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The HCMOS Compacted Array Products Databook 

Preface. 

The HCMOS Compacted Array products databook is written for logic and system 
designers who wish to use LSI Logic's Compacted Array'° products to create a system
scale design. It is assumed that the user of this manual will be familiar with LSI Logic's 
LOS® design sequence from having attended an LDS Gate Array design class and an LDS 
Compacted Array design class at one of LSI Logic's Design Centers. 

The following information is provided: 

• An overview introducing LSI Logic's LCA 1000 Compacted Array technology. 

• A discussion of the LCA 10000 propagation delay which is caused by interconnect 
routing, input loading, temperature, and voltage. 

• A description of the array family 

• A description of available packaging 

• An explanation of power and ground rules. 

• A catalogue of Compacted Array products macrocells 

• A catalogue of Compacted Array products macrofunctions 

• A list of megafunctions available in LSI Logic's libraries. 

• A list of available RAMs and ROMs 

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

LSI Logic Corporation 
1551 McCarthy Boulevard 
Milpitas, CA 95035 
Telex 172153 

LSI Logic Corporation reserves the right to make changes to any products and services 
herein at any time without notice. LSI Logic does not assume any responsibility or 
liability arising out of the application or use of any product or service from LSI Logic; nor 
does the purchase, lease, or use of a product or service from LSI Logic convey a license 
under any patent rights, copyrights, trademark rights, or any other of the intellectual 
property rights of LSI Logic or of third parties. All rights reserved. 

LDS is a registered trademark of LSI Logic Corporation. LCA 10000 Compacted Array is a 
trademark of LSI Logic Corporation. 

©LSI Logic Corporation 1987 
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Three-State Output, HD ................... . 
D Flip-Flop with Clear/Set .................... . 
D Flip-Flop with Clear/Set, HD .............. . 
D Flip-Flop with Clear/Set/Scan ................ . 
D Flip-Flop with Clear/Set/Scan, HD ............ . 
D Flip-Flop with Set .......................... . 
D Flip-Flop with Set, HD ................. . 
D Flip-Flop with Set/SCAN ............... . 
D Flip-Flop with Set/SCAN, HD ............... . 
D Flip-Flop with Synchronous clear ............ . 
D Flip-Flop with Synchronous clear, and Load ... . 
D Flip-Flop with Synchronous clear, and Load, HD 
D Flip-Flop with Synchronous clear, HD ......... . 
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FJK1 
FJK1 P 
FJK1S 
FJK1SP 
FJK2 
FJK2P 
FJK2S 
FJK2SP 
FJK3 
FJK3P 
FJK3S 
FJK3SP 
FT2 
FT2P 
FT4 
FT4P 
HA1 
IBUF(U)(D) 
IBUFN(U)(D) 
IV/IVP 
IV A/IV AP 
IVDA/IVDAP 
LD1 
LD1P 
LD1X4 
LD1X4P 
LD2 
LD2P 
LD3 
LD3P 
LD4 
LD4P 
LS1 
LS1P 
LS2 
LS2P 
LSRO 
LSROP 
LSR1 
LSR2 

Macrocell Catalogue in Alphanumeric Order 

JK Flip-Flop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-104 
JK Flip-Flop, HD................ . . . . . . . . . . . . . . . 2-105 
JK Flip-Flop with Scan . . . . . . . . . . . . . . . . . . . . . . . . . 2-106 
JK Flip-Flop with Scan, HD . . . . . . . . . . . . . . . . . . . . . 2-107 
JK Flip-Flop with Clear . . . . . . . . . . . . . . . . . . . . . . . . 2-108 
JK Flip-Flop with Clear, HD . . . . . . . . . . . . . . . . . . . 2-109 
JK Flip-Flop with Clear/Scan . . . . . . . . . . . . . . . . . . . 2-110 
JK Flip-Flop with Clear/Scan, HD . . . . . . . . . . . . . . . 2-111 
JKFlip-FlopwithClear/Set .................... 2-112 
JKFlip-FlopwithClear/Set,HD ........... 2-113 
JK Flip-Flop with Clear/Set/Scan................. 2-114 
JK Flip-Flop with Clear/Set/Scan, HD...... . . . . . . . 2-115 
Toggle Flip-Flop with Clear . . . . . . . . . . . . . . . . . 2-116 
Toggle Flip-Flop with Clear, HD................. 2-117 
Toggle Flip-Flop with SET . . . . . . . . . . . . . . . . . 2-118 
Toggle Flip-Flop with SET, HD . . . . . . . . . . . . . . . . . 2-119 
HALF ADDER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-120 
CMOS Input Buffer ............................. 2-121 
Inverted CMOS Input Buffer.................... 2-122 
Single Inverters........... . . . . . . . . . . . . . . . . . . . . 2-123 
Inverter with Parallel P Transistors . . . . . . . . . . . . . . 2-124 
Inverter into Inverter . . . . . . . . . . . . . . . . . . . .. . . . . . 2-125 
D Latch, Gated . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-126 
DLatch,Gated,HD ........................... 2-127 
D Latch times 4, Cornman Gate . . . .. . . . . . . . . . . . 2-128 
D Latch times 4, Cornman Gate, HD . . . . . . . . . . . 2-129 
D Latch, Active Low . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-130 
D Latch, Active Low, HD . . . . . . . . . . . . . . . . . . . . . . . 2-131 
D Latch with Clear, Active High . . . . . . . . . . . . . . . . 2-132 
D Latch with Clear, Active High, HD . . . . . . . . . . . . 2-133 
D Latch with Clear, Active Low . . . . . . . . . . . . . . . . 2-134 
D Latch with Clear, Active Low, HD . . . . . . . . . . . 2-135 
D Latch with Scan Test Input . . . . . . . . . . . . . . . . . 2-136 
D Latch with Scan Test Input, HD . . . . .. . . . . . . . . . 2-137 
D Latch into D Latch with Scan . . . . . . . . . . . 2-138 
D Latch into D Latch with Scan, HD . . . . . . . . 2-139 
SR Latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-140 
SR Latch, HD . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-141 
SR Latch with Clear/Set, Separate Gated Inputs... 2-142 
SR Latch with Clear/Set, Common Gated Inputs... 2-143 
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Macrocell Catalogue in Alphanumeric Order 

MUX21 H/MUX21 HP Non-inverting Gate Mux.... . . . . . . . . . . . . . . . 2-144 
MUX21 L/MUX21 LP Inverting Gate Mux.... . . . . . . . . . . . . . . . . . . .. 2-145 
MUX21 LA/MUX21 LAP 2 to 1 Transmission Gate Mux,lnverting... .. . 2-146 
MUX31 L 3-BIT Non-inverting Mux..... .. . . . . . . . . . . . . . . . . 2-147 
MUX31 LP 3-BIT Non-inverting Mux, HD .................... 2-148 
MUX41L 4-BITNon-inverting Mux ....................... 2-149 
MUX41LP 4-BITNon-inverting Mux, HD .................... 2-150 
MUX51H Non-inverting 5To 1 Mux .................... 2-151 
MUX51HP Non-inverting 5To 1 Mux, HD ................... 2-152 
MUX81 8-BITNon-invertingMux .................... 2-153 
MUX81P 8-BIT Non-inverting Mux, HD................... 2-154 
ND2/ND2P 2 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-155 
ND3/ND3P 3 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-156 
ND4/ND4P 4 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-157 
ND5/ND5P 5 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-158 
ND6/ND6P 6 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-159 
ND8/ND8P 8 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-160 
NR2/NR2P 2 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-161 
NR3/NR3P 3 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-162 
NR4/NR4P 4 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-163 
NR5/NR5P 5 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-164 
NR6/NR6P 6 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-165 
NR8/NR8P 8 Input NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-166 
NR16/NR16P 16 Input NOR................................. 2-167 
OR2/0R2P 2 Input OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-168 
OR3/0R3P 31nput0R .................................. 2-169 
OR4/0R4P 4 Input OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-170 
OSCI Oscillator with internal buffer . . . . . . . . . . . . . . . 2-171 
OSCI Oscillator with output buffer . . . . . . . . . . . . . . . 2-172 
RAM1 Dlatch, Gated, with Added three-state . . . . . . . . . . 2-173 
SCHMITC(U)(D) Schmitt Trigger Input Buffer ..................... 2-174 
SCHMITCN(U)(D) Inverted Schmitt Trigger Input Buffer ............ 2-175 
ST/STP Inverting Schmitt Trigger ....................... 2-176 
ST1/ST1 P Schmitt Trigger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-177 
TLCHT(U)(D) TILlnput Buffer............................... 2-178 
TLCHTN(U)(D) Inverted TIL Input Buffer . . . . . . . . . . . . . . . . . . . . . . 2-179 
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Macrocell Catalogue in Functional Order 

Gates 
AN2/AN2P 2 lnputAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12 
AN3/AN3P 3 Input AND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13 
AN4/AN4P 4 Input AND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14 
A01/A01 P 2AND into 3NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15 
A02/A02P 2 2ANDS into 2NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16 
A03/A03P 20R into 3NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17 
A04/A04P 2 20RS into 2NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-18 
A05/A05P Inverting 2 of 3 Majority . . . . . . . . . . . . . . . . . . . . . . 2-19 
A06/A06P 2AND into 2NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20 
A07/A07P 20R into 2NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21 
A011/A011P 3 2ANDS into 3NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22 
A012/A012P 4 20RS into 4NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23 
D24UD24LP 2 to 4 Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-65 
DRV81 Internal Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-67 
EN/ENP 2 Input EXCLUSIVE NOR . . . . . . . . . . . . . . . . . . . . . . . 2-72 
EN3/EN3P 2 Input EXCLUSIVE NOR . . . . . . . . . . . . . . . . . . . . . . . 2-73 
EO/EOP 2 Input EXCLUSIVE OR . . . . . . . . . . . . . . . . . . . . . . . . . 2-74 
E01/E01 P 2AND 2NOR into 2NOR . . . . . . . . . . . . . . . . . . . . . . . . 2-75 
E03/E03P 3 Input Exclusive OR . . . . . . . . . . . . . . . . . . . . . . . . 2-76 
EON1/EON1P 2 OR 2 NAND Into 2 NAND . . . . . . . . . . . . . . . . . . . . 2-77 
FA 1 FULL ADDER . . . . . . . . . . . . . . . . . . . . . . . . 2-78 
FA1A FULL ADDER . . . . . . . . . . . . . . . . . . . . . . . . 2-79 
FA 1AP FULL ADDER, HD . . . . . . . . . . . . . . . . . . . . . . . . 2-80 
FA1P FULL ADDER, HD . . . . . . . . . . . . . . . . . . . . . . . . 2-81 
HA 1 HALF ADDER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-120 
MUX21H/MUX21HP Non-inverting Gate Mux.... . . . . . . . . . . . . . . . 2-144 
MUX21UMUX21LP Inverting Gate Mux.... . . . . . . . . . . . . . . . . . . .. 2-145 
MUX21LA/MUX21LAP 2to 1 Transmission Gate Mux,lnverting... .. . 2-146 
MUX31 L 3-BIT Non-inverting Mux..... .. . . . . . . . . . . . . . . . . 2-147 
MUX31LP 3-BITNon-inverting Mux, HD .................... 2-148 
MUX41 L 4-BIT Non-inverting Mux..... .. . . . . . . . . . . . . . . . . 2-149 
MUX41LP 4-BITNon"invertingMux,HD .................... 2-150 
MUX51H Non-inverting 5To 1 Mux .................... 2-151 
MUX51HP Non-inverting 5To 1 Mux, HD ................... 2-152 
MUX81 8-BIT Non-inverting Mux . . . . . . . . . . . . . . . . . . . . 2-153 
MUX81P 8-BITNon-inverting Mux, HD ................... 2-152 
ND2/ND2P 21nputNAND ................................ 2-155 
ND3/ND3P 3 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-156 
ND4/ND4P 41nputNAND ................................ 2-157 
ND5/ND5P 5 Input NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-158 
ND6/ND6P 61nputNAND ................................ 2-159 
ND8/ND8P 81nputNAND ................................ 2-160 
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NR2/NR2P 
NR3/NR3P 
NR4/NR4P 
NR5/NR5P 
NR6/NR6P 
NR8/NR8P 
NR16/NR16P 
OR2/0R2P 
OR3/0R3P 
OR4/0R4P 
ST/STP 
ST1/ST1 P 

Internal Buffers 
BTS4/BTS4P 
BTS5/BTS5P 
B11 
B21/B21P 
B31/B31P 
B41/B41P 
B51/B51P 
IV/IVP 
IVA/IVAP 
IVDA/IVDAP 

Flip-Flops 
FD1 
FD1P 
FD1S 
FD1SP 
FD2 
FD2P 
FD2S 
FD2SP 
FD2TS 

FD2TSP 

FD3 
FD3P 
FD3S 
FD3SP 
FD4 
FD4P 

Macrocell Catalogue in Functional Order 

2 Input NOR ............................... . 
3 Input NOR ................................ . 
4 Input NOR ................................ . 
5 Input NOR ............................... . 
6 Input NOR ................................ . 
8 Input NOR ................................ . 
16 Input NOR ................................ . 
2 lnputOR ................................. . 
3 lnputOR ................................. . 
41nputOR ................................. . 
Inverting Schmitt Trigger ..................... . 
Schmitt Trigger .............................. . 

Internal Three-State Buffer ................... . 
Internal Inverting Three-State Buffer .......... . 
Internal Buffer .............................. . 
Inverter into 3 Parallel Inverters ............... . 
2 Parallel Inverter into 2 Parallel Inverter ...... . 
4 Parallel Inverters .......................... . 
3 Parallel Inverters .......................... . 
Single Inverters .............................. . 
Inverter with Parallel P Transistors ............. . 
Inverter into Inverter ......................... . 

D Flip-Flop ................................. . 
D Flip-Flop, HD ............................ . 
D Flip-Flop with Scan ......................... . 
D Flip-Flop with Scan, HD .................... . 
D Flip-Flop with Clear ........................ . 
D Flip-Flop with Clear, HD .................. . 
D Flip-Flop with Clear/Scan ................... . 
D Flip-Flop with Clear/Scan, HD .............. . 
D Flip-Flop with Clear and Added 
Three - State Output ................... . 
D Flip-Flop with Clear and Added 
Three - State Output, HD ................... . 
D Flip-Flop with Clear/Set .................... . 
D Flip-Flop with Clear/Set, HD .............. . 
D Flip-Flop with Clear/Set/Scan ................ . 
D Flip-Flop with Clear/Set/Scan, HD ............ . 
D Flip-Flop with Set .......................... . 
D Flip-Flop with Set, HD ................... . 
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2-161 
2-162 
2-163 
2-164 
2-165 
2-166 
2-167 
2-168 
2-169 
2-170 
2-176 
2-177 

2-63 
2-64 
2-26 
2-27 
2-28 
2-30 
2-31 
2-123 
2-124 
2-125 

2-82 
2-83 
2-84 
2-85 
2-86 
2-87 
2-88 
2-89 

2-90 

2-91 
2-92 
2-93 
2-94 
2-95 
2-96 
2-97 



FD4S 
FD4SP 
FDS2 
FDS2P 
FDS2L 
FDS2LP 
FJK1 
FJK1P 
FJK1S 
FJK1SP 
FJK2 
FJK2P 
FJK2S 
FJK2SP 
FJK3 
FJK3P 
FJK3S 
FJK3SP 
FT2 
FT2P 
FT4 
FT4P 

Latches 
LD1 
LD1P 
LD1X4 
LD1X4P 
LD2 
LD2P 
LD3 
LD3P 
LD4 
LD4P 
LS1 
LS1P 
LS2 
LS2P 
LSRO 
LSROP 
LSR1 
LSR2 
RAM1 

Macrocell Catalogue in Functional Order 

D Flip-Flop with Set/SCAN ............... . 
D Flip-Flop with Set/SCAN, HD ............... . 
D Flip-Flop with Synchronous clear ............ . 
D Flip-Flop with Synchronous clear, HD ......... . 
D Flip-Flop with Synchronous clear, and Load ... . 
D Flip-Flop with Synchronous clear, and Load, HD 
JK Flip-Flop ................................. . 
JK Flip-Flop, HD .............................. . 
JK Flip-Flop with Scan ........................ . 
JK Flip-Flop with Scan, HD .................... . 
JK Flip-Flop with Clear ....................... . 
JK Flip-Flop with Clear, HD .................. . 
JK Flip-Flop with Clear/Scan .................. . 
JK Flip-Flop with Clear/Scan, HD .............. . 
JK Flip-Flop with Clear/Set ................... . 
JK Flip-Flop with Clear/Set, HD .......... . 
JK Flip-Flop with Clear/Set/Scan ................ . 
JK Flip-Flop with Clear/Set/Scan, HD ............ . 
Toggle Flip-Flop with Clear ................ . 
Toggle Flip-Flop with Clear, HD ................ . 
Toggle Flip-Flop with SET ................ . 
Toggle Flip-Flop with SET, HD ................ . 

D Latch, Gated .......................... . 
D Latch, Gated, HD .......................... . 
D Latch times 4, Cornman Gate ............... . 
D Latch times 4, Cornman Gate, HD .......... . 
D Latch, Active Low .......................... . 
D Latch, Active Low, HD ...................... . 
D Latch with Clear, Active High ............... . 
D Latch with Clear, Active High, HD ........... . 
D Latch with Clear, Active Low ............... . 
D Latch with Clear, Active Low, HD .......... . 
D Latch with Scan Test Input ................ . 
D Latch with Scan Test Input, HD .............. . 
D Latch into D Latch with Scan .......... . 
D Latch into D Latch with Scan, HD ....... . 
SR Latch .................................. . 
SR Latch, HD .......................... . 
SR Latch with Clear/Set, Separate Gated Inputs .. . 
SR Latch with Clear/Set, Common Gated Inputs .. . 
D Latch, Gated with Three-State Output, 
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2-99 
2-100 
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2-101 
2-102 
2-104 
2-105 
2-106 
2-107 
2-108 
2-109 
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2-111 
2-112 
2-113 
2-114 
2-115 
2-116 
2-117 
2-118 
2-119 
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2-129 
2-130 
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2-133 
2-134 
2-135 
2-136 
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2-138 
2-139 
2-140 
2-141 
2-142 
2-143 
2-173 



Output Buffers 
OSCO 
UNIDIRECT 
B1/B2 
B4(R)(RP) 
B6(R)(RP) 
BS(R)(RP) 
B12(R)(RP) 

THREE-STATE 
BT1 {OD){OS) 
BT2(0D){OS) 
BT4(0D){OS) 
BT4(R)(RP) 
BT6(0D)(OS) 
BT6(R)(RP) 
BTS(OD){OS) 
BTS(R)(RP) 
BT12(0D)(OS) 
BT12(R)(RP) 

BIDIRECT 
BD1C(U){D) 
BD1C(OD)(OS) 
BD2C(U){D) 
BD2C(OD)(OS) 
BD4C(U)(D) 
BD4C(OD)(OS) 
BD4C(R)(RP) 
BD6C(U)(D) 
BD6C(OD)(OS) 
BD6C(R)(RP) 
BDSC(U)(D) 
BDSC(OD)(OS) 
BDSC(R)(RP) 
BD12C(U)(D) 
BD12C(OD)(OS) 
BD12C(R)(RP) 
BD1 CN(U)(D) 
BD1 CN(OD)(OS) 
BD2CN(U)(D) 
BD2CN(OD)(OS) 
BD4CN(U)(D) 
BD4CN(OD)(OS) 
BD4CN{R)(RP) 

Macrocell Catalogue in Functional Order 

Oscillator with Output Buffer . . . .. . . . . . . . .. .. . 2-172 
Unidirect Output Buffers, (Slew Rate) . . . . . . . . . 2-24 
B 1/B2 Unidirect Output Buffers, . . . .. . . . . . . . .. .. . 2-25 
B4 Unidirect Output Buffers, . . . .. . . . . . . . . . . . . 2-29 
BS Unidirect Output Buffers,.................... 2-32 
B 10 Unidirect Output Buffers, .. . . . . . . . . . . . . . . 2-33 
B 12 Unidirect Output Buffers, .. . . . . . . . . . . . . . . 2-34 

Three-State Output Buffers . . . . . . . . . . . . . . . . . . 2-52 
BT1 Three-State Output Buffers................ 2-53 
BT2 Three-State Output Buffers................. 2-54 
BT4 Three-State Output Buffers. . . . . . . . . . . . . . . .. 2-55 
BT4 Three-State Output Buffers................. 2-56 
BT6 Three-State Output Buffers................. 2-57 
BT6 Three-State Output Buffers................. 2-58 
BTS Three-State Output Buffers.. . . . . . . . . . . . . . .. 2-59 
BTS Three-State Output Buffers................. 2-60 
BT12 Three-State Output Buffers. . . . . . . . . . . . . . .. 2-61 
BT12 Three-State Output Buffers. . . . . . . . . . . . . . .. 2-62 

Bidirect Output Buffers........................ 2-35 
BD1 Bidirect Buffers, w CMOS Input.............. 2-36 
BD1 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-37 
BD2 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-38 
BD2 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-39 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-40 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-41 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-42 
BD6 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-43 
BD6 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-44 
BD6 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-45 
BDS Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-46 
BDS Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-47 
BDS Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-48 
BD12 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . 2-49 
BD12 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . 2-50 
BD12 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . 2-51 
BD1 Bidirect Buffers, w inverted CMOS Input ..... 2-36 
BD1 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-37 
BD2 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-38 
BD2 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-39 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-40 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-41 
BD4 Bidirect Buffers . . . . . . . . . . . . . . . . . . . . . . . . . . 2-42 
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BOGCN(U)(O) BOG Bidirect Buffers .......................... 2-43 
BOGCN(OO)(OS) BOG Bidirect Buffers ........................... 2-44 
BOGCN(R)(RP) BOG Bidirect Buffers ........................... 2-45 
BOSCN(U)(O) BOS Bidirect Buffers ........................... 2-4G 
BOSCN(OO)(OS) BOS Bidirect Buffers ........ " ................... 2-47 
BOSCN(R)(RP) BOS Bidirect Buffers .......................... 2-4S 
B012CN(U)(O) B012 Bidirect Buffers ......................... 2-49 
B012CN(OO)(OS) B012 Bidirect Buffers ......................... 2-50 
BO 12CN(R)(RP) B012 Bidirect Buffers .......................... 2-51 
B01T(U)(O) B01 Bidirect Buffers, w ITL Input ............... 2-3G 
B01T(OO)(OS) B01 Bidirect Buffers .......................... 2-37 
B02T(U)(O) B02 Bidirect Buffers ........................... 2-3S 
B02T(OO)(OS) B02 Bidirect Buffers " ......................... 2-39 
B04T(U)(O) B04 Bidirect Buffers .......................... 2-40 
B04T(OO)(OS) B04 Bidirect Buffers .......................... 2-41 
B04T(R)(RP) B04 Bidirect Buffers .......................... 2-42 
BOGT(OO)(OS) BOG Bidirect Buffers ............................ 2-43 
BOGT(OO)(OS) BOG Bidirect Buffers .......................... 2-44 
BOGT(R)(RP) BOG Bidirect Buffers .......................... 2-45 
BOST(U)(O) BOS Bidirect Buffers .......................... 2-4G 
BOST(OO)(OS) BOS Bidirect Buffers .......................... 2-47 
BOST(R)(RP) BOS Bidirect Buffers ........................... 2-4S 
B012T(U)(O) B012 Bidirect Buffers .......................... 2-49 
B012T(OO)(OS) B012 Bidirect Buffers ........................... 2-50 
B012T(R)(RP) B012 Bidirect Buffers .......................... 2-51 
B01TN(U)(O) B01 Bidirect Buffers, w Inverted ITL Input 2-3G 
B01TN(OO)(OS) B01 Bidirect Buffers ........................... 2-37 
B02TN(U)(O) B02 Bidirect Buffers .......................... 2-3S 
B02TN(OO)(OS) B02 Bidirect Buffers .......................... 2-39 
B04TN(U)(O) B04 Bidirect Buffers ........................... 2-40 
B04TN(OO)(OS) B04 Bidirect Buffers .......................... 2-41 
B04TN(R)(RP) B04 Bidirect Buffers .......................... 2-42 
BOGTN(U)(O) BOG Bidirect Buffers ............................ 2-43 
BOGTN(OO)(OS) BOG Bidirect Buffers .......................... 2-44 
BOGTN(R)(RP) BOG Bidirect Buffers .......................... 2-45 
BOSTN(U)(O) BOS Bidirect Buffers .......................... 2-4G 
BOSTN(OO)(OS) BOS Bidirect Buffers .......................... 2-47 
B08TN(R)(RP) BOS Bidirect Buffers .......................... 2-4S 
B012TN(U)(O) B012 Bidirect Buffers .......................... 2-49 
B012TN(OO)(OS) B012 Bidirect Buffers ......................... 2-50 
B012TN(R)(RP) B012 Bidirect Buffers ......................... 2-51 
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Sample Macrofunction Data Sheet ........................... 3-1 
C10LSR 10-Bit Linear Feedback Shift Register ............ 93 3-3 
C11 LSR 11-Bit Linear Feedback Shift Register ............ 102 3-4 
C12LSR 12-Bit Linear Feedback Shift Register ............ 117 3-5 
C13LSR 13-Bit Linear Feedback Shift Register ............ 126 3-6 
C14LSR 14-Bit Linear Feedback Shift Register ............ 135 3-7 
C15LSR 15-Bit Linear Feedback Shift Register ............. 138 3-8 
C16LSR 16-Bit Linear Feedback Shift Register ............ 153 3-9 
C17LSR 17-Bit Linear Feedback Shift Register .............. 156 3-10 
C18LSR 18-Bit Linear Feedback Shift Register ............. 165 3-11 
C19LSR 19-Bit Linear Feedback Shift Register ........... " 180 3-12 
C20LSR 20-Bit Linear Feedback Shift Register ............ 183 3-13 
C2G Modulo 4 Gray Counter, Clear Direct ............ 20 3-14 
C3G Modulo 8 Gray Counter, Clear Direct ............ 34 3-15 
C3LSR 3-Bit Gray Counter, CD ........................ 29 3-16 
C4G Modulo 16 Gray Counter, Clear Direct ............ 56 3-17 
C4LSR 4-Bit Linear Feedback Shift Register .............. 38 3-18 
C5G Modulo 32 Gray Counter, Clear Direct ............ 70 3-19 
C5LSR 5-Bit Linear Feedback Shift Register .............. 48 3-20 
C6G Modulo 64 Gray Counter, Clear Direct ............ 84 3-21 
C6LSR 6-Bit Linear Feedback Shift Register .............. 56 3-22 
C7G Modulo 128 Gray Counter, Clear Direct ........... 100 3-23 
C7LSR 7-Bit Linear Feedback Shift Register .............. 65 3-24 
C8G Modulo 256 Gray Counter, Clear Direct ........... 115 3-25 
C8LSR 8-Bit Linear Feedback Shift Register .............. 80 3-26 
C9LSR 9-Bit Linear Feedback Shift Register .............. 84 3-27 
CB10C 10-Bit Binary Up Counter ....................... 147 3-28 
CB10F 10-Bit Binary Up Counter ....................... 163 3-29 
CB41 4-Bit Binary Up Counter ........................ 62 3-30 
CB42 4-Bit Binary Up Counter ........................ 62 3-31 
CB4C 4-Bit Binary Up Counter ........................ 50 3-32 
CB4F 4-Bit Binary Up Counter ........................ 53 3-33 
CB5C 5-Bit Binary Up Counter ........................ 64 3-34 
CB5F 5-Bit Binary Up Counter ........................ 72 3-35 
CB6C 6-Bit Binary Up Counter ........................ 78 3-36 
CB6F 6-Bit Binary Up Counter ........................ 90 3-37 
CB7C 7-Bit Binary Up Counter ........................ 96 3-38 
CB7F 7-Bit Binary Up Counter ......................... 108 3-39 
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CB8C 
CB8F 
CB9C 
CB9F 
CLA1 
CLA2 
CM10B 
CM10J 
CM10SR 
CM11B 
CM12B 
CM12J 
CM12SR 
CM13B 
CM14B 
CM14J 
CM15B 
CM16B 
CM16J 
CM17B 
CM3B 
CM4B 
CM4J 
CM5B 
CM5SR 
CM6B 
CM6J 
CM7B 
CM8B 
CM8J 
CM8SR 
CM9B 
CM9SR 
CMP4 
CMP8 
CUD41 
CUD42 
D24GH 
D24GL 
D24H 
D24L 

8-Bit Binary Up Counter ....................... . 
8-Bit Binary Up Counter ....................... . 
9-Bit Binary Up Counter ....................... . 
9-Bit Binary Up Counter ....................... . 
Carry Look Ahead for 4-Bit Adder .............. . 
Carry Look Ahead for 4-Bit Adder .............. . 
Modulo 10 Binary Counter, Clear Direct ......... . 
Modulo 10 Johnson Counter, Clear Direct ....... . 
Modulo 10 Shift Counter, Clear Direct ........... . 
Modulo 11 Binary Counter, Clear Direct ......... . 
Modulo 12 Binary Counter, Clear Direct ......... . 
Modulo 12 Johnson Counter, Clear Direct ....... . 
Modulo 12 Shift Counter, Clear Direct ........... . 
Modulo 13 Binary Counter, Ciear Direct ......... . 
Modulo 14 Binary Counter, Clear Direct ......... . 
Modulo 14 Johnson Counter, Clear Direct ....... . 
Modulo 15 Binary Counter, Clear Direct ......... . 
Modulo 16 Binary Counter, Clear Direct ......... . 
Modulo 16 Johnson Counter, Clear Direct ....... . 
Modulo 17 Binary Counter, Clear Direct ......... . 
Modulo 3 Binary Counter, Clear Direct .......... . 
Modulo 4 Binary Counter, Clear Direct .......... . 
Modulo 4 Johnson Counter, Clear Direct ......... . 
Modulo 5 Binary Counter, Clear Direct .......... . 
Modulo 5 Shift Counter, Clear Direct ........... . 
Modulo 8 Binary Counter, Clear Direct .......... . 
Modulo 6 Johnson Counter, Clear Direct ......... . 
Modulo 7 Binary Counter, Clear Direct .......... . 
Modulo 8 Binary Counter, Clear Direct .......... . 
Modulo 8 Johnson Counter, Clear Direct ......... . 
Modulo 8 Shift Counter, Clear Direct ........... . 
Modulo 9 Binary Counter, Clear Direct .......... . 
Modulo 9 Shift Counter, Clear Direct ........... . 
4-Bit Equality Comparator ..................... . 
8-Bit Equality Comparator ..................... . 
4-Bit U/D Counter ............................. . 
4-Bit U/D Counter ............................. . 
2 to 4 Decoder, Gated Outputs Active Hi ....... . 
2 to 4 Decoder, Gated Outputs Active Lo ....... . 
2 to 4 Decoder, Outputs Active Hi ....... . 
2 to 4 Decoder, Outputs Active Lo ....... . 
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113 3-40 
127 3-41 
131 3-42 
145 3-43 
24 3-44 
21 3-45 
45 3-46 
45 3-47 
42 3-48 
49 3-49 
46 3-50 
54 3-51 
41 3-52 
50 3-53 
49 3-54 
63 3-55 
52 3-56 
44 3-57 
72 3-58 
61 3-59 
19 3-60 
19 3-61 
18 3-62 
34 3-63 
28 3-64 
33 3-65 
27 3-66 
37 3-67 
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D38GH 
D38GL 
D38H 
D38L 
D410H 
D410L 
DM10JH 
DM10JL 
DM12JH 
DM12JL 
DM14JH 
DM14JL 
DM16JH 
DM16JL 
DM6JH 
DM6JL 
DMSJH 
DM8JL 
FA16 
FA2 
FA4 
FAS2 
L4 
LS 
M138D 
M150C 
M151C 
M152C 
M153C 
M157C 
M158C 
M160C 
M160D 
M161C 
M161D 
M162C 
M162D 
M163C 
M163D 

3 to 8 Decoder, Gated Outputs Active Hi . . . . . . . . . 32 3-81 
3 to 8 Decoder, Gated Outputs Active Lo . . . . . . . . . 38 3-82 
3 to 8 Decoder, Outputs Active Hi . . . . . . . . . . . . . . . 27 3-83 
3 to 8 Decoder, Outputs Active Lo . . . . . . . . . . . . . . . 30 3-84 
4 to 10 Decoder, Outputs Active Hi . . . . . . . . . . . . . . 38 3-85 
4 to 10 Decoder, Outputs Active Lo . . . . . . . . . . . . . . 49 3-86 
Decoder, Modulo 10 Johnson Counter Active Hi... 20 3-87 
Decoder, Modulo 10 Johnson Counter Active Lo... 20 3-88 
Decoder, Modulo 12 Johnson Counter Active Hi... 24 3-89 
Decoder, Modulo 12 Johnson Counter Active Lo... 24 3-90 
Decoder, Modulo 14 Johnson Counter Active Hi... 28 3-91 
Decoder, Modulo 14 Johnson Counter Active Lo... 28 3-92 
Decoder, Modulo 16 Johnson Counter Active Hi... 32 3-93 
Decoder, Modulo 16 Johnson Counter Active Lo... 32 3-94 
Decoder, Modulo 6 Johnson Counter Active Hi . . . . 12 23-95 
Decoder, Modulo 6 Johnson Counter Active Lo. . . . 12 3-96 
Decoder, Modulo 8 Johnson Counter Active Hi . . . . 16 3-97 
Decoder, Modulo 8 Johnson Counter Active Lo. . . . 16 3-98 
16-Bit Fast Adder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277 3-99 
2-Bit Binary Full Adder, Similar to 7482........... 20 3-100 
4-Bit Binary Full Adder.......................... 50 3-101 
2-Bit Binary 2S Complement Full Adder, Subtractor. 26 3-102 
4-Bit Data Latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 3-103 
8-Bit Data Latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 3-104 
3to8Decoder,Gated0utputsActiveLo(74138} .. 42 3-105 
Gated161nputMUX(74150} .................... 31 3-106 
Gated81nputMux(74LS151}.................... 16 3-107 
81nputlnvertingMUX(74LS152}................. 13 3-108 
GatedDual41nputMux(74LS152}................. 18 3-109 
4x2MUX(74LS157} ........................... 18 3-110 
4 x 2 MUX, Outputs Active Lo (74LS158) . . . . . . . . . . 22 3-111 
Sync 4-Bit BCD Counter (74LS 160). . . . . . . . . . . . . . . . 80 3-112 
Sync 4-Bit BCD Counter (74LS 160). . . . . . . . . . . . . . . . 76 3-113 
Sync4-BitCounter(74LS161) ................... 70 3-114 
Sync4-BitBinaryCounter(74LS161}.............. 70 3-115 
Sync 4-Bit BCD Counter (74LS162) . . . . . . . . . . . . . . . . 78 3-116 
Sync4-BitBCDCounter(74LS162)................ 74 3-117 
Sync4-BitCounter(74LS163).................... 78 3-118 
Sync 4-Bit Binary Counter (74LS 163). . . . . . . . . . . . . . 72 3-119 
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M163F Sync4-Bit Counter, 74LS163 Optimized for Max 
Clock Freq ..................................... 115 3-120 

M169C 4-Bit U/D Counter (74LS169) .................... 77 3-121 
M244C Dual 4-Bit Three-State Buffer, on Chip (SN74244) .. 36 3-122 
M42C BCD to Decimal Decoder (7442) .................. 44 3-123 
M82C 2-Bit Binary Full Adder (7482) ................... 20 3-124 
M85C 4-Bit Magnitude Comparator ................. 50 3-125 
MAG2 2-Bit Magnitude Comparator (1/2 SN7485) ........ 27 3-126 
MAG2H 2-Bit Magnitude Comparator .................. 22 3-127 
MAG4 4-Bit Magnitude Comparator .................... 50 3-128 
MR41 4-Bit Register, 2-Bit Multiplexed Inputs ........... 40 3-129 
MR42 4-Bit Register, 2-Bit Multiplexed Inputs, CD ........ 44 3-130 
MR43 4-Bit Register, 2-Bit Multiplexed Inputs, Sync CLR .. 45 3-131 
MR44 4-Bit Register, 2-Bit Multiplexed Inputs, Sync, CD .. 49 3-132 
MR81 8-Bit Register, 2-Bit Multiplexed Inputs ........... 80 3-133 
MR82 8-Bit Register, 2-Bit Multiplexed Inputs, CD ....... 88 3-134 
MUX22H Dual 2-Bit Non-Inverting MUX .................. 8 3-135 
MUX24H Quad 2-Bit Non-Inverting MUX .................. 16 3-136 
MUX24L Quad 2-Bit Inverting MUX ....................... 9 3-137 
MUX31H 3-Bit Non-Inverting MUX ........................ 8 3-138 
MUX31L 3-Bit Inverting MUX ........................ 8 3-139 
MUX32H Dual 3-Bit Non-Inverting MUX ................. 12 3-140 
MUX34H Quad 3-Bit Non-Inverting MUX .................. 22 3-141 
MUX41GH 4-Bit Non-Inverting MUX, Gated ............... 9 3-142 
MUX41H 4-Bit Non-Inverting MUX ....................... 7 3-143 
MUX41L 4-Bit Inverting MUX ....................... 7 3-144 
MUX42H Dual 4-Bit Non-Inverting MUX ................... 14 3-145 
MUX44H Quad 4-Bit Non-Inverting MUX .................. 24 3-146 
MUX51H 5-Bit Non-Inverting MUX .................... 10 3-147 
MUX51L 5-Bit Inverting MUX ............................ 10 3-148 
MUX52H Dual 5-Bit Non-Inverting MUX .................. 20 3-149 
MUX54H Quad 5-Bit Non-Inverting MUX .................. 44 3-150 
MUX61H 6-Bit Non-Inverting MUX ...................... 14 3-151 
MUX61L 6-Bit Inverting MUX ............................ 14 3-152 
MUX62H Dual 6-Bit Non-Inverting MUX .................. 28 3-153 
MUX64H Quad 6-Bit Non-Inverting MUX .................. 56 3-154 
MUX71 H 7-Bit Non-Inverting MUX ...................... 15 3-155 
MUX71L 7-Bit Inverting MUX ............................ 16 3-156 
MUX72H Dual 7-Bit Non-Inverting MUX .................. 30 3-157 
MUX74H Quad 7-Bit Non-Inverting MUX .................. 48 3-158 
MUX81H 8-Bit Non-Inverting MUX ...................... 15 3-159 
MUX82H Dual 8-Bit Non-Inverting MUX .................. 30 3-160 
MUX84H Quad 8-Bit Non-Inverting MUX .................. 60 3-161 
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PARS 8-Bit Odd Parity Detector . . . . . . . . . . . . . . . . . . . . . . . 24 3-162 
PAR9 9-Bit Odd Parity Detector . . . . . . . . . . . . . . . . . . . . . . . 28 3-163 
PS2 Divide by 2 External Clock Prescaler . . . . . . . . . . . . . . 17 3-164 
PS3 Divide by 3 External Clock Prescaler . . . . . . . . . . . . . . 25 3-165 
PS4 Divide by 4 External Clock Prescaler . . . . . . . . . . . . . . 33 3-166 
R41 4-BitDataRegister ............................. 32 3-167 
R42 4-Bit Data Register, Clear Direct . . . . . . . . . . . . . . . . . 36 3-168 
R81 8-Bit Data Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 3-169 
R82 8-Bit Data Register, Clear Direct . . . . . . . . . . . . . . . . . 80 3-170 
SR41 4-BitShiftRegister ............................. 32 3-171 
SR42 4-Bit Shift Register, Clear Direct . . . . . . . . . . . . . . . . . 40 3-172 
SR43 4-Bit Shift Register, Set Direct . . . . . . . . . . . . . . . . . . 36 3-173 
SR44 4-BitShiftRegister,SyncParallelLoad ........... 42 3-174 
SR45 4-Bit Shift Register, Sync Parallel Load & Clear . . . . 45 3-175 
SR46 4-Bit Shift Register, Async Parallel Load . . . . . . . . . . 52 3-176 
SR47 4-Bit Shift Register, Sync Clear................... 36 3-177 
SYN CO 1 Synchronizer for Asynchronous 0 to 1 Event. . . . . . . 16 3-178 
SYNC10 SynchronizerforAsynchronous 1 too Event....... 16 3-179 
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Adders 
CLA1 
CLA2 
FA16 
FA2 
FA4 
FAS2 
M82C 

Carry Look Ahead for 4-Bit Adder. . . . . . . . . . . . . . . . . . . . . . . 3-44 
Carry Look Ahead for 4-Bit Adder. . . . . . . . . . . . . . . . . . . . . . . 3-45 
16-Bit Fast Adder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-99 
2-Bit Binary Full Adder, Similar to 7482 ................... 3-100 
4-Bit Binary Full Adder .................................. 3-101 
2-Bit Binary 2S Complement Full Adder. Subtractor....... 3-102 
2-Bit Binary Full Adder {7482)........................... 3-124 

Buffers 
M244C Dual 4-Bit Three-State Buffer, on Chip (SN74244).......... 3-122 

Clock Prescalers 
PS2 Divide by 2 External Clock Prescaler ..................... . 
PS3 Divide by 3 External Clock Prescaler ..................... . 
PS4 Divide by 4 External Clock Prescaler ..................... . 

Comparators 
CMP4 4-Bit Equality Comparator ............................. . 
CMP8 8-Bit Equality Comparator ............................ . 
MAG2 2-Bit Magnitude Comparator (1/2 SN7485) 
MAG2H 2-Bit Magnitude Comparator. ......................... . 
MAG4 4-Bit Magnitude Comparator .......................... . 
M85C 4-Bit Magnitude Comparator .......................... . 

Counters 
(Binary) 

CB10C 
CB10F 
CB41 
CB42 
CB4C 
CB4F 
CB5C 
CB5F 
CB6C 
CB6F 
CB7C 

10-Bit Binary Up Counter ............................. . 
10-Bit Binary Up Counter ............................. . 
4-Bit Binary Up Counter .............................. . 
4-Bit Binary Up Counter .............................. . 
4-Bit Binary Up Counter .............................. . 
4-Bit Binary Up Counter .............................. . 
5-Bit Binary Up Counter .............................. . 
5-Bit Binary Up Counter .............................. . 
6-Bit Binary Up Counter .............................. . 
6-Bit Binary Up Counter. ............................. . 
7-Bit Binary Up Counter .............................. . 
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CB7F 
CB8C 
CB8F 
CB9C 
CB9F 
CM10B 
CM11B 
CM12B 
CM13B 
CM14B 
CM15B 
CM16B 
CM17B 
CM3B 
CM4B 
CM5B 
CM6B 
CM7B 
CM8B 
CM9B 
CUD41 
CUD42 
M160C 
M160D 
M161C 
M161D 
M162C 
M162D 
M163C 
M163D 
M163F 

M169C 

(Gray Code) 
C2G 
C3G 
C4G 
C5G 
C6G 

7-Bit Binary Up Counter............................... 3-39 
8-Bit Binary Up Counter............................... 3-40 
8-Bit Binary Up Counter............................... 3-41 
9-Bit Binary Up Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42 
9-Bit Binary Up Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-43 
Modulo 10 Binary Counter, Clear Direct................. 3-46 
Modulo 11 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . 3-49 
Modulo 12 Binary Counter, Clear Direct. . . . . . . . . . . . . . . . . 3-50 
Modulo 13 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . 3-53 
Modulo 14 Binary Counter, Clear Direct................ 3-54 
Modulo 15 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . 3-56 
Modulo 16 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . 3-57 
Modulo 17 Binary Counter, Clear Direct................ 3-59 
Modulo 3 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-60 
Modulo 4 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-61 
Modulo 5 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-63 
Modulo 6 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-65 
Modulo 7 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-67 
Modulo 8 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-68 
Modulo 9 Binary Counter, Clear Direct . . . . . . . . . . . . . . . . . 3-71 
4-Bit U/D Counter..................................... 3-75 
4-Bit U/D Counter..................................... 3-76 
Sync 4-Bit BCD Counter (74LS 160) . . . . . . . . . . . . . . . . . . . . . . 3-112 
Sync 4-Bit BCD Counter (74LS 160). . . . . . . . . . . . . . . . . . . . . . 3-113 
Sync4-Bit Courter (74LS161)........................... 3-114 
Sync4-Bit Binary Counter (74LS161).................... 3-115 
Sync 4-Bit BCD Counter (74LS 162). . . . . . . . . . . . . . . . . . . . . . 3-116 
Sync4-Bit BCD Counter (74LS162)...................... 3-117 
Sync 4-Bit Counter (74LS 163). . . . . . . . . . . . . . . . . . . . . . . . . . . 3-118 
Sync4-Bit Binary Counter (74LS163).................... 3-119 
Sync4-Bit Counter 74LS163 Optimized for Max 
Clock Freq ............................................ 3-120 
4-Bit U/D Counter (74LS169)........................... 3-121 

Modulo 4 Gray Counter, Clear Direct. . . . . . . . . . . . . . . . . . . . 3-14 
Modulo 8 Gray Counter, Clear Direct.................... 3-15 
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The HCMOS Compacted Array Products Databook 

Chapter 1: Introduction to the LCA10000 
Compacted Array'· Series 

1.1 THE PLACE OF THIS MANUAL IN THE DESIGN PROCESS 

This LCA 10000 Compacted Array'" data book provides logic and system designers 
with an overview of LCA 10000 Compacted Array technology and serves as a 
catalogue for macrocells (including data), macrofunctions, RAMS, ROMS, and metal 
megacells (including memories) used in compacted array designs. Data about 
megafunctions and metal megacells are available elsewhere. 

LCA 10000 LIBRARIES 

The macrocell library for the LCA 10000 series is functionally equivalent to the logic 
elements available for LSI Logic's 2-micron LL7000 series gate arrays, with minor 1/0 
naming modification (exceptions: FD3 and FD3S, on which Q and QN are 0 when 
both CD and SD are at logic 0). This equivalence provides design compatibility so 
that existing gate array designs can be more easily integrated into a single 
LCA 10000 device. 

1.2 A GENERAL DESCRIPTION OF THE LCA 10000 COMPACTED ARRAY SERIES 

The LCA 10000 Compacted Array Series is a family of devices capable of allowing 
system-scale integration. With 1.5 micron drawn transistor geometries and dual
layer metal HCMOS process, the family offers high levels of semi-custom 
integration, together with maximum circuit performance. The Compacted Array 
family consists of six devices, with features listed in Table 1.1 below. 

Minimum 

Device Gate Esti mated(1) Maximum Power Pads (2) Maximum 1/0 
Number Complexity Usable Gates pads (2) Pads (2,3) 

VDD Vss 

LCA10026 25,740 10,000 168 4 6 158 

LCA10038 37,932 15,000 204 8 12 184 

LCA 10051 50,904 20,000 234 8 12 214 

LCA 10075 74,970 30,000 282 8 12 256 

LCA10100 100,182 40,000 326 8 12 256 

LCA10129 129,042 50,000 368 8 12 256 

Table 1.1 
The LCA 10000 Compacted Array Series 
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The LCA10000 family exhibits internal gate speeds equivalent to 10K ECL 
technology. This comparison is based on a 2-input NANO gate with a fanout of two 
at nominal conditions (25°C, 5.0V). The average of rise and fall delays is about 570 
psec. Even though 1/0 paths generally are not as fast as those of ECL products, the 
Compacted Array's density reduces the number of ICs and thus eliminates 
performance degradation caused by interchip connections-- a problem apparent in 
ECL designs which use off-the-shelf components. 

The LCA 10000 series has a high pad count--up to 256 signal I/Os in the largest sizes-
a number limited only by the capabilities of present semiconductor test equipment. 
Three-state, bidirectional, and unidirectional buffers are offered with designer
specific options: pull-up or pull-down resistors, variable drive strengths, and slew 
rate controls. 

1.3 OUTPUT SLEW RATE SELECTION 

In LCA 10000 Compacted Array series, the user can slow down the output edge rate 
by selecting the slew rate control option. Outputs can thus be configured with slew 
rate control. 

Slew rate control helps decrease the system noise and output signal overshoot and 
undershoot caused by the fast rise and fall times of CMOS output buffers, even with 
relatively short interconnections in transmission lines. 

The impedance of signal lines on most PC boards is in the range of 50 to 140 ohms. 
In general, CMOS output buffers are not strong enough to drive a properly 
terminated line. When a buffer is driving an unterminated line, the maximum 
allowable length of the line can be determined from the rise or fall time of the 
output buffer and the round-trip delay of the line. As a rule of thumb, the round
trip delay of the line should not exceed the rise or fall time of the driving signal. In 
other words, the longer the transmission line, the more the system performance will 
be degraded due to reflections and ringing. 

Two slew rates are provided for each type of output buffer (except B 1 and B2) to 
slow down the edge rate. The lower drive strength (higher slew rate) is designated 
by the suffix R; the higher drive strength (moderate slew rate) by the suffix RP. The 
choice of slew rate depends on design requirements. 

A B4 output buffer (4mA drive) has a typical edge rate of 1.4 ns when loaded with 
15pf. A B4R (4 mA with the lower of the two drive strengths (R) for slew rate 
control) has an edge rate of 3.7 ns. For a typical line delay of 0.055 ns/cm, the 
maximum allowable length of the signal trace is 13 cm for the 84 and 34 cm for the 
B4R. Outputs with slew rate control thus make the PC board design less stringent. 

Table 1.2 below shows the maximum allowable interconnection length for various 
types of output buffers. Longer interconnections will degrade system performance. 
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MAXIMUM 
OUTPUT BUFFERS INTERCONNECTION 

LENGTH (cm) 

B1 46 
B2 24 

B4 13 
B4RP 25 
B4R 34 

B6 10 
B6RP 17 
B6R 24 

B8 10 
B8RP 13 
B8R 17 

B12 7 
B12RP 10 
B12R 13 

Table 1.2 
The Effect of Output Buffer Choice 

on Maximum Interconnection Lengths (cm) 

1.4 PROPAGATION DELAYS 

Propagation delays for the LCA 10000 series macrocells are a function of input 
transition time, input-signal polarity, fanout loading, interconnect routing, junction 
temperature, supply voltage, and processing tolerance. This section presents details 
about how the following affect propagation delays: 

• interconnect routing 
• input loading 
• temperature and voltage 

Note: In this databook, performance information for a Compacted Array macrocell 
is provided for nominal conditions (Ta = 25° C, Voo = 5.0V, and typical 
process). Scaling factors allow a simple determination of perfomance under 
other conditions. 

Table 1.3 below explains the factors influencing the percent of gate 
utilization/available gates per block. 
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ATTRIBUTE 

CELL TYPES USED 

HIERARCHY 

INCORPORATED 

DESIGN 

ARCHITECTURE 

CELL INTER-

CONNECTIONS 

UTILIZATION 

LOWER ~ 

SMALL, BASIC SMALL AND LARGE 

MIX 

FEW OR NO LEVELS SEVERAL 

LEVELS 

RANDOM LOGIC BUS-ORIENTED 

PIPELINED 

MANY MODERATE 

Table 1.3 
Factors Influencing the 

Percent of Gate Utilization 

HIGHER 

MEMORY, METAL 

MEGACELL 

MANY LEVELS 

STRUCTURED 

REPEATED 

FEW 

NOTE: Actual utilization will vary, depending on design 

THE EFFECT OF INTERCONNECT ROUTING 

Figure 1.1 shows the relative capacitive loading that estimates wire length for 
different sized block areas. 

The following explanations are keyed to the numbers circled on the data sheet of 
Figure 1.1: 

1. These dimensions define the physical size of the block. 

2. F.O. means the number of pins on that net minus 1. 

3. W.L. (WIRE LOAD) represents the standard load equivalents of the wire length 
used within the block. 

4. SLOPE is the linear ratio of the equivalent standard wire loading over the 
number of F.O. (as shown in Figure 1.2). 

5. INCPT equals the y-axis intercept of the equivalent standard load. 
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0.SxO.S mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. .39 .57 .76 .94 1.13 1.32 1.50 1.69 
SLOPE = 0.186 (std. loading /F.O.) INCPT = 0.198 (std. loading) 

1.0X1.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. .53 .84 1.16 1.47 1.78 2.09 2.40 2.71 
SLOPE = 0.311 (std. loading /F.O.) INCPT = 0.225 (std. loading) 

2.0X2.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. .86 1.4 2.0 2.5 3.0 3.6 4.1 4.7 
SLOPE = 0.547 (std. loading/F.O.) INCPT = 0.314(std. loading) 

3.0X3.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.4 2.2 3.0 3.8 4.5 5.3 6.1 6.9 
SLOPE = 0.782 (std. loading /F.O.) INCPT = 0.627 (std. loading) 

4.0X4.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.9 2.9 3.9 4.9 5.9 6.9 7.9 8.9 
SLOPE = 1.007 (std. loading /F.O.) INCPT = 0.873 (std. loading) 

S.OXS.O mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.8 3.0 4.2 5.4 6.6 7.9 9.1 10.3 
SLOPE = 1.218 (std. loading /F.O.) INCPT = 0.533 (std. loading) 

6.0X6.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.7 3.1 4.5 5.9 7.3 8.7 10.1 11.4 
SLOPE = 1.391 (std. loading /F.O.) INCPT = 0.324 (std. loading) 

7.0X7.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.8 3.3 4.8 6.3 7.8 9.3 10.8 12.4 
SLOPE = 1.517 (std. loading/F.O.) INCPT = 0.240 (std. loading) 

8.0X8.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.8 3.4 5.0 6.6 8.2 9.8 11.4 13.0 
SLOPE= 1.590 (std.loading/F.O.) INCPT = 0.245 (std. loading) 

9.0X9.0 mmxmm 

F.O. 1 2 3 4 5 6 7 8 
W.L. 1.9 3.5 5.1 6.8 8.4 10.1 11 7 13.3 
SLOPE = 1.640 (std. loading /F.O.) INCPT = 0.260 (std. loading) 

Figure 1.1 
Estimated Capacitive Loading for 

Fanout relative to mm2 Area 
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Use the following formula to interpolate for load conditions other than those 
provided: 

10.3 

9.1 

1 7.9 
.2 
1! 6.6 ~ ................. '. 

~ 
~ 5.4 
~ 
~ 

4.2 2" ................ 
0 
~ 

~ 3.0 

1.8 

12345678 
F. 

Figure 1.2 
Graph of Fanout/Wire Load 

W.L. (equivalent standard load) = #of fanouts *Slope + Inept. 

THE EFFECT OF INPUT LOADING 

In the macrocell models, propagation delays are listed for specific input loadings of 
the next stages. Table 1.4 is an example, the model for AN2. Explanations for how 
to read these data are keyed to circled numbers. 

AN2 (STANDARD DRIVE) 
STD LOAD 1 

fPLH 0.7 

fPHL 0.9 

Slope1 = 0.1678 Inept = 0.50 
SlopeO = 0.0589 Inept 0.85 

Gate Count: 2 
Coding Syntax: Z = AN2 (A,B); 
lnputloading: (1, 1) 

2 3 4 

0.8 1.0 1.2 

1.0 1.0 1.1 

Table 1.4 
Propagation Delay Table 

from Model for AN2 
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1. "Std. Load" indicates one pair of P and N transistors being driven. 

2. "tPLH" is the propagation delay from low to high. 

3. "tPHL" is the propagation delay from high to low. 

4. "Slope 1:" is the delta of tPLH divided by the delta of Standard Load equivalent. 

5. "Slope O" is the delta of tPHL divided by the delta of Standard Load equivalent. 

6. "Inept" is the intrinsic delay of the cell. 

EXAMPLE OF COMPUTING fPLH AND fPHL 

The following example shows the method for calculating delays for specific paths 
within individual functional blocks located in LCA 10000 Compacted Array devices. 

The floorplan for this example design appears in Figure 1.3. 

:~31v: 
: AN2 : 
I I 
I I 
I I 
I I 
I I 
I I 

D 
~-----------..! 

2 4 5 

Figure 1.3 
Floorplan for Delay Calculation Example 
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Assume (1) that we are trying to calculate the delay through a 2-input AND gate 
driving three IV inverters located inside Block #1, (2) that Block #1 contains 8,000 
used gates, and (3) that because of the design factors listed in Table 1.3, Block #1 
has an estimated 40% gate utilization. 

Using this information, we take the following steps: 

(1) Determine the number of gates Block #1 would occupy on the die. 

In the example, the estimated gate utilization is 40%, so we divide 8000 gates 
by 0.4--which equals 20,000 gates. 

(2) Determine the size of the physical area that the 20,000 gates would occupy. 

We divide 20,000 by the known constant of 708 gates/mm2--which equals 
28.2mm2. 

(3) Refer to the wire length loading index (Figure 1.1) and find the nearest region
size bracket. 

In this example, we find that 5.0mm x 5.0mm (25mm2) is nearest to the 
28.2mm2. 

(4) Find the total loading in the index, which lists the number of standard loads 
being driven and the additional loading contributed by the estimated wire 
length. 

In the example of the AND gate driving 3 IV inverters, the standard load is 3. 
Referring to the index, we find a 4.2 equivalent standard load contributed by 
the estimated wire length. Adding that to the 3 inverters loading we get a 
total loading of7.2 standard loads. 

(5) Find the delay on a total loading of 7 .2 loads. 

We refer to the cell delay tables (the AN2 delay table on Table 1.3), and use 
the formula previously sliown: 

Tpo =#of Std. Loads* Slope+ Intercept 

Using the data for the total loading (7.2) and for the slopes and intercepts for 
the AN2 delay curve, we compute tne tPLH and tPHL thus: 

tPLH = 7.2x0.1678 + 0.50 = 1.7ns 

tPHL = 7.2 x 0.0589 + 0.85 = 1.3 ns 

The above procedure will provide you with an approximation of delay values with 
which to calculate critical path delay. 
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THE EFFECT OF TEMPERATURE AND VOLTAGE 

The effects of temperature and voltage on LCA 10000 series macrocell performance 
agree closely with those in LSI Logic's previous gate array technologies. Figure 1.4 
shows the propagation delay as a function of temperature (KT), and as a function of 
supply voltage (KV). LSI Logic allows for a + 50% and -40% variance attributed to 
all other factors, including the processing factor (KPmin = 0.6, Kp max = 1.5). 

The worst-case propagation delay can be calculated as follows: 

tmax = Kpmax *Kr* Kv * tnom = Kwc * tnom 

For the three standard environmental conditions, Kwc is: 

WC commercial (70° C, 4.75V) 
WC industrial (85° C, 4.75V) 
WC military (125° C, 4.50V) 

The best-case delay, similarly, is: 

1.862 
1.958 
2.381 

tmm = Kpmin * Kr* Kv * tnom = Kbc * tnom 

For the three standard environmental conditions, Kbc is: 

BC commercial (0° C, 5.25V) 
BC industrial (-40° C, 5.25V) 
BC military {-55° C, 5.50V) 
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1.5 PACKAGES 

Figure 1.4 
Propagation Delays as a function 

of Temperature and Supply Voltage 

5.25 

LSI Logic offers a variety ceramic pin grid array packages for the LCA 10000 
Compacted Array series. 

Figures 1.5, 1.6 and 1.7 show the master slices of the six LCA 10000 chips with 
preassigned power pads indicated on each footprint. 
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STANDARD PACKAGES 

With the exception of the LCA10075, LCA10100, and LCA10129 devices, standard 
LSI Logic package types are available for the smaller Compacted Array die sizes, as 
shown in Table 1.5 below. Package compatibility will be determined on an 
individual basis. 

Figure 1.7 
Master Slices Showing 

Preassigned Power Pads 
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Package Package LCA 
Name #Pins Type 10026 10038 10051 10075 10100 10129 

GA38 24 C DIP x 
GB39 28 C DIP x x 
LB34 28 C DIP x 
GC40 40 C DIP x x 
LC35 40 P DIP x 
MF35 44 P LDCJ x x 
GJ40 4B C DIP x 
LJ34 4B P DIP x 
CA40 64 C LDC x x 
FA40 64 C PGA x x 
GD31 64 C DIP x 
GD48 64 C DIP x x 
AB35 68 C LLC x 
AC40 68 C LLC x x 
AK40 68 C LLC x 
AK45 68 C LLC x x x 
CB45 68 C LDCJ x x x 
CC40 68 C LDC x x 
FB44 68 C PGA x x x 
MC41 68 P LDCJ x x x 
NB45 68 P PGA x x x 
AD39 84 C LLC x 
AD47 84 C LLC x x 
AL45 84 C LLC x x x 
AM39 84 C LLC x x 
AMSO B4 C LLC x 
CD45 84 C LDCJ x x x 
CE38 84 C LDC x 
CE47 84 CLDC x x 
FC40 84 CPGA x 
FC44 84 CPGA x x 
MD35 84 PLCC x 
MD42 84 PLDCJ x x 
NC45 84 PPGA x x x 
FJ40 88 CPGA x x 
DG45 100 CLDC x x x 
FG43 100 CPGA x x x 
NG45 100 PPGA x x x 
FD43 120 C,PGA x x x 
ND37 120 PPGA x 
ND45 120 PPGA x x 
FP38 124 CPGA x 
BA40 132 CLLC x x 
BA54 132 CLLC x x 
DE45 132 CLDC x x x 
FH45 132 CPGA x x x 
FK43 132 CPGA x x x 
FE40 144 CPGA x x 
FE47 144 CPGA x x 
NE45 144 PPGA x x 
BB40 148 CLLC x 
8845 148 C LLC x x 
FF40 148 CPGA x x 
FF47 180 CPGA x x 
FM48 224 CPGA x 

Table 1.5 
LCA Standard Packages 

Mechanical die-Package compatibility chart/Electrical perfomance is design dependent 
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MUL TIPLANE PIN GRID ARRA VS 

Table 1.6 below indicates which of the four styles of advanced pin grids are 
available for each of the six Compacted Array sizes. 

Package Pin Package LCA 

Name #Pins for I/O's T:t~e 10026 10038 10051 10075 10100 10129 

FQ47 95 84 LDCPGA x x 
FQ55 95 84 LDCPGA x 

FR47 155 136 LDCPGA x x 
FR55 155 136 LDCPGA x 
FR64 155 136 LDCPGA x x 

FS47 223 196 LDCPGA x x 
FS55 223 196 LDCPGA x 
FS64 223 196 LDCPGA x x 

FT64 299 257 LDCPGA x x 

Table 1.6 
LCA10000 Multiplane C PGA Packages 

Mechanical and Electrical performance Die - Package compatibility chart 

The Compacted Array multi plane pin grid packages have been designed for high
performance applications. They differ from LSI Logic's standard pin grid packages 
in the following ways: 

• Advanced pin grid packages are designed cavity-down to improve 
convective cooling. If necessary, the user may attach a heat spreader to the 
package to increase thermal dissipation. The use of heat spreaders is 
dependent upon 1) the expected power dissipation, 2) die, cavity, and 
package sizes, and 3) the external environment of the package; these will 
be reviewed during design simulation. 
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• Multiple power (Voo) and ground (Vss) planes have been designed into the 
package to reduce signal 1/0 path inductance, signal capacitance, and 
VooNss path inductance and resistance; and to enhance internal decoupling 
capacitance. Refer to Table 1. 7 for electrical characteristics of the advanced 
PGAs. Note that specific pins have been dedicated to Voo and Vss to 
maximize and ensure uniform current flow and effective use of the Voo and 
Vss planes within the package. No additional package pins need be assigned 
to Voo or Vss. 

POWER (V00)/GROUND (Vssl 
PACKAGE 

LEADCOUNT 
INOUCTANCE,(2) CAPACITANCE,(3) RESISTANCE 

NANOHENRYS PICOFARADS MILLI OHMS 

95 0.90 300 40 

155 0.50 1000 50(6) 

223 0 35 1300 60 

299 0 25 1600 60 

Signal 1/0 
PACKAGE 

LEADCOUNT INOUCTANCE,(4) CAPACITANCE,(5) RESISTANCE 
NANOHENRYS PICOFARADS Milli OHMS 

95 9 <0.75 250 
4.0 

155 10 <0.75 300(6) 
4.0 

223 11.5 <1.0 350 
5.0 

299 11.5 <1.0 350 
5.0 

NOTES: 

1. The above values are estimates based on design calculations. 

2. Inductance values are for V00 or Vss· Taken into account are wires (double bonds), planes, v1as and pins acting in parallel. 

3. Capacitance 1s between V00 and V55. Actual measurements for 155 PGA (.640" (16 26mm) cavity] show C = 1050pF. 

4. The values shown are for single wire, via and pin inductance. 

5. The first value given 1s measured from signal 110 to signal 1/0 The second value 1s measured from signal 1/0 to ground (Vssl 

6 A~~ft~\!;'~~surements for 155 PGA. [ 640" (16 26mm) tav1ty] show R (V00 or V55) = 30 m1ll1ohms and R (signal 110) = 200 

Table 1.7 
Electrical Characteristics 

• Chip capacitor attachment pads are available for each package to provide 
additional decoupling capability. The use of chip capacitors 1s optional at 
device operational frequencies less than 35 MHz. Above 35 MHz, their use 
should l:ie reviewed by LSI Logic apP.lication engineering_. The attachment 
pads are sized for stanaard O. lmicrofarad capacitors (.12~ x .095 x .065) and 
strategically P.laced to decouple VooNss pin inductance while allowing 
attadiment of a heat spreader. 

• Multi-level cavitY. construction permits great flexibility in Von!Vss bond-out 
requirements. Virtually any pad on tlie die can be bondea to power or 
ground. 
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THERMAL IMPEDANCE 

The thermal impedance requirement for a particular device can be calculated as 
follows: 

(Tj - Ta) /Pd = 0ja 

where: 

Tj = maximum junction temperature in degrees C. 
Ta = maximum ambient temperature in degrees C. 
Pd = power dissipation in watts. 

The maximum junction temperature specified by LSI Logic for the LCA10000 
Compacted Array series is 175 degrees C. Some degradation in device performances 
may occur as the operating junction temperature of the device reaches 175° C. 

This information will enable an engineer to compare calculated ja measurements in 
both still and flowing air, with or without a heat spreader. Table 1.8 provides the 
proper conditions that correspond to calculated ja values 

PACKAGE 
STILL AIR FLOWING AIR, 300LFPM 

LEADCOUNT 
0JA 0JA(HEATSPREADER)(3) 0JA 0JA(HEATSPREADER)(3) 

95 23 N/E 14 11 

155 18(2) N/E 11 9 

223 14 N/E 9 8 

299 12 N/E 8 7 

NOTES: 

1. The above values are estimates based on small die [.344" (8.74mm) sq.], medium 
cavity [.470" (11.94mm) sq.}, glass die attach and power~ 1W. Heat spreader is 
assumed to be of omnidirectional format. 

2. Initial measurements show 0JA = 14°C/W in still air for large die [.573" 
(14.55mm) sq.] and large cavity [.640" (16.26mm) sq.], power= 7.0W. 

3. No estimate available. 

Table 1.8 
Thermal Characteristics 
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1.6 THE POWER AND GROUND RULES 

The LCA 10000 family has three types of Vss buses and two types of Voo buses, as 
follows: 

Vss = a ground bus for external output drivers 
V553 = a ground bus for external input receivers 
Vss2 = a ground bus for internal arrays 
Voo = a power bus for external output drivers and internal arrays 
Voo3 = a power bus for external input receivers 

The number of ground and power pins required by each LCA 10000 series array is 
determined by: 

• the array size, which effects V55, V552, and Voo 
• the number of output or bidirectional drivers, which effects Vss and Voo 
• The location of output and bidirectional drivers, which effects Vss and Voo 
• Simultaneous output switching, which effects Voo and Vss 
• the array usage, which effects V552 
·• The operational frequency, which effects Vss2 

Each array of the Compacted Array family has a minimum requirement for power 
and ground pads--namely, the primary power and ground pads, which have a fixed 
location and must be connected to package pins. For the LCA10100 die size, for 
example, the minimum power pad requirement is eight and the minimum ground 
pad requirement is twelve. 

Depending on the number of output drivers, their locations, the array usage, and 
the o·perational frequency, additional power and ground pads may be required and 
will be determined by LDS. 

The following rules apply to the assignment of additional power and ground pins: 

THE VooJVss RULES 

1. All primary VooNss pads must be used and bonded out to the package 
Voo/Vss bond finger. 

If the number of power and ground pads required exceeds the number of 
primary power and ground pads in the array selected, additional power and 
ground pads must be used. 
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2. Every VooNss pad can support up to 16 standard output buffers. Table 1.9 
shows the standard drives for output buffers to be used in this calculation. 

output buffer 
w/slew rate cntl 

B4R/B4RP B6R/B6RP B8R/B8RP 812R/B12RP 

standard drive 0.4/0.5 0.5/0.8 0.8/1.0 1.0/1.S 

output buffer 81 82 84 86 BS 812 

standard drive .25 .5 1.0 1.5 2.0 3.0 

Table 1.9 
Standard Drive per Output Buffer 

The number for VooNss pads should be counted individually for each side of 
the array using the following formula: 

n =(the total # of standard output buffers for the side) /16 

When n is not an integer and the fractional part is= or > 0.1, the number 
should be rounded off one integer higher (e.g., if n = 3.2, use 4 VooNss pads 
on that side). 

3. For the case of simultaneous switching, if the number of simultaneous 
switching outputs per package side is greater than 32 std. output drive, then 
each pair of Vss and Voo bond wires can support only 10 84 (4mA)-type 
outputs. 

For better system performance, LSI Logic recommends the following 
guidelines: 

a. For chips with heavy bus-oriented design, where signals are expected to 
be received or sent simultaneously, reflections are likely to come back to 
the I/Os, probably at the same time. In this case, one Vss bond wire and 
one Voo bond wire should not support more than 10 I/Os. 

b. Two Vss (or two Voo) pads can be bonded out to the same Vss (or Voo) 
bond finger to satisfy the above rule. 

c. If more Vss and Voo can be bonded, bond them out to further increase the 
system performance. 
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THE Vss2 RULES 

1. The number of Vss2 pads required in any design is determined by the 
following formula: 

# ofV552 pads= Gu * %Gs* Sp * (2.5E-6)/(150E-3) 

where: 

Gu = the number of used gates. 
%Gs = the percent of gates switched. 
Sp = the operating frequency in MHz. 

2. All primary V552 pads must be used, even if the number given by the formula 
above is less than the number of primary V552 pads. 

3. If the formula gives a number which is not an integer and which is greater 
than the number of primary Vss2 pads, then 

(a) if the calculated fraction = or < 0.1, use the integer portion of the 
calculation as the number of V552 pads. 

(b) if the calculated fraction > 0.1, add one to the integer portion of the 
calculation. 

THE Voo3 RULE 

Voo3 pads, located in each corner of the array, are dedicated. All Voo3 pads 
must be used and bonded out to the package Voo bond finger. Extra Voo3 pads 
are not necessary. 

THE Vss3 RULE 

All Vss3 pads must be used be and bonded out to the package Vss bond finger. 
Extra V553 pads are not necessary. 
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Chapter 2: The LCA10000 Macrocells 

2.1 INTRODUCTION 

This chapter provides a comprehensive catalogue of the following types of 
LCA 10000 macrocells: 

• input buffers 
• unidirectional and three-state output buffers 
• bidirectional buffers 
• internal cells 
• internal drivers 
• flip-flops and latches 

Each of the following subsections contains a list of available features for each 
type of macrocell. In addition, naming conventions for input and output 
buffers are explained, and tables with possible configurations are given. 

INPUT BUFFERS 

Features 

Input buffers have the following features: 

• an input-protection circuit 
• a built-in parametric gate (except for DDRV, a direct input clock driver) 
• three voltage-level options: 

CMOS 
TTL 
Schmitt Trigger 

• optional pull-up and pull-down resistors 
• protection against latch-up and electrostatic discharge to a specification 

of 200 mA and 2000V 
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Naming Conventions 

The form for an input buffer name varies (1) for voltage level options (CMOS, 
TIL, SCHMITI, CMOS) and (2) for input clock drivers: 

• The following example show the form for the name of an input buffer 
with different voltage level options: 

TLCHTU 

I! characteristic 
• inputtype 

where: 

The characteristic may be: 

U (pull-up resistor) 
[) (pull-down resistor} 

The input type may be: 

TLCHT (input pad with buffer for TIL} 
TLCHTN ( input pad with buffer for inverted TIL} 
IBUF (input pad with buffer for CMOS} 
IBUFN (input pad with buffer for inverted CMOS} 
SCHMITC (input pad with Schmitt Trigger for CMOS} 
SCHMITCN (input pad with inverted Schmitt Trigger for CMOS} 

• The following example shows the form for the name of an input clock 
driver: 

1SC2U 

I .. I • characteristic 
•drive strength 

• input type 

• clock driver 

where: 

The characteristic may be: 

<no letter> (no special characteristic} 
U (pull-up resistor} 
D (pull-down resistor) 
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The drive strength may be: 

2 (maximum recommended loading) 
4 (maximum recommended loading) 
8 (maximum recommended loading) 

The input type may be: 

D (as prefix to DRV) for direct 
T (TIL) 
C (CMOS) 
SC (Schmitt Trigger for CMOS) 

Possible Input Buffer Configurations 

Table 2.1 shows the names for input buffers with the range of possible 
configurations 

w/o resistor w/pull-up w/pull-down slots* 

TLC HT TLCHTU TLCHTD 1 
TLCHN TLCHNU TLCHTD 1 
IBUF IBUFU IBUFD 1 
IBUFN IBUFNU IBUFND 1 
SCHMITC SCHMITCU SCHMITCD 1 
SCHMITCN SCHMITCNU SCHMITCND 1 
DRVT2 DRVT2U DRVT2D 2 
DRVT4 DRVT4U DRVT4D 2 
DRVT8 DRVT8U DRVT8D 2 
DRVC2 DRVC2U DRVC2D 2 
DRVC4 DRVC4U DRVC4D 2 
DRVC8 DRVCSU DRVCSD 2 
DRVSC2 DRVSC2U DRVSC2D 2 
DRVSC4 DRVSC4U DRVSC4D 2 
DRVSCS DRVSCSU DRVSCSD 2 
DDRV DDRVU DDRVD 1 

*Slot-one pad and one 1/0 dev1Ce occupying a pos1t1on on the periphery of the device 

Table 2.1 
Possible Input Buffer Configurations 
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UNIDIRECTIONAL AND THREE-STATE OUTPUT BUFFERS 

Features 

Unidirectional and three-state output buffers have the following features: 

• protection against latch-up: 200 mA 
• slew rate control through the choice of different edge-rate 

characteristics 
• options for characteristics: open drain, open source 
• output drive tailored to 1. 0 mA, 2 .0 mA, 4.0 mA, 6.0 mA, 8.0 mA, and 

12.0 mA 

To convert the delay from a CMOS level to a TIL level, use the following 
formulas: 

tPLH = slope 1 * Cload * 0.55 + inept 1 

tPHL = slope 0 * Cload * 1.50 + inept 0 

Naming Conventions 

The form for buffer names varies for unidirectional and three-state output 
buffers: 

• The following example shows the form for the name of a unidirectional 
output buffer 

where: 

B4R 

I ' ! slew rate 
• •driveinmA 
unid1rect output buffer 

The slew rate contol may be designated as: 

<no letter> (without slew rate control) 
R (with slew rate control) 
RP (with moderate slew rate control) 

The drive strength may be: 1, 2, 4, 6, 8, or 12 mA 
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• The following example shows the form for the name of a three-state 
output buffer: 

i 4°T I •characteristic 
• • drive in mA 

three-state output buffer 

where: 

The characteristic may be: 

<no letter> (no special characteristic) 
OD (open drain) 
OS (open source) 
R (with slew rate control) 
RP (with moderate slew rate control) 

The drive may be : 1, 2, 4, 6, 8, or 12 mA 

Possible Configurations for Unidirectional and Three-state Output Buffers 

Tables 2.2 and 2.3 show the possible configurations for unidirectional and 
three-state output buffers, with the number of 1/0 slots and output drive in 
milliamps for each 

Name 1/0 Slot (s) Out1ut ?rive 
ma 

B1 1 1 
B2 1 2 

B4 1 4 
B4R/B4RP 1 4 

B6 1 6 
B6R/B6RP 1 6 

BS 1 8 
BSR/BSRP 1 8 

B12 2 12 
B12R/B12RP 2 12 

Table 2.2 
Possible Configurations for 

Unidirectional Output Buffers 
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Type Open and 
drive drain 

BT1 BT100 
BT2 BT200 
BT4 BT400 
BT6 BT600 
BTS BTSOD 

BT12 BT120D 

Open Slew 
source rate 

BT10S 
BT20S 
BT40S BT4R/BT4RP 
BT60S BT6R/BT6RP 
BTSOS BT8R/BT8RP 

BT120S BT12R/BT12RP 

Table 2.3 
Possible Configurations for 
Three-state Output Buffers 

BIDIRECTIONAL OUTPUT BUFFERS 

Features 

1/0 Output 
Slot (s) drive (mA) 

1 1 
1 2 
1 4 
1 6 
1 8 
2 12 

Bidirectional output buffers contain the features of both input and output 
buffers 

Naming Conventions 

The following example shows the form for bidirectional output names: 

where: 

14TRU 

11 !characteristic 
-Slew rate choice I 91nput receiver type 

"drove m mA 
•b1direct buffer 

The characteristic may be: 

OD (open drain) 
OS (open source) 
U (pull-up resistor) 
D (pull-down resistor) 
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The slew rate may be designated as: 

<no letter> {without control) 
R {with slew rate control) 
RP (with moderate slew rate control) 

Note: Slew rate control is not available for buffers with drive strengths 
of 1 or 2 mA 

The input receiver type may be: 

T (TIL) 
TN (inverted TIL) 
C (CMOS) 
CN (inverted CMOS) 
SC (CMOS Schmitt Trigger) 
SCN (inverted CMOS Schmitt Trigger) 

The drive may be : 1, 2, 4, 6, 8, or 12 mA 

Possible Configurations for Bidirectional Output Buffers 

Table 2.4a-f shows the possible configurations for bidirectional output buffers. 
Each table shows the possible configurations for one type of input buffer on 
the bidirectional signals. For each buffer, the number of slots and the output 
drive are also shown. 

Type 
and w/PU w/PD 

drive 

BDT1 x x 
BDT2 x x 
BDT4 x x 
BDTG x x 
BOTS x x 

BDT12 x x 

w/PU w/PD 
w/OD w/OS w/SR 

&SR &SR 

x x 
x x 
x x x x x 
x x x x x 
x x x x x 
x x x x x 

Table 2.4a 
Possible Configurations for 

Bidirectional Output Buffers 
with TIL Input 
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Output Slot 
(s) drive (mA) 

1 0.25 
1 0.5 
1 1.0 
1 1.5 
1 2.0 
2 3.0 



Type 
and 

drive 

BD1TN 
BD2TN 
BD4TN 
BD6TN 
BD8TN 

BD12TN 

Type 
and 

drive 

BD1C 
BD2C 
BD4C 
BD6C 
BD8C 
BD12C 

Type 
and 

drive 

BD1CN 
BD2CN 
BD4CN 
BD6CN 
BD8CN 
BD12CN 

The HCMOS Compacted Array Products Databook 

w/PU 

x 
x 
x 
x 
x 
x 

w/PU 

x 
x 
x 
x 
x 
x 

w/PU 

x 
x 
x 
x 
x 
x 

w/PD w/OD w/OS w/SR 
w/PU w/PD 

x 
x 
x 
x 
x 
x 

&SR 

x x 
x x 
x x x x 
x x x x 
x x x x 
x x x x 

Table 2.4b 
Possible Configurations for 
Bidirectional Output Buffers 

with inverted TIL Input 

&SR 

x 
x 
x 
x 

w/PD w/OD w/OS w/SR 
w/PU w/PD 

x 
x 
x 
x 
x 
x 

&SR 

x x 
x x 
x x x x 
x x x x 
x x x x 
x x x x 

Table 2.4c 
Possible Configurations for 
Bidirectional Output Buffers 

with CMOS Input 

&SR 

x 
x 
x 
x 

w/PD w/OD w/OS w/SR 
w/PU w/PD 

x 
x 
x 
x 
x 
x 

&SR 

x x 
x x 
x x x x 
x x x x 
x x x x 
x x x x 

Table 2.4d 
Possible Configurations for 
Bidirectional Output Buffers 
with inverted CMOS Input 

©LSI Logic Corporation 1987 
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&SR 

x 
x 
x 
x 

Output Slot 
(s) drive (mA) 

1 0.25 
1 0.5 
1 1.0 
1 1.5 
1 2.0 
2 3.0 

Output Slot 
(s) drive (mA) 

1 0.25 
1 0.5 
1 1.0 
1 1.5 
1 2.0 
2 3.0 

Output Slot 
(s) drive (mA) 

1 0.25 
1 0.5 
1 1.0 
1 1.5 
1 2.0 
2 3.0 



The HCMOS Compacted Array Products Databook 

Type 
and 

drive 

BD1SC 
BD2SC 
BD4SC 
BD6SC 
BDSSC 
BD12SC 

Type 
and 

drive 

BD1SCN 
BD2SCN 
BD4SCN 
BD6SCN 
BDSSCN 
BD12SCN 

w/PU 

x 
x 
x 
x 
x 
x 

w/PD w/OD w/OS w/SR 
w/PU w/PD 

x 
x 
x 
x 
x 
x 

&SR 

x x 
x x 
x x x x 
x x x x 
x x x x 
x x x x 

Table 2.4e 
Possible Configurations for 
Bidirectional Output Buffers 

&SR 

x 
x 
x 
x 

with SCHMITI Trigger for CMOS Input 

w/PU 

x 
x 
x 
x 
x 
x 

w/PD w/OD w/OS w/SR 
w/PU w/PD 

x 
x 
x 
x 
x 
x 

&SR 

x x 
x x 
x x x x 
x x x x 
x x x x 
x x x x 

Table 2.4f 
Possible Configurations for 
Bidirectional Output Buffers 

&SR 

x 
x 
x 
x 

Slot 
(s) 

1 
1 
1 
1 
1 
2 

Slot 
(s) 

1 
1 
1 
1 
1 
2 

with inverted SCHMITI Trigger for CMOS Input 

INTERNAL CELLS, INTERNAL DRIVERS, FLIP-FLOPS, AND LATCHES 

Features 

Output 
drive (mA) 

0.25 
0.5 
1.0 
1.5 
2.0 
3.0 

Output 
drive (mA) 

0.25 
0.5 
1.0 
1.5 
2.0 
3.0 

All of these cells have standard-drive and high drive configurations. Flip-flops 
and latches also have buffered input and buffered outputs. 

2.2 DATA PAGES FOR MACROCELLS 

Following in alphabetical order are data pages for the macrocells. 

©LSI Logic Corporation 1987 
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HOW TO READ A DATA PAGE 

Figure 2.1 shows a sample data page (TLCHT, TLCHTU, and TLCHTD). Circled 
numerals are keyed to the explanations below: 

1. The macrocell name appears in the upper-left, upper-middle, and upper-
right of the page. 

2. The macrocell function appears below the name. 

3. The logic diagram is shown. 

4. The electrical schematic is shown. 

5. A table of typical propagation delays for various standard loads is 
provided. 

6. The syntax coding order of the inputs is given, along with their 
respective load factors. 

7. Input loading is shown for every input pin to the macrocell. The 
order of the values follows that in the coding syntax equation shown 
just above. 

©LSI Logic Corporation 1987 
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G) TLCHT 
TTL INPUT ® 

A 

TTL INPUT BUFFER 

TLCHTU 
TTL INPUT 

WITH PULL-UP 

Pl 

® LOGIC SYMBOL 

PULL• UP OPTION 

PULL •DOWN OPTION 

© ELECTRICALSCHEMATIC 

s TLC HT I TLCHTU I TLCHTD (A-Z) 

Pl 

Delays are Nominal [25 deg c. 5v Performance (ns)] wirelength not included 

STD LOAD 

fPLH(ZJ 
tpffdZJ 

ZOutput 

@Coding Syntax: 
Coding Syntax: 
Coding Syntax: 

7 Input Loading: 
Input Capacitance: 

1 

0.B 
0.7 

Slope 1 
SlopeO 

2 

08 
07 

0.0411 
0 0201 

(Z,PO) = &TLCHT (A, Pl); 
(Z,PO) = & TLCHTU (A, Pl); 
(Z,PO) = &TLCHTD(A, Pl); 

(-, 1) 

3 

0.9 
0.7 

Inept 
Inept 

Oevice(1.5 pf) + pad(! pf) = 2.5 pf 

Copynght lSJ LOGIC CORPOltA TION 1986, 1987 

Figure 2.1 

4 

0.9 
0.8 

075 
0.67 

TLCHTD 
TTL INPUT 

WITH PULL-DOWN 

B 

1.1 
0.8 

Sample Model Sheet for Input Buffers 
(TLCHT, TLCHTU, TLCHTD) 

2-11 
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1.4 
1.0 



AN2/AN2P 2AND AN2/AN2P 

B A 

LOGIC SYMBOL 

z 

A B z 

0 0 0 
0 1 0 
1 0 0 ELECTRICAL SCHEMATIC 
1 1 1 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)) wirelength not included 

AN2 {STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 16 

fPLH 0.6 0.8 0.9 1. 1 1.6 2.8 

fPHL 0.8 0.9 0.9 1.0 1.2 1.6 

Slope1 = 0.1443 Inept = 0.48 
SlopeO = 0.0523 Inept = 0.77 

Gate Count: 2 
Coding Syntax: Z = AN2 (A,B); 
Input loading: (1,1) 

AN2P {HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

fPLH 0.6 0.7 0.8 0.8 1. 1 1.7 

fPHL 0.9 0.9 0.9 1.0 1. 1 1.4 

Slope1 = 0.0718 Inept 0.54 
SlopeO = 0.0347 Inept = 0.84 

Gate Count: 2 
Coding Syntax: Z = AN2P (A,B); 
Input loading: (1,1) 

2-12 
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AN3/ AN3P 3AND AN3 / AN3P 

A B c z 
~=cJ-z 

LOGIC SYMBOL 
c B A 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 1 1 0 

1 0 0 0 

1 0 1 0 

1 1 0 0 

1 1 1 1 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

AN3 (STANDARD DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO 

= 

1 

0.8 

0.9 

0.14S8 
0.0589 

Gate Count: 2 

2 

1.0 

1.0 

Inept 
Inept 

Coding Syntax: Z = AN3 (A,B,C); 
Input loading: (1, 1, 1) 

AN3P (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO = 

1 

0.9 

1.0 

0.0718 
0.0347 

Gate Count: 3 

2 

1.0 

1.0 

Inept 
Inept 

Coding Syntax: Z = AN3P (A,B,C); 
Input loading: (1, 1, 1) 

Copyright LSI LOGIC CORPORA T/ON 1987 

3 

1. 1 

1.0 

0.69 
0.85 

3 

1. 1 

1.0 

0.84 
0.94 

4 

1.3 

1. 1 

4 

1.1 

1.1 

2-13 

8 16 

1.9 3.0 

1.3 1.8 

8 16 

1.4 2.0 

1.2 1.5 

z 



AN4/ AN4P 4AND AN4/ AN4P 

i~-z 
D c B A 

LOGIC SYMBOL z 
A B c D z 

0 x x x 0 

x 0 x x 0 

x x 0 x 0 

x x x 0 0 

1 1 1 1 1 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

AN4 (STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 16 

Tp/h 1.1 1.3 1.4 1.6 2.2 3.4 

Tph/ 1.0 1.1 1.1 1.2 1.4 1.9 

Slope1 = 0.1S23 Inept = 0.97 
SlopeO = 0.0589 Inept 0.95 

Gate Count: 3 
Coding Syntax: Z = AN4 (A,B,C,D); 
Input loading: (1, 1, 1, 1 ) 

AN4P (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

Tplh 1.2 1.3 1.4 1.5 1.8 2.4 

Tphl 1.0 1.0 1.1 1. 1 1.2 1.5 

Slope1 = 0.0788 Inept = 1.15 
SlopeO = 0.0331 Inept = 0.96 

Gate Count: 3 
Coding Syntax: Z = AN4P (A,B,C,D); 
Input loading: (1,1,1,1) 

2-14 
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A01 / A01P 

A 
B 
c 
D 

LOGIC SYMBOL 
A 

1 

x 

x 

x 

0 

2AND INTO 3NOR A01 / A01P 

D c B A 

B c D z 

1 x x 0 

x 1 x 0 

x x 1 0 

0 0 0 1 

x 0 0 1 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

A01 (STANDARD DRIVE) 

STD LOAD 1 

fPLH 1.5 

tPHL 0.4 

Slope1 = 0.3864 Inept 
SlopeO 0.0824 Inept 

Gate Count: 2 
Coding Syntax: Z = A01 (A,B,C,D); 
Input loading: (1,1, 1,1) 

A01 P (HIGH DRIVE) 

Slope1 
SlopeO 

STD LOAD 

fPLH 

fPHL 

= 
0.1934 
0.0443 

Gate Count: 4 

1 

1.3 

0.3 

Inept 
Inept 

Coding Syntax: Z = A01 P (A,B,C,D); 
Input loading: (2,2, 2,2) 

Copyright LSI LOGIC CORPORATION f'J87 

2 

1.5 

0.4 

2 

1.9 

0.4 

1.11 
0.27 

1.12 
0.28 

2-15 

3 

1.7 

0.4 

3 4 

2.3 2.6 

0.5 0.6 

4 8 

1.9 2.7 

0.5 0.6 



A02/A02P 2 2ANDS INTO 2NOR A02/A02P 

D C B A 

A B c D z 
LOGIC SYMBOL 

1 1 x x 0 

x x 1 1 0 z 
0 x 0 x 1 

0 x x 0 1 

x 0 x 0 1 

x 0 0 x 1 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

A02 (STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 

tp1ff 1.1 1.3 1.6 1.9 2.9 

tpfft 0.6 0.6 0.7 0.8 1.1 

Slope1 = 0.2612 Inept = 0.82 
SlopeO = 0.0824 Inept = 0.47 

Gate Count: 2 
Coding Syntax: Z = A02 (A,B,C,D); 
Input loading: (1,1, 1,1) 

A02P (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

tnH 0.9 1.1 1.2 1.3 1.9 2.9 

tpffL 0.4 0.5 0.5 0.6 0.7 1.1 

Slope1 = 0.1322 Inept = 0.80 
SlopeO = 0.0443 Inept = 0.38 

Gate Count: 4 
Coding Syntax: Z = A02P (A,B,C,D); 
Input loading: (2,2, 2,2) 

2-16 
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A03/ A03P 20R INTO 3NAND A03 / A03P 

D c B A 

A B c D z 
LOGIC SYMBOL 

1 x 1 1 0 

x 1 1 1 0 

0 0 x x 1 

x x 0 x 1 

x x x 0 1 

TRUTH TABLE 
ELECTRICAL SCHEMATIC 

Delays are nominal[ 25 deg c, Sv performance (ns)] wirelength not included 

A03 (STANDARD DRIVE) 

STD LOAD 

Slope1 
51ope0 

fPLH 

fPHL 

Gate Count: 2 

0.2612 
0.1136 

1 

0.8 

0.5 

Inept = 
Inept = 

Coding Syntax: Z = A03 (A,B,C,D); 
Input loading: (1,1, 1,1) 

A03P (HIGH DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO 

= 
= 

Gate Count: 4 

1 

0.6 

0.5 

0.1322 
0.0557 

2 

0.8 

0.5 

Inept = 
Inept = 

Coding Syntax: Z = A03P (A,B,C,D); 
Input loading: (2,2, 2,2) 

Copynghr LSI LOGIC CORPORA T/Of\J L•81 

2 

1.0 

0.6 

0.52 
0.39 

3 

0.9 

0.6 

0.50 
0.42 

3 

1.3 

0.7 

4 

1.0 

0.6 
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4 8 

1.6 2.6 

0.9 1.3 

8 16 

1.6 2.6 

0.9 1.3 



A04/A04P 2 20RS INTO 2NAND A04/A04P 

ELECTRICAL SCHEMATIC 

D C B A 

LOGIC SYMBOL A B c D z 

0 0 x x 1 

x x 0 0 1 

1 x 1 x 0 

x 1 1 x 0 

1 x x 1 0 

x 1 x 1 0 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performanc~ (ns)] wirelength not included 

A04 (STANDARD DRIVE) 

Slope1 
SlopeO 

STD LOAD 

fptff 

tPHL 

= 
= 

0.2612 
0.0824 

Gate Count: 2 

1 

1.2 

0.5 

Inept 
Inept = 

Coding Syntax: Z = A04 (A,B,C,D); 
Input loading: (1,1, 1,1) 

A04P (HIGH DRIVE) 

STD LOAD 

fptff 

tpfft 

51ope1 
51ope0 

= 
= 

1 

1.0 

0.4 

0.1322 
0.0443 

Gate Count: 4 

2 

1.2 

0.5 

Inept = 
Inept = 

Coding Syntax: Z = A04P (A,B,C,O); 
Input loading: (2,2, 2,2) 
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2 

1.4 

0.5 

0.92 
0.37 

3 

1.3 

0.5 

0.90 
0.38 

2-18 

3 

1.7 

0.6 

4 8 

2.0 3.0 

0.7 1.0 

4 8 

1.4 2.0 

0.6 0.7 

16 
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AOS/AOSP INVERTING 2 OF 3 MAJORITY AOS/AOSP 

c B A 

A B c z 

1 1 x 0 

1 x 1 0 
LOGIC SYMBOL 

x 1 1 0 

0 0 x 1 

0 x 0 1 

x 0 0 1 
ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance {ns)] wirelength not included 

A05 (STANDARD DRIVE) 

STD LOAD 

Slope1 
SlopeO 

= 
= 

fPLH 

fPHL 

Gate Count: 3 

0.2612 
0.0788 

1 

1.4 

0.5 

Inept = 
Inept = 

Coding Syntax: Z = A05 (A,B,C); 
Input loading: (2, 2, 1) 

AOSP (HIGH DRIVE) 

STD LOAD 

fpLff 

fPHL 

Slope1 
SlopeO = 

Gate Count: 5 

1 

1.2 

0.5 

0.1282 
0.0428 

2 

1.3 

0.5 

Inept 
Inept 

Coding Syntax: Z = A05P (A,B,C); 
Input loading: (4, 4,2) 

Copynght LSI LOGIC CORPORATION 1987 

2 

1.6 

0.6 

1.12 
0.45 

3 

1.4 

0.5 

1.06 
0.42 

2-19 

3 

1.9 

0.7 

4 

1.6 

0.6 

4 8 

2.2 3.2 

0.8 1.1 

8 16 

2.1 3.1 

0.8 1.1 



A06/A06P 2AND INTO 2NOR A06/A06P 

A B c 

LOGIC SYMBOL 

A B c z 

x x 1 0 

0 x 0 1 

x 0 0 1 

1 1 0 0 

TRUTH TABLE 
ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns}] wirelength not included 

A06 (STANDARD DRIVE) 

STD LOAD 1 2 

tnH 1.1 1.3 

fPHL 0.4 0.4 

Slope1 
SlopeO 

= 0.2612 
0.0824 

Inept = 
= Inept = 

Gate Count: 2 
Coding Syntax: Z = A06 (A,B,C); 
Input loading: (1, 1,1) 

A06P (HIGH DRIVE) 

STD LOAD 1 2 

tnH 0.9 1.1 

fPHL 0.2 0.3 

Slope1 = 0.1322 Inept = 
SlopeO = 0.0443 Inept = 

Gate Count: 3 
Coding Syntax: Z = A06P (A,B,C); 
Input loading: (2, 2,2) 
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0.82 
0.27 

3 

1.2 

0.3 

0.80 
0.18 

2-20 

3 

1.6 

0.5 

4 

1.3 

0.4 

4 8 

1.9 2.9 

0.6 0.9 

8 

1.9 

0.5 

16 

2.9 

0.9 



A07 /A07P 20R INTO 2NAND A07 / A07P 

~~z 
A B c 

LOGIC SYMBOL 

A B c z 

x x 0 1 

1 x 1 0 

x 1 1 0 

0 0 1 1 ELECTRICAL SCH EMA TIC 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

A07 (STANDARD DRIVE ) 

STD LOAD 

Slope1 
SlopeO = 

tPLH 

fPHL 

Gate Count: 2 

0.2612 
0.0824 

1 

0.8 

0.5 

Coding Syntax:Z = A07 (A,B,C); 
Input loading: (1, 1,1) 

Inept 
Inept = 

A07P (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

Gate Count: 3 

1 

0.6 

0.3 

0.1322 
0.0443 

Coding Syntax:Z = A07P (A,B,C); 
Input loading: (2, 2,2) 

Cooyright LSI LOGIC CORPORATION 1987 

2 

0.8 

0.4 

Inept = 
Inept = 

2 

1.0 

0.5 

0.52 
0.37 

3 

0.9 

0.4 

0.50 
0.28 

3 

1.3 

0.6 

2-21 

4 8 

1.6 2.6 

0.7 1.0 

4 8 

1.0 1.6 

0.5 0.6 

16 

2.6 

1.0 



A011 / A011P 

A 
B 
c 
D 
E 
F 

LOGIC SYMBOL 
A B 

1 1 

x x 

x x 

3 2ANDS INTO 3NOR 

z 

c D E F z 

x x x x 0 

1 1 x x 0 

x x 1 1 0 

otherstates 1 

TRUTH TABLE 

A 
B 
c 
D 
E 
F 

A011 / A011P 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns}] wirelength not included 

A011 (STANDARD DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

1 

1.3 

1.0 

0.1523 
0.0589 

Gate Count: 5 

2 

1.5 

1. 1 

Inept 
Inept 

Coding Syntax: Z = A011 (A,B,C,D,E,F); 
Input loading: (1, 1, 1, 1, 1, 1) 

A011 P (HIGH DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO 

1 

1.4 

1.1 

0.0718 
0.0347 

Gate Count: 6 

2 

1.5 

1. 1 

Inept = 
Inept = 

Coding Syntax: Z = A04P (A,B,C,D,E,F); 
Input loading: (1, 1, 1, 1, 1, 1) 

c-.ovnght LSI LCG/C CORPORA T!ON 1987 

3 

1.6 

1. 1 

1.17 
0.95 

3 

1.6 

1.1 

1.34 
1.04 

4 8 16 

1.8 2.4 3.6 

1.2 1.4 1.9 

4 8 16 

1.6 1.9 2.5 

1.2 1.3 1.6 
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A012/ A012P 

A 

B =D-~ 
c :::::::D-~ 
D 

E ==D-__, 
F 

G 

H LOGIC SYMBOL 

A B c D 

0 0 x x 

x x 0 0 

x x x x 

x x x x 

other states 

4 20RS INTO 4NAND 

z 

E F G H z 

x x x x 1 

x x x x 1 

0 0 x x 1 

x x 0 0 1 

0 

TRUTH TABLE 

A 

B 

c 
D 

E 

G 

H 

A012/ A012P 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

A012 (STANDARD DRIVE) 

STD LOAD 

tPLH 

fPHL 

Slope1 
SlopeO 

1 

1.5 

1.2 

0.1443 
0.0589 

Gate Count: 6 

2 

1.7 

1.3 

Inept 
Inept 

Coding Syntax: Z = A011 (A,B,C,D,E,F,G,H); 
Input loading: (1,1, 1,1,1,1,1,1) 

A012P (HIGH DRIVE) 

STD LOAD 

tPLH 

fPHL 

Slope1 
51ope0 

1 

1.6 

1.3 

0.0653 
0.0331 

Gate Count: 6 

2 

1.7 

1.3 

Inept 
Inept 

Coding Syntax: Z = A04P (A,B,C,D,E,F,G,H); 
Input loading: (1,1,1,1,1,1,1,1) 

Copynght !..51 l.OG/C CORPORATION 198-, 

3 

1.8 

1.3 

1.38 
1.15 

3 

1.8 

1.4 

1.56 
1.26 

4 8 16 

2.0 2.5 3.7 

1.4 1.6 2.1 

4 8 16 

1.8 2.1 2.6 

1.4 1.5 1.8 
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UNIDIRECT OUTPUT BUFFERS 

z 
A ----tC>>-------;D 

a. LOGIC SYMBOL 

ELECTRICAL SCHEMATICS 

A 

b. UNIDIRECT OUTPUT BUFFER 

z 
A ----t~---D 

c. UNIDIRECT OUTPUT BUFFER WITH SLEW RATE CONTROL 

Figure 2.2 
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81/82 UNIDIRECT OUTPUT BUFFERS 

81 
1 mA OUTPUT BUFFER 

81 (A-Z) 
Delays are Nominal (25 deg c, Sv Performance (ns)) wirelength not included 

CLOAD C = 15PF C= SOPF C=85PF 

tptH(Z) 4.1 11.7 19.3 
tPHL (Z) 3.6 9.3 15.0 

IQ Output Slope 1 (ns/pf) = 0.2166 Inept (ns) 

Slope 0 (nsipf) = 0.1625 Inept (ns) = 

Coding Syntax: Z = &B1 (A); 
Input Loading: (2) 

82 (A-Z) 
Delays are Nominal (25 deg c, Sv Performance (ns)) wirelength not included 

CLOAD 

tPLH(Z) 
tpHL (Z) 

10 Output 

Coding Syntax: 
Input Loading: 

C = 15PF 

2.7 
2.3 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Z = &B2 (A); 
(2) 

Copynght LSI LOGIC CORPORATION 7987 

C= SOPF 

7.3 
5.2 

0.1303 
0.0825 

2-25 

C=85PF 

11.8 
8.1 

Inept (ns) 

Inept (ns) 

82 
2mA OUTPUT BUFFER 

0.86 
1.17 

0.76 
1.07 

C= 100PF 

22.5 
17.4 

C= 100PF 

13.8 
9.3 



811 INTERNAL BUFFER 81 I 

A -[>~z 

LOGIC SYMBOLC 

A 

SCHEMATIC 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

81 I (A- Z) 

STD LOAD so 100 

fPLH 0.9 1.1 

fPHL 1.3 1.5 

ZOutput Slope 1 = 0.0059 
Slope 0 0.0040 

Coding Syntax: Z = B 11 (A); 
Input Loading: (4) 

Cowright LSI LOGIC CORPORATION 1987 

200 

1.7 

1.9 

Inept 
Inept 
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300 

2.3 

2.3 

0.55 
1.10 

400 

2.9 

2.7 

soo 

3.5 

3.1 



A 

821/821P INVERTER INTO 3 PARALLEL 
INVERTERS 

821/821P 

A Z1 Z2 

1 0 1 

0 1 0 

TRUTH TABLE 

A 

ELECTRICAL SCHEMATIC 

LOGIC DIAGRAM 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength 
not included 

821 (A-Z1 I Z2) (STANDARD DRIVE) 

STD LOAD 

fptff{Z1) 
fpfft{Z1) 

fptff{Z2) 
tpfft{Z2) 

Z1 Output 

Z20utput 

Gate Count: 
Coding Syntax: 
Input 1.oading: 

2 4 

1.0 1.3 
0.5 0.6 

0.7 0.8 
0.9 0.9 

Slope 1 
SlopeO 

= 0.1403 

Slope 1 = 
SlopeO = 

2 
X (Z1,Z2) = 821 

0.0500 

0.0475 
0.0198 

8 

1.8 
0.8 

0.9 
1.0 

Inept = 
Inept 

Inept = 
Inept = 

16 

3.0 
1.2 

1.3 
1.2 

0.72 
0.40 

0.56 
0.85 

Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength 
not included 

821P (A-Z1 I Z2) (HIGH DRIVE) 

STD LOAD 4 8 16 32 

fptff{Z1) 1.0 1.3 1.8 3.0 
tpfft{Z1) 0.5 0.6 0.8 1.2 

fptff{Z2) 0.7 0.8 1.0 1.3 
tpfft{Z2) 0.9 0.9 1.0 1.2 

Z1 Output Slope 1 = 0.0718 
Slope 0 = 0.0266 

Inept =0.70 
Inept =0.38 

Z2 Output Slope 1 = 0.0214 
SlopeO = 0.0121 

Gate Count: 4 

Inept =0.63 
Inept =0.82 

Coding Syntax: X (Z1 ,Z2) = B21P (A); 
Input Loading: (2) 

2-27 
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A 

831 / B31P 

ELECTRICAL SCHEMATIC 

2 PARALLEL INVERTERS INTO 
2 PARALLEL INVERTERS 

A 

---[><r- Z2 

LOGIC DIAGRAM 

831/831P 

A Z1 Z2 

1 0 1 

0 1 0 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

831 (A·Z1 I Z2) (STANDARD DRIVE) 

STD LOAD 2 4 

fp1ff (Z1) 0.6 0.8 
fpffi(Z1) 0.2 0.3 

fp1ff (Z1) 0.5 0.6 
fpffL (Z2) 0.7 0.7 

Z1 Output Slope 1 = 0.0720 
SlopeO = 0.0298 

Z20utput Slope 1 = 0.0708 
SlopeO = 0.0274 

Gate Count: 2 
Codin~ Syntax: 
Input oading: 

X (Z1,Z2) = 821 ~~; 

831P (A-Z1 I Z2) (HIGH DRIVE) 

STD LOAD 2 4 

fp1ff(Z1) 0.5 0.5 
fpffi(Z1) 0.2 0.3 

fp1ff(Z1) 0.4 0.5 
fpffL (Z2) 0.6 0.6 

Z1 Output Slope 1 = 0.0339 
SlopeO = 0.0194 

Z2 Output Slope 1 = 0.0331 
SlopeO = 0.0144 

Gate Count: 4 
Coding Syntax: X(Z1,Z2) = B21P (A); 
Input Loading: (4) 

Copynght LSI LOGIC CORPORATION 1987 
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8 16 

1.1 1.6 
0.4 0.7 

0.9 1.5 
0.8 1.0 

Inept = 0.49 
Inept = 0.17 

Inept = 0.34 
Inept 0.60 

8 16 

0.7 0.9 
0.3 0.5 

0.6 0.9 
0.6 0.8 

Inept = 0.40 
Inept = 0.18 

Inept = 0.35 
Inept = 0.54 

32 

2.8 
1.1 

2.6 
1.5 

32 

1.5 
0.8 

1.4 
1.0 



84 UNIDIRECT OUTPUT BUFFERS 

84 B4R B4RP 
4mA OUTPUT BUFFER 4mA OUTPUT BUFFER 

WITH SLEW RATE 

4mA OUTPUT BUFFER 

WITH MODERATE SLEW RATE 

84 (A·Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF 

fPLH 1.6 
tPHL 1.6 

IQ Output Slope 1 (nstpf) = 
Slope 0 (nstpf) = 

Coding Syntax: Z = &B4 (A); 
Input Loading: (4) 

B4R (A-Z) 

C=50PF 

3.8 
3.1 

0.0639 
0.0411 

C=85PF 

6.1 
4.5 

Inept (ns) = 0.63 
Inept (ns) = 1.00 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fPLH 

fPHL 

IQ Output 

C= 15PF 

3.2 
2.8 

Slope 1 (nstpf) = 
Slope 0 (nstpf) = 

Coding Syntax: Z = &B4R (A); 
Input Loading: (4.5) 

B4RP (A-Z) 

C=50PF 

6.8 
6.0 

0.1047 
0.0917 

C:85PF 

10.5 
9.2 

Inept (ns) = 1.60 
Inept (ns) = 1.42 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF 

fPLH 2.4 
fPHL 2.4 

IQ Output Slope 1 (nstpf) = 
Slope 0 (nstpf) = 

Coding Syntax: Z = &B4RP (A); 
Input Loading: (4.5) 

Copynght lSI LOGIC CORPORATION 1987 

C= 50PF 

5.4 
5.0 

0.0872 
0.0750 
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C=85PF 

8.5 
7.6 

Inept (ns) = 1.07 
Inept (ns) = 1.26 

C= 100PF 

7.0 
5.1 

C= 100PF 

12.1 
10.6 

C= 100PF 

9.8 
8.8 



841/841P 4 PARALLEL INVERTERS 841/841P 

LOGIC DIAGRAM 

A z 
1 0 

ELECTRICAL SCHEMATIC 

0 1 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

841 (STANDARD DRIVE) 

STD LOAD 

tpLff 

tpffL 

Slope1 
SlopeO 

= 
= 

4 

0.5 

0.2 

0.0335 
0.0198 

Gate Count: 2 
Coding Syntax:Z = 841 (A); 
Input loading: (4) 

841P (HIGH DRIVE) 

STD LOAD 

tpLff 

fpffL 

Slope1 
SlopeO 

= 
= 

4 

0.4 

0.1 

0.0165 
0.0121 

Gate Count: 4 
Coding Syntax:Z = B41P (A); 
Input loading: (8) 

Copyrtght LSI LOGIC CORPORATION 1987 

8 

0.6 

0.3 

Inept = 
Inept = 

8 

0.5 

0.1 

Inept = 
Inept = 

16 

0.9 

0.4 

0.35 
0.11 

16 

0.6 

0.2 

0.35 
0.02 
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32 64 

1.4 2.5 

0.7 1.4 

32 64 

0.9 1.4 

0.4 0.8 



851/851P 3 PARALLEL INVERTERS 851 / 851P 

LOGIC SYMBOL 

A z 
ELECTRICAL SCHEMATIC 

1 0 
0 1 

TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

851 (STANDARD DRIVE) 

STD LOAD 

fPLH 

tPHL 

Slope1 
SlopeO = 

0.0475 
0.0234 

Gate Count: 2 
Coding Syntax: Z = 851 (A); 
Input loading: (3) 

851P (HIGH DRIVE) 

STD LOAD 4 

fPLH 0.4 

fPHL 0.2 

Slope1 = 0.0214 
SlopeO = 0.0146 

Gate Count: 3 
Coding Syntax:Z = B51P (A); 
Input loading: (6) 
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4 

0.6 

0.2 

Inept = 
Inept = 

8 

0.5 

0.3 

Inept 
Inept 

8 

0.7 

0.3 

0.36 
0.12 

16 

0.7 

0.4 

0.33 
0.16 

2-31 

16 

1.1 

0.5 

32 

1.9 

0.9 

32 64 

1.0 1.7 

0.6 1.1 



86 UNIDIRECT OUTPUT BUFFERS 

86 86R 86RP 
6mA OUTPUT BUFFER 6mA OUTPUT BUFFER 

WITH SLEW RA TE 

6mA OUTPUT BUFFER 

WITH MODERATE SLEW RATE 

86 (A-Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

fpLff 

fpffL 

10 Output 

Coding Syntax: 
Input Loading: 

B6R (A-Z) 

C= 1SPF 

1.4 
1.S 

Slope 1 (ns/pf) 

Slope 0 (ns/pf) 

Z = &86 (A); 
(4) 

0.04S8 
0.0297 

C= SOPF 

3.0 
2.S 

Inept (ns) 

Inept (ns) 

C=8SPF 

4.6 
3.6 

0.71 
1.04 

Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

CLOAD C= 1SPF C= SOPF C=8SPF 

fpLff 2.4 S.6 8.7 
fpffL 2.3 s.o 7.8 

IOOutput Slope 1 (ns/pf) = 0.0894 
Slope 0 (ns/pf) = 0.0789 

Inept (ns) = 1.09 
Inept (ns) = 1.09 

Coding Syntax: 
Input Loading: 

B6RP (A-Z) 

Z = &B6R (A); 
(6.S) 

Delays are Nominal [2S deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fPLH 

fpffL 

IOOutput 

C= 15PF 

1.9 
1.8 

Slope 1 (ns/pf) = 
SI ope 0 (ns/pf) 

Coding Syntax: Z = &86RP (A); 
Input Loading: (6.S) 
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C= 50PF 

4.4 
3.7 

0.0717 
0.0550 

2-32 

C=85PF 

6.9 
S.6 

Inept 0.82 
Inept = 0.96 

C = 100PF 

S.3 
4.0 

C= 100PF 

10.0 
9.0 

C= 100PF 

8.0 
6.5 



88 UNIDIRECT OUTPUT BUFFERS 

88 B8R B8RP 
SmA OUTPUT BUFFER SmA OUTPUT BUFFER 

WITH SLEW RATE 

SmA OUTPUT BUFFER 

WITH MODERATE SLEW RATE 

88 (A-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fPLH 
fpffL 

IQ Output 

C= 15PF 

1.3 
1.5 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &88 (A); 
Input Loading: (4) 

BSR (A-Z) 

C= 50PF 

2.6 
2.3 

0.0361 
0.0225 

C=85PF 

3.8 
3.1 

Inept (ns) = 0. 77 
Inept (ns) = 1.17 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fpLff 

fpffL 

IQ Output 

C= 15PF 

2.0 
1.8 

Slope 1 (nstpf) = 
Slope 0 (nstpf) = 

Coding Syntax: Z = &88R (A); 
Input Loading: (6.5) 

BSRP (A-Z) 

C= 50PF 

4.6 
3.7 

0.0736 
0.0550 

C=85PF 

7.1 
5.6 

Inept (ns) = 0.90 
Inept( ns) = 0.96 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fPLH 
fpffL 

IQ Output 

C= 15PF 

1.7 
1.6 

Slope 1 (nstpf) = 
SI ope 0 (nstpf) = 

Coding Syntax: Z = &88RP (A); 
Input Loading: (6.5) 
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C= 50PF 

3.8 
3.1 

0.0609 
0.0411 
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C=85PF 

5.9 
4.5 

Inept (ns) = 0.77 
Inept (ns) = 1.01 

C= 100PF 

4.4 
3.4 

C= 100PF 

8.3 
6.5 

C= 100PF 

6.9 
5.1 



812 UNIDIRECT OUTPUT BUFFERS 

812 812R 812RP 
12mA OUTPUT BUFFER 12mA OUTPUT BUFFER 

WITH SLEW RATE 

12mA OUTPUT BUFFER 

WITH MODERATE SLEW RATE 

812 (A-Z) 
Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

fpLff 

fpffL 

IOOutput 

C= 15PF 

1.0 
1.3 

Slope 1 (nslpf) = 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &812 (A); 
Input Loading: (8) 

B12R (A-Z) 

C= SOPF 

1.8 
1.8 

0.0234 
0.0155 

C=85PF 

2.6 
2.4 

Inept (ns) 0.64 
Inept (ns) = 1.05 

Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

tnH 
fpffL 

IQ Output 

C= 15PF C= SOPF 

1.5 3.3 
1.5 2.9 

Slope 1 (ns/pf) = 0.0517 
SlopeO ( ns/pt)= = 0.0414 

Coding Syntax: Z =&B12R(A); 
Input Loading: (13) 

B12RP (A-Z) 

C=85PF 

5.1 
4.4 

Inept (ns) = 0.72 
Inept (ns) = 0.86 

Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

tnH 
fPHL 

IQ Output 

C= 15PF 

1.2 
1.3 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) 

Coding Syntax: Z = &B12RP (A); 
Input Loading: (13) 
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C= SOPF 

2.5 
2.3 

0.0389 
0.0269 
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C=85PF 

3.9 
3.2 

Inept (ns) = 0.59 
Inept (ns) 0.92 

C= 100PF 

3.0 
2.6 

C= 100PF 

5.9 
5.0 

C= 100PF 

4.5 
3.6 



A 

TN 

BIDIRECT OUTPUT BUFFERS 

10 
A------1 

ZI <J 
PO-dPI 

a. LOGIC SYMBOL 

ELECTRICAL SCHEMATICS 

PULL - UP OPTION 

TN 
EN 

10 
~6-~----, 

ZI _ ___:=] ___ ...,..__<. 

A ------1 

EN 

TN 
Pl 
PO 

ZI 

y' 
PULL· DOWN OPTION ~ 

INPUT 

PROTECT 

b. BIDIRECT BUFFER WITH OPTIONAL 
PULL-UP I PULL-DOWN 

d. BIDIRECT BUFFER WITH OPEN DRAIN 

Copyright LSI LOGIC CORPORA T/ON 1987 

ZI <J 
PO-dPI 

c. BIDIRECT BUFFER WITH SLEW RATE CONTROL 
AND OPTIONAL PULL-UP/PULL-DOWN 

E 
TN 

Pl 
PO 

INPUT 
ZI 

PROTECT 

e. Bl DIRECT BUFFER WITH OPEN SOURCE 

Figure 2.4 
2-35 



801 BIDIRECT BUFFERS 

8D1T-TTLINPUT I 8D1TU·PULL-UP I 8D1 TD-PULL-DOWN 

8D 1 TN-INVERTED TTL INPUT I 8D1TNU-PULL-UP I 8D1TND·PULL-DOWN 

8D1 C-cMos INPUT I 8D1CU·PULL-UP I 8D1 CD-PULL-DOWN 

8D1 CN-1NVERTED CMOS INPUT I 8D1CNU-PULL-UP I 8D1 CND·PULL-DOWN 

8D1 SC-SCHMITT INPUT I 8D1 SCU·PULL-UP I 8D1 SCD·PULL-DOWN 

8D1 SCN-1NVERTED SCHMITT INPUT I 8D1 SCNU·PULL-UP I 8D1 SCND·PULL-DOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not include 

CLOAD 

tPLH 

tPHL 

tpu 

tpzL 

tpffz 

tpzH 

IOOutput 

C = 15PF 

5.5 
4.8 

4.6 

5.5 

Slope 1 (nsfpf) = 
Slope 0 (nsfpf) = 

C= SOPF C=85PF 

13.1 20.7 
10.5 16.2 

(INTRINSIC DELAY= 2.3) 

10.3 16.0 

(INTRINSIC DELAY= 1.8) 

13.1 

0.2166 
0.1625 

20.7 

Inept (ns) = 2.26 
Inept (ns) = 2.37 

Coding Syntax: (10, ZI, PO)= &BD1 % (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
lnputcapacitance:device(1.5pf) + pad(1pf) = 2.5pf 

(10-ZI) delays for all the cells with 

TTL 

input please refer to NVERTED CMOS 
CHM ITT TRIGGER 

C = 100PF 

23.9 
18.6 

18.4 

23.9 

delayt1me 

TLCHTD 
TLCHTN 
IBUF 
IBUFN 
SCHMITC 
SCHMITCN 

~
NVERTED TTL 

CMOS 

NVERTED SCHMITT TRIGGER 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 

2-'.36 
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801 BIDIRECT BUFFERS 

801TOD-oPEN DRAIN 801 TOS·oPEN SOURCE 

801TNOD·oPEN DRAIN 801TNOS·oPEN SOURCE 

801 COD-OPEN DRAIN 801 COS·oPEN SOURCE 

801 CNOD·oPEN DRAIN 801 CNOS·oPEN souRcE 

801 SCOD·oPEN DRAIN 801 SCOS·oPEN souRCE 

801 SCNOD·oPEN DRAIN 801 SCNOS·oPEN souRCE 

801TOO I 801TNOO I 801COO I 801CNOO I 801SCOOI801 SCNOO(EN-10) 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF l C= 50PF l C=85PF 

tpu (INTRINSIC DELAY = 2.3) 

fPZL 4.6 l 10.3 l 16.0 

IOOutput Slope 0 (ns/pf) = 0. 1625 Inept (ns) = 2.17 

Coding Syntax: (10, ZI, PO)= &8D1 % (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

l 

l 

801TOSI801TNOS I 801 COS I 801 CNOS I 801 SCOS I 801 SCNOS(E-10) 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

tpffz (INTRINSIC DELAY= 1.8) 

tpzH 5.5 l 13.1 l 

ZOutput Slope 1 (ns/pf) = 0.2166 Inept (ns) 

Coding Syntax: (10, ZI, PO)= &8D1 % (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(lpf) = 2.5pf 

20.7 

2.26 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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I 

l 

C= 100PF 

18.4 

C= 100PF 

23.9 



802 BIDIRECT BUFFERS 

BD2T ·m INPUT I BD2TU·PULL-UP I BD2TD·PULL-DOWN 

BD2TN·1NVERTED TTL INPUT I BD2TNU-PULL-UP I BD2TND·PULL-DOWN 

BD2C·CMOS INPUT I BD2CU·PULL-UP I BD2CD·PULL-DOWN 

BD2CN·1NVERTED CMOS INPUT I BD2CNU·PULL-UP I BD2CND·PULL-DOWN 

BD2SC-scHMITT INPUT I BD2SCU·PULL-UP I BD2SCD·PULL-DOWN 

BD2SCN-1NV'ERTED SCHMITT INPUT I BD2SCNU·PULL-UP I BD2SCND·PULL-DOWN 

(A-10) Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not include 

CLOAD C= 15PF C= SOPF C=85PF 

tnH 4.0 8.5 13.1 

fPHL 3.3 6.2 9.0 

tnz (INTRINSIC DELAY = 1. 7) 

tpzL 3.1 6.0 8.8 

tou7 _{] NTRI NSIC DELAY = 1.lll_ 

tpzH 

IOOutput 

4.0 

Slope 1 (nstpf) = 
Slope O (nstpf) = 

8.5 

0.1297 
0.0820 

Coding Syntax: (10, ZI, PO) = &BD2% (10, A,EN,TN,PI); 
Input Loading: ( - • 1, 2, 2, 1 ) 
Input capacitance:device(1.Spf} + pad(1 pf) = 2.Sp 

TLCHTN 
IBUF 

13.1 

Inept (ns) = 2.04 
Inept (ns) = 2.08 

TTL 
INVERTED TTL 
CMOS 

C= 100PF 

15.0 
10.3 

10.1 

15.0 

TLCHTD l 
(IO·ZI) delays for all the cells with IBUFN input please refer to INVERTED CMOS delay time 

SCHMITC SCHMITT TRIGGER 
SCHMITCN INVERTED SCHMITT TRIGGER 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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802 BIDIRECT BUFFERS 

BD2TOD-oPEN DRAIN BD2TOS-oPEN SOURCE 

BD2TNOD-oPEN DRAIN BD2TNOS-oPEN SOURCE 

BD2COD-oPEN DRAIN BD2COS-oPEN souRCE 

BD2CN00-oPEN DRAIN BD2CNOS-oPEN SOURCE 

BD2SCOD-oPEN DRAIN BD2SCOS-oPEN souRcE 

BD2SCN00-oPEN DRAIN BD2SCNOS-oPEN SOURCE 

BD2TOD I BD2TNOD I BD2COD I BD2CNOD I BD2SCOD I BD2SCNOD(EN-IO) 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

fptz (INTRINSIC DELAY= 1.7) 

fpzt 3.1 I 6.0 

IOOutput Slope 0 (ns/pf) 0.0820 

Coding Syntax: (10, ZI, PO)= &BD2% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

I 8.8 

Inept (ns} = 1.88 

I 

l 

BD2TOS I BD2TNOS I BD2COS I BD2CNOS I BD2SCOS I BD2SCNOS(E-IO) 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

tpnz (INTRINSIC DELAY = 1.8) 

tpzn 4.0 l 8.5 

IOOutput Slope 1 (ns/pf) = 0.1297 

Coding Syntax: (10, ZI, PO)= &BD2% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

l 13.1 

Inept (ns) = 2.04 

NOTE : % is a wi Idea rd that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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l 

l 

C= 100PF 

10.1 

C= 100PF 

15.0 



804 BIDIRECT BUFFERS 

BD4T-TTL INPUT I BD4TU·PULL-UP I BD4TD·PULL-DOWN 

BD4TN-1NVERTED TTL INPUT I BD4TNU-PULL-UP I BD4TND·PULL-DOWN 

BD4C-cMos INPUT I BD4CU-PULL-UP I BD4C0-PULL-DOWN 

BD4CN-1NVERTED CMOS INPUT I BD4CNU-PULL-UP I BD4CND-PULL-DOWN 

BD4SC-scHMITT INPUT I BD4SCU-PULL-UP I BD4SCD·PULL-DOWN 

BD4SCN-1NVERTEDSCHMITT INPUT I BD4SCNU-PULL-UP I BD4SCN0-PULL-DOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not include 

CLOAD C= 15PF C= 50PF C=85PF 

fPLH 2.9 5.2 7.5 

fPHL 2.8 4.2 5.7 

fJ>u_ ]NTRINSICDELAY = 1.t[ 

fpzL 2.6 4.0 5.5 
fpffz (INTRINSICDELAY = 1.8) 

tpzH 

IOOutput 

2.9 

Slope 1 (nslpf) = 
Slope 0 (nslpf) = 

5.2 

0.0658 
0.0423 

Coding Syntax: (10, ZI, PO)= &BD4% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
Input capacitance:device(1.5pf) + pad(1 pf) = 2.5pf 

TLCHTD 
TLCHTN 
IBUF 

7.5 

lncpt(ns) = 1.91 
Inept (ns) = 2.13 

TIL 
INVERTEDTIL 
CMOS 

C= 100PF 

8.5 
6.4 

6.2 

8.5 

(IO·ZI) delays for all the cells with IBU FN input please refer to INVERTED CMOS delayt1me 

SCHMITC SCHMITT TRIGGER 
SCHMITCN INVERTED SCHMITI TRIGGER 

NOTE : % is a wild card that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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804 BIDIRECT BUFFERS 

BD4TOD·oPEN DRAIN 

BD4TNOD-oPEN DRAIN 

BD4COD·oPEN DRAIN 

BD4CNOD-oPEN DRAIN 

BD4SCOD-oPEN DRAIN 

BD4SCNOD-oPEN DRAIN 

BD4TOS-oPEN souRcE 

BD4TNOS·oPEN souRcE 

BD4COS-oPEN souRCE 

BD4CNOS·oPEN SOURCE 

BD4SCOS·oPEN souRCE 

BD4SCNOS-oPEN souRCE 

BD4TOD I BD4TNOD I BD4COD I BD4CNOD I BD4SCOD I BD4SCNOD(EN-IO) 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C = 15PF 1 C= 50PF J C= 85PF 

fl>LZ_ (INTRINSIC DELAY= 1.7) 

tpzL 2.6 I 4.0 

10 Output SI ope 0 (ns/pf) = 0.0423 

Coding Syntax: (JO, Zl, PO)= &BD4% (JO, EN,TN,Pl); 
Input Loading: ( - , 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(lpf) = 2.5pf 

1 5.5 

Inept (ns) = 1.93 

1 

1 

BD4TOS I BD4TNOS I BD4COS I BD4CNOS I BD4SCOS I BD4SCNOS(E-IO) 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

tpffz (INTRINSIC DELAY= 1.8) 

tpzff 2.9 1 5.2 l 7.5 

JO Output Slope 1 (ns/pf) = 0.0658 Inept (ns) = 1.91 

Coding Syntax: (JO, ZI, PO)= &BD4% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

NOTE : % is a wi ldcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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I 

1 

C= 100PF 

6.2 

C= 100PF 

8.5 



804 BIDIRECT BUFFERS 

B 04 TR-SLEW RA TE CONTROL BD4TRU-PULL UP BD4TRD-PULL DOWN 
BD4TNR-SLEw RATE CONTROL BD4TNRU-PULL UP BD4TNRD-PULL DOWN 
B D4C R-SLEW RA TE CONTROL BD4CRU-PULL UP BD4CRD-PULL DOWN 
BD4CNR-SLEw RATE CONTROL BD4CNRU-PULL UP BD4CNRD-PULLDOWN 
BD4SCR-sLEw RATE CONTROL BD4SCRU-PULL UP BD4SCRD-PULL DOWN 
BD4SCN R-SLEw RATE CONTROL BD4SCNRU-PULLUP BD4SCN RD-PULL DOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fpLff 

fpffL 

10 Output 

C= 15PF 

4.6 
4.0 

Slope 1 (ns/pf) = 
SI ope 0 (nstpf) = 

C= 50PF 

8.5 
7.3 

0.1094 
0.0942 

Coding Syntax: (10, ZI, PO)= &BD4% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

C=85PF C= 100PF 

12.3 13.9 
10.6 12.0 

Inept (ns) = 2.99 
Inept (ns} 2.59 

B D4TRP-MODE RA TE SLEW RA TE BD4TRPU-PULL UP BD4TRPD-PULL DOWN 
BD4TNRP-MODERATE SLEW RATE BD4TN RPU-PULL UP BD4TNRPD-PULL DOWN 
BD4CRP-MODERATE SLEW RATE BD4CRPU-PULL UP BD4CRPD-PULL DOWN 
BD4CNRP-MODERATE SLEW RATE BD4CN RPU-PULL UP B D4CN RPO-PULL DOWN 
BD4SCRP-MODERATE SLEW RATE BD4SCRPU-PULL UP BD4SCRPD-PULL DOWN 
BD4SCNRP·MODERATE SLEW RATE BD4SCNRPU-PULL UP BD4SCNRPD-PULL DOWN 

(A-IO)Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

tPLH 

fPHL 

10 Output 

C= 15PF 

3.8 
3.5 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

C= 50PF 

6.9 
6.2 

0.0892 
0.0766 

Coding Syntax: (10, ZI, PO)= &BD4% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

C=85PF 

10.0 
8.9 

Inept (ns) = 2.45 
Inept (ns) 2.36 

NOTE: % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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C = 100PF 

11.4 
10.0 



806 BIDIRECT BUFFERS 

BD6T ·TTL INPUT I BD6TU·PULL-UP I BD6TD·PULL-DOWN 

BD6TN-1NVERTED TTL INPUT I BD6TNU·PULL-UP I BD6TND·PULL-DOWN 

BD6C·cMos INPUT I BD6CU·PULL-UP I BD6CD·PULL-DOWN 

BD6CN-1NVERTED CMOS INPUT I BD6CNU·PULL-UP I BD6CND·PULL-DOWN 

BD6SC-scHMITT INPUT I BD6SCU·PULL-UP I BD6SCD·PULL-DOWN 

BD6SCN-1NVERTED SCHMITT INPUT I BD6SCNU·PULL-UP I BD6SCND·PULL-DOWN 

(A-10) Delays are Nominal (25 deg c, Sv Performance {ns)] wirelength not include 

CLOAD C= 15PF C= SOPF C= 85PF 

tPLH 2.7 4.3 5.9 

fPHL 2.6 3.7 4.7 

fpu INTRINSIC DELAY= 1.n._ 

fPZL 2.4 3.5 4.5 

fau7 JlN_IfilNS~D_f_l..AY - ifil. 

tw 

IOOutput 

2.7 

Slope 1 {nslpf) = 
Slope 0 {ns/pf) = 

4.3 

0.0458 
0.0294 

Coding Syntax: {10, ZI, PO)= &BD6% {10, A,EN,TN,PI); 
Input Loading: { - , 1, 2, 2, 1) 
Input capacitance:device{1.Spf) + pad{1 pf) = 2.Spf 

TLCHTD 
TLCHTN 
IBUF 

Inept 
Inept 

TTL 

5.9 

2.01 
2.19 

INVERTED TTL 
CMOS 

C= 100PF 

6.6 
5.1 

4.9 

6.6 

--

{10-ZI) delays for all the cells with IBU FN input please refer to INVERTED CMOS delay time 

SCHMITC SCHMITT TRIGGER 
SCHMITCN INVERTED SCHMITT TRIGGER 

NOTE: % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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806 BIDIRECT BUFFERS 

BD6TOD·oPEN DRAIN 

BD6TNOD·oPEN DRAIN 

BD6COD·oPEN DRAIN 

BD6CNOD·oPEN DRAIN 

BD6SCOD-oPEN DRAIN 

BD6SCNOD·oPEN DRAIN 

BD6TOS·oPEN souRCE 

BD6TNOS-OPEN SOURCE 

BD&COS·oPEN souRcE 

BD&CNOS-OPEN SOURCE 

BD&SCOS·oPEN SOURCE 

BD&SCNOS-oPEN souRcE 

BD6TOD I BD6TNOD I BD6COD I BD6CNOD I BD6SCOD I BD6SCNOD(EN-IO) 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF l C= 50PF l C=85PF 

fptz (INTRINSIC DELAY= 1.7) 

fpzL 2.4 I 3.5 

IOOutput Slope 0 (nstpf) = 0.0294 

Coding Syntax: (10, ZI, PO)= &8D6% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

I 4.5 

Inept (ns) = 1.99 

l 

I 

BD6TOS I BD6TNOS I BD6COS I BD6CNOS I BD6SCOS I BD6SCNOS(E-10) 
Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

fpffZ (INTRINSIC DELAY = 2.0) 

tpzff 2.7 l 4.3 

IOOutput Slope 1 (nstpf) = 0.0458 

Coding Syntax: (10, ZI, PO)= &8D6% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

l 5.9 

Inept (ns) = 2.01 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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I 
_l 

C: 100PF 

4.9 

C= 100PF 

6.6 



806 BIDIRECT BUFFERS 

BD6TR-SLEW RATE CONTROL BD6TRU-PULL UP BD6TRD·PULL DOWN 

BD6TN R-SLEW RATE CONTROL BD6TNRU-PULLUP BD6TNRD·PULL DOWN 

BD6CR-mw RATE CONTROL BD6CRU-PULL UP BD6CRD-PULL DOWN 

BD6CN R-sLEW RATE CONTROL BD6CNRU·PULL UP BD6CN RD-PULL DOWN 

BD6SCR-SLEw RATE CONTROL BD6SCRU-PULL UP BD6SCRD·PULL DOWN 

BD6SCNR-mw RATE CONTROL BD6SCNRU·PULL UP BD6SCN RD-PULL DOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fpLff 

fpffL 

IOOutput 

C= 15PF 

3.9 
3.5 

Slope 1 (ns/pf) = 0.0917 
Slope 0 (ns/pf) = 0.0809 

C= 50PF 

7.1 
6.3 

Coding Syntax: (10, ZI, PO)= &BD6% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

C=85PF C = 100PF 

10.3 11.7 
9.1 10.4 

Inept (ns) 2.52 
Inept (ns) = 2.27 

BD6TRP·MODERATE SLEW RATE 

BD6TN RP-MODERATE SLEW RATE 

BD6CRP·MODERATE SLEW RATE 

BD6CNRP·MODERATESLEWRATE 

BD6SCRP·MODERATE SLEW RATE 

BD6SCNRP·MODERATE SLEW RATE 

BD6TRPU·PULL UP 

BD6TNRPU·PULLUP 

BD6CRPU-PULL UP 

BD6CNRPU·PULL UP 

BD6SCRPU-PULL UP 

BD6SCNRPU-PULL UP 

BD6TRP0-PULL DOWN 

BD6TN RPO-PULL DOWN 

BD6CRPD-PULL DOWN 

BD6CN RPO-PULL DOWN 

BD6SCRPD-PULL DOWN 

BD6SCN RPO-PULL DOWN 

(A·IO}Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fpLff 
fpffL 

IOOutput 

C= 15PF 

3.4 
3.1 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

C= 50PF 

6.0 
5.0 

0.0742 
0.0555 

Coding Syntax: (10, ZI, PO)= &BD6% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

C=85PF 

8.6 
7.0 

Inept (ns) 2.29 
Inept (ns) = 2.25 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 

2-45 
COP)' 1ht LSI l.OGIC CORPORATION 1~7 

C= 100PF 

9.7 
7.8 



808 BIDIRECT BUFFERS 

BOST-TTL INPUT I BD8TU-PULL-UP I BD8TD-PULL-DOWN 

BD8TN-1NVERTED TTL INPUT I BD8TNU-PULL-UP I BD8TN0-PULL-DOWN 

BD8C·cMos INPUT I BD8CU·PULL-UP I BD8C0-PULL-DOWN 

BD8CN-1NVERTED CMOS INPUT I BD8CNU-PULL-UP I BD8CN0-PULL-DOWN 

BD8SC-scHMITT INPUT I BD8SCU-PULL-UP I BD8SC0-PULL-DOWN 

BD8SCN-1NVERTED SCHMITT INPUT I BD8SCNU-PULL-UP I BD8SCN0-PULL-DOWN 

{A-10) Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not include 

CLOAD C= 15PF C= SOPF C=85PF 

tplff 2.6 3.9 5.1 

fpffl 2.7 3.6 4.4 

t1>1z J.!NTRINSIC DELAY = 1.fll_ 

ten 2.5 3.4 4.2 
fpuz (INTRINSIC DELAY = 2.2) 

fPZH 2.6 3.9 5.1 

IQ Output Slope 1 (ns/pf) = 0.0361 Inept (ns) 2.07 
Slope 0 (nslpf) = 0.0245 Inept (ns) = 2.35 

Coding Syntax: (10, ZI, PO)= &BD8% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
Input capacitance:device(1.5pf) + pad(1 pf) = 2.Spf 

C= 100PF 

5.7 
4.8 

4.6 

5.7 

~~~~~~ I 
IBUF 

(10-ZI) delays for all the cells with IBU FN input please refer to 

SCHMITC 
SCHMITCN 

TTL 

INVERTED TTL \ 
CMOS 
INVERTED CMOS delayt1me 

SCHMITT TRIGGER 
INVERTED SCHMITT TRIGGER 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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BOS BIDIRECT BUFFERS 

BDSTOD-oPEN DRAIN 

BDSTNOD-oPEN DRAIN 

BDSCOD-oPEN DRAIN 

BDSCNOD·oPEN DRAIN 

BDSSCOD-oPEN DRAIN 

BDSSCNOD-oPEN DRAIN 

BDSTOS-oPEN SOURCE 

BDSTNOS-oPEN souRCE 

BDSCOS-oPEN SOURCE 

BDSCNOS-oPEN souRCE 

BDSSCOS-oPEN souRCE 

BDSSCNOS-oPEN souRCE 

BOSTOO I BOSTNOO I 804800 I BOSCNOO I BOSSCOO I B048CNOO(EN-IO) 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF l C= 50PF 1 C=85PF 

fptz (INTRINSIC DELAY= 1.8) 

tpzL 2.5 l 3.4 1 4.2 

IOOutput Slope 0 (ns/pf) = 0.0245 Inept (ns) = 2.15 

Coding Syntax: (10, ZI, PO)= &8D8% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

,l 

J 

BOSTOS I BOSTNOS I BOSCOS I BOSCNOS I BOSSCOS I BOSSCNOS(E-10) 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF l C= 50PF 1 C=85PF 

!l>llZ_ (INTRINSIC DELAY = 2.2) 

fPZH 2.6 I 3.9 I 5.1 

IOOutput Slope 1(ns/pf) = 0.0361 Inept (ns) = 2.07 

Coding Syntax: (10, ZI, PO)= &8D8% (10, EN,TN,PI); 
Input Loading: ( - , 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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1 

I 

C= 100PF 

4.6 

C= 100PF 

5.7 



808 BIDIRECT BUFFERS 

B DSTR-SLEw RA TE CONTROL BDSTRU-PULL UP BDSTRD·PULL DOWN 

BDSTN R-mw RATE CONTROL BDSTNRU-PULL UP BDSTNRD-PULL DOWN 

BDSCR-mw RATE CONTROL BDSCRU-PULL UP BDSCRD·PULL DOWN 

BDSCNR·SLEWRATECONTROL BDBCNRU-PULL UP BD8CNR0-PULL DOWN 

BDSSCR-mw RATE CONTROL BDSSCRU-PULL UP BDBSCRD·PULL DOWN 

BDSSCNR-mw RATE CONTROL BDSSCNRU-PULL UP BDSSCN RD-PULL DOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fPLH 

fPHL 

IOOutput 

C= 15PF 

3.5 
3.3 

Slope 1 (ns/pf) = 
Slope 0 (nstpf) = 

C= 50PF 

6.1 
5.2 

0.0764 
0.0555 

Coding Syntax: (10, ZI, PO)= &BD8% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
lnputcapacitance: device(1.5pf) + pad(1pf) = 2.5pf 

C=85PF C= 100PF 

8.8 10.0 
7.2 8.0 

lncpt(ns) = 2.32 
lncpt(ns) = 2.45 

BDSTRP·MODERATE SLEW RATE BDBTRPU-PULL UP BDSTRPD-PULL DOWN 

BDSTN RP-MODE RA TE SLEW RATE BDBTNRPU-PULL UP BD8TNRP0-PULL DOWN 

B DSCRP-MODERA TE SLEW RA TE BDSCRPU-PULL UP BDSCRPD-PULL DOWN 

BDSCNRP-MODERATE SLEW RATE BDSCNRPU-PULL UP BDSCN RPO-PULL DOWN 

B DSSC RP-MODERATE SLEW RA TE BDSSCRPU-PULL UP BD8SCRP0-PULL DOWN 

BDSSCNRP-MODERATE SLEW RATE BDSSCNRPU-PULL UP BDSSCNRPD·PULL DOWN 

(A-IO)Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

tPLH 
fPHL 

IOOutput 

C= 15PF 

3.1 
3.1 

Slope 1 (ns/pf) = 
SI ope 0 (ns/pf) = 

C= 50PF 

5.4 
4.5 

0.0636 
0.0423 

Coding Syntax: (10, ZI, PO)= &BD8% (10, A,EN,TN,PI); 
Input Loading: ( - , 1, 2, 2, 1) 
Input capacitance: device(1.5pf) + pad(1 pf) = 2.5pf 

C=85PF 

Inept (ns) 
Inept (ns) 

7.6 
6.0 

NOTE : % is a wild card that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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2.18 
2.43 

C= 100PF 

8.5 
6.7 



8012 Bl DIRECT BUFFERS 

8012T-m1NPUT I 8012TU-PULL-UP I 8012T0-PULL-DOWN 

8012TN·1NVERTED TTL INPUT I 8012TNU-PULL-UP I 8012TN0-PULL-DOWN 

8012(-CMOS INPUT I 8012CU-PULL-UP I 8012C0-PULL-DOWN 

8012CN-1NVERTED CMOS INPUT I 8012CNU·PULL-UP I 8012CN0-PULL-DOWN 

8012SC-scHMITI INPUT I 8012SCU-PULL-UP I 8012SC0-PULL-DOWN 

80125CN·1NVERTED SCHMITI INPUT I 8012SCNU-PULL-UP I 8012SCN0-PULL-DOWN 

(A-10) Delays are Nominal [2S deg c, Sv Performance (ns)] wirelength not include 

CLOAD C= 1SPF C= SOPF C=8SPF C= 100PF 

tnH 2.4 3.2 4.0 

tpffl.. 2.4 3.0 3.6 

tPl..Z (INTRINSIC DELAY = 1.6) 

t.,, 2.2 2.8 3.4 

tpffz (INTRINSIC DELAY = 2.0) 

fpzff 

IOOutput 

2.4 

Slope 1 (ns/pf) = 
Slope 0 (nslpf) = 

0.022S 
0.0166 

3.2 

Coding Syntax: (10, ZI, PO)= &BD12% (10, A,EN,TN,PI); 
Input Loading: ( - • 2, 4, 4, 1 ) 
Input capacitance:device(2.Spf) + pad(1 pf) = 3.Spf 

TLCHTD 
TL CH TN 
IBUF 

4.0 

Inept = 2.07 
Inept = 2.16 

TTL 

CMOS 

4.3 
3.8 

3.6 

4.3 

(10-ZI) delays for all the cells with IBUFN input please refer to INVERTED CMOS delay time 

INVERTED TTL l 
SCHMITC SCHMITT TRIGGER 
SCHMITCN INVERTED SCHMITT TRIGGER 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 

2-49 
Copynght LSI LOGIC CORPORATION '987 



8012 Bl DIRECT BUFFERS 

8012100-0PEN DRAIN 

8012TN00-0PEN DRAIN 

8012(00-0PEN DRAIN 

8012CN00-oPEN DRAIN 

8012SCOO·oPEN DRAIN 

8012SCNOO·oPEN DRAIN 

8012105-0PEN SOURCE 

8012TN05-0PEN SOURCE 

8012(05-oPEN SOURCE 

8012CN05-oPEN SOURCE 

8012SCOS·oPEN SOURCE 

8012SCNOS·oPEN SOURCE 

8012TOO I 8012TNOO I 8012COO I 8012CNOO I 8012SCOO I 8012SCNOO(EN-10) 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF I C= 50PF l C=85PF 

tpu (INTRINSIC DELAY = 1.6) 

tpzi. 2.2 _I 2.8 l 
IQ Output Slope O(nslpf) = 0.0166 Inept = 1.96 

Coding Syntax: (10, ZI, PO)= &8D12% (10, EN,TN,PI); 
Input Loading: ( - , 4, 4, 1) 
Input capacitance: device(2.5pf) + pad(1 pf) = 3.5pf 

3.4 

l C= 100PF 

1 3.6 

8012TOS I 8012TNOS I 8012COS I 8012CNOS I 8012SCOS I 8012SCNOS(E-10) 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF _I C= 50PF l C=85PF 

tpl:fZ_ (INTRINSIC DELAY = 2.0) 

tpzff 2.4 I 3.2 I 
IQ Output Slope 1(nslpf) = 0.0225 Inept = 2.07 

Coding Syntax: (10, ZI, PO)= &8012% (10, EN,TN,PI); 
Input Loading: ( - , 4, 4, 1) 
Input capacitance: device(2.5pf) + pad(1 pf) = 3.5pf 

4.0 

NOTE : % is a wildcard that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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l C= 100PF 

I 4.3 



8012 BIDIRECT BUFFERS 

8012TR·SLEW RATE CONTROL BD12TRU-PULLUP 8012TRD·PULL DOWN 

8012TN R-mw RATE CONTROL BD12TNRU-PULLUP 8012TNR0·PULLDOWN 

8012CR·SLEW RATE CONTROL 8012CRU-PULL UP 8012CRD·PULL DOWN 

8012CN R-sLEW RATE CONTROL 8012CNRU-PULL UP 8012CNRD-PULL DOWN 

8012$CR·sLEW RATE CONTROL 8012SCRU-PULL UP 8012SCRD·PULL DOWN 

8012SCNR·sLEWRATE CONTROL 8012SCNRU-PULL UP BD12SCNRD-PULLDOWN 

(A-10) Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF C= 50PF C=85PF C= 100PF 

fnH 2.9 4.8 6.7 7.5 
fpffL 2.9 4.3 5.8 6.4 

IOOutput Slope 1 (nstpf) = 
Slope 0 (ns/pfl = 

0.0542 
0.0414 

Inept (ns) = 2.09 
Inept (ns) = 2.26 

Coding Syntax: (10, ZI, PO)= &8012% (10, A,EN,TN,PI); 
Input Loading: ( - , 2, 4, 4, 1) 
Input capacitance: device(2.5pf) + pad(1 pf) = 3.5pf 

8012TRP·MODERATE SLEW RATE 8012TRPU-PULL UP 

8012TNRP·MODERATE SLEW RATE BD12TNRPU-PULLUP 

8012CRP·MODERATE SLEW RATE 8012CRPU-PULL UP 

8012CNRP·MODERATESLEWRATE 8012CNRPU-PULL UP 

8012$CRP·MODERATE SLEW RATE 8012SCRPU-PULL UP 

BO 12SCN RP-MODERATE SLEW RATE 8012SCNRPU-PULL UP 

8012TRP0·PULL DOWN 

8012TN RPO-PULL DOWN 

8012CRP0-PULL DOWN 

8012CNRP0-PULL DOWN 

8012SCRP0-PULL DOWN 

8012SCN RPO-PULL DOWN 

(A·IO)Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF C=50PF 

fptff 2.7 4.1 
fpffL 2.7 3.6 

IOOutput Slope 1 (ns/pf) = 0.0409 
Slope 0 (ns/pf) = 0.0281 

Coding Syntax: (10, ZI, PO)= &8012% (10, A,EN,TN,PI); 
Input Loading: ( - , 2, 4, 4, 1) 
Input capacitance: device(2.5pf) + pad(1 pf) = 3.5pf 

C=85PF 

5.5 
4.6 

Inept (ns) = 2.07 
Inept (ns) 2.24 

NOTE : % is a wild card that represents ANY STRING OF CONFIGURED CHARACTERISTIC 
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C= 100PF 

6.2 
5.1 



THREE-STATE OUTPUT BUFFERS 

TN~ .. 

E: _-<L...J"_:_ -_ ---12>....., ___ z --0 

a. LOGIC SYMBOL 

ELECTRICAL SCHEMATICS 

~~n 
A ---=---~-z-0 

b. THREE-STATE BUFFER c. THREE-STATE BUFFER WITH SLEW RATE CONTROL 

d. THREE-STATE BUFFER WITH OPEN DRAIN e. THREE-STATE BUFFER WITH OPEN SOURCE 

Copyright LSI LOGIC CORPORATION 1987 

Figure 2.3 
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BT1 THREE-STATE OUTPUT BUFFERS 

BT1 BT1 OD BT1 OS 
lmA THREE-STATE BUFFER 

BT1 (A-Z) 

lmA THREE-STATE BUFFER 

WITH OPEN DRAIN 

Delays are Nominal [25 deg e, 5v Performance (ns)] wirelength not included 

CLOAD 

tPLH 
fpffl 

tpu 

fPZL 

t11u7 

tpzH 

10 Output 

Coding Syntax: 
Input Loading: 

C= 15PF 

5.4 
4.7 

4.S 

5.4 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Z = &BT1 (A,EN,TN); 
(1, 2, 2) 

BT1 OD (EN-Z) 

C= 50PF C=85PF 

13.0 20.6 
10.4 16.1 

(INTRINSIC DELAY = 2.1) 
10.2 15.9 

J_INTRINSIC DELAY = 1.8_1_ 
13.0 

0.2166 
0.1625 

Inept (ns) 
Inept (ns) 

20.6 

Delays are Nominal [25 deg e, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

tpu (INTRINSIC DELAY = 2.1 ) 

tpzL 4.5 l 10.2 l 15.9 

1mATHREE-STATE BUFFER 

WITH OPEN SOURCE 

2.16 
2.27 

I 

l 

C= 100PF 

23.8 
18.5 

18.3 

23.8 

C= 100PF 

18.3 

10 Output Slope 0 (ns/pf) = 0.1625 Inept (ns) = 2.07 

Coding Syntax: 
Input Loading: 

BT10S (E-Z) 

Z = &BT10D (EN,TN); 
(2, 2) 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF l C= 50PF l C=85PF 

t11uz (INTRINSIC DELAY= 1.8) 

tpzH 5.4 I 13.0 l 20.6 

IOOutput SI ope 1 (ns/pf) = 0.2166 lncpt(ns) = 2.16 

Coding Syntax: Z = &BT10S (E,TN); 
Input Loadinq: (1, 2) 
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l C= 100PF 

l 23.8 



BT2 THREE-STATE OUTPUT BUFFERS 

BT2 BT20D BT20S 
2mA THREE-STATE BUFFER 2mA THREE-STATE BUFFER 

WITH OPEN DRAIN 

2mA THREE -STATE BUFFER 

WITH OPEN SOURCE 

BT2 (A-Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)] wirelength not included 

CLOAD C= 1SPF 

tpLff 3.9 
fPHL 3.2 

teu_ 

tpzL 3.0 

fpu2 
tpzH S.4 

ID Output Slope 1 (nslpf) :: 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &BT2 (A,EN,TN); 
Input Loading: (1, 2, 2) 

BT20D (EN-Z) 

C= SOPF C=8SPF 

8.S 13.0 
6.1 9.0 

(INTRINSIC DELAY = 6.1) 
S.9 8.8 

_(_INTRINSIC DELAY = 1.8.1_ 
13.0 

0.1303 
0.082S 

20.6 

Inept (ns) 1.96 
Inept (ns) = 1.97 

Delays are Nominal [2S deg c, Sv Performance (ns)] wirelength not included 

CLOAD C= 1SPF I C= SOPF J C=85PF 

fpLZ (INTRINSIC DELAY= 1.6) 

fPZL 3.0 1 5.9 1 8.8 

ID Output Slope 0 (ns/pf) = 0.0825 Inept (ns) = 1.77 

Coding Syntax: Z = &BT20D (EN,TN); 
Input Loading: (2, 2) 

BT20S {E-Z) 
Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= SOPF l C=85PF 

fPHZ (INTRINSIC DELAY = 1.8) 

tpzH 3.9 l 8.5 1 13.0 

10 Output Slope 1 (ns/pf) = 0.1303 Inept (ns) = 1.96 

Coding Syntax: Z = &BT20S (E,TN); 
Input Loadinci: (1, 2) 
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C= 100PF 

1S.O 
10.2 

. 10.0 

23.8 

I C= 100PF 

1 10.0 

J C= 100PF 

l 15.0 



BT4 THREE-STATE OUTPUT BUFFERS 

BT4 BT40D BT40S 
4mA THREE-STATE BUFFER 4mA THREE-STATE BUFFER 

WITH OPEN DRAIN 

4mA THREE-STATE BUFFER 

WITH OPEN SOURCE 

BT4 {A-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD 

tPLH 

tPHL 

tpu 

fpzL 

fpffz 

tpzff 

10 Output 

C= 15PF 

2.8 
2.7 

2.5 

2.8 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &BT4 (A,EN,TN); 
Input Loading: (1, 2, 2) 

BT400 (EN-Z) 

C= 50PF C=85PF 

5.2 7.5 
4.2 5.7 

(INTRINSIC DELAY= 1.6) 

4.0 5.5 
(INTRINSIC DELAY= 1.8) 
5.2 

0.0669 
0.0425 

7.5 

Inept (ns) 1.82 
Inept (ns) = 2.07 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF l C= 50PF l C=85PF 

tF'LZ_ (INTRINSIC DELAY= 1.6) 

tpzL 2.5 I 4.0 I 5.5 

IOOutput Slope 0 (ns/pf) = 0.0425 Inept (ns) = 1.87 

Coding Syntax: Z = &BT40D (EN,TN); 
Input Loading: (2, 2) 

BT40S {E-Z) 
D I N . I (25 d e¥are omina 5 p f ( )] . I h . I d d ~c. v er ormance ns wire e1!9_t not inc u e 

CLOAD C = 15PF l C= 50PF l C=85PF 

tpHz (INTRINSIC DELAY= 1.8) 

tPZH 2.8 l 5.2 l 7.5 

10 Output Slope 1 (ns/pf) = 0.0669 Inept (ns) 1.82 

Coding Syntax: Z = &BT40S (E,TN); 
Input Loading: (1, 2) 
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C= 100PF 

8.5 
6.3 

6.1 

8.5 

l C = 100PF 

l 6.1 

l C= 100PF 

1 8.5 



BT4 THREE STATE OUTPUTBUFFERS 

BT4R 
4mA THREE-STATE BUFFER 

WITH SLEW RATE 

BT4R (A-Z) 

BT4RP 
4mA THREE-STATE BUFFER 

WITH MODERATE SLEW RA TE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

fPLH 

fPHL 

10 Output 

Coding Syntax: 
Input Loading: 

BT4RP (A-Z) 

C = 15PF 

4.6 
3.9 

Slope 1 (nsipf) = 
Slope 0 (ns/pf) = 

Z = &BT4R (A,EN,TN); 
(1, 2, 2 ) 

C= SOPF 

8.4 
7.2 

0.1092 
0.0950 

C=85PF 

12.2 
10.5 

Inept (ns) 2.95 
Inept (ns) = 2.46 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

CLOAD 

tpLH 

fPHL 

IOOutput 

Coding Syntax: 
Input Loading: 

C = 15PF 

3.7 
3.5 

Slope 1 (ns/pf) = 
SI ope 0 (nsipf) = 

Z = &BT4RP (A,EN,TN); 
(1. 2, 2 ) 

Cc.pvnght LSI I OGi( CORPORA -:-wrv 1987 

C= SOPF 

6.9 
6.2 

0.0894 
0.0761 
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C=85PF 

10.0 
8.8 

Inept (ns) = 2.39 
Inept (ns) 2.37 

C= 100PF 

13.9 
12.0 

C= 100PF 

11.3 
10.0 



BT6 THREE-STATE OUTPUT BUFFERS 

BT6 BT60D BT60S 
6mA THREE-STATE BUFFER 

BT6 {A-Z) 

6mA THREE-STATE BUFFER 

WITH OPEN DRAIN 

Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD 

fPLH 
fPHL 

tpu 
tpzL 

fpu7 
tpzH 

IQ Output 

C= 15PF 

2.7 
2.6 

2.4 

2.7 

Slope 1 (nslpf) = 
Slope 0 (nslpf) = 

Coding Syntax: Z = &BT6 (A,EN,TN); 
Input Loading: (1, 2, 2) 

BT600 (EN-Z) 

C= 50PF C=85PF 

4.3 5.9 
3.6 4.7 

(INTRINSIC DELAY = 1.7) 
3.4 4.5 

_llNTRINSIC DELAY = 2.0_l 
4.3 

0.0458 
0.0297 

Inept (ns) 
Inept (ns) 

5.9 

Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF 1 C= 50PF l C= 85PF 

tpu (INTRINSIC DELAY= 1.7) 

tpzL 2.4 I 3.4 I 4.5 

6mA THREE-STATE BUFFER 

WITH OPEN SOURCE 

2.01 
2.14 

l 

I 

C= 100PF 

6.6 
5.1 

4.9 

6.6 

C= 100PF 

4.9 

IQ Output Slope 0 (ns/pf) = 0.0297 Inept (ns) = 1.94 

Coding Syntax: Z = &BT60D (EN,TN); 
Input Loading: (2, 2) 

BT60S {E-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF J C= 50PF l C=85PF l C= 100PF 

fpHz (INTRINSIC DELAY= 2.0) 

tpzH 2.7 1 4.3 l 5.9 I 6.6 

IOOutput Slope 1 (nslpf) = 0.0458 Inept (ns) 2.01 

Coding Syntax: Z = &BT60S (E,TN); 
Input Loadinq: (1, 2) 
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BT6 THREE-STATE OUTPUT BUFFERS 

BT6R 
6mA THREE-STATE BUFFER 

WITH SLEW RATE 

BT6R (A-Z) 

BT6RP 
6mA THREE-STATE BUFFER 

WITH MODERATE SLEW RATE 

Delays are Nominal [25 deg e, 5v Performance (ns)] wirelength not included 

CLOAD 

tp1ff 
fpffL 

IQ Output 

Coding Syntax: 
Input Loading: 

BT6RP (A-Z) 

C= 15PF 

3.9 
3.5 

Slope 1 (nstpf) = 
Slope 0 (nstpf) = 

Z = &BT6R (A,EN,TN); 
(1, 2, 2 ) 

C= 50PF 

7.1 
6.3 

0.0917 
0.0800 

C=85PF 

10.3 
9.1 

Inept (ns) = 2.52 
Inept (ns) = 2.30 

Delays are Nominal [25 deg e, 5v Performance (ns)] wirelength not included 

CLOAD 

tp1ff(Z) 
tpffL (Z) 

IQ Output 

C= 15PF 

3.4 
3.1 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &BT6RP (A, EN, TN); 
Input Loading: (1, 2, 2 ) 

Copyright LSI LOGIC CORPORA TfON 1987 

C= 50PF 

6.0 
5.0 

0.0736 
0.0550 
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C=85PF 

8.5 
6.9 

Inept (ns) = 2.30 
Inept (ns) = 2.26 

C= 100PF 

11.7 
10.3 

C= 100PF 

9.7 
7.8 



BTS THREE-STATE OUTPUT BUFFERS 

BTS BTSOD BTSOS 
8mA THREE-STATE BUFFER 8mA THREE-STATE BUFFER 

WITH OPEN DRAIN 

8mA THREE-STATE BUFFER 

WITH OPEN SOURCE 

BTB (A-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD 

fPLH 

fPHL 

tpu 

tPHZ 

fa71J 

IQ Output 

C= 15PF 

2-6 
2.7 

ten_ 

2.6 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

Coding Syntax: Z = &BT8 (A,EN,TN); 
Input Loading: (1, 2, 2) 

BT80D (EN-Z) 

C= 50PF C=85PF 

3.9 5.1 
3.6 4.4 

(INTRINSIC DELAY= 1.8) 

2.5 3.4 
(INTRINSIC DELAY = 2.2) 

...3....9. 

0.0361 
0.0245 

....5....1. 

Inept (ns) = 2.07 
Inept (ns) = 2.35 

DelID are NominalJ.25 d~~5v Performance_inill_wirelen_mh not included 

CLOAD C= 15PF _l C= 50PF l C=85PF 

fPLZ (INTRINSIC DELAY= 1.8) 

tpz1 2.5 l 3.4 l 4.2 

IQ Output Slope 0 (ns/pf) = 0.0245 Inept (ns) = 2.15 

Coding Syntax: Z = &BT80D (EN,TN); 
Input Loading: (2, 2) 

BTBOS (E-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF I C= 50PF I C=85PF 

tpffz (INTRINSIC DELAY = 2.2) 

tpzH 2.6 l 3.9 l 5.1 

IQ Output Slope 1 (ns/pf) = 0.0361 Inept (ns) = 2.07 

Coding Syntax: Z = &BT80S (E,TN); 
Input Loading: (1, 2) 
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C= 100PF 

5.7 
4.8 

4.2 4.6 

..s..z. 

I C= 100PF 

l 4.6 

I C= 100PF 

I 5.7 



BTS THREE-STATE OUTPUT BUFFERS 

BTSR 
8mA THREE-STATE BUFFER 

WITH SLEW RATE 

BTBR (A-Z) 

BTSRP 
8mA THREE-STATE BUFFER 

WITH MODERATE SLEW RATE 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fptff 

fpffL 

IOOutput 

C= 15PF 

3.4 
3.3 

Slope 1 (ns/pf) = 0.0766 
Slope O(ns/pf) = 0.0550 

Coding Syntax: Z = &BT8R (A,EN,TN); 
Input Loading: (1, 2, 2 ) 

BTBRP (A-Z) 

C= 50PF C=85PF 

6.1 8.8 
5.2 7.1 

lncpt(ns) = 2.26 
lncpt(ns) = 2.46 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD 

fptff 

fpffL 

IOOutput 

C= 15PF 

3.1 
3.0 

Slope 1 (nslpf) = 0.0639 
Slope O(nslpf) = 0.0425 

Coding Syntax: Z = &BT8RP (A,EN,TN); 
Input Loading: (1, 2, 2 ) 

Copynght LSI LOGIC CORPORATION 1987 

C= 50PF C=85PF 

5.3 7.6 
4.5 6.0 

lncpt(ns) = 2.13 
lncpt(ns) = 2.37 
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C= 100PF 

9.9 
8.0 

C= 100PF 

8.5 
6.6 



BT12 THREE-STATE OUTPUT BUFFERS 

BT12 BT120D BT120S 
12mA THREE-STATE BUFFER 

BT12 (A-Z} 

12mA THREE-STATE BUFFER 

WITH OPEN DRAIN 

Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF C= 50PF C= 85PF 

fPLH 2.3 3.1 3.9 
fPHL 2.4 3.0 3.6 

tpu (INTRINSIC DELAY= 1.6) 

fp71 2.2 2.8 3.4 
tpffz (INTRINSIC DELAY = 1.9) 

t1>n< 3 3.1 3.9 

12mATHREE-STATE BUFFER 

WITH OPEN SOURCE 

C= 100PF 

4.3 
3.8 

3.6 

4.3 

IOOutput Slope 1 (nslpf) = 0.0234 
Slope 0 (ns/pf) = 0.0166 

Inept (ns) 
Inept (ns) 

1.94 
2.16 

Coding Syntax: Z = &BT12 (A,EN,TN); 
Input Loading: (2, 4, 4) 

BT1200 (EN-Z} 
I 

C= 100PF 

(INTRINSIC DELAY= 1.6) 

2.2 2.8 3.4 3.6 

IOOutput Slope 0 (nslpf) 0.0166 Inept (ns) = 1.96 

Coding Syntax: Z = &BT120D (EN,TN); 
Input Loading: (4, 4) 

BT1205 (E-Z} 
Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

CLOAD C= 15PF I C= 50PF l C=85PF l C= 100PF 

fPHZ (INTRINSIC DELAY= 1.9) 

tpzH 3 I 3.1 I 3.9 I 4.3 

IOOutput Slope 1 (nslpf) = 0.0234 Inept (ns) 1.94 

Coding Syntax: Z = &BT120S (E,TN); 

Input Loading: (2, 4) 
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BT12 THREE-STATE OUTPUT BUFFERS 

BT12R 
12mA THREE-STATE BUFFER 

WITH SLEW RA TE 

BT12R (A-Z) 

BT12RP 
12mA THREE-STATE BUFFER 

WITH MODERATE SLEW RATE 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD C= 15PF 

fpLff 2.9 
fpffL 2.9 

IQ Output SI ope 1 (ns/pfl = 
Slope 0 (ns/pfl = 

Coding Syntax: Z = &BT12R (A,EN,TN); 
Input Loading: (2, 4, 4 ) 

BT12RP (A-Z) 

C= 50PF 

4.8 
4.3 

0.0528 
0.0409 

C=85PF 

6.6 
5.7 

Inept (ns) = 2.13 
Inept (ns) = 2.27 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

CLOAD 

fpLff 

fPHL 

IQ Output 

C= 15PF 

2.7 
2.6 

Slope 1 (ns/pf) = 
Slope 0 (ns/pf) = 

C= 50PF 

4.1 
3.6 

0.0400 
0.0283 

Coding Syntax: Z = &BT12RP (A, EN, TN); 
Input Loading: (2, 4, 4 ) 

Copyright LSI LOGIC CORPOR4 r/Ofl. 18 7 

C=85PF 

5.5 
4.6 

Inept (ns) = 2. 10 
Inept (ns) = 2.18 
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7.4 
6.4 

C= 100PF 

6.1 
5.0 



BTS4 / BTS4P THREE-STATE INTERNAL BUS DRIVER BTS4/ BTS4P 

E 

A 

LOGIC SYMBOL 

A _E._ 

x 0 
1 1 
0 1 

TRUTH TABLE 

_z_ 
Hi-Z 
1 
0 

~---------------------------~ I 
I 
I 
I 
I 
I 
I 
I 
I r-z 
I 
I 
I 
I 
I 

- I 
I 
I 

~---------------------------~ 
ELECTRICAL SCH EMA TIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

BTS4 (A/E TO Z) (STANDARD DRIVE) 

STD LOAD 

fptff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

0.5 

0.8 

0.1458 
0.0589 

Gate Count: 3 
Coding Syntax: Z = BTS4 (A,E); 
Input loading: (2,2) 

2 

0.7 

0.9 

Inept = 
Inept = 

3 

0.8 

0.9 

0.39 
0.75 

BTS4P (AE/TO Z) (HIGH DRIVE) 

STD LOAD 1 2 3 

fptff 0.4 0.5 0.6 

tpffL 0.8 0.8 0.8 

Slope1 = 0.0718 Inept = 0.34 
SlopeO = 0.0347 Inept = 0.74 

Gate Count: 4 
Coding Syntax: Z = BTS4P (A,E); 
Input loading: (2,2) 
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4 8 16 

1.0 1.6 2.7 

1.0 1.2 1.7 

4 8 16 

0.6 0.9 1.5 

0.9 1.0 1.3 



BTSS/BTSSP INVERTING THREE-STATE INTERNAL BTSS / BTSSP 
BUS DRIVER 

E 
A 

r----------------------------1 I 
I 
I 
I 
I 
I 
I 
I 
I -:-z 

LOGIC SYMBOL 

A 
x 
1 

E 
0 
1 

z 
Hi-Z 
0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 0 1 1 ----------------------------J 

TRUTH TABLE 
ELECTRICAL SCHEMATIC 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

BTSS (A!E TO Z) (STANDARD DRIVE) 

STD LOAD 

fPf.ff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

1.0 

0.7 

0.1458 
0.0788 

Gate Count: 3 
Coding Syntax: Z = BTS5 (A, E ); 
Input loading: (1,1.5) 

2 

1.2 

0.8 

Inept = 
Inept = 

3 

1.3 

0.9 

0.89 
0.65 

BTSSP (A!E To z) (HIGH DRIVE) 

STD LOAD 

fptff 

tl'HL 

Slope1 
SlopeO 

= 
= 

1 

1.1 

0.8 

0.0678 
0.0411 

Gate Count: 4 
Coding Syntax: Z = BTS5P (A, E ); 
Input loading: (1, 1.5) 

Copyr1ght LSI LOGIC CORPORATION 1987 

2 

1.1 

0.8 

Inept = 
Inept = 

3 

1.2 

0.9 

1.00 
0.75 
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4 8 

1.5 2.1 

1.0 1.3 

4 8 

1.3 1.5 

0.9 1.1 

16 

3.2 

1.9 

16 

2.1 

1.4 



D24L/ D24LP 2 TO 4 DECODER D24L/ D24LP 

zo A B 

A Z1 

Z2 

B Z3 

LOGIC SYMBOL 

A B zo Z1 Z2 Z3 

0 0 0 1 1 1 

1 0 1 0 1 1 

0 1 1 1 0 1 

1 1 1 1 1 0 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are Nominal [25 deg c, Sv Performance {ns)] wirelength not included 

024l (A ORB TO Z2 I Z3) (STANDARD DRIVE) 
STD LOAD 1 2 

tPLH(Z2) 0.6 0.8 
tPHL(Z2) 0.8 0.9 

fPLH(Z3) 0.6 0.8 
tPHL(Z3) 0.2 0.3 

Z2 Output Slope 1 = 0.1443 
Slope 0 = 0.0854 

Z3 Output Slope 1 0.1377 
Slope 0 0.0854 

Gate Count: 5 
Coding Syntax: Z (ZO,Z1 ,Z2,Z3) = D24L 
Input Loading: 

(A,B); 
(3,3) 

3 4 

0.9 1.1 
1.0 1.1 

0.9 1.1 
0.4 O.S 

Inept = 0.48 
Inept = 0.73 

Inept 0.50 
Inept 0.13 

024LP (A OR B TO Z2 I Z3) (HIGH DRIVE) 
STD LOAD 1 2 3 4 

fPLH(Z2) 0.7 0.7 0.8 0.9 
fPHL(Z2) 1.0 1.1 1.1 1.1 

fPLH (Z3) 0.6 0.6 0.7 0.7 
fPHL(Z3) 0.2 0.3 0.3 0.3 

Z2 Output Slope 1 = 0.0678 Inept = 0.60 
SlopeO 0.0453 Inept 0.96 

Z30utput Slope 1 0.0623 Inept = 0.50 
Slope 0 0.0453 Inept = 0.16 

Gate Count: 9 
Coding Syntax: Z (ZO,Z1 ,Z2,Z3) = D24LP (A,B); 
Input Loading: (5,5) 
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8 

1.6 
1.4 

1.6 
0.8 

8 

1.1 
1.3 

1.0 
0.5 

zo 

Z1 

Z2 

Z3 

16 

2.8 
2.1 

2.7 
1.5 

16 

1.7 
1.7 

1.5 
0.9 



DIRECT INPUT CLOCK DRIVER 

DDRV 
DIRECT INPUT CLOCK DRIVER 

DDRVU 
DIRECT INPUT CLOCK DRIVER 

WITH PULL-UP 

LOGIC SYMBOL 

PULL • UP OPTION 

PULL - DOWN OPTION 

z 

ELECTRICAL SCHEMATIC 

DDRV I DDRVU I DDRVD (A-Z) 

DDRVD 
DIRECT INPUT CLOCK DRIVER 

WITH PULL-DOWN 

z 

Delays are Nominal [2S deg c, Sv Performance (ns)] wirelength not included 

STD LOAD so 100 200 300 400 500 

f PLH 
fPHL 

Z Output 

0.0 
0.0 

Slope 1 
Slope 0 

0.0 
0.0 

0.0000 
0.0000 

Coding Syntax: Z = & DDRV (A); 
Coding Syntax: Z = & DDRVU (A); 
Coding Syntax: Z = & DDRV D (A); 
Input Loading: (-) 

0.0 
0.0 

Input Capacitance: Device(1.5 pf) + pad(1 pf) = 2.5 pf 
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Inept 
Inept 

0.0 
0.0 

0.00 
= 0.00 

0.0 0.0 
0.0 0.0 



DRV81 INTERNAL BUFFER DRV81 

A -[>-z 
LOGIC SYMBOL 

A 

SCHEMATIC 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns}] wirelength not included 

DRV81 (A-Z) 
STD LOAD 

tPLH (Z) 
tpffL(Z) 

Z Output 

100 

1.0 
1.0 

Slope 1 
Slope 0 

200 

1.2 
1.2 

0.0021 
0.0017 

Coding Syntax: Z = & DRV81 (A); 
Input Loading: (8.3) 
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400 

1.6 
1.5 

Inept 
Inept 

600 

2.0 
1.9 

0.77 
0.85 

800 

2.5 
2.2 



CLOCK DRIVER 

A 
INPUT 

PROTECT 

Pl 

LOGIC SYMBOL 

PULL· UP OPTION 

PULL ·DOWN OPTION 

ELECTRICAL SCHEMATIC 

2-68 
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CLOCK DRIVER 

Pl 



INPUT CLOCK DRIVER FOR CMOS 

(2) (2) (2) 
DRVC(4) DRVC(4)U DRVC(4)0 

(8) (8) (8) 
CLOCK DRIVER WITH CLOCK DRIVER WITH CMOS CLOCK DRIVER WITH CMOS 

CMOS INPUT INPUT AND PULL-UP INPUT AND PULL-DOWN 

DRVC2 I DRVC2U I DRVC2D (A-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 

fPLH 

fPHL 

ZOutput 

25 

1.0 
1.0 

Slope 1 
Slope 0 

Coding Syntax: (Z, PO)= &DRVC2 
Coding Syntax: (Z, PO)= &DRVC2U 
Coding Syntax: (Z, PO)= &DRVC2D 
Input Loading: 

50 

1.3 
1.4 

0.0131 
0.0128 

(A, Pl); 
(A, Pl); 
(A, Pl); 
( -, 1) 

75 

1.7 
1.6 

Inept 
Inept 

100 

2.0 
2.1 

0.67 
0.80 

Input Capacitance: Device(1.5 pf) + pad(1 pf) = 2.5 pf 

DRVC4 I DRVC4U I DRVC4D (A-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 50 100 200 300 

fPLH 1.0 1.3 2.0 2.7 
tPHL 1. 1 1.4 2.1 2.8 

Z Output Slope 1 
Slope 0 

0.0068 
0.0069 

Inept 
Inept 

0.65 
= 0.73 

Coding Syntax: (Z, PO)= &DRVC4 
Coding Syntax: (Z, PO)= &DRVC4U 
Coding Syntax: (Z, PO)= &DRVC4D 
Input Loading: 
Input Capacitance: 

(A, Pl); 
(A, Pl); 
(A, Pl); 
( -, 1) 
Device(1.5 pf) + pad(1 pf) = 2.5 pf 

DRVC8 I DRVC8U I DRVC80 (A-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 100 200 300 400 

fPLH 1.2 1.6 2.0 2.4 
fPHL 1.3 1.7 2.1 2.5 

ZOutput Slope 1 0.0039 Inept 
Inept Slope 0 = 0.0"040 

Coding Syntax: (Z, PO)= &DRVC8 
Coding Syntax: (Z, PO)= &DRVC8U 
Coding Syntax: (Z, PO)= &DRVC8D 
Input Loading: 
Input Capacitance: 
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(A, Pl); 
(A, Pl); 
(A, Pl); 
( -, 1) 
Device(1.5pf) + pad(1 pf) =2.5pf 
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0.83 
0.90 

200 

3.3 
3.4 

400 

3.4 
3.5 

600 

3.2 
3.3 



INPUT CLOCK DRIVER FOR CMOS 

DRVC16 

CLOCK DRIVER WITH 

CMOS INPUT 

DRVC16U 

CLOCK DRIVER WITH CMOS 

INPUT AND PULL-UP 

DRVC16 / DRVC16U I DRVC160 (A-Z) 

DRVC16D 

CLOCK DRIVER WITH CMOS 

INPUT ANO PULL-DOWN 

Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 200 400 

fPLH 1.4 1.8 
tpffL 1.5 1.9 

Z Output Slope 1 = 0.0019 
Slope 0 = 0.0020 

Coding Syntax: (Z, PO)= &DRVC16 (A, Pl); 
Coding Syntax: (Z, PO)= &DRVC16U (A, Pl); 
Coding Syntax: (Z, PO)= &DRVC16D (A, Pl); 
Input Loading: ( -, 1) 

800 1200 

2.6 3.4 
2.7 3.5 

Inept = 1.03 
Inept= 1.10 

Input Capacitance: Deviee(1.5 pf) + pad(1 pf) = 2.5 pf 
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INPUT CLOCK DRIVER FOR SCHMITT 

(2) 
DRVSC(4) 

(8) 
CLOCK DRIVER WITH 

SCHMITT CMOS INPUT 

(2) 
DRVSC(4)U 

(8) 
CLOCK DRIVER WITH SCHMITT 

CMOS INPUT AND PULL-UP 

DRVSC2 I DRVSC2U I DRVSC2D (A-Z) 

(2) 
DRVSC(4)0 

(8) 
CLOCK DRIVER WITH SCHMITT 

CMOS INPUT AND PULL-DOWN 

Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

STD LOAD 2S so 7S 100 

tPLH 1.9 2.2 2.6 2.9 
tPHL 2.3 2.6 3.0 3.3 

10 Output Slope 1 (ns/pf) = 0.0131 Inept (ns) = 1.57 
Slope 0 (ns/pf) = 0.0131 Inept (ns) = 1.97 

Coding Syntax: (Z, PO) = &DRVSC2 (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC2U (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC2D (A, Pl); 
Input Loading: ( -' 1) 
Input Capacitance: Device(1.S pf) + pad(1 pf) = 2.5 pf 

DRVSC4 I DRVSC4U I DRVSC4D (A-Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

STD LOAD 50 100 200 300 

tPLH(Z) 2.0 2.3 3.0 3.7 
fPHL (Z) 2.3 2.6 3.3 4.0 

10 Output Slope 1 (ns/pf) = 0.0068 Inept (ns) 1.6S 
Slope 0 (nstpf) = 0.0069 Inept (ns) = 1.93 

Coding Syntax: (Z,PO) = &DRVSC4 (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC4U (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC4D (A, Pl); 
Input Loading: ( -' 1) 
Input Capacitance: Device(1.5 pf) + pad(1 pf) = 2.5 pf 

DRVSC8 I DRVSC8U I DRVSC8D (A-Z) 
Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 100 200 300 

fPLH(Z) 2.2 2.6 3.0 
fPHL (Z) 2.5 2.9 3.3 

10 Output Slope 1 (ns/pf) = 0.0039 
Slope 0 (ns/pf) = 0.0040 

Coding Syntax: (Z,PO) = &DRVSC8 (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC8U (A, Pl); 
Coding Syntax: (Z,PO) = &DRVSC8D (A, Pl); 
Input Loading: ( - ' 1) 
Input Capacitance: Device(1.S pf) + pad(1 pf) = 2.S pf 
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400 

3.4 
3.7 

Inept (ns) 

Inept (ns) 

1.83 
= 2.10 

200 

4.2 
4.6 

400 

4.4 
4.7 

600 

4.2 
4.S 



INPUT CLOCK DRIVER FOR SCHMITT 

DRVSC16 

CLOCK DRIVER WITH 

CMOS INPUT 

DRVSC16U 

CLOCK DRIVER WITH CMOS 

INPUT AND PULL-UP 

DRVSC16 / DRVSC16U I DRVSC160 {A-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

STD LOAD 200 400 

tPLH 2.5 2.9 
tPHL 2.7 3.1 

Z Output Slope 1 = 0.0019 
Slope 0 = 0.0020 

Coding Syntax: (Z, PO)= &DRVSC16 (A, Pl); 
Coding Syntax: (Z, PO)= &DRVSC16U (A, Pl); 
Coding Syntax: (Z, PO)= &DRVSC16D (A, Pl); 
Input Loading: ( -, 1) 

800 

3.7 
3.9 

Inept 
Inept 

2.13 
2.30 

Input Capacitance: Device(l.5 pf) + pad(l pf) = 2.5 pf 
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DRVSC16D 

CLOCK DRIVER WITH CMOS 

INPUT AND PULL-DOWN 



INPUT CLOCK DRIVER FOR TTL 

(2) (2) (2) 
DRVT(4) DRVT(4)U DRVT(4)0 

(8) (8) (8) 
CLOCK DRIVER WITH CLOCK DRIVER WITH TTL CLOCK DRIVER WITH TTL 

TTL INPUT INPUT AND PULL-UP INPUT AND PULL-DOWN 

DRVT2 / DRVT2U I DRVT2D (A·Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

STD LOAD 2S so 7S 100 

fnH(Z) 1.S 1.8 2.2 2.S 
fpfft (Z) 1.S 1.8 2.2 2.S 

ZOutput Slope 1 = 0.0131 Inept = 1.17 
SlopeO = 0.0131 Inept = 1.17 

Coding Syntax: (Z,PO) = &DRVT2 (A, Pl); 
Coding Syntax: (Z,PO) = &DRVT2U (A, Pl); 
Coding Syntax: (Z,PO) = &DRVT2D (A, Pl); 
Input Loading: (-, 1) 
Input Capacitance: Device(1.S pf) + pad(1 pf) = 2.S pf 

DRVT4 / DRVT4U I DRVT4D (A-Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

STD LOAD so 100 200 300 

fptff(Z) 1.6 1.9 2.6 3.3 
fpfft (Z) 1.S 1.8 2.S 3.2 

ZOutput Slope 1 = 0.0068 Inept = 1.2S 
SlopeO = 0.0069 Inept = 1.13 

Coding Syntax: (Z,PO) = &DRVT4 (A, Pl); 
Coding Syntax: (Z,PO) = &DRVT4U (A, Pl); 
Coding Syntax: (Z,PO) = &DRVT4D (A, Pl); 
Input Loading: (·, 1) 
Input Capacitance: Device(1.S pf) + pad(1 pf) = 2.S pf 

DRVT8 / DRVT8U I DRVT8D (A·Z) 
Delays are Nominal [2S deg c, Sv Performance (ns)) wirelength not included 

STD LOAD 

fPL.H(Z) 
fPHL (Z) 

ZOutput 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input 'Capacitance: 

100 200 

1.8 2.2 
1.7 2.1 

Slope 1 = 0.0039 
Slope 0 = 0.0040 

(Z,PO) = &DRVT8 (A, Pl); 
(Z,PO) = &DRVT8U (A, Pl); 
(Z,PO) = &DRVT8D (A, Pl); 

( - • 1) 

300 

2.6 
2.S 

Device(1.S pf) + pad(1 pf) = 2.S pf 
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Inept 
Inept 

400 

3.0 
2.9 

= 1.43 
1.30 

200 

3.8 
3.8 

400 

4.0 
3.9 

600 

3.8 
3.7 



INPUT CLOCK DRIVER FOR TTL 

DRVT16 

CLOCK DRIVER WITH 

CMOS INPUT 

DRVT16U 

CLOCK DRIVER WITH CMOS 

INPUT AND PULL-UP 

DRVT16 / DRVT16U I DRVT160 (A-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 200 400 

fPLH 2.0 2.4 
fPHL 1.9 2.3 

Z Output Slope 1 = 0.0019 
Slope 0 = 0.0020 

Coding Syntax: (Z, PO)= &DRVT16 
Coding Syntax: (Z, PO)= &DRVT16U 
Coding Syntax: (Z, PO)= &DRVT16D 
Input Loading: 

(A, Pl); 
(A, Pl); 
(A, Pl); 
( -, 1) 

800 1200 

3.2 4.0 
3.1 3.9 

Inept = 1.63 
Inept = 1.50 

Input Capacitance: Device(1.5 pf) + pad(1 pf) = 2.5 pf 
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DRVT16D 

CLOCK DRIVER WITH CMOS 

INPUT AND PULL-DOWN 



EN I ENP EXCLUSIVE 2NOR EN I ENP 

LOGIC SYMBOL 
A 

A B z 

0 0 1 

0 1 0 B 

1 0 0 

1 1 1 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

EN (STANDARD DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 

Gate Count: 3 

1 

0.9 

1. 1 

0.1458 
0.0653 

Coding Syntax: Z = EN (A,B); 
Input loading: (1,2) 

2 

1. 1 

1.2 

Inept = 
Inept 

ENP (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

Gate Count: 4 

1 

0.9 

1.1 

0.0718 
0.0411 

Coding Syntax: Z = ENP (A,B); 
Input loading: (1,2) 
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2 

1.0 

1.1 

Inept = 
Inept = 

3 

1.2 

1.3 

0.79 
1.06 

3 

1.1 

1.2 

0.84 
1.05 

4 

1.4 

1.3 

4 

1.1 

1.2 
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8 16 

2.0 3.1 

1.6 2.1 

8 16 

1.4 2.0 

1.4 1.7 

z 



EN3/EN3P 3 INPUT EXCLUSIVE NOR EN3/EN3P 

:3D-z c 
LOGIC SYMBOL 

A B c z z 
0 0 0 1 
0 0 1 0 
0 1 0 0 
0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 ELECTICAL SCHEMATIC 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

EN3 (A-Z) (STANDARD DRIVE) 
STD LOAD 1 2 

fPLH(Z) 1.8 2.0 
tpffL(Z) 1.9 2.0 

Z Output Slope 1 = 0.1517 
Slope O = 0.0790 

Gate Count: 7 
Coding Syntax: Z = EN3 (A,B,C); 
Input Loading: (1, 3,2) 

EN3P (A-Z) (HIGH DRIVE) 
STD LOAD 1 2 

tpLH(Z) 1.7 1.8 
tpfft(Z) 2.0 2.0 

ZOutput Slope 1 = 0.0790 
Slope 0 = 0.0546 

Gate Count: 7 
Coding Syntax: Z = EN3P (A,B,C); 
Input Loading: (1, 3,2) 
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4 

2.3 
2.2 

4 

2.0 
2.2 

8 

2.9 
2.5 

Inept= 1.68 
Inept= 1.85 

8 

2.3 
2.4 

Inept = 1.65 
Inept = 1.94 
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16 

4.10 
3.10 

16 

2.9 
2.8 



EO I EOP EXCLUSIVE 20R EO I EOP 

: )D-z 
LOGIC SYMBOL 

A B z 

0 0 0 

0 1 1 

1 0 1 ELECTRICAL SCHEMATIC 

1 1 0 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

EQ {STANDARD DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO 

Gate Count: 3 

1 

0.9 

1. 1 

0.1458 
0.0653 

Coding Syntax: Z = EO (A,B); 
Input loading: (1,2) 

EOP {HIGH DRIVE) 

STD LOAD 

tPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

1 

0.9 

1. 1 

0.0718 
0.0411 

Gate Count: 4 
Coding Syntax: Z = EOP (A,B); 
Input loading: (1,2) 
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2 

1. 1 

1.2 

Inept 
Inept = 

2 

1.0 

1. 1 

Inept 
Inept = 

3 

1.2 

1.3 

0.79 
1.06 

3 

1.1 

1.2 

0.84 
1.05 
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4 8 

1.4 2.0 

1.3 1.6 

4 8 

1. 1 1.4 

1.2 1.4 

z 

16 

3.1 

2.1 

16 

2.0 

1.7 



E01/E01P 2AND,2NOR INTO 2NOR E01/E01P 

A 

g~z D C B A 

LOGIC SYMBOL 

A B c D z 

1 1 x x 0 

0 x 1 x 1 

0 x x 1 1 

x 0 1 x 1 

x 0 x 1 1 

x x 0 0 0 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

E01 (STANDARD DRIVE) 

STD LOAD 1 

fPLff 1.1 

fpffL 1.1 

Slope1 
SlopeO 

= 0.2612 
0.0839 

Inept = 
= Inept = 

Gate Count : 3 
Coding Syntax: Z = E01 (A,B,C,D); 
Input loading: (1,1, 1,1) 

E01 P (HIGH DRIVE) 

STD LOAD 1 2 

fpLff 1.1 1.3 

fpffL 0.9 1.0 

Slope1 = 0.1322 Inept = 
SlopeO = 0.0443 Inept = 
Gate Count: 4 
Coding Syntax: Z = E01 P (A,B,C,D); 
Input loading: (2,2, 1, 1) 
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2 

1.3 

1.1 

0.82 
0.97 

3 

1.4 

1.0 

1.00 
0.88 

2-75 

3 

1.6 

1.2 

4 8 

1.9 2.9 

1.3 1.7 

4 8 

1.5 2.1 

1.1 1.2 

16 

3.1 

1.6 



E03/E03P 3 INPUT EXCLUSIVE OR E03/E03P 

:~D-z c 
LOGIC SYMBOL 

A B c z z 
0 0 0 0 
0 0 1 1 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 0 
1 1 1 1 ELECTICAL SCHEMATIC 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

EQ3 (A TO Z) (STANDARD DRIVE) 
STD LOAD 1 2 

fPLH(Z) 1.8 2.0 
fPHL (Z) 1.9 2.0 

Z Output Slope 1 0. 1517 
Slope 0 0.0790 

Gate Count: 7 
Coding Syntax: Z = E03 (A,B,C); 
Input Loading: (1,3,2) 

E03P (A TO Z) (HIGH DRIVE) 
STD LOAD 

fPLH (Z) 
fPHL (Z) 

Z Output 

Gate Count: 7 

1 

1.7 
2.0 

Slope 1 
Slope 0 

2 

1.8 
2.0 

0.0790 
0.0546 

Coding Syntax: Z = E03P (A,B,C); 
Input Loading: (1,3,2) 
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4 

2.3 
2.2 

4 

2.0 
2.2 
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Inept 
Inept 

8 

2.9 
2.5 

Inept= 1.68 
Inept= 1.85 

8 

2.3 
2.4 

1.65 
1.94 

16 

4.1 
3.1 

16 

2.9 
2.8 



EON1 I EON1P 20R,2NAND INTO 2NAND EON1 I EON1P 

~~z D C B A 

LOGIC SYMBOL 

A B c D z 

x x 1 1 1 

1 x 0 x 0 

x 1 0 x 0 

1 x x 0 0 

x 1 x 0 0 

0 0 x x 1 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

EON1 (STANDARD DRIVE) 

STD LOAD 

Slope1 
SlopeO 

= 
= 

tplff 

fpffl 

Gate Count: 3 

0.2612 
0.0839 

1 

1.1 

1.0 

Inept = 
Inept = 

Coding Syntax: Z = EON1 (A,B,C,D); 
lnputloading: (1,1,1,1) 

EON1 p (HIGH DRIVE) 

STD LOAD 

tplff 

tpffl 

Slope1 
SlopeO 

= 
= 

Gate Count: 4 

1 

1.1 

0.9 

0.1322 
0.0443 

2 

1.3 

1.0 

Inept = 
Inept = 

Coding Syntax: Z = EON1P (A,B,C,D); 
Input loading: (2,2, 1, 1) 
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2 

1.3 

1.0 

0.82 
0.87 

3 

1.4 

1.0 

1.00 
0.88 
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3 4 8 

1.6 1.9 2.9 

1.1 1.2 1.6 

4 8 

1.5 2.1 

1.1 1.2 

16 

3.1 

1.6 



FA1 FULL ADDER FA1 

Cl S -

A 
A 

B co 
B -+-~--; 

LOGIC SYMBOL Cl ~~~+-tr--~-.-~~~~~ 

Cl A B s co 
0 0 0 0 0 
1 0 0 1 0 
0 1 0 1 0 
1 1 0 0 1 
0 0 1 1 0 
1 0 1 0 1 
0 1 1 0 1 
1 1 1 1 1 = SCHEMATIC 

TRUTH TABLE 

Delays are Nominal (25 deg c, Sv Performance (ns}] wirelength not included 

FA 1 (STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 

tpiff(Cl-S) 0.9 1.1 1.2 1.4 1.9 
tpffi{Cl-S) 0.7 0.8 0.8 0.9 1.2 

tpiH(Cl-CO) 0.9 1.1 1.2 1.4 2.0 
fPHL (Cl-CO) 1.4 1.5 1.6 1.6 1.9 

tpiH(A-S) 2.0 2.2 2.3 2.5 3.0 
fpffi(A-S) 2.0 2.1 2.1 2.2 2.5 

tpiff(A-CO) 0.9 1. 1 1.2 1.4 2.0 
fpfft(A-CO) 1.4 1.5 1.6 1.6 1.9 

Cl-S Output Slope 1 0.1443 Inept= 0.78 
Slope 0 = 0.0669 Inept= 0.64 

Cl-CO Output Slope 1 = 0.1458 Inept= 0.79 
Slope 0 = 0.0718 Inept= 1.34 

A-SOutput Slope 1 = 0.1443 Inept= 1.88 
Slope 0 0.0669 Inept= 1.94 

A-CO Output Slope 1 = 0.1458 Inept= 0.79 
Slope 0 0.0718 Inept= 1.34 

Gate Count: 10 
Coding Syntax: Z (S, CO) = FA 1 (Cl,A,B); 
Input Loading: (4, 3, 4) 
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s 

16 

3.1 
1.7 

3.1 
2.5 

4.2 
3.0 

3.1 
2.5 



FA1A FULL ADDER FA1A 

Cl S -

A 

B CO 

s 
LOGIC SYMBOL 

Cl A B s co 
0 0 0 0 0 

1 0 0 1 0 co 
0 1 0 1 0 

1 1 0 0 1 

0 0 1 1 0 

1 0 1 0 1 
SCHEMATIC 

0 1 1 0 1 

1 1 1 1 1 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance {ns)] wirelength not included 

FA1A (STANDARD DRIVE) 
STD LOAD 1 2 3 4 8 

fPLH (Cl-S) 1.0 1.2 1.3 1.5 2.1 
tpfft (Cl-S) 0.8 0.9 1.0 1.0 1.3 

fPLH (Cl-CO) 0.9 1. 1 1.2 1.4 2.0 
fpfft (Cl-CO) 1. 1 1.2 1.2 1.3 1.6 

fPLH(A-S) 2.1 2.3 2.4 2.6 3.2 
tpfft (A-S) 1.9 2.0 2.1 2.1 2.4 

fpLff(A-CO) 2.0 2.2 2.3 2.S 3.1 
fpfft(A-CO) 2.2 2.3 2.3 2.4 2.7 

Cl-S Output Slope 1 0.1458 Inept = 0.89 
SlopeO = 0.0653 Inept = 0.76 

Cl-CO Output Slope 1 = 0.1458 Inept = 0.79 
SlopeO = 0.0669 Inept 1.04 

A-SOutput Slope 1 = 0.1458 Inept = 1.99 
SlopeO 0.0653 Inept 1.86 

A-CO Output Slope 1 = 0.1458 Inept = 1.89 
SlopeO = 0.0669 Inept = 2.14 

Gate Count: 8 
Coding Syntax: Z (S, CO) = FA 1A (Cl,A,B); 
Input Loading: (2, 1, 2) 2-79 
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16 

3.2 
1.8 

3.1 
2.1 

4.3 
2.9 

4.2 
3.2 



FA1AP FULL ADDER FA1AP 

-1 Cl S -

-I A 

- B CO t--

s 
LOGIC SYMBOL 

Cl A B s co 
0 0 0 0 0 
1 0 0 1 0 co 
0 1 0 1 0 
1 1 0 0 1 

0 0 1 1 0 
1 0 1 0 1 

SCHEMATIC 

0 1 1 0 1 

1 1 1 1 1 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

FA1AP (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

tPLH (Cl-S) 1.0 1. 1 1.2 1.2 1.5 2.1 
fPHL (Cl-S) 0.9 0.9 1.0 1.0 1.2 1.5 

f PLH (Cl-CO) 1.0 1. 1 1.2 1.2 1.5 2.1 
tPHL (Cl-CO) 1.2 1.2 1.3 1.3 1.5 1.8 

fPLH (A-S) 2.1 2.2 2.3 2.3 2.6 3.2 
fPHL (A-S) 2.0 2.0 2.1 2.1 2.3 2.6 

fPLH(A-CO) 2.1 2.2 2.3 2.3 2.6 3.2 
tPHL (A-CO) 2.3 2.3 2.4 2.4 2.6 2.9 

Cl-SOutput Slope 1 0.0718 Inept 0.94 
Slope 0 0.0411 Inept 0.85 

Cl-CO Output Slope 1 0.0718 Inept 0.94 
Slope 0 0.0411 Inept 1.15 

A-SOutput Slope 1 0.0718 Inept 2.04 
Slope 0 0.0411 Inept 1.95 

A-CO Output Slope 1 0.0718 Inept 2.04 
Slope 0 0.0411 Inept 2.25 

Gate Count: 9 
Coding Syntax: Z (S, CO) = FA 1 AP (Cl,A,B); 
Input Loading: (2, 1, 2) 
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FA1P FULL ADDER FA1P 

Cl S -

A 
A 

B co s 
B 

LOGIC SYMBOL Cl ~~---<1-4~~+-~~~--' 

Cl A B s co 
0 0 0 0 0 
1 0 0 1 0 
0 1 0 1 0 
1 1 0 0 1 
0 0 1 1 0 
1 0 1 0 1 
0 1 1 0 1 
1 1 1 1 1 

SCHEMATIC 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

FA 1 P (HIGH DRIVE) 
STD LOAD 1 2 3 4 8 16 

tpLff{Cl-S) 0.9 1.0 1.1 1.1 1.4 2.0 
fPHL (Cl-S) 0.7 0.7 0.8 0.8 1.0 1.3 

tpLff(Cl-CO) 0.9 1.0 1.1 1.1 1.4 2.0 
tPHL (Cl-CO) 1.5 1.5 1.6 1.6 1.8 2.2 

fPLH(A-S) 2.1 2.2 2.3 2.3 2.6 3.2 
tPHL (A-S) 2.0 2.0 2.1 2.1 2.3 2.6 

tnH(A-CO) 0.9 1.0 1.1 1.1 1.4 2.0 
tpffL(A-CO) 1.5 1.5 1.6 1.6 1.8 2.2 

Cl-SOutput Slope 1 = 0.0718 Inept= 0.84 
SlopeO = 0.0411 Inept= 0.65 

Cl-CO Output Slope 1 = 0.0718 Inept= 0.84 
SlopeO = 0.0477 Inept= 1.43 

A-SOutput Slope 1 = 0.0718 Inept= 2.04 
SlopeO = 0.0411 Inept= 1.95 

A-CO Output Slope 1 = 0.0718 Inept= 0.84 
SlopeO = 0.0477 . Inept= 1.43 

Gate Count: 10 
Coding Syntax: Z (S, CO) = FA 1 P (Cl,A,B); 
Input Loading: (4, 3, 4) 
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FD1 D FLIP FLOP I STANDARD DRIVE 

0 CP Q QN 

0 t 0 1 

1 t 1 0 

N D TRUTH TABLE 

LOGIC SYMBOL 

D 
CP 

SCHEMATIC 

CP TOl..Q,J; Nlnel~are Nominal [25 d~c. Sv PerformanceJ..nill_wirele~h not included 

STD LOAD 1 2 

fPLH(Q) 1.2 1.4 
fpHL{Q) 1.4 1.5 

fPLH(QN) 1.7 1.9 
fPHL(QN) 1.6 1.7 

QOutput Slope 1 = 0.14S8 
Slope 0 0.0523 

QN Output Slope 1 0.1458 
Slope 0 = 0.0523 

PARAMETER 

!ill:l.!f> (I n_R.ut SetU.£_ Ti me) 

fHOLD (Input Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 7 
Coding Syntax: Z (Q, QN) = FD1 (D,CP); 
Input Loading: (1, 1) 

Copyright LSI LOGV (')RPO>?-'. rtON 198.7 

3 

1.S 
1.5 

2.0 
1.7 

NS 

Inept 
Inept 

Inept 
Inept 

0.8 

0.4 

1.5 
1.5 

2-82 

4 

1.7 
1.6 

2.2 
1.8 

1.09 
1.37 

1.59 
1.57 

8 

2.3 
1.8 

2.8 
2.0 

FD1 

QN 

Q 

16 

3.4 
2.2 

3.9 
2.4 



FD1P D FLIP FLOP I HIGH DRIVE 

D CP Q QN 

0 t 0 1 

1 t 1 0 

N D TRUTH TABLE 

LOGIC SYMBOL 

SCHEMATIC 

CP TOJ....Q.Jl N_loel~are Nominal [25 d~c. Sv PerformanceJ!iill_wirele~th not included 

STD LOAD 1 2 

tp1ff(Q) 1.2 1.3 
tpfft(Q) 1.5 1.5 

fp1ff(QN) 1.9 2.0 
fpff1(QN) 1.8 1.8 

Q Output Slope 1 = 0.0653 
Slope 0 = 0.0347 

QN Output Slope 1 0.0669 
Slope 0 = 0.0347 

PARAMETER 

!m:w>Cll!e_ut Set~ Time) 

fHowClnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 8 
Coding Syntax: Z (Q, QN) = FD1 P 
Input Loading: 

Copynght LSI LOGIC CORPORA TfON 1987 

(D,CP); 
(1, 1) 

3 

1.4 
1.5 

2.0 
1.8 

Inept 
Inept 

4 

1.4 
1.6 

2.1 
1.9 

1.16 
1.44 

Inept 1.84 
Inept = 1.74 

NS 

0.8 

0.4 

1.5 
1.5 

2-83 

8 

1.7 
1.7 

2.4 
2.0 

FD1P 

QN 

Q 

16 

2.2 
2.0 

2.9 
2.3 



FD1S D FLIP FLOP WITH SCAN I STANDARD DRIVE 

D Tl TE CP Q 
D Q 

0 x 0 t 0 
p 

1 x 0 t 1 

x 0 1 t 0 
Tl 

x 1 1 t 1 
TE QN 

TRUTH TABLE 
LOGIC SYMBOL 

SCHEMATIC 

CP TOl..Q.J:; N _l Del~ are Nominal 125 dE!ll_c, Sv PerformanceJ_nill wirelerig_th not included 

STD LOAD 

tpLH(Q) 
tpHL(Q) 

fPLH(QN) 
fPHL(QN) 

QOutput 

QN Output 

1 

1.2 
1.4 

1.7 
1.6 

Slope 1 
Slope 0 

Slope 1 
SlopeO 

PARAMETER 

!s&rue_(l'!e_ut Setu_E>_ Time) 

tHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 9 

2 

1.4 
1.5 

1.9 
1.7 

0.1458 
0.0523 

0.1458 
0.0523 

Coding Syntax: Z (Q, QN) = FD1S (D,CP,Tl,TE); 
Input Loading: (1, 1 , 1, 2) 

Cooyright ._51 LOGIC CORPORATION 1987 

3 4 

1.5 1.7 
1.5 1.6 

2.0 2.2 
1.7 1.8 

Inept = 1.09 
Inept = 1.37 

NS 

Inept 
Inept 

1.3 

0.3 

1.5 
1.5 

2-84 

1.59 
1.57 

8 

2.3 
1.8 

2.8 
2.0 

FD1S 

QN 

1 

0 

1 

0 

QN 

Q 

16 

3.4 
2.2 

3.9 
2.4 



FD1SP D FLIP FLOP WITH SCAN I HIGH DRIVE 

D Tl TE CP Q 
D Q 

0 x 0 t 0 
p 

1 x 0 t 1 

x 0 1 t 0 
Tl 

x 1 1 t 1 
TE QN 

TRUTH TABLE 

LOGIC SYMBOL 

SCHEMATIC 

CP TO ffi J; Nl Del¥ are Nomma!flS d!!ll_ c Sv PerformanceJ.nill w1rele'l!l!h not included 

STD LOAD 1 2 

fptff(Q) 1.2 1.3 
fPHL (Q) 1.5 1.5 

fptff(QN) 1.9 2.0 
tpfft(ON) 1.8 1.8 

QOutput Slope 1 = 0.0653 
Slope 0 = 0.0347 

QN Output Slope 1 0.0669 
Slope 0 = 0.0347 

PARAMETER 

!sfrup(ln_Q_ut Setu_Q_ Time) 

fHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 10 
Coding Syntax: Z (Q, QN) = FD1SP (D,CP,Tl,TE); 
Input Loading: (1, 1 , 1, 2) 

Copyright LSI LOGIC CORPORATION 1987 

3 4 

1.4 1.4 
1.5 1.6 

2.0 2.1 
1.8 1.9 

Inept = 1.16 
Inept 1.44 

NS 

Inept 
Inept 

1.3 

0.3 

1.5 
1.6 

2-85 

1.84 
1.74 

8 

1.7 
1.7 

2.4 
2.0 

FD1SP 

QN 

1 

0 

1 

0 

QN 

Q 

16 

2.2 
2.0 

2.9 
2.3 



f 02 D FLIP FLOP WITH CLEAR I STANDARD DRIVE f 02 

D Q- D CP CD Q QN 

0 t 1 0 1 

1 t 1 1 0 

x x 0 0 1 

CP QN -

co TRUTH TABLE 

LOGIC SYMBOL 

SCHEMATIC 

CP TOl Q,_Q N_loel~ are Nominal [25 d~c. Sv Performance.l_n_ill wirele~h not included 

STD LOAD 

fPLH(Q) 
fPHL (Q) 

tPLH(QN) 

fPHL (QN) 

QOutput 

1 

1.3 
1.4 

1.6 
1.7 

Slope 1 
SlopeO 

2 

1.5 
1.5 

1.8 
1.8 

0.1458 
0.0523 

QN Output Slope 1 0. 1523 
Slope 0 = 0.0523 

PARAMETER 

~(l~ut Setl!e_ Time) 

tHoLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Trel CD Release time CD to CLK 

Gate Count : 9 
Coding Syntax: Z (Q, QN) = FD2 (D,CP,CD); 
Input Loading: (1, 1, 2) 

Copyrigf-.t LSI LOGIC CORPORATION 1987 

3 4 

1.6 1.8 
1.5 1.6 

1.9 2.1 
1.8 1.9 

Inept = 1.19 

NS 

Inept = 1.37 

Inept 
Inept 

1.47 
1.67 

PROPAGATION 
0.85 

0.4 
CD HoQ + 

CD +to QN i 
1.5 
1.5 

0.5 

2-86 

QN 

Q 

8 16 

2.4 3.5 
1.8 2.2 

2.7 3.9 
2.1 2.5 

DELAY 

fPHL (Q) - 0.6 

fPLH(QN) - 0.6 



FD2P D FLIP FLOP WITH CLEAR I HIGH DRIVE 

D Q- D CP CD Q 

0 t , 0 , t , , 
x x 0 0 

CP QN -

CD TRUTH TABLE 

LOGIC SYMBOL D 
CP 

CD 

SCHEMATIC 

CP TOlO.G NJ Delays are Nominal [25 d~ c, 5v PerformanceJ!i&J wireleri.g_th not included 

STD LOAD 1 2 3 4 

fPLH(Q) 1.4 1.5 1.6 1.6 
fpHL(Q) 1.4 1.4 1.4 1.5 

fPLH(QN) 1.8 1.9 2.0 2.0 
fPHL (QN) 2.0 2.0 2.0 2.1 

Q Output Slope 1 = 0.0718 Inept = 1.34 
Slope 0 0.0347 Inept 1.34 

QN Output Slope 1 0.0653 Inept 1.76 
Slope 0 0.0282 Inept = 1.96 

PARAMETER NS 
PROPAGATION 

~ET.Jl!'(l~ut Set~ Time) 0.85 

tHowOnput Hold Time) 0.4 
CD Ho Q .j. 

tw(CLOCK) (Width of CLK Pulse) CD +to QN i 
CLOCK High Min 1.5 
CLOCK Low Min 1.5 

Trel CD Release time CD to CLK 0.5 

Gate Count : 10 
Coding Syntax: Z (Q, QN) = FD2P (D,CP,CD); 
Input Loading: (1, 1, 2) 

2-87 
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8 

1.9 
1.6 

2.3 
2.2 

FD2P 

QN 

, 
0 , 

QN 

Q 

16 

2.5 
1.9 

2.8 
2.4 

DELAY 

fpHL(Q)-0.6 

fPLH(QN) - 0.6 



FD2S D FLIP FLOP WITH CLEAR I SCAN I STANDARD DRIVE 

D Tl TE CP CD 

Q 
0 ' 0 t 1 

1 ' 0 t 1 

' 0 1 t 1 

QN 
' 1 1 t 1 

CD 
' ' ' ' 0 

TRUTH TABLE 

LOGIC SYMBOL 

SCHEMATIC 

CP TOi O.J;; Nloel¥are Nominal [25 d~c. Sv PerformanceJ_n_ill wirele"9!h not included 

STD LOAD 1 2 

fPLH(Q) 1.3 1.5 
tpfft(Q) 1.4 1.5 

fPLH(QN) 1.6 1.8 
fPHL(QN) 1.7 1.8 

QOutput Slope 1 = 0. 1458 
Slope 0 0.0523 

QN Output Slope 1 0.1523 
Slope 0 = 0.0523 

PARAMETER 

fsErup {lnJ>.Ut SetUQ_ Ti me) 

tHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count: 10 

3 

1.6 
1.5 

1.9 
1.8 

NS 

Inept 
Inept 

Inept 
Inept 

1.25 

0.3 

1.5 
1.SS 

0.5 

Coding Syntax: Z (Q, QN) = FD2S (D,CP,CD,Tl,TE); 
Input Loading: (1, 1, 2, 1, 2) 

2-88 
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4 

1.8 
1.6 

2.1 
1.9 

1.19 
1.37 

1.47 
1.67 

PROPAGATION 

CD HoQ .j. 

CD .J.to QN i 

8 

2.4 
1.8 

2.7 
2.1 

f 025 

Q QN 

0 1 

I 0 

0 1 

1 0 

0 1 

QN 

Q 

16 

3.S 
2.2 

3.9 
2.5 

DELAY 

fPHL (Q) -0.6 

fPLH (QN) -0.6 



FD2SP D FLIP FLOP WITH CLEAR I SCAN I HIGH DRIVE 

D Tl TE CP CD 

Q 0 ' 0 t 1 

1 ' 0 t 1 

' 0 1 t 1 

TE QN 
' 1 1 t 1 

CD 
' ' ' ' 0 

TRUTH TABLE 

LOGIC SYMBOL 

SCHEMATIC 

CP TOJ...Q~ N l Del¥ are Nominal 125 d~c Sv Performance_0ill wirelel}9!:h not included 

STD LOAD 1 2 3 

fPLH(Q) 1.4 1.5 1.6 
fpHi(Q) 1.4 1.4 1.4 

fPLH(QN) 1.8 1.9 2.0 
fPHL(QN) 2.0 2.0 2.0 

QOutput Slope 1 = 0.0718 Inept 
Slope 0 = 0.0347 Inept 

QN Output Slope 1 0.0653 Inept 
Slope 0 0.0282 Inept 

PARAMETER NS 

~(l'!e_ut Setu.E_ Time) 1.25 

tHowOnput Hold Time) 0.3 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.55 

Trel CD Release time CD to CLK 0.5 

Gate Count: 11 
Coding Syntax: Z (Q, QN) = FD2SP (D,CP,CD,Tl,TE); 
Input Loading: 

COP}'r/ght LSI LOGIC C'JRPORA TION 1987 

(1, 1' 2 '1, 2) 
2-89 

4 

1.6 
1.5 

2.0 
2.1 

1.34 
1.34 

= 1.76 
= 1.96 

PROPAGATION 

CD +to Q • 
CD +to QN t 

8 

1.9 
1.6 

2.3 
2.2 

FD2SP 

Q QN 

0 1 

1 0 

0 1 

1 0 

0 1 

QN 

Q 

16 

2.5 
1.9 

2.8 
2.4 

DELAY 

tPHL (Q) -0.6 

tPLH (QN) -0.6 



FD2TS 

D Q 

CP 
CD 

D FLIP FLOPWITHCLEAR ANDADDEDTHREE-STATEOUTPUT 

STANDARD DRIVE 

RD 

D CP CD Q RD 

z 0 t 1 0 0 

1 t 1 1 1 

Q x x 0 0 1 

TRUTH TABLE 

LOGIC SYMBOL 
D 
CP 

SCHEMATIC 

FD2TS 

Q z 
x H1-Z 

0 0 

1 1 

r-----Q 

RD 

RDTOZ 

CPTOQ Delays are Nominal [25 deg c, 5v Performance (ns)] worelength not included 

STD LOAD 1 2 3 

tpu,{CP-Q) 1.6 1.7 1.9 
tpffL(CP-Q) 1.S 1.5 1.6 

fPLH(RD·Z) 0.3 0.4 0.5 
tpffL(RD-Z) 0.6 0.8 0.9 

QOutput Slope 1 0.1477 
Slope 0 = 0.0557 

ZOutput Slope 1 = 0.1377 
Slope 0 = 0.0788 

PARAMETER NS 

!.smle..Cl!!e.ut Set~ Time) 0.85 

tHoLD(lnput Hold Time) 0.4 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

T rel CD Release time CD to CLK 0.5 

Gate Count : 9 
Coding Syntax: Z (Z, Q) = FD2TS 
Input Loading: 

(D,CP,CD,RD); 
(1, 1, 2, 1.5) 

2-90 
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4 8 

2.0 2.6 
1.6 1.9 

0.6 0.9 
1.1 1.6 

Inept= 1.43 
Inept= 1.42 

Inept= 0.50 
Inept= 0.25 

PROPAGATION 

CD -i.to Q -i. 

16 

3.8 
2.3 

1.5 
2.7 

DELAY 

tPHL (Q) -0.6 



FD2TSP D FLIP FLOPWITHCLEAR ANDADDEDTHREE·STATEOUTPUT 

HIGH DRIVE 

RD 
D CP CD Q RD 

0 t 1 0 0 

1 t 1 , , 
x x 0 0 1 

CP 
CD TRUTH TABLE 

FD2TSP 

Q z 
x H1-Z 

0 0 , 1 

LOGIC SYMBOL 
D 
CP 

..-----Q 

CD 

SCHEMATIC 

RDTOZ 

CPTOQ Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

STD LOAD 1 2 

fptff(CP-Q) 1.5 1.6 
tpfft(CP-Q) 1.5 1.5 

tp1ff(RD-Z) 0.4 0.4 
fpff1(RD-Z) 0.5 0.5 

QOutput Slope 1 = 0.0718 
SlopeO = 0.0345 

ZOutput Slope 1 = 0.0693 
SlopeO = 0.0411 

PARAMETER 

tsETuPCl~tSet~Time) 

tHoLD (Input Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Rel ease ti me CD to CLK 

Gate Count : 11 
Coding Syntax: Z (Z, Q) = FD2TSP (D,CP,CD,RD); 
Input Loading: (1, 1, 2, 1.5) 

3 4 

1.7 1.7 
1.6 1.6 

0.5 0.5 
0.6 0.7 

Inept= 1.44 
Inept= 1.47 

Inept= 0.41 
Inept= 0.35 

NS 
PROPAGATION 

0.85 

0.4 
CD .i,to Q .i, 

1.5 
1.5 

0.5 

2-91 

RD 

8 16 

2.0 2.6 
1.8 2.0 

0.7 1.0 
1.0 1.5 

DELAY 

tpffl (Q) -0.6 



FD3 D FLIP FLOP WITH CLEAR I SET I STANDARD DRIVE FD3 

0 CP co so Q QN 

0 t 1 1 0 1 
D SD Q 

1 t 1 1 1 0 

' ' 0 1 0 1 

' ' 1 0 1 0 

' ' 0 0 0 0 
CP QN 

CD 

TRUTH TABLE 
LOGIC SYMBOL 

cD~~..!::::==~=*====E~:'._J 
SD 

SCHEMATIC 

CP TO_LQ,J:; NlDel<!Y!_are NomonaillS dl!Q._c Sv PerformanceJ_nill_worele~h not included 

STD LOAD 1 2 

fPLH(Q) 1.3 1.5 
fpffL (Q) 1.4 1.5 

fPLH(QN) 1.8 2.0 
fPHL(QN) 1.7 1.8 

QOutput Slope 1 = 0. 1523 
Slope O = 0.0589 

QNOutput Slope 1 = 0.1458 
Slope 0 = 0.0523 

PARAMETER 

!srnie.(l~ut Set~ Time) 

fHoLoClnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

T rel SD Release time SD to CLK 

Gate Count : 9 
Coding Syntax: Z (Q, QN) = FD3 
Input Loading: 

Cop~r1qht LSI LOGIC CORPORATION 1987 

(D,CP,CD,SD); 
(1,1, 2,2) 

3 4 

1.6 1.8 
1.5 1.6 

2.1 2.3 
1.8 1.9 

Inept = 1.17 
Inept = 1.35 

Inept = 1.69 
Inept = 1.67 

NS 
PROPAGATION 

0.9 

0.4 
CD HoQ .j, 

CD .J,to QN t 
1.5 
1.5 

SD Ho Q t 

0.5 SD Ho QN .J, 

0.5 

2-92 

QN 

Q 

8 16 

2.4 3.6 
1.8 2.3 

2.9 4.0 
2.1 2.5 

DELAY 

fpffL (Q) • 0.6 

fPLH (QN) • 0.6 

fPLH(Q) • 0.2 

fpffL (QN) - 0.9 



FD3P D FLIP FLOP WITH CLEAR I SET I HIGH DRIVE FD3P 

0 CP co so Q QN 

0 t 1 1 0 1 
D SD Q - 1 t 1 1 1 0 

x ' 0 1 0 1 

x ' 1 0 1 0 

' ' 0 0 0 0 
CP QN -

CD 

TRUTH TABLE 
LOGIC SYMBOL 

CD __ ...!:::::;~~=t===±:~:..J 
SD 

SCHEMATIC 

CP TO~ NloelfilareNominal~Sd~c SvPerformanceJ!1filw1rele~hnotmcluded 

STD LOAD 1 2 3 4 8 

fpLff(Q) 1.4 1.5 1.6 1.6 1.9 
tpffdQ) 1.6 1.6 1.6 1.7 1.8 

tpLff(QN) 2.1 2.2 2.3 2.3 2.6 
tpffdQN) 2.0 2.0 

QOutput Slope 1 = 0.0718 
Slope O = 0.0347 

QNOutput Slope 1 0.0718 
Slope O = 0.0347 

PARAMETER 

!smle_(ln_Q_ut Setu_Q_ Time) 

tHoLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Trel SD Release time SD to CLK 

Gate Count: 10 
Coding Syntax: Z (Q, QN) = FD3P (D,CP,CD,SD); 
Input Loading: (1, 1, 2 , 2) 

Copynght LSI LOGIC CORPORA r/ON 1987 

2.0 2.1 2.2 

Inept = 1.34 
Inept = 1.54 

Inept 2.04 
Inept = 1.94 

NS 
PROPAGATION 

0.9 

0.4 
CD HoQ + 

CD Ho QN i 
1.5 
1.5 

SD Ho Q i 

0.5 SD Ho QN + 
0.5 

2-93 

QN 

Q 

16 

2.5 
2.1 

3.2 
2.5 

DELAY 

tpffl (Q) - 0.6 

tplff (QN) - 0.6 

fpLff(Q)-0 .15 

tpffl (QN) - 1.05 



FD3S 0 FLIP FLOP WITH CLEAR/ SET I SCAN I STANDARD DRIVE 

0 Tl TE CP co so 

Q 0 ' 0 t 1 , 
1 ' 0 t 1 , 
' 0 1 t 1 1 

TE QN ' 
, 1 t 1 1 

CD ' ' ' ' 0 , 
' ' ' ' 1 0 

' ' ' ' 0 0 

LOGIC SYMBOL TRUTH TABLE 

D 

cD~~~---'=~~~~::=:::;~:::::'.._J 
SD 

SCHEMATIC 

CP TO_(.Q,C Nl Delays are Nominal (25 deg c, 5v Performance (ns)] wirelength not included 

STD LOAD 

fp1ff(Q) 
tpff1(Q) 

fp1ff(QN) 
fpff1(QN) 

QOutput 

QN Output 

1 

1.3 
1.4 

1.8 
1.7 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

!smif (ln~ut Set~ Time) 

fHow(lnput Hold Time) 

= 
= 

= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release ti me CD to CLK 

T rel SD Release time SD to CLK 

Gate Count : 11 

2 3 

1.5 1.6 
1.5 1.5 

2.0 2.1 
1.8 1.8 

0.1523 Inept 
0.0589 Inept 

0.1458 Inept 
0.0523 Inept 

NS 

1.4 

0.3 

1.5 
1.7 

0.5 

0.5 

Coding Syntax: Z (Q, QN) = FD3S (D,CP,CD,SD,TI, TE); 
Input Loading: (1, 1, 2 , 2 , 1, 2) 
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4 

1.8 
1.6 

2.3 
1.9 

= 1.17 

= 1.35 

= 1.69 
1.67 

PROPAGATION 

CD HoQ ... 

CD .i.to QN t 

SD HoQ t 

SD Ho QN .i. 

8 

2.4 
1.8 

2.9 
2.1 

FD3S 

Q QN 

0 1 , 0 

0 1 

1 0 

0 1 

1 0 

0 0 

QN 

Q 

16 

3.6 
2.3 

4.0 
2.5 

DELAY 

tpfft(Q)-0.6 

tp1ff(QN) -0.6 

fpLff (Q) -0.2 

fpffL (QN) -0.9 



FD3SP D FLIP FLOP WITH CLEAR I SET I SCAN I HIGH DRIVE 

D Tl TE CP CD SD 

Q 0 ' 0 t 1 1 

1 ' 0 t 1 1 

' 0 1 t 1 1 

TE QN ' 1 1 t 1 1 

CD ' ' ' ' 0 1 

' ' ' ' 1 0 

' ' ' ' 0 0 

LOGIC SYMBOL TRUTH TABLE 

SCHEMATIC 

CP TO i 0 ,J: Nl Del¥ are Nominalj25 dmc Sv PerformanceJ_nillwirele~h not included 

STD LOAD 1 2 3 

fpLff(Q) 1.4 1.5 1.6 
fPHL (Q) 1.6 1.6 1.6 

fpLff(QN) 2.1 2.2 2.3 
fPHL(QN) 2.0 2.0 2.0 

QOutput Slope 1 0.0718 Inept 
Slope 0 = 0.0347 Inept 

QN Output Slope 1 0.0718 Inept 
Slope 0 = 0.0347 Inept 

PARAMETER NS 

fs_ETuPCll'lQUt Setuj)_ Time) 1.4 

fHoLo(lnput Hold Time) 0.3 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.7 

T rel CD Release time CD to CLK 0.5 

T rel SD Release time SD to CLK 0.5 

Gate Count: 12 
Coding Syntax: Z (Q, QN) = FD3SP (D,CP,CD,SD,Tl,TE); 
Input Loading: (1,1, 2,2,1,2) 

2-95 
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4 8 

1.6 1.9 
1.7 1.8 

2.3 2.6 
2.1 2.2 

1.34 
= 1.54 

= 2.04 
= 1.94 

PROPAGATION 

CD Ho Q + 

CD Ho QN i 

SD Ho Q i 

SD Ho QN + 

FD3SP 

Q QN 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 0 

QN 

Q 

16 

2.5 
2.1 

3.2 
2.5 

DELAY 

tpffL (Q) -0.6 

fPHL (QN) -0.6 

fPHL (Q) -0. 15 

fPHL (QN) -1.05 



f 04 D FLIP FLOP WITH SET I STANDARD DRIVE 

01 _ 

-

D CP SD Q 

0 t 1 0 

1 t 1 1 

x x 0 1 

TRUTH TABLE 
LOGIC SYMBOL 

SCHEMATIC 

CP TOJQ,C Nl Del'!i'._S are Nominal 125 d~c, Sv PerformanceJ.ntlJ wirelef.!9.!:h not included 

STD LOAD 

fpLH(Q) 
fpHL(Q) 

tPLH(QN) 
fpHi(QN) 

Q Output 

QN Output 

1 

1.2 
1.5 

1.9 
1.6 

Slope 1 
Slope 0 

Slope 1 
Slope 0 

PARAMETER 

tsuup(lnput Setl!P Time) 

fHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel SD Release time SD to CLK 

Gate Count : 8 
Coding Syntax: Z (Q, QN) = FD4 
Input Loading: 

Copynght LSI LOGIC CORPORATION 1987 

2 

1.4 
1.6 

2.1 
1.7 

0.1458 
0.0589 

0.1458 
0.0523 

(D,CP,SD); 
(1,1, 2) 

3 4 

1.5 1.7 
1.6 1.7 

2.2 2.4 
1.7 1.8 

Inept 1.09 
Inept = 1.45 

Inept 1.79 
Inept = 1.57 

NS 
PROPAGATION 

0.9 

0.4 
SD Ho Q i 

SD +to QN + 

1.5 
1.5 

O.S 

2-96 

8 

2.3 
1.9 

3.0 
2.0 

f 04 

QN 

1 

0 

0 

QN 

Q 

16 

3.4 
2.4 

4.1 
2.4 

DELAY 

fPHL (Q) -0.2 

fPLH(QN)-0.85 



FD4P D FLIP FLOP WITH SET I HIGH DRIVE 

D SD Q - 0 CP SD Q 

0 t 1 0 

1 t 1 1 

x x 0 1 

CP QN -

TRUTH TABLE 
LOGIC SYMBOL 

SCHEMATIC 

CP TOl.QJ::j N_loel~are Nominal_l25 d~c Sv Performancel_n_ill wirele'!Jl_th not included 

STD LOAD 

fPLH(Q) 
fPHL(Q) 

fpLH(QN) 
fPHL(QN) 

Q Output 

1 

1.2 
1.S 

2.1 
1.8 

Slope 1 
SlopeO 

2 

1.3 
1.5 

2.2 
1.8 

0.0653 
0.0347 

QN Output Slope 1 = 0.0718 
Slope 0 = 0.0347 

PARAMETER 

t.illJ.l/'(111_2.ut Set~Time) 

fHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel SD Release time SD to CLK 

Gate Count: 9 
Coding Syntax: Z (Q, QN) = FD4P (D,CP,SD); 
Input Loading: (1,1, 2) 

Copyright LSI LOGIC CORPORATION 1987 

3 

1.4 
1.5 

2.3 
1.8 

Inept 
Inept 

4 

1.4 
1.6 

2.3 
1.9 

1.16 
1.44 

Inept = 2.04 
Inept = 1.74 

NS 

8 

1.7 
1.7 

2.6 
2.0 

PROPAGATION 
0.9 

0.4 
SD .i.to Q 1' 

SD .i.to QN "' 
1.5 
1.5 

0.5 

2-97 

FD4P 

QN 

1 

0 

0 

QN 

Q 

16 

2.2 
2.0 

3.2 
2.3 

DELAY 

fpffL(Q) -0. 15 

fPLH(QN) -1.00 



FD4S D FLIP FLOP WITH SET I SCAN I STANDARD DRIVE 

D Tl TE CP SD 
D SD Q 

0 ' 0 t 1 
p 

1 ' 0 t 1 

' 0 1 t 1 

Tl 
' 1 1 t 1 

TE QN 
' ' ' ' 0 

LOGIC SYMBOL TRUTH TABLE 

SCHEMATIC 

CP TO lQ ~ N_loel~ are Nominal [25 d~ c, 5v PerformanceJ!iill wireleQS_th not included 

STD LOAD 

fPLH(Q) 
fpHt(Q) 

fPLH(QN) 
fpHt(QN) 

QOutput 

QN Output 

1 

1.2 
1.5 

1.9 
1.6 

Slope 1 
SlopeO 

Slope 1 
Slope 0 

PARAMETER 

!ill:!lf(l~ut Setu_e_ Time) 

tHowOnput Hold Time) 

= 
= 
= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Trel SD Release time CD to CLK 

Gate Count : 10 

2 

1.4 
1.6 

2.1 
1.7 

0.1458 
0.0589 

0.1458 
0.0523 

3 

1.5 
1.6 

2.2 
1.7 

NS 

Inept 
Inept 

Inept 
Inept 

1.4 

0.3 

1.5 
1.7 

0.5 

Coding Syntax: Z (Q, QN) = FD4S 
Input Loading: 

(D,CP,SD,Tl,TE); 
(1, 1 '2' 1, 2) 
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4 

1.7 
1.7 

2.4 
1.8 

1.09 
1.45 

1.79 
1.57 

PROPAGATION 

SD +to Q 1' 

SD +to QN + 

8 

2.3 
1.9 

3.0 
2.0 

FD4S 

Q QN 

0 1 

1 0 

0 1 

1 0 

1 0 

QN 

Q 

16 

3.4 
2.4 

4.1 
2.4 

DELAY 

tPLH(Q)-0.2 

tPHL (QN) -0.85 



FD4SP D FLIP FLOP WITH SET I SCAN I HIGH DRIVE 

0 Tl TE CP so 
D SD Q 

0 ' 0 t 1 
p 

1 x 0 t 1 

x 0 1 t 1 

' 1 1 t 1 
Tl 

TE QN 
' ' ' ' 0 

LOGIC SYMBOL TRUTH TABLE 

SCHEMATIC 

CP TO_(_Q._C N_loel~are Nom1nall25 dtm.c. Sv Performance_lriill w1rele".!ll..th not included 

STD LOAD 1 2 3 4 8 

fPLH(Q) 1.2 1.3 1.4 1.4 1.7 
fPHL(Q) 1.5 1.5 1.5 1.6 1.7 

tpLff(QN) 2.1 2.2 2.3 2.3 2.6 
tpffi{QN) 1.8 1.8 1.8 1.9 2.0 

QOutput Slope 1 = 0.0653 Inept = 1.16 
Slope 0 = 0.0347 Inept = 1.44 

QNOutput Slope 1 0.0718 Inept 2.04 
Slope 0 0.0347 Inept = 1.74 

PARAMETER NS 
PROPAGATION 

tSErueJln_QUt SetlJ_Q_ Time) 1.4 

tHoLD(lnput Hold Time) 0.3 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.7 

T rel SD Release ti me CD to CLK 0.5 

Gate Count : 11 
Coding Syntax: Z (Q, QN) = FD4SP (D,CP,SD,Tl,TE); 
Input Loading: (1, 1 , 2 , 1, 2) 

2-99 

SD Ho Q i 

SD +to QN + 

FD4SP 

Q QN 

0 1 

1 0 

0 1 

1 0 

1 0 

QN 

Q 

16 

2.2 
2.0 

3.2 
2.3 

DELAY 

fPLH (Q) -0. 15 

fPHL (QN)-1.00 



D 

CR 

FDS2 0 FLIP FLOP WITH SYNCHRONOUS CLEAR I STANDARD DRIVE 

D Q 

CP QN 

LOGIC SYMBOL 

CP 

D 

CR 

D CR CP _g_ _g_N 
x 0 ' 0 ' 
0 x ' 0 ' 
' ' ' ' 0 

TRUTH TABLE 

SCHEMATIC 

CP TOiQ,_Q Nl Del~ are Nominal [25 d!19_c. Sv PerformanceJ!lW wireler:!ll..th not included 

STD LOAD 1 2 3 4 

fPLH(Q) 1.2 1.4 1.5 1.7 
fpHL(Q) 1.3 1.4 1.4 1.5 

fPLH(QN) 1.6 1.8 1.9 2.1 
fPHL(QN) 1.6 1.7 1.7 1.8 

Q Output Slope 1 0.1458 Inept = 1.09 
Slope 0 0.0523 Inept = 1.27 

QN Output Slope 1 = 0.1458 Inept = 1.49 
Slope 0 = 0.0523 Inept = 1.57 

PARAMETER NS 

!fillle.{1'!£.Ut Setu_E.. Time) 0.9 

fHow(lnput Hold Time) 0.4 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

Gate Count : 7 
Coding Syntax: Z (Q, QN) = FDS2 (D,CP,CR); 
Input Loading: (1, 1, 1 ) 

2-100 
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8 

2.3 
1.7 

2.7 
2.0 

FDS2 

QN 

16 

3.4 
2.1 

3.8 
2.4 



FDS2L D FLIP FLOP WITH SYNCHRONOUS CLEAR AND LOAD I STANDARD DRIVE FDS2 L 

D LD CR CP Qn 

0 , 1 ' 0 
D Q ,.._~~- , , 1 ' 1 

x 0 , 
' Q 

x x 0 ' 0 

CP QN 

LOGIC SYMBOL TRUTH TABLE 

LD~CR 
LJ CP 

SCHEMATIC 

CP TO_{_Q _Q NJ_ Del~ are Nominal [25 d~c, Sv PerformanceJ_n~wireleQlll:h not included 

STD LOAD 

tpLff(Q) 
tpHL(Q) 

tPLH(QN) 
tpHt(QN) 

QOutput 

QN Output 

1 

1.2 
1.3 

1.6 
1.6 

Slope 1 
Slope 0 

Slope 1 
SlopeO 

PARAMETER 

!st°Till' (I '!E_ut Set~ Ti me) 

tHowOnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 10 

2 

1.4 
1.4 

1.8 
1.7 

0.1458 
0.0589 

0.1523 
0.0589 

3 

1.5 
1.4 

1.9 
1.7 

Inept 
Inept 

Inept 
Inept 

NS 

1.6 

0.2 

1.5 
1.8 

Coding Syntax: Z (Q, QN) = FDS2L (D,CP,CR,LD); 
Input Loading: (1, 1, 1 , 1 ) 

2-101 
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4 8 

1.7 2.3 
1.5 1.7 

2.1 2.7 
1.8 2.0 

= 1.09 
= 1.25 

= 1.47 
1.55 

QNn+ 1 , 
0 

QN , 

QN 

Q 

16 

3.4 
2.2 

3.9 
2.5 



FDS2 LP D FLIP FLOP WITH SYNCHRONOUS CLEAR AND LOAD I HIGH DRIVE 

0 LO CR CP Qn 

0 1 x t 0 
D Qi--~--

1 1 1 t 1 

x 0 1 t Q 

x x 0 t 0 

CP QN 

LOGIC SYMBOL TRUTH TABLE 

LD~CR 
L_J CP 

SCHEMATIC 

CP TO _i 0 ,J;; Nl Del~ are Nominal [25 d~c. Sv PerformanceJ!'fil w1relel'.!!l.th not included 

STD LOAD 1 2 

fPtH(Q) 1.3 1.4 
fPHL(Q) 1.4 1.4 

fPtH(QN) 1.8 1.9 
fPHL(QN) 1.8 1.8 

QOutput Slope 1 = 0.0653 
Slope 0 = 0.0347 

QN Output Slope 1 = 0.0718 
Slope 0 = 0.0347 

PARAMETER 

!.smJp(l~ut Setu2_ Time) 

fHoto(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 11 

3 

1.5 
1.4 

2.0 
1.8 

NS 

Inept 
Inept 

Inept 
Inept 

1.6 

0.2 

1.5 
1.8 

Coding Syntax: Z (Q, QN) = FDS2LP (D,CP,CR,LD); 
Input Loading: (1, 1, 1 , 1) 

2-102 
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4 

1.5 
1.5 

2.0 
1.9 

1.26 
1.34 

1.74 
1.74 

8 

1.8 
1.6 

2.3 
2.0 

FDS2LP 

QNn+ 1 

1 

0 

QN 

1 

QN 

Q 

16 

2.3 
1.9 

2.9 
2.3 



D 
CR 

FDS2P 0 FLIP FLOP WITH SYNCHRONOUS CLEAR I HIGH DRIVE 

D Q 

- CP QN 

LOGIC SYMBOL 

CP 

D 

CR 

0 CR CP Q QN 

x 0 t 0 1 

0 ' t 0 1 

1 1 t 1 0 

TRUTH TABLE 

SCHEMATIC 

CP TOJ_QJ:,; Nloel~ are Nom1nal_l25 d~c Sv Performancel_nill_wireleri_g_th not included 

STD LOAD 1 2 3 4 

fPLH(Q) 1.2 1.3 1.4 1.4 
tPHL(Q) 1.5 1.5 1.5 1.6 

fPLH(QN) 1.9 2.0 2.0 2.1 
fPHL(QN) 1.8 1.8 1.8 1.9 

QOutput Slope 1 = 0.0653 Inept = 1.16 
Slope 0 = 0.0347 Inept = 1.44 

QNOutput Slope 1 = 0.0669 Inept = 1.84 
Slope 0 = 0.0347 Inept 1.74 

PARAMETER NS 

!srnLe_(ln_1>ut SetLI__E>_ Time) 0.9 

fHow(lnput Hold Time) 0.4 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

Gate Count: 8 
Coding Syntax: Z (Q, QN) = FDS2P (D,CP,CR); 
Input Loading: (1, 1, 1) 

2-103 
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FDS2P 

QN 

Q 

8 16 

1.7 2.2 
1.7 2.0 

2.4 2.9 
2.0 2.3 



FJK1 JK FLIP FLOP STANDARD DRIVE 

0 p 

N 

J K CP Q 

0 0 t Q 

0 1 t 0 

1 0 t 1 

1 1 t QN 

TRUTH TABLE 
LOGIC SYMBOL 

K 

CP 

SCHEMATIC 

CP TO _i O,Jl Nl_Del~ are Nominalj?5 d~c. 5v PerformanceJ_n~ wirele'!S_th not included 

STD LOAD 1 2 

fPLH(Q) 1.2 1.4 
fpffi{Q) 1.0 1. 1 

fPLH(QN) 1.5 1.7 
fPHL (QN) 1.5 1.6 

QOutput Slope 1 = 0.1458 
Slope 0 = 0.0718 

QN Output Slope 1 0.1443 
Slope 0 = 0.0589 

PARAMETER 

!s..ET....llP(ln_e_ut Setu_e_ Time) 

tHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 9 
Coding Syntax: Z (Q, QN) = FJK1 
Input Loading: 

Copy'nglit LSI LOGIC CORPORATION 1987 

(J,K,CP); 
( 1, 1, 1 ) 

3 4 

1.5 1.7 
1.2 1.2 

1.8 2.0 
1.6 1.7 

Inept = 1.09 
Inept = 0.94 

NS 

Inept 
Inept 

1.4 

0.0 

1.5 
1.5 

2-104 

1.38 
1.45 

8 

2.3 
1.5 

2.5 
1.9 

FJK1 

QN 

QN 

1 

0 

Q 

QN 

Q 

16 

3.4 
2.1 

3.7 
2.4 



FJK1P JK FLIP FLOP HIGH DRIVE 

0 p 

N 

J K CP Q 

0 0 t Q 

0 1 t 0 

1 0 t 1 

1 1 t QN 

TRUTH TABLE 
LOGIC SYMBOL 

K 

CP 

SCHEMATIC 

CP TO J..Q._Q Nl Del¥ are Nominall25 d~ c, Sv PerformanceJ.nfilwirele~h not included 

STD LOAD 

fPLH(Q) 
tpffi{Q) 

fPLH(QN) 
tpfft(QN) 

QOutput 

QNOutput 

1 

1.2 
1.1 

1.6 
1.6 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

tsETuPOf!E!..ut Setul!_ Time) 

tHowOnput Hold Time) 

= 
= 

= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 10 

2 

1.3 
1. 1 

1.7 
1.6 

0.0718 
0.0477 

0.0653 
0.0347 

Coding Syntax: Z (Q, QN) = FJK1P 
Input Loading: 

(J,K,CP); 
( 1, 1, 1 ) 

Copyrrght LSI LOGIC CORPORATION 1987 

3 4 8 

1.4 1.4 1.7 
1.2 1.2 1.4 

1.8 1.8 2.1 
1.6 1.7 1.8 

Inept = 1.14 
Inept = 1.03 

Inept = 1.56 
Inept = 1.54 

NS 

1.4 

0.0 

1.5 
1.5 

2-105 

FJK1P 

QN 

QN 

1 

0 

Q 

QN 

Q 

16 

2.3 
1.8 

2.6 
2.1 



FJK1S JK FLIP FLOP WITH /SCAN/STANDARD DRIVE 

p 

K 

Tl 

Q 

TE QN 

LOGIC SYMBOL 

K 
CP 

Tl 
TE 

J K 

0 0 

0 1 

1 0 

1 1 

' ' 
x ' 

SCHEMATIC 

Tl TE CP 

x 0 ' 
x 0 ' 
x 0 ' 
x 0 ' 
0 1 ' 
1 1 ' 

TRUTH TABLE 

CP TOJ_Q,J; Nloelays are Nominal [25 d~c, Sv Performance {_n~ wire length not included 

STD LOAD 

tPLH(Q) 
tpHL(Q) 

tPLH(QN) 
tPHL(QN) 

QOutput 

QN Output 

1 

1.4 
1.6 

1.9 
1.8 

Slope 1 
Slope 0 

Slope 1 
Slope 0 

PARAMETER 

!suuP(ln_~ut SetUJ?_ Time) 

tHowOnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 11 

2 

1.6 
1.7 

2.1 
1.9 

0.1458 
0.0589 

0.1443 
0.0523 

3 

1.7 
1.7 

2.2 
1.9 

NS 

Inept 
Inept 

Inept 
Inept 

1.7 

0.0 

1.5 
1.5 

Coding Syntax: Z (Q, QN) = FJK1S 
Input Loading: 

(J,K,CP, Tl, TE); 
( 1, 1, 1 • 1, 2) 

Cop~ ng"it LSI l JClC I OR PORA , '0~. 1987 
2-106 

4 

1.9 
1.8 

2.4 
2.0 

1.29 
1.S5 

1.78 
1.77 

FJK1S 

Q QN 

Q QN 

0 1 

1 0 

QN Q 

0 1 

1 0 

QN 

Q 

8 16 

2.5 3.6 
2.0 2.5 

2.9 4.1 
2.2 2.6 



FJK1SP 

Q 
p 

K 

Tl 

TE QN 

LOGIC SYMBOL 

JK FLIP FLOPWITH /SCAN/HIGH DRIVE 

J K Tl TE CP 

0 0 ' 0 t 

0 ' ' 0 t 

' 0 ' 0 t 

' ' ' 0 t 

' ' 0 ' t 

' ' ' ' t 

TRUTH TABLE 

SCHEMATIC 

CP TOl_O._Q Nj_ Dela~ are Nominalj25 d<ill_c Sv Performance.Jrtill wirelel)filh not included 

STD LOAD 1 2 

fpLff{Q) 1.4 1.5 
fpffl (Q) 1.6 1.6 

fPLH(QN) 2.0 2.1 
fpffi{QN) 1.8 1.8 

QOutput Slope 1 = 0.0718 
Slope 0 = 0.0331 

QNOutput Slope 1 0.0653 
Slope O = 0.0347 

PARAMETER 

tsrrW'_(lnQ_ut Setup Time) 

fHoLD(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 12 

3 

1.6 
1.7 

2.2 
1.8 

Inept 
Inept 

4 

1.6 
1.7 

2.2 
1.9 

1.34 
1.56 

Inept 1.96 
Inept = 1.74 

NS 

1.7 

0.0 

1.5 
1.5 

Coding Syntax: Z (Q, QN) = FJK1SP 
Input Loading: 

(J,K,CP,Tl,TE); 
(1, 1, 1 • 1, 2) 

2-107 
Cooynght LSI LOGIC CORPORATION 1987 

FJK1SP 

Q QN 

Q QN 

0 ' 
' 0 

QN Q 

0 ' 
' 0 

QN 

Q 

8 16 

1.9 2.5 
1.8 2.1 

2.5 3.0 
2.0 2.3 



FJK2 JK FLIP FLOP WITH CLEAR/ STANDARD DRIVE 

J K CP CD Q 

Q 0 0 t 1 Q 

0 1 t 1 0 

)cp 1 0 t 1 1 

1 1 t 1 QN 

K QN x x x 0 0 

CD 

TRUTH TABLE 

LOGIC SYMBOL 

K 

CP 

CD 

SCHEMATIC 

CP T0-1Q.J;; Nloel¥ are Nomma!.125 d~c. Sv PerformanceJ_n!ll_w1rele~h not included 

STD LOAD 1 2 3 4 

tpLff(Q) 1.3 1.S 1.6 1.8 
tpffi(Q) 1.0 1.1 1.2 1.2 

tpLff(QN) 1.S 1.6 1.8 2.0 
tpffL(QN) 1.6 1.7 1.7 1.8 

QOutput Slope 1 = 0. 1 S23 Inept = 1.17 
Slope O = 0.0718 Inept = 0.94 

QNOutput Slope1 0.1612 Inept 1.32 
Slope 0 = O.OS89 Inept = 1.SS 

PARAMETER NS 
PROPAGATION 

!s..ET__ue_Cln~ut Setu~ Time) 

fHoLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count : 11 
Coding Syntax: Z (Q, QN) = FJK2 
Input Loading: 

Copynght '~I ' ""GIC CORPORA rlON 1987 

(J,K,CP,CD); 
(1, 1, 1, 2) 

1.4 

0.0 

1.S 
1.S 

o.s 

2-108 

CD HoQ + 

CD +to QN 1' 

FJK2 

QN 

QN 

1 

0 

Q 

1 

QN 

Q 

8 16 

2.4 3.6 
1.S 2.1 

2.6 3.9 
2.0 2.S 

DELAY 

fPHL (Q) -0.2S 

fPLH(QN)-0.2S 



FJK2P JK FLIP FLOP WITH CLEAR/ HIGH DRIVE 

J K CP CD Q 

Q 0 0 t 1 Q 

0 1 t 1 0 

CP 1 0 t 1 1 

1 1 t 1 QN 

K QN . . • 0 0 

CD 

TRUTH TABLE 

LOGIC SYMBOL 

K 

CP 

CD 

SCHEMATIC 

CP TO_(.Q.Cl N loel;in_;ire Nomm<il125 deg_c Sv PerformanceJ!lill_w1rele~th not included 

STD LOAD 1 2 3 4 

fpLff(Q) 1.3 1.4 1.5 1.6 
tpffdQ) 1.1 1. 1 1.2 1.2 

fpLff(QN) 1.6 1.7 1.8 1.8 
fpffL(QN) 1.8 1.8 1.8 1.9 

QOutput Slope 1 = 0.0788 Inept = 1.25 
SlopeO = 0.0411 Inept = 1.05 

QNOutput Slope 1 0.0653 Inept = 1.56 
SlopeO = 0.0347 Inept = 1.74 

PARAMETER NS 
PROPAGATION 

tsETuP (ln_.e.ut Set~ Time) 

fHow(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Trel CD Release time CD to CLK 

Gate Count : 12 
Coding Syntax: Z (Q, QN) = FJK2P (J,K,CP,CD); 
Input Loading: (1,1, 1, 2) 

1.4 

0.0 

1.5 
1.5 

0.5 

2-109 
Copyffght t 51 I QGIC CORPORATION 1987 

CD +toQ ... 

CD +toQN i 

FJK2P 

QN 

QN 

1 

0 

Q 

1 

QN 

Q 

8 16 

1.9 2.5 
1.4 1.7 

2.1 2.6 
2.0 2.3 

DELAY 

fpffL (Q) -0.2 

fPLH(QN)-0.2 



FJK2S JK FLIP FLOPWITHCLEAR/SCAN/STANDARDDRIVE 

Q J K Tl TE CP co 

TE QN 

CD 

LOGIC SYMBOL 

K 
CP 

Tl 
TE 

CD 

0 0 

0 1 

1 0 

1 1 

' ' 
' ' 
' ' 

SCHEMATIC 

' 0 t 1 

' 0 t 1 

' 0 t 1 

' 0 t 1 

0 1 t 1 

1 1 t 1 

' ' ' 0 

TRUTH TABLE 

CP TO 1_ 0 .J; Nl Del!m are Nommalj_25 d~c 5v PerformanceJ_n.ill_w1rele'lIDh not included 

STD LOAD 

fPLH{Q) 
fPHL{Q) 

fPLH(QN) 
fPHL(QN) 

QOutput 

QNOutput 

1 

1.6 
1.5 

1.9 
2.0 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

!srnte_(l~ut Set~ Time) 

tHoLoClnput Hold Time) 

= 
= 
= 
= 

tw{CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count : 13 

2 3 

1.8 1.9 
1.6 1.6 

2.1 2.2 
2.1 2.1 

0.1523 Inept 
0.0589 Inept 

0.1443 Inept 
0.0523 Inept 

NS 

1.8 

0.0 

1.5 
1.5 

0.5 

Coding Syntax: Z (Q, QN) = FJK2S 
Input Loading: 

(J,K,CP,CD,Tl,TE); 
(1,1,1. 2 , 1, 2) 

2-110 
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4 

2.1 
1.7 

2.4 
2.2 

= 1.47 

= 1.45 

= 1.78 

= 1.97 

PROPAGATION 

CD HoQ • 
CD •to QN t 

8 

2.7 
1.9 

2.9 
2.4 

FJK2S 

Q QN 

Q QN 

0 1 

1 0 

QN Q 

0 1 

1 0 

0 1 

QN 

Q 

16 

3.9 
2.4 

4.1 
2.8 

DELAY 

tpLff (Q)-0.7 

tpLff (QN) -0. 7 



FJK2SP J K FLIP FLOP WITH CLEAR I SCAN I HIGH DRIVE 

Q J K Tl TE CP CD 

0 0 ' 0 t 1 

0 1 ' 0 t 1 

Tl 1 0 ' 0 t 1 

TE QN 1 1 ' 0 t 1 

CD ' ' 0 1 t 1 

' ' 1 1 t 1 

' ' ' ' ' 0 

LOGIC SYMBOL 
TRUTH TABLE 

K 
CP 

Tl 
TE 

CD 

SCHEMATIC 

CP TO J.Q.J;; Nl Del~ are Nommall25 d~c Sv Performance_ln,ill w1rele!!filh not included 

STD LOAD 1 2 3 4 

fptff(Q) 1.6 1.7 1.8 1.9 
fPHL(Q) 1.6 1.6 1.7 1.7 

fptff(QN) 2.0 2.1 2.2 2.2 
tpfftCON) 2.1 2.1 2.1 2.2 

QOutput Slope 1 = 0.0708 Inept = 1.57 
Slope 0 = 0.0396 Inept = 1.54 

QN Output Slope 1 = 0.0653 Inept = 1.96 
Slope 0 = 0.0347 Inept 2.04 

PARAMETER NS 
PROPAGATION 

~(l~t Setu_e_ Ti me) 1.8 

fHoLo(lnput Hold Time) 0.0 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

T rel CD Rel ease ti me CD to CLK 0.5 

Gate Count: 14 
Coding Syntax: Z (Q, QN) = FJK2SP (J,K,CP,CD,Tl,TE); 
Input Loading: (1,1,1,2 ,1,2) 

2-111 
Copyright LSI L ')GIC CORPC~A TIVN 1987 

CD +toQ .. 
CD -t.to QN 1' 

8 

2.1 
1.8 

2.5 
2.3 

FJK2SP 

Q QN 

Q QN 

0 1 

1 0 

QN Q 

0 1 

1 0 

0 1 

QN 

Q 

16 

2.7 
2.2 

3.0 
2.6 

DELAY 

f PHL (Q) -0. 7 

fptff(QN)-0.7 



FJK3 JK FLIP FLOPwtTHCLEAR/SET/STANDARDDRIVE 

J K CP CD SD 

0 0 t 1 1 

SD Q 0 1 t 1 1 

1 0 t 1 1 

CP 1 1 t 1 1 

x x x 0 1 

K QN x x x 1 0 

CD x x x 0 0 

LOGIC SYMBOL TRUTH TABLE 

K 

CP 

CD~~_!:::::==~==l=====t=~:'._J 
SD 

SCHEMATIC 

CP TO(O.Q Nl Dell!YS are Nominalj_25 d'1l_c Sv Performance_{!lill_worele~h not included 

STD LOAD 1 2 

fPLH{Q) 1.4 1.6 
fPHL{Q) 1.5 1.6 

fPLH{QN) 2.2 2.4 
fPHL{QN) 2.0 2.1 

QOutput Slope 1 = 0.1458 
Slope O = O.OS89 

QN Output Slope 1 0.1458 
Slope 0 = 0.0589 

PARAMETER 

fSETui>_{ln~ut Setu_l)_ Time) 

tHoLD{lnput Hold Time) 

tw{CLOCK) {Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Trel SD Release time SD to CLK 

Gate Count: 12 

3 

1.7 
1.6 

2.5 
2.1 

Inept 
Inept 

Inept 
Inept 

NS 

1.4 

0.0 

1.5 
1.5 

0.5 

0.5 

Coding Syntax: Z {Q, QN) = FJK3 {J,K,CP,CD,SD); 
Input Loading: {1,1,1, 2, 2) 

2-112 
Cooynght LSI LOGIC rnRPIJRA TION J9R ~ 

4 

1.9 
1.7 

2.7 
2.2 

= 1.29 

= 1.45 

= 2.09 

= 1.95 

PROPAGATION 

CD Ho Q "' 
CD Ho QN i 

SD Ho Q i 

SD Ho QN .i. 

8 

2.5 
1.9 

3.3 
2.4 

FJK3 

Q QN 

Q QN 

0 1 

1 0 

QN Q 

0 1 

1 0 

0 0 

QN 

Q 

16 

3.6 
2.4 

4.4 
2.9 

DELAY 

f PHL {Q) -0. 7 

fPLH{QN)-0.7 

fPLH {Q) -0. 15 

fPHL {QN) -0. 15 



FJK3P J K FLIP FLOP WITH CLEAR I SET I HiGH DRIVE FJK3P 

J K CP CD SD Q QN 

0 0 t 1 1 Q QN 

SD Q 0 1 t 1 1 0 1 

1 0 t 1 1 1 0 

CP 1 1 t 1 1 QN Q 

' ' ' 0 1 0 1 

K QN ' ' ' 1 0 1 0 

CD ' ' ' 0 0 0 0 

LOGIC SYMBOL TRUTH TABLE 

QN 
K 

CP 

Q 
CD --~~~:;;:::l====:E::'.._J 
SD 

SCHEMATIC 

CP TO_(_Q_C N_loel~s are Nominall25 d~ c, Sv PerformanceJriill wirele~th not included 

STD LOAD 1 2 3 4 8 16 

fptff (Q) 1.4 1.5 1.6 1.6 1.9 2.5 
fpfft(Q) 1.5 1.5 1.5 1.6 1.7 2.0 

fpLff(QN) 2.3 2.4 2.5 2.5 2.8 3.4 
fpfft(QN) 2.1 2.1 2.2 2.2 2.3 2.6 

Q Output Slope 1 0.0718 Inept 1.34 
Slope o = 0.0347 Inept = 1.44 

QN Output Slope 1 0.0718 Inept 2.24 
SlopeO = 0.0331 Inept = 2.06 

PARAMETER NS 
PROPAGATION DELAY 

fsETllP_(lnput Setup Time) 1.4 

fHOLo(lnput Hold Time) 0.0 
CD HoQ ..(, fPHL (Q)-0.7 

tw(CLOCK) (Width of CLK Pulse) CD Ho QN 1' fpLff (QN) -0. 7 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

SD HoQ 1' fptff (Q) -0.1 

T rel CD Release ti me CD to CLK 0.5 SD +to QN ..(, fPHL (QN) -1.2 

T rel SD Release ti me SD to CLK 0.5 

Gate Count: 12 
Coding Syntax: Z (Q, QN) = FJK3P (J,K,CP,CD,SD); 
Input Loading: (1, 1, 1, 2 , 2) 

Cop}·nght . 51 1 'JGIC CORPQPJj, TJON 1987 
2-113 



FJK3S 

p 

K 

Tl 

SD Q 

TE QN 

CD 

J K FLIP FLOP WITH CLEAR I SET I SCAN I STANDARD DRIVE 

J K Tl TE CP CD SD 

0 0 ' 0 t , , 
0 , 

' 0 t , , 
, 0 ' 0 t , , 
, , 

' 0 t , , 
' ' 0 , t , , 
' ' 

, , t , , 
' ' ' ' ' 0 , 
' ' ' ' ' 

, 0 

' ' ' ' ' 0 0 

LOGIC SYMBOL TRUTH TABLE 

K 
CP 

Tl 
TE 

CD 
SD 

SCHEMATIC 

CP TO_(_Q.~ N_l_DelID are Nomma!.125 d~c. Sv Performanc~ill_w1relenQth not included 

STD LOAD 1 2 

fPLH(Q) 1.7 1.9 
fPHL(Q) 1.7 1.8 

fPLH(QN) 2.3 2.5 
fPHL(QN) 2.0 2.1 

QOutput Slope 1 = 0. 1523 
Slope 0 = 0.0669 

QNOutput Slope 1 = 0.1458 
Slope 0 = 0.0523 

PARAMETER 

3 

2.0 
1.8 

2.6 
2.1 

Inept 
Inept 

4 

2.2 
1.9 

2.8 
2.2 

1.57 
1.64 

Inept = 2.19 
Inept = 1.97 

NS 
PROPAGATION 

!srnte_Clrl_l?_ut SetuQ Time) 

fHoLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Trel SD ReleasetimeSDtoCLK 

Gate Count: 14 
Coding Syntax: Z (Q, QN) = FJK3S 
Input Loading: 

Copyt1ght LSI LOGIC CORPORATION 1987 

1.7 

0.0 

1.5 
1.5 

0.5 

0.5 

(J,K,CP,CD,SD,Tl,TE); 
(1,1,1, 2, 2, 1, 2) 

2-114 

CD +to Q • 
CD +to QN t 

SD +to Q t 

SD +to QN .i. 

8 

2.8 
2.2 

3.4 
2.4 

FJK3S 

Q QN 

Q QN 

0 , 
, 0 

QN Q 

0 , 
, 0 

0 , 
, 0 

0 0 

QN 

Q 

16 

4.0 
2.7 

4.5 
2.8 

DELAY 

fPHL (Q) -0. 7 

fPLH(QN) -0.7 

fPLH (Q) -0. 15 

fpHt(QN) -1.15 



FJK3SP J K FLIP FLOP WITH CLEAR I SET I SCAN I HIGH DRIVE 

J K Tl TE CP CD SD 

0 0 x 0 t 1 1 
SD Q 0 1 x 0 t 1 1 

1 0 x 0 t 1 1 

1 1 x 0 t 1 1 
Tl x x 0 1 t 1 1 

TE QN x x 1 1 t 1 1 
CD x x x x x 0 1 

x x x x x 1 0 

x x x x x 0 0 

LOGIC SYMBOL TRUTH TABLE 

K 
CP 

Tl 
TE 

CD 
SD 

SCHEMATIC 

CP T01 Q,_Q N.l_Del~are NommaU.25d~c SvPerformanceJ!lfilworele~h not included 

STD LOAD 1 2 

fPLH(Q) 1.7 1.8 
fPHL(Q) 1.7 1.7 

fPLH(QN) 2.5 2.6 
fPHL(QN) 2.2 2.2 

QOutput Slope 1 = 0.0708 

QNOutput 

Slope O = 0.0396 

Slope 1 = 0.0718 
Slope 0 = 0.0347 

PARAMETER 

!srnie_(ln_p_ut Setu_p_ Time) 

fHoLD(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

T rel SD Release time SD to CLK 

Gate Count: 14 

3 

1.9 
1.8 

2.7 
2.2 

Inept 
Inept 

Inept 
Inept 

NS 

1.7 

0.0 

1.5 
1.5 

0.5 

0.5 

Coding Syntax: Z (Q, QN) = F JK3SP 
Input Loading: 

(J,K,CP,CD,SD,Tl,TE); 
( 1, 1, 1, 2, 2, 1, 2 ) 

2-115 
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4 

2.0 
1.8 

2.7 
2.3 

= 1.67 
= 1.64 

= 2.44 
= 2.14 

PROPAGATION 

CD +to Q 
"' 

CD ol-to QN i 

SD +to Q t 

SD +to QN ol-

8 

2.2 
1.9 

3.0 
2.4 

FJK3SP 

Q QN 

Q QN 

0 1 

1 0 

QN Q 

0 1 

1 0 

0 1 

1 0 

0 0 

QN 

Q 

16 

2.8 
2.3 

3.6 
2.7 

DELAY 

fPHL (Q) -0. 7 

fPLH(QN)-0.7 

fpLH(Q) -0.05 

fPHL (QN) -1.25 



FT2 TOGGLE FLIP FLOP WITH CLEAR I STANDARD DRIVE 

Q CP CD Q 

t 1 QN 

p x 0 0 

QN TRUTH TABLE 
CD 

LOGIC SYMBOL 

SCHEMATIC 

CPTO~ NlDel¥ are Nomina[.gS d!!!.C Sv Performance_lnfilw1rele~h not included 

STD LOAD 1 2 

fPLH(Q) 1.2 1.4 
fPHL(Q) 1.1 1.2 

fPLH(QN) 1.4 1.6 
fPHL(QN) 1.6 1.7 

QOutput Slope 1 = 0.1523 
Slope 0 = 0.0718 

QNOutput Slope 1 = 0.1458 
Slope 0 = 0.0589 

PARAMETER 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Trel CD Release time CD to CLK 

Gate Count : 8 
Coding Syntax: Z (Q, QN) = FT2 
Input Loading: 

Copyright LSI LOGIC CORPORA TfON 1987 

(CP,CD); 
(1, 2 ) 

3 4 8 

1.5 1.7 2.3 
1.3 1.3 1.6 

1.7 1.9 2.5 
1.7 1.8 2.0 

Inept= 1.07 
Inept= 1.04 

Inept= 1.29 
Inept= 1.55 

NS 
PROPAGATION 

1.5 
CD HoQ + 

1.5 CD Ho QN f 
0.5 

2-116 

FT2 

QN 
Q 
1 

QN 

Q 

16 

3.5 
2.2 

3.6 
2.5 

DELAY 

fPHL (Q) - 0. 15 

tpLH (QN) - 0. 15 



FT2P TOGGLE FLIP FLOPWITHCLEAR/HIGHDRIVE 

Q CP CD Q 

1' 1 QN 

p x 0 0 

QN - TRUTH TABLE 
CD 

LOGIC SYMBOL 

SCHEMATIC 

CP TO 1 O.J; Nl Del~are NommaLl25 dqc 5v PerformanceJ!lill wireleJ!ll..th not included 

STD LOAD 1 2 

tnH(Q) 1.2 1.3 
fpffi.(Q) 1.1 1.1 

tnH(QN) 1.5 1.6 
tpffi.(QN) 1.8 1.8 

QOutput Slope 1 = 0.0788 
SlopeO = 0.0477 

QNOutput Slope 1 = 0.0653 
SlopeO = 0.0347 

PARAMETER 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count : 9 
Coding Syntax: Z (Q, QN) = FT2P 
Input Loading: 

(CP,CD); 
( 1, 2) 

(ooynght LSI LOGIC CORPORATION '987 

3 4 8 

1.4 1.5 1.8 
1.2 1.2 1.4 

1.7 1.7 2.0 
1.8 1.9 2.0 

Inept= 1.15 
Inept= 1.03 

Inept= 1.46 
Inept= 1.74 

NS 
PROPAGATION 

1.5 
CD +to Q ~ 

1.5 CD ~to QN t 
0.5 

2-117 

FT2P 

QN 
Q 
1 

QN 

Q 

16 

2.4 
1.8 

2.5 
2.3 

DELAY 

tpffl. (Q)-0.15 

tp1.ff (QN) - 0. 15 



FT4 TOGGLE FLIP FLOP WITH SET I STANDARD DRIVE 

Q - CP SD Q 

i 1 QN 

p x 0 1 

QN TRUTH TABLE 
SD 

LOGIC SYMBOL 

SD 

SCHEMATIC 

CP TOiO.J; Nl Del~ are Nomma[llS d~c Sv Performancel_nfilwirele!)g_th not included 

STD LOAD 

fPtH(Q) 
fPHL(Q) 

fPtH(QN) 
tPHL(QN) 

QOutput 

QNOutput 

1 

1.1 
1.1 

1.6 
1.6 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

= 
= 

= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel SD Release time SD to CLK 

Gate Count : 8 
Coding Syntax: Z (Q, QN) = FT4 
Input Loading: 
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2 

1.3 
1.2 

1.8 
1.7 

0.1458 
0.0718 

0.1458 
0.0589 

(CP,SD); 
(1, 2 ) 

3 4 8 

1.4 1.6 2.2 
1.3 1.3 1.6 

1.9 2.1 2.7 
1.7 1.8 2.0 

Inept= 0.99 
Inept= 1.04 

Inept= 1.49 
Inept= 1.55 

NS 
PROPAGATION 

1.5 
SD +to Q f 

1.5 SD +to QN + 
0.5 

2-118 

FT4 

QN 

Q 

0 

QN 

16 

3.3 
2.2 

3.8 
2.5 

DELAY 

fPtH(Q) + 0.15 

fPHL (QN) • 0.6 



FT4P TOGGLE FLIP FLOP WITH SET I HIGH DRIVE 

Q - CP SD Q 

1' 1 QN 

p x 0 1 

QN TRUTH TABLE 
SD 

LOGIC SYMBOL 

SD 

SCHEMATIC 

CP TO i Q,_Q N_lDel~ are Nominal (25 d~c, Sv PerformanceJ.ml.! wireleQg_th not included 

STD LOAD 1 2 

fpLff(Q) 1. 1 1.2 
tpffL{Q) 1.1 1.1 

fpLff(QN) 1.7 1.8 
fpffi(QN) 1.7 1.7 

QOutput Slope 1 = 0.0718 
Slope 0 = 0.0477 

QN Output Slope 1 0.0718 
Slope 0 0.0347 

PARAMETER 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel SD Release ti me SD to CLK 

Gate Count: 9 
Coding Syntax: Z (Q, QN) = FT4P (CP,SD); 
Input Loading: (1, 2) 
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3 4 

1.3 1.3 
1.2 1.2 

1.9 1.9 
1.7 1.8 

Inept= 1.04 
Inept= 1.03 

Inept= 1.64 
Inept= 1.64 

NS 
PROPAGATION 

1.5 
SD HoQ i 

1.5 SD +to QN + 
0.5 
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8 

1.6 
1.4 

2.2 
1.9 

FT4P 

QN 
Q 
0 

QN 

16 

2.2 
1.8 

2.8 
2.2 

DELAY 

fpLff(Q) + 0.25 

tPHL (QN) + 0.6 



HA1 I HA1P HALF ADDER HA1 I HA1P 

A S 

B co 
A B s co 

0 0 0 0 
s LOGIC SYMBOL 

1 0 1 0 
0 1 1 0 
l 1 0 1 co 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

HA 11A TO S,COl 1STANDARD DRIVEl 
STD LOAD 1 2 3 4 8 16 

fPLH(A-S) 1.2 1.4 1.5 1.7 2.2 3.4 
fPHL (A-S) 1.0 1. 1 1.1 1.2 1.5 2.0 

fPLH(A-CO) 0.6 0.8 0.9 1. 1 1.6 2.8 
fPHL(A-CO) 0.8 0.9 0.9 1.0 1.2 1.6 

S Output Slope 1 = 0.1443 Inept = 1.08 
Slope 0 0.0669 Inept 0.94 

CO Output Slope 1 0.1443 Inept 0.48 
SlopeO 0.0523 Inept 0.77 

Gate Count: 5 
Coding Syntax: X (S,CO) = HA 1 (A,B); 
Input Loading: (2,3) 

HA 1 P (A TO S,CO) (HIGH DRIVE) 
STD LOAD 1 2 3 4 8 16 

Tplh (A-S) 1.2 1.3 1.4 1.4 1.7 2.3 
Tph/(A-S) 1. 1 1. 1 1.2 1.2 1.4 1.7 

Tp/h(A-CO) 0.6 0.7 0.8 0.8 1.1 1.7 
Tph/(A-CO) 0.9 0.9 0.9 1.0 1.1 1.4 

SOutput Slope 1 0.0718 Inept 1.14 
Slope 0 = 0.0411 Inept 1.05 

CO Output Slope 1 = 0.0718 Inept = 0.54 
Slope 0 0.0347 Inept = 0.84 

Gate Count: 6 
Coding Syntax: X(5,CO) = HA1P (A,B); 
Input Loading: (2,3) 
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CMOS INPUT BUFFER 

IBUF 
CMOS INPUT 

A 

IBUFU 
CMOS INPUT 

WITH PULL-UP 

Pl 

LOGIC SYMBOL 

PULL· UP OPTION 

INPUT 

PROTECT 

PULL· DOWN OPTION 

ELECTRICAL SCHEMATIC 

IBUF I IBUFU I IBUFD (A-Z) 

Pl 

Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 

tPLH(Z) 
tPHL (Z) 

Z Output 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input Capacitance: 

1 2 

0.7 0.7 
0.8 0.8 

Slope 1 = 0.0201 
Slope 0 = 0.0146 

(Z,PO) = &IBUF (A, Pl); 
(Z,PO) = &IBUFU (A, Pl); 
(Z,PO) = &IBUFD (A, Pl); 

( -, 1) 

3 

0.7 
0.8 

Device(1.5 pf) + pad(1 pf) = 2.5 pf 
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Inept 
Inept 

4 

0.8 
0.8 

= 0.67 
0.77 

IBUFD 
CMOS INPUT 

WITH PULL-DOWN 

8 

0.8 
0.9 

16 

1.0 
1.0 



INVERTED CMOS INPUT BUFFER 

IBUFN 
INVERTED CMOS INPUT 

A 

IBUFNU 
INVERTED CMOS INPUT 

WITH PULL-UP 

Pl 

LOGIC SYMBOL 

INPUT 

PROTECT 

PULL· UP OPTION 

PULL· DOWN OPTION 

Pl 

IBUFND 
INVERTED CMOS INPUT 

WITH PULL-DOWN 

ELECTRICAL SCHEMATIC 

IBUFN I IBUFNU I IBUFND (A-Z) 
Delays are Nominal [25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 

fPLH(Z) 
fPHL (Z) 

ZOutput 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input Capacitance: 

1 

0.5 
0.4 

Slope 1 
Slope 0 

2 

0.6 
0.4 

0.0176 
0.0199 

(Z,PO) = &IBUFN (A, Pl); 
(Z,PO) = &IBUFNU (A, Pl); 
(Z,PO) = &IBUFND (A, Pl); 

( -, 1) 

3 

0.6 
0.5 

Device(1.5 pf) + pad(1 pf) = 2.5 pf 
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4 

0.6 
0.5 

Inept = 0.53 
Inept = 0.40 

8 

0.7 
0.6 

16 

0.8 
0.7 



IV/ IVP SINGLE INVERTER IV/ IVP 

A-l>-z 
LOGIC SYMBOL 

A z ELECTRICAL SCHEMATIC 

0 1 

1 0 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

IV (STANDARD DRIVE) 

STD LOAD 

fPLH 

tPHL 

Slope1 = 
SlopeO = 

1 

0.5 

0.1443 
0.0589 

0.2 

Gate Count: 1 
Coding Syntax:Z = IV (A); 
Input loading: (1) 

IVP (HIGH DRIVE) 

STD LOAD 

fPLH 

tpHL 

Slope1 = 
SlopeO = 

Gate Count: 

1 

0.4 

0.2 

0.0653 
0.0331 

Coding Syntax: Z = IVP (A); 
Input loading: (2) 
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2 

0.7 

0.3 

Inept = 
Inept = 

2 

0.5 

0.2 

Inept = 
Inept 

0.38 
0.15 

0.36 
0.16 

3 

0.8 

0.3 

3 

0.6 

0.3 
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4 8 

1.0 1.5 

0.4 0.6 

4 8 

0.6 0.9 

0.3 0.4 

16 

2.7 

1. 1 

16 

1.4 

0.7 



IVA/IVAP INVERTER WITH 

PARALLEL P TRANSISTORS 

IVA/IVAP 

AV-z 
LOGIC SYMBOL 

A 

A z 
ELECTRICAL SCHEMATIC 

0 1 

1 0 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

IVA (STANDARD DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope! = 
SlopeO = 

Gate Count: 

1 

0.3 

0.3 

0.0718 
O.OS89 

Coding Syntax: Z = IVA (A); 

2 

0.4 

0.4 

Inept = 
Inept = 

Input loading: (1.S) 

IVAP (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope! = 
SlopeO = 

1 

0.3 

0.2 

0.0331 
0.0347 

Gate Count: 2 
Coding Syntax: Z = IVAP (A); 
Input loading: (3) 
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2 

0.3 

0.2 

Inept = 
Inept = 

0.24 
0.2S 

0.26 
0.14 

3 4 8 

o.s o.s 0.8 

0.4 o.s 0.7 

3 4 8 

0.4 0.4 o.s 

0.2 0.3 0.4 
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16 

1.4 

1.2 

16 

0.8 

0.7 



IVDA/ IVDAP INVERTER !NTO INVERTER IVDA/ IVDAP 

A 

,----Y 
LOGIC SYMBOL 

tz A y z 

1 0 1 
0 1 0 

ELECTRICAL SCHEMATIC 
TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

IVDA~TOY /Zl 1STANDARD DRIVfil 
STD LOAD 1 2 3 4 8 16 

fPLH (Y) 0.7 0.8 1.0 1.1 1.7 2.8 
tPHL (Y) 0.4 0.4 0.5 0.5 0.8 1.2 

tPLH (Z) 0.6 0.8 0.9 1.1 1.6 2.8 
tPHL (Z) 0.7 0.8 0.8 0.9 1.1 1.5 

Y Output Slope 1 = 0.1411 Inept = 0.55 
Slope 0 = 0.0557 Inept 0.32 

ZOutput Slope 1 0.1443 Inept = 0.48 
51ope0 0.0523 Inept = 0.67 

Gate Count: 1 
Coding Syntax: X (Y,Z) = IVDA (A); 
Input Loading: (1) 

IVDAP (A TOY I Z) (HIGH DRIVE) 
STD LOAD 1 2 3 4 8 16 

fPLH(Y) 0.5 0.5 0.6 0.7 0.9 1.5 
tPHL (Y) 0.2 0.3 0.3 0.3 0.5 0.8 

fPLH(Z) 0.4 0.5 0.6 0.6 0.9 1.4 
fPHL (Z) 0.6 0.6 0.6 0.6 0.8 1.0 

Y Output Slope 1 0.0678 Inept 0.40 
SlopeO = 0.0388 Inept = 0.18 

Z Output Slope 1 0.0653 Inept = 0.36 
Slope 0 = 0.0292 Inept = 0.53 

Gate Count: 2 
Coding Syntax: X (Y,Z) = IVDAP (A); 
Input Loading: (2) 
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LD1 DLATCH, GATED STANDARD DRIVE 

0 N 

LOGIC SYMBOL 

D G Q QN ELECTRICAL SCHEMATIC 

0 1 0 1 

1 1 1 0 
x 0 Q QN 

TRUTH TABLE 

G TO i O._Q_N_loel¥ are Nominal_Ll!S d~c. Sv Performanc<Uriill wirele~th not included 

STD LOAD 

fpLff(Q) 
fpffi(Q) 

fPLH(QN) 
fpffi(QN) 

QOutput 

1 

1.0 
0.9 

1.3 
1.4 

Slope 1 
Slope 0 

2 

1.2 
1.0 

1.5 
1.5 

0.1458 
0.0653 

QNOutput Slope 1 0.1443 
Slope 0 = 0.0523 

PARAMETER 

ts.Erue__(ln~ut SetUE_ Time) 

fHoLD(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 5 
Coding Syntax: Z (Q, QN) = LD1 (D,G); 
Input Loading: (1, 1) 

Copynght LSI LOGIC CORPORATION 1987 

3 

1.3 
1.1 

1.6 
1.5 

Inept 
Inept 

4 

1.5 
1.1 

1.8 
1.6 

0.89 
0.86 

Inept 1.18 
Inept = 1.37 

NS 

0.4 

0.4 

1.5 
1.5 
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8 

2.1 
1.4 

2.3 
1.8 

LD1 

16 

3.2 
1.9 

3.5 
2.2 



LD1P 

D N 

LOGIC SYMBOL 

DLATCH, GATED HIGH DRIVE LD1P 

QN 

Q 

D G Q QN ELECTRICAL SCHEMATIC 

0 1 0 1 

1 1 1 0 
x 0 Q QN 

TRUTH TABLE 

G TO _i Q,_Q_Nl Delm are Nominal [25 d~c. Sv Performance_ln,ill wire length not included 

STD LOAD 1 2 3 4 8 

(Q) 1.0 1.1 1.2 1.2 1.S 
(Q) 1.0 1.0 1.1 1. 1 1.3 

(QN) 1.S 1.6 1.7 1.7 2.0 
(QN) 1.6 1.6 1.6 1.7 1.B 

QOutput Slope 1 = 0.0718 Inept = 0.94 
Slope 0 = 0.0411 Inept = 0.9S 

QNOutput Slope 1 = 0.06S3 Inept = 1.46 
Slope 0 = 0.0347 Inept = 1.S4 

PARAMETER NS 

T set~ (l~ut Set~ Ti me) 0.6 

Thold (Input Hold Time) 0.4 

T w (CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.S 
CLOCK Low Min 1.S 

Gate Count: 6 
Coding Syntax: Z (Q, QN) = LD1 P (D,G); 
Input Loading: (1, 1) 
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16 

2.1 
1.6 

2.S 
2.1 



LD1X4 4 LD1 IN PARALLEL WITH 
COMMON GATES 

LD1X4 

QO 
QON 

Q1 
Q1N 

Q2 
Q2N 

Q3 
Q3N 

LOGIC SYMBOL 

G 

QON Q1N Q2N 

ELECTRICAL SCHEMATIC 
G DO QO QON 

t 0 0 1 

t 1 1 0 

0 x QO QON 

TRUTH TABLE 

G TO_LQ_O J)ONJ Del~ are Nominal [25 d~c. Sv PerformanceJ!is] w1rele129!'h not included 

STD LOAD 

tpiH(QO) 
fpffi(QO) 

fPLH(QON) 
fpffi(QON) 

1. 1 
1.0 

1.4 
1.5 

2 

1.3 
1. 1 

1.6 
1.6 

QOutput Slope 1 = 0.1458 
Slope 0 = 0.0653 

QN Output Slope 1 0.1443 
Slope 0 = 0.0589 

PARAMETER 

tsm.u>_(ln_Q_ut SetUj)_ Ti me) 

fHoLD(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count: 16 

3 

1.4 
1.2 

1.7 
1.6 

4 

1.6 
1.2 

1.9 
1.7 

Inept = 0.99 
Inept = 0.96 

Inept 1.28 
Inept = 1.45 

NS 

0.40 

0.40 

0.80 
0.80 

Coding Syntax: Z (QO,QON,Q1,Q1 N,Q2,Q2N,Q3,Q3N) = LD1X4 
Input Loading: 

2-128 
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8 

2.2 
1.5 

2.4 
1.9 

(DO,D1 ,D2,D3,G); 
( 1 • 1 • 1 • 1 • 2) 

Q3N 

16 

3.3 
2.0 

3.6 
2.4 



LD1X4P 4 LD1 PIN PARALLEL WITH 
COMMON GATES 

LD1X4P 

QO 
QON 

Q1 
Q1N 

Q2 
Q2N 

Q3 
Q3N 

LOGIC SYMBOL 

G DO QO 

i 0 0 

i 1 , 
0 x QO 

QON 

, 
0 

QON 

TRUTH TABLE 

G 

QON Q1N Q2N 

ELECTRICAL SCHEMATIC 

. G TOl_Q_o _C ON ) Delays are Nominal [25 deg c, Sv Performance (ns)] wirelenQth not included 

STD LOAD 1 2 3 4 

fPLH(QO) 1. 1 1.2 1.3 1.3 
fpffi(QO) 1.0 1.0 1. 1 1. 1 

fPLH(QON) 1.5 1.6 1.7 1.7 
tpffL(QON) 1.6 1.6 1.6 1.7 

QOutput Slope 1 = 0.0718 Inept = 1.04 
Slope 0 = 0.0411 Inept = 0.95 

QN Output Slope 1 0.0653 Inept 1.46 
Slope 0 = 0.0347 Inept = 1.54 

PARAMETER NS 

!mllt>Cl~t Seti!£_ Time) 0.50 

tHowClnput Hold Time) 0.40 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 0.90 
CLOCK Low Min 0.90 

Gate Count: 20 
Coding Syntax: Z(QO,QON,Q1,Q1N,Q2,Q2N,Q3,Q3N) = LD1X4P 
Input Loading: 
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8 

1.6 
1.3 

2.0 
1.8 

(D0,01 ,02,03,G); 
(1 '1 ' 1 '1'2) 

Q3N 

16 

2.2 
1.6 

2.5 
2.1 



LD2 DLATCH, GATED ACTIVE LOW I STANDARD DRIVE 

0 N 

LOGIC SYMBOL 

D GN Q QN ELECTRICAL SCHEMATIC 

0 0 0 1 

1 0 1 0 
x 1 Q QN 

TRUTH TABLE 

GN TOlQ.J )Nl Delw are Nominal [25 d~ c, Sv Performanctlnill wireleng_th not included 

STD LOAD 

tPLH(Q) 
tpfft(Q) 

tPLH(QN) 
tPHL(QN) 

QOutput 

ON Output 

1 

1.2 
1.3 

1.7 
1.6 

Slope 1 
Slope 0 

Slope 1 
Slope 0 

PARAMETER 

!s_ET_llP(ll!Qllt SetUQ_ Time) 

tHowOnput Hold Time) 

= 
= 

= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 5 
Coding Syntax: Z (Q, QN) = LD2 
Input Loading: 

2 

1.4 
1.4 

1.9 
1.7 

0.1458 
0.0718 

0.1443 
0.0523 

(D,GN); 
( 1, 1 ) 

3 

1.5 
1.5 

2.0 
1.7 

NS 

Inept 
Inept 

Inept 
Inept 

0.4 

0.4 

1.5 
1.5 
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4 

1.7 
1.5 

2.2 
1.8 

1.09 
1.24 

1.58 
1.57 

8 

2.3 
1.8 

2.7 
2.0 

LD2 

QN 

Q 

16 

3.4 
2.4 

3.9 
2.4 



LD2P DLATCH, GATED ACTIVE LOW I HIGH DRIVE 

0 N 

LOGIC SYMBOL 

LD2P 

QN 

Q 

D GN Q QN ELECTRICAL SCHEMATIC 

0 0 0 1 

1 0 1 0 
x 1 Q QN 

TRUTH TABLE 

GN TO J...Q.'--QN_l_oel~ are NominaljfS d~c Sv PerformanceJ_nill w1reler:!.9_th not included 

STD LOAD 

tpLH(QN) 
tPHL (QN) 

1.2 
1.3 

1.8 
1.8 

2 

1.3 
1.3 

1.9 
1.8 

QOutput Slope 1 0.0718 
Slope 0 = 0.0477 

QNOutput Slope 1 = 0.0653 
Slope 0 = 0.0347 

PARAMETER 

!smie_(l~t Setu_E_ Time) 

fHoLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count: 6 
Coding Syntax: Z (Q, QN) = LD2P 
Input Loading: 

Coo1'rrqht L)f LOGIC ':ORPORATION 1987 

(D,GN); 
( 1, 1 ) 

3 

1.4 
1.4 

2.0 
1.8 

4 

1.4 
1.4 

2.0 
1.9 

Inept = 1.14 
Inept = 1.23 

Inept = 1.76 
Inept = 1.74 

NS 

0.6 

0.4 

1.5 
1.5 
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8 

1.7 
1.6 

2.3 
2.0 

16 

2.3 
2.0 

2.8 
2.3 



LD3 DLATCH, GATED CLEAR DIRECT/GATE ACTIVE HIGH 

STANDARD DRIVE 

D Q 

G QN 

CD 

LOGIC SYMBOL 

D G CD Q QN 

0 1 1 0 1 ELECTRICAL SCHEMATIC 
1 1 1 1 0 
x 0 1 Q QN 
x x 0 0 1 

TRUTH TABLE 

G TO_(_Q __ Q_NlDel~ are Nominal 125 d~c. Sv Performancel_n!ll_wirele!l9_th not included 

STD LOAD 1 2 3 4 8 

fPLH(Q) 1.2 1.4 1.S 1.7 2.3 
fpfft(Q) 1.0 1. 1 1.2 1.2 1.5 

fPLH(QN) 1.3 1.5 1.6 1.8 2.3 
tPHL (QN) 1.5 1.6 1.6 1.7 1.9 

QOutput Slope 1 0. 1523 Inept = 1.07 
Slope 0 0.0718 Inept = 0.94 

QN Output Slope 1 0. 1443 Inept 1.18 
Slope 0 = 0.0523 Inept = 1.47 

PARAMETER NS 
PROPAGATION 

~(l'!E!_ut Setu..E_ Time) 0.5 

fHOLo(lnput Hold Time) 0.4 
CD Ho Q "' 

t (CLOCK) (Width of CLK Pulse) CD +.to QN i 
CLOCK High Min 1.5 
CLOCK Low Min 1.5 

T rel CD Release ti me CD to CLK 0.5 

Gate Count : 5 
Coding Syntax: Z (Q, QN) = LD3 (D,G,CD); 
Input Loading: (1, 1, 1 ) 

2-132 
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LD3 

QN 

Q 

16 

3.5 
2.1 

3.5 
2.3 

DELAY 

tpfft(Q) + 0.4 

fPHL (QN) + 0.4 



LD3P DLATCH, GATED CLEAR DIRECT/GATE ACTIVE HIGH 

HIGH DRIVE 

D Q 

G QN 
CD 

LOGIC SYMBOL 

D G CD Q QN 

0 , , 0 , ELECTRICAL SCHEMATIC , , 1 1 0 
x 0 , Q QN 
x x 0 0 1 

TRUTH TABLE 

G TO__{_ Q ,_Q_Nl Del~ are Nominal [25 d~ c, 5v PerformanceJ_n~ wirelellJlth not included 

STD LOAD 

fpLH(Q) 
fpfft(Q) 

fptH{QN) 
fpfft(QN) 

QOutput 

QN Output 

1 

1.2 
1.0 

1.5 
1.7 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

tsuup(l~ut Setll_!?_ Time) 

fHow(lnput Hold Time) 

2 

1.3 
1.0 

1.6 
1.7 

= 0.0788 
0.0477 

0.0653 
0.0347 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count : 6 
Coding Syntax: Z (Q, QN) = LD3P (D,G,CD); 
Input Loading: (1, 1, 1 ) 

3 4 

1.4 1.5 
1. 1 1. 1 

1.7 1.7 
1.7 1.8 

Inept = 1.15 
Inept = 1.93 

Inept = 1.46 
Inept 1.64 

NS 
PROPAGATION 

0.7 

0.4 
CD .i.to Q "' 
CD .i.to QN i 

1.5 
1.5 

0.5 

2-133 

8 

1.8 
1.3 

2.0 
1.9 

LD3P 

QN 

Q 

16 

2.4 
1.7 

2.5 
2.2 

DELAY 

tpffL(Q) + 0.4 

tpHt(QN) + 0.4 



LD4 DLATCH, GATED, CLEAR DIRECT ,GATE ACTIVE LOW 

STANDARD DRIVE 

D Q 

GN QN 
CD 

LOGIC SYMBOL D 

CD 

D GN CD Q QN GN 

0 0 1 0 1 ELECTRICAL SCHEMATIC 
1 0 1 1 0 
x 1 1 Q QN 
x x 0 0 1 

TRUTH TABLE 

GN TOJ_Q,_QN_lDel~are Nomina!J.25 d!9.£.._Sv PerformanceJ!l!l) w1rele!!ll.th not included 

STD LOAD 

1.4 
1.3 

1.6 
1.7 

2 

1.6 
1.4 

1.8 
1.8 

QOutput Slope 1 = 0. 1523 
Slope 0 = 0.0718 

QNOutput Slope 1 = 0.1443 
Slope 0 = 0.0589 

PARAMETER 

!smie..Cl'!E..ut Set"!e.. Time) 

tHoLO(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

T rel CD Release time CD to CLK 

Gate Count : 5 
Coding Syntax: Z (Q, QN) = LD4 
Input Loading: 

Cop~r.gbr •Si LOGIC CORPORATION 1987 

(D,GN,CD); 
(1, 1, 1 ) 

3 

1.7 
1.5 

1.9 
1.8 

4 

1.9 
1.5 

2.1 
1.9 

Inept = 1.27 
Inept = 1.24 

Inept = 1.48 
Inept = 1.65 

NS 
PROPAGATION 

0.5 

0.4 
CD HoQ "' 
CD -t.to QN f 

1.5 
1.5 

0.5 

2-134 

8 

2.5 
1.8 

2.6 
2.1 

LD4 

QN 

Q 

16 

3.7 
2.4 

3.8 
2.6 

DELAY 

tPHL(Q) + 0.4 

tpfft(QN) + 0.4 



LD4P DLATCH, GATED CLEAR DIRECT/GATE ACTIVE LOW 

HIGH DRIVE 

D Q 

GN QN 
CD 

LOGIC SYMBOL D 

CD 

D GN CD Q QN 

0 0 1 0 1 ELECTRICAL SCHEMATIC 
1 0 1 1 0 
x 1 1 Q QN 
x x 0 0 1 

TRUTH TABLE 

GN TOJ_Q,_QNlDel~are Nominal.l25dqc Sv Performanctln,illw1relei:!ll.th not included 

STD LOAD 

fPLH(QN) 
fPHL(QN) 

1.4 
1.3 

1.8 
2.0 

2 

1.5 
1.3 

1.9 
2.0 

QOutput Slope 1 = 0.0788 
Slc;ipe 0 = 0.0477 

QN Output Slope 1 = 0.0653 
Slope 0 = 0.0347 

PARAMETER 

tsuup(ln..e_ut Setu..e_ Time) 

fHOLo(lnput Hold Time) 

tw(CLOCK) (Width of CLK'Pulse) 

CLOCK High Min 
CLOCK Low Min 

Trel CD Release time CD to CLK 

Gate Count : 6 
Coding Syntax: Z (Q, QN) = LD4P (D,GN,CD); 
Input Loading: (1, 1, 1) 

Copyright LSI LOGIC CORPORATION 1987 

3 

1.6 
1.4 

2.0 
2.0 

4 

1.7 
1.4 

2.0 
2.1 

Inept = 1.35 
Inept = 1.23 

Inept = 1.76 
Inept = 1.94 

NS 
PROPAGATION 

0.7 

0.4 
CD HoQ 

"" 
CD Ho QN f 

1.5 
1.5 

0.5 

2-135 

8 

2.0 
1.6 

2.3 
2.2 

LD4P 

QN 

Q 

16 

2.6 
2.0 

2.8 
2.5 

DELAY 

tPHL (Q) + 0.4 

fPHL( QN) + 0.4 



LS1 

01 Q 

C1 

02 

C2 QN 

LOGIC SYMBOL 

DLATCH WITH SCAN TEST INPUTS 

STANDARD DRIVE 

01 

' 
' 
' 
1 

0 

1 

' 

C1 02 C2 

0 ' 0 

0 1 1 

0 0 1 

1 ' 0 

1 ' 0 

1 ' 1 

1 1 0 

01 

C1 TRUTH TABLE 
02 --l---4~l--" 

C2 

SCHEMATIC 

QN 

Q 

C 1 /C2 TOJQ ,ON} Oela~_are Nom1nall25 de_g_c Sv Performanciti_ns)lwireleog_th not included 

STD LOAD 1 2 3 

tnH(Q) 1.4 1.6 1.8 
fpfft(Q) 1.0 1.1 1.2 

fPtH(QN) 1.5 1.7 1.8 
fPHt(QN) 1.6 1.7 1.7 

QOutput Slope 1 = 0. 1506 
Slope O = 0.0854 

QNOutput Slope 1 0.1443 
Slope 0 = 0.0589 

PARAMETER NS 

ts.rnn>_(ln~ut Setu~ Time) 1.1 

tHoLo(lnput Hold Time) 0.0 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

Gate Count : 7 
Coding Syntax: Z (Q, QN) = LS 1 
Input Loading: 

(D1,C1,D2,C2); 
(1, 2, 1, 2) 

(':Joyr1gr>! LSI LOGIC CCPFOPI> FON 1987 

4 

1.9 
1.3 

2.0 
1.8 

Inept= 1.30 
Inept= 0.93 

Inept= 1.38 
Inept= 1.55 

2-136 

8 

2.5 
1.6 

2.5 
2.0 

LS1 

Q QN 

Q QN 

1 0 

0 1 

1 0 

0 1 

1 0 

1 0 

16 

3.7 
2.3 

3.7 
2.5 



LS1P 

01 Q 

C1 

02 
C2 QN 

LOGIC SYMBOL 

DLATCH WITH SCAN TEST INPUTS 

HIGH DRIVE 

01 

C1 

02 
C2 

SCHEMATIC 

01 

' 
' 
' 
1 

0 

1 

' 

(1 

0 

0 

0 

1 

1 

1 

1 

02 C2 Q 

' 0 Q 

1 1 1 

0 1 0 

' 0 1 

' 0 0 

' 1 1 

1 0 1 

TRUTH TABLE 

QN 

Q 

C 1 /C2 TO (Q,QNl Oelm are Nominal.125 deg_ c Sv Performance_{nsU_wirelength not included 

STD LOAD 1 2 3 

tpLff{Q) 1.3 1.4 1.5 
tpffL{Q) 1.0 1. 1 1. 1 

fpLff{QN) 1.6 1.7 1.8 
fpffL{QN) 2.0 2.0 2.0 

QOutput Slope 1 = 0.0788 
Slope 0 0.0523 

QN Output Slope 1 = 0.0718 
Slope O = 0.0347 

PARAMETER NS 

!sm£{1~ut Set~ Time) 1.3 

tHow{lnput Hold Time) 0.0 

tw{CLOCK) {Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

Gate Count : 8 
Coding Syntax: Z{Q, QN) = LS1P 
Input Loading: 

(D1,C1,D2,C2); 
(1, 2 ' 1, 2 ) 

4 8 

1.6 1.9 
1.2 1.4 

1.8 2.1 
2.1 2.2 

Inept= 1.25 
Inept= 0.97 

Inept= 1.54 
Inept= 1.94 

2-1:7 

LS1P 

QN 

QN 

0 

1 

0 

1 

0 

0 

16 

2.5 
1.8 

2.7 
2.5 



LS2 

01 
Cl 
02 
C2 
C3 

Q1 
Q1N 

Q2 
Q2N 

DLATCH INTO DLATCH WITH SCAN TEST INPUTS 

STANDARD DRIVE 

01 
Cl 
02 
C2 

LOGIC SYMBOL 

01 C1 02 C2 Q QN 

Q QN 

01 01N 

Q1 C3 Q2 Q2N C3 
Q2 Q2N 

•1 SCHEMATIC ., 

TRUTH TABLE 

C 1 /C2 TO JQ 1.01 NJ Dela~ are Norn ina[l25 de c, Sv Performance..([lfilwirele~h not included 

STD LOAD 

fpLff(Q1) 
tpffdQ1) 

fnH(Q1N) 
fpffdQ1N) 

Q1 Output 

Q1N Output 

1 

1.4 
1.0 

1.6 
1.7 

Slope 1 
SlopeO 

Slope 1 
SlopeO 

PARAMETER 

!sfrue_(ln_E_ut Setu_E_ Time) 

tHow(lnput Hold Time) 

= 
= 

= 
= 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count: 11 

2 

1.6 
1.1 

1.8 
1.8 

0.1506 
0.0854 

0.1443 
0.0589 

Coding Syntax: Z (Q1, Q1 N,Q2,Q2N) = LS2 
Input Loading: 

C1Jpyr1ght 1 SI LOGIC CORPOR4 TION r987 

3 4 

1.8 1.9 
1.2 1.3 

1.9 2.1 
1.8 1.9 

Inept= 
Inept= 

Inept= 
Inept= 

NS 

1.3 

0.0 

1.5 
1.5 

(D 1,C1 ,D2,C2,C3); 
(1, 2 '1, 2, 1 ) 

2-138 

8 

2.5 
1.6 

2.6 
2.1 

1.30 
0.93 

1.48 
1.65 

LS2 

02 02N 

16 

3.7 
2.3 

3.8 
2.6 



LS2P DLATCH INTO DLATCH WITH SCAN TEST INPUTS 

HIGH DRIVE 

D1 Q1 

C1 Q1N 
D1 

D2 Q2 
C1 

C2 Q2N 
D2 

C3 
C2 

LOGIC SYMBOL 

01 (1 02 C2 Q QN 

x 0 x 0 Q QN 

x 0 1 1 1 0 01 01N 
x 0 0 1 0 1 

0 1 x 0 1 0 QI C3 Q2 Q2N C3 
1 1 x 0 1 0 Q2 Q2N 

., 1 x 1 1 0 SCHEMATIC ., 1 1 0 1 0 

*UNCONVENTIONAL 
TRUTH TABLE 

CP TO (Q 1..Q 1 Nl Del¥ are Nomina!.125 d~c. 5v Performance_inill wirele~h not included 

STD LOAD 1 2 

fPLH (Q1) 1.3 1.4 
fpHi(Q1) 1.0 1. 1 

fPtH(Q1 N) 1.7 1.8 
fpHi(Q1N) 2.1 2.1 

Q1 Output Slope 1 0.0788 
Slope 0 0.0523 

Q1N Output Slope 1 = 0.0718 
Slope 0 = 0.0347 

PARAMETER 

fsrrue.(ln£_ut Sett1.Q_Time) 

tHoLD(lnput Hold Time) 

tw(CLOCK) (Width of CLK Pulse) 

CLOCK High Min 
CLOCK Low Min 

Gate Count : 13 
Coding Syntax: Z (Q1, Q1 N,Q2,Q2N) = LS2P 
Input Loading: 

Copyright lSf LOGIC CORPORATION 1987 

3 4 

1.5 1.6 
1. 1 1.2 

1.9 1.9 
2.1 2.2 

Inept= 
Inept= 

Inept= 
Inept= 

NS 

1.5 

0.0 

1.5 
1.5 

(D1 ,C1 ,D2,C2,C3); 
( 1, 2 ' 1, 2, 1 ) 

2-139 

1.25 
0.97 

1.64 
2.04 

LS2P 

02 02N 

8 16 

1.9 2.5 
1.4 1.8 

2.2 2.8 
2.3 2.6 



LSRO SR LATCH(standard drive) 

Q s R Q QN 

0 0 0 0 

R QN 0 1 1 0 

1 0 0 1 

1 1 Q QN 

LOGIC SYMBOL 
TRUTH TABLE 

ELECTRICAL SCHEMATIC 

S TO (Q,QN) Delays are Nominal 125 deg c, Sv Performance (ns)] wirelength not included 

STD LOAD 

fptff(Q) 
tPHL (Q) 

fptff(QN) 
fPHL(QN) 

QOutput 

QN Output 

Gate Count : 3 

1 

1.7 
1.0 

1.7 
1.0 

Slope 1 
SlopeO 

Slope 1 
Slope 0 

2 

1.8 
1.0 

1.8 
1.0 

0.1477 
0.0557 

0.1477 
0.0557 

Coding Syntax: Z (Q, QN) = LSRO (S, R); 
Input Loading: (1, 1) 

3 4 8 

2.0 2.1 2.7 
1. 1 1. 1 1.4 

2.0 2.1 2.7 
1. 1 1. 1 1.4 

Inept= 1.53 
Inept= 0.92 

Inept= 1.53 
Inept= 0.92 

2-140 
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LSROP SR lATCH(high drive) LSROP 

Q s R Q QN 

0 0 0 0 

R QN 0 1 1 0 

1 0 0 1 

1 1 Q QN 

LOGIC SYMBOL 
TRUTH TABLE 

~-[>--o 

ELECTRICAL SCH EMA TIC 

S TO {Q,QN) Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

STD LOAD 1 2 3 4 8 

fPLH(Q) 1.8 1.9 1.9 2.0 2.3 
fPHL(Q) 1.0 1.0 1. 1 1.1 1.3 

fPLH(QN) 1.8 1.9 1.9 2.0 2.3 
fpHL(QN) 1.0 1.0 1. 1 1. 1 1.3 

QOutput Slope 1 0.0735 Inept= 1.72 
SlopeO = 0.0345 Inept= 0.97 

QN Output Slope 1 = 0.0735 Inept= 1.72 
Slope 0 = 0.0345 Inept= 0.97 

Gate Count : 4 
Coding Syntax: Z (Q, QN) = LSROP (S, R); 
Input Loading: (1, 1) 

2-141 
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LSR1 

51 
S2 . 

R1 

R2 

SR LATCH WITH SEPARATE GATE INPUTS, SD.RD 

STANDARD DRIVE 

S1,S2 R1,R2 so 
SD x x 0 

Q x x 1 

x x 0 

R QN 1 1 1 

RD 
1 0 1 

0 1 1 

0 0 1 

LOGIC SYMBOL 

RD 

1 

0 

0 

1 

1 

1 

1 

TRUTH TABLE 

SD 

RD 
ELECTRICAL SCHEMATIC 

S/R TO (Q,QN) Delays are Nominal [25 deg c, Sv Performance {ns)] wirelength not included 

STD LOAD 1 2 3 

fptH(Q) 1.0 1.3 1.6 
tpHi(Q) 1.3 1.4 1.6 

fPLH(QN) 1.0 1.3 1.6 
fPHL (QN) 1.3 1.4 1.6 

QOutput Slope 1 = 0.2653 
SlopeO = 0.1119 

QN Output Slope 1 = 0.2653 
SlopeO 0.1119 

Gate Count: 4 
Coding Syntax: Z (Q, QN) = LSR1 
Input Loading: 

(S1 ,S2,SD,R1 ,R2,RD); 
(1, 1, 1, 1, 1, 1 ) 

2-142 

4 

1.8 
1.7 

1.8 
1.7 

Inept= 0.76 
Inept= 1.22 

Inept= 0.76 
Inept= 1.22 

8 

2.9 
2.1 

2.9 
2.1 

LSR1 

_Cl_ QN 

I 0 

0 1 

1 1 

Q QN 

0 1 

1 0 

1 1 



LSR2 SR LATCH WITH COMMON GATED INPUTS, SD, RD 

STANDARD DRIVE 

s R G SD RD 

SD 
x x x 0 , 

Q 
x ' x , 0 

G ' x ' 0 0 

R QN ' ' 1 , 1 

RD 
, 1 0 1 1 , 0 0 , , 
0 , 0 , 1 

0 0 0 1 , 
LOGIC SYMBOL 

Q 

, 
0 , 
Q 

Q 

0 

1 

, 

TRUTH TABLE 

SD 

s 

Q 

G 

QN 

R 

RD 
ELECTRICAL SCHEMATIC 

S/R TO (Q ,QN) Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

STD LOAD 1 2 3 

tptff(Q) 1.0 1.3 1.6 
tPHL (Q) 1.3 1.4 1.6 

tptff(QN) 1.0 1.3 1.6 
tpfft(QN) 1.3 1.4 1.6 

QOutput Slope 1 = 0.2653 
SlopeO 0.1119 

QNOutput Slope 1 0.2653 
SlopeO 0.1119 

Gate Count : 4 
Coding Syntax: Z (Q, QN) = LSR2 
Input Loading: 

(S,R,G,50,RD); 
(1, 1,2, 1, 1 ) 

2-143 
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4 

1.8 
1.7 

1.8 
1.7 

Inept= 0.76 
Inept= 1.22 

Inept= 0.76 
Inept= 1.22 

LSR2 

QN 

0 , 
, 

QN 

QN 

, 
0 , 

8 

2.9 
2.1 

2.9 
2.1 



MUX21H I MUX21HP MUX21H I MUX21HP 
NON-INVERTING GATE MULTIPLEXER 

:~· 
LOGIC SYMBOL z 

s A B z 

0 0 x 0 
0 1 x 1 
1 x 0 0 ELECTRICAL SCHEMATIC 
1 x 1 1 

TRUTH TABLE 

Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

MUX21 HjA/S TO Z} _(STANDARD DRIVE} 
STD LOAD 1 2 3 4 8 16. 

fPLH(A-Z) 0.7 0.8 0.9 0.9 1.2 1.8 
fPHL (A·Z) 1.2 1.3 1.3 1.4 1.6 2.1 

fPLH(S-Z) 0.9 1.0 1.1 1.1 1.4 2.0 
fpffL (S-Z) 0.9 1.0 1.0 1.1 1.3 1.8 

A-ZOutput Slope 1 = 0.0718 Inept = 0.64 
SlopeO = O.OS89 Inept = 1.15 

S-ZOutput Slope 1 = 0.0718 Inept = 0.84 
SlopeO = 0.0589 Inept = 0.85 

Gate Count: 4 
Coding Syntax: Z = MUX21H (A,B,S); 
Input Loading: (1,1,2) 

MUX21 HP (A/S TO Z) (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

tnH(A·Z) 0.8 0.8 0.9 0.9 1.0 1.3 
fPHL (A·Z) 1.3 1.3 1.4 1.4 1.6 1.9 

fPLH(S-Z) 1.0 1.0 1.1 1.1 1.2 1.5 
fPHL (S-Z) 1.0 1.0 1.1 1.1 1.3 1.6 

A-ZOutput Slope 1 0.0331 Inept 0.76 
Slope O = 0.0411 Inept = 1.25 

S-ZOutput Slope 1 = 0.0331 Inept = 0.96 
SlopeO = 0.0411 Inept = 0.95 

Gate Count: 5 
Coding Syntax: Z = MUX21HP (A,B,S); 
Input Loading: {1, 1,2) 
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MUX21L/ MUX21LP MUX21L/ MUX21LP 
INVERTING GATE MULTIPLEXER 

:~z 
LOGIC SYMBOL z 

s A B z 

0 0 x 1 
0 1 x 0 
1 x 0 1 ELECTRICAL SCHEMATIC 
1 x 1 0 

TRUTH TABLE 

Delays are Nominal (25 deg c, Sv Performance (ns)] wirelength not included 

MUX21 L_!A/S TO Zl _(STANDARD DRIV~ 
STD LOAD 1 2 3 4 8 16 

tnff{A·Z) 0.4 0.5 0.6 0.6 0.9 1.4 
tpffL{A-Z) 0.4 0.5 0.5 0.6 0.8 1.2 

fpLff{S-Z) 0.8 0.9 1.0 1.0 1.3 1.8 
tpffL {S-Z) 0.6 0.7 0.7 0.8 1.0 1.4 

A-ZOutput Slope 1 0.0653 Inept = 0.36 
SlopeO = 0.0523 Inept = 0.37 

S-ZOutput Slope 1 = 0.0653 Inept = 0.76 
SlopeO = 0.0523 Inept = 0.57 

Gate Count: 3 
Coding Syntax: Z = MUX21L {A,B,S); 
Input Loading: (2,2,2) 

MUX21LP (A/S TO Z} (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

fpLff{A-Z) 0.5 0.5 0.6 0.6 0.7 1.0 
fpffL{A-Z) 0.4 0.4 0.5 0.5 0.6 0.9 

fpLff{S-Z) 0.9 0.9 1.0 1.0 1.1 1.4 
fPHL {S-Z) 0.7 0.7 0.8 0.8 0.9 1.2 

A-ZOutput Slope 1 0.0331 Inept = 0.46 
SlopeO = 0.0331 Inept = 0.36 

s-zoutput Slope 1 = 0.0331 Inept = 0.86 
SlopeO = 0.0331 Inept = 0.66 

Gate Count: 4 
Coding Syntax: Z = MUX21LP (A,B,S); 
Input Loading: (2,2,2) 
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MUX21LA/ MUX21LAP MUX21LA/ MUX21LAP 
TWO TO ONE MUX, INVERTING OUTPUT 

iN35»v--z 
LOGIC SYMBOL 

s SN A B z 

1 0 x 0 1 

1 0 x 1 0 

0 1 0 x 1 

0 1 1 x 0 

TRUTH TABLE 

A----

SN ----t--... 

ELECTRICAL SCHEMATIC 

Delays are nominal (25 deg c, Sv performance (ns)] wire length not included 

MUX21 LA (STANDARD DRIVE) 

STD LOAD 1 2 

tPLH 0.4 0.6 

tPHL 0.6 0.7 

Slope1 = 0.1443 Inept 
SlopeO 0.0523 Inept 

Gate Count: 2 
Coding Syntax: Z = MUX21 LA (SN,A,S,B); 
Input loading: (1, 2, 1,2) 

MUX21 LAP (HIGH DRIVE) 

STD LOAD 

tPLH 

fPHL 

Slope1 
SlopeO = 

1 

0.5 

0.6 

0.0653 
0.0347 

Gate Count: 2 

2 

0.6 

0.6 

Inept 
Inept 

Coding Syntax: Z = MUX21 LAP (SN,A, S, B ); 
Input loading: (1,2.3, 1,2.3) 

Copyright LSI LOGIC CORPORA r!ON 1987 

3 

0.7 

0.7 

0.28 
0.57 

3 

0.7 

0.6 

0.46 
0.54 
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4 8 

0.9 1.4 

0.8 1.0 

4 8 

0.7 1.0 

0.7 0.8 

z 

16 

2.6 

1.4 

16 

1.5 

1.1 



MUX31L 3 BIT INVERTING MUX MUX31L 

DO 
B 

D1 
z D1 

D2 
DO 

A B 

LOGIC SYMBOL 

A 

A B z 

0 0 DO 
1 0 D1 
x 1 D2 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX31 L (STANDARD DRIVE) 
STD LOAD 1 2 4 8 

tpu,( DO-Z) 1.5 1.7 2.3 3.3 
tpffi.(DO-Z) 0.7 0.7 0.9 1.2 

tnH (D2-Z) 1.0 1.2 1.8 2.8 
fpffi.(D2-Z) 0.6 0.6 0.8 1.1 

tpi.ff(A-Z) 1.8 2.0 2.6 3.6 
tpffi.(A-Z) 0.9 0.9 1. 1 1.4 

tpi.ff (B-Z) 1.0 1.2 1.8 2.8 
tPHt. (B-Z) 0.6 0.6 0.8 1.1 

DO-Z Output Slope 1 = 0.2612 Inept 1.22 
SlopeO = 0.0824 Inept = 0.57 

D2-Z Output Slope 1 = 0.2612 Inept = 0.72 
SlopeO = 0.0824 Inept = 0.47 

A-Z Output Slope 1 = 0.2612 Inept = 1.52 
Slope 0 = 0.0824 Inept = 0.77 

B-Z Output Slope 1 0.2612 Inept = 0.72 
SlopeO = 0.0824 Inept = 0.47 

Gate Count: 4 
Coding Syntax: Z = MUX31L (DO ,D1 ,D2,A,B); 
Input Loading: (2.25,2.25,2 ,2 ,3) 

COP)ttrght LSI LOGIC CORPORATION 1987 
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MUX31LP 3 BIT INVERTING MUX MUX31LP 

B 
DO 

D1 D1 

z 
D2 DO 

A B 

LOGIC SYMBOL 
A 

A B z 

0 0 DO 
1 0 D1 
x 1 D2 

TRUTH TABLE ELECTRICAL SCH EMA TIC 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX31 LP (HIGH DRIVE) 
STD LOAD 1 2 4 8 16 

tPLH(DO-Z) 1.2 1.3 1.6 2.1 3.2 
tPHL (DO-Z) 0.5 0.5 0.6 0.8 1. 1 

fPLH(D2-Z) 0.7 0.8 1. 1 1.6 2.7 
tPHL (D2-Z) 0.4 0.4 0.5 0.7 1.0 

tpLff(A-Z) 1.3 1.4 1.7 2.2 3.3 
fPHL(A-Z) 0.9 0.9 1.0 1.2 1.5 

fPLH(B-Z) 0.7 0.8 1. 1 1.6 2.7 
tPHL (B-Z) 0.4 0.4 0.5 0.7 1.0 

DO-ZOutput Slope 1 = 0.1331 Inept 1.06 
Slope 0 0.0411 Inept 0.45 

D2-Z Output Slope 1 = 0.1331 Inept 0.56 
Slope 0 0.0411 Inept 0.35 

A-Z Output Slope 1 0.1331 Inept 1.16 
Slope 0 0.0411 Inept 0.85 

B-Z Output Slope 1 0.1331 Inept 0.56 
Slope 0 0.0411 Inept 0.35 

Gate Count: 6 
Coding Syntax: Z = MUX31L (DO ,D1 ,D2,A,B); 
Input Loading: (2.25,2.25,2 ,2 ,3) 
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MUX41 

DO 

D1 

D2 

D3 

z 

A B 

LOGIC SYMBOL 

A B z 

0 0 DO 
1 0 D1 
0 1 D2 
1 1 D3 

TRUTH TABLE 

4 BIT NON INVERTING MUX 

DO---+--~ 

D1------4 

ELECTRICAL SCHEMATIC 

MUX41 

z 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX41 {STANDARD DRIVE) 

STD LOAD 1 2 4 8 16 

fPLH(DO-Z) 0.8 1.0 1.3 1.8 3.0 
fPHL (DO-Z) 1.0 1.1 1.2 1.5 1.9 

fPLH(A-Z) 0.9 1.1 1.4 1.9 3.1 
fPHL(A-Z) 1.4 '.5 1.6 1.9 2.3 

fPLH(B-Z) 0.9 1. 1 1.4 1.9 3.1 
fPHL (B-Z) 0.7 0.8 0.9 1.2 1.6 

DO-ZOutput Slope 1 0.1440 Inept 0.69 
Slope 0 0.0595 Inept 0.97 

A-ZOutput Slope 1 0.1440 Inept = 0.79 
Slope 0 0.0595 Inept = 1.37 

B-ZOutput Slope 1 = 0.1440 Inept 0.79 
Slope 0 = 0.0595 Inept 0.67 

Gate Count: 6 
Coding Syntax: Z = MUX41 (DO,Dl ,D2,D3,A,B); 
Input Loading: (2, 2, 2, 2, 3,2) 

2-149 
Copynght LSI LOGIC CORPORATION 1987 



MUX41P 

DO 

D1 

D2 

D3 
A B 

z 

LOGIC SYMBOL 

A B z 

0 0 DO 
1 0 01 
0 1 02 
1 1 03 

TRUTH TABLE 

4 BIT NON INVERTING MUX 

DO---+--

D1 ---+--H 

MUX41P 

ELECTRICAL SCHEMATIC 

z 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX41 P (HIGH DRIVE) 
STD LOAD 1 2 4 8 16 

tPLH(DO-Z) 0.8 0.9 1.0 1.3 1.9 
tPHL (DO-Z) 1.0 1.0 1. 1 1.3 1.6 

fPLH(A-Z) 0.9 1.0 1. 1 1.4 2.0 
fPHL(A-Z) 1.3 1.3 1.4 1.6 1.9 

fPLH(B-Z) 0.9 1.0 1. 1 1.4 2.0 
tPHL (B-Z) 0.7 0.7 0.8 1.0 1.3 

DO-ZOutput Slope 1 0.0727 Inept 0.73 
SlopeO = 0.0417 Inept 0.94 

A-ZOutput Slope 1 = 0.0727 Inept 0.83 
SlopeO 0.0417 Inept = 1.24 

B-Z Output Slope 1 0.0727 Inept = 0.83 
Slope 0 0.0417 Inept = 0.64 

Gate Count: 7 
Coding Syntax: Z = MUX41P (D0,01 ,D2,D3,A,B); 
Input Loading: (2, 2, 2, 2, 3,2) 
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MUX51H 

DO 

D1 

D2 

D3 

D4 

z 

A B C 

LOGIC SYMBOL 

5 BIT NON INVERTING MUX MUX51H 

A B c z 

0 0 0 DO 
1 0 0 D1 
0 1 0 D2 
1 1 0 D3 
x x 1 D4 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX51 H (STANDARD DRIVE) 
STD LOAD 1 2 4 8 16 

fPLH(DO-Z) 1.9 2.1 2.4 3.0 4.1 
fPHL(DO-Z) 2.0 2.1 2.2 2.5 3.0 

fPtH(D4-Z) 0.8 1.0 1.3 1.9 3.0 
fPHt(D4-Z) 1.0 1. 1 1.2 1.5 2.0 

fPLH(A-Z) 2.3 2.5 2.8 3.4 4.5 
fPHL(A-Z) 1.9 2.0 2.1 2.4 2.9 

fPtH(B-Z) 1.4 1.6 . 1.9 2.5 3.6 
tpHL (B-Z) 1.0 1. 1 1.2 1.5 2.0 

fPtH(C-Z) 1.0 1.2 1.5 2.1 3.2 
tpHt(C-Z) 0.7 0.8 0.9 1.2 1.7 

DO-Z Output Slope 1 0.1458 Inept 1.79 
SlopeO 0.0669 Inept 1.94 

D4-Z0utput Slope 1 0.1458 Inept 0.69 
Slope 0 = 0.0669 Inept 0.94 

A-ZOutput Slope 1 0.1458 Inept 2.19 
Slope 0 0.0669 Inept 1.84 

B-ZOutput Slope 1 = 0.1458 Inept = 1.29 
Slope 0 0.0669 Inept 0.94 

C-ZOutput Slope 1 = 0.1458 Inept 0.89 
Slope 0 = 0.0669 Inept = 0.64 

Gate Count: 11 
Coding Syntax: Z = MUX51H (DO,D1 ,D2,D3,D4,A,B,C); 
Input Loading: ( 1 ,1 , 1 • 1 • 1 , 1 ,2,2) 
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MUX51HP 

DO 

D1 

D2 z 
D3 

D4 

A B C 

LOGIC SYMBOL 

5 BIT NON INVERTING MUX MUX51HP 

A B c z 

0 0 0 DO 
1 0 0 D1 
0 1 0 D2 
1 1 0 D3 
x x 1 D4 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX51 HP (HIGH DRIVE) 
STD LOAD 1 2 4 8 16 

fp1ff(DO-Z) 1.9 2.0 2.1 2.4 3.0 
tpff1(DO-Z) 2.1 2.1 2.2 2.4 2.7 

tp1ff(D4-Z) 0.8 0.9 1.0 1.3 1.9 
tpff1(D4-Z) 1.1 1.1 1.2 1.4 1.7 

tp1ff(A-Z) 2.3 2.4 2.5 2.8 3.4 
fpff1(A-Z) 2.0 2.0 2.1 2.3 2.6 

tp1ff(B-Z) 1.4 1.5 1.6 1.9 2.5 
fpff1(B-Z) 1.1 1.1 1.2 1.4 1.7 

tp1ff(C-Z) 1.0 1.1 1.2 1.5 2.1 
tPHL (C-Z) 0.8 0.8 0.9 1.1 1.4 

DO-ZOutput Slope 1 = 0.0718 Inept = 1.84 
SlopeO 0.0411 Inept 2.05 

D4-ZOutput Slope 1 = 0.0718 Inept 0.74 
SlopeO = 0.0411 Inept = 1.05 

A-ZOutput Slope 1 = 0.0718 Inept = 2.24 
SlopeO = 0.0411 Inept = 1.95 

B-ZOutput Slope 1 = 0.0718 Inept = 1.34 
SlopeO = 0.0411 Inept = 1.05 

C-ZOutput Slope 1 = 0.0718 Inept = 0.94 
SlopeO = 0.0411 Inept = 0.75 

Gate Count: 11 
Coding Syntax: Z = MUX51 HP (DO,D1,D2,D3,D4,A,B,C); 
Input Loading: (1 ,1 ,1 ,1, 1 ,1 ,2,2) 
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MUX81 

DO 
D1 
D2 
D3 
D4 Z 
DS 
D6 
D7 

A B C 

LOGIC SYMBOL 

A B c z 
0 0 0 DO 
1 0 0 D1 
0 1 0 D2 
1 1 0 D3 
0 0 1 D4 
1 0 1 DS 
0 1 1 D6 
1 1 1 D7 

TRUTH TABLE 

8 BIT NON INVERTING MUX 

DO ------i-.. 

D1 ---+----iH 

D4 ---1----i-.. 

DS ___ ,______......, 

D6 ----+--

D7 ---+-----IH 

A 
B 
c 

ELECTRICAL SCHEMATIC 

MUX81 

z 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

MUX81 (STANDARD DRIVE) 
STD LOAD 1 2 4 8 16 

fPLH(DO-Z) 1.2 1.4 1.7 2.2 3.4 
fPHL (DO-Z) 1.3 1.4 1.6 1.9 2.5 

fPLH(A-Z) 1.9 2.1 2.4 2.9 4.1 
fPHL(A-Z) 2.4 2.5 2.7 3.0 3.6 

fPLH(B-Z) 1.2 1.4 1.7 2.2 3.4 
tPHL (B-Z) 0.9 1.0 1.2 1.5 2.1 

tPLH(C-Z) 1.0 1.2 1.5 2.0 3.2 
tPHL (C-Z) 0.7 0.8 1.0 1.3 1.9 

DO-ZOutput Slope 1 = 0.1440 Inept 1.09 
Slope 0 0.0790 Inept = 1.25 

A-Z Output Slope 1 0.1440 Inept = 1.79 
Slope 0 0.0790 Inept = 2.35 

B-Z Output Slope 1 0.1440 Inept = 1.09 
SlopeO 0.0790 Inept = 0.85 

C-Z Output Slope 1 = 0.1440 Inept 0.89 
Slope O = 0.0790 Inept = 0.65 

Gate Count: 15 
Coding Syntax: Z = MUX81 (DO,D1 ,D2,D3,D4,D5,D6,D7,A,B,C); 
Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1,3,2) 
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MUX81P 

DO 
D1 
D2 
D3 
D4 z 
D5 
D6 
D7 

A B C 

LOGIC SYMBOL 

A B c z 
0 0 0 DO 
1 0 0 01 
0 1 0 02 
1 1 0 03 
0 0 1 04 
1 0 1 05 
0 1 1 06 
1 1 1 07 

TRUTH TABLE 

8 BIT NON INVERTING MUX 

D3 ----+---+-t 

D4 -----

D5-----

MUX81P 

ELECTRICAL SCHEMATIC 

z 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

MUX81P (HIGH DRIVE) 
STD LOAD 1 2 4 8 16 

fptff(DO-Z) 1.4 1.S 1.6 1.9 2.5 
fPHL (DO-Z) 1.2 1.2 1.3 1.5 1.9 

fnH(A-Z) 2.2 2.3 2.4 2.7 3.3 
fpfft(A-Z) 2.1 2.1 2.2 2.4 2.8 

fPtH(B-Z) 1.2 1.3 1.4 1.7 2.3 
fpffL (B-Z) 1.0 1.0 1.1 1.3 1.7 

fptff(C-Z) 0.9 1.0 1.1 1.4 2.0 
fpfft(C-Z) 0.7 0.7 0.8 1.0 1.4 

DO-ZOutput Slope 1 0.0727 Inept 1.33 
SlopeO = 0.0483 Inept = 1.12 

A-ZOutput Slope 1 = 0.0727 Inept = 2.13 
SlopeO = 0.0483 Inept = 2.02 

B-ZOutput Slope 1 = 0.0727 Inept = 1.13 
SlopeO 0.0483 Inept = 0.92 

C-Z Output Slope 1 = 0.0727 Inept = 0.83 
SlopeO = 0.0483 Inept = 0.62 

Gate Count: 15 
Coding Syntax: Z = MUX81P (DO,D1 ,D2,D3,D4,D5,D6,D7,A,B,C); 
Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1,3,2) 
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ND2/ND2P 2NAND ND2/ND2P 

:=D-z B A 

LOGIC SYMBOL 

z 

A B z 

0 0 1 

0 1 1 

1 0 1 ELECTRICAL SCHEMATIC 
1 1 0 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

N02 (STANDARD DRIVE) 

STD LOAD 

fpLff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

0.6 

0.2 

0.1377 
0.0854 

Gate Count: 1 
Coding Syntax: Z = ND2 (A,B); 
Input loading: (1,1) 

2 

0.8 

0.3 

Inept = 
Inept = 

N02P (HIGH DRIVE) 

STD LOAD 

fpLff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

0.6 

0.2 

0.0623 
0.0453 

Gate Count: 2 
Coding Syntax: Z = ND2P (A,B); 
Input loading: (2,2) 

Copynght LSI LOGIC CORPORArlON 1987 

2 

0.6 

0.3 

Inept = 
Inept = 

3 

0.9 

0.4 

0.50 
0.13 

3 

0.7 

0.3 

0.50 
0.16 
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4 

1 .1 

o.s 

4 

0.7 

0.3 

8 16 

1.6 2.7 

0.8 1.5 

8 16 

1.0 1.5 

0.5 0.9 



ND3/ND3P 3NAND ND3/ND3P 

~=L:}-z c B A 

LOGIC SYMBOL 

A B c z 
0 0 0 1 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

N03 (STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 

fPLH 0.8 0.9 1.1 1.2 1.8 

fPHL 0.5 0.6 0.7 0.8 1.3 

Slope1 = 0.1411 Inept = 0.65 
SlopeO = 0.1146 Inept = 0.37 

Gate Count: 2 
Coding Syntax: Z = ND3 (A,B,C); 
Input loading: (1,1,1) 

ND3P (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 

fPLH 0.7 0.8 0.8 0.9 1.2 

fPHL 0.5 0.5 0.6 0.6 0.8 

Slope1 = 0.0669 Inept = 0.64 
SlopeO = 0.0542 Inept = 0.41 

Gate Count: 3 
Coding Syntax: Z = ND3P (A,B,C); 
Input loading: (2,2,2) 
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16 

2.9 

2.2 

16 

1.7 

1.3 



ND4/ND4P 4NAND ND4/ND4P 

~D-z D c B A 

LOGIC SYMBOL 

A B c D z 

0 x x x 1 

x 0 x x 1 

x x 0 x 1 

x x x 0 1 

1 1 1 1 0 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

ND4 (STANDARD DRIVE) 

STD LOAD 

fPLH 

fpffL 

Slope1 
SlopeO 

= 

1 

0.8 

0.6 

0.1411 
0.1411 

Gate Count: 2 

2 

0.9 

0.7 

Inept = 
Inept = 

Coding Syntax: Z = ND4 (A,B,C,D); 
Input loading: (1,1, 1,1) 

ND4P (HIGH DRIVE) 

STD LOAD 

fpLff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

0.7 

0.5 

0.0735 
0.0735 

Gate Count: 4 

2 

0.8 

0.6 

Inept = 
Inept = 

Coding Syntax: Z = ND4P (A,B,C,D); 
Input loading: (2,2, 2,2) 

cowright LSI LOGIC CORPORA TtON 1987 

3 

1.1 

0.9 

0.65 
0.45 

3 

0.8 

0.6 

0.62 
0.42 
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4 

1.2 

1.0 

4 

0.9 

0.7 

8 16 

1.8 2.9 

1.6 2.7 

8 16 

1.2 1.8 

1.0 1.6 



NDS/NDSP SNAND NDS/NDSP 

A B c D E z J@=>-z 
0 x x x x 1 LOGIC SYMBOL 

x 0 x x x 1 

x x 0 x x 1 

x x x 0 x 1 A 
x x x x 0 1 

1 1 1 1 1 0 

B 
c 
D 

TRUTH TABLE E 
ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance {ns)] wirelength not included 

NOS (STANDARD DRIVE) 

STD LOAD 1 2 

fpLff 1.2 1.4 

fPHL 1.2 1.3 

Slope1 
SlopeO 

= 0.1443 
0.0589 

Inept = 
= Inept = 

Gate Count: 4 
Coding Syntax: Z = NOS (A,B,C,D,E); 
Input loading: (1,1, 1,1.1) 

NDSP (HIGH DRIVE) 

STD LOAD 1 2 

fpLff 1.2 1.3 

fPHL 1.3 1.3 

Slope1 = 0.0653 Inept = 
SlopeO = 0.0331 Inept = 
Gate Count: 5 
Coding Syntax: Z = NDSP (A,B,C,D,E); 
Input loading: (1, 1, 1, 1, 1) 
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3 

1.S 

1.3 

1.08 
1.15 

3 

1.4 

1.4 

1.16 
1.26 
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4 

1.7 

1.4 

4 

1.4 

1.4 

8 16 

2.2 3.4 

1.6 2.1 

8 16 

1.7 2.2 

1.5 1.8 

z 



ND6/ND6P 6NAND ND6/ND6P 

JP-2 A B c D E F z 
0 x x x x x 1 

x 0 x x x x 1 

x x 0 x x x 1 LOGIC SYMBOL 
x x x 0 x x 1 

x x x x 0 x 1 

x x x x x 0 1 A 
1 1 1 1 1 1 0 B 

c 
TRUTH TABLE D 

E 
F 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

N06 (STANDARD DRIVE) 

STD LOAD 1 2 

fPLH 1.1 1.3 

fPHL 1.2 1.3 

Slope1 
SlopeO 

= 0.1443 
0.0589 

Inept = 
= Inept = 

Gate Count: 5 
Coding Syntax: Z = ND6 (A,B,C,D,E,F); 
Input loading: (1, 1, 1, 1.1, 1) 

N06P (HIGH DRIVE) 

STD LOAD 1 2 

fPLH 1.1 1.2 

fPHL 1.3 1.3 

Slope1 = 0.0653 Inept = 
SlopeO = 0.0331 Inept = 
Gate Count: 5 
Coding Syntax: Z = ND6P (A,B,C,D,E,F); 
Input loading: (1,1,1,1,1,1) 
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3 

1.4 

1.3 

0.98 
1.15 

3 

1.3 

1.4 

1.06 
1.26 
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4 8 

1.6 2.1 

1.4 1.6 

4 8 

1.3 1.6 

1.4 1.5 

z 

16 

3.3 

2.1 

16 

2.1 

1.8 



ND8/ND8P 

A B c D E F 

0 x x x x x 

x 0 x x x x 

x x 0 x x x 

x x x 0 x x 

x x x x 0 x 

x x x x x 0 

x x x x x x 

x x x x x x 

1 1 1 1 1 1 

TRUTH TABLE 

G H 

x x 

x x 

x x 

x x 

x x 

x x 

0 x 

x 0 

1 1 

z 

1 

1 

1 

1 

1 

1 

1 

1 

0 

8NAND 

A 
B 
c 
D 

E 
F 
G 
H 

ND8/ND8P 

A 
B 
c 
D 
E 
F 
G 
H 

LOGIC SYMBOL 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

ND8 (STANDARD DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO 

1 

1.2 

1.5 

0.1443 
0.0589 

Gate Count: 6 

2 

1.4 

1.6 

Inept 
Inept = 

Coding Syntax: Z = NOS (A,B,C,D,E,F,G,H); 
Input loading: (1,1,1,1.1,1,1,1) 

NDSP (HIGH DRIVE) 

STD LOAD 1 2 

tPLH 1.2 1.3 

fPHL 1.6 1.6 

3 

1.5 

1.6 

1.08 
1.45 

3 

1.4 

1.7 

Slope1 = 0.0653 Inept 1.16 
SlopeO = 0.0331 Inept = 1.56 

Gate Count: 6 
Coding Syntax: Z = ND8P (A,B,C,D,E,F,G,H); 
Input loading: (1,1,1, 1,1,1,1,1) 
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1.7 2.2 3.4 

1.7 1.9 2.4 

4 8 16 

1.4 1.7 2.2 

1.7 1.8 2.1 

z 
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NR2 / NR2P 2NOR NR2/ NR2P 

B A 

LOGIC SYMBOL 

A B z 

0 0 1 

0 1 0 

1 0 0 

1 1 0 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance {ns)] wirelength not included 

NR2 (STANDARD DRIVE) 

Slope1 
SlopeO 

STD LOAD 

= 
= 

tPLH 

tPHL 

0.2589 
0.0589 

Gate Count: 1 

1 

0.8 

0.3 

Coding Syntax: Z = NR2 (A,B); 
Input loading: (1, 1) 

Inept 
Inept 

NR2P (HIGH DRIVE) 

STD LOAD 

tPLH 

fpffL 

Slope1 
SlopeO 

1 

0.7 

0.2 

0.1282 
0.0331 

Gate Count: 2 
Coding Syntax: Z = NR2P (A,B); 
Input loading: (2,2) 
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2 

0.8 

0.2 

Inept 
Inept 

2 

1.1 

0.4 

0.55 
0.25 

3 

0.9 

0.3 

0.56 
0.16 
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3 

1.3 

0.4 

4 

1.1 

0.3 

4 8 

1.6 2.6 

0.5 0.7 

8 16 

1.6 2.6 

0.4 0.7 



NR3 / NR3P 3NOR NR3 / NR3P 

c B A 

LOGIC SYMBOL 

A B c z 
0 0 0 1 

1 x x 0 

x 1 x 0 

x x 1 0 

TRUTH TABLE ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance {ns)] wirelength not included 

NR3 (STANDARD DRIVE) 

Slope1 
SlopeO = 

STD LOAD 

fPLH 

tPHL 

0.3864 
0.0589 

Gate Count: 2 
Coding Syntax: Z = NR3 (A,B,C); 
Input loading: (1,1,1) 

1 

1.2 

0.3 

Inept = 
Inept 

NR3P (HIGH DRIVE) 

Slope1 
SlopeO 

STD LOAD 

tPLH 

fPHL 

= 0.1934 
0.0345 

Gate Count: 3 

1 

1.0 

0.3 

Inept 
Inept 

Coding Syntax: Z = NR3P (A,B,C); 
Input loading: (2,2,2) 
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2 

1.2 

0.3 

2 

1.6 

0.4 

0.81 
0.25 

0.82 
0.27 
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3 

1.4 

0.4 

3 4 

2.0 2.3 

0.4 0.5 

4 8 

1.6 2.4 

0.4 0.6 



NR4/ NR4P 4NOR NR4/ NR4P 

~D-z 
D c B A 

LOGIC SYMBOL 

A B c D z 

0 0 0 0 1 

1 x x x 0 

x 1 x x 0 

x x 1 x 0 

x x x 1 0 
ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

NR4 (STANDARD DRIVE) 

STD LOAD 1 

Slope1 
SlopeO 

= 
= 

fPLH 

fPHL 

0.5146 
0.0589 

Gate Count: 2 

1.6 

0.3 

Inept 
Inept 

Coding Syntax: Z = NR4 (A,B,C,D); 
Input loading: (1,1, 1,1) 

NR4P (HIGH DRIVE) 

STD LOAD 1 

fPLH 1.4 

tPHL 0.3 

Slope1 = 0.2557 Inept 
SlopeO 0.0345 Inept 

Gate Count: 4 
Coding Syntax: Z = NR4P (A,B,C,D); 
Input loading: (2,2, 2,2) 

Copynght LSI LOGIC CORPORA. TION 198? 

2 

1.6 

0.3 

= 

2 

2.1 

0.4 

1.07 
0.25 

1.12 
0.27 
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3 

1.9 

0.4 

3 4 

2.6 3.1 

0.4 O.S 

4 8 

2.1 3.2 

0.4 0.6 



NRS/NRSP SNOR NRS/NRSP 

A B c D 

0 0 0 0 

1 x x x 

x 1 x x 

x x 1 x 

x x x 1 

x x x x 

TRUTH TABLE 

E z 

0 1 

x 0 

x 0 

x 0 

x 0 

1 0 

A---\ 
B ----'I. 
c -----! 
D--~ 

E 

z 

LOGIC SYMBOL 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

NRS (STANDARD DRIVE) 

STD LOAD 1 2 

fPLH 1.6 1.8 

fPHL 0.9 1.0 

Slope1 
SlopeO 

= 0.1458 
0.0523 

Inept = 
= Inept = 

Gate Count: 4 
Coding Syntax: Z = NR5 (A,B,C,D,E); 
Input loading: (1,1, 1,1.1) 

NRSP (HIGH DRIVE) 

STD LOAD 1 2 

fPLH 1.7 1.8 

fPHL 0.9 0.9 

Slope1 = 0.0718 Inept = 
SlopeO = 0.0282 Inept = 

Gate Count: 5 
Coding Syntax: Z = NR5P (A,B,C,D,E); 
Input loading: (1,1, 1,1,1) 

Cooynght _SI LOGIC O)HPORA T/ON 1987 

3 

1.9 

1.0 

1.49 
0.87 

3 

1.9 

0.9 

1.64 
0.86 
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4 8 

2.1 2.7 

1.1 1.3 

4 8 

1.9 2.2 

1.0 1.1 

z 

16 

3.8 

1.7 

16 

2.8 

1.3 



NR6/NR6P 6NOR NR6/NR6P 

A 

A B c D E F z B 
c z 
D 

0 0 0 0 0 0 1 E 
1 x x x x x 0 F 
x 1 x x x x 0 LOGIC SYMBOL 

x x 1 x x x 0 

x x x 1 x x 0 

x x x x 1 x 0 
A 
B 

x x x x x 1 0 c z D 
E 

TRUTH TABLE F 
ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

NR6 (STANDARD DRIVE) 

STD LOAD 

fPLH 

tPHL 

Slope1 
SlopeO 

= 
= 

1 

1.7 

0.9 

0.1458 
0.0523 

Gate Count: 5 

2 

1.9 

1.0 

Inept = 
Inept = 

Coding Syntax: Z = NR6 (A,B,C,D,E,F); 
Input loading: (1, 1, 1, 1, 1, 1) 

NR6P (HIGH DRIVE) 

STD LOAD 1 2 

tPLH 1.8 1.9 

tPHL 1.0 1.0 

Slope1 0.0718 Inept 
SlopeO = 0.0347 Inept 

Gate Count: 5 
Coding Syntax: Z = NR6P (A,B,C,D,E,F); 
Input loading: (1, 1, 1, 1, 1, 1) 

Copynght LSI LOGIC CORPORA TrON 1987 

= 

1.59 
0.87 

3 4 8 16 

2.0 2.2 2.8 3.9 

1.0 1.1 1.3 1.7 

3 4 8 16 

2.0 2.0 2.3 2.9 

1.0 1.1 1.2 1.5 

1.74 
0.94 
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NR8/NR8P 8NOR NR8/NR8P 

A 
B 

A B c D E F G H z c 
D z 
E 
F 

0 0 0 0 0 0 0 0 1 

1 x x x x x x x 0 G 
x 1 x x x x x x 0 H LOGIC SYMBOL 
x x 1 x x x x x 0 A 
x x x 1 x x x x 0 B 

c 
D 

z 
x x x x 1 x x x 0 

x x x x x 1 x x 0 

x x x x x x 1 x 0 E 
x x x x x x x 1 0 F 

G 
TRUTH TABLE H 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

NR8 (STANDARD DRIVE) 

STD LOAD 1 2 3 

tPLH 2.0 2.2 2.3 

tpffL 0.9 1.0 1.0 

Slope 1 0. 1458 Inept 1.89 
SlopeO = 0.0523 Inept 0.87 

Gate Count: 6 
Coding Syntax: Z = NR8 (A,B,C,D,E,F,G,H); 
Input loading: (1,1,1, 1,1,1,1,1) 

NRSP (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

1 

2.1 

0.9 

0.0718 
0.0347 

Gate Count: 6 

2 

2.2 

0.9 

Inept = 
Inept = 

Coding Syntax: Z = NR8P (A,B,C,D,E,F,G,H); 
Input loading: (1,1,1, 1,1,1,1,1) 

Copyright LSI LOGIC CORPORATfON 1987 

3 

2.3 

0.9 

2.04 
0.84 
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4 8 16 

2.5 3.1 4.2 

1.1 1.3 1.7 

4 8 16 

2.3 2.6 3.2 

1.0 1.1 1.4 



NR16 / NR16P 16NOR NR16 / NR16P 

10 11 12 13 14 15 16 17 18 19 110 111 112 113 114 115 z 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
1XXXXXXXXX x x x x x x 0 
X1XXXXXXXX x x x x x x 0 
XX1XXXXXXX x x x x x x 0 

10 n>-z 
XXX1XXXXXX x x x x x x 0 115 
XXXX1XXXXX x x x x x x 0 
XXXXX1XXXX x x x x x x 0 LOGIC SYMBOL 

XXXXXX1XXX x x x x x x 0 10 
XXXXXXX1XX x x x x x x 0 
XXXXXXXX1X x x x x x x 0 
XXXXXXXXX1 x x x x x x 0 
xxxxxxxxxx 1 x x x x x 0 
xxxxxxxxxx x 1 x x x x 0 
xxxxxxxxxx x x 1 x x x 0 
xxxxxxxxxx x x x 1 x x 0 
xxxxxxxxxx x x x x 1 x 0 115 

xxxxxxxxxx x x x x x 1 0 
TRUTH TABLE 

Delays are nominal [25 deg c, 5v performance (ns)] wirelength not included 

NR16 (STANDARD DRIVE) 

STD LOAD 

fptff 

fPHL 

Slope1 
SlopeO = 

1 

2.4 

1.0 

0.1523 
0.0589 

Gate Count: 11 

2 

2.6 

1. 1 

Inept = 
Inept = 

3 

2.7 

1.1 

2.27 
0.95 

4 

2.9 

1.2 

Coding Syntax: Z = NR 16 (10,11,12,13,14,15,16,17,18,19,110,111,112,113,114,115); 
lnputloading: (1,1,1, 1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1) 

NR16P 

STD LOAD 

tpLff 

fPHL 

Slope1 
SlopeO 

= 
= 

(HIGH DRIVE) 

1 

2.5 

1.1 

0.0788 
0.0396 

2 

2.6 

1. 1 

Inept = 
Inept = 

Gate Count: 11 

3 

2.7 

1.2 

2.45 
1.04 

4 

2.8 

1.2 

Coding Syntax: Z = NR16P (10,11,12,13,14,15,16,17,18,19,110,111,112,113,114,115); 
Input I oad i ng: ( 1, 1 , 1 , 1 , 1, 1, 1, 1 , 1 , 1, 1 , 1 , 1 • 1 , 1 , 1 ) 

2-167 
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8 16 

3.5 4.7 

1.4 1.9 

8 16 

3.1 3.7 

1.3 1.7 

z 



OR2/0R2P 2NOR INTO INVERTER OR2 / OR2P 

B A 

LOGIC SYMBOL 

A B z 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

ELECTRICAL SCHEMATIC 
TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

0R2 (STANDARD DRIVE) 

STD LOAD 

tp1ff 

fpffL 

Slope1 
SlopeO 

= 
= 

1 

0.5 

0.9 

0.1443 
0.0589 

Gate Count: 2 
Coding Syntax: Z = OR2 (A,B); 
Input loading: (1,1) 

2 

0.7 

1.0 

Inept = 
Inept = 

0R2P (HIGH DRIVE) 

STD LOAD 

fPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

1 

0.5 

1.0 

0.0653 
0.0347 

Gate Count: 2 
Coding Syntax: Z = OR2P (A,B); 
Input loading: (1, 1) 

COP)'rlght LSI LOGIC CORPORATION 1987 

2 

0.6 

1.0 

Inept = 
Inept = 

3 

0.8 

1.0 

0.38 
0.85 

3 

0.7 

1.0 

0.46 
0.94 
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4 8 

1.0 1.5 

1.1 1.3 

4 8 

0.7 1.0 

1.1 1.2 

z 

16 

2.7 

1.8 

16 

1.5 

1.5 



OR3/0R3P 3NOR INTO INVERTER OR3/0R3P 

~=D-z c B A 

LOGIC SYMBOL 

A B c z 
0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 1 
1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 1 ELECTRICAL SCHEMATIC 

TRUTH TABLE 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

0R3 {STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 

tnH 0.6 0.8 0.9 1.1 1.6 

fPHL 1.3 1.4 1.5 1.5 1.8 

Slope1 = 0.1443 Inept = 0.48 
SlopeO = 0.0718 Inept = 1.24 

Gate Count: 2 
Coding Syntax: Z = OR3 (A,B,C); 
Input loading: (1,1,1) 

0R3P {HIGH DRIVE) 

STD LOAD 1 2 3 4 8 

fpLff 0.6 0.7 0.8 0.8 1.1 

fPHL 1.4 1.4 1.5 1.5 1.7 

Slope1 = 0.0653 Inept = 0.56 
SlopeO = 0.0477 Inept = 1.33 

Gate Count: 3 
Coding Syntax: Z = OR3P (A,B,C); 
Input loading: (1,1,1) 

2-169 
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16 

2.8 

2.4 

16 

1.6 

2.1 

z 



OR4/0R4P 4NOR INTO INVERTER OR4/0R4P 

i3=>-2 
D c B A 

LOGIC SYMBOL 

A B c D z 
0 0 0 0 1 

1 x x x 0 

x 1 x x 0 z 
x x 1 x 0 

x x x 1 0 

TRUTH TABLE 
ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

0R4 (STANDARD DRIVE) 

STD LOAD 1 2 3 4 8 16 

fPLH 0.5 0.7 0.8 1.0 1.5 2.7 

fPHL 1.4 1.5 1.6 1.7 2.0 2.6 

Slope1 = 0.1443 Inept = 0.38 
SlopeO 0.0788 Inept = 1.35 

Gate Count: 3 
Coding Syntax: Z = OR4 (A,B,C,D); 
Input loading: (1, 1, 1, 1) 

0R4P (HIGH DRIVE) 

STD LOAD 1 2 3 4 8 16 

fPLH 0.6 0.7 0.8 0.8 1.1 1.6 

fPHL 1.9 2.0 2.0 2.1 2.3 2.7 

Slope1 = 0.0653 Inept = 0.56 
SlopeO = 0.0523 Inept = 1.87 

Gate Count: 3 
Coding Syntax: Z = OR4P (A,B,C,D); 
Input loading: (1, 1, 1, 1) 
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OSCI OSCILLATOR WITH INTERNAL BUFFER OSCI 

LOGIC SYMBOLC 

A 

0 

1 

:····rNPu:r···~r~ 
~PROTECT~ ~ . . ·················· 

zx 
SCHEMATIC 

zx ZI 

1 1 

0 0 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

OSCI (A - ZX/ZI) 
STD LOAD 1S so 85 100 

Tp/h(A-ZX) 4.0 9.1 14.3 16.5 
Tph/(A-ZX) 3.6 8.2 12.7 14.6 

STD LOAD so 100 200 400 500 

Tp/h(A-ZI) 1.8 2.1 2.9 4.4 5.2 
Tph/(A-ZI) 1.9 2.1 2.5 3.3 3.7 

ZXOutput Slope 1(ns/pf) = 0.1472 Inept = 1.77 
Slope O(ns/pf) = 0.1294 Inept = 1.69 

ZI Output Slope 1 (ns/pf) = 0.0076 Inept = 1.38 
Slope O(ns/pf) = 0.0040 Inept = 1.70 

Coding Syntax: Z = OSCI (A); 
Input Loading: (12.5) 2-171 
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OSCO OSCILLATOR WITH OUTPUT BUFFER OSCO 

LOGIC SYMBOLC 

0 i~~;~f }-t>-{>--{>--~~~~~f. ~-~~i.~~f. '--1 zx2 I 
lzx1 I 

SCHEMATIC 

A ZX1 ZX2 

0 1 1 

1 0 0 

TRUTH TABLE 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

OSCO (A - ZX1/ZX2) 

CLOAD 15 50 85 100 

Tplh (A- ZX1) 3.3 8.4 13.6 15.8 
Tphl (A- ZX1) 2.9 7.5 12.0 13.9 

Tplh (A - ZX2) 2.3 4.5 6.8 7.7 
Tphl (A - ZX2) 2.2 3.4 4.6 5.2 

ZX1 Output Slope 1(nslpf) = 0.1472 Inept = 1.07 
Slope O(nstpf) = 0. 1294 Inept = 0.99 

ZX20utput Slope 1 (nslpf) = 0.0639 Inept = 1.33 
Slope O(nslpf) = 0.0350 Inept = 1.66 

Coding Syntax: Z = OSCO (A); 
Input Loading: (12.5} 
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RAM1 

D 

DLATCH, GATED WITH ADDED THREE-STATE OUTPUT 

STANDARD DRIVE 

RD 

LOGIC SYMBOL 

QN RD 
D WR WRN QN RD QN ZN 

x 0 1 QN 0 x Ht·Z 

0 1 0 1 1 0 0 SCHEMATIC 
1 1 0 0 1 1 1 

TRUTH TABLE 

RAM1 

RAM1 Delays are Nominal (25 deg c, 5v Performance (ns)) wirelength not included 

STD LOAD 1 2 3 4 8 16 

fPLH(WR-QN) 0.7 0.7 0.8 0.8 1.0 1.5 
fpffL (WR-QN) 0.6 0.8 0.9 1.0 1.6 2.8 

f PLH (RD-ZN) 0.3 0.4 0.5 0.6 0.9 1.6 
fpffL (RD-ZN) 0.5 0.7 0.8 1.0 1.6 2.7 

WR-QN Output Slope 1 = 0.1453 Inept= 0.46 
Slope 0 = 0.0542 Inept= 0.61 

RD-ZN Output Slope 1 = 0.1458 Inept= 0.39 
Slope 0 = 0.0854 Inept= 0.23 

PARAMETER NS 

Tsetu_E_(ln_E_ut Setu_E_ Time) 1.0* 

Thold (Input Hold Time) 0.0 

T w (CLOCK) (Width of CLK Pulse) 

CLOCK High Min 1.5 
CLOCK Low Min 1.5 

T rel RD Release time RD to CLK 0.5 

* with zero loading at QN 

Gate Count : 4 
Coding Syntax: Z (ZN, QN) = RAM 1 (D,WR,WRN,RD); 
Input Loading: (2, 1, 1, 1.5) 

Copyright LSI LOGIC CORPORATION 1987 
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SCHMITT CMOS INPUT BUFFER 

SCHMITC 
SCHMITT CMOS INPUT 

PULL - UP OPTION 

~( 
A 

~-~-=

INPUT 

PROTECT 

SCHMITCU 
SCHMITT CMOS INPUT 

WITH PULL-UP 

Pl 

LOGIC SYMBOL 

4~ 
PULL - DOWN OPTION 

ELECTRICAL SCHEMATIC 

SCHMITC I SCHMITCU I SCHMITCD (A-Z) 

SCHMITCD 
SCHMITT CMOS INPUT 

WITH PULL-DOWN 

Pl 

Delays are Nominal [25 deg c, 5v Performance (ns)J wirelength not included 

STD LOAD 

fptff (Z) 
fpfft (Z) 

ZOutput 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input Capacitance: 

1 2 

1.4 1.4 
1.7 1.7 

Slope 1 0.0411 
Slope 0 = 0.0265 

(Z,PO) = &SCHMITC (A, Pl); 
(Z,PO) = &SCHMITCU(A, Pl); 
{Z,PO) = &SCHMITCD(A, Pl); 

( - ' 1) 

3 

1.5 
1.8 

Device{1.5 pf) + pad(1 pf) = 2.5 pf 
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Inept 
Inept 

4 

1.5 
1.8 

= 1.35 
= 1.68 

8 16 

1.7 2.0 
1.9 2.1 



INVERTED SCHMITT CMOS INPUT BUFFER 

SCHMITCN 
INVERTED SCHMITI 

CMOS INPUT 

A INPUT 

PROTECT 

SCHMITCNU 
INVERTED SCHMITI CMOS 

INPUT WITH PULL-UP 

Pl 

LOGIC SYMBOL 

PULL· UP OPTION 

PULL ·DOWN OPTION 

ELECTRICAL SCHEMATIC 

SCHMITCN I SCHMITCNU I SCHMITCND (A-Z) 

Pl 

Delays are Nominal [25 deg c, Sv Performance (ns)] wirelength not included 

STD LOAD 1 2 3 4 

fPLH(Z) 1.6 1.8 2.1 2.3 
fpffL (Z) 1.0 1.2 1.2 1.3 

SCHMITCND 
INVERTED SCHMITI CMOS 

INPUT WITH PULL-DOWN 

PO 

8 

3.2 
1.6 

ZOutput Slope 1 = 0.2199 Inept = 1.40 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input Capacitance: 

Slope O = 0.0669 

(Z,PO) = &SCHMITCN (A, Pl); 
(Z,PO) = &SCHMITCNU (A, Pl); 
(Z,PO) = &SCHMITCND (A, Pl); 

("I 1) 
Device(1.5 pf) + pad(1 pf) = 2.5 pf 
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ST I STP INVERTING SCHMITT TRIGGER ST I STP 
IN FOR INTRACHIP WAVE SHAPING 

z 

LOGIC SYMBOL 
A 

ELECTRICAL SCHEMATIC 

Delays are nominal [25 deg c, Sv performance (ns)] wirelength not included 

ST (STANDARD DRIVE) 

STD LOAD 

fPLH 

tPHL 

Slope1 
SlopeO 

= 
= 

1 

1.5 

1.2 

0.1443 
0.0547 

Gate Count: 3 
Coding Syntax: Z = ST (A); 
Input loading: (2) 

2 

1.7 

1.2 

Inept = 
Inept = 

STP (HIGH DRIVE) 

STD LOAD 

tPLH 

fPHL 

Slope1 
SlopeO 

= 
= 

1 

1.5 

1.3 

0.0653 
0.0282 

Gate Count: 4 
Coding Syntax: Z = STP (A); 
Input loading: (2) 

2 

1.6 

1.3 

Inept 
Inept 

3 

1.8 

1.3 

1.38 
1.14 

3 

1.7 

1.3 

1.46 
1.26 
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4 8 

2.0 2.5 

1.4 1.6 

4 8 

1.7 2.0 

1.4 1.5 

16 

3.7 

2.0 

16 

2.5 

1.7 



ST1 I ST1P NON INVERTING SCHMITT TRIGGER 
IN FOR INTRACHIP WAVE SHAPING 

ST1 I ST1P 

A 

LOGIC SYMBOL 

ELECTRICAL SCH EMA TIC 

Delays are nominal (25 deg c, Sv performance (ns)] wirelength not included 

ST1 (STANDARD DRIVE) 

STD LOAD 1 2 

fptff 1.0 1.2 

fPHL 1.3 1.4 

Slope1 = 0.1443 Inept = 
SlopeO = 0.0589 Inept = 

Gate Count: 3 
Coding Syntax: Z = ST1 (A); 
Input loading: (2) 

ST1 P (HIGH DRIVE) 

STD LOAD 

tPLH 

tPHL 

Slope1 
SlopeO = 

1 

1.1 

1.5 

0.0653 
0.0396 

Gate Count: 3 
Coding Syntax: Z = ST1P (A); 
Input loading: (2) 

Copyright LSI LOGIC CORPORt! r,QN _ • i~' 

2 

1.2 

1.5 

Inept = 
Inept = 

3 

1.3 

1.4 

0.88 
1.25 

3 

1.3 

1.6 

1.06 
1.44 
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4 8 

1.5 2.0 

1.5 1.7 

4 8 

1.3 1.6 

1.6 1.7 

16 

3.2 

2.2 

16 

2.1 

2.1 



INVERTED TTL INPUT BUFFER 

TLCHN 
INVERTING TTL INPUT 

A 

TLCHNU 
INVERTING TTL INPUT 

WITH PULL-UP 

Pl 

LOGIC SYMBOL 

INPUT 

PROTECT 

PULL - UP OPTION 

PULL· DOWN OPTION 

Pl 

ELECTRICAL SCHEMATIC 

TLCHN /TLCHNU /TLCHND (A-Z) 
I . I [ rf De ~are Nomina 25d~c. SvPe ormance (ns) wirele~t 

STD LOAD 

fPLH(Z) 
fPHL (Z) 

Z Output 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 
Input Capacitance: 

1 

0.6 
0.4 

Slope 1 
Slope 0 

2 

0.7 
0.5 

0.0881 
0.0307 

(Z,PO) = &TLCHN (A, Pl); 
(Z,PO) = &TLCHNU (A, Pl); 
(Z,PO) = &TLCHND (A, Pl); 

( - ' 1) 

3 

0.7 
0.5 

Inept 
Inept 

Device(1.5 pf) + pad(1 pf) = 2.5 p 
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h not inclu 

4 

0.8 
0.5 

0.48 
0.39 

d ed 

TLCHND 
INVERTING TTL INPUT 

WITH PULL-DOWN 

8 16 

1.2 1.9 
0.6 0.9 



TLC HT 
TTL INPUT 

A 

TTL INPUT BUFFER 

TLCHTU 
TTL INPUT 

WITH PULL-UP 

Pl 

LOGIC SYMBOL 

PULL - UP OPTION 

~~ 
~-~-=-

INPUT 

PROTECT 

PULL - DOWN OPTION 

ELECTRICAL SCHEMATIC 

TLCHT I TLCHTU I TLCHTD (A-Z) 

Pl 

Delays are Nominal [25 deg c, 5v Performance (ns)] wirelength not included 

STD LOAD 

fpLff(Z) 
fPHL (Z) 

ZOutput 

Coding Syntax: 
Coding Syntax: 
Coding Syntax: 
Input Loading: 

1 

0.8 
0.7 

Slope 1 
Slope 0 

2 

0.8 
0.7 

0.0411 
0.0201 

(Z,PO) = &TLCHT (A, Pl); 
(Z,PO) = & TLCHTU (A, Pl); 
(Z,PO) = &TLCHTD(A, Pl); 

( - • 1) 

3 4 

0.9 0.9 
0.7 0.8 

Inept = 0.75 
Inept = 0.67 

Input Capacitance: Device(1.5 pf) + pad(1 pf) = 2.5 pf 

Copyright LSI LOGIC CORPORATION 1987 
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TLCHTD 
TTL INPUT 

WITH PULL-DOWN 

8 16 

1.1 1.4 
0.8 1.0 



CHAPTER 3: Macrofunction Catalogue 

This chapter contains, in alphabetical and numerical order, model and data sheet 
for all the macrofunctions available for the LCA 10000 Series. Macrofunctions are 
available to all mainframe users. 

3.1 HOWTO READ A MACROFUNCTION MODEL 

This section explains how to read a macrofunction model by annotating the 
CB4C macrofunctin model in Figure 3.1. 

1. The Macrofunciton Name appears in the upper-left and upper
right corner of the page. 

2. The Macrofunction Function is given on the same line as the 
macrofunction's name. 

3. The macrofunction Logic Symbol is shown on the left hand box, 
under the header. 

4. Truth Table is shown in the right hand box, at the top, under the 
header. 

5. The macrofunction network schematic, or Logic Diagram 
illustrating interconnected macrocells, is shown. 

6. The number of Gates Used by the macrofunction is shown in the 
lower left corner. 

7. The Coding Syntax in TDL format is shown. This particular 
syntax is used by the LDS System Logic Simulator, not the 
workstation simulator. 

8. Input Loading is shown on the last line of the model. 

Copyright LSI Logic Corporation 1987 

3-1 



CB41 CD 

MACROFUNCTION MODEL 

10 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR @ 

LOGIC SYMBOL OUTPUT 
@ 

CB41 
QA QB QC 

0 0 0 0 

Cl QA 
1 1 0 0 
2 0 1 0 

oe 3 1 1 0 . 0 0 1 

co s 1 0 1 

• 0 1 1 
00 7 1 1 1 

• 0 0 0 

co co 
' 1 0 0 
10 0 1 0 
11 1 1 0 
12 0 0 1 

" 1 0 1 

" 0 1 1 

1S 1 1 1 

@ 
LOGIC DIAGRAM 

QA QB QC 

QN QN QN 

co 

CP 

Cl 

® Gates Used: 62 

Q) Coding syntax: Z (QA, QB QC, QD, CO) = CB41 (CP, Cl, CD)$ 

(4, 5, 4) @ Input Loading: 

Copynght LSI Logic Corporation 1987 

3-2 

CB41 

© 

QD 
0 
0 

• 
0 
0 

0 
0 
0 
1 

1 

1 

1 

1 

1 

1 

1 

QO 

QN 

co 

February, 1987 



C10LSR 10 BIT MODULO 1023 LINEAR 
FEEDBACK SHIFT REGISTER 

LOGIC SYMBOL 

C10LSR 

CD 

~~NI== 
QB 1-
QBNI-
QC 1-
QCNI-
QD 1-
QDNI
QE r-
QENI-
QI 1--
g~N 1-
QGNl==I--
OH 

g~NI== 
QIN I== 
_llir.1--

LOGIC DIAGRAM 

C10LSR 

~rD~~~~~~~lD~B-lT~SH_l_F_T_R-EG_J_S_TE-R~~~~~= 
--<j CD Ml TH CLEAR DIRECT 

"--r"-.---,~.-.-.-.--.--.--..--.--.--,---.-~ 

v 
DAN DA OBN OB OCN ac ODN an an OE DFN OF QCN nc DHN OH OJ N ill OJN OJ 

Gates Used: 23 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

QI, QIN, QJ, QJN) C10LSR ( CP, CD)$ 

Input Loading: ( 10' 20) 

Copynght LSI Logic Corporat10n 1987 
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C11LSR 11 BIT MODULO 2047 LINEAR C11LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM 

ll~ 
Cl 

n ~ c > 
""' Cl .... 

Cl 
> 
Cl ... 
""' Cl ... ~ 

Cl 
n 

""' Cl 
n 
Cl 
Cl ~ -""' -Cl c 
Cl - m ..... -Cl :c 
ITI 

..... 
""' n tn 
Cl r- :c .... ~ ,., -
Cl > ...., 

::a ..... ...., 
~ 

""' Cl ::a 
Cl - ,., .., ~ ::a C'1 
Cl .... -C'1 n ..... 
z: ..... ..... 
Cl m 
C'1 ::a 

Cl 
:c ~ 
z: 
Cl 
:c 
CJ -z: 

~ 
Cl ... 
z: 
Cl ..... ... 
i::r ... 
z: 
i::r 

""' 

~ 
Gates Used: 102 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

QI, QIN, QJ, QJN, QK, QKN) C11LSR ( CP,CD)$ 

Input Loading: ( 11 • 22) 

Copynght LSI LoglC Corporation 1987 

3-4 



C12LSR 12 BIT MODULO 4095 LINEAR C12LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM 

c 111=1 
> ~- ,, v CJ ... C2 

c:i 
> 
c -u:i ... 
c:i 
u:i .... 
c:i 
n + ... 
= n 
c:i 
CJ -... 

"' c:i :c 
C2 - g::i 

c:i 
..... -,., :c ..... ... n &n = ..... r- ::c: ,., m -

c:i > .., ...., .... ::a ..... ... 
c CJ ::a - m .., .... = C"I = m -C"I n .,, - ..... ..... 
c m 

"" .... :a 

= ::: 

"" c:i 
::: 
c - ~-

"" c ..... -
c:i .... 
"" 

.... 
c + '-
c 
""' y 

z 
c ..... 
""' c:i 
r- --z 
c 
r-

?'2 l ,., 

Gates Used: 117 February, 1987 

loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

QI, QIN, QJ, QJN, QK, QKN, Ql, QlN) C12lSR ( CP, CD)$ 

Input loading: ( 12' 24) 

Copynght LSI Logic Corporation 1987 
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C13LSR 13 BIT MODULO 8191 LINEAR C13LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM 
ll_Ci 

Cl n "' c:i > z: CJ 

Cl 
> 
Cl 
m -z: 
Cl 
m 
Cl 
n ~ 
a:: 
Cl 
M 

i::i 
CJ -z: ... 

• Cl a:: 
Cl - m ...... -Cl ::: ,., ...... 
z M "' Cl r- ::: ,., ..., -
Cl > ..., 

"" ..... ..., 
:z: CJ "" Cl - ,., ..., ::a C"l 
Cl '" -
C"l n c.n 
:z: ...... ...... 
Cl 

,.., 
C'J .... "" 
Cl 
::>:: ~ 

:z: 
Cl 
::>:: 
Cl - ... 
:z: 
Cl -
Cl .... 
z: 
Cl .... 
Cl 

""' ~ :z: 
Cl ... 
Cl 
r-
z: 
Cl 
r-
Cl 
:JC ... 
:z 
Cl 
:JC ... 

9Yi ""-

Gates Used: 126 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

QI, QIN, QJ, QJN, QK, QKN, QL, QLN, QM, QMN,) C13LSR ( CP, CD)$ 

Input Loading: ( 13. 26) 

Copyright LSI Logic Corporation 1987 
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C14LSR 14 BIT MODULO 16383 LINEAR C14LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM llC-
DAN ""'"" ..,vc 

c 
DA 

OBN 

OB 

OCN 

nc ~ 

ODN 

no --OEN 
:r:: - a:o ..... -

OE :>:: --< 
n tn 

OFN r :>:: ,.,., -
OF > ..,, 

"" --< 

OGN c:i "" - ,.,., 
"" C""1 

OG ..,.. ,.,., -n Ln 
--< --< 

OHN ,.,., 
"" OH 

DIN 

CI y 

OJN ~-

CJ 
OKN ..;-

OK 

OLN 

CL 

OMN 

OH .....-

CNN 

ON ..,.. 

~~) "" 
Gates Used: 135 February. 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN) 

=C14LSR (CP, CD)$ 

Input Loading: (14, 28) 

Copyright LSI Logic Corporation 1987 
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C15LSR 15 BIT MODULO 32767 LINEAR C15LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM I I l 
CAN.,. n v c:i 

Cl 

CA .... 

OBN 
OB ... 
OCN -.. 
DC .... 
ODN 
OD -U1 

a:: 
OEN - "" -I -
OE ::>:: -I 

n ..,, 
OFN r- ::>:: ..... -> "Tl 

OF = -I 

OGN 
CJ = - ..... = "" CG ..... -M "' -I -I 

OHN ....- ..... = 
OH ~ 

01 N .... 
01 

OJN 
OJ .... 
OKN 
DK .... 
QLN + 
QL 
OHN ...-
OH 
CNN ...-
ON 
CON + 
no 

~ 
Gates Used: 138 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO, QON) 

= C15LSR (CP, CD)$ 

Input Loading: (15, 30) 

Copyright LSI Logtc Corporation 1987 
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C16LSR 16 BIT MODULO 65535 LINEAR C16LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM I I l 
llAN n ·~ c:i 

= llA 
llBN ....-
ns .... 
llCN .... 
QC 
llDN 
QD 

DEN -.... 
:c 

llE - m 
~ -= ~ llFN n .,, 

QF ..... = "' -ll&N .... > ..,., 
::= ~ 

Q& Cl ::= - ,,., 
QHN ::= C"l ,,., -QH ...., 

"" ~ ~ 

QIN 
,.., 
::= 

lll ..... 
llJN .... 
QJ 

QKN 
QK 
QLN 
llL 
DHN 
QH --
QNN 
QN .... 
DON 
no ~ 

QPN 
QP -- y_V 

~r>-J 
Gates Used: 153 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO, QON, QPM, QPN) 

= C16LSR (CP, CD)$ 

Input Loading: (16, 32) 

Copyr19ht LSI Logic Corporation 1987 
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C17LSR 17 BIT MODULO 131071 LINEAR C17LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM l l _c-
DAN ....,vc 
QA = ..._--

OBN 
OB --
OCN 
QC 
DDN 
OD 
OEN 
OE 
OFN -- ...... 
OF :c: - cc 

OGN .... -i -= -i 

DG n ..,., 
OHN 

""'"" 
r = J"T'1 -

DH ~ > ...., 
= -i 

DIN = = 
DI - J"T'1 

= C"l 

OJN J"T'1 -n ..,, 
OJ ~ 

_, _, ..., 
DKN ..... - = 
OK 
OLN 
OL ..._.. 

OMN 
OM 
ONN ..._.. 

ON -
SBN 

oE-

-
OP N 
OP -oE-

DON 
00 

Gates Used: 1 56 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO, QON, QPM,QPN, QQ, QQN) 

= C17LSR (CP, CD)$ 

Input Loading: (17,34) 

Copyright LSI Logic Corporation 1987 
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C18LSR 18 BIT MODULO 262143 LINEAR C18LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM 

l lr-DAN nv= 
DA ..... Cl 

DBN 
DB 

DCN 
QC 
DDN ~ 
DD .... 
OEN ..,. 
DE 
DFN -... 
DF IC - m 
OCN ~ -I -:c -I 
nc -- ..... U'J 

DHN 
,..... :c ,,., -

DH > ..,, 
= -I 

DIN Cl = DI - ,,., 
= C"I 

DJN 
,,., -n tn 

DJ ..... -I -I 

DKN ...._ 
,,., 
= 

DK .... 
DLN 
DL 
DHN 
DH + 
DNN 
ON ...._ 

BBN + 
DP N 
DP 
DON 
DD 
ORN~ 
DR 

GatesUsed: 165 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO,QON, QPM,QPN, QQ, QQN,QR, QRN) 

= C18LSR (CP, CD)$ 

Input Loading: (18, 36) 

Copynght LSI Logic Corporation 1987 
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C19LSR 19 BIT MODULO 524287 LINEAR C19LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM llLl 
DAN n "V c::i 

DA Cl 

DBN 
DB 

DCN 
DC 
DD N + 
DD .... -
DEN + 
DE ....... 

DFN -... 
OF 

:c .... - m 
DGN ~ ~ -:c ~ 
DG .... - n r.n 
DHN 

,... :c ..., -DH ..... > ..., 
= ~ 

DIN~ Cl = 
DI - ..., 

~· = .,., 
DJN .... 

.., -n en 
DJ ....... ~ ~ ..., 
DKN = 
DK ~ 

DLN .... -
DL 
DHN 
DH ~ 

DNN ~ 
ON 

RBN : 
DPN ..._. 
DP 
DON 
DD 
ORN ..._ 
OR ..._. 

OSN 
OS ~ 

7 ~ l )I> 
Gates Used: 180 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO,QON, QPM,QPN, QQ, QQN,QR, QRN, QS, QSN) 

=C19LSR (CP, CD)$ 

Input Loading: (19, 38) 

COpynght LSI Logu: Corporation 1987 
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C20LSR 20 BIT MODULO 1048575 LINEAR C20LSR 
FEEDBACK SHIFT REGISTER 

LOGIC DIAGRAM l lr-OAN 
n "' c 

QA = 
OBN .....-
QB ..._-

QCN 
oc .... 
ODN 
no --
OEN 
OE .....-
OFN ""'- "" = OF :5 a:i 
OGN -< -:c ..... nc 

n .... 
OHN ..... = ,,, -OH > ..,., 

:a ..... 
DIN 0 ::a 
QI - ,.., 

:a C"l 

OJN ,..., -
DJ ~ 

n en .... ..... 
OKN .....-

,,., 
"" OK --

QUI 
OL + 
OMN ~ 
OM 
CNN 
ON + 

RBN 

OPN 
OP 
DON 
no ~ 

ORN 
OR 

R~N --
OTN 
OT 

~ 
Gates Used: 183 February, 1987 

Coding Syntax: Z (QA, QAN, QB, QBN, QC, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, QI, QIN, 

QJ, QJN, QL, QLN, QN, QNN, QO, QON, QPM, QPN, QQ, QQN, QR, QRN, QS, QSN, QT, QTN) 

=C20LSR (CP, CD)$ 

Input Loading: (20, 40) 

Copyr1ght LSI Logic Corporation 1987 
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C2G MODULO 4 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

LOGIC SYMBOL TRUTH TABLE 

C2G 
OUTPUT 

- l> QA t--
QAN t-- QA QB 
QB t-- ...!!. ...!!. 
QBN t--

1 ...!!. 
1 1 

co 0 1 

I 

LOGIC DIAGRAM 

FD2P .--p. ON!-, 

FD2P 

c"'/---'--· -+I--+--+-' I 
co ,...>------+-11------' 

QAN QA QBN QB 

Gates Used: 20 

Coding syntax: Z (QA, QB) = C2G ( CP, CD)$ 

Input Loading: 2' 4) 

Copyright LSI Log1e Corporation 1987 
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C3G 

CP 
CD 

Gates Used: 34 

MODULO 8 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

LOGIC SYMBOL 

C3G 

CD 

QA 

QAN 

QB 

QBN 

QC 

QCN 

LOGIC DIAGRAM 

D Q D D 
FD2P FD2P 

ON DN 
CD CD 

DAN QA DBN QB DCN DC 

Coding syntax: Z (QA, QB, QC, QD) = C3G ( CP, CD)$ 

Input Loading: 3' 6) 

Copyright LSI Logic Corporation 1987 
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February, 1987 



C3LSR 3 BIT MODULO 7 LINEAR 
FEEDBACK SHIFT REGISTER 

'~ 

LOGIC SYMBOL 

C3LSR 

CD 

QA 1-
QANI-
QB 1-
QBN I-
QC t-
QCN 1--

LOGIC DIAGRAM 

tj J Q t---w---!D Qt----.---le Q t-+-i 
K FD2P FD2P 

r---1> QN!-i r---1> QNt-1 r-j> QNH 

CD CD CD 

CP~~..._-f~t-t--'---r~t-+-' I 
CD..- • 

QAN QA QBN QB QCN QC 

Gates Used: 29 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN) 

C3LSR ( CP, CD)$ 

Input Loading: ( 3, 6) 

Copyright LSI log1e Corporation 1987 
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C4G MODULO 16 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

LOGIC SYMBOL TRUTH TABLE 

C4G 

co 

Gates Used: 56 

QA 

QB 

QC 

QO 

LOGIC DIAGRAM 

QA 

Coding syntax: Z (QA, QB, QC, QD) = C4G ( CP, CD)$ 

Input Loading: 4.5, 12) 

Copyright LSI LoglC Corporat10n 1987 
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_QA 

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

QB 

....Q!I _g_c _Qp 

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

QC 

C4G 

QD 

February, 1987 



C4LSR 4 BIT MODULO 15 LINEAR 
FEEDBACK SHIFT REGISTER 

LOGIC SYMBOL 

C4LSR 

CD 

_J 

QA r-
QAN r-
QB r-
QBN r-
QC f-
QCN r-
QD r
QDN f--

LOGIC DIAGRAM 

C4LSR 

~r~~--,Qt----r~_.....D~--.Q,__ __ ~-:---:t---....~,~-r-, 
FJK2P FD2P FD2P FD2P 

r-i> QNH r-1> QNl-

CD 

I 
rl> QNI-+ 

CD 

r-1> QNI-< 

CD 

:i: 
I 

t t ,, 
QAN QA QBN QB QCN QC QDN QD 

Gates Used: 38 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

C4LSR ( CP, CD)$ 

Input Loading: ( 4, 8) 

CO(JYnght LSI LogK COrporatlon 1987 
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CSG 

CD 

FT2P 

Gates Used: 70 

MODULO 32 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

QA 

LOGIC SYMBOL 

CSG 

CD 

QA 

QB 

QC 

QD 

QE 

LOGIC DIAGRAM 

QB 

Coding syntax: Z (QA, QB, QC, QD, QE) = CSG ( CP, CD)$ 

Input Loading: 4.5, 12) 

Copynght LSI Logte Corporation 1987 
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CSLSR 5 BIT MODULO 31 LINEAR CSLSR 
FEEDBACK SHIFT REGISTER 

LOGIC SYMBOL 

CSLSR 

__, ~ QA t--
QAN I--
QB I--
QBN I--
QC I--
QCN t--
QD ~ 
QDN I--
QE t--
QEN I--

CD 

=r 
LOGIC DIAGRAM 

~ ,----.., ,----.., .-- ,----.., 
0 n D n 0 0 D DI-

FDZ FDZ FDZ FOZ FDZ 
.--t> ON .. ~ ONh ..-~ ON 1-i ~ ON I-! .--~ ON I-

? ? ? ~ 4 
CP-.. 

co, 

~r>J 
~ 

DAN DA OBN DB Ol:N 01: ODN au OEN DE 

Gates Used: 48 February, 1987 

Loading Syntax: Z (QA, QAN, QS, QBN, QC, QCN, QD, QDN, QE, QEN) 

CSLSR ( CP,CD)$ 

Input Loading: ( 5 I 10) 

COpynght LSI LoglC CorpQr•tlon 1987 

3-20 



C6G 

Gates Used: 84 

MODULO 64 GRAY COUNTER 
CLEAR DIRECT, PRESCALED 

QA 

LOGIC SYMBOL 

C6G 

CD 

QA 

OB 
QC 

QD 

OE 

QF 

LOGIC DIAGRAM 

QB QC 

Coding syntax: Z (QA, QB, QC, QD, QE, QF) = C6G ( CP, CD)$ 

Input Loading: 4.5, 14) 

Copynght LSI LogK Corporatron 1987 
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C6LSR 6 BIT MODULO 63 LINEAR C6LSR 
FEEDBACK SHIFTREGISTER 

LOGIC SYMBOL 

CGLSR 
QA 1--

I> QAN 1--- QB 1--
QBN 1--
QC 1--
QCN 1--
QD 1--
QDN 1--
QE 1--
QEN 1--
QF 1--

CD QFN 1--

-==r 
LOGIC DIAGRAM 

.---
n n n~ l---IJ D 4 BIT SHIFT REGISTER 

r-1 ~FJK2 ....-4 FD2 

DN ~ CD MITH CLEAR DIRECT I- ~ ON I-
I--1--K CD ~ l 

CP 

CD 

/ 

~ i i + i i i Ir ~ 

OAN OA OBN ne OCN DC ODN DD DEN DE DFN DF 

Gates Used: 56 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF QFN) 

C6LSR ( CP,CD)$ 

Input Loading: ( 6, 12) 

Copynght LSI LogK Corporation 1987 
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C7G MODULO 128 GRAY COUNTER C7G 
CLEAR DIRECT, PRESCALED 

LOGIC SYMBOL 

C7G 
QA 

QB 

QC 

QD 

QE 

QF 

QG 

CD 

LOGIC DIAGRAM 

QA QB QC QD QE QF QG 

GatesUsed: 100 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, QE, QF, QG) = C7G ( CP, CD)$ 

Input Loading: 4.5, 18) 

Copyr1ght LSI LoglC Corporation 1987 
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C7LSR 7 BIT MODULO 127 LINEAR 
FEEDBACK SHIFT REGISTER 

LOGIC SYMBOL 

C7LSR 

CD 

_J 

QA -
QAN -
QB -
QBN -
QC -
QCN -
QD -
QDN 
QE -
QEN -
QF -
QFN -
QG -
QGN 

LOGIC DIAGRAM 

I-- J Qt--t---1 0 
~FJIZ ~ 5 BIT SHIFT REGISTER 

'-t- K coa• r< CD Ill Tll CLEAR DI HECT 

++++++++ 

C7LSR 

r--

t-----10 a t-t
F oz 

1-1 ~ QNH 

+ 

DAN QA QBN QB DCM nc DON no DEN DE DFN QF QGN QG 

Gates Used: 65 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN) 

C7LSR ( CP, CD)$ 

Input Loading: ( 7. 14) 

Copyt1ght UI Logic Corporation 1987 
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CSG MODULO 256 GRAY COUNTER CSG 
CLEAR DIRECT, PRESCALED 

LOGIC SYMBOL 

C8G 

QA 

QB 

QC 

QO 

QE 

Qf 

QG 

QH 

CD 

LOGIC DIAGRAM 

QA QB QC QD QE QF QG QH 

Gates Used: 115 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, QE, QF, QG, QH) = CSG ( CP, CD)$ 

Input Loading: 4.5, 18) 

Copyr1ght LSI LoglC Corporation 1987 
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CSL SR 8 BIT MODULO 255 LINEAR CSLSR 
FEEDBACK SHIFT REGISTER 

~ 
LOGIC SYMBOL 

CSLSR 
QA ~ QAN 

- p. QB I= QBN 
QC I= QCN 
QD ~ QDN 
QE ~ QEN 
QF I--
QFN I= QG 
QGN ~ QH 

CD QHN t--

_J 

LOGIC DIAGRAM 

.---- .---
t-----1 J D D & BIT SHIFT REGISTER 

i--r-- D D ..........., 
,........ ~FJK2 ~ FD2 

ON rl CD ~ITH CLEAR DIRECT f> ONl-i ..._ t-K CD ? 
CP 

CD 

bf) ~[)>-

t t t t t t t t t t t 
DAN DA DBN DB llCN llC DDN DD DEN llE DFN llF llGll llC llHN llH 

Gates Used: 80 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

C8LSR ( CP, CD)$ 

Input Loading: ( 8' 16) 

COpynght LSI Logtc Corporation 1987 
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C9LSR 9 BIT MODULO 511 LINEAR C9LSR 
FEEDBACK SHIFT REGISTER 

LOGIC SYMBOL 

C9LSR 
QA I= QAN 

- I> QB r-
QBN I= QC 
QCN I= QD 
QDN F= QE 
QFN I= Q• 
QFN I= QG 
QGN ~ QH 
QHN I= QI 

CD QIN r-

_] 

LOGIC DIAGRAM 

Co S BIT SHIFT REGISTER 
CP~ UITH CLEAR DIRECT 
co>-< 

t=;[Y 

• v ' 
DAM DA DBN 08 OCN DC DON DD OEN OE DFN OF OGN DG OHM OH DIN DI 

Gates Used: 84 February, 1987 

Loading Syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN, 

Ql,QIN) C9LSR ( CP, CD)$ 

Input Loading: ( 9, 18) 

Copynght LSI LoglC Corporation 1987 
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CB10C 10 BIT BINARY UP COUNTER CB10C 
FAST, SYNC CLEAR 

LOGIC SYMBOL 

CB10C 

AON 

BON 

CON 

DQN 

•ON 

FON 

GQN 

HON 

IQN 

CL JQN 

LOGIC DIAGRAM 

AQN IQN (QN OQN tQN fC)N GQN HQN 

,. 

SEE CBBC 

Gates Used: 147 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN, IQN, JQN) = CB10C (CL, CP) $ 

Input Loading: ( 3, 10) 

Copyright LSI Logic Corporation 1987 
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CB10F 

SEE 
CB9F 

Gates Used: 163 

HC(QN) 

CP 

EFGT 

BCDT 

AT 

10 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CB10F 

AQN 

BQN 

CQN 

DQN 

EQN 

FQN 

GQN 

HQN 

IQN 

JQN 

LOGIC DIAGRAM 

ISO 

ICD 

IQN 

CB10F 

JSD 
JQN 

JCD 

February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN, IQN, JQN) = 

CB10F (CP, ACD, BCD, CCD, DCD, ECO, FCD, GCD, HCD, ICD, JCD, ASD, BSD, CSD, DSD, ESD, 

Input Loading: ( 8, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

FSD, GSD, HSD, ISO, JSD ) $ 

2, 2, 2, 2, 2) 

Copyright LSI Logic Corporation 1987 
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CB41 10 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

LOGIC SYMBOL OUTPUT 

CB41 
QA QB QC 

0 0 0 0 

Cl QA 
1 1 0 0 
2 0 1 0 

QB 3 1 1 0 
4 0 0 1 

CQ 5 1 0 1 
6 0 1 1 

DQ 7 1 1 1 

8 0 0 0 
co 

CD 9 1 0 0 
10 0 1 0 
11 1 1 0 
12 0 0 1 
13 1 0 1 
14 0 1 1 
15 1 1 1 

LOGIC DIAGRAM 

QA QB QC 

FD2P 

QN 

CD 

CP 

Cl 

Gates Used: 62 

Coding syntax: Z (QA, QB QC, QD, CO) = CB41 (CP, Cl, CD)$ 

Input Loading: ( 4, 5, 4) 

Copynght LSI Log1C Corporat10n 1987 
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CB41 

QD 
0 
0 
0 
0 
0 
0 
0 

0 
1 
1 
1 

1 
1 
1 
1 

1 

QD 

co 

February, 1987 



CB42 

CL 

SD 

CP 

Cl 

4 BIT BINARY UP COUNTER 
EXPANDABLE ENABLE SYNC CLEAR, CD 

LOGIC SYMBOL 

CB42 

QA 

Cl 
QB 

QC 

CL QD 

co 
CD 

LOGIC DIAGRAM 

FD4P FD4P 

QN QN 

CB42 

QA QB QC QD 

co 

Gates Used: 62 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) = CB42 ( CP,CI, CL, CD)$ 

Input Loading: ( 4, 6, 4, 8) 

Copyright LSI logic Corporation 1987 
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CB4C 4 BIT BINARY UP COUNTER CB4C 
FAST, SYNC CLEAR 

LOGIC SYMBOL 

CB4C 

AQN 

BQN 

CQN 

DQN 

CL 

LOGIC DIAGRAM 

AQN BQN CQN DQN 

Gates Used: 50 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN} = CB4C (CL, CP}$ 

Input Loading: ( 2, 4) 

Copynght LSI Log1C Corporation 1987 
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CB4F 

ASD 

ACD 

Gates Used: 53 

4 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CB4F 

AQN 

BQN 

CQN 

DQN 

LOGIC DIAGRAM 

AQN BSD BQN CSD CQN 

BCD 

Coding syntax: Z (AQN, BQN, CQN, DQN) = 
CB4F (CP, ACD, BCD, CCD, DCD, ASD, BSD, CSD, DSD) $ 

Input Loading: ( 4, 2, 2, 2, 2, 2, 2, 2, 2) 

Copynght LSI Log1C Corporation 1987 
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CB4F 

DSD DQN 

DCO 

February, 1987 



CBSC 5 BIT BINARY UP COUNTER CBSC 
FAST, SYNC CLEAR 

LOGIC SYMBOL 

CBSC 

AQN 

BQN 

CQN 

DQN 

EQN 

CL 

LOGIC DIAGRAM 

AQN BQN CQN DQN 
EQN 

ICDT 

AT 

Gates Used: 64 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN) = CBSC (CL, CP )$ 

Input Loading: ( 2, 5 

Copyrtght LSI Logic Corporation 1987 
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CBSF 

ASD AQN 

CP 

Gates Used: 72 

5 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CBSF 

AQN 

BQN 

CQN 

DQN 

EQN 

LOGIC DIAGRAM 

BSD CSD 
BQN CQN 

J 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN) = 

DSD 

QN 

CBSF (CP, ACD, BCD, CCD, DCD, ECO, ASD, BSD, CSD, DSD, ESD) $ 

Input Loading: ( 5, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2) 

Copyright LSI Logic Corporation 198 7 

l-35 

CBSF 

DQN 
ESD 

EQN 

BCDT 

AT 

February, 1987 



CB6C 

AQN BQN 

\ 
I 

CL 

r 
CP 

Gates Used: 78 

6 BIT BINARY UP COUNTER 
FAST, SYNC CLEAR 

CQN 

LOGIC SYMBOL 

CB6C 

CL 

J 

AQN 1-

BQN I--

CQN I-

DON!-

EQN 1-

FQN I--

LOGIC DIAGRAM 

DQN EQN CR 

CP 

SEE CBSC 

E(QN) L£ SCOT t----' 
AT 

CB6C 

~~D Q !--+-' 

FDIP 

I> QN 1-

February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN) = CB6C (CL, CP) $ 

Input Loading: ( 3, 6) 

Copyright LSI Logic Corporation 1987 
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CB6F 

CBSF 

Gates Used: 90 

6 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CB6F 

AQN 

BQN 

CQN 

DQN 

EQN 

FQN 

LOGIC DIAGRAM 

E(QN) 

CP 

BCDT 

AT 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN) = 

CB6F 

FSD FQN 

FCD 

February, 1987 

CB6F(CP, ACD, BCD, CCD, DCD, ECO, FCD, ASD, BSD, CSD, DSD, ESD, FSD) $ 

Input Loading: ( 6, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2) 

Copynght LSI Logic Corporat10n 1987 
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CB7C 7 BIT BINARY UP COUNTER CB7C 
FAST, SYNC CLEAR 

LOGIC SYMBOL 

CB7C 

AQN 

BQN 

CQN 

DQN 

EQN 

FQN 

GQN 

CL 

LOGIC DIAGRAM 

FQN GQN 

AQN BQN CQN DQN EQN 

CL 

CP QN QN 

CP 

SEE CBSC 

Gates Used: 96 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN) = CB7C (CL, CP)$ 

Input Loading: ( 3, 7) 

Copynght LSI Logic Corporation 1987 
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CB7F 

SEE 
CBSF 

Gates Used: 108 

E(QN) 

CP 

BCDT 

AT 

7 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CB7F 

AQN 

BQN 

CQN 

DQN 

EQN 

FQN 

GQN 

LOGIC DIAGRAM 

FSO 
FQN 

FCD 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN) = 

CB7F 

GSD 
GQN 

GCD 

February, 1987 

CB7F(CP, ACD, BCD, CCD, DCD, ECO, FCD, GCD, ASD, BSD, CSD, DSD, ESD, FSD, GSD) $ 

Input Loading: ( 7, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2) 

Copyright LSI Logic Corporation 1987 
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CBSC 8 BIT BINARY UP COUNTER CBSC 
FAST, SYNC CLEAR 

LOGIC SYMBOL 

CBSC 

AQN -
BQN -
CQN -
OQN -
EQN -
FQN 

GQN 

CL 
HQN 

LOGIC DIAGRAM 

FQN GQN HQI 

AQN 8QN CQN DQN EQN 

CL 

SEE case 

Gates Used: 113 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN) = CB8C (CL, CP) $ 

Input Loading: ( 3, 8) 

Copyright LSI Log1< Corporation 1987 
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CB8F 

SEE 
CBSF 

Gates Used: 127 

E(QN) 

CP 

SCOT 

AT 

8 BIT BINARY UP COUNTER 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

CBSF 
AQN 

BQN 

CQN 

OQN 

EQN 

FQN 

GQN 

HQN 

LOGIC DIAGRAM 

FSD FQN 

FCD 

GSD 

GCD 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN) = 

CBSF 

GQN HSD 
HQN 

AT 

HCD 

February, 1987 

CB8F (CP, ACD, BCD, CCD, DCD, ECO, FCD, GCD, HCD, ASD, BSD, CSD, DSD, ESD, 

HSD GSD, HSD) $ 

Input Loading: ( 8, 2 . 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2) 

Copyr1ght LSI Logic Corporation 1987 
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CB9C 9 BIT BINARY UP COUNTER CB9C 
FAST, SYNC CLEAR 

LOGIC SYMBOL 
CB9C 

AQN 

BQN 

CON 

DON 

EON 

FON 

GON 

HON 

CL 
IQN 

LOGIC DIAGRAM 

IQN 

CL 

CP 
QN 

CP 

SEE CB8C 

iates Used: 131 February, 1987 

)ding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN, IQN) = CB9C (CL, CP) $ 

1ut Loading: ( 3, 9) 

1ght LSI Logic Corporation 1987 

3-42 



CB9F 9 BIT BINARY UP COUNTER CB9F 
FAST, INDIVIDUAL CD SD 

LOGIC SYMBOL 

I> CB9F -
ACD 

AQN I--
BCD 
CCD 

BQN t--
DCD CQN I--ECO 
FCD 

DQN I--GCD 
HCD 
ICD 

EQN t--
ASD FQN t--BSD 
CSD 

GQN I--DSD 
ESD 

HQN 
FSD t---
GSD 
HSD 

IQN t--
ISO 

LOGIC DIAGRAM 
ISO 

IQN 

SEE ~,, CB8F 
HC(QN) D SD QI-H:>-

FD3 

CP QN t-

t) CD 

_tj~ 9 

EFGT 

BCDT ICD 

AT 

Gates Used: 145 February, 1987 

Coding syntax: Z (AQN, BQN, CQN, DQN, EQN, FQN, GQN, HQN, IQN) 

=CB9F (CP, ACD, BCD, CCD, DCD, ECD,FCD, GCD, HCD, ICD, ASD, BSD, CSD, DSD, ESD, FSD, 

GSD, HSD, ISD) $ 

Input Loading: ( 9, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2) 

Copynght LSI LoglC Corporation 1987 
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CLA1 

Gates Used: 24 

CARRY LOOK AHEAD FOR 4 BIT ADDER 
(LEAST SIGNIFICANT NIBBLE) 

LOGIC SYMBOL 

CLA1 

80 >---~"'1 
AO >--"T"-t-L./ 

8 z >----.---\ 
AZ>----t-t--t 
8 3 >--.---+-!-\ 
A3 >--~-t-t--t 

co 

AO 

C4 
BO 

G1 
A1 

81 
GO 

A2 

82 

A3 

83 

LOGIC DIAGRAM 

Coding syntax: Z (C4, GO, G 1) = CLA 1 (CO, AO, BO, A 1, B 1, A2, A2, A3, A3) $ 

Input Loading: ( 1, 2, 2, 2, 2, 3, 3, 4, 4) 

Copyright LSI Logic Corporation 1987 
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CLA1 

C4 

February, 1987 



CLA2 CARRY LOOK AHEAD FOR 4 BIT ADDER 

Gates Used: 21 

Bl >--+->--~ 
Al >--......_--l 

LOGIC SYMBOL 

CLA2 

co 

AO 

GO 
BO 

G1 
A1 

81 
C4 

A2 

82 

A3 

83 

LOGIC DIAGRAM 

Coding syntax: Z (GO, G 1, C4) = CLA2 (CO, AO, BO, A 1, B 1, A2, B2, A3, 83) $ 

Input Loading: ( 1, 2, 2, 3, 3, 2, 2, 3, 3) 

Copynght L.SI Logtc Corporation 1987 
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February, 1987 



CM108 

QAN QA 

Gates Used: 45 

MODULO 10 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM10B 
QA f-
QAN f-
QB f-
QBN f-
QC f-
QCN f-
QO f--

CO QON f--

LOGIC DIAGRAM 

QBN QB QCN QC 

) 

QDN QD 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 1 OB ( CP, CD ) $ 

Input Loading: 4, 8) 

COpynght LSI Logic COtporatron 19117 
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February, 1987 



CM10J MODULO 10 JOHNSON COUNTER CM10J 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTPUT 

CM8J 
QA QB QC QD QE 

QA t-- 0 0 0 0 0 
QAN t-- 1 0 0 0 0 - !> QB 1--
QBN t-- 1 1 0 0 0 

QC t-- 1 1 1 0 0 
QCN 1-- 1 1 1 1 0 
QO t-- 1 1 1 1 1 
QON 1--
QE 1-- 0 1 1 1 1 

co QEN 1-- 0 0 1 1 1 

T 
0 0 0 1 1 

0 0 0 0 1 

LOGIC DIAGRAM 

~o r------1 

ot--T- o Q~O Q i---.----1 0 Q!--T- D ol--t-
F02P FD2P F02P FD2P FD2P 

r1> QNt-; r1> QNh r1> QNh ri> QNI- r1> QNj---< 

CD CD CD 

I 
CD 

CP' f f f J ( I co/ 

~ 

QAN QA QBN QB QCN QC QON QD QEN QE 

Gates Used: 45 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE QEN,) = CM 1 OJ ( CP, CD)$ 

Input Loading: ( 5, 10) 

Copyright LSI Logic Corporat10n 1987 
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CM10SR MODULO 10 SHIFT COUNTER CM10SR 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTPUT 

CM10SR 
QA QB QC QD 

QA f--
- I> QAN r- 0 0 0 0 

QB f-- 1 0 0 0 

QBN f-- 0 1 0 0 

QC f-- 1 0 1 0 

QCN f-- 1 1 0 1 

QD f-- 1 1 1 0 

CD QDN f-- 1 1 1 1 

0 1 1 1 --==r 0 0 1 1 

0 0 0 1 

LOGIC DIAGRAM 

~ ~ "'" FD2P FD2P FD2P 
J Q D Q D QI--

D 

p QNf-
.--I> ,......, I> .--I> 

QNt--J 
QN h QN t-

K 

CD CD CD CD 

CP f f r co): -.-
oJ 
]~ 

l l l .. 

QAN QA QBN QB QCN QC QDN QD 

Gates Used: 42 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 1 OSR ( CP, CD ) $ 

Input Loading: ( 4, 8 ) 

Copyright LSI Logic Corporation 1987 

3-48 



CM118 

L 

MODULO 11 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM11B 
QA 1-
QANI-

QB 1-
QBN I-

QC 1-
QCN 1-
QD I--

CO QONI--

r 
LOGIC DIAGRAM 

.---- ,------, 
J FJK2 Q _ ~ J FJK2P Of---- ......_ FJK2P f---- '--I FJK2P J-+o 

J J J 

r-1> r-i> QN I- r-i> QN H 
I- K QNf- i...+--

r---.~-+---+-+-+---+-r~-+---K-f~D -+-~ M~ 
~ ..-

CM118 

J ./' 

) 

QAN QA QBN QB QCN QC QdN QO 

Gates Used: 49 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 11 B ( CP, CD ) $ 

Input Loading: 4, 8) 

Copyright LSI Log1e Corporation 1987 
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CM12B MODULO 12 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM12B 

QA t-
QAN t-
QB f-
QBN f-
QC f-
QCNt-

QD t--
CD QDN f--

T 
LOGIC DIAGRAM 

CM12B 

FnP Q J fJK2P Q~ 

r-1> rl> 
QNI-- ~K QNf---, 

~ J FJK2P rr--
rl> '-t- QN 1-i 

.... J FJK2P cr---i 

rl> QN 1-i 

CD CD K CD ,_ K CD 

~'>-*~I---+-+-___ 1---+ ______ I____ I 
CD'>-~~l---+--+-~-lr---+--+-~~1---+--+-___. ., . . . 

QAN QA QBN QB QCN QC QDN QD 

Gates Used: 46 February, 1987 

Codingsyntax: Z(QA,QAN,QB,QBN,QC,QCN,QD,QDN) = CM12B( CP,CD )$ 

Input Loading: 4, 8) 

Copynght LSI Logic Corporation 7987 
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CM12J MODULO 12 JOHNSON COUNTER CM12J 
CLEAR DIRECT 

LOGIC SYMBOL 

CM12J QA t--
QAN t--
QB t--

p. --I QBN t--
QC t--
QCN 1--
QD 1--
QDN 1--
QE 1--
QEN 1--

CD 
QF 1--

I '"" 

LOGIC DIAGRAM 

~~D ,......---, 

Q~D Qt--< ~D Q....__D QH i-.-- D Q~ 

FD2P FD2P FD2P FD2P FD2P FD2P 

r{> QNf- r{> ON!- .-!> QNh r{> QNf- r{> ONH I> QNf-< 

:±: co CD 

.~ 
CD CD 

cP'- 1 f f I ( I 1 J 
CD/ 

r r 
QAN QA QBN QB QCN QC QON QD OEN QE QfN QF 

Gates Used: 54 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN) = CM12J ( CP, CD)$ 

Input Loading: ( 6, 12) 

Copynght LSI Logic Corporation 1987 
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CM12SR MODULO 10 SHIFT COUNTER CM12SR 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTP.UT 

QA QB QC QD 
CM12SR 0 0 0 0 

QA 1-- _1_ _J)_ J)_ _J)_ 

- I> QAN t-- __a_ _j_ _n_ _n_ 

QB 1-- ...1. _n_ _j_ __a_ 
QBN t-- ...1. _j_ _n_ ...1. 
QC 1-- _1_ -1 -1 _J)_ 
QCN 1-- 1 1 1 1 
QO t-- 0 1 1 1 

co QON t-- .1. J)_ _1_ _1_ 

0 1 0 1 

0 0 1 1 

0 0 0 1 

LOGIC DIAGRAM 

FJK2P FD2P FD2P 
t--- J Ql------t 0 FD2P 

0 Q 0 r-i 
~ 

,....., r-" p. p. p. 
QNI-- QNI-- QNl-i 

r-1> 
~K 

QNf--

CD co CD CD 

L I J l l . . CP'>--r~~t--~+-it--,.__~+-~--+-...... ~-+~--t-t-' 
CD(.>-~~--.,.__~+-1t--~~11r-~--+-~~--~--t-+~~~ . ,, 

QAN QA QBN QB QCN QC 

Gates Used: 41 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 12SR ( CP, CD ) $ 

Input Loading: ( 4, 8 ) 

Copynght LSI Logic Corporation 1981 

3-52 

b[)oJ 

QDN QD 

February, 1987 



CM13B 

~ J Q 

r--1 I> 

MODULO 13 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM13B 

QA 

QAN 

QB 

QBN 

QC 

QCN 

QD 

CD QDN 

LOGIC DIAGRAM 

J FJK2P q FJK2P 
r---, 1'---1 J or---i ~J 

r-1 I> r-1 I> p. r-

FJK2P 

a---i 

,-t--1 
QN h~ ~ QNh '-t-1 QNH QNt--1 

K K 

CP I 
CD 

K 
CD '-1- K CD 

'\. f f J ( 1 ,, -.- -.-CD 

CM13B 

OT 

A 
r 

AJ 

try 
J CT 

J 
AD4 

)> 
DJN , , ~ ~ 

QAN QA QBN QB QCN QC QDN QD 

Gates Used: 50 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 138 ( CP, CD ) $ 

lnputloading: 4, 8) 

Copynght LSI Logic CorporatlOll 1987 
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CM14B 

Gates Used: 49 

MODULO 14 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM14B 

-I> 

CD 

QA 1-
QANI-

QB 1-
QBN f-
QC f-
QCN 1-
QO 1-
QDNj--

LOGIC DIAGRAM 

CM14B 

'4--~---4-1-~~-+--~--+-+-~~] n 

t-~~-ti-~~~H=======:::t::t:~:rki cr 

QAN QA QBN QB QCN QC QDN QD 

February, 1987 

Codingsyntax: Z(QA,QAN,QB,QBN,QC,QCN,QD,QDN) = CM14B( CP,CD )$ 

Input Loading: 4, 8) 

Copynght LSI Logic CorporatlOll 1981 
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CM14J MODULO 14JOHNSON COUNTER, 
CLEAR DIRECT 

LOGIC SYMBOL 

CM14J t--
QA 
QAN~ 

co 

g:Nt-
QC I== 
g~Nf-
QONf
QE ~ 
g~Nl--
QFN 1-
QG t-
QGN 

LOGIC DIAGRAM 

~~D~~~~~-7~Bl_T_S_H-IF_T_R_E_G-IS-TE-R~~~~~~~--i,__~ 
WITH CLEAR DIRECT 

QAN QA QBN QB QCN QC QDN QD QEN QE QFN QF QGN QG 

CM14J 

Gates Used: 63 February, 1987 

Coding syntax: Z ((QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN) = 

CM14J ( CP, CD)$ 

lnputLoading: ( 7, 14) 

Copynght LSI Logic Corporatron 1987 

3-55 



CM15B MODULO 15 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM15B 
QA 

QAN 

QB 

QBN 

QC 

QCN 

QD 

CD QDN 

LOGIC DIAGRAM 

[ FJK2P FJK2P FJK2P FJK2P 
J Q -, ..__.., J Qr-- ~J Q.t---. ... --lj c}--

.--1> r-i> r---i> '-+-i QN f-1 --f-- K QNf-- 1-..f--' K QNf--

CP '->----I+CD---1-+-4>---ll-D--+-+---W--I-K -Cf-0--+--+-'L....f--' K JCD 

CD(>-~~--tl.----t-+~~-lw--~-t-+--~~-lW----t-+~~~ 
/ - -

QN 1--

CM15B 

AJ 

t----ti====l=t=~n BT 

i:LPJ 

Gates Used: 52 

CTN 1-r{'. I 
lr------+-1-~----_-_-_-_-:_-_-:_-_-:.-i+_-+~----_-_-:_-_-_-_-:_-~1--;+J.:[~~p-~~.,__, 

t------t--r============t=t==========t=$t:=D~~N OT 

QAN QA QBN QB QCN QC QDN QD 

February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 158 ( CP, CD ) $ 

Input Loading: 4, 8) 

Copyright LSI LoglC Corporation 1987 

3-56 



CM16B 

FT2P 

QNI--

MODULO 16 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM16B 

QA t-

QANt-

QB t-

QBN t-

QC t-

QCN t-

QD t--

CD QDN f--

r 
LOGIC DIAGRAM 

h K CD 

l 

QAN QA QBN QB QCN QC 

Gates Used: 44 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM 168 ( CP, CD)$ 

Input Loading: ( 4, 8) 

Copynght LSI Logie Corporat,on 1987 

3-57 

CM16B 

] )o-

'-

QON QO 

February, 1987 



CM16J 

CP>--J> 

c~ 

MODULO 16 JOHNSON COUNTER, 
CLEAR DIRECT 

LOGIC SYMBOL 

CM16J 

CD 

QA t-
QANI== 

g:Nt--
QC 1-
QCNI-
QD f-
QDNf-
QE I== 
g~N f--
QFNI-
QG t-
QGN-
QH -
QHN-

LOGIC DIAGRAM 

8 BIT SHIFT REGISTER 

WITH CLEAR DIRECT 

QAN QA QBN QB QCN QC QDN QD QEN QE QFN QF QGN QG QHN QH 

CM16J 

Gates Used: 72 February, 1987 

Coding syntax: Z ((QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) = 
CM16J ( CP, CD)$ 

lnputloading: ( 8, 16) 

Copynght LSI Logic Corporation 7987 

3-58 



CM17B MODULO 17 BINARY COUNTER CM17B 
CLEAR DIRECT 

LOGIC SYMBOL 

CM17B 

- t> QA ~ 
QAN ~ 
QB I--
QBN ~ 
QC I--
QCN 
~ 

()D ~ 
QDN ~ 
QE I--

CD QEN 
~ 

T 

LOGIC DIAGRAM 

[ ,._ 
ql---...--1 J qi-- J qf---1 J Q~ '-'J qr-h 

FJK2P FJK2P FJK2P FJK2P FJKlP 

p. QNh r{> QNh r{> QNh r{> QNh ,...., p. ONH 
1 __, K 

CD H-1 K CD HK CD HK CD 'H K CD 

CP'- I I ~ f T '( l 1 1 
CD/ . ...... 

CT 

f) 

.__, 

• • 
QAN QA QBN QB QCN QC QDN QO OEN QE 

Gates Used: 61 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE QEN) = CM 178 ( CP, CD)$ 

Input Loading: ( 5, 10) 

Copynght LSI LoglC Corporation 1987 

3-59 



CM3B MODULO 3 BINARY COUNTER CM38 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CM3B 
OUTPUT 

- P> 
QA r-- QA QB 

QAN 1-- 0 0 
QB 1-- 1 0 
QBN I-- 0 1 

CD 

T 
LOGIC DIAGRAM 

~ D Q~ 

FD2P FD2P 

CP). ;> QN 1--i r--1 I> QN h 

I 
CD 

I co) I 
t:DoJ 

• t 
QAN QA QBN QB 

Gates Used: 19 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN) = CM3B ( CP, CD)$ 

Input Loading: ( 2, 4) 

Copynght LSI Logic Corporation 1987 

3-60 



CM4B MODULO 4 BINARY COUNTER CM4B 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CM4B 
OUTPUT ___, 

~ 
QA I-- QA QB 

QAN I-- J2. J2. 
QB I-- .l J2. 
QBN I-- J2. ...1 

1 1 

CD 

r 
LOGIC DIAGRAM 

_Ji 
QI---Q L. FTZP 

I> .......-' QN I- I> .......-' QN I-

FJK2P 

CP' I I CD'- l 
/ . 

~ ~ 

QAN QA QBN Q 

B 

Gates Used: 19 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN) = CM4B ( CP, CD)$ 

Input Loading: ( 2, 4) 

Copynght LSI LOgrt: Corporation 1987 

3-61 



CM4J MODULO 4 JOHNSON COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM4J 

CD 

T 

QA 1-

QANt-

QB t-

QBN t--

LOGIC DIAGRAM 

FD2P FD2P 

CP'.;' ----IJ....>> QN f--

,, 
QAN QA QBN QB 

Gates Used: 18 

Coding syntax: Z (QA, QAN, QB, QBN) = CM4J ( CP, CD)$ 

Input Loading: ( 2, 4) 

Copynght LSI LClglC C'otJJOratlOn 1987 

3-62 

TRUTH TABLE 

OUTPUT 

QA QB 

0 0 
1 0 
1 1 

0 1 

CM4J 

February, 1987 



CMSB MODULO 5 BINARY COUNTER CMSB 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CMSB 
OUTPUT 

- I> QA f--
QAN f-- QA QB QC 

QB f-- 0 0 0 
QBN f-- 1 0 0 
QC f-- 0 1 0 
QCN f-- 1 1 0 

CD 0 0 1 

1 
LOGIC DIAGRAM 

L, bj Q J ol---i QI-+; 

K FJK2P FJK2P FJK2P 

r---1 ~ QN 1-i .---~ QNl--i .---~ QN I-< 
1 ~ K 1-t-- K 

CP'\. I I r ~ 1 l co,. . 
J )o-J -

~ ~ 
QAN QA QBN QB QCN QC 

Gates Used: 34 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CMSB ( CP, CD)$ 

Input Loading: ( 3, 6) 

Copynght LSI Log'c Corporat10n 1987 

3-63 



CM5SR MODULO 5 SHIFT COUNTER CM5SR 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CMSB 
OUTPUT 

- I> QA ~ 
QAN ~ 

QA QB QC 

QB ~ 0 0 0 
QBN ~ 1 0 0 
QC ~ 1 1 0 
QCN ~ 0 1 1 

co 0 0 1 

I 
LOGIC DIAGRAM 

G----: .-----
0 "I 0 QI--

FD2P F02P 
l>FD2P rt T ,.h 

I> r-1 <JN 1-1 ,...---, QN ~ 

c:( I J i I co,..- ~ 

t:r>-
rt 

QAN QA QBN QB QCN QC 

Gates Used: 28 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CMSSR ( CP, CD)$ 

Input Loading: ( 3, 6) 

Copynght LSI LoglC CorporatlOn 1987 

3-64 



CM6B MODULO 6 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CM6B 

CD 

Q 

FT2P 

QN 

Gates Used: 33 

QA 

QAN 

QB 

QBN 

QC 

QCN 

QAN QA 

LOGIC DIAGRAM 

Q 

K FJK2P 

QN 

CD 

QBN QB 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CM6B ( CP, CD)$ 

Input Loading: 3, 6) 

Copyright LSI Logic Corporation 1987 

3-65 

OUTPUT 

QA QB QC 

0 0 0 
1 0 0 

0 0 
1 0 

0 0 

0 

QCN QC 

CM6B 

February, 1987 



CM6J MODULO 6 JOHNSON COUNTER CM6J 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

CM6J OUTPUT 

I> - QA I-- QA QB QC 

QAN I-- 0 0 0 
QB I-- 1 0 0 
QBN I-- 1 1 0 
QC I-- 1 1 1 
QCN t-- 0 1 1 

CD 0 0 1 

T 
LOGIC DIAGRAM 

[c .----
Q D Q c QH h 

FD2P FD2P FD2P 

' I> QN ,_., rl I> QNr r ~"" 
CP..-

CD 

I 
CD 

I J co> I l -.-

t t 
QAN QA QBN QB QCN QC 

Gates Used: 27 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CM6J ( CP, CD)$ 

Input Loading: ( 3, 6) 

Copynght LSI Logie Corporation 1987 

3-66 



CM7B MODULO 7 BINARY COUNTER 
CLEAR DIRECT 

I ' FJK2P 

WJ ot--

.-p 
1 --+----; K QNI--

QAN QA 

Gates Used: 37 

LOGIC SYMBOL 

CM78 

CD 

T 

QA J--

QANJ--

QB J--

QBN J--

QC J--

QCN J---

LOGIC DIAGRAM 

FJK2P FJK2P 
~J Qr-- ~J or--

r-i> 
'-t- K QNt--

r-i> QN 1-
'-t-

QBN QB QCN QC 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CM7B ( CP, CD ) $ 

Input Loading: ( 3, 6) 

Copyright LSI Log IC Corporation 1987 

3-67 

CM7B 

February, 1987 



CMSB MODULO 8 BINARY COUNTER CMSB 
CLEAR DIRECT 

LOGIC SYMBOL 

CMSB 

- I> QA t--
QAN t--
QB t--
QBN t--
QC ~ 

QCN t--

CD 

T 
LOGIC DIAGRAM 

r-------1 

-CJ or-- ~· Q oi-----
FT2P K FJK2P K FJK2P 

r-t> QN h r--I> QN h r r~r-
CP f f ~ 
co_, --.- --.-

~)o--

t t 
QAN QA QBN QB QCN QC 

Gates Used: 29 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN) = CM8B ( CP, CD)$ 

Input Loading: ( 3, 6) 

Copyright LSI LOglC Corporation 1987 

3-68 



CMSJ MODULO 8 BINARY COUNTER CMSJ 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTPUT 

CMSJ 
QA QB QC QD 

QA t--
- I> QAN t-- 0 0 0 0 

QB t-- 1 0 0 0 

QBN t-- 1 1 0 0 

QC t-- 1 1 1 0 

QCN t-- 1 1 1 1 

QD t-- 0 1 1 1 

CD 
QDN I-- 0 0 1 1 

T 
0 0 0 1 

LOGIC DIAGRAM 

CD Q D Q " Q " I-QI-

FDZP FDZP FDZP FDZP 
,........, p. QN 1-i p. ....-- QN 1--< p. .--- QN ~ I> ....-- QNI-< 

CD CD CD CD 

CP'- I l I I ' 1 l l 
CD' . 

~ ~ 
QAN QA QBN QB QCN QC QDN QD 

Gates Used: 36 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN,) = CM8J ( CP, CD)$ 

Input Loading: ( 4, 8) 

Copynght LSI Logic Corporation 1987 

3-69 



CMSSR MODULO 8 SHIFT COUNTER CMSSR 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTPUT 

CM8SR 
QA QB QC 

- I> QA t-- 0 0 0 

QAN f-- 1 0 0 

QB f-- 0 1 0 

QBN f-- 1 0 1 

QC f-- 1 1 0 

QCN f-- 1 1 1 

0 1 1 
CD 

0 0 1 

i 
LOGIC DIAGRAM 

G~ Q D Q D QI--

FD2P FD2P FD2P 

t> ....---< QN h t> .---- QN I- ,........ t> QN h 

CD __m_ CD 

CP'- I I J / I I co> -.- -.-
_ ......... tD-x: 

~ ~ ~ ·w 
QAN QC QBN QB QCN QC 

Gates Used: 31 February, 1987 

Coding syntax: Z {QA, QAN, QB, QBN, QC, QCN) = CM8SR { CP, CD)$ 

{ 3, 6) 

COpynght LSI Logic c:otporatJon 1987 

3-70 



CM9B 

CD 

Gates Used: 47 

MODULO 9 BINARY COUNTER 
CLEAR DIRECT 

LOGIC SYMBOL 

CM9B 
QA 

QAN 

QB 

QBN 

QC 

QCN 

QD 

CD QDN 

LOGIC DIAGRAM 

CD CD 

QAN QA QBN QB QCN QC 

FJK2P 

QN 

CD 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM9B ( CP, CD ) $ 

Input Loading: 4, 8) 

Copyright LSI Logu; Corporation 1987 

3- 71 

CM9B 

QDN QD 

February, 1987 



CM9SR MODULO 9 SHIFT COUNTER CM9SR 
CLEAR DIRECT 

LOGIC SYMBOL TRUTH TABLE 

OUTPUT 

CM9SR 
QA QB QC QD 

QA t--
--I p. QAN t--

0 0 0 0 

QB t-- 1 0 0 0 

QBN t-- 1 1 0 0 

QC t-- 1 1 1 0 

QCN 1-- 0 1 1 1 

QD t-- 1 0 1 1 

CD QDN t-- 0 1 0 1 

0 0 1 0 

T 0 0 0 1 

LOGIC DIAGRAM 

A [ FD2P FD2P FD2P FD2P 
D Q D 

Q D Q 
D Qi----

.--I> .--I> r-I> r-p. 
ON!--; 

QNf-- QNI-- QN t--

± CD CD CD 

CP ~ t f J co,... . ... 
~ 

]~ 

If r r 
QAN QA QBN QB QCN QC QDN QD 

Gates Used: 40 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = CM9SR ( CP, CD)$ 

Input Loading: ( 4, 8) 

Copyright LSI Logic Corporation 1987 

3- 72 



CMP4 4 BIT EQUALITY COMPARATOR CMP4 

LOGIC SYMBOL TRUTH TABLE 

CMP4 
- AO 0=0 1 =1 2=2 3=3 AEB 

- BO 
- A1 1 1 1 1 1 

- 81 AEB t-- ( ANY 0 ) 0 

- A2 
- 82 
- A3 
- 83 

LOGIC DIAGRAM 

AO 

) 
GO 

JC. 
BO 

)J 
G1 

Al 

1 AN4P 
81 

3 --AEB 

J 
J 

A2 

)> 
G2 

82 

A3 ,~ G3 

83 

GatesUsed: 15 February, 1987 

Coding syntax: Z (AEB) = CMP4 (AO, BO, A 1, B 1, A2, 82, A3, 83) $ 

Input Loading: ( 1, 2, 1, 2, 1, 2, 1, 2) 

Copyright LSI Logic Corporation 7 987 

3- 7 3 



CMP8 

Gates Used: 30 

8 BIT EQUALITY COMPARATOR CMP8 

LOGIC SYMBOL TRUTH TABLE 

CMP8 
0=0 1=1 2=2 3=3 4=4 5=5 6=6 7=7 AE8 

AEB ANY 

LOGIC DIAGRAM 

Ab.>----'[> 
86 
A7 >------U X>----' 
87 

NR2P 

1 

0 

AE8 

1 

0 

February, 1987 

Coding syntax: Z (AEB) = CMP8 (AO, BO, A1, B1, A2, B2, A3, B3, A4, B4, AS, BS, A6, B6, A7, B7 ) $ 

Input Loading: ( 1, 2, 1, 2, 1, 2, 1, 2, 1, 2, 1, 2, 1, 2, 1, 2) 

Copynght LSI Logic Corporation 1987 

3- 74 



CUD41 

Gates Used: 72 

4 BIT UP/DOWN COUNTER, 
EXPANDABLE WITH ASYNCHRONOUS CLEAR 

LOGIC SYMBOL 

CUD41 

QA 

QB 
QC 
QD 

PN CON 

TN 
UP 

CD 

0 

LOGIC DIAGRAM 

QA 

o• 

QC 

QD 

Coding syntax: Z (QA, QB, QC, QD, CON) = CUD41 ( CP, PN, TN, UP, CD)$ 

Input Loading: ( 4, 2, 3, 4, 8) 

Copyright LSI LoglC Corporation 1987 

3- 75 

CUD41 

February, 1987 



CUD42 4 BIT UP/DOWN COUNTER, EXPANDABLE 
WITH ASYNCHRONOUS LOAD AND CLEAR 

LOGIC SYMBOL 

A B C D L CL P N TN 

.. 
'" 

CUD42 UP 
DA OB DC OD CON 

LOGIC DIAGRAM 

CUD42 

Gates Used: 92 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CON) = CUD42 ( A, B, C, D, L, CL, CP, PN, TN, UP)$ 

Input Loading: ( 2, 2, 2, 2, 6, 3, 4, 2, 3, 4,) 

Copyright LSI Logic Corporation 1987 

3- 76 



D24GH 2 TO 4 DECODER, GATED OUTPUTS 
ACTIVE HI 

D24GH 

LOGIC SYMBOL TRUTH TABLE 

-d, z11--

--1 II 

a24GH 
zz~ 

Z3~ 
CN 

I 

B ___,.1__. 

GN~ 

A 

0 
I 
0 
I 
x 

LOGIC DIAGRAM 

B GN zo 
0 0 l 
0 0 0 
l 0 0 
I 0 0 
x l 0 

i--+-+-8\--i >----- 20 

~I---- 21 

t---+--~-1 J--- 22 

~t---
~-----i 

23 

Gates Used: 15 

Coding syntax: Z (ZO, Z 1, Z2, Z3) = D24G H ( A, B, G N) $ 

Input Loading: ( 3.5, 3.5, 2) 

Copyright L.SI Log1e Corporation 1987 

3- 77 

Zl ZZ Z3 

0 0 0 
I 0 0 
0 l 0 
D 0 I 
D 0 0 

February, 1987 



D24GL 2 TO 4 DECODER, GATES OUTPUTS 
ACTIVE LO 

D24GL 

LOGIC SYMBOL TRUTH TABLE 

ZD 
A B C zo Z I Z2 !3 

A ZI 
DHGL 

l2 

D 0 I D I I I 
I D I I 0 I I 
D I I I I 0 I 
I I I I I I 0 

B x x 0 I I I I 

G 
l3 

LOGIC DIAGRAM 

A 

B 
ND3P 

c 

Gates Used: 16 February, 1987 

Coding syntax: Z (ZO, Z1, Z2, Z3) = D24GL ( A, B, G) $ 

Input Loading: ( 6, 6, 8) 

Copyright LSI Logic Corporation 1987 

3- 78 



D24H 2 TO 4 DECODER, OUTPUTS 
ACTIVE HI 

LOGIC SYMBOL TRUTH TABLE 

IO A B zo Zl Z2 Z3 

A Z 1 0 0 l 0 0 0 
1 a a I a D 

D24H 
Z2 

0 I 0 0 I 0 
1 I 0 D 0 I 

B 

Z3 

LOGIC DIAGRAM 

A 

B 

Z3 

D24H 

Gates Used: 10 February, 1987 

Coding syntax: Z (ZO, Z1, Z2, Z3) = D24H ( A, B.) $ 

Input Loading: ( 3.5, 3.5) 

Copyright LSf Log1e Corporation 1987 

3- 79 



D24L 

LOGIC SYMBOL 

zo 
A Z1 

Z2 

B Z3 

A 

B 

Gates Used: 10 

2 TO 4 DECODER, OUTPUTS 
ACTIVE LO 

TRUTH TABLE 

A B zo Z1 

0 0 0 1 

1 0 1 0 

0 1 1 1 

1 1 1 1 

LOGIC DIAGRAM 

ND2P 

o--+:zt 

Coding syntax: Z (ZO, Z1, Z2, Z3) = D24L A, B,)$ 

Input Loading: ( 6, 6) 

Copyrtght LSI Logic Corporation 1987 

3-80 

D24L 

Z2 Z3 

1 1 

1 1 

0 1 

1 0 

February, 1987 



D38GH 3 TO 8 DECODER, GATED OUTPUTS 
ACTIVE HI 

LOGIC SYMBOL TRUTH TABLE 

A ZO 
!I 

D3BGHZ2 

s 
Z3 
Z4 
ZS 

c Zli 
GN Z7 

A B 
0 0 
1 0 
0 I 
I I 
0 0 
I 0 
0 1 
I I 
x x 

LOGIC DIAGRAM 

C G N 0 I 2 
0 a I a a 
a 0 a I 0 
a 0 a 0 I 
0 0 0 0 D 
I 0 0 0 D 
I 0 0 0 a 
I 0 0 0 D 
I 0 0 0 0 x 1 0 0 0 

20 

21 

Z2 

Z3 

24 

ZS 

26 

27 

D38GH 

3 -4 5 b 7 
0 a a D 0 
0 0 0 0 0 
0 0 0 D D 
I 0 0 D 0 
0 1 0 o a 
0 0 I 0 0 
0 0 0 I 0 
0 0 0 0 I 
0 0 0 0 0 

Gates Used: 32 February, 1987 

Coding syntax: Z (ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = D38GH ( A, B, C, GN) $ 

Input Loading: ( 7, 7, 7, 8) 

Copynght LSI Logic Corporation 1987 

3-81 



D38GL 3 TO 8 DECODER, GATED OUTPUTS 
ACTIVE LO 

LOGIC SYMBOL TRUTH TABLE 

__, A 

- B 

- c 

zo 
Zl 

D3BGLZ2 
Z3 
Z4 
ZS 
n 

G !7 

J 

I>- A 
P- 0 
p- l 
P- 0 

P-- l 
0 

I>- l 
?-- 0 

I>-
l x 

LOGIC DIAGRAM 

Ali::~---.. 

B Lf::>o-----i 
c>-r-f>o-, 

B c G 
D D l 
0 D l 
1 D l 
l D l 
0 l 1 
0 l l 
l l l 
1 l l x x 0 

L.:_, I ~D4P 

G >--r--l-i:::i::i:::t=:t=J-').1>---.... ZD 

'-1>----+ Z I 

1--1--4--1-1-1--.._J~"'"P----+ zz 

1--f-1_ 

W.....'.:::t::1~:::t::j-J_,)>P----+ n 

h h. 
1--+=:t=+=t=l:::::i-JfP----+ Z4 

t---t---i--l{_rP----+ Z& 

....___, 
L_-===h\. Z7 

'------li--/' 

D l z 3 
D l l l 
1 D I l 
1 l 0 1 
1 l l 0 
1 1 l l 
1 1 l l 
1 l l l 
1 1 I l 
1 l l l 

D38GL 

4 5 
' 7 

l 1 l l 
l 1 l 1 
1 1 l l 
l 1 1 1 
0 1 1 l 
1 0 l 1 
I 1 0 1 
l 1 l 0 
l 1 l l 

Gates Used: 38 February, 1987 

Coding syntax: Z (ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = D38GL (A, B, C, G) $ 

lnputloading: ( 11, 11, 11, 16) 

Copyright LSI Logic Corporation 1987 

3-82 



D38H 3 TO 4 DECODER, OUTPUTS 
ACTIVE HI 

LOGIC SYMBOL TRUTH TABLE 

A 

B 

c 

Gates Used: 27 

ZD 
ZI 

D38H Z2 
Z3 
H 
ZS 
Z6 
Z7 

A 

B 

c 

A 
a 
I 
0 
I 
0 
I 
0 
I 

LOGIC DIAGRAM 

Coding syntax: Z (ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = 038H 

Input Loading: 

Copynght LSI Logic Corporation 1987 

3-83 

B c D I 2 3 
a a 1 0 a a 
a a D I a a 
I 0 a a I a 
I a D a a I 
0 I 0 0 a a 
0 I 0 0 D 0 
I I a 0 D 0 
I I a 0 a D 

AN3P 

zo 

Zl 

Z2 

Z3 

Z4 

ZS 

Z6 

Z7 

(A, B, C) $ 

(10, 10, 10) 

D38H 

4 5 G 7 
0 D 0 0 
a a o a 
0 D 0 D 
a a 0 0 
I 0 o a 
a 1 o a 
a a I 0 
o a 0 1 

February, 1987 



D38L 3 TO 8 DECODER, OUTPUTS D38L 
ACTIVE LO 

LOGIC SYMBOL TRUTH TABLE 

P-_, A :ZD A p, c 0 I 2 3 4 5 6 7 :z t ~ 0 I I I t I I I D3BL :Z2 0 0 0 
Z3 P- l 0 0 I 0 I I t l l l 

0 t 0 l l 0 l t l l l -B Z4 I>- l t 0 l l l 0 t l l l 
ZS p- 0 0 l l I I l 0 I l l 

l 0 l l I I l t D l I 

- c Z6 P- 0 t l l l l l t l 0 l 
:Z7 p- l t l l l l I t l l D 

LOGIC DIAGRAM 

AL:£: 
Bli: 
c~ ND3P 

l=:r\.._ 
/ 

ZD 

)> ZI 

l::::::::r-.... Z2 / 

',., Z3 ./ 

l=:r\.._ 
Z4 ./ 

" ZS / 

1:-::-r-.. Z6 .r 

h Z7 
/ 

Gates Used: 30 February, 1987 

Coding syntax: Z {ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = D38L {A, B, C)$ 

Input Loading: (11, 11, 11) 

Copynght LSI Logrc Corporation 1987 
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D410H 4 TO 10 DECODER, OUTPUTS 
ACTIVE HI 

LOGIC SYMBOL TRUTH TABLE 

D410H 

--1 A zo 
Zl 

B Z2 - Z3 
Z4 -c ZS 
ZG 

--1 D Z7 
ZR 
Z9 

Gates Used: 38 

A S C D 0 I 2 
t-- D 0 0 D I D 0 
t-- 1 0 0 0 0 I 0 
t-- D 1 0 D 0 0 1 
t-- l 1 0 0 0 D 0 
t-- 0 0 1 0 0 D 0 

l 0 1 0 0 0 0 
t-- 0 1 1 0 0 0 D 
t-- l 1 1 D 0 0 0 

D 0 0 1 0 0 0 t-- 1 0 0 1 0 0 0 
t-- x 1 x 1 0 0 0 
t-- x x 1 l 0 a 0 

LOGIC DIAGRAM 
A~~~n-~~~~~ 

c ~X>-------1 
~ AN4P 

D---d2:;;><r~::\--l--l--W~+R-JJ~ zo 

W-l=t=t=RH~Ec)--l=L.J Zl 

1-1--l=F=J:::~R~§[}---=L..J Z2 

1--l-l==t=l=Ffl==f~=LJ Z3 

~Z4 

~ZS 

Z6 

ZS 

Z9 

3 ~ 5 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 l 0 
a 0 I 
0 0 0 
0 0 0 
D 0 D 
0 0 0 
D 0 D 
D 0 D 

Coding syntax: Z (ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7, ZS, Z9) = 041 OH (A, B, C, D) $ 

lnputloading: ( 8, 7, 7, S) 

Copynght LSI loglC Corporation 1987 

3-85 

D410H 

6 7 B 9 
D 0 D 0 
0 0 0 0 
0 0 0 0 
D 0 0 0 
0 0 0 0 
0 0 0 a 
1 0 0 D 
0 I 0 D 
D 0 l D 
0 0 0 l 
0 0 a D 
a o a 0 

February, 1987 



D410L 4 TO 10 DECODER, OUTPUTS D410L 
ACTIVE LO 

LOGIC SYMBOL TRUTH TABLE 

D410L AB CD 0 I 2 3 4 5 Ii 7 B 9 - A zo P- 0 0 0 D 0 I I I 1 l I I I I Zt ~ I 0 0 0 l 0 I I 1 l I I I I 
- B Z2 0 I 0 0 l I 0 I 1 l l I I I 

Z3 P- I I 0 0 l I I 0 1 l I I I I 
Z4 I:>- 0 0 I 0 l I I 1 0 l I I I 1 

~ c Z5 P- 1 0 I 0 l I I I 1 0 I I I 1 
O l I 0 I l I l 1 l 0 I l l 

__, D Zli P- l l 1 0 l I I I 1 l I 0 l I 
1.7 ~ 

0 0 0 1 I l I l 1 l I l 0 I 
ZB I 0 0 I l I l l 1 l I I I 0 

X I X I l I I I 1 l I I l I 
ZS P- X X I 1 l I I I 1 l I I I l 

LOGIC DIAGRAM 

!D 

!I 

!l 

!5 

!5 

!7 

!8 

!9 

Gates Used: 49 February, 1987 

Codingsyntax: Z(ZO,Z1,Z2,Z3,Z4,ZS,Z6,Z7,Z8,Z9) = D410L (A, B, C, 0)$ 

Input Loading: (13, 11, 11, 7) 

COpyrightlSILogk Corporation • 1987 
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DM10JH SPIKE FREE DECODER FOR MOD 10 DM10JH 
JOHNSON COUNTER, ACTIVE HI, SEE CM10J 

LOGIC SYMBOL TRUTH TABLE 

QA QB QC QD QE 

DM10JH 
0 0 0 0 0 JO 

-A 
JO I-- 1 0 0 0 0 J1 

- AN 
J1 t--
J2 I-- 1 1 0 0 0 J2 -a 
J3 t--- BN 
J4 I-- 1 1 1 0 0 J3 

-c 
JS I-- 1 1 1 1 0 J4 - CN 

-D 
J6 t-- 0 1 1 1 1 JS J7 I--- DN 
JB I-- 0 0 1 1 1 JG -E 

- EN 
J9 I-- 0 0 0 1 1 J7 

0 0 0 0 1 JS 

0 0 0 0 1 J9 

LOGIC DIAGRAM 

AN A BN B CN C DN D EN E 
v v v 

~JO 
J JI 

J JZ 

J J3 

~J4 
~JS t--

J J6 

J J7 

J JS 

J J9 

Gates Used: 20 February, 1987 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS, J6, J7, JS, J9) 

DM10JH ( A, AN, B, BN, C, CN, D, DN, E, EN)$ 

Input Loading: ( 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 
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DM10JL SPIKE FREE DECODER FOR MOD 10 DM10JL 
JOHNSON COUNTER, ACTIVE LO, SEE CM10J 

LOGIC SYMBOL TRUTH TABLE 

QA QB QC QD QE 

DM10JL 
0 0 0 0 0 JO 

-A ml:>-- 1 0 0 0 0 J1 - AN J1P-- 1 1 0 0 0 J2 -· J2 P--
- BN np-- 1 1 1 0 0 J3 
-c J4P-- 1 1 1 1 0 J4 - CN Jsj:>--
-o J6p-- 0 1 1 1 1 JS - ON J7~ 0 0 1 1 1 J6 -E JB I?---- EN J9P-- 0 0 0 1 1 J7 

0 0 0 0 1 JB 

0 0 0 0 1 J9 

LOGIC DIAGRAM 

AN A BN B CN C DN D EN E 
' v v v ' 

~JO 
+--t---+-+-+-+-+--1--l] JI 

J J2 
.--... 

~JS 
JG 

J J7 

J JB 

~JS 

Gates Used: 20 February, 1987 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS, J6, J7, JS, J9) 

DM10JL ( A, AN, B, BN, C, CN, D, ON, E, EN)$ 

Input Loading: ( 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 
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DM12JH SPIKE FREE DECODER FOR MOD 12 DM12JH 
JOHNSON COUNTER, ACTIVE HI, SEE CM12J 

LOGIC SYMBOL TRUTH TABLE 

D OUTPUT DF 

-A JO I- THE JOHNSON COUNTER 

- AN JI I- DA DB QC DD DE OF 
-e J2 I- D D D D D D JD 
-I BN J3 I- I D 0 D 0 0 JI __, c J4 I- I I D D 0 D JZ - CN JS I- I I I D 0 D. J3 -o J& I- I I I I 0 D J4 - ON J71- I I I I I D JS 
-IE JBI- I I I I I I J& 
--' EN J91- D I I I I I J7 
-F JIO I- D D I I I I JI - FN JI I I- D D 0 I I I J9 

OM 12 JH 
D 0 0 0 I I JIU 
D 0 0 0 0 I JI I 

LOGIC DIAGRAM 

AN ~ BN B CN C ON D EN E FN F 

......... 
~JD 

JI 
~ 

........ 
JZ 

J JS 

J4 
,._ 
~JS 

........ 
H ~-J, 

J7 
,._ 

JI 
~ 

........ 
J ·J9 

~ 

JIO 
,._ 

H ~Jll 

Gates Used: 24 February, 1987 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS, J6, J7, JS, J9, J 10, J 11) 

DM12JH ( A, AN, B, BN, C, CN, 0, ON, E, EN F, FN) $ 

Input Loading: ( 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 

Copynght LSI Log1e CorporatlOll 1987 
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DM12Jl SPIKE FREE DECODER FOR MOD 12 
JOHNSON COUNTER, ACTIVE LO, SEE CM12J 

LOGIC SYMBOL TRUTH TABLE 

-A JO p- DA DB DC OD 

Gates Used: 24 

- AN JI p- 0 0 0 

-I B J2 p- I 0 0 

--; BN J3 p- l I 0 

--; c H p- l I l __, CN JS p- I I I 
--"' D JG p- I I l 

- DN J7 p- l I l 

-E JB p- 0 I I 
- EN J9P- a 0 I 

-IF JIO p- D 0 0 

-I FN J 11 p- D D a 
DMl2JL 0 D 0 

LOGIC DIAGRAM 

AN A B N B C~ C D N ~ EN E F N F 

'--il---+--!~l-+-l--1--1--t-~r-1-+~-I JD 

JI 

J2 

~ 
J7 

J JB 

J9 

t--t-t--t~--1 JI D 

~Jll 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS, J6, J7, JS, J9, J10, J11) 

0 
0 
0 
0 
I 
I 
I 
I 
I 
I 
a 
0 

DM12JL ( A, AN, B, BN, C, CN, D, ON, E, EN, F, FN) $ 

Input Loading: ( 4 ' 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 

Copyright LSI Logic Corporation 1987 
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UE DF 
0 0 
0 0 
0 0 
0 0 
0 0 
I 0 
I I 
I I 
I I 
I I 
I I 
0 l 

DM12Jl 

JO 
JI 
J2 
Jl 
J4 
JS 
JG 
J7 
JB 
J9 
JI D 
Jll 

February, 1987 



DM14JH SPIKE FREE DECODER FOR MOD 14 DM14JH 
JOHNSON COUNTER, ACTIVE HI, SEE CM14J 

LOGIC SYMBOL 

,--.., 
-A JOI-
- AN Jlt-
-B JZI-
- BN Jll-
--H Jll-

-I CN JSI-
~o J61-
- DN J71-
-E JBI-
- EN J91-
-F Jl 0 I-
-I FN Jl I I-
-I c JI 2 I-
-I CN Jl J I-

~ 

LOGIC DIAGRAM 

AN A BN B CN C D N D EN E F N F c~ c 

~JD 
JI 

JZ 

JJ 

J+ 

JS 
~ 

~J6 
~ 

t--f=l,.?- J7 
~ 

JS 

~ 

J9 

,...... 

:::::: 
JI 0 

:::::: 
JI I 

~ JIZ 
,...... 

t--f=l,.?- JI J 

Gates Used: 28 February, 1987 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS, J6, J7, JS, J9, J10, J11, J13) 

DM14JH ( A, AN, B, BN, C, CN, D, ON, E, EN, F, FN, G, GN) $ 

Input Loading: ( 4, 4,4, 4,4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 

Copyright LSI LoglC Corporation 1987 
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DM14JL SPIKE FREE DECODER FOR MOD 14 DM14JL 
JOHNSON COUNTER, ACTIVE LO, SEE CM14J 

LOGIC SYMBOL 

r--1 
-A JO ~ - AN Jl 
-e JZ p-
- BN JlP-
-H J~P-

-I CN JsP-
....--, D J,p-

- DN J7P-
-E J8P-

- EN J9P-
-IF JI D p-
-I FN JI I p-
--' G JI 2 p-

- GN JI 3 p-
~ 

LOGIC DIAGRAM 

AN A BN B CN C ON D EN E FN F GN G 

H--1 JO 

JI 

JZ 
.--... 

'=' 
Jl 

H 
.--... 

JS 
~ 

~ Ji 
~ 

t==L...>-J7 
.--... 

JI 

.--... 
J9 

-
::::::- JI D 

::::::- Jll 

JI 2 
~ t==L...?- Jl3 

Gates Used: 28 February, 1987 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS, J6, J7, JS, J9, J 10, J 11, J 12, J 13) 

DM14JL ( A, AN, B, BN, C, CN, D, ON, E, EN, F, FN, G, GN) $ 

Input Loading: ( 4, 4,4, 4,4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 

Copyright LSI Logte Corporation 1987 
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DM16JH SPIKE FREE DECODER FOR MOD 16 DM16JH 
JOHNSON COUNTER, ACTIVE HI, SEE CM16J 

LOGIC SYMBOL 

.---
-A JOI-
- AN Jlt-
-a JZf-
- BN Jll-
-c J41-
- CN JSf-
-D J&f-
- ON J71-
-E Jll-
- EN J!f-
-F JIU I-
- FN JI I I-
-G JIZ I-- GI JI l I-
-H JI+ I-- HN JI S t-

DHllJH 

LOGIC DIAGRAM 

AN A BN B CN C ON D EN E FN F GN G KS H 

!==[>-+Jo 
~ 

JI 

,..... 

- JZ 

Jl 
,..... 

J4 
....... 
- JS 

J& 
....... 
~J7 

-'"""" ~JI 
~ 

J9 

:::-
- JIO 

JI I 
....... 

_;::: JIZ 

- JI 3 

_;::: JI+ 

=l_. JI 5 

Gates Used: 32 February, 1987 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS, J6, J7, JS, J9, J10, J11, J12, J13, J14, J15) 

DM16JH ( A, AN, B, BN, C, CN, D, ON, E, EN, F, FN, G, GN, H, HN) $ 

Input Loading: ( 4, 4,4, 4,4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 
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DM16JL SPIKE FREE DECODER FOR MOD 16 DM16JL 
JOHNSON COUNTER, ACTIVE LO, SEE CM16J 

LOGIC SYMBOL 
r----i 

-A .rap--
- AN JIP-.. 
- 8 Jzp--
-c BN Jlp--
-1 C Hp-
-, CN J5P-.. 
-ID JIP-.. 
-I DN J7p-
-j E .rap-
-I EN .rsp--
-1 F JIDP-.. 
- FN .r11p-
- G J12p-
- GN J13p-
- H J!4p-
- HN J15p-
~ 

LOGIC DIAGRAM 

AN A BN 8 CN C ON D EN E fN f GN G HN H 

t-J=C)-.ro 
JI 

J2 

J3 

J5 

JI 

f=L_)>-+.r• 
,....... 

JS 

JlD 

Jll 

;:::.. JIZ 

- Jl3 

........ -.-,___, - J 14 

t==[)-.r15 

Gates Used: 32 February, 1987 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS, J6, J7, JS, J9, J10, J11, J12, J13, J14, J15) 

DM16JL ( A, AN, 8, BN, C, CN, 0, ON, E, EN, F, FN, G, GN, H, HN) $ 

Input Loading: ( 4 • 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4) 

COpynght LSI Logic COrporatron 1987 
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DM6JH SPIKE FREE DECODER FOR MOD 6 DM6JH 
JOHNSON COUNTER, ACTIVE HI, SEE CM6J 

LOGIC SYMBOL TRUTH TABLE 

DM6JH 

--I A JO r-- QA QB QC -AN J1 I---· J2 I--- BN J3 r-- 0 0 0 JO -c J4 I-- 1 0 0 J1 -CN JS t--
1 1 0 J2 

1 1 1 J3 

0 1 1 J4 

0 0 1 JS 

LOGIC DIAGRAM 

AN A BN B CN C 
v v ' I \ v 

H-J ~JD 

J ~ JI 

r-t-7 _,. J 2 

RY> ....__, _,,, J 3 

J ..... J4 

.--H-J ~ J5 

Gates Used: 12 February, 1987 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS) 

DM6JH ( A, AN, B, BN, C, CN) $ 

Input Loading: ( 4, 4, 4, 4, 4, 4) 

Copyright LSI LogIC Corporation 1987 
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DM6JL SPIKE FREE DECODER FOR MOD 6 
JOHNSON COUNTER, ACTIVE LO, SEE CM6J 

LOGIC SYMBOL TRUTH TABLE 

A 
AN 
B 

BN 
c 
CN 

DM6JL 

LOGIC DIAGRAM 

AN A BN B CN C 

GatesUsed: 12 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS) 

DM6JL ( A, AN, B, BN, C, CN) $ 

Input Loading: ( 4, 4, 4, 4, 4, 4) 

Copyright LSI Logic Corporation . 1987 
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QA 

0 
1 

1 

1 

0 
0 

QB QC 

0 0 JO 

0 0 J1 

1 0 J2 

1 1 J3 

1 1 J4 

0 1 J5 

DM6JL 

February, 1987 



DMBJH SPIKE FREE DECODER FOR MOD 8 DMBJH 
JOHNSON COUNTER, ACTIVE HI, SEE CMBJ 

LOGIC SYMBOL TRUTH TABLE 

DMBJH QA QB QC QD 

___,A 
JO 1-- 0 0 0 0 JO ___, AN 
JI 1--
J2 1-- 1 0 0 0 J1 ---1 B 
J3 1--___, BN 
J4 1-- 1 1 0 0 J2 

___, c 
JS 1-- 1 1 1 0 J3 ___, 

CN 

---1 D 
J6 1-- 1 1 1 1 J4 J7 1--___, ON 

0 1 1 1 JS 

0 0 1 1 J6 

0 0 0 1 J7 

LOGIC DIAGRAM 

AN A BN B CN c D N D 
v .,, 

t-L> JO 

.... 
J 'P- JI 

J ""' J2 

~ 
f-U .,. J3 

t-p_;>:> H 

JS 

J ,..,- JG 

fV t- J7 

Gates Used: 16 February, 1987 

Loading Syntax: Z (JO, J 1, J2, J3, J4, JS, J6, J7) 

DM8JH { A, AN, B, BN, C, CN, D, ON)$ 

Input Loading: ( 4, 4, 4, 4, 4, 4, 4, 4) 

Copyright LSI Log1C Corporation 1987 
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DMSJL SPIKE FREE DECODER FOR MOD 8 
JOHNSON COUNTER, ACTIVE LO, SEE CMSJ 

LOGIC SYMBOL TRUTH TABLE 

DM8JL 

---! A __, 
AN 

--1 B -SN 
__, c __, CN 

---io __, ON 

Gates Used: 16 

QA QB 

JoP-- 0 0 J1p--
1 0 i2P--J3p- 1 1 

i•P-- 1 1 JsP--J6p- 1 1 i1p-
0 1 

0 0 
0 0 

LOGIC DIAGRAM 

AN A B N B C N C D N D 
v v J \ ' 

t-R-Yo--~ JO 

J o---~~JI 

t--+-+~+-+J~..--,-,\....o--~J2 

~p---~J3 

r-uo--~H 

t-i---+-+~+-+--+-+~:r---...\.n--~Js 

J o--~JG 

~0----'3>- J 7 

Loading Syntax: Z (JO, J1, J2, J3, J4, JS, J6, J7) 

DM8JL ( A, AN, B, BN, C, CN, D, DN) $ 

Input Loading: ( 4, 4, 4, 4, 4, 4, 4, 4) 

Copyright LSI Log/C Corporation , 1987 
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QC QD 

0 0 
0 0 
0 0 
1 0 
1 1 

1 1 

1 1 

0 1 

DMSJL 

JO 

J 1 

J2 

J3 

J4 

JS 

J6 

J7 

February, 1987 



FA16 16 BIT FAST ADDER FA16 

co co so 
FA4 S l 

AO -3 A S2 

80-3 B S3 
4 co cl 

co Cl 
co 

A C:LAI 

B C:4 

LOCI C DI AC RAM 

AND 

LOGIC DIAGRAM 

so 

SI 
S2 
53 r------------1 

..--------t-----1 co s 0 s 4 
FA4 SI SS 

A4-7 

84-7 
4 

>-+----i--t--t---1 B 

S2 ,__ __ 

S3 t--_._l ~ 
4 co cl 

GO GI 
'----+--+--+---1 ca I A C:LA2 

I 
I B 
I 

I 
I 
I 
l 
I 
I 
I 
I 
I 
I L __ ----------! 

NETUDRK SCHEMATIC 
I 

AB -1 I >-+-1 
4 

BB-11 >:t-{ 

~SB 

~ S9 
~SID 

4 Sii 

A12-15>-1----.---"T""-"T""------t 

B I 2 ~I 5 >-""f---r--f-1-t-T-t-------; 

Gates Used: 277 

co 
A 

B 

GO 

GI 

4 L __ 

SD 
F A4 S 1 

52 
S3 
C:4 
p 

SAME LOG! C 
AS 

THE ABOVE 
_ ________ ...J 

C:IG 

February, 19S7 

Coding syntax: Z (SO, S1, S2, S3 S4, SS, S6, S7, SS, S9, S10, S11, S12, S13, S14, S1 S, C16) 

=FA16 (CO, AO, BO, A1, B1, A2, B2, A3, B3, A4, B4, AS, BS, A6, B6, A7,B7, 

AS, BS, A9, B9, A10, B10, A11, B11,A12, B12,A13, B13,A14, B14,A15, B1S)$ 

Input loading: ( S, 3, 4, 3, 4, 6, 5, 5, 6, 3, 4, 4, 5, 5, 4, 4, 5, 

Input loading: 3, 4, 4, S, s, 6) 

Copyr1ght LSI logic Corporation 1987 
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FA2 2 BIT BINARY FULL ADDER FA2 
{SAME AS M82C) 

LOGIC SYMBOL TRUTH TABLE 

Cfll FU5 Biil At B1 se st ce 
Ill Of 3 0 Of e 0 " " 

1 1 l J l 
1 Of 3 0 Of e 1 " " e Of 3 0 Of e " 1 " 

co A0 B0 A1 Bl 3 Of 3 B Of e 1 1 Ill 
Ill Of 3 1 Of e " 1 Ill 

fRe 1 Of 3 1 Of e 1 1 " $0 $1 ce e Of 3 1 Of e " " 1 

I I I 3 Of 3 1 Of e 1 " 1 
0 OF' 3 e OF' e " Ill 

1 
1 OF' 3 e OF' e 1 Ill 1 
e OF' 3 e Of e " 1 1 
3 Of 3 e Of e 1 1 1 

LOGIC DIAGRAM 

co > Cl 

AO '- A s 
BO ( 

so 
I B 

co r--

L Cl 
s S1 

A1 I A 
B1 B co C2 

I 

Gates Used: 2 0 February, 1987 

Codingsyntax: Z(SO,S1,C2) = FA2 (CO, AO, BO, A1, 81) $ 

Input Loading: ( 4, 3, 4, 3, 4) 

Copynght LSI Logic Corporation 1987 
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FA4 

co 
BO 
AO 

GO 
81 
A1 

G1 

82 
A2 

83 
A3 

). 

)D 

4 BIT BINARY FULL ADDER FA4 

LOGIC DIAGRAM 

D so 

D 51 

52 

C4 

,__ ______ P3 

Gates Used: 50 February, 1987 

Codingsyntax: Z(SO,S1,S2,S3C4,P3) = FA4 (CO, AO, BO, GO, A1,B1,G1,B2,A2,A3,B3)$ 

lnputloading: ( 4, 1, 2, 3, 1, 2, 2, 2, 3, 1, 2) 

Copynght LSI Logic Corporation 1987 
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FAS2 2 BIT BINARY FULL ADDER FAS2 
{SAME AS M82C) 

LOGIC SYMBOL 
TRUTH TABLE 

I I l l l I 
co AD B~ A1 Bl SUB Cl:'l A0 Bl:'l Al Bl SUB s0 st ce 

FA Se " SEE FR2 

SC S1 ce Cl:'l A0 B0 Al Bl SUB SD s1 ce 

1 T 1 
1 SEE FAE! 

LOGIC DIAGRAM 

FA1P 

co Cl s so 
AO A 

BO ~D-1 B co 1---

FA1P 

~1 Cl s S1 

A1 A 

B1 RD-1 B co C2 

SUB _ 

Gates Used: 26 February, 1987 

Coding syntax: Z (SO, S 1, C2) = FAS2 (CO, AO, BO, A1, B1, SUB)$ 

Input Loading: ( 4, 3, 1, 3, 1, 4) 

Copyright LSI Logic Corporat10n 1987 
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L4 4 BIT DATA LATCH L4 

LOGIC SYMBOL 

- A DA I--

DAN I-

- B DB I--

L4 DBN I--

___, c DC I--

OCN I-

- D ao I--

L QDN I-

_J 

LOGIC DIAGRAM 

A " D a ~DA , 
LDlP 

r--IG ON ~DAN --, 

B D a ~as --, 

LD lP 
t--G ON 7DBN 

C> D Q 7 ac 
LD lP 

t--G ON 7 QCN 

D'" D a 7DD 
L D lP 

t--G ON ~aoN -, 

L> 

Gates Used: 24 February, 1987 

Codingsyntax: Z(SO,S1,C2) = L4 ( A, B, C, D, L) $ 

Input Loading: ( 1, 1, 1, 1, 4) 
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LS S BIT DATA LATCH 

LOGIC SYMBOL 

A 

LOGIC DIAGRAM 

DA 

DAN 

as 

USN 

DC 

llCN 

OD 

ODN 

DE 

DEN 

OF 

OFN 

oc 
OGN 

OH 

OHN 

LS 

Gates Used: 48 February, 1987 

Coding syntax: Z ( QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) $ 

=LS ( A,B,C,D,E,F,G,H,L) 

lnputloading: (1, 1, 1, 1, 1, 1, 1, 1, 8) 
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M138D 

Gates Used: 42 

GATED 3 TO 8 DECODER 
OUTPUTS ACTIVE LO (74138) 

LOGIC SYMBOL 

Hl3BD 

- CI zo Ir-
-<: C2A ZI I:>-
-<: C2B Z2 Ir-

Z3 I:>-
~ A H Ir-
~B ZS Ir-
~c :a Ir-

Z7 Ir-

LOGIC DIAGRAM 
GI G1A G2B C B A 
v v .; \ 

IVAP +--1--+~--! ND4P 
D-----4-, z 0 

l--t==:J=:::::J~=f--"fo----zs 

t-----'1--~-i"""l)o------t ZG 

YP------t Z7 

Coding syntax: Z (ZO, Z1, Z2, Z3, Z4, ZS, Z6, Z7) = M 1380 ( G 1, G2A, G2B, A, B, C) 

Input Loading: ( 2, 1 .5, 1.5, 2, 2, 2) 

Copyr1ght LSI Logic Corporation 1987 

3-105 

M138D 

February, 1987 



M150C 

Gates Used: 31 

16 INPUT GATED 
INVERTING MUX 

LOGIC SYMBOL 

LOGIC DIAGRAM 

M150C 

February, 1987 

Coding syntax: Z M150C (DO, 01, 02, 03, 04, OS, 06, 07, 08, 09, 010, 011, 012, 013, 014, 015, 

A, B, C, 0, SN) $ 

Input Loading: 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 6, 4, 2, 1.5) 

Copynght LSI Logic Corporation 1987 
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M151C 8 INPUT GATED MUX M151C 

LOGIC SYMBOL 

MUX151C 

--1 DO 

--jD1 
wjo--

--1 D2 

--1 D3 

--1 D4 

--1 DS 
yr-

--1 D6 

--1 D7 

A B 

t T T 
LOGIC DIAGRAM 

MUX81 
DO 
01 

02 
03 

04 ~y z ;==uo OS w 
06 
07 

A B C 

A 
] 

B 
c 

SN 

Gates Used: 16 February, 1987 

Coding syntax: Z (W,Y) = M151C(DO,D1,02,03, 04, 05,06,07, A, B, c, SN)$ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1, 3, 2, 1.5) 

Copyright LSI Log1e Corporation 7987 
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M152C 8 INPUT INVERTING MUX M152C 

LOGIC SYMBOL 

MUX152C - DO 

--jD1 
_____, 02 

--j 03 zjo--
--j 04 

--j 05 

--j 06 

--j 07 

A B c 

T I I 
LOGIC DIAGRAM 

MUX81 
DO 
D1 

D2 
D3 

D4 z x.. z 
D5 

D6 
D7 

A B c 

A J I B 
c 

Gates used: 13 February 1987 

Coding syntax: z = M152C( DO, D1, D2, D3, D4, D5, D6, D7, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1, 3, 2) 

Copynght LSI Logic Corporation 1987 
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M153C DUAL 4 INPUT MUX M153C 

LOGIC SYMBOL 

MUX153C 
__..., 100 __, 101 __, 102 __..., 103 __, 1GN ,,1--

---1 200 __, 201 
2Z~ __, 202 __..., 203 __, 2GN 

A 

t T 

LOGIC DIAGRAM 

1DO 
1D1 DO 

D1 
1D2 D2 z 1Z 
1D3 D3 ri.-J 

MUX41 

A_Q_ 
{>--1GN J 

200 
2D1 DO 

D1 
202 D2 z 
203 D3 rLJ 2Z 

MUX41 

A B 

2GN -t>--J J A 

B 

Gates used: 18 February 1987 

Coding syntax: X( 1Z, 2Z) = M 153C ( 1 DO, 1 D1, 1 D2, 103, 2DO, 201, 2D2, 2D3, A, B, 1 GN, 2GN) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 6, 4, 1.5, 1.5) 

Copynght LSI Log1e Corporation 1987 
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M157C QUAD 2 INPUT GATED M157C 
NON INVERTING MUX 

LOGIC SYMBOL 

Ml 5 7 C 
Al Zl B 1 
A2 Z2 B2 
A3 Z3 B3 
A4 

Z4 84 
s GN 

LOGIC DIAGRAM 

A1 
IVP 

[> Z1 

81 

AZ IVP 

Z2 
82 

A3 IVP 

Z3 

83 

A4 IVP 

Z4 

84 

GN 

Gates Used: 18 February, 1987 

Codingsyntax: Y(Z1,Z2,Z3,Z4) = M157C(A1,B1,A2,B2,A3,B3,A4,B4, S, GN) $ 

Input Loading: ( 1, 1, 1, 1, 1, 1, 1, 1, 2.5, 1.5) 

Copyright LSI Log1e Corporation 7987 
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M158C QUAD 2 INPUT GATED M158C 
INVERTING MUX 

LOGIC SYMBOL 

Ml 5 8 C 
Al z l Bl 
A2 Z2 82 
A3 Z3 83 
A4 

Z4 84 
5 N 

LOGIC DIAGRAM 

Zt 

Z2 

Z3 

Z4 

GN 

Gates Used: 22 February, 1987 

Coding syntax: Y ( Z1, Z2, Z3, Z4) = M 158C (A 1, B 1, A2, B2, A3, B3, A4, B4, S, GN) $ 

lnputloading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1.5, 1.5) 

Copyflght LSI Logic Corporation 1987 

3-111 



M160C SYNC 4 BIT BCD COUNTER M160C 
(74LS160) 

LOGIC SYMBOL 

HIGDC 
CA 

A CAN 

DB 

DBN 

DC 
DCN 

OD 

co DON 
P T CD 

LOGIC DIAGRAM 

Gates Used: 80 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CD, QAN, QBN, QBN, QCN,QDN) 

= M160C (A, B, C, D, L, CP, CD, P, T) $ 

Input Loading: (1, 1, 1, 1, 3.5, 4, 8, 1, 2) 

Copyright LSI Logic Corporation 1987 
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M160D SYNC 4 BIT BCD COUNTER 1600 
(74LS160) 

LOGIC SYMBOL 

H 1 6 0 D 
QA 

A 

B 
08 

c 
oc 

D 

L 
ao 

CD 
p T co 

LOGIC DIAGRAM 

A QA QB 

CD 

QN 

CP 

PT co 

Gates Used: 76 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) 

= M160D (A, B, C, D, L, CP, CD, P, T) $ 

Input Loading: (1, 1, 1, 1, 3.5, 4, 8, 1, 2) 

Copynght LSI Log1< Corporation 1987 

3-113 



M161C 

PT 

Gates Used: 70 

SYNC 4 BIT COUNTER 
(74LS161) 

LOGIC SYMBOL 

Hl61C 
QA 

A 
CAN 

OS 

OBN 

QC 

UCN 

OD 

QDN 

CD CD 

LOGIC DIAGRAM 

Coding syntax: Z (QA, QB, QC, QD, CO, QAN, QBN, QCN, QDN) 

= M161C (A, B, C, D, L, CP, P, T, CD)$ 

Input Loading: (1, 1, 1, 1, 8, 4, 1, 2, 8) 

Copyright LSI logic Corporation 1987 

3-114 

M161C 

QO 

February, 1987 



M161D SYNC 4 BIT BCD COUNTER M161D 
(74LS161) 

LOGIC SYMBOL 

M161D 

A QA 

QB 

QC 

D QD 

co 
CD p T 

LOGIC DIAGRAM 

CON 

Gates Used: 70 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) 

= M161D (A, B, C, D, L, CP, P, T, CD)$ 

Input Loading: ( 1, 1, 1, 1, 8, 4, 1, 2, 8) 

Copyflght LSI Logic Corporation 1987 
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M162C SYNC 4 BIT BCD COUNTER M162C 
(74LS162) 

LOGIC SYMBOL 

M162C 

QA 
A 

QAN 

QB 

QBN 

0 QC 

- L QCN 

- CL 
QD 

QDN 

T CO 

LOGIC DIAGRAM 

CP 

L CL co 

Gates Used: 7 8 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) 

M162D (A, B, C, D, L, CL, CP, P, T) $ 

Input Loading: (1, 1, 1, 1, 3.5, 2, 4, 1, 2) 

Copyright LSI Logic Corporation 1987 
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M162D SYNC 4 BIT BCD COUNTER M162D 
(74LS162) 

LOGIC SYMBOL 

M162D 

A QA 

QB 

D 

- L 
QC 

- CL 
QD 

co 

LOGIC DIAGRAM 

A QA QB C 

CD 

CP 

PT 

Gates Used: 74 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) 

= M162D (A, B, C, D, L, CL, CP, P, T) $ 

Input Loading: (1, 1, 1, 1, 3.5, 2, 4, 1, 2) 

Copyr1ght LSI LoglC Corporat10n 1987 
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M163C SYNC 4 BIT BCD COUNTER M163C 
(74LS163) 

LOGIC SYMBOL 

Hl,3C 
QA 

A DAN 

QB 

QllN 

QC 
QCN 

CL DD 

DON 
P T CD 

LOGIC DIAGRAM 

CP 

PT CL co 

Gates Used: 78 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO, QAN, QBN, QCN, QDN) 

= M163C (A,B,C,D, L,CL,CP,P,T)$ 

Input Loading: (1, 1, 1, 1, 3.5, 2, 4, 1, 2) 

Copynght LSI Logic Corporation 1987 
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M163D SYNC 4 BIT COUNTER M163D 
(74LS163) 

LOGIC SYMBOL 

HI 630 
DA 

A 
DB 

DC 

L 
CL DD 

P T CD 

LOGIC DIAGRAM 

CP 

PT CL co 

Gates Used: 72 February, 1987 

Coding syntax: Z (QA, QB, QC, QD, CO) 

= M163D (A,B,C, D, L, CL,CP, P, T) $ 

Input Loading: (1, 1, 1, 1, 3.5, 2, 4, 1, 2) 

Copyright LSI LogK Corporation 1987 
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M163F 

A 

CL 

SYNC 4 BIT COUNTER 
(74LS163) OPTIMIZED FOR MAX CLOCK FREQ 

LOGIC SYMBOL 

M163F 

A QA 

QB 

D QC 
L 
CL 

QD 

co 

LOGIC DIAGRAM 

D 

p T QA QB QC 

Gates Used: 115 

Coding syntax: Z (QA, QB, QC, QD, CO) = M163 (A, B, C, 0, L, CL, CP, P, T) $ 

Input Loading: { 1, 1, 1, 1, 1, 5, 16, 1, 2) 

Copyright LSI Log" Corporation 1987 

3-120 

M163F 

LD2P 

GN QN 

1 
QD co 

February, 1987 



M169C 

CP 
L 

PN TN UP 

Gates Used: 77 

Coding syntax: Z 

Input Loading: 

Capynght LSI Logic Corporation 

4 BIT U/D COUNTER 
(74LS169) 

LOGIC SYMBOL 

Hl&9C 
DA 

A DB 

UP 

nc: 

no 

CON 

LOGIC DIAGRAM 

QB c 

M169C 

QC D 
QD 

.. J 

CON 

February, 1987 

(QA,QB, QC,QD,CON) = M169C (A,B,C, D, L,CP, PN, TN,UP) $ 

(1, 1, 1, 1, 8, 4, 2, 3.5, 4) 

1987 
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M244C 

Gates Used: 36 

DUAL4 BIT THREE-STATE BUFFER 
ON CHIP 

I CN>----1 

LOGIC SYMBOL 

IGN 
IAI IYI 
1 A2 1 Y2 
1 A3 l Y3 
IM lH 

H2HC 
2GN 
2Al 2YI 
2 A2 2 Y2 
2A3 2Y3 
2A4 2Y4 

LOGIC DIAGRAM 

I VP 

4 BTS4 
1 Al >-------1 

I A.2 :::.------1 

1A3>------t 

IA.4>-----

>--+---1DELAY1---~ I YI 

>--t---iDELAY I Y2 

>--t---iDELAY I Y3 

>----tDELAY I Y4 

I VP 
2 G N >------1 

4 BTS4 

2At>-------1 

Z AZ >-------1 

2 A3 >------1 

2A4 >-------1 

.>---t----1 DEL A Y--~ 2Y1 

>--t---1DELAY 2Y2 

>--+---tDELAY 2Y3 

>----iDELAY 2Y4 

Coding syntax: Z ( 1Y1, 1Y2, 1Y3, 1Y4, 2Y1, 2Y2, 2Y3, 2Y4) 

= M244C ( 1A1, 1A2, 1A3, 1A4, 2A1, 2A2, 2A3, 2A4, 1GN, 2GN) $ 

Input Loading: 2, 2, 2 • 2, 2, 2, 2, 2, 3, 3) 

Copyflght LSI logic Corporation 1987 

3-122 

M244C 

February, 1987 



M42C 4TO10 DECODER M42C 

LOGIC SYMBOL 

l l l 1 
A B c a 

M42C 

.1.0 z 1 1.2 .Z.3 i 4 z 5 7 Ii _l} ., 8 _l_9 

I I I I I i I i i I 

LOGIC DIAGRAM 

zo 

--21 
~ 

zz 
~ 

-- Z3 

D--- Z4 

h Z5 
~ 

z• 

h Z7 
~ 

?---> ZS 

~ Z9 

AN2P rJ C' AN3 

Li~ AN2P 
831P Z1 ZZ Z1 Z2 [_ 

A _j 83TP 

8 

c~-r--- I 
D ...!::::: 

Gates Used: 44 February, 1987 

Coding syntax: Y(ZO,Z1,Z2,Z3,Z4,Z5,Z6,Z7,Z8,Z9) = M42C(A, B, c, D) 

Input Loading: ( 4, 4, 2.5, 2.5) 

Copyright LSI Logic Corporation 1987 
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M82C 2 BIT BINARY FULL ADDER M82C 
(SAME AS FA2) 

LOGIC SYMBOL 

l l l l 1 
co AO BO A1 B1 

M82C 

so 51 C2 

I I I 

LOGIC DIAGRAM 

FA1P 

co Cl s so 
AO A 

BO 
B co (-------; 

FA1P 

1---1 Cl s S1 

A1 A 

B1 B co C2 

Gates Used: 20 February, 1987 

Coding syntax: Z (SO, S 1, C2) = M82C (CO,AO,BO,A1,B1)$ 

Input Loading: ( 4, 3, 4, 3, 4) 

Copynght LSf Logic Corporation 1987 
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M85C 

A3 

83 

A2 

B2 

A1 

B1 

AO 

BO 

4 BIT MAGNITUDE COMPARATOR 
EXPANDABLE (SIMILIAR TO MAG4) 

LOGIC SYMBOL 

MBSC 
RGII 

R!Jll 

Alli RGll 

R3 

113 REll 

lie ALB 

II!! 

RI 

Bl 

All 

Ill! 

LOGIC DIAGRAM 

M85C 

ALB 

Gates Used: 50 February, 1987 

Coding syntax: Z (AGB, AEB, ALB) = M85C (AGBI, AEBI, ALBI, A3, B3, A2, B2, A 1, B 1, AO, BO) 

Input Loading: 1, 1, 1, 4.8,3.5,4.5,3.5, 4.5, 3.5, 4.5,3.5) 
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MAG2 

Gates Used: 27 

2 BIT EXTENDABLE MAGNITUDE 
COMPARATOR 

LOGIC SYMBOL 

> > > 
Al 

r- m C7 
ca ca ca 

Bl 
MAG2 

AD 

BO > > > r- m C7 
g:i g:i g:i 

LOGIC DIAGRAM 

ALB! AEBI 

A04 

BO >----'--I ~o-t-r-L/ 
'---1--.... ND 2 

ALB AEB 

AGBI 

AGB 

Codingsyntax: Z(AGB,AEB,ALB) MAG2 (AGBl,AEBl,ALBI, A1, B1, AO, BO)$ 

Input Loading: 1, 1, 1, 3.5, 3.5, 3.5, 3.5) 

Copynght LSI Logic Corporation 1987 
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MAG2 

February, 1987 



MAG2H 

R1 

11 

RI 

18 

Gates Used: 22 

2BIT 
MAGNITUDE COMPARATOR 

LOGIC SYMBOL 

MAGeH 
Al 

AGB 
Bl 

REI 
AB 

BB 
ALB 

LOGIC DIAGRAM 

ALN 

R04 

ALB 

Coding syntax: Z(AG8,AE8,AL8) MAG2H ( A1, 81, AO, 80)$ 

Input Loading: ( 3.5, 3.5, 3.5, 3.5) 

3-127 

MAG2H 

REN 

AGll 

REI AGI 

February, 1987 



MAG4 4 BIT MAGNITUDE COMPARATOR 
EXPANDABLE (SAME·AS·MSSC) 

LOGIC SYMBOL 

MAG4 
AGBI 

AEBI 

ALBI 

A3 AGB 

83 
A2 AEB 

82 

A1 ALB 

81 

AO 
BO 

LOGIC DIAGRAM 

MAG4 

Gates Used: 50 February, 1987 

Codingsyntax: Z(AG8,AE8,AL8) MAG4 (AG81,AE81, AL81, Al, 83, A2, 82, A1, 81, AO, 80)$ 

Input Loading: 1, 1, 1, 4.8, 3.5, 4.5, 3.5, 4.5, 3.5,4.5, 3.5) 

Copynght LSI Logic Corporation 1987 
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MR41 4 BIT REGISTER WITH MR41 
2 BIT MULTIPLEXED INPUTS 

LOGIC SYMBOL 

HR41 
-I DOA 
-I DIA DAt-

-j DOB DAN I--

- DIB oat-

- DOC DBN I--

- DIC Oct--
-; DOD CCN I--_, D 1 D DOI--

-Is DON I--

~ 

LOGIC DIAGRAM 
DOA 

,-----., 
D Q QA 

DIA T1 
Q QAN 

r--1 TE 

r-' fDISP 

'-----

DOB 
,-----., 

D Q QB 
D1B T1 

Q QBN 
H TE t----
t-i> fOHP 

DOC 
,-----., 

D Q QC 
D1C T1 

Q QCN 
t----H TE 

1--' FD15P 
'-----

DOD 
,-----., 

D Q QD 
D1D T1 

Q QDN 
5 TE 

CP F01W 

<----

Gates Used: 40 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN QD, QDN) 

MR41 (DOA, D1A, DOB, D1 B, DOC, D1C, DOD, D1D, S, CP) $ 

Input Loading: ( 1, 1, 1, 1, 1, 1, 1, 1, 8, 4) 

COpynght LSI LoglC Corporation 1987 
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MR42 4 BIT REGISTER WITH MR42 
2 BIT MULTIPLEXED INPUTS, CLEAR DIRECT 

Gates Used: 44 

DOA 
DIA 

DOB 
D1B 

DOC 
DIC 

DOD 
DID 

CP 

CD 

LOGIC SYMBOL 

HRIT 
-IDDA 
-IDIA DAt-

-IDOB DANt-

-IDIB DBt-

-IDOC DBNt-

-1DIC acl-

-looo DCNl-

-101 D DDl-

-15 DDNI-

~ CD 

_J 
LOGIC DIAGRAM 

----l'DQ,__ __ QA 
-----<Tl 

Ql't-----
r--1 TE 

QAN 

FOlSP 

r---p. CD 

.--
D Q 

,____ __ QB 

T1 
Q 

1-+i TE 

.,.._ ___ QBN 

FOlSP 

!;oo CD 

µ-
.--

D Q ,____ __ QC 

T1 
Q ,.,..____ QCN 

I- TE 
F02SP 

!;oo CD 

µ-
,---..., 

D Q f---- QD 
T1 

Q QDN 
TE 

fDJW 

CD 

':::r' 
February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN QD, QDN) 

MR42 (DOA, D1A, DOB, D1B, DOC, D1C, DOD, D1D, S, CP, CD)$ 

Input Loading: 1, 1, 1, 1, 1, 1, 1, 1, 8, 4, 8 ) 

Copynght LSI LoglC CorporatlOn 1987 
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MR43 4 BIT REGISTER WITH MR43 
2 BIT MULTIPLEXED INPUTS, SYNC CLEAR 

LOGIC SYMBOL 

43 
ODA 
DIA DA 

DOB DAN 

018 DB 

DOC QBN 

DIC DC 

ODD OCN 

DID DD 

s CON 

CLR 

LOGIC DIAGRAM 

OOA'>---""1 
DAN 

QA 

ODN 

no 

CLR 

CP '>---------

Gates Used: 45 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN QD, QDN) 

MR43 (DOA, D1A, DOB, D1B, DOC, D1C, DOD, D10, S, CLR, CD)$ 

Input Loading: 1, 1, 1, 1, 1, 1, 1, 1, 3.5, 4, 4) 

Copyt1ght LSI Logic Corporation 1987 

3-131 



MR44 4 BIT REGISTER WITH MR44 
2 BIT MULTIPLEXED INPUTS, SYNC CLEAR CD 

Gates Used: 49 

DOA 

DIA 

DOB 

DIB 

DOC 

DI t 

DOD 

DID 

CLR 

LOGIC SYMBOL 

HRH 
DOA 
DI A CIA 

DOB CIAN 

DI B CIB 

DOC CIBN 

DIC CIC 

DOD CICN 

DID OD 

ODN 

CLR 

CD 

LOGIC DIAGRAM 

CP">-~~~~~~~ 

ca">-~~~~~~~~ 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN QD, QDN) 

CIAN 

CIA 

CIBN 

CIB 

CICN 

CIC 

CIDN 

CID 

February, 1987 

MR44 (DOA, D1A, DOB, D1B, DOC, D1C, DOD, D1D, S, CLR, CP, CD)$ 

Input Loading: 1, 1, 1, 1, 1, 1, 1, 1, 3.S, 4, 4, 8) 

Copynght LSI Logic Corporation 1987 
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MR81 

Gates Used: 80 

8 BIT REGISTER WITH 
2 BIT MULTIPLEXED INPUTS 

DOA 
DIA 

LOGIC SYMBOL 

_r.;:m;AI--
- DI A DANI-
-DOB ••I-
-01B 08'1-
-,ooc ocl-
-'Die OCNt-

--IDOO no!-
-!DJ D DDNf-

-100£ ••I-
-ID! E QEHt-

-I DDF DFI-

-I DI F DFXI-

-I ooc 001-
- DIC DCNI-

- DDN DMI-
- DI H DHHt-

LOGIC DIAGRAM 
r-----------------------1 

i r- ! 
D Qt---f---QA 

--+---In 
: Q 

!ii! r-1 T~o•~ 't---,---QAN 

; 
~-- -- -----------------~ 

DOB ----4 i-- QB 
018 ----1 :____ QBN 

r+-+----------------1 
DOC ~ :--- QC 
DIC ----i ~ QCN 

DOD r++---------------j 
-----: :--- QD 

010 ---1 I--- QDN 

DOE r++---------------1 
---. ,-- QE 

DIE ---! I--- QEN 

r--~--+----------------1 
OOF ---: :----- QF 
Olf ---{ 1--- QFN 

r-+--+----------------1 
DOG -----: 1-- QG 
DIG ---{ ..__ QGN 

H-+---------------1 
DOH ----: :--- QH 

~ ~-r-r--------------r-- QHN 

MR81 

February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) 

MR81 (DOA, D1A, DOB, D1B, DOC, D1C, DOD, D1 D, DOE, D1E, DOF, D1 F, DOG, D1G, 

DOH, D1 H, S, CP) $ 

Input Loading: ( 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1, 16, 8) 

Copynght LSI Logic Corporation 1987 
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MR82 

Gates Used: 88 

8 BIT REGISTER WITH 
2 BIT MULTIPLEXED INPUTS CLEAR DIRECT 

LOGIC SYMBOL 

~11"-
-10IA aut-
-lm aof-
-1011 DUj-

-1DDC oct-
-ja1c aof-
-loao oaf-
-!011 DDllt-

-1"' Bit-
-Im mj-
-loor ar1-
- 01F or•!-
- "' act-
- 01G aut--
-ooit DMt-

-Dllt ont-
-s 
- CD 

LOGIC DIAGRAM 

,-----------------------, 
' ' ' ' ' ' ' ' ' ' : - : 

- D Q ~ 
OtA Tl 

! r--l T~ ... "'1----i---QAH 

! co 

! 
DOI _J-- -- -- --------------L QI 

011 __J :..___ QIN 

H---H------------·-i 
~==i : ~ 
_ r+-H·------------1 
DlO ~ ~=N 

[--~--t+------------1 
DOE -, ,- QI 
01t ~ t-- QIN 

""' H-··H-------·------j 
DtF ~ ~:,N 

H-·t+-------------j 
DOG-, ,- QG 
D1G -----: J--- QGN 

H--++-------·----i --. .- .. 
~~r __ j--

MRB2 

February, 1987 

Coding syntl!lx: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) 

MR82 (DOA, D1A, DOB, 018, DOC, D1C, DOD, D1D, DOE, D1E, DOF, D1F, DOG, D1G, 

DOH, D1 H, S, CP, CD)$ 

Input Loading: ( 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1, 16, 8) 

Copyright LSI Logic Corporation 1987 
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MUX22H DUAL 2 BIT NON MUX22H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX22H 

- 000 A Z(I) 
- 010 zo I--- 001 0 DO(I) 

- 011 
Z1 I-- 1 01 (I) 

-A 

LOGIC DIAGRAM 

000 A 

010 B zo 

MUX21HP 

s 
J 

001 A 

011 B 
Z1 

MUX21HP 

s 
A J 

Gates Used: 8 February, 1987 

Coding syntax: Y( ZO, Z1) = MUX22H ( 000, 010, D01, 011, A) $ 

Input Loading: ( 1, 1, 1, 1, 4) 

Copynght LSI logic Corporation 1987 
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MUX24H 

LOGIC SYMBOL 

HUX24H 
_, DOD 
.... DID zo t-
- D01 
- D 11 ZI I-

- D02 Z2 I-- Dl2 
-i D03 Z3 t-
-i DIS 

_,A 

QUAD 2 BIT NON 
INVERTING MUX 

TRUTH TABLE 

000 

010 

LOGIC DIAGRAM 
,---

---IA 

----<B I---- zo 

MUX2\HP 

s 

001 A 

011 

002 

012 

003 

--+---<B 
1----- Z1 

---t---<A 

--+-18 
1----- Z2 

,..---, 

--+--<A 
I----- Z3 

013 B 

MOXllHIO 

s 
A 

A Z< II 

0 DO<I) 
I Dl<ll 

MUX24H 

Gates Used: 16 February, 1987 

Coding syntax: Y( ZO, Z1, Z2, Z3) = MUX24H ( 000, 010, 001, 011, 002, 012, 003, 013, A) $ 

Input Loading: ( 1, 1, 1, 1, 1, 1, 1, 1, 8) 

Copynght LSI Logic Corporation 1987 
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MUX24L 

000 

010 

DOI 

0 I I 

002 

012 

003 

A 

Gates Used: 9 

QUAD2 BIT 
INVERTING MUX 

LOGIC SYMBOL 

MUX24L 
DOD zo 
DI 0 
o a 1 ZI DI 1 
002 Z2 o 1 2 
003 

Z3 013 
A 

LOGIC DIAGRAM 

MUX24L 

MUX21LAP 

zo 

:;'. l 

Z2 

Z3 

February, 1987 

Coding syntax: Z(ZO, Z1, Z2,Z3)= MUX24L ( 000, 010, 001, 011, 002, 012, 003, 013, A) $ 

lnputloading: 1, 1, 1, 1, 1, 1, 1, 1, 6) 

Copyright LSI Log1e Corporation 1987 
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MUX31H QUAD 2 BIT NON MUX31H 
INVERTING MUX 

LOGIC SYMBOL 

MUX31H A B z 
__,oo 
--101 0 0 DO 

-.,02 1 0 D1 

zl-- 0 1 D2 

1 1 D2 

--1A __,B 

LOGIC DIAGRAM 

MUX21l 

DO A 

P---i 
D1 

B 
s 

MUX21LP 

....___, A 

P-- z 

D2 .,.,. B 
s 

A 

B 

Gates Used: 8 February, 1987 

Coding syntax: Z= MUX31 H (DO, D1, D2, A, B) $ 

Input Loading: ( 2, 2, 1.5, 2, 2) 

Copynght LSI Logic Corporation 1987 
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MUX31L 3 BIT MUX31L 
INVERTING MUX 

LOGIC SYMBOL 

MUX31L 
----1 DO 

--i D1 __, 
D2 z P----

____,A 

----18 

LOGIC DIAGRAM 

MUX21L 

DO A 

P---
D1 

B 
s 

MUX21HP 

I--- A 

I--

D2 B 
s 

A 

B 

Gates Used: 8 February, 1987 

Coding syntax: Z= MUX31 H (DO, D1, D2, A, B) $ 

Input Loading: ( 2, 2, 1.5, 2, 2) 

COPfnghtlSI Logic Corporation 19117 
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MUX32H 

LOGIC SYMBOL 

HUX32H 

DOD 
DI 0 ZO 
020 
001 z I 
D 11 
02. l 

A 
B 

000 

DID 

020 

DOI 

D 11 

021 

A 
B 

DUAL 3 BIT NON 
INVERTING MUX 

LOGIC DIAGRAM 

MUX21LA 

MUX32H 

TRUTH TABLE 

A B ZCI > 

0 0 D 0 < I > 

1 0 D l ( I > 

0 I D 2 ( I > 

l I D 2 ( I > 

Gates Used: 12 February, 1987 

Codingsyntax: Y(ZO,Z1) = MUX32H (000,001, 020,001,011,021, A, B)$ 

Input Loading: 2, 2, 1.5, 2, 2, 1.5, 3.5, 3.5) 

Copyr1ght LSI LoglC Corporation 1987 
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MUX34H QUAD 3 BIT NON MUX34H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

HUXHH 

- ODD 
-i DID ZDJ-
- D2D A B Z { I ) 
- DD I 
-i D 11 :;: I I- a a 0 0 CI) 
- 021 I 0 0 l CI) 
-; DO 2 
_, D 12 :::2 I- 0 I 02 (I) 

_, 02 2 I I 02( I) 
-i DO 3 
_, 013 !31-
-; 02 3 

_.,A 
-; B 

LOGIC DIAGRAM 

1--1 ·-I---- -1 -----1 
DOD I ..! :1 I 
DI 0 I I ~ I MUX21LAP 

I MUX21LA - I 
020 I :i : :::o 

I I 
I_ ·- ---- -1 _____ I 

011 >-l I 

Dll >-: L+~. I ~ 

021 >-i 1 
1-+~----t+-----1 

012 >-i I 
DI 2 >-I ~:::2 
m~ I 

I_+~_ ---f-+- ____ I 
013 ~ I 

I I 
013 >-i t+H 

": Jj---1 
I 

-----' 

II .,, 

Gates Used: 22 February, 1987 

Coding syntax: Y( ZO, Z1, Z2, Z3) = MUX34H ( 000,010,020,001,011,021,002,012,022)$ 

003, 013, 023, A, B)$ 

Input Loading: ( 2, 2, 1.5, 2, 2, 1.5, 2, 2, 1.5, 

2, 2, 1.5) 
Copynght LSI Logic Corporation 1987 
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MUX41GH 4BITNON 
INVERTING MUX, GATED 

LOGIC SYMBOL 

MUX41GH 
-DO 

-DI 

-D2 

-D3 z~ 

-A 

-e 
G 

LOGIC DIAGRAM 

DO .;>----j DO 

Dl~DI 
D2 >----iD2 

D3~D3 
AN2P 

Z~------t 

MUX41 

G>----t>--~ 

MUX41GH 

Gates Used: 9 February, 1987 

Coding syntax: Z( Z) = MUX41GH (DO, 01, 02, 03, A, B, G) $ 

lnputloading: ( 2, 2, 2, 2, 3, 2, 1.5) 

Copynght LSI Logic Corporation ~987 
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MUX41H 4BITNON MUX41H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX31H 

- DO 
A B z 

- Dl 

- D2 0 0 DO 
- D3 zt--

1 0 D1 

0 1 D2 
-A 1 1 D3 
-B 

LOGIC DIAGRAM 

... 
DO' DO 

...... 
DI.,... DI 

D2 .... ,. D2 

D3 .... , D3 

_,,, 
~ z 

....... 
A, A 

B ...... , B MUX41P 

Gates Used: 7 February, 1987 

Coding syntax: Z( Z) = MUX41 H (DO, 01, 02, 03, A, B) $ 

Input Loading: ( 2, 2, 2, 2, 3, 2) 

Copynght LSI Logic Corporation .,,, "'987 
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MUX41L 4BIT 
INVERTING MUX 

LOGIC SYMBOL 

MUX41L 
-DO 

-D1 

-D2 

-D3 zl--

LOGIC DIAGRAM 

.... 
DO ~DO MUX41 
Dl~DI 
D2 >--D2 

03 >--D3 

.... 
A;;--- A 

B>--a 

MUX41L 

Gates Used: 7 February, 1987 

Coding syntax: Z( Z) = MUX41 L (DO, 01, 02, 03, A, B) $ 

Input Loading: ( 2, 2, 2, 2, 3, 2) 

Copynght LSI Logic Corporation 1987 
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MUX42H DUAL 4 BIT NON MUX42H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX42H 

--1 000 

___, 010 
A B Z (I) ___, 020 

---1 030 zol-- 0 0 00(1) 
---1 001 1 0 01 (I) 
---1 011 0 1 02(1) 
---1 021 z11-- 1 1 02(1) 
---1 031 

---1A 
---10 

LOGIC DIAGRAM 

DOO DO 
D10 D1 
D20 D2 z zo 
D30 D3 

~ A 
.- B MUX41 

D01 DO 
D11 D1 
D21 D2 z Z1 
D31 D3 

A A 
B B MUX41 

Gates Used: 14 February, 1987 

Coding syntax: Z( ZO, Z1) = MUX42H (DOO, D10, D20, D30, D01, D11, D21, D31, A, B) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 6, 4) 

Copyright LSI Logic Corporation 1987 
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MUX44H 

LOGIC SYMBOL 

000: 030 MUX44H 
001:031 ~~~ 

002 : 032 >-"'+--I 

003: 033 

Gates Used: 24 

A 
8--~ 

QUAD 4 BIT NON 
INVERTING MUX 

zo 
Z1 

Z2 

Z3 

LOGIC DIAGRAM 

000 
010 

020 

030 

000 

010 

020 

030 

000 
010 

020 
030 

000 

010 

020 

030 

A 

MUX41P 

MUX44H 

TRUTH TABLE 

A B Z(I) 

0 0 00(1) 

1 0 01 (I) 

0 1 02(1) 

1 1 03(1) 

zo 

Z1 

Z2 

Z3 

February, 1987 

Codingsyntax: Y(ZO,Z1,Z2, Z3) = MUX44H ( 000,010,020,030,001,011,021,031,002,012, 

022, 032, 003, 013, 023, 033, A, 8)$ 

Input Loading: 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 12, 8) 
Copyflg t LSI LoglC Corporation 1 987 

3-146 



MUX51H 5 BIT NON MUX51H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX51H -DO A B c z 
--jD1 

--1 D2 0 0 0 DO 
____, 

D3 1 0 0 D1 
____, 

04 0 1 0 D2 
z t-- 1 1 0 D3 

0 0 1 D4 

1 0 1 D4 

--1A 0 1 1 D4 
--1B 1 1 1 D4 
---ic 

LOGIC DIAGRAM 

DO~ DO 

DI >--01 

D2>-- D2 

D3>-- D3 

MUX21HP 
z 

P- z 

0- A 

B 
MUX41 

D4 / 

:~ 
c / 

Gates Used: 10 February, 1987 

Coding syntax: Y( ZO, Z1, Z2, Z3) = MUX51 H ( 00,01, 02, 03, 04, A, B, C) 

Input Loading: ( 2, 2, 2, 2, 1, 3, 2, 2) 

Copynght LSI Logic Corporation 7987 
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MUX51L 5 BIT MUX51L 
INVERTING MUX 

LOGIC SYMBOL 

MUX51H 

- DO 

- D1 

- D2 zl--
~ 

D3 

- D4 

A B c 

I I l 

LOGIC DIAGRAM 

' DO_,. DO 

01~01 
02 >----102 

D3~D3 

MUX21L 
z 

==D-~ ~ z 

,..--1 A 

r-1 8 
MUX41 

D4,,. 

A~ 
8 >--
c ,,.. 

Gates Used: 10 February, 1987 

Coding syntax: Y( ZO, Z1, Z2, Z3) = MUX51L ( DO, 01, 02, 03, 04, A, B, C) 

Input Loading: ( 2, 2, 2, 2, 1, 3, 2, 2) 

Copynght LSI Logic Corporation 1987 
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MUX52H 

LOGIC SYMBOL 

MUX52H 
000 

010 

020 

030 

040 

001 
zo 

011 

021 
Z1 

031 

041 

A 

B 

DUAL 5 BIT NON 
INVERTING MUX 

A 

0 

1 

0 
1 

0 
1 

0 
1 

MUX52H 

TRUTH TABLE 

B c Z (I) 

0 0 DO (I) 
0 0 01 (I) 
1 0 02 (I) 
1 0 D3 (I) 
0 1 04 (I) 
0 1 04(1) 

1 1 04 (I) 
1 1 D4 (I) 

Coding syntax: Y (ZO, Z1) = MUX52H ( 000, 010, 020, 030, 040, 001, 011, 021, 031, 041, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 4, 6, 4) 

Copynght LSI Logic Corporation 1987 
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MUX54H QUAD 5 BIT NON 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

' 5 A B c 
000: 040/ I MUXS4H 
001: 041> ~ 0 0 0 
002: 042'- iL t---ZO 1 0 0 

003. 043'- 5 t---Z1 0 1 0 . -/ !£ 
004: 044>--r--i 1 1 0 

t---Z2 
0 0 1 

t---Z3 1 0 1 

0 1 1 

A_j J 
1 1 1 

B 

LOGIC DIAGRAM 

~ ~~~------~~~::·----------··------·····-i 

010:........:._ • 
02o~g~ i 
030 >:::F 00 : 

! rr A 'QQT-••x:•··I, zo lI.B 8 f 

040 n+--------------------------- -~---: _______ j 
001>--: : 
011~ : 
021,_i ~Zl 
031 >-i : 
041>--! ! 

h-t-····-·········--·-----····t··--···------l 
~~~ ! 
022 ~ i..--+-z2 
032 >---f : 
042,_.; : 

itt·--------------------·-···-t···----------l 
003 >--f : 
ou>-i l 
023>--1 ~?3 
033>-1 : 

~----------------------r----------j 

MUX54H 

Z (I) 

DO (I) 
01 (I) 
02 (I) 
03 (I) 
04 (I) 
04 (I) 
04 (I) 
04 (I) 

Gates Used: 44 February, 1987 

Coding syntax: Y (ZO, Z1, Z2, Z3) = MUXS4H ( 000, 010, 020, 030, 040, 001, 011, 021, 031, 041, 

002, 012, 022, 032, 042, 003, 013, 023, 033, 043, 

A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

3, 3, 8) 

Copyright LSI Logic Corporation 1987 
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MUX61H 6BITNON MUX61H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX61H 

- DO 

-D1 A B c z 
- D2 

- D3 0 0 0 DO 
- D4 1 0 0 Dl - D5 

z I--
0 1 0 02 

1 1 0 D3 

0 0 1 04 

1 0 1 05 _A 
0 1 1 04 -· -c 1 1 1 D5 

LOGIC DIAGRAM 

.... MUX41 
DO*' DO ..... 
D1,. D1 

D2 > z 
D2 

D3 .... D3 ,. 

UA 
MUX21HP 

~A - z z 
r"" B r--1 B 

s 

MUX21HP 

.... 
D4 ,. A z 
D5 .... ,. B 

s 

.... J A ,. 
B >--
c .... ,. 

Gates Used: 14 February, 1987 

Coding syntax: Y( ZO, Z2, Z1, Z3) = MUX61 H ( DO, 01, 02, 03, 04, 05, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 1, 1, 5, 2, 2) 

Copyright LSI Logic Corporation 1987 
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MUX61L 

A .... 

Gates Used: 14 

6 BIT 
INVERTING MUX 

LOGIC SYMBOL 

HUX61L 
-DJ 

-DI 

-re ;:p._ 
""'1 Jr.3 

-IDS 

R B C 
I I T 

LOGIC DIAGRAM 

MUX41 

MUX21LP 

,IO----' 

MUX21HP 

Coding syntax: Z = MUX61 L ( DO, 01, 02, 03, 04, OS, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 1, 1, 5, 2, 2) 

Copynght LSI Logic Corporation 1987 

3-152 

MUX61L 

February, 1987 



MUX62H 

Gates Used: 28 

DUAL 6 BIT NON 
INVERTING MUX 

LOGIC SYMBOL 

A B c z ( l) 

0 0 0 DD C I ) 
I 0 0 D l C I ) 

0 I 0 D 2 < I) 
I I 0 0 3 C I) 
0 0 1 D 4 < I) 

I 0 1 D 5 < I) 
0 I 1 D 4 < I) 

I I t D 5 < I) 

f __________ JQ§t~_R!~9 8AM _________ 1 
I MUX41 1 

' ' 
D00 >-1 DO : 

DIG >-1 01 I 

020~ D2 ·1 " 
i::I r--i : 

D<O>>--H-t---1, • 

... ::;:. i -·· 

,i----. 

MUX21HP 

•I-----' 

:-----' r ----------------------------
>-i 

DOI >-i 
OU I 

Oll >-: 
031 >-; 
CMI >-i 
... >-t 
: ~-----------------------------
c' 

MUX21HP 

,i---_ _. .. 

' ' ' ' ' ' ' ' ' ' ' ------------t 
' ' ' ' 
' ' ' _________ r· 

MUX62H 

February, 1987 

Coding syntax: Y (ZO, Z1) = MUX62H ( 000, 010, 020, 030, 040, 050, 001, 011, 021, 031, 041, 051 

A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 1, 1, 2, 2, 2, 2, 1, 

Input Loading: 10, 4, 4) 

Copyr1ght LSI Logu: Corporation 1987 
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MUX64H QUAD 6 BIT NON 
INVERTING MUX 

TRUTH TABLE 

A B c Z (I) 

0 0 0 DO (I) 
1 0 0 01 (I) 
0 1 0 02 (I) 
1 1 0 03 (I) 
0 0 1 04(1) 

1 0 1 05 (I) 
0 1 1 04 (I) 
1 1 1 05 (I) 

LOGIC DIAGRAM 
·---------------••••••••••••••••·---------Hl 
~ j g: ±::, MUX21HP ! 

02~ ~ 02 Zt-----fA ! 
D30>f-D3 8 S z ! 

A : 

l!--.J i 
D40~ nMUJC21HP ! 
DSO>-t; ~ l 

I ···-··--·-·-·-·-··········-···---------1 

zo 

~~~ i 
g~~~ ~Z1 
g;g::l ! 

!1-t---------------------------1-------------l 
DO:Z >--t I 
012 >--t l 
022 >--1 : 
~~ r---+-22 
052 >--1 : 

itt·------------------------1------------l 
003 >--: : 
013 >--t I 
023 >-I l 
011>-1 ~n 

dT---------------------------r-----------l 
c:= -

MUX64H 

Gates Used: 56 February, 1987 

Coding syntax: Y (ZO, Z1, Z2, Z3) = MUX64H ( 000, 010, 020, 030, 040, 050, 001, 011, 021, 031, 

041, 051, 002, 012, 022, 032, 042, 052, 003, 013, 

023, 033, 043, 053, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 1, 1, 2, 2, 2, 1, 

2, 1, 2, 2, 2, 2, 1, 1, 2, 2, 

2, 2, 1, 1, 20, 8, 8) 

Copynght LSI Logic Corporation 1987 
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MUX71H DUAL 7 BIT NON MUX71H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX71H 

- DO A B c z 
- D1 

0 0 0 DO - D2 

- 1 
D3 

0 0 01 

- 0 1 0 02 
04 

- z I-- 1 1 0 03 
D5 

- D6 
0 0 1 04 

1 0 1 05 

0 1 1 06 

1 1 1 06 
_A 

-e 
-c 

LOGIC DIAGRAM 

DO>-----! DO MUX81P 

DI >----401 
D2 ..... D2 ,, 
D3 >---1 D3 

: >----4 
D4 

D5 z ~ z ...... 
D6,, u D6 

D7 D7 

A B c 

.... 
A/ 

B ...... ,, 
c ...... ,,. 

Gates Used: 15 February, 1987 

Coding syntax: Z= MUX71H (DO, 01, 02, 03, 04, OS, 06, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 1, 3, 2) 

Copynght LSI LoglC COrporat1on 1987 
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MUX71L 7BITNON MUX71L 
INVERTING MUX 

LOGIC SYMBOL 

MUX71H 
DO 

01 

D2 

D3 

04 

05 

D6 

A 

LOGIC DIAGRAM 

MUX81 

DO DO 

DI DI 

D2 D2 

03 03 

04 04 
IVP 

05 D5 

D6 06 

07 07 

A B C 

A 

B >------

Gates Used: 1 6 February, 1987 

Coding syntax: Z = MUX71 L (DO, 01, 02, 03, 04, DS, 06, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 1, 3, 2) 

Copynght LSI Logtt; CorporatlOn 1987 
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MUX72H QUAD 7 BIT NON MUX72H 
INVERTING MUX 

TRUTH TABLE 

A B c z (I) 

D D D DD ( I) 
I D 0 D l ( I ) 
D I 0 a 2 1 n 
I I D D 3 ( I ) 
0 a 1 D 4 ( I ) 
I a 1 D 5 ( I ) 
0 I 1 D G ( I) 
I I 1 D 6 ( I ) 

LOGIC DIAGRAM 

->--1~ 
:: >----1 :~ 
'~>--" :>-: . ff ,.;>-q" 

" 

MUX81P 

JJ 
~·>1 1-1 00 

'">-1 H . 
=:~ f- " 

" M>- f- M 
::~ 

t- M . 
" m M 

" 
MUX81P .. < 

:r J J 
:~ 

Gates Used: 30 February, 1987 

Coding syntax: Y (ZO, Z1) = MUX72H ( 000, 010, 020, 030, 040, 050, 060, 001, 011, 021, 

031, 041. 051, 061, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 6, 4) 

Copyright LSI LoglC Corporation 1987 
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MUX74H QUAD 7 BIT NON MUX74H 
INVERTING MUX 

TRUTH TABLE 

A B c ! ( I > 

0 0 0 0 0 C I > 
l 0 0 0 I C I ) 
0 I 0 0 2 C I > 
l I 0 0 3 C I > 

0 0 l 0 4 C I > 
l 0 l D 5 C I > 
0 I l 0 6 < I > 
1 I l 0 6 < I > 

LOGIC DIAGRAM 

000[~ ' ; .. ;~ .. ! 
O:~O! i O• • OJ 

:~~ ' 
0J0 : 05 zr-+-IG 

~ J1,, ~ I 
''.i~ . i :::~ :! i Oii ' 04 : 

::>-f rq: Zr-TZI 

sJL~L-1 
::S ;--u 
:~~ i 
DOI ,...._:+H----------·-------! 
DU>--1 I 

51~ rn 
"iEm····-·-···----····-.l 

Gates Used: 48 February, 1987 

Coding syntax: Y (ZO, Z1, Z2, Z3) = MUX74H ( 000, 010, 020, 030, 040, 001, 011, 021, 031, 041, 

051, 061, 002, 012, 022, 032, 042, 052, 062, 003, 

013, 023, 033, 043, 053, 063, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 
...... 
-z:; 

2, 2, 2, 2, 2, 2, 4, 12, 8) 

Copyright LSI LogJC Corporation 1987 
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MUX81H 8 BIT NON MUX81H 
INVERTING MUX 

LOGIC SYMBOL TRUTH TABLE 

MUX81H 

- DO A B c z 
- D1 

- D2 0 0 0 DO 
- D3 1 0 0 01 

- D4 0 1 0 02 

- D5 
z r- 1 1 0 03 

- D6 0 0 1 04 

1 0 1 05 

0 1 1 06 

-A 1 1 1 07 -· -c 

LOGIC DIAGRAM 

DO > DO 

DI ..... 01 , 
02 ... 02 

03 ::::: D3 

04 ::::: 

MUX81P 

04 

05~ 05 z __,,.. z ..... ~ 

06 ,. 06 ... 
07 ,. 07 

A B c 

..... 
A, 

B ... , 
c ... ,. 

Gates Used: 15 February, 1987 

Coding syntax: Z= MUX81H (DO, 01, 02, 03, 04, OS, 06, 07, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 1, 3, 2) 
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MUX82H DUAL 8 BIT NON MUX82H 
INVERTING MUX 

LOGIC SYMBOL 
MUX82H 

- DOO 
- D10 
- D20 
- D30 
- D40 
- DSO 
- D60 
- D70 

zo 1--

- D01 
- D11 
- D21 
- D31 Z1 t--- D41 
- D51 
- D61 
- D71 
-A -· -C 

LOGIC DIAGRAM 

Do~>----1 DO MUX81P 
D1 Dl~>----1 D2 

D2~>-----l D3 
D3~>----1 
D4~>---1 

D4 

DS~>----1 
D5 z zc 

D60 D6 
D70~ D7 

A B C 

IJJ 
DO!>- I- DO MUX81P 

D1 ~>-I I- DI 
D2 

D21 >-I I- D3 
D31>1 D41 H D4 

D5j~ t--1 D5 z t-1 D6 z 
g~:>-1 t-1 D7 

A B C 

JJJ 

~ 
Gates Used: 30 February, 1987 

Coding syntax: Y (ZO, Z1) = MUX82H ( 000, 010, 020, 030, 040, 050, 060, 070, 001, 011, 021, 

031, 041, 051, 061, 071, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 2, 3, 3, 8) 
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MUX84H 

Gates Used: 60 

QUAD 8 BIT NON 
INVERTING MUX 

LOGIC DIAGRAM 

.. .. - : •• >-i"---1 

~ . ....... 
: 

'" 
'" : .. 
11)1"'!!1. .. 

M ... .. : 
•• >-':+t+-1 .. 
'" >---,f+!..1..-j .. 

tij 

. . ' 

~JJ 

' 

- >--t ----------------------------J 
"">-t 
"'>-! 
->-t 
DQ >--t :-..+- a 

=~ ! 
•• >-!+11----------------------------1 
->---l : 
DIJ>---l : 
DU >---l : 
OU >---l :.-.. U 

... >--..: : 
DH >---l : 
-·~ : .. ;~----------------------------] 

MUX84H 

" 

February, 1987 

Coding syntax: Y (ZO, Z1, Z2, Z3) = MUX84H ( 000, 010, 020, 030, 040, 050, 060, 070, 001, 011, 

021, 031, 041, 051, 061, 071, 002, 012, 022, 032, 

042,052,062,072,003,013,023,033,043,053, 

063, 073, A, B, C) $ 

Input Loading: ( 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

2, 2, 4, 12, 8) 
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PARS S BIT ODD PARITY DETECTOR PARS 

LOGIC SYMBOL 

A PARS 

0 

LOGIC DIAGRAM 

E03 
A 

) B 
c 

D 
E 
F 

G 

) 
H 

EO 

Gates Used: 24 February, 19S7 

Coding syntax: Y (Z) = PARS (A, B, C, D, E, F, G, H) $ 

Input Loading: (1, 3, 2, 1, 3, 2, 1, 2) 
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PAR9 9 BIT ODD PARITY DETECTOR PAR9 

LOGIC SYMBOL 

PAR9 

-A 

-B 
-c z 1---o 
-E 

-F 
-G 

-H -, 

LOGIC DIAGRAM 

E03 
A )D---i B 
c 

E03 
E03P 

D 

1 D--E z 
F ·~ 

E03 
G ~) H 
I 

Gates Used: 28 February, 1987 

Coding syntax: Y (Z) = PAR9 (A, B, C, D, E, F, G, H, I)$ 

Input Loading: (1, 3, 2, 1, 3, 2, 1, 3, 2) 
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PS2 DIVIDE BY 2 EXETERNAL CLOCK PRESCALER 
WITH NO INPUT PROTECTION 

LOGIC SYMBOL 

PS2 

z I--

CD 

1 
LOGIC DIAGRAM 

co 

[rsa- ,_ l 0 0 0 0 
FD4 F'DZ 

r~ I> [0 IVP 

C:P , L 

PS2 

z 

GatesUsed: 17 February,1987 

Coding syntax: Z = PS2 (CP, CD)$ 

Input Loading: ( 2, 4) 
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PS3 DIVIDE BY 3 EXETERNAL CLOCK PRESCALER PS3 
WITH NO INPUT PROTECTION 

LOGIC SYMBOL 

p 53 

- > z 1--

CD 

J 

LOGIC DIAGRAM 

ca ... 

Lr-ft- +a .-----, l a a a Q1----1D a ~ z 
FD4 FD4 FD2 

r~ rL- ~CD IVP 

C:P L 

Gates Used: 25 February, 1987 

Coding syntax: Z = PS3 (CP, CD)$ 

Input Loading: ( 3, 6) 
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PS4 DIVIDE BY 4 EXETERNAL CLOCK PRESCALER 
WITH NO INPUT PROTECTION 

PS4 

LOGIC SYMBOL 

PS4 

CD 

LOGIC DIAGRAM 

CD 

CP 

D Q!--"--t ::x>--~ Z 
FD2 

IVP 

Gates Used: 33 February, 1987 

Coding syntax: Z = PS4 (CP, CD)$ 

Input Loading: ( 4, 8) 
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R41 4 BIT DATA REGISTER R41 

LOGIC SYMBOL 

A 
QR 
OAH 
QB 

B QBH 'R41 
QC 

c QCH 

D 
OD 
QDH 

LOGIC DIAGRAM 

QR QB QC QD 

A D Q B D Q c D Q D D Q 

FD1P fD1P FD1P FD1P 
CP OH QH QH ON 

l 
QAH Ol!N QCH QDN 

Gates Used: 32 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) R41 (A, B, C, D, CP) $ 

lnputloading: ( 1,1,1,1, 4) 
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R42 

A 

B 

c 

D 

CP 
ca 

4 BIT DATA REGISTER 
CLEAR DIRECT 

LOGIC SYMBOL 

A DA 
DAN 

B DB 
R 42 DBN 

DC c 

D 

CD 

DCN 
DD 
DDN 

LOGIC DIAGRAM 

DA 

DAN 

O.B 

O.BN 

o.c 

O.CN 

o.a 

O.DN 

R42 

Gates Used: 3 6 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) = R42 (A, B, C, D, CP, CD)$ 

lnputloading: ( 1, 1, 1, 1, 4, 8) 
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R81 8 BIT DATA REGISTER R81 

LOGIC SYMBOL 

A 

B 

R 8 l 
E 

F 

LOGIC DIAGRAM 

A OA 

OAN 

OB 

QBN 

c nc 

OCN 

nu 
ODN 

OE 

OEN 

OF 

OFN 

OG 

OGN 

OH 

llHN 

CP 

Gates Used: 64 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) 

Coding syntax: = R81 (A, B, C, D, E, F, G, H, CP) $ 

lnputloading: ( 1,1,1,1, 1,1,1,1, 8) 
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R82 8 BIT DATA REGISTER 
CLEAR DIRECT 

LOGIC SYMBOL 

-A 

-B 

-c 

DA t-
DANI--

DB t-
DBNI-
DC 1--
DCNt--

--j D DD 1--
R 8 2 DDNt--

--1 E ~~N~ 
-F 

-G 

--j> CD 

__J 

OF 1--
DFNI-
DG 1-
DGNt--
DH 1-
DHNI---

LOGIC DIAGRAM 

1-f- ------1 
A I 0 O~OA 

I F02P I 
I 1--t--J> a N!----+--7 a AN 
I co I 
I~ I 
l_I- ------1 

& ,___j 4 OB 
I 4oaN 1-f-t------1 

C ,___j 4 QC 
1 4ncN 1-f-t------1 

D ,___j 4 on 

:-f-t---- --~QDN 
E ,__j 4aE 

I 4aEN 
1-f-t------1 

F ,__j 4oF 
: l.; QFN -f-t------1 

G ,.___j 4 QG 
1 4ncN 1-f-t------1 

H>----1 4oH 

CP~t------~QHN 
CD~ 

R82 

Gates Used: 80 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN, QE, QEN, QF, QFN, QG, QGN, QH, QHN) 

Coding syntax: = R82 (A, B, C, D, E, F, G, H, CP, CD)$ 

lnputloading: ( 1,1,1,1, 1,1,1,1, 8,16) 
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SR41 4 BIT SHIFT REGISTER SR41 

LOGIC SYMBOL 

0 
SR41 

DA DAN ne QBN DC DCN no DON 

LOGIC DIAGRAM 

DA DB QC OD 

D o 01--....._--10 Dt--'---10 n,._.__ __ o D 

FDIP FDl FOi FDl 
CP ON ON ON ON 

DAN QSN OCN DON 

Gates Used: 32 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: SR41 ( D, CP) $ 

lnputloading: ( 1, 4) 
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SR42 

-a 
~ 
--tj CD 

DA 
'I' 

4 BIT SHIFT REGISTER, 
CLEAR DIRECT 

LOGIC SYMBOL 

SR 42 

OA llAN OB DBN QC OCN no ODN 

I I I T T I I I 

LOGIC DIAGRAM 

OB 
'I' 

DC 
'I' 

SR42 

OD 
'I' 

D >-- D Q 1--'"----tD n 1--....._--1D a 1--''-----ID Qt-' 

F D 2P F D 2 P F D 2P F D 2P 
r-i> ON~ ..-(> QNr- .-t> ONr--i ~ ONt--i 

CD CD CD CD 
'Y 9 ~ 

CP'>-..1---l-~+---L---f---t-__..--t----r---" 

CD>~-_.i--+-----L--+------11------r----~ 

"' DAN 
..i,. 

QBN "' QCN 

Gates Used: 40 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR42 ( D, CP, CD)$ 

lnputloading: ( 1, 4, 8) 
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SR43 4 BIT SHIFT REGISTER, 
SET DIRECT 

SR43 

DA 

LOGIC SYMBOL 

5 R 4 3 DA 
DAN 
OB 

D OBN 

SD 

DC 
OCN 
OD 
DON 

LOGIC DIAGRAM 

DB DC: 
SD'>---.....-----4----..---+------.---+--~-~ 

D D SD Qt--.__--iD 5 D Qi--"-----iD SD 0 .,_......__--tD 5 D D 

F D 4 F D 4 F D 4P F D 4 
ON ON DN QN 

DAN OBN DCN 

DD 

DON 

Gates Used: 36 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR43 ( 0, CP, SD)$ 

Input Loading: ( 1, 4, 8) 
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SR44 4 BIT SHIFT REGISTER, SR44 
SYNCHRONOUS PARALLEL LOAD 

LOGIC SYMBOL 

- SI QA t--

- A DAN t---B QB I--c SRH DBN I-

-o DC 1--

- L QCN 1--

-~ DD 1--

DON t--

LOGIC DIAGRAM 

A QA B QB c QC D QD 

QAN QBN QCN QDN 

.-----
~- '---f'DQ1- i....._r-o-Q1 '-I D Q 1--1 

SI 
fDlSP FDISP FD1SP 

Tl Tl Tl il TE QNI-----' ~TE QN ~TE QN j> IA I> 18 p 1C I> 10 ._______. .___ 
'------" .___ 

L 

CP 

Gates Used: 42 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR44 (SI, A, B, C, D, L, CP) $ 

Input Loading: ( 1, 1, 1, 1, 1, 3, 4) 
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SR45 4 BIT SHIFT REGISTER, 
SYNCHRONOUS PARALLEL LOAD AND CLEAR 

........ 
u 

LOGIC SYMBOL 

SI DA 
A DAN 

OB 

SR45 OBN 
a DC 
L OCN 
CL DD 

DDN 

LOGIC DIAGRAM 

SR45 

Gates Used: 45 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR45 (SI, A, B, C, D, L, CL, CP) $ 

lnputloading: ( 1, 1, 1, 1, 1,3.5, 4, 4) 
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SR46 

A 

4 BIT SHIFT REGISTER, 
ASYNCHRONOUS PARALLEL LOAD AND CLEAR 

B 

DAN DA 

LOGIC SYMBOL 

SI 
A 

B 

c: 
D 

L 

S R 4 Ii 
llA 
DAN 
llB 
llBN 
llC 
llCN 
llD 
llDN 

LOGIC DIAGRAM 

OBN OB 

c: 

llCN llC 

SR46 

D 

llD N DD 

Gates Used: 52 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR46 (SI, A, B, C, D, L, CP) $ 

lnputloading: ( 1, 2.5, 2.5, 2.5, 2.5, 8, 4) 
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SR47 

Gates Used: 36 

Coding syntax: 

4 BIT SHIFT REGISTER, 
SYNC CLEAR 

QA DAN 

LOGIC SYMBOL 

DA 

SI DAN 

DB 

CL SR+7 DBN 

DC 
DCN 
DD 

DDN 

LOGIC DIAGRAM 

DB llBN 

Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SR47 (SI, CL, CP) $ 

Input Loading: ( 1, 4, 4) 
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SYNC01 SYNCHRONIZER FOR ASYNCHRONOUS SYNC01 
OTO 1 EVENT 

LOGIC SYMBOL 

- A 

z ~ 
---f> 

SYNCOI 

LOGIC DIAGRAM 

ND2P 

r-l-Y .... z 
A .... ... D Q D n 

FD1 FD l 

r> > ON f--1 

CP .,.. 

Gates Used: 16 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SYNC01 (A, CP) $ 

Input Loading: ( 1, 2) 
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SYNC10 SYNCHRONIZER FOR ASYNCHRONOUS SYNC10 
1TO0 EVENT 

LOGIC SYMBOL 

- A 

z ~ 
-~ 

SYNCIO 

LOGIC DIAGRAM 

_,,, z 

n~ A ... D D D 
~ 

FD1 F 0 l 

_e> ON I-' ~ 

CP ... ,. 

Gates Used: 16 February, 1987 

Coding syntax: Z (QA, QAN, QB, QBN, QC, QCN, QD, QDN) 

Coding syntax: = SYNC10 (A, CP) $ 

Input Loading: ( 1, 2) 
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