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MSI/LSI FUNCTIONS
FUNCTIONAL INDEX/SELECTION GUIDE

The following pages contain functional indexes and selection guides designed to simplify the choice of a particular
function to fit a specific application. Essential characteristics of similar or like functions are grouped for comparative
analysis, and the electrical specifications are referenced by page number. The following categories of functions are
covered:

&
Q
®

Adders

Accumulators, arlthmetlc Ioglc umts Iook-ahead carry generators
MWMMS.... . . PR
Comparators . . e e e e e e e e e e e e e e e
Parity generators/checkers e e e e e

Other arithmetic operators e e e e e e e e e e e e e e e e e e e e e
Quad, hex, and octal ﬂlp—flops e e e e e e e e e e e e e e e e e e e e e
Register f|les PN

Shiftregisters . . . . . . . . . . ..

Otherregisters . . . . . .« . . . . 4 .00

Latches . . . e e e e e e e e e e

Clock generator curcuns S

Code converters e e e e e e e e e e

Priority encoders/reglsters e e e e e e e e e e e

Data selectors/multlplexers

Decoders/demuitipiexers .

Open-collectar display deooders/dnvers w»th counters/latches .

Open-collector display decoders/drivers . . . . . . . . . . .

Bus transceivers and drivers . e e e e
Asynchronous counters (ripple clock)—negatwe-edge trlggered e e e e e e e
Synchronous counters—Positive-edge triggered . . . . . . .

B-polar bit-slice processorelements e e e e e e e e e e e e

First-in first-out memories (FIFOQ’s) . . e e e e

Random-access read/write memories (RAM’ s) . .
Read-only memories (ROM’s) e e e e e e e
Programmable-read-only memories (PROM s) Ce e
Microprocessor controllers and support functions . . . . . . . .
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MSI/LSI FUNCTIONS

FUNCTIONAL INDEX/SELECTION GUIDE

ADDERS
TYPICAL| TYPICAL | TYP POWER DEVICE TYPE
DESCRIPTION CARRY ADD DISSIPATION AND PACKAGE PAGE
TIME TIME PER BIT —55°C to 125°C 0°C to 70°C NO.
SINGLE 1-BIT GATED FULL ADDERS 10.5 ns 52 ns 105 mW SN5480 J, W | SN7480 J,N| 741
SINGLE 2-BIT FULL ADDERS 14.5 ns 25 ns 87 mW SN5482 J, W [ SN7482 I N 749
10ns 15 ns 24 mW SNBA4LS83A | J,W | SN74LS83A | J,N | 7-53
10 ns 15 ns 24 mW SN54L5283 | J, W | SN74L5283 | J,N | 7-415
SINGLE 4-BIT FULL ADDERS 11 ns 7 ns 124 mW SN545283 J | SN745283 | J, N | 7415
10ns 16 ns 76 mW SN5483A J, W | SN7483A JN| 783
10 ns 16 ns 76 mW SN54283 J. W | SN74283 JN| 7415
DUAL 1-8IT CARRY-SAVE FULL ADDERS 11 ns 11ns 110 mwW SN54H183 | J,W | SN74H183 . I N | 7-287
15 ns 15 ns 23 mW SNB4LS183%| J, W | SN74LS183"| J, N | 7-287
ACCUMULATORS, ARITHMETIC LOGIC UNITS, LOOK-AHEAD CARRY GENERATORS
TYPICAL | TYPICAL| TYP TOTAL DEVICE TYPE PAGE
DESCRIPTION CARRY ADD POWER AND PACKAGE NO.
TIME TIME | DISSIPATION| -55°Cto 125°C 0°Cto 70°C
#BIT PARALLEL 10ns 20 ns 720 mW  |SNB4S281 | J,W | SN745281 | J, N | 7410
BINARY ACCUMULATORS )
11 ns 20 ns 525 mW SN74S381 N | 7484
4-BIT ARITHMETIC LOGIC UNITS/ 7ns 11ns 600 mW  |SN54S181 | J,W | SN74S181 | J, N | 7.271
FUNCTION GENERATORS 12.5 ns 24 ns 455 mW  |SN54181 J.W [ SN74181 LN | 7271
16ns 24 ns 102mW  |SNB4LS181 | J, W |SN74LS181 {4, N | 7271
LOOK.AHEAD CARRY GENERATORS 7ns 260 MW  [SNB54S182 | J,W | SN745182 | J, N .82
13ns 180 MW | SN54182 J,W | SN74182 J,N
MULTIPLIERS
DEVICE TYPE AND PACKAGE PAGE
DESCRIPTION = = S o
—55°C to 125°C 0°C to 70°C NO.
2-BIT-BY-4-B!T PARALLEL BINARY MULTIPLIERS SN54LS261 J, W | SN74LS261 J,N| 7-380
4-BIT-BY4-BIT PARALLEL BINARY MULTIPLIERS SN54254, SNG4285 | J, W SN74264, SN74285 4 J, N} 7420
SN545274 J | SN74S274 J.N| 7391
7-BIT-SLICE WALLACE TREES SN54L5275 | SN74LS278 N 7-391
SN545275 J | SN745275 N
25-MHz 6-BIT-BINARY RATE MULTIPLIERS SN5497 J,W{ SN7497 J N[ 7-102
25-MHz DECADE RATE MULTIPLIERS SN54167 J,W| SN74167 J, NJ| 7-222
COMPARATORS
TYPICAL | TYP TOTAL DEVICE TYPE
DESCRIPTION COMPARE POWER AND PACKAGE P:g_E
TIME |DISSIPATION| -55°C to 125°C 0°C to 70°C
11.5ns 365 mW | SN54S85 J,W | SN74s85 J,N
4-BIT MAGNITUDE COMPARATORS 21ns 275 miv | SN54BS 3. W | SN7485 N 7-57
23.5ns 52mW [SN54LS85 | J, W | SN74LS85 | J, N
82ns 20 mW  |SN54185 J [ SN74L85 JN

*New product in development as of October 1976.
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MSI/LSI FUNCTIONS

FUNCTIONAL INDEX/SELECTION GUIDE

PARITY GENERATORS/CHECKERS

TYPICAL | TYP TOTAL DEVICE TYPE PAGE
DESCRIPTION DELAY POWER No.
TIME | DISSIPATION | —55°C to 125°C 0°C to 70°C
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS | . ™ BOmW | SN54LS280 | J, W | SN74LS280 | N |
13 ns 335 mW SN545280 | J,W [SN74S280 |J,N
8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 35 ns 170 mW SN54180 J,W [SN74180 J,N | 7-269
OTHER ARITHMETIC OPERATORS
TYPICAL | TYP TOTAL DEVICE TYPE
DESCRIPTION DELAY POWER AND PACKAGE PAGE
TIME |DISSIPATION| -55°Cto 125°C 0°Cto 70°C NO.
7ns 250 MW | SN54S86 J,W | SN74S86 LN | 765
QUADRUPLE 2.INPUT EXCLUSIVE.OR 10ns 30mW |SN54LS86 | J,W |SN74LS86 |J, N | 765
GATES WiTH TOTEM-POLE OUTPUTS 10ns 30mW |SN54LS386 | J,W | SN74LS386 | J, N | 7-487
i4ns 150 mW | SN5486 J, W | SN7486 N | 765
55 ns 15mW | SN54L86 J, T |SN74L86 J,N | 765
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 18 ns 30mW |SN54LS136 | J,W |SN74LS136 | J,N | _ .
WITH OPEN-COLLECTOR OUTPUTS 27 ns 150 mW  |sNs4136 | g w [sn7a138 Jun | T
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 18ns 40 mW  ISNBALS266 | J,W |SN74LS266 | 4, N | 7-386
QUADRUPLE EXCLUSIVE OR/NOR GATES 8ns 325mW _ |SN54S135 | J,W |SN748135 |J, N | 7-129
4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 14 ns 270 mW | SN54H87 J,W | SN74H87 J,N 7-70
QUAD, HEX, AND OCTAL FLIP-FLOPS ’
F-F POWER DATA TIMES DEVICE TYPE PAGE
DESCRIPTION PER | FREQ PER SETUP HOLD AND PACKAGE No.
PKG FLIP-FLOP ns ns —55°C to 125°C 0°C to 70°C
50 MHz 26 mW 20t 0t |SN54LS364"| J |SN74LS364% J,N | 7-467
D TYPE 3-STATE WITH ENABLE 8 | 50MHz 17 mW 20t 0t |SNBALS374*| J |SN74LS374%] J,N | 7-471
100 MHz 56 mW 51 2t | SN54S374 J [ SN74S374 | J,N | 74471
8 | 40MHz | 10.6 mW 20t 51 | SN54L8377 | J | SN74LS377|J,N| 7-481
D TYPE WITH ENABLE 6 | 40MHz | 106 mW 20t 51 | SN54LS378 | J, W | SN74LS378 | J,N | 7-481
4 | 40MHz | 106 mW 20t 5t | SN54LS379 | J | SN74LS379 | J,N| 7481
R 40 MHz 39 mW 20t 51 | SN54273 J [ SN74273  |J.N, 1288
40 MHz | 10.6 mW 20t 5t | SN54LS273 | J | SN74LS273| 4, N
35 MHz 38 mW 20t 5t | SN54174 | J,W | SN74174 | J,N
6 | 40MHz| 106 mwW 201 5t | SN54LS174 | J, W | SN74LS174 | J,N | 7-253
D TYPE WITH CLEAR
110 MHz 75 mW 5t 3t | SNB4S174 | J, W | SN74S174 | 4, N
35 MHz 38 mW 20t 51 | SN54175 [J,W | SN74175 |4, N
4 | 40MHz | 106 mW 20t 51 | SNB4LS175 | J, W | SN74LS175 | J, N | 7-253
110 MHz 75 mW 51 31 | SNB4S175 | J, W [ SN74S175 | 4, N
J-K TYPE WITH SEPARATE CLOCK | 4 | 50 MHz 75 mW 34 101 | SN54276 J | SN74276 | J,N| 74401
J-K TYPE WITH COMMON CLOCK 4 | 45MHz 65 mW o1 20t | SN54376 | J,W | SN74376 | J,N| 7479
REGISTER FILES
TYPICAL {TYP READ| DATA | TYP TOTAL DEVICE TYPE
DESCRIPTION ADDRESS | ENABLE | INPUT POWER AND PACKAGE PAGE
TIME TIME RATE |DISSIPATION| —55°Cto 125°C 0°C to 70°C NO-
EIGHT WORDS OF TWO BITS 33ns 15ns  [20MHz| 560 mW SN74172 J,N | 7-245
FOUR WORDS OF FOUR BITS 27 ns 15ns  |20MHz| 125mW  [SN54LS170| J,W |SN74LS170 | J, N 7.237
30 ns 15ns  [20MHz| 635mW  |SN54170 J,W |SN74170 J N
FOUR WORDS OF FOUR BITS
(3STATE OUTPUTS) 24 ns 19ns  |20MHz| 135mW  |SNB4LS670 | J,W |SN74LS670 | J, N | 7-526

*New product in development as of October 1976.
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SHIFT REGISTERS

NO. SERIAL MODES | TYP TOTAL DEVICE TYPE
SHIFT ASYNC BTE PAGE
DESCRIPTION | OF DATA 11915 PowER AND PACKAGE
FREQ CLEAR @ ]=&|5 o 0 0 0 NO.
BITS INPUT o |#| S| F [DISSIPATION| —55°C to 125°C 0°C to 70°C
50MHz| D Low [X|XIx[x]| 750mw |sSNs54s5299 J,W | SN745209 | J,N | 7437
g |3B/MHzl D Low |X|X|X|X| 175mwW |SN54LS299" | J |SN74Ls299" | 4, N | 7437
PARALLEL-IN, 35MHz| D SyncL X |X|X|X| 175mW |SN54LS323" | J |sSN741s323" |4, N | 7443
PARALLEL-OUT 25MHz| D Low [XIx|{x|{x| 360mw [SN54198 J,W | SN74198 J,N | 7.338
(BIDIRECTIONAL) J0MHz| D Low |X|X{X[X| 450mw |SN54S194 | J W [SN74S194 LN
4 [25MHz| D Low |XIX|X|x 75mW | SNB4LST94A | J, W |SN74LS194A | 4, N | 7-316
25MHz| D Low |X{X|x|x| 195mw |SN54194 J,W | SN74194 J.N
8 |25MHz| JK Low (x| Ix{x| 3e0omw |sNsa199 J,W | SN74199 J,N {7338
10MHz| D Low [X[| |X 60 mW | SNB4LS96 | J,W [SN74LS96 | J, N
5 [10MHz{ D Low (X[ {x 240mW | SN5496 J, W | sN7496 LN 795
5MHz| D Low (x| |x 120 mW | SN54L96 J_|sN74aL96 J N
70MHz | JK Low |X| |X 375 mwW | SN54S195 J,W | SN74S195 N | 7324
30MHz | JK Low X1 |X 195mW | SN54195 J,W [SN74195 J,N | 7324
25MHz| D Low [X{ {x 75mW  |SNB4LS395A™| J, W [SN74LS395A% J, N | 7-496
PARALLEL-IN,
25MHz| D None |X| |X 195 mW | SN5495A J, W |sN7495A J,N | 789
PARALLEL-OUT
25MHz| D Low |Xx| |x|x| 230mw |sSNs4179 J,W |SN74179 JN | 7265
4 [25MHz| D None [X| |X|Xx 1 230mw |SN54178 J,W [sNn74178 J,N | 7-265
30MHz| JK Low x| [x 70mW | SNBALS195A | J, W [SN74LS195A | J, N | 7-324
25MHz| D None (X[ [X 65 mW |SN54LS95B | J,W |SN74LS95B | J,N | 7.89
25MHz| D None |X| |X 70mW  |SN54LS2958%| J,W |SN74LS2958%| J, N | 7429
IMHz| JK None [X| |X 19 mW | SN54L99 J |SN74L99 JN | 71109
3MHz| D None |{X ! |x 19mW  |SNs4L95 4T |SN74L95 J,N | 789
SERIALAN 25 MHz [Gated D | Low |X 80mW [SNB4LS164 |J,W [SN74LS164 |J, N
PARALLEL' ouT 8 (25MHz [Gated D | Low |X 167mW | SN54164 J,W [SN74164 J,N | 7206
i 12 MHz [Gated D | Low |X 84mW [SNs4L164 14, T |SN74L184 [N
25MHz| D Nome |X| [X[X | 210mwW |SN54165 J,W |sn7a165 4N {7212
3B5MHz| D None |X| [X|X | 105mW |SN54LS165 |J,W (SN74LS165 [J,N {7-212
PARALLEL-IN, 8
SERIALOUT 20MHz| D Low (X { [X[X| 360mw [SN54166 J, W |SN74166 J, N 17217
. 35MHz| D Low [X| |X|X | 110mW |SNS4LS166 |J, W |SN74LS166 |J N |7-217
4 |1o0MHz| D High |X | [x 175mW | SN5494 J,W |SN7494 J,N | 786
SERIALIN 25MHz |Gated D | None [X 60 mW | SN54LSO1 J,W [SN74LS91 4N
SERIAL-Ol:lT 8 |10MHz |Gated D | None [X 175mW  |SN5481A J,W |SN7491A 3N | 781
3 MHz {Gated D | None X +17.5 mW SN54L91 J, T |SN74L91 J.N
'S-R =shift right, S-L = shift left
OTHER REGISTERS
TYP TOTAL DEVICE TYPE
ASYNC PAGE
DESCRIPTION FREQ POWER AND PACKAGE :
CLEAR ~ = = - NO.
DISSIPATION| —55°C to 125°C 0°C to 70°C
30MHz] None | 365mW |SN54Ls398 | J |SN74LS398 | J, N |7-499
30MHz| None 365mW | SN54LS399 | J, W | SN74LS399 | J, N | 7-499
QUADRUPLE MULTIPLEXERS . -
WITH STORAGE 25 MHz| None 65mW | SN54LS298 | J, W |SN74L5298 | 4, N | 743
25 MHz! None 195 mW | SNB4298 J,W | SN74208 J,N | 7432
3 MHz{ None 25mW | SN54L98 J |sN7aLg98 J,N 7107
8-BIT UNIVERSAL SHIFT/STORAGE 35 MHz| Low 175 mW | SN54LS299° | J |SN74Ls209” |4 N 7437
REGISTERS 50 MHz| Low 750 mW | SN545299 J, W | SN745299 N
. . EGISTERS 25 MHz| High 250 MW | SN54173 J, W |SN74173 INT e
QUADRUPLE BUS-BUFFER REGISTE 50 MHz| High 85mw | SNB4LS173* | j W [SN74LS173" [ J, N

*New product in development as of October 1976.
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LATCHES
NO. TYPICAL | TYP TOTAL DEVICE TYPE
DESCRIPTION OF | CLEAR | OUTPUTS | DELAY POWER AND PACKAGE P:gs
BITS TIME | DISSIPATION | —55°C to 125°C 0°C to 70°C )
MULTI-MODE BUFFERED 8 Low Q 11 ns 410 mW SN54s412 | J |SN748412 |4, N | 7-502
ADDRESSABLE s Low Q 12ns 300 mW SN54259  |J,W [SN74259 {J,N 7376
Low Q 17 ns 110 mW SN54LS259 |J, W | SN74LS259 {J, N
None Q 17 ns 210 mW SN541.5363%] J |SN74LS363"|J. N | 7467
TRANSPARENT 8 None Q 19 ns 120 mW SN54LS373"| J |SN74LS373%|J. N | 7-471
None Q 7 ns 525 mW SN54S373 J | SN74s373 |J. N | 7471
DUAL 4-BIT WITH Low Q 11 ns 250 mW SN54116  |J,W |[SN74116 [J,N [ 7-115
INDEPENDENT ENABLE 8 None Q 15 ns 320 mW SN54100 |J,W |SN74100 |4, N [ 7-113
None Q,Q 15 ns 160 mW SN5475 J, W | SN7475 J,N| 7-35
None Q,Q 30 ns 80 mW SN54L75 J |SN74L75 |3,N | 7-38
None Q,Q s 32mwW SN54LS75 |J,W | SN74LS75 |J,N | 7-35
DUAL 2.BIT WITH 4 None Q 15ns 160mW | SNB477 w 7-35
INDEPENDENT ENABLE None Q 30 ns 80 mW SN54L77 T 7-35
None Q 10 ns 35 mW SN541L.577 w 7-35
None Q, G i2ns 32 miw SNB4LS375 | J, W | SN74L5375 |J, N | 7478
— None Q 12ns 90 mW SN54279 | J,W [SN74279 |J, N
QUAD S-R (SS1) 4 None Q 12 ns 19 mW SN54LS279 | J, W | SN74LS279 |J, N 660
CLOCK GENERATOR CIRCUITS
TYP TOTAL DEVICE TYPE
DESCRIPTION POWER AND PACKAGE PAGE
DISSIPATION | —55°C to 125°C 0°C to 70°C NO.
CLOCK GENERATOR/DRIVERS (FOR TMS 9900) 669 mW SN74LS362%| J, N | 7-460
(FOR TMS 8080A)| 719 mW SN741.8424 |J, N | 7-507
90 mW SN54LS124 |J, W | SN74LS124 |J, N | 7-123
DUAL VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 525 mW SN54S124 |J, W [SN745122 J,N| 7123
90 mW SN54LS326 | J, W | SN74LS326 [J, N | 7445
DUAL VOLTAGE-CONTROLLED OSCILLATOR 150mW | SNSALS325 |J, W | SN74LS325 |4, N |
150 mwW SN54LS327 |J, W | SN74LS327 |J, N
VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 90 mW SN541L.5324 |J, W | SN74LS324 |J, N | 7445
DUAL 30-MHz PULSE SYNCHRONIZERS/DRIVERS 255 mW SN54120 |J,W |SN74120 [J,N | 7-118
QUAD COMPLIMENTARY GATES (CLOCK/CLOCK] {SSi] 125 mW SN54265 |J,W |SN74265 |J,N | 6-89
CODE CONVERTERS
TYPICAL TYPICAL DEVICE TYPE
DELAY TIME - PAGE
DESCRIPTION TOTAL POWER AND PACKAGE
PER PACKAGE NO.
LEVEL DISSIPATION ~85°C to 125°C 0°C to 70°C
6-LINE-BCD TO 6-LINE
BINARY, OR 4-LINE TO 4-LINE 25ns 280 mW SN54184 J,W | SN74184 J,N | 7-200
BCD 9's/BCD 10's CONVERTERS
6-BIT-BINARY TO 6-BIT-BCD CONVERTERS 25 ns 280 mW SN54185A | J,W |SN74185A | J,N | 7-290

*New product in development as of October 1976.
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PRIORITY ENCODERS/REGISTERS

TYPicaL| TYp TOTAL DEVICE TYPE pAGE
DESCRIPTION DELAY POWER AND PACKAGE NO
TIME | DISSIPATION| —55°C to0 125°C 0°C t070°C :
10 225 mW SN54147 J, W | SN74147 J,N
FULL BCD PRIORITY ENCODERS s " . 7151
15 ns 60 mW SN54LS147 J, W | SN74LS147 J, N
12ns 190 mW SN54148 J, W SN74148 J,N
CASCADABLE OCTAL PRIORITY ENCODERS 7-151
15ns 60mW | SN54LS148"| J,W |SN74LS148%| 4N
AS Al AL PRIORITY ENCODERS *
CASCADABLE OCT 16 ns 63mW | SNSALS348%| J,W|SN74Ls348™ | u N| 7448
WITH 3.STATE OUTPUTS
4-BIT CASCADABLE PRIORITY REGISTERS 35ns 275mW | SN54278 J, W | sN74278 1,N| 7403

DATA SELECTORS/MULTIPLEXERS

TYPE TYPICAL DELAY TIMES TYP TOTAL DEVICE TYPE
DESCRIPTION OF DATATO | DATA TO FROM POWER AND PACKAGE PAGE
OUTPUT v NON-INV ENABLE | DISSIPATION NO.
OUTPUT | OUTPUT —55°C to 125°C 0°C to 70°C
16-LINE-TO-1-LINE | 2-State 11 ns 18ns 200 mW SN54150 J, W | SN74150 J, N} 7157
DUAL 3State 10 ns 17 ns 220 mW SN74351 N | 7451
8-LINE-TO-1-LINE
3-State 4.5 ns 8ns 14 ns 275 mwW SN545251 J. W SN745251 J,N| 7-362
3-State 17 ns 21 ns 21 ns 250 mW SN54251 J, Wi SN74251 J, N} 7-362
3-State 17 ns 21 ns 21ns 35 mW SNSALS251 | J,W | SN74LS251 | J,N| 7-362
2-State 45ns 8ns 9ns 225 mwW SN545151 J,W | SN745151 J,N| 7-157
8-LINE-TO-1-LINE
2-State 8ns 16 ns 22 ns 145 mwW SN54151A J,W/| SN74151A J,N| 7157
2-State 8ns 130 mW SN54152A w 7157
2-State 11 ns 18 ns 27 ns 30 mw SN54LS151 J,W | SN74LS151 J, N| 71567
2-State 11 ns 18 ns 28 mW SN54LS152 w 7-157
3-State 12ns 16 ns 35 mwW SN54LS253 | J,W | SN74L5253 | J,N| 7-369
2-State 15 ns 22ns 31 mwW SN54LS352 | J,W | SN74LS352 | J,N| 7454
DUAL 3-State 12ns 21 ns 43 mW SN54LS353 | J,W | SN74LS353 | J,N| 7457
A-LINE-TO-1-LINE 2-State 6 ns 9.5 ns 225 mW SN54S153 J, W | SN745153 J,N| 7-165
2-State 14 ns 17 ns 180 mW SN54153 3, W! SN74153 NI 7185
2-State 14 s 17 ns 31 mw SN54LS153 | J,W | SN74LS153 | J,N| 7-165
2-State 27 ns 34 ns 90 mW SN54L153 J | SN74L153 J,N| 7-165
2-State 20 nst 65 mW SN54LS298 | J,W | SN74L5298 | J,N| 7432
QUADRUPLE 2-State 20 nst 195 mW SN54298 J,W | SN74298 J,N| 7432
2-LINE-TO-1-LINE | 2-State 20 nst 32 mW SN541.5398 J | SN74LS398 | J,N| 7499
WITH STORAGE 2-State 20 nst 20 ns? 37 mwW SN54LS399 | J,W | SN74LS399 | J,N| 7499
2-State 120 nst 25 mW SN54L98 J | SN74L98 J,Nj 7-107
3-State 4ns 14 ns 280 mW SN545258 J, W | SN745258 J,N| 7372
3-State 5ns 14 ns 320 mwW SN545257 J, W | SN745257 JN| 7-372
2-State 4ns 7 ns 195 mW SN545158 J, W | SN745158 J.N{ 7-181
2-State 5ns 8ns 250 mW SN545157 J, W | SN745157 J,N| 7181
QUADRUPLE 3-State 12ns 20 ns 60mW  [SNB4LS258A| J, W [SN74LS258A%| J, N | 7-372
2-LINE-TO-1-LINE 3-State 12 ns 20 ns 60 mW SN54LS257A"] 4, W SN74LS257A%) J,N| 7-372
2-State 7ns 12 ns 24 mW SNB4LS158 { J, W | SN74LS158 | J, N| 7-181
2-State 9ns 14 ns 49 mW SN54LS157 | J,W | SN74L8157 | J,N| 7-181
2-State 9ns 14 ns 150 mwW SN54157 J, W ! SN74157 J, N} 7-181
2-State 18 ns 27 ns 75 mW SN64L157 J | SN74L157 J, N 7181

TFrom clock.
*New product in development as of October 1976.
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DECODERS/DEMULTIPLEXERS

TYPICAL | TYPICAL | TYP TOTAL DEVICE TYPE
DESCRIPTION TYPEOF SELECT | ENABLE POWER AND PACKAGE PAGE
OUTPUT — - ~ — NO.
TIME TIME DISSIPATION| —-55Cto 125°C 0°Cto70°C
Totem-Pole 23ns 19 ns 170 mW SN54154 4, W | SN74154 J, N 7-171
4-LINE-TO-16-LINE Totem-Pole 46 ns 38 ns 85 mw SN54L154 J SN74L154 4N 7171
Open-Collector| 24 ns 19ns 170mW | SN54159 J, W | SN74159 J,N | 71188
Totem-Pole 17ns 35 mw SN541.542 J, W | SN54LS42 J, N
4 LINE-TO-10-LINE,
Totem-Pole 17 ns 140 mW SN5442A J, W [ SN7442A JN 7-15
BCD-TO-DECIMAL
Totem-Pole 34 ns 70 mwW SN541.42 J SN74L42 J, N
4-LINE-TO-10-LINE, Totem-Pole 17ns 140 mW SN5443A J, W | SN7443A J N 7.15
EXCESS-3TO-DECIMAL Totem-Pole 34 ns 70 mW SN54L43 J SN741.43 J,N i
#LINETO10LINE Totem-Pol 17 140 mW SN5444A J. W | SN7444A JN
otem-Fole ns m . .
EXCESS-3GRAY- 7-15
Totem-Pole 34 ns 70 mw SN54L44 J SN74t44 J, N
TO-DECIMAL
Totem-Pol 7 SN 1 w 7: -
2 LINE-TO-8-LINE otem-Pole 8ns ns 245 mW 545138 J, SN74S8138 J.N 7-134
. Totem-Pole 22ns 21 ns 31 mw SN54LS138 | J,W {SN74L8138 | J,N 7-134
Totem-Pole 7.5ns 6 ns 200 mw SNB4S13 J, W [ SN74813% g, N | 7-134
Totem-Pole 22ns 19ns 34 mW SN54LS139 | J,W | SN74LS139 | N | 7-134
Totem-Pole 18n 15 n: 30 mw SNB54LS155 | J, W [ SN74LS155 | J, N -17
DUAL 2-LINE-TO-2-LINE m i ° ™ 7175
Totem-Pole 21 ns 16 ns 125 mW SN54155 J,W | SN74155 J, N | 7178
Open-Collector 23ns 18 ns 125 mW SN54156 J,W | SN74156 J,N | 7175
Open-Coliector 33ns 26 ns 31 mW SN54LS156 | J,W | SN74LS156 | J,N | 7-175
OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCHES
OUTPUT | OFF-STATE | TYP TOTAL DEVICE TYPE PAGE
DESCRIPTION SINK OUTPUT POWER BLANKING AND PACKAGE NO
CURRENT | VOLTAGE |[DISSIPATION —55°C to 125°C 0°Cto 70°C )
BCD COUNTER/
4-BIT LATCH/
7mA 55V 340 mwW SN74142 J N 7-140
BCD-TO-DECIMAL
DECODER/DRIVER
BCD COUNTER/
4-BIT LATCH/ Constant
BCD-TO-SEVEN- Current 7V 280 mW Ripple SN54143 J,W [SN74143 J N 7-143
SEGMENT DECODER/ 15 mA
LED DRIVER
BCD COUNTER/
4BIT LATCH/ 20 mA 15V 280 mW Rippl SN54144 Jw
m. e
BCD-TO-SEVEN- 25 mA 15V 280 mW prpl ' SN74144 J, N 3
m
SEGMENT DECODER/ ™ oele '
LAMP DRIVER

RESULTANT DISPLAYS USING 143, "144

=1 == (1= ===

I— | 1 T o = i

0 1 2 3 4 5 6 7 8 g

—
—
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MSI/LSI FUNCTIONS
FUNCTIONAL INDEX/SELECTION GUIDE

OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS

OUTPUT |OFF-STATE | TYP TOTAL DEVICE TYPE
DESCRIPTION SINK OUTPUT POWER BLANKING AND PACKAGE P:g-e
CURRENT | VOLTAGE | DISSIPATION ~55°C to 125°C 0°C to 70°C
80 mA 3V 215 mW Invalid Codes | SN5445 3, W | SN7445 J, N 7-20
80 mA 1BV 35mW | Invalid Codes SN74LS145 [ J,N | 7-148
Eigg;‘;z?[x?\;ﬁs 12 mA 15V 35 mW Invalid Codes | SN54LS145 | J, W 7-148
80 mA 15V 215 mW | Inviaid Codes | SN54145 J, W | SN74145 J, N | 7148
7 mA 60V 80 mW | Invalid Codes SN74141 J,N | 7138
40 mA 30V 320 mW Ripple  |SN5446A J,W | SN7446A N | 722
40 mA 30V 320 mW Rippte  |SN54246 J, W | SN74246 LN | 722
40 mA 15V 320 mW Ripple  |SN5447A J,W | SN7447A N | 722
40 mA 15V 320 mW Ripple  |SN54247 J, W | SN74247 JN | 7-35%
24 mA 15V 35 mw Ripple SN74LS47 | I, N | 7-22
24 mA 15V 35 mW Ripple SN74LS247 | J,N | 7-351
12mA 15V 35 mwW Ripple [SN541S47 | J,W 7-22
12mA 15V 35 mW Ripple  |SN54LS247 | J, W 7-351
20 mA MV 133 mwW Ripple  |SN54L46 J | SN74L46 LN | 722
BCD-TO- 20 mA 15V 133 mW Ripple  |SN54L47 J | SN74L47 N | 722
SEVEN-SEGMENT 6.4 mA 55V 265 mW Ripple  |{SN5448 J, W | SN7448 LN | 722
DECODERS/DRIVERS 6.4 mA 55V 265 mwW Ripple  |SN54248 J, W | SN74248 J,N | 7-351
6mA 55V 125 mW Ripple SN74LS48 | J,N | 722
6 mA 55V 125 mwW Ripple SN7415248 | J,N | 7-351
2mA 5.5V 125 mW Ripple [SNs4LS48 [J,w 7-22
2mA 55V 125 mwW Ripple  |SN54LS248 | J, W 7-351
10 mA 55V 165 mW Direct  |SN5449 w 7-22
10 mA 55V 265 mW Direct  |SN54249 J,W | SN74249 3N | 7351
8mA 55V 40 mW Direct SN74LS249 | 4, N | 7-351
8 mA 5.5V 40 mwW Direct SN74L849 [ J, N | 7-22
4mA 5.5V 40 mW Direct SN54LS49 | J, W 7-22
4 mA 55V 40 mwW Direct SN54L5249 | J, W 7-351

RESULTANT DISPLAYS USING "46A, '47A, '48, '49, 'L46, "L47, 'LS47, 'L S48, 'LS49

|

|
[ o e iy

M —
|

[

—

o 1 2 3 4 5 6 7

i
8

1 122 13 14 15

RESULTANT DISPLAYS USING "246, ‘247, 248, '249, 'LS247, "1.$248, 'L.5249

NI

— ==

lt._—:|4
5

3

(1

11 12 13 14 15
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MSI/LSI FUNCTIONS
FUNCTIONAL INDEX/SELECTION GUIDE

BUS TRANSCEIVERS AND DRIVERS

TYPICAL  |MAXIMUM |MAXIMUM DEVICE TYPE
DESCRIPTION PROPAGATION | SOURCE SINK AND PACKAGE PAGE
DELAY TIMES |CURRENT |CURRENT [ —55°C to 125°C 0°C 10 70°C NO.
CONTROLLER AND BUS DRIVER —1mA | 10mA SN745428 | N
FOR 8080A SYSTEMS —1mA | 10mA sn7asass | n |71
OCTAL BUS TRANSCEIVERS 12ns —12mA | 12mA |SN54LS245%| J |SN74LS245% J N | 7-349
4-BIT BUS TRANSCEIVERS .
WITH STORAGE 10 ns —65mA | 20mA |SN54S226* | J,W | SN745226% | J,N | 7-345
ASYNCHRONOUS COUNTERS (RIPPLE CLOCK)—NEGATIVE-EDGE TRIGGERED
COUNT |paraLLEL TYP TOTAL DEVICE TYPE PAGE
DESCRIPTION CLEAR | POWER AND PACKAGE
FREQ LOAD 5 5 > 5 NO.
DISSIPATION | —55°C to 125°C 0°C t0 70°C
50 MHz Yes Low 240mW | SNB4196 | J,W | SN74196 | J,N | 7-331
100 MHz Yes Low 375mW | SNB4s196 | J,wW | SN74s196 | 4, N | 7-331
35 MHz Yes Low 180mwW  |SNB4178 | 4w | sn7a178 | u N | 72050
32MHz | Set-to-9 High 40mW | SN54LS90 | J,W | SN74LS90 | J N | 7-72
DECADE 32MHz | Set-t09 High 40mW | SN54LS290 | J,W | SN74LS290 | J,N | 7423
32MHz | Set-to9 High 160 mW | SNB490A | J,W | SN7490A | 4N | 772
32MHz | Sett09 High 160mW | SN54290 | J,W [ SN74200 | J,N | 7423
30 MHz Yes Low 60mW | SNBALS196 | J,W | SN74LS196 | J,N | 7-331
3MHz | Set-to9 High 20mW |SN54190 | J, T | SN74L90 | U N | 772
50 MHz Yes Low 240mW | SNB4197 | J,W | SN74197 | J,N | 7-331
100 MHz Yes Low 375mW | SN545197 | J, W | SN74S197 | U, N | 7-331
35 MHz Yes Low 150mw  [SNB4177  lu,w | sN7a177 | o N | 7259
32MHz | None High 39mW | SN54LS93 | J, W | SN74LS93 | J,N | 772
4-BiT BINARY 32MHz | None High 39mW | SNB4LS293 | J,W | SN74LS293 | J,N | 7423
32MHz | None High 160mW | SN5493A | J,w | SN7493A | U N | 772
32MHz | None High 160mW | SN54293 | J,W | SN74293 | J, N | 7423
30 MHz Yes Low 60mW | SN54LS197 | J,W | SN74LS197 | J,N | 7-331
3MHz | None High 20mW  |SN54L93 | J, T | SN74L93 | I N | 772
32MHz | None High 39mW | SNB4LS92 | J,W | SN74LS92 | J, N
DIVIDE-BY-12 7-72
32MHz | None High 160 mW | SN5492A | J,W | SN7492A | J,N
25MHz | None High 210mW | SN54390 | J,W | SN74390 | J,N | 7-489
35MHz | None High 75mW | SN54LS390 | J,W | SN74LS390 | 4, N | 7-489
DUAL DECADE
25MHz | Set-to-9 High 225mW | SN54490 | J,W | SN74490 | J,N | 7520
35 MHz | Set-to9 High 75mW | SN54LS490 | J,W | SN74LS490 | J,N | 7-520
25MHz | None High 190 mW | SNS4393 | J,W | SN74393 | J, N | 7-489
DUAL 4-BIT BINARY
35MHz | None High 75mW | SNB4LS393 | J,W | SN74LS393 | J,N | 7489
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MSI/LSI FUNCTIONS
FUNCTIONAL INDEX/SELECTION GUIDE

SYNCHRONOUS COUNTERS—POSITIVE-EDGE TRIGGERED

TYP TOTAL DEVICE TYPE
COUNT |PARALLEL PAGE
DESCRIPTION CLEAR POWER AND PACKAGE
. . FREQ LOAD S s 0 - No.
DISSIPATION —55°C t0 125°C 0°C to 70°C
40 MHz Sync Sync-L 475 mW SN545162 J, W | SN748162 J N
25 MHz Sync Sync-L 93 mW SNB4LS162A {J, W | SN74LS162A | J, N
DECADE 25 MHz Sync Async-L 93 mW SNG4LS160A [J, W | SN74LS160A | J, N | 7-190
25 MHz Sync Sync-L 305 mW SN54162 J,W { SN74162 J,N
25 MHz Sync Async-L 305 mW SN54160 J.W | SN74160 J. N
40 MHz Sync None 500 mW SN545168 J,W | SN745168 J,N [7-226
25 MHz Sync None 100 mW SN54LS168A [J, W | SN74LS168A | J, N |7-226
DECADE 25 MHz Async Async-H 85 mwW SN541L5192 J, W | SN74LS192 J, N | 7-306
UP/DOWN 25 MHz Async Async-H 325 mW SN54192 J,W | SN74192 J,N | 7-306
20 MHz Async None 100 mW SN54LS190 J, W {SN74LS5190 J.N [17-296
20 MHz Async None 325 mW SN54190 J, W | SN74190 J,N | 7-296
3 MHz Async Async-H 42 mW SN54L192 J SN74L192 J,N | 7-306
DECADE 5
_— 25 MHz Set-t0-9 Async-H 270 mW SN54167 J, W [SN74167 J,N {7-222
RATE MULTIPLIER, Nq1g
40 MHz Sync Sync-L 475 mW SN54S163 J,'W [SN74S163 J N
25 MHz Sync Sync-L 93 mW SN541LS163A |J,W |SN74LS163A |J, N
4-BIT BINARY 25 MHz Sync Async-L 93 mW SNB4LS161A |J, W [SN74LS161A J,N |7-190
25 MHz Sync Sync-L 305 mW SN54163 J,W [SN74163 J,N
25 MHz Sync Async-L 305 mW SN54161 J,W |SN74161 J,N
40 MHz Sync None 500 mW SN545169 J,W |SN74S169 J, N 17-226
25 MHz Sync None 100 mW SNBALS169A |J, W |SN74LS169A {J, N |7-226
25 MHz Async Async-H 85 mW SN54LS193 J, W {SN74L5193 J,N {7-306
4-BIT BINARY
UP/DOWN 25 MHz Async Async-H 325 mW SN54193 J, W |SN74193 J,N |7-306
20 MHz Async None 90 mW SN54LS191 J,W {SN74LS191 J, N |7-296
20 MHz Async None 325 mW SN54191 J, W |SN74191 J,N 17-296
3 MHz Asyne Async-H 42 mW SN54L.193 J SN74L193 J,N |7-306
6-BIT BINARY 1
—_— 25 MHz Async-H 345 mW SN5497 J, W |SN7497 J,N 17102
RATE MULTIPLIER, N2
BIPOLAR BIT-SLICE PROCESSOR ELEMENTST
CASCADABLE TYPICAL DEVICE TYPE
DESCRIPTION TO w-OPERATION | TECHNOLOGY AND PACKAGE
N-BITS TIME —55°C to 125°C 0°Ct070°C
Yes 100 ns STTL SN545481 J |SN748481 J N
4-BIT SLICE Yes 230 ns 12L SBPG400AM | J |SBPO400AC |J, N
Yes 230 ns 12L SBPO401AM | J [SBPO401AC {J, N
FIRST-IN FIRST-OUT MEMORIES (FIFO'S)T
TYPE DELAY TIME | TYP TOTAL DEVICE TYPE
DESCRIPTION OF FROM POWER AND PACKAGE
OUTPUT CLOCK DISSIPATION | —55°C to 125°C | 0°C to 70°C
ASYNCHRONOUS 16 X 5 3-State 50 ns 400 mW il; LSN74S225 J
TSee Bipolar Microcomputer Components Data Book, LCC4270.
TEXAS INSTRUMENTS
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MSI/LSI FUNCTIONS
FUNCTIONAL INDEX/SELECTION GUIDE

RANDOM-ACCESS READ-WRITE MEMORIES (RAM’S)

ORGAN- TYPE | TYPICAL |TYPICAL| TYP POWER DEVICE TYPE PAGE
DESCRIPTION OF | ADDRESS | ENABLE | DISSIPATION AND PACKAGE
ZATION OUTPUT| TIME TIME PER BIT —55°C to 125°C 0°C to 70°C NO.
1024-BIT ARRAYS 1024 X 1 | 3-State 65 ns 20ns | 0.2/0.07 mW {SN54LS215 | JD | SN74LS215 | JD,N| +
WITH POWER-DOWN 1024X1{ OC 65 ns 20ns | 0.2/0.07 mW |SN54LS315 | JD | SN74LS315 |JD,N| t
1024 X 1 | 3-State 65 ns 20 ns 0.2mW |SN54LS214 | JD | SN74LS214 |JD,N| t
1024 X 1 | 3-State 30 ns 15 ns 0.51 mW | SN54S214 JO | SN74S214 [ JD,N| t
1024X1| OC 65 ns 20 ns 0.2mW [SN54LS314 | JD | SN74LS314 |JD,N| t
1024X1| OC 30ns 15 ns 0.51 mW | SN545314 JD | SN74S8314 |JD,N| t
1024-BIT ARRAYS -
256 X 4 | 3-State 60 ns 20 ns 0.3 mW |SN54L5207 J | SN74LS207 | J,N |
256 X4 | 3-State 40 ns 15 ns 0.59 mW |SN54S207 J | SN745207 LN |t
256 X4 | 3-State 60 ns 20 ns 0.3 mW |SN541.5208 J | SN74LS208 | U,N | t
256 X4 | 3-State 40 ns 15 ns 0.59 mW | SN545208 J | SN74s5208 LN | 7
256-BIT ARRAYS 256 X 1 | 3-State 35 ns 15ns | 1.1/0.39 mW |SN54LS202 | J,W | SN74LS202 | J, N | t
WITH POWER-DOWN 256 X 1 0-C 35 ns 15ns | 1.1/0.39 mW |SN54LS302 | J,W | SN74LS302 | J.N | t
256 X 1 | 3-State 35 ns i5ns 1.1 mW |SN54L.5200A | J, W | SN74LS200A| J, N | T
256 X 1 | 3-State 25 ns 15 ns 1.9 mW [SN54S200A | J,W | SN74S200A | J.N | 1t
256 X 1 | 3-State 42 ns 17 ns 1.9 mW |SN54S201 J, W | SN745201 LN | T
256-BIT ARRAYS '
256 X 1 o-C 35ns 15 ns 1.1 mW [SNS4LS300A | J,W | SN74LS300A| J, N | 1
256 X 1 o-C 25 ns 15 ns 1.9mW [SN54S300A | J,W | SN74S300A | J,N | t
256 X 1 o-C 42ns 13 ns 1.9 mW |[SN54S301 J, W | SN74S301 LN |t
16 X4 | 3-State 25 ns 12ns 59 mW |SN545189 J, W | SN745189 LN | T
64-BIT ARRAYS 16X 4 o-C 25 ns 12 ns 5.9 mW |SN545289 J, W | SN745289 LNt
16 X 4 0-C 32ns 30 ns 5.9 mW SN7489 LN |t
18X1 o-C 15 ns 15 ns 14 mW [SNS481A J, W | SN7481A LN |t
16-BIT ARRAYS )
16 X 1 o-C 15 ns 15 ns 14 mW_|SN5484A J, W | SN7484A LN |t
16-BIT MULTIPLE-PORT
8X2 | 3State 33ns 15 ns 35 mW SN74172 J,N |7-245
REGISTER FILE
4x4 o-C 27 ns 15 ns 7.8 mW [SNB4LS170 |J, W | SN74LS170 | J,N |7-237
16-BIT REGISTERFILE | 4X4 o-C 30ns 15 ns 40 mW [SN54170 J, W | SN74170 3N |7-237
- 4X4 | 3-State 24 ns 19 ns 9.3 mW |SN54LS670 |J, W | SN74LS670 | J,N |7-526
READ-ONLY MEMORIES (ROM'S)*
orGant.| TYPE | TYPICAL | TYPICAL| TYP POWER DEVICE TYPE
DESCRIPTION ZATION OF | ADDRESS | ENABLE | DISSIPATION AND PACKAGE
OUTPUT| TIME TIME PERBIT | -55°C10125°C| 0°Cto 70°C
512X 4 o-C 45 ns 15 ns 0.26 mW | SN54S270 | J {SN74S2701J, N
256 X 8 o-Cc 45 ns 15 ns 0.26 MW | SN54S271 | J |SN74S271]4,N
2048-8IT ARRAYS
512X 4 | 3-State 45 ns 15 ns 026 mW | SN54S370 | J |SN74S370 |J,N
256 X 8 | 3-State 45 ns 15 ns 0.26 MW | SN54S371 | J |SN74S371 |J,N
1024-BIT ARRAYS 256 X 4 0-C 40 ns 20 ns 046 mW | SN54187 |J,W{SN74187 |4, N
256-BIT ARRAYS 32X8 o-C 26 ns 22 ns 1.1 mW | SN5488A |J, W|SN7488A |J, N

tSee Bipolar Microcomputer Components Data Book, LCC4270.
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TYPES SN5442A THRU SN5444A, SN54142 THRU SN54L44,

TTL
Mmsl

SN541542, SN7442A THRU SN7444A,
SN74142 THRU SN74144, SN741842
4-LINE-TO-10-LINE DECODERS (1-OF-10)

BULLETIN NO. DL-S 7611861, MARCH 1974—REVISED OCTOBER 1976

'42A,°L42,'LS42 ... BCD-TO-DECIMAL
‘43A, 'L43. .. EXCESS-3-TO-DECIMAL
‘44A,°L44 . . . EXCESS-3-GRAY-TO-DECIMAL

e All Outputs Are High for
Invalid Input Conditions

e Also for Application as
4-Line-to-16-Line Decoders
3-Line-to-8-Line Decoders

e Diode-Clamped Inputs

TYPICAL TYPICAL
TYPES POWER DISSIPATION PROPAGATION DELAYS
"42A, '43A, '44A 140 mW 17 ns
'L42, °L43, 'L44 70 mW 49 ns
‘LS42 35mwW 17 ns
description

These monolithic decimal decoders consist of eight
inverters and ten four-input NAND gates. The invert-
ers are connected in pairs to make BCD input data
available for decoding by the NAND gates. Full
decoding of valid input logic ensures that all outputs
remain off for all invalid input conditions.

The "42A, 'L42, and 'LS42 BCD-to-decimal decoders,
the "43A and ’'L43 excess-3-to-decimal decoders, and

SN5442A THRU SN5444A, SN54L842 , . . J OR W PACKAGE
SN54L42 THRU SN54144 . . . J PACKAGE
SN7442A THRU SN7444A,
SN74L42 THRU SN74144, SN74LS42. .. J OR N PACKAGE
(TOP VIEW)

INPUTS OUTPUTS

vee A 8 ¢ D ‘a8 7
B sl jnrifni

[ D

01 23456789

LT

GND

] 1 2 3 4 5 6
QUTPUTS

positive logic: see function table

the "44A and 'L44 excess-3-gray-to-decimal decoders feature inputs and outputs that are compatible for use with most
TTL and other saturated low-level logic circuits. D-c noise margins are typically one volit.

Series 54, 54L, and 54LS circuits are characterized for operation over the full military temperature range of —55°C to
125°C; Series 74, 74L, and 74LS circuits are characterized for operation from 0°C to 70°C.
FUNCTION TABLE

‘434,143
EXCESS-3-INPUT

‘42A,°L42,°LSA2
BCD INPUT

z
o

‘444, 'L44
EXCESS-3-GRAY INPUT

ALL TYPES
DECIMAL OUTPUT

cC B 2 12}

1]

B8

»
-
@
o
L]

-

I rIjrTr-rIrpe

© 00N UsWN = O

I IrFrrTIr-rr
I IIrTIITITI
I T rIfTTTITIT

Irrr-rIIIrfcTTrIrCfrTITICr

INVALID

IrrrxrrrIlxxrr-rrrjlrrcrrjo
s i i o D R B = e of e s i e N el
rrC- I I XIT XTI g
rr- I TIIITrr-rrlzxrTr0
IrrITICfrTrI-rrrjT T T
T I rIrCrIirXTr-r I I IR
rrrIIIITXIIIr-recr-r-
rrr-rr-orrjrFr T T T TITIC

I mrTITr-r ITrjTr

s

IrrrrITXIr-rrfr-cIIT

IIIIIIITIIIIITIIITr|o
I I IIIIITXTITII|ITITICI
IIIIIIXTXITIITI|IZTIrCrITIN
I I IIII(TXTIII|TrITII
I TIIIIITIIITICFIIII|N
IIIITIITIT T rITI|ITTIITI|w
I I I I I IfTr I I I XTI I Ijco
IIIIIIIrFrIIIITTITII|D

ITr-rr IIfrr
I IITIIICT
ITIIICICIT

H = high level, L = low fevel
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‘42A THRU '44A: Reg =4 k2 NOM
‘L42 THRU 'L44: Rgg =8 k{2 NOM

‘42A THRU ’44A:
‘L42 THRU ‘L44:

R = 130 £ NOM
R =260 2 NOM

'L42 THRU 'L44 'L.842 ‘L42 THRU 'L44 'LS42
EQUIVALENT OF EQUIVALENT OF TYPICAL OF TYPICAL OF
EACH INPUT EACH INPUT ALL OUTPUTS ALL OUTPUTS
- —Vce
——— g Ve
Fi 1200 3
Vee - Vee —-— NOM
Req: 17 k2 NOM - -
INPUT ——— INPUT -
y ' —— OUTPUT OUTPUT
y A 4 - —_
pA b 4
7”7
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TYPES SN5442A, SN5443A, SN5444A, SN7442A, SN7443A, SN7444A

4-LINE-TO-10-LINE DECODERS (1-OF-10)

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

Supply voltage, Vg (see Note 1)

Input voltage e e e e e e e e

Operating free-air temperature range: SN54’ Circuits
SN74’ Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to netyvork ground terminal.

recommended operating conditions

7V
.. . B5V
—B55°C to 125°C
0°C t0 70°C
—85°C to 150°C

SN5442A SN7442A

SN5443A SN7443A UNIT

SN5444A SN7444A

MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 55 | 4.75 5 525 \Y
High-level output current, Igy —800 800 | uA
Low-level ouiput current, igL i6 16 | mA
Operating free-air temperature, Ta —55 125 0 70 | °C

electrical characteristics over recommended operating free-air tem

perature range (unless otherwise noted)

SN5442A SN7442A
SN5443A SN7443A
PARAMETER TEST CONDITIONST UNIT
SN5444A “SN7444A
MIN TYPE MAX | MIN TYPI MAX
V|H High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0 \%
Vik  Input clamp voltage fi=~12mA —1.5 5] V
. Vec=MIN, Vig=2V,
VoH High-level output voltage 24 34 24 34 A
ViL=0.8V, ioy=—800uA
Vee=MIN, Vip=2V,
VoL Low-level output voltage cc IH 0.2 0.4 0.2 04, V
V=08V, IgL=16mA
1 Input current at maximum input voltage Veg =MAX, V=55V 1 1| mA
H High-level input current Vee=MAX, Vi=24V 40 40| A
1L Low level input current Vee = MAX, V=04V —-1.6 —1.6| mA
lgg  Short-circuit output current § Ve = MAX —20 —55 | —18 —55 | mA
lcc  Supply current Vec = MAX, See Note 2 28 41 28 56 | mA
TFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.
ZAll typical values are at Vog =5V, Ta = 25°C.
Not more than one output should be shorted at a time.
NOTE 2: I is measured with all outputs open and all inputs grounded.
switching characteristics, Vec =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
i il igh-to-low- I
tPHL Propagation delay time, high-to-low-level . 14 25 ns
output from A, B, C, or D through 2 levels of logic
Propagation delay time, high-to-low-level
PHL ropag Y g A CL=15pF, 17 30 ns
output from A, B, C, or D through 3 levels of logic R 200 ©
" " T L= .
P tion delay time, low-to-high-level
tPLH ropagation ay e fowrto-mig . See Note 3 10 25 ns
output from A, B, C, and D through 2 levels of logic
tpLH Propagation delay time, low-to-high-level A 17 30 ns
output from A, B, C, and D through 3 levels of logic

NOTE 3: Load circuits and waveforms are shown on page 3-10.
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TYPES SN54142, SN54143, SN54144, SN74142, SN74143, SN74L44

4-LINE-TO-10-LINE DECODERS (1-OF-10)

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

NOTE

Supply voltage, Vc( (see Note 1)

Inputvoltage . . . . . . . . . . . . . ...

Operating free-air temperature range: SN54L’ Circuits.
SN74L’ Circuits

Storage temperature range

1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
... .. BBV

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

SN54L42 SN74L42

SN54L43 SN74L43 UNIT

SNS4L44 SN74L44

MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 55 | 4.75 5 525 | V
High-level output current, 104 ~400 —400 | pA
Low-level output current, IoL 8 8 [ mA
Operating free-air temperature, T —55 125 ] 70 | °C

electrical characteristics over recommended operating free-air temperature range {un

less otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYPI MAX|UNIT
ViH High-level input voltage 2 v
ViL Lowlevel input voltage 08| Vv
Vik  Input clamp voltage Vce = MIN, 1= —-12mA 15} V
v High-level output volt Voe = MIN, Vin=2V, 24 34 \Y
OH igh-level output voltage . X
ViL=038YV, 1oH = —400 pA
Vee=MiIN, ViH=2V,
Vor  Low-level output voitage v 08V i SmA 0.2 04 V
IL=938V, oL=
I Input current at maximum input voitage Vge = MAX, V=55V 1] mA
K High-ievel input current Vee = MAX, V=24V 20| wA
ITR Low-level input current Ve = MAX, V=04V -0.8! mA
los Short-circuit output current3 Ve = MAX -9 —28 | mA
Vee = MAX, [ SNB4L’ 14 22
1
cc Supply Current See Note 2 ] SNTAL 73 28 mA
TFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.
LAll typical values are at Voo =5 V, T = 25°C.
§Not more than one output should be shorted at a time.
NOTE 2: Icc is measured with all outputs open and inputs grounded,
switching characteristics, Vec =5V, Ta =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX/|UNIT
Propagation delay time, high-to-low-ievel
tPHL pagati v 9 € . 10 44 60 ns
output from A, B, C, or D through 2 levels of logic
Propagation delay time, high-to-low-level
PHL . C =15 pF, 46 70 ns
output from A, B, C, or D through 3 levels of logic
T " - R =800 %,
Propagation delay time, low-to-high-level
tPLH . See Note 3 10 34 50 ns
output from A, B, C, and D through 2 levels of iogic
Propagation delay time, low-to-high-level
PLH . 52 70 ns
output from A, B, C, and D through 3 levels of logic

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.

718

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222

1076



TYPES SN541S42, SN741S42
4-LINE-TO-10-LINE DECODERS (1-OF-10)

REVISED OCTOBER 1976

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

Supply voltage, V¢ (see Note 1)

Input voltage

Operating free-air temperature range: SN541.542

Storage temperature range

SN741.542

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
A
—55°C 10 125°C
0°C to 70°C
—65°C to 150°C

1076

SN54LS42 SN741.S42 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Vee 4.5 5 55 [4.75 5 525| V
High-level output current, IgH —400 —400 | uA
Low-level output current, I 4 8| mA
Qperating free-air temperature, Ta —55 125 I} 70} °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54L842 SN74L842
PARAMETER TEST CONDITIONST Y UNIT
MIN TYPI MAX |MIN TYPI MAX
ViH High-level input voltage 2 2 A\
Vip, Low-level input voltage 0.7 08 V
VIK Input clamp voltage Vee = MIN, Ij=—-18mA ~1.5 ~15| Vv
Vee = MIN, Vig=2V,
Vou High-level output voltage cc 1H 25 35 27 35 v
Vi = VL max, IgHy = —400 gA
Vgi Low-level outputvoltage Vee = MIN, ViH=2V, lloL=4mA 0. o4 0-25 94 v
VL = V| max loL =8mA 0.35 0.5
Input current at
Iy ) A Ve = MAX, V=7V 0.1 0.1| mA
maximum input voltage
lj4  High-level input current Vee=MAX, V=27V 20 20| uwA
IjL  Low-level input current Veoc=MAX, V=04V —0.4 —0.4 | mA
log Shortcircuit output current® | Vo = MAX —-20 —-100 | -20 —100 | mA
Icc  Supply current Voo = MAX, See Note 2 7 13 7 13| mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
an typical valyesareat Vpr =5V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 2. I¢c is measured with all outputs open and inputs grounded.
switching characteristics, Vcc =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Propagation delay time, high-to-low-level
PHL . 15 25| ns
output from A, B, C, or D through 2 levels of logic
Propagation delay time, high-to-low-level
oL P9 v gn-ro-iow ) CL = 15pF, 20 30| ns
output from A, B, C, or D through 3 levels of logic RI =2KQ
" " - L= .
Propagation delay time, low-to-high-level
PLH pagat Y 9 . See Note 4 15 25| ns
output from A, B, C, and D through 2 levels of logic .
Pro tion delay time, low-to-high-level
PLH paga y gl ) 2 201 ns
output from A, B, C, and D through 3 levels of logic
NOTE 4: Load circuit and voltage waveforms are shown on page 3-11.
TEXAS INSTRUMENTS
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TYPES SN5445, SN7445

Msi BCD-TO-DECIMAL DECODERS/DRIVERS
BULLETIN NO. DL-5 7211816, DECEMBER 1972
FOR USE AS LAMP, RELAY, OR MOS DRIVERS
featuring SN5445 . .. J OR W PACKAGE

e Full Decoding of Input Logic
¢ 80-mA Sink-Current Capability

o All Outputs Are Off for Invalid
BCD Input Conditions

logic
FUNCTION TABLE

No.L__INPUTS OUTPUTS

DCBA|0O12 3456789
0L L L L{LHHHHTHTHTIEHIHH
1{L L LH[HLHHHUHUHHIHIH
2{L LHL/HHLHHHHHHIH
3L LHH/HHHLHHGHUHEEHDH
4L H L LIHHHHLHHHHH
5L HLH|H HHHHTLHUHEHH
6L HHL|HHHHHIHTLHIHMH
7|LHHH|HHHHHHAHLHH
8|H L L L|HHHHHHHEHLH
9|H L LH/HHHHHHUHIHIEHL

H LHL[HHBHHHEGHTHTHTHH
alH L HH|/HHHHHHHHEHH
EHHLLHHHHHHHHHH
Z|HHLHIHHHHHHHHHH
“!/HHHLIHHHHHHHUHHH

HHHH[HHHHHHHHHH

H = high level (off), L = low level (on)
description

These monolithic BCD-to-decimal decoders/drivers
consist of eight inverters and ten four-input NAND
gates. The inverters are connected in pairs to make
BCD input data available for decoding by the NAND
gates. Full decoding of valid BCD input logic ensures
that all outputs remain off for all invalid binary input
conditions. These decoders feature TTL inputs and
high-performance, n-p-n output transistors designed
for use as indicator/relay drivers or as open-collector
logic-circuit drivers. Each of the high-breakdown
output transistors (30 volts) will sink up to 80
milliamperes of current. Each input is one normalized
Series 54/74 load. Inputs and outputs are entirely
compatible for use with TTL or DTL logic circuits,
and the outputs are compatible for interfacing with
most MOS integrated circuits. Power dissipation is
typically 215 milliwatts,

SN7445..,J OR N PACKAGE
(TOP VIEW)

INPUTS OUTPUTS
Vee A B cC D9 8 7"
(ICRERFRERIRURKRERTRIRIBIR AER:

A B [ D
BCD-TO-DECIMAL
0123456789

i

2113114 1118
1 2 3 4 5 6, GND
3
OUTPUTS

(o[~

positive logic: see function table

functional block diagram

(1)

oUTPUT O
INPUT A 12 1
@
OUTPUT 1
ARS
4 B8 guteuT2
QI TPUT3

-
INPUT B -"—‘”—D} » — 4l
| 5 .
114 ‘DJ—'— ou uTa

6
INPUT C M‘D&.r
! D i @
ouTPUT 7

9)
weuro12[>0-¢
.|
L({> — 10, 5yreuT s
_@& ouTPUT 9

OUTPL 5

OUTPUT 6
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BCD-TO-DECIMAL DECODERS/DRIVERS

TYPES SN5445, SN7445

REVISED OCTOBER 1976

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

Supply voltage, Vg (see Note 1)
Input voltage e e e e e e e
Maximum current into any output (off-state)

Operating free-air temperature range: SN5445 Circuits
SN7445 Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

TAY
55V

P 1mA
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN5445 SN7445 UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Vo 4.5 5 5.5 | 4.75 5 525 \
Off-state output voltage 30 30 \4
Operating free-air temperature, T a —58 125 [} 71 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST conpiTIONS? N TYPI MAX |UNIT
ViH High-level input voltage 2 \
Vi Low-level input voltage 08| Vv
Vik input clamp voltage Vec=MIN, §j=—-12mA -15) Vv
VQO(on) On-state output voltage Ve =MIN. Vig=2V, Olon) 7 80 mA CL L
V=08V 10(on) = 20 MA 0.4
lo(off) Off-state output current Veg=MIN, Vi =2V, 250 | pA
ViL=08V, VQo(off) =30V
I Input current at maximum input voltage Vee = MAX, V=55V 1] mA
Hy High-level input current Voo =MAX, V=24V 40 | pA
178 Lowv-level input current Vee=MAX, V=04V —1.6 | mA
Icc Supply current Vce = MAX, See Note 2 L SN5445 43 e2 mA
| sN7445 43 70

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

an typical valuesare at Vo =5V, Tp = 25°C.

NOTE 2: Igc is measured with all inputs grounded and outputs open.

switching characteristics, Vcc =5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
t Propagation delay time, low-to-high-level output 50| ns
PLH pagat Y Hme. 2 oh i CL=15pF, R_=100%, SeeNote3
tPHL Propagation delay time, high-to-low-level output 50 | ns

NOTE 3: Load circuit and waveforms are shown on page 3-10.

schematics of inputs and outputs

EQUIVALENT OF ALL INPUTS

Vee —_

INPUT

TYPICAL OF ALL OUTPUTS

OUTPUT
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TYPES SNDA46A, '41A, '48, '49, SN54LA46, 'LAT, SN5ALSA4], 'LSA8, 'LSA9,
‘47A, ‘48, SN74146, 'L47, SN74LS41, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

BULLETIN NO, DL-S 7611811, MARCH 1974—REVISED OCTOBER 1976

SN7446A,

'46A, '47A, 'L46, 'L47, 'LS47

feature

e Lamp-Test Provision

e Leading/Trailing Zero

Open-Collector Outputs
Drive Indicators Directly

‘48, 'LS48
feature

o Internal Pull-Ups Eliminate
Need for External Resistors

o Lamp-Test Provision

e Leading/Trailing Zero

'49, 'LS49
feature

e Open-Collector Outputs

e Blanking Input

Suppression Suppression
e All Circuit Types Feature Lamp Intensity Modulation Capability
DRIVER OUTPUTS TYPICAL
TYPE ACTIVE OUTPUT SINK MAX POWER PACKAGES
LEVEL CONFIGURATION CURRENT | VOLTAGE | DISSIPATION

SN5446A low open-collector 40 mA 30V 320 mW J W
SN5447A fow open-collector 40 mA 15V 320 mW J W
SN5448 high 2-k2 pull-up 6.4 mA 55V 265 mW J,W
SN5449 high open-collector 10 mA 55V 1656 mW W
SN54L46 low open-coliector 20 mA 30V 160 mW J
SN64L47 low open-collector 20 mA 15V 160 mW J
SN54LS47 low open-collector 12 mA 15V 3B mW J W
SN541.548 high 2-k2 pull-up 2mA 55V 125 mW JW
SN541.549 high open-coliector 4 mA 55V 40 mW JW
SN7446A low open-collector 40 mA 30V 320 mW J N
SN7447A low open-collector 40 mA 1BV 320 mW J N
SN7448 high 2-kQ2 puli-up 6.4 mA 55V 265 mW J, N
SN74L46 low open-coliector 20 mA 30V 160 mW J,N
SN74147 low open-collector 20 mA 15V 160 mW J,N
SN74LS47 low open-collector 24 mA 15V 35 mwW J,N
SN74L548 high 2-kS2 pull-up 8 mA 5.5V 126 mW 3, N
SN74LS49 high open-collector 8 mA 55V 40 mW J,N

‘46A,'47A,'L46, "L47, "LS47 '48, 'LS48 ‘49, "LS49

(TOP VIEW) (TOP VIEW) {TOP VIEW)
OQUTPUTS oUTPUTS
Veo [ [] 3 ;\ c d . Vee M k] 8 b < d .
Ld % " 3 12 n L 9 L] 5 " 12 12 " L] 9

eilli=-o

=l

5 5 ¢ d e

]

BY
B C LTRBORBI D A

B

By
B C LYRBORBI D A
] 17
T, LAMP RB RE | D A
TEST OUT- N
PUT

INPUTS PUT INPUTS

i Ao

B C, LAMP RB RB D A", GND
TEST OUT-  IN-
INPUTS AT PUT INPUTS

B c

INPUTS

BLANK- | D
ING INPUT

INPUTS .

positive logic: see function tables
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TYPES SN5446A, '47A, ‘48, ‘49, SN54146, 'L47, SN54LS47, 'LS48, 'LS49,
SN7446A, ‘47A, '48, SN74146, 'L47, SN74LS4], 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

description

The '46A, 'LA46, '47A, 'L47, and ’LS47 feature active-low outputs designed for driving common-anode VLEDs or
incandescent indicators directly, and the ‘48, ‘49, 'L.S48, 'L 549 feature active-high outputs for driving lamp buffers or
common-cathode VLEDs. All of the circuits except ‘49 and 'LS49 have full ripple-blanking input/output controls and a
lamp test input. The ‘49 and 'LS49 circuits incorporate a direct blanking input. Segment identification and resultant
displays are shown below. Display patterns for BCD input counts above 9 are unique symbols to authenticate input
conditions.

The "46A, '47A, '48, 'L46, "LA7, 'LS47, and 'LS48 circuits incorporate automatic leading and/or trailing-edge
zero-blanking control {RB! and RBO). Lamp test (LT) of these types may be performed at any time when the BI/RBO
node is at a high level. All types (including the “49 and ‘LS49) contain an overriding blanking input (BI) which can be
used to control the lamp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for
use with TTL or DTL logic outputs.

The SN54246/SN74246 through ‘249 and the SN54LS247/SN74LS247 through ‘LS249 compose the [5 and
the 5 with tails and have been designed to offer the designer a choice between two indicator fonts. The
SN54249/SN74249 and SN54L.S249/SN741L.5249 are 16-pin versions of the 14-pin SN5449 and 'LS49. Included in the
'249 circuit and ‘LS249 circuits are the full functional capability for lamp test and ripple blanking, which is

not available in the "49 or "LS49 circuit.
a
T L T Y i YR ol Y B ] S O [ il T
|_q | I Y o |y e O | —|i=
ei ic v 2 3 4 5 8 7 8 @8 16 i1 132 13 14 15
- NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS
SEGMENT
IDENTIFICATION
’46A, '47A,°L46,°L47, 'LS47 FUNCTION TABLE
DECIMAL
INPUTS OUTPUTS
OR BI/RBOT NOTE
FUNCTION | LT |RBI| D ¢ B A a b ¢ d e f 9
0 H H L L L L H ON [ ON [ON | ON | ON | ON | OFF
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF
2 H X L L H L H ON | ON |OFF | ON | ON |OFF | ON
3 H X L L H H H ON | ON | ON | ON | OFF |OFF | ON
4 H X L H L L H OFF | ON | oN |oFF |OFF | on | on
5 H X L H L H H ON [OFF |ON | ON | OFF | ON | ON
6 H X L H H L H OFF |OFF [ON | ON [ ON | ON | ON
7 H X L H H H H ON | ON | ON | OFF | OFF | OFF | OFF|
8 H x | H L L L H ON [ON |ON [ ON | ON | ON | ON
9 H X | H L L H H ON | ON | ON |OFF | OFF | ON | ON
10 H X H L H L H OFF | OFF |OFF | ON | ON [OFF | ON
11 H X H L H H H OFF |OFF | ON | ON | OFF | OFF | ON
12 H X H H L L H OFF | ON [OFF | OFF | OFF | ON | ON
13 H X H H L H H ON |OFF |OFF | ON |OFF | ON | ON
14 H X H H H L H OFF | OFF |OFF | ON | ON [ ON | ON
15 H X H H H H H OFF | OFF |OFF | OFF | OFF | OFF | OFF
Bl X X X X X X L OFF | OFF |OFF | OFF | OFF |OFF | OFF| 2
RBI H L L L L L L OFF | OFF |OFF | OFF | OFF | OFF [OFF| 3
LT L X X X X X H ON | ON |[ON | ON | ON | ON | ON 4

H = high level, L = low level, X = irrelevant
NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions O through 15 are desired. The

ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired,

2. When a low logic level is applied directly to the blanking input (Bl), all segment outputs are off regardless of the level of any
other input.

3. When ripple-blanking input {RB}) and inputs A, B, C, and D are at a low ievel with the lamp test input high, all segment outputs
go off and the ripple-blanking output (RBO) goes to a low level {response condition).

4. When the blanking input/ripple blanking output {BI/RBO) is open or held high and a low is applied to the lamp-test input, all
segment outputs are on.

TBI/RBO is wire-AND logic serving as blanking input (B1) and/or ripple-blanking output (RBO}.
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TYPES SN5446A, '47A, '48, '49, SN54L46, 'L47, SN54LSA7, 'LS48, 'LS49,
SN7446A, '41A, ‘48, SN74146, 'L47, SN74LS47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

'48, 'LS48
FUNCTION TABLE
DECIMAL
OR INPUTS Bi/REO! OUTPUTS NOTE

FUNCTION [LT|RBI| D € B A a b c d e f g

0 H H L L L L H H H H H H H L

1 H X L L L H H L H H L L L L

2 H X L L H L H H H L H H L H

3 H X L L H H H H H H H L L H

a4 H X L H L L H L H H L L H H

5 H X L H L H H H L H H L H H

6 H X L H H L H L L H H H H H

7 H X L H H H H H H H L L L L
8 H X H L L L H H H H H H H H !

9 H X H L L H H H H H L L H H

10 H X H L H L H L L L H H L H

11 H X H L H H H L L H H L L H

12 H X H H L L H L H L L L H H

13 H X H H L H H H L L H L H H

14 H X H H H L H L L L H H H H

15 H X H H H H H L L L L L Lt
Bl X X X X X X L L L L L L Lt L 2
RBI H L L L L L L L L L L L L L 3
LT L X X X X X H H H H H #H H H 4

H = high level, L = low level, X = irrelevant

NOTES: 1.

2.

3.

4.

The blanking input (Bl) must be open or held at a high logic levei when output functions O through 15 are desired. The
ripple-blanking input (RB1) must be open or high, if blanking of a decimal zero is not desired,

When a low lagic level is applied directly to the blanking input {BI), all segment outputs are low regardless of the level of any
other input.

When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp-test input high, all segment outputs
go low and the ripple-blanking output {RBO) goes to a low level (response condition).

When the blanking input/rippile-blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all
segment outputs are high.

tBI/RBO is wire-AND logic serving as blanking input (B1) and/or ripple-blanking output (RBO).

49, 'L$49
FUNCTION TABLE
DECIMAL INPUTS OUTPUTS
oR NOTE
FUNCTION [D C B A Bl |[a b ¢ d e f g
G T L L LR |m ® " # = 8 L
1 L L L HIH|L H H L L L v
2 L L H L{H[H H L H H L H
3 L L H H|H|H H H H L L H
4 L A L C|B|L A A C L W H
5 L H L H/H|H L H H L H H
6 L H H L|H|L L H H H H H
7 L H H H|H|H H H L L L L ,
8 W L L L{H|H H B H H H H
9 H L L H|H|H H H L L H H
10 H L H L|H|lL L L H H L H
1 H L H HIH|L L H H L L H
12 H W L L|HA|L A L L L H H
13 H H L H|H|H L L H L H H
14 H H H LJH|L L L H H H H
15 H_ H B H|H|L L L b L L L
B X X X X|L]L L L L L t L] 2

H = high level, L = low level, X = irrelevant

374

NOTES: 1. The blanking input (Bi) must be open or held at a high logic level when output functions 0 through 15 are desired.
2. When a low logic level is apptied directly to the blanking input (Bl), all segment outputs are low regardless of the level of any
other input.
IN D
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TYPES SN5446A, ‘47A, ‘A8, '49, SN54146, 147, SN54LS47, 'LS48, 'LS49,
SN7446A, ‘47A, '48, SN74146, 'LA7, SN74LS47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

functional block diagrams

"A6A, '47A,°L46, 'LAT, 'LS4T7

INPUT (7).
A

>

‘48, 'LS48

(13 oUTPUT
2

|N;uTLD T—

INPCUT @ D [

INPUT (6}
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03) ouTPUT
| a
INPUT _(7) e
A __] ).:
M g
Suam (12) oUTPUT
i b =y
H INPUT (1) ==
[ —
1
HH !

112) OUTPUT
b

aRm
- (1) outPut weut 2|
< < t

neo Z%
BLANKINS i

INPUT O
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TYPES SN5446A, ‘47A, ‘A8, '49, SN54146, 'L47,
SN7446A, '4]1A, '48, SN74146, 'L47
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

schematics of inputs and outputs

'46A, 'A7A, 48, "49, 'L46, 'L4T7

‘46A,'47A, '48

‘L46, ‘La7

EQUIVALENT OF EACH INPUT
EXCEPT BI/RBO

Vee --=
Req
INPUT - ——
y
Yy
»

SNB4'/SN74": Req =6 k& NOM
SNBAL'/SN74L": Req =8 k§2 NOM

BI/RBO

EQUIVALENT OF Bi/RBO

Vce

EQUIVALENT OF BI/RBO

Vce

BI/RBO

‘46A, "47A

‘L46, 'L47

TYPICAL OF OUTPUTS

aTHRUg

TYPICAL OF OUTPUTS

aTHRUg
Vee
S 4 KE
S OUTPUT
NOM -~
P

‘48

‘a9

126

TYPICAL OF OUTPUTS

aTHRUg

TYPICAL OF ALL OUTPUTS
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TYPES .SN541S47, ‘'LS48, 'LS49, SN741S47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

schematics of inputs and outputs

’LS47, 'LS48, ‘L.S49 ’LS47, 'LS48, ‘LS49
EQUIVALENT OF EACH INPUT EQUIVALENT OF BI/RBO
EXCEPT BI/RBO
Vee
——q -_—
Vee -— <
Req
4 20k 10k
INPUT ¢ - oM S nom
——
% Y b —
y -
& ) 4
ps 4
LT and RBI ('LS47, 'L.S48): Req =20 k2 NOM 77
BI ('LS49): Rgg=20k{2 NOM BI/RBO i
A, B, C,and O: P‘eq =25k NOM
‘LS47 . ‘LS48
TYPICAL OF QUTPUTS TYPICAL OF OUTPUTS
aTHRUg aTHRUg

Vce

®*—Vce
2k8
NOM

OUTPUT

OUTPUT

‘LS49

TYPICAL OF OUTPUTS
aTHRUg

Vee

OUTPUT
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TYPES SN5446A, SN5447A, SN7446A, SN7447A
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

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

Supp!yvoltage,Vcc(seeNote1) A
Input voltage . . . - XA
Current forced into any output in theoffstate P e e e e e e e e e e e e ... TmA
Operating free-air temperature range: SN5446A, SN5447A e e e e e e e e e —55 Cto 125°C

SN7446A,SN7447A . . . . . . . . . ... ..... 0°Cto70°C
Storage temperature range . . . . . . . . . 4 4 4 e e s e e e e e e e e .. ... —B5°Cto150°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

SN5446A SN5447A SN7446A SN7447A uNIT
MIN NOM MAX |[MIN NOM MAX [MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 45 5 55| 45 5 5.5 (4.75 5 5.25 |4.75 5 525 V
Off-state output voltage, Vo(off) | athrug 30 15 30 15 V
On-state output current, I0(on) athrug 40 40 40 40| mA
High-level output current, loH BI/RBO —200 —200 —200 —200| pA
Low-level output current, lop BI/RBO 8 8 8 8| mA
Operating free-air temperature, T —55 125 | —65 125 0 70 0 70| °c

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

PARAMETER TEST CONDITIONS? MIN TYPT MAX |UNIT
ViH High-fevel input voltage . 2 v
ViL Low-level input voltage 08| V
ViK Input clamp voltage Voo =MIN, 1=—-12mA -15{ V
. Voo =MIN, Vig=2V,
Vo  High-level output voltage BI/RBO 24 3.7 v

ViL=08V, Igy=—200pA

Vee=MIN, Viy=2V,

VoL  Lowlevel output voltage BI/RBO 0.27 04 V

ViL=08V, IpL~=8mA

[ Off h Vee =MAX, Vi =2V, 250 | pA
- ) il

oloff) state output current athrug VIL=08V, Voloff) = MAX v I

Voo =MAX, Vip=2V,

VO{on) On-state output voltage athrug VIL=08V, Igjon) =40 mA 0.3 04 V
N Input current at maximum input voltage :::;:‘;;R B0 Voo =MAX, V=55V 1| mA
input
LR High-level input current :\;‘;p:pBLI/R 8O Ve =MAX, V| =24V 40 | uA
Any input 16
ITR Low-level input current except BI/RBO | Vgc=MAX, V=04V mA
BI/RBO —4
los Short-circuit output current BI/RBO Vee = MAX —4 | mA
Vce = MAX, HEES 64 85
'cc  Supply current See Note 2 [ snra PRI
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operatiné conditions.
fan typical valuesare at Voo =5V, Ta = 25°C.
NOTE 2: lgc is measured with all outputs open and all inputsat 4.5 V.
switching characteristics, Vcgc =5V, Ta =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
toff Turn-off time from A input 100 ns
ton Turn-on time from A input CL=15pF, RL=120%, 100
toff Turn-off time from RBI input See Note 3 100 ns
ton Turn-on time from RBI input 100

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10; toff corresponds to tp| j and top corresponds 10 tpyy) .
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TYPES SN54146, SN54147, SN74146, SN74147
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

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

Supply voltage, Vg (see Note 1)

Input voltage

Peak output current (tW 1 ms, duty cycle

Current forced into any output in the off state

Operating free-air temperature range: SN54L46, SN54L47
SN74L46, SN74L47

10%)

Storage temperature range
NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V

. BBV
200 mA
1mA

—55 Cto 125°C

0°C 10 70°C

—65°C to 150°C

SN54L46 SN54L47 SN74L46 SN74L47
MIN NOM MAX [MIN NOM MAX |MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Voo 45 5 55| 45 5 55{4.75 5 5.25 | 4.75 5 525 V
Off-state output voitage, VQ(off) | athrug 30 i5 30 i5| V
On-state output current, lQ(on) | athrug 20 20 20 20| mA
High-level output current, IoH BI/RBO —100 —-100 —-100 —100| pA
Low-level output current, 101, BI/RBO 4 4 4 4| mA
Operating free-air temperature, T —55 128 —5B 128 [ 70 Q 70] °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYP¥ MAX |UNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage o8| Vv
ViK Input clamp voltage Any input Vec =MIN, 1Ij=—12mA —15| V
except BI/RBO
VOH High-level output voltage BI/RBO Vee =MIN, Vin =2V, 24 34 A
ViL=0.8V, IgH=-100A
VoL  Low-level output voltage BI/RBO Vee=MIN, Vg =2V, 02 04| Vv
ViL=08V, lgL=4mA
10(off) Off-state output current athrug Vee=MAX, Vi =2V, 250| wA
ViL=0.8V, Vo(off) = MAX
VO(on} On-state output voltage athrug Vee =MAX, Vi =2V, 0.3 04| Vv
ViL=0.8V, Ip(on)=20mA
) N Any input
1] Input current at maximum input voltage except BI/RBO Voo =MAX, V| =55V 1| mA
lH High-level input current Any input Voo =MAX, V=24V 20( pA
except BI/RBO
Any input 08
e Low-fevel input current except BI/RBO | Voo = MAX, V=04V mA
BI/RBO —2
los Short-circuit output current BI/RBO Vee = MAX -2} mA
Icc Supply current Vee =MAX, ShsaL’ 32 43 mA
See Note 2 SN74L" 32 52
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
tAll typical values are at Vo =5 V, Tp = 25°C.
NOTE 2: Icc is measured with all outputs open and all inputs at 4.5 V.
switching characteristics, Veg =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
toff Turn-off time from A input 200 ns
ton’ Turn-on time from A input CL=15pF, RpL=280¢, 200
toff Turn-off time from RBI input See Note 3 200 ns
ton Turn-on time from RBI input 200

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10; toff corresponds to tpy 14 and tg, corresponds t0 tpH |-

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

729



TYPES SN54LS47, SN741LS47
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

REVISED OCTOBER 1976

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VG (see Note 1)

Input voltage

Peak output current {ty < 1 ms, duty cycle < 10%)
Current forced into any output in the off state
Operating free-air temperature range: SN541.847
SN74LS47

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
A"

200 mA

TmA

—55°C 10 125°C

0°C

to 70°C

—65°C t0 150°C

SN54Ls47 SN74L847 UNIT
MIN NOM MAX {MIN NOM MAX
Supply voltage, Vgo 45 5 6.5 14.75 5 525| V
Off-state output voltage, VO (off) athrug 15 151 Vv
On-state output current, |Q{gn) athrug 12 24 | mA
High-level output current, loH BI/RBO —50 —50 | pA
Low-level output current, Ig|_ BI/RBO 1.6 3.2{ mA
Operating free-air temperature, Tz —55 125 0 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54L547 SN74L547
PARAMETER TEST CONDITIONST uNIT
MIN TYPI MAX |MIN TYPf MAX
VIH High-level input voltage 2 2 Vv
VL Low-level input voitage 0.7 08| Vv
Vik input clamp voltage Ve = MIN, Ij=—18 mA -1.5 -1.5] V
. Vce = MIN, ViH=2V,
VoH High-level output voitage| BI/RBO 24 42 24 4.2 A
Vi = VL max, IgH = —50 uA
Vee=MIN, 110 = 16ma 025 04 025 04
Voo Low-level output voltage | BI/RBO Vig=2V, \
Vi = Vi max oL =32mA 0.35 0.5
10(off) Off-state output current | a thru g Voo = MAX, - Vin=2 Y 250 250 | pA
ViL = V|L max, VO(off) = 15V
Vee=MAX, g (on) = 12 mA 025 04 025 04
VO(on) On-state output voltage |a thrug V=2V, v
ViL = Vyi_max | 'Oton) = 24 mA 0.35 0.5
i fnput current at maximum input voltage | Voo = MAX, V=7V 0.1 0.1} mA
iR High-level input current Vee = MAX, V=27V 20 20| uA
Any input 04 —0.4
[ITH Low-level input current | except BI/RBO| Voo =MAX, V=04V mA
BI/RBO -1.2 -1.2
Short-circuit
los outpat current BI/RBO Vee = MAX -0.3 -2 |-0.3 -2 | mA
Too] Supply current Vgoe = MAX,  See Note 2 7 13 7 13| mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
fan typical valuesare at Voo =5V, Ta = 25°C.
NOTE 2: Igc is measured with all outputs open and all inputs at 4,5 V.
switching characteristics, Vg =5V, Ta = 25°C
PARAMETER TEST CONDITIONS [MIN TYP MAX JUNIT
toff Turn-off time from A input 100
ton Turn-on time from A input CL=156pF, R =665%, 00| ™
toff Turn-off time from RBI input See Note 4 100 ns
ton Turn-on time from RBI input 100

NOTE 4: Load circuit and voltage waveforms are shown on page 3-11; ty¢f corresponds to tp| y and tgp, corresponds 1o tpyy) -
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TYPES SN5448, SN7448

BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

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

Supply voltage, V¢ (see Note 1) 7V
Inputvoltage . . . . . . . . . . . .. .. ... bbbV
Operating free-air temperature range: SN5448 —55°C to 125°C
SN7448 . 0°C to 70°C
Storage temperature range —65°C to 150°C
NOTE 1: Voitage values are with respect to network ground terminai.
recommended operating conditions
SN5448 SN7448 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5|4.75 5 5.25| V
High-level output current, Igy athrug —400 —400 uA
BI/RBO —200 —200
Low-level output current, Ig) athrug 6.4 64 mA
BI/RBO 8 2
Operating free-air temperature, Ta —55 125 [} 70| °c

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

PARAMETER TEST CONDITIONS? MIN TYP MAX [UNIT
VIH High-level input voltage 2 \"
ViL Low-level input voltage 08 V
Vi Input clamp voltage Vec=MIN, |j=—-12mA -15} Vv
) athrug Vee=MIN, V=2V, 24 42
VOH High-level output voltage v
BI/RBO ViL=08YV, IgHy=MAX 24 37
1o Output current athrug Vee= M"\f', Vo =085V, -1.3 =2 mA
Input conditions as for Vo
Vee=MIN, Vig=2V,
VoL Low-level output voltage 0.27 04| Vv
ViL=08YV, IgL=MAX
I Input current at maximum input voltage Any input Vee =MAX, V| =55V 1| mA
except BI/RBO
. ) Any input
K High-level input current except BI/RBO Ve =MAX, V=24V 40| uA
Any input 16
I Low-level input current except BI/RBO| Voo = MAX, V=04V mA
BI/RBO —4
los Short-circuit output current BI/RBO Vee = MAX —4 | mA
Icc Supply current Vee=MIN, SN5448 53 76 mA
See Note 2 SN7448 53 90

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tAll typical values areat Voo =5 V, Tp =25°C.
NOTE 2: Igg is measured with all outputs open and all inputs at 4.5 V.

switching characteristics, Voc =5V, TaA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
tpHp  Propagation delay time, high-to-low-leve! output from A input 100
ns
tPLH Propagation delay time, low-to-high-level output from A’input CL=15pF, RL=1k, 100
tPHL Propagation delay time, high-to-fow-level output from RBI input See Note 5 100
ns
tpLH  Propagation delay time, low-to-high-level output from RBI input 100
NOTE 5: Load circuit and voltage waveforms are shown on page 3-10.
1076
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TYPES SN541S48, SN741S48
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

REVISED OCTOBER 1976

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

Supply voltage, V¢ (see Note 1) 7V
Input voltage e A
Operating free-air temperature range: SN54LS48 . . . . . . . . . . . . . . .o .. —55°C 10 126°C
SN74LS48 . . . . . . . . .. ... ... ... 0Ct70°C
O
Storage temperature range . . . . . . . . . . 0w h e e e e e e e e e e e —65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminat.
recommended operating conditions
SN541548 SN74L548 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 525{ V
High-level . athrug —100 —100 A
- t t,
igh-level output current, IoH BI/RBO 50 50 M
Low-level ou t, | athrug 2 5 mA
ow-level output current, lQ BI/RBO 6 32
Operating free-air temperature, Ta —55 125 0 70| °Cc
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS SN54LS48 SN74LS48 UNIT
MIN TYP! MAX |MIN TYPI MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 08| Vv
Vik Input clamp voltage Vee = MIN, lj=—18 mA -1.5 -15| V
a thru g and Vee = MIN, ViH=2V,
Von  High-level output voltage g cc 1H 24 42 24 42 v
BI/RBO Vi = Vi max, Igy = MAX
Ve = MIN, Vo=0385YV,
1) Output current athrug cc o o -1.3 -2 -13 -2 mA
Input conditions as for Vo
Vec=MIN, 1y =2ma 025 04 025 04
athrug ViH=2V, v
Vi =V max |'OL=6mA 0.35 0.5
VoL Low-ievel output voltage Ve TWIN
cc =M. IoL=1.6mA 025 04 025 04
BI/RBO ViH=2V, \
VjL = V)L max |lOL=32mA 035 05
Input current at Any input
N Py ” v inp Vec=MAX, V=7V 0.1 01| mA
maximum input voltage | except BI/BRO
i High-ievei input current Any input V MAX V=217V 20 201 pA
ighe- input cu Voo = MAX, =2.7 2 2 A
HH gr-ievel input currer except BI/RBO cc ! .
Any input
. v e —0.4 —0.4
UTH Low-fevel input current | except BI/RBO | Vo = MAX, V=04V mA
BI/RBO -1.2 -1.2
! Short-cireuit BI/RBO Vee = MAX 0.3 2 |-03 2| mA
0s output current cc ) ) e
icc Supply current Vee = MAX,  See Note 2 25 38 25 38| mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Ian typical valuesare at Voo =5V, T 25°C.
NOTE 2: I is measured with all outputs open and all inputs at 4.5 V.
switching characteristics, Vcc =5V, Ta =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
PHL Propagation delay time, high-to-low-level output from A input CL=15pF, R =4k, 100
ns
tPLH Propagation delay time, low-to-high-level output from A input See Note 6 100
PHL Propagation delay time, high-to-low-level output from RBI input CL=15pF, Ry =6kQ, 100
ns
tPLH Propagation delay time, low-to-high-level output from RBI input See Note 6 100

NOTE 6: Load circuit and voltage waveforms are shown on page 3-11.
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TYPE SN5449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vo {see Note 1) . . . . . . . . . . . L L oL L 7V
Input voltage e e e e e e 55V
Current forced into any outputintheoffstate . . . . . . . . . . . . . . . . .. .. .. TmA

Operating free-air temperature range . . . . . . « « .« ¢ 4 e 4 e e e e e e ..
Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

—55°C to 125°C
—65°C to 150°C

SN5449
UNIT
MIN NOM MAX
Supply voltage, Voo 45 5 55| V
High-levei output voltage, Vo 551 V
Low-level output current, lgp 10| mA
Operating free-air temperature, T A —55 125| °C
electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)
SN5449
PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX
Viy High-level input voltage 2 A\
Vi Low-level input voltage 06| V
Vik Input clamp voltage Vee=MIN, [ =-10mA -15| V
Voo =MIN, Vig=2V,
loH High-level output current cc IH 250 | pA
V|L=08V, Voy=55V
Vee=MIN, Vig=2V,
VoL Low-level output voltage 0.27 04! Vv
ViL=08YV, g} =10mA
I {nput current at maximum input voltage Vee = MAX, V=55V 1| mA
IH High-ievei input current Ve =MAX, V=24V 40| uA
TR Low-level input current Vee = MAX, V=04V —-1.6| mA
Ice Supply current Vce = MAX, See Note 2 33 47 | mA
tFor conditions shown as MiN or MAX, use the appropriate value specified under recommended operating conditions.
£All typical values are at Voo =5 V, Tp = 25°C.
NOTE 2: [ is measured with all outputs open and all inputs at 4.5 V.
switching characteristics, Vcc =5V, TA =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
tPHL Propagation delay time, high-to-low-level output from A input 100
ns
tPLH Propagation delay time, low-to-high-level output from A input CL=15pF, R =667 2, 100
tPHL Propagation detay time, high-to-low-levet output from RBI input See Note 5 100
ns
PLH Propagation delay time, low-to-high-level output from RBI input 100

NOTE 5: Load circuit and voltage waveforms are shown on page 3-10.

1076

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

733



TYPES SN54LS49, SN741S49

BCD

REVIS

-TO-SEVEN-SEGMENT DECODERS/DRIVERS

ED OCTOBER 1976

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

Sugply voltage, V¢ (see Note 1)

Inputvoltage . . . . . . . . . . . ..

Current forced.into any output in the off state

Operating free-air temperature range: SN54(.549
SN74LS49

Storage temperature range e

7V
7V
TmA

" 56°C 10 125°C

0°Cto 70°C

" _65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminai,
recommended operating conditions
SN54Ls49 SN74L849 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 45 5 5.5 | 4.75 5 525 V
High-level output voltage, VoH 5.5 55( V
Low-level output current, lo 4 8| mA
Operating free-air temperature, Ta —55 125 0 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
]
PARAMETER TEST CONDITIONST SNS4LS49 SN74L549 UNIT
MIN TYPI MAX |MIN TYPY MAX
ViH High-level input voltage 2 2 \Y
ViL Low-level input voltage 0.7 08| Vv
Vik input clamp voltage Vee = MIN, H=—-18mA -1.5 -15| V
Vee = MIN, ViH=2V,
| High-level output t 250 250 | pA
OH ranle Htput curren ViL = V)L max, VoH=5.5V .
Vec=MIN, 110 —ama 025 04 025 04
Voo Low-level output voitage VIH=2V, A\
ViL = V)i max loL=8mA 0.35 0.5
I Input current at maximum input voltage| Vgg = MAX, V=7V 0.1 0.1 | mA
I1H High-level input current Voo =MAX, V=27V 20 20 | uA
T Low-level input current Voo =MAX, V=04V —0.4 —0.4 | mA
lcc Supply current Vec =MAX,  See Note 2 8 15 8 15 | mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 ¥All typical values are at Vog =5 V, Tp = 25°C.
NOTE 2: Igc is measured with all outputs open and all inputsat 4.5 V.
switching characteristics, Vec =5V, Ta =25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
TPHL Propagation delay time, high-to-low-level output from A input CL=15pF, Ry =2kQ, 100
ns
PLH Propagation delay time, low-to-high-level output from A input See Note 6 100
tPHL Propagation delay time, high-to-low-level output from RBI input CL=15pF, R =6k%, 100
. ns
tPLH Propagation delay time, low-to-high-level output from RBI input See Note 6 100
NOTE 6: Load circuit and voltage waveforms are shown on page 3-11.
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TYPES SN5475, SN5477, SN54L75, SN54L77, SN54LS75, SN541S77,
SN7475, SN74L75, SN74L71, SN74LS75
4-BIT BISTABLE LATCHES

BULLETIN NO. DL-S 7611851, MARCH 1974—REVISED OCTOBER 1976

TTL
Mmsl

description

Iogic SN5475, SN54LS75 .. .J OR W PACKAGE
SN54L75 ... J PACKAGE
FUNCTION TABLE SN7475, SN74L75, SN74LS75 . ..J OR N PACKAGE
(TOP VIEW)
{Each Latch}

INPUTS OUTPUTS 10 20 20 ENﬁLE GND 30 3Q 40
D G|la @

L H L H

H H H L

X L | Qg O

H = high level, L = [ow level, X = irrelevant
Qg = the level of Q before the high-to-low transition of G

These latches are ideally suited for use as temporary
storage for binary information between processing
units and input/output or indicator units. Informa-
tion present at a data (D) input is transferred to the Q
output when the enable (G} is high and the Q output
will follow the data input as long as the enable
remains high. When the enable goes low, the informa-
tion (that was present at the data input at the time

logic: see function table

SN5477, SN54LS77 ... W PACKAGE
SN54L77, SN74L77 ... T PACKAGE

ENABLE
the transition occurred) is retained at the Q output 10 2Q. 12 GND NC 3Q 4Q
until the enable is permitted to go high. 1 13 12 1 10 9 8
— |
The '75, 'L75, and ‘LS75 feature complementary C ,

various 18-pin packages. For higher component
density applications, the ‘77, 'L77, and 'LS77 4-bit
latches are available in 14-pin flat packages.

and O outputs from a 4-bit latch, and are available in i L|

These circuits are completely compatible with all
popular TTL or DTL families. All inputs are diode-
clamped to minimize transmission-line effects and
simplify system design. Series 54, 54L, and 54LS 1 2 3 4 5 6 7
devices are characterized for operation over the full

- S o 1D 2D ENABLE Vce 3D 4D NC
military temperature range of —b55C to 125°C; 34
Series 74, 74L, and 74LS devices are characterized logic: see function table
for operation from 0°C to 70°C. g
NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vg (see Note 1) 7V
input voltage: '75,'L75, 77, 'L77 55V
’'LS75, 'LS77 7V
Interemitter voltage {see Note 2) e e e e e .. ... BbV
Operating free-air temperature range: SN54’, SN54L’, SN54LS’ Circuits —55°Ct0 125°C
SN74’, SN74L’, SN74LS’ Circuits 0°C t0 70°C

Storage temperature range

NOTES: 1.

—65°C to 150°C

Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter input transistor and is not applicable to the LS75 and 'LS77.
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TYPES SN5475, SN5477, SN54L75, SN54L77, SN541S75, SN54LST7,
SN7475, SN74L75, SN74L7], SN74LS75

4-BIT BISTABLE LATCHES

REVISED OCTOBER 1976

functional block diagrams (each latch)

75, 77,°L75, 'L77

Q —1 —3
To 75 4
Other ('75 and 'L75)
Latch
ENABLE DATA
'LS75 _ 'LS77
DATA Q DATA ——
TO p—o T0 p—Q
OTHER <—4 OTHER <4
LATCH LATCH
ENABLE ENABLE
schematics of inputs and outputs
‘75,77 *L75,°L77

‘LS75, 'LS77

EQUIVALENT OF EACH INPUT

Vee P

INPUT

Data: Reg = 2 k2 NOM

Enable: Req =1 k{2 NOM

EQUIVALENT OF EACH INPUT

Vee -
Req
INPUT ——

Data: Reg =4 k) NOM
Enable: Req =2 k52 NOM

EQUIVALENT OF EACH INPUT

Vec —__Wr__ ——
>
SReq
INPUT pR—
Data: Req =17 k2

Enable: Req= 4.2 kil

‘75,77

LTS5, L77

‘LS75, 'LS77

TYPICAL OF ALL OUTPUTS

-— ————vVecc
130 2
NOM

OUTPUT

TYPICAL OF ALL QUTPUTS

Vee
260 ©
NOM

OUTPUT

— . -———_*‘-—_TVCC

TYPICAL OF ALL OUTPUTS

21200

<
-:C——“ h

o

b3

OUTPUT
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TYPES SN5475, SN5477, SN7475
4-BIT BISTABLE LATCHES

recommended operating conditions

SN5475, SN5477 SN7475 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 45 5 565|475 5 525 V
High-level output current, |gH —400 —400| pA
Low-level output current, lg 16 16| mA
Width of enabling pulse, t, 20 20 ns
Setup time, tgy 20 20 ns
Hold time, th 5 5 ns
Operating free-air temperature, T A —55 125 [¢] 70| °C

electrical characteristics over recommended operating free-air temperature range {unl

ess otherwise noted)

PARAMETER

TEST CONDITIONST MIN TYPE MAX |UNIT
V|4 High-level input voltage 2 v
ViL Low-level input voitage 08| Vv
Vik Input clamp voltage Vee = MIN, =-12mA -15| V
. Veg =MIN, Vig=2V,
VoH High-level output voitage ViL =08V, 104 = —400 4A 24 34 \
VoL Low-level output voltage Vee = MIN. Vin=2Vv. 0.2 04| V
ViL=08V, lgp =16 mA
1 Input current at maximum input voltage Vee=MAX, V=55V 1] mA
li4  High-level input current D Input Vee = MAX, V=24V & uA
G input 160
Il Low-level input current D input Veo=MAX, V=04V i
G input —6.4
o 5 SN54* —20 =57
los  Short-circuit output current3 Vee = MAX SN7a" T8 57 mA
Icc  Supply current Vec = MAX, SN54 52 46 mA
See Note 3 SN74" 32 53
IFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions.
£All typical values are at Voo =5 V, T = 25°C.
§Not more than one output should be shorted at a time.
NOTE 3: I is tested with all inputs grounded and all cutputs open.
switching characteristics, Vcc =5V, TA =25°C
FROM TO
PARAMETER® TEST CONDITIONS MIN TYP MAX |UNIT
(INPUT} {OUTPUT)
PLH b o 16 30 ns
tPHL 14 25
z::i: 5] Q Cp=15pF, 2‘7‘ ‘:g ns
Ly AL-a00a. 16 30
G Q See Figure 1 ns
tPHL 7 15
PLHY G a 16 30 s
tPHL Y 7 15

OtpLH = propagation delay time, low-to-high-level output
tpH | = propagation delay time, high-to-low-level output
¢ These parameters are not applicable for the SN5477,
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TYPES SN54L75, SN54L77, SN74L75, SN74LT7
4-BIT BISTABLE LATCHES

recommended operating conditions

SN54L75, SN54L77 | SN74L75, SN74L77 UNIT

MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 45 5 55| 4.75 5 525 | V
High-level output current, lgH —200 —200 | pA
Low-level output current, Ig|_ 8 8| mA
Width of enabling pulse, ty, 100 100 ns
Setup time, tg 40 40 ns
Hold time, tp 10 10 ns
Operating free-air temperature, T o —55 125 0 70| °c

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

PARAMETER TEST CONDITIONST MIN TYPE MAX [UNIT
V|4 High-level input voltage 2 \"
ViL Low-evel input voltage 08| V
VK Input clamp voltage Vgg = MIN, Iy ==12mA <15 | V
Vee = MIN, VIH=2V,
VoH High-ievel output voltage 24 34 \"
ViL=08v, IoH = —200 pA
Vee =MiN, VIH=2V,
Vot Low-level output voltage 0.2 0.4 \"
ViL=08v, lpL=8mA
I Input current at maximum input voltage Vee=MAX, V=55V 11 mA
D input 40
1 High-level input current Vce =MAX, Vi=24V A
1H ah P G input cc ! 8o |
D input —1.6
1 Low-leve! input current Vee=MAX, V=04V mA
t " G input cc ! —32
SNBAL" -10 —29
[ Short-circuit output current$ Vee = MAX A
0s circuit outp Ten cC SN74L” ry 29 m
, Supply current Vo = MAX, SN54L’ 16 23 A
i) UrTe m.
cc Supply See Note 3 SN74L’ 6 27
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
YAl typical valuesare at Vog = 5 V, T = 25°C.
§Nor more than one output should be shorted at a time.
NOTE 3: icc is tested with aii inputs grounded and aii oulputs open.
switching characteristics, Vg =5V, TA =25°C
o FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX jUNIT
{INPUT} {OUTPUT)
1 0
PLH D a 32 6 ns
tPHL 28 50
T — 48 80
P"”: D a CL = 15pF, — ™
IPHL RL =800, G
PLH G Q See Figure 1 ns
tPHL 14 30
— 32 60
PLHY s a N
tpHLY 14 30
Otpl_H = propagation delay time, low-to-high-tevel output
tpHL = propagation delay time, high-to-low-level output
9 These parameters are not applicable for the SN54L77 and SN74L77.
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TYPES SN54LS75, SN54LS7], SN74LS75
4-BIT BISTABLE LATCHES

recommended operating conditions

SN54LS75
SN74LS75
SN54LS77 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 45 5 5.5 {4.75 5 525 V
High-level output current, IoH —400 —400 | pA
Low-level output current, Ig 4 8| mA
Width of enabling pulse, ty 20 20 ns
Setup time, tg, 20 20 ns
Hold time, ty 0 ¢} ns
Operating free-air temperature, T —55 125 0 70} °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54L.S75
: SN74LS75
PARAMETER TEST CONDITIONST SN54LS877 UNIT
MIN TYPI MAX | MIN TYPi MAX
Viy  High-level input voltage 2 2 v
ViL  Low-level input voltage 0.7 Vv
Vik  input ciamp voitage Ve = MiN, ij=—18mA -1.5 —1.5] V
Vce = MIN, VIiR=2V,
VoH High-level output voitage 2.5 3.5 2.7 3.5 \Y
VL= V|Lmax, lgH=—400uA
Vge = MIN, VIH=2V, |lgL=4mA 0.25 0.4 0.25 0.4
VoL Low-level output voltage ce IH ot v
Vi = Vi max g =8mA 0.35 0.5
Input current at D input 0.1 0.1
1 K . Ve = MAX, V=7V - mA
maximum input voltage G input 0.4 0.4
i High-level input ¢ t \ MAX, V=27V D input 20 20 A
igh-level input curren = . =2
H P cc ! G input 80 80 H
R D input —0.4 —0.4
he Low-level input current Vee = MAX, V=04V — mA
G input —-1.6 —1.6
los  Short-circuit output current® | Voo = MAX -20 —100 | —20 —100| mA
1 Suppl t \ MAX SeeNote2 |l 63 12 63 21 A
u curren = . ee Note
cc sueey cc [is77 69 13 i
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
iAII typical valuesareat Vo =5V, Tp = 25°C.
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second
NOTE 2: Igc is tested with all inputs grounded and all outputs open,
switching characteristics, Vg =5V, Ta = 25°C
FROM TO ‘LS75 ‘LS77
PARAMETER? TEST CONDITIONS UNIT
(INPUT) (QUTPUT) MIN TYP MAX |MIN TYP MAX
1] 15 27 1 1
PLH D Q 9 ns
PHL 9 17 9 17
tPLH = 12 20
D Q = ns
PHL CL =15pF, 7 15
LR A a RL=2ka, 15 27 10 18
. ns
L See Figure 1 13 25 70 18
1 — 16 30
PLH G a ns
tPHL 7 15

<>tp,_H = propagation delay time, low-to-high-level output
tpH L = propagation delay time, high-to-low-level output
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TYPES SN5475, SN5477, SN54L75, SN54L77, SN54LS75, SN54LST77,
SN7475, SN74L75, SN74L71, SN74LS75
4-BIT BISTABLE LATCHES

PARAMETER MEASUREMENT INFORMATION
switching characteristics

INPUTS OUTPUTS
— —
D G Vee a Q
RS SR
PULSE 1 1
GENERATOR A—@ o] Q ¢ P—t—t
(See Note A) _I. CL=15pF (See Note C)
__[ G ;D {See Note B)
= 6 O id i i - i
1o P >t
PULSE l
GENERATOR B CL=16pF
(See Nate A) l (See Note B)
TEST CIRCUIT
e Je
i Tus -re 1us 4—{
—-—1 I < 10ns —'I l"—< 10 ns I
| 1 4f00% 0%y | | | 3V
D INPUT | #F Vret Vref | Vref
10% | I 10%
e 1ty — |
e e
- T

G INPUT

(See
Note D)

ouTPUT Q l

1 le—»—tPLH
_J ———VoH
fo—  trLm
OUTPUT T | ' Vref Vyef
f—  tPHL—e

! ! VoL

fe—st-tPHL

VOLTAGE WAVEFORMS

NOTES: A. The puise generators have the following characteristics: Zg5,; = 50 Q; for pulse generator A, PRR < 500 kHz; for pulse
generator B, PRR < 1 MHz. Positions of D and G input pulses are varied with respect to each other to verify setup times.
. CL includes probe and jig capacitance.
. All diodes are 1N3064.
. When measuring propagation delay times from the D input, the corresponding G input must be held high.
E. For’75,'77,°’L75,and 'L77, Vs = 1.5 V; for 't S75 and LS77, Vies = 1.3 V.
7Comp|ementary Q outputs are on the '75, ‘'L75, and "LS75 only.

oow

FIGURE 1
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TTL TYPES SN5480, SN7480
MSI GATED FULL ADDERS

BULLETIN NO. DL-S 7211809, DECEMBER 1972

logic SN5480 . . . J PACKAGE
SN7480...J OR N PACKAGE SN5480 . .. W PACKAGE
(TOP VIEW) {TOP VIEW)
FUNCTION TABLE
(See Notes 1,2, and 3) Yec B2 Bl Ac At A2 A1 A a2 a1 GO 5z G
- w| (] {2 In jwo] js] |8 13 9
INPUTS | OUTPUTS [ { l ‘ [
Ch B A|Ch4q T = = . .
T
L L L|[H H L _]
L L H|lH LH - .
L HL|lH LH
L H H L H L BC Cn G z
H L LIlH LGH l | l
H L HlL HL T2 s 7
H H L L H L B* Bc Cn Tt z T GND Ac B1 B2 Vee B BC Cn
HHH[L L H - -
H = high level, L = low level positive logic: see function table

NOTES: 1. A=Ag+ A%+ A1-A2, B=B¢ + B + B1-B2.
2. When Ax is used as an input, A1 or A2 must be low. When B* is used as an input, B1 or B2 must be low.
3. When A1 and A2 or B1 and B2 are used as inputs, A* or Bx, respectively, must be open or used to perform dot-AND logic.

description

These single-bit, high-speed, binary full adders with gated complementary inputs, complementary sum (E and Z)
outputs and inverted carry output are designed for medium- and high-speed, multiple-bit, parallel-add/serial-carry
applications. These circuits (see schematic) utilize diode-transistor logic (DTL) for the gated inputs, and high-speed,
high-fan-out transistor-transistor logic (TTL} for the sum and carry outputs and are entireiy compatibie with both DTL
and TTL logic families. The implementation of a single-inversion, high-speed, Darlington-connected serial-carry circuit
minimizes the necessity for extensive “look-ahead”” and carry-cascading circuits.

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

Supply voltage, Vo {seeNoted) . . . . . . . . . . .. ... ... sV
Input voltage (see Note5) . . . . . . . . . . . . . . .. ... ...+ .....5bbyvy
Operating free-air temperature range: SN5480 Circuits . . . . . . . . . . . . . .. . . =55°Cto125°C

SN7480Circuits . . . . . . .. ... ... ......0tw70C
Storage temperature range . . . . . . .« . . . . s 4 e 4 e i s e e . . . .. .. =—B5°Cto150°C

NOTES: 4. Voltage values are with respect to network ground terminal.
5. tnput signals must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN5480 SN7480 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55| 4.75 5 525 V
Tor: —400 —400
High-level output current, I Cni1 —200 —200| pA
Ax or Bx —120 —120
Torz 16 16
Low-level output current, lg) Cnt1 8 8{ mA
Ax or Bx 4.8 4.8
Operating free-air temperature, T —55 125 0 70| °C
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TYPES SN5480, SN7480
GATED FULL ADDERS

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

SN5480 SN7480
PARAMETER TEST CONDITIONST < T UNIT
MIN TYPY MAX | MIN TYPT MAX
ViH  High-level input voltage 2 2 A%
ViL Low-level input voltage 0.8 08| V
ZorZ Vce = MAX, | Ign = —400 uA
High-level =
VOH Cht1 Vig=2V, loH = —200 pA 24 35 2.4 35 \"
output voltage
Ax or Bx ViL=08V | gy =—120 uA
ZorZ Veg = MAX,| Igp = 16 mA
Low-level = cc oL T
VoL [S ViH=2V, [lgL=8mA 022 04 022 04| Vv
output voltage
Ax or Bx ViL=08V |lgL=48mA
I Input current at maximum input voltage Vgo=MAX, V=55V 1 1] mA
A1q, Ag, Bq, By,
High-ievel A1 023 v s s
-feve , or
TP C.or2¢ Voo = MAX, V=24V uA
input current A% or Bx -1.1 1.1
Cn 200 200
A1, A2, B1, B2,
Low-level Ac, or B 16 16
-level , or
wo o c.or°¢c Voo =MAX, Vi=04V mA
input current Ax or Bx —-2.6 —-26
Cn -8 -8
o ZorT —20 —-57 | —18 57
Short-circuit
i0s oot currents CTht1 Vee = MAX —20 —70 [ -18 —70 | mA
output-curre
P A% or B¥ —09 —29 |-0.9 —29
lcc  Supply current Vee = MAX, See Note 6 21 31 21 35| mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
tan typical valuesare at Vog =5V, Ta = 25°C.

§Not more than one output should be shorted at a time,

NOTE 6: Igc is measured with all inputs and cutputs open.

switching characteristics, Vcc =5V, Ta = 25°C

FROM T0
PARAMETERY TEST CONDITIONS MIN TYP MAX| UNIT
INPUT OUTPUT
tPLH = 13 17
Ch Ch+1 _ -
PHL C_=15pF, R =780%Q, 8 12
s
oy — See Note 7 18 25 "
Bc Cn+1
tPHL 38 55
1 52 70
PLH Ac s
PHL CpL=15pF, Ry =400Q, 62 80 s
tPLH - See Note 7 38 55
Bc z
tPHL 56 75
t . 4
PLH A1 Ax g 65
tPHL 17 25
. CL=15pF, SeeNote7 78 65 ns
PLH B1 B
tPHL 17 25

ﬂ‘PLH = propagation delay time, low-to-high-level output
tpy L = propagation delay time, high-to-low-level output

NOTE 7: The load for testing outputs A% and B* consists only of capacitance C|_ to ground. The foad circuit for the other outputs and
voltage waveforms are shown on page 3-10,
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TYPES SN5480, SN7480
GATED FULL ADDERS

functional block diagram
(DUAL-IN-LINE)[FLAT PACKAGE]

(8)[12]
Al———
A2 (9)[13] }
(10){14]
A*
Ac (1111 ] I: (6)[10] —
(5)[9]
[ 2
B1 {12)[2]
gy —13M31 | '_I:D
[ 2
B* (1)[5] *—
Bo__ 216! | %} |
‘ \
Cn (3)[7] l_ﬁ I N e
+ W—.—Cnﬂ
-
schematic

Cn (3)(7)
3k@ Tk 130
4)[4
Vee (14)[4) . %/7 J}'\ k'/_‘
(@112] AI/i_\ 3k AV, —1
A 9)[13] q
A2 e ha 2k (4)[8] Tt

2k
2k
(10141 3

A——1 2k ;\];7

x -
-
ac L
7K 2
k

:

|
T
-~

H

—{: B9l

B1 (12)[2}
(13)(3]

B2 ——¢—

g* (1)15]

6k
5k
5k
k 6k
5k
K
[ —
2)(6 —
Bc (2)[6] i,
GNDUH"]
e

1k
é“ k iz P
%‘“‘ ? 1 ©1010] _
. z
J Tk
7 3 2
4k 700
g@(—— % ”
V. .. Vce bus
Resistor vaiues shown are nominal and in ohms.
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T TYPES SN5481A, SN5484A, SN7481A, SN7484A
Msl 16-BIT RANDOM-ACCESS MEMORIES

BULLETIN NO. DL-S 7211581, DECEMBER 1972

description

Each of these 16-bit active-element memories is a

high-speed, monolithic, transistor-transistor-logic SN5481A . ..J OR W PACKAGE

(TTL) array of 16 flip-flops and two write amplifiers SN7481A...J OR N PACKAGE

interconnected to form a scratch-pad memory with _{TOP VIEW) .
irect- i ¥ ADDRESS  WRITE _SENSE WRITE ADDRESS

direct-address and nondestructive read-out. These X 1E T w0 o

devices are interchangeable with and replace SN5481,

LRERXNNRIANRINER RERNER]

SN7481, SN5484, and SN7484, but feature
diode-clamped inputs, improved switching speeds,
and lower supply current requirements.
L J w1 s1 So Wol |

The flip-flops are arranged in a four-by-four matrix x4 Y4

p-flops are arranged in Y
with each flip-flop representing one bit of 16 words. X3 va|
Four X-address lines and four Y-address lines permit X2 x Y1 Y2
the address of one bit at a time. Each flip-flop, l ‘ ]
composed of two cross-coupled three-emitter tran-
sistors, is used to store one bit. To determine if a 1 2 3 4 5 [ 1
logic 1 or logic O has been stored, it is necessary to X3 X2 X1, Voc Y1 Yz ¥3
know which one of the two flip-flop transistors is ADDRESS ADDRESS

conducting. One emitter of each of these transistors
serves as the sensing output. All 16 of the logic 1
sensing outputs are connected to the sense 1 (S1)
amplifier input and ail 16 of the logic 0 sensing
outputs are connected to the sense O (Sg) amplifier
input. The two remaining emitters of each transistor

logic: See logic diagram

SN5484A ...J OR W PACKAGE

are used to complete the matrix connections neces- SN7484A ... J OR N PACKAGE

sary for the X- and Y-address lines. Address line {TOP VIEW)

inputs are normally held low and currents from all WRITE SENSE ‘ WRITE T ADDRESS
conducting flip-flop transistors flow out of these 1A 1@ T GND "G OB va
address lines. w6 uljsjulin]{e]]s
To address a flip-flop both the X- and Y-address lines ]

associated with that flip-flop are taken to a high level. L_{WiB) S1  So Wo(A) Wo(B)

Due to the matrix nature of the circuit, at least one Wi(a) va
address iine of aii fiip-flops except the one being X4 va
addressed will continue to remain at a low level and X3 x2 xi yi_ vz h
no change will occur in those flip-flops. But, in the ]

addressed flip-flop, the current in the conducting

transistor diverts from the address lines to the tiP21013f411S({6(17¢(]|8
appropriate sense line and then to one of the sense X4 X3 X2 X1 Vec Y1 Y2 V3
amplifiers. Thus, either the sense 1 amplifier or the ADDRESS ADDRESS
sense O amplifier is activated. When this occurs, the

output of the activated sense amplifier drops from a fogic: See logic diagram

high logic level to a low logic level. The memory is

nondestructive as the states of the flip-flops are not

disturbed during sensing. The memory is volatile and
information will be lost if the supply voltage is
removed.

To store new information in a flip-flop, it is necessary to address it and apply a high-level voltage to the appropriate
write amplifier. (The SN5484A and SN7484A have gated write-amplifier inputs). The output of the write amplifier
responds by dropping to a low logic level. Since all Sense O lines are connected to the output of the write 0 amplifier
and all sense 1 lines are connected to the output of the write 1 amplifier, a low level at the output of a write.amplifier

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

076



1272

TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

description (continued)

will cause the emitters of all flip-flop transistors connected to that amplifier to go low. In all the flip-flops except the
one being addressed, this low voltage has no effect since at least one other emitter on each of the flip-flop transistors is
held low by the address lines. Two possibilities exist with the flip-flop that is addressed. The flip-flop may already be in
the desired state, in which case no change occurs. If the flip-flop must be changed from one state to the other, the low
voltage applied to the emitter of the transistor which is not conducting turns that transistor on causing the other
transistor to turn off.

Since the connection between the output of the write amplifier and the sense line is common to the input of the sense
amplifier, the memory cannot be used to provide information on the state of a bit while the write amplifiers are
activated.

A number of active-element memories may be paralleled to form the desired matrix size {number of words) and to form
the desired word length (number of bits). All inputs and outputs are compatible with most DTL and TTL circuits.
Average power dissipation is typically 225 milliwatts, and the open-collector outputs may be wire-AND connected to
similar outputs. Internal circuitry of the write and sense amplifiers are operated within their linear range to improve
speed. Sensiig propagation delay times are typically 12 nanoseconds when operated at fuil fan-out and 30 picofarads of
circuit capacitance. The SN5481A and SN5484A circuits are designed for operation over the full military temperature
range of —55°C to 125°C; the SN7481A circuits are designed for operation from 0°C to 70°C.

logic diagram

SNG4B2A/SN748aA || SN5a81A/SNTABIA |
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]
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/
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x1_ YiIN] X1 Y2 X1 Y3 \\ X1 Ya SE';‘SE SEL')“SE
X1
Y1 v2 v3 va

TeExAS lNSTRUEM ENTS

INCORPORATE
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222

745



TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

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

Supply voltage, VG (see Note 1)
Inputvoltage . . . . . . .

Interemitter voltage (see Note 2)

High-level output voltage

Operating free-air temperature rang

Storage temperature range

e: SNB481A, SN5484A Circuits

SN7481A, SN7484A Circuits

\
NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to any X input in

conjunction with any Y input.

recommended operating conditions

7V

55V

55V

.. . BBV
—55°C to 125°C
0°C to 70°C
—65°C 1o 150°C

SN5481A, SN5484A | SN7481A, SN7484A UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Voo 4.5 5 55 | 475 5 5.25 \Y
High-level output voltage, VoH 5.5 55| V
Low-level output current, 1o 20 40| mA
Width of write pulse, ty{write) (see Figure 1) 20 20 ns
Address input setup time, tg (see Figure 1) 0 0 ns
Operating Tree-air temperature, Ta —55 125 0 70| °C

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

SN5481A, SN5484A |SN7481A, SN7484A
PARAMETER TEST CONDITIONST UNIT
MIN TYPi MAX| MIN TYPI MAX
V|4 High-level voltage at any input 2 2 \
v Low-level voliage to prevent writing 0.8 0.8 v
1L at address inputs to prevent sensing 1 1
Vi Low-level voltage at write inputs 0.8 1] Vv
VK Input clamp voltage Voo =MIN, Ij=—-12mA -15 —-1.5§ V
loy High-level output current Vee =MIN, Voy =55V 250 250 mA
Vor Low-level output voitage Vee = MIN, Ig = MAX 0.4 04) Vv
Input t at Write 1 i
I put cufrent Vee = MAX,V| =55V | ma
maximum input voltage Address 3 3
] ] Write Ve = MAX, V| = 2.4V 40 40
IiH  High-level input current uA
Address |Vcoe = MAX,Vy =45V 400 400
I|L  Low-level input t Write Voo MAX, V) =0.4V —16 181 A
w-level input curren , =0.
IL bowrevelinputcurre Address | CC ! 11 T
Voo = MAXAll inputsat O V 70 65
lcc  Supply current - mA
Ve =5V, Allinputsat0V 45 60 45 60

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
fan typical values are at Vg =5V, Tao = 25°C.

1-46
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TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

switching characteristics, Voc =5 V, loL = MAXT, Tp = 25°C, see figure 1

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

LOCATION SN5481A, SN5484A | SN7481A, SN7484A
PARAMETER§ TEST CONDITIONS uNIT
ADDRESSED MIN _TYP MAX| MIN _TYP MAX
CL=30pF 13 13
SR X1-Y1 ns
CL = 200 pF 18 30 18 30
CL=30pF 1119 12 20
tPHL .
| = 200 pF 17 26 18 27
X1-Y¥Y1 ns
Cy=30pF 13 20 12 19
PLH o
L= 200 pF 2740 18 27
CL = 30pF 10 18 1119
PHL o=
L = 200 pF 16 25 17 2%
X1 thru X4 and Y1 ns
. CL=30pF 13 20 13 20
PLH Cp = 200 pF 27 40 19 28

§tSR = Sense recovery time after writing

tpHL = Propagation delay time, high-to-low-level output
tpLH = Propagation delay time, low-to-high-level output

schematic

MEMORY CELL

TO03

{1 0F 16}
Y
ADDRESS
i 7k Tk
Ve

X
ADDRESS i

v

" OTHER CELLS

TOALL
OTHER CELLS

LoGic1 TO3 LoGICo
LINE  OTHER CELLS LINE
|
T T T T T T T T T T Twmmeanosenseaweeimens 1
| (10F 2) |
I LOGICOOR 1 I
| LINE v |
cc
} W“ 1k 750 300 :% l
| Wo(a) or Wi(a) ¢ N Tt ) 4 Soorsy I
| v @ ; |
{ Wo(g) or Wyg)! —~—|——4—x7-- y o N |
1

{ y Y :
| 1 5k $ 15k 7k 2k 15 16kS 300 |
| 4 . ,;7 GND ]
U -

TWO(B) and Wq(g) inputs (indicated with dashed lines) are applicable for the SN5484A, SN7484A only.

. Vg bus
Resistor values shown are nominal and in ohms.
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TYPES SN5481A, SN5484A, SN7481A, SN7484A
16-BIT RANDOM-ACCESS MEMORIES

PARAMETER MEASUREMENT INFORMATION

Vee=5V SpOUTPUT
3.5V o—
ADDRESS ) -+--
PULSE H !
GENERATOR| gs50q| @ | (scmcurr ! l
(See Note A) u>1:3 XY11 ZRERT : ee Note E) 2 R1 |
= < S,
= 0 |
E
Wg PULSE =S F—x2 | ] _LCL |
GENERATOR 2% L s | 3R2 73 |
(See Note A) 508 H < Sq | |
(<] XAwo Wy | = = I
= >

w |

Wq PULSE w L _| ________
GENERATOR @ L | 7 loapcircoimrz |

(See Note A) 508 (SeeNoteC) - {Same as load circuit 1)

TEST CIRCUIT
|—100 ns———.‘
—P | i‘—<10ns -—)I : :<—<10ns
1
ADDRESS | LA 9o1x5v' !
INPUT w% A 1SV L 10%

Wo INPUT

W1 INPUT

— F—tsn (See Note D)

=1 OH
Sg OUTPUT / ¥asv /
/ N

—»| :‘_'SR (See Note D)

~~ Vou
$1 0UTPUT \ / y1sv
el N\

SENSE-RECOVERY TIME VOLTAGE WAVEFORMS ———VoL

1

100
- , s~
<10 ns—gm : }4— —Pg : }d—sm ns
i ———————— —3v
1 #90% 90% K ! |
ADDRESS ! i 15V 15V
INPUT 10% 41 VSV 15V 10% : s

1
! gt

Su
gw"-s.'_— | eg— _HI lg—<ions !

|
|
WRITE I e o 4 ———————— —————————3v
INPUT Visv isvk! 1
Wg or Wq) 10% 47 1 %10% ) | v
T

i
1

la—20 ns— P ;(- tPHL-Dl 1 tPLH >||

1

- i VoH
OUTPUT 7\ 15V 15V
(Sg or S1) ’ N
e —— — ——-VoL

PROPAGATION DELAY TIME VOLTAGE WAVEFORMS

NOTES: A. The pulse generators have the following characteristics: for the address pulse generator, PRR = 2 MHz; for the Wg and W4 pulse

generators, PRR = 1 MHz,

C includes probe and jig capacitance.

For the SN5484A and SN7484A, unused Wg and W1 inputs are at 3.5 V,

.- tgR =sense-recovery time

For the SN5481A and SN5484A: R1 =240 £ and R2 = 560 2. For the SN7481A and SN7484A: R1 = 120 § and R2 = 330 §2.

FIGURE 1-SWITCHING CHARACTERISTICS

moo®
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TTL TYPES SN5482, SN7482
MSI 2-BIT BINARY FULL ADDERS

BULLETIN NO. DL-S 7211836, DECEMBER 1972

SN5482...J OR WPACKAGE

For applications in: SN7482...J OR N PACKAGE
(TOP VIEW)

e Digital Computer Systems
g p sy A2 B2 2 GND c2 NC NC

e Data-Handling Systems " Bl (2 1 10 9 8
e Control Systems
logic B2 *2 c2
L a2
FUNCTION TABLE
INPUTS OUTPUTS
WHEN CO=L |WHEN CO=H 1!
Al B1 A2 B2|z1 =2 c2|z1 =2 cC2 Al Bl co
L L L L|L L L|H L L
H L L L|H L L|L H L
L H L L|H L L|L H L 1 2 3 4 5 6 7
H H L L|L H L|H H L =1 Al B1 Voo co NC NC
L 0 H LI L H LIH H L —
H L H L H H L L L H positive logic: see function table
L H H L|H H L|L L H
H H H L L L H H L H NC—No internal connection
L L L H|[L H L|H H L
H L L H|H H L|L L H
L H L H|{H H L|{L L H
H H L HIL L H|H L H functional block diagram
L L H H|[L L H|H L H
H L H H|H L HI|L H H co (5) .
L H H H|[H L HIlL H H @
H H H H|L H H|H H H Al f
(1)
H = high level, L = low levet B1 (3) =1
|
description =D
L,
These full adders perform the addition of two 2-bit
binary numbers. The sum (Z) outputs are provided

for each bit and the resultant carry (C2) is obtained
from the second bit. Designed for medium-to-high-
speed, multiple-bit, parallel-add/serial-carry applica-
tions, ‘these circuits utilize high-speed, high-fan-out L

transistor-transistor logic (TTL) and are compatible
with both DTL and TTL logic families. The imple- “2)

. ) . . . "y 2
men:(atlon of a snr.lgleulnverS{on,' hfgh. speed, 82 {13) D
Darlington-connected serial-carry circuit within each
bit minimizes the necessity for extensive “look- (14) —\
ahead” and carry-cascading circuits. Az D —

{ (10) c2
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TYPES SN5482, SN7482

2-BIT BINARY FULL ADDERS

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

Supply voltage, V¢ (see Note 1)
Input voltage (see Note 2)
Operating free-air temperature range: S|

Storage temperature range
NOTES: 1.

N5482 Circuits
SN7482 Circuits

Voltage vaiues are with respect to network ground terminal.

2. Input signals must be zero or positive with respect to network ground terminal.

recommended operating conditions

7v
... ..5B5V
—~55°C t0 125°C
0°C to 70°C
—65°C to 150°C

SN5482 SN7482 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voi 45 5 55 |4.75 5 525 \"
£jor £2 —400 —400
High-level output current, Ign ) 500 200 rA
Ztorz2 16 16
Low-level output current, Ig 2 3 3 mA
Operating free-air temperature, Tp —55 125 0 70| °C

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

$SN5482 SN7482
PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX | MIN TYPI MAX
Vi High-level input voltage 2 2 \4
V(L Low-level input voltage 0.8 08| V
High-level =1orz2 Vee =MIN, | 51 = —400 uA
VOH output voltage ViH=2V, - 24 34 24 34 v
c2 ViL=04V |loH=—200 A
Low-level £1or 22 Vee=MIN, 11, <16 mA
VoL output voltage VIH=2V, ~ 0.2 0.4 0.2 04, V
Cc2 ViL=04V loL=8mA
iy Input current at maximum input voltage Vee =MAX, V=55V 1 1| mA
High-level A1,B1,0r CO 160 160
fiH input current A2 or B2 Vee=MAX, Vi =24V 40 40 pA
- Low-leve! A1, B1,0r CO Voo = MAX, Vi=04V —6.4 —6.4 mA
input current A2 o0r B2 —-1.6 —-1.6
\ Short-circuit Z1orz2 Ver = MAX —20 —556 | —18 —55 mA
03 output current$ Cc2 cc —20 —70 | —-18 —70
Icc  Supply current Veg = MAX, See Note 3 35 50 35 58 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

tan typical valuesareat Vg =5V, Ta = 25°C.

§Not more than one output should be shorted at a time.

NOTE 3: I is measured with outputs open, B1 and B2 grounded, and 4.5 V applied to A1, A2, and CO.
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TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

switching characteristics, Vg =5 V, TA = 25°C (see note 4)

FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX |UNIT
(INPUT) (OUTPUT)

T 34

PLH co £1 ns
PHL 40
T 40

PLH B2 £2 cL=15pF, RL=4000 ns
PHL 35
1 38

PLH co =2 ns
tPHL 42
t 12 19

PLH co c2 CL=15pF, R =7808 ns
tPHL 17 27

q(pLH = propagatién delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
NOTE 4: Load circuit and voltage waveforms are shown on page 3-10.

schematics of inputs and outputs

EQUIVALENT OF ALL INPUTS €2 OUTPUT
Vee—— - e
>
100 2 NOM
Heq ‘r

INPUT ——
>
OUTPUT

R
}\L
P

AAA.

AA
VWV

A1, B1,CO: Reqg =1k NOM
A2, B2: Req=4 k2 NOM

Z1AND £2 OUTPUTS

—— Vee

130 2 NOM

OUTPUT

1272
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TTL
MmsI

TYPES SN5483A, SN54LS83A, SN7483A, SN74LS83A
4-BIT BINARY FULL ADDERS WITH FAST CARRY

BULLETIN NO, DL-S 7611853, MARCH 1974—REVISED OCTOBER 1976

e Full-Carry Look-Ahead across the Four Bits
o Systems Achieve Partial Look-Ahead

SN5483A, SNS4LS83A . .. J ORW PACKAGE
SN7483A, SN74LS83A...J ORN PACKAGE
{TOP VIEW)

Performance with the Economy of
Ripple Carry
o SN54283/SN74283 and SN54LS283/SN74L.5283
Are Recommended For New Designs as They
Feature Supply Voltage and Ground on Corner
Pins to Simplify Board Layout
TYPICAL ADD TIMES

TYPICAL POWER
TWO TWO
TYPE DISSIPATION PER
8-BIT 16-BIT
4-BIT ADDER
WORDS WORDS
‘83A 23 ns 43 ns 310 mW
'LS83A 25ns 45 ns 55 mW
description

positive logic: see function table

These improved full adders perform the addition of
two 4-bit binary numbers. The sum (Z) outputs are

FUNCTION TABLE

provided for each bit and the resultant carry (C4} is
obtained from the fourth bit. These adders feature
full internal look ahead across all four bits generating
the carry term in ten nanoseconds typically. This

QUTPUT

WHEN
co=1L

INPUT

provides the system designer with partial look-ahead
performance at the economy and reduced package
count of a ripple-carry implementation.

The adder logic, including the carry, is implemented
in its true form meaning that the end-around carry
can be accomplished without the need for logic or
level inversion.

Designed for medium-speed applications, the circuits
utilize transistor-transistor logic that is compatible
with most other TTL families and other saturated
low-level logic families.

Series 54 and 54LS circuits are characterized for

rTITCfICfICICIFCICIC
TrrIICFCIICFIICC
rT T~ rrr-rIIIICCECE
ITITIIITICCFC-CCEEEF
FIrXrrCcXIICCIICCIIOC
IrfrrFfr-rCFIIICIITIICCC
IIIIII‘FFIFI‘I‘!“‘I‘ri
IrfrrFrIXIFCFCIICCIICCI
ITIrrFr-FCrICCC-CIIIICC
IIIIIITICIIICCCC

T
I
I
E

operation over the full military temperature range of
—55°C to 125°C, and Series 74 and 74LS circuits are
characterized for operation from 0°C to 70°C.

NOTE:

H = high level, L = low level

Input conditions at A1, B1, A2, B2, and CO are used to
determine outputs £1 and 2 and the value of the internal
carry C2. The values at C2, A3, B3, A4, and B4 are then
used to determine outputs £3, 4, and C4.

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

Supply voltage, Vg (see Note 1)
Input voltage: "83A

'LS83A e e
Interemitter voltage (see Note 2) S
Operating free-air temperature range: SN5483A, SN54LS83A

SN7483A, SN74LS83A
Storage temperature range

NOTES:

Y A
55V

7V

.. 55V

e —55°C to 125°C
e e i s e e ..... 0OCto70°C

—65°C to 150°C

1. Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter transistor. This rating applies for the '83A only between the

following pairs: A1 and B1, A2 and B2, A3 and B3, A4 and B4.

TeExAs INSTRUMENTS
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TYPES SN5483A, SN54LS83A, SN7483A, SN74LS83A
4-BIT BINARY FULL ADDERS WITH FAST CARRY

REVISED OCTOBER 1976

functional block diagram

N~
1%
— ) (14)
———
—
16
B4 (16)
(1)
AL
15
(18) Z4
|
I—
)|
4
83 (4)
.3
A3 (2)
N
> z3
1
7) )
B2 {
A2 8) (6) 22
(1) 1
I S
(9)
A1 (10) Z1
co (13) D
schematics of inputs and outputs
'83A ‘83A 'LS83A 'LS83A
EQUIVALENT OF TYPICAL OF ALL EQUIVALENT OF TYPICAL OF
EACH INPUT OUTPUTS EACH INPUT ALL OUTPUTS
——— __q;_.. VCC
—_ — v Vee———- 120 2 NOM 3
Vee - R CC Reg 1
Req _
INPUT _— -
INPUT -
OouTPUT 4 OUTPUT

CO input: Rgq = 4 k2 NOM
Any A or B: Rgg = 3.5 kI NOM

C4 output: R = 100 £2 NOM
Any £: B =120 £l NOM

Yy

”m

CO input: Req =17 k2 NOM
Any A or B: Req =8.5 k2 NOM

TEXASINICN STRUMENTS
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TYPES SN5483A, SN7483A
4-BIT BINARY FULL ADDERS WITH FAST CARRY

recommended operating conditions

SN5483A SN7483A UNIT
MIN NOM MAX | MIN NOM MAX
Supply Voltage, Vo | 45 5 55 | 475 5 5.25 v
Any output except C4 —800 —800
High-level output current, lgy On:put 24 P 200 200 uA
u _ _
Any o t t C4 1
Low-level output current, 1o On:,p \:tg: oxcep Z 1: mA
utpu
Operating free-air temperature, T A —55 126 0 70 | °C

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

SN5483A SN7483A

PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX [MIN TYPi MAX
ViH High-level input voltage 2 2 A
ViL Low-level input voltage 0.8 08| Vv
Vik Inputclamp voitage Vee=MIN, I{j=-12mA -15 -1.5| V
. Vee=MIN, Vig=2vV,
VoH High-level output voltage 24 34 24 34 v
Vi =08V, !gH=MAX
Vee=MIN, Vig=2V,
VoL Low-ievel output voltage 0.2 0.4 0.2 04| V
VIL=0.8YV, lgL=MAX
t 't i
I 'lnpu current at maximum Voo =MAX, V| =55V 1 1] ma
input voltage
Ij4  High-level input current Voo =MAX, V=24V 40 40 | uA
ljL  Low-fevel input current Voo =MAX, V=04V -1.6 -1.6 | mA
hort-circui A tput except C4 -20 —55 | —1 -
los Short-circuit ny output excep’ Ve = MAX 5 8 55 mA
output current§ Output C4 —20 -70 | —18 -70
Ali B low, other
. 56 56
Veg =MAX, | inputs at 4.5 V
'cc  Supply current Outputs open { All inputs at mA
i 6 99 86 110
4.5V

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$All typical values are at Voc=5 V, T = 25°C.
Oniy one output should be shorted at a time,

switching characteristics, Vg =5V, Ta = 25°C

PARAMETERY FROM (INPUT) TO {OUTPUT) TEST CONDITIONS MIN TYP MAX|UNIT
1 14 21
PLH co Any = ns
tPHL CL=15pF, R =400%, 12 21
1 See Note 3 16 24
PLH Ajor B; i ns
tPHL 16 24
1 9 14
PLH co ca ns
tPHL CL=15pF, R =780%, 11 16
tpLH See Note 3 9 14
L AjorB; C4 ns
tPHL 11 16

ﬂtpLH = Propagation delay time, low-to-high-level output
tpH ) = Propagation delay time, high-to-iow-level output
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.
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TYPES SN54LS83A, SN74LS83A
4-BIT BINARY FULL ADDERS WITH FAST CARRY

REVISED OCTOBER 1976

recommended operating conditions

SN54LS83A SN74LS83A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, V¢i 4.5 5 5.5 |4.75 5 525 V
High-level output current, igH —400 —400 | wA
Low-leve! output current, I 4 8 mA
Operating free-air temperature, Ta —55 125 [ 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54LS83A SN74LS83A
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX |MIN TYPI MAX
ViH High-level input voltage 2 2 \%
VL Low-level input voltage 08| Vv
ViK Input clamp voltage Vce = MIN, lj=—-18mA -15{ V
Vee = MIN, ViH=2V, VjL= VL max,
VoH High-evel outputvoliage cc H L=viL 25 34 27 34 v
1oH = —400 uA
Ve = MIN, ViH=2V, lloL=4mA 0.256 0.25 0.4
VoL Low-level output voltage cc H oL \
Vi = V)L max loL=8mA 0.35 0.5
Inputeurrent | 4y A or B 0.2 0.2
1 at maximum Veoc=MAX, wv=7V mA
input voltage co 0.1 01
High-level Any AorB 40 40
1 Voo =MAX, V=27V A
H input current co cc ! 20 20 a
Low-level Any AorB —0.8 —-0.8
e oo YROr® dVee=MAX, V=04V mA
input current co —-0.4 —0.4
l0s  Short-circuit output current§ | Vog = MAX —20 —~100 | ~20 —100| mA
All inputs
22 39 22 39
grounded
' Supol N Vee = MAX, All B low, other 19 2 19 31 A
c
cc upply curren Outputs open inputs at 4.5V m
All inputs at 19 24 19 2
4-5 v
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fAI! typical vatuesare at Ve =5V, Ta = 25°C.
¥Only one output shouid be shdrted at a time, and duration of the short-circuit should not excead one second,
switching characteristics, Vg =5V, Ta = 25°C
PARAMETERY FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN  TYP MAX |UNIT
1 16 24
PLH Cco Any £ ns
tPHL 15 24
1 15 24
PLH AjorB; Zi ns
tPHL Cp =15pF, R =2k, 15 24
PLH co ca See Note 4 1 17 ns
tPHL 15 22
1 11 17
PLH Aj or Bj c4 ns
tPHL 12 17
ﬂtpLH = Propagation delay time, low-to-high-level output
tpH | = Propagation delay time, high-to-low-level output
Note 4: Load circuit and voltage waveforms are shown on page 3-11.
7.56 TEXAS INSTRUMENTS
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TTL
MSI

TYPES SN5485, SN54185, SN541S85, SN54S85,
SN7485, SN74185, SN74LS85, SN74S85
4-BIT MAGNITUDE COMPARATORS

BULLETIN NO. DL-S 7611810, MARCH 1974—REVISED OCTOBER 1976

TYPICAL
rype POWER
DISS!-

PATION

‘85 275 mW
‘L85 20 mW
‘LS85 52 mW
‘sS85 365 mW

description

SN5485, SN54LS85, SN54S85 . . . J OR W PACKAGE SN54L85...J PACKAGE
SN7485, SN74LS85, SN74S85 ... OR N PACKAGE SN74L85...J OR N PACKAGE
(TOP VIEW) (TOP VIEW)
DATAII\NPUTS INPUTS oUTPUTS INPUTS
vec A3 B2 A2 A1 Bl A0 BO' Voo ‘Az B3 A>B A<B B0 A0 Bl
15 15 wipnspurljuiwlisg B juijif|{inf{wl]9
TYPICAL ,L ‘ -~ , l ] l I l 1 J
DELAY A2 Al 51 A0 A3 B3 A>B A<B B0 A0
(4’B|T OUTPUT QUTPUT
WORDS) B3 BO B2 81
o T ; I [ %GlTB ! ﬁﬁf . m .::; .:.,Jz M .
24 ns [ |
11 1{12(]3 415 6|78 ! ”2” H ” ” ” l! !
Hhns ngm A<B A=B A>B,A>B A=B A<B, GND GUTPST A>B A<B A=B Al  GND
INPUT  CASCADE INPUTS oUTPUTS INPUTS Cascapt meuts T
positive logic: see function tables positive logic: see function tables

These four-bit magnitude comparators perform comparison of straight binary and straight BCD {8-4-2-1) codes. Three
fully decoded decisions about two 4-bit words (A, B} are made and are externally available at three outputs. These
devices are fully expandable to any number of bits without external gates. Words of greater length may be compared by
connecting comparators in cascade. The A > B, A < B, and A = B outputs of a stage handling less-significant bits are
connected to the corresponding A > B, A < B, and A = B inputs of the next stage handling more-significant bits. The
stage handling the least-significant bits must have a high-level voltage applied to the A = B input and in addition for the
‘L85, low-level voltages applied to the A > B and A < B inputs. The cascading paths of the ‘85, ‘LS85, and ‘S85 are
impiemented with only a two-gate-level delay to reduce overall comparison times for long words. An alternate method
of cascading which further reduces the comparison time is shown in the typical application data.

FUNCTION TABLES

COMPARING CASCADING
INPUTS INPUTS outeuTs
A3,B3 | A2,B2 | A1,B1 | AGQ,BO| A>B A<B A=B|A>B A<B A=B
A3>B3| X X 3 X b3 X H L L
A3<B3| X X x X X 3 L H L
A3=8B3 |[A2>B2| X X X X x H L L
A3=83 |A2<B2| X X X X X L H L
A3=B2 |[A2=B2 |A1>B1| X X X X H L L
A3=B3 |A2=B2 |A1<B1| X X x X L H L
A3=B3 |A2=B2 | A1=B1 [A0O>BO| X X X H L L
A3=B3 |A2=B2 |A1=B1|A0<BO| X X X L H L
A3=-83 |A2=B2 [A1=B1|A0=B0| H L L H L L
A3=B3 |A2=B2 |A1=B1[A0=B0| L H L L H L
A3=B3 |A2=B2 |A1=B1|A0=B0| L L H L L H
85, L85, ‘$85
A3=-B3 |A2=B2 | A1=B1|A0=8B0| X X H L L H
A3=83 [A2=B2 [A1=B1[A0=B0| H H L L L L
A3=8B3 |A2=B2 |A1=81|A0=B0| L L L H L
L85

A3=B3 [A2=B2 [A1=B1|A0=B0] L H H L H H
A3=B3 |A2=B2 |A1=B1|A0=Bo| H L H H L H
A3=B3 |A2=B2 [A1=B1|A0=8B0] H H H H H H
A3-8B3 {A2=B2 |A1=B1|A0=B0| H H L H H L
A3=8B3 |A2=B2 [A1=B1|A0=80| L L L L L L

H = high level, L =

low level,

X = irrelevant
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TYPES SN5485, SN54185, SN54LS85, SN54S85,
SN7485, SN74185, SN74LS85, SN74S85
4-BIT MAGNITUDE COMPARATORS

functional block diagrams

= -
a5 o5
25 &5
3 3

2

‘L85

‘85, 'LS85, 's85

28 ¥ ggR 5 28
374
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TYPES SN5485, SNb4L85, SN54LS85, SN54S85,
SN7485, SN741L85, SN741S85, SN74S85
4-BIT MAGNITUDE COMPARATORS

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH
INPUT FOR ‘85 INPUT FOR 'L85 INPUT FOR ’'LS85 INPUT FOR ’S85
Vv —_——
Vee - Vee - ce Vee --
$Req =17 kQ
Req Req S Neq k Req
INPUT — || inpuT —— ] NPT = || weut _
A =B, Any AorB: Any A or B: A =B, Any AorB:
Reg = 1.67 k2 NOM Req = 16.7 k2 NOM Rgq =933 2 NOM
A> <B: A=B,A>B,A<B: A>B,A<B:
Rgq =4 k2 NOM_ Rgq = 40 k2 NOM Raq = 2.8 k€2 NOM
TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS
FOR ‘85, ‘L85 FOR ‘L.S85 FOR "S85

[ —

Vee ———tV
cc
— Vee 1200 5 50 2 NOM 3
b
Req r r
o
OUTPUT b OUTPUT
OUTPUT

‘85: Req =100 £ NOM
‘L85: Rgq = 500 Q& NOM

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

SN54° SN74°
SN54L’ | SN54LS’ SN74L* | SN74LS’| UNIT

SN548’ SN748’
Supply voltage, Vg (see Note 1) 7 8 7 7 8 7 \2
Input voltage (see Note 2) 5.5 5.5 7 5.5 5.5 7 \"
Interemitter voltage (see Note 3) 5.5 55 v
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °c

NOTES: 1. Voltage values, except interemitter voitage, are with respect to network ground terminal.
2. Input voltages for ‘L85 must be zero or positive with respect to network ground terminal.
3. This is the voltage between two emitters of a multiple-emitter input transistor. This rating applies to each A input in conjunction
with its respective B input of the ‘85 and ‘S85.
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TYPES SN5485, SN7485
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

SN5485 SN7485
MIN NOM MAX | MIN NOM MAX unNIT
Supply voltage, Ve 4.5 5 5.5 4.75 5 525 V
High-level output current, ioH —400 —400 | pA
Low-level output current, g 16 16 | mA
Operating free-air temperature, Ta, —55 125 0 70} °C

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

PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
V|H High-level input voltage 2 \
- Vi Low-level input voltage 08| Vv
Vik Input clamp voltage Vee = MIN, I =—=12mA -1.5] V
VoH High-level output voltage Vee = MIN, Vi =2V, 24 34 9
ViL=08V, 1oy = —400 pA
Vce = MIN, Vig=2V,
VoL Low-level output voltage ViL =08V, loL = 16 mA 02 04! V
1y Input current at maximum input voltage Vce = MAX, Vy=58V 1] mA
IlH  High-level input current :"ii:‘i:pit':pms Ve = MAX, V=24V 122 uA
L Low-level input current A<B.A>Binputsl, - max, V=04V 18 A
all other inputs —4.8
los  Shortcircuit output current§ Vee=MAX, V=0 SN5485 | ~20 =5 A
SN7485 | 18 —55
Icc  Supply current Voo = MAX, SeeNote 4 55 88 | mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
FAll typical values are at Vo = 5 V, T4 = 25°C.
Not more than one cutput should be shorted at a time.
NOTE 4: Igc is measured with outputsopen, A =8B grounded, and all other inputsat 4.5 V.
I switching characteristics, Vg =5V, Ta =256°C
PARAMETER T FROM To NUMBER OF TEST CONDITIONS |MIN TYP MAX| UNIT
INPUT QUTPUT GATE LEVELS
1 7
tPLH Any A or B data input A<B, A>B 2 12 ns
3 17 26
A=8B 4 23 35
1 11
A<B, A>8B 2 _ 15
tPHL Any A or B data input 3 CL = 15 pF, o 301 ™
Ry =400 Q,
A=B 4 See Note 5 20 30
tPLH A<BorA=B A>B 1 7N ns
tPHL A<BorA=B A>B 1 11 17 ns
PLH A=B A=B 2 13 20 ns
tpyL A=B A=B 2 1 17 ns
PPLH A>BorA=B A<B 1 7 N ns
tPHL A>BorA=8B A<B 1 1" 17 ns

ﬁtpLH = propagation delay time, low-to-high-level output
tpH | = propagation delay time, high-to-low-level output.
NOTE §: Load circuit and voltage waveforms are shown on page 3-10.
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TYPES SN54185, SN74185
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

SN54L85 SN74L85
MIN NOM MAX | MIN NOM MAX uNIm
Supply voltage, Voo 4.5 5 55 | 4.75 5 525 \%
High-level output current, IoH —100 —200 | A
Low-tevel output current, 1Q|_ 2 36 | mA
Operating free-air temperature, Ta —55 125 0 70 | °C

electrical characteristics over recommended operating free-air temperature range (unl

ess otherwise noted)

PARAMETER TEST CONDITIONSt MIN TYPI MAX |UNIT
ViHy High-level input voltage 2 v
ViL Low-level inputvoltage 07| Vv
VYoo =MIN, V=2V, SN54 L 2.4 .3
VoH High-level output voltage ce = M tH =< NS4LES < 3.3 \
VIL=0.7V, IgH=MAX | SN74L85 2.4 3.2
Voi Loslevel output voltage Vec=MIN, V|y=2V, |SN54L85 0.15 0.3 v
ViL=0.7V, lgL=MAX |SN74L85 02 04
input current at A<B,A>B,orA=B 100
I Vece=MAX, V=55V BA
maximum input voltage A or B inputs 300
A<B,A<B,orA=B 10
| High-level input current Vee=MAX, V=24V A
IH ‘gh-levelinp rr A or B inputs cc ! 30 ”
. A<B,A>B,orA=B —0.18
lj Low-leve! input current - Vee=MAX, V=03V mA
A or B inputs —0.54
log  Short-circuit output current$ Voe = MAX -3 —15 | mA
| Suol " v MA See Note 6 Condition A 40 7.7 mA
cc upply curren cc= X, SeeNow Condition B 32 7.2
Tfor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareatVogo =5V, Ta = 25°¢C.
§Not more than one output should be shorted at a time.
NOTE 6: With all outputs open, | is measured for Condition A with all inputs at 4.5 V, and for Condition B with all inputs grounded.
switching characteristics, Vcc =5V, TA = 25°C
FROM TO
PARAMETERY TEST CONDITIONS MIN  TYP MAX |[UNIT
(INPUT) {OUTPUT)
1 90 150
PLH Any AorB Any ns
tPHL CL=50pF, Ry =4k, 75 150
tPLH A>B,A<B, See Note 7 75 150
Any ns
tPHL orA=8 55 100

1|tPLH = propagation delay time, low-to-high-level output
tpH L = propagation delay time, high-to-low-level output
NOTE 7: Load circuit and voltage waveforms are shown on page 3-11.
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TYPES SN54LS85, SN741LS85
4-BIT MAGNITUDE COMPARATORS

REVISED OCTOBER 1976

recommended operating conditions

SN541S85 SN74LS85 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 |4.76 5 525 V
High-level output current, loy —400 —400 [ uA
Low-level output current, Igy_ 4 8| mA
Operating free-air temperature, Ta —55 125 4] 70| °C

electrical characteristics over recommended operating free-air temp

erature range (unl

ess otherwise noted)

+ SN54L.885 SN74L885
PARAMETER TEST CONDITIONS UNIT
MIN TYPI MAX |[MIN TYPf MAX
ViH High-level input voltage 2 2 v
ViL Low-leve! input voltage 0.7 08| V
Vik Input clamp voltage Ve = MIN, Ij=—18mA —-1.5 -151| V
- Vee=MIN,  Vip=2V,
VoH High-level output voltage 25 3.4 27 3.4 v
ViL = ViL max, loy = —400 pA
Vee=MIN. |0 —4ama 025 04 025 04
VoL Low-level output voltage VIH=2V, v
VL = Vi max loL=8mA 035 05
Input current A < B, A > B inputs 0.1 0.1
Iy at maximum - Vee=MAX, V=7V mA
input voltage all other inputs 0.3 0.3
High-level A < B, A > Binputs 20 20
hy . - Vee = MAX, V=27V uA
input current all other inputs 60 60
Low-level A < B, A >Binputs —0.4 —0.4
LT - Ve = MAX, V=04V mA
input current all other inputs —1.2 —1.2
los Shortcircuit output current$ Vge = MAX —20 —-100 |-20 —100 | mA
Igc  Supply current Voo =MAX,  SeeNote 4 10.4 20 10.4 20 | mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical values areat Voo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 4: I is measured with outputs open, A = B grounded, and all other inputs at 4.5 V,
switching characteristics, Vec =5V, TA = 25°C
FROM TC NUMBER OF
PARAMETERY TEST CONDITIONS [MIN TYP MAX |UNIT
INPUT QUTPUT GATE LEVELS
1 14
. Any A of B data input A<B,A>B 2 19
a mpu
PLH ny A or a inp 3 o1 % ns
A=8 4 27 45
1 11
A<B,A>B 2 15
tPHL Any A or B data input CpL=15pF, ns
3 Ry = 2KQ 20 30
A=B 4 L ’ 23 45
See Note 7
tPLH A<BorA=8B A>B 1 14 22 ns
PHL A<BorA=B A>B 1 11 17 ns
tpLH A=B A=8 2 13 20 ns
tPHL A=B A=B 2 13 26 ns
tPLH A>BorA=B A<B 1 14 22 ns
tPHL A>BorA=B A<B 1 11 17 ns

ﬂtp LH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-tevel output
NOTE 7: Load circuit and voltage waveforms are shown on page 3-11.
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TYPES SN54S85, SN74S85
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

SN54S85 SN74S85
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Voo 4.5 5 55 | 475 5 525 \"
High-level output current, IgH -1 -1 | mA
Low-level output current, Ig) 20 20 | mA
Operating free-air temperature, T, —55 125 0 70 | °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYPE MAX|uNIT
ViH High-level input voltage 2 Vv
ViL Low-level input voltage 08| Vv
VK Input clamp voltage Vee=MIN, j=—-18mA =12 Vv
VoH High-levei output voitage Vee=MIN,  Viy=2V, SNB4S8S | 25 34 \
ViL=08V, lgy=—1mA |SN74885 | 2.7 34
VoL Low-level outputvoltage ‘\{CC =AMA”‘\I: YIH . fAV, - 05| V
ViL=0.8V, igL=20mA
Iy Input current at maximum input voltage Vee=MAX, V=55V 1] mA
. . A< B,A> B inputs 50
Iig  High-level input current Al other inputs Vee=MAX, Vv|=27V 150 HA
ITH Low-level input current A<B, A> B inputs Vee = MAX, V=05V —2 mA
all other inputs —6
lgpg  Short-circuit output current$ Vge = MAX —40 —100 | mA
Vee = MAX, See Note 4 73 115
Icc  Supply current Vee = MAX, Ta=125°C, SN54SE5W 110 mA
See Note 4
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
FAIl typical values are at Voa =5 V, Ta = 25°C.
§Not more than one output shouid be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 4: lgg is measured with outputs open, A = B grounded, and all other inputs at 4.5 V.
switching characteristics, Vog =5 V, TA = 25°C
FROM TO NUMBER OF
PARAMETERY INPUT OUTPUT GATE LEVELS TEST CONDITIONS | MIN TYP MAX [UNIT
1 5
) A<BA>B 2 75
tpLH Any A or B data input 3 105 6 ns
A=B 4 12 18
1 5.5
X A<B,A>B 2 7
PHL Any A or B data input 3 gL = 122:))!;, T 168 ns
A-B 4 SEI; Note 5 ’ 11165
tPLH A<BorA=B A>B 1 5 75 ns
1PHL A<BorA=8B A>B 1 55 85 | ns
tPLH A=B A=B 2 7 105 ns
PHL A=8B A=B 2 5 75| ns
tPLH A>BorA=B A<B 1 5 751! ns
tPHL A>BorA=8B A<B 1 55 85| ns

ﬁtPLH = propagation delay time, low-to-high-level output
tpH| = propagation delay time, high-to-low-level output

NOTE 5: Load circuit and voltage waveforms are shown on page 3-10.
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TYPES SN5485, SN54185, SN541LS85, SN54S85,
SN7485, SN74185, SN74LS85, SN74585
4-BIT MAGNITUDE COMPARATORS

TYPICAL APPLICATION DATA

COMPARISON OF TWO N-BIT WORDS wes) INPUTS
MSB) B23
prom—
. N . . B2 — ]
This application demonstrates how these magnitude 2 =2
comparators can be cascaded to compare longer z} el ‘;f; e
words. The example illustrated shows the comparison 820 B0 A>B
. ! . 420 ———20
of two 24-bit words; however, the design is B19 ————A<B o g
expandable to n-bits. As an example, one comparator a9 L_‘:;BB 'L585, "S85
can be used with five of the 24-bit comparators
. . 8 ——183
illustrated to expand the word length to 120-bits. O S— e
Typical comparison times for various word lengths jod p—
using the ‘85, ‘L85, ‘1885, or ‘S85 are: 816 ——{B1 A<B
A6 A“| A=B
B15 BO A>B
WORD NUMBER P ia—
LENGTH OF PKGs oo L85 'LS85 'S8 . R
14 bits 1 23ns 90ns 24ns 11ns L
5-24 bits 2-6 46ns 180ns 48ns 22ns o 53 B3 =
25-120 bits 8-31 69ns 270ns 72ns 33ns 812 ———{B2
A2 =———A2 A2 OUTP
B11 ———p1 A<B B A<B
— A=B |—NC A1 s
P p— P i pu— os—
A10 ————4a0 — a0
B9 <B o A<B .
TR ms s =
B8 ~———B3
A8 ———A3
B7 ————1B2
A7 —————qA2
B6 B1 A<B
A6 ———A1 A=B
BS A>B
AS |AD
B4 A<B %, L6,
ae AR usesses
B3 B3
A3 A3
B2 ——————{B2
A2 —————A2
~ Bt ————{B1 A<B
Al ———a1 A=B
(LSB) 80 ———{B0 A>B
Al AQ
L —4A<B P
o e R

COMPARISON OF TWO 24-BIT WORDS
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m TYPES SN5486, SN54186, SN54LS86, SN54S86,
MS| SN7486, SN74186, SN74LS86, SN74S86
'QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

BULLETIN NO. DL-S 7611825, DECEMBER 1972—REVISED OCTOBER 1976
SN54’, SN54LS’, SN54S’ ., . J OR W PACKAGE

schematics of inputs and outputs SN74°, SN74LS’, SN74S’ . .. J OR N PACKAGE
86 (TOP VIEW)
EQUIVALENT OF TYPICAL OF Vcc 48 4A 4Y 38 3A 3V
EACH INPUT ALL OUTPUTS

Vee - 130 © NOM %J tﬁj
4 kS NOM
INPUT - ——
H [
OUTPUT
) 4
s - V(23 (|4[[S[{6]]7
m A 1B Y 2A 28 2v GND
positive logic: Y =A (D B=AB + AB

SN54L86 . ..J PACKAGE
SN74L86...J OR N-PACKAGE
'L86 (TOP VIEW)

EQUIVALENT OF TYPICAL OF vee 48 A
EACH INPUT ALL OUTPUTS

av 3y 3B 34
w3 |n» njn 9 8

cc == 500 2 A NOM v
20 kQ NOM
INPUT -
OUTPUT l é l IE
EaElzElalalalak
1A 18 1y 2y 2A 28 GND
positive logic: Y =A (3 B=AB +AB

SN54L86 ... T PACKAGE (TOP VIEW)

'LS86
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

———%Vcc
250 Q2 NOM<

12.5 kQ NOM -~ .
INPUT —o-f- - OUTPUT )
® i‘
R 4
V4 positive logic: Y =A ® B =AB + AB

FUNCTION TABLE

586 INPUTS | OUTPUT
EQUIVALENT OF TYPICAL OF A B Y
EACH INPUT ALL OUTPUTS L L
T oY Vee L H H
50 £ NOM
Vee F- 3 H L H
2.8 k2 NOM - H H L
H = high level, L = low level
INPUT -= OUTPUT TYPICAL AVERAGE TYPICAL
TYPE PROPAGATION TOTAL POWER
DELAY TIME DISSIPATION
‘86 14 ns 150 mW
'L86 55 ns 15 mW
‘LS86 10 ns 30.5 mwW
‘S86 7ns 250 mW
1076
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TYPES SN5486, SN7486
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

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

Supply voltage, Vo (seeNote 1) . . . . . . . . . L oL s 7V
Inputvoltage . . . . . . . . . . . . . . . .. .. ... .. ... ... ....5bby
Operating free-air temperature range: SN5486 . . . . . . . . . . .. .. ... ... =55°Cto125°C

SN7486 . . . . . ... .. ... ... ...... 0Cto70C
Storage temperaturerange . . . . . . . . . . . .+ . 4 e e i i i . . .. .. —65Cto150°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

SN5486 SN7486 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 55 |4.75 5 5.25 A"

High-level output current, IgH —800 —800 | uA

Low-level output current, Ig| 16 16 | mA

Operating free-air temperature, Ta —55 125 0 70 | °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONSt SNS486 SN7486 UNIT
MIN TYPI MAX | MIN TYpi MAX

Vi High-level input voltage 2 2 \4

ViL Low-level input voltage 0.8 08| Vv

ViK Inputclamp voltage Vec=MIN, I =-8mA -1.5 -15]| V

. Veg=MIN, Vig=2V,
VonH High-level output voltage VIL=08V, YoH = —800 uA 24 34 24 34 \
Vee=MIN, V=2V
Vor Low-levei output voitage 0.2 0.4 0.2 04| V
ViL=0.8V, lgL=16mA

Iy Input current at maximum input voltage Voo =MAX, V=55V 1 1] mA

I}4  High-level input current Ve = MAX, V=24V 40 40| uA

ljL  Low-level input current Voo =MAX, V=04V -1.6 —-1.6| mA

log  Short-circuit output current§ Vo = MAX -20 —55 | —18 —55 | mA

lcc  Supply current Vge = MAX, See Note 2 30 43 30 50 | mA

tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
T-AH typical values are at Veg=5V, Ta= 25°C.

§Not more than one output should be shorted at a time.

NOTE 2: Igg is measured with the inputs grounded and the outputs open.

switching characteristics, Vcc =5V, Ta =25°C

FROM
PARAMETERY TEST CONDITIONS MIN  TYP MAX!UNIT
{INPUT}
Y 15 23
PLH AorB Other input low Cp =15pF, ns
tPHL 11 17
Ry =400 £,
PLH AorB Other input high | See Note 3 LT
ey ther input hig ee No 3 >3

ﬂrPLH = propagation delay time, low-to-high-level output
tpH = propagation delay time, high-to-low-level output
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.
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~ TYPES SN54186, SN74186
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

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

Supply voltage, Ve {seeNote 1) . . . . . . . . . . L. L L Lo L Lo ..V
Input voltage (see Note 4) S, 55V
Operating free-air temperature range: SN54L86 . . . . . . . . . . . . . .. .. .. =—5B5°Ct125°C

SN74L86 . . . . . . . . . . ... .. ...... 0Ct70°C
Storage temperaturerange . . . . . . . . . . + . .+ . .+ 4 . . . . .. .... —65Cto150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
4. Input voltages must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN54L86 SN74L.86 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 |4.75 5 5.25 A\
High-level output current, Igu —100 =200 | A
Low-level output current, lg_ 2 36 | mA
Operating free-air temperature, T —55 125 4 70 °c
electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)
SN541L.86 SN741L86
PARAMETER TEST CONDITIONS T = - UNIT
MIN TYP:X MAX | MIN TYPI MAX
Vin High-level input voltage 2 2 \Y
ViL Low-level input voltage 0.7 07| V
Vge=MIN, Viyg=2V,
VoH High-level output voltage cc IH 24 33 2.4 3.2 A\
Vi =07V, lgp=MAX
Vee=MIN, Vvig=2v,
VoL Low-level output voltage cc tH 0.15 0.3 0.2 04| V
ViL=0.7V, IgL =MAX
Iy Input current at maximum input voitage Ve =MAX, V=565V 200 200 | pA
|4 High-level input current Voo =MAX, V=24V . 20 20| wA
fjL  Low-level input current Ve = MAX, V=03V —0.36 —0.36 | mA
log  Shortcircuit output current Vce = MAX -3 —15 =3 —-151 mA
IccH Supply current, all outputs high Vee =MAX, See Note 5 2.2 4.4 2.2 44| mA
lecL Supply current, atl outputs low Vcoe = MAX, See Note 6 38 668 3.8 6.68| mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
LAl typical values are at Vg =5 V, Tp = 25°C.
NOTES: 5. Igcp is measured with all outputs open, one input of each gate at 4.5 V, and the other inputs grounded.
6. lccL is measured with all outputs open and all inputs at 4.5 V.
switching characteristics, Vecc =5V, Ta = 25°C
FROM
PARAMETERY TEST CONDITIONS MIN TYP MAX|UNIT
(INPUT)
tPLH . 75 150
AorB Other input low Cp =50 pF, ns
tPHL 60 150
Ry =4 kQ,
IPLH AorB Other input high See Note 7 % %© ns
i
1PHL T input g 35 60

11t = propagation delay time, low-to-high-level output
PLH
tpH L = propagation delay time, high-to-low-level output
NOTE 7: Load circuit and voltage waveforms are shown on page 3-11.
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TYPES SN54LS86, SN741LS86

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

REVISED OCTOBER 1976

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

Supply voltage, Vg (see Note 1)
Input voltage

Operating free-air temperature range: SN54L.586

Storage temperature range .

NOTE 1: Volitage values are with respect to network ground terminal.

recommended operating conditions

SN741.586

7V
B A
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54L.586 SN74LS86 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 45 5 55 [4.75 5 525 Vv
High-fevel output current, gy —400 —400 | pA
Low-level output current, lg 4 8 | mA
Operating free-air temperature, T —55 125 0 70 | °C

electrical characteristics over recommended operating free-air temperature range (unl

ess otherwise noted)

PARAMETER TEST CONDITIONST SNS4LS86 SN74LS86 UNIT
MIN TYPI MAX [MIN TYPI MAX
Viy High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 08 V
Vik Input clamp voltage Ve = MIN, I =—18mA -1.5 -15 v
VoH High-level output voltage 5?5;\:1?;‘“’ :/0":' ; 3/60 A 25 34 27 34 v
Vec=MIN, 1 ig =4mA 025 0.4 025 0.4
VoL Low-level output voltage ViH=2V, v
VL =V mas| loL =8mA 035 05
y Input current at maximum input voltage Voo =MAX, V=7V 0.2 0.2 | mA
fiy  High-level input current Vee=MAX, V=27V 40 40 | pA
I Low-level input current Vee = MAX, V=04V -038 —0.8 | mA
log  Short-circuit output current¥ Vee = MAX -6 —40 | -5 —42 | mA
icc  Supply current Voo =MAX,  See Note 2 6.1 10 6.1 10 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the appiicabie type.

typical values are at = , = .
FAN typicat val Vee=5V, Ta=25"C

§Not more than one output should be shorted at a time.
NOTE 2: Igg is measured with the inputs grounded and the outputs open,

switching characteristics, Vec =5V, TA=25°C

FROM
PARAMETERT TEST CONDITIONS MIN TYP MAX JUNIT
(INPUT)

1 i2 23
t"'—"' AorB Other input low | C| =15 pF, p 71 ™
tPH: RL =2k, 0

PL AorB Other input high | See Note 7 20 30) g
tPHL 13 22

ﬂtPLH = propagation delay time, low-to-high-level output
tpH | = propagation delay time, high-to-low-level output

NOTE 7: Load circuit and voltage waveforms are shown on page 3-11,
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TYPES SN54S86, SN74S86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

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

Supply voltage, Vg {see Note 1)
Inputvoltage . . . . .

Operating free-air temperature range: SN54S86

Storage temperature range

SN74S86

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
.. ... BBV
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54S86 SN74S86
MIN NOM MAX [MIN NOM MAX UNIT
Supply voltage, Voo 4.5 5 55 |4.75 5 5.25 A\
High-level output current, gy -1 -1 mA
Low-level outputcurrent, lg 20 20 | mA
Operating free-air temperature, T —55 125 0 70 | °cC

electrical characteristics over recommended operating free-air temp

erature range (unless otherwise noted)

PARAMETER TEST CONDITIONST SNMS_LSG SN74586 UNIT
MIN TYP: MAX [MIN TYPI MAX

ViH High-level input voliage 2 2 v

ViL Low-level input voltage 0.8 08| V

VK Input clamp voltage Vee=MIN, 1j=—-18mA -1.2 12| Vv

Von High-level output voltage Vec=MIN, Vi =2V, 25 34 27 34 v
Vi =08V, Igy=—-1mA

VoL Low-level output voltage Vee =MIN, - V=2V 0.5 05 V
ViL=08V, lIp) =20mA

Iy Input current at maximum input voltage Vee =MAX, V=55V 1 1] mA

lj  High-level input current Voo =MAX, V=27V 50 50 | A

TR Low-tevel input current Vce=MAX, V=05V -2 -2 | mA

los Short-circuit output current Vee = MAX —40 —100 | —40 —100 | mA

lcc  Supply current Voo = MAX, See Note 2 50 75 50 75 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

fan typical values areat Voo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 2: igg is measured with the inputs grounded and the outputs open.

switching characteristics, Vec =5 V, TA = 25°C

FROM
PARAMETERY TEST CONDITIONS MIN TYP MAX [{UNIT
(INPUT)
tPLH i 7 105
Ty AorB Other input low Cp =15 pF, 5E o1 ™
tPLH o B RL=280 2, 7 105
or . .
WAL Other input high See Note 3 55 0 ns

thLH = propagation delay time, low-to-high-level output
tpH | = propagation delay time, high-to-low-level output

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.
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TYPES SN54H87, SN74H87
MsI 4-BIT TRUE/COMPLEMENT, ZERG/ONE ELEMENTS

BULLETIN NO. DL-S 7211837, DECEMBER 1972

SN54H87 ... JOR

W PACKAGE

SN74H87 . ..J OR N PACKAGE
(TOP VIEW)
description

vee A4 Y4 NC A3 Y3 B
Operation of these monolithic 4-bit true/complement ul (3] [2 1 0 9 8
elements is controlled by the B and C inputs. With
the B input low, the 4-bit binary input (A) is ] L
transferred to the output (Y) in either complemen- A4 v A3 Y3
tary form {(with C low) or true form (with C high).
When the B input is high, the output will be at the c B
complementary level of the C input regardless of the
levels of the data inputs. Al Y1 A2 Y2
These circuits are fully compatible for use with other f I L
TTL or DTL circuits. Input clamping diodes are 1 2 3[|4][5] |6 7
provided to minimize transmission line effects and ¢ Al v NG A2 Y2 GND
thereby simplify system design. Each input represents — - .
only one normalized series 54H/74H load, and full positive logie: see function tabie

fan-out to 10 series 54H/74H loads is available from NC—No internal connection

each of the outputs in the low-level condition.

Power dissipation is 270 mW typically with an
average propagation delay of 14 ns from data inputs
to output.

The SNB4HB7 is characterized for operation over the
full military temperature range of —55°C to 125°C,
and the SN74H87 is characterized for operation from
0°C to 70°C.

FUNCTION TABLE

CONTROL
INPUTS

OUTPUTS

Y1 Y2 Y3 Y4

L
L
H
H H L

A1l A2 A3 A4

C
L |AT AZ A3 Ad
H
L{H H H H

L L L

H = high level, L = low level
A1, AZ, A3, A4 = the level of the respective A input.

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

Supply voltage, V¢ (see Note 1)

Input voltage

Operating free-air temperature range: SN54H87 Circuits
SN74H87 Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
.. ... BBV
—55°C to 125°C
0°C to 70°C
—65°C to 150°C

SN54H87

SN74H87

MIN NOM MAX

UNIT
MIN NOM MAX

Supply voltage, Ve

4.5 5 5.5

4.75 5 525| V

High-level output current, gy -1 —1{ mA
Low-level output current, 1g_ 20 20| mA
Operating free-air temperature, Ta —55 125 0 70} °C
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TYPES SN54H87, SN74H87
4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENTS

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

PARAMETER TEST CONDITIONST MIN TYPE MAX| UNIT
ViH High-level input voltage 2 A"
Vi Low-level input voliage 0.8 \"
Vik Input clamp voltage Vec=MIN, 1=—8mA -1.5 \"
VoH High-level output voltage Vee = MIN. - Vi =2V, 24 35 v
ViL=08V, lgy=—1mA
VoL Low-level output voltage Vec=MIN, Vi =2V, 0.2 04| V
V=08V, loL=20mA
I Input current at maximum input voltage Ve =MAX, V=55V 1] mA
4 High-level input current Vee=MAX, V=24V 50| wA
ljL  Low-level input current Vee=MAX, V=04V -2 mA
los  Short-circuit output currentd Voo = MAX —40 —100| mA
lcc  Supply current Ve = MAX, SN5aH87 s 8 mA
See Note 2 SN74H87 54 89

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

FAll typical values are at Vee =5 V. Ta=25°C. -
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed 1 second.

NOTE 2: lgg is measured for the following conditions:

a. All A inputs are at 4,5 V, B and C inputs are grounded, and all outputs are open.
b. B and C inputs are at 4.5 V, all A inputs are grounded, and ail outputs are open.

switching characteristics, Vec =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX]| MAX
tpLH Propagation delay time, I.ow-to-high- 14 20! ns
level output from any A input
tPHL Propagation delay time, liligh»to»low— 13 19 ns
level output from any A input CL=25pF, Ry =280¢,
tpLH Propagation delay time, l?w-to-high- See Note 3 17 25| ns
level output from B or C inputs
UL Propagation delay time, hAigh-to-Icw- 17 25| ns
level output from B or C inputs
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.
functional biock diagram and schematics of inputs and outputs
a2
al EQUIVALENT OF TYPICAL OF
Y1 EACH INPUT ALL OUTPUTS
©) —_—  ¢——Vee
A2 { o Vee _ 358 Q
v2 28k 3 NoM
NOM _—
(10)
A3 1 INPUT- ———
E vs y OUTPUT
) 4
A A13) 3 -
77

{
N ﬁ@u

c(UD |
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TYPES SN5490A, SN5492A, SN5493A, SN54190,SN54193,
SN54L590, SN541S92, SN541LS93, SN7490A, SN7492A, SN7493A,
SN74190, SN74193, SN741S90, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

BULLETIN NO, DL-S 7611807, MARCH 1974—REVISED OCTOBER 1976

‘90A, 'L90, ‘LS90 . . . DECADE COUNTERS
'92A,°LS92...DIVIDE-BY-TWELVE

COUNTERS
'93A, 'L93, 'LS93 ... 4-BIT BINARY
COUNTERS
TYPICAL
TYPES  pOWER DISSIPATION

'90A 145 mW

'L90 20 mW

'LS90 45 mwW

'92A, '93A 130 mW

'L$92, 'LS93 45 mW

‘L3 16 mW

description

Each of these monolithic counters contains four
master-slave flip-flops and additional gating to
provide a divide-by-two counter and a three-stage
binary counter for which the count cycle length is
divide-by-five for the ‘Q0A, 'L90, and ‘LS90,
divide-by-six for the ‘92A and ‘LS92, and
divide-by-eight for the ‘93A, 'L 93, and 'LS93.

All of these counters have a gated zero reset and the
‘Q0A, ‘L90, and ‘LS90 alsoc have gated set-to-nine
inputs for use in BCD nine's complement
applications.

To use their maximum count length (decade, divide-
by-twelve, or four-bit binary) of these counters, the B
input is connected to the Qp output The input
count pulses are applied to input A and the outputs
are as described in the appropriate function table. A
symmetrical divide-by-ten count can be obtained
from the '90A, 'L90, or ‘LS90 counters by
connecting the Qp output to the A input and
applying the input count to the B input which gives a
divide-by-ten square wave at output Qa.

SN54’, SN54LS’ . ..J ORW PACKAGE
SN54L’...J OR T PACKAGE
SN54', SN74L’, SN74LS’ .. .J OR N PACKAGE

'90A, 'L90, 'LS80 (TOP VIEW)

WeuT
Iy

N G Op GND 03 O
Lad 3 12 n 0 9 L]

L
-:%a Bo(2)
Roin _Ror) Ratn) ‘]

1 2 3 4 5 (] 7
lmauv Rty Roy  NC Veo  Retn Re2)

positive logic: see function tables

‘92A, 'LS92, (TOP VIEW)

WPUT
A 0y O GND QG ©p

Wl |13 12 nil% L] 8

1 2 3 4 5 [ 7
DT T NG NC Voo Ra o)

positive logic: see function tables

"93A, ‘LS93 (TOP VIEW)

INPUT
A 0a  OGp GND 08 ac
" 0 n 0 9 8
an oo )
= 2
ac|
b8
| Ronii Roizy b

1 2 3 4 5 L] 7
INPUT Fomn Rom NG Voo ME W€

positive logic: see function tables

‘L93 (TOP VIEW)

mPUT
Y Oa  Gp

1 2 3 4 5 1] 7
Rony Ro2)1  NC Ve NG NC NC

positive logic: see function tables

NC—No internai connection

1-12
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TYPES SN5490A, ‘92A, '93A, SN54L90, ‘L93, SN54LS90, ‘LS92, 'LS93,
SN7490A, '92A, '93A, SN74190, 'L93. SN74LS90, 'LS92, 'LS93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

‘90A, 'L90, "LS90 "90A, "L90, 'LS90
BCD COUNT SEQUENCE BI-QUINARY (5-2) '92A, 'LS92 '93A, 'L93, ‘LS93
(See Note A) {See Note B} COUNT SEQUENCE COUNT SEQUENCE
COUNT OUTPUT COUNT OuTPUT (See Note C} (See Note C)
Qp Q¢ 9B Qa Q@a Qp Oc Qg OUTPUT OUTPUT
o L L L ¢t 0D L L L L COUNT COuNT
Qp Qc Qg Qa Qp Qc Qg Qa
1 L L L H 1 L L L H 0 |L L L L 0o |L L L U
2 L L H L 2 L Lo H L 1l L L oH 1 L L L H
3 L L HH 3 L L HH 2 L L H L 2 L L H L
a L H L L 4 L H L L 3 |L L H H 3 L L H H
5 L H L H 5 |H L L L 4 |t H oL oL 4 L oH L oL
6 |L H H L 6 |[H L L H 5 [L H L H 5 |L H L H
7 L H H H 7 |H L WL 6 |H L L & 6 |L H H L
8 |H L L L 8 |H L H H 7 |H L L H 7 |L H H H
9 H L L H 9 H H L L 8 |H L H L 8 |H L L L
9 |H L H H 9 |H L L H
‘90A, 'L90, 'LS90 10 H H L L 10 H L H L
RESET/COUNT FUNCTION TABLE 11 v H L H L oHon
RESET INPUTS OUTPUT 12 |H O H L oL
Ro(1) Ro(21 Ro(1) Re(2){ Ap Qc Qg Qa 13 LA H L H
HooH L . 14 |H H OH L
H H X Lt Lt oL e lu o oo oo
. ” ) [ 15 IH H H oH
X L X L COUNT , ,
v x L X COUNT ‘92A, 'LS92, "93A, 'L93, 'LS93
COUNT RESET/COUNT FUNCTION TABLE
L X X L o [ RESET INPUTS OUTPUT
T
x Lt X N {Ro) _Roi2) Q0 Cc Q98 Qa
A H L L t L
NOTES: A. Output Qp is connected to input B for BCD count. L X COUNT
B. Output Qp is connected to input A for bi-quinary L COUNT
count. X
C. Output Qp is connected to input B.
D. H = high level, L = [ow level, X = irrelevant
functional block diagrams
‘80A, 'Le0, ‘LSO0 '92A, 'LS92 ‘93A, 'LS3, 'i893
Re(2) 2L
s 12 o, (93A)['L.93]
inpuT A 114 cK
Qa
K INPUT A 120131 o,
INPUT A
I:'_.
npuT B AU K ; i o4 o
K inpuT 8 A1 cK J afeedel Qg
K inpuT B A28 oK
K
8)
s o ac ®)110]
oK ) Q] Q¢
K
ap
s (11

Ro(1) l@_LD‘H
Aotz 121

Ro(1) (2)
Ro(2) @-

The J and K inputs shown without connection are for reference only and are functionally at a high levei.

Ro() 421011
)

Ro(2)

374
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TYPES SN5490A, '92A, '93A, SN541L90, 'L93, SN54LS90, ‘'1S92, 'LS93,
SN7490A, '92A, '93A, SN74L90, 'L93, SN74LS90, 'LS92, 'LS93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

REVISED OCTOBER 1976

schematics of inputs and outputs

"90A, "92A, "93A

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee -
R - Vee
€q 100 & NOM
INPUT - __
OUTPUT
INPUT Regq NOM
A 2.5 k2
B ('90A, '92A)  1.25kQ
B ('93A) 2.5 k2
All resets 6 k2
‘L90, 'L93
EQUIVALENT OF EACH INPUT EQUIVALENT OF A AND B TYPICAL OF ALL OUTPUTS
EXCEPT A AND B OF ‘193 INPUTS OF 'L93
Vee - Vce
500 §2 NOM
Beq
INPUT -
OUTPUT
INFUT Req NOM
A (*L90) 13.3k0
8 ('L90) 6.67 k2
All resets 40 k2

’'LS90, "'LS92, 'LS93

EQUIVALENT OF EACH RESET INPUT | EQUIVALENT OF A AND B INPUTS TYPICAL OF ALL OUTPUTS
v Vee -m—————4—Vce
cc " R13R2§R3: £ 120 2 NOM
20 k2 NOM v
INPUT —o-f% - INPUT 9730 -
Lcd
3 OUTPUT
i Yy -
b
7
NOMINAL VALUES
INPUT R1 R2  R3
A 10k2  10kQ 10k
B ('LS90, 'LS92) 6.7 k2 6.7k 5k
B ('LS93) 15K 15kQ 10k

107¢
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TYPES SN5490A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

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

Supply voltage, V¢ (see Note 1) 7V
Input voltage e e e 55V
Interemitter voltage {see Note 2) e - XY
Operating free-air temperature range: SN5490A, SN5492A,SNG5493A . . . . . . . . . . . —55°Cto 125°C

SN7490A, SN7492A,SN7493A . . . . . . . .. ... . 0°Ct70°C
Storage temperaturerange . . . . . . . . . 4 . 4+ 4 e 4 s u e e . . ... ... —85Cto150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multipie-emitter transistor. For these circuits, this rating applies between the two Rg

inputs, and for the "90A circuit, it also applies between the two Rg inputs.

recommended operating conditions

SN5490A, SN5492A |SN7490A, SN7492A

SN5493A SN7493A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 | 4.75 5 525 A\
High-level output current, IoH —800 —800 LA
Low-level output current, la1 16 16 | mA
Count frequency, foount (see Figure 1) 2::5:: g ?Z (0) ?z MHz
A input 15 15
Pulse width, ty B input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tgy 25 25 ns
Operating free-air temperature, Ta —55 125 0 70 | °C

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

PARAMETER TEST CONDITIONST 904 924 224 UNIT
MIN TYP MAX | MIN TYP! MAX | MIN TYPE MAX
ViH High-level input voltage 2 2 2 \
ViL Low-level input voltage 0.8 0.8 08| V
V(K Input clamp voltage Ve =MIN, 1j=—12mA —1.5 -1.5 -151( V
Vee=MIN, V=2V,
Vo High-level output voltage | * CC 1" 24 34 24 34 24 34 v
Vi =08V, lgy=-—800uA
Vee=MIN, Vig=2V,
VoL Low-level output voltage cc IH 0.2 04 0.2 04 0.2 04| V
V| =08V, lgp =16 mAY
X Input current at
I ; ] Vee=MAX, V=55V 1 1 1| mA
maximum input voltage
Any reset 40 40 40
High-level T
HH o comrent LA IIRUL | VEC = MAX, V) =24V 80 80 80| wA
n ur|
P B input 120 120 80
Any reset —1.6 -1.6 —-1.6
Low-level
TR . " A input Voo =MAX, V=04V -3.2 -3.2 —3.2 | mA
1 ut curren
R YT —48 —28 —32
| Short-circuit Ver = MAX SN54* —20 ~57 | —20 —57 | —20 —57 mA
05 sutput currentd cec SN74” | 18 —57 | 18 57| 18 57
Icc  Supply current —[ Ve = MAX, See Note 3 29 42 26 39 26 39 | mA

TFor conditions shown as MIN or MAX, use the appropriate vatue specified under recommended operating conditions.
IAll typical valuesare at Voo =5V, T = 25°C.
§Not more than one output should be shorted at a time.

ﬂQA outputs are tested at lg) = 16 mA plus the limit value for 1)} for the B input. This permits driving the B input while maintaining full

fan-out capability.

NOTE 3: Igc is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and all other inputs

grounded.
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TYPES SN5490A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

REVISED OCTOBER 1976

switching characteristics, Voc =5V, Ta =25°C

PARAMETERY FROM To TEST CONDITIONS 90A 924 93A UNIT
{INPUT) (OUTPUT) MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
A Qa 32 42 32 42 32 42
MH;
fmax B s 16 16 16 :
10 16 10 16 10 16
tPLH A Qp ns
tPHL 12 18 12 18 12 18
32 48 32 48 46 70
PLH A Qp ns
tPHL 34 50 34 50 46 70
C| = 15pF, 10 16 10 16 10 16
tPLH B Qp L P ns
tPHL Ry =400 Q, 14 21 14 21 14 21
tPLH See Figure 1 21 32 0 16 21 32
B Qc ns
tPHL 23 35 14 21 23 35
1 21 32 21 32 34 51
PLH B Qp ns
tPHL 23 35 23 35 34 51
tPHL Set-to-0 Any 26 40 26 40 26 40 | ns
1 Qa, O 20 30
PLH Set-to-9 A D ns
TPHL Qg, Q¢ 26 40

quax = maximum count frequency
tpLH = propagation delay time, low-to-high-level output
tpH L = propagation delay time, high-to-low-level output

1076
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TYPES SN54190, SN54193, SN74L90, SN74L93
DECADE AND BINARY COUNTERS

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

Supply voltage, Vo (seeNote 4) . . . . . . . . . . . . . . . . ... ... .. ... 8V
Inputvoltage (see Note 5) . . . . . . . . . . . . .0 e e e e e e e 55V
Operating free-air temperature range: SN54L90,SN54L93 . . . . . . . . . .. . .. . . -B5°Ct0125°C

SN74L90,SN74L93 . . . . . . . . ... .. ... .. 0°Ct70°C
Storage temperaturerange . . . . . . . . . .« . 4« 4 . 4 e 4 e i i e . .... —65Cto180°C

NOTES: 4. Voltage values are with respect to network ground terminal.
5.. Input voltages must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN54L90, SN54L93 | SN74L90, SN74L93 UNIT
MIN NOM MAX| MIN NOM MAX
Supply voliage, Vo 4.5 5 55 | 4.75 5 525 \4
Count frequency, feount 0 3 0 3 | MHz
High-level output current, lon —100 —200 | wA
Low-leve!l output current, g 2 3.6.| mA
Width of input count pulse, ty(count} 200 200 ns
Width of reset puise, Tyy(reset) 200 200 ns
Operating free-air temperature, Ta —55 125 0 70| °cC
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
+ ‘L90 ’L93
PARAMETER TEST CONDITIONS UNIT
MIN TYPf MAX | MIN TYPI MAX
Vi High-fevel input voltage 2 2 \4
Vip.  Lowrlevel input voltage 0.7 07| V
, SN54L’ | Vec=MIN, Vig=2V, 24 33 24 33
VoH  High-level output voltage SN74L" | Vi =07V, Ioy=MAX 24 32 24 32 v
v Lowtevel tvolta SNB4L’ | Voo =MIN, Vyy=2V, 0.1% 0.3 0.15 0.3 v
1 Low-evel output voltage
oL tow t < SN74L" | Vi =07V, loL = MAXY 02 04 02 04
Any reset input 100 100
input current at -
Iy maximum inout volta A input Voo =MAX, V=55V 300 200 | upA
P *  [Binput 600 200
A et i t 10 10
High-level input rfy feset oey
H A input Voo =MAX, V=24V 30 20| uwA
current
B input 60 20
) Any reset input -0.18 -0.18
Lowrlevel input ~
LITH current A input Vee=MAX, V=03V —0.54 —0.36 | mA
B input —1.08 —0.36
los _ Short-circuit output current§ Vge = MAX -3 —15| -3 —15| mA
lcc  Supply current Ve = MAX, See Note3 4 7.2 3.2 6.6| mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
EYNT] typical values are at VCC =5V, Ta= 25°C.
§Not more than one output should be shorted at a time.
€ QA outputs are tested at lop. = MAX plus the limit value for I|} for the B input. This permits driving the B input while maintaining full
fan-out capability.
NOTE 3: Igc is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and all other inputs
grounded.

switching characteristics, Vcg =5V, TA =25°C

‘L ‘L93
PARAMETER TEST CONDITIONS 90 UNIT
MIN TYP MAX | MIN TYP MAX
fmax Maximum count frequency 3 6 3 6 MHz
P tion delay time, | to-high-level Q
Ly | opacation delay Time, fow-o-hig D 230 340 280 450 | ns
output from input A C|_=50pF, Ry =4kQ,
Propagation delay time, high-to-low-leve! Q See Figure 1
tpyyy, | OPagation delay time, high D e 230 340 280 450 ns
output from input A
TEXAS INSTRUMENTS 17
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TYPES SN54LS90, SN541S92, SN54LS93,

SN741S90, SN741S92, SN74LS93

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

REVISED OCTOBER 1976

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

Supply voltage, V¢ (see Note 4)

Input voltage: R inputs

Aand Binputs . . . .

Operating free-air temperature range: SN5

Storage temperature range

4LS’ Circuits

SN74LS’ Circuits

NOTE 4: Voltage values are with respect to network ground terminal.

recommended operating conditions

A"
7V
55V

—55°C t0 125°C
0°C to 70°C
—65°C to 150°C

SN54LS90 SN74LS20
SN54LS92 SN74L892
SN54L893. SN74LS93 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, V¢ 4.5 5 55 | 4.75 5 525 \Y
High-level output current, IgH —400 —400 | uA
Low-level output current, 1o 4 8 | mA
Count frequency, feount (see Figure 1) A -mput 0 32 0 32 MHz
B input 0 16 0 16
A input 15 15
Pulse width, ty B input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tg, 25 25 ns
Operating free-air temperature, T —55 125 0 70 | °C

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

SN54LS90 SN74LS90
PARAMETER TEST CONDITIONST SN54L592 SN74L892 UNIT
MIN TYPI MAX | MIN TYPi MaAX
ViH High-level input voltage 2 2 \
Vi Low-level input voltage 0.7 08| V
VK Input clamp voltage Ve = MIN, Iy =—-18 mA —-15 —1.5 \"
) Vee = MIN, ViH=2V,
VoH High-level output voltage 25 3.4 2.7 3.4 A\
Vi = ViLmax, IgH=—400pA
Voo = MIN, ViH=2V, I =4maf 0.25 0.4 0.25 0.4
VoL Low-level output voitage ce tH oL — ] v
Vi = VL max, oL =8mA 0.35 0.5
Input current | Any reset Ve = MAX, V|I=7V 0.1 0.1
Iy at maximum | A input Ver = MAX V=55V 0.2 0.2 mA
input voltage |B input ccr ’ 1 0.4 0.4
Hiah-level Any reset 20 20
ITV I A input Vee=MAX, V=27V 40 40| pA
input current -
B input 80 80
Low-level Any reset -0.4 —0.4
] A input Vee = MAX, V=04V —-2.4 —2.4 A
L output current Py cc ! 2 m
8 input -3.2 3.2
los  Short-circuit output current$ Ve = MAX —-20 —100 | —20 —100| mA
[ ‘Lseo 9 15 9 15
Icc  Supply current Vg = MAX, See Note 3 I “Ls92 ) 5 9 15 mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareat Voo =5V, T = 25°C.
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
1‘0utputs are tested at specified /g plus the limit value of 1| for the B input. This permits driving the B input while maintaining full fan-out

capability.

NOTE 3: Igg is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and all other inputs

grounded.
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TYPES SN54LS90, SN54LS92, SN541S93,
SN741590, SN74LS92, SN74LS93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

VISED OCTOBER 1976

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

SN54L893 SN74L893
PARAMETER TEST CONDITIONST UNIT
MIN TYPf MAX | MIN TYPI MAX
V4 High-level input voltage 2 2 \
Vi Low-level input voltage 0.7 08| V
Vik Input clamp voltage Ve = MIN, t)=—18 mA —1.5 —-15] V
Vo Highlevel output volt Vec=MIN, - ViH=2V, 25 34 27 34 v
1gn-| utput voltage 8 R . X
oH Hig P 9 VL= Vi max, lgy = —400 uA
Vee = MIN, ViH=2V, loL = 4mAY 0.25 .4 025 04
Vor Low-level output voltage CC_ 1H oL T [ o A\
Vi = Vi max loL =8 mA 0.35 0.5
Inputcurrent | Ay reset | Voo = MAX, =7v 0.1 0.1
Iy at maximum mA
input voltage AorBinput | Voo = MAX, V=55V 02 0.2
High-level Any reset 20 20
hy 0 Y e Vee = MAX, =27V uA
input current | A or B input 40 80
Low-level Any reset —0.4 —0.4
-leve
e OV Rinpur Ve = MAX, =04V —24 24| mA
ouipii curient B input 16 16
log  Short-circuit output current$ | Voo = MAX —20 —160 | ~20 —160 | mA
1 Supply current Ve = MAX, See Note 3 9 15 ] 15 | mA
cC cc

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
£All typical values are at Voc =5 V, T = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second,
1|QA outputs are tested at specified Ig) plus the limit value for b for the B input. This permits driving the B input while

fan-out capability.

NOTE 3:

grounded.

switching characteristics, VOC

c=5V,TA=25°C

Ice is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and

maintaining full

all other inputs

FROM TO ‘LS90 'LS92 ‘Ls93
PARAMETERY TEST CONDITIONS UNIT
ARAMETER (INPUT) (OUTPUT) MIN TYP MAX[MIN TYP MAX|MIN TYP MAX
. A Qa 32 42 32 42 32 42 MH
z
max B Qg 16 16 16
1 10 16 10 16 10 16
PLH A Qa ns
tPHL 12 18 12 18 12 18
PLH 32 48 32 48 46 70
A Qp ns
PHL 34 50 34 50 46 70
tPLH Cp=15pF, 10 16 10 16 10 16
B Qg ns
tPHL Ry =2kQ 14 21 14 21 14 21
tPLH See Figure 1 21 32 10 16 21 32
B Q¢ ns
PHL 23 35 14 2 23 35
t 21 32 21 32 34 51
PLH B Qp ns
PHL 23 35 23 35 34 51
tPHL Set-to-0 Any 26 40 26 40 26 40 ns
1 Qp, Q 20 30
PLH Set-to-9 A D ns
tPHL Qg, Q¢ 26 40
ﬂfmax = maximum count frequency

tp| 4 = propagation delay time, low-to-high-level output
tpy | = propagation delay time, high-to-low-level output

1076
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TYPES SN5490A, SN5492A, SN5493A, SN54190, SN54193,
SN541590, SN54LS92, SN54LS93, SN7490A, SN7492A, SN7493A,
SN74190, SN74193, SN741S90, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS
PARAMETER MEASUREMENT INFORMATION

RL
(See Note D)
FROM OUTPUT

UNDER TEST

CL
(See Note B) T

LOAD CIRCUIT

|
ey}

7
__j__ (See Note C)

Resettos 0 S N~~~ T TTTTo T T T T T T TTT T T T T T T T T v
INPUTS Vret Vret
iSee Note E) h s 1 M
4
: — sy —*’l
RESET TO.0 | °____1_________________'-___—_”
INPUTS [ Vret Vref
(See Note £) | | <
T | ] I v
| | [ tsy —4 fo——— o
| i N\ —3v
| | | ov
[}
} o - ln—-r.pm ?:,:',: :4—-}— PHL-Measure at tyy {
| 1 | — — — —Von
Du‘:r% o ! Vret | Vret Vret ! Vret ! Vret
CLOCK B INPUT, ] I |
| [ o vou
:*—'T’ PHL r—o'—wm | h_.'.. tpLH~Mezure at g4 | i PHL~Measure at 1nsg
| -l | [ ats I~ Vo
oUTPUT 0B ! Ve | v ! Vret ! | Vret
(See Note F1 1 | N | { |
1 — 1 te—sh | ! vou
lr—-f-wm r—-'—zm ’._.‘} tPLH-Measure at thegq l LMo st g 1908, 934,
T ) — =l 1 1 § ¢ 0 J—=von 1n+6 I'92A, "LSB2)
ouTPLY Q¢ ver | Viet | | Vres | | 15V
1See Nore F | 1 \ | | | |
. i ! | vor
| ! ! tPLH-Measure a1 tnsg ['90A, 934, fI b o
Memsure at tnsg (90A, 938, —ei | —~Measure at tn+10 {904, “L90, "LSI
woife—sl L fe—s 190,193, %0 L553) o {2 o P 131928, L5821 or ot
| ] I o~ — Vo 1n+16 1934, 'L 93, 'LS93)
OUTPUT Op Vret Vet %\/mi 15V
¥ Vo
VOLTAGE WAVEFORMS
NOTES: A. Input pulses are supplied by a generator having the following characteristics:
for '90A, '92A, '93A, t < 5 ns, tf <5 ns, PRR = 1 MHz, duty cycle = 50%, Zg,y = 50 ohms;
for 'L90, 'L93, ty < 15 ns, tf < 15 ns, PRR = 500 kHz, duty cycle = 60%, Zgyt = 50 ohms;
for 'LS90, 'LS92, 'LS93, t, < 15 ns, 1y < 5 ns, PRR = 1 MHz, duty cycle = 50%, Zg;¢ ~ 50 ohms,
B. Cy includes probe and jig capacitance.
C. C1 (30 pF) is applicable for testing ‘L.90 and 'L93,
D. All diodes are TN916 or TN3064.
E. Each reset input is tested separately with the other reset at 4.5 V.
F. Reference waveforms are shown with dashed lines.
G. For '90A, '92A, and "93A; Vyes = 1.5 V. For 'L90, 'L93, 'LS90, 'LS92, and 'LS93; Ve = 1.3 V.

FIGURE 1
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TTL TYPES SN5491A, SN54191, SN54LS91, SN7491A, SN74191, SN74LS91
MsSI 8-BIT SHIFT REGISTERS

BULLETIN NO. DL-S 7611854, MARCH 1974—REVISED OCTOBER 1976

MSI TTL SHIFT REGISTERS
for applications in

e Digital Computer Systems e Data-Handling Systems e Control Systems

SN5491A, SN54LS91 ... J PACKAGE SN5491A, SN54LS91. .. W PACKAGE
SN54L91, SN7491A, SN741L91, SN74L891 ... J OR N PACKAGE SN54L91, SN74L.91 ... T PACKAGE
DUAL-IN-LINE PACKAGE (TOP VIEW) FLAT PACKAGE (TOP VIEW)
NPUT  INPUT INPUT et
Gy ay A 8 GND CLOCK  NC L} L3 oo A cLock e

FUNCTION TABLE
INPUTS | OUTPUTS
AT t, AT th4g

u 13 12 n ] 3 ]

A B [ayq 0Oy on on p
H H L
L L H
X L H
o IaBaElstiaDaliahl IR NN REIRLINE
erexll.z;e bit time, T N W W "_CC‘I T ne ne e vee ne
clock low
tnh+g = Bit time after 8 positive logic: see function table
low-to-high
clock transitions. NC—No internal connection
TYPICAL schematics of inputs and outputs
MAXIMUM TYPICAL ‘91A, 'L91 ‘LS91
TYPE CLOCK POWER EQUIVALENT OF EACH INPUT EQUIVALENT OF EACH INPUT
DISSIPATION
FREQUENCY

Vee .
‘91A 18 MHz 175 mW
Req Vee ——
‘L9 6.5 MHz 17.5 mW
17 kQ NOM
‘LS9 18 MiHz 60 mw INPUT——/ —
PIPT] INPUT ¢ -
description
¥
® ) 4

These monolithic serial-in, serial-out, 8-bit shift regis-

ters utilize transistor-transistor logic (TTL) circuits 91A:Re, = 4 k2 NOM ” i
. . 'L9‘I:Req:40kﬂ NOM

and are composed of eight R-S master-slave flip-flops,

input gating, and a clock driver. Single-rail data and ‘91A, ’'L91 ‘LS91

input control are gated through inputs A and B and TYPICAL OF BOTH OUTPUTS TYPICAL OF BOTH OUTPUTS

an internal inverter to form the complementary —-— Vee
inputs to the first bit of the shift register. Drive for R

the internal common clock line is provided by an —_

inverting clock driver. This clock pulse inverter/driver

causes these circuits to shift information one bit on ouTPUT
the positive edge of an input clock pulse. _

"91A: R =130 2 NOM
‘L9t R =500 2 NOM

functional block diagram

{DUAL-IN-LINE) [FLAT PACKAGE]

(12 (101
A — (13)_[13]

111 1121 s a S afF—s apfF—s a S ar—s ofF—{s a s a4
p— 22 |

<P cx P> Ci P cx P CcK > CK > ck > CcK P CK
R & R a R Q R Q R @ R Q R Q R @ MEH
) i9] {>‘\f
cLock
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TYPES SN5491A, SN7491A
8-BIT SHIFT REGISTERS

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

Supply voltage, Vc (see Note 1)
Input voltage (see Note 2) . . .
Operating free-air temperature range:

Storage temperature range

NOTES: 1. Voitage values are with respect to n

SNB491A .
SN7491A .

etwork ground terminal.

2. Input signals must be zero or positive with respect to network ground terminal.

recommended operating conditions

7V
.. ...5BY
—55°C to 125°C
. 0°Cto70°C
—65°C to 150°C

SN5491A SN7491A uNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Vo 4.5 5 5.5 | 4.75 5 5.25 \

High-level output current, IgH —400 —400 | pA
Low-level output current, tg 16 16 | mA
Width of clock input pulse, tyy 25 25 ns
Setup time, tgy (s_ee Figure 1) 25 25 ns
Hold time, ty, {see Figure 1) 0 0 ns
Operating free-air temperature, T —55 125 0 70 | °C

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

SN5491A SN7491A
PARAMETER TEST CONDITIONST UNIT
MIN NOM MAX | MIN NOM MAX
Viy High-level input voltage 2 2 \
VijL Low-level input voltage 0.8 08| V
. Vee=MIN, Viy=2V,
VoH High-level output voltage VIL=08Y, IoH=—400uA 24 35 24 35 v
VoL Low-level output voltage Vec =MIN, Vi =2V, 0.2 04 0.2 04| v
ViL=0.8V, lgL=16mA
I Input current at maximum input voltage Voo =MAX, V=55V 1 1] mA
IjH  High-level input current Vec=MAX, V=24V 40 40 | uA
lilL  Lowevel input current Vee =MAX, V=04V -1.6 —1.6 | mA
los  Short-circuit output current3 Vge = MAX -20 —-57 | —18 ~57 | mA
lcc  Supply current Vee = MAX, See Note 3 35 50 35 58 | mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tan typical values areat Ve =5V, Tp = 25°C.
Not more than one output should be shorted at a time.
NOTE 3: Igc is measured after the eighth clock pulse with the output open and A and B inputs grounded.
switching characteristics, Vcc =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX JUNIT
fmax Maximum clock frequency Cp=15pF, 10 18 MHz
tpLH Propagation delay time, low-to-high-level output R =400 Q, 24 40 ns
tpHL. Propagation delay time, high-to-low-level output See Figure 1 27 40 ns
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TYPES SN54191, SN74L91
8-BIT SHIFT REGISTERS

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

Supply voltage, VG {see Note 1)
Input voltage (see Note 2) P
Operating free-air temperature range: SN54L91

Storage temperature range

SN74L91

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Input signals must be zero or positive with respect to network ground terminal.

recommended operating conditions

8V
.. ... 585V
—55°C t0 125°C
. 0°C to 70°C
—65°C to 150°C

SN54L91 SN74L91
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Vg 4.5 5 55 |4.75 5 525 v
High-level output current, IoH —100 —200 | pA
Low-level output current, IQL 2 3.6 | mA
High fogic level 100 100 ns
Width of clock input pulse, ty(clock) Low logic level 150 150 o
Setup time, tgy, (s_ee Figure 1) 120 120 ns
Hold time, tp (see Figure 1) 0 0 ns
Operating free-air temperature, Tp —55 125 0 70| °c

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

SN54L91

SN74L91

PARAMETER TEST CONDITIONS T UNIT
MIN TYPE MAX | MIN TYPE MAX

Viq High-fevel input voltage 2 2 v

Vi1 Low-level input voltage 0.7 Q73 Vv

Vow High-level output voitage Vec =MIN. - Vg =2V, 24 33 24 32 v
V=07V, loH = MAX

VoL Lowlevel output voltage Vec =MIN. - Vi =2V 015 0.3 02 04| v
ViL=0.7V, loL = MAX

Iy Input current at maximum input voltage Voo =MAX, V=55V 100 100 | wA

tjq  High-levet input current Vec=MAX, V=24V 10 10| kA

ljL  Low-level input current Vecc = MAX, V=03V —0.18 —0.18 | mA

log  Short-circuit output current Vge = MAX -3 -15| -3 —15 | mA

Icc  Supply current Veoc =MAX,  SeeNote3 35 66 3.5 6.6 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
£All typical values are at Vog = 5 V, T = 25°C.
NOTE 3: Igg is measured after the eighth clock pulse with the outputs open and A and B inputs grounded.

switching characteristics, Vcc =5V, Tao=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
fmax Maximum clock frequency 3 65 MHz
. Propagation delay time, c e R P 55 100

- = 3 s
PLH low-to-high-level output L ?0 Pr L "
" " See Figure 1
Propagation delay time,
PPHL . 100 150 | ns
high-to-low-level output

TeExas INSTRUMENTS
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TYPES SN541S91, SN74LS91
8-BIT SHIFT REGISTERS

REVISED OCTOBER 1976

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

NOTES: 1.

Supply voltage, Vg (see Note 1
Inputvoltage . . . . . . .
Operating free-air temperature ra

Storage temperature range

)
nge: SN541.S91 .
SN74LS91

Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
A A%
—55°C to 125°C

0°C to 70°C
—65°C to 150°C

SN54LS91 SN74LS91 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voe 45 5 5.5 | 475 5 525 4
High-level output current, iy —400 —400 | pA
Low-leve! output current, lgp 4 8 | mA
Width of clock input pulse, ty, 25 25 ns
Setup time, tg, (see Figure 1) 25 25 ns
Hold time, tp (see Figure 1) 0 Q ns
Operating free-air temperature, Ta, —55 125 0 70 | °C

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

SN54L591 SN74LS91
PARAMETER TEST CONDITIONST UNIT
MIN_TYPf MAX |[MIN TYPi MAX
ViH High-level input voltage 2 2 v
VL Low-level input voltage 0.7 08| Vv
VK Input clamp voltage Ve = MIN, h=-18mA —-1.5 -15| V
VoH High-level output volt Vee=MIN. - Vig =2V, 25 35 27 38 v
OH High-tevel output voltage VIL = V1L max, loh = —400 kA . 3 X .
Vee = MIN, ViH=2V, loL =4 mA 0.25 0.4 0.25 0.4
Vi -level output volt: A
OL Lowlevel output voltage ViL = VL max loL=8mA 0.35 0.5
T 1
y, 'Mputcurrentat Veo=MAX, V=7V 0.1 0.1| mA
maximum input voltage
Iy  High-level input current Ve =MAX, V=27V 20 20| uA
liL  Low-level input current Vee =MAX, V=04V —0.4 —0.4| mA
tog Short-circurt output current§ Voo = MAX -20 -1001 -20 —100] mA
lcc  Supply current Vge =MAX, SeeNote3 12 20 12 20} mA
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T Al typical values are at Vg =5 V, Ta = 26°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 3: Igg is measured after the eighth clock pulse with the output open and A and B inputs grounded.
switching characteristics, Vgg =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
fmax Maximum clock frequency Cp = 15pF, 10 18 MHz
tpLH Propagation delay time, low-to-high-level output R =2kQ, 24 40 ns
tpHL Propagation delay time, high-to-low-level output See Figure 1 27 40 ns
107
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TYPES SN5491A, SN54L91, SN541LS91, SN7491A, SN74191, SN741S91
8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

VEe=5V OUTPUT — e
LOAD CIRCUIT 1 1
Vee=5V
See Note C

_
|
|
T a9 | .
1 |
| i
|
|
|

|
s aypd
H
PULSE | é :
GENERATOR > e |
l
1
|

(See Note A) INPUT A A _
R Qx
24V B
|
| IR U Hr— LOAD CIRCUIT 2 ﬁ'
SAME AS LOAD CIRCUIT 1
—J i U |
TEST CIRCUIT
thru 9 thru 15 16 17 18 19 thru 23 24 25 26 27

CLOCK-PULSE - " T

INPUT

INPUT A _ﬂ I |

OUTPUT Qy I | | |

TYPICAL INPUT/OUTPUT WAVEFORMS
:"‘— tw(clock) —‘P— twiclock) —*}

3V

CLOCK
INPUT CLOCK

INPUT

OUTPUT Q4 OR Gy INPUT
AORB
|
tpHL—ye— xg';{
_ tpLH —le—el
OUTPUT Gy OR QY

INPUT
AORS

——==VoL

le— 1y, ol
—sle- thold
PROPAGATION DELAY TIMES VOLTAGE WAVEFORMS SWITCHING TIMES VOLTAGE WAVEFORMS

NOTES: A. The generator has the following characteristics: ty(clock) = 500 ns, PRR < 1 MHz, Z5,¢ = 50 2. For SN5491A/SN7491A,
t, < 10 ns and tf < 10 ns; for SN54L91/SN74L91, t, € 15 ns and t; < 15 ns; and for SN541L.S91/SN74LS91, t, = 15 ns, and
tf =6 ns.

. C| includes probe and jig capacitance.

. All diodes are 1N3064 or 1N916.

1 =30pF and is used for SN54L91/SN74L91 only.

. For SN5491A/SN7491A, V of = 1.5 V; for SN54L91/SN74L91 and SN54LS91/SN74LS91, Vief = 1.3 V.

FIGURE 1-SWITCHING TIMES

mpow
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TTL
Mmsl

TYPES SN5494, SN7494
4-BIT SHIFT REGISTERS

BULLETIN NO. DL-$ 7211812, DECEMBER 1972

TTL MSI PARALLEL-IN SERIAL-OUT REGISTERS

for application as
¢ Dual-Source, Parallel-To-Serial Converter (]

description

Serial-In Serial-Out Register

SN5494 ...J OR WPACKAGE

These monolithic shift registers which utilize tran-

SN7494 ...J OR N PACKAGE

sistor-transistor logic (TTL) circuits in the familiar (TOP VIEW)

Series 54/74 configuration, are composed of four R-S

master-slave flip-flops, four AND-OR-INVERT gates,

and four inverter-drivers. internal interconnections of P2A  PE2 P28 P2C GND P20 CLEAR OUTPUT
these functions provide a versatile register which 16 (15 |14 j13| j12| |n|_J10
performs right-shift operations as a serial-in, serial-out l T [

register or as a dual-source, parallel-to-serial convert- FEs P28 P2C 520 CLEAR

er. A number of these registers may be connected in

series to form an n-bit register. e ouTPUT —
All flip-flops are simultaneously set to a low output . ke
level by applying a high-level voltage to the clear

input while the internal presets are inactive (high). P18 PIC___PID PE1 ‘.ZTJ‘TL

See the preset function table below. Clearing is I | | | |
independent of the level of the clock input. 1 2 3 4 5 5 7

The register may be parallel loaded by using the clear PIA. PlB PiC P Vec PET SR CLOCK

input in conjunction with the preset inputs. After

clearing all stages to low output levels, data to be
loaded is applied to either the P1 or P2 inputs of each
register stage (A, B, C, and D) with the corresponding

positive logic: see function tables

preset enable input, PE1 or PE2, high. Presetting, like
clearing, is independent of the level of the clock
input.

Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information
must be setup at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input
provides this information for the first flip-flop, while the outputs of the subsequent flip-flops provide information for
the remaining R-S inputs. The clear input must be at a low level and the internal presets must be inactive (high) when

clocking occurs.

PRESET FUNCTION TABLE
(BIT A, TYPICAL OF ALL) REGISTER FUNCTION TABLE
PRESET INPUTS | INTERNAL INTERNAL PRESETS INPUTS INTERNAL OUTPUTS | QUTPUT
PE1 P1A PE2 P2A |PRESET A A B Cc D | CLEAR CLOCK SERIAL | Qp Qg Qe Qp
L X L X |H(inactive) H H H H H X X L L L L
L X X L |H linactive) L L L L L X X H H H H
X L L X |H (nactive) H H H H L L X Qa0 QB0 Qco | Cpo
X L X L |H (inactive) L H L H L L X H Qo H Qpo
H H X X |L (active) H H H H L t H H Qan  QBn | Qcn
X X H_ H L (active) H H H H L t L L Qan  Qgn Qcn

H = high level (steady state), L = low level (steady state}, X = irrelevant, T = transition from low to high level
Qap, Qgo. Qco. Qpg = the level of Qp, Qp, Qc, or Qp, respectively, before the indicated steady-state input conditions were established.
Qan. Qgn, Qcp = the level of Qa, Qg, or Qg, respectively, before the most-recent 1 transition of the clock.

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

Supply voltage, Vg (see Note 1)

Input voltage (see Note2) . . . . . . . . . ..

Operating free-air temperature range: SN5494 Circuits
SN7494 Circuits

Storage temperature range .

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Input voltage must be zero or positive with respect to network ground terminal.

A"
55V

55°C 10 125°C
. . 0°Cto70°C
—65°C to 150°C
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TYPES SN5494, SN7494
4-BIT SHIFT REGISTERS

functional block diagram

PRESETS
AR
/ \
P1A P2A  P1B P28 PIC P2C  PID P2D
(1) e @ (14 [(3) (13) @ an
PRESET | pgo 18
ENABLE (6) _ _ _
INpuTS | PET
1 2 1 2 1 2 1
lA B c D
PRESET PRESET PRESET PRESET
s Qa S o S Qc S Qp B outeut
—P> CK ~Op> CK —cP> CK —opPCK
SERIAL (7) R 3 R [o! R G R
INPUT y A B
CLEAR CLEAR CLEAR CLEAR
o g 2]
(8)
CcLOCK
(10)
CLEAR
|
_(1> .. . dynamic input activated by transition from a high level to a low level
1
schematics of inputs and output
EQUIVALENT OF EACH INPUT OUTPUT
Vv R
cC — Vee
Req 130 2 NOM
INPUT —_— -
OUTPUT

PE1 and PE2: Regq =1 k&2 NOM
All others: Rgq =4 k§2 NOM

TEXAS INSTRUMENTS
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TYPES SN5494, SN7494

4-BIT SHIFT REGISTERS

recommended operating conditions

SN5494 SN7494
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Voc 4.5 5 55 | 4.75 5 525 A\
High-level output current, Iy —400 —400 | kA
Low-level output current, Ig 16 16| mA
Width of clock pulse, tw(clock) 35 35 ns
Width of clear pulse, ty(clear) 30 30 ns
Width of preset pulse, ty(preset) 30 30 ns
- [ High-level data 35 35
Setup time, tgy | Low-level data 25 25 "
Hold time, ty . 0 0 ns
Operating free-air temperature, Tp —55 125 4] 70| °c

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

SN5494 SN7494
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX [MIN TYPI MAX
Vin  High-level input voltage 2 2 v
Vi  Lowlevel input voltage 0.8 08| V
Ve =MIN, Viy=2V,
V, High-level output volt 24 35 24 35 v
OH High putvoltage VIL=08V, lon=—400 uA
Vee=MIN, Vig=2V,
V, Low-level output volta 0.2 0.4 0.2 04
oL ® 9 VIL=08V, lg_=16mA v
1) Input current at maximum input voltage Vge = MAX, V=55V 1 1] mA
" High-level input " Presets 1 and 2 v MAX. Vi<24V 160 160 A
igh-level input curren = . = 2.
" P Other inputs cc ! 40 40
. Presets 1 and 2 —6.4 —6.4
Ij  Lowlevel input current - Ve =MAX, V=04V mA
Other inputs -16 ~1.6
lps  Short-circuit output current & Vee = MAX —-20 —-57 | —18 —57 | mA
. Icc  Supply current Voo = MAX, See Note 3 35 50 35 58| mA
1
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$ Al typical values are at Voe = 5 V, Tp = 25°C.
Not more than one output should be shorted at a time.
NOTE 3: igg is measured with the outputs open, clear grounded following momentary application of 4.5 V, both preset-enable inputs
grounded, and all other inputs at 4.5 V.
switching characteristics, Vgcc =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX  UNIT
fmax Maximum clock frequency 10 MHz
i i low-to-high-|
- Propagation delay time, low-to-high-level 25 20 ns
output from clock
i i igh-to-tow-level
PHL Propgaaftlon dTlay;(tlme, high-to-fow-leve CL=15pF, RL=400%, 25 20 ns
output.from cloc See Note 4
Propagation delay time, low-to-high-level
tPLH 35 ns
output from preset
tphL Propagation delay time, high-to-low-level 40 ns
“~ output from clear
NOTE 4: Load circuit and voltage waveforms are shown on page 3-10.
788 TEXAS INSTRUMENTS
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TYPES SN5495A, SN54L95, SN54LS958B,

L SN7495A, SN74L95, SN74LS95B
MSI 4-BIT PARALLEL-ACCESS SHIFT REGISTERS

BULLETIN NO, DL-S 7611872, MARCH 1974—REVISED OCTOBER 1976

TYPICAL MAXIMUM TYPICAL
TYPE . OCK FREQUEN OWER DISSIPATION SN5495A, SNS4LSI5E . . . J OR W PACKAGE
] UENCY P! A SN7495A, SN74LS95E . . . J OR N PACKAGE
95A 36 MHz 195 mW (TOP VIEW)
'L95 5 MHz 19 mw
‘LS95B 36 MHz 65 mW oUTPUTS cLOCK 2
CLOCK 1 L SHIFT
description Voo Qa Qg Q¢ Qp RSHIFT (LOAD}

These 4-bit registers feature parallel and serial inputs,
parallel outputs, mode control, and two clock inputs.
The registers have three modes of operation: SERIAL INPUT

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

Parallel loading is accomplished by applying the four
bits of data and taking the mode controi input high.
The data is loaded into the associated flip-flops and
appears at the outputs after the high-to-low transition

SERIAL A B [ G, MODE GND
INPUT CONTROL

positive logic: see function tabie

of the clock-2 input. During loading, the entry of SN54L95 ...J OR T PACKAGE
serial data is inhibited SN74L95 .. . J OR N PACKAGE
: (TOP VIEW)
Shift right is accomplished on the high-to-low transi-
tion of clock 1 when the mode control is low; shift P il i i
A QA Q" GND  ‘ac Qp * (LOAD)

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 s e b mooe
modes can be clocked from the same source. Changes

at the mode control input should normally be made Tz sHsHs 7
while both clock inputs are low; however, conditions SEAL (B G, Voo | B MODE cioCk:

INPUTS

described in the last three lines of the function table
will also ensure that register contents are protected.

positive logic: see function table

FUNCTION TABLE

INPUTS OUTPUTS
MODE CLOCKS SERIAL PARALLEL Q Q Q Q
CONTROL [2{L) 1(R) A B Cc D| A 8B 7C D
H H X X X X X X | Qa0 QB0 Qco Qpo
H 4 X X a b c d a b c d
H 4 X X Qgt Q¢t Qpt d | QOgn Qcn Qpn d
L L H X X X X X Qa0 Qo Qco Qpo
L X 4 H X X X X H Qan Qgn Qcn
L X L X X X X | L Qan Ogn Qcp
t L L X X X X X {Qap Qo Oco Qpo
4 L L X X X X X [ Qao Qo Qcop Qpo
2 L H X X X X X 1Qa0 Qo Qco QOpo
4 H L X X X X X | Qap @By Qco Qpo
4 H H X X X X X 1 Qap QR0 Qco Qpo

TShifting left requires external connection of Qg to A, Q¢ to B, and Qp to C. Serial data is entered at input D.
H = high level (steady state), L = low level (steady state), X = irrelevant {any input, including transitions)
| = transition from high to low level, t = transition from low to high level
a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.
Qa0, Qo Qco. Qpg = the level of Qp, Qg, Qc, or Qp, respectively, before the indicated steady-state input conditions were established.
Qan. Qgns Qcn. QDp = the level of Qp, Qg, Qc, or Qp, respectively, before the most-recent | transition of the clock.
n—
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TYPES SN5495A, SN54195, SN54LS95B, SN7495A, SN74195, SN74LS95B
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

REVISED OCTOBER 1976

functional block diagram

1'954, L5958 ['L95]
DATA INPUTS
—

[
(5)151

Iy ] c
MODE  (6)(6] il e wist
CONTROL_"_D"‘ ) )i T
SERIAL (13[1).
INPUT

LOCK 1

schematics of inputs and outputs
95A

c ©171
RIGHT-SHIFT

CLOCK2 _8)i8]
LEFTSHIFT

OUTPUTS

‘'L95

‘95A, 'L95

EQUIVALENT OF EACH INPUT

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

- Vee
Vee - Vee —_ R
Req Req -
INPUT - INPUT —
QUTPUT
Ngdek':.""":" :eq = : :g sgm Mode control: Rgq = 20 k§2 NOM 05A: - 1009
ock inputs: Req = All other i : Rgg = NOM PAs
All other inputs: Req = 6 k& NOM other inputs: Req = 40 k2 NO 'L95: R =500
’LS95B ‘LS95B ‘LS95B

EQUIVALENT OF CLOCK
AND MODE CONTROL INPUTS

Vee — -
17 & NOM
INPUT —e-f- -
Yy
) 4
»

EQUIVALENT OF DATA
AND SERIAL INPUTS

Vee—— -
15 kL NOM
¥
INPUT -—
Yy
h 4
¥

TYPICAL OF ALL OUTPUTS

120 2 NOM

%OUTPUT

—Vce

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

SN54° | SNS4L’ |SN54LS’ | SN74° { SN74L°| SN74LS"| UNIT
Supply voltage, Ve (see Note 1) 7 8 7 7 8 7 \
Input voltage (see Note 2} 5.5 5.5 7 5.5 5.5 7 \"
Interemitter voltage {see Note 3} 5.5 5.5 55 5.5 v
Operating free-air temperature range —55 to 125 Oto 70 °C
Storage temperature range —65 to 150 —65 to 1560 °c

NOTES: 1.

Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. For the ‘L95, input voltages must be zero or positive with respect to network ground terminal,

3. This is the voltage between two emitters of a multiple-emitter input transistor. This rating applies between the clock-2 input and

the mode control input of the "95A and ’L95,

TEXAS'
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TYPES SN5495A, SN7495A
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

REVISED MARCH 1974

recommended operating conditions

SN5495A SN7495A UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 55 [4.756 5 5.256 \
High-level output current, loH —800 —800 | uA
Low-level output current, lop 16 16 | mA
Clock frequency, fciock o 25 0 25 | MHz
Width of clock pulse, ty{clock) (see Figure 1) 20 20 ns
Setup time, high-level or low-level data, tgy, (see Figure 1) 15 15 ns
Hold time, high-level or low-level data, ty (see Figure 1) 0 1] ns
Time to enable clock 1, tenaple 1 (see Figure 2) 15 15 ns
Time to enable clock 2, tenable 2 (see Figure 2) 15 15 ns
Time to inhibit clock 1, tinhibit 1 (see Figure 2) 5 5 ns
Time to inhibit clock 2, tinpibit 2 (see Figure 2) 5 5 ns
Operating free-air temperature, Ta —55 125 Y] 70 °c

electrical characteristics over recommended operating free-air temperature range (unl

ess otherwise noted)

SN5495A SN7495A
PARAMETER TEST CONDITIONST LN
MIN TYPI MAX |MIN TYPi MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| V
VK Inputclamp voltage Vee =MIN, Ij=-12mA -1.5 -15| V
Voo =MIN, V=2V,
VoH High-level output voltage 24 34 24 34 A\
VL=0.8V, loH=-800uA
Voo =MIN, V=2V,
VoL Low-level output voitage 0.2 04 0.2 04| V
VIL=08V, lgL=16mA
!nputcurrentat
I pat curre Veo=MAX, V=55V 1 1) mA
maximum input voltage
Serial, A, B, C, D,
High-level ' 40 40
N . Clock 1 or 2 Voo =MAX, Vi=24V uA
input curren
i Mode control 80 80
Serial, A, B, C, D,
Low-level -16 16
h . Clock 1 or 2 Voo =MAX, V=04V mA
input current
Mode control —3.2 —-3.2
lpg  Short-circuit output current§ Vee = MAX -18 -57 | 18 =57 | mA
Icc  Supply current Vee =MAX, See Note 4 39 63 39 63 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

iAII typical values are at V =5V, Ta= 25°C.
cC A
Not more than one output should be shorted at a time.

NOTE 4: Igg is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary

3V, then ground, applied to both clock inputs.

switching characteristics, Vcc =5V, Ta =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
f, Maximum clock frequen 25 36 MHz
max TeximuT ey CL=15pF, RL=400%,
tpLH Propagation delay time, low-to-high-level output from clock See Fi 1 18 27 | ns
igure
tpH| Propagation delay time, high-to-low-level output from clock 9 21 32| ns

TEXAS INSTRUMENTS
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TYPES SN54195, SN74L95
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

recommended operating conditions

SN54L95 SN74L95 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Vcc 4.5 5 55 {4.75 5 525 v
High-level output current, lgy —100 —200 | mA
Low-level output current, ig|_ 2 36 [ mA
Clock frequency, folock 0 3 0 "3 | MHz
Width of clock pulse, ty(clock) {see Figure 1) 200 200 ns
Setup time, high-level data, tg, {see Figure 1) 100 100 ns
Setup time, low-level data, tg, {see Figure 1) 120 120 ns
Hold time, high-level or low-level data, tp, {see Figure 1) 0 0 ns
Time to enable clock 1, tengble 1 (see Figure 2) 225 225 ns
Time to enable ciock 2, tenaple 2 {see Figure 2) 200 200 ns
Time to inhibit clock 1, tipnibjt 1 (see Figure 2) 100 100 ns
Time to inhibit clock 2, tinhibit 2 (see Figure 2) 0 0 ns
Operating free-air temperature, T a —-55 125 [s] 70 | °C

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

SN54L95 SN74L95
PARAMETER TEST CONDITIONS? UNIT
MIN TYPI MAX [ MIN TYP MAX
V| High-level input voltage 2 2 v
ViL Low-evel input voltage 0.7 07| V
Voo =MIN, Vig=2V,
VQoH High-level output voltage cc H 24 33 24 32 v

ViL=0.7V, lgH=MAX
Vee=MIN, Vijy=2V,

Vor Low-evel output voltage v 0.7V, loL=MAX 0.15 0.3 0.2 04 V
IL=07V, =M

{nput current Serial, A, B, C, D, 100 100
Iy at maximum Clock 1 or 2 Vee=MAX, Vj=55V MA
input voltage Mode control 200 200
Serial, A, B, C, D,
High-level
TPt Clock 1 or 2 Voo = MAX, Vj=24V 10 100 4
input current
Mode control 20 20
Serial, A, B,C, D,
Low-level —-0.18 -0.18
LT " ¢ clock 1 or 2 Vee=MAX, V=03V mA
Ir curren
i Mode control -0.35 ~0.36
los  Short-circuit output current§ Vee = MAX -3 -16 | -3 —15]| mA
lcc  Supply current Ve = MAX, See Note 4 3.8 9 3.8 9| mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
tan typical valuesare at Ve =5V, Tao = 25°C.
Not more than one output should be shorted at a time.
NOTE 4: I¢g is measured with all outputs and serisl input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary
3 V, then ground, applied to both clock inputs.

switching characteristics, Vg =5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
fmax Maximurrl clock fre(.:[uency i CL=50pF, Ry =4k, 3 5 MHz
tpLH Propagation delay time, low-to-high-leve! output from clock See Figure 1 1156 2001 ns
tpyL Propagation delay time, high-to-low-level output from clock 9 125 200 ns
1076
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TYPES SN54L595B, SN74LS95B
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

REVISED OCTOBER 1976

recommended operating conditions

SN54LS95B SN74LS95B

MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Vo 4.5 5 5.5 [4.75 5 525 \4
High-level cutput current, loy —400 —400 | pA
Lowlevel output current, Ig| 4 8 | mA
Clock frequency, fcjock 0 25 0 25 { MHz
Width of clock pulse, ty(clock) (see Figure 1) 25 25 ns
Setup time, high-level or low-level data, tg, {see Figure 1) 20 20 ns
Hold time, high-level or low-level data, tp {see Figure 1) 20 10 ns
Time to enable clock 1, tengble 1 (see Figure 2) 20 20 ns
Time to enable clock 2, tenapie 2 {see Figure 2) 20 20 ns
Time to inhibit clock 1, tinhibit 1 {see Figure 2) 20 20 ns
Time to inhibit clock 2, tinhipit 2 (see Figure 2) 20 20 ns
Operating free-air temperature, TA —55 125 0 70 | °C

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

PARAMETER TEST CONDITIONST SN5418958 SN74LS958 UNIT
MIN__TYP! MAX [MIN TYP} MAX
ViH High-level input voitage 2 2 v
ViL Low-level input voltage 0.7 08| Vv
V|k Input clamp voltage Vee =MIN, )= —18 mA -1.5 —-15| Vv
Vee = MIN, VIiH=2V,
VoH High-level output voltage cc H 25 3.4 2.7 3.4 v
ViL=V|Lmax, loH=—400uA
Vec=MIN, 10 —ama 025 04 025 04
Vo Low-level output voltage Vig=2V, \Y
ViL = V)L max loL=8mA 0.35 0.5
input tat
| nputcurrenta Vee=MAX, V=7V 0.1 01| ma
maximum input voltage
High-level
e . Vee=MAX, V=27V 20 20| wA
input current
g owte Veo=MAX, V=04V 0.4 04| ma
= , = 0. —0. 04| m
L input current cc !
log Short-circuit output current® Vee = MAX —20 -100 |-20 —100 | mA
lcc  Supply current Vce = MAX, See Note 4 13 21 13 21 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

iAlI typical valuesare at Voo =5V, Ta = 25°C.

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 4: lcc is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode controi at 4.5 V; and a momentary
3V, then ground, applied to both clock inputs.

switching characteristics, Vcc =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
f Maxi lock frequen 25 36 MH
max a)umur‘.n cloc refq cy . CL=15pF, R =2ka, z
tpH Propagation delay time, low-to-high-level output from clock See Figure 1 18 27 | ns
tpHL Propagation delay time, high-to-low-level output from clock 9 21 32 ns
TEXAS INSTRUMENTS
. INCORPORATED
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TYPES SN5495A, SN54195, SN54LS95B, SN7495A, SN741L95, SN74LS958
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

NOTES: A.

H
moowm

NOTES: A.
B.

PARAMETER MEASUREMENT INFORMATION

TEST
POINT vee

R

FROM QUTPUT
UNDER TEST

L
(See Note D)
[of

L T C1
(See Note B) ‘ -[ (See Note C)

LOAD CIRCUIT

:" twidata) —
tr =y jo— —] o1t :

oo%  sonk! : = =3
a::"‘l’)“\l' [/ Vref Vret Vref
10% 10% 1 ) ov

CLOCK 10R 2
INPUT

|
H_ twiclock)
I

1 VoH
QUTPUTS
Vref Vref
Qp, Qg, Qc, or Op / | l‘ h v
T oL

p !
oL —o—=l —}— tpLu

Input puises are supplied by a generator having the following characteristics: t, < 10 ns, t¢ < 10 ns, and Zg,¢ ® 50 Q. For the
data pulse generator, PRR = 500 kHz; for the clock puise generator, PRR = 1 MHz. When testing fmax, vary PRR. For ‘954,
tyw(data) = 20 0s;  tw(clock) = 16 ns. For ‘L95, ty(data) > 150 ns; ty(clock) =200 ns. For ‘LS95B, ty(data) > 20 ns,
tw(ctock) Z 15 ns.

oV

. Cp includes probe and jig capacitance.

. C1 (30 pF) is appiicable for testing 'L95.

. All diodes are 1N916 or 1N3064.

. For ‘95A, V ef = 1.5 V; for 'L95 and 'LS9I5B, Vyef = 1.3 V.

. VOLTAGE WAVEFORMS
FIGURE 1—SWITCHING TIMES

e v
SERIAL H
INPUT / \ / \ -
Vv
MODE v v H
CONTROL et ret
L AV

t 1
INPUT e _.,‘_.! p———i— tinhibit i

_____ ————— Vi
CLOCK 1 v 1 v
INPUT : ef | ref viL
tinibit 2 —H————et B tenable 2 ————— V|
CLOCK 2 V n v 4/-—\
ref ref
INPUT viL

——— VOH
Qp OUTPUT / \ / \
Yor

Input A is at a low level.
For '95A, Ve = 1.5 V; for 'L95 and ‘LS95B, Vyes = 1.3 V.

VOLTAGE WAVEFORMS
FIGURE 2—-CLOCK ENABLE/INHIBIT TIMES

194
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TYPES SN5496. SN54L96, SN541S96,
SN7496, SN74196, SN74LS96
5-BIT SHIFT REGISTERS

BULLETIN NO, DL-S 7611821, MARCH 1974—REVISED OCTOBER 1976

TTL
MmsI

SN5496, SN54LS96 . . . J OR W PACKAGE
SN54L96 . ..J PACKAGE
SN7496, SN74L96, SN74LS96 . .. J OR N PACKAGE

o N-Bit Serial-To-Parallel Converter
o N-Bit Parallel-To-Serial Converter

(TOP VIEW)
e N-Bit Storage Register ouTRUTS S
TYPICAL SERIAL
TYPE PROPAGATION TYPICAL CLEAR QA ~ O Q¢ * GND “Qp =~ O INPUT
DELAY TIME POWER DISSIPATION 6] J165) (1] 13] J12) Jn}| j10f |9
‘96 25 ns 240 mW
‘L96 50 ns 120 mW
‘LS96 25ns 60 mW QA o8 ac o oF
description L cLeAr SERIAL
—PCK
These shift registers consist of five R-S master-slave A B c [ e 8]
flip-flops connected to perform parallel-to-serial or
serial-to-parallel conversion of binary data. Since both
inputs and outputs for all flip-flops are accessible,

1 2 3 L) 5 6 7 8
, Vec . D E PRESET

/ ENABLE

parallel-in/parallel-out or serial-in/serial-out operation
may be performed.

PRESET PRESET

All flip-flops are simultaneously set to a low output
level by applying a low-level voltage to the clear input
while the preset is inactive {low). Clearing is independent of the level of the clock input.

positive logic: see function table

The register may be parallel loaded by using the clear input in conjunction with the preset inputs. After clearing all
stages to low output levels, data to be loaded is applied to the individual preset inputs (A, B, C, D, and E) and a
high-level load pulse is applied to the preset enable input. Presetting like clearing is independent of the level of the clock
input.

Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information
must be set up at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input
provides this information to the first flip-flop, while the outputs of the subsequent flip-flops provide information for
the remaining R-S inputs. The clear input must be high and the preset or preset enable inputs must be low when
clocking occurs.

FUNCTION TABLE

1076

INPUTS OUTPUTS
PRESET PRESET

CLEAR| \oe[A B & D E£|CLOCK|SERIAL|GA 08 Oc Op O
L L X X X X X X X L L L L L
L X L L L L L X X L L L L L
H H H H H H H X X H H H H H
H H L L L L L L X Qap0 QBo Qco Qpo Qeo
H H H LHLH L X H Qg H Qpg H
H L X X X X X L X Qap Qo Qco Qpo Qo
H L X X X X X t H H Qan QBn Qcn Qpn
H L X X X X X t L L QOan OBn Qcn Qpn

H = high level {steady state), L = low level (steady state)
X = irrelevant (any input, including transitions)
1 = transition from low to high level

QaQ. Qo etc = the level of Qp, Qp, etc, respectively before the indicated steady-state input conditions were established.
Qan, Qgn, etc = the level of Qp, Qg, etc, respectively before the most-recent 1 transition of the clock.
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TYPES SN5496, SN54196, SN54LS96,
SN7496, SN74196, SN741LS96
5-BIT SHIFT REGISTERS

typical clear, shift, preset, and shift sequences

]
CLEAR l | :

|
SERIAL | ,—‘—L
INPUT , !
T |
PRESET ! |
ENABLE 1 ; ! |
| | . r’——l
(A | | | H
| ; |
l
B + | ‘l H |
! ! l
PRESETS <G | ! L
| T |
l
D ! X I : "
i |
| i
| ! L
|

foa ___) 1

0 ] ML

OUTPUTS Q¢ ~ | |
Qp :--t I I

HJ

|

S S

RN
. [ ! SHIFT +] be— snpr ——

1

CLEAR PRESET

functional hlock diagram

PRESET PRESET PRESET PRESET PRESET
A B E
2)  OUTPUT |3}  OUTPUT |@)  OUTPUT |ie) OUTPUT | OUTPUT
Qa 0p Gc Qp Qe
pRESET (8! o (15) - Ji1a) (13) an (0
ENABLE
PRESET PRESET PRESET PRESET
9
s o s o o
FCK QP> CK
R TR a
CLEAR CLEAR
CLEAR %
cLock L—Dcf
i
—(4> . . . dynamic input activated by transition from a high level to a low level.
1076
INCORPORATED
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TYPES SN5496, SN541L96, SN54LS96,
SN7496, SN74196, SN741S96
5-BIT SHIFT REGISTERS

REVISED OCTOBER 1976

schematics-of inputs and outputs

96

EQUIVALENT OF
EACH INPUT

Vee -
Req
INPUT -

INPUT Req NOM

Preset enable 800 2

All others 4k
'L96

EQUIVALENT OF
EACH INPUT

Vee -
Req
INPUT —--

INPUT Reg NOM
Preset enable 1.6k
All others 8 k2

'LS96

EACH INPUT

3 Reg

INPUT

INPUT Req NOM
Serial 25 kQ
Clock, Clear 17 kQ
Preset enable 3.4 kQ

EQUIVALENT OF

Vcc———ﬁ[————

'96

TYPICAL OF
ALL OUTPUTS

- Vee
30 2 NOM
OUTPUT

'L96

TYPICAL OF
ALL OUTPUTS

- Vec
260 22 NOM

é—— OUTPUT

’'LS96

TYPICAL OF
ALL OUTPUTS

—_———v
120 © 4 ce

NOM 3

OUTPUT

TEXAQ
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TYPES SN5496, SN7496
5-BIT SHIFT REGISTERS

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

Supply voltage, Vg (seeNote 1) . . . . . . . . . . . .. . ... ... ... ... 2V
Input voitage (seeNote2). . . .. . . . . . . . . . . . ... ... ... ... ...... 5BV
Operating free-air temperature range: SN5496 . . . . . . . . . . . . . . .. ... . =55°Ct0125°C

SN7496 . . . . . .. .. ... .. ... ..... 0Ctw70cC
Storage temperaturerange . . . . . . . . . . . . 4+ .« . 4 - e . . . . ..... —85Cto150°C

NOTES: 1., Voltage values are with respect to network ground ‘terminal.
2. Input voltages must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN5496 SN7496 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voc 4.5 5 5.5 { 4.75 5 5.25 \"
High-fevel output current, IgH —400 —400 | pA
Low-level output current, lgp 16 16 | mA
Clock frequency, feiock 0 10 0 10 | MHz
Width of clock input pulse, ty(clock) 35 35 ns
Width of preset and clear input pulse, ty, 30 30 ns
Serial input setup time, tg, (see Figure 1) 30 30 ns
Serial input hold time, tp, (see Figure 1} 0 0 ns
Operating free-air temperature, Tz —55 125 0 70 °c

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

SN5496 SN7496
PARAMETER TEST CONDITIONS MIN_ TYPE MAX | MIN TYPT MAX UNIT
ViH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 08 V
Vou High-level output voitage Vee=MIN, - Vi =2V, 24 34 24 34 v
VL =08V, IgH=—400uA )
VoL Low-level output voltage Vec=MIN, V=2V, 0.2 0.4 0.2 04| V
ViL=08V, loL=16mA
Iy Input current at maximum input voltage Vee =MAX, V=55V 1 1 mA
' ) any input except 40 40
fiH High-leve! input current preset enable Voo = MAX, Vi=24Y uA
preset enable 200 200
any input except 16 16
ljL Low-level input current preset enable Vee =MAX, V=04V mA
preset enable ~8 -8
iogs  Short-circuit output current$ Ve = MAX —20 —-57 | —18 =57 | mA
Icc  Supply current Vee = MAX, See Note 3 48 68 48 79| mA
TFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesare at Vo =5V, Tao = 25°C.
§Not more than one output should be shorted at a time.
NOTE 3: lgg is measured with the clear input grounded and all other inputs and outputs open.
switching characteristics, Vcc =5 V, TA = 25°C
PARAMETER TEST CONDITIONS | MIN TYP MAX| UNIT
tpLH Propagation delay time, low-to-high-level output from clock CL = 15pF, 25 40 ns
tpHL Propagation delfay time, high-to-low-level output from clock Ry =400 Q, 25 40 ns
tpLH Propagation delay time, low-to-high-level output from preset or preset enable See Figure 1 28 35 ns
tpHL Propagation delay time, high-to-low-levei output from ciear 55 ns

TeEXAS lNSTRUgVI ENTS
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TYPES SN54L96, SN74L96
5-BIT SHIFT REGISTERS

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

Supply voltage, Vog (seeNote 1) . . . . . . . . 0L L L oL e s e e e e e 7V
Input voltage (see Note 2) T - % < Y2
Operating free-air temperature range: SN54L96 . . . . . . . . . . . . . .. . ... =b5°Cto125°C

SN74L96 . . . . ... ... ........... 0Ct70C
Storage temperaturerangé . . . . . . . . . . 4 4+ 4+ e 4 4 e e . . . ... —65°Cto150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Input voltage must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN54L96 SN74L96 UNIT
MIN NOM MAX [MIN NOM MAX

Supply voltage, Voo 4.5 5 5.5 |4.75 5 525 v
High-level output current, IgH —200 —200 [ uA
Low-level output current, lgp 8 81 mA
Clock frequency, folock 0 5 0 5 | MHz
Width of clock, preset, or clear input pulse, t,y 100 100 ns
Serial input setun time, tg; lsee Figure 1) 16¢ 100 ns
Serial input hold time, th (see Figure 1) 0 0 ns
Operating free-air temperature, T A 55 125 3] 70| °c

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

SN54L96 SN74L96
PARAMETER TEST CONDITIONST UNIT
MIN _TYP MAX |MIN TYPI MAX
V|H High-level input voltage 2 2 Vv
ViL  Low-level input voltage 0.8 08 | Vv
Vou  High-level output volt Veg=MIN, - Vi =2V, 24 32 24 32 v
igh-level output voltage .4 . K 3
on T i i ViL=08Y, lon=-2004A
Vee=MIN, Viy=2V,
VoL Low-level output voltage ce H 0.2 0.4 0.2 04| V
ViL=08YV, lgL=8mA
Iy Input current at maximum input voltage Vece=MAX, V=55V 1 1] mA
i t
any input excep: 2 20
LiH High-level input current | preset enable Voo =MAX, V=24V LA
preset enable 100 100
any input t
y input excep _os _os8
[ITR Low-level input current | preset enable Voo =MAX, V=04V mA
preset enable -4 —4
log  Short-circuit output current § Vee = MAX -10 -29 | -8 —29 | mA
Icc  Supply current Vee = MAX, SeeNote3 24 34 24 40 | mA

%For conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions.

All typical values are at Voo = 5V, Ta = 25°C.
§Not more than one output should be shorted at a time.
NOTE 3: Igc is measured with the clear input grounded and all other inputs and outputs open.

switching characteristics, Vcc =5V, Tao = 25°C

PARAMETER TEST CONDITIONS [MIN TYP MAX |UNIT
tpLH Propagation delay time, low-to-high-level output from clock CL = 15F, 50 80 ns
tpHL Propagation delay time, high-to-low-level output from clock AL =800 0 50 80 ns
tppy Propagation delay time, low-to-high-level output from preset or preset enable See Figure 1' 56 70 ns
tpy Propagation delay time, high-to-low-level output from clear 110 ns
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TYPES SN541S96, SN74LS96

5-BIT SHIFT REGISTERS

REVISED OCTOBER 1976

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

Supply voltage, Vcc (see Note 1)
Input voltage

Operating free-air temperature range:

Storage temperature range

SN54L.596 -
SN741.596 .

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
R A
—55°C to 125°C
. 0°Cto70°C
—65°C to 150°C

SN54LS96 SN74L596 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 5.5 | 4.75 5 6525 \4
High-level output current, IoH —400 —400 | upA
Low-level output current, g 4 3| mA
Clock frequency, f¢lock 0 25 Y 25 | MHz
Width of clock input pulse, tw{ciock) 35 35 ns
Width of preset and clear input pulse, t,y 30 30 ns
Serial input setup time, tgeqyp (see Figure 1) 30 30 ns
Serial input hold time, tolg (see Figure 1) 0 0 ns
Operating free-air temperature, T a —55 125 0 70| °c

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

PARAMETER TEST CONDITIONST SN54L596 SN7aLs96 UNIT
MIN_ TYPE MAX |MIN TYPI MAX
V|H High-level input voltage 2 2 A"
V)L Low-evel input voltage 0.7 08| v
VK Input clamp voltage Ve = MIN, | =—18mA -1.5 -15{ V
Ve = MIN, Vig=2V,
V, High-level o 't voltage 25 35 2.7 3.5 v
OH Tid utpd 9 Vi = VL max, igH = —400 A
Vee = MIN, ViH=2V, gL =4 mA 0.256 0.4 0.25 0.4
V Low-level tvolt; v
OL Lowlevel outputvoltage V)L = Vi max oL =8 mA 035 05
Input current 05 05
ijj etmeximum Preset enable Voo =MAX, V=7V mA
input voltage All others 0.1 0.1
High-level Preset enable 100 100
HH N Vee =MAX, V=27V BA
input current All others 20 20
Low-level P t bl -2 -2
ne reset ena R I Ve =MAX, V=04V mA
input current Al others -0.4 —0.4
I0s Short-circuit output current S Ve = MAX —20 —100| 20 —100] mA
lcc Supply current Vge = MAX,  SeeNote 3 12 20 12 20{ mA
TFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions.
iAII typical valuesareat Voo =5V, Ta = 25°C.
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 3: Igg is measured with the clear input grounded and all other inputs and cutputs open.
switching characteristics, Veg =5V, TA=25°C
PARAMETER TEST CONDITIONS |MIN TYP MAX |UNIT
tpLH Propagation delay time, low-to-high-level output from clock G = 15 0F 25 40 ns
tpHL Propagation delay time, high-to-low-level output from clock RL : 2 kF;L ! 25 40 ns
tpLH Propagation delay time, low-to-high-levet output from preset or preset enable S: _F " '1 28 35 ns
- - - e Figure
tpHL Propagation delay time, high-to-low-level output from clear 9 55 ns
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TYPES SN5496, SN54196, SN54LS96,
SN7496, SN74196, SN74LS96
5-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

OUTPUT vee

FROM OUTPUT (See Note C)

UNDER TEST

le— ty(clear) —|
' 1

CLEAR INPUT v v
PRR < 1MHz ref ref

PRESET INPUT
PRR < 1 MHz
(See Note D) =——t—

CLOCK INPUT
PRR < 1MHz

SERIAL INPUT
PRR<1MHz

| r_‘w(clock)—’i e twiclook) —={

PHL
(See Note F)

1
1
|

Qp OUTPUT Vief
(See Note E}
VOLTAGE WAVEFORMS
NOTES: A. Input pulses are supplied by pulse generators having the following characteristics: duty cycle < 650%, Zg 1 ~ 50 Q; for ‘96 and

‘L96, t, < 10 ns, 15 < 10 ns, and for ‘LS96 t, = 16 ns, ty = 6 ns.

. C| includes probe and jig capacitance.

C. All diodes are 1N3064 or 1N916.

D. Preset may be tested by applying a high-fevel voltage to the individual preset inputs and pulsing the preset enable or by applying a
high-level voltage to the preset enable and puising the individual preset inputs,

. Qp output is iHustrated. Relationship of serial input 1o other Q outputs is illustrated in the typical shift sequence.

. Outputs are set to the high level prior to the measurement of tpy)_from the clear input.

G. For ‘96 and 'L96, Ve = 1.5 V; for *LS96 Vi ef = 1.3 V.

w

mm

FIGURE 1-SWITCHING TIMES
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L TYPES SN5497, SN7497
MSI SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS

BULLETIN NO, DL-s 7611802, DECEMBER 1972—REVISED OCTOBER 1976

SN5497 . ..J OR W PACKAGE

e Perform F|xe.d-_R_ate or Variable-Rate SN7497 . .. 3 OR N PACKAGE
Frequency Division (TOP VIEW)

e For Applications in Arithmetic, Radar, RATE INPUTS ONITYS ENABLE
Digital-to-Anang (D/A)’ Ana|og_t°_Digita| vee o C'  CLEAR CASCADE INPUT STROBE CLOCK
(A/D), and other Conversion Operations B[ {32 {n]jwoj]9

e Typical Maximum Clock Frequency . .. 32 l J .l, JL JL
Megahel’tz o (4 CLEAR C:;;Z;/E E::::;E STROBE|

description ® 9
ENABLE
These monolithic, fully synchronous, programmable s T + 5 —5
counters utilize Series 54/74 TTL circuitry to achieve } I [ i L 1
32-megahertz typical maximum operating frequen- {2113 141|5]]61]71}]8
cies. These six-bit serial binary counters feature B T 3 X z Y, ENABLE GND
buffered clock, clear, and enable inputs to control the RATE INPUTS outhurs OUTPT

operation of the counter, and a strobe input to enable
or inhibit the rate input/decoding AND-OR-INVERT
gates. The outputs have additional gating for
cascading and transferring unity-count rates.

positive logic: see description

The counter is enabled when the clear, strobe, and enable inputs are low. With the counter enabled, the output
frequency is equal to the input frequency multiplied by the rate input M and divided by 64, ie.:

M-f;
fout = 64|n -

where: M=F-25 +E-24 +D-23 +C-22 +B-21 + A-20

When the rate input is binary 0 (all rate inputs low), Z remains high. In order to cascade devices to perform 12-bit rate
multiplication, the enable output is connected to the enable and strobe inputs of the next stage, the Z output of each
stage is connected to the unity/cascade input of the other stage, and the sub-multiple frequency is taken from the Y
output.

The unity/cascade input, when connected to the clock input, may be utilized to pass the clock frequency (inverted) to
the Y output when the rate input/decoding gates are inhibited by the strobe. The unity/cascade input may also be used
as a control for the Y output.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee
Vee —_
Req
INPUT -

Ciock input: Ry =2 k2 NOM
Other inputs: Req =4 k§ NOM

7-102
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TYPES SN5497, SN7497
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS

description (continued)

STATE AND/OR RATE FUNCTION TABLE (See Note A)

INPUTS QUTPUTS
LOGIC LEVEL OR
BINARY RATE NUMBER OF PULSES
NUMBER OF UNITY/

CLEAR|ENABLE |STROBE |[F E D C B A|CLOCKPULSES [CASCADE | Y Z | ENABLE | NOTES
H X H X X X X XX X H L H H B
L L L L LLLLL 64 H L H 1 c
L L L LLLLLH 64 H 1 1 1 C
L L L LLLLHL 64 H 2 2 1 [
L L * L LLLHLL 64 H 4 4 1 (o]
L L L LLHLLL 64 H 8 8 1 o]
L L L LHL L L L 64 H 16 | 16 i C
L L L HLLLLL 64 H 32 | 32 1 ]
L L L HHHHHH 64 H 63 | 63 1 C
L L L HHHHHH 64 L H | 63 1 D
L L L HLHLLL 64 H 40 | 40 1 E

NOTES: A. H = high level, L = low level, X = irrelevant. All remaining entries are numeric counts.
B. This is a simplified illustration of the clear function. The states of clock and strobe can affect the logic level of Y and Z. A low
unity/cascade will cause output Y to remain high.

C. Each rate illustrated assumes a constant value at rate inputs; however, these illustrations in no way prohibit variable-rate inputs.
D. Unity/cascade is used to inhibit output Y.

Mefi, (8+32)fi, 40fj,
E. foyr= —— = ———— = — = 0625f,"
64 64
functional block diagram
ENABLE
INPUT (11) ,J\
h
*
*
| L £
{9 G —‘Dc ac| [ G Q — c apf—
ag a € |
—pT —aT —a>T —pT —PT —a>T
Gah Ggh G| Gphy Gery Qrp—
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
CLEAR (13} I
0, K,
CLOCK el
STROBE
e RATE (3 RATE @ RATE (15} RATE  (14) RATE (1} RATE (8
INPUT F INPUT E INPUT D INPUT € INPUT B _‘ INPUT A
L1 Ll
3 E [ c 8 A

UNITY/CASCADE (12}
INPUT

(5)

Z OUTPUT

© v outeur

ENABLE
QUTPUT

7
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TYPES SN5497, SN7497

SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS

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

Supply voltage, V¢ {see Note 1)
Input voltage

Operating free-air temperature range: SN5497 (see Note 2)

7V
55V

—55°C to 125°C

SN7497 0°C to 70°C
Storage temperature range —65°C to 150°C
recommended operating conditions
SN5497 SN7494
UNIT;
MIN NOM MAX MIN NOM MAX
Supply voltage, Vo 45 b 55{475 5 6.256| V
High-level output current, IgH —400 _ —400{ uA
Low-level output current, g 16 16] mA
Clock frequency, feiock ] 25] O 25{ MHz
Width of clock pulse, tw{clock) 20 20 ns
Width of clear pulse, ty(clear) 15 15 ns
Enable setup time, tgy: (See Figure 1)
Before positive-going transition of clock pulse 25 25 ns
Before negative-going transition of previous clock pulse 0 twiclock)—10{ O twiclock)—10
Enable hold time, th: (See Figure 1)
After positive-going transition of clock pulse 0 twiclock)—10 0 twiclock)—10| ns
After negative-going transition of previous clock pulse 20 tep—10f 20 tep—10
Operating free-air temperature, T 5 (See Note 2) —55 125 O 70| °C

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

PARAMETER TEST CONDITIONST MIN TYPi MAX |UNIT
V|4 High-level input voltage 2 \"
VL Low-level input voitage 08| V
Vik Input clamp voltage Veg = MIN, Ij=—12mA -15[ V
. Vge = MIN, ViH=2V,
VoH High-level output voltage ViL=08V, IOH = —400 uA 24 34 \"
Voo = MIN, Vig=2V, .
Vo Low-level outputvoltage Vi =08V, loL = 16 mA 0.2 G4 V
Iy Input current at maximum input voltage Vge=MAX, V=55V 1| mA
Ii4  High-level input current clock inpat Voo =MAX, V=24V 80 A
other inputs 40
LT Low-level input current clock input Vee = MAX, V=04V 32 mA
other inputs -1.6
log  Short circuit output current § Vee = MAX -18 —55 | mA
IccH Supply current, outputs high Vgoe = MAX,  SeeNote 3 58 mA
lccL Supply current, outputs low Voo = MAX, See Note 4 80 120 | mA

tFor test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

LAl typical values are at Voo = 5 V, Ty = 25°C.
§Not more than one output should be shorted at a time.
NOTES: 1. Voltage values are with respet to network ground terminal.

2. An SN5497 in the W package operating at free-air temperatures above 118°C requires a heat sink that provides a thermal

resistance from case to free-air, Rgca, of not more than 55°C/W.
3. IccH is measured with outputs open and all inputs grounded.
4. lccy is measured with outputs open and all inputs at 4.5 V.
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TYPES SN5497, SN7497
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS

REVISED OCTOBER 1976

switching characteristics, Vcc =5V, Tao=25°C,N=10

PARAMETERSY oor To TEST CONDITIONS MIN TYP MAX]| UNIT
INPUT OUTPUT

frmax pr pos —
tPLH Enable Enable 13 20 e
e 14 21
1

PLH Strobe z 12 18 N
e 15 23
PLH Clock Y 26 39 "
o 20 30
PLH Clock b4 12 18 i
TPHL = =
: = 15pF

PLH Rate z Cp = 15pF, 6 10 ns
tPHL RL =400 &, 3 2

Fi 1

PLH Unity/Cascade \' See Figure 9 14 -
PHL = G
tor s = —

— Strobe v R
PHL 5 .
PLH Clock Enable 19 30 ne
P 22 33
i Y

PLH Clear 24 36 e
L, z 15 23
. 1 23

FLH Any Rate Input Y 5 e

PHL 15 23

quax = maximum clock frequency.
tpH = propagation delay time, low-to-high-level output.
tpHL = propagation delay time, high-to-low-level output.

TYPICAL APPLICATION DATA

This application demonstrates how the ‘97 can be cascaded to perform 18-bit rate multiplication. This scheme is
expandable to n-bits by extending the pattern illustrated.

18-BIT RATE INPUT
S , W

FEDCBA L FEDCGB A
CLEAR LEAR CLEAR
ENABLE (LOW) ENABLE '97 ENABLE ENABLE ‘97 ENABLE ENABLE ‘97 ENABLE
DISABLE (HIGH) INPUT  (C) OUTPUT (8) OUTPUT INPUT (A) OUTPUT
ENABLE (LOW) dstrosE
DISABLE (HIGH) STRCK v UNITY STROBE
A CASCADE|
cLock ]
INPUT Il T — L
wr n
INVERTED OUTPUT NONINVERTED OUTPUT

As illustrated, two of the 6-bit multipliers can be cascaded by connecting the Z output of unit A to the unity cascade
input of unit B, in which case, a two-input NOR gate is used to cascade the remaining multipliers. Alternatively, all three
Y outputs can be cascaded with a 3-input NOR gate. The three unused unity €ascade inputs can be conveniently
terminated by connecting each to its Z output.
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TYPES SN5497, SN7497

SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS

PARAMETER MEASUREMENT INFORMATION

OUTPUT OF DEVICE

UNDER TEST
(See Note B}

All three outputs are loaded during testing
LOAD CIRCUIT

ED DISABLED s

/ /
\
Lo tuiciockied Le-tuiciockie)
| ] |
1 I ! ! av
cLoc ! J ! y
LOCK
INPUT i 15V 15V d 15v ! 15V
A
1 | 1 °
1 | 1 | | ‘
-1, — 1 210
I [ i

__________ Vou
QUTPUT ¥
VoL

ENABLING FROM POSITIVE-GOING
TRANSITION OF CLOCK PULSE

===DISABLED MR, jmmem ENABLEDmmmmmim, e DISA LE D s

3v

'
ENABLE
T 15v\=][:.5v
__________ ———————— 0V
_____ Vo
VoL

ENABLING FROM NEGATIVE-GOING
TRANSITION OF PREVIOUS CLOCK PULSE
1. Unity/Cascade and pin 2 (rate input) are high, other inputs
are low. Clear the counter and apply clock and enable
pulse as illustrated.

[ pary e -
| 1
1 1 )
———— 3V
CLOCK ! J l ’
INPUT 15Vv ! 15V 15V
1 ov
1
el o |
\ i
|

2. Setup and hold times are illustrated for enabling a single
clock pulse (count). Continued application of the enable
function will enable subsequent clock pulse {counts) untit
disabling occurs (enable goes high). The total number of
counts will be determined by the total number of
positive-going clock transition enabled.

NOTES: A. The input pulse generator has the following characteristics: ty(clock) = 20 Ns, tTH < 10 ns, tryL < 10 ns, PRR =1 MHz,

Zout =~ 50 0.
B. C; includes probe and jig capacitance.
C. All diodes are TN3064.

] | Vou
g':,::"ﬁ 15V 15V
——-VouL

Flip-flops are at the maximum count.
Other inputs are low.

PROPAGATION DELAY TIMES,
ENABLE INPUT TO ENABLE OUTPUT

______ 3v
CLOCK OR
STROBE 15V 15V
I » | ov
I*ﬂ—l L ey tPHL
| (M
Il VI
ouTPUT Z | Frisv | Xisv
o PHL : Voo
I "—q—‘PLH

| 1 VoH
OUTPUT ¥ 15V 15v
———=Vor

Unity/cascade and rate inputs are high, other inputs are low,
and flip-flops are at any count other than maximum.
PROPAGATION DELAY TIMES, CLOCK TOZAND Y,
AND STROBE INPUT TOZAND Y

—————— 3v
RATE INPUT 15V 15V
! tPHL : ov
| p—c'-‘PLH
] 1 von
OUTPUT 2 15V 15V
——-VoL

Flip-flops are at a count so that all other inputs to the gate
under test are high and all other inputs, including other rate
inputs, are jow,

PROPAGATION DELAY TIMES,
RATE INPUT TO 2

3v
UNITY/CASCADE 15V 15V
INPUT I l
e ov
| Cl- == Vou
ouTPUT ¥ 15V 15V
VoL

Output Z is high.

PROPAGATION DELAY TIMES,
UNITY/CASCADE INPUT TO Y

FIGURE 1-SWITCHING TIMES
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TYPES SN54L98, SN74L98
4-BIT DATA SELECTORS/STORAGE REGISTERS

BULLETIN NO. DL-S 7211822, DECEMBER 1972

SN54L98 ... J PACKAGE
SN74L98 ...J OR N PACKAGE

(TOP VIEW)
OUTPUTS
UTRUTS INPUT OUTPUT WORD
descrioti Vee @ 9% Oc  p1 9 cLock SELECT
escription
Pt U RERERAR YRR NI R IRINER R
These monolithic data selectors/storage registers are ] l | [ [ l
- ® ip- A4
composed of four S-R master-slave flip-flops, fOI:ll‘ Qa0 O D1 Qp crock
AND-OR-INVERT gates, one buffer, and six WORD
inverter/drivers. A2 SELECT
When the word select input is low, word 1 (A1, B1, A1 Bl B2 ¢1 G D2
C1,D1) is applied to the flip-flops. A high input to I I T T I
word select will cause the selection of word 2 | | 1| L
(A2, B2, C2, D2). The selected word is shifted to the | 1 ” 2 ” 3 H 4 H 5 H 6 H 1 | | 8 i
output terminals on the negative-gaing edage of the Az Ai Bi 52 Ci cz Dz, GnD
\
clock pulse. INPUTS .
Typical power dissipation is 25 mW. The SN54L98 is positive logic: word select low for word 1,
characterized for operation over the full military word select high for word 2,
temperature range of —55°C to 125°C; the SN74L98 see description
is characterized for operation from 0°C to 70°C.
functional block diagram and schematics of inputs and outputs
a2 EQUIVALENT OF EACH INPUT
WORD (9)
SELECT c{ >T‘ __<{>—‘S Ao
Vee -
A2 {1) —OopcK
40 k2 NOM
|—4» R
8 2 INPUT -
L (1)
- >—c{> s Qgf—a0p
B2 4 —CP CK
R
)
»—c{> s oo TYPICAL OF ALL OUTPUTS
*—
2@ p—op - Vee
R 500 £ NOM
52 __
—C{> S Qoﬁﬂo
b2 P cK OUTPUT
R ——
(10) N J
cLock 1P
1
_¢ ... dynamic input activated by transition from a high level to a low level.

1076

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

1-107



TYPES SN54198, SN74198
4-BIT DATA SELECTORS/STORAGE REGISTERS

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

Supply voltage, Vgg (seeNote 1) . . . . . . . . . . . . . . . ... ... ... ...... 8V
Input voltage (see Note 2) e e e e e e e e . 55V
Operating free-air temperaturerange: SN54198 . . . . . . . . . . . . . . . . ... =B5°C10125°C

SN74L98 . . .. .. .. .. ... ........ 0Ct70C
Storage temperaturerange . . . . . . . . . . . . . . 4 4 e e s e e e .. ... =—8B5Cto150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Input voitages must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN54L98 SN74L98 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage, Vo 4.5 5 55 [ 4.75 5 525 | V
High-level output current, igy —-100 —200 | uA
Low-level output current, Ig|_ 2 36 | mA
Width of clock pulse, ty(clock) 200 200 ns
atA,B,C,orD | 100 100
Setup time for high-level data, tgy(H) +tword select 150 150 ns
; atA,B,C,orD | 120 120
Setup time for low-level data, tgy (1) 2t word seloct 1700 700 ns
Operating free-air temperature, Tp —55 125 0 70 | °C

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

PARAMETER TEST CONDITIONST SNS4L98 SN7aL98 UNIT
MIN TYPE MAX | MIN Typi MmAX
Vyjy High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 0.7 \"
Vou High-level output voltage Vec = MIN. - Vig=2V, 24 33 24 32 v
ViL=0.7V, oy = MAX
VoL Low-level output voltage Vee=MIN,  Vip=2V 015 03 02 04| vV
ViL=0.7V, loL = MAX

1y Input current at maximum input voltage Veoc=MAX, V=55V 100 100 | pA
ItH  High-level input current Voo =MAX, V=24V 10 10 ] pA
ijL  Low-ievel input current Voo = MAX, V=03V —0.18 ~0.18 | mA
lgos  Short-circuit output currentd Vee = MAX -3 -15| -3 —15 | mA
lcc  Supply current Ve = MAX, See Note 3 5 9 5 9| mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

iAll typical values are at VCC =5V, Ta= 25°C.
Not more than one output should be shorted at a time.

NOTE 3: Igc is measured with all inputs grounded and all outputs open.

switching characteristics, Voc =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

fmax Maximum clock frequency 3 5 MHz
PLH Propagation defay time, low-to- CL=B0pF, RL=4ke, 1s 200! ns

high-level output from clock input

P tion delay tii high-to- See Note 4
a e, high-to-

tPHL ropagation delay tim g‘ 125 200 ns

low-level output from clock input

NOTE 4: Load circuit and voltage waveforms are shown on page 3-11.
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TYPES SN54199, SN74199
msi 4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

BULLETIN NO. DL-S 7211871, DECEMBER 1972

e N-Bit Serial-to-Parallel Converter
o N-Bit Parallel-to-Serial Converter
o N-Bit Storage Register
e J-K Serial Input

description

These 4-bit registers feature parallel inputs, parallel
outputs, J-K serial inputs, mode control, and two
clock inputs. The registers have three modes of
operation:

Parallel (Broadside) load
Shift right (the direction Qa toward Qp)
Shift left (the direction Qp toward Qa)

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

SN54L99...J PACKAGE
SN74L99. ..J OR N PACKAGE

(TOP VIEW)
R % 9 aw O G 9 CLgCK
s ijzijnyny
[ ] 1 T 1

0a Qs % G 9
L% cK 2 <p-
A CK 1o

MODE

B ¢ D CONTROL

j{
L]
A J

[ 1 —
[aflaf]s e
B C Veo

_gﬂhﬂ‘!Lﬁ

M CLOCK
1

positive logic: see function table

Shift right is accomplished on a high-to-low transition of clock 1 when the mode control is low. Serial data for the
right-shift mode is entered at the J-K inputs. These inputs permit the first stage to perform as a J-K, a D-type, or T-type
flip-flop as shown in the function table. 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.). Serial data for this mode is entered at the D input. 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 white both clock inputs are low; however, conditions described in the last three lines of the function table will

also ensure that register contents are protected.

FUNCTION TABLE

INPUTS OUTPUTS

MODE | CLOCKS |SERIAL PARALLEL _

conTROL[Z TR J K| A & ¢ bp| %A % G O Op
H H X [ X X| X X X X}|Qa Qs Qco Qpo QOpo
H I X |{x x!a b ¢ d| a b ¢ d d
H i X | X X {agt Qct Opt d | Qgn Qcnh Opn d d
L L H X X| X X X X | Qapo QB0 Qco Qpo QOpo
L X +|L H|lx X X x|0a Qao Qs Qcn Qcn
L X 4 |L L |X X X X| L Qap Qsn Qcn Qcn
L X 4 |H H|X X X XI H Qap Opy Qcn Qcn
L X +|H L |[x x X x]|0%an Qan O8n Qcn Qcn
4 L L |X X|X X X X|0a Qo Qco Qpo 8po
f L L |x X|X X X Xx|0oag Qo Qco Qpo 8po
v L H|[X X|X X X X|0Qa 9o Cco Qo Cpo
t H L X X X X X X | Qapg Qo Qco Qpo Qpo
* H H X X |[X X X X|Qa Qo Qco @po Qpo

TShifting left requires external connection of Qg to A, Q¢ to B, and Qp to C. Serial data is

entered at input D.

H = high level (steady state}, L = iow level (steady state)

X

| = transition from high to low level, 1 = transition from low to high level.

rrelevant (any input, including transitions)

a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.

Qag. @gor Qco- Qpo = the level of Q. Qp, Q¢, or Qp, respectively, before the indicated steady-state input conditions were established.

Qan- Qgn. Qcn. Qpn = the level of Q 5, Qg, Qc, or Qp, respectively, hefore the most-recent ! transition of the clock.

TeExAs INSTRUMENTS
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TYPES SN54199, SN74199
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

functional block diagram

@

—1
SERIAL - | (15
INPUTS aa aa
> cK
= {16)
K «D Opf—
4 |
a (81} |>c |
s 0g (14) ag
B (3) ——PcKk
M Vi
PARALLEL
INPUTS
12
DF e
cK
PC] 1 >
10)
@—‘ s opp—--»112 o
6 ¢
o8 | p——>ck "
L Gp 8p
MODE (7‘——1
CONTROL
CLOCK 1 {8}
RIGHT-SHIFT
cLockz _{9)
LEFT-SHIFT
1
_¢ . . . dynamic input activated by transition from a high level to a low level.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee -_ _— Vee
] 500 2 NOM
eq
INPUT,; ——
OUTPUT

Input A and M: Req =20k NOM

All other: Rgg = 40 k2 NOM

7110 TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 » DALLAS, TEXAS 75222
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TYPES SN54199, SN74199
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

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

Supply voltage, V¢ (see Note 1)

Input voltage (see Note2) . . . . . . . . . . ..

Operating free-air temperature range: SN541.99 Circuits
SN74L99 Circuits

Storage temperature range e e e

NOTES: 1. Voltage values are with respect to network ground terminal.

2. Input voltages must be zero or positive with respect to network ground terminal.

recommended operating conditions

8V
.. ...5Bb5V
—55°C to 125°C
. . 0°Cto70°C
—65°C to 150°C

SN54L99 SN74L99 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 \"%
High-level output current, lgH -100 —200 | WA
Low-level output current, lg1 2 36 mA
Width of clock pulse, tyw{clock) 200 200 ns
Setup time for high-level data at J, K, A, B, C, or D inputs, tsu{H) 100 100 ns
Seiup time for jow-ievel data at J, K, A, B, C, or D inputs, tgy{L} i20 i20 ns
Hold time at J, K, A, B, C, or D inputs, th 0 1) ns
Time to enable clock 1, tengple 1 {see Figure 1) 225 225 ns
Time to enable clock 2, tenaple 2 {see Figure 1) 200 200 ns
Time to inhibit clock 1, tinhibit 1 {see Figure 1) 100 100 ns
Time to inhibit clock 2, tinhibit 2 (see Figure 1) [o] o] ns
Operating free-air temperature, Tp —55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range (unl

ess otherwise noted)

SN54L99 SN74L99
TEST CONDITIONST - UNIT
PARAMETER o o MIN TYPI MAX |MIN TYPI MAX
ViHq High-evel input voltage 2 2 \4
Vi Low-level input voltage 0.7 07| V
Vge = MIN, VIH=2V,
High-level tvol 24 33 24 3. \
VoH High-level output voltage VIL=07V, Iom = MAX 2
Vge = MIN, ViIH=2V
- ht: 0.15 0.3 0.2 04| V
VoL Low-level output voltage ViL=07V, loL = MAX
Input current at J,K,B,C,orD 100 100
1 Vee = MAX, V=55V A
! maximum input voltage Mor A cc ! 200 200
High-tevel J,K,B,C,orD 10 10| .
) Vee = MAX, V=24V HA
1H input current Mor A cc ! 20 20
Low-level J,K,B,C,orD -0.18 —0.18
] Vee = MAX, Vy=03V mA
IL input current Mor A cc ! —0.36 —0.36
los  Short-circuit output current§ Vee = MAX -3 —-15 | -3 —15 [ mA
lcc  Supply current Veg = MAX,  SeeNote3 3.8 9 38 9| mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

LAl typical values are at Voo = 5 V, Tp = 25°C.
§Not more than one output should be shorted at a time.

NOTE 3: With all outputs and J and K inputs open, mode control at 4.5 V, inputs A through D grounded, Icc is measured after a momentary

3V, then ground, is applied to both clock inputs.

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
f, Maximum clock frequen 3 5 MHz
max i e i CL=50pF, R =4ke,
tpLH Propagation delay time, low-to-high-level output from either clock See Fi 2 115 200 ns
- ee ki
tpHL Propagation delay time, high-to-low-level output from either clock gure 125 200 | ns
TEXAS INSTRUMENTS 7111

INCORPORATE
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES SN54199, SN74199
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

OUTPUT Ve

FROM QUTPUT
UNDER TEST
CyL = 50 pF See Note C

{See Note B) | | 30 pF

LOAD CIRCUIT

e e o e — v
Jand K H
INPUTS

Vi

M INPUT

| |
tonable 1 —o—sl I._—’}‘ ti"hibi'.l ————————— v
CLOCK 1 ‘ ! "
INPUT ! 8V Y
| H Vi
. } .I H'enmleZ - - — —-—V
CLOCK 2 inhibit 2 "
INPUT 13V =Y
Vie
—-——V
Qp OUTPUT ———/__\—__/__\— oM
VoL

NOTE: A inputis at the low level.

VOLTAGE WAVEFORMS
FIGURE 1—CLOCK ENABLE/INHIBIT TIMES

3v
DATA
INPUT
ov
3v
cLock !
INPUT 0% | 10% )
{ | 1 l ov
<15ns — | —»| fa-<i5ns H bt 1o
1 clocl
1 !
Vou
]
ouTPUT |
(See Note D} | '
| A= —————-= VoL

1
—l top b —'i PLH L‘

VOLTAGE WAVEFORMS
FIGURE 2—-SWITCHING TIMES
The input waveforms are supplied by pulse generators having the foliowing characteristics: Zg, =~ 50 Q. For data pulse

NOTES: A.

generator: t,, > 150 ns, PRR < 500 kH2, tgeqyp (1) = 120 ns, and tgayp(H) = 100 ns. For clock pulse generator: t,, > 200 ns and
PRR < 1 MHz. When testing f5x, vary PRR.

B. Cy_includes probe and jig capacitance.

C. Ali diodes are 1N916. _

D. When data input is applied to J and K inputs, the output waveform applies only to output Qa.
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INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

1076



TTL
MSI

TYPES SN54100, SN74100
8-BIT BISTABLE LATCHES

BULLETIN NO. DL-S 7211830, DECEMBER 1972

logic

FUNCTION TABLE
(Each Latch)

INPUTS | OUTPUTS
D G| Qo o
L H| L
H H | H
X L Qo

gII‘IO

H = high level, X = irrelevant
Qg = the level of Q before the
high-to-low transition of G

description

These iatches are ideaiiy suited for use as temporary
storage for binary information between processing
units and input/output or indicator units. Informa-
tion present at a data (D) input is transferred to the Q

output when the enable {G) is high and the O cutput

will follow the data input as long as the enable
remains high. When the enable goes low, the informa-
tion (that was setup at the data input at the time
the transition occurred) is retained at the Q output
until the enable is permitted to go high.

These circuits are completely compatible with all
popular TTL or DTL families. All inputs are diode-
clamped to minimize transmission-ine effects and
simplify system design. Typical power dissipation is
40 milliwatts per latch. The SN54100 is characterized
for operation over the full military temperature range
of —55° to 125°C; the SN74100 is characterized for
operation from 0°C to 70°C.

SN54100...J OR WPACKAGE
SN54100...J OR N PACKAGE
(TOP VIEW)

ENABLE
vee 16

NC D1 b2 162 101 NG GND 201 202 202

201 ENABLE
26

positive logic: see function table

NC—No internal connection

TO OTHER LATCHES «-4
ENABLE DATA

schematic (each latch)
{W 4k 316 I-T4k ‘%2_5 k%‘k
r\_o_/‘w

°T{ |
1
r 1k éu } 1k
; ND
I

r TO OTHER LATCHES

vee
%Ak 1.sk§u 130

3 ¥ P2
[y —
TO OTHER LATCHES -y )
ENABLE DATA

Resistor values shown are nominal and in ohms.

—» TO OTHER LATCHES

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

Supply voltage, V¢ (see Note 1)

Inputvoltage . . . . . . . . ..

Intermitter voltage (see Note 2) . . . . . .

Operating free-air temperature range: SN54100
SN74100

Storage temperature range

NOTES: 1.

7V
55V

.. ... 55V
—55°C 10 125°C
0°C 10 70°C
—65°C to 150°C

Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter input transistor. For this circuit, this rating applies between the

enable and D inputs of any latch.
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TYPES SN54100, SN74100
8-BIT BISTABLE LATCHES

REVISED OCTOBER 1976

recommended operating conditions

SN54100 SN74100 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 |4.75 5 525 v
High-level output current, 104 —400 —400 | uA
Low-level output current, g 16 16 | mA
Width of enabling pulse, ty, 20 20 ns
Setup time, tgy 20 20 ns
Hold time, th 5 5 ns
Operating free-air temperature, Ta —55 125 0 70| °C

electrical characteristics over recommended operating free-air temperature range {unl

ess otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPi MAX |UNIT
Viyq High-level input volitage 2 Vv
ViL Low-ievel input voltage 08| V
VK Input clamp voitage Vee = MIN, h=—12mA -15} V
Vee = MIN, Vig=2V,
V, High-level output volta 24 34 \4
OH g s % ViL=08V, IoH = —400 A
Vee = MIN, ViH=2V,
V, Low-level output volt: . 04| V
oL putvoltag VIL=08V, IgL=16mA 0.2
I input current at maximum input voltage Vee = MAX, Vi=55V 1] mA
- D input 80
iy High-level input current G inzut Voo =MAX, V=24V 320 HA
D input -3.2
1i  Lowk-level input current g inzut Voo =MAX, V| =04V =T mA
] Short-circuit output t§ Vg = MAX Shpto0 | 20 =571 A
-Cl u e =
os ort-circui put curren ccC SNT2100 18 =7 ™
: Suno! . Ve = MAX, SN54100 64 92 A
cc  Supply edren See Note 3 SN74100 64 16| "
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareat Vo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time.
NOTE 3: I is tested with all inputs grounded and all cutputs open.
switching characteristics, Vog =5V, Ta = 25°C
PARAMETERY FRoM TO TEST CONDITIONS MIN TYP MAX [UNIT
(INPUT) (OUTPUT)
1 1 3
‘PLH ) Q CL = 15pF, 15 22 ns
:PHL R 4004, % 30
PLH G Q See Note 4 ns
tPHL 7 15

"tpLH = propagation delay time, low-to-high-level output
tpH | = propagation delay tims, high-to-low-level output
NOTE 4: Test circuit and voltage waveforms are the same as those shown for the *

75,77, 'L75, and 'L77 on page 7-40.
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TTL TYPES SN54116, SN74116
MSI DUAL 4-BIT LATCHES WITH CLEAR

BULLETIN NO. DL-S 7211849, DECEMBER 1972

e Two Independent 4-Bit Latches in a

Single Package SN54116...J OR WPACKAGE
SN74116...J OR N PACKAGE
e Separate Clear Inputs Provide One-Step (TOP VIEW)
Clearing Operation enaone
2
. . vee 20 203 203 202 202 201 201 262 281 CLEAR
e Dual Gated Enable Inputs Simplify 2] 23] [22] (1] [za] [m] [w] (] (6] [s] [w][u
Cascading and Register Implementations 1= )b_ I
- . [
o Compatible for Use with TTL and DTL o
SN cuea —<}>—\
Circuits
e Input Clamping Diodes Simplify cuean
System Design ’—EDG
01 a D2 2 03 a3 Da o4
I I I A I T T T
description 1 2 3 4 5 L] 7 1 s » 1 12
1 1G1 262 01 11 102 1z 103 103 D4 104 GND
cLean ENABLE
These monolithic TTL circuits utilize D-type bistables positive logic: see function table

to implement two independent four-bit latches in a
singie package. Each four-bit iatch has an indepen-
dent asynchronous clear input and a gated two-input functional block diagram (each 4-bit latch)
enable circuit. When both enable inputs are low, the a3

output levels will follow the data input leveis. When cuean ——of>—

either or both of the enable inputs are taken high, the 208
outputs remain at the last levels setup at the inputs Ez@D—‘ < .
prior to the low-to-high-level transition at the enable |: a1
input(s). After this, the data inputs are locked out.

o1 {4.16]

The clear input is overriding and when taken low will
reset all four outputs low regardless of the levels of
the enable inputs.

(7, 19}
"

Q2
k>
The SN54116 is characterized for operation over the
full military temperature range of —55°C to 125°C; g .18 4

the SN74118 is characterized for operation from 0°C

10 70°C.
FUNCTION TABLE y
(EACH LATCH) @ ®.2m
INPUTS =4
OUTPUT
ENABLE
CLEAR [— — DATA Q (8,20
Gi_ G2 03
H L L L L
H L L H H
H X H X Qg EB_-D_J 11.231
H H X X Qp
L X X X L
110,22)
H = high level, L = low level, X = irrelevant Da

Qg = the level of Q before these input conditions were established.

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

Supply voltage, Vo (seeNote 1) . . . . . . . . . L L . L L L L o e e e e e e e e TV
Inputvoltage . . . . . . . . . . . . . . e e e e e e e e e e i e e e . ... . BBY
Operating free-air temperature range: SN54116 Cireuits . . . . . . . . . .. . .. . . -55°Cto125°C

SN74116 Circuits . . . . . . . . . . ... ..... 0°Ct70°C
Storage temperaturerange . . . . . . . + .+« . . e e i i e i e s e . ... .. =—65Cto150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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TYPES SN54116, SN74116
DUAL 4-BIT LATCHES WITH CLEAR

recommended operating conditions

SN54116 SN74116
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Vo 4.5 5 55 | 4.75 5 526| V
High-level output current, gy —800 —800 | wA
Low-level output current, g 16 16 | mA
Input pulse width, ty, i;‘:l:le :z :: ns
Data setup time, tg, High logic level 8 & ns
3 Low logic leve! 14 14

Clear inactive-state setup time, tgy 8 8 ns
Data release time, high-level data, tygjease 2 2

Data hold time, low-level data, tp 8 8. s
Operating free-air temperature, Ta —55 125 0 70 °c

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

PARAMETER TEST CONDITIONST MIN TYPE MAX|UNIT
ViH High-level input voltage 2 \4
Vi Low-level input voltage 08} V
V|K  Input clamp voltage Veg=MIN, |j=—12mA —15| V
VOH High-level output voltage zIC:;oM;T/' :g: ; 2_;/(;0 A 24 34 A
Vee=MIN, V=2V,
VoL Low-level outputvoltage VL=08V, lo =16mA 0.2 047 V
I input current at maximum input voltage Voc=MAX, V=55V 1| mA
W4 High-level input current 2:';;’32 or clear Vec=MAX, V=24V :g A
G1, G2, or clear —16
WL  Low-evel input current Any D, initial peak Ve =MAX, V=04V --24| mA
Any D, steady-state —-16
lgos  Short-circuit output current$ Vee = MAX SN5A116 —2 =57 mA
SN74116 —18 ~57
ice  Supply current Vee = MAX, |Condition A 60 100 mA
See Note 2 Condition B 40 70

Tror conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.
tan typical valuesare at Voo =5V, Tao = 25°C.
§Not more than one output should be shorted at a time.
NOTE 2: With outputs open, icg is measured for the following conditions:
A. All inputs grounded.
B. Al G inputs are grounded and all other inputs are at 4.5 V.

switching characteristics, Vecc =5V, TA = 25°C

FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX|UNIT
(INPUT) {oUTPUT)
1 30
PLH Enable Any Q L ns
tPHL Cp = 15pF, 15 22
= Q 0 15
tPLH Data Q AL 400 ! ! ns
tPHL See Figure 1 12 18
tPHL Clear Any Q 15 22 ns
ﬂtPLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
7116 TexAs INSTRUMENTS
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TYPES SN54116, SN74116
4-BIT LATCHES WITH CLEAR

schematics of inputs and outputs

EQUIVALENT OF CLEAR, EQUIVALENT OF TYPICAL OF
G1, AND G2 INPUTS DATA INPUTS ALL OUTPUTS
Vee -= Vce - - Vee
4 k2 NOM Req 100 £ NOM
INPUT —-—= INPUT -—— -
Yy y
) 4 b 4 OUTPUT
4 » —_
Initial Rgq = 3 k2 NOM
Steady-state Reg = 6 k2 NOM

NOTES: A,

PARAMETER MEASUREMENT INFORMATION

Vee

R (SeeNote C)
FROM QUTPUT
UNDER TEST
—r
CL
{See Note B) _l_

LOAD CIRCUIT

av
CLEAR
15V
wPUT 15V d
| ov

rn— w —l R
i -~ "
DATA | |
INPUT | |
| I o — — — — —0v
| | l— ty —] W _’g
ENABLE | i | ) | 1 3V
INPUT I 15V 15V 15V 15V 15V
(see Note D) i ll v
h-wHL-: le— toHL — — tpLH —
I
| | 1 VoH
ouTPUT 15V 15V 15V

— ———VvouL
SWITCHING TIMES FROM CLEAR AND ENABLE INPUTS

DATA 3V
INPUT 15V 15V 15V 15V 15V 15V
(See Note E] d

1 | L ——ov
> e treiease |
tsu — [

-

| h
I
! | —> e
ENABLE : : | tsu -D: av
INPUT
1 1 —— — — 0V
tpLH —h—— e

tPHL-Di

! | — — —VoH
OUTPUT 15V 15V \

VoL

SWITCHING TIMES FROM DATA INPUTS

Input pulises are supplied by generators having the following characteristics: t, < 10 ns, t < 10 ns, PRR = 1 MHz, duty cycle < 50%,
Zout ~ 50 Q2.

B. C|_includes probe and jig capacitance.
C. All diodes are 1N3064.
D. The other enable input is low.
E. Clear input is high,
FIGURE 1
T I E 1117
EXAS INSTRUMENTS
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TYPES SN54120, SN74120

msl DUAL PULSE SYNCHRONIZERS/DRIVERS

BULLETIN NO. DL-S 7211537, SEPTEMBER 1971—REVISED DECEMBER 1972

Generates Either a Single Pulse or Train of Pulses

Synchronized with Control Functions

Ideal for Implementing Sync-Control Circuits
Similar to those Used in Oscilloscopes

Latched Operation Ensures that Output Pulses
Are Not Clipped

High-Fan-Out Complementary Outputs Drive
System Clock Lines Directly

Internal Input Pull-Up Resistors Eliminate
Need for External Components

Diode-Clamped Inputs Simplify System Design
Typical Propagation Delays:

9 Nanoseconds through One Level
16 Nanoseconds through Two Levels

description

SN54120...J ORW PACKAGE
SN74120...J OR N PACKAGE
(TOP VIEW)

INPUTS OUTPUTS

vec M 22 251 2R 2¢ 2y ¥

INPUTS OUTPUTS

logic: see description and function table

These monolithic pulse synchronizers are designed to synchronize an asynchronous or manual signal with a system
clock. Reliable response is ensured as the input signals are latched up; therefore duration of logic input is not critical
and the adverse effects of contact-bounce of a manual input are eliminated. The ability to pass output pulses is started
and stopped by the levels or pulses applied to the latch inputs S1, S2, or R in accordance with the function table.
High-speed circuitry is utilized throughout the clock paths to minimize skew with respect to the system clock.

After initiation, the mode contro! (M) input deter-
mines whether a series of pulses or only one pulse is
passed. In the absence of a stop command, the clock
driver will continue to pass clock pulses as long as the
mode control input is low (see Figures 2 through 4).
If the mode control input is high only a single clock
pulse will be passed (see Figure 5).

When the mode controi is set to pass a series of
pulses, the last pulse out is determined by two general
rules:

a. When pulses are terminated by the S or R
inputs, conditions meeting the setup times
{specified under recommended operating
conditions) will dominate.

o

FUNCTION TABLE

INPUTS FUNCTION
R s1 s2
X L X Pass Output Pulses -
X X L Pass Output Pulses
L H H Inhibit Output Pulses
H 4 H Start Output Pulses
H H 4 Start Output Puises
M H ] Stop Output Pulses
H H H Continuet

H = high level (steady state)
L = low level (steady state)
4 = transition from Hto L

X = jrrelevant

TOperation initiated by last | transition continues.

. Low-to-high-level transitions at the mode control input should be avoided during the 20-nanosecond period

immediately following the negative transition of the input clock pulse as transitions during this time period
may or may not allow the next pulse to pass (see Figures 4 and 5). When pulses are terminated by the mode
control input, a positive transition at the mode control input meeting the high-level setup time, tsy (H),
(specified under recommended operating conditions) will pass that positive clock pulse then inhibit remaining
clock pulses. The clock input (C) is latch-controlled ensuring that once initiated the output pulse will not be

terminated until the full pulse has been passed.

TEXASI INSTRUMENTS
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TYPES SN54120, SN74120

DUAL PULSE SYNCHRONIZERS/DRIVERS

ldes’cription (continued)

This clock driver circuit is entirely compatible for use with either digital logic circuits or mechanical switches for input
controls since all inputs, except the clock, have internal pull-up resistors. This eliminates the requirement to supply an
external resistor to prevent the input from floating when the control switch is open. The internal resistor also means
that these inputs may be left disconnected if unused.

Typical propagation delay time is 9 nanoseconds to the Y output and 16 nanoseconds to the Y output from the clock
input. The outputs will drive 60 Series 54/74 Joads at a high logic level and 30 loads at a low logic level. Typical power
dissipation is 127 milliwatts per driver. The SN54120 is characterized for operation from —55°C to 125°C; the

SN74120 is characterized for operation from 0°C to 70°C.

functional block diagram (each driver)

R—— N\

N
st >

1

SZ_I—G'_/

_o[>

EACH C INPUT

Vee -
2 kQ NOM
INPUT -

M, R, OR S INPUT

Vee —¢ -—
15 kR 4k0
NOM 3 Nom

INPUT —4 -

- %

INPUTS <
. v -
QUTPUTS
Y
c
M
~ [__
schematics of inputs and outputs
EQUIVALENT OF EQUIVALENT OF EACH TYPICAL OF

ALL OUTPUTS

Vee
2100 Q& NOM

OUTPUT

TEXAS INSTRUMENTS
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TYPES SN54120, SN74120
DUAL PULSE SYNCHRONIZERS/DRIVERS

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

Supply voltage, V¢ (see Note 1)

Input voltage

Interemitter voltage (see Note 2) -

Operating free-air temperature range: SN54120 Cnrcults
SN74120 Circuits

Storage temperature range

NOTES: 1. Voltage values, except interemijtter voltage are with respect to network ground terminal.

7V
65V
bbV

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

2. This is the voitage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the S1 and §2

inputs.

recommended operating conditions

SN54120 SN74120 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 45 5 5.5 | 4.75 5 5.25 \
High-level output current, loH —2.4 —2.4 mA
Low-level output current, IQ|_ T 48 48 | mA
Any input except mode control, 12 12
Setup time (see Figures 2 thru 5) tsulHor L) ns
Mode control fsulH) 0
tsu(L) 12 12
. Any input except mode control, 3 3
Hold time (see Figures 3 and 5) Th(H or L) ns
Mode control, th{H or L} 20 20
Operating free-air temperature, T, —55 125 0 70 | °c

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

PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
Vin High-level input voltage 2 v
Vi Low-level input voitage 08| Vv
ViK Input clamp voltage Ve =MIN, i==12mA -15] V
Vo High-level output volt Voo =MIN. Vi =2V, 24 34 v
Ligh-level ol oltage K X
OH 9 utputvoltag ViL =08V, Ign=-24mA
VoL Low-level output volt Vee=MIN. - Vi =2V, 02 04| v
ow-level output voliage - E
oL put voltag VIL=08YV, loL=48mA
Iy Input current at maximum input voltage Ve =MAX, Vj=55V 1, mA
) . Clock input 80 wA
Ii4  High-level input current - Vee = MAX, =24V
Other inputs —0.12 -0.2 —-036{ mA
. Clock input —3.2
LI Low-level input current - Vec=MAX, V=04V mA
Other inputs —2.1
lps  Short-circuit output current§ Ve = MAX —-35 =90 mA
Icc  Supply current Veg =MAX, See Note 3 51 90| mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$AIl typical values are at Vee=5V,Ta= 25°C.
Not more than one output should be shorted at a time.
NOTE 3: Igg is measured with ground applied to all inputs except R which is at 4.5 V and all outputs open.
switching characteristics, Vcc =5V, Ta =25°C
PARAMETERSY FROM 1o TEST CONDITIONS { MIN TYP MAX{ UNIT
i {(INPUT) (OUTPUT) )
1 14 22
tPLH c % CL = 45pF, ] ™
tP”L R =133 Q, o e
PLH c Y See Figure 1 ns
tPHL 8 13

9 tp_H = Propagation delay time, low-to-high-level putput
tpH L = Propagation delay time, high-to-low-]evel output

TEXAs lNSTRUM ENTS
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TYPES SN54120, SN74120
DUAL PULSE SYNCHRONIZERS/DRIVERS

PARAMETER MEASUREMENT INFORMATION

Vee
OUTPUT

NOTES: A. The clock input pulse in figures2 through5 is
RL=1338 supplied by a generator having the following char-

acteristics: 1. >215ns, PRR<1 MHz, and
FROM OUTPUT, Zoue ~ 500 w(clock)
u .
UNDER TEST B. Cj_includes probe and jig capacitance.
CL =45pF = C. All diodes are 1N3064.
FIGURE 1-LOAD CIRCUIT FOR SWITCHING TESTS
i le &l fwiclock) )
twiclock) —¢———* i e ——— 3V
CLOCK | ! 1
INPUIT 1.5V 15V 15V ¥ 15V
INPUT A R /7 1 \ oy
r I tsu(L) : ||4—ul- tou(H)
[}
] ] I I sV
S1orS2 1.5V} ] 1.5V
INPUT I | A ov
(See Note) ! ]
PHL—»| je— & |e-TPLH
1| 1!
- | | Vow
Y OUTPUT ]
]
PLH '!‘—‘.
i
Y OUTPUT
VoL
NOTE: Mode control and R inputs are Jow-unused S input is high,

FIGURE 2—-INITIATING AND TERMINATING PULSE TRAIN FROM S INPUTS

CLOCK
INPUT

15V

[} I
'F__q Tsu(L) | ov
SUiL)
1 : !
1 i | |
StorS2
INPUT I
R INPUT
VoH
¥ ouTPUT
___________ VoL
NOTE: Mode contro! input is low and unused S input is high.
FIGURE 3-~INITIATING PULSE TRAIN FROM S AND TERMINATING WITH R INPUTS
1076
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TYPES SN54120, SN74120
DUAL PULSE SYNCHRONIZERS/DRIVERS

PARAMETER MEASUREMENT INFORMATION

—_————3V

"——":' tw(clock)

CLOCK
INPUT

oV

l | 3v
MODE 15V
CONTROL 15V /;
INPUT oV

VOH
Y OUTPUT
——————————————— VoL
NOTE: At least one of the S inputs is low.
FIGURE 4—INITIATING AND TERMINATING PULSE TRAIN WITH MODE CONTROL {NPUT
3V
CLOCK
INPUT {
| ov
|
]
H 3V
MODE CONTROL | 15v1
INPUT i |
1 th(H) _.l—'-——-r _____________________ ov
( I‘——D‘— tsu(L})
——————————————————————————— 3V

i
S1orS2 \QS v
INPUT oV

Y OUTPUT

NOTE: Input R is low and the unused S input is high.

FIGURE 5—ENABLING SINGLE PULSE

1122
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L TYPES SN541S124, SN54S124, SN741LS124, SN74S124
MsI DUAL VOLTAGE-CONTROLLED OSCILLATORS

BULLETIN NO, DL-S 7612025, MARCH 1974—REVISED OCTOBER 1976

s . 4, 124...4
* Two Independent VCQ's ina 16-Pin SN74LS124, SN74S124 .1 OR N PAGKAGE
Package (TOP VIEW)
e Qutput Frequency Set by Single External ZCN“ T
Component: vee ©vce RAI?IGE P, W ENZAFBLE 0021311’\.17 GND
Crystal for High-Stability Fixed-Frequency .| [s] [1a]l T3] 2] (0] [w] [
Operation L =
Capacitor for Fixed- or Variable-Frequency oG Cext
Operation FREQ Y
[CONT EN

e Separate Supply Voltage Pins for Isolation
of Frequency Control Inputs and Oscillators

from Output Circuitry cont
- . .pe RNG
e Highly Stable Operation over Specified Cext
Temperature and/or Supply Voltage Ranges
p / pRly g ge _'IHLz_] 34158 |7H| 8
‘—z—v—1-/ RaNGE ENA freur S GNO
GUARANTEED TVDIrAL TYPICAL FREQUENCY 1Cext BLE OUTPUT
TYPE FREQUENCY ~,  POWER Mt
SPECTRUM M3X  DISSIPATION

logic: While the enable input is low, the
output is enabled, While the enable
input is high, the output is high.

‘'LS124 1 Hzto20MHz 30 MHz 150 mwW
‘S8124 1Hzto 60 MHz 85 MHz 525 mW

description

The 'LS124 and 'S124 feature two independent voltage-controlled oscillators {VCO) in a single monolithic chip. The
output frequency of each VCO is established by a single external component, either a capacitor or a crystal, in
combination with two voltage-sensitive inputs, one for frequency range and one for frequency control, These inputs
can be used to vary the output frequency as shown under typical characteristics for the ‘S124. The concept also applies
for the 'LS124. These highly stable oscillators can be set to operate at any frequency typically between 0.12 Hz and
30 MHz ('LS124) or 0.12 hertz and 85 megahertz ({'S124). Under the conditions used in Figure 3, the output
frequency can be approximated as follows:

—4 —4
fo = 1><J———-for '1.5124, f°=5x¢—f0r 'S124
Cext Cext

where: fg = output frequency in hertz

Cext = external capacitance in farads.

These devices can operate from a single 5-volt supply. However, one set of supply-voltage and ground pins (Vgg and
GND) is provided for the enable, synchronization-gating, and output sections, and a separate set Ve and © GND)
is provided for the oscillator and associated frequency-control circuits so that effective isolation can be accomplished in
the system.

The enable input of these devices starts or stops the output pulses when it is low or high, respectively. The internal
oscillator of the ‘LS124 runs continuously even while the output is disabled, whereas the internal oscillator of the
'S124 is itself started and stopped by the enable input. The enable input is one standard load in each series. The enable
input and the buffered output operate at standard Schottky-clamped TTL levels.

The pulse synchronization-gating section ensures that the first output pulse is neither clipped nor extended. Duty cycle
of the square-wave output is fixed at approximately 50 percent. Simultaneous operation of both VCO’s in the same
package is not recommended.

The SN54LS124 and SN54S5124 are characterized for operation over the full military temperature range of —55°C 1o
125°C; the SN74LS124 and SN745124 are characterized for operation from 0°C to 70°C.
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TYPES SN541S124, SN54S8124, SN741S124, SN748124
DUAL VOLTAGE-CONTROLLED OSCILLATORS

schematics of inputs and outputs

‘LS124
EQUIVALENT OF EACH EQUIVALENT OF EACH FREQUENCY TYPICAL OF BOTH OUTPUTS
ENABLE INPUT CONTROL OR RANGE INPUT
—— —— e Vee
<
- Vee I 50 2 NOM ¢

Vee—
R3

P4
$17 k2 NOM —_ _J
INPUT -— R1 1
INPUT m—ArA~¢ OUTPUT
R23 _
NOMINAL VALUES
R1 R2 R3
Frequency control 79 k2 14 kQ 27 kQ

Range 85kQ 6Bk 24k

'S124
EQUIVALENT OF EACH EQUIVALENT OF EACH FREQUENCY TYPICAL OF BOTH OUTPUTS
ENABLE INPUT CONTROL OR RANGE INPUT
-— ———e—— V(¢
4
Vee _—— 1149 NOM 3
Vee -
1kQ
NOM -
6 kQ NOM INPUT
INPUT - —_——

200 2 NOM % I
N

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

Supply voltage, Vog (see Notes Tand2) . . . . . . . . . . . . . . v e e e LTV
Input voltage: ‘LS124 Enableinput . . . . . . . . . . . . . . . . . . o e e e e e .. TY
‘LS124 Frequency controlorrangeinput . . . . . . . . « . . . . .. .. .. .. VcC

3 I - X A Y

Operating free-air temperature range: SN54LS124,SN54S124 . . . . ., . . . . . . . . . . =565°C 10 125°C
SN74LS124,SN74S124 . . . . . . . . ... ... .. 0Ct70°C

Storage temperature range . . . . . . . . . . 4w e e e e e e e e e e e . —65°C 10 150°C

NOTES: 1. Voitage values are with respect to the appropriate ground terminal.
2. Throughout this data sheet, the symbol Vg is used for the voltage applied to both the Ve and@VCC terminals, unless other-

wise noted.
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TYPES SN541S124, SN741S124
DUAL VOLTAGE-CONTROLLED OSCILLATORS

recommended operating conditions

SN54LS124 SN74LS124 uNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Vo 4.5 5 5.5 | 4.75 5 b25( V
Input voltage at frequency control or range input, Vi(freg) o Vi(rng) 0 5 0 5| V
High-level output current, [oH —-1.2 —-1.2| mA
Lowlevel output current, lgy 12 241 mA
Output frequency (enabled), 1o ! ! Hz
’ 20 20 | MH2
Operating free-air temperature, TA —55 125 0 70| °c

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

SN54LS124 SN74L5124
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX [MIN TYPE mAX
Vin High-ievei input 9 2 v
voltage at enable
viL Low-level input 07 o8| v
voltage at enable
VK Input clamp voltage at enable | Voo = MIN, ly=—18 mA -1.5 -15| V
Ve = MIN, VIH=2V,
Von High-level output voltage cc H 25 34 27 34 v
IpH =—1.2mA
Vee=MIN, @Vcc openllgp = 12mA 025 04 025 04
A\ Low-level output volt: v
OL Lowrlevel output voltags ViL = ViLmax loL = 24 mA 035 05
Freq control Vi=5V 50 250 50 250
Vee = MAX A
n Input current or range cc Vi=1V 10 50 10 50 “
Input current
] at maximum Enable Vog=MAX, V=7V 0.1 0.1] mA
input voltage
High-level
Wy ameve Enable Vo= MAX, Vj=27V 20 20| wA
input current
Low-level
oo Enable Voo =MAX, V| =04V —04 —04/| mA
input current
lps Short-circuit output current Vee = MAX —40 —225 | —40 —225| mA
t, total int
loe  Supply current, total into Vo= MAX,  See Note 2 30 50 0 50| mA
pins 15 and 16
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical valuesareat Vo =5V, Ta = 25°C.
§Not more than one output shouid be shorted at a time and duration of the shortcircuit should not exceed one second,
NOTE 2: Igc is measured with the outputs disabled and open.
switching characteristics, Vo = 5 V (unless otherwise noted), R} = 667 2, CL=45pF, T A= 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
v =4V, V =1V | 2
fo Output frequency (capacitor controlled)- Cext = 2pF Ifreq) » Yllrg) 0 30 MHz
Vitfreq) = 1V. Vilrng =5V | 11 20
fo Output frequency (crystal controlted) @Vcc =3V, Viifreq) = Vi{rng) =0 V 10 20 MHz
Qutput duty cycle Cext = 8.3 pF to 500 uF 50%
P - -
UL Topagatlon delay time, fo >1Hz 304+ ns
high-to-low-level output from enable

*The delay will typically be 30 ns plus up to one period of one cycle (i.e. 30 ns to 30 ns +
the enable pulse with respect to the signal generated by the internal oscillator,

109

o(Hz)

ns) depending upon the timing of
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TYPES SN54S124, SN748124

DUAL VOLTAGE-CONTROLLED OSCILLATORS

recommended operating conditions

SN545124 SN745124 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, V¢ (see Note 1) 45 5 55 | 4.75 5 525! V
Input voltage at frequency control or range input, Vi(freq) OF Vi{rng) 1 5 1 5| V
High-level output current, loy —1 -1 mA
Low-level output current, ig 20 20 | mA
1 1 Hz
Output frequency (enabled), f, 50 g 50 [anz
Operating free-air temperature, Tp —55 125 0 70| °C

NOTE 1: Throughout this data sheet, the symbol V ¢ is used for the voltage applied to both pins 15 and 16.

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

1-126

PARAMETER TEST CONDITIONST MIN TYPE MAX|UNIT
ViH High-level input voltage at enable 2 v
ViL Low-level input voltage at enable . 08| V
VIK Input clamp voltage at enable Voo =MIN, Ij=—-18mA -1.2 \
v High-level output volt Voo =MIN, Viy=2V, SN54§’ 2.5 3.4 v
igh-lev ut vol
O Tighievel output voltage IoH = —1 mA SN7as’ 27 34
Voo =MIN, V| =08V,
VoL Low-level output voltage 05} Vv
loL =20mA
Freq controt Vy=5V 10 50
t Input current & Vee = MAX ! HA
or range V=1V 1 15
Input current at
] ) R Enable Ve =MAX, V=55V 11 mA
maximum input voltage
IjH  High-level input current Enable Voo =MAX, V=27V 50 | pA
lip  Low-level input current Enable Voo =MAX, Vy=05V =2 | mA
lgg  Short-circuit output current¥ Vee = MAX —40 —100 | mA
Supol « total i Ve = MAX, See Note 2 105 150
current, total into
Icc upply curre n Veoe = MAX, Tp=125°C, |W package mA
pins 15and 16 110
See Note 2 only
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥All typical values are at Ve =5 V, T = 25°C.
&Not more than one output cshould be shorted at a time and duration of the short-circuit should not exceed one second.
NOTE 2: I is measured with the outputs disabied and open.
switching characteristics, Vecc =5V, RL. =280 2, C = 15 pF, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
v =4V,V =1V 5
fo Output frequency Cext = 2pF I(freq) Hrng) 60 8 MHz
Vilfreq) =1V, Vi(rng) =5 V| 25 40
Output duty cycle Cext = 8.3 pF 10 500 uF 50%
Propagation delay time, fo=1Hz to 20 MHz l_ N
PHL | . fo(Hz)
high-to-low-level output from enable
fo > 20 MHz 70 ns
TEXAS INSTRUMENTS
INCORPORATED
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TYPES SN541S124, SN54S124, SN741S124, SN74S124
DUAL VOLTAGE-CONTROLLED OSCILLATORS

TYPICAL APPLICATION DATA

free-running oscillator

Free-running oscillators can be implemented for most systems by setting the output frequency of the VCO with either a
capacitor or a crystal. If excitation is provided with a capacitor the frequency control and/or range inputs can be used
to vary the output frequency.

When the 'S124 is excited with a crystal, low-frequency response {< 1 MHz) can be improved if a relatively small
capacitor (5 to 15 pF) is paralleled with the crystal. When operated at the fundamental frequency of a crystal, the
frequency control input should be high (= 5 V) and the range input should be low (grounded) for maximum stability
over temperature and supply voltage variations.

When the 'LS124 is excited with a crystal, a small capacitor (2 to 10 pF) should be placed in series with the crystal

series resistance less than 200 ohms should be used. The frequency control and range inputs should be grounded. The
maximum recommended frequency for crystal-excited operation is 10 MHz.

phase-locked loops

A basic crystal-controlled phase-locked loop is illustrated in Figure 1. This application can be used for implementation
of:

a. A highly stabie fixed-frequency clock generator.
b. A highly stable fixed- or variable-frequency synthesizer.
c. A highly efficient “slave-clock’” system for synchronizing off-card, remote, or data-interfacing clock systems

N
With fixed division rates for both M and N, the output frequency (fo) will be stable at fo = §j 1. Obviously, either
M or N, or both, couid be programmabie counters in which case the output frequency (fo) wili be a variable frequency
dependent on the instantaneous value of %ﬁ.

The crystal-controlled VCO can be operated up to 60 MHz with an accuracy that is dependent on the crystal. At the
higher frequencies, response of the phase comparator can become a limiting factor and one of the following approaches
may be necessary to extend the operating frequency range.

a. Frequencies%ﬂland £ can be divided equally by the same constant (K} also shown in Figure 1. The constant can
be any value greater than unity (K> 1), and should be selected to yield frequency ranges that can be handled
adequately by the phase-comparator and filter. The output frequency (fy) retains the same relationship as
previously explained because now:

KN N
f0=mf1 =Mf1

b. In another method, the comparison offm]—and -,& can be performed with either an SN54L.S85/SN74LS85 or
SN54S85/SN74S85. The resultant A > B and A < B outputs from the 'LS85 or "S85 permit the detector to be
simplified to a charge-pump circuit. See Figure 2.
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TYPES SN54S124, SN74S124
DUAL VOLTAGE-CONTROLLED OSCILLATORS

i

o |rrea
CONT isiae
orsi2a

N

TYPICAL APPLICATION DATA

<

nl-om 1 | prrase LOW PASS
for + k) COMPARATOR FILTER

i

Cext
% 18124
o s124

EN

T

FIGURE 1—PHASE-LOCKED LOOP
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FIGURE 2—-HIGH-FREQUENCY PHASE-LOCKED LOOP

1

TYPICAL CHARACTERISTICS ('S124 only)

BASE OUTPUT FREQUENCY

vs
EXTERNAL CAPACITANCE

NOTE: fo = f X 1,

Cext—External Capacitance—F

olbase)-

FIGURE 3

3
16 VA SV
cc+
p 100M — Vi(freq) = Vi(rng) =2V 7
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FIGURE 4
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TTL TYPES SN548135, SN748135
MSI QUADRUPLE EXCLUSIVE-OR/NOR GATES

BULLETIN NO, DL-S 7211826, DECEMBER 1972

SN54S135 . .. J OR W PACKAGE
e Fully Compatible with Most TTL and SN748135...J OR N PACKAGE

TTL MSI Circuits

(TOP VIEW)

o Fully Schottky Clamping Reduces

Vi
Delay Times . . . 8 ns Typical <<, 22

16]]15

4A 4y 3C,4C 3B 3A 3Y

wigjjzynjjwlf9

e Can Operate as Exclusive-OR Gate (C Input
Low) or as Exclusive-NOR Gate (C Input High)

FUNCTION TABLE

Tl e s e e

8
¥ 1iC.2c 2A GND

INPUTS QUTPUT
A B [ Y
L L L L
L H L H
H L L H
H H L L TR
L L H H
L H H L
H L H L
H H H H

H = high level, L = low level

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee -

INPUT -_——

_—— e Vee

2.8 k{2 NOM — _ﬂ (

TYPICAL OF ALL OUTPUTS

2 50 2 NOM

3 OUTPUT

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

Supply voltage, V¢ {see Note 1)
Inputvoltage . . . . . . . . . . . . ..
Operating free-air temperature range: SN545135

SN74S135
Storage temperature range .

NOTE 1: Voltage values are with respect to network ground terminal.

7V
. ... BBV
-55°C t0 125°C

. 0°Cto70°C
—65°C to 150°C

1076
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TYPES SN54S135, SN748135
QUADRUPLE EXCLUSIVE-OR/NOR GATES

recommended operating conditions

SN548135 SN748135 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 | 475 5 6525 | V
High-level output current, 1gH -1 —1 mA
Low-level output current, g 20 20 | mA
Operating free-air temperature, Ta —55 125 4] 70 | °Cc

electrical characteristics over recommended operating free-air temperature range (unl

ess otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYPE MAX [UNIT
ViH High-fevel input voltage 2 \
ViL Low-level inputvoltage 08| V
Vik Input clamp voltage Ve =MIN, lj=—18mA —12! V
Von et oupt o V=08V, ion= 1 ma [sras |37 54— ¥
VoL Low-level output voltage zlcf;()MSW\lI’, 'VOHI-_i ; :OV';A 051 Vv
Iy Input current at maximum input voltage Vee=MAX, V=55V 1] mA
Iy High-level input current Voo =MAX, V=27V 50 | pA
lj  Low-level input current Vee=MAX, Vi=05V —2 | mA
10s  Short-circuit output current8 Vee = MAX —40 —100 | mA
Icc  Supply current ) Veeo = MAX, See Note 2 65 99 | mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

1A|I typical valuesare at Voo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one
NOTE 2: li¢c is measured with the inputs grounded and the outputs open.

switching characteristics, Vocg =5V, Ta = 25°C

second.

FROM
PARAMETERY TEST CONDITIONS MIN TYP MAX |UNIT
{INPUT)

t 8.5 1

PLH AorB BorA=L,C=L 3 ns
tpPHL 1 15

1

PLH AorB BorA=zH,C=L ? 12 ns
tPHL 9 135

t 10 15

tPLH AorB BorA=L,C=H CL=15pF, 5% " ns
tPHL R =280, T

PLH AorB BorA=H,C=H See Note 3 : ns
PHL 7 1
1 1

PLH c A=B 8 21 s
tPHL 95 145

t . )

PLH c A+#B LEIRATCN
TPHL 8 12

thLH = propagation delay time, low-to-high-level output
tpH L = propagation delay time, high-to-low-level output
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.
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L TYPES SN54136, SN54LS136, SN74136, SN74LS136
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES
msI WITH OPEN-COLLECTOR OUTPUTS

BULLETIN NO, DL-S 7611827, DECEMBER 1972—REVISED OCTOBER 1976

SN54136, SN54LS136 . ..J OR W PACKAGE
SN74136, SN74LS136...J OR N PACKAGE
(TOP VIEW)

vVec 4B 4A 4y 3B 3A 3y

||4HI3IIIQ||II||WI| 9 || 8|
FUNCTION TABLE
INPUTS | OUTPUT
A Y

B
L
H
L

L
L
H

L
H
H
L

H = high level, L = low level L
||H2||3|l4l5”5||7|

1A 1B 1Y 2A 2B 2Y GND

positive logic: Y = A@B = AB + AB

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
OF "136 OF '136
Vee -=
4 k2 NOM
OUTPUT
INPUT —¢ - — 4
x
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
OF ‘LS136 OF 'LS136
Vcc—wh—————_
5
>12.5 k&2 NOM
QUTPUT
INPUT - - —
4
2
|
77
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TYPES SN54136, SN74136
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES
WITH OPEN-COLLECTOR OUTPUTS

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

Supply voltage, Vg (see Note 1) 7V
Inputvoltage . . . . . . . . . . . .. .. ... bbbV
Operating free-air temperature range: SN54136 —55°C to 125°C
SN74136 . 0°C to 70°C
Storage temperature range —65°C to 160°C
NOTE 1: Voltage values are with respect to network ground terminal.
recommended operating conditions
SN54136 SN74136 UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Voo 45 5 55 |4.75 5 525 V
High-level output voltage, VoH 5.5 5.5 v
Low-level output current, g 16 16 | mA
Operating free-air temperature, T —55 125 0 70 | °C

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

PARAMETER TEST CONDITIONST MIN TYPI MAX |[UNIT
ViH High-level input voltage 2 \
Vit Low-level input voitage 08| V
Vik Input clamp voltage Ve =MIN, Iy =—-8mA -15} Vv
. Vee = MIN, VIH=2V,
| High-level output current 250 | pA
OH g P V=08V, VOH=55V #
Veg = MIN, ViH=2V,
V Low-level output volta: 0.2 04 V
oL P % ViL=08V, loL=16mA
h Input current at maximum input voltage Vee = MAX, Vi=55V 1| mA
I High-teve! input current Ve = MAX, V=24V 40 | pA
ljL  Low-level input current Vee = MAX, V=04V —1.6 | mA
SN54136 30 43
| Supply current, high-level output Ve = MAX, See Note 2 A
cc  Supply i P cc SN74136 0 50|

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

Tan typical values areat VcC =5V, TA = 25°C.

NOTE 2: IcC is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open.

switching characteristics, Vec =5V, Ta =25°C

FROM
PARAMETERY TEST CONDITIONS MIN  TYP MAX IUNIT
(INPUT)
t 12 18
PLH AorB Other input low CL=15pF, = % ns
tPHL R =400,
'PLH AorB Other input high | See Note 3 LI
tPHL pu g ee Note Iy 55

q[tpLH = propagation delay time, low-to-high-level output
tpH = propagation delay time, high-to-low-level output

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10,
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TYPES SN54LS136, SN74LS136
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

WITH OPEN-COLLECTOR OUTPUTS

REVISED OCTOBER 1976

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

Supply voltage, Ve (seeNote 1) . . . . .
Inputvoltage . . . . . . . . . . . . ..
Operating free-air temperature range: SN54LS136

SN74LS136
Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7v
R A
—55°C to 125°C
. 0°Cto70°C
—65°C to 150°C

SN54LS136 SN74LS136 UNIT
MIN NOM MAX |[MIN NOM MAX
Supply voltage, Voo 4.5 5 55 14.75 5 5.25 \"
High-level output voltage, VoH 5.5 5.5 A\
Low-level output current, I 4 8| mA
Operating free-air temperature, Ta —b65 125 0 70 °c
cs over recommended operating free-air temperature range {uniess otherwise noted)
SNB4L5136 SN74L5136
PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX | MIN TYPE MAX
ViH High-level input voltage 2 2 \Y
ViL Lowevel input voltage 0.7 08 V
VIK Input clamp voltage Vee = MIN, 1j=—=18mA —-1.5 -15] V
loH High-level output current Vee = MIN, ViR=2V, 100 100 | wA
ViL=V)Lmax, Vgy=55V
Vee=MIN, | 45, =4mA 025 04 025 04
VoL Low-level output voltage Vig=2Vv, v
V)L = Vi max | lOL=8mA 0.35 0.5
iy Input current at maximum input voltage Vee = MAX, Vy=7V 0.2 0.2| mA
ljH  High-level input current Vee=MAX, V=27V 40 40| kA
ljL  Low-level input current Vee=MAX, V=04V —-0.8 —08| mA
lcc  Supply current Veec=MAX,  SeeNote2 6.1 10 6.1 10( mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

iAlI typical valuesare at Voo =5V, Tao = 25°C.

NOTE 2: Ig¢ is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open.

switching characteristics, Vog =5V, Ta = 25°C

FROM
PARAMETERY (INPUT) TEST CONDITIONS MIN TYP MAX| UNIT

1

PLH AorB Other input low CL=15pF, 8 30 ns
tPHL 18 30
T R =2k, B 30

PLH AorB Other input high See Note 4 ns
PHL 18 30

qtpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
NOTE 4: Load circuit and voltage waveforms are shown on page 3-11,
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7-134

T TYPES SN54LS138, SN54LS139, SN54S138, SN545139,
MS| SN7415138, SN74LS139, SN74S138, SN74S139
DECODERS/DEMULTIPLEXERS

BULLETIN NO. DL-S 7611804, DECEMBER 1972—-REVISED OCTOBER 1976

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

e ’'S138 and 'LS138 3-to-8-Line Decoders
Incorporate 3 Enable Inputs to Simplify DATA QUTPUTS
Cascading and/or Data Reception

e 'S139 and 'LS139 Contain Two Fully
Independent 2-to-4-Line Decoders/

SN54L5138, SN54S138 ... J OR WPACKAGE
SN74LS138, SN745138 ...J OR N PACKAGE
(TOP VIEW)

Demultiplexers
e Schottky Clamped for High Performance
C
TYPICAL [
TYPICAL
TYPE PROPAGATION DELAY POWER DISSIPATION 3
(3 LEVELS OF LOGIC) A B C n\G2A GzB GI ou}';u*rGND
'LS138 22ns 32mW SELECT ENABLE
‘5138 8ns 245 mW
'LS139 22ns 34 mW
'$139 7.5ns 300 mW positive logic: see function table
description
These Schottky-clamped TTL MSI circuits are SN54LS139, SN54S139 . , . J OR W PACKAGE
designed to be used in high-performance memory- SN74LS139, SN745139 . .. J OR N PACKAGE
decoding or data-routing applications requiring very (TOP VIEW)
short propagation delay times. In high-performance
SELECT DATA QUTPU
mfarr.mr_y systems these decoders can b.e used to enaBLE S
minimize the effects of system decoding. When vec 26 724 2B “/2¥0  2Y1 2v2  2Y3
employed with high-speed memories utilizing a fast- B[]zl jn]j0ils
enable circuit the delay times of these decoders and
the enable time of the memory are usually less than ¢ A E v
the typical access time of the memory. This means
that the effective system delay introduced by the
- i ligible. G
Schottky-clamped system decoder is negligible rC{ A e ve v ov2 val
I O A O A
3

The 'LS138 and 'S138 decode one-of-eight lines

dependent on the conditions at the three binary ! 2 ALl gLe
1G 1A 18 1Y0 1yt 1Y2 1Y3, GND

select inputs and the three enable inputs. Two ENABLE M~ N

active-low and one active-high enable inputs reduce seLeeT DATA QUTPUTS

the need for external gates or inverters when

expanding. A 24-line decoder can be implemented

without external inverters and a 32-line decoder positive logic: see function table

requires only one inverter. An enable input can be

used as a data input for demultiplexing applications.

The 'LS139 and 'S132 comprise two individual two-line-to-four-line decoders in a single package. The active-low enable
input can be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered inputs each of which represents only one normalized Series
541.S/74LS load ('LS138, ‘LS139) or one normalized Series 545/74S load ('S138, 'S139) to its driving circuit. All
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series
54LS and 54S devices are characterized for operation over the full military temperature range of —55°C to 125°C;
Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems.
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TYPES SN541S138, SN54S138, SN54LS139, SN54S139
SN741S138, SN74S138, SN74LS139, SN74S8139
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

’LS138, 'S138
‘L8138, '$138 FUNCTION TABLE
INPUTS OUTPUTS
E}?‘E] YO ENABLE SELECT
{ wa, Gl G2 [C B A |YOY1Y2Y3Y4Y5Y6 Y7
! X H [X X X|HHHHHTHTIHH
ol SR ee = L X |[X X X|HHHTHTHTHIHH
e ——d—/ 121y H L |L L L|{L HHHHIHIUHIH
»-D"_ 3 H L |L L H|HULHHHEHTIHIH
DATA .
_:D)m)" OUTPUTS H L ([t H L{HHLHHHHH
: o H L |{L H HI/HHUHLTHTUHTIHH
[Am O P H L |H L LIHHHHLHBHHH
seeer J oo - ,_’__4:)‘@“8 H L |H L H[HHHHHLHH
INPUTS 1 H L |H H L|HHHHHHLH
o ~ — YZv H L |H H H|HHHHHHIHL
Ll_ v S
*G2 =G2A + G2B
H = high level, L = low level, X = irrelevant
"LS139, 'S139
@ ve 'L$139, '$139
(EACH DECODER/DEMULTIPLEXER)
1)
O | B v FUNCTION TABLE
_{_j"‘s“'“ INPUTS
2)
OUTPUTS
seveer | 1A o e > o ENABLE | SELECT
INPUTS (3) 1Y3
‘B—‘_D"—‘ DATA G B A |YOY1Y2Y3
w2 [ ouTPUTS H X X|HHAHH
2Y0
. E{ )‘ L L L|L HHH
enasLe 26 L> D L L H|{H L HH
D A P PN
H H H
SELECT ZA“M
INPUTS 28(13,[ © 2Y3) H = high level, L = low level, X = irrelevant

schematics of inputs and outputs

EQUIVALENT OF EACH

INPUT OF 'LS138, 'LS139

Ve — -
20 k2 NOM
INPUT -
) 4
) 4
7

EQUIVALENT OF EACH
INPUT OF 'S138, 'S139

Vee -
2.8 k2 NOM
INPUT -——-
) A
Yy
7

TYPICAL OF OUTPUTS
OF ’LS138, 'LS139

250 2 NOM

Vee

OUTPUT

TYPICAL OF OUTPUTS
OF ’8138, 'S139

———t—Vecc
50 2 NOM

__{:_‘_"

OUTPUT

1272
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TYPES SN54LS138, SN541LS139, SN741S138, SN74LS139,
DECODERS/DEMULTIPLEXERS

REVISED OCTOBER 1976

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

Supply voltage, Vi (see Note 1)

Inputvoltage . . . . . . . . . . . . . . . ...

Operating free-air temperature range: SN54L5138, SN54LS139 Circuits
SN74LS138, SN74LS139 Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
Y AY)
—55°C to 125°C
0°C 10 70°C
—65°C to 150°C

SN54LS138 SN74LS138
SN54LS139 SN74LS139 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Vg 4.5 5 55 |4.75 5 525 | V
High-level output current, IgH —400 —400 | pA
Low-level output current, Igy 4 8| mA
Operating free-air temperature, Ta —b5 125 0 70 °c
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN54LS138 SN74LS138
PARAMETER TEST CONDITIONST SN54L5139 SN74LS139 UNIT
MIN TYPI MAX [MIN TYP MAX
ViH High-level input voltage 2 2 \4
Vi Low-level input voltage 0.7 08| V
VK Input clamp voltage Vee = MIN, I =—18 mA -1.5 1.5/ V
VH High-level output voltage Vee=MIN, - ViH=2V, 25 34 27 34 v
VIL = VIL max. 'OH = —400 kA
VoL Lowlevel output voltage Vee=MIN, Vip=2V, oL = 4 mA 025 04 025 o4l
ViL = VIL max loL =8mA 0.35 0.5
j Imeutcurrentat Veo=MAX, V= 7V 0.1 01| ma
maximum input voltage
I} High-level input current Ve =MAX, V=27V 20 20] uA
I Low-level input current Voo =MAX, V=04V —0.4 —0.4| mA
log Short-circuit output current § Vg = MAX -6 —40| -5 —42| mA
Vee = MAX, 'LS138 6.3 10 6.3 10
fcc Supply current o.iiu!s enabied and open "LS139 6.8 11 58 T ™A

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.
fan typical values are at Vee=5V, Ta= 25°C.
$Not more than one output should be shorted at a time.

switching characteristics, Vgc =5V, Ta =25°C

SN54LS138 SN54LS139
PARAMETERY FROM To LEVELS TEST CONDITIONS SN74L5138 SN74LS139 UNIT
(INPUT} | (OUTPUT) | OF DELAY
MIN TYP MAX |MIN TYP MAX
PPLH 2 13 20 13 20 ns
tPHL Binary 27 41 22 33 ns
Any
tPLH Select 18 27 18 29 ns
3 Cp = 15 pF,
PHL 26 39 25 38 | ns
1 AL=2ke, 2 18 16 24 | ns
tPLH 2 See Note 2 57 5 21 2
ns
PHL Enable Any
PLH 3 17 26 ns
tPHL 25 38 ns

'-T!p LH = propagation delay time, low-to-high-level output; tp}y|_ = propagation delay time, high-to-low-level output.

NOTE 2: Load circuits and waveforms are shown on page 3-11.

7136

TEXASI INSTRUMENTS

NCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

1076



TYPES SN54S138, SN54S139, SN74S138, SN748139
DECODERS/DEMULTIPLEXERS

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

Supply voltage, Vg (see Note 1)

fnputvoltage . . . . . . . . . . . .. ...

Operating free-air temperature range: SN545138, SN545139 Circuits
SN748138, SN74S5139 Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
.. 55V
—55°C t0 125°C
0°C to 70°C
—65°C to 150°C

SN548138
SN748139

SN748138
SN745139 UNIT

MIN NOM MAX | MIN NOM MAX

Supply voltage, Voo 4.5 5 55 | 4.75 5 5256| V

High-level output current, IgH -1 -1 | mA
Low-level output current, lQ 20 20 | mA
Operating free-air temperature, T, —55 125 0 70 °c

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

SN548138 SN548139
PARAMETER TEST CONDITIONST SN74S138 SN745139 UNIT
MIN TYPI MAX |MIN TYPi MAX
Vi High-tevel input voltage 2 2 A
VL Low-level input voltage 0.8 08| V
ViK Input ctamp voltage Veec=MIN, 1j=—18mA —1.2 —-1.2| V
. Vee=MIN, V=2V, SN54S' 25 34 25 34
VOH Highrlevel output voltage v::f =08V, IQ'H -_1mA| SN72s" | 27 34 27 34 v
Voo =MIN, V=2V,

VoL Low-level output voltage ViL=08V, loL=20mA 0.5 0.5 V
1y Input current at maximum input voltage Vee=MAX, V=55V 1 11 mA
Ij4 High-level input current Vee=MAX, V=27V 50 50! uA
1. Low-level input current Vee=MAX, V=05V -2 —2| mA
los Short-circuit output current§ Ve = MAX ~40 —100 | —40 —100{ mA
Icc Supply current Ve = MAX, Outputs enabled and open 49 74 60 90} mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.
:.tAII typical valuesare at Vo =5V, Tp = 25°¢c.

§Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.

switching characteristics, Vcc =5V, TA=25°C

FROM T0 LEVELS TEST SN54S138, SN5aS139
PARAMETERY (INPUT) {OUTPUT) OF DELAY CONDITIONS SN748138 SN745139 UNIT
MIN TYP MAX|MIN TYP MAX
tPLH 2 4.5 7 5 15 s
tPHL Binary A 7 10.5 65 10
ny
R 12

tPLH select 3 CL = 15 pF, 75 12 7 ns
tPHL RL =280 @ 8 12 8 12
PLH 2 See Note 3 5 8 6: 13 ns
t 7 11 .
tPH L Enable Any 7 PP

PLH 3 ns
tPHL | 7 1M

“TtpLH = propagation delay time, low-to-high-level output
tpy = propagation delay time, high-to-low-level output

NOTE 3: Load circuits and waveforms are shown on page 3-10.
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TTL
MSI

TYPE SN74141

BCD-TO-DECIMAL DECODER/DRIVER

BULLETIN NO. DL-S 7211801, DECEMBER 1972

® Drives gas-filled cold-cathode indicator tubes directly

e Fully decoded inputs ensure all outputs are off for invalid codes

e Input clamping diodes minimize transmission-line effects

FUNCTION TABLE

INPUT | OUTPUT
p/c/eB[a| ont
LiL|L|L| o
NI
L{LiAlLC 2
NRECEE
L{HiLIL 4
LIAILIH] &
LIH[HIL] &
LinA[H] 7
niLiLiL| 8
RiLicial o
H|L|H| L | NONE
Hj L] H]H] ~NoONE
H|H|L|L| NONE
H|H|L|H| NONE
HIH[H[L| NONE
H[H|H|[H| NONE

H = high level, L = low fevel
1Al other outputs are off

description

The SN74141 is a second-generation BCD-to-decimal
decoder designed specifically to drive cold-cathode
indicator tubes. This decoder demonstrates an
improved capability to minimize switching transients
in order to maintain a stable display.

Full decoding is provided for all possible input states.
For binary inputs 10 through 15, all the outputs are
off, Therefore the SN74141, combined with a mini-
mum of external circuitry, can use these invalid codes
in blanking leading- and/or trailing-edge zeros in a
display. The ten high-performance, n-p-n output tran-
sistors have a maximum reverse current of 50 micro-
amperes at b5 volts.

Low-forward-impedance diodes are also provided for
each input to clamp negative-voltage transitions in
order to minimize transmission-line effects. Power
dissipation is typically 80 milliwatts. The SN74141
is characterized for operation over the temperature
range of 0°C to 70°C.

JOR N PACKAGE

(TOP VIEW)
OUTPUTS OUTPUTS
A
o 1 5 4 GND ‘g 7.3
Bl jwljsfufingin]]l9
98015467 32
BCD-TO-DECIMAL
DECODER/DRIVER
A D B C
T T T
IBIRZIERIERIERILBIREIL
8 9 A D vy, B ¢ 2
CC N s
ourPurs  meuts  welts O
positive logic: see truth table

functional block diagram

A

3)

(6)

(16) 0

4
(15) 1

ka3

U]
—

;

9
\)3

(13)

Fa)
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TYPE SN74141

BCD-TO-DECIMAL DECODER/DRIVER

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

Supply voltage, Vg (see Note 1)
Input voltage Coe e
Current into any output (off-state)
Operating free-air temperature range
Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.
recommended operating conditions
Supply voltage, Vo

Off-state output voltage .
Operating free-air temperature, Ta

7V
55V

. 2mA

0°C to 70°C
—65°C to 150°C

MIN NOM MAX UNIT
4.75 5 625 V
60 Vv
0 70 °C

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

PARAMETER TEST CONDITIONST MIN TYPi MAX [UNIT
Vin High-level input voltage 2 vV
ViL Low-level input voliage 08| Vv
VK Input clamp voltage Vee=MIN, 1j=-5mA —-1.5 \%
VO(on) On-state output voltage Vec=MIN, Ilp=7mA 251 V
VOlot Off-state output voltage Veg=MAX, Ig=05mA 60 v
for input counts O thru 9
10(off) Off-state reverse current Voo =MAX, Vo=65V 50 | pA
, Off-state reverse current Vee = MAX, I Ta=55°C
0(off) ) - uA
for input counts 10 thru 15 V=30V [TA=7O C 15
I Input current at maximum input voltage Voo =MAX, Vi=565V 1] mA
j j A input 40
HWH High-level input current B.C,or D input Voo =MAX, V=24V %0 KA
hL Low-level input current A input Vee=MAX, V=04V —16 mA
B, C, or D input -3.2
Ice Supply current Ve = MAX, See Note 2 16 25| mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

fThis typical valueisat Voo =5V, Tp = 25°C.
NOTE 2: Igg is measured with all inputs grounded and outputs open.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee - —-—

INPUT —

Input A: Reg = 6 k{2 NOM
Inputs B, C, D: Rgg =2 kQ NOM

TYPICAL OF ALL QUTPUTS

OUTPUT
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L " TYPE SN74142
MSI BCD COUNTER/4-BIT LATCH/BCD DECODER/DRIVER

BULLETIN NO. DL-S 7211719, MAY 1972—REVISED DECEMBER 1972

JORN
FUNCTION TABLE DUAL-IN-LINE PACKAGE (TOP VIEW)
LOCK, LATCH DRIVER OUTPUTS
INPUTS OUTPUTS Soont o STROBE
COUNT PULSE LATCH — Ve INPUTOUTPUTINPUT 9 8 0 1
CLEAR ont | @p
{cLock) STROBE RURLRER I RERRERVAURINER RN
X L L 0o | H T
1 H L 1 {H l -+
2 H L 2 | H o s ap > 9
3 H L 3 | H 2
4 H L 4 [ H L I I ) s 3
bck o c F
5 H L 5 | H s s G B §
6 H L 6 | H 4 n
Qp] A 0,
7 H L 7 | H CLEAR Al—]A 9 I
8 H L 8 | L
9 H L 9 | L  —
10 H t o | H t{j2713(14f]5(16fl7]]8
" H H o | H CLEAR \ 7 6 4 5 32, GND
—_
TAll other outputs are off. DRIVER QUTPUTS
H = high level, L < low level, X = irrelevant positive logic: see function table and description
description

The SN74142 contains a divide-by-ten (BCD) counter, a four-bit latch, and a decoder/Nixiel tube driver on a
monolithic chip and is packaged in popular 16-pin packages. This single MS! function can replace the equivalent of
three separately packaged MSI circuits to reduce printed-circuit board area and the number of system interconnections,
resulting in reduced costs and improved reliability.

Four master-slave flip-flops are fully decoded to provide a divide-by-ten counter. A direct clear input will, when taken
low, reset and hold the counter at zero (all Q outputs low, Qp output high). While the clear input is inactive (high),
each positive-going transition of the clock will increment the counter. The 50 output is made available externally for
cascading to n-bit counters.

The Q outputs of the counter are routed to the data inputs of the four-bit latch. While the latch strobe input is low, the
internal latch outputs will follow the respective Q outputs of the counter. When the latch strobe input is taken high, the
latch stores the data which has been setup by the counter cutputs prior to the low-to-high level transition of the latch
strobe input. The 60 output from the counter is not stored by the latch since it is intended for clocking the next
counter stage. This means that the system counter can continuously acquire new data. Since all outputs of the latch and
Q outputs of the counter drive low-capacitance on-chip loads, the circuitry is considerably simplified with respect to
the number of components required. This results in a highly efficient function which typically reduces power
requirements 15% when compared to systems using the three separate packages.

The SN74142 counter/latch/driver features fully buffered inputs to reduce drive requirements to one normalized Series
74 toad per input, and diode-clamping of ail inputs to minimize transmission line effects. The counter will accept input
clock frequencies up to 20 MHz and is entirely compatible for use with all popular TTL and DTL logic circuits. The
high-performance n-p-n driver outputs are identical to the SN74141 and have a maximum off-state reverse current of 50
microamperes at 55 volts,

iNixie is a registered trademark of the Burroughs Corporation.
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TYPE SN74142
BCD COUNTER/4-BIT LATCH/BCD DECODER/DRIVER

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

Supply voitage, Vog (seeNote 1) . . . . . . . . . . . . .. e e e e e e e e e .. 7Y
Inputvoltage . . . . . . . . . . L L Lo e e e e 55V
Off-state currentintooutputs Othru® . . . . . . . . . .+ v . v i e e e e e e e e .. . 1mMA
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . ... ... 0Cto70°C
Storage temperaturerangé . . . . . . . + . . .+ + s 4 4 e e s 4 . w ... ... =—65°Cto150°C

NOTE 1: All voltage values are with respect to the network ground terminal.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vgo 4.75 5 5.25 A\
High-level output current from Qp, loH —400 A
Low-levet output current from Qp, lg|. 8 mA
Input clock frequency, fejock 0 20 MHz
High logic level 15
Clock pulse width, t, (see Figure 1) ns
P wiclock) 9 Low logic level 35
Clear pulse width, twi{clear) (see Figure 1) 25 ne
Strobe pulse width, ty(strobe) {(see Figure 1) 20 ns
Clear inactive-state setup time, tgy (see Figure 1 25 ns
) 1 .
Strobe time, tgtrope (see Figure 1} 45 W(z';j;k) ns
Operating free-air temperature, Tp o] 70 °c

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

PARAMETER TEST CONDITIONS! MIN TYPE MAX | UNIT

VIH High-level input voltage 2 \%
ViL Low-level input voltage 0.8

VIK Input clamp voltage Vee=MIN, I=-12mA —-15 A\
VoH High-level c‘zD output voltage Vee=MIN, lgy=—400uA 24 34 A\
VoL Low-level Op output voltage Voo =MIN, lgp =8mA 0.2 0.4 v
VO(on} On-state voltage, outputs O thru 9 Vee=MIN, lo=7mA 25 v
Vo(off) Off-state voltage, outputs O thru 9 Vee=MAX, Ig=05mA 60 v
lo(off) Off-state current, outputs 0 thru 9 Vec=MAX, Vo=556V 50 MA
I Input current at maximum input voltage Vee=MAX, V=55V 1 mA
IiH High-level input current Vee=MAX, V=24V 40 HA
[T Low-level input current Voo =MAX, V=04V -1.6 mA
los Short-circuit Op output current Vee = MAX —18 —55 mA
lcc Supply current Ve = MAX, All outputs open 68 102 mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesare at Vo =5V, Ta = 25°C.

switching characteristics, Vgc =5 V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Propagation delay time, low-to-high-level
tPLH P 35 55
Qp output from clock c
=15 pF
Propagation delay time, high-to-low-level L=15pF, ns
PPHL = Ry =800, 30 45
Qp output from clock Ei
Propagation delay time, low-to-high-level See Figure 1
tPLH 5 30 45 ns
Qp output from clear
1076
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TYPE SN74142
BCD COUNTER/4-BIT LATCH/BCD DECODER/DRIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT OUTPUT @ TYPICAL OF OUTPUTS 0 THRU 9
- Vee
Vee _ 100 © NOM OUTPUT
4 k2 NOM -= _
INPUT - ouTP
uT 4
L
- <
<

PARAMETER MEASUREMENT INFORMATION

ouTPUT Vee

FROM
OUTPUT
Qp T cL=15pF (SeeNoteE)
= (See Note D) =
LOAD CIRCUIT
ta le
—1-———-’ ! fsu |
twiclear) v | 1 | C ‘¢ v
CLEAR | ! | ! [ iod :
NPUT 15V 1.5 V] i
[ AR T
| i r ov
I 1 ]
| ] 1
cLOCK : ! | sy
INPUT | 8
i

! |
twiclock)L twiciock}H i !
| \ }Q——-—r— twistrobe) 1 ! "
LATCH 1 - ! ' | I
STROBE | =1_5 v 15V ! !
(See Note B) le——aftpLH | : _________ : _______ : ______ oy

tstrobe
(See Note B)

VOLTAGE WAVEFORMS

NOTES: A. This typical abbreviated sequence illustrates clearing from count 8 or 9 and counting through ten clock pulses. Clock puises 3
through 7 and 9 are omitted for brevity.
B. Strobe input can go low at any time; however, the positive transition to store data from any §iven clock transition (tp) must
occur a minimum of 46 ns after t4 and prior to 10 ns after the next positive-going clock transition (tg + 10 ns).
. Input pulses are supplied by generators having the following characteristics: t, < 7 ns, tf < 7 ns, PRR = 1 MHz, and Z; = 50 Q.
D. Cy includes probe and jig capacitance.
. All diodes are 1N3064.

0

m

FIGURE 1
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TTL TYPES SN54143, SN54144, SN74143, SN74144
MsI 4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS

BULLETIN NO. DL-S 7211538, NOVEMBER 1971—-REVISED DECEMBER 1972

SN54143,SN54144 . ..J OR W PACKAGE
SN74143,SN74144 . ..J OR N PACKAGE

(TOP VIEW) )
LATCH LATCH QUTPUTS LED/LAMP DRIVER OUTPUTS
MAX STROBE / /N \ / -\
VCC  PCEI COUNT INPUT ‘Op Qc Qg  Qp b a c 9

21 20 19 18 17 16 15 14 13

L
BCD
DECODER
COUNTER || 4-BIT LATCH ECQRER/
MClo!Y STROBE _l hd Q b
A A QA [} ¢
al—s o __l D Jo—
CK I B —~———dRBI fwﬁ
‘ 8l
sc o gc Bk db ]
CLEAR D DP dp

_11|_1 ﬁsl’"‘l |_|5|_161_|7_|s|_1_9_|l—|1ol'—|11|_|12|“

| 1 _d L J
SCEI CLOCK CLEAR RBI B  REO DECIMAL dp d e, GND
NOBE  pGINT

LED/LAMP DRIVER OUTPUTS

logic: see description

® Choice of Driver Outputs:

SN54143 and SN74143 have 15-mA Constant-Current Outputs for Driving Common-Anode LED’s such as TIL302 or
TIL303 without Series Resistors

SN54144 and SN74144 Drive High-Current Lamps, Numitronst, or LED’s from Saturated Open-Collector Outputs

® Universal Logic Capabilities

Latch Outputs Can Drive Logic Processors Simultaneously

Ripple Blanking of Extraneous Zeros
Decimal Point Driver Is Included

® Synchronous BCD Counter Capability Includes:

Cascadable to N-Bits
Look-Ahead-Enable Techniques Minimize Speed Degradation When Cascaded for Large-Word Display
Direct Clear Input

description

These TTL MSI circuits contain the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input.
The serial-count-enable, actually two internal emitters, is rated as one standard series 54/74 load. The logic outputs,
except RBO, have active pull-ups.

The SN54143 and SN74143 driver outputs are designed specifically to maintain a relatively constant on-level sink
current of approximately 15 milliamperes from outputs “‘a” through “g” and seven milliamperes from output “dp”
over a voltage range from one to five volts. Any number of LED s in series may be driven as long as the output voltage
rating is not exceeded.

TTrademark of RCA
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TYPES SN54143, SN54144, SN74143, SN74144
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS

description (continued)

The SNb4144 and SN74144 drivers have high-sink-current saturated outputs for driving indicators having voltage
ratings up to 15 volts or requiring up to 25 milliamperes drive. The SN54144 sinks 20 milliamperes and the SN74144
sinks 25 milliamperes at an on-level voltage of 0.6 volts across their respective operating temperature ranges.

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. Maximum clock
frequency is typically 18 megahertz and power dissipation is typically 280 milliwatts. The SN54143 and SN54144 are
characterized for operation over the full military temperature range of —55°C to 125°C; the SN74143 and SN74144
are characterized for operation from 0°C to 70°C.

Functions of the inputs and outputs of these devices are as follows:

FUNCTION PIN NO. DESCRIPTION
CLEAR INPUT 3 When low, resets and holds counter at 0. Must be high for normal
counting.
CLOCK INPUT 2 Each positive-going transition will increment the counter provided that the

circuit is in the normal counting mode (serial and parallel count enable
inputs low, clear input high).

PARALLEL COUNT 23 Must be low for normal counting mode. When high, counter will be
ENABLE INPUT (PCE!) inhibited. Logic level must not be changed when the clock is low.

SERIAL COUNT 1 Must be low for normal counting mode, also must be low to enable
ENABLE INPUT (SCEl) maximum count output to go low. When high, counter will be inhibited

and maximum count output will be driven high. Logic level must not be
changed when the clock is low.

MAXIMUM COUNT 22 Will go low when the counter is at 9 and serial count enable input is low.

OUTPUT Will return high when the counter changes to 0 and will remain high during
counts 1 through 8. Wiil remain high {inhibited) as long as serial count
enable input is high.

LATCH STROBE 21 When low, data in latches follow the data in the counter. When high, the

INPUT data in the latches are held constant, and the counter may be operated
independently.

LATCH OUTPUTS 17,18,19,20  The BCD data that drives the decoder can be stored in the 4-bit latch and

(QA, O, Qc, Qp) is available at these outputs for driving other logic and/or processors. The
binary weights of the outputsare: 0o =1,0g=2,Qc =4,Qp =8.

DECIMAL POINT 7 Must be high to display decimal point. The decimal point is not displayed

INPUT when this input is low or when the display is blanked.

BLANKING INPUT 5 When high, will blank (turn off) the entire display and force RBO low.

(BI) Must be low for normal display. May be pulsed to implement intensity
control of the display.

RIPPLE-BLANKING 4 When the data in the latches is BCD 0, a low input will blank the entire

INPUT (RBI) display and force the RBO low. This input has no effect if the data in the
latches is other than 0.

RIPPLE-BLANKING 6 Suppiies ripple bianking information for the ripple blanking input of the

OUTPUT (RBO) next decade. Provides a low if Bl is high, or if RBI is low and the data in

the latches in BCD 0; otherwise, this output is high. This pin has a resistive
pull-up circuit suitable for performing a wire-AND function with any
open-collector output. Whenever this pin is low the entire display will be
blanked; therefore, this pin may be used as an active-low blanking input.

LED/LAMP DRIVER 15,16, 14,9 Outputs for driving seven-segment LED's or lamps and their decimal
QUTPUTS 11,10,13,8 points. See segment identification and resultant displays on following
{a,b, c,d, e f, g, dp) page.
1171
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_ TYPES SN54143, SN54144, SN74143, SN74144
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS

ATl
A=l

SEGMENT
IDENTIFICATION

. |

11 [ | — 1= oy Y oy |
[ ] = | =] —l =] o ] |

0 1 2 3 4 5 6 7 8 9
NUMERICAL DESIGNATIONS—-RESULTANT DISPLAYS

-—
-y

dpm

schematics of inputs and outputs

143, 144 143, "144 ‘143 ‘144
EQUIVALENT OF EQUIVALENT OF TYPICAL OF ALL TYPICAL OF
EACH INPUT BI/RBO OUTPUTS EXCEPT BI/RBO ALL QUTPUTS

EXCEPT BI/RBO

(I 3

SCEI: Req =4k NOM
Other

inputs: Rgqg =8 kQ2 NOM

SSEIE

l by

»

—I_ OUTPUT/INPUT _ Vee
3kQ 10k
NOM NOM OUTPUT
INPUT ) 4 ouTPUT || ——

EXCEPT BI/RBO

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

Supply voltage, V¢ (see Note 1) .7V
Input voltage . . b5V
Off-state voltage at uutputs “a" ‘Hru g and ”dp" ’144 BV
Off-state current at outputs “a” thru “g” and “dp”, '143 . . 250 uA
Continuous total power dissipation at {or below) 70°C free-air temperature (see Note 2) . 1.4 W
Operating free-air temperature range: SN54’ Circuits —55°C to 125°C
SN74’ Circuits . 0°Ct0 70°C

Storage temperature range .
Voltage values are with respect to network ground terminal.

NOTES: 1.

—65°C to 150°C

2. For the SN54143 and SN54144 in the N and W packages, this rating applies at (or below) 80°C free-air temperature. For
operation above this temperature, derate linearly at the rate of 11.7 mW/°C for the W package and 14.7 mW/°C for the N
package. No derating is required for these devices in the J package.

recommended operating conditions

SN54143, SN54144 | SN74143, SN74144 UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Voo 45 5 55 | 4.75 5 5.25 \Y
On-state voltage at outputs a thru g and dp {"143 only) 1 5 1 5 \Y%
Qa. 0B, Qc. Qp —240 —240
High-level output current, IgH Maximum count —560 —560 | nA
RBO —120 —120
Low-level output current, gL QA’_QB’ Oc. Op, R8O 48 48 mA
Maximum count 11.2 11.2
) High togic level 25 25
Clock pulse width, tu(clock) Low logic level 55 55 e
Clear pulse width, ty(clear) 25 25 ns
Setup time, ta, Serial and parallel carry 30t 30t ns
Clear inactive state 601 601
Operating free-air temperature, Ta —55 125 0 70 | °C

1The arrow indicates that the rising edge of the clock pulse is used for reference.
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TYPES SN54143, SN54144, SN74143, SN74144
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS

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

SN54143, SN74143 | SN54144, SN74144
PARAMETER TEST CONDITIONS? . . UNIT
MIN TYPE MAX [ MIN TYP! MAX
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 08| V
ViK Input clamp voltage Vec=MIN, I1=-12mA -1.5 -15| V
High-level output RE0 Vv MIN, V 2V
igh-level outpu = , - g
Vou Vj‘l Qa. Qg, Qc. Qp VCC 08v. | 1H A 24 2.4 v
al = U. . =
e Maximum count L OH
Low-level output Qa, Qg, Qc, Qp, RBO| Voo =MIN, Vig=2V,
VoL tpi A . B, UC. YD cc IH 0.4 04] v
voltage Maximum count VIL=08YV, ligL=MAX
v Off-state Outputsathrug,dp | Vg = MAX, lgy = 250 uA 7 15 v
utputs a thru g, = , =
Oloff) output voltage P 9. cc OH .
v, On-State Outputsathrug, dp | Voo =MIN, SeeNote 3 06| Vv
utputs a thru g, = . ote .
Oton) output voltage P 9.0 cc hd
Vee=MIN, Vg=1V 9 15
Outputsathrug Vee=5V, Vp=2V 15
On-state Vee =MAX, Vg=5V 15 22
l0(on) mA
output current Vee=MIN, Vg=1V 45 7
Output dp Veg=5V, Vg=2V 7
Vcc=MAX, Vg=5V 7 12
I Input current at maximum input voitage Vee=MAX, V=55V 1 11 mA
. Serial carry 40 40| WA
High-level
IH ) RBO node Vce = MAX, V| =24V 012 —05 —0.12 -05 mA
input current -
Other inputs 20 20| uA
Low-level Serial carry v MAX V! =04V —-1.6 -1.6
L ot . RBO node cc*= " 17 —15  —2.4 —15 _ —24| mA
in curren
put ou Other inputs See Note 0.8 —08
Short-circuit Qa. Q. Qc, Q -9 —-275| -9 -275
los A 2B _C D Vog = MAX mA
output current Maximum count -15 —55| —15 —55
Ice Supply current Ve = MAX, See Note 5 56 93 56 93| mA

NOTES:

o

o

b) Parallel count enable = serial count enable = Bl = GND
c) Clear ("LT) then clock until all outputs are on (-E,')
d) For ‘143, outputs ‘“a’* through “’g” and ‘“dp’’ = 2.5 V, all other outputs open, For 144, all outputs are open.

switching characteristics, Vgg =5 V, Ta = 25°C

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

fan typical values areat Voc =5V, Ta = 25°C.

For SN54144, 1o = 20 mA; for SN74144, Ig_ = 256 mA.

1) at RBO node is tested with Bl grounded and RB! at 4.5 V.

iog is measured after the following conditions are established:
a) Strobe= RBI=DP =45V

FROM T0
PARAMETER § TEST CONDITIONS MIN  TYP MAX  UNIT
{INPUT} (QUTPUT)
fmax 12 18 MHz
PLH . . 12 20
Serial look-ahead Maximum count ns
tPHL CL =15pF, R =560 Q, 23 35
1 26 40
PLH Clock Maximum count See Note 6 ns
tPHL 29 45
tPLH 28 45
ey Clock Qa, Qg. Qc, Qp Cp =15pF, R =1.2kQ, 5 0 ns
tPHL Clear Qa. 0B, Qc. Qp See Note & 57 90 ns

§ = Maximum clock frequency, t = Propagation delay time, low-to-high-level output,
max PLH

tpH = Propagation delay time, high-to-low-levei output
NOTE 6: Load circuit and voltage waveforms are shown on page 3-10,
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TYPES SN54143, SN54144, SN74143, SN74144
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS

functional block diagram

LOGIC OUTPUTS
A

I
MAX COUNT Qa 08 Qc Qp
IS
COUNT  |SERIAI i ~
INPUTS PARALLEL Qaa et
cLock —DF T T4 I "
- {

> OUTPUTS

”JJLL”;,‘NEJ
I
¢

RIPPLE BLANKING 880 DECIMAL

‘ BLANKING INPUT  NODE  POINT

LATCH INPUT WNPUT
stroge ——>——————————
INPUT
|
_¢ ... Dynamic input activated by a transition from a high level to a low level.
[}
1

TYPICAL APPLICATION DATA

This application demonstrates how the drivers may be cascaded for N-bit display applications. It features:

Synchronous, look-ahead counting

Ripple blanking of leading zeros; blanking of trailing zeros (not illustrated) can also be implemented
Overriding blahking_for total suppression or intensity modulation of display

Direct parallel clear

Latch strobe permits counter to acquire next display while viewing current display

- D, MP DRIVER ITPUTS LEAST-SIGNIFI T
RIPPLE BLANKING — Mosrsl;rlsﬁul!rﬂc»\m LED/LA ouTPYTS s sm?;n' CAN
INPUT / A Al
CLOCK INPUT Tebyr il [ [
LATCH STROBE 1o [REERNAN HENENEE T ey ll liii
INPUT J P ELY.Y XYY Y Y-Y-X-Y- XY 1Y YY.Y XYY
ﬂ abede fgdp abecdefgdp abcde fgdp abcdefgd
-1 STROBE ck = STROBE CK STROBE cK }-— STROBE cK
TO NEXT RBI RBO Jo———q{ RBI rBO o———q R8I RBO o———q) RE! REO fo— OPEN
MORE MAX MAX MAX
SiGNIFICANT  q—— MaX scel o——o| Sount SCE! p———0f COUNT Scel p—) COUNT scet oo ¥
DIGIT = L
o CLEAR PCEI —o| CLEAR PCEI rd cLear PCE! 0| CLEAR PCEI o—
Bl 0a Qg Qc Qp DP Bl QAQg O Gp DP Bl QA Op Q¢ QpDP Bl 0aQgQcapDe| =
OVERRIDING —} i 1
BLANKING INPUT Y Py
CLEARINPUT ~ H

DECIMAL POINT <
INPUTS

-V
LATCH LOGIC OUTPUTS

TThe serial count-enable input of the least-significant digit is normally grounded; however, it may be used as a count-enable control for the
entire counter {high to disable, low to count) provided the logic level on this pin is not changed while the clock line is low or false counting
may result,
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TYPES SN54145, SN54LS145, SN74145, SN74LS145

BCD-TO-DECIMAL DECODERS/DRIVERS

FOR USE AS LAMP, RELAY, OR MOS DRIVERS

Mmsi
¢ Full Decoding of Input Logic
e SN54145, SN74145, and SN74LS145 Have
80-mA Sink-Current Capability
e All Outputs Are Off for Invalid
BCD Input Conditions
e Low Power Dissipation of 'LS145 . ..
35 mW Typical
logic
FUNCTION TABLE
NoL__INPUTS OUTPUTS
DCBA|O1 23 4526 7 839
oL L L L{LHHHHHHHIHH
1'lL L LH/HLHHHHUBHBHHIH
2{L LHL{HHLHHUHHIHIHIH
3/LLHH/HHHTLHHHUHIHIH
4L H L LIHHHHLHHUHIHIKH
5L HLHIHHHHHLHHHEH
6/LHHL/HHHHHHLUHIHIH
7L HHH|{HHHHHHHLHH
8|H LLL/HHHHHHHHTLH
9|H L L H/HHHHHHHIHIEHIL
H LHL|IHHHHHHABHEHIHIH
alH LHH/HHHHHHHHHH
J|/HHLLHHHHHHHUHHMH
%:HHLHHHHHHHHHHH
S|{HHHLIHHHHHHUHIHUHIEH
HHHHIHHHHHHIHIHHH

H = high level (off), L = low level (on)

description

These monilithic BCD-to-decimal decoder/drivers
consist of eight inverters and ten four-input NAND
gates. The inverters are connected in pairs to make
BCD input data available for decoding by the NAND
gates. Full decoding of valid BCD input logic ensures
that all outputs remain off for all invalid binary input
conditions. These decoders feature high-performance,
n-p-n output transistors designed for use as indicator/
relay drivers or as open-collector logic-circuit drivers.
Each of the high-breakdown output transistors
(15 volts) of the SN54145, SN74145, or SN74L.S145
will sink up to 80 milliamperes of current. Each input
is one Series 54/74 or Series 54L.5/74LS standard
load, respectively. Inputs and outputs are entirely
compatible for use with TTL or DTL logic circu