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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00

QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025 - DECEMBER 1983 — REVISED MARCH 1988

® Package Options Include Plastic ’Small

Outline’” Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Ceramic
DIPs

Dependable Texas Instruments Quality and

SN5400 . . . J PACKAGE
SN54LS00, SN54S500 . . . J OR W PACKAGE
SN7400 . . . N PACKAGE
SN74LS00, SN74500 . . . D OR N PACKAGE

Reliability

description

These devices contain four independent 2-input-
NAND gates.

The SN5400, SN54LS00, and SN54S00 are
characterized for operation over the full military
temperature range of —55°C to 125°C. The
SN7400, SN74LS00, and SN74S00 are
characterized for operation from 0°C to 70°C.

(TOP VIEW)
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FUNCTION TABLE {each gate)

INPUTS oUTPUT
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L X H
X L H
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TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for D, J, and N packages.
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PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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Copyright [0 1988, Texas Instruments Incorporated
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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025 - DECEMBER 1983 — REVISED MARCH 1988

schematics (each gate)

‘00

Vce
1300

GND

‘LS00 'S00

Vee

50 Q

Resistor values shown are nominal.

GND

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

Supply voltage, VcC {see Note 1) . .. .. ... ... . ...
Input voltage: 00, 'SO0 . ... ... .. ..

SN74" . .

Storage temperature range . . .. .. ... ...

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

—-55°C to 125°C

... 0°Cto70°C

Q’ TeXAS
INSTRUMENTS
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SN5400, SN54L.S00, SN54S00
SN7400, SN74LS00, SN74S00

QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN5400 SN7400
UNIT

MIN NOM MAX | MIN NOM MAX
Vece Supply voltage 4.5 5 65 | 4.75 5 6.25
Vi High-level input voltage 2 2
VL Lowe-level input voltage 0.8 0.8
loH High-level output current - 0.4 —-04 mA
log  Low-level output current 16 16 mA
Ta  Operating free-air temperature — 55 125 0 70 °c

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

SN5400 SN7400
PARAMETER TEST CONDITIONS T UNIT
MIN TYP$ MAX MIN TYP} MAX
Vik Vee = MIN, h=—=12mA —-15 —-15 \4
VoH Vee = MiN, ViL=08V, 1gy=-04mA 2.4 3.4 24 3.4
VoL Vee = MIN, Vig=2V, loL =16 mA 0.2 0.4 0.2 0.4 \
1y Vee = MAX, Vy=55V 1 1 mA
lIH Ve = MAX, V=24V 40 40 MA
TN Ve = MAX, V=04V - 1.6 - 1.6 mA
los$§ Ve = MAX - 20 —-55 | —-18 — 55 mA
IccH Vee = MAX, Vy=0V 4 8 4 8 mA
lccu Ve = MAX, V=45V 12 22 12 22 mA
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Vee =5 V. T = 25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, Vgc =5 V, Ta = 256°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
(INPUT) (OUTPUT)
PPLH 1 22 ns
AorB Y R =400 Q, CL =15 pF
PHL 7 15 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

{'} TeEXAS
INSTRUMENTS
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SN5400, SN54LS00, SN54S00
SN7400, SN74LS00, SN74S00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54L.500 SN74LS00
UNIT

MIN NOM MAX | MIN NOM MAX
Vee  Supply voltage 45 5 55 1 4.75 5 525
ViH High-level input voltage 2 2
ViL Low-level input voltage 0.7 0.8 \")
loH High-level output current — 04 —-04 mA
lor Low-level output current 4 81 mA
Ta  Operating free-air temperature — 55 125 0 70 °c

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

nless otherwise noted)

SN541.S00 SN74LS00
PARAMETER TEST CONDITIONS T UNIT
MIN TYP$ MAX MIN TYP} MAX
Vik Vee = MIN, I =—-18mA - 1.5 - 15
VOH Vee = MIN, ViL = MAX, loH=—-0.4mA 25 3.4 2.7 3.4
Vee = MIN, ViH=2V, loL=4mA 0.25 0.4 0.25 0.4
VoL \"
Vee = MIN, ViH=2V, loL =8mA 0.35 0.5
1 Ve = MAX, V=7V 0.1 01 mA
IIH Vee = MAX, Vvy=27V 20 20 BA
he Vee = MAX, V=04V —-04 —-04 mA
los§ Vee = MAX - 20 —-100 | -20 — 100 mA
IcCcH Vee = MAX, V=0V 0.8 1.6 0.8 16 | mA
lccL Ve =MAX, V=45V 24 4.4 2.4 44 mA
t For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.
t All typical values are at Voo =5 V, Tpa = 25°C
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, VcCc =5 V, TA = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
{INPUT) (OUTPUT)
tPLH 9 15 ns
AorB Y R =2k$8, C_ =15pF
tPHL 10 15 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

% TEXAS
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SN5400, SN54L.S00, SN54S00
SN7400, SN74LS00, SN74S00

QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SDLS025 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54S00 SN74S00
UNIT

MIN NOM MAX | MIN NOM MAX
Ve  Supply voltage 4.5 5 55 | 4.75 5 625
Vi High-level input voltage 2 2
Vi Low-level input voltage 0.8 0.8
loH High-level output current -1 -1 mA
lor Low-level output current 20 20 | mA
TaA  Operating free-air temperature — 55 125 0 70 °c

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

SN54S00 SN74S00
PARAMETER TEST CONDITIONS T UNIT
MIN TYP$ MAX MIN TYP} MAX
ViK Ve = MIN, 1} = —18 mA -1.2 ~1.2
VOH Vee = MIN, Vi =08V, lop=-—1mA 25 34 2.7 34
VoL Vee = MIN, ViH=2V, loL =20 mA 05 05
I Vge = MAX, V=55V 1 1 mA
"H Vee =MAX, V=27V 50 50 uA
T Ve = MAX, V=05V -2 -2 | mA
los$§ Ve = MAX —40 -100 | —40 -100 | mA
IccH Ve = MAX, Vi=0V 10 16 10 16 mA
lceL Vce = MAX, Vy=45V 20 36 20 36 | mA
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Ve =5 V, T = 25°C.
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, Voc = 5 V, TA = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
(INPUT) (OUTPUT)
tPLH 3 45 ns
R =280Q, C =15pF
PHL 3 5 ns
AorB Y
tPLH 4.5 ns
Ry =280 Q, C =50 pF
PHL 5 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

{'} TeEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1999, Texas Instruments Incorporated
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FAIRCHILD

SEMICONDUCTOR ™

DM74LS04

Hex Inverting Gates

General Description

This device contains six independent gates each of which

performs the logic INVERT function.

August 1986
Revised March 2000

Ordering Code:

Order Number | Package Number Package Description
DM74LS04M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS04SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
DM74LS04N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Function Table

Connection Diagram

Y=A
Vee AB 3 AB Y5 A4 Y4
14 |13 |12 |11 Im |9 |s Input Output
A Y
L H
H L
H = HIGH Logic Level
L = LOW Logic Level
|1 Iz |3 |4 |5 |s I7
Al Y1 A2 Y2 Al Y3 GND

© 2000 Fairchild Semiconductor Corporation DS006345

www.fairchildsemi.com

sares BuiiaAu| xaH ¥0S 172N



DM74LS04

Absolute Maximum Ratingsote 1)

Note 1: The “Absolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

N

7w

0°C to +70°C
-65°C to +150°C

Supply Voltage

Input Voltage

Operating Free Air Temperature Range
Storage Temperature Range

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \%
Vin HIGH Level Input Voltage 2 \Y
ViL LOW Level Input Voltage 0.8 \Y
lon HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics

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

Symbol Parameter Conditions Min (sz 2 Max Units
\ Input Clamp Voltage Vce = Min, [} =-18 mA -1.5 \%
V HIGH Level Ve = Min, oy = Max,

- Output Voltage V,T_C: Max - 27 34 v
VoL LOW Level Vee = Min, loL = Max, 035 05

Output Voltage Viy =Min \
loL =4 MA, V¢ = Min 0.25 0.4
I Input Current @ Max Vce = Max, V=7V 0.1 mA
Input Voltage

I HIGH Level Input Current Vee = Max, V=27V 20 pA
IR LOW Level Input Current Vce = Max, V= 0.4V -0.36 mA
los Short Circuit Output Current Vcc = Max (Note 3) -20 -100 mA
lccH Supply Current with Outputs HIGH Ve = Max 12 24 mA
lccL Supply Current with Outputs LOW Ve = Max 3.6 6.6 mA

Note 2: All typicals are at Voc =5V, Tp =25°C.

Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Switching Characteristics

at Ve =5V and T, =25°C

R =2kQ
Symbol Parameter C_ =15pF C_ =50 pF Units
Min Max Min Max
tpLH Propagation Delay Time 3 10 4 15 ns
LOW-to-HIGH Level Output
tpHL Propagation Delay Time 3 10 4 15 ns
HIGH-to-LOW Level Output

www.fairchildsemi.com 2




Physical Dimensions inches (millimeters) unless otherwise noted

0.150-0.157
{3.810-3.988)
0.010-0.020 .
0.25a—0.508) <** ™
8° MAX TYP
ALL LEADS
0.008-0.010 T
{0.203-0.250) 0.016-0.050
TYP ALL LEADS I {0.406—1.270)
Tz TYP ALL LEADS

©102)
ALL LEAD TIPS

0.228-0.244
{5.791-6.198)

LEAD NO. 1 /i
IDENT

0.053 -0.069
(1.346—1.753)

SEATING

PLANE T

0.335-0.344

14 13

(8.509—8.738)

12

AAABARA

1 10 9 8

i/

30°

=<0

0.010 yax
(0.259)

0.004—0.010
(0.102-0.254)

‘::*

0.014-0.020 1yp
" {0.356—0.508)

N

—| [ = TYP

(0.203)
MI4A (REV H)

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow

Package Number M14A

www.fairchildsemi.com
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DM74LS04

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

102201 ————— =}

Tonlni U0 0T,

( | h 14 13 9 8

5.01TYP

| 5.30.1 927 TYP

|_||_|||_||_| MTYPHHUH 1

1 ALL LEAD TIPS _J
1.27TYP 08TYP

LAND PATTERN RECOMMENDATION

PIN #1 IDENT.

ALL LEAD TIPS SEE DETAIL A
2.1 MAX.— @ — 1.8<0.1 m—=
// N,

II
| |
‘\

_ K_._Jl

]
J 0.15+0.05 \__/ 0.15-0.25
1 27TYP 0 35-0.51

[$Jo12@[c]A]
DIMENSIONS ARE IN MILLIMETERS
GAGE PLANE

NOTES: - -025
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, 0-87TYP

ESTABLISHED IN DECEMBER, 1998.
B. DIMENSIONS ARE IN MILLIMETERS. 7
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS. 0.60+0.15

SEATING PLANE
1.25 —wt

M14DRevB1
DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com 4




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

|-

(18.80—19.56)

[14] [13] [1z] [] [io] [5] [fe]

0.740-0.770

—

< 0
(2.286)

)

PINNO. 1

/

0.2500.010

N
~

(6.350 +0.254)

0.092 DIA

e~ LTI

0.030 mAX

(2.337) (0.762) DEPTH

0.1350.005
{3.429£0.127)

0.145—-0.200
{3.683—5.080)

OPTION 1

0.060

[~ 15225 TYP /7\ |

A

-

Y

+ [
0.020

(0.508) “
MmN _0.125—0.150

{3.175—3.810)
0.014-0.023
{0.356 —0.584)

TYP —> | [-—

[

‘ —- |
— -

4° TYP
OPTIONAL

90° +4° TYP

0.075+0.015
{1.905£0.381)

0.100 +0.010

{2.540£0.254)

0.050£0.010
(1.270 -0.254)

OPTION 02

0.300-0.320
(7.620—8.128) 0.065

0.008 —0.016 Yp
(0.203 —0.406)

0.280

|7 112)—>|
MIN

+0.040
—0.015

+1.016
<8'255 »0.381)

0.325

N14A (REV F)

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with

instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the

user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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SN5408, SN54L.S08, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988

¢ Package Options Include Plastic ‘‘Small SN5408, SN54LS08, SN54S08 . . . J OR W PACKAGE
Outline’’ Packages, Ceramic Chip Carriers SN7408 . .. J OR N PACKAGE
and Flat Packages, and Plastic and Ceramic SN74LS08, SN74S08 . . . D, J OR N PACKAGE
DIPs (TOP VIEW)
e Dependable Texas Instruments Quality and 1A01 1a1vee
Reliability 182 13048
1vygs  1204A
description 2A0+  1Day
28 s 10[] 3B
These devices contain four independent 2-input 2y e o[]3A
AND gates. GND 7 8] 3Y
The SN5408, SN54LS08, and SN54S08 are
characterized for operation over the full military SN54LS08, SN54S08 . . . FK PACKAGE
temperature range of —55°C to 125°C. The {TOP VIEW)
SN7408, SN74LS08 and SN74S08 are )
characterized for operation from 0° to 70°C. agLg 92
FUNCTION TABLE {each gate) 3 21219
INPUTS OUTPUT
A B Y
H H H
L X L
X L L 9 10111213
- t X885 S
logic symbol 5
1A (1) & @) NC—No internal connection
18—2) — 1Y
) logic diagram (positive logic)
{6)
— " 2Y
op—9) A
1Y
3a—2 8) 18 ————
3p {10) —3Y 2A ‘
—_—
2y
an—12 a1, 23——.3—_
(13) 3A
3B
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 4A —
IEC Publication 617-12. 4y
Pin numbers shown are for D, J, N, and W packages. 48 1

Y=ABor Y=A+B

PRODUCTION DATA information is current as of publication date. Copyright [J 1988, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN5408, SN54L.S08, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988

schematics (each gate)

Vee
130

INPUTS

Vee
120

OouUTPUT
8 Y
GND
INPUTS
A—q
OUTPUT
B8 — Y
GND
Resistor values are nominal.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VoG (See NOTe 1) L. i ittt it it ettt e ettt et et e 7V
Input voltage: 08, 'SO8 . ... .. it ittt it e e et a e 55V
B 05 € 7V
Operating free-air temperature range: SNBA’ ... . ... .ttt ittt ettt aans -55°C to 125°C
SNTA e 0°C to 70°C
SLOrage TEIMPEratUIE FANGE « « « v v v vt v e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e -65°Cto 150°C

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

Q’ TeXAS
INSTRUMENTS
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SN5408, SN54L.S08, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SNE5408 SN7408
UNIT

MIN NOM MAX | MIN NOM MAX
Vce Supply voltage 45 5 55 | 4.75 5 6.25 v
Vi High-level input voltage 2 2
ViL Low-level input voltage 0.8 0.8 \
loH High-tevel output current -08 —-0.8 mA
loL Low-level output current 16 16| mA
Ta  Operating free-air temperature — 55 125 0 70 °c

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

PARAMETER TEST CONDITIONS t SNo4os SN7408 UNIT

MIN TYPE MAX | MIN TYPE MAX

Vik Ve =MIN, 1j=—12mA -15 —~15

VoH Vee=MIN,  V|H=2V, IgH=-08mA 24 34 24 34

VoL Voo =MIN, V=08V, loL=16mA 02 04 02 04

Iy Voe=MAX, V=55V 1 1] ma J

H Voo =MAX, V=24V 40 40 |  uA

I Voo =MAX, V=04V ~-1.6 —16 | mA

l0s§ Vee = MAX -20 -55 | —18 —55 | mA

lccH Voo =MAX, V=45V 1" 1M1 21| mA

iceL Vec=MAX, V| =0V 20 33 20 33| mA

t For conditions shown as MIN or MAX, use the appropriate value specified under racommended operating conditions.
$ All typical values are at Vo =5V, Tp = 25°C.
§ Not more than one output should be shorted at a time.

switching characteristics, Vg =5V, TA = 256°C (see note 2)

FROM T0
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) (OUTPUT)
PLH 17.5 27 ns
AorB Y R =400 2, CL=15pF
tPHL 12 19 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

{'} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN5408, SN54L.S08, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN64LS08 SN74LS08 UNIT
MIN NOM MAX | MIN NOM MAX

Vce  Supply voltage 45 5 5.5 | 4.75 5 625 v
Vi High-level input voltage 2 2

ViL Low-level input voltage 0.7 08 \"
IoH High-tevel output current —-04 -04 mA
lor Low-level output current 4 8} mA
Ta  Operating free-air temperature -~ 55 125 1) 70 °c

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

SN54LS08 SN74LS08
PARAMETER TEST CONDITIONS T UNIT
MIN TYP: MAX | MIN TYP$ MAX
Vik Ve = MiN, lj=—18mA -15 -15
VOH Ve = MIN, ViR=2V, loH = — 0.4 mA 25 3.4 2.7 3.4
Vee = MIN, ViL = MAX, loL =4 mA 0.25 0.4 0.25 0.4 v
VoL
Vee = MIN, ViL = MAX, oL =8 mA 0.35 0.5
1 Ve = MAX, V=7V 0.1 0.1 mA
Y] Vge = MAX, V=27V 20 20 uA
he Vee = MAX, Vi=04V —-04 -04 mA
tos§ Vee = MAX - 20 ~100 | - 20 - 100 mA
fCCH Vee = MAX, V=45V 24 48 24 48 mA
lccu Vee = MAX, Vy=0V 44 88 44 88 | mA
t For conditions shown as MIN or MA X, use the appropriate vaiue specified under recommended operating conditions.
1 All typical values are at Vo =5 V, Ty = 25°C
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, Vcc =5V, TA = 25°C (see note 2)
FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
(INPUT) {OUTPUT)
tPLH 8 15 ns
AorB Y R =2k, CL=15pF
PHL 10 20 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

Q’ TeXAS
INSTRUMENTS
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SN5408, SN54L.S08, SN54S08
SN7408, SN74LS08, SN74S08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SDLS033 — DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54S08 SN74S08
UNIT

MIN NOM MAX | MIN NOM MAX
Ve Supply voitage 4.5 5 55 | 4.75 5 5.25%
ViH High-level input voitage 2 2
ViL Low-level input voltage 0.8 0.8
lony High-level output current -1 -1 mA
oL Low-level output current 20 20| mA
Ta  Operating free-air temperature - 55 125 0 70 °c

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

SN54S08 SN74S08
PARAMETER TEST CONDITIONS { UNIT
MIN TYP$ MAX |MIN TYP$ MAX

ViK Vec =MIN, 1= —18mA 12 12| v
VoH Ve = MIN, ViH=2V, o = — 1 mA 25 34 27 34

VoL Vee = MIN, Vi =08V oL =20 mA 05 0.5 \
I Ve =MAX, V=55V 1 1| ma
WM Vee =MAX, V=27V 50 50 | uA
m Vee =MAX, V=05V -2 2 | mA
I0s§ Vee = MAX —40 ~100 | —40 -100 | maA
lcCH Voo =MAX, V=45V 18 32 18 32 | mA
lceL Voo = MAX, V=0V 32 57 32 57| mA

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Ve = 5 V, Ta = 25°C.
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.

switching characteristics, VCC =5 V, TA = 25°C (see note 2)

FROM T0
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
(INPUT) (OUTPUT)
tPLH 4.5 7 ns
R =280 Q, CpL = 15pF
tPHL 5 7.5 ns
AorB Y -
tPLH 6 ns
Ry =280Q, CL = 50 pF
PHL 7.5 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

{'} TeEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1999, Texas Instruments Incorporated



June 1986

]
FAIRCHILD Revised March 2000

SEMICONDUCTOR ™

DM74LS20
Dual 4-Input NAND Gate

General Description

This device contains two independent gates each of which
performs the logic NAND function.

Ordering Code:

Order Number | Package Number Package Description
DM74LS20M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS20N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.
Connection Diagram Function Table
Vee 02 c2 NC B2 A2 Y2 Y =ABCD
[14 13 12 |11 10 |9 |H Inputs OUIpUt
A B (e} D Y
X X X L H
X X L X H
— X L X X H
L X X X H
{ H H H H L
—;% H = HIGH Logic Level
L = LOW Logic Level
X = Either LOW or HIGH Logic Level
1 2 |3 4 5 6 7

Al 81 NC ] D1 Y1 GND

© 2000 Fairchild Semiconductor Corporation DS006355 www.fairchildsemi.com
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DM74LS20

Absolute Maximum Ratingsote 1)

Note 1: The “Absolute Maximum Ratings” are those values beyond which

Supply Voltage 1A% the safety of the device cannot be guaranteed. The device should not be

operated at these limits. The parametric values defined in the Electrical
Input Voltage w Characteristics tables are not guaranteed at the absolute maximum ratings.
Operating Free Air Temperature Range 0°C to +70°C The “Recommended Operating Conditions” table will define the conditions

Storage Temperature Range ~65°C to +150°C for actual device operation.

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \%
Viy HIGH Level Input Voltage 2 \
Vi LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics

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

T
Symbol Parameter Conditions Min P Max Units
(Note 2)
\ Input Clamp Voltage Vce = Min, [} =-18 mA -1.5 \%
V HIGH Level Ve = Min, oy = Max,
OH cc OH 27 34 v
Output Voltage V)L = Max
V LOW Level Vee = Min, Ig, = Max,
oL cc : oL 0.35 05
Output Voltage Viy =Min \
loL =4 MA, V¢ = Min 0.25 0.4
I Input Current @ Max Input Voltage Vce = Max, V=7V 0.1 mA
[ HIGH Level Input Current Ve = Max, V,=2.7V 20 HA
I LOW Level Input Current Vee = Max, V= 0.4V -0.36 mA
los Short Circuit Output Current Ve = Max (Note 3) -20 -100 mA
lccH Supply Current with Outputs HIGH V¢ = Max 0.4 0.8 mA
lccL Supply Current with Outputs LOW Vce = Max 12 2.2 mA
Note 2: All typicals are at Vgc =5V, Tp =25°C.
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
at Ve =5V and Tp =25°C
RL=2kQ
Symbol Parameter C =15pF C_=50pF Units
Min Max Min Max
t Propagation Delay Time
PLH pag Y 3 10 4 15 ns
LOW-to-HIGH Level Output
! Propagation Delay Time
PHL pag Y 3 10 4 15 ns
HIGH-to-LOW Level Output

www.fairchildsemi.com 2




Physical Dimensions inches (millimeters) unless otherwise noted

0.226—0.244
{5.791-6.198)

LEAD NO. 1

IDENT

0.335-0.344
(8.509 —8.738)

0.010 pyax
0.250)

00040010

v (0.102-0.254)

0.150 -0.157
> @810-3.989)
0.053-0.069
0.010-0.020 .
{0.254—0.508 < > [ (1.346—1.753)
8° MAX TYP
ALL LEADS
* _J SEATING v
T PLANE T
0.008—0.010 gg;’;
{0.203-0.254) 0.016—0.050 {0-356)
TYP ALL LEADS 0.004 “ {0.406-1.270)
©0.102) TYP ALL LEADS

ALL LEAD TIPS

0.050
{1.270)
P

0.008
{0.203)

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
Package Number M14A

N

f

0.014-0.020 yyp
{0.356—0.508)

M14A (HEV H)

www.fairchildsemi.com
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DM74LS20 Dual 4-Input NAND Gate

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

-

(18.80—19.56)

[1a] [33] [1e] [w] [o] [3] [k]

0.740-0.770

—»]

< D00
(2.286)

O

PINNO. 1

0.25010.010

D
~/

(6.3500.254)

IDENT

0.092
DIA
(2.337)

0.135+0.005

(3.420%0.127)
0.145 —0.200
(3.683 —5.080)

LT 2] 3] [4] 5

0.030 MAX
{0.762) DEPTH

OPTION 1

0.060 1vo
(1.528)

ol

A

A
Y j—‘_

0.020 v

(0.508) T -
MmN 0.125-0.150

{3.175—3.810)
0.014—0.023
{0.356 —0.584)

TYP —| -

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

| ]
—
—
0.050£0.010
(1.270 -0.254)

€ 4° TYP
OPTIONAL

90° +4° TYP
0.075£0.015
{1.905£0.381)

0.100 £0.010
{2.540+0.254)

INDEX
AREA

PIN NO. 1
IDENT

OPTION 02

0.300-0.320
(7.620 —8.128)

‘ \_

95° +5°
- >

0.280

{7 112)—>|
MIN

+0.040
—0.015

+1.016
(3'255-0,381)

0.325

Fairchild reserves the right at any time without notice to change said circuitry and specifications.

0.008-0.016

—o 2= Typ
{0203 —0.406)

N14A (REV F)

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with

instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the

user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com




SN54ALS32, SN54AS32, SN74ALS32, SN74AS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SDAS113B — APRIL 1982 — REVISED DECEMBER 1994

® Package Options Include Plastic
Small-Outline (D) Packages, Ceramic Chip
Carriers (FK), and Standard Plastic (N) and
Ceramic (J) 300-mil DIPs

description

SN54ALS32, SN54AS32 ... J PACKAGE
SN74ALS32, SN74AS32 ... D OR N PACKAGE

These devices contain four independent 2-input
positive-OR gates. They perform the Boolean
functions Y = A« Bor Y = A + B in positive logic.

The SN54ALS32 and SN54AS32 are
characterized for operation over the full military
temperature range of —55°C to 125°C. The

SN54ALS32, SN54AS32 . . . FK PACKAGE

(TOP VIEW)
lA[l U14]VCC
1B (]2 13]] 4B
1y []3 12]] 4A
2A [ 4 1] ay
2B [|5 10]] 3B
2Y [le ol 3A

GND []7 g|] 3y

SN74ALS32 and SN74AS32 are characterized for (TOP VIEW)
operation from 0°C to 70°C. o 9
B85z
FUNCTION TABLE /- I I0]
(each gate) 3 2 1 2019
N 1y [ 4 18] 4A
OUTYPUT NC[]5 17| NC
A B 2alls 16[] ay
H X H NC 7 15[] NC
X H H 2B []8 14[] 3B
L L L 9 10 11 12 13
o o o o
>0 0> <
N Z ZM M
O]
NC — No internal connection
logic symbol T logic diagram (positive logic)
1 1
1A >1 3 1A 3
2 1Y 2 1Y
1B 1B
4
4
2A 6
5 ——— 2Y 2A 5 6 A%
9
3A — 8 9
10 — 3Y 3A 8
3B 10 3Y
A 12 3B
— 11
—— 12
a8 13 4y 4A 11
13 4Y
4B
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for the D, J, and N packages.
PRODUCTION DATA information is current as of publication date. . Copyright [J 1994, Texas Instruments Incorporated
Clandard antanty. Production proseesing does not ecsesay ndude 1,
it ard warranty. uctl | 1ly Inclu
tsegtri]ng of all parz?rlneters. P ‘ g TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN54ALS32, SN54AS32, SN74ALS32, SN74AS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SDAS113B — APRIL 1982 — REVISED DECEMBER 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VORAGE, VOl o ottt e e 7V
INPUE VORAGE, V| oo 7V
Operating free-air temperature range, Ta: SN54ALS32 ... ... .. i, —55°C to 125°C

SN74ALS32 ... . 0°Cto 70°C
Storage temPerature FaNgE . . ..ottt et et —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54ALS32 SN74ALS32
MIN  NOM  MAX MIN  NOM  MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 55 \
Vi High-level input voltage 2 2 \4
VIL Low-level input voltage 0.8 0.8 \%
IoH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS SNSAALS32 SN7AALS32 UNIT
MIN TYPF MAX| MIN TYP¥ MAX

% Vce =45V, I} =-18 mA -15 -15| Vv

VOH Vcc=45Vto55Y, loH =-0.4 mA Vce -2 Vce -2 \Y

VoL Vo =45V loL =4 mA 025 04 025 04 v

loL =8 mA 035 05

I Vcc =55V, V=7V 0.1 0.1 mA

IIH Vcc =55V, V=27V 20 20 HA

L Vce =5.5V, V| =04V -0.1 -01] mA

108 Vee =55V, Vo =225V -20 -112| -30 -112| mA

IcCH Vce =5.5V, V| =45V 1.9 4 1.9 4] mA

lcoL Vec =55V, Vi=0 26 4.9 26 49| mA

1 All typical values are at Vcc =5V, Ta=25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

switching characteristics (see Figure 1)

Vec=45V1055V,
CL =50 pF,
PARAMETER FROM s NG il UNIT
(INPUT) (OUTPUT) TA = MIN to MAX
SN54ALS32 | SN74ALS32
MIN  MAX | MIN  MAX

t 3 18 3 14

PLH AorB Y ns

tPHL 3 16 3 12

1T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

Q‘ TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54ALS32, SN54AS32, SN74ALS32, SN74AS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SDAS113B — APRIL 1982 — REVISED DECEMBER 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VORAGE, VOl o ottt e e 7V
INPUE VORAGE, V| oo 7V
Operating free-air temperature range, Ta: SN54AS32 ... ... i —55°C to 125°C

SN74AS32 . . . 0°Cto 70°C
Storage temPerature FaNgE . ...ttt it e et e —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54AS32 SN74AS32
MIN  NOM  MAX MIN  NOM MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 55 \Y,
Vi High-level input voltage 2 2 \4
VIL Low-level input voltage 0.8 0.8 \%
IoH High-level output current -2 -2 mA
loL Low-level output current 20 20 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS SNSaASs2 SN7aAS32 UNIT
MIN TYPF MAX|[ MIN TYPT MmAX

ViK Vee =45V, I} = —18 mA -1.2 -12] v

VOH Vcc=45Vto55Y, loH=-2mA Vce -2 Vce -2 \Y

VoL Vcc =45V, loL =20 mA 0.35 0.5 0.35 0.5 \%

I Vee =55V, V=7V 0.1 01| mA

IIH Vcc =55V, V=27V 20 20 HA

m Vec =55V, Vi=04V -0.5 -05| mA

RE Vce =55V, Vo=225V -30 -112 | -30 -112| mA

IcCH Vec =55V, V|=45V 7.3 12 7.3 2| mA

lccL Vcc =55V, V=0 16.5 26.6 16.5 26.6 mA

¥ All typical values are at Vcc =5V, Ta=25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

switching characteristics (see Figure 1)

Vcc=45Vto55Y,

C| =50 pF,
FROM TO RL =500Q,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX T UNIT

SN54AS32 SN74AS32

MIN  MAX MIN  MAX
t 1 7.5 1 5.8
PLH AorB Y ns
tPHL 1 6.5 1 5.8

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

Q’ TEXAS
INSTRUMENTS
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SN54ALS32, SN54AS32, SN74ALS32, SN74AS32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SDAS113B — APRIL 1982 — REVISED DECEMBER 1994

PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/74ALS AND 54AS/74AS DEVICES

Test
Point

RL

From Output
Under Test

ol

(see Note A)

LOAD CIRCUIT FOR
BI-STATE
TOTEM-POLE OUTPUTS

Timing
Input

Data | ——— 35V
Input 13V 13V
0.3V

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

Output
Control
(low-level
enabling)

Waveform 1
S1 Closed
(see Note B)

Waveform 2
S1 Open
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A.
B.

Vee

RL

From Output
Under Test

CL
(see Note A) I

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Test
Point

3.5V

7V
(L R_=R1=R2

S1
R1
From Output Test
Under Test l Point
CL R2
(see Note A)
LOAD CIRCUIT

FOR 3-STATE OUTPUTS

High-Level —— — 33V
Pulse 13V 13V
0.3V 0.3V
D
35V
Low-Level
Pulse 1.3V 1.3V
—— — 03V
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 35V
Input 1.3V 1.3V
| | 0.3V
tPLH ——» ﬁ_ﬁ_ tPHL
In-Phase ‘ —— VOH
output \ 13V } 13V
VoL
| Lﬂ—ﬂ— tPLH
tpHL ——b \ \
Out-of-Phase | VOH
Output 1.3V 1.3V
(see Note C) —— VoL
VOLTAGE WAVEFORMS

CL includes probe and jig capacitance.
Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

PROPAGATION DELAY TIMES

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

mooO

When measuring propagation delay items of 3-state outputs, switch S1 is open.
All input pulses have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms

Q‘ TeEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated
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FAIRCHILD

SEMICONDUCTOR ™

DM74ALS74A

September 1986
Revised February 2000

Dual D Positive-Edge-Triggered Flip-Flop

with Preset and Clear

General Description

The DM74ALS74A contains two independent positive
edge-triggered flip-flops. Each flip-flop has individual D,
clock, clear and preset inputs, and also complementary Q
and Q outputs.

Information at input D is transferred to the Q output on the
positive going edge of the clock pulse. Clock triggering
occurs at a voltage level of the clock pulse and is not
directly related to the transition time of the positive going
pulse. When the clock input is at either the HIGH or LOW
level, the D input signal has no effect.

Asynchronous preset and clear inputs will set or clear Q
output respectively upon the application of low level signal.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and V¢ range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin-for-pin compatible with Schottky
and LS TTL counterpart

m Improved AC performance over LS74 at approximately
half the power

Ordering Code:

Order Number Package Number [ Package Description

DM74ALS74AM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74ALS74ASJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74ALS74AN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagram

Function Table

Vocc CLR2 D2 CLK2 PR2 Q2 @2 Inputs Outputs
[1a |13 J1z Js1 fo o s PR CLR CLK D Q Q
L H X X H L
— H L X X L H
T - L L X X | H(Note 1) H (Note 1)
P CLK Q D Q H H 1 H H L
o o > CLK 3 H H 1 L L H
PR CLR H H L X Q 6 0

L = LOW State

H = HIGH State

X =Don't Care

1 2 3 5 6 I 7 1 = Positive Edge Transition

CLR1 D1 CLK1 PR1 Q1 [*}] GND

Qo = Previous Condition of Q

Note 1: This condition is nonstable; it will not persist when preset and clear
inputs return to their inactive (HIGH) level. The output levels in this condi-
tion are not guaranteed to meet the Vo specification.

© 2000 Fairchild Semiconductor Corporation DS006109

www.fairchildsemi.com
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DM74ALS74A

Logic Diagram

PRESET

CLEAR

CLOCK

=]
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Absolute Maximum Ratingsnote 2)

Supply Voltage A%
Input Voltage A%
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Typical 834
N Package 87.0°C/W
M Package 117.0°C/W

Recommended Operating Conditions

Note 2: The “Absolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \%
Vg HIGH Level Input Voltage 2 \Y
Vi LOW Level Input Voltage 0.8 \%
lon HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
feLk Clock Frequency 0 34 MHz
tw(cLky | Width of Clock Pulse HIGH 145 ns

LOW 145 ns
tw Pulse Width

LOW 145 ns

Preset & Clear

tsy Data Setup Time Data 151 (Note 3)

PRE or CLR ns

) 10t (Note 3)

Inactive
ty Data Hold Time 01 (Note 3) ns
Ta Free Air Operating Temperature 0 70 °C

Note 3: The (1) arrow indicates the positive edge of the Clock is used for reference.

www.fairchildsemi.com
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DM74ALS74A

Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Ve =5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vec =45V, I =-18 mA -15 \
Von HIGH Level loy =-0.4 mA

Vee -2 \Y
Output Voltage Vee =4.5V 10 5.5V
V LOW Level Vee =4.5V
ot ce loL =8 mA 0.35 05 v
Output Voltage Vi =2V
I Input Current @ Ve =5.5V, Clock, D 0.1 A
m,
Max Input Voltage Vig=7v Preset, Clear 0.2
I HIGH Level Vee =5.5Y, Clock, D 20 A
Input Current Vi =27V Preset, Clear 40 W
I LOW Level Vee =5.5V, Clock, D -0.2 A
m.
Input Current V). =0.4vV Preset, Clear (Note 5) -0.4
lo Output Drive Current Vee =5.5V, Vg =2.25V -30 -112 mA
lcc Supply Current Vce =5.5V (Note 4) 24 4 mA

Note 4: Ic¢ is measured with D, CLK and PRESET grounded, then with D, CLK and CLEAR grounded.

Note 5: I, PRE and CLR pins not guaranteed to meet specifications with both PRE and CLK LOW.

Switching Characteristics

over recommended operating free air temperature range.

Parameter Conditions From To Min Max Units
fmax Ve =4.5V 10 5.5V 34 MHz
t] R =500Q [ — — 3 13 ns
LI Preset or Clear QorQ

tpHL C_=50pF 5 15 ns
¢ — 5 16 ns

PLH Clock QorQ

tpHL 5 18 ns

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted

0.226—0.244
{5.791-6.198)

LEAD NO. 1

IDENT

0.335-0.344
(8.509 —8.738)

0.010 pyax
0.250)

00040010

v (0.102-0.254)

0.150 -0.157
> @810-3.989)
0.053-0.069
0.010-0.020 .
{0.254—0.508 < > [ (1.346—1.753)
8° MAX TYP
ALL LEADS
* _J SEATING v
T PLANE T
0.008—0.010 gg;’;
{0.203-0.254) 0.016—0.050 {0-356)
TYP ALL LEADS 0.004 “ {0.406-1.270)
©0.102) TYP ALL LEADS

ALL LEAD TIPS

0.050
{1.270)
P

0.008
{0.203)

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
Package Number M14A

N

f

0.014-0.020 yyp
{0.356—0.508)

M14A (HEV H)

www.fairchildsemi.com
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DM74ALS74A

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

102201 ————— =}

Tonlni U0 0T,

( | h 14 13 9 8

5.01TYP

| 5.30.1 927 TYP

|_||_|||_||_| MTYPHHUH 1

1 ALL LEAD TIPS _J
1.27TYP 08TYP

LAND PATTERN RECOMMENDATION

PIN #1 IDENT.

ALL LEAD TIPS SEE DETAIL A
2.1 MAX.— @ — 1.8<0.1 m—=
// N,

II
| |
‘\

_ K_._Jl

]
J 0.15+0.05 \__/ 0.15-0.25
1 27TYP 0 35-0.51

[$Jo12@[c]A]
DIMENSIONS ARE IN MILLIMETERS
GAGE PLANE

NOTES: - -025
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, 0-87TYP

ESTABLISHED IN DECEMBER, 1998.
B. DIMENSIONS ARE IN MILLIMETERS. 7
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS. 0.60+0.15

SEATING PLANE
1.25 —wt

M14DRevB1
DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com 6




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
“ (18.80—19.56)
0.090
> 288
[ (73 [r2] [11 (5] (3] (] ot
AREA
) /N 0.250+0.010
O ./ (6.350+0.254)
PINNO. 1 PIN NO. 1
IDENT 3T (2] 2] 2] 5).6] L] IDENT
0.082 . 0.030 MAX
(2.337) {0.762) DEPTH
OPTION 1 0PTION 02
0.135+0.005 0.300-0.320
ows—am 0.060 (620 -8.128) 0.065
145 0. > v 40 TYP (1.651)
(3.683 —5.080) (1.524) d OPTIONAL ’

A
Y

-

4 1 950!50 0.008-0.016 [,
0.020 R B 90°+£4° TYP < —» | {0,203 —0.406)
0.508
(MIN) 0.125-0.150 =T cwszoos

(3175-3.810) > = {.805%0.381) %
0.014-0.023 {7 112) =
03560566 SR B R F2 V1) M
oot 0L
0.05040.010 +0.040
> {1.270—0.254) 0.325 015
+1,ms)
3.2
< 554).381 N14A (REV F)

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

Iea|D pue 19sald yum doj4-dij4 passbbli-abp3-aanisod @ [end vv.SI1vyZNG

which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com



SN5476, SN54LS76A
SN7476, SN74LS76A
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

® Package Options Include Plastic and SN5476, SN54LS76A . . . J PACKAGE

H : SN7476 . .. N PACKAGE
r P
Ceramic DIPs and Ceramic Flat Packages SN74LS76A . .. D OR N PACKAGE

® Dependable Texas Instruments Quality and (TOP VIEW)
Reliability 1okl Useh 1K
1PREL]2 15 :]} 1Q
. o 1 CLRLY3 14 41Q
description ; JE4 13F] GND
The ’76 contains two independent J-K flip-flops VCCE 5 12[]2K
with individual J-K, clock, preset, and clear 2cLkL]e 11[]2a
inputs. The ‘76 is a positive-edge-triggered flip- 2 PREL]? 10[]2Q
flop. J-K input is loaded into the master while the 2Ctrlls 9[]2J
clock is high and transferred to the slave on the
high-to-low transition. For these devices the J ‘76
and K inputs must be stable while the clock is FUNCTION TABLE
high. INPUTS OUTPUTS
The 'LS76A contain two independent negative- PRE CLR ck J Xk 19 2
edge-triggered flip-flops. The J and K inputs : ::' i i : : :_“
must be stable one setup time prior to the high- L L < x  x nt ut
to-low clock transition for predicatble operation. —
. H H JU L L Qp Qg
The preset and clear are asynchronous active " H PR " L
low inputs. When low they override the clock u H P L N
and data inputs forcing the outputs to the steady " " P TOGGLE
state levels as shown in the function table.
The SN56476 and the SN54LS76A are ,
. . . LS76A
characterized for operation over the full military FUNCTION TABLE
temperature range of —55°C to 125°C. The INPUTS OUTPUTS
SN7476 and the SN74LS76A are characterized TRE GlR Ok J K| a a
for operation from 0°C to 70°C. C H X X X " L
H L X X X L H
L L X X X Ht Ht
H H ¢ L L Qg Qg
H H v H L H L
H H ‘L H L H
H H i\ H H TOGGLE
H H H X X Qo Qo

t This configuration is nonstable; that is, it will not persist
when either preset or clear returns to its inactive (high)
fevel.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of Texas Instruments i

standard warranty. Production processing does not necessarily include

testing of all parameters. I EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright [0 1988, Texas Instruments Incorporated



SN5476, SN54LS76A
SN7476, SN74LS76A
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

logic diagrams (positive logic) 76

X

QI

o] D,

A4

[

O
)

X
<]
Ao Y &

-
m

Q’ TeXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN5476, SN54LS76A
SN7476, SN74LS76A
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

logic diagrams (positive logic) (continued)
‘LS76A

Dad

Q —¢ p—Q

|

: D>— | —C

-

CLK
logic symbolst
76 ‘LS76A
— (2) = (2)
1PRE ——DNs 1PRE S
15
14 4 1 918! 19 1J%’)——1J 05 1q
1cLk ey 1CLK —“E—b>c1 o
1KL6)__1K ﬁﬂ1a 1KT1K S 218
1CLR Il 1cm‘-(—7)—b R
2PRE (Za)) (1) 2PRE —57 (11)
20 20 20 == L 2a
2cLk 8L (10) 2cLK — =L (10) =
2K (12) N 20 2K :;)2) | ERRLLA Yoy
2CLR _(E)_.B ZC—LR———B
TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
schematics of inputs and outputs
76
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
vee - -- Vee
Req 130  NOM
INPUT -— -
OUTPUT
I1L MAX Req NOM
—1.6mA 4kQ
—32mA 2kQ

{'} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN5476, SN54LS76A
SN7476, SN74LS76A
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

schematics of inputs and outputs (continued)

‘LS76A
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Ve
vee -
Req
INPUT —_—
OUTPUT
L MAX Req NOM
—0.4mA 30 k0
—0.8mA 8.25 kQ

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

Supply voltage, Vo (see Note 1) . ... ottt e e e e e
INpUt voltage: “76 . . ... 5.6V
LS 7B A e
Operating free-air temperature range: SN54' .. ... . ... ... ... ..., -55°C to 125°C
SN74 . e e 0°C to 70°C
Storage temperature range . .. ... ...i vt ittt —-65°C to 150°C

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

Q’ TeXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN5476, SN54LS76A
SN7476, SN74LS76A
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN5476 SN7476 UNIT
MIN NOM MAX | MIN NOM MAX
Vce Supply voltage 4.5 5 55 | 4.75 5 5.25 \
ViH4 High-level input voitage 2 2 \")
ViL Lowe-level input voltage 08 0.8 Vv
lo High-level output current -04 —0.4 mA
loL Low-level output current 16 16 mA
CLK high 20 20
tw Pulse duration CLK fow 47 47 ns
PRE or CLR low 25 25
tsy  Input setup time before CLK ¢ 0 0 ns
th Input hold time-data after CLK { 0 0 ns
Ta  Operating free-air temperature —55 125 0 70 °C

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

PARAMETER TEST CONDITIONS? SN5476 SN7476 UNIT
MIN TYP: MAX | MIN TYP? MAX
Vik Vee = MIN, h=—12mA ~15 15| Vv
VoH Vee=MIN, Vin=2v, - ViL=08v, 24 34 24 34 v
log=— 0.4 mA
VoL Vee = MiN, ViH=2V, V=08V, 02 04 02 04| v
oL = 16 mA
H Ve = MAX, V=55V 1 1 mA
Iy K Vee = MAX Vi=24V 40 i
tH T All other cc ‘ 1= e 80 80
Jor K “16 —16
"L AT othery | VeC ™ MAX, Vi=04Vv “32 32 ™
los$ Ve = MAX -20 -57 [-18 —-57 | mA
Icc# Vce = MAX, See Note 2 10 20 10 20| mA

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

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

8Not more than one output should be shorted at a time.

I Clear is tested with preset high and preset is tested with clear high.

#Average per flip-flop. _

NOTE 2: With all outputs open, Icc is measured with the Q and Q outputs high in turn. At the time of measurement, the clock input
is grounded.

switching characteristics, Vgc =5 V, TA = 25°C (see note 3)

FROM TO
PARAMETER TEST CONDITIONS MIN TYP MAX | uNIT
(INPUT) (OUTPUT)

frax 15 20 MHz
1 —_— — — 16 25 ns
PLH PRE or CLR QoraQ
TPHL RL =400 Q, CL=15pF 25 20 | ns
: — 16 25 | ns
PLH CLK Qor@
tPHL 25 40 ns

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

POST O

{'} TeEXAS
INSTRUMENTS

FFICE BOX 655303 ® DALLAS, TEXAS 75265 5



SN5476, SN54LS76A
SN7476, SN74LS76A

DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR

SDLS121 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54LS76A SN74LS76A UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.75 \"
VIH High-level input voltage 2 2 \%
ViL Low-level input voitage 0.7 0.8 \"
10H High-level output current —-04 —-~04 mA
loL Low-level output current 4 8 mA
fclock  Clock frequency 0 30 0 30 [ MHz
tw Pulse duration EE higL 20 20 ns
PRE or CLR low 25 25
data high or low 20 20
tsu Setup time before CLK{ CLR inactive 20 20 ns
" PRE inactive 25 25
th Hold time-data after CLK} 0 0 ns
Ta Operating free-air temperature — 55 125 0 70 °C

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

nless otherwise noted)

SN54LS76A SN74LS76A
PARAMETER TEST CONDITIONS' UNIT
MIN Tyrt MAX |MIN TYPE MAX
Vik Vee = MIN, lj=—18 mA — 1.5 —-1.5 \
Vee = MIN, Vin=2V, VL= MAX,
Vou cc 1H . 25 34 27 34 v
loH = — 0.4 mA
Voo = MIN, ViL=MAX, Viq=2V,
cc iL tH 025 04 025 0.4
loL = 4 mA
VoL Ve = MIN ViL=MAX, Vip=2V v
cc ‘ iL ' IH ’ 035 05
loL=8mA
JorK 0.1 0.1
I CLRorPRE | Veo = MAX, V=7V 0.3 03 | mA
CLK 0.4 0.4
JorK 20 20
hH | CLRor PRE Vee = MAX, Vi=27V 60 80 | uA
CLK 80 80
! JorK Ve = MAX Vi=04V - 04 LA YN
i All other cc ! == —0.8 “o8 | ™
l0s§ Veo = MAX, See Note 4 —20 —100 |-20 —100 | mA
Icc (Total) Vce = MAX, See Note 2 4 6 4 6 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Voo =5 V, Ta = 26°C.
§Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.
NOTE 2: With all outputs open, |cc is measured with the Q and Q outputs high in turn. At the time of measurement, the clock inputis

grounded.

NOTE 4: For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed
with Vg = 2.25 V and 2.125 V for the 54 family and the 74 family, respectively, with the minimum and maximum limits reduced to
one half of their stated values.

switching characteristics, Vog =5 V, TA = 25°C (see note 3)

FROM
PARAMETER To TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) (OUTPUT)
fmax 30 45 MHz
t — — Ry =2kQ, CL=15pF 15 20 | ns
PLH PRE,CLRorCLK | QorQ L L=iee
tPHL 15 20| ns

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

Q’ TeXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1999, Texas Instruments Incorporated



SN54ALS86, SN54AS86A, SN74ALS86, SN74ASB6A
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDASO006B — APRIL 1982 — REVISED DECEMBER 1994

® Package Options Include Plastic SN54ALS86, SN54AS86A . .. J PACKAGE
Small-Outline (D) Packages, Ceramic Chip SN74ALS8S, SN74(A'\I'808I§<\/II.E.V\.I)D OR N PACKAGE

Carriers (FK), and Standard Plastic (N) and

Ceramic (J) 300-mil DIPs J
V) lA[ 1 14 ]VCC
description 182 13fl4s
1y []s 12 []4A
These devices contain four independent 2-input 2A [ 4 1 [lay
exclusive-OR gates. They perform the Boolean 2B []s 10[l3B
functions Y = A0 B or Y = AB + AB in positive 2v [l 9ll3A
logic. GND [ 7 s[l3y
A common application is as a true/complement
element. If one of the inputs is low, the other input SN54ALS86, SN54AS86A . . . FK PACKAGE
is reproduced in true form at the output. If one of (TOP VIEW)
the inputs is high, the signal on the other input is %)
reproduced inverted at the output. 09 O
The SN54ALS86 and SN54AS86A are (5 . 1 o1
characterized for operation over the full military 1y a4 18] 4A
temperature range of —55°C to 125°C. The NC s 17[ne
SN74ALS86 and SN74AS86A are characterized 2A 6 16[] 4y
for operation from 0°C to 70°C. NC []7 15[ NC
28 [Is 910 11 12 1314 3B
FUNCTION TABLE e
(each gate) 00> <
INPUTS | OUTPUT 450 °
A B Y . .
NC — No internal connection
L L L
L H H
H L H
H H L
logic symbol T
1
1A =1 3
2 A%
1B
4
2A 6
5 2y
2B
9
3A 8
10 ————— 3Y
3B ——
12
4A — 1
13 ———— 4y
48 —

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the D, J, and N packages.

PRODUCTION DATA information is current as of publication date. Copyright [J 1994, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN54ALS86, SN54AS86A, SN74ALS86, SN74AS86A
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDAS006B — APRIL 1982 — REVISED DECEMBER 1994

exclusive-OR logic

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

symbols.

EXCLUSIVE-OR

7 D D D D

These are five equivalent exclusive-OR symbols valid for an 'ALS86 or 'AS86A gate in positive logic. Negation

may be shown at any two ports.

LOGIC-IDENTITY ELEMENT EVEN-PARITY ELEMENT
= — 1 2
The output is active (low) if The output is active (low) if
all inputs are at the same an even number of inputs
logic level (i.e., A= B). (i.e., 0 or 2) are active.

ODD-PARITY ELEMENT

—— 2k+1

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

Q‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54ALS86, SN54AS86A, SN74ALS86, SN74ASB6A
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDAS006B — APRIL 1982 — REVISED DECEMBER 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VORAGE, VOl o ottt e e 7V
INPUE VORAGE, V| oo 7V
Operating free-air temperature range, Ta: SN54ALS86 .......... ..., —55°C to 125°C

SN74ALS86 . ... . 0°Cto 70°C
Storage temPerature FaNgE . . ..ottt et et —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54ALS86 SN74ALS86
MIN  NOM  MAX MIN  NOM MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 55 \Y,
Vi High-level input voltage 2 2 \4
VIL Low-level input voltage 0.7 0.8 \%
IoH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS SNSAALS80 SNTAALS80 UNIT
MIN TYPF MAX|[ MIN TYPT MmAX
VK Vcc =45V, l|=-18 mA -15 -15| Vv
VOH Vcc=45Vto55Y, loH =-0.4 mA Vce -2 Vce -2 \Y
loL =4 mA 025 04 025 04
VoL Vcc =45V \
loL =8 mA 035 05
I Vcc =55V, V=7V 0.1 0.1 mA
IIH Vec =55V, Vi=27V 20 20| pA
L Vce =5.5V, V| =04V -0.1 -01| mA
108 Vec =55V, V=225V -20 -112| -30 112 mA
Icc Vcc =55V, All inputs at 4.5V 3.9 5.9 3.9 5.9 mA

% All typical values are at Voc = 5V, Ta = 25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

switching characteristics (see Figure 1)

Vcc=45Vto55Y,

C| =50 pF,
FROM TO R =500 Q,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX T UNIT

SN54ALS86 SN74ALS86
MIN  MAX MIN  MAX

tPLH AorB 3 22 3 17

. Y ns
tPHL (other input low) 2 14 2 12
tPLH AorB v 3 22 3 17

) ) ns
tPHL (other input high) 2 12 2 10

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

Q’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3




SN54ALS86, SN54AS86A, SN74ALS86, SN74AS86A
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDAS006B — APRIL 1982 — REVISED DECEMBER 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VORAGE, VOl o ottt e e 7V
INPUE VORAGE, V| oo 7V
Operating free-air temperature range, Ta: SN54AS86A ... ... i, —55°C to 125°C

SN74AS8B6A . ... 0°Cto 70°C
Storage temPerature FaNgE . . ..ottt et et —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

SN54AS86A SN74AS86A
MIN  NOM  MAX MIN  NOM MAX UNIT
Vce Supply voltage 4.5 5 5.5 4.5 5 55 \Y,
Vi High-level input voltage 2 2 \4
VIL Low-level input voltage 0.8 0.8 \%
IoH High-level output current -2 -2 mA
loL Low-level output current 20 20 mA
Ta Operating free-air temperature -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS SNsaASseA SN7aAS8EeA UNIT
MIN TYPF MAX|[ MIN TYPT MmAX

VIK Vec =45V, I} = —18 mA -1.2 -12] v

VOH Vcc=45Vto55Y, loH=-2mA Vce -2 Vce -2 \Y

VoL Vcec =45V, loL =20 mA 0.35 0.5 0.35 0.5 \%

I Vec =55V, V=7V 0.1 01| mA

IIH Vcc =55V, V=27V 20 20 HA

m Vec =55V, Vi=04V -0.5 -05| mA

108 Vee =55V, Vo=225V -30 -112 | -30 -112| mA

IcCH Vec =55V, Vi(a) = 4.5V, Vi) = 0 1 18 1 18| mA

lccL Vcc =55V, V=45V 20 38 20 38 mA

¥ All typical values are at Vcc =5V, Ta=25°C.
8 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ips.

switching characteristics (see Figure 1)

Vcc=45Vto55Y,

C| =50 pF,
FROM TO RL =5000,
PARAMETER (INPUT) (OUTPUT) Ta = MIN to MAX T UNIT

SN54AS86A SN74AS86A
MIN  MAX MIN  MAX

. Y ns
tPHL (other input low) 2 8 2 6.5
tPLH AorB v 1 8 1 6.5
tPHL (other input high) 1 9 1 7 ns

11 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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SN54ALS86, SN54AS86A, SN74ALS86, SN7T4AS86A
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SDAS006B — APRIL 1982 — REVISED DECEMBER 1994

PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/74ALS AND 54AS/74AS DEVICES

Test
Point

From Output
Under Test

ol

(see Note A)

LOAD CIRCUIT FOR
BI-STATE
TOTEM-POLE OUTPUTS

Timing
Input

Data | ——— 35V
Input 13V 13V
0.3V

VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

Output
Control
(low-level
enabling)

Waveform 1
S1 Closed
(see Note B)

Waveform 2
S1 Open
(see Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A.
B.

Vece

RL

From Output
Under Test

CL
(see Note A) I

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Test
Point

A%

R =R1=R2

S1

R1

From Output Test
Under Test l Point
CL R2
(see Note A)
LOAD CIRCUIT

FOR 3-STATE OUTPUTS

35V High-Level T 38y
Pulse 13V 13V
0.3V 0.3V
DR
35V
Low-Level
Pulse 1.3V 1.3V
— —— 0.3V
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 35V
Input 1.3V 1.3V
| | 0.3V
tpLH —f—b] ﬁ—ﬁ— tPHL
In-Phase ‘ —— VoH
Output \ 13V } 13V
VoL
| %ﬂ—h‘— tpLH
tpHL —e— \ ‘
Out-of-Phase | VOH
Output 1.3V 1.3V
(see Note C) —— VoL
VOLTAGE WAVEFORMS

CL includes probe and jig capacitance.
Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

PROPAGATION DELAY TIMES

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

mo o

When measuring propagation delay items of 3-state outputs, switch S1 is open.
All input pulses have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated



SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

‘90A. 'LS90 . . . Decade Counters

‘92A, 'LS92 . . . Divide By-Twelve Counters

‘93A, LS93 .. . 4-Bit Binary Counters

TYPICAL
TYPES
POWER DISSIPATION
‘90A 145 mW
‘G2A, '93A 130 mW
‘LS90, ‘LS92, 'LS93 45 mW

description

Each of these monolithic counters contains four
master-slave flip-flops and additional gating to
provide a divide-by-two counter and a three-
stage binary counter for which the count cycle
length is divide-by-five for the "90A and ‘L.S90,
divide-by-six for the ‘92A and 'LS92, and the
divide-by-eight for the ‘93A and 'LS93.

All of these counters have a gated zero reset and
the '90A and ‘LS90 also have gated set-to-nine
inputs for use in BCD nine’s complement
applications.

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

SNS5490A, SN54LS90 . . . J OR W PACKAGE
SN74390A . . . N PACKAGE
SN741LS90 ... D OR N PACKAGE

{(TOP VIEW)
cxke [ CKA
RO(1) NC
Ro(2) O Qa
Ne ([ Qp
vee O GND
R9(1) ] Qg
R9(2) ] Q¢

SN5492A, SNS4LS92 . .. J OR W PACKAGE
SN7492A ... N PACKAGE
SN74LS92 . .. D OR N PACKAGE

(TOP VIEW)
cke (v U140 cka
NC 2 13 NC
NC 3 2] Qa
NC (4 1] Qg
vee ds 10[] GND
RO(1) (s o[J Q¢
RO(2) (7 8] Qp

SN5493A, SN54LS93 . . . J OR W PACKAGE
SN7493 . .. N PACKAGE
SN74LS93 . ..D OR N PACKAGE

(TOP VIEW)
cks O+ U0 cka
Ro(1) (2 13[] NC
RO(2) O3 120 Qp
NC (14 1[J Qp
vee gs 10[J GND
NC (s o[] Q8
NC (> 8] Qc

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

logic symbolst

‘90 ‘92 ‘93A, ‘LS93
{2) & (6) & CTR & CTR
RO{1}—— RO( 1) —— Ro(y 2
(3) CcT=0 7 cT=0 ""_(3, cT=0
RO{2) RO(2) RO(2)
Re(1—E. & T —
Z3 14 DiV2 (12)
rRo2—2 | cxa e D> + ] aa cxa e b+ Div2 (12) aa
o3 DIV {9
a1 >‘lr Div2 - . cke-1 = . . % (11) s @ 0 . Qg
c pre———
Qa 1242 _qc cKe ——bs + cr - ac
T 3¢™ —Div2 (8 2 ap
/5 9) E a — Qo
DIV5 © o ‘
" (8)
S T N T
43cT=4 2 p——0p

TThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.
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SN5490A, SN5492A, SN5493A, SN54L.S90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

‘90A, ‘LS990 ‘90A, ‘LSS0
BCD COUNT SEQUENCE BI-QUINARY (5-2)
(See Note A} {See Note B)
COUNT OouUTPUT COUNT ouTPUT
Qp Q¢ Qg Qp Qa Qp Q¢ Qg
0 L L L L 0 L L t
1 L L L H 1 t L L H
2 Lt L H L 2 L L H L
3 Lt L H H 3 L L H H
4 L H L L 4 L H t L
S L H L H ) H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H H
9 H L L H 9 H H L L
‘92A, ‘LS92 ‘90A, ‘LSS0
COUNT SEQUENCE RESET/COUNT FUNCTION TABLE
(See Note C) RESET INPUTS ouTPUT
count | —SUTPUT Ro(1) Ror2) Re(1) Ra(2){Qp Qc Qg Qa
Qp Qc Qg Qp H H L X L L L L
0 L L L L H H X L L L L L
1 L L L H X X H H H L L H
2 L L H L X L X L COUNT
3 L L H H L X L X COUNT
4 L H L L L X X L COUNT
5 L H L H X L L X COUNT
6 H L L L
7 H L L H
H ‘93A, ‘LS93
8 | H ¢ L COUNT SEQUENCE
9 H L H H {See Note C)
10 H H L L OuUTPUT
COUNT
11 H H L H
Qp Q¢ Qg Qpa
0 L L L L
1 L L L H
‘92A, 'LSS82, '93A, ‘LS93 2 L L H LU
RESET/COUNT FUNCTION TABLE
RESET INPUTS TPUT 3 - LoHoH
d ou 4 L H L L
Ro(1)  Ro(2) |[Qp Gc Qg Qp 5 L W L H
H
H L L L L 6 L H H L
L X COUNT N L H H H
X L COUNT 8 H oL L L
NOTES: A. Qutput Qp is connected to input CKB for BCD count. 9 H L L H
B. Output Qp is connected to input CKA for bi-quinary
count. 10 H L H L
C. Output Qp is connected to input CKB. 11 H L H H
D. H = high level, L = low level, X = irrelevant 12 H H L L
13 H H L H
14 H H H L
15 H H H H

{'} TeEXAS
INSTRUMENTS
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

logic diagrams (positive logic)
‘90A, LSS0

Rg(2) U
s o2 o,

cka 14 abCK

[:J Q 9) Qg
(1)

cKs - CK

(8)

s aled Mgy
cK

RO(1) (i)
RO(2) (3)

‘92A, ‘LS92 ‘93A, ‘LS93
('93A)['L93]
(12)
(14) PO oa 12)(13
cka B8 ek - s of02UB g,
K cka 804 o
¥ K
(11)
CKB () —:CKQ e J Q {91{9] Qg
{18}
" cks L obcK
K
9)
4 a ac
LabcK ) ofel8l10% 5,
K QO \abCK
L7 K
J ol—8l
Em °° P GITLE N
" lobcK
6 K
Ro(2) A2 Ro(1) ‘é’) ;’]
Ro(2)

The J and K inputs shown without connection are for reference only and are functionally at a high level.
Pin numbers shown in () are for the ‘LS93 and ‘93A and pin numbers shown in [ ] are for the 541.93.

schematics of inputs and outputs

‘93A

‘Q0A, ‘92A,
EQUIVALENT OF EACH INPUT
Vce -
Req
INPUT —9 —
y §

INPUT Req NOM

CKA 2.5k

CKB (‘90A, '92A) 1.25 k2

CKB (‘93A) 2.5 k2

All resets 6 kS1

TYPICAL OF ALL QUTPUTS

Vee
100 2 NOM

OUTPUT

% TEXAS
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SN5490A, SN5492A, SN5493A, SN54L.S90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS
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schematics of inputs and outputs (continued)

‘LS90, 'LS92, 'LS93

EQUIVALENT OF EACH RESET INPUT EQUIVALENT OF A AND B INPUTS TYPICAL OF ALL OUTPUTS
Vee +—Vce
Vce —_—— R3
20 k2 NOM
INPUT -
INPUT —— oUTPUT
NOMINAL VALUES
INPUT R1 R2 R3
CKA 10k 10k 10kQ
CKB (‘LS90, ‘LS92) 6.7 k2 6.7k 5kN
CKB ('LS93) 15k 15k 10k

{'} TeEXAS
INSTRUMENTS
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

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

Supply voltage, V¢ (see Note 1) A"
fnput voltage . . . e e . . 55V
Interemitter voltage (see Note 2) . e e e e e e e . 55V
Operating free-air temperature range: SN5490A SN5492A SN5493A e e e e e e —55°C to 125°C

SN7490A, SN7492A, SN7493A . . . . . . . . . 0°C to 70°C
Storage temperature fange . . . . . . . . . . e s e e e e e e e e e e e —65°C 10 150°C

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

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

inputs, and for the ‘Q0A circuit, it also applies between the two Rg inputs.
recommended operating conditions

SNS490A, SN5492A | SN7490A, SN7492A

SNS5493A SN7493A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 A\
High-level output current, IoH -800 —800 MA
Low-level output current, lg 16 16 | mA
Count frequency, fcount (see Figure 1) A input 0 32 0 32 MHz
B input 0 16 0 16
A input 15 15
Pulse width, ty, 8 input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tgy 25 25 ns
Operating free-air temperature, T a —55 125 0 70 °C

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

PARAMETER ¥ TEST CONDITIONS? 204 '92"_\ '93A. UNIT
MIN TYPE MAX | MIN TYPE MAX | MIN TYPi MAX
V4 High-level input voltage 2 2 2 \4
ViL Low-level input voltage 0.8 0.8 081 V
Vik Input clamp voltage Vee =MIN, {j=~12mA -1.5 -15 -15| V
Von High-level output voltage Vee = MIN, Vin =2 V. 24 34 24 34 24 34 v
VL= 08V, IgH = -800 uA
Vor Low-level output voltage vVee = MIN, Vig =2V, 0.2 0.4 0.2 0.4 0.2 04| V
Vi =08V, lgL =16 mAY
j, nputcurrentat Vee = MAX, V=55V 1 1 1| ma
maximum input voitage
) Any reset 40 40 40
g ool CKA | Vee = MAX, V=24V 80 80 80 | wA
et eunrent s 120 120 80
Low-level Any reset -1.6 ~-1.6 -1.6
hie . CKA Vee = MAX, V=04V -3.2 -3.2 -3.2 | mA
input current CKB a8 48 3.2
10s Short-circuit . Vee = MAX SN54’ -20 -57 | —20 -57 | -20 -57 mA
output current ¥ SN74° | -18 -57 | —18 -57 | —18 -57
fcc  Supply current Vee = MAX, See Note 3 29 42 26 39 26 39 | mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
LAl typical values areat Ve =5 V, Tp = 25°C.
¥Not more than one output should be shorted at a time.

[t
1'QA outputs are tested at |l = 16 mA plus the timit value for i for the CKB input. This permits driving the CK8 input while maintaining

fuil fan-out capability.

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

grounded.
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SN5490A, SN5492A, SN5493A, SN54L.S90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

switching characteristics, Vgc =5 V. TA = 256°C

FROM T0 “90A ‘924 "93A
TIONS UNIT
PARAMETERT (INPUT) (outpyT) | TEST CONDITIONS FUL™IVP MAX|MIN TYP MAX|MIN TYP MAX
CKA Qa 32 42 32 42 32 42
fmax 1 6 MHz
CcKB Qg 16 6
10 16
tPLH oA o 10 16 10 16 0 -
PHL A 12 18 12 18 12 18
%6 70
tPLH KA a 32 48 32 48 6 -
PHL o 3a 50 34 50 46 70
- 1
LK s o Cy - 15pF, 10 16 10 16 06|
PHL B Ry =400 2, 12 21 122 14 21
tPLH e o See Figure 1 21 32 10 16 232
PHL ¢ 23 35 14 21 23 35
3 51
1PLH cKB a 21 32 21 32 ns
tPHL o 23 35 23 35 34 s
tPHL Set-t0-0 Any 26 40 26 40 26 40 ns
Q. Q 20 30
IPLH Set-to-9 A0 % 20 ns
tPPHL Qg.Qc

Tfmax = maximum count frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

{'} TeEXAS
INSTRUMENTS
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (seeNote 1) . . . . . . . . . . . . ... 7V
Inputvoltage: Rinputs . . . . . . . . . . . . . . . . .. 7V
A and B inputs e e e e e e e e e e e e e e e e e e e e e e e e . 55V

Operating free-air temperature range: SN54LS’ Circuits e e e e e e e e . ... .... -B5°Cto125°C
SN74LS’ Circuits . . . . . . . . . . . . . .. 0°C to 70°C

Storage temperature range . . . . . . . . . . 4 4 e« s 4 e e e e e e e . ... —85°Cto150°C

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

recommended operating conditions

SN54LS%0 SN74LS9%0
SN541592 SN74LS92
SN541S93 SN74LS93 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 S 6.5 | 4.75 5 6.26 \)
High-level output current, g —-400 —400 | uA
Low-level output current, 10 4 8 { mA
Count frequency, fcgynt {see Figure 1) A input 0 32 0 32 MHz
B input V] 16 [¢] 16
A input 15 15
Pulse width, ty, B input 30 30 ns
Reset inputs 30 30
Reset inactive-state setup time, tg, 25 25 ns
Operating free-air temperature, Ta —-55 125 0 70 °C

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

SN54L590 SN741S90
PARAMETER TEST cONDITIONST SN541.892 SN74LS92 UNIT
MIN TYPE MAX [ MIN TYPF MAX
V|H High-level input voltage 2 2 A%
Vit Low-level input voltage 0.7 08| Vv
ViK !nputclamp voltage Vee = MIN, | =—18 mA -15 -1.5 \Y
A" = MIN, ViH=2V,
Vou High-levetl output voltage cc tH 25 34 2.7 3.4 \Y
ViL = ViLmax, IgH = —400 uA
Voo = MIN, ViIH=2V, loL =4 mAT 0.25 0.4 0.25 0.4
VoL lLow-level output voltage CC_ tH oL — i 1 \"
ViL = Vi max, oL =8 mA 0.35 0.5
Input current jAny reset Veg = MAX, Vi=7V 0.1 0.1
1 at maximum CKA Ve = MAX Vi =55V 0.2 0.2| mA
input voltage CKB ccr ! 1= 0.4 0.4
Highdevel Any reset 20 20
igh-leve
TV CKA Vee =MAX, V=27V 20 40| uA
input current
CKB 80 80
Low-level Any reset -0.4 -0.4
ow-leve
L input current CKA Vge = MAX, V=04V —24 —-2.4| mA
P CKB —32 —3.2
los Short-circuit output current8 | Ve = MAX —20 —-100 | —20 —100| mA
‘LS90 9 15 9 15
fcc  Supply current Vee = MAX, See Note 3 1592 5 15 9 15 mA

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

$AN typical values are at Voo =5V, Ta =25°C,

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
YQp outputs are tested at specified I plus the limit value of | for the CKB input. This permits driving the CKB input while maintaining

full fan-out capability.
NOTE 3: I¢c is measured with all outputs open, both R inputs grounded following momentary connection to 4,5 V, and all other inputs

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

PARAMETER TEST CONDITIONST SNS4LS93 SN741593 UNIT
MIN TYPE MAX | MIN TYPE MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 08] Vv
Vik input clamp voltage Vee = MIN, 1j=—18 mA -1.5 -15{ V
\Y = MIN, Vig=2V,
VoM High-level output voltage ce tH 25 34 27 34 v
VL= VL max, IgH = —400 uA
Vee = MIN, ViH=2V, 1oL = 4mAfS 0.25 04 025 04
Vor Low-level output voltage cc tH oL Vv
Vi = VL max loL =8 mA" 0.35 0.5
fnputcurrent | Ay reset  [Veo =MAX, V=7V 0.1 0.1
1 at maximum mA
input voltage | CKA or CKB Ve = MAX, V=55V 0.2 02
High-level Any reset 20 20
[IT Vee = MAX, V=27V HA
input current | CKA or CKB 10 80
Any reset -0.4 -0.4
Low-level
e . . . CKA Ve = MAX, Vi =04V —2.4 —-24 ] mA
curren
fnput eurr CKB —1.6 ~1.6
los Short-circuit output current$ [ Vee = MAX -20 -100 {-20 —100{ mA
lcc  Supply current Ve = MAX, See Note 3 9 15 9 151 mA

tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
15All typical valuesare at Voo =5V, Tp = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
q Qp outputs are tested at specified 1o pius the limit value for 1y for the CKB input. This permits driving the CKB8 input while maintaining
futl fan-out capability.
NOTE 3: I¢cc is measured with all outputs open, both Ro inputs grounded following momentary connection to 4.5 V, and all other inputs
grounded.

switching characteristics, Vcc =5 V. TA = 26°C

PARAMETER# FRoM o TEST CONDITIONS 1S90 'LS92 1593 UNIT
(INPUT) (QUTPUT) MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
CKA Q 32 42 32 42 32 42
frmax A MHz
CKB Qg 16 16 16

1 10 16 10 16 10 16

PLH CKA Qa ns
tPHL 12 18 12 18 12 18

t 32 4 32 48 46 70

PLH CKA ap 8 ns
tPHL 34 50 30 50 a6 70

t CL =15 pF, 10 16 10 16 10 16

PLH CKB Qg L P ns
tPPHL RL=2k& 14 21 14 21 14 21

1 Fi 1 3 10 16 21 32

PLH CKB ac See Figure 1 2 2 s
'PHL 23 35 14 21 23 35

t 21 32 21 32 34 51

PLH cKB Qp ns
PHL 23 35 23 35 34 51

PHL Set-t0-0 Any 26 40 26 40 26 40 ns
t Qp, Q 20 30

PLH Set-10-9 A D ns
PPHL Qg. Q¢ 26 40

#fmax = maximum count frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

{'} TeEXAS
INSTRUMENTS
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SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SN5490A, SN5492A, SN5493A, SN54LS90, SN54L.S92, SN54L.S93
SDLS940A — MARCH 1974 — REVISED MARCH 1988
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SN5490A, SN5492A, SN5493A, SN54L.S90, SN54L.S92, SN54L.S93
SN7490A, SN7492A, SN7493A, SN74L.S90, SN74L.S92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS940A — MARCH 1974 — REVISED MARCH 1988

NOTES: A.

"moom

PARAMETER MEASUREMENT INFORMATION

TEST
POINT Vee

RL
(See Note C)

FROM OUTPUT
UNDER TEST

CL
{See Note B)

LOAD CIRCUIT

Input pulses are supplied by a generator having the following characteristics:

for ‘90A, '92A, ‘93A, t; < 5ns, tf < 5 ns, PRR = 1 MHgz, duty cycle = 50%, 25t = 50 ohms;
for 'LS90, ‘LS92, ‘LS93, t; < 15 ns, ty =5 ns, PRR = 1 MHz, duty cycle = 50%, Zgyt = 50 ohms.
C includes probe and jig capacitance.

All diodes are 1N3064 or equivalent.

Each reset input is tested separately with the other reset at 4.5 V.

Reference waveforms are shown with dashed lines.

For '90A, '92A, and '93A; Ve = 1.5 V. For 'LS90, 'LS92, and 'LS93; V(e = 1.3 V.

FIGURE 1B

‘9 TeEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1999, Texas Instruments Incorporated



SN541.5138, SN545138, SN74LS138, SN74S138A

SDLS014

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

DECEMBER 71972 -AREVISED MARCH 1988

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

® 3 Enable Inputs to Simplify Cascading
and/or Data Reception

@ Schottky-Clamped for High Performance

description

These Schottky-clamped TTL MSI! circuits are
designed to be used in high-performance
memaory decoding or data-routing applications
requiring very short propagation delay times. In
high-performance memory systems, these
docoders can be used to minimize the effects of
system decoding. When employed with high-
speed memories utilizing a fast enable circuit, the
delay times of these decoders and the enable
time of the memory are usually iess than the
typical access time of the memory. This means
that the effective system delay introduced by the
Schottky-clamped system decoder is negligibie.

The ‘LS138, SN545138, and SN74S5138A
decode one of eight lines dependent on the
conditions at the three binary select inputs and
the three enable inputs, Two active-low and one
active-high enable inputs reduce the need for
external gates or inverters when expanding. A
24-line decoder can be implemented without
external inverters and a 32-line decoder requires
anly one inverter. An enable input can be used
as a data input for demultiplexing applications.

All of these decoder/demultiplexers feature fully
buffered inputs, each of which represents only
one normalized load to its driving circuit. All
inputs are clamped with high-performance
Schottky diodes to suppress line-ringing and to
simplify system design.

The SN54L5138 and SNE4S13B are
characterized for operation aover the full military
temperature range of —55°C to 125°C. The
SN74L5138 and SN745138A are characterized
for operation frem 0°C to 70°C.

SN54LS138, SN54S138 . . . J OR W PACKAGE
SN74L8138, SN745138A . .. D OR N PACKAGE

(TOP VIEW)
Ay Wais[Jvee
B2 1s[0vo
cls wfdv1
G2as  1300v2
G2s(s 12%\'3
GiQs 11Qva
y707 1o[dvs
GND e a[lve
SNEALS138, SN54S138 . . . FK PACKAGE
(TOP VIEW)
o o
Q< 2 > >
- ]
clle 18[] v1
G2A S 17 vz
NC L6 16 NC
G287 15[ v3
G1[e 14 v4

g

- -l . .-
MO Q@Ww
> 2 > >
NC —Mo internal cannaction

logic symbolst

BIN/OCT
{18)
¥o

L. 119 1

13]
UL

la (12 va
" = L, (11} va
_— (10)

Y5

Tzatl e EN t9)

(51

A {1}
{2

3}
C:

1
2
4

& M . @

A i b, (15} Yo

2 b, 1141 Y1
1131

c 3 - vz

112)
o v3

L—'—“” Y4

(10}

&
a1 {6)

14

B2A———Cd

Goe 2

e ¥5
- (a) vE

17]
P 7

N @ N e W N o

TThese symbels are in accordance with ANSI/IEEE Std 81-1984
and [EC Publication 817-12.
Pin numbers shown are for D, J, N, and W packages.

PRODUCTION DATA documents cantain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily tnclude testing ¢f all parameters.

Texas {’P
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SN541S138, SN545138, SN741LS138, SN745138A
3-LINE-TO 8-LINE DECODERS/DEMULTIPLEXERS

logic diagram and function table

61
ENABLE &1
inpuTs | S2AT
G28
SELECT
INPUTS

‘L8138, SN545§138, SN745138A

-~

g

“s)
Y

i

0

(14) v

-

Y

{13} v

2

udtl;

(12)

Y3

-

(11) va

:

A[“ Dc‘

{

0
11\’5

—

:

B(2) D@

9}

Y6

;

(3)
c—f>o—d

Pin numbers shown are for D, 4, N, and W packages.

e
>
—>—

(7}

>

‘L513B. SN54138, SN74S5138A
FUNCTION TABLE

INPUTS
ENABLE SELECT OUTPUTS
Gl G2*|C B A | YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X H H HHHMHHH
L X |X X X]/HHHMHHHHH
H t L L L L HHHHMHHH
H L L L H H &£t HHHHHH
H L |L H L[{HH L HHHHH
H L L H M H H H L HH HH
H L H L L H HHH L HHH
H L IH L HIHHHMHHTLHH
H L H H L H HHHMHHH L H
H L H H H H HH H H HH L

*G2 = G2A + G2B

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

DATA
OUTPUTS

Texas *9
INSTRUMENTS
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SN54LS138, SN545138, SN741L5138, SN745138A
3-LINE TO B-LINE DECODERS/DEMULTIPLEXERS

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF OUTPUTS
ENABLE INPUT OF 'L5138 SELECT INPUT OF ‘L8138 OF 'LS138
Yoo — - ! TTmTmEmT T T
Vee - 5 ki NOM
20 k2 NOM

iNPUT !L

INPUT - '\ — ——

}‘4
'y
A4
4
EQUIVALENT OF EACH TYPICAL OF QUTPUTS
INFUT OF SN54S138. SN748138A OF SN545138, SN74S138A
- Vee
50 O NOM
vVece --
2.8 Kk NOM -
INPUT —¢ - OUTRUT

X

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

Supply voltage, VO {588 NOte T) . .. . L i i e e e 7V
INPUL VO BGE . . . .. o o e e e e e e 7V
Operating free-air temperature range: SN54LS8138, SN545138 ... .. ... ... ... -55°C 10 125°C

SN74LS138, SN748138A . . ... .. ... . .. ... 0°C to 70°C
Storage temperature TANGE . . . . . v ittt i e e e e e e —-656°C to 150°C

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

TEXAS ‘{'f
INSTRUMENTS

POST OFFICE 80X 6555012 » DALLAS TEXAS 73285



SN54LS138, SN74LS138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

recommended operating conditions

SNE4L5138 SN74L5138
UNIT
MIN NOM MAX | MIN NOM MAX ]

vce Supply voltage 4.5 5 5.5 | 4.76 6 B.25 v
VIH High-levef input voltage 2 2 v
VL Low-level input valtage 0.7 0.8 \3
IOH High-fevel output current -0.4 -0.4 mA
lgL Lew-level output current 4 8 mA
TA Qperating free-air temperature -55 125 0 70 °C

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

noted)
SN74L5138
PARAMETER TEST CONDITIONS T SN54LS138 3 unNIT
MIN TYPF MAX | MIN TYP! MAX
VK Ve = MIN, I = ~18 mA -1.6 -1.5 v
\Y = MIN, ViH = 2V, Vi = MAX,
VoH cc H t 25 3.4 2.7 34 v
IoH = —0.4 mA
v Voo = MIN, Vi = 2V, oL = 4 mA 0.25 0.4 0.25 0.4 v
oL ViL = MAX oL = BmA 035 05
I Voo = MAX, V) = 7V 0.1 0.1 ] ma
1™ Voo = MAX, vy = 2.7V 20 20 T
Enable -0.4 -0.4
i V. = MAX, V| =04V A
i ce : A B C -0.2 02| ™
log® Voo = MAX -20 -100 | —20 -100 | mA
Icc Veop = MAX,  Outputs enabled and open 6.3 10 6.3 10 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Al typical values are at Voo = 6V, Ta = 25°C,
§Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.
switching characteristics, Vgg = BV, Ta = 26°C
FROM TO LEVELS SN54LS138
PARAMETERS (NPUT) {OUTPUT) OF DELAY TEST CONDITIONS SN74L5138 UNIT
MIN  TYP MAX
tPLH 2 11 20 ns
tPHL Binary A 18 41 ng
n
tPLH Select Y 3 21 27 ns
tpHL RL = 2 kQ, €y = 156 pF, 20 39 ns
tPLH 2 See Note 2 12 18 ns
t 20 32 s
PHL Enable Any L
tpLH 3 14 26 ns
tPHL 13 3B ns
1tp|_H = propagation delay time, law-to-high-level auput

tpHL = propagation delay time, high-to-low-level cutput
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

TEXAas ‘t’?
INSTRUMENTS
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SNb45138, SN745138A

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

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

Supply voltage, Ve (see Note 1)
Input voltage
Operating free-air temperature range: SN545138

SN745138A

Storage temperature range

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

recommended operating conditions

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

SN545138 SN745138A UNIT
MIN NOM MAX MIN  NOM MAX
Veo Supply voltage 4.5 5 565 | 475 5 6.25 v
VIH High-level input voltage 2 2 v
VIL Low-level input voltage 0.8 a.8 Vv
loH High-level output current -1 -1 mA
oL Low-level output current 20 20 mA
Ta Qperating free-air temperature —55 125 Q 70 °C

electrical characteristics over recommended operating free-air temperature range {uniless otherwise

noted)
SN545138
PARAMETER TEST CONDITIONST SN74S13BA UNIT
MIN  TYPT MAX
ViK Vee = MIN, I = —1B mA -1.2 v
SN545’ 2.5 3.4
VOH Voo = MIN, Vil = 2V, VIL =08V, lgy = -1TmA SN745 2.7 3.4
VoL Ve = MIN, Vi =2V, VL =08V, Ig. =20mA 0.5 v
h Ver = MAX, V| =55V 1] mA
ItH Voo = MAX, V=27V 50 nA
It Voo = MAX, Vi=05V -2 mA
Igs3 Voo = MAX - 40 -100 | mA
Icc Voo = MAX, Qutputs enabled and open 43 74 mAa

T For conditions shawn as MIN or MAX, use the appropriate vatue specified under recommended operating conditions.

+ All typical values are at Vg = 6V, Ta = 25°C.

$Not more than one output should be shorted at a time. and duration of the short circuit tast should not exceed one second.

POST OFFICE BOX B550'2 » DALLAS
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SN545138, SN745138A
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

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

FROM TC LEVELS SN545138
1 TEST CONDI SN745138A UNIT
PARAMETER {INPUT) {OUTPUT) OF DELAY s TIONS
MIN TYP MAX
teLH 2 4.5 7 n§
tPHL Binary Any 7 105 ns
tPLH Select 3 7.5 12 ns
1PHL R, = 280 Q, Cy = 158 pF, 3] 12 ns
tPLH 2 See Note 2 5 8 ns
1
LEHL Enabie Any 7 ! i
tPLH 3 7 11 ns
tPHL 7 11 ns

T‘PLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
NOTE 2: Load circuits and voitage waveforms are shown in Section 1.
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily petformed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (*Critical Applications”).

TI SEMICONDUCTOR FRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPFPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1998, Texas Instruments Incorporated
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FAIRCHILD Revised March 2000

SEMICONDUCTOR ™

DM74LS151
1-of-8 Line Data Selector/Multiplexer

General Description Features

This data selector/multiplexer contains full on-chip decod- m Select one-of-eight data lines

ing to select thg desired data source. The DM74LS151 m Performs parallel-to-serial conversion
selects'one—of—e'lght data sources. The D'M74L3151 has a ® Permits multiplexing from N lines to one line

strobe input which must be at a low logic level to enable )

these devices. A high level at the strobe forces the W out- ™ Also for use as Boolean function generator

put HIGH, and the Y output LOW. m Typical average propagation delay time data input to
The DM74LS151 features complementary W and Y out- W output 12.5 ns

puts. m Typical power dissipation 30 mW

Ordering Code:

Order Number | Package Number Package Description
DM74LS151M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS151SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
DM74LS151N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagram Truth Table
DATA INPUTS DATA SELECT Inputs Outputs
vee D4 D5 D6 D7 A B [od Select Strobe Y W
I C B A S
16 15 14 13 12 11 10 9
X X X H L H
L L L L DO DO
L L H L D1 D1
L H L L D2 D2
L H H L D3 D3
H L L L D4 D4
H L H L D5 D5
H H L L D6 D6
H H H L D7 D7
F 2 3 a 5 | 6 I 7 | 8
H = HIGH Level
D3 D2 D1 DO \ W  STROBE GND L = LOW Level
X =Don't Care
DATA INPUTS OUTPUTS DO, D1...D7 = the level of the respective D input

© 2000 Fairchild Semiconductor Corporation DS006392 www.fairchildsemi.com
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DM74LS151

Logic Diagrams

STROBE
(ENABLE) 4

DATA
INPUTS

See Address Buffers

(7) D
4)
DO
3) [ o
D1
2) *—
D2
o
1
D3( )
(15) o
D4
(14) *—
D5
(13) -
D6
(12 *>—
D7
)
H—/
ABBCC
—_————

Address Buffers
AABBCC

a1
A
DATA (10)
SELECT { B
(BINARY)
)
c

(5)
OUTPUT ¥

(6)
OUTPUT W

www.fairchildsemi.com




Absolute Maximum Ratingsote 1)

Supply Voltage A%
Input Voltage A%
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note 1: The “Absolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vce Supply Voltage 4.75 5 5.25 \Y
\m HIGH Level Input Voltage 2 \%
Vi LOW Level Input Voltage 0.8 \%
loH HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics

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

Symbol Parameter Conditions Min (sz 2 Max Units
\ Input Clamp Voltage Vce =Min, [} =-18 mA -15 \%
Vou HIGH Level Vee =Min, loy = Max 27 - v

Output Voltage VL = Max, V| =Min
Vo LOW Level Vee =Min, g = Méx 035 0s

Output Voltage VL = Max, V| =Min \

loL =4 mMA, Ve = Min 0.25 0.4

N Input Current @ Max Input Voltage Vce =Max, V| =7V 0.1 mA
IiH HIGH Level Input Current Vcee =Max, V,=2.7V 20 HA
I LOW Level Input Current Ve =Max, V)= 0.4V -0.4 mA
los Short Circuit Output Current Vcc = Max (Note 3) -20 -100 mA
lcc Supply Current Vce = Max (Note 4) 6 10 mA

Note 2: All typicals are at Ve = 5V, Ty = 25°C.

Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 4: I is measured with all outputs OPEN, strobe and data select inputs at 4.5V, and all other inputs OPEN.

www.fairchildsemi.com
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DM74LS151

Switching Characteristics

at Voo =5V and T = 25°C

From (Input) R =2kQ
Symbol Parameter To (output) C_=15pF C_ =50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Select
43 46 ns
LOW-to-HIGH Level Output (4 Levels)to Y
tpHL Propagation Delay Time Select
30 36 ns
HIGH-to-LOW Level Output (4 Levels) to Y
tpLH Propagation Delay Time Select
23 25 ns
LOW-to-HIGH Level Output (3 Levels) to W
! Propagation Delay Time Select
PHL pag y 22 20 ns
HIGH-to-LOW Level Output (3 Levels) to W
t] Propagation Delay Time Strobe
PLH pag Y 42 44 ns
LOW-to-HIGH Level Output oY
! Propagation Delay Time Strobe
PHL pag y 32 20 ns
HIGH-to-LOW Level Output toY
! Propagation Delay Time Strobe
PLH pag y 24 27 ns
LOW-to-HIGH Level Output toW
tpHL Propagation Delay Time Strobe
30 36 ns
HIGH-to-LOW Level Output toW
tpLH Propagation Delay Time DO thru D7
32 35 ns
LOW-to-HIGH Level Output toY
tpHL Propagation Delay Time DO thru D7
26 33 ns
HIGH-to-LOW Level Output toY
tpLH Propagation Delay Time DO thru D7
21 25 ns
LOW-to-HIGH Level Output toW
tpHL Propagation Delay Time DO thru D7
20 27 ns
HIGH-to-LOW Level Output toWw

www.fairchildsemi.com 4




Physical Dimensions inches (millimeters) unless otherwise noted

0.150—0.157
{3.610—3.988)
0.010-0.020 _, .
0.254—a.508) <" [
8° MAX TYP
ALL LEADS

r gE=h

0.008—0.010

{0.203-0.258)

TYP ALL LEADS 0.004 TYP ALL LEADS
(0.102)

ALL LEAD TIPS

L 0.016—0.050
(0.406—1.270)

0.386 —0.394

(9.804 -10.00)

16 15 14 13 12 1 10

e g

0.228 —0.244 30°
(5.791-6.198) TYP
Be /f
LEAD NO1 1 2 3 4 5 6 7 8
IDENT 0.010 max
(0.254)
0.053—0.069
1.346-1.753) 00040010
(0.102-0.254)
J 1 - |
* | — —
Y R ¥ sene
? PLANE
0.014
oLl 0.050 0.014-0.020 1yp
{0.356) Az {0356 _0.50)
TYP
—|-— 0.008 TYP

(0.203)

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
Package Number M16A

M1BA (REV H}
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DM74LS151

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.47 TYP —m=—t r
16

10.20.

1 —}

5.320.1

PIN #1 IDENT.
ALL LEAD TIPS
21wk~ [STofc]

I_l |_| [ ] o2[c[e]A]

8 ALLLEADTIPS

— 1.8+0.1

r

{ (

\

-

mmj
= -

J 0.1520.05
0.35-0.51

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1998.

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

M16DRevB

1

16 15 10 9

N N

l

00 100”

S T |

LAND PATTERN RECOMMENDATION

SEE DETAIL A
-

i}

5.01TYP
927 TYP

~,

/N \
/ \
\J Nt
AY
\ /
\\__/// 0.15-0.25
GAGE PLANE
0° 8°TYP
0. 60+O 15 \
SEATING PLANE
1.25 —w=t

DETAIL A

16-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M16D
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

\ 0.740 - 0.780 |
(18.80-19.81) — 0.090
. {2.286)
fi4 [i3 [] [id INDEX
AREA
0.250£0.010
{6.350£0.254)
PIN NO. 1 PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005 1.651)
215020005, 0.060 £ TYP 0.300-0.320 1.651)
| sk =~ [ oss ™ ~\ ™ GpmiowaL "‘ (7.620-8.128) |
0.145=0.200 11 [ \l
(3.683-5.080) { t
[ 950450 -
0030 ||| g0ot40 vp 0.008=0016 oy
e MIN {0203-0.406)
{0.508) | 0280 |
0.125-0.150 0.030£0.015 (7.112)
{3.175=3.810) . T ™ {076220.381) MIN
0.014=0.023 0.100£0.010 +0.040
0.014-0.023 219020019 0.325
{0.356 - 0.584) 0.050*0'0134 (2.540£0.254) 032529015 N16E (REV F}
e (12700.254) e (8.255* [ %18)

TYP

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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August 1986
Revised March 2000

4-Line to 16-Line Decoder/Demultiplexer

General Description

Each of these 4-line-to-16-line decoders utilizes TTL cir-
cuitry to decode four binary-coded inputs into one of six-
teen 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 out-
put 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 demultiplexers are ideally
suited for implementing high-performance memory decod-
ers. All inputs are buffered and input clamping diodes are
provided to minimize transmission-line effects and thereby
simplify system design.

Features
m Decodes 4 binary-coded inputs into one of 16 mutually
exclusive outputs

m Performs the demultiplexing function by distributing data
from one input line to any one of 16 outputs

Input clamping diodes simplify system design
High fan-out, low-impedance, totem-pole outputs

m Typical propagation delay
3levels of logic 23 ns
Strobe 19 ns

m Typical power dissipation 45 mW

Ordering Code:

Order Number | Package Number

Package Description

DM74LS154WM M24B

24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide

DM74LS154N N24A

24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0.600 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagram
INPUTS QUTPUTS
vee A B c D G2 G1 15 14 13 12 11
|24 23 |22 |21 j20 |19 |1B |17 |16 |15 |14 I13

L

OUTPUTS

Logic Diagram
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@
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C
A
(23) - - ©
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w
5] e B - )8
£]® 5
-
(21) c B e
¢ T 3
i [=
(9)8 a
o=
(10)
(20) ’::30_9
o = - an
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-———
= (14)
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=
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© 2000 Fairchild Semiconductor Corporation DS006394
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Outputs

11 12 13 14 15
H H H H H
H H H H H

10
H
H

C
L
L

Inputs
D
L
L

Function Table

Gl
L
L

HIGH Level
Low Level

H
L
X

Don't Care

YS1SIv.Nd

www.fairchildsemi.com



Absolute Maximum Ratingsote 1)

Note 1: The “Absolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Supply Voltage A%
Input Voltage A%
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

YS1ST7.Nd

Symbol Parameter Min Nom Max Units
Vce Supply Voltage 4.75 5 5.25 \Y
\m HIGH Level Input Voltage 2 \%
Vi LOW Level Input Voltage 0.8 \%
loH HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min vp Max Units
(Note 2)
\ Input Clamp Voltage Vce =Min, [} =-18 mA -15 \%
Vou HIGH Level Vee =Min, loy = Max 27 - v
Output Voltage VL = Max, V| =Min
Vo LOW Level Ve = Min, lg = Max 0.25 0.4
Output Voltage VL = Max, V| =Min 0.35 0.5 \Y
loL =4 mMA, Ve = Min 0.25 0.4
N Input Current @ Max Input Voltage Vce =Max, V| =7V 0.1 mA
IiH HIGH Level Input Current Vcee =Max, V,=2.7V 20 HA
I LOW Level Input Current Ve =Max, V)= 0.4V -0.4 mA
los Short Circuit Output Current Vcc = Max (Note 3) -20 -100 mA
lcc Supply Current Vce = Max (Note 4) 9 14 mA
Note 2: All typicals are at Ve = 5V, Ty = 25°C.
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 4: I is measured with all outputs OPEN and all inputs GROUNDED.
Switching Characteristics
at Vg =5V and Tp =25°C
From (Input) RL=2kQ
Symbol Parameter To (Output) C =15pF C_ =50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Data to Output 20 35 ns
LOW-to-HIGH Level Output
tPHL Propagation Delay Time Data to Output 30 35 ns
HIGH-to-LOW Level Output
teLn Propagation Delay Time Strobe to Output 20 25 ns
LOW-to-HIGH Level Output
tenL Propagation Delay Time Strobe to Output 25 35 ns
HIGH-to-LOW Level Output

www.fairchildsemi.com



DM74LS154

Physical Dimensions inches (millimeters) unless otherwise noted

0.6141
0.5985
15.60
5.2
19 1

—B-

n

o

_._.o
=1

o

17 16 15 14 13

N
N
~
w
N
)
[N}
%)
(=3

LEAD NO 1
IDENTIFICATION \ —)- -

0.0

10 11 |12
88%%3 0.010
505 7 [0[55 @[ Oy
0:350 125
0.0091
032

0.1043 029
o2 330 TYP ALL LEADS

0.
0.0926 0.
459 x ==
. 0.0118 0.75 0.25
N 00040 023 »_____
0.1

e LHEEHAEEREEEH - L

PLANE } T T 0004 89 MAX TYP7
0.014 ALL LEAD TIPS L ALL LEADS
0.35 O TYP ALL LEADS

M24B (REV F)

24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
Package Number M24B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.243-1.270

‘Eﬂﬁlﬁmlﬁllﬁl[ﬁllﬁllﬁllﬁllﬁl

{31.57-32.26}

0.062

{1.576)
@

PIN NO. 1 IDENT
\I

i
1

1

1

1| 0.540 +0.005
: {13.716 =0.127)
I

l .

1

LA 2 3 3 5 3 I 3 1 1 R 7

DOTTED OUTLINES

REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
(14.73) 0.030
Min ——
0.762) 0.075
‘ (n.suu-u.nzn ) M/;X T905) 0.060
15.24-15.748 i {1.528)
{ L — 1
sove
+0.025 228-0.
‘ 0825 g g5 | 00750015 _| ‘__
I +0.635 | {1.905 +0.381)
(15'875 )

24-Lead Plastic Dual-In-Line Package (
Package Num

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

Fairchild reserves the right at any time without notice to change

0.040 0,160 +0.005
{1.016) @osa 0.127)
% Tvv" I‘ {@.068 20.127) +
[ 0.170-0210

i {4.318-5.334)

0.015

TYP
0.018 +0.003 iy
AF—M 0.125-0.140 (0381)
0.100 :0.010 AST 0T 75 355w MIN
{2,540 <0.259)

N24A (REV By

PDIP), JEDEC MS-010, 0.600 Wide
ber N24A

said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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DM74ALS161B, DM74ALS162B, DM74ALS163B
Synchronous Four-Bit Counter

Features

B Switching specifications at 50pF

B Switching specifications guaranteed over full
temperature and V¢ range

B Advanced oxide-isolated, ion-implanted Schottky
TTL process

B Functionally and pin-for-pin compatible with
Schottky and low power Schottky TTL counterpart

General Description

These synchronous presettable counters feature an
internal carry look ahead for application in high speed
counting designs. The DM74ALS162B is a four-bit
decade counter, while the DM74ALS161B and
DM74ALS163B are four-bit binary counters. The
DM74ALS161B clears asynchronously, while the
DM74ALS162B and DM74ALS163B clear synchro-
nously. The carry output is decoded to prevent spikes
during normal counting mode of operation. Synchronous
operation is provided by having all flip-flops clocked
simultaneously so that outputs change coincident with
each other when so instructed by count enable inputs
and internal gating. This mode of operation eliminates
the output counting spikes which are normally associ-
ated with asynchronous (ripple clock) counters. A
buffered clock input triggers the four flip-flops on the
rising (positive-going) edge of the clock input waveform.

These counters are fully programmable, that is, the out-
puts may be preset to either level. As presetting is syn-
chronous, setting up a low level at the load input
disables the counter and causes the outputs to agree
with set up data after the next clock pulse regardless of
the levels of enable input. LOW-to-HIGH transitions at
the load input are perfectly acceptable regardless of the
logic levels on the clock or enable inputs.

The DM74ALS161B clear function is asynchronous. A
low level at the clear input sets all four of the flip-flop
outputs LOW regardless of the levels of clock, load or
enable inputs. These two counters are provided with a
clear on power-up feature. The DM74ALS162B and
DM74ALS163B clear function is synchronous; and a low
level at the clear input sets all four of the flip-flop outputs

B Improved AC performance over Schottky and low
power Schottky counterparts

B Synchronously programmable

B Internal look ahead for fast counting
W Carry output for n-bit cascading

B Synchronous counting

W Load control line

W ESD inputs

LOW after the next clock pulse, regardless of the levels
of enable inputs. This synchronous clear allows the
count length to be modified easily, as decoding the max-
imum count desired can be accomplished with one
external NAND gate. The gate output is connected to the
clear input to synchronously clear the counter to all low
outputs. LOW-to-HIGH transitions at the clear input of
the DM74ALS162B and DM74ALS163B are also permis-
sible regardless of the levels of logic on the clock, enable
or load inputs.

The carry look ahead circuitry provides for cascading
counters for n bit synchronous application without addi-
tional gating. Instrumental in accomplishing this function
are two count enable inputs (P and T) and a ripple carry
output. Both count enable inputs must be HIGH to count.
The T input is fed forward to enable the ripple carry out-
put. The ripple carry output thus enabled will produce a
high level output pulse with a duration approximately
equal to the high level portion of QA output. This high
level overflow ripple carry pulse can be used to enable
successive cascaded stages. HIGH-to-LOW level transi-
tions at the enable P or T inputs of the DM74ALS161B
through DM74ALS163B may occur regardless of the
logic level on the clock.

The DM74ALS161B through DM74ALS163B feature a
fully independent clock circuit. changes made to control
inputs (enable P or T, or load) that will modify the operat-
ing mode will have no effect until clocking occurs. The
function of the counter (whether enabled, disabled, load-
ing or counting) will be dictated solely by the conditions
meeting the stable set-up and hold times.

©1984 Fairchild Semiconductor Corporation
DM74ALS16XB Rev. 1.2

www.fairchildsemi.com
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Ordering Information

Order Package
Number Number Package Description
DM74ALS161BM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
DM74ALS162BM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
DM74ALS162BN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
DM74ALS163BM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
DM74ALS163BN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagram

RIPPLE OUTPUTS

CARRY
VccOUuTPUT QA QB Q¢

16 15 14 13 12

ENABLE
Qp T LOAD

1 10 9

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering number.

RIPPLEQy, Qg Qc Qp ENABLE
T

CARRY
OouTPUT
CLEAR LOAD
ENABLE
CK
A A B C D P
1 2 3 4 5 6 7 8

CLEAR CLOCK A B Cc

D ENABLE GND

o P
DATA INPUTS
Mode Select Table
Action on the Rising
Clear Load EnableT Enable P Clock Edge ()

L X X X Reset (Clear)

H L X X Load (P, — Qp)

H H H H Count (Increment)

H H L X No Change (Hold)

H H X L No Change (Hold)

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

©1984 Fairchild Semiconductor Corporation
DM74ALS16XB Rev. 1.2
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Logic Diagrams

DM74ALS161B
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©1984 Fairchild Semiconductor Corporation
DM74ALS16XB Rev. 1.2
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Logic Diagrams (Continued)

DM74ALS162B
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©1984 Fairchild Semiconductor Corporation
DM74ALS16XB Rev. 1.2
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Logic Diagrams (Continued)

DM74ALS163B
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Timing Diagrams
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Timing Diagrams (Continued)

DM74ALS161B, DM74ALS163B
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Absolute Maximum Ratings
Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Rating

Vee Supply Voltage v

V, Input Voltage A%

Ta Operating Free Air Temperature Range 0°C to +70°C

Tste Storage Temperature Range —65°C to +150°C
CITN Typical Thermal Resistance

N Package 78.1°C/W

M Package 106.8°C/W

Recommended Operating Conditions
The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended

operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

1. The symbol (T) indicates that the rising edge of the clock is used as a reference.

Symbol Parameter Min. | Nom. | Max. | Units
Vee Supply Voltage 4.5 5 5.5 \%
ViH HIGH Level Input Voltage 2 \Y
ViL LOW Level Input Voltage 0.8 \Y
loH HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
foLk Clock Frequency 0 40 MHz

tsetup | Setup Time Data; A, B, C, D 151" ns
EnPEnT 1571
Load 157
Clear (Only for DM74ALS162B | LOW 15T
and DM74ALS163B) HIGH 121N
Setup 1 (Only for 161B) | Clear Inactive 10 4
thoLp | Hold Time Data; A, B, C, D oT(™M -3 ns
EnPENnT ot -3
Load 0T -4
Clear (Only for DM74ALS162B and ot | -7
DM74ALS163B
Hold O (Only for 161B) | Clear 0 —4
tw Width of Clock or CLK HIGH or LOW 12.5 ns
Clear Pulse DM74ALS161B CLR LOW 15
Width of Load Pulse 15
Ta Operating Free Air Temperature 0 70 °C
Note:

©1984 Fairchild Semiconductor Corporation
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Electrical Characteristics
Over recommended operating free air temperature range. All typical values are measured at Vo =5V, Tp = 25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vik Input Clamp Voltage Ve =4.5Y, || =-18mA -1.5 V
VoH HIGH Level Output Voltage loy=—0.4mA,Vcc=4.5V105.5V | Ve -2 \
VoL LOW Level Output Voltage Vee =4.5V loL =4mA 0.25 0.4 \

loL = 8mA 0.35 0.5
I Input Current at Max. Input Voltage | Voo =5.5V, Viy =7V 0.1 mA
I HIGH Level Input Current Ve =55V, V=27V 20 MA
m LOW Level Input Current Vee =55V, V) =04V -0.2 mA
lo Output Drive Current Vee =55V, Vo =2.25V -30 -112 mA
lcc Supply Current Vee =5.5V 12 21 mA

Switching Characteristics DM74ALS161B

Over recommended operating free air temperature range.

Symbol Parameter Conditions From To Min. | Max. | Units
fuax | Maximum Clock Frequency Vec =45V t05.5Y, 40 MHz
toy | Propagation Delay Time, RL =5009, Clock | Ripple Carry | 5 20 ns
LOW-to-HIGH Level Output C = 50pF

tPHL Propagation Delay Time, Clock | Ripple Carry 5 20 ns
HIGH-to-LOW Level Output

tpLH Propagation Delay Time, Clock Any Q 4 15 ns
LOW-to-HIGH Level Output

tPHL Propagation Delay Time, Clock Any Q 6 20 ns
HIGH-to-LOW Level Output

tpLH Propagation Delay Time, EnT | RippleCarry | 3 13 ns
LOW-to-HIGH Level Output

tPHL Propagation Delay Time, EnT Ripple Carry 3 13 ns
HIGH-to-LOW Level Output

tPHL Propagation Delay Time, Clear Any Q 8 24 ns
HIGH-to-LOW Level Output Clear | Ripple Carry | 11 23

Switching Characteristics DM74ALS162B, DM74ALS163B

Over recommended operating free air temperature range.

Symbol Parameter Conditions From To Min. | Max. | Units
fmax Maximum Clock Frequency Vec=4.5V 10 5.5V, 40 MHz
toy | Propagation Delay Time, R =5004, Clock | Ripple Carry | 5 20 ns
LOW-to-HIGH Level Output | C| = 50pF,

tpHL Propagation Delay Time, Ta = Min. to Max. Clock | Ripple Carry | 5 20 ns
HIGH-to-LOW Level Output

tpLH Propagation Delay Time, Clock Any Q 4 15 ns
LOW-to-HIGH Level Output

tPHL Propagation Delay Time, Clock Any Q 6 20 ns
HIGH-to-LOW Level Output

tpLH Propagation Delay Time, EnT Ripple Carry 3 13 ns
LOW-to-HIGH Level Output

tPHL Propagation Delay Time, EnT Ripple Carry 3 13 ns
HIGH-to-LOW Level Output

©1984 Fairchild Semiconductor Corporation www.fairchildsemi.com
DM74ALS16XB Rev. 1.2 9

12juno) jig-inog snouoiysuhs g¢9LSIVY.LING ‘929LSTVYLING ‘AL9LSTVYLING



Physical Dimensions
Dimensions are in millimeters unless otherwise noted.

9.90+0.10
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f
! 3.90+0.10 4 6.75

[6.00] 4-—-—- 4+ i

5
PN oNE A ‘H' 8 T 7 L R ——
INDICATOR 051 L

- 1.27 921 —‘ 1.27 0.50

(0.30) —|

LAND PATTERN RECOMMENDATION

—1.75 MAX
1,45+8’88 /SEE DETAIL A
r ’ - 0.25
Il Sieimimimimia L [0

AJo.10lc S~ T

010
0152005

0.50 .
0.25 X 45

GAGE PLANE NOTES: UNLESS OTHERWISE SPECIFIED

A) THIS PACKAGE CONFORMS TO JEDEC
0.36 MS—012, VARIATION AC, ISSUE C,
DATED MAY 1990.

B) ALL DIMENSIONS ARE IN MILLIMETERS.
f C) DIMENSIONS DO NOT INCLUDE MOLD
\ FLASH OR BURRS.
D) STANDARD LEAD FINISH:
0.70+£0.20 SEATING PLANE 200 MICROINCHES / 5.08 MICRONS MIN.
LEAD/TIN (SOLDER) ON COPPER.
(1.04)
DETAIL A
SCALE: 2:1
M16AREVK

Figure 1. 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
Package Number M16A
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Physical Dimensions (Continued)
Dimensions are in inches (millimeters) unless otherwise noted.

| 0.740 ~ 0.780 | o080
18.80 - 19.81 :
( ) _’! ’* {2.286)
INDEX
AREA
0.250£0.010

{6.350 £0.254)

PIN NO. 1 PIN NO. 1

IDENT IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005
.15020.00> 0.060 4° TYP 0.300 - 0.320 (1.651)
| B30T s P "\ OPTIONAL *‘ (7.620- 8.128) {
0.145 - 0.200 | : [ |
(3.683-5.080) | d i 1 }
f | ’ 950 %5° -
0.020 | ||| 90ok4° TYP % P
{0.508) MIN o 0280 77 (0. .408)
) 0.125 - 0.150 0.030£0.015 (7.112)
(3.175-3.810) . ! {0.762£0.381) MIN
0.014=0.023 0.100 £0.010 +0.040
(0.356-0584) | 0.050£0.010 (2:54020.254) 0325015 N16E (REV F)
s ™ M [1.z7020.254) TP (8.255%! '015)
=0.381
TYP
Figure 2. 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N16E
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I
FAIRCHILD

]
SEMICONDUCTOR®

TRADEMARKS
The following are registered and unregistered trademarks and service marks Fairchild Semiconductor owns or is authorized to use and
is not intended to be an exhaustive list of all such trademarks

ACEx® Green FPS™ e-Series™ Power-SPM™ SyncFET™
Build it Now™ GTO™ PowerTrench® The Power Franchise®
CorePLUS™ i-Lo™ Programmable Active Droop™ ™
CROSSVOLT™ IntelliMAX™ QFET® TinyBoost™
CTL™ ISOPLANAR™ QSs™ TinyBuck™
Current Transfer Logic™ MegaBuck™ QT Optoelectronics™ TinyLogic®
EcoSPARK® MICROCOUPLER™ Quiet Series™ TINYOPTO™
FACT Quiet Series™ MicroPak™ RapidConfigure™ TinyPower™
FACT® Motion-SPM™ SMART START™ TinyPWM™
FAST® OPTOLOGIC® SPM® TinvWire™
FastvCore™ OPTOPLANAR® STEALTH™ uSgrD es™
FPS™ PDP-SPM™ SuperFET™ UHC®
FRFET® Power220® SuperSOT™-3 UniFET™
Global Power ResourceSM Power247® SuperSOT™-6 VCX™
Green FPS™ POWEREDGE® SuperSOT™-8
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF
THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE
UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF
FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE
PRODUCTS.

LIFE SUPPORT POLICY
FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and (c) whose failure to perform expected to cause the failure of the life support device or
when properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to result
in significant injury to the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

This datasheet contains the design specifications for product development.

Advance Information Formative or In Design Specifications may change in any manner without notice.

This datasheet contains preliminary data; supplementary data will be
Preliminary First Production published at a later date. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve design.

This datasheet contains final specifications. Fairchild Semiconductor reserves

No Identification Needed Full Production the right to make changes at any time without notice to improve design.

This datasheet contains specifications on a product that has been
Obsolete Not In Production discontinued by Fairchild semiconductor. The datasheet is printed for
reference information only.

Rev. 128
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Features

TTL process

counterpart

I
FAIRCHILD
I

SEMICONDUCTOR®

DM74ALS174, DM74ALS175
Hex/Quad D-Type Flip-Flops with Clear

B Advanced oxide-isolated ion-implanted Schottky These positive-edge-triggered flip-flops utilize TTL
B Pin and functional compatible with LS family asynchronous clear input, and the quad (DM74ALS175)

B Typical clock frequency maximum is 80MHz

B Switching performance guaranteed over full
temperature and V¢ supply range

May 2007

General Description

circuitry to implement D-type flip-flop logic. Both have an

version features complementary outputs from each
flip-flop.

Information at the D inputs meeting the setup time
requirements is transferred to the Q outputs on the
positive-going edge of the clock pulse. Clock triggering
occurs at a particular voltage level and is not directly
related to the transition time of the positive-going pulse.
When the clock input is at either the HIGH or LOW level,
the D input signal has no effect at the output.

Ordering Information

Ordering Package
Code Number Package Description
DM74ALS174M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
DM74ALS174SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74ALS175M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
DM74ALS175S8J M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74ALS175N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering number.

©1986 Fairchild Semiconductor Corporation
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Connection Diagrams

DM74ALS174
Vee  as D6 D5 Qs D4 Q4 CLOCK
16 15 14 13 12 11 10 | 9
Q D D Q D Q
CK CK D> CK
CLEAR CLEAR CLEAR
CLEAR CLEAR CLEAR
CK 4 D> CcK D> CK
Q D D Q D Q
1 2 3 4 5 6 7 l 8
CLEAR Q1 D1 D2 Q2 D3 Q3 GND
DM74ALS175
Ve 04 04 04 03 03 03 cLock
151 15 14 12 1l 10[ 9
[} 0 0 0 S{
CLR 0 0 CLR jo—
CLK CLK
Pa¥ Pa
? 9
~ v
CLK CLK
CLR 0 0 CLRpp—
0 Q 0 Q
| 2 3[ 4 GI 7 a[
CLEAR 1] n 01 02 02 Q2 GNOD
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Function Table

Inputs Outputs
Clear Clock D Q Q"
L X X L H
H T H H L
H T L L H
H L X Qo Q

H = HIGH Level (steady state)

X =Don't Care

Note:

L =LOW Level (steady state)

T = Transition from LOW-to-HIGH Level
Qq = the level of Q before the indicated steady-state input conditions were established.

1. Applies to DM74ALS175 only.

Logic Diagrams
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Absolute Maximum Ratings
Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Rating

Vee Supply Voltage v

V| Input Voltage A%

Ta Operating Free Air Temperature Range 0°C to +70°C

Tste Storage Temperature Range —65°C to +150°C
0,a Typical Thermal Resistance

N Package 77.9°C/W

M Package 107.3°C/W

Recommended Operating Conditions
The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended

operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

2. The symbol T indicates that the rising edge of the clock is used as reference.

Symbol Parameter Min. Nom. Max. Units
Vee Supply Voltage 45 5 5.5 \%
ViH HIGH Level Input Voltage 2 \Y
VL LOW Level Input Voltage 0.8 \Y
loH HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA

tw Pulse Width Clock HIGH or LOW 10 ns
Clear LOW 10
tseTuP Setup Time® Data Input 107 ns
Clear, Inactive State 6T
thoLp Data Hold Time(® 07 ns
foLock Clock Frequency 50 MHz
Ta Free Air Operating Temperature 70 °C
Note:

©1986 Fairchild Semiconductor Corporation
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Electrical Characteristics
Over recommended operating free air temperature range. All typical values are measured at Vo =5V, Tp = 25°C.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vik Input Clamp Voltage Vee =4.5Y, [y=-18 mA -1.5 V
VOH HIGH Level OUtpUt VOltage lOH = —400”A, VCC =45V to 5.5V VCC -2 VCC -1.6 \Y
VoL |LOW Level Output Voltage | Ve =4.5Y, lg = 8mA 0.35 0.5 \

I Input Current at Max. Input | Vge=5.5V,V|y=7V 0.1 mA
Voltage
hH HIGH Level Input Current Vee =55V, Vig=2.7V 20 pA
I LOW Level Input Current Vec =5.5V, V=04V -0.1 mA
lo Output Drive Current Vee =5.5V, Vg =2.25V -30 -112 mA
lcc Supply Current Vee =5.5Y, DM74ALS174 11 19 mA
Clock=4.5V, " Ipy74ALS175 8 14
Clear = GND,
D Input = GND
Switching Characteristics
Over recommended operating free air temperature range.
Symbol Parameter Conditions Min. Max. Units
fuax | Maximum Clock Frequency R_ =500Q, 50 MHz
toy | Propagation Delay Time, LOW-to-HIGH Level C = 50pF, 5 18 ns
Output From Clear (175 Only) Vec =45V 10 5.5V

teHL Propagation Delay Time, HIGH-to-LOW Level 8 23 ns
Output From Clear

tPLH Propagation Delay Time, LOW-to-HIGH Level 3 15 ns
Output From Clock

teHL Propagation Delay Time, HIGH-to-LOW Level 5 17 ns
Output From Clock

©1986 Fairchild Semiconductor Corporation
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Physical Dimensions

Dimensions are in millimeters unless otherwise noted.
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GAGE PLANE NOTES: UNLESS OTHERWISE SPECIFIED

A) THIS PACKAGE CONFORMS TO JEDEC
0.36 MS—012, VARIATION AC, ISSUE C,
DATED MAY 1990.
B) ALL DIMENSIONS ARE IN MILLIMETERS.

f C) DIMENSIONS DO NOT INCLUDE MOLD
\ FLASH OR BURRS.
D) STANDARD LEAD FINISH:
0.70+£0.20 SEATING PLANE 200 MICROINCHES / 5.08 MICRONS MIN.
LEAD/TIN (SOLDER) ON COPPER.

(1.04)
DETAIL A
SCALE: 2:1

M16AREVK

Figure 1. 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow

Package Number M16A
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Physical Dimensions (Continued)
Dimensions are in millimeters unless otherwise noted.
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ESTABLISHED IN DECEMBER, 1998.

B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD \
FLASH, AND TIE BAR EXTRUSIONS.
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SEATING PLANE
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SEE DETAIL A
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Figure 2. 16-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M16D
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Physical Dimensions (Continued)
Dimensions are in inches (millimeters) unless otherwise noted.
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Figure 3. 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
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I
FAIRCHILD
]

SEMICONDUCTOR®

TRADEMARKS
The following are registered and unregistered trademarks and service marks Fairchild Semiconductor owns or is authorized to use and
is not intended to be an exhaustive list of all such trademarks

ACEx® Green FPS™ e-Series™ Power-SPM™ SyncFET™
Build it Now™ GTO™ PowerTrench® The Power Franchise®
CorePLUS™ i-Lo™ Programmable Active Droop™ ™
CROSSVOLT™ IntelliMAX™ QFET® TinyBoost™
CTL™ ISOPLANAR™ QSs™ TinyBuck™
Current Transfer Logic™ MegaBuck™ QT Optoelectronics™ TinyLogic®
EcoSPARK® MICROCOUPLER™ Quiet Series™ TINYOPTO™
FACT Quiet Series™ MicroPak™ RapidConfigure™ TinyPower™
FACT® Motion-SPM™ SMART START™ TinyPWM™
FAST® OPTOLOGIC® SPM® TinvWire™
FastvCore™ OPTOPLANAR® STEALTH™ uSgrD es™
FPS™ PDP-SPM™ SuperFET™ UHC®
FRFET® Power220® SuperSOT™-3 UniFET™
Global Power ResourceSM Power247® SuperSOT™-6 VCX™
Green FPS™ POWEREDGE® SuperSOT™-8
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF
THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE
UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF
FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE
PRODUCTS.

LIFE SUPPORT POLICY
FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and (c) whose failure to perform expected to cause the failure of the life support device or
when properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to result
in significant injury to the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

This datasheet contains the design specifications for product development.

Advance Information Formative or In Design Specifications may change in any manner without notice.

This datasheet contains preliminary data; supplementary data will be
Preliminary First Production published at a later date. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve design.

This datasheet contains final specifications. Fairchild Semiconductor reserves

No Identification Needed Full Production the right to make changes at any time without notice to improve design.

This datasheet contains specifications on a product that has been
Obsolete Not In Production discontinued by Fairchild semiconductor. The datasheet is printed for
reference information only.

Rev. 128
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SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL

SDLS072 - DECEMBER 1972 — REVISED MARCH 1988

e Counts 8-4-2-1 BCD or Binary SN54190, SN54191, SN54LS190,
. : . SN54LS191 . . . J PACKAGE
* Single Down/Up Count Control Line SN74190, SN74191 ... N PACKAGE
SN74LS190, SN74LS191 ... D OR N PACKAGE
. Enabl !
Count Enable Control Input (TOP VIEW)
* Ripple Clock Output for Cascading
PP B[+ Uss Vee
e Asynchronously Presettable with Load Qg [z 15[ JA
Control 0a s  1a[dck
¢ Parallel Outputs CTEN [} 13[JRCO
D/U[]s  12[JMAX/MIN
e Cascadable for n-Bit Applications oc e 1JLoAD
Q
TvPICAL aoHr oHC
AVERAGE MAXIMUM TYPICAL
TYPE PROPAGATION CLOCK POWER
DELAY FREQUENCY DISSIPATION SN54LS190, SN54LS191 . .. FK PACKAGE
‘190,191 20ns 25MHz 325mw (TOP VIEW)
'LS190,'LS191 20ns 25MHz 100mwW
o OO
. .- CozZ >«
description
The "190, 'LS190, ‘181, and ‘LS191 are synchronous, QA CLK
reversible up/down counters having a complexity of 58 CTEN RCO
equivalent gates. The ‘191 and ‘LS191 are 4-bit binary NC NC
counters and the "190 and 'LS190 are BCD counters. D/U MAX/MIN
Synchronous operation is provided by having all flip- Qc LOAD
flops clocked simultaneously so that the outputs change 9 10 111213
coincident with each other when so instructed by the AR 000
steering logic. This mode of operation eliminates the gzz
output counting spikes normally associated with asyn-
chronous (ripple clock) counters. NC - No internal connection

The outputs of the four master-slave flip-flops are triggered on a low-to-high 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 in-
put is high. The direction of the count is determined by the level of the down/ up input. When low, the counter count up and
when high, it counts down. A false clock may occur if the down/ up input changes while the clock is low. A false ripple carry
may occur if both the clock and enable are low and the down/up input is high during a load pulse.

These counters are fully programmable; that is, the outputs may be preset to either level by placing a low on the load input
and entering the desired data at the data inputs. The output will change to agree with the data inputs independently of the
level 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.

The clock, down/up, and load inputs are buffered to lower the drive requirement which significantly reduces the number of
clock drivers, etc., required for long parallel words.

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 underflows. The ripple clock output produces a low-level output pulse equal in width to the low-
level portion of the clock input when an overflow or underflow 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. '

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

i rated
PRODUCTION DATA information is current as of publication date. Copyright [J 1988, Texas Instruments Incorpo

Products conform to specifications per the terms of Texas In?trymlendts i
standard warranty. Production processing does not necessarily include
testing of all parameters. l I EXAS
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logic symbolst

190, 'LS190
" CTRDV10
CTEN 55 G1 (12)
D/U M2 [DOWN] 2(CT = 0)26 j— MAX/MIN
(a>{Mme tuPl 3(CT = 9126
CLK 1.2-/13+ (13)
an G4 6,1,4 >——RCO
OAD —>{C5
(3)
JRRLLI 7o 11 4= | aa
(1 (2)
B ——— 121 ag
(10} (6)
c (4) Q¢
(9) (7)
D (8] Qp
191, 'LS191
@ CTRDIV16
CTEN 57— 1¢? (12)
D/u —E‘MZ [DOWN] 2(CT =0)26 j— MAX/MIN
(a7 M3 [UP] - 3(CT = 15126
CLK > 1,2—/1,3+
’ ’ 13
_E Ga 6.1.4 >..(._) RCO
Toap Ll cs
(15) ] L 3
A 5D 1 +=— o aa
B0 (2] 6) 0B
c [4] ) Q¢
p-2 %] ap

T These symbols are accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for D, J, and N packages.

Q’ TeXAS
INSTRUMENTS
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SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL
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logic diagram (positive logic)

CLK (14) Dc

‘190, ‘LS190 DECADE COUNTERS

{(13) ——
— (5) )3— RCO
D/U ————Dc
f (12) max/mMIN
DO- - OUTPUT
pata (15)] |
INPUT A )c )\
lj_'j 1 ® &
— {4 OUTPUT Qp
cTEN —2! iD <{> b C1
1K
R
T 3
- DATA (1)
" INPUT B 2
S (2)
N] l——9-~OUTPUT Qg
J»——-o>c1
1K
R
B B )
DATA (10}
INPUT C )o )
s
{6)
u L—Q—OUTPUT Q¢
! c1
1K
R
DATA _(9)
INPUT D l
S (7)
19 ——¢-OUTPUT Qp
—op>c1
1K
R
() DD_ZT
LOAD—C{/\

Pin numbers shown are for D, J, and N packages.

{'} TeEXAS
INSTRUMENTS
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logic diagram (positive logic)

(14)
CLK: {>x>
)= 13) weo

— (5)
D/U } DO—
{12) MAX/MIN
be- . - OUTPUT

‘191, ‘LS191 BINARY COUNTERS

DATA (15)
INPUT A

4 g-—/ 1 S outeur Qa
CTEN 4{} —pc1
_ 1K i
— - : 7

wp-

pAaTA (1)
INPUT B )C

B

S

¢ (2)
| 1J ——8-OUTPUT Qg
—>C1
1K
R

DATA (10)
INPUT C )3
o
)
(6)
. 14 ——-OUTPUT Q¢
_ —pC1
1K
R
D
DATA (9} .
INPUT D >LL
! )\
s
(7}
1 ——- OUTPUT Qp
L—t>C1
1K
R

Pin numbers shown are for D, J, and N packages.

Q’ TeXAS
INSTRUMENTS
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’190, ‘LS190 DECADE COUNTERS

typical load, count, and inhibit sequences

Illustrated below is the following sequence:

1. Load (preset) to BCD seven.

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

3. Inhibit.

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

LOAD I

j
| |
| |
| |
| |
||
| |
| |
| |
| |
||
||
| |

DATA
INPUTSﬁ

g

(]
~
o
O
A

|

-——- I
MAX/MIN I l I

I

|

!

]

i

[

|

-——— [
Qc I | I |
1

|

|

I

|

|

l

|

]

|
}
|
[] i
I ]
L
| |
| |
| i
1 i
| )
] [
I I
| |
i {
§ 1
1 '
I |
| |
| |

RCO o L]
—_—— '
: 7, 8 9 0 1 2 2 2 1 0 9 8 7
I '-——— COUNT UP ————I¢— INHIBIT——' l————— COUNT DOWN _____.__.'
LOAD

{'} TeEXAS
INSTRUMENTS
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‘191,°LS191 BINARY COUNTERS

pical load, count, and inhibit sequences

Hlustrated below is the following sequence:

1. Load (preset) to binary thirteen.

2. Count up to fourteen, fifteen {maximumj), zero, one, and two.

3. Inhibit.

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

— — _ e — -
| _
I — — — — e — — —
B | r-
paTa J SN N —_— e e e
INPUTS, —_— o —

[
[ L

|
|
|
)
|
|
|
|
|
[
|
|
|
i
1
!
|

[
[
i
|
|
|
: N
b
|
©__J | L L J
o b
a T [ l l
D —_— 1 L ' i l
1 f i
-——- 1 | |
MAX/MIN TR ] I Lo I I
1 ] t
_— - L i I
RCO b l I oo I I
- - Vool
113 14 15 0 12 2. ;2 ,n 0. 15 14 13
I l |-——COUNT UP-——-O"—INHIBIT—-I I‘——COUNT DOWN——oI
W .
LOAD

Q’ TeXAS
INSTRUMENTS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (see Note 1) . . . . . . . . . L L L o o e e e e e e e oY
Input voltage: SN54’, SN74' Circuits . . . . . . . . . . . . « « « v « v v v v . .. .. ... .55V
SN54LS’, SN74LS’ Circuits. . . . e e e e e e e e .. 7V

Operating free-air temperature range: SN54’, SN54LS’ Clrcu1ts. e e e e e e e —55 Cto 125°C
SN74’,SN74LS' Circuits. . . . . . . . . .. .. ... . 0°Cto70°C

Storage temperature range . . . . . . . . v e e e e e e e e e e e e e e —65°C to 150°C

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

recommended operating conditions

SN54190, SN54191 | SN74190, SN74191 UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \Y
oK High-level output current - 0.8 - 0.8 mA
oL Low-level output current 16 16 | mA
felock Input clock frequency 0 20 0 20 | MHz
tw(clock) Width of clock input pulse 25 25 ns
twlioad) Width of load input pulse 35 35 ns
i Data, high or low (See Figure 1 and 2) 20 20
tsu Setup time - - ns
Load inactive state 20 20
thold Data hold time 0 0 ns
Ta Operating free-air temperature —E5 125 0 70 °c

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

SN54190, SN54191 [SN74190, SN74191
PARAMETER TEST CONDITIONST UNIT
MIN TYPI MAX |MIN TYPi MAX
ViH  High-level input voltage Vee = MIN 2 2 Vo
ViL Low-level input voltage Vce = MIN 0.8 08| V
Vik Input clamp voltage Vee=MIN, 1I1=—12mA -1.5 -15}| V
. Vee=MIN, V=2V,
VoH High-level output voltage cc IH 24 34 24 34 \%
ViL=08V, Ipgy=-08mA
Vee=MIN, V=2V,
\Y Low-leve! output voltage 0.2 04 0.2 .4
oL ¢ VIL=08V, lgL=16mA 041 Vv
High-level input current at
] . . Vee=MAX, V=565V 1 1] mA
maximum input voltage
| High-level input current
IH at any input except enable v =MAX. V v 40 40| uA
| High-level input current cc*= M
tH at enable input 120 120 | uA
Low-level input current
L : -16 ~1.6 | mA
at any input except enable
- Veeg=MAX, V=04V
| Low-level input current 48 4
L 4t enable input o —48| mA
tog  Short-circuit output current§ Vce = MAX -20 —65 | —18 —65 | mA
lcc  Supply current Vce = MAX, See Note 2 65 99 65 105 | mA

TFor'conditions shown as MAX or MIN, use approprnate value specmed under recommended operating conditions,
$ Al typical values are at Vee=5V,Ta=25°C.

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

{'} TeEXAS
INSTRUMENTS
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switching characteristics, Vo =5V, Ty =25°C

FROM TO ‘190, ‘191
PARAMETER' TEST CONDITIONS UNIT
(INPUT) {OUTPUT) MIN TYP MAX
fmax 20 25 MHz
tPLH J— : 22 33
Load Qa, Qg, Qc, Q ns
tPHL A8 RC D 33 50
tpLH 14 22
Data A,B,C,D Qa, Q. Qc. Qp ns
tPHL 35 50
PLH CLK =To0e) CL=15pF, RL =400, :: 22 ns
'PHL See Figures 1 and 3 thru 7 2
tPLH CLK Qa, Qg. Q. Q 162
. ’ v p ns
tPHL A =B =0 D 24 36
1 28 42
PLH CLK Max/Min ns
tPHL 37 52
t _ — 30 45
PLH D/U RCO ns
tPHL 30 45
t _ 21 33
PLH D/U Max/Min ns
tPHL 22 33
Tfmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee —_

INPUT ——

Enable input: Rgq =1.3 k§2 NOM
All other inputs: Rgq = 4 k§2 NOM

TYPICAL OF ALL OUTPUTS

130 2 NOM

Vee

OUTPUT

% TEXAS

INSTRUMENTS
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recommended operating conditions

SN54LS190 SN741.8190
SN54L8191 - SN74LS191 UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage : 4.5 5 55 | 4.75 5 5.25 \
I0H High-level output current -04 -04 mA
loL Low-level output current 4 8 mA
felock Clock frequency 0 20 0 20 | MHz
twiclock)  Width of clock input pulse 25 25 ns
tw{load) Width of load input pulse 35 35 ns
tgy Data setup time (See Figures 1 and 2} 20 20 ns
tsy Load inactive state setup time 30 30 : ns
th Data hold time 5 5 ns
th Enable hold time 0 ) 0 ns
tenable Count enable time (see Note 3) 40 40 ns
Ta Operating free-air temperature —55 125 0 70 °c

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

SN54LS190 SN74LS190 .
PARAMETER TEST CONDITIONS? SN54LS191 SN74LS191 UNIT
MIN TYPE MAX [MIN TYPI MAX
V|4 High-fevel input voltage 2 2 \
ViL Low-level input voltage 0.7 08] V
Vik Inputclamp voltage Vee = MIN, lj=—18 mA -1.5 -1.5] V
VoH High-level output voltage Vec = MIN, ViH=2V, 25 34 27 34 v
Vi = Vi max, gy =—400 sA
VoL Lowdevel output voltage Vec=MIN,  Vip=2V, oL =4 mA 0.25 0.4 025 _ 04f
Vi = V)L max loL =8mA 0.35 0.5
High-level input Enable 03 0.3
I current at maximum Vee = MAX, V=7V mA
input voltage Others 0.1 0.1
High-level Enable 60 60
hiH input current Others Vee = MAX, Vi=27v 20 20 HA
" Low-level Enable Vee = MAX, V=04V —-1.2 —1.2 mA
input current Others -0.4 -0.4
los Short-circuit output current§ | Vee = MAX, -20 —100| —20 —100] mA
lcc  Supply current Vee = MAX, See Note 2 20 35 20 35| mA

TEor conditions shown as MAX or MIN, use appropriate value specified under recommended operating conditions for the applicable device
type.
tan typical values are at Vee =58V, Ta= 25°C.
8Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTES: 2, Icc is measured with all inputs grounded and all outputs open, .
3. Minimum count enable time is the interval immediately preceeding the rising edge of the clock pulse during which interval the
count enable input must be low to ensure counting.

{'} TeEXAS
INSTRUMENTS
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switching characteristics, Ve =5V, Tp=25°C

t FROM To TEST CONDITIONS L5190, L8191 umiT
A
PARAMETER . (INPUT) (QUTPUT) MIN TYP MAX
frmax 20 25 MH2z
tPLH —— 22 33
Load Qa, 0g, Qc. Q ns
tPHL o8 A« S8 =C- 1D 33 50
tPLH 20 32
t C,D Qa, Qg.Qc. Q ns
PHL Data A, B, A.QB.Qc. Qp 27 20
t R 13 20
PLH CLK RCO CL=15pF, R =2k, —
‘PHL See Figures 1 and 3 thru 7
tPLH ‘ Qa.Qp. Qc. Q 16 24 |
TPHL CLK A. 4B, QC. Up 24 36
tPLH . 28 42
Max/M ns
PHL CLK ax/Min = =
tPLH — _ 30 45
S
=~ D/U RCO 30 a5 ] "
tPLH ) 21 33
U Max/M ns
r— D/U ax/Min > =
tPLH . 21 33
PHL CTEN RCO 2233 | ™

Tfmax = maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

INPUT -——

Enable input: Rgq = 8.33 k2 NOM
Load input: Rgq = 25 k2 NOM
All other inputs: Heq =17 k§2 NOM

TYPICAL OF ALL OUTPUTS

Vee

120 & NOM

Q’ TeXAS
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION
OUTPUT Vee

R

MAX/MIN, {SEE NOTE B)

RIPPLE CLOCK,

Qa, Qg.Qc,OR Qp
CL=15pF
(SEE NOTE A)

FIGURE 1-LOAD CIRCUIT
FOR SWITCHING TIME MEASUREMENT

—| e~ <10ns —>= jt— < 10 ns
I ) av
ﬁ\ﬁ,{ﬁ : 90% 90% :
Vyef Vief
(SEE NOTE C) 10% | I 10%
I | | i ov
H—tsu -H | H— tsy — \ 3V
LOAD 90% | 90%
INPUT Vet ]
10%
(SEE NOTE C) A oV

|
] .
Q OUTPUT / N\
VoL

FIGUTE 2-DATA SETUP TIME VOLTAGE WAVEFORMS

<10ns -3 | —»! <100
P I
| |—— | —— —— — ——— 3V
| 90% 90% l
INPUT {
v

(SEE NOTE C) | A Vref ref K|
| I N_10%
| | I oV
| !
ft—tpLH—] e U VoH

NONINVERTING | ' | v

OUTPUT | Vyef | ref
| | |
t €= tPHL —~ VoL
| I
Ji |€—tPLH —| VoH
|
INVERTING
OUTPUT E Vref Vref

I I
= tpHL ] e - — e — — — VoL

See waveform sequences in figures 4 through 7 for propagation times from a specific input to a specific output. For simplication, pulse
rise times, reference levels, etc., have not been shown in figures 4 through 7.

FIGURE 3-GENERAL VOLTAGE WAVEFORMS FOR PROPAGATION TIMES

NOTES: A. C_ includes probe and jig capacitance.

. All diodes are 1TN3064 or equivalent.

. The input pulses are supplied by generators having the following characteristics: Zg,¢ = 50 £, duty cycle < 60%, PRR < 1 MHz.
. Vief= 1.5V for 190 and '191; 1.3 V for ‘LS190 and 'LS191.

gooOw

{'} TeEXAS
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION (continued)

LOAD | l |
|
[ [
ANY DATA INPUT | ! | ' ] I
[} [} |
_____ _ | i ' i
CORRESPONDING 1 ! I ] ! _—‘”
QOUTPUT = === = = = Tl ) \ o
NOTE E: Cionditions on other inputs are irrelevant,
FIGURE 4—LOAD TO OUTPUT AND DATA TO OUTPUT \

LOAD—U

D/U |
] | SREUE——
CLOCK |

CTEN ' |
tPHL

1 -
f

41

I
|
I
1
1
e—tPLH  tPHL—®} te— —! je—tpLH
 E—
| .

o tPHL

RCO

MAX/MIN |

NOTE F: All data inputs are low.
" FIGURE 5~ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DONN/UP TO MAX/MIN

Q’ TeXAS
INSTRUMENTS
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' PARAMETER MEASUREMENT INFORMATION (continued)

switching characteristics (continued)

LOAD —LJ . U ‘.'

DATA INPUTS — — emn E— — e e — — — —— - — — I
(SEE NOTESGTO!) e e e e e _
D/U I
COUNT I I r
-—.l :Q-—t . L-JI :.—t
! PLH —= PHL
ooy | |

OUTPUT(S) UNDER TEST ,
'ENABLE = LOW

NOTES: G. To test Qp, Qg, and Q¢ outputs of ‘190 and 'LS190: Data inputs A, B, and C are shown by the solid line. Data input D is shown
by the dashed line.

H. To test Qp output of ‘190 and 'L.S190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low
logic level.

. To test Qp, Qg, Qc, and Qp outputs 0of 191 and 'LS191: All four data inputs are shown by the solid line.

FIGURE 6-CLOCK TO OUTPUT

R | L]

DATA A !

DATA B, C, AND D
" (SEE NOTE J) |
D/U ' |

COUNT L]
I | |
—~ r—tpLH i [~ tPHL F—1PLH - e—tPHL.

MAX/MIN l L__

ENABLE = LOW

NOTE J: Data inputs B and C are shown by the dashed line for the ‘190 and ‘LS190 and the solid line for the ‘191 and ‘LS191: Data input D
is shown by the solid line for both devices.

FIGURE 7-CLOCK TO MAX/MIN

{'} TeEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 0 1999, Texas Instruments Incorporated



@ MOTOROLA

QUAD D FLIP-FLOP

The LSTTL/MSI SN54/74LS175 is a high speed Quad D Flip-Flop. The
device is useful for general flip-flop requirements where clock and clear inputs
are common. The information on the D inputs is stored during the LOW to
HIGH clock transition. Both true and complemented outputs of each flip-flop
are provided. A Master Reset input resets all flip-flops, independent of the
Clock or D inputs, when LOW.

The LS175 is fabricated with the Schottky barrier diode process for high

SN54/74L.S175

speed and is completely compatible with all Motorola TTL families.

* Edge-Triggered D-Type Inputs

» Buffered-Positive Edge-Triggered Clock
¢ Clock to Output Delays of 30 ns

¢ Asynchronous Common Reset

* True and Complement Output

* Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)

Vecc Q Q3 D3 D2 Q Q CP

[16] [us] [1e] [1a] [12] [u] [uo] [6]

NOTE:

The Flatpak version

has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

QUAD D FLIP-FLOP
LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a)
HIGH LOW
Dp-D3 Data Inputs 0.5U.L. 0.25 U.L.
CP. Clock (Active HIGH Going Edge) Input 0.5U.L. 0.25 U.L.
MR Master Reset (Active LOW) Input 0.5U.L. 0.25 U.L.
Qo-Q3 True Outputs (Note b) 10 U.L. 5(2.5) U.L.
Qo-Q3 Complemented Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

LOGIC DIAGRAM

MR CP Ds Dy Dy Do
Ole|® ® ® ®
VY
|_D Q l_D Q I_D Q D Q
CEDQ CEDQ CEDQ chQ
Vce =PIN 16 1 @ ®l @l @ @ @
TR Q3Q3 Q2 Q Q101 Q0Qo

(O =PINNUMBERS

J SUFFIX
CERAMIC
CASE 620-09

v

16

N SUFFIX
PLASTIC

16 CASE 648-08

D SUFFIX
SoIC
CASE 751B-03

&

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN  Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL
4 5 12 13

D D1 Do D
9 cp 0 3
1 ——o| MR
Qo Qo Q1 Q1 Q2 Q2 Q3 Q3
(|) [e] [e] [e]
3 2 6 7 11 10 14 15
Voo =PIN 16
GND=PIN 8

FAST AND LS TTL DATA
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SN54/74LS175

FUNCTIONAL DESCRIPTION

The LS175 consists of four edge-triggered D flip-flops with LOW input on the Master Reset (MR) will force all Q outputs
individual D inputs and Q and Q outputs. The Clock and LOW and Q outputs HIGH independent of Clock or Data
Master Reset are common. The four flip-flops will store the inputs.
state of their individual D inputs on the LOW to HIGH Clock The LS175 is useful for general logic applications where a
(CP) transition, causing individual Q and Q outputs to follow. A common Master Reset and Clock are acceptable.

TRUTH TABLE

Inputs (t = n, NH =H) Outputs (t = n+1) Note 1
D Q Q
L L H
H H L

Note 1: t = n + 1 indicates conditions after next clock.

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 55 \%
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v 2#?;23::8(1 Input HIGH Voltage for
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage \ All Input
74 0.8 nputs
VK Input Clamp Diode Voltage -0.65 | -1.5 \Y Vce =MIN, Iy =—-18 mA
54 25 35 \ Vee = MIN, Iol = MAX, Vi = V
CcC » IOH » VIN = VIH
Vv Output HIGH Voltage
OH p 9 74 57 35 v or V|| per Truth Table
54,74 0.25 0.4 \Y loL=4.0mA Vce =Vec MIN,
VoL Output LOW Voltage VIN = V| or VIH
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 HA Vcec =MAX,VIN=2.7V
IIH Input HIGH Current
0.1 mA Vcc =MAX,VIN=7.0V
L Input LOW Current -0.4 mA Vcec =MAX,VIN=04V
los Short Circuit Current (Note 1) -20 —100 mA Ve = MAX
Icc Power Supply Current 18 mA Vce = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

FAST AND LS TTL DATA
5-2



SN54/74LS175

AC CHARACTERISTICS (Ta = 25°C)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Input Clock Frequency 30 40 MHz
:PLH Propagation Delay, ﬁ to Output ;g gg ns Vcc =50V
PHL CL=15pF
tPLH . 13 25
tPHL Propagation Delay, Clock to Output 16 o5 ns
AC SETUP REQUIREMENTS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Clock or MR Pulse Width 20 ns
ts Data Setup Time 20 ns
- Vcc =50V
th Data Hold Time 5.0 ns
trec Recovery Time 25 ns
AC WAVEFORMS
1/
Ve
cp NN 13V % Xk % 13V _ tw
ts(H to(L MR 13V 13V
OTH o VT -y e b
271 3/, /) A
°7 . v 13 %k | A3 - 13V
tPLH e— tpHL 0 e—>— PHL
o) 13V 13V
_ tPHL 'PLH
Q 13V 13v

*The shaded areas indicate when the input is permitted to
change for predictable output performance.

Figure 1. Clock to Output Delays, Clock Pulse Width,
Frequency, Setup and Hold Times Data to Clock

DEFINITIONS OF TERMS

SETUP TIME (tg) — is defined as the minimum time required
for the correctlogic level to be present at the logic input prior to
the clock transition from LOW to HIGH in order to be recog-
nized and transferred to the outputs.

HOLD TIME (tp) — is defined as the minimum time following
the clock transition from LOW to HIGH that the logic level must
be maintained at the input in order to ensure continued recog-

Figure 2. Master Reset to Output Delay, Master Reset
Pulse Width, and Master Reset Recovery Time

nition. A negative HOLD TIME indicates that the correct logic
level may be released prior to the clock transition from LOW to
HIGH and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time
required between the end of the reset pulse and the clock
transition from LOW to HIGH in order to recognize and transfer
HIGH Data to the Q outputs.

FAST AND LS TTL DATA
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SN54195, SNH4LS195A, SN54S195,
SN74195, SN74LS195A, SN74S195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

MARCH 1874 - REVISED MARCH 1388

Synchronous Paraliel Load
Positive-Edge-Triggered Clocking

Parallei Inputs and Qutputs from
Each Flip-Flop

Direct Overriding Clear
Jand K Inputs to First Stage
Complementary Outputs from Last Stage

For Use in High Performance:
Accumulators/Processors
Serial-to-Parallel, Parailel-to-Serial
Converters

description

These 4-bit registers feature paralle! inputs, parallel
outputs, J-K serial inputs, shift/ioad (SH/LDI control
input, and & direct overriding clear. All inputs are
buffered to lower the input drive requirements. The
register has two modes of operation:

Parallel {broadside} load
Shift {in the direction Qa toward Qp)

Parallel loading is accomplished by applying the four
bits of data and taking SH/LD 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 SH/LD
is high. Serial data for this mode is entered at the J-K
inputs. These inputs permit the first stage to perform
as a JK, D-, or T-type flip-flop as shown in the
function table.

The high-performance "S186, with a 105-megahertz
typical maximum shift-frequency, is particularly attrac-
tive for very-high-speed data processing systems. In
maost cases existing systems can be upgraded merely

SN54195, SN54LS195A. SNS45195 . . . J OR W PACKAGE
SN74195 . .. N PACKAGE
SN74LS195A, SN745195 ... D OR N PACKAGE

{TOP VIEW)

o

Vee
[] Qa

[] 0g
[]ac

] Qp

] op

] CLK
SH/LD

CLR

- -
W oo

-
-

OO,

0 - bk W
-
N

-
(-]

COoO0Oor Rlo

GN

w

SN54LST95. SNBAS195 . . . FK PACKAGE
(TOP VIEW)

NC - Na internal connection

TYPICAL TYPICAL
TYPE MAXIMUM CLOCK POWER
FREQUENCY DISSIPATION
195 39 MH=z 195 mw
‘LS195A 38 MHz 70 mW
‘5195 105 MHz 350 mwW

by using this Schottky-clamped shift register.

FUNCTION TABLE

INPUTS OUTPUTS
cLearSHF T oL ook [SERIALT PARALLEL Qs 0 Oz Qp &p
LOAD J KlAa B C D
L X X X XX X X X L L L L H
H L t X X|a b c d| a b ¢ d d
H H L x xJx x x xlaas Qg Qco Qoo Boo
H H t L H|Xx X X X|Qag Qag Qgn Qcn Qcn
H H t L L |X X X X{ L Qan @sn O¢n Qgn
H H t H H|X X X X| H Qan Opn Gcn Gcn
H H 1 H L |X X X X|Qan Qan Ggn Qcn Qcn

H = high level (steady state)
L = low ievel (steady stata}
X = irrelavant (any input, including transitians)
t = transition from low 1a high lavel
a, b, ¢, d = tha ievei of steady.state input at A, 8,
C, or D, respectively
Qa0 Qpo. Qco, Gpp = the level of Qgp, Qg, Qe
or Qp, respectively, be-
fore the indicated steady-
state input conditions
were established
Qan- Qgn. Qop = the level of Qa, Qg, or Qg,
respectively, befara the most-
recent transition of the clock

PACDUCTION DATA documents contain information
curient as of publication dats. Products conform to

spacifications per the tarmz

of Texas Instruments

standard warranty. Production processing doss not
neceszarily include testing of all paremeters.

{ip
TeExas
INSTRUMENTS
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SN54195, SN54LS195A, SN54S51395,
SN74195, SN74LS195A, SN745195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

logic diagram (positive logic)

= a
= G
,——é’
2 =
[: 4
9 -
o [&) %]
- Ay -
e §
=
o 0
L,—.O
[y d
- 7]
- =
Z
+—d= 5
-
o )
e A2 >
-
] 2
3
O —
£ £ — :
2 )
m
z ]‘v:’_c
dJ c
-t
Z o
o - =
4 -
o @ [ %] W
-~ Fa¥ ~
ma—u.
gf
L _ 4J
[ & °

1R

IA
(@)
-1
*
Lo cr
> -J1s

SERIAL
INPUT

=
J K
{3}

(2

v

Pin numbers shown are for D, J, N, and W packages.

TThis connection is made on ‘196 cnly.

2
12 |
= -
F L_
o
S =
e =
x =
= =}
o

{i’
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SN54195, SN54LS135A, SN54S5195,
SN74195, SN74L5195A, SN748195
4.BIT PARALLEL-ACCESS SHIFT REGISTERS

typical clear, shift, and load sequences

] | i
CLR l | : I ]
| | t
N I B B I ]
seriaL | 7 | ] T ¥
INPUTS K ! i1 ! |
- | ! ' '
SH/LD T [ L
' I ] |
A ! : vy
' | |
PARALLEL] B | | L 3 i
DATA [ f ] i
INPUTS c 1 ‘ JHT 1 :
1 . |
o t L L |
> —— ] t ] ]
Qa 22T 1 J 1
1 | ! i
Qg 7773 ! 1 ! i
QUTPUTS <« 1 | ] i
o 2773 ' J L | J —
] ! | i
lep 7223 ] | l | 1 |
| [ [ 1
] je———————SERIAL SHIF Tty je————— SERIAL SHIFT ———
CLEAR LOAD
logic symbols®
'195 "LS195, ‘5195
_ SRG4 SRGa
sH/LD.L2Y M1 ISHIFT] LR g
M2 [LOADI sH/CD 5 M3 [SHIFT]
cLrlll R (10 M2 [LOADI
E‘ & CLK = Iy c3/7—p
cLk (10! P C3/1~% a C
C J-E}—. 1,34
NRE: Iy K A3 e 1,3K
TAE N P a s 1,40 (15 __qp
Al 230 115 gp a_l% 535 (LT
a_ts ¥ 18} g c8_ 53 N3 _q.
c_t8l X 13 g o_2_I5% 12 ap
PR oy { (12 oy R
v g

TThese symbols are in accordance with ANSI/IEEE Std. 31-1984 and IEC Publication 617-12.
Pin nusbers are for D, J, N, and W packages.

TeExaSs “?

INSTRUMENTS
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SN54195, SN54L3195A, SN545195, SN74195, SN74LS195A, SN74S195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

schematics of inputs and outputs

‘195
EQUIVALENT OF EACH INPUT TYPICAL OF ALL DUTPUTS
v - Vee
©c - 100 £ NOM
$Rag
INFUT -
QUTPUT
Ciock input: Reg = 4 k{2 NOM
All other inputs: Faq = 6 k2 NOM
"1.S195A

EQUIVALENT OF J, K,
A, B, C, AND D INPUTS

EQUIVALENT OF CLR, CLK, AND
SH/LD INPUTS

TYPICAL QF ALL QUTPUTS

Vee

15 kit NOM

INPUT

- INPUT

17 k82

120 2 NOM 2

AN

Veg

QuUTPUT

EQUIVALENT OF EACH INPUT

Veeo -

>
<A
$ Tea

INPUT —

CLR, SH/LB: Agq =4 kN2 NOM
All other inputs: Rgy = 2.8 k{2 NOM

TYPICAL OF ALL OUTPUTS

Vee
4
50 {2 NOM 3

-

QUTRPUT

TEME;{y

INSTRUMENTS
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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 e e e e e e e

Operating free-air temperature range: SN54195 |
SN741856

Storage temperature range

NOTE 1: Voltage valuas ara with respect to nerwerk ground terminal.

recommended operating conditions

7V

. .. .. 88V
—55°C 10 125°C
0°C 10 70°C
—65°C to 150°C

SN54195 SN74195 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Vo 4.5 5 6.5 14.75 ] 525 V
High-level output current, 1o —800 —800 | xA
Low-level output current, 10 16 16| mA
Clock frequeney, felock Q 30 0 30| MHz
Width of clock input pulse, twiclock) 16 16 ns
Width of clear input pulse, twiclear) 12 12 ns
= Shift/load 75 25
Setup time, tgy {see Figure 1) Serial and parallel data 20 20 ns
Clear inactive-state 25 25
Shift/load release time, trg|pase {sae Figure 1) 10 10| ns
Serial and parailel data hold time, tp {see Figure 1) 0 4] ns
Operzting free-air ternperature, Tpa —55 128 0 70 °C

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

PARAMETER TEST CONDITIONS! MIN TYPI MAX [UNIT
Vin High-level input voitage 2 v
ViL Low-level inpul voltage 0.8 v
V)k Input clamp voltage Voo =MIN, )= —-12mA -5 v
V, =MIN =
Vo High-level output voltage cCmMIN. - Vi =2V, 24 34 v

VL =08V, IgH = -800uA

Vot Low-tevel cutput voltage

Vee = MIN, Vi =2V,
Vi =08V, IgL=16mA

02 0.4 Vv

1 Input current at Maximum input voltage Voo =MAX, V=588V 1| mA

4 High-levet input current Ve =MAX, V=24V 40 | uA

I Low-level input current Voo =MAX, V=04V -1.6| ma

lgs Short-circuit output current§ Voo = MAX SN54795 | ~20 57 A
SN74195 | -18 —57

lce  Supply current Veop = MAX,  SeeNote 2 39 63 { mA

TFor conditions shown as MIN ar MAX, use the appropriate value spacified under recommended operating conditions.

tan typical valussare at Voo =5V, Ty = 25°¢C.
§ Mot more than one output should be shorted at a time,

NOTE 2: with all sutputs opan, shift/load grounded, ang 4.5 V appilied to the J, _K_, and data inputs, o is measured by applying a
momentary graund, followed by 4.5 V, to clear and then applying a momentary ground, foeliowed by 4.5 V, to ciock.

switching characteristics, Vog =5V, Ta = 26°C

PARAMETER

TEST CONDITIONS { MIN TYP MaAX |UNIT

fmax Maximum clock frequency

a0 39 MHz

tpL Propagation delay time, high-to-low-level output from clear

tp| 4 Propagation delay time, low-to-high-level gutput from ciock

CL = 15pF,
Ry =400 o, :i 30 | rs
See Figure 1 22 ng

tpH|. Propagation delay time, high-to-low-level output from clock

17 26 { ns

{i,
TEXAS
INSTRUMENTS
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SN54LS195A, SN74LS195A _
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

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

Supply voitage, Vo {see Note 1) 7y
Input voltage . . . . . . . o o e e e e e e e e e e F FAY)
Operating free-air temperature range: SNB4LST95A . . . . . . . . . . . . . . . . .. —55°C to 125°C

SN74LSI9BA . . . . . . . . . . . . . .. ... 0OCt70°C

Storage temperature range —65°C to 150°C

NOTE 1: Voltage values are with raspacrt 1o nétwork graund terminal.

recommended operating conditions

SN54LS195A SN74L5195A
MIN NOM MAX | MIN NOM MaX
4.5 5 6.5 [4.78 5 5256 v

UNIT

Supply voltage, Voo

High-level output current, |y —400 —400 | uA
Low-tevel output current, I 4 g8 | mA
Clock frequency, fpiook 0 30 1] 30 | MHz
Width of clock or clear pulse, ty(clack) 16 16 ns
Width of clear input pulse, ty(clear) 12 12 ns
Shift/load 25 25
Setup time, tg, {see Figuse 1) Serial and parallel data 15 15 ns
Clear inactive-state 25 25
Shift/load release time, trgjease (s6e Figure 1) 10 20 ns
Serial and parallel data hold time, tp {see Figure 1) 0 [} ns
125 4] 70 °C

Operating free-air temperature, T a —65

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

PARAMETER TEST CONDITIONS ' SN54LS195A SN74LS1.95A UNIT
MIN TYPT MAX |MIN TYPI MAX
Vi High-ieve! input voltage 2 2 v
V)L Low-tevel input voltage Q0.7 08| v
Vik Input clamp voltage Ve = MIN, Iy = —18 mA —1.5 -1.5] Vv
Vol High-level output voitage VCC_= MIN. Vin i 2V, 25 34 27 34 v
VL = V) max, lgy = —400 A
Vo Low-ievel autput voltage z'l:::= \:‘::_Nr;qax Vin=2V. :gt - ;:: 0 04 gi: 3: \
euteurrental Voo = MAX, W=7V 0.1 01| ma
maximum input voltage
Iy High-leval input current Voo = MAaX,  vi=27V 20 20| sA
Iy Low-level input current Ve = MAX, V=04V —0.4 —04! mA
lgg Short-circuit output current§ Ve = MAX —20 -100 | —20 —100| mA
loc  Supply current Vee = MAX, See Naote 2 14 21 14 21 mA

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

ol tymeal values are at Voo - 5V, T4 - 25 C
YNot mare thar one oulput should be shorted 2t a time, and duration of the short-circuit should not exceed one second,

NOTE 2: With ail outputs apen, shift/ioad grounded. and 4.5 V applied to 1the J K, and data mnputs, ice 18 measured by applying a momentary
ground, followed by 4.5 V, 10 clear and then applying a momentary ground . followed by 4.5 V1o clock

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

PARAMETER TESTCONDITIONS [ MIN TYP MAX|UNIT
fmax Maximum clack frequency L = 15pF, 30 30 MHz
tpHL Propagation delay time, high-to-low-level output from clear / 2 kil 19 30| ns

- L~ 1
-to- - f
tpLH Propagation delay time, low-to-high-tevel output from clock See Figure 1 14 22| ns
tpHL Propagation detay time, high-ta-low-level cutput from clock 17 26| ns
——
TEXAS 'b'
INSTRUMENTS
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SN548195, SN745195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

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

Supply voitage, Ve (see Note 1)

Input voitage e e e e e e e

Operating free-air temperature range: SN54S195
SN745195

Storage temperature range

NOTE 1:

recommended operating conditions

Voltage valuas are with raspect to network ground terminal.

Y%
56V

~85°C to 125°C

0°C 1o 70°C

~65°C to 160°C

SNG45195 SN748195 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 45 5 6.5 1475 5 5.25 v
High-level output currant, [gH —1 1| mA
Low-level output current, lgi_ 20 20 méA,
Clock frequency, faloek Q 70 0 70 | MHz
Width of clock input puise, ty(clock) 7 7 ns
Width of clear tnput pulse, ty(clear) 12 12 ns
Shift/load 11 1t
Setup time, tg, (see Figure 1) Serial and parallel data 5 5 ns
Clear inactive-state 9 9
Shift/load relesse time, trglease (see Figura T} 2 6| ns
Serial and perallel data hoid time, t, (see Figure 1) 3 3 ns
Operating free-air temperature, Ta —b5 125 0 70 °c

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

PARAMETER TEST CONDITIONST MIN  TYPT MAX jUNIT
ViH High-level input voltage 2 v
Vi Low-level input voltage 08| Vv
Vik Input clamp voitage Voo = MIN, I ==1BmaA —-1.2] v
) Voo - MIN, Vin-2V, SNB45195 25 34
VoH High-lavel ouzput voltage ViL=08V, igH = -1mA | SN745195 27 34 v
VgL Lowievel output voltage :?f:;’:% I\g:‘j; 22°an1A 05| v
Iy Input current at maximum input voltage Veo = MAX, V=55V T mA
i34  High-level input current Voo = MAX, V=27V 50 | uA
I  Lowlevel input current Ve = MAX, V=05V -2 mA
lgs Shart-circuit output current § Ve = MAX —40 —100 | mA
SN545186 70 99
lee  Supply current Voo = MAX, See Note 2 SN745195 70 705 ma

T Far conditions shown as MIN or MAX, use the appropriate velue specified under recemmanded operating conditions,

'T-A!I typical valuas are at Ve =5V, Ta = 25”¢.

§ Mot more than one output should be shartad at a tima, and duration of the shart-circuit shouid not axcesd one second.
NQTE 2: With all outputs open, shift/lcad grounded, and 4.5 V applied ta the J, K, and daia inputs, g is measured by applying a momentary
ground, followed by 4.5 V, to clear, and then applying & momentary ground, fallowead by 4.5 V, to clock.

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

tp4L Propagation delay time, high-to-low-level output from clock

PARAMETER TEST CONDITIONS [MIN TYP MAX |UNIT
fmax Maximum clock frequency Ci = 15pF 70 105 MHz
tpHL Propagation delay time, high-to-low-level output from clear RL - 2830 Q 12.5 18.5 ns

- L= +
i - igh- lock
tpLH Propagation delay time, low-ta-high-level output from cloc Ses Figure 1 1.5: 12| ns
185 | ns

L

*ip
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SN54195, SN54LS195A, SN545195,
SN74195, SN74L5195A, SN745195
4-BIT PARALLEL-ACCESS SHIFT REGISTERS

PARAMETER MEASUREMENT INFORMATION

QUTPUT  vVee

R (See Nate C)
FROM OQUTPUT
UNDER TEST

CL = 15 pF
(See Note B)

LOAD FOR OUTPUT UNDER TEST

:'.""'"_"'_.IL_ twictear)

2l
o
i1 ]
<
g
I <
| 3

CLK !
| h |
b T *+— twiciock) o 1,
I [ tserup-ed |
| |
DATA I
\Y v
(See Nate G} | ref ref
1
po— ty ——d = tsu -
: 1 p——af—o [release o ] [ frelease
_ T ! I i TR\ | | v
SH/LD : Vret Vet | Vryef Vref |
I ] ———— e — ——— = gV
bo—tpHL —=! F'“PLH"': i-—tPHL—-‘l
. —_—— ¥
H
ASSOCIATED ' v o - v °
QUTPUT O ref Vet ret
VoL

VOLTAGE WAVEFORMS

MNOTES: A. The clock puise generator has the following characteristics: Zyyp ~ 50 §2 and PRR < 1 MHz. For ‘185, t, < 7 ns and t5 < 7 ns,
For 'LS195A, t, < 15 ns and t¢ € 6 ns. For “5195, 1, = 2.5 ns and t4 = 2.5 ns. When tasting f ..., vary tha clock PRRA.

. Cf includes probe and jig capacitance.

. All dipdes are 1N3064 or equivaient.

. A clear puise is appliad priar to sach tast.

Far 195 and 'S195, Vygf = 1.5 V; for 'LS195A, V ¢ = 1.3 V,

Propagation delay times (tp_py and tpp ) are measured at t 1. Proper shifting of data is verified at t,4 4 with a functional 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 befora clocking transition.

th+1 = bit time after one clocking transitien.

tn+4 = bit time after four clocking transitions.

FIGURE 1-SWITCHING TIMES

Tommbow
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily petformed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (*Critical Applications”).

TI SEMICONDUCTOR FRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPFPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1998, Texas Instruments Incorporated



SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

® Complementary Outputs SN54165, SN54LS165A . .. J OR W PACKAGE
. . SN74165 . .. N PACKAGE
® Direct Overriding Load (Data) Inputs SN74LS165A . .. D, N, OR NS PACKAGE
® Gated Clock Inputs (TOP VIEW)
® Parallel-to-Serial Data Conversion — )
SHID []1 16[] Vee
TVYPE TYPICAL MAXIMUM TYPICAL CLK |2 15[] CLK INH
CLOCK FREQUENCY POWER DISSIPATION Efs 1]l D
165 26 MHz 210 mW Fll4 13l c
'LS165A 35 MHz 90 mw Gls 12|l B
. _H[]e ull A
description oull7 10[] SER
The '165 and 'LS165A are 8-bit serial shift GND (18 of] Qx

registers that shift the data in the direction of Qp
toward Qg _vvhen clockt_ed. Paralle_l—ln access to .
each stage is made available by eight individual, (TOP VIEW)

direct data inputs that are enabled by a low level

T
at the shift/load (SH/LD) input. These registers ‘9 Z

also feature gated clock (CLK) inputs and XTo 8%
complementary outputs from the eighth bit. All Ounz >0

inputs are  diode-clamped to  minimize ( 351 010
transmission-line effects, thereby simplifying El 4 18y D
system design. Fls 17l c
Clocking is accomplished through a two-input NC e 164 NC
positive-NOR gate, permitting one input to be cl7 -
used as a clock-inhibit function. Holding either of HP 8 9 10 11 12 1314 A
the clock inputs high inhibits clocking, and holding o o o o

either clock input low with SH/LD high enables the G225

other clock input. Clock inhibit (CLK INH) should o «

be changed to the high level only while CLK is NC — No internal connection

high. Parallel loading is inhibited as long as SH/LD
is high. Data at the parallel inputs are loaded
directly into the register while SH/LD is low,
independently of the levels of CLK, CLK INH, or
serial (SER) inputs.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. . Copyright 0 2002, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments l On products compliant to MIL-PRF-38535, all parameters are tested
ard warranty. Production pr ing does not r ily include IEXAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
PDIP - N Tube SN74LS165AN SN74LS165AN
Tube SN74LS165AD
0°C to 70°C SOIC-D LS165A
Tape and reel SN74LS165ADR
SOP —NS | Tape andreel | SN74LS165ANSR 74LS165A
CDIP — 3 Tube SN54LS165AJ SN54LS165AJ
Tube SNJ54LS165A SNJ54LS165AJ
-55°C to 125°C
CFP -W Tube SNJ54LS165AW SNJ54LS165AW
LCCC —FK | Tube SNJ54LS165AFK SNJ54LS165AFK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

FUNCTION TABLE

SHLD CLKINH cik  ser | CAMEL LG oy OH
L X X X a...h a b h
H L L X X Qao  QBo QHo
H L 1 H X H QaAn QGn
H L 1 L X L QAn Qan
H H X X X QA0 QBO QHo

%’ TeEXAS
INSTRUMENTS
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SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

schematics of inputs and outputs

165
EQUIVALENT OF EACH INPUT TYPICAL OF BOTH OUTPUTS
Vce - - Vce
100 Q NOM
Input —
Output
SHILD: Req = 3 kQ NOM
Other Inputs: Req = 6 kQ NOM
'LS165A
EQUIVALENT OF PARALLEL EQUIVALENT OF ALL TYPICAL OF BOTH OUTPUTS
INPUTS AND SERIAL INPUT OTHER INPUTS v
CC
Vce -
R 120 Q NOM
eq
24 kQ NOM
Input — Input
Output

CLK, CLK INH: Rgq =10 kQ NOM
SH/LD: Req = 13 kQ NOM

{'} TEXAS
INSTRUMENTS
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SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

logic diagram (positive logic)

O
T

ey e, Sc1 °c1 Sc1
L L L > L
seR 19 Do Jio b1 5 BB 5 bIC Jip LI Jip 1D 1D QH
R R R R R R R R

H
66
s s | e—ds L°
B C1 QF—>C1 QG—>C1 7 =

Pin numbers shown are for D, J, N, NS, and W packages.

typical shift, load, and inhibit sequences

CLK INH
SER L
SH/LD |
A |I H |

I
B L

L-

Data
Inputs

—

®
T

- _

outputQn | " S T T T

OutputaH__—I L cfow Lo Lo dw e

fe— inhibic—»le Serial Shift >

Load

Q’ TeEXAS
INSTRUMENTS
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SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

The SN54165 and SN74165 devices

are obsolete and are no longer supplied.

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

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

Supply voltage, Vo (SEBE NOE 1) ..o o e e 7V
Input voltage, V|: SN54165, SN74L65 ... ... e 55V
SNBALS1I65A, SN7ALSLB5A . .o e 7V

Interemitter voltage (See NOE 2) ... ... i e e 55V
Package thermal impedance 63 (see Note 3): Dpackage ................ ... ... ..ot 73°C/IW
Npackage ............cciiiiiiiiiiiiinnann. 67°C/W

NSpackage ...........coiiiiiiiiiiiinnann. 64°C/W

Storage temperature range, Totg «ovee e —-65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

2. This is the voltage between two emitters of a multiple-emitter transistor. This rating applies for the '165 to the SH/LD input in
conjunction with the CLK INH input.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

SN54165 SN74165

MIN  NOM MAX MIN  NOM MAX UNIT
Vce Supply voltage 4.5 5 55| 4.75 5 5.25 \%
IoH High-level output current -800 -800 uA
loL Low-level output current 16 16 mA
felock Clock frequency 0 20 0 20| MHz
tw(clock) Width of clock input pulse 25 25 ns
tw(load)  Width of load input pulse 15 15 ns
tsu Clock-enable setup time (see Figure 1) 30 30 ns
tsy Parallel input setup time (see Figure 1) 10 10 ns
tsu Serial input setup time (see Figure 1) 20 20 ns
tsy Shift setup time (see Figure 1) 45 45 ns
th Hold time at any input 0 0 ns
TA Operating free-air temperature -55 125 0 70 °C

{'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

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

SN54165 SN74165
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYPF MAX
V|4  High-level input voltage 2 2 \%
ViIL  Low-level input voltage 0.8 0.8 \
Vik  Input clamp voltage Vcc=MIN, j=-12mA -1.5 -15 \%
. Vcc=MIN, V=2V,
VoH High-level output voltage VIL=08Y, Ioy=-800 yA 24 34 24 34 \%
] Vcc=MIN, ViH=2YV,
VoL Low-level output voltage VIL=08V, oL =16mA 0.2 0.4 0.2 0.4 \%
I Input current at maximum input voltage | Vcc = MAX, V|=55V 1 1 mA
[ High-level input t SHILD V MAX, V|=24V 80 80 A
igh-level input curren = , =2
H 9 P Other inputs ce ! 40 40 .
_ SH/LD -3.2 -3.2
L Low-level input current - Vce =MAX, V=04V mA
Other inputs -1.6 -1.6
los  Short-circuit output current8 Vce = MAX -20 -55| -18 -55 mA
Ilcc  Supply current Vce = MAX, See Note 4 42 63 42 63 mA

NOTE 4: With the outputs open, CLK INH and CLK at 4.5V, and a clock pulse applied to SHILD, Icc is measured first with the parallel inputs
at 4.5V, then with the parallel inputs grounded.

T For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.

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

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

SN54165 and SN74165 switching characteristics, Vcc =5V, Ta = 25°C (see Figure 1)

FROM TO
T
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX| UNIT
fmax 20 26 MHz
tPLH __ 21 31
LD Any CL=15pF, R =400 Q ns
tPHL 27 40
tPLH 16 24
CLK Any CL=15pF, R =400 Q ns
tPHL 21 31
t 11 17
PLH H Qn CL = 15 pF, R = 400 Q ns
tPHL 24 36
t _ 18 27
PLH H QH CL =15 pF, R =400 Q ns
tPHL 18 27

f fmax = maximum clock frequency, tp| H = propagation delay time, low-to-high-level output, tp|_ = propagation delay time, high-to-low-level output

%’ TeEXAS
INSTRUMENTS
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The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

recommended operating conditions

SN54LS165A SN74LS165A
MIN  NOM  MAX MIN  NOM MAX UNIT

\ele Supply voltage 4.5 5 55| 4.75 5 5.25 \%
VIH High-level input voltage 2 2 Y
VIL Low-level input voltage 0.7 0.8 \
loH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8 mA
felock Clock frequency 0 25 0 25| MHz
tw(clock) Width of clock input pulse (see Figure 2) Clock high Lo 1o ns

Clock low 25 25
tw(load) Width of load input pulse Clock high 25 2 ns

Clock low 17 17
tsu Clock-enable setup time (see Figure 2) 30 30 ns
tsu Parallel input setup time (see Figure 2) 10 10 ns
tsu Serial input setup time (see Figure 2) 20 20 ns
tsu Shift setup time (see Figure 2) 45 45 ns
th Hold time at any input 0 0 ns
TA Operating free-air temperature -55 125 0 70 °C

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

SN54LS165A SN74LS165A
PARAMETER TEST CONDITIONST UNIT
MIN TYPF MAX | MIN TYPF MAX
VIK Vcc=MIN,  j=-18 mA -15 -15 %
VOH Vcc=MIN, V=2V, V|L=MAX, IoH=-04mA 25 35 2.7 35 \Y
loL =4 mA 025 04 025 04
VoL Vce = MIN, VIH=2V, V|L=MAX \%
loL =8 mA 035 05
I Vec=MAX, V=7V 0.1 01| ma
IIH Vee =MAX, V=27V 20 20| pA
m Vec =MAX, V=04V -0.4 04 mA
losE Ve = MAX -20 -100 | -20 -100 | mA
Icc Vcc = MAX, See Note 4 18 30 18 30 mA

NOTE 4. With the outputs open, CLK INH and CLK at 4.5V, and a clock pulse applied to SHILD, Icc is measured first with the parallel inputs

at 4.5V, then with the parallel inputs grounded.
1 For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions.
* All typical values are at Voc =5V, Ta = 25°C.
8 Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.

‘9 TEXAS
INSTRUMENTS
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SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

SN54LS165A and SN74LS165A switching characteristics, Vcc =5V, Ta = 25°C (see Figure 2)

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

t _ 21 35
PLH LD Any RL=2kQ, C_=15pF ns
tPHL 26 35
tPLH 14 25

CLK Any RL=2kR, C_=15pF ns
tPHL 16 25
t 13 25
PLH H OH R =2kQ, C| = 15 pF ns
tPHL 24 30
t _ 19 30
PLH H O R =2k, C| = 15 pF ns
tPHL 17 25

t fmax = maximum clock frequency, tp|_H = propagation delay time, low-to-high-level output, tpy|_ = propagation delay time, high-to-low-level output

%’ TeEXAS
INSTRUMENTS
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The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

SN54165, SN54LS165A, SN74165, SN74LS165A

PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 DEVICES

Test
Point Vce

T

From Output

Under Test (see Note B)

(see Note A)

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

High-Level

Pulse 15V 15V
\
[ tw —P
\ \
Low-Level 15V 15V
Pulse
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 3V
Input 15V 15V
ov

In-Phase
Output
(see Note D)

\ \
tPHL —1&—» F_’?—tPLH

Out-of-Phase | \ VOH
Output 15V 15V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cg includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.

From Output
CL Under Test

CL
(see Note A) I 552

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Vce
Test RL
Point

S1
From Output

Vce Under Test (see Note B)
CL
RL (see Note A) 7™
Test 1
Point =

LOAD CIRCUIT
FOR 3-STATE OUTPUTS
Timing 3V
Input 15V
PR oV
<4—P— th
tsy —4—> \
Dat \ ———3V
ata 15V 15V
Input
ov
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
(low-level
enabling) ‘

tPZL—D? > —tpy

\ ||
Waveform 1 ‘ || =15V
(see Notes C | 15V \
and D) ‘ ‘ e VoL +0.5V
| | —— VOL

tpzH —¥| }4— —» |4 tpHz

\
— — VoH
Waveform 2 | —— Vo -05V
(see Notes C 15V <15V
and D) '

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

D. SlandS2areclosed fortpH, tpHL. tpHZ, and tp|_7; S1is open and S2 is closed for tpzp; S1is closed and S2 is open for tpz| .

E. Allinputpulses are supplied by generators having the following characteristics: PRR <1 MHz, Zg =50 Q; ty and tf< 7 ns for Series
54/74 devices and t; and tf < 2.5 ns for Series 54S/74S devices.

F. The outputs are measured one at a time with one input transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms

{'} TEXAS
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SN54165, SN54LS165A, SN74165, SN74LS165A
PARALLEL-LOAD 8-BIT SHIFT REGISTERS

SDLS062D — OCTOBER 1976 — REVISED FEBRUARY 2002

The SN54165 and SN74165 devices
are obsolete and are no longer supplied.

PARAMETER MEASUREMENT INFORMATION
SERIES 54LS/74LS DEVICES

Vee

Test R
Test v Point S1
Point CcC
From Output
Vce Under Test (see Note B)
RL cL L
From Output RL (see Note A)
Under Test (see Note B) From Output Test
CL Under Test Point =

(see Note A)

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

High-Level
Pulse 1.3V 1.3V
\ \
[ tw —¥
\ \
Low-Level 13V 13V
Pulse
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 3V
Input 1.3V 1.3V
oV

In-Phase
Output
(see Note D)

Out-of-Phase | \

VoH
Output 1.3V 1.3V
(see Note D) ——— VoL
VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES

CL
(see Note A) I

FOR OPEN-COLLECTOR OUTPUTS

i/sz

LOAD CIRCUIT
FOR 3-STATE OUTPUTS

LOAD CIRCUIT

Timing 3V
Input 13v
—————— oV
> th
tsy —4—> \
\ ———3V
Input
oV
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
(low-level
enabling) ‘

tPZL—’? ¥ e—tpz

\ | |
Waveform 1 ‘ | =15V
(see Notes C ‘ 13V | v v
and D) ‘ / — — ——VoL+05
| ‘ VoL

tpzH—» 4— B |—tpyz

\ |
——V,
Waveform 2 | — _q_' VoH-0.5V
(see Notes C 1.3V N
and D) =15V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Cp includes probe and jig capacitance.

B. All diodes are 1N3064 or equivalent.

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
S1and S2 are closed for tp| H, tpHL, tPHZ, @nd tpz; S1is open and S2 is closed for tpzp; S1is closed and S2 is open for tpz| .
Phase relationships between inputs and outputs have been chosen arbitrarily for these examples.

Allinput pulses are supplied by generators having the following characteristics: PRR<1 MHz, Zo =50 Q, ty<1.5ns, tf< 2.6 ns.
The outputs are measured one at a time with one input transition per measurement.

@mmo

Figure 2. Load Circuits and Voltage Waveforms
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright 00 2002, Texas Instruments Incorporated



SN54HC153, SN74HC153

DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

® Permit Multiplexing from n Lines to One

Line

® Perform Parallel-to-Serial Conversion

® Strobe (Enable) Line Provided for
Cascading (N Lines to n Lines)

® Package Options Include Plastic

Small-Outline (D), Thin Shrink

Small-Outline (PW), and Ceramic Flat
(W) Packages, Ceramic Chip Carriers
(FK), and Standard Plastic (N) and

Ceramic (J) 300-mil DIPs

description

Each of these data selectors/multiplexers
contains inverters and drivers to supply full binary
decoding data selection to the AND-OR gates.
Separate strobe (G) inputs are provided for each

of the two 4-line sections.

The SN54HC153 is characterized for operation
over the full military temperature range of -55°C
to 125°C. The SN74HC153 is characterized for

operation from —40°C to 85°C.

FUNCTION TABLE

SN54HC153...J OR W PACKAGE

(TOP VIEW)
1G |1 ~ e ] Vce
B[]z 15]] 2G
1C3[]3 4[] A
1C2 |4 13]] 2C3
1C1[]5 12[] 2C2
1co []e 11f] 2c1
1y |7 10[] 2co
GND [| 8 of] 2y

SN74HC153 ... D, N, OR PW PACKAGE

SN54HC153 . . . FK PACKAGE
(TOP VIEW)

1C3
1C2

NC
1C1
1CO

NC — No internal connection

INPUTS
SELECT? DATA — OUTYPUT
B A Co c1 c2 c3 G

X X X X X X H L

L L L X X X L L

L L H X X X L H

L H X L X X L L

L H X H X X L H

H L X X L X L L

H L X X H X L H

H H X X X L L L

H H X X X H L H

1 Select inputs A and B are common to both sections.

2C3
NC

2C2
2C1

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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SN54HC153, SN74HC153

DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

logic symbol T

1G
1C0
1c1
1C2
1C3

2G
2C0
2C1
2C2
2C3

14 0
2 0
i
1
EN MUX D>
6
0
5
1
4
2
3
3
15
10
11
12
13

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the D, J, N, PW, and W packages.

1y

2Y

{’P TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54HC153, SN74HC153
DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

logic diagram (positive logic)

B W
1G L
1co 8 >o TG +— \ /

o—4> TG
1c1 2> >o TG

] T 1y
o—? *—

1c2 4 >o TG

o—<1> TG
1c3 2 >o TG
e 15
2co 20 >o TG o—’ < 7

0—4> TG
2c1 1 >c TG

— 9
)7 2y
o—? o

2c2 12 >© TG

O—CD TG
oc3 22 >o TG

Pin numbers shown are for the D, J, N, PW, and W packages.
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SN54HC153, SN74HC153
DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

abso

lute maximum ratings over operating free-air temperature range T
SUPPIY VORAGE FANGE, VO - oo v v v ettt e e e e e e e e e e e -05Vto7V
Input clamp current, Ik (Vi <O0orV|>Vcc)(seeNote 1) ... i, 20 mA
Output clamp current, Iogx (Vo <0orVo>Vee)(seeNotel) ..., +20 mA
Continuous output current, Ig (Vo =0t0VEE) - oo +35 mA
Continuous current through Voo 0r GND ..o e +70 mA
Package thermal impedance, 035 (see Note 2): Dpackage ..., 113°C/W
Npackage ... 78°C/W
PWpackage .............coiiiiiiiiiiian. 149°C/W
Storage temperature range, Tggg ..o ovvni i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace
length of zero.

recommended operating conditions

SN54HC153 SN74HC153
MIN  NOM  MAX MIN  NOM MAX UNIT
Vce Supply voltage 2 5 6 2 5 6 \%
Vcec=2V 15 15
VIH High-level input voltage Vcc =45V 3.15 3.15 \Y
Vcc=6V 4.2 4.2
Vcec=2V 0 0.5 0 0.5
VL Low-level input voltage Vcc =45V 0 1.35 0 1.35 \Y
Vcc=6V 0 1.8 0 1.8
V) Input voltage 0 Vce 0 Vce \
Vo Output voltage 0 Vce 0 Vce \%
Vce=2V 0 1000 0 1000
tt Input transition (rise and fall) time Vcc =45V 0 500 0 500 ns
Vcec=6V 0 400 0 400
TA Operating free-air temperature -55 125 -40 85 °C
I
b TEXAS
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SN54HC153, SN74HC153
DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

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

PARAMETER TEST CONDITIONS Vee TA=257C SNSARHC153 | SN7AHCISS |y
MIN  TYP MAX| MIN MAX|[ MIN MAX
2V 1.9 1.998 1.9 1.9
loH = —20 pA 45V 4.4  4.499 4.4 4.4
VOH V| =V|yorV|_ 6V 5.9 5.999 5.9 5.9 \
loH = —6 MA 45V 398 43 3.7 3.84
loH =—7.8 MA 6V 548 5.8 5.2 5.34
2V 0.002 0.1 0.1 0.1
loL = 20 A 45V 0.001 0.1 0.1 0.1
VoL V|i=V|yorV|_ 6V 0.001 0.1 0.1 0.1 \
loL =6 mA 45V 0.17 0.26 0.4 0.33
loL=7.8mA 6V 0.15 0.26 0.4 0.33
I V| =Vcc or 0 6V +0.1  +100 +1000 +1000 | nA
lcc Vi=Vccor0, 1p=0 6V 8 160 80| pA
Ci 2Vto6V 3 10 10 10| pF
switching characteristics over recommended operating free-air temperature range, C L = 50 pF
(unless otherwise noted) (see Figure 1)
PARAMETER FROM TO Vee Ta =25°C SN54HC153 SN74HC153 UNIT
(INPUT) (OUTPUT) MIN  TYP MAX| MIN MAX| MIN MAX
2V 90 150 225 190
AorB Y 45V 21 30 45 38
6V 17 26 38 32
2V 73 126 189 158
tpd ( A[:Z‘/t‘i‘:) Y 45V 17 28 42 35| ns
6V 14 23 35 29
2V 38 95 150 125
G Y 45V 1 19 28 24
6V 9 16 24 20
2v 20 60 90 75
tt Y 45V 12 18 15| ns
6V 10 15 13
¥ 1,
EXAS
INSTRUMENTS
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SN54HC153, SN74HC153
DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS112B — DECEMBER 1982 — REVISED MAY 1997

switching characteristics over recommended operating free-air temperature range, C L = 150 pF
(unless otherwise noted) (see Figure 1)
EFROM TO Ta =25°C SN54HC153 SN74HC153
PARAMETER (INPUT) (OUTPUT) Vee MIN : TYP MAX| MIN MAX| MIN MAX UNIT
2V 105 235 355 295
AorB Y 45V 27 47 71 59
6V 21 41 60 51
2V 93 220 335 274
tod ( AD:;%) Y 45V 23 44 67 55| ns
6V 19 38 57 48
2V 60 185 280 230
G Y 45V 17 37 56 46
6V 14 32 48 40
2V 45 210 315 265
tt Y 45V 17 42 63 53| ns
6V 13 36 53 45
operating characteristics, T p = 25°C
PARAMETER TEST CONDITIONS | TYP | uNIT
de Power dissipation capacitance per multiplexer No load 40 pF

PARAMETER MEASUREMENT INFORMATION

From Output Test S\ vVce
Under Test Point Input _/ 50% 50%
& } | Y
(see Note A) ‘4— tpLH —D“ ‘“— tPHL —N‘
= ‘ ——V
LOAD CIRCUIT Output 10% | | | NL0%
R N "
——— Ve [ tpHL — M [ tpry ¥
Input 5006 #| 99% 90% N\ 500 50%\ So% " OH
Al | ‘ 0 Out-of-Phase 0 50% 50% 0
10% 10% \ d 6 A
—» et —» —» —> [t
VOLTAGE WAVEFORM VOLTAGE WAVEFORMS
INPUT RISE AND FALL TIMES PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

NOTES: A. Cp includes probe and test-fixture capacitance.
B. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR <1 MHz, Zo =50 Q, ty =6 ns, tf = 6 ns.
C. The outputs are measured one at a time with one input transition per measurement.
D. tpLH and tpy| are the same as tpg.

Figure 1. Load Circuit and Voltage Waveforms

{’f TeEXAS
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.
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