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IMPORTANT NOTICE
Texas Instruments reserves the right to make changes at any time
in order to improve design and to supply the best product possible.

Tl cannot assume any respensibility for any circuits shown or represent
that they are free from patent infringement.

Information contained herein supersedes data published in The TTL
Data Book, Volume 3, 1984, SDADOO1A.

Copyright © 1984, Texas Instruments Incorporated



INTRODUCTION

This supplement is provided to complete the detailed specifications on 51 new Advanced Low-Power Schottky
(ALS) and Advanced Schottkyt (AS) functions. Included in these recent announcements are:
® 10 gates in standard, buffer, and driver options
® 21 bus-interface devices including octal, 3-bit, and 10-bit bus buffers/drivers, transceivers, and registers
with varying output designs
® 20 LSl and complex functions wih single-chip design solutions
Also, 29 of these 51 new functions are pin-for-pin equivalents for LS and S products.

This supplement also includes a general ALS/AS applications note which provides additional detailed information
to aid the system designer in achieving the highest levels of performance and cost-effectiveness with Tl's
products.

Additionally, this supplement provides:

® Complete errata for The TTL Data Book, Volume 3, 1984 (SDADOO1A). The errata contains corrections
that have been made on the pages which are reprinted in this supplement. Please note or reference
them in your Volume 3.

® Complete functional index for all Tl bipolar digital devices available or under development. All logic
technologies (TTL, LS, S, ALS, and AS), field programmable logic, programmable read-only memories,
and bipolar complex LSI are included.

Please ensure that routine references to Tl's data books include monitoring the current supplements and errata
for updated information.

Tlntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.
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NUMERICAL INDEX

SNE4ALSO0A
SN54AS00
SN54ALSO1
SN54ALSO2
SN54AS02
SNS4ALS03A
SN54ALS04A
SNB4ASO04
SN54ALSO5A
SN54ALS08
SN54AS08
SN54ALS09
SNB4ALS10A
SN54AS10
SNE4ALS11A
SN54AS11
SN54ALS12A
SNG4ALS15
SN54ALS20A
SN54AS20
SN64ALS21
SN54AS21
SN54ALS22B
SNB4ALS27
SN54AS27
SNB4ALS28A
SNBS4ALS30A
SNE4AS30
SN54ALS32
SN54AS32
SNS4ALS33A
SN54ALS34
SN54AS34
SN54ALS35
SNS4ALS37A
SNS4ALS38A
SN54ALS40A
SNB4ALS74A
SNB4AS74%
SN54ALS86
SN54AS95
SNS4ALS109A
SN54AS109+
SN54ALS112A
SN54AS112
SN54ALS113A
SN54AS5113
SN64ALS114A
SN54AS114
SN54ALS131
SN64AS131
SN54ALS133
SN54ALS136
SN54ALS137
SN54AS137
SN54ALS138
SN54AS138

NUMERICAL INDEXt
............... 2-3 SNB4ALS139
.................. 2-3 SN54ALS151
.................. 2-7 SN54AS151
.................. 2.9 SNBE4ALS153
.................. 2-9 SNE4AS153
............... 2-13 SN54ALS157
............... 2-15 SN54AS157
................. 2-15 SN54ALS158
............... 2-19 SN54AS158
................. 2-21 SN54ALS160A¥
................. 2-21 SN54AS160
................. 2-25 SN54ALS161A%
............... $2.3 SN54AS161
................. $2-3 SN54ALS162A%
............... $2-7 SN54AS162
................. $2-7 SN54ALS163A%
.............. §2-11 SN54AS163
................. 2-37 SNE4ALS164
............... 2-39 SN54ALS165%
................. 2-39 SNB4ALS166%
................. 2-43 SN54ALS168B
................. 2-43 SN54AS168
............... $2-13 SN54ALS169B
................. 2-49 SN54AS169
................. 2-49 SN54ALS174%
............... 2-53 SN54AS174%
.............. §2-15 SN54ALS175%
................ §2-15 SN54AS175
................. 2-59 SNE4AS181A
................. 2-59 SN54AS182%
............... 2-63 SNB4ALS190
................. 2-65 SNE4ALS191
............... 2-65 SNB4ALS192+
................ §2-19 SNB4ALS193%
............... 2-71 SNE4AS194
............... 273 SN54AS5195
............... 2-75 SN54AS230
.............. §2-21 SN54AS231
............... §2-21 SNE4ALS240A
................ §2-26 SN54AS240
................ §2-27 SNB4ALS241A
............. §2-31 SN54AS241
.............. §2-31 SNE4ALS242A
.............. 2-91 SN54AS242%
................ 2-91 SNB4ALS243A
............. 2-95 SN54AS243%
................ 2-95 SNB4ALS244A%
.............. 2-99 SN54AS244
................ 2-99 SNB4ALS245A%
............... 2-103 SNE4AS245
............... 2-103 SN54AS250
............... 2-107 SN54ALS251
............... $2-35 SN54AS251
............... 2-109 SN54ALS253
............... 2-108 SN54AS5253
............... 2-113 SNE4ALS257%
............... 2-113 SNB4AS257 %

SN74ALS139............... 2-117
SN74ALS151............... $2.37
SN74AS151 ............... §2-37
SN74ALS153............... 2-125
SN74AS153 .......... ..... 2-125
SN74ALS167............... 2-129
SN74AS157 ............... 2-129
SN74ALS158............... 2-129
SN74AS158 .. ............. 2-129
SN74ALS160A% ... ......... §2-41
SN74AS160 ............... $2-41
SN74ALS161AY ... ... ..... §2-41
SN74AS161 ............... $2-41
SN74ALS162A% ............ s2.41
SN74AS162 ............... §2-41
SN74ALS163A% ............ §2-41
SN74AS163 ............... $2-41
SN74ALS164............... 2-147
SN74ALS165% .. ... ... ... ... 2-151
SN74ALS166% . ... ... ... .. 2-153
SN74ALS168B.............. $2-51
SN74AS168 ............... §2-51
SN74ALS169B.............. $2-51
SN74AS189 ............... $2-51
SN74ALS174% .. ............ $2-61
SN74A8174% ... ... ........ $2-61
SN74ALS175%.............. $2-61
SN74AS176 ............... $2-61
SN74AS181A .............. 2-173
SN74A8182% ... ... ... ... 2-185
SN74ALS180. . ............. 2-189
SN74ALS1OT .. ............. 2-189
SN74ALS182% . ... ... ... .. .. 2-197
SN74ALS193%. ... ... ... ... 2-197
SN74AS194 . .............. 2-205
SN74AS195 ............... 2-211
SN74AS230 .. ............. 2-213
SN74AS231 ............... 2-213
SN74ALS240A ............. 2-217
SN74AS240 ............... 2-217
SN74ALS241A . ............ 2-217
SN74AS241 . .............. 2-217
SN74ALS242A ............. 2-223
SN74AS242% ... ... ... .. 2-223
SN74ALS243A .. ........... 2-223
SN74AS243% ... ... ... ... 2-223
SN74ALS244AY ... .. ... 2.229
SN74AS244 ............... 2-229
SN74ALS245A% ... ... ... ... 2-235
SN74AS245 .. ............. 2.235
SN74AS250 ............... $2-67
SN74ALS251 .. ............. 2-245
SN74AS251 ............... 2-245
SN74ALS253. ... ........... 2-251
SN74AS253 ............... 2-251
SN74ALS257% .. ... ....... 2-265
SN74AS257% ... ... ... .. .. 2-255

tDevice types in bold typeface are contained in this supplement at the page indicated with the preceeding ‘’S’’. For other devices, refer
to the pages in the TTL Data Book, Volume 3, 1984.
$See Revisions Sections of this Supplement for changes to the T7L Data Book, Volume 3, 1984.
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FUNCTIONAL INDEX

GATES AND INVERTERS

POSITIVE-NAND GATES AND INVERTERS POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS
TECHNOLOGY TECHNOLOGY
STD STD
DESCRIPTION TYPE || AL |As|H | L|Ls|s | vOLUME DESCRIPTION Tvee || as| as|H s | voLume
Hex 2-| "804 L A 3 L] * e
[ Hex 2:input Gates 80 Quadruple 2-nput Gates ‘08 2
s -2 e(efoie 2 [ 3
Hex Invarters A 0 3 Trinle 3Input G. 8 DD 2
008 . - riple 3-Input Gates . 3
00 L] - L ] L 2 Ld 2
Quadruple 2-Input Gates A o R POSITIVE-OR GATES
1000 A .
TECHNOLOGY
L4 L4 L * . 2 STD
Triple 3-Input Gates ‘10 A D 3s DESCAIPTION TP | [ALs|asfis ) s | voume
1010 A 3 -
5 s TetsTs 3 Hex 2-input Gates 832 e[ a 3
‘20 ° e e 2
Dual 4-Input Gates A . V3
030 A 3 Quadruple 2-input Gates | e
1032 A e 3
8-input Gates 30 f— *pelele 2 Triple 4-Input OR/NOR '802 4
A . 38
. 2
13-Input Gates 133 < POSITIVE-NOR GATES
3
Duat 2-Input Gates '8003 . TECHNOLOGY
: STD
DESCRIPTION TYPE aLs| as| L | Ls [ s | voLumE
POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS T
I 8 .
TECANOLOGY Hex 2-input Gates 05 A 3
STD 02 ° °lete 2
DESCRIPTION TYPE || AL |As|H | L| LS| S| VOLUME Quadruple 2-Input Gates ol e R
‘1002 A
L Ld L] L4 2
‘05 . . 2
Hex Inverters A a Triple 3-input Gates ‘27 + T 3
1005 . -
N i ‘ .
- 5 - . 3 Dual 4-Input Gates with Strobe 25 2
o - 3 Dual 5-Input Gates ‘260 .
Quadruple 2-input Gates . 3 ol oo 2
03 A SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS
3
1003 A TECHNOLOGY
Tnpl G 12 2 2 2 sTO
"iple 3-input Gates A 35 DESCRIFTION Tvee || Aus|as| s | s | volume
L] L] L L] 2 -
Duat 4-toput Gates 22 14 o .
5 35 Hex Inverters 5 -
Octal Inverters 619 .
POSITIVE-AND GATES 3] e .
Dual 4-Input Positive-NAND - 2
TECHNOLOGY 18 L4
STD Triple 4-input Positive-NAND 618 .
DESCRIPTION TYPE || ALs |as| M Ls | s | voLuME 74 o
Quadruple 2-Input Positive-NAND .
Hex 2-input Gates ‘808 ) A 3 132 & bl d
08 . ole 2
Quadruple 2-Input Gates . . N CURRENT-SENSING GATES
1008 A [e
el o | 2 TECHNOLOGY
11 DESCRIPTION TYPE VOLUME
Triple 3-Input Gates A e 35 as[as]is
011 ry 3 Hex ‘63 | | . 2
ot X . 2
ual d-input Gates 21 + % ; DELAY ELEMENTS
Triple 4-Input AND/NAND "800 A
TECHNOLOGY]
DESCRIPTION TYP vi
ESCI A [As s | VOLUME
Inverting and Noninverting Elements, a1 . R
2-Input NAND Butfers

® Denotes available technalogy.

A Denotes planned new products.

A Denotes ‘‘A’* suffix version available in the technology indicated.
B Denotes ‘’B*’ suffix version available in the technology indicated.

S Denotes supplement to data book.
U
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FUNCTIONAL INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

AND-OR-INVERT GATES GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS
TECHNOLOGY WITH 3-STATE QUTPUTS
DESCRIPTION TYPE ::‘: ALs |As|H | L |ts |5 | volumE TECHNOLOGY
Ti
2-Wide 4-Input ‘55 e [e]e DESCRIPTION TYPE ;_': ALS [AS (15 | s | VOLUME
4-Wide 4-2-3-2 Input ‘64 . T 5
4-Wide 2.2-3-2 input 54 . . 241 —1% 3
4-Wide 2-Input 54 | ® T 5
2 Wide 2-3-3-2 input '54 a0 ‘244 e 3
Dua! 2-Wide 2-Input ‘51 . o (oo e . 2
‘465
Noninverting A 3
AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS Ovrat Butfers/Drivers < 3
‘44
TECHNOLOGY 67 x 3
sTo ; . 2
DESCRIPTION TYPE ALS |AS | 8 | vOLUME 541
m Y
4-Wide 4-2-3-2-Input ‘65 . 2 1241¢ Y 3
12447 A
EXPANDABLE GATES 231 .
, e |e 2
TECHNOLOGY 240 A e 3
0] 7
DESCRIPTION TYPE | L | ALS |AS[H | L |LS | VOLUME 486 L4 2
m — Inverting Octal A 3
2 Dual 4-Input Positive-NOR 23| e Butfers/Drivers - - >
m With Strobe A 3
4-Wide AND-OR "52 . . < 5
= 4-Wide AND-OR-INVERT ‘53| o . '540 =
> 2-Wide AND-OR-INVERT 55 e e e EEyTT . .
F Dual 2-Wide AND-OR-INVERT ‘50 . * Tverting and Nommnvertng 30 R
— Octal Butfers/Drivers
2 EXPANDERS " 2
, 245
- TECHNOLOGY Octal Transceivers A la 3
STD 1245 A 3s
o DESCRIPTION Tvpe | | ALs [as | H | voLuMe = ry 2
; ‘385
m Dual 4-Input ‘60 [ @ 3 Neninverting A 3|
g [Triple 3-input 61 . 2 Hex Buffers/Drivers o7 |2 A 2
3-2-2-3-input AND-OR ‘62 . Iy 3
> 366 A A 2
- BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS inverting A 3|
— Hex BuffersiDrivers | A A 2
o TECHNOLOGY 368 ry 3
DESCRIPTION STD -
2 Tvee (T s [as1s | |voumE [ e IEW C
57 e with independent 225 e 2
2
e Qutput Contrals w55 e
Hex 35 . 35 0
038 . Noninvertng ‘243
: 3 Quad Transceers A Le 3
06 | @ K '1243¢ A
Hex tnverter 6| e . - 2
1005 . 3 Inverting 242 T
26 [ ® Quad Transceivers - 3
2 12421 a
3B hd LR Quad Transceivers with Storage ‘228 A4
Quad 2-input Posttive-NAND A 3 T2put NAND Gate T2 . )
8l e 2 Controller and Bus Driver w08 .
["1003 A 3 tor BOBOA System
Ld L 2
Quad 2-Inpus Positive-NOR ‘33 s
3 50-OHM/75-OHM LINE DRIVERS
—
BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS smﬁcumtonv
YECHNOLOGY DESCRIPTION TveE | o |ALs|as |8 [voume
DESCRIPTION vee [ ST | ars as | 1s| s | vorume Hex 2-Input Positive-NAND ‘804 e A
T Hex 2-Input Positive-NOR "808 e | A s
Noninverting ;;: 4 S i Hex 2-input Positive. AND "308 s | A
Octal Buffers/Drivers - as Hex 2-tnput Positive-OR ‘832 . A
760 hd Quad 2-Input Positive-NOR 28] @ N
inverung Octal ;‘;; L 5 cF Busl 4-input Positive-NAND 720 .
BuftersDrivers 383 v CF Denotes Contact Factory
Inverting and Noninverting 762 . s ® Denotes available technology.
Octal Buifers/Drivers A Denotes planned new products.
| Noninverting Quad Transceivers °759 . { Denotes very low power.
Inverting Quad Transceivers ‘788 . A Denotes ““A’" suffix version available in the technology indicated.

S Denotes supplement to data book.
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FUNCTIONAL INDEX

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS

BUFFERS, CLOCK/MEMORY DRIVERS OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS
TECHNOLOGY TYPE TECHNOLOGY
STD OF
OESCRIPTION TYPE ALS | A s | vo DESCRIPTION TYPE | ALS | AS | LS | vOU
e S |H|LS LUME OUTPUT UME
Mex 2-input Positive-NAND ‘804 L A A s 3
— 3 State ‘285
Hex 2-Input Positive-NOR ‘805 oA hd 2
Hex 2-Input Positive-AND ‘808 . A oc 621 A 4 35
Hex 2-Input Positive-OR ‘832 * | a 3 . 2
Hex Inverter 1004 DD A le s
o 2T Low 3-State ‘623 - 2
Hex Buffer 12 mA/24 MA/48 mA/64 mA Power
‘1034 4 L] A . 3
Sink, True Cutputs 0C. 3State | ‘639
37 . e le 2 Ld 2
Quad 2-Input Positive-NAND A A . 38
3 3 State ‘652
‘1000 A . . 2
. . 2 A 3
28 oc. 3Swte | ‘654 < 3
Quad Z-input Posstive-NOR
‘1002 A Very Lo oc 11621 A
ery Low
*1036 . - 35we | 1623 | & 3
ower
Quad 2-input Positive-AND 1008 A e © OC. 35w | 1638 | &
Quad 2-Input Positive-OR ‘1032 A * 3 A . 35
3.State 620
Triple 3-Input Positive-NAND ‘1010 A - 2
Triple 3-Input Positive-AND ‘1011 A oc 822 A L 3s
Triple 4-input AND-NAND ‘800 A Ld 2
Triple 4-lnput OR-NOR ‘802 A 12 mA’24 MA/48 mA/B4 mA Low A L 3
OC. 35tate | 638
40 ) CRE B ] 2 Sink. Inverting Outputs. Powar * 2
Dual 4-Input Positive-NAND A A . 35
3 3-State ‘851
“1020 A . 2
Line Driver/Memory Driver a 3
3 ) 3 ‘436 L3 0C. 3-State ‘653
with Series Damping Resistor 2 hd 2
Line Driver/Memory Driver - ‘437 . 3-State 1620 | A
Very Low
oc 16221 &
Power 3
OC. 3State_| 11638 | &
81~/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS " o
oc ‘641
TYPE TECHNOLOGY - Low . 2
OF 12 mA/24 mA/48 mA/64 mA Power A . 3
DESCRIPTION TYPE |ALS | AS § | VOLUME 3 Stat 845
ouTPUT L8 L Sink. True Outputs o 0 7
Quad with Bit Direction 3-State | ‘448 [ Very Low oc ‘1641 | A
Controls 3-State | ‘448 . Power 3 State 1645 [ A 3
ocC ‘440 [ A .
3State 640
[ ‘441 . Low [ 2
3-State | ‘442 . 2 12 mAr24 mAI48 mAI64 mA | Power A . 3
d T oc 842
Quad Tridirection 35tate | 243 r Sink. laverting Outputs L 2
3-State_| ‘444 0 Very Low 3-State 1640 ) A
oC ‘448 . Pawer [l ‘1642 [ A a
4-Bit with Storage 3-State | ‘226 [ A 0
- 3-State ‘643
Controller and Bus Driver for 80BOA Systems | ‘428 * 4 Low . 2
12 mA;24 mA/4B MA/B4 mA
Power A i 3
- Sink. True and oc ‘644
OCTAL BUS TRANSCEIVERS/MOS DRIVERS inverting Outputs : 2
Very Low 3-State 1543 | A
TECHNOLOGY Power oc 1644 | & 3
: STD 2T
DESCRIFTION Tvee || ALs | as|Ls | s | voume Regtered wih Multpiex 3swe | o8 =
B 12 mA'24 mA/48 mA/64 mA
2620 . N 3
Inverting Outputs, 3-State 2840 Py . True Outputs oc ‘647 S 2
'2623 . 2l e
True Outputs, 3-State 2645 . Registered with Muitiplexed 3-State ‘648 " ::S
o 12 mA/24 mAI48 MAIG4 mA 3
»
/CTAL BUFFERS AND LINE DRIVERS WITH INPUT/QUTPUT RESISTORS Inverting Outputs oc ‘849 < 7
‘877
TECHNOLOGY Universel Transcever! e 38
DESCRIPTION Tvee | $T0 Port Contron aswte | 852 a a
ontroliers
E . ALS | AS | LS | S | VOLUME ‘ 856 Y
] g
(nput Resistors nverting Qutputs 746 A
Noninverting Outputs ‘747 4 | o cF
Inverting Outputs "2540 a |
Output Resistors
Noninverting Outputs | ‘2541 a |

@® Denotes available technology.

A Denotes planned new products.

A Denotes ““A’’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS
T TECHNOLOGY TECHNOLOGY
sTD
DESCRIPTION TYPE || ALS | AS{ H| L|LS]S]| VOLUME DESCRIPTION N:"OF OUTPUTS | TYPE ST:': ALS |AS LS | § | VOLUME
i3
‘73 A ’ . o |e 2
76 A 6 a 174 o |0 3
78 A ] 378 *
103 0 2 © Type 171 0 2
106 * | [ e |e
‘107 A 4 o.a |78 s =
Dual J-K Edge-Triggered ‘108 . '379 .
. A 276 |
‘109 E
D 35 % i M EIG i
112 Ale 2
A 4 3 OCTAL. 9-BIT, AND 10-BIT D-TYPE FLIP-FLOPS
Ale 2
1 113 r N 3 | TECHNOLOGY T
NO. OF STD
Ale 2 DESCRIPTION QUTPUT | TYPE ALS | AS|LS | § | VOLUME
14 7y Y 3 BITS T
e | 3
‘: ’ ‘70 L] I Octal ‘ 3-5tate | ‘374 Y 2 ]‘
m Single J-K Edge-Triggered | ‘101 - rue Data cta _ 5
z ‘102 . 3-State | ‘574 : 3
73 | . o] e 2:8tate | ‘273 — . 2
m 76 | @ D
m Dual Pulse-Triggered 8 rei) True Data with Clear| Octal 3-State | ‘575 CRIK
> 07 | e 3-State | 874 ° | e 3
-~ 71 o e 2 3-Gtate | ‘878 R
72 Py rY True with Enable Octal 2-gtate | ‘377 . 2
— Single Pulse-Triggered ~5i e 3 State | '534 ° | o
Z o5 e Inverting Octal | 3-State | ‘564 .
X . Ld
] Dual J-K with Data U ; :‘a“’ :3 : 5
-S1ate '
o Lockout Inverting with Clear | Octal ote
3State | ‘879 NIC
Single J-K with Data . . 3
m Lockout 110 | e Inverting with Preset| Octal 3-State | '876 [HKJ
g r sTeT 7 Te True Octal | 3-State | ‘825 A
Oual D-Type ‘74 A - 7] [TTverting Octal | 3-State | ‘826 A
> True 981 | 35tate | 823 a
-{ [ nverting 9-Bit | 3-State | ‘824 A
— [ True 10-Bit [ 3-State [ ‘821 ]
O [ inverting 10-Bit | 3-State | 822 .

@ Denotes available technology.
A Denotes planned new products.
A Denotes "“A’’ suffix version available in the technoiogy indicated.
B8 Denotes ‘B’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

QUAD LATCHES

LATCHES AND MULTIVIBRATORS

OCTAL. 9-BIT, AND 10-BIT LATCHES

[ TECHNOLOGY TECHNOLOGY
B No, ST
DESCRIPTION ouTPuT | TYPE | I I ALS (AS| L (LS| VOLUME DESCRIPTION B”:F outPuT | Tvpe | 1 ALs| as (LS | s | voLuMe
2-State 75 | ® .|
Duat 2-81t 1268 .
2-State 77 L eje 2
Transparent 2 3-State o | e
2-State ‘378 i Transparent Oc1al ‘373 ry "
SR 2-State 279 . A 3
3-State | ‘573 L L
- Bl L]
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS Duat 4-Bit 2Stare | 100 2
T Octal 2-State | ‘116 | &
TECHNOLOGY rensparent 3State | 873 oo
$T0 X - NID
DESCRIPTION TYPE ats | as|Ls | L] volume FState | 533
TTL Inverting Transparent| Octat 3-State 563 L
122 e . e 3-Swte | 580 s [ 3
Singt 730 ] VY
note 3 Dual 4-Bt Octal | 3-State | ‘880 ¢
72 . 2 Inverting T
123 . s e 3-State | '604 hd
Dual
473 . 2 et oC_ | 605 .
n
put “* [3swate | 608 . 2
D-YYPE oc_ [ 07 .
* L]
OCTAL, 9-BIT, AND 10-8/T RAD-BACK LATCHES Addressable Octat | 2.State | 250 n .
TECHNOLOGY Muitr Mode Buftered | Octal | 3.State | 412 . 2
NO. OF ST VOLUME True Octal | 3-State | 845 a e
DESCRIPTION sirs | TYPE | ppy | ALS | AS|LS | S \nverting Octal | 3 State | ‘846 a2 [a
Edge Triggered Invertng oot | en N Trae 381 | 3 Suate | 823 a e .
and Noninverting Inverting 9-Bit 3-State 844 A L]
Gctal | 990 2 Troe 1081 | 35tate | 841 2w
Transparent True ame | ‘992 a inverting 10-81 | 3-5tate | 842 il
108t | 994 a
Octal | 991 a . MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS
Tran N i 9-Bit | '992 a
ransparent Narinverting i Yo
10-80 | 994 4 7D
Transparent with Ciear ) DESCRIPTION TYPE ALS| S| LS | S| VOLUME
Octal | ‘666 a ™
True Outputs
Sngie 21| e
Transparent wiih Clear 2
Octal | ‘867 a Dual 221 ® .
Inverting Qutputs

CF Denotes contact factory.
® Denotes available technology.

A Denotes planned new products.

S Denotes supplement to data book.
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FUNCTIONAL INDEX

REGISTERS

SHIFT REGISTERS SIGN-PROTECTED REGISTERS
T wo. WMODES TECHNODLOGY NO. | MODES TECHNOLOGY
DESCRIPTION OF || ,|218] Tvee | sTO DESCRIPTION OF |g|.|%|2|TYPE VOLUME
As b As|Aas | Ls
mrs |4|4[S] 8 |2 LS| s |vorume mrs [4|#[3] 2
Sign-Protected X X |x 322 A Sign-Protected Register 8 X X|x | 322 A 2
x[x[x x| 1e8 | @ 2
Paraliel-In, K REGISTER FILES
Paralie)-Qut. 8 XX 299 . 'y 3
B‘:‘ erou TECHNOLOGY
hdwrectional . 2
x| x{x[x STD VOLUME
X 323 o a B DESCRIPTION outeuT | TYpe | | ALS| As | 1§
L] -
4 x| x|[x[x 194 "y il ; 8 Words x 2 Bits 3-State | ‘172 [
oC ‘17 [ . 2
Parallel-tn, 4 Words x 4 Bits 0
x|x|x|x | ‘71 . 3-State | ‘670 .
Parallel-Out, ]
4 3-State | ‘870 A
Registered Dual 16 Words x 4 Bits 3
xIx]x]x 872 - 2 3-State | 871 A
Outputs
s x| [x[x] .
2 OTHER REGISTERS
s [ x] [x 96 BID
A .| & 2 [ TECHNOLOGY
x| |x 95
hd ki STD VOLUME
DESCRIPTION TYPE as [as| L |us |s
Parallel In. x| Ix ‘99 . urt
Paratiel Qut X X X 178 . 2 ‘98 . 2
4 X . . -
X L kL : s 5 Ou:drsuple Multiplexers ‘298 < -
orage
x| % 185 = 5 with Storag v "
x[Tx 295 8 2 399 . 2
il A 2 8-Bit Unwersal Shift 200 o le
x x 395 a 3 RAegisters * | a 3
S - e Bus
Senatin 1% x X 1% 873 . , Quadruple Bus-Buffer 173 o R
el s |« 1os |2 o o Registers 2
Parallel-Out 2 E [ Cctal storage Regster 396 .
16 | x| [ x[x | ‘674 .
. A :
Paraltel-in, x LR ES 185
A 3
Senal-Out 8
. A 2
x| | x[x| ‘168
a 3
Seral-In 8 | x 91 | A o] » R
Senal-Out a x| [* ‘94
SHIFT REGISTERS WITH LATCHES
NO. ’7 [ TECHNOLOGY | —‘
DESCRIPTION OF | OUTPUTS | TYPE VOLUME
ALS|AS | LS
BITS
Parallel-In, Paralle)l-Qut A 3-State | ‘671 .
with Dutput Latches 3State | 672 .|
186 2-State | '673 o]
Serial-in, Parallel-Out Butfered | '594 .
with Output Latches a 3-State ‘595 [
oC ‘596 . 2
ocC ‘599 [
Paraliel-in, Serial-Out, R 2-State | ‘597 .
with Input Latchas 3-State | '589 *
Parallel /0 Ports with-
Input Latches, Multipiexed 8 3-State | '598 .
Senal Inputs

® Denotes available technology.

A Denotes planned new products.

A Denotes ‘A’ suffix version available in the technology indicated.
B Denotes ‘B’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED ASYNCHRONOUS COUNTERS (RIPPLE CLOCK} — NEGATIVE-EDGE TRIGGERED
I PARALLEL TECHNOLOGY PARALLEL TECHNOLOGY
DESCRIPTION Tvee [ STOD VOLUME
DESCRIPTION Lonp | TVPE[STB | T T T 6] | voLume LOAD aslasl sl
™ a8
s 160 - A 2 Set 10-9 ‘90 A .l e
vre A e 35 &8 0
s . J Ale 2 Decade Yes 76| e
Decad i 162 Al e 35 Yes 196 [ o |
ecade Sync | 560 X 3 Setto9 | 290 | .
Sync | 668 . None 93| A o e
Sync | 690 . 69 . )
Sync 692 0y 2 4.8t Binary Yes 77| .
. Ble Yes 197 L[] e |
Syne 168 TR £ None 293 .
v . 2 Divide by 12 Nore 52| A 0
Asyne 1190 . 3 Nome | 390 .
Dual Decade .
Decade Up/Down N . O 2 Setto-8 | 490 | ® T L .
syne | 192 . N Dual & Bt Brary None | 393 | ® e
Sync | 568 A
Syne 596 . 8-8IT BINARY COUNTERS WITH REGISTERS 2
Sync | '698 hd TVPE TECHNOLOGY Q
Decade Rate 1| Asyne | g7 o 2 DESCRIPTION oF | Tvee VOLUME
Muitipler, N10 Set-t0-9 OUTPUT ALS| AS |LS |—
Sync 161 — A Parallel Register 3 Stete | 590 0 <
Ale 38 Outputs GC | ‘591 . s E
Sync 163 — ALe 2| Parallel Register Inputs 2 State | 592 | . oc
4-Bit Binary Ale 3| [Paratie 10 3State | 593 I .
Syne 561 A 3 \ — O
Syne 669 hd FREQUENCY DIVIDERS, RATE MULTIPLIERS u
Sync ] 691 0 ,
Sync | 693 . TECHNOLOGY 2
RIPTIO TYPE | STD VOLUME —
Sync 169 Ble oEsC N aLs| as |18
5 [ 35 m - 1
N ) 0 . 2 50-10-1 Frequency Divider _'56 . <
Asyne J 191 . 3 60-10-1 Freauency Divider 57 N )
4Bt Bimary . ol e 2 60 Bit Bmary Rate Multipiier 97 . [+
Up-Down Asvyne 93 . Decade Rate Multipher, 167 . Ll
3
Sync | 569 A 2
Svic 597 . 1T}
B 699 .
551 B 7 s 2 o
i Birary 1 o |
Rate Muttipler, N2
Async CLA | 867 .
881t Up.Down 3
Sync CLA_| ‘869 .

® Denotes available technology.

A Denotes planned new products.

A Denotes "“A’" suffix version available in the technology indicated.
B Denotes '8’ suffix version available in the technology indicated.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS

DATA SELECTORS/MULTIPLEXERS

DECODERS/DEMULTIPLEXERS

TYPE TECHNOLOGY TYPE TECHNOLOGY
DESCRIPTION OF |Tvpe[sTD VOLUME DESCRIPTION OoF  [rvpE| STD VOLUME
s L
ouTPUT T |[ALS (A8 L |1s ouTPUT m | At Ls]s
2-State ["150 | ® 2 4.T016 3-State |'154 | @ .
16 Tot 3State | 250 . ocC 159
° 3State_| 850 . 3s J 4 To-10 BCD To-Deomal| 2.State | 42| A e e
X i 4To To.
3-State | ‘851 . ©0-10 Excess 3-To: 2-State 3| A . 2
Dual 8-To 1 3State_| 351 ® ) Decimal
A . 4.To-10 Excess 3 Gray-
2State ['151 2Sate | ‘a4 | A .
o« |e s To-Decimal
2-State 162 | A . 131 .
tate ry . 2 3-To-B with Address 3 - 3
-State | ‘251 Lateh 137
8.To-1 3-State 5 o | a 3 atches 2-State 13 r 7
3-State_| ‘354 . sstate 138 . 3
2-State | °355 . 3-To-8 e le 2
3-State | ‘356 . 2 3State |'538 a 3
M L4
oc 387 2.State {139 4
2.5tte | 153 -2 vle Dual 2-To-4 Ale
e | 3 2State|'156 | @ A 2
L O . L L]
Fstae | 1253 « e j Dual 1 To4 Decoders 3 s(i: 'S:J\ 7y 3
Dual 4-To-1 S 5 [ Dud oo State
2-State | ‘352
* | o 3 CODE CONVERTERS
[ 2
3State | '353 < s 3 TECHNOLOGY "‘
Tsee aon < DESCRIPTION TYPE i;li s |volme
Octal 2.To-1 with Storage [—u 605 * 6-Line-BCD 10 6-Line Bi Or 4L 4L
% 3 State | 606 . 2 Bcnla o ac:m '; inary. ineto e | as 5
/| 'S
oC 557 - s onverters
- | 6-Bit-Binary to 6-Bt BCD Converters 185
2-State 98 .
< " 3 BCD-10-Binary Converters "484 A B
e | o -
Quad 2-To-1 with Storage | 25 | 298 - = Binary-10-BCD Converters 485 A
2State L1398 ° PRIORITY ENCODERS/REGISTERS
2-State_| 398 . 2
L] L] L]
2 State | ‘157 TECHNOLOGY
e e 3 DESCRIPTION TYPE [ STD VOLUME
ALS | AS [Ls
° 2 s
2-5tate | *158
o e 3 Full BCD 147 [ . °
Quad 2-To-1
. 3 2 . Octal ‘148 | e .
3-State 257 2
o | 3 Cascadable Octal with 3-State Outputs, 348 .
8 2 P h g .
3swte | 258 Bit Cascadable with Registers 278
L4 L]
B-to-1 | 3
o-1 Universa 3-State | 857 o | J SHIFTERS
Multiplexer
TECHNOLOGY
RIPTI VOLUME
DESCRIPTION oureut |tvee[ sto [ T T Tis s |VOLY
T
4-81t_Shifter 3State | 350 . 2
Parallel 16 Bit
Mult-Mode 3 Sate | 897 a
Barrel Shifter

® Denotes available technology.

A Denates planned new products,
A Denotes 'A’’ suffix version available in the technology indicated.
B Denotes ‘'B’’ suffix version available in the technology indicated.

S Denotes supplement to data book.
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FUNCTIONAL INDEX

DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESSOR CONTROLLERS,
AND VOLTAGE-CONTROLLED OSCILLATORS

OPEN-COLLECTOR DISPLAY DECODERS /DRIVERS MEMORY /MICROPROCESSOR CONTROLLERS
OFF STATE TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE VOLUME
DESCRIPTION outpur |Tvee [sto [ T T T ¢ |votume as[asis s
VOLTAGE T System Controllers For 8080A ‘328 .
330V ‘45 . System Controller, Universal ‘482 L] 4
141 lers, 1 (or F. 890
86D ToDecimal 60 V 141 [ e System Cantrollers, Unversal tor For B88) a
15V (145 [ e . o Transparent, | 4K, 16K 600 A
7V [aas . Rt °’h" Burst Modes | 64K 601 A
.
30V 46 | A . e Cvdle Steal. [ 4K, 16K 807 A
Controllers
15V 47 | A o o Burst Modes | 84K 603 A
5.5V 48 | e . 5 Memory Cycle Contraller ‘608 . )
- : 512 .
55V 49 [ » D Memary Mappers 3-State 5
8COT - 0V 246 | @ oc 613 .
) g 15 vV 247 | o . Memory Mappers 3-State ‘610 .
TV ‘347 . With Qutput Latches ocC ‘611 L]
A 'A47 Ld Multi-Made Latches (8080A Applications) ‘412 L] -
55V ‘248 | @ .| Z
55V |249 | ® . CLOCK GENERATOR CIRCUITS o
OPEN COLLECTOR DISPLAY DECODERS/ORIVERS WITH COUNTERS/LATCH TECHNOLOGY e
DESCRIPTION TYPE | STD VOLUME [
ALS | AS [Ls |8
TECHNOLOGY ™ <
DESCRIPTION Tvpe [ STD VOLUME Quadruple Complementary-Output K
ALs |as 266 | ®
T Logic Elements
BCO Counter/4-Bit Latch/BCD-To-Decimal ez | e Dual Puise Synchronizers/Drivers 120 | e o
Decoder/Driver ¢ . led O 320 . 2 o
BCD Counter/a-Bit rystal-Controlle 321 Iy
Latch/BCO- To Seven-Segment B R Digital Phase Lock Loop 297 3 L.
Decoder/Lad Driver Programmable Frequency 292 0 2
BCD Counter/4-Bit Dividers/Digital Timers ‘294 . —
Latch/BCO-To-Seven-Segment vas | . Trigle 4-input AND/NAND Drivers "800 a R 3
Decoder/Lamp Driver Triple 4-Input OR/NOR Drivers ‘802 A <
Dual VO 124 . z_ |
VOLTAGE-CONTROLLED OSCILLATORS o ed
| DESCRIPTION TECHNOLOGY zl'u
No. |COMPL| . . - |RaNGE Tmax | TTTE s VOLUME w
vcos | Zout et | et | kg o
Single Yes Yes Yes | No | 20 |62 ®
Single Yes Yes Yes | Yes | 20 628 | o
Duat No Yes Yes | No | 60 ['124 . 5
Dual Yes Yes No | No | 20 |'626|
[ Dual__ | No_ No No | No | 20 [627] w
[Dual” | o Yes | Yes | No | 20 |'629 .
RESULTANT DISPLAYS USING ‘46A, ‘47A, ‘48, ‘49, ‘'L46, 'L47, 'LS47. 'L.$48, 'LS49, 'LS347
i O 3= | 3] — | — =
[N} | o ot v i [ | .
(V] 1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, ‘249, ‘LS247, 'LS248, ‘L5249, ‘L5447
— [l =T N (] e R Y ] [l
(N | Y e |y e | I o 1=
o] 1 2 3 4 5 6 7 8 9 10 N1 12 13 14
RESULTANT DISPLAYS USING ‘143, '144
i 2 i [ Iy
[ Y| oo ] i o [ o |
[¢] 1 2 3 4 S 6 7 8 9
® Denotes available technology.
A Denotes planned new products.
A Denotes ‘A"’ suffix version available in the technology indicated.
INSTITAMENTS e
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FUNCTIONAL INDEX

COMPARATORS AND ERROR DETECTION CIRCUITS

4-BIT COMPARATORS

PARITY GENERATORS/CHECKERS,
ERAOR DETECTION AND CORRECTION CIRCUITS

® Denotes available technology.
A Denotes planned new products.
S Denotes supplement to data book.

DESCRIPTION TECHNOLOGY
TPUT | TYPE | STD VOLUM
P=-0Q|P>Q[P<a | OUTPUT Z:“LE P m AS (AS (L [Ls [s UME NO. TECHNOLOGY
DESCRIPTION OF TYPE | STD VOLUME
Yes | Yas [ No | 2-State Yes ‘85 [ @ oo |o BiTS m ALS | AS| LS
8 ‘180 )
8-BIT COMPARATORS 2
0Odd/Even Parity B 1280 K
DESCRIPTION TECHNOLOGY Generators/Checkers A 3]
— QUTPUT | TYPE VOLUME 9 ‘286 A 3
NPUTS  |p=q|F=G|P>a|P>Q |OUTPUT ALs [As | s
ENABLE 3State | 8 | ‘636 . 2 T
Yes | No | No | No oc Yes ‘518 * oc 8 | ‘837 *
2040 No | Yes | No | No 2-State Yes ‘520 . 3 3-State | 16 ‘816 A cF
No | Yes | No | No oc Yes ‘522 . aoc 18 617 A
Pull-Up Parallet Error -
Yes | No [ Yes [ No 2-State No ‘682 . N 3-State 16 630 .
2 D orrection 2
Yes | No | Yes | No oC No ‘683 Croans oc 16 | 631 0
"
Yes [ No | No | No oC Yes ‘519 | s o [3-Sate | 32" | 632 .
No | Yes | No | No | 2.State Yes ‘521 | oc 32 [ 633 a 3
c) Yes | No | Yes | No 2-State No ‘684 . 3-State | 32 ‘634 A
Yes | No | ves | No oc No ‘685 . ) [ 32 | 635 A
m sngarg | Yee N0 | ves | Mo ] 25we Yes 586 .
z tandare Yes | No | ves | No oc Yes 687 * FUSE-PROGRAMMABLE COMPARATORS
m No | Yes | No | Yes | 2State Yes ‘688 ° . z TECHNOLOGY
: ’ DESCRIPTION TYPE | STD VOLUME
. ALS | AS |LS
> No | Yes | No | No oc Yos ‘889 2 m
- hd 2 16-Bit Identity Comparator ‘526 A
eS| e [ No | ves | Yes | 2.State ves  |'885 - 12-Bit identity Comparator ‘528 A 3
— L 3 8-8it Identity Comparator
Latched ‘527 A
2 Yes [ No | ves | ves [ Latched Yes 866 . and 4-8it Comparator
“ Pand Q i i
o ADDRESS COMPARATORS
w OQUTPUT | LATCHED TECHNOLOGY
DESCRIPTION TYPE VOLUME
g ENABLE | OUTPUT ALS AS
i E .
> 16-Bit to 4-81t o3 677
I Yes ‘678 . 18
— 12-Bit to 4-Bit Yes 79 hd
8 -Bi
o Yas ‘680 L4

Texas
INSTRUMENTS
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FUNCTIONAL INDEX

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS

PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS
TECHNOLOGY TECHNOLOGY
STD voL
DESCRIPTION TYPE| STD | s |as|w|1s |s |VOLUME DESCRIPTION TYPE AS | As|H | L [is|s UmE
T TIL
[3-81 Gated ‘80 * Quad 2-input Exclusive.OR P e | Al e 2
[ 28t ‘82 D) Gates with Totem-Pole [ 35
‘83 A A 2 Qutputs ‘386 A
4-8it 2
283 . o e Quad 2-Input Exclusive-OR . -
Dual 1-Bit Carry-Save ‘183 el e Gates with Qpen-Collector ‘136
Outputs i 3
ACCUMULATORS, ARITHMETIC LOGIC UNITS, Quad 2-input Exclusive- 266 D 2
LOOK-AHEAD CARRY GENERATORS NOR Gates ‘810 o [ a 3s
TECHNOLOGY Quad 2-Input Exclusive-NOR
Gates with Open-Collector ‘811 . A 3s
DESCRIPTION TYPE [STD VOLUME
7L |AIS|AS LS |s Outputs
Quad OR/NOR
-281 . 138 .
4-Bit parallel Binary Accumulators Gates
‘681 . 2 : 2
4-Bit True/Complement,
. e | ‘87 .
181 y 3 Element
4-Bit Anthmetic {ogic Umts/ r
Function Generators ‘381 < 2 BIPOLAR BIT-SLICE PROCESSOR ELEMENTS
'881 A 3 | CASCADABLE TECHNOLOGY
4.8 Arithmetc Logic Unit DESCRIPTION 10 TYPE VOLUME
‘382 . 2
with Ripple Carry \ NBITS ALS |AS | LS |S
ez 2 0 2] 4-Bit-Slice Yes “481 oo .
Look-Ahead Carry | 16-Bit A 3 8-Bit-Shce Yes ‘888 A
Generatars 282 Py
32-8it ‘882 . 3
[ Quad Serial Adder/Subtractor ‘385 . 2
[ a-Bit Slice Elements ‘481 1 T R
[(8Bit Slice Elements ‘888 a
MULTIPLIERS
TECHNOLOGY
DESCRIPTION PE | STD ME
TYPEISTO | (s |as[1s |s | VO
TTL
2-Bit-by-4-Bit Parallel Binery Mujupliers 261 L[]
‘274 .
4-Bit-by-4-Bit Parallel Binary Muiltipliers 284 ®
285 ® 2
25-MHz 6-Bit Binary Rate Multipliers 97| e
25-MHz Decade Rate Multipliers 67 e
[[8:Bit_x 1-Bit 2's Complement Mutupliers | 384 Y
[ 1681t Parallel Multiplier 1618 Iy 4]

® Denotes available technology.

A Denotes planned new products.

A Denotes ‘*A" suffix version available in the technology indicated.
S Denotes supplement to data book.

s
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FUNCTIONAL INDEX

MEMORIES
USER-PRO E READ-ONLY PROM's) READ-ONLY MEMORIES (ROM's)
STANDARD PROM's
TYPE [ __TecHnoLoGY
TYPE DESCRIPTION |ORGANIZATION | OF | 7vPe [STD VOLUME
DESCRIPTION TYPE orcanzation | oo | 8 | vowume ouTPUT Tr s |as s
TBP28S166 2048W x 88| 3-State | ® 1024-Bit Arays | 256 x 4 oc_ |87 | e .
TBP38S165 2048W x 88| 3State | & 256-Bit Arrays 32 x8 oC 88 | A
16K-Bit Arrays | TBP385166 2048W x 8B 3State | A |
TBP38SA165 | 2048W x 88 oc s
TBP3BSA166 | 204BW x 88 oc. .l RANDOM-ACCESS READ-WRITE MEMORIES (RAM's)
TBP24581 2048W x 4B | 3-State | ® |
TBP245A81 2048W x 4B oc o | TYPE TECHNOLOGY
8K-Bit Arrays TBP2BSB5A 1024w x 88 3-State A | DESCRIPTION ORGANIZATION | OF | TYPE | STD VOLUME
TBP28586A | 1024W x 88| 35tate | ® | outeur m (M E
TBP2ZBSABGA | 1024W x 8B oc .| 3-State | 201
1 TeP24sal 1024w <48 | IS | & | 25681t Arravs 26~ Y
TBP245A41 1024W _x 4B oc .| oc | e | e
Akt arrays | TEP28542 512W x 88| 3State | ® | 3-State | 189 A |8 4
TBP28SA42 512W x 88 oc . | 64-811 Arrays 16 x 4 3State | 219 Iy
Q TBR28546 512W x 88 3Sme | ® | GC | 289 A8
m TBP285A46 512w ~ 88 6C .| oc | 318 ~
TBP24510 256W x 48| 3-Stae | ® 16-Brt Muttple-Port
% KBt Ameys I epassa10 256A x 48 oc d Register File 82 Iswe |72 [ @
- TBP185030 32W x BB | 3-State | ® [P s oc_|170] e D 2
) TBP18SA030 32W x 88 oc D Istate | 670 .
> 2666t Arravs | ppa85030 32W x 88| 3Sute | A sa6n 570 .
r~ TNP3BSA030 32W x 85 oc | a Ragisto Filss R Rl £ . JJ
E LOW-POWER PROM's FIRST-IN FIRST-OUT MEMORIES (FIFO'S)
- e TYPE ~|__TEcKNoLOGY
(@) DESCRIPTION TYPE ORGANIZATION | _ o | $ | VOLUME DESCRIPTION ou«::“ . TV | s as|is ] s | YOLUME
s} TBP26L 166 2048W x 88 3Stwe | @ 16 Words x § Bits 3Swe | 225 .
g 16K-Bit Arrays | TBP3BL165 2046W x 88| 3State | A s 202 <
TBP3BL166 2048W x 88| 3State | A Tsee 1 22e A
> oKBit Arays | TEP28LE5A 1024W x 88| 3.State | A 16 Words % 4 Bits o o - .
- TBP2BLB6A 1024w x 88| 35ute | ® . o 28 -
— 4K-Bit Arrays TBP28L42 512w x 88 3 State 54 Words x 5 Bits 3Stete | 7403 | A
o re:z:t:e Z\:w x s: :zla\a : v on Toure |23 & J
TBP28L22 56W x -State fords x ts -
2 KB Amavs I peiazz 256w x 88 oC . T | 70T ] 4
256.8it Arrays | TBP38LO30 32W x 8B | 3-State | A

® Denotes available technology.

A Denotes planned new products,
A Denotes A" suffix version available in the technology indicated.
B Denotes 'B’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

PROGRAMMABLE LOGIC ARRAYS

PROGRAMMAGBLE LOGIC ARRAYS

ESCRIPTION INPUTS ouTPuTS | TYRE as | "% [vowume
[+
NO. | Tvee NO NS
8 Active-Low | ‘PAL16LS-15 .
4 ‘PAL16BR4-15 .
impact PAL* 16 20
6 Registersd | 'PAL18RE-16 *
8 'PAL16RE-15 .
8 Active-Low | ‘PAL1BLBA L]
4 ‘PAL16R4A .
High-Performance PAL" 16 20
6 Registered | 'PAL16RBA L
8 ‘PAL16RBA .
] 8 | Acuvslow | PALIELEAZ | e
4 ‘PALIGR4A-2 L]
Helt-Pawer PAL® 16— 20
6 Registered | ‘PAL1BRBA-2 L]
B PALIGRBAZ | ®
B8 Active-Low [ 'PAL20LEA »
4 ‘PAL20R4A A
High-Partormancs PAL® | 20 24
6 | Registered | ‘PALZORGA a
o "PAL20RBA a
8 [ Activelow | PAL20LBAZ | &
4 ‘PAL2QR4A-2 3
Halt-Power PAL® 0 f— 24
6 | Rogiered | PALZORGA-Z | &
0 'PAL20RBA-2 | &
10 [ Active-low | ‘PAL20L10-20 | &
4 'PAL20X4-20 A
Exclusive-OR PAL* 20 — 24
8| Rogistered [PAL2OX820 | & ‘
0 “PALZOX10-20 | &
8 | Activeow | PAL20L10-35 | &
4 ‘PAL20X4-35 A
Exclusive-OR PAL* 20— 24
8| Registered |‘PALZOXB-35 | &
10 ‘PAL20X1D-35 A
8 Activa-Low | ‘PALR19L8-25 A
4 "PALRIORA-25 | &
Registered-input PAL* 19 — 24
6 Registerad | "PALRTIRG-25 L3
8 ‘PALA19A8-25 A
8 Active-Low | 'PALR19LE-40 L3
4 ALR19A4-40 3
Registered-input PAL* 19 — L 24
6| Registered | ‘PALRIORG40 | &
8 "PALR19R8-40 | &
§ | Activelow | PALTISLE25 | &
2 PALTIOR425 | &
Latchad-nput PAL® 19 24
5 | Registerad | PALTIORG-25 | &
s "PALTIOR8-25 | 4
8 Active-Low | ‘PALT19L8-40 A
4 ‘PALTIOR4-40 | A
Latchad-Input PAL® 19 [a 1 ..
6 | Registorad | PALTISRG-40 | &
8 ‘PALT18RB-40 A
Field-Programmable 14 6 3-State 'PLB39 L) 2
L]

14x32x6 Logic Arrays

[ oc

‘PLB4D

*PAL it & registared trademark of Monolithic Memories Incorporated.

@ Denotes available technology.
A Denotes plan_ned new products.
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REVISIONS

Revisions to the TTL Data Book, Volume 3, 1984

PAGE DATA SHEET CHANGE
v Third paragraph, second line | The word ‘‘connection’’ to correction.
2-27 and ‘ALS10 Revised to ‘ALS10A. Data sheet printed in the Supplement
2-28 to the TTL Data Book, Volume 3, 1984.
2-31 and ‘ALS11 Revised to ‘ALS11A. Data sheet printed in the Supplement
2-32 to the TTL Data Book, Volume 3, 1984.
2-35 and ‘ALS12 Revised to ‘ALS12A. Data sheet printed in the Supplement
2-36 to the TTL Data Book, Volume 3, 1984.
2-47 and ‘ALS22A Revised to ‘ALS22B. Data sheet printed in the Supplement
2-48 to the TTL Data Book, Volume 3, 1984.
2-55 and ‘ALS30 Revised to 'ALS30A. Data sheet printed in the Supplement
2-56 to the TTL Data Book, Volume 3, 1984.
2-69 and ‘ALS35 Production released. Data sheet printed in the Supplement
2-70 to the TTL Data Book, Volume 3, 1984.
2-77 and '‘ALS74 Revised to ‘ALS74A. Data sheet printed in the Supplement
2-78 to the TTL Data Book, Volume 3, 1984.
2-79 ‘AS74 electrical characteristics: || and || parameters to the
following:
CLK or D 20 20,
[IT% PRE or OUR Ve = 858V, V=27V 20 20 »A
CLK or D -0.5 -0.5
" PR or OOR Vee =65V, V=04V 8 18 ™
2-81 and 'ALS86 Production released. Data sheet printed in the Supplement
2-82 to the TTL Data Book, Volume 3, 1984.
2-83 and ‘AS95 Production released. Data sheet printed in the Supplement
2-84 to the TTL Data Book, Volume 3, 1984.
2-87 and ‘ALS109 Revised to ‘ALS109A. Data sheet printed in the Supplement
2-88 to the TTL Data Book, Volume 3, 1984,
2-89 ‘AS109 electrical characteristics: Ij and |} parameter to the
following:
CLK, Jor K 20 20,
Y] FRE or CIR Vee = 5858V, V=27V 20 20 »A
ClK, Jor K -05| -0.5
i PRE or IR Veg =558V, V=04V 18 s mA
Note 1 to read, Icc is measured with J, K, CLK, and PRE grounded, then
with J, K, CLK, and CLR grounded.
'ALS136 New device. Data sheet printed in the Supplement to the
TTL Data Book, Volume 3, 1984, .
2-117 ‘AS139 Delete SN54AS139 and SN74AS139, 4 places each. Delete

‘AS139, 2 places.

GENERAL INFORMATION [Jiuay
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REVISIONS
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PAGE DATA SHEET CHANGE
2-118 ‘AS139 Delete SN54AS139 and SN74AS139, 2 places each.
2-120 ‘AS139 Delete page.
2-124 ‘AS151 Production released. Data sheet printed in the Supplement to|
the TTL Data Book, Volume 3, 1984.
2-139 and ‘ALS/'AS161, ‘ALS/'AS163 | Title: SYNCHRONOUS 4-BIT BINARY COUNTERS.
2-141
2-140 'ALS/'AS160, '‘ALS/'AS162 | Title: SYNCHRONOUS 4-BIT DECADE COUNTERS.
2-144 and ‘AS160 thru '‘AS163 Production released. Data sheet printed in the Supplement
2-145 to the TTL Data Book, Volume 3, 1984.
2-151 ‘ALS165 logic symbol:
SRG8
sn/s ~ ¢t (LoaD)
(15) >
CLK INH R 1 TN
cLK | p
SER 10) 2D
JRRL)] 1D
8 (12) D
{13)
C —
(14)
D
E {3)
P
G © o,
(6)
H——1w 7N
S (7 B
2-152 ‘ALS165 logic diagram (positive logic)
m Aun ?uz; Tn:n 1 i i § I
swﬁrﬂ%é dam—— 6 -
Yt T AN (N (S
QD*T fio' b’ b - 1o’ 1o 0 o e L
s
Pin numbers shown are for J and N packages.
]
i
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REVISIONS

PAGE DATA SHEET CHANGE
2-154 ‘ALS166 timing diagram:
typical clear, shift, load, inhibit, and shift saquences
coce UAMUMLMUMUNUAUUrUUnLUrUn U ULy
cLock eIt 1 : i 1
mq}_,—: T ; —
SERIAL INPUT 4 1] i i i
SHIFT/LOAD : : : |_:j : :
A ‘ : N I
et N
ot ! LG [
ogseed = i 1
1 1 ! ] [
- - z
- T =)
oUTRUT O T (LI BN oy Sy BN gy S —
}n—semnsmn—qm f——— SERIAL SHIFT——— & P
CLEAR LOAD <
2-157 ‘ALS168A, ‘ALS169A ‘ALS168A and ‘ALS169A are revised to '‘ALS1688 and E
thru ‘ALS169B. o)
2-165 ‘AS168, ‘AS169 ‘AS168 and ‘AS169 are production released. New data e
sheet is printed in the Supplement to the TTL Data Book, 2
Volume 3, 1984, -
—d
2-168 ‘ALS174, 'ALS175, logic_diagrams: <
‘AS174, and ‘AS175 The CLR input on both diagrams to the following: o
Ll
2
o __ <
(0]
2-171 and ‘AS175 ‘AS175 is production released. Data sheet is printed in the
2-172 Supplement to the TTL Data Book, Volume 3, 1984.
2-185 ‘AS182 FH and FN Package: Pin 17 to Cp, Pin 15 to Cp 4+ x, Pin 14
to Cpy +y
2-186 ‘AS182 FUNCTION TABLES NOTE: First Note to,
H = High level, L = Low level, X = Irrelevant
2-187 ‘AS182 electrical characteristics: 1| parameter (P2, P1, G3i to
(PO, P1, G3).
2-188 ‘AS182 switching characteristics:
T to TO
{Output) {Output)
output of first parameter
from Ca+y Chn+y 10 Chntx Cn+y
L Cn+z Cn+z
84 ¢
1-23
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REVISIONS

PAGE

DATA SHEET

CHANGE

2-202

‘ALS192, 'ALS193

recommended operating conditions: Add the following
parameters:

tsy Setup time UP high before DOWN?T 17 ns MIN , 2 places
DOWN high before UPT 15 ns MIN , 2 places

The following parameters:

th Hold time UP high after DOWN? from O ns MIN , 2 places
to 5 ns MIN, 2 places

DOWN high after UPT from O ns MIN , 2 places

to 8 ns, MiN, 2 places

2-221

‘AS240, ‘AS241

Title: LILNE to LINE

2225

‘ALS242A

switching characteristics: Limit headings from
SNBS4AS242A to SNB4AALS242A
from SN74AS242A to SN74ALS242A

‘AS242, 'AS243

electrical characteristics: I limits for A or B ports? from
50 pA MAX to 70 uA MAX, 2 places.

2-241 thru
2-244

]

‘AS250

r2-230 ‘ALS244A electrical characteristics: Delete I)|_ limit of —0.1 mA typ
Add . limit of —0.1 mA MAX
‘ALS245A description: In the first sentence, change the word

synchronous to asynchronous.

Production released. Data sheet is printed in the Supplement
of the TTL Data Book, Volume 3, 1984,

| 2-255 thru
2-260

‘ALS257, ‘ALS258,
‘AS257, ‘AS258

Title: QUADRUPLE 1 OF 2 DATA SELECTORS/
MULTIPLEXERS WITH 3-STATE OUTPUTS

NOILVINHO-NI TvHINID g

‘ALS258

switching characteristics:

tPLH A8 Any Y 8 23| 8 20|
PHL 5 281 5 25
2263 ‘AS264 positive logic equations: For ACTIVE LOW-CARRY  __
COUNTERS, change the equation CO = BO to CO = BO
2.267 | 'AS264 TYPICAL APPLICATION INFORMATION: In the first
sentence, change ‘AS624 to ‘AS264.
2-271 ‘ALS273 switching characteristics: In the last line of the "'FROM’’
column, change CLR to CLK.
2-278 ‘AS282 logic diagram: outputs {15} Cjy 4 x to {11) Cp 4z and
{11 Ch4+z 10 {15) C4x-
2-282 ‘AS286 recommended operating conditions: For the SN74AS286,
] change IgL parity error limit of 10 mA MAX to 20 mA MAX
2-287 thru | ‘AS298 Production released. Data sheet is printed in the Supplement
2-290 of the TTL Data Book, Volume 3, 1984,
2-294 ‘ALS299, ‘ALS323 electrical characteristics: ij_ parameter: SO, S1, SR, SL to
“‘All other’” and “’All other’’ to G1, G2, CLK, CLR.
i
1-24 XAS U
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REVISIONS

PAGE

DATA SHEET

CHANGE

2-295

‘ALS299, ‘ALS323

switching characteristics: tpz (FROM) SO, S1 (TO) Qa thru
QH change limits from 8 ns MIN, 30 ns MAX to 3 ns MIN,
20 ns MAX for SN54ALS299 and SN54ALS323.

Change limits from 8 ns MIN, 25 ns MAX to 3 ns MIN,

15 ns MAX for SN74ALS299 and SN74ALS323.

2-299

‘ALS323, ‘AS323

Add: 2-291 after, ‘'see page

2-335

‘ALS518, ‘ALS519, ‘ALS522

elactrical characteristics: IQH parameter: test condition
Vge = 45VtoVee =556V

2-385

'ALSE64

‘ALS564

recommended operating conditions:For the SN54ALS564
change fejock from 30 MHz MAX to 25 MHz and for
SN74ALS564 change from 35 MHz MAX to 30 MHz MAX.
switching characteristics: fmax from 30 MIN to 25 MIN for
the SN54ALS564 and from 35 MIN to 30 MIN for the
SN74ALS564.

2-399

‘ALSE73

recommended operating conditions: ty, Pulse duration,
enable C high from 10 ns MIN to 15 ns MIN, 2 places.

2-421 thru
2-424

‘AS622, ‘AS623

Production released. Data sheets printed in the Supplement
of the TTL Data Book, Volume 3, 1984.

2-421

'AS620, ‘AS623

electrical characteristics: |4 limits (A or B ports) from

50 uA MAX to 70 pA MAX.

o limits from —30 mA MIN, ~112 mA MAX to —50 mA
MIN, —150 mA MAX, 2 places.

2-423

‘AS621, ‘AS622

electrical characteristics: ||4 limits (A or B ports} from 20 pzA
MAX to 70 uA MAX.

1L limits {A or B ports) from —0.5 mA MAX to

-0.75 mA MAX.

2-424

‘AS621, ‘AS622

switching characteristics: R = 680 2 to R = 500 @,
2 places.

2-430

‘ALS634, ‘ALS635

TABLE 8: In the third row of the ‘DB CONTROL OECB"’
column, change H to L.

2-431

‘ALS632, ‘ALS633

logic diagram: Last note below diagram. Change (O) to (Q).

2-443

‘ASB38, ‘AS5639

electrical characteristics: |4 limits (A or B ports) from 50 uA
MAX to 70 pA MAX.

1o limits from —30 mA MIN, - 112 mA MAX to —-50 mA
MIN, — 150 mA MAX, 2 places.

2-444

‘AS638, ‘AS639

switching characteristics: R| = 680 2 (A outputs) to
Rl = 500 © (A outputs) in 2 places.

2-451

‘AS640, ‘AS643, 'AS645

electrical characteristics: || limits (A or B ports) from 50 pA
MAX to 70 pA MAX.

10 limits from —30 mA MIN, —112 mA MAX to —50 mA
MIN, - 150 mA MAX, 2 places.

2-453

‘AS641, ‘ASB42, ‘AS644

electrical characteristics: IjH limits (A or B ports) from 50 uA
MAX to 70 uA MAX, 2 places.

POST OFFICE BOX 225012 & DALLAS. TEXAS 75265
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REVISIONS
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PAGE DATA SHEET CHANGE
2-454 ‘AS641, ‘AS642, 'AS644 switching characteristics: R = 680 Q to R. = 500 @, 3
places.
Delete Product Preview at bottom of page.
2-455 ‘ALS646 thru ‘ALS648, Bus-Management functions diagrams: REAL-TIME TRANSFER
‘AS646, ‘AS648 BUS B TO BUS A. Under CBA change X to H or L.
REAL-TIME TRANSFER BUS A TO BUS B, under CAB
change X to H or L.
2-456 ‘ALS646 thru ‘ALS648, FUNCTION TABLE: In the fifth row of the ““CAB’’ column,
‘AS646, 'AS648 change X to H or L.
In the last row of the "CAB'’ column, change X to H or L.
2-462 ‘AS6486, ‘AS648 electrical characteristics: VoH limit {loH = — 12 mA) from
2.4V MIN to 2 V MIN.
VOH limit (loH = — 15 mA) from 2.4 V MIN to 2 V MIN.
I|H limit (A or B port) from 50 xA MAX to 70 A MAX,
2 places.
N limit (A or B port) from —0.5 mA MAX to —0.756 mA
MAX, 2 places.
2-465 ‘ALS651 thru ‘ALS654, Bus-Management function diagrams: TRANSFER STORED
‘AS651, ‘AS652 DATA TO A AND/OR B, under SBA change X to H.
2-467 ‘ALS652, 'AS652, ‘ALS654 | logic symbols: Inside of the control blocks of both logic
diagrams. Change G6 to G5.
2-473 ‘AS651, ‘AS652 electrical characteristics: VQH limit (loH = —12 mA) from
2.4V MIN to 2 V MIN.
VOH limit (loH = —15 mA) from 2.4 V MIN to 2 V MIN.
I}H limit (A or B ports) from 50 uA MAX to 70uA MAX,
2 places.
liL limit [A or B ports} from —0.5 mA MAX to ~0.75 mA
MAX, 2 places.
2-475 thru | ‘ALS678 Production released. Data sheet printed in the Supplement of
2-480 the TTL Data Book, Volume 3, 1984.
2-479 ‘ALS677 switching characteristics: TpH| limits (FROM) Any A, (TO) Y
from 35 ns MAX to 40 ns MAX for SNB4ALS677, and from
30 ns MAX to 35 ns MAX for SN74ALS677.
2-481 thru | ‘ALS680 Production released. Data sheet printed in the Supplement of|
2-486 the TTL Data Book, Volume 3, 1984.
2-490 ‘ALS689 electrical characteristics: |oH parameter, change test
condition Vgc = 4.5VtoVgeg = 5.6 V.
2-491 thru | ‘AS756 ‘AS757, ‘AS758, Production released. Data sheets are printed in the
2-503 ‘AS759, 'AS760, ‘AS762, Supplement of the TTL Data Book, Volume 3, 1984.
‘AS763
2-5185 ‘AS804A switching characteristics: All MIN limits from 2 ns to 1 ns.
‘ALS810 ‘ALS811 New devices. Data sheets are printed in the Supplement of
the TTL Data Book, Volume 3, 1984.
3
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REVISIONS

PAGE DATA SHEET CHANGE ]
2-552 and | ‘AS841, ‘AS842 Production released. Data sheet is printed in the Supplemen?
2-583 of the TTL Data Book, Volume 3, 1984.

2-560 and | ‘AS843, ‘AS844 Production released. Data sheet is printed in the Supplement
2-561 of the TTL Data Book, Volume 3, 1984.
2-566 and | ‘AS845 Production released. Data sheet is printed in the Supplement
2-567 of the TTL Data Book, Volume 3, 1984.
2-571 thru | ‘AS850, 'AS851 Production released. Data sheet is printed in the Supplement
2-580 of the TTL Data Book, Volume 3, 1984.
2-5789 ‘AS850 TYPICAL APPLICATION: In the drawing, the E input is 1
connected to the input of an inverter. The output of the
inverter is connected to G inputs of two separate ‘AS850s.
Change this part of the drawing as follows_:_ 2
The E input is connected directly to the G input of the (@)
top ‘AS850. The E input is also connected to the input of r_
an inverter. The output of the inverter is connected to the <
G input of the bottom ‘AS850. E
2-598 ‘AS857 electrical characteristics: Qg limits from —30 mA MIN, o
-112 mA MAX to —50 mA MIN, —150 mA MAX, o
2 places. I'ZL
2-621 ‘ALS873 recommended operating conditions: t\y, Pulse duration -
(Enable C high) limit from 10 ns MIN to 15 ns MIN, 2 &'
places. o
2-631 thru | ‘AS877 Production released. Data sheet is printed in the Supplement w
2-636 of the TTL Data Book, Volume 3, 1984. &
2-697 ‘AS1036 logic symbol: Replace the logic symbol with the following: Q
-] >1D> ‘ @
18 ((2)
4}
2A (6)
(5} ~—— 2v
8 (9)
3A 8)
[~ ° 3y
38 {10)
(12)
4A (11)
| 4y
13
2-711 thru | ‘ALS12456 Revised to ‘ALS1245A. Data sheet is printed in the §|
2-713 Supplement to the TTL Data Book, Volume 3, 1984.
2-733 ‘AS2620, ‘AS2623 elactrical characteristics: ljq limits {A or B port) from 50 pA
MAX to 70 pA MAX, 2 places.
liL limits (A or B port) from - 0.5 mA MAX to —0.75 mA
MAX, 2 places.
1o limits from ~30 mA MIN, —112 mA MAX to -50 mA
MIN, ~150 mA MAX, 2 places.
M
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REVISIONS

PAGE

DATA SHEET

CHANGE

2-737

‘AS2640, '‘AS2645

electrical characteristics: ||H limits (A or B port) from 50 yA
MAX to 70uA MAX, 2 places.

fiL limits (A or B port) from —0.5 mA MAX to —0.75 mA
MAX, 2 places.

10 limits from —30 mA MIN, - 112 mA MAX to —-50 mA
MIN, — 150 mA MAX, 2 places.

NOILVINHOANI TVHINID g
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TYPES SN54ALS10A, SN54AS10, SN74ALS10A, SN74AS10
TRIPLE 3-INPUT POSITIVE-NAND GATES

March 1984

® Package Options include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic

SNS4ALS10A, SN64AS10 . . . J PACKAGE
SN74ALS10A, SN74AS10 . . . N PACKAGE

and Ceramic DIPs (TOP VIEW)
® Dependable Texas Instruments Quality 1AL Uhad Vee
and Reliability 1802 3pic
2a3 w20y
L 2B[]a 11[]}3c
descriptio
escription ZCEs w38
These devices contain three independent 3-input 2Y[s 9[]3A
NAND gates. They perform the Boolean functions GND[]7 8[]3y

Y = A-B-CorY = A+B+C in positive logic.

The SNS4ALS10A and SN54AS10 are characterized
for operation over the full military temperature range
of —-55°C to 125°C. The SN74ALS10A and
SN74AS10 are characterized for operation from 0°C
to 70°C.

FUNCTION TABLE (each gate)

INPUTS OUTPUT

A B _C Y

H H H L

L X X H

X L X H

X X L H

logic symbol

1l &
142 b, (1),
1c {13)
2283
Py s 18) oy
2¢ (5)
3al8l |
3g- 10| [~ (8] 5y
3c 1t

Pin numbers shown are for J and N packages.

SNS4ALS10A, SNS54AS10 . . . FH PACKAGE
SN74ALS10A, SN74AS10 . . . FN PACKAGE
{TOP VIEW)

NC —No internal connection

Texas ”
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TYPES SN54ALS10A, SN74ALS10A

TRIPLE 3-INPUT POSITIVE-NAND GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORBGE, VO - - - o v o i e e e 7V
INPUtVOREGE . . . . . e e e e e e e 7V
Operating free-air temperature range: SNSAALSTOA . . . . oo ot it ittt e i -55°Cto125°C
SNZ4ALSTI0A - o o ot e 0°Cto70°C
Storage temperature FraNGE . . . . . . . . . v vttt e e -65°Cto 150°C
recommended operating conditions
SN54ALS10A SN74ALS10A UNIT
MIN NOM MAX MIN NOM MAX
vce Supply voltage 4.5 5 5.6 4.5 5 5.5 \
VIH High-level input voltage 2 2 \
ViL Low-leve! input voltage 0.8 0.8 \
loH High-level output current -0.4 -0.4 mA
loL Low-ievel output current 4 8 mA
TA Operating free-air temperature -56 125 0 70 °C

electrical characteristics over recommended operating free-air t

emperature range {unless otherwise noted)

SN54ALS10A SN74ALS10A
PARAMETER TEST CONDITIONS MIN TYPT MAX | MIN TYPT MAX UNIT
ViK Ve =45V, lj = —18 mA -1.6 -1.5 \
VoH Vee =4.5Vtob5V, gy = —-0.4mA Vee-2 Vee-2 v
VoL Vee = 4.5V, IoL = 4 mA 0.25 0.4 0.256 0.4
vVge =45V, IgL = 8 mA 0358 0.5
1] Ve =865V, Vi=7V 0.1 0.1 mA
IIH Vee = 5.5V, Vi=27V 20 20 uA
i Vee = 6.5V, V=04V -0.1 -0.1 mA
lo$ Vgg = 6.5V, Vg =225V -30 -112 | -30 -112 mA
ICCH Vge = B.5V, Vi=0V 0.32 0.6 0.32 0.6 | mA
iccL Vee = 6.5V, V=45V 1.2 2.2 1.2 2.2 | mA
1Al typical values are at Voo = 6V, Ta = 26°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
switching characteristics {see Note 1)
Ve =45Vteb5V,
Ci = 60 pF.
FROM TO RL = 500 2,
PARAMETER {INPUT} (OUTPUT) TA = MIN to MAX UNIT
SN54ALS10A SN74ALS10A
MIN MAX | MIN MAX
tPLH Any Y 2 13 2 11 ns
tPHL Any Y 2 12 2 10 ns

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3.

*
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TYPES SN54AS10, SN74AS10
TRIPLE 3-INPUT POSITIVE-NAND GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise notad)

SUPPIY VORAGE, VO « -t ottt et it e e e s A"
Inputvoltage . ... .. ... . e e e 7V
Operating free-air temperaturerange: SN54AS10 .. .. ... ... ... ... . .. ... o ~-55°Cto125°C
SNTAASTO . . . . e 0°Cto70°C
S10rage tompPerature raNGE . . . . . .« o v o it e e e e ~65°Ct0150°C
recommended operating conditions
SNG4AS10 SN74AS10 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 v
loH High-level output current -2 -2 mA
loL Low-ievel output current 20 20 mA
Ta Operating free-air temperature -56 126 [¢] 70 °C

electrical characteristics over recommended operating free-gir temperature range (unless otherwise noted)

POST OFFICE BOX 225012 ¢ DALLAS, TEXAS 75265

SN54AS10 SN74A810
PARAMETER TEST CONDITIONS MIN TYPT MAX MIN TYPT MAX UNIT
VIK vVee = 4.5V, Iy = -18 mA -1.2 -1.2 A
Vo Vee = 45V1we55V, Igy=~-2mA Vee-2 Vee~2 \'
VoL Vce = 4.6 V. loL = 20 mA 0.35 0.5 035 05| V
Iy Vee = 8.5V, Vi=7V 0.1 0.1 mA
I\H Vce = 5.5V, V=27V 20 20 | uA 2
Iy Vee = 6.5V, V=04V -0.5 -0.6 mA
lot Vee = 6.6V, Vo = 2,26V -30 -112 | -30 -112 mA
ICCH Vee = 5.5 V, Vi=0V 1.6 2.4 1.6 24| mA (/2]
lcoL VeC =55V, Vi = 45V 81 13 81 13| mA =
Al typical values are st Vee = 6V, Ta = 25°C. o |
$The output conditions have been chosen to produce a current that closaly approximates one hait of the true short-circuit output currént, Igg. o
o . o«
switching characteristics {see Note 1) 6
Vec =46VteBsY,
CL = 50 pF, ‘2
FROM T0 R, = 500Q,
PARAMETER (NPUT) (OUTPUT) TA = MIN to MAX N (m)]
SN54AS10 SN744510 =
MIN MAX | MIN MAX - §
tPLH Any Y 1 5 1 4.5 ns [75)
tPHL Any Y 1 5 1 4.5 ns -
NOTE 1: For ioad circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. <
*p
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TYPES SN54ALS11A, SN54AS11, SN74ALS11A, SN74AS11

TRIPLE 3-INPUT POSITIVE-AND GATES

March 1984

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs

® Dependable Texas Instruments Quality

and Reliability

description

These devices contain three independent 3-input
AND gates. They perform the Boolean functions
Y = A-B-CorY = A+B+C in positive logic.

The SN64ALS11A and SN54AS11 are characterized
for operation over the full military temperature range

of —-55°C to 125°C. The SN74ALS11A and

{TOP VIEW)
14T U Vee
1B[J2 13[]1cC
2A(s w200y
2B[Ja n[]3cC
ZCES 10[} 38
2v{Je 9{]3A
GND[]7 s[]3y

SNG54ALS11A, SN54AS11 . . . J PACKAGE
SN74ALS11A, SN74AS811 . . . N PACKAGE

SNS54ALS11A, SN54AS11 . . . FH PACKAGE
SN74ALS11A, SN74AS811 . . . FN PACKAGE
(TOP VIEW)

SN74AS11 are characterized for operation from 0°C

2A[]4 18]y
NCHls 17[]NC
2B8{]s6 16 [] 3C
NC[l7 s [INC
2c|]s 14 (] 3B

10 111213

9
T Tt
>0 0 >
N z ™

3A (]

n
o
Z
[&]

NC—No internal connection

to 70°C.
FUNCTION TABLE {each gate)
INPUTS OUTPUT
A B c Y
H H H H
L X X L
X L X L
X X L L
logic symbol
1A {1) Y
8 (2} (12) W
1c 13
24 (3)
28 (4) (6) 2v
2 {5)
3A (9}
an (10} (8) 3y
3¢ {1

Pin numbers shown are for J and N packages.

xas NP

E
INSTRUMENTS

Copyright © 1984, Texas Instruments Incorporated
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TYPES SN54ALS11A, SN74ALS11A
TRIPLE 3-INPUT POSITIVE-AND GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAEE, VO « v v vt vttt e e A"
INPUEVORBEE . . . . o o ittt e e e e e e 7V
Operating free-air temperaturerange: SNS4ALSTT1A ... ... . ... . .. . . ... -55°Cto125°C
SN74ALSTIA . .. 0°Cto70°C
StOrage temMPEratUrB FANGE . . . .« . o o it e e e e —-65°Cto150°C
recommended operating conditions
SN54ALS11A SN74ALS11A UNIT
MIN NOM MAX | MIN NOM MAX
Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 v
ViL Low-level input vaoltage 0.8 0.8 \
\ loH High-level output current -0.4 -0.4 | mA
[ loL Low-level output current 4 8| mA
[ TA Operating free-air temperature ~55 125 0 70 °C

olectrical characteristics over recommended operating free-air t

emperature range (uniess otherwise noted)

SN54ALS11A SN74ALS11A
PARAMETER TEST CONDITIONS MIN _TYPT MAX | MIN TYPT MAX UNIT
ViK Vee = 45V, If = -18 mA -1.6 -1.6 \
VoH Vee = 45Vtob56V, Igy = -0.4mA Vee-2 Vee-2 v
Vo Vee = 458V, oL = 4 mA 0.25 0.4 0.25 0.4 v
Vec =45V, ioL = 8 mA 0.35 0.5
2 ] Vee = 6.5V, vi=7V 0.1 0.1 mA
1%} Vee = 6.5V, V=27V 20 20 uA
L Vee = 56.5V, Vi=04V -0.1 -0.1 mA
> lot Vee = 6.5V, Vo = 225V -30 -112 | -30 ~-112 mA
o IccH Ve =65V, V=45V 1 1.8 1 1.8 | mA
[7,] IccL Vee =55V, Vi=0V 1.6 3 1.8 3 mA
> TAll typical values are at Ve = 6 V, Ta = 25°C. ; o
z $The output conditions have been chosen to producs a current that closely approximates one haif of the true short-circuit output current, lgg.
o switching characteristics (see Note 1)
> Veec =45Vtob5V,
w C = 60 pF,
(@) FROM TO R = 6009,
5 PARAMETER (INPUT) {OUTPUT) TA = MIN to MAX UNIT
O SN64ALS11A SN74ALS11A
[ MIN MAX | MIN MAX
:| tPLH Any Y 2 16 2 13 ns
wn tpPHL Any Y 2 12 2 10 ns
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Bock, Volume 3.
e
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TYPES SN54AS11, SN74AS11
TRIPLE 3-INPUT POSITIVE-AND GATES

absolute maximum ratings over operating free-air teiperature range {unless otherwiss noted)

Supply voltage, VcC
input voltage
Operating free-air temperature range: SN54AS11
SN74AS11

Storage temperature range

recommended operating conditions

G C

7V
R A"

~55°Cto125°C

to 70°C

’ SNe4AST1 [ sN7aAstt | o N
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5§ 55 \
ViH High-level input voltage 2 . 2 - Y
ViL Low-level input voltage o8 Y v
1oH High-level output current -2 T2 mA |
oL Low-level output current 20 20 A
TA Operating free-air temperature —-58 125 0 _70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)}
SN54AS11 SN74AS811
PARAMETER TEST CONDITIONS MIN TYF! MAX MIN_ 5YPT ﬁAX‘d UNIT
VIK Ve = 45V, I = —18mA 12 T 2| v
VOH Ve =45Vt065V, IgH= -2mA vee-2 vee-2 - v
Vo Vee = 4.5V, loL = 20 mA 0.35 0.5 0.35 0.5 v
I Vce = 6.5V, V=7V 0.1 | ma
hH Veg = 6.6V, V=27V 20 HA
L Ve = 5.5V, Vi = 0.4V 05| mA
RE Ve = 5.5V, Vo = 2.25V 2 | ma
ICCH Vge =656V, V=45V 7 mA
IccL Vgg =656V, V=0V 18 mA
tAll typical values are at Vo = 5V, Tp = 26°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
switching characteristics (see Note 1)
Vec = 45Vt 66V, n
C_ = 50 pF,
FROM T0 R = 5002,
PARAMETER {INPUT} {OUTPUT) Ta = MIN to MAX UNIT
SN54AS11 SN74AS811
MIN MAX MIN MAX
tPLH Any Y »A‘b6.5 1 6 ns
tPHL Any Y 6.5 1, o Eﬁ | »ms

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book

, Volume 3.

*i’
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TYPES SN54ALS12A, SN74ALS12A
TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS

N

ALS AND AS CIRCUITS

MARCH 1984
T e T LS i Toago5 7 C A
® Package Options Include Both Plastic and SN64ALS12A . . . J PACKAGE
Ceramic Chip Carriers in Addition to Plastic SN74ALS12A . .. N PACKAGE
and Ceramic DIPs {TOP VIEW)
. [ Ui v
® Dependable Texas instruments Quality O ce
A 182 13JC
and Reliability
283 12[] 1Y
" 2B[a 1[] 3¢
description
P 2c[]s 0[] 38
These devices contain three independent 3-input 2v[Je 9[] 3A
NAND gates with open-collector outputs. These GND 7 8l] 3Y
gates perform the Boolean functions Y = A-B-C or
Y = A+B+C in positive logic. The open-collector SN5AALS12A . . . FH PACKAGE
outputs require pull-up resistors to perform correctly. SN74ALS12A . . . FN PACKAGE
They may be connected to other open-collector out- {TOP VIEW)
puts to implement active-low wired-OR or active-high
wired-AND functions. Open-collector devices are
often used to generate higher VgH levals.
The SNB54ALS12A is characterized for operation over
the full military temperature range of —55°C to.
125°C. The SN74ALS12A is characterized for
operation from 0°C to 70°C.
FUNCTION TABLE (each gate)
‘INPUTS OUTPUT
A B C Y
H H H L NC Nonternai connection
L X X H
X L X H
X X L H
logic symbol
1A {1} r
18 2 o2 .y
1c (13}
a3 |
28 {4) . (6} 2y
2c {5)
3A {9)
38 (10) . (8] 3y
{11)
3c
Pin numbers shown are for J and N packages.
‘. Copyright © 1984, Texas Instruments Incorporated
. TE; (AS 2-11
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TYPES SN54ALS12A, SN74ALS12A
TRIPLE 3.INPUT POSITVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voHage, VG - - o o o o
INPUt vOItage . . . . . o e e

Off-state output voltage

Operating free-air temperature range: SN54ALS12A
SN74ALS12A .. e
Storage temperature range

recommended operating conditions

-55°C to 125°C
0°C to 70°C
~656°C to 150°C

7V

SN54ALS12A SN74ALS12A UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \'
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 Y
Vou High-level output voltage 5.5 5.6 v
loL Low-level output current 4 8 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONS SN5S4ALS12A SN74ALS12A UNIT
MIN TYPt MAX MIN TYP? MAX
ViK Vee = 4.5V, = ~18 mA -1.5 -16 | Vv
loH Ve =456V, VgH = 5.5V 0.1 01 mA
VoL Vece = 4.5V, loL = 4 mA 0.25 0.4 026 04|
2 Vee =45V, loL = 8 mA 0.35 0.5
I Vcec = 8.5V, Vi=7v 0.1 0.1 | mA
I Vce = 5.5V, V=27V 20 20 | A
> I Vee = 5.5V, V) = 0.4V -0.1 -0.1 | mA
- IcCH Vee = 5.5V, Vi=0V 0.32 0.6 032 0.6 | mA
»n IccL Vee = 5.5V, Vi=45V 1.2 2.2 1.2 22| mA
> TAl typical values are at Voo = BV, Ty = 25°C
2 .
O  switching characteristics (see Note 1)
> Veg =45Vtob65Y,
(7] Cp = 50 pF,
FROM TO RL = 2kQ,
9 PARAMETER {INPUT} (OUTPUT} Ta = MIN to MAX uNIT
= SN54ALS12A SN74ALS12A
O MIN MAX MIN MAX
E tPLH Any Y 23 59 23 54 ns
-] tPHL Any Y 5 22 5 18 ns
m NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
m
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TYPES SN54ALS22B, SN74ALS22B
DUAL 4-INPUT POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

ALS AND AS CIRCUITS I\

MARCH 1984
® Package Options Include Both Plastic and SN54ALS22B . . . J PACKAGE
Ceramic Chip Carriers in Addition to Plastic SN74ALS22B . . . N PACKAGE
and Ceramic DIPs {TOP VIEW)}
. 1a [ Uhagv
® Dependable Texas Instruments Quality JVee
and Reliabilit 8Lz 13[]20
Y NC[ 3  12[]2¢C
. 1c[Ja  n[NC
ripti
description 10Ms 10[]28
These devices contain two independent 4-input N B 9 :] 2A
NAND gates. These gates perform the Boolean func- GND 7 8 :] 2Y
tionsY = A‘B-C-DorY = A+B+C+D in positive
logic. The open-collector outputs require pull-up FH PACKAGE
resistors to perform correctly. They may be con- SN54:t§§§§ T FN PACKAGE
nected to other open-collector outputs to implement SN74 TOI; .V.IEW
active-low wired-OR or active-high wired-AND func- { !
tions. Ope_n-collector devices are often used to <y § a
generate higher VoH levels. z2
The SN54ALS228 is characterized for operation over 32
the full military temperature range of —55°C to NC[la 18(j2C
1256°C. The SN74ALS22B is characterized for NC[Is 17{NC
operation from 0°C to 70°C. 1cls 16 [INC
NC[]? 15[ NC
1D(]8 w28
FUNCTION TABLE {each gate) 9 10111213
e Foss U ren Vo P
INPUTS OUTPUT > % (2) z <
- o~
A B c D Y [©)
H H H H L
L X X X H NC — No internal connection
X L X X H
X X L X H
X X X L H
logic symbol
1A [1}] &
{2}
18—l
<o >(G)_1y
14)
1€ ]
D (5}
2a (9)
10)
28 {8)
5 oy
2 (12)
20112
Pin numbers shown are for J and N packages.
N Copyright ® 1984, Texas Instruments Incorporated
TExAs b 2-13
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TYPES SNb4ALS22B, SN74ALS22B
DUAL 4-INPUT POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SLINDJYIO SV ANV STV BN

SUPPIY VORAGE, VO « - o o v o vt e e e, 7V
IPULVOIAEO . . . . . oottt e e e e e e e e 7V
Off-State OULPUL VORAQE . . - . . o o o ittt it et ettt e et e e e e e e 7V
Operating free-air temperaturerange: SN54ALS22B .. .. ... ... ... it -55°Cto125°C
SN7Z4ALS22B . .. ..t 0°Cto70°C
StOrage temperatur@rBnge . . . . . . . o o vttt b e e e ~65°Cto150°C
recommended operating conditions
SN54ALS228 SN74ALS22B UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55| 45 5 5.5 v
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
VOH High-level output voltage 5.5 5.6 v
loL Low-level output current 4 8 mA
TaA Operating free-air tempaerature ~65 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54ALS22B SN74ALS22B
PARAMETER TEST CONDITIONS NN TYPT  MAX MIN_ TYPT MAX UNIT
ViK Vee = 4.6V, If = =18 mA -1.6 -1.6 \
loH Vee =45V, Vo4 = 5.6V 0.1 0.1 mA
VoL Vee = 4.5V, oL = 4 mA 025 0.4 025 04|
Ve =45V, loL = 8 mA 0.35 0.5
] Vee = 6.5V, Vi=7V 0.1 0.1 mA
4 Ve =65V, V=27V 20 20 uA
i Vcc =65V, Vi=04V —0.1 -0.1 [ mA
lccH Vcc =565V, Vi=oVv 022 04 022 04| mA
IccL Vcc = 5.5V, Vi =45V 08 1.5 08 15| ma
tAll typical values are at Vo = 5V, Ta = 26°C
switching characteristics (see Note 1)
Voc = 465Vtob6 YV,
CL = 5O pF,
: FROM TO R = 2kQ,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX UNIT
’ SN54ALS22B SN74ALS228B
MIN MAX MiN MAX
tPLH Any Y 23 50 23 45 ns
tPHL Any Y 4 21 4 18 ns
NOTE 1: For load circuit and voltage wavefarms, see page 1-12 of The TTL Data Book, Volume 3.
+p
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TYPES SN54ALS30A, SN54AS30, SN74ALS30A, SN74AS30
8-INPUT POSITIVE-NAND GATES

March 1984

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs

® Dependable Texas Instruments Quality

and Reliability
description

These devices contain a single 8-input NAND gate
and perform the following Boolean functions in

positive logic:

Y = A‘B-C-D'E‘F-G'H OR
Y = A+B+C+D+E+F+G+H

The SN54ALS30A and SN64AS30 are characterized
for operation over the full military temperature range

SNG4ALS30A, SN54AS30 . . . J PACKAGE
SN74ALS30A, SN74AS30 . . . N PACKAGE

{TOP VIEW)
Al UiaJvee
B2 130NC
cs n20H
D[4 njae
E[]s 105NC
F[s 9[INC

GND 7 s[]Y

SN54ALS30A, SN54AS30 . . . FH PACKAGE
SN74ALS30A, SN74AS30 . . . FN PACKAGE

of -55°C to 125°C. The SN74ALS30A and (TOP VIEW)
SN74AS30 are characterized for operation from 0°C %)
(8] (8]
to 70°C. w8 Py
17
. 21
FUNCTION TABLE clla H
TPUT
INPUTS A THRU H ou NC s 17[INC
Y D[]s 6] G
All inputs H L NC {]7 15 [] NC
One or more inputs L H E(]8 14 [] NC
logic symbol 2
Loo>Q
(1} 2 Z Z
A & G}
B 2 NC —No internal connection g
c {3) w——
@) ® s
(5) Y Q
E oc
6} —3
F
o o
12 2
Pin numbers shown are for J and N packages. o
g
72]
<
i Copyright © 1984, Texas Instruments Incorporated
XAS ‘u 2-15
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TYPES SN54ALS30A, SN74ALS3DA
B-INPUT POSITIVE-NAND GATES

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

recommended operating conditions

Supply voltage, VcC
Input voltage
Operating free-air temperature range: SN54ALS30A

Storage temperature range

SN74ALS30A

F SN54ALS30A SN74ALS30A
MIN  NOM  MAX MIN NOM  MAX UNIT
Vee Supply voltage 4.5 5 55| 45 5 655 v
Vi High-level input voltage 2 2 \
VIL Low-level input voltage 0.8 0.8 v
10H High-level output current -0.4 -0.4 | mA
loL Low-level autput current 4 8 mA
|77A Operating free-air temperature -56 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

r PARAMETER TEST CONDITIONS SNS4ALS3I0A ‘ SN74ALS30A UNIT
MIN TYPt MAX | MIN TYPt MAX
ViK Vee = 45V, I = —18mA -1.5 ~-1.5 v
VOH Vee = 45Vteb55V, gy = -0.4mA Vee-2 Vec-2 v
Vou Vece =45V, lgL = 4 mA 0.25 0.4 0.25 0.4 v
Ve = 4.5V, oL = 8 mA 0.35 0.5
2 W Vee = 5.5V, V=7V 0.1 0.1 mA
[1%] Vee = 6.5V, V=27V 20 20 uA
TR Vee = 6.5V, Vi =04V -0.1 -0.1 mA
> ot Vee = 6.8V, Vo = 225V -30 -112 | -30 -112 mA
™ lccH Vee = 5.5V, Vi=0V 0.22 0.36 0.22 0.36 mA
[{5] lccL Ve = 6.5 Y, V=45V 0.54 0.9 0.54 0.9 mA J
> TAll typical values are at Vee = 5V, T = 26°C. .
z tThe output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output current, Igs.
O switching characteristics (see Note 1)
> Veec =45Vt b5V,
] CL = 50 pF.
Q PARAMETER FROM T0 R = 5002 UNIT
- {INPUT} (OUTPUT) Ta = MIN to MAX
(@] SNS4ALS30A SN74ALS30A
C MIN MAX | MIN MAX
- tPLH Any Y 3 12 3 10 | ns
(72 tPHL Any Y 3 15 3 12| ns |
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3.
@ 3t
216 TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLA

S, TEXAS 75265



TYPES SN54AS30, SN74AS30
8-INPUT POSITIVE-NAND GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}

SUPPIY VORAGE, VO + + o - ot vttt ettt e 7V
INPULVORAGE . . . . . . o A%
Operating free-air temperature range: SN64AS30 .. . ....... ... ... ... .. .. . ... -55°Cto125°C

SN7AAS30 . . .. e 0°Cto70°C
Storage temperature FANGB . . . . . . . . . v v ettt e e e e -65°Cto 150°C

recommended operating conditions

SN54AS30 SN74AS30 UNIT
MIN NOM MAX MIN NOM MAX

Vee Supply voltage 4.5 5 55| 45 5 65 v
ViH High-level input voltage 2 2 \
ViL Low-lavel input voltage 0.8 0.8 \4
loH High-level output current -2 -2 mA
loL Low-level output current 20 20 | mA
Ta Operating free-air temperature —55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54AS30 SN74A830
PARAMETER TEST CONDITIONS MIN_TYPT MAX | WIN TYPT  WAX UNIT
ViK Vee =45V, I = -18 mA -1.2 -1.2 N
VOH Vee =45Vto55Y, Igy= -2mA Vee-2 Vee-2 \
VoL Veg = 4.5V, loL = 20 mA 0.35 0.5 0.35 0.6 \
Iy Vee = 6.5V, V=7V 0o 0.1 mA
WWH Vgg = 6.5V, V=27V 20 20 uh
L Vee = 5.5V, V=04V -0.5 -0.5 mA
0% Vge = 5.5V, Vg =225V -30 -112 | -30 -112 mA
lccH Vee = 5.5V, V=0V 0.9 1.5 0.9 1.6 mA
IccL Vee = 5.5V, V=45V 3 4.9 3 4.9 mA

TAll typical values are at Voo = 5V, Ta = 256°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

switching characteristics (see Note 1)

Vec - 45V1055 V.
CL = 50 pF,
PARAMETER FROM 0 AL = 5002, UNIT
{INPUT) {OUTPUT) Ta = MIN to MAX
SN54AS30 SN74AS30
MIN MAX | MIN MAX

tPLH Any Y 1 5.5 1 5 ns
tPHL Any Y 1 5 1 4.5 ns

NOTE 1: For load circuit and voitage waveforms, see page 1-12 of The TTL Data Book, Volume 3.

{i’
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TYPES SN54ALS35, SN74ALS35
HEX NONINVERTERS WITH OPEN-COLLECTOR QUTPUTS

D2661, DECEMBER 1983—REVISED MARCH 1984

Noninverters with Open-Collector Outputs SN54ALS35 . . . J PACKAGE

. . SN74ALS36 . . . N PACKAGE
® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic

(TOP VIEW)

and Ceramic DIPs 1A

® Dependable Texas Instruments Quality and ;Z
Reliability

2Y

description 3A

3Y

These devices contain six independent noninverters. GND
They perform the Boolean functions Y = A, The

open-collector outputs require pull-up resistors to SNG4ALS35 . . . FH PACKAGE

perform correctly. They may be connected to other SN74ALS35 . . . FN PACKAGE
open-collector outputs to implement active-low (TOP VIEW)
wired-OR or active-high wired-AND functions. Open- o
collector devices are often used to generate higher > ;) g
VOH leveis. 3 n 3 s o

3 212019

The SNS4ALS35 is characterized for operation over,
the full military temperature range of —55°C to
125°C. The SN74ALS35 is characterized for opera-
tion from 0°C to 70°C.

18[] 6Y
NC([]5 17 I NC
2Y[]e 16 [ 5A
NCH 7 15 [] NC
14 (] 5Y

FUNCTION TABLE (each buffer)

9 10111213
o ¥ s ¥ s e B
Q > <«
INPUT ouTPUT g % °Sz3
P : 2
H H NC-—No internal connection
L L
2
logic symbol S
1A [41] 1 o {2) 1v g
24— 4) oy -
2t )y o
a2 7 8 4y 12}
ea 0 | noy <
ea_13) ha o
Pin numbers shown are for J and N packages. <
n
<
b Copyright © 1983 by Texas Instruments Incorporated
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TYPES SN54AI.S35. SN74ALS35
HEX NONINVERTERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORAGE, VG + - v i oot et e e e e e A"
INPUEVORAGE . . . . o e e e e e e A"
Off-state oUtPUE VORAGE . . . . . . . e e e e e e 7V
Operating free-air temperaturerange: SN64ALS35 . ... .. ... ... ... .. ... ... . ... ~55°Cto125°C

SNTAALS3E . . ... e 0°C1w070°C

Storage temperatur@ ranNQge . . . . . . . .ttt e e e e -65°Ct0150°C

recommended operating conditions

SN64ALS35 SN74ALS35 UNIT
MIN NOM MAX MIN NOM MAX

vee Supply voitage 45 5 5.5 4.5 B 5.5 v
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
VOH High-level output voltage 5.5 5.5 \'/
oL Low-level output current 4 8| mA
TA Operating free-air temperature -585 125 [¢] 70 °C

electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.

SN54ALS356 SN74ALS35
PARAMETER TEST CONDITIONS WN_ TYPT WA MIN TYPT  MAX uNIT
VIK Vee = 4.5V, | = ~18 mA -1.5 -1.5 v
IOH vVee = 4.5V, VoH =55V 0.1 0.1 mA
VoL Vge = 45V, oL = 4 mA 0.25 0.4 0.25 0.4 v
2 Vee = 4.5V, loL = 8 mA 035 05
Iy Vee = 5.5V, Vi=7V 0.1 0.1 mA
IIH Vee = 5.5V, V=27V 20 20 A
> IiL Vee = 6.5V, Vi =04V -0.1 -0.1 mA
- IccH vee = 6.5V, Vi =45V 27 41 27 41| mA |
» | lect vee =55V, Vi=ov 41 63 41 63| mA |
> tAll typical values are et Voo = BV, Tp = 26°C
2 I -
(w) switching characteristics (see Note 1)
> Vge =45Vte 55V
(7] CL = 50 pF
FROM TO R = 6800
Q PARAMETER (INPUT) (OUTPUT} Ta = MIN to MAX UNIT
o) SN54ALS35 SN74ALS35
O MIN MAX [ MIN MAX
E tPLH A Y 20 55 20 50 ns
-] t A Y 2 15 2 12 | ns
7 PHL

{i’
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TYPES SN54ALS74A, SN54AS74, SN74ALS74A, SN74AS74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

D2661, APRIL 1982 —REVISED FEBRUARY 1984

® Package Options Include Both Plastic and Ceramic SN54ALS74A, SN54AS74 . . . J PACKAGE
Chip Carriers in Addition to Plastic and Ceramic DIPs SN74ALS74A, SN74AS74 . . . N PACKAGE
" T {TOP VIEW)
® Dependable Texas Instruments Quality and Reliability _
1R 1 Uha[] vee
TYPICAL MAXIMUM  TYPICAL POWER 1002 3] 2CR
TYPE CLOCK FREQUENCY DISSIPATION 1Ck Qs 12[] 2D
(CL = 50 pF) PER FLIP-FLOP 1PRE[Ja 1] 2CiK
1as  10[] 2PRE
'ALS74A 50 MHz 6 mwW 14 L__G 9 :I 2Q
‘AS74 134 MHz 26 mW GND E 7 8 :] 20
description
SN54ALS74A, SN64AS74 . . . FH PACKAGE
These devices contain two independent D-type positive-edge- SN74ALS74A, SN74AS74 . . . EN PACKAGE
triggered flip-flops. A low level at the Preset or Clear inputs sets (TOP VIEW)

or resets the outputs regardless of the levels of the other inputs.

When Preset and Clear are inactive (high), data at the D input a |§ o 8%

meeting the setup time requirements are transferred to the outputs - —Z >N

on the positive-going edge of the clock pulse. Clock triggering

occurs at a voltage level and is not directly related to the rise time 10K ] 4 18(] 2D
of the clock pulse. Following the hold time interval, data at the nclls 170Ne
D input may be changed without affecting the levels at the 1PRE[] 6 16 [] 2CLK
outputs. NC {17 15 [ NC
The SNS4ALS74A and SN54AS74 are characterized for operation 1afls 14 [] 2PRE
over the full military temperature range of —55°Cto 125°C. The ont2ts
SN74ALS74A and SN74AS74 are characterized for operation oo oo o

from 0°C to 70°C. g

NC—No internal connection

FUNCTION TABLE .
logic symbol

INPUTS QUTPUTS
PRESET CLEAR CLOCK D Q [
L H X X H L 1PRE ‘(“3;5 s ®
H L x x | ¢ w oo &b, ~
L L X x | ue wue o2 _Tio © -
o A g P=— 10
H H t H H L ey
2PRE ——Iow (9)
H H t L L H {11} —— 20
— 2CLK »J
H H L X Qo G, 2 N2 b 8) =
2CLR _‘ﬂg 2
* The output levels in this configuration are not guaranteed to meet the
minimum leveis for Vo if the lows at Preset and Clear are near V_
maximum. Furthermore, this configuration is nonstable; that is, it will
not persist when either Preset or Clear returns to its inactive (high) level. Pin numbers shown are for J and N packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC - -« - o o o o
INPUT VOIBGE . . . . . o e

Operating free-air temperature range: SNS54ALS74A, SN64AS74 ... . ... ... ... ... .. -55°C to 125°C
SN74ALS74A, SN74AS74 . . ... ... 0°C to 70°C
Storage temperature range . . . . . . ... .ot i e -65°C to 150°C

ALS AND AS CIRCUITS N

Copyright 1 1982 by Texas Instruments Incorporated
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TYPES SN54ALS74A, SN74ALS74A
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN54ALS74A SN74ALS74A UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply voitage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 2 2 \
VL Low-level input voltage 0.8 0.8 v
foH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
felock Clock frequency 0 30 0 34 | MHz
PRE or CLR low 15 15
tw Pulse duration CLK high 16.5 14.6 ns
CLK low 16.5 14.5
t Setup time 'L')ita _ 15 15 ns
SU_ before CLK?t PRE or CLR inactive 10 10
th Hold time, data after CLKt 0 0 ns
TA Operating free-air temperature -55 126 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SNEB4ALS74A SN74ALS74A
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYPT MAX
ViK Vee = 45V, I = ~18 mA -1.5 -1.5 \
VOH Vec = 45Vto55Y, loH = -0.4 mA Vee-2 Vec -2 \
v Vee = 4.5V, oL = 4 mA 025 0.4 0.25 0.4 N
oL Vee = 45V, loL = 8 mA 0.35 05
2 CLK or D 0.1 0.1
| V, = 5. R =7V A
! PRE or CLR cc =58V Vi 0.2 02| "
CLK or D 20 20
I == V, =55V, V=27V A
» | M [FREoCR cc I 20 20 | *
- CLK or D -0.2 ~0.2
! ————— V =55V, V=04V
O | IR cc =55 1=0 ~04 o4 ] ™
> [lo? Vce = 5.5V, Vg = 2.25 V -30 -112 | -30 ~112 | mA
2 Ice Vee = 5.5V, See Note 1 2.4 4 2.4 4 mA
U TAll typical values are at Vee = 8V, Ta = 26°C.
> $The output conditions have been chosen to prod_uce a current that closely approximates_oﬂe half of the true short-circuit output current, I0g.
¢ NOTE 1: Icc is measured with D, CiK, and PRE grounded, then with D, CLK, and CLR grounded.
) switching characteristics (see Note 2)
g Voo = 45Vt 65V,
c CL = 50 pF,
-— FROM T0 R_ = 500 0,
PARAMET UNIT
- eR (UNPUT) {OUTPUT) Ta = MIN to MAX
(7 2
SNS4ALS74A SN74ALS74A
MIN MAX MIN MAX
fmax 30 34 MHz
[N — — 15 13
{PLH PRE or CLR Qor@ . 3 3 ns
PHL 5 17 5 15
1 - 1 1
PLH CLK QorQ 5 8 5 L ns
1PHL 5 20 5 18
NOTE 2: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
T *’P
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TYPES SN54AS74, SN74AS74

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

recommended operating conditions

SN54AS74 SN74AS74 UNIT
MIN NOM MAX | MIN NOM MAX
Ve  Supply voltage 4.5 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 \%
ViL Low-fevel input voltage 0.8 0.8 v
loH High-level output current -2 -2 mA
loL Low-level output current 20 20 mA
felock Clock frequency 0 90 0 105 MHz
“PRE or GLR low 4 4
tw Puise duration CLK high 4 4 ns
CLK low 5.5 5.5
¢ Setup time Data 4.5 4.5 ns
SU pefore CLKH PRE or CLR inactive 2 2
th Hold time, data after CLK t 0 0 ns
TA Operating free-air temperature -55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54AS74 SN74AS74
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MmAX | MIN TYPT mMmaAX
ViK Vee = 4.5V, I = —18 mA -1.2 -1.2 \4
VOH Vee =45Vto55V, IoH= -2mA Vee-2 Vee-2 \
VoL Vge =45V, loL = 20 mA 0.25 0.5 0.25 0.5 v
0 Vee = 55V, Vi=7V 01 0.1 | mA
CLK or D 20 20
i [—— V =55V, V=27V A
IH IRE or CLR cc =85 ! a0 w0 | " 2
CLK or D -0.5 -0.5
[ —_—1 V = 6. s V=04V A
L [PRE or CIR cc = 55V ! ~18 18| "
lig# Vec =55V, Vo =225V -30 -112 | -30 -112 | mA fe
e Vee = 5.5V See Note 1 10.5 16 10.5 16 | mA 5
T Alt typical values are at Vo = 5V, Ta = 25°C. QO
tThe output conditions have been chosen to pn&uce a current that closely approximates one half of the true short-current output current, iQg. m
NOTE 1: Icc is measured with D, CLK, and PRE grounded, then with D, CLK, and CLR grounded. 6
switching characteristics (see Note 2) ‘g
Vee =45Vt 55V,
CL = 50 pF. %
T RL = 500 Q,
PARAMETER FROM 0 L UNT
{INPUT) (OUTPUT!} Ta = MIN to MAX
SN54AS74 SN74AS74 (/5]
MIN MAX | MIN MAX -t
fmax 90 105 wz] <L
t _— — .5 .
PLH PRE or CLR QorQ 3 8 3 7.5 ns
tPHL 3.6 15| 35 10.5
tp —= . 9 3.5 8
LH CLK QorQ 3.5 ns
tpHL 4.5 10.5 | 4.5 9
NOTE 2: For load circuit and voltage wavforms, see page 1-12 of the TTL Data Book, Volume 3.
T *I’
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TYPES SN54ALS86, SN74ALSB6
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

D2661, APRIL 1982 —REVISED MARCH 1984

® Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

® Dependable Texas Instruments Quality and Reliability

description

These devices contain four independent 2-input Exclusive-OR
functions

gates. They perform the Boolegan

Y = A@B = AB+AB in positive logic.

A common application is as a true/complement element. If one of
the inputs is low, the other input will be reproduced in true form
at the output. If one of the inputs is high, the signal on the other

input will be reproduced inverted at the output,

The SN54ALS86 is characterized for operation over the full
military temperature range of -55°C to 125°C. The

SN74ALS86 is characterized for operation from 0°C to 70°C.

logic symbol

E838%ES

Pin

FUNCTION TABLE

(1)
[ 1 (each gate)
7 @ 9
@ INPUTS | OUTPUT
G 8 oy A B v
19) L L L
18)
110 — 3 L H H
{12}
(11 H L H
f——— av
(13) H H L

numbers shown are for J and N packages.

exclusive-OR logic

An exclusive-OR gate has many applications, some of which can be represented better by alternative logic symbols.

EXCLUSIVE-OR

two ports.

LOGIC IDENTITY ELEMENT EVEN-PARITY

= N~ jZk

SN64ALS86 . . . J PACKAGE
SN74ALS86 . . . N PACKAGE

{TOP VIEW)
1A Yuvee
182 1348
iv[Js 120J4A
2a0a  nJay
28[]s 10[]38
2v[s s[]3A
GND[]7 s[]3Y

SNS4ALS86 . . . FH PACKAGE
SN74ALS86 . . . FN PACKAGE

(TOP VIEW)
<w 9
21953
32 120
1Y[]a 18(] 4A
NC[]s 17 [JNC
2A[]ls6 16 []ay
NC7 15 [J NC
28(]8 14[| 3B

10 111213

' ¥ ¥ o ¥ nem
0>«
Z2ZM"

(G

9
>
~N

NC —No internal connection

These are five equivalent Exclusive-OR symbols valid for an ‘ALS86 gate in positive logic; negation may be shown at any

ODD-PARITY ELEMENT

—_— 2k+1

The output is active (low) if
all inputs stand at the same
logic level (i.e., A=B).

The output is active {low) if
an even number of inputs
(i.e., O or 2) are active.

The output is active (high) if
an odd number of inputs li.e.,
only 1 of the 2} are active.

ALS AND AS CIRCUITS

*p
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TYPES SN54ALS86, SN74ALS86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUpPly VOItage, VO - - - - o o e oo e e e 7V
INPULtVOIAgE . . . . . o e e e e e e e e 7V
Operating free-air temperature range: SNS64ALS86 ... .. .. ... ... ... ... ... .. ... .. ~-566°Cto125°C
SN74ALSBE ... ... ... . e e 0°Cto70°C
Storage temperature raNGE . . . . . . oot it e e e -65°Cto 150°C
recommended operating conditions
SN54ALS86 SN74ALS86 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -0.4 -0.4 | mA
loL Low-level output current 4 8| mA
TaA Operating free-air temperature -55 1256 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54ALS86 SN74ALS86
PARAMETER TEST CONDITIONS MIN TYPT MAX | MIN TYPT MAX UNIT
ViK Vg = 45V, ] = —18mA ~-1.5 -1.6 \'
VOH Vee =45V1055V, Igy = -0.4mA Veg-2 Vee-2 \'4
VoL Vee = 45V, oL = 4 mA 0.25 0.4 0.25 0.4 v
Vee = 4.5V, lpL = 8 mA 0.35 0.5
Iy Vgg = 55V, Vi=7V 0.1 0.1 mA
hHy Vee = 6.5V, V=27V 20 20 uA
L Vee = 5.5V, V) =04V -0.1 -0.1] mA
0% Vee = 5.5V, Vo = 225V -30 -112| -30 -112 | mA
Icc Vee = 5.5V, All inputs at 4.5 V 3.9 5.8 3.8 58{ mA
*All typical vatues are at Vgg = BV, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
switching characteristics (see Note 1}
Ve = 45Vt065V,
Cp = 50 pF,
FROM TO R = 500 0,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX NIt
SNE4ALS86 SN74ALS86
MIN MAX MIN MAX
tPLH AorB v 3 22 3 17 ns
tPHL (other input low) 2 14 2 12
tPLH AorB v 3 22 3 17 ns
tPHL {other input high) 2 12 2 10

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
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TYPES SN54AS95, SN74AS95

4-BIT PARALLEL-ACCESS SHIFT REGISTER

D2661, DECEMBER 1983 —REVISED FEBRUARY 1984

Serial-to-Parallel Conversions
Parallel Synchronous Loading
Right or Left Shifts

Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic and
Ceramic DIPs

Dependable Texas Instruments Quality and
Reliability

description

These four-bit registers feature parallel and serial
inputs, parallel outputs, mode control, and two clock
inputs. The registers have three modes of operation:

Parallel (broadside) load
Shift right (the direction Qa toward Qp)
Shift ieft (the direction Qp toward Qa)

Parallel loading is accomplished by applying the four
bits and taking the mode control input high. The data
is loaded into the associated flip-flops and appears at
the outputs after the high-to-low transition of the
Clock-2 input. During loading, the entry of serial data
is inhibited.

Shift right is accomplished on the high-to-low
transition of Clock 1 when the mode control is low;
shift left is accomplished on the high-to-low transition
of Clock 2 when the mode control is high by
connecting the output of each flip-flop to the parallel
input of the previous flip-flop (Qp to input C, etc.);
and serial data is entered at input D. The clock input
may be applied commonly to Clock 1 and Clock 2 if
both modes can be clocked from the same source.
Changes at the mode control input should normally
be made while both clock inputs are low. However,
conditions described in the last three lines of the
function table will also ensure that the register
contents are protected.

The SN54AS95 is characterized for operation over the
full military temperature range of —55°C to 125°C.
The SN74AS95 is characterized for operation from
0°C to 70°C.

SNB4AS95 . . . J PACKAGE
SN74AS895 . . . N PACKAGE

{TOP VIEW)
ser IN [1 U1ad vee
A E 2 13% Qa
Bl]3 12| ] Qg
cs n EI’ Qe
D Es 10l] Qp
MODE [ {6 9l ] CLK 2
GND 7 8[] CLK 1

SN54AS95 . . . FH PACKAGE
SN74AS895 . . . FN PACKAGE
(TOP VIEW)

£
c
w
»
=

2

(5]
Q0 O«
z2>0
1

2019

Bll4 18] g
NC 15 17(f NC
clle 16(] ac
NC [} 7 15(] NC

xas

TE
INSTRUME

NTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

D(]s 4[] op
9 10
o ¥ e L U § v
TG 2
0ZZxx
o9 pu
= °° )
NC—No internal connection ':
=
O
0T
o
2
Q
-
/2]
<
Copyright © 1983 by Texas Instruments Incorporated
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TYPES SN54AS95, SN74A595

4-BIT PARALLEL-ACCESS SHIFT REGISTER

FUNCTION TABLE

INPUTS QUTPUTS

MODE CLOCKS PARALLEL
controL 2w 1w M [A B ¢ b A % G O
H H X X X X X X | QAo Cso Qco Cpo
13 X X a b c d a b c d
H 4 X x [agt oct apt d | Qg Qch Qpn d
L L H X X X X X Ga0 Qo Qco Qpo
L X 4 H X X X X H Qan Qpn Qcn
L X ' L X X X X L  Qan QBn Qcn
t L L X X X X X | Qa0 Qo Qco Qpo
1 L L X X X X X Qa0 Qo Qco Qpo
4 L H X X X X X | QAo Qo Qco Qpo
t H L X X X X X | Qao Qo Qco Qno
t H H X X X X X | Qa0 Qo Qco Qpo

TShifting left requires external connection of Qp to A, Qg to B, and Qp to C. Serial data is entered at input D.
H = high level (steady state}, L = low level (steady statel, X = irrelevant {any input, including transitions).
4 = transition from high to low level, t = transition from low to high level.

8, b, c, d = the level of steady-state input at inputs A,

B, C, or D, respectively.

Qap., Qgo. Qco. Qpo = the level of Q. Qg, Q¢ or Qp. respectively, before the indi d st
Qan. O Q¢ Qpn = the level of Qa, Qg. Qc. or Qp. respectively, before the most-recent { transition of the clock.

logic symbol

dy-state input were established.

© SRGA
MODE | M2 (LOAD]
2 oLkl 22 _ab jcan
cekz BB ocs
m C
SER 3D (13)
> A (2) 0 — Q
r B ——-::: [T |02} Qg
w c W | (1) Qe
(5) (10)
> 2] | Qp
<
o logic diagram (positive logic)
> DATA INPUTS
» 7oA ) c o
[s]
(@] MODE (g) 6] (2) (14] 13) 12 {a) 31 (5)
- conTROL—'—"'D‘H"‘{\f
X semtaL 11 » »
2] INPUT —
c
7
cLocK 1 (9) [7)
RIGHT SHIFT ] a -
cLock 2 (8) [8] R P R T
LEFT SHIFT
b c1 c1 tc? et 1
1 1 1S 15
(13} 113] (12) [12] (11} [10] (10) (9]
\ GA Op Gc Qp ,
—
QUTPUTS
Q’ 12¢
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TYPES SN54AS85, SN74AS95
4-BIT PARALLEL-ACCESS SHIFT REGISTER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VcC
Input voltage
Operating free-air temperature range: SN54AS95

SN74AS95

Storage temperature range

recommended operating conditions

~-55°C w0 125°C
0°C 10 70°C
-65°C to 150°C

SN54AS95

SN74AS85

UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply voltage 4.5 5 5.5 4.5 5 55 v
ViH High-level input voltage 2 2 \
[viL Low-level input voltage 0.8 0.8 v
[ {oH High-level output current -2 -2 | mA
{ loL Low-level output current 20 20 | mA
fetock Clock frequency 0 100 [¢] 100 | MHz
tw Pulse duration, CLK high or low 5 5 ns
tsy Setup time, data before CLK{ 2.5 2 ns
Hold time after CLK | - [pa 2.5 22
th (see Figure 1) CLK 1 to Mode 3.5 3 ns
CLK 2 to Mode 1 o]
Clock enable time CLK t 13 12
ten ) ns
(see Figure 1) CLK 2 13 12
Clock inhibit time CLK 1 3 2.5
tin ) ns
{see Figure 1} CLK 2 1 o]
Ta Operating free-air temperature ~55 125 [¢] 70 °C 2
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) »n
SNE4AS95 SN74AS95
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | MIN TYPT MAX UNIT 5
ViK Ve =45V, | = -18 mA -1.2 -1.2 v U
VOH Vg =4.5Vt05656YV, oy = -2 mA Vee-2 Vee-2 v [«
Voi Vee = 45V, loL = 20 mA 0.35 0.5 0.35 0.5 Y G
I Vee = 5.5V, Vi=7V 0.1 0.1 | mA
i+ Vee = 5.5V, V=27V 20 20 uA /]
I Mode Vee = 5.5V, Vi = 0.4 V 1 1 ma <
All other -0.5 -0.5 [
0¥ Vee = 5.5V, Vo = 235V ~30 -112 | ~30 ~112 | mA 2
lccH Vee = 5.6 V 21 34 21 34 [ mA <
iccL Vge = 55V 26 39 26 39 [ mA o
tAIl typical values are at Veg = 5V, Ta = 25°C. wd
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg. <
Texas » 2-29
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tanable 1 » P—'inhib-
2 cLocK 1 / SK":’ v
INPUT
> l4— tinhibit 2
-
(72 CLOCK 2 13V
> INPUT
=
U " —— VOH
Qa / \ / \
> OUTPUT Vor
(7]
o VOLTAGE WAVEFORMS
S NOTES: A. Input A is at a low level.
X B Vg =35V, V) =03V.
(9]
E FIGURE 1—-CLOCK ENABLE, INHIBIT, AND HOLD TIMES
-]
w
ui
2-30

TYPES SN54AS95, SN74AS95
4-BIT PARALLEL-ACCESS SHIFT REGISTER

switching characteristice {see Note 1)

Vec =45Vte55V,
CL = 50 pF,
FROM TO R = 500 9,
PARAMETER UNIT
{INPUT) {OUTPUT} Ta = MIN to MAX
SN54AS95 SN74AS895
MIN MAX MIN MAX
frax 100 100 MHz
11 10
TPLH LK a 2 2 ns
tPHL 2 10.5 2 9.5
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
PARAMETER MEASUREMENT INFORMATION
sERta. S N\ S/ T Vin
INPUT
ViL
MODE e th —p]
CONTROL
INPUT

—‘H—V\k——‘ 13v ;l_—

Texas
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TYPES SN54ALS109A, SN54AS109, SN74ALS109A, SN74AS109

DUAL J-K POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

02661, APRIL 1982 REVISED FEBRUARY 1984

® Package Options Include Both Pfastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

® Dependable Texas Instruments Quality and Reliability

SNG4ALS109A, SN54AS109 . . . J PACKAGE
SN74ALS108A, SN74AS109 . . . N PACKAGE

TYPICAL POWER
TYPE TYPICAL MAXIMUM |  DISSIPATION
CLOCK FREQUENCY | PER FLIP-FLOP
‘ALS109A 50 MHz 6 mwW
‘AS109 129 MHz 29 mW
description

These devices contain two independent JK positive-edge-
triggered flip-flops. A low level at the Preset or Clear inputs sets
or resets the outputs regardless of the levels of the other inputs.
When Preset and Clear are inactive (high), data at the J and K
input meeting the setup time requirements are transferred to the
outputs on the positive-going edge of the clock pulse. Clock
triggering occurs at a voltage level and is not directly related to
the rise time of the clock pulse. Following the hold time interval,
data at the J and K inputs may be changed without affecting the
levels at the outputs. These versatile flip-flops can perform as
toggle flip-flops by grounding K and trying J high. They also can
perform as D-type flip-flops if J and K are tied together.

(TOP VIEW)
1Ry UssQvee
1302 1s[J2CLR
KOs 1e[d24
1ck[fa 132K
1WE5 12[]2CLK
10[e 11%215?(15
~1ajr wfJ2Q
GND[le  9f]20

SNG4ALS109A, SN54AS109 . . . FH PACKAGE
SN74ALS10Q9A, SN74AS109 . . . FN PACKAGE
(TOP VIEW}

1K[]4 18[]2J
1CLK [ 172K

NC[]s 16 [NC
1PRE[) 7 15 [J2cLK

1aljs 14 {| 2PRE

INSTRUMENTS
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. 8 10 111213
The SN54ALS109A and SN54AS109 are characterized for 1
operation over the full military temperature range of —55°C to '9 % Lz’ '8 8 2
125°C. The SN74ALS109A and SN74AS109 are characterized o
for operation from 0°C to 70°C. NC—No internal connection ”
FUNCTION TABLE t
(EACH FLIP-FLOP} logic symbol -}
INPUTS - OUTPU'|:S 1PRE 5) s z
PRESET CLEAR CLOCK J K| a a i 14 6) 19 —
L R X X X | H L 1k 4l D c1 O
H L X X x| H 1K 8B el ik b 7)o (7
L L X X x| wowae 1CLR ::_:)h R <
H H 1 L L H PRE — L
2PRE 12) (10) 50 0
H H t H L | TOGGLE d a2 —
= LK & 2
H H + L H | Qg Qg K 13) (@i 5 <
H H t H H|H L 2K o —
- 2CLR
H H L X x| aq Qo N
* The output levels in this configuration are not guaranteed to meet Pin numbers shown are for J and N packages. &'
the minimum leveis for Vg if the lows at Preset and Ctear are
near Vy_maximum. Furthermore, this configuration is nonstable;
that is, it will not persist when either Preset or Clear returns to
its inactive (high} level.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vg ... - - .. O 7V
INPpUL VOIAGE . . . . . . . e e e e e 7V
Operating free-air temperature range: SN64ALS109A, SNB4AS109 .. ... ... ........ —-55°C to 126°C
SN74ALS109A, SN74AS109 . . .. .. ... . ..., 0°C to 70°C
Storage temperature FraNge . . . . . . . oottt e e e e e e —-65°C to 1560°C
. Copyright © 1982 by Texas Instruments Incorporated
(
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TYPES SN54ALS109A, SN74ALS109A
DUAL J-K POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN54ALS109A SN74ALS109A uNIT
MIN NOM MAX MIN NOM MAX
Vee  Supply voltage 4.5 5 5.5 4.5 5 5.5 v
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \4
IOH High-level output current -0.4 -0.4 mA
ot Low-level output current 4 8 mA
fclock Clock frequency 0 30 0 34 MHz
PRE or CLR low 15 15
tw Pulse duration CLK high 16.5 14.5 ns
CLK low 16.5 14.5
Setup i Dat. 15 15
tou etup time Data A ' ns
before CLK* PRE or CLR inactive 10 10
th Hold time, data after CLK?t (o} 0] ns
Ta Operating free-air temperature -55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONS SNSAALS109A SN74ALS109A UNIT
MIN_TYPT MAX [ MmN TYPT max
Vi Ve = 4.5V, I = —18 mA -1.5 -1.5 v
VOH Vee = 45Vto56Y, loH = -0.4 mA Vec-2 Vee-2 \
v Vee = 45V, IoL = 4 mA 0.25 0.4 0.256 0.4 v
oL Voo = 45V, oL = 8 mA 035 05
CLK, J, or K 0.1 0.1
! — = V. =55V, Vi=7V mA
2 { PRE or CLR cc : 0.2 0.2
CLK, J, or K 20 20
| ——— Vi = 5.5V, V=27V A
> 'H  [PRE or CLR cc ! 40 a0 | ¥
- | CLK, J or K v - 55V Vi — 04V -0.2 -0.2 mA
7} L |FRE or TR cc = o3 ¥ r=e 04 0.4
> ig* Vee = 5.5V, Vo = 2.25 V -30 -112 | -30 -112 | mA
> [ice Vee = 5.5V, See Note 1 2.4 4 2.4 4 | mA
O TAll typical values are at Voo = 5V, Tp = 25°C.
> ¥The output conditions have been crlosen to prodyga_a current that closely apprgximates oneh_a_liof the true short-circuit output current, igs.
7 NOTE 1: Igc is measured with J, K, CLK, and PRE grounded, then with J, K, CLK, and CLR grounded.
O I s
> switching characteristics {see Note 2)
(@] Vee = 45Vt 8.5V,
E Cp = 50 pF,
—' FROM TO RL = 500 Q,
PARAMETER UNIT
72) ARAME (NPUT} {ouTPUT) Ta = MIN to MAX
SN54ALS109A SN74ALS109A
MIN MAX MIN MAX
fmax 30 34 MHz
t —_— — 3 15 3 13
PLH PRE or CLR Qor@ ns
PHL 5 17 5 15
— 5 18 5 18
PLH CLK QorQ ns
PHL 5 20 5 18
NOTE 2: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
.Ji
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TYPES SN54AS109, SN74AS109

DUAL J-K POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN54AS109 SN74AS8109 UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply voltage 4.5 5 5.5 4.5 5 5.5 \
Viy High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 A\
10H High-level output current -2 -2 mA
oL Low-level output current 20 20 mA
felock  Clock frequency 0 90 0 105 | MHz
PRE or CLR low 4 4
tw Pulse duration CLK high 4 4 ns
CLK low 5.5 5.5
. Setup time Data 5.5 5.6 ns
su before CLK* PRE or CLR inactive 2 2
th Hold time, data after CLKt 0 [o] ns
TA Operating free-air temperature -55 125 4] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
SN54AS109 SN74AS109
PARAMETER TEST CONDITIONS UNIT
s o MIN TYP! MAX | MIN TYPT MAX
VIK Vee = 45V, If = -18 mA -1.2 -1.2 v
VOH Vee = 45V1to55YVY, IgH = —2mA Vee-2 Vee-2 A
VoL Vee = 45V, loL = 20 mA 0.25 0.5 0.25 0.5 \4
5 Veeg =55V, Vi=7V 0.1 0.1 mA
CLK, J or K 20 20 2
| — v =55V, V) =27V A
M [PREorClR| € ! 40 a0 | "
CLK, Jor K -0.5 0.5
i — A =55V, =04V A
W [FREorcim| YCC -5 Vi —1.8 8| ™ ﬂ
o} Vee = 5.5V, Vo = 225V ~-30 -112 1 -30 -112 | mA —
lee Vge = 5.5V, See Note 1 1.5 17 11.5 17 mA 8
TAll typical values are at Vog = 5V, Ta = 26°C. ¢ 9
tThe output conditions have been chosen to produce a current that closely approxnmates one haif of the true short-circuit output current, Igs. 6
NOTE 1: Igc is measured with J, K, CLK, and PRE grounded, then with J, K, CLK, and CLR grounded.
%]
switching characteristics (see Note 2) <
Veg = 45Vt 55V, [a]
= 50 pF, 2
FROM T = ,
PARAMETER RO o 500 2, UNIT <
{INPUT) (OUTPUT) Ta = MIN to MAX %)
SN54AS109 SN74AS109 -
MIN MAX | MIN MAX <
fmax 20 105 MHz
tPLH [ — . 3 9 3 8
PRE LR QorQ
tPHL ” o 3.5 15| 35 105 |
1 = 10
PLH CLK Qord 3.6 3.5 9 ns
tPHL 4.5 10.5 4.5 9
NOTE 2: For load circuit and voitage wavforms, see page 1-12 of the TTL Data Book, Volume 3.
%
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TYPES SN54ALS136, SN74ALS136
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES
WITH OPEN-COLLECTOR OUTPUTS

D2837, MARCH 1984

® Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic

DIPs

® Dependable Texas Instruments Quality and

Reliability

description

These devices contain four independent Exclusive-OR gates with
open-coflector outputs. They perform the Boolean functions

Y = A@B = AB+AB in positive logic.

A common application is a true/complement element. If one of
the inputs is low, the other input will be reproduced in true form
at the output. If one of the inputs is high, the signal on the other
input will be reproduced inverted at the output.

The SNB4ALS136 is characterized for operation over the full

military temperature range of

—-56°C to 125°C. The

SN74ALS136 is characterized for operation from 0°C to 70°C.

logic symbol

Pin numbers shown are for J and N packages.

2 QpP— 1Y

{5} —— 2Y

(8)
(10} ——— 3y

11
{13) o ay

exclusive-OR logic

An Exclusive-OR gate has many applications, some of which can be represented better by aiternative logic symbols.

two ports.

LOGIC IDENTITY ELEMENT

of~—

—]

The output is active (low) if
all inputs stand at the same
logic level (i.e., A=B).

FUNCTION TABLE

(each gatej
INPUTS OUTPUT
A B Y
L L L
L H H
H L H
H H L

EXCLUSIVE-OR

EVEN-PARITY

ofS—

The output is active (low) if
an even number of inputs
(i.e., O or 2) are active.

— 2k

E—

SNS4ALS136 . . . J PACKAGE
SN74ALS136 . . . N PACKAGE

{TOP VIEW)
1A Whaldvee
18[]2 13[]4B
1v[s 12%4A
2a(fa  1m{Jay
28[]s tofl38
2v([(s o[]3A

GND[]7 8{]13Y

SN54ALS136 . . . FH PACKAGE
SN74ALS136 . . . FN PACKAGE

(TOP VIEW)

(9}
o< Om
- 2Z 2> <
= - ) -y -
3 21

2019

1Y[J 4 18] 4A
NC([]s 17 NC
2Aaljs 16 [] 4Y
NC[]7 NC

28[]s 14 [] 38

NC—No internal connection

T3 D - =

These are five equivalent Exclusive-OR symbols valid for an ‘ALS136 gate in positive logic; negation may be shown at any

ODD-PARITY ELEMENT

2k +1

The output is active (high} if
an odd number of inputs {i.e.,
only 1 of the 2) are active.

ALS AND AS CIRCUITS )%

{ip
TeEXAS
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TYPES SN54ALS136, SN74ALS136
" QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES
WITH DPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOItaGE, VO - - o ot e e e 7V
INPUL VOREGE . . . o e e e 7V
Off-state output VORAGE . . . . . . . . . e e e e 7V
Operating free-air temperature range: SNB4ALS136 . ... ... ... ... ... ... ......... -55°C to 125°C
SN74ALST136 .. .. . e 0°C to 70°C
Storage temperature FaNge . . . .. . . .o e e e e —-65°C to 150°C
recommended operating conditions
SN54ALS136 SN74ALS136 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 A
ViH High-level input voltage 2 2 v |
Vi Low-level input voltage 0.8 0.8 v
VoH High-ievel output voltage 5.5 5.5 \2
toL Low-level output current 4 8 mA
Ta Operating free-air temperature - 55 125 0 70 °Cj

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SLINJHIO SV ANV STV B

SN54ALS136 SN74ALS136
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX MIN_ TYPT  MAX UNITJ
ViK Vee = 4.5V, = -18mA -1.5 -15] v |
ToH Vce = 4.5V, VoH = 55V 0.1 01| mA
Y Vee = 45V, oL = 4 mA 0.25 0.4 025 04|
oL Vee = 45 V. oL = 8 mA 0.35 05
0 Vee = 55V, Vi =7V 01 01 | mA
IIH Vge = 5.5V, V) =27V 20 20 A
(I Vee = 5.5V, Vi =04V -0.1 -0.1 | mA
Icc Vge = 5.5V, All inputs at 4.5 V 3.9 6.9 3.9 5.9 | mA
T All typicat values are at Vee = 5V, Ta = 25°C.
switching characteristics [see Note 1)
Vec =45Vto55V,
CL = 50 pF.
PARAMETER FROM o fL=2ka UNIT
{INPUT) {OUTPUT) Ta = MIN to MAX
SN54ALS136 SN74ALS136
MIN MAX | miN MAX J
tpLH AorB v 20 55 20 50 ns
tPHL {other input low) 3 18 3 15
tpLH AorB v 20 55 20 50 ns
TPHL {other input high) 3 15 3 12

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
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TYPES SN54ALS151, SN54AS151, SN74ALS151, SN74AS151
1 OF 8 DATA SELECTORS/MULTIPLEXERS

D2661, APRIL 1982 —REVISED FEBRUARY 1984

® 8-Line to 1-Line Multiplexers SN54ALS151, SN54AS151 . . . J PACKAGE
Can Perform As: SN74ALS151, SN74AS151 . . . N PACKAGE
Boolean Function Generators (TOP VIEW)
Parallel-to-Serial Converters
Data Source Selectors 030" U6 Ve
Input Clamping Diodes Simplify System Design 02E2 15%04
- N S D1L)3 141 105
Fully Compatible With Most TTL Circuits DOE4 1s[os
Package Options include Both Plastic and Ceramic YE 5 12[]D7
Chip Carriers in Addition to Plastic and Ceramic DIPs wLfe n %A
. ‘b GL|7 10 B
® Dependable Texas Instruments Quality and Reliability GNp[ s o]c

description

SNS54ALS151, SN54AS151 . . . FH PACKAGE
SN74ALS151, SN74AS8151 . . . FN PACKAGE
{TOP VIEW)

These monolithic data selectors/multiplexers provide full binary
decoding to select one of eight data sources. The strobe input (G)
must be at a low logic level to enable the inputs. A high level at
the strobe terminal forces the W output high and the Y output
low.

The SN54ALS151 and SNB4AS151 are characterized for
operation over the full military temperature range of —55°C to
125°C. The SN74ALS151 and SN74AS151 are characterized
for operation from 0 °C to 70°C.

i
FUNCTION TABLE NC —No internal connection 5
[ INPUTS OUTPUTS &)
SELECT STROBE v W oci bol oc
C B A G ogic symbo o
X X X H L H o
L L L L Do BO <
L L H L D1 BY - m Mux
L H L L p2 B7 Saw 1 (=)
o3 At ] 2
L H H L D3 D3 {10} 0
B G
HooL L L D4 DF cla_ |, <
H L H L D5 DB 0o @ o 7
D6 {3 {5)
H H L L 06 D6 D1 o 1 | - |
H H H L D7 D7 D2 o { 2 LI <
H = high level, L = low level, X = irrelevant 03 (15) 3
DO, D1 .. .D7 = the level of the D respective input Da 3 4
os %’—J 5
De —-—:'2) 6
D7 ! 7
Pin numbers shown are for J and N packages.
Copyright © 1982 by Texas Instruments Incorporated
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TYPES SN54ALS151, SN54AS151, SN74ALS151, SN74AS151
1 OF 8 DATA SELECTORS/MULTIPLEXERS

logic diagram (positive logic)

5. 4>

rDO @ 41;_\
=
{3)
D2 2 —
—~
D3 il o |
1 (5)
DATA 6)
INPUTS Da {15) — w
1
[
DS {14}
{13)
{12)
2 o —
(
> A1
5 |
DATA {10
> SELECT 8
{BINARY) N
% c {9)
> > B
m Pin numbers shown are for J and N packages.
o
I
¢) absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
E Supply VOB, VG - - - e e 7V
- Inputvoltage . . . . . ... e e e 7V
n Operating free-air temperature range: SN64ALS1561, SN64AS151 . .. .. ... ............ —-55°Cto125°C
SN74ALS161,SN74AST61 . .. ... ... ... . ... ..., 0°Cto70°C
Storage temperature FaNGE . . . . o« o v v vttt e e e e e e -65°Cto 150°C

2-38 Texas {?

INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

1283



1283

'

TYPES SN54ALS151, SN74ALS151
1 OF 8 DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

[ SN54ALS161 SN74ALS151 UNIT 1
MIN NOM MAX | MIN NOM MAX

Vce  Supply voltage 4.5 5 5.5 4.5 ) 5.5 \'
ViH___ High-level input voltage 2 2 \
Vip Low-level input voltage 0.8 0.8 \4
[[e]"] High-level output current -1 ~2.6 | mA
oL, Low-level output current 12 24 m
TA Operating free-air temperature —55 125 0 70 °C 1

electrical characteristics over recommended operating free-air t

emperature range (

unless otherwise noted)

SN54ALS151 SN74ALS151
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYPT MAX
VIK Ve = 4.5V, | = —18 mA -1.5 ~1.5 | V
Veg =45Vtob5V, lgg = ~0.4mA Veg -2 Veg -2
VoH Vee = 45V, lop = —1mA 2.4 3.3 Vv
Ve = 45V, IoH = -2.6 mA 2.4 3.2
Vv Vee = 45V, gL = 12 mA 0.25 0.4 0.25 0.4 v
oL Voo = 45 V. loL = 24 mA 0.35 05
[ Vee = 5.5 Y, V=7V 0.1 01| mA
Vge = 5.5V, V=27V 20 20 A
Vee = 5.8V, V) =04V -0.1 ~0.1 mA
e} Vee = 6.5V, Vg = 225V - 30 -112 | -30 -112 | mA
Ice Vee = 6.5V, Inputs at 4.5 V 7.5 12 7.5 12 [ mA |
1Al typical values are at Veg =6V, Tp = 25°C. 2
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
switching characteristics (see Note 1) g
Vgc = 45Vt 65V, 5
Cp = 50 pF, o
FROM TO RL = 500 0,
PARAMETER L unr| OB
{INPUT} {OUTPUT) Ta = MIN to MAX 6
SN64ALS151 SN74ALS151
MIN max | MIN MAX n
t 4 1 4 1
PLH A B orC Y 2 8 ns <
tPHL 8 28 8 24 Q
1 24
PLH A B orC w 7 28 7 ns 2
tPHL 7 26 7 23 <
1 3 12 3 10
PLH Any D Y ns N
tPHIL 5 18 5 15 it
1
PLH Any D w 3 ‘8 3 15 ns <
tPHI 4 18 4 15
1] - 1
PLH = v 4 21 4 3 ns
PHL 4 23 4 19
1 p—
PLH el w 2 20 2 - ns
tPHL 5 26 5 23
NOTE 1: For toad circuit and voltage waveforms, see page 1-12.
TeExas b 239
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TYPES SN54AS151, SN74AS151
1 OF 8 DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

SN54AS8151 SN74AS161 UNIT
MIN NOM MAX | MIN NOM MAX
Veg  Supply voltage 4.5 5 5.5 4.5 5 5.5 \Z
Vi High-level input voitage 2 2 \4
VIL Low-level input voltage 0.8 0.8 \
| 'oH High-level output current -12 ~15 mA
WL Low-level output current 32 48 mA
| Ta Operating free-air temperature -55 125 Q 70 °c

electrical characteristics over recommended operating free-air temperature range

{

unless otherwise noted)

SN54AS151 SN74A5151
PARAMETER TEST CONDITIONS UNIT
c 0 MIN TYPT MAX | MIN TYPT MAX
ViK Vee =45V, Il = —18 mA -1.2 -1.2 \
Ve = 45V1055V, g4y = -2mA Vee-2 Vee-2
VOH Vg = 4.5V, IgH = —12mA 24 3.2 v
Vee =45V, oy = —15 mA 2.4 3.3
v =45V, oL = 32 mA 0.25 0.5
VoL cC OL m v
Vee = 4.5V, IgL = 48 mA 0.35 0.5
A, B orC 0.2 0.2
| V = 6.5V, Vy =7V mA
! Ali others cc ! 0.1 0.1
1
A B orC 40 40
1 \/ =55V, V) =27V A
" [All others cc =5 ! 20 20 | “
A B orC -1 -1
| v =55V, V) =04V A
L [AWothers ce ! ~0.5 —o5 | "
2 o Vee = 5.5V, Vo = 225V -30 -112 | -30 -112 | mA
Icc Vee =556V, 18.6 30 18.6 30 mA
TAIl typical values are at Vo = 5V, Tg = 25°C.
> 1The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
-
& switching characteristics {see Note 1)
; Vg =45Vt55V,
U CL = 50 pF,
FROM TO R = 5004,
PARAMETER UNIT
> (INPUT) (OUTPUT} TA = MIN to MAX
2] SN54AS151 SN74AS151
(@] MIN MAX | MIN MAX
—
.5 1 .5 14.5
oo | tPLH A, B orC Y 4 5 4 ns
(o) tPHL 4.5 16 4.5 15
c tpLH A B orC w 4 14.5 4 12 ns
: tPHL o 4 14.5 4 12
w tpLH Any D v 3 11.6 3 10.5 ns
PHL 3 12 3 n
tpLH 2 8 2 6.5
A W
PHL ny D 7 55 i e
tPLH T v 4.5 16 4.5 14 ns
tPHL 3 12.5 3 11
tpLH & W 1.5 7 1.5 6 ns
PHL 3 1 3 10
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3.
T *’P
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TYPES SN54ALS160A THRU SN54ALS163A, SN54AS160 THRU SN54AS163
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

02661, APRIL 1982 —REVISED FEBRUARY 1984

@ Internal Look-Ahead for Fast Counting SNB4ALS’, SNB4AS’ . . . J PACKAGE
. . SN74ALS’, SN74AS" . . . N PACKAGE
® Carry Qutput for n-Bit Cascading (TOP VIEW)
[ ] i —
Synchronous Counting erm Nvee
® Synchronously Programmable ClK ]2 [ RCO
® Package Options Include Both Plastic and '; i :::]ISA
Ceramic Chip Carriers in Addition to Plastic and c OB
Ceramic DIPs 5 % C
DLle Qp
® Dependable Texas Instruments Quality and ENP []7 [JENT
Reliability GND s [1TGAD
description

SNG4ALS’, SN54AS . . . FH PACKAGE

These synchronous, presettable counters feature an internat carry SN74ALS', SNT4AS’ FN PACKAGE

look-ahead for application in high-speed counting designs. The

(TOP VIEW)
‘ALS180A, ‘ALS162A, ‘AS160, and 'AS162 are decade
counters, and the ‘ALS161A, ‘ALS163A, ‘AS161, and ‘AS163 e, 38
are 4-bit binary counters. Synchronous operation is provided by
having all flip-flops clocked simultaneously so that the outputs 3 2 12019

change coincident with each other when so instructed by the ATl 4 18] Qa
count-enable inputs and internal gating. This mode of operation B(]s 17{{Qg
eliminates the output counting spikes that are normally associated NC(]s6 16 [INC
with asynchronous (ripple clock) counters. A buffered clock input cll7 15 [1Qe

triggers the four flip-flops on the rising (positive-going) edge of D(]s

14 [Jap

the clock input waveform. 9 10 111213

o T Ve Vo foe
These counters are fully programmable; that is, the outputs may % % tz) 2 E
be preset to either level. As presetting is synchronous, setting W o 9 w

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 NC—No internal connection
regardiess of the levels of the enable inputs.

The clear function for the ‘ALS160A, 'ALS161A, 'AS160, and 'AS161 is asynchronous and a low fevel at the clear
input sets all four of the flip-flop outputs low regardless of the levels of the clock, load, or enable inputs.

The clear function for the ‘ALS162A, 'ALS163A, 'AS162, and ‘AS163 is synchronous and a low level at the clear
input sets all four of the flip-flop outputs low after the next clock pulse, regardiess of the levels of the enable inputs.
This synchronous 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).

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 (ENP and ENT) must be high to count, and ENT is fed forward to enable the ripple carry output. The
ripple carry output (RCO) thus enabled will produce a high-ievel pulse while the count is maximum (9 or 15 with Qa
high}. This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. Transitions at
the ENP or ENT are allowed regardless of the level of the clock input.

These counters feature a fully independent clock circuit. Changes at contro! inputs (ENP, ENT, or LOAD) that will
modify the operating mode have no effect on the contents of the counter 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 SNB4ALS160A through SN54ALS163A and SN54AS160 through SN54AS163 are characterized for operation
over the full military temperature range of —55°C to 125°C. The SN74ALS160A through SN74ALS163A and
SN74AS160 through SN74AS163 are characterized for operation from 0°C to 70°C.

@ Copyright © 1982 by Texas Instruments Incorporated
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TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162

SYNCHRONOUS 4-BIT DECADE COUNTERS

logic symbols
'ALS160A AND ‘AS160 DECADE
COUNTERS WITH DIRECT CLEAR

‘ALS162A AND 'AS162 DECADE
COUNTERS WITH SYNCHRONOUS CLEAR

- CTRDIV10 (1 CTRDIV10
R o | cT=0 CLR (T)_h 5CT=0
LOAD | M1 LOAD | M1
ol M2 acT-9 (15} RCO (100 M2 {15) RCO
ENT G3 ENT o G3 3cT=9
ENP T— Ga ENP G4
CLK C5/2 3 A+ CLK E C5/2,3,4+ -
(3) (14) 14
A W—- 150 [1] e [¢FN A ((:: 150 1) :13: Qa
B ——(5‘ | [2] e Qp B ——-4(5) | (2} 12) Qg
) 14! an ¢ ‘@ (4] an ¢
D (8} Qp D 18] —— Cp
‘ALS160A and 'AS160 logic diagram (positive logic)
CLR w %o-—_
LOAD ) E—
ent 102 —y_ 115} peo
ENP—EU, 5—4 . —
2) 7
cLk Jj>oﬁ
— b |12 o,
2 1D
bR
A (3) |
-
/2]
> o L3 o
2 1D
Q R
> g 4 I
(7]
Q FﬂBC1 ﬁoc
5 +d10
O c {5) —~ R j
=
-]
w —
\——0 Cc1 ) Qp
= 10
i R P~
o (6) |
'ALS162A and 'AS162 decade counters are similar; however the clear is synchronous as shown for the ‘ALS163A and ‘AS163 binary counters.
Pin numbers shown are for J and N packages.
i
2-42 TeEXAs Lu

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS TEXAS 75265

1283



TYPES SN54ALS161A, SN54ALS163A, SN54AS161, SN54AS163
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163

SYNCHRONOUS 4-BIT BINARY COUNTERS

logic symbols

'ALS161A AND ‘AS161 BINARY
COUNTERS WITH DIRECT CLEAR

‘ALS163A AND ‘AS163 BINARY
COUNTERS WITH SYNCHRONOUS CLEAR

mn CTRDIV16 ) CTRDIV16
CLR FN cT=0 CLR Wh 5CT=0
LOAD —E M1 OAD —t M1
M2 {15) M2 (15)
(10) 3CT=15 RCO (10} 3CT=15 RCO
ENT e G3 ENT '—(7) | G3
ENP G4 ENP — G4
crk 2 Ec5/2.3,4+ CLK “’__Ecslz,s,u
18) (14}
A {3) 150 (1l ¢ Qa A (3) 150 (1] Qa
(4) (13) (4] {13)
8 (21 Qg B 12} Qg
] (12) {5} (12)
€ (6) 8] (11 oc N (6) [4] (111 %c
D [8] Qp o] [8] Qp
'ALS163A and ‘AS163 logic diagram {positive logic)
CLR [4}]
LOA"D'(‘f—;)———
ENT 52 ————— N (15) R
ENP ) co
crk 2 Do—— 2
Fm {14) o n
10 | )
—
A3 j =)
<p Q
«
> C1 L:”og (& ]
10 w
)
B % L] <
(o]
112) <
ct —=aQ¢
1D <
c 8 D] wn
-
<b <
—g>C1 —“ﬂ Qp
1D
o {6) n
b
—F
‘ALS161A and '‘AS161 synchronous binary counters are similar; however the clear is asynchronous as shown for the "ALS160A and *AS160 decade counters.
Pin numbers shown are for J and N packages.
283 %
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TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162
SYNCHRONOUS 4-BIT DECADE COUNTERS

typical clear, preset, count, and inhibit sequences

DATA
INPUTS

OUTPUTS

S1iNJHID SV ANV SV !

'ALS160A, "‘AS160, ‘ALS162A, ‘AS162

Htustrated below is the following sequence:
1. Clear outputs to zero ("ALS160A and 'AS160 are asynchronous; 'ALS162A and ‘AS162 are synchronous)
2. Preset to BCD seven

3. Count to eight, nine, zero, one, two, and three
4. Inhibit

ENT

Qa

Qg

Qc

Qp

RCO

0 I I A

|
|
]
|
|
] [l
| |
S S e N A e O
1)
! ] 1
t 1 1
e s N -
—_ 1! 1
i 1
— — ! |
—_ | :
| ! ! [
- ! 1 ' !
1 ) |
1 4
i { [} 1
R '
i '
i | | i |
— .
o 7 s 9 [} 1 2 3
] BT——
I I I-——coum 4 INHIB
SYNC PRESET
CLEAR
ASYNC
CLEAR
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TYPES SNS4ALS161A, SN54ALS163A, SN54AS161, SN54AS163
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163
SYNCHRONOUS 4-BIT BINARY COUNTERS

typical clear, preset, count, and inhibit sequences

‘ALS161A, "AS161, 'ALS163A, '‘AS163

ltustrated below is the following sequence:

1. Clear outputs to zero {'ALS161A and ‘AS161 are asynchronous; ‘ALS163A and 'AS163 are synchronous)

2. Preset to binary twelve
3. Count to thirteen, fourteen, fiftean, zero, one, and two
4. Inhibit

E

]
|
LOAD |
-
I —_— — e
[ n r— - - - - - - - -
¥
) —_ — — —— — e — — e —
8 | r
DATA . —_—— — - —_—— — — — —
INPUTS ; _—— = — — —_ — — — — —
c_| | b - - — —_—— — — —
|
o [T T — T — - - — — — =
~ | - - — - - - - -/ ==
| ' !
ENP i ! '| :
i ] | I
o : 2
'
ENT | | \ |
i : :I—l | fe
—_— ] t —
IS e D e HE s N e 1 S
— ! . ) O
QB__ : 1 [} | | I l' E
OUTPUTS < ] ! : &
_ /| T
L | _I__!* } : 2
—_— ! ! 1
w__ 1 1 [ ] | ! =)
¥ Cor ! 2
RCO b ' ) [ | )
! ! 1z 13 14 15 0 2} 3
| fe————counr i INHBIT— — =
SYNC PRESET
CLEAR
ASYNC
CLEAR

" Texas {"
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TYPES SN54ALS16D0A THRU SNH4ALS163A
SN74ALS160A THRU SN74ALS163A
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

absofute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vce
Input voltage
Operating free-air temperature range: SN54ALS160A thru SNG4ALS163A
SN74ALS160A thru SN74ALS163A

Storage temperature range

recommended operating conditions

-55°C to 125°C
0°C to 70°C
-65°C to 150°C

7V

T SN54ALS160A SN74ALS160A
THRU THRU
SN54ALS163A SN74ALS163A UNIT
MIN NOM  MAX MIN  NOM  MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5
ViH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 Vv
1oH High-level output current -0.4 ~0.4 | mA
loL Low-level output current 4 8 | mA
fclock  Clock frequency 0 25 0 30 | MHz
Rk CLK high or low 20 16.5
tw Pulse duration — ns
‘ALS160A, ‘ALS161A, CLR low 20 15
A B C D 20 15
LOAD 20 15
Setup time ENP, ENT ‘ALS160A, 'ALS181A 25 20
tsu 'ALS162A, ‘ALS163A 30 25 ns
before CLKt ——— -
‘ALS160A, ‘ALS161A CLR inactive 10 10
2 'ALS162A, ‘ALST63A m oW ____ 20 15
CLR high (inactive) 10 10
th Hold time, all synchronous inputs after CLK1 [¢] o] ns 7
> TA Operating free-air temperature -55 125 [¢] 70 °C —[
¢ electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
> ( SN54ALS160A SN74ALS160A
2 THRU THRU
U PARAMETER TEST CONDITIONS SNG4ALS163A SN74ALS163A UNIT
> MIN _ TYPT mAX MIN _TYPT  maAX
17 ViK Vee = 4.5V, Ij = ~18 mA -1.5 -1.5 A
VoH Vge = 45Vt 55V, Igy = —0.4mA Vee-2 Vee-2 \
2] Y Vee = 45V, oL = 4 mA 025 04 02504
3 o Vee = 4.5V, oL = 8 mA 035 05
Q T TOAD, CLKorENT | . . 0.2 oz|
c " All other cc = >s v = o o | "
- ; LOAD, CLK or ENT Ve = 5.5V Vic a7y 40 40 N
M | [Another cc==sw s 20 20] *
W Vee = 5.5V, Vi = 04V -0.2 -0.2 | mA
o} ZCO Vee = 5.5V, Vo =225V ] ‘;2 _1:2 ‘;Z 4?2 mA
icc Vee = 5.5V 12 21 12 21 | mA
YAl typical values are at Vo = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
+»
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TYPES SN54ALS160A THRU SN54ALS163A
SN74ALS160A THRU SN74ALS163A

SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

‘ALS160A, '‘ALS161A switching characteristics {see Note 1)

Vge = 45V1055V,
CL = 50 pF.
= 500 Q,
PARAMETER FROM T0 :L = MI(I)\I(: MAX UNIT
(INPUT) {OUTPUT) A= °
SN54ALS160A SN74ALS160A
SN54ALS161A SN74ALS161A
MIN MAX MIN MAX
fmax 25 30 MHz
t 0]
PLH CLK RCO 8 3 8 26
tPHL 7 25 7 23
T 4 18 4 15
PLH CLK Any Q ns
tPHL 6 20 6 17
t, 16 3 1
PLH ENT RCO 3 31 s
tPHL 3 16 3 13
tPHL CLR Any Q 8 27 8 124 ns
tPHL CLR RCO 11 31 1 28 [ ns
‘ALS162A, ‘ALS163A switching characteristics (see Note 1)
Vec =45Vt 55V,
Cp = 50 pF,
= 500 9,
PARAMETER FROM T0 :L MI(I)\I KZ MAX UNIT
= 0
(NPUT) (OUTPUT} A
SN54ALS162A SN74ALS162A
SN54ALS163A SN74ALS163A
MIN MAX | MIN MAX 2
\ fmax 25 30 MHz
t
‘ PLH CLK RCO 8 30 8 26| s (7]
PHL 7 25 7 23 '_
t 4 18 4 —
PLH CLK Any Q 15 ns :
tPHL 6 20 6 17 o
1, 20
PLH ENT RCO 3 3 LEA . o
tPHL 3 16 3 13 6
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. m
=
n
<
i
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TYPES SN54AS160 THRU SN54AS163
SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve
input voltage

Storage temperature range

SN74AS160 thru SN74AS163 . ... .......

recommended operating conditions

Operating free-air ternperature range: SN54AS160 thru SN54AS163

7V

~55°C to 125°C
0°C to 70°C
~-65°C to 150°C

SN54A8160 SN74AS160
THRU THRU
SN564AS163 SN74AS163 UNIT
MIN NOM MAX MIN NOM MAX
Voo Supply voltage 4.5 5 55| 4.5 5 55| Vv |
ViH High-level input voitage 2 2 VJ
| VIL Low-level input voitage 0.8 0.8 \'
IOH High-level output current -2 -2| mA
loL Low-level output current 20 20 mA
felock  Clock frequency [¢] 65 0 75 | MHz
tw Pulse duration CLK high or low — 77 57 ns
‘AS160, 'AS161 CLR low 10 8
A,B,C, D 10 8
oAt 10 8
t Setup time ENP, ENT 10 8 s
su before CLK*® ‘AS160, ‘AS161 TLR inactive 10 8
, , CLR low 14 12
2 AS162, 'AS163 TIR high (inactive) 10 9
th Hold time, all synchronous inputs after CLK1 2 Q ns
TaA Operating free-air temperature ~55 125 o] 70 °C
>
5 electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
> SN54AS160 SN74AS160
THRU THRU
Z PARAMETER TEST CONDITIONS SNE4AS163 SN74AS163 UNIT
U MIN TYPT MAX MIN TYPT mMaX
> V| Vog = 45V, I = —18 mA -1.2 12 v
(7] VOH Vee = 45V105.5V, Igy = -2 mA Vee-2 vee-2 v
o0 VoL Vee = 45V, oL = 20 mA 0.25 0.5 025 05| V
— LOAD 0.3 0.3
X It ENT Vee = 65V, V=7V 0.2 0.2 | ma
2 All other 0.1 0.1
] [0AD 60 80
= [T¥] ENT Ve =55V, V=27V 40 40 nh
» All other 20 20
TOAD -1.5 -1.5
m ENT Vee = 5.5V, Vi =04V -1 -1| ma
All other -0.5 -0.5
o} Vee = 5.5 V, Vo = 2.25 V -30 —112 [ -30 -112 | mA |
Icc Vee = 65V 35 53 35 53| ma |

*All typical values are at Vo = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los-
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TYPES SN54AS160 THRU SN54AS163
SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

*‘AS160, ‘AS161 switching characteristics (see Note 1)

Vee = 45Vto85Y,

]

CL = 50 pF,
RL = 500 @,
FROM T
PARAMETER ANPUT) } OUT:UT) Ta = MIN to MAX UNIT
SN54AS160 SN74A5160
SN54AS161 SN74A8161
MIN MAX | MIN MAX
fmax 65 75 MHz
tPHL RCO 2 14 2 12.5
tPLH CLK RCO (with LOAD high) 1 8.5 1 8| ns
tpLH RCO (with LOAD low) 3 17.5 3 16.5
tpLH 1 7.5 1 7
CLK
TPHL Any Q 2 12 2 3]
tPLH ENT RCO 1.5 10 1.5 9 ns
tpHL 1 9.5 1 8.6
tPHL CLR Any Q 2 14 2 13 ns
tPHL CIR RCO 2 14 2 125 | ns
‘AS162, 'AS163 switching characteristics (see Note 1)
Vec =45Vt055V,
CL = 50 pF,
RL = 500 Q,
FROM TO
PARAMETER = M I
E (INPUT} {OUTPUT) Ta = MIN 1o MAX UNIT 2
SN54AS162 SN74AS162
SN54AS163 SN74AS163
MIN MAX | MIN MAX [7,]
frnax 65 75 MHz b=
tPHL RCO 2 14 2 12.5 o
LN CLk RCO (with LOAD high) 1 8.5 1 8| ns (&
tPLH RCO (with LOAD low) 3 17.5 3 16.5 E
[ 7. 1
PLH CLK Any Q ! 5 ’ ns o
tPHL 2 14 2 13 (7,)
[ . 1 .
PLH ENT RCO 1.5 o 15 o1 g
tPHL 1 9.5 1 8.5 Q
NOTE 1: For load circuit and voitage waveforms, see page 1-12 of The TTL Data Book, Voiume 3. 2
(77]
<
i
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TYPES SN54ALS160A THRU SN54ALS163A, SN54AS160 THRU SN54AS163
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

TYPICAL APPLICATION DATA
N-BIT SYNCHRONOUS COUNTERS
This application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The

‘ALS160A, ‘AS160, '‘ALS162A, and 'AS162 will count in BCD and the ‘ALS161A, ‘AS161, ‘ALS163A and ‘AS183 will
count in binary. Virtually any count mode (moduio-N, N1-to-N2, N1-to-maximum) can be used with this fast look-ahead circuit.

LS8
CLEAR (L) SR ct=0 ™R
oAb m1
COUNT (H) AND ENT Aco
DISABLE (L) 63 3cT-maAx
ENP
G4
CLK C6/2.34+
LOAD (L A 150 [~ 0a
! B—1 (2} Qg
c— 13) L — a¢
COUNT {Hy AND o — 14) Qp
DISABLE (L)
CLOCK —— CIR ] cr.o CTR
TOAD 1 vpy
RCO
Z:: G3  3CT=MAX
. G4
L
£ [~ c5/2,34+
a—{150_m .
2 8 — {2) |— g
Cc — {3) Qc
D 14 L — ap
» oA [ o
> l.lE)NY M1 RCO
pros G3  3CT=MAX
= ca
O CLK €5/2,34+
c
h - a—{180 1 L qp
(7] 8 —f 21 L ag
0 ¢ — (3} — Q¢
5- o — 14) ap
E G pJ ;o CTR
_l LOAD M1
o« :“: 63 3cT-max —<2
G4
cLK
? C6/2,3,4+
A 150 M) aa
B {2} — QB
c— 131 ac
D 1a) ap
z
\‘ , /

VO
TO MORE SIGNIFICANT STAGES
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TYPES SN54ALS168B, SN54ALS169B, SN54AS168, SN54AS169
SN74ALS168B, SN74ALS169B, SN74AS168, SN74AS169
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS

MARCH 1984
® Fully Synchronous Operation for Counting SNS4ALS’, SN64AS’ . . . J PACKAGE
and Programming SN74ALS’, SN74AS’ . . . N PACKAGE
. {TOP VIEW}
® Internal Look-Ahead for Fast Counting =
uBs 0 Uisdvee
® Carry Output for n-Bit Cascading CLK E 2 1s[]RCO
® Fully independent Clock Circuit '; 5 3 14 % gA
4 13 B
® Package Options Include Both Plastic and cs 2D0cc
Ceramic Chip Carriers in Addition to Plastic pde wlap
and Ceramic DIPs ENP[]7  so[JENT
® Dependable Texas Instruments Quality and GND[]s _ o[]LOAD
Reliability
. SN54ALS’, SNS4AS’ . . . FH PACKAGE
description SN74ALS', SN74AS’ . . . FN PACKAGE
These synchronous presettable counters feature an (TOP VIEW)
internal carry look-ahead for cascading in high-speed 2 o 8 8

decade counters and the ‘ALS1698B and ‘AS169 are
4-bit binary counters. Synchronous operation is
provided by having all flip-flops clocked
simultaneously so that the outputs change coincident
with each other when so instructed by the count-
enable inputs and internal gating. This mode of

¥4
counting applications. The ‘ALS168B and ‘AS168 are o53z>k

operation helps eliminate the output counting spikes bls s (0o
that are normally associated with asynchronous (ripple eV ee Yo
clock) counters. A buffered clock input triggers the I% % ‘2’ |<Qt = 2
four flip-flops on the rising (positive-going) edge of the wo _°_, u
clock waveform. wn
These counters are fully programmable; that is, the NC—No internai connection |
outputs may each be preset to either level. The load 5
input circuitry allows loading with the carry-enable o
output of cascaded counters. As loading is o'
synchronous, setting up a low level at the load input 6
disables the counter and causes the outputs to agree
with the data inputs after the next clock pulse. ‘2
The carry look-ahead circuitry provides for cascading counters for n-bit synchronous application without additional
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable Q
inputs {(ENP and ENT) must be low to count. The direction of the count is determined by the level of the umD input. 2
When U/D is high, the counter counts up; when low, it counts down. Input ENT is fed forward to enable the carry <
output. The riple carry output (RCO) thus enabled will produce a low-level pulse while the count is zero {all inputs (/5]
low) counting down or maximum {9 or 15) counting up. This low-level overflow carry pulse can be used to enable wd
successive cascaded stages. Transistions at ENP or ENT are allowed regardless of the level of the clock input. All <
inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design.
These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, LOAD, U/D) that will
maodify the operating mode have no effect on the contents of the counter until clocking occurs. The function of the
counter {(whether enabled, disabied, loading, or counting) will be dictated solely by the conditions meeting the stable
setup and hoid times.
The SNG4ALS168B, SN54AS168, SNS54ALS 1698, and SN54AS 169 are characterized for operation over the full military
temperature range of —55°C to 125°C. The SN74ALS168B, SN74AS168, SN74ALS1698, and SN74AS169 are
characterized for operation from 0°C to 70°C.

% Copyright © 1984, Texas Instruments Incorporated
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TYPES SN54ALS168B, SN54AS168, SN74ALS168B, SN74AS168
SYNCHRONOUS 4-BIT UP/DOWN DECADE COUNTERS

‘ALS168B, ‘AS168 logic diagram (positive logic)

‘ALS168B, ‘AS168 logic symbol

roap- 2L © CTRDIV10
g LOAD M1 [LOAD]
u/d —D{ T3 (15) e —E
PSS Rco (11— M2 icounT]
===110) SZ =
ENT } u/B M3 [UP) 115)
L] r > e w4 [DowN] 32679 Reo
a0 7 s
G6
2
(2) " (14) cLK 2,35 6+/C7
e P> —0a 2456~
A — 9 (3 L {14)
8 A 17D [E]] | 3 (67
. B &) {2} ((:2)) Qp
g & — c5 14] o
| p_te! ol [_an -
>Ct
— a e bl >0,
|
c (5) — L
. 12
; IS b -2,
2 —
=
w
-
> —F
2 (6)
o D
> T D (11} o
o
(7]
o |
3 —J'g
O -
c
-l Pin numbers shown are for J and N packages.
7] i
i
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TYPES SN54ALS1698, SN54AS169, SN74ALS169B, SN74AS163
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS

'ALS169B, ‘AS169 logic diagram (positive logic)

‘ALS169B, ‘AS169 logic symbol

LOAD o 9 CTRDIV16
a (5) LOAD M1 [LOAD!
s o e | v J—
gt 12 ) _E ma [own) 38715 Reo
e ( 1>o— .ETTI‘;(:)!: | a5 SCT=
E_N_PTN G6
cLK 2,35.6+/C7
oLK (2) 7 MQA tEZA,S,G—
14
A @ | A 3) 1,7D ) 18 Qa
s G
[ (4 TQC
p—E @ SESLI
— >3 o
(4} |
B
— (12)
(5} |
c -
A
T 1 (1) (7))
e L1 '*D_QD
b @ { i =
=
- 2
oc
—
Pin numbers shown are for J and N packages. o
2
o
-
(7))
<
184 "
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TYPES SN54ALS168B, SN54AS168, SN74ALS168B, SN74AS168
SYNCHRONOUS 4-BIT UP/DOWN DECADE COUNTERS

‘ALS168B, ‘AS168 typical load, count, and inhibit sequences

Illustrated below is the following sequence:

1. Load (preset) to BCD seven

2. Count up to eight, nine {maximum}, zero, one, and two

3. Inhibit

4. Count down to one, zero {minimum}, nine, eight, and seven

-
O
>
O

N\

1

. — —_ o — _— —
DATA< " - h— - - h - - — — - h— —
INPUTS R
¢ | |L D
|
lr—— = —_— = —_—— = = = — —
b e e e
~ 1
o i
> w1 1 1l | I
[ ;
BB ] | | 1 |
> R : o
o Qa N R A B T A O
(7] ———— ' | |
| 1 [] L]
S TR i
I
-—— I
> oc I I i [
n :; i C
Q "1 ] | : L |
- . z P
c oo e L | b L]
:| :7:: 8 9 o 12 2 K : 1 0 9 8 7
“ J— 4
COUNT Up ——Je— INHIBIT COUNT DOWN ———————————=
I |
LOAD

{i’
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TYPES SN54ALS169B, SN54AS169, SN74ALS169B, SN74AS169
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS

‘ALS169B, 'AS169 typical load, count, and inhibit sequences

lllustrated below is the following sequence:

1. Load {preset) to binary thirteen

2. Count up to fourteen, fifteen (maximum), zero, one, and two

3. inhibit

4. Count down to one, zero {minimum), fifteen, fourteen, and thirteen

oI - IZ-ZZ---ZZZ-zC
b NI - - - -C-Z-Z-ZZcz
e L L -
o L L i I e B

|

ALS AND AS CIRCUITS H

] ]
I )
| |
' [}
! 1
[ ]
| !
| |
I I
| ]
i t
] |
| I
! i
! |
|

(]
L !
qc ! I )
I |
1 |
| [ |
% __ 1 | i
RCO ! 1l | l ! | |
-“-f 1l |
HRERTRT 15 0 1 2 2 2 1 0 15 14 13
.
| | l-—coum up ——I-— INHIBIT ——I I—— COUNT DOWN ————— =
v, e/
LOAD

i
Texas b 2.55
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TYPES SN54ALS168B, SN54ALS169B, SN74ALS168B, SN74ALS169B
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VcC
INPUL VOItAgE . . . . . o e e e e e e
Operating free-air temperature range: SN54ALS168B, SN54ALS169B

SN74ALS168B, SN74ALS1698

Storage temperature range

recommended operating conditions

7V

-55°C to 125°C
0°C to 70°C
~65°C to 150°C

SLINJYID SY ANV STV N

SN54ALS 1688 SN74ALS168B
SN54ALS169B SN74ALS169B UNIT
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 \
Viy High-level input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 v
loH High-leve! output current -0.4 -0.4 mA
oL Low-level output current 4 8 mA
feiock  Clock frequency [4] 25 Q 30 MHz
tw Pulse duration CLK high or low 20 16.5 ns
A, B C,orD 20 15
tsu Setup time before CLK?t fi;r ENT ;2 fg ns
v/ 20 15
th Hoid time, data after CLK? Q [¢] ns
Ta Operating free-air temparature -55 125 ] 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54ALS168B SN74ALS1688B
PARAMETER TEST CONDITIONS SN54ALS169B SN74ALS169B UNIT
min_ Tyt max | min Tvet max
ViK Vee = 45V, | = —18 mA 1.5 15| Vv
VoH Vec = 45V106.5V, IgH = ~0.4 mA veo-2 Vec-2 %
v Voo = 4.5 V, oL = 4 mA 025 04 026 04
oL Vee = 4.5V, loL = B mA 0.35 0.5
I Veg = 5.5V, Vi=7V 0.1 0.1 mA
I Vee = 6.5V, V=27V 20 20 A
T Vce = 6.5 V, Vi = 0.4V ~0.2 02| mA
0% Vce = 5.5 V, Vo = 2.25 V ~30 112 | -30 112 | mA
icc Vee = 55V 15 25 15 25 | mA
Al typical values are at Vo = 5V, Tq = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.
¥
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TYPES SN54ALS168B, SN54ALS169B, SN74ALS1688B, SN74ALS169B
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS

‘ALS168B, ‘ALS169B switching characteristics {see Note 1)

Vec = 45V105.5V,
CL = 50 pF,
PARAMETER FROM To :L =— E-I’\I(I’I?\l (:’ MAX UNIT
{INPUT) {OUTPUT) A = °
SN54ALS168B SN74ALS168B
SN64ALS169B SN74ALS1698
MIN MAX MIN MAX
Trax 25 30 MHz
PLH — 3 15 3 13
CLK CO
TPHL 6 22 6 B8]
1, 2 2 1
PLH CLK Any Q e 2 s
PHL 5 20 5 16
1 P—— F—
PLH ENT RCO 2 15 2 12 ns
tPHL 3 16 3 13
1 = —_
PLH u/d ACO > 21 > L W
TPHL 5 21 5 18
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
n
e
—
3
o©
=
&)
Q
Q
=
w
I
T *l’
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TYPES SNS54AS168, SN54AS169, SN74AS168, SN74AS169
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VCC
Input voltage
Operating free-air temperature range:

Storage temperature range

racommended operating conditions

SNB4AS168, SN64AS169
SN74AS168, SN74AS169

-58°Cto125°C
0°Cto70°C
-65°Cto 160°C

SN54AS168 SN74AS168
SN54AS169 SN74AS169 UNIT
MIN NOM MAX | MIN. NOM MAX
Voo Supply voitage 4.5 5 5.5 4.5 5 5.5 v
VIH High-ievel input voltage 2 2 A\
VL Low-level input voltage 0.8 0.8 v
lOH High-level output current -2 -2 | mA
loL Low-level output current 20 20 | mA
felock  Clock frequency 0 65 0 75 | MHz
tw Pulse duration CLK high or low 7.7 6.7 ns
A B C, orD 10 8
tgy Setup time before CLKt %’r ENT. :g S ns
uB 10 8
th Hold time, data after CLKt 2 [*] ns
TA Operating free-air temperature -65 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
> SN54AS168 SN74AS168
r PARAMETER TEST CONDITIONS SN64AS168 SN74AS169 UNIT
w MIN_TYPT _MAX | MIN TYPT MAX
> VK Vee =45V, i = -18mA -1.2 -1.2 \"
2 VOH Veeg =45V10565V, o= -2mA Vee-2 Vee-2 v
U VoL Vee =45V, loL = 20 mA 0.25 0.6 0.25 0.5 \
- I LOAD, ENT, u/B Vee = 5.5V, V=7V 02 021 ma
All others 0.1 0.1
» TOAD, ENT, uD 40 40
O "M ANl others Vee = 85 V. Vi=27v 20 0] “*
—
= L LOAD, ENT, U Vee = 5.5V V) = 04V —1 LI A
(@) All others, i -0.5 -0.5
C ot Vee =55V, Vo = 225V -30 -112 | -30 -112 | mA
:I Icc Vee = 5.5V 41 63 41 63 [ mA
»n TAl typical values are at Ve = BV, Ta = 25°C,
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
1
e
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TYPES SN54AS168, SN54AS169, SN74AS168, SN74AS169
SYNCHRONOUS 4-BIT UP/DOWN DECADE AND BINARY COUNTERS

‘AS168, ‘AS169 switching characteristics {see Note 1)

Vee = 45Vtob55V,
CL = 50 pF,
RL = 500 @,
FROM TO
PARAMETER TA = MIN to MAX UNIT
{INPUT) {OUTPUT)
SN54AS168 SN74AS168
SN54AS169 SN74AS5169
MiN MAX MIN MAX
fmax 65 75 MHz
1] . .
PLH CLK R.CO 3 17.5 3 16.5 ns
tPHL {LOAD high or low) 2 14 2 13
t 1 7.5 1 7
PLH CLK Any Q ns
tPHL 2 14 2 13
1 —_— —_— 1. 1 1.
PLH ENT RCO 5 0 5 91 ns
1PHL 1.5 10 1.6 9
t = JE— 2 14 2 12
PLH usB RCO ns
tPHL 2 146 2 13
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
N
=
3
o
—
Q
2
Q
g
n
=
i
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TYPES SN54ALS174, SN54ALS175, SN54AS174, SN54AS175
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

D2661, APRIL 1982 - REVISED FEBRUARY 1984

® ’'ALS174 and ‘AS174 Contain Six Flip-Flops with
Single-Rail Outputs

® 'ALS175 and ‘AS175 Contain Four Flip-Flops with
Double-Rail Outputs

® Buffered Clock and Direct Clear Inputs

Applications include:
Buffer/Storage Registers
Shift Registers
Pattern Generators

® Fully Buffered Outputs for Maximum Isolation from
External Disturbance {"AS only)

® Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

® Dependable Texas Instruments Quality and Reliability

description

These monolithic, positive-edge-triggered fiip-flops utilize TTL
circuitry to implement D-type flip-flop logic. All have a direct
clear input and the 'ALS175 and 'AS175 feature complementary
outputs from each flip-flop.

Information at the D inputs meeting the setup time requirements
is transferred to the outputs on the positive-going edge of the

SN54ALS174, SN54AS174 . . . J PACKAGE
SN74ALS174, SN74AS174 . . . N PACKAGE
{TOP VIEW)

CLR [+

102 1s[Je6Q
103 1a[]60
2D[Ja 13[JsD
5

6

7

vVee

2a[] 12[] 5Q

30 11[] 4D

3a[] 10[] 4Q
GND g 9[] CcLK
FH PACKAGE
FN PACKAGE

SN54ALS174, SN54AS174 . . .
SN74ALS174, SN74A8174 . . .
{TOP VIEW)

18[| 6D
17[]5D
16 [JNC
15[l 5Q
14 {140

10 111213

9
Tttt
oo ux o
mzzg+
O]

clock pulse. Clock triggering occurs at a particular voitage level 2
and is not directly related to the transition time of the positive- SNS4ALS175, SN64AS175 . . . J PACKAGE
going pulse. When the clock input is at either the high or jow SN74ALS175, SN74A8175 . . . N PACKAGE
level, the D input signal has no effect at the output. (TOP VIEW) [7,)
These circuits are fully compatible for use with most TTL circuits. CLR [ Use :] Vee -l_-
a2 s5]4Q e
The SN54ALS174, SNB4ALS175, SN54AS174, and 1@ s 12]40 O
SN54AS1765 are characterized for operation over the full military 10 [a 13 :] 4D o'
temperature range of —55°C to 125°C. The SN74ALS174, 20 Es 12 :] 3D 6
SN74ALS175, SN74AS174, and SN74AS175 are character- 2Gs wn[]3Q
ized for operation from 0°C to 70°C. 2a 7 ]330 »n
anb Qs sfjcLk <
SN54ALS175, SN64AS175 . . . FH PACKAGE Q
SN74ALS175, SN74AS8175 . . . FN PACKAGE Z
{TOP VIEW} <
Q
ol% g oo 2]
FUNCTION TABLE "<"
(EACH FLIP-FLOP) 3 29
1G04 18] 4Q
| C_L_""::‘:s Dj °“T"”If 1D[s 17[4D
" a a NC[1s 18 [ NC
" A X L H 2D[i7 15 ] 3D
A L 2a[ls 14 [| 30
H 1 L L H
_ 9 10111213
H L X | Qo Qg T T men ¥t ¥ i
gouxd
t 'ALS175 and "AS175 only N ZZ d 3]
[C]
NC ~ No internal connection.
. Copyright © 1983 by Texas Instruments Incorporated
!/
Texas b 2-61

INSTRUMENTS

POST OF FICE BOX 225012 ® DALLAS, TEXAS 75265



SLINJHID SV ANV SV [

2-62

TYPES SN54ALS174, SN54ALS175, SN64AS174, SN64AS175
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

logic symbols

~— {1

‘ALS174, ‘AS174

CLR
ox & c1
10 —:z: 1D ::: 1
2D 20
7]
3p 18 LR
5] o 2
1
50 5a
15
pos (14} 08 o
logic diagrams (positive logic)
7
cr
9
cik 2
1013 D ,
C1 2_1q
QR
20 41 S
b1 15_ 2a
ol R
3p -8 1D ,
> c1 2 3q
¢-olR
ap 111 1D
c1 (10} aQ
[ o L]
5p—n3 1D
o ci 12 .0
[ o L
6D {14} D -
b1 o—OD‘—so
ol r

Pin numbers shown ate for J and N packages.

CLR

‘ALS175, 'AS175

R
cLk 2 c1
(2
{4) 1Q
1D — 10 E ::; 16
) 20
20— [ © =
W 112 10 34
pi B -
[
13) 40
o — 09 .5
&
ok 2
2
108 1D 2]
¢
(3)
¢olr
7
205 1D
-0 C1 6)
*=OIR
110
3p 12 D o—oD——
c1
_.D‘_
¢-or
15)
ap—13 1D 0—4{>—'—4
1
L°>c (14)
R 4
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TYPES SN54ALS174, SN54ALS175, SN74ALS174, SN74ALS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)

SUPPlY VOIBGE, VO - - - o ottt e e 7V
INPUL VOIAGE . . . . .o e 7V
Operating free-air temperature range: SN54ALS174, SNS64ALS175. .. ................. -55°C to 125°C
SN74ALS174, SN74ALS175 . ... ... ............. 0°C to 70°C
Storage temperature FaNGE . . . . . . ..ottt e -65°C to 150°C
recommended operating conditions
SN54ALS174 SN74ALS174
SN54ALS175 SN74ALS175 UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 v
V)L Low-level input voltage 0.8 0.8 Vv
1oH High-levei output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
folock Clock frequency o] 40 0 50 MHz
CIR low 15 10
tw Pulse duration CLK high 12.5 10 ns
CLK low 12.5 10
ts Setup time Data 15 10 ns
v before CLKt CLR inactive 8 8
th Hold time, data after CLKt [¢] o] ns
Ta Operating free-air temperature -55 125 0 70 °Cc 2
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) (7]
SN54ALS174 SN74ALS174 '--
PARAMETER TEST CONDITIONS SN54ALS175 SN74ALS175 UNIT :
MIN TYPT MAX | MIN TYPT mMAX Q
VIK Vee = 4.5V, Il = ~18 mA -1.5 -1.5 v E
VoH Vec = 45V1055V Ion = ~0.4 mA Veo-2 Veo-2 v (8]
VoL zcc = 45V, oL = 4 mA 0.25 0.4 0.25 0.4 (7))
cc =45V oL = 8 mA 0.35 0.5 g
I Vee = 5.5V, V=7V 0.1 01 [ ma
hH Vee = 6.5V, V=27V 20 20 | uA (=]
M Vee = 5.5V, V| = 0.4V -0.1 -0.1 mA 2
Igt Vee = 5.5V, Vg = 2.25 V -30 -112 | -30 -112 [ ma <
Icc ':t§:;; Vge = 5.5V, See Note 1 1; ::: 1; :3 mA ‘3
TAIl typical values are at Vo = 5V, Tp = 26°C. <
The output conditions have been chosen toﬂduce a current that closely approximates one helf of the true short-circuit output current, igs.
NOTE 1: Icc is measured with D inputs and CLR grounded, and CLK at 4.5 V.
83 ‘L’
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TYPES SN54ALS174, SN54ALS175, SN74ALS174, SN74ALS175

HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

switching characteristics {see Note 2)

Vec =45Vt 56V
CL = 50 pF,
R =
FROM 10 L = 5004
PARAMETER TA = MIN to MAX UNIT
{(INPUT) (OUTPUT)
SN54ALS174 SN74ALS174
SN54ALS175 SN74ALS175
MIN MAX | MmN MAX
fmax 40 50 MHz
tPLH = Any Q (‘ALS175) 5 20 5 18
CLR ns
tPHL Any Q 8 26 8 23
tPLH Any Q 17 3
CLK el 3 15 1
tPHL {or Q, '‘ALS175) 5 20 5 17

NOTE 2: For load circuit and voltage waveforms, see page 1-12.

D flip-flop signal conventions

It is T) practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic symbol based on the
assumption of true data (D) inputs. Then outputs that produce data in phase with the data inputs are called Q and those
producing complementary data are called Q. An input that causes a Q output to go high or a a output to go low is called
Preset; an input that causes a Q output to go high or a Q output to go low is called Ciear. Bars are used over these pin
names ( PRE and CLR) if they are active low.

In some applications it may be advantageous to redesignate the data input D. In that case all the other inputs and

2 outputs should be renamed as shown below. Also shown are corresponding changes in the graphical symbol. Arbitrary
pin numbers are shown in parentheses.

('; PRE Wedg (5) R Mol g (5)

PR ) —— @ “ 2) P~ a
> oLk ——> ¢1 clK ——p>C1
2 D ) 1D 6) — D m‘h‘lo (6) Q
O GlR — B~ R =~ Q PRE —T='8
w
Q Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the polarity
o} indicators (&) on PRE and CLR remain since these inputs are still active-low, but that the presence or absence of the
(@) polarity indicator changes at D, Q, and Q. Of course pin 5 {Q) is still in phase with the data input D, but now both are
C considered active-low.
-
w

i
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TYPES SN54AS174, SN54AS175, SN74AS174, SN74AS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOIAGE, VOC - -« o oot e e 7V
INPUL VOItAgEe . . . . .o 7V
Operating free-air temperature range: SN64AS174, SN64AS175 ... ... ... ... ........ —-556°C to 125°C
SN74AS174, SN74AS175 . . ... ... .. ... .. ... ... 0°C to 70°C
Storage tempPerature TANGE . . . . . . .o vt et e e e -65°C to 150°C
recommended operating conditions
SN54AS174 SN74AS174 UNIT
SN54AS175 SN74AS8175
MIN NOM MAX MIN NOM MAX
Vee  Supply voltage 4.5 5 5.6 4.5 5 5.5 Y
VIH High-level input voltage 2 2 \
Vi Low-level input voltage 0.8 0.8 \4
IoH High-level output current -2 -2 mA
loL Low-level output current 20 20 | mA
felock Clock frequency 0 100 0 100 | MHz
CLR low 5.6 5
tw Pulse duration CLK high 4 4 ns
- ‘AS174 6 6
CLK low "AS175 5 3
. ‘AS174 4 4
N Setup time Data "AS175 3 3 ns
SU pefore CLK* —_—
CLR inactive 6 6
h Hold time, data after CLK* 1 1 ns
TA Operating free-air temperature -586 1286 0 70 °C 2
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) (7,
SN54AS174 SN74AS174 l:
PARAMETER TEST CONDITIONS SN54AS175 SN74AS175 UNIT :
MIN_TYPT  MAX | MIN TYPT _max &)
VIK Vee = 45V, I = -18 mA -1.2 -1.2 \ E
VoH Vec = 4.5V1w0656V, Igy = -2 mA Voo -2 vee-2 v (&)
VoL Vee = 4.5V, loL = 20 mA 0.35 0.5 0.35 0.5 Y (7,
I Ve = 5.5V, V=7V 0.1 01 | mA g
H Ve = 5.5V, V(= 27V 20 20 | A
m Vee = 6.5V, V=04V -0.5 -0.5 | mA (=]
io* Vee = 5.5V, Vg = 225V - 30 -112 [ -30 -112 | mA 2
lcc AST74 Vee = 5.5V, See Note 1 30 45 30 45 mA <
‘AS175 22.5 34 22.5 34 (/5]
-l
AN typical values are at Vo = 5V, Ta = 25°C. - ¢
#The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.
NOTE 1: Icc is measured with D, CLK, and PRE grounded, then with D, CLK, and CLR grounded.
Texas WP
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TYPES SN54AS174, SN54AS175, SN74AS174, SN74AS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

‘AS174 switching characteristics (see Note 2)

SLINJHID SV ANV STV S

Vgeg = 45Vto55V
CL = 50 pF,
RL = 500 2
FROM TO
PARAMETER Ta = MIN to MAX UNIT
(INPUT) {OUTPUT) A 2
SN54AS174 SN74AS174
MIN MAX | MIN MAX
fmax 100 100 MHz
tPHL CLR Any Q 5 15 5 14| ns
1 . . .
PLH CLK Any Q 3.5 9.5 35 8 ns
tPHL 4.5 11.5 4.5 10
‘AS175 switching characteristics (see Note 2)
Veec =45Vt 66V,
Cp = 50 pF,
FROM TO RL = 500 Q
PARAMETER L uNIT
{INPUT) {OUTPUT) Ta = MIN to MAX
SN54A8175 SN74AS8175
MIN MAX | MIN MAX
fmax 100 100 MHz
t — = 4 10 4 9
PLH IR Any Q or @ ns
tPHL 4.5 15 4.5 13
1 - 4 8.5 4 7.5
PLH CLK Any QorQ ns
tPHL a4 11 4 10
NOTE 2: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3.
’
e a //
5 e .
N . N
—]- ‘IP
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TYPES SN54AS250, SN74AS250
1-0F-16 DATA GENERATORS/MULTIPLEXERS
WITH 3-STATE OUTPUTS

DECEMBER 1983 — REVISED FEBRUARY 1984

@ 4-Line to 1-Line Multiplexer that can Select 1 SN54AS250 . . . JT PACKAGE
of 16 Data Inputs SN74AS250 . . . NT PACKAGE
(TOP VIEW)

® Applications:
Boolean Function Generator
Parallel-to-Serial Converter
Data Source Selector

® Buffered 3-State Bus Driver Inputs Permit
Multiplexing from N Lines to One Line

® Dependable Texas Instruments Quality and
Reliability

description

The 'AS250 provides full binary decoding to select one
of sixteen data sources with an inverting W output.
The selected sources are buffered with symmetrical
propagation delay times. This reduces the possibility
of transients occurring at the output.

SNS4AS250 . . . FH CHIP CARRIER PACKAGE
SN74AS250 . . . FN CHIP CARRIER PACKAGE
A buffered enable output (G) may be used for n-line- {TOP VIEW)
to-one-line cascading. Taking the G high will place the

ALS AND AS CIRCUITS IhY

[}
output in a high-impedance state. In the high- 10 0~ LZ’ ;’ © o
impedance state, the output neither loads nor drives T
the bus lines significantly. 4321282726
_ . . E4[]5
The enable {G) does not affect the internal operations eafls
of the data selector/multiplexer. New data can be set E2f]7
up while the outputs are disabled. NC ()8
The SNH54AS250 is characterized for operation over E1[le
the full military temperature range of —55°C to €0 10
125°C. The SN74AS250 is characterized for opera- G
tion from 0°C to 70°C. 1213141516 17 18
Rogooum«g
z 2z
Q
NC —No internal connection
ADVANCE INFORMATION i Copyright © 1983 by Texas Instruments Incorporated
This document contains information 3 JU
Spoclﬁuﬂom‘ are subject to chwr;lxo:lmmh TEXAS 2-67
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TYPES SN54AS250, SN74AS250

1-OF-16 DATA GENERATORS/MULTIPLEXERS

WITH 3-STATE OUTPUTS

logic symbol
g 9
A {15)
g 14
c 13
p
o 8
E1 (7)
E2 {6)
E3 (5)
€4 (4)
€5 (3)
E6 (2}
E7 L}
8 {23)
E9 22)
E10 (21)
E11 (20)
€12 (19}
g3 8
E14 {17)
E15 (16)

S1INJHID SV ANV STV

MUX

- @ M N U LA W N =2 O W

- -
N = O

b (10 w

Pin numbers shown are for J or N packages.

DATA
INPUTS

logic diagram (positive logic)

E1

E2

E3

E4

ES

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

;

=
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TYPES SN54AS250, SN74AS250
1-0F-16 DATA GENERATORS/MULTIPLEXERS
WITH 3-STATE OUTPUTS

FUNCTION TABLE

INPUT QUTPUT
G A B [ D | E W
L L L L L] eo EO
L H L L L] €t E1

L L H L L | E2 E2
L H H L L | E3 E3
L L L H L | E4 E4
L H L H L| Es E5
L L H H L | E6 E6
L H H H L | E7 E7
L L L L H| E8 E8
L H L L H| E9 E9
L L H L H| E10 E10
L H H L  H| EN E11
L L L H H| E12 E12
L H L H H| E13 E13
L L H H H| E14 E14
L H H H H| Et5 E15
H X X X x| X z

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve

INpUt VORAgE . . . . .
Operating free-air temperature range: SN54AS250

7V

N

SN74AS250 .. ... .. . 0°C to 70°C

Storage temperature FANGE . . . . . . ... ..ottt —-65°C to 150°C [75]
b=
—
9
recommended operating conditions o
—1
SN54AS250 SN74AS250 oNIT (&
MIN NOM MAX | MIN NOM MAX (7,
Vee | Supply voltage 4.5 5 5.5 4.5 5 5.5 A\ <

ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \ o
loH High-level output current -12 -15 mA z
loL Low-level output current 32 48 mA <
Ta Operating free-air temperature - 55 125 s} 70 °C (/)
<

TExas bi
2-69
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TYPES SN54AS250, SN74AS250
1-0F-16 DATA GENERATORS/MULTIPLEXERS
WITH 3-STATE OUTPUTS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54AS250 SN74AS8250
PARAMETER TEST CONDITIONS UNIT
MIN _ TYPT MAX | MmN TYPT Max
VIK Ve = 45V, I = ~18 mA ~1.2 -1.2 v
Vee =45V10565YV, Igg = -2mA Vee-2 Vee -2
Vou Vee = 45V, ioH = —12mA 2.4 3.2 v
Vge = 45V, IoH = —15mA 2.4 3.3
Vee = 45V, oL = 32mA 0.25 0.5
VoL \
Vee =45V, loL = 48 mA 0.35 0.5
10zZH Vege = 5.5V, Vo = 27V 50 50 A
lozL Vee = 5.5V, Vo =04V -50 -50 A
I Vee = 5.5V, Vi=7V 0.1 0.1 mA
Iy Ve = 5.5V, Vi =27V 20 20 A
L Vee = 5.5V, V| =04V -0.5 -05| mA
ot Vee = 5.5V, Vg = 2.28 V -30 -112 | -30 -112 | mA
Outputs high 26 26 42
Ice Vee = 5.5V Outputs low 31 31 50 | mA
Outputs disabled 30 30 48
TAll typicat values are at Veg = BV, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
switching characteristics {see Note 1)
Vge = 45Vtob556V,
C = 50 pF,
2 PARAMETER FROM T0 :; = :{o)g 3 UNIT
(INPUT) {ouUTPUT) _ :
Ta = MIN to MAX
> SN54AS250 SN74A5250
"; MIN_TYPT _MAX | MIN MAX
k¢ o
PLH DATA w > > o
; tpHL 35 2 6
b { f—
o PLH SELECT w 7-5 4 B s
tPHL 7.5 4 10
1) — f—
> PZH ) w 45 2 2
(72] tpzL 12 4 20
t = bret . 6
O PHZ G w 3.5 2 ns
p-54 tpLz 4.5 2 6
X
o Al typical values are at Voo = 5V, Tq = 25°C.
c NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
—
~
/2]
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TYPES SN54AS298, SN74AS298
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE

D2661, DECEMBER 1983 — REVISED FEBRUARY 1984

® Selects One of Two 4-Bit Data Sources and

Stores Data Synchronously with System Clock

® Applications:

Dual Source for Operands and Constants
in Arithmetic Processor; Can Release
Processor Register Files for Acquiring
New Data

Implements Separate Registers Capable
of Parallel Exchange of Contents, yet
Retains External Load Capability

Has Universal-Type Register for
Implementing Various Shift Patterns;
even Has Compound Left-Right Capability

® Dependable Texas Instruments Quality and

Reliability

description

This quadruple two-input multiplexer with
storage provides essentially the equivalent
functional capabilities of two separate MSI
functions (SN54AS157/SN74AS157 and
SN54AS175/SN74AS175) in a single 16-pin
package.

When the word-select {(WS) input is low, Word 1
(A1, B1, C1, D1 is applied to the flip-flops. A
high input to the word-select (WS) will cause the
selection of Word 2 (A2, B2, C2, D2). The
selected word is clocked to the output terminals
on the negative-going edge of the clock pulse.

The SN54AS298 is characterized for operation
over the full military range of —55°C to 125°C.
The SN74AS298 is characterized for operation
from 0°C to 70°C.

FUNCTION TABLE

SN54AS298 . . . J PACKAGE
SN74AS298 . . . N PACKAGE

{TOP VIEW)
B2 1 Uis[Jvee
A2 []2 5[] Qa
A1z a[dag
B1[s 3dac
c2s 200p
p20s n[Jck
o1 Q7 1wldws
GND (s 9[]ca

SN54AS298 . . . FH PACKAGE
SN74AS298 . . . FN PACKAGE

(TOP VIEW)

N0 O
<dm2Z2>0
CITITOTITY
3 21

Al]]a 18] QB
B1[Js 17 Q¢
NC|[]s 16 [| NC
ca2p7 15(] Qp

D2([])s 14[] CLK

10 111213

9
-~ - '
— O -
[a] 20

2

NC—No internal connection

-
[a]
Z
Q

INPUTS

WORD

CLOCK
SELECT

Qp

QUTPUTS
0a Qg Qc
al b1 cl
a2 b2 c2

Qa0 Qo Qco Qpo

d1
d2

H
L
X

high level (steady state)
low level (steady state)
= irrelevant (any input, including transitions)

4 = transition from high to low level
a1, a2, etc. = the level of steady-state input at A1, A2, etc.
Qag. Qpo. etc. = the level of Qa. Qp, etc. entered on the

most-recent { transition of the clock

input.

ALS AND AS CIRCUITS I\¥

TeEXAS
INSTRUMENTS
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TYPES SN54AS298, SN74AS298
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE

logic symbol
MUX
ws (10) &1
cLK ﬂN?cz .
PORCIN us) o
a2 2 1,20 A
) -
B1 (14)
| Qp
gz
(9)
c1 (13)
" o
ot ;
Dt (12)
|2 q
D2 (6} D

logic diagram (positive logic)

Al 3)
WORD “_O’Dc
SELECT | >—c>—1s
A2 2 —ap C1 | (15) Qpa
D 1R
2 B1 (4)
>—c{> 18
o a
> g2 1! 1 | 14 op
- 1R
(/2]
> c1 9}
2 | e
O c2® ¢—pc1 3 ac
5 1R
(1]
o) D1
X P—& 1S
2 o028 b C1 12) q
o 1R
w
crock 1 I

Pin numbers shown are for J and N packages.

{ip
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TYPES SN54AS298, SN74AS298
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voitage, VcC
Input voltage

Operating free-air temperature range: SN54AS298

-55° to 125°C

SN74AS298 . . .. . ... 0°C to 70°C
Storage tEMPErature range . . .. .. ... ... u et -65°C to 150°C
recommended operating conditions
SN54AS298 SN74AS5298 UNIT
MIN NOM MAX MIN NOM MAX
Vee  Supply voltage 4.5 5 5.5 4.5 5 5.5 A\
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 A"
lOH High-levet output current -2 -2 | mA
toL Low-level output current 20 20 | mA
fciock Clock frequency 0 100 0 100 | MHz
tw Pulse duration, CLK high or low 5 5 ns
t Setup time before CLK + Data 45 45 ns
su  Detup time before Word Select 13 13
1 Hold time after CLK 4 Data 35 35 ns
h 0l time atter Word Select 1 1
TA Operating free-air temperature -566 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise
noted)
SN54AS5298 SN74AS298
PARAMETER TEST CONDITIONS UNIT
MIN _TYPT MAX | MIN TYPT MAX 2
VIK Vegg = 45V, I = -18 mA -1 -1 \4
VOH Vge =45V1085V, gy = -2mA Vee-2 Vee-2 \ (7,
VoL Vee = 45V, loL = 20 mA 0.35 0.6 0.35 0.5 \ [
0 Vee =55V, Vi=7V 0.1 0.1 | mA 5
I bk Vee = 6.5V V) =27V 40 201 A (&)
W Al other cc =2V = 20 20 o
ws ~-0.75 -0.78 —
| V =58V, Vi =04V A
L [Allother cc ! ~05 o5 " o
gt Vee =65V, Vg = 225 V -30 -112 | -30 -112 | mA /)]
ICCH Vee = 6.5V 21 33 21 33 | mA <
IccL Veec =55V 22 36 22 36 | mA Q
YAl typical values are at Vo = 5 V, Ta = 25°C. E
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
switching characterisitcs {see Note 1) ﬂ
Vee = 45V10 65V, <
C_ = 50 pF,
FROM T = )
PARAMETER o AL = 8000 UNIT
{INPUT) (OUTPUT) Ta = MIN to MAX
SN54AS298 SN74AS298
MIN MAX MIN MAX
frmax 100 100 MHz
!
PLH cLK a 2 16 2 91 s
tPHL 1 12 1 1A
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
T {Ip
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TYPES SN54AS5298, SN74AS298
QUADRUPLE 2-INPUT MULTIPLEXER WITH STORAGE

TYPICAL APPLICATION DATA
This versatile multiplexer/register can be connected to operate as a shift register that can shift N-places
in a single clock pulse.
The following figure illustrates a BCD shift register that will shift an entire 4-bit BCD digit in one clock pulse.

PARALLEL LOAD

WORD
SELECT
cLock
\As298 ‘AS298
MUX MUX
ws WS 61
—1G1 cLk
cL c2
c2 .
a rC Alp— 0a 2 1.20 Qa
1.2D Qs Azt 20 1.20
A214,2D 81— 81 Qg
B1 Qg 82
Qg B2
82 c1
c1 Q¢
<1 Cc c2
Q¢ cz
c2 01 ap
D1 (1] ap o2 A
9 b2 A
[ T ‘{
e, pmsratad
DIGIT 1 DIGIT 2 DIGIT 3

When the word-select input is high and the registers are clocked, the contents of register 1 is transferred
(shifted) to register 2, etc. In effect, the BCD digits are shifted one position. In addition, this application

2 retains a parallel-load capability which means that new BCD data can be entered in the entire register with
one clock pulse. This arrangement can be modified to perform the shifting of binary data for any number
of bit locations.

IE Another function that can be implemented with the ‘AS298 is a register that can be designed specifically

or supporting multiplier or division operations. The example below is a one-place/two-place shift register.
f rtl Itipl d Xt Th le bel lace/t | hift t
> ‘AS298
MUX
Z WORD SELECT WS G
w] cLock LIS
Al 1.2D
> A2l 9p A
- 81
(7] B2 — cg
‘AS1B1A Cct
Q oR F1 ] — ac
'ASBB1A

oo |72 2; — ap

2] Fa

CcC ‘AS208

: ws MUX

Gt
CLK
c2
» ol

P i S e

ail
Fo 5] | o

"AS181A c1
OR F c2 — a¢

"ASBB1A F2 01
(aLu) 02 — ap

F3

When word select is low and the register is clocked, the outputs of the arithmetic/logic units (ALUs) are
shifted one place. When word select is high and the registers are clocked, the data is shifted two places.

i 12¢
2-74 Texas {’
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TYPES SN54ALS620A THRU SN54ALS623A, SN54AS620 THRU SN54AS623
SN74ALS620A THRU SN74ALS623A, SN74AS620 THRU SN74AS623
OCTAL BUS TRANSCEIVERS

D2661, DECEMBER 1982 —REVISED FEBRUARY 1984

® Bus Transceivers in High-Density 20-Pin DIP SNGS4ALS’, SNE4AS" . . . J PACKAGE
and the New Plastic and Ceramic Chip SN74ALS’, SN74AS’ . . . N PACKAGE
Carriors (TOP VIEW)
® Local Bus-Latch Capability GaB [ Uzoj vee
. . A1 (2 19 Gea
® Choice of True or inverting Logic a2 s 18] B1
@ Choice of 3-State or Open-Collector Outputs A3[]sa 17[] B2
. A4 | |5 16 | B3
® Dependable Texas Instruments Quality and AB E 6 15% B4
Reliability a6 [7 14[] BS
A7 s 13)B6
DEVICE OUTPUT LOGI(? A8 [Jo 12[] 87
‘ALS620A, ‘AS620 3-State Inverting GND [Jio 11[] B8
‘ALS621A, ‘AS621 Open-Collector True
‘ALS622A, ‘AS622 Open-Collector Inverting
. . SNE4ALS’. SN54AS’ . . . FH PACKAGE
ALS623A, ‘AS623 3-Stat T :
ate e SN74ALS’, SNT4AS' . . . FN PACKAGE
(TOP VIEW)

description

These octal bus transceivers are designed for
asynchronous two-way communication between data
buses. The control function implementation allows for
maximum flexibility in timing.

These devices allow data transmission from A bus to
the B bus or from the B bus to the A bus depending
upon the logic levels at the enable inputs (GBA and

ALS AND AS CIRCUITS )Y

GAB).
The enable inputs can be used to disable the device
so that the buses are effectively isolated.
The dual-enable configuration gives the octal bus
transceivers the capability to store data by
simultaneous enabling of GBA and GAB. Each output reinforces its input in this transceiver configuration. Thus, when
both control inputs are enabled and all other data sources to the two sets of bus lines are at high impedance, both
sets of bus lines (16 in all) will remain at their last states. The 8-bit codes appearing on the two sets of buses will
be identical for the ‘ALS621A, 'AS621 and ‘ALS623A, ‘AS623 or complementary for the ‘ALS620A, ‘AS620 and
‘ALS622A, ‘AS622.
The -1 versions of the SN74ALS’ parts are identical to their standard versions except that the recommended maximum
loL is increased to 48 mA. There are no -1 versions of the SN54ALS’ parts.
The SN64’ family is characterized for operation over the full military temperature range of —55°C to 125°C. The
SN74‘ family is characterized for operation from 0°C to 70°C.
FUNCTION TABLE
ENABLE INPUTS OPERATION
GBA GAB ‘ALS620A, ‘ALS622A | ‘ALS621A, ‘ALS623A
‘AS620, ‘AS622 ‘AS621, ‘AS623
L L B data to A bus B data to A bus
H H A data to B bus A data to B bus
H L Isolation Isolation
. " B data to A bus, B data to A bus,
A data to B bus A data to B bus
i Copyright © 1982 by Texas Instruments Incorporated
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TYPES SN54ALS620A THRU SN54ALS623A, SN54AS620 THRU SN54AS623
SN74ALS620A THRU SN74ALS623A, SN74AS620 THRU SN74AS623
OCTAL BUS TRANSCEIVERS

logic symbols

‘ALS620A, ‘AS620

{19}

‘ALS621A, ‘AS621

‘ALS622A, ‘AS622

‘ALS623A, ‘AS623

Gea ENY zea 12 ENt aga 1Y EN1 Faa 12 EN1
can Llsnz Gag N2 a1 Ljsnz cas ENZ
Ity L o» @ (18) 2 118) (2 C s
Al * v1 d a1 o1 4 B A1 o1 q BY a1 v q B1
1 L2y n L2 L2o n @ L 2 V4
a2 3) (1 B 22 3 an 2 az 13) {1 82 a2 82
a @) 16} 83 az @ 16} o as ', 16) 83 't 16) -
[:) 15 (15) (5} 15) 18} 15)
s}
a4 —t: As A4 i o B4 Aq B4
a5 ®) 141 85 a5 8) 14} 85 as ) 14} 8 a5 ®) 14} -
(7,L“ 13) ;,t 13) ;,ﬁ 13} ) 13)
A6 C_ 86 A6 - B6 A6 E_. B6 A6 t 86
18) 12} (8) 12) 18) 12) 8} 12}
A? 87 A? t 87 A7 87 A7 t 87
9l “”sa ) “”aa 82 (mu a2 “”aa
Pin numbers shown are for J and N packages.
logic diagrams (positive logic)

‘ALS620A, ‘AS620 ‘ALS621A, ‘AS621 ‘ALS622A, "AS622 ‘ALS623A, ‘AS623
lm—4>— au———cD—— Bu—b— au——cD—
an—-D] GAB—D] GA'_DFI GAB

=y Q TH .
2 At ]—n Al 81 Al 81 Al BY
siDs =9 =
3 1
> *‘5 & e |
™ A2 4 B2 A2 —4 82 Az 82 A2 }—ll
@ =D =D 3
; v v v v v v v Jr
TO OTHER SIX TO OTHER $IX TO OTHER SIX TO OTHER SIX
U TRANSCEIVERS TRANSCEIVERS TRANSCEIVERS TRANSCEIVEAS
g
g’l
TEXAS b’
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TYPES SN54ALS620A, SN54ALS623A, SNT4ALS620A, SN74ALS623A
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vce
Input voltage:

Operating free-air temperature range:

Storage temperature range

1/0 ports

recommended operating conditions

AlLINPULS . .
SN54ALS620A, SN54ALS623A
SN74ALS620A, SN74ALS623A

5.5 V

-55°C to 125°C
0°C to 70°C
—B65°C to 150°C

SN54ALS620A SN74ALS620A
SN54ALS623A SN74ALS623A UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply vohage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 Vv
ViL Low-level input voltage 0.8 0.8 \"
IoH High-level output current ~-12 -15 | mA
loL Low-level output current 12 24 mA
481
TA Operating free-air temperature -55 125 0 70 °C

1The extended limits apply only if Ve is maintained between 4.756 V. and 5.25 V.
The 48-mA limit applies for the SN74ALS620A-1 and SN74ALS623A-1 only.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54ALS620A SN74ALS620A
PARAMETER TEST CONDITIONS SN54ALS623A SN74ALS623A UNIT
MIN TYP: MAX MIN TYP: MAX
VIK Vee =45V, Iy = =18 mA -1.5 -1.5 \4
VcCc =45Vt055V, Ilgy= -0.4mA |Voo-2 Veo-2
Ve = 4.5V, lpH = -3 mA 2.4 3.2 2.4 3.2
VOH v — — \"
cc =45V, IpH = —12mA 2
Voo = 4.5V, I0H = - 15 mA 2
Veg = 4.5V, loL = 12 mA 0.25 0.4 0.25 0.4
VoL Vee =45V, loL = 24 mA ]
= ; 0.35 0.5
{loL = 48 mA for -1 versions}
| Control inputs Vge = 6.5V, Vi=7V 0.1 0.1 A
' A or B ports Vee = 5.5 V. V=55V 0.1 o1 | "
Controi inputs 20 20
i Vi =55V, V=27V
H A or B ports§ cc : 20 20| “
Control inputs -0.1 -0.1
! Vi =55V, V=04V A
i A or B ports§ cc ! -0.1 -0.1 m
101 Vec = 6.5V, Vo = 2.25V —30 -112 | -30 ~112 | mA
Qutputs high 24 39 24 34
‘ALS620A Vec =565V Outputs low AN 49 31 44
Qutputs disabled 33 52 33 47
icc mA
Qutputs high 32 48 32 43
‘ALS623A Vgg =656V Qutputs low 39 55 39 50
Qutputs disabled 42 60 42 55

TAIll typical values are at Vo = 5V, Tp = 25°C
§For I/O ports, the parameters |y and Iy include the off-state output current.
{The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

ALS AND AS CIRCUITS Y
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TYPES SN54ALS620A, SN54ALS623A, SN74ALS620A, SN74ALS623A
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

‘ALS620A switching characteristics (see Note 1)

Vee =45Vto55V,
CL = 50 pF,
FROM TO R1 = 5004,
Al NIT
PARAMETER {(INPUT) (OUTPUT) R2 = 500 Q. u
TA = MIN to MAX
SN54ALS620A SN74ALS620A
MIN MAX MIN MAX
tPLH 2 12 2 10
A
PHL B 2 12 2 o] "
tPLH 2 12 2 10
B
PHL A 2 12 2 0] ™
tPZH Py 3 23 3 17
GBA A
Pzl 5 3 5 25| "
tPHZ - 2 14 2 12
GBA
Lz A 3 72 3 B ™
tPZH GAB 8 3 23 3 18 s
tpzL 5 31 5 2%
tPHZ 2 14 2 12
GAB
tpLZ 8 3 22 3 18 ne
‘ALS623A switching characteristics (see Note 1)
Vee =45VtoS55V,
Cp = 50 pF,
2 FROM T0 R1 = 500 2,
PARAMETER NIT
{INPUT) (OUTPUT) R2 = 500 Q, u
Ta = MIN to MAX
> SN54ALS623A SN74ALS623A
5 MIN MAX | MIN MAX
tPLH A 8 2 15 2 13 ns
> tPHL 3 13 3 11
2 1 1
e tpLH 8 A 5 2 3] s
O PHL 3 13 3 1
> tpzH Gea A 5 25 5 22 e
wn tpzL 5 25 5 22
tPHZ 2 19 2 16
GBA A
2] oLz 2 3| 2 9] ™
= tpzH 5 25 5 22
AB B
2 Pzl G 5 25 5 22| ™
tpPHZ 2 19 2 16
— AB
pour Lz G B 2 23 2 9| ™
m NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
Texas W
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TYPES SN54ALS621A, SN54ALS622A, SN74ALS621A, SN74ALS622A
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, YOG - -« v o e
ANLNPULS 8RA /0 POMS - . o oo oo et [P
Operating free-air temperature range: SN54ALSE21A, SN54ALS622A

SN74ALS621A, SN74ALS622A
Storage temperature raNQgE . . . . . .« vttt e e e

tnput voltage:

recommended operating conditions

7V
-85°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54ALS621A SN74ALS621A
SN54ALS622A SN74ALS622A UNIT
MIN NOM MAX | MIN. NOM MAX
Vece Supply voltage 4.5 5 55| 45 § 6.5 \
ViH High-level input voltage 2 : 2 v
Vi Low-level input voltage 0.8 0.8 v
VOH High-level output voitage 5.8 5.5 v
lov Low-level output current 12 24 mA
481
TA Operating free-air temperature —55 125 0 70 °C

tThe extended fimits apply only if Vo is maintained between 4.75 V and 5.25 V.
The 48-mA limit applies for the SN74ALS621A-1 and SN74ALS622A-1 only.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SNG4ALS621A SN74ALS621A
PARAMETER TEST CONDITIONS SN54ALS622A SN74ALS622A UNIT
MIN TYP: MAX MIN TYP: MAX 2
ViK Vee = 4.5V, I = —18 mA -1.5 -1.5 v
10H Ve = 45V, VoK = 5.5V 0.1 0.1 [ mA
Vce = 4.5V, oL = 12 mA 025 04 025 0.4 (7,
V, Vi =45V, 1 =2 A \2
oL cc oL = 24 m 035 05 =
floL = 48 mA for -1 versions) =
0 Control inputs Vee = 6.5V, Vi=7V 0.1 0.1 mA Q
A or B ports Ve = 5.5V, Vi=6565V 0.1 0.1 o
Control inputs 20 20 Y
| Vec =85V, V=27V o
H A or B ports§ ce ! 20 20| “ P
Control inputs -0.1 -0.1
I Vi =556V, V=04V mA
L A or B ports§ ce ' ~o1 —o1 <
tputs hi 4
CALS621A Vee = 5.5V Outputs high 29 45 29 0 (]
lce Outputs low 35 53 35 48 mA 2
QOutputs high 11 15
‘ALS622A vee = 6.5V utputs fig 120 <
Outputs low 20 33 20 28 (7
tAll typical values are at Voo = BV, Ta = 25°C. -
§For /O ports, the parameters Iy and ly_include the off-stats output current. <
%y
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TYPES SN54ALS621A, SN54ALS622A, SN74ALS621A, AN74ALS622A
OCTAL BUS TRANCEIVERS WITH OPEN-COLLECTOR OUTPUTS

‘ALS621A switching characteristics (see Note 1)

Ve =45Vto55YV,

CL = 50 pF,
FROM TO R_L = 680 Q,
PARAMETER UNIT
{(INPUT) {OUTPUT) TA = MIN to MAX
SNB4ALS621A SN74ALS621A
MIN MAX MIN MAX
t
PLH A B 10 45 10 33 ns
tPHL 5 24 5 20
tPLH B A 10 45 10 33 ns
tPHL 5 24 5 20
t —
PLH GBA A 10 47 10 39 ns
tPHL 12 40 12 35
1
PLH GAB 8 10 a7 10 3 |
tPHL 12 40 12 35
‘ALS622A switching characteristics (see Note 1)
Vgec =45Vtob65V,
CL = 50 pF,
FROM =
PARAMETER RO 0 R - 6801, uNIT
{INPUT) {OUTPUT) Ta = MIN to MAX
SNB4ALS622A SN74ALS622A
MIN MAX MIN MAX
tPLH 8 42 8 35
2 tPHL A B 5 23 5 19 ns
1
PLH 8 A 8 42 8 35 ns
tPHL 5 23 5 18
t -
> PLH GBA A 8 a8 8 ECH
5 tPHL 10 40 10 35
1 45
PLH GAB B 8 8 38 ns
> tPHL 10 20 | 10 35
% NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
/2]
Q
S
c
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TYPES SN54AS620, SN54AS623, SN74AS620, SN74AS623

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SUPPlY VOIAGE, VOC -« o oo e e et 7V
Input voltage: AllINPULS . . . . .. o 7V
O POMS ot it e e e e e e 5.5V

Operating free-air temperature range: SNG4AS620, SN54AS623

SN74AS620, SN74AS623
Storage temperatur@ FaNGE . . . .« v o v v v vt e e

recommended operating conditions

SN54AS620 SN74AS620
SN54AS623 SN74AS623 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55| 45 5 5.5 \
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 Y
IoH High-leve! output current -12 -15 mA
loL Low-level output current 48 ‘ 64 mA’
Ta Operating free-air temperature -55 125 | 0 70 °oC
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54AS620 SN74AS620
PARAMETER TEST CONDITIONS SN54AS623 SN74AS623 UNIT
MIN TYPt MAX MIN TYPT MAX
[ Vi Vee = 45V, = ~18mA -1.2 -1.2 v
Voc = 45V1055V, gy = -2mA |Voc-2 Vec-2 2
Vee = 4.5V, IoH = -3 mA 2.4 3.2 2.4 3.2
VoK Vee = 45V IOH = —12 mA v
Ccc . OH 2
Vee =45V, loH = - 16 mA 2 w
VoL Vee = 45V, ioL = 48 mA 0.30 0.55 v ':
Vee = 45V, loL = 64 mA 0.35 0.55 =
W Control inputs vee = 5.5V, V=7V 0.1 0.1 mA Q
A or B ports Ve =565V, V=55V 0.1 0.1 [ <
™ ioz:r;:l:;r::: Vee =55V, V) =27V ig 58 HA g
Control inputs -0.5 -0.5
i AorB po?tst Vee = 8.5V, Vi=04v ~0.75 075 ™ <
108 Vee = 6.5V, Vo = 2.25V —50 —150 | —50 -150 | mA o
Outputs high 35 57 35 67 P
‘AS620 Vee = 5.5V Outputs fow 74 122 74 122 - §
fcc QOutputs disabled 48 77 48 77 mA W
Outputs high 57 93 57 93 |
‘AS623 Veg = 5.5V Outputs low 116 189 116 189 - ¢
Outputs disabled 71 116 71 1186
Tau typical values are at Voo = § V, Tp = 25°C.
*For 1/0 ports, the parameters )y and lj_ include the off-state output current,
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
Texas WP
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TYPES SN54AS620, SN54AS623, SN74AS620, SN74AS623
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

'AS620 switching characteristics {(see Note 1)

Vec = 45Vt 55V,
C, = 50 pF,
EROM 10 R1 = 500 Q,
PARAMETER (INPUT) {OUTPUT) R2 = 500 Q, UNIT
TA = MIN to MAX
SN54AS620 SN74AS8620
MIN MAX MIN MAX
tpLH 1 8 1 7
A B
PHL 2 7 2 8| ™
tPLH 1 8 1 7
8 A
tPHL 2 7 2 6 ne
¢ = .
PZH aBA A 2 85| 2 8 s
tPzZL 2 10 2 9
t 1 .
PHZ GBA A 7.8 ! 6 ns
tPLZ 2 15 2 12
1 2
PZH GAB 8 9 2 8 s
tpzL 2 10.5 2 9
t 1 .
ida GAB B 6.5 ! 8 ns
tpLZ 2 16 2 13
‘AS623 switching characteristics {(see Note 1)
Ve = 45V 1055V, I
CL = 50 pF,
1= Q,
2 PARAMETER FROM To :2 = Zgg 0 UNIT
(INPUT) {OUTPUT) - "
Ta = MIN to MAX
SN54AS623 SN74AS623
?' MIN MAX MIN MAX
7, tPLH 1 10 1 9
A B ns
> tPHL 1 9 1 8
t 1 10 1 9
2 PLH B A ns
o tPHL 1 9.5 1 8.5
1 . 11
PZH GBA A 2 15 2 ns
> tPZL 2 11 2 10
- . 7.
«» 1PHZ GBA A ! 85 ! 5 ns
o tpLz 1 13.5 1 11.5
— 1 2 1 2 11.5
3 PZH GAB 8 3 ns
O tPZL 2 12 2 11
1, 1 8 1 7
c PHZ GAB B ns
— tpLZ 1 10.6 1 8
= ,.
m NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
i
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TYPES SN54AS621, SN54AS622, SN74AS621, SN74AS622
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VOIAGE, VO - - - o o e e
Inputvoltage: Allinputs and VO POrts . .. .. ... ... . ...
Operating free-air temperature range: SN564AS621, SN64AS622. ... ... ... .. ..
SN74AS621,SN74AS622 . .. ............
S1OragetempPerature FANGB . . . . o . o o o v ettt e e

recommended operating conditions

SN54AS621 SN74AS621
SN64ASB822 SN74AS622 UNIT
MIN NOM MAX MIN NOM MAX

vee Supply voitage 4.5 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 Vv
ViL Low-level input voitage 0.8 0.8 \Y
VOoH High-tevet output voltage 5.5 5.5 Y
loL Low-level output current 48 64 mA
Ta Operating free-air temperature -58 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54AS621 SN74AS621
PARAMETER TEST CONDITIONS SN54AS622 SN74A8622 UNIT
MIN TYPt MAX MIN TYPt MAX
ViK Vge =45V, If = —18 mA -1.2 -1.2 \
IoH Vee =45V, Vol = 5.5V 0.1 0.1 mA
y Vec = 45V, ToL = 48 mA 030 05 v 2
oL Ve = 45V, oL = 64 mA 035 05
Control inputs Veg = 5.5V, Vi=7V 0.1 0.1
h — mA
A or B ports Vee = 55V, Vi =565V 0.1 0.1 &
Control inputs 20 20
| Vi =585V, V=27V —
IH A or B portst cc ! 70 70| A D
Control inputs -0.5 -0.5 o
i V. =558V, V=04V
I A or B portst ce ' <0.75 o755 ™ o
‘AS621 Vee = 5.5V Outputs high 48 79 48 79 Q
lec Qutputs low 116 189 116 189 A 17
m
i 24 3
'AS622 Vee = 5.5V Outputs high 24 39 9 <
Outputs low 63 103 63 103
t All typical values are at Vo = 5V, Tp = 25°C Q
tFor I/O ports, the parameters ||y and ly_include the off-state output current. E
7s]
<
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TYPES SN54AS621, SN54AS622, SN74AS621, SN74AS622

OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

‘AS621 switching characteristics (see Note 1)

Vge =45Vtwob5EV,
CL = 50 pF,
FROM TO Ry = 500 Q,
PARAMETER UNIT
{INPUT) (OUTPUT) Ta = MIN to MAX
SN54AS621 SN74AS5621
MIN MAX | MIN MAX
A{ .
PLH A 8 5 28.5 5 24 ns
tPHL 1 8.5 1 7.5
1
PLH 8 A 5 23 5 21 ns
tPHL 1 8.5 1 7.5
t = 5 24 5 21
PLH GBA A ns
1PHL 1 10 1 9
k¢
FLH GAB 8 S 26 5 21 s
tPHL 1 11 1 10
‘AS622 switching characteristics {see Note 1}
Ve =45Vte b5V,
Cp = 50 pF,
FROM TO RL = 500 Q,
PARAMETER UNIT
{INPUT) (OUTPUT)} Ta = MIN to MAX
SN54AS622 SN74AS5622
MIN MAX | MIN MAX
1 5 . .
PLH A 8 28.5 5 24.5 ns
2 PHL 1 8.5 1 8
1
PLH 8 A 5 30 5 25 ns
tPHL 1 8.5 1 8
t 5 2
> PLH GBA A 6 5 22 ns
- tPHL 1 11.5 1 10
t
(7] PLH GAB 8 5 26 5 23 ns
> tPHL 1 11.5 1 10.5
z NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
(/2]
X
Q.
{ o
L |
7]
i
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS648
OCTAL BUS TRANSCEIVERS AND REGISTERS

D2661, DECEMBER 1982 —REVISED MARCH 1984

® Independent Registers for A and B Buses SN54ALS’, SN54AS’ . . . JT PACKAGE
. . SN74ALS’, SN74AS’ . . . NT PACKAGE
® Multiplexed Real-Time and Stored Data (TOP VIEW)
® Choice of True or Inverting Data Paths cag M D vee
® Choice of 3-State or Open-Collector Outputs SAB [ |2 ] cBA
i DIR []3 1 sea
® included Among the Package Options Are a1 e kg
Compact 24-pin 300-mil Wide DIPs and
- . - f A2 [Js 1 B1
Both 28-pin Plastic and Ceramic Chip
Carrier: A3 L8 ] 62
arriers aa (7 ] B3
® Dependable Texas Instruments Quality and A5 |8 ] B4
Reliability A6 [[o 185
A7 ] B6
DEVICE OUTPUT LOGIC A8 :] B7
‘ALS646, 'AS646  3-State True GND j B8
'ALS647 Open-Collector  True
'ALS648, ‘AS648  3-State Inverting SNG4ALS'. SNS4AS’ FH PACKAGE
ALS649 Open-Collector Inverting SN74ALS’, SN74AS’ . . . FN PACKAGE
s (TOP VIEW)
description
c @ 3 8 < <«
These devices consist of bus transceiver circuits 53525398
| I W Sl S ) S ) S —
4 3 2 1282726

flip-flops, and control circuitry arranged for
multiplexed transmission of data directly from
the input bus or from the internal registers. Data

with 3-state or open-collector outputs, D-type g
5

on the A or B bus will be clocked into the 2
registers on the low-to-high transition of the
appropriate clock pin {(CAB or CBA). The
following examples demonstrate the four (/2]
fundamental bus-management functions that _|:
can be performed with the octal bus transceivers o |
and registers. Q
Enable (G} and direction (DIR} pins are provided E
to control the transceiver functions. In the o
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The [7,)
select controls (SAB and SBA) can multiplex stored and real-time (transparent mode) data. The direction
control determines which bus will receive data when enable G is active (low). In the isolation mode {(control o)
G high), A data may be stored in one register and/or B data may be stored in the other register. 2
When an output function is disabled, the input function is still enabled and may be used to store and transmit <L
data. Only one of the two buses, A or B, may be driven at a time. 0
The — 1 versions of the SN74ALS’ parts are identical to the standard versions except that the recommended &‘
maximum lQL is increased to 48 milliamperes. There are no — 1 versions of the SN54ALS’ parts.
The SN54' family is characterized for operation over the full military temperature range of —55°C to 125°C.
The SN74’ family is characterized for operation from 0°C to 70°C.
% Copyright © 1982 by Texas Instruments Incorporated
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SLINJYID SV ANV STV !

TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN54ASE48
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS649
OCTAL BUS TRANSCEIVERS AND REGISTERS

I
1111
N, e’

21y @ (1) @30 (20 (22)
DIR CAB CBA SAB SBA
L X HorL X L

~ o0

REAL-TIME TRANSFER
BUSBTOBUS A

8uss

(210 (3} (1) (23) (2} (22)
G DIR CAB CBA SAB SBA
X X t X X X
X X X t X X
H X t t X X

STORAGE FROM
A, B, ORAANDB

« o
Q 73
po]
@ 2
gt ©
ol !
tor)
Llwy
PR

210 3 1 (23) (2) (22)
G DIR CAB CBA SAB SBA
L H Hort X L X

REAL-TIME TRANSFER

BUS ATOBUS B

BUSB

1l

N, e’

210 (3 (1} (23) (2) (22)
G DIR CAB CBA SAB SBA
L L X X X H
L H X X H X

TRANSFER
STORED DATA
TOAORB

2-86
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— - -
TYPES SN54ALS646 THRU SN54ALS649, SN54ASB46, SN54AS648
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS648
OCTAL BUS TRANSCEIVERS AND REGISTERS
FUNCTION TABLE
INPUTS DATA /O* OPERATION OR FUNCTION 1
‘ALS646, 'ALS647 ‘ALS648, 'ALS649
[ DIR CAB CBA SAB SBA | A1 THRU A8 | B1 THRU B8 ‘'AS646 ‘AS648
X X M X X X Input Not specified Store A, B unspecified Store A, B unspecified |
X X X * X X Not specified input Store B, A unspecified Store B, A unspecified
H X * * X X [ L Store A and B Data Store A and B Data
Input Input . "
H X Horl Horl X X Isolation, hold storage Isolation, hold storage
L L X HorL X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
OQutput Input —
L L X X X H L Stored B Data to A Bus Stored B Data to A Bus
L H Hol X L X Real-Time A Data to B Bus | Real-Time A Data to 8 Bus
input Qutput —
L H X X H X —L Stored A Data to B Bus Stored A Data to B Bus

*The data output functions may be enabled or disabled by various signals at the G and DiR inputs. Data input functions are always enabled, i.e., data at the bus

pins will be stored on every low-to-high transition on the clock inputs.

functional block diagrams {positive logic}

ALS646, 'AS646, 'ALS647 ‘ALS6848, '‘AS648, 'ALS649
= {211
G prall
-
123}
CBA TN
saa 220 ‘DME?_ v PANTFE] L
() (1)
cAB cAB
2)
T Lagale mea] | W—
Hefmeo——--{ B A S oA 8 Y -t-
1| |1 OF 8 cHANNELS ] 7 [v oF s cHANNELS 1M
' 1D ! H 10 i 2
1 c1 ! 1R c1 !
' 1 1 |
\ : | F :
] ]
| ! ! : hd
]
(@) F -1 (20) @) f ——— PV =
Al -t ; At t : 3
i 0 1 B1 ) 10 ) B1 o
! a ! ! ¢ !
| - | | 5
! L ) i il | —D— { n
1 1Y 1- _] ___________ ka4 H-pm—mmm e r4-r—4---——------- -R4 b
v / v /
707 OTHER CHANNELS TO 7 OTHER CHANNELS %
Pin numbers shown are for JT and NT packages. <
/7]
<
i
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TYPES SN54ALS646 THRU SN54ALS649, SN54AS646, SN5AAS648
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS649

OCTAL BUS TRANSCEIVERS AND REGISTERS

logic symbols

SLINJYID SV ANV STV B

'ALS646, ‘AS646 ‘ALS647
— 21 - I
G——A‘(i)' G3 el G3
DlR-—t—i 3ENT [BA] Dm-”'—ﬁ 3ENT [BA)
. 3EN2 [A8] 3EN2 [AB)
[y }>ca ceat® Koy
SEA:‘ZZ' G5 seat2Z____Jgs
cast 6 cas-l e
YW E— sag o7 JJ
a1 - (201 @ 201
>t a0 1 21 4D 81
At lo, - ® A1 o1 -
6D 7 * 6D 7 1
T3 2v — 2¢
(5) 7 (a9) s\ ] 19)
AZQ’-: 82 AZ"—C j<->sz
[ 118) 16) 18y
Azm :j*»sa AJ‘Ft: r“
7 an 7) “an
Ad«-m 84 M"_Cj B4
18 (16 18) (16}
Asﬁr—m 85 AS —_43—4-»35
19} “si 19) (15)

A S I i * S i
(10 14} (10) (14)
A74>—t: Ej—@»m A? jQ-»m
nn (13) 1311 113)

A8 | j—«» B8 A8 [j‘* 8a

‘ALS648, '‘ASB48 ‘ALS649
Pzl N S Y P rALII G P
or-3 JENY (BA} DIR‘—JLTj 3ENT [BAI
23 3EN2 [AB] 3 3EN2 (AB]
)
CBA [>ca CBA. P> ca
spa-22 G5 saA:‘w 3
cagt I cs cap ! b ocs
Y P CO— sas2 lq3
C (20} o T 201
ta} >1 5 a0 81 {a) =1 4D 8t
at v = A1 o1 7
() 7 21 v () k] =1 °
= - 2
(5) 7 (19 (5) 17 19
a2 ‘maz A2 m—ﬁbsz
(6) (18 i6) 118)
a3 m—o«»aa A4 :j—<->93
7 an ] an
A4 m‘%m Ad B4
(8) a6} 8 116
A5 4P [ :j—‘»es A5 4P t | 85
9) {16} (9) (15}
Ab 4P B6 AS 4D~ g—d—»es
(10} r—— 14 10 (14}
AT 4D~ .[ 87 A7 ;I—Q-b 87
ay 13) an 03
A8 ;3-0 88 A8 ;j—d—b 88
Pin numbers shown are for J and N packages.
. 128:
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TYPES SN54ALS646, SN54ALS648, SN74ALS646, SN74ALS648
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vcc
Input voltage: Control inputs

Operating free-air temperature range: SN54ALS646, SN54ALS648
SN74ALS646, SN74ALS648

10 ports

Storage temperature range

racommended operating conditions

SNS4ALSE46 —L SN74ALS646
SNBAALSE4S SN74ALS648 UNIT
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 45 5 56| 45 565 Q
L] High-level input voitage |2 j 2 \
L ViL Low-level input vottage r 0.8 0.8 v
IoH High-level output current L - F -15 mA
| T 12 24
L oL Low-fevel output current L 281 mA
felock Clock frequency Mhz
tw Pulse duration, clocks high or low L ns
tsu Setup time, A before CABT or B before CBAT | ns
Q Hold time, A after CAB? or B after CBA! ns
Q Operating free-air temperature Bs 125 0 70 °C

tThe extended condition applies if Ve is maintained between 4.76 V and 56.25 V.
The 48-mA limit applies for the SN74AL5646~1 and SN74ALS648-1 only.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

N

} SN54ALS646 SN74ALS646 —{
PARAMETER TEST CONDITIONS SN54ALS648 SN74ALS648 UNIT
MIN TYP: MAX | MIN TYP: MAX [7,)
VIK Vee = 45V, | = —18 mA 1.5 15[ vV | =
Vee =45Vt055V, Igy= ~04mA |Vcc-2 Vee-2 5
v Vee =45V, lIoH = -3 mA 2.4 3.2 2.4 3.2 QO
OH v
[ Vcc =45V, o = ~12mA 2 o
[Vec =45V, I0H = ~15 mA 2 6
Vee =45V, loL = 12 mA 0.25 0.4 0.25 0.4 |
VoL Voc = 4.6V, oL = 24 mA 0.35 05| V N
(loL = 48 mA for -1 versions) L L <
; Control inputs | Vcc = 6.5V, vi=7V 1 01| o] 1 a
A or B ports Vee =55V, V=565V Q.1 0.1 Z
W Control inputs Vee = 5.5V, Vi= 27V 20 20 A 1 <
AorBports§ | [ 20 20 ) n
e it‘:"p:‘i:‘: Vee = 5.5V, V) =04V [ _g:; _g:; I s | ZI
o} ] Vee = 5.5V, Vo =225V -30 -112 | -30 -112 | mA
Qutputs high 60 60
‘ALS646 ‘@tpms iow 68 68
_ Outputs disabied 68 68 j
ce vec = 8.5V | Outputs high 52 52 | mA
"ALS648 [ outputs low [ 57 57 ]
{ L L mutputs disabled L 58 58 L
1Al typical values are at Ve = 5V, T = 26°C
§For /O ports, the parameters ki and i include the off-state output current.
1The output conditions have been chasen to praduce a current that closely approximates ons half of the true short-circuit output current, lgg.
Additional inf ion on these p can be obtained from the factory as it becomes available.
PRODUCT PREVIEW Q‘
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TYPES SN54ALS646, SN54ALS648, SN74ALS646, SN74ALSE48
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

‘ALS646 switching characteristics (see Note 1)

S1INJYHID SY ANV STV

Vec = 465Vi065V,
Cp = 50 pF,
FROM T0 R1 = 500 Q,
PARAMETER (INPUT} (OUTPUT] R2 = 500 2, UNIT
Ta = MIN to MAX
SN54ALS646 SN74ALS646
MIN TYPt MAX MIN TYPt MAX
fmax MHz
1| 1
PLH CBA or CAB Aor8 " ! ns
tPHL 13 13 N
1 8
PLH AorB Bora 8 ns
PHL 8 8
tpLH SBA or SAB# AorB 16 16 ns
or
PHL {with A or B high) 16 16
SBA or SAB$ 15 15
i AorB ns
{with A or B low) 12 12
— 17 17
— G AorB 25 20 ns
tPHZ = 10 10
A
T;‘ G J or B 2 2 ns
1
PzH DIR AorB 7 7 ns
tpzL 20 20
t 1 1
PHZ DIR AorB 0 0 ns
tpLz 12 12 ]
'‘ALS648 switching characteristics (see Note 1)
Voc - 45Vto55V,
CL = 50 pF,
FROM T0 R1 = 500 Q,
PARAMETER R2 = 500 Q, UNIT
(INPUT) OUTPUT) Ta = MIN to MAX
SN54ALS648 SN74ALS648
MIN TYPt MAX MIN TYPt MAX
I fmax l MHz
t 1
PLH CBA or CAB AorB M ! ns
tPHL 13 13
! | 1 1
PLH AorB BorA 0 0 ns
tPHL 12 12
tPLH SBA or SAB# 16 16
. . AorB ns
tPHL {with A or B high) 16 16
tPLH SBA or SABt 15 15
AorB ns
TPHL {with A or B low) 15 15 ]
tPZH - 17 17
Pzl G AorB 20 20 ns J
I I _
PHZ G AorB 10 10 ns
tpLZ 12 12
tpzH 17 17
[s]}
Pzl R AorB 70 20 ns
1, 1
PHZ DIR AarB 19 0 ns
PLZ 12 2 ]

tAll typical values are at Voo = 5V, T = 25°C.

ﬂ'hese paramatsrs are measured with the internal output state of the storage register opposite to that of the bus input.
b

on these products can d from the factory as it becomes available.

infor

PRODUCT PREVIEW

This page contains information on a product under
2- 90 development. Texas Instruments ressrves the right to
change or discontinue this product without notice.
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TYPES SN54ALS647, SN54ALS649, SN74ALS647, SN74ALS649
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOB, VG -+ o o vttt et e 7V
INPULVORAGE . . . . o YAY%
Operating free-air temperature range: SN64ALS647, SNB4ALS649 . . ... .. ............ ... —-55°Cto125°C

SN74ALS647,SN74ALS649 .. ... ... ... ... ... .. 0°Cto70°C
Storage temperature FaNEe . . . . . . . . . i e e -65°Cto1560°C

recommended operating conditions

SNE4ALSE47 —‘ SN74ALS647
SN54ALS649 SN74ALS649 UNIT

MIN NOM MAX MIN NOM MAX
[ Vec Supply voltage 45 5 55| 45 5 55| V |
LVIH High-level input voltage 2 2 V"
LVIL Low-level input voltage 0.8 0.8 v }
LVOH High-level output voltage 5.5 5.5 V"
loL Low-level output current 12 24 mA )
481
feiock Clock frequency MHz
tw Pulse duration, clocks high or low ns
tsu Setup time, A before CAB' or B before CBA? ns
th Hold time, A after CAB? or B after CBA? m
TA Operating free-air temperature -55 125 0 70 °C J

tThe extended condition applies if V¢ is maintained between 4.75 and 5.25 V.
The 48-mA limit applies for the SN74ALS647-1 and SN74ALS649-1 only.

elactrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

N

| sNs4aLsBa7 |  SN74ALS647 |
PARAMETER TEST CONDITIONS SN54ALS649 SN74ALS649 UNIT 7))
MIN TYPt MAX MIN TYP: MAX -
VIK Vee = 4.5V, I} = —18mA -1.5 -1.5 \ 3
[ loH Vce = 4.5V, VoH = 65V 0.1 01 ] mA o
Vee = 4.5V, oL = 12 mA 0.25 0.4 o
VoL Vee = 45V, oL = 24 mA 035 05| Vv -
floL = 48 mA for -1 versions) &
A or B ports Vee = 5.5V, V=565V i 0.1 0.1 (7, ]
Iy - mA
Control inputs | VCC = 5.5V, Vi=17V 0.1 0.1 <L
A or B ports § 20 20
| Vee = 5.5V, V=27V
H Control inputs cc ! 20 20 uh ’ g
Control inputs -0.1 -0.1
| A\ =55V, Vi =04V A
L [AorBposs | VeC =88 ‘ -0.2 oz | " ‘ <
Qutputs hi 52
'ALS647 utputs high 52 ‘3
: v 55V Qutputs low 62 62 mA <
cc |ALS649 cc == Qutputs high 50 50
Qutputs low 60 60
tAll typical values are at Vo = 5V, Tp = 25°C
§For /O ports, the parameters | and {j include the off-state autput current.
Additional inf ion on these prod can be obtained from the factory as it becomes availabie.
PRODUCT PREVIEW %
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TYPES SN54ALS647, SN54ALSB49, SN74ALS647, SN74ALS649
GCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS

‘ALS647 switching characteristics {see Note 1)

Vce =45VtobsV,
Cp = 50 pF,
FROM TO RL = 680 Q,
PARAMETER NIT
{INPUT) {OUTPUT) TA = MIN to MAX v
SN54ALS647 SN74ALS647
MIN TYPt MAX | MIN TYPt MAX
fmax MHz2
tPLH 24 24
CBA or CAB AorB S
tPHL or or 15 15 1 n
t 24 24
PLH AorB Bor A ns
PHL 12 12
tPLH SBA or SAB# 28 26
N . AorB ns
tPHL {with A or B high} 15 15
PLH SBA or SAB# 26 26
. AorB ns
tPHL {with A or B low) 15 15
tPLH = 24 24
G AorB
tPHL or 17 7 ns
tpLH 24 24
IR AorB
tPHL D or 17 17 ns |
‘ALS649 switching characteristics (see Note 1)
Vg =45Viob65V,
CL = 50 pF,
FROM TO RL = 6809,
PARAMETER uNIT
2 {INPUT} {OUTPUT) TA = MIN to MAX
SN54ALS649 SN74ALS649 |
> MIN TYPt MAX | MIN TYPT MAX
fmax MHz
r tPLH 24 24 !
wn CBA or CAB AorB s
> tPHL 15 15
tPLH 24 24
AorB Bor A
= tPHL o o 10 10 "
O tPLH SBA or SABt 26 ] 26 ]
. N AorB ns
> tPHL {with A or B high) 15 ] 16
t b
N PLH S.BA or SAB AorB 26 26 ns
o) tPHL {with A or B low) 15 16
— PLH = 24 24
AorB —]
g tPHL G or 17 17 nsg)
tpLH 24 24
E vy DIR AorB 7 17 nsJ
=] 1Al typical values are at Veg = 5 V, T4 = 25°C.
m 1These parameters are measured with the internal output siate of the storage register opposite to that of the bus input.
NOTE 1: For load circuit and voltage waveforms, see page 1-12.
Additional infor on these prod can be obtained from the factory as it becomes available.
i
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TYPES SN54AS646, SN54AS648, SN74AS646, SN74AS648

OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC
Input voltage: Control inputs

Operating free-air temperature range: SN54AS646, SN54AS648
SN74AS646, SN74A5648

Storage temperature range

recommended operating conditions

/O ports

........... 0°Cto70°C

-65°Cto150°C

1_' SN54AS646 SN74AS646
SN54AS648 SN74AS648 UNIT
MIN NOM MAX MIN NOM MAX
[ Vec Supply voltage 4.5 § 55| 45 5 55| Vv |
[ ViH High-level input voitage 2 2 v
ViL Low-leve! input voltage 0.8 0.8 v |
IoH High-level output current -12 —-16 | mA
oL Low-level output current 48 64 mA
feiock Clock frequency 0 75 0 90 | MH2
tw Puise duration Clock high 6 5 ns
| Clock low 7 &
tsy Setup time, A before CABT or B before CBAT 7 6 ns T
th Hold time, A after CAB or B after CBAT 0 0 ns |
TA Operating free-air temperature -55 125 o 70 °C T

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

283

SN54AS646 SN74AS646 | ] 2
PARAMETER TEST CONDITIONS SN54AS5648 SN74AS648 UNIT
MIN TYPt MAX | MIN TYPt MAX W
Vik Ve = 4.5V, | = -18 mA -1.2 -1.2 \ '::
Vec =45Vto55V, gy = -2mA |Vgc-2 Vee-2 ] o }
v Vec =45V, loH = -3 mA 24 3.2 2.4 32 ] QO
OH Vee = 45V, OH = —12 mA 2 v [+
Vee =45V, oK = — 15 mA 2 o
V =45V, loL = 48 mA . .
Voo VEE =35V, f,t —64mA 2280t 035 o055 «»
0 Controi inputs Vee = 6.8V, W=7V 0.1 o.t mA <
A or B ports Vce = 5.5 V. V=565V 0.1 0.1 (@]
Control inputs 20 20 2
It A or B portst Ve = 8.5V Vi=27V 70 70 uA <
L Control inputs Vee = 5.5V, V=04V -0.5 -0.5 ’"AW v
A or B portst -0.75% -0.75 |
108 Ve = 6.5V, Vo = 2.25V ~30 312 | -30 —112 | mA <L
Qutputs high 120 195 120 185
‘AS646 Outputs low 130 211 130 211
ice Veg = 5.5V Outputs d.isabled 130 211 130 211 mA
Outputs high 110 185 110 185
‘AS648 Outputs low 120 195 120 195
L Outputs disabled 120 19% 120 195
1Al typical values are at Ve = 5V, Tp = 25°C
$For /O ports, the paramaeters Iy and Y); include the off-state output current.
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit sutput current, los-
%
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TYPES SN54AS646, SN54AS648, SN74AS646, SN74AS648

OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS

‘AS646 switching characteristics {see Note 1)

Vec = 45V10566V,
Cp = 50 pF,
FROM To R1 = 5000,
PARAMETER INPUT) OUTPUT) R2 = 500 Q, UNIT
! Ta = MIN to MAX
SN54AS646 SN74AS646
MIN MAX | MIN MAX
fmax 75 90 MHz
1
PLH CBA or CAB AorB 2 9.5 2 8.5 ns
tPHL 2 10 2 9
1
PLH AorB BorA 2 11 2 9 ns
tPHL 1 8 1 7
tPLH SBA or SABt Ao 2 12 2 11
tPHL {with A or B high) 2 10 2 9| ™ J
tPZH = 2 10 2 )
A
tpzL ¢ o8 3 15| 3 1w ™ J
tPHZ = 2 11 2 9
G AorB
tPLZ or 2 I 2 9 ns
tPzH 3 19 3 16
DIR AorB
tpzL or 3 27 3 el
tPHZ 2 12 2 10
DIR A
tpLz o8 2 12] 2 o] ™
'‘AS648 switching characteristics {see Note 1)
2 Vee = 45Vt 556V, I
CL = 50 pF.
> FROM To R1 = 5009,
PARAMETER R2 = 6500 Q, UNIT
‘l’—, (INPUT) (OUTPUT) TA = MIN to MAX
SN54AS648 SN74A$648
> MIN MAX | MIN MAX
g Trmax 75 20 1 Mhz
PLH 2 9.5 2 8.5
CBA or CAB AorB
> tPHL or or 2 | 2 9| ™
w tPLH 2 9 2 8 |
B
0 PHL AorB or A 1 a 1 =1 ns
— tPLH SBA or SABt AorB 2 12 2 11 ns
g tPHL {with A or B high) 2 0] 2 9 |
tPZH —~ 2 10 2 9
G AorB
g tpzL o 3 18 3 5] ™
tPHZ — 2 11 2 9
(/] tPLz G AorB 2 e 2 9 ns
tpZH 3 19 3 16
tPzL DIR AorB 3 21 3 18 ns
PHZ 2 12 2 10
) A
tpLz DIR orB 2 12 2 0] ™
t These parameters are measured with the internal output state of the storage register opposite 10 that of the bus input. )
T *l’
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TYPES SN54ALS651 THRU SN54ALS654, SN54ASB51, SN54ASE52
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

D2661, DECEMBER 1983 —REVISED MARCH 1984

Bus Transceivers/Registers SNB4ALS', SN54AS' . . . JT PACKAGE
SN74ALS’, SN74AS’ . . . NT PACKAGE
(TOP VIEW)

® Independent Registers and Enables for A and
B Buses

® Muitiplexed Real-Time and Stored Data
Choice of True and Inverting Data Paths

® Choice of 3-State or Open-Collector Qutputs
to A Bus

® Included Among the Package Options Are
Compact 24-Pin 300-mil-Wide DIPs and
Both 28-Pin Plastic and Ceramic Chip

ALS AND AS CIRCUITS I\

Carriers
® Dependable Texas Instruments Quality and
Reliability
DEVICE A OUTPUT 8 OUTPUT  LOGIC SNS4ALS’, SN54AS’ . . . FC PACKAGE
‘ALSB51, 'AS651 3-State 3-State Inverting SN74ALS’, SN74AS’ . . . FN PACKAGE
‘ALSE52, "‘AS652 3-State 3-State True (TOP VIEW)
‘ALS653 Open-Collector 3-State inverting
'ALS654 Open-Collector 3-State True 5!2 2 g o 85 g
QWUZ>2On
description (232 128272
These devices consist of bus transceiver circuits, A1fjs 25(JGBA
D-type flip-flops, and control circuitry arranged A2[ls 2ye
for multiplexed transmission of data directly from A3 g7 2382
the data bus or from the internal storage NC {18 22(INC
registers. Enable GAB and GBA are provided to A4 []o 21183
control the transceiver functions. SAB and SBA As 10 ‘:’o B4
control pins are provided to select whether real- as I syss
time or stored data is transferred. A low input 121314 1516 17 18
-til j [ o Bl
level selects real-time data, anf:l a high selects P @ cZJ PER Q
stored data. The following examples (U]
demonstrate the four fundamental bus- NC — No internal connection
management functions that can be performed
with the octal bus transceivers and registers.
Data on the A or B data bus, or both, can be stored in the internal D flip-flops by low-to-high transitions
at the appropriate clock pins (CAB or CBA) regardiess of the select or enable control pins. When SAB and
SBA are in the real-time transfer mode, it is also possible to store data without using the internal D-type
flip-flops by simultaneously enabling GAB and GBA. in this configuration each output reinforces its input.
Thus, when all other data sources to the two sets of bus lines are at high impedance, each set of bus
lines will remain at its last state.
The — 1 versions of the SN74ALS651 through SN74ALS654 are identical to the standard versions except
that the recommended maximum QL is increased to 48 milliamperes. There are no —1 versions of the
SN54ALS651 through SN64ALS654.
The SN54’ family is characterized for operation over the full military temperature range of —55°C to 125°C,
The SN74' family is characterized for operation from 0°C to 70°C.
Copyright © 1983 by Texas Instruments Incorporated
TeExAs Q’ 2.95
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54ASH52
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652

OCTAL BUS TRANSCEIVERS AND REGISTERS

S.LINJYID SV ANV SV !

8us A
8us s

GAB GBA CAB CBA SAB SBA
L L X X X L

REAL-TIME TRANSFER
BUS B TO BUS A

GAB GBA CAB CBA SAB SBA
X H 1 X X X
L X X t X X
L H t t X X

STORAGE FROM
A AND/OR B

-----

BUS A
BUS B

GAB GBA CAB CBA SAB SBA
H H X X L X

REAL-TIME TRANSFER
BUS ATOBUS B

GAB GBA CAB CBA SAB SBA
H L Hork Hort H H

TRANSFER
STORED DATA
TO A AND/OR B

2.96 Texas M
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54ASE52
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652

OCTAL BUS TRANSCEIVERS AND REGISTERS

FUNCTION TABLE

INPUTS | DATA 1/0* ! OPERATION OR FUNCTION |
‘ALS651, "ALS653 ‘ALS652, ‘ALS654
GAB GBA | CAB CBA | SAB SBA | A1 THRU A8 | B1 THRU 88 ‘AS651 ‘AS6652
L H HorL Hortl X X Isolation Isolation
input fnput
L H " i X X Store A and B Data Store A and B Data
X H * HorL X X Input Not specified Store A, Hold B Store A, Hold B
H H t * X X Input Output Store A in both registers Store A in both registers
L X Horl 1 X X Not specified Input Hold A, Store B Hold A, Store B
L L i T X X Output Input Store B in both registers Store B in both registers
L L X X X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
Output Input —
L L X Horl| X H Stored B Data to A Bus Stored B Data to A Bus
H H X X L X Real-Time A Data to B Bus | Real-Time A Data to B Bus
Input Output —
H H Horb X H X Stored A Data to B Bus Stored A Data to B Bus
Stored A Data to B Bus and |Stored A Data to B Bus and
H L Horlt Harl H H Output Output —
Stored 8 Data to A Bus

Stored B Data to A Bus

* The data output functions may be enabled or disabled by various signals,at the GAB and GBA inputs. Data input functions are always enabled, i.e.. data at the
bus pins will be stored on every low-to-high transition on the clock inputs.

logic diagrams (positive logic)

‘ALS651, 'AS651, "ALS653

‘ALS652, 'AS652, 'ALS654

P
GAB >
cea 23] = e 1
sBA f‘ )2'
eI
- 2
T Aors ™ [T T — 1
| CHANNELS i
! | 2
§ } LT | E
) l200 =
A1t te>B1 |5
! i | o
1 —
| |
1 L_I | O
i
| I 70}
O Y O N ) |-t <
TO 7 OTHER CHANNELS TO 7 OTHER CHANNELS g
Pin numbers shown are for JT and NT packages. <
7]
I
i
Texas u 2.97
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TYPES SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS5652
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

logic symbols

S1INJHID SV ANV STV [

‘ALS651, 'AS651

[d:7 121 ENT [BA}L
GAB‘J’_ﬁ EN2 [AB]
(23
cBA—————I>C4
spat22 G5
cap-1 b cs
SABL—] G7
120
At (4} 217 s 40) Bt
AR | =
- R
60 7 >u>2 -
= 9
(5) 17 19}
A2 82
®) 118
4] “un
(8} 116
AS BS
9 115
A6 B6
1oy 14}
a7 g«m
an a3
AB 4P I B8
‘ALS653
Gaa-2L EN1 (BAI
cag 3 Jenz 148!
(231
caa—  — D4
sga 22 G5
(mn
cAB————I>CB
(2
saB G7
1200
. ia) Q, >21] |[s 4D B
5 1
60 7 EX
= 2V
15 17 19l
A2-40- 3 ‘:j-«»sz
6) 1ns)
A3 :T—Qbsz
7 an
YR . o Q—Q’BA
{8} L_' {116}
* S i
{9) [R1-1
A6 4D :I-4->36
(10} L_ nay
AT 4> g«&m
an L] 13
* SO figs

Pin numbers shown are for JT and NT packages.

‘ALS652, ‘AS652

EBA 2y £~

ENT [BA]
Gap3 ENZ AR
cpal2 b cs
spa-22 3
cas=L > cs
sap-2 G7
C (20)
(4) I [ 40| B1
Al 71 =
5
60 U]
| beo
(5) 17 19}
A2 j»sz
6) (18)
a3 j—t»sa
o un
* A Sl
@ 16
A5<>—t4_— j—4>as
(9) 1s)
As<-h~t: ‘mﬁas
“ol )
A70—: jﬁ : ¥4
ARl - (3)
Asdt 88
‘ALS654
geadZl s ey (gas
Gag-3L EN2 [ABI
cant2d s ca
sga-22 G5
cas——bcs
12)
sas G7
w ] 3 C 20
F]] 5 4D B
Al Q1 7
6D P>
ﬁ 2 V
[H]] 17 19
Az-<ot 82
) as)

A3 B3
n an
DA i >
8 6
A5 BS
@ as)
Asm B6
101 (e
A7‘t 87
an “3)
AST BB

2-98

TeExas
INSTRUME

*p

NTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TYPES SN54ALS651, SN54ALS652, SN74ALS651, SN74ALS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

absolute maximum ratings over operating free-air temperature range [unless otherwise noted)

SUPDIY VORAGE, VO « oot et e
Inputvoltage: Control inputs . . . . . .. .. .. e e
HOPOIS . . . .

Operating free-air temperature range: SN64ALS651, SN54ALS652
SN74ALS651, SN74ALS652

StOrage tempPeraturE FANGE . . . . o . o v vt et e e e e

recommended operating conditions

SN54ALSE51 SN74ALS651
SN54ALS6652 SN74ALS652 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55| 4.5 5 55 v
ViH High-level input voltage 2 2 \
ViL Low-ievel input voltage 0.8 0.8 v
loH High-level output current -12 -15 mA
12 24
loL Low-level output current vy mA
felock Clock frequency Mz
tw Pulse duration g:: Z: 2:: :’Ia’h ns
tsu Setup time before CABt or CBA? AorB ns
th Hold time after CABT or CBAt AorB ns
TA Operating free-air temperature -55 125 0 70 °C

t The extended conditian applies if V¢ is maintained between 4.75 V and 5.25 V.
The 48-mA limit applies for the SN74ALS6561-1 and SN74ALS852-1 only.

slectrical characteristics over recommended operating free-air temperature range {(unless otherwise noted) 2
SN54ALS651 SN74ALS651
PARAMETER TEST CONDITIONS SN54ALS652 SN74ALS652 UNIT
MIN TYP: MAX [ MIN TYP: MAX ‘Fe
ViK Vee =45V, I = —-18mA -1.5 -1.5 \ —
Vee = 45Vto65V, Igy = ~0.4mA [Vcc-2 Veec—-2 >
v Vec =45V, loh = -3 mA 24 3.2 24 3.2 v g
OH vee = 4.5V, foH = —12mA 2 —
Ve = 46V, 1OH = —15 mA 2 (]
Vee = 4.5V, oL = 12 mA 0.25 0.4 0.25 0.4 (/5]
Vou Vee = 4.5V, oL = 24 mA 0.35 05 v L-'s
(lgL = 48 mA for -1 versions)
. Control inputs Vee =565V, Vi=7V 0.1 0.1 A g
A or B ports Vec =55V, Vi =55V 0.1 0.1 <
W norsporms ] VeC = 55Y. Yi=27v 20 AR
Control inputs -0.1 -0.1 -1
e AorB po.:ss Vec =55V, Vi=04v —0.2 02| ™ <
101 Vee =55V, Vo = 225V -30 ~-112 | -30 -112 mA
Outputs high 52 52
'ALS651 Qutputs low 57 57
lcc Vee = 5.5V Qutputs disabled 58 58 mA
Outputs high 60 60
‘ALS652 Outputs low 68 68
Qutputs disabled 68 68
1Al typical values are at Voo = BV, Tp = 26°C
§For I/0 ports, the parameters iy and )j_ inciude the off-state output current.
{The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los-
83 PRODUCT PREVIEW M
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TYPES SN54ALS651, SN54ALS652, SN74ALS651, SN74ALS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

‘ALS651 switching characteristics {see Note 1)

S1INJHID SV ANV STV

Vgc =45Vtwo55YV,
CL = 50 pF,
FROM T0 R1 = 600 Q,
PARAMETER (INPUT) (OUTPUT) R2 = 500, UNIT
Ta = MIN to MAX
SN54ALSE51 SN74ALS851
MIN TYPt MAX | MIN TYPt MAX
frmax MHz
t 11
PLH CBA or CAB AorB 1 ns
IPHL 13 13
|
PLH AorB Bor A 10 10 ns
tPHL 12 12
PLH SBA or SABY 186 16
. R AorB ns
PHL {with A or B high) 16 16
tPLH SBA or SAB# AorB 15 15
tPHL {with A or B low) °r 15 15 e
1 =
PZH GBA A 17 17 ns
PZL 20 20
t —
PHZ SBA A 10 10 ns
tpLZ 12 12
tpZH 19 19
GAB B
tpzL 22 22 ne
1
PHZ cAB 8 12 12 ns
tpLzZ 14 14
‘ALS652 switching characteristics (see Note 1)
Vgc = 45Vto55V,
CL = 50 pF,
FROM 10 R1 = 500 Q,
PARAMETER (NPUT) (OUTPUT) R2 = 500 Q, UNIT
Ta = MIN to MAX
SN54ALS652 SN74ALS652
MIN TYPt MAX | MIN TYPt MAX
fmax MHz
t
PLH CBA or CAB AorB H 1 ns
tPHL 13 13
1PLH 8 8
AorB BorA ns
toHL ' o 8 8
PLH SBA or SAB# 16 16
. . AorB ns
tPHL {with A or B high) 16 16
tPLH SBA or SAB# 15 15
i AorB ns
tPHL {with A or B low) 12 12
1 —
PZH 38A A 17 7 ns
tpzZL 20 20
1] —
PHZ GBA A 10 10 ns
tpLZ 12 12
1
PZH GAB B 19 19 ns
tpZL 22 22
1
PHZ GAB B 12 12 ns
tpLZ 14 14
tAll typical values are at Vo = 6 V, T4 = 26°C.
$These parametars are measured with the internal output state of the storage register opposite to that of the bus mput
NOTE 1: For ioad circuit and voltage waveforms, sea page 1-12.
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TYPES SN54ALS653, SN54ALS654, SN74ALS653, SN74ALSE54
OCTAL BUS TRANSCEIVERS AND REGISTERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORBEGE, VO C -+« o o ettt e A"
Input voltage: Allinputs and A /O POMS. . . . . .. oo e e 7V
Bl O POMS . . . . e e 5.5V
Operating free-air temperature range: SN64ALS6563, SNG4ALS654 . . ... . ............... -55°Cto125°C
SN74ALS653,SN74ALS654 . .. ... ........ ... . ...... 0°Cto70°C
Storage temperatur@ FANGE . . . . . . . . . v v it e e e e e e —-65°Cto150°C
recommended operating conditions
SN54ALS663 SN74ALS653
SN54ALSE64 SN74ALS654 UNIT
MIN NOM MAX MIN NOM MAX

[ Vee Supply voltage 4.5 5§ 55| 45 § 5.5 \

\ ViIH High-leve! input voltage 2 2 v
ViL Low-leval input voltage 0.8 0.8 \
VOH High-level output voltage A ports 5.5 5.5 v
IoH High-level output current B ports -12 ~15 mA
loL Low-level output current 12 24 mA

481
fclock Clock frequency MHz
S tw Pulse duration g:: Z: 2:: I':;lsvh ns
tay Setup tima before CAB? or CBAT AorB ns
th Hold time after CABt or CBA? AorB ns
Ta Operating free-air temperature ~-565 125 0 70 °C

1The extended condition applies if Ve is maintained between 4.75 V and 5.25 V.
The 48-mA limit applies for the SN74ALS653-1 and SN74ALS654~1 only.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54ALS6563 SN74ALS663 2
PARAMETER TEST CONDITIONS SN54ALS664 SN74ALS6564 UNIT
MIN TYP: MAX | MIN TYP: MAX [7,)
VIK Vee = 4.5V, h = -18 mA -1.5 -1.5 \ =
Ve =45Vto58Y, Ilgy= -04mA [Vcc-2 Vec-2 5
v B norts Vee =45V, IoH = —3mA 2.4 3.2 2.4 3.2 v (&)
OH po Vee = 45V, I0H = - 12 mA 2 b
Ve =45V, loH = -15mA 2 6
loH A ports Ve =45V, VOoH = 6.6V 0.1 0.1 mA
Voo = 4.5V, loL = 12 mA 0.26 0.4 0.25__ 0.4 »n
VoL Vee = 475V, loL = 24 mA 0.35 0.5 v <
{ioL = 48 mA for -1 versions} o
| Control inputs Vee =558V, V=7V 0.1 0.1 mA 2
! A or B ports Vee = 6.8V, Vi =565V 0.1 0.1 <
M hors ponsy | Vo< 58 V. Yi=27v 30 ol ™| @
Control inputs ~0.1 -0.1
e A or B ports§ Vge = 5.5V, Vi=04V 02 0.2 mA <
lo1 B ports Ve =55V, Vo =225V -30 -112 | -30 ~112 | mA
Outputs high 52 52
‘ALS653 Outputs low 57 57
icc Vee = 5.5V Qutputs disabled 58 58 mA
QOutputs high 60 80
'ALS654 Outputs low 68 68
Outputs disabled 68 68
$All typical values are at Voo = 5V, Tq = 26°C
§For /O ports, the parameters |y and |)p_include the off-state output current.
{The output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output current, lgg.
PRODUCT PREVIEW M
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TYPES SN54ALS653, SN74ALS653
OCTAL BUS TRANSCEIVERS AND REGISTERS

‘ALS653 switching characteristics (see Note 1)

Vcec =4565VtobS5yY,
Ct = 60 pF.
FROM T0 RL = 680 Q, (A outputs}
PARAMETER (INPUT) OUTPUT R1 = R2 = 500 Q, (B outputs} | UNIT
! ! Ta = MIN to MAX
SN64ALS653 SN74ALS653
MIN TYPt MAX | MIN TYPT MAX
frmax MHz
tPLH 24 24
CBA A
tPHL 15 15 e
tPLH 11 11
CAB B
tPHL 13 13 ne
PLH 10 10
A 8
tPHL 12 12 ne
t
PLH R A 24 24 e B
PHL 10 10
tPLH SBA% A 26 26 ne
tPHL {with B high) 15 15
tPLH SBAt 26 26
. A ns
tPHL (with B low} 15 15
tPLH SAB3 B 16 16 ns
tPHL {with A high) 16 16
tPLH SABt 15 15
’ 8 ns
tPHL {with A low) 15 15
tPLH 24 24
GBA A
2 tPHL 17 17 i
tpzZH 19 19
GAB B ns
> tpzZL 22 22
r- tPHZ GAB 8 12 12
(7] tPLZ 14 12 e
tAll typical values are at Vo = 6 V, Tp = 25°C.
> $These parameters are measured with the internal output stata of the storage register opposite to that of the bus input.
z NOTE 1: For load circuit and voltage waveforms, see page 1-12.
c Additional inf ion on thesa prad can be cbtained fiom the factory as it becomes available.
(/2]
Q
3
c
-
|
wn
PRODUCT PREVIEW ¢
Thi: contains Information on a
2-102 pro:itz:.t‘.undcr development. Texas TEXAS
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TYPES SN54ALS654, SN74ALS654
OCTAL BUS TRANSCEIVERS AND REGISTERS

‘ALS654 switching characteristics (see Note 1)

Veg =45Vtb5YV,
Cp = 50 pF,
Ry = 680 Q, (A outputs)
FROM TO
PARAMETER INPUT {OUTPUT) R1 = R2 = 500 Q, (B outputs) | UNIT
{ ! Ta = MIN to MAX
SNG4ALS654 SN74ALS654
MIN TYPt MAX | MIN TYPt MAX
tmax MHz
tPLH 24 24
A A
tPHL ca 15 15 ns
tPLH 11 11
AB B
tPHL N 13 13 ns
tPLH 8 8
B8
tPHL A 8 P ns
tPLH 24 24
A
tPHL ® 10 10 ne
thLH SBAt A 26 26 s
PHL {with B high} 15 15
PLH SBAt 26 26
5 A ns
tPHL {with B low} 15 15
tPLH SAB3 B 16 16 ns
tPHL {with A high) 16 16
tPLH SABt 15 15
. B ns
tPHL {with A low} 12 12
tPLH - 24 24 2
BA A
tPHL © 17 17 ns
tpZH 19 19
GAB 8
tpzL 22 22 ns m
1] 12 12
PHe GAB 8 ns E
tpLZ 14 14 - ]
tAll typical values are st Vog = 5V, T = 25°C. Q
$These parameters are measured with the internal output state of the storage register opposite to that of the bus input. m
NOTE 1: For load circuit and voltage waveforms, see page 1-12. —
Additional inf on these prod can be obtained from the factory as it becomes available. o
2
Q
g
72}
<
PRODUCT PREVIEW ¢
This page contains information on a
product under development. Texas TEXAS 2-103
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TYPES SN54AS651, SN54AS652, SN74AS651, SN74AS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve - . oo e e e e e e e e 7v
Input voltage: ControliNPpULs . . . . . . . .t e e e e e e 7V
L0 oo 4 - J P 5.5V
Operating free-air temperature range: SN54AS651,SNB54AS662 ... ................... -55°Cto125°C
SN74AS651,SN74AS652 . .. ............ ... ........ 0°Cto70°C
S10rage tempPerature FANGE . « « . . o« o o vt e et e e e e e e —-65°Cto150°C
recommended operating conditions
SN54AS661 SN74AS651
SN64AS652 SN74AS652 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \Y
loH High-level output current -12 -15 mA
loL Low-levet output current 48 64 | mA
felock 0 75 0 90 | MHz
tw i Pulse duration g:i :: g:: I:::’h 3 2 ns
tsu Setup time before CAB? or CBAT AorB 7 6 ns
th Hold time after CABt or CBAT AorB 0] o ns
Ta Operating free-air temperature -55 125 [} 70 °C
2 electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54AS651 SN74AS661
PARAMETER TEST CONDITIONS SN54AS652 SN74AS5652 UNIT
> MIN TYPt MAX MIN TYPT MAX
™ ViK Vee =45V, I = -18mA -1.2 -1.2 Vv
»n Vec = 45Vt055YV, log= —2mA  |Voo-2 Veo-2
> v Vec =45V, IoH = -3 mA 24 3.2 2.4 3.2 v
> OH Vee = 45V, IOH = -12mA | 2
o Vee = 4.5V, IOH = -16 mA 2
> VoL Vee =45V, loL = 48 mA 0.35 0.55 v
Ve =45V, loL = 64 mA 0.35 0.55
» Control inputs Vee =65V, Vi=7V 0.1 0.1
o | AorBpots | Voc = 5.5V, Vi=55V X oa | ™
— -
D | w pmeme e w-w z ]
Control inputs -0.5 -0.5
gl fiL A or B portst vee = 8.5V, Vi=04vV -0.75 -0.76 mA
(7)) lo§ Ve =556V, Vo =225V -30 -112 | =30 -112 mA
Qutputs high 110 185 110 1856
‘AS651 QOutputs low 120 195 120 195
lcc Vee = 5.5V Outputs disabled 130 195 130 195 mA
Outputs high 120 185 120 1956
'AS662 Qutputs low 130 211 130 211
Outputs disabled 130 211 130 211
tAll typical values are at Vo = 6 V, T = 26°C
$For 1/O ports, the parameters I)y and J)_include the off-state output current.
§The output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output current, lgs.
Texas WP
2-104 EXAS
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TYPES SN54AS651, SN54AS652, SN74AS651, SN74AS652

OCTAL BUS TRANSCEIVERS AND REGISTERS

‘AS651 switching characteristics (see Note 1)

Ve = 45VtwobbY,
Cp = 50 pF,
FROM T0 R1 = 500 Q,
PARAMETER INPUT) (OUTPUT) A2 = s002. NI
! Ta = MIN to MAX
SN54AS651 SN74AS661 |
MIN MAX MIN MAX
fmax 75 90 MHz
PLH 2 9.5 2 8.5
CBA AB
PHL BA or C AorB 2 10 2 9 ns
tPLH 2 9 2 8
TPHL AorB BorA 1 P 1 7 ns
tPLH 2 12 2 11
S| ABt AorB
tPHL BA or S or 2 10 2 P ns
tpZH = 2 11 2 10
A A
tPzL GB 3 18 3 6| ™
tPHZ — 2 10 2 9
BA A ns
tpLZ G 2 10 2 9
tPZH 3 12 3 11
GAB B8
tPzL 3 20 3 6] ™
PHZ 2 11 2 10
AB B
tpLz G 2 12 2 | "™
‘AS652 switching characteristics (see Naote 1)
Ve = 45Vtob58Y, 2
CL = 50 pF,
R1 = 500 Q,
M T
PARAMETER (IF:POUT) (OUTIO’UT) R2 = 500 Q, UNIT |u_,
Ta = MIN to MAX —
SN54AS652 SN74A86652 8
MIN MAX MIN MAX e
fmax 75 90 MHz (_J
tPLH 2 9.5 2 8.5
CBA AB AorB
PHL BA or C. or 2 10 2 P ns »
1 2
PLH AorB BorA 2 1" El ns <
tPHL 1 8 1 7 [a)
PLH 2 12 2 11
SBA or SABt AorB
teHL o o 2 0| 2 9| ™ E
tP2H GBA a 2 1 2 10 ns
tpzL 3 18 3 16 9
tPHZ = 2 10 2 9
GBA A
tPHL 2 10 2 9| ™ <
1|
PZH cAB 8 3 12 3 e
Pzl 3 20 3 16
tPHZ 2 11 2 10
AB B
ki ¢ 2 12 2 n| ™
1 These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
NOTE 1: For load circuit and voltage waveforms, see page 1-12.
T *l’
EXAS 2-1085
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678
16-BIT ADDRESS COMPARATORS

D2661, JUNE 1982 —REVISED MARCH 1984

'ALS677 is a 16-bit Address Comparator with Enable SN54ALS677 . . . JT PACKAGE
. . . . SN74ALS677 . . . .NT PACKAGE
ALS678 is a 16-bit Address Comparator with Latch (TOP VIEW}
Package Options Include Both Plastic and Ceramic A [ U2 vee
Chip Carriers in Addition to Plastic and Ceramic DIPs A2 E§ 23%5
A3 22
® Dependable Texas Instruments Quality and Reliability Ad E“ ?‘%:2
asJs 20
A6 @a 19% P1
o Aa77  1sPo
description aslls  1701A16
The 'ALS677 and 'ALS678 address comparators simplify A‘:g E’;O ::%::f
addressing of memory boards and/or other peripheral devices. A [0n  we[Ja13
The four P inputs are normally hard wired with a preprogrammed GND (12 13[]A12
addr'ess. An internal fiecoder determines wha't input information SN54ALS677 . . . FH PACKAGE
applied to the 18 A inputs must be low or high to cause a low SN74ALS677 . . . FN PACKAGE
state at the output {Y). For example, a positive-logic bit combina-
tion of 0111 {decimal 7) at the P input determines that inputs A1 o
through A7 must be low and that inputs A8 through A16 must 222250 >
be high to cause the output to go low. Equality of the address % 37
applied at the A inputs to the preprogrammed address is Aa 25[}P3
o . AS 2a(]P2
indicated by the output being low. A6 iy
The 'ALS677 features an enable input (G). When G is low, the :(7: zf ':g
device is enabled. When G is high, the device is disabled and the A8 200 a6

output is high regardiess of the A .and P inputs. The 'ALS678 A9 1o ars
features a transparent latch and a latch enable input {C). When C
is high, the device is in the transparent mode. When C is low, the E 5 % H E E E
previous logic state of Y is latched. 2
The SN54ALS677 and SNB4ALS678 are characterized for SN54ALS678 . . . JT PACKAGE
operation over the full military temperature range of —55°C to SN74ALS678 . . . NT PACKAGE N
125°C. The SN54ALS677 and SN74ALS678 are characterized (TOP VIEW) -
for operation from 0°C to 70°C. At U2 vee —
a2z =23c =
asls 220y 3
Aa(]s  210p3 o
A5 [s 20% P2 —
~ asJe  s[JP1
A7  s0ro o
aslde  17Date N
A9[Je 1s[JA1s
A10[Jro 15% Al4 <
A11 [0 1sJA13
GND (12 13[JA12 %
SN54ALS678 . . . FH PACKAGE <
SN74ALS678 . . . FN PACKAGE »
{TOP VIEW) &l
. Copyright © 1982, Texas Instruments Incorporated
| TExas *? 2.107
NSTRUMENTS
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TYPES SN54ALS677, SN54ALS678, SN74ALSG77, SN74ALS678
16-BIT ADDRESS COMPARATORS

SLINDHID SV ANV STV A

FUNCTION TABLE

‘ALS677 | ‘ALS678 INPUTS COMMON TO ‘ALS677 AND 'ALS678 ouUTPUT
G [ P3 P2 P1 PO|A1 A2 A3 A4 A5 A6 A7 A8 A9 A10A11A12A13A14A15A16 Y
L H L L L LIH H H H H H H H H H H H H H H H L
L H L L L H L H H H H H H H H H H H H H H H L
L H L L H L L L H H H H H H H H H H H H H H L
L H L L H H L L t H H H H H H H H H H H H H L
L H L H L L L L L L H H H H H H H H H H H H L
L H L H L H L L L L L H H H H H H H H H H H L
L H L H H L L L L L L L H H H H H H H H H H L
L H L H H H|L L L L L L L H H H H H H H H H L
L H H L L L L L L L L L L L H H H H H H H H L
L H H L L H L L L L L L L L L H H H H H H H L
L H H L H L L L L L L L L L L L H H H H H H L
L H H L H H|L L L L L L L L L L L H H H H H L
L H H H L L L L L L L L L L L L L L H H H H L
L H H H L H| L L L L L L L L L L L L L H H H L
L H H H H L L L L L L L L L L L L L L L H H L
L H H H H H| L L L L L L L L L L L L L L L H L
L H All other combinations H
H ‘ALS677: Any combination H

L 'ALS678: Any combination Latched
logic symbols
'ALS677 ‘ALS678
[ADDRESS COMP] {ADDRESS COMP]
542l ey 2 1o _
po_t181 s :: - L1 po e [y P :J =
py 9 P24 o7 oy 19 p>2f -1
2 P2
py 200 - py 22| px3f =1
p3 121 34 pytz | a4
P44 =1 P44 =1
a5, 4l PR PH at
a2 l,, P2 :-- =1 a2 1z, Pest 1
4 s+
a3t _lzz puef o P I P
as 8 174 St PRLIE P st
p>74 = Pz74 =
as S| g 14 As—(s) 25 7+
as_t8) |z P23 = b t22) act8 |4 PreEt [ S
[ES 8+ 200
arD 1z pne o PRI YRS e
a8 |2g 9t P 9t
p>104 =1 px104 =1
I P w0t an—12 |29 104
21012 1250 P’;:: [ = a10-12_1 740 D:: [ -
a2 20 ez o PRTPRALIEN PHISETS qu)
A2 3 1702 2 ar1z-13 174, 2t
P13+ =1 14 P3¢ =1
PP PLLLIEN PR 134 a1z, k2
ar1a 18 1,0, Pzt 1 ara 18 g, Pl
1t 141
PRETILIE PIPRRES e a1s 8 125 o qsf -1
RTSLLI 15 FOVSLLIT P 154
164 %+

Pin numbers shown are for JT and NT packages.

2-108
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TYPES SN54ALS677, SN54ALSG78, SN74ALS677, SN74ALS678
16-BIT ADDRESS COMPARATORS

logic diagrams (positive logic)

ALS AND AS CIRCUITS JiY

'ALS677 ‘ALS678
a2 a1
A e
Az i2) A2 {2)
Dy
Az 13 & JOED
’-:D__—I':D_
PR (4
A5 15} As {5}
-
bt
a6 8! as 6!
bt
-
A7 17 A7 7}
(8} 8t
a8 A8
122} Y
=
PN H o (9]
10 H 10}
a0 19 H at0-
—
H
FRTiAL 8 :jD Ay
A12 113t m} A12 (13) m >
R e > SO
A13 a1z 414l
—D"D— 1
a1 118 a1q- 118
- ”@Di
AlS (16} A5 (16}
Al6 an ,‘\f A16 M7 D
po 18! po 11811
P1 {19} P1 [RE]]
p2 {20) pa2 1200
p3_f21) £ 21
G >0 Pg ~
123) L 123) g
> . N
Pin numbers shown are for JT and NT packages.
Texas WP

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678
16-BIT ADDRESS COMPARATORS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voitage, Vc¢

Input voitage

Operating free-air temperature range: SN54ALS677, SN64ALS678
SN74ALS677, SN74ALS678

Storage temperature range

recommended operating conditions

-56°Cto125°C
0°Cto70°C
-65°Cto150°C

SN54ALS677 SN74ALS677
SNG54ALS678 SN74ALS678 UNIT
MIN NOM MAX | MIN NOM MAX

vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 A
loH High-level output current -1 -2.6 mA
loL Low-level output current 12 24 | mA
Ta Operating free-air temperature -55 125 o] 70 °C

electrical characteristics over

recommended operating free-air temperature range

{unless otherwise noted)

NTS

POST OFFICE BOX 225012 ¢ DALLAS, TEXAS 75265

SN54ALS677 SN74ALS677
2 PARAMETER TEST CONDITIONS SN54ALS678 SN74ALS678 UNIT
MIN TYPT MAX | MIN TYPT mMAX
ViK Vee = 45V, I} = ~18 mA -1.5 -1.6 \
> Vee = 45Vtob55V, gy = -0.4mA Vee-2 Vee -2
- VOH Vee = 45V, IoH = =1 mA 2.4 3.3 \
(7] Vce = 45V, IoH = —2.6 mA 24 32
> VoL Vge = 45V, oL = 12 mA 0.25 0.4 0.25 0.4 v
2 Vee = 4.5V, loL = 24 mA 0.35 0.5
U 1] Vee = 5.5V, Vi=7V 0.1 0.1 mA
hH Vege = 5.5V, V=27V 20 20 pA
> L Vee =55V, V=04V -0.1 ~0.1 mA
(72 to* Veec =55V, Vo = 225V -30 -112 | -30 -112| mA
'ALSB77 21 33 21 33
o cc ’W Vee = 88V 21 35 nn s ™
X
o Tall typical values are at Vcc = 5V, Tp = 26°C.
E #The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los:
-]
.\
2-110 TEXAS
INSTRUME




TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678
16-BIT ADDRESS COMPARATORS

‘ALS677 switching characteristics {see Note 1)

Vee =45Vt 55YV,
CL = 50 pF,
FROM TO RL = 500 0,
PARAMETER
(INPUT} {OUTPUT) Ta = MIN to MAX unir
SN54ALS677 SN74ALS677
MIN MAX MIN MAX
1 4 4 2
PLH Any P Y 28 5 ns
tPHL 8 40 8 35
t 5 26 5 22
PLH Any A Y ns
1PHL 5 40 5 35
1 o 1
PLH g v 3 15 3 3 ns
tPHL 5 30 5 25
‘ALS678 switching characteristics (see Note 1)
Vg =45Vtob55V,
FROM 10 Cu = 50 pF.
PARAMETER (INPUT) {OUTPUT) RL = 500 Q, UNIT
Ta = MIN to MAX
SN54ALS678 SN74ALS678
MIN MAX MIN MAX
1
PLH Any P Y i z 6 22 ns
tPHL 10 52 10 43
1] 1
PLH Any A Y S 25 5 2 ns
TPHL 5 40 5 35
t 2
PLH c v 3 25 3 20 ns
tPHL 16 54 15 48
NQTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. w
'—
-—
:
[+ o
o
2
(@]
2
N
=
T {l’
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TYPES SN54ALS677, SN54ALS678, SN74ALS677, SN74ALS678
16-BIT ADDRESS COMPARATORS

TYPICAL APPLICATION INFORMATION
The ‘ALS677 and 'ALS678 can be wired to recognize any one of 216 — 1 addresses. The number of “/lows’’ in the address
determines the input pattern for the P inputs. Then those system address lines that are low in the address to be recognized
are connected to the lowest numbered A inputs of the address comparator and the system address lines that are high are
connected to the highest numbered A inputs.

For example, assume the comparator is to enable a device when the 16-bit system address is:

A15  A14 A13 A12 A11 A10 A9 A8 A7 AB Ab A4 A3 A2 A1l AO
H H L L H H L L H H L L H H H H

Since the address contains 6 lows and 10 highs, the following connections are made:
P3t0 OV, P2to Vce, Pl toVee, andPOto O V.
System address lines A13, A12, A9, A8, A5, and A4 to comparator inputs A1 through A6 in any convenient order.
The remaining ten system address lines to comparator inputs A7 through A16 in any convenient order.

The output provides an active-low enabling signal.

The following circuit is a modulo-N synchronous counter. The 'ALS163 is connected to provide a low-level clear signal when
N = FEFFqg.

15 12 8 4 o]

FEFF1g = HHHH HHHL HHHH HHHH
<4
4 ‘ALSB77
‘ALS163
ADDRESS
CTR 16 COMP
CLR 1R G EN
CLK CLK
[ C1/+ \/cc—Po 0
P1 -
p2 P k. L MAX COUNT
s P3|,
0 7|t [
= =1
8 Al
7 15
ST . 'S A2 . A1E

MODULO-N SYNCHRONOUS COUNTER

2112 TEXAs ‘@
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680
12-BIT ADDRESS COMPARATORS

D2661, JUNE 1982 —REVISED MARCH 1984

‘ALS679 is a 12-Bit Address Comparator With Enable
‘ALS680 is a 12-Bit Address Comparator With Latch

Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DiPs

Dependable Texas Instruments Quality and Reliability

description

The 'ALS679 and 'ALS680 address comparators simplify
addressing of memory boards and/or other peripheral devices.
The four P inputs are normally hard wired with a preprogrammed
address. An internal decoder determines what input information
applied to the 12 A inputs must be low or high to cause a low
state at the output {Y). For example, a positive-logic bit
combination of 0111 (decimal 7) at the P input determines that
inputs A1 through A7 must be low and that inputs A8 through
A12 must be high to cause the output to go low. Equality of the
address applied at the A inputs to the preprogrammed address is
indicated by the output being low.

The 'ALS679 features an enable input (G). When G is low, the
device is enabled. When G is high, the device is disabled and the
output is high regardless of the A and P inputs. The ‘ALS680
features a transparent latch and a latch enable input (C). When C
is high, the device is in the transparent mode. When C is low, the

SN54ALS679 . . . J PACKAGE
SN74ALS679 ... N PACKAGE

{TOP VIEW}
a1 (v Uzol] vee
a2z 913G
A3(]s w0y
Aa[Js 2[JP3
as(s s[JP2z
a6 e 1sJP
a7[J7  ajPo
as s 3[JAar2
AgEg 12[] A1t
GND [Jio ni[] At0

SN54ALS679 . . . FH PACKAGE
SN74ALS679 . . . FN PACKAGE
(TOP VIEW)

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

previous logical state of Y is latched. SN54ALS880 . . . J PACKAGE 2
The SN54ALS679 and SN54ALS680 are characterized for SN74ALS680 . . . N PACKAGE
operation over the full military temperature of —-55°C to (TOP VIEW) 7
125°C. The SN74ALS679 and SN74ALS680 are characterized v U20[] vee
. ° 2 w9[]c =
for operation from 0°C to 70°C. 3 a0y -
4 171 P3 8
5 16[] P2
6 18] P1 E
7 14]] PO
8 1[JA12 O
9 2] At1 (7]
10 1] A10 -8
SN54ALS680 . . . FH PACKAGE Q
SN74ALS680 . . . FN PACKAGE Z
{TOP VIEW) <
72}
<
b Copyright © 1984, Texas Instruments Incorporated
Texas 2-113
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALSG80
12-BIT ADDRESS COMPARATORS

FUNCTION TABLE

‘ALS679 | ‘ALS680 INPUTS COMMON TQ "ALS679 AND ‘ALS680 ouTPUT
G c P3 P2 P1 PO|A1 A2 A3 A4 A5 AB A7 A8 A9 A10A11A12 Y
L H L L L L|H H H H H H H H H H H H
L H L L L H|L H H H H H H H H H H H L
L H L L H L|L £t H H H H H H H H H H L
L H L L H H|L L L HHHHHH H H H L
L H L H L t|L t L L H H H H H H H H L
L H L H L H|L L t ¢ t H H H H H H H L
L H L H H L|L L L L L L H H H H H H L
L H L H H H|]L L L L L L ¢t H H H H H L
L H H L L t|jL ¢ L ¢t L t L L H H H H L
L H H L L H|L L L L L L L L L H H H L
L H H L H t|L L L L L L L L L L H H L
L H H L H H|L L L L L L L L L L L H L
L H H H H H|L ¢ t L L L L L t ¢t L L L
L H All other combinations H
'ALS679: Any combination H
L 'ALS680: Any combination Latched
logic symbols
‘ALS679 ‘ALS680
| [ADDRESS COMP] [ADDRESS COMP}
2 g £19) EN [P assumed 3 12,13,14] c 09 c20 [P assumed # 12,13,14)
(14
oMo s 1§ IS po ¥ o I e )
" {15} 1+ P (15} 1+
P>24 =1 >24 =1
> py 118 LA | pp 1160 pP=?
-~ I ] T
m p3 {17} P34 =1 F3(17) P>3¢4+ =1
3 3¢ 3 34
> a1 P>ad =1 a1z P44 =1
= 2 4t 21 4t
U AZ—( Z2 po54 =1 A2 e 22 o5t 1
> A3L 23 54 A3—(—3’— Z3 54
(4) P> 64 =1 (18) (4) P> 64 =1 D (18)
wn Ad— 24 py P— v Ad_——__174 st 200 P
O a5 enaf =t PO P B
— {6) 74 (6) 7¢
AB e A6
g 8 P>8 =1 6 P84+ =1
cC A7m— z7 81 a5 81
4+ =1 =94 =1
= ORI PR = :" as 8|, P2 :‘-
»n PRILLIEE PYTN S P PSS S
0t 101
A‘IO& 210 = Awﬁ— Z10 -
p=114 =1 P>114 =1
YL PPN nt JRTYALI PP "t
(13 P12 =1 13 [F2 B
A12— 212 12 AZ—— 212 12
*The three shaded rows of the function table show combinations that would normally not be used in address icati The logic symbols above

are not valid for these combinations in which P = 12, 13, and 14. If symbols valid for all combinations are required, starting with the fourth Exclusive-OR from
the bottom, change P> 9 to P = 9...11/13..15,P 3 10to P = 10/11/14/16, and P> 11 to P = 11/16.

Pin numbers shown are for J and N packages.
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680

12-BIT ADDRESS COMPARATORS

logic diagrams {positive logic)

Pin numbers shown are for J and N packages.

‘ALS680 ‘ALS679
o N S
a0 A Y
(e s Oy
2
Az 2 A 2
5D ¢
i 4
T 3) M
a3 B
14)
ae A4
== i -
> -
:} :E m — (51
as 2 AS
- b
»——% ::D""JD »——% ::DOD
6
a6 18 as 18
M1 —
-
7
A ar
4
8
ag 8 ag —2 LL
(18)
¥ 10
K | ue
19) as 12 : c1
1 11
112} —ﬁDDDD“ a2 —%_
A1 AN w
Doy~ | —D 5
13
PRPLLL A2 - |
(14) po 4 QO
15)
oy 182 p1— E
18
pa 16} by 181 o
[Ak)] un
Pa P3 (7))
(19) 19 ~
G o> c 1% <
I

s
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALS680
12-BIT ADDRESS COMPARATORS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vcc
Input voltage
Operating free-air temperature range: SN54ALS679, SN54ALS680
SN74ALS679, SN74ALS680

Storage temperature range

recommended operating conditions

SN54ALS679 SN74ALS679
SN54ALS680 SN74ALS680 UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \'
VIH High-level input voltage 2 2 N
ViL Low-level input voltage 0.8 0.8 v
oM High-level output current -1 ~2.6 mA
loL Low-level output current 12 24 mA
Ta Operating free-air temperature -55 125 o] 70 °C

electrical characteristics over

recommended operating free-air temperature range (unless otherwise noted)

H SN54ALS679 SN74ALS679 W
PARAMETER TEST CONDITIONS SN54ALS680 SN74ALS680 UNIT

2 MIN TYPT MAX | MIN TYPT MAX

ViK Vee =45V, I = —18 mA -1.5 -1.5 \

Vee = 45Vt055YV, Igy = -0.4 mA Vee-2 Vee -2

> VOH Vce = 45V, IoH = -1 mA 24 33 v
r- Vee = 4.5V, IOH = —2.6 mA 2.4 3.2
wn v Vee = 45V, oL = 12 mA 025 0.4 025 04l
» oL Vee = 45V, oL = 24 mA 035 05
2 ) Vce = 5.5V, Vi =7V 0.1 0.1 ] mA
(w) WH Vee = 5.5V, Vi =27V 20 20 A
> m Vce = 5.5V, V=04V ~0.1 ~01 | mA
7 % Vee = 5.5 V, Vo = 2.25 V -30 —112 | -30 -112 [ ma

| 'ALS679 v 55V 17 28 17 28 mA
2] CC  [“ALseso cc == 18 27 18 27
X TAll typical values are at Voe = 5V, Ta = 25°C.
2 tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
=
w

%
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALSGBO

12.BIT ADDRESS COMPARATORS

‘ALS679 switching characteristics (see Note 1)

Vee = 45Vtwb5V,
Cp = 50 pF,
FROM TO R = 500 Q,
ER UNIT
PARAMET! (INPUT} (OUTPUT) TA = MIN to MAX
SN54ALS679 SN74ALS679
MIN MAX MIN MAX
t 4 28 4 25
PLH Any P Y ns
tPHL 8 40 8 35
1| 5 26 ] 22
PLH Any A Y ns
tPHL 5 35 5 30
tPLH g v 3 15 3 13 s
tPHL 5 30 5 25
‘ALS680 switching characteristics (see Note 1)
Vec =45Vtob5V
CL = 50 pF
Fi =
PARAMETER ROM T0 RL = 500 0 NI
{INPUT) {OUTPUT) TA = MIN to MAX
SN54ALS680 SN74ALS680
MIN MAX MIN MAX
1
PLH Any P v 6 27 6 22 ns
tPHL 10 43 10 38 ns
h¢ 5
PLH Any A Y 25 5 21 ns
tPHL 5 28 5 25
1, 3
PLH [ Y 25 3 20 ns 2
tPHL 15 48 15 42
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. u’
=
oc
3]
2
2
72}
=
T *l’
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TYPES SN54ALS679, SN54ALS680, SN74ALS679, SN74ALSGS0
12-BIT ADDRESS COMPARATORS

TYPICAL APPLICATION INFORMATION

The ‘ALS679 and "‘ALS680 can be wired to recognize any one of 212 addresses. The number of *‘lows’’ in the address
determines the input pattern for the P inputs. Then those system address lines that are low in the address to be recognized
are connected to the lowest numbered A inputs of the address comparator and the system address lines that are high are
connected to the highest numbered A inputs.

For example, assume the comparator is to enable a device when the 12-bit system address is:
A11 A10 A3 A8 A7 A6 A5 A4 A3 A2 A1 AO
H H L L H H L L H H H H
Since the address contains 4 lows and 8 highs, the following connections are made:
P3toOV,.P2toVce, P1toOV,andPOto OV,
System address lines A9, A8, A5, and A4 to comparator inputs A1 through A4 in any convenient order.
The remaining eight system address lines to comparator inputs A5 through A12 in any convenient order.

The output provides an active-low enabling signal.

The following circuit is a register bank decoder that examines the 14 most significant bits (AO through A1 3) of a 20-bit ad-
dress to select banks corresponding to the hex addresses 10000, 10040, 10080, and 100CO.

‘ALSE79
ADDRESS 0 4 8 12 16
COMP 10000y = LLLH LLLL ELLL  LLLL  LLLL
MEMEN . e 100401 = LLLH LLLL LLLL LHLL LeLe
—45 EN 100804 = LLLH LLLL  LLLL  HLLL  LLLL
2 Po 100C01g = LLLH LLLL LLLL HHLL LLLL
Vee o
SYSTEM 1
> ADDRESS
r R0 M58} p2 P~
/2] L]
T0 A19 = b3
> 3)r
p=11] xry
% AQ...A2 " Al AN g 100004¢
As. A1 07 ofp——"1,
> 100401¢
(7 A3 —s5 A2 ! > | sax naiT
(o) 1008046 REGISTERS
— A13 iy A 2>~ ’
v | i 100C01g
A12 _ B af>~—"1°
(9] —5¢
E Al4...A19 P 6/ $0.. .55 >
~
w REGISTER BANK DECODER
2-118 E
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR QUTPUTS

D2261, DECEMBER 1383 —REVISED FEBRUARY 1984

Open-Collector Qutputs Drive Bus Lines or
Buffer Memory Address Registers

Eliminates the Need for 3-State Overlap
Protection

P-N-P Inputs Reduce DC Loading

Dependable Texas Instruments Quality and
Reliability

Open-Collector Versions of ‘AS240, 'AS241

description

These octal bus transceivers are designed specifically
to improve both the performance and density of
three-state memory address drivers, clock drivers,
and bus-oriented receivers and transmitters by
eliminating the need for three-state overlap protec-
tion. The designer has a choice of selected combina-
tions of inverting and noninverting outputs, sym-
metrical G (active-low output control) inputs, and
complementary G and G inputs. These devices
feature high fan-out and improved fan-in.

The SN64° family is characterized for operation over
the full military temperature range of —~55°C to
125°C. The SN74’' family is characterized for opera-
tion from 0°C to 70°C.

SN54AS’ . . . J PACKAGE
SN74AS’ . .. N PACKAGE

{TOP VIEW)

20:' Vee
19[] 2Gr2G*
18[] 1v1
17[] 2a4
1Y2
15] | 2A3
14f]1v3
13|] 2A2

121 ] 1Y4
2A1

SNB4AS’ . . . FH PACKAGE
SN74AS’ ... FN PACKAGE

(TOP VIEW)

© W NS WA =
-
(=2

=)
=

Ovee
[ 2G/26*

«©

1A2[]a 18] 1Y1
2vY3l}s 17[] 2A4
1A3[]s6 16[]1Y2
2vY2[]7 15 [ 2A3
1A4(]8 14[]1yY3
9
~—O -3~
X838

* 25 for ‘AS756 or 2G for 'AS757

ALS AND AS CIRCUITS IS

Texas
INSTRUMENTS

*p

Copyright © 1983 by Texas Instruments Incorporated

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

2-118



TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757

OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

logic symbols
‘AS756

1G EN

v
©

241

Y
©

2A2

2A3

274 ———

logic diagrams (positive logic)

‘AS756

i

{

19}

n

{5)

(18)
16)
(14}
(12}

9
1]
{5}
3)

18)

16}

12) W

Pin numbers shown are for J and N packages.

S1INJHID SV ANV STV Y

w1

2v1
2y¥2
2¥Y3
2Y4

|04 4y3

4

2¥1
2y2

2¥3

2A4 7 13) 2va

‘AS767
- {1
1G o EN
18
1Al :2: > < (1 : 11
1A2 4 (16! Y2
143 {6} (14) 1v3
1A4 (Bl_ 12 1Ya
26 {191 EN
9)
2a1 LY > oF—2
282 13 ‘ {Nn 2v2
5
2A3 1s) :3: 2Y3
2A4 an 2Y4
‘AS767
.CL;{>_
1a1 2) {18} Wy
b
1a2 4} 16} 12
b
ug#&w:
1A4 {8} 12} e
26 {19} >
281 (11) | ; {9) 2v1
283 {15} | 5 15) 2v3
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS757
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo

Input voltage

Off-state output voltage
Operating free-air temperature range: SN64AS766, SN54AS757
SN74AS756, SN74AS757

Storage temperature range

recommended operating conditions

SN54AS756 SN74AS8756
SN54AS757 SN74AS757 UNIT
MIN NOM MAX MIN NOM MAX

vee Supply voitage 4.5 5 6.6 4.5 5 5.5 \'
VIH High-level input voltage 2 2 \
VIL Low-level input voltage 0.8 0.8 \
VoH High-level output voltage 5.5 5.5 \
loL Low-level output current 48 64 mA
TA Operating free-air temperature ~55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54AS756 SN74AS756
PARAMETER TEST CONDITIONS SN54AS757 SN74AS757 UNIT
MIN TYPT mAX | MIN TYPt mMAX

ViK Vcg =45V, I = —18 mA -1.2 -1.2 \'
10H Vce = 45V, VOH = 65 V 0.1 0.1 mA 2

VoL Vee = 45V, oL = 48 mA 0.55 v

Ve =45V, lgL = 64 mA 0.55
I Vee = 6.5V, Vi=7V 0.1 0.1 mA |‘2
I VCC = 6.5V, Vi=2.7V 20 20 uh —
‘AS757 =
I A inputs only Vee = 5.5V, Vi =04V -1 -1 mA Q
All other . -0.5 -0.5 E
Output high 1 1
'AS756 Outzut iosv 5? 82 5? 82 o
lcc Vee = 5.5V Output high 21 33 21 33| ™ ‘2
‘AS757
Output low 61 95 61 95 o
TAll typical values are at Vo = 5V, Tp = 25°C. 2
<
n
2
%
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TYPES SN54AS756, SN54AS757, SN74AS756, SN74AS8757

OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

‘AS756 switching characteristics (see Note 1)

S1INJYID SV ANV STV Y

Vee = 45Vt 55V,
CL = 50 pF,
FROM TO RL = 500 Q.
PARAMETER UNIT
(INPUT) (OUTPUT) Ta = MIN to MAX
SN54AS756 SN74AS756
MIN MAX | MIN MAX
tPLH A Y 3 20 3 19 ns
tPHL 1 7 1 6
t = 22 19.5
PLH G Y 3 3 ns
tPHL 1 8.5 1 7.5
‘AS757 switching characteristics (see Note 1)
Vee =45Vt b5V,
CL = 50 pF,
FROM T R = 500 Q,
PARAMETER 0 L UNIT
(INPUT} {OUTPUT} Ta = MIN to MAX
SN654AS757 SN74AS757
MIN MAX | MIN MAX
t 3 19.5 3 18.6
PLH A v ns
tPHL 1 7 1 6
t - 21 3 20
PLH 1G Y 3 ns
PHL 1 8 1 7
1 3 22.5 3 21
PLH 26 Y ns
tPHL 1 8.5 1 7.5
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
Texas &
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS759
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

DECEMBER 1983 — REVISED FEBRUARY 1984

® 2-Way Asynchronous Communication SN64" . . . J PACKAGE
Between Data Buses SN74’ . . . N PACKAGE
o TOP VIEW,
P-N-P Inputs Reduce Loading ( )
Dependable Texas Instruments Quality and GSSE égg
Reliability A1 [ NG
® Open-Collector Versions of ‘AS242, 'AS243 A2 [ 81
A3[] B2
description A4 (] B3
These four-data-line transceivers are designed for GND [ B4
asynchronous two-way communications between
data buses. SN54° . FH PACKAGE
o . . SN74° . FN PACKAGE
The SN54° family is characterized for operation over (TOP VIEW)
the full military temperature range of —-55°C to
125°C. The SN74’ family is characterized for opera- %) c<° %) 8 ;.5
tion from 0°C to 70°C. <9 ©
- -
3 21
. A1 [la 18] NC
Ioglc Symbol NC []5 17[] NC
‘AS758 "AS759 A2[1e 16 (] 81
NC[]7 15 [] NC
{13) 113)
Gea — EN1 GeA - ENT A3[]s 14 [] B2
GaB EN2 GAB EN2 310111213
131 (11) 13} 111 e Tus et P
Al o1 G 81A1—EQ1<} < B1 +D0D0O<®
> 20 > 2o <zzoo
A2 9 & B2 A2 —t‘“ - Ll B2 ©
—_— NC—No Internal connection
L) (9) (5) (9)
A3 —t B3 A3 t 83
(6} ™ t6) 8 FUNCTION TABLE
Y 84 A4 B4
_E 3— = INPUTS ‘AS758 ‘AS759
GAB GBA
o ™ A L L AtoB AtoB
logic diagrams (positive logic) H H Bto A B0 A
‘AS758 ‘AS759 H L Isolation Isolation
(§)] (13) 1) L H Latch A and B | Latch A and B
§As—4>-4 GBA GAB—%—( <]-GBA {A=B) (A=B)
a1 (3) % an 81 A1 (3) {11) B1
(LR } (10) @ P (o)
A2 % 82 A2 " 82
a3 ls! E 9 oa a3 t8 I/FL 19) oo
PPRL)! @ gy PRl E 8 o

Pin numbers shown are for J and N packages.

N

ALS AND AS CIRCUITS
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS758
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vi
Input voltage: All inputs and I/O ports
Operating free-air temperature range: SN54AS758, SN64AS759
SN74AS758, SN74AS759

Storage temperature range

recommended operating conditions

SN54AS758 SN74AS758
SN54AS759 SN74AS759 UNIT
MIN NOM MAX | MIN NOM WMAX I
‘ Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 Vj
VIH High-level input voltage 2 2 v
viL Low-tevel input voltage 0.8 0.8 v
VOH High-level output voltage 5.5 5.5 v
loL Low-level output current 48 64 mA
TA Operating free-air tempearature —&S§ 128 Q 70 °(:4\
elactrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54AS758 SN74AS758
PARAMETER TEST CONDITIONS SN54AS759 SN74AS759 UNIT
MIN TYPT MAX | MIN TYPT MaAX
VIK Vee = 45V, i = 18 mA -1.2 -1.2 \
loH Ve = 45V, VoH =565V 0.1 0.1 mA
2 VoL Vee = 4.5V, IoL = 48 mA ] 0.55 v
Vce = 4.5V, oL = 64 mA 0.55
" Control inputs Vee = 5.5V, Vi=7V 0.1 0.1 mA
> A or B ports Vee = 5.6V, V) =556V 0.1 0.1
l'w' WA i";";';;:’t‘:s Vee = 55V, Vi =27V ig gg A
> Control inputs -0.5 -0.5
> N |'As758 A or B ports*] vee = 5.5V, Vi =04V —0.5 ~0.5 mA
U 'AS759 A or B ports ¥ -1 —1
> ‘AS758 Qutputs high 17 27 17 27
m tce Vee = 5.5V QOutputs Io-w 38 60 38 60 mA
, Outputs high 27 43 27 43
(_'_) AS759 Outputs low 47 74 47 74
w TAli typical values are at Vgg = 5V, Ta = 25°C.
o tFor 11O ports, the parameters Ijy and |} include the off-state output current.
c
|
o
Texas W
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TYPES SN54AS758, SN54AS759, SN74AS758, SN74AS759
QUADRUPLE BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS

‘AS758 switching characteristics (see Note 1)

Vee = 45V 1055V,

C| = 50 pF,
PARAMETER FROM o AL = 500 0. UNIT
(INPUT) (OUTPUT) Ta = MIN to MAX
SNB4AS758 SN74AS758
MIN MAX | MIN MAX
3 20.5 3 19.5
PLH AorB Bor A ns
tPHL 1 7 1 6
t 22 19.5
PLH GBA A 3 3 ns
tPHL 1 8.5 1 7.5
t — 22 21
PLH GAB B8 3 3 ns
tPHL 1 8.5 1 8
‘AS759 switching characteristics {see Note 1)
Vee = 45Vt0 5.5V,
Cp = 50 pF.
FROM TO R = 500 Q,
PARAMETER L UNIT
(INPUT) {ouTPUT) Ta = MIN to MAX
SN54AS759 SN74AS759
MIN MAX | MIN MAX
21 3 20
tPLH Aor B Bor A 3 ns
tPHL 1 7 1 6
21 20
tPLH GBA A 3 3 ns
tPHL 1 8 1 7
t = 225 21 2
PLH GAB B 3 3 ns
tPHL 1 8.6 1 7.5

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Votume 3.

ALS AND AS CIRCUITS
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TYPES SN54AS760, SN74AS760
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

DECEMBER 1983 —~REVISED FEBRUARY 1984

® Open-Collector Outputs Drive Bus Lines or
Buffer Memory Address Registers

® Eliminates the Need For 3-State Overlap Pro-
tection

P-N-P Inputs Reduce DC Loading

® Package Options include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Dependable Texas Instruments Quality and
Reliability

® QOpen-Collector Version of ‘AS244

description

These octal buffers and line drivers are designed
specifically to improve both the performance and
density of three-state memory address drivers, clock
drivers, and bus-oriented receivers and transmitters
by eliminating the need for 3-state overlap protec-
tion. Taken together with the ‘AS756 and 'AS757,
these devices provide the choice of selected com-
binations of inverting outputs, symmetricai G (active-
low input control) inputs, and complementary G and
G inputs.

The SNB4AS760 is characterized for operation over
the full military temperature range of —55°C to
125°C. The SN74AS760 is characterized for opera-
tion from 0°C to 70°C.

functional block diagram (positive logic)

5 () :1> 25 119} 4 >

1A1 (2) I( (18} vt 2A1 (1) |£ (9} 2v1
l/

1A2 (4) I( 16} 1v2 2A2 (13} I( 7 2v2
| [ | % |

1A3 (3] I( (14) 1v3 2A3 {15) I( (5) 2v3
V I ”

1A4 {8} |( (12} 1va 288 17) |( (3) 2va
l/ I 7

Pin numbers shown are for J and N packages

SN54AS780 . .. J PACKAGE
SN74AS760 . . . N PACKAGE

(TOP VIEW)

16[]
1a10
2va (]
1a2(
2v3
1A3
2v2
1A4
2v1
GND[]

1
2
3
4
5
6
?
8
9

SN64AS760 . . . FH PACKAGE
SN74AS8760 . . . FN PACKAGE

{TOP VIEW)

1A2 14 18(] 11
2Y3 []s 17{] 2A4
1A3 []6 16 1Y2
2Y2 (17 15 [] 2A3
1A4 []8 14[]1Y3

9
oo U
-0
> Z
~N O

logic symbol

PY ALl N

1A —— D)
1A2

1A3
a4

2G

2A1
2A2 ——
2A3
2A4

N

ALS AND AS CIRCUITS

2Y2
2Y3
2Y4
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TYPES SN54AS760, SN74AS760
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VGG .« . . - - - o e 7V
INPUEVORAGE . . . . it e e e e e e e e e e e 7V
Off-stateoutputvoltage . . . . . . ... ... . e e e e e 7v
Operating free-air temperature range: SN54AS760 . .. . ... ... ... ... . ... .o, -566°Cto125°C

SN74AST7B0 . . . . ... e e 0°Cto70°C
StOrage temperature raNQEE . . . . . . . oo vttt et e e e e e e e -65°Cto 150°C

recommended operating conditions

SN54AS760 SN74AS780 | NI
MIN NOM MAX MIN NOM MAX
| Vec Supply voltage 4.5 5 55| 45 5 65| v |
ViH High-level input voltage 2 2 Y
ViL Low-level input voltage 0.8 0.8 v
VoH High-level output voltage 5.5 5.5 3
loL Low-level output current 48 64 | mA |
r TA Operating free-air temperature -55 125 0 70 °CJ

electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)

S1INJYHID SV ANV STV

SN54AS760 SN74AS760
R T CONDITIONS UNIT
PARAMETE TES MIN_ TYPT MAX [ MIN TYP! MAX J
VIK Vee = 4.5V, ) = —18 mA -1.2 -1.2 v ]
loH Vee = 4.5V, VoH = 5.5V 0.1 0.1 mA |
Vcc = 45V, igL = 48 mA 0.55
VoL cc oL m. 5 v
Vce = 45V, IoL = 64 mA 0.55
[} Vee = 5.5V, Vi=7V 0.1 0.1 mA
r hH Vee = 5.5V, V) =27V 20 20 uA
| G -0.5 -0.5
[ Vee = 5.5V, Vi =04V mA
A -1 -1
QOutputs high 20 32 20 32
= 5. A
'cc Vee = 55V Outputs Tow 60 94 60 94 | "
‘AS760 switching characteristics (see Note 1)
Veg =45Vtiwe55YV,
CL = 50 pF,
FROM TO AL = 500 0,
UNIT
PARAMETER {INPUT) {OUTPUT) Ta = MIN to MAX
SN54AS760 SN74AS760
MIN MAX | MIN MAX
tPLH A v 3 19.5 3 18.5 ns
tPHL 1 7 1 6
tPLH 5 N 3 19.5 3 18.5 s
tPHL 1 8 1 7

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

DECEMBER 1883 —REVISED FEBRUARY 1884

® Included Among the Package Options Are SN54AS’ . . . J PACKAGE
20-Pin DIPs and Both Plastic and Ceramic SN74AS’ ... N PACKAGE
Chip Carriers (TOP VIEW)
® 'AS762 Has Trus and Complementary 180 20% ‘cc
Outputs 1412 19[] 26/26*
. = 2va[la 18] vt
® ‘AS763 Has Complementary G and G Inputs 1a2s 17[] 208
Open-Callector Outputs Drive Bus Lines or 2Y3E 5 1s[]v2
Buffer Memory Address Registers 1A3|_[6 15[ 2A3
) 2v2[J7  14[]1v8
L] Elimmafas the Need for 3-State Overlap saa[fs  13[]2a2
Protection 2v1 Eg 127 1va
® Current Sinking Capability Up to 64 mA eno[]10  11[]2a1
Dependable Texas Instruments Quality and
Reliability SN54AS’ . . . FH PACKAGE
SN74AS’ . .. FN PACKAGE
s e (TOP VIEW)
description .
These octai buffers and line drivers are designed Yz S,g
specifically to improve the performance of three-state i
memory address drivers, clock drivers, and bus- 2 1 201
ariented receivers and transmitters by eliminating the 1a2]) 4 18]
need for 3-state overlap protection. The designer has 2v3[]}s 17 [ 2a4
a choice of selected combinations of inverting and 1A31]6 16 vz
noninverting outputs, symmetrical G (active-low 2vai]7 15 [] 2A3

ALS AND AS CIRCUITS iV

output control) inputs, and complementary G and G 1A4(]8 []1v3
inputs. 9 10111213
The SN54AS762 and SN54AS763 are characterized 2x>d
for operation over the full military temperature range 285 tor ‘AS762 or 26 for ‘AS763
. . -
of —55°C to 125°C. The SN74AS762 and ° eremie
SN74AS763 are characterized for operation from 0°C
to 70°C.
logic symbols
‘AS762 ‘AS763
STl EN g EN
2
w i P, w B
1A2 o T Y2 1A2 & el 4y,
143 @ S~ 1Y3 1A3 ; 04 4vs
1A4 1 {12) 1va 144 8) (12) 1va
Pr {19} EN 26 {19) EN
241 {11} S rey (9) 2v1 21 {11} > > 9) 2v1
(13) (7) (13) (7)
2A2 e 2v2 2A2 ( T 2v2
243 e g) 2v3 243 19 LIV
2A4 ) ava PYVRLLL 3 ava
Pin numbers shown are for J and N packages.
o Copyright © 1983 by Texas Instruments Incorporated
TEXxAs JU 2-129
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range (unliess otherwise noted)

SUpPly voltage, VO - - - o o oo e 7V
INPUtVORAEGE . . . . . e e 7V
Off-state oUtPUL VOAGE . . . . . . . . e e e 7V
Operating free-air temperature range: SN64AS762, SNG4AS763 ... ............ ... ... -55°Cto125°C
SN74AS8762,SN74AS783 . ... ... ... .. 0°Cto70°C
StOrage teMPEratUIB FANDOB . - . - .« « o o v vt e e e e e e e -65°Ct0150°C
recommended operating conditions
SNE4AS762 SN74AS762
SN54AS763 SN74A5763 UNIT
MIN NOM MAX MIN NOM MAX
vVee Supply voltage 4.5 5 5.5 4.5 5 5.5 \QI
VIH High-level input voltage 2 2 u
ViL Low-level input voltage 0.8 0.8 v |
VOoH High-level output voltage 5.5 5.5 Vj
loL Low-level output current 48 64 | mA
\ Ta Operating free-air temperature | -88 126 [¢] 70 | °4\

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

S1INJHID SV ANV STV

SN54AS762 SN74AS762
PARAMETER TEST CONDITIONS SN54AS763 SN74AS763 UNIT
MIN TYPT  MAX [ MIN TYPT  MAX
ViK Vee = 45V, i = ~18 mA -1.2 -1.2 \
lon Vee = 4.5V, VoH = 55V 0.1 0.1 mA
Vee = 45V, log = 48 mA 0.55
VoL A
Vee = 45V, loL = 64 mA 0.565
I Vee =565V, V=7V 0.1 0.1 mA
1 Vee =55V, Vi =27V 20 20 A
‘AS762 9 1
e 2A inputs only Vege = 6.5V, V) =04V mA
All other ~0.5 -0.5
AST762 Vee = 55V Output high 15 23 15 23
i Output low 55 87 55 87 mA
cc r Output high 0 16 10 16
AS763 Vee =55V Output low 52 82 | 52 82
tan typical values are at Vg = 5V, Tp = 25°C.
5
2-130 Texas
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TYPES SN54AS762, SN54AS763, SN74AS762, SN74AS763
OCTAL BUFFERS AND LINE DRIVERS WITH OPEN-COLLECTOR OUTPUTS

‘AS762 switching characteristics (see Note 1)

Vee = 45V10 5.5V,

CL = 50 pF,
FROM TO RL = 500 Q,
Tl UNIT
PARAMETER (INPUT) (QUTPUT) Ta = MIN to MAX
SN54AS762 SN74A8762
MIN MAX MIN MAX
t 3 20 3 19
w‘ 1A 1Y ns
tPHL 1 7 1 &
19. 3 18.
tPLH 2A 2y 3 55 8.5 ns
PHL 1 7 1 6
t - 3 22 3 19.5
PLH d 1Y ns
tPHL 1 8 1 7.5
1 3 20 3 19
PLH <] 2y ns
tPHL 1 8 1 7
‘AS763 switching characteristics {see Note 1}
Vee = 45V1055V,
CL = 50 pF,
FROM TO RL = 500 Q,
PARAME UNIT
TER {INPUT) {OUTPUT) Ta = MIN to MAX
SN54AS763 SN74AS763
MIN MAX | MIN MAX
1 3 3 1
PLH A v 20 S ns
tPHL 1 7 1 6
t . 3 22 3 19.5
PLH g Y 8 ns
tPHL 1 8.5 1 7.5 N
1 3 22 3 20
PLH s v ns
PHL 1 8.5 1 8 -—
>
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. o
[+ o4
o
2
=
n
&'
Texas W2
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TYPES SN54ALS810, SN74ALS810
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES

D2837, MARCH 1984

® Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

® Dependable Texas instruments Quality and Reliability

description

These devices contain four independent Exclusive-NOR gates.
They perform the Boolean functions Y = A @ B = {A+Bl-(A+B}
in positive logic.

A common appilication is a true/complement element. If one of
the inputs is high, the other input will be reproduced in true form
at the output. If one of the inputs is low, the signal on the other

input will be reproduced inverted at the output.

The SN54ALS810 is characterized for operation over the full
military temperature range of —55°C to 125°C. The
SN74ALS810 is characterized for operation from 0°C to 70°C.

logic symbol
FUNCTION TABLE

1A -:1;'— =1 3 L (each gate}
;: (4) INPUTS | OUTPUT
» | L A B Y

(9) L L H
3 18)
T ~— av L H L

(12}
4A (11) H t L

| ay

48 (13) | H H H

Pin

numbers shown are for J and N packages.

exclusive-NOR logic

An exclusive-NOR gate has many applications, some of which can be represented better by alternative logic symbols.

| |

EXCLUSIVE-NOR

any one port, or at all three of them.

LOGIC IDENTITY ELEMENT EVEN-PARITY

= —_ 2k

The output is active tHigh) if all
inputs stand at the same logic
level li.e., A=B). 2) are active.

The output is active (High) if an
even number of inputs (i.e., O or

SN54ALS810 . . . J PACKAGE
SN74ALS810 . . . N PACKAGE

{TOP VIEW)
14 Usavee
182 13[] 4B
1v[ds  12[J4A
2a0a  n{Jay
ZBE 5 10[]38
2v s a[]3A
GND[]7 8[]3Y
SN5S4ALS810 . . . FH PACKAGE
SN74ALS810 . . . FN PACKAGE
(TOP VIEW}

NC — No inrternal connection

ODD-PARITY ELEMENT

= O T D= =) >— ) >

These are five equivalent Exclusive-NOR symbols valid for an ‘ALS810 gate in positive logic; negation may be shown at

2k +1

[

The output is active (Low) if an
odd number of inputs li.e., only 1
of the 2) are active.

PRODUCT PREVIEW

Ir’:i‘n‘ under : TEXAS ”
INSTRUMENTS

Texas Instruments reserves the right
to change or discontinue this product
without notice.

Copyright © 1984, Texas Instruments Incorporated
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TYPES SN54ALS810, SN74ALS810
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOItage, VG - - o o e e e e e 7V
Input voltage . . . . . . .. e e 7V
Operating free-air temperature range: SNS4ALSB10 . ... ... ... ... ... .. .. ....... —-55°C to 125°C
SN74ALSB10 . ... 0°C to 70°C
S10rage temperature TANGE . . . .. o oo o v vttt e e e —65°C to 150°C
recommended operating conditions
SN54ALS810 SN74ALS810 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 U
VL Low-level input voltage 0.8 0.8 U
IOH High-tevel output current -0.4 -0.4 mA |
oL Low-level output current 4 8| mA
Ta Operating free-air temperature -55 125 (o] 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54ALS810 SN74ALS810
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | WMIN TYPT MAX uﬂ
ViK Vee = 45V, I = —18 mA 1.5 -15] v |
VOoH Vce = 45Vt055V, gy = -0.4 mA Ve -2 Vee -2 v ]
VoL Vee = 4.5V, gL = 4 mA 025 0.4 0.256 0.4 L&
Ve = 4.5V, loL = 8 mA 0.35 0.5
2 i Vee = 5.6V, V=7V . 0.1 0.1 [ mA ]
11 Vee = 5.5 V., V) =27V 20 20 [ uA
> L Vee = 5.5V, Vi =04V -0.1 -0.1 [ mA
r- 0¥ Vce = 5.5V, Vg = 2.25 V ~30 -112 | -30 -112 | mA
[/;] icc Vee = 55V, Aat45V,BatOV § 7.5 5 75| mA
> tan typical values are at Voo = 5V, Ty = 25°C.
Z $The output conditions have been chosen to produce a current that closely approximates cne half of the true short-circuit output current, fos-
O switching characteristics {see Note 1)
g Vee =45Vt 55V,
o 'CL = 60 pF,
FROM TO R = 500 Q.
5 PARAMETER (INPUT) (OUTPUTY T: = MIN to MAX uNIT
0 SN64ALS810 SN74ALS810
c MIN MAX | MIN MAX
b | tPLH AorB v 5 23 5 20 ns
w tPHL (other input low) 3 17 3 14
tPLH AorB v 5 21 5 18 ns
tPHL (other input high) 3 17 3 14 ]

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.

{i’
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QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES
WITH OPEN-COLLECTOR OUTPUTS

TYPES SN54ALS811, SN74ALSB11

D2837, MARCH 1984

® Package Options Include Both Plastic and Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

® Dependable Texas Instruments Quality and Reliability

description

These devices contain four independent Exclusive-NOR gates with
open-collector outputs. They perform the Boolean functions
Y = A@B = (A+B)«{A+B) in positive logic.

A common application is a true/complement element. If one of
the inputs is high, the other input will be reproduced in true form
at the output. If one of the inputs is low, the signal on the other
input will be reproduced inverted at the output.

The SN54ALS811 is characterized for operation over the full
military temperature range of —55°C to 125°C. The
SN74ALS811 is characterized for operation from 0?C to 70°C.

SNB4ALS811 . . . J PACKAGE
SN74ALS811 . . . N PACKAGE

1A
18
1Y
2A
28
2y
GND

{TOP VIEW)
1 UMjVCC
2 13[]4B
3 12[JaA
Qs 11Jay
s 10[]38
[Os 9] 3A
O 8[]3y

SN54ALS811 . . . FH PACKAGE
SN74ALS811 . . . FN PACKAGE
(TOP VIEW)

logic symbol
FUNCTION TABLE
L pe . h gat
:A ) 1 o 3 w {each gate)
z: (4) INPUTS OUTPUT 2
28 &8 D (8 5y A [] Y
9} L L H NC —No internal connection
3A —— [{]
P 2 5y
® u:: L H L n
a (1) H L L
113) ay —
® H H H =
Pin numbers shown are for J and N packages. E
exclusive-NOR logic (7))
An exclusive-NOR gate has many applications, some of which can be represented better by alternative logic symbols. <
EXCLUSIVE-NOR Z
—_ - aD <
-
These are five equivalent Exclusive-NOR symbols valid for an ‘ALS811 gate in positive logic; negation may be shown at <
any one port, or at all three of them.
LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT
— = — 2k 2k +1
[+, Q Fe) S_
The output is active (high! if all The output is active (high) if an The output is active {low} if an
inputs stand at the same logic even number of inputs {i.e., 0 or add number of inputs (i.e., only 1
level (i.e., A=B). 2) are active. of the 2} are active.
| Copyright ® 1984, Texas Instruments Incorporated
i
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TYPES SN54ALS811, SN74ALS811
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES
WITH OPEN-COLLECTOR OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SUPPlY VOIAGE, VG - - o oo e e e 7V
INPUL VOItAGE . . . . o e e 7V
Off-state oUtpUt VOItAGE . . . . . . .. . e A
Operating free-air temperature range: SNB4ALS81T .. ... ... ... ... .. ... .. ......... -556°C to 125°C
SN74ALSBTT . .. 0°C to 70°C
Storage temperature FaNGE . . . . . .. .ot e e ~65°C to 150°C
recommended operating conditions
SNG4ALS811 SN74ALS811 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
Vo High-leve! autput voltage 5.5 5.5 v
loL Low-level output current 4 8| mA
Ta Operating free-air temperature ~55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54ALSE11 SN74ALS811
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | MIN TYPT  MAX uNIT
ViK Vee =45V, | = -18 mA -1.5 -1.5 \
OH Vee = 4.5V, Von = 6.5V 0.1 0.1 | mA
VoL Veg = 45V, o = 4 mA 0.25 0.4 0.25 0.4 v
Vee = 45V, loL = 8 mA 0.35 0.5
i Veg = 5.8V, Vi =17V 0.1 0.1 ] mA
i Vee = 5.5V, V=27V 20 20 | wA
TH Vge = 5.5V, Vi =04V -0.1 -0.1 | mA
Icc Vee = 55V, Aat45V,BatOV 5 7.5 5 7.5 mA

TAll typical vaiues are at Voo = 5V, Ta = 25°C.

switching characteristics (see Note 1|

Voc = 45Vt55V,
Cp = 50 pF. T
FROM TO AL = 2k
PARAMETER {INPUT) (OUTPUT) T: = MIN to MAX unIT
SN54ALS811 SN74ALS811
MIN MAX MIN MAX

1PLH Aor8B v 25 60 25 55 ns
tPHL {other input low) 5 30 5 28
PLH AorB v 20 55 20 50 ns
PHL {other input high) 5 28 5 23

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Boek, Volume 3.
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TYPES SN54ALS841, SN54AS841, SN54ALS842, SN64ASE42
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

DECEMBER 1983 —~ REVISED FEBRUARY 1984

3-State Buffer-Type Outputs Drive Bus-Lines
Directly

Bus-Structured Pinout

Provide Extra Bus Driving Latches
Necessary for Wider Address/Data Paths or
Buses with Parity

Buffered Control Inputs to Reduce DC
Loading

Power-Up High-lmpedance State

Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

Dependable Texas Instruments Quality and
Reliability

description

These 10-bit latches feature three-state outputs
designed specifically for driving highly capacitive
or relatively low-impedance loads. They are
particularly suitable for implementing buffer
registers, I/Q ports, bidirectional bus drivers, and
working registers.

SN54ALSB41, SN54AS841 . . . JT PACKAGE
SN74ALS841, SN74AS841 . . . NT PACKAGE
{TOP VIEW)

SN54ALSB41. SNE4AS841 . . . FH PACKAGE
SN74ALS841. SN74AS8841 . . . FN PACKAGE
(TOP VIEW]

The ten latches are transparent D-type. The SN64ALS842, SN54AS842 . . . JT PACKAGE 2
‘ALS841 and ‘AS841 have noninverting data (D) SN74ALSB42, SN74AS842 . . . NT PACKAGE
inputs. The 'ALS842 and ‘AS842 have inverting (TOP VIEW)
D inputs. oc [ JzP vee ;’_’
— 16 2 3 1a

A buffered output control (OC) input can be used 26 s ;z% 20 5
to place the ten outputs in either a normal logic 30 E‘ 21id 3a T
state (high or low levels) or a high-impedance 23 {:: fg%;g e
state. In the high-impedance state, the outputs 607 sflea 6
neither load nor drive the bus lines significantly. B0s P70
The high-impedance state and increased drive 3,‘; Efo :28 :g n
provide the capability to drive the bus lines in a 100 1 1sf] 100 <
bus-organized system without need for interface GND[p2  naljcC Q
or pull-up components. SN54ALS842, SN54ASBA2 . . . FH PACKAGE P4
The output control does not affect the internal SN74ALS842, SN74AS842 . . . FN PACKAGE <
operation of the latches. Old data can be retained {Top V'iw’ (/)]
or new data can be entered while the outputs Bl g 09 g -
are off. -4
The SN54ALS841, SN54AS841, SNG4ALS8A2, B 1 D
and SN54AS842 are characterized for operation 5517 2(] 50
over the full military temperature range of NC : 2" g‘g
—-55°C to 125°C. The SN74ALS841, sg,o zo o
SN74AS841, SN74ALS842, and SN74AS842 85 [In 19(] 8a
are characterized for operation from 0°C to
70°C. lg!g%gogg

NC —No internal connection

b Copyright © 1983 by Texas Instruments Incorporated
EXAS 2.137
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TYPES SN54ALS841, SN54AS841, SN54ALSB42, SN54AS842
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

FUNCTION TABLES

‘ALS841, "'AS841

‘ALS842, ‘AS842

INPUTS OUTPUT INPUTS OUTPUT
ocC_c DD aQ oc ¢ D a
L H H H L HH L
L H L L L H L H
L L X Qp L L X Qp
H X X z H X X z
‘ALS841, ‘AS841 logic symbol 'ALS841, ‘AS841 logic diagram (positive logic)
— — (N
oc M [EN oC %
¢ ci c {13) D
L 3
10 0 P Vv 1 2 *——>C1 | 23 o
20 {22) ,q 1D 1D
3D {21} 3q L
4D {20} 4Q *+—ab>C1 22) Q
5D 19 oo 20 (3) . — 2
6D | :18: 6Q
17
Py . 70 ¢—dbct 21
8D ‘ LTI L o | ="' 3a
. 2
10D 10Q . ! c1 (20 w
4D D
2 = L
1 L gCTao o
> sp & D)
— ct i
] ) " f——c{;j——“s’ 8Q
> 60D 1D
2 3
’—ﬁ a (17)
g p 8 o f_&— 70
» @ 1 rue) 20
] 8D 1D
X b c1 '
O 1101 (15) oq
cC 90 10
(—’l, L—ab>C1 {14)
(1) 10Q
10D 1D
Pin numbers shown are for JT and NT packages.
i
2-138 Texas JU
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TYPES SN54ALS841, SN54AS841, SN54ALS842, SN54AS842
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE BUTPUTS

‘ALS842, 'AS842 logic symbol

— (1 — (1)
oc EN oc 4>—
(13)
c—— c 13
m | [y DD
1D (;: > v | 23 .4 q b C1 @3
25(4_|>‘ 22) 5 2 . F“’IQ—‘
35 4 (TP
4B 5) (20) Yy - r
558! 191 gq — (3 :;&ﬂ_ 20
T (18) —qe
&0 {8 (17} sa
7D 70 .
c1 ﬁ
a5 2~ 16)_gq 5 @ rm 21 .
9B {10) {15) 9a —a
106 10 LT
&) 1 c1 ﬁ 200 .o
4D 1D
>
&b C1 (19)
= {6) I — sQ
5D —d 10
c1 (18}
— L—xi;j 6Q
b2 _{ dwo
—P C1 [l L(m
75 (8) L dio 70
c1 E !
(16}
—" 8Q
ab 9) 10 8
=1 T
_ 1]
9b (10) 10 r\
b C1 14
— (11} 5—4 :————‘ ! 100
100 ——————d 10

Pin numbers shown are for JT and NT packages.

absolute maximum ratings over operating free-air temperature range (uniess

SUPPly VOIAGE, VOO - -+ v v v ot e e e e e e
Input voltage . . .. ... e

Voltage applied to a disabled 3-state output . . . .......................

Operating free-air temperature range:
SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 . . . ... ..
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 .. ... ...
Storage temperature Tange . .. ... ...t e e

otherwise noted)

‘ALS842, ‘AS842 logic diagram (positive logic)

ALS AND AS CIRCUITS H

... —855°  to 125°C

0°C to 70°C

... —85°Cto 150°C

EXAS
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TYPES SN54ALS841, SN54ALS842
SN74ALSB41, SN74ALS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

Instruments reserves the right to

SN54ALS841 SN74ALS841
SN54ALS842 SN74ALS842 UNIT
MIN  NOM MAX MIN NOM  MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 A
ViH High-level input voitage 2 2 v
ViL Low-level input voltage 0.8 0.8 V]
loH High-leve! output current -1 -2.6| mA
ot Low-level output current 12 24 mA
tyw Puise duration, enable C high ALSBAT nﬂ
' | 'ALsB42
tsu Setup time, data before enable C! ns
th Hold time, data after enable C} LS8l ns B
‘ALS842
Ta Operating free-air temperature -88 125 o} 70 eC
electrical characteristics over recommended operating free-air temperature range
{unless otherwise noted)
SN54ALS841 SN74ALS841
PARAMETER TEST CONDITIONS SN54ALS842 SN74ALS842 UNIT
MIN TYPT MAX | MIN TYP' MAX
ViK vge = 45V, i{ =—-18 mA -15 -1.5 \4
Vee =45V10565V, Igy = -0.4mA vee-2 Vee-2
VoH Veg =45V, o = —1mA 2.4 3.3 \
Vog = 45V, IOH = —2.6 mA 2.4 3.2 ]
2 VoL Vee = 4.5V, oL = 12 mA 025 04 0.25 04 VJ
Vee =45V, loL = 24 mA . 0.35 0.5
lozH Vee = 5.5V, Vo = 27V 20 20| uA |
> lozL Vee = 5.5 V. Vg = 04V -20 -20 | pA |
- ) Ve = 6.5 V, Vi=7V 0.1 01| mA
<N [k Voo = 5.5V, Vi = 2.7V 20 20| A
> e Vee = 5.5 V, V) =04V -0.1 -0.1 | mA
] 0¥ vee = 6.5V, Vg = 2.25 V —15 ~70 [-15 ~70 [ ma
o Outputs high
> ‘ALS841 Outputs low
Outputs disabled 25 25
» lcc vee = 85V Outputs high mA
®) 'ALS842 Outputs low
- Outputs disabled 28 28
n TAIl typical values are at Voo = 5V, Tp = 26°C.
E $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
a Additional information on these products can be abtained from the factary as it becomes available.
PRODUCT PREVIEW ¢
prd0 e oo Texas
INSTRUMENTS

change or discontinue this product
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TYPES SN54ALS841, SN54ALS842
SN74ALS841, SN74ALS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘ALS841 switching characteristics (see Note 1}

change or discontinue this product
without natice.

INSTRUMENTS
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Vee = 45Vt0 55V,
CL = 50 pF,
EROM 10 R1 = 500 ,
P, E R2 = 500 Q, IT
ARAMETER {INPUT) {OUTPUT) 5 UN
TA = MIN to MAX
SN54ALSBA1 SN74ALS841
MIN_ TYPT mAX | MIN TYPT MAX
7 7
tPLH D a ns
TPHL 9 9
PLH c Q ns
PHL
tPZH oc Q ns
PzL
tPHZ oc Q ns
tpLz
‘ALS842 switching characteristics (see Note 1)
Vgc =45Vto65YV,
CL = 50 pF, :
R1 = 500 Q,
FROM T0
PARAMETER (INPUT) (OUTPUT) R2 = 500 0, UNIT
TA = MIN to MAX
SN54ALS842 SN74ALS842
MIN TYPT MAX | MIN TYPT MAX
. 1 2
tPLH ) Q 1" ! ns
1PHL 9 9
tpLH c Q ns n
1PHL |
—
pzH oc a ns =
tPzL o
:PHZ oc Q ns E
PLZ o
YAl typical values are at Ta = 25°C.
NOTE 1: For load circuit and voltage waveforms, see page 112 of the TTL Data Book, Volume 3. 2
t inf on these p can be ob d from the factary as it becomes available. Q
N
=
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TYPES SN54AS841, SN54AS842
SN74AS841, SN74AS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

SN54AS841 SN74AS5841
SN54AS842 SN74AS842 UNIT
MIN  NOM MAX MIN NOM  MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
V4 High-level input voltage 2 2 u
Vi Low-level input voltage 0.8 0.8 U
IOH High-level output current -24 ~24 | mA
loL Low-level output current 32 48 | mA
tw Pulse duration, enable C high 5 4 ns
tsy Setup time, data before enable Ci 3.5 2.5 ns
th Hold time, data after enable C{ 3.5 2.5 ns
TaA Operating free-air temperature -55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range
{unless otherwise noted)
SN54AS841 SN74AS841
PARAMETER TEST CONDITIONS SNG54AS842 SN74AS842 UNIT
MIN TYPT MAX MIN TYP' MAX
ViK Vee = 48V, Y =-18 mA -1.2 ~1.2 v
Vee =45Vt 55V, IgpH = -2mA Vee -2 Vee-2
VoH Vee = 4.5V, oy = — 15 mA 24 32 24 3.2 v
Voo = 45V, lon = ~24 mA 2 2
VoL Ve = 45V, oL = 32 mA 025 05 v
2 Vee = 45V, IoL = 48 mA 035 05
tozh vee = 585V, Vo =27V 50 50| gpA
lozL vge = 5.5V, Vg =04V —-50 -850 | nA
> I vee = 5.5V, Vi =7V 0.1 0.1| mA
| [ vee = 5.5V, V| =27V 20 20| WA
»w o Voe = 55V, V| =04V ~0.5 ~05 | mA
> 0¥ Vee = 5.5V, Vo = 225V ~30 —112 | -30 “112| mA
z Outputs high 36 60 36 60
U ‘AS841 Qutputs low 58 94 58 94
> Ice Vee = 5.5V Outputs disabled 56 92 56 92 mA
7, Outputs high 38 62 38 62
‘ASB42 Outputs jow 60 97 60 97
2] Outputs disabled 58 95 58 95
X TAll typical values are at Vo = 5V, Tp = 25°C.
8 iThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
e |
»
3
2-142 TEXAs
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TYPES SN54ASB41, SN54AS842
SN74AS841, SN74AS842
10-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘AS841 switching characteristics (see Note 1)

Vge = 45Viob55Y,
CL = 50 pF,
EROM 10 R1 = 500 Q,
PARAMETER (NPUT} (OUTPUT) R2 = 500 (. UNIT
TAa = MIN to MAX
SN54AS841 SN74AS5841
MIN MAX MIN MAX
1] 1 . .
PLH o a 8.5 1 6.5 ns
tPHL 1 10 1 9
k¢
PLH c a 2 13 2 12 ns
tPHL 2 13 2 12
PzH — 2 135 2 0.5
L oc e 2 125 2 5]
tPHZ _— 1 10 1 8
oLz oc e 1 10 1 s8] ™
‘AS842 switching characteristics (see Note 1)
Vec = 45V10 5.5V,
CL = 50 pF,
FROM Yo R1 = 500 Q,
PARAMETER (INPUT} {OUTPUT} A2 = 500 ¢, UNIT
Ta = MIN to MAX
SN54AS842 SN74AS842
MIN MAX MIN MAX
tpLH — 1 1 1 8.5 2
PHL D e ) 10 3 9| ™
tpLH 2 13 2 12
PHL ¢ e 2 3 2 1z ™ I'w-
tpzH oc a 2 14.5 2 12 —
thzL 2 15 2 25| ™ =2
tpPHZ ac a 1 10 1 8 ns U
tpLZ 1 10 1 8 E
NOTE 1: For load circuits and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. o
2
[a]
g
/2]
<
TEXAS 3
2-143
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

DECEMBER 1983 —REVISED FEBRUARY 1984

® 3-State Buffer-Type Outputs Drive Bus-Lines SNGS4ALSB43, SNG4ASB43 . . . JT PACKAGE
Directly SN74ALS843, SN74AS843 . . . NT PACKAGE
(TOP VIEW)
Bus-Structured Pinout &¢ O Uzl vee
. . oQ 10
Provide Extra Bus Driving Latches 120 E; ;i 20
Necessary for Wider Address/Data Paths or 3Js (30
Buses with Parity 40[]s 2] 4Q
so[Jse  s] 50
® Buffered Control Inputs to Reduce DC ¢ C; ‘8% s
3 17
Loading 80 Es 160] 8Q
. ab o 5[] 9Q
Power-Up High Impedance ot ] C,, +eF} PRE
GND []12 13[] C

® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to SNE4ALS843, SN54AS843 . . . FH PACKAGE
Plastic and Ceramic DIPs SN74ALS843, SN74AS843 . . . FN PACKAGE
(TOP VIEW)

® Dependable Texas Instruments Quality
and Reliability

description

These 9-bit latches feature three-state outputs
designed specifically for driving highly capacitive or
relatively low-impedance loads. They are particularly
suitable for implementing buffer registers, 1/0 ports,

12 131415161718

ALS AND AS CIRCUITS BN

bidirectional bus drivers, and working registers. ——

. S ERE
The nine latches are transparent D-type. The ‘ALS843 © o
and 'AS843 have noninverting data (D) inputs. The SN54ALS844, SN54AS844 . . . JT PACKAGE
‘ALS844 and ‘AS844 have inverting D inputs. SN74ALS5844. SN74AS844 . . . NT PACKAGE

— (TOP VIEW)
A buffered output control (OC) input can be used to e OO vee
place the nine outputs in either a normal logic state 5 20 1a
{high or low levels) or a high-impedance state. In the 26 22[J20
high-impedance state, the outputs neither load nor ig E; 2 ig
drive the bus lines significantly. The high-impedance 55 s ,2251 50
state and increased drive provide the capability to 6§ 7 0] 6Q
drive the bus lines in a bus-organized system without ;g : :;8 ;g
need for interface or pull-up components, 95 o 150 ea
— R CLR [ 4[] PRE
The output control {OC) does not affect the internal Gno hz wfc
operation of the flip-flops. Oid data can be retained
or new data can be entered while the outputs are off. SN54ALSB44, SNSAASB44 . . . FH PACKAGE
SN74ALS844, SN74AS844 . . . FN PACKAGE
The SN54ALS843, SN54A5843, SN54ALS844, and {TOP VIEW)
SN54AS5844 are characterized for operation over the RIeley >8 og
full military temperature range of —55°C to 125°C,
The SN74ALS843, SN74AS843, SN74ALS844, and
SN74AS844 are characterized for operation from 0°C
to 70°C. ’
NC —No internal connection
PRODUCT PREVIEW . Copyright © 1983 by Texas Instruments Incorporated

This page contains information on a b
errarmones eserves e o 1o TEXAS 2145
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54ASE44
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE QUTPUTS

FUNCTION TABLES

‘ALS843, ‘AS843

‘ALSB44, ‘AS844

INPUTS OUTPUT INPUTS QUTPUT
PRE CLR OC C D Q PRE CLR OC C D Q
L H L X X H L H L X X H
H L L X X L H L L X X L
L L L X X H L L L X X H
H H L H L L H H L H L H
H H L H H H H H L H H L
H H L L X Qg H H L L X Qo
X X H X X Z X X H X X Z
logic symbol ‘ALS843, ‘AS843 logic diagram (positive logic)
— {1 —
C ﬁ.b EN oC () b;
== (1)
PRE §2
¢ 113) c1 ¢ (13)D
L] :;: 10 v :23: 10 *qs
22 7 Ct
-2 2y 22 1o 2 1o 123 g
30 ®) ——o— 3a R
0 ) R
T (l:s)) sa o
T 6 2 B 10 1122 5q
7D ) {17) 70 L1l dr
2 8D T ((’6)’ 8Q s
15 ——p C1
9D ——— 9Q 1
' ap & 1D 21 39
> =
» Ho | o
—p C1
ap & 1D 120 10
> k—‘ R
< =B
U L-’ c1
sp 19 1D :>—c| CQ’ 5Q
> b+ 1R
w
0 &
1 c1
- 6o 2! D ,_4;:18) 6Q
e v L LR
2] L
*+3s
E @) —c1 Tz
- 7D 1D e [
w R
aE
p—1 c1
a0 & 1D o—&jﬁ' 30
R L
S
—pcCl
op 1100 s 15 0
R
Pin numbers shown are for JT and NT packages. CLR “_11{>°_J
This symbol is in accordance with IEEE Std 9 and recent decisions of IEEE.
PRODUCT PREVIEW I’
This pags contains information on a #
2-146 Iproduct under d.volopmmomr.‘gz‘ox:s TEXAS
nstruments reserves tl 0
change or discontinue this product INSTRUMENTS

without notice.
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844
SN74ALS843, SN74AS843, SN74ALS844, SN74ALSBA4
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

logic symbol

‘ALS844, 'AS844 logic diagram (positive logic)

e L N
PRE —DIs e
e, PR —({><>T
c (13) .(|:1 c (13)D
10 42 0 D Y 23 14 - | eds
20 3 o 1220 20 = 2 c 23
(a) (21) 10 10 !
30 oy ¥ 48
40 151 :19) 4Q
50 ""b::), “8) 5Q >~—->sc1
6D 6Q 25 B 10 3—4;‘12’ 20
70 (8) 1 a7 70 o R
na o e s
10 5 oq L[ Loy
2D 45 o [cATI
+r-qR
S
—+— C1
45 & 1D 0—4;@' a0
L L4R
F s
——p C1
55 8 1D o—@—@’ 50
——qR
Ff s
. p—+ c1
5 i b Cl_"}) 6a 2
L+ R
Iy 73
——p C1 f
75 & 1 pd Cﬂ’ 70 -
i >
ot 2
——pC1
o5 12 D (16) g -]
F—w R U
s (2
c1
o0 {10) 10 (15) 9a
R o
IR (11)D E
Pin numbers shown are for JT and NT packages.
This symbol is in accordance with {EEE Std 9 and recent decisions of {EEE. ‘n
|
absolute maximum ratings over operating free-air temperature range {unless otherwise noted) <
g
SUPPlY VOItagE, VO - - o i e 7V
INPUL VOIAQE . . . . . e e e 7V
Voltage applied to a disabled 3-state output . . ... ... ... ... ... e 55V
Operating free-air temperature range: SN54AS843, SN54AS844 . . . . ... ........... -55°C to 125°C
SN74AS843, SN74AS8844 . . . . ... .............. 0°C to 70°C
Storage tempPerature raNGE . . . . . . ..ottt e e e e —65°C to 150°C
PRODUCT PREVIEW
Tt:;“pagl coma:!m .l;::onmﬂunron a T ”
t und pment. Texas xqs
:’nrnmfnoxn .rru:nv:n the right to E 2-147
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TYPES SN54ALS843, SN54ALS844

SN74ALS843, SN74ALS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

instruments reserves the right to

SN54ALS843 SN74ALS843
SN54ALS844 SN74ALS844 UNIT
MIN NOM WMAX MIN NOM MAX
vee Supply voltage 4.5 5 55 4.5 5 5.5 A\
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \2
IoH High-level output current -1 -2.6 mA
loL Low-levei output current 12 24 mA
'ALS843
t Pulse df ion, b high
W ulse durati enable C hig! ALSBA4 ns
tsy Setup time, data before enabte C{ ns
‘ALSB43
th Hold time, data after enable C4 ns
‘ALS844
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range
{unless otherwise noted)
SN54ALS843 SN74ALS843
PARAMETER TEST CONDITIONS SN54ALS844 SN74ALS844 UNIT
MIN TYPT MAX | MIN TYPT MAX
VIK Vee = 48y, | = ~18 mA -1.5 -15| v
Ve =4.5t055V, lo4 = ~0.4 mA vVee-2 Ve -2
VOH Vee = 4.5V, IgH = -1 mA 24 3.3 v
2 Vee = 45y, oy = —2.6 mA 24 3.2
VCe = 45V, | = 12 mA 0.25 0.4 0.25 0.4
VoL oL m v
Vee = 45, oL = 24 mA 0.35 0.5
> 10zH Ve = 65V, Vo =27V 20 20| uA
5 lozL Vee =55V, Vo = 0.4V -20 ~20 | A
[ Vee = 6.5, V=7V 0.1 01| ma
5 IH VCC = 5.5V, V) =27V 20 20 | uA
o o Vee = 5.5, Vi =04V -0.1 -0.1| mA
> lo? vVee = 6.5, Vo = 2.25V -15 -70 | -15 -70 | mA
w Qutputs high
o ‘ALS843 Outputs low
Outputs disabled 25 25
o ! v =55V mA
v cc cc Outputs high
O ‘ALS844 Outputs low
C Outputs disabled 28 28
-" tAN typical values are at Voo = 5V, Tp = 26°C.
w $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lng.
Additional infar on these prod can be ob d from the factory as it becomes available.
PRODUCT PREVIEW Q’
This page contains information on a
2-1 48 product under development. Texas EXAS
INSTRUMENTS
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TYPES SN54ALS843, SN54ALS844

SN74ALS843, SN74ALS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘ALS843 switching characteristics (see Note 1}

Vec =45V 1055V,
CL = 50 pF,
FROM T0 R1 = 500 ©,
PARAMETER {UINPUT) {OUTPUT) A2 = 8000, unIr
Ta = MIN to MAX
SN54ALS843 SN74ALS843
MIN TYPt MAX | MIN TYPT MAX
7
PLH o a 7 ns
tPHL 9 9
PLH C Q ns
tPHL
tPLH PRE a ns
tPHL R Q ns
t .
PZH oc a ns
tpzL
1pPHZ oc a ns
tPLz
‘ALS844 switching characteristics (see Note 1)
VCC = 4.6Vt 55V,
CL = 50 pF, 2
FROM 10 R1 = 500 Q.
PARAMETER (ANPUT) (OUTPUT) R2 = 500 Q, UNIT
Ta = MIN to MAX wn
SNE4ALS844 SN74ALS844 -
MIN TYPT MAX [ MIN TYP' mMmaAX =
t - 7 7
PLH D Q ns g
1PHL 9 9 —
1PLH C Q ns o
PHL (7))
tPLH PRE Q ns <
tPHL CIR Q ns a
‘PZH oc ns 2
tpzL g
Y —
idal oc a ns 0
pLZ 3
TAll typical values are at Ta = 25°C. <
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Valume 3.
Additional information on these products can be obtained from the factory as it becomes available.
- 4
TEXAS 2-149
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TYPES SN54AS843, SN54AS844
SN74AS843, SN74AS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

SN54AS843 SN74AS843
SN64AS844 SN74AS844 UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltagd 4.5 5 55 4.5 ] 5.5 v
VIK High-level input voltage 2 2 \4
VL Low-level input voltage 0.8 0.8 v
10H High-level output current -24 -24 | mA
oL Low-level output current 32 48 | mA
tw Pulse duration, enable C high CLR or PRE low 5 4 ns
C high 5 4
tsu Setup time, data before enable C4 3.5 25 ns
th Hold time, data after enable C{ 3.5 2.5 ns
tr Recovery time E 17 15 ns
CLR 16 14
Ta Operating free-air temperature -55 125 0 70 °Cc
electrical characteristics over recommended operating free-air temperature range
{unless otherwise noted)
SNSAAS843 SN74AS843
PARAMETER TEST CONDITIONS SN54AS844 SN74A5844 uNIT
MIN TYPT MAX | MIN TYPT MAX
VIK VCC = 4.5V, ) = =18 mA -1.2 -1.2 | v
Vee = 4.5, IgH = -2 mA Vee-2 Vee-2
2 VoH Vee = 45V, loH = —15 mA 24 3.2 24 32 v
Vee = 45, I0H ~24 mA 2
» VoL Vee = 45, oL = 32 mA 025 0.5 v
- Vee = 4.5y, loL = 48 mA 0.35 0.5
(7] 10zH Vee = 5.5V, Vo =27V 50 50 [ xA
> lozL Vee = 6.5V, Vo =04V - 50 ~50 | uA
2 I VeC =65V, V=7V 0.1 0.1 ]| ma
O I VEe = 5.5V, Vi = 2.7V 20 20 | uA
> L VeC =55V, V)= 04V -0.5 -0.5 | mA
Uy lo* Vee = 5.5V, Vg = 225 V -30 -112 | -30 -112 | mA
(@) Outputs high 37 62 37 62
5‘ ‘AS843 Outputs low 56 92 56 Zi
Qutputs disabled 56 92 56
8 lcc Vee = 58V, Outsuts high 39 64 39 6] ™
: ‘AS844 Outputs low 58 95 58 85
7] Qutputs disabled 58 95 58 95
tak typical values are at Vo = BV, Tp = 258°C.
The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
Texas W
2150 INSTROMENTS
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TYPES SN54AS843, SN54AS844
SN74AS843, SN74AS844

9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘ALS843 switching characteristics (see Note 1)

VcC =45Vt 55V,
Cp = 50 pF,
EROM 10 R1 = 500 Q,
PARAMETER INPUT {OUTPUT) R2 = 500 Q. UNIT
( ! Ta = MIN to MAX
SN54AS843 SN74AS8843
MIN MAX MiIN MAX
tPLH D a 1 8.5 1 6.5 ns
tPHL 1 10 1 9
tPLH c o 2 13 2 E2
tPHL 2 13 2 12
tPLH PRE Q 2 12 2 10 ns
tPHL CLR Q 2 14 2 13 ns
1 P 2 13.5 2 10.5

PzH oc Q ns
tpzZL 2 14.5 2 11.5
t . 1 10 1 8

PHZ 5¢ aQ ns
tPLZ 1 10 1 8

‘ALS844 switching characteristics (see Note 1)
VeC =45Vt 55V,
CL = 50 pF,
PARAMETER FROM To :; - :gg g UNIT

(INPUT) (OUTPUT) i

Ta = MIN to MAX
SN54AS844 SN74AS844
MIN MAX MIN MAX (7}
1 1 .

PLH D Q 1 11 8.5 ns l_
tPHL 1 1 1 10 '5
tPLH 2 14 2 12,5

C o] ns Q
tPHL 2 14 2 13 o
tPLH PRE Q 2 12 2 10| ns 6
tPHL CLR Q 2 14.5 2 13.5] ns "
— 14.5 2
'PZH ocC Q 2 12 ns <
tPZL 2 15 2 13.5
k¢ —_— 1 10 1
PHZ oc a 81 ne (@]
tpr2 1 10 1 8 2
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. <
n
I
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TYPES SN54ALS843, SN54AS843, SN54ALS844, SN54AS844
SN74ALS843, SN74AS843, SN74ALSB44, SN74AS844
9-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE QUTPUTS

D flip-flop signal conventions

It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic
symbol based on the assumption of true data (D) inputs. Then outputs that produce data in phase with
the data inputs are called Q and those producing complementary data are called Q. An input that causes
a Q output to go high or a Q output to go low is called Preset; an input that causes a Q output to go high
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are
active-low.

The devices on this data sheet are second-source designs and the pin-name convention used by the original
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting
circuit D and Q. In some applications it may be advantageous to redesignate the inputs and outputs as
D and Q. In that case, outputs should be renamed as shown below. Also shown are corresponding changes
in the graphical symbol. Arbitrary pin numbers are shown in parentheses.

Notice that Q and O exchange names, which causes Preset and Clear to do likewise. Also notice that the
polarity indicators (==} on PRE and CLR remain since these inputs are still active-low, but that the presence
or absence of the polarity changes at D, Q, and Q. Of course pin 6 (Q) is still in phase with the data input
D, but now both are considered active high.

=== (1) = (1}
PRE s 6 CLR R | LR
ck 2L ek 2 b
o2 D © = 52 o )
— (@) >~—1a — {4 a
2 cR R PRE — O s
r~-
w
=z
O
»
o
o v
o
C
_——
e |
172
PRODUCT PREVIEW .
This page contains information on a ¢
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TYPES SN54ALSB45, SN54AS845, SN54ALS846, SN54AS846
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

D2825, DECEMBER 1983 —REVISED FEBRUARY 1984

3-State Buffer-Type Outputs Drive Bus-Lines
Directly

Bus-Structured Pinout

Provides Extra Bus Driving Latches
Necessary for Wider Address/Data Paths or
Buses with Parity

Buffered Control Inputs to Reduce DC
Loading

Power-Up High-Impedance State

Package Options Inciude Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

Dependable Texas Instruments Quality and
Reliability

description

These 8-bit latches feature three-state outputs
designed specifically for driving highly capacitive
or relatively low-impedance loads. They are
particularly suitable for implementing buffer
registers, 1/0 ports, bidirectional bus drivers, and
working registers.

The eight latches are transparent D-type. The
‘ALS845 and ‘AS845 have noninverting data (D)
inputs. The ‘ALS846 and ‘AS846 have inverting
D inputs. Since CLR and PRE are independent of
the clock, taking the CLR input low will cause
the eight Q outputs to go low. Taking the PRE
input low will cause the eight Q outputs to go
high. When both PRE and CLR are taken low, the
outputs will follow the preset condition.

A buffered output control (65) inputcan be used
to place the eight outputs in either a normal
logic state (high or low levels) or a high-
impedance state. In the high-impedance state,
the outputs neither load nor drive the bus lines
significantly. The high-impedance state and
increased drive provide the capability to drive
the bus lines in a bus-organized system without
need for interface or pull-up components.

SNB4ALS845, SN54AS845 . . . JT PACKAGE
SN74ALS845, SN74AS845 . . . NT PACKAGE

{TOP VIEW)
oc1 [y U2 vee
ocz2d2 23[]0GC3

oz 2010
20(J¢  21{J20
ao[s 2030
ap(Js  19[d 4
so[]:  sfdsa
so[fe 1dsea
0o |e% 7Q
80 (Jio 1s[] 8Q
(-:L—R 11 |4] ﬁ
GND (12 13[]C

SN54ALS845, SN54AS845 . . . FH PACKAGE
SN74ALS845, SN74AS5845 . . . FN PACKAGE
(TOP VIEW)

1213141516 17 18

otzouu,wc
par} [
w‘ogz T ©

SN54ALS848, SN54AS846 . . . JT PACKAGE
SN74ALS846, SN74AS846 . . . NT PACKAGE
(TOP VIEW)
oc1 [ V2] vee

ocz2{]2
10
2§E

[] oc3
10
1 20
[] 30
[ a0
1 sa
1] 6Q
] 70
D sa

PRE

o}

SN54ALS846, SN54ASS46 . . . FH PACKAGE
SN74ALS846, SN74AS846 . . . FN PACKAGE

(TOP VIEW}

o — 08
g3 g S8 g

v
4 3 2 1282726

121314 1516 1718

nEoYLRg
@z 2 T @
O B o

NC—No internal connection

ALS AND AS CIRCUITS i)Y
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rroducl under dcvolopr;\‘:mr.h'lr‘:xu TEXAS
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TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54AS846
SN74ALS845, SN74AS845, SN74ALS846, SN74AS8A46
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

The output controls (OC1, OC2, OC3) do not affect the internal operation of the latches. Old data can
be retained or new data can be entered while the outputs are in the high-impedance state.

The SN54ALS845, SN54AS845, SNS54ALS846, and SN54AS846 are characterized for operation over
the full military temperature range of —55°C to 125°C. The SN74ALS845, SN74AS845, SN74ALS846,
and SN74AS846 are characterized for operation from 0°C to 70°C.

FUNCTION TABLES

‘ALS845, ‘AS845 ‘ALS846, ‘AS846
INPUTS OUTPUT INPUTS OQUTPUT
PRE CLR OC1 ©OC2 0C3 C D Q PRE CLR OC1_OC2 OC3 C D e
L H L L L X X H L H L L L X X H
H L L L L X X L H L L L L X X L
L L L L L X X H L L L L L X X H
H H L L L H L L H H L L L H L H
H H L L L H H H H H L L L H H L
H H L L L L X Qo H H L L L L X Qo
X X L L H X X z X X L L H X X z
X X L H L X X z X X L H L X X z
X X L H H X X z X X L H H X X ra
X X H L L X X z X X H L L X X z
X X H L H X X Z X X H L H X X z
X X H H L X X z X X H H L X X z
X X H H H X X z X X H H H X X z
2 logic symbols
‘ALS845, '‘AS845 ‘ALS846, "AS846
> oci 1) B & oci {1) D &
~ oc2 21 EN 0c2 h EN
(7 ) oc3 (23) p o (23)
> ErT NN Py pRe M) ~ls2
2 Fr UL N cor g
U c (13) c1 ¢ {13) c1
| I
= {3 22
> 10 {3} D 7V {22) 10 1D( ) [0 > 29 { )10
(7] 20 4 (21} 2a 5 {4) (21) 20
o 10 (5) {20) 30 3D B} N (20} 3a
5 40 (6) (19) a0 4B (6) [ (19) aQ
o 50 2. 18) 50 U N (18) gq
C 6D 8) {17) 6Q 5 (8) [ {17) 6Q
: 0 9 (18) 70 75 9 {16) 70
(77 80 (10) {15) 8a 83 {10) [ (15) 8a
Pin numbers shown are for JT and NT packages.
These symbols are in accordance with IEEE Std 9 and recent decisions of IEEE.
PRODUCT PREVIEW
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TYPES SN54ALS845, SN54AS845, SN54ALS846, SN54ASB46
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

logic diagrams (positive logic)

‘ALS845, ‘AS845 ‘ALS846, ‘AS846
==_ {1) ——1(1)
@ @ 33
&6c3 {23) oc3 {23)
7re 14 D FRE 14) :D:
c (13)D c 3 D
s2 A +d 52 ,
b c1 1 CH
10 (3} 10 zo_g(z_z, 10 15(3) o 1D 20—&_(22_’10
—— R ——t9R
s2 s2
——C1 r p—+—b C1 r
20 14 1D 2p—q ;———(2” 20 26 10 2p ;—(2” 20
QR p— o R
*qs2 | *qs2
1—bc1 5 P [
3p 8! 1 20—4;&30 352 10 zo—c{;ﬂso
< R o R
pd 52 po 52
—— C1 i b C1 y
0 0 AN N G P 8 Jro 2b-Pb 1%
—— R 1 R
s2 q 52
+— C1 r b C1 i
sp 1) 10 20—4;“—8) 50 567 o 1D 2 0—4;‘—(-15)-50 2
R 1o R
Hrc s2 s2 :‘2
—p C1 r »+—p C1 P
e 18 D 2 & a7 o 5@ b 2 I:I a7 o S
ol R >+ R o
Q1 S2 L - S2 E
p1—b C1 > C1 >
70 12 1D zf._(;“_s’ 70 59 dq 10 zw[;—‘l‘i’m ©
114 o R 1o R (/5]
s2 Ly s2 <
—pC1 —5C1 Q
8D {10) D 2 é {15) sa 85(10) 10 2 [:[ (18) s0 Z
p—— AR ¢—0a R <
cR {11) D SR “”D o
-
<
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VG - - -« o ot e e 7V
INPUL VORAGE . . . . .. 7V
Voltage applied to a disabled 3-state output . . .. .. ... ... ... ... ... 5.5V
Operating free-air temperature range:
SNB4ALS845, SN54AS845, SN54ALS846, SN54AS846 . ... .. ... ... .. ... —55°C to 125°C
SN74ALS845, SN74AS845, SN74ALS846, SN74AS8846 .. ... .. .......... —0°C to 70°C
Storage temperature range . . ... .. ... ... -65°C to 150°C
PRODUCT PREVIEW .
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TYPES SN54ALS845, SN54ALS846
SN74ALS845, SN74ALS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

r

SNG4ALS845 SN74ALS845
SN54ALS846 SN74ALSB46 UNIT
MIN NOM MAX [ MIN NOM MAX
Vcoe  Supply voltage 45 5 55 4.5 3 5.5 \"
VIH High-level input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 \%
I0H High-level output current -1 -2.6 | mA
loL Low-level output current 12 24 | mA
tw Pulse duration CLR_ or PRE low ns
C high
tsy Setup time, data before enable Ci ns
th Hold time, data after enable C! ALSBAS ns
‘ALS846
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range
{unless otherwise noted)
SN54ALS845 SN74ALS845
PARAMETER TEST CONDITIONS SN54ALS846 SN74ALS846 UNIT
MIN TYPT MAX | MIN TYPT MAX
VIK Vee = 45V, lj = ~18 mA -1.56 -1.5 v
Vee = 45Vt658V, Igy = —0.4mA Vee-2 Vee -2
VOH Veeg = 45V, IoH = -1 mA 2.4 3.3 \
Ve = 4.5V, IOH = - 2.6 mA 24 3.2 |
2 VoL Vee =45V, loL = 12 mA 0.25 0.4 0.25 0.4 v
Vee = 45V, loL = 24 mA 0.356 0.5
lozH Vee = 55V, Vg = 2.7V 20 20 L
> lozL Vee = 6.6V, Vp =04V -20 -20 wA
r~ [N Vee = 5.5V, V=7V 0.1 0.1 mA
» [H VeC = 5.5V, Vi=27V 20 20| #A
> T8 Vee = 5.5V, V=04V -0.1 -0.1 mA
2 Io¥ Ve = 5.5V, Vo = 2.25 V -15 -70 | -15 -70 | mA
U Qutputs high
> ‘ALSB45 Outputs fow
Outputs disabled 25 25
w fcc vee = 55V Outputs high mA
(@] ‘ALSB46 Outputs low
5 Outputs disabled 28 28
o tAll typical values are at Veg = B V. Ta = 25°C.
E iThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
‘-;; Additional information on these products can be obtained from the factory as it becomes available.
PRODUCT PREVIEW '.
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TYPES SN54ALS845, SN54ALS846
SN74ALS845, SN74ALS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘ALS845 switching characteristics (see Note 1)

changs or discontinue this product
without notice.

NTS
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Vee =45Vtwo55V,

Cp = 50 pF.

R1 = 500 Q.
PARAMETER FROM O R2 = 500 ¢ UNIT

{INPUT) [OUTPUT) ‘ :
Ta = MIN to MAX
SN54ALS845 SN74ALS845
MIN TYPT MAX | MIN TYPT MAX

t 7 7

PLH D Q ns
PHL 9 9
t

PLH Cc a ns
tPHL
PLH PRE Q ns
tPHL CLR Q ns
tPzZH —

ocC Q ns
tPzL
1 —
PHZ ac a ns
tpLZ
'ALS846 switching characteristics (see Note 1)
Vee = 45Vto55V,
CL = 50 pF.
R1 = 500 Q.
PARAMETER FROM T0 R2 = 500 Q UNIT
(INPUT) {OUTPUT) - '
Ta = MIN to MAX
SN54ALS846 SN74ALS846 2
MIN TYPT MAX | MIN TYPT MAX
tPLH = 7 7
D Q ns
tPHL 9 9 ‘I-n-
tPLH g
C Q ns
< =
tpLH PRE Q ns Q
tPHL CLR Q ns E
1 _—

PZH oc Q ns ©
tpzL (/5]
1 —

PHZ oc Q ns <
tpLz Q

taul typical values are at Voo = 5V, Ta = 25°C. z
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3. <
Additional infor on these prod can be obtained from the factory as it becomes available. w
<
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TYPES SN54AS845, SN54AS846
SN74AS845, SN74AS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

recommended operating conditions

subject to change without notice.

SN54AS845 SN74AS845
SN54AS846 SN74AS846 UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 4.5 5 5.5 \4
VIH High-level input voltage 2 2 v
ViL Low-tevel input voltage 0.8 0.8 \
IoH High-level output current -24 -24 mA
oL Low-level output current 32 48 mA
. CLR or PRE low 5 4
tw Pulse duration - ns
C high 5 4
tsu Setup time, data before enable Ct 3.6 2.5 ns
th Hold time, data after enable Ct 3.5 2.5 ns
tr Recovery time fE 17 15 ns
CLR 16 14
Ta Operating free-air temperature -55 125 o} 70 °C
electrical characteristics over recommended operating free-air temperature range
(unless otherwise noted)
SN54AS845 SN74AS845
PARAMETER TEST CONDITIONS SNE4AS846 SN74AS846 UNIT
MIN TYPT MAX | MIN TYPT MAX
ViK Vee = 4.5V, | = -18mA -1.2 -12]| v
Vee =45V, IoDH = ~2 mA Vee-2 Vee -2
VOH Vee = 45V, lo = — 15 mA 2.4 3.2 2.4 3.2 v
2 Vee = 4.5V, IoH = —24 mA 2 2
Vee = 4.5V, toL = 32 mA 0.25 0.5
VoL \
Vee = 4.5V, oL = 48 mA 035 0.5
> tozn vee 58V, Vo =27V 50 50 T
r—- lozL Vee =55V, Vo =04V - 50 - 50 A
» Ve = 55V, Vi=7V 0.1 0.1 | mA
> g Vee = 5.5V, V=27V 20 20 L
2 M Vee = 5.5V, V| = 0.4V -0.5 -0.5 | mA
(=] Io? Voo = 5.5V, Vo = 2.25 V -30 -112 | -30 ~112 | mA
Qutputs high 35 58 35 58
> ‘AS845 Outputs low 52 85 52 85
m . v 5.5V Outputs disabled 62 85 52 85 mA
o) cc cc Outputs high 36 36
5 ‘AS846 Outputs low 53 53
o Outputs disabled 53 53
S TAll typical values are at Vcc = 5V, Tp = 25°C.
_’ $The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los:
» Additional information on these products can be obtained from the factory as it becomes available.
ADVANCE INFORMATION ’-
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TYPES SN54AS845, SN54ASB46
SN74AS845, SN74AS846
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

‘AS845 switching characteristics (see Note 1)

Vee = 45Vteb5V,
CL = 50 pF,
R1 = 6 ,
FROM T0 002
PARAMETER R2 = 500 0, UNIT
(INPUT) {OUTPUT)
Ta = MIN to MAX
SN54AS845 SN74AS845
MIN MAX | MIN MAX
[? 1 . }
PLH D a 8.5 1 6.5 ns
tPHL 1 10 1 9
t 2
PLH c 13 2 12 ns
tPHL 2 13 2 12
tPLH FRE Q 2 12 2 10 | ns
tPHL CLR Q 2 14 2 13 ns
tPzZH —_— 2 13. 10.
ocC Q 2 2 05 ns
tpzL 2 14,5 2 11.5
t — 1 1
PHZ ocC Q ° ! 8 ns
tpLz 1 10 1 8

‘AS846 switching characteristics (see Note 1)

ALS AND AS CIRCUITS IS

Vee = 45Vtob5V,
Cp = 50 pF,
R1 = & 3
FROM TO 00 0
PARAMETER R2 = 500 0, UNIT
{INPUT) {OUTPUT}
Ta = MIN to MAX
SN54AS5846 SN74AS846
MIN TYPT Max [ mIN TYPT mMAX
t = 4 4
PLH D Q ns
tPHL 4.5 4.5
t
PLH Cc Q ns
tPHL
tPLH PRE Q 5 5 ns
tPHL CR Q 5.5 5.5 ns
1| — 6 6
PZH oc Q ns
tPzL 6 6
1] ey 4 4
PHZ T Q ns
tpLZ 5 5
TAll typical values are at Tp = 25°C.
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3.
Additi | infor ion on these prod can be ob d from the factory as it becomes available.
ADVANCE INFORMATION .
This page contains information on a M
new product. Specifications are 2-159
subject to change without notice. IN STRUM EN-rS
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TYPES SN54ALSB45, SN54AS845, SN54ALS846, SN54AS846
SN74ALS845, SN74AS845, SN74ALS846, SNT4ASB46
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS

D flip-flop signal conventions

S1INJHID SV ANV STV R

It is normal Tl practice to name the outputs and other inputs of a D-type latch and to draw its logic
symbol based on the assumption of true data (D) inputs. Then outputs that produce data in phase with
the data inputs are called Q and those producing complementary data are called Q. An input that causes
a Q output to go high or a Q output to go low is called Preset; an input that causes a Q output to go high
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR} if they are
active-low.

The devices on this data sheet are second-source designs and the pin name convention used by the original
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting
circuit D and Q. In some applications it may be advantageous to redesignate the inputs and outputs as
D and Q. In that case, outputs should be renamed as shown below. Also shown are corresponding changes
in the graphical symbol. Arbitrary pin numbers are shown in parentheses.

Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the
polarity indicators (I ) on PRE and CLR remain since these inputs are still active-low, but that the presence
or absence of the polarity indicator changes at D. Q. and Q. Of course pin 5(Q)is still in phase with the data
input D, but now both are considered active high.

— (1) === (1)
SR — R ® 5 PRE — D 5 5,
ek 2l ok 21y

5210 6) o2 © 6) =
+ae g — ¢ T SHLA N PN ¢

2-160
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

DECEMBER 1983 —REVISED APRIL 1984

® 4-Line to 1-Line Data Selectors/Multiplexers SN54AS850, SN54AS851 . . . JD PACKAGE
That Can Select 1 of 16 Data Inputs. SN74AS850, SN74AS861 . . . N PACKAGE
Typical Applications: (TOP VIEW)

Boolean Function Generators
Parallel-to-Serial Converters

1
2

Data Source Selectors ps [s []D9
pa[]a D10

Cascadable to n-Bits p3[]s %D”
3-State Bus Driver Outputs D2 ()6 D12
p1[]7 [1D13
‘AS850 Offers Clocked Selects; ‘AS851 po [Js (D14
Offers Enable-Controlled Selects Gy s [oi1s

® Has a Master Output Control {G) for G [y

Cascading and Individual Output Controls EVY []so

(GY, GW) for Each Output CLK/SCW %:;

® Package Options Include both Plastic and GND Fs3

Ceramic Carriers in Addition to Plastic and

Ceramic DIPs
SN54AS850, SN54AS851 . . . FH PACKAGE

® Dependable Texas Instruments Quality and SN74AS850, SN74AS851 . . . FN PACKAGE
Reliability (TOP VIEW)

description

These  four-line to one-line data
selectors/multiplexers provide full binary
decoding to select one-of-sixteen data sources
with complementary Y and W outputs. The
‘AS850 has a clock-controlled select register
allowing for a symmetrical presentation of the
select inputs to the decoder while the ‘AS851
has an enable-controlled select register allowing
the user to select and hold one particular data 121314 1516 17 18
line.

D10
D11
D12
D13
D14
D15

N

™M N (=]
|b§%mm5m
a0

A buffered group of output controls (G, GY, GW)
can be used to place the two outputs in either
a normal logic (high or low logic level) or a high-
impedance state. In the high-impedance state
the outputs neither load nor drive the bus lines
significantly. The high-impedance state and
increased drive provide the capability to drive the
bus lines in a bus-organized system without the
need for interface or pull-up components.

CLK/

*CLK for ‘AS850 or 5T for 'AS851

The output controls do not affect the internal operations of the data selector/muitiplexer. New data can
be setup while the outputs are in the high-impedance state.

The SN54AS850 and SN54AS851 are characterized for operation over the full military temperature range
from —55°C to 125°C. The SN74AS8B50 and SN74AS851 are characterized for operation from 0°C to
70°C.

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated

o e e Spectatons 1 ,NSTTRE&‘QSE#S
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TYPES SN54AS850, SN54A385>1, SN74AS850, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

INPUT SELECTION TABLE

SELECT INPUTS

‘AS850

‘AS851

[}
w

82 s1

7]
(=]

CLK

5C

INPUT
SELECTED

Do
D1
D2
D3

R I o e

D4
D5
Dé
D7

D8
Ds
D10
D11

I Irr|IIIrC-rC|T I

D12
D13
D14
D15

XIrTxTxI|lrxxIfrrmr-rrrlrecrmore

XlrxXxIjrrrrrlITITI|lrrecre

x

X|rrrIrlxTrTTr-|T-rI-Tr-r T

ols o o afs 5 5 5

I
4
-

Xrerrrrlrrrrrrjlrmrrm|jr ek e

Dn

Dn = the input selected before the most-recent low-to-high transition of CLK

or SC.

logic symbols

OUTPUT FUNCTION TABLE

= — OUTPUTS
@ GY GwW vy w
H X X z z
L H L z z
L L L D z
L H H z D
L L H D D

D = level of selected input DO—D15

2 ‘AS850 ‘AS851
MUX MUX
g L9d G620 g9 d G20
> ov 19 ] 20en21 &v 12 il 20EN21
- aw 1 1o0en22 aw 1| o0enz2
(12) — {12)
m CLK W>c23 SC a8l ca3
S0 ———23 D0 so——] 23 p0
> 61 7 0 & 17 0
2 sz 1161 G — oz 4161 G —
O (15) 5 a5) 15
&r 23D3 S3T- 23D3
> Do 0 DO 0
) 19 (19)
o D1 (‘;)’ 1 g2y D1 (‘;’ 1 ag—2 vy
D2 2 D2 2
(@] pads 13 pa8 |3
= D4 :;: 4 1131 04 :;: 4 (13)
(o) D5 =5 PP v/ S SLE 05 -—{5 2yP—"w
E 06 (1) 8 D6 o 6
- o7 7 D7 7
3 we e
D9 o8 |° 09 :2 2
o10 2o 1'° p1o (:i: 0
o1 5! 01 o5 ]!
D12 12 p12-o— 12
D13 13 013 13
21) (21)
D14 120) 14 D14 20) 14
D15 15 D15 { 15
2-162 XAS
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



83

TYPES SN54AS850, SN54AS85

1, SN74AS850, SN74AS851

1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

‘AS850 logic diagram (positive logic) (see inset for ‘AS851)

(10}

[¢]
™ s
aw ‘1121))
ek 120 7
w8l -
so——0 P
$eor
PRLLE . _T "AS851
SELECTION
(16} @ LATCHES
82 ——— 1o
c1
e =)
0o & . -
:D—q tor)
Sam
7 M
D1 )
=[O
6) i
D2 —j:}"“
o
03 8 !
.|
»—::D’_q
{4)
Da ;D“’
L
(3) f 2
Ds :D’*’
1
) ( n
D6 :D_o =
P (19) 5
o7 1V K v o
= o
b8 (27} o
= (13) (/)]
{26) ! w
D9 ! :
S t; >
(25} X =2
D10 :D“" g
4t
o {24) ::Dv_q 9
12 123 K <
3
-
p13 22 :JDH,
=
1)
D14 4
:D*'
-
o015 120! )
=

f

‘Qip
EXAS
INSTRUMENTS
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)

SUPPlY VOIAGE, VOl - - o o v e vttt e e e e YA
Input voltage . .. .. ... e 7V
Operating free-air temperature range: SN54AS850, SN54AS851 .. ........... -55°C to 125°C

SN74AS850, SN74AS8851 . ............... 0°C to 70°C

Storage temperature range —-65°C to 150°C

recommended operating conditions

SN54AS850 SN74AS850 UNIT
MIN NOM MAX MIN NOM MAX

V Supply voitage 4.5 5 5.5 4.5 5 5.5 A"
VIH High-teve! input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 \4
loH High-level output current -12 ~15 | mA
loL Low-level output current 32 48 | mA
folock Clock frequency o 60 | MHz
tw Pulse duration gtz :::‘:vh g ns
tsy Setup time, select inputs before CLK* 10 ns
th Hold time, select inputs after CLKt 0 ns
TA Operating free-air temperature -55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
2 SN54AS860 SN74AS850
PARAMETER TEST CONDITIONS
MIN TYPT MAX | MIN TvPT mMAx | "
ViK Vee = 45V, | = —18mA -1.2 -1.2| v
> Ve = 45Vt056.5V, Ioy = —2mA Vee-2 vee-2
- VOH Vee = 45V, Io0H = - 12 mA 2 3.2 v
(/4] “Vce = 45V, IOH = 15 mA 2 33
cC OH
> v Vee =45V, loL = 32 mA 0.25 0.5 v
> oL Vee = 45V, loL = 48 mA 035 05
U 10ZH Vgg = 6.5V, Vo =27V 50 50 pA
lozL Vee = 5.5V, Vg = 04V -50 -50 pA
> Iy Ve = 5.5V, V=7V 0.1 0.1 mA
v IIH Vee = 556V, V)p=27V 20 20 pA
O D, G -1 -1
! { Vee =556V, Vi =04V
o L TAllothers cc =0 ~0.5 o5 | ™
[I°% Vee = 5.5V, Vo =225V -30 -112 | -30 -112 | mA
(@] o cc o]
c , Outputs active 50 50 81
Vi =586V
-_— cc cc Outputs disabled 52 52 85|
-
m Tan typical values are at Voo = 5V, Ty = 26°C.
$The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lgg.
Additional infor on these prodi can be obtained from the factory as it becomes available.
T {l’
2-164 EXAS
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POST OFFICE BOX 225012 & DALLAS, TEXAS 75265

128:



83

TYPES SN54AS850, SN74AS850
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

switching characteristics (see Note 1)

Vge = 45Vto55V,
CL = 50 pF,
FROM TO R1 = 500 Q.
PARAMETER
{INPUT) (OUTPUT} R2 = 500 Q, NI
Ta = MIN to MAX
SN54AS850 SN74AS850
MIN TYPT MAX | mIN MAX
fmax 60 MHz
t .
PLH Any D v 5 3 195] s
tPHL 7 3 11
t 5
PLH Any D w 3 8 ns
tPHL 3.6 1 6
1 10. 4.
PLH CLK % 5 3 L2
tPHL 12 3 17.6
t 10 1
PLH LK w 3 I
PHL 9 3.5 13
1 = 5 2 8
PZH g Y ns
tpzZL 6 3 11
1 =
PHZ G Y 5 ! 6 ns
tpLz 5.5 2 8
1 =
sl G w 5 2 8 ns
Pz 1 3 21
t -
PHZ G w 5 ! 6 ns
tpLz 5.5 2 8
t _— 5
PZH GY Y 2 8 ns 2
tpzZL 6 3 11
t —_— 5
PHZ GY Y ! & ns
tpLz 5.5 2 8 [75]
t 6 10
PzH GW w 2 ns ':
tpZL 11 3 25 -}
tPHZ ow W 35 1 61 s &)
tpLZ 7.5 2 11 0@
tan typical values are at Voe = 5V, Tp = 25°C. 0
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. w
z
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TYPES SN54AS851, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

recommended operating conditions

SN54AS851 SN74AS851 UNITT
MIN NOM MAX | MIN NOM MAX
Vece  Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -12 ~15 mA
loL Low-level output current 32 48 mA
tw Pulse duration 8C low 10 ns
tsy Setup time, select inputs before SC t 4.5 ns
ih Hold time, select inputs after SC 1 0
Ta Operating free-air temperature -55 125 0 70 eC
electrical characteristics over recommended operating free-air temperature range
(unless otherwise noted)
SN54AS851 SN74AS851
PARAMETER TEST CONDITION UNIT
co ONS MIN TYPT MAX | MIN TYPT mMaAX
VIK Vee = 456V, I = -18 mA -1.2 -1.2 \4
Veg = 45Vt055V, Igy = —2mA Vee-2 vee-2
VOH Vege = 45V, lpH = -12mA 2 3.2 \
Vee = 4.5V, IoH = - 15 mA 2 3.3
\ = 4.5V, loL = 32 mA 0.25 0.5
VoL cc oL m v
Vee = 45V, lpp = 48 mA 0.35 0.5
f0zZH Veg = 558V, Vo =27V 50 50 uA
2 TozL Vee =55V, Vo = 0.4V ~50 ~50 | A
I Vee = 6.5V, V=7V 0.1 0.1 mA
[ Vee = 6.5V, Vyp =27V 20 20 A
> D.G —1 -1
| \ =585V, Vi =04V A
-~ L [Aiothers| ‘€€ ! —0.5 o
/2] Io* Vge = 5.5V, Vo = 225V -30 -112 | -30 -112 | mA
> Outputs active 50 50 81
[ \7 = 5.5V A
2 cc cc Qutputs disabled 52 52 85 m
U TAll typical values are at Vog = 6V, Tp = 25°C.
> iThe output conditions have been chosen to produce a current that closely appraximates one-half of the true short-circuit current, los-
m Additional information on these products can be obtained from the factory as it becomes available.
Q
P
O
c
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TYPES SN54AS851, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

switching characteristics (see Note 1)

Vg = 45Vtob5Y,
CL = 50 pF.
FROM TO R1 = 500 Q,
PARAMETER UNIT
{INPUT} (OUTPUT} R2 = 500 @,
Ta = MIN to MAX
SN54AS851 SN74AS851
MIN _TYPT max | mIN MAX
t 5 3 10.5

P Any D Y ns
tPHL 7 3 11
t 5 3 8

PLH Any D w ns
1pHL 3.5 1 6
1 12 3 18

PLH S0, §1, §2, 53 v ns
tPHL 15 3 19
1 12 3 16

PLH S0, S1, 82, 3 w ns
tPHL 10 3 15
t J—— 12 3 18

PLH SC Y ns
tPHL 15 3 20
1 — 12 3 16

PLH sC w ns
tPHL 1 3 15
1 — .

PZH G Y 55 2 8 ns
tpzZL 7 3 11
1 = .

PHZ 5 v 35 ! 51 ns
tpLZ 5 2 8
1 = .

PzH G w 5.5 2 8 ns
tpzL 11 3 21 2
t = 3.5 1 6

PHZ IS w ns
tpLZ 5 2 8
t —_— 5.6 8

PzH av Y 2 ns n
tpzL 7 3 11 |

—
1 am— .

PHZ GY Y 35 ! 5 ns D
tpZL 6 2 8 o
t; 6 10

PzH GW w 2 ns o
tpzL 12 3 25 6
tPHZ 4 1 6

GW w ns

tpLZ 8 2 11 ‘2

TAlt typical values are st Vo = 5V, Tp = 25°C.
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3. n
g
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TYPES SN54AS850, SN54AS851, SN74AS850, SN74AS851
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE QUTPUTS

TYPICAL APPLICATION DATA

The ‘AS850 or ‘AS851 can be used as a 1-of-16 Boolean function generator. Figure 1 shows the ‘AS850

in one example.

‘ALS138
61 . | —/
=,
P —~

—1_7
—] >
1\
—_/ EIN

[ GYGW
ENABLE ﬁ4> el

51

-

n
NG AW N A e

'AS850

Do
D1

—Y
D2
D3
D4

DS S

DiSABLE —@

D7
D8
Dg
D10
D11
D12
D13
D14
D15

‘AS163

CLR

LOA|
RCO

COUNT ENT
DISABLE ENP

CLK

CLOCK

v[sle

QA
aB

o o | )
e

FIGURE 1—1-OF-16 BOOLEAN FUNCTION GENERATOR

S1INJHID SV ANV STV !
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' TYPES SN54AS850, SN74AS850
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE QUTPUTS

TYPICAL APPLICATION DATA

‘ASB50
MUX

E‘Elm

GW
CLK

CLOCK

8

S1

4

=]
=]

=]
-

(v} |]
glels|slelels]

2

o
|u
-
=]

glo
bt
3

m
oo
- -
»iw|n

o
a
[

‘AS850
MUX

(2]
-
x

|2lslelslelasle

1=
&

!
s <
ALS AND AS CIRCUITS H

sllelsls

Q
=]

=}
=
-

=]
-
N

=]
prd
W

Q
-
ry

o
-
o

FIGURE 2—-1-OF-32 DATA/SELECTOR/MULTIPLEXER
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TYPES SN54AS850,SN74AS850
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA

cLOCK
'ASE50 ‘AS850
[ MUX (] N MUX
Gy GYp
GW GW
CLK CLK
$0 > S0 >
S1 S$1
s2 52
S3 S3
A DO DO
D1 D1
B — Y — —
c D2 _o2]
D3 D3
o D4 D4
D5 D5
D6 w D6
D7 D7
D8 08
D9 D9
010 D10
D11 D11
D12 D12
D13 D13
D14 D14
o5 o8]
50 |
2 s1
s2
s3
> ‘ASBS50 ‘AS850
~ 3 MUX TN MUX
(V7] &Y SN
> GW GwW
CLK CLK
= P b
O s1 S1
. S2 S2
> 3 s
(7] DO DO
O D1 Y Hp :|m
= D2 02|
m D3 D3
O D4 D4
c D5 w DS
— D6 D§
-] D7 D7
(7] D8 D8
D9 D9
D10 D10
o11 D11
D12 D12
D13 013
D14 _014]
D15 D15

FIGURE 3-1-OF-64 DATA SELECTOR/MULTIPLEXER

2-170 Texas {'f

INSTRUMENTS

POST OFFICE BOX 225012 & DALLAS, TEXAS 75265



TYPES SN54AS877, SN74AS877
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

02661, DECEMBER 1982 —REVISED FEBRUARY 1984

e Included among the Package Options Are Com- SN54ASB77 .. .. JT PACKAGE
pact, 24-Pin, 300-mil-Wide Dips and Both 28- SN74AS877 ... NT PACKAGE
Pin Plastic and Ceramic Chip Carriers (TOP VIEW)

¢ Buffered 3-State Outputs Drive Bus Lines 2? E; Uz:%\éﬁf
Directly s203 221 serin

e Cascadable to n-Bits a1ds 21B1

5

o Eight Selectable Transceiver/Port Functions: 2; E s 122 % :g
—AtoBorBto A aal]7 1884
— Register to A or Register to B As[ds 17085
— Shifted to A or Shifted to B asl[]e 16 % B6
- Off-Line Shifts (A and B Ports in High- a7t 150e7

Impedance State) as[]1 14[]es
— Register Clear GnD['2 13[Jas

e Particularly Suitable for Use in Signature-

Analysis Circuitry SN54AS877 . ... FH PACKAGE

e Serial Register Provides: SN74AS877 . ... FN PACKAGE

. {TOP VIEW)
— Parallel Storage of Either A or B Input Data =
— Serial Transmission of Data from Either w00 O5E
A or B Port LT
. 4 3 2 1282726
e Dependable Texas Instruments Quality and Al]s 25 81
Reliability A2fe 2af B2
A3[)7 23(]83
NC[]s 22JNC
A4[]e 21[]B4
A5[]10 20(]B5
As[]11 19[]B6

121314151617 18

~NoOO oo
<<%zcmm

™~

NC — No internal connection

description

The 'AS877 features two 8-bit 1/O ports (A1-A8 and B1-B8), an 8-bit parallel-load, serial-in, parallel-out shift register,
and control logic. With these features, this device is capable of performing eight selectable transceiver or port functions,
depending on the state of the three select lines S0, S1,and S2. These functions include: transferring data from port A to
port B or vice versa (i.e., the transceiver function}, transferring data from the register to either port, serial shifting data
to either port, performing off-line shifts (with A and B ports in high-impedance state), and clearing the register, Syn-
chronous parallel loading of the internal register can be accomplished from either port on the positive transition of the
clock while serially shifting data in via the SERIN input. The ‘AS877 is ideally suited for applications needing signature-
analysis circuitry to enhance system verification and/or fault analysis. All serial data is shifted right. All outputs are
buffer-type outputs designed specifically to drive bus lines directly and all are 3-state except for Q8, which is a totem-
pole output.

ALS AND AS CIRCUITS )N

The SN54AS877 is characterized for operation over the full military temperature range of —55°C to 125°C. The
SN74AS877 is characterized for operation from 0°C to 70°C.

. Copyright © 1982 by Texas Instruments Incorporated

U
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TYPES SN54AS877, SN74AS877
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

FUNCTION TABLE

MODE | . ock|serin| a1Q181| A20282| A30383| A40aB4| A5 05 BS | A6 06 BG| A7 07 87| A8 0B BE| "ON
$2$1S0 FUNCTION
LLL| HorL]l x zagat| zagaz| zanaz| zayael zanas| zagas| zanAr] ZanAs | o
LLL 1 X ZA1A1| ZA2A2 | ZA3A3 | ZA4A4 | ZASAS | ZABAG | ZATA7 | ZABAS

LLH| HorlL| X B1Q,Z | B2Q,Z | B3QnZ | B40nZ | B5QyZ | B6QaZ | B7QnZ | B8QnZ | 0
LLH t X 81B1Z | B2B22 | B3B3Z | BaB4zZ | B5B5Z | B6B6Z | BIB7Z | B8BBZ

LHL| AHorl| X | XQ,01| X002 | X0Q,03 | XQ,04| XQ,05 | XQ, Q6| X 0Q,Q7| XQ,08 an 7O By
LHL t X zZA1A1| ZA2A2 | ZA3A3| ZAsaa| ZAasAs | zasA6| ZA7A7 | ZABAS

LHH[ Horl| x [ Q1apx[020,Xx[ Q30X | 040, X[ 050, X | Q6QpX| Q70 X[ Q80X [ o 100
LHH t X Bi1B1Z | B2B2z | B3B3z | B4Baz | B5BS5Z | BEBEZ | B7B7Z | BEBRZ | N
HLL| HorL| X Z0,Q1| 2Q,02| ZQ,Q3| 20,Q4 | 2Q,0Q5 | ZQ,Q6| ZQ,Q7| ZQ,Q8| SHIFT
HL L 1 H ZHH | zatQ1 | zo202| 20303 | zaa04 | Zasas| zaea6| zara? TO
HLL T L ziLL | zarar| zaz02| zo3aQ3| zos0s | zosas| zosos | zazar? B

H L H[ HorL] x Q1Q,Z| 02Q,2| Q3Q,Z | Q4Q,2| 05Q,Z | Q6Q,Z| Q7Q,Z| 08Q,Z | SHIFT
HLH 1 H HHz | a1Q1z| aza2z| 0303z | @404z | as06z| Q6Q62| Q7Q72 TO
H L H t L LLz | 0101z | 0202z | Q3Q3z| Q40az | 05052 Q6Q6Z | Q7Q72Z A
HH L] HorL| X ZQnZ | 2QnZ | 2QnZ | 20p2 | 2Qn2 | 2Cn2Z2 | 20nZ | ZQn2

HHL t H zHz | za1z | za2z | za3z | zaaz | zaosz | zaez | zQ7Z | SHIFT
HHL ' L zivz | za1z | za2z | zasz | zasz | zasz | zasz | zarz

H H H| Horl| X ZQnZ | ZQnz | Z0nZ | ZQnZ | 20qZ | ZOnZ | 2QqZ | Z0nZ | _ .0
H HH t X zZLz ZLz zZLz zZLz zLz zZiLz 2Lz zLz

n = level of Q,(n = 1, 2., . 8} established on most recent 1 transition of CLK, Q1 thru Q8 are the shift register outputs; only Q8 is available
externaliy. The double inversions that take place as data travels from port to port are ignored in this table,

2 logic symbol [PORT CONTROLLER]
o
ST ENg SRG8
> s2_ 3} )
9 $>(4/5/6) —»
23)
5 ok 2 1z 9-icwl7n
- | C
> (22) 1 -0 1
> SERIN - z1 114 (4/5/6)10D 21
o At 212 125io/m100 (0/2/8) >V jt-o—m
> TQU1/3/5) 1240 213
4131 134(1/3100 424
(7] L1a3m) 214
2] s >1 =0 >1 (201
] A2 215 15+ (0/2)10D (0/2/8) DV B2
o :VQHB/S) 1640 216
C <+ 16,1 164 {1/3)10D -+ 2/4
— © +17(3/5) -+ 217 “19)
" :a) “» > ::7;“
NETPAG DA
Ao {10} ; Be
A7 <> sl B7
an 21 =0 =1 (14}
Aad—b: 233 33 (0/210D (oma)pvj-v—sa
T<11/3/5) 3340 234 4a)
+34.1 344 (1/3)10D ~2/4 35 p————Q8
$35(3/5) ~ 235
Pin numbers shown are for JJ and NT packages.
i
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TYPES SN54AS877, SN74AS877

8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

logic diagram (positive logic)

s0
(2
s1
28 1
P D
serin-22
4
At (4) =1 )
10 20 .
c1 L
[
< a
{5} =1
A2 .
1D {20} 82
< {7}
- J FOUR IDENTICAL CHANNELS NOT SHOWN
INPUTS/OUTPUTS NOT SHOWN:
(8) A3 (19) B3
(7) A4 {181 B4
- p (8) AS (17) 85
o] (9) A6 I wess
I
(10)£ =1 . y
A7 10 as o,
[ 2 4]
[
(1) =1
A8 D (LU
c1

13)

ALS AND AS CIRCUITS H '
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TYPES SN54AS877, SN74AS877
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

absolute maximum ratings over free-air temperature range

SUPPIY VOITAGE, VO - - - o et ettt e e e e e e 7V
Input voltage: All INPULS . .. ... o e e e e e e 7V
L7 <Y 55V

Voltage applied to a disabled 3-state OUtPUL . . . . . . oL e 55V
Operating free-air temperature range: SNB4AS877 . ... ... .. ..ttt —65°C to 125°C
SN7AASBTT Lo 0°C to 70°C

S1Orage teMPEratUre TANGE . . . . o v vt e e o e ettt e et e et e e e e e e —65°C to 150°C

recommended operating conditions

SL1INJYID SY ANV STV JS

SN54AS877 SN74AS877 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voitage 4.5 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 v
ViL Low-tevel input voltage 0.8 0.8 \
. A1-A8, B1-B8 -12 -15
loH High-tevel output current a8 =3 =2 mA
oL Low-level output current Al1-AB, B1-B8 32 48 mA
Qas 20 20
fclock  Clock frequency 0 45 0 50 | MHz
tw Duration of clock pulse 1 10 ns
' A1-A8, B1-B8 5.5 5.5
tsy Setup time before CLK* SERIN ns
S0, 51, §2 5.5 5.5
A1-A8, B1-B8 0 °
th Hold time, data after CLK t SERIN ns
S0, S1, S2 (¢} [o]
Ta Operating free-air temperature -55 125 [o] 70 °C
Additional information on these products can be obtained from the factory as it becomes available.
3
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TYPES SN54AS877, SN74AS877
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 76265

SN54AS877 SN74AS877
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX [ MIN TYPT mMmAX
ViK Vee =45V, Iy = —18 mA ~1.2 -1.2 \2
A1-AB Veg = 45V, IoH = —12 mA 2 3.2
Von | B1-B8 Vee = 45V, IoH = —15mA 2 3.3 \
All outputs Vee = 45Viwo586YV, o = —2mA Vee-2 Veg-2
Vee = 45V, loL = 32 mA 0.25 0.5
All output t
VoL outputs except A8 7 25V, oL = 48 mA 035 05| V
Qa8 Vee = 4.5V, loL = 20 mA 0.25 0.5 0.2 0.5
S0, 81, S2 0.3 0.3
A =56V, V=7V
Y CLK and SERIN cc ! 0.1 0.1 | mA
A1-AB, B1-B8 Vee = 5.5V, V) =55V 0.2 0.2
S0, §1, §2 60 60
[T} CLK and SERIN Vee = 5.5V, V=27V 20 20 uh
A1-A8, B1-B8% 70 70
S0, §1, S2 -1 -1
WL CLK and SERIN Vee = 656V, V) =04V -0.5 -0.5 | mA
A1-A8, B1-88% -0.75 -0.75
Except Q8 -30 -112 | -30 -112
lo}] =55V, Vo = 2,25V A
©° [os Vee 0=22 —20 112 | ~20 “12 | ™
icc Veg = 656V 136 220 136 220 | mA
TAll typical values are at Veg = BV, Tp = 25°C.
For 110 ports, the parameters lj and i include the output currents lozy and 1oz . respectively.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
switching characteristics (see Note 1) 2
. Vge =45Vt b5V, (7,
Cp = 50 pF, =
R1 = 500 Q, 5
PARAMETER FROM To R2 = 500 6. wnr | Q
{INPUT) {QUTPUT) TA = MIN to MAX o
SN54AS877 SN74AS877 6
MIN MAX | MIN MAX
frax 45 50 MHz (/)
2 8.5 2 7
PLH Any A port Any B port ns <
tPHL 3 10.5 3 9 O
2 9 2 7.5
IPLH Any B port Any A port ns 2
tPHL 3 10.5 3 9 <
1] Any A or B 3 11.5 3 10
PLH S0, 51, 52 ny Ao ns 7
tPHL port 2 9.5 2 8 -
t Any A orB S 2 LA 2 9
PLH CLK ny Aor ns <
PHL port 3 13 3 11.5
1 2 10.5 2 8
PLH CLK 08 ns
PHL 3 10 3 8.5
tPHZ 2 7.5 2 6.5 ns
t Any Aor B 3 13 3 10.5
pLz S0, S1, 52 ny Aer
PZH port 2 9 2 7 s
n
tpzZL 3 11.5 3 9.5
NOTE 1: For load circuit and voltage waveforms, see page 1-12.
T U
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TYPES SN54AS877, SN74AS877
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS

S1iNJdIJ SV ANV STV !

SERIAL IN
CLK

SERIAL IN

BUS A TOBUSBOR

TYPICAL APPLICATION DATA

SERIAL TRANSMISSION

=

I
I
E;/\A;
I

SERIN

—

s

| \/SERIN|
REG I

I
| |
I |e
I I
I I
|

o8 |

—

v

SERIAL
out

SERIAL IN TO A PORT

CLK _| |

SERIAL IN

BUS B TO BUS A OR
SERIAL TRANSMISSION

CLK ——!r—_l l

| \4 SERIN17

REG
I

<

-

-

gi=

SERIAL IN TO B PORT

SERIAL IN

CLK—| i

2-176

[ VseriN] [V serin|
|REG | IREG |
I I I |
< A| |B Hi-Z Hi-Z A| |s )J

I I I I
I I I I
| os] | %
SERIAL SERIAL
ouT out

7/
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TYPES SN54ALS1245A, SN74ALS1245A
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

02661, DECEMBER 1982 REVISED FEBRUARY 1984

@ ‘Bidirectional Bus Transceivers in High-Density 20-Pin SN54ALS1245A . . . J PACKAGE
Packages SN74ALS1245A . . . N PACKAGE
® Lower-Power Version of ‘ALS245A or 1 vee
® °'ALS1245A is identical to ‘ALS1645A ':\; ; 21
Package Options Include Both Plastic and Ceramic A3[]s B2
Chip Carriers in Addition to Plastic and Ceramic DIPs A4 55 B3
® Dependable Texas Instruments Quality and Reliability A5 L6 84
as[]7 B5
description A7[]s 86
as (s B7
This octal bus transceiver is designed for asynchronous two-way GND [J10 B8

communication between data buses. The device transmits data
from the A bus to the B bus or from the B bus to the A bus
depending upon the level at the direction control {DIR) input. The
enable input (G) can be used to disable the device so the buses
are effectively isolated.

SNG4ALS1245A . . . FH PACKAGE
SN74ALS1245A . . . FN PACKAGE

ALS AND AS CIRCUITS IS

(8]
-
The -1 version of the SN74ALS1245A is identical to the standard 2 < O ;’.O
versions except that the recommended maximum Igt is increased i
to 24 milliamperes. There is no -1 version of the SN54ALS1245A. A3l 4 18081
The SNB4ALS1245A is characterized for operation over the full A4l]s 17[}B2
military temperature range of —55°C to 125°C. The Ablj6 16([]|B3
SN74ALS1245A is characterized for operation from 0°C to 70°C. AB[}7 15[]B4
A7(]8 14(]|B5
9
FUNCTION TABLE 3 g g B 8
CONTROL 5]
INPUTS OPERATION
G DIR .
L L B data to A bus logic symbol
L H A data to B bus (19}
& ——DG3
H X Isolation DIR '&t_': 3 ENT [BA]
g EN2 [AB]
A1 (2} V1 (18] B1
logic diagram (positive logic) (3) D2y an g,
S A
e |
(4) {16)
A3 B3
e I s o
{5) 15|
DIR — ; A4 —C :I— 84
®) ‘ (1)
A5 BS
N gpam e g
At —1‘ ‘i B1 o - 113)
i e | =
Vv
{8) {12)
N v A7 ——C 87
TO SEVEN OTHER TRANSCIEVERS (9} 1
A8 B8
Pin numbers shown are for J and N packages.
. Copyright © 1982 by Texas Instruments Incorporated
d,
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TYPES SN54ALS1245A, SN74ALS1245A

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vcg
Input voltage: All inputs

/0 ports
Operating free-air temperature range: SN54ALS1245A
SN74ALS1245A

Storage temperature range

recommended operating conditions

SN54ALS1245A SN74ALS1245A UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High-level input voltage 2 2 VJ
Vi Low-level input voltage 0.8 0.8 VJ
lo0H High-level output current ~12 -15 m/L]
8 16
loL Low-level output current 2aT mA
TA Operating free-air temperature -565 125 o] 70 °C

tThe extended limit applies only if Vo is maintained betwsen 4.75 V and 5.25 V.
The 24-mA limit applies for the SN74ALS1245A-1 only.

electrical characteristics over recommended operating free-air temperature range

{unless otherwise noted)

PARAMETER TEST CONDITIONS SNE4ALS1245A SN74ALS1245A UNIT
2 MIN TYP? MAX [ MmN TYP? maxX
ViK Vee =45V, ) = -1BmA -1.6 -1.5 \
Vee = 456Vt 565V, lIgh = -04mA | vee-2 Veg-2
V, =45V, ! = -3 mA 2.4 3.2 24 3.2
h - Vou cc oH v
r~- Vee = 4.5V, IoH = —12mA 2
w Veg = 45V, 1OH = - 15 mA 2
> Vee =45V, loL = B mA 0.25 0.4 0.25 0.4
V, V, =45V, ! = 16 mA \4
= o ce oL 035 05
o] {lgL = 24 mA for -1 version)
' Control inputs Ve = 5.5V, Vi=7V 0.1 0.1 mA
5 ! A, B portss Voo = 5.6V, Vi = 55V 0.1 0.1
Control inputs 20 20
i V, =55V, Vi=27V A
o) tH A, B ports§ cc ! 20 20 | ¥
— Control inputs -0.1 -0.1
1 Vv = 5.5V, Vi =04V A
g It A, B portss cc : ~0.1 X
CcC 01 Vee =55V, Vo = 2.25V ~-30 -112 | -30 -112 | mA
o Output high 21 33 21 30
(7)) Icc Veg =656V Output low 23 36 23 33 mA
Qutput disabled 25 40 25 36
Al typical values are at Vo = 5V, T = 25°C.
SFor 1/0 ports, the parameters ),y and || include the off-state output current.
The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgg.
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TYPES SN54ALS1245A, SN74ALS1245A
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

switching characteristics {see Note 1)

Ve = 45Vtwos556Y,
Cp = 50 pF,
FROM T0 R1 = 500 Q,
PARAMETER (INPUT) (OUTPUT R2 = 500 1, UNIT
Ta = MIN to MAX
SNG4ALS1246A SN74ALS1245A
MiN MAX [ MIN MAX
1 1
} BLH AorB Bor A 2 15 2 3 ns
tPHL 2 15 2 13
1 - 8 25
PzH G AorB 28 8 ns
tpzZL 8 28 8 25
1 — 4 12
PHZ G AorB 2 ! 2 ns
tpLz 3 22 3 18
NOTE 1: For load circuit and voltage waveforms, see page 1-12 of the TTL Data Book, Volume 3.
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INTRODUCTION

The purpose of this Application Report is to assist the
designers of high-performance digital logic systems in the
use of the new series of Advanced Schottky-clamped* TTL
integrated circuits.

Detailed electrical characteristics of these devices are
provided and, if available, tables have been included that
compare specific parameters of the devices with those of
other logic families. In addition, interfamily information is
provided to allow system designers to mix logic families in
the same circuit. This allows the designer to use the relative
merits of each logic family in high preformance state-of-the-
art designs.

The major subject areas covered in this Application
Report are as follows:

® Advanced Schottky process

©® Fanouts

® Transfer characteristics

@ Input and output parameters

@ Speed and power information

® Noise margins

® Power supply considerations

@ Noise sources and their abatement

@ Back panel and printed circuit wiring
guidelines

® Line driving and receiving

INTRODUCTION TO
ADVANCED SCHOTTKY-CLAMPED TTL

Series 54/74 transistor-transistor logic (TTL) has, since
its introduction in 1965, become the most popular digital
integrated circuit logic family ever offered. Its popularity
has allowed the development of high-volume production
techniques which have made it the most economical approach
to the implementation of major portions of medium-to-high
performance digital logic systems. These systems range from
simple decision making to highly complex real-time computer
installations that handle worldwide data processing.

The proliferation of and economical impact of these
digital logic systems has created a demand for constant
improvement in efficiency. In response to demand, Texas
Instruments examined the advantages gained by Schottky
clamping. An increase in speed and performance was
discovered in the use of Schottky barrier-diode clamping.
The process was patented in the United States and the
Schottky series 54S/748S catalog parts were made available
in the early 1970s. A series 54LS/74LS was introduced later.
The series S4LS/74LS was slower that the 54S/748 series
but had a much lower power consumption.

*Integrated Schottky-Barrier-dicde-clamped transistor is patented by Texas
Instruments Incorporated, U.S. Patent Number 3,463,975,

Recent innovations in integrated circuit design have
made it possible to develop two new families: the Advanced
Schottky (S4AS/74AS) series and the Advanced Low-Power
Schottky (S4ALS/74ALS) series. The *ALS and ‘AS series
provide considerable higher speeds than the ‘LS and 'S series,
respectively. The "ALS series offers a substantial reduction
in power consumption over the ‘LS series, and the 'AS series
offers a substantial reduction in power consumption over the
'S series. The 'ALS/' AS series is pin-to-pin compatible with
the "LS/’S series.

SPEED-POWER SLOTS FILLED BY ‘ALS
AND "AS TTL

Digital integrated circuits have historically been characterized
for both speed and power. The series 545/74S devices contain
19 mW NAND gates and 125-MHz flip-flops and the series
S41L.S/74LS devices contain 2-mW NAND gates and 45-MHz
flip-flops. Either of these logic families could be used to
design a 2-MHz system, therefore categorization strictly on
the basis of power and speed is inconclusive with respect
to system efficiency. To provide a means of measuring the
overall circuit efficiency and performance, a speed-power
product efficiency index for integrated circuits was
developed. The rating of an integrated circuit is obtained by
multiplying the gate propagation delay by the gate power
dissipation.

Table I provides propagation delay times, power
dissipation, and speed-power product for the Texas
Instruments TTL series. In addition, it provides flip-flop
frequency for each family as an indicator of system
performance. The speed-power product rating system
(measured in picojoules) is divided into circuits where speed
is the prime factor and circuits where low-power is the prime
factor. The ‘ALS series speed-power product is
approximately 4 times less than that of the ‘LS series and
the 'AS series speed-power product is approximately 4 times
less than the ‘S series. Figure 1 is a graphic analysis of the
speed-power points for the various TTL families.

ADDITIONAL ADVANTAGES OFFERED BY
‘ALS AND ‘AS DEVICES

The "ALS and ' AS devices offer the following additional
advantages:

L. TTL compatible with 54/74, 548/74S, 54L/74L,
54LS/74LS, and S54H/74H series gates for
selectively upgrading existing systems

2. Suppresses the effects of line ringing and
significantly reduces undershoot

3. Higher thresholds (noise immunity) and better
stability across operating free-air temperature
range

4. Input current requirement reduced by up to 50%

3-
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Table I. Typical Performance Characteristics by TTL Series

MINIMIZING POWER MINIMIZING DELAY TIME
PROP | PWR | SPD/PWR | MAXIMUM PROP | PWR | SPD/PWR | MAXIMUM
CIRCUIT TECHNOLOGY | FAMILY | DELAY | DISS | PRODUCT | FLIP-FLOP FREQ |[FAMILY | DELAY | DISS | PRODUCT |FLIP-FLOP FREQ
{ns) (mW) ipJ} {MH2z) ins} | imW) 1pJ) {MHz)
Gold Doped TTL 10 10 100 35 TTL 10 [ 10 100 35
LTTL | 33 1 33 3 HITTL 6 | 22 132 50
Sehottky Clamped LS TTL 9 2 18 45 S TTL 3 | 19 57 125
‘ALS 4 1.2 4.8 70 ‘AS 1.7 8 13.6 200
2 are ideal for replacement of high-speed logic families
4 30 o a1 including ECL 10K series.
o 20
g r Compatibility With Other TTL Families
ki L
8 To ensure complete electrical compatibility in systems
g 10 [E ®54/75LS ®54/74 using or intending to use a mixture of existing TTL families
[ r and the new "ALS/’ AS families, specific guidelines have been
2 F [ implemented. These guidelines ensure the continuation of
8 5 54/74H desirable characteristics and incorporate newer techniques
5 @ 54/74ALS to improve performance and/or simplify the use of TTL
5 3 ® 54/74s families. Figure 2 illustrates the comparison of essential
g | parameters of each family and shows that complete
‘;; 2 ® 54/74AS compatibility is maintained throughout the 54/74 families.
2
3 1 [’ R S [ N T N W | | 1 J Fanout
1 7 3 5 10 20 30 The compatible ratings for fanout simplify the

Typical Power Dissipation—mW

Figure 1. Speed-Power Relationships of
Digital Integrated Circuits

5. Fanout is doubled

6. Terminated lines or controlied impedance circuit
boards are normally not required.

7. The "AS series offers shorter propagation delays
and higher clock frequencies with relatively low
power consumption.

8. The maximum flip-flop frequency has been
increased to 200 MHz.

CONCEPTS OF DEFINING SERIES ‘AS AND
‘ALS

Both the "ALS and ' AS series are electrically and pinout
compatible with existing TTL series. The "ALS series is
suitable for replacing all TTL families except in the very
highest frequency applications. Replacement with *ALS will
result in lower power consumption, smaller power supply
current spikes, and, in some cases, better noise immunity
than the other families. In those cases where a very high
operating frequency is required, the 'AS series can be used.
The 'AS devices require less than one-half of the supply
current of the 'S series and has approximately twice the
clocking frequency. The 'ALS devices are ideal for
improving effeciency at the lower speeds. The 'AS devices

implementation of logic and provide a freedom of choice in
the use of any of the seven performance ranges to design
a digital logic system. Any of the Texas Instruments TTL
series gates can be used to drive any other gate without the
use of an interface or level-shifting circuit. The use of totem-
pole-(push-pull) type output stages provides a low output
impedance and the capability for both sourcing and sinking
current. The output is easily adapted for driving MOS and
CMOS circuits as well as the interface circuits between the
output and the devices it controls. Figure 3 illustrates fanout
capability.

USING THE SCHOTTKY BARRIER DIODE

The Advanced Schottky Family has been developed from
two earlier concepts: the Baker Clamp and the Schottky
Barrier-Diode (SBD). The use of the Baker Clamp and SBD
concepts resulted in the Schottky Clamped Transistor. The
Schottky clamped transistor produced the increased switching
speed associated with the S series integrated circuits. The
additional advances that have led to the development of ‘ALS
and ‘AS gates and the actual gates are discussed later.

Analysis of the Schottky Clamped Transistor

The use of the Baker Clamp, shown in Figure 4, is a
method of avoiding saturation of a discrete transistor. The
diode forward voltage is 0.3 V to 0.4 V as compared to
0.7 V for the base-emitter junction diode. When the transistor
is turned on, base current drives the transistor toward
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Figure 2. Series 54/74 TTL Family Compatible Levels Showing DC Noise Margins
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Figure 3. Fanout Capability

Ge
N-P-N SILICON
TRANSISTOR

Figure 4. Baker Clamp

saturation. The collector voltage drops, the germanium diode
begins to conduct forward current, and excess base drive is
diverted from the base-collector junction of the transistor.
This causes the transistor to be held out of deep saturation,
the excess base charge to not be stored, and the turn-off time
to be dramatically reduced.

A germanium diode cannot be incorporated into a
monolithic silicon integrated circuit. Therefore, the
germanium diode must be replaced with a silicon diode which

SB8D
N-P-N SILICON
. TRANSISTOR

C

B :

E
SYMBOL FOR MONOLITHIC
SBD-CLAMPED TRANSISTOR

MONOLITHIC COMPOSITION

Figure 5. The Schottky-Clamped Transistor

has a lower forward voltage drop than the base-collector
junction of the transistor. A normal p-n diode will not meet
this requirement. The SBD illustrated in Figure 5 can be used
to meet the requirement.

The SBD illustrated in Figure 6 is a rectifying metal-
semiconductor contact formed between a metal and a highly
doped N semiconductor.

w
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Figure 6. Schottky Barrier-Diode
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The qualitative physics of an SBD is illustrated in
Figure 7. The valence and conduction bands in 2 metal
overlap make available a large number of free-energy states.
The free-energy states can be filled by any electrons which
are injected into the conduction band. A finite number of
electrons exist in the conduction band of a semiconductor.
The number of electrons depends mainly upon the thermal
energy and the level of impurity atoms in the material. When
a metal-semiconductor junction is formed, free electrons flow
across the junction from the semiconductor, via the
conduction band, and fill the free-energy states in the metal.
This flow of electrons builds a depletion potential across the
barrier. This depletion potential opposes the electron flow
and, eventually, is sufficient to sustain a balance where there
is no net electron flow across the barrier.

Under forward bias (metal positive), there are many
electrons with enough thermal energy to cross the barrier
potential into the metal. This forward bias is called *‘hot
injection.”” Because the barrier width is decreased as forward
bias VF increases, forward current will increase rapidly with
an increase in V.

When the SBD is reverse biased, electrons in the
serniconductor require greater energy to cross the barrier.
However, electrons in the metal see a barrier potential from
the side essentially independent of the bias voltage and a small
net reverse current will flow. Since this current flow is
relatively independent of the applied reverse bias, the reverse
current flow will not increase significantly until avalanche
breakdown occurs.

A simple metal-n semiconductor collector contact is an
ohmic contact while the SBD contact is a rectifying contact.
The difference is controlled by the level of doping in the
semiconductor material. As the doping is increased, the
contact becomes more ohmic. Figure 8 illustrates the current-

Current in the SBD is carried by majority carriers.
Current in the p-n junction is carried by minority carriers.
The resultant minority carrier storage causes the switching

RECTIFYING
i
v
LIGHT N DOPING
1
v
MEDIUM DOPING
OHMIC
{
v

HEAVY DOPING
Figure 8. Metal-N Diode Current-Voltage

voltage characteristics according the doping applied. Characteristics
METAL SEMICONDUCTOR METAL SEMICONDUCTOR METAL SEMICONDUCTOR
E N} & N E (N)
METAL A
WORK
FUNCTION l N - l
_ 200 Ec V Bias Ec
Fves ) —TTLE Somme e
. 4 - -
+ Ev * Ev
ZERO BIAS FORWARD BIAS REVERSE BIAS

Figure 7. Schottky Barrier-Diode Energy Diagrams
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time of a p-n junction to be limited when switched from
forward bias to reverse bias. A p-n junction is inherently
slower than an SBD even when doped with gold.

Another major difference between the SBD and p-n
junction is the forward voltage drop. For diodes of the same
surface area, the SBD will have a larger forward current at
the same forward bias regardless of the type of metal used.
The SBD forward voltage drop is lower at a given current
than a p-n junction. Figure 9 illustrates the current carriers
and forward current-voltage characteristics differences
between the SBD and p-n junction. The SBD meets the
requirements of a silicon diode which will clamp a silicon
n-p-n transistor out of saturation.

—0

P METAL N —

I
l i
CURRENT CARRIERS

| 1 1 1 1 I
v—»

FORWARD |-V CHARACTERISTIC

Figure 9. Differences Between P-N and
Schottky Barrier-Diodes

The Advanced Schottky process differs from the
Schottky process in that it uses ion implantation of impurities
instead of diffusion. Ion implantation gives greater control
on the depth of doping and resolution. Because of a thinner
epitaxial layer and smaller all around geometries, smaller
parasitic capacitances are encountered. The performance of
the SBD is also enhanced by the use of oxide isolation of
the transistors. This reduces the collector-substrate
capacitance. Figure 10 illustrates the 'LS/’S process which
consists of conventional masks, junction isolation, and a

BASE AND
EMITTER SCHOTTKY COLLECTOR

——a P P
\ N* OUF / S

Figure 10. Standard Process ('LS/'S)

BASE AND
EMITTER SCHOTTKY COLLECTOR
[ N
SBD
OXIDE
N EPI

p+ \ N+ DUF J |t

P-SUBSTRATE

Figure 11. Advanced Process ('ALS/’AS)

standard metal system and Figure 11 illustrates the 'ALS/’'AS
process which consists of composed masks, ion implantation,
oxide isolation, and a standard metal system.

Analysis of "ALS and "AS NAND Gates

The "ALS and ‘AS NAND gates in Figures 12 and 13
combine the desirable features of improved TTL circuits with
the technological advantages of full Schottky clamping, ion
implantation, and oxide isolation to achieve very fast
switching times at a reduced speed-power product. The
improvements and advantages are as follows:

1. Full Schottky clamping of all saturating
transistors virtually eliminates storing excessive
base charge and significantly enhances turn-off
time of the transistors.

2. Elimination of transistor storage time provides
stable switching times across the temperature
range.

3. An active turn-off is added to square up the
transfer characteristic and provide an improved
high-level noise immunity.
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Figure 12. ‘ALS00A NAND Gate Schematic

4. Input and output clamping is implemented with
Schottky diodes to reduce negative-going
excursions on the inputs and outputs. Because
of its lower forward voltage drop and fast
recovery time, the Schottky input diode provides
improved clamping action over a conventional
p-n junction diode.

5. The ion implantation process allows small
geometries giving less parasitic capacitances so
that switching times are decreased.

6. The reduction of the epi-substrate capacitance
using oxide isolation also decreases switching
times.

A key feature of the 'ALS and "AS families is the
improvement in typical input-threshold voltage. Figure 12
is a schematic diagram of the ‘ALSO0A NAND gate.
Figure 13 is a schematic diagram of the "AS00 NAND gate.
The input threshold voltage of the devices is determined by
the equation:

-12

VT = VBg of Q2 + Vg of Q3
+ Vg of Q5 — Vgg of QlA
(or Vgg of Q1B) 1)

From Eq. (1) it can be determined that the input
threshold voltage is two times Vgg or approximately 1.4 V.
Low-level input current Ijp is reduced in the
‘ALSO0A/'ASO0 gates because of the improved input
circuits. Buffering by transistors Q1A (or Q1B) and Q2
causes a significant reduction in Jow-level input current. Low-
level input current is determined by the equation:

I = Vcc — VBg of Q1A
— VY/[R(hgE of Q1A + 1)) Q)

By using Eq. (2) low-level input current is reduced by
at least the factor of hrg of Q1A + 1 and is typically
— 10 A for the 'ALSO0A and — 50 uA for the "AS00. High-
level output voltage Voy is determined primarily by Vec,
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Figure 13. "AS00 NAND Gate Schematic

resistors R4 and R7, and transistors Q6 and Q7. With no
load, the high-level output voltage is approximately equal
to Voo — VBE of Q6 because the voltage across resistor
R4 is 0 V. For medium-level currents, the high-level output
voltage is equal to Vcc ~ VBg of Q6 ~ Vg of Q7
because of the Darlington gain of transistors Q6 and Q7. The
current through resistor R3 is typically less than 1 A and,
therefore, the voltage drop is negligible. As conduction
through transistors Q6 and Q7 is increased, the voltage drop
across limiting resistor R7 will increase until the Schottky
clamping diode of transistor Q6 starts to become forward
biased. At this point, the current through resistor R3 (and
the voltage drop) is no longer negligible and the high-level
output voltage is determined by:

Vo = Vcc — IoH through R7 X R7

— Vcg of Q6 — VgEg of Q7 3
Low-level output voltage Vo is determined by the turning
on of transistor Q5. When the input is high and transistor

Q2 is turned on, high-current transistor QS is turned on by
a current path through transistor Q3 and resistor R3.
Sufficient base drive is supplied to keep transistor QS fully
turned on at an apparent output resistance of 14 Q for ‘ALS
and 60 for ‘AS.

The fanout is up to 40 for a ‘S4ALS device that is driving
a ‘54ALS device and up to 80 for a “74ALS device, that is
driving a ‘74ALS device and provides a guaranteed low-level
output current of 4 mA and 8 mA, respectively.

The increase in speed-power product of '54ALS/'74ALS
devices, a factor four times better than ‘54L.S/"74LS devices,
is due to the design consideration of the quiescent and
switching operations of the circuit. In the quiescent state,
transistor Q2 allows the use of a reduced low-level input
current. This reduces the fanout and reduces the overall
quiescent current requirements.

The design of diodes D2 and D3 (or transistor Q8) and
transistor Q4 enhances the speed-power product of the
device. Transistor Q4 reduces the turn-off time and
consequently the current transients caused by conduction

w
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overlap of transistor QS. The same principle is used by diodes
D2 and D3 and transistor Q3 in turning off transistor Q7.
In addition, the active turn-off design produces a square
transfer characteristic.

The 'AS00 gate has additional circuits not on the
'ALS00A gate. The circuits are added to enhance the
throughput of the 'AS Family.

Transistor Q10 has been added as a discharge path for
the base-collector capacitance of transistor Q5. Without
transistor Q10, rising voltages at the collector of transistor
QS would force current, via the base-collector capacitance,
into the base of transistor Q5 causing it to turn on. However,
diode D10 causes transistor Q10 to turn on (during rising
voltage) and keeps transistor Q5 turned off. Diodes D6 and
D9 serve as a discharge path for capacitor-diode D10.

CIRCUIT PARAMETERS

Worst-case testing of ‘ALS/’AS devices provides a
margin of safety. [All dc limits shown on the data sheet are
guaranteed over the entire temperature range (—55°C to
125°C) for series S4ALS/54AS and 0°C to 70 °C for series
74ALS/74A8)]. In addition, the dc limits are guaranteed over
the entire supply voltage range (4.5 V to 5.5 V).

- Transfer Characteristics

Since the most common application for a logic gate is
to drive a similar logic gate, the input and output logic levels

must be compatible. The input and output logic levels for
"ALS/’AS devices are as follows:
ViL — The voltage value required for a low-level
input voltage that guarantees operation
ViH — The voltage value required for a high-level
input voltage that guarantees operation
VoL — The guaranteed maximum low-level output
voltage of a gate
VoH — The guaranteed minimum high-level output
voltage of a gate.

With the exception of high-level ouput voltage (which
is a direct function of supply voltage), these values remain
virtually unchanged over the temperature range and under
normal operating conditions of the device.

Analysis of the input and output response characteristics
of 'ALS/'AS TTL gates is necessary to understand the
operation of these devices in most system applications. The
dc response characteristics can best be depicted by an input
voltage V7 versus output voltage Vg transfer plot.

Figure 14 plots the "ALS/’AS characteristics as
compared with members of other TTL logic families.

As shown in Figure 14, the "ALS and 'AS devices
exhibit a much better output savings when compared with
standard TTL devices. The better high-level output voltage
is primarily because of the active turn off of the low-level
output transistor. The diode voltage drop in the normal output
is replaced by a low-current VgE voltage drop. This provides

5 TRANSFER FUNCTION
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Figure 14. Input Voltage vs Qutput Voltage of ‘ALS/’AS



a better high-level noise immunity in ‘ALS and and 'AS over
standard TTL devices.

Input Characteristics

To use "ALS/’AS devices fully, a knowledge of the input
and output characteristics is required. This is particularly true
when a device interfaces with a device not in the same TTL
series. In addition, knowledge of voltage and current
relationships for all elements is important for proper design.

Figure 15 illustrates a typical plot for input current Iy
versus input voltage, Vi, characteristics for "ALS/'AS gate
inputs during normal operation. A typical series 54/74
characteristic plot is also shown for reference. Any device
used to drive a TTL gate must source and sink current.
Conventionally, current flowing toward a device input
terminal is designated as positive and current flowing out

of a device input terminal is designated as negative. Low-
level input current is negative current because it flows out
of the input terminal. High-level input current is a positive
current because it flows into the input terminal.

For transmission line conditions, a more accurate plot
of the reverse bias section of these curves is required. These
curves, Figure 16, are characteristic of the input clamping
diode.

Low-Level Input Current

Figure 17 illustrates the dc equivalent of a standard
'ALS/’AS input circuit and shows the input current paths
during a low-level input state. The low-level input current
is primarily determined by resistor R1. However, low-level
input current is also a function of the supply voltage, the
ambient temperature, and the low-level input voltage. To

Vec =5V
Ta=25°C
| 0 { |
' E— — )
-2 4 6
— 10
— =20

Vi—Input Voltage—V

—40

_’1 "ALS00A
‘ALS1000A é'Asmoo
¥~ LS00

‘500
‘AS00—b

l|—1nput Current—mA

Figure 15. Input Current vs Input Voltage
for TTL Families
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Figure 16. Low-Level Input Current vs High-Level
Input Voltage for TTL Families

assure desired device operation under all possible conditions,
the worst-case test is performed on all devices. Supply
voltage is taken to the highest allowable value to cause the
low-level input current to be at a maximum. With the
exception of the input under test, all unused inputs are taken
to a high level. This enhances any contribution of these inputs
to the low-level input current of the emitter under test.

Input Clamping Diode Test
The quality of the input clamping SBD (D2 in Figure 17)
is tested by ensuring that the forward voltage drop is not

Vee

R)
L
‘___
INPUT
[
hH D1

Figure 17. DC Equivalent Input Circuit for
Series ‘ALS Gate .

greater than — 1.2 V for ‘AS and —1.5 V for ‘ALS with
a forward current of 18 mA. These values are guaranteed
at minimum supply voltage and are valid across the operating
temperature range. The characteristic of the input diode is
illustrated in Figure 16.

High-Level Input Current

Another input parameter that must be measured and
controlled is high-level input current. To ensure desired
device operation under all possible conditions, the worst-case
test is performed with all unused inputs grounded and supply
voltage at its maximum value. This provides the highest value
of low-level input current. Those devices with a high-level
input current of sufficient magnitude to cause a degradation
of high-level output voltage at an output must be screened out.

Input Breakdown Test

An additional high-level input current test is performed
to check for base-emitter breakdown under the application
of the full range of input voltages. This test is performed
under the worst-case supply voltage conditions and is
important because the base-emitter junction is small and can
easily be overdissipated during the breakdown conditions.

Output Characteristics

The most versatile TTL output configuration is the push-
pull (totem-pole) type. The totem-pole output has a low
output impedance drive capability at both high and low logic
levels. Both “ALS and ‘AS families use this configuration
and have fanouts of 40 in both the high- and low-level states.

High-Level Output Characteristics

The ability of the totem-pole output to supply high-level
output current is parametrically tested by applying a high-
level input current value during measurement of high-level
output voltage. However, the quality of the output stage is
best indicated by parametrically measuring its current
sourcing Iog capability when connected to ground. Figure 18
shows the equivalent output circuit under high-level output
conditions.

Figure 19 illustrates typical high-level characteristics.
When measuring worst-case high-level output voltage,
minimum supply voltage is used. A worst-case low-level



input voltage is applied to an input and all unused inputs are
tied to supply voltage.
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Figure 18. Equivalent Output Circuit for
'ALS/'AS Gates

Vee=5V
Ta=25°C
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Low-Level Output Characteristics

Figure 20 shows that section of the output drive circuit
which produces a low-level output voltage Vop. This
characteristic is also tested at minimum supply voltage.
Figure 21 illustrates the typical curve.

Switching Speed
Two switching-speed parameters are guaranteed on
Series ‘ALS and 'AS gates: propagation delay time for a
high-level to a low-level at the output tpyy , and a low-level
to high-level transition time tpyy. Both parameters are
specified with respect to the input pulse using standard test
conditions as follows:
Vec=45Viwo55V

CrL=50pF

Rp = 500

Ta = MIN to MAX
Under these conditions, times in the order of 4 ns for "ALS
and 1.7 ns for “AS are typical. Figures 22 and 23 illustrate
how the propagation delay time for ‘ALS and ‘AS devices
vary with load capacitance.

Most current in the output stage is drawn when both
output transistors are on (i.e., during output transitions, the
average power dissipation of a gate with a totem-pole output
increases with operating frequency). This is caused by more
high-current transitions per second at the output as the
frequency increases. Figure 24 illustrates the effect for both
'ALS and ‘AS devices.

“74AS1000
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200 250 300

]
-]

IoH-MA

Figure 19. High-Level Output Voltage vs High-Level Output Current
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DC Noise Margins maximum) and the guaranteed worst-case output (VoH

Noise margin is a voltage specification which guarantees minimum or VoL maximum) specified to drive the inputs.
the static dc immunity of a circuit to adverse operating Table 1 lists the worst-case output limits for the ‘AS and
conditions. Noise margin is defined as the difference between ‘ALS families.

the worst-case input logic level (Viy minimum or Vi,

Vee

OuUTPUT

1
A
Vv

‘ALS

‘AS -

Figure 20. Low-Level Output Circuit for ‘ALS/°AS Gates
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Figure 21. Low-Level Output Voltage vs Low-Level Output Current
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Figure 22. High- to Low-Level Propagation Delay vs Load Capacitance
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Figure 23. Low- to High-Level Propagation Delay vs Load Capacitance
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Figure 24. Power Dissipation per Gate vs Frequency

Specified Logic Levels and Thresholds

The high-level noise margin is obtained by subtracting
V{4 minimum from VoY minimum. The low-level noise
margin is obtained by subtracting Vi1 maximum from Vop
maximum. The worst-case high-level noise margin is
guaranteed to be at least 500 mV for both ‘AS and ‘ALS
devices and at least 300 mV for low-level noise immunity
across the operating free-air temperature ranges.

The usefulness of noise margins at the system design
level is the ability of a device to be impervious to noise spikes
at the input. The input voltage falls into one of three
categories: low-logic state (between ground and 0.8 V),
threshold region (between 0.8 V and 2 V), or high-logic state
(between 2 V and Vo). If an input voltage remains
exclusively in the low-logic or high-logic state, it can undergo

any excursions within that state. A level change from 5.5 V
to 2 V or from ground to 0.8 V should not affect the output
state of the device. To guarantee an expected output level
change, the appropriate input has to undergo a change from
one input state to the other input state (i.e., a transition
through the threshold region). If a device will not remain
in the correct state when voltage excursions on the input are
occurring, it is violating its truth table.

Noise Rejection

The ability of a logic element to operate in a noise
environment involves more than the dc or ac noise margins
previously discussed. To present a problem, an externally
generated noise pulse must be received into the system and
cause a malfunction. Stable logic systems with no storage

Table II. Worst Case Output Parameters

PARAMETER ‘AS ‘ALS ‘AS ‘ALS
V) {0°C to 70°C) {0°C to 70°C} (-55°C to 125°C) {—55°C to 125°C)

ViH(MIN) 2 2 2 2
ViLIMAX) 0.8 0.8 0.8 0.8
VoHIMIN) @ cc = 4.5 V* 2.5 25 2.5 2.5
VoLIMAX) 0.5 0.5 0.5 0.4
High Levei Noise 0.5 0.5 0.5 05
Margin (Von—V|H)
Low Level Noise 0.3 0.3 0.3 0.4
Margin (V| —Vou )

*Actual specification for VQH(minj is VCC — 2 V.



elements are practically impervious to ac noise. However,
large dc voltages could cause noise problems. Systems with
triggerable storage elements or those operating fast enough
for the noise to appear as a signal are much more susceptible
to noise.

The noise voltage must be radiated or coupled into the
circuit. The amount of noise required to develop a given
voltage is a function of the circuit impedance. Because of
the low output impedance of TTL circuits, noise immunity
is improved. Noise is transferred from the source (with some
arbitrary impedance) through a coupling impedance to the
impedance of the circuit under consideration.

Figure 25 shows a circuit where the coupling impedance
is stray capacitance and the load impedance is provided by
the gates. The relatively tight coupling of this circuit and
the loading effect on the driving source is significant enough

DA

STRAY COUPLING
CAPACITANCE

e

D—
Figure 25. Stray Coupling Capacitance

to be considered. However, since the source effect is difficult
to assess and is in a direction to improve rather than degrade
the noise rejection, its effects are ignored. This results in
a worst-case type of response indication. In the case of
radiated noise, the source resistance is a definite factor in
noise coupling and essentially replaces the reactive coupling
impedance.

By ignoring the driving source impedance to make
conditions more nearly standard, it is possible to determine
a set of curves relating the developed noise pulse to the noise
source amplitude, the noise rise or fall time, the coupling
impedance, and the load impedance. Curves have been
developed! for several different input waveforms. Since the
' ALS waveform is essentially a ramp with a dv/vt of 1 V/ns

(approximately 2.5 V/ns for “AS), the most applicable curve |

is that for a ramp input.

Figure 26(a) shows the equivalent circuit from which
the ramp response plot in Figure 26(b) was developed. The
input pulse (shown as a heavy line) is a step signal with a
liner rise requiring unit time (normalized). The output pulse
is represented analytically by

e = (1l —e~ )
7 = RC

with holding for unit time. This is followed by an
exponentially decaying voltage with a time constant 7. Values

of 7 and i on the figure are normalized by the value of the
total rise time of the stimulated noise pulse e;. Using
Figure 26(b), the pulse width and amplitude of the coupled
noise pulse can be estimated.
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Figure 26. Evaluations of Gate Response to
Fast Input Pulses

As an example, using the circuit shown in Figure 25,
apply a noise pulse of 3 V in amplitude and rising at 1 V/ns
with gate 2 at a high-logic state. Assume a nominal output
impedance of 58 @ (30 { for ' AS) and coupling capacitance
of 10 pF. Use the following formula:

7 = RC = (10 x 10— 12)(58)
0.58 x 10—-9 = 0.58 ns

L 3V
Total rise time = T Vins** = 3 ns'r
**2.5 V/ns for 'AS
11.2 ns for 'AS

To convert the normalized values of 7 and i in
Figure 26(b) to actual values, multiply by 3 ns. The output
voltage scale will be muitiplied by 3 V. Using the 7 = 0.58
curve gives a peak e, of 1.5 V (0.5 x 3) and a pulse width
of 3 ns at the 50% points. To determine whether this pulse
will cause interference, enter these values (1.5 V and 3 ns)
on the graph shown in Figure 27. Since the gates have
approximately 1.8 V of noise immunity at this point, they
should not be affected.
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If an open-collector gate is used with a passive 1 k{2 pull-

up resistor, the situation would change. Use the following

formula:

“
|

= (10 x 10-12)(1 x 103)
=10 x 10-9 = 10 ns

Total rise time = = 3 st

PULSE PROPAGATED

3V
1 V/ns**

**2.5 V/ns for 'AS

11.2 ns for ‘AS

Now the amplitude (from the curves) approaches 3 V
(0.96 x 3) and the pulse width at the 50% points is

Puise Width—ns

approximately 10 ns (1 x 10). The next gate will propagate
this pulse.

This example is an oversimplification. The coupling
impedances are complex (but resolvable into RLC series

PULSE \

coupling elements) and the gate output impedance changes
— with load. Our purpose is to show why and how the low
‘ALS impedance of the active TTL output rejects noise and to make
a comparison with a passive pull-up.

The ability to operate in a noisy environment is an

REJECTED N~ interaction of the built-in operating margins, the time required

’\. for the device to react, and the ease with which a noise
As voltage is developed. In all cases, except the ability to react

1 2 3

Pulse Amplitude—V

to short noise pulses, the TTL design has emhasized noise
rejection. .
Nothing has been discussed concerning noise in device:

4 5 6

Figure 27. Theoretical Required Pulse other than gate circuits. Many MSI devices are complex gate
Width vs Pulse Amplitude for ‘AS and 'ALS Inputs networks and, because of their small size, are more superior

Table III. Guidelines for Systems Design for Advanced Schottky TTL

ITEM

GUIDELINE

SNOILVOI1ddV e

Single wire connections

Coaxial and twisted-pair cables

Transmission-line-ground

Cross talk

Refiections

Resistive pull-up

Wire lengths up to approximately 12 inches may be used. A form of ground plane is desirable.
Use point-to-point routing rather than parallel. If the wire is longer than 12 inches, use either a
dense ground plane with the wire routed as close to it as possible, or use a twisted-pair cable.

Design around approximately 80 Q to 100 Q of characteristic impedance. Cross talk increases at
higher impedances. Use a coaxial cable of 93 @ impedance {e.g., Microdot 283 —3913). For twisted-
pair cable, use number 26 or number 28 wire with the insulation twisted at the rate of 30 turns
per foot.

Ensure that transmission-line ground returns are carried through at both transmitting and receiving
ends. V¢ decoupling ground, device ground, and transmission-line ground should have a common
tie point.

Use point-to-point back-panel wiring to minimize noise pickup between lines. Avoid long unshielded
parallel runs. However, if they must be used, they should carry signals that propagate in the same
direction.

Reflections occur when data interconnects become long enough that 2-line propagation delays
are pulse transition times. For series TTL, reflections are normaily of no importance for lines shorter
than 12 inches.

If fanout of driving output permits, use approximately 300 Q of resistive pull-up at the receiving
end of long cables. This provides added noise margin and more rapid rise times.

3-22



in a noisy environment operation than their discrete gate
equivalents. Noise tolerance of latching devices is implied
in the setup times, hold times, clock pulse width, data pulse

be treated in a similar manner. If a latching device does
become noise triggered, the effective error is stored and does
not disappear with the noise.

widths, and similar parameters. Output impedances and input Parameter measurement information is shown in
noise margins are quite similar to those of the gates and may Figure 28.
7V
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$1
Vee
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POINT UNDER TEST POINT UNDER TEST POINT
RLS R23
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See Note 1
{See Note 1) (See Note 1] I (See Note 1)
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BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR
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TIMING HIGH-LEVEL
INPUT 13v PULSE 13V 1.3v
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NOTES: 1. C includes probe and jig capacitance.

2. Al input pulses have the following characteristics PRR < 1 MHz, t, = t; =

2 ns, duty cycle = 50%.

3. When measuring propagation delay times of 3-state outputs, switch S1 is open.
4. Waveform 1 is for an output with internal conditions such that the output is low except when disabted by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output controtf.

Figure 28. Parameter Measurement Information
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GUIDELINES FOR SERIES ‘ALS/'AS TTL
SYSTEM DESIGN

System layout and design requirements for Advanced
Schottky TTL circuits are essentially the same as those
guidelines which have previously been established and are
applicable for all high-performance digital systems.
Tables III through VI provide a brief summary of the
solutions to most design decisions needed to implement
systems using Advanced Schottky TTL. Supplementary data
which may be useful for developing specific answers to
unique problems is provided later.

POWER SUPPLY REGULATION

Power supply regulation cannot be treated as if it is an
independent characteristic of the device involved. Power
supply regulation, along with temperature range, affects noise
margins, fanout, switching-speed, and several other
parameters. The characteristics most affected are noise
margin and fanout. When these two parameters are within
the specified limits, the power-supply regulation will
normally be within specified limits. However, on a device
where auxiliary parameters are more critically specified, a
more restrictive power-supply regulation is normally
required. When power-supply regulation is slightly outside
the specified limits for TTL devices, the device may still
operate satisfactorily. However, if high ambient-noise levels
and extreme temperatures are encountered, failures may
oceur.

Application of a supply voltage above 7 V (absolute
maximum rating) will result in damage to the circuit.

Since power dissipation in the package is directly related
to supply voltage, the maximum recommended supply

voltage for TTL devices is specified at 5.5 V. This provides
an adequate margin to ensure that functional capability and
long-term reliability are not jeopardized.

High-level output voltage is almost directly proportional
to supply voltage (i.e., a drop in supply voltage causes a drop
in high-level output voltage and an increase in supply voltage
results in an increase in high-level output voltage). Because
of this relationship, high-level output voltage for ‘ALS/’'AS
devices is specified as supply voltage —2 V (Vcc —2 V).

Since high-level output voltage is directly related to
supply voltage, the output current of the device is also directly
related. The output current value is established by choosing
output conditions to produce a current that is approximately
one-half of the true short-circuit current.

It is advantageous to regulate or clamp the maximum
supply voltage at 5.5 V including noise ripple and spikes.
When this conditions exists, unused AND and NAND gates
can be connected directly to the supply voltage.

SUPPLY VOLTAGE RIPPLE

Ripple in the supply voltage is generally considered a
part of the supply voltage regulation. However, when
combined with other effects (e.g., slow rise times), ripple
voltage is more significant.

The effect of ripple voltage VR can appear on either the
supply voltage Vo or the ground supply GND. When ripple
appears on the supply voltage, it causes modulation of the
input signal. The extent of the effect depends upon circuit
parameters and source impedance.

The turning on of transistor Q5, shown in Figures 12
and 13, is controlled by the voltage at the base of transistor
Q2 with respect to ground in accordance with the formula:

Vp= Vg of Q2 + Vgg of Q3 + Vgg of Q5

Table IV. Guidelines for Printed Circuit Board Layout for Advanced Schottky TTL

ITEM

GUIDELINE

Signal connections

Conductor widths

Signal-line spacing

insulator material

SNOILVII1ddV ey

Whenever possible, distribute loads along direct connections. Signal leads should be kept as short as possible.
However, lead lengths of up to 15 inches will perform satisfactorily. This is especially for large boards that
use a ground plane, ground, and/or Vc plane. In addition, it will perform satisfactorily for small boards using
ground mesh or grid. In high-frequency applications, avoid radial fanouts and stubs. If they must be used to
drive some loads, reduce lead length proportionally and avoid sharp bends. Normal on-board fanouts and
interconnections do not require terminations. Response of lines driving large numbers or highly capacitive loads
can be improved with terminations of 300 I to V¢ and 600 {1 to ground in parallel with the last load if fanout
of the driving output permits.

Signal-line widths down to 0.015 inch are adequate for most signal leads.

Signal-lead spacing on any layer down to 0.015 inch can be used especially if care is taken to avoid adjacent
use of maximum length and minimum spacing. Increase spacing wherever layout permits. Pay particular attention
to clock and/or other sensitive signals.

Thickness of insulation material used for a multilayer board is not critical. If ground and V¢ planes or meshes
are used, their capacitive proximity can be used to reduce the number of decoupling capacitors needed and
this also supplements the supply bypass capacitor.




Table V. Guidelines for General Usage of Advanced Schottky TTL

ITEM

GUIDELINE

Power supply

V¢ decoupling

between V¢ and the ground pins.

On-board grounding
ground and/or Vcc mesh or grid.

System grounding

will satisfy most systems.

For RF bypass supply primary, maintain ripple and regulation at less than or equal to 10%.

Decouple every 2 to 5 packages with RF capacitors of 0.01 to 0.1 uF. Capacitors should be located as near
as possible to the decoupled devices. Decouple line driving or receiving devices separately with 0.1 xF capacitors

A ground plane is essential when the PCB is relatively large {over 12 inches). Smalier boards will work with

Try to simulate bus bars with a width to thickness ratio greater than or equal to 4. This can be accomplished
by multiple parallel wires or by using flat braid. Performance will be enhanced when a copper or silver-copper
bus is used. The width to thickness ratio required will vary between systems, but greater than or equal to 4

Table V1. Guidelines for Gates and Flip-Flops Using Advanced Schottky TTL

ITEM

GUIDELINE

Data input rise and fall times

Unused input of AND and NAND
gates and unused preset and flip-flops as foliows:
clear inputs of flip-flops 1.

resistor.

Unused input of NOR gates

Unused gates

Increasing gate/buffer fanout

Clock pulse of flip-flops

Reduce input rise and fall times as driver output impedance increases. Rise and fall times should
be egual to or less than 50 ns/V and essentially free of noise ripple.

Tie the unused input of AND and NAND gates and the unused preset and/or clear inputs of

Directly to V¢, if the input voltage rating of 5.5 V maximum is not exceeded.
2. Through a resistor equai to or greater than 1 k{2 to V. Several inputs can be tied to one

3. Directly to a used input of the same gate, if maximum fanout of driving device will not be
exceeded. Only the high-level loading of the driver is increased.

4. Directly to an unused gate output, if the gate is wired to provide a constant high-level output.
Input voltage should not exceed 5.5 V.

Tie unused input to used input of same gate, if maximum fanout of driving device will not be
exceeded or tie unused input to ground.

Tie input of unused NAND and NOR gates to ground for lowest power drain. Tie inputs of unused
AND gates high and use output for driving unused AND or NAND gate inputs.

Connect gates of same package in parallel.

Drive clock inputs with a TTL output. If not available, rise and fall times should be {ess than 50 ns/V
and free of ripple noise spikes.

When ripple voltage is modulated onto the input voltage,
the amplitude depends on the source impedance (Figure 29).
The amplitude can be determined by the following equation:

_ RU/B
AVR= VR(RI/B + R2)

—vp [—RL
=VR (RI + BRZ)

R1 = source impedance
8= gain of transistor Q1.

Ripple voltage has the effect of adding extra pulses to
the input signal (Figure 30). When ripple voltage appears
in the ground supply, the threshold voltage is modulated and
extra pulses occur (Figure 31).

Although decreasing the source impedance will reduce
the effects of ripple voltage, it cannot be eliminated entirely

where

because the emitter-base junction has an apparent resistance
of approximately 30 Q2. Because of cancellation between the

GATED

CONSTANT

CURRENT
SOURCE

-5V - -

Figure 29. Effect of Source Impedance on Input Noise
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driving gate and the driven gate, low-frequency ripple is not
a problem.

v
? INPUT SIGNAL

MODULATED
BY RIPPLE
A{:]

Vou

VoL

S

Figure 30. Spurious Output Produced by Supply
Voltage Ripple

Vee

Vo

V=V|-Vpg

" when V) is constant, an
increase in VR will result
in a decrease in V.

Figure 31. Effect of Ground Noise on Noise Margin
NOISE CONSIDERATIONS

Extraneous voltages and currents (called noise)
introduced into a digital logic circuit are discussed in the
following paragraphs. Figure 32(a) is a typical digital logic
circuit consisting of a NAND gate and a J-K flip-flop. When
a small noise pulse is coupled onto the clock input
[(Figure 32(b)], the flip-flop does not respond and the Q
output is correct. However, when a large noise pulse is
coupled onto the clock input [(Figure 32(c)], the flip-flop
sees the pulse as a clock transition and an erroneous Q output
occurs. Therefore, it is essential to protect digital logic
circuits from noise.

Noise Types and Control Metheds

The noise types encountered in digital logic systems,
their source, and the method of controlling them are as
follows:

1. External noise — External noises radiated into
the system. The sources include circuit breakers,
motor brushes, arcing relay contacts, and
magnetic-field-generating. The methods of
controlled to be considered are shielding,
grounding, or decoupling.

2. Power-line noise — Noise coupled through the
ac or dc power distribution system. The initial
sources and controlling methods are the same as
for external noise.

3. Cross talk — Noise induced into signal lines from
adjacent signal lines. Controlling methods to
consider are shielding, grounding, decoupling,
and, where possible, increasing the distance
between the signal lines.

4. Signal-current noise — Noise generated in stray
impedances throughout the circuit. The
controlling methods to consider are shielding,
grounding, decoupling, and, where possible,
reduction of stray capacitance in the circuit.

5. Transmission-line reflections — Noise from
unterminated transmission lines that cause
ringing and overshoot. The method of control
is to use, where possible, terminated
transmission lines.

6. Supply-current spikes — Noise caused by
switching several digital loads simultaneously.
The controlling method is to design, where
possible, the system so that digital loads are not
switched simultaneously.

4

PRESET

:D—o cLock
K

a
CLEAR

w

E 3 CLOCK
Q

(b) (c)

————

CLOCK

—la

Figure 32. Typical Logic Circuit with Noisy Input

Shielding

In addition to its own internally generated noise,
electrical equipment must operate in an extremely noisy
environment. Noise pulses, which may come from a number
of sources, consist of an electrostatic field, and
electromagnetic field, or both. The noise waveform must be
prevented from entering the equipment. This is accomplished
by shielding. Since the noise fields are usually changing at
a rapid rate, the shield required to exclude them may be very
small. For effective exclusion, the sensitive circuits must be
completely shielded.

Aluminum or similar materials are effective in stopping
electrostatic noise. However, only a ferrous metal can
successfully protect equipment against magnetic fields. While
it is helpful to connect the system to earth ground, the shield



system must be complete and must be grounded to the system
ground to prevent the shield from coupling noise into the
system.

External noise may be conducted into the system by the
power lines. Decoupling and filtering of these lines should
be standard design procedure.

Grounding and Decoupling

The total propagation delay is of secondary importance
in generation of internal noise. The actual transition time
determines the amplitude and frequency spectrum of the
generated signal at the higher harmonics. Application of the
Fourier integral .to series ‘ALS/'AS waveforms shows
frequency components of significant amplitude that exceed
100 MHz. Because of the frequency spectrum generated
when an "ALS/'AS device switches, a system using these
devices must consider problems caused by radio frequency
(RF) even though the repetition rates may be only a few
megahertz. The transient currents generated by charging
capacitors, changes in the levels of dc, line driving, etc.,
must be considered. In Figure 33 for example, a gate driving
a transmission line is represented by a voltage source E,
having an output impedance Zg connected to an impedance
Zg, and loaded with a resistance Rj..

LINE INPUT 0

TN

// \\

2, \ |
<
% | 3n
N LINE
N / cuRRENT

AN /

S 7 liine

_E?ROUND RETURN

Figure 33. Diagram Representing a Gate Driving a
Transmission Line

Until after a reflected pulse returns from the termination
of the transmitting device, line termination is not a factor
in drive current. In a practical TTL circuit, the line
termination must be high relative to the line impedance. For
explanation purposes, assume that the source voltage is 5 V
in amplitude, the output impedance of the source is 50 € and
the line impedance is 50 @. When the source voltage makes
the transition from 0 V to 5 V, the voltage across the input
of the line Vj is determined by the following equation:

_
Zs + Zy
E = source voltage

Zg = line impedance

Zg = source impedance

Vi= E =25V

where

For the 50 Q line to become charged, the current that
must flow onto the line is determined by the following
equation:

Vin 2.5
line — =

50

= 50 mA

In addition, this current flows in the ground return,
which, in this case, is the transmission-line ground. If the
line and return are originated and terminated close to the
driving and receiving devices, there is no discontinuity in
the line. Where the ground is poorly returned, the current
flow sees the discontinuity in the cable as a high impedance
and a noise spike is generated (i.e., the ground current sees
a low impedance and a current cancellation if the ground is
properly carried through and, if not, it sees a high
impedance). Figure 34 presents a specific example. Assume
that the gate driving the line is switched from the high to
low state. Current flow is indicated by the arrow marked
with an I. Since the line is improperly returned to the driver,
a pulse is developed across the impedance. A possible
consequence is the false output of gate 3 (G3).

v

oy e

|‘| 4
[ N I
v \‘ A A

= L

'Impedance of poor ground return

Figure 34. Noise Generation Caused by Poor
Transmission-Line Return

If the ground return is properly connected, the proper
results are obtained. The impedance discontinuity is
eliminated and current cancellation occurs at the ground
point. Undesirable voltage spikes are then eliminated. Two
empirical rules to reduce transmission-line currents have been
established and have been found to be effective (Figure 35).

1. Carry all returns, including twisted pair and
coaxial cables, to a good ground termination.
Ground line returns close to the driving and
receiving devices.

2. Decouple the supply voltage of line-driving and
line-receiving gates with a 0.1-xF disk ceramic
capacitor.

As the devices change state, current levels change
because of the different device currents required in each state,
the external loading, the transients caused by charging and

3-2
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discharging capacitive loads, and the conduction overlap in
the totem-pole output stage. When a gate changes states, its
internal supply current changes from high to low (these values
are stated on the data sheet for each device). In addition,
any capacitance, stray or otherwise, must be charged or
discharged for a logic state change. The capacitance must
be charged by a current determined by

d
1=C g @

If the total stray capacitance on a gate output, the logic-level
voltage excursion, and the associated rise or fall times are
known, then the ideal-case instantaneous current during the
transition can be calculated.

Vee

OUTPUT:

Broken arrow shows path of line-charging current

Figure 35. Ideal Transmission-Line
Current Handling

From Eq. (4) it can be determined that the current
transient for charging load capacitance will increase with
higher speed TTL circuits. Therefore, the Series
54ALS/T4ALS devices will have lower transient current than
the Series 54AS/74AS devices. Another parameter that
should be considered is the value of R7 (shown in Figures 12
and 13). Resistor R7 acts as a limit on the charging current.

The current required for charging load capacitance Cy,
(Figure 36) is supplied by the supply voltage when the
transition is from logic low to logic high at the output of
gate 1 (G1). When the output of G1 goes from high to low,
the load capacitance is shorted to ground by transistor QS
(shown in Figures 12 and 13) and has no effect on supply
current.

lec

Vee

-4

L T

C| includes all capacitance: stray, device, etc.

Figure 36. Circuit with Effective Capacitive Loading

3-28

A characteristic common to all TTL totem:pole output
stages contributes an additional current transient when the
output changes from a logic low to a logic high. This
transient, or spike, is caused by the overlap in conduction
of the output transistors Q7 and Q5 (shown in Figures 12
and 13). The situation arises because transistor Q7 can turn
on faster than transistor QS can turn off. This places a direct
circuit consisting of transistors Q7 and QS5 and resistor R4
between supply voltage and ground. For all series ‘ALS TTL
circuits, the maximum possible peak current can be
determined by

Vee — VeeQs — VBEQ7 — VCEQs
R7

Iccmax =

However, due to the active turnoff circuit (consisting of RS,
R6, and Q4), Q5 will be only slightly in the linear region
and the current spike will be less.

The total supply-current switching transient is then a
combination of three major effects: the difference in high-
level and low-level supply current, the charging of load
capacitance, and the conduction overlap. Tests were
performed to demonstrate these effects. The results are shown
in Figure 37. Six types of series TTL devices were tested
with no load (i.e., the oscilloscope was connected to the
output only when measuring Vo and the photographs were
double exposed). This was to approximate the effects of
conduction overlap isolated from the transient caused by
charging load capacitance. Different vertical scales were used
on some of the photographs.

The results are almost as predicted. The low-power
devices have the lower transients. Since it is the fastest
circuit, the SN74AS00 device should be highest. However,
a decrease is shown, and the reason for the decrease is
explained (Figure 39). The additional circuits to reduce
conduction overlap of the output transistors result in a smaller
transient even though the typical switching time is 1.7 ns
compared to 9 ns for the Series 54/74LS.

The second series of tests shown in Figure 37 cover a
capacitive load of 50 pF. For this test, all of the supply
current transient peaks increase in amplitude and width.

Because of the larger transient currents, voltage spikes
on the supply voltage measured at the IC package are also
increased.

From these tests, it can be concluded that the condition
to be avoided (the only one that can be avoided) is
unnecessary stray capacitance in circuit wiring. The charging
of load capacitance, in most cases, overshadows the other
two effects with respect to noise produced on the supply
voltage line by switching current transients.

The flow paths of these currents have been investigated
to determine the grounding and decoupling necessary to
counteract their effects. Supply voltage decoupling may be
accomplished by one of two methods. Maintaining low
impedance from the individual circuit supply voltage to
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NOTES: 1. Vg =5V 3. Rise and fall times of input puise are 1 ns
2. Sweep is 50 ns/division 4. Vertical scales are in units shown per division

Figure 37(a). Supply-Current Transient Comparisons
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2. Sweep is 50 ns/division 4. Vertical scales are in units shown per division

Figure 37(b). Supply-Current Transient Comparisons
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ground is common to both methods. In the first method, the
supply voltage line'may be considered as a transmission line
back to a low impedance supply. The positive bus can be
laminated with a ground bus to form a strip transmission line
of extremely low impedance. This line can be electrically
approximated with lumped capacitances as shown in
Figure 38. The inductances are usually a distributed
component which must be minimized to lower the line

impedance.
2g=+/L/C

/ Yoo ]-mm | .Wﬁ ]n I
; “Nano

DIELECTRIC

COPPER
Figure 38. Transmission-Line Power Buses
The second method is to consider the supply voltage bus
as a dc connecting element only and to provide a low-

impedance path near the devices for the transient currents
to be grounded (Figure 39).

D

i

Figure 39. Capacitive Storage Supply
Voltage System

For effective filtering and decoupling, the capacitors
must be able to supply the change in current for a period
of time greater than the pulse width of this current. Since
the problem is essentially one of dc changes due to logic state
coupled with high-frequency transients associated with the
changes, two different values of time constant must be
considered. Capacitors combining the high capacitance
required for long periods with the low series reactance
required for fast transients are prohibitive in cost and size.
A good compromise is the arrangement shown in Figure 40.

The typical component values may be found for the RF
capacitor C2 by assuming that the parameters have common
values as follows:

Alcc= 50 mA
AV= 0.1V
AT = 20 ns

Then the equation is as follows:

c2= Alcc (50)(20) x 10-12
AV/AT 0.1/(20 x 10—-9)
-3
= u = 10,000 x 10—12
0.1
= 0.01 uF

The same method may be used for the low-frequency
capacitor C1. However, the factor AT, which was a worst-
case transient time for calculating C1, now becomes a bit
ambiguous. An analysis of the current cycling on a statistical
basis is the best method in all but the simplest systems. The
recommended procedure is to decouple using 10 yF to 50 pF
capacitors.

DISTRIBUTED L . VCC_BlE

Figure 40. Commonly Used Power Distribution and
Decoupling System

A discrete inductance of 2 pH to 10 uH is sometimes
used for additional decoupling. However, its benefits are
questionable and its usefulness should be evaluated for the
individual system. The low-pass filter formed must be
capable of keeping the transients confined and off the
distribution bus. The possibility of resonance in the inductor
or LC combination must be considered.

Noise spikes on the supply voltage line that do not force
the gate output below the threshold level do not present a
serious problem. Downward spikes as large as 3 V can be
tolerated on the supply voltage line without propagating
through the logic system. The system designer can be
confident that supply voltage noise can be handled even with
minimal consideration.

Ground noise, however, cannot be treated lightly. Pulses
on a high-impedance ground line can easily exceed the noise
threshold. Only if a good ground system is maintained can
this problem be overcome. If proper attention is paid to the
ground system, noise problems can be minimized.

The concept of a common-ground-plane structure as used
in RF and high-speed digital systems is quite different from
the concept of the common-ground point as used in low-
frequency circuits. The more closely the chassis and ground
can approach to being an integral unit, the better the noise
suppression characteristics of the system. Consequently, all

APPLICATIONS Qo8
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parts of the chassis and ground bus system must be bound
tightly together both electrically and mechanically. Floating
or poorly grounded sections not only break the integrity of
the ground system, but may actually act as a noise distribution
system.

For grounds and decoupling on printed circuit boards,
the most desirable arrangement is a double-clad or multilayer
board with a solid ground plane or a mesh. Where component
density prohibits this, the ideal should be relaxed only as far
as necessary. Cross talk and ground noise-can be reduced
on large boards with a ground plane. Some suggestions for
board grounds where a plane is not practical are as follows:

1. Use as wide a ground strap as possible.

2. Form a complete loop around the board by
bringing both sides of the board through separate
pins to the system ground.

The supply voltage line can provide part of the ground
mesh on the board, provided it is properly decoupled. For
a TTL system, a good guideline is 0.01 uF per synchronously
driven gate and at least 0.1 xF for each 20 gates, regardless
of synchronization. This capacitance may be lumped, but is
more effective if distributed over the board. A good rule is
to permit no more than 5 inches of wire between any two
package supply-voltage points. Radio-frequency-type
capacitors must be used for decoupling. Disk ceramics are
best. It is sometimes a good practice to decouple the board
from the external supply-voltage line with a 2.2 uF capacitor.
However, this is optional and the RF capacitors are still
required. In addition, it is recommended that gates driving
long lines have the supply voltage decoupled at the gate
supply voltage terminal and that the capacitor ground, device
ground, and transmission-line ground be connected to a
common point.

Cross Talk

When currents and voltages are impressed on a
connecting line in a system, it is impossible for adjacent lines
to remain unaffected. Static and magnetic fields interact and
opposing ground currents flow, creating linking magnetic
fields. These cross-coupling effects are lumped together and
called cross talk.

Back-Panel Interconnections

Interconnecting signal lines can be grouped into three
broad categories: coaxial lines, twisted-pair lines, and straight
wire lines. Because of the low impedance and shielding
characteristics of coaxial cable, its cross talk is minimal and
is not a problem with TTL.

Figure 41 illustrates a practical type of signal
transmission line. The mutual reactances Ly, and Cp, which
form the noise coupling paths and the line parameters Lg and
Cg which govern the line impedance, will vary with the type
of line used. Since cross talk is a function of the ratio of the
mutual impedances to the line characteristic impedances, the
selection of transmission-line type must be at least partially
a factor in cross-talk considerations.

3-32

ALL GATES SN74ALS00

Figure 41. Equivalent Circuit for Sending Line

The use of direct-wired connections is the simplest and
lowest cost method, but they are also the poorest for noise
rejection. If the lead is not cabled tightly together with similar
leads, direct leads up to 12 inches in length can be used.

When the length of the signal line is increased, the line
impedance is seen by the driving and receiving gates. As
shown in Figure 42, a pulse sent along the sending line G3
and G4 will be coupled via the coupling impedance Z onto
the receiving line G1 and G2, which can be in either of the
two logic states. The extent to which cross talk will occur
depends on the type of lines used and their relationship to
each other.

Vce
RECEIVING LINE
G1

Zc

DS

JL a3
SENDING LINE

{Z¢) — COUPLING IMPEDANCE

Bo_

Figure 42. Equivalent Circuit for Cross Talk

The voltage impressed on the sending line by gate G3
is determined by the equation:

- VaiZo )

where
V3 = open-circuit logic voltage swing generated
by gate G3
Rg3 = output impedance of gate G3
Zo = line impedance
VgL = voltage impressed on the sending line.

The relationship for the equation is illustrated in
Figures 43 and 44.

The coupling from the sending line to the receiving line
can be represented by taking coupling impedance Z; into
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Figure 43. Capacitive Cross Talk Between
Two Signal Lines

account. An equivalent circuit to represent the coupling from
the sending line to the receiving line is shown in Figure 44.

As the voltage impressed on the sending line propagates
farther along the line, it can be represented as voltage source
Vs with a source impedance of Zgy) (Figure 45). Vgl is
then coupled to the receiving line via the coupling
capacitance, where the impedance looking into the line is
line impedance in both directions. Therefore the equation
becomes

Zo

2

VRL=VsL
(1.5Zg + Zo)

The voltage impressed on the receiving line (VRL ) then
propagates along the receiving line to gate G2 which can be
considered as an open circuit and voltage doubling occurs.
Therefore:

1
Vin@2)=2 VRL = Vg3 Z0
i Z. |\R

S3 + Zg

In the switching period, the transistor has a very low output
impedance. Then Rg3<<Zg and Vjp(2) can be simplified to
the following:

The term Vin(2)/Vg3 can be defined as the cross-talk
coupling constant.

The worst-case for signal line cross talk occurs when
sending and receiving lines are close together but widely
separated from a ground return path. The lines then have
a high characteristic impedance and a low coupling
impedance.

For example, if we assume a coupling impedance of
50 pF at 150 MHz with a line impedance of approximately
200 Q then:

Vin@) _

0.62
Vg3

This level is unsatisfactory because none of the very high-
speed logic circuits has a guaranteed noise margin greater
than one-third of the logic swing. Such potential cross talk
can be avoided by not using the close spacing of conductors.

Figure 45. Equivalent Cross-Talk Network

Mutual coupling can be reduced by using coaxial cable
or shielded twisted pairs. When mutual inductance and
capacitance are decreased, line capacitance is increased and
imposes restrictions on the driver. Coaxial cable combines
very high mutual impedance with low characteristic
impedance and shielding. It effectively eliminates cross talk,
but is necessary in only the noisiest environments. Twisted
pairs are adequate for most applications and are typically less
expensive and easier to use.

Vin@2)= VG3 Z
1.5 + =<
Zo
Vee
RECEIVING LINE | &2
3
«—(2Zg) VRL (Zgl—» .
| in(2}
L L <+ L
Zc
SENDING LINE
P -
VRS3 V|s|_ {Zp) {(Zg)—»
G3 __[_ _L

Figure 44. Coupling Impedances Involved in Cross Talk
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Printed Circuit Card Conductors

Signal interconnections on a two-sided or muitilayer
printed circuit card can be grouped into two general
categories: microstrip lines and strip lines. The microstrip
line (Figure 46) consists of a signal conductor separated from
a ground plane by a dielectric insulating material. A strip
line (Figure 47) consists of a signal conductor within a
dielectric insulating material and the conductor being centered
between two parallel conductor planes. The important
features of these type of printed circuit conductors are that
the impedances are highly predictable, can be closely
controlled, and the process is relatively inexpensive because
standard printed circuit board manufacturing techniques are
used. Typical impedances of these types of conductors with
respect to their physical size and relative spacings are shown
in Tables VII and VIIIL.

Table VIII. Typical Impedance of Strip Lines

Dimensions
Ha = Hb = | W (mie) | Ln® Imped c
. Zo (D) per Foot (pF)
{mils)
[ 6 20 27 80
6 15 32 70
10 20 34 67
10 15 40 56
12 20 37 57
12 15 43 48
20 20 44 48
20 15 51 42
30 20 55 39
30 15 61 35

Retative dielectric constant =5, and H'a = H'b

Table VII. Typical Impedance of Microstrip Lines

Dimensions Line Imped: Capaci
H (mils) W (mils) Zp (@) per Foot {pF)

6 20 35 40

6 15 40 35
15 20 56 30
15 16 66 26
30 20 80 20
30 15 88 18
60 20 105 16
60 15 114 14
100 20 124 13
100 15 132 J 12

Relative dielectric constant =5

MICROSTRIP

r——w—b

Cross talk on a printed circuit board is also a function
of the mutual reactances and the line parameters which
govern the line impedance. A microstrip line and a strip line
are, by definition, conductors placed relatively close to a
ground plane. Therefore, they have at least one inherent
property which tends to reduce cross talk. In addition, the
thickness (H) of the dielectric and the spacing (S) of the
conductors can be implemented selectively to reduce the
amount of possible cross talk. The effects of these two
dimensions on cross talk have been evaluated and are shown
graphically in Figure 48. The data shown can be used to
estimate the maximum crosstalk which will be encountered
under the most unfavorable conditions.
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Figure 46. Microstrip Line
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Figure 47. Strip Line
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Figure 48. Line Spacing Versus
Cross-Talk Constant

Transmission-Line Driving Reflections

When the interconnections used to transfer digital
information become long enough so that line propagation
delay is-equal to or greater than the pulse transition times,
the effects of reflections must be considered. These
reflections are created because most TTL interconnections
are not terminated in their characteristic impedance.
Reflections lead to reduced noise margins, excessive delays,
ringing, and overshoot. Some method must be used to
analyze these reflections. Because neither the gate input nor
output impedance is linear, basic transmission-line equations
are applicable but unwieldy. Transmission-line characteristics
of TTL interconnections can be analyzed by using a simple
graphic technique.

Figure 49 shows piecewise linear plots of a gate input
and both (logic-high and logic-low) states of the output for
a typical TTL device. The output curves are plotted with
positive slopes. The input is inverted because it is at the
receiving end of a transmission line. The logic-high and logic-
low intersections are indicated on the plot. These points are
the steady-state values which will be observed on a lossless
transmission line (Figure 50).

Figure 50 shows a typical TTL interconnection using
a twisted-pair cable which, in this example, has a
characteristic impedance of approximately 30 Q. To evaluate
a logic-high to logic-low ‘AS transition see Figures 51 and
52. The equation — 1/Zg (Zg = 30 @), which represents the
transmission line, is superimposed on the output characteristic
curves in the Bergeron plot. Since evaluation of a logic-high
to logic-low transition is desired, the — 1/Zg line starts at
the point of intersection of the impedance curves of the input
and output for a logic-high state. The slope —1/Zg then
proceeds toward the logic-low output curve. At time tq, the
driver output voltage is determined by the intersection of
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- LOGICAL 1
- CURVE
-
| N VOO I O T T Y O T O T I |

Voltage—V

Figure 49. TTL Bergeron Diagram
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Figure 50. 'ALS/’AS Driving Twisted Pair

—1/Zg and the logic-low output curve (1.2 V). The
transmission-line slope now becomes 1/Zg and
is drawn toward the input curve. At time
ty [t +1)—ta = time delay of line], the receiving gate sees
—1.7 V. Now the line slope changes back to —1/Zg and
the output curve for a logic low is approached. This action
continues until the logic-low intersection is reached.
Figure 52 plots driver and receiver voltages versus time for
this example.

A logic-low to logic-high transition is treated in
approximately the same manner (Figure 53). The Bergeron
line — 1/Z starts at the intersection for a logic low. At time
ty, the driver output rises to 2.2 V and, at time t), the
receiving gate input goes to approximately 4.35 V. Both
output and input voltages are plotted in Figure 54.

Figures 55 through 58 illustrate 'ALS transitions and
are treated in the same manner as the 'AS.

The scope photographs in Figures 59 through 66 show
the effectiveness of the graphic techniques. In most cases,
the calculated and experimental values of voltage steps agree
within reason. The ringing that appears for the open wire
is not immediately obvious. This is because the input and
output curves in this region lie practically along the positive
horizontal axis. At the scale used for graphic analysis, it is
difficult to go much beyond the first few reflections. The
graphic analysis is idealized and stray capacitance and
inductance are not considered.
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Figure 59. Oscilloscope Photograph of ‘AS001 - ve Figure 62. Oscilloscope Photograph of ‘AS00 + ve
Transition Using 50-Ohm Line Transition Using 25-Ohm Line
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Figure 60. Oscilloscope Photograph of "AS00 + ve Figure 63. Oscilloscope Photograph of 'ALS00A - ve
Transition Using 50-Ohm Line Transition Using 50-Ohm Line

TRANSITION (1= 0) TRANSITION (0 — 1)
Figure 61. Oscilloscope Photograph of 'AS00 - ve Figure 64. Oscilloscope Photograph of "ALS00A +ve
Transition Using 25-Ohm Line Transition Using 50-Ohm Line
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Figure 65. Oscilloscope Photograph of ‘ALS00A - ve
Transition Using 25-Ohm Line

TRANSITION (0 — 1}

Figure 66. Oscilloscope Photograph of "ALS00A + ve
Transition Using 25-Ohm Line

References

I. W.C. Elmore and M. Sands, Electronics Experimental
Techniques, McGraw-Hill Book Co., New York, 30ff.
(1949).

2. M. Williams and S. Miller, Series S4ALS/74ALS Schottky
TTL Applications B215, Texas Instruments Limited,
Bedford, Engiand, August 1982.

Acknowledgment

This application report is an updated version of
Reference 2 with significant contributions by the technical
engineering staff at Texas Instruments and particularly by
Rock Cozad, Rich Moore, and Bob Strong.

APPLICATIONS Q&

3-41



H APPLICATIONS

42

Lag}



Appendix A
Normalized Load Factors

Normalizing output drive capability and input current
requirements can be very useful to designers of systems using
two or more of the TI TTL series of devices. It provides
a set of load factors (input cuurent requirements in
Table A-I), which can be summed and compared directly to
the fanout capability (see Table A-II) of the output being
considered. The load factor values shown are valid for any
input rated at one unit load.

The loading of these type of outputs can be checked from
any column. However, most designs use one of the series
as the basic building block and, since the tables cover each
series individually, the designer has the choice of working
from the column containing the normalized fanout. As an
example, the designers of a system using series “AS as the
basic circuit will probably find that the use of the *AS00 and
“AS1000 columns will suit best because both fanout and load
factors are expressed for these series of devices.

The use of these simple and easy-to-remember numbers
was developed within each series to make the verification
of output loading a matter of counting the number of inputs
connected to a particular output. When mixtures of series
are used, a common denominator (normalized factor)
becomes useful.

USE OF TABLES A-1 AND A-II

Every possible combination of the seven 54/74 TTL
families is included in these tables. If, for example, the
existing system used 74S series logic and it is desired that
some of it be replaced by series 74ALS logic, a quick check
should be made on whether the "ALS can be supplied with
sufficient input current. By taking the 74S row and "ALS,
column figures of 2.5 and 20 are obtained for high- and low-
level loads, respectively (see Table A-I). This indicates that,
for high logic levels, two and one-half ‘ALS gates can be
driven for each ‘S series gate removed. However, if more
748 series gates are being driven by this ‘ALS device, the
fanout between "ALS and 'S series gate is required, you can
now use Table A-II.

The ‘ALS row and the ‘S column are chosen. The figures
are 8 for the high-logic level and 4 for the low-logic level.
In this case the lowest figure is taken so that the
interconnection is reliable for both logic states. So each 'ALS
gate inserted will drive 4 'S series gates.

Table A-I is normally used (in combination with
Table A-II) when replacing one logic family with another
in an existing system.

Table A-II is normally used when originally designing
a system which employs several TTL families to optimize
performance.

Table A-1. Normalized Input Currents

INPUT INPUT CURRENT NORMALIZED
SERIES I/0 |CURRENT
(mA) ‘00 ‘HOO | ‘LO0 | ‘LSOO | ‘SO0 [-ASOO |'ALSO0A | ‘AS1000 |‘ALS1000A
54/7400 Hl | 0.04 1 0.8 2 | o8 2 2 2 2
54/7400 Lo 1.6 1 0.8 | 889 4| o8| 32 16 3.2 16
tsmnanoo H | 0.5 1.28 1 25 1] 25| 25 2.5 2.5
54H/74H00 Lo 2 1.25 111 5 1 4 20 4 20
Ewumo H | o0.01 025 | 02 o5 | 02| 05| o5 0.5 0.5
54/74L00 o | o.8 0.11_ | 0.09 0.45 |0.08 | 036 | 18 0.36 1.8
Lsusnusoo H | ©.02 05 | o4 1] 04 1 1 1 1
54LS/74LS00 Lo 0.4 025 | 02 | 222 1| 02| os 4 0.8 4
545/74500 H | 0.05 1.25 1 25 1] 26| 25 25 25
545/74500 Lo 2 1.25 1 |1 5 1 4 20 4 20
54AS/74AS00 HI | 0.02 05 | 04 1] o0a 1 1 1 1
54AS/74AS00 Lo 0.5 031 o025 | 278 | 125 |0.25 1 5 1 5
54ALS/74ALS00A | HI | 0.02 05 | 0.4 1| oa 1 1 1 1
54ALS/74ALSO0A | Lo 0.1 006 | 005 | 056 | 025 |005 | 02 1 0.2 1
54AS1000 H | 0.2 05 | 0.4 1| o4 1 1 1 1
54AS1000 Lo 0.5 031 [025 | 278 | 1.25 | 0.25 1 5 1 5
54ALS1000A B | 0.02 05 | 04 1| o4 1 1 1 1
54ALS1000A Lo 0.1 006 | 005 | 056 | 025 [005| 02 1 0.2 1
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Table A-II. Fanout Capability (Output Currents Normalized to Input Currents)

oUTPUT OUTPUT DRIVE NORMALIZED
SERIES 10 | CURRENT |s— 00| HOO | 100 | LS00 | 'S00 [ 'AS00 ["ALSOOA | "AS1000 "ALS1000A]

\mal HI 0.04 | 0.05 001 | 002 | 0.06 | 0.02 | 0.02 0.02 0.02

"o 1.6 2 018 | 04 2| os 0.1 0.5 0.1

54/7400 Hi | 0.4 10 8 20| 20 8 20 20 20 20
54/7400 | 16 10 8 | 8889 | 40 8 32 160 32 160
54H/74H00 HI [ 05 125 | 10 50 25 | 10 25 25 25 25
54H/74H00 Lo| 20 125 | 10 [ 111.11 50 | 10 40 [ 200 40 200
54L00 HI | 0.1 2.5 2 10 5 2 5 5 5 5
54L00 Lo 2 1.25 o1 5 1 4 20 4 20
74100 Hi | 02 5 4 20 10 4 10 10 10 10
74100 o) 38 2.25) 18 20 9| 18 7.2 36 7.2 36
[ saLs/741500 H | 04 10 8 40| 20 8 20 20 20 20
54L500 Lo 4 2.5 2| 2222 10 2 8 40 8 40
74LS00 Lo 8 5 4 | 444a| 20 4 16 80 16 80
54S/74S00 H 1 25 | 20 100 50 | 20 50 50 50 50
548/74500 | 20 125 | 10 | 111.11 50 | 10 40 | 200 40 200
54AS/74AS00 Ht 2 50 | 40 200 | 100 | 40 [ 100 100 100 100
54AS/74A500 | 20 125 | 10 | 11191 50 | 10 40 | 200 40 200
54ALS/74ALSO0A | HI | 0.4 10 8 20 | 20 8 20 20 20 20
54ALSO0A Lo 4 2.6 2| 2222 10 2 8 40 8 40
74ALS00A Lo 8 5 4| 4444 20 4 16 80 16 80
54AS1000 H | 40 1000 | 800 | 4000 | 2000 | 8oo | 2000 | 2000 2000 2000
54AS1000 Lo| 40 25 | 20 | 22222 100 | 20 80 | 400 80 400
74A81000 HI | 48 1200 | 960 | 4800 | 2400 | 960 | 2400 | 2400 2400 2400
74AS1000 Lo | 48 30 | 24 (26667 | 120 | 24 96 | as0 96 480
54ALS1000A HI 1 25 | 20 100 50 | 20 50 50 50 50
54ALS1000A ) 12 75 6 | 66.67 30 6 24 | 120 24 120
74ALS1000A HI 2 65 | 52 260 | 130 | 52 | 130 130 130 130
74ALS1000A )| 22 15| 12 [13333 | 60 | 12 48 | 240 48 240

'lnput Current Hi
tinput Curent LO
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Appendix B
Letter Symbols, Terms, and Definitions

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of
the Electronics Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission (IEC)
for international use. The definitions are grouped into sections applying to voltages, currents, switching characteristics, and
classification of circuit complexity.

VOLTAGES

VIH High-level input voltage
An input voltage level within the more positive (less negative) of the two ranges of values used to represent the
binary variables. A minimum value is specified which is the least-positive (most-negative) value of high-level input
voltage for which operation of the logic element within specification limits is guaranteed.

VIiL Low-level input voltage
An input voltage level within the less positive (more negative) of the two ranges of values used to represent the
binary variables. A maximum value is specified which is the most-positive (least-negative) value of low-level input
voltage for which operation of the logic element within specification limits is guaranteed.

Vr+ Positive-going threshold voltage
The voltage level at a transition-operated input that causes operation of the logic element according to specification
as the input voltage rises from a level below the negative-going threshold voltage, VT —.

vr- Negative-going threshold voltage
The voltage level at a transition-operated input that causes operation of the logic element according to specification
as the input voltage falls from a level above the positive-going threshold voltage, VT +.

VOH High-level output voltage
The voltage at an output terminal for a specified output current oy with input conditions applied that according
to the product specification will establish a high level at the output.

VoL Low-level output voltage
The voltage at an output terminal for a specified output current Io[, with input conditions applied that according
to the product specification will establish a low level at the output.

VO(on) On-state output voltage
The voltage at an output terminal for a specified output current with input conditions applied that according to
the product specification will cause the output switching element to be in the on state.

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

VO(offy Off-state output voltage
The voltage at an output terminal for a specified output current with input conditions applied that according to
the specification will cause the output switching element to be in the off state.

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

CURRENT

ItH High-level input current
The current flowing into™ an input when a specified high-level voltage is applied to that input.

I, Low-level input current
The current flowing into* an input when a specified low-level voltage is applied to that input.

APPLICATIONS Q¥
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IoH

10(ofn

Ios

ICCH

IccL

High-level output current
The current flowing into™ the output with a specified high-level output voltage VoI applied.

Note: This parameter is usually specified for open-collector outputs intended to drive other logic circuits.

Off-state output current
The current flowing into™ an output with a specified output voltage applied and input conditions applied that according
to the product specification will cause the output switching element to be in the off state.

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits
or for three-state outputs.

Short-circuit output current

The current flowing into* an output when that output is short-circuited to ground (or other specified potential)
with input conditions applied to establish the output logic level farthest from ground potential (or other specified
potential).

Supply current, output(s) high
The current flowing into* the Vo supply terminal of a circuit when the reference output(s) is (are) at a high-level
voltage.

Supply current, output(s) low
The current flowing into™ the VCC supply terminal of a circuit when the reference output(s) is (are) at a low-level
voltage.

DYNAMIC CHARACTERISTICS

fimax

tHZ

tLz

tPLH

tPHL

tTLH

tTHL

tw
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Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while
maintaining stable transitions of logic level at the output with input conditions established that should cause a change
of output state with each clock pulse.

QOutput disable time (of a three-state output) from high level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from the defined high level to a high-impedance (off) state.

Output disable time (of a three-state output) from low level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from the defined low level to a high-impedance (off) state.

Propagation delay time, low-to-high-level output
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined low level to the defined high level.

Propagation delay time, high-to-low-level output
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined high level to the defined low level.

Transition time, low-to-high-level output
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing
from the defined low level to the defined high level.

Transition time, high-to-low-level output
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing
from the defined high level to the defined low level.

Average pulse width
The time between 50% amplitude points (or other specified reference points) on the leading and trailing edges
of a pulse.

*Current flowing out of a terminal is a negative value.



th

trelease

tsu

tZH

tZL

Hold time
The time interval for which a signal or pulse is retained at a specified input terminal after an active transition occurs
at another specified input terminal.

Release time
The time interval between the release from a specified input terminal of data intended to be recognized and the
occurrence of an active transition at another specified input terminal.

Note: When specified, the interval designated ‘‘release time’’ falls within the setup interval and constitutes, in
effect, a negative hold time.

Setup time
The time interval for which a signal is applied and maintained at a specified input terminal before an active transition
occurs at another specified input terminal.

Output enable time (of a three-state output) to high level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from a high-impedance (off) state to the defined high level.

Output enable time (of a three-state output) to low level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from a high-impedance (off) state to the defined low level.

CLASSIFICATION OF CIRCUIT COMPLEXITY

Gate equivalent circuit

LSI

MSI

§s1

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number
of individual logic gates that would have to be interconnected to perform the same function.

Large-scale integration

A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this
context a major subsystem or system, whether logical or linear, is considered to be one that contains 100 or more
equivalent gates or circuitry of similar complexity.

Medium-scale integration

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem
or system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more
equivalent gates or circuitry of similar complexity.

Small-scale integration
Integrated circuits of less complexity than medium-scale integration (MSI).

*Current flowing out of a terminal is a negative value.
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South Wales, Australia 2113, 02 +887-1122; Sth Floot, 418
St. Kilda Road, Melboume, Vicrona, Austraha 3004,

03 +267-4677: 171 Phibip Highway. Ehzabeth, South Austrahia
5112, 08 +155-2066.

AUSTRIA, Texas | m.b.H.: b
B/16, A-2345 Brunn/Gebirge, ZZ)é MZIO

BELGlUM Texas lns(mmems N.V. Belgum S.A.: Mercure
|

Rd., Balnmme MDZlZO7 110I)944

MASSACHUSETTS: Waltham, 504 Totten Pond Rd.,
Waltham, MA 02154, {617) 895-9100.

MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd.,
Farmington Hulls, MI 48018, (313) 553-1500.

MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435,
(612) 830-1600.

MISSQURI: Kansas City, 8080 Ward Pkwy., Kansas City,
MO 64114, (816) 523-2500; St. Louis, 11861 Westline
Industriat Drive, St. Louis, MO 63141, {314) 569-7600.

NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, N)
07066, {201) 574-9800.

NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E.,
Albuquerque. NM 87110, (505) 395-2555

NEW YORK: East Syracuse, 6700 Old Collamer Rd., East
Syracuse, NY 13057, (315) 463.9291; Endicoee, 112
Nanticoke Ave., PO. Box 618, Endicott, NY 13760, (607}
754.3900: Melville, | Huntington rangle, Suite 3C10,
PO an 2936, Melville, NY Il7Q7 15I6) 454-6600;

ie, 385 South Rd., NY 12601, (914)
477 2900; Rochester, lZlO}c(fefson Rd., Rochester, NY
14623, (716) 424-5400.

NORTH CAROLINA: Charlotte, 8 Woodlawn Green,

Woud.lawn Rd., Charlotte, NC 28210, (704) 527-0930:
eigh, 2 Hnghwonds Blvd.. Suite 100, Raleigh, NC

27625, (919) 876-2725

OHIO: Beachwood, 23408 Commerce Park Rd., Beachwood,
OH 44122, (216) 464-6100; Dayton, Kingsley Bldg., 4124
Linden Ave., Dayton, OH 45432, (513) 258-3877.

OKLAHOMA: Tulsa, 7615 East 63rd Place, 3 Memonal
Place, Tulsa, OK 74133, (918) 250-0633.

e de la Fusee, 1130 Brussels,
Belgmm 02/720.80. 00

BRAZIL, Texas Instruments Electronicos do Brasil Ltda.: Av.
Farta Lima, 2003, 20 0 Andar—Pinheiros, Cep-01451 Sao
Paulo, Brazl, 815-6166.

DENMARK, Texas Instruments A/S, Manclundve) 46E,
DK-2730 Herlev, Denmark, 2 - 91 74 00.

FINLAND, Texas Instcruments Finland OY: PL 56, 00510
Helsinks 51, Finland, (90) 7013133.

FRANCE, Texas Instruments France: Headquarters and Prod.
Plane, BP 05, 06270 Villeneuve-Loubet, (93} 20-01-01; Paris
Office, BP 67 8-10 Avenue Morane-Saulnier, 78141 Vehizy-
Villacoublay, {3) 946-97-12; Lyon Sales Office. LOree
DEcully, Batiment 8, Chemin de [a Forestiere, 69130 Ecully,
(7 833-04-40; Strasbourg Sales Office. Le Sebastopol 3, Quar
Kleber, 67055 Strasbourg Cedex, (88) 22-12-66; Rennes, 23-25
Rue du Puits Mauger, 35100 Rennes, (99) 79-54-81; Toulouse
Sales Office, Le Pertpole—2, Chemin du Pigeonnier de la
Ceprere, 31100 Toulouse, (61) 44-18-19; Marseille Sales
Office, Noilly Paradis— 146 Rue Paradis, 13006 Marseille, (91)
37.25-30.
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GERMANY, Texas Instruments Deutschland GmbH: Hag-
gerty-sceasse 1, D-8050 Freising, 08161-801; Kurfuerstendamm
195/196, D-1000 Berlin 15, 030-8827365; H1I, Hagen 43/Kib-
belstrasse, D-4300 Essen, 0201-24250; Frankfurter Allee 6-8,
D-6236 Eschborn 1, 06196-43074; Hamburger Strasse 11,
D-2000 Hamburg 76, 040-2201 154, Kirchhorsterstrasse 2.
D-3000 Hannover 51, 0511-648021;

Arabellastrasse 15, D-8000 Muenchen 81, 089-92341; May-
bachstrasse 11, D-7302 Ostfildern 2/Nellingen, 0711-34030.

HONG KONG ( + PEOPLES REPUBLIC OF CHINA), Texas
Instruments Asia Led.: 8th Floor, World Shipping Ctr., Harbour
City. 7 Canton Rd., Kowloon, Hong Kong, 3+ 722-1223.

IRELAND, Texas Instruments (Ireland) Limited: 25 St. Stephens
Green, Dublin 2, Ewe. 01 609222,

ITALY, Texas Instruments Semicondutton ltalia Spa: Viale Delle
Scienze, 1, 02015 Cittaducale (Rueti), ltaly, 0746 694. 1, Via
Salaria KM 24 (Palazzo Cosma), Monterotondo Scalo (Rome),
Italy. 06 9004395; Viale Europa, 38-44. 20093 Cologno Monzese
(Mlano), 02 2532541; Corso Svizzera, 185, 10100 Torino, ltaly,
011 774545: Via ). Baroui, 6, 45100 Bologna, ltaly, 051 355851,

JAPAN, Texas Instruments Asta Ltd.: 4F Aoyama Fuii Bidg. . 612,
Kita Aoyama )-Chome, Minata-ku, Tokyn, Japan 107,
03-498-2111; Osaka Branch, 5F, Nussho Iwai Bidg.., 30 Imabashs 3
Chome, Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya
Branch, 7F Daini Toyota West Bldg, 10-27, Meicki 4-Chare,
Nakamura-ku, Nagova, Japan 450, 052-583-8691.

KOREA, Texas Instruments Supply Co.: Room 201, Kwangpoong
Bldg., 24-1, Hwayand-Dong, Sung dong-ku, 133 Seoul, Korea,
02 + 464-6274/5.

MEXICO, Texas Instruments de Mexico 5. A. : Poniente 116, Na.
489, Colomia Vallejo, Mexico, D.E. 02300, 567-9200.

MIDDLE EAST, Texas Instruments: No. 13, Ist Floor Mannai
Bldg.. Diplomatic Area, Manama, P O. Box 26335, Bahrain,
Arabian Gulf, 973 - 72 46 81.

NETHERLANDS, Texas Instruments Holland B.V., P.O. Box
12995, (Bullewyk) 1100 AZ Amsterdam, Zuid-Oost, Holland
(020 5602911,

NORWAY, Texas Instruments Norway A/S: Kr. Augustsgt. 13,
Oslo 1, Norway, (2) 20 60 40.

PHILIPPINES, Texas Instruments Aswa Led.: 14ch Floor, Ba.
Lepanto Bldg., 8747 Paseo de Roxas, Makati, Metro Manila,
Philippines, 882465.

PORTUGAL, Texas | E. El
(Portugal), Lda.: Rua Eng. Frederico Ulnch, 2650 Moreira Da
Maua, 4470 Maia, Portugal, 2-9481003.

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND), Texas Instruments Asia Led.. P.O. Box 138, Unit
#0208, Block 6, Kolam Ayer Industrial Est., Kallang Sector,
Singapore 1334, Republic of SIngzpok 747-2255

SPAIN, Texas Inscruments Espana, Lazaro Galdiano

A.: Cllose
No. 6, Madrid 16, 1/458.14.58. CJBaImcs 89 Barcelona-8, 25360
001253 29 02.

SWEDEN, Texas | | Trade C
{Sverigefilialen): Box 39103, l0054 Stockholm, Sweden, 08 -

SWITZERLAND, Texas {nstruments, Inc. Riedstrasse 6,
CH-8953 Dietikon (Zuerich) Swiezerland, 1-740 2220,

TAIWAN, Texas Instruments Supply Co.: 10th Floor, Fu-
Shing Bldg.. 71 Sung-Kiang Road, Taiper, Tawan, Republic of
China, 02 +521-9321.

UNITED KINGDOM, Texas Instruments Limited: Manton
Lane, Bedford, MK41 7PA, England, 0234 67466; St. James
House, Wellington Road North, Stockpost, SK4 2RT, Englznd
061 442-8448.




T1 Sales Offices

ALABAMA: Huntsville, (205) 837-7530.

ARIZONA: Phoenix, (602) 995-1007.

CALIFORNIA: lrvine, (714) 660-1200; Sacramento,
(916) 929-1521; San Diego, (714) 278-9600; Santa Clara,
(408) 980-9000; Torrance, (213} 973-2571; Woodland Hills,
(213) 704-7759.

COLORADO: Aurora, (303) 695-2800.
CONNECTICUT: Wallingford, (203) 269-0074.

FLORIDA: Ft. Lauderdale, (305) 973-8502; Maitland,
(305) 660-4600; Tampe, (813) 870-6420.

GEORGIA: Atlanta, {404) 452-4600.
ILLINOIS: Arlington Heights, (312} 640-3000.

INDIANA: Ft. Wayne, (219) 424-5174, Indisnapolis,
(317) 248-8555.

10WA: Cedar Rapids, (319} 395-9550.
MARYLAND: Baktimore, {301) 944-8600.
MASSACHUSETTS: Waltham, (617) 895.9100
MICHIGAN: Farmington Hills, {313) 553-1500.
MINNESOTA: Edina, (612) 830-1600.

MISSOURI: Kansas City, (816) 523-2500: St. Louis,
(314) 569-7600.

NEW JERSEY: Clark, (201) 574-9800.
NEW MEXICO: Albuguerque, (505) 345-2555.

NEW YORK: East Syracuse, (315} 463-9291: Endicort,
(607) 754-3900; Melville, (516) 454-6600; Poughkeepsie,
(914) 473-2900; Rochester, {716) 424-5400.

NORTH CAROLINA: Charlotte, (704) 527-0930:
Raleigh, (919) 876.2725.

OHIO: Beachwood, (216) 464-6100; Dayton,
(513) 258-3877

OKLAHOMA: Tulsa, (918) 250-0633.
OREGON: Beaverton, {503) 643-6758.

PENNSYLVANIA: F1. Washington, (215) 643-6450;
Carsopolis, (412) 771-8550.

TEXAS: Austin, {512) 250-7655; Houston, (713) 778-6592;
Richaedson, (214) 680-5082; San Antonio, (512) 496-1779.

UTAH: Murray, (801) 266-8972.
VIRGINIA: Fairfax, (703) 849-1400.
WISCONSIN: Brookfield, (414} 785-7140.
WASHINGTON: Redmond, (206} 881-3080.

CANADA: Nepean, Ontario (613) 726-1970; Richmond
Hill, Ontario (416) 884-9181; St. Laurent, Quebec

{514) 334-3635 F

TI Regional
Technology Centers

CALIFORNIA: ltvine, (714) 660-8140, Horline:
{714} 660-8164. Santa Clara (408} 7482220, Hothre:
{408) 980-0305.

GEORGIA: Adanta, (404) 452-4682, Hotline: (404) 452-4686.
ILLINOIS: Chicago, (312) 640-2909, Hatline: (312) 228-6008.

MASSACHUSETTS: Boston, (617) 890-6671. Hothne:
(617) 890-4271.

TEXAS: Dallas, (214) 680-5066, Huothne: (214) 680-5096.

TI Distributors

TI AUTHORIZED DISTRIBUTORS IN U.S.:
Electronics

Rochester Radio Supply

Time Electronics

R. V. Weatherford Co.

Wyle Laboratories
TI AUTHORIZED DISTRIBUTORS IN
CANADA:

ALABAMA: Arrow (205) 882-2730; Marshall (205)
8819235,

ARIZONA: Phoenix, Arrow (602) 968-4800; Kierulff (602)
243-4101; Marshall (602) 968-6181: Wyle (602) 249-2232;
Tucson, Kierulff (602) 624-9986.

CALIFORNIA: Los Angeles/Orange County, Arraw {213)
701-7500, (714) 838-5422; Kierulff (213) 725-0325, (714)
T31-5711; Marshall (213) 999-5001, (213) 442-7204. (714)
556-6400, R.V. Weatherford (714) 634-9600, (213) 849-3451,
{714) 623-1261: Wyle (213) 322-8100, (714) 863-9953;
S.cnmcmo. Atrow (916) 925-7456; Wyle (916) 638-5282;

e Atrow (619) 565-4800; Kierulff (619) 278-2112;
Mmhall {619) 578-9600; Wyle (619) 565-9171; San
Francisco Bay Area, Arrow (408) 745.6600; Kierulff (415)
968-6292, Marshall (408) 732-1100; Wyle (408) 727-2500;
Santa Barbara, R. V. Weatherford (805) 965-8551.

QCOLORADO: Arrow (303) 696-1111: Kierulff (303)
790-4444; Wyle (303) 457-9953.

CONNECTICUT: Artow (203) 265-7741: Diplomar (203)
797-9674; Kierulff (203) 265-1115, Marshall (203) 265-3822,
Milgray (203) 795-0714.

FLORIDA: Ft. Lauderdale, Arrow (305} 776-7790; Drplomat
(305) 974-8700: Kierulff {305} 486-4004; Orlando, Arrow
(305) 725-1480: Milgray (305) 647-5747; Tamps, Diplomat
(813) 443-4514; Kierulff (813) 576-1966.
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GEORGIA: Arrow (404) 449-8252; Kierulff (404) 442-5252;
Marshall (404) 923-5750.

ILLINOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000;
Hall-Mark (312) 860-3800; Kierulff (312) 640-0200; Newark
(312) 638-4411.

INDIANA: Indianapolis, Arrow (317) 243-9353, Graham
(317 634-8202, Fe. Wayne, Graham (219) 423-3422.

IOWA: Arrow (319) 395-7230.

KANSAS: Kansas City, Hall-Mark (913) 888-4747; Wichita,
LCOMP (316) 265-9507.

MARYLAND: Arrow (301) 247-5200; Diplomat (301)
995-1226; Kierulff (301) 636-5800; Milgray (301) 468-6400.

MASSACHUSETTS: Arrow (6171 933-8130; Diplomat (617)
935-6611; Kierulff {617) 667-8331; Marshall (617) 272-8200;
Tumne (617) 935-8080.

MICHIGAN: Detroit, Arrow (313) 971.8220; Marshall (313)
525-5850; Newark (313) 967-0600: Grand Rapids, Arrow
(616) 243-0912.

MINNESOTA: Arcow {612} 830-1800; Hall-Mark (612)
854-3223; Kierulff (612) 941-7500.

MISSOURI: Kansas City, LCOMP (816) 221-2400; St
Louis, Arrow (314) 567-6888; Hall-Mark (314) 291-5350;
Kierulff (314) 739-0855.

NEW HAMPSHIRE: Arrow (603} 668-6968.

NEW JERSEY: Arrow (201) 575-5300, (609) 596-8000;
Diplomar (201) 785-1830; General Radio {609) 964-8560;
Kierulff (201) 575-6750; Marshall (201) 882-0320, (609)
234-9100: Milgray (609) 983-5010.

NEW MEXICO: Arrow (505) 243-4566. Intemational
Electronws (505) 345-8127.

NEW YORK: Long lsland, Arrow (516) 231-1000; Dipkwmat
(516) 454-6334; JACO (516) 273-5500; Marshall (516)
273-2424; Milgray (S16) 420-9800; Rochestes, Arrow (716)
275.0300; Marshall (716) 235-7620; Rochestet Radio Supply
(716) 454.7800; Syracuse, Arrow (315) 652-1000; Diplomat
(315) 652-5000; Marshall (607) 754-1570.

NORTH CAROLINA: Arrow (919) 876-3132. (919)
725-8711: Kierulff (919) 872-8410.

OHIO: Cincinnati, Graham {513) 772-1661; Hall-Mark (513)
563-5980; Cleveland, Arrow (216) 248-3990; Hall-Mark (216)
349-4632; Kierulff (216) 587-6558; Columbus. Hall-Mas

(614) 891-4555, Dayton, Arrow (513) 435-5563: ESCO (513)
226-1133; Marshall (513) 236-8088.

OKELAHOMA: Arrow (918) 665-7700; Hall-Mark (918)
665-3200; Kierulff (918) 252-7537.

OREGON: Arrow (503) 684-769C; Kierulff {503) 641-9150;
Wyle (503) 640-6000.

PENNSYLVANIA: Arrow (412} 856-7000, (215) 928-1800;
General Radio (215) 922-7037.

‘TEXAS: Austin, Arrow {512) 835-4180; Hall-Mark (512)
258-8848; Kierulff (512) 835-2090; Dallas, Arrow (214)
386-7500; Hall-Mark (214) 341-1147; Intemational Elec-
mmu:s (ZH) 233-9323; Kierulff (214) 343-2400; va (214)
235-9953, El Paso, Intemnational Electronics (915) 598-3406;
Hmmon. Arrow (713} 530-4700; Hall-Mark (713) 78l 6100;
Harrison Equipment (713) 879-2600; Kierulff (713) 530-7030.

UTAH: Diplomat (801) 486-4134; Kierulff (801) 973-6913;
Wyle (801) 974-9953.

VIRGINIA: Arrow (804) 282-0413.

WASHINGTON: Arrow (206) 643-4800; Kierulff (206)
575-4420. Wyle (206) 453-8300.

WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414)
761.3000; Kienudff (414) 7848160,

CANADA: Calgary, Future (403) 486-0974: Varah (403)
230-1235: Hamilton, Varah {416) 561-9311; Montreal,
CESCO (514) 735-5511; Future (514) 694-7710: ITT
Components (514) 735-1177; Otuawa, CESCO (613)
226-6903; Future (613) 820-8313; ITT Components (613)
226-7406; Varah (613} 592-4728; Quebec City, CESCO (418)
687-4231; Toronto, CESCO (416) 661-0220: Future (416)
663-5563; ITT Components (416) 630-7971; Vancouver,
Future (604) 438-5545; Varah (604) 873-3211; ITT Compo-
nents (604) 270.7805; Winnipeg, Varah (204) 633-6190.  BF
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