54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES

positive logic:
Y = AB

See page 6-2

Vee 4B 4A

1A 18 v
SN5490 (J)
SN54ALS00A (J)
SN54AS00 (J)
SN54HC00 (J)
SN54LS00 (J, W)
SN54S00 (J, W)

28 2Y GND
SN7400 (J, N)
SN74ALS00A (N)
SN74AS00(N)
SN74HCO00 (N)
SN74LS00(J, N)
SN74S00(J, N)

4Y 48

" 3 12 n

4A  GND ’ 38 3A v

vce 6A  6Y  SA

SY LA 4Y

HEX INVERTERS Wl t] je nijwl s ] ) e nj v [] ]
positive logic:
1
1 2 3 4 5 [ ] 7 VI 2 ] 4 5 [ ] 7
14 v 2A 2Y 3A 3¥ GND 1A 2y 2A  vce 3A 3y 4A
SN5404 (J) SN7404 (J,N) SN5404 (W)
SN54ALS04 (J) SN74ALS04 (N)
SN54AS04 (J) SN74AS04 (N)
) SNS4HCO04 (J) SN74HCO04 (N)
See page 6-2 SNS4LS04(J,W)  SN74LS04(J,N)
SN54504 (J, W) SN74504 (J,N)
. ) 4B 4A 4Y 38 3A 3y
QUADRUPLE 2-INPUT Enininininoinin®
POSITIVE-AND GATES I ] , ]
positive logic: l_?—] ?}
Y =AB 1 e dss2
1A 1B v 2A 28 2Y GND
SN5408 (J, W) SN7408 (J,N)
SNS54ALS08 (J) SN74ALSO8 (N)
SN54AS08 (J) SN74AS08 (N)
See SN54HCO08 (J) SN74HCO08 (N)
page 6-10 SN54LS08(J,W)  SN74LS08(J,N)
SN54S08(J, W) SN74S08 (J,N)
Vec 1€ty 3¢ 38 3A  3Y 1€ 3¥ X GND 38 3A ¢
TRIPLE 3-INPUT LISKISLISLISLISLISL \u o] fu] [n] [w] [s}fe]l
POSITIVE-NAND GATES N
positive logic: [‘ i
Y = ABC 12 s «HsHs[? 214.5:1\\
1A 1] 'ZA 28 .4 2Y GNOD 1A 8 W Vvee 2Y 2A‘ 28
SN5410(J) SN7410(J,N) SN5410 (W)
SN54ALS10(J) SN74ALS10(N)
SN54AS10(J) SN74AS10(N)
SN54HC10(J) SN74HC10(N)
See page 6-2 SN54LS10(J, W) SN74LS10(J,N)
SN54S10(J, W) SN74S10(J,N)




Vce 2D 2C NC 2B 2A 2Y W ¢ B GND 2Y 20
DUAL 4-INPUT wl [ ful (ol el s T N ]S [ 2| {nl el s [
POSITIVE-NAND GATES N 1%
20 ' q
positive logic: l
e, ju[‘]z[‘]:["}a]“‘]sﬁlﬂr[‘ a5
Y = ABCD 1A 1B NC 1€ D 1Y GND 1A 1Y NC Vec NC 224 28
SN5420(J) SN7420(J,N) SN5420 (W)
SN54ALS20A (J) SN74ALS20A (N)
See page 6-2 SN54AS20 (J) SN74AS20 (N)
SN54HC20 (J) SN74HC20 (N)
SN54L.520(J, W) SN74L.S20(J, N)
SN54520 (J, W) SN74S20(J, N) NC—No internal connection
vce NC H G NC NC Y NC NC Y GND G
8-INPUT [u] {u] [u] [w] Jw] [s] [4] N ful (sl [e] [u] [e)l [s][s] -~
POSITIVE-NAND GATES //
positive logic:
Y = ABCDEFGH A «FsHsH NeDaDeaak
A B8 [~ > E F GND NC A 8 vee C [ E
SN5430 (J) SN7430(J, N) SN5430 (W)
SN54ALS30(J) SN74ALS30(N)
SN54AS30 (J) SN74AS30(N)
SN54HC30 (J) SN74HC30 (N)
See page 6-2 SN54LS30(J, W) SN74LS30(J, N)
SN54S30(J, W) SN74S30(J,N) NC —No internal connection

QUADRUPLE 2-INPUT -

POSITIVE-OR GATES

32

positive logic:
Y = A+8

See page 6-28

1A B v 2A

SN5432(J, W)
SN54ALS32(J)
SN54AS32(J)
SN54HC32(J)
SN54LS32(J, W)
SN54532(d, W)

28 2¥ GND

SN7432(J,N)
SN74ALS32(N)
SN74AS32(N)
SN74HC32(N)
SN74LS32(J, N)
SN74S32(J,N)

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

14

FUNCTION TABLE

INPUTS OUTPUTS
PRESET CLEAR CLOCK D | @ a
L H X x| H L
L X] L H
L L X X | He He
H H t H|H L
H H t t|l L =n
H H L X | Qg

See pages 6-46, 6-50, 6-54
and 6-56

L

sPR 30 13 GND 20 20

2PR

1

CLA

10 1CK 1R

SN5474 (J) _ SN7474(J,N)
SN54ALS74 (J) SN74ALS74(N)
SN54AS74 (J) SNT4AS74(N)
SN54HC74 (J) SN74HCT74(N)
SN54LS74A(J,W)  SN74LS74A (J,N)
SN54S74 (J, W) SN74S74 (J, N)

icx W 1
CLR

SN5474 (W)

veeo 2 20

2
Vi R 20 2¢k 2PR 20 20
Led 1) L3 " L) L] 3 " u 2 1 - 1) L
T )
PR C LR PR
el Xo
—
daBaBs0s0aDit

2cx
CLR

v




QUADRUPLE 2-INPUT EXCLUSIVE

86 Y=A® B =AB+AB

See page 7-57

-OR GATES

Vee 48 4A  4Y 38 3A  3v

A 1) w 2A 28 2Y GND

SN5486 (J, W)
SN54ALSS6 (J)
SN54HCS86 (J)
SN54L.S86A (J, W)
SN54586 (J, W)

SN7486 (J,N)
SN74ALS86 (N)
SN74HC8S6 (N)
SN74LSB6A (J,N)
SN74S86 (J, N)

FUNCTION TABLE

INPUTS | OUTPUT
A B Y

L L L

L H H

H L H

H H L

H=

T

igh levei, L = low level

DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS WiTH PRESET AND CLEAR

INPUTS OUTPUTS
PRESET CLEAR CLOCK J K | a a LA ‘ a‘J ’J
CLR PR
L H X X X H L K o 4 a
H L X X X L H P Cx P ex
. . ’ PR a x CLR a
L X X X |H H 5
H H ! L L |Qp Qg — ]
H H oo L H L LR T i e ™
H H . L H L H 1icK 1K 14 1PR 10 138 20 GNO
H H 1 H n | TOGGLE SN54ALS112(J) SN74ALST12(N)
TR T Y s e & SN54AS112(J) SN74AS112(N)
H X X1% 9 SN54HC112(J) SN74HC112(N)
SN54LS112A(J,W)  SN74LS112A(J,N)
. SN54S112(J, SN748112(J,N
See pages 6-54 and 6-56 @0 o
3-T0-8 LINE DECODERS/MULTIPLEXERS

138

See page 7-124

IRIRZIERIERIRBILEIRAIL
A B C,GA G G, VI GwO
outruT
SELECT @ enanLe

SN54ALS138(J,W) SN74ALS138(N)
SN54HC138(J) SN74HC138(N)
SN54LS138(J, W) SN74LS138 (J,N)
SN54S138(J, W) SN745138(J,N)




1-OF-16 DATA SELECTORS/MULTIPLEXERS

150

DAla theuls
N\

DATA SELECT

vee ‘s

E 10 W 12 13

[ul [n] [nl |z| Izol Ini’l Iul lﬁl ‘n| I»sl Iul |u|

1 15 A . c

n 17

1 2 3 4 s [ 7 ] ]
7 . 3 1 0, STROBE _w
, \ —— s ol gl
See page 7-147 SN54150 (J, W) SN74150(J, N, NT)
SN54AS150 (J, JT) SN74AS150(N, NT)
DATAINPUTS DATASELECY
A /\
v 74 5 6 7 M A M <
1-OF-8 DATA SELECTORS/MULTIPLEXERS 1 el Nal Mol Gal Gl Ml 1
151 L]
D3 C
D2 D1 00 ¥ w S
w s e dsde[1 s
\ F] 2 1 (2 Y L STROBE GNO
See page 7__1 47 CATA INPUTS ouTPUTS
SN54151A (J, W) SN74151A(J,N)
SN54ALS151 (J) SN74ALS151 (N)
SN54AS151 (J) SN74AS151 (N)
SN54HC151 (J) SN74HC151 (N)
SN54LS151(J,W)  SN74LS151 (J,N)
- . SN54S151(J,W) SN74S151 (J, N)
RIPPLE (RITPLILS .
MY (;:Jlﬁ::jr O Vg o Y Y mAtﬂ“ Laan
SYNCHRONOUS 4-BIT COUNTERS : wlueluljwls
160 DECADE, DIRECT CLEAR RIPPLE 18 Oyt Si, €NABLE
CARRY 1
QuUTPUT
161 sinARY.DIRECT CLEAR L Lono
ENABLE
a [t 14
T
162 DECADE, SYNCHRONOUS CLEAR L
213 fl
163 - TIFARCLIKK A 1} C D _EnNaBLE GND
BINARY, SYNCHRONOUS CLEAR DATA NPUTS ’
SN54160 (J, W) SN74160(J,N) SN54ALS162B (J) SN74ALS1628B (N)
SN54ALS160B (J) SN74ALS160B (N) SN54AS162 (J) SN74AS162 (N)
SN54AS160(J) SN74AS160(N) SN54HC162 () SN74HC162 (N)
SN54HC160(J) SN74HC160 (N) SN54LS162A (J, W) SN74LS162A (4, N)
SN54LS160A (J, W) SN74LS160A (J, N) SN54S162(J, W) SN74S162 (4, N)
SN54161(J,W) SN74161(J,N) SN54163 (J, W) SN74163 (J, N)
SN54ALS1618 (J) SN74ALS161B(N) SNS54ALS163B (J) SN74ALS163B (N)
SN54AS161 (J) SN74AS161 (N) SN54AS163 (J) SN74AS163 (N)
SN54HC161 (J) SN74HC161 (N) SN54HC163 (J) SN74HC163 (N)
SN54LS161A (J, W) SN74LS161A(J, N) SN54LS163A (J, W) SN74LS163A (J,N)
SN54162(J, W) SN74162(J, N) SN54S163 (J, W) SN745163(J, N)

‘See page 7-177




4-BIT UP/DOWN SYNCHRONOUS COUNTERS

168 DECADE
169 BINARY

See page 7-212

RIPPLE QUTPUTS

CARRY

enaBLE

vce outeut  Oa Oe ac % A 1040
) ] % “ 13 17 n L ]

I [ ]

[ ]

CARRY
ouvrut

mmC Qa  OGs  OGc Qo ENABLE

UP DOWN LOAD
oK . . ¢ ° € NA.U\ £
1 2 3 4 § ] 7 ]
o cx A s o

S'lA'N.( GuO

VA& IPUTS

SN54S168 (J, W)
SN54LS169B (J, W)
SN54S5169 (J, W)
SN54ALS168A (J)
SN54ALS169A (J)
SN54AS168 (J)
SN54AS169 (J)

SN745168 (J,N)
SN74L.S1698B (4, N)
SN74S169(J,N)
SN74ALS168A(N)
SN74ALS169A(N)
SN74AS168 (N)
SN74AS169(N)

HEX D-TYPE FLIP-FLOPS

174 SINGLE RAIL QUTPUTS
COMMON DIRECT CLEAR

See page 7-242 .

CLEAR 10 10 0 20 0 3 GNO

SN54174(J, W)
SN54ALS174(J, W)
SN54AS174 (J)
SN54HC174 (J)
SN54LS174 (J, W)
SN54S174 (J, W)

SN74174 (J,N)
SN74ALS174 (N)
SN74AS174(N)
SN74HC174(N)
SN74LS174(J, N)
SN74174(J,N)

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

181 16 ARITHMETIC OPERATIONS
16 LOGIC FUNCTIONS

See page 7-260

INPUTS

vee x 1] a2 2 A3 3 G Caea ? a8 €3
24 23 b4 il 20 " . n 1] 15 " n
1 - 12 l 3 ll k<4 Caed r AcS
50 Tap-J
a0 $3 2 s 50 Cn » ¥o 1 72

SN54181(J, W)
SN54LS181 (J, W)
SN545181(J, W)
SN54AS181 (J)

SN74181(J,N,NT)

SN74LS181(J,N,NT)
SN74S181 (J, N, NT)

SN74AS181 (N,NT)




TYPES SN54LS138, SN54LS139A, SN54S138, SN548139,
SN74LS138, SN74LS139A, SN74S138, SN74S8139
DECODERS /MULTIPLEXERS

TTL
MSI

e Designed Specifically for High-Speed:
Memory Decoders
Data Transmission Systems

SN54LS138, SN545138 . ..J OR WPACKAGE
SN741.5138, SN745138 ... J OR N PACKAGE

(TOP VIEW)
e ‘S138 and 'LS138 3-to-8-Line Decoders
Incorporate 3 Enable Inputs to Simplify DATA QUTPUTS

Cascading and/or Data Reception vee /Yo w1 vz v3_ va Y5 Y6

’ ’ . RIRCRURRIRRERVRIRINER BER:
e ’S139 and ’LS139A Contain Two Fully
Independent 2-to-4-Line Decoders/ L l l l l l
Demultiple_)@r§ Yo Y1 Yz Y3 Y4 Y5
e Schottky Clamped for High Performance A ve
8 c G2A G228 le Y7
TYPICAL T T T
TYPICAL
TYPE PROPAGATION DELAY 1 2 3 4 5 6 1 8
(3 LEVELS OF LOGIC) POWER D|SS|PAT.lON \A ;aﬁ C ,\G2A G GI 'ou\r(Zur GND
'LS138 22 ns 32 mw SELECT ENABLE
'S138 8 ns 245 mW
'LS139A 22 ns 34 mwW
'S139 7.5ns 300 mW positive fogic: see function (able_
description

SN54LS139A, SN54S139 ...J OR W PACKAGE
SN74LS139A, SN745139...J OR N PACKAGE

These Schottky-clamped TTL MSI circuits are
designed to be used in high-performance memory-

decoding or data-routing applications ‘requiring very (TOP VIEW)

short propagation delay times. In high-performance

memory systems these decoders can be used to : EnABLE SELECT DATA OUTPUTS

minimize the effects of system decoding. When vee 26 “2a 28MN/2v0 2v1 2v2 2Y3

employed with high-speed memories utilizing a fast- B pjs Ul jufjnijuiis

enable circuit the delay times of these decoders and é l I é JJ

the enable time of the memory are usually less than ¢ oA 8 YoV "n

the typical access time of the memory. This means

that the effective system delay introduced by the

Schottky-clamped system decoder is negligible. FG A s vo vi vz 3

The ‘LS138 and 'S138 decode one-of-eight lines 1 ]2 L 1‘, Z Z (5 .

dependent on the conditions at the three binary 6 A 38, 1ve Vi 1vZ 1v3, GND

select inputs and the three enable inputs. Two enagLe \— — \—————
SELECT DATA QUTPUTS

active-low_and one active-high enable inputs reduce
the need for external gates or inverters when
expanding. A 24-line decoder can be implemented
without external inverters and a 32-line decoder
requires only one inverter. An enable input can be .
used as a data input for demultiplexing apptications.

positive logic: see function table

The'LS139A and '3139 comprige two individual two-line-to-four-line-decbders in a single package. The active-low eniable
input can be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered inputs each of which represents only one normalized Series
54LS/74SL load ('LS138, 'LS139A) or one normalized Series 54S5/74S load ('S138, 'S139) to its driving circuit. All
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series
54LS and 54S devices are characterized for operatio over the full military temperature range of —55°C to 125°C;
Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems.

7124 " TEXAS INSTRUMENTS



TYPES SN54LS138, SN54S138, SN54LS139A, SN54S139
SN74LS138, SN74S138, SN74LS139A, SN74S139
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

'LS138, 'S138
'L$138, 'S138 FUNCTION TABLE
N INPUTS
{15) QUTPUTS
@— vol ENABLE SELECT
1 nar Gl G2*|C B A |YO Y1 Y2Y3YaY5VY6 Y7
1 Y
618 »—DD_' X H |X X X|H HHUHHUHHH
EomoE W L X Ix X XxX|H HHHHHEHH
INPUTS G2A 4 DD—VJ N
G28B H L. L L L L\\H H H H H H H
15) } “2'\‘3 s s
t y lw UL L H[AWWH HHHHH
DATA -
»-D'J‘_”" OUTPUTS H L L H L{H H \L\\H H H H H
) H L L H H|H H HLUHHHH
)| N, .,
A T>o = % H L |H L L|HH®HHIDHHH
seLect J 5 @ Dc <{> | 9 vgl. H L |H L H|HHHHH \L‘b\\’i H
INPUTS H L |H H L|HHHHHHKLUH
[ 21 vq H H H H H H HINL
o __:jDo_ ’ H L |H H| H .
*G2 =G2Aa + G28B
H = high level, L = low level, X = irrelevant
'LS139A, 'S139
14} W
1vo 'LS139A, 'S139
" (EACH DECODER/DEMULTIPLEXER)
ENABLE 1G 5)
D = | 1 FUNCTION TABLE
—-|‘” So 4>_—< 1 e INPUTS OUTPUTS
1A
seec - f - ENABLE | SELECT
‘B—+>°—""‘1>—‘ DATA G B A|Y0VY1Y2Y3
a2 [ ouTPUTS H X X! H H H H
:i Y=avo L L L|O\H H H
ENABLE 2G (_‘2({> i (1} 2v1 L L H H L H H
) L H L[ H H\LNH
2v2 -
AL t | | L H H H H H\.F -
SELECT 01 2Y3 H = high level, L = low level, X = irrelevant
INPUTS 1,3(‘3’ D D | . .
schematics of inputs and outputs
EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS .
INPUT OF'LS138,’LS139A -INPUT OF ’S138,°S139 OF’LS138,’LS139A OF’'$138,°S139
————3%— Vcc - ——Vce
v L v 250 2 NOM 2 50 2 NOM
CC_1 cc ) A
20 k2 NOM 2.8 k2 NOM||— -
INPUT - INPUT -- OUTPUT OUTPUT

TEXAS INSTRUMENTS 7-125



TYPES SN54150, SN54151A, SN54152A, SN54LS151, SN54LS152, SN545151,
SN74150, SN74151A, SN74LS151, SN74S151
DATA SELECTORS/MULTIPLEXERS

DECEMBER 1972-REVISED DECEMBER 1983

SN54150 ... JORW PACKAGE
SN74150 ... JORNPACKAGE

e 150 Selects One-of-Sixteen Data Sources (TOP VIEW!

) 7] U2aJ vee
¢ Others Select One-of-Eight Data Sources e6[]2  23(] €8
e Performs Parailel-to-Serial Conversion €5 (3 22[] E9
e Permits Multiplexing from N Lines to E4 [Ja 21[]E10

. e3(]s  20[J EN
One Line
e2 (e 19[] E12
® Also For Use as Boolean Function E1(] 18[] E13
Generator €0 (s 17[] E14
¢ Input-Clamping Diodes Simplify System G[Je  16[JE15
Design w(io 1s{JA
. . — p[n  a[]B
e FullyC
y Compatible with Most TTL Circuits eNp(liz 13

SN54151A, SN54LS151, SN54S151 ... JOR W PACKAGE
SN74151A ... JORN PACKAGE

TYPICAL AVERAGE TYPICAL SN74LS151, SN745151 . . . D, J OR N PACKAGE
TYPE PROPAGATION DELAY TIME  POWER (TOP VIEW)
DATA INPUT TO W OUTPUT DISSIPATION 03 7 Trel] vee
150 13 ns 200 mW 0202 15[ 04
"151A 8 ns 145 mw D1 E3 14]05
"152A 8 ns 130 mwW DOC4 13306
'LS151 13 ns 30 mw vOs 12007
‘LS152 13 ns 28 mW W[:G HjA
‘151 4.5ns 225 mwW 6[:7 10:] B
GND[Js  9[]C
SN54LS151, SN54S151 . .. FK PACKAGE
. SN74LS151, SN748151
description

(TOP VIEW)

These monolithic data selectors/multiplexers contain
full on-chip binary decoding to select the desired data
source. The '150 selects one-of-sixteen data sources;
the “151A, "152A, 'LS151, ‘LS152, and 'S151 select
one-of-eight data sources. The "150, ‘151A, ‘LS151,
and 'S151 have a strobe input which must be at a low
logic level to enable these devices. A high level at the
strobe forces the W output high, and the Y output {as
applicable) low.

9 10 111213

10 g Qo
The "151A, ‘LS151, and 'S151 feature complemen- ) [C )
tary W and Y outputs whereas the ‘150, ‘152A, and NC - No internal connection
'LS152 have an inverted (W) output only. SN54152A, SN54LS152 . .. W PACKAGE

{TOP VIEW)

The ‘151A and ‘152A incorporate address buffers pa h UM:I vee
which have symmetrical propagation delay times D3 2 130 ps
through the complementary paths. This reduces the p2 03 120 pe
possibility of transients occurring at the output(s) p1 Qs 1[J p7
due to changes made at the select inputs, even 0o (s 0] A
when the “151A outputs are enabled (i.e., strobe fow). w(se 9 :] B

GND[]? sJc

For SN54LS152 Chip Carrier Information, Contact The Factory.

j
- Texas ‘U
INSTRUMENTS

PRODUCTION DATA
This document contains information: current as
of publication date. Products conform to
specifications per the terms of Texas Instruments
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TYPES SN54150, SN54151A, SN54152A, SN54LS151, SN54LS152, SN54S151
SN74150, SN74151A, SN74LS151, SN745151
DATA SELECTORS/MULTIPLEXERS

schematics of inputs and outputs

TYPICAL OF ALL OUTPUTS

TYPICAL OF ALL OUTPUTS

TYPICAL OF ALL OUTPUTS

OF *150, “151A, *152A OF ‘LS151, ‘'LS152 OF ‘S151
—_ Vee - Vee —_— Vee
130 2 NOM 120 2 NOM 50 2 NOM
OUTPUT ouTPUT
OUTPUT
logic
150 ‘1514, "LS151, ‘S151 "152A, LS152
FUNCTION TABLE FUNCTION TABLE FUNCTION TABLE
INPUTS OUTPUT INPUTS OUTPUTS SELECT OUTPUT
SELECT  |STROBE SELECT |STROBE| = INPUTS w
D C B A [¢] w cC 8 A G cC B A
X X X x| H H X x X)| H L H L L L | Do
t L oL ol oL E0 L Lt L |bo Do L L H| D1
L L L H L B L Lt H L o1 DI L H L b3 3
L L H Ll L E2 L H L L |b2 D2 L H H/| D3 C
L L H H L E3 L H H L D3 D3 H L L Da =
L H L L[l L Ea H L L L b4 D4 H L H| D5 "
L H L H L £5 H L H L D5 D5 H H L B8 c
L HH L L 6 H H L L D6 D6 H H H o7
L H H H L i H H H L D7 D7 : i:
H L L L L Ee— t‘_? high level, L = low lével, X = irrelevant ’_
H L L H L €§ €O, £1 ... E15 = the complement of the level of the respective E input
H L H L L E—1—d DO, D1... D7 = the level of the D respective input
H L H H L gn
H O H L L L €12
H H L H L E13
H HH L L E14
H H H H L E15
Texas W
EXAS 3-44¢

INSTRUMENTS



TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN545162, SN545163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

OCTOBER 1976—REVISED DECEMBER 1983

"160,°161,"LS160A,'LS161A . . . SYNCHRONOQOUS COUNTERS WITH DIRECT CLEAR
162,"163,'LS162A,°'LS163A,'S162,°S163 . . . FULLY SYNCHRONOUS COUNTERS

¢ Internal Look-Ahead for Fast Counting SERIES 54', 54LS", 545’ .. . J OR W PACKAGE
. . SERIES 74’ ... JOR N PACKAGE
¢ Carry Output for n-Bit Cascading SERIES 74LS", 74S° ... D, J ORN PACKAGE
e Synchronous Counting (TOP VIEW)
* Synchronously Programmable CLr[Jr Whel] vee
CLk[J2  1s[]JRCO
* Load Control Line Az 1sJ0a
e Diode-Clamped Inputs 8[s 1308
cs 12[] Q¢
TYPICAL D[Je nfJap
TYPICAL PROPAGATION MAXIMUM TYPICAL ENP E 7 10 :] ﬂf_
TYPE TIME, CLOCK TO CLOCK POWER GND| i8 9 :] LOAD
Q OUTPUT FREQUE'NCY DISSIPATION NC—_No internal connection
‘160 thru "163 14 ns 32 MHz 305 mW
‘LS162A thru 'LS163A 14 ns 32 MHz 83 mwW SERIES 54LS’. 54S° . . . FK PACKAGE
‘S162 and ‘S163 9ns 70 MHz 475 mW SERIES 74LS’. 748’
. {(TOP VIEW)
description
¥ | 0O
) 2O OO0
These synchronous, presettable counters feature an in- ooz >«
ternal carry look-ahead for application in high-speed e %JL;L;J;—(—)H‘—QJ
counting designs. The '160,'162,'L.S160A,'LS162A, 18
and ‘S162 are decade counters and the A:“ QA
‘161,163,'LS161A,'LS163A, and ‘S163 are 4-bit 8BS :7 Qs
- binary counters. Synchronous operation is provided by NC e EUNC
. . . (o] J 7 15{jQc
having all flip-flops clocked simultaneously so that the :] 14
outputs change coincident with each other when so in- Ds Ao
structed by the count-enable inputs and internal gating. 9 10111213
This mode of operation eliminates the output counting % g g 2 FZ—
spikes that are normally associated with asynchronous w 5 9 w

(ripple clock) counters, however counting spikes may

occur on the {(RCO) ripple carry output. A buffered clock NC—No internal connection
input triggers the four flip-flops on the rising edge of the

clock input waveform.

n
w
o
>
w
Q
-
-
-

These counters are fully programmable; that is, the outputs may be preset to either level. As presetting is synchronous, set-
ting up a low level at the load input disables the counter and causes the outputs to agree with the setup data after the next
clock pulse regardless of the levels of the enable inputs. Low-to-high transitions at the load input of the ‘160 thru ‘163 should
be avoided when the clock is low if the enable inputs are high at or before the transition. This restriction is not applicable to
the 'LS160A thru ‘LS163A or ‘'S162 or “S163. The clear function for the ‘160, ‘161 ,'LS160A, and ‘LS161A is asynchronous
and a low level at the clear input sets all four of the flip-flop outputs low regardless of the levels of clock, load, or enable in-
puts. The clear function for the '162,"163,'LS162A,'LS163A, ‘S162, and ‘S163 is synchronous and a low level at the clear in-
put sets all four of the flip-flop outputs low after the next clock pulse, regardless of the levels of the enable inputs. This syn-
chronous clear allows the count length to be modified easily as decoding the maximum count desired can be accomplished
with one external NAND gate. The gate output is connected to the clear input to synchronously clear the counter to 0000
(LLLL). Low-to-high transitions at the clear input of the ‘162 and ‘163 should be avoided when the clock is low if the enable
and load inputs are high at or before the transition.
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160
v - CTRDIV10
3 ciR Fb cT=0
LOAD M1
M2 {15)
(10) 3CT=9 j——— RCO
_‘ ENT W—— G3
- ENP ——— G4
= crk 2o 52,340
. r
o (3) (14)
A ———150 (1) 7 Qa
m (4) 13)
o B {2} ————o Qp
) (5) (12)
= C —— 4] Qc
3 . (6) 8] (11 o
7
yp)
‘162
m CTRDIV10
(ﬁ -‘—9)—5 5CT=0
LOAD —t M1
(10l m2 (15) .
ENT G3 13CT=9
ENP ——— G4
CLK 2 o C5/2,3.4+
r
(3 (14)
AaB__£% o A
(4) (13)
B ————(5, (2] ——-“2) B
) ) o %
D — (8] ———— Qp
Pin numbers shown on logic notation are for D, J or N packages.
SRR AR
3-482

TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,

SN545162, SN545163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating.
Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both count-enable inputs
(P and T) must be high to count, and input T is fed forward to enable the ripple carry output. The ripple carry output thus
enabled will produce a high-level output pulse with a duration approximately equal to the high-leve! portion of the Qp output.
This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. High-to-low-level transitions at
the enable P or T inputs of the "160 thru ‘163 should occur only when the clock input is high. Transitions at the enable P or T

inputs of the "LS160A thru ‘LS163A or ‘S162 and 'S163 are allowed regardless of the level of the clock input.

‘LS160A thru 'LS163A,'S162 and 'S163 feature a fully independent clock circuit. Changes at control inputs {enable Por T, or
load) that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether enabled,

disabled, loading, or counting) will be dictated solely by the conditions meeting the stable setup and hold times.

The ‘LST60A thru ‘LS163A are completely new designs. Compared to the original ‘LS160 thru ‘LS163, they feature

O-nanosecond minimium hold time and reduced input currents i and I .

This application demonstrates héw the look-ahead carry circuit can be used to implement a high-speed n-bit counter.
The '160, "162, ‘LS160A, 'LS162A, or 'S162 will count in BCD and the ‘161, 163, ‘LS161A, ‘LS163A or ‘S163 will
count in binary. Virtually any count mode {modulo-N, Nqi-to-N2, Ni-to-maximum) can be used with this fast

look-ahead circuit.

logic symbols

N-BIT SYNCHRONOUS COUNTERS

161
. CTRDIV16
CLR —If cT=0
— (9}
LOAD -—t M1
ol M2 . (15)
13CT=1
ENT — G3
ENP G4
(2)
CLK C5/2,3,4+
r
{14)
g 4 2] —
c 5] 4]
(6 (1
D (8]
‘163
. CTRDIV16
CLR ——I>f 5CcT=0
—_— {9)
L{oaD —t M1
o1 M2 (15)
1 =
ENT —— G3 3CT=15
ENP ———] G4
CLK E’—bhcs,/z,s,u
L
(3) (14)
A——w 150 (1) 1 TEY
8 5} (21 (12)
c 8 {4l
(6 (i

RCO

A
B
C

RCO

o000
OO0 ® >
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{ip
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TYPES SN54161, SN54163, SN54LS161A, SN54LS163A, SN545163,
SN74161 SN74163 SN74LS161A SN74LS163A SN745163
SYNCHRONOUS 4-BIT COUNTERS

‘161, 'LS161A, ‘163, ‘LS163A, 'S163 BINARY COUNTERS

typical clear, preset, count, and inhibit sequences

Hlustrated below is the following sequence:
1. Clear outputs to zero (‘161 and ‘LS161A are asynchronous; ‘163, ‘LS163A, and ‘S163 are synchronous)
2. Preset to binary twelve
3. Count to thirteen, fourteen fifteen, zero, one, and two
4. {nhibit

(2]
~
X

L

DATA
INPUTS ﬁ

OUTPUTS <

TTL DEVICES H

I O N R
_

RCO

|
t
| I I
12 13 14 15 0 1 2

i
|
1
|
|
1
|
|
1
]
l |<———— COUNT I_ INHIBIT — &

SYNC PRESET
CLEAR

|
S VR I I O

ASYNC
CLEAR
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TYPES SN54181, SN54LS181, SN54S181,
SN74181, SN74L 5181, SN74S181
ARITHMETIC LOGIC UNITS/IFUNCTION GENERATORS

DECEMBER 1972 — REVISED DECEMBER 1983

SN54181, SN54LS 181, SN54S181 ... JORW PACKAGE
SN74181 ... JORN PACKAGE
SN74LS181.SN74S181 ... DW. JORNPACKAGE

e Full Look-Ahead for High-Speed
Operations on Long Words

. . L TOP VIEW)
e input Clamping Diodes Minimize g,p( ; 0 vee
Transmission-Line Effects A0 0 A
s3 1 81
e Darlington Outputs Reduce Turn-Off s2 0 A2
Time S ] 82
S0 0 A3
o Arithmetic Operating Modes: c‘a ] 83
.. ] G
Addition Fo 0 Cn.a
Subtraction 1 % P
. - F2 A B
Shift Operand A One Position GND i

Magnitude Comparison
Plus Twelve Other Arithmetic
Operations

SN541LS181, SN545181 . .. FK PACKAGE

SN74LS181, SN745181
(TOP VIEW)
£}

. . (=} O O ~
e Logic Function Modes: 2128 2 STz

Exclusive-OR ( TirTmaB \
Comparator :f j: g;
AND, NAND, OR, NOR so )7 A3
Plus Ten Other Logic Operations NC I8 NC
Cn 9 B3
M [ro G
Fo [Jn Cn-4

NC - No internal connection

TYPICAL ADDITION TIMES

NUMBER ADDITION TIMES PACKAGE COUNT CARRY METHOD
OF USING ‘181 USING ‘LS181 USING ‘S181 ARITHMETIC/ LOOK-AHEAD BETWEEN
BITS AND ‘182 AND ‘182 AND 'S182 LOGIC UNITS {CARRY GENERATORS ALU’s
104 24 ns 24 ns 11ns 1 NONE
5t 8 36 ns 40 ns i8ns 2 RIPPLE
9to 16 36 ns 44 ns 19 ns 3ord 1 FULL LOOK-AHEAD
17 to 64 60 ns 68 ns 28 ns 5to0 16 2t05 FULL LOOK-AHEAD

description

TTL DEVICES H

The "181, 'LS181, and ‘S181 are arithmetic logic units (ALU)/function generators that have a complexity of 75
equivaient gates on a monolithic chip. These circuits perform 16 binary arithmetic operations on two 4-bit words as
shown in Tables 1 and 2. These operations are seiected by the four function-select lines (SO, S1, S2, S3) and include
addition, subtraction, decrement, and straight transfer. When performing arithmetic manipulations, the internal carries
must be enabled by applying a low-level voltage to the mode control input (M). A full carry look-ahead scheme is made

available in these devices for fast, simultaneous carry generation by means of two cascade-outputs (pins 15 and 17) for
the four bits in the package. When used in conjunction with the SN54182, SN54S182, SN74182, or SN745182, full
carry look-ahead circuits, high-speed arithmetic operations can be performed. The typical addition times shown above
illustrate the little additional time required for addition of longer words when full carry look-ahead is employed. The
method of cascading 182 or ‘S182 circuits with these ALU’s to provide multi-level full carry look-ahead is illustrated
under typical applications data for the '182 and "S182.

If high speed is not of importance, a ripple-carry input {Cp) and a ripple-carry output (Cn+4) are available. However,
the ripple-carry delay has also been minimized so that arithmetic manipulations for small word lengths can be
performed without external circuitry.
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TYPES SN54181, SN54LS181, SN545181,
SN74181,SN74LS181,SN745181 -
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

description (continued)

S30INIA 111 gy

The ‘181, ‘LS181, and 'S181 will accommodate active-high or active-low data if the pin designations are interpreted as
follows:

PIN NUMBER 2 {1}23122]{2t1}|20]19{181 9 |10/ 11[13 |7 16 {15 ]| 17
Active-low data (Table 1) | Ag {Bg | A1 |B1 | A2 {B2 |A3 |B3 [Fo |F1 |F2|F3 [CnlCnsa|P G
Active-high data (Table 2)] Ag | Bg | A1 |B1 | A2 [B2 [A3 [B3 [Fo |[F1 | F2| F3 {Cna|Ch+a|X | Y

Subtraction is accomplished by 1‘s complement addition where the 1's complement of the subtrahend is generated
internally. The resultant output is A—B—1, which requires an end-around or forced carry to provide A—B.

The ‘181, ‘LS181, or ‘S181 can also be utilized as a comparator. The A = B output is internally decoded from the
function outputs {FO, F1, F2, F3) so that when two words of equal magnitude are applied at the A and B inputs, it will
assume a high level to indicate equality (A = B). The ALU must be in the subtract mode with Cp = H when perform-
ing this comparison. The A = B output is open-collector so that it can be wire-AND connected to give a comparison
for more than four bits. The carry output (Cn+4) can also be used to supply relative magnitude information.
Again, the ALU must be placed in the subtract mode by placing the function select inputs S3,$2,51,S0at L, H, H, L,
respectively.

ACTIVE-LOW DATA | ACTIVE-HIGH DATA
INPUT Cq | OUTPUT Cnva (FIGURE 1) (FIGURE 2)
H H A>B A<B
H L A<B A>B
L H A>8B A<B
L L A<B A28

These circuits have been designed to not only incorporate all of the designer’s requirements for arithmetic operations,
but also to provide 16 possible functions of two Boolean variables without the use of external circuitry. These logic
functions are selected by use of the four function-select inputs (SO, S1,S52,S3) with the mode-control input (M) at a
high level to disable the internal carry. The 16 logic functions are detailed in Tables 1 and 2 and include exclusive-OR,
NAND, AND, NOR, and OR functions.

Series 54, 54LS, and 54S devices are characterized for operation over the full military temperature range of -55°C to
125°C: Series 74, 74LS, and 74S devices are characterized for operation from 0°C to 70°C.

signal designations

The ‘181, ‘LS181, and ‘S181 together with the ‘182 and ‘S182 can be used with the signal designations of either
Figure 1 or Figure 2. The inversion indicators (O) and the bars over the terminal letter symbols {e.g., C) each indicate
that the associated input or output is active with respect to the selected function of the device when that input or
output is low. That is, a low at '(_: means “do carry’’ while a high means “do not carry”’.

The logic functions and arithmetic operations obtained with signal designations of Figure 1 are given in Table 1; those
obtained with signal designations of Figure 2 are given in Table 2.
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TYPES SN54181, SN54LS181, SN54S5181,
SN74181, SN74LS181, SN74S181 -
ARITHMETIC LOGIC UNITS/IFUNCTION GENERATORS

signal designations (continued)

| | [ |

S3 82 s1 SO
—— A0 FO p——
—A Al A—
— A2 F2 f—
A3 g, F3—
—q BO ‘LS181,
— 81 .so,’;, A=Bl—
B2 Cnra p—
—83 v
—e——qdFCn X
—Mm
——d Cn Cn+x P—
Coey p—
Yo En*z D—o
— Y1
— Y2 82
— Y3 's(:gz
X0 Y—
— X1
3 — X2 X p—
— x3
- FIGURE 2
-
r TABLE 2
O
m . SELECTION ACTIVE-HIGH DATA
< M=H M= L; ARITHMETIC OPERATIONS
6 s3 s2 s1 so LOGIC CTh=H Ch=t
m FUNCTIONS {no carry) {with carry)
(7)) L L L L F=A F=A F=APLUS1
L L L H F=A+B _F=A+B F=(A+B)PLUS1
L L H L F=AB F=A+B F=(A+8B) PLUS 1
L L H H F=0 F = MINUS 1 (2's COMPL) F = ZERO
L H L L F=AB F=APLUS AB F=APLUS AB PLUS 1
L H . L H F=B F=(A+B) PLUS AB F=(A +B) PLUS AB PLUS 1
L H H L F=A@®B F = A MINUS B MINUS 1 F=AMINUS B
L H H H F=AB F= AB MINUS 1 F=AB
H L L L F=A+8 F=APLUS AB F=APLUS AB PLUS 1
H L L H F=A@®B F=APLUSB ’ F=APLUSBPLUS1
H L H L F=8 F = (A +B) PLUS AB F=(A+B)PLUS AB PLUS 1
H L H H F=AB F = AB MINUS 1 F=AB
H H L L F=1 F=A PLUS A F=APLUS APLUS 1
H H L H F=A+B F=(A+B)PLUS A F=(A+8B)PLUS APLUS 1
H H H L F=A+8 F={A+B)PLUS A F = (A +B) PLUS A PLUS 1
H H H H F=A F=AMINUS 1 F=A
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