 

co 
aO 
bO so 
a1 
b1 s1 
a2 
b2 fa4 s2 
a3 
b3 s3 

gO 

g1 

ND2 

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

so 

s1 

s2 

s3 

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 

( ( ( ( ( ( ( ( ( ( ( (( ( ( ( ( ( ( ( ( ( ( (( ( ( ( 
CABABABAB SSSSC CABABABAB SSSSC 
000112233 01234 000112233 01234 
) )) )) ) ) ) ) ) ) ) ) ) ))))))))) ))))) 
INPUTS OUTPUTS INPUTS OUTPUTS 

TIME TIME 

0 000000000 xxxxx 0 000000000 xxxxx 
1st 5 000000000 oxxxo 5 000000000 oxxxx 
PA HERN 9 000000000 oxoxo 1st 7 000000000 oxxxo 

14 000000000 00000 PA HERN 11 000000000 ooxxo 
14 000000000 oooxo 

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 OXXll 
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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16-4 

An 8-bit fast ADDER can be constructed using CLAl and FA4 as 
shown below in Figure 16.4. 

a4 
b4 
a5 
b5 
a6 
b6 
a7 
b7 

c1 co 
a0-a3 -----.4-r-~ a 
b0-b3 4 b 

co 
aO 
bO 
a1 
b1 
a2 
b2 
a3 
b3 

gO 

g1 

fa4 

cla1 

fa4 

Figure 16.4 

soi---- so 
s1 s1 
s2 s2 
s3 s3 

c4 

so so 

s1 s1 

s2 s2 

s3 s3 

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. 

1st 
PATTERN 

2nd 

3rd 

4th 

TIME 

0 
5 

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

((((((((((((((((( ((((((((( 
CAAAAAAAABBBBBBBB SSSSSSSSC 
00123456701234567 012345670 
)) ) ) ) ) ) ) ) ) )) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 
INPUTS OUTPUTS 

00000000000000000 xxxxxxxxx 
00000000000000000 oxxxxxxxx 

7 00000000000000000 oxxxxxxxo 
11 00000000000000000 OXXXXOXXO 
12 00000000000000000 ooxxxoxxo 
15 00000000000000000 oooxxooxo 
17 00000000000000000 oooxoooxo 
22 00000000000000000 oooooooxo 
23 00000000000000000 000000000 

1000 11111111111111111 000000000 
1003 11111111111111111 100000000 
1004 11111111111111111 100000001 
1013 11111111111111111 100101101 
1014 11111111111111111 111101111 
1017 11111111111111111 111111111 

2000 10000000011111111 111111111 
2004 10000000011111111 111111110 
2006 10000000011111111 010001000 
2007 10000000011111111 000000000 
2008 10000000011111111 000000001 
2015 10000000011111111 OOOOOOXOl 
2016 10000000011111111 000000001 

3000 00000000000000000 000000001 
3003 00000000000000000 100000001 
3005 00000000000000000 000000001 
3006 OOOOOOOOOOOOOOOOO·OXXXlllll 
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 

5th 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 OXXXlllll 
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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16-6 

A similar network for a 16-bit ADDER has been coded 
FA16 macrofunction, as shown below in Figure 16.6. 
used for the lowest four bits only and CLA4 is used 
higher bits and faster propagation. 

as a 
CLAl is 
for the 

F Al 6 16 BIT FAST ADDER F Al 6 

co >------.--! co s 0 
FM SI 

A0-3 >+-....-+--!A S2 
80-3 ~---+--+-< B S3 

CO Cl 

GO GI 
co 
A CLAI 

so 
SI 
S2 
S3 

,,..------+---~co FA4 5o 
SI 

A4 - 7 >-t-!'---r--1 A s 2 

84-7 B 53 
CO GI 

B C4 1--=:i..;_--...., 

GO GI 
---t---1t-1"--t co 

LOCI C 01 AGRAM 
A CLA2 

B C4 
AllD 

Sf 

55 
S5 
S7 

llETWDRK SCHEMATIC 
:----- --------------------:..... SB 

Al-I I >-f--i SAHE LUCIC L.. 59 4 • • 
11-11>-+-l AS :-+s10 

4 : ______ ----~-~~-~~~~-£ _____ )-+ SI I 

ca FA4 SI 
AIZ-15 >4---..--.-,------t A SI 

112-15 B S2 

GB 

GI 

SS 
Cf , 

FA!' EXAMPLE 

Cl5 

Z CS 0 , SI , S 2 , S 3 , S 4 , S 5 , S (; , S 7 , S 8 , S 9 , SI 0 , 5 I I, SI 2 , 5 I 3 'SI 4 • 
SIS , CI G l =FA I GI C 0 , AD , BO , A I , BI , AZ , B2 , A3 , B 3 , A4 , B 4 •AS• BS • 
A6, 86, A7, B7, AB, BB, A9, B9, Al 0, BI 0, Al I , B 11, Al 2, B 12 1 

A I 3, BI 3, A I 4 •BI 4, Al 5, B 15 > S 

CATES USED 248 
LSI LOGIC CORP 

Figure 16.6 
Using the FA16 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. 

TIME 

((((((((((((((((((((((((((((((((( ((((((((((((((((( 
CABABABABABABABABABABABABABABABAB SSSSSSSSSSSSSSSSC 
000112233445566778899111111111111 01234567891111111 
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )001122334455 ) ) ) ) ) ) ) ) ) )0123456 

)))))))))))) ))))))) 
INPUTS OUTPUTS 

0 000000000000000000000000000000000 xxxxxxxxxxxxxxxxx 
5 000000000000000000000000000000000 oxxxxxxxxxxxxxxxx 
7 000000000000000000000000000000000 oxxxxxxxxxxxxxxxo 

11 000000000000000000000000000000000 oxxxxxxxxxxxxoxxo 
1st 12 000000000000000000000000000000000 OOXXXOXXXOXXXOXXO 
PATTERN 15 000000000000000000000000000000000 OOOXXOOXXOOXXOOXO 

18 000000000000000000000000000000000 oooxxooxxooxoooxo 
22 000000000000000000000000000000000 ooooooooxooooooxo 
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 00000000000000000 
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 10000000000000001 
405 000000000000000000000000000000000 00000000000000001 
406 000000000000000000000000000000000 OXXXlllllllllllll 

5th 407 000000000000000000000000000000000 00001111111111110 
410 000000000000000000000000000000000 00001011101110110 
415 000000000000000000000000000000000 00001001100110010 
416 000000000000000000000000000000000 00001000100000010 
417 000000000000000000000000000000000 00001000100000000 
421 000000000000000000000000000000000 00000000000000000 

500 lllllllllllllllllllllllllllllllll 00000000000000000 
503 lllllllllllllllllllllllllllllllll 10000000000000000 
504 111111111111111111111111111111111 10000000000000001 

6th 513 lllllllllllllllllllllllllllllllll 10010001000101101 
514 111111111111111111111111111111111 11110111011101111 
517 111111111111111111111111111111111 11110111011111111 
520 111111111111111111111111111111111 11111111111111111 

600 000000000000000000000000000000000 lllllllllllllllll 
7th 602 000000000000000000000000000000000 Ollllllllllllllll 

604 000000000000000000000000000000000 OlllllllllllllllO 
611 000000000000000000000000000000000 01111111111110110 

Figure 16.7 
Delay Results Using the FA16 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. 

S. 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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R010 eRND INTO 3NO'R • R01 

• ELECTRICRL SCHEMRTIC 

~~RO! 
c z 
D 

• ruNCTION 

R B C D Z 

H H X 

X X H X 

X X H L 

X L l L H 

l X l L H 

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

• FO = 1 FO = 2 

3000 TPLH 13.4ns 16.6 
Series TPHL 4.2 4.9 

5000 TPLH 7.4 9.8 
Series TPHL 1.3 1.8 

7000 TPLH 3.5 4.5 
Series TPHL 1.6 1.8 

INPUTLOADING: 3K (1, 1, 1, 1) 

• 
SK (1,1,1,1) 
7K (1, 1, 1, 1) 

FO = 3 FO = 4 

19.8 23.1 
5.6 6.3 

12.2 14.7 
2.3 2.8 

5.5 6.5 
2.1 2.3 

• Z=A01(A, B, C, 0)$ 

• FO = 8 GATES 

36.2 2 
9.2 

24.3 2 
4.8 

10.6 2 
3.4 

•~~~~~~~~---
WORKSTATION WC. DELAY LSI LOGIC CORP 091C5/84 

CRISE/FALL) DAISY n MENTOR - 17.5 I 5.0 VALID - 1e 

Figure 17.1 
Model for Macrocell AOl 
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AOl cAND INTO 3NOR AOl 

LOGIC DlRGllRM ELECTR!CflL SCHEMRTJC 

B R ;=0-i:' 
D~Z 

fUNCT JON 

A B D Z 

H H X X L 

X X H X 

X X X H L 

X L H 

X L H 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FD= 1 FD= 2 

3DDD TPLH 13.4ns 16.6 
Series TPHL 4.2 4.9 

SDDD TPLH 7.4 9.8 
Series TPHL 1.3 1.8 

7DDD TPLH 3.S 4.S 
Series TPHL 1.6 1.8 

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

FD = 3 FD = 4 

19.8 23.1 
S.6 6.3 

12.2 14.7 
2.3 2.8 

S.5 6.S 
2.1 2.3 

Z=A01(A, B, C, 0)$ 

WORK5TRTI ON WC. DELRY 
LSI LOGIC CORP 

FD = 8 

36.2 
9.2 

24.3 
4.8 

10.6 
3.4 

<RlSE/FRLU DRISY o ME:NTOR - 17.5 / 5.0 VALID le 

GATES 

2 

2 

2 

09125/84 

AOc c 2ANDS INTO 2NOR AOc 

LOGJC DJRGBRM ELECTRICRL SCHEMATIC 

AD2 
D C B A 

~2t>z 
I 

~p. h~ 
fUNCT!ON :fr-HR 

A B [ D z 
f~Gr H H x x L 

x x H H L 

L x L x H 

x L L x H 

L x x L H 

x L x L H 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FD = 1 FD = 2 FD = 3 FD = 4 FD = 8 GATES 

3DDD TPLH 9.2ns 11.3 13.4 1S.6 24.4 2 
Series TPHL 4.2 4.9 S.6 6.3 9.2 

SDDD TPLH 5.7 7.3 8.9 1D.5 17.D 2 
Series TPHL 1.7 2.2 2.7 3.2 S.2 

7DDD TPLH 2.8 3.S 4.2 4.9 7.6 2 
Series TPHL 1.2 1.S 1.7 2.D 3.D 

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

Z = A02(A, B, C, 0)$ 

WORKSTATION we. DELRY 
LSI LOGIC CORP 

09/25/84 

<RJSE/FRLLJ DRISY o MENTOR - 10.3 / 5.0 YRLID - 8 
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A03 

LOGIC DlRGRAM 

eoR INTO 3NAND • ELECTRICAL SCHE:MRTIC 

B R 

~:::[)--,: D====r:>-z 
fUNCTION 

R B C D Z 

H X H H L 

X H H 

L L X 

X X L X H 

X X X L H 

A03 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH 9.2ns 11.3 
Series TPHL 4.5 5.4 

5000 TPLH 3.9 5.5 
Series TPHL 2.3 3.0 

7000 TPLH 2.4 3.1 
Series TPHL 1.6 2.0 

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

FO = 3 FO = 4 

13.4 15.6 
6.4 7.4 

7.2 8.8 
3.8 4.5 

3.7 4.4 
2.4 2.7 

Z = A03(A, B, C, D)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/fALLl DAISY n MENTOR= 10.3/ 6.6 VALID 

FO = 8 GATES 

24.4 2 
11.3 

15.3 2 
7.4 

7.2 2 
4.2 

09/eS/84 

A04 e eORS INTO eNAND A04 

LOGIC DIAGRAM ELECTRI CAl SCHEMATIC 

AD4 D C B A 

~~z 
fUNCTIDN 

R B c 0 z 
L L x x H 

x L L H 

x H x L 

x H H x L 

H x x H L 

x H x H L 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH 14.7ns 17.9 
Series TPHL 4.9 5.9 

5000 TPLH 4.1 5.7 
Series TPHL 1.6 2.1 

7000 TPLH 2.3 3.0 
Series TPHL 1.5 1.7 

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

FO = 3 FO = 4 

21.2 24.6 
6.8 7.8 

7.3 8.9 
2.6 3.1 

3.6 4.3 
2.0 2.3 

Z = A04(A, B, C, D)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/fALLl DAISY n MENTOR= 10.J/ 5.0 VALID= 8 

FO = 8 GATES 

38.0 2 
11.8 

15.4 2 
5.1 

7.0 2 
3.3 

09/C5/84 
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ROS ROS 
INVERTING E Of 3 MAJORITY 

LOGIC DJAGRAM 

A05 
ELECTR l CRL SCHEMAT l C 

:~> B A 

f"UNCTJ ON 

A B C Z 

H H X l 

H X 

X H 

L L X H 

l x l 

x l l 

NOMINAL 2S°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH 10.7ns 12.2 
Series TPHL 4.S 

sooo TPLH 6.4 
Series TPHL 2.0 

7000 TPLH 3.0 
Series TPHL 1.6 

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

s.o 
8.0 
2.S 

3.7 
1.9 

FO = 3 

13.7 
S.6 

9.6 
3.0 

4.3 
2.1 

Z = AOS(A, B, C)$ 

WORK5TRTION WC. DELAY 
LSI LOGIC CORP 

FO = 4 

1S.3 
6.2 

11.3 
3.S 

s.o 
2.4 

<RISE/FALU DAISY n MENTOR~ 10.8 / 6.6 VALID~ 9 

FO = 8 GATES 

21.6 3 
8.6 

17.7 3 
s.s 
7.7 3 
3.4 

09/CS/84 

ROB EAND INTO eNOR ROB 

LOGIC DIAGRAM ELECTRICAL SCHEMATlC 

A B c 

:~ ~( ~~ c z 

Lj~ t1 
z 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

sooo TPLH 4.9ns 6.S 8.1 9.7 16.2 2 
Series TPHL 1.3 1.8 2.3 2.8 4.9 

7000 TPLH 2.6 3.2 3.9 4.6 7.3 2 
Series TPHL 1.2 1.S 1.7 2.0 3.0 

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

Z = A06(A, B, C)$ 

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

<RJSE/PRLU DAISY n MENTOR - 9.6 I 4.8 VALID - 7 
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A07 eoR INTO eNAND A07 BTS1 TRISTATE OUTPUT BUFFER BTS1 
PERPORMANCE JS EOUJVRLENT TO Bl OUTPUf BUffER 

LOGIC DIAGRAM ELECTRICAL SCHEMATJC 

LOG l C DlAG'RAM E:LE:CTRICAL SCHE:MATIC 

R B c 

:~z 1 )' 
y~ 

z 
BTSI 

E:~ 

.----------------------.-------, 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' : :PH: EN~': ' ' ' ' ' ' 
i : : z 

A I : : 

: :N -:- : 
I• I I 

L ~~~~~~- ______________ LB_r_s_1 ~- _j 

NOMINAL 2S°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 2s0 c, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

sooo TPLH 3.Bns s.s 7.1 8.7 1S.2 2 
Series TPHL 1.7 2.2 2.7 3.1 S.1 

7000 TPLH 2.3 3.0 3.6 4.3 7.0 2 

WORST CASE COMM. 
sv ± 5% @0°c-10°c 

C = 15PF C = SOPF C =85PF C = 100PF OUTPUT DRIVE J GATES 

3000 TPLH 8.9ns 13.7 18.S 20.6 IOH = -1.6ma@2.4v T 4 
Series TPHL 14.3 23.3 32.4 36.3 IOL = 1.6ma@0.4v 

Series TPHL 1.4 1.6 1.9 2.2 3.3 5000 TPLH 5.6 8.8 12.1 13.5 IOH = -4.0ma@2.4v I 7 
Series TPHL S.4 8.8 12.2 13.6 IOL = 4.0ma@0.4v 

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

7000 TPLH 4.1 S.5 6.8 7.4 IOH = -4.0ma@2.4v I 7 
Series TPHL S.2 8.0 10.9 12.1 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (S,4) ONE l/OCELL 
SK (S,4) 

Z = A07(A, B, C)$ 7K (S,4) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TIL LEVEL. 

Z = BTS1(A, EN)$ 

WORKSTATJON WC. DELAY 
LSI LOGIC CORP 

09/25/8<! WORKSTATION WC. DELAY 
LSI LOGIC CORP 

09/25/84 

<RJSE/FRLL> DAJSY o MENTOR = 10. 41 3. 9 VALID = 7 <RISE/FALL) DAISY o MENTOR= 24 121.2 VALID= 23 
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BTS14 TRISTATE OUTPUT BUFFER BTS14 BTS18 TRISTATE OUTPUT BUFFER BTS18 
C5K, 7K ONLYJ <SK, 7K ONLY) <SK, 7K ONLY) <SK. 7K ONLY} 

LOGIC DJRG'RRM ELECTRJCRL SCHEMATIC LOGIC DJRGRRM ELECTRJCAL SCHEMATIC 

BTS! 4 

E:~ EN~H· R~ :Z 

: Ni -= : 

BTS! 8 

E:~ 
' ' ' 
' ' ' 

~: r:H' EN : 
' 
: z 
' 

A ' 
' ' ' 
: N : -= : 

BTS?LR : BTS14B BTS7LR I BTS18B 

NOMINAL 25"C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM WORST CASE COMM. 
sv ± 5% @ 0°C-70°( sv ± 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 

SOOO TPLH 8.4ns 16.S 24.7 28.1 IOH = -1.0ma@2.4v s SOOO TPLH 7.0ns 11.6 16.2 18.2 IOH = -2.0ma@2.4v s 
Series TPHL 10.9 25.7 40.5 46.8 IOL = 1.0ma@0.4v Series TPHL 8.0 1S.4 22.8 25.9 IOL = 2.0ma@0.4v 

7000 TPLH s.s 10.4 1 S.3 17.4 IOH = -1.0ma@2.4v s 7000 TPLH 4.6 6.9 9.3 10.3 IOH = -2.0ma@2.4v 5 
Series TPHL 9.0 21.1 33.2 38.4 IOL = 1.0ma@0.4v Series TPHL 6.4 12.2 17.9 20.4 IOL = 2.0ma@0.4v 

INPUT LOADING: SK (2, 2) ONE 1/0 CELL INPUT LOADING: SK (2, 2) ONE 1/0 CELL 
7K (2, 2) 7K (2, 2) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS 14(A, EN)$ Z = BTS 18(A, EN)$ 

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

LSI LOGIC CORP 
09/25/84 

CRJSE/rALU DAJSY o MENTOR ·84.9/ 43.3 VALJD • 64 CRISE/FALU DAISY o MENTOR· 30.6 I c0.2 VALJD 37 
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BTS2 TRISTATE OUTPUT BUFFER BTS2 
"PE.:RfORMANCE JS EOUlVRLENT TO BC OUTPUT BUffER 

LOGJC DIAGRAM ELECT"RICRL SCHEMATIC 

BTS2 E:+-o 
:--------------------------T-----: 

i ,! H: ' ' ' 
EN~, : : : : ' z 

' ' ' ' ' ' ' ' 
A ; N: ~ : 

BT52R : BTS2E 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @0°C-70°C 

C = 15PF IC= 50PF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 9.7ns 12.1 14.6 1S.6 IOH = -3.2ma@2.4v s 
Series TPHL 11.2 1S.7 20.2 22.1 IOL = 3.2ma@0.4v 

SOOO TPLH 7.3 9.0 10.6 11.3 IOH = -8.0ma@2.4v 8 
Series TPHL S.9 7.7 9.4 10.1 IOL = 8.0ma@0.4v 

7000 TPLH 4.S S.2 S.8 6.1 IOH = -8.0ma@2.4v 8 
Series TPHL 4.7 6.3 7.9 8.S IOL = 8.0ma@0.4v 

INPUT LOADING: 3K (2, 2.S) TWO l/OCELL 
SK (2, 2.S) 
7K (2, 2.S) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS2(A, EN)$ 

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

<RlSE/fRlll DAISY n MENTOR= 17. 7 I 17.6 VRLJD = 15 

BTS3 BTS3 
TRISTATE OUTPUT BUFFER 

PERrDRMRNCE IS EQUIVALENT TO B3 OUTPUT BUFTER 

LOGIC DIRGRRM ELECTR I CRl SCHEMRT l C 

- - - - - ~ - - - - - -

' ' 
BTS3 E:+-o 

' ' z EN~' ',H: 
A : N : ~ : 

BT53R : BTS3B 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM 
sv ± 5% @0°C-70°C 

C = 15PF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 9.5ns 11.1 12.7 13.3 IOH = -4.8ma@2.4v 
Series TPHL 11.9 14.9 17.9 19.2 IOL = 4.8ma@0.4v 

SOOO TPLH 6.1 7.2 8.3 8.7 IOH = -12.0ma@2.4v 
Series TPHL 6.6 7.9 9.1 9.7 IOL = 12.0ma@0.4v 

7000 TPLH 4.9 S.3 S.6 S.8 IOH = -12.0ma@2.4v 
Series TPHL S.0 6.4 7.7 8.3 IOL = 12.0ma@0.4v 

INPUT LOADING: 3K (2, 2.S) THREE 1/0 CELL 
SK (2, 2.S) 
7K (2, 2.S) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

WORK5TRTION WC. DElRY 

<RISE/rALL) DAISY n MENTOR 

Z = BTS3(A, EN)$ 

LSI LOGIC CORP 

16 I 15.8 VRLJD 16 

6 

11 

11 

09125/84 
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BTS4 

LOGJC DIRGRAM 

BTS4 

TRISTATE INTERNAL 
BUS DRIVER 

ELECTRICAL SCHEMRT!C 

BTS4 

:~ ;n:t' 
NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GATES 

3000 TPLH 6.6ns 
Series TPHL 4.7 

sooo TPLH 2.3 
Series TPHL 3.1 

7000 TPLH 1.4 
Series TPHL 1.8 

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

WORKSTATION WC. DELRY 

7.4 8.4 9.3 
S.1 s.s 6.0 

3.2 4.0 4.8 
3.4 3.7 4.0 

1.8 2.2 2.6 
1.9 2.1 2.3 

Y(Z) = BTS4(A, E)$ 

LSI LOGIC CORP 

<RISE/FRLU DAISY o MENTOR ~ 5. 7 I 4. 7 VALID 5 

13.0 3 
8.0 

8.1 3 
S.2 

4.2 3 
3.0 

09/25/84 

BTS5 
INVERTING TRISTATE INTERNAL 

BUS DRIVER 

LOGIC DJAGRRM EL EC TR I CRL SCHEMRT IC 

BTS5 

BTS5 

:~ :~f' 
NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

T 
FO = 1 

sooo TPLH 2.3ns 
Series TPHL 1.1 

7000 TPLH 1.4 
Series TPHL 0.6 

INPUTLOADING: SK (1,2) 
7K (1, 2) 

,,,. 
WORKSTATION·:£. DELRY 

FO = 2 FO = 3 FO = 4 

3.1 3.9 4.8 
1.6 2.1 2.6 

1.9 2.3 2.7 
0.8 1.1 1.4 

Y(Z) = BTSS(A, E)$ 

LSI LOGIC CORP 

<Rl'.JE/FRLLJ DA15Y o MENTOR~ 9.4 I 6.4 VALID 

FO = 8 GATES 

8.1 3 
4.6 

4.3 3 
2.4 

09/CS/84 
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BTS6 BTS6 
<51< ONLY) (SK ONLY} 

TRISTATE OUTPUT BUFFER 
OPTJMIZED FDR EXTERNAL CMOS ENVIRONMENT 

LOGIC DJRGRRM ELECT RI CAL SCHEMRT IC 

BTS6 

E:~ : :H· EN~' : : ' ' ' 
: : : z 

R : ; ! 
: : -= : 
i BTSJR ! BTS6B : 

' ' ' ·---------------------·-------' 
NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @O'C-70'C 

C = 15PF C = 50PF C =85PF C = 100PF OUTPUT DRIVE J GATES 
.l 

SOOO TPLH] 4.7ns 6.4 8.0 8.7 IOH = -8.0ma@4.5v l 
Series TPHL 6.9 10.3 13.7 1 S.1 IOL = 8.0ma@0.4v 

INPUT LOADING: SK (S, 4) TWOl/OCELL 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

WORK5 TRT I ON WC. DELRY 

CRJSE/FRLLJ DRISY o MENTOR 

Z = BTS6(A, EN)$ 

LSI LOGIC CORP 

11.5/ 19.0 VRLID 15 

7 

09/25184 

BTS7 BTS7 

TRISTATE IN/OUTPUT BUFFER 
PERrffRMRNC E 15 EDU l VALENT TO B 1 OUTPUT BUFfER 

LOGIC DlRGRRM ELECTRJCRL SCHEMATIC 

BTS7 E:±r-o EN~: PH: ' ' ' 
: : : z 
' ' ' 

R : : : 
: N: -::- : 

BTSJA : BTS7B : 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM 
SV ± 5% @ 0°C-70°C 

C = 15PF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 9.0ns 13.9 18.7 20.8 \OH= -1.6ma@2.4v 4 
Series TPHL 13.9 22.9 32.0 3S.8 IOL = 1.6ma@0.4v 

SOOO TPLH S.7 8.9 12.2 13.6 IOH = -4.0ma@2.4v 7 
Series TPHL S.4 8.8 12.1 13.6 IOL = 4.0ma@0.4v 

7000 TPLH 4.2 S.6 6.9 7.S IOH = -4.0ma@2.4v 7 
Series TPHL S.1 7.9 10.8 12.0 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (S,4) ONE 1/0 CELL 
SK (S, 4) 
7K (S, 4) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TIL LEVEL. 

Z = BTS7(A, EN)$ 

LSI LOGIC CORP 
WORKS TAT! ON WC. DELRY 09/25/84 

CRJSE/f"RLL) DRISY o MENTOR" 23. 7 I 20.9 VRLID 22 
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BTS7D BTS7D 
(SK ONLY) (SK ONLYJ 

TRISTATE IN/OUTPUT BUFFER 
"PERF"ORMRNCE JS EOUIVRLENT TO Bl OUTPUT BUFTER 

LOGJC D\RGRRM ELCCTR I CRL SCHEMRT ! C 

BT57D ':±no : p~: EN~, ': ' ' ' 

i i ; z 
R : : : 

: N: '= '=' : 

BT51R : BTS7DB 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
sv ± 5% @ 0°(-70°( 

C = 1 SPF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

SOOO TPLH I S.7ns I 8.9 
Series TPHL S.4 8.8 

INPUT LOADING: SK (S, 4) 

12.2 
12.1 

13.6 I IOH = -4.0ma@2.4v 
13.6 IOL = 4.0ma@0.4v 

ONE 1/0 CELL 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL 

Z = BTS7D(A, EN)$ 

WORKSTRTION WC. DELRY LSI LOGIC CORP 

<RISE/FRLLJ DRISY o MENTOR 15.3/ 16.S VRLID 16 

7 

09/25/84 

BTS7L BTS7L 
<SK, 7K ONLY) (SK, 7K ONL YJ 

TRISTATE IN/OUTPUT BUFFER 
PERF"ORMRNCE 15 EOU!VRLENT TO Bl OUTPUT BUffER 

PREAMP JS SLOWER 

LOGJC DIAGRAM ElECTRJCRL SCHEMATIC 

BTS?L 

[:~ 
: ,: H; EN~, 
~;z 

R ; N i ~ i 
BTS?LR : BT57B 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
sv ± 5% @ 0°c. 70°C 

C = 1 SPF C = SOPF C=85PF C = 100PF OUTPUT DRIVE 

SOOO TPLH 6.7ns 9_9 13.2 14.6 IOH = -4.0ma@2.4v 
Series TPHL 7.1 10.S 13.B 1S.3 IOL = 4.0ma@0.4v 

7000 TPLH 4.7 6.1 7.4 8.0 IOH = -4.0ma@2.4v 
Series TPHL 6.2 9.0 11.9 13.1 IOL = 4.0ma@0.4v 

INPUT LOADING: SK (2, 2) ONE 1/0 CELL 
7K (2, 2) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL 

Z = BTS7L(A, EN)$ 

WORKSTRT I ON WC. DEL RY LSI LOGIC CORP 

<RISE/rRLU DRISY o MENTOR • 27.0 I 21.6 VALID 24 

GATES 

7 

7 

©9/25/84 
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BTS7LO BTS7LO 
CSK, 7K ONL'O CSK, 7K ONLV) 

TRISTATE IN/OUTPUT BUffER 
WITH OPEN DRAIN 

PERfORMANCE 15 EQUIVALENT TO Bl6 OUTPUT BUffE:R 

LOGIC DIAGRAM ELE:CTRICAL SCHEMATIC 

,--------------.----------, 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

~~ EN~r-tz 
Aij1 i 

j _~r_s:_L~~- _____ j_ ~~~7-L_o_e ___ ! 

NOMINAL2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
5V ± 5% @0°C-70°C 

c = 15PF I c = SOPF le= 85PF le= 100PFI OUTPUT DRIVE I GATES 

SOOO TPLH --.-ns 
Series TPHL S.4 8.7 12.1 13.6 IOL = 4.0ma@0.4v I 

7000 TPLH 
Series TPHL 4.S 7.4 10.2 11.S IOL = 4.0ma@0.4v I 

INPUTLOADING: SK (3, 3) ONE l/OCELL 
7K (3, 3) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TIL LEVEL. 

WORKSTATIO~ WC. DELAY 
CRISE/FALL) DAISY o MENTOR 

Z = BTSlLO(A, EN)$ 

LSI LOGIC CORP 

I 24. 2 VRLID 24 

4 

4 

09/25184 

BTS70D BTS70D 

TRISTATE IN/OUTPUT BUffER 
WITH OPEN DRAIN 

PE:RfORMANCE 15 EQUIVALENT TO BIB OUTPUT BUffER 

LOGIC DlAGRAM ELE:CTRICRL SCHf:MATJC 

:---------------:---------
EN~BTS70D i Ni : z 

z E:N~~ 
~ ~'i; 

: : -= : 
' ' ' ' ' ' ' ' ' ' ' ' 
[ BT57DDA ! 1H570DB j 
' ' ' ·----------------·---------

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @0°c-10°c 

C = 15PF IC= SOPF IC =85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 
Series TPHL 8.3 17.4 26.4 30.3 IOL = 1.6ma@0.4v I 

SOOO TPLH 
Series TPHL S.1 8.4 11.8 13.3 IOL = 4.0ma@0.4v I 
7000 TPLH 
Series TPHL 4.6 7.S 10.3 11.6 IOL = 4.0ma@0.4v I 

INPUT LOADING: 3K (2) ONE l/OCELL 
SK (2) 
7K (2) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TIL LEVEL. 

WORKSTATION we_ DELAY 
<RISE/FALL) DAISY o MENTOR • 

Z = BTS70D(EN)$ 

LSI LOGIC CORP 

I 24. 2 VALID • 25 

4 

4 

4 

09/25/84 
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BTS7U 

TRISTATE IN/OUTPUT 
BUFFER WITH PULL UP 

BTS7U 

PERfORMRNCE JS S!MlLRR TO Bl OUTPUT BUFTCR 

LOGJC DlRGRAM 

BTS7U 

EN---:1 J 7 ,---, 

R~ 

ELECTRICAL SCHEMATIC 

EN~; pr· ' ' ' 
' ' ' 
: N : I z 
' ' ' 

R ' ' : 
' ' ' 
' ' ' I I 7: t 

' ' ' ' ' ' 
• I BTS7UB BTSJ H 

NOMINAL 25°C, 5V PERFORMANCE WITH STATISflCALWl-R(t:E°NGTHS 

WORST CASE COMM 
5V ± 5% @ 0°C-70°C 

C = 15PF C = SOPF C = 85PF C = 100PF OUTPUT DRIVE l GATES 

3000 TPLH 9.0ns 13.9 18.7 20.8 IOH = -1.6ma@2.4v I 4 
Series TPHL 13.9 22.9 32.0 35.8 IOL = 1.6ma@0.4v 

5000 TPLH 5.7 8.9 12.2 13.6 IOH = -4.0ma@2.4v I 7 
Series TPHL 5.4 8.8 12.1 13.6 IOL = 4.0ma@0.4v 

7000 TPLH 4.2 5.6 6.9 7.5 IOH = -4.0ma@2.4v I 7 
Series TPHL 5.1 7.9 10.8 12.0 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (5, 4) ONE 1/0 CELL 
SK (5, 4) 
7K (5, 4) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS7U(A, EN)$ 

WORk5TRTION WC. D[LRY LSI LOGIC CORP 
09/25/84 

CR!5[/f'RLU DAI5Y o MCNTOR • E3. 7 I E0.9 VALID Ee 

BTS78 BTS78 
C 5K, 7K ONLY J (5K. 7K ONLY) 

TRISTATE IN/OUTPUT BUFFER 
PERCORMRNCE I 5 EOUI VRLCNT TO Bl 8 OUTPUT BUffER 

LOGJC DIRGRRM CLECTRJCRL SCHEMATIC 

- - - - - - r - - - - - - - - ~ 

' ' ' 
BTS7B 

':±To : :rH: EN~': ' ' ' 
: : : z 
' ' ' 

R ' ' : 

: : N -= : 
' ' 
' ' 

BTS7LA i BTS78B 

,_ - - - - - - - - - - - - - - - - ~ - - - - - - - - J 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @ 0°C- 70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= 1 OOPFI OUTPUT DRIVE I GATES 

5000 TPLH 7.1ns 11.7 16.3 18.3 IOH = -2.0ma@2.4v 
Series TPHL 7.9 15.3 22.7 25.9 IOL = 2.0ma@0.4v 

7000 TPLH 4.7 7.1 9.4 10.4 IOH = -2.0ma@2.4v 5 
Series TPHL 6.3 12.0 17.7 20.2 IOL = 2.0ma@0.4v 

INPUT LOADING: SK (2, 2) ONE 1/0 CELL 
7K (2, 2) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS78(A, EN)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

09/25/84 

CRISE/fRLLJ DAISY o MENTOR • 45.2 I 28.2 VALID 37 
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BTS8 BTS8 

TRISTATE IN/OUTPUT BUFFER 
PERfORMRNCE JS EOUIVRlCNT TO B2 OUTPUT BUFFER 

l.OGIC DIRGRRM ELECTRJ CRL SCHEMRTI C 

EN BTS8 EN~: p: t: 
~

: ·: 
' ' ' : : ' 

R R , : : Z 

! N: ~ : 

BTS2R : : BTSBB 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
sv ± 5%@ 0°(-70°( 

C = 1 SPF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GA TES 

3000 TPLH 9.9ns 12.3 14.7 15.8 IOH = -3.2ma@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 = 8.0ma@0.4v 

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 IOL = 8.0ma@0.4v 

INPUT LOADING: 3K (2, 2.5) TWO 1/0 CELLS 
SK (2, 2.5) 
7K (2, 2.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS8(A, EN)$ 

LSI LOGIC CORP 
WORKS TAT! ON we_ DELAY 09/25184 

<RI5E/rRlLJ DR15Y o MENTOR" 17.2 / 17.4 VRLJD lB 

BTS8U 
(5k ONLY) 

BTS8U 
t5K ONlYJ 

TRISTATE IN/OUTPUT 
BUFFER WITH PULL UP 

PERF"ORMRNCE 15 SJM!lAR TO B2 OUTPUT BUFFER 

LOGIC DIRGRRM ElECTRJCRl SCHEMATIC 

EN~BTSSU ~: P! H-: EN ' I 

A z : ! : Z 

R : : : 

: N : '=- : 

BTS2R : BTS8UB 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM 
sv ± 5% @ 0°C-70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

5000 TPLH I 7.Sns I 9.1 
Series TPH L 5.9 7 .6 

INPUT LOADING: SK (2, 2.5) 

10.7 
9.3 

11.4 I IOH = -8.0ma@4.5v 
10.1 IOL = 8.0ma@0.4v 

TWO 1/0 CELL 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

WORK5TRTION WC. DELAY 

<Rl5E/rRlll DRJ5Y o M[NTOR 

Z = BTSBU(A, EN)$ 

LSI LOGIC CORP 

14.4/ lJ.6 VRLID 14 

8 

09/25/84 
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BTS9 BTS9 

TRISTATE IN/OUTPUT BUFFER 
PERrDRMRNCE JS COUJVRlENT TD B3 OUTPUT EUffER 

LOGJC D!RGRRM ELECTRJCRL SCHEMRTIC 

BT59 

E:~ CN~8! R~:z 
: ! N ~ : 

BTS3R : BTS9B 

NOMINAL 2s0 c, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM 
SV ± 5% @0°C-70°C 

C = 15PF C = SOPF C = 85PF C = 100PF OUTPUT DRIVE GATES 

3000 TPLH 9.6ns 11.2 12.8 13.S IOH = -4.8ma@2.4v 6 
Series TPHL 11.2 12.9 14.6 1S.4 IOL = 4.8ma@0.4v 

SOOO TPLH 6.2 7.3 8.4 8.8 IOH = -12.0ma@2.4v 11 
Series TPHL 6.S 7.8 9.1 9.6 IOL = 12.0ma@0.4v 

7000 TPLH 5.0 5.3 5.7 S.8 !OH = -12.0ma@2.4v 11 
Series TPHL 4.9 6.3 7.6 8.2 IOL = 12.0ma@0.4v 

INPUT LOADING: 3K (2, 2.S) THREE 1/0 CELLS 
SK (2, 2.S) 
7K (2, 2.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS9(A, EN)$ 

09/25/84 WORK5TRT I ON WC. DELAY LSI LOGIC CORP 

<RISE/FALU DAl5Y o MENTOR= 15.5115.5 VALID 16 

BTS9D 
<SK ONLYJ 

TRISTATE IN/OUTPUT BUFFER 
WITH PULL DOWN 

PERFORMANCE 15 EOUl VALENT TO BJ OUTPUT BUffER 

LOGJ C DlAGRRM ELECTRICAL SCHEMRTJ C 

BTS9D 
<SK ONLY l 

BTS9D 

':~ EN~: p:~· ; N • : Z 

R ; ; : 
I ':' -;"1 

BTS3P : BTS9Dll 

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

WORST CASE COMM 
sv ± 5% @0°C-70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= 1 OOPFI OUTPUT DRIVE I GATES 

5000 TPLH I 6.2 
Series TPHL 6.S 

7.3 
7.8 

8.4 
9.1 

8.8 I !OH = -12.0ma@2.4vl 11 
9.6 IOL = 12.0ma@0.4v 

INPUT LOADING: SK (2, 2.S) THREE 1/0 CELLS 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS9D(A, EN)$ 

WORKSTRT I ON WC. DEL RY 
LSI LOGIC CORP 

09/25/84 

<RISE/CRLU DRISY o MENTOR = 13.6 / 13.c VALID 14 
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BTS9U 

TRISTATE IN/OUTPUT 
BUFFER WITH PULL UP 

PERF'ORMRNCE l S SIM l LR1l TO B3 OUTPUT BUFTEll 

LOGJC DIRGRRM E:LECTRICRL SCHEMATIC 

BTS9U 

CN----;J J,r-i CN~:···· p: r: 
A~ : N: :z 

A ; : ~ i 

BTS9U 

ETS3A BT59UB 

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 9.4ns 11.0 12.6 13.3 IOH = -4.8ma@2 .4v 6 
Series TPHL 11.2 12.9 14.6 15.4 IOL = 4.8ma@0.4v 

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: 3K (2, 2.5) THREE 1/0 CELLS 
SK (2, 2.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = BTS9U (A, EN)$ 

WORKSTATION WC. DCLRY 
LSI LOGIC CORP 

09/25/84 

CRISE/f"RLLl DRISY o MENTOR 13.6/ 13.c VRLID = 14 

Bl Bl 

OUTPUT BUFFER 

LOGIC DIRGRRM ElECTll l CAL SCHEMRTJ C 

Bl : k: H. A~ : :z 
' ' ' ' ' ' 

A-1>2-0 
I ':' ' ':' I 

' ' 
BIA BIB 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @0°C·70°c 

C = 1 SPF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 6.3ns 11.1 15.9 18.0 IOH = ·1 .6ma@2.4v 
Series TPHL 9.6 17.4 25.3 28.7 IOL = 1 .6ma@0.4v 

5000 TPLH 4.1 7.3 10.6 12.0 IOH = -4.0ma@2.4v 1 2 
Series TPHL 4.5 7.9 11.3 12.7 IOL = 4.0ma@0.4v 

7000 TPLH 3.0 4.4 5.7 6.3 IOH =·4.0ma@2.4vT 2 
Series TPHL 4.3 7.1 10.0 11.2 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (3) ONE 1/0 CELL 
SK (3) 
7K (3) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z=B1(A)$ 

WORKSTRT I ON WC. DELAY 
LSI LOGIC CORP 

09/25/84 

<Rl5E/f"ALLl DAISY o MENTOR =20.7/17.7 VALID 19 
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B1A Inverting Power Buffer B1A 

A --f>-z 

·-C 
... 

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

FO = 4 I FO = 8 IFO = 16IFO = 32IFO = 641 GATES 

3000 TPLH 4.3ns 
Series TPHL 2.8 

5000 TPLH 1.8 
Series TPHL 1.3 

7000 TPLH 1.3 
Series TPHL 1. 1 

INPUTLOADING: 3K (3) 
5K (3) 
7K (3) 

6.4 10.6 19.1 
3.9 6.4 11.3 

2.6 4.3 7.5 
1.9 3.0 5.3 

1.7 2.4 4.0 
1.4 2.1 3.4 

ONE 1/0 CELL 

Z = B1A(A)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK ] 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 8 WITH 
STATISTICAL WIRE LENGHTS 

T VALID 

TPHL I 
TPLH 4 

LSI LOGIC CORPORATION• COPYRIGHT 1981, 1982, 1983, 1984 

36.2 
21.2 

14.1 I 2 
9.9 

7.1 
6.1 

DAISY 

3.0 
4.2 

T 2 

MENTORl 

3.0 -
1 4.2 

MAY, 1984 

Bl! Bl! 

INTERNAL BUFFER 
PERFORMANCE JS EQUJVRLENT TO Bl OUTPUT BUffER 

LOGIC D!RGRRM ELECTRJCRL SCHEMATIC 

' ' ' 

Bl I 'kH ' ' ' 

R~ l :z 
' ' ' ' ' ' 

A---t>--z 
j ':;" I ':' I 

Bl A Bl IB 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

TFO = 4 FO = 8 FO = 16 FO = 32 FO = 641 GA TES 

*3000 TPLH 7.6ns 8.3 9.9 13.4 20.4 
Series TPHL 8.6 9.1 10.3 12.8 17.9 

5000 TPLH 3.1 3.4 4.0 5.2 7.7 1 2 
Series TPHL 3.0 3.1 3.2 3.6 4.4 

7000 TPLH 2.3 2.5 2.8 3.3 4.4 1 2 
Series TPHL 2.3 2.4 2.7 3.2 4.2 

INPUT LOADING: 3K (3) ONE 1/0 CELL 
SK (3) 
7K (3) 

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

Z = B11(A)$ 

WORKSTRT l ON WC. DclRY 
LSI LOGIC CORP 

!2l9/2S/84 

<RJSc/fRlLJ DRl::iY o MCNTOR ~ 5.4 I 3.5 YAllD 
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Bl OD Bl OD 
OUTPUT BUFFER 

WITH OPEN DRAIN 

LOGlC DIAGRAM E:LE:CTRJCRL SCHEMATIC 

BIDD 

A~ 
i-------~----r------: 
' ' ' ' ' ' 

·~·in 
: '=' : - : 

i HlODA i BlO~~---! 
~---------------

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

WORST CASE COMM. 
5V ± 5% @ 0°C-70°C 

C=15PFIC=50PFIC=85PFIC=100PFI OUTPUTDRIVE I GATES 

3000 TPLH 
Series TPHL 7.5 12.7 17.9 20.2 IOL = 1.6ma@0.4v 

5000 TPLH 
Series TPHL 4.7 8.1 11.5 12.9 IOL = 4.0ma@0.4v 

7000 TPLH 
Series TPHL 3.7 6.6 9.4 10.7 IOL = 4.0ma@0.4v 

INPUT LOADING: 3K (1.5) ONE 1/0 CELL 
5K (1.5) 
7K (1.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z=B10D(A)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 
09/CS/64 

<RISE/fALLl DAISY o MENTOR = I cc.3 VALID= cc 

B14 B14 

OUTPUT BUFFER 

LOGIC DIAGRAM CtCCTRICAt SCHCMATIC 

r------------,---------1 
Bl4 ' ' ' : k.H. A~i : !z 

: z : : 
' ' ' ' ' ' ' ' ' 

A-----[>2-[J 

: "::' : -: : 

l_ ~~~~ ------_!_ - _B_l_4~---l 
NOMINAL 25'C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
sv ± 5% @0°C-70°C 

C = 15PF IC= SOPF IC =85PF IC= lOOPFI OUTPUT DRIVE I GATES 

5000 TPLH 5.9ns 14.0 22.2 25.6 IOH = -1.0ma@2.4v 
Series TPHL 9.0 23.8 38.6 44.9 IOL = 1.0ma@0.4v 

7000 TPLH 4.7 9.6 14.5 16.6 !OH =-1.0ma@2.4v 
Series TPHL 8.3 20.4 32.5 37.7 IOL = 1.0ma@0.4v 

INPUT LOADING: 5K (1.5) ONE 1/0CELL 
7K (1.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z=B14(A)$ 

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

<RISE/FRLLl DAISY o MENTOR = 80. 7 I 35.3 VALID = 58 

Chapter 17: Macrocells 17-18 
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B18 

OUTPUT BUF'FER 

LOGIC DIAGRAM 

B18 

o--(>2--0 

ELECTRJCRL SCHEMATIC 

-,----------, 

: : H: ' ' ' 

"~~;: r4 :' ' 0Y' 0 - I - I 
I - ' - I 

. Bl8R Bl BB 

B18 

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

WORST CASE COMM. 
sv ± 5%@ 0°C-70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= lOOPFI OUTPUT DRIVE I GATES 

3000 TPLH 5.6ns 10.4 15.3 17.3 IOH = -0.8ma@2.4v 
Series TPHL 12.1 27.8 43.6 50.3 IOL = 0.8ma@0.4v 

5000 TPLH 4.8 9.4 14.0 16.0 IOH = -2.0ma@2.4v 
Series TPHL 6.4 13.8 21.2 24.3 IOL = 2.0ma@0.4v 

7000 TPLH 3.8 6.1 8.5 9.5 IOH = -2.0ma@2.4v 
Series TPHL 5.5 11.3 17.0 19.5 IOL = 2.0ma@0.4v 

INPUT LOADING: 3K (1.5) ONE 1/0 CELL 
5K (1.5) 
7K (1 5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = B 18(A)$ 

09/25/84 WORK5TRTJON WC. DELRY 
LSI LOGIC CORP 

CRJ5E/f"RLLl DR!5Y o MENTOR = 42.1 I 22.3 VRLID = 32 

BC! Be 

OUTPUT BUffER 

LOGIC ll!RGRRM ELECT'RJCRL SCHEMATIC 

' ' 

B2 '88 R~! : :z 
: ZN : : 
' ' ' ' ' ' ' ' ' 

o--(>2--0 
I ':' ' ':' I 

I B2R 1 B2B 

' ' '------- __ _, __ 

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

WORST CASE COMM. 
SV ± 5% @O"C-70"C 

C = 15PF C = SOPF C = 85PF C = 100PF OUTPUT DRIVE GATES 

3000 TPLH 6.4ns 8.8 11.3 12.3 IOH = -3.2ma@2.4v 2 
Series TPHL 9.3 13.8 18.3 20.2 IOL = 3.2ma@0.4v 

5000 TPLH 3.3 5.0 6.6 7.3 IOH = -8.0ma@2.4v 4 
Series TPHL 3.6 5.4 7.1 7.8 IOL = 8.0ma@0.4v 

7000 TPLH 2.6 3.3 3.9 4.2 IOH = -8.0ma@2.4v 4 
Series TPHL 3.2 4.8 6.4 7.0 IOL = 8.0ma@0.4v 

INPUT LOADING: 3K (6) TWO 1/0 CELLS 
SK (6) 
7K (6) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z=B2(A)$ 

WORKSTATION WC. DELRY 
LSI LOGIC CORP 

09/25/84 

<RISE/fRLLl DRJSY o MENTOR 12.S I 9.6 VRLID = 11 
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B2A Inverting Power Buffer B2A 

A-t>-z 

·-C 
T 

NOMINAL 2S°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

1 FO = 4 FO = 8 FO = 16 FO = 32 FO = 64 GATES 

3000 TPLH 3.4ns 4.6 7.1 12.3 22.6 2 
Series TPHL 2.3 3.1 4.8 8.1 14.9 

sooo TPLH 1.4 1.8 2.6 4.2 7.S 4 
Series TPHL 1.0 1.3 1.9 3.1 S.4 

7000 TPLH 1.0 1.2 1.5 2.3 3.9 4 
Series TPHL 0.9 1.0 1.4 2.1 3.4 

INPUT LOADING: 3K (3) 
SK (3) 
7K (3) 

Z=B2A(A)$ 

WORST CASE COMMERCIAL DELAYS 
VALID DAISY MENTOR 

BASED UPON FO = 8 WITH TPHL 2.1 2.1 
STATISTICAL WIRE LENGHTS TPLH 3 2.8 2.8 

LSI LOGIC CORPORATION• COPYRIGHT 1981, 1982, 1983, 1984 MAY, 1984 

Bel 
INVERTER INTO 3 PARALLEL 

INVERTERS 
LOGIC DIAGRAM ELECTRJCRL SCHEMATIC 

Bel 

Bel 

R~Zl 
t:j5j '·' ,~rEF, 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Z2 OUTPUT FO = 4 Z1 UNLOADED 

*3000 TPLH 6.7ns 
Series TPHL 8.7 

sooo TPLH 2.8 
Series TPHL 3.2 

7000 TPLH 1.9 
Series TPHL 2.2 

INPUT LOADING: 3K (1) 
SK (1) 
7K (1) 

FO = 8 

8.2 
9.6 

3.8 
3.7 

2.4 
2.S 

FO = 16 FO = 32)FO = 641 GATES 

11.3 17.S 30.0 I 2 
11.S 1S.4 23.2 

6.0 10.3 19.0 I 2 
4.S 6.3 9.7 

3.S S.7 10.1 I 2 
3.1 4.3 6.7 

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

X(Z1, Z2) = B21(A)$ 

WORKSTATION WC. D[LRY LSI LOGIC CORP 
09/CS/84 

<RISE/rRLLl DRI5Y o M[NTOR 5.4 I 4.4 VALID 
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B20D 

LOGIC DlRGRRM 

BCOD 

OUTPUT BUffER 

WITH OPEN DRAIN 

ELECTRICAL SCHEMRTJC 

. . . 

. . . . . . 

A~ 

:-------~---: . 

"'-C .. : CT' 
: -=:- : J320~B : 
: B20DR : : 
' '--------

B20D 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @ O"C- 70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= 100PFI OUTPUT DRIVE I GATES 

3000 TPLH 
Series TPH L I 8.5 I 10.2 I 11.9 I 12.7 I IOL = 1.6ma@0.4v I 2 

5000 TPLH 
Series TPH L I 4.6 I 6.3 I 8.1 I 8.8 I IOL = 8.0ma@0.4v I 2 

7000 TPLH 
Series TPHL I 2.9 I 4.5 I 6.1 I 6.8 ! IOL = 8.0ma@0.4v I 2 

INPUT LOADING: 3K (3.5) TWO 1/0 CELLS 
SK (3 S) 
7K (3.S) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z=B20D(A)$ 

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

<RISE/rRLLJ DRISY o MENTOR I 8.0 VRLID 

B3 B3 

OUTPUT BUFFER 

LOGJC DIRGRAM CL£CTRICRL 5CHEMRTJC 

, ___________________ , _______ _ 

B3 

"~k~kH R---{>2--0 
B3R B3B 

NOMINAL 2S'C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @ 0°C-70°( 

C = 15PF C= SOPF C =85PF C = lOOPF OUTPUT DRIVE GATES 

3000 TPLH 11.4ns 13.0 14.6 1S.2 IOH = -4.8ma@2.4v 3 
Series TPHL 11.6 13.3 1S.O 1S.8 IOL = 4.8ma@0.4v 

SOOO TPLH S.3 6.4 7.S 8.0 IOH = -12.0ma@2.4v 2 
Series TPHL 6.S 7.8 9.1 9.6 IOL = 12.0ma@0.4v 

7000 TPLH 6.S 6.8 7.2 7.3 IOH = -12.0ma@2.4v 2 
Series TPHL 6.1 7.4 8.8 9.4 IOL = 12.0ma@0.4v 

INPUT LOADING: 3K (1) FOUR 1/0 CELLS 
SK (1) 
7K (1) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

Z = B3(A)$ 

LSI LOGIC CORP WORKSTRTION WC. DELRY 09/CS/84 

<RISE/rRlLJ DRISY o MENTOR 12.2 I 12.9 VRLID ~ 13 
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B3I 

e PARALLEL INVERTERS INTO 
e PARALLEL INVERTERS 

LOGIC DIAGRAM ELECTRICAL SCHEMATIC 

B31 

B3I 

A~ZI 
~Z2 "~rEF, 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Z2 OUTPUT FO = 2 Z1 UNLOADED 

*3000 TPLH 5.8ns 
Series TPHL 5.8 

5000 TPLH 1.9 
Series TPHL 2.0 

7000 TPLH 1.4 
Series TPHL 1.6 

INPUT LOADING: 3K (2) 
SK (2) 
7K (2) 

FO = 4 

6.9 
6.3 

2.7 
2.3 

1.8 
1.7 

FO = 8 IFO = 16IFO = 321 GATES 

8.9 13.2 21.7 I 2 
7.5 10.0 14.9 

4.3 7.6 14.1 I 2 
2.9 4.2 6.7 

2.6 4.2 7.3 I 2 
2.1 2.7 4.0 

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

X(Z1, Z2) = B31(A)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

09/C5/84 
CRISL/F"RLLl DAISY o MENTOR= 5.7 I 4.9 VALID 

B30D B30D 

OUTPUT BUFFER 

LOGJC DIRGRAM EI.EC TR I CRL SCHEMRTl C 

BJOD '~· ' ' ' ' ' ' 

".-e '" . c 
: ":' I -

A~ 
B30DR BJODB 

NOMINAL 25°C, SV PERFORMANCE WITH STA TIS Tl CAL WIRE LENGTHS 

WORST CASE COMM. 
SV ± 5% @ 0°C· 70°C 

C = 1 SPF IC= SOPF IC= 85PF IC= 1 OOPFI OUTPUT DRIVE I GATES 

3000 TPLH 
Series TPH L I 9.2 I 11.0 I 12.7 I 13.4 I 10L = 1.6ma@0.4v I 
5000 TPLH 
Series TPHL I 3.4 I 4.7 I 6.0 I 6.6 I IOL= 12.0ma@0.4v I 

7000 TPLH 
Series TPHL I 2.8 I 4.1 I 5.5 I 6.1 ! IOL = 12.0ma@0.4v I 

INPUT LOADING: 3K (4.5) FOUR 1/0 CELLS 
SK (4.5) 
7K (4.5) 

THE DELAYS FOR OUTPUT ARE MEASURED AT TTL LEVEL. 

WORKSTRT I ON WC. DCLHY 

<RISC/FALL) DAISY o MCNTOR 

Z = B30D(A)$ 

LSI LOGIC CORP 

I 13. 7 VALID 16 

3 

2 

2 

09125/84 
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B41 B41 

4 PARALLEL INVERTERS 

LOGJC DlRGRAM ELECTR l CRL 5CHEMRT IC 

E4 J 

"'if' ·-Cf-' 
NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

TFO = 4 

3DDO TPLH 3.Dns 
Series TPHL 2.1 

SDDO TPLH 1.8 
Series TPHL D.9 

7DOO TPLH 1.3 
Series TPHL D.7 

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

FO = 8 

4.2 
2.9 

2.6 
1.2 

1.7 
D.9 

FD = 16 FD = 32 FD = 61 GA TES 

6.8 12.0 22.3 I 2 
4.5 7.9 14.7 

4.3 7.5 14.1 I 2 
1.8 2.9 5.3 

2.5 4.1 7.4 1 2 
1.3 2.1 3.8 

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

Z=B41(A)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

rnISE/fALLJ DAISY n MENTOR= 2.8 I 1.c VALID= 2 
09/2S/B4 

B51 B51 

3 PARALLEL INVERTERS 

LOGIC DIAGRRM ELECTRICAL SCHEMATIC 

ESJ 

·-aEr ·-er, 
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 4 FO = 8 FD = 16 FD= 32 FO = 61 GATES 

3DOO TPLH 3.Sns 
Series TPHL 2.3 

SDDO TPLH 2.2 
Series TPHL 1.0 

7DDO TPLH 1.4 
Series TPHL D.8 

INPUT LOADING: 3K (3) 
SK (3) 
7K (3) 

5.D 
3.2 

3.3 
1.4 

1.9 
1.D 

8.1 14.4 26.9 I 2 
5.2 9.D 16.8 

5.5 9.9 18.8 I 2 
2.2 3.8 6.9 

2.9 5.D 9.1 I 2 
1.5 2.5 4.4 

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

Z = BSl(A)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/FRLLJ DAISY n MENTOR 3. 8 I 1. 7 VALID = 3 
09/CS/84 
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D38HR D38HR 
NON-OVERLAPPING 3 TO 8 DECODER, 

BUFFERED OUTPUTS, ACTIVE HIGH 

LOGIC DIRGllAM TRUTH TRBLE 

C B R 01e34se1 
-R z01--

0 0 e 18008808 
Zit-- 8 0 1 81008888 

D38HR ze 1-- 8 1 0 88108888 
Z3f-- 8 1 1 08018888 

-B Z4t-- 1 0 0 88001888 
1 8 1 88008108 

Z5f-- 1 I 0 88009818 
Z61-- 1 1 1 88008881 -c 
Z71--

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

sooo 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: SK (2, 2, 2) 

Z(ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = D38HR(A, B, C)$ 

LSI LOGIC CORP 
GATES USED - 19 89/07183 

EN EN 

EXCLUSIVE eNOR 

LOGIC DlRGllRM ELECTRICAL SCHEMATIC 

EN 

:~[>-z 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

3000 TPLH 3.3ns 
Series TPHL 5.1 

sooo TPLH 3.0 
Series TPHL 4.3 

7000 TPLH 2.0 
Series TPHL 2.S 

INPUT LOADING: 3K (4, 2) 
SK (S.3, 2) 
7K (S.9, 2) 

3.7 
S.9 

3.4 
4.S 

2.2 
2.6 

4.1 4.6 6.7 3 
6.8 7.8 11.7 

3.8 4.2 S.8 3 
4.7 4.9 S.6 

2.4 2.6 3.4 3 
2.7 2.8 3.3 

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

Z = EN(A, B)$ 

WORKS TAT! ON WC. D[LAY 
LSI LOGIC CORP 

<RISE/fALLl DAISY o MENTOR~ 5.6 I 3.8 VALID 5 
09/25/84 
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EN3 3 Input Exclusive Nor 

(7k only) 

:3=[>- z 

c 
A 

FUNCTION 

1 
0 
0 
1 
0 

EN3 
(7k only) 

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

FO = 1 I FO = 2 I FO = 4 I FO = 8 IFO = 161 GA TES 

7000 TPLH 
Series TPHL 

4.1nsl 4.3 
2.6 2.7 

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

4.7 
2.9 

Z = EN3(A, B, C)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK 1 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

5.5 
3.3 

VALID 

LSI LOGIC CORPORATION© COPYRIGHT 1981, 1982, 1983, 1984 

7.2 
4.2 

6 

DAISY I MENTOR 

7.0 I 7.0 
50 5.0 

JULY, 1984 

E:O E:O 

EXCLUSIVE fOR 

LOGIC DJ RG"l!RM ElECTRJCRl SCHEMATIC 

EO 

~:::JD-z 

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

FO = 4 FO = 8 FO = 16 

3000 TPLH 4.3ns 
Series TPHL 4.6 

5000 TPLH 3.4 
Series TPHL 4.2 

7000 TPLH 2.0 
Series TPHL 2.5 

INPUT LOADING: 3K (4, 2) 
SK (5.3, 2) 
7K (5.9, 2) 

5.1 6.0 
5.5 6.4 

3.9 4.3 
4.4 4.6 

2.2 2.4 
2.6 2.7 

Z= EO(A, 8)$ 

WORKSTRTJON WC. DELAY LSI LOGIC CORP 

FO = 32 

7.0 
7.3 

4.7 
4.8 

2.6 
2.8 

<RJSE/rRll) DRJSY o MENTOR 5.9 I 4.4 VRllD 5 

FO = 64 GATES 

10.7 3 
11.2 

6.4 3 
5.5 

3.4 3 
3.3 

09/25/84 
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EON1 EON1 

eOR,eNAND INTO eNAND 

LOGIC DIRGRAM ELECTRICAL SCHEMATIC 

D C B R 

EONl 

~~z 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH 9.4ns 11.5 
Series TPHL 4.0 4.6 

5000 TPLH 3.8 5.4 
Series TPHL 3.6 4.1 

7000 TPLH 2.5 3.2 
Series TPHL 2.4 2.6 

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

FO = 3 FO = 4 

13.6 15.8 
5.3 6.0 

7.1 8.7 
4.7 S.2 

3.9 4.5 
2.9 3.2 

Z = EON1(A, B, C, D)$ 

WORK5TRTION WC. D[LRY LSI LOGIC CORP 

<RJ5[/fRLL) DRI5Y 0 M[NTOR = le.el 8.0 VALID= 10 

FO = 8 GATES 

24.6 3 
8.9 

1S.2 3 
7.2 

7.3 3 
4.3 

09/i:S/84 

E01 E01 

eAND,eNOR INTO eNOR 

LOGIC DIAGRAM ELCCTR I CAL 5CHEMRTI C 

D C B R 

CO! 

~~z 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH 7.4 8.9 
Series TPHL 3.1 3.6 

5000 TPLH 5.6 7.2 
Series TPHL 3.7 4.0 

7000 TPLH 2.7 3.4 
Series TPHL 1.4 1.7 

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

FO = 3 FO = 4 

10.S 12.1 
4.1 4.7 

8.9 10.5 
4.4 4.7 

4.1 4.8 
1.9 2.2 

Z = E01(A, B, C, D)$ 

WORK5TRTION WC. DCLRY LSI LOGIC CORP 

<RJ5L/F"RLLl DRI5Y o MLNTOR = 11.8/ 9.4 VALID= 11 

FO = 8 GATES 

18.6 3 
7.2 

17.0 3 
6.0 

7.S 3 
3.3 

09/C5/84 
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E03 3 Input Exclusive Or 

(7k only) 

:ID-z 
c 

FUNCTION 

A B 

1 
0 
1 
0 

E03 
(7k only) 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FD = 1 I FD = 2 I FD = 4 I FD = B IFO = 161 GA TES 

7DDD TPLH 
Series TPHL 

2.7ns I 2.9 
4.D 4.1 

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

3.3 
4.3 

4.1 
4.7 

Z = E03(A, B, C)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK 1 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

T VALID 

TPLH I 
TPHL _ 6 

LSI LOGIC CORPORATION• COPYRIGHT 1981, 1982, 1983, 1984 

5.8 
5.6 

6 

DAISY I MENTOR 

7.0 I 7.0 
s.o s.o 

JULY, 1984 

FDA D FLIP FLOP WITH SEPERATE 
MASTER o SLAVE CLOCKS~ 

CLEAR DIRECT o SET DIRECT. 
LOG! C DJRGRRM 

SDM SDS 

D tDR D 

CPM 

CPS ON 

CDM CDS --..--..--
ELECTRJCRL SCHEMATIC 

~-------.--ON 

CPM CDM SDM CPS SDS CDS 

FDA 

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

Q OUTPUT FD= 1 FD= 2 FD = 3 

SDDD TPLH 4.2ns 5.D 5.8 
Series TPHL 3.4 3.9 4.4 

7DDD TPLH 3.5 3.8 4.2 
Series TPHL 3.2 3.5 3.7 

INPUTLOADING: SK (3.7,2,2,1,1,1,1) 
7K (3.4, 2, 2, 1, 1, 1, 1) 

FD= 4 FD= 8 

6.7 1D.D 
4.9 7.D 
4.6 6.2 
4.D 5.1 

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

WORKS TAT ION WC. DcLRY 
LSI LOGIC CORP 

CRJSL/tRLLl DRJSY o McNTOR = 10.B/ 9.c VRLJD = 10 

GATES 

7 

7 

09/25/84 

Chapter 17: Macrocells 17-27 



FD1 Dff FD1 
LOGlC DIRGRAM 

8 I 

N 

E:L'E:CTRICRL SCHEMATIC 

.--------...-~ON 

CP 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 9.3ns 
Series TPHL 7.0 

5000 TPLH 5.8 
Series TPHL 4.4 

7000 TPLH 3.4 
Series TPHL 2.8 

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

10.2 
7.4 

6.6 
5.0 

3.9 
3.0 

FO = 3 FO = 4 

11.1 12.1 
7.9 8.4 

7.5 8.3 
5.5 6.0 

4.3 4.7 
3.2 3.3 

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

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/FALU DAISY o MENTOR = 12. 7 I 13.2 VRllD 13 

FO = 8 GATES 

15.8 5 
10.4 

11.7 5 
8.1 

6.3 5 
4.1 

09/CS/84 

FD1S Dff WITH SCAN TEST INPUTS 

CP -+-1-f--~ 

Tl 
TC 

LOGIC DJRGRAM 

f"Dl s 
Tl 

ire 
ON 

E:LECTRICRL SCHEMRTJC 

FD1S 

>o---+----- ON 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 12.4ns 13.2 
Series TPHL 12.5 12.8 

5000 TPLH 5.9 6.7 
Series TPHL 6.2 6.7 

7000 TPLH 3.7 4.1 
Series TPHL 4.0 4.2 

INPUTLOADING: 3K (1,1,1,2) 
SK (1,1,1,2) 
7K (1,1,1,2) 

FO = 3 FO = 4 

14.0 14.9 
13.2 13.7 

7.5 8.3 
7.2 7.7 

4.5 4.9 
4.5 4.8 

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

WORKSTATION WC. DELAY LSI LOGIC CORP 

<Rl5E/FALll DR!5Y o MENTOR = 13.2 / 13.2 . VAllD = 13 

FO = 8 GATES 

18.7 8 
15.6 

11.7 8 
9.7 

6.6 8 
5.8 

09/CS/84 
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FD~ Dff WITH CLEAR DIRECT FDe 
LOGIC DlAG'llAM 

fDc 

ON 
CD 

E:LECTRICAL SCHE:MRT!C 

.--------..-~ON 

CP 

CD---------+------------~ 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 9.7ns 10.6 
Series TPHL 7.0 7.4 

5000 TPLH 5.8 6.6 
Series TPHL 4.4 5.0 

7000 TPLH 3.4 3.9 
Series TPHL 2.8 3.0 

INPUT LOADING: 3K (2.2, 1, 2) 
SK (3.7, 1, 2) 
7K (3.4, 1, 2) 

FO = 3 FO = 4 

11.5 12.5 
7.9 8.4 

7.5 8.3 
5.5 6.0 

4.3 4.7 
3.2 3.3 

Z(Q,QN) = FD2(D, CP, CD)$ 

WORKSTRTJON WC. DELRY 
LSI LOGIC ClllP 

<RlSE/fRLLl DRJSY 0 MENTOR= 13.4 I 9.c VRLID = le 

FO = 8 GATES 

16.2 6 
10.4 

11.7 6 
8.1 

6.3 6 
4.1 

09/25/84 

mes Dff WITH SCAN TEST INPUTS, 
CLEAR DIRECT 

LOGIC DIAGRAM 

o 
fDES 

Tl 
ON 

TE: CD 

ELECTRICAL SCHEMATIC 

CP -+;-+----. 

Tl 
TE 

cn-----------------<1-----' 

FDf S 

ON 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 14.0ns 14.8 
Series TPHL 12.5 12.8 

5000 TPLH 5.9 6.7 
Series TPHL 6.2 6.7 

7000 TPLH 3.7 4.1 
Series TPHL 4.0 4.2 

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

FO = 3 FO = 4 

15.6 16.5 
13.2 13.7 

7.5 8.3 
7.2 7.7 

4.5 4.9 
4.5 4.8 

Z(Q,QN) = FD2S(D, CP, CD, Tl, TE)$ 

WORKSTRTION we. DELRY 
LSI LOGIC CORP 

<RlSE/rRLLl DRISY o MENTOR= 14.6 I 13.c VRLID = 14 

FO = 8 GATES 

20.3 9 
15.6 

11.7 9 
9.7 

6.6 9 
S.8 

1119/25/84 
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FDeTS 

CP 

Dff WITH CLEAR DIRECT 
AND ADDED TRISTATE OUTPUT 

LOGJC DIAGRAM 

RD 

fDETS 

CD 

CLCCTRICAL SCHCMATIC 

CD-'-------+-----------' 

FDeTS 

t----1~' 
0 RD 

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

RD TO Z OUTPUT FO = 1 FO = 2 

5000 TPLH 2.2ns 2.6 
Series TPHL 0.8 1.1 

7000 TPLH 1.7 1.9 
Series TPHL 0.5 0.6 

INPUTLOADING: SK (3.7, 1, 2, 2) 
7K (3.4, 1, 2, 2) 

FO = 3 FO = 4 

3.1 3.5 
1.3 1.6 

2.1 2.3 
0.8 0.9 

Z(Z, Q) = FD2TS(O, CP, CO, RD)$ 

WORKSTATION WC. DCLAY 
LSI LOGIC CORP 

CRISC/fALLl DAISY o MCNTOR = 4.7 I 3.c VALID = 4 

FO = 8 GATES 

5.2 9 
2.6 

3.1 9 
1.5 

09/eS/64 

FD3 Dff WITH CLEAR DIRECT, 
SET DIRECT 

SD 

fD3 

ON 
CD 

CLCCTRI CAL SCHCMATJC 

FD3 

.-------..--ON 

CP --------, 

SD~---------+----+---~ 

CD~---------+-----------' 
NOMINAL 25'C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 10.5ns 11.3 
Series TPHL 9.1 9.7 

5000 TPLH 5.8 6.6 
Series TPHL 4.4 5.0 

7000 TPLH 3.4 3.9 
Series TPHL 2.8 3.0 

INPUT LOADING: 3K (2.2, 1, 2, 2) 
SK (3.7, 1, 2, 2) 
7K (3.4, 1, 2, 2) 

FO = 3 FO = 4 

12.3 13.2 
10.4 11.1 

7.5 8.3 
5.5 6.0 

4.3 4.7 
3.2 3.3 

Z(Q,QN) = FD3(0, CP, CD, SD)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RJSC/fALLl DAISY o MCNTOR = 13.1/ 11.1 VALID = le 

FO = 8 GATES 

16.9 7 
14.0 

11.7 7 
8.1 

6.3 7 
4.1 

09/£!5/64 
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F'D3S Dff WITH SCAN TEST INPUTS 
CLEAR DIRECT~SET DIRECT 

0 

fD35 
Tl 

ON 

CP -+-+-1---~ 

Tl 
TE: 

CD------------+---------~ 
SD-------------------------~ 

F'D3S 

ON 

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

QOUTPUT FO = 1 FO = 2 

30DD TPLH 13.8ns 14.6 
Series TPHL 14.5 15.1 

5DDD TPLH 5.9 6.7 
Series TPHL 6.2 6.7 

7DDD TPLH 3.7 4.1 
Series TPHL 4.D 4.2 

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

FD = 3 FD= 4 FO = 8 

15.4 16.3 20.1 
1S.7 16.S 19.S 

7.5 8.3 11.7 
7.2 7.7 9.7 

4.5 4.9 6.6 
4.5 4.8 5.8 

Z(Q,QN) = FD3S(D, CP, CD, SD, Tl, TE)$ 

WORKSTATION WC. DELRY LSI LOGIC CORP 

CR!SE/fRLLl DRISY n MENTOR= 14.3 I 15.3 VRLID = 15 

GATES 

1D 

10 

10 

09/25/84 

F'D4 Dff WITH SET DIRECT F'D4 

SD 
rD4 

ON 

E:LE:CTRJCAL SCHEMATIC 

~--------ON 

CP-----~ 

so-----------------<>-----~ 

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

QOUTPUT FD= 1 FD= 2 

3DDD TPLH 11.5ns 12.3 
Series TPHL 1D.4 11.D 

5DDD TPLH 5.8 6.6 
Series TPHL 4.4 5.D 

7DDO TPLH 3.4 3.9 
Series TPHL 2.8 3.0 

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

FD= 3 FD = 4 

13.2 14.1 
11.7 12.5 

7.5 8.3 
5.S 6.D 

4.3 4.7 
3.2 3.3 

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

WORKSTRTION WC. DELRY LSI LOGIC CORP 

<RISE/FRLLJ DR I SY n MENTOR = lc.c I 11.1 VRLID = le 

FO = 8 GATES 

17.8 6 
15.5 

11.7 6 
8.1 

6.3 6 
4.1 

09/25/64 
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F'D4S Dff WITH SCAN TEST INPUTS, 
SET DIRECT 

LDGJC DIAGRAM 

0 

rD4S 
TI 

ON 

CP -+-!,...__+-----. 

Tl 
TE 

F'D4S 

~ON 

SD--------------4------------~ 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 12.4ns 13.2 
Series TPHL 14.4 15.0 

5000 TPLH 5.9 6.7 
Series TPHL 6.2 6.7 

7000 TPLH 3.7 4.1 
Series TPHL 4.0 4.2 

INPUTLOADING: 3K (1, 1, 2, 1, 2) 
SK (1, 1,2, 1,2) 
7K (1, 1,2, 1,2) 

FO = 3 FO = 4 

14.0 14.9 
15.6 1614 

7.5 8.3 
7.2 7.7 

4.5 4.9 
4.5 4.8 

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

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/f"RLLl DAISY o MENTOR • 13.2 I 15.1 VALID • 14 

FO = 8 GATES 

18.7 9 
19.4 

11.7 9 
9.7 

6.6 9 
5.8 

09/25/84 

F'DS F'DS 
Dff WITHOUT BUFFERED CLOCKS 

LOGIC DlAGRAM 

8 5 

N 

ELECTRJCAL SCHEMATIC 

.-------...--ON 

CP--.._1---------<t-' 
CPN----<,_------~ 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 FO = 3 FO = 4 

3000 TPLH 8.Sns 9.3 
Series TPHL 6.2 6.5 

5000 TPLH 4.1 4.9 
Series TPHL 3.3 3.8 

7000 TPLH 2.4 2.8 
Series TPHL 2.4 2.7 

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

10.2 11.1 
6.9 7.4 

5.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

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

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/FALU DAISY o MENTOR· 8.0 I 6.6 VALID • 8 

FO = 8 GATES 

14.8 4 
9.4 

9.9 4 
6.8 

5.1 4 
4.3 

09/25/84 
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FDSS 
DFF WITHOUT BUFFERED CLOCKS, 

WITH SCAN TEST INPUTS 
LOGJC DIAGRAM 

ci: 11 I . 1 

FDSS 

Tl 
Tc ':;>o--+-- ON 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 11.0ns 11.8 
Series TPHL 9.9 10.2 

5000 TPLH 4.8 5.6 
Series TPHL 4.5 5.0 

7000 TPLH 3.3 3.7 
Series TPHL 2.9 3.1 

INPUTLOADING: 3K (1,2,2, 1,2) 
SK (1,2,2, 1,2) 
7K (1, 2, 2, 1, 2) 

FO = 3 FO = 4 

12.6 13.5 
10.6 11.1 

6.4 7.3 
5.5 6.0 

4.1 4.4 
3.4 3.7 

Z(Q,QN) = FDSS(D, CP, CPN, Tl, TE)$ 

WORKSTRTJON WC. DELRY 
LSI LOGIC CORP 

CRlSE/fRLLJ DRJSY o MENTOR • 10. 8 I 8. 7 VRLJD = 10 

FO = 8 GATES 

17.3 7 
13.0 

10.5 7 
8.0 

6.0 7 
4.7 

09/25/84 

FD6 DFF WITHOUT BUFFERED CLOCKS, 
WITH CLEAR DIRECT 

F"D6 

E:LECTRICRL SCHf:MRTJC 

FD6 

~--------ON 

cH 'I I I' I 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 7.0ns 7.9 
Series TPHL 5.0 5.4 

5000 TPLH 4.1 4.9 
Series TPHL 3.3 3.8 

7000 TPLH 2.4 2.8 
Series TPHL 2.4 2.7 

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

FO = 3 FO = 4 

8.8 9.8 
5.9 6.4 

5.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

Z(Q,QN) = FD6(D, CP, CPN, CD)$ 

WORKSTRTION WC. DLLRY 
LSI LOGIC CORP 

CRlSE:/fRLL) DAJSY o MENTOR = 8. 7 I 6.6 VALJD = 8 

FO = 8 GATES 

13.5 5 
8.4 

9.9 5 
6.8 

5.1 5 
4.3 

09/CS/64 
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FD6S nrr WITHOUT BUrrERED CLOCKS, 
WITH SCAN TEST INPUTS,CLEAR DIRECT 

LOGIC DIAGRAM 

ciJ 11 I , I 

Tl 
TE 

en~---------------<>------' 

FD6S 

ON 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 12.9ns 13.7 
Series TPHL 8.9 9.2 

5000 TPLH 4.8 5.6 
Series TPHL 4.5 5.0 

7000 TPLH 3.3 3.7 
Series TPHL 2.9 3.1 

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

FO = 3 FO = 4 FO = 8 

14.5 15.4 19.2 
9.6 10.1 12.0 

6.4 7.3 10.5 
5.5 6.0 8.0 

4.1 4.4 6.0 
3.4 3.7 4.7 

Z(Q,QN) = FD6S(D, CP, CPN, CD, Tl, TE)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

CRISE/fALLI DAISY o MENTOR - 10.8/ 8.9 VALID· 10 

GATES 

8 

8 

8 

09/25/B-4 

FD7 nrr WITHOUT BUrrERED CLOCKS, 
WITH CLEAR DIRECT,SET DIRECT 

SD 

FD? 

ELECT RI CAL SCHEMATIC 

FD7 

~------..--ON 

CP 
CPN 

SD-------+----<1>-----' CD-------+-----------' 
NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 7.8ns 8.7 
Series TPHL 7.3 7.9 

5000 TPLH 4.1 4.9 
Series TPHL 3.3 3.8 

7000 TPLH 2.4 2.8 
Series TPHL 2.4 2.7 

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

FO = 3 FO = 4 

9.6 10.5 
8.6 9.3 

5.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

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

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/FAUi DAISY n MENTOR - 8.4 I 8. 7 VALID - 9 

FO = 8 GATES 

14.3 6 
12.2 

9.9 6 
6.8 

5.1 6 
4.3 

09/CS/84 
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FD7S Dff WITHOUT BUffERED CLOCKS, 
WITH SCAN TEST INPUTS,CLEAR DIRECT, 

SET DIRECT 

c~: 11 I I 

Tl 
TE: 

cD----------1f----.,__ __ _. 

FD7S 

ON 

SD-----------<~---------' 

NOMINAL 2s0 c, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 FO = 3 

3000 TPLH 12.2ns 13.0 13.8 
Series TPHL 12.1 12.7 13.3 

sooo TPLH 4.8 S.6 6.4 
Series TPHL 4.S s.o s.s 

7000 TPLH 3.3 3.7 4.1 
Series TPHL 2.9 3.1 3.4 

INPUTLOADING: 3K (1, 2, 2, 2, 2, 1, 2) 
SK (1, 2, 2, 2, 2, 1, 2) 
7K (1, 2, 2, 2, 2, 1, 2) 

FO = 4 FO = 8 

14.7 18.S 
14.1 17.1 

7.3 10.S 
6.0 8.0 

4.4 6.0 
3.7 4.7 

Z(Q,QN) = FD7S(D, CP, CPN, CD, SD, Tl, TE)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/FALL) DAISY n MENTOR. 11.5/ 11.l VALID. le 

GATES 

9 

9 

9 

09/eS/84 

FD8 Dff WITHOUT BUffERED CLOCKS, 
WITH SET DIRECT 

LOGIC DIAGRAM 

SD 

FDB 

E:U:;CTRICAL SCHEMATIC 

FD8 

.-------...--ON 

CP 
CPN 

so------------_.. ___ __. 
NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 7.4ns 8.2 
Series TPHL 7.3 7.9 

sooo TPLH 4.1 4.9 
Series TPHL 3.3 3.8 

7000 TPLH 2.4 2.8 
Series TPHL 2.4 2.7 

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

FO = 3 FO = 4 

9.2 10.1 
8.6 9.3 

S.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

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

WORKSTATION we. DELAY LSI LOGIC CORP 

CRISE/PALL) DAISY n MENTOR • 6. 7 I 6. 7 VALID • 9 

FO = 8 GATES 

13.8 5 
12.2 

9.9 s 
6.8 

S.1 s 
4.3 

lll9/E!5/84 
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FDBS DFF WITHOUT BUFFERED CLOCKS, 
WITH SCAN TEST INPUTS,SET DIRECT 

LOGIC D IRG RAM 

cii 11 I 1 

FDBS 

TI 
T£ 

>o--+-1----0N 

so~~~~~~~~~~~--4~~~~~~~~~~~~-' 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 10.Bns 11.6 
Series TPHL 12.0 12.6 

sooo TPLH 4.8 S.6 
Series TPHL 4.S s.o 
7000 TPLH 3.3 3.7 
Series TPHL 2.9 3.1 

INPUTLOADING: 3K (1, 2, 2, 2, 1, 2) 
SK (1, 2, 2, 2, 1, 2) 
7K (1, 2, 2, 2, 1, 2) 

FO = 3 FO = 4 FO = 8 

12.4 13.3 17.1 
13.2 14.0 17.0 

6.4 7.3 10.S 
s.s 6.0 8.0 

4.1 4.4 6.0 
3.4 3.7 4.7 

Z(Q,QN) = FDBS(D, CP, CPN, SD, Tl, TE)$ 

WORKS TAT! ON WC. DELAY 
LSI LOGIC COllP 

<RlSE/rRUl DAJSY o MENTOR= 10.4 I 11.0 VALID= 11 

GATES 

8 

8 

8 

09/25/84 

FJKR JK FLIP FLOP WITH SEPERATE 
MASTER o SLAVE CLOCKS, 

CLEAR DIRECT c SET DIRECT. 
LOGIC DIAGRAM 

SDM 5DS 

J r JKA o 
CPM 

CPS ON 

K 
CDM CDS -..----..-

E:Lf:CT'Rl CAL SCHE:MAT IC 

FJKA 

...-~~~~~~~~~~~~~~~-.~~~~~~~...-~oN 

CPM CDM SDM CPS SDS CDS 

NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 FO = 3 

sooo TPLH 6.7ns 7.S 8.4 
Series TPHL S.2 S.7 6.2 

7000 TPLH 3.4 3.8 4.2 
Series TPHL 3.2 3.S 3.7 

INPUT LOADING: SK (1, 1, 2, 2, 1, 1, 1, 1) 
7K (1, 1,2,2, 1, 1, 1, 1) 

FO = 4 FO = 8 

9.2 12.S 
6.8 8.9 

4.6 6.2 
4.0 S.1 

Z(Q,QN) = FJKA(J, K, CPM, CPS, COM, CDS, SOM, SOS)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/rRUl DAISY n MENTOR= 13.9 I 10.B VALID= 13 

GATES 

10 

10 

09/25/84 
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FJK1 JKff FJK1 
LOGJC DIAGRAM 

FJKl 

ON 

E:LECTRJCRL SCHEMATIC 

~~~~~~~~~~~~~~~~,-~~~~~~-,-~ON 

CP 

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

QOUTPUT FO = 1 FO = 2 FO = 3 FO = 4 

3000 TPLH 9.2ns 10.1 
Series TPHL 6.9 

5000 TPLH 6.7 
Series TPHL 5.2 

7000 TPLH 3.4 
Series TPHL 2.8 

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

7.3 

7.5 
5.7 

3.9 
3.0 

11.0 12.0 
7.8 8.3 

8.4 9.2 
6.2 6.8 

4.3 4.7 
3.2 3.3 

Z(Q,QN) = FJK1(J, K, CP)$ 

WORK5TRT I ON WC. DELAY 
LSI LOGIC CORP 

<RJ5E/FALLJ DRJ5Y o MENTOR lc.7/ 9.0 VALJD II 

FO = 8 GATES 

15.7 8 
10.3 

12.5 8 
8.9 

6.3 8 
4.1 

09/25/84 

FJK1S JKFF WITH SCAN TEST INPUTS FJK1S 
LOGIC DJRGRRM 

CP-+~~~~1-t---11--~-, 

;~ I ' l '1 
.;>0-+-0N 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 14.Sns 15.1 
Series TPHL 14.6 14.8 

5000 TPLH 6.6 7.5 
Series TPHL 6.5 7.0 

7000 TPLH 4.0 4.4 
Series TPHL 4.3 4.6 

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

FO = 3 FO = 4 

16.0 16.8 
15.2 15.6 

8.3 9.1 
7.5 8.0 

4.8 5.2 
4.8 5.1 

Z(Q,QN) = FJK1S(J, K, CP, Tl, TE)$ 

WORK5TRTl ON WC. DELAY 
LSI LOGIC CORP 

<RlSE/fRLLl DAISY o MENTOR~ 14. l I 13.6 VALID 

FO = B GATES 

20.6 11 
17.6 

12.4 10 
10.0 

6.9 10 
6.2 

09/25/84 

14 
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FJKe JKrr WITH CLEAR DIRECT 

a 
FJK2 

ON 

ELECTRICAL SCHEMATIC 

FJK2 

- ~ 

CP 

en~~~~~~~~~~~.-.~~~~~~~~~~~~~ 

NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 9.7ns 10.6 
Series TPHL 6.9 7.3 

5000 TPLH 6.7 7.5 
Series TPHL 5.2 5.7 

7000 TPLH 3.4 3.9 
Series TPHL 2.8 3.0 

INPUTLOADING: 3K (1, 1, 1,2) 
SK (1, 1, 1,2) 
7K (1, 1, 1, 2) 

FO = 3 FO = 4 

11.S 12.S 
7.8 8.3 

8.4 9.2 
6.2 6.8 

4.3 4.7 
3.2 3.3 

Z(Q,QN) = FJK2(J, K, CP, CD)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISL/rALLl DAISY n ME:NTOR • 13.4/ 9.0 VALID= 11 

FO = 8 GATES 

16.2 9 
10.3 

12.5 9 
8.9 

6.3 9 
4.1 

09/25/84 

FJK2S JKrr WITH SCAN TEST INPUTS~ 
CLEAR DIRECT 

CP -t---..+-.1-.I-=-

i~ I I I 'l 

CD 

FJK2S 

ON 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 15.8ns 16.6 
Series TPHL 1S.O 15.3 

5000 TPLH 6.5 7.3 
Series TPHL 6.6 7.1 

7000 TPLH 3.9 4.3 
Series TPHL 4.4 4.6 

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

FO = 3 FO = 4 

17.4 18.3 
15.7 16.2 

8.2 9.0 
7.6 8.1 

4.7 S.1 
4.9 S.2 

Z(Q,QN) = FJK2S(J, K, CP, CD, Tl, TE)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISL/fALLl DAISY n MENTOR· 14.6 I 13.4 VALID= 14 

FO = 8 GATES 

22.1 12 
18.1 

12.3 11 
10.1 

6.8 11 
6.2 

09/CS/84 
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f"JK3 JKff WITH CLEAR DIRECT, 
SET DIRECT 

f'JK3 

ON 
K CD 

E:LE:CTRICRL SCHE:MRTIC 

f"JK3 

-- ~ 

CP 

SD~~~~~~~~~-1-~~-+~~~~ 
cn~~~~~~~~~4-~~~~~~~~~--' 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 10.Sns 11.3 
Series TPHL 9.1 9.7 

5000 TPLH 6.7 7.5 
Series TPHL 5.2 5.7 

7000 TPLH 3.4 3.9 
Series TPHL 2.8 3.0 

INPUTLOADING: 3K (1, 1, 1, 2, 2) 
SK (1, 1, 1, 2, 2) 
7K (1, 1, 1,2,2) 

FO = 3 FO = 4 

12.3 13.2 
10.4 11.1 

8.4 9.2 
6.2 6.8 

4.3 4.7 
3.2 3.3 

Z(Q,QN) = FJK3(J, K, CP, CD, SD)$ 

WORKSTATION WC. D[LAY 
LSI LOGIC CORP 

<RISL/fALLl DAISY o M[NTOR = 13.1 I 11.1 VALID = le 

FO = 8 GATES 

16.9 10 
14.0 

12.5 10 
8.9 

6.3 10 
4.1 

1119/eS/84 

f"JK3S JKff WITH SCAN TEST INPUTS, 
CLEAR DIRECT,SET DIRECT 

1.0GIC DJAGRRM 

CP-1-~~~-+-+-+~~~ 

i~ I I I.., 

cn~~~~~~~~~~~~-1-~~-+~~~~ 

f"JK3S 

ON 

SD~~~~~~~~~~~~4-~~~~~~~~~~ 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 FO = 3 

3000 TPLH 15.6ns 16.4 17.2 
Series TPHL 16.8 17.4 18.0 

5000 TPLH 6.5 7.3 8.2 
Series TPHL 6.6 7.1 7.6 

7000 TPLH 3.9 4.3 4.7 
Series TPHL 4.4 4.6 4.9 

INPUTLOADING: 3K (1, 1, 1, 2, 2, 1, 2) 
· SK (1, 1, 1,2,2, 1,2) 

7K (1, 1, 1, 2, 2, 1, 2) 

FO = 4 FO = 8 

18.1 21.9 
18.8 21.8 

9.0 12.3 
8.1 10.1 

5.1 6.8 
5.2 6.2 

Z(Q,QN) = F JK3S(J, K, CP, CD, SD, Tl, TE)$ 

WORKSTATION WC. D[LAY 
LSI LOGIC CORP 

CRISL/rRLLJ DAISY o MLNTOR = 14.3 / 15.1 VALID = 15 

GATES 

13 

12 

12 

1119/~S/84 
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FTe TOGGLE ff WITHOUT BUffERED 
CLOCKS#WITH CLEAR DIRECT 

LOGIC DIAGRAM 

6 N 
D 

ELECTRICAL SCHEMATIC 

FTe 

..-~~~~~~~"1'-~~~~~"""'1'~-0N 

CP--....... +----i~-----11-' 
CfN ---"----!--!-----' 
CD-------<>-------------~ 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 6.9ns 
Series TPHL 5.0 

sooo TPLH 4.1 
Series TPHL 3.3 

7000 TPLH 2.4 
Series TPHL 2.4 

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

7.8 
5.4 

4.9 
3.8 

2.8 
2.7 

FO = 3 FO = 4 

8.7 9.7 
S.9 6.4 

5.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

Z{Q,QN) = FT2{CP, CPN, CD)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/FALLJ DAISY o MENTOR= 8.7 I 6.6 VALID= 8 

FO = 8 GATES 

13.4 5 
8.4 

9.9 5 
6.8 

S.1 5 
4.3 

09/C5/B4 

FT3 TOGGLE fLIPfLOP WITHOUT 
BUffERED CLOCKS,WITH CLEAR DIRECT, 

SET DIRECT 
LOGIC DIAGRAM 

SD 

FT3 

E:LE:CTRICAl. SCHEMATIC 

.----------+--------.--ON 

c~i • I I I I I I I 

FT3 

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

QOUTPUT FD= 1 FO = 2 

3000 TPLH 7.7ns 8.S 
Series TPHL 7.2 7.8 

sooo TPLH 4.1 4.9 
Series TPHL 3.3 3.8 

7000 TPLH 2.4 2.8 
Series TPHL 2.4 2.7 

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

FO = 3 FO = 4 

9.S 10.4 
8.5 9.2 

S.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

Z{Q,QN) = FT3{CP, CPN, CD, SD)$ 

WORKSTATION we. DELAY LSI LOGIC CORP 

CRISE/FALL) DAISY n MENTOR = 8.4 I 8.2 VALID • 9 

FO = 8 GATES 

14.1 6 
12.1 

9.9 6 
6.8 

S.1 6 
4.3 

09/25184 
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fT4 TOGGLE fLIPfLOP WITHOUT 
BUffERED CLOCKS,WITH SET DIRECT 

LOGJC DIRGRAM 

8 0 

N 

ElECTRl CAL SCHEMRT IC 

.-~~~~~~~~~~~~~~~-.-~-ON 

c~~ I I I I ' I 

fT4 IBUf INPUT PAD WITH BUffER 

fOR CMOS INPUT 

LOGJC DIAGRAM 

~z 

ElECT11 l CRl SCHEMRTJ C 

A JN'PUT 
T'ROTECTION Z 

IBUf 

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

NOMINAL 25'C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 
TFO = 1 FO = 8 r GATES 

Q OUTPUT FO = 1 FO = 2 

3000 TPLH 7.3ns 
Series TPHL 7.2 

5000 TPLH 4.1 
Series TPHL 3.3 

7000 TPLH 2.4 
Series TPHL 2.4 

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

8.1 
7.8 

4.9 
3.8 

2.8 
2.7 

FO = 3 FO = 4 

9.1 10.0 
8.5 9.2 

5.7 6.6 
4.3 4.8 

3.2 3.6 
2.9 3.2 

Z(Q,QN) = FT4(CP, CPN, SD)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISE/rRLL) DRISY 0 MENTOR= 8.7 I 8.c VALID = 9 

FO = 8 

13.7 
12.1 

9.9 
6.8 

5.1 
4.3 

FO = 2 FO = 3 FO = 4 

GATES 
3000 TPLH 5.8ns 6.2 6.7 7.2 9.3 

5 

5 

5 

Series TPHL 4.9 5.1 5.4 5.7 6.8 

5000 TPLH 2.4 2.5 2.7 2.8 3.3 l 0 
Series TPHL 2.6 2.7 2.8 2.9 3.2 

7000 TPLH 3.1 3.2 3.3 3.4 3.7 T 0 
Series TPHL 2.9 2.9 3.0 3.0 3.2 

Z = IBUF(A)$ 

09/25/84 
LSI LOGIC CORP 

WORKSTATION WC. DELAY 09/25184 

CR!SE/rRLLl DR!SY o MENTOR 1.9 I 2. I VRLID = 2 
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IBUfD 

INPUT PAD WITH PULL DOWN 

AND BUFFER FOR CMOS INPUT 

lOGlC DIAGRAM 

lBUFD 

~z 
EU::CTRICRL SCHEMATIC 

A l NPUT 
PROTECTION Z 

lBUfD 

IBUfD 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GATES 

3000 TPLH 
Series TPHL 

5000 TPLH 
Series TPHL 

7000 TPLH 
Series TPHL 

WORK5TRTION WC. DELAY 

8.6 
8.6 

2.4 
2.6 

3.1 
4.0 

9.0 
9.0 

2.5 
2.7 

3.2 
4.0 

9.5 
9.4 

2.7 
2.8 

3.3 
4.1 

Z = IBUFD(A)$ 

LSI LOGIC CORP 

10.0 
9.9 

2.8 
2.9 

3.4 
4.1 

<RISE/FRLLJ DAISY o MENTOR= 2.1 I 1.9 VALID= 2 

12.1 
11.9 

3.3 
3.2 

3.7 
4.3 

2 

0 

0 

09125184 

IBUfl IBUfl 

BUFFER FOR BIDIRECT CMOS INPUT 

LOGIC DIAGRAM 

A --{>o---(>o----z 

ELECTRICAL SCHEMATIC 

A --{>o---(>o----z 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GATES 

3000 TPLH 4.0 4.4 4.9 5.4 7.5 I 2 
Series TPHL 3.9 4.3 4.7 5.2 7.2 

5000 TPLH 1.7 1.9 2.1 2.3 3.2 I 3 
Series TPHL 2.2 2.3 2.5 2.6 3.2 

7000 TPLH 1.3 1.4 1.5 1.6 2.0 I 3 
Series TPHL 1.5 1.6 1.6 1.7 2.1 

INPUT LOADING: 3K (1.5) 
SK (1.5) 
7K (1.5) 

Z = IBUFl(A)$ 

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

<RISE/FRLLJ DRJSY o MENTOR = 3.6 I 3.4 VALID= 4 
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IBUFN 
(7k only) 

A 

Inverting Input Pad 

With Buffer For Cmos Input 

INPUT 
PROTECTION 

IBUFN 
(7k only) 

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

FO = 1 FO = 2 FO = 4 

7000 TPLH 2.1ns 2.3 2.5 
Series TPHL 2.0 2.0 2.2 

INPUT LOADING: 7K (5) 

Z = IBUFN(A)$ 

FIXED DELA vs [ WORKSTATION SOFTWARE DATABOOK l 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

FO = 8 

3.0 
2.5 

VALID 

LSI LOGIC CORPORATION o COPYRIGHT 1981,1982,1983,1984 

FO = 16 GATES 

3.9 0 
3.2 

DAISY I MENTOR 

3.S I 3.5 
3.8 3.8 

JULY, 1984 

IBUFU 

A 

INPUT PAD WITH PULL UP 

AND BUFFER FOR CMOS INPUT 

LOGIC DIAGRAM 

~z 
f:LE:CTRl CAL 5CHE:MATIC 

INPUT 
PROTECTION 

IBUFU 

z 

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

1 rn = 1 FO = 2 FO = 3 FO = 4 FO =BI GATES 

3000 TPLH 8.6ns 9.0 9.5 10.0 12.1 T 2 
Series TPHL 8.6 9.0 9.4 9.9 11.9 

5000 TPLH 2.4 2.5 2.7 2.8 3.3 I 0 
Series TPHL 2.6 2.7 2.8 2.9 3.2 

7000 TPLH 3.1 3.2 3.3 3.4 3.7 I 0 
Series TPHL 2.9 2.9 3.0 3.0 3.2 

Z = IBUFU(A)$ 

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

CRISE/FALL} DAISY o MENTOR= 1.9 I 1.9 VRLID = c 

Chapter 17: Macrocells 17-43 



ICK1 Inverting Clock-driver ICK1 
(7k only) (7k only) 

A --[:>-z 
,----1--1 1,-qqq-,: 
L __ ,_~T _ _J 

IBUF 8118 

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

FO = 4 I FO = B IFO = 16IFO = 32IFO = 641 GATES 

7000 TPLH 
Series TPHL 

4.0 
4.3 

4.2 
4.4 

4.5 
4.7 

5.0 
5.2 

6.1 
6.2 

TWO 1/0 CELLS 

Z = ICK1(A)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK I 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO= 2 WITH 
STATISTICAL WIRE LENGHTS 

I VALID I DAISY 

TPLH I I 8.2 
TPHL 8 7.S 

0 

MENTOR] 

8.2 J 
7.5 

LSI LOGIC CORPORATION© COPYRIGHT 1981, 1982, 1983, 1984 MAY. 1984 

ICK2 
(7k only) 

Inverting Clock-driver 

A --[:>-z 

,-----

:-qc 
I 

IBUF 

Z = ICK2 ( A ) $ 

TH REE 1/0 CELLS 

T 

8118 

ICK2 

I 
I 

_J 

(7k only) 

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

FO = 4 FO = 8 FO = 16 

7000 TPLH 4.4 4.4 4.6 
Series TPHL 5.0 5.0 5.2 

FIXED DELAYS [ WORKSTATION SOFTWARE OATABOOK I 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

FO = 32 

4.9 
5.4 

VALID 

LSI LOGIC CORPORATION• COPYRIGHT 1981.1982, 1983, 1984 

FO = 64 

5.4 
5.9 

DAISY 

8.5 
8.2 

GATES 

0 

MENTOR 

8.5 
8.2 

MAY, 1984 
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IV IV 

SINGLE INVERTER 

LOGIC DIRGRRM ELECTR l CRL SC HE MAT l C 

JV 

"~r, A--{>o--z 

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

.....---
FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

3000 TPLH 3.7ns 4.6 5.5 6.4 10.2 1 
Series TPHL 2.3 2.7 3.2 3.7 5.6 

5000 TPLH 2.0 2.8 3.6 4.4 7.7 1 
Series TPHL 0.8 1.1 1.4 1.7 2.9 

7000 TPLH 1.5 1.9 2.2 2.6 4.2 1 
Series TPHL 0.8 1.0 1.1 1.3 2.0 

INPUT LOADING: 3K (1) 
SK (1) 
7K (1) 

Z= IV(A)$ 

WORK5TRT ION WC. DCLAY LSI LOGIC CORP 
09/25/84 

CRJ5[/fRLLl DRl5Y o MCNTOR "5.0 I c.7 VALID " 4 I 

IVA 

INVERTER WITH 
PARALLEL P TRANSISTORS 

LOGIC DIAGRAM ELECTRICAL SCHEMRTIC 

A--{>o--z "~' 

IVA 

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

FO = 1 FO = 2 FO = 3 FO = 4 FO = 81 GATES 

3000 TPLH 2.9ns 3.3 3.8 4.3 6.4 
Series TPHL 2.9 3.3 3.7 4.2 6.1 

5000 TPLH 1.3 1.7 2.1 2.5 4.2 
Series TPHL 0.9 1.2 1.5 1.8 3.0 

7000 TPLH 1.1 1.3 1.5 1.7 2.5 
Series TPHL 1.1 1.2 1.4 1.6 2.2 

INPUTLOADING: 3K (1.5) 
SK (1.5) 
7K (1.5) 

Z = IVA(A)$ 

I WORK5TRT I ON WC. DCLRY 
LSI LOGIC CORP 

09/25/84 

CRl5C/fRLLl DAISY o MCNTOR " 3.31 e.7 VALID 3 
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IVDA IVDA 

INVERTER INTO INVERTER 

LOGIC DIAGRAM ELECT RI CAL SCHEMATIC 

IVDA 

A--t>-rc;:=: "-c~F 
NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

ZOUTPUT FO = 1 FO = 2 FO = 3 FO = 4 FO = 8T GATES 

3000 TPLH S.9 6.8 7.7 8.6 12.4 
Series TPHL 5.9 6.3 6.8 7.3 9.2 

5000 TPLH 2.8 3.6 4.4 5.2 8.5 
Series TPHL 2.8 3.1 3.4 3.7 4.9 

7000 TPLH 2.3 2.7 3.0 3.4 s.o 
Series TPHL 2.3 2.S 2.6 2.8 3.5 

INPUT LOADING: 3K (1) 
SK (1) 
7K (1) 

WITHY OUTPUT UNLOADED 

X(Y, Z) = IVDA(A)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 
09/25/64 

<RlSE:/fRLLl DAISY o MJ:NTOR = 7.3 I 6. 7 VALID= 7 

IVP POWER INVERTER IVP 
ce PARALLEL INVERTERS) 

LOGIC DIAGRAM 

!VP 

A-{>o---z 

ELECTRICAL SCHEMATIC 

"-er, 
NOMINAL 2S'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

3000 TPLH 2.9 
Series TPHL 2.0 

sooo TPLH 1.4 
Series TPHL 0.7 

7000 TPLH 1.0 
Series TPHL 0.6 

INPUT LOADING: 3K (2) 
SK (2) 
7K (2) 

WORKSTATION WC. DELAY 

3.3 3.8 4.3 
2.2 2.S 2.8 

1.8 2.2 2.6 
0.9 1.0 1.2 

1.2 1.4 1.6 
0.7 0.8 0.9 

Z= IVP(A)$ 

LSI LOGIC CORP 

<RISL/fRLLl DAISY o MENTOR 4.3/ c.6 VALID 3 

6.4 
3.9 

4.3 
1.8 

2.4 
1.3 

09/25/84 
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LD1 DLATCH,GATED LD1 
LOGIC DIAGRAM 

8 1 
N 

E:LE:CTRlCAL SCHEMATIC 

:>o--+--oN 

NOMINAL25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Q1 OUTPUT FO = 1 FO = 2 

3000 TPLH 10.4 
Series TPHL 9.6 

5000 TPLH 4.8 
Series TPHL 4.3 

7000 TPLH 3.0 
Series TPHL 3.0 

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

11.3 
10.0 

5.6 
4.6 

3.4 
3.1 

FO = 3 FO = 4 

12.2 13.2 
10.5 11.0 

6.4 7.3 
4.9 5.1 

3.8 4.2 
3.3 3.5 

Z(Q, QN) = LD1 (D, G)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

<RISE/PRLLl DAISY n MENTOR - 14.6 I 11.4 VALID~ 13 

FO = 8 GATES 

16.9 3 
13.0 

10.6 3 
6.3 

5.9 3 
4.2 

09/CS/64 

LDe 

GN 

DLATCH,GATED 
CGATE ACTIVE LOW) 

LOGIC DIAGRAM 

CLCCTRICAL SCHCHATIC 

":>o---1- ON 

tne 

NOMINAL 2s·c. sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Q1 OUTPUT FO = 1 FO = 2 

3000 TPLH 11.1 
Series TPHL 10.0 

sooo TPLH S.7 
Series TPHL 4.6 

7000 TPLH 3.9 
Series TPHL 3.3 

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

12.0 
10.4 

6.S 
4.9 

4.3 
3.S 

FO = 3 FO = 4 

12.9 13.9 
10.9 11.4 

7.3 8.1 
S.2 s.s 

4.7 S.1 
3.7 3.8 

Z(Q, QN) = LD2 (D, GN)$ 

WORKSTATION we. DELAY LSI LOGIC CORP 

<RISE/FAUl DAISY o MENTOR •14.6/ 11.4 VALID~ 13 

FO = 8 GATES 

17.6 3 
13.4 

11.4 3 
6.6 

6.6 3 
4.S 

09/25/64 
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LD3 DLATCH, GATED, CLEAR DIRECT 
GATE ACTIVE HIGH 

LOGIC DlRGRRM 

E:LE:CTRICAL SCHEMATIC 

en~~~~~~~~--' 

tD3 

ON 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Q1 OUTPUT FO = 1 FO = 2 

5000 TPLH 5.Sns 6.4 
Series TPHL 4.9 5.2 

7000 TPLH 4.5 4.9 
Series TPHL 4.2 4.3 

INPUT LOADING: SK (3.7, 1, 1) 
7K (3.4, 1, 1) 

FO = 3 FO = 4 

7.2 8.0 
5.5 5.8 

5.3 5.7 
4.5 4.7 

Z(Q, QN) = LD3 (D, G, CD)$ 

WORKSTRTION WC. DELRY LSI LOGIC CORP 

<RISE/fRLLl DRISY o MENTOR= 14.6/ 11.4 VRLJD = 13 

FO = 8 GATES 

11.3 4 
6.9 

7.2 4 
5.3 

09125164 

LD4 
<5K ONLY) 

DLATCH,GATED,CLEAR DIRECT 
CGATE ACTIVE LOW> 

LOGIC DIAGRAM 

LD4 

CLCCTR I CRL SCHCMRTI C 

GN 

co~~~~~~~~--' 

tD4 
<SK ONLY> 

DN 

NOMINAL 2s·c. SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

Q1 OUTPUT FO = 1 FO = 2 

5000 TPLH 6.3ns 7.1 
Series TPHL 5.2 5.5 

7000 TPLH 4.5 4.9 
Series TPHL 4.2 4.3 

INPUTLOADING: SK (3.7, 1, 1) 
7K (3.4, 1, 1) 

FO = 3 FO = 4 

7.9 8.7 
5.8 6.1 

5.3 5.7 
4.5 4.7 

Z(Q, QN) = LD4 (D, GN, CD)$ 

WORKSTRTION WC. DELRY LSI LOGIC CORP 

CRISE/fRUl DAISY o MENTOR· 14.6/ 11.4 VRLJD = 13 

FO = 8 GATES 

12.0 4 
7.3 

7.2 4 
5.3 

09/25/84 
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LSR1 SRLATCH WITH SEPARATE 
GATED INPUTS,SD,RD 

LOGIC DIAGRAM 

SI 
Se 

S SD 

LSRI 
ON RI 

Re~ 

ELECTRICAL SCHEMATJC 

SD 

SI~ 
Se--+--L/ 

RI 
Re --r--t_../ 

RD 

,,..__ON 

LSR1 

NOMINAL 25°C, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

QOUTPUT FO = 1 FO = 2 

3000 TPLH 11.3ns 13.4 
Series TPHL 14.6 15.6 

5000 TPLH 4.4 6.0 
Series TPHL 5.8 6.5 

7000 TPLH 3.1 3.7 
Series TPHL 4.4 4.8 

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

FO = 3 FO = 4 FO = 8 

15.6 17.8 26.6 
16.6 17.5 21.5 

7.6 9.2 15.6 
7.2 8.0 10.9 

4.4 5.1 7.8 
5.1 5.5 6.9 

Z(Q, QN) = LSR1 (S1, S2, SD, R1, R2, RD)$ 

WORKSTRTION WC. DELRY 
LSI LOGIC CORP 

<RISE/fRLLl DRISY n MENTOR - 12.3/ 7.8 VRLID 10 

GATES 

4 

4 

4 

09/25/64 

LSR2 SRLATCH WITH COMMON 
GATED INPUTS,SD,RD 

SD 

LOGIC DIAGRAM G LSR2 

RD 

E:LE:CT'RICAL SCHEMATIC 

SD 

ON 

h-L--ON 

RD 

LSR2 

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

QOUTPUT FO = 1 FO = 2 

3000 TPLH 11.3ns 13.4 
Series TPHL 14.6 15.6 

5000 TPLH 5.5 7.2 
Series TPHL 6.9 7.7 

7000 TPLH 3.1 3.7 
Series TPHL 4.4 4.8 

INPUTLOADING: 3K (1, 1, 2, 1, 1) 
SK (1, 1, 2, 1, 1) 
7K (1, 1, 2, 1, 1) 

FO = 3 FO = 4 

15.6 17.8 
16.6 17.5 

8.8 10.4 
8.4 9.1 

4.4 5.1 
5.1 5.5 

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

WORK5TRTION WC. DELAY LSI LOGIC CORP 

<Rl5E/fRLLJ DAISY n MENTOR= 6.5 I 10.3 VALID= 10 

FO = 8 GATES 

26.6 4 
21.5 

16.9 4 
12.0 

7.8 4 
6.9 

09/CS/84 
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LSl DLATCH WITH SCAN TEST INPUTS 
CLSSD) 

DI§ Cl 
D2 
C2 

LOGIC DIAGRAM 

Cl LS! 
D2 

ON 
C2 

ELECTll I CAL SCHEMRTI C 

.-~~~~~~..-~ON 

LSl 

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

Q1 OUTPUT FO = 1 FO = 2 

3000 TPLH 9.7ns 10.5 
Series TPHL 7.6 7.9 

5000 TPLH 5.5 6.4 
Series TPHL 8.9 9.2 

7000 TPLH 4.2 4.6 
Series TPHL 3.2 3.4 

INPUTLOADING: 3K (1,2,1,2) 
5K (1, 2, 1, 2) 
7K (1, 2, 1, 2) 

FO = 3 FO = 4 

11.4 12.3 
8.3 8.8 

7.2 8.0 
9.6 9.9 

5.0 5.4 
3.5 3.7 

Z(Q, QN) = LS1 (DI, Cl, 02, C2)$ 

WORKSTRTJON WC. DELRY LSI LOGIC CORP 

<RISE/fRLLJ DRISY o MENTOR ·11.5/ 9.5 VALID· 11 

FO = 8 GATES 

16.0 6 
10.8 

11.4 6 
11.3 

7.0 6 
4.4 

lil9/25/84 

LS2 DLATCH INTO DLATCH WITH 
SCAN INPUTS CLSSD) 

LOGIC DIAGRAM 

ELECTRICAL SCHEMATIC 

LS2 

DI 
Cl 
De 
C2 

.---~~~~~--.~-02 

02N 

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

Q1 OUTPUT FO = 1 FO = 2 

3000 TPLH 12.8ns 13.4 
Series TPHL 9.3 9.5 

5000 TPLH 6.7 7.5 
Series TPHL 8.3 8.6 

7000 TPLH 3.7 4.1 
Series TPHL 2.9 3.1 

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

FO = 3 FO = 4 FO = 8 

14.3 15.1 18.9 
9.9 10.3 12.3 

8.3 9.1 12.4 
8.9 9.2 10.4 

4.5 5.0 6.6 
3.2 3.4 4.2 

Z(Q1, Q1N, Q2, Q2N) = LS2 (D1, C1, 02, C2, C3)$ 

WORKSTRTJON WC. DELRY 
LSI LOGIC CORP 

<RJSE/fRLLl DAJSY o MENTOR· 14.0 / 10.6 VALJD le 

GATES 

9 

9 

9 

09/25184 
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MUX21L MUX21L 
INVERTING GATE MULTIPLEXER 

LOGJC D!RGRRM ELCC TR I CRL SCHEMRTI C 

TGMI 

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

FO = 1 FO = 2 

3000 TPLH 4.8ns 5.2 
Series TPHL 4.7 S.1 

sooo TPLH 2.9 3.2 
Series TPHL 2.8 3.0 

7000 TPLH 2.0 2.1 
Series TPHL 1.6 1.7 

INPUT LOADING: 3K (2.9, 2.9, 2) 
SK (4.9, 4.9, 2) 
7K (4.7, 4.7, 2) 

FO = 3 FO = 4 

5.7 6.2 
s.s 6.0 

3.5 3.8 
3.1 3.3 

2.3 2.4 
1.8 1.9 

Z=MUX21L(A,B,S)$ 

WORKS TAT I ON WC. DELAY 
LSI LOGIC CORP 

<RISE/FALLl DR I SY n MENTOR 6. 7 I 6.2 VRLlD 

FO = 8 GATES 

8.3 3 
8.0 

4.9 3 
3.9 

2.9 3 
2.3 

09/CS/84 

MUX21LA Two to One Transmission MUX21LA 
Gate Multiplexer, Inverting output 

~N~z 
A 

SN 

NOMINAL 2s0 c, sv PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 

3000 TPLH S.5ns S.9 
Series TPHL 4.7 4.9 

sooo TPLH 2.3 2.7 
Series TPHL 2.3 2.S 

7000 TPLH 1.3 1.5 
Series TPHL 1.S 1.6 

INPUT LOADING: 3K (1, 2.9, 1, 2.9) 
SK (1, 4.5, 1, 4.S) 
7K (1, 4.3, 1, 4.3) 

FO = 3 FO = 4 

6.5 7.0 
S.2 S.4 

3.1 3.S 
2.6 2.8 

1.7 1.9 
1.7 1.7 

Z = MUX21LA(SN, A, S, B)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK 1 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

VALID 

LSI LOGIC CORPORATION• COPYRIGHT 1981,1982,1983,1984 

FO = 8 GATES 

9.0 2 
6.6 

S.2 2 
3.4 

2.7 2 
2.1 

DAISY I MENTOR 

4.2 I 4.2 
4.5 4.5 

MAY, 1984 
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MUX41 4 Bit Non-inverting Mux MUX41 
(7k only) 

OOD m 
00 z 

00 

A 

FUNCTION 

A 

DO 
D1 
D2 
D3 

(7k only) 

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

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

7000 TPLH 
Series TPHL 

2.7ns I 2.9 
3.9 4.0 

3.3 
4.2 

INPUT LOADING: 7K (3.4, 3.4, 3.4, 3.4, 3, 2) 

4.1 
4.5 

Z = MUX41 (DO, D1, D2, D3, A, 8)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATABOOK l 

5.7 
5.3 

6 

WORST CASE COMMERCIAL DELAYS 
VALID DAISY MENTOR 

BASED UPON FO = 2 WITH TPLH 7.0 7.0 
STATISTICAL WIRE LENGHTS TPHL 6 5.0 5.0 

LSI LOGIC CORPORATION© COPYRIGHT 1981, 1982, 1983, 1984 JULY, 1984 

MUX81 8 Bit Non-inverting Mux MUX81 
(7k only) (7k only I 

DO 

D1 FUNCTION 

D2 

D3 

D4 

DS 

D6 

D7 

A B C 

A 

DO 
D1 
D2 
D3 
D4 
DS 
D6 
D7 

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

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

7000 TPLH 4.2ns 4.4 4.8 5.6 7.2 12 

Series TPHL 5.6 5.7 5.9 6.3 7.2 

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

Z = MUX81 (DO, D1, D2, D3, D4, D5, D6, D7, A, B, C)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE DATASOOK] 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

VALID 

LSI LOGIC CORPORATION© COPYRIGHT 1981,1982,1983,1984 

DAISY 

9.7 
7.5 

MENTOR 

9.7 
7.5 

JULY, 1984 
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ND2 ND2 ND3 ND3 

!!NAND 3NAND 

lOG!C DJRGBRM ELECTRICAL SCHEMATIC 

LOG! C DJ AGRAM ElECTR l CAL SCH CM AT l C 
-----

c B A 

~=[Y-z 

B A 

~ 
~::[)-z ~( H{ bl z 

;~ 
NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS NOMINAL 2S°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8T GATES FO = 1 FO = 2 FO = 3 FD= 4 FO = 8 GATES 

3000 TPLH 4.3ns S.1 6.0 7.0 10.7 3000 TPLH 4.7ns S.6 6.5 7.4 11.1 2 
Series TPHL 3.S 4.2 4.9 S.6 8.S Series TPHL s.o S.9 6.8 7.8 11.7 

sooo TPLH 2.3 3.2 4.0 4.8 8.1 sooo TPLH 3.0 3.8 4.7 S.S 8.8 2 
Series TPHL 1.2 1.7 2.2 2.7 4.7 Series TPHL 2.0 2.7 3.4 4.1 7.0 

7000 TPLH 1.4 1.8 2.2 2.6 4.1 7000 TPLH 1.7 2.1 2.4 2.8 4.4 2 
Series TPHL 1.0 1.3 1.S 1.8 2.9 Series TPHL 1.S 1.9 2.3 2.6 4.2 

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

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

Z = ND2 (A, 8)$ Z = ND3 (A, B, C)$ 

09/25/84 WORK5TRTI ON WC. DELRY 
LSI LOGIC CORP 

WORKSTRTJON WC. DELAY 
LSI LOGIC CORP 

09/25/84 

<Rl5E/f"RLL) DRI5Y o MENTOR 5.5 I 4.1 VRLID 4.2 (RJSE/f"RLLl DRl5Y o MENTOR= B.B I 12.0 YRLID = 11 
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ND4 ND4 

4NAND 

LOGIC DJAGRAM E:l.ECTR I CAL SCHCMATI C 

i3J-z 

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

FO = 1 FO = 2 

3000 TPLH 5.2ns 6.0 
Series TPHL 6.8 7.9 

5000 TPLH 3.3 4.1 
Series TPHL 2.7 3.6 

7000 TPLH 1.7 2.1 
Series TPHL 1.6 2.1 

INPUTLOADING: 3K (1,1,1,1) 
SK (1, 1, 1, 1) 
7K (1, 1, 1, 1) 

FO = 3 FO = 4 

6.9 7.8 
9.2 10.4 

4.9 5.8 
4.6 5.5 

2.4 2.8 
2.6 3.0 

Z = ND4 (A, B, C, D)$ 

WORKSTATION WC. DELAY LSI LOGIC CORP 

<RISUfRLLl DAISY n MENTOR 7.3 I B.8 VALID 8 

FO = 8 GATES 

11.5 2 
15.5 

9.1 2 
9.3 

4.4 2 
5.0 

09/25184 

ND6 

e 3NANDS INTO eNOR INTO 
INVERTER C6NAND> 

LOGJC DIAGRAM ELECTRICAL SCHEMATIC 

ND6 

l~z 
A 

~~z 

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

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GATES 

3000 TPLH 5.8ns 6.2 6.7 7.2 9.3 I 5 
Series TPHL 7.4 7.5 7.8 8.1 9.3 

5000 TPLH 4.4 4.9 5.3 5.7 7.4 1 5 
Series TPHL 5.5 5.7 5.9 6.1 6.7 

7000 TPLH 2.8 3.0 3.2 3.4 4.3 I 5 
Series TPHL 3.3 3.4 3.5 3.6 4.0 

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

Z = ND6 (A, B, C, D, E, F)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

09/25/84 

<RISE/fRLLl DAISY n MENTOR· 8.8/ 12.0 VRllD 11 
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ND8 

e 4NANDS INTO eNOR INTO 
INVERTER CBNAND) 

LOGIC DIAGRAM ELECTRICAL SCHEMATIC 

ND8 

!P-' !~' H 

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

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

3000 TPLH 6.2ns 6.6 7.1 
Series TPHL 8.5 8.7 9.0 

5000 TPLH 4.7 5.2 5.6 
Series TPHL 6.4 6.5 6.7 

7000 TPLH 3.0 3.2 3.4 
Series TPHL 3.7 3.8 3.9 

INPUTLOADING: 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) 

7.6 
9.3 

6.0 
6.9 

3.6 
4.0 

Z =NOS {A, B, C, D, E, F, G, H)$ 

WORKSTRTION WC. DELRY LSI LOGIC CORP 

<RISE/FALU DRISY 0 MENTOR= 9.e I le.8 VRLID = 11 

9.6 6 
10.4 

7.7 6 
7.7 

4.5 6 
4.5 

09/C5/84 

NRc NRc 

eNOR 

LOGIC DIAGRAM ELECT RI CAL SCHE:MATI C 

~=[>--z ~' 
NOMINAL 25°C, 5V PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = sJ GATES 

3000 TPLH 7.6ns 9.7 11.9 14.1 22.9 
Series TPHL 2.4 2.8 3.3 3.8 5.8 

5000 TPLH 3.4 5.0 6.6 8.2 14.7 
Series TPHL 1.0 1.3 1.6 1.9 3.1 

7000 TPLH 1.9 2.6 3.3 4.0 6.8 
Series TPHL 1.0 1.2 1.3 1.5 2.2 

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

Z = NR2 {A, 8)$ 

WORKSTRTION WC. DELRY LSI LOGIC CORP 
"9/25/64 

CRISE/rRLLl DR!SY o MENTOR= 9.4 I 3.1 VRLID = 6 
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N'R3 N'R3 N'R4 N'R4 

3NOR 4NOR 

LOGIC DIAGRAM ElECTR1CRL SCHEMRTJC 

toGIC DJRGRRM E:LECTRlCRL SCHSMRTIC 
D c B A 

c B A 

~=f)>--z 4 
l3>--z 41 

91 

~~ 
Y(~~z 

91 

HI 
~ ~ ~ 

y~ z 

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

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

3000 TPLH 12.0ns 15.2 18.5 21.7 34.9 2 3000 TPLH 15.1ns 18.2 21.4 24.5 37.3 2 
Series TPHL 2.5 3.0 3.4 3.9 5.9 Series TPHL 3.7 4.1 4.5 5.0 7.0 

5000 TPLH 5.9 8.3 10.7 13.1 22.8 2 5000 TPLH 8.2 11.4 14.6 17.9 30.8 2 
Series TPHL 1.0 1.3 1.6 1.9 3.1 Series TPHL 1.0 1.3 1.6 1.9 3.2 

7000 TPLH 3.3 4.3 5.3 6.3 10.4 2 7000 TPLH 4.7 6.1 7.5 8.8 14.3 2 
Series TPHL 1.2 1.4 1.6 1.7 2.4 Series TPHL 1.3 1.5 1.6 1.8 2.5 

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

Z = NR3 (A, B, C)$ Z = NR4 (A, B, C, D)$ 

WORK5TRTJON WC. DELAY 
LSI LOGIC CORP 

09/GS/84 WORK5TRTJON WC. DELAY 
LSI LOGIC CORP 

09125/84 

CRJSE/fRLLl DRl5Y o MENTOR= 16.0/ 3.5 VRLJD ~ 10 CRl5E/fR' Ll DRJSY o MENTOR ~ cl .6/ 3.5 VRLJD = 13 

Chapter 17: Macrocells 17-56 



NR6 

2 3NORS INTO 2NAND INTO 
INVERTER C6NOR> 

LOGJC DJRGRAM ELECTR I CRL SCHEMRTI C 

NR6 

j~z ~~z 
F 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

3000 TPLH 9.8ns 10.2 10.7 11.2 13.2 5 
Series TPHL 4.6 4.8 5.0 5.3 6.5 

5000 TPLH 7.2 7.6 8.0 8.4 10.1 5 
Series TPHL 3.5 3.6 3.8 4.0 4.6 

7000 TPLH 4.3 4.5 4.7 4.8 5.6 5 
Series TPHL 2.2 2.3 2.4 2.5 2.9 

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

Z = NR6 (A, B, C, D, E, F)$ 

WORKSTRTJON WC. DELRY LSI LOGIC CORP 
09/C5/84 

<RlSE/tRLLJ DRJSY o MENTOR= 13.2 / 7.8 VRLl D - 11 

NR8 

2 4NORS INTO 2NAND INTO 
INVERTER C8NOR) 

LOGIC DlAGRRM ElECTRJCAl SCHEMATIC 

!~, I~, 
H 

NR8 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 I FO = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

3000 TPLH 12.8ns 13.2 13.7 14.2 16.3 6 
Series TPHL 5.5 5.7 6.0 6.3 7.5 

5000 TPLH 9.3 9.7 10.1 10.5 12.2 6 
Series TPHL 3.4 3.6 3.7 3.9 4.6 

7000 TPLH 4.9 5.1 5.3 5.5 6.3 6 
Series TPHL 2.2 2.3 2.4 2.5 2.9 

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

LSI LOGIC CORP WORKSTATION WC. DELRY 09/25184 

CRJSE/FRLL) DRISY o MENTOR 16.7/ 7.8 VRLJD = 12 
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osce 
COMPLETE OSCILLATOR 

FOR USE WITH EXTERNAL XTAL 

LOGIC DlAGRRM E:LE:CTRICAL 5CHE:MATIC 

"~" 
INPUT 

'PROH:CTJON 

l!lUf OSCBCB 

ZI 

osce 

zx 

Zl 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

C = 1 SPF C = SOPF C = 85PF c = 100PFT GATES 

3000 TPLH 10.3 12.6 15.0 16.0 
Series TPHL 14.2 18.4 22.5 24.3 

5000 TPLH 5.2 6.9 8.5 9.2 I 0 
Series TPHL 5.4 7.1 8.8 9.5 

7000 TPLH 4.8 5.5 6.2 6.s I 0 
Series TPHL 6.0 7.6 9.2 9.9 

Z(ZX, ZI) = OSC2 (A)$ 

07105/84 WORKSTRT I ON WC. DE:lAY 
LSI LOGIC CORP 

<RISE:!rAlLl DAISY o MENTOR= 7.8 I 10.4 VALID= 13 

RAM1 DLATCH,.GATED RAM1 
WITH ADDED TRISTATE OUTPUT 

lOGIC DIRGRRM 

,---

~ 
---1D 

___,'" ZN 

--tj WBN ON 

RRMI 

E:LECTRICAL SCHEMATIC 

·~:~~" 
ON RD 

NOMINAL 25'C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

RD TO ZN OUTPUT FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

3000 TPLH 5.3ns 5.7 6.3 6.8 8.8 4 
Series TPHL 5.3 6.1 7.0 7.8 11.3 

5000 TPLH 2.7 3.5 4.3 5.2 8.4 4 
Series TPHL 1.5 2.0 2.4 2.9 4.9 

7000 TPLH 1.8 2.0 2.1 2.3 3.1 4 
Series TPHL 1.0 1.4 1.7 2.0 2.3 

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

Z(ZN, QN) =RAM 1 (D, WR, WRN, RD)$ 

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

<RISE/rRlLl DAISY o MENTOR = 5.6 I 4.5 VAll D = 5 
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SCHMDT1 SCHMDT1 

INPUT PAD WITH SCHMDT TRIGGER 

LOGlC DIRGRRM 

A D---C>---z 
STJ 

ELECTRJCRL SCHEMRTH 

~z 
LJ ~·~ INPRD 1 ST! 

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

FD= 1 FD= 2 FD= 3 FD = 4 FD= 8 GATES 

3DDD TPLH 11.6ns 12.D 12.5 13.D 15.1 3 
Series TPHL 17.4 17.6 17.9 18.2 19.3 

5DDD TPLH 4.5 4.9 5.3 5.8 7.4 3 
Series TPHL 7.1 7.3 7.5 7.7 8.3 

7DDD TPLH 3.1 3.3 3.5 3.7 4.5 3 
Series TPHL 4.3 4.4 4.6 4.7 5.1 

Z = SCHMDT1 (A)$ 

WORK5TRTION WC. DELRY 
LSI LOGIC CORP 

09/CS/84 

CRJ5E/FRLL) DRJ5Y n MENTOR = 8.5 I 14. 1 VRLJD = 12 

SCHMDTc 
INPUT PAD WITH 

INVERTING SCHMDT TRIGGER 

LOGIC D!RGRRM 

A[HPa-z 
STI 

ELECTR!CRL SCHEMRTJC 

SCHMDT2 

A Z ~ ' ' 
IN'PRD ST! lVP 

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

FD = 1 I FD = 2 I FD = 3 I FD = 4 I FD = 8 I GA TES 

3DDD TPLH 2D.6ns 21.D 21.5 22.D 24.1 l 4 
Series TPHL 14.D 14.2 14.5 14.8 15.9 

5DDD TPLH 8.6 9.D 9.4 9.8 11.s T 4 
Series TPHL 5.5 5.7 5.8 6.D 6.6 

7DDD TPLH 5.4 5.6 5.8 6.D 6.8 I 4 
Series TPHL 3.8 3.9 4.D 4.1 4.5 

Z = SCHMDT2 (A)$ 

WORKSTATION WC. DELAY 
LSI LOGIC CORP 

09125/84 

CRJS[/rRLLl DAISY o MENTOR= 17.2 / 10.4 VALID 14 
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SR84 
C5K ONtYl 

8 BIT SHIFT REGISTER 
WITH E BIT MULTIPLEXED INPUTS 

ttE:TWORK SCHSMATIC tOGIC DIRGRAM ------- ----
i SI -f 

QA 

: QB ROE 0 ON : 

:-T-----T-----------r-1------------: 

~-rfDED : 
G-1- - I ------ - - - - -=Yac 

'~ ~~; :.: ~~~ 
G ,,_________, J I - - -- JJ_ -- - --~OH 0--- - -- - -- : 

".~n~lrn 
~~CPN----'-­

Cf -----y" 

SR84 EXAMPLE 

Z (QR, QB, QC, QD, QE, QF, QG, OH)~SR84(S!, R, B, C, D, E, F, G, 

H,L,CP)$ 

LSI LOGIC CORP 
GATES USED • 60 

SR64 
SI 

SR84 
CSK OtttYl 

QA 

QB 

QC 

OD 

QE 

ar 
QG 

QH 

09/0V63 

ST 

INVERTING SCHMIDT TRIGGER 

FOR INTRACHIP WAVE SHAPING 

LOGIC DIAGRAM ElECTRlCRl SCHEMRTJC 

R --1/t>o---z R ----!P---[>o-Z 

ST ST1 l VP 

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

I FO = 1 FO = 2 FO = 3 FO = 4 F0 = 81 GATES 

3000 TPLH 9.4ns 11.5 13.6 15.8 24.6 I 2 
Series TPHL 4.3 4.9 5.6 6.3 9.2 

5000 TPLH 6.8 7.2 7.6 8.0 9.7 I 4 
Series TPHL 4.2 4.4 4.5 4.7 5.3 

7000 TPLH 4.3 4.5 4.7 4.9 5.7 I 4 
Series TPHL 3.1 3.2 3.3 3.4 3.8 

INPUT LOADING: 3K (2) 
SK (2) 
7K (2) 

Z =ST (A)$ 

WORK5TRTION WC. DE:LRY LSI LOGIC CORP 

ST 

09/25184 
<RJSL/fRLL) DRJSY o ME:NTOR ~J3.6/ 8.0 VRLJD 11 
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STl 

NON INVERTING SCHMDT TRIGGER 
IN FOR INTRACHIP WAVE SHAPING 

LOGIC DJRGRRM 

STI 

R--\Jt>-z 

ELECTRICAL SCHEMRTI C 

STI 

A--\Jt>-z 

STl 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FD = 1 I FD = 2 I FO = 3 I FO = 4 I FO = 8 I GA TES 

3000 TPLH 7.7ns 8.1 8.6 9.1 11.2 3 
Series TPHL 12.8 13.0 13.3 13.6 14.7 

5000 TPLH 3.2 3.6 4.0 4.5 6.1 3 
Series TPHL 5.3 5.5 5.7 5.9 6.5 

7000 TPLH 2.4 2.6 2.8 3.0 3.8 3 
Series TPHL 3.2 3.3 3.5 3.6 4.0 

INPUT LOADING: 3K (2) 
SK (2) 
7K (2) 

Z = ST1 (A)$ 

WORK5TRTJON WC. DELRY 
LSI LOGIC CORP 

09/25/84 

<RJ5[/f"R1.Ll DRl5Y n MENTOR 6. l I 10.4 VRLID 8 

TLC HT 
INPUT PAD WITH BUFFER 

FOR TTL INPUT 

LOGIC DIAGRAM 

~z 
ELECTRJCRL SCHEMRTJC 

lN'PUT 
PROTECT I ON 

TLCHT 

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

FO = 1 FO = 2 FO = 3 FO = 4 FO = 8 GATES 

3000 TPLH 3.8ns 4.1 4.6 5.1 7.2 0 
Series TPHL 5.2 5.3 5.5 5.7 6.7 

5000 TPLH 2.3 2.5 2.8 3.1 4.1 0 
Series TPHL 3.9 4.0 4.1 4.2 4.7 

7000 TPLH 3.0 3.1 3.2 3.3 3.7 0 
Series TPHL 4.3 4.3 4.4 4.5 4.8 

INPUT LOADING: 3K (5) ONE 1/0 CELL 
SK (5) 
7K (5) 

Z = TLCHT(A)$ 

WORK5TRTJ ON WC. DELRY 
LSI LOGIC CORP 

09125184 

CRl5L!f"RLLJ DAISY n MENTOR= 3.5 I 7.0 VRLID 5 
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TLCHTI TLCHTI 

BUffER fOR BIDIRECT TTL INPUT 

LOGIC DJAGRAM 

A --{>-[>o-z 

r:u:cTRJ CAL 5CHEMRTl [ 

A --{>-[>o-z 

NOMINAL 25°C, SV PERFORMANCE WITH STATISTICAL WIRE LENGTHS 

FO = 1 FO = 2 FO = 3 FO = 4 FO = 81 GATES 

3000 TPLH 3.4ns 3.8 4.3 4.8 6.9 T 2 
Series TPHL 6.3 6.7 7.1 7.6 9.6 

5000 TPLH 1.6 2.0 2.4 2.9 4.6 I 3 
Series TPHL 2.7 3.0 3.3 3.6 4.7 

7000 TPLH 1.3 1.5 1.7 1.9 2.7 I 3 
Series TPHL 1.6 1.8 2.0 2.2 2.9 

INPUT LOADING: 3K (3) 
SK (3) 
7K (3) 

Z = TLCHTl(A)$ 

WORKSTRTJON WC. DELAY 
LSI LOGIC CORP 

09/25/64 

<RJS[!f"RUl DRJSY o MENTOR = 3. 8 I 8. 7 VALJD = 5 

TLCHN 
(7konly) 

A 

Inverting Input Pad 

With Buffer For TTL Input 

INPUT 
PROTECTION 

TLCHN 
(7k only) 

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

FO = 1 FO = 2 FO = 4 FO = 8 

7000 TPLH 3.0ns 3.2 4.5 5.5 
Series TPHL 2.4 2.5 2.9 3.3 

INPUT LOADING: 7K (5) 

Z = TLCHN(A)$ 

FIXED DELAYS [ WORKSTATION SOFTWARE D,TABOOK I 

WORST CASE COMMERCIAL DELAYS 
BASED UPON FO = 2 WITH 
STATISTICAL WIRE LENGHTS 

TPLH 
TPHL 

VALID 

LSI LOGIC CORPORATION• COPYRIGHT 1981, 1982, 1983, 1984 

FO = 16 GATES 

6.1 0 
3.5 

DAISY I MENTOR 

4.4 I 4.4 
S.6 5.6 

JULY, 1984 
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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.l. 

1. 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 LOS 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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18-2 

CB4C8 4 BIT BI NARY UP COUNTER 

FAST, SYNC CLEAR 0 

NEHDRK SCHEHATI C E) 

CP CL 

AON 

BON 

CON 

DON 

CB4C EXAMPLE 
Z <AON, BON, CON, DON> ,. Cl4C (CL, CP > S 8 

GATES USED • 43 Ci) 
LSI LOGIC COIF 

Figure 18.1 
Model for CB4C Macrofunction 

CMOS Macrocell Manual 

CB4C 

0 
LOGIC DIAGRAM 

CB4C 

AON 

BON 

CON 

DON 

CL 

11/11/13 



CB4C 4 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

NETUDRK SCHEMATIC 

CL 

AON 

BON 

CON 

DON 

C84C EXAMPLE 
Z<AON,BON,CON.DON>=CB4C!CL,CPlS 

LSI LOGIC CORP 
GATES USED • 43 

CB4C 

LOGIC DIAGRAM 

C84C 
I 

AON 

BON 

CON 

DON 
I 

r I 

U/19/83 

C'B4F 4 BIT BINARY UP COUNTER CB4F 

FAST, INOIVIOUAL CO so 
NETWORK SCHEMATIC 

h ~ LOGIC DIAGRAM 

ACD o !!!ti I c ASD 

CBH 
AON ACD 

BCD 

CCD 

BCD BSD 
DCD 
ASD 
BSD 

BON 
CSD 

1 " .. ~f?&l 
DSD 

c CSD 

' ' 
_ _., 

' ' ' I I-......._~ CON 

DCO>-~~~~~~~<F uil:I I c DSD 

DON 

CBH EXAMPLE 
Z<ADN.BON.CDN.DON)=C84F(CP.ACD.eca.cca.aco. 
Aso.esa.cso.oso>s 

LSI LOGIC COii' 
GATES USED = 47 

AON 

BON 

CON 

DON 

IZ/21113 
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CBSF 5 BIT BINARY UP COUNTER CBSF 

FAST, INDIVIDUAL CD SD 
CP >---+----. NET YORK SCHEHATI C 

ACO ) I ct: ~·I cASO 

r---0('" AON 

BCD ) I I ct: 

CCD ) I I I ct: 

ECO ) I I I dC' 

:;:11== .... 

CATES USED = 6 I 

'"'b I <BSD 

BON 

~ I < CSD 

CON 

tnb I <DSD 

DON 

LOCI C DI AGRAM 

CB5F 

ACO AON 
BCD 
CCO BON 
DCO 
ECO 

CON 

ASD DON 
BSD 
CSD EON 
DSO 
ESD 

CB5F EXAMPLE 
ZCAON,BON,CON, 
DONrEONl= 
CB5FCCPrACDr 

"""1 <Esa eca,cca.aca. 

LSI LOGit CORP 

ECD,ASD,BSO, 
EON CSDrDSDrESO)S 

04/18/84 

CB5C 5 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

CB5C 

CP~ 

KETWORK SCHEMATIC 

.-----c<'."j I 1 1 11 , AON LOGIC DIAGRAM 

,. .... m 
:;;: .... 

GATES USED • 59 

EfON> 

BON 

CON 

ONI 

EON 

LSI LOGIC CORP 

CBSC 

CL 

AON 

BON 

CON 

DON 

EON 

CBSC EXAMPLE 
ZCAQN,BQN,CON, 
DON.EON>= 
CBSC<CLrCP>S 

83/14113 
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CBGC 6 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

NETWORK SCHEHATJC 

AON BON CON DON EON 
CL 

SEE case 
CP 

CBGC 

FON 

LOG! C DI AGRAM 

CBGC EXAMPLE 

CBGC 

CL 

AON 

BON 

CON 

DON 

EON 

FON 

Z { AON , BON, CON , D ll N, EON , FllN) = C 86 CC CL, C Pl S 
LSI LOGIC CORP 

GATES USED • 70 03/14/83 

CBGF 6 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

NETWORK SCHEMATIC 

ASO BSD 

SEE CBSF 

CP 

ACD BCD CCD DCD ECO 

CBGF 

FSD FON 

LOGIC DI AGRAM FCD 

> CB6F 

ACD AON 
BCD 
CCU BON 
UCO 

CON ECO 
FCD DON 
ASD 
BSD EON 
CSU FON OSD 
ESO 
FSD .___ 

GATES USED • 7' 

CB6F EXAMPLE 
ZCAllN,BQN,CON,OQN,EON,FllN)= 
CB6FCCP.Aca.eca.cco.aco,Eco. 
FCO,ASD.BSD,CSD,OSD,ESD,FSD>S 

LSI LOGIC CORP 
13/11183 

Chapter 18: Macrofunctions 18-5 



CB7C 7 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

NETMDRK SCHEMATIC 

CB7C 

LOGIC DIAGRAM 
!;i ~ > 

~ CB7C 
"" ... ~ AnN ,., ,., 
n 

Ii BQN ... 
"' ~ C> n 

~ CON 

OQN ... 
CJ 

"' EON 

FON 

6DN 
CL 

FQN 

CQN 

CB7C EXAMPLE 
ZIAQN,BQN,tQN,DON,EON.FQN,GQNl=CB7CCCL,CP>S 

LSI LOGIC CORP 
CATES USED = es 03/14183 

CB7F 7 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

CB7F 

IETVDRK SCHEMATIC 

~ 
n -.. 

ID 
n .. ... ,., 
n ,., 
.... .. n 

~ .., .. 
n .. 
,., 
:;: 

>: !! !:! ~ 

a> I I I I d 

a 
:;:>-~~~~~~~~~--a 

LOGIC DIAGRAM 

> !... CB7F "' -
l\LU AON 
BCD 
cco BON 
DCO CON ECD 
FCD DON 
CCU 

EON ... ... ASD 

"' BSD FON 
CSD ... CON 

~I <:i 

~ CB7F EXAMPLE 

~I <:: 
.... 
~ 

ZIAQN,BQN,CQN, 
DON,EON,FQN, 
GONI =CB7FI CP, 
Aco.eco.cco. 
DCD,EC:O,FCO, 
Gco.Aso.eso . 
cso.oso.Eso. 
FSO.GSDIS 

LSI LOGIC CORP 
5ATES USED • 12 U/11113 

Chapter 18: Macrofunctions 18-6 



CBBC 8 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

NETWORK SCHEMATIC 

CBBC 

LOGIC DIAGRAM ---

n n CBSC .. ... > 
~ 

"' 
AON 

er 
::: - BON ... n 
n ~ CON ~ 

"' n 
"' .. DON 
... 
"" EON .. 
... FON "' "' ... .... CON ... ~ 

"' .... CL NONI 

:c 
~ 

::;: 

CBBC EXAMPLE 
Z < AON, BON , CON, DON , EON , FON , G ON , HON) = C BBC ( CL, C P) S 

LSI LOGIC CORP 
GATES USED • 99 03I14 /8 3 

I 

CBBF B BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

CBBF 

IETWORK SCHEMATIC 

> :;: 
ID 
n .. 
... 
n .. .. 
n .. 
... 
:;: 

I ~ 

!;: 

... 
::: ... 
m ... ... 

g> I I I I q 

:c 
:;:> I I I I q 

GATES USED • 117 

1:; 
> .. 
~ 

"' ... .. 
:;: .. 
:;: .. 
... ... 
"' 

LSI LOGIC CORP 

LOGIC DIAGRAM 

CBBF 

ACD AON 
BCD 
CCD BON 
DCD CON ECO 
FCD DON 
GCD 
HCD EON 

ASD FON 
BSD 
CSD GDN 

DSD HON 
.... 

~" "' SD .. 
.... GSD 
~ SD 

::;: CBBF EXAMPLE 
"' 
~ ZCAQN,BON,CQN, 
"" DON,EON.FON,GON, 

HON> =CBBFC CP, 
:c Aca.eca.cca.aca, 
~ ECD.FCDrGCO.HCDr 
~ Asa.esa.cso.osa. 
• Eso.rsa.cso.Hsa>s 

11/11113 
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CB9C 9 BIT BI NARY UP COUNTER CB9C 

FAST, SYNC CLEAR 
NET~DRK SCHEMATIC 

!;: n 
I'""> 

"' -m 

"' "' ... 
'" ... n 

"' n -... ... 
"' n : 
,., 
: 
.,, 
"' ... 
"' "' -

'" :c .,, 
"' en -.... 

"' . 

LDGI C DI AGRAM 

CB9 C 

' AON 

BON 

CON 

DON 

EON 

FnN 

GON 

HON 

CL 
I ON 

CB9C EXAMPLE 
Z<AQN,BDN,CQN,DQN,EQN,FQN,GQN,HQN,JONl=CBSC<CL,CP>S 

LSI LOGIC CORP 
GATES USED = 114 03/14183 

CB9F 9 BIT BIN ARY UP COUNTER CB9F 

FAST, INDIVIDUAL CD SD 
NETWORK SCHEMATIC 

> !;J :;: > : 
m 
n m "' "' z 
n 
:;: ... n 

'" "' "' 
z 

"' n n .. .. ... ... : .,, 
'" n '" .. : .,, 
n 

"' 
.,, 
0 .. 

"' :;: 
:c 
n ~ .. en .... 
~~ ,,..-, !:? = 

n~ .. LlkJ ~J~~I 

= "' "' 

-
<"' C> 

"' .. 

LDGI C DI AGRAM 

CB9F 

ACO AON 
BCD 
cco BON 

oco 
CQN 

ECO 
FCD DON 
GCO 
HCO EON 

I CO 
FON 

ASO 
BSD GON 

cso HON 
DSD 
ESO ION 
FSD 
GSD 
HSD 
ISO .__ 

CB9F EXAMPLE 
Z<ADN,BQN,CQN,DDN,EQN,FON,GON,HON,JON>=CB9F<CP, 
Aca.eco.cco.oca.ECD.FCD.6CD.HCO.ICO. 
AS0.eso.cso.osa.ESO.FSD.6SD.HS0.1SD>S 

LSI LOGIC CORP 
GATES USED • 123 D3/l l/B3 
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CB l 0 C I 0 BI T BI NARY UP C 0 UN TE R CB I O C 
FAST, SYNC CLEAR 

NETMDRK SCIEHATIC 

n " ... .. ,. 
:: 
ID 
Cl -n 
Cl -... .. ... ... Cl -n 

:: ... .. n -.., .. -., 
Cl • .. 
Cl -

!:: -.. 
n -... 

CBIOC EXA"PLE 
Z<AON,BON,CQN,OON,EQN,FON,CQN, 
HQN,ION,JONl=CBIDC<CL,CPll 

.. 
Cl -

LSI LOGIC CORP 
GATES 15£1 • 121 

LOGIC DIAGRAM 

CBIDC 

ADN 

BON 

CON 

DON 

EON 

FON 

GON 

HON 

I ON 

JON 
CL 

03111/83 

CBtOF I 0 BIT Bl NARY UP COUNTER CBlOF 

FAST, IND I VI DU AL CD SD 
NETWORK SCHEMATIC LDCIC DIACRAH 

> n n ... .. 
ID 
n .. 
n 
n .. ... ... ... .. 
n n .. :: .., ... 
:;: 
.., 
:;: 

"' n .. .. 
!::: n .. 

:;: ) I I I Id 

.. :;:>-----------a 

GATES USED • 131 

> ... .. 
.... ... .. .. 
"' .. 
... ... .. 
.., ... .. 
"' ... .. 

:=I c:: 

:: 

CBIOF 

ADN 

llDN 

CDN 

DDN 

EDN 

FON 

GON 

HON 

ION 

JON 

ClllF EXAMPLE 
Z<ADN,BON,CIN,OON,EON, 
FDN,GONoNDN,ION,JONl 
•CBllFCCP,ACDoBCB, 
cco.acD.ECD.FCD.GCD. 

~I c:O: ICD,ICD,JCB,ASD.ISD, 
.. cso.aso.Esn.Fsu.Gsu. 
t... NSD,158,JSDll .. -

LSI LOllC CIJllP 
II/I I /13 
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CB 4 t 4 BIT BINARY UP COUNTER, CB 4 t 
EXPANDABLE ENABLE CLEAR DIRECT 

NETMORK SCHEMATIC 

~:: I I I I I I I I I I I I I I I 

Cl 

DA OB 

LOCI C 01 AGRAM OUTP 
DA OB DC DO 

0 0 0 0 
CB 4 l DA I 0 0 0 

0 I 0 0 co 
OB 

Cl DC 

DD 

co co 

CB41 EXAMPLE 
z < o A, a a , o c , oa , co i =ca 4 1 < c P , c 1 , ca> s 

LSI LOGIC CORP 
GATES USEO • 4Z OZ/0 I /83 

CB42 4 BIT BINARY UP COUNTER, CB42 
EXPANDABLE ENABLE SYNC CLEAR.CD 

LOGIC DIAGRAM 

Cl 

CL 

CB4 2 DA 

co 

n 

"' 

DB 

DC 

no 
co 

NETMORK SCHEMATIC 

!:! ~ ~ 

~ ( I I I o< t-+--+----' 

:; ( I I I I o< t-i-+------' 

~( I , , , I o< I--+---<---~ 

CB42 EXAMPLE LSILOGICCORP 

n ,... 

Z C QA, OB, QC, OD, CD) =CB 4 2 < CP , CI , CL, CD) S 
GATES USED = 4' 

02/01/83 
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CLA1 CLAI 
CARRY LOOK AHEAD FOR 4 BIT ADDER 

(LEAST SIGNIFICANT NIBBLE> 
NETMORK SCHEMATIC 

[0, "' a 

~~; ' 1 fj 

~---+-+----1--1 :>o------;. GD 

~l; I I fj 
~I I ll~GI 

;g 1. I 1R 

CLAl EXAMPLE 

C4 

LOGIC DIAGRAM 

CLAI 
co 
AD 
BO 
Al 
Bl 
A2 

B2 

A3 

C4 

GD 

GI 

Z C C 4 , G 0 , G 1 l =CL A 1 ( CO , AO , B 0 , A I , BI , A2 , B 2 , A3 , B 3 l $ 

LSI LOGIC CORP 
GATES USED = 22 05/20/83 

CLA2 CLA2 
CARRY LOOK AHEAD FOR 4 BIT ADDER 

NETMORK SCHEMATIC 

CO>-~~~~~~~~~~~~~~~ 

~-------+--! »----+ GO 

~~~ 

C4 

~I~ t• DI I I l~GI 

~~; 1 ·11 II co 

CI 
"' 
A2 C4 

82 ~g t • D 
A3 

83 

CLA2 EXAMPLE 
Z ( G 0 , GI , C 4 > =CL A2 < CO , AO , B 0 , A 1 , B 1 , A2 , B 2 , A3 , B3 > S 

LSI LOGIC CORP 
GATES USED = 19 0~/21/83 
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CMP4 
4 BIT EQUALITY COMPARATOR 

LOGIC DIAGRAM 

AD 
CMP4 

ID 
Al 
II AEB 
AZ 
8Z 
A3 
13 

TRUTH TABLE 

1•0 l•I Z•Z 3•3 AEB 
I I I I I 
( All 0 

NETUORK SCHEMATIC 

AO~ 
80>----J. 

Al 
Bl 

CMP4 EXAMPLE 

CMP4 

AEB 

Z ( AE B) = C11P 4( AD , BO , A I , BI , A2 , 82 , A3 , 83 l I 

LSI LOGIC CORP 
GATES USED • 14 II/I I /13 

CMPB CMP8 
8 BIT EQUALITY COMPARATOR 

NETUORI SCHEMATIC 

LOGIC DIAGRAM 

AD CMP B 

BO 
Al 
Bl 
AZ 
B2 
A3 

AEB ---1 BS 
A4 AEB 

B4 
AS 
15 
... , 
" A7 
B7 

TRUTH TABLE 

D•O l•I 2•2 3•3 4•4 5•5 fi•fi 7•7 AEB 
I I I I I I I I I 

ANY 0 

Cl1PB EXAMPLE 
Z < AE 8 l =CM PB ( AO , B 0 , A I , 81 , A2 , 8 2 , A3 , B 3 , A 4 , 8 4 , AS , 8 5 , 

A6,BG,A7,87>S 

LSI LOGIC CORP 
GATES USED • 29 13/11/13 

Chapter 18: Macrofunctions 18-12 



CM3B 
HOOULO 3 BINARY COUNTER 

CLEAR DIRECT 

IETUDRI SCHEMA Tl C 

CP >--9-1> 

CD >-~~---~-+--<>--~~ 

LOCI C DI AGRAM 

CNH 
llA 

llAI 

Ill 

Cl 011 -

DAI llA llBN llB 

Cll3B E XAllPLE 
ZCDAoOANoOB,OBNl s Cll3BCCPoCOll 

GATES USU s IS 
LSI LIGIC 131' 

CM3B CM4B 
MODULO 4 BINARY COUNTER 

CLEAR DIRECT 

NETVOl!K 8Ct£MATIC 

: : I I I I I I 

LOGIC DIAGllRH 

CM4B 
DA 

DAN 

QB 

CD OBN 
-..---

ORN DA 

CM4B E:XAMPLE: 
ZCQA,QAN,QB,QBN) • CM4BCCP,CD)$ 

LSI LOGIC CORP 
U/11/U GATES USED - 18 

Chapter 18: Macrofunctions 18-13 

CM4B 

QBN QB 

• 
I I 

11?/fS/83 



CM4J 
MODULO 4 JOHNSON COUNTER 

CLEAR DIRECT 

NETUORK SCHEHATIC 

CP >--+-I> 

co ,__ __ __... 

LOGIC DI AGRAM 

~" ~ ~ 
DA 

DAN 

118 

co 1181 

1" 

DAN DA 

~ 
DBN DB 

CH4J EXAMPLE 
Z<DA,OAN,QB,QBN> = CH4JCCP.CO)S 

LSI LOGIC CORP 
GATES USED = IZ 

CM4J CMSB 

Cl' 

CD 

MODULO 5 BINARY COUNTER 
CLEAR DIRECT 

NETWORK SCHEMATIC 

QAN QA QBN QB 

LOGIC DIFl:ll!AM 

CH5B 

QCH QC 

OUTPUT 
QA QA QB QC 
QAN 

QB 

OBN 

QC 

CD QCN 

I 
1 
I 
1 
I 

• • 
I 
1 
I 

CM5B EXAMPLE 
ZCQA.QAN.aB.OBN.ac.acN) - CM5BCCP.CD)S 

LSI LOGIC CORP 

I 

I 
I 
I 
1 

U/11113 GATtS USED • 38 

Chapter 18: Macrofunctions 18-14 

CMSB 

lll!tes/83 



CMS SR MODULO 5 SHIFT COUNTER, 
CLEAR DIRECT 

NETWOTK SCHEMATIC LOCI C 01 AGRAM 

...... .. -

~ I I I - - I 
; : I l 

; : I I I I I 

~ : I I I 
n I 

CHSSR EXAMPLE 
Z<QA,QAN,QB,QBN,QC,QCNl 
•CH55R( CP .1:0) S 

LSI LOGIC CORP 

GATES USED•l9 

CM5SR 
DA 

DA 

co 

OAN 

OB 

DBN 

DC 

DCN 

OUTPUT 

DB ocl 

: I 

CHS SR 

I I 
I I 

U/11113 

CM6B 
MODULO 6 BINARY COUNTER 

CLEAR DIRECT 

NETWORK SCHEMATIC 

: ~ I I 11 I I 11 I l 

DAil QA QBH QB 

LOGIC DIRGllRM 

l CM6B QA 

QAN 

QB 

QBN 

QC 

QCN co 

QCN QC 

OUTPUT 
QA QB QC 

B e B 

I e B 
B I B 
I I B 
B e I 
I e I 

CMSB EXAMPLE 
Z(QA,QAN,QB,QBN,QC,QCNJ - CM6BCCP,CD)$ 

LSI LOGIC CORP 
GATES USED - 31 

Chapter 18: Macrofunctions 18-15 

CM6B 

eue5193 



CHGJ 
MODULO 6 JOHNSON COUNTER 

CLEAR DIRECT 

NETWORK SCHEMATIC 

CP >---r-1> 

co >-~~--'~-+-t-~--'~-+-+-~--' 

LOCI C DI AGRAM 

CN'J 

CD 

DA 

DAN 

DB 

OBN 

QC 

DCN 

DAN DA DBN OB DCN DC 

OUTPUT 
DA DB DC 
0 D D 
I D D 
I I 0 
I I I 
0 I I 
0 0 I 

CHGJ 

CMliJ EXAMPLE 
ZIQA,OAN,QB,OBN,QC,QCNl=CMliJ!CP,COIS 

GATES USED. 11 LSILOGICCORP 83/11/13 

CM7B 
MODULO 7 BINARY COUNTER 

CLEAR DIRECT 

LOGIC DIAGRAM 

CM7B 
DA 
nAN 
OB 
DBN 
DC 

CD DCN 
...--

"' 

NETWORK SCHEMATIC 

n n ....... 

ii:; +-t---t--+-t-~ 
"' .. 

CH7B 

;:1111, 11 1...---.1~ 

"' : -: +-t-11-HI lt-+l-+-1 .-~· I 
" 

LSI LOGIC CORP 
CM7B EXAMPLE 

Z!QA,QAN,QB,QBN,QC,QCNI = CM7BICP,CD)S 
12125/83 

GATES USED • 31 
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CMBB 
HOOULO 8 BINARY COUNTER 

CLEAR DIRECT 

LOGIC DIAGRAM 

CHBB 
DA 
DAN 
DB 
DBN 
DC 

CD DCN 
"' ~ 
"' > 

NETWORK SCHEMATIC 

~~ 

CMBB 

; : 1111 ~· --' ~ 

~ : 11 I I 
n 

CHBB EXAMPLE 
zcoA.DAN.oe.aeN.oc.ncN> CHBBCCP,COlS 

LSI LOGIC CORP 
GATES USED • 25 12/25113 

CMBBR CMBBR 
HOOULO 8 BINARY 

RIPPLE COUNTER, CLEAR DIRECT 

NETWORK SCHEMATIC LOGIC DIAGRAM 

n 

"' !;-: 

~ ---t---t--t 

... 
n """ CIL:..s 

"' -----+----+---< .. 

:::-----~ 

8 

I 
z 
J 
4 
5 

' 7 

CHIBR 
DA 

DB 

co 
DC 

OUTPUT 
DA DB 

0 0 
I 0 
0 I 
I I 
0 0 
I 0 
I 0 
I I 

CHBBR EXAMPLE 
ZCQA,QB,QClzCMBBRCCP.CD>S 

LSI LOGIC CORP 
GATES USED • I' 

QC 
0 
0 
0 
0 
I 
I 
I 
I 

U/11113 
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CMBJ 
MODULO 8 JOHNSON COUNTER 

CLEAR DIRECT 

NETMDRK SCHEMATIC 

°Fo2°I I l0rn2° 

CMBJ 

~: : I I I I I I I I I I I I I I 

DAN QA DBN DB OCN QC DON OD 

LOCI C 01 AGRAM 

CHBJ OUTPUT 
DA QA DB DC DD 
DAN 0 0 D D 

OB I D D D 

CD OBN 
I I D D 
I I I D 

DC I I 1 1 

OCN D 1 1 1 

OD D D I I 

DON D D D I 

CMBJ EXAMPLE 
ZCQA,QAN,QB,QBN,QC,QCN,QD,QDNl=CMBJCCP,CDlS 

LSI LOGIC CORP 
CATES USED • 24 12121/83 

CMBSR MODULO 8 SHIFT COUNTER, 
CLEAR DIRECT 

NETUOTK SCHEMATIC LOCI C 01 AGRAM 

n n 
co .... 

~ : I I I I I 
"" 

~ : 11 I I I I 

co 
~ 

:; --+...------' 

CMBSR EXAMPLE 
ZCQA,QAN,QB,QBN,QC,QCNl 
=CMBSR< CP .cal s 

LSI LOGIC CORP 

GATES USED=22 

CHBSft 

DA 

0 

I 

0 

I 

I 

I 

D 

0 

co 

DA 

DAN 

DB 

DBN 

DC 

DCN 

OUTPUT 

OB 

D 

D 

I 

D 

I 

I 

I 

0 

QC 

0 

0 

0 

I 

0 

I 

I 

I 

Chapter 18: Macrofunctions 18-18 

CHBSR 

Dl/11/83 



CH9B 
MODULO 9 BINARY COUNTER 

CLE AR DI REC T 
NETWORK SCHEMATIC 

n n ..... 
LOGIC DIAGRAM 

CHIB 
DA 
DAN 

OB~ 
., .. 

OBN -.. 
DC .. 
OCN 
OD 

CD DON I .. .. -., ... 

~ : 11. 11 I I I I 

.. .. -., .. 
::: ii rui ~ -.. ... 

CH9B CM9BR 

CD 

QR 

QB 

QC 

OD 

MODULO 9 BINARY 
RIPPLE COUNTER~ CLEAR DIRECT 

NETWORK SCHEMATIC 

Cl' LOGIC DIAGRAM 

CM9BR 
QA 

QB 

-•CD 
QC 

OD 

OUTPUT 
QA QB QC OD 

CM9BR EXAMPLE 
ZCQA,QB,QC,QDl•CM9BRCCP,CDl$ 

LSI LOGIC CORP 

• 
1 

z 
3 

4 

5 
8 

7 

8 

• 
I 

• 
I 

• 
I 

• 
I 

• 

• • • • 
1 • 
1 • • I 

• I 

1 I 

1 I 

• • 1 

U/25/U 

) s 
flRTES U9£ll • £6 

Chapter 18: Macrofunctions 18-19 

CM9BR 

• • • • • • • • 

83118/83 



CH9SR MODULO 9 SHIFT COUNTER, 
CLEAR DIRECT 

IETWOTI SCHENATI C 

MM .... 

! : I I I I .. 

~ : I I I I I -
~ : I I .I I I I 

.. .. -.. .. 

CM95R EXA"PLE 
Z<QA,QAN,QB,QBN.OC.QCN.ao.nnNI 
=CM9SR<CP.CDll 

LSI LlllllC CW 

GATES USED•ZI 

LDG IC II AGUN 

CNISR 
DA 
DAI 
DI 

DH 

oc 
au 
OD 

011 

Cl r 
DUTPUT 

DA DI ac 

• I I 

I I I 
I I I 

I I I 

I I I 
I I I 

I I I 
I I I 

• I I 

CH9SR 

OD 

I 

I 
I 
I 

I 
l 

I 

I 

I 

II/II/II 

CM10B 
MODULO 10 BINARY COUNTER 

CLEAR DIRECT 

LOGIC DIAGRAM 

CHIDB 
llA 
llAN 
118 
llBN 
nc 
11CN 
no 

CD llDN 

.. .. -

NETUDRK SCHEMATIC 

MM ..... 

~ --------+-+---+--+-+----' 

CMlOB 

; ! Ir 111 I 11 ' 1 
.----.----+-. 

~ : I I, I 11 I 11 I I 

.. .. • 
"' .. .. .... - r n ..... .. .... 

LSI LOGIC CORP 
CM! OB EXAMPLE CATES USED • 41 02/25/83 

Z(QA,QAN.aB.OBN.ac.acN.no.aDN) = CMIOBCCP.CDIS 
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CMlOBR CMlOBR 
MODULO 10 BINARY 

RIPPLE COUNTER, CLEAR DIRECT 
NETWORK SCHEHATIC 

co 

DA 

DB 

QC 

OD 

GATES USED = 27 

CP LOGIC DI AGRAH 

CNl D BR 

DA 

DB co 
DC 

DD 

OUTPUT 
DA DB 

0 0 0 
I I D 
2 D I 
3 l I 
4 D D 
5 I 0 

' a I 
7 I I 
8 D 0 
I I D 

CHIOBR EXAMPLE 
ZCOA.aa.oc.oo>=CMlOBR<CP.COlS 

LSI LOGIC CORP 

DC 
0 
D 
D 
D 
I 
l 
I 
I 
D 
D 

OD 
0 
D 
D 
D 
D 
D 
0 
D 

I 
I 

13/Dl/13 

CMIOJ 
MODULO 10 JOHNSON COUNTER 

CLEAR DIRECT 
NETWORK SCHEMATIC 

LOGIC DIAGRAM 
g ~ 

! : I I I I 
> 

~ : I I I I 
"' 

"' n .. 
"' .... 

0 

"' .. 
:; 

"' .., .. 

CHI OJ 

CD 

DA 

DAN 

OB 

OBN 

DC 

UCN 

DD 

DON 

OE 

OEN 

OUTPUT 
DA OB UC 
0 0 0 
l 0 0 
l I D 
l I I 
l I I 
I I I 
D I I 

D D I 

D D D 

D 0 D 

~ CMlOJ EXAMPLE 

DD 
0 
D 
D 
0 
I 
I 
I 

I 

l 
D 

CM I 0 J 

OE 
0 
D 
0 
0 
0 
I 
I 

I 

I 

I 

Z<OA.OAN,QB,QBN.oc.acN.aa.aoN.OE.OEN>=CM10J(CP.cD>S 
LSI LOGIC CORP 

GATES USED = 30 02121183 
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CMtOSR MODULO 10 SHIFT COUNTER,CMlOSR 
CLEAR DIRECT 

NETUOTK SCHEMATIC 

n n "' ... 

~ : . I I I I 
> 

~ : I. I I I I 

.. 
:;;: • • I I I I I 

::: E I I I ii I I 

:::: -:::: 

CMIOSR EXAMPLE 
Z(QA,QAN,QB,QBN,QC,QCN,QD,QDNl 
•CHI DSR< CP ,CDl S 

GATES USED = 31 LSI LOGIC CORP 

LOGIC DIAGRAM 

CHIO SR 
QA 

CD 

QAN 

QB 

QBN 

DC 

DCN 

no 
DON 

OUTPUT 

DA DB DC 

D D 0 

I 0 0 

0 I D 

I 0 I 
I I D 

I I I 

I I I 
0 I I 
0 D I 
D D D 

DD 

0 

D 
0 

D 

I 
D 

I 
I 
I 

l 

DS/11/13 

CMltB MODULO 11 BINARY COUNTER 
CLEAR DIRECT 

CM 11 B 

LOGIC DIAGRAM 

CHI I B 
DA 
DAN 
DB 

"' > 

NETUORK SCHEHATl C 

~~ 

; : I I I I I I I 
.------+-. 

; : r 11 111 1 II .....---· _1 --t-1--1 

"' 
; : I II, 111 I I I I I 

Cl .. -"' .. .. .. - "'~ "" .... 

LSI LOGIC CORP 
CH 11 B EX AMP LE GATES USED • 41 121!5/13 

ZCQA,QAN,QB,QBN,QC,QCN,QO,QDNl • CMllBCCP,CDlS 

Chapter 18: Macrofunctions 18-22 



CM 11 BR CMllBR 
MODULO ll BINARY 

RIPPLE COUNTER, CLEAR DIRECT 
NETWORK SCHEMATIC 

CD CP 

DA 

DB +--++-~~~~-+~--+~~ 

DC 

DD 

LOGIC DIAGRAM 

D 
I 
z 
3 
4 
5 

' 7 
I 
9 

ID 

CMll BR 

DA 

CD 
OB 

DC 

no 

OUTPUT 
DA DB DC 

• 0 D 
I 0 D 
I I D 
I I D 
D 0 I 
l 0 I 
D I I 
I I I 

• 0 D 
I D I 
8 I I 

CHI I BR EXAMPLE 
Z(QA.oe.oc.oo>=CHllBRCCP.CD>I 

GATES ISED • Z7 
LSI LOGIC COIP 

D 

U/11/13 

CM12B 
MODULO 12 BINARY COUNTER 

CLEAR DIRECT 

LOGIC DIAGRAM 

CHl2B 
DA 

DANE 
DB 
DBN 
DC 
DCN 
OD 

CD DON f-

Cl ,.. 
z 
Cl ,.. 

Cl 
m -Cl ... 

NETWORK SCHEMATIC 

nn "' ... 

;: ,111111 I I 

; : ' 111 111 I I 
,.. 
"' 

.. .... 
LSI LOGIC CORP 

n .... .. 
... .... 

CM12B 

CHI 28 EXAMPLE GATES USED • U 12/ZS/13 
Z<OA.DAN.oe.oeN.QC.OCN.no.aDN) = CHl2B<CP.CD>S 
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CM12BR CH12BR 
MODULO 12 BINARY 

RIPPLE COUNTER, CLEAR DIRECT 
NETMDRK SCHEMA Tl C 

CD CP 

DA • I I I I I I 

DB • I I I I I I I 

DC • I I II I I I 

DD 

LDGI C DI AGRAM 

CHI 2BR 

DA 

CD 
DB 

DC 

DD 

OUTPUT 
DA DB DC 

D D D D 
I I D 0 
2 D I D 
3 I I D 
4 D D I 
5 I D I 
& D I I 
7 I I I 
a D D D 
9 I D D 

10 0 I D 
II I I D 

CH12BR EXAMPLE 
Z<DA.ae.ac.ao>=CH12BR(CP.CDlS 

CATES USED = 27 
LSI LOGIC COii' 

n 

13/DB/13 

CMl 2J MODULO 12 JOHNSON COUNTER CMl 2J 
CLEAR DIRECT 

NETMDTK SCHEMATIC 

:;: ~ 

~ : I I I I 
> 

~ : I I I I 

; : I I I I 

g .. 
g 

.. 
; : I I I I I 

.. 
~ +------+--t---' 
!il+------~ 

CHI 2J EXAMPLE LSILOGICCOIF 

LOGIC DIAGRAM 

CHl2J 

CD 

DA 

DAN 

OB 

DBN 

DC 

DCN 

DD 

OF 

QFN 

Z<DA1DAN.ae.aeN.ac.acN.DD10DN.aE.DEN.OF.DFNl 
=CHl2J< CP 1CDlS GATES USED=H 

12/21/13 
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CMl 2 SR MODULO 12 SHIFT COUNTER,CMl 2 SR 
CLEAR DIRECT 

"' ;::; 

"' > 

"' 

NETUOTK SCHEMATIC 

........ 
"'~ 

g:: +---------+--+----' 
:;: 

"' :;i -----+--+----' 
"' .... 

:;;,: 
'"' :;;,: 

CM12SR EXAMPLE 
Z(QA,QAN,QB,QBN,QC,QCN,QD,QDN> 
=CMI 2SR< CP ,CD) S 

GATES USED = 29 
LSI LOGIC CORP 

LOG! C DI AGRAM 

CHIZSR 
DA 

co 

DAN 

DB 

DBN 

DC 

OCN 

DD 

DON 

0 U TP UT 

DA OB DC 

0 D 0 

I 0 0 

0 I 0 

I 0 I 

I I 0 

I I I 

I I I 

0 I I 

I 0 I 

0 I 0 

0 0 I 

0 0 0 

no 
D 

0 

0 

0 

I 
0 

I 

I 

I 
I 

0 

I 

05111/83 

CMl 3B MODULO 13 BINARY COUNTER 
CLEAR DIRECT 

CM13B 

LOGIC OIAGRAH 

CHl3B 
DA 
DAN 
DB 

"' .. -
"' .. 

NETUDRK SCHEMATIC 

~~ 

~ : I 1 11 I I I I 
..---.---+--o 

;: 11,111 111 ..--· ---.-1---1-t--. 

; : 111 11 11 I. I I 

"' .... -

LSI LOGIC CORP 

.. .... 

CMI 38 EXAMPLE GATES USED = 41 03/14/83 

Z(QA,QAN,QB,QBNrOC,QCN,QD,QDN> = CM13B(CP,CDlS 
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CM13BR CH13BR 
MODULO 13 BINARY 

RIPPLE COUNTER, CLEAR DIRECT 
NETWORK SCHEMATIC 

CD 

DA 

OB 

DC 

DD 

GATES USED • 27 

CP LOGIC DIAGRAM 

CHI 3BR 
DA 

DB 

CD 
DC 

DD 

OUTPUT 
DA DB OC 

0 0 0 
I I 0 
2 0 I 
3 I I 
4 0 0 
5 I D 

' 0 I 
7 I I 
I a a 
9 I 0 

II I I 
II I I 

12 a 0 

CHl3BR EXAMPLE 
Z<DA.ne.ac.no>=CHl3BR<CP.CDlS 

LSI LOGIC CORP 

0 

03118/83 

CM14B 
MODULO 14 BINARY COUNTER 

C L E AR D I R E C T 

LOGIC DIAGRAM 

CMl4B 

~~N~ 
DB 
DBN 
DC 
OCN 
DD 

CD ODN~ 

"' ;; 

"' > 

"' : ., .. 
., 
~ 
"' ... 

., 
"' -~ 

NETWORK SCHEMATIC 

LSI LOGIC CORP 

nn ., ~ 

CM14B 

CHI 48 EXAMPLE CATES USED• 42 06121/83 

Z<DA.QAN,QB,QBN.ac.ncN.DD1DDNl = CH14B!CP.CDlS 
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CMl4BR CMl48R 
MODULO 14 BINARY 

RIPPLE COUNTER, CLEAR DIRECT 
NETUORK SCHEMATIC 

CD CP 

DA 

DB 

DC • I I I 1 I I I 

DD 

LOGIC DI AGRAM 

D 
I 
z 
3 
4 
5 

' 1 
I 
9 

ID 
II 

12 

13 

CHI UR 
QA 

QB 

CD 
DC 

DD 

OUTPUT 
QA DB DC 

0 D 
D D 
I D 
I 0 
D I 
0 I 
I I 
I I 
D a 
0 a 
I D 

I 0 

D I 

0 I 

CMl4BR EXAMPLE 
ZCDA.ae.ac.nD>•CHl4BRCCP.CD>S 

GATES USED • 27 
LSJ LOGIC C1IRP 

D 

DJ/11113 

CMl4J MODULO 14 JOHNSON COUNTER,CMI 4J 
CLEAR DIRECT 

NETUDTK SCHEMATIC 

LOGIC DIAGRAM 

n n 

110 CHI 4J 

"' QA I-
~ 

DAN I-

"' ,.. 
DB I-

"' "' ~ DBN I-.. 
"' ~ ~ I-"' ~ ... DC ., "' 4 DCN I-n M :C 
z ~ - I-"' ... no 
"' i::; ... 
M 

DON I-
:;:: ~ 

I-.. DE .. 
"' :;:: M DEN I-... 

OF I-:;: .. DFN I-
:;: 

OG I-
!;: 

CD DGN .. I-

!;: _=r 
l Cl .., -

z 

Cl .., 

CM14J EXAMPLE LSI LOGIC CORP 
ZCQA,QAN,QB,QBN,QC,QCN,QO,QDN,QE,QEN,QF,QFN, 03/04/83 

OG,QGN>=CM14JCCP,CO)S GATES USED=42 
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CM15B CH15BR MODULO 15 CM15BR CMtSB MODULO 15 BINARY COUNTER 
CLEAR DIRECT BINARY RIPPLE CO~NTERr CLEAR DIRECT 

LOGIC II AGRAM 

CMISB 
DA 

.. 
~ 

NETMDRK SCHEMATIC 

MM .. ... 

~ _ ___,,__--t----+--~1-----' 

..--....--........... 

.. 
; : ii I I I ii I .--1 

_1 
--+.+--, 

.. 
n 
• • 11 I I I I I I 1 

~·ill II I .111 I 

~ : 111 11 I • I I I I 

LSI UIGIC ml' 

>­.. 

["158 EXA"PLE CATES ISED • 42 U/15/13 

Z<QA,QAN,QB,QBN,Qt,QCNoOO,OONl • t"l5B<CP.t:Oll 

NETMDTK SCHEMATIC 

M .. n ... 

~ ---t-+----+--+__. 

~ ---i-+--......---+----+----4 

~ ---+-+-----+--+--+----4 

:: 

t"ISBR EXAMPLE 
ZCOA,QB,QC,ODl=CHISBR<CP,[DlS 

LSIUIGICI:.' 

CATES USED=27 
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LOGIC DIAGRAM 

CHI SBR 
DA 

CD 

I 
I 
2 
3 
4 
5 

' 7 
8 
I 
ID 
II 
12 
13 
14 

DB 

nc 

no 

QA 

D 
I 
0 
I 
8 
I 
D 
I 
a 
I 

• I 

• I 
I 

OUTPUT 

DB DC 

0 
D 
I 
I 
a 
B 
I 
I 
a 
a 
I 
I 
a I 
a I 
I I 

DD 

0 
B 
I 
a 
I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 

13/11/13 



CHIGB CHIGB CM16BR MODULO 16 CH16BR 
HOOULO 16 BINARY COUNTER 

CLEAR DIRECT BINARY RIPPLE COUNTER, CLEAR DIRECT 

LOGIC DIAGRAM 

CMl 'B 
DA 
DAN 

DB~ 
OBN 
DC 
DC 
no 
noNi.-

"' > z 

"' > 

"' : 
"' m 

"' 

NETWORK SCHEMATIC 

n n ., ..., 

~ • 11 I I I I I 

::: • r 11 I I I I ' 
.----....----+~ 

~ : 111 11 I I 

LSI LOGIC CORP 
CHIGB EXAMPLE GATES USED• 35 82125113 

Z!nArOANrOBrOBNrOC.OCN.OD.CIDN> = CHIGB<CPrCD)S 

NETWOTK SCHEMATIC 

g !J 

!il 

Ii: 

R ~~~--+~~1---~ 

g 

CM16BR EXAMPLE 
ZCQA,QB,QC,QD)•CMl6BRCCP,CD)S 

LSI LOGIC CORP 

GATES USED-C!I 

Chapter 18: Macrofunctions 18-29 

LOGIC DIFml!M 

CNl8BR 
QA 

QB 

CD DC 

DD 

QA 

• • 
1 I 
£ • 
3 I 
4 I 
5 1 

OUTPUT 

QB QC OD 

• • • • • • 
I • • I • • • t • • 1 • ---------

18 • 1 • 1 
11 1 1 I 1 
1£ I • I 1 
13 1 • 1 1 
14 I 1 1 I 
15 1 I I 1 

83118183 



CM16J MODULO 1 6 JOHNSON CDUNTER,CMlGJ 
CLEAR DIRECT 

NETWOTK SCHEMATIC 

LOCI C DI AGRAM 
MM 

C> 

llu -v-., 

;::; CH1'J 

C> 
DA I-

> 
DAN I-

C> 

"' z OB I-
C> 

"' OBN I-
C> "' I-M DC 
'"' ~ ~ 
C> ~ ... ~ QCN I-
M 

"' I-
M °" OD g .... -m ~ 

z > ... QDN I-
"' g "' OE I-c m - .... 

:;:: "" - OEN I-
m "' z M ... 

I-_, m QF 
~ "' 

QFN t-
!;: 
z QG I-

!;: QGN I-

~ 
"' OH I-

"' .... CO OHN I-

~ I _=r 
z 

"' "" 

CMl6J EXAMPLE LSI LOGIC CORP 
Z<OA10AN10B10BN10C10CN10D10DN10E,QEN10F10FN1 D3/l 4/83 

QG I OGN I OH I OHN) =CMl 6 J( CPI CD)$ GATES USED=4B 

CMl?B MODULO 17 BINARY COUNTER 
CLEAR DIRECT 

LDGI C Dl AC RAH 

CHI 78 
QA 
DAN 
OB 
OBN 

OD I 

DO 
DE 

- ~ I 

g !;: 
NETWORK 5CHEHAT! C 

"' ;::; 
--------+-+---' 

~ ------1-1---1----...---+ 

C> 
m 
'"' 
"' "' 

"' :;;: 

"' M 

g -Ct 
= 

CM17B 

~ : 1111 111 11 I I I 

"' 

LSI LOGIC CORP 

"' .... 

CHI 7B EXAMPLE GATES USED • 51 D2125/B3 

Z<QA,QAN,QB,QBN,QC,QCN,QO,QDN,QE,QEN) = CMl7B<CP1CD)S 

Chapter 18: Macrofunctions 18-30 



CH17BR MODULO 17 CH17BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

IETMOTl SCHEMATIC 

" "' 
!;: 

~ • I I I I I 

.. -
"' --+-+-----+--+­
" 

a • II I I i ... 

~ ---+-+---.--ii---~ 

C"l 71R EXA"PLE 
Z<OA.oa.oc.oo.oE>=C"l78R<CP.CDlS 

LSI UllilC ctlllP 

GATES USED•JI 

LOCI C DI ACIAH 

I 
I 
2 
3 
4 
5 

' 7 
I 
I 
II 
II 
u 
u 
14 
15 

" 

CHI 7BR 
OA 

CD 

OB 

DC 

00 

DE 

OUTPUT 

llA OB llC 

I I 
I I 
I I 
I I 
I l 
I l 
I l 
I I 
I I 
I I 
I I 
I I 
I I 
I l 
I l 
I I 
I I 

DD OE 

D 
D 
0 
0 
0 
0 
0 
0 
I 
l 
I 
I 
I 
I 
I 
l 
0 

U/11113 

CMIBBR MODULO 18 CMIBBR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

IETMDRK SCNEHATIC 

~ -E---t-+---~---+-

10 --+-+----4--+---1---4 ... 

.. 
" 

10 --+--t----+---t--t----t .. 
~ +---t--t----+t-+----' 

CMIBBR EXA"PLE 
Z(OA.ae.oc.oo.oE)=C"IBBR<CP.CO)I 

LSI LOGIC CORP 

GATES USED=32 

LOGIC DI AUAN 

I 
I 
2 

CMllBR 
DA 

OB 

DC 

CD DD 

DE 

OUTPUT 

DA DB DC 

0 0 I 
I I 0 
0 I D 

DD DE 

a D 
0 D 
0 D ----------

15 I I I I I 
l 5 0 I I I I 
17 I I I I I 

U/11/13 
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CH19BR MODULO 19 CH19BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETUDRI SCHEHATI C 

: +---+-I-----+---+--

gE II I I Ii ... 

~ • I I I I I :f 

g 

Iii --1-4-~---+~~~~ 

CM19BR EXAMPLE 
ZCOA.ae.ac.no.oE>=CMl9BRCCP.CD)S 

LSI LO&IC CORP 

GATES USED=3Z 

LOGIC DIAGRAM 

• I 
2 

CHI 98R 
DA 

CD 

08 

DC 

DO 

DE 

OUTPUT 

DA 08 DC 

D D D 
I I I 
0 I I 

DD OE 
0 0 
0 • 0 0 ----------

1' D I D 0 I 
17 I I 0 0 I 
11 0 I 0 0 I 

OS/I D/83 

CH20BR MODULO 20 CH20BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETUDRI SCHEMATIC 

: ---r-t----+--+---t 

"' • I I It I I i ... 

!:: • I I II I I t 

g 

Iii • I I 111 I I 

Cll20BR EXAllPLE 
ZCOA,QB.nc.ao.oE>=Cll2DBRCCP.COll 

LSI LllGIC CIJlll 

GATES USED=3Z 

LO&I C DI AG RAH 

I 
I 
2 

CHUH 
DA 

CD 

DB 

QC. 

DD 
DE 

OUTPUT 

DA DB QC 

I I I 
I I I 
I I I 

DD DE 

0 • I I 
I I ----------

17 I I I 0 I 
II • I I 0 I 
II I I I D I 

IJ/11/11 

Chapter 18: Macrofunctions 18-32 



CM21BR MODULO 21 CM21BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETUDRK SCHEMATIC 

"' ,.. 

c ~--i-+-~~~-+-~1--~ 
m 

"' n 

:;:: 

~ 

CM21BR EXAMPLE 
z ( a A , n B , a c , a 0 • a E) =CM 2 I BR ( c p • c 0) s 

LSI LOGIC CORP 

CATES USE0=32 

LOGIC DIAGRAM 

D 
I 
2 

CM21BR 
DA 

CD 

ne 
nc 
no 
DE 

OUTPUT 
QA QB nc 
0 0 0 
I a a 
D I D 

no DE 
0 0 
a a 
D a 

----------
1 e D I D D I 
19 I I D D I 
20 D D 1 D I 

05/10/83 

CM22BR HDDULD 22 CM22BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETUORK SCHEHATIC 

~ --+-+---.......--+---+--... 

LOGIC DIAGRAH 

CHZZBR 
DA 

DB 

nc 
CD no 

:ii: ' I I I I I 6 I DE 

C> --+-+----+.---+---+----.. n 

:::: 

OUTPUT 
DA DB oc 

~ I • D 8 
I I I 8 
z D I a 

OD OE 
D I 
I I 
0 8 ----------

CM22BR EXAMPLE 
Z<DA.ne.ac.aa.aE>=CH22BRCCP.CD)S 

LSI LOGIC CORP 

GATES USED=32 

19 I 
ZD D 
21 I 

I 8 0 I 
I I 0 I 
D I 0 I 

13/11113 
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CM23BR MODULO 23 CM23BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

"' ,. 

"' "' 

NETVORK SCHEMATIC 

i:: +-----t--+---+<>--t--1---.. 

g 

:;: 

CM23BR EXAMPLE 
Z(QA.oe.oc.oo.oE>=CM23BR<CP.CD}S 

LSI LOGIC ClllP 

GATES USED•32 

LOGIC DIAGRAM 

D 
I 
z 

CMZ38R 
QA 

co 

QB 

QC 

DD 

DE 

OUTPUT 

DA Q& DC 

0 0 0 
I D a 
a I 0 

DO DE 

0 D 
D D 
D D ----------

ZI D D 1 D I 
Z I I D 1 D I 
zz I I 1 D I 

U/10/U 

CM24BR MODULO 24 CM24BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETVORK SCHEMATIC 

~ --+---..---!---+-~ 

r; 

i::• II 1111 I I 

g 

:;: • I I I I I 1 I I 

CM24BR EXAMPLE 
z< oA.oe.oc.oo.oE> =CM24BR( CP .co> s 

LSI LOGIC CORP 

GATES USED=32 

LOGIC DIAGRAM 

D 
I 
z 

CMZ48R 
DA 

co 

DB 

DC 

DD 

DE 

OUTPUT 

DA DB DC 

0 D D 
I D 0 
D I 0 

DD DE 

D D 
0 D 
D D ----------

Z I I 0 1 D I 
zz a I 1 D I 
23 I I I D I 

13110/83 
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CM25BR MODULO 25 CM25BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETWORK SCHEMATIC 

"' > 

"' "' 

::: +----+-t-----+---+---t 

:i: 

"' ... 

CM25BR EXAMPLE 
z ( QA, QB, nc, OD , OE) = c M2 5 BR ( c p , CD) s 

LSI LOGIC CORP 

GATES USED=32 

LOGIC DIAGRAM 

0 
l 
2 

CH25BR 
DA 

CD 

OB 

QC 

an 
DE 

OUTPUT 

DA OB DC 

0 0 0 
I 0 0 
0 I 0 

OD OE 

0 0 
0 0 
0 0 ----------

22 D I I 0 I 
23 I I I 0 I 
24 D 0 0 I I 

03/11/83 

CM26BR MODULO 21i CM26BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

.. ... 

IETMORK SCHEMATIC 

.. +----+-+----t--+---t---t 
ID 

::: +----+-+----t--+---t----+ 

.. +---+-+-~___,I+--+--+____. .. 
"' ... 

CHZGBR EXAMPLE 
ZCDA.OB.oc.oo.oE)=CM2,BR<CP.CO)S 

LSI LOGIC CORP 

GATES USE0•3Z 

LOG! C DI AGRAH 

I 
I 
z 

CH2'BR 
QA 

CD 

QB 

DC 

OD 

OE 

OUTPUT 

DA 08 DC 

D 0 0 
I 0 0 
0 1 0 

OD OE 

0 0 
0 B 
0 D ----------

ZS I 1 I 8 1 
24 0 0 D I 1 
25 I D 0 I I 

U/11/13 
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CM27BR MODULO 27 CM27BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

:;:~ NETWORK SCHEMATIC 

~ --+-----+---+-

:;: 

0 E---+--+-----+---+-+--~ 
M 

0 --+-+--~-+-+--~ = 

:;: 

CM27BR EXAMPLE 
zcaA.as.ac,ao.aE)=CM27BR<cP,ca,s 

LSI LOGIC CORP 

GATES USED=32 

LOCI C DI AGRAM 

D 
I 
2 

CM2 7 BR 
DA 

co 

08 

DC 

OD 

DE 

OUTPUT 

DA 08 DC 

D D 0 
I 0 0 
0 1 D 

OD OE 

0 D 
0 0 
0 0 

----------
24 I 1 I 0 I 
25 0 0 D I I 
2& I D 0 I I 

03/11/83 

CM2BBR MODULO 28 CM2BBR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

0 
> 

NETUDRK SCHEMATIC 

LOGIC DIAGRAM 

CMZBBR 
QA 

08 

DC 

CO DD 

"' I DE 
"' 

0 --+-+--++--+-+--~ 
n 

:;:: 

0 ,., 
0 
I 
2 

DA 

0 
I 
D 

OUTPUT 

OB nc 
0 0 
0 0 
1 0 

no OE 

0 0 
0 0 
0 0 ----------

25 I 0 0 I I 
2' 0 I 0 I I 
27 I I 0 I I 

CM28BR EXAMPLE 
zc DA, QB' DC, no, QEl = CM2 8 BR ( CP, ca) s 

LSI LOGIC CORP 
03/11/83 

GATES USE0=33 
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CM29BR MODULO 29 CM29BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

.. ... 

NETUDRK SCHEMATIC 

Cl -------­
... 

Cl +--+-+----+--1--+-­n 

.. 
"' 

Cl ... 

CH29BR EXAMPLE 
ZCOA.oe.oc.oo.oE>=CH29BRCCP.CDll 

LSI LOGIC COii' 

GATES USEOs 32 

LOGIC DIAGRAM 

I 
I 
z 

CM21BR 
DA 

CD 

DB 

QC 

OD 

OE 

OUTPUT 

DA 118 QC 
I I I 
I • I 
I I I 

DD OE 
D a 
• a 
• I ----------

2' D I • I I 
Z7 I I • I I 
ZI D D I I I 

11/11/IS 

CM30BR MODULO 30 CM30BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT 

nn "' ... NETUDRK SCHEMATIC 

~ --+--..----+---t--t 

Cl +--+-+---+--I---+-­... 

Cl +--+-+---++--II---+--+ 
n 

Cl +--+-+---t-+~1---t---+ .. 

"' ... 

CH30BR EXAMPLE 
ZC DA, OB, DC, DD, OE> =CH 3 0 BR C CP , C 0 l S 

LSI LOGIC CORP 

GATES USE0=33 

LOGIC DIAGRAM 

D 
I 
2 

CM30BR 
DA 

co 

DB 

QC 

OD 

OE 

OUTPUT 

DA DB DC 
D 0 0 
I 0 D 
0 I D 

no DE 
0 0 
0 D 
0 D ----------

27 I I D I I 
28 0 0 I I I 
29 I 0 I I I 

13/11/13 
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CM31BR MODULO 31 CM31BR CM32BR MODULO 32 CM32BR 
BINARY RIPPLE COUNTER, CLEAR DIRECT BINARY RIPPLE COUNTER, CLEAR DIRECT 

NETUORK SCHEMATIC 

"' ~--+-+-----+----+-__. > 

"' +----l-+--.....-__,f---1---f 

"' 

"' +----l-+-----i-__,f---1---+ 
n 

::::: 

~ 

CM31BR EXAMPLE 
Z<DA.DB.ac.aa.aE>=CM31BR<CP.COlS 

LSI LOGIC CORP 

GATES USED=33 

LOGIC DIAGRAM 

NETWORK SCHEMATIC 

M M ..... 
LOGIC DIAGRAM 

CH3180RA L I I I I I CH32BQRA 

0 
I 
2 

28 
29 
30 

OB 

QC 

CD DO 

OE 

OUTPUT 

DA OB oc 
0 0 0 
I 0 0 
0 I 0 

DD DE 

0 0 
0 0 
0 0 

"' ------+---+---1 > 

Cl 
m 

Cl ---------1--+-_. 
n 

"' -------1---1---+ 
"" ----------

0 0 I 
I 0 I 
0 I I 

I I 
I I 
I I 

DUil /83 

"' "' 

CM32BR EXAMPLE 
Z<OA.ae.oc.oa.aEl=CM32BR<CP.CDlS 

LSI LOGIC COii' 

GATES USED=2' 
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a 
I 
2 

30 
H 

OB 

oc 
CD DD 

DE 

OUTPUT 

DA QB oc 
• 0 D 
I 0 0 
0 I D 

DD DE 

D D 
0 0 
0 D ----------

D I I I I 
I I I I I 

11/11/11 



CPGl CPGl 
TUO PHASE CLOCK GENERATOR, 

UNBUFFERED, HI UNDERLAP LO DRIVE 

LOG! C DI AGRAM 

A 

CP 

CPN 

CPG I 

NETWORK SCHEMATIC 

A~ 

IVA 

CPGI EXAMPLE 

:>o I ~ CP 

")>o- CPI 

I VP 

ZC CP ,CPNl "CPGI (Al I 

LSI LOGIC CORP 
GATES UED • 7 11111183 

CPG2 CPG2 
TUO PHASE CLOCK GENERATOR, 

UNBUFFERED, LO UNDERLAP LO DRIVE 

LOGIC DIAGRAM 

A 

CP 

CPN 

CPG2 

NETWORK SCHEMATIC 

A >o-----1 

IVA 

CPG2 EXAMPLE 

'::;.o 0 CP 

':xi • CPI 

I VP 

ZC CP .CPNl =CPGZC Al S 

LSI LOGIC CORP 
GATES USED • 7 13/11/83 
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CPG3 CPG3 
TUO PHASE CLOCK GENERATOR, 

UNBUFFERED, HI UNDERLAP HI DRIVE 

LOGIC DIAGRAM 

A 

CP 

CPN 

CPG3 

NETWORK SCHEMATIC 

A ~ 

IVA 

CPG3 EXAMPLE 

::>o 1 , CP 

::»- CP N 

841 

Z( CP,CPN} =CPG3( A} S 

LSI LOGIC CORP 
GATES USED = 9 13/11/83 

CPG4 CPG4 
TUO PHASE CLOCK GENERATOR, 

UNBUFFERED, LO UNDERLAP HI DRIVE 

LOG I C 0 I AGR AH 

A 

CP 

CPN 

CPG4 

NETWORK SCHEMATIC 

A ~ 

IVA 

CPC4 EXAMPLE 

:>o , CP 

::>o • CPI 

841 

Z< CP oCPN) =CPCH Al S 

LSI LOGIC COii' 
GATES USED • 9 13/11/13 
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CUD41 4 BIT UP/DOWN COUNTER, CUD41 
EXPANDABLE WITH ASYNCHRONOUS CLEAR 

LOGIC DIAGRAM 

NETWORK SCHEMATIC 
PN 

CP>-----------------. 
CD>--------------~ 

UP 

TN >--r--~ 

PN >-----J 

CA.TES USED • 5' 

~DA 

:::x>--L-+ 0 B 

~DC 

~OD 

b--------------+ CON 

CUD41 EXAMPLE 
ZCDA.OS.oc.oo.coN>=CUD41 
fCP,PN,fN,UP,CDll 

LSI LOGIC CORP 
03111113 

CUD42 4 BIT UP/DOWN COUNTER, CUD42 
EXPANDABLE WITH ASYNCHRONOUS LOAD 

NETijORK SCHEHATIC LOGIC DIAGRAM AND CLEAR 
CP>------~ A B C 0 L CL P N TN 
CL CU042 UP 
L >--~-+-< 

A >--rt--H---------+--r-""p __ ~ 

~DA 

a> 1111 I I lb--l-.-.... 

~OB 

:>o---L---7 0 c 

~OD 

p-c=-------------4CDN 

zcoA.oe.oc.oo.cnN> • cuo42 
CA.e.c.o.L.CL.CP.PN.TN.UPll 

LSI LOGIC CORP 
CATES USED = 74 03/11/83 
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C2G 
MODULO 4 GRAY COUNTER 

CLEAR DIRECT CSAHE AS CH4J) 
IETUORK SCHEMATIC 

~: : I I I I I I 

LOGIC BIACRAH 

CZG 
llA 

llAN 

DB 

CD lllN -

GAN DA DBM DB 

C2G EXAMPLE 
Z<DA,DAN,DB1DBNl = C2C<CP,CDlS 

LSI UIGJC CGllP 
GATES ISED • I Z 

C2G 

IJ/0'183 

C3G 
MODULO B GRAY COUNTER 

CLEAR DIRECT 

IETUORK SCHEMATIC 

~~ ~ I I I I I l I I I I 

AAN DA DBN OB DCN DC 

LOGIC DIAGRAM 

C3G 

OUTPUT 
CJG DA OB QC 

DA I 0 0 
DAN I 0 0 

QB I I 0 
B I 8 

OBN I I I 
QC I I I 

CD OCN I 0 I 
I I l 

C3C EXAMPLE 
Z(QA,DAN,QB,OBN,QC,OCN>=C3G!CP,CD>S 

GATES USED • Z7 
LSI LOGIC CORP 

13/1'183 
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C4G MODULO IG GRAY COUNTER C4G 
CLEAR DIRECT, PRESCALED 

~ ~ 
NET~DRK SCHEMATIC 

~. I Io< 

:;: • I r I Io< 

~ • I I I ex::' 

g E ex:: 
LSI LOGIC CORP 

LOGIC DIAGRAM 

C4G 
DA 
OB 

DC 

ca DD 
-..---

CH EXAMPLE IS/18/83 
ZCOA.OB.oc.no> =C4G( CP .ca> s GATES USED • S2 

Chapter 18: Macrofunctions 18-43 ; 



CSG MODULO 32 GRAY COUNTER CSG 
CLEAR DIRECT, PRESCALED 

LOGIC DIAGRAM 

cs c 
QA 

ns 
nc 
DD 

CD DE 
...,,...-

NETMORK SCHEMATIC PART I 

~: : 1 ' I I I 1 

I VP 

DA OB 

CSG EXAMPLE LSI LOGIC CORP 

Z<O.A.O.B.a.c.a.a.a.E>=CSG(CP.CDlS CATES USED • &4 
05/18/83 

CSG MODULO 32 GRAY COUNTER CSG 
CLEAR DIRECT, PRESCALED 

NETMORK SCHEMATIC PART 11 

DC no OE 

05/18/83 CSG EXAMPLE LSI LOGIC CORP 

Z<O.A.OB.IJC.Oa.aE>=C5G(CP.CDlS GATES USED = &4 
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CGG MODULO 64 GRAY COUNTER CGG 
CLEAR DIRECT, PRESCALED 

NET~DRK SCHEMATIC PART l 

~: : · 1 • I I I 1 

C6G EXAMPLE LSI LOGIC CORP 

LOG! C DI AGRAM 

OA 

C6G 
DA 

DB 

QC 

OD 

DE 

CD OF 

OB 

Z(QA,QB,QC,QD,QE,QF>=C6G<CP.CDl$ GATES USED • BB 
D5/IB/B3 

CGG MODULO 64 GRAY COUNTER CGG 
CLEAR DIRECT, PRESCALED 

NETMDRK SCHEMAT! C PART II 

ac DD 

C6G EXAMPLE LSI LOGIC CORP 

z < a A, a B, o c, oa , OE , OF> =CG G c c P , ca> s 

DE OF 

06121/83 
6ATES USED • BB 
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C7G MODULO 128 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

NETUDRK SCHEMATIC PART I 

c p >-t-+--+-+-+-1 

CD 

DA 
C7G EXAMPLE 

LOGIC DIAGRAM 

C7G 

ca 

DA 
OB 
DC 

OD 

OE 
OF 

OG 

OB 

Z < QA, QB, QC, OD , OE , OF , QG) = C 7 G ( CP , CD) S 

LSI LOGIC CORP 
GATES USED = 100 

C7G 

I VP 

DC 

05118/83 

C7G MODULO 128 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

NET~DRK SCHEMATIC PART 11 

OD OE 

C7G EXAMPLE 
Z{QA,QB,QC,QD,QE,QF,QG)=C7GCCP,CD>S 

LSI LOGIC CORP 
GATES USED = 100 

QF 
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C7G 

OG 

05/18/83 



CBG MODULO 256 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

NETWORK SCHEMATIC PART I 

DA DB 

CBG EXAMPLE 

LOG! C DI AGRAM 

DC 

QA 

QB 

ac 
ao 
OE 

OF 

OG 

OH 

z ( OA' OB' a c, OD 'a E 'a F 'OG 'a H) = c BG ( c p 'co) $ 

LSI LOGIC CORP 
GATES USED = 114 

CBG 

ao 

05/18/83 

CBG MODULO 256 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

NETWORK SCHEMATIC PART II 

OE OF OG 

CBG EXAMPLE 

ZCOA.OB.oc.oo.oE.OF.OG.OHl=CBG(CP.CO}$ 
LSI LOGIC CORP 

GATES USED = 114 
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OH 

05/18/83 



c3LSR 3 BIT, MODULO 7, LINEAR c3LSR 
FEEDBACK SHIFT REGISTER 

NETUOTI SCHEMATIC 

! : 1 1 · • r 
> 

! : I I I 1 .. 
.. 
~ ...-~~~~~~ ..... ~+----' 
~-------' 

C3LSR EXAMPLE 
Z<OA,QAN,QB,QBN,QC,QCNI 
=C3LSR<CP,CD>S 

LSI LllGIC CORP 

GATES USED,.21 

LOGIC DIAGIAN 

CJLSI 
DA 

Cl, 

DAI 
DI 

DBI 

DC 
DCI 

OUTPUT 

DA DB 

I • 
I I 

I I 

I I 

I I 

I I 

I I 

DC 

I 

I 

I 

I 
I 

I 

I 

11115/H 

c4LSR 4 BIT, MODULO 15, LINEAR t 4LSR 
FEEDBACK SHIFT REGISTER 

IETUDTI SCHEMATIC 

! : I I I 1 
> 

! : I I I 1 .. 
.. 
~ 

~ ---1--t-----1 

.. .. -.. .. 

C4LSR EXAMPLE 
ZIDA,DAN,QB,QBN,QC,QCN,QD,ODNI 
=t4LSR!CP,CDll 

LSI LlllC ml' 

GATES USED•27 

LDGI C DI AGIAll 

t+LSI 
DA 

Cl 

llAI 

DI 

HI 

IC 
ICI .. ... 

11n1111 
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CSLSR 5 BIT, MODULO 31, LINEAR 
FEEDBACK SHIFT REGISTER 

NETUOTI SCHENATIC 

n n ... -
ICI I I I - - I > I I : : . ->--------
! : I I I I 
IP I 

~ : I I I I J 

! : I I I I J ... 

ICI 

: : I I I 
"' I 

C 5 L S R LSI LOGIC CORP 

LOGIC OIAGRAN 

CILSR 
DA 

DAN 

DB 

DBR 

DC 

DCN 

DD 

DON 
DE 

CO DU -

Z<OA.OAN.oe.oeN.OC.OCN.OD.ODN.QE.OEN> 
=C5LSRCCP,CD)I GATES USED=3' 

CSLSR 

12121/83 

C6LSR 6 BIT, MODULO 63 •. LINEAR 
FEEDBACK SHIFT REGISTER 

Cli LS R 

ICI ... .. : ICI 
> 

ICI = +-.. 
"'+-
ICI 
:;: +-

~ +-
ICI = +-

::: +-

ICI ... • 
ICI ... 

.. ... . .. ... 

NETUDTI SCHEMATIC 

I I 
I ;;; ICI I 

I I 
" .. ... ... 

IC ID 

= :; "' n"' 
r- -...... 
> .... .. ... ...... - .... .. -
"' on " .... ....... -

LDGI C DI AGIAN 

C5LSR 

I I 
DA 

DAN 

DB 

DH 

DC 

DCI 

DD 
DBI 

DE 

DEN 

DF 

DFN 
CD 

l:HSR EXAMPLE 
Z<OA.OAN.OB.OBN.oi:.ocN.OD.OON.OE.OEN.OF.OFN) 
=CHSR<CP,CD)I 

LSILD&ICC. 

GATES USED=39 
U/14113 
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CllSR 7 BIT, MODULO 127, LINEAR ClLSR 
FEEDBACK SHIFT REGISTER 

.. 
= .. ... 
.. = D .. 
"' " -.. 
" 
= -
"' ... 
= -D ... 
~ -lil 
D .. -= 

--------

IETUOTI SCHENATI C 

" " 

!: .... .. 
" ,... ... ... .. .. 
;; ... 
" .... 

C7LSll EXAMPLE 

... 
!: .... ... .. 
... .... .. ... 
"' ;;; .... ... .. 

LIGIC DIAGRAM 

C7LSR 
OA 

DAI 

•• 
DIN 

DC 

•t• 
OD . .. 
DE 
DU 

IF 

an 
OG 

Cl IGI -

Z<QA,QAN,QB,QIN,QC,QCN,QO,QON,QE,QEN,QF,QFN, 
QC,QCN>=C7LSR<CP,CD>I 

UlumtaR' 

GATES USED•45 
IJ/14113 

C8LSR 8 BIT, MODULO 255, LI NEAR CB LSR 
FEEDBACK SHI FT REGISTER 

IETMOTI SCHEMATIC " ... ... ... 
l LOGIC DI ACRAN 

~i-t-- ...... "' .. .. .. 
i:; 

CILSR 

"' DA I-... 
_A_l DAN r-

~- n v "' DB I-.. "' .. OBI I-... _ 
.. ac t-
:;:-

~ OCN t-

~-
... 

!: ~ OD t-.. ;;;: .... DON t-.. -'"' U1 t-n :c DE g_ ,... -...... 
OEN I-....... 

=- ... ... 
Of I-- .. "' - ... =- .. - an I-...... 

n -< I-i;:_ .... ::: OG - OGN I-.. -... 
OH I-:-- CD OH r-

D 

~I 1?== 
.. 
.. 
:c -:;: 

f{ 
C8LSR EXAMPLE LSI LOGIC CCIRP 
Z( QA.DAN .oe.OBN.OC.OCN .ao 'ODN .OE .OEN .or ,QfN' U/14/13 
...lli•fil&H..t_DHJU =_c_ILSR<__CP &Dl S GATES USE0=57 
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CSLSR 9 BIT, MODULO 511, LINEAR CSLSR 
FEEDBACK SHIFT REGISTER 

Cl 

i: .. ,. .. 
= .. 
"' .. 
~ 

"' n 

"' .. • .. .. 
fil • .. 
'" .. ... • 
!;: 

:;: -.. .. .. 
:c -
~ 

s 
• 
s 

.. 

-

~ 

IETUDTI SCHENATIC 
MM .... 
llD - .. 

... 
!: ~ ...... 
'"' "' M :C ... -... ... 
i: ... 

"' ..... - ... .. -...... 
M -t ...... 

"' 

C9LSR EXAMPLE LSILDGICCORP 

LDGI C DI AG RAN 

CHSR 
DA 

DAN 

08 

DIN 

DC 

DCN 

DD 
ODN 

DE 
DEN 

OF 

OFN 

DG 
OGN 

DH 

OHN 

DI 

CD DIN 

ZCQA,QAN.ne.neN.Q[,QCN.QO,QDN.OE.QEN.nF.OFN. 03~4n3 
OG10CN,QH,QHN10I 101Nl=C9LSRCCP,[D)S GATES USED=57 

CIOLSR CIOLSR 
1 0 BIT, MODULO 102 3 ' LI NEAR 

FEEDBACK SHIFT REGISTER 
NETUDTK SCHENATI c 1 I I 

n-v .. LOGIC DIAGRAM 

"' .. ,. 
• 
Cl CllLSR ,. 

DA t-.. = ..... DAI t-.. t-ID 08 
Cl DH t-n - t-
Cl ;;; QC 
M 

"' ~ t-- m QCI 

= ... - t-- :c ... OD ., ... 
t-= :;; = QDI ,. ... t-.. ..... OE 

'" ..... - - ... OU t-
Cl - "' '" ... - OF t-n"' 
!;: ... ... ... OFI t-- ... 
!;: DG r-
Cl r-... DU - r-OH 
:;: on r-
~ • DI t-
Cl r-:c OU 
s - OJ r-
s OJI t-

~ CD 

... _J .. 
f 

CATES USED=53 

CIOLSR EXAl'IPLE LSI LOGIC CORP 
ZCOA10AN10B1DBN.nc.ncN.OD10DN.nE.OEN.OF.nFN. U/14/U 

QG,QCN,QH,QHN ,QJ ,Qt N,QJ,QJN> =Cl OLSRC_t_P ,[JI._) I 
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C11LSR CllLSR 
11 B I T , M 0 0 u L 0 2 0 4 7 I LI N E AR 

FEEDBACK SHIFT REGISTER 

NETU:RK SCHEKATI C I f l ~ 
.. ~ .. 

l: .. 
> 

: 
"' m .. 
~ .. 
n 

g -- -g .. 
.... ~ .. = .... 

"' - n ~ :;: :;; .. > ... ... "' .... . 
~ "' !;': ,., 
"' "' .. ,., 

"' n "' .. .... .... 
"' 

,., 
"' "' 
~ .. .. = !:! .. 
!:! .. .. 
'"' " .. .. 
"' .. 
!;: ' 

~ C 11 LSR EXAMPLE 
Z<QA.OAN,QB,QBNrOC.ncN.OD.QDN.QE,QEN.Qf ,QFN.QG,QGN 
QH,QHN ,QI, QIN ,QJ,QJN, QK, DKN> =Cl I LSR< CP, CD> S 

LSI LOGIC CORP 
GATES USED=G9 03/13113 

C12LSR C12L5R 
12 BIT, MODULO 4095, LINEAR 

FEEDBACK SHIFT REGISTER 

GATES USED=81 

NETMDTK SCHEHATI c . A ! ~ 
~ : I~ .. 
> 

::: -.. 
n 

IC -;;;: 
n ,... 
"' ~ .. 
"' .., 
n .... 

;: 
... 
::; 
... 
~ ... .... 
"' .., ., 
... .... ... 
"' 

Cl 2LSR EXAMPLE LSILO&ICCORP 13114183 
Z<QA,QAN,QB,QBN,QC,QCN,DD,QDN,QE,QEN,QF,QFN,QG,QGN, 
QH,QHN,QI ,Q[N,QJ,QJN,QK,QKN,QL,QLN}=Cl2L5R(CP,CD>S 
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Cl3LSR 

13 BIT 
MODULO 8191 

LI NEAR FEEDBACK 

SHI FT REG! STER 

CATES USED=87 

C13LSR 
NETMORK SCHEHATIC 

! : l~ifll 
> 

: +-
CJ ... 
"' .., -CJ .., 
:;: -Cl 
Cl 

Cl ... -~ 
!i: -Cl .., 
Cl 

"' -Cl ... 
~ -~ 
!:: -!:: 
Cl 

:. 
~ 

"' .. -Cl .. 
CJ 
r--
~ J 

;;; 
~ m 
~ -.... 
n ... 
:;; = > .., .. .... ., .. ... .. ... ... .., ... .... .... ... 

"" 

! I 

-~ 
C13LSR EXAMPLE LSILDGICCORP umm 
Z{OA10AN10B,QBN,QC,QCN,QO,QDN,QE,QEN10F,OFN,QC,QCN,QH, 
OHN,QI,OIN,QJ,OJN,QK,QKN,QL,QLN,OM,QMN)=Cl3LSRCCP1CD>S 

Cl4LSR 

14 Bl T 
MODULO 16383 

LI NEAR FEEDBACK 

SHIFT REGISTER 

CIHSR EXAMPLE 
Z{QA,OAN,QB,OBN,OC,QCN, 
oo.ooN.OE.DEN,Qf,QFN. 
oc.aCN1DH10HN10I ,QIN. 
QJ,QJN,QK,QKN,QL,QLN, 
OM1DMN10N10NNl=Cl4LSR 
<CP,CO)S 

CATES USED=93 

C14LSR 
NETMORK SCHEHATIC 

!~:~ I~!~ 
OCN + 
ac 
DON + 

::N : I I 
DFN + 

OF~ OGN 
OG 

QHN 
DH 

DIN+ OIE DJN 
OJ 
OKN 

DK 
DLN + 

DMN 

OH 
DNN 
ON 

-... 
~ 

~ ;;: .... 
n ... 
:;; = :: .., .... .. ... ... ... 

;;: .. 

DL~ 

tbI>---J 
LSI LOGIC CORP 03108/83 
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C15LSR NETWORK SCHEMATIC C15LSR 
DAN ~t~ 15 BIT 

C16LSR NETWORK SCHEMATIC 
ClGLSR 

j_J_Ll 
lG BIT DAN n "a 

"' DA QA 

MODULO 327'7 DBN MODULO li5535 OBN ~ 

LI NEAR FEEDBACK 
OB 

OCN 

08 
LI NEAR FEEDBACK OCN 

QC 

SHIFT REGISTER DC 

DON 
SHIFT REGISTER DON 

DD 
DD -... OEN ;; 

c c 
DEN - "' .... - OE - "' .... -
DE "" .... 

n "' 
DFN ~ = 

OFN "' .... 
n"' OF ,... "' ,., -> .... 

OF ....... OGN > .... ...... 
QGN "' ... ... 
QG ... 
QHN ;;: 

"' 

DG "' ... 
OHN 

- ,., ..... ,., -
OH n.., ........ 

01 N 
... ... 

DH QI 
DIN DJN 
DI DJ 

QJN DO 
OJ DK 
QKN DLN 
DK CISLSR EXAMPLE 
OLM 

Z<QA.llAN.QB.llBN.nc.acN, DL 
aa.naN.QE,OEN10F.OFN. 

DNN QG,OGN,QH,OHN,QI ,QIN, 
OJ,llJN,QK,OKN,QL,OLN, QM 

Cl 3LSR EXAMPLE DL 

Z<OA,OAN,QB,QBN1QC,OCN, QHN 

QD,ODN10EollENrOF1llFN1 DH 

OGoOGN10H,llHN10l 1lllN1 DNN 

QJ,OJN,QK,llKN,QL,QLN, ON 

OH1llHN,QN,QNN,QD,QDN) DNN 

=CISLSR<CP1CDJS QN 
l DON 
I DD 

~ CATES USED=93 

QM,QHN,QN,QNN,QQ,QQN, DON 

QP,QPN>=CIHSR<CP1CDlS OD 
DPN 
OP 

~ GATES USED=! OS ~ [;__ 
LSILGGICCIR" 13111113 LSI LOGIC CORP 03/18/83 
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C17LSR 
IETVORI SCHE"ATIC Cl 7 LS R ClBLSR IETMDRI SCHE"ATIC 

17 BIT 
MODULO 131071 :::: ,gi11 18 Bl T 

MODULO 262143 D~ n 
DA "' 
DBN -------i 

LI NEAR FEEDBACK 

SHIFT REGISTER 

DB 

~~: : I 
DD 
DEN 
OE 
OFN ~ 
OF 
OGN 
DG 
DHN 
DH 

DIN 
DI ~ 

Hi• 
QKN 
DI 
QLN 
DL 
OHN 
OH 
ONN 
ON 

BBN ---+---; 
Cl7LSR EXAMPLE 
z<nA.DAN.oe.oeN.nc.ncN. g~:: I I 
ao.aoN.oE.aEN.nF.oFN. ao 
QC,QCN,OH,QHN,1!1,QIN, 
QJ,OJN,QK,OKN,QL,OLN, 
OM.OHN.nN.ONN.oo.ooN. 
OP.OPN.oo.oaNl•Cl7LSRCCP.CD>S 

GATES USED=! 05 

LSI LDGIC CORP 

:::; 
c - ... .... -"' .... 
n "' :;; = ,. ... 
"' .... ... .. 
- m ..... 
m -... "' .... ;;: .. 

LI NEAR FEEDBACK 

SHI FT REGISTER 

Cl BLSR EXMPLE 
Z! DA, OAN, OB.OBN, Ot, OCN, 
OD,OON,QE,OEN,QF,OFN, 
OG,OCN,QH,QHN.01 ,OJN, 
OJ.OJN .oK .nu .oL.DLN. 
OM,OMN,QN,ONN.OO,OON, 
OP, OPN, 00 .DON, OR, ORN> 
•CllLSR< CP,CD> S 

GATES USED=! I I 

DB 

DCI -------t 
DC 
DON -------1 
DD + 

~~:~ OF 
DGN 
DG 
OHN 
DH + 
DIN-------, 
01 u• ... 
on ~ 
DK : 
DLI ~ 
DL ~ 

OHi ~ 
ON -
UNI""' 
ON ~ 

BB1 ;: 
DPN ,.. 
DP ----+---t 
001 + 

ii· : I. I 
( 

03111183 LSI LOGIC co• 
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.. 
:; 
= 
" :;; ,.. .. ... 
;; ... 
n ... 

ClBLSR 

:;; 
m -... ... ... ... .... .. ... 
"' ;;; ... ... .. 

U/11113 



C:l9LSR IETVDRK SCHEMATIC c: 1 9LS R 
J.l 

19 BIT DAN .,-.....-.,.1 
DA .,. 

MODULO 524287 

LINEAR FEEDBACK 

SHI FT REGISTER 

QBN 
DB 
DCN 
DC 
DON 
DD 
OEN 
DE 
DFN 
OF 
OGN 
QG 
QHN 
DH 

DIN 
DI 

HN --------1 
OKN _____ ___, 

or 

:~:§ 
OH 
ONN 
DN 

ss• I I 
Cl 9LSR EXAllPLE !~: ~ [ 

DD Z<DArOANrOB.OBN.oc.aCN. ORN _____ ___, 

oo.ooN.OE.OEN.OF.OFN. DR 
QG, OGN, OH, QHN, 01 , 01 N • DSN --1-+--1-----1 
DJ.DJN.aK.OKN.aL.DLN. us 
DM.OHN.QN,ONN.ao.noN. 
OP' OP N. OD, DON' OR 'DR N' 

;:;; 
"' - m .... -"" .... 
n "' ,... "' ... -> ..., ...... .... - ... 
;:: !! 
n "' ........ 

:::: 

QS,QSNl=Cl9LSRCCP.CDll c 
GATES USED•l23 

LSI LOGIC CORP 13/11/83 

C2 0 LS R C20LSR 

i::: I~ i 11 
NETllORK SCHEHATI C 

2 0 Bl T 
MODULO 1048575 

LI NEAR FEEDBACK 

SHIFT REGISTER 

O.B 

~~:: I 
0.0 
O.EN 
O.E 
O.FN ~ 
O.F 
O.GN 
O.G 
O.HN 
OH 

DIN 
0.1 
O.JN 
O.J 
DIN 
O.K 
DLN -------1 
Ill 

g;: : I 
O.N 

ZIOA.OAN,QB,OBN.ac.oCN. !!~ ~ 
QO,ODN,OE,OEN,QF,OFN, o.R §E 
C20LSR EXAllPLE 

~tg~:;g~;~~:;g[;gl:: SIN 
Qll, OHN 'ON ,QNN' oo.ooN. DTN ----+---t 

O.T Qp, OPN .ao.aoN. OR.ORN. 
as.osN.nT.OTNl=C20LSRCCP.CDlS ~ 
CATES USED=123 

LSI LOGIC CORP 

"' C> ., 
::; m 

"' ::; 
n ... ... = ... 
> .... ... .... 
::: "' ... ... ... ... ;;; n .... .... ... .. 

09108/83 
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DMGJH DMGJH 
SPIKE FREE DECODER 

FOR MOD 6 JOHNSON COUNTER, 
ACTIVE HI, SEE CHGJ 

FROM THE 0 AND ON OUTPUT 
OF THE JOHNSON COUNTER 

AN A RN B CN C 

JD 

JI 

J2 

J3 

J4 

JS 

DM&JH EXAMPLE 

LOGIC DIAGRAM 

A 
AN 
a 
llN 
c 
CN J5 

OM&JH 

Q OUTPUT OF THE 
JOHNSON COUNTER 

DA DB llC 
8 D D JD 
I D D JI 
I I D JZ 
I I I J3 
D I I J4 
I D I JS 

Z<JD ,JI ,J2 ,J3 ,J4 ,JS> •DM&JHI A, AN ,a.RN ,c, CNI I 

LSI LOGIC CORP 
CATES USED • 6 03114183 

DMGJL 
SPIKE FREE DECODER 

FOR MOD 6 JOHNSON COUNTER, 
ACTIVE LO, SEE CHGJ 

DMGJL 

LOGIC DIAGRAM 

FROM THE II AND DN OUTPUT 
OF THE JOHNSON COUNTER 

AN A BN B CN C 

JD 

JI 

J2 

J3 

J4 

JS 

0 OUTPUT OF THE 
JOHNSON COUNTER 

DA 118 DC 
D D D JD 
I D D JI 
I I D J2 
I I I JS 
D I I J4 
D D I J5 

DM6 JL E XAHPLE 

ZIJD.Jl,JZ.J3,J4.JS>•DN6JL(A,AN.B.BN.c.cNll 

LSI LOOIC ClllP 
GATES USED • 5 13/14/83 
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DMBJH DMBJH 
SPIKE FREE DECODER 

FOR MOD 8 JOHNSON COUNTER, 
ACTIVE HI, SEE CMBJ 

LOG I C 0 I AGRAM 

FROM THE D ANO ON OUTPUT 
OF THE JOHNSON COUNTER 

AN A 8 N B C N C 0 N D 

JD 

JI 

J2 

J3 

J4 

J5 

J6 

J7 

DHBJH EXAMPLE 

A JD 
AN JI 
B J2 
BN J3 
[ 

CN J5 
0 J6 
ON J7 

DHBJH 

D DUTP UT OF THE 
JOHNSON COUNTER 

DA DB nc no 
0 0 0 0 
I 0 0 0 
I I 0 0 
I I I 0 
I I I I 
0 I I I 
0 0 I I 
0 0 0 I 

JO 
JI 
J2 
J3 
J4 
J5 
J6 
J7 

Z < JO , JI , J2 , J 3, J4, J 5 , JI , J7) = D HS J H ( A, AN, 8, BN, C, CN , 0, D N l S 

LSI LOGIC CORP 
GATES USED = B OS/I 1/83 

DMBJL DMBJL 
SPIKE FREE DECODER 

FOR MOD 8 JOHNSON COUNTER, 
ACTIVE LO, SEE CMBJ 

LOG! C DI AGRAM 

FROM THE D AND ON OUTPUT 
OF THE JOHNSON COUNTER 

AN A BN B CN C 0 N D 

JO 

JI 

J2 

J3 

J4 

J5 

J6 

J7 

OHBJL EXAMPLE 

D OUTPUT OF THE 
JOHNSON COUNTER 

DA DB nc DD 
0 0 0 0 
I 0 0 D 
I I 0 0 
I I I D 
I I I I 
0 I I I 
0 0 I I 
0 0 0 I 

JO 
JI 
J2 
J3 
J4 
JS 
J6 
J7 

Z < JO , JI , J2 , J 3, J 4, J5, Ji , J7) • DMB J L ( A, AN, 8, BN, C, CN , D, D N) S 

LSI LOGIC CORP 
GATES USED • B 05/11/83 
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DMlOJH SPIKE FREE DECODER DM10JH 
FOR MOD 10 JDHNSDN COUNTER, 

ACTIVE HI, SEE CMIOJ 

NETWORK SCHEMATIC 

FROM THE 0 AND DN OUTPUT OF 
THE JOHNSON COUNTER 

AN A BN B CN C ON D EN E 

JO 

JI 

J2 

J3 

J4 

JS 

J6 

J7 

JS 

JS 

OHIDJH EXAMPLE LSI LOGIC CORP 
Z<JD,JJ,J2,J9,J4.JS,JG,J7,JO,J9> 
=DMIDJH<A.AN.&.eN.c.cN.D.DN.E.ENlS 

LOGIC DIAGRAM 

A 
AN 
B 
BN 
c 
CN 
D 
ON 
E 
EN J9 
DMIOJH 

D OUTPUT OF 
THE JOHNSON COUNTER 

DA DB ac DD OE 
D 
I 
I 
I 
I 
I 
0 
D 
D 
D 

D D D D JD 
0 D 0 D JI 
I 0 0 D J2 
I I 0 D J3 
I I I 0 J4 
I I I I JS 
I I I I J6 
D I I I J7 
D D I I JS 
D D D I JS 

03/17/83 
GATES USED • ID 

DMIDJL 
FOR 

SPIKE FREE DECODER OMIOJL 
MOD 10 JOHNSON COUNTER, 
ACTIVE LO, SEE CMIOJ 

NETMDRK SCHEMATIC 

FROM THE 0 AND ON OUTPUT OF 
THE JOHNSON COUNTER 

AN A BN B CN C ON D EN E 
v 

~ H 

) 
~ 

) 
~ 

]J 
~ 

r==D ~ 

~ 
D 
) 
) 

~ 

JD 

JI 

J2 

Jl 

J4 

JS 

JI 

JI 

JI 

J9 

DHIDJL EXAHPLE LSI LOGIC CORP 
Z(JO,Jl,J2,J3,J4,JS,J6,J7,JB,J9l 
•DHIOJL(A.AN.B.BN.c.cN.D.DN.E.ENlS 

LOGIC DIAGRAM 

A 
AN 
8 
BN 
c 
CN 
D 
ON 

EN J9 
DHIDJL 

0 OUTPUT OF 
THE JOHNSON COUNTER 

DA DB DC DD DE 
D 
I 
I 
I 
I 
I 
0 
0 
D 
0 

D D D D JD 
0 0 D D JI 
I 0 0 D J2 
I I 0 D J3 
I I I D J4 
I I I I JS 
I I I I J6 
0 I I I J7 
0 0 I I JB 
D 0 D I J9 

ll/17/S3 
GATES USED • ID 
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DM12JH 
FOR 

SPIKE FREE DECODER DM12JH 
MOD 12 JOHNSON COUNTER, 
ACTIVE HI, SEE CM12J 

NETUORK SCHEMATIC 

FROH THE 0 AND ON OUTPUT OF 
THE JOHNSON COUNTER 

AN A BN II CN C ON D EN E FN F 

~ 
=i? ...... 

.-......, 

]"' 

FD 
FD t-

.-......, 
~ 

~ 

......, 

~ 

l=D ~ 

JD 

JI 

J2 

J3 

J4 

JS 

JG 

J7 

JB 

J9 

JIO 

JI I 

DMl2JH EXAMPLE LSI LOGIC CORP 
Z (JO, JI , J 2, JS , J4, J 5 , JG, J 7 , J8, JS , JI D, J 11 l 
=OHl2JH(A,AN.B.BN.C.CN,o.oN.E.EN.F.FNlS 

LOGIC DIAGRAM 

A 
AN 
B 
BN 

CN 
D 
ON 
E 
EN 
F 
FN J 11 
OHl2JH 

0 OUTPUT OF 
THE JOHNSON COUNTER 

DA OB DC OD OE OF 
D D 
I 0 
I I 
I 1 
I 1 
I I 
I I 
0 1 
0 0 
0 0 
0 0 
0 0 

0 D D 0 JO 
0 0 0 0 JI 
0 0 0 0 JZ 
I 0 0 0 J3 
I 1 0 0 J4 
I I I 0 JS 
I I I I JG 
I I I I J7 
I 1 I I JB 
0 1 I 1 J9 
0 0 I 1 JIO 
0 0 0 1 JI I 

03/17/83 

GATES USED • 12 

DM12JL 
FOR 

SPIKE FREE DECODER DM12JL 
MOD 12 JOHNSON COUNTER, 
ACTIVE LO, SEE CM12J 

NETUORK SCHEMATIC 

FROM THE 0 AND ON OUTPUT OF 
THE JOHNSON COUNTER 

AN A BN II CN C ON D EN E FN F 

...--.. 
R=I__. 

.___.. 

~ 

:J .___.. 

JO 

JI 

J2 

J3 

~J4 
1~-JS 

DHl2JL EXAMPLE 

~-JG 
...--.. 

...--.. 
J 
~ 

...--.. 
J 
~ 

...--.. 

J7 

JO 

J9 

~JID 

~Jll 

LSI LOGIC CORP 
Z(JO,Jl,JZ,J3,J4,JS,JG,J7,J8,J9,JIO,Jlll 
•OHIZJL(A,AN.11.BN.C.CN.o.oN.E.EN.F.FNlS 

LOGIC DIAGRAM 

0 OUTPUT OF 
THE JOHNSON COUNTER 

DA OB DC OD OE OF 
D 0 
I 0 
I 1 
I 1 
I I 
I I 
I I 
0 I 
0 0 
0 0 
0 0 
0 D 

0 0 0 0 JO 
D 0 0 0 JI 
0 0 0 0 J2 
I 0 0 0 J3 
I I 0 0 J4 
I I I 0 JS 
I I I I JG 
I I I I J7 
I I I I JB 
0 I I I J9 
0 0 I I JIO 
0 D 0 I JI I 

03/17/03 

GATES USED = 12 

Chapter 18: Macrofunctions 18-60 



DM14JH 
FOR 

SPIKE FREE DECODER DM14JH 
MOD 14 JOHNSON COUNTER, 
ACTIVE HI, SEE CM14J 

NETUORK SCHEMATIC 

FROM THE Q AND ON OUTPUT OF 
THE JOHNSON COUNTER 

AN A BN 8 CN C ON 0 EN E FN F GN G 

~ 
J 
:[) 

.......... 

D 
]" 

FD ....... 
....+=:)) ....-

._./ 

~ 
~ 

::; 
~ 
::::-
D 
~ 

DM14JH EXAMPLE LSI LOGIC CORP 
ZCJO,Jl,J2,J3,J4,JS,J5,J7,JB,J9,JIOoJll,Jl2oJl3l 
•Dlt14JHCA.AN.B.BN.c.cN.D.DN.EoEN.F.FN.G.GNlS 

JO 

JI 

J2 

J3 

J+ 

JS 

J& 

J7 

JB 

J9 

JIU 

JI I 

Jl2 

JIS 

LOGIC DIAGRAM 

-f N 
8 

_J BN 
c r DN 
E 
EN 

FN 
G 
GN J13 
DMl4JH 

03117 /83 

GATES USED = 14 

DM14JL SPIKE FREE DECODER DM14JL 
FOR MOD 14 JOHNSON COUNTER, 

ACTIVE LO, SEE CM14J 
NETWORK SCHEMATIC 

FROM THE ll AND ON OUTPUT Of 
THE JOHNSON COUNTER 

AN A BN B CN C DN D EN E FN F GN G 
v ' 

H-.-:.i ) 

) 

D 
) 
~ 

) 
~ 

]J 
~ 

._q) 

~ -
) 

D 
D 
J ~ 

!=D 
Dltl4JL EXAMPLE LSI LOGIC CORP 

ZCJO,Jl,J2,J3,J4,J5,J&,J7,JB,J9,JIO,Jll,J12,Jl3l 
=DMl4JL(A.AN,e.eN.c.cN.D.DN.E.EN.F,fN,G.GNlS 

JD 

JI 

J2 

J3 

J4 

JS 

J5 

J7 

JB 

J9 

JID 

JI I 

JIZ 

Jl3 

LOGIC DIAGRAM 

£· N 
c 

I CN 
D 

I ON 
E 

I EN 
f 

=1~N 

03/14/83 

GATES USED • 14 
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D M 1 6 JH SPIKE FREE DECODER DMlGJH 
FOR MOD 1 6 JOHNSON COUNTER, 

ACTIVE HI , SEE CMlliJ 
NETWORK SCHEMATIC 

FROM THE 0 & ON OUTPUT OF 
THE JOHNSON COUNTER 

AN A e: B CN C 0 N D EN E F N F G N G H N H LOGIC DIAGRAM 

~JD .-----., 
-A JDt-

JI ~ AN Jlt-
~ -i B J2t-

J2 -i BN J3t-,__ 
-i c J4t-

J3 - CN JSt-
-o JGt-

J4 - ON J7t-
-E JBt-

JS - EN J9t-
-F JIO I-

J JG 
- FN JI l t-

~J7 
-G Jl2 r-
- GN JI 3 t-
-H Jl4 I-

=L JB - HN JI 5 t-
DHIG JH .___ 

J9 ,__ 

,__ JIO 

,__ JI l 

,__ Jl2 

Jl3 

JH 

~JIS 
DHIGJH EXAMPLE LSI LOGIC CORP 

Z < JO , JI , J! ,JS, H, JS, JG , J7 , JB , JS, JI 0 , J l I , J 12 .JI 3, J l 4, J 15 l 03/14/83 
•DMIGJHIA.AN,B,BN,C,CN.O,ON,£,EN,F,FN,G,GN,ff,HN)S GATES USED • I G 

DM16JL SPIKE FREE DECODER DM16JL 
FOR MOD Iii JOHNSON COUNTER, 

ACTIVE LO, SEE CMlliJ 
NETUORK SCHEMATIC 

FROM THE 0 & ON OUTPUT OF 
THE JOHNSON COUNTER 

LOGIC DIAGRAM 
AN A BN B CN C ON 0 EN E FN .F CN G HN H 

r f f l f f l f f l l f f l fb ~JO 
JI 

J2 

J3 

J4 

JS 

JG 

l 111111111111~~: 

DMIGJL EXAMPLE 

J9 

JIU 

JI I 

Jl2 

Jl3 

~-Jl4 

~JIS 
LSI LOGIC CORP 

ll JO , JI , J2 , J3, J4, JS, J 6 , J7, JB , J9 , J l D , JI I , J 12, JI 3 , JI 4, J 1 S) 

A JO 
AN JI 

B J2 
SN J3 
c 
C:N JS 
D JG 
ON J7 
E J8 
EN J9 
F J l 0 
FN J 11 
G J 12 

CN J 13 
H J 14 
HN J 15 
DHIGJL 

03/14/83 

=DHIGJLIA.AN.B.BN.c.cN.o.oN.E.EN.F.FN.G.GN.H.HN>S GATES USED= IG 
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D24GH 
2 TO 4 

0 2 4GH 
OECOOER,GATED OUTPUTS 

ACTIVE HI 

IETVDRK SCHEMATIC 

SP I I I I H--D ZD 

ZI 

zz 

LOGIC DI AGRAM 

ZD 

ZI 
DZIGH 

Z2 

CN Z3 -.--

TRUTH TABLE 

A B GN ZO ZI Z2 Z3 

GATES USED = II 

D D 
I D 
D I 

Z3 
I I 
x x 

D24GH EXAMPLE 

z1z1.z1.z2.n1 • DHGHCA.B.GNll 

LSI LOGIC CORP 

D 
D 
D 
D 
I 

I D D D 
D I D D 
D D I D 
D D 8 I 
D D D D 

12/81183 

D24GL D24GL 
2 TO 4 DECODER.GATES OUTPUTS 

ACTIVE LO 

NETVDRK SCHEMATIC 
LOGIC DIAGRAM 

A 

B 

c 

GATES USEI • ID 

ZD 

ZI 

za 

A ZI 
021GL 

Zf 

C ZS 

TRUTH TABLE 

zz 
A I C 
D I I 
I I I 
D I I 

Z3 
I I I 
X X D 

IZ4CL EXAMPLE 

z1z1.z1.z2.z11 • D24GL<A.l.C)I 

LSI UIGIC ClllP 

II ZI Z2 ZJ 

a I I I 
I I I I 
I I I I 
I I I I 
I I I I 

11111113 
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D24H 
2 TO 4 DECODERrOUTPUTS 

ACTIVE HI 

D24H 

NETUDRK SCHEHATIC 
LOGIC DIAGRAM 

A 

GATES USED • 5 

zo 

ZI 

Z2 

ZS 

D24H EXAMPLE 

Z<Zl.Zt.zz.nl = D24H<A.ll>S 

LSI LOGIC CORP 

zo 

A ZI 
D24H 

-I II 
Z2 

ZS 

TRUTH TABLE 

A B ZD ZI Z2 Z3 

D D I D 0 0 
I D 0 I 0 0 
D I 0 D I D 
I I 0 D 0 I 

02/04/83 

D24L 
2 TO 4 DECODER.OUTPUTS 

ACTIVE LO 

NETUDRI SCHEHATI C 

D24L 

LOGIC DIAGRAM 

A~~~ 

B >--T-i ..;>o--, 

GATES USED • 5 

I I 

ID 

II 

Z2 

Z3 

D24L EXAMPLE 

Z<zo.n.u.u1 • D24L<A.B>S 

LSI LOGIC ClllP 

ZD 

A ZI 
OHL 

Z2 
B 

Z3 

TRUTH TABLE 

A B IO ZI ZZ Z3 

D D I I I I 
I D I 8 I I 
0 I I I D I 
I I I I I 0 

12114113 
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A 

D38GH 
3 TO B 

D38GH 
DECODERrGATED OUTPUTS 

ACTIVE HI 
NETWORK SCHEMATIC 

LOCI C DI AGRAM 

A 

B 

GN~ ' I I I I I I /Y ~ ZD 
C GN 

~ZI 

)0 ~ zz 

~!3 
TRUTH TABLE 

~!4 
A B C GN 012345,7 
0 0 0 0 10000000 
I D 0 0 01000000 
0 I 0 0 00100000 
I I 0 0 00010000 
0 0 I 0 00001000 
I 0 I 0 00000100 
D I I 0 00000010 

~ZS 

I I I 0 00000001 

I I I I f-~n X X X I 00000000 

I ' f-~Z7 

03BGH EXAMPLE 

ZIZ01ZI oZ21Z30Z41ZS,Z&1Z7l • 03BGHIA.B.C,GNlS 

LSI LOGIC CORP 
GATES USED • 19 02/04/83 

A 

B 

c 

D38GL D38GL 
3 TO B DECOOER,GATED OUTPUTS 

ACTIVE LO 
NETVORK SCHEMATIC 

~ 

Li:: 
~ 

LOGIC DIAGRAM 

A 

~ ..r ZD 

t--1 h "'\,. 
/ ZI 

~ 
i-/ Z2 

1--t t--1 

)> !3 TRUTH TABLE 

~ 
/ Z4 

A B C G 01234557 
0 0 0 I U I I I I I I I 
I 0 0 I I 0 I I I I I I 

t--1 ~ 
/ 

0 I 0 I I I 0 I I I I I 
I I 0 I I I I 0 I I I I 
0 0 I I I I I I 0 I I I 
I 0 I I I I I I I 0 I I 

Z5 

~ ] )> 
0 I I I I I I I I I 0 I 
I I I I I I I I I I I 0 
X X X 0 I I I I I I I I Z& 

'---
"'\,. 
/ 

Z7 

D31GL EXAMPLE 

z<zo,z1.z2.z3,z4,z5,z5,z11 • D3BGLtA.a,c.G>s 

LSI LOGIC COllP 
GATES USED • 19 03/11113 
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A 

B 

c 

D3BH 
3 TO 4 DECODER.OUTPUTS 

ACTIVE HI 

D3BH 

NETUDRI SCHEMATIC 

LDGI C DI AGRA" 

A 

D3BH 

B 

l I I I H=D . ZD 
c 

~ZI 

~zz 

I I I I I FU° • z3 
TRUTH TABLE 

A B C 01234567 
0 0 0 10000000 
I 0 O 01000000 

11 I H=D n 4 

0 I 0 00100000 
I I 0 00010000 
0 0 I 00001000 
I 0 I 00000100 ~ZS 
0 I I 00000010 

~Z6 
I I I 00000001 

~Z7 

DSBH EXA"PLE 

Z<~D.z1.z2.zs.Z4.z5,u,z71 = D3BH<A.B.c>s 

LSI LOGIC COii' 
GATES USED • 19 14118/84 

A 

D38L 
3 TO 8 DECODER.OUTPUTS 

ACTIVE LO 

D38L 

NETUDRI SCHEHATI C 

LDGI C DI AGRAM 

A 

a 

I I I I I u •ID c 
I t::t=r'i:i • z I 

I I I I 1 ·LY •ZZ 

~Z3 
TRUTH TABLE 

I I I I I u •14 
A B C Dl234557 
0 B D D I I I I I I I 
I I 0 I 0 I I I I I I 
I I 0 I I D I t I I I 
I I 0 I I I I I I I I 

I I I I u •ZS I D I I I I I D I I I 
I D I I I I I I D I I 
D I I I I I I I I 0 I 
I I I I I I I I I I I 

I I I u •U 

I I ~. •Z7 

DUL EXAMPLE 

zcz1,zi.n.n.H.zs.u.zn • HILCA.a,c>s 

LSI LIIGIC c• 
UTES USED • II IZ/14/U 
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A 

e 

- --·- - - - -----~---

D410H D410H 
4 TO 10 DECODER OUTPUTS 

NETMDRK SCHEHATI C 

GATES USED = 24 

ACTIVE HI 

!D 

! I 

!Z 

!3 

Z4 

!5 

!G 

Z7 

ZB 

!9 

LOGIC DI AGRAM 

ABC D 
0 I 0 0 
I D D D 
D I D D 
I I D 0 
0 0 I 0 
I D I 0 
0 I I 0 
I I I 0 
0 I 0 I 
I I 0 I 
X I X I 
X X I I 

A 

B 

c 

TRUTH TABLE 

3 4 5 
0 D 
D 0 
D 0 
I 0 
0 0 
0 I 
0 D 
0 D 
0 0 
0 0 
0 0 
0 0 

1 9 
D 0 
D 0 
D 0 
0 0 
0 0 
0 0 
0 0 
I 0 
D 0 
0 I 
I 0 
D 0 

041DH EXAMPLE 
Y<ZD.Zl.Z2.Z3.H.ZS.Z&.!7.Z8.Z91 = DllDHCA.e.c.011 

LSI LOGIC CORP 
02123/83 

A 

D 

D410L D410L 
4 TO 10 DECODER OUTPUTS 

NETMDRK scmmc ACT I VE LO 

LOGIC DIAGRAM 

ZD 

B 

ZI c 

Z2 D 

Z3 

Z4 
TRUTH TABLE 

ZS A c 012345 
D D 0 I I I t I 
I D I D I I I I 
D D I I 0 I I I 
I 0 I I I 0 I I 

Z5 

0 I I I I I 0 I 
I I I I I I I D 
D I I I I It I 
I I I I I I I I 

Z7 

D 0 I I I I I I 
I 0 I I I It I 
x x I I I I I I x I I I I It I ZB 

Z9 

041 DL EXAHP LE 

Y<zo.z1.z2.z3,z4,z5,z5,z7,z9,zs> = D41DL<A.a.c.011 

LSI LOGIC ClllP 
GATES USED = 24 

7 8 
I 
I 
I 
I 
I 
I 
I 
I 
D 
I 
I 
I 

13/11/83 
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F'R:1 

Cl 
A 

WORKSTATION we. DELAY 

FULL ADDER 
LOGIC DIACRllN 

~ l 
co 

NETWORK SCHEMATIC 

TRUlH TABT.E 

Cl AB 8 co 
I I I •• I I I I I 
I I I I I 
I l. 'l 
I 8 I I B 
I I I 'l 
I l l 'l 
I 11 11 

FAl EXAMPLE 
ZCS.CO) • FAlCCI.A.BlS 

LSI LOGIC CORP 

CRISE/rAU) DAISY n MENTOR - I VALID -

co 

F'R1 FRe e BIT BINARY FULL ADDER 
CSAME AS Maec> 

F'Ae 

TRUTH TABtE . ··--- ·-----

CATES USED • 11 

l!e/llet83 

tOCIC DIACRllN CB All BB 
I Of 3 
I Of 3 
e Df 3 
3 Of 3 
B Of 3 CO AB BB 

F'Ae I Of 3 
Sii 81 e Df 3 

3 Of 3 
B Of 3 
I Of 3 
e Of 3 
3 Of 3 

NETWOllK SCHEMATIC 

=~ ,ii~ 

::~ , I I[) 

FAE EXAMl'LE 
ZCSllJ. Sl. CE) •rAE(CflJ, Afll. Bfrl. Al. Bl) 

WORKSTATION we. DELAY LSI LOGIC CORP 

<RISE/FALL) DAISY n MENTOR • I VALID -

Chapter 18: Macrofunctions 18-68 

Al Bl Sii s1 ce 
•or 8 B I 

'or I I B 

'or • I I 

•or I I I 
I or • I I 
I or I I I 
1 or 8 I I 
1 or I B I 
e or I I I 
e or I I I 
e or ' I I 
e or I I I 

81 

81 

ce 

GATES USED - Efrl 
13111/83 



f A4 4 BIT BINARY FULL ADDER f A4 

')........------l---------1D-. SS 

Gll>------1---f--<H 

Gt~ II 1llr->l 

Be 
11e--r~-1L~ 

!::> • ~ C4 

G& 
83~ 
A3 >----!. >-~~~~~~~---~--1D-~ 

NE:TWORI( 8CHE:MATIC ~------.p3 

FA4 EXAMPLE 
zcs0.s1.s2.s3.C4.P3)-fA4CC0.A0.B0.G0.A1.B1. 

Gl. A2. B2. A3. B3)$ 

LSI LOGIC CORP 
GATES USED - 44 88/!!1/83 

F Al 6 IG BIT FAST ADDER F Al 6 

CO>----r-t 

AH, J I 11 

CD SD 
FA4 SI 

A S2 
BD-3 ~ I I I I I B S3 

CD Cl 

G~ CD 
A CLAI 

B C4 

LOGIC DIAGRAM 

ANO 

4 
r------------., 

I I I CD SD I I 
FA4 SI 

S4 
S5 
S& A4-7 

84-7 

>-l-1--~--1 A S 2 

: I I r I I B 53 
GO GI 

GD GI I I I tjtD 
: A CLA2 
I 
I 
I 

B C4 

I - S7 
I 

I 
I 
I 
I 
I 
I 
I 
I ----------! 

NETMORK SCHEMATIC 
l---

AB-11 >-+-i 
4 

r+ SB 

BB -11 >-:+-i 
4 L __ 

CD SD 

Al 2 15 : I A F A4 s I 
812~15: il1l1E ._a 

GD 

GI 

S2 
S3 
C4 
p 

SAHE LOGIC J.+ SS 
AS I 

THE ABOVE r+ SID 
I-+ SI I _________ ..J 

Cl6 

FAlli EXAMPLE 
zcso.s1.s2,53,54,55,51j,S7.S8.S9.SID.Sll.Sl2.Sl3.Sl4. 
SI 5 , C 1 6 > =FA I 6 ! C 0 , AO , B 0 , A 1 , BI , AZ , B 2 , A3 , B 3 , A4 , B 4 , AS , B 5 , 
Ali , B 6 , A7 , B 7 , AB , BB , A9 , B 9 , A I 0 , B 1 0 , A 11 , B 1 1 , A 1 2 , B 1 2 , 
Al 3, B 13, Al 4, B 14, Al 5, B 15 > S 

LSI LOGIC CORP 
GATES USED = 24B D9/D2/83 
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fASe 
2 BIT BINARY 2'S COMPLEMENT FULL ADDER CA+B) 
SUBTRACTOR CA-B). SIMILAR TO fA2 EXCEPT SUB 
INVERTS B0 AND B1 AND SUBVERTS THE MEANING 
Of CARRY TO NO BORROW. 

toGIC DIRG11AM 

TftUTH TABLE 

Cll R9 BB RI Bl SUB I SI SI ce 
CO Al 

Cll All Bl 
e I SEE r11e 

RI Bl SUB SI SI ce 
I SEE rRe SI 

NETWDllK SCHEMRTIC 

:~ I,,~ :J SI 

BB 

Al "' 
SI 

Bl 

SUB 

ce 

fAS2 EXAMPLE 
ZCS0.S1.C2> •fAS2CC0.A0.B0.A1,B1.SUBlS 

FA Se 

WORKSTATION we. DELAY LSI LOGIC CORP GATES USED • 25 
ee/18/83 

CRISE/PALL) DAISY a MENTOR • I VALID • 

HAI 
HALF ADDER 

ELECTRICAL SCHEMATIC 

:: ~· 
co 

TIUTH TABLE 

I A a I s cg I 

I I 
I I 

HAI EXAMPLE 
Z<S,CDl=HAl(A,Bll 

LSI UIGIC Ctlll" 

GATES USED • 5 
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H Al 

LOGIC DIAGRAM 

[] s 

D 

11/17/U 



L4 4 BIT DATA LATCH 

NETMDRK SCHEMATIC 

LOGIC DIAGRAM 

AID QI.QA 

LD~.. 'DAN 

OB 

A DA I= uLath DAN r. ON OBN 
B DB 

u DBN 
DC 1-- c' I ID O~DC 
DCN 

N ~ l'.G ONI ) DCN 

DO 

ODN 

L4 EXAMPLE 
Z<DA.OAN.OB.DBN.QC.DCN.aa.aaNl=L4CA.B.c.a.L)$ 

LSI LOGIC CORP 
GATES USED • 12 

L4 I I LB 8 Bl T DATA LATCH LB 

02/01/83 

NETMDRK SCHEMATIC 

A~D~DA 
LOGIC DIAGRAM ILD!J 'DAN 

A ~::N 
DB 

B --·· C QC 

OCN 

LB uu•r I i-Lo t"I • DD 
DON 

DE 

DEN 

OF 

OFN 

OG 

DGN 

DH 

DHN 

LB EXAMPLE 
Z<OA.DAN.OB.OBN.nc.acN.na.aaN.OE.OEN.QF.OFN.QG,DCN. 

QH,QHNl=LBCArBrCrD,E,F,G,H,LlS 

LSI LOGIC CORP 
GATES USED • 24 02/01/83 
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MAG 2 2 BI T MAG 2 
EXTENDABLE MAGNITUDE COMPARITOR 

<SIMILAR TD 1/2 SN7485l 

Al 

Bl 
AO 

> > > 
r- "" ... mm m 

MAG 2 

80 f':: ~ ~ 
mm .., 

LOGIC DIAGRAH 
NETYDRK SCHEMATIC 

ALBI AEBI 

I ~RZ I I ' 
Al ~ 

~ 
Bl ~NR2 

.-------r----. N D 2 

AD ~ 
A04 

BO ~ND2 

AGBI 

MAG2 EX AMP LE 
ZCAGB,AEB,ALB) = MAG2 

CAGBI oAEBI .ALBI ,Al .Bl rAD,BO>S ALB AEB AGB 

LSI LOGIC CORP 
GATES USED • 22 02102183 

MAG2H 

Al 

Bl 

Al 

Bl 

RI 

Bl 

AB 

2 BIT 
MAGNITUDE COMPARATOR 

MAGeH 
l1GB L_ LOGIC DIAGRAM 

REB 

AI.JI 

NETWORK SC1£MATIC 

RLN 

A04 

REN 

R04 

R04 

ALF 

REF 

Bl k>-'.A=GF:...+-l---=:f-~t-t~l 

AI.JI REB 

MAG!!H EXAMPLE: 
Z < AGB. AE:B. ALB l • MAG!!H CA1. B1. Riii. Bfil)S 

LSI LOGIC CORP 
GRTE8 US!JJ • 17 
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MAG2H 

AGN 

AGJ 

171115184 



MAG4 M'AG4 
4 BIT MAGNITUDE COMPARATOR 

EXPANDABLE CSAME AS MB5C OR SN7485} 

A3 

83 

A2 

B2 

Al 

Bl 

AO 

BO 

NETUDRK SCHEMATIC 

ALBI AEBI AGBI 

SEE HAG 2 

SEE MAC 2 

ALB AEB AGB 

LDGICDIAGRAH 

AGBI 

AEBI 

ALBI AGB 

A3 

83 AEB 

A2 'ALB 

B2 

Al 

Bl 

AO 

ao 
NAG4 

MAG4 EXAMPLE 
ZCAGB,AEB.ALB,)=MAG4<AGBI .AEBI ,ALBI ,AJ,B3.,A2,B2, 

Al,81,AO,BO>S 

LSI LOGIC CORP 
GATES USED • 44 12/21/83 

MR41 4 BIT REGISTER WITH MR41 
2 BIT MULTIPLEXED INPUTS 

NETUDRK SCHEMATIC 
LOCI C DI AGRAM 

DOA) r 
HR4 

DAN DOA 
DIA~.-- I ~n 11 DIA D 

DA DO e DAN 

DD B>--+-t--11 I DIB DB 

DBN 
DOC OBN 

DIB~.-- I I rn 1 I DIC DC 

DB DOD OCN 

DO C>--+-t--11 I DID OD 

• ODN 
DCN 

DIC 

DC 

DOD 

DON 
DID 

no 

CP'>-~~~~~~--' 

MR41 EXAMPLE 

ZCQA,QAN.OB,QBN.ac.acN.ao.aoN> = MR4l 
<DDA.DIA.DDB.DlB.DOc.01c.aoo.a10.s.cPlS 

LSI LOGIC CORP 
GATES USED = 29 02/02/83 
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MR42 4 BIT REGISTER WITH MR42 
2 BIT MULTIPLEXED INPUTS, CLEAR DIRECT 

NETUDRK SCHEMATIC 

DD A>-------11 

DIA~ 

0 D B >--+--+---t""" 

DIB~ 

DOC~ 

DIC~ 

ODD~ 

DID~ 

CP>-~~~~~~~ 

CO>-~~~~~~~~-' 

LOGIC DIAGRAH 

MR42 EXAMPLE 

ZCOA.OAN.OBollBN.oc.ocN.oo.noN> = MR42 
<DDA.OIA1DOB.OIB.DOC.01c.ooo.010.s.cP.COlS 

LSI LOGIC CORP 
CATES USED • 33 02/02/83 

MR43 4 BIT REGISTER WITH 2 BIT MR43 
MULTIPLEXED INPUTS, SYNC CLEAR 

CLR 

CP>-~~~~~~__, 

MR43 EXAMPLE 
ZCOA.OAN.OB.llBN.OC.OCN.on.ooN) = MR43 

CDDA1DIA1DOB1DIB1DOC1DIC,DDD1DID1S1CLR1CPlS 

LSI LOGIC CORP 
GATES USED • 31 OZ/OZ/83 
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MR44 4 BIT REGISTER WITH 2 BIT MR44 
MULTIPLEXED INPUTS, SYNC CLEAR CD 

NETUDRK SCHEMATIC 

.....--..... 

DIB~.----1 I 

CLR 

CP>-~~~~~~~~ 

CO>-~~~~~~~~~-' 

llAN 

QA 

OBN 
I i: n 4 I 

OB 

ncN 

ac 

ODN 

OD 

LOGIC DIAGRAM 

~ A 
DI A llAI 

-1DOB DAN 

DIB 08 

D 0 C 08 N 

:Joie oc 

DD 0 OCN 

DID OD 

t""' D 

MRH EXAMPLE 
ZCQA,QAN,QB,QBN,QC,QCN,QD,QDN) = MRH 

COOA.DlA.DOB1DlB.aoc.a1c.aoa.a1a.s.cLR1CP1CO)$ 

LSI LOGIC CORP 
GATES USED = 35 02/02/83 

MRS 1 8 Bl T REG! STER MRS 1 
lrll TH 2 Bl T MULTIPLEXED INPUTS 

NETUDRK SCHEMATIC 

ODA > ; I I I 

DAN 
DI A > I I I r 

I I I - ~ DN~DA 
I 

008 >-I 
018 ~ ~OB 
DOC ~ -+-+- --- -+-- --- ~-HCN 
DIC >-I 4ac 

1-t-t-----t-----1 
ODD >--j ~ODN 

DID >i-f.-j.-----t-----]""'7DD 
DOE >--I t--7DEN 

DIE >-I 4nE 
DDF >---1-t-t-----t-----4llFN 

DI F I I OF 
>-i-t-t- - -- -+- - --_ r 

DOG >--I f--7llGN 

DIG ~-+-+- ___ -t- ____ ~-HG 
OOH >-i rDHN 

:'" ]---- · 1----e."' 
CP~ 

LOGIC DIAGRAM 

D08 OB 

018 OBN, 

o o c oc' 

0 IC QCN 

DOD OD 

DID OUN 

DOE OE 

DIE OEN 

DD F OF 

DIF QFN 

DD G OG 

DIG OGN 

OOH OH 

DIH OHN 

MRBl EXAMPLE 
ZCQA,QAN,QB,QBN,QC,QCN,QD,QDN,QE,QEN,QF,QFN,QG,QGN, 
QH,QHNl=MR8lCDOA1DlA1DOB.DlB1DOC.a1c.aoa.a1a. 

DOE1DlE,OOF,OIF.OOG,OIG,DOH,OIH1S.CPlS 

LSI LOGIC CORP 
GATES USED • S7 05112183 
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MRB2 B BIT REGISTER UITH 2 BIT MRB2 
MULTIPLEXED UNITS, CLEAR DIRECT 

NETUDRK SCHEHATI C 

DOA > I I f 

DIA~ 
DAN 

:-i-i-~---1-ff-~t: )DA 
DOB H 4DBN 

DIB ~ hne 
ooc ~-f-f- - - - -H- - - -~-HCN 
DIC >--l 4 nc 

1-f -f - - - - -1-1- - - - I 
DOD >j j7DDN 

DID >--i-f-f-----H----~nD 
DOE >--i ~OEN 

DIE >--l I. I 4oE 
DOF ~·,-----H----40FN 
DIF ~ I '-4nF 

1-f,-----H----' • 
DOG >--i ~DGN 

DIG >-i-f-f- ___ -H- __ -~DG 
DOH >-i rDHN ·:· ~-----ir ___ r. .. 

CP 
CD 

LDGI C DI AGRAH 

-----;nrer 
DOA 0 

DIA DAN 

DOB DBI 

DIB DBN 

DOC DC 

DIC DCN 

000 no 

DID DON 

DOE DE 

DIE DEN 

DOF OF 

DIF DFN 

DOG DG 

DIG DGN 

DOH DH 

DI H DHN 

CD 

MRB2 EXAMPLE 
Z!QA,QAN,QB,QBN,QC,QCN,QO,QON,QE,QEN,QF,QFN,QG,QGN, 
QH,QHN>=MRB2!DOA1DlA,OOB,DlB1DOC1DlC10001DlD, 

DOE,OlE1DDF1DlF,DOG1DlG1DOH,OlH1S1CP1CO)S 

LSI LOGIC CORP 
CATES USED • 65 05112183 

MUX22H MUX22H 
DUAL 2 BIT NON INVERTING HUX 

TRUTH TABLE 

A Z<l I 

D 81111 
I DI< 11 

A 

ELECTRICAL SCHEIATIC 

:~:: ~ ZD 

:~:: ~ ZI 

A 

MUX22H EXAMPLE 

Y< ZO , Z I) =MU X 2 2 H< D 0 0 , D lO , D 01 , 0 l 1 , Al S 

LSILIGICC9 
CATES USED = 7 01/14/83 

Chapter 18: Macrofunctions 18-76 
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MUX24H MUX24H 
DUAD 2 BIT NDN INVERTING HUX 

A 

HUX24H EXAMPLE 

Y C Z 0 , Z I , Z2, Z3) =HUX 2 4 H < D 0 0 , DI 0 , 
.001 .011 .ao2.a12.ao3,a13,A>S 

LSILSICC. 
GATES USED = 13 

TRUTH TABLE 

A Z< II 

• DD<I l 
I 0 I( II 

Dl/14183 

MUX24L MUX24L 
QUAD 2 BIT INVERTING HUX 

LOG! C DI AGRAH 

MUX24L 
ODD ZD DID 
001 ZI DI I 
002 Z2 012 
DO 3 

Z3 Oil 
A 

NETYDRK SCHEMATIC 

ZD 

ZI 

Z2 

Z3 

HUX24L EXAMPLE 

Zt ZD. ZI .z2.Z9l•HUX24L( DOD .at 0 .oo I .011,002. DIZ .003 .013 .Al s 

LSI LOGIC CORP 
GATES USED = 9 02/04/83 
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MUX31H 
3 BIT NON INVERTING HUX 

LDGI C DI AGRAM TIUTH TABLE 

A B z 

0 D DO 
I I DI 
I I 02 
I I 02 

ELECTRICAL SCHEMATIC 

:~: r---Q 

02 > I I I ':;;oo I :=:J 

A > I I 

B 

HUX31H EXAMPLE 

z = HUX31H coo.01.02.A.B>S 

LSI LDGIC CllllP 
GATES USED = 7 

HUX31H MUX31L 

03104/13 
GATES USED 

Chapter 18: Macrofunctions 

3 BIT INVERTING MUX 
LOGIC DIAGRAM 

HUX31L 
DO 
DI 

02 

A 
B 

z 

ELECTRICAL SCHEMATIC 

DO>-----+-t 

DI> I I I 

02> I I I ~ 

A 
B 

z 

G 

MUX31L EXAMPLE 

MUX31L coo.01.02.A.B}S 

LSI LOGIC CORP 

18-78 

MUX31L 

z 

04111/83 



MUX32H MUX32H 
DUAL 3 BIT NON INVERTING HUX 

TRUTH TABLE 

A B 

0 0 
I 0 
D I 
I I 

Z(I) 

DO(I l 

DI( I l 
02(1) 

D2C ll 

ELECTRICAL SCHEMATIC 

:~:: ~ 

020> I I I~ 

DD I 

Oil> I lf""il 

02 I > I I I :::»+-+-----;-

A 
B 

MUX32H EXAMPLE 

LOCI C DI AGRAM 

HUX32H 

ZB 

ZI 

YC Z 0 , Z I ) •MU X 3 2 H C DD 0 , D l 0 , D 2 0 , D 0 1 , DI 1 , D 2 1 , A, Bl S 

LSI LmC ClllP 
GATES USED = 12 13114113 

MUX34H MUX34H 
QUAD 3 BIT NON INVERTING MUX 

ELECTRICAL SCHEMATIC 

1-

:::: I HQ 
-----1 

I 
I 
I 
I 

020 ~ 

DOI >-:-+~----f-+-----: 
ZD 

Dll >-I I I I 
021 >-I r+ZI 

DD2 >-:-+~----tt-----: 
012 >-1 I 
012 >-I I-+ Z1 

DD3 >-:-+-i----f-+-----: 
I I 

Dl3 >-I I 
D13 >-I ~H 
.~- - I I _____ : 

B 

MUX34H EXAMPLE 

LOCI C DI AGRAM 

MUXHH 

TRUTH TABLE 

A B Z! I l 

0 0 DD (I l 
I 0 DI Cl l 
D I 02 CI l 
I I 02( I) 

Y < ZO , Z I , Z 2 , Z 3) =MU X 34 H ( 0 0 0 , DI 0 , D 2 0 , 0 0 1 , 0 11 , 0 2 1 , 
002.0l2.022.003.0l3.023,A,B>S 

LSI LOGIC CORP 
GATES USED = 22 05/11 /83 
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HUX41GH HUX41GH 
4 BIT NON INVERTING MUX, GATED 

LOGIC DI AGRAM 

MUX41GH 
DB 
DI 

D2 

03 

A 
B 

NETUORI SC HE NATI C 

OD~ r--. 

DI~ 

DP I I ,..., 

D3~ 

A>--......___. 
B >---------......_ _ ___, 
G>----------------' 

ZC Z> 

GATES USED • I 

MUX41GH EXAMPLE 

MUX41GHCOO,Ot ,02,03,A,B,G)S 

LSI LOGIC CORP 

z 

13/11/13 

HUX41H MUX41H 
4 BIT NON INVERTING HUX 

LOGIC II AGRAM TRUTH TABLE 

DI 

12 

IS 

A 

ELECTRICAL SCHEMATIC 

:~: ~ 

::: ~ 
A 
a 

HUX41 H EXAMPLE 

A B z 
D 0 DI 
I • DI 
I I 82 
I I 19 

Z • HUX41H IOO,Olr02r03,A,B)S 

LSI LOGIC COIF 
CATES USED = 8 U/14113 
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HU X41 L 
4 BIT INVERTING HUX 

LOGIC OIAGRM 

ELECTRICAL SCHEMATIC 

DD>----+-+ 

DI> I I I 

D2>----+-+ 

D3 > I I I 

A>---'--' 
&>---------' 

MUX41L EXAMPLE 

z HUX41L <OO,Ot.02,03,A,B>S 

LSI LOGIC CORP 

CATES USED 

MUX41L 

01/17/83 

HUX42H MUX42H 
DUAL 4 BIT NON INVERTING HUX 

TRUTH TABLE 

A B 

0 0 
I D 
0 I 
I I 

Zl I l 

DOI I> 
DI I I> 
OZ! I) 
Dll I> 

ELECTRICAL SCHEMATIC 

:::: FW 

:::: HQ 

::: : HQ 

:::: HQ 

A 
a 

MUX42H EXAMPLE 

LDGI C DI AGRA" 

I HUX42H I 

DOD 
DID 
D2D ZI 
030 
DD l 
D 11 

Zl 

-, 021 
D31 

A 

zo 

ZI 

Y( z 0, z l ) =HU x 42 H <D 0 a '0 I a ' 0 2 a , 0 3 a' a 0 I ' 0 l I , 0 2 I '0 3 l 'A' B) s 
LSI LOGIC CORP 

GATES USED = 14 03/14/83 
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MUX4 4 H MU X4 4 H 
QUAD 4 BIT NON INVERTING MUX 

ELECTRICAL SCHEMATIC 

DOD::- HQ 
DID I 

D20 ) I I" 

-----, 
I 
I 
I 
I 

OlD ) I I r-.J 

Oil >-:-+ ~=-- --t-+- --- -i 
ZO 

Oil >-I I 
D21 >-I J+ ZI 

OH i-t~----++-----1 
002 >-I I 
012 >- I 
D22 >-: j.+ Z2 

012 >t + ~ I - ---- I 
003 >-I t+-----1 
013 >-I I 
023 ~ i"+Z3 
m~ I 

• ~-----Ll__ _ 

MUXHH EXAMPLE 

LOGIC DIAGRAM 

TRUTH TABLE 

A B Z< I) 

0 0 00([) 

I 0 DI (I l 
D I 02(() 

I I 03( [) 

Y< zo, z 1 , z2 , z3 J =Mu x 44 H < o o o , o 1 o , o 2 o , o 3 o. o o 1 , o 1 1 , 02 1 , o 31 , 
002,0l2,022,032,003,0l3r023,033,A,BlS 

LSI LOGIC CORP 
GATES USED = 26 l&/21/B3 

HUXSIH MUXSIH 
5 BIT NON INVERTING HUX 

LOCI C DIAGRAM TRUTH TABLE 

ELECTRICAL SCHERATIC 

:~: ~ 

::: HQ 
D• ) I I I ").a I I I 

A 

8 

c 

KUXSlll EXAl'IPLE 

A B 

D 0 
I • 
8 I 
I I 
I 0 
I 0 
a I 
I I 

Z = MUXSIH CDO,Ol,021D3,Q4,A,BrClS 

GATES USED = 11 
LSI UGIC ClllP 

c z 
0 DD 
D DI 
D D2 
a 03 
I 04 
I •• 
I •• 
I D4 

13/14/13 
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MUX51L 

DD 
DI 

DZ 

5 BIT INVERTING HUX 
LOGIC DIAGRA" 

NUXSI L 
DD 
DI 
DZ 
03 
D4 
A B C 

ELECTRICAL SCHENATIC 

DS> ~ 
D4 • I I I I r==1=<l 

A 

B 

c 

HUXSIL EXAHPLE 

Z = HUXSIL (0010l1021031040A180ClS 

LSI LOGIC CORP 

GATES USED = 11 

MUX51L 

03/10/83 

MUX52H MUX52H 
DUAL 5 BIT NON INVERTING HUX 

NETUDRK SCHEMATIC 

DID~ 

D20~ 

040 ) I I I >a I I I 

0 0 I >--1--1-r"""'\ 

Oil~ 

0 Z I >--1--1-r"""'\ 

D31~ 

D41 ) I I I >a I I I 

A 

B >---------'---' 
0 
I 

MUXH GH EXAMPLE LSILDGICCDRP 

LDGI C DI AGRAM 

MUX52H 
DOD 
DID 
D20 

D30 

D40 
DOI 
DI I 

D21 

D31 
D41 

A 

ZD 

11 

TRUTH TABLE 

c 1(1) 

0 00(() 

0 DI< II 
I 0 02<1) 
I 0 03! I l 
0 I D41 I l 
0 I DH I l 
I I D4<1) 
I I D41 I) 

Y( Z 0 , Z I l = MU X 5 2 H C D 0 0 , D I 0 , D 2 0 , D 3 0 , D 4 0 , D 0 I , D I I , D 5 I I 5 /B 3 

0211031,041,A,8,ClS GATES USED• 19 

Chapter 18: Macrofunctions 18-83 i 



MUX54H OUAD MUX54H 
5 BIT NON INVERTING HUX 

0 0 0 >--i-t--t-r'\. 
DID~ 

NETMORK SCHEMATIC 

0 2 0 >-t+--+-ll.. 
030~/"I I LJ I I~ I 

I 

040, ii~__L:?:_-1-1---~~i----: 
DOI~ I 
DI I >-I I 

zo 

021 >-I I-+ ZI 
031 >-J I 
041 >j I 

+--1----1-1----~+----
002 ~ I 
012 >-I I 
022 >-! l-+z2 
032 >-J I 

D42 >-i+--1----1-1----~+----' 
DD3 ~ I 
013 >-I I 
023 >-I ~Z3 

:;:~ __ Jr ___ : 
MUX54H EXAMPLE 

A 

0 
I 
0 
I 
0 
I 
0 
I 

LOGIC DIAGRAM 

HUX54H 
DOD 
DID 
020 
030 
040 ZD 
DOI 
Oil 
021 
031 
041 ZI 
002 
012 
022 
032 
042 Z2 
003 
D 13 
023 
033 
043 Z3 

A 
B 
c 

TRUTH TABLE 

B c Z (I l 

0 0 DD (I l 
0 0 DI (I l 
1 0 02 (I l 
1 0 D3 (I l 
0 I 04 <I l 
0 I 04 (I l 
1 I 04 (I l 
I I 04 <I l 

Y < z o , z t , z 2 , z 3 ) =Mu x 54 H c a a a , a 1 o , a 2 a , o 3 o , a 40 , a o t , 
a11,a21.a31,a41,ao2.a12.a22.032,a42,003,a13, 
023,033.043,A,B,C)S 

LSI LOGIC CORP 
GATES USED = 35 05/12/83 

MUXGIH MUXGIH 
6 BIT NON INVERTING MUX 

LOG! C DI AC RAH TRUTH TABLE 

ELECTRICAL SCHEMATIC 

:~: ~ 

::: HQ 
::: HQ 

A 

B 

i'IUX61H EXAl'IPLE 

A 

I 
I 
0 
I 
0 
I 
0 
I 

B c 

D D 
a a 
I 0 
I 0 
0 I 
0 I 
I I 
I I 

Z = MUX61H CDOrOl,D2r03,04,0S,ArBrClS 

LSI LOGIC ClllP 

z 
DD 
DI 
02 
03 
04 
05 
04 
05 

GATES USED = I 2 13104113 
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MUX62H DUAL MUXG2H 
6 BIT NDN INVERTING HUX 

1-

:~:: ! ~ 

:::: i ~ 

040:: ~ 
D50 l 

DOI>-:­

DI I >-j 

DZI ~ 

D31 ~ 

NETMDRK SCHEMATIC 

ZD 

D4 I >-j TRUTH TABLE 

A 

B 

c 

A 

0 
I 
D 
I 
D 
I 
D 
I 

MUX62H EXAMPLE 
Y<ZO,Zll=MUX62H<DOO,OI0,020,0301D401050, 
001.011.a21.a31,041,os1 .A.B.C>s 

LSI LOGIC ClllP 
GATES USED = 21 

B 

0 
D 
I 
I 
D 
0 
I 
I 

c Z< I) 

D DD< I) 
D DI! I) 
D DZ< I) 
0 D3 <I l 
I D4! I) 
I D5 ! I l 
I D4 (I) 

1 D5 (I) 

0'1Zl/83 

MUX61L 
6 BIT INVERTING MUX 

DI 

DI 

De 

D3 

D4 

D5 

l.OGIC DIAGRAM 

DI 

De 

D3 

115 

A B C 

Et&CTIIICAT. SCHEMATIC 

MUX61L EXAMPLE 
z - MUX61L cne.n1.ne.D3.D4.D5.A.B.C)S 

LSI LOGIC CORP 
GATES USED - 14 

Chapter 18: Macrofunctions 18-85 
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z 

11!/Et/83 



MU X G 4 H a U AD MU X G 4 H 
G BIT NON INVERTING HUX 

NETUDRK SCHEMATIC 

ODD~ 

D I 0 >+--1-+-r'"\1 

DZO~ 

030~ 

040~ 

05D) 1 11 ~ 

----1 
I 
I 
I 
I 
rzD 
I 
I 
I 
I 
I 
I 
I-+ ZI 

ou >-I I 

~~~ ~-H----H----H---- 1 
DIZ ~ : 
ozz >-; 
D3Z>-{ 1-+zz 
D4Z ~ I 
~~~ >-{-lt----H----H----: 
013>-, 
023 >-1 I 
03 3 ;.J I-+ Z3 .::ltJ--1r---: 

MUX64H EXAMPLE 

TRUTH TABLE 

A B c z (I) 

0 D 0 DI< I> 
I 0 D DI< i > 
0 I 0 DZ< i > 
I I 0 Dl <I> 
0 0 I DI< I l 
I D I 05 ( [) 
0 I I 04 ( [) 
I I I 05 ( [) 

Y C ZD, Z I , Z2 , Z 3 l =MU X 6 4 H < D 0 0 , DI 0 , D 2 0 , D 3 D , D 4 0 , D 5 0 , D 0 I , 
011,021,031,041,os1.002,012.022,03z,042,os2.003, 
Dll,023 0033 ,043 0053 ,A,B,C) S 

GATES USED = 39 
LSI LOGIC CORP 

05/I 5/83 

MUX71H MUX71H 
7 BIT NON INVERTING HUX 

LOGIC DIAGRAM 

ELECTR! CAL SCHENAT! C 

:~: rQ 

::: HQ 

::: HQ 
o' ) I I I :>o I I I 

A 
B 
c 

MUX71H EXAMPLE 

TRUTH TABLE 

A B c z 
D 0 D DD 
I 0 D DI 
0 I D 02 
I I D 03 
0 0 I 04 
I 0 I 05 
0 I I 06 
I I I 06 

z = MUX71H coo.01.02.03,04,05,06.A.B.ClS 

LSI LOGIC CDIP 
6ATE5 USED = 13 13/88183 
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MUX71L 
7 BIT INVERTING HUX 

NETMDRK SCHEHATIC 

:~: ~ 

::: ~ 
::: ~ 
06) 111~ 

A 
8 
c 

MUX71L EXAMPLE 

MUX71L 

LOGIC DIAGRAM 

I HUX71L I 

DO 
DI 
02 
03 
04 
05 
06 

A 
8 
c 

z 

z = MUX71L cao.a1.02.a3,a4,as.nli.A.e.c)s 

LSI LOGIC CORP 
GATES USED = I Ii 05111/83 

MUX72H DUAL MUX72H 
7 BIT NON INVERTING HUX 

1-

:~::: ~ 

:::: i ~ 

::: : ! HQ 

060 ) I I I I ::>o I I I 
I 
I 
1-

DDI >-1 

zo 

DI I >--] 
D2 I >-j 

D31 >--i 
Dtl >-I 

TRUTH TABLE 

A 

A 8 c 

0 0 0 
I 0 0 
0 I 0 
I I 0 
0 0 I 
I 0 I 
0 I I 
I I I 

HUX72H EXAMPLE 
YCZD,Zl)=MUX72H<DOO,OID,D20,D3D,040,050,Dli0, 

DO I, D 111021, 031, 041, 051, 0'1, A, B, C) S 

LSI LOGIC CORP 
GATES USED = 23 

Z (I) 

DO (I) 
DI I I) 
02 (I) 
D3( [) 
04 ( [) 
05 I I) 
D6 I I) 
D6 I I l 

06/21/83 
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MUXB1H 
8 BIT NON INVERTING MUX 

tOGIC DIAGRAM 

E!.ECTRICAJ. SCl£MATIC 

:: ~ 
:: HQ 

:~ 

:: HQ 
A 
B 
c 

MUX81 H EXAMPLE 

Z • MUX81H CDO.D1.D2.D3.D4.DS.DB.D7.A.B.C)$ 

LSI LOGIC CORP 
GATES USED • 14 

9/84 Version 

MUX81H 

T1lU'l1t TABLE 

A I C i 

I I I DI 
I I I DI 

8 I 8 DE 
I I 8 D3 

I I 1 D4 
I • 1 D5 
8 I I D8 

I I I 'IT'! 

171115/84 

MUX74H QUAD MUX74H 
7 BIT NON INVERTING HUX 

Oll:ltd::Q 
011 

DU >-1-1--l--r----

D!l~J 

D41:rt=t=Q 
D51 

DU 

----1 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

zo 

Oil ~ ~ ~: - -+-P-- -I~ ---- i TRUTH TABLE 
Oil >--. I 
021 >---! 
D!l ;_J f+ ZI 
DH >-I I 
051 >-1 I 
~:! ~ t ~ - - -+ t- -- -H- - - -: 
DI!>-; 
D2! >--j I-+ Z2 
DI! >-I I 
on >-l I 
D5! >-j I 
::~ ~t r----1-t- - - -H-- - -1 
DU >-I I-+ Zl 
D21 >-1 I 
Dll >-i I 

A 

I 
I 
I 
I 
I 
I 
I 
I 

B c 

0 D 
0 D 
I D 
I 0 
0 I 
D I 
I I 
I I 

:1~---41----~----: 
c ) MUX74H EXAMPLE 

Z< I> 

DD< I> 
DI (I) 
DZ< I> 
Ol I I l 
04 I I l 
05 I I l 
06 I I l 
06 <I> 

YC ZD , Z 1 , Z2 , Z3) =MU X7 4 H < D 0 0, DI 0 , D 2 0, D 3 0 , 04 0 , D 5 0, D 6 0, 
OB I , D 1 1 , D 21 , D 31 , D 41 , D 51 , D G I , D 0 2 , DI 2 , D 2 2 , D 3 2 , D 42 , D 5 2 , 
0&2 'D 0 3, D 13 , a 2 3 'D 3 3 'a 4 3 , D 5 3 'D 6 3 , A. B, c) s 

LSI LOGIC CORP 
CATES USED = 47 16/21/Bl 
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MUXB4H OUAD B BIT 
NON-INVERTING HUX 

MUXB4H 

[ - - - - - -i NETWORK SCHEMATIC 
DOD ooMUX8 AND 
010...1. l DI 11 LOGIC DIAGRAM 
020 02 -
030 D3 z~ zo 
040 I 04 I 
050 J as 1 
DG 0 D 6 
070 ~ 07 ABC : 

I j J I 

: f-1 1 
DDl>---1 I 
011>---i I 
021 >----i I 
031 ~ I----+ ZI 
041 . I I 
051 >-----' 
DG I >---1 I 
071 >---i I H t-1- - - - - - -I 

o a 2 > I ii 012 
D 2 2 >-----, 
D 3 2 >--------{ I z 2 
D 4 2 >-------< ~ 
052>---I I 
D 6 2 >---t I 
07 2 >----i I H t-1- - - - - - -I 

003 >----! I 
D 13 >----i I 
D 2 3 >-----, 
033 >---1 ~ Z3 
D 4 3 >------I I 
053>---I I Y <Z01Zl1Z21Z3l=MUX84H 

MUX84H EXAMPLE 

D63>---t 1 <000.010.020.030,040,aso, 
073>----i I 060,D70,DOl,Dll,D21,D31, 
A >_j r1- ---Df l, -D 5 I , D 6 I , D 7 I , D 0 2 , D I 2 , D 2 2 , a 32 , 
B ~ D42,D52,D62,D72,a03,Dl3,D23,D33, 
C 043,053,063.D73,A,B,c,)S 

LSI LOGIC CORP 
GATES USED 5 2 05/12/Bl 

MUXB2H 
0 UAL 8 

ODO 
DID 
D20 
030 
D40 
D50 
060 
070 

DD I 
D 1 I 
D 21 
D 3 I 
041 
D 5 I 
D6 I 
D 7 I 

A 
8 
c 

.., 

MUXB2H 
BIT NON INVERTING HUX 

NET~ORK SCHEMATIC LOG! C 01 AG RAH 

DO 
Dl HUXB2H 

D2 aoo 
010 

zo 1020 
D3 MUXB 

D4 
__,.. 

D5 030 

06 040 zo 
07 DSO 

A B C D60 
07D ZI 

00 I 
D 1 I 

TJ 
02 I 
0 3 I 

DO D 41 
D 1 DS I 
D2 D6 I 

Zl I D7 I 

A 

D3 MUXB 
~ D4 

D5 
D6 
D7 

A B C 

TT 

MU X 8 2 H E X AMP LE 
Y(ZO,Zll =MUX82H<DDD,Ol0,02D,030,D40,D50,D60,070, 
001.011.021.031,041,051,061.071,A.B.c>s 

LSI LOGIC CORP 
GATES USED = 26 

05/11/83 
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M42C 4 TO 10 DECODER M42C 
LDGI C DI AGRAH 

I I I I 
'7A B c 0 I H42C 

~HVYVHV¥ NETWORK SCHEMATIC 

D ) ZO 

u--- )ZI l-1 --11~1 ======~ 
r"JD3 )Z2 hf-;:=====t 

I I I u--- )Z3 

I I I I I n-- > Z4 

I I I I I n-- >zs 

I u- rn 

H==£=====1DD3 ) Z7 

D >ZB 

~,.........,,ND2 )Z9 1--1 -tl~I- IL_J-1 I> 

A 

~~-____._, -1-1~1 ----l,,___,' I I 
H42C EXAMPLE 

YC Z D, Z I , Z2 , Z3, Z4, ZS , zi; , Z7 , ZB, Z9 > = M4 2 C < A, B, C, D) S 

LSI LOGIC COIF 
0 2 /I 0 /B 3 

GATES USED = 22 

HB 2 C 2 BIT BINARY FULL ADDER 
<SAHE AS FA2) 

LOGIC DIAGRAM 

SD 

NETWORK SCHEMATIC 

m ,1h~ so 

;~ I I I)[) SI 

C2 

H82C EXAMPLE 
zcso.s1.c2> = MB2C<CD.AO.BD.Al.Bl)S 

LSI LOGIC CORP 

GATES USED = 20 

Chapter 18: Macrofunctions 18-90 

MB2 Cl 

02115/13 



M85C 
4 BIT MAGNITUDE COMPARITOR 

EXPANDABL~ CSIMILIAR TO MAG4 OR SN7485) 

RJ 

BJ 

Re 

~ 

RI 

Bl 

All 

B0 

NETWORK SCHEMATIC 

ALB! ~EB! RGBl. 

y 

r-1---1 
I SEE MAG e 

SEE MAG e 

ALB AEB AGB 

MBSC EXAMPLE: 

LOGIC DIAGRAM 

M85C 

RGBI 

RElll 

ALDI AGB 

RJ 

BJ REB 

ne ALB 

~ 

RI 

Bl 

All 

B0 

:HAGB, AE:B, ALB, )•MBSC<AGBJ, AE:BJ, ALB!, A3. B3. Re. Be. 

A!,B!,A0.B0)$ 

LSI LOGIC CORP 
GATES USED - H 

Chapter 18: Macrofunctions 

MSSC 

97/es/84 

18-91 



Ml38D GATED 3 TO 8 DECODER M138D 
OUTPUTS ACTIVE LO (74138) 

IETUORK SCHEMATIC 

GL G2A 628 C B A 

I I t I I I I 1--Y ) 20 

I I I I I I I ~ HI 

I I I I I Fl 1--Y ) 22 

I I I I I I I 1--Y )Z3 

I I I I I I ~ )Z4 

I I I I I 1--Y , 25 

I I I I 1--Y )Z6 

I I ~ )Z7 

GATES USED = 23 
LSI LOGIC CORP 

Ml38D 

GI zo 
G2A ZI 

628 Z2 

Z3 

A H 

B Z5 

c Z& 

Ml38D EXAMPLE 

Z<ZO.ZI .z2.z3, 
Z4.zs .n .zn = 
M13BO<GI 1G2A, 
c2e.A.e.c>S 

03111 /13 

HISOC 16 INPUT GATED HlSOC 
INVERTING HUX LOGICDIAGRAM 

NETWORK SCHEMATIC .. ____,....... 
II~ 

12) I I '"" 

13~ 

Dh I I '"" 

05~~ 

::: btQ 
II) I I '"" 

19 ) I I r---.L _,,-1.L....1..r-o.. 

011, I I '"" 

DI I ---H-r--f 
012~ 
D 11 >----+--1---1'" .ru______u.-... 

:II:: H:9 
JVP 

,\~ 
l>-~~~~~--L~ 

IVP 

~~~~~~~~~~~.L.l 

s•::::-----~~~~~~~~~~~~--=~~_J 

Ml51C EXAMPLE LSILDmC• 
z = NISOC< DO .01 .02 ,03 ,04.05 .06 .o7 .oa .o9' 13/11/U 
010.011.012.013,014,01s.A.B.c.o.sN>S GATES USED= 38 

Chapter 18: Macrofunctions 18-92 



M 1 5 1 C B INPUT GATED HUX 

00~ 

01~ 

oz~ 

03~ 

04~ 

05~ 

0'~ 

07~ 

A 

LOCI[ DIAGRAM 

Do H 151 
DI 
D 2 IJ 
Dl 
04 
05 
D' y 
07 

uw 
NEHORK SCHEMATIC 

&>-~~~~~~~~ 

[>-~~~~~~~~~~~~~~ 

SN>-~~~~~~~~~~~~~~~~~~ 

HISIC EXAMPLE 

M·t 5 1 C 

Z<IJ,Y) a MISICC00.01 ,02,03,04,os,aG,O?.A,B,CoSNlS 

GATES USED = 20 
LSI LOGIC CORP 

13111/13 

MI 5 2 C B INPUT INVERTING HUX 
LOGIC DIAGRAM 

M 15 Z C 
DO 
DI 
02 
03 z 
04 
as 
DG 
07 
LLl 

NETWORK SCHEMATIC 

DO___,_.,, 

DI~ 

DD I I .---... 

03~~ 

o+ ~ l I .---... 

OS~~ 

D' >---t--t--r'\ 
17~ 

A>-=.J 
I>-~~~~~~-'-~ 

C>-~~~~~~~~~~~..._. 

H 152 C 

GATES USED = 18 

13/11/U H152C EXAMPLE 
LSI LOGIC COii' 

Z = Ml52CCOO,OI ,oz,03,04,05,oG,07,A,B,tlS 
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M153C DUAL 4 INPUT HUX 
LOGIC D!AGRAH 

Ml53C 
100 
I 0 I 
I 02 I Z 
103 
IGN 
200 
20 I 2 Z 
202 
203 
2GN 

A 

IETUDIK SCNEHAT! C 

108~ 

ID I >---+---r-...1. /"~ 

102~ 

!::~ I g1 I I 
201~~ 

2 oz >----l--1----r-

203~ 

2GN>-~-t--+-~~~-t--t-~~~~ 

A~ 
B>-~~~~~~L...l 

Ml 53C EXAMPLE LSILOGICCORP 

M 15 3 C 

,,,_____IZ 

~2Z 

xc1z.2z> = Ml53CCIDD.IOl.ID2.103·ZDD.ZDI. 03111/83 
202.ZD31A,B.tGN,2GN>S GATES USED• 14 

M157C 

Al 

Bl 

AZ 

BZ 

A3 

83 

A4 

84 

s 
GN 

QUAD 2 INPUT GATEll 
NON INVERTING HUX 

LOGIC llAGRAH 

Ill 5 7 c 
Al 
Bl ZI 
A2 
82 Z2 
A3 
83 Z3 
A4 
84 Z4 

~ 

NETUDRK SCNEHATI C 

Ml57C EXAMPLE 

M 15 7 C 

ZI 

zz 

Z3 

Z4 

Y < Zl, Z2 , Z3 , Z4) =MI 5 7 CC Al , BI , A2 , 82 , A3 , Bl, A4, B 4 , 5 , C N l S 

GATES USED = 13 
LSI LOGIC CORP 

03111/13 

Chapter 18: Macrofunctions 18-94 



M158C QUAD 2 INPUT GATED 
INVERTING HUX 

M 15 8 C 

NETUDRK SCHEMATIC 

Al 
LOGIC DIAGRAM 

Zl Bl 
HISBC 

A2 Al Z I Bl 
zz A2 Z2 82 82 

A3 
AJ 
BJ ZJ 
M 

Z4 Z! 84 13 

A4 s GN 

14- Z4 

CN 

5 

HI SIC EXAMPLE 
Y< Z I , Z2 , Z3 , Z4} = H 15 8 C< Al , BI , A2 , 82 , A3 , 83, A4 , 84 , 5, C N l S 

11 
LSI LllGIC CORP 

U/11113 CATES USED 

M160C SYNC 4 BIT BCD COUNTER 
C74LS!Ei0) 

NETUORK SCHEMATIC 
CP 

~---<A 

MlGOC 

LOGICOIAGRAM 

Ml 6 0 C 

CD 

DA 

DAN 

OB 

08N 

nc 
OCN 

00 

OON 

P T CD 
..----.----

Ml60C EXAMPLE 
Z(QA.aa.nc.aa.co.nAN.QBN,QCN,QDN) 
=Ml60CCA.B.c.a.L.CP.CD.P.TlS 

LSI LOGIC CORP 
CATES USED • &D 02/18/83 
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Ml60D 

T>+~--~ 

SYNC 4 BIT BCD COUNTER 
C74LS1GO> 

NETUDRK SCHEMATIC 
CP 

8 

HlliDD EXAMPLE 

M 160 D 

LOCI [ DI AGRAM 

I H16DD 
DA 

A 

8 
08 

c 
DC 

D 

L 

• OD 

CD 
p T CD 

Z(QA,QB,ac.aa.co }=M16DD<A.s.c.a.L.CP.co.P.TlS 
LSI LOGIC CORP 

GATES USED = 50 03/08/83 

M 1 G l C SYNC 4 BIT COUNTER 
C74LSIGI} 

NETUDRK SCHEMATIC 
[p 

) I :)f) I I I I A 

M 1G1 C 

LOGIC DIAGRAM 

Hl61 C 
QA 

A 
DAN 

OB 

OBN 

QC 

OCN 

OD 

DON 
CD CD 

~~ H161C EXAMPLE 

CATES USED • 54 

Z(QA,as.ac.aa.co.nAN.QBN.DCN,QDN} 
=Ml61CCA.B.c.a.L.CP.P.T.CD}S 

LSI LOGIC CORP 
02/18/83 
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M162C SYNC 4 BIT BCD COUNTER 
C74LSIG2} 

NETMDRK SCHEMATIC 
CP 

~--<A 

DA 

DAN 
B 

MI 6 2 C 

LOCI C DI AGRAM 

I HI 61[ 
DA 

A DAN 

DB 

DBN 

DB ~; DC 
DBN DCN 
C L 

DD 

QC 

QCN 

DD 

DON 

CL 
DON 

p T CO 

IT 

CD '--r--'--------' M 1 6 2 C EX AMP LE 

GATES USED • 55 

Z( OA, OB, OC, OD, C 0, OAN, OB N, OC N, OD N l 
=M162CCA.B.c.o.L.CL.CP.P.T)S 

LSI LOGIC CORP 
02118/83 

M 1 6 I D SYNC 4 BIT BCD COUNTER 
C74LSIGI) 

NETMORK SCHEMATIC 
CP 

DA DELAY _ 

DB.,_--!llITi'.IH-t+.---L---1-++-F=F==:...o< 

Dc..---!llITi'.IH-++1f.:---L---1-+++1-+-=--o< 

DD ------mill I I I 
L~ ::c:: 

Ml610 EXAMPLE 

M 1 6 I D 

LOGIC DIAGRAM 

Hl6 ID 
llA 

A 

B 
118 

c 
a llC 

L 

> ao 
CD 

p T CD 

Z(QA,QB,QC,QD,CO l=M161D(A,B.c.a.L.CP.P,T.C0)$ 

GATES USED = 60 
LSI LOGIC CORP 

03/29/83 
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M 1 G 2 D SYNC 4 BIT BCD COUNTER 
C74LS162) 

NETWORK SCHEMATIC 
CP 

T>+~--~ 

OA~ll~ I II riJE ~ ol 
o<J-1 

B 

OB -
c 

oc"'f-~~bMJ--t-Ht-i::--~-1..~~-+-l--lf--l----o~ 

L>' 11=:::1"1 

CL> I I I I L..I 

QD DELAY 

CD 

M162D EXAMPLE 

M162D 

LOGIC DIAGRAM 

~ DA 

A 

B DB 

c 
DC 

~~ 
CL OD 

p T CD 

Z<DA.as.ac.aa.co l=MIG2D(A,s.c.a.L.CL.CP.P.TlS 
LSI LOGIC CORP 

GATES USED = G2 03/08/83 

M163C SYNC 4 BIT COUNTER 
C74LSl63} 

M163C 

NETUDRK SCHEMATIC 
CP 

)> I :JI) I I I I A 

co 

GATES USED = 54 

QO 

DON 

LOGIC DIAGRAM 

H1&3C 
DA 

A DAN 

OB 

OBN 

DC 
OCN 

CL DD 

DON 
p T CO 

Ml63C EXAMPLE 
ZCOA.ae.ac.na.co.aAN.OBN.OCN.ODNl 
=MIG3C(A,e.c.a.L.CL.CP.P,T)S 

LSI LOGIC CORP 
01/02/83 
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M163F SYNC 4 BIT COUNTER M163F Ml b30 SYNC 4 BIT Ml 530 
C74LS1G3) OPTIMIZED FOR ~AX CLOCK FREQ BINARY COUNTER (74LS153} 

CP NET~DRK SCHEMATIC A NET~DRK SCHEMATIC 
CP 

T 

LOGIC DIAGRAM 

LDGI c 01 AGRnAAM E 111 ~',~11 
I cE-4 ~ 

Y
1J I LA ··- ·- ... . MH3D 

QA 
MI 6 3 F 

111 I lrri~:~1!~11ll I I 111 I 111 h~ j: DA QB 

A 
B DB DB - -111 I I I '\...J=I r I I I I I II I Ill~ -1. QC 

c 
nc 

I 111 I I L--' f7L/" - n I I I I I rrr-- ~ 1111 I ;LI, ,lJ, -· -<JcL QD 
L 

'J 111 I I I I r1 ::: ~le""~ I I I I I I Ill I 1111 by I P 1 ca 
ca 

p 1 nc 
11 I II 11 I ~ a I I I 

DC 

no E I I I 11 <><'." !--<>< f-L---+-+---__.J c~ 

~ ~ 

ca ca 

M163D EXAMPLE 
CATES USED = 92 z { QA. OB. DC' DD 'co.)= MI 6 3 a { A. B' c 'a 'L' CL' CP 'p 'Tl s 

04/18/84 Ml63F EXAMPLE LSI LOGIC CORP 03/10/93 GATES USED • 61 
LSI LOGIC CORP 

Z(QA,QB,ac.ao.co )=M163FCA.B.c.a.L.CL.CP.P.TlS 

Chapter 18: Macrofunctions 18-99 



M1G9C 

PN 

TN 

UP 

QA 

4 BIT U/D COUNTER 
C74L51G9} 

NETUDRK SCHEMATIC 

QB =Ill 11 1111: ~ .,I -

DC 

no 

CON 

H169C EXAMPLE 

A 

B 

L 

M169C 

LOGIC DIAGRAM 

1Ht69C I 
QA 

QB 

]~ 
QC: 

no 

CON 

UP 

M244C M244C 
DUAL 4 BIT TRISTATE BUFFER 

ON CHIP 

LOGIC DIAGRAM 

IGN 
!Al l Yl 
l A2 l Y2 
l A3 l Y3 
IA+ l Y4 

H244C 
2GN 
2Al 2Yl 
2A2 2Y2 
2 A! 2 Y3 
2A4 2Y4 

Pl244C EXAMPLE 

Z!IYl.tY2.tY3.tY4o2Y1,2Y2o2Y3,2Y4) = Pl244C 

< 1 At, I A2.tA3,1 ,..,-2AI ,2A2 ,2A3 ,2A4.I CN .2CN) S 
Z<QA,QB,QC,QO.CON )=Hl69C{A,e.c.a.L.CP.PN.TN.UP)S 

GATES USED = 65 
LSI LOGIC CORP 

03/10/83 
LSI LOGIC CORP 

GATES USED • 24 13/11113 
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M244XC M244XC 
DUAL 4 BIT TRISTATE OUTPUT BUFFER 

DFF CHIP 

LOGIC DIAGRAM 

I GN 
IAI IYI 
I A1 I Y1 
I A3 IY3 
IA4 I Y4 

H144XC 
1CN 
1AI 1YI 
1A1 1Y1 
1A3 1Y3 
1A4 1Y4 

ELECTRICAL SCHEHATIC 

I CN >-------, 

IAI~ I A1 

I A3 

IM 

1CN>---------. 

1At~·· 1A2 

1A3 I 

2A4 .. I 

M244XC EXAMPLE 

I YI 

I Y1 

I Y3 

IH 

1YI 

1 Y1 

1Y3 

2H 

Z! lYI .lY2.tY3.JY4,2YI ,2Y2,2Y3,2Y4) = M244XC 

< I A I , I A2 , 1 A3 , I A4 , 2 A I , 2 AZ , 2 A3 , 2 A4, I G N , 2 G N l S 

LSI LOGIC CORP 
GATES USED = 56 03/11183 
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4 BI T 5 LI CE ALU M2901 RAMI3 NETMDRK SCHEMATIC DlO Dl3 
M2901 

AAORO: 3 
.....­

BADR0•3 4 

MN 

H3 

HUX3 

IH4 

2 PORT RAM 

EN 

o--~~+-~~~-+-~~~~~~~-+-~ CP 

C:K 
CP 

00:3 

Y013 

GATES USED = 744 

8 LATCH 
CP 

ALU 

FE DON 

HUX2 

FD 

31. 3 

HUX3 

0 REG 

F3 

I': 8 I 0: 2 

ALU ALU 

DESTINATION !SOURCE OPERAND 

DECODE DECODE 

EN END3 ENDO 

M2901 EXAMPLE 

I 3: 5 

ALU 

FUNCTION 

DECODE 

I zcy3,y2,y1,yo,RAM03.RAMOO.ao3,aoo,EN03.ENOO.EN03N. 

DD 0 03 D 

LSI LOGIC CORP 

EN 0 0 N , P N , G N, 0 V R , CN 4, C N 4 N N , F EQO N) = M 2 9 0 l ( I 0 , I l , I 2 
I3,f4,f5,fG,I7,fB,AAOR3,AAOR2,AAORI ,AAOR01BAOR3, 
BAO R 2 'BAO R I , BAO R 0 'c K ' 0 3 '0 2 '0 I '0 0 ' RAM I 3 'RAM I 0, QI 3 ' 
DIO,CN1CNN}S 

09/2I/83 
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PAR B 
B BIT ODD PARITY DETECTOR 

NETUORK SCHEMATIC 

IF NUMBER OF TRUE 

(II INPUTS IS oao. 
THEN Z = I. 

LOGIC DIAGRAM 

A 
8 

PAR8 

Y< Z) 
PARB EXAMPLE 

PARBCA1B1C1D1E1F1G1H)$ 

LSI LOGIC CORP 
CATES USEO = 21 

PAR B PAR 9 PAR 9 
9 BIT ODD PARITY DETECTOR 

NETUORK SCHEMATIC 

>-~~~~~~~~-----4[)------.z 

IF NUMBER OF TRUE 

!I) INPUTS IS 000, 

THEN Z • I. 

PAR9 EXAMPLE 

LOCI C 01 AGRAM 

A 
P AR9 

Y< Zl p AR 9 ( A I B, c ID IE IF, GI H I I ) s 
LSI LOGIC CORP 

02121/83 CATES USED • 24 

Chapter 18: Macrofunctions 18-103 
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p 52 P52 
DIVIDE BY 2 EXTERNAL CLOCK PRESCALER 

UITH NO INPUT PROTECTION 

LOG! C 01 AGRAM 

PS2 

z 

co 

PS2 EXAMPLE 
Z = PS2<CP,CO)S 

GATES USED = l 3 
LSI LOGIC CORP 

NETUORK SCHEMATIC 

;i 

-.. ,.. 

CJ 

:;;: 

D5/ll/83 

PS3 P53 
DIVIDE BY 3 EXTERNAL CLOCK PRESCALER 

UITH NO INPUT PROTECTION 

' LDG!C DIAGRAM 

P53 

z 

co 

PS3 EXAMPLE 
Z = PS2<CP,CD)S 

GATES USED = 19 
LSI LOGIC CORP 

NETUORK SCHEMATIC 

;i 

-< ,.. 

:;;: 

05111/83 
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PS4 PS4 
DIVIDE BY 4 EXTERNAL CLOCK PRESCALER 

~ITH NO INPUT PROTECTION 

LOCI C DI AG RAH 

PS4 

z 

CD 

PS4 EXAMPLE 

Z = PS2<CP,CO)S 

GATES USED • ZS 
LSI LOGIC CORP 

NET~ORK SCHEMATIC 

n 
~ 

-< ,.. 

g 

DS/11/83 

R41 4 BIT DATA REGISTER 

LOGIC DIAGRAM 

QA 
QAH 

B 
QB 

R41 QBH 

c QC 
OCH 

QD 
QDH 

NETWORK SCHEMATIC 

QA QB QC 

CP 

QAH QBN OCH 

R41 EXAMPLE 
zc QA. QAN. OB. QBN. oc. OCN. OD. ODN J-R41 CA, B. c. D. CP> $ 

LSI LOGIC CORP 
GATES USED - em 

Chapter 18: Macrofunctions 18-105 

R41 

OD 

QDN 

le/01/83 



R42 R42 I 
4 BIT DATA REGISTER, CLEAR DIRECT 

NETWORK SCHEMATIC 

LOCI C DI AGRAM 
A~DA 

FD2 
DAN 

A ~~--r-- B > I I lo D~DB 

DBN 

c u~ ~ C~Dc ;~~ D 

CD I I r--11 ~n""~DCN 

0) I I lo n~DO 

DON 

~:: I I I 

R42 EXAMPLE 
ZIOA,QAN10B1DBN1DC1DCN10010DNl=R421A1B,C1D1CP,CDIS 

LSI LOGIC CDRP 
GATES USED • 24 DZ/01/83 

I 
I 

I 
I 

I 

I 
I 

I 
I 

RBI 8 BIT DATA REGISTER R 81 

NETWORK SCHEMATIC 

A DA 
LOGIC DIAGRAM 

DAN 

a D& 

DA A 
DAN D&N 

a DB cu :t:Dc 
DBN 

I c DC FDI 
DCN D DCN 

~:RBI 
DD 

u) a t==:DI 
DON~ 
DE FD ~N DDN 

... E DE 

DEi 
G 

H F DF 

DFN 

G DG 

DGN 

.------. 
DH 

DHN 
I L--1 

CP 

RBI EXAMPLE 
ZIOA1DAN,QB,OBN,QC,QCN,OD,ODN10E,QEN,QF,QFN1DC1DGN, 

DH10HNl=RBllA1B1C,D1E1F1G•H1CPIS 

LSI LOGIC CDRP 
GATES USED • 40 02101183 

Chapter 18: Macrofunctions 18-106 



RB 2 B BIT DATA REGISTER, R82 
c LE AR D I RE c T NETUDRK SCHEMATI c 

LDGI C DIAGRAM 

A DA 
DAN 
OB 
OBN 
DC 
OCN 

D OD 
R 8 2 ODN 

E OE 
OEN 

1-
A> I I I I DA 

I I rrL:D2 I ON I co 1--HDAN 

I 
II >---1 : I-. 4os 
p .... ..J - +- --- _____ ~ OBN 

I 1 I- 4oc 
o>---1- +------~OCN 

I I 1-· 400 
E >---1- +------~DON 

: I- 4aE F~- +------~OEN 
: 1-· 4oF G~- +------~OFN 
: I- 4oG 

H >---I - +---___ ~ OGN 

: : rt 4,. 
---- 4DHN 

CP __ I 

CD 

RB2 EXAMPLE 
Z(QA,QAN,QB,QBN.nc.acN.QD,QDN.QE,QEN.QF,QFN10G.aGN. 

DH, OH N) = R 8 2 CA, B, C, D, E, F, G, H, CP, CD) S 

LSI LOGIC CORP 
GATES USED = 48 05/11 /83 

SR4l 

CP 

4 BIT SHIFT REGISTER SR41 

LOGIC DIAGRAN 

SR41 

QA DAN DB DBN DC OCN DD DON 

IETUDRI SCMENATIC 

DA DB DC DB 

DAN DIN DCN DDI 

SR41 EXAMPLE 
ZCQA,QAN,QB,QBN,QC,QCN1001DDN>=SR41(0,CP>I 

LSI LOGIC CORP 
CATES USED • 21 U/11/U 
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SR 4 2 4 BIT SHIFT REGISTER, 
CLE AR DI REC T 

LOGIC DIAGRAM 

5 R 42 
CD 

QA DAN OB OBN QC OCN OD ODN 

NETYDRK SCHEMATIC 

QA DB nc 

~:: I I I I I I I I I I I 
DAN DBN OCN 

SRH EXAMPLE 

SR42 

OD 

QDN 

z ( QA, a AN' QB , UB N , Q c , OCN , a 0' QO N) = 5 R 4 2 ( 0, CP 'c 0} s 
LSI LOGIC CORP 

GATES USED = 24 02/Dl/83 

SR43 SR43 
4 BIT SHIFT REGISTER, SET DIRECT 

DA 

LOGIC DIAGRAM 

5 R 4 3 DA 
DAN 
DB 
DBN 
QC 
DCN 
DD 
DON 

SD 

NETUORK SCHEMATIC 

QB QC 
so>-~~.--~-r-~~~r-~-+~~~--.-~__,f--~~---, 

CP 

DAN DBN QCN 

SR43 EXAMPLE 

DD 

ODN 

z ( QA' a AN , QB ' OB N ' a c' QC N , a 0 , OD N) = s R 4 3 ( D ' c p , 5 0) s 
LSI LOGIC CORP 

GATES USED = 24 07/D&/83 
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SR44 4 Bl T SHI FT REGISTER, SR44 
SYCHRONOUS PARALLEL LOAD 

NmDRK SCHEHATI C 

L ~ ~ 

A 

LOGIC DIAGRAM 

SI DA 
DA DAN 

A DAN B 
OB 

SRH DBN 

QC 

OCN 

DD DB 
DON 

DC ( I I I ~ ) OCN 
0 

o o < '--T-----T-' > no N 

SRH EXAMPLE 
z < nA, a AN , nB, OBN , ac, ac N , no , a o N > =SR H < s 1 , A, B, c, o, L, CP > s 

LSI LOGIC CORP 
GATES USED = 29 02/0 l/B 3 

SR45 4 BIT SHIFT REGISTER, SR45 
SYCHRONOUS PARALLEL LOAD AND CLEAR 

LOGIC DIAGRAM 

SI DA 

A DAN t 
B OB 

c SR45 DBN 
D DC 

L OCN 

CL DD 

DDNL 

SR45 EXAMPLE 

L 

CL>-~-+--~ 

DA ( I 

DB E I 

I 

I 

NEHDRK SCHEHATI C 

A 

I ==r= ) DAN 
I.-----< B 

I ==-=j"= ) OBN 
c 

DC ( I I I ~ ) DCN 
D 

DD C ~ ) DON 

z < nA, DAN , OB, OB N, oc, acN , oo , no N > = s R45 
<SI .A.B.c.o.L.CL.CP>I 

LSI LOGIC CORP 
GATES USED = 31 02/02/83 
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SR4G 

A 

CP 

4 BIT SHIFT REGISTER 
ASYNCHONOUS PARALLEL LOAO 

DAN DA 

LOCI C 01 AC RAH 

SRH 
51 
A 

NETUDRK SCHEMATIC 

B c 

DBN OB 

D 

OCN QC 

SR4G 

DON DD 

SRH EXAMPLE 
zcnA.nAN.ae.neN.nc.acN.no.aoN>=SR4G<s1 .A.e.c.a.L.cP>s 

LSI LOGIC CORP 
GATES ·USED • +O 02/01183 

I I 

SR47 4 BIT SHIFT REGISTER, 
SYNC CLEAR 

NETUDRK SCHEMATIC 

!;l ~ 

LOGIC DIAGRAM 

DA 

SI DAN t .. 
> 

1 DB 

.. 
i:; 

CL SRH DBN 

DC 

DCN 

DD [ .. 
"' DON .. ... .. 

.. 
~: I I I :;;: 

.. ... ____ __, 

SR47 EXAMPLE 
:;::-------' -

M r-

Z<nA.QAN.OB.OBN.nc.ocN.oo.noN>=SR47!SI .cL.CPlS 

LSI LOGIC CORP 
GATES USED • 2+ 
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SR47 

03/17 /83 



SYN CO 1 SYN CO 1 
SYNCHRONIZER FOR ASYNCHRONOUS 

0 TO I EVENT 

LOGIC DIAGRAM 

u 
NETUDRK SCHEHAll C 

,:: JtW " 
GATES USED • 11 

SYN CO I EXAMPLE 
Z=SYNCDHA,CPlS 

LSI LOGIC ClltP 
03/11/83 

SYNC10 SYNC10 
SYNCHRONIZER FOR ASYNCHRONOUS 

I TO 0 EVENT 

LOGIC DIAGRAM 

u 
NETUDRK SCHEMATIC 

,:: ~ " 

GATES USED • 11 

SYNCIO EXAMPLE 
Z•SYNCI 0( A, CP l S 

LSI LOGIC ClltP 
03/11/13 
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