TTL MSI Circuits



New TTL/MSI
Now Available

SN54/74157 Quad 2-Line-To-1-Line Data Selector/Multiplexer
With Strobe Control

® Pin-for-pin replacement for 9322-type multiplexers

@® Selects bused data from one of two sources

@ Ideal for controlling accumulator inputs

® Use to expand any data input point

@® Generates four functions of two variables
(one variable is common)

® Source programmable counters

Available in 16-pin
J, N, and W packages
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TYPICAL POWER: 125 mW
TYPICAL PROPAPATION DELAY
TIME 20 ns (SELECT TO OUTPUT)



TTL MSI INDEX

TTL

MEDIUM SCALE INTEGRATION (MSI)

OPERATING TEMPERATURE PACKAGES™
FUNCTION RANGE Dual-In-
-55°Ct0 125°C  0°C to 70°C Line Flat  SEC.-PAGE
ASYNCHRONOUS COUNTERS
Decade Counters .. SN5490 SN7490 J N W 9-4
Decade Counters (Low Power) SN54L90 SN74L80 J N T 9-9
Divide-by-Twelve Counters SN5492 SN7492 J N w 9-14
4-Bit Binary Counters SN5493 SN7493 J N W 9-19
4-Bit Binary Counters {Low Power) SN544.93 SN74L93 J N T 9-24
50-MHz Preset Table Decade Counters/Latches SN54196 SN74196 J N W 9-29
50-MHz Preset Table 4-Bit Binary Counters/Latches SN54197 SN74197 J N w 9-29
SYNCHRONOUS COUNTERS
Synchronous 8-Bit Binary Rate Multiplier SN7497 J N W 9-35
Sychronous Decade Counters SN54160 SN74160 J N w 9-41
Synchronous 4-Bit Binary Counters SN54161 SN74161 J N w 9-41
Fully Synchronous Decade Counters SN54162 SN74162 J N w 9-41
Fully Synchronous 4-Bit Binary Counters SN54163 SN74163 J N w 9-41
Synchronous Decade Decimal Rate Multiplier SN74167 J N w 9-35
Synchronous Up/Down Decade Counters
(Single Clock Line) . SN54190 SN74190 J N W 9-49
Synchronous Up/Down 4-Bit Binary Counters
(Single Clock Ling) SN54191 SN74191 J N w 9-49
Synchronous Up/Down Decade Counters
(Two Clock Lines) ... SN54192 SN74192 J N w 9-57
Synchronous Up/Down 4-Bit Binary Counters
{Two Clock Lines) SN54193 SN74193 J N w 9-57
4BIT, 5.BIT, 6-BIT SHIFT/STORAGE REGISTERS
4-Bit Shift Registers (Parallel-In, Serial-Out) SN5494 SN7494 J N w 9-58 n
4-Bit Universat Shift Registers {Parallel-In,
Parallel-Out) . SN5495A SN7495A J N w 972
4-Bit Universal Shift Registers (Parallel in,
Parallel-Out) {Low Power) SN54L.95 SN 74195 J N T 9-79
5-Bit Shift Registers (Dual-Parallel-in,
Parallel-Out) . SN5496 SN7496 J N w 9-86
4-Bit Data Selectors/Storage Regnsters
(Low Powver) .. . SN54L.98 SN74L98 J N 9-90
4-Bit Right-Shift Registers with J K and D
{Low Power) . SN54L99 SN74L99 J N 9-96
4-Bit ParallekIn, Parallel-Out Bidirectional
Shift Registers . SN54194 SN74194 J N W 9-104
4-Bit Parallel-In, Paraliel-Out Shift Reglster
(3-K Inputs to First Stage) SN54195 SN74195 J N w 9-108

*For outline drawings of all packages, see Section 1.

—SEE ORDERING INSTRUCTIONS PAGE 1-1-
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TTL MSI INDEX

TTL
MEDIUM SCALE INTEGRATION (MSi)

OPERATING TEMPERATURE PACKAGES”
FUNCTION RANGE Duak-In-
-55°Ct0 125°C  0°C to 70°C Line Flat SEC.-PAGE

8-BIT SHIFT REGISTERS

8-Bit Shift Registers . . e e e e e e e SN5491A SN7491A J N w 9-112
8-Bit Shift Registers (Low Power) e e e e e e SN541L91 SN74L91 J N T 9-117
8-Bit Parallel-Out Shift Registers . . . ... SN54164 SN74164 J N w 9-122
8-Bit Parallel-Out Shift Registers (Low Power) e e .. SN54L 164 SN74L 164 J N T 9-126
Parallel-Load 8-Bit Shift Registers . . . . . . . . . . . SN54165 SN74165 J N w 9-130
Paratiel-Load 8-Bit Shift Registers . . . . . . . . . . . SN54166 SN74166 3 N \id S-134
8-Bit Parallel-In, Parallel-Out Bidirectional
Shift Registers | | e SN54198 SN74198 J N W 9-134
8-Bit Parallel-In, Parallel-Out Shift Reglsters
(J-K Inputsto First Stage) . . . . . . . . . . . . SN54199 SN74199 J N W 9-134
CODE CONVERTERS
BCD-to-Binary Converters . . . . . . . . . . . . .. SN54184 SN74184 J N W 9-142
Binary-to-BCD Converters . . . . . . . . . . . . . . SN54185A SN74185A J N W 9-142
DECODERS/DEMULTIPLEXERS
BCD-to-Decimal Decoders . . . e e e e SN5442 SN7442 J N W 3-148
BCD-to-Decimal Decoders (Low Power) e e e . SNb4L 42 SN741L42 J N 9-154
Excess-3-to-Decimal Decoders . . . . e e e e e SN5443 SN7443 J N W 9-148
E xcess-3-to-Decimal Decoders (Low Power) e e e e SN54L43 SN74L43 J N 9-154
E xcess-3-Gray-to-Decimal Decoders L. L e SN5444 SN7444 J N w 9-148
E xcess-3-Gray-to-Decimal Decoders (Low Power) L SN54L.44 SN74L44 J N W 9-154
4-Line-to-16-Line (1 of 16) Decoders/Demultiplexers . . . . SN54154 SN74154 J N W 9-160
Dual 2-Line-to-4-Line Decoders/Demultiplexers . . . . . . SN54155 SN74155 J N W 9-167
Dual 2-Line-to-4-Line Decoders/Demultiplexers
n (with Open-Collector Qutput) . . . . . . . . . . SN54156 SN74156 J N W 9-167
DECODERS/LAMP DRIVERS/BUFFERS
BCD-to-Decimal Decoders/Drivers with 30-V Output . . . . SN5445 SN7445 J N W 9-175
BCD-to-Decimal Decoders/Drivers with 15-V Qutput . . . . SN54145 SN74145 J N W 9-175
BCD-to-Seven-Segment Decoders/Drivers with
30-V Output . . . C e e .. SN5446A SN7446A J N W 9-181
BCD-to-Seven-Segment Decoders/Drlvers with
30-V Qutput (LowPower) . . . . . . . . . . .. SNG&4L 46 SN74L46 J N 9-198
BCD-to-Seven-Segment Decoders/Drivers with
15V Output . . . e SN5447A SN7447A J N W 9-181
BCD-to-Seven-Segment Decoders/Drlvers with
15-V Output (LowPower) . . . . . . . . . . . . SN54L47 SN74L47 J N 9-198
BCD-to-Seven-Segment Decoders . . . L. SN5448 SN7448 J N W 9-181
BCD-to-Seven-Segment Decoders {14-pin Functmn) L. SN5449 SN7449 J N W 9-181
BCD-to-Decimal Decoder/Driver . . . . . . . . . . . . SN74141 JI N w 9-208

*For outline drawings of all packages, see Section 1,

—~SEE ORDERING INSTRUCTIONS PAGE 1-1—
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TTL MSI INDEX

TTL
MEDIUM SCALE INTEGRATION (MSI)

OPERATING TEMPERATURE PACKAGES™
FUNCTION RANGE " Duakin-
~55°Cto 125°C  0°Cto 70°C Line Flat SEC.-PAGE

LATCHES .
Quadruple Bistable Latches . . . . e e e e e SN5475 ' SN7475 J N W 9-213
Quadruple Bistable Latches {14-pin Functlon) e e e e e SN5477 SN7477 i w 9-213
8BitBistable Latches . . . . . . . . .00 0, L, SN54100 . SN74100 - J N w 9-213
MEMORIES ’ 1
16-Bit Random-Access Memories (16Wby 1B) .. . . . .. L SN5481 SN7481 J N W 3-221
16-Bit Random-Access Memories with Gated o

Write inputs (16Wby 1B) . . . . . . . . . . . . SN5484 ) SN7484 J N w 9-221
64-Bit Random-Access Memory (16Wby 4B) . . .. . . . SN7489 J N W 9-230
256-Bit Read-Only Memories (32Wby 8B) . . . . . . . . - SN5488A SN7488A N 9-235
1024-Bit Read-Only Memories (2566W by 4B) . . . . . . . SN54187 SN74187 J N W 9-244
4-By-4 Register Files . . . . . . . . .. . . .. .. SN54170 SN74170 J N W 9-248

ARITHMETIC ELEMENTS .
GatedFull Adders . . . . . . . . .. . . .. ... - SN5480 SN7480 J N W 9-255
2BitBinary FullAdders . . . . . . . .. . . .. .. SN5482 SN7482 J N w 9-264
4-Bit Binary Full Adders . .. . . Ce o SN5483 SN7483 J N W 9-271
4-Bit Binary Full Adders (Low-Power Schottky) . SN541.583 . SN74LS83 J N 9-279
4-Bit Magnitude Comparators . . . T SN5485 SN7485 J N "W 9-286
4-Bit Magnitude Comparators {Low Power) e e e e SN54L.85 SN74L85 J N 9-289
Quadruple 2-input Exclusive-OR Gates . . . P SNb5486 SN 7486 J N w 9-296
Quadruple 2-input Exclusive-OR Gates (Low Power) L. SN541 86 SN74L86 J N T 9-300
4-Bit True/Complement Zero-One Elements . . . . . . . SN54H87 SN54H87 J N W 9-304
8-Bit Odd/Even Parity Generators/Checkers . . . . . . . SN54180 SN74180 J N W 9-309
4-Bit Arithmetic Logic Unit (ALU) and Function ’
Generators . . . e e e e e .. SN54181 SN74181 J N W 9-315
Look-Ahead Carry Generators (for ALU) Ce e e SN54182 SN74182 J N w 9-326
Dual Carry-Save FullAdders . . . . . . . . . . . .. SN54H 183 SN74H183 J N W 9-332
DATA SELECTORS/MULTIPLEXERS

16-Bit Data Selectors/Multiplexers . . . e e . SN54150 SN74150 N W 9-339

8-Bit Data Selectors/Multiplexers with Strobe SN54151 SN74151 J N w 9-339

8-Bit Data Selectors/Multiplexers . . . i e . SN54152 SN74152 w 9-339

Dual 4-Line-to-1-Line Data Selectors/Multlplexers L. SN54153 ) SN74153 J N W 9-351

Dual 4-Line-to-1-Line Data Selectors/Multiplexers

{LowPower) . . . . . . . .. ... ..... SN54L.153 SN74L153 J N 9-358

LOGIC DIODE MATRICES

Series TIDM1, TIDM2 Monolithic Diode Matrices . . . . .- o] JTew] 93 |

*For outline drawings of all packages, see Section 1.

—SEE ORDERING INSTRUCTIONS PAGE 1-1—
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L
MSI

CIRCUIT TYPES SN5490, SN7490
DECADE COUNTERS

MSI TTL HIGH-SPEED DECADE COUNTERS
for applications in

o Digital Computer Systems e Data-Handling Systems e Control Systems
. JORN
logic DUAL-IN-LINE PACKAGE (TOP VIEW)
TNPUT
A NC A D GND B C
TRUTH TABLES w1 3 8
BCD COUNT SEQUENCE
(See Note 1) RESET/COUNT (See Note 2), [ ]
OUTPUT RESET INPUTS OUTPUT
COUNT M5—T—c"T5 T & — T Tocex B LJ 4 Ur oY
0 0]0 00 Roy|Ro@)o|Roc2) cp e
1 [0 jo0 0|1 1{1]0]|x]0000 K-«@S
vy M
2 0 0 1 o ! 1 X4t 0 loo0o0 T
3 ofo 1 1 X | xqi1]1 {1001
4 c 1 ol o0 X i 0§ X |0 |COUNT
5 0 1 ol 0| X | 0 X | COUNT 1 2 3 4 5 [ 1
é 0 1 1 o 0 X X | 0 | COUNT
B0 R R NC Vv R R
7 0 1 1 M o 0 X COUNT INPUT oy 0(2) ) cC (1) "9(2)
8 T 1o oo " w
NC—No Internal Connection FLAT PACKAGE (TOP VIEW)
9 1 0 {0 [ PO
A NC A @ GND B @
NOTES: 1. Output A connected to input BD for BCD count. : : 3 . O
2. X indicates that either a logical 1 or a logical 0 may [— ” - g
be present. )
description and typical count configurations R s Eaif
These high-speed, monolithic decade counters consist
of four dual-rank, master-slave flip-flops internally
interconnected to provide a divide-by-two counter
and adivide-by-five counter. Gated direct reset lines ¥ ¥ = ¥
are provided to inhibit count inputs and return all
outputs to zero or to a binary coded decimal (BCD) @ @ @ @ @ @
. . R,
count of 9. As the output from flip-flop A is not weur om Fo NE Ve Pom o
internally connected to ‘the succ}e'edmg stages, the positive logic: sse truth table
count may be separated in three independent count
modes:
1.  When used as a binary coded decimal decade counter, the BD input must be externally connected to the A
output. The A input receives the incoming count, and a count sequence is obtained in accordance with the
BCD count sequence truth table shown above. In addition to a conventional zero reset, inputs are provided
to reset a BCD count for nine’s complement decimal applications.
2. If a symmetrical divide-by-ten count is desired for frequency synthesizers or other applications requiring
division of a binary count by a power of ten, the D output must be externaily connected to the A input,
The input count is then applied at the BD input and a divide-by-ten square wave is obtained at output A,
3.

For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are
required. Flip-flop A is used as a binary element for the divide-by-two function. The BD input is used to
obtain binary divide-by-five operation at the B, C, and D outputs. In this mode, the two counters operate
independently; however, all four flip-flops are reset simultaneously.

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation

is 160 mW.
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CIRCUIT TYPES SN5490, SN7490

DECADE COUNTERS

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

Supply Voltage Vgc (See Note 3) .

Input Voltage,Vijn (See Notes 3 and 4)

Operating Free-Air Temperature Range: SN5490 Circuits .
SN7490 Circuits .

Storage Temperature Range . ..

NOTES: 3. These voltage values are with respect to network ground terminal.

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

recommended operating conditions

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

MIN NOM MAX | UNIT
Supply Voltage VGc (See Note 3): SN5490 Circuits . . . e e e e e e . . .| 4B 5 5.5 v
: SN7490 Circuits . . . c e -« . . .43 B 5.25 \
Normalized Fan-Out From Each Output (See Note 5) . e e e . . 10
Width of Input Count Pulse, tp(in).. . . . . . . P e e e e .| 50 ns
Width of Reset Pulse, tp(reset) - - . . . . e ] ns
NOTE 5. Fan-out from output A to input BD and to 10 additional Series 54/74 loads is permitted.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST
PARAMETER TEST CONDITIONST MIN TYPf MAX | UNIT
FIGURE
Input voltage required to ensure
Vin(1) . . . 1 2 v
logical 1 at any input terminal
Input vol required to ensure
Vin(0) o a9 . ) 2 0.8 v
logical 0 at any input terminal
Vout(1) Logical 1 output voltage 2 Vee = MIN, ljoad = —400 A 24 Vv
Vout{0) Logical 0 output voltage 1 Vce = MiN, lsink = 16 mA 0.4 v
Logical 1 level input current .
- at°:'°a :’ '":" curor" 5 |Vec=MAX, Vin=24V 40 | pa
in(1) 0(1). Ro(2). Ra(1). Veo-MAX, Vin=55V 1 A
Ro(2)
" Logical 1 level input current 3 Vee=MAX,  Vip=24V 80 BA
i ot input A Voo =MAX, Vin=5BV T | mA
" Logical 1 level input current 3 Voo =MAX, V=24V 160 | uA
i) ot inputBD VoG =MAX, Vin=55V T [mA
Logical O level input current
lin(0) at Ro(1), Ro(2), Ro(1), or 4 Vee=MAX, V=04V —1.6 | mA
Ro(2)
" Logical O level input current 4 Ve = MAX Vi =04V 32 A
in(0) atinput A cc ’ in = O —3. m
" Logical O level input current s Vee = MAX Vi =04V 64 | mA
00} 4t input BD cc ‘ - }
los Short-circuit output current§ 5 Vee = MAX | SN5490 ~20 =57 | mA
SN7490 -18 —57 | mA
] Supply current 3 V.~ = MAX SN5490 32 46 mA
cc cc SN7490 32 53 | mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular

circuit type,

F All typical values are at Vee =5V, Ta=25°C
§ Not more than one output should be shorted at a time.




CIRCUIT TYPES SN5490, SN7490
DECADE COUNTERS

switching characteristics, Voo =5V, T A= 25°C, N=10

TEST )
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
fmax Maximum frequency of input count pulses CL =15pF, R =400 10 18 ° MHz
todt Propagation delay time to logical 1 level 6 CL=150F, RL =400 60 100 ns
from input count pulse to output C
tpd0 Propagation delay time to logical O level 6 CL = 15 pF, R = 400 60 100 ns
from input count pulse to output C
schematic
GND A OUTPUT BD INPUT B OUTPUT ¢ oureut 0 OuTPUT
® O QO @ ® o)
130 “’—'—/mj ’ e B—
] 1k 1k 1k ] Iy
| ak [ a* 1Y ‘[. m a
4k 7 ;KI 4k A 4k g A 4k I~ N
Ve @ ) ) - 1
Sk Sk sk 5k Sk 5k sk 5k}
Gl 5 15k 1542 ™
A INPUT (4 = = E
k

1
1

1.3k
2 4
RESET 0{“)@ j ™
INPUTS m@ .
13k
4
B g
RESET 9 {( '© w
NPUTS | (1(5) w1

Component values shown are nominal.
Resistor values are in ohms.
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CIRCUIT TYPES SN5490, SN7490
DECADE COUNTERS

d-c test circuitsT

PAiAMETER MEASUREMENT INFORMATION

Vee Vee
BD A .
load
vin V;n
1. Each output is tested in the logical O state. 1. Each output is tested in the logical 1 state.
FIGURE 1 FIGURE 2
\%
Vee a5V cc
Ul |
B0 Apb— Al
1
in(1)
— B B t——
in SEE A OPEN v, OPEN
NOTES[T! IR c— Cb—
2 0
R DfF—. D b—
J 9
1. Each input is tested sep;ately. -
. 1. Each input is tested separately.
2. When testing Rg(1) or Rg(1)., ground Rq(2) or i
. . 2. When testing Rp(1) or Rg(1). apply 4.5 V to Ro(2)
Rg(z), respectively, and vice versa. or R respectively. and vice versa
3. When testing Icc reset all outputs to logical O, 9(2), resp A8 sa.
ground all inputs, then measure Icc.
FIGURE 3 FIGURE 4
Yee
°

1. Each output is tested in the logical 1 state.

FIGURE 5

T Arrows indicate actual direction of current flow.



CIRCUIT TYPES SN5490, SN7490
DECADE COUNTERS

switching characteristics

PARAMETER MEASUREMENT INFORMATION

vVee OUTPUT
? e e —
V '
| RL |
‘ | |
BD A { ¢ ¢ |
——C
I Tt |
PULSE I_ = LOAD ClRCUl:I"_l e :— ..J
GENERATOR A 8 — —_— e ———— _'__'
{See Note 1) ¢ ~ LOAD CIRCUIT 2 |
(Same As 1)
L Ra o e e e ==
- R — —— — — —————
2 '—I LOAD CIRCUIT 3 ||
4 (Same As 1) H
4 = e e e e e e —— e — )
QUTPUT r LOAD CIRCUIT 4 —{
(Same As 1)
L e e e —_—— e ————
TEST CIRCUIT
! [
I i |
f]->| Ic— |
R [+
! | 2] 4 5
2V| !2 v
INPUT A vE v -3V
—’I' ! !
| pdl ;< |
! [
OUTPUTC (e ]("5" \"5"
“ o : ou’(O)
! out(1)
OUTPUT D (REF) 13V 13V
{ .
LA 17 out(0)
VOLTAGE WAVEFORMS
NOTES: 1. The pulse generator has the following characteristics: Vgen = 3V, t9=1q <15ns, tp = 0.5 us, PRR =1 MHz, Zg,¢~ 50 Q.
2. All diodes are 1N3064 .
3. C includes probe and jlg capacitance.
tpdo * tpd1
4, tpd= "3
5, Voltage values are with respect to ground terminal.
FIGURE 6-SWITCHING TIMES
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LOW-POWER

TTL MSI

CIRCUIT TYPES SN54L90, SN74L90

DECADE COUNTERS

for applications in JOR N DUAL-IN-LINE OR

e Digital Computer Systems

T FLAT PACKAGE (TOP VIEW)T

INPUT
e Data-Handling Systems 2o O O o 8t
e Control Systems
logic
TRUTH TABLES
BCD COUNT SEQUENCE BI-QUINARY (5-2)
(See Note A) {See Note B) ]
JTP UTP!
COUNT ouTPUT COUNT ° ut positive logic: See truth tables
Qp Q¢ Qg Ca Qa Op Qc Og
0 L L L L 0 L L L L
1 L L L H 1 L L L H NC—No internal connection
TPin assignments for these circuits are the same for ail
2 L L H L 2 L L H L packages.
3 L L H H L H H
3 L RESET/COUNT FUNCTION TABLE
4 L H L L 4 L H L L iy
5 L H L H 5 H L L L RESET INPUTS OUTPUT
6 |L H H L 6 |H L L H Ro(1) Ro(2) Ro(1) Ro(2){D C B A
7 L H H H 7 H L H L H H L X fLLtiLi
8 H L L L 8 H L H H H H X L LLLL
9 H L L H 9 H H L L X X H H [HLLH
X L X L COUNT
NOTES: A. Output Qp is connected to input BD for BCD count. L X L X COUNT
B. Output Qp is connected to input A for bi-quinary L X X L COUNT
count.
C. H = high level, L = low level, X = irrelevant X L L X COUNT

description and typical count configurations

These low-power monolithic decade counters consist of four dual-rank, master-slave flip-fiops internaily interconnected
to provide a divide-by-two counter and a divide-by-five counter. Gated direct reset lines are provided to inhibit count
inputs and return all outputs to zero or to a binary-coded-decimal (BCD) count of 9. As the output from flip-flop A is
not internally connected to the succeeding stages, the counter may be operated in any one of three independent count

modes:

When used as a binary-coded-decimal decade counter, the BD input must be externally connected to the
Qp output. The A input receives the incoming count, and a count sequence is obtained in accordance
with the BCD count sequence truth table shown above. In addition to a conventional zero reset, inputs
are provided to reset a BCD count for nine’s complement decimal applications.

If a symmetrical divide-by-ten count is desired for frequency synthesizers or other applications requiring
division of a binary count by a power of ten, the Qp output must be externally connected to the
A input. The input count is then applied at the BD input and a divide-by-ten square wave is obtained at
output Qg in accordance with the bi-quinary truth table above.

For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are
required. Flip-flop A is used as a binary element for the divide-by-two function. The BD input is used to
obtain binary divide-by-five operation at the Qg, Qc, and Qp outputs. In this mode, the two counters
operate independently; however, all four flip-flops are reset simultaneously.

These circuits are compatible with most TTL and DTL logic families. Power dissipation is typically 20 mW. The
SN54L90 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74L90 is
characterized for operation from 0°C to 906°C.

06TVLNS ‘067YSNS SAdAL LINDYID
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CIRCUIT TYPES SN54L90, SN74L90

DECADE COUNTERS

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

Supply voltage, VGG (see Note 1)
Input voltage (see Notes 1 and 2)
Operating free-air temperature range:

Storage temperature range

NOTES: 1.

SNB54L90 Circuits
SN74L90 Circuits

Voltage values are with respect to network ground terminai.

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

recommended operating conditions

8V
.. ... BBV
—55°C to 125°C
. 0°Cto 70°C
—65°C to 150°C

SN541.90 SN74L90 UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 \"
Input count frequency, foount 0 0 MHz
Normalized fan-out from each output, N {see Note 3) 10 10
Width of input count pulse, ty(count) (see Figure 6) 200 200 ns
Width of reset pulse, tyireset) 200 200 ns
Operating free-air temperature, Tp —-556 25 125 0 25 701 °C
NOTE 3! Fan-out capability from output Qa to input BD and ten additional TTL loads is guaranteed.
electrical characteristics over recommended operating free-air temperature range
TEST
PARAMETER TEST CONDITIONST MIN MAX | UNIT
FIGURE
Vg High-level input voltage 2 \
1and 2
ViL Low-level input voltage 071 Vv
Ve = MIN, toH = —100 pA,
VoH High-tevel output voltage 2 cc OH 24 A"
ViH=2V, ViL=07V
Ve = MIN, 1oL = 2 mA,
VoL Low-level output voltage 1 ce oL 3| Vv
VIH=2V, ViL=07V
| . tat Any reset input 100
nput curre|
" mp it eurren at oo | ATTPET 3 | Vo= MAX, V| =55V 300| wA
axim Vi
mum IpUt VOTage S Tput 600
: B Any reset input 10
High-level input -
WA A input 3 Ve = MAX, V=24V 30) A
current
BD input 60
. Any reset input —-0.18
Low-level input -
TR A input 4 Vee = MAX, V=03V —0.54| mA
current
BD input —1.08
los Short-circuit output current§ 5 Ve = MAX -3 —15( mA
lcc  Supply current 3 Vee = MAX 7.2| mA

9-10

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

type.

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

switching characteristics, Voc =5V, TA =25°C,N= 10

TEST
PARAMETER TEST CONDITION MIN TYP MAX
FIGURE S UNIT

fmax Maximum input count frequency 3 MHz

P tion delay time, low-to-high-level
tPLH rotpag;)aflon ' yt‘:‘ g 6 240 | ns

ou , from inpu

Put, fromInput 2 CL=80pF, RL -4k

Propagation delay time, high-to-low-level
PHL . 6 340 | ns

output, from input A

See mechanical data and ordering instructions starting on page 1-1 of TTL Integrated Circuits Catalog (CC201) or page S1-1 of TTL Catalog
Supplement (CC301).
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CIRCUIT TYPES SN54190, SN74L90
DECADE COUNTERS

schematic and functional block diagram

Gt

Q¢

ag

QT

oc
o
acl-¢

N
Tl

—QT

Qp
QAJ =

[ %
J
=
K

Y

Resistor values shown are nominal in kilohms,

Vg bus
o—
o

e > E =& =83
170
TEXAS INSTRUMENTS 9-11
INCORPORATED

POST OFFICE BOX 5012 « DALLAS., TEXAS 75222



CIRCUIT TYPES SN54L90, SN74190
DECADE COUNTERS

d-c test circuitst

PARAMETER MEASUREMENT INFORMATION

U
Vir Vi \m
. I
viL " Ry 00_9 Vou
T L T
L + T
FIGURE 1-V4, Vi, VoL FIGURE 2-VH, ViL. YOH
Vee Veo
Tllcc T
asv
8D
A Qp A Qa
]
Qg—— Og——
|‘_’ NovES ach— - NOTES acp—o
it
1Dt D+ 4
NOTES: A. Each input is tested separately.

C.

When testing Rg(q) or Rg(1), ground Rg(2) or Rg(2)

respectively and vice versa.

When testing Igc, reset all outputs to low ievel, then

ground all inputs and measure e

FIGURE 3-1), 14, ice

NOTES: A. Each input is tested separately.

8. When testing Rg(1) or Rg(1). 2pPly 4.5 V to Rg(2) or
Rg(2) respectively and vice versa.

FIGURE 4-Ij

ﬂ Q,
U
os
TEST l p—ir. Qg p——0 W
PER °
TRUTH Ac| °
—
TABLE lD e, o

W—

Each output is tested at the high level.

FIGURE 5-—-lgg

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value.

912
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CIRCUIT TYPES SN54L90, SN74L90
DECADE COUNTERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics
OUTPUTS
Vw *
e e —— i — ——— |
INPUT A T SRL=4kQ |
I : 2 See Note 8 1
8D o : :
CL= ~AN30pF
| L nrs |
50 pF .
PULSE | = See Note = = |
GENERATOR e A Qg L C  LOADCIRCUIT 1 _
(SeeNozeat | | 1 |1} +b—m————r e —— -

Ry Qg| r—--=-=-"="—-=-=-=—7
| LOAD CIRCUIT 2 |
1 (Same as Load Circuit 1) |
Qp e e e e e e e e e i |

Ry
r—— e ————— ———— 1
| LOAD CIRCUIT 3 I
1 {Same as Load Cifcuit 1) |
= = - L e e e e e e e e —— e — - i |
——— e = — = = ———— 9
| LOAD CIRCUIT 4 |
1 (Same as Load Circuit 1) |
J

TEST CIRCUIT
<60 ns-.' r-
I| == te—s15ns
1 2| ! 4 5 3 9 10 v
90% 90%
INPUT A ! |13y 13V
10%: 10% | |

| |
tw(count) —[&——"{ L_ IL—'|- tPHL
I e (F e e e e v
| J . OH

|
OUTPUT Q¢ %,3v \\13\/
ry4 |

4 | oL
I
| ~~ Vou
OUTPUT Qp (REF) /1.3 \"
IL A v
L A 3 oL
VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: ty, = 1 us, PRR = 500 kHz, Zg5 =~ 50 Q.
B. All diodes are 1N3064.
C. C_ includes probe and jig capacitance.
FIGURE 6—SWITCHING TIMES
170 PRINTED IN US.A.
TI cannat assume any responsibility for any circuifs shown
or represeni thot they are free from patent infringement. TEXAS lNST RUM EN TS 9-13
INCORPORATED
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 + DALLAS, TEXAS 75222

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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CIRCUIT TYPES SN5492,5N7492
DIVIDE-BY-TWELVE COUNTERS
(DIVIDE-BY-TWO AND DIVIDE-BY-SIX)

MSI TTL HIGH-SPEED COUNTERS

for applications in

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

i JORN
TRUTH TABLE (See Notes 1, 2, and 3) w
logle OUTPOT FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)

COUNT blclsla INPUT A NC  AOUTPUTSB  GND  COUTPUTSD

— 1 ([®® OO OO
1 1} J

1 RERERR L. -
2 ofo]t1]o
3 o011
4 011010 r
5 G i 01 ¥
6 11000 @ @
7 1§00 :‘é':" N INPUT NG NG NG Ve Rofi) folz)
8 1101 ]0
9 1 1o 1 positive logic: see truth table
10 1]1({0]0
il 111011 NC—No Internal Connection

NOTES: 1. Output A connected to input B
2. To reset all outputs to logical O both
Ro(1) and Rg(2) inputs must be at

logicat 1.

3. Either (or both) reset inputs Rg(1)

description

and Rg(2) must be at a logical O to count,

These high-speed, monolithic 4-bit binary counters consist of four master slave flip-flops which are internally inter-
connected to provide a divide-by-two counter and a divide-by-six counter. A gated direct reset line is provided which
inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from
flip-flop A is not internally connected to the succeeding flip-flops, the counter may be operated in two independent

modes:

n 1. When used as a divide-by-twelve counter, output A must be externally connected to input BC. The input
count pulses are applied to input A, Simultaneous divisions of 2, 6, and 12 are performed at the A, C, and

D outputs as shown in the truth table above.

2. When used as a divide-by-six counter, the input count pulses are applied to input BC. Simultaneously,
frequency divisions of 3 and 6 are available at the C and D outputs. Independent use of flip-flop A is
available if the reset function coincides with reset of the divide-by-six counter,

These circuits are completely compatible with' Series 54/74 TTL and DTL logic families. Average power dissipation

is 1565 mW.

.absolute maximum ratings (over operating temperature range unless otherwise noted)

Supply Voltage V¢ (See Note 4)

Input Voltage Vip (See Notes 4 and 5)

Operating Free-Air Temperature Range: SN5492 Circuits .

Storage Temperature Range

SN7492 Circuits .

NOTES: 4. These voltage values are with respect to network ground terminal,
5. Input signals must be zero or positive with respect to network ground terminal.

7V
55V

—55°C to 125°C

. 0°Cto70°C
—65°C to 150°C

914
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CIRCUIT TYPES SN5492,SN7492
DIVIDE-BY-TWELVE COUNTERS
(DIVIDE-BY-TWO AND DIVIDE-BY-SIX)

recommended operating conditions

MIN  NOM MAX UNIT
Supply Voltage Vcg (See Note 4): SN5492 Circuits . . . . . . . . . 4.5 5 5.5 \'/
SN7492 Circuits . . . . . . . . . . . 4.75 5 5.25 \
Normalized Fan-Out From Each Output (See Note 6) . . . . . . . . 10
Width of Input Count Pulse, tp(in) - - e e e e e e e P 50 ns
Width of Reset Pulse, tp(reset) . e e e a e s s e s s . 50 ns
NOTE: 6. Fan-out from output A to input BC and to 10 additional Series 54/74 loads is permitted.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
PARAMETER TEST TEST CONDITIONS? MIN TYPf MAX | UNIT
FIGURE
Input voltage required to
Vin(1)  ensure logical 1 at any 1 2 v
input terminal
Input voltage required to
Vin(g) ©nsure logical 0 at any 2 0.8 v
input terminal )
Vout(1) Logical 1 output voltage 2 Ve = MIN, lioad = —400 pA 24 v
Vout(0) Logical O output voltage 1 Vce = MIN, Isink = 16 mA 0.4 v
I Logical TTevel input current 3 Vee=MAX, Vjp=24V 40 _MA
in(M 4t Ro(1) or Rp(2) inputs Vce= MAX, Vin=55V 1 mA
—I- — Togical T level input current 3 Vec=MAX, V=24V 80 uA
i) atinput A Veo=MAX, Vin=55V 1 mA
I Logical 1 level input current 3 Veec=MAX, Vin=24V 160 rA
in(1) arinputBC Voo =MAX,  Vin =55V 1 mA
. Logical O level input current - = _
in©) ¢ Ro(y) or Rogg) inputs a Voo =MAX,  Vip=04V 16 | mA
Logical O level input current _ _
lin(0) input A 4 Veg=MAX, V=04V -3.2 mA
Logical O level input current _ _
lin(0) atinput BC 4 Vcc=MAX, V=04V —6.4 mA
Short-circuit output _ _ SN5492 —-20 —57 mA
10 curremts$ 5 Vec=MAX,  Vour=0 engags T —18 57 | mA
_ o SN5492 31 44 mA
Ice Supply current 3 Vec=MAX, Vjp=45V SN7492 31 51 A

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular n
circuit type.
¥ All typical values are at Voc = 5 V, Ta = 25°C.

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

switching characteristics, Vo =5V, Tp = 25°C,N=10

count pulse to output D

PARAMETER TEST TEST CONDITIONS MIN  TYP MAX UNIT
FIGURE

frmax m:’;;’::’;‘nft';z'l‘;w of CL=15pF, RL =400 10 18 MHz
Propagation delay time to

tpd1 logical 1 level from input 6 Cp =15 pF, R =400 Q 60 100 ns
count pulse to output D
Propagation delay time to

tpdo logical O level from input 6 CL=15pF, RL =400 Q& 60 100 ns

8-15



CIRCUIT TYPES SN5492,5N7492
DIVIDE-BY-TWELVE COUNTERS
(DIVIDE-BY-TWO AND DIVIDE-BY-SIX)

schematic

130

1k
k-

ak

B OUTPUT

D OUTPUT

BC INPUT

GND

-
»
13 x
QL: <
le
}J“K_J
£
- »
x
%+ b
kT
F[‘: hd
.
¢
N x
;J > o
© -
- x
5 = = »
= b @
3 3 9 e
%) }_.
SLJ‘ x
it ent ot
e W R RN =
w -
5 = - —
S
20 ek
3 ¥ L) bl
< Iy
x
bt .
Ey
<
el x
(] ~
hod Ixl

Vee Q
A INPUT O

9-16

1)
3k
(2)

{

RESET 0
INPUTS

Component values shewn are nominal.

Resistor values are in ohms.



CIRCUIT TYPES SN5492,5N7492
DIVIDE-BY-TWELVE COUNTERS

(DIVIDE-BY-TWO AND DIVIDE-BY-SIX)

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst
vee Vee
|sinl(
TEST TEST
PER PER
Vin O 1RUTH L3 Vin @7 TRUTH
TABLE |- TABLE
VOUf

1. Each output is tested in the logical 0 state.

1

1. Each output is tested in the logical 1 state.

all inputs, then measure Icc.
FIGURE 3

FIGURE 1 FIGURE 2
Vee Vee
‘ lcc
7 BC Ab— 7 BC Al
|in(_l). 8 lin{0)
[ -— Bl
. A OPEN A OPEN
Vin(1) c Vin(0) c
D, LR Lo o
1. Each input is tested separately. 1. Eoch input is tested separately.
2. When testing Ro{1) ground Ro{2). 2. When testing Ro(1) opply 4.5 V to Ro(2).
3. When testing Ro(2) ground Ro(1). 3. When testing Ro(2) opply 4.5 V to Ro(1)-
4. When testing I reset all outputs to logical 0, ground

FIGURE 4

TEsT

PER
Vin O rpuTH
TABLE

1. Each output is tested in the logical 1 state.

FIGURE 5

tArrows indicate actual direction of current flow
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CIRCUIT TYPES SN5492,5N7492
DIVIDE-BY-TWELVE COUNTERS
(DIVIDE-BY-TWO AND DIVIDE-BY-SIX)

switching characteristics PARAMETER MEASUREMENT INFORMATION

Vee Vee
o] Q
(= —_————— ——— —,
v !
| RL |
! |
BC A
] |
| T |
PULSE = LOAD CIRCUIT 1 = _J
GENERATOR A 8| -
{See Note 1) c ~ LOAD CIRCUIT 2 _:
T f[}_ Ro L (Same As 1)
= Dm - =
;"r_ LOAD CIRCUIT 3 |!
-L_ (Same As 1)
L = e e e
i LOAD CIRCUIT 4 I
OouTPUT {Same As 1)
|
TEST CIRCUIT
[ [
i :1’100 s
1 2 1 5 | 6 7
by Y o U 2 U 2 et Vin{1)
| |
INPUT A | | 1.5v 1.5V
1
| Vin(0)
] .
_..J' 'pd! -— i
i = — - Vout(l)
| |
OUTPUT D 1.5V 1.5v
5 Vout{0)
VOLTAGE WAVEFORMS
NOTES: 1. The pulse generator has the following characteristics: Vgen =3V,.g=1y <15 ns, tp = 0.5 us, PRR = 1 MHz, zcutz 50 Q.
2. All diodes are 1N3064.
3. C_ includes probe and jig capacitance.
‘de + tpdl
4 td= T2 4
5, Voltage values are with respect to ground terminal.

FIGURE 6-SWITCHING TIMES

PRINTED IN U.S.A
Ti cannot assume any responsibility for eny circuits shown

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

or represent thot they ore free from potent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER 7C IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



TTL ~ CIRCUIT TYPES SN5493, SN7493
MSI 4-BIT BINARY COUNTERS

MSI TTL HIGH-SPEED RIPPLE-THROUGH COUNTERS

for applications in

e Digital Computer Systems e Data-Handling Systems o Control Systems
w JORN
Iogic TRUTH TABLE (Sazﬁlrc;;:s 1,2, and 3) FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)
INPUTA NC A D GND B [3 PO
COUNT | D lc |8 |a A
RN N ORONORONONONO;
1 0o 1o o |1 L I - T—1 J
2 BERERE
3 BERERE
« o1 ]0 o
5 R ERE
3 B ERERE
7 T ERERE
8 BERERE ’
9 170 0 @ s L -
DR ERERE INPUT 5 Fom o Vee NC O NC
IR IR
2 T T Te o positive logic: see truth table
13 B EREEE ;
I R X
) IR ] NC—No Internal Connection

NOTES: 1. Output A connected to input B
2. To reset all outputs to logical 0 both
Rg(1) and Rg(2) inputs must be at
logical 1.
3. Either (or both) reset inputs Rg(1)
and Rg(2) must be at a logical O ta count.

description

These high-speed, monolithic 4-bit binary counters consist of four master-slave flip-flops which are internally intercon-
nected to provide a divide-by-two counter and a divide-by-eight counter. A gated direct reset line is provided which
inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from flip-
flop A is not internally connected to the succeeding flip-flops the counter may be operated in two independent modes: -

1. When used as a 4-bit ripple-through counter, output A must be externally connected to input B. The input u
: count pulses are applied to input A. Simultaneous divisions of 2, 4, 8, and 16 are performed at the A, B,

C, and D outputs as shown in the truth table above.

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous
frequency divisions of 2, 4, and 8 are available at the B, C, and D outputs. Independent use of flip-flop A is
available if the reset function coincides with reset of the 3-bit ripple-through counter.

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation is
40 mW per flip-flop (160 mW total).

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

Supply Voltage Vg (SeeNoted) . . . . . . . . . . . . . . . . . ... ... TV
Input Voltage Vi (See Notes4and5) . . . . . . . . . . . . . . . . . .. .. ... 55V
Operating Free-Air Temperature Range: SN5493€Circuits . . . . . . . . . . . . . . =55°Ct0125°C

SN7493Circuits . . . . . . . . . . . . . .. 0Ct70°C
Storage TemperatureRange . . . . . . . . . . . . . . . . . . . . . .. . =—65Cto150°C

NOTES: 4. These voltage values are with respect to network ground terminal.
5. Input signals must be zero or positive with respect to network ground terminal.

TEXAS INSTRUMENTS 9.19

INCORPORATED
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222



CIRCUIT TYPES SN5493, SN7493
4-BIT BINARY COUNTERS

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage VG (See Note 4): SNB493Circuits . . . . . . . . . . . 45 5 5.5 1%
SN7493Circuits . . . . . . . . . . . 475 5 5.25 v
Normalized Fan-Out From Each Qutput (SeeNote6) . . . . . . . . . . ’ 10
Width of Input Count Pulse, tp(in) . - - . . . . - . . . . . . . . . 50 ns
Width of Reset Pulse, tp(reset) - - - - - - « . . . « . . o . . .. 50 ns
NOTE: 6. Fan-out from output A to input B and to 10 additional Series 54/74 1oads is permitted.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST +
PARAMETER TEST CONDITIONS MIN TYPf MAX | UNIT
FIGURE
tnput voltage required to ensure
Vinll) i 1 st anv input terminal 1 2 v
togical 1 at any input terminal
Vin0) Inp'ut voltage m?uired to e.nsure 2 08 v
logical O at any input terminal
Vout(1) Logical 1 output voltage 2 Vce = MiN, lload = — 400 pA 24
Vout(o) Logical O output voltage 1 Vee = MIN, Isink = 16 mA 0.4
" Logical 1 level input current at 3 Vee=MAX, Vip=24V 40 uA
in{1) Ro(1) or Ro(2) inputs Ve =MAX, V=55V 1 mA
I Logical 1 level input current at 3 Veec=MAX,  Vip=24V 80 A
i AorB inputs Voo = MAX, Vin=55V 1 mA
Logical O level input current at
lin{0) . 4 Veec=MAX, Vjp=04V -1.6 mA
Ro(1) or Rg(2) inputs
Logical O level input current at
I 4 =M in=04V =3..
in0) A or B inputs Vee=MAX,  Vip=0 32 | mA
L _ SN5493 —-20 ~57 mA
n ios Short-circuit output current$ 5 Vee = MAX,  \,, =0 SN7405 Ty = A
SN5493 32 46 mA
| Suppl t 3 Vee = MAX,Vip =45V
cc Pply curren cc in SN7493 7 53 | mA
t For conditions shown as MIN or MAX, use the appropriate value specifled under recommended operating conditi for the applicabl
circuit type,
Al typical values are at Voc = 5 V, Tp = 25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, Vee=5V., T AT 25°C,N=10
" TEST
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
FIGURE
Maximum frequency of
f, CL =15pF, R =400 Q 10 18 MH
max input count pulses L P t i
Propagation delay time to
tpd1 logical 1 level from input 6 CpL =15pF, R =400 Q 75 - 135 ns
count pu|se to output D
Propagation delay time to
75 135 ns

togo  'ogical O level from input 6 CL=15pF,  R_=4000
count pulse to output D

920




4-BIT BINARY COUNTERS

CIRCUIT TYPES SN5493, SN7493

9-21
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CIRCUIT TYPES SN5493, SN7493

4-BIT BINARY COUNTERS

~ PARAMETER MEASUREMENT INFORMATION

d-c test circuitst
Vee
TEST TEST
PER PER
Vin 7 TRUTH in 1 TRUTH
TABLE TABLE

1. Each output is tested in the logical O state.

1. Each output is tested in the logical 1 state.

FIGURE 1 FIGURE 2
Yee Vee
¥ee T
B Ab—r 8 Al—
tin(1) tin{0)
St 8 OPEN A OPEN
Vin1) A c Vin(0) v ¢
iy e o
1. Each input is tested separately. 1. Each input is tested seporately.
2. When testing Ro(1) ground Ro(2). 2. When testing Ro(1) apply 4.5 V to Ro(z)-
3. When testing Ro(2) ground Ro(}), 3. When testing Ro(2) apply 4.5 V to Ro(1).
u 4, When testing ICC al! inputs outputs ore open.
FIGURE 3 FIGURE 4
los
TEST 1
PER
Vin O 1RuTH :
TABLE

1. Each output is tested in the logical 1 state.

FIGURES

t Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5493, SN7493
4-BIT BINARY COUNTERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT Vee OUTPUT A
Q
r—fr——_————— — — =y
1
R I
| L |
' |
B A 4 l
T |
PULSE = LOAD CIRCUIT 1 =
GENERATOR A Bp—— —_ e ——— — ——
See Note 1} _——e e e e e ——
( [ . LOAD CIRCUIT 2 ﬂ|
(Same As 1)
I R 5 L e
—r————— —————
] LOAD CIRCUIT 3
-L- L (Same As 1) |
r~ LOAD CIRCUIT 4 ]
ouTPUT (Same As 1) l
D [ 1
TEST CIRCUIT
[ [
i) et Wt pt-
| [}
1 2 A 8 9
| !
| 1
INPUT A | | 1.5v
|
|
|
| |
—d rpdl p-—
' |
|
OUTPUT D 1.5V
—f C
27
VOLTAGE WAVEFORMS
NOTES: 1. The puise generator has the following characteristics: Vgen =3V, to =11 <15 ns, tp = 0.5 us, PRR = 1 MHz, Z5: &~ 50 Q.
2. All diodes are 1N3064
3. Cy includes probe and jig capacitance,
' = tpdo * 'pd1.
4. tpg >
5. Voltage values are with respect to ground terminal.
FIGURE 6-SWITCHING TIMES

PRINTED IN US.A.
Tl cannot assume ony responsibility for any circuils shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

T EXAS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

INSTRUMENTS

NCORPORATED
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LOW-POWER
TIL MSI

CIRCUIT TYPES SN54L93, SN74193
4-BIT BINARY COUNTERS

A SERIES 541/74L TTL LOW-POWER RIPPLE-THROUGH COUNTER
FOR APPLICATIONS IN

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

logic
TRUTH TABLE (See Notes 1 and 2)
OUTPUT
COUNT o 1 ¢ B A
0 0 0 0 0
1 0 (4] 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
1" 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
i5 1 1 1 1
NOTES: 1. Output A connected to input B.
2. To reset all outputs to logical 0 both Rg(1)
and Rg(2)- inputs must be at a logical 1.
3. Either {or both) reset inputs Rg(1) and Ro(2)
must be at a logical O to count.
description
The SN54L93/SN74L93 are low-power TTL

monolithic 4-bit binary counters consisting of four
master-slave flip-flops which are internally
interconnected to provide a divide-by-two counter
and a divide-by-eight counter. A gated direct reset
line is provided which inhibits the count inputs and
simultaneously returns the four flip-flop outputs to a
logical 0. As the output from flip-flop A is not
internally connected to the succeeding flip-flops the
counter may be operated in two independent modes:

1. When used as a 4-bit ripple-through counter,
output A must be externally connected to
input B. The input count pulses are applied to
input A. Simultaneous divisions of 2, 4, 8, and
16 are performed at the A, B, C, and D outputs
as shown in the truth table above.

JORN
DUAL-IN-LINE PACKAGE {TOP VIEW)

INPUT OUTPUTS OUTPUTS INPUT
A A [} GND c B 8

14 |l3| 12”“ IOI 9][8|

7 Ald [ 8l P CLJ o]
ce ] cp Ldce [

=
L
=
ot
[
O
=
Ol

Roi1y  Ro2) NC Vece NC NC NC

positive fogic: see truth table

T FLAT PACKAGE (TOP Vi Ew)

WULT ,—AOUTPUTg—\ oND ,—gUTPUTS—\

@@@@.@

@@@G)@@@

Ro(1) Ro(2) vVee NC NC

positive logic: see truth table

NC—No Internal Connection

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous
frequency divisions of 2, 4, and 8 are available at the B, C, and D outputs. Independent use of flip-flop A is
available if the reset function coincides with reset of the 3-bit ripple-through counter.

The SN54L93/SN74L93 is completely compatible with TTL and DTL logic families. Average power dissipation is

typically 16 mW.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222



CIRCUIT TYPES SN54193, SN74L93
4-BIT BINARY COUNTERS

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

Supply Volitage V¢ (See Note 4)

Input Voltage Vi (See Notes 4 and 5 .

Operating Free Air Temperature Ranges: SN54L93 Clrcuuts
SN74L93 Circuits

Storage Temperature Range . . . . . . . .

NOTES: 4. These voltage values are with respect to network ground terminal.
5. Input signals must be zero or positive with respect to network ground terminal.

recommended operating conditions

Supply Voltage Voc:  SNB4L93 Circuits
SN?74L93 Circuits

Maximum Normalized Fan-Out From Each Output (See Nota 6)

Width of Input Count Pulse, tp(in)
Width of Reset Pulse, tp{reset)

NOTE: 6. Fan-out from output A to input B and to 10 additional Series 54L/74L loads is permitted.

8v

... .. ..58V
.. 58°Cto125°C
. . 0°Cto70°C
—65°C to 150°C

45Vt055V
475V 1t05.25V
... 10
=>200ns

> 200 ns

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

PARAMETER Fr:lsJ;E TEST CONDITIONS MIN TYPE MAX [UNIT
v Input voltage required to ensure logical 1 . ) v
in(1) ¢ any input
vi Input voitage required to ensure logical 0 2 07 v
in{0) of any input
Vout{1) Logical 1 output voltage 2 [Vee=MIN, ljgad=—100pA | 24
Vout(0) Legical O output voltage T |Voc=MIN, lgnk =2 mA 03 | v
n Logical 1 level input current at Ro(1) or Rg(2) 3 Vee =MAX, Vijp=24V 10 uA
i) inputs Vee = MAX, Vin=55V 100 | #A
. ) 3 Vee =MAX, Vip=24V 20 HA
lin{1)  Logical 1 leve! input current at A or B inputs 3 Voo = MAX, Vin=55V 200 | A
tin(o) Logn:al 0 level input current at Rg(1) or Rg{2) 4 |Vec=MAX, Vip=03V _o018| ma u
inputs )
lin(0)  Logical O level input current at A or B inputs 4 |Vec=MAX, Vjp=03V -0.36] mA
los Short-circuit output current 5 |Vec=MAX, Vgut=0 -3 -15 | mA
Icc Supply current 3 |Vee=MAX 3.2 66 | mA

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

device type.
1 These typical values are at Voo =5 V, T = 26°C,

switching characteristics, Voc =5V, T4 =256°C,N=10

TEST

P,
ARAMETER FIGURE

TEST CONDITIONS

MIN TYP MAX| UNIT

fmax  Maximum frequency of input count pulses

CL=50pF, Rp=4kQ

3 MHz

Propagation delay time to logical 1 level from
tpd1 input count pulse to output D

CL=50pF, R =4k

280 450 ns

Propagation delay time to logical O level from
tpd0 input count pulse to ouput D

=B0pF, R_=4kQ

280 450 ns
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CIRCUIT TYPES SN54L93, SN74L93

4-BIT BINARY COUNTERS

15 Uj @@ san[eA J03s[sel JIV T
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CIRCUIT TYPES SN54L93, SN74193
4-BIT BINARY COUNTERS

d-c test circuitst

PARAMETER MEASUREMENT INFORMATION

TEST

Vee

Vee

TEST
PER PER
X Vi
Vin OTrRUTH P rRuT
ABLE TABLE|
1. Each output is tested in the logical O state. 1. Each output is tested in the logical 1 state.
FIGURE 1 FIGURE 2
vee Vee
Thee {
B Al— T B Al
lint) linto)
Bl— -— I
Vin(1) A OPEN Vin(o) A OPEN
Cp— c—
Db Dt -

L 1

1. Each input is tested separately. 1. Each input is tested separately.
2. When testing Rg(1) ground Rq(2). 2. When testing Rg(1) apply 4.5 V 1o Rg(2).
3. When testing Rg(2) ground Ro(1). 3. When testing Rg(2) apply 4.5 V to Rg(q).
4. When testing I¢g all inputs and outputs are open.
FIGURE 3 FIGURE 4
Vee -
B A
TEST A y © \'os
v PER c '
" rrut A
TABL Ro D

|

1. Each output is tested in the logical 1 state.

FIGURE 5

T Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN54L93, SN74L93
4-BIT BINARY COUNTERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT Vee o OUTPUTA vee
0 oo Rl ],
: RLQ 4kQ :
\ 1Ng16 | 1N916 1N916 i
8 Ale-ot H
: IN916 !
PULSE Bl 1c 7T~ s0pF 30 pF '
GENERATOR A i !
(See Note 1) c : ot — = |
= =
T EDMO o Lo _..toapgmRcuTy_ )
= L FoT T T oAb GIRCUITZ ~ T T 7]
- J_ I Lo fSAMEASD________J
=== == [GAD LRETS --------.:
—emeJSSAMEAS Y _d
""""L‘()T\o(?lﬁc'uTﬁ"“"""
ot oooamEAsy ________]
TEST CIRCUIT
.—i_.l tpl.l—
-’mﬁ-ﬁ'ol"
1 g7, 1 8 9 16
1 1 - = Vin(1)
| |
INPUT A 1 | 13v 13v
! '
i 1 v;
| ! inl0)
1 | !
- tod1 pe— —al ‘def—
' | rya Vv
| 124 out(1)
OUTPUT D 13v 1.3v
{$ Vout{0)
VOLTAGE WAVEFORMS

2. Voltage values are with respect to network ground terminal.
3. Cy inciudes probe and jig capacitance.

FIGURE 6 — SWITCHING TIMES

1. The puise generator has the following characteristics: tg = t1 = 15 ns, PRR < 500 kHz, t; > 200 ns, end Zgyy =~ 50 .
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T CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197
MS! 50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES

J OR N DUAL-IN-LINE OR zm0
W FLAT PACKAGE (TOP VIEW) g; 3
BmE
@mc
DATA INPUTS cLoCK m35
L . . Vee CLEAR ap : 1 sZ3
e Performs BCD, Bi-Quinary, or Binary Counting zZ3
Wiz nifwij9ofls Son
e Fully Programmable cL l ] J 1 zr2
N
e Fully independent Clear Input CLEAR p D B 0O < :§
. 3

e Guaranteed to Count at Input Frequencies COUNT CLOCK 232
from 0 to 50 MHz WD — SounT/ Lo 92
-4©
. - - - . ~
e Input Clamping Diodes Simplify System Design CLOCK 8*6°
Qc c A Qa 2 g 2
e Output Qa Will Drive Clock-2 Input Plus Ten ] ] l l 3§
Series 54/74 Loads 38
T([2][3]|4]]5[]|6]]7 2
COUNT/ C A_, aqa CLOCK GND N
Coan QL. A/ Qa 2 5
DATA INPUTS 5]

asynchronous input:  Low input to clear sets Qp,

Qg, Q¢ and Qp low.

TPin assignments for these circuits are the same for all packages.

description

These high-speed monolithic counters consist of four d-c coupled, master-siave flip-flops which are internally
interconnected to provide either a divide-by-two and a divide-by-five counter (SN54196, SN74196) or a divide-by-two
and a divide-by-eight counter (SN54197, SN74197). These four counters are fully programmable; that is, the outputs may
be preset to any state by placing a low on the count/load input and entering the desired data at the data inputs. The
outputs will change to agree with the data inputs independent of the state of the clocks.

These counters may also be used as 4-bit latches by using the count/load input as the strobe and entering data at the
data inputs. The outputs will directly follow the data inputs when the count/load is low, but will remain unchanged
when the count/load is high and the clock inputs are inactive.

These high-speed counters will accept count frequencies of 0 to 50 megahertz at the clock-1 input and 0 to 25
megahertz at the clock-2 input. During the count operation, transfer of information to the ouputs occurs on the
negative-going edge of the clock pulse. These counters feature a direct clear which, when taken low, sets all outputs low
regardless of the states of the clocks.

All inputs are diodeclamped to minimize transmission-line effects and simplify system design. These circuits are
compatible with most TTL and DTL logic families. Typical power dissipation is 240 milliwatts. The SN54196 and
SN54197 circuits are characterized for operation over the full military temperature range of —55°C to 125°C: the
SN74197 and SN74197 circuits are characterized for operation from 0°C to 70°C.

TEXAS INSTRUMENTS 929
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES

typical count configurations

SN54196 and SN74196 SN54196, SN74196
The output of flip-flop A is not internally connected TRUTH TABLES
to the succeeding flip-flops; therefore, the count may DECADE (BCD) BIL.QUINARY (5-2)
be operated in three independent modes: (See Note A) (See Note B)
1. When used as a binary-coded-decimal decade
counter, the clock-2 input must be externally COUNT ouTPuT COUNT ouTPUT
conriected to the QA output. The clock-1 input @p CGc Os Ga Ga Cp Oc Og
. . . 0 L L L L o] L L L L
receives the incoming count, and a count
sequence is obtained in accordance with the ! L L Lo ! L L toH
BCD count sequence truth table shown at the 2 L L HL 2 LLoH L
right. 3 L L HH 3 L L HH
4 L H L L 4 L4 L L
2. If a symmetrical divide-by-ten count is desired 5 L H L H 5 H L L L
for freguency synthesizers (or other appli- 8 L H H L 6 H L L H
cations requiring division of a binary count by 7 L H H H 7 H L H L
a power of ten), the Qp output must be 8 H L L L 8 H L H H
externally connected to the clock-1 input. The 9 H L L H 9 H H L L

input count is then applied at the clock-2 input
and a divide-by-ten square wave is obtained at NOTES: A. Output Qp connected to clock-2 input.
output Qp in accordance with the bi-quinary B. Output Op connected to clock=1 input.
truth table above.

3. For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are required.
Flip-flop A is used as a binary element for the divide-by-two function. The clock-2 input is used to obtain binary
divide-by-five operation at the Qp, Qc, and Qp outputs. In this mode, the two counters operate independently;
however, all four flip-flops are loaded and cleared simultaneously.

SN54197, SN74197

SN54197 and SN7419. . TRUTH TABLE
The output of flip-flop A is not internally connected to the succeeding flip-flops, (See Note A)
therefore the counter may be operated in two independent modes: COUNT OUTPUT
1. When used as a high-speed 4-bit ripple-through counter, output Qa must be QGp Oc 9 QA
externally connected to the clock-2 input. The input count pulses are applied to o |L L t L
the clock-1 input. Simultaneous divisions by 2, 4, 8, and 16 are performed at the 1 L L L H
Qa. Qg. Qc, Qp output as shown in the truth table at right. 2 L LKL
2. When used as a 3-bit ripple-through counter, the input count pulses are applied i :: ::' : ::I
to the clock-2 input. Simultaneous frequency divisions by 2, 4, and 8 are 5 L H L H
available at the Qg, Qc, and Qp outputs. Independent use of flip-flop A is 6 lL v H L
available if the load and clear functions coincide with those of the 3-bit 7 L H H H
ripple-through counter. 3 H L L L
9 H L L H
10 |H L H L
11 H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H

NOTE A: Output Qa connected
to clock-2 input,

TEXASl INSTRUMENTS
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES

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

Supply voltage, VoC (see Note 1) . . . .

Input voitage (seeNote 1} . . . . . . . .
Interemitter voltage (see Note 2) e e
Operating free-air temperature range: SN54196

Storage temperaturerange . . . . . . . .

NOTES: 1.

count/load inputs.

recommended operating conditions

Voltage values are with respect to network ground terminal. ‘
2. This is the voltage between two emitters of a multiple-emitter transistor.

, SN54197 Circuits . . . . . . .
SN74196, SN74197 Circuits

7V
55V
55V

. —55°Cto 125°C

0°C to 70°C

. . —65°Cto 150°C

For this circuit, this rating applies between the clear and

MIN NOM MAX | UNIT
Supply voltage, Voo SN54196, SN54197 4.5 5 55 v
SN74196, SN74197 4,75 5 525
Normalized fan-out from each output, N High |Og.IC level 20
Low logic level 10
) Clock-1 input 0 50
Count frequency (see Figure 1) Clock2 input o %5 MH;
Clock-1 input 10
Pulse width, tyy (see Figure 1) Clock-2 input 20
Clear 15
Load 20 ne
) ) High-level data tw(load)
Input hold time, thgiq (see Figure 1) rIpe—— llond
Input setup time, tsetyp (see Figure 1) High-level data 10, ns
Low-level data 15
Count enable time, tgnaple (see Note 3 and Figure 1) 20 ns
Clock input pulse fall time, t; (see Figure 1) 75 ns
Operating free-air temperature range, TA SN54196, §N54197 —55 2% 15 °c
SN74196, SN74197 0 25 70

NOTE 3: Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which interval the

count/load and clear inputs must be both high to ensure counting.

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES

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

SN54196, SN74196 [SN54197, SN74197
PARAMETER TEST CONDITIONST MIN TYPT MAX |MIN TYPT MAX UNIT
V4 High-level input voltage 2 2 \
ViL Low-level input voliage 0.8 08| V
Vi Input clamp voltage Voo =MAX, lj=—12mA -1.5 —15| V
VoH High-level output voltage Vee=MIN. ViH=2V, 24 24 v
ViL=0.8YV, IoH=-—800gA
VoL Lowlevel output voltage z?f::ls"\:;’ :IO“I:' ; 12 Svr;1A q 04 04| V
1 Input current at maximum input voltage Voe =MAX, V=55V 1 1] mA
data, count/load ] 40 40
iy High-level input current | clear, clock 1 Vee=MAX, V=24V 80 80 | vA
ciock 2 120 80
data, count/load —1.6 -1.6
i clear -3.2 —3.2
lj  Low-level input current Fetock 1 Ve = MAX, Vy=04V g Yy mA
clock 2 —6.4 —3.2
log Short-circuit output current§ Vce = MAX ::3::22: :R?:::; :fg :!5’:; :fg ::; mA
fcc Supply current Voo = MAX, See Note 4 ' 48 59 48 59 | mA

NOTE 4: Igc is measured with all inputs grounded and all outputs open.

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

Tan typical values are at Voo =5V, Ta = 25°C.

ﬂQA outputs are tested at g = 16 mA plus the limit value of 1j_for the clock-2 input. This permits driving the clock-2 input while fanning
out to 10 Series 54/74 loads.

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

switching characteristics, VCC =5V, RL=400Q,CL = 15pF, TA = 25°C, N = 10, see figure 1

PARAMETER® FROM (INPUT) TO (OUTPUT) SN54196, SN74196 | SNS4197, SN74197 | i
‘ MIN TYP MAX|MIN TYP MAX
n fmax 50 70 50 70 MHz
tPLH 7 12 7 12
Q 3
PHL Clock 1 A 10 15 0 15 | "
tPLH 12 18 12 18
- lock Q
AL Clock 2 B 14 21 1w a1 "
tPLH 24 36 24 36
| )
AL Clock 2 c 28 42 B 41"
tPLH 14 21 36 54
' Q
AL Clock 2 0 218 2 63|
tPLH 16 24 16 24
A,B,C,D Qa, Qg.Qc. @ ns
PHL 8.C Ar =8, =C- D 25 38 25 38
PLH 22 33 22 33
A
L Load w 24 36 2 3|
PPHL Clear Any 2% 37 25 37 ns

ofmax is maximum input count frequency
tp_H is propagation delay time, low-to-high-level output
tpi L is Propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197

50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES

functional block diagrams
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197

50-MHz PRESETTABL: DECADE AND BINARY COUNTERS/LATCHES

PARAMETER MEASUREMENT INFORMATION
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TTL CIRCUIT TYPES SN7497, SN74167
MSI SYNCHRONOUS RATE MULTIPLIERS

SN7497 ... 6-BIT BINARY MULTIPLIER
SN74167 ... DECADE MULTIPLIER

e Perform Fixed-Rate or Variable-Rate Frequency Division SN7497

e For Applications in Arithmetic, Radar, Digital-to-Analog ORW FL ;RP':‘?: :éE'?T';;“ SIEWF
(D/A), Analog-to-Digital (A/D), and other Conversion
Operations et P B

BB lulBll|nj{e]]9

e Typical- Maximum Clock Frequency ... 32 Megahertz

CLEAR UNITY. ENABLE STROBE

LOLYLNS “L6VLNS SIdAL LINDHID

description catenne i
These monolithic, fully synchronous, programmable counters utilize : i
Series 54/74 TTL circuitry to achieve 32-megahertz typical maximum i j I ‘% T %?'L
operating frequencies. The SN7497 is a six-bit serial binary counter; the A HsAs s
SN74167 is a decade counter. These devices have buffered clock, clear, and R S VR A v

LL6L AHVYNHE3d ‘08ELLLL $-10 "ON NIL3ITING

enable inputs to control the operation of the counter, and a strobe input to
enable or inhibit the rate input/decoding AND-OR-INVERT gates. The . :
SN74167 also has a buffered set-to-nine input. The outputs have additional positive logic: See description
gating for cascading and transferring unity-count rates,

The counter is enabled when the clear, strobe, and enable inputs are low (for
the decade counters, set-to-nine is also low). With the counter enabled the
output frequency is equal to the input frequency multiplied by the rate
input M and divided either by 64 (SN7497) or by 10 (SN74167), ie.:

SN74167
JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)t

RATE INPUTS,
LNITY/ ENABLE

SN7497:  fout = M-fin ' Voo 7T cuean cascaoe et staose ciock
64
where: M = F-25 + E-2% + D+2® + C-22 +B-2" + A-2°
M-fin

SN74167: fout

10
where: M = D<2% + C-22 + B+2' + A:2% for decimal zero through nine.

When the rate input is binary 0 (all rate inputs low), Z remains high. In order N B, e E X, e oo
to cascade devices to perform 12-bit rate multiplication with the SN7497, or prE kit
two-decade rate multiplication with the SN74167, the enable output is

connected to the enable and strobe inputs of the next stage, the Z output of positive logic: See description

each stage is connected to the unity/cascade input of the other stage, and the
sub-multiple frequency is taken from the Y output.

NC—No internal connection

tPin assignments for these circuits are the

The unity/cascade input, when connected to the clock input, may be utilized same for ail packages.

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.

All of the inputs of these counters are diode-clamped, and each input, except the clock input, represents one
normalized Series 54/74 load. The buffered clock input, used with the strobe gate, is only two Series 54/74 loads. Full
fan-out to 10 Series 54/74 loads is available from each of the outputs. These devices are completely compatible with
most TTL and DTL families. Typical power dissipation is 345 milliwatts for the SN7497, and 270 milliwatts for the
SN74167. The SN7497 and SN74167 are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN7497, SN74167
SYNCHRONOUS RATE MULTIPLIERS

- iU
description (continued) SN7497

STATE AND/OR RATE TABLE (See Note A)

INPUTS OUTPUTS
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 X X X H L | H H B
L L L LLLLLL 64 H L[ H 1 c
L L L LLLLLH 64 H 1 1 1 c
L L L LLLLHL 64 H 2] 2 i c
L L L LLLHLL 64 H 4 | 4 1 c
L L L LLHLLL 64 H 8| 8 1 c
L L L LHLLLL 64 H 16 | 16 1 c
L L L HLLLLL 64 H 32 | 32 1 c
L L L HHHHHH 64 H 63 | 63 1 c
L L L HHHHHH 64 L H | 63 1 E
L L -L HLHLLL 64 H 40 | 40 1 F
SN74167
STATE AND/OR RATE TABLE (See Note A)
INPUTS OUTPUTS
LOGIC LEVEL OR
BCD RATE NUMBER OF UNITY/ NUMBER OF PULSES
CLEAR |ENABLE |[STROBE |D C B A |CLOCKPULSES |[CASCADE | Y | 2 | ENABLE |NOTES
H X H X X X X X H L | H H B
L L L L L L L 10 H L | H 1 c
L L L L L L H 10 H 1 1 1 c
L L L L L H L 10 H 2| 2 1 c
L L L L L H H 10 H 3|3 1 c
L L L L H L L 10 H 4 | 4 1 c
L, L L L L H L H 10 H 5|5 1 c
L L L L H H L 10 H 6 | 6 1 c
S L L L L H H H 10 H 717 1 c
L L L H L L L 10 H 8 | 8 1 c
L L L H L L H 10 H 9| 9 1 C
L L L H L H L 10 H 8 | 8 1 c,D
L L L H L H H 10 H 9| 9 1 c,D
L L L H H L L 10 H 8 | 8 1 C,D
L L L H H L H 10 H 9|9 1 C,D
L L L H H H L 10 H 8 | 8 1 C,D
L L L H H H H 10 H 9|9 1 C,D
L L L H L L H 10 L H| 9 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 (L)
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. These input conditions exceed the range of the decimal rate inputs.
E. Unity/cascade is used to inhibit output Y.
M-fi, (8 + 32) fin 40fy

F. four = 0.625 fip,

64 64
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CIRCUIT TYPES SN7497, SN74167

SYNCHRONOUS RATE MULTIPLIERS

Supply voltage, Vg (see Note 1)
Input voltage {see Note 1)
Operating free-air temperature range
Storage temperature range

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

7V
. . BBV

0°C to 70°C
—65°C to 150°C

recommended operating conditions

MIN NOM MAX |UNIT

Supply voitage, Vo 4.75 5 5.25 v
Normatized fan-out from output, N 10
Input clock frequency, foigck 0 25 | MHz
Width of clock pulse, tyy(clock) 20 ns
Width of clear pulse, ty(c|ear) 15 ns
Width of set-to-nine pulse tyy(set.t0.9) | sN74167 15 ns
Setup time, tseryp: (See Figure 1)

From positive-going transition of clock pulse 25 ns

From negative-going transition of previous clock pulse 0 ty(clock)—10 ns
Hold time, thg|g: (See Figure 1)

From positive-going transition of clock pulse 0 tw(clock)—10 ns

From negative-going transition of previous clock pulse 4] Icp—'l 0 ns
Operating free-air temperature, Ta 0 70 °C

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

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

PARAMETER TEST CONDITIONST MIN TYP: MAX |UNIT

V|4 High-level input voltage 2 v

V)L  Low-levei input voitage 08! V

vV Input clamp voitage Vee=MIN,  1j=-12mA -15| V

VoH High-level output volitage sz;(;vls‘ ':l/ I\g: ; i\ll(;() A 24 v

VoL Low-level output voitage Vec=MIN, Vi =2V, 04| v
ViL=08V, IgL=16mA

1 Input current at maximum input voitage Veec=MAX, V=55V 1| mA

IiH  High-level input current Z::‘c; ::g::s Veec=MAX, V=24V ig A

e Low-level input current clock !nputs Vee=MAX, V=04V —32 mA

other inputs -1.6
Igs  Short-circuit output current§ Voo = MAX -18 —65| mA
3 Ve = MAX, | SN7497 58

IccH Supply current, high-levei output See Note 2 SN74167 e mA

lccL Suppiy current, low-level output Vee = MAX, | SN7497 &0 120 mA
See Note 3 SN74167 65 99

NOTES: 2. lgcy is measured with outputs open and all inputs low.
3. IccL is measured with outputs open and all inputs high except the set-to-nine input of the SN74167, which is low,

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

device type.
Al typical values are at Voo = 5 V, T = 25°C.
§Not more than one output should be shorted at a time.

TExAQ
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9.38

CIRCUIT TYPES SN7497, SN74167

SYNCHRONOUS RATE MULTIPLIERS

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

PARAMETERY FROM To TEST CONDITIONS MIN TYP MAX|UNIT
INPUT OUTPUT
fmax 25 32 MHz
1 13 20
PLH Enable Enable ns
tPHL 14 21
1 12 18
PLH Strobe z ns
tPHL 15 23
1 26 39
FLH Clock Y ns
tPHL 20 30
1 12 18
PLH Clock Zz ns
tPPHL 17 26
1 9 14
tPLH Rate Z 5 o ns
PHL CL= 15 pF,
PiH . 9 14
Unity/Cascade Y RL =400, ns
tPHL . 6 10
See Figure 1
ter H . 19 30
- Strobe Y ns
TPHL 22 33
1 19 30
PLH Clock Enable ns
PHL 22 33
t Y 24
PLH Clear 36 ns
tPHL z 15 23
1]
(SN74:2;_6nly) Set-t0-9 Enable 18 27 ns
1 15 23
PLH Any Rate Input Y ns
PHL 15 23
ﬂfmax is maximum input clock frequency.
tp H is propagation delay time, low-to-high-level output.
tpHL is propagation delay time, high-to-low-level output.
271
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CIRCUIT TYPES SN7497, SN74167
SYNCHRONOUS RATE MULTIPLIERS

PARAMETER MEASUREMENT INFORMATION

3v

Vee

ENABLE
INPUT

15V Fisv
| i ————— ov

be—eo—tPHL ®
| —ai— LH

| | VoH
ENABLE 15v 15V
ouTPUT
L ___Vou

Flip-flops are at the maximum count.

CUTPUT OF DEVICE
UNDER TEST

{See Note B}

All three outputs are loaded during testing

Other i .
LOAD CIRCUIT er inputs are low

PROPAGATION DELAY TIMES,
ENABLE INPUT TO ENABLE OUTPUT

ENABLED DISABLED s

I"w(c!ock)J lO"w(c«ock)-|

1
| 3v CLOCK OR f
cLock STROBE sV 15V
INPUT 15V I | ov
I
R P b
I ] L_ 1| _L**‘VOH
o—zsg,up—onhmd.l - >10ns 1\l
! l av OUTPUT Z | 15V | 15v
'\_ / ] |
. Vou
ENABLE PHL }
15V bont
INPUT —\j i pe—et-tPLH
————————— ov i | VOH
OUTPUT Y 15V 15V

———=VoL

__________ vo
" Unity/cascade and rate inputs are high, other inputs are low,
OUTPUT ¥ / \ . .
and flip-flops are at any count other than maximum.
vou PROPAGATION DELAY TIMES, CLOCK TO ZAND Y,
ENABLING FROM POSITIVE-GOING AND STROBE INPUT TO Z AND Y
TRANSITION OF CLOCK PULSE

DISABLED Al DISABLED memmmen
l“w(clock?.“—"cp_J RATE INPUT 15V 15v

——— -3V re——et-PLH
CLOCK l VoH
INPUT | |
OUTPUT Z 15V 15V

[+ thotd — ——-voL

‘serup‘l"“—"
1 3v Flip-flops are at a count so that all other inputs to the gate

| . . . .
ENABLE 15V ; 15v under test are high all other inputs, including other rate
INPUT : ’ inputs, are low,
__________________ ov

PROPAGATION DELAY TIMES,
RATE INPUT TO Z

— — = == VoH
OUTPUT ¥ /__—\— >
VoL UNITY/CASCADE 15v 1.5V

ENABLING FROM NEGATIVE-GOING INPUT I S /— ov
TRANSITION OF PREVIOUS CLOCK PULSE i E R R

i R : - |~ —— V,
1. Unity/cascade and rate inputs are high, other inputs are | | OH
. . OUTPUT Y 15v
low, and flip-flops are at any count other than maximum sV

or one count before maximum. Vou

2. Setup and hold times are illustrated for enabling a single Output Z is high.
clock pulse (count). Continued application of the enable

PROPAGATION DELAY TIMES,

function will enable subsequent clock pulses (counts)
UNITY/CASCADE INPUT TO Y

«ntil disabling occurs (enable goes high). The total
rumber of counts will be determined by the total number
of positive-going clock transitions enabled.
NOTES: A. The input pulse generator has the following characteristics: tyy(clock) = 20 ns, tT 4 < 10 ns,
tTHL < 10 ns, PRR = 1 MHz, Zg,¢ ~ 50 Q.
B. C|_includes probe and jig capacitance.
C. All diodes are 1N3064.
FIGURE 1-SWITCHING TIMES
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CIRCUIT TYPES SN7497. SN74167
SYNCHRONOUS RATE MULTIPLIERS

functional block diagram

SN'7497 BINARY COUNTER

ENABLE
INPUT
ENABLE
ouTPUT
\ .
| ¥
| |
i i —t
|
Q | —
—o A o o Qc—4+ o D o o apf—
| Qg Qp; 13
—olcLock L —dcloek ~—dcLock —dcLock 9 erock —d cLock
aa } Gsh acty GpHy Q! —I GFt—
cLear ||| CLEAR cLEAR | cLear || CLEAR CLEAR
CLEAR ? N T
O] - I
cLock
STROBE j y . . |
RATE 1 RATE RATE RATE RATE RATE
INPUT F INPUT E i INPUT D INPUT C i INPUT B INPUT A
]_L_‘ L SN i i
F 3 ) 8 U
| SR

‘UNITY ‘CASCADE
INPUT

ZouTPUT

[
Y OUTPUT

functional block diagram

SN74167 DECADE COUNTER

940

ENABLE
ENABLE
INPUT
> [ ! —
1 i
+ T 1
: |
|
! ; 1
EDIESD I Y |
! 1 PRESET PRESET
I —dcLock ~—dcLock | i D acl—o 0 apl—
i 3ah I —dcLock |  r—qctock
CLEAR cLear || i
- I -
Ochy | Qp|
cLEAR | | ! ceany) |
SET H T l
T09 L '
o {>c + !
CLEAR I T i
o D@ | ; :
&
cLock l
STROBE
RATE RATE RATE RATE
INPUT D INPUT C INPUT B INPUT A
[ A

UNITY CASCADE D—&D_O Y OUTPUT
INPUT

zZouTePuT
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Tl CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

MSI

SN54160, SN54161, SN74160, SN74161, . . . SYNCHRONOUS COUNTERS WITH DIRECT CLEAR

SN54162, SN54163, SN74162, SN74163 . . . FULLY SYNCHRONOUS COUNTERS

o Internal Look-Ahead for Fast Counting Schemes
e Carry Output for n-Bit Cascading

e  Synchronous Counting

e Synchronously Programmable

e Load Control Line

e Diode-Clamped Inputs

e Typical Maximum Input Clock Frequency . . .32 MHz

description

These synchronous, presettable counters feature an internal carry look-ahead for application in high-speed counting
schemes, The SN54160, SN54162, SN74160, and SN74162 are decade counters and the SN54161, SN54163,
SN74161, and SN74163 are 4-bit binary counters. Synchronous operation is provided by having all flip-flops clocked
simultaneously so that the outputs change coincident with each other when so instructed by the count-enable inputs
and internal gating. This mode of operation eliminates the output counting spikes which are normally associated with
asynchronous (ripple clock) counters. A buffered clock input triggers the four J-K master-slave flip-flops on the rising

(positive-going) edge of the clock input waveform.

These counters are fully programmable; that is, the outputs may be preset to either state. As presetting is synchronous,
placing a low level on the load input disables the counter and causes the outputs to agree with the data inputs after the
next clock pulse. The clear function for the SN54160, SN54161, SN74160, and SN74161 is asynchronous and a low
level at the clear input sets all four of the flip-flop outputs low regardless of the state of the clock. The clear function
for the SN54162, SN54163, SN74162, and SN74163 is synchronous and a low level at the clear input sets all four of
the flip-flop outputs low after the next clock pulse. This synchronous clear atlows the count length to be modified
easily as decoding the maximum count desired can be accomplished with one external NAND gate. The gate output is

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)T

GUTPUTS
CARRY ..~ ENABLE
Vee OUTPUT 0y 0y Qg Qp 1 LOAD
W15 fifrzgnijuwfl9
! T I
| [T ]
LARIYQy Qg Q¢ QpENABLE
[IRR MR T
l—ocuAR LOAD o—'
ENABLE
CLOCK A B c 5] P
I
S N S
v{l2f]37|415(|]6¢[71]38
CLEAR CLOCK _A B8 C D ENAPBLE GND
DATA INPUTS
positive logic: See description

tPin assignments for these circuits are the same for

all packages.

connected to the clear input to synchronously set the counter to 0000 (LLLL).

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count-enable
inputs (P and T) must be high to count, and input T is fed forward to enable the carry output. The carry output thus
enabled will produce a positive output pulse with a duration approximately equal to the positive portion of the Qa
output. This positive overflow carry pulse can be used to enable successive cascaded stages. High-to-low-level transitions

at the enable P or T inputs should occur only when the clock input is high.

All inputs are diode-clamped to minimize transmissiori-line effects, thereby simplifying system design. A full fan-out to
ten normalized Series 54/74 loads is available from each of the outputs in the low-level state. A fan-out to
20 normalized Series 54/74 loads is provided in the high-level state to facilitate connection of unused inputs to used

inputs. Input clock frequency is typically 32 megahertz and power dissipation is typically 325 milliwatts.

Series 54 circuits are characterized for operation over the full military temperature range of —55°C to 125°C; Series 74

circuits are characterized for operation from 0°C to 70°C.

0461 4390100 ‘S8ELLOL S-7A 'ON NIL3TINg

€OLYLNS NYHL 09LPLNS ‘EILPSNS NYHL 09LYSNS SIdAL LINDHID
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

SN54160, SN54162, SN74160, SN74162 SYNCHRONQUS DECADE COUNTERS

typical clear, preset, count, and inhibit sequences

Illustrated below is the following sequence:
1. Clear outputs to zero.
2. Preset to BCD seven.
3. Count to eight, nine, zero, one, two, and three,

4. Inhibit
CLEAR
(SN54160, SN74160) I l {ASYNCHRONOUS)
|
CLEAR br
{SN54162, SN74162) 1] svncHRonous)
LOAD L

/A_j
o _J

DATA
INPUTS ﬂ

CLOCK
(SN54162, SN74162)

i |

e L —
i N s I N B
b B I
R e
S B A !

| I
CARRY : E | |
! 7 8 9 0 1 2 3
I '- COUNT + INHIBIT
CLEAR PRESET
9.42 TEXAS| INSTRUMENTS
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

SN54161, SN54163, SN74161, SN74163 SYNCHRONOUS BINARY COUNTERS
typical clear, preset, count, and inhibit sequences

Illustrated below is the following sequence:
1. Clear outputs to zero.
2. Preset to binary twelve.
3. Count to thirteen, fourteen, fifteen, zero, one, and two.

4. Inhibit.
CLEAR
(SN54161, SN74161) l | (ASYNCHRONOUS)
|
CLEAR |
(SN54163, SN74163) L] tsyncronous)
LOAD | [
e
— — — e — o — — — — —
A 3

INPUTS
¢
o]
{SN54161, SN74161)

Sawe L LT LT Lrur L
(SN54163, SN74163)

i

|

|

|

|

]

I

8 1
DATA 0
1

i

I

i

]

i

i

I

ENABLEP

i
[} : I
ENABLE T : lr: |___—__
s | ! |
et I s I e N
St BRI ey B
ouTPUTS < - H

___ _i |

N

~ |

CARRY : l I
112 13 14 15 0 1 2

l I COUNT INHIBIT ————
CLEAR PRESET
)70
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163

SYNCHRONOUS 4-BIT COUNTERS

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

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

SN54160, SN54161, SN54162, SN54163 Circuits
SN74160, SN74161, SN74162, SN74163 Circuits

Storage temperature range
NOTES: 1.

Voltage values are with respect to network ground terminal.

A"
55V
b5V

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

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

enable inputs P and T.
recommended operating conditions

SN54160, SN54161,

SN74160, SN74161,

SN54162, SN54163 | SN74162, SN74163 | UNIT
MIN NOM MAX! MIN NOM MAX
Supply voltage, Voo 45 5 55 | 475 5 5.25 \
Normalized fan-out High logic level 20 20
from each output, N Low logic level 10 10
Input clock frequency, felock [¢] 25 0 25 | MHz
Width of clock pulse, tyw(clock) 25 25 ns
Width of clear pulse, tyi(clear) 20 20 ns
Data inputs A, B, C, D 15 15
Setup time, tgetyp (see Figures 1 and 3) Enable P 2 20 ns
Load 15 15
Clear® 20 20
Hold time at any input, thelg 9] 0 ns
Operating free-air temperature, Ta —55 25 125 0 25 70 | °c

CThis applies only for SN54162, SN54163, SN74162, and SN74163 which have synchronous clear inputs.

electrical characteristics over recommended operating free-air temper

ature range (unle

ss otherwise specified)

SN54160, SN54161, |SN74160, SN74161,
PARAMETER TEST CONDITIONS? SN54162, SN54163 | SN74162, SN74163 |UNIT
MIN TYP: MAX | MIN TYP; MAX
V|4 High-levei input voitage 2 2 Vv
m ViL  Low-level input voltage 0.8 08| V
V) Input clamp voltage Voo = MAX, Ij=—-12mA -1.5 -15 | V
Ve =MIN, V=2V,
VoH High-level output voltage cc H 24 24 \%
ViL=08YV, IloH =-—800uA
Vee =MIN, Vig=2V,
V Low-level output voltage 0.4 04 V
oL P 9 ViL=08V, lg_=16mA
Iy Input current at maximum input voltage Vee =MAX, V=565V 1 1 | mA
High-levet Clock or enable T 80 80
hy . b - Voo = MAX, V=24V HA
input current Other inputs 40 40
Low-level Clock or enable T —3.2 -3.
TR l Ve = MAX, V=04V 82
input current Other inputs —1.6 -1.6
los  Short-circuit output current§ Vee = MAX —20 —57 | —18 —-57 | mA
IccH Supply current, all outputs high Vge = MAX, See Note 3 59 85 59 94 | mA
IccL Supply current, all outputs low Vi = MAX, See Note 4 63 N 63 101 | mA

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 Voc =5V, Tp = 25°C.

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

NOTES: 3. IggH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.

4. lcgL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
| SYNCHRONOUS 4-BIT COUNTERS

switching characteristics, Vgc =5V, Ta=25°C,N =10

level Q output from clear

PARAMETER F:-:LSJTR‘E TEST CONDITIONS [MIN TYP MAX | UNIT
fmax Maximum input clock frequency 1,2 25 32 MHz
Propagation delay time, low-to-high-
PLH level carry output from clock 1.2 z 35
Propagation delay time, high-to-low- ns
PHL level carry output from clock 1.2 2 35
tPLH Propagation delay time, low-to-high- 12 13 20
level Q output from clock CL = 15 pF, ns
PHL Propagation delay time, high-to-low- 12 Ry = 400 & 15 2
level Q output from clock
Propagation delay time, low-to-high-
tPLH level carry output from enable T 13 8 13
Propagation delay time, high-to-low- ns
PHL level carry output from enable T 1.3 10 5
tPHL Propagation delay time, high-to-low- 13 20 20 ns

PARAMETER MEASUREMENT INFORMATION

OUTPUT Vee

7

RL

FROM OUTPUT
UNDER TEST

1
T

NOTES: A. Cy includes probe and jig capacitance.
B. All diodes are TN3064.

LOAD CIRCUIT FOR SWITCHING TESTS
FIGURE 1
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163

SYNCHRONOUS 4-BIT COUNTERS

functional block diagrams
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

l“tw(clock) -
! I
CLOCK
INPUT
|
L—ol-—tpLH L—-:—KPHL |
| | (measureat tnyq) | | (measure at tn45) |
| | | 1 -y
| | l | | IH
OuTPUT | 15V 15V [
Qa | |
I £¢ v
| | 72 | i
I le—o}— tPHL I‘-——’L— tPLH
I { I (measure at tni4) | (measure at th49)
[ i | |
ouTPU ' I | I ! YiH
T
0p | [ 15V | 15V
1 £¢
| | 4 — == = -
| IQ——»‘— tPHL |<-——|—— tPLH
| | : {measure at t4g) | l (measure at tp+4)
|
| | | | | ViH
OUTPUT v
oc [ | 15 I 15V
Nqi !
: | 27 | - — - — — —— =V
H— PPHL I“—-"— tPLH
| [ (measure at th+10 (measure at tn4+g)
I | | orthug)
| (SeeNote 8) [ ViH
ouTPUT [ |
ap | I 15V 15V
(¢
[ | r) - T - — — — T — Vi
f*—1— tPLH "'—"I—tPHL
! | (measure at th+1Q
E | orth+16) (See Note B)
| = - - - = - " - - =, T T T VM
CARRY
OUTPUT 15V 1.5V
[4
$$ ViL

VOLTAGE WAVEFORMS

NOTES: A. The input pulses are supplied by a generator having the following characteristics: t, < 10 ns, tf < 10 ns, PRR < 1 MHz, duty
cycle < 50%, Zg ¢ ~ 50 §2. Vary PRR to measure 4.
B. Outputs Qp and carry are tested at t,, g for the SN54160, SN54162, SN74160, and SN74162, and at tp1¢ for the SN54161,
SN54163, SN74161, and SN74163, where t, is the bit time when all outputs are low.

FIGURE 2—SWITCHING TIMES
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

CLOCK INPUT
SN54160, SN54161,
SN74160, SN74161

CLEAR
INPUT

oty (clear)

LOAD
INPUT

DATA INPUTS
A,B,C,and D

Q OUTPUTS
SN54161, SN74161

Qp and Qp OUTPUTS
SN54160, SN74160

IQ-—-—-D%—-— tpLH (measure at th49 and tpeq)

| - e e o ow e e = VY

! [ I7
Qg and Q¢ OUTPUTS
SN54160, SN74160 : 15V, : ;{-1.5v
| 7
—————————————— v
! I T oL
! ' —  ———— 3v
I
ENABLE P or : ! '
ENABLE T | | |
|
|
|

l‘_"_ tsetup

|
|
|
CARRY i
|
i
[

I {setup —™

3V
CLOCK INPUT
SN54162, SN54163, 15V
SN74162, SN74163 i
e e i oV
—>i tpy le— —>| tPLH le—
! VOH
Q OUTPUTS ] | | |
SN54163, SN74163 I 15V I 15V
Qp and Qp OUTPUTS : I
SNb4162,SN74162 . ee— e — - — — — — — — — — VoL
_..i tPHL =<_ :Q——-.:— tpLH (measure at th4p and tnig)
| I,————————————VOH
Qg and Q¢ OUTPUTS
SN54162, SN74162 15V #1'5\/
e o e - — VoL
VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplied by a generator having the following characteristics: t, < 10 ns, t; < 10 ns, PRR < 1 MHz,
duty cycle < 50%, Zg,¢ = 50 Q.
B. Enable P and enable T setup times are measured at t, = 0.
FIGURE 3—SWITCHING TIMES
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1! CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
MSI SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

pfel
JOR N DUAL-IN-LINE £3
OR W FLAT PACKAGE (TOP VIEW)T r_rr_lIS
- ™ —— -l
e Counts 8-4-2-1 BCD or Binary PN Gl L 24
. . DATA RIPPLE MAX/ DATA DATA 2 -
e Single Down/Up Count Control Line Ve A CLOGK CLOCK MIN 10aD € O Om
o
o Count Enable Control Input : o2
. - ~d
e Ripple Clock Output for Cascading TR 3§
. CLOCK miN al
e Asynchronously Presettable with Load Control geg
»
e Parallel Outputs Y
o
. . . o
e Cascadable for n-Bit Applications NP 42
©
e Typical Average Propagation Delay (Clock to §§.
O Output) ... 20 ns nZ
DATA QB OA ENABLE DOWN/ QC OD GND 8 o
. . . . B G uP b
e Typical Power Dissipation . .. 325 mW N — 3¢
3 . INPUT OUTPUTS INPUTS OUTPUTS ~
Typical Maximum Clock Frequency .. .25 MHz - - 2
asynchronous inputs: Low input to load sets Qa=A, ©
Qg =B,Qc=C,andQp=D =
description TPin assignments for these circuits are the same for

all packages,

The SN54190, SN54191, SN74190, and SN74191 are synchronous, reversible up/down counters having a complexity
of 58 equivalent gates. The SN54191 and SN74191 are 4-bit binary counters and the SN54190 and SN74190 are BCD
counters. Synchronous operation .is provided by having all flip-flops clocked simuitaneously so that the outputs change
coincident with each other when so instructed by the steering logic. This mode of operation will eliminate the output
counting spikes which are normally associated with asynchronous (rippte clock) counters.

The outputs of the four master-slave flip-flops are triggered on a |ow—to»high-levél transition of the clock input if the
enable input is low. A high at the enable input inhibits counting. Level changes at the enable input should be made only
when the clock input is high. The direction of the count is determined by the state of the down/up input. When low,
the counter counts up and when high, it counts down.

input and entering the desired data at the data inputs. The output will change to agree with the data inputs indepen-
dently of the state of the clock input. This feature allows the counters to be used as modulo-N dividers by simply
modifying the count length with the preset inputs. )

These counters are fully programmable; that is, the outputs may be preset to any state by placing a low on the load _

Input buffers have been used to lower the fan-in requirement to only one normalized Series 54/74 load at all inputs
except enable. This is important when the output of the driving circuitry is somewhat limited.

Two outputs have been made available to perform the cascading function: ripple clock and maximum/minimum count.
The latter output produces a high-level output pulse with a duration approximately equal to one complete cycle of the
clock when the counter overflows or underfiows. The ripple clock output produces a low-fevel output pulse equal in
width to the low-level portion of the clock input when an overflow or underfiow condition exists. The counters can be
easily cascaded by feeding the ripple clock output to the enable input of the succeeding counter if parallel clocking is
used, or to the clock input if parallel enabling is used. The maximum/minimum count output can be used to accomplish
look-ahead for high-speed operation.

Power dissipation is typically 325 milliwatts for either the decade or binary version. Maximum input clock frequency
is typically 25 megahertz and is guaranteed to be at least 20 megahertz.

The SN54190 and SN54191 are characterized for operation over the full military temperature range of —55°C to
125°C; the SN74190 and SN74191 are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

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

Supply voltage, Ve (seeNote 1) . . . . . . . . L L L L 7V
Inputvoltage (see Note 1) . . . . . . . . . . « . . .. .o e e e e e 55V
Operating free-air temperature range: SN54190,SN54191 . . . . . . . . . . . . . . . . —55°Ct0 125°C

SN74190,SN74191 . . . . . . . . .. ... ... 0°Cto 70°C
Storage temperature range . . . . . . . . 0w v 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 terminal.

SN54190, SN74196 DECADE COUNTERS

typical load, count, and inhibit sequences

{llustrated below is the following sequence:

1. Load (preset) to BCD seven.

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

3. Inhibit.

4. Count down to one, zero (minimum), nine, eight, and seven.

DATA
INPUTS

]
i
n - :

DOWN/UP

o

ENABLE [ |
] |
on T LI L N [ I O
%___J [ ] [
I oo
S N i
] T
L I ! P I 1
11 1 1 1
MAX/MIN -:|L :: I | \ l : I I
i : Pt
RIPPLE CLOCK _-J T I I : o l_l
- i :: 8 9 0 12 Fl }z : 1 0 9 g 7
I I L—- COUNT uUP -———-—OI‘— |NH|BIT——I "—— COUNT DOWN ———————
(L.
LOAD
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

recommended operating conditions

SN54190, SN54191 | SN74190, SN74191
MIN NOM MAX | MIN NOM MAX UnNIT
Supply voltage, Voo 45 5 b5 (475 5 525 v
. High logic level 20 20
Normalized fan-out from each output, N Low logic fevel 0 10
Input clock frequercy, fclock 0 20 0 20 | MHz
Width of clock input pulse, tw(clock) 25 25 ns
Width of load input pulse, ty(load) 35 35 ns
Data setup time, tsetup (See Figures 1 and 2} 20 20 ns
Data hold time, theld 0 0 ns
Operating free-air temperature, T —55 25 125 0 25 70 °C

SN54191, SN74191 BINARY COUNTERS
typical load, count, and inhibit sequences

Hiustrated below is the following sequence:

1. Load (preset) to binary thirteen.

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

3. Inhibit.

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

P i — — — —
DATA T -
INPUTS ! —— . —— — — — — — — — —
c || 1
[ —_ — — —— — — — — ——— —
[
Dﬁ__ —_— —_— —_— — = J—
i e—_ — —_— — e — e — — — - -
! t
| Tt !
i R
DOWN/UP '1 1] [ !
— !
| 1l l——-—j
ENABLE I )1 !
[ 1
[} 1
[
t

[ 1
t 1
1 |
1 ]
L] 1
! [
! 1
T |
R 1 (I
Q¢ M l | [ I
: : i I 1
JE—— n 1 | t
% _ _ f T 1 [ |
[ | : ]
- (] 1 1
MAX/MIN _I il | o I
- Pl T T T
- Il I | i
RIPPLE CLOCK _|| il | [ ' | : |
- I
[RERRT 15 [} 12 2 12 g1 [ 15 1 13
I i '
I I I-——COUNT UP———*"—INHIBIT—OI l.——COUNT DOWN —————————=
N o’
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

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

SN54190, SN54191 | SN74190, SN74191
PARAMETER TEST CONDITIONST uNIT
MIN TYPi MAX |MIN TYPI MAX
V|4 High-level input voltage Vee = MIN 2 2 v
ViL  Lowlevel input voltage Vce = MIN 0.8 08| V
\ Input clamp voltage Vec=MIN, 1;=—12mA -15 —15| V
Voo =MIN, V=2V,
A\ High-tevel output volta 2.4 24 A\
oy High-level output voltage VIL=08YV, lop = —800uA
Vee=MIN, Vig=2V,
vV Low-level output volta 0.4 04| Vv
oL Low-level output voltage VIL=08V, loL=16mA
igh-level i ent
I ngh- evel |.nput current at Vee=MAX, Vj=55V 1 11 ma
maximum input voltage
. H‘igh-le_vel i:put cu:rentb‘ 40 20| uA
al'any mpL'| except enable Voo =MAX, V=24V
High-level input current
IIH . 120 120 | pA
at enable input
e i_ow-iefrel input current 16 16| ma
at any input except enable
Low-level input current Voo TMAX, V=04V
e P —4.8 -48| mA
at enable input
los  Short-circuit output current§ Vee = MAX —20 —65 | —18 —65 | mA
Icc  Supply current Ve = MAX, See Note 2 65 105 65 105 | mA

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

type.
iAﬂ typical values are at Voo =5V, Ta = 25°C.
§ Not more than one output should be shorted at a time.
NOTE 2:

Icc is measured with all inputs grounded and all outputs open.

switching characteristics, Voo =5V, Tp = 25°C,N=10

q FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
{INPUT)} {OUTPUT)

n e . z .

tPLH 22 33
Load Qa, O, Qc, O ns
tPhL o8 A B HCED 33 50
tPLH Data A, B, C,D Qa, Qg. Qc, Q Lo 18
a A, B,C, ,Qg. Qc,

tPHL @ A- 8,40 HD 35 50
1 13 20
PLH Ciock Ripple Clock CL=15pF, RL =400, ns
tPHL ) ) 16 24
3 See Figure 1 and Figures 3 thru 7 18 o
PLH Clock Qa, Og, Qc, Qp ns
tPHL 24 36
1 28 4
PLH Clock Max/Min 2 ns
tPHL 37 52
t 30 4
PLH Down/Up Ripple Clock 5 ns
tpHL 30 45
t 21 33
PLH Down/Up Max/Min ns
tPHL 22 33

ﬂfmax = maximum clock frequency

tpLH = propagation delay time, low-to-high-level output
tpH L= propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

functional block diagram SN54190, SN74190 DECADE COUNTERS

cLock o——«DO—

o RIPPLE
DOWN/ CLOCK
uP °““I>° ]
MAX [ MIN

_ hd —O ouTPUT
= |
—
—a
DATA
INPUT A | 1
PRESET
J a, QUTPUT Qp
ENABLE 4& — cLOCK
G
K Qp
CLEAR ‘l
DATA
NPUT B8 B )c r
PRESET
— J Qg —O0 OUTPUT Qg
&—d cLocK
1
1 K Tg
CLEAR
>}
' I
DATA
INPUT ¢ O~ D 2
} PRESET
J * e m
—1
1
¢—gcLock y
[
1 K G,
CLEA&C
DATA
oo EDS |
— PRESET
1 J 0p OUTPUT Qp
! L
CLOCK
1
K

Q
CLEAR
LOAD o—c%
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

functional block diagram

CLOCK

up

DATA

P>
DOWN/ o__Dc

SN54191, SN74191 BINARY COUNTERS

|

INPUT A O

ENABLE O

RIPPLE

CLOCK

MAX / MIN

D

5

G

DATA

D

®—QCLOCK

K

PRESET
J Q,

Q
CLEARA

—O “ouTPUT

A

D

INPUT B

DATA

®—QJ CLOCK

PRESET
J Q

[o

K —
CLEAR

—OOUTPUT Q4

D) -

INPUT C

DATA

4

¢$—Q CLOCK

K
CLEAR

PRESET
e

Gc

-0 OUTPUT Qg

INPUT D

LOAD O—Q

}

PRESET

—Q) CLOCK

K

9

q
cLear”

OUTPUT Qg

D____ff

O OUTPUT O
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION

OUTPUT  Vco

INPUT
{SEE NOTE C)

Qa, Qp.

i .
I
|
QC- OR OD le—tpp— T T T VoH
Cp = 16 pF (SEE NOTE B} gﬁvm\;smmc : ?1,5v ! st\
(SEE NOTE A) : [P vou

INVERTING

FIGURE 1-LOAD CIRCUIT ouTPUT
FOR SWITCHING TIME MEASUREMENT

I
-4

y---
g
i
3-
5
_t
5 g

DATA See waveform sequences in figures 4 through 7 for propaga-
tion times from a specific input to a specific output. For
simplification, pulse rise times, reference levels, etc., have

not been shown in figures 4 through 7.

v FIGURE 3—GENERAL VOLTAGE WAVEFORMS FOR
°m vou PROPAGATION TIMES

FIGURE 2—-SETUP TIME VOLTAGE WAVEFORMS

NOTES: A. C| includes probe and jig capacitance.
B. All diodes are 1N3064.
C. The input pulses are supplied by generators having the following characteristics: Zg,¢ = 50 §2, duty cycie < 50%,
PRR < 1 MHaz.

LOAD | I | I
|
I
ANY DATA INPUT I : I

CORRESPONDING
QOUTPUT wem oo o o e o

H

R I

1

|
]
|
1
| |
tPLH—ﬂI :4— :o—:pm_ o=t [ ! le— oy

NOTE D: Conditions on other inputs are irrelevant. .
FIGURE 4—-LOAD TO OUTPUT AND DATA TO OUTPUT

LOAD l I

DOWN/UP

cLOCK | l"_l

ENABLE G l

: -
MAX/MIN 1 ' |—'|_

NOTE E: All data inputs are low.
FIGURE 5—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DOWN/UP TO MAX/MIN
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n o 1
DATA B,C, AND D
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

LOAD U U

DATA INPUTS
(SEE NOTES F to H)

DOWN/UP L
CLOCK l I
-

1

———
OUTPUT(S) UNDER TEST 1

—— — —— m— - - — o — - = o - ——

ENABLE = LOW

NOTES: F. To test Qp, Qp, and Q¢ outputs of SN54190: Data inputs A, B, and C are shown by the solid line. Data input D is shown by the
dashed line. .
G. To test Qp output of SN54190: Data inputs A and D are shown by the solid line, Data inputs B and C are held at the jow logic

level.
H. To test Qp, O, Qg, and Qp outputs of SN54191: All four data inputs are shown by the solid line.

FIGURE 6—CLOCK TO OUTPUT

LOAD I_l L_'

(SEE NOTE 1) I_.__—___.___._—..__

DOwWN/UP L
1T gl

|
:‘- PLH [* tPHL — [*— tPLH —* | tPHL
MAX/MIN I I I

ENABLE = LOW

CLOCK

1

NOTE i: Data inputs B and C are shown by the dashed line for SN54190 and the solid line for SN54191. Data input D is shown by the solid line
for both devices.

FIGURE 7-—-CLOCK TO MAX/MIN
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m CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
Msi SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

e Cascading Circuitry Provided Internally
e Synchronous Operation JORN
e Individual Preset to Each Flip-Flop
e Fully Independent Clear input Ve

e Typical Maximum Input Count Frequency . .

DUAL-IN-LINE PACKAGE (TOP VIEW)

INPUTS INPUTS.

ouTPUTS A "
DAYA CLEAR s Aoy LOAD DA\‘A DATA
BGRROW CARRY

151514131211»!
. 32 MHz 1‘lll‘

046l AHVYNYAE34 'LLELLOL S-1d "ON N1L31INE

I

A CLEAR BORROW CARRY LOAD € i

.. |

description e oL
These monolithic circuits are synchronous reversible {up/down) % 0 a, SQUNTCOWNT o o
counters having a complexity of 55 equivalent gates. The LT T T

SN54192 and SN74192 are BCD counters and the SN54193 and 023N aiss{]7[]8

SN74193 are 4-bit binary counters. Synchronous operation is OrTA B Oa, COUNTCOUNT Qc fp, SNO
provided by having all flip-flops clocked simultaneously so that T ourts T e ourrins
the outputs change coincidently with each other when so logic: Low input to load setsﬁ

instructed by the steering logic. This mode of operation Qg =B, Q¢ = C, and QD=D

€6LYLNS ‘T6LYLNS ‘E6LYSNS ‘261 7SNS SIdAL LINDHID

eliminates the output counting spikes which are normally
associated with asynchronous (ripple-clock) counters.

The outputs of the four master-slave flip-flops are triggered by a low-to-high-level transition of either count (clock)
input. The direction of counting is determined by which count input is puised while the other count input is high.

All four counters are fully programmable; that is, the outputs may be preset to any state by entering the desired data at .
the data inputs while the load input is low. The output will change to agree with the data inputs independently of the

count pulses. This feature allows the counters to be used as modulo-N dividers by simply modifying the count length

with the preset inputs.

A clear input has been provided which forces all outputs to the low level when a high level is applied. The clear function
is independent of the count and load inputs. An input buffer has been placed on the clear, count, and load inputs to
lower the drive requirements to one normalized Series 54/74 load. This is important when the output of the driving
circuitry is somewhat limited.

These counters were designed to be cascaded without the need for external circuitry. Both borrow and carry outputsn
are available to cascade both the up- and down-counting functions. The borrow output produces a pulse equal in width

to the count-down input when the counter underflows. Similarly, the carry output produces a pulse equal in width to

the count-up input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow

and carry outputs to the count-down and count-up inputs respectively of the succeeding counter.

Power dissipation is typically 325 milliwatts for either the decade or binary version. Maximum input count frequency is
typically 32 megahertz and is guaranteed to be 25 MHz minimum. All inputs are buffered and represent only one
normalized Series 54/74 load. Input clamping diodes are provided to minimize transmission-line effects and thereby
simplify system design. The SN54192 and SN54193 are characterized for operation over the full mlhtary temperature
range of —55°C to 125°C; the SN74192 and SN74193 are characterized for operation from 0°C to 70°C.

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

Supply voltage Voe (see Note 1) . . . o L o o L o e e 7V
Input voltage (see Note 1) . . .. . . . ... .......5bVv
Operating free-air temperature range: SN54192 and SN54‘193 Cnrcults —55°C t0 125°C

SN74192 and SN74193 Circuits 0°Cto 70°C

Storage temperature range —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

SN54192, SN74192 DECAbE COUNTERS
typical clear, load, and count sequences

lllustrated below is the following sequence:
1. Clear outputs to zero.
2. Load (preset) to BCD seven.
3. Count up to eight, nine, carry, zero, one, and two.
4. Count down to one, zero, borrow, nine, eight, and seven.

CLEAR I I

|
|
|
|
DATA < I 1
|
| I — _ _ _ _
D ¢ | |
L
~ I 1
COUNT
e T T LML
| (I
COUNT
2ot . I JERERERE RN
| [

,_
—
—
L
—
T—
—

I U | [ |
e _ Lt [T

OUTPUTS A

|
|
| i
© =0 | | |
ST T I [ !
CARRY 1o | U i |
[ | ] |
BORROW 1 | 1 l._l |
I 0 I I 7 8 9 0 1 2 1 0 9 8 7
I LS TRATED Io— COUNT UP ——I |o- COUNT DOWN ——i

CLEAR PRESET

NOTES: A. Clear overrides load, data, and count inputs.
B. When counting up, count-down input must be high; when counting down, count-up input must be high.
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

SN54193, SN74193 BINARY COUNTERS

typical clear, load, and count sequences

1lfustrated below is the following sequence:
1. Clear outputs to zero.
2. Load (preset) to BCD thirteen.
3. Count up to fourteen, fifteen, carry, zero, one, and two.
4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen.

CLEAR

]

LOAD

C

:l

I
|
I |
l I
| ]
B | |
DATA < L T
C Ill IL______..__._.______ _____
[ II_______________________
D |I| 'l_l ________________
~ 1o I
COLSJPNT\ Pl Il lllllllllll
1o I ] ]

Bown N NN
o I I | I ] |
NSt NI o e N e N s AU s O e M

o O [
Jooo — 0 1 ro !
OUTPUTS & _ 1| (| | | | |
N | | B |
(I (| | | | |
OD___Il [ 1 I | | I | I
~ I | I I I I
CARRY 1 [ i u I | |
[ (| | | | |
[ [ I ] | |

ol Il

BORROW ] I
" 13 14 15 0 1 2 1 0 15 14 13
SEQUENCE
ILLUSTRATED R COUNT UP COUNT DOWN

CLEAR PRESET

NOTES: A. Clear overrides load, data, and count inputs.
B. When counting up, count-down input must be high; when counting down, count-up input must be high.
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

recommended operating conditions

SN54192, SN54193| SN74192, SN74193 UNIT
MIN NOM MAX| MIN NOM MAX

Supply voltage V¢ 45 5 55 | 4.75 5 5.25 \
Normalized fan-out from each output, N 10 10
Input count frequency, feount 0 25 0 25 | MHz
Width. of any input pulse, tyy 20 20 ns
Data setup time, fgetyp (see Figure 7 and Note 2) 20 20 ns
Data hold time, the|g (see Note 3) 1] 0 ns
Operating free-air temperature range, Ta —b5 25 125 0 25 70 °Cc

NOTES: 2.

recognized must be maintained at the input to ensure its recognition.
3. Hold time is the interval immediately following the positive-going edge of the icad pulse during which interval the data to be
recognized must be maintained at the input to ensure its recognition.

Setup time is the interval immediately preceding the positive-going edge of the load pulse during which interval the data to be

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

PARAMETER TEST TEST SN54192, SN54193 |SN74192, SN74193 UNIT
FIGURE conpiTionst MIN TYPi MAX [MIN TYPi MAX
V|y  High-level input voltage 1and 2 2 2 \4
VijL  Low-level input voltage 1and 2 0.8 08 | V
. Vee=MIN, Vig=2V
V High-level output voltage 1 ! ! 2.4 2.4 3
OH Fig P 9 V|L =08V, IgH=—400 zA
Voe =MIN, Vip=2V,
V Low-level output voltage 2 0.4 04| V
oL put voltag Vi =08V, loL=16mA
Vee =MAX, V=24V
o High-level input current 3 cc - d 20 | uh
Voo =MAX, V=55V 1 1 { mA
hi Low-level input current 4 Ve =MAX, V=04V -1.6 —-1.6 | mA
tog  Short-circuit output current$ 5 Vge = MAX —20 —65 | —18 —65 | mA
tcc  Supply current 6 Voo = MAX 65 89 65 102 | mA

tFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions for the appticable device

type.
1Al typicai values are st Vec =5 V, Ta =25°C.

switching characteristics, Voc =5V, Ta=25°C,N=10

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

FROM TO TEST .
PARAMETERY TEST CONDITIONS |[MIN TYP MAX |[UNIT
INPUT OUTPUT FIGURE
frmax 25 32 MHz
tsetup 7 14 20 ns
t 17 2
PLH Count-up Carry 8 6 ns
tPHL 16 24
t 16 24
PLH Count-down Borrow 8 CL =15 pF, ns
tPHL 16 24
RL =400Q
tPLH . 25 38
Either Count Q 8 ns
tPHL 31 47
t
PLH Load 7 Gl 40 ns
tpLH 29 40
tPHL Clear 7 22 35 ns

ﬂfmax = maximum clock frequency

tpL 4 = propagation delay time, low-to-high-level output

tpH L = propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

SN54192, SN74192 DECADE COUNTER
functional block diagram g

BORROW
O outPUT
CARRY
O outpuT
DATA
INPUT A O )S
o)
DOWN PRESET
COUNT 0——>¢ﬁ Qa O OUTPUT Qp

upP [o7N
o—
COUNT CLEAR -1

DATA
INPUT B O )o 1
PRESET
0g -0 OUTPUT Qg
'J gqT
4 pa—
o7:]
CLEAR
DATA
INPUT C O
r:) b
Ir————— PRESET
oc O OUTPUT Q¢
*— oc

DATA
INPUTD O
J.:D: J
CLEAR o—Do—l
PRESET

QOp O OUTPUT Qp
L qr

o
- CLEAR

I

LOAD o-—4>
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

SN54193, SN74193 BINARY COUNTER
functional block diagram .

——————— BORROW
)c —0
— OUTPUT
—] o CARRY
| OUTPUT

[

DATA
INPUT A qli )f;
PRESET]
DOWN
COUNT o——Dc Qa -0 OUTPUT Qu
up Qa
COUNT CLEAR ‘]

DATA
INPUT B [_J}
PRESET
1 Qg O OUTPUT Qg
dT
Gg
CLEAR
DATA
INPUT C ’; Y- 1
PRESET
= Oc O OUTPUT Q¢

-Do-cé’_?

DATA
INPUT D °

CLEAR o—-DoJ

uL- "b
Re—

0p O OUTPUT Qp

I

LOAD O—CD
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

) PARAMETER MEASUREMENT INFORMATION
d-c test circuits{

Vee
UP  goRROW
DOWN
CARRY Jo—
Vip 0¥ A
SEE B Qo XIOH
NOTE c
Qg o
o—b D
Vi Qe |— VoH
CLEAR Va =
k——o LOAD Qp l I
| - —_ vy 1

Each output is tested separately.

FIGURE 1-—V|H, Vi VOH

Vee

i

pree —
UP BORROW
DOWN
CARRY o—
Vi O A
|
SEE B N ¢ \ Ot
NOTE c Q; |—o
D
ViL 0¥ ac o VoL
CLEAR / =
——o0 LOAD Qp l l
- - = - ¥ L

Each output is tested separately.

FIGURE 2-V,,.. V,,. Vo n

45V Vee
L UP BORROW jo—)
DOWN
CARRY o
I
g | gee B 7Y
Vi =¥ noTES > OPEN
C Q, b
B
D
CLEAR c

F —o LOAD Qp p—
L. el -

NOTES: A. Each input is tested separately.
B. Apply V| to input under test, and ground other inputs except when testing data inputs, apply 4.5 V to clear and load inputs.
FIGURE 3—ljy

Y Arrows indicate actual direction of current flow. Current into a ter. :nai is a positive value.
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

PARAMETER MEASUREMENT INFORMATION

d-c test circuits (continued)9 Vee
up BORROW 0_1
DOWN
CARRY jo—
A
B QA
vio—»| see > OPEN
<+—| notes c o b—
IL o .
CLEAR ¢
—[-—-D H LOAD " .
L - =

NOTES: A. Each input is tested separately.
B. Apply V| to input under test and ground other inputs.

FIGURE 41,
Vee
UP BORROW
DOWN
CARRY
45V o= )
———|8B O
c °
Qg
o o b—° 'os
CLEAR c )
LOAD Q9
T

n Each output is tested separately in the high-levet state.
FIGURE 5—l0s

i

UP BORROW jome)
DOWN
CARRY O—
45V O A
B Qp P
c > OPEN
%
D
Q. —m
CLEAR ¢
L= -
FIGURE 6-ICC
G Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54192, SN54193, $N74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

PARAMETER MEASUREMENT INFORMATION

switching characteristics

OUTPUTS
Vee Qp Qe 0504
[l o)
oATA up | o e
GE:‘LE’:S;OR DOWN  BORROW JO—OPEN | Ry =400 1) |
(See Note Al A CARRY [O— OPEN : |
bl bl
cuene . o [pieeptatp— |
(See Note C)
GENERATOR c Qg | |
{See Note A} o Q¢ | ,_ =15 pF |
LOAD CLEAR ap | See Note B) :
PULSE = =
0AD |
GENERATOR L _toapcimeuT
(See Note A} ———— aae ——
1 T et
= = LOAD CIRCUIT 2 1
1 (sames Load Circuit 1)
| Iyt |
——— — e am o
_r LOAD CIRCUIT 3 -=
(Same as Load Circuit 1)
| I sipdaih S |
—— v o
r LOAD CIRCUIT 4 1
1 (gume os Load Cireuit 1)
| gt
TEST CIRCUIT
<7ns—~1' ,‘—- —»1 be—<7ns
[ 1|
e G R —av
% %
CLEAR ! |
E 10% v 10% ov
: < 7ns—w | <7ns —a) }1—
|
| | ! !-l— it A2
DATA | i 2% 90% l
15V 15V
INPUT ! we i) s R Y ov
t
1e— tierup —ba—tpLH 1
| I o tsetup —wbe— tpHL —o

LOAD
INPUT

Q
OUTPUT

NOTES: A.

| |
| \, 1,5vad 0% \\ stéjl 0%
—»{ HL it— 10% i 0% —l———-}—————ov

| <7ns—a]

|
Skrsv

e

S I 3

<7ns—-——{ :4— |

VOLTAGE WAVEFORMS

duty cycle = 560%; for the load pulse generator, PRR = 1 MHz, duty cycle = 50%.

8. Cy includes probe and jig capacitance.
C. Alidiodes are TN3064.

FIGURE 7—CLEAR, SETUP, AND LOAD TIMES

3V

————V,

OH
*1.5\/
v,

oL

The pulse generators have the foilowing characteristics: Zg,¢ = 50 £); for the data pulse generator, PRR = 500 kHz,
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

PARAMETER MEASUREMENT INFORMATION

switching characteristics

ouTPUTS
av Vee 9 Qc %O carRY BORROW
) 9000 o
——s-———
Ry - 4000
PULSE : up | 1
GENERATOR ! DOWN  BORROW fO— | o i Pptp— |
(See Note A} ' (See Note C) I
A £ARRY [o- i ee Note !
s 0, | C, = 15pF H
c 0g 1 (See Note B) |
0, ' = — '
D c 1 H
aean o L _ tosocmeury
LoAD [ ——————
LOAD CIRCUIT 2 H
| ‘ {Same as Load Circuit 1) |
= — | SN N ——
1 LOAD CIRCUIT 3 1
1 (SameasLoad Circuit 1) |
| T
F——=====3
L ‘ LOAD CIRCUIT 4 ]
(Same as Load Circuit 1) |
| M g |
r—————=
L ) LOAD CIRCUIT 5 1
T 1 (sameasLoad Circuit 1) |
S |
—_——_———==
H LOAD CIRCUIT 6 H
1 {Same as Load Circuit 1) 1
U |
TEST CIRCUIT
7ns —»] fa- ol le—7ns
[N | :
| I
COUNT = ——— 3V
up 1 2 8 15V 9 15 1svy- 16 15V
INPUT 0% R i | + ———=0Vv
(See Note D! L
—>) tpLy [ | !
1 f—
oH
0”;"‘” f 15V : I 15V
D v
(See Note ) I tpp e ot
—] oL (]
tp,
™ *PLH You
CARRY 15V 15V
ouTPUT 2 v,

9-66

1
COUNT —__ ——— 3V
DOWN 7 g 2 8 15V 9 15 15V 16 15V
INPUT 10% Y= | 4 —— — ov

|
(See Note D) | |
ee e —>itpyyg fe— | -"JI 'PLH{‘- y
{ [ oH
OUTPUT SK”, v | j_l_s:
2 | o
(See Note E} —o: tpyyy, e oL
I"’{‘PLH}‘" Vo
%?;iﬁ‘;" 15V 15V
VOLTAGE WAVEFORMS — == Vou

NOTES: The pulse generator has the following characteristics: PRR = 1 MHz, Z5,,¢ = 50 2, duty cycle = 50%.

. CL includes probe and jig capacitance.

. All diodes are 1N3064.

. Count-up and count-down pulses shown are for the SN54193/SN74193 binary counters. Count cycle for
SN54192 decade counter is 1 through 10.

. Waveforms for outputs Qp, Qg, and Q¢ are omitted to simplify the drawing.

OO0y

m

FIGURE 8—PROPAGATION DELAY TIMES
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR)

moduio-N divider

TYPICAL APPLICATION DATA

The SN54193/SN74193 can be used to divide an incoming count frequency by any integral number (N) from one to 16.
This is done by modifying the count frequency occurring at the carry output by presetting the data inputs to 16 minus
N. By connecting the carry output to the load input, the counter will count to the maximum state (15) and the data
inputs will then be enabled on the succeeding clock pulse. The counter outputs are then preset to the levels applied at
the data inputs and the count sequence is repeated.

INPUT

pEpEpERN N

DATA INPUTS
LOAD A B C D
—Y CARRY
SN54193
5V Ve ¢
I SN74193  popaow
DOWN
CLEAR Qo QO3 Q¢ Qp

OUTPUT

oe— L L

p—— OPEN

IR
—

OUTPUTS

The SN54192/SN74192 may be used in the same manner to perform division by any number from 1 to 10.

cascading

Circuitry is provided internally for cascading these counters. The mode of cascading shown below is ripple
borrow/carry. No external components are required.

LOAD

UP CLOCK

DOWN CLOCK

CLEAR

T

DATA INPUTS DATA INPUTS
LOAD A B C D LOAD A B Cc D
up CARRY JO~————— UP CARRY [O————

SN54192, SN54193,
SN74192, or SN74193
DOWN
CLEAR Qo Q8 0Oc¢c Op

NN

OUTPUTS

BORROW [O—

SN54193, SN54193,
SN74192, or SN74193

DOWN
CLEAR QAo G Qc Op

N
N o’

OUTPUTS

BORROW [0~

>

TO NEXT
STAGE

TI connot assume ony responsibility for any circuits shown
or represent that they are free from potent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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m CIRCUIT TYPES SN5494, SN7494
MSI 4-BIT SHIFT REGISTERS

description

TTL MSI PARALLEL-IN SERIAL-OUT REGISTERS

for application as
o Dual-Source, Parallel-To-Serial Converter o Serial-In Serial-Out Register

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

[ PRESETS — CLEAR
2A 2 28 2c GND 5D ouTPUT
W {frzynifwo]fs

This monolithic shift register, utiliz-

ing transistor-transistor logic (TTL) 1 [ I |

circuits in the familiar Series 74 PR, PRyg PRoc PRap CLEAR
configuration, is composed of four LPRoa ouTPUT
R-S mastersiave flip-flops, four __en,a cLock|—
AND-OR-INVERT gates, and four Pig PRic PR P Sweut
inverter-drivers. Internal intercon- l [ | I
necticns of these functions provide H L

a versatile register which performs Vit2ti3fjaf[siiefj7]]8
right-shift operations as a serial-in, 1A 1B 1C 1D V. PR SER CLOCK
serial-out register or as a dual- —— pRESETS —/ N
source, parallel-to-serial converter,
A number of these registers may be
connected in series to form an n-bit
register.

positive logic: High input to clear sets Qp, Qg,
Qc, and Qp to logical 0.

1Pin assignments for these circuits are the same for all packages.

All flip-flops are simultaneously set to the logical 0 state by applying a logical 1 voltage to the clear input. This
condition may be applied independent of the state of the clock input, but not independent of state of the preset
input. Preset input is independent of the clock and clear states.

The flip-flops are simultaneously set to the logical 1 state from either of two preset input sources, Preset inputs 1A
through 1D are activated during the time that a positive pulse is applied to preset 1 if preset 2 isata logical O level,
When the logic levels at preset 1 and preset 2 are reversed, preset inputs 2A through 2D are active.

Transfer of information to the outputs occurs when the clock input goes from a logical O to a logical 1. Since the
flip-flops are R-S master-slave circuits, the proper information must appear 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. The
outputs of the subsequent flip-flops provide information for the remaining R-S Inputs. The clear input, preset 1, and
preset 2 must be at a logical 0 when clocking occurs.

This register is completely compatible for use with TTL and DTL logic circuits and when used with other TTL circuits,
noise margins are typically one volt. Typical average power dissipation is 175 milliwatts, and propagation delay times
from clock to output are typically 25 nanoseconds.

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

Supply Voltage Vg (SeeNote 1) . . . . . . . . . . . . . . ... ... 7y
Input Voltage Vip (See Notes 1 and 2) e e e e e e e e e e 55V
Operating Free-Air Temperature Range: SN5494 Circuits . . . . . . . . . . . . . . -55°Cto 125°C

SN7494Circuits . . . . . . . . . . . . ... 0°Ct70°C
Storage TemperatureRange . . . . . . . . . . . . . . . . . . . . . . .. —65°Cto150°C

NOTES: 1. The voltage values are with respect to network ground terminal,

2. Input signals must be zero or positive with respect to network ground terminal.
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CIRCUIT TYPES SN5494, SN7494
4-BIT SHIFT REGISTERS

recommended operating conditions

MIN  TYP MAX | UNIT
Supply Voltage Vcc (See Note 1):  SN5494 Circuits . . . . . . ... . . . 45 5 5.5 \Y
SN7494 Circuits . . . . . . . . . . . 475 5 5.25 \Y%
Normalized Fan-Out From Qutput . . . . . . . . . . . . . . . . . 10
Width of Clock Pulse, tp(clock) - -« - - « « - + « « « « « « . . . . . 35 ns
Width of Clear Pulse, tp(clear) - - - - - -« « « « « « .« .« . . . . . . 30 ns
Width of Preset Pulse, tp(preset) - - - - -« « - « « .« . . . . ... 30 ns
Serial Input Setup Time: tsetup(1) - - « - « = « + o e .. ..o 35 ns
Tsetup(0) - - - - - - - o oo 25 ns
Serial Input Hold Time, thold - - - - - .« « « .« « « . « . . . . . . 0

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

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

PARAMETER TEST CONDITIONST MIN TYPf MAX |UNIT

Input voltage required to ensure
Vin(1) ) . . 2 v
logical 1 at any input terminal

Input voltage required to ensure
Vin(0) . : 0.8 \
logical 0 at any input terminal

Vout(1) Logical 1 output voltage Vee = MIN, lioad = ~400 LA 2.4 3.5 v
Vout(0) Logical 0 output voltage Vee = MIN, lgink = 16 mA 022 04 \
Logical 1 level input current at
) Vee=MAX,  Vip=24V 40 uA
lin(1) any input except preset 1 and
Vee=MAX, V=585V 1 mA
preset 2
N Logical 1 level input current at Vec=MAX, Vijp=24V 160 kA
in(1) preset 1 and preset 2 Vee = MAX, Vi =55V 1 mA
Logical O level input current at
lin(0) any input except preset 1 and Vee=MAX, V=04V -16| mA
preset 2
L Logical O level input current at Ver = MAX Vi =04V 6.4 A
in(0) preset 1 and preset 2 cc ’ In— = e m
Lo — —57 mA
I Short-circuit input current § Voe=MAX, Vgyi=0 L SN5494 20 n
os il ce out SN7494 —18 57 | _mA
| Suool . v MAX SN5494 35 50 mA
u curren =
ce pey ce SN7494 3B 58 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the
particular circuit type,
All typical values areat Ve =5V, Tp = 25°C.
Not more than.one output should be shorted at a time,

switching characteristics, Voc =5V, Tp =25°C,N=10

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fmax Maximum clock frequency CpL =15pF, R =400 10 MHz
Propagation delay time to
tpd1 logical 1 level from clock CL =15pF, R =400 Q 25 40 ns
to output

Pro ion delay time to logical
tod0 pagat CL=15pF, RL=4000 25 40 ns
0 level from clock to output

Propagation delay time to logicai
tod ropagat v 9 CL=15pF,  RL=4009 35 ns
1 level from preset to output

P i lay time to logical
tod0 ropagation delay time to logical CL = 15 F, RL =400 0 20 ns
0 level from clear to output

9-69



9-70

CIRCUIT TYPES SN5494, SN7494
4-BIT SHIFT REGISTERS

functional block diagram

PRESETS
~
(e \
1A 28 1B 8 1C ¢ 10 2D
1 o ol 1 [
L 1 — Tt 1T1 ]
1 1 h ) I | | I ¢ | B 1
2 1
PRESET 1
PRESET PRESET PRESET PRESET
s Qa s ag 's ac s  Opj— outeut
—~dcLock ~dcLock ~dcLock —dqcLock
SERIAL = = ~
INPUT ‘D° y R Ca R B R Q¢ R
CLEAR CLEAR CLEAR CLEAR
? Q Q

CLEAR

CLOCK —Dc
4>



CIRCUIT TYPES SN5494, SN7494
4-BIT SHIFT REGISTERS
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T} cannot assume any responsibility for any circuils shown
or represent that they are free trom patent infringement.
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TTL CIRCUIT TYPES SN5495A, SN7495A
MSI 4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

A TTL MSI PARALLEL-IN PARALLEL-OUT REGISTER

for application as
e N-Bit Serial-To-Parallei Converter e N-Bit Parallel-To-Serial Converter e N-Bit Storage Register

w
description FLAT PACKAGE (TOP VIEW)
. . . . . / OUTPUTS \ CLOCK 1 CLOCK 2
This monolithic shift register, utilizing transistor- Qp D R-SHIFT L-SHIFT

transistor-logic (TTL) circuits in the familiar Series
54/74 configuration, is composed of four R-S master-
slave flip-flops, four AND-OR-INVERT gates, one
AND-OR gate, and six inverters-drivers. Internal
interconnections of these functions provide a versatile
register which will perform right-shift or left-shift
operations dependent upon the logical input level to
the mode control. A number of these registers may be
connected in series to form an n-bit right-shift or
left-shift register. This register can also be used as a
parallel-in, parallel-out storage register with gate
{mode) control.

NPUT

When a logical O level is applied to the mode control b CONTROL

input, the number-1 AND gates are enabled and the
number-2 AND gates are inhibited. In this mode the
output of each flip-flop is coupled to the R-S
inputs of the succeeding flip-flop and right-shift v /a;—ogu'rpq%na;\g'_-s%c'?_; cLock 2
operation is performed by clocking at the clock 1

input. In this mode, serial data is entered at the
serial input. Clock 2 and parallel inputs A through D
are inhibited by the number-2 AND gates.

DUAL-IN-LINE PACKAGE (TOP VIEW)

When a logical 1 level is applied to the mode control
input, the number-1 AND gates are inhibited (de-
coupling the outputs from the succeeding R-S inputs
to prevent right-shift) and the number-2 AND gates
are enabled to allow entry of data through parallel

inputs A through D and clock 2. This mode permits
. . . tj2][3]|4]|5]6]]|7
parallel loading of the register, or with external
interconnection, shift-left operation. In this mode, R A B Ut D, o honE, GNP
shift-left can be accomplished by connecting the
output of each flip-flop to the parallel input of the positive logic
pre.vious f!ip-ﬂop (QD. to input C, and etc.), and Mode control = O for right shift
serial data is entered at input D. Mode control = 1 for left shift or parallel load

Clocking for the shift register is accomplished through the AND-OR gate E which permits separate clock sources to be
used for the shift-right and shift-left modes. If both modes can be clocked from the same source, the clock input may
be applied commonly to clock 1 and clock 2. Information must be present at the R-S inputs of the master-siave flip-
flops prior to clocking. Transfer of information to the output pins occurs when the clock input goes from a logical 1
to a logical 0.

This shift register is completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation
is typically 195 milliwatts. The SN5495A and SN7495A are unilaterally interchangeable with and replace SN5495 and
SN7495, respectively, but offer diode-clamped inputs, improved speed, and reduced power dissipation.
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CIRCUIT TYPES SN5495A, SN7495A
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

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

Supply Voltage V¢ (See Note 1)

A%
55V

Input Voltage Vin {See Notes 1 and 2)

Operating Free-Air Temperature Range: SN5495A Clrcwts
SN7495A Circuits .

Storage Temperature Range

recommended operating conditions

NOTES:

SNB495A Circuits . - . . . . . -
SN7495A Circuits . . . « . . . .
Normalized Fan-Out From Each Qutput: High logic level
Low logic level R
Width of Clock Pulse tp(clock) (See Figure 9): SN5495A Circuits - . - - -
SN7495A Circuits . . . . . .
Setup Time Required at Serial, A, B, C, or D Inputs tgetyp (See Figure9) . . . .
Hold Time Required at Serial, A, B, C, or D Inputs thold (See Figure 9)
Logical O Level Setup Time Required at Mode Control (t1 in Figure 10)
(With Respect to Clock 1 input) . .
Logical 1 Level Setup Time Required at Mode Control (t2 in Flgure 10)
{With Respect to Clock 2 input) . .
Logical O Level Setup Time Required at Mode Control (t3 in Flgure 10)
{With Respect to Clock 2 input) . . .
togical 1 Level Setup Time Required at Mode Control (14 in Flgure 10)
(With Respect to Clock 1 input) . e .

Supply Voltage V¢ (See Note 1):

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

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

MIN NOM MAX | UNIT
45 5 5.5 \
475 5 5.25 \

20

10
20 10 ns
15 10 ns
10 ns
0 ns
15 ns
15 ns
5 ns
5 ns

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

PARAMETER TEST TEST CONDITIONSt MIN  TYP MAX | UNIT
FIGURE
Vin(1) Inp.ut voltage re?uired to e-nsure 1and 3 2 v
logical 1 at any input terminal
Vint0) tnp-ut voltage ref;uired to e.nsure 2and 4 08 v
logical O at any input terminal
Vout(1) Logical 1 output voltage tand 3 Vee = MIN, ligag = —800 LA 24 v
Vout(0) Logical O output voltage 2and 4 1 Veg = MIN, lsink = 16 mA 0.4 v
] Logical O level input current at i _ _
lint0) any input except mode control 5 : Vee=MAX,  Vin =04V -16 | mA
lin(0) Logicai O level input current at 5 ' Ve = MAX, Vin =04V _32 A
mode control i
i Logical 1 level input currentat | 6 Voo = MAX, V=24V 40 uA
i1} 4ny input except mode contral Voc = MAX,  Vin=55V 1 mA
Ik Logical 1 level input current at 6 Voo = MAX,  Vjp=24V 80 kA
(1) ode control Voo = MAX, Vip=55V 1| mA
os Short-circuit output current$ 7 Ve = MAX —18 —57 mA
Icc Supply current 8 Voo = MAX 39 63 mA
tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions for the
particular circuit type.
Al typical values are at Vo =5 V, Tpa = 25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, VCC =BV, TA =25°C,N=10
TEST
PARAMETER TEST CONDITIONS* MIN TYP MAX | UNIT
FIGURE
frnax Maximum shift frequency 9 CL=15pF, Rp =400 25 36 MH2z
Propagation delay time to logical
tpd1 1 tevel from clock 1 or clock 2 9 CL = 15pF, R =400 18 27 ns
10 outputs
Propagation delay time to logical
tpd0 0 level from clock 1 or clock 2 9 Cp=15pF, RL=400Q 21 32 ns
0 outputs
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4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

CIRCUIT TYPES SN5495A, SN7495A

schematic
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CIRCUIT TYPES SN5495A, SN7495A
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

d-c test circuitst

Vec Vee
v, MODE 2 MODE
i) CONTROL in(1) | CONTROL
SERIAL SERIAL
OPEN — |npUT OPEN =1 INPUT
A Vin©) o A
B B
c c
D D
OPEN — CLOCK 1 OPEN — CLOCK 1
cLocko———— CLOCKy  IcLOcK 2
CLOCK
TEST Vo 001)
FIGURE 1 FIGURE 2
Vee Vc(:fc
V. MODE v, MODE
in(0) CONTROL - Iload in(0) | CONTROL 'sink
v SERIAL SERIAL ‘j
in(1)O—— INPUT A INPUT A
A B b— PN B fore
—B —B v
OPEN< ¢ cl—5 Vou orEN< ¢ b L Tou@
b OPEN b OPEN
CLOCKO————{CLOCK T D |— CLOCK O CLOCK 1 Dfe.
OPEN 3 CLOCK 2 OPEN — CLOCK 2
cLoCK
out(1)
FIGURE 3 FIGURE 4
Vee
? TEST TABLE
—  — Twooe TEST APPLY 4.5 V APPLY GND
S‘E:SK‘JROL MODE CONTROL CLOCK 2 NONE
sV T INPUT A SERIAL INPUT NONE MODE CONTROL
,'in(o) SEE A B — INPUT A MODE CONTROL NONE
Vin 0/ TTAESLTE mp c OPEN INPUT B MODE CONTROL NONE
_{p INPUT C MODE CONTROL NONE
|_lcLock 1 D p—
M NTROL NONE
ook 2 INPUT D ODE CONT
L _ CLOCK 1 NONE MODE CONTROL
L 1 CLOCK 2 MODE CONTROL NONE
1. Each input is tested separately. FIGURE §

tArrows indicate actual direction of current ﬂ‘ow.
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CIRCUIT TYPES SN5495A, SN7495A

4-BIT RIGHT-SHIFT

LEFT-SHIFT REGISTERS

d-c test circuitsT (continued)

PARAMETER MEASUREMENT INFORMATION

1. Each output is tested separately.

Vee TEST TABLE
7 TEST APPLY 4.5 V APPLY GND
B - @8,3& oL MODE CONTROL NONE CLOCK 2
4.5 VO] SERIAL A SERIAL INPUT MODE CONTROL NONE
| SEf -
L ! INPUT A NONE MODE CONTROL
S| see A B INPUT B NONE MODE CONTROL
V,, o—= Ttest [1s OPEN
TABLE | g o— INPUT C NONE MODE CONTROL
Clclock 1 . ol INPUT D NONE MODE CONTROL
L_{cLock 2 CLOCK 1 MODE CONTROL NONE
- - T CLOCK 2 NONE MODE CONTROL
= = FIGURE 6
Yee
MODE
Vin(1) O~ CONTROL
SERIAL
OPEN — {NipUT A
A B —o0
B
C Cl—o
i
OFEN — Clock 1 D |—~ } os
cLock cLOCK 2

FIGURE 7
Vee
T4 'cc
v MODE
in(1)®———]CONTROL
SERIAL
OPEN —iNPOT A p—
v, A Bl
in(©) B OPEN
c cl—
0
cock1 i
clocko—b—clock 2

CLOCK

FIGURE 8

T Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5495A, SN7495A
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

switching charateristics

INPUTS OUTPUTS
A Vee Vee
A ; Qp O3 Oc Op
000 rTTT T T 1
PULSE T = AODE I R, $4000 |
GENERATOR A[—# 2V0—O | CONTROL t1n3064 | 1N3064 1N3064 |
(See Note 1) ——oul  |semia A L :
H INPUT 1
L | B 1
= = | : !
L o e c | I
PULSE ] D L |
GENERATOR B Owlo ___lclock
(See Note 1) ' CLOCK 2 r LOAD CIRCUIT 2 1
L ] L (Same as Load Circuit 1) _jl
I o, _l_ Fo " TGsdncars )
- = {Same as Load Circuit 1)
L e |
r————o-T-—--== ]
LOAD CIRCUIT 4
ST CIR L—
TEST CIRCUIT L (Same as Load Circuit 1) _J
-t + -t +#
hold . “hold hold |, "Thold
t ! Lt
1 ——: le— - {q— 0 : _________ 3y
INPUTA | | i
(DATA) I . l

1
1.5v I
|
|

| oV

|
""mup(o) ""l r‘-'tefup(]) | |

*hold(0) ht—] be—d tia(1)
all om

INPUT B
(CLOCK 1 OR 2)

QUTPUTS
Qa, 0B, Qc,orQp

VOLTAGE WAVEFORMS

NOTES: 1. The pulse generctors have the following characteristics: vgen =3V, t;=ty5 10ns,and

0
Zouf 50 Q. For pulse generator A : rpz 20 ns ond PRR =500 kHz, For pulse generator B : fPZ 15 ns and
PRR = 1 MHz. When testing fmax vary PRR.

2. Voltage values are with respect to network ground terminal.

3. CL includes probe and jig capacitance.

FIGURE 9—SWITCHING TIMES
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CIRCUIT TYPES SN5495A, SN7495A
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

recommended mode control setup times

CLOCK 1
INPUT —/_\'\"5 v

SERIAL m _________ |
INPUT
\ Vin(0)

CLOCK 2

|
INPUT : 1.5V 1.5V
i

VOLTAGE WAVEFORMS

NOTE: Input Ais ot V, 0.

o /N L
Vout(0)

FIGURE 10—MODE CONTROL SETUP TIMES

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

PRINTED IN U.S A 171
Tl cannot assume ony responsibility for any circuits shown
or represent that they ore free from patent infringement.
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LOW-POWER
TTL MSI

CIRCUIT TYPES SN54L95, SN74L95
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

A SERIES 54L/74L PARALLEL-IN PARALLEL-OUT REGISTER
for application as

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

description

This monolithic shift register, utilizing transistor-
transistor logic (TTL) circuits in the familiar Series
54L/74L configuration, is composed of four R-S master-
slave flip-flops, four AND-OR-INVERT gates, one AND-
OR gate, and six inverter-drivers. Internal inter-
connections of these functions provide a versatile register
which will perform right-shift or left-shift operations
dependent upon the logical input level to the mode
control. A number of these registers may be connected in
series to form an n-bit right-shift or left-shift register. This
register can also be used as a parallel-in, parallel-out
storage register with gate (mode) control.

When a logical O level is applied to the mode control
input, the number 1 AND gates are enabled and the
number 2 AND gates are inhibited. In this mode the
output of each flip-flip is coupled to the R-S inputs of the
succeeding flip-flop, right-shift operation is performed by
clocking at the clock 1 input, and serial data is entered at
the serial input. Clock 2 and parallel inputs A through D
are inhibited by the number 2 AND gates.

When a logical 1 level is applied to the mode-control
input, the number 1 AND gates are inhibited (decoupling
the outputs from the succeeding R-S inputs to prevent
right-shift) and the number 2 AND gates are enabled to
allow entry of data through parallel inputs A through D
and clock 2, This mode permits parallel loading of the
register or, with external interconnection, shift-left
operation, In this mode, shift-left can be accomplished by
connecting the output of each flip-flop to the parallel
input of the previous flip-flop (D output to input C, and
etc.), and serial data is entered at input D.

Clocking for the shift register is accomplished through the
AND-OR gate E which permits separate clock sources to
be used for the shift-right and shift-left modes. |f both
modes can be clocked from the same source, the clock
input may be applied commonly to clock 1 and clock 2.
Information must be present at the R-S inputs of the
master-slave flip-flops prior to clocking,

The shift register is completely compatible for use with
TTL and DTL logic families. Average power dissipation is
typically 19 milliwatts.

o N-Bit Storage Register

T
FLAT PACKAGE (TOP VIEW)

A
INPUT

A 8
outPuT ouTPUT

®

QOOOOO @

INPUT

C ]
GND ouTPUT OYTPUT  L-SHIFT

®®woOo

CLOCK2

INPUT INPUT

CLocK 1
INPUT CONTROL R-SHIFT

positive logic

Mode Control = 0 for right shift
Mode Control = 1 for left shift or parallel load

DUAL-IN-LINE PACKAGE (TOP VIEW)

JOR

N

A
INPUT  OUTPUT  OUTPUT

"l

c
GND OUTPUT  OUTPUT  L-SHIFT

L

] CLOCK 2

10({9]|8

SERIAL B [4
INPUT  INPUT  INPUT

D CLOEK 1
INPUT  CONTROL R-SHIFT

positive logic

Mode Control = 0 for right shift
Mode Control = 1 for left shift or parollel load

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

NOTES:

Supply Voltage Vo (SeeNote1) ............ e e e e e e e 8V
Input Voltage, V,, (SeeNotes1and2) .. ..... ... ... ... ... i, 55V
Operating Free-Air Temperature Range: SN54L95 Circuits .. ... ... ............. -55°C to 125°C

SN74L95 Circuits . . .. ......cuvininan... 0°C to 70°C
Storage Temperature Range .. .............¢'iiiueennnnennnnn e -65°C to 150°C

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

TeEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CIRCUIT TYPES SN54L95, SN74L95
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

recommended operating conditions MIN NOM MAX|UNIT
Supply Voltage V¢ (See Note 1): SN54L95 Circuits . . .. .. oottt 45 5 551 V
SN7ALIS Circuits . . . . oo v e e e e 475 5 625]| V
Normalized Fan-Out From Each QUTPUL -« v oo v i i i it i i e e e 10
Width of Clock Pulse,tyciock) (See Figure Q) ... ..ot 200 ns
Logical 1 Setup Time Required at Serial, A, B, C, or D Inputs,tymp (1) (See Figure 9) . 100 ns
Logical O Setup Time Required at Serial, A, B, C, or D Inputs,terup(o) ~ - v o v -+ - 120 ns
Hold Time Required at Serial, A, B, C, or D Inputs,tyoy (See Figure9) . ......... 0 ns
Logical 0 Level Setup Time Required at Mode Control (t1 in Figure 0 ........ 225 ns
(With Respect to Clock 1 Input)
Logical 1 Level Setup Time Required at Mode Control (t2 in Figure 10) ........ 200 ns
(With Respect to Clock 2 Input)
Logical O Level Setup Time Required at Mode Control (t3 in Figure 10) ........ 0 ns
{With Respect to Ciock 2 input}
Logical 1 Level Setup Time Required at Mode Control {t4 in Figure 10) ........ 100 ns
{With Respect to Clock 1 Input)

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

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

TEST
PARAMETER TEST CONDITIONS T MIN TYPi MAX | UNIT
FIGURE
v Input voltage required to ensure v
i1} |ogical 1 at any input terminal land 3 2
Input vol required to ensure
Vin(0) "p tage eq ) 2and 4 0.7 v
logical G at any input terminal
Vee=MIN, V=2V
Vout(1) Logical 1 output voltage land 3 ’ in(1) ‘ 2.4
out(1) Log P 29 Vin0) =07V, lgag = —100 A v
Vee = MIN, V; 2V,
Vout(o) Logical 0 output voltage 2anda| CC in(1) = 016 03 \%
Vin(O) =07V, Isink = 2mA
Logical O level input current at any,
lint) . 5 | Vec=MAX, V;,=03V 018 | mA
input except mode control
| Logical 0 level input current at 5 Vier = MAX V. =03V 0.36 mA
in(0) mode contro! cc ' in g g
N Logical 1 level input current at any G Ve = MAX, Vin=24V 10 BA
in(1) input except mode control Vee=MAX, V;,=65V 100 LA
B Logical 1 level input current at R Vee=MAX, V=24V 20 uA
") mode control Voo = MAX, V=55V 200 | sA
los Short-circuit output current § 7 Ve =MAX, V=45V -3 -15 mA
Ve =MAX, V; =45
lce Supply current 8 cc in(1) v 3.8 9 mA
Vin(o) =0

t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions for
the applicable device type.
1 Al typical valuesareat Ve =5V, Tp = 25°C.

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

switching characteristics, Voe =5V, Ty = 25°C, N =10

PARAMETER FLES;E TEST CONDITIONS MIN TYP MAX | UNIT
fmax Maximum shift frequency 9 C_=50pF, R =4k 3 5 MH2z
Propagation delay time to logical 1
tod1 level from clock 1 or clock 2 to 9 €L =50pF, R_=4kQ 118 200 ns
outputs
Propagation delay time to logical 0
todo level from clock 1 or clock 2 to 9 C, =50pF, R_ =4k 126 200 ns
outputs
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CIRCUIT TYPES SN54L95, SN74L95
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

schematic

Vee
GND

o
ouTRUT

40
Q2
40
kQ
D INPUT

4

40
kQ

40
0
J
“©
k0

b 4

<
ouTRUT

C INPUT

40
K
j
40
kQ

3
¥

©
kQ

o
u
77
[

8
ouTPUT

40
K0
]
40
k0
B INPUT

0
kQ

40 ¢
k2 $
i |

40
xQ

¥

A
ouTruT

3
¥

40
kQ

40 40
w ¥ .o

40

14}

7

N ,)J\
SERIAL

INPUT

20
K0
NOTE: Component values shown are nominal

40 40
1+ k0
12
9]

MODE  o—d

CONTROL

CLOCK 2
(LEFT-SHIFT)
CLOCK ¥

(RIGHT=SHIFT)
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J
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CIRCUIT TYPES SN54L95, SN74L95
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

d-c test circuitsT

982

PARAMETER MEASUREMENT INFORMATION

1.

Vee Vee
v, NMODE
in(1) 0~ cONTROL Vin(1) '?83§R0L
SERIAL SERIAL
OPEN— |NpUT oPEN —| INPUT
Vin(0) A
3
C
D
OPEN — CLOCK 1
CLOCKO————A CLOCK 2 CLOCK, __ Jcrock 2
. cLocK

Each output is tested separately.

1. Each output is tested separately.

FIGURE 1 FIGURE 2
Vee Vfrc
MODE v, MODE .
in0)o———— cONTROL Noad in(0) CONTROL sink
SERIAL SERIAL ﬂ
in{1)O————INPUT A INPUT
—{A B — ~1A Bl—
—8 —8 v
OPENS __I|c S Vewn OPEN < | ¢ fo out(0)
—{D OPEN —db OPEN
CLOCKO———dCLOCK 1 D b CLOCKO———————{ CLOCK 1| D|
OPEN —JCLOCK 2 OPEN —| CLOCK 2

CLOCK

1

FIGURE 3 FIGURE 4
Vee
? TEST TABLE
— MODE TEST APPLY 4.5V APPLY GND
T CONTROL MODE CONTROL CLOCK 2 NONE
4.5 VO— |__SERIAL
INPUT — SERIAL INPUT NONE MODE CONTROL
I .
inO)} SEE A B — A INPUT MODE CONTROL NONE
in O TEST —8 OPEN 8 INPUT MODE CONTROL NONE
" TABLE |—C cl—
L {D C INPUT MODE CONTROL NONE
L CLOCK 1 Dpb—
[ clock 2 D INPUT MODE CONTROL NONE
L a CLOCK 1 NONE MODE CONTROL
1 CLOCK 2 MODE CONTROL NONE

[l

Eagh input is tested separately.

FIGURE 5

t Arrows indicate actual direction of current flow.




CIRCUIT TYPES SN54L95, SN74195
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT (continued)

Vee TEST TABLE
? TEST APPLY 4.5 V APPLY GND
~ M MODE M NTR NONE K
O oL ODE CONTROL CLOCK 2
SERIAL SERIAL INPUT MODE CONTROL NONE
4.3V 0— FiNPUT Al— —
L) A INPUT NONE MODE CONTROL
in SEE  f—A 8 p—
v, o= et |8 OPEN B INPUT NONE MODE CONTROL
TABLE | 1C cb— C INPUT NONE MODE CONTROL
1D
Clclock1 o D INPUT NONE MODE CONTROL
— CLOCK 2 CLOCK 1 MODE CONTROL NONE
- - _]_ CLOCK 2 NONE MODE CONTROL
1. Each ir-lput is tested separately. - FIGURE 6
Vee
2 MODE
in CONTROL
SERIAL
OPEN — [NpuT
—_3v
A 8 —o0
B ov
C DN
o < \ TEST 1
OPEN —{CLOCK 1 D _”° | 05
CLOCKO~————JCLOCK 2
1. Each output is tested separately.
FIGURE 7
Yee
Q4 lcc
v MODE
in(1) CONTROL
SERIAL
OPEN —INPUT Ab—
CLOCK
V. o A B ——
in(0) 8 OPEN
C el
D
cLock 1
cLocko———Jciock 2
FIGURE 8

1 Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN54L95, SN74195
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

1

INPUTS v OUTPUTS )
cC cC
4 N
o I A

? ? T r R 4kQ .:
PuL3E = ODE I L !
GENERATOR A[—4 2v0—0 | CONTROL RTINS IN9I6  IN9T6 |
(See Note 1) ) | SERIAL R | A !

" %%o—| i
I INPUT ile 1 IN916 I
L ! 8 |t 30 |
= = | ;‘ i I 50 pF I ;
—o0 c ! l
PULSE } b L LOAD CIRCUIT 1 !

Clome Nore 1) oo aockl P CTITTCICCIIIIC
(See Note 1) i CLOCK 2 ' TGAD CIRCUIT 2
! (Same as Load Circuit 1)
= I .
_____________ 3
L »

a
]
J
L ! LOAD CIRCUIT 3 !
= = l_' (Seme as Lood Circuit 1) !
L - |
[ einhtiet it A
LOAD CIRCUIT 4
TEST CIRCUIT |- (Some a3 Load Circuit 1) J‘
| D s A,
-t +# -t +
hold  hold hold | " hold
|
" Rl - =0 ! L 3v
A INPUT  t | : |
(DATA) [ . | | 1
| |
| - " , 1 ] ov
- "setup(0) -—{ [ setup(l) = |
" hol 4 (0) Ft—sm{ o T
1 |
1 ! —_————13vV

B INPUT
(CLOCK 1 OR 2),

|
! I 1 ]
] ; | |' i ov
| la—'0 | — p(clock)}‘—
|
|
I
A,B,C,orD | Vour(l)
oUTRUTS i :
I .
|
| == = — === Yo
I

| | I
_""pdol“ - g b

VOLTAGE WAVEFORMS

NOTES: 1. The pulse generators have the following characteristics: t, = 10nsto 12 ns, t, = 10ns to 12 ns, and Zout x50 Q.

1 0
For puise generator A : tp > 150 ns and PRR < 500 kHz. For pulse generator B : tp 2 10ns and PRR< 1 MHz,
Wh i .
en testing fmax' vary PRR
2, Voltage values are with respect to network ground terminal,

3. CL includes probe and jig capacitance.

FIGURE 9 — SWITCHING TIMES
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CIRCUIT TYPES SN54L95, SN74L95
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

recommended mode controi setup times

2
sRAL /[ _  \ /S \ T T/ ==""==
INPUT

Vin(0)

cLockln /™M .. e\ T ——— in(1)
INPUT 1.3v ; 1.3V y
: i in(0)
v
CLOCK 2 I I e ———— in(1)
INPUT : . 1.3v : / \
V.
i : 1 in(0)
| | i vin(!)
MODE CONTROL 1.3M | .3V |
INPUT ! | | | | V.
R T I S T T T T T in(0)
] 1] e : I [ |
1 |
ba— 13 ] ja— 4

A OUTPUT

NOTE: A Inputisat Vin(g)-

VOLTAGE WAVEFORMS

FIGURE 10—MODE CONTROL SETUP TIMES

PRINTED IN USA.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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986

L
- MSI

CIRCUIT TYPES SN5496, SN7496
5-BIT SHIFT REGISTERS

e N-Bit Serial-To-Parallel Converter

TTL MSI MULTIFUNCTION SHIFT REGISTERS

for application as

description

This shift register consists of five R-S master-slave
flip-flops connected to perform parallel-to-serial or
serial-to-parallel conversion of binary data. Since both
inputs and outputs to all flip-flops are accessible,
parallel-in/parallel-out or serial-in/serial-out operation
may be performed.

All flip-flops are simultaneously set to the logical 0
state by applying a logical O voltage to the clear
input. This condition may be appiied independent
of the state of the clock input.

The flip-flops may be independently set to the logical
1 state by applying a logical 1 to both the preset
input of the specific flip-flop and the common preset
input. The preset-enable input is provided to allow
flexibility of either setting each flip-flop independ-
ently or setting two or: more flip-flops simultan-
eously. Preset is also independent of the state of
the clock input or clear input.

Transfer of information to the output pins occurs
when the clock input goes from a logical O to a
logical 1. Simce the flip-flops are R-S master-siave
circuits, the proper information must appear at the
R-S inputs of each flip-flop prior to the rising edge
of the clock input voltage waveform, The serial in-
put provides this information to the first flip-flop,
while the outputs of the subsequent flip-flops pro-
vide information for the remaining R-S inputs.
The clear input must be at a logical 1 and the preset
input must be at a logical O when clocking occurs.

This shift register is completely compatible with
Series 54/74 TTL and DTL logic families. Typically,
average power dissipation is 240 milliwatts, and
propagation delay time is 25 nanoseconds.

Supply Voltage V¢ (See Note 1)
Input Voltage,Vip (See Notes 1 and 2)

Operating Free-Air Temperature Range: SN5496 Circuits .
SN7496 Circuits .

Storage Temperature Range

e N-Bit Parallel-To-Serial Converter e N-Bit Storage Register

JORN
DUAL-IN-LINE PACKAGE {TOP VIEW)
OUTPUTS—\ OUTPUTS SERIAL
CLEAR A B ¢ GND D E INPUT

WL il fzyingjw]9

é—] 1
P2 {sfefsfs[]1[s

CLOCK A B c VCC D £ PRESET
\_pRESETS / PRESETS ENABLE

positive logic: Low input at clear sets all outputs to
logical 0.

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

7V
. . .. BBV
—55°C t0 126°C

0°C to 70°C
—65°C to 150°C

NOTES: 1. These voltage values are with respect to network ground terminal.
0
2, Input signals must be zero or positive with respect to network ground terminal,

TEXAS‘ INSTRUMENTS
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CIRCUIT TYPES SN5496, SN7496
5-BIT SHIFT REGISTERS

recommended operating conditions

MIN TYP MAX|UNIT
Supply Voltage Vi (See Note 1}: SN5496 Circuits 45 5 55| V
SN7496 Circuits 475 5 5.25 \Y
Normalized Fan-Out from Qutput 10
Width of Clock Pulse, tp(clock) 35 ns
Width of Clear Pulse, tp(cfear) 30 ns
Width of Preset Pulse, tp(preset) 30 ns
Serial Input Setup Time, tsetup 30 ns
Serial Input Hold Time, thold 0 ns
NOTE 1: This voltage value is with respect to network ground terminal.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
Vin{1) Logical 1input voltage 2 \
Vin(o) Logical 0 input voltage' 0.8
Vout(1) Logical 1 output voltage Vce =MIN, igag = —400 pA 2.4 35 \Y
Vout(0) Logical O output voltage Vee = MIN, Iging = 16 mA 0.22 04 V
I Logical 1 level input current at any Veoe =MAX, Vip =24V 40 | pA
in(1) input except preset-enable Voo = MAX, Vip =55V 1| mA
) ] Voo = MAX, Vip =24V 200 | pA
lin(1) Logical 1 level input current at preset-enable
Vce = MAX, Vip =55V 1, mA
lin(0) -Loglcal O level input current at any VGG = MAX, Vip = 0.4V 16 A
input except preset-enable
lin{0) Logical.0 level input current at preset-enable Vee = MAX, Vip =04V -8 mA
los Short-circuit output current§ Vee =MAX, Vg1 =0 SN5496 | ~20 =57 mA
SN7496 | —-18 —57 { mA
lce Supply current Ve = MAX SN5496 48 68 | mA
SN7496 43 79 | mA

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

type.

iAll typical valuesareat Voo =5V, Ta = 25°C.

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

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

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
fmax Maximum clock frequency C_=15pF, R_=4009Q 10 MHz
e Rk
o e e e 0 » o
T cL om0 Rk
cL o w0 3k
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CIRCUIT TYPES SN5496, SN7496
5-BIT SHIFT REGISTERS

functional biock diagram

PRESET

PRESET PRESET PRESET PRESET
B c E
A QUTPUT OUTPUT output P OUTPUT OUTPUT
R Sl i ol il It S T
PRESET -
ENABLE ] I
PRESET PRESET PRESET PRESET PRESET
SERIAL s A s 8 s c s b s £
INPUT
4 CLOCK ~a CLOCK ~q CLOCK ~q CLOCK < CLOCK
R A R B R c R D R E
CLEAR CLEAR CLEAR CLEAR CLEAR
CLEAR 49; Y L T t
cLock —{>:




CIRCUIT TYPES SN5496, SN749¢6
5-BIT SHIFT REGISTERS

schematic
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LOW-POWER
TTL MSI

CIRCUIT TYPES SN54198, SN74L98

4-BIT DATA SELECTORS/STORAGE REGISTERS

description

These monolithic data selectors/storage registers are
composed of four S-R master-slave flip-flops, four
AND-OR-INVERT gates, one buffer, and six
inverter/drivers.

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

Typical power dissipation is 256 mW. The SN541.98 is
characterized for operation over the full military
temperature range of —55°C to 125°C; the SN74L98
is characterized for operation from 0°C to 70°C.

Supply voltage Vg (see Note 1) .
Input voltage (see Notes 1and2) . . . . .

Operating free-air temperature range: SN54L98 Circuits
SN74L98 Circuits

Storage temperature range

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

OUTPUTS
INPUT OUTPUT WORD

V¢ @ 9% O D1 Op cLOCK SELECT

{15 jJMijuij2{{nfiw0i]s

I

Qa 0 0O D1 Qp CLOCK

WORD

» r A2 SELECT

Al B1 B2 Ci C2 02

v
INPUTS

fogic: See description

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

8v
. e ... ..5BV
.. . —-55°Cto125°C
0°C to 70°C

—65°C to 1560°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

AY
SN541L98 SN74L98
MIN NOM MAX [ MIN NOM MAX UNIT

Supply voltage Vo 45 5 55 | 475 5 5.25 v
Normalized fan-out from each output, N 10 10
Width of clock pulse, ty(ciock) {see Figure 6) 200 200 ns
Setup time for high-level data, tsetyp(H) atA,B,C,orD | 100 100 ns
{see Note 3 and Figure 6) at word select 150 150

Setup time for low-level data, tsetup(L) atA,B,C,orD 120 120

(see Note 3 and Figure 6) at word select 100 100 ns
Operating free-air temperature range, TA —-55 25 125 0 25 70 °c

NOTE 3: Setup time is the interval immediately preceding tha negative-going edge of the clock pulse, during which interval the data to be
recognized must be maintained at the input to ensure its recognition,

171
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CIRCUIT TYPES SN54L98, SN74L98
4-BIT DATA SELECTORS/STORAGE REGISTERS

electrical characteristics over recommended operating free-air temperature range

TEST
PARAMETER EIGURE TEST CONDITIONST MIN MAX | UNIT
Viyq  High-level input voltage 1and 2 2 v
ViL Low-level input voltage 1and 2 07, Vv
VoH . High-level output voltage 1 Vee=MIN, ipq=-100pA | 24 \%
VoL Low-level output voitage 2 Vec=MIN, gL =2mA 03| VvV
IH High-level input current into 3 Ve =MAX, V=24V 10 A
* any input except word select Vee =MAX, V=565V 100
H High-level input current into 3 Vee=MAX, V=24V 20 UA
word select Vee=MAX, V=55V 200
Low-level input current into
I8 ) 3 Vge = MAX, V=03V —0.18| mA
any input except word select
Low-level input current into
LITH 3 Voo = MAX, V=03V —-0.36 | mA
word select
los Short-circuit output current§ 4 Ve = MAX -3 —15| mA
lcc  Supply current 5 Vee = MAX 9| mA

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

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

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

TEST .
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
) FIGURE

frmax Maximum clock frequency 3 5 MHz

Propagation delay time, low-to-
tpLH high-level output, from clock 115 200 ns

input 6 Cy =50 pF, R =4k&

Propagation delay time, high-to-
tpHL low-level output, from clock 126 200 ns m

input

TEXAS INSTRUMENTS 9.91
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CIRCUIT TYPES SN541L98, SN74198
4-BIT DATA SELECTORS/STORAGE REGISTERS

functional block diagram

A1 O
WORD
SELECT S a, 5a,
—Q] cLock
A20
R
L ¢
B1O
o—i
‘ s 0 —0 Qg
@
B20O ‘ 0| cLock
R
c1O
[ o
s o —O o,
[
20 ‘ H CLOCK
m -
D10
S o —0 q,

D20 : ?—O CLOCK

CLOCK O

\V4
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CIRCUIT TYPES SN54L98, SN74L98

4-BIT DATA SELECTORS/STORAGE REGISTERS

schematic
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CIRCUIT TYPES SN54L98, SN74198
4-BIT DATA SELECTORS/STORAGE REGISTERS

d-c test circuitst

V‘HO——GD—O'\O‘
ey

Vi ©

PARAMETER MEASUREMENT INFORMATION

V,
VCC cc

CLOoCk OQ——————§

cLocK

T Vi O—O‘o« j)
WORD SELECT WORD SEL

v p—O
S
a1 Al
A2 A2
B1 Qa . B1
OH

B2 Q O B2
& o o ct
2 ¢ c2?
2 0p p—o0

D1 m
Nz Vou . 02

CLOCK O———

ECT

Oa
Qg
Qc
a

lé&

D

T i T

Illﬂr——— 9<

o —3v - —— -3V
E crock K 1av 13V oy
ov
2200ms  —m Je  c200ms 4] TEST Vg,

=

- - TEST Vg
Each output is tested separately. Each output is tested separately.
FIGURE 1-V| .. V|, . Voy FIGURE 2-V ..V, . VoL
v TEST TABLE
cc
TEST hy TEST Iy
T APPLY APPLY | APPLY | APPLY | APPLY
a5V H_ ——‘ WORD SELECT V)
T__ At 45V GND 45V GND
F— A2 A1,B1, | WORD WORD
8i b Y NONE NONE N
[ A C1,D1 |SELECT SELECT
—> SEE —j B2 Qg F— .
ViO—»  rest | g ac OPEN A2,B2, NONE - WORD | WORD NONE
e TABLE L e o €2,D2 SELECT | SELECT
. WORD
l—— o2 NONE | NONE | NONE | NONE
SELECT
s b
- _i_ CLOCK | NONE | NONE | NONE | NONE
FIGURE 31 .. 1}
Vee Vee
{ [4=
Viy O WORD SELECT —— WORD SELECT
Al Al
A2 a2
8! Ga 81 opb—
82 0g —o 'os
OPEN 8 i B2 Qo b—
cl o b—o . ac OPEN
€2 Qp —0 c2 o
D1 o —
L o2 02
cLOCk O—————— CLOCK O-
z ——=13v = = " ——— 3V
cLock %sz 1.3v¥ oy cLOCK fmv wav* o
jo— 2000 —] TEST 1o le— 22000 —a TEST Igg
Each output is tested separately.
FIGURE 4—l¢ FIGURE 5-1..

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54198, SN74L98
4-BIT DATA SELECTORS/STORAGE REGISTERS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

s OUTPUTS
Vee T\ Vee
Q 000
DATA
PULSE
GENERATOR M = L
{See Note &) 2v WORD SELECT r 1
C [ | R 24k |
4 Al | o I
A2 R ° —i¢ |
= ! 81 |
- : 82 9 | i
=S | ci g | o - |
2 Q | 50 pF 30pF
L—o D1 5
cLock o | (See Note B) |
iy cLOCK {See Note C) |
GENERATOR | |
{See Note A}
| |
1 L L™ een il
= - L. __ toaockeurs ]
L& = = T Toapamcu2 =
L — (SemessboadCireuith _ _ _
;T T T _foaseikcut: T T T )
L _ {SemeasloadCircwitl) —_ _
- — s = — = -y
H LOAD CIRCUIT 4
TEST CIRCUIT [ {Same as Load Circuit 1) i

3v
DATA
INPUT
ov
cLock
INPUT I
| ov
l
I
I |
| Vou
|
OUTPUTS ] 13V | 13v
| | 1 |
[ i === VoL

I
— tPHLI‘— = tpLu l"‘

VOLTAGE WAVEFORMS
NOTES: A. The pulse generators have the following characteristics: Zout ® 50 2. For data pulse generator: t, > 150 ns, PRR < 500 kHz,
tsetup(L) = 120 ns, and tsetup(H) = 100 ns. For clock pulse generator: ty, > 200 ns and PRR < 1 MHz. When testing fax,
vary PRR.
B. C| includes probe and jig capacitance.
C. Ali diodes are 1N916.

FIGURE 6—-SWITCHING TIMES
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LOW-POWER CIRCUIT TYPES SN54L99, SN74199
TTL MSI 4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

o N-Bit Serial-to-Parallel Converter

e N-Bit Parallel-to-Serial Converter JORN
. . DUAL-IN-LINE PACKAGE (TOP VIEW)
e N-Bit Storage Register SUTFUTS SOTPOTS
— . =g CLOCK
e J-K Serial Input R 9% 9 ew 2% % 9% 2
description RTRER AR RN RARYRERINIR RO R
This monolithic integrated  circuit, utilizing ] | i | |
transistor-transistor logic (TTL) in the familiar Qy Qg o 8y 9
Series 54L/74L configuration, is composed of four
master-slave flip-flops and the necessary gating to —gqK cLocK 21—
provide a versatile shift register or parallel-in, P —da cLOcK 1}
parallel-out storage register. The circuit has Jand K MODE
inputs externally available. This permits the first stage J B ¢ O CONTROL
to act as a J-K, D-, or T-type flip-flop as shown in the | | | t— 5
following table. For additional examples, see the '—'I 1 n 2 n 3 n 4 n 5 n 6 n n 8 I—-
function tables on the last page of this data sheet. = 5 = T Voo D o ey
tnputs at t, Outputs at th4+q 1
M J K ap 0g 0O 0@y Tp
L L H Q Q Q Q, Q positive fogic:
L L L C " QAn OBn an an Mode control low for right-shift or serial loading
An 9Ba HCn “Cn Mode control high for left-shift or parallel loading
L H H H  Qan Qsn Qcn Ccn
L H L Gan Qan QBn Qcn Qcn

H = high level, L = low level
NOTES: A. tp = bit time before clock pulse

B. tp+q = bit time after clock pulse
C. Qpp = state of Qp at ty

When a low-level input is applied to the mode control, the number 1 AND gates (see functional block diagram) are
enabled and the number 2 AND gates are inhibited. in this mode, the output of each flip-flop is coupled to the S-R
inputs of the succeeding flip-flop and right-shift operation is performed by clocking at the clock 1 input. Serial data is
entered at the J-K inputs. Clock 2 and parallel inputs A through D are inhibited by the number 2 AND gates.

When a high-level input is applied to the mode control, the number 1 AND gates are inhibited (decoupling the outputs
from the succeeding S-R inputs to prevent right-shift) and the number 2 AND gates are enabled to allow entry of data

u through parallel inputs A through D and clock 2. This mode permits parallel loading of the register or, with external

interconnection, shift-left operation. In this mode, shift-left can be accomplished by connecting the output of each
flip-flop to the parallel input of the previous flip-flop (Qp to input C, and etc.), and serial data is entered at input D.

Clocking for the shift register is accomplished through an AND-OR gate which permits separate clock sources to be
used for the shift-right and shift-left modes. if both modes can be clocked from the same source, the clock input may
be applied commonly to clock 1and 2. An inverted output is available from the last flip-flop.

This shift register is compatible for use with most TTL and DTL logic families. A number of these registers may be
connected in series to form an n-bit right-shift or left-shift register. Average power dissipation is typically 19 mW.

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

Supply voltage V¢ (see Note 1) P - A"
Input voltage (see Notes 1 and 2) A e e ... ... ... ... .bBY
Operating free-air temperature range: SN54L99 Clrcmts .. . ... ... ....... -bBBCt125°C

SN74L99Circuits . . . . . . . .+ .« . . . ... 0°Ct070°C
Storage temperature range . . . . . .« « o« o e e e e e e e e e e e —65°C to 150°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.
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CIRCUIT TYPES SN54L99, SN74L99
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

recommended operating conditions

SN541.99 SN74L99

MIN NOM  MAX MIN NOM MAX uNIT
Supply voltage Vi 4.5 5 55 | 4.75 5 5.25 \Y
Fan-out from each output, N 10 10
Width of clock puise, ty(clock) (see Figure 10) 200 200 ns
Setup time for high-level data at J, K, A 100 100 ns
A, B, C, or D inputs, tsetup(H) (see Note 3 and Figure 10}
Setup time for low-level data at J, K, . 120 120 ns
A, B, C, or D inputs, tseryp(L) {see Note 3 and Figure 10)
Hold time required at J, K, A, B, C, or D inputs, o 0 ns
thold (see Note 4 and Figure 10}
Time to enable clock 1, tenapte 1 (see Figure 9} 225 225 ns
Time to enable clock 2, tanaple 2 {see Figure 9) 200 200 ns
Time to inhibit clock 1, tinhipit 1 (see Figure 9) 100 100 ns
Time to inhibit clock 2, tinhipit 2 (see Figure 9) 0 0 ns
Operating free-air temperature range, Ta —55 25 125 [o] 25 70 °C

NOTES: 3. Setup time is the interval immediately preceeding the negative-going edge of the clock pulse during which interval the data to be
recognized must be maintained at the input to ensure its recognition.
4. Hold time is the interval immediately following the negative-going edge of the clock pulse during which interval the data to be

recognized must be maintained at the input to ensure its continued recognition.

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

TEST R .
PARAMETER TEST CONDITIONS* MIN TYPS MAX [UNIT
FIGURE
ViH High-level input voltage 1 thru 3 2 \%
ViL Low-level input voltage 2 thru 4 071 V
VoH High-level output voltage Tand 2 | Voo =MIN, gy =-100uA | 24 \%
VoL Low-level output voltage 3and 4 | Vce =MIN, IpgL=2mA 03| Vv
| High-level input current into any 5 Voo =MAX, V=24V 10 A
tH  input except Mor A Voo =MAX, V=55V 00| *
. ) i Vee =MAX, V=24V 20
IH High-level input current into M or A 5 nA
Vo =MAX, V=55V 200
Low-level input current into any
[ITH . 6 Ve = MAX, Vy=03V —0.181 mA
input except M or A R
Iy, Low-level input current into M or A 6 Vee = MAX, V=03V —0.36| mA
los  Short-circuit output currentq 7 Ve = MAX -3 —15| mA
lcc  Supply current Vee = MAX 3.8 9! mA

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

type.
§This typical valueisat Vo =5 V, Ta = 25°C.
Y Not more than one output should be shorted at a time.

switching characteristics, Vcgc =5V, TA=25°C,N=10

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
FIGURE
fmax Maximum clock frequency 3 5 MHz
. Propagation delay time, low-to-high- 115 200
= = ns
PLH \ovel output, from clock 1 or clock 2 10 CL=50pF, R =4k
Propagation delay time, high-to-low-
L | P9 v 9 125 200 | ns
fevel output, from clock 1 or clock 2
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CIRCUIT TYPES SN54L99, SN74L99
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

functional block diagram
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CIRCUIT TYPES SN54L99, SN74L99

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS
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CIRCUIT TYPES SN54L99, SN74L99
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

Vi O— M ViL Oo——— M
A S—-
OPEN g Qn - %
A Qg p——o0 \IOH —a
& Cef—>° OPEN | g
c —
D % —0 - Vou
o [*%N ot -_
oren —fctookt D[ T 0y, cLock CLOCK 1 b
CLOCK Qmeee——————] CLOCK 2 oPEN —] cLock 2 I

— —= —3v

%1.3v 13V %1.3v 13V
CLOCK \ h ov CLOCK i P ov
[ > 200 15—y e > 200 -

L TESTV, TEST Vou

Each output is tested separately.

FIGURE 1-Viy4. VoH FIGURE 2-Vjj, Vi, VoH

ot V'LE ;
. J

OPEN {_ R Qp R®

Vi © A G~ ‘\'OL o K
—dB

B 9 ° OPEN o

c o ° ¢

D
D
OPEN cock s Opp————0 VoL clock o0——————Jcrock 1 Op y =
CLOCK 04 CLOCK 2 L OPEN —— CLOCK 2 l- I

————23v

————— 3v
7(13\/ 13v fmv 13V
CLOCK fl i ov CLOCK 1 1 ov
" 200 ns ] & >200ns |
TEST Vg, TEST VoL

Each output is tested separately.

m FIGURE 3—-VH, VL. VoL FIGURE 4-Vj, VoL

TEST TABLE
APPLY V) APPLY 45V APPLY GND
Vee M NONE CLOCK 2
T CLOCK 2
— - J M and A
(Note)
ey M —
45v o—p L, o K NONE NONE
— ¥ - M and
e A s— INPUT A NONE
vV, 0—— 7EST [—8 Qcf—— > oPen CLOCK 1
— | 1aBLE [—C aQpf— INPUTS B,
i — o a NONE M
—] cLock 1 D C,orD
] cocx 2 CLOCK 1 M NONE
S I CLOCK 2 NONE M
Each input is tested separately. NOTE: Apply momentary high, then ground.
FIGURE 51|14

tArrows indicate actual direction of current flow. Current into a terminal is a positive value,
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CIRCUIT TYPES SN54L99, SN741L99
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION
d-c test circuitst (continued)

Vee TEST TABLE
— - T APPLY V, APPLY 45V APPLY GND
- M CLOCK 2 NONE
45V O—— — a, J CLOCK 1 Qp and M
1 b K =
Pully se A Qpb— K NONE NONE
v, 06— Test |[—|8 Qg f—— > OPEN INPUT A M and CLOCK 2 NONE
TABLE —{C Q. p——o
[ 1. 9% INPUTS B, M NE
L clock 1 O C.orD NO
}— cLock 2 .
J CLOCK 1 NONE M
- _l_ CLOCK 2 M NONE
Each input is tested separately,
FIGURE 61y
Vee Vee
T T l'cc
45V & ™M 4.5V O—me———— 'y
OPEN {_ JR Q, OPEN {__ ; Q) —
A Qg f—0 T A O p—
e 8 A t—o = 8 Q| > open
= { ¢ o }——o0 c o b—
D = [ _
oren —] cock 1 o2 los crock1 9o
CLOCK O—————————{ CLOCK 2 CLock CLOCK 2
—_———3v
% 13V 13V o ! —— v
cLocK
I > 200 ns ﬁ: cn.ocx__)ll"sv 13v \ v
TEST log - > 200 -
NOTES: A. Each output is tested separately. TEST lec
B. When testing Qp or Qp, input D is connected to 4.5 V
or ground, respectively.
FIGURE 7--los FIGURE 8-Icc

recommended clock enable/input times

—-——————-_VIH “
Jand K v

INPUTS L
M INPUT Vin
I e — e ViL
tenable 1 ] I‘—'—’L Yinhibit 1
I l | . - - - - - V|H
1.3v 1.3V
CLOCK 1 I i v
INPUT | i"—’l' t IL
le ble 2 —— - ——
Sinhibit 2 T = | enee ViH
1 1.3V
CLOCK 2 3V 7( X . v
INPUT IL
O.A OUTPUT VOL
NOTE: A input is at the low level, VOLTAGE WAVEFORMS
FIGURE 9—CLOCK ENABLE/INHIBIT TIMES
tArrows indicate actual direction of current flow. Current into a terminal is a positive value,
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CIRCUIT TYPES SN54L99, SN74199

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUTS v OUTPUTS
= cc Ny
? 77
DATA
PULSE =
GENERATOR e e | = ———
(See Note A) 2v M r 1
o—o'! J | 1
_L ! K 1 1
- ! A Ga | I :
! 8 Qg | "
= ¢ —e
CLOCK | D G | CL- I
PULSE 1 Qp i 50 pF 1
GENERATOR . CLOCK 1 _ {See Note Bi !
{See Note A) Qp f— OPEN | i
: — CLOCK 2
] s | | (See Note C) l
i = T L L L1
: - - -
— 1
- L - Loapcircutt _ __ _ |
Lr ~ = T TompCiRCUTZ )
L — iSemeasloadCicuith _ _ _
F= 7 7 Toavcikcums =
L — — iSameasloadCircuitd) __ o
m = T T oaccimcuita )
TEST CIRCUIT L —— o (Sameasload Circuitl) |
<15 ns—»| la— -o-l ‘1—<15ns sy
J e —— —
|
DATA
INPUT
ov
1 3v
CLOCK
INPUT |
I ov
|
I
1 |
‘ |
OuTPUT | 13V |
(See Note D) | | |
i

I |
— ‘PHLI"‘

- iy “‘
VOLTAGE WAVEFORMS

NOTES: A. The pulse generators have the following characteristics: Zgy¢ = 50 ). For data pulse generator: t,, = 150 ns, PRR <500 kHz,
tsetup(L) = 120 ns, and tgetup(H) = 100 ns. For clock pulse generator: t,, = 200 ns and PRR < 1 MHz. When testing fmax,
vary PRR.

B. Cy_ includes probe and jig capacitance.
. All diodes are TN916.
D. When data input is applied to J and K inputs, the output waveform applies only to output Qa.
FIGURE 10—SWITCHING TIMES

[e]
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CIRCUIT TYPES SN54L99, SN74L99
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS

FUNCTION TABLES
BIT OPERATION MODE PARALLEL INPUTS SERIAL OUTPUTS
TIME AT NEXT CONTROL | B c 5 INPUTS @a ©s ac ap @&p
BIT TIME M J K
TABLE 1-PARALLEL LOADING
n Parallel load H An B, Ch Dy X X X X X X X
n+1 Parallel load H Ant1 Bni1 Cnt1 D1 | X X| Ay By Ch, Dn Dy
n+2 Parallel load H H H L H X X | Apnt1 Bp#1 Cn+1 Dp#t1 Dpet
nt3 | Determined by M X X X X X X X H H L H L
TABLE 2—J-K SERIAL LOADING AND RIGHT SHIFT
n S.R., hold Qp L X X X X L H | Qo 0Bn Qcn Qpn GOpn
nt1 | S.R,setQp lo L X X X X L L | Gan QaAn QOBn Qcn  Qcn
n+2 | S.R.,setQa hi L X X X X H H L  Qan ©Qan Qpn Qgn
n+3 | S.R., setQp hi L X X X X H H H L  Qan Qan Qap
nt4 | S.R.,setQalo L X X X X L L H H L Qan Oan
nt5 | S.R.,setQplo L X X X X L L L H H L H
n+t6 | S.R., toggle Qp L X X X X H L L L H H L
n+7 | S.R., toggle Qp L X X X X H L H L L H L
n+8 | Determined by M X X X X X X X L H L L H
“TABLE 3—SERIAL LOADING WITH D INPUT AND LEFT SHIFT (See Figure 11)
n |S.L,setQptoDy, H Qgn Qcn Qpn  Dp X X | Qan OBn Qcn Qpn  Qpn
nt1 | S.L.,setQplo H Qen Qpn Dp L X X | Ogn Qen Qpn “Dp Dp
n+2 | S.L. setQp hi H Qpn  Dp L H X X | Qecn Qpn  Dp L H
n+3 | S.L. setQp hi H Dy L H H X X | Qpn Dp L H L
nt4 | S.L,setQplo H L H H L X X Dp L H H L
n+5 | Determined by M X X X X X X X L H H L H
H = high level, L = low jevel, X = irrelevant
Ap, = state of input A at bit time n
S.R. = shift right, S.L. = shift left
Qpp = state of output Qp at bit time n
vfc
MODE CONTROL O———————M
I ea——— %%
A % © O
B Q. o Q¢
C Qy 0 Qp
SERIAL DATA O— D 5 o3
—]cLock 1 D D
CLOCK O~ CLOCK 2

FIGURE 11-CONNECTIONS FOR LEFT SHIFT

0 PRINTED IN US.A.
Tl cannot assume any responsibility for any circuits shown
or represent that they ore free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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TTL CIRCUIT TYPES SN54194, SN74194
Msl 4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

JOR N DUAL-IN-LINE

Parallel Inputs and Outputs OR W FLAT PACKAGE (TOP VIEW}T
Four gperzting Modes: g Vec 0a OB O¢ 6D cLocK ST SO
ynchronous Parallel Loa
Left Shift syt injwg]9
Right Shift RN
Do Nothing ea 08 Oc  Op cLock st

Positive Edge-Triggered Clocking

CLEAR S0

R_A B _C D
LT 1]
3114115116

Direct Overriding Clear

1 1118
CLEARSHIFT A B C D SHIFT GND
RIGHT et ——————/ [EFT
SERIAL  PARALLEL INPUTS. SERIAL

INPUT INPUT

positive logic: See description

tPin assignments for these circuits are the same for

description all packages.

These bidirectional shift registers are designed to incorporate virtually all of the features a system designer may want in
a shift register. The circuit contains 46 equivalent gates and features paraliel inputs, parallel outputs, rlght -shift and
left-shift serial inputs, operating-mode-control inputs, and a direct overriding clear line. The register has four distinct
modes of operation, namely:

| MODE CONTROL
St SO
Parallel {Broadside) Load H H
Shift Right {in the direction QA toward QD) L H
Shift Left (In the direction Qp toward Qa) H L
Inhibit Clock (Do nothing) ) L L

In the parallel-load mode, data is loaded into the associated flip-flop and appears at the outputs after the positive
transition of the clock input. During loading, serial data flow js inhibited. Shift right is accomplished synchronously
with the rising edge of the clock pulse when SO is high and S1 is low. Serial data for this mode is entered at the
shift-right data input. When SO is low and S1 is high, data shifts left synchronously and new data is entered at the
shift-left serial input. Clocking of the flip-flops is inhibited when both mode-control inputs are low. The mode controls
should be changed only while the clock input is high. '

These four-bit shift registers are compatible with most other TTL and DTL logic families. All inputs are buffered to
lower the drive requirements to one normalized Series 54/74 load, and input clamping diodes minimize swm:hmg
transients to simplify system design. Maximum input clock frequency is typically 36 megahertz and power dissipation is
typically 195 mW.

The SN54194 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74194
is characterized for operation from 0°Cto 70°C.

9-104
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CIRCUIT TYPES SN54194, SN74194
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

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

Supply voltage, V¢ (see Note 1)
Input voltage (see Note 1} e e e
Operating free-air temperature range: SN54194 Circuits.
SN74194 Circuits

Storage temperature range

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

recommended operating conditions

~55°C to

7V

55V
125°C

0°C to 70°C
—65°C to 150°C

SN54194 SN74194
MIN NOM MAX | MIN NOM MAX uNIT
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 525 V
Normalized fan-out from each output, N High iog'ic leve] 20 20
Low logic ievel 10 10
tnput clock frequency, fojock 0 25 [ 25 | MHz
Width of clock or clear pulse, ty, 20 20 ns
Mode contro! 30 30 ns
Setup time, tsetup (see Figure 1) Serial and parallel data 20 20 ns
Clear inactive-state 25 25 ns
Hold time at any input, thoig 0 ] ns
Operating free-air temperature, T p, -55 125 o 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS? MIN TYPE MAX|UNIT
Vi High-level input voltage 2 A\
ViL Low-level input voltage 08| V
Iy {nput clamp voltage Vec=MIN, 1j=—-12mA -15| V
. Voo =MIN,  vig=2V,
Vo High-level output voltage 2.4 \%
ViL=08YV, IgoH=—-800uA
Veo=MIN, V=2V,
Vor. Lowlevai output voltage 04} VvV
ViL=08V, igL=186mA
Iy {nput current at maximum input voltage Vec=MAX, V=55V 1| mA
IjH  High-level input current Vee=MAX, Vy=24V 401 pA
). Low-level input current Voo =MAX, V=04V —-1.6} mA
los  Short-circuit output current$ Vee = MAX SN54194 | —20 —57 mA
SN74194 | —18 =57
Icc Supply current Vee =MAX, See Note 2 39 63, mA

NOTE 2: With ail outputs open, inputs A through D grounded,and 4.5 V applied to SO, S1, clear, and the serial inputs, loe is tested with a

momentary ground, then 4.5 V, applied to clock.

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

type.

FAI typical values are at Voo =5 v, T = 25°C.

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

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54194, SN74194
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

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

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
fmax Maximum input clock frequency . 25 36 MHz
tPHL Propagation delay time, high-to-low-level output from clear Cp =15pF, R =400%, 19 30 ns
tPLH Propagation delay time, low-to-high-level output from clock See Figure 1 7 14 22 s
tPHL Propagation delay time, high-to-low-level output from clock 7 17 26

PARAMETER MEASUREMENT INFORMATION

TEST TABLE FOR SYNCHRONOUS INPUTS

QUTPUT vee
DATA INPUT s1 S0 OUTPUT TESTED
EROM FOR TEST {SEE NOTE E)
oUTPUT A :.5 z :.5 :/i <Q:(A at tn4q
B .5 .5 tt
UNDER {See Note C) B 2 T+t
TEST ~ CL=15pF C 45V 45V Qe at tp4q
| (SeeNote B) 1 B 45V 45V Qpattnsg
= = L Serial Input 45V 0V Qp at thta
LOAD FOR OUTPUT UNDER TEST R Serial Input oV 45V Qp at tn+4
[ tw(clear)
L av

CLEAR 15V 15V

| b e e —— e ———_———— —— ———— — oV
—P—-—tsetup—ﬂ

] tn¥1 In+1

i
: tn |—> {See Note F) tn
|
|

CLOCK

[ |
te-tw(ctock)® tsetup Y lest— thold

[ I i
n NPUT [ 15V 15V
INPUT ;
(SEE TEST } |
TABLE) : ‘
PHL —k—': | J |
PLH
I i‘ | —¢ F——— VOH
OUTPUT Q 15V ]l{wv 15V
VoL
VOLTAGE WAVEFORMS

NOTES A. The clock pulse has the following characteristics: ty(clock) > 20 ns and PRR = 1 MHz, The clear pulse has the following charac-
teristics: ty(clear) = 20 ns and thoid = 0 ns, When testing fmax, vary the clock PRR.

B. CL includes probe and jig capacitance.

C. All diodes are TN3064.
D. A clear pulse is applied prior to each test.
E. Propagation delay times (tp| j and tpy( ) are measured at tpq. Proper shifting of data is verified at tn44 with a functional test.
F. t, = bit time before clocking transition.

th+1 = bit time after one clocking transition.

tp+4 = bit time after four clocking transitions,

FIGURE 1-SWITCHING TIMES
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CIRCUIT TYPES SN54194, SN74194
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

functional block diagram

PARALLEL OUTPUTS
A\
/QA 0g Q¢ Oop
[ ) ° o
—4>—S QAo —CD—S Qs o —4>—$ o ¢ —4>—-S Qp
—dcLock — g crock — g CLOCK —gcLock
R R R R
CLEAR CLEAR CLEAR CLEAR

CLEAR o—cDo I I E T

“°—%D

- — — r
$1 o—c{>
MODE
CONTROL p
soo—<{>
) 6 o ° 1)
SHIFT \ A B c D/ SHIFT
SehiL FARALLEL INPLTS SERIAL
INPUT INPUT

typical clear, load, right-shift, left-shift, inhibit, and clear sequences

] []
[} L 1
T
MODE S0 __J i i 1
CONTROL : :
INPUTS 51 '!

SERIAL
DATA
INPUTS L

|

|

PARALLEL 8 i
DATA J |
1

|

INPUTS c

D
N
i i Ml
SR S N I |
OUTPUTS < i
o 773 m
-_l

o 23 LI L]
~ H [ ] A ]

| |  |fe———SHIFTRIGHT——] |je——sHiFT LEFT—+—INHIBIT—4

!
|
1
|
!
:
i
[l
i
|
|
|
|
1
1
i

[
1
i
|
t
!
1
|
|
I
|
|
|
!
I
i
|
1
[
|
!

CLEAR LOAD CLEAR
721 PRINTED IN USA
TI cannot assume any responsibilily for any circuits shown
or represent thal they are free from potent infringement. TEXAS [NST RUM ENTS 9_107
INCORPORATED
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TTL CIRCUIT TYPES SN54195, SN74195
MSI 4-BIT PARALLEL-ACCESS SHIFT REGISTERS

e Synchronous Parallel Load
J OR N DUAL-IN-LINE

e Positive Edge-Triggered Clocking OR W FLAT PACKAGE (TOP VIEW)T
e Parallel Inputs and Outputs from — R e

vcc ‘Qa Q@8 Q¢  Qp Qp CLOCK LOAD

Each Flip-Flop
. . whs w2 jnlfu]ls
o Direct Overriding Clear I ] | I 1
e Jand K Inputs to First Stage oa 08 oc Gp Gp CLOGK

SHIFT/
LOAD

CLEAR

e Complementary Outputs from Last Stage

K
3
CLEAR \ J K

SERIAL INPUTS _PARALLEL INPUTS

A )
l |
4 17
A D

positive logic: See description

TPin assignments for these circuits are the same

description
for all packages.

These 4-bit registers feature parallel inputs, parallel outputs, J-K serial inputs, shift/load control input, and a direct
overriding clear. The registers have two modes of operation:

Paratlel (Broadside) Load

Shift {In directior Qp toward Qp)

Parallel loading is accomplished by applying the four bits of data and taking the shift/load control input low. The data
is loaded into the associated flip-flop and appears at the outputs after the positive transition of the clock input. During
loading, serial data flow is inhibited.

Shifting is accomplished synchronously when the shift/load control input is high. Serial data for this mode is entered at
the J-K inputs. These inputs permit the first stage to perform as a J-K, D-, or T-type flip-flop as shown in the truth

table.
TRUTH TABLE
These shift registers are fully compatible with most Inputs at 1, Outputs at ty4q
other TTL and DTL families. All inputs are buifered J 4 ea Qg Q¢ G0ap dp

to lower the drive requirements to one normalized
Series 54/74 load, including the clock input.
Maximum input clock frt‘eqyentfy i? typically H H Qan Qsn Qcn  Ocn
39 megahertz and power dissipation is typically L Gan Qan Osn  Qcn  8cn
195 milliwatts. The SN54195 is characterized for H = high level, L = Tow level

operation over the full military temperature range of NOTES: A. tp = bit time before clock pulse
—B5°C to 125°C; the SN74195 is characterized for B. tn+q = bit time after clock pulse
operation from 0°C to 70°C. G Qan =stateof G atty

H Qan Qan Q8n Qcn Qcn
L L Qan QBn Qcn  Gcn

rrrr

27
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CIRCUIT TYPES SN54195, SN74195

4-BIT PARALLEL-ACCESS SHIFT REGISTERS

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

Supply voltage, Vo (see Note 1)
Input voltage (see Note 1) . . . . . .

Operating free-air temperature range: SN54195 Circuits
SN74195 Circuits

Storage temperaturerange . . . . . . . .

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

recommended operating conditions

—55°C to

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

SN54195. SN74195
MIN NOM MAX |MIN NOM MAX UNIT

Supply voltage, Voo 45 5 5.5 |4.75 5 525 Vv
Normalized fan-out from each output, N High Iog,m level 20 20

Low logic level 10 10
Input clock frequency, fciock o] 30 0 30 | MHz
Width of clock input pulse, tyy{clock) 16 16 ns
Width of clear input pulse, tw{clear) 12 12 ns

Shift/load 25 25
Setup time, tsetyp {see Figure 1) Serial and parallel data 15 15 ns

Clear inactive-state 25 25
Shift/load release time, trglease {see Figure 1) 10 10| ns
Serial and parallel data hold time, tpo|q (see Figure 1) 0 0 ns
Operating free-air temperature, Ta —55 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 \
ViL Low-level input voltage 08| Vv
I Input clamp voltage Vee=MIN, 1j=-12mA -15| Vv
VoH High-level output voltage Vec=MIN, V=2V, 2.4 v
Vi =08V, IgHq=-800uA
VoL Low-level output voltage z?f;on.nsl I:/ I\gf B 126vr:1A 04| v
I Input current at maximum input voltage Veg=MAX, V=55V 1| mA
)4 High-level input current Vec =MAX, V=24V 40 [ pA
I} Low-level input current Voo =MAX, V=04V —-1.6 | mA
L SN54195 | —20 -57
los Short-circuit output current$ Vee = MAX SN74195 | —18 o7 mA
lcc Supply current Voo = MAX, See Note 2 39 63| mA

NOTE 2: With all outputs open, shift/load grounded, and 4.5 V applied to the J, K, and data inputs, Igg is measured by applying a momentary
ground, followed by 4.5 V, to clear, and then applying a momentary ground, followed by 4.5 V, to clock.

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

type.

TAIl typical values are at Vog =5 V, T4 = 25°C.

§Nt:tt more than one output should be shorted at a time.

TEXASl INSTRUMENTS 9
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CIRCUIT TYPES SN54195, SN74195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS o

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

PARAMETER TEST CONDITIONS MIN TYP MAX[{UNIT
fmax Maximum input clock frequency 30 38 MHz
tpiL Propagation delay time, high-to-low-level output from clear C_=15pF, R_=400%, 19 30 ns
tpLH Propagation delay time, low-to-high-level output from clock See Figure 1 6 14 22| ns
tpH Propagation delay time, high-to-low-level output from clock 7 17 26 ns

PARAMETER MEASUREMENT INFORMATION

OQUTPUT Ve

RL (See Note C)
FROM OUTPUT
UNDER TEST

=4 CL=15pF
| {See Note B)

LOAD FOR OUTPUT UNDER TEST

r—"— twi(clear)
[ 3v
CLEAR %1.5v ]{1.5v
—————————————— —_——————— e ov
ﬂ.——
relea: —.Il—’ 41 Lt
th tn 4—{ ———= 3V
CLOCK 15V 15V 15V
te I 'l' T ) low}— ! ov
clock ] thold r‘l— thold
1*tsetup=>} : © r'tsetup | ° av
| 1
DATA
. 5V . 5V
(See Note F) 15V 15 15V 15 "
- tsetup——1 tsetup =
r— setap j@——— trelease r_ i [e—>— trelease
SHIFT/LOAD 15V 15V 15V 15V,
I e —————— -ov
jo—tpHL—*! |"tPLH"= I"—tPHL'*i
2
——-V
ASSOCIATED . Yoy N ey
OUTPUT Q - . .
VoL
VOLTAGE WAVEFORMS

NOTES: A. The ciock pulse has the following characteristics: ty(clock) = 16 ns and PRR =1 MHz. The clear pulse has the following

characteristics: ty(clear) = 12 ns and thojg = 0 ns. When testing fmax. vary the clock PRR.
. Cy_inlcudes probe and jig capacitance.
. All diodes are 1N3064.
A clear pulse is applied prior to each test.

. Jand K inputs are tested the same as data A, B, C, and D inputs except that shift/load input remains high.
. tp = bit time before clocking transition.

tp41 = bit time after one clocking transition.

tn+4 = bit time after four clocking transitions.

OGmmUnw

FIGURE 1-SWITCHING TIMES

. Propagation delay times (tp| |y and tpyy|) are measured at tp4q. Proper shifting of data is verified at tn44 with a functional test.
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CIRCUIT TYPES SN54195, SN74195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

functional block diagram

PARALLEL OUTPUTS
N
/an s ac opGo
o o] o] j’
FD— s oal-e —4>— s ol —4>— s o —c.{>— s o
——a CLOCK —¢q| CLOCK rc CLOCK —d CLOCK
R Oaf R R R 8p
CLEAR CLEAR CLEAR CLEAR
T o
6 [¢] J) o J) o
SHIFT/ \J K \A B Cc D CLEAR cCLOCK
/
controL V™ V
SERIAL PARALLEL INPUTS
INPUT
typical clear, shift, and load sequences
CLOCK
1 | |
CLEAR l J : | 1
| i 1
J ] l ] | | |
sEriAL | 0 ] 1 ]
INPUTS K I I l | |
| | |
SHIFT/LOAD 1 | | ]
| | | |
A | | m | 1 !
| | | 1
PARALLEL B | | L |
DATA < 1 1 ]
INPUTS c : 1 4'?-1 l :
I
D | L i |
> —— ] ! 1
0 1723 — —
ag -7 | | 1 1 [ 1
OUTPUTS < I ] |
ac _-72 ] [ I [ [ 1
- —— 1 ! | [ |
| ] ]
| j¢—————— SERIAL SHIFT | oo SERIAL SHIFT —————»
CLEAR LOAD
| PRINTED IN U.S.A.
Tl cannot assume any responsibility for ony circuits shown
or represent that they are free fram patent infringement. TEXAS INST RUM ENTS 9'111
INCORPORATED
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 o DALLAS, TEXAS 75222
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TTL CIRCUIT TYPES SN5491A, SN7491A
8-BIT SHIFT REGISTERS

MsSI

MSI TTL SHIFT REGISTERS
for applications in

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

w JORN
logic FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)
Q INPUTA GND FNPUTB cp NC a Q A 8 GND TP NC
i s J
A B Q
0 0 0
0 1 0
1 0 0
1 1 1
@ 1 2 3 4 5 6 1
NOTES: NC NC NC NC NC Ve NC NC
1. = blt time before clock.
2.t = bit time after 8 clock pulses.
n+8 positive logic: See Truth Table
description NC—No Internal Connection

These monolithic serial-in, serial-out, 8-bit shift registers utilizing transistor-transistor logic (TTL) circuits, are
composed of eight R-S master-slave flip-flops, input gating, and a clock driver. The register is capable of storing and
transferring data at clock rates up to 18 MHz while maintaining a typical noise-immunity level of 1 volt. Power

dissipation is typically 175 milliwatts, and a full fan-out of 10 is available from th

e outputs.

Single-rail data and input control are gated through inputs A and B and an internal inverter to form the complementary
inputs to the first bit of the shift register, Drive for the internal common clock line is provided by an inverting clock

driver. Each of the inputs (A, B,and CP) appear as only one TTL input load.

The clock pulse inverter/driver causes these circuits to shift information to the output on the positive edge of an input
clock pulse, thus enabling the shift-register to be fully compatible with other edge-triggered synchronous functions.

n absolute maximum ratings (over operating temperature range unless otherwise noted)

Supply Voltage Ve (See Note 3) .

Input Voltage, Vin (See Notes 3 and 4) . .

Operating Free-Air Temperature Range: SN5491A Clrcults
SN7491A Circuits

Storage Temperature Range .

NOTES: 3. These voltage values are with respect to network ground terminal,
4. Input signals must be zero or positive with respect to network ground terminal,

recommended operating conditions (over operating temperature range)

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

9112

MIN NOM  MAX UNIT

Supply Voltage Vg (See Note 3): SN5491A Circuits 45 5 5.5 \'

SN7491A Circuits 4,75 5 5.25 \
Normalized Fan-Out From Outputs 10
Width of Clock Pulse, tp(clock) (See Figure 7) 25 ns
Input Setup Time, tsetup (See Figure 7) 25 ns
Input Hold Time, thold (See Figure 7) . 0

171
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CIRCUIT TYPES SN5491A, SN7491A
8-BIT SHIFT REGISTERS

electrical characteristics over operating temperature range (unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONSt MIN  TYPF MAX' | UNIT

Input voltage required to
Vin(1}  ensure logical 1 at any 1 2 \%
input terminal

Input voltage required to

Vinlo)  ensure logical O at any 2 0.8 v
input terminal

Vout{1} Logical 1 output voltage 1 Vee=MIN,  ljgag = —400 pA 2.4 3.5 \

Vout(0) Logical 0 output voltage 2 Vee = MIN, Isink = 16 mA 0.22 0.4 v
lint0) Logical 0 level input current 3 Vge=MAX, V=04V -16 mA
: Vee = MAX, Vin=24V 40 uA

lj Logical 1 level input current 4

in(1}  Logt P Voo = MAX, Vin=55V 1 mA
. _ _~ |SNB491A| 20 —57 mA
los Short-circuit output current$ 5 Vee=MAX, Vout=0 SN7491A| _18 57 A
I | t 6 \ MAX, Vj,=45V SNS491A 35 50 mA
CC  Supply curren ce » Vin= SV IoN7a91A 3% 58 | mA

T For conditions shown as MIN or MAX, use the appropriate value spacified under recommended operating conditions for the applicable
circuit type.

¥ All typical values are at Voc =5 V, Tp = 25°C.

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

switching characteristics, Voo =5V, Tp = 25°C,N=10

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

- m
frnax Maximum shift frequency CL=15pF, R =400 2 10 18 MHz

Propagation delay time to
tod1 logical 1 level from clock 7 Cp =15pF, R =400 Q 24 40 ns
to output

Propagation delay time to

tpd0 logical O level from clock 7 CL=15pF, R =400 2 27 40 ns
to output
TEXAS INSTRUMENTS 9-113
INCORPORATED

POST OFFICE BOX 5012 » DALLAS, TEXAS 75222



9-114

CIRCUIT TYPES SN5421A, SN7491A
8-BIT SHIFT REGISTERS

schematic

F ¥ 3
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o Yo c
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"
g y A
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:
i
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-

33
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¥

Vee

GND
Vee

cp

Component values shown are nominal .



d-c test circuitsT

CIRCUIT TYPES SN5491A, SN7491A
8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

vee
Q
Yoad sink
SEE
Vin(i) Nz)ETEES } Vin(1) NOTES |
Vin(©) Vin{0) 5
Vout(1) Vout{0)
1. Each output is tested separately. 1. Each output is tested separately.
2. When testing Vout(1) ond | ground all inputs and the unused 2. When testing Vout{0) ond lgink, ground all inputs. Apply a
oufpunr , ﬂ\lenr? m::w(rz pamrl:?gr’s specified. momentary ground to the output to be tested then P
specified.
FIGURE 1 FIGURE 2
Vee Vee
S QF—— S [o]) ———
45V cp OPEN cp OPEN
o0 ores
— R [ E—
Vin(0) R a
1. When testing input A apply 4.5 V to input B. 1. When testing input A ground input B.
2. When testing input B apply 4.5 V to input A, 2, When testing input B ground input A.
FIGURE 3 FIGURE 4
Vee Vee
T 9 }lec
Q Q
sE los cLock
NOTE } PULSE © OPEN
Q [« N

1. Ground the unused output then measure parameter specified.

FIGURE 5

T Arrows indicate actual direction of current flow.

FIGURE 6

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 s DALLAS, TEXAS 75222
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CIRCUIT TYPES SN5491A, SN7491A

8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

= F-s === ===""" "= niniuinbels k)
Yec=3Vourpur | LOAD CIRCUIT } !
1 Vee =5V t
) ]
1
|
--ate R, :
|
i , 1
| ' [}
T <X '
[} C = |
1 : t T T
{See Note D] - : | — :
Q-+ 1 - |
| | S —— e — - —— -
! R
Lommem = --- 1 LOAD CIRCUIT 2 !
1 SAME AS LOAD CRCUITL _ _ _ ____ ___. i
TEST CIRCUIT
thry 7 vhr:u 16 17 18 19 thw 23 24 25 26 27
CLOCK -PULSE T T -
INPUT
INPUT A _ﬂ | |
OUTPUT Q _________l_\_____ -_____I—_——l_
TYPICAL INPUT/OUTPUT WAVEFORMS
o 1 - "‘— po(c|ock)—"‘1‘— p1{clock)—P=
-—=3V
] | 3v ',
CLOCK-PULSE CLOCK-PULSE \
{ 1.5V INPUT |
1
—————— ov 1! ov
: f] -] Has to e
S =~
1! out(l) INPUT |
OUTPUT QOR Q : AORB
| 1
d0) T PV Vour(0)
| ! Vout(l)
'pdl)_* INPUT
OUTPUTQORQ -5V AORB
————— Vout(0) | t |
* Ysetup (1) ’: Vin )
|
| b thold(1)
PROPAGATION DELAY TIME VOLTAGE WAVEFORM - SWITCHING TIME VOLTAGE WAVEFORM
NOTES: 1. The generator has the following characteristics: Vinto} <03V, 3. Each output is tested separately.
Vo) 2 24 ¥, 1, == 1,7 W05, forferocyy = 500 ns, tpoqctocy = 500 ns, 4. Voltage values are with respect to network ground terminal.
PRR == 1 MHz, ond Zoyt ~= 50 €2, 5. All diodes are 1N3064.
2. (. includes probe and jig capacitance.
FIGURE 7 — SN5491A/SN7491A SWITCHING TIMES
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LOW-POWER CIRCUIT TYPES SN54191, SN74191
~TTL  MSI 8-BIT SHIFT REGISTERS

T JORN
FLAT PACKAGE (TOP VIEW)} DUAL-IN-LINE PACKAGE (TOP VIEW)

. a NC —
logic @ @ @ Qo A B GND CP NC
w98
L |
TRUTH TABLE
n this
A B Q
[} 0 0 y
0 1 0 '1"
1 0 0
1 1 1 @ @
NC NC NC NC NC NC Vg NC NC
NOTES:
1. tp = Bit time before clock puise. positive logic: see truth table

2. tp4+g = Bit time after 8 clock pulses.
3. NC — No internal connection.

description

This monolithic serial-in, serial-out, 8-bit shift register utilizes low-power transistor-transistor logic (TTL) circuits. The
shift register, composed of eight R-S master-slave flip-flops, includes input gating and a clock driver. The register is
capable of storing and transferring data at typical clock rates of 6.5 MHz while maintaining a typical noise-immunity
level of 0.9 volt. Power dissipation is typically 17.5 milliwatts, and full fan-out of 10 is available from the outputs.

Single-rail data and input control are gated through inputs A and B and an internal inverter to form the complementary

inputs to the first bit of the shift register, Drive for the internal common clock line is provided by an inverting clock
driver. Each of the inputs (A, B, and clock) appear as only one low-power TTL input load.

The clock pulse inverter/driver causes the register to shift information to the output on the positive edge of an input
clock pulse, thus enabling the shift register to be fully compatible with edge-triggering flip-flops.

recommended operating conditions

[MIN NOM MAX | UNIT]
Supply Voltage Vcg: SN54L91 Circuits . . . . . . . . . . . . . . . . . 45 5 5.5 \'
SN74L91 Circuits . . . . . . « +« « « . « . . . . .| 475 B B525| V
Normalized Fan-Out From Each Qutput, N . . . . . . . . . . . . . . . . 10
Input Setup Time, tsetup (See Figure /4 T 120 ns
Input Hold Time, theid (See Figure 7) e e e e e e e e e e e 0
Width of Logical O Level Clock Pulse, tpg(clock) (See Figure7}) . . . . . . . . . | 150 ns
Width of Logical 1 Level Clock Pulse, tp1(clock) (See Figure7) . . . . - . . . . 100 ns
Operating Free-Air Temperature Range, Ta: SN54L91 Circuits . . . . . . . . . | -85 25 125 | °C
SN74L91 Circuits - . . . . . . . . 0 25 70 °C
TEXAS INSTRUMENTS 9.117
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CIRCUIT TYPES SN54191, SN74191
8-BIT SHIFT REGISTERS

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

Supply Voltage Vo (SeeNote1) . . . . . . . . . . . . . . . . ... ... .... .8V
Input Voltage, Vi, (SeeNotes1and2) . . . . . e e e e e e e e i i w . ... . . . BBV
Operating Free-Air Temperature Range: SN54L91 Cm:uuts e e e e i e e . . ... -_B5Ctom5°C

SN74L91Circuits . . . . . « + +« +« . . . . . . 0°Cto70°C
Storage TemperatureRange . . . . . . . . . . « +« « « v « < . . . . . .. =—65°Cto150°C

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.

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

PARAMETER FIGURE TEST CONDITIONS MIN Max | uNiT
v it e e | : v
Ve lorl Oarony ot tominal | 2 o7 | v
Youpy  Llogical 1 output voltage 1 Vee = MIN, licsd = =100 uA 24 v
Vouiwy  logical O output voltage 2 Vcc = MIN, Lt = 2 mA 03 v
Lato) Logical O level input current 3 Vee = MAX, V=03V -0.18 mA

Vce = MAX, Vin =24V 10 HA
gty Logical 1 leve! input current 4 !

Vee = MAX, V=55V 100 A
los Short-circuit output current 5 Vee = MAX, Vin =0,Vout = 0 -3 -15 mA
19 V Supply current 6 Vee = MAX, Yin =15V 6.6 mA

FFor conditions shown o3 MIN or MAX, use the appropriote value specified under ded ing itions for the applicable circuit type.

switching characteristics, Voc =5V, T, =25°C,N=10

PARAMETER Fl::;:! TEST CONDITIONS MIN TYP MAX | UNIT
oatetont :?;::'::T s:idih of logical 0 level 7 CL= 50pF R = 4k 105 ns
- :Akt::n;:,n Is:id#h of logical 1 level 7 C. = 50 pF, Ro= 4KkQ P ns
ha oot oy tim ool 5| c—sopr, k=40 o 13| m
bo foopsaston deleymeselogil |7 | co=sopr, R 440 s




CIRCUIT TYPES SN54191, SN74L91

8-BIT SHIFT REGISTERS

schematic
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CIRCUIT TYPES SN54L91, SN74191
8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§

Viali
Vini0)

2]

+

1. Each oulpul is tesled separately.
2. When testing Vourn) and licaq, ground all inputs and momentarily ground the
unused outpul, then measure porameters specified.

FIGURE 1

Viat
Vinko)

SEE
NOTES

Isink

Voutl0)

Ul

=

1. Each output is lested separately.

2. When testing Vourjo) ond Liini, ground all inputs. Apply o momentary ground
fo the output o be tested, then measure parometers specified.

FIGURE 2

Vee

9-120

1. Ground the urused output, then measure parameters specified.

Qf—
OPEN OPEN
Qf—.
1. When festing input A apply 4.5 V to inpul B, 1. When testing input A ground input B.
2. When lesting input B apply 4.5 ¥ to input A. 2. When testing input B ground input A.
FIGURE 3 FIGURE 4
Vee Vee
?l lec
SEE
NOTE
los Qp—
| OPEN

FIGURE 5

FIGURE 6

§Arrows indicate actval direction of current flow.




CIRCUIT TYPES SN54191, SN74191
8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

Z (ool e
Ve =3V outeur | LOAD CIRCUIT 1 l.
| Vee =5V 1
1 1
X i
Fe—————-- - 9 1 |
| ! | !
| : | !
]
! S Q-+ ! t
1 X i
' , 1 !
+ Ccr 1 ] :
1
o 1 1
INPUT A:., ,_. —r ahe . :
2.4V0 1
! 1
]
]
Leoecmme- --- L{  LOAD CIRCUIT2 !
ISAMEAS LOAD CIRCUITL _ _ _ __ __ ____ H
TEST CIRCUIT
1 2 th 7 8 9 thu 15 16 17 18 19 thy 23 24 25 26 27

T TUUT TUUUUT
—— L
L. L

TYPICAL INPUT/OUTPUT WAVEFORMS

OUTPUT Q

CLOCK-PULSE

INPUT CLOCK-PULSE

INPUT

1
! INPUT
OUTPUTQORQ : AORB
1 1
tpd(0) g Vout{0)
| ! Vout(1)
'pdl) " INPUT
OUTPUTQORQ AORSB

----- Vout{0)

|
!"tsetup(l)"': Vin ©0)
|
i = thold(1)
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS SWITCHING TIME VOLTAGE WAVEFORMS
NOTES: 1. The generator has the following characteristies: Vinto) < 0.3 V, 3. Each output is tested separately.
Viapy = 24V, 1) = tg= 15 ns, bpr(eioct) = 500 03, tpofcloct = 500 ns, 4. Voltage values are with respect fo network ground terminai.
PRR < 1 MHz, and Zou ~= 50 L. 5. Alf diodes are 1N916.
2. (¢ includes probe ond jig capacitonce.
FIGURE 7 — SN54L91/SN74L91 SWITCHING TIMES
PRINTED IN USA. )
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m CIRCUIT TYPES SN54164, SN74164
msl 8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)T

e Gated (Enable/Disable) Serial Inputs OUTPUTS
. /7 \
e Fully Buffered Clock and Serial Inputs Vee ‘94 Qs Qp O ‘CLEARCLOCK
e Asynchronous Clear Wiz npwop|9s
e Typical Maximum Input Clock l | l I (L
Frequency . .. 36 MHz oy Oa  OF Qf CLEAR
A CLOCK
B9 0 Q¢ 0Op
TRUTH TABLE T l l T I
SERIAL INPUTS A AND B | | |
INPUTS | OUTPUT IH2H3H4H5HBH r—
—d — e J e J
ATt, | ATtqeq A B, O, Qg 0Og Gag, GND
\ /
A B Qp \/
a m m SERIAL INPUTS OUTPUTS
L H L
Low input to clear resets all outputs
H L L to the low level.
L L L
TPin assignments for these circuits are the same for alt
packages.
description

These 8-bit shift registers feature gated serial inputs and an asynchronous clear. The gated serial inputs (A and B) permit
complete control over incoming data as a low at either {or both) input(s) inhibits entry of the new data and resets the
first flip-flop to the low level at the next clock pulse. A high-level input enables the other input which will then deter-
mine the state of the first flip-flop. Data at the serial inputs may be changed while the clock is high, but only informa-
tion meeting the setup requirements will be entered. Clocking occurs on the low-to-high-level transition of the clock
input.

All inputs are diode-clamped to minimize transmission-line effects, and are buffered to represent only one Series 54/74
load which simplifies system design. Power dissipation is typically 21 milliwatts per bit. Maximum input clock fre-
quency is typically 36 megahertz.

The SN54164 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74164
is characterized for operation from 0°C to 70°C.

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

Supply voltage, Ve (seeNote 1) . . . . . . . . . . . L L 1V
Inputvoltage (see Note 1) . . . . . . . . . . . . . . ..., 55V
Operating free-air temperature range: SN54164 Circuits . . . . . . . . . . . . . . . . —55Ct0125°C

SN74164 Circuits . . . . . . . . . .. ....... 0°Ct70°C
Storage temperaturerange . . . . . . . . . . . . . . . . e . s v . . . .. ... =—65Cto150°C

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

9-122
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CIRCUIT TYPES SN54164, SN74164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

recommended operating conditions

SN54164 SN74164 uNIT
MIN NOM MAX [MIN NOM MAX !
Supply voltage, Voo 4.5 5 55 475 5 5.25 \
High logic level 10 10
Normalized fan-out from each output, N —
Low logic level 5 5
Input clock frequency, fojock o] 25 0 25 |MHz
Width of clock or clear input pulse, ty, 20 20 ns
Data setup time, tgetyp (see Figure 1) 15 15 ns
Data hold time, tho|q (see Figure 1) 0 0 ns
Operating free-air temperature, Ta I—55 25 125 0 25 70 °c

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

SN54164 N74164
PARAMETER TEST CONDITIONST S UNIT
MIN TYPf MAX |MIN TYPi MAX
Vi High-level input voltage 2 2 \"
ViL Low-level input voltage 0.8 08| Vv
Vi fnput clamp voltage Ve =MAX, 1j=—-12mA -1.5 -1.5( V
Ve =MIN, V=2V,
Vou High-level output voltage cc IH 24 24 v
ViL=0.8V, IgH=-400uA
Vec=MIN, Vig=2v,
V Low-level output volta 0.4 04| Vv
oL tow P % VIL=08V, loL=8mA
h Input current at maximum input voltage | Vgg = MAX, V|=55V 1 1] mA
W High-level input current Vee=MAX, V=24V 40 40| pA
IR Low-level input current Vec=MAX, V=04V -1.6 —1.6| mA
log  Short-circuit output current § Vee = MAX —-10 —-275| —9 —-27.5] mA
Vee = MAX, | Vi(clock) =04V 30 30
| Supp! t A
CC  Supply curren SeeNote2 | Vi(clock) = 24 V 37 52 37 5] "

NOTE 2: ‘CC is measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5 V, applied to clear.

T For conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

fan typical values are at Voc =5V, Tao = 25°C.
§Not more than two outputs should be shorted at a time.

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

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
fmax Maximum input count frequency CL=15pF 25 36 MHz
tPHL Propagation delay time, high-to-low-level CL=15pF 24 36 s
Q outputs from clear input R = 8002 CL =50pF 28 42
Propagation delay time, low-to-high-ievel ) ’ CL=15pF 8 17 27

PLH . See Figure 1 ns
Q outputs from clock input Cp =50pF 10 20 30

tPHL Propagation delay time, high-to-low-level Cp =15pF 10 21 32 ns
Q outputs from clock input CL=50pF 10 25 37

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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CIRCUIT TYPES SN54164, SN74164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

typical clear, inhibit, shift, clear, and inhibit sequences

CLEAR L_I L

)
|
AT l [ L 1
SERIAL |
INPUTS i
B ! | |
! |
CLOCK 1 |||||Il||||||||||||||||II|I|||||
g |
oy ___] [ L1
—_— I
a__ 1 [ | '
I
_— ]
o ___ ] ] L 1 i
i
o T r 2 I e
D 1 ] L J [ -
ouTtpuTs

1T

o ___1 1

=77
Qg 1

——— 1
o___1 1
I |

CLEAR CLEAR

functional block diagram

ouTPUT ouTPUT outpPuT ouTPUT OUTPUT ouTPUT ouTPUT ouTPUT

Qa Qg Qc %P Qe O Qy
° ° ° T °

s % s %l-eds I s % s %% s O s % s %

rqcrock | rqcrock | rHorock —qclock | 9cLock -qcLock rqcLock 9 cLock
R Ga r O R Y% R % R % R OF R % R
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
T — v o ) -] ]
p
A B CLOCK CLEAR
SERIAL INPUTS
171
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CIRCUIT TYPES SN54164, SN74164

8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

e— twiclear) '_’=
| 1
CLEAR |
PULSE !
GENERATOR
(PRR < 1 MHz)

CLOCK

PULSE
GENERATOR
(PRR < 1 MHz)

SERIAL INPUTS
A AND B PULSE
GENERATOR
{PRR < 1 MH2)

|
I
I
I
I
I
I
I
!
I
|
|
I
|
|
|

le— o1y

: (See Note E)
|

—

Qp OUTPUT

(See Note D) 15V

A AND B Vee QUTPUT
PULSE Q Q
GENERATOR
A Qa
B ag p—o
Qc b—o
cLock Qg °
PULSE CLOCK ar o
GENERATOR ofF b—o (See Note C)
Qg p—©
QH — CL
CLEAR (See Note B}
CLEAR I % = =
PULSE [
GENERATOR
TEST CIRCUIT

£C

3V

-7

ov

NOTES:

. All diodes are 1N3064.

moowp

o G

r3; VoH

VoL

VOLTAGE WAVEFORMS

The pulse generators have the following characteristics: t, < 10 ns, t < 10 ns, duty cycle < 50%, Zg ¢ = 50 Q.
. € includes probe and jig capacitance.

. Qp output is illustrated. Relationship of serial input A and B data to 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 ctear input.

FIGURE 1-SWITCHING TIMES

70
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LOW-POWER CIRCUIT TYPES SN541164, SN74L164
TIL MSI 8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

J OR N DUAL-IN-LINE
. . t
Gated (Enable/Disable) Serial Inputs OR T FLAT PACKAGE (TOP VIEW)
. PUT:
Fully Buffered Clock and Serial Inputs ouTRuTS
Vee Q4 Qg O Qf ‘CLEARCLOCK

ll4||l3 IIZHIIHIOI 81,8

Asynchronous Clear

Typical Maximum Input Clock
Frequency . .. 18 MHz I l l I £
Typical Power Dissipation . .. 11 mW per Bit O Qs 9 Qe cLeEar
A CLOCK
TRUTH TABLE B Q Qg Q¢ Qp
SERIAL INPUTS A AND B | —[ l l 1
INPUTS | OUTPUT -

H H . H.:H -+
ATt, | AT thaq L] 2 |3 |4| 5 Bl‘l
Qa A B, 0 0g G 0p GND

H

vV
SERIAL INPUTS OUTPUTS

{positive logic: See truth table

r I r I(P»
~rrrIIw

L
L
L

Low input to clear sets all outputs to low level

tPin assignments for these circuits are the same for all packages.

description

These 8-bit shift registers feature gated serial inputsand an asynchronous clear. The gated serial inputs (A and B) permit
complete control ov: * incoming data as a low at either (or both) input(s) inhibits entry of the new data and resets the
first flip-flop to the low level at the next clock pulse. A high-level input enables the other input which will then
determine the state of the first flip-flop. Data at the serial inputs may be changed while the clock is high, but only
information meeting the setup requirements will be entered. Clocking occurs on the low-to-high-level transition of the
clock input.

The circuit is the same as for the SN54164/SN74164 except that all resistor values are doubled. All inputs are
diode-clamped to minimize transmission-line effects, and are buffered to represent only one-half of one normalized
Series 54/74 load, or approximately five Series 54L/74L loads at a low logic level, two Series 54L/74L loads at a high
logic level. Power dissipation is typically 11 milliwatts per bit. Maximum input clock frequency is typically 18
megahertz.

The SN54L164 is characterized for operation over the full military temperature range of —55°C to 125°C; the
SN74L164 is characterized for operation from 0°C to 70°C.

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

Supply voltage, Vgc {seeNote 1) . . . . . . . . . . . Lo 7V
Inputvoltage {see Note 1) . . . . . . . . . . . . .. . 55V
Operating free-air temperature range: SN54L164 Circuits . . . . . . . . . . . . . . . . =55°Cto 125°C

SN74L164 Circuits . . . . . . . . . . .. .. ... . 0°Cto70°C
Storage temperature range . . . . . .« .« .« + « .+« . . 4 i e i e . ... .. —85°Cto150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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CIRCUIT TYPES SN541164, SN741164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

recommended operating conditions

SN54L164 SN74L164
MIN NOM MAX | MIN NOM MAX UNIT

Supply voltage, Vo 4.5 5 55 | 475 5 525 v

Series 54L/74L Gates 20 20
‘Normalized fan-out from each output, N Se-ries 54L/74L Gates | High logic level 10 10

with 8-kQ2

base resistors¥ Low logic level 5 5
Input clock frequency, fejock o] 12 0 12 | MHz
Width of clock or clear input pulse, ty 40 40 ns
Data setup time, tsetyp {see Figure 1) 30 30 ns
Data hoid time, thojd (see Figure 1) 0 0 ns
Operating free-air temperature, T A -55 125 0 70| °c

4 This applies for al! inputs of circuit types SN54L.164 and SN74L164,

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

SN54L164 SN74L164
PARAMETER TEST CONDITIONS? UNIT
MIN NOM MAX | MIN NOM MAX
ViH High-level input voltage 2 2 \'
ViL  Low-level input voltage 0.8 0.8] W.
Vi Input clamp voltage Vee=MAX, tj=-12mA -15 -15| V
VoM High-level output volt Vec=MIN. - Vig =2V, 2.4 24 v
-level o oltage . .
OH Righrleveloutput voTtag “ViL=08V, lgy=—200pA

Vee=MIN, “Vvig=2v,
Vor  Low-level output voltage 0.4 04!l Vv

ViL=08V, lpL=4mA
Iy Input current at maximum input voltage | Voc=MAX, V=55V 1 1| mA
hiH High-level input current Vee=MAX, V=24V 20 20| pA
[ Low-level input current Vec=MAX, V=04V —0.8 —0.8] mA
los  Short-circuit output current® Vce = MAX -5 —-20| -4 20| mA
IcC  Supply current Vce = MAX,  See Note 2 >7 57 A

NOTE 2: I is measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V, applied to

clear,

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

type.

§Not more than two outputs should be shorted at a time.

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

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
fmax Maximum input count frequency Cp =15pF 12 18 MHz
teHL Propagation delay time, high-to-low-level CL=15pF ' 72 s
Q outputs from clear input RL -8000 Ci =50pF 84
Propagation delay time, low-to-high-level ) ! CL=15pF 8 54

tPLH . See Figure 1 ns
Q outputs from clock input CL =50pF 10 60

tPHL Propagation delay time, high-to-low-level CL=15pF 10 64 hs
Q outputs from clock input Cp =50pF 10 74
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CIRCUIT TYPES SN54L164, SN74L164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

typical clear, inhibit, shift, clear, and inhibit sequences

CLEAR L
1
1
A
i I I L
SERIAL |
INPUTS |
S | |
0 [
I |
- : ) I
===
Q ___1 | | | 1 |
)
-—=9q I
% ___d ] L1 1 |
|
o1 | L | | [
|
—_—— |
Qp 1 r 1 J |
ouTPuTs <
——— [_l
Qe L l
1
1
1 [ 1
o1 {
a1 |
Rt |
OH i
<
CLEAR CLEAR
functional block diagram
OUTPUT ouTPUT ouTPUT ouTPUT OUTPUT OuTPUT OUTPUT OUTPUT
Qu Qg [ Qp Qe QF Qg Qy
4 Q o T ? o ]
s Ca s % s G s % s % s % s G s %
CLOCK. FC CLOCK rJcLock ~dcLock < cLock rJcLock rqcLock 9 cLock
R Qa R O R S R % R % R 9 R 9% R
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
-] (] ) - B 1] o
b
A B CLOCK CLEAR

SERIAL INPUTS
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CIRCUIT TYPES SN54L164, SN74L164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

v
A AND B cc OUTPUT
PULSE '
GENERATOR
Ry =800 9
A Qa t
B og p—o
cLock 80 —-—o:
PULSE CLOCK og o
GENERATOR Qf b—o0 (See Note C)
Qg b——©
ayb—2 cL
CLEAR {See Note B)
L ‘
CLEAR - - -
PULSE
GENERATOR

TEST CIRCUIT

£C .

le—— tw(clear) —J|
| oy 3v

CLEAR
PULSE
GENERATOR
(PRR < 1 MHz2)

cLOCK

PULSE
GENERATOR
(PRR < 1 MHz)

SERIAL INPUTS
A AND B PULSE

GENERATOR
{PRR < 1 MH2)
— lo— tpHL
[
: {See Note E) I 55 —|— —= vou
Qp OUTPUT | [ |
\Y 15V
(See Note D) 15V 15
VoL
VOLTAGE WAVEFORMS
NOTES: A. The pulse generators have the following characteristics: t, < 10 ns, ty < 10 ns, duty cycle < 50%, Zgyt = 50 Q.
B. €| includes probe and jig capacitance.
C. All diodes are 1N9186.
D. Qp output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence.
E. Outputs are set to the high level prior to the measurement of tpyy; from the clear input.

FIGURE 1-SWITCHING TIMES
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CIRCUIT TYPES SN54165, SN74165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

JOR N DUAL-IN-LINE

e Typical Maximum Input Clock OR W FLAT PACKAGE (TOP VIEW)

Frequency .. .26 MHz o PARALLELIWUTS o
° c |ementar 0 t uts Vee INHIBIT ‘D [ B A INPUT 1]
omp y Dutp B jupuffizyynilw]fs
e Direct Overriding Load (Data) Inputs l [ ] I
e Gated Clock Inputs fr
SHIFT/
e Parallel-.o-Serial Data Conversion LoAD O
CLOCK E _F G Gy
description | l J | [ I
The SN54165 and SN74165 are 8-bit serial shift registers tl2ff3|4{sq{lefl71]8
which shift the data to the right when clocked. Parallel-in Sien/clock (T S H OUTRUTGND
access to each stage is made available by eight individual LARALLEL INPUTS
direct data inputs which are enabled by a low level at the positive logic: see description
shift/ioad input. These registers also feature gated clock

1Pin assignments for thesa circuits are the samae for
all packages.

Clocking is accomplished through a 2-input positive-NOR gate, permittin., one input to be used as a clock-inhibit
function. Holding either of the clock inputs high inhibits clocking, and hrding either clock input low with the load
input high enables the other clock input. The clock-inhibit input should be changed to the high level only while the
clock input is high. Parallel loading is inhibited as long as the load input is high. When taken low, data at the parallel
inputs are loaded directly into the register independently of the state of the clock.

inputs and complementary outputs from the eighth bit.

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. Power dissipation
is typically 210 milliwatts and maximum input clock frequency is typically 26 megahertz. The SN54165 is
characterized for operation over the full military temperature range of —55°C to 125°C; the SN74165 is characterized
for operation from 0°C to 70°C.

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

NOTES: 1.

Supply voltage, V¢ (see Note 1) 7V
Input voltage (see Note 1) 55V
Interemitter voltage (see Note 2) . 55V

Operating free-air temperature range: SN54165 Circuits
SN74165 Circuits

Storage temperature range

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

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

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to the shift/load input
in conjunction with the clock or clock-inhibit inputs.

recommended operating conditions

9-130

SN54165 SN74165
MIN NOM MAX | MIN NOM MAX unIT

Supply voltage, Vo 4.5 5 55 1475 5 525 \'4

High logic level 20 20
Normalized fan-out from each output, N "

Low logic level 10 10
Input clock frequency, feiock 0 20 0 20 | MHz
Width of clock input pulse, ty/(clock) 25 25 ns
Width of load input pulse, ty{joad) 15 15 ns
Clock-enable setup time, tsetyp (see Figure 1) 30 30 ns
Parallel input setup time, tsetup (see Figure 1) 10 10 ns
Serial input setup time, tsetup (see Figure 2) 20 20 ns
Shift setup time, tgeqyp (see Figure 2) 45 45 ns
Hold time at any input, thgld 0 [ ns
Operating free-air temperature, T —b5 25 125 o] 25 70 °c
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CIRCUIT TYPES SN54165, SN74165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

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

SN54165 SN74165
PARAMETER TEST CONDITIONST UNIT
MIN TYPi MAX |MIN TYP: MAX
V|y High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 08| V
Vi Input clamp voltage Voo =MAX, Ij=-12mA -1.5 —15( V
) Voo =MIN, V=2V,
VoH High-level output voltage VIL=08V, lop = —800 uA 24 24 \4
Voo =MIN, Vig=2V,
VoL Low-level output voltage ViL=08V, loL=16mA 0.4 04| V
Iy Input current at maximum input voltage Voo =MAX, V=565V 1 1| mA
) . . Load input 80 80
I High-level input current Other mputs Veec =MAX, V=24V 0 70 uA
i Low-level input current Ic‘)‘:::r'i":;:ts Vee = MAX, V=04V :132 :?2 mA
lgog Short-circuit output current§ Vee = MAX —-20 —55 | —-18 —55 | mA
lcc  Supply current Vce = MAX, See Note 3 42 63 42 63| mA

NOTE 3: With the outputs open,clock inhibit and shift/load at 4.5 V, and a clock pulse applied to the clock input, Igc is measured first with

the parallel inputs at 4.5 V, then with the parallel inputs grounded.

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

type.

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

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

switching characteristics, Voc =5V, TA=25°C,N =10

FROM TO
PARAMETER“ TEST CONDITIONS MIN TYP MAX|UNIT
(INPUT) (OUTPUT)
fmax 20 26 MHz
t 21
PLH Load Any 31 ns
tPHL 27 40
1 16 24
PLH Clock Any Cp = 15pF, R =400 2, ns
PHL 21 31
See figures 1 thru 3
tPLH 11 17
H QH ns
tPHL 24 36
1 - 18 27
PLH H O ns
TPHL 18 27

ﬂfmax = Maximum input count frequency

tp|_H = Propagation delay time, low-to-high-level output
tp | = Propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54165, SN74165
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

typical shift, load, and inhibit sequences

CLOCK INHIBIT I

SERIAL INPUT L
SHIFT/LOAD | I
h
- 1
A
II H I

B

-

[e]
'_3

o

DATA <
E

5

- 3

i

L .
OUTPUT Qy

A S B SO BN B B
o[ e T
I‘— INHIBIT —+—755HIﬂLSHIFT

OUTPUT Gy

LOAD
functional block diagram PARALLEL
INPUTS
A
/ A 8 C D E F G H \
o T . T . T . T . j - T . T |
PRESET PRESET PRESET PRESET PRESET PRESET PRESET PRESET oUTP
UTPUT
s A H—s %H—s oH—s o H—s G H—s ogH—s o, a,
- cLock CLOCK cLock CcLOCK CLOCK cLock crock [ cLoCcK ouTRUT
QHe4r BHHr % e B H4de  Fgddde B Hbds SR On 5.,
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
é i § b D § ~ 4 P § D § D § i

A

)
SERIAL  SHIFT; CLOCK CLOCK
INPUT LOAD INHIBIT
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CIRCUIT TYPES SN54165, SN74165

PARALLEL-LOAD 8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

S1S3L DNIHOLIMS
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CIRCUIT TYPES SN54166, SN74166, SN54198,

SN74198, SN54199, SN74199

description

8-BIT SHIFT REGISTERS

These 8-bit shift registers are compatible with most other TTL, DTL, and MSI logic families. All inputs are buffered to
lower the drive requirements to one normalized Series 54/74 load, and input clamping diodes minimize switching
transients to simplify system design. Maximum input clock frequency is typically 35 megahertz and power dissipation is

typically 360 mWw.

All Series 54 devices are characterized for operation over the full military temperature range of —55°C to 125°C; all
Series 74 devices are characterized for operation from 0°C to 70°C.

SN54166 and SN74166

These parallel-in or serial-in, serial-out shift registers have a
complexity of 77 equivalent gates on a monolithic chip.
They feature gated clock inputs and an overriding clear
input. The parallel-in or serial-in modes are established by
the shift/lcad input. When high, this input enables the serial
data input and couples the eight flip-flops for serial shifting
with each clock pulse. When low, the parallel (broadside)
data inputs are enabled and synchronous loading occurs on
the next clock pulse. During parallel loading, serial data
flow is inhibited. Clocking is accomplished on the
low-to-high-level edge of the clock pulse through a
two-input positive NOR gate permitting one input to be
used as a clock-enable or clock-inhibit function. Holding
either of the clock inputs high inhibits clocking; holding
either low enables the other clock input. This, of course,
allows the system clock to be free-running and the register
can be stopped on command with the gate input. The
clock-inhibit input should be changed to the high level only
while the clock input is high. A buffered, direct clear input
overrides all other inputs, including the clock and sets all
flip-flops to zero. Average power dissipation per gate is
typically 4.7 mW.

SN54198 and SN74198

The bidirectional registers are designed to incorporate
virtually all of the features a system designer may want in a
shift register. These circuits contains 87 equivalent gates
and feature parallel inputs, parallel outputs, right-shift and
left-shift serial inputs, operating-mode-control inputs, and a
direct overriding clear line. The register has four distinct
modes of operation, namely:

Parallel (Broadside) Load

Shift Right (In the direction Qp toward Qp)
Shift Left (In the direction QH toward QA)
Inhibit Clock (Do nothing)

Synchronous parallel loading is accomplished by applying
the eight bits of data and taking both mode control inputs,
Sp and S1, high. The data is loaded into the associated
flip-flop and appears at the outputs after the positive
transition of the clock input. During loading, serial data
flow is inhibited.

SN54166 and SN74166
JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)T

V¢g LOAD

B4l

H

PARALLEL PARALLEL INPUTS
SHIFTy IN‘I:UT OUJPUT a

F E CLEAR

pnpjwll9

I f [
| ! |

IR
G F

SHIFT/ H Oy
LOAD

SERIAL
INPUT

CLEAR

CLOCK
D INHIBIT CLOCK

[ 1 |

A_B__¢C
[ | |
T{2}1]3]]4
SERIAL A B C
INPUT

5116(]71]8

D CLOCK CLOCK GND
INHIBIT

PARALLEL INPUTS

positive logic:  See description

SN54198 and

SN74198

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)!

SHIFT

LEFT

SERIAL INPUT INPUT
Veo  $1 weur QG

2423 {721 21|20} 19

NPUT INPUT
F Qg € QO CLEAR

18117 161 15| {14 {13

[ [ ] ]

L[]

S, L A 0y

S

R A 0 B Q0

T .0 F O £ O

CLEAR

€ o D 0pCLOCK

LI 1 ]1

L1 1 1]

Vi 12] [3] |4] |s] |e
Sp SHIFT INPUT @, INPUT G,
RIGHT A A s s
SERIAL
INPUT

T( 18] 9] [of (1] 2
WWPDT "o INPUT Tp CLOCK GND

positive logic:  See truth table for mode control (Sg, S1)

TPin assignments for these circuits are the same for all

packages.
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

SN54198 and SN74198 (continued)

Shift right is accomplished synchronously with the rising SN54198/SN74198
edge of the clock pulse when Sg is high and S1 is low. Serial OPERATION OF MODE CONTROL
data for this mode is entered at the shift-right data input. INPUTS
When Sq is low and Sq is high, data shifts left synchro- s s MODE
nously and new data is entered at the shift-left serial input. 1 0
L L INHIBIT CLOCK
Clocking of the flip-flop is inhibited when both mode L H SHIFT RIGHT
control inputs are low. The mode controls should be : L SHIFT LEFT
changed only while the clock input is high. H PARALLEL LOAD
Average power dissipation per gate is typically 4.15 mW.
SN54199 and SN74199
SN54199 and SN74199 J OR N DUAL-IN-LINE
These synchronous 8-bit registers feature parallel inputs, OR W FLAT PACKAGE (TOP VIEW)T
parallel outputs, J-K serial inputs, shift/load control input, Ve Toao B O G % "F % "B 6 ciean crock
a direct overriding clear line, and gated clock inputs. The 2411231 { 220 21} 2011g st 7 e 15 413
register has three modes of operation: I I N R O A D
SHIFT/ H  Qq & o F Q E Q¢ CLEAR| |
LOAD i
Paratiel {Broadside) Load B _J
Shift {In the direction Qa toward QH) L dmh eroex
Inhibit Clock (Do nothing)
3 A %% B Og ¢ W o O pors
Parallel loading is accomplished by applying the eight bits [ T T | | [+ 7 T
of data and taking the shift/load control input low when 2] 3] |4 |5 AREIRE njn
the clock input is not inhibited. The data is loaded into the S LT G e “s NETT G INRUT Qo S0 OV
associated flip-flop and appears at the outputs after the TRAL pTe
gots;tlf\lle trgqsualiqto; the clock input. During loading, serial positive logic: See description
ata flow is inhibited.

TPin assignments for these circuits are the same

Shifting is accomplished synchronously when shift/load is for ail packages.

high and the clock input is not inhibited. Serial data for this

mode is entered at the J-K inputs. See the J-K inputs truth SN54199/SN74199

table for states required to enter serial data into the first TRUTH TABLE

flip-flop. J-K INPUTS
INPUTS OUTPUT

Both of the clock inputs are identical in function and may at t, tht

be used interchangeably to serve as clock or clock-inhibit 3 K QA

inputs. Holding either high inhibits clocking, but when one T H On

is held low, a clock input applied to the other input is L L L"

passed to the eight flip-flops of the register. The

clock-inhibit input should be changed to the high level H H _H

only while the clock input is high. H L GAn

H = high level, L = low level
NOTES: A. t, = bit time before clock pulse
B. tp4q = bit time after clock pulse

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

These shift registers contain the equivalent of 79 TTL gates.
Average power dissipation per gate is typically 4.565 mW.

Supply voltage V¢ (see Note 1) e A
Inputvoltage (see Note 1) . . . . . . . . . . . L oo Ll e e e e e 55V
Operating free-air temperature range:
SN54166, SN54198, and SN54199 Circuits . . . . . . . . . . .« « « « .+ . . —55°C to 125°C
SN74166, SN74198, and SN74199 Circuits . . . . . . . . . « . . . . . . ... 0°Ct70°C
Storage temperature range . . . . . . . . . . . e e 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 terminal,
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

recommended operating conditions

SN54166 SN74166

SN54198 SN74198 UNIT

SN54199 SN74199

MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 4.5 5 55 |4.75 5 525 v
Normalized fan-out from each output, N High Iog.lc fovel 2 20
Low logic level 10 10

Input count frequency, feount 0 25 0 25 | MHz
Width of clock or clear pulse, t,, {(see Figure 1) 20 20 ns
Mode-control setup time, tsetup 30 30 ns
Data setup time, tsetyp (see Figure 1) 20 20 ns
Hold time at any input, tholq (see Figure 1) 0 0 ns
Operating free-air temperature, T —55 25 125 0 25 70 | °C

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

“f

SN54166 SN74166
PARAMETER TEST CONDITIONST SN54198 SN74198 UNIT
SN54199 SN74199
MIN TYPT MAX | MIN TYP} MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| V
V) Input clamp voltage Voo =MAX, 11=—12mA -1.5 —-15| V
. Voo =MIN, vig=2V,
Von High-level output voltage VIL=08Y, Ion=—800uA 2.4 2.4 v
Vec=MIN, V=2V,
VoL Low-level output voltage 0.4 04| Vv
ViL=08V, lgL=16mA
I Input current at maximum input voltage | Vcc = MAX, V=55V 1 1| mA
Ii4  High-level input current Vee =MAX, V=24V 40 40 | pA
I, Lowrlevel input current Voo =MAX, V=04V -1.6 —1.6 | mA
los Short-circuit output current§ Voo = MAX —20 —57 | —-18 —57 | mA
lcc  Supply current Veg =MAX, See Table Below 72 104 72 116 | mA

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

type.

an typical values areat Voo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time.

TEST CONDITIONS FOR Icc
{ALL OUTPUTS ARE OPEN.)

FIRST GROUND,
TYPE APPLY 45V : GROUND
THEN APPLY 4.5V
SN54166, SN74166 | Serial Input Clock All other inputs
SN54198, SN74198 | Serial Input, Sg, S¢ Clock Clear, Inputs A thru H
SN54199, SN74199 | J, K, Inputs A thri H Clock Clock Inhibit, Clear, Shift/Load
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

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

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
fmax Maximum input count frequency 25 35 MHz
Propagation delay time, high-to-
PHL lcrwplae?/ellout t:‘{om clea? B % ns
ut fr
P ti ZI time, high-t CL=15pF, Ry =400 %,
ropagation delay time, high-to- )
tPHL pagar ey ¥ See Figure 1 8 20 30 ns
low-level output from clock
Propagation delay time, low-to-
tPLH .. pag v 8 17 26 ns
high-level output from clock

SN54166, SN74166

typical clear, shift, load, inhibit, and shift sequences

! 1
|
CLOCK INHIBIT I ' \ I |
{ 1 | | t
CLEAR | " | | | |
| l |
[ |
| | i 1
SERIAL INPUT | Il | ] | |
[ i i 0
SHIFT/LOAD [ : I | T
[ I Lo
ot ! [
A \ 1 | H ' |
1 1 : T
1
s b . Gl [
[ ! | [
1 |
¢ [ ! il E !
i i 1 | | |
b) t ! | 1 | |
© ' L !
PARALLEL 7 ; 7 n
INPUTS [ X | X
e - , t | !
T | ! o
i i | 1
3 [ | L L
I | ! [l | !
1 1
G ! ' : H : I i
I 1 1 | : :
t
H : \ ! H : | |
~ B 1 i ! | | |
outruTay 1 | | | I wooH ]| L I H L H L H |
|—————- SERIAL SHIFT :‘l |-—mmsn - ,': SERIAL SHIFT
CLEAR LOAD
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

SN54198, SN74198

typical clear, load, right-shift, left-shift, inhibit, and clear sequences

=
_
-
L
J -

INHIBIT———
CLEAR

|‘——-SH|FT RlGHT—-———.' '1——-—-——--—smrr LEFT

I 1
CLEAR LOAD

5 & ry § o« - < o© o w [¢] bd & @
9 w \ﬁz-/ N v o\ "
s ° 2.8 z g
] e £
nwoZ R} =
g3z ®
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

SN54199, SN74199

typical clear, shift, load, and inhibit sequences

R S I S A S

o] fenmigirs]  fe——— semiAL SHIFT ——————————

LOAD

SERIAL SHIFT

i—1
|

|- __E_E_ SN N O U O O

-4
e e e — e |- ———|——_—————f —_——————_—_—_— —————]— == — - -l e sl - - -t —(
et i e I i Y i B ]
I : Lo o 1 e 1 ] o
|<|| llullo“ml'ullollxl
X c - Ix a © [$] o w w V] T 'S .
S 2 2 & /\¢ © O O O©O- 0 g Jy
9 yE W [} VT \'2
= So pui aJw pur} =
© sz © = = W [
T L5 I S« 2
Iz & w 25 -
oz Gz z £5g 3
:n g =z 5]

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

9-139



CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199
8-BIT SHIFT REGISTERS

functional block diagrams
SN54166, SN74166

->- .»i ﬁa— i -» ‘i. ﬁlfl‘ﬁl:'—w

v’ v 3 s s s

SN54198, SN74198
acst ) A R R =R e A el
L + ° )y & Py )Y

g

SN54199, SN74199

T T 1 T T
107C
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199

8-BIT SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

OUTPUT Vee

Ry = 400 Q SN54166, SN74166
EROM TEST TABLE FOR SYNCHRONOUS INPUTS
OUTPUT
UNDER DATA INPUT OUTPUT TESTED
TEST (See Note C) FOR TEST SHIFT/LOAD (SEE NOTE E)
CL=15pF H oV QR at fn41
ﬁSee Note B) Serial
= = Input 45V QN at tp+g
LOAD FOR OUTPUT UNDER TEST
SN54198, SN74198 SN54199, SN74199
TEST TABLE FOR SYNCHRONOUS INPUTS TEST TABLE FOR SYNCHRONOUS INPUTS
DATA INPUT OUTPUT TESTED DATA INPUT '} OUTPUT TESTED
S So ; SHIFT/LOAD
FOR TEST (SEE NOTE E) FOR TEST (SEE NOTE E)
A 45V 45V Qp at tn+q A oV Qp at th4+1
B 45V 45V Qp at ty+1 B oV Og at t,,49
C 45V 45V Qe at tn+1 (o] ov Qe at th+1
D 45V 45V Qp at tn4+q D oV Qp at tn+1
E 45V 45V QF at tp41 E ov QE at th4
F 45V 45V QF at tn+1 F ov OF at tn+q
G 45V 45V Qg at th+1 G oV Qg at ty+1
H 45V 45V QH at theq H ov Qp at tn+1
L Serial Input 45V 0V Qp at th+g Jand K a5V Q at tnsg
R Serial Input ov 45V Qy at tn+g
—’: twiclear) i‘— 3v
CLEAR PULSE 15V 15V

CLOCK PULSE

DATA
INPUT
(SEE TEST
TABLES)

PHL

!

|

!

1

|
(clearvcl)-—.l I._

OUTPUT Q %1_5\/

|
— op, —

BLH le (CLK-Q)

(cLk-aif — 4 oH
7{15 v \15 v
vV,

VOLTAGE WAVEFORMS
NOTES: A. The clock pulse has the following characteristics: tyw(cjock) > 20 ns and PRR =1 MHz. The clear pulse has the following
characteristics: ty(clear) = 20 ns and tholg = O ns. When testing fmay, vary the clock PRR.

. CL includes probe and jig capacitance.
. All diodes are iN3064.
. A clear pulse is applied prior to each test.

mmOOw

. tp = bit time before clocking transition
th41 = bit time after one clocking transition
tn+g = bit time after eight clocking transitions

. Propagation delay times (tpy  and tpy ) are measured at tn41. Proper shifting of data is verified at th1g with a functional test.

171
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MSI

CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184, SN74184 BCD-TO-BINARY CONVERTERS
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS

description

These monolithic converters are derived from the
custom MSI 256-bit read-only memories SN5488 and
SN7488. Emitter connections are made to provide
direct read-out of converted codes at outputs Y8
through Y1 as shown in the truth tables. These
converters demonstrate the versatility of a read-only
memory in that an untimited number of reference
tables or conversion tables may be built into a system
using economical, customized read-only memories.
Both of these converters comprehend that the least
significant bits (LSB) of the binary and BCD codes
are logically equal, and in each case the LSB bypasses
the converter as illustrated in the typical applications.
This means that a 6-bit converter is produced in each
case. Both devices are cascadable to N bits.

J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)t

BINARY SELECT
ENABLE A
vee 6 T E D € B

wlsujBjrzjnjw

9
G E D Cc B A

OUTPUT
Y ovs

<
-
<
0

T2 3(]4]1S])6([T7][]B8
\Yl_ V2 _¥3 Y& _Y5 Y6 _¥7 ,GND
-

OUTPUTS

positive logic: See Truth Table

1Pin assignments for these circuits are the same for al
packages.

An overriding enable input is provided on each converter which, when taken high inhibits the function, causing all
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the SN54185A
and SNB4185A, and all “don‘t care’ conditions of the SN54184 and SN74184 are programmed high. The outputs are

of the open-collector type.

The SN54184 and SN54185A are characterized for operation over the full military temperature range of —55°C to
125°C; the SN74184 and SN74185A are characterized for operation from 0°C to 70°C.

SN54184 and SN74184 BCD-to-binary converters

The 6-bit BCD-to-binary function of the SN54184
and SN74184 is analogous to the algorithm:

a. Shift BCD number right one bit and examine
each decade. Subtract three from each 4-bit
decade containing a binary value greater than
seven. )

b. Shift right, examine, and correct after each
shift until the least significant decade contains
a number smaller than eight and all other con-
verted decades contain zeros,

TABLE |
. SN54184, SN74184
PACKAGE COUNT AND DELAY TIMES
FOR BCD-TO-BINARY CONVERSION

INPUT PACKAGES | TOTAL DELAY TIMES (ns)
(DECADES) | REQUIRED TYP MAX
2 2 50 80
3 6 125 200
4 11 175 280
5 19 250 400
6 28 325 520

9-142
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

6-BIT CONVERTER
SN54185A and SN74185A binary-to-BCD converters

SBIT BINARY INPUT

25 24 23 22 21 20
The function performed by these 6-bit binary-to-BCD J l
converters is analogous to the algorithm: R
a. Examine the three most significant bits. If sn74188A
¥S5 Y4 Y3 Y2 Y1
the sum is greater than four, add three and l 1 1 1 l
shift left one bit. ¢ M
. B A D C
b. Examine each BCD decade. If the sum is
. MSD LsD
greater than four, add three and shift left e 800 QUTPUT
one bit.
c. Ref)eat step b until the least-significant TRUTH TABLE
binary bit is in the least-significant BCD BINARY INPUTS OUTPUTS
A worps | BNARY SELECT |ENABLE
location. E D C B Al G _|Y8 Y7 Y6 Y5 Y4 Y3 Y2Vl
0-1 L L t L L L HHLL L L L L
2.3 /L L L L oH L HHLLLLULH
4.5 L L L H L L HHLLLLHL
TABLE It 6-7 |L L L HH L H HL L L LHH
8-9 |L L H L L L H HLLLHLL
SN54185A, SN74185A 0-11|L L H L H L HHLLHLLL
PACKAGE COUNT AND DELAY TIMES 122131L L H H L L HHLLHLLH
FOR BINARY-TO-BCD CONVERSION e
16-17 L H L L L L HHLLHLHH
INPUT PACKAGES TOTAL DELAY TIME (ns) 18-191L H L L H L HHLLHHLL
{BITS) REQUIRED TYP MAX 20-21 L H L H L L HH L HLLTLL
4106 1 25 40 22-23{L H L H H L H H L HLLLH
7or8 3 50 80 24.25 (L H H L L L HHLHLLHL
26-27{L H H L H| L HHLHLLEHGEH
9 4 75 120 28-29!L H H H L L HHLHLHLL
10 6 100 160 3031 L HHHH| L HHLHHLL.L
1 7 125 200 32-33f{H L L L L L H H L HHL L H
12 8 125 200 34.35 | H L L L H L HHLHHLHL
13 10 150 240 36-37/H L L H L L HHLHHLH®H
38-39/H L L H H L H H L HHHL L
14 12 175 280 40-41 |H L H L L L HHHLLLLL
15 14 175 280 42.43/H L H L H| L |HHHLLLLH
16 16 200 320 44.45 'H L H H L L H H H L L L H L
17 19 225 360 46-47 |[H L H H H L HHHL L L HH
18 21 225 360 48-49 |H H L L L L HHHLLHLL
50-51 |H H L L H L HHHLHLLL
19 24 250 400 52-53 |H H L H L L HH H L HL L H
20 27 275 440 54-55 |[H H L H H| L H H H L HLHL
56-57 |[H H H L L L HHHLHL®HH
58-58 |[H H H L H L H HHL HHB L L
60-61 [H H H H L L HHHHLLLL
62-63 |H H H H H L HHHHLL LH
ALL [X X x X x| © H HHHHHEHH

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

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

Supply voltage, Vi {see Note 1)

Input voltage (see Note 1) . . . . . . . . . . . . .

Operating free-air temperature range: SN54184, SN54185A
SN74184, SN74185A

Storage temperature range

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

7V
55V

—55°C to 125°C

0°C to 70°C

—65°C to 150°C

9144 TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

recommended operating conditions

SN54184, SN54185A|SN74184, SN74185A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vo 4.5 5 5.5 | 4.75 5 52 | V
Low-level output current, Ig| 16 16 | mA
Operating free-air temperature, TA —55 25 125 0 25 70 | °C

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

PARAMETER TEST CONDITIONST MIN TYP: MAX|UNIT
V|H High-level input voltage 2 \
ViL Low-level input voltage 08| V
\7] Input clamp voltage Vee =MIN, |j=—-12mA —-1.5| V
N Vec=MIN, V=2V,
lon  High-level output current 100| pA
ViL=08V, VpoH=55V
Vee=MIN, |5, = 12ma 04| v
VoL Low-level output voltage ViIH=2V,
Vi =08V
Iy Input current at maximum input voltage Vee=MAX, V=55V 1] mA
4  High-level input current {each input) Voo =MAX, V=24V 40! uA
I Low-level input current (each input) Vee=MAX, V=04V -1 mA
| Supply current, all outputs high 50
CCH_Supply utp g Ve = MAX mA
IccL Supply current, all programmed outputs low 62 104

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

type.

£All typical values are at Vec =5 V, Tpo = 25°C.

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

RL22 600 0

Ul

Cy_ includes probe and jig capacitance.

LOAD CIRCUIT

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Propagation delay time, low-to-high-level
tPLH pag & S 16 25 ns
output from enable G
Pro tion delay time, high-to-low-level
L P i 9 CL = 30pF, 2 35| ns
output from enable G R 300 @
" " - L1= ’
Pro tion delay time, low-to-high-level
tpLy | Pogation delay time, lowrto-nig RLo= 6002 2% 40| ns
output from binary select
Pro| tion delay time, high-to-low-level
tppy | ropagation delay time, hig 20 32| ns
output from binary select
CcC
30 pF
FROM OUTPUT 1/
UNDER TEST AN
CL

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54184, SN74184

—_———— - A —
MSo LSD

D5 C5 BS A5 D4 C4 B4 A4 D3 C3 B3 A3 D2 CZ B2 A2 D1 C1 Bt A1 DO CO BO AQ

E D C B A

Y5 ¥4 ¥3 vz v1
Y5 ¥4 Y3 v2 Y1

Ls D c B A] EDC B A
s va v3 v2 vij | {vs_va v vz‘j]
PN \BEBE bL RS I 11
BINARY OPEN E D C 8 A
vs va v3 vz va| | lys va va vz
FIGURE 1-BCD-TO-BINARY CONVERTER tn c B A] c s :\J
FOR TWO BCD DECADES 5 Y4 Y3 v2 V1 lvs ¥4 v3 v2 w vs v4 ¥3 v2_vi|

[ 1] !I | [ I
LDCBA EDCB EDC € DC B A

5 Y4 Y3 ¥2 v] Y5 Y4 Y3 Y2 Y} Y5 ¥4 Y3 Y2 Y Ivs Y4 Y3 vz ¥1

S«
B

N

A
b

m—l_

PEN G E C 8 A
Y5 Y4 Y3 v2 Y1 Y5 Y4 Y3 Y2 VI ¥5_Y4_Y3 ¥2 Y1
c 8 A

D € B A E
5 Y4 Y3 Y2 V1 Y5 Y4 Y3 Y2 Y1

E cC 8 A
Y5 Y4 Y3 ¥2 Y1

1 L et T TT 1 [ I
E D C B A E D C B A E D C B A
Y5 Y4 Y3 v2 Y1 Y5 Y4 Y3 Y2 Y1 Y5 Y4 Y3 ¥2 VI
N~ E D C B A i"é_u c 8 4

Y5 Y4 Y3 Y2 Y1

@

Y5 v4 Y3 Y2 Y1

1 ] I
D C B A E D C B A
Ls va ¥3 v2 v1| Ivs ¥a ¥3 v2 vxl
|

NEC

E D C B A

Y5 Y4 ¥3 Y2 Y1

J

YTY VYN rJvirwiivv

OFEN 1918017 b16b15 614013 612011010 b9 b8 b7 b6 65 b4 b3 62 b1 bO,
BINARY BIN‘;RY
FIGURE 2—-BCD-TO-BINARY CONVERTER FIGURE 3—BCD-TO-BINARY CONVERTER
FOR THREE BCD DECADES FOR SIX BCD DECADES

MSD—most significant decade
LSD—least significant decade
Each rectangle represents an SN54184 or SN74184,
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54185A, SN74185A

BINARY
A

A r \
BINARY ©11 B10 B9 B3 B7 B6 BS B4 B3 B2 Bl BO

B5 B4 B3 @2 B1 BO

E D C B A
Y6 Y5 YA Y3 v2 Y1

FIGURE 4—6-BIT BINARY-TO-BCD
CONVERTER

BINARY

[ e,

B B6 BS5 B4 B3I B2 B1 B0

\__ MsD Lo/

E D C B A

Y6 Y5 Y4 V3 Y2 Y1

— FIGURE 7—12-BIT BINARY-TO-BCD
) CONVERTER
Ys_va ¥3 vz Y1
D c B A BINARY

o N N
Y5 Y4 ¥3 ¥2 ¥1 B15 B14 B13 B12'B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

v
ANt N e N !
\_MsSD LSD ’

BCD
FIGURE 5-8-BIT BINARY-TO-BCD
CONVERTER

B8 B7 B6 B5 B4 B3 B2 81 80"

s
¥s v4 ¥3 vz vi|ys va ¥3 ¥2 Y1

c B A

4 Y3 Y2 Y
Y6 Y5 Y4 Y3 Y2 YY|Y5S Y4 Y3 Y2 Vi Y4 Y3 Y2 V|_
v
D C B A
\_MSD. LSO ,
B:D . Y4 ¥3 Y2 YY L L

vy

FIGURE 6—9-BIT BINARY-TO-BCD \AAAALAANASANARALLLA

CONVERTER e — o

BCO

P FIGURE 8—16-BIT BINARY-TO-BCD
MSD—Most significant decade CONVERTER

LSD-—Least significant decade
Each rectangle represents an SN54185A or an SN74185A.
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CIRCUIT TYPES SN5442, SN5443, SN5444,
SN7442, SN7443, SN7444

MSI 4-LINE-TO-10-LINE DECODERS (1-OF-10)
e BCD-to-Decimal ® Excess-3-to-Decimal ® Excess-3-Gray-to-Decimal
Also for applications as
® 4-Line-to-16-Line Decoders ® 3-Line to 8-Line Decoders
o featuring diode-clamped inputs
JOR N DUAL-IN-LINE
description OR W FLAT PACKAGE (TOP VIEW)t
These monolithic decimal decoders INPUTS QUTPUTS
consist of eight inverters and ten /o N \ / - \
four-input NAND gates. The VCC A B c 0 9 8 7
inverters are connected in pairs to
make BCD input data available for e s {w e fenfw]ls |
decoding by the NAND gates. Full ] | L =
decoding of valid input logic ‘_}
ensures that all outputs remain off o eeaneces M |
for all invalid input conditions. A B C
The SN5442/SN7442 BCD-to-
decimal, SN5443/SN7443 excess-
3-to-decimal, and SN5444/SN7444 12 345 67 89
excess-3-gray-to-decimal  decoders Q_
feature familiar transistor-
transistor-logic {(TTL) circuits with I l—k—T—T |j> T—\LTI—I
inputs and outputs which are com- B 8 P
patible for use with other TTL and
DTL circuits. D-c noise margins are
typically one volt and gpower L ! 2 3 4 3 ¢ GND
dissipation  is  typically 140 QUTPUTS
mil!iwatts. Full fan-out of 10 is positive logic: see truth tables
available at all outputs.
TPin assignments for these circuits are the same for all packages.
SN5442/SN7442 SN5443/SN7443 SN5444/SN7444 ALL TYPES
BCD EXCESS 3 EXCESS 3 GRAY DECIMAL
INPUT INPUT INPUT QUTPUT
D C B A D C B A D C B A 0(112|13/4(5/61(7|8(9
[} 0 0 0 [V} 0 1 1 1] 0 1 0 O iytin
0 0 0 .I 0 1 0 0 0 1 1 0 viojvrpehvla g
0 0 1 0 0 1 0 1 0 1 1 ] IR RIURIRERER NARRER!
0 0 1 1 0 1 1 0 0 1 0 1 virpnojjrnjifai
0 1 0 0 0 1 1 1 0 1 0 0 T ol viviin
0 1 0 1 1 0 [} 0 1 1 0 0 INIRERRER AN IR RR AR A
0 1 1 0 1 0 1] 1 1 1 0 1 vivpnpyjopnn
0o [ 1] 1 o [11]o0 1 1 1 |1 Thfhifyffrfe[rft
i 0 0 ] 1 0 1 1 1 1 1 V] ViI[rfyyngron
1 0 0 1 1 1 0 0 1 0 1 0 Tppypyjvyngtio
1 o1 0 1 1 {0 |1 Vo1 | ity
1 0 1 1 1 1 1 0 1 0 0 1 VIV[rpefepegean
1 1 0 0 1 1 1 1 1 0 0 0 IRIBARRERERRR NIRRT
1 1 0 1 0 [} 0 0 0 Q 0 0 TR
1 1 1 0 0 0 0 1 0 0 0 1 Vivjiajagpipp
1 1 1 1 0 [} 1 0 0 0 1 1 IR ERERARERERRARANA]
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CIRCUIT TYPES SN5442, SN5443, SN5444,
SN7442, SN7443, SN7444

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

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

Supply Voltage, Ve (See Note 1) .
Input Voitage, Vin (See Note 1)

Operating Free-Air Temperature Range: SN5442 SN5443 SN5444 chunts
SN7442, SN7443, SN7444 Circuits

Storage Temperature Range

recommended operating conditions

NOTE 1:

7V
55V

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

switch

MIN NOM MAX |UNIT
Supply Voltage Ve (See Note 1): SN5442, SN5443, SN5444 Circuits. . . 4.5 5 5.5 \
SN7442, SN7443, SN7444 Circuits . . . 4.75 5 5.25 \
Normalized Fan-Out from each Output (N) 10
Voltage values are with respect to network ground terminal.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST
t
PARAMETER FIGURE TEST CONDITIONS MIN TYPt MAX | UNIT
. 1
i Input voitage required to ensure
Vin(1) logical 1 at any input terminal a;d 2 v
1
i Input voltage required to ensure 08 \"]
Vinto) logical 0 at any input terminal a;d
. Vee = MIN, Vin(1) =2V
V, Logical 1 cutput vol 2 4
out(1) Logical T outputvoltage Vin(0) =0.8 V. ligad = —400 A 2 v
. Vce = MIN, Vin(1} =2V,
V L i 0 output vo! X
out(0) Logical 0 output voitage T | Vin0) =08 V. lgink = 16 mA o4 | Vv
" Logical 1 level input current 3 Vee=MAX, V=24V 40 A
in(1 (each input Vec=MAX, Vip=565V 1 mA
. Logical 0 level input current _ ) - :
lin(0) {each input]. a Ve =MAX, Vip=04V -1.6 mA
5444 | —2 —55
los Short-circuit output current$ 5 Ve = MAX :m?::g ::?ﬁg' 2:‘,,“4 _12 -5 r:,':
SN5442, SN5443, SN5444 28 41 mA
k b = - 3
cc_ Supply current 4 | Ve~ MAX |5N7442, SN7443, SN7444 ) 5% | _mA
ing characteristics, Vo =5V, Tp = 25°C,N=10
PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE d
Propagation delay time to - -
A0 logical O level through 6 |CL=15pF, R =4008 10 22 30 ns
two logic levels
Propagation delay time to
tpd0 logical O level through 6 CL = 15pF, R =400 Q 23 35 ns
three logic levels
Propagation delay time to
tod1 logical 1 fevel through 6 CL =15pF, R =400 Q 10 17 25 ns
two logic levels
Propagation delay time to
tod1 logical 1 level through 6 Ci =15pF, R =400 2 26 35 ns
three logic levels

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

wn

All typical values are at Vg =5 V, Ta =25°C.
Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN5442, SN5443, SN5444,
SN7442, SN7443, SN7444
4-LINE-TO-10-LINE DECODERS (1-OF-10)

functional block diagrams

o ~ - - ~ .. o
2 H H 2 2 2 H
5 5 5 5 5 5 5
<] o ° 5} ° Qo °
<im0 O |<imu <aun| J<aus) )
T T T 1 ™
L - Py

1
J

SN5444/SN7444 EXCESS-3-GRAY-TO-DECIMAL

ouTRIT 0
oureuT 1
OuTRUT 2
OUTAUT 4
OUTAUT 5
outRUT 6
outeuT 7
ouThUT B
outhut #

< oivlo] |i<leulq |<ouin| [Keould [<eulkl Kmkal (<elLo| fi<eluo| |<eoal [eo
. T T _— r— - - T —
Py 13
Py

oS T

TR 1A1A A

SN5443/SN7443 EXCESS-3-TO-DECIMAL

OuTPUT }
outRuT 2
oureuT 8

H
3

<Pl f<cmiuin] |<anio o ule| | < ui) @ Vo] |<oul @ <1olu Of
= M - ot T B

P jla

0—O ourrur o

INPUT A
INPUT B
INPUT C
INPUT D

SN5442/SN7442 BCD-TO-DECIMAL
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CIRCUIT TYPES SN5442, SN5443, SN5444,
SN7442, SN7443, SN7444
4-LINE-TO-10-LINE DECODERS (1-OF-10)

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT
Yee Vee
0 0
A 1 A 1
2 p—\ 2 p—
TEST 8 3 P~ lsink TEST [—{8 3 P~
v o v 4 oad -
in PER 4p-o in PER ‘P 1
TRUTH 5 p—= TRUTH P—O
TABLE ¢ 6 b5 Taste 1€ 6 DD—_/.})
7 D_f? 7 P
D 8 [) D 8 4
9 9
J- Vout(0) J_ Vout(1)
1. Each output is tested separately. 1. Each output is tested separately,
FIGURE 1 FIGURE 2
VCC
0 N
A 1 p—
lin(1) 2 p—
V. » 8 3 p—
n
SEE 4 P—
NOTE 5 p— [ OFEN
C 6 p—oo
7 p—r
D 8 p—
9 Po—_"
1. Each input is tested separately,
FIGURE 3
v
ccC
|
ccC
T
0
A 1
lin(0) 2 p— 0
v +— R 3 p—u A 1
i
SEE 4 p— 2 \
OPEN P\
NOTEL 1c > P TEST |3 e |
6 p— Vi PER 4o os
7 o— TRutH| | 5p—
e 8 p— TABLE 6 g—:‘}
? p— 7 f
D 8
—l- ?
1. When testing lin(o) each input is tested separately. J__
2. When testing Icc all inputs are grounded and
outputs are open. 1. Each output is tested separately.
FIGURE 4 FIGURE 5

tArrows indicate actual direction of current flow
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CIRCUIT TYPES SN5442, SN5443, SN5444,
SN7442, SN7443, SN7444
4-LINE-TO-10-LINE DECODERS (1-OF-10)

switching characteristics

VCC =5V
2
INPUT h o
i ? OUTPUT
4-0- ¢ A
8-4-2-1 A )
TRUTH TABLE B B i
GENERATOR
5
(See note 1) C C 6
7
D D 3
-l' 9
TEST CIRCUIT
Vin(1)
TYPICAL INPUT Ve
VOLTAGE in (0)
WAVEFORMS
Vin(M
(See Note 1)
Vin(O)
Vout(1)
TYPICAL QUTPUT Vout(0)
VOLTAGE
WAVEFORMS Vout(1)
Vout(0)

NOTES: 1. The truth table generator has the following characteristics:

> <
Vout) S 24V Vo) S04 V.Y and t, <10 ns, and

PRR = 1 MHz, Input B, C, and D transitions occur simul-
taneously with or prior to input A transistions.
2. CL includes probe and jig capacitance.

3. All diodes are 1N3064.

FIGURE 6—SWITCHING TIMES
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CIRCUIT TYPE

$ SN5442, SN5443, SN5444,

SN7442, SN7443, SN7444

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

TYPICAL APPLICATIONS

decoding binary-to-decimal with SN5442/SN7442,

Figure A demonstrates a method for utilizing two
SN5442/SN7442 decoders to perform 4-wire to
16-wire (1-of-16) decoding. Inputs A, B, and C of the
two decoders are paralleled, D is applied to one
decoder, and D is applied to the other as shown in
figure A. Decimal equivalents are available as
indicated. Note that decimal 8 and 9 are available
from both decoders.

decoding 3-wire binary:to-octal

This application demonstrates a method for decoding
3-wire binary-to-octal using the SN5442/SN7442. See
figure B. The binary code ABC is applied to the A, B,
and C inputs and the D input is used as a strobe.
When the strobe is taken to a logical 0 the octal data
may be taken from outputs O through 7. Note that
decimal outputs 8 and 9 are not used. See BCD truth
table.

This application demonstrates a method for decoding
3-wire binary-to-octal using the SN5444/SN7444, See
figure C. The binary code ABC is applied to the A, B,
and D inputs respectively and the Cinput isused asa
strobe. When the strobe is taken to a logical 1 the
octal data (as identified in figure C) may be taken
from outputs 1 through 8. Note that outputs 0 and 9
are not used.

DECIMAL
SN5442 ouTPuT
o— 0
o—-— 1

o— 2

8CD p— 3

8 10
DECIMAL
c

p—4
p— 5

p—— 6
p—7

*These decimal outputs are availdble from both decoders.

8+
o*

VO NS W R~ O

SN5442

o——- g*
o—9*
lo—— 10
o—> 11
e 12
o— 13
o— 14
o— 15
off
off

D

c BCD

TO
DECIMAL

8

A

VO NOU AW — O

FIGURE A

SN5442

1-OF-8

NO
CONNECTION

NOULAE W —~O

SN5444
O— CONNECTION
A INPUT—] A 6 §
B INPUT —B GRAY 3P 1
170 4p—0 [ 1-OF-8
STROBE | CDECIMAl5 o— 4 [ OCTAL
M bfo——15
70—7
CINPUT— D 8 A
p— NO
CONNECTION

FIGURE C

PRINTED IN U.S.A.
TI cannol assume any responsibility for any circuils shown
or represent that they are free from patent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
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CIRCUIT TYPES SN54142, SN54143, SN54144,

LOW-POWER
TTL MSI SN74142, SN74143, SN74L44
4-LINE-TO-10-LINE DECODERS (1-OF-10)
SN54L42, SN74L42 . . . BCD-TO-DECIMAL
SNb4L43, SN74L43 . . . EXCESS-3-TO-DECIMAL
SN54L44, SN74L44 . . . EXCESS-3-GRAY-TO-DECIMAL
® Also for Applications as
4-Line:to-16-Line Decoders
3-Line-to-8-Line Decoders
e Diode-Clamped Inputs
JORN
description DUAL-IN-LINE PACKAGE (TOP VIEW)

These monolithic decimal decoders 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 input logic ensures that all outputs
remain off for all invalid input conditions.

The SN541L.42/SN74L42 BCD-to-decimal, SN541.43/
SN74L43 excess-3-to-decimal, and SN54L44/SN74L44
excess-3-gray-to-decimal decoders feature familiar
transistor-transistor logic (TTL) circuits with inputs
and outputs which are compatible for use with other
TTL and DTL circuits. D-c noise margins are typical-
ly one volt and power dissipation is typically 70 milli-

INPUTS OuTPUTS
Vee A8 C D %5 8 7
Wi {nllwolls
.
A B c o

P

2 3 45 67 89

TR

118

watts. The diode-clamped inputs represent only one- N 2 3 4 3 §, GND

half of one normalized Series 54/74 load, or approxi- OUTPUTS

mately five Series 54L/74L gate loads at a low logic positive logic: See truth table

level, or two Series 54L/74L gate loads at a high logic

level,

TRUTH TABLE

SN54L42/SN741L42 SN54L43/SN74L43 SN54L44/SN74L44 ALL TYPES

BCD INPUT EXCESS-3-INPUT EXCESS-3-GRAY INPUT DECIMAL OUTPUT
D [~ B A D c B A D C B A 0 1 2 3 4 5 € 7 8 L]
L L L L L L H H L L H L L H H H H H H H H H
L L L H L H L L L H H L H L H H H H H H H H
L L H L L H L H L H H H H ! H LiH]JH]IH|H]H]|HI|H
L L H H L H H L L H L H H H H L H H H H H H
N H L L L H H H L H L L H H H H L H H H H H
L H L H H L L L H H L L H H H H H L H H H H
L H H L] H L L H H H L H HIHIH|H|H]|H L] H|H|H
L H H HIH L H L H H H H HIHIH|H|H|H|H L|HI|H
H L L L] H L H H H H H L HiHIH|H|[H]H]H]H L|H
H L L H|H H L L H L H L HiH|H|H|H|H|H|HI|H L
H L H L] H H L H H L H H HIH I H|H!IH|HIH|HIH]|H
H L H H|H H H L H L L H HIH|H|H|H|H|H|H]{H]|H
H H L L H H H H H L L L H H H H H H H H H H
H H L H L L L L L L L L HIH I HIH|H|H|H|H]|H]lH
H H H L} L L L H L L L H HIHIH]HIH|H|H]|H]H]H
H H H H L L H L L L H H HIH I HIHIHIHIH]IRA]H|H
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CIRCUIT TYPES SN54L42, SN54143, SN54144, SN74L42, SN74143, SN74L44
4-LINE-TO-10-LINE DECODERS (1-OF-10)

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

Supply voltage, Ve (seeNote 1) . . . . . . . . . . L oL L L ... TV
Input voltage (see Note 1) O Y Y
Operating free-air temperature range: SN54L42, SN541.43, SN54L44 Circuits . . . . . . . . —B55°Cto 125°C

SN74L42, SN74L43,SN74L44 Circuits . . . . . . . . . . 0°Cto70°C

Storage temperaturerange . . . . . . . . . . . . . . .. ... . —85°Cto 150°C

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

recommended operating conditions

SN54L42 SN74L42
SN54L43 SN74L43
SN54L.44 SN74L44 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo . 45 5 55 | 475 5 525 \%
Series 54L/74L gates 40 40
Series 54L/74L i P :
Normalized fan-out from each output, N z?nes inputs | High logic level 20 20
with 8-k K
base resistors Low logic level 10 10
Operating free-air temperature, T A —55 125 0 70 °C

I This applies to all inputs of all the circuit types on this data sheet.

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

TEST
PARAMETER TEST CONDITIONST MIN MAX |UNIT
FIGURE
ViH High-level input voltage 1and 2 : 2 \
ViL Low-level input voltage : 1 and 2 0.8 v
V| Input clamp voltage | . 3 Vec=MIN, 1j=—12mA -1.5 v
Vee=MIN, Viy=2V,
Vou High-level output voltage 1 cc H 24 v
ViL =08V, gy =—400uA
Vee=MIN, Vijy=2YvV,
V, Low-level output volta 2 0.4 v
oL P % ViL=08V, gL =8mA
Iy Input current at maximum input voltage 3 Vee=MAX, V=55V 1 mA
IjH  High-level input current 3 Vee=MAX, vy=24V 20 MA
Il Low-level input current 3 Vee=MAX, V=04V —08 mA
los Short-circuit output current§ 4 Ve = MAX -9 -28 | mA ﬂ
SN54L42, SN541 43,
22 mA
SN54L 44
Icc  Supply current 5 Vee = MAX SN74L42 SN74LA3
! ! 28 | mA
SN74L44
switching characteristics, Vcc =5V, TaA =25°C, N = 10
TEST
PARAMETER TEST CONDITIONS - MIN MAX | UNIT
FIGURE

Propagation delay time, high-to-low-level
PHL . 10 60 ns
output from A, B, C, or D through 2 levels of logic

4 Propagation delay time, high-to-low-level 70 ns
PHL output from A, B, C, or D through 3 levels of logic Cp.=15pF,

Propagation delay time, low-to-high-levet RL =400 0
PLH X 10 50 ns
output from A, B, C, and D through 2 levels of logic

Propagation delay time, low-to-high-level
PLH . 70 ns
output from A, B, C, and D through 3 levels of logic

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

§Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN54142, SN54143, SN541L44, SN74L42, SN74143, SN74144
4-LINE-TO-10-LINE DECODERS (1-OF-10)

functional block diagrams

- ~ - - " < ~ @ o> -
H H H H 2 2 2 2 ) g
SN T N S R S B z
w
a
)
ld
>
- LVl < o VIO <l VIO | Ciea O <1 U <oV <wU < @ U O -t O <
< oo [aim ] e weyo) [<ave] faud fr- g
] ! d Py (P
1 ] ©
! k
g
1< < o o B a X
A Z; :
-l
<
2 5
; §
=
< b Q 3
5
H 2 H 2 2 H]
5 5 5 5 5 5
o o (<] o [s] <]

<wuit] Mol o] |<el o < ol O < w0 litiaV
1 1 n = ] T

lL il il

T

1]

SN54L43/SN74L43 EXCESS-3-TO-DECIMAL

INPUT D O<DC ’

o
£
z
° - . . - " ~ - -
2 H g ] H 2 H H H
3 3 B 3 8 3 & 8 8
O
Q
i JAO <o) [<arrio| |<abiol o VIO < VIO < « VIA] < -V lamis © <iwh) O
aledei il o e -

SN541.42/SN74L42 BCD-TO-DECIMAL
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CIRCUIT TYPES SN54L42, SN54143, SN54144, SN74142, SN74143, SN74L44
4-LINE-TO-10-LINE DECODERS (1-OF-10)

PARAMETER MEASUREMENT INFORMATION
d-c test circuitsT

Vee Vee
0 0
A 1 o_\’ A 1
2 p—\ 2 ’
VIH TEST |8 3P~ IoH ViH TEST (—1'8 3 P~
PER ; pb—o 1 PER 4 pb—o loL
TRUTH P—O TRUTH 5 p—o
ViL TABLE < 6 D—p ViL TABLE C 6 DD-—/.))
7 p—r/ 7
) 8 o—f D 8 u_f
9 Vou 9 V-OLL
Each output is tested separately, Each output is tested separately.
FIGURE 1-V|y, Vi, Vou FIGURE 2—-V |y, V|, VoL
Vee
0 N
A 1 p—
AT 2 p— > Each input is tested
Vi O—. 8 3 p— separately for V|, I,
| st 4 p— L oPEN |H. and Iy Inputs
IjL | NOTE c 5 p——r not under test are
I 6 p—— grounded,
! 7 p—
{ D 8 p——o
% I - 9 po—vJ
Vi -l.
T 3 L
FIGURE 3-V|, I}, iy, Iy
Vee Vee
T Tl Icc
0 0
A 1 A 1
) =
TEST 8 3P~ s P p—
Vi PER 4 b—o los 4 p— L oPEN
TRUTH 5 p~o 5 Do
TABLE 6 p—% < 6 p—o
7 , 7 P
D 8 l |H o} 8 p—
s s p—oJ
-,l- = -L
Each output is tested separately.
FIGURE 4—-lgg

TArrows indicate actual direction of current flow. Current into a terminal is a posltive value,

FIGURE 5—Ig¢
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CIRCUIT TYPES SN54L42, SN54143, SN54144, SN74142, SN74143, SN74L44
4-LINE-TO-10-LINE DECODERS (1-OF-10)

PARAMETER MEASUREMENT INFORMATION
switching characteristics

Vee=5V
INPUTS ¢
——
ouTPUT
T‘ 0
84-2-1 A A ; b—\o ¢
> o 2 RL
>
B B 3p—o 1
TRUTH TABLE 4p—0
GENERATOR c 5 p—=0
(See Note A) 6 p——=0
7 p—"
D D g‘o___/o /P {See Note C)
9 CL

i}
I._

TEST CIRCUIT

je——l— <10 ns
| i
: 90%
INPUT |
UNDER TEST : ! 15V
16 5 i 200 ns
-_ I
h'—tPLH—"I
I |
| ]
OUTPUT THRU ] |
2 LEVELS OF | 15V
LOGIC |
|
L—t ]
H PHL—-’I
|
|
OUTPUT THRU |
3 LEVELS OF 15V
LOGIC

VOLTAGE WAVEFORMS

NOTES: A. The truth table generator has the following characteristics: PRR < 1 MHz, Zyy¢ ® 50 Q. Transition of the input under test must
occur simultaneously with or following the transition of the other inputs.
B. Cy includes probe and jig capacitance.
C. All diodes are 1N914.

FIGURE 6—SWITCHING TIMES
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CIRCUIT TYPES SN54L42, SN54143, SN54L44, SN74L42, SN74L43, SN74144

4-LINE-TO-10-LINE DECODERS (1-0F-10)

TYPICAL APPLICATIONS

decoding binary-to-decimal with SN54L42/SN74L42

Figure A demonstrates a method for utilizing two
SN541L42/SN74L42 decoders to perform 4-wire-to-
16-wire (1-of-16) decoding. Inputs A, B, and C of the
two decoders are paralleled, D is applied to one
decoder, and D is applied to the other. Decimal
equivalents are available as indicated. Note that

decimal 8 and 9 are available from both decoders.

decoding 3-wire binary-to-octal

Figure B demonstrates a method for decoding 3-wire
binary-to-octal using the SN54L42/SN74L42. The
binary code ABC is applied to the A, B, and C inputs
and the D input is used as a strobe. When the strobe is
taken to a low level, the octal data may be taken
from outputs 0 through 7. Note that decimal outputs
8 and 9 are not used. See BCD truth table.

Figure C demonstrates a method for decoding 3-wire
binary-to-octal using the SN54144/SN74L44. The
binary code ABC is applied to the A, B, and D inputs,
respectively, and the C input is used as a strobe. When
the strobe is taken to a high level, the octal data {as
identified in figure C} may be taken from outputs 1
through 8. Note that outputs 0 and 9 are not used.

DECIMAL

SNB4L42 outpur
oOp— O

1p—1

2 p—2

8CD 3 p—3
4

5

o— 4
p—235
p— 6
7p—7
8 pb— 8g*
9 P 9*
SN54L42

8*
9&
o—— 10
po— 11
o— 12
p— 13
o— 14
p— 15
p—— off
o— off

o}

D

BCD

C

TO
DECIMAL
B

A

VONOU AWN —O

*These decimal outputs are available from both decoders.

FIGURE A

SN54L42

0

p—1
—iA

p—2
38T J__ g BCP 3b—3 | j.ops
BINARY 10 b——4 [ OCTAL

—c 6

0
1
2
3
4
DECIMAL sb ¢
6
7
8
9

b—17
STROBE —{p i NG
S o_} CONNECTION
FIGURE B
SN541L.44 NO
Oo— CONNECTION
_ 1o—2
A INPUT—] A 2 3

BINPUT—|8 GRAY 3P—1
10 4p—0{ 1-OF-8

STROBE | (CDECIMAS p— 4 OCTAL
J v sp—75
CINPUT—] D -
b— 6
P~ NO
CONNECTION
FIGURE C
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TTL CIRCUIT TYPES SN54154, SN74154
MsSI 4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

FOR APPLICATIONS IN COMMUNICATIONS EQUIPMENT,
COMPUTERS, AND ELECTRONIC INSTRUMENTATION

Decodes 4 binary-coded inputs into one of 16

mutually exclusive outputs JOR N DUAL-IN-LINE

. . . OR W FLAT PACKAGE (TOP VIEW)
Performs the demultiplexing function by

distributing data from one input line to any Vee INPUTS OuTPUTS

one Of 16 OUtPUts WHZQ 19 18 }—{17 (16— 1514|413
. . N . T ] ‘ » \

Input clamping diodes simplify system design ‘ i 1 l i l i l |

. . A B C D G2 Gl 15 14 13 12
High fan-out, low-impedance, totem-pole

outputs l—«q 0 11
\ . |
Typical average propagation delay times: 1 ?T 3 ‘}r ? ?? % % 2 1(?
23 ns through 3 levels of logic | I
19 ns from strobe input P LA Lo o e
\4 GND
OUTPUTS

Typical power dissipation ... 170 mW

Fully compatible with most TTL, DTL, and positive logic: See truth table
MS! circuits

TPin assignments for these circuits are the same
for all packages.

description

Each of these monolithic, 4-line-to-16-line decoders utilizes TTL circuitry to decode four binary-coded inputs into one
of sixteen mutually exclusive outputs when both the strobe inputs, G1 and G2, are low. The demultiplexing function is
performed by using the 4 input lines to address the output line, passing data from one of the strobe inputs with the
other strobe input low. When either strobe input is high, all outputs are high.

These circuits are fully compatible for use with most other TTL and DTL circuits. Input clamping diodes are provided
to minimize transmission-line effects and thereby simplify system design. Input buffers are used to lower the fan-in
requirement to only one normalized Series 54/74 load. A fan-out to 10 normalized Series 54/74 loads in the low-level
state and 20 in the high-level state is available from each of the sixteen outputs. Typical power dissipation is 170 mW.,

The SN54154 is characterized for operation over the full military temperature range of —55°C t0 125°C; the SN74154
is characterized for operation from 0°C to 70°C.

9-160
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270

CIRCUIT TYPES SN54154, SN74154

4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

logic
TRUTH TABLE
iNPUTS OUTPUTS
Gt G2/ b ¢ B A |0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
L L L L L L L H H H H H H H H H H H H H H H
L t|]L L L H|/H L H H H H H H H H H H H H H H
L L|]L L H L|H H L H H H H H H H H H H H H H
Lt L|L L H H|H H H L H H H H H H H H H H H H
L L|L H L L|H H H H L H H H H H H H H H H H
L L|L H L H{H H H H H L H H H H H H H H H H
L L|L H H LJ|H H H H H H L H H H H H H H H H
L L|{L H H H|H H H H H H H L H H H H H H H H
L L|H L L L|/H H H H H H H H L H H H H H H H
L L|{H L L H|/H H H H H H H H H L H H H H H H
L L|H L H L|H H H H H H H H H H L H H H H H
L L|{H L H H|H H H H H H H H H H H L H H H H
L L|{H H L L{H H H H H H H H H H H H L H H H
Lt L|H H L H|/H H H H H H H H H H H H H L H H
L L H H H L H H H H H H H H H H H = H H L H
L L|H H H H|H H H H H H H H H H H H H H H L
L H X X X X H H H H H H H H H H H H H H H H
H L|X X X X|H H H H H H H H H H H H H H H H
H H|X X X X|H H H H H H H H H H H H H H H H
H = high, L = low, X = irrelevant
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage V¢ (see Note 1) 7V
Input voltage (see Note 1) e e e e .. ... bbbV
Operating free-air temperature range: SN54154 Circuits —55°C to 125°C
SN74154 Circuits 0°C to 70°C

Storage temperature range

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

recommended operating conditions

—65°C to 150°C

SN54154

SN74154

MIN NOM MAX

UNIT
MIN NOM MAX

Supply voltage Vcc

4.5 5 5.5

4.75 5 5.25 \

Operating free-air temperature range

. High logic level 20 20
Normalized fan-out from each output, N -
) Low logic level 10 10
—565 25 125 0 25 70 °C

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54154, SN74154
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

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

TEST
PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
FIGURE
Vig High-level input voltage 1and 2 2 Vv
ViL Low-level input voltage 1and 2 0.8 v
Von High-level output voltage 1 Vec=MIN, Vi =2V, 2.4 \%
ViL=08YV, IpH=-800uA
VoL Low-level output voltage 2 Vee =MIN, - Vi =2V, 04} Vv
ViL=08V, lpoL=16mA
IH High-level input current 3 Voo =MAX, V=24V 40 | uA
{each input) Voo =MAX, V=55V 11 mA
e Low—lc.evel input current 3 Veg = MAX, Vi =04V 16| mA
(each input)
los  Shortcircuit output current$ 4 Voo = MAX Ssa154 —20 - mA
SN74154 —18 —57
lcc  Supply current 5 Vee = MAX SN54154 34 49 mA
i SN74154 34 56

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

type.

LAl typical values are at Vo = 5 V, T = 25°C.

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

switching characteristics, Vec =5V, TA=25°C, N =10

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time, low-to-high-level output,
tPLH . . 24 36 ns
from A, B, C, or D inputs through 3 levels of iogic
Propagation delay time, high-to-tow-level output,
tPHL ! 22 33 ns
from A, B, C, or D inputs through 3 levels of logic
- - - 6 Cy =15pF, R =400Q
Propagation detay time, low-to-high-level output,
PLH . . 20 30 ns
from either strobe input
Propagation delay time, high-to-low-tevel output,
TPHL . . 18 27 ns
from either strobe input

9-162
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CIRCUIT TYPES SN54154, SN74154
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

functional block diagram

g

A S

(G——"DG = - 3—02

26— }3

, A ‘_DD_*’S

uTs < B‘(>°TC{>; _}_(’6'
c c 30_07 > ouTPuTS
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CIRCUIT TYPES SN54154, SN74154
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

schematic
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CIRCUIT TYPES SN54154, SN74154
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst
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Each output is tested separately.

Each output is tested separately.
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Each input is tested separately for both lj4 and ij_. Inputs not
under test are grounded, with the exception that when testing Each output is tested separately.

Iy of a strobe input, the other strobe isat 2,4 V.
FIGURE 3—ljy, I
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FIGURE 5_|CC

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54154, SN74154
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics
VCC =5V

OUTPUT
? o
STROBE
I 0
= 1
PULSE 2 SRy =400
GENERATOR G 3 _\o p:
(See Note A) . —_\\f
(See Note C) 5
1 o
= 6l— o
7
C INPUT 8
i gf—o0 (See Note D)
Py A 10}l—>°
TRUTH & 1
TABLE )
GENERATOR c 1
(See Note A) 13 —Ll-c, =15pF
D 18— i =
/ (See Note B)
15
TEST CIRCUIT

EVEN-NUMBERED
QUTPUTS

ODD-NUMBERED
n o

STROBE INPUT

OUTPUT

VOLTAGE WAVEFORMS

NOTES: A. The truth table generator and the pulse generator have the following characteristics: PRR = 1 MHz, Zout 50 2, ty, = 100 ns.

. C{ includes probe and jig capacitance,

C. When measuring select-input-to-output times the strobe inputs are grounded. When measuring strobe-input-to-output times, the
untested strobe input is grounded. Select inputs determine output under test through truth table generator.

D. All diodes are 1N3064.

@

FIGURE 6—SWITCHING TIMES
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M CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
MSI DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

JOR N DUAL-IN-LINE

Applications: ] OR W FLAT PACKAGE (TOP VIEW)
Dual 2-to-4-Line Decoder
. . SELECT ou
Dual 1-to-4-Line Demultiplexer DATA STROBE INPUT TPUTS

\

Vec 2¢ 2G A ‘2v3 2v2 2vi 2vo

YAERINARRER]

3-to-8-Line Decoder
1-to-8-Line Demultiplexer

16115 13
Individual Strobes Simplify Cascading for v 24’,3 2!’,2 241 2\%0
Decoding or Demultiplexing Larger Words L € B o g

Input Clamping Diodes Simplify System

Design » & 1c BBAA
Choice of Outputs: 1‘%3 1?2 1%1 %o

Totem Pole (SN54155, SN74155)

Open-Collector (SN54156, SN74156) VIL2 (3 L4587 8

DATA STROBE SELECT 1Y3 1Y2 1Y1 1Y0, GND
1c 1G INPUT N e
B

Typical Average Propagation Delay Times: OUTPUTS

16 ns through 2 levels of logic
21 ns through 3 levels of logic

positive logic: See truth table

Typical Power Dissipation . .. 125 mW

1TPin assignments for these circuits are the same
for all packages.

description

These monolithic transistor-transistor-logic (TTL) circuits feature dual 1-line-to-4-line demultiplexers with individual
strobes and common binary-address inputs in a single 16-pin package. When both sections are enabled by the strobes,
the common binary-address inputs sequentially select and route associated input data to the appropriate output of each
section. The individual strobes permit activating or inhibiting each of the 4-bit sections as desired. Data applied to input
1C is inverted at its outputs and data applied at 2C is not inverted through its outputs. The inverter following the 1C
data input permits use as a 3-to-8-line decoder or 1-to-8-line demultiplexer without external gating. See typical
applications data and the truth tables for more details.

The SN54155/SN74155 circuits, with totem-pole outputs, are rated to fan-out to 10 normalized Series 54/74 loads in
the low-level output state, and to 20 loads in the high-level output state. The SN54156/SN74156 circuits, with
open-collector outputs, are rated to sink 16 milliamperes at a low-level output voltage of less than 0.4 volt.
Input-clamping diodes are provided on all of these circuits to minimize transmission-line effects and simplify system
design. Typical power dissipation is 125 milliwatts. Typical average propagation delay times are 16 nanoseconds
through 2 levels of logic and 21 nanoseconds through 3 levels of logic for the SN54155/SN74155.

The SN54155 and SN54156 are characterized for operation over the full military temperature range of —55°C to
125°C; the SN74155 and SN74156 are characterized for operation from 0°C to 70°C.

0461 AHVYNHE3d ‘80€LLOL S-1Q "ON NILITINE
9GLYLNS ‘SSLYLNS ‘95LYSNS ‘SSLYSNS SIdAL LINJHID
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

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

truth tables (H = high level, L = low level, X = irrelevant)

2-LINE-TO-4-LINE DECODER OR 1-LINE-TO-4-LINE DEMULTIPLEXER

INPUTS OUTPUTS INPUTS OUTPUTS
SELECT | STROBE | DATA SELECT | STROBE | DATA
B A 1G 1c 1Y0 Y1 1Y2 1Y3 B A 2G 2C 2Y0 2Y1 2Y2 2Y3
X X H X H H H H X X H X H H H H
L L L H L H H H L L L L L H H H
L H L H H L H H L H L L H L H H
H L L H H H L H H L L L H H L H
H H L H H H H L H H L L H H H L
X X X L H H H H X X X H H H H H
3-LINE-TO-8-LINE DECODER TO 1-LINE-TO-8-LINE DEMULTIPLEXER
INPUTS OUTPUTS
STROBE
SELECT | _ [ (0 (1 {2 3 @ (5 (6 (7)
OR DATA
ct B A Gt 2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3
X X X H H H H H H H H H
L L L L L H H H H H H H
L L H L H L H H H H H H
L H L L H H L H H H H H
L H H L H H H L H H H H
H L L L H H H H L H H H
H L H L H H H H H L H H
H H L L H H H H H H L H
H H H L H H H H H H H L
1C = inputs 1C and 2C connected together
¥G = inputs 1G and 2G c¢onnected together
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage V¢ (see Note 1) 7V
Input voltage {seeNote 1} . . . . . . . . . . . . . ... ... . . bbbV
Operating free-air temperature range: SN54155, SN54156 Circuits —55°C to 125°C
SN74155, SN74156 Circuits 0°C to 70°C

Storage temperature range

recommended operating conditions

—65°C to 150°C

SN54155 SN74155 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Vg 45 5 5.5 5 5.26 \Y
Normalized fan-out from each output, N High Iog'|c level 20 20
Low logic level 10 10
Operating free-air temperature range, T a —55 25 125 25 70| °C
SN54156 SN74156 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Voo 4.5 5 5.5 5 5.25 \
Low-level output current, g 16 16| mA
Operating free-air temperature range, T o —b5 25 1256 25 70 °c

8-168
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

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

SN54155, SN74155

PARAMETER TEST TEST CONDITIONST - uNIT
FIGURE MIN TYPI MAX
V|4  High-level input voitage 1and 2 2 \Y
ViL  Low-level input voltage 1and 2 0.8 \
X Vee = MIN, VIH=2V,
VoH High-level output voltage 1 1oH = —800 A 24 Y
Ve =MIN, ViL=08YV,
VoL Low-level output voltage 2 loL = 16 mA 0.4 \
i High-level input current B Ve = MAX, V=24V 40 | pA
(each input) Vee = MAX, V| =55V 1| mA
e Low-l?vel input current 4 Ve = MAX, V) =04V 16 | mA
(each input)
los Short-circuit output current§ 5 Vee = MAX SN54155 —20 =55 mA
SN74155 —18 —57
lce Supply current 6 Vee = MAX SN54155 i 36 mA
SN74155 25 40

electrical characteristics over recommended operati

ng free-air temperature range (un

less otherwise noted)

TEST . SN54156, SN74156
PARAMETER TEST CONDITIONS UNI
FIGURE MIN TYPI MAX T
Viyq  High-level input voltage 2and 3 2 \
ViL  Low-level input voltage 2 08 | V
X Vee =MiN, Vi=2V,
loH High-level output current 3 250 | uA
VoH =55V
Vee = MIN, V=08V,
VoL  Low-level output voltage 2 cc I 0.4 A"
loL =16 mA
| High-level input current 4 Vee = MAX, V=24V 40 | pA
M (each input) Voo =MAX, V=55V 1| mA
Low-level input current
! 4 Voo = MAX, V=04V —1.6 | mA
It {each input) cc !
| s | " 5 v MAX SN54156 25 35 A
urren = m.
cc  Bupplv e cc SN74156 2% 40

type.

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

switching characteristics, Veg =5V, TA=25°C,N =10

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable devi:jﬂ

SN54155 SN54156
PARAMETERY FROM To LEVELS | TEST TEST SN74155 SN74156 UNIT
(INPUT) | (OUTPUT) | OF LOGIC | FIGURE | CONDITIONS
MIN TYP MAX | MIN TYP MAX
A, B, 2C,
tPLH 16, or 26 Y 2 13 20 15 23 ns
tPHL A, B, 2C, Y 2 18 27 20 30 ns
1G, or 2G 7 CL=15pF,
tPLH AorB Y 3 Ry =400 Q 21 32 23 34 ns
tPHL A orB Y 3 21 32 23 34 ns
tPLH 1C Y 3 16 24 18 27 ns
tPHL 1c Y 3 20 30 22 33 ns

€ tp|_H = propagation delay time, low-to-high-level output
tpH | = Propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

functional block diagram
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156

DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

schematic
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT

Vee Vee
1Yo 1Y0
—16 V1P~ —q1c Y
V), O 1 1v2jo—po V| O— 1c 1v2jo—o
TEST TEST
Y [ . 1Y3 !
PER B 1Y3jo-0 \OH PER B o—0 <\OL
TRUTH A 2Y0 o0 TRUTH A 2Y0 jo—0
TABLE TABLE
v, o—» —dc wvip—C | v, o—¥ —dq2c vip—?
(o] oL
L 2v2pp—" b 26 2v2 p—/) £
- = == I - = = t1
Each output is tested separately. Each output is tested separately.
FIGURE 1=V, V}, Voo FIGURE 2-V, .V, vV,
Vee Vee
— — —
B 1Y0 1Y0 Jom——1)
—C 1G Y1 D\O — 1G Y1 Oo——
VIH O—P 1c 1Y2 o—0 | | 1Cc 1Y 2 O
TEST B 1¥3 -0 & 'ﬂ’ B 1Y3 o——
PER VOH VI O—P SEE > OPEN
TRUTH A 2Y0 p—O <+ NOTE A 2Y0 p—o
I
v, o—¥ TABLE H 2C  2v1 D_/O L L—ol 2¢  2vi1jop——o
—0| 26 2v2 D—-/o P —a 26 2v2jo——
2Y3 2Y3 O—/
e — e — -

IH

Each output is tested separately.

Each input is tested separately for both Iy
and ‘IL' Inputs not under test are grounded.

n FIGURE 3-V,,, v, .oy FIGURE 4—1yy, 1y
Vee Vee
T Tl'cc
<
1Yo Y0 o—
4.5vo—1>————o 1G 1Yto\o —1G  1V1jo——
1 1Y2 p—O0 1C Y2 0——
B 13 -0 los 45V O B 13 o—
\ > OPEN
A Y0 p—o A 2Y0 Po——o
o 2¢ 2vijp—R —d2x 2vijo—o
o 26  2Y2 o—/O p —qg2:6 2v2j0—
2v3 2v3p—J
i - — e =
Each output is tested separately.
FIGURE 51 FIGURE 6~

T Arrows indicate actual direction of current flow. Current into a terminal is a positive value,
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

et Vee OUTPUT
(o] o
TO INPUT -
UNDER TEST
:__.._ —_————n r..___.__.__l
1Y0 I R, =400 © } : SR 4000 |
L ol1G  1Y1
o-'\O ' (See Note C) | | :
1c  1v2p—o | (I
TRUTH 1
TABLE Y30 —> : I ! | :
GENERATOR A 2v0 pb—o | C_ =15pF | | 5 C_=15pF |
(See Note A) I (See Note B) {See Note B)
L q2c  2vij—* | L + | I = |
| d vofpr’ } I |
| LOAD CIRCUIT FOR LOAD CIRCUIT FOR
1 I '
2Y3 | SN54155 AND SN74155 1 SN54156 AND SN74156 l
pm
= [y N B S |
TEST CIRCUIT
<10 ns —»i }4— —i :ﬁ— <10 ns
1 1
(I PP
: 90% 90% : 38V
1 l
INPUT 415V 15V {
[}
1 1
10% o 1o  gX10%
| t 1) ov
| I
1 |
. —— o |
je— 1t
NONINVERTING | PLH 15V { ppy
OUTPUTS [ ) | :
: — tPHL—"|
T Il | VoL
i : [
' ! ) VoH
: |‘—tt='|_|-|—"l
INVERTING 1
5V
OUTPUTS ! 18V 15
oL —
| i ——————————— — VoL
VOLTAGE WAVEFORMS
NOTES: A. The truth table generator has the following characteristics: PRR = 1 MHz, Zg,¢ =~ 50 2, t,y = 100 ns.
B. C| includes probe and jig capacitance.
C. All diodes are TN3064.
FIGURE 7-PROPAGATION DELAY TIME
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS

TYPICAL APPLICATION DATA

THE SN54155, SN74155, SN54156, or SN74156 may be used as a dual 2-line-to-4-line decoder or a 1-line-to-4-line
demultiplexer. These applications are identical except as follows:

When decoding, the 2-line code is applied to select inputs A and B. The 4-line output section (1YO, 1Y1,1Y2,1Y3) is
enabled by taking strobe 1G low and input 1C high. The other 4-line output section (2YO0, 2Y1, 2Y2, 2Y3) is enabled
by taking both strobe 2G and input 2C low. Note that the separate enable lines permit the user complete flexibility in
decoding at either or both of the output sections. The strobe also permits cascading and allows disabling of the circuits
until the addressing transients have passed.

When demultiplexing, the serial data is applied to the data inputs 1C and 2C and distribution to the outputs is
controlled by the A and B select inputs. Again, the separate strobe inputs, 1G and 2G, permit demultiplexing to occur
at either or both output sections, and cascading.

SN54155, SN 74155, SN54156, SN 74156

2Y0 2Y1 2Y2 2Y3 YO 1Y1 1Y21Y3

r—_-— N NP S N W S |

|
I I
i A A H
I |
I |
I |
| |
| |
| |
L e e e | &2 -

6 2¢ A B 16 1C
ENABLE/DATA \--\f—/ ENABLE/DATA
ADDRESS-SELECT

DUAL 2-LINE-TO-4-LINE DECODER/1-TO-4-LINE DEMULTIPLEXER

Any of these circuits may also be used as a 3-line-to-8-line decoder or a 1-line-to-8-line demultiplexer.

When used as a decoder, data inputs 1C and 2C are connected together and serve as the third (C) select line. The strobes
are also connected together and are used for enabling and/or cascading.

n When used as a demultiplexer, the common strobe line serves as the data input.

SN54155, SN 74155, SN54156, SN 74156

2Y0 2Y1 2Y2 2Y3 YO 1Y1 1Y21Y3
i o el iy
| |
| A B A |
| | '
] |
] |
| |
I |
| |
IR (N (R Y IR K ~ SN
26| 2¢ * T
T | 1G
G VA B C,
STROBE
OR ADDRESS-SELECT
DATA INPUT

3-LINE-TO-8-LINE DECODER/1-TO-8-LINE DEMULTIPLEXER

PRINTED IN USA 270
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L CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145
MS| BCD-TO-DECIMAL DECODER/DRIVERS

TTL MSI LAMP, LOGIC, OR MOS DRIVERS

featuring
o Full Decoding of Input Logic e 80 mA Sink-Current Capability
logic

TRUTH TABLE JOR N DUAL-IN-LINE OR
TNPUTS SUTPUTS W FLAT PACKAGE (TOP VIEW)
olcle|afoli1]2]3]4]{5]6]7]8]9 INPUTS OUTPUTS
olafolofoln D[ Vec A B8 C D79 8 7"
ojoflofifrjofrrjryrlrfring wllis il 2]n 10 9|
oflol 1ol |r]ofain [l
olof [ ol [y I—\ L—-,‘—‘T"——.
oftloflofrfrjrfrfolrrifr 1 0 A 8 C D
o[1ol 1l i lnlen iy BCD-TO-DECIMAL
of 1l lof i rajolr 0
o[ o fr n 01234567829
Hololol I i o 7 [
lotola [l frirjo
ol ttofrinnfifnrjn iy
ol DL vl 213 afisi|6([77]]8
Walolol il v N 2 3 4 5 6, GND
BRI R ERDEIE OUTPUTS
afatol ittt
HEIEIE] RE R RN RRREENENINE

positive logic: see truth table
description

. tPin assignments for these circuits are the same for all packages.
These monolithic 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 n
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 (SN5445, SN7445 = 30 volts and
SN54145, SN74145 = 15 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.
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145
BCD-TO-DECIMAL DECODER/DRIVERS

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

Supply Voltage Vg (See Note 1)

. 7V

Input Voltage, Vi, (SeeNote 1) . . . . . . . 55V
Maximum Current into each Output (See Note 2 P TS
Operating Free-Air Temperature Range: SN5445, SN54145 Circuits . . . . . . . . . . —B5°Cto 125°C
SN7445, SN74145 Circuits 0°Ct0 70°C

Storage Temperature Range

NOTES: 1. These voltage values are with respect to network ground terminal,
2. This rating applies when the output is off,

e e e e e e e ... .. ... .. . -—e5°Cto1B0°C

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage Vi (See Note 1): SN5445, SN54145 Circuits . . . . . . . . . 45 5 5.5 \
SN7445, SN74145 Circuits . . . . . . . . . 475 5 525 | V
Voltage on any Output {See Note 2): SN5445, SN7445 Circuits. 30 \
SN54145, SN74145 Circuits 15 \
electrical characteristics over recommended operating temperature range (unless otherwise noted)
PARAMETER TEST TEST CONDITIONST MIN TYPI mMA UNIT
FIGURE X
. 1
Vint) lnp'ut voltage re(?unred to eu.'lsure and 2 v
logical 1 at any input terminal 2
. 1
Vin(0) Input voltage required to ensure and 08 v
logical O at any input terminal 2
Vee = MIN, lsink = 80 mA 0.5 09 v
Von On-state output voltage 1 € sink o
Vee = MIN, lsink = 20 mA 04 \
Off-state output voltage
V 2 V = MAX, | = 250 pA 30 v
off  (SN5445 or SN7445) ce off = 250k
Off-state output voltage
V, 2 A\ = MAX, | = 250 pA 15 v
n off  (SNB4145 or SN74145) cc off .
, Logical 1 level input 3 Vee = MAX,  Vip =24V 40 | A
1) current (each input) Ve = MAX, Vi =55V 1 | mA
I Logical O level input 2 v - MAX Vi =04V 16 A
N0 rrent (each input) ccT ! n- - ey
SN5445, 43 62 A
1 Suppl rrent 4 V MAX SNS4145 "
curren =
ce PPy cc SN7445, o .
SN74145 ™
switching characteristics, Voc =5V, Tp = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX |UNIT
Propagation delay time to
5 CL = 15 pF, Ry = 2
tpd1 logical 1 level L=15p L =100 50 ns
Propagation delay time
1 = =
PO logical O level 5 CL=15pF, RL=100% 50 | ns

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

type.

T AN typical values are at Veo=5V, Ta = 25°C.
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145

BCD-TO-DECIMAL DECODER/DRIVERS

functional block diagram

INPUT INVERTERS

DECODER /DRIVER GATES
—TPN

p \
INPUT A A
A
B
INPUT B o_.DQ o

1: )
o T

INPUT C
[: C

INPUT D

al

qq@@qq@@@ o

OUTPUT O

OUTPUT 1

OUTPUT 2

OUTPUT 3

OUTPUT 4

QUTPUT 5

OUTPUT 6

OUTPUT 7

OUTPUT 8

QUTPUT 9
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145
BCD-TO-DECIMAL DECODER/DRIVERS

schematic
Vee < -0 Vee
<L < <L 1’
2 4kQ 23k 24k 23ka
1 1 1 1
) ) INTERN AL
P D A,B,C,ORD
INPUT L{: ,_]- -\_K
- <
INTERNAL
A, B, C,ORD
3; 1.5 kQ
GND % l O GND
EACH PAIR OF INPUT INVERTERS
s
(’ <)
< 5kQ $320Q
< <
b
INTERNAL
CONNECTION
TO INPUT
INVERTERS
{SEE LOGIC
DIAGRAM) OuTpPUT
GND < 3

EACH DECODER/DRIVER GATE

NOTE: 1, Component values shown are nominal.

9-178



CIRCUIT TYPES SN5445, SN54145 ,SN7445, SN74145
BCD-TO-DECIMAL DECODER/DRIVERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsf
Vee Vfc
- 0 - - 0
0— L1 A 1 o— — A 1
2 2
o—| TEST | B 3 o— TEST [—i8 3
Vin PER 4 in PER g
TRUTH 5 TRUTH| |
O rase [ € g O rasLe [© ;
o— D 8 o— D 8
L 1] 9 I 9

I

1. Each output is tested separately in the ON state.

FIGURE 1

I—

1. Each output is tested separately in the OFF state,

FIGURE 2

p— 0 P 3
| T—!A 1 p—
in(1) 2 b—o»
Vi see | |° i D—o—
NOTE 5 p—v [ OFFN
— C 6 p—m
7 b—o
— D 8 p——
L - 9 j

!

1. Each input is tested separately.

FIGURE 3

SEE
NOTE

——o
—
[e]

0 p—
— A 1 P
2 o——
- 3 p—o0
B 4D—L
5 b OPEN
— C 6 lo—o
7 O—me
D 8
9 J

l

1, When testing l;n0) each input is tested separately.
2. When testing Icc all inputs are grounded and

outputs are open,

FIGURE 4

t Arrows indicate actual direction of current flow
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145
BCD-TO-DECIMAL DECODER/DRIVERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT 8
i 0
8-4-2-1 A ® A !
2
TRUTH-TABLE B B i
GENERATOR 5
(See note 1) C C 6
7
D D 8
9
]
L L
TEST CIRCUIT
- Vin()
TYPICAL INPUT J | I N Vin 0)
n
VOLTAGE — e (SEE NOTE 1)
WAVEFORMS | = o _ _ _ - i1 V.
(See Note 1) INPUTS | in
B, C,
OR D
L i = Vin)
-t l—
f Tl Vout(1)
l
1
TYPICAL OUTPUT - = Vout(0)
VOLTAGE i
WAVEFORMS M N = Vour(l)
| 1.5V
| 1
-~ __,: tod0 h__ Vouf(O)

NOTES: 1. The truth-table generator has the following characteristics:
Vouf('l? >2.4V, Vouf(O < 0.4V, t ond t; <10 ns, and
PRR = 1 MHz, Inputs B, C, and D transitions occur simul-
taneously with or prior to input A transitions,
2, Cy includes probe and jig capacitance,

FIGURE 5-SWITCHING TIMES
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I CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
MSl - SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

SN5446A, SN5447A, SN7446A, SN7447A SN5448, SN7448 SN5449, SN7449
featuring featuring featuring
e DIRECT DRIVE FOR INDICATORS
e OPEN-COLLECTOR OUTPUTS e PASSIVE PULL-UP QUTPUTS e OPEN-COLLECTOR OUTPUTS
e LAMP-TEST PROVISION o LAMP-TEST PROVISION e BLANKING INPUT
e LEADING/TRAILING ZERO SUPPRESSION e | EADING/TRAILING ZERO SUPPRESSION e WELDED FLAT PACKAGE
o CERAMIC OR PLASTIC e CERAMIC OR PLASTIC
DUAL-IN-LINE PACKAGES DUAL-IN-LINE PACKAGES

JOR N DUAL-IN-LINE OR W FLAT PACKAGE (TOP VIEW) T

SN5449, SN7449
SN5446A, SN5447A,

W FLAT PACKAGE (TOP VIEW)

SN7446A, SN7447A SN5448, SN7448
OUTPUTS
ouTPUTS v ouTPUTS Vee T 9
Al faprapcaps e M I O CR OR R OJORC)
1 wlfjizijnijwe B15{|" 12 1 1 'l
Yy ) | TR
a b c d e g a b ¢ f g a
81/ 81/
8 C LTRBORBI D A 8 C LTRBORB! D A
[T oo |S===an
IRIRAIERIRRIERIR R IRAIL 6(|7(]|8 ' L r
B C/ LAMP ORLB”_ RB DA, GND C, LAMP RB  RB %) A, GND @ @ @ @ @
wpurs  TEST QU NS inpuTs weors 0 QU Wi iets ‘%Wc’ R W Crmors® outeur NP

positive logic: see truth tables

tPin assignments for these circuits are the same for all packages.

ALL CIRCUIT TYPES FEATURE:  ® TTL-DTL COMPATIBILITY
@ FULL DECODING OF ALL 16 INPUT COMBINATIONS

® LAMP INTENSITY MODULATION CAPABILITY

description ﬂ

These monolithic, TTL, BCD-to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven
AND-OR-INVERT gates. Three configurations offer active-low, high-sink-current outputs (SN5446A and SN5447A) for
driving indicators directly; active-high, passive-pull-up outputs, (SN5448) and active-high, open-collector outputs
(SN5449) for current-sourcing applications to drive logic circuits or discrete, active componenis. Seven NAND gates
and one driver are connected in pairs to make BCD data and its complement available to the seven decoding AND-OR-
INVERT gates, and the remaining NAND gate and three input buffers provide lamp test, blanking input/ripple-blanking
output, and ripple-blanking input for the SN5446A, SN5447A and SN5448. Four NAND gates and four input buffers
provide BCD data and its complement and a buffer provides blanking input for the SN5449. See functional block
diagrams.

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on the state of the auxiliary inputs, decodes this
data to drive a seven-segment display indicator (SN5446A and SN5447A) or other components (SN5448, SN5449).
The relative positive-logic output levels, as well as conditions required at the auxiliary inputs, are shown in the truth
tables. OQutput configurations of the SN5446A and SN5447A are designed to withstand the relatively high voltages
required for seven segment indicators. The SN5446A outputs will withstand 30 volts, and the SN5447A will withstand
15 volts, with a maximum reverse current of 250 microamperes. Indicator segments requiring up to 40 milliamperes of
current may be driven directly from the SN5446A or SN5447K?i\igh-performance output transistors. Segment
identification with resultant displays are shown in Figure A. Display patterns for BCD input counts above 9 are unique
symbols to authenticate input conditions.
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CIRCUIT TYPES SN5446A, SN3447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

description (continued)

The SN5446A, SN5447A, and SN5448 circuits incorporate automatic leading and/or trailing-edge zero-blanking control
(RBI and RBO). Lamp test {LT) of these types may be performed at any time when the BI/RBO node is a logical 1. All
types contain an overriding blanking input (BI) which can be used to control the lamp intensity or to inhibit the
outputs. All inputs except the BI/RBO nodes are one normalized Series 54/74 load. Inputs and outputs are entirely
compatible for use with TTL or DTL logic outputs. Power dissipation is typically 320 milliwatts (SN5446A,
SN5447A, and SN5448) or 165 milliwatts (SN5449).

The SN5446A, SN5447 A, SN5448 and SN5449 are characterized for operation over the full military temperature range

of —55°C to 125°C. The SN7446A, SN7447A, SN7448, and SN7449 (electrically identical to the corresponding
Series 54 types) are for operation over the temperature range of 0°C to 70°C.

TRUTH TABLE SN5446A, SN5447A, SN7446A, SN7447A

/ INPUTS \7 OUTPUTS “
DECIMAL
OR
FUNCTION | ur | Rt | D | ¢ | B | A | B/RBO | a| b| c| d |e |f |g]|NOTE

0 i 1 Ol o0 Lol o0 Ololololotlol 1
1 1 X 010 | 0 1 [ O 1 ]
2 X 0] 0 0 ololT]olo 0
3 X 0 [ 0 1 0ojo oo 0

4 X 0 0l o T]olol 1 [1]olo
5 X 0 0 1 o1 ]lolol1lolo
6 X 0 0 1 11 lolofololo

7 X 0 1 ololo 111l

g X T 10 0| 0 0lol oo lolofo

3 X T o0 0 ] ololol 11 lolo

0 X 0 T 0 T [1Jolol1]o

[ X 0 1 1 Tlolo 1 [1]0

2 T X 0 0 o {11 [1lolo

3 1 X 0 1 0 0o J1lolo

3 i X T 1 0 0 lo0lolo

5 T X i T T

Bl X | X X1 X | X | X 0 2

REI 1 0 0] 0 | o0 0 0 3

T 0 X X1 X | X | X 1 0j0 | 0]j0 0fJo]o] 4

NOTES: 1. BI/RBO is wire-AND logic serving as blanking input {81} and/or ripple-blanking output (RBO). The blanking input (Bl} must be

9-182

open'or held at a logical 1 when output functions 0 through 15 are desired, and the ripple-blanking input (RBI) must be open or
at a logical 1 if blanking of a decimal O is not desired. X = input may be high or low,

2. When a logical O is applied directly to the bianking input (forced condition) all segment outputs go to a logical O regardiess of the
state of any other input condition.

3. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at logical 0, with the lamp test input at logical 1, all segment
outputs go to a logical 1 and the ripple-blanking output {RBO) goes to a logical O {response condition).

4. When the blanking input/ripple-blanking output {BI/RBO)} is open or held at a logical 1, and a logical O is applied t¢ the lamp-test
input, all segment outputs go to a logical 0.



CIRCUIT TYPES SN5448, SN7448, SN5449, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

NOTES:

1.

TRUTH TABLE SN5448, SN7448

7 iNPUTS. —\ 7 QUTPUTS \
DECIMAL
OR
FUNCTION | LT RBI D C B A BI/RBO alb d e f | g | NOTE
0 1 1 [ 0 0 0 1 111 1 1 1 1710 1
1 1 X 0 [¢] 0 1 1 011 1 g 0 0j0 1
2 1 X 0 0 1 0 1 111 0 1 1 011
3 1 X 0 0 1 1 1 111 1 1 0 011
4 1 X 0 1 0 0 1 o011 1 0 0 1
5 1 X 0 1 0 1 1 1]0 1 1 0 1
[ 1 X 0 1 1 0 1 010 1 1 1 1
7 1 X 0 1 1 1 1 111 1 0 0 [
8 1 X 1 (4] 0 0 1 1]1 1 1 1 111
9 1 X 1 0 0 1 1 111 1 0 0 111
10 1 X 1 0 1 0 1 0,0 0 1 1 0l
11 1 X 1 0 1 1 1 0]0 1 1 0 0
12 1 X 1 1 0 0 1 [ ] 0 0 0 1
13 1 X 1 1 0 1 1 1{0 0 1 0 1
14 1 X 1 1 1 0 1 010 0 1 1 141
135 1 X 1 1 1 1 1 010 0 0 0 0] 0
Bl X X X X X X 0 0;0 Q 0 0 oo 2
RBI 1 0 0 Q 0 0 [ 010 0 0 0 010 3
LT 0 X X X X X 1 111 1 1 1 1] 1 4

BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). T .e blanking input (B1) must be
open or held at a logical 1 when output functions 0 through 15 are desired, and the ripple-blanking input (RBI} must be open or
at a logical 1 if blanking of a decimal O is not desired. X = input may be high or iow,

state of any other input condition.

outputs go to a logical O and the ripple-blanking output (RBO) goes to a logical O (response condition).

. When a logical O is applied directly to the blanking input (forced condition} all segment outputs go to a logical O regardless of the

. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at logical 0, with the lamp test at logical 1, all segment

When the blanking input/ripple-blanking output {BI/RBO) is open or held at a logical 1, and a logical 0 is applied to the lamp-test
input, all segment outputs go to a logical 1.

TRUTH TABLE SN5449, SN7449

——INPUTS \ - OUTPUTS \
DECIMAL
OR
FUNCTION D C B A BI a b c|d e f g | NOTE

0 0 0 0 0 1 1 1 111 1 1 0 1
1 0 0 0 1 1 0 1 110 0 0 0

2 0 0 1 0 1 1 1 011 1 0 1

3 3 4] 1 1 1 1 1 111 0 0 1

4 0 1 0 0 1 0 1 1]0 0 1 1

5 0 1 0 1 1 1 0 111 0 1 1

6 0 1 1 0 1 0 0 111 1 1 1 P
7 0 1 1 1 1 1 1 110 0 0 0 7
8 1 0 ofo 1 1 1 [ N 1] .
9 1 0 0 1 1 1 1 1/0 0 1 1]

10 1 0 1 0 1 0 0 0l1 1 0 1

1 1 0 1 1 1 0 0 111 0 0 1

12 1 1 0 0 1 4] 1 04j0 0 1 1

13 1 1 0 1 1 1 0 011 0 1 1

14 1 1 1 0 1 1] 0 0411 1 1 1

15 1 1 1 1 1 0 0 0]0 0 0 0

] X X X1 X 0 0 0 ofo 0 0 90 2
NOTES: 1, The blanking input must be open or held at a logical 1 when output functions

0 through 15 are desired.

2. When a logical 0 is applied to the blanking input all segment outputs go to a
ega;dles of the state of any other input condition,

logical O réger
X=input may be high or low.

7
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SNT447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

FIGURE A

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

Supply Voltage Ve (See Note 1) .
Input Voltage, Vin (See Notes 1 and 2)

7V
55V

—55°C to 125°C

Current Into any Output of SN5446A, SN7446A SN5447A SN7447A SN5449 SN7449 C(rcmts (See Note3) 1mA

Operating Case Temperature Range: SN5449 Circuits .
Operating Free-Air Temperature Range:
SN5446A, SN5447A, SN5448 Circuits
SN7446A, SN7447A, SN7448, SN7449 Circuits
Storage Temperature Range
1. These voltage values are with respect to network ground terminal.

2. Input voltage must be zero or positive with respect to network ground terminal,
3. This rating applies when the output is off.

NOTES:

-55°C to 125°C
0°C 10 70°C
—65°C to 150°C

recommended operating conditions MIN NOM MAX | UNIT
Supply Voltage Vcc (See Note 1):
SN5446A, SN5447A, SN5448, SN5449 Circuits 4.5 5 5.5 \%
SN7446A, SN7447A, SN7448, SN7449 Circuits 475 5 5.25 v
Continuous Voltage at Outputs a through g:
SNB446A, SN7446A Circuits . 30 \
SN5447A, SN7447A Circuits . . e e e e 15 v
SN5449, SN7449 Circuits . . . . . 5.5 \
Normalized Fan-Out From Outputs a through gto Serles 54/74 Loads
SN5446A, SN7446A, SN5447A, SN7447A Circuits 24
SN5448, SN7448 Circuits . 4
SN5449, SN7449 Circuits . . 6
Normalized Fan-Out From BI/RBO Node to Senes 54/74 Loads
SN5446A, SN7446A, SN5447A, SN7447A, SN5448, SN7448 Circuits 5
Output Sink Current, Igink:
SN5446A, SN7446A, SNS447A, SN7447A Outputs a throughg ., . . . . 40 mA
SN5448, SN7448 Outputs a through g . 6.4 | mA
SN5449, SN7449 Outputs a through g . - . 10 mA
SN5446A, SN7446A, SNS5447A, SN7447A, SN5448 SN7448 B!/R BO Node . 8 mA
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CIRCUIT TYPES SN5446A, SN5447A, SN7446A, SN7447A
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

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

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP* MAX UNIT
Input volt fred t re !
V. nput voltage required fo ensu and 2 v
in(1) logical 1 at any input 2
Input volt ired to ensur !
v, nput voltage required to ensure ond 0.8 v
in(0) logical 0 at any input 2
On-state output voltage at _ _ R
Von outpufs a through g ! VCC MIN, Isink 40mA 0.3 Ot v
Logical O output voltage at - _
Vout®)  BI/RBO node T VeMING 1 =8 mA 0.3 0.4 v
Off-state output voltage at
\ outputs a through g (SN5446A 2 V . =MAX, | . =250 yA 30 v
°of  and SN7446A only) < off
Off-state output voltage at
v outputs a through g (SNH447A 2 V . =MAX, | =250 yA 15 \2
o and SN7447A only) «c off
Logical 1 output voltage at _ _
Vouf(]) 81/RBO node 2 VCC MIN, Iload -200 pA 2.4 3.7 v
Logical O level input current _ _
Iin(O) at any input except BI/RBO node 3 VCC Max, Vin 0.4V -1.4 mA
Logical 0 level input current _ _
'in(O) at BI/RBO node 3 VCC~MAX' Vin_0'4v 4.2 mA
| Logical 1 level input current VCC=MAX' V. =2,4V pA
. . in
in(1) at any input except BI/RBO node 4 V. MAX, V. =5.5V T vy
cC in
Short-circuit output current _
'05 ot BI/RBO node 5| VeemMax - mA
ICC Supply current 4 VCC =MAX |SN5446A, SN5447A 64 85 mA
SN7446A, SN7447A 64 103 mA
# For conditions shown as MIN or MAX,use the appropriate value specified under recommended operating conditions
for the applicable device type.
Al typical valves are at Voc =5V, Tp = 25°C,
switching characteristics, Vo =5V, Tp = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN  TYP MAX UNIT
Propagation delay time to logical _
= = 1
?pdl 1 level from A input to any output 6 cL 15 pF, RL 1200 o0 ne
Propcgation delay time to logical _
= F, R =120 1
tde 0 leve! from A input to any output 6 CL 15pF, L Q 00 ns
Propagation delay time to logical
fpd] 1 level from RBI Input fo any 6 CL =15 pF, RL =120Q 100 ns
output
Propagation delay time to logical
t 0 level from RBI Input to any 6 C, =15pF, R =120Q 100 ns
pdo L L
output
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CIRCUIT TYPES SN5448, SN7448, SN5449, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

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

TEST
PARAMETER FIGURE TEST CONDITIONS * MIN TYP § MAX UNIT
Input voltage required to !
\ X : and 2 \
inf1) ensure logical 1 at any input M
. 1 SN5449 0.6
v Input voltage required to ensure and v
in(0) logical 0 ot any input 2 All others 0.8
Logical 0 output voltage at any : _
Vout(0) output (SN5448, SN7448 only) Vo] Ve TMING G = MaX 0.27. 0.4 |V
On-state output voltage at any
= = . . \%
Von output (SN5449, SN7449 only) ! VCC MIN, Isink MAX 0.27. 0.4
Logical 1 level output voltage at _ _
Vaur(l) outpots a through o (sN5ass, sn7aas) 2 | Vog TMING lggq = 400 WA | 2.4 4.2 M
Logical 1 level output at BI/RBO
- - . v
Vout(1) node (SN5448, SN7448 only) 2| Ve TMING = 200pA | 2.4 3.7
Load current available at outputs _ -
Nood o through o (SN5448, SN7448 only) | 2 | Vec TMIN/ Vo, =085V -3 -2 mA
Off-state output voltage at any - _
Voff  output (SN5449, SN7449 only) 2| Ve TMAX L =250pA | 5.5 v
Logical 0 Tevel input current at
1, any input {except BI/RBO node 3 V. =MAX, V., =0.4V -1.6 mA
0 ofsN5a4s, SN7448) e in
Logical O level input current at
|, BI/RBO node (SN5448, SN7448 3 \ = MAX, V, =0.4V -4,2 mA
in{0) only) cC in
Logical 1 level input current VCC = MAX, Vin =2.4V 40 bA
1, at any input (except BI/RBO 4 — —
in(1) node of SN5448, SN7448) Ve ™ MAX V=55 1 mA
Short-circuit output current at
IOS any output (except outputs a through 5 VCC = MAX -4 mA
g of SN5449, SN7449)
SN5448 53 76 mA
SN7448 53 90 mA
ICC Supply current 4
SN5449 33 47 mA
SN7449 33 56 mA

+ For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions for the
applicable device type.
$ These typical values are at VCC =5V, TA =25°C

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

TEST
PARAMETER FIGURE TEST CONDITIONS § MIN  TYP MAX UNIT

Propagation delay time to logical _

fpd'l 1 level from A input to any output 6 CL =15 pf 100 ns
Propagation delay time to logizal _

*de 0 level from A input to any output 6 CL =15pF 100 ns
Propagation delay time to logical

'pdl 1 level from RBI input to any 6 CL =15 pF 100 ns
output
Propagation delay time to logical

'de 0 level from RBI input to any 6 CL=15 pF 100 ns
output

§RL =1 k&2 for SN5448 and SN5449; RL =667 §2 for SN7448 and SN7449.

—SEE ORDERING INSTRUCTIONS PAGE 1-1—
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CIRCUIT TYPES SN5446A, SN5447A, SN7446A, SNT447A
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

functional block diagram

v w

OUTPUT
a

|
(e]
1l
2] TPy 5 »l

[5}
A—pm

OUTPUT

-
¥

Ba
Be

OUTPUT
c

De
D

INPUT
D

OUTPUT
d

¥ Y

aE

O
ILTJ
l___4
1
R orm » gj

T

>

BLANKING L Ld OUTPUT
INPUT OR = e
RIPPLE-BLANKING
ouTPUT c
D‘L
I e
=—>__O ) > OUTPUT
£
C
‘LAMP-TEST €
INPUT as
A
B
c OUTPUT
? g
RIPPLE-BLANKING 5
INPUT S 5 )—J—o
LT
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CIRCUIT TYPES SN5446A, SN5447A, SN7446A, SN7447A
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

schematic diagram

V)
—_ Vv,
™ cc
A B 2KQ ouTPUT
r - a D 4kQ [ ° Qe
AC
44 4 KQ 3.7 kQ 4kQ
C 41
A AB C D
INPUT
A -
B
[
2k 5 40
= BD
2k ourput
4kQ ’/—o L
. . A B C
403 4kQ 3,7k 4k
4k
INPUT PEL
B 4
4kQ
2kQ ¢ D)
= 2k output
4a e
A B T
403 4 3 4iQ
Q 37k ‘e
A B C|
INPUT
4
2k ouTPUT
4kQ 1% ° d
AB
2kQ c
4k0
ABC
4@ 40 4k |
A AN
2k outpur
INPUT
D - 4k 0
B C
240
= N 4kQ
A B
7% 735 2.4kn 1%Q 2k ouTPUT
4ka P ¢
B C|
4k
2ka 3k0 A C B
BLANKING INPUT ,
or .
RIPPLE-BLANKING 4k
ouTPUT . 7B
= a 2k ourput
4 kQ 4 kO 4 kQ 4k s
> v
RIPPLE-BLANKING
INPUT
2kn 2ka
— . . GND
LAMP TEST

Component values shown are nominal
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CIRCUIT TYPES SN5448, SN7448
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

functional block diagram

INPUT

INPUT
B

INPUT
C

INPUT
D

BLANKING
INPUT OR
RIPPLE-BLANKING
OUTPUT

LAMP-TEST
INPUT

RIPPLE-BLANKING
INPUT
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o
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bdd

lU
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-

o
R o o > Utn‘x[uj

QP . [2 gj

Y

D

o w p

b

©

5

)

Y

:

ﬁ

:
Y

Y

Y

OUTPUT

a

OUTPUT
b

OUTPUT
c

OUTPUT
d

OUTPUT
e

OuTPUT
f

OUTPUT
g
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CIRCUIT TYPES SN5448, SN7448
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

schematic diagram

4 kQ
BD Vee
A B 2k
. . D 4ka b ouTPUT
AC ') a
4kQ 4kQ 37ka3 4kO
C )
A \
NPUT
A =
B
C
= 2k
‘ 210
output
B b
[ T T I
4 1k s7kad 4k |
4k0
ABC
INPUT
[}
4k
L 2k co
¢ 2k@
b ouTPuT
ABT e
4q aq 3.7kQf 4ka s
ABT L
INPUT
< 2k
4 ourpuT
ABC ]
40
Agc|
. ] / ( f \
) 4kQ 40 4x0
A
2k
INPUT o I 4%k ouTRUT
= 2ka
d 4a I
' ' AB
40 $4KkQ 2.4k0 440 zkQ
4% ouTeuT
L B¢ :
)
2k 3k ACD
BLANKING INPUT -
OR
4k
RIPPLE-BLANKING
outeuT ABC
L . . 2k
4
i F4kn J4ko s 4 L 4x0 outeuT
Pt BCDOLT 9
RIPPLE-BLANKING
INPUT
2k 2k
= : L : ) o . GND
LAMP TEST

Compenent values shown are nominal
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CIRCUIT TYPES SN5449, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

functional block diagram
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OUTPUT
c a
A E
IN:UT
B
p—— D
A OUTPUT
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B3 O
A
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J
Y
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CIRCUIT TYPES SN5449, SN7449
BCD-TO-SEVEN SEGMENT DECODER/DRIVERS

schematic diagram

cc
8D[ 4ka
A
ouTPUT
Acl 4ka °
ik gike 37k 4ka
ABCD| 4ka
INPUT
A
K B )
= : BD| 4k0
‘I ouTPUT
ABC| 4ke b
“oa 4 37kef 4k
asc [ axa|
INPUT
s
2k co[ i
) outpuT
ABC] 4wl <
4k0 i 3.7 af 4k |
ABC| 4k
INPUT
) outpuT
- 4 d
ascl sk
= 20
aBC[ suo|
4kQ 4kQ 40 R ‘,.k,n'
iT
INPUT : [ oulru
° BC| 4w
2k {| ; |
AB] 4k
4k F4kQ output
3 r ]
J BC| 4k
BLANKING
INPUT
ACD| aka|
2k0
aBc [ 4ka|
ouTPUT
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Component values shown are nominal. =5 e
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449

BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

PARAM ETVER MEASUREMENT INFORMATION

d-c test circuitst
Vee Vee
A a A a
Vin(1) B b v, 8 b
" TesT in(1) TEST .
PER N © PER N
TRUTH D d TRUTH D " d
TABLE ¥ e TABLE LT e
Vin(0) rel ¥ f Vin0) retd f
8I/RBO§ £l BI/RBO § g
L SEE NOTE 1 v Noad __‘_. SEE NOTES
Vour® T 1 = out(1) - 1AND2 =
=, =
sink

SN7447A, and SN7449. Measure Vo 1(p) for SN5448

1. Measure Vq, for SN5446A, SN5447A, SN5449, SN7446A,

1. Measure V¢t for SNG446A, SN5447A, SN5449, SN7446A,

SN7447A, and SN7449.

1. Each output is tested separately.

and SN7448. 2. Measure Vg ¢(1) for SN5448 and SN7448,
FIGURE 1 FIGURE 2
Vee Vee |
T } cC
A a i A a f—————
B b B b
!
. c I S
SO g : D), | see ; ¢
Vin Notel—1° 4 OPEN v, °NorE " d f————p OPEN
LT e ————— LT B ——
ret ¥ f rel ¥ P
BI/RBOS g L BI/RBOS g |
1. Each input is tested separately. 1. Each input is tested separately for ljn(q).
FIGURE 3 FIGURE 4
V%C
- - 3 -
Vin(1) TEST 8 bf—y
PER C ¢ f—o |
TRUTH D d 0os
TABLE i
Vin©) Lr e
rel £ s f——
BI/RBOV o) T —
'OS _I_

FIGURE 5

T Arrows indicate actual direction of current flow. Logic symbol used is representative for all types.
FAvailable on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only.
§ Bl is available on all types. RBO node is available on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only.
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

9-194

wn

INPUT v
1 cc 1 OUTPUT e e
8-4-2-1 A
TRUTH TABLE B
GENERATOR
(SEE NOTE 1) 5
4.5V ud
"\jE re1 ¥
PULSE 4.5V 8I/RBO

GENERATOR L o 51

LOAD CIRCUIT FOR |
(SEE NOTE 1) |

SN5448/SN7448

H

____________ in(1)
INPUT A
TYPICAL INPUT T
voltage | ———————— | S —-- oo - ——sm e in©)
WAVEFORMS j _____
GEENOTE2) |~~~ ~ T T T TTTTTT in(l)
INPUTS B, C, OR D
\————— |ttt Tttt in(0)
TYPICAL OUTPUT
VOLTAGE J out{0)
WAVEFORMS =~ | ——————————————————— == s s oo o Vout(l)
L out(0)

SN5446A/SN5447A/SN5448,

SN7446A/SN7447A/SN7448, —————————\— —— — — S — —m— — —— o — — e V. o
N\ in
INPUTS A, B, C,and D

SN5446A/SN5447A/SN5448, Vi)
SN7446A/SN7447A/SN7448, ————————————————————— """~ " " """ —"T~—~ Vin(\)
R8I INPUT \4\1.5 v
[}
v
' in(0)
]
— to—
1 pd(T)
SN5446A/SN5447A, : [ out(1)
SN7446A/SN7447A ! L5V
oUTPUTa = —=TTTTTmoTToo - —————— = Y out(0)
|
SN5448/SN5449, - - t out(1)
SN7448/SN7449 ! 1.5V
OUTPUT a : h
| ] out(0)
= g B

VOLTAGE WAVEFORMS—RBI INPUT TO OUTPUTS
NOTES: 1. The truth table generator and pulse generator have the following characteristics:

Vour(1) >24vV, vo +0) <o0.4V, t and t, < 10 ns, and PRR = 1 MHz,
2. Inputs B, C, and D transitions occur slmulfaneously wlfh or prior to

input A fransitions, RBI=4,5V.
3. C includes probe and jig capacitance,

fAvailable on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only.

§BI is available on all types. RBO node is available on SN5446A, SN5447A, SN5448, SN7446A, SN7447A,

and SN7448 only.
FIGURE 6—SWITCHING TIMES




CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS

RB! LT Bl

c1 I ] J 1 [ 1 [ [Xommm e -X
D J 1 J [Xommmm e X
SN5446A/SN7446A (|1
SNB447A/SN7447A 1 —
SN5448/SN7448
ONLY Rel Xmmmm o
SEE NOTE 1 FORCED
BI/R8O v ST
¥ ~|BLANKING INPUT

(“W
b N I Y I AN e IO e I e O

S I I I Y e B A e 1
SN5446A/SN7446AJ

SN5447A/5N7447Ad|||||||||||| ||||||l|||| |
oo S I s I T T s 1 e Y s I e I s I Y
eI T . r.rTrn r—
e~ L g [ L 1 1 [

X====X INPUT MAY BE HIGH OR LOW

AL ¥ I Ny I 1Y s Y Y oy N
8 WU s N s e A e Y B

S e I  EE o T U B
SN5448/SN7448 4

nseasisnrase ¢ S LI L LML LT L L L
R 0 I O O I Y Y O B e O e s T
R Sy Ty N oy FR o, s T s Y s

— LJ L1 U L L
\-V—I

NOT
APPLICABLE
SN5449/SN7449

NOTE 1: For the SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 this logical 0 represents the RBO response.
For the SN5449 and SN74489 a logical 0 pulse is applied to the blanking input.
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

APPLICATIONS DATA

driving indicators directly (see Figure B)

This application demonstrates how the SN5446A or
SN5447A may be used to drive seven-segment indi- Lawe D SEVEN-SEGMENT INDICATOR |
cators directly. The output transistors of these two BUS { !
circuit t il si il - ! !
ircuit types will sink up to 40 milliamperes of cur P ® € (J) ®® q i
rent; therefore, external components are not re- . T 1rri
quired.
a b c d e f ]
Also illustrated is how the quadruple latch (SN5475) N P SN5446A/ 380 b
and decade counter (SN5490) may be utilized to A s 5?54;‘” o
acquire and store the numeral to be displayed. The T
method shown is typical of a single stage and a AP
number of methods are possible for distributing the oras efmsrfn TEST
BCD data from the decade counter to the quadruple - . SN5475 5
latch, l E lc I
n-digit display with leading-and trailing-edge A 8 C D
» * H . O
bianking {see Figure C) DAt e T
A
This application demonstrates a method for driving T
incandescent, seven-segment, display indicators DATA
directly from the output of the SNb5446A, or PULSES
SN5447A decoder with provisions for leading-edge FIGURE B
and trailing-edge zero-blanking, intensity control, and

lamp test.

Leading-edge and trailing-edge zero blanking is illustrated for a six-digit mixed integer with zero indications suppressed
for the two most-significant decades (MSD) of the whole number and the two least-significant decades (LSD). This
scheme causes the number to be displayed in its easily identified, common form. Blanking is accomplished by
grounding RBI inputs of most-significant and least-significant decades and interconnecting the BI/BRO nodes of these
two decades to the ripple-blanking inputs of the adjacent decades. This improves readability by inhibiting suppression
of zeros occurring on either side of the decimal point. The ripple-blanking inputs of the decades on either side of the
fixed decimal point are inhibited by connecting to a 5-volt d-c source.

Intensity control is accomplished at all six of the decoder/drivers by modulating the blanking input with a multivibrator.

as they are wire-OR connected with the ripple-blanking functions.

n Best results are obtained with a modulation source in which the duty cycle can be varied. Individual drivers are required

As the lamp-test input is only one load, a number {up to ten) of these may be driven from a single Series 54/74 circuit.

T0
DISPLAY
INDICATORS

T
MOST SIGNIFICANT L g CANT
POINT
SRR JEREES! LLLLLL] mocaror [ [ 1] LLLEELT ual
abcdefa abcdefg|] 105Viabcde g abcdefg |TO5V (abcdefg abcdefg
FRB| El/RﬂquRB‘ B”RBOF—*‘ L""RB‘ BI/RBOP— —JBI/RBO RE|DJ —4BI/RBO RB BIYRBO RBIDI
= A8 CD LT | ABCD LT i ABCD LT ABCD LT ! ABCD LT i ABCD LT =
ITTT LT 7 T1 R [ y 1T
L (NS i R " N
1':2?; BCD INPUT | BCD INPUT ‘ BCD INPUT . BCD INPUT - BCD INPUT ) BCD lNPUTJ

0y ety ettt b uliiaiin it Sttt r-1

i SN5405 OR SN7405 4& é Z} I
INTENSITY LI T~ — s e ————— oot fosiesdeaded L
MODULATOR

FIGURE C
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449
SN7446A, SN7447A, SN7448, SN7449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

APPLICATIONS DATA

driving logic circuits (see Figure D)

These decoder/drivers may be used to drive other
logic circuits. (See Figure D.) Value of the pull-up
resistor (required on the open-collector outputs) may
be calculated using the methods given for the SN5401
open-collector NAND gate.

driving buffer transistors (see Figures E and F)

For applications requiring increased drive currents
these decoder/drivers may be used with discrete
drivers. A universal method of supplying base drive
for a buffer transistor is illustrated in Figure E. Value
of the base resistor {required on the open-collector
outputs) may be calculated using the methods similar
to those given for the SN5401 open-collector NAND
gate. Increased base drive from the SN5448 is
possible with the employment of external base
resistor. '

Circuitry for employing SCR's to drive
electro-luminescent displays is illustrated in Figure F.

1
i
Ve OmW—e
o @
TO REMAINING LOADS
/_J\‘\
a b cdef g
—0 RBlm B(/RBOO) o—-o
A B CD
N — T
BCD LAMP
INPUT TEST(D)

1. Available on SN5446A, SN5447A, SN5448,

SN7446A, SN7447A, and SN7448 only.

2. Pull-up resistor is required with SN5446A,

SN5447A, SN5449, SN7446A, SN7447A or
SN7449, and is optional with SN5448
or SN7448.

FIGURE D

SUPPLY
VOLTAGE

1

LOAD
a

BB TO
R @) REMAINING
= BUFFERS

/—A—_'\

]

c def
SN5448 )
BIRBO' 'lo——
A B CD LT(')

A

8CD LA,
INPUT TesTt

a

—ORBI(])

1. Available on SN5448 and SN7448 only.
2. Pull-up resistor is required with SN5449 or
SN7449, and is optional with SN5448 or SN7448,

FIGURE E

9

SUPPLY VOLTAGE

v ELECTRO-LUMINESCENT
cC DISPLAY SEGMENT
[
/!! SCR
» TO SCR CATHODES
TO GATE TERMINAL
OF OTHER SCR's
rcmdi iR
RL(Z)
a b cde f g
M) sns428 ()
——qRsl BI/RBO" Jo——
ORSN3&49 )
A3 CD L7
\-"’V_/ T
8CD LAMP
INPUT Testil)

1. Available on SN5448 and SN7448 only.

2. Pull-up resistor is required with SN5449 or SN7449,

and is optional with SN5448 or SN7448,
FIGURE F

PRINTED IN USA

Ti cannot assume any responsidility for any circuits shown
or represen! thal they are free from pafert infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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LOW-POWER CIRCUIT TYPES SN541L46, SN54L47, SN74L46, SN74147
TTL MSI BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

Direct Drive for Indicators

JORN

Open-Collector Outputs
DUAL-IN-LINE PACKAGE (TOP VIEW)

Lamp-Test Provision

QUTPUTS
A\

Lamp Intensity Modulation Capability

vee 1 g a b c d e

Full Decoding of All 16 Input Combinations 16 n 1milw

Ny

[T Alsm

C LAMP R RB D A GND
\—V_—.-/TEST OUT IN-

INPUTS iNPUTS

Leading/Trailing Zero Suppression

Fully Compatible with Most TTL and DTL
Circuits

Low Power Dissipation . . . 133 mW Typical

logic: See truth table

description

These monolithic, TTL, BCD-to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven
AND-OR-INVERT gates. These devices offer high-sink-current outputs for driving indicators directly. Seven NAND
gates and one driver are connected in pairs to make binary-coded-decimal (BCD) data and its complement available to
the seven decoding AND-OR-INVERT gates. The remaining NAND gate and three input buffers provide famp test
blanking input/ripple-blanking output, and ripple-blanking inputs.

These circuits accept four-bit BCD data and, depending on the levels at the auxiliary inputs, decode this data to drive
seven-segment display indicators. The output states, as well as conditions required at the auxiliary inputs, are shown in
the truth table. The output circuitry is designed to withstand the relatively high voltages required for seven-segment
indicators. The SN54L46/SN74L.46 outputs will withstand 30 volts, and the SN54L47/SN74L47 outputs will
withstand 15 volts, with a maximum reverse current of 250 microamperes. Indicator segments requiring up to
20 milliamperes of current may be driven directly from the outputs. Segment identification with resultant displays are
shown in the figure on the following page. Display patterns for binary input counts above nine are unique symbols
to authenticate input conditions.

These devices contain an overriding blanking input (B1) which can be used to control the lamp intensity (See Figure B
of typical application data) or to inhibit the outputs. They also incorporate leading and/or trailing-edge zero-blanking
control {RBI and RBO). Lamp test (LT) may be performed at any time when the BI/RBO node is at a high level. All
inputs except the BI/RBO node are one-half of one normalized Series 54/74 load, or approximately five Series 54L/74L
gate loads at a low logic level, two Series 54L/74L gate loads at a high logic level. The SN54L46 and SN54L47
are characterized for operation over the full military temperature range of —55°C to 125°C; the SN74L46 and SN74L47
are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN541L46, SN54147, SN74L46, SN74147
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

TRUTH TABLE

DECIMAL INPUTS OUTPUTS
OR si/RBOt NOTE
FUNCTION L7 |RBI| D c B A a b c d e i g .
0 H H L L L L H ON [ON {ON [ ON | ON | ON JOFF| 1 f’ lb
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF 1 g
2 H X L L H L H ON | ON |OFF | ON | ON |OFF | ON o R
3 H X L L H H H ON | ON | ON | ON | OFF | OFF | ON
B a H X L H L L H OFF | ON | ON | OFF | OFF | ON | ON d

5 H X L H L H H ON |OFF | ON | ON | OFF Z ON | ON SEGMENT
6 Hol x| Lt H H Lo H OFF |OFF | ON | ON | ON } ON | ON IDENTIFICATION

; FF | OFF | OFF
T T T T TovTov Tov Ton Ton TonT o [

|
9 H X H L L H H ON ' ON | ON | OFF "OFF | ON | ON 3'»" L
10 H X H L H Lo H OFF OFF |OFF | ON  ON |OFF | ON
1 H X H L H ol 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
NUMERICAL DESIGNATIONS
14 H X H H H L H OFF ' OFF |OFF | ON - ON | ON | ON AND RESULTANT DISPLAYS
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 ‘OoN oN |oN on ! on lon i on a
H = high level, L - low level, X = irrelevant

NOTES: 1. The blanking input (Bl) 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 jogic level is applied directly to the blanking input (Bl), all segment outputs are off regardiess of the state of any
other input condition.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low levei with the lamp test input high, all segrnent 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 (BI) and/or ripple-blanking output (R8O).

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

Supply voltage, Ve {see Note 1) . . . . . . . . . . 7V
Input voltage {see Note 1) 55V
Peak output current (ty, < 1 ms, duty cycle 10%) . 200 mA m
Current forced into any output in the off state . - TmA
Operating free-air temperature range: SN54L46, SN54L47 C:rcults —55°C 10 125°C
SN74L46, SN74L47 Circuits 0°Cto 70°C

Storage temperature range —65°C to 150°C

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

recommended operating conditions

SN54L46, SN54L47| SN74L46, SN74L47 UNIT

MIN NOM MAX| MIN NOM MAX
Supply voltage, Ve 45 5 55| 475 5 5.25 \%
Off-state output voltage, VQ (off), Outputs a thru g SN5ALA6, SN74L46 30 30 \Y

SN54L47, SN74L47 15 15

On-state output current, Ig(on) athrug 20 20 A
Low-level output current, Ig BI/RBO 4 4
Operating free-air temperature, T p —55 125 0 70 C
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CIRCUIT TYPES SN54146, SN54L47, SN741L46, SN74L47
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

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

TEST
PARAMETER FIGURE TEST CONDITIONST MIN MAX |UNIT
Viy High-level input voltage 1and 2 2 v
ViL Low-level input voltage 1and 2 08| Vv
V| Input clamp voltage 3 Ve =MIN, 1j=-12mA -156| V
VoH High-level output voltage BI/RBO 1 Voo =MIN, Igy = —100 pA 2.4 \
VoL Low-level output voltage BI/RBO 2 Vee = MIN,  igL=4mA 04) V
i0(off) Off-state output current athrug 1 Vee = MAX, Vo(off) = MAX 250 wA
Vo(on) On-state output voltage athrug 2 Vee = MIN,  1o{on) = 20mA 04| Vv
I Inpu-t curre.nt at any input 4 Voo = MAX, V)= 55V 1 ma
maximum input voltage except BI/RBO
. . any input

liH High-level input current except BI/RBO 4 Vee = MAX, V=24V 20| pA

any input 08
HIN Low-level input current except BI/RBO 3 Voo =MAX, V=04V mA

BI/RBO 2.1
Ios Short-circuit output current BI/RBO 5 Ve = MAX —4 | mA
Ice Supply current SNS4L46, SNS4L47 6 Ve = MAX a3 mA

SN74L46, SN74L47 52

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

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

TEST
PARAMETER TEST CONDITIONS MIN MAX | UNIT
FIGURE
Toff Turn-off time from A input - 200 | ns
ton Turn-on time from A input ; Cy =15pF, 200 | ns
toff Turn-off time from RBI input Ry =280 Q 200 | ns
ton Turn-on time from RBI input 200 | ns
9-200 TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54L46, SN54147. SN74146, SN74147
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

functional block diagram

B
B
—1D.
A —
A ouUTPUT
c a
A
A _
INPUT B 8
— = )—
D
]
— A OUTPUT
B b
INPUT
g O ¢
*— A
8
[ & c
INPUT
c © ) 2. ouTPUT
— c
¢ A
B
- T
[ S
Ll
B
INPUT _ c
2" 01— >0 =
A ouTPUT
B d
): A
?— B
c
\BI/RBO 1A/
BLANKING ouTPUT
INPUT OR = e
RIPPLE-BLANKING O]
ouTPUT C
A
L L B
B OUTPUT
— f
[
A
LAMP.TEST . g
INPUT
Iy
B
c OUTPUT
RBI g
RIPPLE-BLANKING B _
INPUT 1% 5¢
LT
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CIRCUIT TYPES SN54146, SN54L47, SN74L456, SN741L47
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

schematic diagram

Bk
vee
5 o2 v °
A
8 4K ouTPUT
N D Bk e 4I/_° °
AC
Bk 7.4k S 8k
A c T
INPUT ABCD
A \
B
c
! 5 8k
BD
4k ouTPUT
[ = b
’ ABc| B
8k 74k 8k \-5
1T 8k
M A8

o T

q

I 7 v
4k ouTPUT
Bic o vt

8k
4k
8k
4k
8k 1
T4k 8k Bk
Py
>
4k
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4k
>
%3
8k
>
»
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¥
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il
-

>
@
O
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@
x

e

8
4k OUTPUT
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74k
@ e
outPuT
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o
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<’_

e

Cll
o
©
x

®
x

a
@
x
®
=
>
]
-
x

8k 8 ¥
1 by ]/-o ouTpuT
= .
AT D] 8k
ak
BI/RBO 6k
BLANKING INPUT
OR o9 P
RIPPLE-BLANKING " 8k
OUTPUT ABC @
! ! )4 - OUTPUT
b-
8k 8k ak 8k @ 8k r/_" 9
4 BCDL
RBI
RIPPLE-BLANKING
INPUT :
ak |
I ' ' A

LAMP TEST
INPUT

Resistor values shown are nominal in ohms.
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CIRCUIT TYPES SN54146, SN54L47. SN74L46, SN74147
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

PARAMETER MEASUREMENT INFORMATION
d-c test circuitst

\"/
Vee %C
ViH B bf—o
TEST " c 10(off) ’
5 -—
D d
e
ViL f
g‘
FIGURE 1 ) FIGURE 2
Vee Vee
I |
—— A ab—
- . B bl—o
_— IUH Y regT c cfb—o
L > O0PEN vi PER D dl— > OPEN
TRUTH T .
TABLE
— RBI f—
— BI/RBO g}
OPEN <+
Each input is tested separately. Each input is tested separately,
FIGURE 3 FIGURE 4 m
Vee
_— OPEN OPEN
—— —qLT —_—
— T———d RBI —
— ——A BI/RBO sf—
FIGURE 5 FIGURE 6
TArrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54146, SN54L47, SN74146, SN74L47
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT v
i cco—e OUTPUT
8-4-2-1 A a
TRUTH TABLE B b
GENERATOR c cfo RL
(SEE NOTE A) D do
) 45V LT elo
RBI P cL
PULSE
BI/RBO ] =
GENERATOR o o — (SEE NOTEC})
(SEE NOTE A) L
(S — -~ 3v
N
INPUT A )\\/‘; 5V
TYPICAL INPUT | e e oV
VOLTAGE —»| & (SEE NOTE B)
WAVEFORMS | —— —— —— —— — — ~ : | 3v
(SEENOTEB) | ynpyUTSB,C,ORD 15V \L
L l‘ ______________ oV
r _.: toff e VO(Off)
| 15V
TYPICAL OUTPUT : —————————————— VO(on)
VOLTAGE < I
WAVEFORMS | ———— T T - —————- VO(off)
R
1 ! Vo(on)
~ —-l ton |ja—

VOLTAGE WAVEFORMS—A INPUT TO QUTPUTS

n ________________________ 3 V
INPUTS A, B, C, and D \

ov
| | 3v
RBI INPUT x e
| -+ ov
|
toff —p——»i ' ton
| Lt VO(off)
OUTPUT a 15V 15V
VO(on)

VOLTAGE WAVEFORMS—RBI INPUT TO OUTPUTS

NOTES: A. The truth table generator and pulse generator have the following characteristics: t, < 10 ns, ty < 10 ns, and PRR < 1 MHz,
Zgoyt = 50 Q.
B. Inputs B, C, and D transitions occur simultaneously with or prior to input A transitions. RB1 =4.5 V,
C. C| includes probe and jig capacitance.

FIGURE 7—SWITCHING TIMES
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CIRCUIT TYPES SN54146, SN54147. SN74L46, SN74L47
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS

RBI LT Bl

s y - - S et N b
CA o1 24314516 718 9 hojiA13u4f15l0f 1] 23 4] 58] 718l hioipi2)1d14fi5) x = == = = = =~ X
L I [ (N U e (N A (N B N B B B L S L bR R x
¢l | 1 I 1 I L [ IXe———mmm - X

INPUTS <
j R L I N PR x
LT ]___r—
\RBI 1 Xmm X
SEE NOTE 1 FORCED
BI/RBO |£| |BLANKING INPUT

outputs <4 LI L LI 1 | N I O O R Y B
(See Note 2}
2 1 I I 1 I O O O 6 I I I I I I N

CRE 1 1 i I

X—===X INPUT MAY BE HIGH OR LOW

NOTES: 1. This low-level pulse represents the RBO response.
2. For the outputs, a high level indicates the off state and a low level represents the on state,
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CIRCUIT TYPES SN54146, SN54147, SN741L46, SN74L47
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

driv

indicators directly. The output transistors of these ‘:ﬁsp E E
two circuit types will sink up to 20 milliamperes of "'DOOODOD G |
current; therefore, external components are not :L_S)__Gb_?g_()__q -_q __q__J
required.
a b c d e f g

Also illustrated is how the quadruple latch (SN5475) I SNBALA6/ /000 b
and decade counter (SN54L90) may be utilized to SNb4L47
acquire and store the numeral to be displayed. The A 20 l
method shown is typical of a single stage and a T
number of methods are possible for distributing the A C © LYQ;':P
BCD data from the decade counter to the quadruple —q STORS"‘,\?;Z'Z,?ENT
latch. A b

n-digit display with leading and trailing-edge £ 3 % iD

blanking (see Figure B) DECADE COUNTER

SN54L90

This application demonstrates a method for driving 2
seven-segment  incandescent  display indicators DI“
directly from the output of the SNb4L46, or PULSES
SN54L47 decoder with provisions for leading-edge
and trailing-edge zero-blanking, intensity control, and FIGURE A
lamp test.

TYPICAL APPLICATION DATA
ing indicators directly (see Figure A)

This application demonstrates how the SN541.46 or
SN54L47 may be used to drive seven-segment D v EN SEGMENT INDICATOR b

Leading-edge and trailing-edge zero. blanking is illustrated for a six-digit mixed integer with zero indications suppressed
for the two most-significant decades (MSD) of the whole number and the two least-significant decades (LSD). This
scheme causes the number to be displayed in its easily identified, common form. Blanking is accomplished by
grounding RBI inputs of most-significant and least-significant decades and interconnecting the BI/BRO nodes of these
two decades to the ripple-blanking inputs of the adjacent decades. This improves readability by inhibiting suppression
of zeros occurring on either side of the decimal point. The ripple-blanking inputs of the decades on either side of the
fixed decimal point are inhibited by connecting to a 5-volt d-c source.

Intensity control is accomplished at all six of the decoder/drivers by modulating the blanking input with a
multivibrator. Best results are obtained with a modulation source in which the duty cycle can be varied. Individual
drivers are required as they are wire-OR connected with the ripple blanking functions.

As the lamp-test input is only one load, any number of these (up to 20) may be driven from a single Series 54/74 circuit.

LAMP
TEST

TO
DISPLAY
INDICATORS
, T T
MOST-SIGNIFICANT- I { I I I LEAST-SIGNIFICANT-
DECADE INDICATOR DECIMAL DECADE INDICATOR
/ N POINT N Y X
L LLLLI] [ITTEL] wocator [T LE] LI LI
abecdefg abcdefg] 'O5V[abcde fg abcdefg [TOS abcdefg abcdefg
I—«asn BI/RB R8I BI/RBO Lqrei BI/RBO} BI/RBO Retp— BI/RBO RBI BI/RBO Ralbl
= Arce LT ABCD LT ABCD LT ABCD LT ABCD LT AI\?CF LTf =
ITTT LT I TTT1 [T [
BCD INPUT | BCD INPUT BCD INPUT BCD INPUT BCD INPUT BCD INPUT
iy ittt Ittt Sl el (i !
) 4 gsnsmon SN7405 $ é g |
INTENSITY e T e e T — = — >~ J
MODULATORI[
FIGURE B :
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CIRCUIT TYPES SN54146, SN54'47, SN74L46, SN74147
BCD-TO-SEVEN-SEGM . NNT DECODER/DRIVERS

TYPICAL APPLICATION DATA
driving logic circuits (see Figure C)

These decoder/drivers may be used to drive other logic circuits. {See Figure C.) Value of the pull-up resistor (required
on the open-collector outputsj may be calculated using the methods given for the SN54L01 open-collector NAND gate.

H
o m. i
L TO REMAINING LOADS
f——/%\
a b cdef g
—ofr8l BI/RBO  fo—
ABCD
\_\/_j T
BCD LAMP
INPUT TEST

Puil-up resistor is required with open-collector outputs.

FIGURE C
71 PRINTED IN US.A
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TTL-COMPATIBLE CIRCUIT TYPE SN74141
Msl BCD-TO-DECIMAL DECODER/DRIVER

o 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

e Power dissipation typically 55 mW

logic
JOR N DUAL-IN-LINE

TRUTH TABLE OR W FLAT PACKAGE (TOP VIEW)*

INPUT | OUTPUT —E , .
plciB A| ON? 0 1 5 4 GND "¢ 3
mmmn 0 U RIRERER IR RARIAERIRER IR
LiL[LH 1

LIL[H[H] 3 1 l l g
CTRTCTL 7 980165 46 7 3 2
LIHIL|H 5 BCD-TO-DECIMAL

Linla]L s DECODER/DRIVER

LIH[H[H 7

NN A D 8 ¢
R[L{L|H] o I ! L L
aTCTRTC T NoNE IRINAIERIERIERIERIREIR
H{L|H|H| NONE 8 9, A D, Ve B _C 2
HIHIL|L| NONE QUTPUTS INPUTS INPUTS OuTPUT
H[H|L[H] NONE

H|H|H|L| NONE

n HlH] HIH] NONE positive logic: see truth table

H = high level, L = low level

1
All other outputs are off TPin assignments for these circuits are the same

for all packages.

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 minimum of external circuitry, can use these invalid codes in blanking
leading- and/or trailing-edge zeros in a display as shown in the typical application data. The ten high-performance, n-p-n
output transistors have a maximum reverse current of 50 microamperes at 55 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 55 milliwatts, which is about one-half the power
requirement of earlier designs. The SN74141 is characterized for operation over the temperature range of 0°C to 70°C.

9208
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CIRCUIT TYPE SN74141
BCD-TO-DECIMAL DECODER/DRIVER

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

Supply voitage Vi

Input voltage (see Note 1)

Current into any output (off-state)
Operating free-air temperature range
Storage temperature range

recommended operating conditions

MIN
Supply voltage Vg {seeNote 1) . . . . . . . . . . . . . . . ... ... 475
Output voltage (see Notes 1and 2) . . . . . . . . . . . . . . . . ...
Operating free-air temperaturerange . . . . . . . . . . . . . . ... .. 0

NOTES: 1. Voltage values are with respect to network ground terminal.
2. This is the maximum voltage which should be applied to any output when it is in the off state.

R AY)
55V

... 2mA
0°C to 70°C
—65°C to 150°C

NOM MAX UNIT
5 525 V
65 V
25 70 °C

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

TEST
PARAMETER TEST CONDITIONST MIN TYPi MAX|UNIT
FIGURE
ViH High-level input voltage 1and 2 A\
ViL Low-level input voltage 1and 2 08| V
V0o(on) On-state output voltage 1 Vee=MIN, Ig=7mA 25| V
v Off-state output voltage 2 Ve = MAX. 10 = 0.5 mA 60 v
Ofoff] 4o input counts 0 thru 9 cc » 10=0em

10(off) Off-state reverse current 2 Vee=MAX, Vp=55V 50 | uA
. . Off-state reverse current 9 Vee = MAX. Vo =30V 5 A
Q{Ofﬂ for input counts 10 thru 15 cc - YO~ H

Veoe=MAX, V=24V 40 A
LiH High-level input current at A 3 cc ! ¢

Vge = MAX, V=55V 11 mA

. . Vee=MAX, V=24V 80| pA

HH High-level input current at B, C, or D 3

Veec=MAX, V=55V 1| mA
L Low-level input current into A —-1.6| mA

- - 4 Vee=MAX, V=04V

L Low-level input current into B, C, or D —-3.2| mA
Ice Supply current 3 Vee = MAX 16 25| mA

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

$This typical value is at Voc =5 V, Tp = 26°C.
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CIRCUIT TYPE SN74141
BCD-TO-DECIMAL DECODER/DRIVER

functional block diagram

P70

®

T
LR

8
T

P

oL
] ]

o [

T

|

.
NE

s
.

27¢
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CIRCUIT TYPE SN74141
BCD-TO-DECIMAL DECODER/DRIVER

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$

Vee Vee
0 0
1 1 0totf)
N : K ; —\o «— v
ViH TEST 3 ViH TEST 3I———mmm——
PER B a PER 8 [y S SEE NOTES
TRUTH 5 TRUTH b —0
ViL TABLE ¢ & viL TABLE ¢ 6 0 o
8 8 Votott)
9 [ l 1
1 1 : I
. A. Each output is tested separately.

Each output is tested separately. B. Vo(off) is tested at |g = 0.5 mA and 10(off) s
tested at Vg = 55 V for all input counts.
10(off) .is tested also at Vg = 30 V for input
counts 10 through 15.

FIGURE ‘l—-VIH. V"_. VO(on) FIGURE 2—V'H. V"_, 'O(off)' VO(ofﬂ

Vee Vee
Tl E i T m
op— [}
b I by A
A Py A Py T
[l I L ] m—
v Ll SEE 8 a— - v, o SEE g N OPEN
| NOTES c 5 p— OP! t NOTE ¢ 5
of— 6 f——
o I o 7T
L] pa— 8 p———
op——o 9
. I T
A. When testing I'4, each input is tested separately with Each input is tested separately, with all other inputs at 4.5 V.
all other inputs grounded.
B. When testing Icc, all inputs are grounded.
FIGURE 4—1
FIGURE 3_IIH' ICC i

§Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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9-212

CIRCUIT TYPE SN74141

BCD-TO-DECIMAL DECODER/DRIVER

general

When these decoder/drivers are used in close proximity (on
the same circuit board) with standard digital integrated

circuits,

care should be exercised to ensure that the

impedance of the ground bus (including interconnections)
is sufficiently low to absorb the normal energy levels
resulting from switching the tube elements.

driving indicator tubes

As shown in figure A, the SN74141 requires no external
components for driving cold-cathode indicator tubes. The
versatility here is limited only by the system capability to

control the data inputs.

TYPICAL APPLICATION DATA

B+
(See Note A}
AL

INDICATOR TUBE

01 2z 3 45686 7 8 9

BCD TO-DECIMAL
DECODERYDRIVER

© o
BCD INPUT

FIGURE A

A 8

A suggested method for blanking extraneous zeros is shown in figure B. Any input count above decimal 9 may be used
for blanking. In the following application decimal 12 is used. When the mostsignificant bit (MSB) or the
least-significant bit (LSB) is decimal 0(0000), that indicator is blanked while decimal 12 (binary 1100) is applied to the
SN74141 inputs causing all the outputs to be off. If the MSB or LSB is decimal 0 and being blanked, this signal is gated
with and blanks the next smaller digit. This scheme is easily expandable to n-digits. ’

Veg =5V INDICATOR
TUBE
o0
1Q —O
BD 1D 18 Lo
——Q] CLOCK 12 ,q l o
_
— QA 20 = R g
2a 1/4 SN7400 o AMA—O
RESET 30 }-OPEN B (See Note A)
Rg 3D - o
3 .
¢—dclock 34 @
. o s }-open IJ i
9 A :
= _L L 1/4 SN7400
= = = L)
SN7490 SN7475 SN74141
|
CLAMP
1/2 SN7420
(See Note 8)
STROBE O- 116 SN7404
1/4 SN7400
1/2 SN74H21
- .
_ INDICATOR
QVec =5V TUBE
f
T
0 mel
8D A 1D i ! b o
®—QjcLock 12 ° 2 o
20 slo—+o
———— A B 0 25 sdo—1Io R B+
1/4 SN7400 AA-O
X =, c 30 3Q [-OPEN se—T1° (see Note A
5 60—
- L] cLocK 34 ES — ©
a0 40 |-OPEN 70—0
Rg
)i o so—o
= _J_ J_ 1/4 SN7400 J_ CLamP
= = L ° (See Note B}
SERIAL COUNT FROM SN7290 SN7475 SN74741
LESS-SIGNIFICANT BIT _L
FIGURE B

NOTES: A. Values for B+ and R|_ are as specified by the tube manufacturer.

B. Blanking is assured only if the anode of the indicator tube is clamped at 150 volts maximum.
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L CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100
MS| : 8-BIT AND 4-BIT BISTABLE LATCHES

SN5477/SN7477 SN5475/SN7475
W FLAT PACKAGE JOR N DUAL-IN-LINE
(TOP VIEW) OR W FLAT PACKAGE (TOP VIEW)t
CLoCK
10202131-20»103530@
16115 13
logic F—J !
TRUTH TABLE
(Each Latch) T
th th+1
vla[lsleNsse{le[
D Q W& 1D 2 CLOCK Vee 0 40 48
1 1 1D 2D CLOCK V.. 3D 4p NC 34
[} 0 co .
positive logic: see truth table
NOTES: 1. t, = bit time before clock SN54100/SN74100
negative-going transition. JORN DUA_L-IN-LINE OR W FLAT PACKAGE (TOP VIEW) T
2. th41 = bit time after clock CLOCK .
negative-going transition. VCC 1 ID3 1D4 1Q4 1Q3 203 204 204 203 NC NC

NC—No internal connection

Bz jatjoL 19l 1817141

151414
description . D4 a4 [‘ Q4 D4 ?

. . Clock_ | Clock p—
These latches are ideally suited for L1 13 a3 @3 D3—
use as temporary storage for binary L d Clock Clockp—
information between processing b7 a1l— a1 O]
units and input/output or indicator +-4Clock ClockP—
units. Information present at a data D2 Q2| & o2
(D) input is transferred to the Q | . Ldclock L(:I‘ock
output when the clock is high, and . — ]
the Q output will follow the data 1Mz eAsMe M7 s oM ieMnhiz
input as long as the clock remains .
high. When the clock goes low, the NC ID1 102 1Q2 1Q1 NC GND 201 292 202 201 ClgCK n
information (that was present at

the data input at the time the
transition occurred) is retained at
the Q output until the clock is:
permitted to go high.

The SN5475/SN7475 features complementary Q and Q outputs from a 4-bit latch, and is available in the 16-pin
packages. For higher component density applications the SN5477/SN7477 4-bit latch is available in the 14-pin flat
package. The SN54100/SN74100 features two independent quadruple latches in a single 24-pin dual-in-line package.

positive logic: see truth table

tPin assigments for these circuits are the same for all packages

These circuits are completely compatible with all popular TTL or DTL families. Typical power dissipation is 40
milliwatts per latch. The Series 54 circuits are characterized for operation over the full military temperature range of
—55°C to 1 25°C and Series 74 circuits are characterized for operation from 0°C to 70°C.

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

Supply Voltage, Voo (SeeNote3) . . . . . . . . . . . . . .. ..o e e e e e e TV
Input Voltage, Vi, (See Notes3and 4} . . . . e e e e e e e e e e e e e e .. bbV
Operating Free-Air Temperature Range: SN5475 CII‘CLIltS e e e e e e e e e e e e e -55 Cto 125°C

SN7475 Circuits - « - « « + « « « o o o .o .. 0°C 10 70°C
Storage Temperature Range . . . . . . . . . & 4 4 4 4 e e h e e e e e e e e —65°C to 150°C

NOTES: 3. These voltage values are with respect to network ground terminal.
4. Input signals must be zero or positive with respect to network ground terminal.
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100
8-BIT AND 4-BIT BISTABLE LATCHES

recommended operating conditions

MIN NOM MAX UNIT
Supply Voltage VCC (See Note 3): SN5475, SN5477, SN54100 45 5 55 v
SN7475, SN7477, SN74100 475 5 5.25 \
Normalized Fan-Out From Qutputs 10
NOTE: 3. These voltages are with respect to network ground terminal.
electrical characteristics over recommended operating temperature range (unless otherwise noted)
‘TEST
PARAMETER TEST CONDITIONST MIN TYPI MAX UNIT
FIGURE ‘
Input voltage required to ensure
Vin(1) logical 1 level at any input 1 2 \
terminal
input voitage required to ensure
Vin(0) logical O level at any input 2 0.8 v
terminal
1
Vout(1) Logical 1 output voltage and Vee =MIN,  ljgag = —400 zA 24 v
2
1
Vout{0) Logical 0 output voltage and Vee =MIN,  lgipk = 16 mA 04 \%
2
lin(0) Logical O level input current at D 3 Vee = MAX, Vi =04V -3.2 mA
) ) SN5475, SN5477,
Logical O level input current at —6.4 mA
lin(0) clock 3 Vee = MAX, |SN7475, SN7477
SN54100, SN74100 —-12.8 mA
Ve = MAX, Vip=24V 80 A
lin(1) Logical 1 level input current at D 3 cC n a
Ve =MAX, Vijn =55V 1 mA
SN5475, SN5477,
. . Vee = MAX, 160 BA
N Logical 1 level input 3 SN7475,SN7477
N current at clock Vin=24 V. |SN54100, SN74100 320 | uA
Vgoe =MAX, Vi =565V 1 mA
Voo =MAX,| SN5475 SN5477, | _pg &7 mA
1 Short-circui P SN54100
os ort-circuit output current§
Vv =0 SN7475,SN7477,
out SN74100 -18 -57 mA
SN5475, SN5477 ' 32 46 mA
, >S . . 5 v MAX SN54100 64 92 mA
curren = ,
cc PPy ce SN7475, SN7477 32 53 | mA
SN74100 64 106 mA

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

i All typical values are at Vee=56V,Ta= 25°C.

9214
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100

8-BIT AND 4-BIT BISTABLE LATCHES

switching characteristics, VCC =5V, T A= 25°C, N =10

nsn

TEST
PARAMETER TEST CONDITIONS MIN YP MAX UNIT
FIGURE T
Minimum logical 1 level input
1, 6 Cy =15pF, R =400Q 7 20 ns
setup? setup time at D input L L
Minimum logical O level input
6 Cp=15pF, R =400Q 14 20 ns
tsetup0 setup time at D input L L
thold1 Maximum logical 1 level input 6 CL - 15pF, R =400 2 0 159 ns
hold time required at D input
i logical O | i
thold0 Maximum logical O level input 6 CL = 15pF, Ry =400 0 61 ns
hold time required at D input
Pi ti lay ti i
tod1(D-Q) ropagation delay time to logical 1 6 CL - 15pF, R| =400 Q 16 30 ns
level from D input to Q output
Propagation delay time to logical 0
t X 6 CL=15pF, R =400Q 14 25 ns
PdOD-Q)  jevel from D input to Q output LT RR L
Propagation delay time to logical 1
tpd1({D-) level from D input to Q output 6 CL=15pF, R_=400Q 24 40 ns
(SN5475, SN7475)
Propagation delay time to logical 0
tpd0(D-Q)  level from D input to Q output 6 CL=15pF, R_=4000Q 7 15 ns
(SN5475, SN7475,
Propagation delay time to logical 1
1 6 CL=15pF, R =400 16 30 ns
pd1(C-Q) level from clock input to Q output L L
Propagation delay time to logical 0
t, 6 Cp=15pF, R =400 7 15
pdO(C-Q) level from clock input to Q output L e L ns
Propagation delay time to logical 1
tod1(C-Q)  level from ciock input to Q output 6 CL=15pF, R =400 Q 16 30
(SN5475, SN7475)
Propagation delay time to logical O
tpdo(c-3)  level from clock input to G output 6 CL=15pF, R =400% 7 15 ns
(SN5475, SN7475)

I These typical times indicate that period occurring prior to the fall of clock pulse (to) below 1.5 V when data at the D input
will still be recognized and stored.
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100

8-BIT AND 4-BIT BISTABLE LATCHES

functional block diagram (each latch)

Q Q
To (SN5475/5SN7475
=S | L) .
Latch
o o
CLOCK DATA
schematic (each latch)
o Vec
1300 S 130 0
<

Q
-0
(SN5475/SN7475)

O GND

®—* To Other Latch
[e]
CLOCK

Component values shown are nominal,
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100
8-BIT AND 4-BIT BISTABLE LATCHES

PARAMETER MEASUREMENT INFORMATION

d-c test circuits T

Vin(0) ©

in(1) o b Q
Vout(1) Isink
2V o ﬂclocka ! ¥ ‘] 2V 0——q
Yout(0)
Ly
= T FF
1. Each latch is tested separately, 1. Each latch is tested separately.
FIGURE 1 FIGURE 2
Y
Vee fc
b Qfb— 45V > Q r 'os
v OPEN See See \
in Note 1 Note 2
Clock Qp— Clock & L
1. Input conditions are in accordance with truth

table.
2. Each latch and each output is tested separately.

1. Each input is tested separately.
2. When testing lj(1) at D ground clock.
3. When testing lin(1) at clock ground atl D inputs,
FIGURE 3 FIGURE 4
Vee
T "cc
D Q
OPEN
——Ciock QF——

1. All latches are tested simultaneously.

FIGURE 5

9217

T Arrows indicate actual direction of current flow. Complementary Q outputs are available on the SN5475/SN7475.
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100

8-BIT AND 4-BIT BISTABLE LATCHES

PARAMETER MEASUREMENT INFORMATION

switching characteristicsT

INPUTS OUTPUTS
"/
D cLock Ve a O
° o)
R, R
00 - L3ac0n
v PULSE ) v
GENERATOR Al—#- D Q >—j¢— P—P——
{See Note 1) c _I_
AN
$—fcLock @ T ¢ P—b—h—o
PULSE J_
GENERATOR B cL
(See Note 1) I

de(D Q)

OUTPUT Q I

-
|
|
l

ouTPUT T

e

DdO( c-Q)

Vout(1)

_-{‘pd‘l (c-o)"_

"—“tdeD-ﬁ)—% sv

tpd0ic-Q)
VOLTAGE WAVEFORMS

——.‘

NOTES: 1,

. Each latch is tested separately.
. CL includes probe and jig capacitance.
. All diodes are 1N3064.

nd LN

at logical 1.

—_—V

out(0)

———V

out{t)

Vout(o)

The pulse generators have the following characteristics: Vgen =3V, t1=19 <10 ns, and 2,1 = 50 . For pulse
generator A 1= 1 s and PRR = 500 kHz. For pulse generator B, tp2 = 500 ns and PRR = 1 MHz. Positions of
D-input and clock-input pulses are varied with respect to each other to verify setup and hold times.

- When measuring tpq1(p.Q) 8nd tpdo(D-Q) (OF tpaa(D-B) and tpa1(D-G) for the SN5475/SN7475), clock input must be held

FIGURE 6 — SWITCHING TIMES

1'Coamplamentar\« Q outputs are on the SN5475/SN7475 only.




CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100
8-BIT AND 4-BIT BISTABLE LATCHES

TYPICAL APPLICATION
temporary storage of binary data

This application demonstrates the use of the SN7475 bistable latch as a temporary storage of binary-coded decimal
data, from the SN7490 decade counter, which is to be decoded by the SN7441 decoder/driver. Temporary storage is
desirable at this point for two reasons:
a. At counting frequencies above several cycles per second, it is sometimes desirable to eliminate the flicker on
the display tube caused by reading an input count which is too fast to be recognized.
b. During the time that the latch is storing information the decade counter may start acquiring data for the
next display.
A typical sequence of operation is illustrated (see Figure 7):
1. - During tq, reset decade counter to 0. At end of t1, indicator will display “0"".
2. During t2, count BCD 3 at output of SN7490. Indicator still displays ““0"".
3. At start of t3, indicator will display “3”. At end of 13, BCD 3 is committed to- memory by SN7475 and the
SN7490 may begin counting again.
During t4, reset decade counter to 0 and count BCD 5 at output of SN7490. Indicator still displays ‘3",
5. At start of tg, indicator will display “5”". At end of t5, BCD 5 is committed to memory by SN7475 and the
SN7490 is released.

>

BISTABLE LATCH
SN7475

| hl
| 1
. Q
—° T
[ =1 !
DECADE COUNTER | Clock Q@ I—OPEN DECODER/DRIVER
SN7490 I | SN7441
| o all T }—
8D A ! ! T
| 1 A 2 b—
T 9Clock & —— OPEN 3 —
8 1 8 A 10
CLOCK INPUT O——A ! 1 c 5| P INDICATOR
RESET T % c— : b alld — o —
| b
[
R D | | 8
_FD;—- 9 | [ofCiock & {—— OPEN 9
= I |
| |
D Q
T |
l lock & ! OPEN
INDICATOR STROBE ©- oc —
| E |
||
————————————————— Vm(l)
RESET—l L - I I Vinto)
, Vo
CLOCK w— ') —ba—oo— 1y _—.{'3:—- N —J‘5l<—v

INPUT \ [ = =1=s= = Tty
RESET TO 0 1 l | IRESET TO 0 !
= Vin©)

T

=~ Via))
INDICATOR n
STROBE ‘¢ l . .

10 v,
SN7441 in(1)
s el — V)
e e e i Vin()
5 ¢ vin(O)

FIGURE 7

9-219



CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100
8-BIT AND 4-BIT BISTABLE LATCHES

9220

TYPICAL APPLICATION

dual D-type master-slave flip-flop

This application demonstrates the use of the SN7475 - VCC
as a dual D-type master-slave flip-flop, provided that | .
two-phase clocking is permissible. Each of the D-type :— SN747 -:
flip-flops are formed by merely interconnecting the Q i M=~ Fip-FLOPI™ 1
output of one of the latches (which serves as the FE-1 DATA i : LATCH1 Iy
master) to the data input of another latch (which @l‘——o Q
serves as the slave), Each of these interconnected %:ics'g( ;)‘2 ®'—|17—0CIo¢k le]
latches must have a separate clock line; therefore if a b o
dual D-type master-siave fiip-flop is constructed from i |
a single package (see Figure 8) they must be operated CLOCK 3 : : D Q‘ Q our
vnchronoushy LOCK 3~4 = I O
synchronously, (PHASE B) \-‘JI T Alock Q ] :Il & out
e e =——— —
. Lo | ===ZZZ Z
A typical transfer of data is illustrated. Note that r mi
| LATCH 2
after the start of t1 the data input is released to FF-2 DATA @I : D Q ; :@
acquire new information as the master section has 111 =ik 5%3&5
“locked up” the original data after clock pulse Aq. At I L1
the start of tp the data “locked up” in the master is 1 L AYCHT B
transferred to the output, and at the end of tp (and P D Q—r "'(I :)Q out
for the duration of t3) the slave retains the original [ —QClock QI ! I Q ourt
data. 1 1 1 I
| L _fUpP-fLOP2 |
This type of flip-flop is desirable in applications | I |
where speed is not a primary requirement and where GND
the additional clock skew, resutting from this delay
between the two clock pulses, affords greater system
reliability.
et e ) bty ]
| [ | V.
in(1)
DATA INPUT I | | [
! || - ___ Vin(0)
i
CLOCK 1-2 : \ -——- + —————— in(1)
PHASE A IA] | Lo |A2 | Vot
CLOCK 3-4 L ! ———-- Vintl)
PHASE 8 l 8, | 2 Vin(0)
@ OUTPUT == === e
l I____ Vout (0)
FIGURE 8
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m CIRCUIT TYPES SN5481, SN5484, SN7481, SN7434
M| 16-BIT ACTIVE-ELEMENT MEMORIES

SN5481/SN7481 CIRCUITS SNS5481/SN7481 CIRCUITS
description W FLAT PACKAGE (TOP VIEW) J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)
The 16-bit active-element memory 1 VAT

oND WR(TE Y, WIRITE SENSE SENSE WRITE
Xq 0

is a monolithic,  high-speed, @ @ @ @ . @

transistor-transistor-logic {TTL)
array of 16 flip-flops, and two write LL]_ ‘—l 'ﬂ r_’ !
amplifiers interconnected to form a 1

“’scratch-pad”’ memory with

direct-address and non-destructive _[— 2K Y _L
"
=5

read-out.

The flop-flops are arranged in a rA A
4-by-4 matrix with each flip-flop
representing one bit of 16 words. positive logic: see logic diagram
Four X-address lines and four
Y-address lines permit the address
of one bit at a time. Each flip-flop,
composed of two cross-coupled SN5484/SN7484 CIRCUITS

3-emitter transistors, is used to JOR N DUAL-IN-LINE R
store one bit. To determine if a OR W FLAT PACKAGE (TOP VIEW)

logical 1 or O has been stored, it is

necessary to know which one of the WTE WE”E SENSE sense W?E W?E v
two flip-flop transistors is wlswlfelinllw]{ls
conducting. One emitter of each of 1 | [ I j
these ftransistors serves as the R Woig) Woiar
sensing output. All 16 of the logical -1 v

1 sensing outputs are connected to —*a Y3
the sense logic 1 (S;) amplifier oS N AN, ‘]
input and all 16 of the logical0 l I [
sensing outputs are connected to VIL2J[3 [l qlr]]e
the sense logical 0 (SO) amplifier T A
input. The two remaining emitters

on each transistor are used to

complete the matrix connections positive logic: see logic diagram
necessary for the X- and Y-address

lines. Address line inputs are tPin assignments for these circuits are the same for all packages.

normally held low (logical 0) and
currents from all conducting
flip-flop transistors flow out these
address lines.

To address a flip-flop both the X- and Y-address lines associated with that flip-flop are taken to a logical 1 voltage.
Due to the matrix nature of the circuit, at least one address line of all flip-flops except the one being addressed will con-
tinue to remain at a logical O level and no change will occur on those flip-flops, But, in the addressed flip-flop, the cur-
rent in the conducting transistor diverts from the address lines to the appropriate sense line and then to one of the sense
amplifiers. Thus, either the sense amplifier associated with a logical 1 or the sense amplifier associated with a logical O
is activated. When this- occurs, the output of the activated sense amplifier drops from a logical 1 to a logical O level.
The memory is non-destructive 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.

TEXAS lNSTRUM ENTS 9-221
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CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

description (continued)

To store new information in a flip-flop, it is necessary to address it and apply logical 1 voltage to the appropriate write
amplifier input. {The SN5484/SN7484 circuit has gated write-amplifier inputs), The output of the write amplifier
responds by dropping to a logical O level. Since all logical O sense lines are connected to the output of the logical O
write amplifier and all logical 1 sense lines are connected to the output of the logical 1 write amplifier, a logical 0
voltage on the output of a write amplifier will apply the same voltage to emitters of all flip-flop transistors connected to
that amplifier. In all 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. But 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, But 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 con-
ducting 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}. Standard TTL circuitry, émployed for the address line inputs, write
amplifier inputs, and the saturating output transistors, provides complete TTL and DTL compatibility and maintains
typical noise margins of one volt. Average power dissipation is 275 milliwatts (typical), and the open-collector out-
puts may be wire-OR connected to similar outputs. Internal circuitry of the write and sense amplifiers are operated
within their linear range to improve speed. Sensing propagation delay times are typically 20 nanoseconds when
operated at full fan-out and 30 picofarads of circuit capacitance.

logic diagram

WRITE WRITE
1 [
A B*
C
A NN N
4Y1\X4 Y, X, Yg X, Y,
¢ ) ¢ >
x4 g™ N
1 N0 ONIIN 1 N\0 0\1\
X3 Y1\\ X3 Y2\ X3 Y3 \\ X3 Ya
N ku\l\‘—* T \
3 S . 2y
1 1ND 1 0
N N N "IN 1\Y.J
X, Y, IN Xy Yy Xy Y3 IN Xy Y4
I | = ) — — | Sl 1
X2
TNC N 1 1 NN 0N
N SENSE
X YN X Y2) X, YN Xy Y, SE1SE N
. Ls =
1
| | |
Y1 Y, Y3 Ya

*Gated inputs {as shown) are available on SN5484/SN7484 only,

The SN5481/SN7481 has one W0 and one W_ input.

1



CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484

16-

BIT ACTIVE-ELEMENT MEMORIES

schematic diagram

SENSE-0 LINE

TO 0OQUTPUT OF

Stbrakge Temperature Range .

recomrhend_ed operating conditions

Supply Voltage Ve (See Note 1): SN5481, SN5484 Circuits .
SN7481, SN7484 Circuits .

Width of Write Pulse, tp(write) (See Figure 11) .

Address Lines Input Setup Time, tsgtup (See Figure 11) .

NOTES: 1.

2,

These voitage values are with respect to ground terminal.

15 FLiP-FLOPS
cc
3 SENSE 3 TO WRITE 1
<
QuTRT 1 AND SENSE 1
0 " AMPLIFIERS
ADDRESS .
INPUTS | X0 TO REMAINING
A B* (TWO OF9,, 15 FLIP-FLOPS
- EIGHT SHOWN)_' 101
WRITE INPUTS
A —— O GND .
AN 7\ / \ /
. B Vv A4 v
@ Wo WRITE AMPLIFIER Sg SENSE AMPLIFIER MEMORY FLIP-FLOP
(W; AMPLIFIER IS SAME) .. (S AMPLIFIER |S SAME) (ONE OF 16 SHOWN)
" thed inputs (‘?5 shpwn) are a_vailaple on SN5484/SN7484 only. The SN5481/SN7481 has one W0 and one W.|' input,
absolute maximum ratings over operating temperature range {unless otherwise noted)
Supply Voltage Vi (See Note 1) 7V
input Voltage Vi, (See Notes 1 and 2) e e e 55V
Operating Free-Air Temperature Range: SN5481, SN5484 Circuits - —55°C to 125°C
SN7481, SN7484 Circuits_ - 0°C to 70°C

. —65°C to 150°C

MIN NOM MAX | UNIT

4.5 5, 5.5 \

475 5 5.25 v
25 ns
V] ns

Input signals must be zero or positive with respect to network ground terminal.
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CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

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

9-224

PARAMETER Frooe TEST CONDITIONS! MIN TYPF  MAX | UNIT
= <
Vin(1)AW  Input voltage required }/CC - %F:T;A Vout(0) S04 Y, gx%’ 2.1 \
or at X or Y address lines 1 sink
Vi 10 ensure writing or sensin Vec=MIN, — Vour(o) S04Y, | SN7481, 2.1 v
in(1)AS 9 9 Isink = 40 mA SN7484 g
input voltage required vee = MIN,  Vout(o) S04V, | SN5481, 2 v
Vi at Wg or Wq inputs to 1 M mA SN5484
in{1)wW ensu?e g Ve =MIN,  Vour(0) S04V, | SN7481, 2 v
9 Isink=40mA - SN7484
Input voltage required :’Ci N Z‘::T" A Vout(0) S04 Y, :xgm' 0.8 \
X - . sink =
Vin(0)AW a:e):;:‘rt\v(v:c::‘ress lines to 2 Vec = MIN,  Vouroy <04V, | SN748T, Py »
P 9 Isink = 40 mA i SN7484
Input voltage required at :
Vin(0)AS X or Y address lines to 3 Voo =MIN,  loue{1) =250 BA  Vg,t=5.5V 1 v
prevent sensing
Input voltage required at Vee=MIN,  Vour(o) S04V, | SN5481, 1 v
Vin(O)W Wp or Wq to prevent 1 Isink = 20 mA SN5484
in(0)W wgﬂ 1t0p Vcc=MIN,  Vout(0) S04, | SN7481, 1 v
g lsink = 40 mA . |-SN7484
Vout(1) *Logical 1 output voltage 3 Vee = MIN, lout{1) = 250 A 5.5 \'
~ T SN5481,
Logical 0 output voltage 1 Vec=MIN,  lsink = 20mA SN5484 04 M
Voutl0) (o tevel) N e e o | SN, v
cC ’ sink L SN7484 -
Logical O level input
lin(0) current at write 1 and 4 Ve =MAX, V=04V -1.6 mA
write 0 (each input)
Logical O level input
lin(0) current at all X or all 5 Vee=MAX, V=04V -11 mA
Y address lines
Logical 1 level input - .
lin{1) current at write 1 6 \‘;CC — mﬁi' \\im — :g \‘; 410 “:
and write 0 {each input) cc ’ ino m
Logical 1 level input _ -
lin(1) current at each X and 6 \\;CC — m:;' :J/'" - :g x 4030 "2
each Y address line cc ' in - = m
SNS481, 55 78 mA
6 = SN5484
Icc Supply current Vce = MAX SN7481
SN7484 55 91 mA

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

device type.
T Al typical values are at Vec =5 V, T =25°C.




CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

switching characteristics Vo =5V, Tp =25°C

PARAMETER TEST TEST CONDITIONS MIN  TYP MAX | UNIT
FIGURE
WR Write recovery time 7 CL =15 pF, X1 - Y1 location addressed 30 60 ns
Propagation delay time to CL=15pF,  Xq-Yq location addressed 22 45 ns
+ logical O level from 7
pd0 address-line inouts to CL=200pF, Xj - Yqlocation addressed 27 55 ns
Sp or S1 outputs
Propagation delay time to CL=15pF, X1 - Y1 location addressed 15 25 | ns
tod1 logical 1 level from 7
address-line inputs to CL=200pF, Xq-Y4q location addressed 20 35 ns
Sp or S1 outputs
Propagation delay time to CL = 15pF, X1 through X4 and
todo logical O.Ievetl from 7 20 30 ns
address-line inputs to Y1 locations addressed
Sg or Sq outputs
d-c test circuitst PARAMETER MEASUREMENT INFORMATION
SENSE TIME
Vee i

[ PULSE A 71 Vinmaw ™ Vinias
| oV
I LV,
45V o— g 1 | PULSE B I ' | i)W

NOTES |1 Y2Y3Ys — 0V

PULSE A O— « 5 smk __________ 45V
1 0 S| |
X, oETEE PULSE C
X3 5 L — Vieow
—E__ X4 WO Wy ; I
HO)

. - . Each bit location is tested separately by applying pulse A and 4.5 V to

PULSE C o__ SEE _i——l ou each of the 16 bit addresses individually. All unused address lines
PULSE B o NOTES| i are grounded.

LTI

. Wg (and Sp) is tested separately (16 tests). Apply pulse B to Wo, pulse
C to Wy, and measure Vout(O) at Sg. Unused output is open.
3. W (and s1) is tested separately (16 tests). Apply pulse B to Wy, pulse
C to Wg, and measure Vout(O) at Sq7. Unused output is open.
4. For the SN5484/SN7484, each of the two Wq or two W, inputs are tested

separately. Apply 4.5 V to unused Wg or W1 inputs. m

FIGURE 1
N SENSE TIME
CcC ]
B 7 4.5V
PULSE A| l | ] |
I L Vinoaw
_——— e — 45V
45vo— o | , PULSE B I l ]
Notes | V17273 Y4 | — o0V

PULSE A 0— X, S sink o __ L _ 45V
X SEE | €— PULm |
1% s, | NOTE } ov
d 3

L X wy W |
- I ouf(O) 1. Each bit location is tested separately by applying pulse A and
PULSE C SEE I 4.5 V to each of the 16 bit addresses individually. All unused
PULSE B NOTESJ address lines are grounded.
—— 2. Wg land Sq) is tested separately (16 tests). Apply pulse B to

Wy, pulse C to W4, and measure Vout(g) @t Sg. Unused output
is open.

3. Wy (and S1) are tested separately (16 tests). Apply pulse B to wq,
pulse C to Wo, and measure Vout(O) at Sq. Unused output is
open.

4. For the SN5484/SN7484, each of the two Wg or two W1 inputs are
tested separately. Apply 4.5 V to unused WO or Wy inputs.

FIGURE 2

TArrows indicate actual direction of current flow. 9-225



CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst (continued)

9-226

4.5 Vo— _—II

cC

SEE Y Y Y.Y
PULSE A o—rj NOTES X,

iy I B
= | _‘—-X4W0 Wy

OTES]

PULSE B o—]  SEE 11 l
NOTES

L+

louf(])

out(1)

| -

FIGURE 3

SENSE TIME

|
Y
PULSE A | | |
Vin(0)AS
5V

' ———— 4
PULSE B8 |
oV

. Each bit location is tested separately by applying pulse A

and 4.5 V to each of the 16 bit addresses individually. All
unused address lines are grounded.

. Wg {(and Sg) is tested separately (16 tests). Apply pulse B

to Wq, ground W4, and measure Vgy¢(1) at Sg. Unused

output is open.
W3 (and S4) is tested separately (16 tests)

A
to Wq, ground Wy, and measure Vg ¢(1) at Sq. Unused
output is open.

\pply pulse B

. For the SN5484/SN7484, each of the two Wq or two W4

inputs are tested separately. Apply 4.5 V to the unused
input of the gate under test end ground both inputs of
the unused gate.

1.

Each input is tested separately.

2. All unused inputs are grounded,

FIGURE 4

T Arrows indicate actual direction of current flow.




CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

d-c test circuitsT (continued)

PARAMETER MEASUREMENT INFORMATION

cC
- -
4.5 VO—T
SEE ! I
| NOTES ARG
in(0) 1234
- Lix o b—
o— 1
in —{X2 SO OPEN
] —1X3 11—
L _'—'X4W0 W.I

1. Each X input is tested separately with the other three X inputs
grounded and 4.5 V applied to all ¥ inputs.

2. Each Y input is tested separately with the other three Y inputs
grounded and 4.5 V applied to all Y inputs.

3. For the SN5484/SN7484, both Wg and both Wy inputs
are grounded.

FIGURE 5

l lec
fin(1) :l

\Y >
inO—— SEE
NOTES

S
X
_E 4 W W

[TTT
R
w
- O
——
o
o
2
z

1. Each inpit is tested separately for ljn(1) with all unused
inputs grounded.
2. When measuring i¢g all inputs are grounded.

FIGURE 6

 Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

PARAMETER MEASUREMENT INFORMATION

switching characteristics

SD ourpuT

<

9
12003

ADDRESS
PULSE A
{See Note 1)

W0 WRITE

PULSE B
(See Note 1)

L L
30003
] I
= &

Pl S — |

LOAD CRRCUIT 2 _]

(Same as foad cireuit 1}

ssv[ ]
o—
| ADDRESs
PULSE v
GENERATOR 2 |
(See Note 1) 0Qf o 1
Wy YooY, Y, Y !
>
= Z 6 XI] 2 3 4S 1
=z o |
w
o
We PULSE ‘ 02 2
SYNCJH GENERATOR < X, |
{See Note 1) %50 Q g S.I I
o
1 g X4 Yo W |
L |
W, PULSE i —
GENERATOR ! ==
"1 (See Note 1) 500 (See Note 3) -
TEST CIRCUIT

W] WRITE

PULSE C
(See Note 1)

SO QuUTPUT D

1

ADDRESS
PULSE F
(See Note 1)

WRITE
PULSE G
Wy OR W)
(See Note 2)

oV

OUTPUT H
(5, OR'S))

NOTES: 1. The pulse generators have the following characteristics: Vgen =3

25 ns and PRR = 1 MHz,
2, CL includes probe and jig capacitance.

3. For the SN5484/SN7484, unused WO and W’ inputs are 3.5 V,

For the address pulse generator, tp = 100 ns and PRR = 2 MHz. For the W0 and W,I pulse generators, t =

Vour(1)

— — —— Veur(0)

PROPAGATION DELAY TIME VOLTAGE WAVEFORMS

V,t,=t,=10ns, t

s 0 setup =01to 10 ns.

p

FIGURE 7 — SWITCHING CHARACTERISTICS
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CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484
16-BIT ACTIVE-ELEMENT MEMORIES

TYPICAL APPLICATIONS

This application demonstrates use of the 16-bit active element memory to form a high-speed, direct-address, scratch-pad
memory having a storage capability of m-words (in multiples of 16) of n-bit length. For purposes of this discussion, a
memory is illustrated which will store 64 words each having a length of 8-bits. See Figure A. This storage capability
may be increased or decreased using the patterns shown.

In this example, each of the planes consist of four 16-bit memory circuits connected in an 8-by-8 matrix. This
organization provides 64 addresses (words) of 8-bits (word length) or a total bit capability of 512 bits (64 X 8).

Each bit plane (B(J through B7) is formed by paralleling the WO' W1 inputs, SO' S1 outputs, and completing the X-Y
matrix connections. The matrix is completed by paralleling the X lines of Circuits A-B and C-D and the Y lines of A-C
then B-D, to form the 64 addresses of plane By, Two pull-up resistors, one for SO and one for S1, should be provided
for wired-OR outputs. The other seven planes are identical to BO'

The X and Y lines of the éight planes are paralleled so that all bits of each word are addressed simultaneously.
Addressing of a particular word is accomplished by the X-Y decoder/drivers. For this particular example, the decoder
could be a 1-of-8 decoder {see SN7442 and SN7444 applications) and the drivers may consist of discrete transistors,
each capable of supplying current for 16 address inputs. A number of decoding/driving schemes are possible.

The SN5484/SN7484 has gated W and W1 inputs which may be used to perform the write enable function. External
gating may be employed if enabling functions are required with the SN5481/SN7481.

[ x-ApDRess bEcoDE |

“TTTT 111
[ X-DRIVERS ]
T s,
oSS
g 2 %% \ s? 5
=H=NN N NNONN\=i
i \k\“é =
" ORI N
‘ m—_—:\k\\ . %
AN e
) wOQ\X\ =
l_v’«o_»\\ Q S
W‘_—gé——»\

FIGURE A — TYPICAL MEMORY ORGANIZATION
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¢ Diede-Clamped, Buffered Inputs | { <L T
e Open-Collector Outputs Provide Wire-AND : ‘ P
Capability A s
e Typical Power Dissipation . .. 375 mW
e Compatible with Most TTL and DTL Circuits 'ﬁf "Zf L T > if
description i 2 3 4 5 6117 8

TTL CIRCUIT TYPE SN7489
LSI 64-BIT READ/WRITE MEMORY

e For Application as a “Scratch Pad”’ Memory JOR N DUAL-IN-LINE
with Nondestructive Read-Out OR W FLAT PACKAGE (TOP VIEW)

e Fully Decoded Memory Organized as 16 Y INPUT OUTPUT INPUT  OUTPUT
Words of Four Bits Each Vec c ) ki 4 3 3

Bl jupjep{nzijnf{jwol]9

e Fast Access Time . .. 33 ns Typical

SELECT \MEM. WRITEs DATA SENSE DATA SENSE GND
This 64-bit active-element memory is a monolithic, INPUT A ENAVBL'E"s - NPUT OUTPUT INPUT OUTPUT

high-speed, transistor-transistor logic (TTL) array of
64 flip-flop memory cells organized in a matrix to

provide 16 words of four bits each. Each of the 16 positive logic: See description
words is addressed in straight binary with full on-chip
decoding.

tpin assignments for these circuits are the same for all packages.

The buffered memory inputs consist of four address FUNCTION TABLE

lines, four data inputs, a write enable, and a memory

enable for controlling the entry and access of data. ME | WE | OPERATION CONDITION OF OUTPUTS
The memory has open-collector outputs which may L | L | write Complement of Data Inputs
be wire-AND connected to permit expansion up to L | H | Read Complement of Selected Word
4704 words of N-bit length without additional output H | L | Inhibit Storage | Complement of Data Inputs
buffering. The open-collector outputs may be utilized H | H | Do Nothing High

to drive external loads directly; however, dynamic
reponse of an output can, in most cases, be improved by using an external pull-up resistor in conjunction with a
partially loaded output. Access time is typically 33 nanoseconds; power dissipation is typically 375 milliwatts.

write operation

Information present at the data inputs is written into the memory by addressing the desired word and hoiding both the
memory enable and write enable low. Since the internal output of the data input gate is common to the input of the
sense amplifier, the sense output will assume the opposite state of the information at the data inputs when the write
enable is low.

read operation
The complement of the information which has been written into the memory is nondestructively read out at the four

sense outputs. This is accomplished by holding the memory enable low, the write enable high, and selecting the desired
address.

9-230
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CIRCUIT TYPE SN7489

64-BIT READ/WRITE MEMORY

Supply voltage, V¢ (see Note 1)
Input voltage (see Note 1) . . . . .

High-level output voltage, VQH (see Notes 1 and 2)

Operating free-air temperature range
Storage temperature range

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

. 7V
. ... 5BV
55V

0°Cto 70°C
—65°C to 150°C

NOTES: 1. Voltage values are with respect to netw

ork ground terminal.

2. This is the maximum voltage which should be applied to any output when it is in the off state.

recommended operating conditions

Supply voltage, Vcc
Width of write-enable pulse, ty,

Setup time, data input with respect to write enable, tsetup (see Figure 1) . . . .
Hold time, data input with respect to write enable (see Figure 1)

Select input setup time with respect to write enable, tsetup - - - - - .

Select input hold time after writing, thold(see Figure 1) .

Operating free-air temperature, Ta

MIN NOM MAX UNIT

4.75 5 525

00100188

70

\
ns
ns
ns
ns
ns

°C

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

PARAMETER TEST CONDITIONS? MIN TYP MAX |UNIT
V|4 High-level input voltage 2 \'%
ViL Low-level input voltage 08| Vv
V) Input clamp voltage Voo =MIN, 11==12mA -15| Vv
loH High-level output current Vee =MIN, ViH=2V, 20| pA
ViL=08V, VoH =55V
VoL Low-level output voltage zlclfl OM; '\\Il’, Vin=2V, :gt — :(25 :2 0(:: \%
Iy Input current at maximum input voltage Vce = MAX, V=565V 1| mA
li4  High-level input current Vee = MAX, V=24V 40| wA
ljL  Low-level input current Vee = MAX, V=04V —-1.6| mA
lcc  Supply current Vee = MAX, See Note 3 75 105 mA
Co  Off-state output capacitance Vee=5V, Vo=24V, 4 pF
f=1MHz

NOTE 3: ¢ is measured with the memory enable grounded, ali other inputs at 4.5 V, and all outputs open.

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

device type. .
£ Al typical values are at Vog =5 V, T = 25°C.

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

PARAMETER TEST CONDITIONS
PLH Propagation delay time, low-to-high-level
output from memory enable
oL Propagation delay time, high-to-low-level
output from memory enable CL = 30 pF,
tpLh Propagation delay time, low-to-high-level RL1 = 300 2,
output from select RL2 =600 £,
tPHL Propagation delay time, high-to-low-level See Figure 1
output from select
« Sense recovery time output initially high
SR after writing output initiatly low

MIN TYP MAX|UNIT

26 50

ns
33 50
30 60

ns
35 60
39 70

ns
48 70

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 s DALLAS, TEXAS 75222

9-231



CIRCUIT TYPE SN7489
64-BIT READ/WRITE MEMORY

functional block diagram

=8
=

e
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MEMORY
ENABLE

o o) R
0 Q B o8
9= aE

I» 3
A =7
CELL
r -\, 153 | g )
CEL CELL]
B 64

f,
-
g
=

SELECT
weuts g

o 3
FERPNRE
Lel oL e

3

2

8

c

s

CEL CELL
9.3 9-4
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10-4
CELL| Y CELL
| 1-2 11-4
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CIRCUIT TYPE SN7489
64-BIT READ/WRITE MEMORY

TYPICAL APPLICATION DATA

MEMORY
ENABLE

Rp1=300Q
From output

under test % B
10L=3OPF RL2_GOOSZ

ﬂ: (See Note B}

LOAD CIRCUIT

MEMORY
ENABLE

| WRITE
H _ENABLE
!
|

- = ———— v
ANY 3v _—.—-————JI::- tSR _.{ V,
ADDRESS ANY HIGH I '“\ ; 15V o
1 R
- ! ANy OUTPUT | N
je—— Il ——————y
k_.'__ tPHL tPLH le— toR _.: oL
. I VoH ST I/~ VoH
ANY 15V ANY LOW N 15V
OUTPUT OUTPUT / Sed
———VoL ———————— VoL
Write enable is high.
READ CYCLE ' WRITE CYCLE FROM WRITE ENABLE

NOTES: A. The input pulse generators have the following characteristics: ty < 10 ns, tf < 10 ns, PRR = 1 MHz, Z,,,; ~ 50 §2.

B. C|_includes probe and jig capacitance.

FIGURE 1-SWITCHING CHARACTERISTICS

fj—input Current—mA

TYPICAL CHARACTERISTICS

INPUT CURRENT . PROPAGATION DELAY TIME
vs ’ vs
INPUT VOLTAGE FREE-AIR TEMPERATURE
4 T 40 T T T
Vee=5V /——— tpy SELECT INPU&/
5 |-TA=257C 25 P
I _(_____—
0 — DATA INPUTS : 30 Y
P e o ]
L\
- ALL OTHER INPUTS i 25 —Pv—x
/ E \_tpj MEMORY ENABLE INPUT
= | | |
—4 § X A\ 1 1 I
l - \ \__ tpLH SELECT INPUTS
i=2
- g e ——
@ \._ tp.H MEMORY ENABLE INPUT
-8 10
Veg=5V
—10 5 — CL=30pF
R =300 Q
—12 - o |~_ L
—1 0 1 2 3 4 5 0 10 20 30 40 5 60 70
V|—Input Voltage—V T a—Free-Air Temperature—°C
FIGURE 2 FIGURE 3
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CIRCUIT TYPE SN7489
64-BIT READ/WRITE MEMORY

DATA
INPUTS

WRITE ENABL

£
A

B
worp J ¢
seLecT 9 D
£

TYPICAL APPLICATION DATA

OQUTPUTS
o

s1 D1 $1
N O DT onzage’ P
27 sz o D2 s2 o D2 s2}o—
3 o— —] b3 ssp— 03 s3sjo—
s4 — D4 o—— D4 s4
ME —d we ME o—— WE ME
BC D ABCD AB CD

Lllg

A 1;2sN74155

EXPANDING NUMBER OF WORDS

To increase word capacnty, the outputs of a number of memories are wire-AND connected and each memory is enabled
individually. The word capacity is limited only by the capabihty to wire-AND the outputs. In this case, the limiting
parameter is the sink current capability of the memory, 12 milliamperes if the maximum low-level output voltage is
limited to 0.4 V. Assuming that the output is driving only one Series 74 load (1.6 mA in the low state}, the minimum
value of the load resistor, R |, will be 442 ohms.

RL = VRL vee — VoL _ 50V — 04V - a2 Q
|RL lsink — WL(NTTL loads 0.012 A — 0.0016 A .

in this case, the 442-ohm load resistor will supply sufficient high-level output current to wire-AND 292 outputs,
providing a word capacity of 4672 words.

VRL Vee — VoH 50V —-24V

TRL  ToH (Nwire-ANDS) * liH (NTTL loads) 20 uA (Na) + 40 RA(T)

therefore Nyyg = 292 outputs

442 =

When driving one or more standard TTL loads, the possibilities are shown below in increments of standard loads for
both 12-mA and 16-mA sink current.

WORD CAPACITY vs TTL LOADS FOR Vg = 0.4V MAX WORD CAPACITY vs TTL LOADS FOR VgL = 0.45 V MAX
LOADS R VALUE | MAX NO.OF | MAX NO. LOADS Ry VALUE | MAX NO.OF | MAX NO.
B (OHMS) WIRE-ANDS |-OF WORDS (OHMS) WIRE-ANDS | OF WORDS
1 442 292 4672 1 316 409 6544
2 522 245 3920 2 356 361 5776
3 638 197 3152 3 406 314 5024
4 821 150 2400 4 473 266 4256
5 1150 103 1648 5 569 218 3488
6 1916 85 880 6 711 170 2720
7 5750 8 128 7 948 123 1968
8 1422 75 1200
Where muttiple SN7484 devices are used in a memory 8 2844 27 432
system, the memory enable input allows easy 10 4000 12 192

decoding of additional address bits.
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71

L] CIRCUIT TYPES SN5488A, SN7488A
MSI 256-BIT READ-ONLY MEMORIES

e Input Clamping Diodes Simplify System

Design F l/“ v8
1

e Open-Collector Outputs Permit Wire-AND vlz
2

Y3 Y Y5 Y6 Y7

N

DUAL-IN-LINE PACKAGE (TOP VIEW) g

e Applications in Computer Subroutines ENABLE BINARY SELECT o g
e Useful in Display Systems and Readouts Yo & e e ” ” A 8 3
play sy 6w fjul{slelin{{n]fs <

e Memory Organized as 32 Words of 8 Bits j ’ 1 ] I ‘ 5
=

Each G E D c B A b4

8

>

{72}

2

>

]

>

Capability

e Typical Access Time: 25 nanoseconds

l4
4115¢|6]|7/(]8

LL6L AYVNNVT ‘SprLLLL S-1A "ON NiL31ING

\_Y1 Y2 Y3 Y4 Y5 Y6 Y7 s GND

0L6L AHVNHE3d ‘6621104 S1G "ON NIL3T1NE S30Vid3Y

e Typical Power Dissipation: 285 milliwatts —
e Fully Compatible with Most TTL and DTL
Circuits positive logic: See description
description

These custom-programmed, 256-bit, read-only memories are organized as 32 words of eight bits each. Each monolithic,
high-speed, transistor-transistor logic (TTL}), 32-word memory array is addressed in straight 5-bit binary with full
on-chip decoding. An overriding memory-enable input is provided which, when taken high, will inhibit the 32
address gates and cause all eight outputs to remain high. Data, as specified by the customer on the enclosed truth
table/order blank, are permanently programmed into the monolithic structure for the 256 bit locations. This
organization is expandable to n-words of N-bit length,

The address of an eight-bit word is accomplished through the buffered, binary select inputs which are decoded by the
32 five-input address gates. When the memory-enable input is high, all 32 gate outputs are low, turning off the eight
output buffers. )

Data are programmed into the memory at the emitters of 32 eight-emitter transistors. The programming process
involves connecting or not connecting each of the 256 emitters. If an emitter is connected, a low-level voltage is read
out of that bit location when its decoding gate is addressed. I the emitter is not connected, a high-level voltage is read
when addressed. Those decoding-gate output emitters which are used are connected to their respective bit lines to drive
the eight output buffers. Since only one decoding gate is addressed at a time, only one of the 32 transistors can supply
current to the output buffers at a time.

This memory is fully compatible for use with most TTL or DTL circuits. Input clamping diodes are provided to
minimize transmission-line effects and simplify system design. Input buffers tower the fan-in requirement to only one
normalized Series 54/74 load for all inputs including enable (G). The open-collector outputs are capable of sinking
12 milliamperes of current and may be wire-AND connected to increase the number of words available. An external
pull-up resistor from each output to the supply line (V) is required to define the high-level output voltage, Where
multiple SN7488 devices are used in a memory system, the enable input allows easy decoding of additional address bits.
Access propagation delay time is typically 25 nanoseconds and power dissipation is typically 285 milliwatts.

The customer can specify the output level desired at each of the 256 bit locations by completing the enclosed truth
table/order blank. Upon receipt of the order, Texas Instruments will assign a special device number to the device
programmed according to the customer’s order. The completed device will be marked with the T special device number
(not SN5488A or SN7448A). It is important that the customer specify not only the output fevels desired at all 256-bit
locations on the enclosed truth table/order blank, but also the other information requested.

Series 74 devices are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

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

Supply voltage V¢ (see Note 1) .
Input voltage (see Note 1) . . .

Operating free-air temperature range: SN5488A Circuits

SN7488A Circuits
Storage temperature range

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

recommended operating conditions

e

7V
... . 5BV
55°C to 125°C

0°C to 70°C

—65°C to 150°C

SN5488A SN7488A UNIT
MIN NOM MAX |MIN NOCM MAX
Supply voltage Ve 4.5 5 55 | 4.75 5 525 \4
Operating free-air temperature range, T o —565 25 125 0 25 70 | °C
lectrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
TEST .
PARAMETER TEST CONDITIONS? MIN TYPI MAX [UNIT
FIGURE
Vjy High-level input voltage 1 2 v
ViL Low-level input voltage 1 081 V
Vi Input clamp voltage 2 Vee = MIN, I ==12mA —-15} V
Ve = MIN, ViH=2V,
loH High-level output current 1 V?::= 08V, VIOHH -55V 40| pA
Vee=MIN. | 15 =12 ma 04| v
VoL Low-level output voltage 1 ViIH=2V,
VIL=08V,
iy High-level input t (each input) 3 [oCCTMAX, Vi=24V B A
igh-level in rent (each in|
LA put cur h ey Vee-MAX, V=55V 1] mA
T8 Low-level-input current (each input) 2 Vee=MAX, V=04V —-1] mA
| Suppl t, all outputs high 4 50
CCH Supply current, all outputs higl Voo = MAX A
IccL Supply current, all outputs low (see Note 2) 5 64 80

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

All typical values are at Vec =5 V, T4 = 26°C.

OTE 2: All 32 words are addressed separately to ensure that the supply current does not exceed the stated maximum. The typical value
shown is for the worst-case condition of all eight outputs driven low at one time.

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

PARAMETER § FROM To TEST TEST MIN TYP MAX |[UNIT
(INPUT) (OUTPUT) FIGURE CONDITIONS
t Enable An 22 35
PLH na Y CL = 15pF,
tPHL Enable Any 22 35
6 R =300%, ns
tPLH Select Any 29 45
RL2=600Q
tPHL Select Any 23 40

§tppp = Propagation delay time, low-to-high level output.
tpH L = Propagation delay time, high-to-low level output.
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

The output levels are not shown on the truth table since the customer specifies the output condition he desires at each
of the eight outputs for each of the 32 words (256 bits). The customer does this by filling out the TRUTH
TABLE/ORDER BLANK at the back of this data sheet, and sending it in with his purchase order. The copy of the

TRUTH TABLE

truth table on this page may be filled out and retained by the customer for his reference.

INPUTS
WORD BINARY SELECT ENABLE OuTPUTS
E D c B A G Y8 | Y7 | v6 | v5 | va | v3 [ v2 | v1
0 L L L L L L
1 L L L L H L
2 L L L H L L
3 L L L H H L )
4 L L H L L L
5 L L H L H L
6 L L H H L L
7 L L H H H L
8 L H L L L L
9 L H L L H L
10 L H L H L L
1 L H L H H L
12 L H H L L L
13 L H H L H L
14 L H H H L L
15 L H H H H L
16 H L L L L L
17 H L L L H L
18 H L L H L L
19 H L L H H L
20 H L H L L L
21 H L H L H L
22 H L H H L L
23 H L H H H L
24 H H L L L L
25 H H L L H L
26 H H L H L L
27 H H L H H L
28 H H H L L L
29 H H H L H L
30 H H H H L L
31 H H H H H L
ALL X X X X X H H H H H H H H H

H = high level, L. = low level, X = irrelevant
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

functional block diagram (programming not shown)
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The line matrix shown above is an extreme simplification of the 256 program options.
A more precise representation of the possible connections between a gate and the
output sense lines is shown in the schematic.

Y8 Y7 Y6 Y5 Y4 Y3 Y2 V1

OUTPUTS
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

d-c test circuits

og

— - ~ - .
oL
A Y1
o———»
VIH Y2
8 ¥:
v,
TEST TEST oL
PER va PER =
TRUTH o vs TRUTH _T_
TABLE TABLE = =
Y6
3
Y7
v, o— — oV,
w : oH
i
FIGURE 1—V|H, V"_, IOH' VOL
v,
a5V cc
T vw
. 4 i
Y p— 1
a il S l_ A i
(7] Se—— Vi O———¥ vo——
8 val—— 8 val—
c Ya Y4
o———»]  SEE OPEN SEE
Y -« NOTE ° vsp NOTE o ve OPEN
e
vl
e _ Yel——
w I Yi— ¢ ] ——
G
vaf—— Yol ———
[ I B T

Each input is tested separately with all other Each input is tested separately with all other
inputs at 4.5 V. inputs grounded.
FIGURE Z—VI, 1 :

L FIGURE 3_'IH

v
cc
v
cc
l'ccu T l'ch
— —_
a Y1
a Yi— 45V O— v
vo|— s
s v3 B
c © ¥4 —
c el SEE OPEN
45vOo— @ R s NOTE D vsf— o
Yo|— . 7] SE—
E . Y7 }—

1 -'—ri"

All 32 words are tested separately.

FIGURE 4—I FIGURE 5-1

CCH

11Al'mws indicate actual direction of current flow. Current into a terminal is a positive value.

cCL
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

PARAMETER MEASUREMENT INFORMATION

switching characteristics

cc

, 11,

24V O—¥
B
SEE ¢
0.4V O—P NOTE o

B
E
PULSE
GENERATOR G
{See Note A} L

1

TEST CIRCUIT

S R =300
b3

p————O OUTPUT

= CL=30pF

——¢| |-—<5ns
||
q—!— — = — — — 35V
90% l
15V X
|12 04V
|
|
i VoH
|15V
|
s
ol o f—
, - = — ———Vou
|1.5V
|
l Vou

—+| tpup fe—

VOLTAGE WAVEFORMS

—s I'-— <6 ns
I
I Foox
INPUT : 1.5V
10% |
1
|
|
1
m l
OUTPUT l 1.5V
| |
!
—*tppy ke
I
OUTPUT I 15V
!
;!
—{tpLrf—
NOTES: A. The generator has the following characteristics: PRR = 1 MHz, Z5,¢ ~ 50 .

that the input will switch the output under test.

. Cy_includes probe and jig capacitance.

. The pulse generator is connected to the input under test. The other inputs,

memory content permitting, are connected so

FIGURE 6—PROPAGATION DELAY TIMES
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

TYPICAL APPLICATION DATA

operation

Interconnection of the address buffers and decoding gates is already committed in the circuit design. Each decoding
gate corresponds to one of the 32 eight-bit words which is programmed into the memory.

When a decoding gate is addressed, all its output emitters are high. All of the emitters connected to a particular output
line form dot-OR connections with one another; that is, one high emitter is necessary and sufficient to carry the line
high. This high is then inverted by an output buffer to produce a low-level output.

Assume that the gate shown in the schematic diagram is gate 31 and that word 31 is to be 10000001 using positive
logic. This requires a high-level voltage at outputs 1 and 8. Therefore, emitters 1 and 8 of gate 31 would be left
unconnected while the remaining emitters would be connected to their corresponding output lines.

expansion

Figure A illustrates how two memories may be connected to provide 32 words of 16 bits each. This scheme may be
utilized to form words of N-bit length. Figure B shows how the enable input may be utilized to selectively activate the
memory in applications requiring a larger number of words. Although 8-bit words are shown in Figure B, each word
may be lengthened by the method illustrated in Figure A. One obvious limiting factor in this expansion scheme is the
fan-out capability of the binary select register. The capability for further expansion above 512 words is available by
utilizing a selective method for enabling the SN54154 or SN74154 four-line-to-16-line decoder. For smaller memory
systems, the SN54154 or SN74154 may be replaced with SN5442 or SN7442 or standard TTL NAND gates.

16-BIT WORD
A
/ .\
BO B1 B2 B3 B4 BS B6 B7 B8 B9 BIO BI1 B12 B13 B14 BI5
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8
—da SN5488A OR —d g SN5488A OR
SN7488A SN7488A
A B C D E A B CD E

ENABLE \A B C D E,

BINARY SELECT
REGISTER

FIGURE A—-INCREASING WORD LENGTH
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

TYPICAL APPLICATION DATA

00000000

Y1 Y2 Y3Y4 Y5Y6 Y7 Y8

SN5488A OR
SN7488A

A B CD E

G

SN5488A OR
SN7488A

A B CDE

—dsa

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

»
> | ToourruTs
— L > OF OTHER
» | MEMORIES
i TO BINARY
» | SELECT INPUTS
® (" OF OTHER
__» | MEMORIES

A\

TO ENABLE INPUTS OF OTHER MEMORIES

i

5 6 7 8 9

SN54154
OR
SN74154

A B C D

1.2 3 4

IVEEETESRNIEN

10 11 12 13 14 15

G2

\A B CD EFH

ENABLE

1 J/

N

BINARY SELECT REGISTER

FIGURE B—INCREASING WORD CAPACITY

Low
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CIRCUIT TYPES SN5488A, SN7488A
256-BIT READ-ONLY MEMORIES

CUSTOMER

PURCHASE ORDER NO.

TRUTH TABLE/ORDER BLANK

THIS PORTION TO BE COMPLETED BY TI
TIPART NO.:

CUSTOMER PART NO. S.0. NO.:
DATE RECEIVED:
INPUTS
WORD BINARY SELECT ENABLE OUTPUTS
E D c B A G Y8 | Y2 | v6e | vys [va ] va ]| vz | v

0 L L L L L L ———
1 L L L L H L

2 L L L H L L

3 L L L H H L

4 L L H L L L

5 L L H L H L

6 L L H H L L

7 L L H H H L -
8 L H L L L L mg
9 L H L L H L E-l
10 L H L H L L g%
1 L A | L [ A ]+ L e
12 L H H L L L ee
13 L H H L H L 8z
14 L H H H L L Lo n
15 L H H H H L E»d
16 H L L L L L 95
17 H L L L H L g}'
18 H L L H L L ;‘E’
19 H L L H H L 'Eg
20 H L H L L L wi
21 H L H L H L yr
22 H L H H L L sk
23 H L H H H L 8o
24 H H L L L L 2
25 H H L L H L
26 H H L H L L
27 H H L H H L :
28 H H H L L T
29 H H H L H L !
30 H H H H L L
31 H H H H H L -

ALL X X X X X H H H H H H H H H
H = high level, L. = low level, X = irrelevant
TEXASI INSTRUMENTS 9243
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description

TTL CIRCUIT TYPES SN54187, SN74187
LSI 1024-BIT READ-ONLY MEMORIES

J OR N DUAL-IN-LINE OR

e  Typical Access Time...40ns W FLAT PACKAGE (TOP VIEW)T
e  Typical Power Dissipation . . . 0.46 mW/Bit vee slef”__»._;::‘a;f; - DA:‘; OUT‘:’:TS -
e  Organized as 256 Words by 4 Bits wllsliwl|slf{nin]joljs
e Ideal for Microprogramming, Reference

Tables, and Code Converters

Q
e  Easily Expandable ‘ B we oy
. Fully Decoded, Buffered Inputs F £ D A c
e Diode-Clamped Inputs T ] l ] l
tfl210(3f1415(6)j71|38

e  Full Fan-Out, Open-Collector Outputs N e iy el S
e  Fully Compatible with Most TTL and SeLECT INPUTS

Lit Circuits positive logic: See description

tPin assignments for these circuits are the same for all packages.

The SN54187 and SN74187 circuits are custom-programmed, 1024-bit, read-only memories organized as 256 words of
four bits each. These monolithic, high-speed transistor-transistor logic (TTL) memory arrays are addressed in straight
eight-bit binary with full on-chip decoding. Two overriding memory-enable inputs are provided which, when either one
or both are taken high, will inhibit the function causing all four outputs to remain high. Data, as specified by the
customer, are permanently .programmed into the monolithic structure for the 1024 bit locations. This organization is
expandable to 41,472 words of n-bits with no additional output buffering.

The address of a four-bit word is accomplished through the buffered binary select inputs in coincidence with low-level
voltages at both enable inputs. The most significant binary select inputs, D through H, are decoded internally in the X
plane to select one-of-32 lines, and the least significant bits, A, B, and C, are internally decoded in the Y plane to
accomplish one-of-eight decoding to drive the four output buffers. Where multiple SN54187 or SN74187 devices are
used in a memory system, the enable input allows easy decoding of additional address bits.

Data are programmed into the memory cell at the emitters of 1024 transistors. The memory cell consists of a 32-by-32
matrix of transistors. In the X plane each of the 32 address decoding gate outputs supply common base drive to 32
transistors. In the Y plane the 32 transistors are arranged into four groups of eight. This permits each of the bit lines to
be terminated in four one-of-eight decoders which achieves the four-bit word length.

The open-collector outputs are capable of sinking 16 milliamperes of current and may be wire-AND connected to
increase the number of words available. The open-collector outputs may be utilized to drive external loads directly;
however, dynamic response of the outputs can, in some cases, be improved by using an external pull-up resistor in
conjunction with a partially foaded output.

The customer can specify the output logic level desired at each of the 1024 bit locations by completing the
supplementary ordering data and a set of data cards punched in accordance with the data format shown under ordering
instructions. Upon receipt of the order, Texas Instruments will assign a special device number to the device
programmed according to the customer’s order. The completed device will be marked with the T1 special device number
{not SN54187 or SN74187). It is important that the customer specify not only the output levels desired at all 1024
bit locations, but also the other information requested.

Access propagation delay time is typically 40 nanoseconds and power dissipation is typically 0.46 milliwatt per bit.
The SN54187 is characterized for operation over the full military temperature range of —55°C to 125°C; the
SN74187 is characterized for operation from 0°C to 70°C.

9244
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CIRCUIT TYPES SN54187, SN74187
1024-BIT READ-ONLY MEMORIES

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

Supply voltage, Vg (see Note 1) AY
Input voltage (see Note 1) . . . . . . . . . . . ... .. BBV
Operating free-air temperature range: SN54187 Circuits —55°C to 125°C

SN74187 Circuits 0°C to 70°C

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

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

recommended operating conditions

SN54187 SN74187 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 45 5 55 | 4.75 5 525 \Y
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 (unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYPE MAX|UNIT
V) High-level input voltage 2 A"
ViL Low-level input voltage . 0.8 \
A Input clamp voltage Vee = MIN, Iy=—12mA -15 A\
Ve =MIN, Vig=2V,
I High-level t 40
OH igh-level output curren ViL=08Y, VoH =55V HA
Vee = MIN, toL = 12 mA 0.4
VoL Low-ievel output voltage ViH=2V, — \
V|L=08V oL=16mA 0.45
Iy Input current at maximum input voltage Vee = MAX, V=55V 1| mA
liy  High-level input current Vee = MAX, V=24V 40 | MA
liL  Low-level input current Vee = MAX, V=04V -1 mA
lcc  Supply current Vge = MAX, See Note 2 92 130 | mA
Vee =5V, Vo=5V,
Co Off-state output capacitance cc o 6.5 pF
f=1MHz

NOTE 2: With outputs open and both ME inputs grounded, I¢cc is measured first by selecting a word which contains the maximum number of
programmed high-level outputs, then by selecting a word which contains the maximum number of programmed low-level outputs.

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

type.
i All typical valuesareat Vec =5V, Tao = 25°C.

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

PARAMETER

N Propagation delay time, low-to-high- 20 20
PLH level output from enable

TEST CONDITIONS MIN TYP MAX|UNIT

ns
Propagation delay time, high-to-low- Cp =30pF,
oy TP y igl w L =30p 20 30

level output from enable Ry1=300%,
. Propagation delay time, low-to-high- R 2=600 2, 20 60
PLH level output from select See Figure 1

ns
" Propagation delay time, high-to-low- 0 60
PHL level output from select

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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CIRCUIT TYPES SN54187, SN74187
1024-BIT READ-ONLY MEMORIES /

functional block diagram

H @——]

6 O

I3 @ 1-0F-32
DECODER

£ @—

SELECT D @

INPUTS

1024-BIT MEMORY CELL

32-BY-32
MEMORY MATRIX

[ T T T

c(@ - - -
- 10F8 | | 1.0F-8 10F8 | | 1-OF-8
e ® DECODER DECODER [ | DECODER DECODER
AG— - ] -
ENABLES MET L 2 L 2 . 2
ME2 (9~
vee (9 o
\Y/ INTERNAL SUPPLY BUS
GND
® SUBSTRATE O
Ya Y3 Y2 Y1

PARAMETER MEASUREMENT INFORMATION

n Vee /———-—————\ 3v

INPUT
(See Note C)
Rpq=300Q —_— | N~ — — — v
FROM OUTPUT !

|
UNDER TEST [ I'—Ct—‘PHL tPLH —je———ol

|
CL = 30 pF RL2 =600 0 ANy | | VoH
(See Note B} PROGRAMMED 15V 15V
= OUTPUT

LOAD CIRCUIT VOLTAGE WAVEFORMS

1.5V 15V

NOTES: A. The input pulse generator has the following characteristics: tr < 10 ns, t¢ < 10 ns, PRR < 1 MHz, Zg,¢ = 50 £2.
B. C| includes probe and jig capacitance.
C. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected so that the
input will switch the output under test.

FIGURE 1-PROPAGATION DELAY TIMES
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CIRCUIT TYPES SN54187, SN74187
1024-BIT READ-ONLY MEMORIES

ORDERING INSTRUCTIONS

Programming instructions for the SN54187 or
SN'74187 are solicited in the form of a sequenced
deck of 32 standard 80-column data cards providing
the information reduested under data card format,
accompanied by a properly sequenced listing of these
cards, and the suppleméntary ordering data. Upon
receipt of these items, a computer run will be made
from the deck of cards which will produce a complete
truth table of the requested part. This truth table,
showing output conditions for each of the 2566 words,
will be forwarded to the purchaser as verification of
the input data as interpreted by the computer-
automated design (CAD) program. This single run
also generates mask and test program data; therefore,
verification of the truth table should be completed
promptly.

Each card in the data deck prepared by the purchaser
identifies the eight words specified and describes the
conditions at the four outputs for each of the eight
words. All addresses must have all outputs defined
and columns designated as “blank” must not be
punched. Cards should be punched according to the
data card format shown.

SUPPLEMENTARY ORDERING DATA

Submit the following information with the data
cards:

a) Customer’s name and address

b) Customer’s purchase order number

¢} Customer’s drawing number.

The following information will be furnished to the
customer by Texas Instruments:

a) Ti part number

b) TI sales order number

c} Date received.

DATA CARD FORMAT

Column

1- 3 Punch a right-justified integer representing
the binary input address (000-248) for the
first set of outputs described on the card.

“w_1s

Punch a (Minus sign)

5- 7  Punch a right-justified integer representing
the binary input address (0007-255) for the
last set of outputs described on the card.

8- 9 Blank

10-13  Punch “H”, “‘L”, or X" for bits four,
three, two, and one {outputs Y4, Y3, Y2,
and Y1 in that order) for the first set of

outputs specified on the card. H = high-level
output, L =low-level output, X = output
level irrelevant.

14 Blank
15-18 ° Punch “H", “L", or “’X” for the second set
of outputs.
19  Blank . .
20-23  Punch “H”, “L"”, or X" for the third set of
outputs.
24  Blank )
25-28  Punch “H” “L”, or “X" for the fourth set
of outputs.
29 Blank
30-33 Punch ““H”", “L", or *’X"" for the fifth set of
outputs. ‘
34  Biank
35-38  Punch “H", “L”, or “X" for the sixth set of
outputs.
39  Blank
40-43  Punch “H”, “L"”, or “X" for the seventh set
of outputs.
44  Blank
45-48  Punch “H”, “L"”, or "’X’* for the eighth set
of outputs.
49  Blank

5051 Punch a right-justified integer representing
the current calendar day of the month.

52  Blank n
53-65  Punch an  alphabetic abbreviation

representing the current month.

56 Blank
57-68 Punch the last two digits of the current

year.

59  Blank

60-61  Punch “SN*

62-66 Punch a left-justified integer representing
the Texas Instruments part number. This is
supplied by the factory through a Tl sales
representative.

67-68  Blank

69-80  Preferably these columns - should be
punched to reflect the customer’s part or
specification-control number. This informa-
tion is not essential.

PRINTED IN US.A

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

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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L CIRCUIT TYPES SN54170, SN74170
Msl 4-BY-4 REGISTER FILES

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW) T

o Separate Read/Write Addressing Permits WRITE SELECT ENABLES  OUTPUTS
Simultaneous Reading and Writing Voo D10 TR B VWREREADVIG 76

e Fast Access Times . . . Typically 20 ns BHH U HR 'I LR

e Open-Collector Outputs with 30-uA 1!: Fle_—v'vL GLW [ 1|o
Maximum Off-State Current

e Organized as 4 Words of 4 Bits 2 2

e Expandable to 1024 Words of n-Bits ' 3 4 PRy Ry 4 30

L1 1 1 1 |

T2 141157 16¢1]71;¢8

o For Use as:

i 20 30 4D . ,
Scratch-Pad Memory B » 40 30, GND
DATA READ SELECT OUTPUTS

Buffer Storage between Processors

positive logic:  See description

Fast Multiplication Schemes - - —
tPin assigments for these circuits are the same for all

packages.

description

The SN54170 and SN74170 MSI 16-bit TTL register files incorporate the equivalent of 98 gates on a monolithic chip
measuring only 90 by 110 mils. The register file is organized as 4 words of 4 bits each and separate on-chip decoding is
provided for addressing the four word locations to either write-in or retrieve data. This permits simultaneous writing
into one location and reading from another word location.

Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined
by the write address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its
true form. That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that
particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate
inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write enable
input, Gy is high, the data inputs are inhibited and their states can cause no change in the information stored in the
internal latches. When the read enable input, GR, is high, the data outputs are inhibited and remain high.

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding
gates are used to complete the address for reading a word. When the read address is made in conjunction with the
read-enable signal, the word appears at the four outputs.

This arrangement—data-entry addressing separate from data-read addressing and individual sense line—eliminates
recovery times, permits simultaneous reading and writing, and is limited in speed only by the write time (45
nanoseconds maximum) and the read time (35 nanoseconds maximum). The register file has a non-destructive readout
in that data is not lost when addressed.

All inputs are buffered to lower the drive requirements to one normalized Series 54/74 load, and input-clamping diodes
minimize switching transients to simplify system design. High-speed, double-ended AND-OR-INVERT gates are
employed for the read-address function and drive high-sink-current, open-collector outputs. Up to 256 of these outputs
may be wire-AND connected for increasing the capacity up to 1024 words. Any number of these registers may be
paralleled to provide n-bit word length.

Power dissipation is typically 500 mW total or 5 mW per gate. The SN54170 is characterized for operation over the full
military temperature range of —55°C to 125°C; the SN74170 is characterized for operation from 0°C to 70°C.

9-248
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CIRCUIT TYPES SN54170, SN74170
4-BY-4 REGISTER FILES

logic

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C)

READ FUNCTION TABLE (SEE NOTES A AND D)

WRITE INPUTS WORD" READ INPUTS OUTPUTS
Wg Wa Gy o 1 2 3 Rp Ra  GR 10 20 30 40
L L L a=D Q, Qn Qn L L L WOB1 WO0B2 WO0OB3 WO0B4
L H L 0, Q=D Q, Q, L H L | wiB1 WwiB2 Wi1B3 W1B4
H L L Qn Q, Q=D Q, H L L W2B1 W2B2 W2B3 W2B4
H H L Q, Q, Q, a=D H H L | w31 w3B2 W3B3 W3B4
X X H Qn Qn Q, Q, X X H H H H H
NOTES: A. H = high level, L = low level, X = irrelevant
B. {Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs.
C. Qp = No change.
D. WOB1 = The first bit.of word 0, etc.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage V¢ (see Note 1) e e e e e e e e e e e e . e .. 7V
Inputvoltage(seeNoteH........................ .. ... 55V
Output voltage (see Notes 1 and 2) e e . P . . . . ... bbbV
Operating free-air temperature range: SN54170J Clrcults P . . . —55 Cto 125°C
SN74170J, N Circuits . . . e e e . 0°C to 70°C

Storage temperaturerange . . .

NOTES:

1. Voltage values are with respact to network ground terminal.
2. This is the maximum voltage which should be applied to any output when it is in the off state.

recommended operating conditions

—65°C to 150°C

SN54170 SN74170 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Voo 45 5 55 {475 5 525| V
Low-level output current, lop 16 16 | mA
Width of write-enable or read-enable pulse, t,y . 25 25 ns
data input with respect to
. . . 10 10 ns
write enable, tseryp(D)
Setup times, high- or low-level data write select with respect to 15 15
ns
(see Note 3 and Figure 1} write enable, tsetup(W)
read select with respect to
e 5 5 ns
read enable, tsetyp(R)
data input with respect to
) - 0 0 ns
write enable, thold{D)
Hold times, high- or low-level data write select with respect to 5 5
. S
(see Note 4 and Figure 1) write enable, thold(W) ;
read select with respect to
5 5 ns
read enable, thald(R)
Latch time for new data, tjatch (see Note 5} 25 25 ns
Operating free-air temperature range, TA —-65 25 125 0 25 70| °C

NOTES: 3.

address to be recognized must be maintained at the input to ensure its recognition,
4. Hold time is the interval immediately following the positive-going edge of the enable pulse during which interval the data or

addrass 10 be recognized must be maintained at the input to ensure its continued recognition.
5. Latch time is the time required for the internal output of the latch to assume the state of new data. See Figure 1, This is

important only when attempting to read from a location immediately after that location has received new data.

Setup time is the interval immediately preceding the negative-going edge of the enable pulse during which interval the data or

TEXAS INST RUMENTS

NCORPORAT

POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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CIRCUIT TYPES SN54170, SN74170

4-BY-4 REGISTER FILES

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 \"

ViL  Low-level input voltage 0.8 \4

V| . Input clamp voltage Ve = MIN, | =—12mA —1.5 \

loH  High-level output current Vee = MIN, Vo =55V 30 | pA

VoL lLowlevel output voltage Vec=MIN, Vi =08V, 04 | Vv
lolL =16 mA

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

HH High-level input current Vee=MAX, V=24V 40 | pA

fiL Lowlevel input current Vee=MAX, V=04V —i.86 | mA
Ve = MAX, | SN54170 1275 140

lcc  Supply current seeNote 6 | SN74170 27t 150 T

tFor conditions shown as MiN or MAX, use the appropriata value speciﬁed under recommended operating conditions for the applicable device

type.

1Typica| power dissipation shown is an average for 50% duty cycleat Ve =5V, Ta = 25°C.
NOTE 6: Maximum 'CC is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs,
all address inputs are grounded, and all outputs are open.

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

enable to any Q

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Propagation delay time, low-to- . )
tpLH high-level output, from read CL=15pF, ‘RL =400 Q 10 15 ns
enable to any Q
Propagation delay time, high-to- .
tpHL lowlevel output, from read Cp =15pF, Rp =400 Q 20 30 ns

9-250
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CIRCUIT TYPES SN54170, SN74170
4-BY-4 REGISTER FILES

functional block diagram

DATA
INPUTS

>ourvurs

Gy Wg Wa

WRITE INPUT

gD

READ INPUT

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54170, SN74170
4-BY-4 REGISTER FILES

PARAMETER MEASUREMENT INFORMATION

Vee
R L =400 Q
QUTPUT —
T

switching characteristics

L= 15 pF
NOTE: C__ includes probe and jig capacitance.
LOAD FOR OUTPUT UNDER TEST

WRITE-SELECT INPUT
WA OR WB

(see Note A)

]
I
| |
™ lepw) ™ thoiaw)
(g - --—-"-—"-—"—-"-—- " """—""""""—"—"¥"”"—"¥_———_——_——
)
DATA INPUT ) i
1D, 2D, 3D, 0R 4D 1B Y ! P15V
{see Note A) : | |1
Lo !
|
" tewpD) _’i — thold(D)
| 1
| |
] 1

WRITE-ENABLE

INPUT 15V

— e —

{see Note C) }
READ-SELECT INPUT {

R, OR FiB
(see Note A)

15V 15V

| )
r_ tsetup(R) te thold(H)

READ-ENABLE
INPUT

OUTPUT
1Q, 20, 30, OR 4Q

VOLTAGE WAVEFORMS

NOTES: A. High-level inputs are illustrated; however, low-level setup and hold times are the same.

B. Waveforms are supplied by generators with the following characteristics: PRR < 1 MHz, Z5,,t =~ 50 £, duty cycle < 50%,
tr < 10 ns, t§ = 10 ns.
C. This applies only when reading from a location immediately after that location has received new data.

FIGURE 1-SWITCHING TIMES

ov

3V

ov

3V

ov

9-252

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

670



CIRCUIT TYPES SN54170, SN74170
4-BY-4 REGISTER FILES

TYPICAL APPLICATION DATA

general
These register files may be cascaded to form n-bit registers with capacities of 1024 words. Word capacity is increased by
wire-AND connecting the four outputs of a number of register files {up to 256). One write-select and one read-select
register is required for all the paralleled files.

For increased word length {(number of bits), a number of files may be selected and enabled simultaneously to provide
the desired word length. This scheme is compatible for using parallel files to provide more words also. All inputs and
outputs, except the write-enable and read-enable lines, are paralleled to add word capacity. The enable lines are separate
for each word.

These register files can be used with improved efficiency in most applications that require a scratch-pad-type memory.
Because recovery times are eliminated, the cycle time is a function of the longer of the write or read time. In the case of
the SN54170/SN74170, this is the write time which is 45 nanoseconds maximum. The separate write and read address
inputs permit efficient usage in applications where new data is entered throughout the memory during each cycle. A
familiar example of this is a display in which the information moves across a panel of lights. The first display data is
stored in the file, and as it is being read and displayed, the next display data is being written into the memory. More
realistically, the SN54170/SN74170 is capable of operating at speeds that permit its use as a high-speed buffer memory
between main memories or peripheral stations. In addition, the register file could be used to acquire tabular data, as a
complete table or on a partial basis, recycling to present the entire bank of data.
high-speed buffer memory

These register files may also be organized differently on the read inputs than on the write outputs. As shown in
Figure A, for example, the SN54170/SN74170 is utilized to acquire 256-bit words from the main memory and make
32-bit words available to the central processor unit (CPU). The 256-bit word is transferred in parallel to the buffer
memory. A typical access time to the main memory is in the order of one microsecond. The buffer memory is
organized so that the 256 bits of data are made available to the CPU in 32-bit words. Access time to data stored in the
buffer register is 35 nanoseconds. In terms of frequency, data may be transferred from core memory to buffer memory
at typically one megahertz; however, the transfer rate from buffer register to CPU is typically 20 megahertz when data
setup time at the CPU is considered (30 nanoseconds propagation delay time through the SN54170/SN74170 and 10 to
20 nanoseconds data setup time in the CPU).

This buffer memory provides the following advantages:

® ability to simultaneously read and write means that the CPU is not interrupted as the buffer
memory is being re-programmed

® the flexibility of organizing the write inputs and read outputs differently gives an effective
main-memory access time of 125 nanoseconds:

( X ) (32 bits).
1 f ne CPU d
us ] tor one wor l} u
The concept of this 0|gan|zat|on is illustrated in Flgule B which shows a 16-bit word belng made available in 4-bit

words. The 16-bit word is written simultaneously into word locations A, B, C, and D by a common write signal. Any
4-bit word may then be selected from these word locations by separate read-enable strobes.

1 us access time 35 ns access time
256 bits (1 word) 32 bits (1 CPU word)
125 ns equivalent access time 45 ns write time
32 bits (1 CPU word) 256 bits {1 main-memory word)
MAIN 3 E BUFFER
MEMORY MEMORY = = CPU
{CORE) 3 E (SN54170/SN74170)

i ?

MEMORY CONTROL

FIGURE A—HIGH-SPEED BUFFER MEMORY

TEXAS INSTRUMENTS 9-253

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CIRCUIT TYPES SN54170, SN74170
4-BY-4 REGISTER FILES

TYPICAL APPLICATION DATA
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Gy
1D 10
i . %
WRITE 20 20
Py DATA Py
INPUTS ) o 3D 3a
2
4D 4Q
Dy —
Sr
READ A
ENABLE 5
[ 4
READ 4
ADDRESS ®
DATA, QUTPUTS
INPUTS
READ B
ENABLE
[ 4
DATA
INPUTS
READ C
ENABLE
o)
Gy
10 10
Dy, —
2D 20
pata J P13 =7
INPUTS D4 — 3D 3Q
4D 40
D15
Sgr
READ D T
ENABLE
FIGURE B—TYPICAL 16-BIT-WORD-TO-4-BIT-WORD BUFFER MEMORY
PRINTED IN USA 670

1! connot assume any responsibility for any circuits shown
or represent that they are free from potent infringement.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



m ‘ CIRCUIT TYPES SN5480, SN7480
MSI - GATED FULL ADDERS

w JORN
logic FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE {TOP VIEW)
TRUTH TABLE Ax Ay  A; GND = T Cnil
. . - . vV, B B A Akx A A
ot . 2,209 o¥okeJoXoXoXolBniGininininin
el Bl Al G| = | = : III
ololo| 1 [1]o —I_'A2 v = zj
ool 1 o |1 ﬁ’c' Ieevet
I | 0 .1 0. |1 1Bq Bo Bx Bg Cp
o 1] 1 [) 1|0 | | E— I
[ I | 0 0 1 0 1 x > &
1]o0]1] o |1.]0 @ L C;D
1] 1] o0 0 1|0 @ @ @
7 1 1 0 o 3 1 Ac Bq Bs Vge ‘B*  Bg
positive logic:  See truth table

NOTES: '1. A= A%x-A_, B=B*-B_where Ax=A_-A_, Bx=B_-B
2. When A* or B* are used as inputs, A, and A)or B, and B respectively must be connected to GND.
3. When A‘| and A‘2 or B_I and 52 are used as inputs, A*or B* respectively must be open or used to perform Dot-OR logic.

* description
This single-bit, high-speed, binary full adder with gated complementary inputs, complementary sum (2.and ZT) outputs
and inverted carry output is designed for medium- and high-speed: multiple-bit, parallel-add/serial-carry applications,
The circuit (see schematic diagram) utilizes diode-transistor logic (DTL) for the gated inputs, and high-speed, high-
fan-out transistor-transistor logic (TTL) for the sum and carry outputs. The circuit is entirely compatible with both

DTL and TTL logic families. The implementation of a single-inversion, high-speed, Darlington-connected seriai-carry
circuit minimizes the necessity for extensive “look-ahead” and carry-cascading circuits.

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

Supply Voltage Ve (SeeNote4) . . . . . . . . . . . . . L e e e e e e 7V“

Input Voltage, Vi, (See Notes4and5). . . . . . . . . . . . . .. ... .. ... .. b5V
Operating Free-Air Temperature Range: SN5480 Circuits . . . - . . . . . . . . . . =55°Cto125°C
‘ , ' SN7480 Circuits . . . . + . . . . . . . . . . 0°Cto70°C
Storage Temperature Range . . . . . . . . . . + + 4« « 4 e v« .+« . .. =—65°Cto150°C

recommended operating conditions

- MIN NOM MAX | UNIT
Supply Voltage Vog: SN5480Circuits . . . . . . . . . . . . .. .. |45 5 55| Vv
: SN7480Circuits . . . . . . . . .. . . . . . . |45 5 5.25 v
“ Normalized Fan-Out From Outputs:
CEOrEN L L L e e e e e e e e e 10
AkorBX, N . . . . . . . . .. ..o e e e e 3

NOTES: 4. The voltages are with respect to ground terminal,
5. Input signals must be zero or positive with respect to network ground terminal.
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CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

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

TEST
PARAMETER s TEST CONDITIONST MIN TYr MAX UNIT
FIGURE
Vin{1) Logical 1 input voltage 1and 2 2 v
Vin(o) Logical 0 input voitage 1and 2 0.8 v
Vout(1) Logical 1 output voltage 2 24 35 \Y
Vout(0) Logical 0 output voltage 1 0.22 0.4
Logical 0 level input
lin{0) current at Aq, Ag, B, 3 Voo =MAX, V=04V ~1.6 mA
B, Ac or B '
Logical O level input current
1 4 Voo = MAX, Vi =04V -2.6 mA
in{0} at Ak or Bx cC in
i Ii t t
lin(o) Logical O level input curren 4 Vee=MAX, Vin=04V 8 mA
atCp
| Logical 1 level input current 5 Vee=MAX, Vijp=24V 15 BA
in(1) at Aq, Ag, B, Bg, A or Bg Voo = MAX, Vip=55V 1 | mA
" Logical 1 level input current " Veg=MAX, Vj3=24V 200 pA
in(1) atCp Voo = MAX, Vip=55V 1 | mA
, Short-circuit output . Ver = MAX SN5480 -20 -57 | mA
0s currentat Zor X § cc SN7480 -18 -57 | mA
| Short-circuit output N Voo = MAX |- SN5480 -20 ~70 mA
os current at Tyl 8 SN7480 18 —-70 | mA
SN5480 21 31 mA
fce Supply current 8 Ve = MAX SN7480 21 5 Y
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating df for the licabl
device type,
E All typical values are at Vo = 5 V, Tp = 25°C.
Not more than one output should be shorted at a time.
switching characteristics, Vo =5V, Ty = 25°C
FROM TO FIGURE 9
PARAMETERY TEST CONDITIONS Mi
INPUT | OUTPUT | TEST NoO. NoOTYP Max  JUNIT
tpd1 c c 1 C_=15pF R =780Q 13 17 ns
tpd0 " ™ 2 C_ - 15pF, R _- 78001 8 2 | m
tod1 Be vl 3 C, =15pF,R, =780 Q2 18 25 ns
tod0 n T4 C =15pF, R =780Q _a; 55 ns
pd1 Ac £ 5 C_=15pF R, =400% 52 70 s
tod0 6 C_=15pF, R, =4000 62 80 ns
tod1 B 3 7 CL= 15pF, RL"MQ g 55 ns
tpd0 c ) C_ = 15pF. R - 4000 %6 75| s
tpd1 A Ax 9 C, = 15pF 48 65 ns
tpd0 ! 10 C_=T15pF 7 % | m
tpd1 8 B 11 C _=15pF 48 65 ns
tpd0 1 12 C = 15pF 17 2% P

9-256

1 tpd1 is Propagation delay time to loglcal 1 level. tpqg is propagation delay time to loglcal O level.




CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

TYPICAL APPLICATIONS

n-bit binary adder or subtractor (see figures A and B)

The SN7480 is designed specifically for N-bit adder or
subtractor operations without external gates or inverters.
In both applications, the sum or difference functions are
generated in parallel while the carry functions are ob-
tained serially. When the number of stages is small, the
add or subtract time determines the maximum system
clock rate. However, as the number of bits increases,
the time required for the carry function to ripple
through each bit becomes the limiting factor. Normally
the ripple time of adders built with standard integrated
circuits is excessive, and the resulting system speed is
so slow that other more complex methods are required
to perform these functions.

In the SN7480, two methods are used to reduce the
carry delay. The carry circuit employs a high-speed
Darlington output, and the logic gating has onily one
inversion between the Cp, input and the Cp+1 output.
This logic configuration results in an inverted carry out-
put, and consequently an inverted carry input to the
succeeding stage. To counteract this inverted input with-
out sacrificing propagation time through the carry, gates
are provided within the circuit to invert the A and B
inputs and the resulting sum or difference output. This

interconnection method is illustrated by bit 2 and bit
4 of the adder (Figure A). The inverted carry output
is a true carry from bit 2 and bit 4, enabling the use
of noninverted A and B inputs for the odd-numbered
bits.

When performing subtraction (Figure B) the Cp input
to bit 1 is connected to a logical 1 arid input bits and
input control functions for the subtrahend (memory or
register B) are effectively inverted.

The input control is used to disable the A and B inputs
when memory or register information is being shifted. A
logical O applied to this line will bring each sum or
difference output to a logical 0 condition and maintain
this level regardless of the state of the input informa-
tion into each bit. For the adder (Figure A), input con-
trol is applied to A2 and B2 of odd-numbered bits and
to Ac and B of even numbered bits. For the subtractor
(Figure B), input control is applied to A2 and B¢ of the
odd-numbered bits and to Ac and By of the even-
numbered bits. These alternating patterns are necessary
to complement the varying input sequence which
they control.

xouTPuT

Tilla

R G
Bt e
"

®

A
o
1

NOTE: Functions noted as NC are open.

FIGURE A — N-BIT BINARY ADDER

NOTE: Functions noted os NC are epen.

FIGURE B — N-BIT BINARY SUBTRACTOR
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CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

9-258

TYPICAL APPLICATIONS
n-bit binary adder with register selection (see figure C)

This applications fully utilizes the flexibility of the
input gating- available within the SN7480. Two “A"
registers and two ‘B registers drive a single adder for
each bit required. Register selection is performed inter-
nally for registers A1 and Bj, and externally by a type
SN7405 TTL gate for registers Ao and Bj. Dot-OR
logic is performed at the A% and B* nodes within the
the adder when the register selection is made.

Operation is as follows: To add the contents of
Register Aq to Register B, A2 and B2 control lines are
brought to the logical O state. In similar fashion, the
contents of register A1 are added to register B2 by
holding Ap and B1 control lines at a logical 0. Four
register combinations may be used. Even-numbered input
bits from each register must be inverted since the A%
and B* inputs are being used to perform Dot-OR logic.
This is hot a configuration restriction for flip-flop type
registers and memories, but may require additional logic
elements if other storage configurations are used as
inputs.

The input control function is available as in the pre-
vious application and is implemented by bringing all four
register control lines and the input contro! line to a
logical O level. This condition ensures a logical O at each
S output regardless of “A” and ‘B’ register logic
levels.

Up to four “A” registers and four “B" registers
may be implemented in a fashion analogous to that

shown in Figure C. Inputs from the register-control

gates (SN7405) of the additional registers would be
Dot-OR connected with Ap and Bg registers at the
A* and B* inputs.

To perform N-bit subtraction, the Cp input at bit i
is connected to a logical 1 and bit inputs from each
register or memory used as a subtrahend must con-
sist of the complement of bit inputs shown for
the adder addend. Input control remains the same.

1 outeut

Az CONTIOL

! copmonat

I swrescares

| asecunen

Ay CONTROL

SN7480

-|p]

[z
> » > N
i1

=AY

1 [y

Yy I 11

A.J | o SN1as0 o]
3 A x
A

F o swrase . c as
n n
i z | A =
i ) 1™ -
| W Ay I A Py {, TON
N . STAGES
—1 % c 1 bl
el
v ot s, Tox Ne)
k. i »

8] CONTROL

INPUT CONTROL

8, CONTROL

ADDIIONAL
SN7405 GATES
AS REQUWED

NOTE: Fuactions noted as NC are open.

FIGURE C—-N-BIT ADDER WITH REGISTER SELECTION




CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

functional block diagram

Tl
s'e

A
C
B
1 Dt >
BZ_
B*
B
C
C
n
schematic
CnO
v 3k
> - — Vi‘
Zk? 1t
A
1
Ay 4Ry 1 5
A

130

3.

4k

o

;

4

4k

Cn-l~'l
—
130
1k
£
Ot
1k

alalglfeNaty

4
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CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§

Vee
q
Cn A
TEST A |
PER € z N sink TEST TABLE
v TRUTH A
ino TABLE AZ S h—e Output Under Test lsirk {Min)
AND : o P I NS 14
TEST 8 ! “atl | i -~ & 16 mA
TABLE 2 . v Cot1 8mA
B B out(0)
Ak or Bk 48 mA
- l
1. Each input or output is Tested separately.
2. When AKX is tested A, and A, are ot GND. When 8K s tested B, and B, ore of GND.
3. When A, ond A, or B, and B, is lested, AX or BX respectively, is open.
FIGURE 1
Vee
i
n TEST TABLE
TesT L la . .
PER AS z N\ ¢ load Output Under Test Viged {Min)
v, TRUTH — 1 _ S or § -400 ;A
in ot TABLE A, Ip—e d
AND b Jp » C 4+ ~200 pA
test | ! ! e " -1
— TABLE 52 . v or Lo
B, 8 out(1)
1. Each input or output is tested separately.
2. When A% is tested A, and A, ore at GND. When BK s tested 8, and B, are of GND.
3. When A ond A, or B, and B, are tested A% or B, respectivaly, is open.
FIGURE 2

§Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

PARAMETER MEASUREMENT INFORMATION ‘

d-c test circuits§ (continued)

Vee
4.5v
TEST TABLE
Apply ¥,
Apply 4.5 ¥ GND
OPEN A,, A A, A, None
— A: z b A, A None
inl - B B.
no——— XE A, > oreN ! 2 Hone
s —_— B, B, None
TASBLE ] C .
5, Laal Ac None Ay ond A,
| ae [y — Be None 8, and B,
1. Each input is tested separately. FIGURE 3
VCC
. TEST TABLE
in(o) —C, A A
pply ¥,
-— in Apply 4.5V GND
Vin 0= :c s b— (Test b)) | PPY
SEE [ 1% =l Ak Ac A and A,
4.5v o—f TEST — A, z OPEN ™
TABLE | 8, = [ B, and B,
— 8, ml C, None None
— 8. B _] Unused inputs are open.
1. Each inpot is tested separately. FIGURE 4

§Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5480, SN7480
GATED FULL ADDERS

PARAMETER MEASUREMENT INFORMATION
d-c test circuits$ (continued)

v
cc
TEST TABLE
Apply ¥;,, 6ND
{Tost Lipgyy)
orEN —J € P\ — ul A
" A A
[ A 2 il
it} A L 5 8
Vin o SEE [ —
" TEST :7 z O ! L]
TABLE . Cnb— Ac Ll
,: - 5 Bk
1. Each input is tested separately.
FIGURE 5
Veo Vee
Yintny I
Vinom—— 1 C_ A Vin @ ——— C_ & p—— OPEN
OPEN —] A_ 5 b— (See rest toble) orend A s
A A
1 1 -
A, T p— pOPEN A, T p—
O » [y =
:‘ Cost f— . [
2 2 .
orEN —] 8 8 orend e 8 —— oren llos
1. Eoch oviput is tested separataly.
TEST TABLE
Outpet Under Test v, Vales
m 2 'cc
S w4, 6N
FIGURE 6 FIGURE 7
Vee
I ‘ec
— C" g S—
.
— A L
OPENS —1 A2 £ — JomnN
pu— —
.I [Sey I
2 .
— vi—
FIGURE 8

§ Arrows indicate actval direction of current flow.
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CIRCUIT TYPES SN5480, SN7480

GATED FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

1.
2

Perform test in accordance with test table,
Each output is tested separately,

. Voltage values are with respect to network GND terminal.
. The generator has the following characteristics: Vgen =3V, t1=1 <15 ns,

tp = 0.5 us, PRR = 1 MHz, and 2y, 50 12,

\
INPUT oureur cC
2.4V }
A. or B. v ] — — — —— — ———
“fr e . Cdod T R sama }
74 GATE INPUT ry A" | L
H Ca OPEN !
= SEE A o L }
TEST Ay OPEN ] l ¢ )
TABLE |— A I Se I C !
INPUT Y 2 PEN I L i
_ n eSSy [ (T :
o Topse & o :_ = LOAD CIRCUIT 1 =1
50 74 GA dd _——— . ——— —— —— ——
I oa ——
= L - = [OFN oAb CIRCUTz |
- LLSAME 45 LOAD CIRCUIT 1 |
PULSE —_— e
GENERATOR ¢ = r LOAD CIRCUIT 3 1
(See Note 4) 15 SAME AS LOAD CIRCUIT 1 }
pF
(soe Note &) __J__ _—il EXCEPT R, =780 Q |
NOTES: L Belown ]

5. Inputs and outputs not otherwise speciffed are open.
6. C|_ includes probe and jig capacitance. TEST CIRCUIT
7. Load circuit 2 simulates output load of 5.
8. All diodes are 1N3064.
TEST TABLE (See Note 5)
T
TEST N0. 2:::;5“! g::;;v? IIAI:;"}'V Arby | areLy ArrLy
TEST o 10 +24VT0| GNDTO OUTPUT LOADING TO
1 Covy | Noe | None 5 G+ N=3)
2 Cotq | MNone C, None s, G, W=73)
3 [l None | €, ALl T, N=13
O D 0 M [ Tr W=y
’ b N =10)
s b A None | € Ay X W=
Gy =3
3 (N=10)
¢ s A None | €, AL S W=
Gty (N=15)
7 3 5. None | ¢, [ 3 N=10
T |3 D Nove | €, 3, S w=mn
[) Ak None | A A Nons A (G =15pR)
1 Ak None | A, A, None k(¢ =15pP)
n [l None | B 5 None W (G =150
12 [ None | B, 5, None vk (= 15pF)

FIGURE 9 — SWITCHING TIMES

PULSE
GENERATOR
OUTPUT] 0%

————t

INPUT ¥

QUTPUT

VOLTAGE WAVEFORMS
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m ' CIRCUIT TYPES SN5482, SN7482
MSI 2-BIT BINARY FULL ADDERS

A HIGH-SPEED TTL 2-BIT FULL ADDER
FOR APPLICATION IN

o Digital Computer Systems » Data-Handling Systems e Control Systems
w
logic FLAT PACKAGE (TOP VI Ew)
TRUTH TABLE T. GND
@ @ @ @ 6 @ ®
WHEN C 0 =0 WHEN C | = JJ
S S N T P BN I PR
ojlo|lofjol| olfo]o 1 o | o
T ol oio 1 o | o] o 1 0
0o | i 0| o ! o | o] o 1 0 1
1 1 o (o] o 1 0 1 1 0
0o |0 1 o] o 1 0 1 1 0 @
1 | o 1 | o 1 1 0 o | o 1 NC
o jv | vjo v priojoo}l positive logic: see truth table
1 1 1 0 0 0 1 1 0 1
o [ o] o | 0 1 0 } 1 0
1 ¢ 0 1 1 1 0 0 0 i
o |1 o | 1 1 ol o] o 1
1 i 0 1 o} 0 1 1 0 1 JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
0 | o 1 1 o | o 1 ) 0 1
T 1o a1l v ol v]o ]| A, 8, I, GND G NC NC
0 |1 | 1 ] 0 1 0 1 1
i } 1 4} 1 1 1 1 1

1
mdescription

This full adder performs the addition of two 2-bit binary numbers.

The sum (E) outputs are provided for each bit and the resultant corry (C2)
is obtained from the second bit. Designed for medium-to-high-speed,
multiple-bit, parallel-add/serial-carry applications, the circuit utilizes
high-speed, high-fan-out transistor-tronsistor logic (TTL) but is compatible
with both DTL and TTL logic fomilies. The implementation of a single-
inversion, high-speed, Darlington-connected serial-carry circuit within
each bit minimizes the necessity for extensive "look-chead" and carry-
cascading circuits. The power dissipation level has been maintained
considerably below that attainable with equivalent standard integrated
circuits connected to perform full-adder functions.

positive logic: see truth table

NC—No Internal Connection

TEXAs lNSTRUM ENTS
9'264 ORPORA
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

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

Supply Voitage Ve (SeeNote 1) . . . . . . . . . L . L L 7V
Input Voltage, Vi, (See Notes Tand2) . . . . . . . . . . .o Co .. . . BBV
Operating Free-Air Temperature Range: SN5482 Circuits . e e e e e e —55°C to 125°C

SN7482Circuits . . . . . . . . .. . . . .. 0°Ct70°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . _g5°Cto150°C

NOTES: 1, These 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

MIN NOM MAX | UNIT]

Supply Voltage Vo (See Note 1): SN5482 Circuits . . . . . . . . . . . . . . a5—=% 55 | Vv
SN7482Circuits . . . . . . . . . . . . . .[[4a75 5 525 v
Normalized Fan-Qut From Qutputs:
Z10rZy L. L 10

electrical characteristics over recommended temperature range {unless otherwise noted)

TEST
PARAMETER FIGURE TEST CONDITIONS' MIN TYPf MAX ] UNIT]
Vi Input voltage required to ensure 1and2 2 v
in(1) logical 1 at any input terminal
Vi Input voltage required to ensure 1and 2 08 v
in(0) logical O at any input terminal ’
Vout{1) Logical 1 output voltage 2 2.4 v
Vout(0)} Logical 0 output voltage 1 0.4 v
. *Logical 0 level input current _ e
o), A7, By, 0r C, 3 Voe = MAX,  Vip=04V -6.4f mA
Logical 0 level input current
% Vee = in = 0. —1. 9
in(0) atAgor By 3 cC=MAX, Vjp=04V 6| mA
N Logical 1 level input current 3 Vee=MAX, V=24V 160 | A
in) a4y, B4, 0r < Voo =MAX, Vin-565V : T mA
hct) Logical 1 level input current 3 Ve =MAX, Vv, =24V 40 | pA
" atAyorBy Nec=MAX, V, =55V 1] mA
. Short-circuit output current 4 Ver = MAX SN5482 -20 -55 | mA
B aZor2,t ce SN7482 —18 ~55 | mA
) Short-circuit output current 2 v MAX SN5482 —20 -70 | mA
[o1] cc*™
at Cp SN7482 —18 -70 | ma
SN5482 35 50 | mA
Icc Supply Current 3 Ve = MAX SNTa82 % 58| mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicabie

device type.
Al typical values are at Vec = 5 V, T, = 25°¢,
Not more than one output shouid be shorted at a time,

wn
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

switching characteristics, Voo = 5V, Tp= 25°C (unless otherwise noted N = 10)

FROM TO FIGURE 5
T
PARAMETERS§ (INPUT) {OUTPUT) TEST NO. TEST CONDITIONS MIN TYP MAX UNI
1 CL=15pF,R
‘pd1 'y =4000Q 34 ns
C0 Z4
tpdo CL=15pF,RL=4OOQ ns
a1 C,_=15pF, R =400 0 s
32 22
‘pao CL=15pF,RL-4009. 35 ns
tpd1 CL=15pF,RL=4OOQ 38 ns
CO Z9
t5d0 C, =15pF, R =4000Q 42 ns
tod1 C = 15pF, R =780Q 1219 s
t ‘o “
0d0 C_=15pF, R =780Q 17 27 ns
§tpd1 is propagation delay time to logical 1 level. tpdo is propagation delay time to logical O level.
schematic
Z,
® v
cc
35k 1k 3k 1k J\‘)
) g _c 100
C 35k I § f
0 . ! 3k L
3 JZ{ L —/ _-l,’\q - C
e 3 b a4k 2
B 3.5k 3k
1 | |
3 p _‘C 1800 [ ™~ 29 1 —C 17500 [ N
4k
A] 4.5 k 3k 4k
@ —C 1.5 k$ 130 [ (: 130
4.5 k 1.5 k 4k 1.5k
-] 4‘{:—1; IR
4.5 k a4k J) @
3k _{_4
45k 4k 1k
1k 1k
Ay ‘
@ 15k .
ND
®—
82 : @

ComPonent values shown are nominal.
Resistor values are in ohms.
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

TEST
PER
TRUTH
TABLE

TEST
TABLE

1. Eoch input or output is tested separately.

Vout(0)

'sink

FIGURE 1

TEST TABLE

OUTPUT UNDER TEST

sink

2] or i2

16 mA

G

8 mA

1.

TEST
PER
TRUTH
TABLE
AND
TEST
TABLE

Each input or output is tested separately.

FIGURE 2

TEST TABLE

OUTPUT UNDER TEST

load

Zyorz,

— 400 pA

C

2

tArrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits? (continued)

I, TEST TABLE
VCC in(0) 'in(l) TEST TABLE
1
APPLY V APPLY V
4.5V T‘ cc in in
TesTi, | APPLY4SY TEST I, GND
C n n
[
L o A‘ 21 | Co A] and B] CO A‘ and Bl
in -
— SEE A C_ond B A C ond B
Vin TEST B, 1 o 1 0B
<— | TABLES | OPEN B C ond A B C ond A
A z "
L) 2 2 ! ) 1 1 [ 1
l L 32 Cz —J AZ‘ None A2 None
= 1 82 None 82 None

1. Each input is tested separately.
2. When testing Icc apply 4.5 V to Aj, Ag, end
Cg; ond ground By and B2.

FIGURE 3

4.5'V T

lOS

oo
N>
NAREN

1. Eoch output is tested separately.

FIGURE 4

tArrows indicate actudl direction of current flow.
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

2.4V

PULSE

GENERATOR
(SEE NOTE 1) g

————— Excepr R =780Q

TEST CIRCUIT

PULSE
GENERATOR
OutpPUT

LOAD CIRCUIT 3 I
SAME AS LOAD CIRCUIT 1 ' I

- ]

OuUTPUT
WAVEFORM A

OUTPUT
WAVEFORM B

P

3. Each output is tested separately.
4
5

6. All diodes are 1N3064.

L

NOTES: 1. The generator has the following characteristics:
PRR = 1 MHz, t = 200ns, and Zeyt ~ 50 Q.

2. Perform test in accordance with test table.

}

VOLTAGE WAVEFORMS

Vin(l) 22,4V, vin(o) < 0.4V, 'I =8to 15ns, ’0 = 3to5ns,

Voltage values are with respect to network ground terminal.
C Lincludes probe and jig capacitance,

FIGURE 5—-SWITCHING TIMES

1

} el : out(1)
| L5V

i

I' —————— ut{0)
|

| — === Vou()
: L5V

i

| [ Vout@)
| 'de :4—
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CIRCUIT TYPES SN5482, SN7482
2-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics {continued)

SWITCHING TIMES TEST TABLE (SEE NOTE 7)

APPLY PULSE outPuT
LE(S)T PARAMETER | GENERATOR UNDER 2':’3'“}’0 G‘;;L;’o s1 52 53
y OUTPUT TO TEST (S4) :
1 t
. > B
pd <, 1 A, AgrB,B, | CLOSED | OFEN OPEN
2 ) (WAVEFORM A)
pd0
3 '
o1 z
5, 2 None A8, | OPEN | CLOSED | OPEN
4 "0 (WAVEFORM B) and C,
5 ta
c. % AyiA, B8, OPEN | CLOSED | cLOSED
6 ' 0 (WAVEFORM A)
pd0
7 t
]
pd <, <, Ay, 8,8, OPEN OPEN | cLosep
8 b (WAVEFORM B)

NOTE 7: Inputs and outputs not otherwise specified are open,
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CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

HIGH-SPEED TTL 4-BIT FULL ADDERS
FOR APPLICATICN IN

e Digital Computer Systems

e Data-Handling Systems

e Control Systems

logic
INPUT OUTPUT JOR N DUAL-IN-LINE
WHEN WHEN OR W FLAT PACKAGE (TOP VIEW)t
Co™0 when| 07! WHEN z
Cp=0 P B, s G Gy OND B oA 3
A1 /1B1 /lA2 /IB2 /|21 /i=2 /|C2 /lz1 /=2 /]G IlS”‘SIlM”B”IZ”“”l(l”9|

A3l/ B3|/ A4/ B/ 23/ 24/ Ca|/ 23|/ 24| /Cs L -——]_____I r
0OjJo0Jo|o[o0o |o]ol11lo o0 ;
1 o {0 [o |1 o foflol1 o (]
0 /1o o1 ]o olo 1 o «= i -g:;i':,“é"
1t j1JojJojo 1 [e 11 |o s il ? 2
0o 1100 1 o111 o =0
t o1 To 1 100103 | —I
o110 1 t oo o [1
111 JoJo o+ 1 o3 VIL2]3[14(|S5[islf7(]8
0 jojJoj1{o]1 o111 o Ay I3 Ay B Voo I B A,
1 oo 11 1 oo fo |1
o 1 o 1 1 1 0 0 e 1 tPin assignments for these circuits are the same for all
11 ]JoT1 oo 11013 packages.
oloJ1rl1]Jo e 1101
1o jr 1t 1ol 11011 13
S (1 f1 1|1 iof1]ol1 1
HEEEREREEE 111 |1 ]1

NOTE 1:Input conditions at Aq, Ay, Bq, By, and C g are used

to determine outputs Zq1 and Ty, and the value of
the internal carry C2. The values at Cp, Agz, Ba,

A4, and By, are then used to determine outputs Z3, Z4,
and Cg4.

description

This full adder performs the addition of two 4-bit
binary numbers. The sum (Z) outputs are provided
for each bit and the resultant carry (C4) is obtained
from the fourth bit. Designed for medium-to-high-
speed, multiple-bit, parallel-add/serial-carry applica-
tions, the circuit utilizes high-speed, high-fan-out
transistor-transistor logic (TTL) but is compatible
with both DTL and TTL families. The implementa-
tion of a single-inversion, high-speed, Darlington-
connected serial-carry circuit within each bit mini-
mizes the necessity for extensive ““look-ahead” and
carry-cascading circuits. The power dissipation level
has been maintained considerably below that attain-
able with equivalent standard integrated circuits
connected to perform four-bit full-adder functions.

TEXAS' INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CIRCUIT TYPES SN5483, SN7483

4-BIT BINARY FULL ADDERS

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

recommended operating conditions
MIN NOM MAX| UNIT
Supply Voliage Vge: (See Note 1) SN5483 Circuits - 45 5 55 v
SN7483 Circuits - 475 5 526| V
Normalized Fan-Out From Outputs:
Ca . . . . . 5
21,22.Z30r Z4 10
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS MIN TYPf MAX [UNIT
FIGURE
Vin(1) Inp‘ut voltage re-quired toensure | o 2 v
logica! 1 at any input terminal
Vi) Inp.ut voltage re?uired 1o e_nsure 1and 2 08 |V
logical O at any input terminal
Vout(1) Logical 1 output voltage 2 24 v
Vout{0) Logical 0 output voltage 1 0.4 v
T Logical O tevel input t at
Vint0) ogical 0 fevel input current & 3 Ve = MAX, Vin =04 V —6.4| mA
Aq, A3 By, B3 or Cy
ical O level input t at
lin(0) Logical O level input current a 3 Vee = MAX, Vin =04V _16| mA
Ag, Ay, B3, 0rBg
N Logical 1 level input current at 3 Vee = MAX, Vin =24V 1601 wA
in(1) A1, A3, B1,B3.0r C Voe - MAX,  Vin=55V T mA
N Logical 1 level input current at 3 Ve = MAX, Vip =24V 40| uA
in(1) Ag, A4, B2, or By Vo - MAX,  Vin=55V T mA
los Short-circuit outpu§t current at 4 Vee = MAX SN 5483 -20 ~55 | mA
Z1,%2. 23, 0r g SN7483 —18 -85 | mA
Short-circuit t current at SN -20 —70 | mA
los ort-circuit output current a 4 Vee = MAX 5483 2
Ca8 SN7483 —18 —70 | mA
SN5483 78 110 | mA
lcc Supply Current 3 Ve = MAX, SN7483 78 128 | mA

9272

Supply Voltage Vo (See Note 1)
Input Voltage, Vin (See Notes 1 and 2)

Operating Free-Air Temperature Range:

Storage Temperature Range

SNb5483 Circuits -
SN7483 Circuits .

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

NOTES: 1. These voltage values are with respect to network ground terminal.

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

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

¥ All typical values are at Vgc = 5 V, Ta = 26°C.

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




CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

switching characteristics, VCC =6V, T A= 25°C (unless otherwise noted N = 10)

FROM TO FIGURE 5
PARAMETER § {INPUT) oUTPUT) | TEST NO. TEST CONDITIONS MIN TYP MAX | UNIT
todt 1 C__=15pF, R =400 24 ns
% 1
) 2 €y, = 15pF. R, =400 2 4 ns
a1 . 3 C_=15pF, R, =4000 38
(1] 2
todo 4 C_=15pF, R <4000 42 ns
toat 5 €, =15pF, R =400 0 50 ns
o 3 =15pF, R, =400 Q 60
tpdo 6 CL— pF, LT ns
todt bi C_ =15pF, R =400Q 55 ns
C 4
tod0 0 8 C, =15pF, R =400Q 55 ns
tpd1 9 CL=15pF,F|L=780§2 35 48 ns
Co Ca
tde 10 CL=15pF,RL=7809 2 32 ns
'pa1 1and13 |C =15pF, R =400 2 ) o
A2 or 32 2
tod0 12and 14 C =15pF, R =400Q 35 ns
tpd1 15and 17 CL= 15 pF, RL=4OOQ 40 ns
A4 or B4 4
tde 16 and 18 CL=15pF,RL=4OOSz 35 ns

§ tpd1 is propagation delay time to logical 1 jevel, tpd0 is Propagation delay time to logical O level,
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CIRCUIT TYPES SN5483, SN7483

4-BIT BINARY FULL ADDERS

schematic
3.5k 1k 3 3 3 1k 3 DVee
5 2 k
q 7\ r— 100
{ — |
35k 4’/__4 3k o
c
(!
o+—1—7 :—C e 8 AT
3.5k 1 3k
o HC el - ,_;7{{ 551N
- 4K K v
4.5 k§ 3k i 4k
log — 1.5 k3 130 ‘gﬁ —7 \_;—{H 130
i 1.5 K
4,5k 1.5k 4k
. —7 :—L
45k 4k é 4}_@ z,
45k 3 3« 4k 1x
L g B
A o
2 @ 1.5k
8, O~
—® Z,
—@z,
35k 1k 3k 1k
_C' .q‘ 100
—b >
A LA B WPt e
y -4/ aK3 3 ’ :\;1;
35k 3 3k ORI
B3C .__7L—C Teoo | ™~ - _ﬁ—c Y600 [N
W ak
4.5 K 3k 4k
4
A3 - —7 — 15k § 130 — 130
45k M‘ 1.5k 4k§' 15k
aski | ax§ f }__@ z,
a5k 4x 1k
1k \\ 1k
A —
8 @— 15K
4 ® GND

Component values shown are nominal.
Resistor values are in ohms.




CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

d-c test circuitst

PARAMETER MEASUREMENT INFORMATION

TEST TEST TABLE
PER |
TRUTH OUTPUT UNDER TEST sink
v, TABLE
" AND
TEST 21,22,23,01'24 16 mA
TABLE c
4 8 mA
1. . Each input or output is tested separately,
FIGURE 1
TEST TEST TABLE
PER |
TRUTH OUTPUT UNDER TEST load
Vin TABLE
AND z -400 4 A
TeST El,iz,zs,or 4 »
TABLE
C 4 —200 » A

1. Each input or output is tested separately.

FIGURE 2

TArrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst {continued)

Iin(O) TEST TABLE TEST TABLE
APPLY V;n
TEST 1. APPLY 4.5V GND
n
Co A‘ and B1 A and B'I
OPEN
A] CO and E‘ CO and Bl
B! C0 and A] . ond Al
A2 None None
= = 82 None None
1. Each inpyt is tested separately. A A,,B,, ond B A., B., ond B,
2. When testing Icc opply 4.5 V to Ay, Ag, Ag, 3 2"72 2" "2’ 3
A4, and Cg ; and ground B , B3 and By4.
. 0 1. B2 4 B, A,:B,, and A o7 Byr ond Ay
A4 None None
34 None None
FIGURE 3
Vee
4.5V
(o]

A
\ z

A T

A

A3 2 7

B3 4

[ Ayg
4 <
1. Each output is tested separately .
FIGURE 4

tarrows indicate actual direction of current flow.
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CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREM ENT INFORMATION

switching characteristics

INOTES:

s ouTPuT
Voo =5V
2.v cc z, S C, :"
3 {W !
2 5, !
Co  Tif—s1™ H l
A AN 1
B1 2l—s2
PULSE SEE A2 |
GENERATOR TEST B,  Z3p——s3 |
(SEE NOTE 1) TABLE A3 N 1
By Taf—54 i
A4
B4 (A s\
= =
___l_S:\;ME AS LOAD CIRCUIT 1 |
LOAD CIRCUIT 5 |
SAME AS LOAD CIRCUIT 1
—_—l EXCEPT R L 780 Q
TEST CIRCUIT

PULSE
GENERATOR
OUTPUT .
P
|
1
E
OuTPUT i 15V
WAVEFORM A I b
1 1
—lfpd0  le—
—l; —
I'pdt 1
OuTPUT 1 L5V
WAVEFORM B |
VOLTAGE WAVEFORMS

1. Pulse generator output pulse characteristics: Vin(I)S 2.4 V”v-in(o) <0.4V, 1= 8to 15ns, tg=3to 5ns, PRR = 1 MHz,
tp=m0ns, and Zgp~ 50 Q.
Perform test in accordance with test table. (See sheet 2 of this figure.)

2.
3. Each output is tested separately.
4. Voltage values are with respect to network ground terminal.

5. CLincludes probe and jig capacitance.
6. All dlodes are 1N3064

FIGURE 5—SWITCHING TIMES (SHEET 1 OF 2)
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CIRCUIT TYPES SN5483, SN7483
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

9278

TEST TABLE (SEE NOTE7)

, APPLY PULSE outpuT
EST | PARA-
Mo | rara- | GeneraToR | UNDER 2avto | ooy | s 52 $3 s4 ss
. GUTPUT TO TEST (56) )
1
"o z 8. A,
<, A, and B | CLOSED | OPEN | oreN | opeN | open
I (WAVEFORM A) 2
. z,
Sy AjandA, (B andB, | OPEN | cClLOSED | OPEN | OPEN | OPEN
4t (WAVEFORM A) | ! 17772
5 z, Ay Ay 8,
<, ond A : OPEN | OPEN | CLOSED | oPEN | OPEN
$ | e (WAVEFORM A) 3 and By
7
Todl z, Ay Ay (8,8,
<, Ao A | b o OPEN | OPEN | OPeN | cLosep | cLosep
5 |t (WAVEFORM A) | 23/ A¢ | 85, and B,
9 |+
pdl c <, A Ay, B,/ By
OPEN |OPEN | OPEN | OPEN | cLosep
o | v 0 WAVEFORM §) | A3-and A, | By and B,
LI L z, ALB,
A, . None |5 andc | OPEN [cCLOSED | OPEN | OPEN | OPEN
12 |+ 0 (WAVEFORM B) 2’ 0
L :, AL
8, None | o andc | OPFEN [ cCLOSED | OPEN | oPeN | OpEN
14 fodo (WAVEFORM B) 2 (]
Bl z, Ag B,
A, None | = OPEN |OPEN | OPEN | cLosED | opeN
16 Todo (WAVEFORM B) 4
7 |t
pd1 z ‘ Ay, By,
B Nene | 3 OPEN | OPEN [OPEN | cLoseD | opeN
18 'pdo (WAVEFORM B) 4

NOTE 7: Inputs and outputs not otherwise specified are open.

FIGURE 5 — SWITCHING TIMES (SHEET 2 of 2)
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LOW-POWER SCHOTTKY CIRCUIT TYPES SN541S83, SN74LS8:
TTL MSI 4-BIT BINARY FULL ADDER!

HIGH-SPEED TTL 4-BIT FULL ADDERS

e Schottky-Diode-Clamped Transistors T s Low Power Dissipation 75 mW Typical {
FOR APPLICATION IN

e Digital Computer Systems e Data-Handling Systems e Controi Systems !

description JoRN |

DUAL-IN-LINE PACKAGE (TOP VIEW)
The SN54L583 and SN74LS83 low-power Schottky
TTL circuits are implemented with full Schottky-

L£6L HOHVIA ‘8SpLLLL $71A "ON NILE1ING

barrier-diode clamping to achieve speeds comparable g4 x4 C4 CO GND Bl A1 1
to Standard Series 54/74 at one-fifth of the power.
They retain the desirable features of, and are com- 6 1{15{{14[]1 i 10
pletely compatible with, most of the popular l l l \
saturated logic circuits. Schottky TTL circuits sS4 ¢4 co BT AT
currently offer the best speed-power products of any Ugs i
high-speed logic family. '

—as A2
Schottky-barrier-diode clamping prevents transistors 3 A3 B3 52 B2 T
from achieving classic saturation and thereby effec-
tively eliminates excess charge storage and subsequent T l l | ‘
recovery times. These recovery times contribute 1 2 3 4 5 6 1 8

significantly to overall propagation delays experi-

. . A4 3 A3 B3 V 2 B2 A2
enced with saturated digital-logic circuits. ce

These full adders perform the addition of two A-bit
binary numbers. The sum (Z) outputs are provided positive logic: See truth table
for each bit and the resultant carry (C4) is obtained
from the fourth bit. Designed for medium-to-high-
speed, the circuit utilizes high-speed, high-fan-out
transistor-transistor logic (TTL) but is compatible
with both DTL and TTL families. The implementa-
tion of a single-inversion, high-speed, Darlington-

connected serial-carry circuit within each bit n
minimizes the necessity for extensive “|look-ahead”
and carry-cascading circuits. The power dissipation
level is an order of magnitude below that attainable
with standard integrated circuits connected 1o
perform four-bit full-adder functions.

Collector Contact

The SNB54LS83 and SN74LS83 are completely
compatible with the Series 54/74, Series 54H/74H,
Series 54L/74L, and Series 54S/74S logic families.
The SN54LS83 is characterized for operation over
the full military temperature range of —55°C to
125°C; the SN74LS83 is characterized for operation

from 0°C to 70°C. : Guard Ring
tThe integrated Schottky-barrier-diode-clamped
transistor is patented by Texas Instruments. TEXAS|J¢§RSPOTRETE[M ENTS 9-279

U.S. patent number 3,483,975. POST OFFICE BOX 5012 o DALLAS, TEXAS 75222



CIRCUIT TYPES SN54LS83, SN741LS83
4-BIT BINARY FULL ADDERS

functional block diagram

TRUTH TABLE

Al 51 INPUT OUTPUT
M WHEN WHEN
B1-HH - co=L CoO=H
€O WHEN WHEN
c2=L c2=H
a1 181 /a2 B2 1 =2 ez A1 2 ez
A3l B3| A4l Bal 33|/ 34,/ cal 53 s4|ca
A2 L L L L L L L H | L L
H z2 I I U T A 2 R T T YR
82 = L H L L H | L L L H | L
1 H{H | L|L|{L[H|LIHWHI|H]|L
'@%}_ INTERNAL I I U N P T T T PR P
CARRY C2 H L H oo H o H L L L[ H
L H|H|L H|H|L L L H
A3 H H | H L L L H | H L H
] =3 L L L H | L H | L H | H L
] H | L L H | H H | L L L H
BT T T O T T AT AT I T
H | H L | H | L | H|H L H
L L H | H | L L | H{H]|L H
H | L H|lH|H|L HiL |#H |H
L | w HlH | H L H | L H | H
Al § - H]JH | H]|HJLt|[H|H]H[HI]H
B4 »—I:: NOTE 1: Input conditions at A1, 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,
@ C4 are then used to determine outputs Z3, £4, and C4.

n absolute maximum ratings over operating temperature range (unless otherwise noted)

Supply voltage, Vog (seeNote 1) . . . . . . . . L A"
Input voltage (seeNote 1) . . . . . . . . . . . . . . s e - . . . . .. ... .. .. .55V
lnteremittervo'ltage (see Note 2) st e - - o o oo L L oL L. ... ... ... BBV
Operating free-air temperature range: SN541.S83 Circuits e e e . .. ... .. ... -B5°Cto125°C

SN74LS83Circuits . . . . . . . . . .. .. ... .. 0°Cto70C
Storage temperaturerange . . . . . . . . . . .. . . ... ... . . . . —65°Cto 150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter input transistor.

recommended operating conditions

SN54L583 SN74LS83 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voc 4.5 5 5.5 |4.75 5 525| Vv
High-level output current, IoH -200 —200 | pA
Low-level output current, loL 4 4 [mA
Operating free-air temperature, Ta —55 125 0 70{ °C

271
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CIRCUIT TYPES SN541S83, SN741LS83
4-BIT BINARY FULL ADDERS

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

U — e e - —
PARAMETER TEST cONDITIONST MIN TYPI MAX
FIGURE uNIT
Vi4 High-level input voltage 1and 2 2 v
V|-|_——' Low-level input voltage 1and 2 09| Vv
Vi input clamp voltage 3 Voo = MIN,  j=—18mA —12] v
. Voo = MIN, ViH=2V,
VoH High-level output voltage 2 2.4 v
ViL= 09V, loy=-200 pA
B Voo = MIN, Vig=2V,
VoL Low-level output voltage 1 ce 1H 05} V
V=09V, oL =4mA
I Input current at maximum input voltage 3 Vee = MAX, V=55V 1| mA
—1 High-level i \t t A1.A3.B1,B3 orCOl 4 \Y MAX, Vi=24V 1601 4a
-leve rren B . =2, -
tH  High-level input ey Az, A4, B2, or B4 ce : a0] *
) A1, A3,B1,8B3, or CO —-1.44
) Low-level input current 3 Vee=MAX, V=05V mA
A2, A4,B2,0orB4 -0.36
log Shortcircuit output current® 4 Ve = MAX : -6 -40] mA
| Supp! . 5 v MAX SN54LS83 15 22 A
u curren = m
cc supplyed L ce SN74LS83 B 26

tFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions for the applicable device
type.
£ ANl typical values are at Vo = 5 V, To = 26°C.

8 Not more than one output shouid be shorted at a time,

switching characteristics, VCC = 5V, TA = 25°C {unless otherwise noted N = 10)

FROM T0 FIGURE 6
PARAMETERY TEST CONDITIONS MIN TYP MAX |[UNIT
INPUT QUTPUT TEST NO.
4 ' _ 1 o 31 ns
PLH co =1
tPHL 2 38 ns
Tt 3 49 ns
PLH co £2
tPHL 4 45 ns
1 5 53 ns i
PLH ] co =3
tPHL 6 66 ns
1 : 7 Cy_ = 50pF, 70 ns | 1§
| ..PLH | co z4 L==oP
tPHL 8 R =2k& 69 ns
1 9 50 ns
PLH co ca
tPHL 10 50 ns
1 11and 13 35 ns
__®LH | A20rB2 £2 "
tPHL 12 and 14 30 ns
1 15and 17 35 ns
PLH A4or B4 £4 on
tPHL © 16and 18 30 ns
qtp | = Propagation delay time, low-to-high-level output
tpHL = Propagation delay time, high-to-low-level output.
271
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CIRCUIT TYPES SN54L583, SN741LS83
4-BIT BINARY FULL ADDERS

schematic

271
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CIRCUIT TYPES SN541S83, SN74LS83
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION
d-c test circuits?

Vee vee
o f _ i
ViH o—J co 21 Vin 0—9 T co £1
Al A1
B1 2 —B1 2
TEST A2 ° TEST a2 © 1oH
PER loL 4\ PER
TRUTH B2 23——0 TRUTH B2 23 —o0
TABLE A3 TABLE A3
83 sa}—-~ voL 83 sal R
A4 Ad VOoH
viL o— B4 ca l ~ ViL o— Ba ca l ry

=

Each input or output is tested separately.

=

Each input or output is tested separately.

FIGURE 1-Vy, VL. VoL FIGURE 2-Vy, ViL. VOH

Vy, I TEST TABLE

45V vee
? APPLY 1y, TEST V) hH TEST TABLE
— OR APPLY 45V APPLY Vj GND
i‘i 1 APPLY Vy, TEST 1) TEST hiy
| B1 2 co Aland B1 co A1landB1
Mo s a2 A1 COand B1 Al COandB1
" ThBLES B2 =3 OPEN B1 COand A1 B1 COand A1
I h :; . A2 None A2 None
As - B2 None B2 None
L B4 ca A3 A2,8B2, and B3 A3 A2,B2,and B3
- T B3 A2,B2,and A3 B3 A2,B2,and A3
vi= = Al None A4 None
f B4 None B4 None
= = Each input is tested separately.
FIGURE 3-V|, hiL, i
45V
45V Vece T T l'CC
co z1 co e
Al Al
B1 22—y — 81 s2—
A2 A2
B2 s3—0 los ¢—{B2 23— OPEN
" v o
B3 sa}—~ |83 saf—
A4 A4
—o184 ca @—{B2 ca
= = L
Each output is tested separately. ) -

FIGURE 4-log

FIGURE 5—Icc

T Arrows indicate actual direction of current flow. Current into a terminal is a positive value.

TeExAs INSTRUMENTS 9283
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CIRCUIT TYPES SN54LS83, SN74LS83
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

24v Vee=5V ouTPUT
o s &
2 E4K
T =3 ?
co 1 st ®
At
SEE
TEST 81 22 —s2
PULSE TABLE A2
GENERATOR . OoN 82 23—
(SEE NOTE 1) FOLLOWING
PAGE A3
50 B3 o4 b— s
I
B4 Gl s

1=
I
“’:

| ] SAME AS LOAD CIRCUIT 1

L e |

TEST CIRCUIT

TN 1
je—»— <6 ns h—-r—- <6 ns
| ! e e 4y
| 90% 20% i
|
INPUT | 13v 13v X |
0%~ 1 ¥ 10%

| | .
I IC— tPLH —.I
; | | VoH
| i
ouTPUT I 1.3V | 1.3V
WAVEFORM A | | |
| I I
[* teHL = 1 —— — — —=vg_
' |
l‘—tPLH-'= ] — = — — —VoH
OUTPUT ! 13y | sy
WAVEFORM B : | I ;
|
|
b= oy = VoL

VOLTAGE WAVEFORMS

NOTES The pulse generator has the following characteristics: PRR < 1 MHz, Z,,¢ =~ 50 Q.
. Perform test in accordance with test table. (See sheet 2 of this figure.)

. Each Output is tested separately.

. Voltage values are with respect to network ground terminal,

- Cy includes probe and jig capacitance,

- Al diodes are 1N3064.

OO AN~

FIGURE 6—SWITCHING TIMES (SHEET 1 OF 2)
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CIRCUIT TYPES SN54LS83, SN74LS83
4-BIT BINARY FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

TEST TABLE (SEE NOTE 7)

INPUT OUTPUT
TEST PARAMETER UNDER UNDER APPLY APPLY S1 S2 S3 sS4 S5
NC. 24V TO GND TO
TEST TEST (S6)

1 PLH =1

[e¢] A1l B1,A2,andB2 |Closed; Open | Open | Open | Open
2 tPHL (Waveform A)
3 tpLH =2

Cco A1and A2 B1and B2 Open | Closed | Open | Open | Open
4 tPHL (Waveform A)
5 tPLH z3

Co A1,A2, and A3 B1,B2,and B3 Open | Open |Closed | Open | Open
6 tPHL (Waveform A) :
7 PLH z4

Co A1, A2, A3,and A4 |B1,B2,B3,andB4 | Open Open | Open | Closed |Closed
8 tPHL (Waveform A)
9 tPLH C4

Cco A1,A2, A3, and A4 | B1,B2,B3,and B4 | Open Open | Open | Open |Closed
10 tPHL (Waveform B)
1 tPLH =2

A2 None A1,B1,B2,and CO | Open |Closed | Open [ Open | Open
12 tPHL (Waveform B)
13 tPLH z2

B2 None A1,B1,A2, and CO | Open-|Closed | Open [ Open | Open
14 tPHL {Waveform B)
15 tPLH x4

A4 None A3,B3, and B4 Open | Open | Open |Closed | Open
16 PHL (Waveform B)
17 tPLH z4

B4 None A3,B3, and A4 Open- | Open | Open | Closed | Open
18 tPHL {Waveform B)

NOTE 7: Inputs and outputs are open uniess otherwise specified.

FIGURE 5—SWITCHING TIMES (SHEET 2 OF 2)

PRINTED IN U.S.A.
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CIRCUIT TYPES SN5485, SN7485
4-BIT MAGNITUDE COMPARTORS

functional block diagram

B

—D—

A2

82

a<B

a8

A1

3]

description

J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)?

DATA INPUTS
A\

vee. Y]

B2 A2

Al B1

A0 BO

~8

A<B A=B A>B A>B A=B A<B
1N OQUT OUT OuT

B2 A2

NN

Al B1

9
B0

||

||

i

B3
DATA

3

2

A<

3|14

5((6

7118

B A=B A> B/\A>B A=B A< B, GND

INPUT cASCADING INPUTS

A4
OUTPUTS

positive logic: See truth table

TPin assignments for these circuits are the same for all packages.

The SN5485 and SN7485 perform magnitude comparison of straight binary and straight BCD (8421) 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. When cascaded, the total time for comparison

is the function of the word length; however, only a two-gate-level delay (12 ns) is added for each four-bit expansion.

These circuits are completely compatible with most TTL and DTL families. Typical average power dissipation is
275 milliwatts. The SN5485 is characterized for operation over the full military temperature range of —55°C to 1256°C;

the SN7485 is characterized for operation from 0°C to 70°C.

TRUTH TABLE

COMPARING CASCADING
INPUTS INPUTS ouTPUTS
A3, B3 A2, B2 A1, B1 A0, BO A>B A<B A=8B A>B A<B A=B
A3>B3 X X X X X X H L L
A3< B3 . X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B3 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 A0 > BO X X X H L L
A3=B3 | A2=B2 A1=B1 A0 < BO X X X L H L
A3=B3 | A2=B2 A1=8B1 A0 =BO H L L H L L
A3=B3 | A2=B2 A1=8B1 A0 =BO L H L L H L
A3=B3 | A2=B2 A1=8B1 A0 =BO L L H L L H

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

9-286
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CIRCUIT TYPES SN5485, SN7485
4-BIT MAGNITUDE COMPARATORS

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

Supply voltage, VCG (see Note 1)
Input voltage (see Note 1)
interemitter voitage {see Note 2}

Operating free-air temperature range: SN5485 C|rcwts
SN7485 Circuits

Storage temperature range

NOTES:

2. This is the voltage between two emitters of a multiple-emitter input transistor.

recommended operating conditions

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

7V
55V
.. ... BBV

—55 Cto0 125°C
.. 0°Cto 70°C
. —65°Cto 150°C

SN5485 SN7485 UNIT
MIN NOM MAX|MIN NOM MAX
Supply voltage, V¢ 4.5 5 55 |4.75 5 -525| V
Normalized fan-out from each output, N 10 10
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 TYPF MAX|UNIT
ViH4 High-level input voitage 2 v
ViL Low-level input voltage 08| V
V)| Input clamp voltage Ve =MIN, I} =—=12mA -15]| V
Vce = MIN, VIH=2V,
Vol High-tevel output voltage cc IH 2.4 v
Vi =08V, IoH = —400 uA
Vee = MIN, VIH=2V,
VoL Low-level output voltage cc H 04} V
ViL=08V, loL = 16 mA
Iy Input current at maximum input voltage Vee = MAX, Vi=55V 1] mA
. A <B, A >Binputs 40
| High-level input t - Ve = MAX, Vi=24V
IH igh-level input curren all other inputs cc = 120 A
i Low-evel input current A<B A>B Uty o= MAX 04V 181 A
ow-level input curren = , = 0.
L W Py all other inputs cc —4.8 "
I Short-circuit output & Vee=MAX, V=0 SN548% |20 =5 A
ort-circui u curren = ’ =
0s circuit output cu ce o SN7485 | _18 55|
Icc  Supply current Voo = MAX, See Note 3 55 88 | mA

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

type.

fAIl typical values are at Vee=5V.,Ta= 25°C.

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

NOTE 3:

Icc is measured with outputs open, A = B grounded, and all other inputs at 45V,

s for the applicable device

271
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CIRCUIT TYPES SN5485, SN7485
4-BIT MAGNITUDE COMPARATORS

switching characteristics, Vcc =5V, TA =26°C, N = 10

PARAMETERY FROM T NUMBER OF TEST CONDITIONS {MIN TYP MAX | UNIT
INPUT OUTPUT GATE LEVELS o
] ) 7
tPLH Any A or B data input A<B A>B L 2 ] 12 ns
o 3 1726
A=B 4 | 23 35
1 11
i A<B, A>B 2 , 15
tPHL Any A or B data input 3 CL = 15 pF, 0 a0 "
RL = 4008, oo
A=B 4 See Figure 1 2039
tPLH A<BorA=B A>B 1 7 11 ns
tPHL A<BorA=8 A>EB 7 o 1 T | e
tPLH A=B A=B 2 137720 | ns
tPHL A=B A=8B 2 11 17 ns
tPLH A>BorA=B A<B 1 7 1 ns
tPHL ASBorA=B A<B 1 117 | ns

5 tpH = propagation delay time, low-to-high-ievel output
tprt = propagation delay time, high-to-low-level output.

PARAMETER MEASUREMENT INFORMATION

OUTPUT Vee

Ry =400 ©

FROM OUTPUT
UNDER TEST

(See Note C)

CL = 15pF
(See Note B}

LOAD CIRCUIT

INPUT

INVERTING
QUTPUT

NONINVERTING
QUTPUT

VOLTAGE WAVEFORMS

NOTES: A. Input pulses are supplied by a puise generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%,
Zout ~ 50 2.
B. Cj includes probe and jig capacitance.
C. All diodes are 1N3064.
FIGURE 1-PROPAGATION DELAY TIMES
PRINTED N U S A 271
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CIRCUIT TYPES SN54L85, SN74185
4-BIT MAGNITUDE COMPARATORS

LOW-POWER
TTL MSI

JORN

cripti
description DUAL-IN-LINE PACKAGE

These 4-bit magnitude comparators compare two 4-bit

INPUTS OUTPUTS IN PUT$

'£0£ll. 10Z S-10 "ON NILITING
G8TYSNS SIdAL LINDYHID

words and determine their relative magnitude with the Ve m T s Ace m a0 e 2
result being indicated by a high-level voltage at the A> B, oy
A <B, or A=B output. Words of greater length may be s upyn e 1 10 L) L
compared by connecting comparators in cascade. The | l l | I l g‘“
A>B, A<B, and A =B outputs of a stage handling less 8 a8 A<B B0 A0 z
significant bits are connected to the corresponding A > B, OUTPUT OUTPUT :
A<B, and A=B inputs of the next stage handling more o2 o1 ‘g
significant bits. The stage handling the least significant bits E

must have a low-level voitage applied to the A>B and A=B A>B A<B A=B

A< B inputs and a high-level voltage applied to the A=B A2 OUTPUT INPUT INPUT INPUT Al

input. ‘ | ‘ | | I

11213 {14[IS[|6]]7]]8

B2 2 A=B
OCUTPUT
INPUTS

These circuits utilize low-power transistor-transistor-logic
(TTL), but are fully compatible with most TTL and DTL
families. Power dissipation is typically 20 mW per package.
The SN54L85 is characterized for operatlon over the full
military temperature range of _55°C to 125°C; the
SN74L85 is characterized for operation from 0°Cto 70°C.

A=B Al GND
INPUT
CASCADING INPUTS

A>B A<B

positive logic:  See truth table

logic
COMPARING CASCADING
OUTPUTS
INPUTS INPUTS
A3, 83 A2, B2 A1, B1 A0, BO A>B A<B A=B A>B A<B A=
A3>B3 X X X X X X H L L
A3<B3 X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B3 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 | AD<BO X X X L H L
A3=B3 | A2=B2 | A1=B1 | A0O=BO H L L H L L
A3=B3 | A2=B2 | A1=B1 | A0=BO L H L L H L
A3=B3 | A2=82 | A1=8B1 | A0O=B0 L L H L L H
NOTE: H = high level, L = low level, X = irreievant
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage VOG (seeNote 1) . . o . v o v o v o e e e e e e e 8V
Input voltage {see Notes 1 and 2) . . .. . BBV
Operating free-air temperature range: SN54L85 Clrcuns —B55°C to 125°C
SN74L85 Circuits 0°C to 70°C

Storage temperature range —65°C to 150°C

NOTES: 1. Voitage values are with respect to network ground terminal.

2. Input voltages must be zero or positive with respect to network ground terminal.
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CIRCUIT TYPES SN54L85, SN74L85
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

SN54L85 SN74L85 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Ve 45 5 55 {475 5 6525| Vv
Normalized fan-out from each output, N 10 10
Operating free-air temperature range, TA —55 25 125 0 25 70 °c
electrical characteristics over reccommended operating free-air temperature range
TEST
PARAMETER TEST CONDITIONST MIN MAX [ UNIT
FIGURE
ViH High-level input voltage 1 2 \"
Vi Low-level input voltage 2 07| Vv
VoH High-level output voltage 1 Vecc=MIN, IgH=—1004A | 2.4 v
VoL  Low-level output voltage 2 Vee=MIN, 1gL =2mA 03| V
. High-level input current 3 Veoc=MAX, V=24V 30 LA
into any A or B input Voo =MAX, Vy=55V 300
| High-level input current into 3 Vee =MAX, V=24V 10 A
H  A>B,A<B, orA=B input Voo =MAX, V=55V 00| *
n  owtevel input current 3 | Vec=MAX, V=03V —0.54] mA
into any A or B input
e Low-level input current ?nto 3 Vee =MAX, V=03V —0.18| ma
A>B,A <B,orA =8B input
los  Short-circuit output current § 4 Vee = MAX -3 ~15| mA
lce Supply current 5 :{’gg - 32;(‘ \\:: = 3.5 \ ;; nm-u:

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

type.

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

nswitching characteristics, Vcc =5V, Ta =25°C,N = 10

PARAMETER TEST TEST CONDITIONS MIN TYP MAX [UNIT
FIGURE

Propagation delay time, low-to-

tpLH  high-level output, from any 6 90 150 ns
A or B input
Propagation delay time, high-to-

tpHL  low-level output, from any 6 s 75 150 ns
A or B input
Propagation delay time, low-to- CL=80pF,  RL-4ko

tpLH high-level output, from A > B, 7 75 150 ns
A < B, or A =B inputs
Propagation delay time, high-to-

tpHL low-level output, from A > B, 7 55 100 ns
A < B, or A =B inputs

9-290
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CIRCUIT TYPES SN54185, SN74185
4-BIT MAGNITUDE COMPARATORS

functional block diagram
a3 [
& * —
|/
¢ }
A2 I ‘
& T
D
[ \ =) A>B
i OUTPUT
Al
29
. L r \ — A<B
——J 1 OUTPUT
[ f\
a0 I .
s T
=
A>B S — }
o— =
T\
A<GB P ﬁ
[\ A=B
o “ooouT
270
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CIRCUIT TYPES SN54L85, SN74185
4-BIT MAGNITUDE COMPARATORS

schematic
m'é a5 =
<5 3 £
o o <)
o [
=) =}
EREN SR EN
g ;ﬁ\f" ]
N
2 ﬁ*‘ ['=
g hq I's
g | J
R
Ll
aal
N
A
'\.‘
s | )
N
=
)
] 2
_ = \
w =
o
NS e s 3
o Y &
<
LS )

12

P
4
R ;)
: Jj\é (fu:ﬁij

-
.

S S
& 11 |.» 8 T [e g8 T ] g |F ] o
-t g % %
g 2 S 8
I o l
g 28 = 23 = I ® 28 ¢
< < < @

All resistor values shown are nominal and in kilohms.
Ve bus

V ...
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CIRCUIT TYPES SN54185, SN74185
4-BIT MAGNITUDE COMPARATORS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$
Voo VTC)C
o o
—q A2 L—-. A3
Vi O— —83 Vin O—» F—183
LAz — A2
st %2 A>B lon et 12 A>B .
—q A1 — Al oL
PER | e A<B o %o —_— Per L e A<B o Yo <
TRUTH [ Ao TRUTH L a0
TABLE | lgo assp—F T % TABLE | go A= l—0o T
—{a>s8 —Ja>8
v, 0— —a<s VoH V), 0—» —]A<s VoL
—a -8 — —]Aa-8 =
-7 I l I - T l 1
Each input is tested separately. Each input is tested separately.
FIGURE 1-V,,., V|, . Vo, FIGURE 2-V, . V) - VoL
TEST TABLE
Vee APPLY TEST hjy TEST Iy
T A7 APPLY 4.5V | APPLY GND [APPLY 4.5 V| APPLY GND
A3,AZ, | ALLOTHER ALL OTHER
L—- A3 NONE NONE
45V O—p 83 A1, AO INPUTS INPUTS
— a2
B3,B2, | ALL OTHER ALL OTHER
| e A hoe NPU NONE NONE oo
\,lo:, TEST }—{81 A<B OPEN B1,80 TS N S
1? TABLE |—A0 AsB ALL OTHER NONE
B0 A B—— -
—1%., A3, A2, A1, | B3, B2,Bt, INPUTS
—{a<s
— A 8 A<B AND AND ALL OTHER NONE
L | INPUTS
L A0 ALL OTHER .
= = A=B Bo NONE
INPUTS
Each input is tested separately. FIGURE 3—1,,, | .
IH"'IL .
Vee
Vee
i be
a5v A3 v, A3
83 83
A2 A2
B2 A>B B2 A>B b—
At A1l
81 A<BF—O B1 A<B OPEN
A0 A0
80 A=B E— . B0 A=Bf—0
A>B los A>B
A<B A<B
A-8 A-8
Each output is tested separately.
FIGURE 4—Ios FIGURE 5—|cc

§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value.

70

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

9-293



CIRCUIT TYPES SN54185, SN74L85
4-BIT MAGNITUDE COMPARATORS

. PARAMETER MEASUREMENT INFORMATION
switching characteristics

Vee
o
A3
B3 OUTPUT
A2 —A , T T T T M
GEnERATOR b 2 FLTaL
NOTE Al
{See Note A) 81 A>B L lr‘
A0 A<B
8o A=B

(See
Note C}

|
|
— |
‘ A>B |

;A<B ] 50pF

24V O- L g I A=B I {See Note B}
1 |
= I
1
|

1

NOTE: Puise generator is connected to the input under test with

LOAD CIRCUIT 1 _i
all other comparing inputsat24v. | | — === 7m ==

™ ™ TopciRcuiTz -
L _ SAMEASLOADCIRCUITY _ _}

= = TR TReUTI T — .|
1 LOAD CiRCUIT 3
— - SAME_AS_LO_AD CIRCU!T 1 _]'

TEST CIRCUIT

<25 ns —]| fe- —-! !- <25 ns

| N . - —— —3v

| 90% 90% 1
ANY AOR B | !
INPUT | 1.3v 1.3V I
————— —_— ]
10% tw > 200 ns 10%

— |‘_ ™ hun
OUTPUT FROM | ]

]
I I
| |
A<BORA>B 13V | 13V
RESPECTIVELY | |
I | - - - - VOL
[ I
I I < - = VOH
OUTPUT FROM |
A=8B | 1.3V | 1.3V
| | |
| |
T | | I VoL
—’I tPLH l‘— _’l tPHL L'_‘
VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: PRR< 500 kHz, Zg,; = 50 Q.
B. C_ includes probe and jig capacitance.
C. All diodes are 1N916.
D. Each output is tested separately.

FIGURE 6—PROPAGATION TIMES FROM COMPARING INPUTS
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CIRCUIT TYPES SN54L85, SN74L85
4-BIT MAGNITUDE COMPARATORS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

24V Vee
o
A3 OUTPUTS
83 T N el G |
Az l | Ry = 4k82 i
—_ 82 ' _
52 a>sl—e : ¢ I
i:) A<B ! {See '
PULSE SEE A-8 | Note C) |
GENERATOR TEST 80 i
(See Note A) TABLE. A>B | ¢ |
A<B L
A B I 50 pF 30 pF |
] {See Note B) [}
B 1 | |
| =+ uS 1 |
= = | = = = 1
|
TEST TABLE L . toapdiRCuITt
APPLY PULSE —_—— e — — — - -
GROUND TEST r LOAD CIRCUIT 2 -
GENERATOR TO ‘—‘._ _ SAMEASLOAD CIRCUIT 1 _ __}
UNUSED
A > BINPUT A>soutPUT [ L
INPUTS H LOAD CIRCUIT 3 I
UNUSED { _ SAME AS LOAD CIRCUIT Y _
A < BINPUT A < BOUTPUT - ==
INPUTS
UNUSED
A =8 INPUT A =B OUTPUT
INPUTS
TEST CIRCUIT
< 2b5ns
<25
e T I L S
| 90% 90% i
INPUT TOA > B, |
A<B,ORA=B l 13V 13V N
10% ! 10%
. ty > 200 ns - ov
"I oLy t"‘ '{ tprL |'
. 4 - - —VOH
OUTPUT FROM A > B, | q
A<B,ORA=8B 1.3V 13V
RESPECTIVELY
VoL
VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR <500 kHz, Zgy¢ = 50 £2.
B. Cp includes probe and jig capacitance.
C. All diodes are TN916.
D. Each output is tested separately.

FIGURE 7-PROPAGATION TIMES FROM CASCADING INPUTS

TI conne! assume any responsibility for any circuits shown
or sepresent thot they are free from patent infringement.

TEXAS [NSTRUMENTS RESERYES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO [MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222

9-295



1 CIRCUIT TYPES SN5486, SN7486
Mmsi QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

e Input-Clamping Diodes Simplify System Design
e Fully Compatible with TTL, DTL, and Other MSI Circuits
e Typical Propagation Delay Times: 12 ns

logic w JORN
FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)
TRUTH TABLE VCC 48 4A 4y 3B 3A 3y VCC a8 aA 4y 3B 3A 3y
INPUTS OUTPUT ® @ @ @ C:) @ ,_W WM%THI—O] 9|8
A B Y L T T _I l
[¢] 1 i |
1 0 1 l 1
1 1 0 I_I;)D 3 )
et | LT |
@@@@@@@ L R
2y GND 1A hl:3 w 2A 28 2Y GND
positive logic: .Y =A®B
description

Each gf these monolithic, quadruple 2-input exclusive-OR gates utilize TTL circuitry to perform the function:
Y = AB + AB. When the input states are complementary, the output goes to a logical 1.

n These circuits are fully compatible for use with other TTL or DTL circuits. Input clamping diodes are provided to
minimize transmission line effects and thereby simplify system design. Input buffers are used to lower the fan-in
requirement to only one normalized series 54/74 load. A full fan-out to 10 normalized series 54/74 loads is available
from each of the outputs in the logical O state., A fan-out of 20 is provided in the logical 1 state to facilitate connection
of unused inputs to used inputs. Propagation delay is 12 nanoseconds and power dissipation is 37.5 miiliwatts typically
for each exclusive-OR function.

The SN5486 is characterized for operation over the full military temperature range of —55°C to 125°C and the SN7486
is characterized for operation from 0°C to 70°C.

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

Supply Voltage Vo (SeeNote 1) . . . . . . . . . L L e e A"
Input Voltage, Vi, (See Note 1} . . . . e e e e e e e e e . . . bbv
Operating Free-Air Temperature Range: SN5486 C|rcu|ts e e e e e e e e e e e —55 C to 125°C

SN7486 Circuits o o M o - Y { {
Storage Temperature Range . . . . . . . . . . . e . . .. . . ..... —85Cto150°C

NOTE 1: These voltage values are with respect to network ground terminal
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CIRCUIT TYPES SN5486, SN7486
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

recommended operating conditions

MIN NOM MAX UNIT
Supply Voltage V¢ (See Note 1): SN5486 Circuits . . 45 5 5.5 v
SN7486 Circuits 475 5 5.25 v
Normalized Fan-out from each output,N: Logical 0 10
Logical 1 P 20
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS t MIN TYP I MAX UNIT
FIGURE
Input voltage required
Vin{1) to ensure logical 1 at 1 2 v
any input terminal
Input voltage required
" Vinlo) to ensure logical O at 1 0.8 \Y
any input terminal
) Vee=MIN, Vi) =2V,
V, Logical 1 output voltage 1 24 \
out(1) Vin(0) = 0.8V, ljoaq = —800 kA
. Ve = MIN, Vin(1) =2 V.
V L | O output volt 2 0.4 v
out(0) ogical L output voltage Vin(0) =08V, lsink = 16 mA
, Logical 1 level input 3 Vee = MAX,  Vip =24V 40 uA
in(1) current (each input) Vee =MAX, V=55V 1 mA
Logical O level input
[ 4 Vee = MAX, Vin=04V -1.6 mA
in(0) current {each input) ce n
! Short circuit output 5 Vce = MAX, Vin(‘l) =45V,| SN5486 —20 —55 mA
os =
current § Vinioy =© SN7486 | -18 -55 | mA
1 Supply current 6 V MAX V| a5V SN5486 30 43 mA
u| rren = , in = 4.
cc i cc in SN7486 30 50 | mA

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

circuit type. »
fAll typical values are at Vo = 5 V, Ta = 25°C.
§\lot more than one output should be shorted at a time.

switching characteristics, Vo =5V, Tp = 25°C,N=10

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
FIGURE
Propagation delay time to
tpd0 logical O ievel (other input 7 CL =15 pF, R =400 2 1 17 ns
low)
Propagation delfay time to
tod1 logical 1 level (other input 7 C, =15pF, R =400 2 15 23 ns
low)
Propagation delay time to
tpd0 logical O level (other input 7 CL =15 pF, R =400 Q 13 22 ns
high}
Propagation delay time to
tpd1 logical 1 level (other input 7 CL =15pF, R =400 Q 18 30 ns
high)
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CIRCUIT TYPES SN5486, SN7486

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT

Vee vVce
Vin(0)
Vin(1)
1. Each input is tested separately. 1. Logical O and logical 1 input conditions are tested.
FIGURE 1 FIGURE 2
Vee Vee
lin(1)
Vin(1) GPEN
OPEN OPEN v OPEN
in(0) <
lin(0)
1. Each input is tested separately. 1. Each input is tested separately.
FIGURE 3 FIGURE 4
Vee Vce
"cc
Vin(0) Vin
los OPEN
Vin(1)
-— 1. Logical 0 and logical 1 input conditions are tested.
1. Each gate is tested separately,
FIGURE 5 FIGURE 6

T Arrows indicate actual direction of current flow.




CIRCUIT TYPES SN5486, SN7486
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT Veg=5V OUTPUT
o (o]

PULSE
GENERATOR
(See Note 1)

R

AY|
J

—_

TEST CIRCUIT

INPUT
t J
P
I
| |
t - ! !
10 — e
i | = | Vout(1)
| i |
OUTPUT |
{S1 IN POSITION A) | | 15V : 15V
| I i
| I p————l Vout(0)
t |
] I I
1 | i
| |
—»  tpdl :‘— —\C Vout(1)
OUTPUT ! i ]
(S1 IN POSITION B) : 15V ! 15V
i
1 i |
» ! tpdo t-— Vout(0)
VOLTAGE WAVEFORMS
NOTES: 1. The generator has the following characteristics: Vgen =3V,tg=1 <15 ns,
tp = 0.5 us, PRR = 1 MHZ, Zgy: 50 Q.
2. All diodes are 1IN3064
tpd0 * tpd1
3. tpyg = ——
2
4. C_includes probe and jig capacitance.
5. Each gate tested separately.
FIGURE 7
PRINTED IN US.A
Ti cannot assume ony responsibility for any circuits shown .
or represent that they are free from patent infringement. TEXAS!NIC§RSPOTRBTLEJIN ENTS
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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LOW-POWER

TTL MSI

CIRCUIT TYPES SN54L86, SN74L86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

Fully Compatible with TTL, DTL, and Other MSI Circuits
® Typical Propagation Delay Time: 43 ns

logi T JORN
ogic FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW
4y 48 4A GND 3B 3A 3Y Vee 4B 4A 4Y 3Y 3B 3A
TRUTH TABLE @ @ @ @ @ WoiBjugnijwopsls
INPUTS OUTPUT L'@ 5["' @
A B Y
0 0 0
T < D
" "
1 0 1 r I o 1 1 L J rJ
L | L] L]
1 1 0 H
DO O®O® ®E @ DIl TsTeT]
4 N N—r N
1Y 1A 18 VCC 2 28 2Y 1A 1B 1Y 2Y 2A 2B GND
positive logic: Yy = A @ B
description

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

Each of these low-power, monolithic, quadruple 2-input exclusive—OR gates utilize TTL circuitry to perform the
function: Y = AB + AB. When the input states are complementary the output goes to a logical 1.

These circuits are fully compatible for use with other TTL or DTL circuits. A full fan-out to 10 series 54L/74L
loads is available from each of the outputs. Typical power dissipation is 3.75 milliwatts for each exclusive-
OR function,

The SN54L86 is characterized for operation over the full military temperature range of —55°C to 125°C and the
SN74L86 is characterized for operation from 0°C to 70°C.

Supply-Voltage Vg (See Note 1) 8V
Input Voltage, Vi, (See Note 1) . e e e e e e 55V
Operating Free-Air Temperature Range: SN54L86 Circuits —55°C to 125°C

SN74L86 Circuits 0°Cto 70°C

Storage Temperature Range —65°C to 150°C

NOTE 1: These voltage values are with respect to network ground terminal,

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage Vg (See Note 1): SN54L86 . . . . . . . . . . . . . 45 5 5.5 \Y
SN741.86 Coe .o 4.75 5 5.25 \'
Normalized Fan-out from eachoutput, N. . . . . . . . . ., . . . . . 10
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CIRCUIT TYPES SN54L86, SN74L86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

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

TEST
PARAMETER TEST CONDITIONST MIN  TYPF MAX UNIT
FIGURE
Input voltage required
Vin(1)  to ensure logical 1 at 1 2 A
any input terminal
Input voltage required
Vin(0)  to ensure logical 0 at 1 0.7 v
any input terminal
. Vee = MIN, Vin{1) =2V,
V, Logical 1 output voltage 1 2.4 v
out(1) Vin(0) =07V, ligag = —100 uA
Ve = MIN, Vin(1) =2V,
V, Logical 0 output voltage 2 0.3 \
out(0) g P 9 Vin{0) =0.7 V, Ilsjnk =2mA
" Logical 1 level input 3 Vee=MAX, Vijp=24V 20 uA
N1} Current (each input) : Voo = MAX, Vin=55V 200 | #A
N Logical O leval input 4 Vee=MAX,  Vip=03V 036 | mA
in(0) current {each input) cc ’ o i
Short circuit output Vee = MAX, Vi) =458V
los 5 v _ -3 -15 mA
current in0) = o]
Supply current _ L
Icc(o) {average per gate) 6 Voo =MAX, V=45V 1.67 mA
Icc(1)  Supely current 5 Vee=MAX Vi 4, =45V, 1.1 mA
(average per gate) vin(O) =

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

circu

¥ All typical valuesare at Voc =5 V, Tp = 25°C.

it type.

switching characteristics, Voc =5V, Tp =25°C,N=10

high)

TEST ;
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
FIGURE
Propagation delay time to
tpdo logical 0 level (other input 7 CL =50pF, R =4k 60 150 ns
Jow)
Propagation delay time to
tpd1 logical 1 level (other input 7 Cy =50pF, R =4 kQ 75 150 ns
low)
Propagation delay time to
pd0 logical O level (other input 7 C| =50pF, RL=4kQ 35 60 ns
high}
Propagation detay time to
tpd1 logical 1 level (other input 7 CL =50pF, RL=4kQ 50 90 ns
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CIRCUIT TYPES SN54L86, SN741L86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

Vee Vee

Vin(0) |
Vin(1) T foad
Vout(1)
1. Each input is tested separately. 1. Logical 0 and logical 1 input conditions are tested.
FIGURE 1 FIGURE 2
Vee Vee
lin(1)
Vi
in(1) : OPEN OPEN OPEN
OPEN Vin(0)

-——
in(o)

“ 1. Each input is tested separately. 1. Each input is tested separately.

FIGURE 3 FIGURE 4
V|
V cc
C o
l icc(1) (See Note 2) ‘ Iccio)

Vin(o) \ Vin
los OPEN
Vin(1)
= NOTES: 1. Logical 0 and logical 1 input conditions
NOTES: 1. Each gate is tested separately for lgg. are tested.
2. When testing lcc(1). the output is open, icc total

. t =
lcg total 2. The average-per gate value number of gates in package

number of gates in package

the average-per-gate value =

FIGURE 5 FIGURE 6

TArrows indicate actual direction of current flow.
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CIRCUIT TYPES SN54L86, SN74L86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT Vee=5V ouTPUT
o (o] (o]
PULSE A
[
o | sy
e Note
T
7 G
50 (See Note 4)
L L 1 1 I
TEST CIRCUIT |
—l 1y e
| ! [ .'l o je—
L L
—————————— v
: 25V 2.5V I 9en
| 1.3V 1av X |
INPUT /i N
o5V '._—‘ t . 0.5V o
! %
|
—=| tpd0 I4—-- ] . |
L I 1 pd1 | *—
IT | : Vout(1)
| l
OUTPUT \
{S1 IN POSITION A) i 1.3V : 1.3v
t : | 4
1
1 ! |
l : :
|
1 tedl . Vout(1)
OUTPUT I 1 1
{S1 IN POSITION B) : 1.3v :
0 i
! Vout(0)
VOLTAGE WAVEFORMS

NOTES: 1. The generator has the following characteristics: Vgan = 3 V, tg = t1 < 60 ns, tp =1 us, PRR <500 kHz, Zg,; ~ 50 Q.
2. Alldiodes are TN916.
_1pd0 * tpd1
2
4. Cy_includes probe and jig capacitance.
5. Each gate tested separately.

tod

FIGURE 7
PRINTED IN USA
Ti cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement. TEXAS lNST RUM ENTS 9-303
INCORPORATED
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS. TEXAS 75222

N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE



m CIRCUIT TYPES SN54H87, SN74H87
LM 4 - BIT TRUE/COMPLEMENT, ZERO/ ONE ELEMENT

w JORN
FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)

<
(2]
O
>
IS
<
N

A3 Y3 Vee A4 Y4 NC A3 Y3 B

logic @ @ 515 @ 6) TWMTW HT

TRUTH TABLE ] l

4 A3 ol Ad Y4 A3 Y3
C g8

| =

r
<f—f

—1A4
CONTROL OUTPUTS A
INPUTS c B |
B C Yl Y2 Y3 VY4 A lvq az Y2 Al_Y1 A2 Y2
0 0 |[A1 Az A3 A4 I-.J .rl _]
0 1 [A1 A2 A3 A4 ¥
H
toji 1 0 1 OO OG EEERIRERDI
1 1 0 ] 4] [s] c A1 Y1 NC A2 Y2 GND C A1 Y1 NC A2 Y2 GND
positive logic: See truth table
description

These monolithic 4-bit true/complement elements, with the use of the two control lines (B, C}, will transfer a 4-bit
binary input (A) to the output (Y) in either true or complementary form. Furthermore, the control lines will aiso set all
outputs to either a logical 0 or logical 1 independent of the state of the data inputs.

These circuits are fully compatible for use with other TTL or DTL circuits. Input clamping diodes are provided to

minimize transmission line effects and thereby simplify system design. Each input represents only one normalized series

54H/74H load, and full fan-out to 10 series 54H/74H loads is available from each of the outputs in the logical 0
m condition. In the logical 1 state, a fan-out of 20 is available to facilitate tying unused inputs to used inputs.

Power dissipation is 270 mW typically with an average propagation delay of 14 ns from data inputs to output.
The SN54H87 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.

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

Supply Voltage Vog(SeeNote1) . . . . . . . . . . . . . . . . .o i e e o2V
Input Voltage, Vi (See Note 1) e e e e e e e e e e e e e e e e e e . b5V
Operating Free-Air Temperature Range: SN54H87 Circuits . . . . . . . . . . . . .. . =55°Cto125°C

SN74H87 Circuits . . . . . . . .. ... ... .. 0°Ct70°C
Storage Temperature Range . . . . . . « « « « v « « v + + v v v v . . ... .. =—B5Cto150°C

Note 1: These voltage values are with respect to network ground terminal.
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CIRCUIT TYPES SN54H87, SN74H87
4 - BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage Vcc (See Note 1): SNB4H87 Circuits . . . . . . . . . . . . 45 5 5.5 N
SN74H87 Circuits . . . . . . . . . . .. 475 5 525| v
Normalized Fan-Out from Each Output (N): Logical0 . . . . . . . . . . . 10
Logical 1 . . . . . . . . . .. 20

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

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

TEST
PARAMETER FIGURE TEST CONDITIONSt MIN TYPE MAX | UNIT
Input voltage required to ensure logical
Vin(1) . 1 2 v
1 at any input terminal
| i logical
Vin(o) input vo.tage mqu:r.ed to ensure logic: 1 08 v
0 at any input terminal
Vee =MIN, Vip(1) =2V,
V i I 1 2.4 \"
out(1)  Logical 1 output voltage Vin(0) =0.8 V, ligad = —1 mA
] Vce =MIN, Vig(1) =2V,
't vol 1 04 A\
Vout(o}  Logical O output voltage Vin(0) = 0.8 V, lsjnk = 20 mA
L Logical 1 level input ) Vce = MAX, Vip =24V 50 | wA
i1 current (each input) Voo = MAX, Vin =55V T | mA
Logical O level input
1 3 Vee = MAX, Vip =04V -2 mA
in(0) current (each input) cc n
os Short circuit output current § 4 Vee = MAX, Vour =0 —40 —100| mA
Ice Supply current {SN54H87) 5 Vee = MAX 54 78 mA
Icc Supply current (SN74H87) 5 Vee = MAX 54 89 mA

switching characteristics, Vo =5V, Ty = 25°C, N =10

PARAMETER FIGURE TEST CONDITIONS MIN TYPI MAX | UNIT
ti ti ical O |
¢ Propaga u:{n delay time to logical O level 6 CL =25 pF, R =280 & 13 19 ns
pdo from data inputs to outputs
Propagation delay time t ical 1 level
tpat T |o.n elay time to logical 6 CL = 25 pF, R =280 @ 14 20 ns
from data inputs to outputs
Propagation delay time to logical O level
tpd0 ropagation delay time to logical 0 level 6 |CL=25pF, R =2800 17 25 | ns
from control inputs to outputs
Propagation delay time to logical 1 level
toa1 Topagation delay time to logice 6 |CL=25pF, R =280Q 17 26 | ns
from control inputs to outputs

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

1 Al typical values are at Vee =5V, Ta = 25°C

§ Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN54H87, SN74H87
4 - BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT

functional block diagram

a
T 1 17

Y2

DATA
INPUTS‘<

B
> oo
9 >
T )—
/3_D°_— >° g

CONTROL ¢
INPUTS <
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CIRCUIT TYPES SN54H87, SN74H87
4 - BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst
v
cc
Vee T
_ - [ A1 Y1p—
L A1
A2 Y2}—
TesT HA2 lint1) ns OPEN
v e seE Y3f—
in(1} © PER | a3 Vi,0— N
y TRUTH OTES | a4 vaf—
in(0) O— TABLE [{ A4
B ¢
B C -J.
= -l

1. Each output is tested separately.

1. Each input is tested separately.
2. When testing A1, A2, A3, or Ad input Bisat4.5 V,

FIGURE S

FIGURE 1 FIGURE 2
Vee Vee
[ Has Yij— A1 v1
\ A2 Y2|— 45V A2 Y2H see
in(0) OPEN
-— A3 Y3p— A3 y3H NOTE
inO—— SEE | | | A4 \Z los
notes[1~4 va
B C B C
|| l _J_ 45V o%_—, _|_
1. Each input is tested separately 1. Each output is tested separately.
2. When testing A1, A2, A3. or A4 input B is grounded.
FIGURE 3 FIGURE 4
Vee
Tl'cc
TEST TABLE
THan vif—
TSST APPLY.45 V GROUND
A2 Y2— :
OPEN 1 A1, A2, A3, Ad B,C
45vO0— See HAS3 Y3— [ iitd 4
TEST L 1aa Y4— 2 B,C A1, A2, A3, A4
TABLE
B C

T Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN54H87, SN74H87

4-BIT TRUE/COMPLEMENT, ZERO/ ONE ELEMENT

PARAMETER MEASUREMENT INFORMATION

switching characteristics

Vee OUTPUT
(o]
S
)
'
o~ [}
A1 i .
PULSE I 1
Y2 |
GENERATOR A2 ! T cL !
SEE
{See Note 1} | L L )
TEST A3 3 1 = LOADCIRCUIT1 =
TABLE HE it S |
A4 Y4 Ty -—q
LOAD CIRCUIT 2 .
(SAME AS 1)
w08 B_c b-zzz->-S-c-oozoog
7 r LOAD CIRCUIT 3 .
_l_ Lo —_ISAMEAST _ _ _ ___
iRttty |
= = LOAD CIRCUIT 4
— l_' {SAME AS 1) _:
TEST CIRCUIT
- Yy e
1 '
I | i TEST TABLE (See Nate 2)
i 90% 9 GND | INPUT | OUTPUT
INPUT ) 15V B, C Al 'z
10% /1 i B.C A2 Y2
* 0 B.C | A3 v3
m | ‘odt —_— =V 8.C i s
i : out(1) C B Y1
NONINVERTING : i C B Y2
FUNCTIONS ' c = v
[}
Vout (0) ¢ 8 va
1 H B c Y1
—» 90 — ) B c Y2
! —“' tod1 M- Vout (1) B C Y3
1
Y
INVERTING 15V ! 15V B c 4
FUNCTIONS
— — = — Vout (0
VOLTAGE WAVEFORMS
NOTES: 1. The pulse generator has the following characteristics: Vgen =3 V, t4 = tg = 7 ns, tp = 500 ns, PRR = 1 MHz, and Zoyy & 50%2.
2. Inputs not specified are open.
3. C_ includes probe and jig capacitance.
4. All diodes are TN3064.

FIGURE 6 — SWITCHING TIMES
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m CIRCUIT TYPES SN54180, SN74180
MSI 8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

W FLAT PACKAGE J OR N DUAL-IN-LINE PACKAGES
. (TOP VIEW) (TOP VIEW)
logic Voo NPT — INPUTS ——
@@@@@@@ nininioininic
TRUTH TABLE L
N "
INPUTS OUTPUTS Hs 4 3 2 |
T OF 1'sAT z z 6 0
EVEN |ODD
0 THRU 7 EVEN | 0DD 17 ieur__ieur_evéwonol— ven ooz
INPUT INPUT EV!
EVEN 1 Jol 1[0 I I
OoDD 1 0 ] 1
S L T 000000
oDD 0 | 1 1 | o
7 EVEN ODD x-EVEN z-ODD GND 7 ,EVEN ODD :-EVEN z-ODDGND
X 1 1 0 0, \Ceurs s INPYT_INPUT QUTPUT QUTPUT et/ NPT T ouTRUT OUTRUT
X 0 0 1 1
X=irrelevant positive logic: see truth table
description

These universal, monolithic, 8-bit parity generators/checkers, utilizing familiar Series 54/74 TTL circuitry, feature
odd/even outputs and control inputs to facilitate operation in either odd- or even-parity applications. The word-length
capability is easily expanded by cascading. Typical applications are shown for these parity circuits being used to
generate and check parity.

The SN54180/74180 are fully compatible with other TTL or DTL circuits. Input buffers are provided so that each
data input represents only one normalized series 54/74 load. A full fan-out to 10 normalized series 54/74 loads is
available from each of the outputs in the logical O state. A fan-out to 20 normalized loads’is provided in the logical 1
state to facilitate the connection of unused inputs to used inputs. Typical power dissipation is 170 mW.

The SN54180 is characterized for operation over the full military temperature range of —55°C to 125°C; and the
SN74180 is characterized for operatlon from 0°C to 70°C.

absolute maximum ratings over operating temperature range {(unless otherwise noted) “
Supply Voltage Voo (SeeNote 1) . . . . .« . . . o . . . e h e e e e e e e e 7V
Input Voltage Vin (SeeNote 1) . . . . . . . . . . . . « . . . . s e e e e 55V
Operating Free-Air Temperature Range: SN54180 Circuits . . . . . . « « + « .« . . —55°C to 125°C
SN74180 Circuits . . . .« « « & & o 4 4 - - 0°Cto 70°C
Storage Temperature Range . . . . . . « « . .+ . e s e e e e e e e e e e s —65°C to 150°C

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

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage Vce (SeeNote 1): SN64180 . . . . . . . . . . . . . . 45 5 5.5 v
SN74180 . . . . . . . . . . . . 4,75 5 5.25 v
Normalized Fan-Out from Each Output (N): Logical0 . . . . . . . . . . 10 Vv
Logical1 . . . « « « « « o . 20 v
TEXAS INSTRUMENTS 9-309
NCORPORATE
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CIRCUIT TYPES SN54180, SN74180 |
8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

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

TEST
PARAMETER TEST CONDITIONST MIN TYPE  MAX UNIT
FIGURE
Input voltage required to ensure
Vin(1) A ; . 1 2 v
logical 1 at any input terminal
Vin(0) Inp.ut voltage refquired to e'nsure 1 08 v
logical O at any input terminal
. VCC=MIN,  Vijp()=2V,
V, Logical 1 output voltage 1 24 \"
out(1)  Log Vin(0) = 0.8 V, lgag = —800 pA
Ve = MIN, Vin{1) =2V,
V, Logical 0 t volt, 1 0.4 \Y
out(0)  Logical O output voltage Vin(0) = 08 V, Isink = 16 mA
N Logical 1 level input current at 9" Vee =MAX, V=24V 40 uA
M1} gach data input ' Vee =MAX, Vin=55V 1 mA
Logical O level input current at
I 2 Vee =MAX, Vip=04V -1.6 mA
in(0) each data input cc n
" Logical 1 level input current at 2 Ve =MAX, Vijp=24V 80 uA
in(1) even or odd input Vee =MAX, Vijp=55V 1 mA
Logical O level input t at
linto) ogical Dlevel input current a 2 Vee=MAX, Vip=04V 32| ma
even or odd input
108 Short circuit output current§ 3 Ve = MAX —% =25 -~
3 SN54180 34 49 mA
“lee Supply current and Vee = MAX
4 SN74180 34 56 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under ded operating diti for the particular
circuit type.
+ All typical values are at Voo = 5 V, Tp = 25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, Vg =5V, Ta =25°C, N =10
FROM TO TEST
PARAMETER TEST CONDITIONS |MIN TYP MAX |UNIT
TE INPUT OUTPUT FIGURE
1, 40 60
pd1 Data = Even CpL =15pF, . ns
todo 45 68
T 5 R =400 2, 32 48
pd1 Data = Odd 0Odd input grounded ns
thdo 25 38
P
t, 32 48
pd1 Data Z Even CL =15pF, ns
tpd0 25 38
S 5 RL =400 &, 060
trp)g; Data = Odd E\'/en input grounded 75 68 ns
tpdi Even or Odd Z Even or T Odd 5 CL=15pF, 13 20 ns
thd0 Even or Odd Z Even or £ Odd RL =400 Q 7 10 ns




CIRCUIT TYPES SN54180, SN74180
8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

functional block diagram

¥ EVEN

OUTPUT

X 0DD
OUTPUT

L
o O
[T-] © o~ =
a5 §5
L >ao
\ °z nz
O
%)
<
=
L2
5z
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CIRCUIT TYPES SN54180, SN74180

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

Vee Vee
- -
I__i —
00D obD
—a4 0 }—q O
. E — 1
z Isink z
Vit | TEST P2 even [ TesT | \ 12 EVEN]™
O— PER I
TRuTH []3 TRUTH ) int1) —3 OPEN
TABLE : ¥ |Vino—>| SEE
Vinio) — 4 - TABLE \ mo:_— nNoTeEs [1% z
S - load - oDD [,
5 oDD LiniGh 5 P
. C P
gen;
7 —] 7
EVEN Vout EVEN
M |
b — b — -
= = = NOTES: 1. Each input is tested separately.
2. Odd and even inputs are each tested for ljn(1) and
tin(Q) with both an even-code and an odd-code
applied at the data inputs.
FIGURE 1 FIGURE 2
Vee vce
T*'CC 24v T* lec
= oDD oDD
1, an
-~ 1 — 1
z z
1?2 even oren 17 2 even|T
OPENé —s SEE < -3 OPEN
14 NOTES — a4
> z
—5 oDD —s obo [
!
1s 0s s
N | even N | even
NOTES: 1. Each output is.tested separately. - -
2. When testing icc both outputs are open.
FIGURE 3 FIGURE 4

T Arrows indicate actual direction of current flow.
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CIRCUIT TYPES SN54180, SN74180

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics
[~ 7 Vee OUTPUT
l ; r-- m—————————
o ODD : RL |
|
1 1 |
SEE 2 b |
PULSE T‘;i 3 EVEN ! 1
GENERATOR AND a z ' !
. ]
(See Note 1) NOTES 5 0obo ) = = |
6 ! LOAD CIRCUIT 1 !
| N T L |
7 Frm———cecc e ————————
EVEN § LOAD CIRCUIT 2 1
] Mi ]
7 sy
= = TEST TABLEt
TEST CIRCUIT
INPUT CONDITIONS OUTPUT
APPLY PULSE GND TESTED
0 oDD T EVEN
1 0DD £ EVEN
2 0DD T EVEN
3 0DD = EVEN
a oDD £ EVEN
'p 5 obD £ EVEN
6 oDD T EVEN
7 oDD T EVEN
[ oDD = ODD
NOF'\L‘J'S&’TEI‘;L'Q'G 15V 1 oDpD £ ODD
2 oDD z 00D
3 oDD £ ODD
I 4 ) * ODD
—» a0 e— 5 oDD £ 0DD
i 6 oDD T 0DD
INVERTING 7 ooo z 0DD
FUNCTIONS EVEN 0 Z EVEN
f e Von 0DD NONE = EVEN
Ut M EvEN NONE £ ODD
VOLTAGE WAVEFORMS onD 0 = ODD

t Repeat all but the last 4 tests with the even
input grounded.

NOTES: 1.

N

The puise generator has the following characteristics: Vgen =3V,
tg = tg =10ns, t, = 500 ns, PRR = 1 MHz, and Zq,,; = 50 2.

. Inputs not specified are open.
. €y includes probe and jig capacitance.
. All diodes are 1N3064. '

FIGURE 5 — SWITCHING TIMES
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CIRCUIT TYPES SN54180, SN74180
8-BIT ODD/EVEN PARITY GENERATORS /CHECKERS

TYPICAL APPLICATIONS

verifying transmitted data

In this example (Figure A), data is being transmitted from data register A to data register B. Parity generators A1 and
A2 are connected to generate zn even-parity bit Qg which is transmitted to register B. Parity checkers B1 and B2
verify the accuracy of the transmitted data and generate an even true (logical 1) or false {logical 0) parity output signal.

R L
EVEN 0DD
N o ™ IN 0
Y | SN74180 Al gj | SW41s0 (Bl
Q@ 2 0DD o 2 UL} S
o N ouTPUT a 3 INPUT
Qal 4 Qs 4
g 5 EVEN by > EVEN
Qs 6 Qs 6 -—— PARITY
o 7 OUTPUT Q 7 ouTPUT
00D EVEN
IN IN
DATA REGISTER A ’—‘ DATA REGISTER B
EVEN 00D
a o N IN a
0 | SN74180 (2 a ‘]' SN74180
Q 2 [(1011] I Q 2 00D
2, 5 OUTPUT Py 3 OUTPUT
[ME 4 Q 4
o 5 EVEN| o 5 EVEN
Qs s ouTPUT a 5 ouTRUT
e = 14
* 0DD  EVEN
Qs 7 Q| 7 N N
1] Qs
n {— - L .

figure A
cascading for longer word lengths

The parity generator/checker may be

cascaded for applications requiring longer

word lengths. See Figure B. The ODD IN 2817 woRo
control is grounded for even parity
generation and the EVEN IN control is
grounded for odd parity generation. Two
control inputs and two outputs ensure
faster operation when cascading for word
lengths over 8 bits, as only one gate delay
is added for each additional 8-bit group. eaRTy
For a 32-bit word, parity can be o
generated in approximately 65 ns,

CONTROL

figure B
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L - CIRCUIT TYPES SN54181, SN74181
MSI ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

DXTO
PIN DESIGNATIONS J OR N DUAL-IN-LINE mE>
SEo
DESIGNATION | PIN NOS. FUNCTION OR W FLAT PACKAGE (TOP VIEW) ! @ﬂ%
A3,A2, A1,A0 [19,21,23,2 WORD A INPUTS meyTs outeuts < z 2
B3,B2,B1,B0 |18,20,22,1 | WORD B INPUTS R N L 283
FUNCTIONSELECT 4| {23l {2l {1 fool{1e [ ial{ar | drs] 1|1 $o @
$3,52,51,50 | 3,4,5,6 g
INPUTS <0G
Cn 7 INV. CARRY INPUT A1 Bl Az B2 A3 83 G Chn, P A® § 5‘5
MODE CONTROL =30
M 8 8o 2 g’}
INPUT &2
F3,F2, F1,FO [13,11,10,9 | FUNCTION OUTPUTS Eg
Cn
A-B 12 COMPARATOR OUTPUT 7 o 3=
o o CARRY PROPAGATE T l ‘ T T T s
OUTPUT V| |2] {3 (4 (5] |6| 7] |8] {9 [10f [M] |12 3
B8O A0 s3 S2 § -
Cota 16 INV. CARRY OUTPUT e T 8
G 17 CARRY GENERATE ©
OuUTPUT logic: see function tables
Vee 24 SUPPLY VOLTAGE
GND 12 GROUND TPin assignments for these circuits are the same for all packages.

e Full Look-Ahead for High-Speed Operations on Long Words
o Input Clamping Diodes Minimize Transmission-Line Effects

o Darlington Outputs Reduce Turn-Off Time

e Arithmetic Operating Modes: e | ogic Function Modes:
Addition Exclusive-OR
Subtraction Comparator
Shift Operand A One Position AND, NAND, OR, NOR
Magnitude Comparison Plus Ten Other Logical Operations

- Plus Twelve Other Arithmetic Operations

e Typical Add Time for Four Bits....24 ns n

e Typical Carry Time for Four Bits.... 12 ns

description

The SN54181 and SN74181 are high-speed arithmetic logic units {ALU)/function generators which have a complexity
of 75 equivalent gates on a monolithic chip. This circuit performs 16 binary arithmetic operations on two 4-bit words
as shown in the function table, These operations are selected by the four function-select lines (SO, S1, S2, S3) and
include addition, subtraction, decrement, and straight transfer. When performing arithmetic manipulations, the internal
carries must be enabled by applying a low-level voltage to the mode control input (M). A full carry look-ahead scheme
is made available in the SN54/SN74181 for fast, simultaneous carry generation by means of two cascade-outputs (pin
15 and 17) for the four bits in the package. When used in conjunction with the SN54182 or SN74182 full carry
look-ahead circuits, high-speed arithmetic operations can be performed. For example, the typical addition time for the
SN54181/SN74181 is 24 nanoseconds for four bits. When expanding to 16-bit addition with the SN54182/SN74182,
only 13 nanoseconds further delay is added so that the total addition time is 37 nanoseconds, or 2.2 nanoseconds per
bit. One SN54182/SN74182 is needed for every 16 bit (four SN54181/SN74181 circuits).

I high speed is not of importance, a ripple-carry input (Cp) and a ripple-carry output (Cph+4) are available, However,
the ripplecarry delay has also been minimized so that arithmetic manipulations for small word lengths can be

TeEXAS INSTRUMENTS 9315

INCORPORATED
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

description (continued)

performed without external circuitry. The typical delay for the ripple carry is 12 nanoseconds for four bits. With a
typical addition time of 24 nanoseconds for four bits, addition of two 8-bit words is accomplished typically in
36 nanoseconds when employing the ripple carry.

The SN54181 and SN74181 will accommodate active-high or active-low data if the pin-designations are reinterpreted as
follows:

PIN NUMBER 2 1123122121;20!/19[18| 9 10|11 |13} 7 16 |15 [17

Active-high data (Figurel) | Ag [Bo |A1]|B1 |A2|B2 |A3| B3 {Fo[F1]|F2 {F3|Ch |Chta

X 1Y
Active-low data (Figure Il) | Ag |Bo |A1|B1 |A2 [B2 |A3|B3 |Fo|F1[Fz [F3[Ch[Cnta| P [G

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

The SN54181 or SN74181 can also be utilized as a comparator. The A = B output is internally decoded from the
function outputs (FO, F1, F2, F3) so that when two words of equal magnitude are applied at the A and B inputs, it will
assume a high-level state to indicate equality (A = B). The SN54181/SN74181 should be in the subtract mode when
performing this comparison. The A =B output is open-collector so that it can be wire-AND connected to give a
comparison. for more than four bits. The carry output (Cp+4) can also be used to supply relative magnitude
information. Again, the ALU should be placed in the subtract mode by placing the control lines at LHHL.

Input Coy Output Cnvg Indicates

H " AxE
A<B
A>B
AxB

Active-High Daxa
(Figure 1)

A<B
A<B
A>B
A8

Active-Low Daw
(Figure 11}

TrTrlerze
TIrrF{reT

These circuits have been designed to not only incorporate all of the designer’s requirements for arithmetic operations,
but also to provide 16 possible functions of two Boolean variables without the use of external circuitry. These logic
functions are selected by use of the four function-select inputs (SO, S1, S2, S3) with the mode control input (M) at a
high level to disable the internal carry. The 16 logic functions are detailed in the function table and include
exclusive-OR, NAND, AND, NOR, and OR functions.

The SN54181/SN74181 is designed with a Darlington output configuration (54H/74H type) to reduce the
high-logic-level output impedance and thereby improve the turn-off propagation delay time. All outputs are rated at a
normalized fan-out of ten at the low logic level and increased to a fan-out of 20 at the high logic level. The increased
high-logic-level fan-out allows the system designer more freedom in tying unused inputs to driven inputs.

The SN54181 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74181
is characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

description (continued)

ALU Signal Designations

The SN54181 and SN74181 can be used with either the signal designations as shown in Figures | or 1.

The logic functions and arithmetic operations obtained with signal designations as in Figure | are given in Table I; those

obtained with the signal designations of Figure Il are given in Table II.

2 m (23) (22) 21) 20) (19) (18) 2) M 23) (22) (21)(204 (19)(18)
A0 Bg A1 By Az B A3 B3 Ao Bg Ay By Az B2 A3 B3
7} —9—qCn [¥d) Cn
SN54/74181 A=B f——(14) SN54/74181 A=B f—— (12)
(8) M 3) M
Fg F1  F2  F3 Chpig Y ox Fo F1  F2 F3  Cpea G P
© o an @3 (e (1705 9 ok 0n a3 (e (17)(18)
l | i
(3) ) 1) (2 (14) (15) (5) (8) (3) 4 1} ) (14)(15) {5) (6)
Yo Xo Y1 X Y2 X2 Y3 X3 Go Pp G1 P G2 P2 G3 P3
(13) .
a3 Xp— G p— 10y
Cn SN54/74182 [—- Cn SN54/74182
Y — (o Ppo—in
Crax Cnty Cn+z Cn+x Cnty Cn+z
(12) an 9 12) an 9}
FIGURE | FIGURE 1l
(FOR TABLE 1) (FOR TABLE )
TABLE | TABLE Il
ACTIVE-HIGH DATA ACTIVE-LOW DATA
M=H M = L; ARITHMETIC OPERATIONS M=H M = L; ARITHMETIC OPERATIONS
SELECTION LOGIC Cp=0 Ca=1 SELECTION LOGIC Cn=0 Cn=1
S3 S2 S1 Sg | FUNCTIONS Ch=1=H Ca=0=1L Sa3 S2 S1 Sp | FUNCTIONS Ch=0=L Ch=1=H
L L L L F=A F=A F=APLUS1 L LtL F=R F = AMINUS 1 F=A
LLtH|F=A+8 |F=A+8 F=(A+BIPLUS 1 L L LH|F=AB F = ABMINUS 1 F=AB
L L HL|-R=AB F=A+B F=(A+B)PLUS 1 L LHL|F=A+B |F=aBMINUS1 F = AB
LLHH|EF=0 F = MINUS 1 (2’s COMPL) | F = ZERO L LHH|F= F =MINUS 1 (2sCOMP) | F = ZERO
LHLL|F=AB F=APLUS AB F=APLUS ABPLUS 1 L HULL|F=A+B |F=APLUS{A+B) F=APLUS (A +B) PLUS 1
LHLH|F=B F={A +B) PLUS AB F=(A+B)PLUS AB PLUS 1 LHLH|F=B F=ABPLUS(A+B) F = ABPLUS (A +B) PLUS 1
L HHL|F=A@B |[F=AMINUSBMINUS1 | F=AMINUSB LHHL|F=A®B |F=AMNUSBMINUS1 |F=AMINUSB
L HHH|F=AB F = AB MINUS 1 F=AB L HHH|F=A+B |F-=A+8 F={A+B)PLUS 1
H L L L F=A+B F=APLUS AB F = APLUS AB PLUS 1 H L L L F=AB F=APLUS (A +B} F = APLUS (A +B) PLUS 1
HL LH|F-AQDB |F=APLUSB F=APLUSBPLUS 1 HLLH|F=A®B |[F-APLUSB F=APLUSBPLUS1
H L HL|F=8 F = {a+B)PLUS AB F=(A+B) PLUS AB PLUS 1 HLHL]|F=8 F=ABPLUS{A +8) F=ABPLUS (A +BIPLUS 1
H L HH|F=2aB F = AB MINUS 1 F=AB HLHH|F=A+B |F=A+8 F=(A+B)PLUS 1
HHLL|F=1 F=APLUS A* F=APLUSAPLUS 1 HHLL|F=0 F=APLUS A* F=APLUSAPLUS 1
H HLH|F=A+B | F={A+BIPLUSA F=(A+B)IPLUS APLUS 1 HH L H|F=AB F=ABPLUS A F = ABPLUS APLUS 1
H HH L F=A+B F=(A+B)PLUS A F={A+B)PLUS APLUS 1 H HH L F=AB F=ABPLUS A F=ABPLUS APLUS 1
HHHH|F=A F = AMINUS 1 F=A H HHH|F=-A F=A F=APLUS1
* Each bit is shifted to the next more significant position.
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

absolute maximum ratings over operating témperature range (unless otherwise noted)

Supply voltage, VCC (see Note 1)

Input voltage (see Note 1)

Interemitter voltage (see Note 2) .. .
Operating free-air temperature range: SN54181 Curcwts

SN74181 Circuits
Storage temperature range

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

7V
55V

.. 55V
—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 to each A inputin

conjunction with inputs S2 or S3, and to each B input in conjunction with inputs SO or S3.

recommended operating conditions

SN54181 SN74181 UNIT
MIN NOM MAX| MIN NOM MAX B
Supply voltage Voo 4.5 5 55 [ 475 5 5.25 \"
) High fogic levet 20 20
Normalized fan-out from each output, N —
Low logic level 10 10
Operating temperature, Ta —65 125 0 70( °C
electrical characteristics over recommended operating temperature range (unless otherwise noted)
TEST
PARAMETER TEST CONDITIONST MIN TYP} MAX| UNIT
FIGURE
ViH High-level input voltage 1and 2 2 \
ViL Low-level input voltage 1and 2 08| V
High-level out wt volta Vee =MIN, V=2V,
Vom gh voltage 1 cc IH 24 v
any output except A =8 V|=08V, gy =-800uA
High-level output current, Vee=MIN, V=2V,
oy tp ; cc H 50| uA
A = B output only ViL=08V, VgHu=55V
Vee = MIN, Vig=2V,
VoL Low-level output voltage 2 cc TH 0.4 \'
ViL=08V, lgL=16mA
hy  High-level input current {mode input) 40| upA
1 High-level input current (any A or B input) 120 A
H_—9 kb v AOrE ey 3 |vec-Max, vi=2av £
Ij4  High-level input current (any S input) 160 | upA
Iiy  High-level input current {carry input) 200| uA
14 High-level input current (any input) 3 Vee =MAX, V=55V 1| mA
Il  Low-level input current (mode input) —~1.6| mA
! Low-level input current (any A or B input) —4.8
18 {Tpur curr yoor= P 3 |Voe=MAX, V| =04V mA
L Low-level input current (any S input) —6.4| mA
Ij|L  Low-level input current (carry input) -8 mA
1 Short-circuit output 8 4 v MAX SN54181 -20 ~55 A
ort-circuit ou curren =
os c puteu ce SN74181 18 57| "
SN54181 88 127
| S i ent 5 Vee = MAX A
cc  Supplycurr cc SN74181 88 140|
: s ) " 6 v MAX SN54181 94 135 mA
u curren =
cc  Supbl cc SN74181 94 150

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

type.
+ All typical values are at Veg =5 V, T = 25°C.
§ Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

switching characteristics, VCC =5V, Ta = 25°C, N = 10 (CL = 15 pF, R = 400 ©)

PARAMETERY | FROM (INPUT} | TO (OUTPUT] | TEST FIGURE TEST CONDITIONS MIN  TYP MAX |UNIT
tPLH 12 18
C C
tPHL n nt4 13 19 ns
t M=0V 13 19
PLH Cn Any F —_— ns
tPHL {SUM or DIFF mode) 12 18
tpLH M=0V,80=83=45YV, 13 19
Any AorB G — ns
tPHL S1=82=0V (SUM mode) 13 19
1 M=0V,80=83=0V, 17 25
PLH Any AorB G P ns
tPHL S1=82=4.5YV (DIFF mode) 17 25
1 M=0V,50=S83=45V, 1
PLH Any AorB P — 3 19 ns
tPHL . $1=82=0V (SUM mode) 17 25
1 M=0V,S0=S3=0V 17
PLH Any AorB P ! i_o ’ ® ns
TPHL S1=82=4.5V (DIFF mode) 17 25
t M=0V,S0=S3=45V, 28 42
PLH Any AorB Any F . ns
: tPHL $1=52=0V (SUM mode) 21 32
4 1 M=0V,S0=S3=0V, 32 48
PLH Any AorB Any F —_— ns
TPHL S1=82=45V (DIFF mode) 23 34
t 32 48
PLH Any A orB Any F M = 4.5 V (logic mode) ns
tPHL 23 34
tPLH M=0V,80=8S3=0V, 35 50
Any AorB A=8B —_— ns
TPHL S1=82=4.5V (DIFF mode) 32 48

"tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

functional block diagram

S3 o

D,
20—
2(1) o ’_—%ﬁ_@ ) G oroY
1 1
< P .
B3 o—4—q > =
A3 © |
B I
oo |
B2 °9 —|
t T $_ ]
) 2 N F2
%;D St % %D
o—t ' ; P !
" D, |
A1 O b ‘
i
1l J
éDDtD :
BO cHH:[>
| >
AOQ o— ) E

M. o—>o

Cn O
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

d-c test circuitst

PARAMETER MEASUREMENT INFORMATION

TEST TABLE
Vee
T OUTPUT
— = UNDER APPLY ViH APPLY V)
s3 TEST
a 52,51,S0,
G
s G S3,B3,A3 B2, A2, B1,
(P —— — T Copa [
™ I " o o A1,B0, AO
see  [—®2 F3 o0 N 3,52, B3,
TEST [——C A2 2 lb—o0 c 82 A2 B1 S1,S0, A3,
TABLE [——q B1 Fllo————o n+4 A, B, c
Vi o] —d= o A1, BO, A0 n
% A-8 Vo = $3,52, B3, A3,
by lon P B2, A2, B1, NONE
c1'|
Von A1,BO, A0
I : 1 $3,82, 51,
= anyForA=8 S0, A3, A2, NONE
A1, A0, M
Inputs not otherwise specified are connected to ground.
FIGURE 1-V|H, VL. VOH
TEST TABLE
Ve OUTPUT
UNDER APPLY Viy APPLY VL
T TEST
— =
o $3,82, S0,
s2 G B2, A2, B1, S1,B3,A3
> s A1,B0, AQ
Vi 0——» —s3 Cosa =2 S3,A3,A2, $2, 81, S0,
——a A3 P Jo—o0 Cn+4
see p—d 82 Fl— o ~or A1, BO, AO B3, B2, B1
TEST g a2 F2 o S$2, B3, A3
TABLE | g £ M ’
vy o——! a1 F°°"_° P B2, A2, B1, s3
—J P a— y A1, BO, AQ
" P $3,52,51, A3, A2, A1,
any F
L c, S0, M, Cpy AO
— T $3,82, 81,
= = T A=B S0, A3, A2, A0
A1, M, Cq

Inputs not otherwise specified are connected to ground.

FIGURE 2-VH, ViL. VoL

T Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT (continued)

45V Vee TEST TABLE
[+]
- _ T APPLY V, CONDITIONS ON OTHER CONDITIONS ON OTHER
- MEASURE INPUTS FOR 1| INPUTS FOR I
s2 Ij4 OR I | APPLY 4.5V | APPLY GND APPLY 4.5V | APPLY GND
o 6 b—o S0,53,
L— ——o 83 Coea [— any A, NONE ALL OTHER | ALL OTHER NONE
e see 90 e any B, INPUTS INPUTS
vi——  TEST 9 Flo— OPEN
' .”_ TABLE 9 :12 F2 o— or M
—
- d a1 F1jo—— s1.52 BO, B1, ALL OTHER A0, AT, ALL OTHER
—q O ' B2, B3 INPUTS AZ, A3 INPUTS
—— a0 =8 p—
M ALL OTHER ALL OTHER
Cn NONE NONE
Ca INPUTS INPUTS
N I
4 < Each input is tested separately.
FIGURE 3-—IIH, 'IL
asv Vee
— ]
s3 TEST TABLE
s2
st R OUTPUT
so
L.l des Corgp—0 UNDER | APPLY 4.5V | APPLY GND
seE | ] :; ° TEST
3 jo——0
TEST
TABLE o A2 b o G $3, A3, B3 ALL OTHER
— i; [ 2] Y INPUTS
] —J e p— o los ALL OTHER
a0 A-B _1 ! Cr+a NONE INPUTS
LY
P, FO, F1 ALL OTHER
Cn OPEN FO.F1, NONE
—_ — J_ F2,0orF3 INPUTS
= 4 =
FIGURE 4—|OS
Vee Vee
T llcc Il'cc
a5V s3 a5V s3
sz s2
s1 s1
s0 G o—— pos Go——
B3 Cnea f— Cosa f—
A3 Plo— P lo— o
B2 F3jo—— F3 oo
OPEN OPEN
A2 F2 jo— F2 o—n
B1 F1 fo— F1jo—
1
% Fop—— Fo o—
A0 A=Bpl— A=Bp—

%

FIGURE 5—|cc

I

T Arrows indicate actual direction of current flow. Current into a terminal js a positive value.

‘F—Tm
SYEEEEEE

1

FIGURE 6—q
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

OUTPUTS
,__/\_._._‘
®oam &
-
Vee - A
INPUTO O 45V o) 0000 00 OO0
N
s3 | |
52 |
s1 ° |
so c f‘o |
n+
> 983 (See Note C) |
a3 P |
PULSE SEE i 4 |
GENERATOR TEST 82 e =15 oF
(See Note A) TAsLES] A2 F2fo 1 L P
——qB1 Fip (See Note B) I
=g —qA1 |
F—Q|BO FoOT—® = = |
F—O A0 A=B-@ 1
M ' |
o
n LOAD CIRCUIT 1
I |
il T oo oo
] 1 LoabcircuiTs 2,3, 4,5, 6, AND 7 i
—
—_ |
— 1
Same as Load Circuit 1
— T - 4
r—————=—=-=-=--=- _!
| -
| Ry =400 Q ];
|
T X Cp =15 pF I
i T (see Note B) I
L LOAD CIRCUIT 8
TEST CIRCUIT - = =
<10 ns—bl le— —.| le— <ions
- = —_———— - — - — — — — — — 3V
| |
INPUT UNDER
TEST
| ov
|
le _ — = = = - = = — Vou
|
ouUTPUT i
WAVEFORM 1 |
|
VoL
|
|
|
VoH
|
QUTPUT I
WAVEFORM 2 |
: 1
_ - — = = — — — — — v

e tPHL —’l

VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zg,¢ ~ 50 Q.

«B. Cj includes probe and jig capacitance.
C. All diodes are 1N3064.

FIGURE 7—PROPAGATION DELAY TIMES
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

SUM MODE TEST TABLE
FUNCTION INPUTS: S0=83=45V,81=82=M=0V

HER 1
INPUT OTHER INPUT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER SAME BIT UNDER WAVEFORM
TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
t Remaini
PLH A B None emaining Cnh Any F 1
tPHL A and B
Remai
tPLH B A None emaining Cn Any F 1
tPHL A and B
t Remainin:
PLH A B None None 9 P 1
TPHL AandB, Cp
1 Remainin,
PLH B A None None g P 1
PHL AandB, Cp
1 Remainin Remainin
PLH A None 8 9 ining G 1
TPHL B8 A.Cn
t R ini R n
PLH B None A emasning emaining G 1
tpHL B A,Cph
kY All All
PLH Cn None None Any F 1
tPHL A B or Cnta
DIFF MODE TEST TABLE
FUNCTION INPUTS: S1=82=45V,S0=8S3=M=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER UNDER WAVEFORM
TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
tPLH A None 8 Remaining Remaining Any E 1
PHL A 8.Cn :
tPLH 8 A None Remaining Remaining | Any E 2
TPHL A B,Cn |
4 Remaining |
PLH A None B None g P 1
tPHL Aand B, Cy
t R ini
PLH B A None None emaining P 2
. tPPHL Aand B, Cp
1 Remainin
PLH A B None None emaining G 1
tPHL A and B, Cy,
1 R ini
PLH 8 None A None emaining G 2
PPHL Aand B, Cp
tPLH A 8 None Remaining Remaining A=8 2
tPHL A B, Cp
PLH B A None Remaining Remaining A=B 2
tPHL A B.Cn
t All
PLH Ch None None None Ch+a 2
PHL Aand B
LOGIC MODE TEST TABLE
FUNCTION INPUTS: S1=8S3=M=45V,S0=S2=0V
OTHER INPUT .
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER UNDER WAVEFORM
TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
1 Remainin
PLH A None B None 9 Any F 2
tPHL AandB,Cp
PLH Remaining
B None A N Any F 2
tPHL one AandB, Cp, v
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CIRCUIT TYPES SN54181, SN74181
ARITHMETIC LOGIC UNITS/ FUNCTION GENERATORS

TYPICAL APPLICATION DATA

Typical addition times for various configurations are given in the
table below. Subtraction times are in the same range as summa-

tion times.
TYPICAL ADDITION TIMES
—
PACKAGE COUNT
NO. OF TOTAL ADD TIME
SN54181/ | SN54182/ CARRY
BITS |ADDITION TIME | PER BIT BETWEEN ALU's
SN74181 | SN74182
(ns) (ns)
4 24 6.0 1 NONE
8 36 4.5 2 RIPPLE
12 48 4.0 3 RIPPLE
SN7418° 12 36 3.0 3 1 FULL LOOK-AHEAD
or
/ 16 60 3.8 4 RIPPLE
N ¢ N ¢ ¢ ¢ 16 36 22 4 1 FULL LOOK-AHEAD
— a-ab—cn e, n mea[——Cn nea— 2 120 38 8 RIPPLE
2 96 3.0 8 1 PARTIAL LOOK-AHEAD
16-BIT ALU, RIPPLE CARRY 32 72 2.2 8 2 PARTIAL LOOK-AHEAD
32 80 1.9 8 . 3 :ULL LOOK-AHEAD
181 or SN74181
c, c, C, Cn Coeaf—
G P [ G _» [
I I I
Go Py Cnex G1 Pq Cruy Gz P2 Cpez Gz P3
c,
" SN54182 or SN74182 G P
16-BIT ALU, TWO-LEVEL LOOK-AHEAD
N54181 or SN74181
Cn Cn Ca Cn Cosa Cn Cn Cn Cn Coval—m
c ® a P G ® G ® [ G P G P G P
Gg Py Cpex Gy Py Cpay Gz P2 Cnsp G3 P Go Py Cpex Gy Py Chyy Gy P2 Cniz Gy P3
C, C
" SN54182 or SN74182 5 e " SN54182 or SN74182 s »
T
7] Ty
32-BIT ALU, TWO-LEVEL LOOK-AHEAD OVER 16-BIT GROUPS
SN54181 or SN7418
C Cnea Cn Cnra Cn Cr Ca Cn Crraf——Cn c, Co c,
G P s _» [ [ G P [
Go Po Cnex G1 Py Coay Gz Py oz G3 P Go Po Cnex Gy Py Cray
c
" SNS4182 or SN74182 o, " SN54182 or SN74182
COMBINED TWO-LEVEL LOOK-AHEAD AND RIPPLE-CARRY ALU
181 or SN74181
— ¢ Cq c, c, <, c, c, €, —c.
G P s P G P [N G _* G P G @ G P

|

L

aaniamssd eIt I sd i

Go Pg Cnex
B

n

G1 Py Cpuy G2 Py Cpep G3 Py Go Pp Cnex Gy Py Cpey Gz P2 Cpp G3 P3 G Po Crex
c < i
52

n
SN54182 or SN74182 6 ¢ SN54182 or SN74182 G »p SN54182 or SN741:

Gy Py Cpoy G1 P1 Cmy
Cn
SN54182 or SN74182

64-BIT ALU, FULL-CARRY LOOK-AHEAD IN THREE LEVELS

A and B inputs and F outputs are not shown.

271 PRINTED IN USA

T cannot assume any responsibility for any circuils shown TEXAS IN ST RUN ENTS 9-325

or represent that they are free from palent infringement.

INCORPORATE

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS. TEXAS 75222
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

M
Msi

J OR N DUAL-IN-LINE

PIN DESIGNATIONS
OR W FLAT PACKAGE (TOP VIEW)T

DESIGNATION | PIN NOS. FUNCTION TNPUTS OUTPUTS
G0.G1.G2.63 | 3.1 14 5 ACTIVE-LOW Vec P2 G2 Cn “Crix Cmy G Coz
T T CARRY GENERATE INPUTS B wifueijfinl{w]]9
ACTIVE-LOW
PO, P1,P2,P3 | 4,2,15,6 tl» l \ I (L
CARRY PROPAGATE INPUTS P2 G2 €, Cpy Cruy G
Cn 13 CARRY INPUT
C C 61 Cpez
R a2, 11,9 CARRY OUTPUTS
Ch+z Pl__GO__PO_G3 P3P
o 0 ACTIVE-LOW T 7T T 777
CARRY GENERATE OUTPUT ) 1 2113114151617 8
ACTIVE-LOW Gl__P1___GO_ PO G3 3, P GND
P 7 INPUTS ouTPUT
CARRY PROPAGATE OUTPUT
Vec 16 SUPPLY VOLTAGE logic: see description
GND 8 GROUND
. . tPin assignments for these circuits are the same
descrlptlon for all packages.

The SN54182, SN74182 is a high-speed, look-ahead carry generator capable of anticipating a carry across four binary
adders or group of adders. It is cascadable to perform full look-ahead across n-bit adders, with only 13 nanoseconds
delay for each level of look-ahead. Carry, generate-carry, and propagate-carry functions are provided as enumerated in
the pin designation table above.

The SN54182 or SN74182, when used in conjunction with the SN54181 or SN74181 arithmetic logic unit (ALU),
provides full high-speed carry look-ahead capability for up to n-bit words. Each SN54182/SN74182 generates the
look-ahead (anticipated carry) across a group of four ALUs and, in addition, other carry look-ahead circuits may be
employed to anticipate carry across sections of four look-ahead packages up to n-bits. Applications data for the
SN54181/SN74181 illustrates cascading of SN54182/SN74182 circuits to perform multi-level look-ahead.

Carry inputs and outputs of the SN54181/SN74181 are in their true form and the carry propagate (P) and carry
generate (G) are in negated form; therefore, the carry (input, outputs, generate, and propagate) functions of the
look-ahead circuit are implemented in the compatible forms. Reinterpretations of carry functions at the
SN54181/SN74181 are also applicable and compatible with the look-ahead package. Logic equations are:
Cntx = Gg + PoCn
Cn+y = G1 +P1Gg + P1PoCp
Cn+z = G2 + P2G1 + P2P1Go + P2P1PoCp
G = G3 + P3G + P3P2G1 + P3PoP1Gp
P P3P0
Inputs of the SN54182/SN74182 are diode-clamped to minimize transmission-line effects, and Darlington outputs are
employed to improve turn-off times and reduce propagation delay times. Typically, the average carry time is 13
nanoseconds, and power dissipation is typically 180 milliwatts or 11 milliwatts per gate. The SN54182 is characterized
for operation over the full military temperature range of —55°C to 125°C; the SN74182 is characterized for operation
from 0°C to 70°C.

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

Supply voltage Vg (see Note 1) . . . . . . . . . . L L L L L Lo ... TY
Input voltage (see Note 1) . 55V
Interemitter voltage {see Note 2) e e e e .. . bbV
Operating free-air temperature range: SN54182 Circuits —~55°C to 125°C

SN74182 Circuits 0°C to 70°C

Storage temperature range —65°C to 150°C

NOTES: 1. Voltage values 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 each G input in
conjunction with any other G input or in conjunction with any P input.
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CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

recommended operating conditions

SN54182 SN74182
MIN NOM MAX | MIN NOM MAX unT
Supply voltage Vcc 45 5 55 | 475 5 5.25 \Y
Normalized fan-out from each output, N High Iog-lc tevel 2 20
Low logic level 10 10
Operating free-air temperature range, Ta —b5 25 125 0 25 70 °C

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

less otherwise noted)

TEST
PARAMETER TEST CONDITIONST MIN TYP MAX |UNIT
FIGURE
V|4 High-level input voltage 1and 2 2 v
Vi Low-level input voltage 1and 2 08| V
; Ve = MIN, VIH=2V,
VoH High-level output voltage 1 2.4 \"
ViL=0.8V, IgH=—-800uA
Vee=MIN, Viy=2V,
VoL Low-level output voltage 2 04| Vv
V|L=08V, IgL=16mA
iy High-level input current {Cp, input) 80 uA
Iyq  High-level input current (P3 input) 120 | pA
| High-level input current (P2 input 160 A
L2 . oe (P2input) __ 3 |vee=max, v,=2av £
hiy  High-level input current (PO, P1, or G3 input) 200 pA
Ly High-level input current (GO or G2 input) [ 360 pA
i  High-level input current (G 1 input) T 400 | pA
IjH  High-level input current (any input) 3 Vee = MAX, V=55V 1] mA
lj.. Low-level input current (Cp, input) -3.2! mA
b Low-level input current (P3 input) —4.8| mA
1 Low-level i t t (P21 t -6.4 A
L w-level fnpu current (P2 input} . 3 Voo = MAX, V| =04V m,
'TR Low-level input current {PO, P1, or G3 input} -8 mA
lj  Low-level input current (GO or G2 input) —144] mA
h Low-level input current {G1 input) —-16| mA
los  Short-circuit output current§ 4 Vee = MAX —-40 —100| mA
i S 1 t, all outputs high 5 \Y MAX SN54182 2 A
current, ail outputs hi = m
CCH Supply cu utp gl cc SNTa182 27
| Suppl t, all outputs | 6 Vi MAX SN54182 45 65 A
s lo = m.
ccL Supply current, all outputs low cc SN72182 pr 72

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

type.

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

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

TEST
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
FIGURE
Propagation delay time, low-to-
tPLH . 1 17 ns
high-leve! output
- - - 7 Cp = 15pF, R =400
Propagation delay time, high-to-
tp 15 22 ns
low-level output

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

functional block diagram

P3O

P

tl

G30—

P20

G20-

P10O—

n+y

G10—

PO O—

T

n+x

GO0 o—

%w%ww .

[og
Cn

o
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CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

d-c test circuits¥

PARAMETER MEASUREMENT INFORMATION

Vee
TEST TABLE
P3 P
o3 QUTPUT
v UNDER APPLY Vi APPLY V)
IH P2 G p—o TEST
oO—P
SEE G2 \|OH P PO P3, P2, P1
TEST P1 C
v ntz O G P3 G3 P2, P1, G2,
[ TABLE G1 ’ G1,G0
o—Pb -
C P2, P1, PO,
PO nty F—0 Cntz a1 6o G2 ¢,
GO -
. - A vou Cty P1, PO, GO G1,Cpq
n = Crix PO GO, C,,
e -_— . y _l Inputs not otherwise specified
- - - are connected to ground.
FIGURE 1-V,,,. V,, . Vo
Vee
TEST TABLE
{ P3 P
a3 OUTPUT
y UNDER APPLY V| APPLY VjL
H P2 Gp—o TEST
o—> SEE G2 4\'0L b NONE P3, P2,
v TEST P1 Chig 0 ' P1, PO
L TABLE G1 P3, P2, P1, G2
G , P2, P1, G2, 63
o— PO Coty —o G1, PO, GO
P1,G1,
GO . A VoL Chiz P2, G2, Cy, PO GO
C + — .
n e = Crrty P1,G1, Cq PO, GO
e T y l Crtx PO, GO, Cy, NONE

inputs not otherwise specified
are connected to ground.

FIGURE 2—V|H, VIL’ VOL

‘xlArrows indicate actual direction of current fiow. Current into a terminal is a positive value.

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

PARAMETER MEASUREMENT INFORMATION
d-c test circuits§ (continued)

45V Vee
7 7
— —
F3 Pp—) TEST TABLE
p—Q G3
Y P sb APPLY V|, | CONDITIONS ON OTHER | CONDITIONS ON OTHER
"H SEE Y P MEASURE INPUTS FOR Ijy INPUTS FOR 1)
R e s e e
QTL G1 anyr. NONE NONE
L ro Cosy b— or Cp INPUTS INPUTS
ALL OTHER [ ALL OTHER
——Q Go any G Cn Ch
¢ INPUTS INPUTS
[—" (o n+x "/
— — T Each input is tested separately.
FIGURE 3—Iiy, 1L
Vee
T TEST TABLE
— OUTPUT
45 v O—» —of P3 P UNDER APPLY 45V | APPLY GND
—Q| G3 TEST
—— P2 Gp—o ALL OTHER
. P P3, P2, P1, PO
SEE Y P INPUTS
TEST
taBte [P S R ALL OTHER .
b G1 INPUTS
——d o Cpoiy f—0 ALL OTHER
CH+Z Cn
L dco 0 INPUTS
c Coix ALL OTHER
n c c
| mty n INPUTS
= = = c . ALL OTHER
X n INPUTS
FIGURE 4-igg
Vee Vee
T"CCH ‘N'CCL
4.5vo—g P3 Plo—— —O| P3 rp—
G3 ¢—ao G2
——=0 P2 G p—o O P2 G p——
——0Q| G2 —CY G2
P1 I P1 N
*—0 Cosy > OPEN Q——O Cotz > OPEN
—0| G1 45V O Q G1
—Q Po Coryl— ——QqFo Coyl—
—0| GO Q GO
c, Crix c, Crx "
=< = = =
FIGURE 5-IccH FIGURE 6—IccL

§Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54182, SN74182
LOOK-AHEAD CARRY GENERATORS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

OUTPUTS
A
VCC ‘e Chtz Crix N
S © g 0C, O
INPUT P3 (]
~——t—————q
PULSE | $ R =400 & |
GENERATOR P3 | < 1
(See Note A) _ das P b i Py K_‘ I
ol P2 I I {See Note C) |
(See Note D) cp — C_=15pF |
45V o 962 ' | (See Note B) |
. ee Note
0——OQ~O_? —Pr1 Criz T | 1 1
X dc1 | = 0
o o L lomgrours |
PULSE qGo C .

GENERATOR PY c —— s i ——
(See Note A) n ~ -=
L L | |
INPUT Cn- = | LOAD CIRCUITS 2,3,4,and5 |
— (Same as Load Circuit 1) ]
S !
L e e

TEST CIRCUIT
<7ns —»|

f
4
1

e e —— e —————————— 3V
90% |
INPUT |
C, OR P3 15V |
I\!
| 10% oV
!
|
—l !
| |
! I
| | — == Vou
OUTPUT | |
Crgxs Cotyr Cntzr G ORP 15V i 15V
|
' l
I i VoL
| |
1 |
f— oL —™
VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Z,,¢ ® 50 &, duty cycle = 50%.
B. C| includes probe and jig capacitance.
C. All diodes are 1N3064.
D. Apply 4.5 V for all tests except G output. When testing G output, apply ground.
FIGURE 7—PROPAGATION DELAY TIMES
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CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

For Use in Multiple-Input Carry-Save Adders

High-Speed, High-Fan-Out Darlington Outputs

Input Clamping Diodes Simplify System Design
Compatible with Most TTL and DTL Circuits

Typical Average Sum and Carry Propagation Delays: 11 ns

Typical Power Dissipation: 110 mW per Bit

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW) T

Iogic INPUTS ouTPUT ouTPuT
€, Ly N 2
TRUTH TABLE
INPUTS OUTPUTS
Ch B A = Cn+1
L L L L L
L L H H L
L H L H L
L H H L H
H L L H L
H L H L H ., 1T GND
H H L L H INPUTS ouTPUTS
m
H = high level, L = low level positive logic: See truth table

description

NC—No internal connection

1Pin assignments for these circuits are the same
for all packages.

This dual full adder features an individual carry output from each bit for use in multiple-input, carry-save techniques to
produce the true sum and true carry outputs with no more than two levels of logic. The circuit utilizes high-speed,
high-fan-out, transistor-transistor logic (TTL), but is compatible with both DTL and TTL families. Typical average sum
and carry propagation delay times are 11 nanoseconds each. Typical power dissipation is 110 milliwatts per bit. The
SN54H183 is characterized for operation over the full military temperature range of —55°C to 125°C, and the
SN74H183 is characterized for operation from 0°C to 70°C.

9-332
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CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

absoiute maximum ratings over operating free-air temperature range {unless otherwise noted}

Supply voltage V¢ {see Note 1)

Input voltage (see Note 1)

Interemitter voltage {see Note 2)
Operating free-air temperature range, TA:

Storage temperature range

NOTES: 1.

SN54H 1 83 Clrcunts

SN74H183 Circuits

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.

recommended operating conditions

_55°C to 125°C
0°C to 70°C
—65°C to 150°C

7V
55V
55V

SN54H183 SN74H183 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage V¢ 4.5 5 5.5 4.75 5 5.25 v
High logic tevel 20 20
Normalized fan-out from each output, N -
Low logic level 10 10
Operating free-air temperature range, TA —b5 25 125 o] 25 70 °C

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

TEST
PARAMETER TEST CONDITIONST MIN TYPI MAX |UNIT
FIGURE
ViH High-level input voltage 1 2 \%
ViL Low-level input voltage 2 08| V
Vo  High-level output voltage 1 :;C:;EA::A VIH=2V, 24 Y
VoL  Low-level output voltage 2 Vec =MIN, - ViL =08V, 04| V
loL =20 mA
[ High-level input current at any input 3 Vec=MAX, V=24V 150 wA
15 9 put e v inp Voo -MAX, V| =55V 1| mA
F'TH Low-level input current at any input 3 Vece = MAX, =04V -6 mA
los  Short-circuit output current§ 4 Ve = MAX —40 —100 | mA
Vce = MAX, | SN54H183 43 69
lccL  Supply current, all outputs low 5 vy = SN74H183 28 75 mA
IccH  Supply current, all outputs high 5  |Vec=MAX, V=45V 40 mA

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

type.
£ All typical values are at Vg =5 V, T = 25°C.

§ Not more than one output should be shorted at a time, and duration of the short circuit test should not exceed 1 second.

switching characteristics, Vg =5V, TA=25°C,N =10

PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
P tion delay time,
L ropaga.lon elay timi 10 15 ns
low-to-high-level output s CL = 25 pF,
P tion delay time =
tPHL .ropagal n delay time, R =280 2 12 18 ns
high-to-low-level output
TEXAS INSTRUMENTS 9-333
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CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

functional block diagram (each adder)

INPUTS

BG

A O——4

Ve Y HJEW

bn+1

> QUTPUTS

9-334

TeEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 »

DALLAS, TEXAS 75222

27



CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

schematic (each adder)

°- ® P

4 2 <
4kQ 1.5k 28kg 760 2@ < 58 2 :
: ?

1 2.8 kQS
<

Vo ©

cc

1k

5
%@J

700 §2

’ z 5> OUTPUTS
§:;7 L
28k 3 @3 58023

i i

2.8 ks

q

=
;__\ ;—h\ 3
)

INPUTS Q  BO- -
i 4kQ

-

1k
4709 <
i\? p
s
28k S

2.8 k2 IE 3;
3
AO \ 4
) i @
TO OTHER

ADDER

Component values shown are nominal.

W VCC bus
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CIRCUIT TYPES SN54H183, SN74H183

DUA

L CARRY-SAVE FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits?

==

Each output is tested separately.

!
oH
\' Vi

(o4

Cn+1
\

L

Each output

11

is tested separately.

FIGURE Z—V"_, VOL

FIGURE 1-V, ., Vg,
45V \Y
cc TEST TABLE
. T a’:;\Ls\(u\a’:z' CONDITIONS ON
e/t OTHER INPUTS
A IHAIL 45V_| GND
seE B,C, | NONE
i =}— OPEN A B Ch
IH NOTE Cn B
V, 0—»] AND B NONE | B, C,
<«—| TEST
' A, Ch | NONE
iL | TABLE C. 41— OPEN Y T
B n
c Ch A
n NONE | A,C,
S _l_ A B NONE |
A B
[
= = n B A
Each input is tested for both NONE A B
combinations of states of the other inputs. -
FIGURE 3—1,,,. 1,
Vee Vee
T IccH lTl IcoL
A A
£ £ — OPEN
45V O B Vi o— B
Co 0 | C.4q |~ OPEN
oS
Cn ~n

Each output is tested separately.

FIGURE 4—!03

Both adders are tested simultaneously.

bl Arrows indicate actual direction of current flow. Current into a terminal is a positive value,

FIGURE 5—l¢gcy. ool
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CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

PARAMETER MEASUREMENT INFORMATION
switching characteristics

3V cc OuUTPUT

7 i

SR, =2800Q
:) L
A
xz
PULSE SEE —_o'\&__4
GENERATOR TEST B
(See Note A) TABLE (See Note C)
c Corr —0
n =25 pF
l (See Note B)
TEST CIRCUIT
—] le— <10 ns
| 1
| |
90% e — 3V
° |
|
15V |
I\
10
| ' 10% ov
| I
| ]
| |
— ton e :
| |
| | ] ——— === Von
OUTPUT ! I '
: | : Voo
! — toyy e
| |
I |
! oLy l‘_ v
| 'OH
| !
OUTPUT
WAVEFORM 2 II I 15V 15V
! |
{ | - Voo
!ty e
VOLTAGE WAVEFORMS
NOTES: A. The generator has the following characteristics: PRR = 1 MHz, Zg,¢ = 50 Q.
B. Ci includes probe and jig capacitance.
C. All diodes are TN3064.
FIGURE 6—PROPAGATION DELAY TIMES
270
TEXAS INSTRUMENTS 9337
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CIRCUIT TYPES SN54H183, SN74H183
DUAL CARRY-SAVE FULL ADDERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics {continued)

TEST TABLE FOR FIGURE 6 (EACH ADDER)

APPLY ouTPUT
TEST PARAMETER PULSE APPLY APPLY UNDER OUTPUT
. 3v GND WAVEFORM
No GENERATOR TEST
1
PLH A B,Cpn s 1
2 tPHL
3 fPLH A B Cn = 2
4 PHL
1
5 PLH A Cn B T 2
6 tPHL
! PLH A B,Cp 5 1
8 tPHL
T }
9 PLH A B Cn Chi1 1
10 PHL
1
" PLH A Cn B Cri1 1
12 tPHL
3 PLH B A, Cp = 1
14 PPHL
15 t
PLH B A Cn b 2
16 tPHL
17 [
PLH B Cn A z 2
18 tPHL
1
9 tPLH B A, Cp p> 1
20 tPHL
1
2 PLH B A Cn Cnt1 1
22 tPHL
23
“PLH B Cn A Cn+1 1
24 tPHL
25 Y
PLH Cn A, B = 1
26 tPHL
27 1
PLH Cn A 8 > 2
28 tPHL
29 1
PLH Cn B A 2 2
30 PHL
31 1
PLH Cn AB b3 1
32 tPHL
1
zi PLH Cn A 8 Cht1 1
tPHL
5 t
26 tP'-H Cn B A Cni1 1
PHL
PRINTED IN USA. 270
T1 cannot assume any responsibility fer any circuits shown
TEX [N TRUM ENT or represeni that they are free from patent infringement.
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CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152

DATA SELECTORS/MULTIPLEXERS

features

@ selects one-of-sixteen (or one-of-
eight) data sources

e serves as a five-variable-function
generator (SN54150, SN74150)

o performs parallel-to-serial conver-
sion

® permits multiplexing from N lines
to1line

® input-clamping diodes simplify

system design
® typical propagation delay times:

through 4 select levels — 28 ns

SN54150, SN74150
JOR N DUAL-IN-LINE QR W FLAT PACKAGE (TOP VIEW)t
DATA INPUTS DATA SELECT
A A
v s N/ N\
cC 8 ® 10 11 12 13 14 15 A B _C
2014231221 f21]120] 18] j18 ¢ {17 {16 {15 |14]]13
Eg Eg Eyo Ey1 Eyp Ey3 Eyy Ep
E-, c
Eg E E E3 E E E s 2w o»p
1121131415 671718191101 []12
7 6 ry ] sTHOBE W O GND
\ v J OUT- DATA
DATA INPUTS PUT SELECT
positive logic

w = S(ABEDEQ + ABCDE ¢ + ABEDE, + ABEDE; + ABCDE, + ABCDEg + ABCDEg + ABCDE

ABCDEg + ABCDEg + ABEDE 19 + ABCDE 11 + ABCDE2 + ABCDE 13 + ABCDE 14 + ABCDE 15)

SN54151, SN74151
J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)T

DATA SELECT

DATA INPUT

SN54152, SN74152
W FLAT PACKAGE
(TOP VIEW)
DATA INPUTS DATA SELECT
/_M_'\ f_—'\'ﬁ
Vee 6 C

O

@w
HOL = Kl e s OL
e

_4..@

—®
=©

®
|
D7

y:

o]
)

o
S

=]
-

O
)

W . 0

—
w1 00 O

O=
®
(O =
...@.__
o@.-—
Q=

[]
2
o

DATA INPUTS

>

w

3»
(]
C
]
°
C
4

V.

h _ cc’4a 5 6 71 A c
through 3 select levels — 20 ns mininininininlo
data input to output — 10 ns [ [ [ | ]

D, b, Dg O, A B
e high fan-out, low impedance, B3 c
totem-pole outputs D, Dy Do Y W S
o fully compatible with TTL, DTL 1 Hz2HsH«HsHs A1
and other MSI circuits 3 2 1 o0, Y W GND
L e !
DATA INPUTS ouruts STROBE
POSILive 0gic
¥ = 3(ABTDq + ABTD, + ABTD2 + ABTD3
. + ABCD4 + ABCDg + ABCDg + ABCDy)  w =¥
description

tive
W =(ABTDq + ABTD4 + ABZD3 + ABCD,4
+ ABCDg + ABCDg + ABCD7)

these multiplexers.

These data selectors/multiplexers are fully compatible for use with other TTL or DTL circuits. Each input represents
only one normalized Series 54/74 load, and full fan-out to 10 normalized Series 54/74 loads is available from each of
the outputs in the logical O state. A fan-out to 20 normalized Series 54/74 loads is provided in the logical 1 state to

TPin assigments for these circuits are the same for all packages.

Each of these monolithic, data selectors/muitiplexers contain inverter/drivers to supply fully complementary, on-chip,
binary decoding data selection to the AND-OR-INVERT gate. The SN54151/74151 features complementary outputs
whereas the SN54150/SN74150 and SN54152/SN74152 have inverted outputs only. The SN54150/SN74150 and
SN54151/SN74151 circuits are provided with a strobe-input which, when taken to a logical O, enables the function of

facilitate connection of unused inputs to used inputs. Typical power dissipations are:

SN54150/SN74150 — 200 milliwatts
SN54151/SN74151 — 145 milliwatts
SN54152/SN74152 — 130 milliwatts

These data selectors feature Series 54H/74H circuitry for the OR function. This is done to minimize the capacitive
effects of paralleling the phase-splitter transistors and thus reduce the propagation delay time. The SN5415(1, SN54151,
and SN54152 are characterized for operation over the full military temperature range of —55°C to 1256°C; and the

SN74150, SN74151 and SN74152 are characterized for operation from 0°C to 70°C.

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152

DATA SELECTORS/MULTIPLEXERS

logic

TRUTH TABLE (SN54150/SN74150 ONLY)

OUTPUT

W

INPUTS

X

E12 | E13 |E1a | Eq5

X

X
X
X

X
X

X
X

X
X

X
X

X
X

XX

X | X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

X

XX | XX

X | X[{X|X

X
X

X | X | XX
XX | XX

X
X
X

X
X

X | X

X

X | X

X X

X

X| X

X X

X | X

X
X

0

X

X

X
X

X

X
X

X
X

XX

X

X

X | X

X | X

X | X

X | X
X | X

X

X| X | XX

XiX

X
X

X| X

X| X | X| X

X

X
X

X | X ]| X

0

X
X
X

X
X

X
X

X

X X
X | X

X

X| X

X
X
X

X
X

X

X

X

Eo| Eq{ E2 |E3|Eq |E5|Eg | E7 | Eg [Eg | Eq0| Eq

X
0

X

STROBE

(=]

D CBA

X X X X

0 000

[}

[}

[}

0 0 0 1

0 0 0 1

0 010

0 010

0
0

0

0

000
000
0 01
00 1

1
1
1
1
1
1

010
010

0

LOGICAL 1 OR LOGICAL O

When used to indicate an input condition,X
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CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

logic (continued)

TRUTH TABLE (SN54151/SN74151 AND SN54152/SN74152 ONLY)

INPUTS OUTPUTS
c | B A STROBE(1) Do Dy | D2 D3 Ds Dg Dg Dy Y| w
X X X 1 X X X X X X X X 0 1
0 0 0 0 0 X X X X X X X 0 1
0 0 0 0 1 X X X X X X X 1 0
0 0 1 0 X 0 X X X X X X 0 1
0 0 1 0 X 1 X X X X X X 1 4]
0 1 0 0 X X 0 X X X X X 0 1
0 1 0 0 © X X 1 X X X X X 1 0
0 1 1 0 X X X 0 X X X X 0 1
0 1 1 0 X X X 1 X X X X 1 0
1 0 0 0 X X X X 0 X X X s} 1
1 0 0 0 X X X X 1 X X X 1 0
1 0 1 0 X X X X X 0 X X 0 1
1 0 1 0 X X X X X 1 X X 1 0
1 1 0 0 X X X X X X 0 X 0 1
1 1 0 0 X X X X X X 1 X 1 0
1 1 1 0 X X X X X X X 0 0 1
1 1 1 0 X X X X X X X 1 1 0

NOTES: 1. SN54151/SN74151 only.
2. When used to indicate an input, X = irrelevant.

absolute maximum ratings {over operating temperature range unless otherwise noted) n
Supply Voltage Vec (SeeNote 1) . . . . . . . . . . o L oo e e e e e e YV
Input Voltage,Vin (SeeNote 1) . . . . . . . . . . oo oo . ... . bbVv
Operating Free-Air Temperature Range: SN54150, SN54151, SN54152 Circuits . . . . . . . —56°Ct0125°C
SN74150, SN74151, SN74152 Circuits . . . . . . . . . 0°C to 70°C
Storage Temperature Range . . . . . . . . . . . . ... ..o e oo —65°C to 160°C

recommended operating conditions

MIN NOM MAX|UNIT
Supply Voltage VCC (See Note 1): SN54150, SN54151, SN54152 Circuits . . . .-. [ 45 5 5.5 \'
SN74150, SN74151, SN74152 Circuits . . . . . |475 5 525| V
Normalized Fan-Out from Each Output {(N): LogicalO0 . . . . . . . . . . . . 10
Logical 1 . . . . . . . . . . .. 20

9-3M1



CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

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

TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYPE MAX |UNIT

Input voltage required to ensure

1 2 \%
logical 1 at any input terminal

Vin(1)

Vin(0) lnp-ut voltage refquired to e‘nsUfe 2 ‘ 08 v
logical 0 at any input terminal - ’

Vce = MIN, Vin(1) =2V, Vin(0)} =08V,

‘Vou t(1) Logical 1 output voltage AND Hoad = —800 wA 24 \
2 o:
: -
. X . Vee = MIN, Vin(1) =2V, Vijp(0) =08V,
Vout(0) Logical 0 output voltage AND i = 16 mA in{1) in( 04 v
. 5 si
" Logical 1 level input current 3 Ve =MAX, Vijp=24V 40 | pA
M) each input) Voe -MAX, V=55V T | mA
- Logical O level input current )
H .3 . | Voo =MAX, Vin =04V -1.6 ]| mA
linto) (each input) cc in
' Vee =MAX, | SN54150, SN54151, SN54152 | —20 —55 mA
los Short circuit output current ¥ 4
Vout=0 SN74150, SN74151, SN74152 | 18 55 | mA
Supply current
i . 5 Vee = MAX, Vin=45V 40 68 A
CC ' (sN54150/SN747150) cc n i
Supply current . )
1 5 Voo = MAX, Vin=45V 29 48 A
CC  (SN54151/5N74151) . cc in m
Supply current o o
i 5 Ve = MAX, Vin=45V 26 43 mA
CC  (sNs4152/sN74152) cc in
switching characteristics, Vec =5V, Ta = 25°C, N= 10
: FROM TO TEST
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
(INPUT) {(OUTPUT) | FIGURE
A,BoorC
t Y 20 30 s
n pd0 (4 levels) n
A,BorC
t Y 35 52 S
pd1 (4 levels) n
¢ A,B,CorD W 2 a3
pd0 (3 levels) ns
A,B,CorD
'pd1 (3 levels) w 23 35 ns
tpd0 STROBE Y 6 CL= 15 pF R =400Q 19 30 ns
tod1 STROBE v B 52 [ ™
tpdo STROBE w 21 30 ns
tpd1 STROBE w 155 24 ns
- tpd0 Dg thru D7 Y 16 24 ns
pdi | Dothru Dy Y 19 29 | ns
Egthru €
t 0 15.
pd0 Do thru D7 w 85 14| ns
Ep thru E15,
t
pd1 Do thru D7 w 13 20| ns

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

¥ Al typical values are at Ve = 5 V, Tp = 25°C.
§ Not more than one output of the SN54151/SN74151 should be shorted at a time.
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CIRCUIT TYPES SN54150, SN74150
DATA SELECTORS/MULTIPLEXERS

functional block diagram

STROBE o___q%
{ENABLE)

e

3
E4_<,L \
L
Ego—
D
<
Ego
0—\_)_
Eyo I
DATA J h ,u_)‘ l ) OUTPUT
INPUTS ] Ego — | W
|
q
Eqo [
3
Lax
E10"L T j
E I
o T .
1 1 Y
— ./
Ez0 —\
1/
E13F = | Y
i/
Eig0 T
"_Td—J
E.co .
15 T )

B
DATA B*—D—q;(_;
SELECTS
{BINARY) c D |E cj

ol
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CIRCUIT TYPES SN54151, SN54152, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

functional block diagram (SN54151, SN74151)

STROBE
(ENABLE) ﬂD

-

Do o

D2 o—

] | )

=

Dy & : T
—__J

D3 ©

DATA < [
INPUTS D4 o

Ds o

Dg ©

D7 o

~N

DATA B
SELECT B8 OW .

(BINARY}

OUTPUT Y

OUTPUTW

functional block diagram (SN54152, SN74152)

9-344

Po 'T———:‘D‘

D3 o

=Dy
T =D
—[

D3 o

DATA

INPUTS § Dg o ,: _Q
] §

Dg © |
r
[

DATA B

SELECT ¢ B
(BINARY) c
¢ o Pod Do

Ol

0 QUTPUT W




CIRCUIT TYPES SN54150, SN74150
DATA SELECTORS/MULTIPLEXERS

schematic v
saf TiE] T |
STROBE £ 2
(ENABLE) ig:zkcﬂ
1kQ E, k?),
] 4
4 l16
4k 11.6 kY
i Kk [kQ Es k‘}z
( j —
A
1 kSt 1 kO -
= Ko
B 760} 130
Q1
Fs KQ
DATA
SELECT ¢ 3 ‘}1
(BINARY) + K ou'erPuT
/—-—4
4 116 !
4 kN2E1.6kQ IXVR Jres
7
Eg 5 Lt!a
c % L
Eo Ko
1k 1 kQ » .
1 1 E 4
4 y 10 n
4kQ231.6 kO ij% W ]
o
Eue 4
i t—e
1 k2 1k
i E12 k‘b
»
E13 . o
.
e 4 1]
14 K |
i !
i + i
s N
! : a |
1 i |IE1s [
Ll K§2 | ¢
i
t i
Component values shown are nominal. GND
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CIRCUIT TYPES SN54151, SN74151
DATA SELECTORS/MULTIPLEXERS

schematic

r
1.6 k2
4k

A

STROBE

(ENABLE) f
1k0

i .
| 16k 1.6 k2
4 kﬂ? 4k

rE_

1k

1.6 kO
4 k2

DATA
SELECT
(BINARY)

fEF%‘
e e

1.6 k2
4kQ

e}
-
x
5
o
=
)
x
5

H

Component values shown are nominal.
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CIRCUIT TYPES SN54152, SN74152
DATA SELECTORS/MULTIPLEXERS

schematic
1.6 kS2
4k
e
A
Tk&2
4ks2
ouTPUT
W
DATA
seLect < B
(BINARY)
4708
= Q
1k$2
4kl
c
\
Tki
GND

Component values shown are nominal.
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CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitsT

v
Vee cc
— - v
v, o——| in 0o——
& or 0. STROBE L_lejorpg T ROBE
L—{€o
—{EqorDq —E10r 0
EjorD. 52 02
—2 2 EjorD.
|_{E;0rD. €30 D3 .
oo Lt F—{Eaor Dy Ny
——Eqor Dy }
} Egor D
Eg or D 15 5
| €5 orDg o Yp— - 53—
Y p 1 | _JEgor D,
TestT  |—Es0r Dg N ‘ TesT [eore ‘ ) |
PER  |—{E;orD } v, 1.7 7 [
v. 701Dy | n (0)0—] load
in {1)0—— TrotH |_lE sink. | i TRUTH | {€g ]
TABLE € TABLE 1 o——
—‘E9 W p—— i L 1Eq0 w !
—Ei0
jEn T | —En T !
Eyp ——212 G) ,4\
£ F—E13
s ® N
E1a T — Em
5 aeco | J1E asco !
- - | r | !
TEST v v Vino—— e Vout (1[Vourtoy
Vin (110 PER out {0)f Yout (1) V'r T:E:H
Vin 000—— TRUTH }- 1 e TABLE _‘_ I
TABLE L . I S
- - = - = == = = T = T

1. Vin(0) is applied to STROBE; 8-4-2-1 code is
applied t0 A, B, C, D; and input/output condition
is tested for each step of the code.

2. Vin(1) is applied to STROBE at which time
Vout(0) is measured at Y and Vgyt(1) is measured

1. Vin(o) is applied to STROBE; 8-4-2-1 is applied to
A, B, C, D: and input/output condition is tested for
each step of the code.

atw. FIGURE 1 FIGURE 2
TEST TABLE
Vee INPUT P!
[' 7 CONDITIONS TesT COI:INII)I";'J:-ONS TEST
— ITION
Hegu bgTRose AlB|cID]| ¥ 1 AlBlc|p| | B
8 Esw DI‘J in(0) in(1) in{0) in{1)
:2;;32 0|0|0 |0 |EgorDg| EqgorDy o|lo|1{1]En E3
;:;j g; y 1/0|0|0|EjorDq|Eqq0rDg 1{of1|1]E3 Eo
::6‘"‘;5 01|00 |EzorDy| Eq30rDsp o|1{1]|1|Eqa Eq
790y
l“_'_", see {8 oren 1({1{0|0 |EzorD3| Eq20rDg 111(1]1]|Es Eg
Vin 0—— TEST [Hfo W b—
m TABLE —-:uo 0|0 (1|0 |EgorDg|Eqq0rD3 0 A
e 1|/0{1 |0 |EgorDg| Eqgor Do 0 B
| JE
_E:j o|1]1 |0 |EgorDg| EgorDq 0 c
1 aeco 11110 |E7orDy| EgorDg 0 D
I
B 0|00 |1]|Eg Ez 1 A
(1 |ofo]1]Eg Eg 1 B
- = of[1|0]|1]|E0 Esg 1 c
1(1]0}]1]|E Eg 1 D
1. When testing strobe input, all other inputs are open. FIGURE 3

1 Arrows indicate actual direction of current flow. Tests as shown, are for the SN54150/SN74150. Identical tests as applicable are
performed for the SN54151/SN74151 and SN54152/SN74152.
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CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION
d-c test circuits? (continued)

Vee Vee
45V l'cc
4 ° &
STROBE
45v SEE L1 e orD, | STROBE
NOTES thaliatt) EgorDg
@®— EjorDy —1EyorDy
u o Ezor DZ - EZ or 02
— E30r03 — E3or D3
£ 0D, los —E 01D,
®— EgorDg Y— - - 7 —EgorDg Y- —
*~—] Esor Dg | — anr DG
—{ E;orD; | —]E;0rDy
PEN PEN
&g | ° — &g ©
*— E9 ‘os | — Eg
—Eyq W p— l | —Eqg Wo—o
*— £y I —Ep
*—Epr | —1En2
—E3 | — &3
—{Eyy | —{Eyy
—Eg —E
1
. A B C D ! ~ * A8 coo
|
L L1
1. When testing W output, apply GND to Dg and Eg
nput.
2. When testing Y output of SN54151/SN74151
apply 45 V to Dg and measure l0s. =
FIGURE 4 FIGURE 5

T Arrows indicate actual direction of current flow. Tests, as shown are for the SN54150/SN74150. Identical tests as applicable are
performed for the SN54151/SN74151 and SN54152/SN74152.
switching characteristics’

QUTPUTS

/X—A—\ Vec=5V
o
STROBE INPUT O—— —

ST
DATA INPUT O——_JEqor Dy

<

!
A
|
¥
4
¥
J

) e-—--—
'_()

—
|
1
Egor Dg vy

Eg W

A B CD

SELECT

INPUT

FIGURE 6~-SWITCHING TIMES (SHEET 1 OF 2)
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CIRCUIT TYPES SN54150, SN54151,SN54152, SN74150, SN74151, SN74152
DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vin ()

STROBE
INPUT
{See Notes 1 and 4)

- — —v,

out (1)
Y OUTPUT
Vout (0)

Vout (1)

W ouTPUT

— = — Vouwt(o

STROBE-TO-OUTPUT VOLTAGE WAVEFORMS

EgOR
Dg INPUT
{See Notes 2 and 4)

W ouTpuT

|
|
|
'nd()’l

> =140
tpd1 9| .

— — — —V

Y OUTPUT

DATA INPUT-TO-OUTPUT VOLTAGE WAVEFORMS

Vin (0)

Vour it

— — — —Vout0

out {1}

Vout (0)

SELECT
INPUT
{See Notes 3 and 4)

W outpuT

‘deb
1
o1 e

Y OUTPUT

Vout (0)

SELECT INPUT-TO-OUTPUT VOLTAGE WAVEFORMS

NOTES: 1. When measuring strobe-to-output times
select input is at a logical 0, Eg or Dg
isataiogical 1,V =45 V.

2. When measuring data input-to-output
times strobe and select inputs are at a
logical 0, and V4 =4.5 V.

3. When measuring sefect input-to-output
times strobe input is at a logical 0, data
input is at a logical 1, and Vq = 0.

4. The input pulse has the following
characteristics: Vip(1) =3 V, Vin(0) =
0V, tq4=1t9=10ns, PRR = 1 MHz,
duty cycle = 560%, and genfrator
Zout 50 -

5. Cy includes probe and jig capacitance.

6. Al diodes are TN3064.

FIGURE 6~SWITCHING TIMES (SHEET 2 OF 2)

T Tests, as shown, are for the SN54150/SN74150, Identical tests as applicable are performed for the SN54151/SN74151 and
SN54152/SN74152.
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m CIRCUIT TYPES SN54153, SN74153
Ms| * DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

T@EO
. . . . . : mcy
e Permits Multiplexing from N lines to 1 line JOR N DUAL-IN-LINE é ,':2
i . OR W FLAT PACKAGE (TOP VIEW)T ma3
e Performs Parallel-to-Serial Conversion _ 24
i . . STROBE A DATA INPUTS OUTPUT > g é
e Strobe (Enable) Line Provided for Cascading Vec 28 SELECT, A 2y E-Ug
. . >
(N lines to n lines) 65| upfuf{r]inf{{uo]]s 352
| ] 33
H H H . -
e Typical Average Propagation Delay Times: T 8 5 8
2G o =B
Data InputtoQutput . . . . . 14ns BEAZR NZ
H
Strobe InputtoQutput . . . . 17ns ﬁ;
W
Select InputtoQutput . . . . . 22ns .2 2
16 BBAA >
. 3
® High-Fan-Out, Low-Impedance, Totem-Pole Af& €2 1C2 11 1C0 1y <
Outputs l [ | | [ 8
. . V{213 (14)]S(|6]|7]]38 ©
e Fully Compatible with most TTL and DTL .
. . STROBE B —V OUTPUT GND
Circuits 16  SELECT DATA INPUTS %
description positive logic: See truth table
Each of these monolithic, data selectors/multiplexers TPin assigments for these circuits are the same for all
contains inverters and drivers to supply fully comple- packages.
mentary, on-chip, binary decoding data selection to TRUTH TABLE
the AND-OR-invert gates. Separate strobe inputs are A::‘DPS::S DATA INPUTS STROBE |OUTPUT
rovided for each of the two four-li ions.
p or each wo four-line section B A o & &= & G v
i X X X X X X H L
These data selectors/multiplexers are fully compatible L L L X X X L L
for use with most TTL and DTL circuits. Each L L H X X X L H
diode-clamped input represents only one normalized L H X L X X L L
Series 54/74 load, and full fan-out to 10 normalized :-i E § ; i ; t E
Series 54/74 loads is available from each of the H L X X H X L H
outputs in the low-level state. A fan-out to 20 “H H X X X L L L
normalized Series 54/74 loads is provided in the H H X X X H L H
high-level state to facilitate connection of unused Address inputs A and B are common to both sections.
inputs to used inputs. Typical power dissipation is H = high level, L = low level, X = irrelevant

180 milliwatts.

Resistor values in the OR function have been reduced to values used with Series 54H. This minimizes the capacitive
effects of paralleling the phase-splitter transistors and reduces the propagation delay times. The SN54153 is
characterized for operation over the full military temperature range of —55°C to 125°C; the SN74153 is characterized

for operation from 0°C to 70°C.

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

Supply voltage V¢ (see Note 1)

Input voltage {see Note 1) . . . . . . . . . . ..

Operating free-air temperature range: SN54153 Circuits
SN74153 Circuits

Storage temperature range

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

7V

.. . 5V
—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C
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CIRCUIT TYPES SN54153, SN74153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

SN54153 SN74153 UNIT
MIN NOM MAX { MIN NOM MAX
Supply voltage Voo 45 5 55 {475 5 5.25 \"
) High logic level 20 20
I fan- h
Normalized fan-out from each output, N Cow logic level 0 10
Operating free-air temperature range, T —b5 25 126 (1] 25 70 °c

electrical characteristics over recommended operating free-air temperature range (unjess otherwise noted}

TEST
PARAMETER TEST CONDITIONST MIN TYPE MAX UNIT
FIGURE
ViH High-level input voltage 1and 2 2 \4
ViL Low-level input voltage 1and 2 0.8 \4
) Vee =MIN, Vig=2V,
VOoH High-level output voltage 1 2.4 3.1 Y
] ViL=08YV, IgH=-800uA
v Low-level output volt 2 Vec =MIN, - Vip =2V, 02 04 | Vv
W-levi utput v e .. .
oL put voltag V|L =08V, loL=16mA
" High-level input current 3 Voo = MAX, V=24V 40 wA
tH (each input) Voo - MAX, V) =55V . T | mA
Low-level input current
m ) 3 Vce = MAX, V| =04V —16 | mA
(each input)
SN54153 —-20 -b5
| Short-circuit output current 4 Vee = MAX A
0s ort-circuit output current§ ) cc SN74153 18 57 m
SN54153 36 62
I Suppl rrent, low-level output 5 Voo = MAX mA
ceL PPly cu P cc SN74153 % 60

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
type.
T Al typical values are at Vog = 5 V, T = 25°C.

$Not more than one output shouid be shorted at a time,

switching characteristics, Vec =5 V, TA =25°C,N =10

PARAMETERY FROM To TEST TEST CONDITIONS MIN TYP MAX | UNIT
{(INPUT) {OUTPUT) FIGURE
tpLH Data Y 12 18 ns
L-TET Data Y - 15 23 ns
t Address Y 22 34 ns
t::t Acidress v 6 CL=30pF, R =400% > e o
tpLH Strobe Y 19 30 ns
tpyL Sirobe Y 15 23 ns

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

9-352 TEXAS INSTRUMENTS
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CIRCUIT TYPES SN54153, SN74153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

functional block diagram

STROBE 1G ;{>
(ENABLE) O~
, ‘
1C00

1C1 0

OUTPUT
1Y

DATA 1 T o—

1C20

ADDRESS ﬁ

1o m

DATA 2 4 ¢ OUTPUT
2v

2C20~

| 2c30
STROBE 2G ‘
(ENABLE) ©
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CIRCUIT TYPES SN54153, SN74153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

schematic (each selector/multiplexer, and the common address section)

FS
=~
e}
N
=
e}
:] '
e
=
Q

21k 760 130 @

4 k&2

-t - o
-

Clo

Y

c20—e 4k
b &
— 35000 24709

- . oVce
4k2 2kQ2
é GND

vVYy v v v
1kQ TO OTHER SELECTOR/MULTIPLEXER
(SEE FUNCTIONAL BLOCK DIAGRAM)

NOTE: Component values shown are nominal.

V —Vcg bus
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CIRCUIT TYPES SN54153, SN74153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuits®

Vee

Vee T
|| sTroBE 16 STROBE 1G
L 1ico 5 1co. oL .
e OH —{ i1 Pl
— 1c2 1Y > — 1c2 v
—— 1c3 st 1€
Vigo—p| TEST d sTrosE 26 o Vino—# L |0l sTROBE 26
T:E:H 1 2co oy > TRuTH [ 20 2v
’ —— 2c1 TABLE |— 2c1
viio—s| Tee |70 Vou V|LO—’J I P Vou
|——] 2c3 L —12c3
A B Vlu L 4 A B .
| . = = = = = L _ = = = = =
FIGURE 1-V, .. V, . Vo, FIGURE 2=V, V), Vo
Vee TEST TABLE
T INPUT CONDITIONS APPLY V)
o 9 B A | 1G | 2G TEST I TEST I1
b, 9 STRoBETs LTL|n|H ‘ 1C3,2C3
|—— 1c1 L H H H 1C2,2C2
Vi O——¥ -—1c2 wh— H! v ]| H]|H 1C1, 2C1
F— 1c3
- OPEN A, B; 1G, 2G,
! —CJ STROBE 2G H H H H
"t SEE 1 F 1C0, 2C0
45V O——P] TEST 2C0 b
TABLE —12¢7 L L L L A, B, 1G, 2G,
24V O——Pf —— 2c2 1C0, 2CO
04V O—p . ZC3A B L H L L 1C1, 2C1
. i H L L | .1C2,2C2
_[ H H L 1C3, 2C3
= | . = X . N

H=24V,L=04V

NOTE: Each input is tested separately. When I is tested, all C inputs not under test are grounded. When | is tested, all C inputs not under

test are at 4.5 V.

FIGURE 3 —I;, 1),

T Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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CIRCUIT TYPES SN54153, SN74153

DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

d-c test circuitst (continued)

Vee

i

—Of STROBE 1G

45 vO- 1co

1c1

1c2 v

1
1c3 08

@—C| STROBE 26

2co 2v Q?

2c1

2C2
2C3

NOTE: Each output '!s tested separately.
FIGURE 4 — Ios

PARAMETER MEASUREMENT INFORMATION

Vee

Ty

—CO STROBE 1G
1Cco
1ct
1c2 i1 S
1C3
@—O| STROBE 26 OFEN
2c0
2C1
2c2
2c3

A B

S l

2Y p———

FIGURE 5 — I

TArrows indicate actual direction of current flow. Current into a terminal is a positive value.

TEST TABLE FOR FIGURE 6

POST OFFICE BOX 5012

INPUTS OUTPUT Y
B A co c1 Cc2 c3 G WAVEFORM
m GND GND INPUT X X X GND A
GND 45V X INPUT X X GND A
45V GND X X INPUT X GND A
45V 45V X X X INPUT GND A
GND INPUT GND 45V X X GND A
INPUT GND GND X 45 Vv X GND A
GND GND 45V X X X INPUT B8
X = jrrelevant
9.356 TEXAS INSTRUMENTS
INCORPORATED
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CIRCUIT TYPES SN54153, SN74153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

switching characteristics

Vee OUTPUTS v
INPUT 1 2Y cc
o j) Q
— p—
}—Of STROBE 1G
— 1CO
— iC1
1Y
——1 1C2
(See Note. C)
— 1c3 L=
—C} STROBE 2G 30 pF|
PULSE . SEE -
GENERATOR TEST  |—12C0 {See Note B)
(See Note A) TABLE | 509
|— 2C2
45V 00— [—1 2C3
A B 2%
(See Note C)
B ] T e
= = {See Note B) =
= o —

TEST CIRCUIT

INPUT

. |
|
!
]
| |
: t
i |
OUTPUT | 15V : 15V
WAVEFORM A |
|
| i VoL
PHL  * — ToLn fe—
| 1 VoH
! 1
| |
OUTPUT 5V 1.5V
WAVEFORM B -
——————————— Vot
VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, duty cycle = 50%, and Zg, = 50 2.
B. CL includes probe and jig capacitance.
C. Ali diodes are 1N3064.
FIGURE 6—SWITCHING TIMES
270 Tl cannot assume any responsibility for any circuils shown T l
or represent that they are free from patent infringement. EXAS N STRUM EN TS 9 357
INCORPORATED -
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



LOW-POWER CIRCUIT TYPES SN541153, SN741153
TTL MSI DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

JORN

e Permits Multiplexing from N lines to 1 line DUAL-IN-LINE PACKAGE (TOP VIEW)

e Performs Parallel-to-Serial Conversion Vee STRORE A DATA INPUTS ouTPuT
e Strobe (Enable) Line Provided for Cascading 6115111 [ sll21[ullw | 9 ‘

(N lines to n lines) l

T
|
e Typical Average Propagation Delay Times: 2C3  2c2 2C1  2¢0 2Y

2G _ _
Data Input to Output . .. 27 ns oy
Strobe Input to Output ... 34 ns
Select Input to Output . .. 44 ns 16 BEAR
iC3  ic2 1cl 1C0 1Y
¢ High-Fan-Out, Low- Impedance Totem-Pole 7T T 1T 1
Outputs B T2 e s s e
e Fully Compatible with most TTL and DTL STROBE B v —/QUTPUT GND
Cil’cuits 1G  SELECT DATA INPUTS 1

) er ationi . . . 90 mW Typical
Low Pow ums:pauun " ypical positive logic: see truth tables

description
TRUTH TABLE

Each of these monolithic, data selectors/multiplexers SELECT
contains inverters and drivers to supply fuily com- INPUTS DATA INPUTS STROBE | OUTPUT
plementary, on-chip, binary decoding data selection B A lco c1 cz2 c3 G Y
to the AND-OR gates. Separate strobe inputs are X X X X X X n L
provided for each of the two four-line sections. L L L X X X L L

L L H X X X L H
These data selectors/multiplexers are fully compatible L H | X L x X L L
for use with most TTL and DTL .ircuits. Each L H X H x X L H
diode-clamped input represents only one-hatf of one H L X X L X L L
normalized Series 54/74 load, or approximately five H L X X H X L H
Series 54L/74L gate loads at a low logic level, or two HooH X X X L L L
Series 54L/74L gate loads at a high logic level. A H O HX x x H L H
fan-out to 5 normalized Series 54/74 loads in the Select inputs A and B are common to both sections.

n low-level state and 10 .in the high-level state is H = high level, L = low level, X = irrelevant

available from each output. Typical power dissipation
is 90 milliwatts.

Resistor values in the OR function have been reduced to minimize the capactive effects of paralleling the phase-splitter
transistors and to reduce the propagation delay times. The SN54L 153 is characterized for operation over the full
military temperature range of —55°C to 125°C; the SN74L 153 is characterized for operation from 0°C to 70°C.

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

Supply voltage, Ve (see Note 1) . . . . . . . . . . L L oo e e s 7V
Input voltage (see Note 1} . . . . e e e e e e e e i . ... ... ... BbY
Operating free-air temperature range: SN54L153 Clrcults e e e e e e e e e e e e —55 Cto 125°C

SN74L153 Circuits . . . . . . . . . . . . . . .... 0Ct70°C
Storage temperature range . . . . . . . . . 4 . 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 terminal.
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CIRCUIT TYPES SN54L153, SN741153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

SN54L 153 SN74L153
MIN NOM MAX | MIN NOM MAX UNIT

Supply voltage, Vo 4.5 5 55 |4.75 5 525 A\

Series 54L 744 gates 40 40
Normalized fan-out from Series 54L/74L inputs High logic level 20 20
each output, N with 8-kQ

base resistors Low logic level 10 10
Operating free-air temperature T o —55 125 [} 70 | °C

TlThis applies for all inputs of circuit types SN54L153 and SN74L153.

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

TEST .
PARAMETER TEST CONDITIONST MIN. TYPT MAX |UNIT
FIGURE
ViH High-level input voltage 1and 2 2 A
ViL Low-level input voltage 1and 2 08| Vv
Vi input clamp voltage 3 Ve =MIN, ij=-12mA —15 v
R Vee=MIN, Vig=2V,
VoH High-level output voltage 1 2.4 v
ViL=08YV, IgH=—400uA
Vee=MIN, Vip=2V,
Voir Low-level output voltage 2 0.4 v
ViL=08V, IlpoL=8mA
h Input current at maximum input voltage 3 Vee = MAX, V=55V 1| mA
fy4  High-level input current {(each input) 3 Ve =MAX, Vp=24V 20| pA
he Low-level input current {each input) 3 Vee=MAX, V=04V —-0.8| mA
| Short-circuit output 1§ 4 | veomMax |[oNBaL1ss | 10 il A
ort-cir ol curren = m
08 reiroult output ou cc SN74L153 9 —30
1 S | I level t 5 V MAX SN54L 153 2 A
ent, low-level o = m
CCL Supply current, low-level outpu cc SN74L153 18 30

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

type.

iAll typical values are at Vo =5V, Ta = 25°C.

§N0t more than one output should be shorted at a time.

switching characteristics, Voc =5V, Ta =25°C,N =10

TEST

FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX [UNIT
INPUT OQUTPUT FIGURE
tPLH Data Y 24 36 ns
tPHL Data Y 30 46 ns
t Select Y 44 68
PLH s 6 CL=30pF, R =400Q ns
tPHL Select Y 44 68 ns
tPLH Strobe Y 38 60 ns
tPHL Strobe Y 30 46 ns

“tPLH = propagation delay time, low-to-high-level output.
tpy (. = propagation delay time, high-to-ilow-level output.

271

TeExAs INSTRU

INCORPORATE

JVIENTS

POST OFFICE BOX 5012 = DALLAS, TEXAS 75222

9-359



CIRCUIT TYPES SN54L153, SN741153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

functional block diagram

STROBE 1G
(ENABLE) © :D _—\
__J/

-
1C0 O

1C1 o

OUTPUT

DATA 1 < — Y

1C2 0~

1C3 0~ }

SELECT <

2C10-

DATA 2 < *—

OQUTPUT

2Y
2C20

_2c30
STROBE 2G
(ENABLE) ©
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CIRCUIT TYPES SN54L153, SN74L153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

schematic {each selector/multiplexer, and the common select section)

N -
2 k&2 1.5 k&2 260 Q

28 kQ
$

e
1: 8 k&

RN D7
B4

Clo—@

&
S8 k&

P

SIS
Pd
T 38k
1‘ <
— 31k <
< <
; I 77

. . oVee
8 k&2 4 k2 Y\I};
GND
vy Vv Vve A
2 k&2 TO OTHER SELECTOR/MULTIPLEXER
Py (SEE FUNCTIONAL BLOCK DIAGRAM,)
NOTE: Component vaiues shown are nominal.
V ...Vee bus
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CIRCUIT TYPES SN54L153, SN74L153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

Vee Vee
-}_c STROBE 1G T——(: STROBE 1G
—— 1co F—1 < oL
—1c1 —— 1C1 <+
b——{ 1C2 b——1p 1C2 1Y
—1c3 — 13
TEST oL
Vimo—| TEST L _sTrose 26 Vino—s ol strose 26 <
T:JRTH L 2co TRuTH ] 260 2v
— 2C1 TABLE p——2Ct
vy o—p| TABLE e : v, O—¥ 1 2c2 Vor
- 2c3 v
203A 1 { 1 A B oL
171,71 [4T4T
L - ey e _ = =y L . = — = = —
FIGURE 1-V|H, ViL. VOH FIGURE 2—-V|H, ViL. VoL
Vee TEST TABLE
? INPUT CONDITIONS APPLY |, APPLY V,
-
-
i SrrOBE 10 B | A |1G |26 | TESTVy |TESTh, hiy | TEST I
vV, o0—— l— 11co L L H H 1C3, 2C3
- Lo L {H | H |H 1C2, 2C2
" | :E; wr- H L |nH |[H 1C1, 2C1
( see [ STROBE 26 OPEN H H H H A B, 1G, 26,
45V O——p] TEST [ ]2C0 2Y 1C0, 2C0
TaBLe [—12¢ L L L L A, B, 1G, 2G, A, B, 1G, 2G,
v 24V O—¥ o 1C0, 2C0 1C0, 2C0
— 04V O—P A_B L H [N L 1C1, 2C1 1C1, 2C1
l I l H L L L 1C2, 2C2 1C2, 2C2
L L H H L L 1C3, 2C3 1C3, 2C3
== = - =

H=24V, L=04V

NOTE: Each input is tested separately. When 1|y is tested, all C inputs not under test are grounded. When |}|_is tested, all C inputs not under

testare at 4.5 V.,

FIGURE 3-Vy