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SN5400, SN54LSOO, SN54S00, 
SN7400, SN74LSOO, SN74S00 

QUADRUPLE 2-INPUT POSITIVE-NAND GATES 
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 

Reliability 

description 

These devices contain four independent 2-input-

NAND gates. 

The SN5400, SN54LSOO. and SN54S00 are 
characterized for operation over the full military 
temperature range of — 55°C to 125°C. The 
SN7400, SN74LSOO, and SN74S00 are 
characterized for operation from 0°C to 70°C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B v 

H H L 

L X H 

X L H 

logic symbol t 

SN5400 . J PACKAGE 
SN54LSOO, SN54S00 ... J OR W PACKAGE 

SN7400 . N PACKAGE 
SN74LSOO, SN74S00 ... D OR N PACKAGE 

(TOP VIEW) 

1A 

18 

1Y 

2A 

28 

2Y 

GND 

SN5400 . . . W PACKAGE 

(TOP VIEW) 

1A 

18 

1Y 

VCC 
2Y 

2A 

2B 

SN54LSOO. SN54S00 . FK PACKAGE 

ITOP VIEW) 

This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12 
Pin numbers shown are for ID, J, and N packages 

logic diagram (positive logic) 

	4Y 
4B 	 

Y= A B or Y 

plinnuctiok OVA documents contain information 
1•••11: as of • ration date. Products conform to 

soo..t.cations ;Jr. rte terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tenting of all parameters. 
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SN5400, SN54LSOO, SN54S00, 
SN7400, SN74LSOO, SN74S00 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES 

schematics (each gate) 
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Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '00, 'S00 	  5.5 V 

'LSOO 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

TEXAS AP 
INSTRUMENTS 

6,1 OFFICI fit, 1355612 • DALLAS , EXAS /5265 



SN5400, SN7400 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN5400 SN7400 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V IN High-level input voltage 2 2 V 

v iL  Low-level input voltage 0.8 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

It3L 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 i 
SN5400 SN7400 

UNIT 
MIN TYP t MAX MIN TYP MAX 

VIK Vcc = MIN, 11= - 12 mA -1.5 -1.5 V 

VOH VCC = MIN, VII_ = 0.8 V, 101.1 = -0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, loi_ = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, V1= 5.5 V 1 1 mA 

1 11.4 VCC = MAX, V1= 2.4 V 40 40 r■ A 	N. 

'IL VCC = MAX, V1= 0.4 V -1.6 -1.6 mA 

1 0S§ VCC' MAX -20 -55 -18 -55 mA 

1 CCH VCC = MAX, VI = 0 V 4 8 4 8 mA 

ICCL VCC = MAX, V1 = 4.5 V 12 22 12 22 mA 

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

All typical values are at VCC = 5 V, TA = 25 °C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL -40012, 	 CL = 15 pF 

22 Rs 

11:11-IL 7 	15 ns 

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

-1-.4 	1eA 4 
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SN54LSOO, SN741S00 
QUADRUPLE 2•INPUT POSITIVE-NAND GATES 

2-6 

recommended operating conditions 

SN54LSOO SN74LSOO 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

Im_ Low-level output current 4 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 
SN54LSOO SN74LSO0 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK Vcc = MIN, 11= - 18 mA -1.5 -1.5 V 

VOH VCC = MIN, V i L = MAX, 1 -OH -- - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, ViH = 2 V, 1 0L = 4  mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, V1H = 2 V, IOL = 8 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1= 2.7 V 20 20 pA 

'IL VCC = MAX, V1 = 0,4 V -0.4 -0.4 mA 

lost VCC-MAX -20 -100 -20 -100 mA 

1 CCH VCC = MAX, Vi = 0 V 0.8 1.6 0.8 1.6 mA 

1 CCL VCC = MAX, V1 = 4.5 V 2.4 4.4 2.4 4.4 mA 

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

t All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TNT MAX UNIT 

tPLH 
A or B Y Fit_ 2 kit, 	 CL = 15 liF 

9 15 ns 

, PHL 10 t5 ns 

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

TEXAS 
INSTRUMENTS 

4 
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SN54S00, SN74S00 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN54500 SN74500 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current - 1 - 1 mA 

lot.  Low-level output current 20 20 mA 

TA Operating free-au temperature - 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONS I.  
SN54500 SN74S00 

UNIT 
MIN TNT* MAX MIN TYP# MAX 

VIK VCC = MIN,. II= -18 mA -1.2 -1.2 V 

VOH VCC = MIN, VIL = 0.8 V, 10H = - 1 mA 25 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, loL = 20 mA 0.5 0.5 V 

II VCC = MAX, VI= 5.5 V 1 1 mA 

IIH VCC = MAX, VI = 2.7 V 50 50 22A 

'IL VCC = MAX, V1 = 0.5 V -2 -2 mA 

1 0S§ VCC = MAX -40 -100 -40 -100 mA 

ICCH VCC = MAX, VI =0 V 10 16 10 16 mA 

ICCL VCC = MAX, Vi = 4.5 V 20 36 20 36 mA 

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

I All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	VIP 	MAX UNIT 

tPLH 3 	4.5 ns 
RL - 280 D, 	 CL = 15 pF 

tPHL 3 	5 ns 
A or 8 V 

1 PLH 4.5 ns 
RL = 280 E2, 	 CL = 50 pF 

• 	1PHL 5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section I. 
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SNS4LSO1 . . FK PACKAGE 

ITOP VIEW) 
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SN5401, SN54LS01, 
SN7401, SN74LSO1 

QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 
APRIL 1985 — REVISED MARCH 1988 

Package Options Include Plastic "Small 
	

SN5401 . . . J PACKAGE 

Outline" Packages, Ceramic Chip Carriers 
	

SN54LSO1 . . . J OR W PACKAGE 

and Flat Packages, and Plastic and Ceramic 
DIPs 
	 SN74LSO1 . D OR N PACKAGE 

SN7401 . N PACKAGE 

(TOP VIEW) 

Dependable Texas Instruments Quality and 
Reliability 
	 1Y 

1A 

description 	
1B 

 
2Y 

These devices contain four independent 2-input 	 2A 
NAND gates. The open-collector outputs require 	 2B 
pull-up resistors to perform correctly. They may 	 GND 
be connected to other open-collector outputs to 

implement active-low wired-OR or active-high 	
SN5401 	W PACKAGE wired-AND functions. Open-collector devices are 	

(TOP VIEW) often used to generate higher VOH levels. 

1A The SN5401 and SN54LSO1 are characterized 
1B for operation over the full military temperature 	
1Y range of — 55°C to 125°C. The SN7401 and 	

VCC SN74LSO1 are characterized for operation from 	
2Y 0 °C to 70°C. 
2A 

FUNCTION TABLE (each gate) 
	

28 

INPUTS OUTPUT 

A B Y 

H H L 

L X H 

X L H 

logic symbol'.  

9 10 11 12 13 

TIDO< 00 
"ZZrom 

t.D 
46 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

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

NC - No internal connection 
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PRODUCTION DATA documents contain information 
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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SN5401, SN54LS01, 
SN7401, SN74LSO1 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

logic diagram (positive logic) 

1A 
	1Y 

18 

2A 
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4B 

positive logic Y 	A•B or Y — A + 

schematics (each gate) 
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GND 

Resistor valises shown urn n0,711,1:11  

'LSO1 

VCC 

OUTPUT 

GND 

2-10 

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

Supply voltage, VCC (see Note 1): '01, IS01 	  7 V 
Input voltage: '01 	  5.5 V 

IS01 	  7 V 

Off-state output voltage 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



SN5401, SN7401 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5401 SN7401 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

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( 
SN5401 SN7401 

UNIT 
MIN 	TYP: MAX MIN 	TYP: MAX 

VIK VCC = MIN, Ii = 	—12 mA —1.5 — 1.5 V 

OH 
VCC= MIN, Vit. = 0.8 V. VOH = 5 . 5  V 0.25  

mA 
VCC = MIN, VII_ = 0.7 V, VOH = 5.5 V 0.25 

VOL VCC = MIN ,  VIH = 2 V, IOL = 16 mA 0.2 0.4 0.2 0.4 V 

li VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.4 V 40 40 RA 

IIL VCC = MAX, V1 = 0.4 V —1.6 —1.6 mA 

ICCH VCC = MAX, Vi = 0 4 8 4 8 mA 

ICCL VCC = MAX, Vi = 4.5 V 12 22 12 22 mA 

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

t All typical values are at VCC = 5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	VIP 	MAX UNIT 

tPLH 
A or B V 

RL = 4 kft, 	 CL = 15 OF 35 	55 ns 

1PHL R L = 400 S2, 	 CL= 15 pF 8 	15 ns 

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

TEXAS AA 
INSTRUMENTS 
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SN54LS01, SN74LSO1 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

2-12 

recommended operating conditions 

SN54LSO1 SN74LSO1 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L  Low-level input voltage 0.7 0.8 V 

VoH High-level output voltage 5.5 5.5 V 

101_ 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 t 
SN54 LS01 SN74 LS01 

UNIT 
MIN 	TYP t MAX MIN 	TNT t MAX 

VIK VCC = MIN, 11= - 18 mA -1.5 - 1.5 V 

IOH VCC = MIN, VI L -- MAX, VOH = 5.5 V 0.1 0.1 mA 

VOL 

Vcc = MIN, VIH = 2 V, Icg_ = 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIH = 2 V, 10L= 8 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 20 AA 

'IL VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

ICCH VCC = MAX, V1 = 0 0.8 1.6 0.8 1.6 mA 

ICCL VCC = MAX, Vi = 4.5 V 2.4 4.4 2.4 4.4 mA 

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

I All typ,cal vdItles are ot VCC 	5 V, TA 	25 C 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

( PLH 
A or B V R L  = 2 kSZ, 	 CL = 15 pF 

17 	32 ns 

tPHL 15 	28 ns 

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

TEXAS 
INSTRUMENTS 

1 ,0S1 LRiICE DOS 655012 • DALLAS If XAS 
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NC - No internal connection 

logic diagram (positive logic) 

1A 	  D- 113 	  

2A 	  

2B 	  

SN5402, SN54LS02, SN54S02, 
SN7402, SN74LS02, SN74S02 

QUADRUPLE 2-INPUT POSITIVE-NOR GATES 
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 

Reliability 

description 

These devices contain four independent 2-input-
NOR gates. 

The SN5402, SN54LS02, and SN54S02 are 
characterized for operation over the full military 
temperature range of — 55°C to 125°C. The 
SN7402, SN74LS02, and SN74S02 are 
characterized for operation from 0 °C to 70°C. 

SN5402 . . J PACKAGE 
SN54LS02, SN54S02 	J OR W PACKAGE 

SN7402 ... N PACKAGE 

SN74LS02, SN74S02 . . . D OR N PACKAGE 

(TOP VIEW) 

1Y 

1A 

1B 

2Y 

2A 

2B 

GND 

SN5402 W PACKAGE 

(TOP VIEW) 

3A 	  D. 38 	  

4 8 	

 

Y= A •B of Y= A 	B 

PRODUCTION DATA documents contain information 
current as of publication data. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS 
INSTRUMENTS 
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SN54LS02, SN54S02 	FK PACKAGE 

(TOP VIEW) 

18 4B 

17 NC 
16 4A 
15 NC 

14 3Y 

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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FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B V 

H X L 

X H L 

L L H 

logic symbolt 
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SN5402, SN54LS02, SN54S02, 
SN7402, SN74LS02, SN74S02 
QUADRUPLE 2-INPUT POSITIVE-NOR GATES 

schematics leach gate) 

'02 

'LSO2 
	

'S02 

Resistor values shown are nominal 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '02, 'S02 	  5.5 V 

'LS02 	  7 V 
Off-state output voltage 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

2-14 TEXAS 
INSTRUMENTS 
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SN5402, SN7402 
QUADRUPLE 2-INPUT POSITIVE-NOR GATES 

recommended operating conditions 

SN5402 SN7402 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage ' 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

10L 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 
SN5402 SN7402 

UNIT 
MIN TVPf MAX MIN TYPt MAX 

VIK Vcc = MIN, II = - 12 mA -1.5 -1.5 V 

VOH VCC = MIN, VII_ = 0.8 V, 101.4 = - 0.4 mA 2.4 3.4 2.4 3.4 V 

VOL v cc  = MIN, Vii.i = 2 V, loL = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.4 V 40 40 PA 

IIL VCC = MAX, V1 = 0.4 V - 1.6 -16  rnA 

1 0S§ VCC - MAX -20 -55 - 18 -55 mA 

ICCH VCC = MAX, V1 = 0 V 8 16 8 16 mA 

ICCL VCC = MAX, See Note 2 14 27 14 27 mA 

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

I All typical values are at VCC = 5 V, TA = 25 °C 

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

NOTE 2: One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B V AL - 400 D, 	 CL - 15 pF 

12 	22 ns 

1PHL 8 	15 ns 

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

TEXAS 
INSTRUMENTS 

1'0,1 Jiltl 	ROA 	 • DAI LAS H-AS ]b' 65 
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SN54LS02, SN74LSO2 
QUADRUPLE 2-INPUT POSITIVE-NOR GATES 
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recommended operating conditions 

SN54LSO2 SN74LSO2 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Viii High-level input voltage 2 2 V 

vit.  Low-level input voltage 0.7 0.8 V 

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 t 
SN54LSO2 SN74LSO2 

UNIT 
MIN TVPI MAX MIN TYPS MAX 

VIK VCC = MIN, II= -18 mA -1.5 -1.5 V 

VOH VCC = MIN, VII_ = MAX, 10H= -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, VIH = 2 V, IOL = 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VII./ = 2 V, 10L=8mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1 114 VCC = MAX, V1= 2.7 V 20 20 ;IA 

ill- VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

1 0S§ VCC' MAX - 20 - 100 - 20 - 100 mA 

1 CCH VCC = MAX, Vi = 0 V 1.6 3.2 1.6 3.2 mA 

ICCL VCC = MAX, See Note 2 2.8 5.4 2.8 5.4 mA 

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

t All typical values are at V CC  = 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. 
NOTE 2: One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 2 k.12, 	 CL = 15 pF 

10 	15 ns 

tPHL 10 	15 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S02, SN74S02 
QUADRUPLE 2-INPUT POSITIVE-NOR GATES 

recommended operating conditions 

SN54S02 SN74S02 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V g..1 High-level input voltage 2 2 V 

v iL  Low-level input voltage 0.8 0.8 V 

10H High-level output current — 1 — 1 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 t 
SN54S02 SN74S02 

UNIT 
MIN TYPt MAX MIN TYPE MAX 

VIK VCC = MIN ,  II = —18 mA —1.2 —1.2 V 

VOH VCC - MIN, VIL = 0.8 V, 101.1 = —1 mA 2.5 3.4 2.7 3.4 V 

VOL Vcc = MIN, Vg.4= 2 V, 10L = 20 mA 0.5 0.5 V 

II VCC = MAX, V1 -= 5.5 V 1 1 mA 

11H Vcc = MAX, VI = 2.7 V 50 50 gA 

'IL VCC = MAX, V1= 0.5 V —2 —2 mA 

1 08§ VCC = MAX —40 —100 —40 —100 mA 

ICCH VCC = MAX, V1 =0 V 17 29 17 29 mA 

ICCL VCC = MAX, See Note 2 26 45 26 45 mA 

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

All typical values are at VCC = 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. 

NOTE 2 .  One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 3.5 	5.5 ns 
I3L -- 2801!, 	 CL - 15 oF 

1 PHL 3.5 	5.5 ns 
A or B Y 

tPLH 5 ns 
RL = 280 52, 	CL = 50 pF 

1 PHL 5 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5403, SN54LS03, SN54S03, 
SN7403, SN74LS03, SN74S03 

QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 
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 

Reliability 

description 

These devices contain four independent 2-input-
NAND gates. The open-collector outputs require 
pull-up resistors to perform correctly. They may 

be connected to other open-collector outputs to 

implement  active-low wired-OR or active-high 
wired-AND functions. Open-collector devices are 

often used to generate higher Vali levels. 

The SN5403, SN54LSO3 and SN54S03 are 
characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 
SN7403, SN74LSO3 and SN74S03 are 

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

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H H L 

L X H 

X L H 

logic symbol t 

SN5403 . . J OR W PACKAGE 

SN54LS03, SN54S03 . . . J OR W PACKAGE 

SN7403 . . . N PACKAGE 

SN74LS03, SN74S03 ... D OR N PACKAGE 

(TOP VIEW) 

1A 

18 

1Y 

2A 

2B 

2Y 
GND 

SN54LS03, SN54S03 . . . FK PACKAGE 

(TOP VIEW) 

< (-) U CO 
Z > 

1-1 u u u I—I 
3 2 1 20 19 

1Y 	4 	 18 4A 

NC 	5 	 17 NC 

2A 	6 	 16 4Y 

NC 	7 	 15 NC 

2B 8 	 14 3B 

9 10 11 12 13 
rn rn rn I-1  

›- O (-) 
Z Z M VI 
CD 

NC - No internal connection 

logic diagram (positive logic) 

VCC 

4B 

4A 

4Y 

3B 

3A 

3Y 

This symbol Is in accordance with ANSI/IEEE Std 91-1984 and 
	 Y = A • B or 1,  =A +B  

IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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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'LSO3 'S03 

vcc 

OUTPUT 

'03 

sa
3!

A
aG

  
in

  cc 

GNO 

SN5403, SN54LS03, SN54S03, 
SN7403, SN74LS03, SN74S03 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

Resistor values shown <IN: norninol 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '03, 'S03 	  5.5 V 

'LSO3 	 7 V 

Off-state output voltage 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5403, SN7403 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5403 SN7403 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

I0L 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 CONDITIONSI 
SN5403 SN7403 

 UNIT 
MIN 	TYP* 	MAX MIN 	TYP 5 	MAX 

VIK VCC = MIN, II = 	— 12 mA —1.5 — 1.5 V 

1 0H 
VCC = MIN, VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, VIL = 0.7 V. VOH = 5.5 V 0.25 

VOL \./( -L: 	MIN, VII 	1 V lot_ lh 1,A 0 2 0 4 0 2 0 4 V 
II VcC, 	- 	I\ 111' 1'1 . VI 1  1 mA 

IIH VCC = MAX, Vi = 2.4 V 40 40 AA 

IlL VCC = MAX, Vi = 0.4 V —1.6 — 1.6 mA 

1 CCH VCC = MAX, Vi = 0 4 8 4 8 mA 

ICCL VCC = MAX, Vi = 4.5 V 12 22 12 22 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tpLFI 
A or B Y 

RL , 4 k11, 	 CL = 15 pF 35 	45 ns 

tPHL RL = 400 11, 	 CL = 15 pF 8 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 
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SN54LS03, SN74LSO3 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

se
O!

A
ea

  1
1

1
  

recommended operating conditions 

SN54LSO3 SN74LSO3 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vcc Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VON High-level output voltage 5.5 5.5 V 

loL Low-level output current 4 8 mA 

TA Operating free-air temperature - 55 125 0 70 °C 

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

. 

PARAMETER TEST CONDITIONS t 
SN54LSO3 SN74LSO3 

UNIT 
MIN 	TYP t MAX MIN 	TYPt MAX 

VII< VCC = MIN, II= -18 mA -1.5 - 1.5 V 

IOH VCC = MIN, VI L = MAX, VoH = 5.5 V 0.1 0.1 mA 

VOL 

VCC = MIN, VIH = 2 V, loL = 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIN= 2 V, loL=8mA 

II 

 0.35 0.5 

VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, VI= 2.7 V 20 20 1.tA 

1 IL VCC = MAX, V1= 0.4 V -0.4 - 0.4 mA 

ICCH VCC = MAX, V1 = 0 0.8 1.6 0.8 1.6 mA 

ICCL VCC = MAX, Vi = 4.5 V 2.4 4.4 2.4 4.4 mA 

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

All typical values are at VCC = 5 V, TA = 25 ° C 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

',PLR 
A or B Y RL = 2 k.f/, 	 CL= 15 pF 

17 	32 ns 

tPHL 15 	28 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S03, SN74S03 
QUADRUPLE 2-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54S03 SN74S03 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

V01.4 High-level output voltage 5.5 5.5 V 

101_ 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 CONDITIONSt 
SN54S03 SN74S03 

UNIT 
MIN 	TYP 5 	MAX MIN 	TY1.4 	MAX 

VIK VCC = MIN, li = 	— 18 mA —1.2 —1.2 V 

I OH 
VCC = MIN, VIL = 0.8 V, VoH = 5.5 V 0.25 

mA 
VCC = ..". VIL = 0.7 V. VoH = 5.5 V 0.25 

VOL VCC = ..". VIH = 2 V, lot_ = 20 mA 0.5 0.5 V 

li VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.7 V 50 50 AA 

IIL VCC = MAX, VI = 0.5 V —2 —2 mA 

ICCH VCC = MAX, Vi = 0 6 13.2 6 13.2 mA 

ICCL VCC = MAX, Vi = 4.5 V 20 36 20 36 mA 

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

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) ) 
TO 

(OUTPUT) 
TEST CONDITIONS MIN VIP MAX UNIT 

tPLH 

A or B V 

RL = 280 St, CL = 15 pF 
2 5 7.5 ns 

1PHL 2 4.5 7 ns 

tPLH 
RL 	280 S!, CL 	50 pF 

75 ns 

tPHL 7 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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VCC 
6A 

6Y 

5A 

5Y 

4A 

4Y 

1A 

2Y 

2A 

VCC 

3A 

3Y 

4A 

6Y 

NC 

5A 

NC 

5Y 

SN5404, SN54LSO4, SN54SO4, 
SN7404, SN74LSO4, SN74SO4 

HEX INVERTERS 
DEC [MOE li 1983 REVISED MARCH 19E38 

• Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 

DIPs 

• Dependable Texas Instruments Quality and 

Reliability 

description 

These devices contain six independent inverters. 

The SN5404, SN54LSO4, and SN54SO4 are 
characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 

SN7404, SN74LSO4, and SN74SO4 are 

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

FUNCTION TABLE leach invert,, 

INPUTS OUTPUT 

A Y 

H 

L II 

logic symbol t 

1A 

2A 

3A 

4A 

5A 

6A 

[ This symbol is in accordance with ANSI/IEEE Std 91-1984 ana 

IEC Publication 617-12. 

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

logic diagram (positive logic) 

1A 18 

28 2A 

3A 3Y 

4A --->0 — 4Y 

5A 58 

GA Y 

Y A 

;ION DATA documents contain information 
cmient as of publication date. Products conform to 
specifications per the terms of Tessa Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5404 . . J PACKAGE 

SN541SO4, SN54SO4 . . . J OR W PACKAGE 

SN7404 . N PACKAGE 

SN74LSO4, SN74SO4 ... D OR N PACKAGE 

(TOP VIEW) 

1A 
1Y 

2A 

2Y 

3A 

3Y 

GND 

SN5404.. . W PACKAGE 

(TOP VIEW) 

SN54LSO4, SN54SO4 . . . FK PACKAGE 

ET OP VIE WI 

>. < 	< 
Z > 

2A 

NC 
2Y 

NC 

3A 

>- < 
c,) z Z T1' cr 
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SN5404, SN54LSO4, SN54SO4, 
SN7404, SN74LSO4, SN74SO4 
HEX INVERTERS 

schematics (each gate) 

'04 

'LSO4 'SO4 

S
G

O
IA

8
a

  
in

  

2-26 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 11 . 	 . 7 V 
Input voltage. '04, 'SO4 	  5.5 V 

'LSO4 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5404, SN7404 
HEX INVERTERS 

recommended operating conditions 

SN5404 SN7404 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Vii.i High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

i t3 H  High-level output current — 0.4 — 0.4 mA 

10L Low-level output current 16 16 ,  mA 

TA Operating free-au temperature — 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONS t 
SN5404 SN7404 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

VI K VCC .. MIN, II= — 12 mA —1.5 — 1.5 V 

VOH VCC' MIN, VIL - 0.8 V, 10H= —0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, IOL 	16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, VI = 5.5 V 1 1 mA 

1 1H VCC' MAX, Vi - 2.4 V 40 40 5A 

'IL VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

los § VCC = MAX — 20 — 55 — 18 — 55 mA 

ICCH VCC = MAX, Vi = 0 V 6 12 6 12 mA 

ICCL VCC = MAX, Vi = 4.5 V 18 33 18 33 mA 

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

I All typical values are at VCC 5 V, TA 25°C. 
§ Not more than one output should be shorted at a time. 

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

PARAMETER 
FROM 

(INPUT) 
TO 

(OUTPUT) TEST CONDITIONS MIN VIP MAX UNIT 

1PLH 
A Y RL 400 !.:, 	 CL 15 55 

12 22 ns 

tPHL 8 15 ns 

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

to 
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SN54LSO4, SN74LSO4 
HEX INVERTERS 
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recommended operating conditions 

SN54LSO4 SN74LSO4 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

ION High-level output current - 0.4 - 0.4 mA 

Ic_ 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 f 
SN54LSO4 SN74LSO4 

UNIT 
MIN TYP t MAX MIN TYP 4 MAX 

VIK VCC = MIN, II= -18 mA -1.5 - 1.5 V 

VON Vcc = MIN, VI L = MAX, 10H = - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 
Vcc = MIN, VIH = 2 V, 10L= 4 mA 0.25 0.4 0.4 

V 
VCC =MIN, VIH = 2 V, 101_ = 8 mA 0.25 0.5 

II Vcc = MAX, V1= 7 V 0.1 0.1 mA 

1 1H VCC = MAX, V1 = 2.7 V 20 20 5A 

11L Vcc = MAX, V1 = 0.4 V -0.4 .„...." -0.4 mA 

1 0St VCC = MAX -20 -100 -20 
- 	. 

- 100 mA 

1 CCH VCC = MAX, Vi = 0 V 1.2 2.4 1.2 2.4 mA 

1 CCL VCC = MAX, V1= 4.5 V 3.6 6.6 3.6 6.6 mA 

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

I All typical values are at VCC = 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) 

PARAMETER FROM 
(I N PUT / 

TO 
(OUTPUT/  

TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1PLH 
A Y RI_ = 2 kn, 	 CL = 15 pF 

9 	15 ns 

0PHL 10 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54SO4, SN74SO4 
HEX INVERTERS 

recommended operating conditions 

SN54SO4 SN74SO4 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

%/1L Low-level input voltage 0.8 0.8 V 

101.1 High-level output current — 1 — 1 mA 

10L 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 f 
SN54504 SN74504 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VIK Vcc -- MIN, I1= —18 mA —1.2 —1.2 V 

VOH VCC = MIN, VII_ = 0.8 V, loH = — 1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, 10L = 20 mA 0.5 0.5 V 

VCC = MAX, V1= 5.5 V 1 1 1 1 mA 

1 1H VCC = MAX, Vi = 2.7 V 50 50 ,uA 

'IL VCC = MAX, V1 = 0.5 V —2 —2 mA 

1 0S§ VCC ' MAX —40 — 100 —40 —100 mA 

1 CCH VCC = MAX, V1 = 0 V 15 24 15 24 mA 

1 CCL VCC = MAX, V1 = 4.5 V 30 54 30 54 mA 

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

1 All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT ) 
TO 

(OUTPUT) TEST CONDITIONS MIN 	TIP 	MAX UNIT 

tPLH 

A V 

RL = 280 E2, 	 CL = 15 pF 
3 	4.5 ns 

tPHL 3 	5 ns 

1PLH 
R L = 280 E2, 	 CL = 50 pF 

4.5 ns 

1PHL 5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN5405 . . . J PACKAGE 
SN54LS05, SN54S05 . . . J OR W PACKAGE 

SN7405... N PACKAGE 
SN74LS05, SN74S05 . . . D OR N PACKAGE 

(TOP VIEW) 

1A 

1Y 

2A 

2Y 

3A 

3Y 

GND 

VCC 
6A 

6Y 

5A 

5Y 

4A 

4Y 

SN5405 ...W PACKAGE 

(TOP VIEW) 

SN54LS05, SN54S05. . . FK PACKAGE 

(TOP VIEW) 

1A 

2Y 

2A 

VCC 
3A 

3Y 

4A 

>- < O U < Z > 
uuu 	Li 1_1 

1Y 

6A 

6Y 

GND 

5Y 

5A 
4Y 

3 2 1 20 19 

2A 4 

NC 5 

2Y 6 

NC 7 

3A 8 

18 6Y 

17 NC 

16 5A 

15 NC 

14 5Y 

9 10 11 12 13 
nnnnn  

>- [3 U >- 
Z Z v cr 

NC —No internal connection 

logic symbol t 
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SN5405, SN54LS05, SN54S05, 
SN7405, SN74LS05, SN74S05 

HEX INVERTERS WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1983 REVISED MARCH 1988 

• Package Option Includes Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain six independent inverters. 

The open-collector outputs require pull-up 
resistors to perform correctly. They may be 

connected to other open-collector outputs to 

implement active-low wired-OR or active-high 

wired-AND functions. Open-collector devices are 
often used to generate high VOH levels. 

The •SN5405, SN54LS05, and SN54S05 are 

characterized for operation over the full military 

temperature range of — 55°C to 125 °C. The 
SN7405, SN74LS05, and SN74S05 are 

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

FUNCTION TABLE leach inverter) 

INPUT OUTPUT 

A Y 

H L 

L H 

logic diagram (positive logic) 

1A 
	

1Y 

2A 
	

2Y 

3A 
	

3Y 

4A --->0 	4Y 

5A 

6A 

   

BY 

6Y 

 

   

2Y 

3Y 

AY 

SY 

   

 

Y = A 

 

6Y 

1  This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617 - 12. 

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

PRODUCTION DATA documents contain information 
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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SN5405, SN54LS05, SN54S05, 
SN7405, SN74LS05, SN74S05 
HEX INVERTERS WITH OPEN•COLLECTOR OUTPUTS 

schematics (each inverter) 

'05 
	

'LSO5 

Sa
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Resistor values are nominal 

. S05 

vcc 

900 0 

INPUT 	 OUTPUT 

A 

2-32 

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

Supply voltage, VCC (see Note 1): '05, 1S05, 'S05 	  7 V 
Input voltage: '05, 'S05 	  5.5 V 

'LSO5 	 7 V 
Off-state output voltage 	. 	 7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65 °C to 150 °C 

NOTE 1 .  Voltage values are with respect to network ground terminal. 
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SN5405, SN7405 
HEX INVERTERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5405 SN7405 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

10L 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( 
SN5405 SN7405 

UNIT 
MIN TYP* 	MAX MIN TYP 1 	MAX 

VIK VCC = •. •• li = —12 mA —1.5 —1.5 V 

1 0H 
VCC = ..". 1/IL = 0.8 V, VOH = 5 . 5  V 0.25 

mA 
VCC = ..". 1/IL = 0.7 V. VOH = 5 . 5  V 0.25 

VOL VCC = •. •• VIH = 2 V, IOL = 16 mA 0.2 	0.4 0.2 	0.4 V 

II VCC = MAX, VI = 5.5 V 1 1 mA 

1 1H VCC = MAX, V1 = 2.4 V 40 40 fiA 

'IL VCC = MAX, Vi = 0.4 V —1.6 — 1.6 mA 

1 CCH VCC = MAX, V1 = 0 6 	12 6 	12 mA 

1 CCL VCC = MAX, V1 = 4.5 V 18 	33 18 	33 mA 

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

All typical values are at VCC = 5 V. TA = 25°C 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

1PLH 
A Y 

RI 4 I<U, 	 CL 15 pF 40 05 ns 

1PHL IlL 400 12., 	 CL 1.0 NF 8 15 na 

NOTE 2' Load circuits and voltage waveforms are shown in Section 1 
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SN54LS05, SN74LSO5 
HEX INVERTERS WITH OPEN-COLLECTOR OUTPUTS 

2-34 

recommended operating conditions 

. 

SN54LSO5 SN74LSO5 
UNIT 

MIN 	NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

Ic_ 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 CONDITIONSt 
SN54LSO5 SN74LSO5 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 V 

IOH VCC = MIN, VII_ = MAX, VOH = 5.5 V 0.1 0.1 mA 

VOL 

VCC = MIN, VIH = 2 V, lc_= 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIH = 2 V, lot_ = 8 mA 0.35 0.5 

II VCC = MAX, V1= 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1= 2.7 V 20 20 MA 

II L VCC = MAX, V1= 0.4 V -0.4 -0.4 mA 

ICCH VCC = MAX, V1 = 0 1.2 2.4 1.2 2.4 mA 

ICCL VCC = MAX, Vi = 4.5 V 3.6 6.6 3.6 6.6 mA 

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

All typical values are at VCC = 5 V. TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

tPLH 
A Y HL -21. 1 1, 	 CL 15 pF 

17 32 ns 

1 PHL 15 28 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S05, SN74S05 
HEX INVERTERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54S05 SN74S05 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

Im_ Low-level output current 20 20 mA 

TA Operating free-air temperature — 55 125 5 70 °C 

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

PARAMETER TEST CONDITIONSI 
SN54S05 SN74S05 

UNIT 
MIN 	TYPI 	MAX MIN 	TYP 5 	MAX 

VIK VCC = MIN, II = -18 mA -1.2 - 1.2 V 

OH 
VCC = MIN, VIL = 0.8 V, VOH = 5 . 5  V 0.25 

mA 
VCC = MIN, VIL = 0.7 V, VOH = 5 . 5  V 0.25 

VOL VCC = MIN, VIH = 2 V, 10L = 20 mA 0.5 0.5 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.7 V 50 50 gA 

1 1L  VCC = MAX, Vi = 0.5 V —2 —2 mA 

1 CCH VCC = MAX, V1 = 0 9 19.8 9 19.8 mA 

ICCL VCC = MAX, Vi = 4.5 V 30 54 30 54 mA 

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

All typical values are at VCC = 5 V, TA = 25°C 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN VIP MAX UNIT 

tPLH 

A Y 

RL = 280 2, CL = 15 pF 
2 5 7.5 ns 

1 PHL 2 4.5 7 ns 

, PLH 
R L 	280 51, CL 	501 1 E 

1 5 ns 

1 PHL 7 ns 

NOTE 2 Load circuits and voltage waveforms are shown in Section 1. 
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SN5406, SN5416, SN7406, SN7416 
HEX INVERTER BUFFERSIDRIVERS WITH 

OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS 
DECEMBER 1983–REVISED MARCH 1988 

Converts TTL Voltage Levels to MOS Levels 

High Sink-Current Capability 

Input Clamping Diodes Simplify System 

Design 

Open-Collector Driver for Indicator Lamps 

and Relays 

• Inputs Fully Compatible with Most TTL 

Circuits 

SN5406, SN5416 . J OR W PACKAGE 
SN7406, SN7416 	N PACKAGE 

(TOP VIEW) 

A 	g 14 ■  VCC 

1Y  ■ 2 	13 ■  6A 

2A ■ 3 	1213  6Y 

32 AY  : 45 	5Y 

II  5A 

111  4A 

GN3YD  11 67 	s ■  4Y 

description 

These monolithic TTL hex inverter buffers/drivers feature high-voltage open-collector outputs for interfacing with high-level 

circuits (such as MOS), or for driving high-current loads (such as lamps or relays), and are also characterized for use as in-

verter buffers for driving TTL inputs. The SN5406 and SN7406 have minimum breakdown voltages of 30 volts and the 

SN5416 and SN7416 have minimum breakdown voltages of 15 volts. The maximum sink current is 30 milliamperes for the 

SN5406 and SN5416, and 40 milliamperes for the SN7406 and SN7416. 
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logic symbol t 

1A 

2A 

3A 

4A 

5A 

6A 

7 This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12 

logic diagram (positive logic) 

tik-C>0 	tY 

2A —1>0 	2Y 

3A 	  
11› 	

3Y 

4A 	  

[>o 

	
4Y 

5A-1>0 	5Y 

6A —4X 	6Y 

Y 

schematic 

'06, '16 

Resistor values shown are nominal. 
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SN5406, SN5416, SN7406, SN7416 
HEX INVERTER BUFFERSIDRIVERS WITH 
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V55 (see Notk! 11 	 7 V 

Input voltage (see Nute 1) 	 55  V 
Output voltage (see Notes 1 and 2): SN5406, SN7406 Circuits 	  30 V 

SN5416, SN7416 Circuits 	  15 V 
Operating free-air temperature range: SN5406, SN5416 Circuits 	  — 55°C to 125°C 

SN7406, SN7416 Circuits 	  0°C to 70°C 
Storage temperature range 	  — 65° C to 150°C 

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

2. This is the maximum voltage which should be applied to any output when it is in the off state. 

recommended operating conditions 

SN5406 

SN5416 

SN7406 

SN7416 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 

Vg..1 High-level input voltage 2 2 V 
V IL  Low-level input voltage 0.8 0.8 V 

Vol..1 High-level output voltage 
'06 30 30 

V 
'16 15 15 

loL Low-level output current 30 40 mA 

TA Operating free-air temperature — 55 125 0 70 

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

PARAMETER TEST CONDITIONS' 

SN5406 

SN5416 

SN7406 

SN7416 UNIT 

MIN 	TYP; MAX MIN 	TYP t MAX 

VIK VCC = MIN, li = — 12 rnA — 1.5 — 1.5 V 

1 0H VCC = MIN, VIL = 0.8 V, VOH =§ 0.25 0.25 mA 

VOL Vcc = MIN, VIH = 2 V 1 0L = 16 m A 0.4 0.4 
V 

1 0L = 11  0.7 0.7 

II Vcc = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX. VIH = 2.4 V 

V11 	, 0 4 V 

40 40 mA 

110 Vcc = MAX, 

Vt-C = MAX 

VCC MAX 

--1.6 - 	1.6 mA 

/CCM 30 

32 

48 30 48 mA 

I CCL 51 32 51 mA 

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

I All typical values are at VCC = 5 V, TA = 25 r. C. 

§V0H = 30 V for '06 and 15 V for '16. 

F l ot  = 30 mA for SN54' and 40 mA for SN74' 

switching characteristics, VCC = 5 V, TA = 25'C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A Y RL = 110 f.2. 	 CL = 15 pF 

10 	15 ns 

1 PHL 15 	23 ns 

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

2A 
(3) 

3A 
15) 

4A 
(9) 

5A 
111) 

6A 
(13) 
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(2) 
 1Y 

14) 2Y 

(6) 3Y 

(8) 
 4Y 

(10) 
5Y 

1121 
 6Y 

'07, '17 

SN5407, SN5417, SN7407, SN7417 
HEX BUFFERSIDRIVERS WITH 

OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS 
DECEMBER 1983 -REVISED MARCH 1988 

Converts TTL Voltage Levels to MOS Levels 

High Sink-Current Capability 

Input Clamping Diodes Simplify System 

Design 

Open-Collector Driver for Indicator Lamps 

and Relays 

• Inputs Fully Compatible with Most TTL 

Circuits 

SN5407, SN5417 . . . J OR W PACKAGE 

SN7407, SN7417 . . . N PACKAGE 

(TOP VIEW) 

■ i NIA 

	

2 	131 

	

■ 3 	12 ■ 

	

■ 4 	1 1 II 

	

■ 5 	1ON 

	

■ 5 	9 1 

	

■ / 	I 

1A 

1Y 

2A 

2Y 

3A 

3Y 

GND 

VCC 
6A 

6Y 

5A 

5Y 

4A 

4Y 

description 

These monolithic TTL hex buffers/drivers feature high-voltage open-collector outputs for interfacing with high-level circuits 

(such as MOS), or for driving high-current loads (such as lamps or relays), and are also characterized for use as buffers for 

driving TTL inputs. The SN5407 and SN7407 have minimum breakdown voltages of 30 volts and the SN5417 and SN7417 

have minimum breakdown voltages of 15 volts. The maximum sink current is 30 milliamperes for the SN5407 and SN5417, 

and 40 milliamperes for the SN7407 and SN7417. 

These circuits are completely compatible with most TTL families. Inputs are diode-clamped to minimize transmission-line ef-

fects which simplifies design. Typical power dissipation is 145 milliwatts and average propagation delay time is 14 

nanoseconds. The SN5407 and SN5417 are characterized for operation over the full military temperature range of — 55" C to 

125° C; the SN7407 and SN7417 are characterized for operation from O" C to 70° C. 

logic symbol t 

schematic 

INPUT 
A 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

logic diagram (positive logic) 

1A D 	1Y 

2A 	  2Y 

3A 	  3Y 

4A 	  4Y 

5A 
	5Y 

6A 	  6Y 

Y - 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Teens Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5407, SN5417, SN7407, SN7417 
HEX BUFFERSIDRIVERS WITH 
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS 

Ir 

CD 

5 
CD 
to 

2-40 

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

Supply voltage VCC (see Note 1) 	  7 V 
Input voltage (see Note 1) 	  5.5 V 
Output voltage (see Notes 1 and 2): SN5407, SN7407 Circuits 	  30 V 

SN5417, SN7417 Circuits 	  15 V 
Operating free-air temperature range: SN5407, SN5417 Circuits  	55° C to 125°C 

SN7407, SN7417 Circuits 	  0°C to 70°C 
Storage temperature range 	  - 65° C to 150°C 

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

2. This is the maximum voltage which should be applied to any output when it is in the off state. 

recommended operating conditions 

SN5407 

SN5417 

SN7407 

SN7417 UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 
'07 30 30 

V 
'17 15 15 

IOL Low-level output current 30 40 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 CONDITIONSt  

SN5407 

SN5417 

SN7407 

SN7417 UNIT 

MIN 	TYP( MAX MIN 	TYP t MAX 

VII( Vcc = MIN, 11= - 12 mA -1.5 -1.5 V 

1 0H VCC = MIN ,  VIL = 0.8 V, VOH = § 0.25 0.25 mA 

VOL Vcc = MIN, VIH = 2 V 
101_ = 16 mA 0.4 0.4 

V 
IOL ' IT 0.7 0.7 

Ii VCC = MAX, V1 = 5.5 V 1 1 mA 

1 1H VCC = MAX, VIH = 2.4 V 40 40 pA 

1 IL VCC = MAX, Vit. = 0.4 V -1.6 -1.6 mA 

1 CCH VCC = MAX 29 41 29 41 mA 

1 CCL VCC - MAX 21 30 21 30 mA 

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

I All typical values are at VCC = 5 V, TA = 25°C. 
§ VOH  = 30 V fo '07 and 15 V for '17. 

= 30 mA for SN54' and 40 mA for SN74'. 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A Y RL = 110 0, 	CL = 15 pF 

6 	1 5 
ns 

tPHL 2026 

IPLH 
A Y RL = 1 50 0, 	CL = 50 pF 

 1 5 
ns 

tPHL 26 

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

18 

2A 

28 

3A 

3B 

4A 

4B 

1Y 

2Y 

3Y 

4Y 

D 
D 
D 
D 

(  
1Y 

16) 
 2Y 

IS)  
3Y 

1111  
4Y 

VCC 
4B 
4A 

4Y 

3B 

3A 
3Y 

Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input 

AND gates. 

The SN5408, SN54LS08, and SN54S08 are 

characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 
SN7408, SN74LSO8 and SN74S08 are 
characterized for operation from 0 ° to 70 °C. 

FUNCTION TABLE each gate) 

INPUTS OUTPUT 

A B Y 

H H H 

L X L 

X L L 

logic symbol t 

111 
1A 

1B 

2A 

28 

3A 

38 

4A 

4B 

(21 

14) 

151 

191 

(10) 

(121 

113) 

This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

SN5408, SN54LS08, SN54S08 ... J OR W PACKAGE 

SN7408 . . . J OR N PACKAGE 

SN74LS08, SN74S08 . . . D, J OR N PACKAGE 

(TOP VIEW) 

1A 
1B 
1Y 

2A 

2B 

2Y 
GND 

SN54LS08, SN54S08 . . . FK PACKAGE 

(TOP VIEW) 

co Q  U U CO 
Z > 

Li 	Li 
3 	2 	1 	20 19 

1Y 4 18 

NC 5 17 

2A 6 16 

NC 7 15 

2B 8 14  

9 10 11 12 13 
1-11-11--i I-1 I—I 

} U ›- < 
Z Z CO CO 

NC—No internal connection 

logic diagram (positive logic) 

4A 

NC 

4Y 

NC 

3B 

Y=A-B o 

moments contain information 
• .• •s of 	• on date. Products conform to 

ra.::.., terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5408, SN54LS08, SN54S08, 
SN7408, SN74LS08, SN74S08 

QUADRUPLE 2-INPUT POSITIVE-AND GATES 
DECEMBER 1983 — REVISED MARCH 1988 



' LSO8 

SN5408, SN54LS08, SN54S08, 
SN7408, SN74LS08, SN74S08 
QUADRUPLE 2-INPUT POSITIVE-AND GATES 
■=111iih, 

schematics (each gate) 

'08 

INF 

A 

'SOB 

Resistor values are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '08, 'S08 	  5.5 V 

'LSO8 	  7 V 
Operating free-air temperature range: SN54' 	  —55 °C to 125° C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONS t 
SN5408 SN7408 

UNIT 
MIN TYP t MAX MIN TYPS MAX 

VII( VCC = "IN ,  1 1 = --- 12 mA —1.5 —1.5 V 

VOH VCC = MIN, VIH = 2 V, Icji.i = — 0.8 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VII_ = 0.8 V, lot_ = 16 mA 0.2 0.4 0.2 0.4 V 

VCC = MAX, V1 = 5.5 V II 

 

1 1 mA 

I IH VCC = MAX, V1= 2.4 V 40 40 gA 

'IL VCC = MAX, Vi = 0.4 V — 1.6 — 1.6 mA 

IOS§ VCC = MAX — 20 — 55 — 18 — 55 mA 

ICCH VCC = MAX, VI = 4.5 V 11 21 11 21 mA 

ICCL VCC = MAX, VI = 0 V 20 33 20 33 mA 
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SN5408, SN7408 
QUADRUPLE 2-INPUT POSITIVE-AND GATES 

recommended operating conditions 

SN5408 SN7408 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

yiL Low-level input voltage 0.8 0.8 V 

101.1 High-level output current —0.8 —0.8 mA 

1(3L 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) 

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

t All typical values are at VCC = 5 V, TA = 25 °C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 PLH 
A or B Y RL = 400 11, 	 CL= 15 pF 

17.5 	27 ns 

tPHL 12 	19 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONS t 
SN64LSO8 SN74LSO8 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VIK VCC = MIN, II= -18 mA -1.5 -1.5 V 

VON VCC = MIN, VIN = 2 V, ION= - 0.4 mA 2.5 3,4 2.7 3.4 V 

VOL 
VCC = MIN, VII_ = MAX, loL = 4 mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, VII_ = MAX, IcIL = 8 mA 0.35 0.5 

It Vcc = MAX, VI = 7 V 0.1 0.1 mA 

ll I-I VCC = MAX, VI = 2.7 V 20 20 gA 

'IL VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

IOS§ VCC = MAX - 20 - 100 - 20 - 100 mA 

ICCH VCC = MAX, V1= 4.5 V 2.4 4.8 2.4 4.8 mA 

ICCL VCC = MAX, Vi = 0 V 4.4 8.8 4.4 8.8 mA 

S
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1
1

  
SN54LS08, SN74LSO8 
QUADRUPLE 2-INPUT POSITIVE-AND GATES 

recommended operating conditions 

SN54LSO8 SN74LSO8 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

Vit.  Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

lot_ 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) 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
j All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 FLH 
A or B Y RL = 2 kit, 	 CL = 15 pF 

8 	15 rls 

tPH L 10 	20 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONS i 
SN54S08 SN74S08 

UNIT 
MIN TYPt MAX MIN TYP $ MAX 

VIK VCC = MIN, 11= —18 mA —1.2 —1,2 V 

VOH VCC = MIN, V11-1 = 2 V, 10H= — 1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIL = 0.8 V 10L = 20 mA 0.5 0.5 V 

II VCC = MAX, V1 = 5.5 V 1 1 mA 

1 1H VCC = MAX, V1 = 2.7 V 50 50 ars, 

Ill VCC = MAX, Vi = 0.5 V —2 —2 mA 

1 00 VCC = MAX —40 —100 —40 —100 mA 

ICCH VCC = MAX, V1= 4.5 V 18 32 18 32 mA 

ICCL VCC = MAX, V1= 0 V 32 57 32 57 mA 
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SN54SOB, SN74S08 
QUADRUPLE 2-INPUT POSITIVE-AND GATES 

recommended operating conditions 

SN54S08 SN74S08 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.8 0.8 V 

10H High-level output current — 1 — 1 mA 

101_ 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) 

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

I All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

1PLH 4.5 7 ns 
RL = 280 S2, CI_ = 15 pF 

tPHL 5 7,5 ns 
A or B Y 

tPLH 6 ns 
RL = 280 1/, CL = 50 pF 

tPHL 7.5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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VCC 
4B 
4A 
4Y 
3B 
3A 
3Y 

4A 

NC 
4Y 

NC 
38 

SN5409, SN54LS09, SN54S09 . J OR W PACKAGE 

SN7409 	N PACKAGE 

SN74LS09, SN74S09 	D OR N PACKAGE 

(TOP VIEW) 

1A 

18 
1Y 
2A 
28 
2Y 

GND 

SN54LS09, SN54S09 . FK PACKAGE 

(TOP VIEW) 

co < 
> 

1--I L.J L—I L_J L—I 

3 	2 1 	20 19 

1Y 4 18 

NC 5 17 

2A 6 16 

NC 7 15 

2B 8 14 

9 10 11 12 13 

0 	< 
Z Z co co 
(.7 

NC—No internal connection 

logic symbol 

(1) 
1A (3) 

(2) 1Y 
1B 

2A 
(4)  

(61 
(5) 2Y 

2B 

3A 
(91 

181 
(10) 3Y 

3B 

4A 
(12) 

(11) 
113) 4Y 

4B 

logic diagram (positive logic) 

1A 

18 

D 
D 

4A 

48 

2A 

28 

3A 

3B 

1Y 

2Y 

3Y 

4Y 

SN5409, SN54LS09, SN54S09, 
SN7409, SN74LS09, SN74S09 

QUADRUPLE 2-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 
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 
Reliability 

description 

These devices contain four independent 2-input 
AND gates. The open-collector outputs require 
pull-up resistors to perform correctly. They may 

be connected to other open-collector outputs to 

implement active-low wired-OR or active-high 
wired-AND functions. Open-collector devices are 

often used to generate higher VOH levels. 

The SN5409, SN54LS09, and SN54S09 are 
characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 

SN7409, SN74LS09, and SN74S09 are 
characterized for operation from 0 °C to 70°C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H H H 

L X L 

X L L 

I This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

Y- A•8 or Y 	A  

III TION DATA documents contain information 
•• • .is of publication date. Products conform to 

per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5409, SN54LS09, SN54S09, 
SN7409, SN74LS09, SN74S09 
QUADRUPLE 2-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

'09 
	

'LSO9 

S
8

3I
A
9
0
  1

1
1
  

 

'S09 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1I 	  7 V 

Input voltage: '09, 'S09 	  5.5 V 
'LSO9 	  7 V 

Off-state output voltage 	  7 V 

Operating free-air temperature range: SN54' 	  —55° C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  —65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONSt MIN 	TYPt MAX UNIT 

VI K VCC = MIN/ 1 1 = — 12 mA —1.5 V 

1 0H VCC = MIN, VIH = 2 V, VOH = 5.5 V 0.25 mA 

VOL Vcc = MIN. VII_ = 0.8 V loL = 16 mA 0.2 0.4 V 

VCC = MAX, V1= 5.5 V 1 1 1 mA 

1 1H VCC = MAX, V1= 2.4 V 40 gA 

1 IL VCC = MAX, V1 = 0.4 V — 1.6 mA 

ICCH VCC = MAX, Vi= 4.5 V 11 21 mA 

1 CCL VCC = MAX, V1 = 0 V 20 33 mA 
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SN5409, SN7409 
QUADRUPLE 2-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5409 SN7409 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

Vi L Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

lot_ 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) 

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

I All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 400 St, 	 CL = 15 pF 

21 	32 ns 

tPHL 16 	24 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN541S09, SN74LSO9 
QUADRUPLE 2-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LSO9 SN74LSO9 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL 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 CONDITIONSt 
SN54LSO9 SN74LSO9 

UNIT 
MIN 	TYP $ MAX MIN 	TYP$ MAX 

VIK VCC = MIN, II = - 18 mA -1.5 -1.5 V 

IOH VCC = MIN, VIH = 2 V, VOH = 5.5 V 0.1 0.1 mA 

VOL 

VCC = MIN, Vit..  = MAX, lot_ = 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VII_ = MAX, lc,L = 8 mA 0.35 0.5 

li Vcc = MAX, Vi = 7 V 0.1 0.1 mA 

I I H Vcc = MAX, V1= 2.7 V 20 20 pA 

'IL VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

ICCH VCC = MAX, VI = 4.5 V 2.4 4.8 2.4 4.8 mA 

ICCL VCC = MAX, V1 = 0 V 4.4 8.8 4.4 8.8 mA 

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

I All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or 13 V RL = 2 kil, 	 CL= 15 pF 

20 	35 ns 

tPHL 	• 17 	35 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 
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PARAMETER TEST CONDITIONSt MIN 	TYPt MAX UNIT 

VI K Vcc = MIN, li = — 18 mA —1.2 V 

IOH VCC = MIN, VIH = 2 V, VOH = 5 . 5  V 0.25 mA 

VOL Vcc = MIN, VII_ = 0.8 V, IrDL = 20 mA 0.5 V 

II VCC = MAX, VI = 5.5 V 1 mA 

IIH VCC = MAX, VI = 2.7 V 50 pA 

'IL VCC = MAX, V1 = 0.5 V —2 mA 

ICCH VCC = MAX, V1 = 4.5 V 18 32 mA 

ICCL VCC = MAX,. V1 = 0 V 32 57 mA T
T
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SN54S09, SN74S09 
QUADRUPLE 2-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54509 SN74509 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

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) 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, TA = 25 °C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 6.5 	10 ns 
R L - 280 3-2 , 	 CL = 15 pF 

1 PHL 6.5 	10 ns 
A or 13 Y 

tPLH 9 ns 
RL - 280 D., 	 CL - 50 pF 

tPHL 9 ns 

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

1B 

1Y 

VCC 
2Y 
2A 

2B 

1C 

3Y 
3C 
GND 
3B 
3A 
2C 

SN54LS10, SN54S10 	FK PACKAGE 

(TOP VIEW) 

< u 
Z > 

2A 

NC 

2B 

NC 

2C 

1Y 

NC 

3C 

NC 

3B 

a U >- 
cqz ZOOM 

(3 

NC - No internal connection 

logic diagram (positive logic) 

SN5410, SN54LS10, SN54S10, 
SN7410, SN74LS10, SN74S10 

TRIPLE 3-INPUT POSITIVE-NAND GATES 
DECEMBER 1983-REVISED MARCH 1988 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

SN5410 	J PACKAGE 
SN54LS10, SN54S10 ... J OR W PACKAGE 

SN7410 	N PACKAGE 
SN74LS10, SN74S10 	D OR N PACKAGE 

(TOP VIEW) 

1A 
1B 

description 	
2A 

2B 
These devices contain three independent 3-input 	 2C 
NAND gates. 	 2Y 

GND 

SN5410 	W PACKAGE 

(TOP VIEW) 

INPUTS OUTPUT 

A 	B 	C V 
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logic symbol t 

1A 
(1) 

(2)  -...„(12) 
1B 

(13) 
1C 

2A 
(3) 

(4) 
2Y 2B 

2C 
(5)  

3A 
(9) 

3B  (10)  , -...„18) 3y  

(11) 
3C 

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. 

1A 	 
1B 	 1Y 
1C 	 
2A 	I  
26  	)C.---- 2Y 

2C 	 

3A 	 
3B 	 3 ,/ 
3C 	 

4A 	 
48 	 4Y 

	

4C   	

positive logic 

  

Y - A-B-CorY 	A- B- C 

• Dependable Texas Instruments Quality and 
Reliability VCC 

1C 
1Y 

3C 
3B 
3A 

3Y 
The SN5410, SN54LS10, and SN54S10 are 
characterized for operation over the full military 
temperature range of —55°C to 125°C. The 
SN7410, SN74LS10, and SN74S10 are 
characterized for operation from 0°C to 70°C. 

FUNCTION TABLE (each gate) 
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PRODUCTION DATA documents contain information 
current as of publication date. Products canform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5410, SN54LS10, SN54S10, 
SN7410, SN74LS10, SN74S10 
TRIPLE 3-INPUT POSITIVE-NAND GATES 

schematics (each gate) 
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2-54 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '10, 'S10 	  5.5 V 

'LS10 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONS t 
SN5410 SN7410 

UNIT 
MIN TYP t MAX MIN TYPt MAX 

VIK Vcc = MIN, 11= — 12 mA —1.5 —1.5 V 

VOH VCC = MIN, Vit..  = 0.8 V, 10H= —0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, I0L = 16 mA 0.2 0.4 0.2 0.4 V 

VCC = MAX, V1= 5.5 V II 

 

1 1 mA 

IIH VCC = MAX, Vi = 2.4 V 40 40 pA 

IIL VCC = MAX, V1 = 0.4 V —1.6 —1.6 mA 

1 0S§ VCC = MAX — 20 — 55 — 18 — 55 mA 

ICCH VCC = MAX, Vi = 0 V 3 6 3 6 mA 

ICCL VCC = MAX, Vi = 4.5 V 9 16.5 9 16.5 mA 
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SN5410, SN7410 
TRIPLE 3-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN5410 SN7410 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.8 0.8 V 

10H High-level output current — 0.4 — 0.4 mA 

lc,L 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) 

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

I All typical values are at VCC = 5 V, TA = 25 °C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A, B or C Y RL = 400 D, 	 CL = 15 pF 

11 	22 ns 

tPHL 7 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS10, SN74LS10 
TRIPLE 3-INPUT POSITIVE-NAND GATES 

2-56 

recommended operating conditions 

SNS4LS10 SN74LS10 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

lot_ 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 t 
SN54LS10 SN74LS10 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK Vcc = MIN, 11= - 18 rnA - 1.5 -1.5 V 

VOH VCC = MIN, VII_ = MAX, Imi = -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, VIH = 2 V, IOL = 4  ITIA 0.25 0.4 0.4 
V 

VCC = MIN, VIH = 2 V, 1 0 L = 8  mA 0.25 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1 1H VCC = MAX, V1= 2.7 V 20 20 pA 

!IL VCC- MAX, V1 = 0.4 V -0.4 - 0.4 mA 

1 0S§ VCC = MAX - 20 - 100 - 20 - 100 mA 

1 CCH VCC = MAX, VI = 0 V 0.6 1.2 0.6 1.2 mA 

1 CCL VCC = MAX, Vi = 4 5 V 1.8 3.3 1.8 3.3 mA 

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

j All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

'PLH 
A, B or C Y RL = 2 kR, 	 CL = 15 pF 

9 	15 ns 

5 PHL 10 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S10, SN74S10 
TRIPLE 3-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN54510 SN74510 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current - 1 - 1 mA 

km_ 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 t 
SN54510 SN74510 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VIK VCC --' MIN, II ' -18 mA -1.2 -1.2 V 

VON VCC-MIN, VIL = 0.8 V, Ic1H = -1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, I(DL = 20 mA 0.5 0.5 V 

VCC = MAX, V1= 5.5 V II 

 

1 1 mA 

IIH Vcc = MAX, VI = 2.7 V 50 50 pA 

IlL VCC = MAX, V1= 0.5 V -2 -2 mA 

lost VCC = MAX -40 -100 -40 -100 mA 

ICCH VCC = MAX, V1 = 0 V 7.5 12 7.5 12 mA 

ICCL VCC = MAX, V1= 4.5 V 15 27 15 27 mA 

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

I All typical values are at VCC = 5 V, TA = 25 °C. 

§ Not more than one output should he 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) 

PARAMETER 
FROM TO 

TEST CONDITIONS MIN 	TYP 	MAX UNIT 
(INPUT) (OUTPUT) 

tPLH 3 	4.5 ns 
RL = 280 St, 	 CL = 15 pF 

tPHL 3 	5 ns 
A, B or C Y 

tPLH 4.5 ns 
RL = 280 SI, 	 CL = 50 pF 

tPHL 5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS11, SN54S11, 
SN741S11, SN74S11 

TRIPLE 3-INPUT POSITIVE-AND GATES 
APRIL 1985— 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 
Reliability 

description 

These devices contain three independent 3-input 
AND gates. 

The SN54LS11 and SN54S1 1 are characterized 

for operation over the full military temperature 

range of — 55 °C to 125 °C. The SN74LS1 1 and 
SN74S11 are characterized for operation from 
0 °C to 70 ° C. 

SN54LS11, SN74511 	J OR W PACKAGE 
SN74LS11, SN74S11 	D OR N PACKAGE 

(TOP VIEW) 

1A 

15 

2A 

2B 

2C 

2Y 

GND 

SN54LS11, SN54S11 	FK PACKAGE 

(TOP VIEW) 
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FUNCTION TABLE leach gate) 

INPUTS OUTPUT 

A 	B 	C Y 
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logic symbol t 

(1) 
1A 

(12) 
1Y 

NC—No internal connection 

logic diagram (positive logic) 

1Y 

2Y 

3Y 

1B  (2) 1A 

1131 

(6)  

1B 
1C 1C 

2A 
13) 2A 

14) 
26 
2C 2B 

15) 

181 

2Y 
3A 

2C 38 
(9) 	  3C 3A 

3B 
(10) 

Y — 	A•13•C OF 

3C 
(11) 

3Y 

= A + B + 

IThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for ID, J, N, and W packages. 
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PRODUCTION DATA documents contain information 
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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SN54LS11, SN54S11, 
SN74LS11, SN74S11 
TRIPLE 3-INPUT POSITIVE-AND GATES 

schematics (each gate) 

'LS11 

S
a3

1
A

9C
1  

1
1

1
  

2-60 

Resentrn vim slinwr dr 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: 'S11 	  5.5 V 

'LS11  	 7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 
SN74' 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS11, SN74LS11 
TRIPLE 3-INPUT POSITIVE-AND GATES 

recommended operating conditions 

SN54LS11 SN74LS11 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 mA 

IL)L 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 f 
SN54LS11 SN74LS11 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VII( VCC = MIN, 11 = - 18 mA -1.5 -1.5 V 

VOH VCC ' MIN, VIH = 2 V, loti = -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 

Vcc = MIN, VIL = MAX, 10L= 4 mA 0.25 0.4 0.25 0.4 
V 

VCC =MIN, VII_ = MAX, 10L = 8 mA 0.35 0.5 

Ii VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1 111 VCC = MAX, V1 = 2.7 V 20 20 riA 

'IL VCC = MAX, V1 = 0.4 V -0.4 - 0.4 mA 

lost vcc = MAX -20 -100 -20 -100 mA 

ICCH VCC = MAX, V1 = 4.5 V 1.8 3.6 1.8 3.6 mA 

ICCL VCC = MAX, V1 = 0 V 3.3 6.6 3.3 6.6 mA 

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

All typical values are at VCC = 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) 

PARAMETER FROM 
(INPUT) 

TO 
(OUTPUT) 

TEST CONDITIONS MIN TYP MAX UNIT 

CPLH 
A, B nu C Y RL = 2102, 	 CL 15 pF 

8 15 ns 

tPl-IL 10 20 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S11, SN74S11 
TRIPLE 3-INPUT POSITIVE-AND GATES 

s0
3
!A

e
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in

  

recommended operating conditions 

SN54S11 SN74S11 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.8 0.8 V 

1 0H  High-level output current — 1 — 1 mA 

1(3L 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 f 
SN54S11 SN74511 

UNIT 
MIN TYP f MAX MIN TYP t MAX 

VIK VCC = MIN, II= — 18 mA — 1.2 V 

VOH VCC = MIN, VIH = 2 V, 101..1 = — 1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIL = 0.8 V, loL = 20 mA 0.5 0.5 V 

II VCC = MAX, V 1 =- 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.7 V 50 50 AA 

'IL VCC- MAX, V 1 = 0.5 V -2 —2 mA 

IOS § VCC-MAX —40 —100 —40 —100 mA 

1 CCH VCC = MAX, V1 = 4.5 V 13.5 24 13.5 24 mA 

ICC L VCC = MAX, Vi = 0 V 24 42 24 42 mA 

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

I All typical values are at VCC = 5 V, TA - 25 °C. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit shoyld not exceed one second. 

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

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 

A, B or C Y 

RL = 280 52, CL = 15 pF 
4.5 7 ns 

iPHL 5 7.5 ns 

tPLH 
RL = 280 12, CL = 50 pF 

6 ns 

tPHL 7.5 ns 

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

1Y 

3C 

3B 

3A 

1A 

1B 

2A 

2B 

2C 

GND 

Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain three independent 3-input NAND 

gates with open-collector outputs. The open-collector 

outputs require pull-up resistors to perform correctly. 

They may be connected to other open-collector outputs 

to implement active-low wired-OR or active-high wired-

AND functions. Open-collector devices are often used to 

generate higher VOH levels. 

The SN5412 and SN54LS12 are characterized for 

operation over the full military temperature range of 

—55°C to 125°C. The SN7412 and SN74LS12 are 

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

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A 	B 	C Y 

I
 X

 X
 -,  

I
 x

 -
, X

  

I
 _

1
 X

 X
 

-,  
I
 
I
  
I
  

logic diagram (positive logic) 
logic symbol t 

1121 

(131 

(31 

141 (61 

(51 

(91 

(10 (8) 

1111 

1A 

1B 

1C 

2A 

2B 

2C 

3A 

3B 

3C 

121 

2Y 

3Y 

I This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for 0, J, N, and W packages. 

PRODUCTIOb I 	scuments contain information 
current as of 	ion date. Products conform to 
specifications 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5412, SN54LS12 
SN7412, SN74LS12 

TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1983—REVISED MARCH 1988 

Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 
DIPs 

SN5412, SN54LS12 . . . J OR W PACKAGE 

SN7412.. . N PACKAGE 

SN74LS12 . . . D OR N PACKAGE 

ITOP VIEW) 

SN54LS12 ... FK PACKAGE 

(TOP VIEW) 

oa Q  Z > 
L—I u u L—I 

3 2 	1 20 19 

2A 4 18 lY 

NC 17 NC 

2B 6 16 3C 

NC 15 NC 
2C 8 3B 

9 10 	11 12 13 
f—nt--)1-11-1 

>. O C-) 
N 2 Z CO co 

CJ 

NC No internal connection 

T
T

L
 D

e
v

ic
e
s  

1A 	 
1B 	 1Y 
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SN5412, SN54LS12 
SN7412, SN74LS12 
TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

'12 

 

'LS12 

  

VCC 

OUTPUT 

V 

GND 

  

VCC 

OUTPUT 

INPUTS k$-2 

Resistor values shown are nominal. 

GND 

S
3

31
A

a
a
  1

1
1

  

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '12 	  5.5 V 
'LS12 	  7 V 

Off-state output voltage 	  7 V 

Operating free-air temperature: SN54' 	  —55°C to 125°C 

SN74' 	  0° C to 70° C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1 .  Voltage values are with respect to network ground terminal. 
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SN5412, SN5412 
TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5412 SN7412 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIE.' High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

loL Low-level output current 16 16 mA 

TA Operating tree-air temperature — 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONS t 
SN5412 SN7412 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt 	MAX 

VIK VCC = MIN, II = — 12 mA — 1.5 — 1.5 V 

OH 
VCC = MIN, VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, VIL = 0.7 V, VON = 5.5 V 0.25 

VOL VCC = r."'• ‘./iFi 	= 	2 V, loL = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MA.n, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.4 V 40 40 yA 

IlL VCC = MAX, VI = 0.4 V — 1.6 —1.6 mA 

ICCH VCC = MAX, VI = 0 3 6 3 6 mA 

ICCL VCC = MAX, Vi = 4.5 V 9 16.5 9 16.5 mA 

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

tAll typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TVP 	MAX UNIT 

tPLH 
A,13 or C Y 

RL = 4 k I 2, 	 CL = 15 pF 35 	45 ns 

tPHL RL = 400 D., 	 CI_ .-- 15 pF 8 	15 ns 

NOTE 2' Load circuits and voltage waveforms are shown in Section 1 
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SN54LS12, SN74LS12 
TRIPLE 3-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS12 SN74LS12 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

lot.  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 t 
SN54LS12 SN74LS12 

UNIT 
MIN 	TYP* MAX MIN 	TYP* MAX 

VIK Vcc = MIN, II = - 18 mA -1.5 -1.5 V 

ICIH VCC = MIN/ VI L = MAX, VoH= 5.5 V 0.1 0.1 mA 

VOL 

VCC = MIN, VIH = 2 V, 10L= 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, Vii..1= 2 V, loL = 8 mA 0.35 0.5 

II Vcc = MAX, V1= 7 V 0.1 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 20 pA 

I I L VCC = MAX, V1 = 0.4 V -0.4 - 0.4 mA 

ICCH VCC = MAX, V1 = 0 0.7 1.4 0.7 1.4 mA 

ICCL VCC = MAX, Vi = 4.5 V 1.8 3.3 1.8 3.3 mA 

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

t All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM TO 

TEST CONDITIONS MIN 	TYP 	MAX UNIT 
(INPUT) (OUTPUT) 

tPLH 17 	32 ns 
A, B or C V RL = 2 kit, 	 CL= 15 pF 

tPHL 15 	28 ns 

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

2Y 

VCC 

2D 

2C 

NC 

2B 

2A 

2Y 

11! • 	Operation from Very Slow Edges 

• Improved Line-Receiving Charac-

teristics 

• High Noise Immunity 

description 

Each circuit functions as a 4-input NAND gate, but 

because of the Schmitt action, it has different input 

threshold levels for positive (VT +1  and for negative 

going (VT-) signals. 

These circuits are temperature-compensated and can 

be triggered from the slowest of input ramps and still 

give clean, jitter-free output signals. 

The SN5413 and SN54LS13 are characterized for oper-

ation over the full military temperature range of -55 °C 

to 125 ° C. The SN7413 and SN74LS13 are character-

ized for operation from 0 °C to 70 °C. 

logic symbolt 

1A 

18 

1C 

10 

2A 

2B 

2C 

2D 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-13. 
Pin numbers shown are for D, J, N, and W packages, 

SN5413, SN54LS13, SN7413, SN74LS13 
DUAL 4-INPUT 

POSITIVE-NAND SCHMITT TRIGGERS 
DECEMBER 1983—REVISED MARCH 1988 

SN5413, SN54LS13 	J OR W PACKAGE 

SN7413 . . . N PACKAGE 

SN74LS13 . D OR N PACKAGE 

(TOP VIEW) 

1A 

1B 

NC 

1C 

10 

1Y 

GND 

SN54LS13 . FK PACKAGE 

(TOP VIEW) 

m < 
Z > 0 

3 2 1 	20 
L—J 
19 

NC 4 18 2C 

NC 5 17 NC 

1C 6 16 NC 

NC 7 15 NC 

1D 8 14 2B 

9 10 11 	12 
r--1 

13 

a U  ›- < 

02 

NC—No internal connection 

logic diagram (positive logic) 
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PRODUCTION 	t ocuments contain information 
current as o , 	I • • on date. Products conform to 
specification.. 0..1 ....., terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5413, SN54LS13, SN7413, SN74LS13 
DUAL 4-INPUT 
POSITIVE-NAND SCHMITT TRIGGERS 
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schematics 
'13 

'LS13 
Cm_ 	 V C 

120 C2 

OUTPUT 

ONO 
Resistor valets are semi re I. 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '13 	  5.5 V 

'LS13 	  7 V 

Operating free-air temperature: SN54' 	  — 55° C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal, 
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SN5413, SN7413 
DUAL 4-INPUT 

POSITIVE-NAND SCHMITT TRIGGERS 

recommended operating conditions 

SN5413 SN7413 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

loH High-level output current — 0.8 — 0.8 mA 

Im_ 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 CONDITIONSt MIN TVPf MAX UNIT 

VT+ VCC = 5  V 1.5 1.7 2 V 

VT_ VCC = 5  V 0.6 0.9 1.1 V 

Hysteresis 

(VT+ —VT_) 
VCC = 5  V 0.4 0.8 V 

VIK Vcc = MIN, II = — 12 mA —1.5 V 

VOH VCC = MIN, V1 = 0.6 V, IOH = — 0.8 mA 2.4 3.4 V 

VOL Vcc = MIN, V1= 2 V, 10L = 16 mA 0.2 0.4 V 

IT+ VCC' 5  V, V1 = VT+ —0.65 mA 

IT— VCC = 5  V, V1 = VT_ —0.85 mA 

li VCC = MAX, V1 = 5.5 V 1 mA 

I IH VCC = MAX, VIH = 2.4 V 40 gA 

'IL VCC = MAX, VII_ = 0.4 V —1 —1.6 mA 

IOS § VCC = MAX, — 18 — 55 mA 

ICCH VCC = MAX 14 23 mA 

ICCL VCC = MAX 20 32 mA 

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

t All typical values are at VCC = 5 V, TA = 25C. 

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

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TVP 	MAX UNIT 

tpLH 
Any Y RL = 400 1-2, 	 CL = 15 pF 

18 	27 ns 

tPHL 15 	22 ns 
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SN54LS13, SN74LS13 
DUAL 4-INPUT 
POSITIVE-NAND SCHMITT TRIGGERS 

2-70 

recommended operating conditions 

SN54LS13 .:. , .1LS13 
UNIT 

MIN NOM MAX MIN NUM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL 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' 
SN54LS13 SN74LS13 

UNIT 
MIN TYP* MAX MIN TYP* MAX 

VT, VCC = 5  V 1.4 1.6 1.9 1.4 1.6 1.9 V 

VT_  VCC = 5  V 0.5 0.8 1 0.5 0.8 1 V 

Hysteresis 

(VT+ -VT-) 
VCC = 5  V 0.4 0.8 0.4 0.8 V 

VI K VCC = MIN, I1= - 18 mA -1.5 - 1.5 V 

VOH Vcc = MIN, Vi = 0.5 V, Im.,1 = - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL Vcc = MIN, VI .. 1.9 V 
IOL = 4  n'A 0.25 0.4 0.25 0.4 

V 
IOL ' 8  mA 0.35 0.5 

VCC = 5 V, V1= VT+ IT+ 

 

- 0.14 -0.14 mA 

IT- VCC = 5 V, V1 = VT- -0.18 -0.18 mA 

li Vcc = MAX, VI = 7 V 0.1 0.1 mA 

IIH Vcc = MAX, VIN = 2.7 V 20 20 4A 

IlL Vcc = MAX, VII. = 0.4 V -0.4 -0.4 mA 

IOS§ VCC = MAX -20 -100 -20 -100 mA 

ICCH VCC = MAX 2.9 6 2.9 6 mA 

ICCL VCC = MAX 4.1 7 4,1 7 mA 

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

t All typical values are at VCC = 5 V, TA = 25° C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

IPLH 
Any V RL = 2 kil, 	 CL = 15 pF 

15 	22 ns 

1PHL 18 	27 ns 
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SN5413, SN54LS13, SN7413, SN74LS13 
DUAL 4-INPUT 

POSITIVE-NAND SCHMITT TRIGGERS 

PARAMETER MEASUREMENT INFORMATION 

FROM 

OUTPUT 

UNDER 

TEST 

TEST 
POINT 

T Hee 

VCC 

L 

(see Now Al 

C L  
Note BI 

3V 

LI 
o v 

INPUT Vl ref (H) 

p- rPHL -ol 

VI 	et( 

1-1 

Voro 
VOH )/77, OUTPUT 

(See Note CI 
VOL 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. All diodes are 1N3064 or equivalent. 

B. CL includes probe and in capacitance. 

C. Generator characteristics and reference voltages are: 

Generator Characteristics Reference Voltages 

Zout PR R tr tf VI ref (HI VI ref ILI VO ref 
SN54'/SN74' 50 sl 1 MHz 10 ns 10 ns 1.7 V 0.9 V 1.5 V 

SN54LSVSN74LS' 50 81 1 MHz 15 ns 6 ns 1.6 V 0.8 V 1.3 V 

TYPICAL CHARACTERISTICS OF '13 CIRCUITS 
POSITIVE-GOING THRESHOLD VOLTAGE 

	
NEGATIVE-GOING THRESHOLD VOLTAGE 

1.70 

g, 1 69 

VS 

FREE-AIR TEMPERATURE 
I 	0 90 

F 0 89 

E; 

VS 

FREE-AIR TEMPERATURE 

VC8 = 5 V Vc- - 5 

168 > 0 08 

7,, 	1 67 O 087 

1 66 5 	088 

I-- 	165 0, 085 

0 	164 
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c.g 	0 84 

1 63 r>" 	0 83 

2 
"" 	1 62 5 082 

I 	1 61 I 	081 

0 80 1 60 75  
- 30 - 25 	0 	25 	50 	75 	100 	125 > 	-7s5 	- - 25 	0 	25 	50 	75 	100 	125 

TA - Free-Air Temperature -'C 	 TA - Free-Air Temperature - ' C 

FIGURE 1 	 FIGURE 2 
HYSTERESIS 

vs 

FREE-AIR TEMPERATURE 
850 

.'CC A v 
840 

E 830 - 

820 1-- 
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;;. 800 

790 

> 780 

170 
I- 

> 760 

750 
- 75 - 50 - 25 0 	25 	50 75 100 125 

TA - Free-Air Temperature - ° C 

FIGURE 3 
Data for temperatures below 0 ° C and 70° C and supply voltages below 4.75 V and above 5.25 V are applicable for SN5413 only. 
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THRESHOLD VOLTAGES 
VS 

SUPPLY VOLTAGE 
DISTRIBUTION OF UNITS 

FOR HYSTERESIS 

SN5413, SN7413 
DUAL 4-INPUT 
POSITIVE•NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF '13 CIRCUITS 

4.75 	5 	5.25 

VT+ — 	— Hysteresis — mV 

FIGURE 5 
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FIGURE 4 

HYSTERESIS 
vs 

SUPPLY VOLTAGE 

OUTPUT VOLTAGE 
VS 

INPUT VOLTAGE 

> 
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FIGURE 6 
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SN54LS13, SN74LS13 
DUAL 4-INPUT 

POSITIVE-NAND SCHMITT TRIGGERS 
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DISTRIBUTION OF UNITS 
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FIGURE 9 
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SN54LS13, SN74LS13 
DUAL 4-INPUT 
POSITIVE-NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF 'LS13 CIRCUITS 
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SN5413, SN54LS13, SN7413, SN74LS13 
DUAL 4•INPUT 

POSITIVE-NAND SCHMITT TRIGGERS 

TYPICAL APPLICATION DATA 
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SN5414, SN54LS14 	J OR W PACKAGE 

SN7414 . N PACKAGE 

SN74LS14.. D OR N PACKAGE 

(70P VIEW) 

1A 

1Y 
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SN54LS14 . . . FK PACKAGE 
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Operation from Very Slow Edges 

Improved Line-Receiving Characteris-
tics 

High Noise Immunity 

description 

Each circuit functions as an inverter, but because of the 

Schmitt action, it has different input threshold levels for 

positive IVT + I and for negative going (VT_I signals. 

These circuits are temperature-compensated and can 

be triggered from the slowest of input ramps and still 

give clean, jitter-free output signals. 

The SN5414 and SN54LS14 are characterized for oper-

ation over the full military temperature range of -55°C 

to 125°C. The SN7414 and the SN74LS14 are charac-

terized for operation from 0 ° C to 70 ° C. 

logic symbolt 

1A 

2A 

3A 

4A 

5A 

6A 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

logic diagram (positive logic) 

SN5414, SN54LS14, 
SN7414, SN74LS14 

HEX SCHMITT-TRIGGER INVERTERS 
DECEMBER 1983-REVISED MARCH 1988 

6V 

1Y 

2V 

3Y 

181 
4Y 

110) 
5Y 	

NC—No internal connection 

1A 

      

Y 

2Y 

3Y 

4y 

by 

6Y 

      

2A 	 

3A 	 

4A 	 

5A 	 

6A 	 

Y A 

     

r>0 

 

     

     

     

PRODUCTION DATA documents contain information 
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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HEX SCHMITT-TRIGGER INVERTERS 
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schematics '14 

'LS14 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '14 	  5.5 V 
'LS14 	  7 V 

Operating free-air temperature: SN54' 	  — 55°C to 125°C 
SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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SN5414, SN7414 
HEX SCHMITT-TRIGGER INVERTERS 

recommended operating conditions 

SN5414 SN7414 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 525 V 

ION High-level output current - 0.8 - 0.8 mA 

10L 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 CONDITIONSt MIN TYPt MAX UNIT 

VT+ VCC ' 5  V 1.5 1.7 2 V 

VT_ VCC - 5  V 0.6 0.9 1.1 V 

Hysteresis 

(VT+ - VT- 1  
VCC ' 5  V 0.4 0.8 V 

VIK VCC '- MIN ,  II = - 12 mA -1.5 V 

VOH VCC = MIN, V1= 0.6 V, Imi = - 02 mA 2.4 3.4 V 

VOL VCC = MIN, V 1 = 2 V, loL = 16 mA 0.2 0.4 V 

IT+ VCC .' 5  V• VI ' VT+ -0.43 mA 

IT- VCC = 5  V, V1= VT- -0.56 mA 

II Vcc = MAX, V1 =5.5 V 1 mA 

I IH VCC = MAX, VIH = 2.4 V 40 AA 

1 IL VCC = MAX, VII_ = 0.4 V - 0.8 -1.2 mA 

IOS§ VCC - MAX -18 -55 mA 

ICCH VCC -. MAX 22 36 mA 

ICCL VCC ' MAX 39 60 mA 

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

All typical values are at V cc = 5 V, TA = 25'C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

f PLH 
A Y FIL = 400 S2 	 CL = 15 F 

15  22 ns 

,PHL 15 22 ns 

T
T
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SN54LS14, SN74LS14 
HEX SCHMITT-TRIGGER INVERTERS 
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recommended operating conditions 

- 
MIN ryi_irvl 

••*. 41..S14 
UNIT 

MAX MIN NUM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH High-level output current -0.4 -0.4 mA 

lot_ 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 CONDITIONSt 
SN54LS14 SN74LS14 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VT+ VCC = 5  V 1.4 1.6 1.9 1.4 1.6 1.9 V 

VT_ VCC = 5  V 0.5 0.8 1 0.5 0.8 1 V 

Hysteresis 

(VT+ - VT_) 
VCC = 5  V 0.4 0.8 0.4 0.8 V 

VIK VCC = MIN, 11= - 18 mA -1.5 -1.5 V 

VOH VCC = MIN, V 1 = 0.5 V, 	10H = - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL VCC . MIN, V 1 	1.9 V IOL 	4  '.A 0.25 0.4 0 25 0.4 
V 

IOL 	5  n-lA 035 05 

IT+ Vcc = 5 V, V1= VT+ -0.14 -0.14 mA 

IT- VCC =5 V, V1= VT__ - 0.18 -0.18 mA 

li VCC = MAX, Vi = 7 V 0,1 0.1 mA 

I IH Vcc = MAX, VIN = 2.7 V 20 20 pA 

lit_ Vcc = MAX, VII_ = OA V -0.4 - 0.4 mA 

IOS§ VCC = MAX -20 -100 -20 -100 mA 

ICCH VCC = MAX 8.6 16 8.6 16 mA 

ICCL VCC = MAX 12 21 12 21 mA 

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

t All typical values are at VCC = 5 V, TA = 25° C. 

§ Not more then one output should be shorted at a time, and duration of the short-circuit should not exceed one second, 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TNT 	MAX UNIT 

IPLH 
A v R L = 2 k51, 	 CL = 15 pF 

15 	22 ns 

tPHL 15 	22 ns 

2-80 TEXAS 
INSTRUMENTS 
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FIGURE 1 

POSITIVE-GOING THRESHOLD VOLTAGE 
VS 

FREE-AIR TEMPERATURE 
1.70 

169 

I 1.68 

1.67 

15, 1.66 

1.65 

.1 1.64 

t 1.63  

162 

I 	1 61 

NEGATIVE-GOING THRESHOLD VOLTAGE 
VS 

FREE-AIR TEMPERATURE 
> 0.90 

I
•  

8 0.89 

0.88 

?, 0.87 

C
,' 0.86 

'i 0.85 

'9 0.84 

0.83 

g1  0.82 

I 081 

0.80 
> -75 - 50 - 25 0 25 50 75 100 

TA - Free-Air Temperature - 
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SN5414, SN54LS14, SN7414, SN74LS14 
HEX SCHMITT-TRIGGER INVERTERS 

PARAMETER MEASUREMENT INFORMATION 
TEST 
POINT VCC 

INPUT 
 	V 3 

/ V I r el IH) 	 0 	I 

PROM 0 V 

1.-11, 1_ 1 1 -Ed 
OUT KJ I 

1101) 511 

OUIP1/1 
'Oil 

Yl/ 0. 	
I 4 V TEST 

isev Note Bi 
(See Note Cl 	

VOL 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

NOTES A All diodes are 1N3064 or equivalent, 

B. CL includes probe and lig capacitance. 

C. Generator characteristics and reference voltage are 

Generator Characteristics Ref erence Voltages 

lout PRR t r  ti VI ref(R) VI ref(L) VO ref 

SN547SN74' 50 17 1 MI-Sz 10 ns 10 ns 1.7 V 0.9 V 1.5 V 

SN54LS'/SN74LS' 5019 1 MHz 1 5 ris 6 ns 1.6 V 0.8 V 1.3 V 

TYPICAL CHARACTERISTICS OF '14 CIRCUITS 

TA - Free-Air Temperature - 

FIGURE 3 

Data for temperatures below 0 ° C and 70 C and supply voltages below 4.75V and above 5.25 V are applicable for SN5414 only. 
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Data for temperatures below 0 - C and 70 C and supply voltages below 4.75 V and above 5.25 V are applicable for SN5414 only. 
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TYPICAL CHARACTERISTICS OF 1S14 CIRCUITS 

POSITIVE-GOING THRESHOLD VOLTAGE 
VS 

FREE-AIR TEMPERATURE 

SN54LS14, SN74LS14 
HEX SCHMITT-TRIGGER INVERTERS 

NEGATIVE-GOING THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

125 
0.80 

— 75 125 — 50 — 25 0 	25 50 	75 100 

TA — Free-Air Temperature — 

FIGURE 9 

HYSTERESIS 
vs 

FREE-AIR TEMPERATURE 
DISTRIBUTION OF UNITS 

FOR HYSTERESIS 

VCC = 5 V 
— TA = 25° C 

VCC = 5V 
840 

> 830 

I 820 
O 

LL 

E 810 

1: 800 

11 790 

1.70 

1.69 

:2 1.68 

> 1.67 

-5 1.66 
2 
1  1.65 

1.64 

p 1.63 

1.62 

t, 1.61 

1.60 
— 75 — 50 — 25 0 	25 50 75 100 

TA — Free Air Temperature — 

FIGURE 8 

Vcc = 5 V 

T
T

L
 D

e
v

ic
e

s  

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

2-83 

850 

VCC = 5 V 

I 780 

>ill  770 

760 

750 
—75 —50 — 25 0 	25 50 75 100 125 

TA — Free-Air Temperature — ° C 

FIGURE 10 

99% ARE 

ABOVE 
735 mV 

720 740 760 780 800 820 840 860 880 

VT+ — VT_ — Hysteresis — mV 

FIGURE 11 

Data for temperatures below 0"C and above 70`C and supply voltages below 4.75 V and above 5.25 V are applicable for SN54LS14 only. 
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Data for temperatures below 0 ° C and above 70 ° C and supply voltages below 4.75 V and above 5.25 V are applicable for SN54LS14 only. 
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SN54LS14, SN74LS14 
HEX SCHMITT-TRIGGER INVERTERS 

TYPICAL CHARACTERISTICS OF 'LS14 CIRCUITS 

THRESHOLD VOLTAGES AND HYSTERESIS 
VS 

SUPPLY VOLTAGE 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 
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THRESHOLD DETECTOR 

0.1 Hz to 10 MHz 
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MULTIVIBRATOR 
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POINT A 

Open-collector 

Output 

INPUT 	I 
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OUTPUT 
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SN5414, SN54LS14, 
SN7414, SN74LS14 

HEX SCHMITT-TRIGGER INVERTERS 

TYPICAL APPLICATION DATA 
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TTL SYSTEM INTERFACE 
FOR SLOW INPUT WAVEFORMS 

PULSE STRETCHER 
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SN541S15, SN54S15 	J OR W PACKAGE 

SN74LS15, SN74S15 . D OR N PACKAGE 

(TOP VIEW) 

1A 
1B 
2A 
2B 

2C 

2Y 
GND 

VCC 
1C 
1Y 

3C 

3B 

3A 
3Y 

SN54LS15, SN54.515 	FK PACKAGE 

(TOP VIEW) 

<  
Z > 

L-J I--1 L.J 1-1 

3 2 1 20 19 

2A 4 	 18 1Y 
NC 5 	 17 NC 

28 6 	 16 3C 
NC 7 	 15 NC 

2C 8 	 14 3B 

9 10 11 12 13 

>- ❑ (-1 >- < 
2 Z 

NC—No internal connection 

logic diagram (positive logic) 

1A 	 
18   1Y 
1C 	 

2A 	 
26   2Y 
2C 	 

3A 	 
3B 	 1 	 3Y 
3C  	

Y — A•B•C or 

Y = A + 8 + 

SN54LS15, SN54S15, 
SN74LS15, SN74S15 

TRIPLE 3-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 
APRIL 1985—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 
Reliability 

description 

These devices contain three independent 3-input 

AND gates with open-collector outputs. The 

open-collector outputs require pull-up resistors 
to perform correctly. They may be connected to 

other open-collector outputs to implement 

active-low wired-OR or active-high wired-AND 

functions. Open-collector devices are often used 
to generate high VOH levels. 

The SN54LS15 and SN54S15 are characterized 

for operation over the full military temperature 

range of — 55°C to 125°C. The SN74LS15 and 
SN74S15 are characterized for operation from 

0°C to 70 °C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A 	B 	C Y 

X
 X

 X
 .-
 

X
  
X

 -.
■

 X
 

I
 -.1

 X
 X

 

X
 J
 J
 _1 

logic symbolt 

(1) 
1A 

12) (12) 
1Y 18 

1C 
(13) 

2A 
(31 

(4) (6) 
2Y 2B 

2C 
(5) 

3A 
19) 

38 
(101 (81 

(11) 
3V 

3C 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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PRODUCTIOfi 	Iocuments contain information 
current as of r • I, I on date. Products conform to 
specifications terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all perimeters. 
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SN54LS15, SN54S15, 
SN74LS15, SN74S15 
TRIPLE 3-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

"LS15 

VCC 

OUTPUT 
Y 

GND 

2-88 

'515 

Resistor values shown are nominal. 

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

Supply voltage, VCC (See Note 1) 	  7 V 
Input voltage: 'S15 	  5.5 V 

'LS15 	  7 V 
Off-state output voltage 	  7 V 
Operating free -air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

TrxAs 
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SN54LS15, SN74LS15 
TRIPLE 3-INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS15 SN74LS15 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

10L 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 CONDITIONSt 
SN54LS15 SN74LS15 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC = MINI, I1= -18 mA - 1.5 -1.5 V 

1 0H VCC = MIN, VIH = 2 V, VOH = 5.5 V 0.1 0.1 mA 

VOL 

VCC = MIN, VIH = 2 V, 10L= 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VH..1= 2 V, I0L = 8 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

II H Vcc = MAX, Vi = 2.7 V 20 20 5A 

IlL VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

1 CCH VCC = MAX, V1 = 4.5 V 1.8 3.6 1.8 3.6 mA 

ICCL VCC = MAX, Vi = 0 V 3.3 6.6 3.3 6.6 mA 

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

2 All typical values are at VCC = 5 V, TA = 25 °C. 

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

PARAMETER 
FROM TO 

TEST CONDITIONS MIN 	TYP 	MAX UNIT 
(INPUT) (OUTPUT) 

tPLH 20 	35 ns 
A, 13, or C Y RL = 2 Itct, 	 CL = 15 pF 

tPHL 17 	35 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S15, SN74S15 
TRIPLE 3•INPUT POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 

SO
3I

n
a
a
  
1
1
1
  

2-90 

recommended operating conditions 

SN54S15 SN74S15 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

lot_ 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 CONDITIONSt MIN 	TYPt MAX UNIT 

VI K VCC = MIN, II = 	-18 mA -1.2 V 

IOH VCC = MIN, VIH = 2 V, VOH = 5 . 5  V 0.25 mA 

Vol_ VCC = MIN, VIH = 2 V, IOL = 20 mA 0.5 V 

VCC = MAX, V1= 5.5 V II 

 

1 mA 

1 1H VCC- MAX, VI -21 V 50 AA 

'IL VCC-MAX, V1= 0.5 V 2 mA 

ICCH VCC = MAX, V1 = 4.5 V 10.5 19.5 mA 

ICCL VCC = MAX, V1= 0 V 24 42 mA 

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

I All typical values are at VCC = 5 V, TA = 25 °C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 5.5 8.5 ns 
RL = 280 12, CL = 15 pF 

tPHL 6 9 ns 
A, B, or C Y 

1PLI-1 g 5 

1/ 	- 220 	2, CL 	50 pF 

lPFIL 8 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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1A f>0 

3Y 3A 

SN74LS19A ... D, J, OR N PACKAGE 

ITOP VIEW) 

SN74LS24A 	D, J, OR N PACKAGE 

(TOP VIEW) 

logic diagrams (positive logic) 
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SN74LS19A, SN74LS24A 
SCHMITT-TRIGGER POSITIVE-NAND GATES 

AND INVERTERS WITH TOTEM-POLE OUTPUTS 
JANUARY 1981 — REVISED MARCH 1988 

• Functionally and Mechanically Identical to 
'LS13, 'LS14, and 'LS132, Respectively 

•  Improved Line-Receiving Characteristics 

• P-N-P Inputs Reduce System Loading 

• Excellent Noise Immunity with Typical 
Hysteresis of 0.8 V 

description 

Each circuit functions as a NAND gate or 

inverter, but because of the Schmitt action, it 

has different input threshold levels for positive-

going (VT + I and for negative-going (VT — 

signals. The hysteresis or backlash, which is the 

difference between the two threshold levels 

(VT — VT — I, is typically 800 millivolts. 

These circuits are temperature-compensated and 
can be triggered from the slowest of input ramps 

and still give clean, jitter-free output signals. 

logic symbolst  

SN74LS19A 

Y A 

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

PRODUCTION RATE ,ocuments contain information 
current as of p t -•lon date. Products conform to 
specifications r,.:1.... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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INSTRUMENTS 

l'OS7 OFFICE BOX 655012 • DALLAS, TEXAS 25265 

2-91 



SN74LS19A, SN74LS24A 
SCHMITT-TRIGGER POSITIVE-NAND GATES 
AND INVERTERS WITH TOTEM-POLE OUTPUTS 

schematic (each gate) 

0 absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
CD 
< 	Supply voltage, VCC (see Note 1) 	  7 V 
5. 	Input voltage 	  7 V 
M 	Operating free-air temperature range 	  0°C to 70°C 
N 

Storage temperature range  	65°C to 150°C 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level output current, 10H –400 pA 

Low-level output current, Im .  8 mA 

Operating free-air temperature, TA 0 70 °C 

2-92 TEXAS 
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SN74LS19A, SN74LS24A 
SCHMITT-TRIGGER POSITIVE-NAND GATES 

AND INVERTERS WITH TOTEM-POLE OUTPUTS 

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

PARAMETER TEST CONDITIONSt MIN TYPI MAX UNIT 

VT+ VCC = 5  V 1.65 1.9 2.15 V 

VT_ VCC = 5  V 0.75 1.0 1.25 V 

Hysteresis 

IVT+ 	— VT_I VCC = 5  V 0.4 0.9 V 

VIK VCC = MK II = 	—18 mA —1.5 V 

VOH VCC = MIN, Vi = VT _min 	IOH = —0.4 mA 2.7 3.4 V 

VOL VCC = MIN, Vi = VT + max  
IOL = 4 mA 0.25 0.4 

V 
IOL = 8 mA 0.35 0.5 

IT + VCC = 5 V, Vi = VT + —2 —20 AA 

IT— VCC = 5 V, Vi = VT_ —5 —30 /tA 

II VCC = MAX, Vi = 7 V 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 AA 

1 IL VCC = MAX, Vi = 0.4 V —50 AA 

IOS VCC 	MAX, Vi 	VC 	0 V 20 100 inA 

ICCH VCC - MAX, Vi = 0 V 
'LS19A 9 9 18 

mA 
'LS24A 6.6 12 

ICCL VCC = MAX, Vi = 4.5 V 
'LS19A 17 30 

mA 
'LS24A 11 20 

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

t All typical values are at VCC = 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 Figure 1) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

SN74LS19A SN74LS24A 
UNIT 

MIN TYP MAX MIN TYP MAX 

tPLH Any Y 
RL 2 k0, 	CL = 15 pF 

13 20 13 20 ns 

tpHL Any V 18 30 25 40 ns 

tPLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

TEXAS 
INSTRUMENTS 
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RL 

(See Note A) 

I 
CL (See Note L3) 

LOAD CIRCUIT 

FROM 

OUTPUT 

UNDER 

TEST 

SN74LS19A, SN74LS24A 
SCHMITT-TRIGGER POSITIVE-NAND GATES 
AND INVERTERS WITH TOTEM-POLE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 

POINT VCC (See Note C) 

    

3V 
1 9 V— -- 

   

0V 

   

1 0 V 

    

1 PHL 

1 
—01 1 P LH 1-4— 

VOH 

— 1 3 V 

VOL 

VOLTAGE WAVEFORMS 

NOTES: A. All diodes are IN3064 or equivalent. 

B. CL includes probe and circuit capacitance. 

C. The generator characteristics are: PRR = 1 MHz, t r  = 15 es, t o  = 6 ns, Zo  = 50 0. 

FIGURE 1 
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SN5420 . . 

SN54LS20, SN54S20 

SN7420 . . . 

SN74LS20, SN74S20 

(TOP 

. J PACKAGE 

. . . J OR W PACKAGE 

N PACKAGE 

. . . D OR N PACKAGE 

VIEW) 

VCC 
2D 

2C 

NC 

2B 

2A 

2Y 

1A 

1Y 

NC 

VCC 
NC 

2A 

28 

logic symbol t 
• <(-) 0 z > N 

• L_J L.J 1JU 
3 2 1 20 19 

1Y 

2Y 

logic diagram 

1A 	  
1B 	 

1D 

2A 
28 	 
2C 	 
2D 

tThis symbol Is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

T• 	Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 

DIPs 

description 

These devices contain two independent 4-input NAND 

gates. 

The SN5420, SN54LS20, and SN54S20 are 

characterized for operation over the full military range 

of — 55°C to 125°C. The SN7420, SN74LS20, and 

SN74S20 are characterized for opertion from 0°C to 

70°C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

V A 	BCD 

X
X

X
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X
 X
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X

s
  

X
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X

X
 X

I
 -

3
2

I
M

I
  

SN5420, SN54LS20, SN54S20, 
SN7420, SN74LS20, SN74S20 

DUAL 4-INPUT POSITIVE-NAND GATES 

1A 

10 

NC 

1C 

1D 

1Y 

GND 

SN5420 . . . W PACKAGE 

(TOP VIEW 

10 

1C 

1B 

GND 

2Y 

2D 

2C 

SN541520, SN54S20 . . . FK PACKAGE 

ITOP VIEW) 

• Dependable Texas Instruments Quality and 

Reliability 

positive logic Y = A 13-C•D or Y 

PRODUCTION :.0 1 • ,9cumenos contain information 
current as of p 	•.on data. Products conform to 
specifications 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TrxAs 
INS1 RUM ENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

4 2-95 

2 

T
T

L
  D

e
v

ic
e
s  

DECEMBER 1983—REVISED MARCH 1988 
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'S20 

vcc 

OUTPUT 

VCC 

OUTPUT 

GND 

GND 

SN5420, SN54LS20, SN54S20, 
SN7420, SN74LS20, SN74S20 
DUAL 4-INPUT POSITIVE-NAND GATES 

schematics (each gate) 

20 

S
e

311
A
0
0
  
i
l
i
  

'LS20 

C  MBILO 
20 kit 	 120 0 

INPUTS 

77k0  IM 
3  1 

Resistor values shown are nominal. 

1.5 MI 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '20, 'S20 	  5.5 V 
'LS20 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 
SN74' 	• ....... 	•   0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminals. 
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PARAMETER TEST CONDITIONS t 
SN5420 SN7420 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK VCC' MIN, II= — 12 mA — 1.5 — 1.5 V 

VOH VCC = MIN, VII.. . 0.8 V, Imi = —0.4 mA 2.4 3.4 2.4 3.4 V 

VOL Vcc = MIN, Vill = 2 V, 10L= 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, VI= 5.5 V 1 1 mA 

I I H VCC = MAX, V1= 2.4 V 40 40 pA 

IIL VCC = MAX, Vi = 0.4 V — 1.6 — 1.6 mA 

1 0S§ VCC' MAX —20 — 55 — 18 —55 mA 

ICCH VCC = MAX, V1 = 0 V 2 4 2 4 mA 

ICCL VCC = MAX, V1= 4.5 V 6 11 6 11 mA 
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SN5420, SN7420 
DUAL 4-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN5420 SN7420 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V I H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current — 0.4 — 0.4 mA 

Icn.  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) 

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

All typical values are at VCC = 5 V, TA = 25 °C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any Y RL = 40012, 	 CL= 15 pF 

12 	22 ns 

tPHL 8 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1, 
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PARAMETER TEST CONDITIONS t 
SN54LS20 SN74LS20 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

VIK VCC = MIN ,  Il --'• - 18 mA -1.5 -1.5 V 

VOH VCC = MIN, VII_ -= MAX, Icili = -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, VIH = 2 V, IOL = 4  mA 0.25 0.4 0.4 

V 
VCC = MIN, VIH = 2 V, IOL '-' 8  mA 0.25 0.5 

VCC = MAX, Vi = 7 V II 

 

0.1 0.1 mA 

IIH VCC - MAX, V1 - 2.7 V 20 20 uA 

IlL VCC = MAX, V1 	04 V -0.4 -0.4 mA 

loS§ VCC = MAX -20 -100 -20 -100 mA 

ICCH VCC = MAX, V1 = 0 V 0.4 0.8 0.4 0.8 mA 

ICCL VCC = MAX, Vi = 4.5 V 1.2 2.2 1.2 2.2 mA 

S
8

3V
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1
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SN54LS20, SN74LS20 
DUAL 4-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN54LS20 SN74LS20 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

101.1 High-level output current - 0.4 - 0.4 mA 

IciL 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) 

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

j All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any V RL = 2 kft, 	 CL = 15 pF 

9 	15 ns 

tPHL 10 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S20, SN74S20 
DUAL 4-INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN54S20 SN74S20 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

IOH High-level output current — 1 — 1 mA 

Ic)L 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 t 
SN54520 SN74S20 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

V IK VCC = MIN, I1= —18 mA —1.2 —1.2 V 

VOH VCC = MIN, VII_ = 0.8 V, lcm = — 1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, IctL = 20 mA 0.5 0.5 V 

II VCC = MAX, V1= 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.7 V 50 50 trA 

IlL VCC = MAX, V1= 0.5 V —2 —2 mA 

1 00 VCC = MAX —40 —100 —40 —100 mA 

1 CCH VCC = MAX, VI =0 V 5 8 5 8 mA 

ICCL VCC = MAX, VI = 4.5 V 10 18 10 18 mA 

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

2 All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	PIP 	MAX UNIT 

tPLH 3 	4.5 ns 
RL = 280 n, 	c t.  = -15 pF 

tPHL 3 	5 ns 
A, B, C or D Y 

tPLH 45 ns 
RI_ = 280 O, 	CL = 50 pF 

tPHL 5 ns 

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

T
T

L
 D

e
v

ic
es

  

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

2-99 



2 

S
e

31
.n

e
a

  1
1

.1
  



NC 4 

NC 5 

 1C 6 

NC 7  
1D 8 

8 2C 

17 NC 

1 6 NC 

15  NC 
14 2B 

(positive logic) Y = A•8•C•D or Y = A + 8 + C + It This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

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

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A BCD V 
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logic symbolt 

description 

These devices contain two independent 4-input 

AND gates. 

The SN54LS21 is characterized for operation 

over the full military temperature range of 

— 55°C to 125°C. The SN74LS21 is 

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

PRODUCTION 45 1 2 • lcuments contain information 
current as of mink. vion date. Products conform to 
specifications pal ti.e terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS21, SN74LS21 
DUAL 4-INPUT POSITIVE-AND GATES 

APRIL 1985 — 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 
Reliability 

SN54LS21 . . J OR W PACKAGE 

SN74LS21 . D OR N PACKAGE 

(TOP VIEW) 
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SN54LS21, SN74LS21 
DUAL 4-INPUT POSITIVE-AND GATES 

SO
3I

A
8
0
  1

1
1
  

schematics (each gate) 

Resistor values shown are nominal 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminals. 
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SN54LS21, SN74LS21 
DUAL 4-INPUT POSITIVE-AND GATES 

recommended operating conditions 

SN54LS21 SN74LS21 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

lot_ 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 .).  
SN54LS21 SN74LS21 

UNIT 
MIN TYPt MAX MIN TYP; MAX 

VII( VCC ° MIN ,  I I ° -18 mA -1.5 -1.5 V 

VOH VCC = MIN, VIH = 2 V, 101.1 = - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC - MIN, Vit. = MAX, 101_ = 4 mA 0.25 0.4 0.25 0.4 

V 
VCC ' MIN, Vit.  = MAX, 101., = 8 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1 = 2.7 V 20 20 mA 

'IL VCC = MAX, VI= 0.4 V -0.4 -0.4 mA 

IOS§ VCC ' MAX - 20 - 100 - 20 - 100 mA 

ICCH VCC = MAX, Vi = 4.5 V 1.2 2.4 1.2 2.4 mA 

ICCL VCC = MAX, Vi = 0 V 2.2 4.4 2.2 4.4 mA 

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

j All typical values are et VCC 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TVP MAX UNIT 

iPLH 
Any Y Ili__ = 2 Q!, 	 CL 15 pF 

8 15 ns 

tPHL 10 20 ns 

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

1B 

NC 

1C 

1D 

1Y 
GND 

VCC 
2D 

2C 

NC 
2B 

2A 
2Y 

SN54LS22, SN54S22 . FK PACKAGE 

(TOP VIEW) 

EJ 
< U U 

Z > 

3 2 1 20 19 

NC 4 
	

18 2C 

NC 5 
	

17 NC 

1C 6 
	

16 NC 

NC 7 
	

15 NC 
10 8 
	

14 2B 
9 10 11 12 13 
r nn rn  

0 } 

CD 

NC No internal connection 

T
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2A 
28 
2C 	 
2D 

2Y 

positive logic 

Y —  A•8•C•D or V' 	 C 

1A 

18 

1C 

2A 

2B 

2C 

2D 

1Y 

SN5422, SN54LS22, SN54S22, 
SN7422, SN74LS22, SN74S22 

DUAL 4-INPUT POSITIVE•NAND GATES WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1983 	REVISED MARCH 1988 

Package Options Include Plastic "Small 
	

SN5422, SN54LS22, SN54S22... J OR W PACKAGE 
Outline" Packages, Ceramic Chip Carriers 	 SN7422 . N PACKAGE 

and Flat Packages, and Plastic and Ceramic 
	

SN74LS22. SN74S22 . . . D OR N PACKAGE 

DIPs 
	

(TOP VIEW) 

Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain two independent 4-input 

NAND gates. The open-collector outputs require 
pull-up resistors to perform correctly. They may 

be connected to other open-collector outputs to 

implement active-low wired-OR or active-high 

wired-AND functions. Open-collector devices are 
often used to generate higher VOH levels. 

The SN5422, SN54LS22 and SN54S22 are 

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

SN7422, SN74LS22, and SN74S22 are 

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

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

Y A 	BCD 

S
 X

 X
 
X

 -,  

i
 x
 x

 -, x
  

I
 x

 -
, x

 x 

2
 -
+

 X
 X

 X
  

2
  
2
 
2
 
2
 

1Y 

logic symbolt 

logic diagram 

lA 
18 	 
1C 	 
1D 

This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PRODUCTION 	ocuments contain information 
current as of I 1 	• ion date. Products conform to 
specifications ,...: 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5422, SN54LS22, SN54S22, 
SN7422, SN74LS22, SN74S22 
DUAL 4-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

'22 
	

'LS22 

S
O

D
IA

0
a
  
l
i
i
  

'S22 

Resistor values shown are nominal 

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

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage: '22, 'S22 	  5.5 V 

'LS22 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0° C to 70°C 

Storage temperature range 	  — 65 °C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5422, SN7422 
DUAL 4-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5422 SN7422 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

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 CONDITIONSt 
SN5422 SN7422 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC = MIN, Ii = — 12 mA — 1.5 — 1.5 V 

ICH 
VCC = MIN, VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, VIL = 0.7 V, VOH = 5.5 V 0.25 

VOL VCC =MIN,  VIH = 2 V. lot.  = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, V1 = 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.4 V 40 40 AA, 

IlL VCC = MAX, Vi = 0.4 V — 1.6 —1.6 mA 

ICCH VCC = MAX, Vi = 0 2 4 2 4 mA 

ICCL VCC = MAX, V1 = 4.5 V 6 11 6 11 mA 

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

typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any Y 

RL = 4 k S1, 	 CL = 15 pF 35 	45 ns 

tPHL RL = 400 I2, 	CL= 15 pF 8 	15 ns 

NOTE 2' Load circuits and voltage waveforms are shown in Section 1 
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SN54LS22, SN74LS22 
DUAL 4-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS22 SN74LS22 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level Input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

lin 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 CONDITIONSt 
SN54LS22 SN74LS22 

UNIT 
MIN 	TYPS MAX MIN 	TYPI MAX 

VI K VCC = MIN ,  1 1 =  - 18 mA -1.5 -1.5 V 

1 0H VCC = MIN, VIL = MAX, VOH = 5.5 V 0.1 0.1 mA 

VOL 

Vcc = MIN, VIN= 2 V, 10L = 4 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIH = 2 V, 10L= 8 mA 0.35 0.5 

II Vcc = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1= 2.7 V 20 20 riA 

1  I L VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

1 CCH VCC = MAX, Vi = 0 0.4 0.8 0.4 0.8 mA 

1 CCL VCC = MAX, Vi = 4.5 V 1.2 2.2 1.2 2.2 mA 

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

I All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

tPLH 
Any Y RL = 2 kit, 	 CL = 15 pF 

17 	32 ns 

tPHL 15 	28 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S22, SN74S22 
DUAL 4-INPUT POSITIVE-NAND GATES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54S22 SN74S22 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

I0L Low-level output current 20 20 mA 

TA Operating tree-air temperature — 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONSt 
SN54S22 SN74S22 

UNIT 
MIN 	TY1.' MAX MIN 	TYPt MAX 

VII( VCC = MIN, II = 	— 18 mA —1.2 —1.2 V 

1 0H 
VCC = MIN, VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, VII_ = 0.7 V, VOH = 5.5 V 0.25 

VOL VCC = MIN, VIH = 2 V, 1 0L = 20 mA 0.5 0.5 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

1 1H VCC = MAX, Vi = 2.7 V 50 50 irA 

1 1L VCC = MAX, Vi = 0.5 V —2 —2 mA 

1 CCH VCC = MAX, Vi = 0 3 6.6 3 6.6 mA 

1 CCL VCC = MAX, Vi = 4.5 V 10 18 10 18 mA 

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

tAll typical values are at VCC = .5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) 
TO 

(OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

'PLH 

Any V 

R L  - 28011, CL 151,5 
2 5 7.5 ns 

tPHL 2 4.5 7 ns 

tPLH 
RI_ 	.270 ,  L i  CO id 

7 5 

'PHL 7 

NOTE 2 Load circuits and voltage waveforms are shown in Section 1 
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1A 
1B 

1G 

1C 

1D 

1Y 

GND 

VCC 

1X 

2D 

2C 

2G 

2B 

2A 

2Y 

SN5423, SN5425, SN7423, SN7425 
DUAL 4-INPUT NOR GATES WITH STROBE 

DECEMBER 1983--REVISED MARCH 1988 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain dual 4-input positive NOR gates 

with strobe. They perform the Boolean function: 

Y = G(A+B+C+D) 

(with 1X and 1X of '23 left open). 

The SN5423 and the SN5425 are characterized for 

operation over the full military temperature range of 

— 55°C to 125°C. The SN7423 and the SN7425 are 

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

FUNCTION TABLE 

A 

INPUTS 

BC DO 

OUTPUT 

Y 

H X X X H 

J
 
J
 _

I
 -I  

-_.E  
I
  

X H X X H 

X X H X H 

X X X H H 

L L L L X 

X XX XL 

Expander inputs are open. 

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

logic symbolst 

SN5423/SN7423 

SN5423 . . . J OR W PACKAGE 

SN7423 .N PACKAGE 

(TOP VIEW) 

SN5425 . . J OR W PACKAGE 

SN7425 . N PACKAGE 

(TOP VIEW) 

1A 
1B 

1G 
1C 

1D 

1Y 

GND 

VCC 
2D 

2C 

2G 

2B 

2A 

2Y 

logic diagram 

OUTPUT 
Y 

, 
0 0 

X X 
'J 

GATE 1 OF 
SN5423/SN7423 

ONLY 

SN5425/SN7425 

1G 

1A 

1 

1D 51 

 2G  

2A 

2B 

2C 

2D 

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

Pin numbers are for J, N, or W packages. 

Si: ocuments contain information 
•1 	..• 	•Ion date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS AP 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

2-111 



B 	• / / \ 	 

1. 3 ks-E 

• 	 > 
O 
7 

	-4 

800 12 

schematic (each gate) 
vcc 

41,52 

A 

T-141,12 

100 ft 

4kc 

4 kf2 

7 
a. 

C 

S
O

3I
n
e
a

  
i
n
  

SN5423, SN5425, SN7423, SNSN7425 
DUAL 4-INPUT NOR GATES WITH STROBE 

NOTES: A. Component values shown are nominal. 

B. Both expander inputs are used simultaneously for expanding. 

C. If expander is not used leave X and X open. 

D. A total of four expander gates can be connected to the expander inputs. 

7 - VCC bus 

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

Supply voltage VCC (see Note 1) 	  7 V 

Input voltage (see Note 1) 	 5  5 V 
Interemitter voltage (see Note 2) 	 5  5 V 
Operating free-air temperature range: SN5423, SN5425 Circuits 	  — 55°C to 125°C 

SN7423, SN7425 Circuits 	  0°C to 70°C 
Storage temperature range 	  — 65° C to 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. 

recommended operating conditions 

'23, '25 
UNIT 

MIN NOM MAX 

54 Family 4.5 5 5.5 
VCC Supply voltage 

74 Family 4.75 5 5.25 
V 

VIH High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

Imi High-level output current — 0.8 mA 

lot_ Low-level output current 
54 16 

mA 
74 i- ninn y  16 

TA Operating free-air temperature range 
54 Family — 55 125 

°C 
74 Family 0 70 

The '23 is designed for use with up to four '60 expanders, 
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SN5423, SN5425, SN7423, SN7425 
DUAL 4-INPUT NOR GATES WITH STROBE 

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

PARAMETER TEST CONDITIONSf MIN TYPt MAX UNIT 

VI Vcc = MIN, 11 = - 12 mA -1.5 V 

VOH VCC = MIN, VII_ = 0.8 V ,  IOH = -0.8 mA 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, 10L = 16 mA 0.2 	0.4 V 

li VCC = MAX, Vi = 5.5 V 1 mA 

data inputs 40 
IIH VCC = MAX, V1= 2.4 V I.LA 

strobe inputs 160 

'IL 
data inputs 

Vcc = MAX, VI = 0.4 V 
- 1.6 

mA 
strobe inputs - 6.4 

1 08§ VCC = MAX 
54 Family - 20 - 55 

mA 
74 Family - 18 - 55 

ICCH VCC = MAX, All inputs at 0 V 8 	16 mA 

ICCL VCC = MAX, All inputs at 5 V 10 	19 mA 

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

type. Expander inputs X and X are open, 

All typical values are at VCC = 5 V, TA = 25 ° C. 

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

electrical characteristics (SN5423 circuits) using expander inputs, VCC = 4.5 V, TA = - 55 ° C 

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

IX Expander current Vx7 = 0.4 V, 	loL = 16 mA - 3.5 mA 

VBEIQ) 
Base-Emitter voltage of output 

transistor (Q) IciL = 16 mA, 	lx + IX ,-- 0.41 mA, Rxg = 0 1.1 V 

VOH High-level output voltage 10H = - 0.4 mA, 	lx = 0.15 mA, IX = - 0.15 mA 2.4 3.4 V 

VOL Low-level output voltage loL = 16 mA, 	lx + IX = 0.3 mA, Rxg = 114 O 0.2 	0.4 V 

electrical characteristics (SN7423 circuits) using expander inputs, VCC = 4.75 V, TA = 0 ° C 

PARAMETER TEST CONDITIONS MIN TYPt 	MAX UNIT 

IX Expander current Vx5Z = 0.4 V, IOL = 16 mA - 3.8 mA 

VBE(Q) 
Base-Emitter voltage of output 

transistor (C1) 
lo L = 16 mA, Ix + Ig= 0.62 mA, RxR" =0 1 V 

VOH High-level output voltage loH = - 0.4 mA, lx = 0.27 mA, lg = - 0.27 mA 2.4 3.4 V 

VOL Low-level output voltage IOL= 16 mA, Ix + Ig = 0.43 mA, RxT( = 130 11 0.2 	0.4 V 

t All typical values are at VCC = 5 V, TA = 25C. 

switching characteristics, VCC = 5 V, TA = 25 ° C, N = 10, (see note 3) 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH RL = 400 12, CL = 15 pF 13 22 ns 

tPHL RL - 400 rt. CL = 15 pF 8 15 ns 

NOTE 3: Switching characteristics of he SN5423 and SN7424 are tested with the expander pins open. 
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SN5426 . . . J PACKAGE 

SN54LS26 . . J OR W PACKAGE 

SN7426 . . . N PACKAGE 

SN74LS26 . . . D OR N PACKAGE 

(TOP VIEW) 

1A 
1B 

1Y 

2A 

2B 

2Y 

GND 

VCC 
4B 

4A 

4Y 

3B 

3A 

3Y 

SN54LS26 	FK PACKAGE 

(TOP VIEW) 

C.) 
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Z > et 

LJI__.1 L11—I L-.1 
3 2 	1 20 19 

1Y 4 18 4A 

NC 5 17 NC 

2A 6 16 4Y 

NC 7 15 NC 

2B 8 t4 3B 

9 10 	11 12 13 

} CI U >- < 
r`l 2 z 0') to 

NC - No internal connection 
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logic symbol t 

ul 

2A 

2B 

3A 

3B 

4A 

SN5426, SN54LS26, SN7426, SN74LS26 
QUADRUPLE 2-INPUT 

HIGH-VOLTAGE INTERFACE POSITIVE-NAND GATES 
DECEMBER 1983—RE' 	MARCH 1988 

• For Driving Low-Threshold-Voltage 
MOS Inputs 

description 

These 2-input open-collector NAND gates feature 
high-output voltage ratings for interfacing with low-

threshold-voltage MOS logic circuits or other 12-volt 

systems. Although the output is rated to withstand 15 

volts, the VCC terminal is connected to the standard 

5-volt source. 

The SN5426 and SN54LS26 are characterized for op-

eration over the full military temperature range of 
—55°C to 125°C. The SN7426 and SN74LS26 are 

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

logic diagram 

1A 
1Y 

18 	 

r") 2A 	 

28 	 

L_/

3A 

 3B 	 

D°  

4A 

4B 	 

positive logic 

Y AB 

This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

2Y 

3Y 

4Y 

PRODUCTIOS 	locuments contain information 
current as at oili—tion 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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SN5426, SN54LS26, SNSN7426, SN74LS26 
QUADRUPLE 2-INPUT 
HIGH-VOLTAGE INTERFACE POSITIVE-NAND GATES 

schematics 

'26 
	

'LS26 

VCC 
VCC 

INPUTS 

A it kill  

OUTPUT 

GND 

GND 

Resistor values shown are nominal 

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

Supply voltage , VCC (see Note 1) 	  7 V 

Input voltage: '26 	  5.5 V 

'LS26 	  7 V 

Operating free-air temperature: SN54' 	 — 55° C to 125°C 

SN74' 	 .. 0° C to 70 ° C 

Storage temperature range 	 — 65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS26, SN74LS26 
QUADRUPLE 2-INPUT 

HIGH-VOLTAGE INTERFACE POSITIVE-NAND GATES 

recommended operating conditions 

. 

isit..i4 N..)1;1 

- 
MAX 

UNIT 
MIN MAX MIN 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 15 15 V 

loL Low-level output current 4 8 mA 

TA Operating tree-air temperature - 55 125 0 70 ° C 

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

PARAMETER TEST CONOITIONSt 
SN54LS26 SN74LS26 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC = MIN II= -18 mA -1.5 - 1.5 V 

IOH 
VCC' VII_ = MAX, Voi..4= 12 V 50 50 4A 

Vcc = Mu, VII_ = MAX, VoR = 15 V 1 1 mA 

VOL 
VCC = MIN, VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, Viii = 2 V, IOL" 8 mA 0.35 0.5 

II VCC = MAX, V1 = 7 V 0.1 0.1 mA 

I IH VCC = MAX, VIH = 2.7 V 20 20 uA 

'IL VCC = MAX, VIL = 0.4 V -0.4 -0.4 mA 

ICCH VCC = MAX, Vi = 0 0.8 1.6 0.8 1.6 mA 

ICCL VCC = MAX, V1= 4.5 V 2.4 4.4 2.4 4.4 

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

t All typical values are at VCC = 5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TNT 	MAX UNIT 

tPLH 
A or B Y RL - 2 k12, 	CL - 15 pF 

17 	32 ns 

tPHL 15 	28 ns 

NOTE 2: Load ci cults and voltage waveforms are shown in Section 1. 
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SN5426, SN7426 
QUADRUPLE 2-INPUT 
HIGH-VOLTAGE INTERFACE POSITIVE-NAND GATES 

recommended operating conditions 

5N5426 SN7426 
UNIT 

Mire 	NOM MAX '.". NOM MAX 

VCC Supply voltage .-,..., 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 15 15 V 

I,DL Low-level output current 16 16 mA 

TA Operating free-air temperature - 55 125 0 70 i-i C 

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

PARAMETER TEST CONDITIONS 1" 
SN5426 SN7426 

UNIT 
MIN 	TYP 5  MAX '.:I'. 	TYF4  MAX 

VIK VCC = MIN, I; = - 12 mA - 1.5 -1.5 V 

1 0H 

VCC = MIN, VIL = 0.8 V, VOH = 12 V 50 

VCC = MIN, VIL = 0.7 V, VOH= 12 V 50 
µA 

 

VCC = MIN, VIL = 0.8 V, VOH = 15 V 1 
mA 

VCC = MIN, VIL = 0.7 V, VOH = 15 V 1 

VOL VCC = MIN, VIH = 2 V, 10L = 16 mA 0.4 0.4 V 

11 VCC = MAX, V; = 5.5 V 1 1 mA 

IIH VCC = MAX, V; = 2.4 V 40 40 trA 

IIL VCC = MAX, V; = 0.4 V - 1.6 - 1.6 mA 

ICCH VCC = MAX, V; = 0 4 8 4 8 mA 

ICCL VCC = MAX, V; = 4,5 V 12 22 12 22 mA 

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

tAll typical values are at VCC - 5 V, TA = 25°C 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TV? 	MAX UNIT 

tPLH A or B 1,  RL - 1 k12., 	 CL = 15 pF 
16 	24 ns 

tpHL 11 	17 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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2A 4 

NC 5 
2B 6 

NC 7  

2C 8 

logic symbol t 

INPUTS OUTPUT 

A 	B 	C Y 

X
 X

  
2
  

-,  

X
  
i
  X

  
-I  

i
  X

  X
  

--I 

-J
  
J
 _

I
 I
 

3 2 1 20 19 

18 1Y 

17 NC 
16 3C 

15  NC 
1 4 3B 

9 10 11 12 13 
rn r-ir-1  

)- 0 U > < 
Z Z 

SN5427, SN54LS27, SN7427, SN74LS27 
TRIPLE 3-INPUT POSITIVE-NOR GATES 

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 
Reliability 

description 

These devices contain three independent 3-input NOR 
gates. 

The SN5427 and SN54LS27 are characterized for op-

eration over the full military temperature range of 

—55°C to 125°C. The SN7427 and SN74LS27 are 

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

FUNCTION TABLE (each gate)  

SN5427, SN54LS27 . . . J OR W PACKAGE 

SN7427 . . . N PACKAGE 

SN74LS27 . . . D OR N PACKAGE 

(TOP VIEW) 

1A 

1B 

2A 

2B 
2C 

2Y 

GND 

SN54LS27 . . FK PACKAGE 

(TOP VIEW) 

< 
Z 

VCC 
1C 

1Y 

3C 
3B 

3A 

3Y 

T
T
L

 D
e
v

ic
e

s  

1A 

18 

1C 

2A 

2B 

2C 

3A 

3B 

3C 

2Y 

31,  

NC - No internal connection 

logic diagram 

1A 	  
1B 	 1Y 
1C 

2A 	 

26 	 2Y 
2C 

3A 	  

38 	 3Y 
3C 	  

This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

positive logic 

Y—A +B+CorY ,  

i.o. r I II% JATIl documents contain information 
....1,ohlication 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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schematics (each gate) '27 

S
a3

1
A

0C
1  

1
1

1
  

'LS27 

Resistor values shown are nominal. 

SN5427, SN54LS27, SN7427, SN74LS27 
TRIPLE 3-INPUT POSITIVE-NOR GATES 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '27 	  5.5 V 

'LS27 	  7 V 
Operating free-air temperature: SN54' 	  —55°C to 125°C 

SN74' 	  0° C to 70°C 
Storage temperature range 	  —65°C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONS t 
SN5427 SN7427 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VI K Vcc = MIN, 11= — 12 mA —1.5 —1.5 V 

VOH V cc = MIN, VIL = 0.8 V, 101.1= —0.8 mA 2.4 3.4 2.4 3.4 V 

VOL Vcc= MIN, VIH= 2 V, 10L= 16  mA 0,2 0.4 0.2 0.4 V 

11 VCC = MAX, V1 = 5.5 V 1 1 mA 

II H VCC = MAX, Vi = 2.4 V 40 40 /.1A 

III_ VCC = MAX, V1 = 0.4 V —1.6 — 1.6 mA 

1 0S§ VCC = MAX —20 —55 — 18 —55 mA 

ICCH VCC = MAX, Vi = 0 V 10 16 10 16 mA 

ICCL VCC = MAX, See Note 2 16 26 16 26 mA 

2 

T
T
L

 D
e

v
ic

e
s  

SN5427, SN7427 
TRIPLE 3-INPUT POSITIVE-NOR GATES 

recommended operating conditions 

SN5427 SN7427 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Icni High-level output current — 0.8 — 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) 

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

t All typical values are at VCC .---. 5 V, TA = 25 °C. 

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

NOTE 2 -  One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 
TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TVP 	MAX UNIT 

tPLH  
A, B or C V RL = 400 f2, 	 CL = 15 pF 

10 	15 ns 

tpHL 7 	11 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS27, SN74LS27 
TRIPLE 3-INPUT POSITIVE-NOR GATES 

S
O

3
V

te
a

  
1

1
1

  

recommended operating conditions 

SN54LS27 SN74LS27 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

v i  L Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

10L 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 t 
SN54LS27 SN74LS27 

UNIT 
MIN TYP t MAX MIN TYPE MAX 

VIK Vcc = MIN, 11 = - 18 mA -1.5 -1.5 V 

VOH VCC -- MIN, VIL = MAX, 10H= - 0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 

vcc  = MIN, VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIH = 2 V, IOL = 8  mA 0.35 0.5 

II Vcc = MAX, V1 - 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1 = 2.7 V 20 20 i.rA 

IlL VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

'OS§ VCC = MAX -20 - 100 -20 - 100 mA 

ICCH VCC = MAX, Vi = 0 V 2 4 2 4 mA 

ICCL VCC = MAX, See Note 2 3.4 6.8 3.4 6.8 mA 

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

All typical values are at VCC = 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. 

NOTE 2: One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 
TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1PLH 
A, B or C Y RL = 2 kn, 	 CL = 15 pF 

10 	15 ns 

tPHL 10 	15 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section t. 
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NC - No internal connection Y = A + B or Y = A • B 

14 

1Y 
1B 

2A 
2V 

28 

Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input NOR 

buffer gates. 

The SN5428, and SN54LS28 are characterized for 

operation over the full military temperature range of 

—55°C to 125°C. The SN7428, and SN74LS28 are 

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

logic symbol t 

(2) 

18 

2A  

2B 

3A 

3B 

4A 

4B 

logic diagram 

Do 

Do 
(101

3Y 	 3A 

38 	LJ 

4Y 
4A 

4B 	 

1A 

t This symbol is in ac ordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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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1A 

1B 

2Y 

2A 

2B 

GND 

VCC 
4Y 

4B 

4A 

3Y 

3B 

3A 

SN5428, SN54LS28, SN7428, SN74LS28 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS 

DECEMBER 1983 — REVISED MARCH 1988 

Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 
DIPs 

SN5428, SN54LS28 . . . J OR W PACKAGE 

SN7428 . . . N PACKAGE 

SN74LS28 . . . D OR N PACKAGE 

(TOP VIEW) 

SN54LS28 . . . FK PACKAGE 

(TOP VIEW) 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H X L 

X H L 

L L H 

positive logic 

1Y 

2Y 

3Y 

4Y 

.1Z 
> Z ••- 	Z > 

L—I u 1-11-1 
3 2 1 20 19 

8 4B 
17 NC 
16 4A 

15  NC 
14 3Y 

1B 4 

NC 5 

2Y 6 

NC 7 

2A 8 
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SN5428, SN54LS28, SN7428, SN74LS28 
QUADRUPLE 2•INPUT POSITIVE-NOR BUFFERS 

S
G

3I
n

e
a

  
11

1
  

schematics (each gate) 

'28 

'LS28 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '28 	  5.5 V 

'LS28 	  7 V 

Operating free•air temperature: SN54' 	  —55°C to 125° C 

SN74' 	  0° C to 70° C 
Storage temperature range 	  —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONS T MIN TYPO MAX UNIT 

VII( Vcc = MIN, II= — 12mA 
—  

— 1.5 V 

VOH Vcc = MIN, VIL = 0.8 V, lo1-1= — 2,4 mA 2.4 3.4 V 

VOL Vcc = MIN, VIH = 2 V, 10L = 48 mA 0.2 	0.4 V 

VCC = MAX, V1 = 5.5 V li 

 

1 mA 

IIH VCC = MAX, 1/1= 2.4 V 40 pA 

'IL VCC = MAX, V1 = 0.4 V —1.6 mA 

IOS§ VCC = MAX —70 —180 mA 

ICCH VCC = MAX, V 1 = 0 V 12 	21 mA 

ICCL VCC = MAX, See Note 2 33 	57 mA 

2 

T
T

L
 D

ev
ic

e
s  

SN5428, SN7428 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS 

recommended operating conditions 

SN5428 SN7428 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIM High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current — 2.4 — 2.4 mA 

1(3L Low-level output current 48 48 mA 

TA Operating free-air temperature — 55 125 0 70 °C 

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

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

/ All typical values are at VCC = 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. 

NOTE 2. One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 6 	9 ns 
FIL= 133 Si, 	 CL = 50 pF 

tPHL 8 	12 ns 
A or B V 

tPLH 10 	15 ns 
RL = 133 Ct., 	 CL = 150 pF 

tPHL 12 	18 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONS t 
SN54LS28 SN74LS28 

UNIT 
MIN TYPE MAX MIN TYP # MAX 

VIK VCC = MIN, Ii= - 18 mA -1.5 - 1.5 V 

VOH VCC = MIN, VIL = MAX, I cm = - 1.2 mA 2.5 3.4 2.7 3.4 V 

Vol_ 
VCC = MIN, VIH = 2 V, 101_ = 12 mA 0.25 0.4 0.24 0.4 

V 
VCC = MIN, VIH = 2 V, 10L= 24 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 rnA 

1 1F1 VCC = MAX, V1= 2.7 V 20 20 AA 

'IL Vcc= MAX, Vi= 0.4 V -0.4 - 0.4 mA 

/OS§ VCC = MAX - 30 - 130 - 30 - 130 mA 

ICON VCC = MAX, V1= 0 V 1.8 3.6 1.8 3.6 mA 

1 CCL VCC = MAX, See Note 2 6.9 13.8 6.9 13.8 mA 

s
8
3

1A
a
a
  
IL

I  
SN54LS28, SN74LS28 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS 

recommended operating conditions 

SN54LS28 SN74LS28 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vit.  Low-level input voltage 0.7 0.8 V 

/OH High-level output current - 1.2 - 1.2 mA 

!cll.  Low-level output current 12 24 mA 

TA Operating free-air temperature - 55 125 0 70 °C 

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

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

All typical values are at VCC = 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, 

NOTE 2. One input at 4.5 V, all others at GND, 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

,PLkH 
A ol B )( RI_ - 667 15, 	 CL 45 pF 

12 24 ns 

tPHL 12 24 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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E•F•G•H 	or Y =A.B.C•D 

Y=A+B+C+ 

logic symbolt 

"I  

VCC 
NC 

H 

NC 

NC 

NC 

A 

B 

VCC 

C 

SN5430, SN54LS30, SN54S30, 
SN7430, SN74LS30, SN74S30 

8-INPUT POSITIVE-NAND GATES 
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 

Reliability 

description 

These devices contain a single 8-input NAND gate. 

The SN5430, SN54LS30, and SN54S30 are 

characterized for operation over the full military range 

of — 55 ° C to 125°C. The SN7430, SN74LS30, and 

SN74S30 are characterized for operation from 0 ° C 

to 70°C. 

FUNCTION TABLE 

INPUTS A THRU H 
OUTPUT 

Y 

All inputs H L 

One or more inputs L H 

logic diagram 

SN5430 . . J PACKAGE 
SN54LS30. SN54S30 ... J OR W PACKAGE 

SN7430 N PACKAGE 
SN74LS30. SN74S30 . . . D OR N PACKAGE 

(TOP VIEW) 

B 
C 
D 

F 
GND 

SN5430 . W PACKAGE 

(TOP VIEW) 

NC 

NC 

GND 

H 
G 

SN54LS30, SN54S30 . FK PACKAGE 

(TOP VIEW) 

di
T

T
L

 D
ev
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e

s  

0 

H 

111 

1121 

f This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12 
Pin numbers shown are for D, J, N, and W packages 

I I 	II 	.IATA documents contain information 
a..! ratification 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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positive logic 
9 10 11 12 13 

1-1 I-1 I-1 (-I I-1  
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Z Z Z 

NC - No internal connection D 1 - E+ F -r G 4 H 

0 0 0 
CO < Z > Z 

I_J 
3 2 1 20 19 D 

C 4  

NC 5  

D 6 

NC 7  

E 

18 H 

17 NC 

16 G 

15 NC 

14 NC 



INPUTS 

A 

'S30 

SN5430, SN54LS30, SN54S30, 
SN7430, SN74LS30, SN74S30 
8-INPUT POSITIVE-NAND GATES 

schematics (each gate) 
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OUTPUT 
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Resistor values shown are nominal. 
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SN5430, SN7430 
&INPUT POSITIVE-NAND GATES 

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

Supply voltage, VCC (see Note 11 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN5430 	  -55°C to 125°C 

SN7430 	  0°C to 70 °C 
Storage temperature range 	  -65°C to 150°C 

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

recommended operating conditions 

SN5430 SN7430 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vi L Low-level input voltage 0.8 0.8 V 

101.4 High-level output current - 0.4 - 0.4 mA 

10L 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 
SN5430 SN7430 

UNIT 
MIN TYPt MAX MIN TYPI MAX 

VIK Vcc = MIN, 11= - 12 mA -1.5 -1.5 V 

VOH VCC = MIN, ViL = 0.8 V, 101.1 = -0.4 mA 2.4 3.4 2.4 3.4 V 

VOL \ice= MIN, VIH= 2 V, 10L= 16 mA 0.2 0.4 0.2 0.4 V 

II Vec = MAX, VI = 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.4 V 40 40 AA 

IIL VCC = MAX, V1= 0.4 V - 1.6 - 1.6 mA 

IDS§ VCC ° MAX -20 -55 -18 -55 mA 

ICCH Vec = MAX, Vi = 0 1 1 2 mA A 

ICCL VCC = MAX, V1= 4.5 V 3 6 3 6 mA 

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

I All typical values are at VCC = 5 V, TA = 25 °C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any Y RL = 400 12, 	 CL = 15 pF 

13 	22 ns 

tPHL 8 	15 ns 

NOTE 2- Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS30, SN74LS30 
8-INPUT POSITIVE-NAND GATES 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS30 	55°C to 125°C 

SN74LS30 	  0°C to 70°C 

Storage temperature range 	  -65°C to 160°C 

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

recommended operating conditions 

SN54LS30 SN74 LS30 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

Ict L 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 t 
SN54LS30 SN74LS30 

UNIT 
MIN TYPE MAX MIN TYPE MAX 

VII< VCC = MIN, II = - 18 mA - 1.5 - 1.5 V 

VOH VCC = MIN, VIL = MAX, IOH - 04 mA 2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, VIH = 2 V, IOL = 4  mA 0.25 0.4 0.4 
V 

VCC = MIN, VIH = 2 V, IOL = 8 mA 0.25 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, Vt = 2.7 V 20 20 i.iA 

IIL VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

lost VCC =MAX - 20 - 100 - 20 - 100 mA 

ICCH VCC = MAX, V1 = 0 0.35 0.5 0.35 0.5 mA 

ICCL VCC = MAX, VI = 4 5 V 0.6 1.1 0.6 1.1 mA 

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

j All typical values are at VCC = 5 V, TA = 25 °C 

§ Not more than one output should be shorted at a time, and the duration of the short•circu it should not exceed one second. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tpLH 
Any V RL = 2 '<SI, 	 CL = 15 pF 

8 	15 ns 

tpHL 13 	20 ns 

NOTE 2 -  Load circuits and voltage waveforms are shown in Section 1 
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SN54S30, SN74S30 
8-INPUT POSITIVE-NAND GATES 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54S30 	  —55°C to 125°C 

SN74S30 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

recommended operating conditions 

SN54S30 SN74S30 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.8 0.8 V 

I0H High-level output current — 1 — 1 mA 

I0L 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 .).  
SN54S30 SN74S30 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK VCC = MIN ,  11' —18 mA —1.2 —1.2 V 

VOH VCC = MIN, ViL = 0.8 V, I0H = —1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, I0L = 20 mA 0.5 0.5 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

1 1H VCC = MAX, Vi = 2.7 V 50 50 AA 

1 IL VCC = MAX, Vi= 0.5 V —2 —2 mA 

lost VCC = MAX —40 —100 —40 —100 mA 

1 CCH VCC = MAX, Vi = 0 3 5 3 5 mA 

1 CCL VCC = MAX, Vi = 4.5 V 5.5 10 5.5 10 mA 

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

I All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 4 	6 ns 
R L - 25017, 	 CL - 	15 pF 

tPHL 4.5 	7 ns 

tPLH 
Any V 

5.5 ns 
RL = 280 12, 	 CL = 50 pF 

tPHL 6.5 ns 

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

3 2 1 20 19 All inputs are PNP with IIL MAX of —0.2 mA. Gates 

1, 2, 5, and 6 have standard Low-Power Schottky 

output sink current capability of 4 and 8 mA loL. 

Buffers 3 and 4 are rated at 12 and 24 mA. 

2A 4 

2Y 5 

NC 6 
3A 7 

3B 8 

9 10 11 12 13 

>- 	C./ >- < 
Z Z 

18 6Y 

17  5A 

16 NC 
15 5Y 
14 4B 

The SN54LS31 is characterized for operation over the 

full military temperature range of — 55°C to 125 ° C. 

The SN74LS31 is characterized for operation from 

0 °C to 70 ° C. 
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SN54LS31, SN74LS31 
DELAY ELEMENTS 

Delay Elements for Generating Delay 

Lines 

Inverting and Non-inverting Elements 

Buffer NAND Elements Rated at 
lOL of 12/24 mA 

• PNP Inputs Reduce Fan-In 

(IIL= —0.2 mA MAX) 

• Worst Case MIN/MAX Delays Guaranteed 

Across Temperature and VCC Ranges 

description 

These 'LS31 delay elements are intended to provide 

well-defined delays across both temperature and VCC 

ranges. Used in cascade, a limitless range of delay 

gating is possible. 

SN54LS31 . J OR W PACKAGE 

SN74LS31 . D OR N PACKAGE 

(TOP VIEW) 

1A 

1Y 

2A 

2Y 

3A 

3B 

3Y 

GND 

SN54LS31 . . . FK PACKAGE 

(TOP VIEW) 

< 	< 
Z > coo 

DECEMBER 1983—REVISED MARCH 1988 

VCC 
6A 

6Y 

5A 

5Y 

4B 

4A 

4Y 

logic symbolt NC - No internal connection 

23 ns 32 ns 

(1)  
(2) 

lY 1A 

2A 	(3)  

45 ns 48 ns 
(4/ 	

2Y 

6 ns 6 ns 

3A 	
(51 

& 
3y  

161 
3B 

6 ns 6 ns 

1101 
& 

(91 
4Y 4A 

(11) 
4B 

 

45 ns 48 ns 
(131 112) 

5Y 5A 

1151 
23 ns 32 ns 

1:111 61(  
6A 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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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SN54LS31, SN74LS31 
DELAY ELEMENTS 

Delay Element Logic 
Typical Delays 

tPLH 	tPHL 	AVG. 
Rated I 01..  

Gates 1 and 6 

Gates 2 and 5 

Buffers 3 and 4 

level [mg 

Non-Inver ling 

2-Input NAND 

32 ns 

45 ns 

6 ns 

23 ns 

48 ns 

6 ns 

27 5 ns 

46 5 ns 

6 ns 

4 and 81nA 

4 and 8 mA 

12 and 24 mA 

EQUIVALENT OF 
Al, A2, AS and AS 

INPUTS 

VCC 

EQUIVALENT OF 
A3, A4, 83 and 84 

INPUTS 

VCC 

TYPICAL OF 
Y2, Y5 and Y6 

OUTPUTS 

	-- 
12052 
NOM 

1, 1, 

VCC 

OUTPUT 

TYPICAL OF 
Y3 and Y4 
OUTPUTS 

-- -- 
5052 
NOM 

VCC 

OUTPUT 

20 kS2 NOM ii 124,Q. NOM 

11111 

1 

ler 
INPUT INPUT 

all lb  

1 a a 

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

Supply voltage, VCC (See Note 1 ) 	  7 V 
Input voltage, Vi: All inputs 	  7 V 
Operating free-air temperature range: SN54 LS31 	  — 55°C to 125°C 

SN74LS31 	  0° C to 70° C 
Storage temperature range 	  — 65°C to 150°C 

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

recommended operating conditions 

SN54LS31 SN74LS31 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 55 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

Imi High-level output current 
Y3, Y4 outputs — 1.2 — 1.2 

mA 
All other outpus — 0.4 — 0.4 

loL Low-level output current 
Y3, Y4 outputs 12 24 

mA 
All other outputs 4 8 

TA Operating free-air temperature — 55 125 0 70 ° C 

4 
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SN54LS31, SN74LS31 
DELAY ELEMENTS 

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

PARAMETER TEST CONDITIONS* 
SN54LS31 SN74LS31 

UNIT 
MIN TYPE MAX MIN TYP ? MAX 

VIK Vcc = MIN, I1= — 18 mA — 1.5 —1.5 V 

VOH 

VCC = MIN, 

N./IL= MAX 

Viii = 2 V, sf3,  " !OH = — 1.2 mA 2.4 3.1 2.4 3.1 
V 

Others lmi = —0.4 mA 2.5 3.1 2.7 3.1 

VOL 
Vcc = MIN, 

V1L= MAX 

VI 1.4 = 2 V, 
Y3, Y4 

10L= 12 mA 0.25 0.4 0.25 0.4 

V 
10L= 24 mA 0.35 0.5 

Others IOL = 4  mA 0.25 0.4 0.25 0.4 

loL=8mA 0.35 0.5 

Ii Vcc = MAX, VI = 7 V 0.1 0.1 mA 

II H VCC = MAX, VI = 2.7 V 20 20 /IA 

'IL Vcc = MAX, V1= 0.4 V —0.2 — 0.2 mA 

10S§ 

VCC = MAX, A3, A4, B3, B4 = 0 V Y3, Y4 — 30 — 130 — 30 — 130 

mA Vcc = MAX, 

A2, A5 = 4.5 V 

A1, A6 = 0 V, 
Y1, Y2, Y5, Y6 —20 —100 —20 —100 

ICC 
ICCH VCC = MAX, A2, AS = 4.5 V, 	all other inputs 0 V 2.3 4 2.3 4 

mA 
ICCL VCC = MAX, A2, A5 = 0 V, 	all other inputs 4.5 V 13 20 13 20 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at VCC = 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, (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

SN54LS31 SN74LS31 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

tPLH 
A1, A6 Y1, Y6 

15 	 70 22 	 65 ns 

tPHL 9 	 50 13 	 45 ns 

tPLH 
A2, A5 Y2, Y5 

22 	 90 31 	 80 ns 

tPHL 20 	 105 30 	 95 ns 

tPLH A3, B3, A4, 

Y4 
Y3, Y4 

2 	 20 2 	 15 ns 

tPHL 2 	 20 2 	 15 ns 

NOTE 2 VCC = MIN o MAX 

RL = 667 Q, CL = 45 pF for Y3 and Y4 

RL = 2 l<Q, CL = 15 oF for Y1, Y2, Y5 end Y6 

TA = MIN to MAX 

Load circuits and voltage waveforms are shown in Section I. 
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SN5432, SN54LS32, SN54S32, 
SN7432, SN74LS32, SN74S32 

QUADRUPLE 2-INPUT POSITIVE-OR GATES 
DECEMBER 1983- REVISED MARCH 1988 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPS 

SN5432, SN54LS32, SN54S32 . . . J OR W PACKAGE 

SN7432 . N PACKAGE 

SN74LS32, SN74S32 . . . D OR N PACKAGE 

(TOP VIEW) 

1A 
1B 

1Y 

2A 
2B 

2Y 

GND 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input 
OR gates. 

The SN5432, SN54LS32 and SN54S32 are 
characterized for operation over the full military 
range of — 55°C to 125 °C. The SN7432, 
SN74LS32 and SN74S32 are characterized for 
operation from 0 °C to 70 °C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H X H 

X H H 

L L L 

logic symbol t 

(11 
1A 13) 

12) 1Y 

(6) 
2Y 

18 

2A 
(4) 

2B 
15) 

(8) 3A 
(9) 

3B 
(10) 3Y 

(11)
 4Y 

4A 
112) 

(13) 
48 

I This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12 

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

<  
Z > 

D 
D 
D 	

2A 

2B 

3A 

38 

4A 

48 

positive logic 

1-J C-I 
3 2 1 20 19 

1Y 4  
NC 5  
2A 6 
NC 7  
2B 8 

9 10 11 12 13 

>- 	>-  
tsizZman 

< 

NC - No internal connection 

logic diagram 

VCC 
4B 
4A 

4Y 
3B 

3A 

3Y 

18 4A 

17 NC 

16 4Y 

15 NC 

14 3B 

SN54LS32, SN54S32 . . . FK PACKAGE 

(TOP VIEW) 

 

1Y 

 

2Y 

3Y 

4Y 

Y= A 4- B or Y= A • ff 

■■•■■••■■• 	 
4 1.1b01.1108 DATA documents contain information 

es 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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SN5432, SN54LS32, SN54S32, 
SN7432, SN74LS32, SN74S32 
QUADRUPLE 2•INPUT POSITIVE-OR GATES 

schematics (each gate) 

'32 
'LS32 

S
8

3V
■
O

ci
  1

1
1

  

'S32 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '32, 'S32 	  5.5 V 

	

'LS32    7 V 

Operating free-air temperature: SN54' 	  —55°C to 125°C 
SN74' 	  0° C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE l• Voltage values are with respect to network ground terminal 

TEXAS 40  2 - 138 INSTRUMENTS 
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SN5432, SN7432 
QUADRUPLE 2-INPUT POSITIVE•OR GATES 

recommended operating conditions 

SN5432 SN7432 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH Hgh-level input voltage 2 2 V 

ViL Low-level imput voltage 0.8 0.8 V 

10H High-level output current — 0.8 — 0.8 mA 

IOL 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 
SN5432 • 

I f r ; 
UNIT 

MIN TYPS MAX MIN MAX 

VIK Vcc = MIN, 11= — 12 mA —1.5 —1.5 V 

VOH VCC = MIN, VIH = 2 V, IOH = — 0.8 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN ,  VIL = 0.8 V, lot_.-- 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, V1= 5.5 V 1 1 mA 

IIH Vcc = MAX, VI .. 2.4 V 40 40 AA 

'IL VCC = MAX, Vi -.. 0.4 V — 1.6 — 1.6 mA 

1 08§ VCC = MAX —20 —55 —18 —55 mA 

ICCH VCC = MAX, See Note 2 15 22 15 22 mA 

ICCL VCC = MAX, V1 --. 0 V 23 38 23 38 mA 

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

All typical values are at VCC = 5 V, TA = 25 °C. 

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

NOTE 2: One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 400 El, 	 CL = 15 pF 

10 	15 ns 

tPHL 14 	22 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1 
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SN54LS32, SN74LS32 
QUADRUPLE 2-INPUT POSITIVE-OR GATES 
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recommended operating conditions 

SN54LS32 SN74LS32 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4 5 5 5 5 4 75 5 5 25 V 

VIH Hgh-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0.8 V 

IOH High-level output current - 0.4 - 0.4 mA 

lc_ Low-level output current 4 8 mA 

TA Opertating free-air temperature - 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONS t 
LS32 

i T PI rvu.kX 
UNIT 

MIN i 	r r't MAX MIN 

VIK VCC = MIN, II = - 18 mA -1.5 -1.5 V 

VOH VCC = MIN, VIH = 2 V, 10H= -0.4 mA 2.5 3.4 2.7 34 V 

VOL 
VCC = MIN, VII_ = MAX, Ic)L = 4 mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, VII_ = MAX, loL = 8 mA 0.35 0.5 

II VCC = MAX, VI = 7 V 0.1 01 mA 

Iii.{ VCC = MAX, V1 = 2.7 V 20 20 pA 

'IL VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

1 0S§ VCC ' MAX -20 -100 -20 -100 mA 

ICCH VCC = MAX, See Note 2 3.1 6.2 3.1 6.2 mA 

ICCL VCC = MAX, Vi = 0 V 4.9 9.8 4.9 9.8 mA 

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

All typical values are at VCC = 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. 

NOTE 2: One input at 4.5 V. all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 2 k2, 	 CL = 15 pF 

14 	22 ns 

tPHL 14 	22 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S32, SN74S32 
QUADRUPLE 2-INPUT POSITIVE-OR GATES 

recommended operating conditions 

SN54S32 SN1 : . 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 - 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current — 1 — 1 mA 

lot_ 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 t 	 UNIT MIN 	I TI-; 	MAX 	MIN 	) , , ; 	MAX 
VIK 	VCC = MIN, 	11= — 18 mA 	 —1.2 	—1.2 	V 
VOH 	VCC = MIN, 	VIH = 2 V, 	10H = — 1 mA 	2.5 	3.4 	2.7 	3.4 	V 
VOL 	VCC = MIN, 	VII_ = 0.8 V, 	101_ = 20 mA 	 0,5 	 05 	V II 

 VCC ' MAX, 	VI =5.5V 5.5 V 	 1 	mA 
 

111.1 	VCC = MAX, 	VI= 2.7 V 	 50 	 50 	AA 

1
 
a

v
ic

e
s  IIL 	Vcc = MAX, 	VI = 0.5 V 	 I 	—2 	 —2 	mA 

lost 	VCC = MAX 	 — 40 	— 100 	— 40 	— 100 	mA 
ICCH 	VCC = MAX, 	See Note 2 	 18 	32 	18 	32 	mA 
ICCL 	VCC = MAX, 	Vi = 0 V 	 38 	68 	38 	68 	mA 

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

All typical values are at VCC = 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. 

NOTE 2: One input at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 4 	7 ns 
A or B V RL = 280 sz, 	c L 	15 pF 

tPHL 4 	7 ns 

tPLH 
A or B Y RL - 28012, 	 CL - 50 pF 

5 ns 

tPHL 5 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5433, SN54LS33, SN7433, SN74LS33 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

DECEMBER 1983 - REVISED MARCH 1988 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 
DIPs 

SN5433, SN54LS33 . . . J OR W PACKAGE 

SN7433 . . . N PACKAGE 

SN74LS33 . . D OR N PACKAGE 

(TOP VIEW) 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input NOR 

buffer gates with open-collector outputs. Open-

collector outputs require resistive pull-up to perform 

logically but can deliver higher VOH levels and are 

commonly used in wired-AND applications. 

The SN5433 and SN54LS33 are characterized for 

operation over the full military temperature range of 

— 55°C to 125°C. The SN7433, and SN74LS33 are 

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

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B y 

H X L 

X H L 

L L H 

logic symbol t 

This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

positive logic 

Y 	A 	Bor Y 	7\ •I3-  

•rl. ICTI 4 . 51 locuments contain information 
as date. Products conform to 

specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

2-143 

V CC 

4Y 

48 

4A 

3Y 

3B 

3A 

1Y 

1A 

1B 

2Y 

2A 

2B 

GND 

NC - No internal connection 

logic diagram 

2A 

0 	 2Y 

2B 	  

3A 	  D- 313 	 

4 8 	

 

SN54LS33. . . FK PACKAGE 

TOP VIEW) 

< Z > 
uuuu t_J 
3 2 1 20 19 

9 10 11 12 13 
1-1r—tr—if-11-1 

CO 0 V < 
0,1 	 cx, 

18 4B 

17 NC 
16 4A 
15 NC 

14 3Y 

1B 4 

NC 5 

2Y 6 

NC 7 

2A 8 
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SN5433, SN54LS33, SN7433, SN74LS33 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

'33 

'LS33 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '33 	  5.5 V 

'LS33 	  7 V 

Off-state output voltage 	  7 V 

Operating free-air temperature: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70° C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5433, SN7433 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5433 SN7433 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 
VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Vol.' High-level output voltage 5.5 5.5 V 

IOL Low-level output current 48 48 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) 
SN5433 SN7433 

UNIT 
MM 	TYP 1 	MAX MM 	TYPt 	MAX 

VIK VCC = MIN, 	II = — 12 mA — 1.5 — 1.5 V 

1 0H 
VCC = MIN , 	VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, 	VIL = 0.7 V, VOH = 5.5 V 0.25 

VOL VCC = MIN, 	VIH = 2 V, IOL = 16 mA 0.2 0.4 0 2 0.4 V 

Ii VCC = MAX, Vi = 5.5 V 1 1 mA 

1 1H VCC = MAX, Vi = 2.4 V 40 40 AA 

IlL VCC = MAX, Vi =0.4 V —1.6 —1.6 mA 

ICCH VCC = MAX, Vi = 0 3 6 3 6 mA 

ICCL VCC = MAX, See Note 2 9 16.5 9 16.5 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

NOTE 2: One input at 4.5 V, all others at 0 V. 

switching characteristics, VCC = 5 V, TA = 25°C (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 

A or B Y 

A L  _ 133 k4, 	CL 	50 pF 
10 	15 ns 

tPHL 12 	18 ns 

tPLH 
AL = 133 kO, 	CL = 150 pF 

15 	22 ns 

tPHL 16 	24 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS33, SN74LS33 
QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

S
e

3I
n
e

a
  1

1
1
  

recommended operating conditions 

SN54LS33 SN74LS33 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

V01-I High-level output voltage 5.5 5.5 V 

IDL Low-level output current 12 24 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 
SN54LS33 SN74LS33 

UNIT 
MIN 	TNT t MAX MIN 	TYP t MAX 

VIK Vcc = MIN, 11= - 18 mA -1.5 -1.5 V 

1 0H VCC = MIN, VIH = 2 V, VIL = MAX, 	VOH = 5.5 V 0.25 mA 

VOL 
VCC = MIN, VIH = 2 V. VIL = MAX, 	IOL = 12 mA 0.25 ....4 0.25 0.4 

V 
VCC = MIN, VIL = MAX, 101_ = 24 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

VCC = MAX, V1= 2.7 V IIH 

 

20 20 /2/11 

'IL VCC = MAX, V1= 0.4 V - 0.4 -0.4 mA 

1CCH Vcc = MAX, Vi = 0 1.8 3.6 1.8 3.6 mA 

ICCL VCC = MAX, See Note 2 6.9 13.8 6.9 13.8 mA 

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

t All typical values are at VCC = 5 V, TA = 25°C. 

NOTE 2: One input at 4.5 V, all others at 0 V 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tF)LH 
A or B v RL = 667 11, 	 CL = 45 pF 

20 	32 ns 

tP HL  18 	28 ns 

NOTE 3: Load ci cults and voltage waveforms are shown in Section 1. 
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SN5437, SN54LS37, SN54S37, 
SN7437, SN74LS37, SN74S37 

QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 
DECEMBER 1983--REVISED MARCH 1988 

• 

and Flat Packages, and Plastic and Ceramic 
DIPs

Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input 

NAND buffer gates. 

The SN5437, SN54LS37 and SN54S37 are 

characterized for operation over the full military 

range of — 55°C to 125°C. The SN7437, 
SN74LS37 and SN74S37 are characterized for 

operation from 0°C to 70°C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H H L 

L X H 

X L H 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12 

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

SN5437, SN54LS37, SN54S37 ... .1 OR W PACKAGE 

SN7437 . . . N PACKAGE 

SN74LS37. SN74S37 	D OR N PACKAGE 

(TOP VIEW) 

IA 

1B 

1Y 

2A 

28 

2Y 

GND 

SN54LS37, SN54S37 	FK PACKAGE 

(TOP VIEWI 

U < 
Z > 

l__J u u 1_1 
3 	2 1 20 19 

y 4 18 

NC 5  17 

2A 

NC 

6 

7  

1156 

2B 8 14 

9 10 11 12 13 

›- U Y < 
N Z Z M CO 

NC - No internal connection 

logic diagram 

2 8 

 

3A 	

DD 3B 	 

4A 	 

4B 	 

positive logic 

ACC 
4B 

4A 

4Y 

38 

3A 

3Y 

4A 

NC 

4NYC  

3B 

1Y 

2Y 

3Y 

4Y 

A•BorY 

TION 	ocuments contain information 
1. • Is 	.• • 	on date. Products conform to 

,: a... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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schematics (each gate) 

'37 

4 la2 	600 Sl 

INPUTS 

A 

Resistor values shown are nominal 

S
03

1
A

8
(]

  1
1

1
  

GND 

ACC 

OUTPUT 

'LS37 

'S37 

SN5437, SN54LS37, SN437 
SN7437, SN74LS37, SN7437 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '37, 'S37 	  5.5 V 

'LS37 	  7 V 

Operating free-air temperature: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5437, SN7437 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 

recommended operating conditions 
nri .437 SN7437 

UNIT 
MIN t.I;.,M MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level Input voltage 2 2 V 

V1 L Low-level input voltage 0.8 0.8 V 

lcm High-level output current — 1.2 — 1.2 mA 

lioL Low-level output current 48 48 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 
SN5437 SN7437 

UNIT 
MIN TYP* MAX MIN TYPt MAX 

VIK VCC ' MIN ,  ll = — 12 mA —1.5 —1.5 V 

VOH VCC' MIN, VIL = 0.8 V, Ic.i= —1.2 mA 2.4 3.3 2.4 3.3 V 

VOL VCC = MIN, Vg..(= 2 V, 1(31_ = 48 mA 0.2 0.4 0.2 0.4 V 

I( VCC = MAX ,  VI = 5 . 5  V 1 1 mA 

IIH VCC = MAX, V1= 2.4 V 40 40 AA 

IlL Vcc = MAX, V1= 0.4 V — 1.6 —1.6 mA 

IDS§ VCC = MAX —20 —70 —18 —70 mA 

ICCH VCC' MAX, V1= 0 V 9 15.5 9 15.5 mA 

ICCL VCC = MAX, V1= 4.5 V 34 54 34 54 mA 

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

2 All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	VIP 	MAX UNIT 

, PLH A  or 8 Y RL = 133 $2, 	CL = 45 PF 
13 	22 ns 

'PHL 8 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS37, SN74LS37 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 

recommended operating conditions 
".. •ILS37 

;,,.,M 
UNIT 

MIN -JM MAX MIN MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0.8 V 

lcm High-level output current - 1.2 -1.2 mA 

loL Low-level output current 12 24 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 
SN54LS37 SN74LS37 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK Vcc = MIN, Ii= -18 mA - 1.5 - 1.5 V 

VOH VCC = MIN, VII_ = MAX, loH = -1.2 mA 2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, VIH = 2 V, IrDL = 12 mA 0.25 0.4 0.25 0.4 
V 

VCC = MIN, VIH = 2 V, Ic)L = 24 mA 0.35 0.5 

VCC = MAX, Vi = 7 V II 

 

0.1 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 20 pA 

I IL VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

10S§ Vcc = MAX -30 -130 -30 -130 mA 

ICCH VCC = MAX, Vi = 0 V 0.9 2 0.9 2 mA 

ICCL VCC = MAX, Vi = 4.5 V 6 12 6 12 mA 

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

All typical values are at Vcc = 5 V. TA =25 °C. 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 667 S2, 	 CL = 45 pF 

12 	24 ns 

tPHL 12 	24 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S37, SN74S37 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 

recommended operating conditions 
SN54537 SN74S37 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

V I  L Low-level input voltage 0.8 0.8 V 

10H High-level output current — 3 — 3 mA 

loL Low-level output current 60 60 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 
SN54S37 SN74S37 

UNIT 
VI'. 	TYP t 	MAX MIN 	TYP t MAX 

VII( VCC = 	 II = —18 mA —1.2 —1.2 V 

VOH VCC = .. 	VIL = 0.8 V, 	I/DH = —3 mA 2.5 	3.4 2.7 	3.4 V 

VOL VCC = MIN, 	VIH = 2 V, 	10L = 60 mA 0.5 0.5 V 

li VCC = MAX, 	Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, 	V1 = 2.7 V 0.1 0.1 mA 

'IL VCC = MAX, 	V1= 0.5V —4 —4 mA 

'OS§ VCC = MAX — 50 	— 225 — 50 	— 225 mA 

ICCH VCC = MAX, 	Vi = 0 V 20 	36 20 	36 mA 

ICCL Vcc = MAX, 	V1 = 4.5 46 	80 46 	80 mA 

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

/ All typical values are at V cc = 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 100 milliseconds. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS MIN 	TYP 	MAX UNIT 

5PLH 

A or B Y 

R L = 93 12., 	 CL = 50 pF 
4 	65 ns 

t P1-11_ 4 	6 5 ns  

tPLH 
RI_ = 93 12, 	 CL = 150 pF 

6 flu 

tPHL 6 six 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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1A 
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28 

2Y 

GND 

VCC 
48 

4A 

4Y 

3B 

3A 

3Y 

SN54LS38, SN54S38 . . . FK PACKAGE 

(TOP VIEWI 

NC - No internal connection 

logic diagram 

U 
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3 2 1 20 19 
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17 NC 
16 4Y 

15 NC 

14 3B 

9 10 11 12 13 
r-11----1 I-1 	 r-1  

} in 0 ›- < 
NZ ZMCv) 

(.9 

1 Y 4 

NC 5 

2A 6 

NC 7 

28 8 

2 

T
T

L
 D

e
v

ic
e
s  

logic symbol t 

1A 

18 

2A 

2B 

3A 

3B 

4A 

SN5438, SN54LS38, SN54S38, 
SN7438, SN74LS38, SN74S38 

QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1983 REVISED MARCH 1988 

Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 

DIPs 

SN5438, SN54LS38, SN54S38 ... J OR W PACKAGE 
SN7438... N PACKAGE 

SN74LS38, SN74S38 ... D OR N PACKAGE 

(TOP VIEW) 

Dependable Texas Instruments Quality and 

Reliability 

description 

These devices contain four independent 2-input NAND 

buffer gates with open-collector outputs. The open-

collector outputs require pull-up resistors to perform 

correctly. They may be connected to other open-

collector outputs to implement active-low wired-OR or 

active-high wired-AND functions. Open-collector 

devices are often used to generate high VOH levels. 

The SN5438, SN54LS38, and SN54S38 are 

characterized for operation over the full military 

temperature range of —55 ° C to 125°C. The SN7438, 

SN74LS38, and SN74S38 are characterized for opera-

tion from 0°C to 70 ° C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B Y 

H H L 

L X H 

X L H 

1 B  	
1Y 

2 B  

 
	 2Y 

3A 	 
3Y 

36 	 

4A 	 
4Y 

	

4B  	

positive logic 

Y 	A • B or Y - 	F3 

I.  This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PRONCTIOh :(P. 1P. documents contain information 
• .• is of .• on date. Products conform to 

1... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5438, SN54LS38, SN54S38, 
SN7438, SN74LS38, SN74S38 
QUADRUPLE 2-INPUT POSITIVE•NAND BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

schematics (each gate) 

'38 
	

'LS38 

'S38 

S
O

O
I A

9
0

  
in

  

2-1 54 

Resistor values shown are nominal. 

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

Supply voltage, VCC  (see Note 1) 	  7 V 

Input voltage: '38 	  5.5 V 

LS38 	 7 V 
Off-state output voltage 	  7 V 
Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

TEXAS 
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SN5438, SN7438 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN5438 SN7438 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

10L Low-level output current 48 48 mA 

TA Operating free-air temperature — 55 125 0 70 00 

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

PARAMETER TEST CONDITIONSt — 
%lir. 

SN5438 SN7438 
UNIT 

TYPt MAX '.71': TYPt MAX 

VIK VCC = MIN, - II = —12 mA —1.5 — 1.5 V 

IOH 
VCC = .."- VIL = 0.8 V, 	VOH = 5.5 V 0.25 

mA 
VCC = .."- VIL = 0.7 V. 	Voi.4 = 5.5 V 0.25  

VOL VCC = .."- VIH = 2 V, 	loL = 16 mA 0.4 0.4 V 

II V1 = 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.4 V 40 40 tiA 

IlL VCC = MAX, Vi = 0.4 V — 1.6 — 1.6 mA 

ICCH VCC = MAX, Vi = 0 5 8.5 5 8.5 mA 

ICCL VCC = MAX, Vi = 4.5 V 34 54 34 54 mA 

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

5 A11 typical values are at VCC = 5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 13351, 	 CL = 45 pF 

14 	22 ns 

tPHL 11 	18 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS38, SN74LS38 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

NOM 

SN7•11 '•... 
UNIT — 

MIN MAX MIN NUM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 12 24 mA 

TA Operating free-air temperature — 55 125 0 70 °C 

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

PARAMETER TEST CONDITIONS t 
S'...1( 	• 	I• 

— 
MAX 

UNIT 
MIN 	i .P.: 	MAX MIN 	; . Pl. 

VIK VCC ' MIN• II = — 18 mA —1.5 —1.5 V 

IOH VCC = MIN, VI L = MAX, VOH = 5.5 V 0.25 0.25 mA 

VOL 
VCC = MIN, VIH = 2 V, 10L = 12 mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, Vm = 2 V, lot_ = 24 mA 0.35 0.5 

II VCC = MAX ,  VI = 7  V 0.1 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 20 pA 

'IL VCC = MAX, V1= 0.4 V —0.4 —0.4 mA 

ICCH VCC = MAX, Vi = 0 0.9 2 0.9 2 mA 

ICCL VCC -= MAX, Vi =4.5 V 6 12 6 12 mA 

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

I All typical values are at VCC = 5 V, TA = 25 °C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Y RL = 667 ft, 	 CL = 45 pF 

20 	32 ns 

tpHL 18 	28 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S38, SN74S38 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 
SNC4S18 SN74S38 

UNIT 
MIN '.,.': MAX '.". NOM MAX 

VCC Supply voltage 4.5 ., 5.5 tt.,., 5 5.25 V 

VII.{ High-level input voltage 2 2 V 

VIL Low-level Input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 60 60 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 CONDITIONSt 
SN54S38 SN74S38 

UNIT 
MIN 	TYPI 	MAX MIN 	TYPt 	MAX 

VIK VCC = MIN, li = — 18 mA —1.2 —1.2 V 

10H 
VCC = MIN, VIL = 0.8 V, VOH = 5.5 V 0.25 

mA 
VCC = MIN, VIL = 0.7 V, VOH = 5.5 V 0.25 

VOL VCC = MIN, VH = 2 V, lot.  = 60 mA 0.5 0.5 V 

li VCC = MAX, V1 = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.4 V 0.1 0.1 mA 

'IL VCC = MAX, V1 = 0.5 V —4 —4 mA 

ICCH VCC = MAX, V1 = 0 20 36 20 36 mA 

ICCL VCC = MAX, Vi = 4.5 V 46 80 46 80 mA 

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

*All typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tpLH 

A or B Y 

RL = 93 12, CL= 50 pF 
6.5 10 ns 

tPHL 6.5 10 ns 

tpLH 
RL = 93 12, CL = 150 pF 

9 ns 

tPHL 8.5 ns 

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

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 
2-157 



2 

2 I St 



SN5439 . . . J PACKAGE 

SN7439 . . N PACKAGE 

(TOP VIEW) 

Current Sinking Capability up to 80 mA 

Guaranteed Fan-Out of 30 Series 54/74 Loads 

Ycc 

OUTPUT 

GND 

1Y 

2Y 

3Y 

4y 

Dependable Texas Instruments Quality 

and Reliability 

description 

These devices contain four independent 2-input NAND 

buffers. The open-collector outputs require pull-up 

resistors to perform correctly. They may be connected 

to other open-collector outputs to implement active-low 

wired-OR or active-high wired-AND functions. Open-

collector devices are often used to generate higher VOH 

levels. 

The SN5439 is characterized for operation over the full 

military temperature range of —55°C to 125°C. The 

SN7439 is characterized for operation from 0°C to 

70°C. 

logic symbol t 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

A B V 

H H L 

L X H 

X L H 

1Y 	 VCC 
1Al2 	4Y 
18 	 48 
2YU4 	111 4A 
2A 	 3Y 

2BU6 	913B 

GND  U  7 	813A 

schematics (each gate) 

logic diagram 
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1B 	E> 

	

2A 	 

	

2B 	 

	

3A 	 
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Y A•8 or Y = 74: 

• NOP. ' 	locuments contain information 
. s of 	.lion date. Products conform to 
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SN5439, SN7439 
QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS 
WITH OPEN-COLLECTOR OUTPUTS 

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

Supply voltage, VCC  (see Note 1) 	  7V 

Input voltage 	  7V 

Off-state output voltage 	  7V 

Operating free-air temperature range: SN5439 	  —55`t to 125 ° C 

SN7439 	  0° C to 70° C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1 Voltage values are with respect to network ground terminal 

recommended operating conditions 
SN5439 SN7439 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VON High-level output voltage 5.5 5.5 V 

I OL Low-level output voltage 
60 60 

mA 
80t 

TA Operating free-air temperature --55 125 0 70 °C 

'The extended ham applies only if VCC is maintained between 4 75 and 5 25 V 

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

PARAMETER TEST CONDITIONS'? 
SN5439 SN7439 

UNIT 
MIN 	TYP 	MAX MIN 	TYP 	MAX 

VIK VCC = MIN , 	II = -12 mA -1.5 -1.5 V 

OH 
VCC = MIN, 	VIL = 0.8 V, 	VOH = 5.5 V 0.25 

mA 
VCC = MIN, 	VIL = 0.7 V, 	VOH = 5.5 V 0.25 

VOL 

VCC = MIN, 	101_ = 48 mA 0.4 0.4 

V VCC = MIN , 	1 01 = 60 mA 0.5 0.5 

VCC = 4.75 V, 101 = 80 mA 0.6 

II VCC = MAX, 	Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, 	Vi = 2.4 V 40 40 IA 

IlL VCC = MAX, 	Vi = 0.4 V - 1.6 - 1.6 mA 

ICCH VCC = MAX. 	Vi = 0 54 54 mA 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

1., 	II, 

SN5439 SN7439 
UNIT 

MIN MAX MIN MAX 

1 PLH 
A nr It ■ Hi_ 132 	1:. 	I-1 

22 22 
re, 

1 PFIL 18 18 

NOTE 2: Load ci cults and ye (tape waveforms are shown in Section 1 
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• Dependable Texas Instruments Quality and 

and Flat Packages in Addition to Plastic and 
Ceramic DIPs 

Package options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

Reliability 

description 

These devices contain two independent 4-input 
NAND buffer gates. 

The SN5440, SN54LS40, and SN54S40 are 
characterized for operation over the full military 
temperature range of — 55°C to 125°C. The 
SN7440, SN74LS40, and SN74S40 are 
characterized for operation from 0 °C to 70 °C. 

FUNCTION TABLE (each gate) 

INPUTS OUTPUT 

Y A 	BCD 

X
 X

 X
 

2
 X

 X
 

2
 X

 
X

 
X

  

_
J
 X

 X
 X

 

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std. 91 - 1984 and 
IEC Publication 617 - 12. 

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

SN5440 	J PACKAGE 
SN54LS40, SN54S40 	J OR W PACKAGE 

SN7440 . . N PACKAGE 
SN74LS40, SN74S40 ... D OR N PACKAGE 

(TOP VIEWI 

IA 

113 

NC 
1C 

1D 

1Y 

GND 

SN5440 	W PACKAGE 

(TOP VIEWI 

1A 

1Y 

NC 

VCC 
NC 

2A 

2B 

10 

1C 

1B 

GND 

2Y 

2D 

2C 

SN54LS40, SN54S40 	FK PACKAGE 

(TOP VIEW) 

tt < U U 0 
Z > N 

L-11__I L-1 

3 2 1 20 19 

NC 4 	 18 2C 

NC 5 	 17  NC 

1C 6 	 16 NC 

NC 7 	 15 NC 

1D 8 	 14 2B 

9 10 11 12 13 
1-11-nr-Irnrn  
>- I0 U >- < 
'- ZZN 

NC - No internal connection 

logic diagram 

1A 
10 	 
1C 	 
10 

SN5440, SN54LS40, SN54S40, 
SN7440, SN74LS40, SN74S40 

DUAL 4-INPUT POSITIVE-NAND BUFFERS 
APRIL 1985-REVISED MARCH 1988 

1A 

1B 

1C 

1D 

2A 

28 

2C 

2D 

2Y 

VCC 
2D 

2C 
NC 

2B 

2A 

2Y 

T
T

L
 D

e
v

ic
es

  

1Y 

2Y 

2A 
28 	 
2C 	 
2D 

positive logic 

Y=A•B•C•DorY=.7■ +1+E+ E 
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SN5440, SN54LS40, SN54S40, 
SN7440, SN74LS40, SN74S40 
DUAL 4-INPUT POSITIVE-NAND BUFFERS 

schematics (each gate) 

'40 'LS40 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '40, 'S40 	  5.5 V 

'LS40 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

TEXAS 
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SN5440, SN7440 
DUAL 4-INPUT POSITIVE-NAND BUFFERS 

recommended operating conditions 
SN5440 SN7440 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VII.{ High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

IcH High-level output current — 1.2 — 1.2 mA 

IOL Low-level output current 48 48 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 
SN5440 SN7440 

UNIT 
MIN TVA* MAX MIN TYPt MAX 

VIK Vcc = MIN, II = —12 mA — 1,5 —1.5 V 

VOH VCC = MIN, Vit_ = 0.8 V, IcH = — 1.2 mA 2.4 3.3 2.4 3.3 V 

Vol_ Vcc = MIN, ViH = 2 V, lot. = 48 mA 0.2 0.4 0.2 0.4 V 

II Vcc = MAX, V1= 5.5 V 1 1 mA 

IIH Vcc = MAX, V1= 2.4 V 40 40 AA 

'IL Vcc = MAX, Vi = 0.4 V —1.6 —1.6 mA 

105§ Vcc = MAX —20 — 70 —18 —70 mA 

CCH VCC = MAX, V1 = 0 4 8 4 8 mA 

ICCL Vcc = MAX, V1= 4.5 V 17 27 17 27 mA 

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

All typical values are at VCC = 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 100 milliseconds. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any Y RL = 133 S2, 	 CL = 15 pF 

13 	22 ns 

tPHL 8 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS40, SN74LS40 
DUAL 4-INPUT POSITIVE-NAND BUFFERS 

S
a3

IA
9
a
  1

1
1
  

recommended operating conditions 
SN54 LS40 SN74LS40 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V I L Low-level input voltage 0.7 08 V 

10H High-level output current - 1.2 - 1.2 mA 

IOL Low-level output current 12 24 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 1.  
SN54LS40 SN74LS40 

UNIT 
MIN TYP t MAX MIN TYPO MAX 

VIK VCC = MIN, II = -18 mA - 1.5 - 1.5 V 

VOH VCC = MIN, VI L = MAX, loH .-- -1.2 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC - MIN ,  VIH = 2 V, Ica. = 12 mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, VIN =-- 2 V, Ica.  - 24 mA 0.35 0.5 

li VCC = MAX, VI = 7 V 

1 1H 

 0.1 0.1 mA 

VCC = MAX, VI = 2.7 V 20 20 pA 

'IL VCC = MAX, VI= 0.4 V -0.4 -0.4 mA 

1 0S§ VCC = MAX -30 -130 -30 -130 mA 

1 CCH VCC - MAX, VI = 0 0.45 1 0.45 1 mA 

1CCL Vcc = MAX, VI - 4.5 V 3 6 3 6 mA 

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

All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH Any Y RL = 667 St, 	 CL = 45 pF 
12 	24 ns 

tPHL 12 	24 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 
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SN54S40, SN74S40 
DUAL 4-INPUT POSITIVE-NAND BUFFERS 

recommended operating conditions 

NUM NuM 
UNIT 

MIN MAX MIN MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

loH High-level output current — 3 — 3 mA 

IOC Low-level output current 60 60 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 I 
SN54S40 SN74S40 

UNIT 
MIN TYP I MAX MIN TYPE.  MAX 

VIK VCC = MIN, I 1 = —18 mA — 1.2 —1.2 V 

VOH VCC = MIN, VII_ = 0.8 V, Imi = —3 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, Ic_ = 60 mA 0.5 0.5 V 

VCC = MAX, V1= 5.5 V II 

 

1 1 mA 

I IH Vcc = MAX, V1 = 2.7 V 0.1 0.1 mA 

'IL VCC = MAX, Vi= 0.5 V —4 —4 mA 

'OS§ VCC = MAX —50 —225 —50 — 225 mA 

1 CCH VCC = MAX, Vi = 0 10 18 10 18 mA 

ICCL VCC = MAX, V1= 4.5 V 25 44 25 44 mA 

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

t All typical values are at VCC = 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 100 milliseconds. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 

Any Y 

RL = 93 SI, 	 CL = 50 pF 
4 	6.5 ns 

tPHL 4 	6.5 ns 

5 PLH 
RL= 93 SI, 	 CL = 150 pF 

6 ns 

tPHL 6 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 
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SN5442A, SN54LS42 	J OR W PACKAGE 
SN7442A 	N PACKAGE 

SN74LS42 . D OR N PACKAGE 

ITOP VIEW) 

1 

2 

3 

4 

5 

6 

GND 

VCC 
A 

B 

C 

D 

9 

8 

SN54LS42 	FK PACKAGE 

(TOP VIEW) 

U U 
o Z > < 

uuuuu  
3 2 1 20 19 

	

2 4 	 18 B 

	

3 5 	 17 C 

	

NC 6 	 16 NC 

	

4 7 	 15 D 

	

5 8 	 14 9 

9 10 11 12 13 
I-1 flnnn  

CD 0 U N co 
Z Z 

NC - No internal connection 

T
T

L
 D

e
v

ic
e

s  

SN5442A, SN54LS42, SN74442A, SN74LS42 
4-LINE BCD TO 10-LINE DECIMAL DECODERS 

MARCH 1974 REVISED MARCH 1988 

• All Outputs Are High for Invalid Input 
Conditions 

• Also for Application as 

4-Line-to-16-Line Decoders 

3-Line-to-8-Line Decoders 

• Diode-Clamped Inputs 

TYPICAL 	TYPICAL 

TYPES 	POWER 	PROPAGATION 

DISSIPATION 	DELAYS 

'42A 	140 mW 	 1 / ns 

'LS42 	35 mW 	 17 ris 

description 

These monolithic BCD-to-decimal decoders 

consist of eight inverters and ten four-input 
NAND gates. The inverters are connected in 

pairs to make BCD input data available for 

decoding by the NAND gates. Full decoding of 
valid input logic ensures that all outputs remain 

off for all invalid input conditions. 

The '42A and 'LS42 feature inputs and outputs 
that are compatible for use with most TTL and 

other saturated low-level logic circuits. DC noise 

margins are typically one volt. 

The SN5442A and SN54LS42 are characterized 
for operation over the full military temperature 

range of — 55 °C to 125°C. The SN7442A and 

SN74LS42 are characterized for operation from 
0 °C to 70 °C. 

PRODUCTION DATA documents contain information 
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. 

TEXAS 
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I This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 

INPUT A 

OUTPUT 0 

OUTPUT I 

INPUT 8 

INPUT C • 

1S1 

INPUT 13 

OUTPUTS 

OUTPUT 

SO
3I

n
e
a
  
1
1

1
  

SN5442A, SN54LS42, SN7442A, SN74LS42 
4•LINE BCD TO 10•LINE DECIMAL DECODERS 

logic symbol t 

Pin numbers shown are lot D, J, N, and W packages 
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schematics of inputs and outputs 

'42A 'LS42 

VCC 

INPUT 

TYPICAL OF 

ALL OUTPUTS 

130 U NOM 

'42A 

EQUIVALENT OF 

EACH INPUT 

'LS42 

EQUIVALENT OF 

EACH INPUT 

vcc 
ec{— 17 Vt NOM 

INPUT id 

2 
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SN5442A, SN54LS42, SN7442A, SN74LS42 
4-LINE BCD TO 10-LINE DECIMAL DECODERS 

4 TEXAS 
INSTRUMENTS 
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SN5442A, SN54LS42, SN7442A, SN74LS42 
4-LINE BCD TO 10-LINE DECIMAL DECODERS 
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FUNCTION TABLE 

NO. 
BCD INPUT DECIMAL OUTPUT 

D C B A 0 1 2 3 4 5 6 7 8 9 

L 

L 

L 

L 
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HL 
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HHHHHL 
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H 

H 

H 

H 

H 

H = high level, L = low level 

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

Supply voltage, VCC  (see Note 1) 	  7 V 

Input voltage: '42A 	  5.5 V 

'LS42 	  7 V 

Operating free-air temperature range: SN5442A, SN54LS42 	  —55°C to 125°C 

SN7442A, SN74LS42 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5442A, SN7442A 
4-LINE BCD TO 10-LINE DECIMAL DECODERS 

recommended operating conditions 

SN5442A SN7442A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH - BOO - 800 pA 

Low-level output current, I oL 16 16 mA 

Operating free-air temperature, TA -55 125 0 70 ''C 

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

PARAMETER TEST CONDITIONSI:  
SN5442A SN7442A 

UNIT 

. MIN TYPi: MAX MIN TYP 1 1  MAX 

VIH High-level input voltage 2 2 V 

viL Low-level input voltage 0.8 0.8 

>
>

  
>

 

V if< Input clamp voltage VCC = MIN, 11 = -12 mA - 1.5 -1.5 

VOH High-level output voltage 
VCC =MIN, 

ViL = 0.8 V, 

VIII = 2 V, 

10H = -800 pA 
2.4 3.4 2.4 3.4 

Vol_ Low-level output voltage 
Vcc = MIN, 

ViL = 0.8 V, 

VIH = 2 V, 

101_ = 16 mA 
02 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

11H High-level input current VCC = MAX, V1 = 2.4 V 40 40 yA 

ill Low level input current VCC = MAX, Vi= 0.4 V -1.6 -1.6 mA 

los Short-circuit output current ls' VCC = MAX -20 -55 -18 -55 mA 

ICC Supply current VCC = MAX, See Note 2 28 41 28 56 mA 

I For conditions shown as MIN or MAX, use the appropriate values spec ed under recommended operating conditions. 

typical values are at VCC - 5 V, TA = 25 . C. 

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

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

switching characteristics, VCC = 5 V, TA = 25' C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tPHL 
Propagation delay time, high-to-low-level 

output from A, B, C, or 0 through 2 levels of logic 
ns  

CL = 15 pF, 

R L = 400 St, 

See Note 3 

14 25 

tPHL 
Propagation delay time, high-to-low-level 

output from A, B, C, or D through 3 levels of logic 
17 30 ns 

MLH 
Propagation delay time, low-to-high-level 

output from A, B, C, and D through 2 levels of logic 
10 25 ns 

1PLH 
Propagation delay time, low-to-high-level 

output from A, B, C, and D through 3 levels of logic 
17 30 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS42, SN74LS42 
4-LINE BCD TO 10-LINE DECIMAL DECODERS 

recommended operating conditions 

_ 

MIN 

.....11 '.:2 

:. ■ 0'4 

'.117:1 '0:2 

N um 
— 

m a 

a-413 

UNIT 
MAX MINI 

Supply voltage, VCC 4.5 u 5.5 4.75 5 V 

High-level output current, loH —400 —400 AA 

Low-level output current, lot_ 4 8 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 
• . 

MIN 

• l 342 .'• 11 

I Trq 

.12 
UNIT 

I 	trI ,  MAX MIN MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = 	• 	• li = —18 mA —1.5 —1.5 V 

Vol.{ High-level output voltage 
VCC ° • 	•• 	VIII = 2 V, 

v iL  = VII_ max, loH = —400 ).LA 
2.5 3.5 2.7 3.5 V 

VOL Low-level output voltage 
VCC = MIN, 

VIL = VIL max 

V1H = 2 V, Ica.  = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 mA 

11H High-level input current VCC = MAX, VI = 2.7 V 20 20 MA 

IIL Low-level input current VCC = MAX, Vi = 0.4 V —0.4 —0.4 mA 

los Short-circuit output current§ VCC ° MAX —20 —100 —20 —100 mA 

loo Supply current VCC = MAX, See Note 2 7 13 7 13 mA 

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

TAD typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

Propagation delay time, high-to-low-level 
iPHL 

output from A, B, C, or D through 2 levels of logic 

CL = 15 pF, 

RL = 2 k52, 

See Note 3 

15 	25 ns 

Propagation delay time, high-to-low-level 
tPHL 

output from A, B, C, or D through 3 levels of logic 
20 	30 ns 

Propagation delay time, low-to-high-level 
tPLH 

output from A, B, C, and D through 2 levels of logic 
15 	25 ns 

Propagation delay time, low-to-high-level 
tPLH 

output from A, B, C, and D through 3 levels of logic 
20 	30 ns 

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

• Full Decoding of Input Logic 

• 80-mA Sink-Current Capability 

• All Outputs Are Off for Invalid 
BCD Input Conditions 

FUNCTION TABLE 

NO. 
INPUTS OUTPUTS 

DCBA 0 	1 	2 	3 	4 	5 	6 	7 	8 	9 

0
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 sr 
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H 	H 	H 	H 	H 	H 	H 	H 	H 	H 

HHHHHHHHHH 

HHHHHHH 	HI-1H 

HHHHHHHHHH 

HHHHHHHHHH 

H - high level (off), L = low level Ion) 

description 

These monolithic BCD-to-decimal decoders/drivers 

consist of eight inverters and ten four-input NAND 

gates. The inverters are connected in pairs to make BCD 

input data available for decoding by the NAND gates. 

Full decoding of valid BCD input logic ensures that all 

outputs remain off for all invalid binary input conditions. 

These decoders feature TTL inputs and high-

performance, n-p-n output transistors designed for use 

as indicator/relay drivers or as open-collector logic-

circuit drivers. Each of the high-breakdown output 

transistors 130 volts) will sink up to 80 milliamperes of 

current. Each input is one normalized Series 54/74 load. 

Inputs and outputs are entirely compatible for use with 

TTL logic circuits, and the outputs are compatible for 

interfacing with most MOS integrated circuits. Power 

dissipation is typically 215 milliwatts. 

SN5445, SN7445 
BCD-TO-DECIMAL DECODERSIDRIVERS 

SN5445 . . . J OR W PACKAGE 

SN7445 . . . N PACKAGE 

(TOP VIEW) 

logic diagram (positive logic) 

OUTPUT 0 

OUTPUT 1 

OUTPUT 2 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 

OUTPUT G 

OUTPUT 7 

OUTPUT 

OUTPUT 9 

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

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
 ily include testing of all parameters. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPil.  MAX UNIT 

VIH High-level input voltage 2 V 

V1L Low-level input voltage 0,8 V 

VIK Input clamp voltage VCC = MIN, 11= —12 mA —1.5 V 

V0100 1 On-state output voltage 
VCC = MIN, 

VII_ = 0.8 V 

VIH = 2 V, lo/ono' 80 mA 0.5 0.9 
V 

10lon) = 20 mA 0.4 

101off) Off-state output current VCC =MIN, 

VI L = 0.8 V, 

VIH = 2 V, 

Vo/ o rf) = 30 V 
250 /IA 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

I I H High-level input current VCC = MAX, Vi = 2.4 V 40 mA 

IlL Low-level input current VCC = MAX, V1 -= 0.4 V —1,6 mA 

ICC Supply current VCC = MAX, See Note 2 
SN5445 62 

 
43 

mA — 
145 43 70 

SO
D

IA
G

G
  1

1
1

  

INPUT 

EQUIVALENT OF ALL INPUTS 

VCC 

4 LIT 

TYPICAL OF ALL OUTPUTS 

OUTPUT 

1,
, 

SN5445, SN7445 
BCD-TO-DECIMAL DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 
Maximum current into any output (off-state) 	  1 mA 
Operating free-air temperature range: SN5445 Circuits  	—55° C to 125° C 

SN7445 Circuits 	  0° C to 70° C 
Storage temperature range 	 —65° C to 150° C 

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

recommended operating conditions 

:.:45 ti ' ;45 
UNIT 

MIN NuM MAX MIN NuM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

Off-state output voltage 30 30 V 

Operating free-air temperature, TA —55 125 0 70 'C 

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

TAD typical values are at VCC - 5 V, TA = 25° C. 

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

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tpLH 	Propagation delay time, low-to-high-level output 
CL = 15 pF, 	RL = 100 12, 	See Note 3 

50 ns 

,PHL 	Propagation delay time, high-to-low-level output 50 ns 

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

schematics of inputs and outputs 
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'46A, '47A, 'LS47 

feature 

'48, 'LS48 	 'LS49 
feature 	 feature 

SN54LS47, SN54LS48 	FK PACKAGE 

(TOP VIEW) 

SN5446A, SN5447A, SN54LS47, SN5448, 
SN54LS48 . . . J PACKAGE 

SN7446A, SN7447A. 

SN7448 . . . N PACKAGE 
SN74LS47, SN74LS48 	D OR N PACKAGE 

B 

C 

LT 

BI/RBO 

RBI 

A 

GND 

C  
BI 

A 

e 
GND 

SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49, 
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

MARCH 1974—REVISED MARCH 1988 

Open-Collector Outputs 	 • Internal Pull-Ups Eliminate 	• Open-Collector Outputs 
Drive Indicators Directly 	 Need for External Resistors 

• Blanking Input 
• Lamp-Test Provision 	 • Lamp-Test Provision 

• Leading/Trailing Zero 	 • Leading/Trailing Zero 
Suppression 	 Suppression 

3 2 	1 20 19 

VCC LT 4  18 g 

BI/RBO 5  7 a 

g NC 6 6 NC 

a RBI 7  15 b 

b D 8 14 c 

C 9 10 11 12 13 

d < O U 
Z Z 

0 0 
1:0 Z > ••• 

L-11—I L-1 

T
T

L
 D

ev
ic

e
s  

9 10 11 12 13 
1-7 rn 1-1n  

510 'O  p  
Z z 
(0 

NC — No internal connection 

I" II•. TIOA 	ocuments contain information 
• is of 	' 	ion date. Products conform to 

terms of Texas Instruments 
standard warranty. 'Production processing does not 
necessarily include testing of ell parameters. 
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(TOP VIEW) 

SN54LS49 . FK PACKAGE 

(TOP VIEW) 

VCC U m Z 

U 

> 

3 	2 	1  20 19 

0 BI 4  18 g 
a NC 5  17 NC 
b D 6 16 a 
C NC 7 15 NC 

A 8 14 b 

SN54LS49 . . . J OR W PACKAGE 

SN74LS49 ... D OR N PACKAGE 

(TOP VIEW) 



13/ 
f 20 Q 

1121 
g 2111-  

'LS49 

logic symbolst 

46A, '47A, 'LS47 

S
03

1
A

0
a
  1

1
1
  

'48, 'LS48 

BI/580 141  

RBI (5) 

 LT 131  

DT=0 

a 20,21 0 

b 20,21 

c 20,21$ 

d 20,21$ 

e 20,21 

f 20,21Q 

g 20,21e 

A 171  

a 

b 
a 20,21 0 

b 20,21 

c 20,21Q 

d 20,210 

e 20,21 

f 20,21c> 

9 20,210 

31 
G20 131 

A 	51 1 

121 
C 

141 c  

4 

a 
20c, 	1111 

b 

c20 S> 

d 20/;,2 

e 20 j2 	/61  

11 01 

BIN/7 SEG 
1031 

SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49, 
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49 
BCD-TO-SEVEN•SEGMENT DECODERSIDRIVERS 

• All Circuit Types Feature Lamp Intensity Modulation Capability 

TYPE 

MILER OUTPUTS TYPICAL 

POWER 

DISSIPATION 

PACKAGES ACTIVE 

LEVEL 

OU" • 	: 

CONFIGURATION 

SINK 

CURRENT 

MAX 

VOLTAGE 

SN5446A 

SN5447A 

SN5448 

low 

low 

high 

open-collector 

open-collector 

2-kit pull-up 

40 mA 

40 mA 

6 4 mA 

30 V 

15 V 

5.5 V 

320 mW 

320 mW 

265 mW 

J, W 

J, W 

J,W 

SN54LS47 

SN54LS48 

SN54LS49 

low 

high 

high 

open-collector 

2-k0 pull-up 

open-collector 

12 mA 

2 mA 

4 mA 

15 V 

5.5 V 

5.5 V 

35 mW 

125 mW 

40 mW 

J, W 

J, W 

J, W 

SN7446A 

SN7447A 

SN7448 

low 

low 

high 

open-collector 

open-collector 

2-kft pull-up 

40 mA 

40 mA 

6.4 mA 

30 V 

15 V 

5.5 V 

320 mW 

320 mW 

265 mW 

J, N 

J, N 

J, N 

SN74LS47 

SN74LS48 

SN74LS49 

low 

high 

high 

open-collector 

2-kit pull-up 

open-collector 

24 mA 

6 mA 

8 mA 

15 V 

5 5 V 

5.5 V 

35 mW 

125 mW 

40 mW 

J, N 

J. N 

J, N 

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

Pin numbers shown are for D, J, N, and W packages. 
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SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49, 
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49 
BC SEVEN-SEGMENT DECODERSIDRIVERS 

description 

The '46A, '47A, and 'LS47 feature active-low outputs designed for driving, common-anode LEDs or incandescent 
indicators directly. The '48, 'LS48, and 'LS49 feature active-high of for driving lamp buffers or common-cathode 
LEDs. All of the circuits except 'LS49 have full ripple-blanking input/output controls and a lamp test input. The 'LS49 
circuit incorporates a direct blanking input. Segment identification and resultant displays a shown below. Display 
patterns for BCD input counts above 9 a unique symbols to authenticate input conditions. 

The '46A, '474, '48, 'LS47, and 'LS48 circuits incorporate automatic leading and/or tra l :  .n13e zero-blanking control 
(RBI and RBO). Lamp test (LT) of these types may be performed at any time when the I I .' :30 node is at a high level. 
All types (including the '49 and 'LS49) c an overriding blanking input (BI), whicn can be used to control the 
lamp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for use with TTL logic 
out)

The SN54246/SN74246 and '247 and the SN54LS247/SN74LS247 and 'LS248 compose the F and the 9 with 
tails and were designed to offer the designer a choice between two indicator fonts. 

1 	I 
I 	I 

   

I 	I 

  

I 
1 1_7_1 

11-1_ 

   

1 -_-_ 

  

                

0 
	

1 
	

2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 
	

15 

NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS 

SEGMENT 
IDENTIFICATION 

'48A, '47A, 'LS47 FUNCTION TABLE IT1) 

DECIMAL 

OR 

FUNCTION 

INPUTS 
ITI/RB0 7  

OUTPUTS 
NOTE 

LT RBI D C 13 A a b c d e f g 

0 L L L L ON ON ON ON ON OFF 

1 

I
 

x
 L L L H 

2
 OFF 

z
 

0
 ON OFF OFF OFF OFF 

2 L L H L ON OFF ON ON OFF ON 

3 L L H H ON ON ON OFF OFF ON 

4 L H L L OFF ON OFF OFF ON ON 

5 
I
 

x
 L H L H 

I
 ON OFF 

z
 

0
 ON OFF ON ON 

6 L H H L OFF OFF ON ON ON ON 

7 L H H H ON ON OFF OFF OFF OFF 

8 H L L L ON ON ON ON ON ON 
1 

9 H L L H ON ON ON OFF OFF ON 

10 

I
 

X
 H L H L 

I
 OFF OFF OFF ON ON OFF 

z
 

0
 

11 H L H H OFF OFF ON ON OFF OFF 

12 H H L L OFF ON OFF OFF OFF ON ON 

13 H H L H ON OFF OFF ON OFF ON ON 

14 

I
 

x
 H H H L 

I
 OFF OFF OFF ON ON ON ON 

15 H H H H OFF OFF OFF OFF OFF OFF OFF 

BI X X X X L OFF OFF OFF OFF OFF OFF OFF 

N
 
0

1
 V

 

RBI 

2
 

-
I L L L L L OFF OFF OFF OFF OFF OFF OFF 

LT X X X X H ON ON ON ON ON ON ON 

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

NOTES: 1, The blanking input (M) must be open or held at a high logic level when output functions 0 th ough 5 are desired. The 

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

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

other input. 

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs 

go off and the ripple-blanking output (R BO) goes to a low level (response condition). 

4. When the blanking input/ripple blanking output (BURBO) is open or held high and a low is applied to the lamp-test input, all 

segment outputs are on 

1.1711./R BO is wire AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO), 

IN STRUM ENTS 
TEXAS 2-177 
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SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49, 
SN7446A, '47A, '48, SN741S47, 'LS48, 'LS49 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

'48, 'LS48 

FUNCTION TABLE IT2) 

DECIMAL 

OR 
INPUTS 

Iii/RBOt 
OUTPUTS 

NOTE 
FUNCTION LT D 	C 	B 	A abccle 	f 	g 

L 	L 	L 	L 0 H 	H 	H 	H 	H 	H 	L 
1 L 	L 	L 	H L 	H 	H 	L 	L 	LL 

2 L 	L 	H 	L H 	H 	L 	H 	H 	L 	H 
3 L 	L 	H 	H H 	H 	H 	H 	L 	L 	H 
4 L 	H 	L 	L L 	H 	H 	L 	L 	H 	H 
5 L 	H 	L 	H HL 	H 	H 	L 	H 	H 

6 

I
 L 	H 	H 	L L 	L 	H 	H 	H 	H 	H 

7 L 	H 	H 	H H 	H 	H 	L 	L 	L 	L 
1 

8 H 	L 	L 	L I-I 	H 	H 	H 	H 	H 	H 
9 

I
 HL 	L 	H 

I
 H 	H 	H 	L 	L 	H 	H 

10 H 	L 	H 	L L 	L 	L 	H 	H 	L 	H 
11 H 	L 	H 	H L 	L 	H 	H 	L 	L 	H 
12 H 	Fl 	L 	L L 	H 	L 	L 	L 	H 	H 
13 H 	H 	L 	I- I HL 	L 	H 	L 	H 	H 

14 HHHL L 	L 	L 	H 	H 	H 	H 

15 H 	H 	H 	H L 	L 	L 	L 	L 	L 	L 
131 

X
 -
I X

  

X 	X 	X 	X L LL 	L 	L 	L 	L 	L 2 
RBI LL 	LL L L 	L 	L 	L 	L 	L 	L 3 
LT X 	X 	X 	X H H 	H 	H 	H 	H 	H 	H 4 

H - high level, L = low level, X = it elevant 

NOTES: 1. The blanking input (i31) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
ripple-blanking input (RBI I must be open or high, if blanking of a decimal zero is not desired 

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

other input. 

3. When ripple blanking input (RBI) and 	s A, B, C, and D are at a low level with the lamp-test input high, all segment outputs 

	

go low and the ripple-blanking output 	• 	goes to a low level (response condition). 

4, When the blanking input/ripple blanking output liTI/RBOI is open or held high and a low is applied to the lamp-test input, all 

segment outputs are high. 

I 57/R130 is odre•AND logic serving as blanking input (151) and/or ripple blanking output (RB0). 

'LS49 

FUNCTION TABLE (T3) 

DECIMAL 

OR 
INPUTS OUTPUTS 

NOTE 

FUNCTIONDCBABla bc 	de 	I 	g 

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

1 L 	L L H 

I
 L 	H 	H 	L 	L 	LL 

2 L 	L H L HHL 	H 	H 	L 	H 

3 L 	L H II H 	H 	H 	H 	L 	L 	H 

4 L 	H L L L 	H 	H 	L 	L 	H 	H 

5 L 	H L H HL 	H 	H 	L 	H 	H 

6 L 	H H L L 	L 	H 	H 	H 	H 	H 

7 L 	H H II HHHLLL 	L 
1 

8 H 	L L L H 	H 	H 	H 	H 	H 	H 

9 H 	L L H H 	H 	H 	L 	L 	H 	H 

10 H 	L H L 

I
 L 	L 	L 	H 	H 	L 	H 

11 HL H H L 	L 	H 	H 	L 	L 	H 

12 H 	H L L 

III
 'I-

 
-

7 -  
7
'  

L 	H 	L 	L 	L 	H 	H 

13 II 	H L H HI_ 	L 	H 	L 	H 	H 

14 H 	H H L L 	L 	L 	H 	H 	H 	H 

15 H 	H H Id L 	L 	L 	L 	L 	L 	L 

191 X 	X X XL L 	L 	L 	L 	L 	L 	L 2 

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

NOTES 1 The blanking input (el) must be open or held at a high logic level when output functions 0th ough 15 are desired. 

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

other input 
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SN5446A, '47A, '48, SN54LS47, 'LS48, 
SN7446A, '47A, '48, SN74LS47, 'LS48 

BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

logic diagrams (positive logic) 

113) OUTPUT 

INPUT (7)  
A 

INPUT m 
B 	 

INPUT (2) 
C 

INPUT  16) 
D 

• • 
BI/RBO 

BLANKING , 
INPUT OR /4 ' 

RIPPLE-BLANKING 
OUTPUT 

'46A, '47A, 1847 

• 

• 

(15) OUTPUT 

LT 
LAMP-TEST (3) 

 INPUT 

RBI 	(51  
RIPPLE-BLANKING 

INPUT 

(14) OUTPUT 

112)  OUTPUT 

111) OUTPUT 

(10) OUTPUT 

c>. (9) OUTPUT 

(10) OUTPUT 

191 OUTPUT 

1151 OUTPUT 

1141 OUTPUT 

'48, 'LS48 

113) OUTPUT 
a 

INPUT (7) 
A 

(12) OUTPUT 

b 

111 I OUTPUT 

BI/RBO 
BLANKING 

/ INPUT OR 
RIPPLE-BLANKING 

OUTPUT 

LT 
LAMP-TEST (3) 

INPUT 
RBI 

RIPPLE-BLANKING (5) 
 INPUT 

Pin numbers shown are for 0, J, N, and W packages. 
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• (9 ) OUTPUT 

INPUT 
B 

(1) 

INPUT (2) 

INPUT (4) 
D 

1111 OUTPUT 
a 

INPUT (5) 
A 

• 
(101 OUTPUT 

(31 
BI 

BLANKING 

INPUT 

(12) OUTPUT 

'LS49 

( 8 ) OUTPUT 
d 

(6) OUTPUT 

(131 OUTPUT 

SN54LS49, SN74LS49 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

S
0

31
A

9(
21

  
i
i
i
  

logic diagrams (continued) 

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

OUTPUT 

'48 

T
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s  '46A, '47A 

EQUIVALENT OF EACH INPUT 

EXCEPT 81/R80 

V CC 

INPUT 

SN54'/SN74'• R eg  = 6 k12 NOM 

SN541_ 1 /SN74L': R eq  = 8 k5-2 NOM 

TYPICAL OF OUTPUTS 

a THRU g 

SN5446A, '47A, '48, 
SN7446A, '47A, '48 

BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

schematics of inputs and outputs 

'46A, '47A, '48 '46A, '47A, '48 

TEXAS 
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SN54LS47, 1S48, 1S49, SN74LS47, 'LS48, 'LS49 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

schematics of inputs and outputs 

'LS47, 'LS48, 'LS49 

   

EQUIVALENT OF EACH INPUT 

EXCEPT !TURBO 

   

   

LT and RBI ('LS47, 'LS48): R eg  = 20 IcS1 NOM 
BI LS49): R eg  = 20 k S2 NOM 

A, B, C, and D: R eg  = 25 1,11 NOM 

2 

  

   

'LS47  

'LS47, 'LS48, 'LS49 

'LS48 

CD 

CD 
ti 

LS49 
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SN5446A, SN5447A, SN7446A, SN7447A 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

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

Supply voltage, VCC (see Note 1) 
Input voltage 

Current forced into any output in the off state 	  

Operating free-air temperature range: SN5446A, SN5447A 	  

SN7446A, SN7447A 	  

7V 

	 5.5 V 

1 mA 

-55° C to 125° C 

0° C to 70° C 

-65° C to 150° C Storage temperature range 

  

  

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

recommended operating conditions 

SN5446A SN5447A . 	146A SN7447A 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 

Off-state output voltage, Vc,( off) a thru g 30 15 30 15 V 

On-state output current, Ici( or,) a thru g 40 40 40 40 mA 

High-level output current, lcm M/R BO -200 -200 -200 -200 2.2A 

Low-level output current, loL 12/RBO 8 8 8 8 mA 

Operating free-air temperature, TA -55 125 -55 125 0 70 0 70 "C 

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

PARAMETER TEST CONDITIONSt MIN TNT i MAX UNIT 

VIII High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

V1K Input clamp voltage VCC = MIN, II = -12 mA -1.5 V 

VOH High-level output voltage ETURBO 
Vcc = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

Icni = -200 pA 
2.4 3.7 V 

VOL Low-level output voltage [TURBO 
VCC =MIN, 

ViL = 0.8 V, 

VIII = 2 V, 

Ica.  = 8 mA 
0.27 0.4 V 

!worn Off-state output current a thru g 
VCC = MAX, 

VIL = 0.8 V, 

VIN - 2 V, 

VOloff) = MAX 
250 1.2.4 

VO(onl On-state output voltage a thru g 
Vcc = MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

10(") = 40 mA 
0.3 0.4 V 

II Input current at maximum input voltage 
Any input 

except Eil/R BO 
VCC = MAX, VI = 5.5 V 1 mA 

IIH High-level input current 
Any input 

except Ell/R80 
VCC = MAX, V1 -- 2.4 V 40 pA 

1  IL Low-level input current 

Any input 

_ 	rl/RBO VCC = MAX, V1 = 0.4 V 
-1.6 

mA 

-4 

IOS Short-circuit output current 61/11130 VCC - MAX -4 mA 

Icc Supply current VCC -- MAX , 

 See Note 2 

_ 	• 	'. 64 85 
mA 

64 103 

For conditions shown as MIN or MAX, use the appropriate value sped( led under recommended operating conditions. 

:I All typical values are at VCC = 5 V. TA = 25C. 

NOTE 2 I c c 	medspred with all outputs open and all inputs at 4 5 V 

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

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 
to ff Turn-off time from A input 

CL = 15 pF, 

See Note 3 

RL = 120 12, 

100 
ns 

ton  Turn-on time from A input 100 

to ff Turn-off time from RBI input 100 
ns 

ton Turn-on time from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5448, SN7448 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 1)  	7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN5448  	—55°C to 125°C 

SN7448 	  0° C to 70°C 

Storage temperature range  	—65°C to 150° C 

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

recommended operating conditions 

SN5448 • t1 	.148 
UNIT 

MIN NOM MAX MIN ■,;LIM MAX 

Supply voltage, VCC 4,5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H 
a thru g —400 —400 

pA 
II 	-- 	•1 —200 —200 

Low-level output current, IOL 
a dpu y 6.4 6.4 

mA 
B1/R80 8 8 

Operating free-air temperature, TA —55 125 0 • 70 "C 

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

PARAMETER TEST CONDITIONS',  MIN TYP-I: MAX UNIT 

V1H High-level input voltage 2 V 

Vi L Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = —12 mA —1.5 V 

VOH High-level output voltage 
a thru g Vcc = MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	10H = MAX 

2.4 4.2 
V 

IT/1880 2.4 3.7 

io Output current a thru g 
VCC =MIN, 	Vo = 0,85 V, 

Input conditions as for VOH 
-1.3 —2 mA 

VOL Low-level output voltage 
VCC -MIN, 	VIH = 2 V, 

VI i_ = 0 8 V, 	lot_ = MAX 
0.27 OA V 

II Input current at maximum input voltage 
Any input 

except En/R130 
VCC = MAX, 	Vi = 5.5 V 1 mA 

111-I High-level input current 
Any input 

except ET/F1101 
VCC = MAX. Vi = 2.4 V 40 pA 

IlL Low-level input current 

Any input 

exr.nt FTI7RBO VCC = MAX, Vi = 0.4 V 
—1.6 

mA 
= 

BI —4 

IOS Short-circuit output current VCC = MAX —4 mA 

Icc Supply current VCC = MAX, 
See Note 2 

SN5448 53 76 
mA 

SN7448 53 90 

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

I All typical values are at VCC = 5 V, TA = 25- C. 

NOTE 2. Icc is measured with all outputs open and all inputs at 4.5 V 

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

'PHL 	Propagation delay time, high-to-low-level output from A input 

C1 = 15 pF, 	FIL = 1 kit 

See Note 3 

100 
ns 

tPLH 	Propagation delay time, low-to-high-level output from A input 100 

tpHL 	Propagation delay time, high-to-low-level output from RBI input 100 
ns 

tPLH 	Propagation delay time, low-to-high-level output from F1131 input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS47, SN74LS47 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Peak output current (t w  < 1 ms, duty cycle < 10%) 	  200 mA 

	

Current forced into any output in the off state   1 mA 
Operating free-air temperature range: SN54LS47  	-55° C to 125° C 

SN74LS47 	  0° C to 70 ° C 
Storage temperature range  	-65° C to 150° C 

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

recommended operating conditions 

SNR41 C47 
._ 

'.'1% 	N. V 

4., 	:., 

SN74LS47 
UNIT 

MAX MIN NOM MAX 

Supply voltage, VCC 5.5 4.75 5 5.25 V 

Off-state output voltage, Vo( off) a thru g 15 15 V 

On-state output current, !moo ) a thru g 12 24 mA 

High-level output current, I0H ET/R130 -50 -50 pA 

Low-level output current, 10L trliFT13C 1.6 3.2 mA 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSt 
SN54LS47 .'.'•1L547 

UNIT  
MIN TYP .I: MAX MIN 1 YPt MAX 

V1H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN , 	Il = -18 mA -1.5 -1.5 V 

VOH High-level output voltage I/RBO 
VCC =MIN, 	VIH = 2 V, 

VIL = VIL max, 10H = -50 AA 
2.4 4.2 2.4 4.2 V 

VOL Low-level output voltage ETORE10 

VCC = MIN, 

VIH = 2 V, 

VII_ = VII_ Man 

1 0L = 1.6 mA 0.25 0.4 0.25 0.4 
V 

IOL = 12 mA 0.35 0.5 

loioff) Off-state output current a thru g 
VCC = MAX, 	VIH = 2 V, 

VIL = VII_ Max, VO(off) = 15 V 
250 250 pA 

VOlon) On-state output voltage a thru g 

VCC = MIN, 

VIH = 2 V, 

VIL ' VIL mat 

1 01on1 ° 12 mA 0.25 0.4 0.25 0.4 
V 

loion ) = 24 mA 0.35 0.5 

11 Input current at maximum input voltage VCC = MAX, 	V1 = 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 pA 

II L Low-level input current 

Any input 

except iTURBO VCC = MAX, 	V1 = 0.4 V 
-0.4 - 0.4 

mA 

el/R80 -1.2 -1.2 

IOS 
Short-circuit 

output current 
BI /RBO VCC = MAX -0.3 -2 -0.3 -2 mA 

ICC Supply current VCC = MAX, 	See Note 2 7 13 7 13 mA 

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

*All typical values are at VCC = 5 V, TA = 25"C. 

NOTE 2. IOC is measured with all outputs open and all inputs at 4.5 V. 

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

to ff Turn-off time from A input 

CL = 15 pF, RL = 665 

See Note 3 

0, 

1 151'1 

ton Turn-on time from A input 
ns 

 - 

to ff Turn-off time fromAlril input, outputs la-fl only 100 
ns 

ton Turn-on time from FW input, outputs la-f) only 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS48, SN74LS48 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 11 
Input voltage 	  
Operating free-air temperature range: SN54LS48 	  

SN74LS48 	  

	  7V 
7V 

- 55°C to 125°C 
0° C to 70° C 

- 65° C to 150° C Storage temperature range 

  

  

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

recommended operating conditions 

SN54LS48 SN74LS48 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

a thru g -100 -100 
High-level output current, Ic..1 MA 

Eli/1350 -50 -50 

Low-level output current, loL 
a thrti a 2 6 

mA - 
1.6 3.2 

Operating free-air temperature, TA -55 125 0 70 ' C 

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

PARAMETER TEST CONDITIONSt 

. 

I t1-4. 

SN74LS48 
UNIT 

MIN MAX MIN 	TYP I ,  MAX 

VIN High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

vIK Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

VON High-level output voltage 
a thru g and 
iruFTli-o- 

Vcc = MIN, 	Vui = 2 V, 

vii_ = vn._ ma. , 1 01-1 ' MAX 
2.4 4.2 2.4 	4.2 V 

10 Output current a thru g 
Vco = MIN, 	V0= 0.85 V, 

Input conditions as for VOH 
-1.3 -2 -1.3 	-2 mA 

VOL Low-level output voltage 

a thiu ri 

Vco = MIN, 

V11-1 	2 V, 

VII_ = VII_ max 

IOL ' 2  nlA 025 04 025 04 
V 

IOC 	6  mA o 35 0.5 

ITI/RBO 
VCC - MIN, 

V11.1= 2 V, 

ViL = Va.  max 

loL = 1.6 mA 0.25 0.4 0.25 OA 
V 

ioL= 3 - 2  IrlA - 	0.35 0.5 

II 
Input current at 

maximum input voltage 

Any input 

except BI/BRA  
VCC = MAX, 	Vi = 7 V 0.1 0.1 mA 

III-I High-level input current 
Any input 

_ 
excel,' FTI 'RBO 

VCC = MAX, 

Vcc = MAX, 

V1 = 2.7 V 20 20 ;A 

1  IL Low-level input current 

Any input 

except TURBO RBO Vi = 0.4 V 
0.4 -0.4 

mA 

E11/130 -1.2 -1.2 

lOS 
Short-circuit 

output current 
131/FM-30 VCC = MAX -0.3 -2 -0.3 -2 mA 

ICC Supply current VCC = MAX, 	See Note 2 25 38 25 38 mA 

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

1 All typical values are at VCC 5 V, TA 25"C. 

NOTE 2: ICC is measured with all outputs open and all inputs at 4.5 V. 

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPHL 	Propagation delay time, high-to-low-level output from A input CL = 15 pF, RL = 4 kil, 

See Note 3 

100 
ns 

tpLi.{ 	Propagation delay time, low-to-high-level output from A input 100 

tpHL 	Propagation delay time, high-to-low-level output la-f only) from RBI input CL =-- 15 pF, FIL = 6 kit 

See Note 3 

100 
ns 

tPLH 	Propagation delay time, low-to-high-level output la-f only) from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS49, SN74LS49 
BCD-TO-SEVEN-SEGMENT-DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Current forced into any output in the off state 	  1 mA 
Operating free-air temperature range: SN54LS49  	—55 ° C to 125 ° C 

SN74LS49 	  0 ° C to 70 ° C 
Storage temperature range 	 —65° C to 150° C 

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

recommended operating conditions 

SN54LS49 SN74LS49 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, 1(31_ 4 8 mA 

Operating free-air temperature, TA --55 125 0 70 ''C 

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

PARAMETER TEST CONDITIONSt 
MIN 

.:LS49 ". :LS49 
UNIT 

I yPi MAX MIN I YP I MAX 

VIH High-level input voltage 2 2 V 

%/IL Low-level input voltage 0.7.  0.8 V 

VIK Input clamp voltage VCC = MIN, I1 = —18 mA —1.5 —1.5 V 

IOH High-level output current 
VCC = MIN, 

Vit.  = VII_ max, 

VIH = 2 V, 

V0H = 5.5 V 
250 250 MA 

VOL Low-level output voltage 

VCC " MIN, 

VIH = 2 V, 

VI L ' VI L max 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

li Input current at maximum input voltage VCC = MAX, VI = 7 V 0.1 0.1 mA 

II H High-level input current VCC = MAX, VI = 2.7 V 20 20 liA 

ilL Low-level input current VCC = MAX, VI = 0.4 V —0.4 —OA mA 

ICC Supply current VCC = MAX, See Note 2 8 15 8 15 mA 

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

I All typical values are at VCC = 5 V, TA = 25"C. 

NOTE 2: Icc is measured with all outputs open and all inputs at 4.5 V. 

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPHL 	Propagation delay time, high-to-low-level output from A input CL = 15 pF, RL = 4 kO, 

See Note 3 

100 
ns 

tpLH 	Propagation delay time, low-to-high-level output from A input 100 

tpHL 	Propagation delay time, high-to-low-level output la-f only) from RBI input CL = 15 pF, RL = 6 kit 

See Note 3 

100 
ns 

IPLH 	Propagation delay time, low-to-high-level output la-f only) from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5450, SN7450 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES (ONE GATE EXPANDABLE) 

DECEMBER 	RE) 	MARCH 1988 

• 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 

Reliability 

Package Options Include Plastic and 

description 

These devices contain two independent 2-wide 
2-input AND-OR-INVERT gates with one gate 

expandable. They  perform the Boolean function 
Y = AB + CD with X and X left open. 

The SN5450 is characterized for operation over 
the full military temperature range of — 55 °C to 

125 °C. The SN7450 is characterized for 
operation from 0 °C to 70°C. 

logic symbol t 

(1) 
1A 1 

1B 
(1 3) 

(9) \ (8) y  

110) 
10 

(11) 
lx 

1% 
(12) 

2A 
(2) 

13) (6) 
2Y 2B 

(4) 
2C 

2D 
15) 

positive logic: Y = AB + CD 
(with X and % open) 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for J and N packages. 

SN5450 	J PACKAGE 

SN7450 . . . N PACKAGE 

(TOP VIEW) 

lA  111 IP• 14—  Vcc 

2AU2 	1311B 

2B  ■ 3 	12 ■  1T( 
2C04 	1111X 

2D•5 	10  •  10 2y

■

6   

9C 1 

GND• 7   I  11  

SN5450 ... W PACKAGE 

(TOP VIEW) 

.1411D 

	

11XX :1 1  2 	1311C 

	

lAN3 	1 2.1Y 

	

Vcc•a 	t11GND 

	

1B15 	t01  2Y 

	

2AUs 	9  •  2D 

	

2BUt 	812C 

logic diagram (positive log c) 

1X 1X 

1A 

16 

1C 

1D 

2A 

2B 

2C 

2D 

T
T
L

 D
ev

ic
e

s  

1Y 

2Y 

PRODUCTION DATA documents contain information 
currant 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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SN5450, SN7450 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES (ONE GATE EXPANDABLE) 

schematic leach AND - OR - INVERT gate) 

Resistor values shown are nominal. 

If expander is not used, leave X and X ooen, 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN5450 	  —55°C to 125°C 

SN7450 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDI TIONSt 
SN5450 SN7450 

 UNIT - 
%II'. 	TYP t 	MAX .'". TYPt MAX 

VIK VCC = MIN, II= -12 mA - 1.5 -1.5 V 

VOH VCC - MIN, VII_ = 0.8 V, IOH = - 0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, 10L =16 mA 0.2 0.4 0.2 0.4 V 

li VCC = MAX, V1= 5,5 V 1 1 mA 

IN VCC = MAX, VIH = 2.4 V 40 40 i.IA 

'IL VCC' MAX, Vit._ = 0.4 V -1.6 -1.6 mA 

- 
VCC = MAX -20 -55 -18 -55 mA 

VCC = MAX, V1= 0 V 4 8 4 8 mA 

......., VCC = MAX, See Note 2 7.4 14 7.4 14 mA 

IR1 VRx -= 0.4 V, lot_ = 16 mA -2.9 -3.1 mA 

VE3E(C91 
lx + IR = 0.41 mA, RRx -- 0, 10L= 16 mA 1.1 

V 
Ix + IR = 0.62 mA, RRx = 0, • IOC-16  mA 

1 

V OH S  
IX= 0.15 mA, IR = - 0.15 mA, loH = -0.4 mA 2.4 3.4 

V  
Ix = 0.27 mA, IX= - 0.27 mA, loH = -0.4 mA 2.4 3.4 

V OLI 
lx + IR = 0.3 mA, RRx = 138 0, ID_ = 16 mA 0.2 0.4 

V 
Ix + IR= 0.43 mA, Rk-x = 130 2, 10L= 16 mA 0.2 0.4 

2 
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SN5450, SN7450 
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES (ONE GATE EXPANDABLE) 

recommended operating conditions 

SN5450 SN7450 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VI H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.8 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL 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) 

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

I All typical values are at VCC = 5 V, TA = 25 ° C. 

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

Using expander inputs, VCC = MIN, TA = MIN, except typical values. 

NOTE 2: All inputs of one AND gate at 4.5 V, all others at ONO. 

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

PARAMETER 
FROM 

(IN PUT ) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1PLH 
Any sr 

RL = 400 0, 
CL = 15 pF 

Expander pins open 

13 	22 ns 
tPHL 

8 	15  ns 

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

2A 

2B 

2C 

2D 

2Y 

GND 

■ 1 • 14 ■ VCC 
■ 2 	131 1C 
■ 3 	12 ■ 1B 
14 	11 ■ 1F 
05 	101 1E 

16 	91 10 

• 7 	80 1Y 

1A 
1B 

10 
1E 
1F 

2A 

2B 

2C 

2D 

1Y 

2Y 

SN5451, SN54LS51, SN54S51, 
SN7451, SN74LS51, SN74S51 

AND-OR-INVERT GATES 
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 
Reliability 

description 

The '51 and 'S51 contain two independent 2 -wide 

2 - input AND -OR - INVERT dates. They perform the 

Boolean function Y = AB + CD. 

The 'LS51 contains one 2-wide 3-input and one 

2-wide 2-input AND-OR-INVERT gates. They perform the 

Boolean functions 1Y = (1A• 1B• 1C) + (1D.1E• 1F) 

and 2Y = (2A- 213) + (2C•20). 

The SN5451, SN54LS51, and SN54S51 are 

characterized for operation over the full military 

temperature range of —55 °C to 125°C. The SN7451, 

SN74LS51 and SN74S51 are characterized for operation 
from 0 °C to 70°C 

logic diagrams 
'51. 'S51 

1A 

18 

1Y 

1C 

2A 

2B 

2V 

2C 

2D 

SN5451 . J PACKAGE 

SN54S51 . J OR W PACKAGE 

SN7451 . N PACKAGE 

SN74S51 ... D OR N PACKAGE 

(TOP VIEW) 

SN5451 ...W PACKAGE 

(TOP VIEW) 

NU 	 10 
NU 	 1C 
1A 	 1Y 

VCC 	 GND 
1B ■ 2Y 
2A  15 	9 1  2D 
28 	 2C 

SN54LS51 . . . J OR W PACKAGE 
SN74LS51 	D OR N PACKAGE 

(TOP VIEW) 

NC- No internal connection 

NU - Make no external connection 

1A 

2A 

28 

2C 

2D 

2Y 

GND 

VCC 
1B 

NU 

NU 

10 

1C 

1Y 

PRODUCTION DATA documents contain information 
currant 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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SN5451, SN54LS51, SN54S51, 
SN7451, SN74LS51, SN74S51 
AND-OR-INVERT GATES 

s
e

3
v
te

a
  1

1
1

  

SN54S51 FK PACKAGE 

(TOP VIEW) 

< < 	C.) CO 
Z 

SN54LS51 FK PACKAGE 

(TOP VIEW) 

< < 	(-) C.) 
NZ > 

L—I L.-111-11_21J 
3 	2 	1 	20 19 3 	2 1 20 19 

2B 4  18 NU 2B 4 18 10 

NC 5  17  NC NC 5 17 NC 
2C 6 16  NU 2C 6 16 1F 

NC 7  15  NC NC 7  15  NC 
2D 8 14 1D 2D 8 14 16 

9 
f--1 

10 	11 12 13 9 	10 11 12 13 

›-f=1 
Z •— Z Z •— 
(.7 

NC - No internal connection 

NU - Make no external connection 

logic symbols t 

11/ 

'51, 'S51 

11) 
IA 

'LS51 

8, IA 
13/ 

1B 
191 113 

IC IC 
1101 19) 

10 

211 

10 
121 1101 

2A 
(31 

2B 
14)  2)  

2C 
15) 

2A 
(3) 

2D 

positive 

28 

2C 	41  

logic: Y = AB + CD 	 5)  
2D 

positive logic: 

1Y = (1A• 1B• 1C)+(1D-1E• 1F) 

2Y = (2A • 2B) + (2C•2D) 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

schematics 
'51 

.1' 4  k:  

INPUTS 

 

A 

4 k  

II 	1  knit 

VCC 

130 St 

OUTPUT 

GND 
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SN5451, SN54LS51, SN54S51 
SN7451, SN74LS51, SN74S51 

AND-OR-INVERT GATES 

schematics 

'LS51 

'S51 

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

Supply voltage, VCC (See Note 1): '51, 'LS51, 'S51 	  7 V 
Input voltage: '51, 'S51 	  5.5 V 

'LS51 
	

7 V 
Operating free-air temperature range. SN54' 	 —55"C to 125°C 

SN74." 
	

0°C to 70°C 
Storage temperature range 	 65"C to 150°C 

NOTE 1i Voltage values are with respect to network ground terminal. 
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SN5451, SN7451 
AND-OR-INVERT GATES 

recommended operating conditions 

SN5451 SN7451 
UNIT 

MIN NOM MAX ' MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

10H High-level output current — 0.4 — 0.4 mA 

IOL 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 
SN5451 SN7451 

UNIT 
MIN 	TYP # MAX MIN 	TYP $ MAX 

VIK Vcc= MIN, 11= —12 mA — 1.5 —1.5 V 

VOH Vcc = MIN, VII_ = 0.8 V, 101-1 = —0.4 mA 2.4 3.4 2.4 3.4 V 

VOL Vcc= MIN, VIH = 2 V, lot_ = 16 mA 0.2 0.4 0.2 0.4 V 

I 1 VCC = MAX, Vi= 5.5 V 1 1 mA 

IIH VCC-MAX, V1= 2.4 V 40 40 pA 

IlL VCC = MAX, V1-- 0.4 V — 1.6 — 1.6 mA 

1 0S§ VCC = MAX —20 —55 —18 —55 mA 

ICCH Vcc = MAX, VI = 0 V 4 8 4 8 mA 

ICCL VCC = MAX, See Note 2 7.4 14 7.4 14 mA 

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

I All typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 2: All inputs of one AND gate at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

tPLH 
Any Y RL = 400 0, 	 CL= 15 pF 

13 	22 
ns 

tPHL 8 	15 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS51, SN74LS51 
AND-OR-INVERT GATES 

recommended operating conditions 

SN54LS51 SN74LS51 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current -0.4 - 0.4 mA 

10L 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 t - 
MIN ) 	11 	.). 

SN74LS51 
UNIT 

MAX MIN 	TYP t MAX 

VII< VCC = MIN/ li - 18 mA -1.5 -1.5 V 

MOH Vcc = MIN, VII_ = MAX, lcm = - 0.4 mA 2.5 3.4 2.7 3.4 V 

Vo l_ 
VCC = MIN, VIN = 2 V, IOL .-- 4  mA 0.25 0.4 0.25 0.4 

V 
VCC =MIN, VIH =2 V, IOL = 8  mA 0.35 0.5 

Ii VCC = MAX, V1 = 7 V 0.1 0.1 mA 

IIH Vcc = MAX, VI =2.7 V 20 20 AA, 

'IL VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

'OS§ VCC = MAX -20 -100 -20 -100 mA 

ICCH Vcc = MAX, VI = 0 V 0.8 1.6 0.8 1.6 mA 

ICCL VCC = MAX, See Note 2 1.4 2.8 1.4 2.8 mA 

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

All typical values are at VCC = 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. 

NOTE 2: All inputs of one AND gate at 4.5 V, a II others at GN D. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TVP 	MAX UNIT 

tPLH 
Any Y RL = 2 kn, 	e l_ = 15 pF 

12 	20 ns 

tPHL 12.5 	20 ns 

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

INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

2-197 TEXAS AP 



S
8

31
/t
e

a
  
1
1

1
  

SN54S51, SN74S51 
AND-OR-INVERT GATES 

recommended operating conditions 

SN54S51 SN7.1' ••I 
UNIT 

MIN NOM MAX MIN NUM MAX 

VCC Supply voltage 4.5 5 55 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

10H High-level output current — 1 — 1 mA 

10L 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 t 
SN54S51 SN74S51 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VIK VCC = MIN ,  II ' — 18 mA —1.2 —1.2 V 

VOH VCC = MIN, VII_ = 0.8 V, 101.1 = — 1 mA 2.5 3.4 2.7 3A V 

VOL VCC = MIN, VIH = 2 V, Im = 20 mA 05 0.5 V 

II Vcc = MAX, VI = 5.5 V 1 1 mA 

11H Vcc = MAX, VI = 2.7 V 50 50 gA 

I IL Vcc = MAX, VI = 0.5 V — 2 —2 mA 

IOS§ VCC' MAX —40 —100 —40 —100 mA 

ICCH VCC = MAX, VI = 0 V 8.2 175 82 17.8 mA 

ICCL VCC = MAX, See Note 2 13.6 22 13.6 22 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S All typical values are at VCC = 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. 
NOTE 2: All inputs of one AND gate at 4.5 V, all others at GN D. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 

Any Y 

RL = 280 St, 	 CI_ = 15 pF 
3.5 	5.5 ns 

tPHL 3.5 	5.5 ns 

tPLH 
RL = 280 ft, 	 CL = 50 pF 5 ns 

tPHL 5.5 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5453, SN7453 
EXPANDABLE 4-WIDE AND-OR-INVERT GATES 

DECEMBER 1983—REVISED MARCH 1988 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices are expandable 4-wide AND-OR- 
INVERT gates.  They perform the Boolean  
function Y = AB+ CD + EF +GH + X with 
X = output of SN5460/SN7460. 

The SN5453 is characterized for operation over 
the full military temperature range of — 55 °C to 
125 °C. The SN7453 is characterized for 
operation from 0 °C to 70 °C. 

logic symbol t 

(1) 
>1 A 

(13) 
B 

( 	 ) 
C 

131 

G 	(9)  
(101 

H 
x 	(111 

(12)  

positive logic: Y = AB+CD+EF+GH+X 
X 	output of SN5460/SN7460 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for J and N packages. 

logic diagram (positive logic) 

SN5453 . . . J PACKAGE 
SN7453 . . N PACKAGE 

(TOP VIEW) 

• • A•  1  _  14 ■ VCC 

	

CO2 	1318 

	

D•3 	121115i 

	

E•4 	t tlX 

	

F•5 	tOIH 

	

NCU6 	916 

	

GNDU7 	alY 

SN5453 W PACKAGE 

(TOP VIEW) 

X•1  IP  141H 

	

X02 	12•G 

	

A•3 	121y 

	

VcCO4 	iiIGND 

	

B115 	io•NC 

	

C116 	90F 

	

NI  7 	SUE 

schematic 

4 kit 

INPUTS 	)14 
A 
B 	 

aks/ 

dr 
I 

4 kIt 
T

T
L

 D
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v
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	  VCC 

1(31 	13011 

OUTPUT 

V 

GND 

Resistor values shown are nominal. 
If expander is not used, leave X and X open. 

y  

PRODUCTION : 4 - 4 documents contain information 
current as oft sloe date. Products conform to 
specifications pc. :50 terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

2-199 



SN5453, SN7453 
EXPANDABLE 4-WIDE AND-OR INVERT GATES 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 11     7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN5453 	  -55°C to 125°C 

SN7453 	  0°C to 70°C 
Storage temperature range 	  -65°C to 150°C 

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

recommended operating conditions 

SN5453 SN7453 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIR High-level input voltage 	. 2 2 V 

VIL  Low-level input voltage 0.8 0.8 V 

IOH High-level output current -0.4 -0.4 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 CONDITIONSt 
SN5453 SN7453 

UNIT 
MIN TYPI MAX MIN TVPt MAX 

VIK VCC ' MIN, 11=-12mA -1.5 -1.5 V 

VOH VCC = MIN, V1L= 0.8 V, 10H= - 0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN ,  VI H = 2 V, 10L = 16 mA 02 0.4 02 0.4 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

1 1H VCC = MAX ,  VIH = 2.4 V 40 40 5A 

Ill. VCC = MAX, VII_ = 0.4 V -1.6 -1.6 mA 

los§ VCC = MAX - 20 - 55 - 18 - 55 mA 

1 CCH VCC = MAX, Vi= 0 V 4 8 4 8 mA 

ICCL VCC = MAX, See Note 2 5.1 9.5 5.1 9.5 mA 

IV V-510( = 0.4 V, IOL = 16 mA -2.9 -3.1 mA 

VBE1311 
IX+ 1 5Z = 0.41 mA RRx = 0, loL = 16 mA 1.1 

V 
i x+ri = 0.62 mA, R7x = 0, 101_ = 16 mA 

1 
 

Ix= 0.15 mA, Ir< = - 0.15 mA, 
V OH 1 1  

101.1= - 0.4 mA 2.4 3.4 V 
  

l x  = 0.27 mA, IT< = - 0.27 mA, 10H= -0.4 mA 2.4 3.4 

V 	I OL 
lx+17 = 0.3 mA, R 1gx = 138 0, 101_ = 16 mA 0.2 0.4 

V  
i x +17= 0.43 mA, R5Zx = 130 0, 10L = 16 mA 0.2 0.4 

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

I Using expander inputs, VCC = MIN, TA = MIN, except typical values. 

NOTE 2: All inputs of one AND gate at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tp LH 
Any Y RL = 400 SE, 	CL= 15 pF /7  

13 	22 ns 

tPHL 8 	15 ns 

# Expander pins open. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5454, SN54LS54, SN7454, SN74LS54 
4-WIDE AND-OR-INVERT GATES 

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 

Reliability 

description 

These devices contain 4-wide AND-OR-INVERT gates. 

They perform the following Boolean functions: 

'54 Y = AB + CD + EF + GH 

LS54 Y = AB + CDE + FGH + IJ 

The SN5454 and SN54LS54 are characterized for 

operation over the full military temperature range of 

- 55 ° C to 125°C. The SN7454 and SN74LS54 are 

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

logic diagrams (positive logic) 

'54 

'LS54  

SN5454 . . . J PACKAGE 

SN7454. . . N PACKAGE 

(TOP VIEW) 

VCC 
CU2 	131B 
D  13 	121  NU 
Eli 	NU 

NC Ut 	tUG  
GND 

SN5454 . . W PACKAGE 

(TOP VIEW) 

	

NU  •  l 	las 1-1 

	

NU  ■ 2 	13 ■  G 

	

Aga  	121 y 

	

VCC  MI  4 	HI  GND 

	

B  M5 	log  NC 

	

C  ■ 5 	gI  F 

	

Dl, 	SU E 

SN54LS54... J OR W PACKAGE 

SN74LS54 . D OR N PACKAGE 

(TOP VIEW) 

A  •  1  IPII  VCC . cc 

	

817 	1311  J 

	

C  •3 	1211 

	

D 4 	11g H 

	

E  ■ 5 	1 01 G 

Y 6 	9g F 

	

GND  U7 	811 NC 

SN54LS54 . FK PACKAGE 

(TOP VIEW) 

to < Z > 
(-I LI uuu  
3 2 1 20 19 

C 4 	 18 I 

NC 5 	 17 NC 

D 6 	 16 H 
NC 7 	 15 NC 

E 8 	 14 G 

9 10 11 12 13 
r--ir-nr—it---1  

(-) U LL- 
Z Z Z 
(.9 

NC - No internal connection 

NU - Make no external connection 

C 
D 

F 

H 

T
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e
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PRODUCTION DATA documents contain information 
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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SN5454, SN54LS54, SN7454, SN74LS54 
4-WIDE AND-OR-INVERT GATES 

logic symbols t 

1 

'54 

181 

(1) 
A 

'LS54 

y  

A 
B 	(13) 121 

(3) ( 2)  

131 

C 

141 
D 

14) 
E 

(51 
E 

(9) 
F ( F  

191 (10) 

1101  
H 

(11) 

(12) 

positive logic: Y = AB +CD +EF +GH (13) 

positive logic: Y = AB +CDE +FGH + IJ 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, and N package. For the SN54LS54 only, they apply also for the W package. 

schematics 

SO
3I

n
e
a
  
1
1
1
  

64  

  

'LS54 

Resistor values shown are nominal. 
The portion of the circuits within the dashed lines is repeated for each additional 2- or 3-input AND section, as shown in the logic diagram 
and logic symbols. 
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SN5454, SN7454 
4-WIDE AND-OR-INVERT GATES 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature: SN5454 	  — 55°C to 125°C 
SN7454 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

recommended operating conditions 

SN5454 SN7454 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 16 16 mA 

TA Operating free-air temperature - 55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 
 :54 SN7454 

UNIT 
MIN I 	, r'# MAX MIN TYP t MAX 

VIK VCC-MIN, II= - 12 mA - 1.5 - 1.5 V 

VOH VCC = MIN, Vit.  = 0.8 V, 10H= -0.4 mA 2.4 3.4 2.4 3.4 V 

VOL VCC' MIN, VIH = 2 V, lot_ = 16 mA 0.2 0.4 0.2 0.4 V 

VCC = MAX, V1= 5.5 V II 

 

1 1 mA 

IIH VCC = MAX, V1 =2.4 V 40 40 0./A 

IIL VCC -MAX, VI = 0 4 V - 1 6 - 1 6 rnA 

JOS§ VCC - MAX - 20 - 55 - 18 - 55 mA 

ICCH VCC = MAX, Vi = 0 V 4 8 4 8 mA 

ICCL VCC = MAX, See Note 2 5.1 9.5 5.1 9.5 mA 

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

All typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 2: All inputs of one AND gate at 4.5 V, all others at G N D. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Any Y RL = 400 ft, 	 CL= 15 pF 

13 	22 ns 

tPHL 8 	15 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS54, SN74LS54 
4-WIDE AND-OR-INVERT GATES 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

	

Input voltage     7 V 
Operating free-air temperature: SN54LS54 	  - 55 °C to 125°C 

SN74LS54 	  0°C to 70°C 
Storage temperature range 	  -65°C to 150°C 

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

recommended operating conditions 

- 
Mlfs 

.':. 1LS54 SN74LS54 
UNIT 

NuM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Vi H High-level input voltage 2 2 V 

Va..  Low-level input voltage 0.7 0.8 V 

1 0H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

TA Operating free-air temperature - 55 125 0 70 

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

PARAMETER TEST CONDITIONSt 
SN54LS54 SN74LS54 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

VIK VCC = MIN ,  II=  - 18 mA - 1.5 - 1.5 V 

VOH VCC -= MIN, VII_ = MAX, lw-i = -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, Vii..1= 2 V, 10L=4mA 0.25 0.4 0.25 0.4 

V 
VCC = MIN, Vm = 2 V, IOL' 8  mA 0.35 0.5 

Ii VCC = MAX, Vi = 7 V 0.1 0.1 mA 

II H VCC = MAX, V1= 2.7 V 20 20 pA 

'IL VCC = MAX, V1 = 0.4 V - 0.4 -0.4 mA 

los§ VCC  = MAX - 20 - 100 - 20 - 100 mA 

ICCH VCC = MAX, Vi = 0 V 0.8 1.6 0.8 1.6 mA 

ICCL VCC = MAX, See Note 2 1 2 1 2 mA 

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

;All typical values are at VCC = 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. 

NOTE 2: All inputs of one AND gate at 4.5 V, all others at GNO. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

ItPLH Any V R L = 2 kIt, 	 CL = 15 pF 
12 	20 ns 

tpHL 12.5 	20 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS55 ... J OR W PACKAGE 

SN74LS55 . . D OR N PACKAGE 

(TOP VIEW) 

A 

B 

C 

NC 

NC 

GND 

VCC 
Fl 

G 

F 

E 

NC 

Y 

(8) 	y  
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SN54LS55, SN74LS55 
2•WIDE 4-INPUT AND-OR-INVERT GATES 

DECEMBER 1983—REVISED MARCH 1988 

• Package Options Include "Small Outline" 
Packages, Ceramic Chip Carriers and Flat 
Packages, and Plastic and Ceramic DIPS 

• Dependable Texas Instruments Quality and 

Reliability 

description 

These devices contain 2-wide 4-input AND-OR-

INVERT gates. They perform the Boolean function 

Y = ABCD + EFGH. 

The SN54LS55 is characterized for operation over the 

full military temperature range of — 55 °C to 125 °C. 

The SN74LS55 is characterized for operation from 

0 °C to 70 °C. 

schematic 

logic symbolt 

SAI54LS55 . . . FK PACKAGE 

(TOP VIEW) 

(-) 
C..) 0 

m •ct Z > 
uuut_J U 
3 	2 	1 20 19 

C 4 18 G 
NC 5 17 NC 

D 6 16 F 
NC 7 15 NC 

NC 8 14 E 

9 	10 11 12 13 
r-Irn 

U 0 U >- 
ZzZ 	Z 

NC - No internal connection 

positive logic: Y = ABCD + EFGH 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

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

logic diagram 

A 

C 

E 
F 

H 

Resistor values shown are nominal. 

PRODUCTION DATA documents contain information 
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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SN54LS55, SN74LS55 
2-WIDE 4-INPUT AND-OR-INVERT GATES 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature: SN54LS55 	  -55°C to 125°C 
SN74LS55 	  0 °C to 70°C 

Storage temperature range 	  -65°C to 150 °C 

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

recommended operating conditions 

SN54LS55 SN74LS55 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

IcH High-level output current - 0.4 - 0.4 mA 

10L 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 CONDITIONSt 
SN54LS55 SN74LS55 

UNIT 
MIN TYP; MAX MIN TYP; MAX 

VII< VCC ' MIN II=  - 18 mA - 1.5 -1,5 V 

VOH VCC `•-• VI L = MAX, 101.1 = - 0.4 mA 2.5 3,4 2.7 3.4 V 

VOL 
VCC ' " ' r" VIH ° 2 V, IOL ° 4  mA 0.25 0.4 0.25 0.4 

V 
VCC` .- VIR = 2 V, 10 	= 8 mA 0.35 0.5 

I 	1 VCC = MmA, VI = 7 V 0.1 0.1 mA 

I Ill Vcc = MAX, Vi=  2.7 V 20 20 gA 

!IL VCC = MAX, Vi = 0.4 V -0.4 - 0.4 mA 

1 0S§ VCC= MAX -20 - 100 -20 -100 mA 

ICCH VCC = MAX, VI = 0 V 0.4 0.8 0.4 0.8 mA 

ICCL Vcc = MAX, See Note 2 0.7 1.3 0.7 1.3 mA 

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

T All typical values are at VCC ° 5 V. TA ° 25-° C. 
tNot more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 

NOTE 2: All outputs of one AND gate at 4.5 V, all others at GND. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

1 PLH 
Any V RL = 2 kn. 	 CL = 15 pF 

12 	20 ns 

tPHL 12.5 	20 ns 

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

QA'LS56 

QA'LS57 

GB '5 

QCa 10 

CLR-1 	  

logic symbolst 

'LS56 
	

'LS57 

A 

OB 

C 

SN54LS56, SN54LS57, SN74LS56, SN74LS57 
FREQUENCY DIVIDERS 

DECEMBER 1983—REVISED MARCH 1988 

'LS56 Performs 50 to 1 Frequency Division 
(5 to 1, 5 to 1, and 10 to 1) 

'LS57 Performs 60 to 1 Frequency Division 

(6 to 1, 5 to 1, and 10 to 1) 

Available in P or JG package (two P or JG 

Packages Fit in a Single 16-pin Socket) 

• Maximum Clock Frequency 25 MHz Typical 

SN54LS56, SN54LS57 	JG PACKAGE 

SN74LS56, SN74LS57 	JG OR P PACKAGE 

(TOP V I EW) 

QC 

QB 
CLR 

CLKA 

CLKB 

VCC 

OA 
GND 

FOR CHIP CARRIER INFORMAL ION, CONTACT THE FACTORY. 

description 

These frequency dividers are particularly useful in generating one second or one hour timing pulses from 50 Hz (European 

standard frequency) or 60 Hz (United States standard frequency). 50 to 1 frequency division is accomplished in the 'LS56 by 

connecting output QA to input CLKB. 60 to 1 frequency division in the 'LS57 is accomplished in the same way. More univer-

sal capabilities are evidenced by the 25 MHz typical f max and the almost limitless frequency division possibilities when used in 

cascade. Two 'LS56 packages may be interconnected to give frequency division of 2500 to 1, 625 to 1,100 to 1, etc. Two 

'LS57 packages can be connected to generate frequency divisions of 3600 to 1, 1800 to 1, 900 to 1 etc. 

The 'LS56 and 'LS57 frequency dividers consist of three separate counters, A, B, and C on a single monolithic substrate. 

The A counter divides by 5 to 1 in the 'LS56 and by 6 to 1 in the 'LS57. The B counter divides by 5 to 1 in both devices and is 

internally tied to the C counter which divides by 2 to 1. The resulting C counter output is 10 to 1. Both the 'LS56 and 'LS57 

feature a clear pin which is common to all three counters, A, B, and C. When the clear pin is low, the counters are enabled. 

When the clear is high, the counters are disabled and their outputs are set to a low-level. 

All three counters, A, B, and C trigger on the high-to-low transition of the clock input. All output waveforms are symmetrical 

except for the 5 to 1 outputs (A and B of the 'LS56 and B of the 'LS57). See the output waveform drawings below. 

input and output waveforms 	 logic diagram (positive logic) 

00 

CL 

A 	CLKA 

CLKB 

Oc 

* 'LS56 +5 
'LS57 	6 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

PRODI : 	1. 3 ! 	 ocuments contain information 
curves. 	: • 	on date. Products conform to 
specifications terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS56, SN54LS57, SN74LS56, SN74LS57 
FREQUENCY DIVIDERS 

s0
3
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3
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1
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schematics of inputs and outputs 

EQUIVALENT OF 

CLK INPUTS 
EQUIVALENT OF 

CLEAR INPUT 
TYPICAL OF ALL OUTPUTS 

- - t 	VCC 

120 0 NOM 

VCC 

INPUT  

9 kS2 NOM 
VCC 

INPUT 

5 k01 NOM 

IV ma 	OUTPUT 

1 Pa 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: CUR 	  7 V 

CLKA, CLKB 	 5  5 V 
Operating free-air temperature range: SN54LS' 	  -55°C to 125°C 

SN74 LS' 	  -0° C to 70°C 
Storage temperature range 	  -656C to 150° C 

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

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vit., Low-level input voltage 0.7 0.8 V 

'OH High-level output current -1 -1 mA 

IOL Low-level output current 8 16 mA 

tclock Clock frequency 0 15 0 15 MHz 

t r , tf Rise and fall time of clock 50 50 ns 

t, Pulse width of clock or clear 30 30 ns 

tsu Clear inactive state set-up time 25 25 ns 

TA Operating free-air temperature -55 125 0 70 ° C 

TEXAS 
2-208 	 INSTRUMENTS 
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SN54LS56, SN54LS57, SN74LS56, SN74LS57 
FREQUENCY DIVIDERS 

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

PARAMETER TEST CON DI TI ONSI 
SN54LS' SN74LS' 

UNIT 
MIN TYPE MAX MIN 	TYP* MAX 

VIK VCC = MIN, II = — 18 mA —1.5 —1.5 V 

Voil 
Vcc = MIN, 

VIL = MAX 

Vii.i = 2 V, 
10H = — 1 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, 

VII_ = MAX 

VIN = 2 V, 1 0L ' 8  mA 0.25 	0.4 0.25 	0.4 
V 

loL = 16 mA 0.35 	0.5 

II 
CLKA,CLKB 

VCC ' MAX 
Vi = 5.5 V 0.2 0.2 

mA 
CLR VI = 7 V 0.1 0.1 

Ilf4 
CLKA,CLKB 

Voo 	MAX, VI 	2.7 V 
80 80 

mA 
CLR 20 20 

1IL 
CLKA, -CLKB 

VCC = MAX, CLR = 0 V, 	Vi = 0.4 V 
— 3.2 — 3.2 

mA 
CLR —02 —0.2 

105E Voo = MAX, CLR = 0 V, 	Vo = 0 V —20 —100 —20 —100 mA 

ICC VCC = MAX, See Note 2 17 	30 17 	30 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
I All typical values are at VCC . ■ 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. 

NOTE 2: Icc is measured by applying 4.5 V to the CLR pin with all other inputs grounded and the outputs open. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS56 'LS57 
UNIT 

MIN TYP MAX MIN TYP MAX 

fmax CLKA CIA 

RL = 1 kit, 	CL = 30 pF 

15 25 15 25 MHz 

f  Ma% CLKB OB ,  QC 15 25 15 25 MHz 

tPLH 
CLKB QB 

8 15 8 15 ns 

tPHL 14 25 14 25 ns 

tPLHS 
CLKB QC 

18 30 18 30 ns 

tPHLI 24 35 24 35 ns 

tPLH 
CLKA 0A 

12 20 14 25 ns 

tPHL 14 25 18 30 ns 

tPHL CLR CIA 17 30 17 30 ns 

tPHL CLR QB 17 30 17 30 ns 

tPHL CLR ac 17 30 17 30 ns 

ITimes measured from CLKB to output QC are taken with output QB unloaded. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S64, SN54S65 . J OR W PACKAGE 
SN74S64, SN74S65 . . . D OR N PACKAGE 

(TOP VIEW) 

E 
F 

G 

H 

GND 

VCC 

C 
B 
K 
J 

SN54S64, SN54S65 . . . FK PACKAGE 

(TOP VIEW) 

 

 

0 
0 

Z > ca 

  

   

2 
I-1 LI LJ 

3 2 1 20 19 

F 4 	 18 C 

	

NC 5 	 1 7 NC 

G 6 	 16 B 

	

NC 7 	 1 5 NC 

H 8 	 14 K 

9 10 11 12 13 
fnr,n n  

Z Z 

T
T

L
 D

ev
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NC - No internal connection 

 

logic diagram (each device) (positive logic) 

 

A 
8 
C 

G 
H 

SN54S64, SN54S65, 
SN74S64, SN74S65 

4.2-3-2 INPUT AND-OR-INVERT GATES 
'.' 	1983 — RE 	MARCH 

• Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 

DIPs 

• Dependable Texas Instruments Quality 

and Reliability 

description 

These devices contain 4-2-3-2 input AND-OR-INVERT 

gates. They perform the Boolean function 

ABCD + EF + GHI + JK. The 'S64 has totem-pole 

outputs and the 'S65 has open-collector outputs. 

The SN54S64 and the SN54S65 are characterized for 

operation over the full military temperature range of 

— 55 °C to 125°C. The SN74S64 and the SN74S65 are 

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

logic symbols t 

(1) 
'S64 

B 
11 1) 

1121 

(131 

(21 

F 
131 ••••,_ (8) y  

141 

(51 
H 

(61 

(91 

(101 

'S65 

B 
(111 

(121 

(131 

E 
(21 

F 
(31 

Y 

G 
(41 

(51 
H 

16 1 

(91 

K  (10) 

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

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

i 4111 1  111th I1A I!. • numents contain information 
. I 	• on date. Products conform to 

0... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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2.8 kit 900 15 	 50 11 

2.8 k 

35 k 

250 cE 

500 

	OUTPUT 

	GND 
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H 

2.8 ksz 

28 kU 

K 

SN54S64, SN54S65 
SN74S64, SN74S65 
4-2-3.2 INPUT AND-OR-INVERT GATES 

schematics (each gate) 

'S64 	 'S65 

Resistor values shown are nominal and In ohms, 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Off-state output voltage, 'S65 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125° C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54S64, SN74S64 
4.2-3-2 INPUT AND-OR-INVERT GATES 

recommended operating conditions 

SN54S64 '.'1'4564 
UNIT 

MIN NOM MAX MIN NuM MAX 

VCC Supply voltage 45 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level i nput voltage 0.8 0.8 V 

10H High-level output current — 1 — 1 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 t 
SN54S64 SN74S64 

UNIT 
MIN 	TYPt MAX MIN TYPt MAX 

VIK VCC = M11\li 11= — 18 mA —1.2 —1.2 V 

VON VCC --, MIN, VIL = 0.8 V, loH = —1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, loL = 20 mA 0.5 0,5 V 

II Vcc = MAX, VI -- 5.5 V 1 1 mA 

11H Vcc = MAX, VI = 2.7 V 50 50 gA 

11L Vcc = MAX, VI = 0.5 V —2 — 2 mA 

1 0S§ VCC = MAX —40 —100 —40 — 100 mA 

1CCH Vcc = MAX, V1 =0 7 12.5 7 12.5 mA 

1 CCL VCC = MAX, Vi = 4.5 V 8.5 16 8.5 16 mA 

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

I All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

tPLH 
—■ 

An y Y 

RL -= 280 11, 	 CL = 15 pF 
3.5 5.5 ns 

tPHL 3.5 5.5 ns 

tPLH 
RL = 280 12, 	 CL - 50 pF 

5 ns 

tPHL 5.5 ns 

NOTE 2- Load circuits and voltage waveforms are shown in Section 1. 
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SN54S64, SN74S64 
4.2-3-2 INPUT AND-OR-INVERT GATES 
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recommended operating conditions 

SN54S65 SN74S65 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5,25 V 

VIN High-level input voltage 2 2 V 

V IL Low-level input voltage 0.8 0.8 V 

VON High-level output voltage 5.5 5.5 V 

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 CONDITIONSI 
SN54S65 SN74S65 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt 	MAX 

VII( VCC = MIN, II = -18 mA 1.2 1.2 V 

OH 
VCC = ..". VIL = 0.8 V, VON = 5.5 V 0.25 

mA 
VCC = ..". VIL = 0.7 V, VON = 5.5 V 0.25  

VOL VCC = r.". v5_, = 2 V, I0L = 20 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, Vi = 2.7 V 50 50 AA 

IIL VCC = MAX, V1 = 0.5 V -2 -2 mA 

ICCH VCC = MAX, Vi = 0 6 11 6 11 mA 

ICCL VCC = MAX, Vi = 4.5 V 8.5 16 8.5 16 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at VCC = 5 V, TA = 25 ° C. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

TPLH 

An y Y  

RL = 280 11, CL = 15 pF 
2 5 7.5 ns 

tPHL 2 5.5 8.5 ns 

RL = 280 S2, CL = 50 oF 
8 ns iPLI-1 

PHL 6 5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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5N54LS68, SN54LS69 . . J PACKAGE 
SN74LS68, SN74LS69 . . D OR N PACKAGE 

(TOP VIEW) 

SN54LS68, SN54LS69 . . . FK PACKAGE 

ITOP VIEW) 

CO 

	

he 	Y 

	

CO _i 	0 —J 
0  

 2 Z > •— 

uuuuu 
3 2 1 20 19 

1Qp 4 	 18 1QA 

1 CLR 5 	 17 1QC 
NC 6 	 16 NC 

2Qc 7 	 15 2QD 
NC 8 	 14 2CLR 

9 10 11 12 13 

< z U Y c0 
ZZ--Id 

o4 	(..) 
ev 

NC 	No internal connection 

'LS69 

1 CLKA 

10B 
1 QD 

1 CLR 
2QC 

NC 
2QA 
GND 

VCC 
1 CLKB 
1QA 
1QC 
2QD 
2CLR 
2QB 
2CLK 

Heavy Duty Outputs IOL Rated at 
8mA/16 mA 

Counter One of Either 'LS68 or 'LS69 Has 
Individual Clicks for the A Flip-Flop 

Direct Clear for Each 4-Bit Counter 

• Guaranteed Maximum Count Frequency is 50 
MHz for 'LS69 and 40 MHz for 'LS68 

description 

Each of the 'LS68 and 'LS69 circuits contain two four-

bit counters. The 'LS68 is a dual decade counter, while 

the 'LS69 is a dual binary counter. Counter number one 

of both the 'LS68 and 'LS69 has two clock pins. Clock 1 

is for the A flip-flop, while clock 2 is for the B, C, D flip-

flops. Counter one of the 'LS68 can perform bi-quinary 

counting. All 1QA outputs are rated with sufficient 10L 

to drive clock 2 while maintaining a full fan-out. 

All clocks trigger on the high-to-low transition of the 

clock pulse. All counters have direct overriding clear pins 

which, when low, reset OA, QB, QC,  and QD low 

regardless of the state of the clock. 

The SN54LS68 and SN54LS69 circuits are characteriz-

ed for operation over the full military temperature range 

of —55°C to 125°C. The SN74LS68 and SN74LS69 

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

logic symbols -I" 

'LS68 

SN54LS68, SN54LS69, SN74LS68, SN74LS69 
DUAL 4-BIT DECADE OR BINARY COUNTERS 

DECEMBER 1983 — REVISED MARCH 1988 
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tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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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SN54LS68, SN54LS69, SN74LS68, SN74LS69 
DUAL 4-BIT DECADE OR BINARY COUNTERS 

count sequence tables 

'LS68 DECADE COUNTER 
BCD 

 

IT SEQUENCE 

(See Note 1) 

Applies to Counters 1 & 2 

COUNT 
OUTPUT 

CID 	CIC 	0 13 	CIA 
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schematics of inputs and outputs 

'LS68 DECADE COUNTER 
131-QUINARY SEQUENCE 

(See Note 2) 

Applies to Counter 1 only 

COUNT 
OUTPUT 

GA 	CID 	CIC 	C3 
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'LS69 BINARY COUNTER 
BCD COUNT SEQUENCE 

(See Note 3) 

Applies to Counters 1 & 2 

COUNT 
OUTPUT 

CID 	GC 	GB 	CIA 
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NOTES: 1. Output 1QA is connected to 1CLK2 for BCD count. 

2. Output 1QA is connected to 1 CLK1 for bi-quinary 

count. 

3. Output 1Q A  Is connected to 1CLK2 for binary count. 

2-216 

EQUIVALENT OF CLOCK 

INPUTS 

EQUIVALENT OF CLR 

INPUTS 

TYPICAL OF ALL 

OUTPUTS 

VCC 

VCC 10 kft NOM 120 0 NOM 

INPUT 

R eq  

INPUT 411PI 

al 
i 

111 OUTPUT 

Pa INPUT 	R eq  NOM 
1CLK1, 2CLK 	4.5k S2 
1CLK2 	7,5k 2 
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SN54LS68, SN54LS69, SN74LS68, SN74LS69 
DUAL 4•BIT DECADE OR BINARY COUNTERS 

logic diagrams (positive logic) 

Pin numbers shown are for D, J, and N packages. 
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SN54LS68, SN54LS69, SN74LS68, SN74LS69 
DUAL 4-BIT DECADE OR BINARY COUNTERS 

S
03

1
A

O
G

  1
1

1
  

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

Supply voltage, VCC (see Note 4) 	  7 V 

	

Input voltage: Clear Inputs ....   7 V 

Clock inputs 	  5.5 V 

Operating free -air temperature range: SN54LS' 	  — 55° C to 125°C 
SN74 LS' 	  0° C to 70° C 

Storage temperature range 	  — 65 C to 150 C 

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

recommended operating conditions 

SN.4LS' GN'41 V 
UNIT 

MIN 	',1e.,1.1 MAX '.'II% 	rzovi MAX 

VCC Supply voltage 4.5 	a 5.6 4., a 	a 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

hpF4 High-level output current — 1 — 1 mA 

loL Low-level output current 8 16 mA 

fmax Clock frequency 

1CLK1 0 50 0 50 

MHz 
1CLK2 

'LS68 0 20 0 20 

'LS69 0 25 0 25 

2CLK 
'LS68 0 40 0 40 

'LS69 0 50 0 50 

Pulse width 

1CLK1 10 10 

ns 

1CLK2 
I 25 25 

— • 
'Lana 20 20 

2CLK 
'LS68 13 13 

'LS69 10 10 

CLEAR 	, 15 15 

t su  Clear inactive-state set-up time 25 25 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

Ito 
2-218 	 TEXAS 
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SN54LS68, SN54LS69, SN74LS68, SN74LS69 
DUAL 4•BIT DECADE OR BINARY COUNTERS 

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

PARAMETER TEST CONDITIONS? 
SN54LS' SN74LS' 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC "" MIN ,  ll '-- — 18 mA —1.5 —1.5 V 

VOH 
Vcc = MIN, 

\in_ = MAX 

VIE' = 2 V, 
10H=— 1 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC -- MIN, 

VIL= MAX 

VIH = 2 V, IOL=8mA 0.25 0.4 0.25 0.4 
V 

I0 .. = 16 mA 0.35 0.5 

11 
CLK VCC = MAX, V1 = 5.5 V 0.1 0.1 

mA 
CLR VCC = MAX, V1= 7 V 0.1 0.1 

II H 
CLK 

V00 = MAX, V1= 27 V 
40 40 

g A 
CLR 20 20 

1 IL 

1CLK1, 2CLK 

VCC = MAX, V1 = 0.4 V 

—2 —2 

mA  • —1.2 —1.2 

— Li. — 0.2 — 0.2 

100 VCC = MAX, Vo = 0 V —20 —100 —20 —100 mA 

ICC VCC = MAX, see Note 5 36 54 36 54 mA 

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

S All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, end duration of the short.circua should not exceed one second. 

NOTE 5: ICC is measured with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 6) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

I 
TEST CONDITIONS 

'LS69 
UNIT 

MAX MIN TYP MAX 

tmax 1CLK1 10A 

RL = 1 kS2, 	CL = 30 pF 

....) 70 50 70 MHz 

?max 
108, 1Qc, 

1QD 
20 30 25 35 MHz 

?max 
20A, 20B 

2Qc, 20D 
40 60 50 70 MHz 

f PLH 
1CLK1 10A 

7 11 7 11 
_. ns 

f PHL 14 21 14 21 

IPLH 

1CLK2 

106 
8 12 7 11 

f PHL 12 18 14 21 

tPLH 
10 0 

15 23 16 24 

'PHL 21 32 21 32 

)13LH 
1QD 

8 12 25 38 

'PHL 13 20 30 45 

IPLH 

2CLK 

2QA 
7 11 7 11 

ns 

, PHL 14 21 14 21 

,PLH 
20 8 

16 24 14 21 

, PHL 19 29 19 29 

'PLH 
20 0 

23 35 23 35 

, PHL 27 40 27 40 

IPLH 
20D 

16 24 32 48 

t PHL 19 29 36 54 

IPHL Any CLR Any CI 20 30 20 30 ns 

NOTE 6: Load circuits and vo tage waveforms are shown in Section 1. 
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SN5470, SN7470 
AND-GATED J-K POSITIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 
DECEMBER 1983—REVISED MARCH 1988 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These monolithic, edge-triggered J-K flip-flops feature 

gated inputs, direct clear and preset inputs, and com-

plementary Q and Q outputs. Input information is 

transferred to the outputs on the positive edge of the 

clock pulse. 

Direct-coupled clock triggering occurs at a specific 

voltage level of the clock pulse, and after the clock input 

threshold voltage has been passed, the gated inputs are 

locked out. 

These flip-flops are ideally suited for medium-to-high-

speed applications and can result in a significant saving 

in system power dissipation and package count where 

input gating is required. 

The SN5470 is characterized for operation over the full 

military temperature range of —55°C to 125°C. The 

SN7470 is characterized for operation from 0°C to 

70°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK J K Q rd 

L H L X X H L 

H L L X X L H 

L L X X X LI Lt 

H H I L L Go 00 

H H 1 H L H L 

H H I L H L H 

H H t H H TOGGLE 

H H L X X Qo Q0 

If inputs J and K are not used, they must he grounded Preset or clear 

function can occur only when the clock input is low 

1This configuration is nonstable; that is, it will not persist when preset 

and clear inputs return to their inactive (high) level. 

SN5470 . . . J PACKAGE 
SN7470 . . . N PACKAGE 

(TOP VIEW) 

NC 

CLR 

J1 

J2 

J 

GND 

SN5470 W PACKAGE 

(TOP VIEW) 

K1 

CLK 

PRE 

VCC 
CLR 

NC 

J1 

NC - No internal connection 

logic symbol t 

I This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for J and N packages only. 

positive logic 

VCC 
PRE 

CLK 

K2 

K1 

K 

K2 

K 

GND 

J 
J2 

T
T
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J = J1 ..12.11-  
K = 1<1' K2 

'I. 4 Di 	locuments contain information 
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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logic diagram (positive logic) 

J1 

J2 

K1 

K2 

K 

PRE -S CLR 

CLK 

10-GATED J-K WITH CLEAR AND PRESET 

S
8

3
I A

a
a
  1

1
1

  

VCC 

INPUT 

R 

IIL MAX 

-16 InA 

-3.2 rrIA 

NOM 
4 

kl-Z 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

VCC 

13052 NOM 

OUTPUT 

schematics of input and outputs 

SN5470, SN7470 
AND-GATED J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 
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SN5470, SN7470 
AND-GATED J•K POSITIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 

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

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage 	 5  5 V 
Operating free-air temperature: SN5470 	 — 55°C to 125°C 

SN7470 	 0°C to 70°C 
Storage temperature range 	 — 65°C to 150°C 

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

recommended operating conditions 

SN5470 SN7470 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

Imi High-level output current —0.4 —0.4 mA 

loL Low-level output current 16 16 mA 

tw  Pulse duration 

CLK high 20 20 

ns 
• 	

I 	ow 
- 	— 

30 30 

11-  CLR low 25 25 

tsu  Setup time before CLK t 20 20 ns 

th Hold time-Data after CLKI 5 5 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

tiThe arrow indicates the edge of the clock pulse used for reference: t for the rising edge, 1 for the falling edge, 

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

PARAMETER TEST CONDITIONSt 
SN5470 SN7470 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt MAX 

VII( VCC' MIN, II= —12 mA — 1.5 — 1.5 V 

VOH 
Vcc = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

10H= —0.4 mA 
2.4 3.4 2.4 3.4 V 

VOL  

Vcc 	MIN, 

VIL 	0 8 V, 

VIH = 2 V, 

loL = 16 inA 
02 04 02 0.4 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

II H 
PRE or CLR 

VCC = MAX, V1 = 2.4 V 
80 80 

gA 
All other 40 40 

'IL 
PRE or CLR1 

Vcc = MAX, V1= 0.4 V 
— 3.2 — 3.2 

mA 
All other — 1.6 — 1.6 

1 0S§ VCC = MAX —20 —57 —18 —57 mA 

ICC VCC = MAX, See Note 2 13 26 13 26 mA 

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

typical values are at VCC = 5 V, TA = 25°C. 

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

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

NOTE 2: With all outputs open, ICC is measured with the 0 and 0 outputs high in turn. At the time of measurement, the clock input 
is at 45 V. 
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SN5470, SN7470 
AND-GATED J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 

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

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tmax 

RL = 400 11, 	 CL= 15 pF 

20 	35 MHz 

tPLH 
PRE or CLR Q or (71 

50 ns 

tPHL 50 ns 

tPLH 
CLK Q or -Ci 

27 	50 ns 

tPHL 18 	50 ns 

Ifmax = maximum clock frequency; tpLH = propagation delay time, low-to-high level output; 

tpHL = propagation delay time, high-to-low level output. 

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

2-224 	 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

4 



VCC 
 PRE 

CLK 

K3 

K2 

K1 

The logical states of the J and K inputs must not be 

allowed to change when the clock pulse is in a high 

state. 

1. Isolate slave from master 	 K1 

2. Enter information from AND gate inputs to 	 CLK 

master 	 PRE 
3. Disable AND gate inputs 	 VCC 
4. Transfer information from master to slave 	 CLR 

NC 

J1 

positive logic 

J= J1 • J2 • J3 
K = K1 • K2 • K3 

t This configuration is nonstable; that is, it will not 

persist when either preset or clear returns to its 

inactive (high/ level. 

K3 

K2 

Q 

GND 

J3 

J2 

SN5472, SN7472 
AND•GATED J-K MASTER•SLAVE FLIP-FLOPS WITH PRESET AND CLEAR 

DECEMBER 1983 - REVISED MARCH 1988 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

•  Dependable Texas Instruments Quality and 
Reliability 

description 

These J-K flip-flops are based on the master-slave 

principle and each has AND gate inputs for entry into the 

master section which are controlled by the clock pulse. 

The clock pulse also regulates the state of the coupling 

transistors which connect the master and slave sections. 

The sequence of operation is as follows: 

SN5472 . . . J PACKAGE 

SN7472 . . N PACKAGE 

(TOP VIEW) 

NC 

CLR 

J1 

J2 

J3 

GND 

SN5472 . W PACKAGE 

(TOP VIEW) 

NC - No internal connection 

The SN5472, and the SN54H72 are characterized for 

operation over the full military temperature range of 

- 55°C to 125°C. The SN7472 is characterized for 

operation from 0°C to 70°C. 

FUNCTION TABLE 

__.. 

1 1.. ITS OUTPUTS 

PRE CLK J 	K CI 5 

L H X xx H L 

HL XXX L H 

L L X X X 1-1 1  Ht 

H H _FL L 	L Qo iao 

H H J—L H L H L 

H H Si L H L H 

H H J-L H H TOGGLE 

I.). 1.• flak 1)414 .)cuments contain information 
i• s of 	lion date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic symbol 

PRE (13)  

J1 131  

J2 (4)  
J3 15) 

CLIC (12)  

K1 (9)  

K2 (1°  
11 1 

K3 121 
 

CLR 

2 This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for J and N packages. 
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CLR 

J1 
J2 
J3 

PRE 

K1 
K2 
K3 

EQUIVALENT OF EACH INPUT 

VC C 

INPUT 

III_ MAX 
	

NOM 

—1.6 mA 
	

4 kS2 

—3.2 mA 
	

2 kit 

TYPICAL OF ALL OUTPUTS 

VCC 

130 E2 NOM 

OUTPUT 

SN5472, SN7472 
AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR 

logic diagram (positive logic) 
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schematics of inputs and outputs 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70° C 

Storage temperature range 	  — 65° C to 150°C 
NOTE 1: Voltage values are with respect to network ground terminal. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
SN5472 SN7472 

UNIT 
MIN 	TYPt 	MAX MIN 	TYP* 	MAX 

VIK Vcc = MIN, 11= — 12 mA —1.5 —1.5 V 

VON 
Vcc = MIN, 

1 	0.4 mA 01-1 =—  

VIH = 2 V, VIL = 0.8 V, 
2.4 3.4 2.4 3.4 V 

VOL 
Vcc = MIN, 

1 16 mA 0L =  

V1H = 2 V, VIL = 0.8 V, 
0.2 0.4 0.2 0.4 V 

li Vcc = MAX, VI = 5.5 V 1 1 mA 

IIH  

J or K 
Vcc = MAX, Vi= 2.4 V 

40 40 
HA 

All other 80 80 

111 
'T 

J or K 
Vcc = MAX, Vi= 0.4 V 

— 1.6 — 1.6 
mA 

All other — 3.2 — 3.2 

'OS§ VCC ° MAX —20 —57 —18 —57 mA 

ICC Vcc = MAX, See Note 2 10 20 10 20 mA 
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SN5472, SN7472 
AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

SN5472 1 .1—'172 
UNIT 

MIN NOM MAX MIN NuM MAX 

Vcc Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.8 0.8 V 

10H High-level output current — 0.4 — 0.4 mA 

10L Low-level output current 16 16 mA 

to, Pulse duration 

CLK high 20 20 

ns CLK low 47 47 

PRE or CLR 25 25 

t5u  Input setup time before CLK 1 0 0 ns 

th Input hold time-data after CLK 1 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

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

I All typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

grounded 

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

PARAMETER 
F ROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN TYP 	MAX UNIT 

i ma x 15 	20 MHz 

tPLH 16 	25 ns 
PRE or CLR Q or (71 

RL = 400 Si, 	 CL = 15 PE tPHL 25 	40 ns 

, PLH 16 	25 ns 
CLK Q or a 

YHL 25 	40 ns 

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

TEXAS 
INSTRUMENTS 

POST 01110[ 000 655012 • DALLAS. 1C)<AS /5265 

2-227 



2 

se
si

ne
a 

 



T
T

L
 D

e
v

ic
es

  

SN5473, SN54LS73A, SN7473, SN74LS73A 
DUAL J-K FLIP-FLOPS WITH CLEAR 

DECEMBER 1983 — REVISED MARCH 1988 

• Package Options Include Plastic "Small 

Outline" Packages, Flat Packages, and 
Plastic and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The '73, and 'H73, contain two independent 

J-K flip-flops with individual J-K, clock, and 

direct clear inputs. The '73, and 'H73, are 
positive pulse-triggered flip-flops. J-K input is 

loaded into the master while the clock is high and 

transferred to the slave on the high-to-low 

transition. For these devices the J and K inputs 
must be stable while the clock is high. 

The 'LS73A contains two independent negative-
edge-triggered flip-flops. The J and K inputs 

must be stable one setup time prior to the high-

to-low clock transition for predictable operation. 

When the clear is low, it overrides the clock and 
data inputs forcing the Q output low and the 5 
output high. 

The SN5473, SN54H73, and the SN54LS73A 

are characterized for operation over the full 

military temperature range of — 55°C to 125 °C. 

The SN7473, and the SN74LS73A are 

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

SN5473, SN54LS73A . . . J OR W PACKAGE 
SN7473 	N PACKAGE 

SN74LS73A . . . D OR N PACKAGE 

(TOP VIEW) 

1 CLK 

1 CLR 

1K 

VCC 
2CLK 

2CLK 

2J 

'73 
FUNCTION TABLE 

INPUTS OUTPUTS 

CLR CLK J K Q 	Q 

L X XX L 	H 

H _IL L L 00 	i7i0 

H _FL H L H 	L 

H .11.. L H L 	H 

H ...1-L H H TOGGLE 

'LS73A 
FUNCTION TABLE 

INPUTS OUTPUTS 

CLR CLK J K 0 0 

L X X X L H 

H i L L 00 E0  
H I HL H L 

H I L H L H 

H 1 H H TOGGLE 

H H X X Qo 	6 0  

1J 

1Q 

1Q 

GND 

2K 

2Q 

2Q 

FOR CHIP CARRIER INFORMATION, 

CONTACT THE FACTORY 

PRODUCTION DATA documents contain information 
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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1141 

1CLK 

1K 

1CLR 

2J 

2CLK 

2K 

2CLR 

'73 'LS73A 

, (141 
112) 

ICLK 

	

(11 	 1Q 

1K 
131 

1193:  2- 0 

	

ICLR 121 
	

R 	
10 

2J 	) 

2CLK -- 

2K 
Iii l 

2CLR 
2d 

- a I I P I I I 

TYPICAL OF 

ALL OUTPUTS 

!1 )?,1 

INPUr 

Vcc 

INPUT 

EQUIVALENT OF 
EACH INPUT 

EQUIVALENT OF EACH INPUT 

VU1 

1 	• 

IIL MAx 

- 	Cl 

- 0 ki 1,1A 

'73 

'LS73 

S
3

0
1.A

aa
  1

1
1
  

SN5473, SN54LS73A, SN7473, SN74LS73A 
DUAL J-K FLIP•FLOPS WITH CLEAR 

logic symbols t 

IThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12 

schematics of inputs and outputs 
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SN5473, SN54LS73A, SN7473, SN74LS73A 
DUAL J-K FLIP-FLOPS WITH CLEAR 

logic diagrams (positive logic) 

'73 

\ / 

0 

CLH 

'LS73A 

Cl K 

O 

K 

T
T

L
 D

ev
ic

es
  

K 

CLEL 

Cl K 

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

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage: '73 	  5.5 V 
'LS73A 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0° C to 70°C 

Storage temperature range 	  — 65 °C to 150°C 

NOTE 1 Voltage values are with respect to network ground terminal 
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SN5473, SN7473 
DUAL J-K FLIP-FLOPS WITH CLEAR 

recommended operating conditions 

SN5473 SN7473 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5 5 4,75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

10H High-level output can e.nt - 0.4 - 0.4 mA 

Ica, Low-level output current 16 16 mA 

t w  Preu , 	rirri,41,111 

CLK high 90 

41 

70 

C I_ I, 	Iii,,  41 

eiR low 25 25 

tsu  Input setup time before CLK I 0 0 ns 

th Input hold time data after CLK I 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) 
SN5473 SN7473 

UNIT 
MIN TYPO MAX MIN TVPt MAX 

VIK VCC - MIN, II = - 12 mA - 1.5 -1.5 V 

VOH 
VCC - MIN, VH..1 - 2 V, VII_ = 0.8 V, 

2.4 3.4 2.4 3.4 V 
1 0H — 0.4 mA 

VOL 
VCC = MIN, V131. ? V, VII 	- 08 V, 

0. 0.1 02 04 V 
10L 	13 ',IA 

li Vcc 	MAX V1 	5 5 V 1 1 111A 

.1. K 40 40 
1 1H CLR or CLK VCC - MAX. VI - 1.4 V 

80 80 
OA 

J or K - 1.6 - 1.6 

1lL CLR VCC = MAX, V1= 0.4 V -3 . 2  -3.2 mA 

CLK -3.2 -3.2 

1 06 8  VCC ' MAX - 20 - 57 - 18 - 57 mA 

ICCI VCC s  MAX: See Note 2 10 20 10 20 mA 

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

All typical values are at VCC = 5 V, TA - 25°C. 

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

I Average per flip-flop. 
NOTE 2: With all outputs open, ICE is measured with the 0 and 0 outputs high in turn. At the time of measurement, the clock input 

is grounded. 

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

PARAMETER# 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

f max 15 20 MHz 

tPLH 
CLR 

Ti 16 25 ns 

I CH I_ 0 H 400 12, 	 CL I', 	pl 25 40 

tPLH 
CLK 0 or CI 

16 25 ns 

tPHL 25 40 ns 

#fmax  = maximum clock frequency, tPLH  - propagation delay time, low-to-high-level output; tpHL - propagation delay time. high-to-

low-level output. 

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

4 
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SN54LS73A, SN74LS73A 
DUAL J-K FLIP-FLOPS WITH CLEAR 

recommended operating conditions 

• .% 

Mb., 

-I LS73A SN74LS73A 

ii.OM MAX 
UNIT- 

 MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High - level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 30 0 30 MHz 

tw  Pulse duration 
CLK high 20 20 

ns 
CLR low 25 20 

tsu Set up time-before CLK4 
data high or low 20 20 

ns 
CLR inactive 20 20 

th Hold time-data after CLK 4 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 CONDI TIONSt 
SN54LS73A SN74LS73A 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

VIK VCC = MIN, li = - 18 mA -1.5 -1.5 V 

VOH 
VCC = MIN , 

 IOH = -0.4 mA 

VH-1= 2 V, V i L = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, 

IOL = 4  mA 

VII_ = MAX, VIH = 2 V, 
0.25 	0.4 0.25 	0.4 

V 
VCC = MIN , 

 IOL = 8  mA 

VIL= MAX, VIH = 2 V, 
0.35 	0.5 

li 

J or K 

VCC - MAX, V1= 7 V 

0.1 0.1 

mA CLR 0.3 0.3 

CLK 0.4 0.4 

I IH  

J or K 

VCC = MAX, 
V 1 	2.7 V 

20 20 

pA CLR 60 60 

CLK 80 80 

IIL 
J or K 

VCC = MAX, Vi= 0.4 V 
-0.4 -0.4 

mA 
CLR or CLK -0.8 -0.8 

IOS4  VCC = MAX, See Note 4 - 20 - 100 - 20 - 100 mA 

ICC (Total) VCC = 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. 

t All typical values are at VCC = 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. 

NOTE 2: With all outputs open, Icc is measured with the Q and iiT1 outputs high in turn. At the time of measurement, the clock input is 

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 Vo = 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, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

(max 

RL=2kEt, 	 CL = 15 pF 

30 	45 MHz 

tpLH 
CLR or CLK CI or (3 

15 	20 ns 

tpHL 15 	20 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5474 	J PACKAGE 
SN54LS74A, SN54S74 	J OR W PACKAGE 

SN7474 ...N PACKAGE 
SN74LS74A, SN74S74 . . D OR N PACKAGE 

(TOP VIEW) 

1 CLR 

1D 

1CLK 

1 PRE 

10 

10 

GND 

VCC 

2CLR 

2D 

2CLK  

2PRE 

20 

2Q 

SN5474 W PACKAGE 

(TOP VIEW) 

1 CLK 

1D 

1CLR 

VCC 
2CLR 

2D 

2CLK 

1PRE 

1Q 

10 

GND 

2Q 

2Q 

2PRE 

SN54LS74A, SN54S74 	FK PACKAGE 

(TOP VIEW) 

CC 	 CC 
0_1 

0 ct  0 U 
Z > 

LJ L_J 1__I 1_J 
3 2 1 20 19 

	

1CLK 4 
	

18 2D 

	

NC 5 
	

17 NC 

	

1PRE 6 
	

16 2CLK 

	

NC 7 
	

15 NC 

	

10 8 
	

14 2PRE 

9 10 11 12 13 
I-1 I-1 I-I I-I =I  

10 0 10 0 
Z Z 

T
T

L
 D

ev
ic

e
s  

PRE 

CLR 

CLK 

1PRE (4)  

1CLK (31  

1D (2) 

 1CLR 

2PRE 

2CLK iss; 

2D 

2CLR i  

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

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

SN5474, SN54LS74A, SN54S74, 
SN7474, SN74LS74A, SN74S74 

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

Reliability 

description 

These devices contain two independent D-type 

positive-edge-triggered flip-flops. A low level at the 

preset or clear inputs sets or resets the outputs 

regardless of the levels of the other inputs. When preset 

and clear are inactive (high), data at the D input meeting 

the setup time requirements are transferred to the 

outputs on the positive-going edge of the clock pulse. 

Clock triggering occurs at a voltage level and is not 

directly related to the rise time of the clock pulse. 

Following the hold time interval, data at the D input may 

be changed without affecting the levels at the outputs 

The SN54' family is characterized for operation over the 

full military temperature range of —55 °C to 125 °C. 

The SN74' family is characterized for operation from 

0 °C to 70 °C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK D Q 	6 
L H X X 

J
 
1

 7_
 -,  

2
  1

g
  

I
 -
-
1
 I
 
I
  
-
J
 8

 

H L X X 

L L X X 

H H H 

H H r L 

H H L X 

t The output levels in this configuration are not gua anteed 

to meet the minimum levels in Vo, if the lows at preset 

and clear are near VII_ maximum. Furthermore, this con-

figuration is nonstable, that is. it will not persist when 

either preset or clear returns to its inactive (high) level. 

NC - No internal connection 

logic symbol t 
logic diagram (positive logic) 

• TIOfs 	•ocuments contain information 
• r• •• is of J Ir •ion date. Products conform to 

L._ terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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in

  

IIL MAX 

—2 16A 

—4 In A 

—6 19A 

R„ c , NOM 

22 kN. 

1 4 612 

940 12 

'S74 

VCC 

INPUT 

TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT 

( IL M A X 
 —1.6 rnA 

--3.2 ∎ 22A 

R e, NOM 

4 622 

2 612 

VC C 

OUTPUT 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

VCC 

INPUT 

VCC 

OUTPUT 

SN5474, SN7474, SN54S74, SN74S74 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

schematics of inputs and outputs 

74 
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1 kit 0 

120 

VCC 

0 

9 k57 	12001 

31 KG 

•  05  D 

GND 

SN5474, SN54LS74A, SN54S74, 
SN7474, SN74LS74A, SN74S74 

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

schematic 

'LS74A 

14 	 

18 

36 kit 

1.1  

CLR 

CLK 

PRE 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '74, 'S74 	  5.5 V 

'LS74A 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5474, SN7474 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

SN5474 SN7474 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

loH High-level output current - 0.4 - 0.4 mA 

Ica.  Low-level output current 16 16 mA 

tw  Pulse duration 

CLK high 30 30 

ns ow 37 37 

• • 	sr CLR low 30 30 

tsu  Input setup time before CLK 1 20 20 ns 

th Input hold time-data after CLK 1 5 5 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 CONDITIONSt 
SN5474 

1.11r4 

SN7474 
UNIT 

MIN 	TYPt 	MAX TYPt MAX 

VIK VCC= MIN• 11= - 12 mA -1.5 -1.5 V 

VOH 
VCC = MI NI. 

I 	0.4 mA 0H = - 

VI H = 2 V, VIL= 0.8 V, 
2.4 3.4 2.4 3.4 V 

VOL 
VCC = MK 

10L= 16 mA 

Visi = 2 V, VIL= 0.8 V, 
0.2 0.4 0.2 0.4 V 

li VCC' MAX, V1 = 5.5 V 1 1 mA 

IIN 

D 

V CC= MAX, Vi = 2.4 V 

40 40 

FA CLR 120 120 

All Other 80 80 

'IL 

D 

VCc = MAX, VI= 0.4 V 

- 1.6 - 1.6 

mA 
riiir§ -1.6 -1.6 

'1  
• 

- 
- 3.2 - 3.2 

...Li\ -3.2 -3.2 

1 0S 1  VCC = MAX -20 -57 -18 -57 mA 

ICC# VCC' MAX, See Note 2 8.5 15 8.5 15 mA 

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

,(1s11 typical values are at VCC = 5 V, TA = 25°C. 

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

1Not more than one output should be shown at a time. 

#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 charateristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

fmax 

RL = 400 51, 	 CL= 15 pF 

15 	25 MH7 

'PLR 
PRE or CUR Q or E 

25 ns 

tPHL 40 ns 

IPLH 
CLK Q or 6 

14 	25 ns 

,PHL 20 	40 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN5.:. • IA SN74LS74A 

UNIT 
MIN 1 .. 	; MAX 'MI, TYP MAX 

VIK VCC = MIN, 11=-18 mA -1.5 -1.5 V 

VOH VCC = MIN, 

10H = - 0 4 rnA 

VIH --= 2 V, VIL =MAX, 
2.5 3.4 2.7 34 V 

VOL 

VCC = MIN, 

IOL ' 4  mA 

VIL =MAX, V1H -- 2 V, 
0.25 0.4 0.25 0.4 

V 
VCC = MIN, 

1 0L = 8  mA 

VIL = MAX, Vii.i = 2 V, 
0.35 0.5 

II 
D or CLK 

VCC = MAX, Vi = 7 V 
0.1 0.1 

mA 
CLR or PRE 0.2 0.2 

IIH 
D or CLK 

VCC = MAX, Vi = 2.7 V 
20 20 

RA 
CLR or PRE 40 40 

IIL 
D or CLK 

VCC = MAX, V1 = 0.4 V 
-0.4 -0.4 

mA 
CLR or PRE -0.8 -0.8 

IDS§ VCC = MAX, See Note 4 -20 - 100 -20 - 100 mA 

ICC {Tenn VCC = MAX, See Note 2 4 8 4 8 mA 
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SN54LS74A, SN74LS74A 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

SN54LS74A SN74LS74A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VI H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

IOH High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 25 0 25 MHz 

tw  Pulse duration 
CLK high 25 25 

ns 
PRE or CLR low 25 25 

tsu  Setup time-before CLK t 
High-level data 20 20 

ns 
Low-level data 20 20 

 

th Hold time-data after CLK 1 5 5 ns 

TA Operating free-air temperature - 55 125 0 70 ° C 

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

I All typical values are at VCC = 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. 

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. 

NOTE 4: For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed 

with Vo = 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, VCC = 5 V, TA = 25°C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

fmax 25 	33 MHz 

IPLH 
CLR, PRE or CLK Q or 6 

RL = 2 kft, 	CL = 15 pF 13 	25 ns 

IPHL 25 	40 ns 

Note 3' Load circuits and voltage waveforms are shown in Section 1 
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SN54S74, SN74S74 
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

• 
recommended operating conditions 

SN54S74 SN74S74 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current - 1 - 1 mA 

IOL Low-level output current 20 20 mA 

tt„., Pulse duration 

CLK high 6 6 

ns CLK low 7.3 7.3 

CLR or PRE low 7 7 

tsu  Setup time, before CLK t 
High-level data 3 3 

ns 
Low-level date 3 3 

th Input hold time - data after CLK 1 2 2 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 CONDITIONSt 
SN54S74 SN74S74 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIK VCC ' MIN• II = - 18 mA, - 1.2 -1.2 V 

VON 
Vcc = MIN, 

I01-1 = - 1 mA 

Vit.4 = 2 V, VII..  = 0.8 V, 
2.5 3.4 2.7 3.4 V 

VOL 
Vcc = MIN, 

Icn, = 20 mA 

VIH = 2 V, VII_ = 0.8 V, 
0.5 0.5 V 

Ii Vcc = MAX, VI = 5.5 V 1 1 mA 

IIH 

D 

VCC = MAX, VI = 2.7 V 

50 50 

IA Mt 150 150 

PRE or CLK 100 100 

'IL 

D 

V.— 	 cc =MAX, V1 =0.5 V 

-2 -2 

mA 

_. 
- 6 - 6 

.— 
PREP - 4 - 4 

CLK -4 -4 

1 0S§ VCC = MAX -40 -100 -40 -100 mA 

ICC# VCC = MAX, See Note 2 15 25 15 	25 mA 

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

All typical values are at VCC = 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. 

(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 0 and 5 outputs high in turn. At the time of measurement, the clock input is 

grounded. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
rEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 max 

RL = 280 SI, 	CL - 15 pF 

75 	110 MHz 

'PLR PRE or CI-71 CI or G 4 	6 ns 

tPHL 

DRF , CLR (CLK high) - 
G or Q 

9 	13.5 
ns — 	

ir CLR (CLK low) • 5 	8  

tPLH CLK 0 or 72 
6 	9 ns 

tPHL 6 	9 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1, 
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SN5475, SN54LS75 ... J OR W PACKAGE 
SN7475 . . . N PACKAGE 

SN74LS75 . . . D OR N PACKAGE 

(TOP VIEW) 

'75, 'LS75 '77, 'LS77 

SN5477, SN54LS77 .. W PACKAGE 

(TOP VIEW) 

1161 to 

 111 la  

(151 20 

1141 2 ,7, 

1101 30 

 1111 30 

61  ao 
181 Z 

to  121 

1C ,2C 

2D 12 

 3D 161  

3C,4C 141 

40 121  

3D (91 30 

1D 

C1 

C2 

2D 

' 8 ' 	 40 
4D 

(141 
 10 

031  20  

	

1D 	11)  

	

1C 2C 	(12)  

	

2D 	(2)  

	

3D 	(5)  

3C 4C 131  

	

4D 	(6)  

10 

2Q 

1C, 2C 

GND 

NC 

3Q 

4Q 

10 

2D 

3C, 4C 

VCC 

3D 

4D 

NC 

T
T

L
 D

e
v
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e
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6 9 

7 8 

NC - No internal connection 

logic symbols t 

15 

10 

2D 

3C, 4C 

VCC 
3D 

4D 

4Q 

10 

2Q 

2Q 

1 C, 2C 

GND 

3Q 

3Q 

4Q 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12 

SN5475, SN5477, SN54LS75, SN54LS77, 
SN7475, SN74LS75 

4-BIT BISTABLE LATCHES 
MARCH 1974 — REVISED MARCH 1988 

FUNCTION TABLE 

(each latch) 

INPUTS OUTPUTS 

D C Q ifi 

L H L H 

H H H L 

X L 00 °O 

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

00 = the level of Q before the high-to-low transition of G 

description 

These latches are ideally suited for use as temporary 

storage for binary information between processing units 

and input/output or indicator units. Information present 

at a data (D) input is transferred to the Q output when 

the enable (C) is high and the Q output will follow the 

data input as long as the enable remains high. When the 

enable goes low, the information (that was present at 

the data input at the time the transition occurred) is 

retained at the Q output until the enable is permitted to 

go high. 

The '75 and 'LS75 feature complementary Q and Q 

outputs from a 4-bit latch, and are available in various 

16-pin packages. For higher component density 

applications, the '77 and 'LS77 4-bit latches are available 

in 14-pin flat packages. 

These circuits are completely compatible with all popular 

TTL families. All inputs are diode-clamped to minimize 

transmission-line effects and simplify system design. 

Series 54 and 54LS devices are characterized for 

operation over the full military temperature range of 

—55°C to 125°C; Series 74, and 74LS devices are 

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

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

	

Supply voltage, VCC (See Note 1)     7 V 

Input voltage: '75, '77 	 5.5 V 

'LS75, 'LS77 	 7 V 

Interemitter voltage (see Note 21  	 5.5 V 

Operating free-air temperature range: SN54' 	 —55°C to 125°C 

	

SN74'   0° C to 70°C 

Storage temperature range 	  — 65 °C to 150°C 

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

2. This is the voltage between two emitters of a multiple-emitter input transistor and is not applicable to the 'LS75 and 'LS77. 

PRODUCTION DATA documents contain information 
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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'75, '77 

To 
Other 
Latch 

('75) 

DATA 

TO 

OTHER 

LATCH 

'LS77 

'LS75, 'LS77 

TYPICAL OF ALL OUTPUTS 

v CC 

1 20 12 

NOM 

 

OUTPUT 

 

SN5475, SN5477, SN54LS75, SN54LS77, 
SN7475, SN74LS75 
4•131T BISTABLE LATCHES 

Sa
3I

A
aC

I  
1
1

1
  

logic diagrams (each latch) (positive logic) 

'LS75 

DATA 

TO 

OTHER 

LATCH 

C 

schematics of inputs and outputs 

'75, 77 

EQUIVALENT OF EACH INPUT 

V CC 

EQUIVALENT OF EACH INPUT 

v cc 

INPUT 

Req 

INPUT 

Req 

Data. 	R eq 	2 k12 NOM Data 	R eq  - 17 1,12 

Enable: 	R eq  = 1 kit NOM Enable 	R eq  = 4.21,12 

'75, '77 'LS75, 'LS77 

TYPICAL OF ALL OUTPUTS 

M CC 

130 12 

NOM 

OUTPUT 
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SN5475, SN5477, SN7475 
4-BIT BISTABLE LATCHES 

recommended operating conditions 

MIN 

T.175 

NUM 

'‘'....177 •.ii ;475 

MAX 
UNIT—  

MIN NuM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —400 —400 ,LIA 

Low-level output current, lc,L 16 16 mA 

Width of enabling pulse, t w  20 20 ns 

Setup time, t su  20 20 ns 

Hold time, th 5 5 ns 

Operating free-air temperature, TA —55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSI MIN TYPT MAX UNIT 

VIH High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

VII< Input clamp voltage VCC = MIN, II = —12 mA —1.5 V 

VOH High-level output voltage 
Vcc = MIN, 

VII_ = 0.8 V, 

V1H = 2 V, 

lipii = —400 /IA 
2.4 3.4 V 

VOL Low-level output voltage 
Vcc = MIN, VIH = 2 V, 

0.2 0.4 V 
Vit.  = 0.8 V, 10L = 16 mA 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

I I H High-level input current 
D input 

VCC 	MAX, Vi = 2.4 V 
80 

PA 
C input 160 

'IL Low-level input current 
D input 

VCC = MAX, V1 = 0.4 V 
—3.2 

mA 
C input —6.4 

los Short-circuit output current§ VCC = MAX 
SN54' —20 —57 

mA 
SN74' —18 --57 

Icc Supply current VCC = MAX, SN54' 32 46 
mA 

SN74' 32 53 See Note 3 

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

• All typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 3: I cc is tested with all inputs grounded and all outputs open. 

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

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN 	TVP 	MAX UNIT 

tPLH 
D n 

C L = 15 pF, 

Ri_ = 400 t1?, 

See Figure 1 

D  

16 	30 
ns 

tPHL 14 	25 

tPLH 9 
D a 

40 
ns 

tpHl..1 7 	15 

tPLH 
C Q 

16 	30 
cs 

tPHL 7 	15 

tPLH11 c ci—  
16 	30 

ns 
tPHL 7 	15 

tPLH = propagation delay time, low-to-high-level output 

tPHL propagation delay time, high-to-low-level output 

11 These parameters are not applicable for the SN5477. 
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PARAMETER TEST CONDITIONSt 

SN54LS75 

SN54LS77 
SN74LS75 

UNIT 

MIN TYP I MAX MIN TYP I MAX 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, li = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

vii_ = Vi L max, 

VIH = 2 V, 

lohi = -4004A 
2.5 3.5 2.7 3.5 V 

Vol_ Low-level output voltage 
VCC = MIN, 

VIL = VIL man 

VIH = 2 V, Im_ =4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC' MAX, Vi = 7 V 

D input 0.1 0.1 
mA 

C input 0.4 0.4 

I ihi High-level input current VCC = MAX, Vi = 2.7 V 
D input 20 20 pA 

C input 80 80 

IlL Low-level input current VCC = MAX, V 1 = 0.4 V 
0 input -0.4 -0.4 

mA 
C input -1.6 -1.6 

IOS Short-circuit output current: VCC = MAX -20 -100 -20 -100 mA 

ICC Sup p ly Cm !PM VCC 	MAX Sri' Note , 
'LS75 6.3 12 6.3 12 

mA 
'LS77 6.9 13 

S8
31

. 1
A

0a
  i
l
l
  

SN54LS75, SN54LS77, SN74LS75 
4-BIT BISTABLE LATCHES 

recommended operating conditions 

SN54LS75 

SN54 LS77 
SN74LS75 

UNIT 

MIN 	NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 	5 5.5 4.75 5 5.25 V 

High-level output current, I0H -400 -400 pA 

Low-level output current, loL 4 8 mA 

Width of enabling pulse, t w  20 20 ns 

Setup time, t su  20 20 ns 

Hold time, th 5 5 ns 

Operating free-air temperature, TA -55 125 0 70 "C 

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

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

typical values are at VCC -- 5 V, TA - 25 - C 

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

NOTE 2. Icc is tested with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETERII 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS75 'LS77 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

tPLH 
D 0 

CL= 15 pF, 

RL = 2 1,51, 

See Figure 1 

15 	27 11 	19 
ns 

tPHL 9 	17 9 	17 

tPLH 
O d 

12 	20 
ns 

tpHL 7 	15 

tPLH 
C 0 

15 	27 10 	18 
ns 

MHL 14 	25 10 	18 

IPLH 
C D-  

16 	30 
ns 

1PHL 7 	15 

tPLH = propagation delay time, low-to-high-level output 

tPLH propagation delay time, high-to-low-level output 
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PULSE 
GENE RATOR A 
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iS ■ p Nob B) 
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PULSE 
GENERATOR B 

iS Ot . Not, Al 
15 pF 

Npp RI 

TEST CIRCUIT 

3V 

0V 

3V 

0 V 

VON 

VOL 

VOH 

VOL 

T
T

L
 D

ev
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e
s  

10% 

H.  _ 	
t h __.1 H__ , 1 0 ns __..i.  k.._=_ ,--- 1,021_ _ _ 

C INPUT 	 90% 90% 

(See 	 I 	\ire( 	V„,1 	1 	I 

Note DI 	 10% 

10 

.1 	B 	 10 its 

90% 

10 
D INPUT 	 V iet 

r*- 	 O 

V, 0 1 

Ir .1 h —6.1 

V„,1 

- 5on 

'1'1 	II 

iFL H 

(ii IH 	I (I 

.--'1'1-1L r 	, PHL 

V, ,,f 

, 

90% 

SN5475, SN5477, SN54LS75, SN54LS77, 
SN7475, SN74LS75 

4-BIT BISTABLE LATCHES 

switching characteristicst 
PARAMETER MEASUREMENT INFORMATION 

INPUTS 	 OUTPUTS 

Vc, 	a a 

A L  

01 	Of 	01 
(SeP Note C) 

tp H L 

VOLTAGE WAVEFORMS 

tComplementary O outputs are on the '75 and 'LS75 only. 

NOTES. A. The pulse generators have the following characteristics: Z ouj  = 50 II; for pulse generator A, PRR s 500 kHz; for pulse 
generator B, PRR 	1 MHz. Positions of D and C Input pulses are varied with respect to each other to venfy setup times. 

B CL includes probe and jig capacitance 

C All diodes are 1N3064 or equivalent. 

D. When measuring propagation delay times from the D input, the corresponding C input must be held high. 

E. For '75 and '77, Vref = 1.5 V, for 'LS75 and 'LS77, Vref = 1.3 V. 

FIGURE 1 

TEXAS 
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SN5476, SN54LS76A, 
SN7476, SN74LS76A 

DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR 
DECEMBER 1983 - REVISED MARCH 1988 

SN5476, SN54LS76A 	J PACKAGE 
SN7476 . . . N PACKAGE 

SN74LS76A 	D OR N PACKAGE 

(TOP VIEW) 

1CLK 

1 PRE 

1 CLR 

1J 

VCC 
2CLK 

2 PRE 

2 CLR 

'76 
FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK J K 0 

L 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

X 

 X 

X 

IL 

IL 

_FL 

It 

X 

X 

X 

L 

H 

L 

H 

X 

X 

X 

L 

L 

H 

H 

H 	L 

L 	H  

HT 	H 1  

Qo 	Tio 

H 	L 

L 	H 

TOGGLE 

'LS76A 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK J K Q (T1 

L 

H 

L 

H 

II 

II 

H 

H 

L 

L 

H 

H 

H 

H 

H 

X 

X 

X 

1 

I 

H 

X 

X 

X 

L 

H 

L 

H 

X 

X 

X 

X 

L 

L 

H 

H 

X 

H 	L 

L 	H 

HI 	Ht 

00 	(710 
H 

L 	H 

TOGGLE 

00 	C/0 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The '76 contains two independent J-K flip-flops 

with individual J-K, clock, preset, and clear 

inputs. The '76 is a positive-edge-triggered flip-

flop. J-K input is loaded into the master while the 

clock is high and transferred to the slave on the 

high-to-low transition. For these devices the J 
and K inputs must be stable while the clock is 

high. 

The 'LS76A contain two independent negative-

edge-triggered flip-flops. The J and K inputs 

must be stable one setup time prior to the high-

to-low clock transition for predicatble operation. 
The preset and clear are asynchronous active 

low inputs. When low they override the clock 

and data inputs forcing the outputs to the steady 

state levels as shown in the function table. 

The SN5476 and the SN54LS76A are 

characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 
SN7476 and the SN74LS76A are characterized 

for operation from 0°C to 70 °C. 

1K 

10 

10 

GND 

2K 

2Q 

2J 

T
T

L
 D

e
v

ic
e
s  

This configuration is nonstable, that is, it will not persist 

when either preset or clear returns to its inactive thigh) 

level 

PPOFIIICTION DATA documents contain information 
•• • as of publication date. Products conform to 

.4...mations per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TEXAS AP 
INSTRUMENTS 
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SN5476, SN7476 
DUAL J•K FLIP-FLOPS WITH PRESET AND CLEAR 

logic diagrams (positive logic) 

S
a3

1
A

8
a

  1
1

1
  

o 

CLR PRE 

  

CLK 

  

'76 
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EQUIVALENT OF EACH INPUT 

vcc 

INPUT 

IIL MAX 
	

R„, NOM 

- 16 mA 
	

4 IQ! 

—3.2 mA 
	

2 kEt 

logic symboist 

1PRE (2)  
1J (4) 

 1CLK 111 

11( • 

1CLR 	." 

2PR E 
2J 

2CLK 

2K 

2CLR 

6 

SN5476, SN54LS76A, 
SN7476, SN74LS76A 

DUAL J•K FLIP-FLOPS WITH PRESET AND CLEAR 

logic diagrams (positive logic) (continued) 
'LS76A 

Cis 

J 

PRE 

K 

CLK 

'LS76A 

T
T
L

 D
e

v
ic

e
s  

1PRE 
1J 

1CLK 

11( 
1CLR 
2PRE 

(9)  2J 

2CLK (61 
2K (12) 

2CLR 18 1 
 

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

schematics of inputs and outputs 

'76 
TYPICAL OF ALL OUTPUTS 

VCC 

130 U NOM 

OUTPUT 

TEXAS 
INSTRUMENTS 
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EQUIVALENT OF EACH INPUT 

VCC 

A q 

INPUT 

IIL MAX Fl 	NOM 

0.4 mA 301,1- 2 

—0.8 mA 8.251,12 

TYPICAL OF ALL OUTPUTS 

VCC 
120 !: 

NOM 

OUTPUT 

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

schematics of inputs and outputs (continued) 

'LS76A 

S
O

3I
A
8

a
  1

1
1
  

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '76 	  5.5 V 

'LS76A 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65 °C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN5476, SN7476 
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

SN5476 SN7476 
UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IcH High-level output current — 0.4 — 0.4 mA 

I0L Low-level output current 16 16 mA 

tw  Pulse duration 

CLK high 20 20 

ns CLK low 47 47 

PRE or CLR low 25 25 

tsu Input setup time before CLK 1 0 0 ns 

th Input hold time-data after CLK 1 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 CONDITIONSI 
.". 

SN5476 SN7476 
UNIT 

TYP* MAX MIN TYPE MAX 

V IK VCC =MIN, 11=— 12 rnA — 1.5 — 1.5 V 

VOH 
VCC =  MIN, 

I 	0.4 mA OH = —  

VIH = 2 V, Vit.. = 0.8 V, 
2.4 3.4 2.4 3.4 V 

VOL 
VCC = MIN( 
l 16 mA ot.  =  

VIH = 2 V, VII_ = 0.8 V, 
0.2 0.4 • 	0.2 0.4 V 

II VCC = MAX, VI = 5.5 V 1 1 mA 

I IH 
J or K 

VCC = MAX, V1= 2.4 V 
40 40 

pA 
All other 80 80 

II  I- 

J or K 
VCC = MAX,  , V1 = 0.4 V 

All otheri  

— 1.6 — 1.6 
mA  

3.2 — 3.2 

IOS§ VCC = MAX — 20 — 57 — 18 — 57 mA 

ICC° VCC = 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 VCC = 5 V, TA = 25 ° C. 

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

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 	and iTt outputs high in turn. At the time of measurement, the clock input 
is grounded. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 

RL = 400 2, 	 CL= 15 pF 

15 	20 MHz 

tPLH 
PRE or CLR Q or (7/ 

16 	25 ns 

tpHL 25 	40 ns 

tPLH 
CLK Q or Q 

16 	25 ns 

1 PHL 25 	40 ns 

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

TEXAS 
INSTRUMENTS 
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SN54LS76A, SN74LS76A 
DUAL J-K FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

CD 

CD 

I.$LS76A .':'ILS76A 
UNIT 

'el!: NUM MAX mir., NOM 	MAX 

VCC Supply voltage 4.0 5 	5.5 4.75 5 	5.75 V 

VIN High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

IOH High-level output current -0.4 -0.4 mA 

IOL Low-level output current 4 8 mA 

clock • 'requency 0 30 0 30 MHz 

tv,, Pulse duration 
-- - 	uigh 20 20 

 ns - 
. 	it CLR low 25 25 

t5u  Setup time before CLK 1 

an,e high or low 20 20 

ns inactive 
_ 

20 20 

PRE inactive 25 25 

th Hold time-data after CLK4 0 0 ns 

TA Operating free-air temperature - 55 125 0 70 ° C 

PARAMETER TEST CONDITIONS* 
SN54LS76A SN74LS76A 

UNIT 
MIN TYPI 	MAX MIN TYPt MAX 

VIK VCC = MIK Ii= -18 mA -1.5 - 1.5 V 

VOH 
VCC = MIN, 

I 	0.4 mA OH = -  

VIH = 2 V, VII_ = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIK 

IOL = 4  mA 

VIL = MAX, VIH = 2 V, 
0.25 	0.4 0.25 	0.4 

V 
vcc= MIN, 

IOL = 8  '''''` 

VIL = MAX, V,H 	7 V, 
0 35 	05 

li 

Jos K 

VCC -- MAX, V1 = 7 V 

0.1 0.1 

mA CLR or PRE 0.3 0 3 

CLK 0.4 0.4 

IIH 

J or K 

VCC =  MAX, V1 = 2.7 V 

20 20 

uA CLR or PRE 60 60 

CLK 80 80 

'IL 
J or K 

VCC = MAX, V1 = 0.4 V 
-0.4 -0.4 

mA 
All other - 0.8 - 0.8 

1 0S§ VCC = MAX, See Note 4 - 20 - 100 - 20 - 100 mA 

ICC (Total) VCC = MAX, See Note 2 4 	6 4 	6 mA 

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

I All typical values are at VCC = 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. 

NOTE 2: With all outputs open, ICC is measured with the O and a-  outputs high In turn. At the time of measurement, the clock input is 

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 Vo = 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, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) ) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	PIP 	MAX UNIT 

fmax 30 	45 MHz 

tPLH 
PRE, CLR or CLK - Q or(71 

RL = 2 kfl, 	 CL= 15 pF 15 	20 ns 

tPHL 15 	20 ns 

NOTE 3: Load ci cuits and voltage waveforms are shown in Section 1. 
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INPUTS OUTPUTS 

PRE 	Lit CLK J K O 	IT1 

L 	 X X X 

H L 	X XX 

L 	L 	X XX 

H H 	1 	L L 

H H 	1 	H L 

H H 	1 	L H 

H H 	1 	ki 	1-1 

H H 	H XX 

H 	L 

L 	H 

Ht 	Ht 

Q0 	50 

H 	L 

L 	H 

TOGGLE 

00 	Qp 

SN54LS78A . . J OR W PACKAGE 

SN74LS78A . . . D OR N PACKAGE 

(TOP VIEW) 

CLK 

1 PRE 

1J 

VCC 
CLR 

2 PRE 

2K 

1K 

1Q 

10 

GND 

2J 

2Q 

2Q 

FUNCTION TABLE 

tThis configuration is nonstable; that is, it 

will not persist when preset and clear inputs 

return to their inactive (high) level. 
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SN54LS78A, SN74LS78A 
DUAL J-K FLIP-FLOPS WITH PRESET, COMMON CLOCK, AND COMMON CLEAR 

DECEMBER 1983—REVISED MARCH 1988 

• 

Outline" Packages, Flat Packages, and 

Plastic and Ceramic DIPs 

Package Options Include Plastic "Small 

• Dependable Texas Instrument Quality and 
Reliability 

description 

The 'LS78A contains two negative-edge-triggered flip-

flops with individual J-K, preset inputs, and common 

clock and common clear inputs. The logic levels at the 

J and k inputs may be allowed to change while the 

clock pulse is high and the flip-flop will perform 

according to the function talbe as long as minimum 

setup and hold times are observed. The preset and 

clear are asynchronous active-low inputs. When low 

they override the clock and data inputs forcing the 

outputs to the steady-state levels as shown in the 

function table. 

The SN54LS78A is characterized for operation over 

the full military temperature range of —55°C to 

125 °C. The SN74LS78A is characterized for 

operation from 0 °C to 70 °C. 

logic symbolt 

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

PRODUCTION DATA documents contain information 
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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INS1 RI 'MENTS 2-253 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



SN54LS78A, SN74LS78A 
DUAL J-K FLIP-FLOPS WITH PRESET, COMMON CLOCK, AND COMMON CLEAR 

logic diagram (positive logic) 

CLR 

Q 

PRE 

CL K 
FO OTHER F F 

SO
3I

A
8C

1  
1

1
1
  schematics of inputs and outputs (continued) 

EQUIVALENT OF 

EACH INPUT 

VCC 

R eq 

 INPUT —0 

	

'IL MAX 
	

NOM 

	

04 rrA 	 .30 SU 

	

- 0.8 rnA 
	

825 L.F.! 

	

— 1.6 mA 
	

4.1 ktt 

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

	

Supply voltage, VCC (see Note 1)     7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS78A  	 -55°C to 125°C 

SN74LS78A 	 ... 0°C to 70°C 

Storage temperature range  
	 -65 ° C to 150°C 

NOTE 1 	Voltage ,111.1 , S nn with resp,ot to r ,t, r ntl.. 	 ti, rrrnn,1 

TFXA,.S 
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SN54LS78A, SN74LS78A 
DUAL J-K FLIP-FLOPS WITH PRESET, COMMON CLOCK, AND COMMON CLEAR 

recommended operating conditions 

SN54LS78A SN74LS78A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.75 V 

VIH High-level input voltage 2 2 V 
v i  L Low-level input voltage 0.7 0.8 V 

IOH High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 30 0 30 MHz 

tw  Pulse duration 
rl le high 20 20 

ns 
-• 	m• CLR low 25 25 

tsu Setup time before CLK 4 
data high or low 20 20 

ns 
PRE or CLR inactive 20 20 

th Hold time-data after CLK1 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 CONDITIONSt 
SN54LS78A SN74LS78A 

UNIT 
MIN TYP$ MAX MIN TVP$ MA n 

VIK VCC = MIN ,  li= - 18 mA -1.5 

VCC = MIN, 

IOH = - 0.4 mA 

Vii-i = 2 V, VII._ = 0.7 V, 
2.5 3.4 

V VOH 
 vcc = MIN, 

1 0H = - 0.4 mA 

VIH = 2 V, \tn.. = 0.8 V, 
2.7 3.4 

VOL 

VCC = MIN, 

IOL = 4  mA 

VIL= MAX, VIH = 2 V, 
0.25 0.4 0.25 0.4 

V 
vcc = MIN, 

IOL = 8  mA 

VII..  = MAX, VIH = 2 V, 
0.35 0.5 

II 

Jar K 

VCC = MAX ,  VI = 7 V 

0.1 0.1 

mA 
CLR 0.6 0.6 

PRE 0.3 0.3 

CLK 0.8 0.8 

IIH 

J or K 

VCC 	MAX, Vi 	2.7 V 

20 20 

pA 
CLR 120 120 

PRE 60 60 

CLK 160 160 

'IL 

J or K 

VCC = MAX, VI = 0.4 V 
CLR  

- 0.4 - 0.4 

mA PRP 
-•- 

,,,,,, 

-0.8 -0.8 

-1.6 -1.6 

1 0S§ VCC = MAX, See Note 4 - 20 - 100 - 20 - 100 mA 

Icc (Total) VCC = 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. 

t All typical values are at VCC = 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. 

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. 

NOTE 4: For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed 

with Vc = 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. 
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SN54LS78A, SN74LS78A 
DUAL J-K FLIP-FLOPS WITH PRESET, COMMON CLOCK, AND COMMON CLEAR 

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

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN TVP 	MAX UNIT 

fmax 30 	45 MHz 

tPLH 
PRE, CLR 	CLK or Clor tT1 

RL = 2 eft, 	CL = 15  PF 15 	20 ns 

tPHL 16 	20 ns 

NOTE 3: Load circuits and vohage waveforms are shown in Section 1. 
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SN5483A,SN54LS83A . J OR W PACKAGE 

SN7483A ... N PACKAGE 

SN74LS83A . D OR N PACKAGE 

(TOP VIEW) 

A4 

L3 

A3 

B3 

VCC 

B2 

A2 

B4 

C4 

CO 

GND 

B1 

Al 

/1 

SN54LS83A FK PACKAGE 

(TOP VIEW) 
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I,  
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Designed for medium-speed applications, the circuits 

utilize transistor-transistor logic that is compatible 

with most other TTL families and other saturated 

low-level logic families. 

Series 54 and 54LS circuits are characterized for 

operation over the full military temperature range of 

-55° C to 125° C, and Series 74 and 74LS circuits are 

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

logic symbolt 

'I.  This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

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

Al (101 
A2 18) 
A3 (3) 

A4 (1) 
(11) 

B3 
	141 

04 " 61  
CO 113) 

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

MARCH 1974 - REVISED MARCH 1988 

he Four Bits 

Systems Achieve Partial Look-Ahead 
Performance with the Economy of 
Ripple Carry 

SN54283/SN74283 and SN54LS283/SN74LS283 
Are Recommended For New Designs as They 
Feature Supply Voltage and Ground on Corner 
Pins to Simplify Board Layout 

TYPICAL ADD TIMES 
.POWER 

TWO 	TWO 
TYPE 	 DISSIPATION PER 

8-BIT 	16-BIT 
4-BIT ADDER 

WORDS WORDS 

'83A 	23 ns 	43 ns 	310 mW 

'LS83A 	25 ns 	45 ns 	 95 mW 

Full-Carry Look-Ahead across 

 

description 

These improved full adders perform the addition of 

two 4-bit binary numbers. The sum (f) outputs are 

(NI 	rsi 
03 W Z > 03 
L-1 1--11--/ L-1 I--1 

3 	2 	1 20 19 

provided for each bit and the resultant carry (C4) is A2 	4 

obtained from the fourth bit. These adders feature X1 	5 

full internal look ahead across all four bits generating NC 	6 

the 	carry 	term in ten nanoseconds typically. This Al 	7 

provides the system designer with partial look-ahead 

performance at the economy and reduced package 
B1 	8 

9 	10 11 12 13 
1-1 1-1r, rn r-t count of a ripple-carry implementation. 

13 	vt 
OZZO W 

The adder logic, including the carry, is implemented 
	 CD 

in its true form meaning that the end-around carry 
	

NC - No internal connection 

can be accomplished without the need for logic or 

level inversion. 
	 FUNCTION TABLE 

OUTPUT 

WHEN 	 WHEN 

INPUT 	CO=L 	CO = 1-1 
WHEN 	WHEN 
D:l..L 	CE•ft 

Al A3 atoigillirelpfafflpirApPApr 

J
-122

-J
-JS

Z
J

J
2
I

-J
-1

12 

J

JJ
J
J
J

_JJI
2

2
1

2
2M

M
  

J
S

I
JJ

I2
JJ

I2
J

-1
2
I

-J 

J

J
JM

II
I
J
2
II

JJ
J
J
I 

J
-1

_12
-1

-JJ
2
2
2
2

I 

-J  J
I2

J
_JSI

J
J
2
I

J
J
I 

J
J

-J
J

-1
2
2
2

J
2

II2
II2

  

H = high level, L = low level 

NOTE: Input conditions at Al, Bl, A2, B2, and CO are used to 

determine outputs El and E2 and the value of the internal 

carry C2. The values at C2, A3, B3, A4, and 84 are then 

used to determine outputs E3, E4, and C4. 

PRODUI IIPN ro..A documents 	 'ion 
current !s 	mil. Aim date. Pr.. to 
specifications 	no terms of 	11....L a nts 
standard warranty. Production p.uussinc, 	not 
necessarily include testing of all parameters. 
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EQUIVALENT OF 

EACH INPUT 

TYPICAL OF ALL 
OUTPUTS 

VCC 

OUTPUT 

CO input: R eq  = 4 kE2NOM 

Any A or B: R eq  = 3.5 kE2NOM 

C4 output: R = 100 E2 NOM 

Any E R = 120 E2 NOM 

VCC 

INPUT 

EQUIVALENT OF 
EACH INPUT 

CO input: R eq  = 17 kEi NOM 
Any A or 8: R ey, = 8.5 k.S.2 NOM 

TYPICAL OF 
ALL OUTPUTS 

VCC 

OUTPUT 

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

schematics of inputs and outputs 

'83A 

'LSB3A 
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(14)  
C4 

B4 
(16) 

(15) 
 E4 )D  

(6)  
E2 I. 

• 
A4 	

(1) 

B3 

A3 

B2 

A2 

81 

Al 

CO 

(4) 

(3) 

(71 

(8) 

(11 ) 

(10) 

(13) 

II : >-- 

Imams 

yrs 

irs 

• =lama (9) 	
rl 

(2)  

SN5483A, SN54LS83A, SN7483A, SN74LS83A 
4•BIT BINARY FULL ADDDERS WITH FAST CARRY 

logic diagram (positive logic) 

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

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

Supply voltage, VCC (see Note 1) 
Input voltage: '83A 

'LS83A 

Interemitter voltage (see Note 2) 

Operating free-air temperature range: SN5483A, SN54LS83A 

SN7483A, SN74LS83A 

   

7V 
	 5.5 V 

7V 

  5.5 V 

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

   

   

   

   

   

   

Storage temperature range 

    

    

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 '83A only between the 

following pairs: Al and 81, A2 and 82, A3 and 83, A4 and B4. 
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SN5483A, SN7483A 
4-BIT BINARY FULL ADDDERS WITH FAST CARRY 
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recommended operating conditions 

Nurvi NUM 
UNIT — 

MIN MAX MIN MAX 

Supply Voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lcm 
Any output except C4 —800 —800 

gA 
Output C4 —400 —400 

Low-level output current, Ic i L 
Any output except C4 16 16 

mA 
Output C4 8 8 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 
I'. Pr 

'. 	1133A 
UNIT 

MIN MAX MIN I r Pt MAX 

VI H High-level input voltage 2 2 V 

v 1L  Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II= —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc = MIN, 

vu.= 0.8 V, 

Viii = 2 V, 

lcm = MAX 
2.4 3.4 2.4 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

Vit._ = 0.8 V, 

VIR = 2 V, 

Ic)L = MAX 
0.2 0.4 0.2 0.4 V 

II 
Input current at maximum 

input voltage 
Vcc = MAX, VI = 5.5 V 1 1 mA 

I IH High-level input current VCC = MAX, Vi = 2.4 V 40 40 2/A 

'IL Low-level input current VCC ---, MAX, Vi = 0.4 V —1.6 —1.6 mA 

IOS 
Short-circuit 

output current 

Any output except C4 
VCC = MAX 

—20 —55 —18 —55 
mA 

Output C4 —20 —70 —18 —70 

ICC Supply current 
VCC = MAX, 

Outputs open 

All B low, other 

inputs at 4.5 V 
56 56 

mA 
All inputs at 

4.5 V 
66 99 66 110 

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

t All typical values are at VCC = 5 V, TA = 25"C. 

§Only one output should be shorted at a time. 

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

PARAMETER] FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	VIP MAX UNIT 

1PLH 
CO Any 2: 

14 21 
ns 

tPHL 12 21 CL = 15 pF , R L = 400 12, 

tPLH 
A, or B, 

See Note 3 16 24 
fly 

tPHL 16 24 

tPLH 
CO C4 

9 14 
ns 

tPHL 11 16 CL = 15 pF, RL = 780 12, 

tPLH 
Ai or 13; C4 

See Note 3 9 14 
ns 

tPHL 11 16 

ItPLH = Propagation delay time, low•to•high-level oat tot 

tPHL propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONSt 
SN541S83A SN74LS83A 

UNIT 
MIN TYP1 MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC " MIN, I1= —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc = MIN, 

101-1= —400 AA 

VIH = 2 V, 	VI L = VII_ max, 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VIL = VIL max 

VIH = 2 V, 10L = 4 mA 0.25 0.4 . 0.4 
V 

IOL ' 8  rnA '. 0.5 

II 

Input current 

at maximum 

input voltage 

Any A or B 

VCC ' MAX, V1 = 7 V 
0.1 

 

0.2 0.2 
mA 

CO 0.1 

IIH 
High-level 

input current 

Any A or B 
Vcc = MAX, V1 = 2.7 V 

40 40 

4A  CO 20 20 

'IL 
Low-level 

input current 

Any A or B 
VCC = MAX, VI= 0.4 V 

—0.8 - 	• 
 mA 

CO —0.4 —u.•••• 

IDS Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

Icc Supply current 
VCC ' MAX. 

Outputs open 

All inputs 

grounded 
22 39 22 39 

mA 
All B low, other 

inputs at 4.5 V 
19 34 19 34 

All inputs at 

4.5 V 
19 34 19 34 
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SN54LS83A, SN74LS83A 
4-BIT BINARY FULL ADDDERS WITH FAST CARRY 

recommended operating conditions 

SN54LS83A SN74LS83A 
UNIT 

MIN 	NOM MAX •lin 	NOM 	LI:- •. 

Supply voltage, VCC 4.5 	5 	5.5 4. iu 	5 	u.,..• V 

High-level output current, Ic)F4 —400 —400 AA 

Low-level output current, Im .  4 8 mA 

Operating free-air temperature, TA —55 	 125 0 	 70 `C 

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

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

TAD typical values are at VCC = 5 V, TA = 25"C. 

Only one output should he shorted at a time, and duration of the short-circuit should not exceed one second. 

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

PARAMETER II FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TNT 	MAX UNIT 

LpLH 
CO Any :...: 

CL = 15 pF, 	RL = 2 kS2, 

See Note 3 

16 	24 
ns 

PHL 15 	24 

tPLH 
Ai or B: .).:i 

15 	24 
ns 

tPHL 15 	24 

tPLH CO C4 
11 	17 

ns 
tPHL 15 	22 

tPLH 
Ai or Bi C4 

11 	17 
ns 

tPH L 12 	17 

ItPLH = propagation delay time, low-to-high-level output 

[pm_ = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5485, SN54LS85, SN54S85 . . . J OR W PACKAGE 

SN7485 . . . N PACKAGE 
SN74LS85, SN74S85 	D OR N PACKAGE 

(TOP VIEW) 

B3 

A< Bin 

A = Bin 

A> Bin 

A> Bout 

A = Bout 

A< Bout 

GND 

SN54LS85, SN54S85 ... FK PACKAGE 

(TOP VIEW) 

✓ muum 
< co Z > <  
3 2 1 20 19 

	

A = Bin 4 	 18 B2 

	

A> Bin 5 	 17 A2 

	

NC 6 	 16 NC 

	

A> Bout 7 	 15 Al 

	

A = Bout 8 	 14 B1 

9 10 11 12 13 

SA 

SN5485, SN54LS85, SN54S85 
SN7485, SN74LS85, SN74S85 

4-BIT MAGNITUDE COMPARATORS 
MARCH 1974 — REVISED MARCH 1988 

TYPICAL 	 TYPICAL 

TYPE 	 P 	 DELAY 

DISSIPATION 	(4-BIT WORDS 

'85 	 275 mW 	 23 ns 

'LS85 	 5 mW 	 24 ns 

'885 	 365 mW 	 11 ns 

description 

These four-bit magnitude comparators perform 

comparison of straight binary and straight BCD (8-4-2-1) 

codes. Three fully decoded decisions about two 4-bit 

words (A, BI are made and are externally available at three 

outputs. These devices are fully expandable to any 

number of bits without external gates. Words of greater 

length may be compared by connecting comparators in 

cascade. The A > B, A < B, and A = B outputs of a 

stage handling less-significant bits are connected to the 

corresponding A > B, A < B, and A = B inputs of the 

next stage handling more-significant bits. The stage 

handling the least-significant bits must have a high-level 

voltage applied to the A = B input. The cascading paths 

of the '85, 'LS85, and 'S85 are implemented with only 

a two-gate-level delay to reduce overall comparison times 

for long words. An alternate method of cascading which 

further reduces the comparison time is shown in the 

typical application data. 

15' 0 
o Z Z 
no 0 
V 

0 < 

NC - No internal connection 

FUNCTION TABLE 

COMPARING 

INPUTS 

CASCADING 

INPUTS 
OUTPUTS 

A3, 83 A2, B2 A1, B1 AO, BO A > 8 	A < B 	A = B A > B 	A < 8 	A = 8 

A3 > 83 X X 

J
 J
 J

_
J

_
J
J
 J
 J
 J
 S

  
_
J
  

J
 2

  
J
 2

  
J
 2

  
J
 2

  
J
J
  
X

  

X
 J
 S

  
-
I
  
2
J
2
J

2
J
J
J

X
  

A3 < 83 X X 

A3 = 83 A2 > 82 X 

A3 = B3 A2 < 82 X 

A3 - 82 A2 = 82 X 

A3 — 133 A2 = B2 X 

A2 — B3 A2 	B2 

[73 

:71  AO > BO 

x
 

A3 — B3 A2 = 82 AO < BO 

A3 - 83 A2 = 82 AO — BO 

A3 = 83 A2 = 82 AO = BO 

A3 = B3 A2 = B2 AO 	BO 

A3 = B3 A2 - B2 AO = BO 

A3 = B3 A2 = B2 AO = BO 

TION til•P moments contain information 
•. • as of 	• on date. Products conform to 

um terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5485, SN54LS85, SN54S85, 
SN7485, SN74LS85, SN74S95 
4-BIT MAGNITUDE COMPARATORS 

logic diagrams (positive logic) 

logic symbol t 

PO 1101 

17) 

3 

COMP 

P ,=.0 

P=Q 

Pia 

(121 

P2 

P3 

P<0 

P=0 

113) 

(151 

121 

161 

P<Ia 

p _ cl  (3) 

141 
(5) P>Q 

QO 
191 P>0 

01 (11) 

Q2 
(14) 

(1) 
Q3 

tThis symbol is in accordancae with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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TYPICAL OF ALL OUTPUTS 

FOR '85 

V CC 

00 St NOM 

OUTPUT 

si. 

TYPICAL OF ALL OUTPUTS 

FOR 'LS85 

Vcc 

20 Q. NOM 

laP 
OUTPUT 

TYPICAL OF ALL OUTPUTS 

FOR '585 

vcc 
50 St NOM 

EQUIVALENT OF EACH 

INPUT FOR '85 

vc c 

A = B, Any A or B: 
R eq  = 1.67 k0 NOM 

A> B, A <B 
R eq  - 4 404 NOM 

EQUIVALENT OF EACH 

INPUT FOR 'S85 

V  CC 

INPUT 

A = B, Any A or B: 
Req  = 933 0 NOM 

A > B, A < B. 

R eq  = 2 8 kf? NOM 

ri 

SN5485, SN54LS85, SN54S85, 
SN7485, SN74LS85, SN74S85 

4•BIT MAGNITUDE COMPARATORS 

schematics of inputs and outputs 

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

SN54' 

SN54S' 
SN54LS' 

SN74' 

SN74S' 
SN74LS' UNIT 

Supply voltage, VCC (see Note 1) 7 7 7 7 V 

Input voltage 5.5 7 5.5 7 V 

Interemitter voltage (see Note 2) 5.5 5.5 V 

Operating free-air temperature range -55 o 125 -0 o 70 °C 

Storage temperature range -65 o 150 -65 to 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 input transistor. This rating applies to each A input in conjunction with 

its respective B input of the '85 and 'S85. 
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SN5485, SN7485 
4•BIT MAGNITUDE COMPARATORS 

recommended operating conditions 

SN5485 SN7485 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —400 —400 pA 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN. II = —12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VII_ .:= 0.8 V, 

VIE.' = 2 V, 

10H = —400 pA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC ' MIN. 

VII_ = 0.8 V, 

VIH = 2 V, 

loL = 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

IIH High-level input current 
A < B, A > B inputs 

VCC = MAX, V1= 2.4 V 
40 

pA 
all other inputs 120 

I IL Low-level input current 
A < B, A>B  inputs 

VCC = MAX, Vi = 0.4 V 
—1.6 

mA 
all other inputs —4.8 

los Short-circuit output current§ VCC = MAX, Vo = 0 
SN5485 —20 —55 

mA  
SN7485 —18 —55 

ICC Supply current VCC = MAX, See Note 4 55 88 mA 

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

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 4: ICC is measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 

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

PARAMETERII  
FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 
TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Any A or B data input 
A < B, A>B 

1 

CL = 15 pF, 

RL = 400 St, 

See Note 5 

7 

ns 
2 12 

3 17 	26 

A = B 4 23 	35 

tPHL Any A or B data input 
A < B, A>B 

1 11 

ns 
 2 15 

3 20 	30 

A = B 4 20 	30 

tPLH A<B  or A=B  A>B 1 7 	11 ns 

tPHL A < B or A = B A>B  1 11 	17 ns 

tPLH A= B A= B 2 13 	20 ns 

tPHL A=B  A=B 2 11 	17 ns 

tPLH A > B or A=B  A<B 1 7 	11 ns 

tPHL A > B or A = B A<B  1 11 	17 ns 

itpLH = Propagation delay time, low-to-high-level output 

tPHL = propagation delay time, high-to-low-level output 

NOTE 5: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS85, SN74LS85 
4-BIT MAGNITUDE COMPARATORS 

recommended operating conditions 

- 
MIN 

. 	I 

NUM 

SN74LS85 
UNIT 

MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 -400 pA 

Low-level output current, lot_ 4 8 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONS 
sr..:L:- • SN741 • • 

• - 
MAX 

UNIT 
MIN 1 r Pt MAX MIN TYPs- 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.7 V 

VIK Input clamp voltage VCC = MIN, II= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VII_ = VII_ max, 

VIH = 2 V, 

loH -- -400 AA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 

VCC = MIN, 

VIH = 2 V, 

VII_ - VII_ max 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

im.= 8  mA 0.35 0:5 

li 

Input current 

at maximum 

input voltage 

A < B, A > B inputs 
VCC = MAX, VI = 7 V 

0.1 0.1 
mA 

all other inputs 0.3 0.3 

High-level 

input current 

A < B, A > B inputs 
VCC = MAX, I IH 

 
VI = 2.7 V 

20 ' 20 
AA 

all other inputs 60 60 

III_ 
Low-level 

input current 

A < B, A > B inputs 
Voo - MAX, VI = 0.4 V 

-0.4 -0.4 
mA 

all other inputs -1.2 -1.2 

los Short-circuit ou put current§ VCC = MAX -20 -100 -20 -100 mA 

!cc Supply current VCC = MAX, See Note 4 10,4 20 10.4 20 mA 

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

T All typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 4: ICC is measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 

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

PARAMETE0 
FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 14 

A < B, A > B 2 19 
tPLH Any A or B data input ns 

3 24 	36 

A = B 4 27 	45 

1 11 

A < B, A > B 2 15 
tpHL Any A or B data input 

3 
CL = 15 pF, 

20 	30 
ns 

RL = 2 162, 
A = B 4 23 	45 

See Note 5 
tPLH A < B or A = B A > B 1 14 	22 ns 

tPHL A < B or A = B A > B 1 11 	17 ns 

tPLH A= B A= B 2 13 	20 ns 

tPHL A= B A= B 2 13 	26 ns 

tPLH A> B or A= B A< B 1 14 	22 ns 

tPHL A > B or A = B A < B 1 11 	17 ns 

itpui = propagation delay time, low-to-high-level output 

tom_ = propagation delay time, high-to-low-level output 

NOTE 5: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S85, SN74S85 
4-BIT MAGNITUDE COMPARATORS 

recommended operating conditions 

NUM 
- 

'..;I.::.; 

NOM MAX 
_UNIT 

MIN MAX MIN 

Supply voltage, VCC 4.5 5 5.5 4.75 5 . 	., 

-I 

V 

High-level output current, lott -1 mA 

Low-level output current, lot .  20 20 mA 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSt MIN 	TYPI MAX UNIT 

VI H 	High-level input voltage 2 V 

VIL 	Low-level input voltage 0.8 V 

VIK 	Input clamp voltage \ICC = MIN, 	I1= -18 mA -1.2 V 

VOH 	High-level output voltage 
VCC = MIN, 	Vitt = 2 V, 

VIL = 0.8 V, 	10H = -1 mA 

SN54S85 2.5 	3.4 
V 

SN74S85 2.7 	3.4 

VOL 	Low-level output voltage 
VCC = MIN, 	Vitt = 2 V, 

Vit.  = 0.8 V, 	loL = 20 mA 
0.5 V 

II 	Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

Iiii 	High-level input current 
A < B, A > B inputs 

VCC = MAX, 	Vi = 2.7 V 
50 

pA 
150 all other inputs 

IIL 	Low-level input current 
A < B, A > B inputs 

VCC = MAX, 	Vi = 0.5 V 
-2 

mA 
-6 all other inputs 

los 	Short-circuit output current§ VCC = MAX -40 	-100 mA 

ICC 	Supply current 

VCC = MAX, See Note 4 73 	115 

mA  VCC = MAX, TA = 125"C, 

See Note 4 
SN54S85W 110 

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

tAll typical values are at VCC = 5 V, TA = 25"C. 

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

NOTE 4: Icc is measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 

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

PARAMETER +' 
FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 5 

tPLH Any A or 8 data input 
A < 8, A >13 2 7.5 

ns 
3 10.5 	16 

A=B  4 12 	18 

1 5.5 

A < 8, A > 8 2 7 
tPHL Any A or B data input 

3 
CL = 15 pF, 

RL = 280 St, 
11 	16.5 

ns 

A = B 4 11 	16.5 
See Now 5 

1PLH A- B o ■ A= B A 	• El 1 5 	7.5 ns 

tPHL A < B or A= B A 	• B 1 5.5 	8 5 ns 

tPLH A=B  A=B 2 7 	10.5 ns 

tPHL A = 8 A=B  2 5 	7.5 ns 

tPLH A > B or A = B A < B 1 5 	7.5 ns 

tPHL A> B or A= B A< B 1 5.5 	8.5 ns 

I tPLH = propagation delay time, low-to-high-level output 

tphiL = propagation delay time, high-to-low-level output 

NOTE 5: Load circuits and voltage waveforms are shown in Section 1. 
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COMPARISON OF TWO N-BIT WORDS 

This application demonstrates how these magnitude 

comparators can be cascaded to compare longer 

words. The example illustrated shows the comparison 

of two 24-bit words; however, the design is 

expandable to n-bits. As an example, one comparator 

can be used with five of the 24-bit comparators 

illustrated to expand the word length to 120-bits. 

Typical comparison times for various word lengths 

using the '85, 'LS85, or 'S85 are: 

WORD NUMBER 

LENGTH OF PKGS '85 'LS85 'S85 

1-4 bits 1 23 ns 24 ns 11 ns 
5-24 bits 2-6 46 ns 48 ns 22 ns 

25-120 bits 8-31 69 ns 72 ns 33 ns 

SN5485, SN54LS85, SN54S85, 
SN7485, SN74LS85, SN74S85 

4-BIT MAGNITUDE COMPARATORS 

TYPICAL APPLICATION DATA 

INPUTS 
IMSBI B23 

A23 A3 

B22 B2 

A22 A2 

B1 A<B  B21 

A21 Al A=B  

820 80 A> B 

A20 A0 

1319 A<B  

A=B 
85 

A> B 
'LS85, 'S85 

Al 9 

1318 B3 
Al 8 A3 
B17 B2 
A17 A2 
B16 B1 A 	B 

Al 6 AO A=B  

815 80 A > B 

Al 5 AO 
B14 A<B  

A=B  
'85 

A 
1585, '585 

Al 4 

813 B3 
Al 3 A3 

812 B2 
Al 2 A2 
B11 131 A<B  
All 

B10 
Al 

BO 

A=B  

A > B 

— NC 

Al O  AO 
B9 A 	B 

A=B  
'85 

L 

A 	B 
LS85, '585 

A9 

B3 B8 

AS A3 

B7 B2 
A7 A2 
B6 B1 A 	B 

AS NC A = B 

85 

Al 
A 	B 

A5 

BO 

AO 

84 A 	B 
85 

A B 
A4 

1585. '585 
= 

A. B 

B3 

A3 

82 

A2 

B1 	 A<B  

Al 	 A - B 

BO 	 A > B 

AO 

A 8 
85 

A=B  
A B 'LS85, 'S85 

OUTPUTS 

T
T

L
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e
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83 

A3 

B2 

A2 

B1 

Al 

ILSBI BO 
AO 

H 

83 

A3 

B2 

A2 

B1 	 A B 

Al 	 A B 

BO 	 A> B 

AO 

A < B 
85 

A = B 
'LS85. 'S85 

A > B 

COMPARISON OF TWO 24-BIT WORDS 
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SN5486, SN54LS86A, SN54S86, 
SN7486, SN74LS86A, SN74S86 

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
DECEMBER 1972—REVISED MARCH 1988 

• Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Standard Plastic and 

Ceramic 300-mil DIPS 

• Dependable Texas Instruments Quality and 

Reliability 

TYPICAL AVERAGE 
	

TYPICAL 

TYPE 
	

PRO PAGA1 ION 
	

TO FAL POWER 

DELAY TIME 
	

DISSIPATION 

'86 
	

14 ns 
	 150 mW 

'LS86A 
	

10 ns 
	

30.5 mW 

'S86 
	

7 ns 
	

250 mW  

SN5486, SN54LS86A, SN54S86 	J OR W PACKAGE 
SN7486... N PACKAGE 

SN74LS86A, SN74S86... D OR N PACKAGE 

(TOP VIEW) 

1A 

1B 

1Y 

2A 

2B 

2Y 

GND 

VCC 
4B 

4A 

4Y 

3B 

3A 

3Y 

SN54LS86A, SN54S86 	FK PACKAGE 

(TOP VIEW) 

description 

These devices contain four independent 2-input 

Exclusive-OR gates. They perform the Boolean 

functions Y - A e B = AB I AB 111 positive 

logic. 

A common application is as a true/complement 

element. If one of the inputs is low, the other 

input will be reproduced in true form at the 

output. If one of the inputs is high, the signal on 

the other input will be reproduced inverted at the 

output. 

The SN5486, 54LS86A, and the SN54S86 are 

characterized for operation over the full military 

temperature range of - 55 °C to 125 °C. The 
SN7486, SN74LS86A, and the SN74S86 are 

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

 

ca Q  (..)0 co 
Z 

  

  

2 

T
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C.4  Z Z 	ci 
CD 

 

NC - No internal connection 

 

exclusive-OR logic 

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

symbols. 

EXCLUSIVE-OR 

11) 
These are f ve equivalent Exclusive-OR symbols valid for an '86 or 'LS86A gate in positive logic; negation 

may be shown at any two ports. 

LOGIC IDENTITY ELEMENT EVEN-PARITY ODD-PARITY ELEMENT 

2k + 1 

The output is active low) if all 

inputs stand at the same logic 

level (i.e., A = 8). 

The output is active (low) if an 

even number of inputs (i.e., 0 or 

2) are active. 

The output is active (high) if an 

odd number of inputs (i.e., only 1 

of the 2) are active. 

PRODUCTION ' 	ocuments contain information 
current as of r 	• ion date. Products conform to 
specification:. r... 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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schematics of inputs and outputs 
'86 

S
O

3l
A

a
a
  
i
n

  

'LS86A 

'S86 

EQUIVALENT OF 

EACH INPUT 

VCC 

4 k12 NOM 

INPUT 

TYPICAL OF 

ALL OUTPUTS 

v cc 

OUTPUT 

EQUIVALENT OF EACH INPUT 

	

VCC 	 

12 5 kl2 NOM 11 

	

INPUT 	s4 	 

TYPICAL OF ALL OUTPUTS 

VCC 
150 77 

NOM 

OUTPUT 

INPUT 

VCC 

EQUIVALENT OF 

EACH INPUT 

TYPICAL OF 

ALL OUTPUTS 
vcc 

OL.11 PU I 

INPUTS OUTPUT 

A 	B Y 

L 	L L 

L 	H H 

H 	L H 

L 

SN5486, SN54LS86A, SN54S86, 
SN7486, SN74LS86A, SN74S86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

logic symbolt 

1A 

18 

2A 

28 

3A 

36 

4A 

4B 

111 
131 

1Y 

2Y 

3Y 

4Y 

(2) 

(6) 
14) 

(5) 

(8) 
(9)  

(10)  

1111 
(12) 

(13) 

( This symbol is in accordance with 

ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

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

FUNCTION TABLE 

H - high lege , L = low level 
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SN5486, SN7486 
QUADRUPLE 2•INPUT EXCLUSIVE•OR GATES 

00•11■••• 	 

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

Supply voltage, VCC (see Note 1) 

Input voltage 	  

Operating free-air temperature range: SN5486 

SN7486 

   

7V 

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

   

   

   

   

Storage temperature range 

    

    

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

  

recommended operating conditions 

    

SN5486 SN7486 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 pA 

Low-level output current, lot .  16 16 mA 

Operating free-air temperature, TA —55 125 0 70 `c 

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

PARAMETER TEST CONDITIONSt 
SN5486 

MI'. 

z 

SN7486 
UNIT 

MIN TYPT MAX TYPI MAX 

VIN High-level input voltage 2 V 

VI L Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage Voo = MIN, li = —8 mA —1.5 —1.5 V 

VON High-level output voltage 
VCC = MIN, 

VII_ = 0.8 V, 

VIN = 2 V, 

ION= —800 CA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VII_ = 0.8 V, 

Vivi = 2 V 

10L = 16 mA 
0.2 0.4 0.2 0.4 V 

I I  Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

11H High-level input current VCC = MAX, Vi = 2.4 V 40 40 pA 

II L Low-level input current VCC = MAX, V1 = 0.4 V —1.6 —1.6 mA 

IOS Short-circuit output currentt Vcc = MAX —20 —55 —18 —55 mA 

ICC Supply current VCC = MAX, See Note 2 30 43 30 50 rnA 

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

1A11 typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

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

PARAMETER' 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A or B 	, Other input low CL = 15 pF, 

RL = 400 ft 

See Note 3 

15 	23 
ns 

tPHL 11 	17 

IPLH 
A or B Other input high 

18 	30 
ns 

tPHL 13 	22 

11tpLN = propagation delay time, low-to-high-level output 

tPHL = propagation delay time, high-to-low-level output 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS86A, SN74LS86A 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

se
o!

A
aa

  1
1

1
  

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

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Operating free-air temperature range: SN54LS86A  	—55° C to 125°C 

SN74LS86A 	  0° C to 70° C 

Storage temperature range 	 —65° C to 150° C 

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

recommended operating conditions 

SN54LS86A 
- 	-- 

Num 
— 

MAX 
UNIT 

MIN NOM MAX MIN 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 1(:)H —400 —400 pA 

Low-level output current, 101_ 4 8 mA 

Operating free-air temperature, TA —55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSI 
I 

'.'i'. 

2 

1F.:1 
— 
_.: 	.i• 

A I 	RN ,-  t' -- 
- 

'.•1'1 	I 	( ( 

2 

A 
UNIT 

MAX MAX 

VIH 	High - level input voltage V 

VIL 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 11= —18 mA —1.5 —1.5 V 

VOH 	High-level output voltage 
VCC =MIN, 

VIL = VIL max, 

VIH = 2 V, 

I0H = —400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MK 

VIH = 2 V, 

v iL  = Ve_max 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 	Input current at maximum input voltage VCC = MAX, V/ = 7 V 0.2 0.2 mA 

I / H 	High-level input current VCC = MAX, V1 = 2.7 V 40 40 pA 

IIL 	Low-level input current VCC = MAX, V1 = 0.4 V —0.8 —03 mA 

los 	Short-circuit output current§ VCC = MAX — 20 — 100 — 20 — 100 mA 

ICC 	Supply current VCC = MAX, See Note 2 6.1 10 6.1 10 mA 

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

tAll typical values are at VCC = 5 V, TA = 25C 

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

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

switching characteristics, VC = 5 V, TA = 25'C 

PARAMETERI 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Other input low CL = 15 pF, 

RL = 2 k52, 

See Note 3 

12 	23 
ns 

tPHL 10 	17 

tPLH 
A or B Other input high 

20 	30 
ns 

tPH L 13 	22 

itpLH = propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 

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

2-274 	 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 



T
T

L
 D

e
v

ic
e

s  

SN54S86, SN74S86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

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

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54S86  	—55° C to 125° C 

SN74S86 	  0°C to 70°C 
Storage temperature range  	—65° C to 150° C 

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

recommended operating conditions 

SN54S86 SN74S86 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —1 —1 mA 

Low-level output current, 10L 20 20 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 
SN54S86 SN74586 

UNIT 
MIN TYPT MAX MIN TYP ,I MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MINi 11= —18 mA —1.2 —1.2 V 

VOH High-level output voltage 
VCC =MIN, 

VII..  = 0.8 V, 

VIH = 2 V, 

10H=  —1 mA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
Vcc = MIN, 

Vit.  = 0.8 V, 

ViH = 2 V 

101 = 20 mA 
0.5 0.5 V 

li Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.7 V 50 50 AA 

11L Low-level input current VCC = MAX, Vi = 0.5 V —2 —2 mA 

IOS Short-circuit output current§ VCC = MAX —40 —100 —40 —100 mA 

ICC Supply current VCC = MAX, See Note 2 50 75 50 75 mA 

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

#  All typical values are at VCC = 5 V, TA = 25 u C 

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

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

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

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 PLH 
A or B Other input low CL = 15 pF, 

RL = 280 52, 

See Note 3 

7 	10.5 
ns 

tPHL 6.5 	10 

tPLH 
A or B 

. 

Other input high 
7 	10.5 

ns 
tPHL 6.5 	10 

l tpLH = propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN5490A, SN54LS90 . . . J OR W PACKAGE 
SN7490A ... N PACKAGE 

SN74LS90 	D OR N PACKAGE 

ITOP VIEWI 

CKB 

R11)  

R12)  
NC 

VCC 
R9)1) 

R912) 

CKA 

NC 

QA 

QD 
GND 

QB 

QC 

SN5492A. SN54LS92 . . . J OR W PACKAGE 
SN7492A 	N PACKAGE 

SN74LS92 	D OR N PACKAGE 

ITOP VIEWI 

CKB 

NC 

NC 

NC 

VCC 
ROW 

R0(2) 

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

SN74LS93 	D OR N PACKAGE 

(TOP VIEWI 

CKA 

NC 

QA 

QB 
GND 

QC 
QD 

T
T

L
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e
v
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CKB 

ROW 

R0(2) 
NC 

VCC 
NC 

NC 

CKA 

NC 

QA 

QD 
GND 

QB 

QC 

!

90A, 'LS90 . . . Decade Counters 

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

'93A, 'LS93 . .. 4-Bit Binary Counters 

TYPES 	
TYPICAL 

POWER DISSIPATION 

'90A 	 145 mW 

'92A, '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 'LS90, 

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 QD 
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. 

SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93, 
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93 

DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS 
MARCH 1974—REVISED MARCH 1988 

NC—No internal connection 

i 	 'd'S locuments contain information 
1.: 	f 	:ion date. Products conform to 

C.., terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN5490A, '92A, '93A, SN54LS90, 'LS92, 'LS93, 
SN7490A, '92A, '93A, SN74LS90, 'LS92, 'LS93 
'DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

logic symbolst 

'90 '92 '93A, "LS93 

   

CTR 

12)  R0111 

(31  
CT-0 

90(2) 
16) 

R911) 

17)  R912) 
Z3 

I- 
DIV2 

1 CKA 

— 3CT=1 

DIV5 (9) 0  
OB 

CK13—( ",> 	
CT 

{2 

CC 

— 3CT=4 
I 

OD 

iThese symbols are in accordance with ANSI/IEEE Std, 91-1984 and IEC Publication 617-12. 

SO
3I

A
3

(1
  
i
l
l
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RESET INPUTS OUTPUT 

8 011) 8 012) GO ac 	GB (DA 

H H L L 	L L 

L X COUNT 

X L COUNT 

NOTES A. Output OA is connected to input CKB for BCD count. 

B. Output QD is connected to input CKA for bi-quinary 

count 

C. Output QA is connected to input CKB. 

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

SN5490A, '92A, '93A, SN54LS90, 'LS92, 'LS93, 
SN7490A, '92A, '93A, SN74LS90, 'LS92, 'LS93 

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

'90A, 'LS90 
BCD COUNT SEQUENCE 

See Note A) 

COUNT 
OUTPUT 

OD GC °a GA 
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'92A, 'LS92 
COUNT SEQUENCE 

(See Note C) 

COUNT 
OUTPUT 

013 GC GB GA 
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r,
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1
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t
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'92A, 'LS92, '93A, 'LS93 
RESET/COUNT FUNCTION TABLE 

'90A, 1590 
BI-QUINARY (5-21 

(See Note B) 

COUNT 
OUTPUT 

GA OD GC GB 
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'90A. 'LS90 
RESET/COUNT FUNCTION TABLE 

'93A, 1_893 
COUNT SEQUENCE 

(See Note C1 

COUNT 
OUTPUT 

GO GC GB GA 
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  RESET INPUTS OUTPUT 

ROI 1 1 N0(21 13 9111 8 9121 OD GC GB GA 
H H L X L 	LL 	L 

H H X L L 	L 	L 	L 

X X H H H 	L 	L 	H 

X L X L COUNT 

L X L X COUNT 

L X X L COUNT 

X L L X COUNT 
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EQUIVALENT OF EACH INPUT 

INPUT 

INPU I 
	

11,.„ NUM 

CK A 

CKH 1 . 90A, '92A 

CKH I'93A) 

All resets 

TYPICAL OF ALL OUTPUTS 

iVcr.. 
100 Si NOM 

rn 

I 	 it 

S
e3

lA
a

(]
  
in

  
SN5490A, '92A, '93A, SN54LS90, 'LS92, 1S93, 
SN7490A, '92A, '93A, SN74LS90, 'LS92, 'LS93 

ECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

qogic diagrams (positive logic) 

'90A, 'LS90 
	

'92A. 'LS92 	 '93A. "LS93 

`1 1,`.1 	LOS' 

I () WI! „ A  

—o K 
121,1i 

it 

CK A L 'L 1  

K 

CKIi 	1 " 1 " 1 - 

lo 

lily - 

The J and K inputs shown without connection are I or reference only and are functionally at a high level. 

Pin numbers shown in 11 are for the 'LS93 and '93A and pin numbers shown in I  !are for the 54L93. 

schematics of inputs and outputs 

'90A, "92A, '93A 

A "4 !— 	- 

CK Ii 
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NOMINAL VALUES 
INPUT 

R1 	R2 	R3 

CKA 	 10 kS2 	10 1,12 10 1:12 

CKB ('LS90, 'LS92) 6.7 kS2 6.7 kS2 5 kS2 

CKB (LS93) 	15 kfl 	15 kS2 10 1,2 

EQUIVALENT OF EACH RESET INPUT EQUIVALENT OF A AND B INPUTS 

INPUT 

TYPICAL OF ALL OUTPUTS 

vcc 

INPUT 

VCC 

OUTPUT 

SN54LS90, 'LS92, 'LS93, 
SN74LS90, 'LS92, 'LS93 

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

schematics of inputs and outputs (continued) 

'LS90, 'LS92, 'LS93 
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SN5490A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A 
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

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

Supply voltage, VCC (see Note 11 	 7 V 
Input voltage 	. . . .   5.5 V 

	

Interemitter voltage (see Note 21   5.5 V 
Operating free•air temperature range: SN5490A, SN5492A, SN5493A  	-55°C to 125°C 

SN7490A, SN7492A, SN7493A 	  0° C to 70°C 
Storage temperature range  	-65° C to 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 R0 

inputs, and for the '90A circuit, it also applies between the two R9 inputs 

recommended operating conditions 

SN5490A, SN5492A 

SN5493A 

SN7490A, SN7492A 

SN7493A UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 

>
 

High-level output current, 10H -800 -800 

Low-level output current, 101_ 16 16 

Count frequency, tcount  (see Figure 11 
A input 0 32 0 32 

MHz 
B input 0 16 0 16 

Pulse width, to, 

A input 15 15 

ns B input 30 30 

Reset inputs 15 15 

Reset inactive-state setup time, t 5u  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) 

PARAMETER ' TEST CONDITIONS (  
900 ' 92A ' 93A 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP' MAX 

VIH High-level input voltage 2 2 2 V 

VIL Low-level input voltage 0.8 0.8 0.8 V 

VIK Input clamp voltage VCC - MIN- 	II= -12 mA -1.5 -1.5 -1.5 V 

VOH High-level output voltage 
VCC = MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	10H = -800 AA 
2.4 3.4 2.4 3.4 2.4 3.4 V 

VOL Low-level 
 

output voltage 

	

- MIN, 	VIH = 2 V, 
 

	

VIL = 0.8 V, 	lot_ = 16 me 
0.2 0.4 0.2 0.4 0 2 0.4 V 

II 
Input current at 

maximum input voltage 
VCC- MAX, V1= 5.5 V 1 1 1 rnA 

i I H 
High-level 

input current 

Any reset 

VCC- MAX, V1 = 2.4V 

40 40 40 

pA CKA 80 80 80 

CKI3 120 120 80 

'IL 
Low•lovi-I 

input current 

Any 	rt-set 

VCC 	MAX, Vi 	0.4 V 

- 1 6 - 1 6 - 1 6 

mA CKA -3.2 -3.2 -3.2 

CKB -4.8 -4.8 -3.2 

IOS 
Short-circuit 

 current 't' 
Vcc = MAX 

SN54' -20 -57 -20 -57 -20 -57 
mA 

SN74' -18 -57 -18 -57 -18 -57 

Icc Supply current Vcc -- MAX, See Note 3 29 42 26 39 26 39 mA 

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

All typical values are at VCC = 5 V. TA = 25 C 
', Not more than one output should be shorted at a time. 
It

OA outputs are tested at loL = t6 mA plus the limit value for !IL for the CKB input. This permits driving the CKB input while maintaining 
lull fan out capability. 

NOTE 3' ICC is measured with all outputs open, both R0 inputs grounded fotlowtng momentary connection to 4.5 V, and all other inputs 

grounded. 

TEXAS EXAS  
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SN5490A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A 
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

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

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'90A '92A '93A 
UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

imaz 
CKA OA 

CL = 15 pF, 

RL = 400 SZ, 

See Figure 1 

32 42 32 42 32 42 
MHz 

CKB °B 16 16 16 

tPLH CKA CIA 
10 16 10 16 10 16 

ns 
1 PHL 12 18 12 18 12 18 

tPLH 
CKA OD 

32  48 32 48 46 70 
ns 

1 PHL 34 50 34 50 46 70 

tPLH CKB °B 
10 16 10 16 10 16 

ns 
tPHL 14 21 14 21 14 21 

tPLH 
CKB QC 

21 32 10 16 21 32 
ns 

tPHL 23 35 14 21 23 35 

tPLH CKB QD 
21 32 21 32 34 51 

ns 
tpHL 23 35 23 35 34 51 

1 PHL Set-to-0 Any 26 40 26 40 26 40 ns 

tPLH Set-to-9 CIA ,  CID 20 30 
 ns 

1 PHL 0 13 ,  QC 26 40 

Ifmax = maximum count frequency 

tPLH . propagation delay time, low-to-high-level output 

tPHL ' propagation delay time, high-to-low-level output 

TEXAS 
INSTRUMENTS 2-283 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



S
e

3
!A
a
a
 in

 
SN54LS90, SN54LS92, SN54LS93, 
SN74LS90, SN74LS92, SN74LS93 
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

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

Supply voltage, VCC (see Note 1) 

Input voltage: R inputs 	  

A and B inputs 

Operating free-air temperature range: SN54LS' Circuits 

SN74LS' Circuits 

   

	 7V 

7V 

  5.5 V 

-55° C to 125°C 

  0°C to 70°C 

   

   

   

   

   

Storage temperature range  	-65° C to 150°C 

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

recommended operating conditions 
SN54LS90 

SN54LS92 

SN54LS93 

5N74LS90 

SN74LS92 

SN74LS93 UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 ,-400 AA 

Low-level output current, 10L 4 8 mA 

Count IFetiutntcy,1,,,,,,, 	(see F tquu. 	1) 
A Input 0 32 0 32 

MHz 
B input 0 16 0 16 

Pulse width, tw  

A input 15 15 

ns B input 30 30 

Reset inputs 30 30 
Reset inactive-state setup time, t su  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) 

PARAMETER TEST CONDITIONS* 

SN54LS90 

SN54LS92 

SN74LS90 

SN74LS92 UNIT 

MIN TYP* MAX MIN TYPy MAX 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, Ii= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC = MI N, 

VIL = ViLmax. 

VIH = 2 V, 

loH = -400 tfA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN , 

 VIL= VIL max, 

VIH = 2 V, IOL = 4  mAll 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA ll 0.35 0.5 

Ii 

Input current 

at maximum 

input voltage 

Any reset VCC = MAX, Vi = 7 V 0.1 0.1 

mA CKA 
cc - MAX,= MAXVi V

2 
= 5.5 V 

0.2 

CKB 0.4 0.4 

I I H 
High - level 

input current 

Any reset 

VCC = MAX, Vi = 2.7 V 

20 20 

AA 
- 

40 40 

80 80 

'IL 
 Low-level 

input current 

A,., 	.,...et 

VCC = MAX, V1 = 0.4 V 

-0.4 -0.4 

mA -2.4 -2.4 
- 

-3.2 -3.2 

los Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

ICC Supply current VCC = MAX, See Note 3 
.1 Can 9 15 9 15 

mA 
• 

- 
9 15 9 15 

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

*All typical values are at VCC = 5 V, TA = 25° C. 

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

liCIA outputs are tested at specified 101_ plus the limit value of III_ for the CKB input. This permits driving the CKB input while maintaining 

full fan-out capability. 

NOTE 3: lec is measured with all outputs open, both R0 inputs grounded following momentary connection to 4.5 V, and all other inputs 

grounded. 
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SN54LS90, SN54LS92, SN54LS93, 
SN74LS90, SN74LS92, SN74LS93 

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

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

PARAMETER TEST CONDITIONSt 
— . ' 

MIN 

..11 

i ,P. 

• '.. .', 	I SN74I ' 	., 
— 

MAX 
UNIT 

MAX MIN TNT,- 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

V IK Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage VCC' MIN. 

VII_ = VII_ max, 

VB.{ = 2 V, 

loH = —400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VIL = VIL ma. 

VIH = 2 V, 10L = 4 mAil 0.25 0.4 0.25 0.4 
V 

IOL = 8  In° 0.35 0.5 

II 

Input current 

at maximum 

input voltage 

Any reset VCC = MAX, Vi = 7 V 0.1 0.1 
mA 

CKA or CKB VCC = MAX, Vi = 5.5 V 0.2 0.2 

II H 
High-level 

input current 

Any reset 
\roc = MAX, VI = 2.7 V 

20 20 
pA 

CKA or CKB 40 80 

IlL 
Low-level 

input current 

Any reset 

VCC = MAX, V1= 0.4 V 

—0.4 —0.4 

mA rk' A 
 —2.4 —2.4 

— — 
• -. —1.6 —1.6 

los Short-circuit output .urtent§ VCC = MAX —20 —100 —20 —100 mA 

!cc Supply current VCC = MAX, See Note 3 9 15 9 15 mA 

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

TAP typical values are at VCC = 5 V, TA = 25C 

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

11CIA outputs are tested at specified lc, L plus the limit value for II L for the CKB input. This permits driving the CKB input while maintaining 

full fan-out capability. 

NOTE 3: Icc 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 = 25"C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS90 'LS92 'LS93 
UNIT 

MIN 'PIP MAX MIN TYP MAX MIN TNT MAX 

fM4X 
CKA CIA 

CL = 15 pF, 

RL = 2 Xi/ 

See Figure 1 

32 42 32 42 32 42 
MHz 

CKB QB 16 16 16 

1 PLH 
CKA QA 

10 16 10 16 10 16 
ns 

tPHL 12 18 12 18 12 18 

IPLH CKA QD 
32  48 32 48 46 70 

ns 
tPHL 34 50 34 50 46 70 

IPLH 
CKB QB 

10 16 10 16 10 16 
ns 

tPHL 14 21 14 21 14 21 

IPLH 
CKB QC 

21 32 10 16 21 32 
ns 

tPHL 23 35 14 21 23 35 

'PLH 
CKB Qo 

21 32 21 32 34 51 
ns 

tPHL 23 35 23 35 34 51 

tPHL Set•tr,0 Any 26 40 26 40 26 40 its 

1PLH 
Set,to,9 

°A ,  OD  20 30 
 ns 

'PHL 08• QC 26 40 

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

tPHL 	propagation delay time, high-to-low-level output 
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93, 
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93 
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93, 
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93 

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

RL 

(See Note Cl 

FROM OUTPUT 
UNDER TEST 

CL 

(See Note B) 

LOAD CIRCUIT 

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

for '90A, '92A, '93A, tr 	5 ns, tf 	5 ns, PRR = 1 MHz, duty cycle = 50%, Z out = 50 ohms; 

for 'LS90, 'LS92, 'LS93, t r  .‘ 15 ns, 	5 ns, PRR = 1 MHz, duty cycle = 50 % ,  Zout = 50 ohms. 

B CL includes probe and jig capacitance, 

C. All diodes are 1 N3064 or equivalent. 

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

E. Reference waveforms are shown with dashed lines. 

F. For '90A, '92A, and '93A; Vref 	1.5 V For 'LS90, 'LS92, and 'LS93; V re f = 1.3 V 

FIGURE 1B 
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OH 

OH 
A 
B 

GND 
CLK 
NC 

'91 A 'LS91 

NC 

NC 

NC 

VCC 
NC 

NC 

NC 

SN5491A, SN54LS91, SN7491A, SN74LS91 
8-BIT SHIFT REGISTERS 

MARCH 1974 — REVISED MARCH 1988 

SN5491A, SN54LS91 . J PACKAGE 

SN7491A . . . N PACKAGE 

SN74LS91 . . . D OR N PACKAGE 

(TOP VIEW) 

TYPE 

'91A 

'LS91 

TYPICAL 

MAXIMUM 

CLOCK 

FREQUENCY 

18 MHz 

18 MHz 

TYPICAL 

POWER 

DISSIPATION 

175 mW 

60 mW 

NC 
NC 

NC 

NC 

VCC 
NC 

NC 

description 

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

utilize transistor-transistor logic ITTL) circuits and are 

composed of eight R-S master-slave flip-flops, input 

gating, and a clock driver. Single-rail data and input 

control are gated through inputs A and B and an internal 

inverter to form the complementary inputs to the first bit 

of the shift register. Drive for the internal common clock 

line is provided by an inverting clock driver. This clock 

pulse inverter/driver causes these circuits to shift infor-

mation one bit on the positive edge of an input clock 

pulse. 

FUNCTION TABLE 

SN5491A, SN54LS91 	W PACKAGE 

(TOP VIEW) 

OH 

OH 
B 

GND 
A 

CLK 

NC 

NC - No internal connection 

schematics of inputs and outputs 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does nat 
necessarily include tasting of all parameters. 
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'91A 'LS91 

INPUTS 

AT t in  

OUTPUTS 

AT tn  + 8 

A B QH (711.4 

H H H L 

L XL H 

X LL H 

to  = Reference bit time, 

clock low 

to  .+.8 = Bit time after 8 

low-to-high 

clock transitions. 

logic symbol t 

IThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC 

Publication 617-12. 

EQUIVALENT OF EACH INPUT 

VCC 

	Reg  

I NPUT 	 -- 

EQUIVALENT OF EACH INPUT 

VCC 	 

17 kS2 NOM 

INPUT —.441  

V 

'91A, R eg  = 4 ks?. NOM 

TYPICAL OF BOTH OUTPUTS 

'91A, R = 130 S2 NOM 

TYPICAL OF BOTH OUTPUTS 

VCC 
120 12 NOM 

	OUTPUT 

• For applications in: 

Digital Computer Systems 

Data-Handling Systems 

Control Systems 
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(131 (131  QH  
S Q 

CLOCK 

logic diagram (positive logic) 

(121 (101 

a (11) 1121 

-c>CK 

R Q 
1141[14] .5H  

S Q 

c> CK 

Tri 

S 0 

-0> CK 

—R Q 

S 

-C> CK 

—R Q 

S Q 

-c>CK 

—R 

S Q 

-c> CK 

R 

SN5491A, SN7491A 
13-BIT SHIFT REGISTERS 

Pin numbers shown in I I are for the D, J or N packages and pin numbers shown in I I are for the W package 

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

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage (see Note 2) 	  5.5 V 
Operating free-air temperature range: SN5491A  	—55°C to 125°C 

SN7491A 	  0° C to 70° C 
Storage temperature range  	—65° C to 150° C 

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

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

recommended operating conditions 

NUM 

1'2 ' :91A 
UNIT — - 

MIN MAX MIN RUM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 • . V 

High-level output current, 10H -400 -4vsz gA 

Low-level output current, Ir3L 16 16 mA 

Width of clock input pulse, tw  25 25 ns 

Setup time, t su  (see Figure 1) 25 25 ns 

Hold time, th (see Figure 1) 0 0 Is 

Operating free-air temperature, TA -55 125 0 70 n C 

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

PARAMETER TEST CONDITIONSi 
SN5491A • '2 	191A 

UNIT 
MIN NOM MAX MIN NUM MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 
Vcc = MIN, 

VII_ = 0.8 V, 

V h4 = 2 V, 

10H = -400 gA 
2.4 3.5 2.4 3.5 V 

VOL Low-level output voltage 
VCC ' MIN, 

Vit._ = 0.8 V, 

Vh.i = 2 V, 

10L = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

ItH High-level input current VCC = MAX, V1 = 2.4 V 40 40 gA 

'IL Low-level input current VCC = MAX, V1 = 0.4 V -1.6 -1.6 mA 

IOS Short-circuit output current§ VCC n" MAX -20 -57 -18 -57 mA 

Icc Supply current VCC = MAX, See Note 3 35 50 35 58 mA 

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

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 3' I cc is measured after the eighth clock pulse with the output open and A and B inputs grounded. 

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

PARAMETER MIN TNT MAX UNIT 

f ma. Maximum clock frequency '=L - 	 , -, P. ■ 

RL = 400 O, 

See Figure 1 

10 18 MHz 

tpLH Propagation delay time, low•to-high-level output 24 40 ns 

tpHL Propagation delay time, high-to-low-level output 27 40 ns 

2-290 	 TFXAS 
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SN54LS91, SN74LS91 
8-BIT SHIFT REGISTERS 

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

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   7 V 
Operating free-air temperature range: SN54LS91  	-55'"C to 125 ° C 

SN74LS91 	  0° C to 70° C 
Storage temperature range 	 -65° C to 150° C 

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

recommended operating conditions 

SN541.•:••1 - SN74LS91 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5 5 4.75 5 5.25 V 

High-level output current, 10H -400 -400 pA 

Low-level output current, loL 4 8 mA 

Width of clock input pulse, tw  25 25 ns 

Setup time, t su  (see Figure 1) 25 25 ns 

Hold time, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TA -55 125 0 70 C 

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

PARAMETER TEST CONDITIONSt 
SN54LS91 SN74LS91 

UNIT 
MIN TYPI- MAX MIN TYPE MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 	li = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
Vcc = MIN, 	Viii = 2 V, 

VIL = VIL max, loH = -400uA 
2.5 3.5 2.7 3.5 V 

V01 Low-level output voltage 
VCC = MIN, 	VIH = 2 V, 

VII_ = VIL max 

10L= 4  mA 0.25 0.4 0.25 0.4 
V 

IOL ` 8  mA 0.35 0.5 

I 	Input current at 

 maximum input voltage 
VCC = MAX, 	V1 = 7 V 0 1 0.1 mA 

I I H 	High-level input current VCC = MAX, 	Vi - 2 7 V 20 20 pA 

I I L 	Low-level input current VCC = MAX, 	V1 - 0.4 V -0.4 -0.4 mA 

los 	Short-circuit output current § VCC = MAX -20 -100 -20 -100 mA 

loo 	Supply current VCC = MAX. 	See Note 3 12 20 12 20 mA 

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

All typical values are at V cc - 5 V, TA - 25 C 

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

NOTE 3 Icc is measured al ter the eighth clock pulse with the output open and A and B inputs grounded 

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

PARAMETER TEST ( • 4.14TIONS MIN TYP MAX 

ns 

Imax Maximum clock frequency CL= ID pF, 

RL=2 k5I, 

See Figure 1 

10 18 

tPLH Propagation delay time, low-to-high-level output 24 40 

tPHL Propagation delay time, high-to-low-level output 27 40 ns 

40, 
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LOAD CIRCUIT 1 

vcc = 5  V 

IRL 

See Note C 

CL —T-14 

See 

Note B 

01 	01 01 

S
a3

1
A
0
0
  1

1
1
  

V r ef 
	

Vre f 

10% 

II 
t r  

tsu 

V ref 

V re f 

1 
	1C 

 tt 

V ref 

SN5491A, SN54LS91, SN7491A, SN74LS91 
8-BIT SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

VCC = 5 V OUTPUT r  

	jo 

tr.".> 

B  
	R 	OH "4-1111-• 

	

2.4 V 	 

4> 	 CK 

	

INPUT A 	  1
I  

_ _ 

PULSE 

GENERATOR 

(See Note Al 

r- 

r  

LOAD CIRCUIT 2 

SAME AS LOAD CIRCUIT 1 
— —I 

TEST CIRCUIT 

1 	2 thru 7 	8 	9 thru 15 16 17 18 19 thru 23 24 25 26 27 

INPUT 	r - 	 lffir 

CLOCK-PULSE 

L 	 
	L 

TYPICAL INPUT/OUTPUT WAVEFORMS 

I, 1*— 	
14—  twIclockl 	 twIclock/ 

V  
90 	 I 	 i 	90% 90% 

V,,,t 
	 CLOCK 

INPUT 

0 V 

VOH 

INPUT 

A OR B 

VOL 

VOH 

V re f 	
INPUT 	 V ret 	 Vref 
A OR 5 

VOL 

IF tsu 	-11 
- thold 

	 0 V 

	

PROPAGATION DELAY TIMES VOLTAGE WAVEFORMS 	 SWITCHING TIMES VOLTAGE WAVEFORMS 

NOTES: A. The generator has the following characteristics. t w j e t eek) = 500 ns, PRR 5 1 MHz, Z.ut tv-  50 0. For SN5491A/SN7491A, 

10 ns and If 	10 ns; for SN54LS91, t r  = 15 ns, and tf = 6 ns. 

B. CL includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

D. For SN5491A/SN7491A, Vref = 1.5 V; for SN54LS91/SN74LS91, V ref = 1.3 V. 

FIGURE 1-SWITCHING TIMES 
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tPHL'A.—.4  

IPLH 
OUTPUT OH OR OH 

INPUT A 

OUTPUT OH 

CLOCK 

INPUT 

10% 

— o V 

th 
3V 

3V 

0V 

3V 
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SN5494 	J OR W PACKAGE 

SN7494 . . N PACKAGE 

(TOP VIEW) 

P1A 
P1B 
PIC 

VCC 
PEI 

SER 

CLK 

P2A 
PE2 
P28 
P2C 
GND 
P2D 
CLR 

OD 

5004 

PE1 161 	 Pi 
PE2  "51 	  G2 

CLR "°) 	 R 

CLK 181 	 >C3/—►  

SER 	I ll 	3D 

PIA 111 	  15 
P2A  1161  

1 
Ple 	  

21 	is 
P2B 1141  

PIC 
Inl  

P2C 1131  

P113
141 

 13 

P20 	"" 

[ This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

SN5494, SN7494 
4-BIT SHIFT REGISTERS 

DECEMBER 1972 — REVISED MARCH 1988 

TTL MSI PARALLEL-IN SERIAL-OUT REGISTERS 
for application as 

• 	Dual-Source, Parallel-To-Serial Converter 	 • 	Serial-In Serial-Out Register 

description ption 

These monolithic shift registers which utilize tran-

sistor-transistor logic (TTL) circuits in the familiar 

Series 54/74 configuration, are composed of four R-S 
master-slave flip-flops, four AND-OR-INVERT gates, 

and four inverter-drivers. Internal interconnections of 

these functions provide a versatile register which 

performs right-shift operations as a serial-in, serial-out 
register or as a dual-source, parallel-to-serial convert-

er. A number of these registers may be connected in 

series to form an n-bit register. 	 logic symbol t 

All flip-flops are simultaneously set to a low output 

level by applying a high-level voltage to the clear 

input while the internal presets are inactive (high). 

See the preset function table below. Clearing is 

independent of the level of the clock input. 

The register may be parallel loaded by using the clear 

input in conjunction with the preset inputs. After 

clearing all stages to low output levels, data to be 

loaded is applied to either the P1 or P2 inputs of each 
register stage (A, B, C, and D) with the corresponding 
preset enable input, PE1 or PE2, high. Presetting, like 
clearing, is independent of the level of the clock 

input. 

Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information 
must be setup at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input 

provides this information for the first flip-flop, while the outputs of the subsequent flip-flops provide information for 

the remaining R-S inputs. The clear input must be at a low level and the internal presets must be inactive (high) when 

clocking occurs. 

2 

PRESET FUNCTION TABLE 

(BIT A, TYPICAL OF ALL) 

PRESET INPUTS INTERNAL 

PRESET A PE1 P1A PE2 P2A 

X
I

X
 x

 r
  ,

-
 

X
  =

 I
-
  
r
  

x
 x

  

2
 X

  x
  r

-  
x

  
r
  

I
  X

  I
-  

X
  r

-  
X

  

H (inactive) 

El 	linoctivil 

I-I 	(inoctivo) 

H (inactivul 

L (active) 

L (active) 

REGISTER FUNCTION TABLE 

INTERNAL PRESETS INPUTS INTERNAL OUTPUTS OUTPUT 

A B C 0 CLEAR CLOCK SERIAL CIA OB QC OD 

H 

L 

I-I 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

LL 

H 

H 

H 

H 

H 

H 	X 	X 

L 	X 	X 

L 	L 	X 

L 	L 	X 

L 	I 	H 

L 	t 	L 

L 

H 

OAO 

H 

H 

L 

L 

H 

OBO 

Clgo 

ClAn 

OAn 

L 

H 

°CO 
H 

QIIIn 

08n 

O
 .c

c
 

_,.
.

.
..98  

0
 
d
Q

  

H = high level (steady state), L = low evel (steady state), X = irrelevant, 5 = transition from low to h'gh level 

GAO , ° BO ,  Oct ,  aDO = the level of QA, C18, Qc, or QD, respectively, before the indicated steady -state Input conditions were established. 

QAn• 0 Bri ,  0Cn = the level of OA, QB, or QC, respectively, before the most.recent 1' transition of the clock. 

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

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage (see Note 2) 	  5.5 V 

Operating free-air temperature range: SN5494 Circuits  	—55° C to 125°C 
SN7494 Circuits 	  0° C to 70°C 

Storage temperature range  	—65° C to 150° C 

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

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

PRODUCTION i V ‘ °cements contain information 
current as of 	•ion date. Products conform to 
specification:. ,,..1 t..... terms of Texas Instruments 	 TEXAS Afill  
standard warranty. Production processing does not 
necessarily include testing of all parameters. 	 INSTRUMENTS 

POST r-IFF , CE PDX 555017 • DALLAS TFXAS 75269 
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613 — 

CK 

DC 

CLEAR  
O 

C 

PRESET 

S 	OC 

n  

PRESET 

S 	OD 

CK 

R 

CLEAR  
O 

CLEAR 
O 

QA  

U 

PRESET 

CLEAR 

a_1>CLOCK  
CLEAR (10)  >0  

SERIAL .224>0 	 
INPUT 

S
e3

1
A
e
a
  1

1
1
  

PRESET 

OA S 

-C> CK 

(9)  OUTPUT 
OD 

SN5494, SN7494 
4-BIT SHIFT REGISTERS 

logic diagram (positive logic) 

PRESETS 

P A 

(1) 

P2A 	P1B 
(16) 	(2)  

P2B 	P C 	P2C 	P 

(14) 	(3) 	(13)  

P2D 

(4) 	(11) 

PRESET 	pE2 { 	(15)  

ENABLE 	(6)  
INPUTS 	PE1  

2 2 

schematics of inputs and output 

EQUIVALENT OF EACH INPUT 

 

OUTPUT 

VCC 

3015 NOM 

OUTPUT 

VCC 

     

     

  

R eq  

   

INPUT 

     

PE1 and PE2, R ec, - 1 552 NOM 

All others: R ec, = 4 kIT NOM 

  

       

       

TEXAS 
INSTRUMENTS 

4 
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SN5494, SN7494 
4-BIT SHIFT REGISTERS 

recommended operating conditions 

SN5494 SN7494 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, Icni —400 —400 5A 

Low-level output current, I()L 16 16 mA 

Width of clock pulse, twlclock) 35 35 ns 

Width of clear pulse, twlclear) 30 30 ns 

Width of preset pulse, tw(preset) 30 30 ns 

Setup time, t 5u  
High-level data 35 35 

ns 
Low-level data 25 25 

Hold time, th 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 
ram 

a 

TYP iviri 

2 

SN74c14 
- — 
per 

UNIT 
MAX MAX 

VIH High-level input voltage V 

VI L  Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 
VCC = MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

10H = —400 pA 
2.4 3.5 2.4 3.5 V 

Vol_ Low-level output voltage 
Vcc = MIN, 

VIL = 0.8 V, 

Vp_i = 2 V, 

loL = 16 snA 
02 04 02 0.4 V 

I( Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

111..4 High-level input current 
Presets 1 and 2 

VCC = MAX, Vi = 2.4 V 
160 160 

pA 
Other inputs 40 40 

II L Low-level input current 
Presets 1 and 2 

VCC = MAX, V1 = 0.4 V 
—6.4 —6.4 

mA 
Other inputs —1.6 —1.6 

lOS Short-circuit output current§ VCC = MAX —20 —57 —18 —57 mA 

ICC Supply current VCC = MAX, See Note 3 35 50 35 58 mA 

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

tAll 	typical values are at VCC = 5 V, TA = 25C. 

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

NOTE 3: ICC is measured with the outputs open, clear grounded following momentary application of 4.5 V, both preset-enable inputs 

grounded, and all other inputs at 4.5 V. 

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max Maximum clock frequency 10 • • 	• — 

tpLH 
Propagation delay time, low-to-high-level 

output from clock 

CL - 15 pF, 

See Note 4 

RL = 400 0, 

25 40 ns 

tPHL 
Propagation delay time, high-to-low-level 

output from clock 
25 40 ns 

fPLH 
Propagation delay time, tow-to-high level 

output from preset 
35 ns 

1PLH 
Propagation delay time, high-to-low-level 

output from clear 
40 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 

TEXAS 40  
INSTRUMENTS 

0 
a) 
V 

a) 

I— 

C:1 
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description 
	

SER 

A 
These 4-bit registers feature parallel and serial inputs, 

parallel outputs, mode control, and two clock inputs. 

The registers have three modes of operation: 

Parallel (broadside) load 	 MODE 

Shift right (the direction CIA toward QD) 	 GND 

Shift left (the direction CID toward QA) 

Parallel loading is accomplished by applying the four 

bits of data and taking the mode control input high. 

The data is loaded into the associated flip-flops and 

appears at the outputs after the high-to-low transition 

of the clock-2 input. During loading, the entry of 

serial data is inhibited. 

Er  
u ▪ z > 

^ uuuu  
3 2 1 20 19 

VCC 

QA 

QB 

QC 

QD 
CLK 1 

CLK 2 

SN541.S9513 . FK PACKAGE 

(TOP VIEW) 

if 
	

SN5495A, SN54LS95B, 
SN7495A, SN74LS95B 

4-BIT PARALLEL-ACCESS SHIFT REGISTERS 
MARCH 1974 - REVISED MARCH 1988 

TYPICAL MAXIMUM TYPICAL SN5495A, SN54LS95B . . . J OR W PACKAGE 
TYPE 

CLOCK FREQUENCY POWER DISSIPATION SN7495A 	N PACKAGE 

'95A 36 MHz 195 mW SN74LS95B . . . D OR N PACKAGE 

1S9513 36 MHz 65 mW ITOP VIEW/ 

Shift right is accomplished on the high-to-low transi-

tion of clock 1 when the mode control is low; shift 

left is accomplished on the high-to-low transition of 

clock 2 when the mode control is high by connecting 

the output of each flip-flop to the parallel input of 

the previous flip-flop (QD to input C, etc.) and serial 

data is entered at input D. The clock input may be 

applied commonly to clock 1 and clock 2 if both 

modes can be clocked from the same source. Changes 

at the mode control input should normally be made 

while both clock inputs are low; however, conditions 

described in the last three lines of the function table 

will also ensure that register contents are protected. 

B 4 	 18 Qg 

	

NC 5 	 17 NC 

C 6 	 16 QC 

	

NC 7 	 15 NC 

D 8 	 14 OD 

9 10 11 12 13 
rnr-11-nr-Irn  

LU UN ,-  
O ZZY 
O (3 
2 

NC - No internal connection 

T
T
L

 D
e

v
ic

e
s  

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE 

CONTROL 

CLOCKS 
SERIAL 

PARALLEL 
CIA QB CIC CID 

2 ILI 	1 	(RI A B C D 

X
 
X

  
X

 	
-J

 	
J
 

X
 
X

 	
-1

  
-
I
T

'
 

X
  

X
 	

-J 
	
X

 
X

 X
 X

 

X 

GB t 

X 

X 

X 

X 

X 

X 

X 

X 

X 

h 

QC 1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c 

OD 1 
X 

X 

X 

X 

X 

X 

X 

X 

X 

d 

d 

X 

X 

X 

X 

X 

X 

X 

X 

CIAO 

a 

OBn 

0A0 

H 

L 

0 A0 

0A0 

CIAO 

0A0 

CIAO 

000 

b 

aCn 

°BO 

0-An 

aAn 

°Bo 

OBO 

OBO 

OBO 

0B0 

OCO 

c 

°Dn 

OCO 

OBn 

OBn 

°CO 

OCO 

QC() 

OCO 

COQ 

CIDO 

d 

d 

ODO 

OCn 

OCy 

000 

°DO 

°DO 

0 00 

CIDO 

'Shifting left requires external connect on of QB to A, QC to B, and OD to C. Serial data is entered at input D. 
H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 

I = transition from high to low level, I - transition from low to high level 

a, b, c, d = the level of steady-state input at inputs A, B, C, or 0, respectively. 

0 A0. 0 B0. ° CO ,  000 Sic l eve l of 0A , 0 B , 0 C. or 0 D, reSPectively, before the indicated steady-state input conditions were established. 

CIA„ , Q Bn• QC,, ,  00e the hovel of 0,, OB, Oc, or OD, respectively, before the most-recent I transition of the clock. 

PRODUCTION DATA documents contain information 
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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DC 

(101 

OD 

(13) 

OA 

)121 

OB 

(3) (41 121 151 

R 

CK 

MODE 161 
CONTROL 

SERIAL 
INPUT 

CLOCK 1 	(9) 

RIGHT-SHIFT 

CLOCK 2 ( 8 ) 

 LEFT SHIFT 

S
e3

In
e
a
  1

1
1

  

DATA INPUTS 

B 

CK 

S Oc 

CK 

0A 

SN5495A, SN54LS95B, SN7495A, SN74LS95B 
4 BIT PARALLEL-ACCESS SHIFT REGISTERS 

logic symbol t 

MODE 

CLK1 

CLK2 

SER 

A 

C 

D 

161 
SRG4 

M2 [LOAD] 

 Ml (SHIFT) 

1C 311 —II. 

> 2C4 

(13) 
A 

OB 

DC 
OD 

—117": 
(9)I..*** 
(8) 

(11 
3D 

4D 
12) 

112) 131 41) 
14) (11) 

(5) 1101 

This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

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

2 
logic diagram (positive logic) 

OUTPUTS 
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'LS95B 'LS95B 'LS95B 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

vcc 

v cc  

INPUT 

OU1 PUT 

100 11 

500 Si 

Mode control: 

Clock inputs. 

All other inputs: 

R eg  = 3 kS2 NOM 

R eq  = 4 kS2 NOM 

R eq  = 6 kS2 NOM 

- 95A FS 

IR 

EQUIVALENT OF CLOCK 
AND MODE CONTROL INPUTS 

VCC 

1; 17 R NOM 

INPUT 

EQUIVALENT OF DATA 
AND SERIAL INPUTS 

vcc 
15 k11 NOM • INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 
120 11 NOM 

OUTPU I 

a 

SN5495A, SN54LS95B, SN7495A, SN74LS95G 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

schematics of inputs and outputs 

'95A '95A 

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

SN54' SN54LS' SN74' SN74LS' UNIT 

Supply voltage, VCC (see Note 11 7 7 7 7 V 

Input voltage 5.5 7 5.5 7 V 

Interemitter voltage (see Note 21 5.5 5.5 V 

Operating free-air temperature range —55 to 125 0 o 70 °C 

Storge temperature range —65 to 150 —65 to 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 input transistor. This rating applies between the clock-2 input and 

the mode control input of the '95A. 

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

PARAMETER TEST CONDITIONSt 
i rP+ 

SN7495A 
UNIT 

MIN MAX MIN 	TYP1 	MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, 	li = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC.. MIN, 	V11.1- 	2V, 

VII_ = 0 8 V, 	loti = —800 pA 
2.4 34 2.4 3.4 V 

VOL Low-level output voltage 
Vcc = MIN, 	VIH = 2 V, 

ViL = 0.8 V, 	lot_ = 16 mA 
0.2 0.4 0.2 0.4 V 

If 
Input current at 

maximum input voltage 
VCC = MAX, 	V1 = 5.5 V 1 1 mA 

IIH 
High-level 

input current 

Serial, A, B, C, D, 

Clock 1 or 2 VCC = MAX, 	V1 = 2.4 V 
40 40 

pA 

Mode control 80 80 

IlL 
Low-level 

input current 

Serial, A, B, C, D, 

Clock 1 or 2 VCC = MAX, 	Vi = 0.4 V 
—1.6 —1.6 

mA 

Mode control —3.2 —3.2 

IOS Short-circuit output cu rent§ VCC = MAX —18 —57 —18 —57 mA 

ICC Supply current VCC = MAX, See Note 3 39 63 39 63 mA 

S
O

3
1
/1

,0
0
  
in

  
SN5495A, SN7495A 
4-BIT PARALLEL-SHIFT REGISTERS 

recommended operating conditions 

SN5495A SN7495A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 pA 

Low-level output current, I(DL 16 16 mA 

Clock frequency, fclock 0 25 0 25 MHz 

Width of clock pulse, tm c i ock) (See Figure 1) 20 20 ns 

Setup time, high-level or low-level data, t w  (See Figure 1) 15 15 ns 

Hold time, high-level or low-level data, th (See Figure 1) 0 0 ns 

Time to enable clock 1, tenable  1 (See Figure 21 15 15 ns 

Time to enable clock 2 (See Figure 21 15 15 ns 

• o inhibit clock 1, tinhibit  1 	(See Figure 2) 5 5 ns 

• • 	o inhibit clock 2, ti n hibi t  2 (See Figure 21 5 5 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

t All typical values are at VCC = 5 V, TA = 25°C. 

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

NOTE 3: ICC is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary 3 V, 

then ground, applied to both clock inputs 

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

PARAMETER TEST CONDITIONS MIN TYP MAX win 

(max Maximum clock frequency 
CL = 15 pF, 

See Figure 1 

R L = 400 E2, 
25 36 tr.,. 

tpLH Propagation delay time, low-to-high-level output from clock 18 27 ns 

tpHL Propagation delay time, high-to-low-level output from clock 21 32 ns 

TEXAS 
2-300 	 INSTRUMENTS 
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SN54LS95B, SN74LS95B 
4•BIT PARALLEL•ACCESS SHIFT REGISTERS 

recommended operating conditions 

NUM 

.r: '41 . ..1 1 4/ 

NUM MAX 
UNIT 

MIN MAX MIN 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H -400 -400 A.LA 

Low-level output current, 10L 4 8 mA 

115 

Clock frequency, (clock 0 25 0 

Width of clock pulse, tw ( c i oc ki (see Figure 1) 20 20 

Setup time, high-level or low-level data, t 5u  (see Figure 11 20 20 ns 

Hold time, high-level or low-level data, th (see Figure 1) 20 10 ns 

Time to enable clock 1, tenable 1 (see Figure 21 20 20 ns 

Time to enable clock 2, tenable 2 (see Figure 21 20 20 ns 

Time to inhibit clock 1, [ inhibit 1 (see Figure 2) 20 ns  20 

Time to inhibit clock 2, [ inhibit 2 (see Figure 21 20 20 ns 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER LEST CONDITIONSt 
SN541.S95B SN74LS95B 

UNIT 
MIN TYP i MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 11 •= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v iL = v iL  max, 

VIH = 2 V, 

loig = -400 pA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 

VCC ' MIN), 

VIH = 2 V, 

VIL = VIL max 

1 0L = 4  ITIA 0.25 0.4 0.25 0.4 
V 

icil_ = 8  mA 0.35 0.5 

II 
 

Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 i(14,  

IIH 
High-level 

input current 
VCC = MAX, V1 = 2.7 V 20 20 tIA 

1 1 L 
Low-level 

input current 
Vcc = MAX, V1 = 0.4 V -0.4 -0.4 mA 

los Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

!cc Supply current VCC = MAX, See Note 3 13 21 13 21 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

NOTE 3• ICC is measured with all outputs and serial input open; A, 8, C, and D inputs grounded; mode control at 4.5 V; and a momentary 3 V, 

then ground, applied to both clock inputs 

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

PARAMETER TEST CONDITIONS MIN TYP MAX I 	rill 

'.' • 	- 
- 

ns 

[max Maximum clock frequency 
Ct.  =15 pF, 

See Figure 1 

RL - 2 k.12, 
25 36 

IPLH Propagation delay time, low-to-high-level output from clock 18 27 

(PHL Propagation delay time, high-to-low-level output from clock 21 32 ns 
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I,—  if 

tevIrlata) 

3V 

0V 
10% 

Vref V ref 
DATA 
INPUT 

90% 	90 

Vre 
10% 

S
8
3
1

A
9C

1  
in

  

CLOCK 1 OR 2 

INPUT 

OUTPUTS 

CIA ,  °B. 0C, Or CID 

	

Ts. —.4 	fr— tsu —44 	' 

ti,  I. 1 
1 t 

	

1 	 1 	 — — 3 V 

0 V 

twlclock 

I 
	 I 	 VOH 

I Vref I 
1 	1 	 I 

VOL  
I 	 I  

tP FIL  

Vref 

14_4_ 
tPLH 

SN5495A, SN54LS95B, SN7495A, SN74LS95B 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

fluf.: CA; I PU ( 

UNDER TEST 

   

• 	4 

 

 

LOAD CIRCUIT 

NOTES: A. Input pulses are supplied by a generator having the following characteristics' t r 	10 ns, tr 	10 ns, and Zout = 50 O. For the data 
pulse generator, PRR = 500 kHz; for the clock pulse generator, PRR = 1 MHz. When testing f, ax • vary PRR. For '95A. t w ki ata ) 

2Ons, tw i c iock)> 15 ns. For 'LS95B, twldatal  ? 20 Ts, twlclockl 	15 T5 

B. CL includes probe and jig capacitance 

C. All diodes are 1N3064 equivalent 

D. For '95A, Vref = 1 5 V; for 'LS95B, Vref - 1.3 V 

VOLTAGE WAVEFORMS 

FIGURE 1-SWITCHING TIMES 

TEXAS 
2-302 	 INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



T
T

L
 D

e
v

ic
es

  

SN5495A, SN54LS95B, SN7495A, SN74LS95B 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

	  VIH 

Vat, 

MODE  
CONTROL 	

Vref 	 Vref 

INPUT 
tenable 1 

.4.1 	 1 
PI----01— tinhibit 1 

INPUT ...... ji••-•■)isl 	 I 

I 	Vref 	I 	Vref  
V I L 

CLOCK 2 
INPUT 	

tinhibit 2 --40---01 il.—± tenable 2 	 VIH 

	

V ref 	 V ref 

V IL 

— VOH 
QA OUTPUT 

VO L 

NOTES: A. Input is at a low level. 

B. For '95A, Vref = 1.5 V; for 'LS958, Vref = 1.3 V. 

VOLTAGE WAVEFORMS 

FIGURE 2-CLOCK ENABLE/INHIBIT TIMES 

SERIAL 
INPUT 

CLOCK 1 

V IH 

VIL 

V IH 

TEXAS 
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SN5496, SN54LS96 . . . J OR W PACKAGE 
SN7496 . . . N PACKAGE 

SN74LS96 . . . D OR N PACKAGE 

(TOP VIEW) 

CLK 
A 
B 
C 

VCC 
D 
E 

PRE 

CLR 

QA 

GB 

GC 
GND 

QD 

QE 
SER 
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SN5496, SN54LS96, 
SN7496, SN74LS96 

5-BIT SHIFT REGISTERS 
MARCH 1974 — REVISED MARCH 1988 

N-Bit Serial 	 I Converter 

• N-Bit Parall 	 I Converter 

N-Bit Storage Register 
TYPICAL 

TYPE PROPAGATION 	TYPICAL 

DELAY TIME POWER DISSIPATION 

'96 	25 ns 	 240 mVV 

'LS96 	25 ns 	 60 mVV 

description 

These shift registers consist of five R-S master-slave 

flip-flops connected to perform parallel-to-serial or 

serial-to-parallel conversion of binary data. Since both 

inputs and outputs for all flip-flops are accessible, 

parallel-in/parallel-out or serial-in/serial-out operation 

may be performed. 

All flip-flops are simultaneously set to a low output 

level by applying a low-level voltage to the clear input 

while the preset is inactive (low). Clearing is independent of the level of the clock input. 

The register may be parallel loaded by using the clear input in conjunction with the preset inputs. After clearing all 

stages to low output levels, data to be loaded is applied to the individual preset inputs (A, B, C, D, and E) and a 

high-level load pulse is applied to the preset enable input. Presetting like clearing is independent of the level of the clock 

input. 

Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information 

must be set up at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input 

provides this information to the first flip-flop, while the outputs of the subsequent flip-flops provide information for 

the remaining R-S inputs. The clear input must be high and the preset or preset enable inputs must be low when 

clocking occurs. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR 
PRESET 

ENABLE 

PRESET 
CLOCK SERIAL CIA 	0ei 	QC 	0D 	CID 

A B CDE 

-

1
1
1
1

1
M

 
 
S

i
=

  i  

-

i
 
X

 
2

  
X

 I
 

XXXXX 

LL 	LLL 

HHHHH 

L 	L 	L 	L 	L 

HLHLH 

X 	X XXX 

X X 	XXX 

X X XXX 

X
 
X

  
X

  
-
4

 _
A

 _.
4

 4
-
 4

- 

X
  
X

 
X

  
X

 X
 X

 
2

  
-I 

L 	L 	L 	L 	L 

L 	L 	L 	L 	L 

H 	H 	-I 	H 	H 

GAO 080 000 0D0 0E0 

H 	°Bo H 	Dm H 

aA0 060 aCO 000 aE0 

H 	ClAn  Ogn OCn aCin 

L 	DAn Of3n aCn °On 

H = high level (steady statel, L = low level (steady state) 
X = irrelevant lany input, including transistionl 
t = transistron from low to high level 

0A0. 0130- etc = the level of CIA, O.  etc, respectively before the indicated steady-
state input conditions were established. 

QAn, 0 8n ,  etc = the level of QA. Q8, etc. respectively before the most-recent 
f transrstion of the clock 

logic symbol t  

CLR 

CLK 

PE 

SER 

A 

a 
C 

D 

116) 
r'ss 

(15) 
A 

GC 

D 

LIE 

SRG5 

R 

C1/--Or 

G2 

—,> (1) 

(8) 

191 
10 

2S 121 

1141 131 
2S 

14) 1131 

161 111) 

17) 110) 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

LION RATA documents contain information 
is of pi t e.i. on date. Products conform to 

spa.l.cations pa: :r». terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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OUTPUTS OC 

OD 

OE 

SN5496, SN54LS96, 
SN7496, SN74LS96 
5-BIT SHIFT REGISTERS 

typical clear, shift, preset, and shift sequences 

CLOCK 

CLEAR 

SERIAL 
INPUT 

PRESET 
ENABLE 

H 

H 

PRESETS 

HI 	 

L 

SO
3
lA

e
a
  1

1
1
  

SHIFT 

CLEAR 

logic diagram (positive logic) 

H 	H 

 	114— SHIFT 

PRESET 

PRESET  (a)  
ENABLE 

SERIAL ISI>o_.cr>  

INPUT 

PRESET 	PRESET 	PRESET 

Al2)  OUTPUT B
131 

OUTPUT C 14)  OUTPUT 

	

QA 	 Qg 	 °C 

	

115) 	 (14) 	 031 

	

—I 	—1 

CK 

R 	(71 

CLEAR 

PRESET 

CK 

R 	Q 

CLEAR  

PRESET 

CK 

CLEAR  

PRESET 

PRESET 	PRESET 

O(6)OUTPUT E 	OUTPUT 
(61 	 (7) 	Q  QD 	 E  

011 

R ift ^ R 

CLEAR 	CLEAR 

—0— 

CK 

PRESET 

S 	Q 

CK 

PRESET 

Ci —6— 

CLEAR 
(16) 

 CLOCK 
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EQUIVALENT OF 

EACH INPUT 

VCC 

INPUT 

 

R„, 

INPUT 	R eg  NOM 

Serial 	 25 k12 

Clock, Clear 	17 kEZ 

Preset enable 	3.4 kS2 

TYPICAL OF 

ALL OUTPUTS 

vCC 

13052 NOM 

OUTPUT 

sh. 

SN5496, SN54LS96, 
SN7496, SN74LS96 

5-BIT SHIFT REGISTERS 

schematics of inputs and outputs 

'96 

EQUIVALENT OF 

EACH INPUT 

Ycc 

INPUT 	R eg  NOM 

Preset enable 	80017 

All others 	 4 k37 

'LS96  

'96 

'LS96 

TYPICAL OF 

ALL OUTPUTS 

120 77 
	

VCC 

N OM 

s. OUTPUT 

pa 
T

T
L

 D
e

v
ic

e
s  

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage (see Note 2): '96 	  5.5 V 

'LS96 	  7 V 

Operating free-air temperature: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

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

TFXAS 
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5-BIT REGISTERS 
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2-308 

recommended operating conditions 

MIN 

An.'-'196 

NOM 

SN7496 
UNIT 

MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lovi —400 —400 pA 

Low-level output current, 101.  16 16 mA 

Clock frequency, 1 clock 0 10 0 10 MHz 

Width of clock input pulse, tw (doc k) 35 35 ns 

Width of preset and clear input pulse, tw  30 30 ns 

Serial input setup time, s ty  (see Figure 1) 30 30 ns 

Serial input hold time, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER 
1 

TEST CONDITIONS? 
MIN 

x 

clyq4on 

I ■ P IN  

2 

Salmon 

I 	, 	I •.• • 
UNIT 

MAX 
VIH High-level input voltage V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 
Vcc= MIN, 

VIL = 0.8 V, 

Vivi- 2 V, 

Imi = —400 AA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

Vivi= 2 V, 

Ic_ = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

I I I-1 High-level Input current 

any input except 

preset enable VCC = MAX, Vi = 2,4 V 
40 40 

0.1A 

preset enable 200 200 

1 IL Low-level input current 

any input except 

preset enable VCC = MAX, Vi = 0.4 V 
—1.6 —1.6 

mA 

preset enable —8 —8 

los Short-circuit output current§ MCC = MAX —20 —57 —18 —57 mA 

icc Supply current VCC = MAX, See Note 3 48 68 48 79 mA 

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

TAII typical values are at VCC = 5 V, TA = 25C. 

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

NOTE 3: Icc is measured with the clear input grounded and all other inputs and outputs open. 

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

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-level output from clock 
CL = 15 pF, 

RL = 400 12, 

See Figure 1 

25 40 ns 

tPHL Propagation delay time, high-to-low-level output from clock 25 40 ns 

tpLH Propagation delay time, low - to-high - level output from preset or preset enable 28 35 ns 

,PHL Propagation delay time, high-to-low-level output from clear 55 ns 

TEXAS 
INSTRUMENTS 
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PARAMETER TEST CONDITIONSt 
SN54LS96 SN74LS96 

UNIT 
MIN IVO- MAX MIN TYPt MAX 

VIH 	High-level input voltage 2 2 V 

vit. 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC ' MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
Vcc = MIN, 	Vit.' = 2 V, 

VIL = VIL max. loH = -400 pA 
2.5 3.5 2.7 3.5 V 

VOL Low-level output voltage 
VCC = MIN, 	VIH = 2 V, 

vii_ = VIL Max 

loL .-- 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

Input current 

I, 	at maximum 

input voltage 

Preset enable 
VCC = MAX, 	V1 = 7 V 

0.5 0.5 
mA 

All others 0.1 0.1 

High-level 

I IH 	input current 

Preset enable 
VCC = MAX, 	V1= 2.7 V 

100 100 
1.1A 

All others 20 20 

Low-level 

I II- 	input current 

Preset enable 
VCC - MAX, 	Vi = 0.4 V 

-2 -2 
mA 

All others -0.4 -0.4 

los 	Short-circuit output current§ VCC ' MAX -20 -100 -20 —tool mA 

mA 
ICC 	Supply current VCC -MAX, 	See Note 3 12 20 12 20 

2 
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SN54LS96, SN74LS96 
5•3IT SHIFT REGISTERS 

recommended operating conditions 

mil... 

— .;1e.4LS96 SN74LS96 
UNIT 

NUM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 -400 pA 

Low-level output current, IoL 4 8 mA 

Clock frequency, (clock 0 25 0 25 MHz 

Width of clock input pulse, tw(clock) 20 20 ns 

Width of preset and clear input pulse, t w  30 30 ns 

Serial input setup time, tsetup  (see Figure 1) 30 30 ns 

Serial input hold time, th oid (see Figure II 0 0 ns 

Operating free-air temperature, TA -55 125 0 70 'C 

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

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

All typical values are at VCC = 5 V, TA = 25 . 0 

SNot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 3: Icc is measured with the clear input grounded and all other inputs and outputs open. 

switching characteristics, VCC = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH Propagation delay time, low-to-high-level output from clock 
CL = 15 pF, 

5L = 2 ki-1, 

See Figure 1 

25 40 ns 

tpHL Propagation delay time, high-to-low-level output from clock 25 40 ns 

1PLH Propagation delay time, low-to-high-level output from preset or preset enable 28 35 its 

tpHL Propagation delay time, high-to-low-level output from clear 55 ns 

TEXAS 
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IwIclear) 

CLEAR INPU 	, 
PRR <1 MN:* ref 	 Vref 

	 S 	 

SN5496, SN54LS96, 
SN7496, SN74LS96 
5-BIT SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT VCC 

FROM OUTPUT 

UNDER TEST 

S
83

1
A

a
a

  1
1

1
  

LOAD CIRCUIT 

 

3V 

 

— 

PRESET INPUT 

PRR G 1 MHz 

(See Note DI S 

3V 

Vref 	 Vref 

1-- twlclockl •l 
I

L  
Vref 

I 

0 V 
r_tw f presetl -.4  

CLOCK INPUT 
PRR <1 MHz 

SERIAL INPUT 

PRR 	I MHz 

V r ef V ref I 	Vref 

3V 

r- 
I 	I 

h 
	I SO 

V ref 

th 

-.1 	I 

V ref V ref I 	Vref 

3 V 

-t- 	 0 
tsu 

  

tPH L 
11See Note FI 

V ref 

        

tP LH 

 

    

!PLR 

      

      

tPH L 

Vref 

   

          

VOH 

0A OUTPUT 

(See Note El 

  

V, „f 

   

Vref 
— — VOL 

VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by pulse generators having the following characteristics. duty cycle < 50%, Z e,ut  x  50 11; for '96, t r 

 10 ns, tr 	10 ns, and for 'LS96 t r  = 15 ns, tf = 6 ns. 

B. CL includes probe and lig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

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

high-level voltage to the preset enable and pulsing the individual preset inputs. 

E. OA output is Illustrated Relationship of serial input to other O outputs is illustrated in the typical shift sequence. 

F. Outputs are set to the high level prior to the measurement of tpHL from the clear Input. 

G. For '96, V re f = 1.5 V; for 'LS96 Vref = 1.3 V. 

FIGURE 1-SWITCHING TIMES 
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logic symbol 1.  

CLK 

STROBE 

ENABLE 

UNITY/CAS 
CLR 1131 

BOI  B111  

B2 

B3 

B4 (2)  

B5 (3)  

This symbol is in accordance with ANSI/IEEE Std 91.1984 and IEC Publication 617-12. 

SN5497 . . . J PACKAGE 

SN7497 . . N PACKAGE 

(TOP VIEW) 

81 
Rate 	B4 

Inputs 	B5 

BO 

EN out 

GND 

V CC 
B3 	Rate 

B2 	Inputs 

CLR 

UNITY/CAS 

EN in 
STRB 
CLK 

SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

DECEMBER 1972 - REVISED MARCH 1988 

Perform Fixed-Rate or Variable-Rate 
Frequency Division 

For Applications in Arithmetic, Radar, 
Digital-to-Analog (D/A), Analog-to-Digital 
(A/D), and other Conversion Operations 

Typical Maximum Clock Frequency ... 32 
Megahertz 

description 

These monolithic, fully synchronous, programmable 

counters utilize Series 54/74 TTL circuitry to achieve 

32-megahertz typical maximum operating frequen-

cies. These six-bit serial binary counters feature 

buffered clock, clear, and enable inputs to control the 

operation of the counter, and a strobe input to enable 

or inhibit the rate input/decoding AND-OR-INVERT 

gates. The outputs have additional gating for 

cascading and transferring unity-count rates. 

The counter is enabled when the clear, strobe, and enable inputs are low. With the counter enabled, the output 

frequency is equal to the input frequency multiplied by the rate input M and divided by 64, ie.: 

M* in 
out 

64 

where: M = F • 2 5  -I E•2 4  + D• 2 3  + C• 2 2  + B•2 1  + A• 20  

When the rate input is binary 0 (all rate inputs low), Z remains high. In order to cascade devices to perform 12-bit rate 

multiplication, the enable output is connected to the enable and strobe inputs of the next stage, the Z output of each 

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

output. 

The unity/cascade input, when connected to the clock input, may be utilized to pass the clock frequency (inverted) to 

the Y output when the rate input/decoding gates are inhibited by the strobe. The unity/cascade input may also be used 

as a control for the Y output. 
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PRODUCTION DATA documents contain information 
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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INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

100 
NOM 

OUTPUT 

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

EQUIVALENT OF EACH INPUT 

Vcc 

R eq  

Clock input: R eq  = 2 kn NOM 

Other inputs: R eg  = 4 kSt NOM 

SN5497, SN7497 
SYNCHRONOUS 6•BIT BINARY RATE MULTIPLIERS 

schematics of inputs and outputs 

INPUTS OUTPUT:. 

NOTES CLEAR ENABLE STROBE 

BINARY RATE 

B5 84 83 82 61 BO 

NUMBER OF 

CLOCK PULSES 

UNITY/ 

CASCADE 

LOGIC isVEL OR 

NUMBER OF PULSES 

Y Z ENABLE 

H X H XXXXXX X H L H H B 

64 1 

U
 
0
  
0
 
0
  C

.)  C
.)  
U

 0
 

64 1 

64 1  

64 1 

-1
  

-J
 

-
I
 r

 

I
  

r
  

r
  

r
  

64 

I
 

1
 

03 

.
 

64 1  

64 1  

64 1 

L L L HHHHHH 64 L H 63 1 D 

L L L HLHLLL 64 H 40 40 1 E 

NOTES: A. H = high level, L = low level, X = irrelevant. All remaining entries are numeric counts. 

B. This is a simplified illustration of the clear function. The states of clock and strobe can affect the logic level of `I and Z. A low 

unity/cascade will cause output V to remain high. 

C. Each rate illustrated assumes a constant value at rate inputs; however, these Illustrations in no way prohibit variable rate inputs. 

D. Unity/cascade is used to inhibit output Y. 

' 

M•f•" 

	

(8 •- 32) f„, 
0.625 fi n  

E. tout 	64 	 64 	 64 
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SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

logic diagram (positive logic) 
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SN5497, SN7497 
SYNCHRONOUS 6•BIT BINARY RATE MULTIPLIERS 

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

Supply voltage, VCC (see Note 1) 

Input voltage 	  

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

SN7497 	 

   

7V 

5.5 V 

- 55° C to 125° C 

0° C to 70 ° C 

- 65° C to 150° C 

   

   

   

   

Storage temperature range 

    

    

recommended operating conditions 

    

SN5497 SN7497 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4 5 5 5.5 4.75 5 5 2c  V 

uA High-level output current, 10H -400 - 

Low-level output current, 10L 16 

Clock frequency, (clock 0 25 0 25 MHz 

Width of clock pulse, t y„,( c l oc k) 20 20 ns 

Width of clear pulse, twlclear) 15 15 ns 

Enable setup time, t su : 

Before positive-going transition of clock pulse 

Before negative-going transition of previous clock pulse 

(See F igure 11 

25 

0 IwIclock1-10 

25 

0 [w(clock)-10 

ns 

Enable hold time, the 

After positive-going transition of clock pulse 

After negative-going transition of previous clock pulse 

(See F igure 1) 

0 

20 

Ivylclock1-10 

tcp - 10 

0 

20 

IwIclock1-10 

tcp - I 0 

ns 

Operating free-air temperature, TA (See Note 2) -55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSI.  MIN TYPI MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

V I K Input clamp voltage VCC = MIN, II - -12 mA -1.5 V 

VOH High-level output voltage 
VCC '. MINI , 

 VII_ = 0.8 V, 

VIH - 2 V, 

1 0H ' -400 pA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII..  = 0.8 V, 

VIH = 2 V, 

loL = 16 mA 
. 	0.2 0.4 V 

li Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

I ihi High-level input current 
clock input 

VCC = MAX, Vi = 2.4 V 
80 

pA 
other inputs 40 

!IL Low-level input current 
clock input 

VCC = MAX, V1 = 0.4 V 
-3.2 

mA 
other inputs -1.6 

IOS Short circuit output current* VCC = MAX -18 -55 mA 

ICCH Supply current, outputs high VCC = MAX, See Note 3 58 mA 

ICCL Supply current, outputs low VCC = MAX, See Note 4 80 120 mA 

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

TA!! typical values are at VCC = 5 V, TA = 25"C. 

kNot more than one output should be shorted at a time. 

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

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

resistance from case to free-air, RocA, of not more than 55'C/W. 

3. lccH is measured with outputs open and all inputs grounded 

4. I CC L is measured with outputs open and all inputs at 4.5 V 
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qn 
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SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

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

PARAMETERt 
FROM 

INPUT 

TO 

OUTPUT 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 

CL = 15 pF, 

RL = 400 0, 

See Figure 1 

25 	32 MHz 

tPLH 
Enable Enable 

13 	20 
ns 

tPHL 14 	21 

IPLI-1 
Strobe Z 

12 	18 
ns 

tPHL 15 	23 

tPLH 
Clock Y 

26 	39 
ns 

tPHL 20 	30 

tPLH Clock Z 
12 	18 

ns 
tPHL 17 	26 

tPLH 
Rate Z 

6 	10 
ns 

tpHL 0 	14 

1PLH 
Unity/Cascade Y 

9 	14 
ns 

tPHL 6 	10 

1 PLH 
Strobe Y 

19 	30 
ns 

tPH L 22 	33 

tPLH 
Clock Enable 

19 	30 
ns 

tPHL 22 	33 

lP LH 
Clear 

Y 24 	36 
ns 

tPHL Z 15 	23 

tPLH 
Any Rate Input Y 

15 	23 
ns 

tPHL 15 	23 

tfma x ", maximum clock frequenoy• 

'PLH = propagation delay time, low to-high-level output. 

5PHL 	propagation delay time, high to-low-level output 

TYPICAL APPLICATION DATA 

This application demonstrates how the '97 can be cascaded to perform 18-bit rate multiplication. This scheme is 

expandable to n-bits by extending the pattern illustrated. 

18 BIT RATE INI'UT 

As illustrated, two of the 6-bit multipliers can be cascaded by connecting the Z output of unit A to the unity cascade 

input of unit B, in which case, a two-input NOR gate is used to cascade the remaining multipliers. Alternatively, all three 

Y outputs can be cascaded with a 3-input NOR gate. The three unused unity cascade inputs can be conveniently 

terminated by connecting each to its Z output. 
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_DISABLED—w—.—ENABLED.---..—,,—DISABLED— 3 v 

twIclock) 
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0 V 

   

1.5 V 	1.5 V 	 1.5 V 

3V 

CLOCK 
INPUT 

S1115497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

PARAMETER MEASUREMENT INFORMATION 

/.--DISABLED 

tw(clock)H---0.1 	 twIclock) 
3V 

1.5 V 	1.5 V 

0 V 

10 ns 
3V 

15V 	1.5V 

0 V 

CLOCK 
INPUT 

 

1.5 V 	1.5 V 

  

 

tsu I 	 

  

   

ENABLE 

INPUT 
1.5 V 

 

       

VOH 

VOL 

 

OUTPUT Y 

 

    

s
9

3
!A

e
O

  i
n

  

ENABLING FROM POSITIVE-GOING 

TRANSITION OF CLOCK PULSE 

th 

t'" -I H 
ENABLE 	1.5 V I 	I  1.5 V 
INPUT 

OUTPUT Y 

ENABLING FROM NEGATIVE-GOING 

TRANSITION OF PREVIOUS CLOCK PULSE 

VO L 

0 V 

- VON 

2-316 

1. Unity/Cascade and pin 2 (rate input), other inputs are low. Clear the counter and apply clock and enable pulse as illustrated. 

2. Setup and hold times are illustrated for enabling a single clock pulse (count). Continued application of the enable function will enable 

subsequent clock pulse (counts) until disabling occurs (enable goes high). The total number of counts will be determined by the tetel 

number of positive-going clock transition enabled. 

NOTES: A. The input pulse generator has the following characteristics: tw(clock) = 20 ns, tTLH < 10 ns, tTHL < 10 ns, PRR = 1 MHz, 

Zoo  50 0. 
B. CL includes probe and it capacitance. 

C. All diodes are 1 N3064 or equivalent. 

FIGURE 1—SWITCHING TIMES 
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VOL 

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

PROPAGATION DELAY TIMES, 
ENABLE INPUT TO ENABLE OUTPUT 

ENABLE 

INPUT 

ENABLE 

OUTPUT 

I 	 0V 

-•-ltPHLI-*- 	1 
,PLH 

I 	
-0-1F.,,,_ 

/11— V °H 

5 V 1.5 V 

3V 

1.5 V 	 1.5 V 

SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

400 

OUTPUT OF DEVICE 
	

See Note C 

UNDER TEST 
1CL =  15 pF 

(See Note B) 

All three outputs are loaded during testing. 

LOAD CIRCUIT  

RATE INPUT 
j.5 V \1.5 V 

	  0 V 

3V 

--0-4 ,PH LIB--' 	I 
—,'"ITPLHI-4

— VOL 

1.5 V 
	

1.5 V 

OUTPUT Z 
	

VOL 

Flip-flops are at a count so that all other inputs to the gate 

under test are high and all other inputs, including other rate 

3 V 	 inputs, are low. 

1 
CLOCK OR 	1.5 V 	\1.5 V 
STROBE I 	 0 V 

tPLH'I I-4— ---' 1  "--,PHL 1 	I 	I  	1 
OH 	 3 V 

OUTPUT Z 	I 

I / 
1.5 V 	1 	1.5 V I \L V  

UNITY/CASCADE 	1.5 V 	1.5 V 
1 VOL 	 INPUT 

I  	I 	 

VOH 
1.5 V 1.5 V 

VOL 	 OUTPUT `I 

Unity/cascade and rate inputs are high, other inputs are low, 

and flip-flops are at any count other than maximum. 	 Output Z is high 

PROPAGATION DELAY TIMES, CLOCK TO Z AND Y, 	 PROPAGATION DELAY TIMES, 
AND STROBE INPUT TO Z AND Y 

	
UNITY/CASCADE INPUT TO Y 

PROPAGATION DELAY TIMES, 
RATE INPUT TO Z 

OUTPUT 

- ' 4.-1 ,PHLE*- 	I 

1.5 V 
r  v0H 

1.5 V 

VOL 

T
T

L
 D

e
v

ic
e

s  

NOTES: A. The input pulse generator has the following characteristics w ( clock) = 20 ns, tTLH 	10 ns, ti-HL C 10 ns, PAR .= 1 MHz, 

Zout ^ 50 31. 

B. CL includes probe and jig capacitance. 

C. All diodes are 1N3064 or equivalent. 

FIGURE 1-SWITCHING TIMES (CONTINUED) 
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SN54107, SN54LS107A, 
SN74107, SN74LS107A 

DUAL J-K FLIP-FLOPS WITH CLEAR 
DECEMBER 1983 — REVISED MARCH 1988 

• Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The '107 contain two independent J-K flip-flops with 

individual J-K, clock, and direct clear inputs. The '107 

is a positive pulse-triggered flip-flop. The J-K input data 

is loaded into the master while the clock is high and 

transferred to the slave and the outputs on the high-to-

low clock transistion. For these devices the J and K inputs 

must be stable while the clock is high. 

The 'LS107A contain two independent negative-edge-

triggered flip-flops. The J and K inputs must be stable 

prior to the high-to-low clock transition for predictable 

operation. When the clear is low, It overrides the clock 

and data inputs forcing the Q output low and the Q 

output high. 

The SN54107 and the SN54LS107A are characterized 

for operation over the full military temperature range of 

— 55°C to 125°C. The SN74107 and the SN74LS107A 

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

SN54107, SN54LS107A 	J PACKAGE 
SN74107 ...N PACKAGE 

SN74LS107A 	D OR N PACKAGE 

(TOP VIEW) 

NC - No internal connection 

'107 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLR CLK J K 0 	5 

L X X X L 	H 

H -11  L L Go 	do 

H -11- H L II 	L 

H -n-LHL H 

H -n_ H H TOGGLE 

'LS107A 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLR CLIC J K 0 	5 

L >, X X L 	H 

H 1. L L G O 	50 

I-I 1  I I L Fl 	L 

L HL H 

H H TOGGLE 

X X Oo 	iflio 

PRODUCTION DATA documents contain information 
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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logic diagrams (positive logic) 

'107 

S
O

3l
A

a
a
  
in

  

CLR 

"LS107A 

CLR 
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'107 

1J 

1CLK- ' 

1K 

ICLR 113
1 

 

2J 181 

2CLK 191  
2K 1111 

2CLR 

1CLK 

1K 

1CLR 

2J 

2CLK 

2K 

2CL K 

'LS107A 

IIL MAX 

— 1.6 mA 

—3.2 mA 

R eq  NOM 

4 1,1-2. 

2 kft 

■ 
EQUIVALENT OF EACH INPUT 

V00 

R eq 

INPUT 

IIL MAX 

— 0.4 mA 

—0.8 mA 

R„ NOM 

30 kFt 

8.25 k5-2 

INPUT 

EQUIVALENT OF EACH INPUT 

VCC 
eq 

TYPICAL OF ALL INPUTS 

VCC 

130 SZ NOM 

OUTPUT 

Ii  

OUTPUT 

TYPICAL OF ALL OUTPUTS 

20 	
VCC 

1p 

pom 

SN54107, SN54LS107A, 
SN74107, SN74LS107A 

DUAL J-K FLIP-FLOPS WITH CLEAR 

logic symbols t 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for 0, J, and N packages. 

schematic of inputs and outputs 
'107 

'LS107A 

T
T

L
 D

e
v

ic
e

s 
 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '107 	  5.5 V 

'LS107A 	  7 V 

Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70° C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1• Voltage values are with respect to network ground terminal 
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SN54107, SN74107 
DUAL J-K FLIP-FLOPS WITH CLEAR 

S
8
3
I

A
G

G
  1

1
1

  

recommended operating conditions 

SN54107 SN74107 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIII High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

lcm High-level output current — 0.4 — 0.4 mA 

IOL Low-level output current 16 16 mA 

tw  Pulse duration 

CLK high 20 20 

ns CLK low 47 47 

CLR low 25 25 

tsu  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 CONDITIONSt 
SN54107 SN74107 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VII< VCC = • 	• 11 = — 12 mA — 1.5 — 1.5 V 

VOH 
VCC ' " . 

10H= —0.4 mA 

V IH = 2 V, 	VII_ = 0.8 V. 
2.4 3.4 2.4 3.4 V 

VOL 
VCC = MIN, 

10L = 16 mA 

VIN = 2 V, 	VII_ = 0.8 V, 
0.2 0.4 0.2 0.4 V 

11 VCC = MAX, V/ = 5.5 V 1 1 mA 

IIH 
J or K 

VCC = MAX, V1= 2.4 V 
40 40 

AA 
All other 80 80 

'IL 
J or K 

VCC' MAX, V1 = 0.4 V 
—1.6 —1.6 

mA 
All other — 3.2 — 3.2 

IOS§ VCC = MAX — 20 — 57 — 18 — 57 mA 

ICC1 VCC = MAX, See Note 2 10 20 10 20 mA 

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

/I■11 typical values are at VCC = 5 V, TA = 25° C. 

5 Not more than one output should be shorted at a time. 
► Average per flip-flop. 

NOTE 2: With all outputs open, Icc is measured with the 0 and 0 outputs high in turn. At the time of measurement, the clock input is 

grounded. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f ma x 

R L  = 400 12, 	 CL --= 15 AF 

15 	20 MHz 

1PLH 
CLR 

Ci 16 	25 ns 

tPHL 0 25 	40 ns 

IPLH 
CLK 0 or (5 

16 	25 ns 

1 PHL 25 	40 ns 

NOTE 3. Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS107A, SN74LS107A 
DUAL J-K FLIP-FLOPS WITH CLEAR 

recommended operating conditions 

SN54LS107A SN74LS107A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V I L Low-level input voltage 0.7 08 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

fclock Clock frequency o 30 0 30 MHz 

tw  Pulse duration 
CLK high 20 20 

ns 
CLR low 25 25 

tsu  Setup time before CLK1 
data high or low 20 20 

ns 
CLR 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 (unless otherwise noted) 

PARAMETER TEST CONDITIONSt - 
Mai. 

LS107A SN74LS107A 
UNIT 

i YP t MAX MIN TYP t MAX 

VII( VCC = MIN, 11 = - 18 mA -1.5 -1.5 V 

VOH 
VCC = MIN, 

I 	0.4 mA OH = -  

Vihi -= 2 V, ViL = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 

VCC = MIN, 

IOL = 4  mA 

VII..  = MAX, Vii..1 = 2 V, 
0.25 0.4 0.25 0.4 

V 
V CC = MIN, 

IOL = 8  rnA 

VII_ = MAX, VIH = 2 V, 
0.5 

 
0 .35 

II 

J or K 

VCC = MAX, Vi = 7 V 

0.1 0.1 

mA CLR 0.3 0.3 

CLK 0.4 0.4 

IIH 

J or K 

VCC = MAX, V1 = 2.7 V 

20 20 

flA CLR 60 60 

CLK 80 80 

'IL 
J or K 

VCC = MAX, V1 = 0.4 V 
- 0.4 - 0.4 

mA 
CLR or CLK - 0.8 - 0.8 

1 0S§ VCC = MAX, See Note 4 - 20 - 100 - 20 - 100 mA 

ICC (Total) VCC = MAX, See Note 2 4 6 4 6 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condition s.  
t All typical values are at VCC = 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. 

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

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 Vo = 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, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

I max 

RI_ = 2 kii, 	 CI_ --,- 15 pF 

30 45 MHz 

1 PLH 
CLR or CLK Q or -CI 

15 20 ns 

tPHL 15 20 ns 

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

TEXAS 
INSTRUMENTS 

T
T

L
 D

e
v

ic
es

  

2-323 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



2 

0 



16 

15 

4 

13 

12 

11 

10 

9 

ACC 
2CLR 

2J 

2K 

2CLK 

2PRE 

2Q 

2Q 

T
T

L
 D

e
v

ic
es

  

1PRE 15)  
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SN54109, SN54LS109A, 
SN74109, SN74LS109A 

DUAL .1-1( POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 
DECEMBER 1983 — REVISED MARCH 1988 

SN54109, SN54LS109A 	J OR W PACKAGE 

	

SN74109 	N PACKAGE 

	

SN74LS109A 	D OR N PACKAGE 

(TOP VIEW) 

SN54LS109A 	FK PACKAGE 

(TOP VIEW) 

I 0  Z > (NI 
l_J 

3 2 1 20 19 

18)12J 

17(12K 

16 NC 

15 2CLK 

14 2PRE 

9 10 11 12 13 
1-11-1r—t rn  
10 0 010 0 
•— ZZNN 

!

• Package Options Include Plastic "Small 

Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 	 1 CLR 

Reliability 	 1J 
1K 

description 	 1C .  

These devices contain two independent J-K positive- 
11 i•! 

10 

levels of the other inputs. When preset and clear are in- 
GND 

active (high), data at the J and K inputs meeting the 

setup time requirements are transferred to the outputs 

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

triggering occurs at a voltage level and is not directly 

related to the rise time of the clock pulse. Following the 

hold time interval, data at the J and K inputs may be 

changed without affecting the levels at the outputs. 

These versatile flip-flops can perform as toggle flip-flops 
1k 4  

by grounding K and tying J high. They also can perform 
1CLK 5 

as D-type flip-flops if J and K are tied together. 
NC 6 

1PRE 7 

10 8 

The SN54109 and SN54LS109A are characterized for 

operation over the full military temperature range of 

— 55°C to 125°C. The SN74109 and SN74LS109A are 

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

edge-triggered flip-flops. A low level at the preset or 

clear inputs sets or resets the outputs regardless of the 

FUNCTION TABLE (each flip-flop) 

INPUTS OUTPUTS 

PRE CLR CLK J K CI Et 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

-f 

X 

X 

X 

I 

1 

I 

1 

L 

X 

X 

X 

L 

H 

L 

H 

X 

X 

X 

X 

L 

L 

H 

H 

X 

H 

L 

H f 

L 

TOGGLE 

G0 

H 

(.10 

L 

H 

H 1 

 H 

50 

L 

6C1 

t The output levels in this configuration are not guaranteed 

to meet the minimum levels for V0H if the lows at preset and 

clear are near v1 L maximum Furthermore, this configuration 

is nonstable; that is, it will not persist when preset or clear 

return to their inactive (high) level. 

logic symbols 

=This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

m111 11 1 1 I 4 DATA documents contain information 
I 	• ,..; ,ublication date. Products conform to 

	

lions per the terms of Texas Instruments 	 Tacos standard warranty. Production processing does not 
necessarily include testing of all parameters. 	 liNS1 RUM ENTS 
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SN54109, SN74109 
DUAL J-K POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

logic diagram (positive logic) 
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schematics of inputs and outputs 
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Vcc 

18 kR 

36 kill 

CLR 

CLK 

• 
17 7 

PRE 

31 kSS 
•• 

K 

GND 

31 kit 

SN54109, SN54LS109A, 
SN74109, SN74LS109A 

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

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '109 	  5.5 V 

'LS109A 	  7 V 

Operating free-air temperature range: SN54' 	  — 55°C to 125° C 
SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54109, SN74109 
DUAL J-K POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 
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recommended operating conditions 

SN54109 SN74109 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Imi High-level output current -0.8 -0.8 mA 

10 L  Low-level output current 16 16 mA 

tyv  Pulse duration 
CLK high or low 20 20 

ns 
PRE or CLR low 20 20 

tea Input setup time before CLK 1 10 10 ns 

th Input hold time-data after CLK 1 6 6 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 CONDITIONSt 
SN54109 SN74109 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VI K VCC = MIN, 11=-12mA -1.5 -1.5 V 

Voii 
Vcc = MIN, 

I 	0.8 mA OH = - 

VIH = 2 V, VIL = 0.8 V. 
2.4 3.4 2.4 3.4 V 

VOL 
VCC = MIN, 

1  16 mA OL =  

VIH = 2 V, VIL = 0.8 V, 
0.2 0.4 0.2 0.4 V 

It VCC = MAX, Vi = 5.5 V 1 1 mA 

II H 

J or R-  

VCC' MAX, Vi = 2.4 V 

40 40 

HA 
- 1 , 

-- - 
••• - ir 
CLK 

160 160 

80 80 

IIL 

J or 7 

vcc - MAX, Vi = 0.4 V 

- 1,6 - 1 6 

mA -. " a  

---..•
- 
:- 

-. 
CLK 

-- 4.8 -4.8 

-3.2 -3.2 

-3.2 -3.2 

IOS§ VCC' MAX -30 -85 -30 -85 mA 

ICC 8  VCC " MAX, See Note 2 9 15 9 15 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

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 5 outputs high in turn. At the time of measurement, the clock input is 

grounded. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

imax 25 	33 MHz 

tpLH PRE 
CI 10 	15 ns 

tPHL 5 23 	35 ns 

1 PLH CLR 0 
RL = 400 St, 	 CL = 15 pF 10 	15 ns 

tPHL 0 17 	25 ns 

1PLH CLK Q or (T1 
10 	16 ns 

tPHL 18 	28 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1 
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SN54LS109A, SN74LS109A 
DUAL J-K POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 

recommended operating conditions 

SN54LS109A SN74LS109A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0,7 0.8 V 

IOH High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 25 0 25 MHz 

tyy  Pulse duration 
CLK high 25 25 

 ns 
PRE 	CLR or 	low 25 25 

tsu  Setup time before CLK 1 
High-level data 35 35 

ns 
Low-level data 25 25 

th Hold time-data after CLK f 5 5 ns 

TA Operating free-air temperature - 55 125 0 70 ° C 

TEXAS 2-329 

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

PARAMETER 	 TEST CONDITIONSt 	
SN54. ' 1 ■ ••• ■ 	

- 	- UNIT 
Pr P4 MIN T\ PS MAX MIN MAX 

VIK VCC = MIN, 11= - 18 mA -1.5 -1.5 V 

VOH 
VCC = MIN, 

I 	0.4 mA OH = - 

VIH =2 V, ViL = MAX, 
2.5 3.4 2.7 3.4 V 

VCC = MIN, 

IOL ' 4  mA 

VIL = MAX, Vii..1= 2 V, 
0.25 0.4 0.25 0.4 

V VOL 
 vcc= MIN, 

IOL = 8 mA 

VII_ = MAX, ViH = 2 V, 
0.35 0.5 

li 
J, K or CLK 

VCC - MAX,  VI = 7 V 
0.1 0.1 

mA 
CLR or PRE 0.2 0.2 

I1H 
J, R or CLK 

VCC = MAX, Vi= 2.7 V 
20 20 

AA 
'Up; or -FFIE 40 40 

'IL 
J, R or CLK 

 VCC = MAX, V1 = 0.4 V 
-04  - 0.4 

mA 
CLR or 	R - 0.8 - 0.8 

1 0$§ VCC = MAX, See Note 4 - 20 - 100 - 20 - 100 mA 

ICC (Total) VCC = MAX ,  See Note 2 4 8 4 8 mA 

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

All typical values are at VCC = 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. 

NOTE 2: With all outputs open, I cc is measured wtih the Q and Q outputs high in turn. At the time of measurement, the clock input 
is gropnded. 

NOTE 4: For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be 

performed with Vo = 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, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

(max 

RL = 2 kEt, 	 CL = 15 pF 

25 	33 MHz 
tPLH CLR, PRE 

or CLK 
Oar Q 

13 	25 ns 

tPHL 25 	40 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54111, SN74111 
DUAL J-K MASTER-SLAVE 

FLIP-FLOPS WITH DATA LOCKOUT 
DECEMBER 1983 — REVISED MARCH 1988 

• Package Options Include Plastic and 

Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The SN54111 and SN74111 are d-c coupled, variable-

skew, J-K flip-flops which utilize TTL circuitry to obtain 
25-MHz performance typically. They are termed 

"variable-skew" because they allow the maximum clock 

skew in a system to be a direct function of the clock 

pulse width. The J and K inputs are enabled to accept 

data only during a short period (30 nanoseconds max-

imum hold time) starting with, and immediately follow-

ing the rising edge of the clock pulse. After this, inputs 

may be changed while the clock is at the high level 
without affecting the state of the master. At the 

threshold level of the falling edge of the clock pulse, the 

data stored in the master will be transferred to the out-

put. The effective allowable clock skew then is 
minimum propagation delay time minus hold time, plus 

clock pulse width. This means that the system designer 

can set the maximum allowable clock skew needed by 

varying the clock pulse width. Thus system design is 

made easier and the requirements for sophisticated 

clock distribution systems are minimized or, in some 

cases, entirely eliminated. These flip-flops have an addi-

tional feature-the synchronous input has reduced sen-
sitivity to data change while the clock is high because 

the data need be present for only a short period of time 

and the system's susceptibility to noise is thereby effec-

tively reduced. 

The SN54111 is characterized for operation over the full 

military temperature range of —55°C to 125°C; the 

SN74111 is characterized for operation from 0°C to 

70°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK J K Q iT3-  

L 

H 

L 

H 

H 

H 

H 

id 

L 

L 

H 

H 

H 

H 

X 

X 

X 

_EL 

IL 

_n_ 

_n. 

X 

X 

X 

L 

H 

L 

H 

X 

X 

X 

L 

L 

H 

H 

H 

L 	H 

Ht 	Ht 

Qo 	dO 

H 	L 

L 	H 

TOGGLE 

tThis configuration is non-stable; that is, it will not persist when preset 

or clear return to their inactive IhIgh) level 

SN54111 . J PACKAGE 
SN74111 . N PACKAGE 

(TOP VIEW) 

1K 

1PRE 
1CLR 

1J 

1CLK 

IQ 

10 

GND 

logic symbolt 

1PRE 

1J 

1CLK 

1K 

1CLR 

2PRE 

2J 

2CLK 

2K 

2CLR 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

16 

5 

14 

13 

12 

t1 

10 

VCC 
2K 

2PRE 

2CLR 

2J 

2CLK 

2Q 
2Q 
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PRODUCTION DATA documents contain information 
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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TYPICAL OF ALL OUTPUTS 
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SN54111, SN74111 
DUAL J-K MASTER-SLAVE 
FLIP-FLOPS WITH DATA LOCKOUT 

logic diagram (positive logic) 

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

	

Supply voltage, VCC  (see Note 11     7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54111 	  — 55°C to 125°C 
SN74111 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

Tr XAS 4 
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PARAMETER TEST CONDITIONS 7 
SN54111 SN74111 

UNIT 
MIN TYPE; MAX MIN TYPE MAX 

VIK VCC = MIN ,  ll = - 12 mA -1.5 -1.5 V 

VOH VCC = MIN, VIH = 2 V. VIL = 0.8 V, 101..1= - 0.8 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, VIL = 0.8 V, Ica_ = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, VI = 5.5 V 1 1 mA 

IIH 

III_ 

J or K 

MCC = MAX/ VI = 2.4 V 

40 40 

pA 
CLR or 
- 
PRE 

BO 80 

CLK 120 120 

J or K 

VCC = MAX, V1= 0.4 V 

- 1 6 -1.6 

mA 

_-....z.. 

- eilEi ---  
-3.2 -3.2 

- 3.2 -3.2 

CLK -4.8 -4.8 

1 0S§ MCC = MAX -20 -57 -18 -57 mA 

ICC# VCC = MAX, See Note 2 14 20.5 14 20.5 mA 
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SN54111, SN74111 
DUAL J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT 

recommended operating conditions 

'. :111 SN74111 
UNIT - 

MIN (.....M MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V I L Low-level input voltage 0.8 0.8 V 

IOH High-level output current - 0.8 - 0.8 mA 

1 0 L Low-level output current 16 16 mA 

tw  Pulse duration 
CLK high or low 25 25 

ns 
PRE or CLR low 25 25 

ts ,, Input setup time before CLK t 0 0 ns 

th. Input hold time data after CLK 1 30 30 ns 

TA Operating free-air temperature - 55 125 0 70 ° C 

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

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

1  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 0 outputs high in turn. At the time of measurement, the clock input is at 4.5 V. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

frnais 20 25 MHz 

TPLH 
PRE or CLR Q or fl 

R - 400 52, 	 CL = 15 pF 

12 18 ns 

tPHL 21 30 ns 

'PLR CLK 0 or a 12 17 ns 

tPHL 20 30 vs 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS112A, SN54S112, SN74LS112A, SN74S112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 
D2661, APRIL 1982—REVISED MARCH 1988 

• Fully Buffered to Offer Maximum Isolation 
from External Disturbance 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain two independent J-K 

negative-edge-triggered flip-flops. A low level at 
the preset and clear inputs sets or resets the 

outputs regardless of the levels of the other 

inputs. When preset and clear are inactive (high), 

data at the J and K inputs meeting the setup time 

requirements are transferred to the outputs on 

the negative-going edge of the clock pulse. Clock 

triggering occurs at a voltage level and is not 
directly related to the rise time of the clock pulse. 

Following the hold time interval, data at the J and 

K inputs may be changed without affecting the 
levels at the outputs. These versatile flip-flops 

can perform as toggle flip-flops by tying J and 

K high. 

The SN54LS112A and SN54S112 are 

characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 
SN74LS112A and SN74S112A are 

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

FUNCTION TABLE leach flip-flop) 

INPUTS OUTPUTS 

PRE CLR CLK J K Q 	Q 

L H XXXHL 

HL X X X L H 

L L X X X Ht Ht 

H H 1 L L Clo do 
H H 1 H L H L 

H H 1 L H L H 

H H 1 H H TOGGLE 

H H H X X Clo (710 

The output levels in this configuration are not 
guaranteed to meet the minimum levels 

for VON if the lows at preset and clear 

are near VIL minimum. Furthermore, this 

configuration is nonstable, that IS, It will not 

persist when either preset or clear returns to 

its inactive (high) level. 

SN54LS112A, SN54S112 . . . J OR W PACKAGE 
SN74LS112A, SN74S112A 	D OR N PACKAGE 

(TOP VIEW) 

ACC 
1 CLR 

2CLR 

2CLK 

2K 

2J 

2PRE 

20 

SN54LS112A, SN54S112 	FK PACKAGE 

(TOP VIEW) 

1E 
se U 	010 

1J 

1PRE 

NC 

10 

1r1 

IC 0 U 
N Z Z 0,1 

NC—No internal connection 

logic symbol s 

141 

131 151 

111 

121 

1151 

110) 

19) 

1131 

112/ 	 171 

1141 

=This symbol is in accordance with ANSI/IEEE Std 911984 and 

IEC Publication 617-12. 

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

1CLK 

1K 

1J 

1PRE 

10 

26 

GND 

16 

15 

14 

13 

12 

11 

10 

9 

2CLR 

2CLK 

NC 

2K 

2J 

1PRE 

1J 

1CLK 

1K 

1CLR 

2P RE 

2J 

2CLK 

2K 

2CLR 
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PI n:. o  RON 	locuments contain information 
en. • 	s of 	• • 	•ion date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54S112, SN74LS112A 

SN54LS112A, SN54S112, SN74LS112A, SN74S112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 

logic diagrams (positive logic) 

'LS112A 

CLK 

TEXAS 4 2-336 
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EQUIVALENT OF 
EACH INPUT 

VC C 

INPUT 

In_ MAX Re , NOM 

—0.4 mA 	30 1,12 

—0.8 mA 	8.25 kft 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF 
EACH INPUT 

In_ MAX 

—1.6 mA 
—4 mA 
—7 mA 

Re, NOM 

4 klt 

1.41(0 
900 St 

TYPICAL OF ALL OUTPUTS 

VCC 

50 0 NOM 

OUTPUT 
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SN54LS112A, SN54S112, SN74LS112A, SN74S112A 
DUAL ..1-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 

schematics of inputs and outputs 

'LS112A 

SN54S112, SN74S112A 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: 'LS112A 	  7 V 

SN54LS112, SN74LS112A 	  5.5 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

TEXAS 1Iti/  
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SN54LS112A, SN74LS112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 
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recommended operating conditions 

SN54LS112A SN74LS112A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current -0.4 -0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 30 0 30 MHz 

tw, Pulse duration 
CLK high 20 20 

ns 
PRE or CLR low 25 25 

tsu Set up time-before CLK! 

Data high or low 20 20 

ns CLR inactive 25 25 

PRE inactive 20 20 

th Hold time-data after CLK1 0 0 ns 

TA Operating free-air temperature -55 125 o 70 °C 

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

PARAMETER TEST CONDITIONSt 
SN54LS112A SN74LS112A 

UNIT 
MIN TYP 1  MAX MIN TNT* MAX 

VIK VCC = 	• • II = 	- 18 mA - 1.5 - 1.5 V 

VOH 
VCC = ..". 
10H = -0.4 mA 

VIH = 2 V. VIL = MAX, 
2.5 3.4 2,7 3.4 V 

VOL 

VCC = MIN, 

IOL = 4 mA 

VIL = MAX, VIH = 2 V, 
0.25 0.4 0.25 0.4 

V 
VCC = MIN , 

 IOL = 8 mA 

VIL = MAX, VIH = 2 V, 
0.35 0.5 

li 

J or K 

VCC = MAX, Vi = 7 V 

0.1 0.1 

mA ItTI or PRE 0.3 0.3 

CLK 0.4 0.4 

11H 

J or K 

VCC = MAX, V1 = 2.7 V 

20 20 

;IA CLR or PRE 60 60 

CLK 80 80 

1 lL 
J or K 

VCC = MAX, Vi - 0.4 V 
-0.4 -0.4 

mA 
All other - 0.8 - 0.8 

1 0S
§  VCC = MAX, see Note 2 -20 -100 -20 -100 mA 

ICC (Total) VCC = MAX, see Note 3 4 6 4 6 mA 

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

5 All typical values are at VCC = 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. 

NOTES: 2. For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed 

with Vo = 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. 

3. With all outputs open, Icc is measured with the Q and CI outputs high in turn. At the time of measurement, the clock input 

is grounded. 

TEXAS 
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SN54LS112A, SN74LS112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 
RL = 2 kU, 	CL = 15 pF 

30 	45 MHz 

tpLH 
CLR, PRE or CLK Q or (71 

15 	20 ns 

tPHL 15 	20 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S112, SN74S112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 

S
O

3l
A
e

a
  1

1
1

  

2-340 

recommended operating conditions 

SN54S112 SN74S112A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -1 mA 

IOL Low-level output current 20 20 mA 

tw  Pulse duration 

CLK high 6 6 

ns CLK low 6.5 6.5 

PRE or CLR low 8 8 

tsu Set up time-before CLKI Data high or low 7 7 ns 

th Hold time-data after CLK1 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 t 
SN54S112 SN74S112A 

UNIT 
MIN 	TY0 	MAX MIN TYPt MAX 

VIK VCC = MIN, II = 	- 18 mA -1.2 -1.2 V 

VOH 
VCC = MIN, 
10H= - 1 mA 

VIH = 2 V. VIL = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN , 

 IOL = 20 mA 

VIH = 2 V. VIL = 0.8 V. 
0.5 0.5 V 

II VCC = MAX, V1 = 5.5 V 1 1 mA 

IIH 
J or K 

VCC = MAX, Vi = 2.7 V 
50 50 

pA 
All other ' 100 

III  

J or K 

VCC 	MAX, Vi 	0.5 V 

- ;.0 -1.6 

mA 
CLIO -7 - 7 

PRE 5  -7 -7 

CLK -4 -4 

1 0S 1  VCC = MAX - 40 - 100 - 40 - 100 mA 

ICC °  VCC = MAX, see Note 3 15 25 15 25 mA 

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

tAll typical values are at VCC = 5 V, TA = 25°C. 

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

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

/Values are average per flip-flop. 

NOTE 3: With all outputs open, Icc is measured with the Q and (Ti outputs high in turn. At the time of measurement, the clock input is 

grounded 
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SN54S112, SN74S112A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET AND CLEAR 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 

RL = 280 ft, 	CL = 15 pF 

80 	125 MHz 

tPLH PRE or CLR Q or 171 4 	7 ns 

tPHL 
PRE or t-ITI (CLK high) 

Q or Q 
. 

5 	7 
ns 

PRE or CLR (CLK low) 5 	7 

tPLH 
CLK Q or 5 

4 	7 ns 

tPHL 5 	7 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Sect on 1. 
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1CLK 

1K 

1J 

1PRE 

10 

GND 

SN54LS113A, SN54S113 . . FK PACKAGE 

(TOP VIEW) 
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SN54LS113A, SN54S113, SN74LS113A, SN74S113A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET 
D2661, APRIL 1982 — REVISED MARCH 1988 

Fully Buffered to Offer Maximum Isolation 
	

SN54LS113A, SN54S113 	J OR W PACKAGE 

from External Disturbance 
	

SN74LS113A. SN74S113A ... D OR N PACKAGE 

(TOP VIEW) 
Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

2Q 
description 

These devices contain two independent J-K 
negative-edge-triggered flip-flops. A low level at 

the preset input sets the outputs regardless of 

the levels of the other inputs. When preset (PRE) 
is inactive (high), data at the J and K inputs 
meeting the setup time requirements are 

transferred to the outputs on the negative-going 

edge of the clock pulse. Clock triggering occurs 

at a voltage level and is not directly related to 

the rise time of the clock pulse. Following the 
hold time interval, data at the J and K inputs may 

be changed without affecting the levels at the 

outputs. These versatile flip-flops can perform 

as toggle flip-flops by tying J and K high. 

The SN54LS113A and SN54S113 are 
characterized for operation over the full military 

temperature range of — 55°C to 125°C. The 
SN74LS113A and SN74S113A are 

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

vCC 
2CLK 

2K 

2J 

2PRE 

2Q 

FUNCTION TABLE leach flip-flop) 

INPUTS OUTPUTS 

PRE CLK J K CI ifl 

L X XX H L 

rl L L 00 50 

H 1 H L H L 

H 1LHL H 

H 1 H H TOGGLE 

H H X X 00 	50 

1PRE 

1J 

1CLK 

1K 

2PRE 
2J 

2CLK 

2K 

[ This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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 ell parameters. 
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SN54LS113A, SN54S113, SN74LS113A, SN74S113A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET 

logic diagrams (positive logic) 
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EQUIVALENT OF 
EACH INPUT 

VCC 

INPUT 

ilL MAX Reg  NOM 

—0.4 mA 	30 k0 

—0.8 mA 	8.25 kll 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF 
EACH INPUT 

IIL MAX 

1.6 mA 

—7 mA 

R eg  NOM 

4 Idt 

9000  

TYPICAL OF ALL OUTPUTS 

VCC 

50 II NOM 
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SN54LS113A, SN74LS113A, SN54S113, SN74S113A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET 

schematics of inputs and outputs 

'LS113A 

SN54S113, SN74S113A 

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

Supply voltage, VCC (see Note 11 	  7 V 

Input voltage: 'LS113A 	  7 V 
SN54S113, SN74S113A 	  5.5 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 
SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65 °C to 150 °C 

NOTE 1: Voltage values are with respect to network ground terminals. 
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SN54LS113A, SN74LS113A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET 

sa
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1
  

recommended operating conditions 

SNE••: N1 13A SN74LS113A 
UNIT 

MIN 	'. 	•'.' MAX MIN 	NOM MAX 

VCC Supply voltage 4.5 	5 5.5 4.75 	5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

ICH High-level output current -0.4 -0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 30 0 30 MHz 

tw  Pulse duration 
CLK high 20 20 

ns 
PRE or CLR low 25 25 

*su Set up time-before CLK1 
high or low 20 20 

ns 
nactive 20 20 

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 (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS* 
I'. 

SN54LS113A SN74LS113A 
UNIT 

TYP* MAX 
- 	

• '' .1% TYP* MAX 

VIK VCC = MIN, li = -18 mA - 1.5 - 1.5 V 

VOH 
VCC = MIN , 

 IOH = -0.4 mA 

VIH = 2 V. VIL = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 
 

VCC 	' MIN, 

IOL - 4 mA 

VIL - MAX, VIH 	-- 	2 V. 
0.25 0.4 0.25 0.4 

V 
VCC = MIN, 

1 0L = 8 mA 

VIL = MAX, VIH = 2 V, 
0.35 0.5 

II 

J or K 

VCC = MAX, Vi = 7 V 

0.1 0.1 

mA PRE 0.3 0.3 

CLK 0.4 0.4 

IIH 

J or K 

VCC = MAX, V1 	, 2 7 V 

20 20 

i,A PRE 60 60 

CLK 80 80 

IIL 
J or K 

VCC = MAX, Vi = 0.4 V 
-0.4 -0,4 

mA 
PRE or CLK -0.8 -0.8 

IOS
§ 

 VCC = MAX, see Note 2 -20 -100 -20 -100 mA 

ICC (Total) VCC = MAX, see Note 3 4 6 4 6 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

NOTES: 2. For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed 

with Vo = 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. 

3. With all outputs open, ICC is measured with the O. and 1:71 outputs high in turn. At the time of measurement, the clock input 

is grounded. 
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SN54LS113A, SN74LS113A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED 

FLIP-FLOPS WITH PRESET 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

fmax 
RL = 2 la 	CL = 15 pF 

30 45 MHz 

tPLH PRE or CLK Q or (71 
15 20 ns 

tPHL 15 20 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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recommended operating conditions 

SN54S113 SN74S113A 
UNIT 

MIN 	NOM MAX MIN 	NOM MAX 

VCC Supply voltage 4.L 	5 5.5 4.75 	5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

1 0H High-level output current -1 -1 mA 

1 0L Low-level output current 20 20 mA 

t ry  Pulse duration 

CLK high 6 6 

ns CLK low 6.5 6.5 

PPE low 8 8 

tsu Set up time-before CLK ►  Data high or low 7 7 ns 

in 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 CONDITIONSI 
SN54S113 SN74S113A 

UNIT 
MIN 	TYPt 	MAX MIN TYP= MAX 

VIK VCC = MIN, II = -18 mA - 1.2 -1.2 V 

VOH 
VCC = MIN ,  

1 	-1 mA 0H =  

VIH = 2 V, VIL = 0.8 V, 
2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, 

IOL = 2n  n' A  

VIH = 2 V. VIL = 0.8 V. 
0.5 0.5 V 

II VCC = "' • Vi = 5.5 V 1 1 mA 

IIH 
J or K 

VCC = MAX, VI = 2.7 V 
50 50 

AA 
PRE or CLK 100 100 

'IL 

J or K 

VCC = MAX, Vi = 0.5 V 

-1.6 -1.6 

mA -6--t.5  -7 -7 

....:6h: -4 -4 

IOS 1  VCC = MAX -40 -100 -40 -100 mA 

ICC # VCC = MAX, see Note 3 15 25 15 25 mA 

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

*All typical values are at VCC = 5 V, TA = 25°C. 
Clear is tested with preset high and preset is tested with clear high. 

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

#Values are average per flip-flop. 

NOTE 3: With all outputs open, ICC is measured with the Q and ,r1 outputs high in turn. At the time of measurement, the clock input is 

grounded 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 

FIL = 280 0, 	CL = 15 pF 

80 	125 MHz 

tpLH PRE Q or Q 4 	7 ns 

tPHL 
ME (CLK high) 

rl or 0 
5 	7 

ns 
ME (CLK low) 5 

tPLH CLK Q or 071 
4 	7 ns 

tPHL 5 	7 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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I 	 
SN54LS114A, SN54S114, SN74LS114A, SN74S114A 

DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 
WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

MARCH 1973—REVISED MARCH 

• Fully Buffered to Offer Maximum Isolation 	 SN54LS114A, SN54S114 . J OR W PACKAGE 

from External Disturbance 	 SN74LS114A, SN74S114A ... D OR N PACKAGE 

(TOP VIEW) 
• Package Options Include Ceramic Carriers 

and Flat Packages in Addition to Plastic and 
Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain two independent J-K 

negative-edge-triggered flip-flops. A low level at 

the preset and clear inputs sets or resets the 
outputs regardless of the levels of the other 

inputs. When preset and clear are inactive (high), 
data at the J and K inputs meeting the setup time 

requirements are transferred to the outputs on 

the negative-going edge of the clock pulse. Clock 

triggering occurs at a voltage level and is not 
directly related to the rise time of the clock pulse. 

Following the hold time interval, data at the J and 

K inputs may be changed without affecting the 

levels at the outputs. These versatile flip-flops 

can perform as toggle flip-flops by tying J and 
K high. 

The SN54LS114A and SN54S114 are 

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

SN74LS114A and SN74S114A are 

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

FUNCTION TABLE 

INPUTS OUTPUTS 

PRE CLR CLK J K CI ift 

L H X X X H L 

H L X X X L H 

L L X X X Ht Ht 

H H 1 L L Qo do 
H H 1 H L H L 

H H 1 L H L H 

H H 1 H H TOGGLE 

H H H X X Op 	(T10 

I The output levels in this configuration are not 

guaranteed to meet the minimum levels 

for VOH if the lows at preset and clear 

are near VII_ minimum. Furthermore, this 

configuration is nonstable; that is, it wit not 

persist when either preset or clear returns to 

its inactive (high) level 

L71 ' 1 )  

CLK 
13) 

	

1PRE (4) 	 151 

	

1K 	
6 

 

	

1J (3) 	1a 	 161 1 
 10 

	

2PRE 	 191 20  
27  1111 

	

1121 	 181  20 
2K 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

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

PI 	HON •?. ?. • numents contain information 
ci • • s of 	on date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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DUAL J-1( NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 
WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

logic diagram (positive logic) 
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VCC 

INPUT 

IIL MAX 

—0.4 mA 

—0.8 mA 

—1.6 mA 

R eg  NOM 

30 V/ 

8.25 1,9 

4.1 161 

EQUIVALENT OF 

EACH INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

IIL MAX 

—1 6 mA 

—4 mA 

—7 mA 

R eg  NOM 

4 kg 

1.4 kg 

900 St 

EQUIVALENT OF 

EACH INPUT 

V CC 

INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

SN54LS114A, SN54S114, SN74LS114A, SN74S114A 
DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP-FLOPS 

WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

schematics of inputs and outputs 

'LS114A 

SN54S114, SN74S114A 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: 'LS114A 	  7 V 

SN54S114, SN74S114A 	  5.5 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS114A, SN74LS114A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 
WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

recommended operating conditions 

SN54LS114A SN74LS114A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current -0.4 -0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 30 0 30 MHz 

Pulse duration 
• 

CLK 20 20 
ns 

PRE or CLR low 25 25 

tsu Set up time-before CLK1 

• high or low 20 20 

ns . • 	nactive 25 25 

PRE inactive 20 20 

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 (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSI 
SN54LS114A SN74LS114A 

UNIT 
MIN TYP 5  MAX MIN TYP 5  MAX 

VIK VCC = MIN, II = 	-18 mA - 1.5 - 1.5 V 

VOH 
VCC = MIN. 

I 	- 0.4 mA OH =  

VIE{ = 2 V, VIL = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 

VCC - MIN, 

lot_ 	- 	4 n1A 

VIL 	MAX, V10 	2 V, 
0 25 0 4 0 25 0 4 

V 
VCC = MIN, 

IOL = 8 mA 

VIL = MAX, VIH = 2 V, 
0.35 0.5 

II 

J or K 

VCC = MAX, Vi = 7 V 

0.1 0.1 

mA 
CLR 0.6 0.6 

PRE 0.3 0.3 

CLK 0.8 0.8 

IIH 

J or K 

VCC = MAX, V1 = 2.7 V 

20 20 

//A 
CLR 120 120 

PRE 60 60 

CLK 160 160 

IIL 

J or K 

VCC 	MAX, V1 	0 4 V 

-0.4 -0.4 

mA 
CLR 1 6 - 	1.6 

PRE 0.8 0.8 

CLK - 1.6 - 1.6 

1 05 5  VCC = MAX, See Note 2 - 20 - 100 - 20 - 100 mA 

ICC (Total) VCC = MAX, See Note 3 4 6 4 6 mA 

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

f All typical values are at VCC = 5 V, TA = 25°C. 

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

NOTES: 2. For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be performed 

with V0 = 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. 

3. With all outputs open, Icc is measured with the Q and CI outputs high in turn. At the time of measurement, the clock input 

is grounded 
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SN54LS114A, SN74LS114A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 

WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

switching characteristics, VCC 	5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

(max 
RL = 2 kf2, 	CL = 15 pF 

30 	45 MHz 

tPLH 'CI:A, WE or CLK Q or d 
15 	20 ns 

tPHL 15 	20 ns 

NOTE 4: Load circuit and voltage waveforms are shown in Section 1. 
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SN54S114, SN74S114A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 
WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

recommended operating conditions 

SN54S114 SN74S114A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIE., High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1 -1 mA 

IOL Low-level output current 20 20 mA 

t,,, Pulse duration 

CLK 6 6 

ns - ,- ow 6.5 6.5 

' 	)r 	..1:1 low 8 8 

tsu Setup time Data high or low 7 7 ns 

th Hold time-data after CLK1 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 CONDITIONSt 
SN54S114 SN74S114A 

UNIT 
MIN TYP 5  MAX MIN TYPt MAX 

VIK VCC = MIN, II = -18 mA -1.2 -1.2 V 

VOH 
VCC = MIN, 

1 0H = - 1 mA 

VIN = 2 V. VIL = 0.8 V. 
2 5 3 4 2 7 3 4 V 

VOL 
VCC = MIN, 

IOL = 20 mA 

VIH = 2 V. VIL - 0 . 8  V ,  
0.5 0.5 V 

II VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH 

J or K 

VCC = MAX, Vi = 2.7 V 

50 50 

sA 
trirl 200 200 

fiR-E 100 100 

CLK 200 200 

III. 

J or K 

VCC = MAX, V1 = 0.5 V 

-1.6 - 1 6 

mA 
CLR - 14 - 14 

1-5R7 -7 -7 

CLK -8 -8 

1 05 5  VCC = MAX -40 -100 -40 -100 mA 

ICC °  VCC = MAX, See Note 3 15 25 15 25 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

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

tValues are average per flip-flop. 

NOTE 3: With all outputs open, Icc is measured with the Q and a outputs high in turn. At the time of measurement, the clock input is 

grounded 

TEXAS 2-354 	 INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



T
T

L
 D

ev
ic

e
s  

SN54S114, SN74S114A 
DUAL J-K NEGATIVE-EDGE-TRIGGERED FLIP-FLOPS 

WITH PRESET, COMMON CLEAR, AND COMMON CLOCK 

switching characteristics, VCC = 5 V, TA = 25°C (see Note 4) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 80 	125 MHz 

tPLH PRE or CLR 0 or Q 4 	7 ns 

PRE or CLR (CLK high) 5 	7 
tPHL ti or Q RL = 280 0, 	CL = 15 pF ns 

PRE or CLR (CLK low) 5 	7 

tPLH CLK Q or 5 
4 	7 ns 

tPHL 5 	7 ns 

NOTE 4: Load circuit and voltage waveforms are shown in Section 1 
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is 
Two Independent 4-Bit Latches in a Single 
Package 

Separate Clear Inputs Provide One-Step 
Clearing Operation 	 1 CLR 

 
1C1 

Dual Gated Enable Inputs Simplify Cascad- 	 1C2 
ing Register Implementations 	 1D1 

• Compatible for Use with TTL Circuits 	 101 
 

1D2 
• Input Clamping Diodes Simplify System 	 1Q2 

Design 1 D3 

1Q3 

104 

1Q4 

GND 

DECEMBER 1972-REVISED MARCH 1988 

VCC 
2Q4 

2D4 

2 Q3 

2D3 

202 

2D2 

2Q1 

2D1 

2 C2 

2C1 

2CLR 

SN54116 	J OR W PACKAGE 
SN74116 	N PACKAGE 

(TOP VIEW) 
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SN54116, SN74116 
DUAL 4-BIT LATCHES WITH CLEAR 

description 

These monolithic TTL circuits utlize D-type bistables to implement two independent four-bit latches in a single package. Each 

four-bit latch has an independent asynchronous clear input and a gated two-input enable circuit. When both enable inputs are 

low, the output levels will follow the data input levels. When either or both of the enable inputs are taken high, the outputs re-

main at the last levels setup at the inputs prior to the low-to-high-level transition at the enable inputis). After this, the data in-

puts are locked out. 

The clear input is overriding and when taken low will reset all four outputs low regardless of the levels of the enable inputs. 

The SN54116 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74116 is 

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

H 

C/0 

FUNCTION TABLE 
(EACH LATCH) 

Una, 	Inv 	 L 	 low level. 	X 	 irrelev.int 

- 	the level of 0 bel ore these input conditions were established. 

logic symbolt 

1CLR 	Ps- 

(5) 1Q1 

R 

C1 
1O1 121  

(31  1C2 

(4) 1D1 
-r—  
10 

1D2 1§1-- 
(71 

102 

103 	181 101 

1Q3 

1Q4 

2CLR " 34\ 

(171 

R 

C1 
2C1 (14)1.-wrr.  

2C2 " 54'. 

116) 
1D 201 

2D2 	(18)  

201 

0) 2Q2 
120) (21) 	2,3  

2D3 
(221 

2D4 
1231 204 

TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

INPUTS 
OUTPUT 

ENABLE 
CLEAR - 	_ DATA 0 

C1 	C2 

I
 
i
  
1
  
/
 -J

  

-

,  
-J

  
1
  
X

  
X

  

-
J
 
J

X
I
X

  

-

I  
I
X

  
X

  
X

  

-
 =

 ,'  g
  -  

PRODUCTION DATA documents contain information 
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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111, 231 1D 04 

110, 2 , 1 
04 

CLEAR 

13 17)  01 
(5 

11, 191 
02 

 

10, 181 

IS, 211 03  

(8, 201 

EQUIVALENT OF 

DATA INPUTS 

NPLII - 

31.!!!!“-)M 

OM 

TYPICAL OF 

ALL OUTPUTS 

u rn  — — 

100 1! NOM 

OUTPUT 

k 

EQUIVALENT OF CLEAR, 

C1, AND E2 INPUTS 

v cC  
4 1.12 000 

INPU1 

SN54116, SN74116 
DUAL 4-BIT LATCHES WITH CLEAR 

S
a3

1
A

9
0
  1

1
1
  

logic diagram (positive logic) 

schematics of inputs and outputs 

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

Supply voltage, VCC (see Note 1) 

Input voltage 

Operating free-air temperature range: SN54116 Circuits 

SN74116 Circuits 

Storage temperature range 

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

   

7V 

. . 5.5 V 

—55 -t to 125 'C 

  0°C to 70° C 

-65 C to 150 C 

   

   

4 
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SN54116, SN74116 
DUAL 4-BIT LATCHES WITH CLEAR 

recommended operating conditions 

cr.1..1116 ' ,.' 1 116 
UNIT — 

MIN NOM MAX MIN NUM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 pA 

Low-level output current, lot_ 16 16 mA 

Input pulse width, tw  
1, Z2 18 18 

ns 
CLR 18 18 

Data setup time, t su  
High logic level 8 8 

ns 
Low logic level 14 14 

Clear inactive-state setup time, t,,, 8 8 ns 

Data release time, high-level data,'release 2 2 
ns 

Data hold time, low-level data, th 8 8 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONS? MIN TYPT MAX UNIT 

V1H High-level input voltage 2 V 

V1L Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = —12 mA —1.5 V 

VON High-level output voltage 
Vcc= MIN, 	Vpi = 2 V, 

VII_ = 0.8 V, 	10H = —800 pA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 	VII./ = 2 V, 

VII_ = 0.8 V, 	10L= 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, 	V1 = 5.5 V 1 mA 

IIH High-level input current 
Cl, 	or clear C2, 

VCC = MAX, 	VI = 2.4 V 
40 

gA 
Any D 60 

Cl, C2, or clear —1.6 

IlL Low-level input current Any D, initial peak VCC = MAX, 	Vi = 0.4 V —2.4 mA 

Any D, steady-state —1.6 

los Short-circuit output current§ VCC = MAX 
SN54116 —20 —57 

mA 
SN74116 —18 —57 

VCC = MAX, Condition A 60 100 
ICC Supply current 

See Note 2 Condition B 40 ' 70 
mA 

 

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

type. 

t All typical values are at VCC 5  V, TA = 25C. 

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

NOTE 2: With outputs open, ICC is measured for the following conditions: 

A. All inputs grounded. 

B. All e inputs are grounded and all other inputs are at 4.5 V. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

iPLH 
C1 or e2 Any Q 

CL = 15 pF, 

R L = 400 12, 

See Figure 1 

19 	30 
ns 

1PHL 15 	22 

,PLH 
Data 0 

10 	15 
ns 

1PFIL 12 	18 

'PHL CLR Any 0 15 	22 .  ns 
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SN54116, SN74116 
DUAL 4•BIT LATCHES WITH CLEAR 

PARAMETER MEASUREMENT INFORMATION 

vcc 

RL (See Note CI 
FROM OUTPUT 

UNDER TEST 

T (See Note B) 

LOAD CIRCUIT 

  

1.5 V 4/(1.5 „ 

     

3V 

CLEAR 
INPUT 

DATA 
INPUT 

      

0 V 

      

 

tw  

I 	 tso 

    

   

3V 

	  0V 

      

       

lt_ tw  

3V 

1.5 V 	 1,5 V 

0 V 

tPLH 

VOH 

1.5 V 

VOL 

3 V 

1.5 V 	1.5V 	 1.5 V 	1.5 V 

0 V 
tiu-11:1•11.4—trelease 	 —4•1 	th 

tro—tsu  
3 V 

1.5 V 

0 V 

Sa
31

1 A
8

a
  1

1
1

  

  

ENABLE 
INPUT 

(See Note D) 

 

OUTPUT 

 

DATA 

INPUT 
(See Note El 

ENABLE 
INPUT 

(See Note DI 

1.5 V 	 1.5 V 

t,„ 

1.5 V 
	

1.5 V 
	

1.5 V 

1ri-tpH L -1.1 
	

tpHL —01 

1.5 V 	 1.5 V 

SWITCHING TIMES FROM CLEAR AND ENABLE INPUTS 

 

1.5 V 

 

tPLH 	 14-tpHL -01 

  

VOH 
OUTPUT 
	

1.5 V 	 1.5 V 

VOL 

SWITCHING TIMES FROM DATA INPUTS 

NOTES: A. Input pulses are supplied by generators having the following characteristics: t r  < 10 ns, tf < 10 ns, PR R = 1 MHz, duty cycle < 
50%, Zout .-- 5051. 

B. CL includes probe and jig capacitance. 

C. All diodes are 1N3064 or equivalent. 

D. The other enable input is low. 

E. Clear input is high. 

FIGURE 1 
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FUNCTION TABLE 

INPUTS 
FUNCTION 

- R 	§1 	S2 

X
.
J
I
I
^

M
M

  

_
I
X
I
-
I
I

I
  

X
X

_
I

I
M

-
.M

  

Pass Output Pulses 

Pass Output Pulses 

Inhibit Output Pulses 

Start Output Pulses 

Start Output Pulses 

Stop Output Pulses 

Con tinuet 

H = high level (steady state) 

L = low level (steady state) 

I = transition from H to L 

X = irrelevant 

', Operation initiated by last I transition continues. 

T
T

L
 D

e
v
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SN54120, SN74120 
DUAL PULSE SYNCHRONIZERSIDRIVERS 

SEPTEMBER 1971 — REVISED MARCH 1988 

! 

• 

• 

• 

• 

Gene rates Either a Single Pulse or Train of Pulses 
Synchronized with Control Functions 

Ideal for Implementing Sync Control Circuits 
Similar to those Used in Oscilloscopes 

Latched Operation Ensures that Output Pulses 
Are Not Clipped 

High-Fan-Out Complementary Outputs Drive 
System Clock Lines Directly 

Internal Input Pull-Up Resistors Eliminate 
Need for External Components 

Diode-Clamped Inputs Simplify System Design 

Typical Propagation Delays: 

9 Nanoseconds through One Level 

SN54120 
SN74120 

1  m 

1 S1 

1S2 

11T

11C 

1Y ■ 
GND 

2R  

(TOP VIEW) 

. . . J PACKAGE 
. . . N PACKAGE 

VCC 
2M 

2§2 

■ 2§1 

2Y 

2Y 

1Y ■ 2C 

16 Nanoseconds through Two Levels 

description 

These monolithic pulse synchronizers are designed to synchronize an asynchronous or manual signal with a system 

clock. Reliable response is ensured as the input signals are latched up; therefore duration of logic input is not critical 

and the adverse effects of contact-bounce of a manual input are eliminated. The ability to pass output pulses is started 

and stopped by the levels or pulses applied to the latch inputs S1, S2, or II in accordance with the function table. 

High-speed circuitry is utilized throughout the clock paths to minimize skew with respect to the system clock. 

After initiation, the mode control (Ml input determines 

whether a series of pulses or only one pulse is passed. 

In the absence of a stop command, the clock driver 

will continue to pass clock pulses as long as the mode 

control input is low (see Figures 2 through 4). After 
the mode control input is taken high, only a single 
clock pulse will be passed (see Figure 5). 

When the mode control is set to pass a series of 

pulses, the last pulse out is determined by two general 

rules: 

a. When pulses are terminated by the S or Ft 
inputs, conditions meeting the setup times 

(specified under recommended operating 

conditions) will dominate. 

b. Low-to-high-level transitions at the mode control input should be avoided during the 20-nanosecond period 

immediately following the negative transition of the input clock pulse as transitions during this time period 

may or may not allow the next pulse to pass (see Figures 4 and 5). When pulses are terminated by the mode 

control input, a positive transition at the mode control input meeting the high-level setup time, t su  (1-1)• 
(specified under recommended operating conditions) will pass that positive clock pulse then inhibit remaining 

clock pulses. The clock input (C) is latch-controlled ensuring that once initiated the output pulse will not be 

terminated until the full pulse has been passed. 

..II)Eilli BON DATA documents contain information 
t.... I s of publication date. Products conform to 

s,....:.sations per the terms of TIMIS Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic diagram (each driver) (positive logic) 

iNpu IS 

logic symbol t 

14/ 

i T 

lv 

2Y 

2 

S
8

31
A
g
a
  
i
l
l
  

EQUIVALENT OF EACH 

M, ft, OR S INPUT 

4 1,12 

NOM 

VCC 

15 kSZ 

NOM 

INPUT 

TYPICAL OF 

ALL OUTPUTS 

VCC 

100 It NOM 

41IP s. 	OUTPUT 

k 

SN54120, SN74120 
DUAL PULSE SYNCHRONIZERSIDRIVERS 

description (continued) 

This clock driver circuit is entirely compatible for use with either digital logic circuits or mechanical switches for input 

controls since all inputs, except the clock, have internal pull-up resistors. This eliminates the requirement to supply an 

external resistor to prevent the input from floating when the control switch is open. The internal resistor also means 

that these inputs may be left disconnected if unused. 

Typical propagation delay time is 9 nanoseconds to the Y output and 16 nanoseconds to the Y output from the clock 

input. The outputs will drive 60 Series 54/74 loads at a high logic level and 30 loads at a low logic level. Typical power 

dissipation is 127 milliwatts per driver. The SN54120 is characterized for operation from —55 ° C to 125 ° C; the 

SN74120 is characterized for operation from 0 ° C to 70° C. 

tThis symbol is in accordance with ANS /IEEE Std 91-1984 

and IEC Publication 617-12 

schematics of inputs and outputs 
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• r.1••120 .%•:120 

NuN1 
UNIT 

MIN NuM MAX MIN MAX 

Supply voltage, VCC 4.5 5 5.5 4 75 5 5.25 V 

High-level output current, ION —2.4 —2.4 mA 

Low-level output current, loL 48 48 mA 

Setup time (see Figures 2 thru 51 

Any input except mode control, 

'still-10r L) 
12 12 

ns 

Mode control 
isu(1-11 0 0 

tsulL) 12 12 

Hold time (see Figures 3 and 5) 

Any input except mode control, 

thlH or LI 
3 3 

ns 

Mode control, thlH or LI 20 20 

Operating free-air temperature, TA —55 125 0 70 ”C 

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

PARAMETER TEST CONDITIONSII  MIN TYPIII MAX UNIT 

VIH High-level input voltage 2 V 

VI L Low-level input voltage 0.8 V 

VII( Input clamp voltage VCC = MIN, I I = --12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VHA = 2 V, 

loH = —2.4 mA 
2.4 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

loL = 48 mA 
0.2 0.4 V 

II Input current at maximum input voltage _ VCC = MAX, VI = 5.5 V 1 mA 

1114 High-level input current 
Clock input 

VCC = MAX, Vi = 2.4 V 
80 AA 

Other inputs —0.12 —0.2 —0.36 mA 

'IL Low-level input current 
Clock input 

VCC = MAX, VI = 0.4 V 
—3.2 

mA 
Other inputs —2.1 

los Short-circuit output current§ VCC = MAX —35 —90 mA 

ICC Supply current VCC = MAX, See Note 3 51 90 mA 

2 

T
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SN54120, SN74120 
DUAL PULSE SYNCHRONIZERSIDRIVERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, VCC (see Note 1)  	7 V 
Input voltage 	 5  5 V 
Interemitter voltage (see Note 2) 	 5  5 V 
Operating free-air temperature range: SN54120 Circuits  	—55° C to 125° C 

SN74120 Circuits  	0°C to 70°C 
Storage temperature range 	  —65°C to 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 this circuit, this rating applies between the S1 and S2 

HIM.; 

recommended operating conditions 

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

Ali typical values are at VCC = 5 V. TA = 25 ° C. 

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

NOTE 3: lcc is measured with ground applied to all inputs except R which is at 4.5 V and all outputs open. 

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

PARAMETER.' 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

IPLH 
C Y CL = 45 pF, 

RL = 133!1, 

See Figure 1 

14 	22 
ns 

IPHL 17 	25 

5PLH 

C 
V 

10 	16 
ns 

tPHL 8 	13 

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

tpHL 	Propagation delay time, high-to-low-level output 
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SN54120, SN74120 
DUAL PULSE SYNCHRONIZERSIDRIVERS 

S
O

O
In

e
a

  
1

1
1

  

PARAMETER MEASUREMENT INFORMATION 

 

Vcc 

  

OUTPUT 

L= 133 SZ 
NOTES: A. The clock input pulse in figures 2 through 5 is 

supplied by a generator having the following cher 

acteristics: tm c i oc k) i 15 ns, PRR K 1 MHz, and 

Z.,, .t-ti 50 0. 

B. CL includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

FROM OUTPUT 

UNDER TEST 

 

 

C 45 pF 

 

  

FIGURE 1—LOAD CIRCUIT FOR SWITCHING TESTS 

CLOCK 

INPUT 

I. 

— 3 V 

0 V 

3V 

.1 
t vvIc l ock l 

5 V 

Isu ILI 

1 5 V 	1 5 V 	 1 5 V 

.. 1 or -§2 

INPUT 

6_4- tsui H) 
I 

I 
1 5 VI 

I 

I 
1 

1.5 V 

(See Note) 
0 V 

H L 14— 	—1.1 IP 	H 
I I 

VON 

Y OUTPUT I 1.5 V 	I 1 5 V 

1 VOL 
IPHL tpLH 

VOH 

15V 15V Y OUTPUT 

VO L 

NOTE• Mode control and iq inputs are low and unused S input is high. 

FIGURE 2—INITIATING AND TERMINATING PULSE TRAIN FROM S INPUTS 

3V 

1 5 V 	 1 5 V 

re—__.1 fttilLI 	 I 	
0 V 

1 	to--1.1 tnIL) 	 I 	 
1 	1 	 3V 

or S2 1 5 V 	1 5 V 
INPUT 

 

         

0 V 

     

tsu)L) 
	 th(L) 

     

3V 

INPUT 

     

15V 	1.5V 

 

0 V 

VON 

Y OUTPUT 

VO L 
NOTE: Mode control input is low and unused S input is high. 

FIGURE 3—INITIATING PULSE TRAIN FROM S AND TERMINATING WITH R INPUTS 

CLOCK 

INPUT 
I 
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CLOCK 
INPUT 

15V 1.5 V 

     

Isu(L) 

MODE 
CONTROL 
INPUT 	

\1.5 V 

3V 

0 V 

3V 

0 V 

VOH 

VOL 

3V 

0 V 

3V 

0 V 

3V 

0 V 

VOH 

VOL 
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SN54120, SN74120 
DUAL PULSE SYNCHRONIZERSIDRIVERS 

PARAMETER MEAStIlil 'OF '!T INFrilniATION 

1► 1  tvv (clock 

1 5 V 	 1 5 V 

10-44-  tsu(H) 

/— 
15 V 

Y OUTPUT 

NOTE At least one of the E inputs is low 

FIGURE 4— INITIATING AND TERMINATING PULSE TRAIN WITH MODE CONTROL INPUT 

CLOCK 
	

1.5 V 
INPUT 

MODE CONTROL 
INPUT 

	

14— 
th(H) 	

-r 

	

th(L) 	 
/ I 

°hi 	  

1 	
t u(L) 

15 V tsu(1-1) 

S1 or S2 
	 1 . 5 V 

INPUT 

OUTPUT 

NOTE. Input R ts low and the unused E input Is high. 

FIGURE 5—ENABLING SINGLE PULSE 
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logic symbol* 

Al 131  

SN54121, SN74121 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT•TRIGGER INPUTS 

MAY 1983 — REVISED MARCH 1988 

• 

Programmable Output Pulse Width 
With R int  ... 35 ns Typ 
With R /C ext. -ext • • • 40 ns to 28 Seconds 

Internal Compensation for Virtual 
Temperature Independence 

Jitter-Free Operation up to 90% 

Duty Cycle 

• Inhibit Capability 

FUNCTION TABLE  

INPUTS OUTPUTS 

Al A2 8 a 	6 

X
 --I  

X
 	

X
  

-J
 

L 

SN54121 . J OR W PACKAGE 

SN74121 . . . N PACKAGE 

(TOP VIEW! 

NC 

Al 

A2 

B 
Q 

GND 

NC - No internal connection. 

Runt Cext Bext/Cext 

=This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

VCC 
NC 

NC 

Rext/Cext 

Cext 

Rint 

NC 

For explanation of function able symbols, see page 

These lines of the function table assume that the indicated steady-state conditions at the A and 8 inputs have been setup long enough 

to complete any pulse started before the setup. 

description T
T
L
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ev

ic
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These multivibrators feature dual negative-transition-triggered inputs and a single positive-transition-triggered input 

which can be used as an inhibit input. Complementary output pulses are provided. 

Pulse triggering occurs at a particular voltage level and is not directly related to the transition time of the input pulse. 

Schmitt-trigger input circuitry (TTL hysteresis) for the B input allows jitter-free triggering from inputs with transition 

rates as slow as 1 volt/second, providing the circuit with an excellent noise immunity of typically 1.2 volts. A high 

immunity to VCC noise of typically 1.5 volts is also provided by internal latching circuitry. 

Once fired, the outputs are independent of further transitions of the inputs and are a function only of the timing 

components. Input pulses may be of any duration relative to the output pulse. Output pulse length may be varied from 

40 nanoseconds to 28 seconds by choosing appropriate timing components. With no external timing components 

(i.e., Ri n t connected to VCC •  Cex t and Rex t/Cex t open), an output pulse of typically 30 or 35 nanoseconds is achieved 

which may be used as a d-c triggered reset signal. Output rise and fall times are TTL compatible and independent of 

pulse length. 

Pulse width stability is achieved through internal compensation and is virtually independent of VCC and temperature. 

In most applications, pulse stability will only be limited by the accuracy of external tinting components. 

Jitter-free operation is maintained over the full temperature and VCC ranges for more than six decades of timing 

capacitance (10 pF to 10 gF) and more than one decade of timing resistance (2 kf2 to 30 kf2 for the SN54121 and 

2 ktl to 40 k4 for the SN74121). Throughout these ranges, pulse width is defined by the relationship twiout) = 

CextRTIn2 = 0.7 CextRT.  In circuits where pulse cutoff is not critical, timing capacitance up to 1000 j2F and timing 

resistance as low as 1.4 kf2 may be used. Also, the range of jitter-free output pulse widths is extended if VCC is held 

to 5 volts and free-air temperature is 25 °C. Duty cycles as high as 90% are achieved when using maximum 

recommended RT•. Higher duty cycles are available if a certain amount of pulse-width jitter is allowed. 

PRODUCTION DATA documents contain information 
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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INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, 1EXAS 15265 

4 
2-367 



INPUT 

INPUT 
R e , NOM 

EQUIVALENT OF EACH INPUT 

VCC 

R eQ  

Al 	4 4,12 

A2 	4 kit 

B 	2 k12 

TYPICAL OF BOTH OUTPUTS 

VCC 

R e, 

OUTPUT 

116 

R e , — 130 SI NOM 

SN54121, SN74121 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

3
9

3
1

/1
0

(1
  
in

  

logic diagram (positive logic) 

Rim = 2 NOM 

Pin numbers shown on logic notation are for J or N packages. 

NOTES: 1. An external capacitor may be connected between C ext  (positive) and Rext,Cext• 
2. To use the internal timing resistor, connect Rint  to VCC. For unproved pulse width 

accuracy and repeatability, connect an external resistor between R ex t/C ex t and VCC 

with R„, open-receded 

schematics of inputs and outputs 

2-368 	 TEXAS 
INSTRUMENTS 

POST ()Fr 4 C, 1305555015 • DALLAS TEXAS 7525 5  



SN54121, SN14121 
MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 

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

Supply voltage, Vcc (see Note 3) 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54121 	  - 55°C to 125°C 

SN74121 	  0°C to 70°C 
Storage temperature range 	  --65°C to 150°C 

NOTE 3: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 
54 Family 4.5 5 5.5 

V 
74 Family 4.75 5 5.25 

IOH High-level output current —0.4 mA 

101. Low-level output current 16 mA 

dv/dt Rate of rise or fall of input pulse 
Schmitt input, B 1 V/s 

Logic inputs, Al A2 1 Vita 

t w on ) Input pulse width 50 ns 

Rext External timing capacitance 
54 Family 1.4 30 

k0 
74 Family 1.4 40 

Coxt External timing capacitance 0 1000 uF 

Duty cycle 
RT — 2 kfl 67 

% 
RI- 	- MAX   fi o „ t  90 

TA Operating free-air temperature 
4 Family 55 125 

° C  
I 	75 4 	m  

Family 0 70 

T
T

L
  D
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SN54121, SN74121 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

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

PARAMETER TEST CONDITONSt MIN TYP$ MAX UNIT 

VIH High-level input voltage at B input VCC = MIN 2 V 

VIL Low-level input voltage at A input VCC = MIN 0.8 V 

VT +  Positive-going threshold voltage at B input VCC = .." 1.55 2 V 
VT _ Negative-going threshold voltage at B input VCC = 0.8 1.35 V 

VIK Input clamp voltage VCC = MIN, 	 II = —12 mA —1.5 V 

IOH High-level output voltage VCC = MIN, 	 IOH --= MAX 2.4 3.4 V 

VOL Low-level output voltage VCC = MIN, 	 IOL = MAX 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, 	 Vi = 5.5 V 1 mA 

IIH High-level input current 
VCC = MAX, 

VI = 2.4 V 

Al or A2 40 
AA 

B 80 

'IL Low-level input current 
VCC = MAX, 

V1 = 0.4 V 

Al or A2 —1.6 
mA  

B —3_2 

IOS Short-circuit output curren0 VCC = MAX 
54 Family —20 —55 

mA 
74 Family —18 —55 

!cc Supply current VCC = MAX 
Quiescent 13 25 

mA 
Triggered 23 40 

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

t All typical values are at VCC = 5 V, TA = 25 ° C. 

tNot more than one output should be shorted at a time. 

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH 
Propagation delay time, low.to-high-

level 0 output from either A input 

CI_ 	-- 	15 pF, 

RI_ 	400 

See Note 4 

Cext = 80 pF, 

R en t to VCC 

45 70 ns 

, PLH 
Propagation delay time, low-to-high-

level Q output from B input 
35 55 ns 

tPHL 
Propagation delay time, high-to-low 

level 5 output from either A input 
50 80 ns 

IPHL 
Propagation delay time, high-to-low 

level 5 output from B input 
40 65 ns 

twloutl 
Pulse width obtained using 

internal timing resistor 

Cext = 80 pF, 

Rent  to VCC 
70 110 150 ns 

twl°ut)  

Pulse width obtained with 

zero timing capacitance 

Cext = 0, 

 Rin t to VCC 
30 50 ns 

twIoutl 
Pulse width obtained using 

external timing resistor 

Cex t = 100 pF, 

RT = 10 ktI 
600 700 800 ns 

Cext = 1  FF , 
 RT = 10 k0 

6 7 8 ms 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54121, SN74121 
MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT•TRIGGER INPUTS 

TYPICAL CHARACTERISTICS t 

DISTRIBUTION OF UNITS 

for 

OUTPUT PULSE WIDTH 

VCc = 5 V 
TA = 25° C 
Cext ''' 101 pF 

'Ry = 10 Idt 
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FIGURE 1 

VARIATION IN OUTPUT PULSE WIDTH 

vs 
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tw ( 0.0= 420 ns 
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Cext = 60 pF 
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TA = 25°C 
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VARIATION IN INTERNAL TIMING RESISTOR VALUE 

vs 

FREE-AIR TEMPERATURE 

FIGURE 2 

SCHMITT TRIGGER THRESHOLD VOLTAGE 

vs 

FREE-AIR TEMPERATURE 

I 	I 	I 
Hysteresis- VT+- VT-. 
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VCC = 5 V 

Negative-Going Threshold VT_ 
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TA-Free-Air Temperature-°C 
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FIGURE 3 
FIGURE 4 

tData for temperatures below 0°C and above 70°C are applicable for SN54121 
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SN54121, SN74121 
MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

TYPICAL CHARACTERISTICSt (continued) 

tw
t
.

t)
—

O
u

tp
u
t  

P
u

ls
e  

W
id

th
 

S
9

0
0

9
0
  

'i
l
l
  

VARIATION IN OUTPUT PULSE WIDTH 

vs 

FREE-AIR TEMPERATURE 

-50 	0 	 50 	100 

TA-Free-Air Temperature- ° C  

OUTPUT PULSE WIDTH 

vs 

TIMING RESISTOR VALUE 

10 ms 

11111 

! 

1-.1-'1-  

51.  

1 	11111 u Vs!: 
1 ms 

II 11111 — 

100 ps 	; . ■•••• II" 
' I 	 :: • 

10 ps 
i ll'  VI  

11111 

• 

.••• 

: 	• 

1 ps  

Aoo -•. 
. 

100 ns 
1 ..11111 

-E  TVACC=2 55° C 
10 ns 

4 	10 	40 	100 

RT-Timing Resistor Value-kS2 

FIGURE 5 	 FIGURE 6 

OUTPUT PULSE WIDTH 

vs 

EXTERNAL CAPACITANCE 

C ext 	Capacitance-F 

FIGURE 7 

NOTE 5: These values of resistance exceed the maximum recommended use over the full temperature range of the SN54121. 
tData for temperatures below 0 °C and above 70°C are applicable for SN54121. 
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1A 
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GND 
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1  Rext/Cext 

1 Cext 
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2Q  

2CLR 

2B 

2A 

Al 

A2 

B1 

132 

CLR 

0 

GND 

SN54122, SN54123, SN54130, SN54LS122, SN54LS123, 
SN74122, SN74123, SN74130, SN74LS122, SN74LS123 

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 
DECEMBER 1983 — REVISED MARCH 1988 

• D-C Triggered from Active-High or Active- 

Low Gated Logic Inputs 

•  Retriggerable for Very Long Output Pulses, 
Up to 100% Duty Cycle 

• Overriding Clear Terminates Output Pulse 

• '122 and 'LS122 Have Internal Timing 

Resistors 

description 

These d-c triggered multivibrators feature output pulse-

duration control by three methods. The basic pulse time 

is programmed by selection of external resistance and 

capacitance values (see typical application data). The 

'122 and 'LS122 have internal timing resistors that allow 

the circuits to be used with only an external capacitor, 

if so desired. Once triggered, the basic pulse duration may 

be extended by retriggering the gated low-level-active (A) 

or high-level-active (B) inputs, or be reduced by use of 

the overriding clear. Figure 1 illustrates pulse control by 

retriggering and early clear. 

The 'LS122 and 'LS123 are provided enough Schmitt 

hysteresis to ensure jitter-free triggering from the B input 

with transition rates as slow as 0.1 millivolt per 

nanosecond. 

The Rin t in nominal) 10 kit for '122 and 'LS122. 

SN54122, SN54LS122 	J OR W PACKAGE 

SN74122 	N PACKAGE 

SN74LS122 	D OR N PACKAGE 

(TOP VIEW) (SEE NOTES 1 THRU 4)  

SN54123, SN54130, SN54LS123 	J OR W PACKAGE 

SN74123, SN74130 . N PACKAGE 

SN74LS123 	D OR N PACKAGE 

(TOP VIEW) ISEE NOTES 1 THRU 4) 

SN54LS122 	FK PACKAGE 

(TOP VIEW) (SEE NOTES 1 THRU 4) 

L_I uuu  
3 	2 1 20 19 

B1 4 18 NC 

NC 5 17 NC 

B2 6 16  Cext 
NC 7 15 NC 

CLR 8 14 NC 

9 10 11 	12 
f-1 f-1 

13 

I0 0 U 0 •E' 
Z 
C3 

Z cc 

SN54LS123 	FK PACKAGE 

(TOP VIEW) (SEE NOTES 1 THRU 

T
T

L
 D

ev
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VCC 
R ext ,C ex t 

NC 

U 

cc 
z > 

1-11-1 1—J Li 

3 2 	1 20 19 
Cext 
NC 1CLR 4 18  Cext 

10 5 17 10 
Rint 

NC 6 16 NC 

2Q 7  15  2Q 

2 Cex1 8 14  2CLR 

9 10 11 12 13 
r---•tr—trn  

C) 	•tI 
 Z Z N 
c0
0,1 

0 

Ct 

NC No internal connection 

NOTES: 1. An external timing capacitor may be connected 

between Cext and Re x t/C ext (positive). 

2. To use the internal timing resistor of '122 or 'LS122, 

connect Ri nt  to VCC. 

3. For improved pulse duration accuracy and 
repeatability, connect an external resistor between 

Rext /Cext  and VCC with Ri ni  open-circuited. 

4. To obtain variable pulse durations, connect an external 

variable resistance between Ri nt  or Rext /Cext  and 

VCC. 

PRODUCTION Pd' •ocuments contain information 
current as of t •-s •.Thon date. Products conform to 
specifications jet tL terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TFXAS 
INS112UMENTS 

POST OFFICE BOX 655012 • DAI LAS TI X AS P5235 

2-373 



'123, '130, 'LS123 

FUNCTION TABLE 

INPUTS 	OUTPUTS 

CLEAR 	A 	B 	0 	a X  X
 -,  .--  1  1  1 

X  r- X  --, 
 

SN54122, 

 

N54123, SN54130, SN54LS122, SN54LS123, 
SN74122, SN74123, SN74130, SN74LS122, SN741S123 

ABLE MONOSTABLE MULTIVIBRATORS 

description ontinued) 

BEI- RIGGER PULSE 

(So. Nolel 

B INPUT 

'PLH 

OUTPUT O

J 	
 

OUTPUT WITHOUT RETRIGGER 

OUTPUT PULSE CONTROL USING RETRIGGER PULSE 

B INPUT _I 

CLEAR 

     

OUTPUT  WITHOUT CLEAR 
-1 

OUTPUT LLI 

   

OUTPUT PULSE CONTROL USING CLEAR INPUT 

NOTE: Retrigger pulses starting before 0.22 C ent lin picofrads) nanoseconds after the initial trigger 

pulse will be ignored and the output duration will remain unchanged. 

FIGURE 1—TYPICAL INPUT/OUTPUT PULSES 
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'122, 'LS122 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR Al A2 Ell B2 0 	0 

X
-
 
X

 

I
 
I
  

7
 
7
  

See explanation of function tables on page 

t These lines of the functional tables assume that the indi-

cated steady-state conditons at the A and B inputs have 

been set up long enough to complete any pulse started be-

fore the set up. 
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R, 51  C e 	Fl ext/ C e xt 

Rif t is nominally 10 1,11 for '122 and 'LS122 

'123, '130, 'LS123 

logic diagram (positive logic) (each multivibrator) 	logic symbolt 

123, '130, 'LS123 

T
T
L

 D
e

v
ic

es
  

CLR 

Re x t/Cex t 

Co o t 

1 Cext 

1 Rext/Cext 

2A 19) 

SN54122, SN54123, SN54130, SN54LS122, SN54LS123, 
SN74122, SN74123, SN74130, SN74LS122, SN74LS123 

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

logic diagram (positive logic) 
	

logic symbolt 

'122, 'LS122 
	

'122. 'LS122 

Pin numbers shown are for D, J, N, and W packages. 	 1 These symbols are in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
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EQUIVALENT OF EACH INPUT 

Clear inputs 
	

R eg  = 2 kIt NOM 

Other inputs R eq  — 4 kIt NOM 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

S8
31

1 A
a

a
  1

1
1
  

SN54122, SN54123, SN54130, SN54LS122, SN54LS123, 
SN74122, SN74123, SN74130, SN74LS122, SN74LS123 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

schematics of inputs and outputs 

'122, '123, '130 CIRCUITS 

'LS122, 'LS123 CIRCUITS 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '122, '123, '130 	  5.5 V 

'LS122, 'LS123 	  7 V 
Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONSt 
122 123, 1 ,

n 
VIII 

- 

' 	' 

MAX 
 UNIT 

MIN TYP MAX TYP I. 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC ' ..". II = - 	• 	. -1.5 -1.5 V 

VOH High-level output voltage VCC ' .:'. 
See Note a 

IOH 	---I PA, 2,4 3.4 2.4 3.4 V 

VOL Low-level output voltage VCC 'MIN, 
See Note 5 

loL = 16 mA, 
0.2 0.4 0.2 0.4 V 

Ii Input current at maximum in in. vnitana 

- •-- 

VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, V1= 2,4 V 
40 40 

AA 
80 80 

IIL Low-level input current VCC = MAX, V1= 0.4 V 
-1,6 -1.6 

mA — VV  :;.,;--; 
-3.2 -3.2 

_ _ . Short- 	• 	N.: 	• 	• 	• § VCC = MAX, See Note 5 -10 -40 -10 -40 mA 

Suppl ,, 	ii 	 )r 	riggered) VCC = MAX, See Notes 6 and 7 23 36 46 66 mA 

T
T

L
 D

ev
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e
s  

SN54122, SN54123, SN54130, SN74122, SN74123, SN74130 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

recommended operating conditions 

SN54' SII174' 
UNIT 

MIN 	'y .'.1 	MAX MIN 	NOM 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, loH -800 -800 AA 

Low-level output current, 10L 16 16 mA 

Pulse duration, t w  40 40 ns 

External timing resistance, R ent  5 	 25 5 	 50 1(52 

External capacitance, Cext No restriction No restriction 

Wiring capacitance at R en t/Cext  terminal 50 50 pF 

Operating free-air temperature, TA -55 	 125 0 	 70 ° C 

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

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

*All typical values are at VCC = 5 V, TA = 25°C. 

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

NOTES: 5. Ground Cent to measure VOH at 0, VOL at (TI, or IOS at G. Cext is open to measure VOH at 5, Vol_ at 0, or los at 5. 
6. Quiescent lcc is measured (after clearing) with 4.5 V applied to all clear and A inputs, B inputs grounded, all outputs open and 

Rest = 25 kfl. Fli nt  of '122 is open. 

7. !cc is measured in the triggered state with 2.4 V applied to all clear and B inputs, A inputs grounded, all outputs open, 

Cent  = 0.02 CF, and R ent  = 25 kfl. Rint  of '122 is open. 

switching characteristics, VCC = 5 V, TA = 25 ° C, see note 8 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'122, '130 '123 

UNIT MIN TYP MAX MIN TYP MAX 

t PLH 
A 

a  

0  ext °.. 0, Cext 
CL =15 pF, 

Rent = 5  kl-2, 
 RL = 400 0 

22 33 22 33 vs  

B 19 28 19 28 

tPHL 
A  a 30 40 30 40 ns  

8 27 36 27 36 

tPHL Clear 
0 18 27 18 27 

ns 
tPLH CI 30 40 30 40 
two (min) A or B 0 45 65 45 76 ns 

two A or B Q 
Cext = 1000 pF, 

CL = 15 oF, 

Rest = 10 kf2, 

R L = 400 St 
3.08 3.42 3.76 2.76 3.03 3.37 As 

11PLH = propagation delay time, low to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

two = duration of pulse at output Q. 

NOTE 8: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS122, SN54LS123, SN74LS122, SN74LS123 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

recommended operating conditions 

SN54LS' 
UNIT 

MIN 	NOM 	MAX MIN 	NiuM 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, loH -400 -400 1.4A 

Low-level output current, I0L 4 8 mA 

Pulse duration, t w  40 40 ns 

External timing resistance, R ext  5 	 180 5 	 260 kii 

External capacitance, Cext No restriction No restriction 

Wiring capacitance at R ext /Cext  terminal 50 50 pF 

Operating free-air temperature, TA -55 	 125 0 	 70 ° C 

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

PARAMETER TEST CONDITIONSt 
MIN I 

I  
UNIT 

I 	• 	i' 

' :. "I S'
mAx 

MAX 	-.11% 	I tt 
VIH • opals 2 ,. V 

vit_ --• 	1put v 0.7 0.8 V 

V K Inpu.........,p volt:.,.. VCC = ': li = -18 mA -1.5 -1.5 V 

VOH High-level output voltage VCC = 	.• 	VIH = 2 V, 

viL = ViLmax 	I0H = -400 AA 
2.5 3.5 2.7 	3.5 V 

VOL Low-level output voltage VCC = MIN. 	VIH = 2 V, 

VIL = VILmax 
IOL =4 mA 0.25 0.4 0.25 	0.4 

V 
IOL = 8 mA 0.35 	0.5 

II 
Input current at 

maximum input voltage VCC = MAX, 	Vi = 7 V 0.1 0.1 mA 

I 1 H • . 	maul 

'--• 
VCC = MAX. 	Vi = 2.7 V 20 20 5A 

'IL 'MAX, 	VI= 0.4 V -0.4 -0.4 

- 'OS Sho 	 •. nti ____ =. MAX -20 -100 mA  -20 	-100 

lcc 
Supply I 	T 
(quiescent or triggered) VCC = MAX, 	See Note 13 

'LS122 6 11 6 	11 
mA 

'LS123 12 20 12 	20 

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

,i1■ 11 typical values are at VCC = 5 V, TA = 25°C. 

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

NOTES: 12. To measure VOH at Q, VOL  at Q, or los at 0, ground R ex t/C ext•  apply 2 V to B and clear, and pulse A from 2 V to 0 V. 

13. With all outputs open and 4.5 V applied to all data and clear inputs. ICC is measured after a momentary ground, then 4.5 V. 

is applied to A or B inputs. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 8) 

PARAMETERII 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

1PLH 
A 

Q 

Cext = 0, 
CL = 15 pF, 

Rext 	n,  ' 5  k 
RL = 2 kil 

23 33 
ns 

B 23 44 

tPHL 
A 32 45 

ns 
B 34 56 

t Clear 
Q 20 27 

ns tPHL 

PLH a 28 
,„ 

two (min) A or B Q 116 ns 

twQ A or B Q 
Cext = 1000 pF, 

CL = 15 pF, 

R ex[  ''' 10 kS2, 

RL = 2 kft 
4 4.5 5 As 

I tPLH = propagation delay time, low-to-high-level ou put 

tPHL = propagation delay time, high-to-low-level ou put 

two = duration of pulse at output Q. 

NOTE 8: Load circuits and voltage waveforms are shown in Section 1. 
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where 

TYPICAL APPLICATION DATA FOR '122, '123, '130 

For pulse durations when Cext s 1000 pF, see 

Figure 4. 

The output pulse duration is primarily a function of the 

external capacitor and resistor. For Cext >1000 pF, 

the output pulse duration it w ) is defined as: 
Cext 

K is 0.32 for '122, 0.28 for '123 and '130 

tw  = K • RT • Ce x t (1 4 " F7r  
0.7 ) 

To C ,, 01 	To R,.,/Cext  

ler mlnal 	teinnnal 

TIMING COMPONENT CONNECTIONS 
FIGURE 3 

vcc 

1000 2 	4 	 10 20 40 	100 200 400 

C,. • , I xl 	 7.r/ wig 

TYPICAL OUTPUT PULSE DURATION 
VS 

EXTERNAL TIMING CAPACITANCE 

10 000 
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IA 25 C 
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FIGURE 4 

These values of resistance exceed the maximum recommended 
for use over the full temperature range of the SN54' circuits. 

SN54122, SN54123, SN54130 
SN74122, SN74123, SN74130 

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

RT is in kit linternal or external timing 

resistance.) 

Cext is in pF 

t w  is in ns 

To prevent reverse voltage across C ext, It is 

recommended that the method shown in Figure 2 be 

employed when using electrolytic capacitors and in 

applications utilizing the clear function. In all 

applications using the diode, the pulse duration is: 

0.7 
tw  = KD • RT • Cext (1 + RT 

Ko is 0.28 for '122, 0.25 for '123 and '130 

v cc 

Rext 	0.6 Rextmax. 
(See recommended operating 

conditions for R 1 , 5  t max 

Any silicon switching diode 
Cent such vs 1N3064 or 

equivalent 

To Cext 	To R„xi /Cext  
terminal 	terminal 

TIMING COMPONENT CONNECTIONS WHEN 

C ext  .• 1000 pF AND CLEAR IS USED 

FIGURE 2 

Applications requiring more precise pulse durations (up 

to 28 seconds) and not requiring the clear feature can 

best be satisfied with the '121. 
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SN54LS122, SN54LS123, SN74LS122, SN74LS123 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

TYPICAL APPLICATION DATA FOR 'LS122, 'LS123 

The basic output pulse duration is essentially 

determined by the values of external capacitance and 

timing resistance. For pulse durations when 

Cex t :51000 pF, use Figure 6, or use Figure 7 where 

the pulse duration may be defined as: 

tw  = K • RT • Cext 

When Cext 2: 1 AF, the output pulse width is defined 

as: 

tw  = 0.33 • RT • Cext 

For the above two equations, as applicable; 

K is multiplier factor, see Figure 7 

RT is in kO (internal or external timing resistance/ 

Cext is in pF 
tw  is in ns 

For maximum noise immunity, system ground should 

be applied to the Cext node, even though the Cext 

node is already tied to the ground lead internally. Due 

to the timing scheme used by the 'LS122 and 'LS123, 

a switching diode is not required to prevent reverse 

biasing when using electolytic capacitors. 

'LS122, 'LS123 

TYPICAL OUTPUT PULSE DURATION 

vs 

EXTERNAL TIMING CAPACITANCE 

10 	 1u0 	1000 

Cext — External Timing Capacitance—pF 

tThis value of resistance exceeds the maximum recommended for use 

over the full temperature range of the SN54LS circuits 

FIGURE 6 

Ycc 

RT 

I 
C ext 

To Cent  To R ent /Cent 

 terminal 	terminal 

TIMING COMPONENT CONNECTIONS 

FIGURE 5 
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FIGURE 7 

VARIATION IN OUTPUT PULSE DURATION 

VS 

SUPPLY VOLTAGE 

, 

i 	1 
VCC= 5 V 

= 25° C n -TA 

MEDIAN 

+ 20% - I'LS122) 
MEDIAN 

- 20% 

See Note 14 

-8%  
+ 8% - I'LS122/ - 
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 I 
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twlout) - Output Pulse Duration 

FIGURE 8 

VARIATION IN OUTPUT PULSE DURATION 

vs 

FREE-AIR TEMPERATURE 

T
T
L
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FIGURE 10 

NOTE 14: For the 'LS122, the internal timing resistor, Ri m  was used. For the 'LS122/123, an external timing resistor was used for RT. 

tData for temperatures below 0°C and above 70 ° C and for suply voltages below 4.75 V and above 5.25 V are applicable for SN54LS122 and SN54L5123 

only. 
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LL 

ry 
a 	0.1 

ur 0.001 

0.0001 

V 

0 pF 

K ohms 

'LS122 

twlout) 370 ns 
at TA = 25° C 

- 75 - 50 -25 0 25 50 75 100 125 

TA - FREE-AIR TEMPERATURE - ° C 

VC 
C e 

 RT 

a 4% a 
O 2% 

0% 

-2% 

• -4% 

-6% 

• -8% 

C- 5 
xt = 6 

= 10 

'LS122/'LS123 

See .  Not 14 

0 
Cext = 60 pr 

R ex t = 10 K ohms -

TA = 25° C 

twlout 	370 ns 
at Vec = 5 V 

4.75 	5 	5.25 
VCC - Supply Voltage - V 

FIGURE 9 
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cc 



2 

I 
0 



5 x 10 -2  

Cext 

fo 	= output frequency in hertz 

C ex t = external capacitance in farads. 

logic 

While the enable input is low, the output is enabled. 

While the enable input is high, the output is high. 

where: 

0 

SN54S124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 

DECEMBER 1983 — REVISED MARCH 1988 

• Two Independent VCOs in a 16-Pin 

Package 

• Output Frequency Set by Single External 

Component: 

Capacitor for Fixed- or Variable-Frequency 

Operation 

• Separate Supply Voltage Pins for Isolation 

of Frequency Control Inputs and Oscillators 
from Output Circuitry 

• Highly Stable Operation over Specified 

Temperature and/or Supply Voltage Ranges 

• Typical f max 	  85 MHz 
Typical Power Dissipation 	 525 mW 

• Frequency Spectrum . . . 1 Hz to 60 MHz 

description 

The 'S124 features two independent voltage-

controlled oscilllators (VCO) in a single monolithic 

chip. The output frequency of each VCO is established 

by an external capacitor in combination with two 

voltage-sensitive inputs, one for frequency range and 

one for frequency control. These inputs can be used 

to vary the output frequency as shown under typical 

characteristcs. These highly stable oscillators can be 

set to operate at any frequency typically between 

0.12 hertz and 85 megahertz. Under the conditions 

used in Figure 1, the output frequency can be 

approximated as follows: 

SN54S124 . . . J OR W PACKAGE 

SN74S124 . . . D OR N PACKAGE 

(TOP VIEW) 

SN54S124 . . . FK PACKAGE 

(TOP VIEW) 

L-I 	L.-I L-1 I-1 
3 2 1 20 19 

	

1 RNG 4 	 18 2 RNG 

	

1 CX1 5 	 17 2 CX2 

	

NC 6 	 16 NC 

	

1 CX2 7 	 15 2 CX1 

	

1 EN 8 	 14 2 EN 

9 10 11 12 13 
rnr-11--1 rnr-1  

>-00C)>- 
"ZZZes,  

(.7 

rn 

NC - No internal connection 

2FC 

1FC 

1 RNG 

1 CX1 

1 CX2 

1 EN 

1Y 

OSC GND 

VCC 
OSC VCC 

2 •NG 

2 CX2 

2 CX1 

2 EN 

2Y 

GND 

T
T

L
  D

e
vi

n
e

P  
These devices can operate from a single 5-volt supply. However, one set of supply-voltage and ground pins (VCC and 

GND) is provided for the enable, synchronization-gating, and output sections, and a separate set (eVcc and ) GN D I 
is provided for the oscillator and associated frequency-control circuits so that effective isolation can be accomplished in 
the system. 

The enable input of these devices starts or stops the output pulses when it is low or high, respectively. The internal 

oscillator of the 'S124 is started and stopped by the enable input. The enable input is one standard load; it and the 

buffered output operate at standard Schottky-clamped TTL levels. 

The pulse synchronization-gating section ensures that the first output pulse is neither clipped nor extended. Duty 

cycle of the square-wave output is fixed at approximately 50 percent. 

The SN54S124 is characterized for operation over the full military temperature range of — 55° C to 125° C; the 
SN74S124 is characterized for operation from 0 ° C to 70° C. 

•-• 	110h 	'•tcuments contain information
• is 0 . 	 on date. Products conform to 

p.1 :•c terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54S124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 

logic symbol? 

1 EN 

1 RNG 

1 FC 

1CX1 

1CX2 

2 EN 

2 RNG 

2 FC 

2CX1 

2CX2 

5V 

RNG IOSCI 

FC 
 

CX 	
G 

 

CX 

OSC GND 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

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

schematics of inputs and outputs 

EQUIVALENT OF EACH 
ENABLE INPUT 

EQUIVALENT OF EACH FREQUENCY 
CONTROL OR RANGE INPUT 

TYPICAL OF BOTH OUTPUTS 

VCC 

VCC 
50 Sl NOM VCC 

02  

31 	NOM NOM 411° INPUT 

INPUT III  
E 

200 SZ NOM 

Pal 

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

Supply voltage, VCC (See Notes 1 and 2) 	  7V 

Input voltage  	5.5 V 

Operating free-air temperature range: SN54S124 	  —55° C to 125° C 

SN74S124 	  0° C to 70° C 

	  —65° C to 150° C 

NOTES. 1. Voltage values are with respect to the appropriate ground terminal. 

2. Throughout this data sheet, the symbol VCC is used for the voltage applied to both the VCC  and OVcc terminals, unless other-

wise noted. 

TEXAS 
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PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage at enable 2 V 

Vit.  Low-level input voltage at enable 0.8 V 

VII( Input clamp voltage at enable VCC = MIN, 	It -. —18 mA —1.2 V 

VOH High-level output voltage 
VCC = MIN, 	VIH = 2 V, 

?OH = —1 mA 

SN54S' 2.5 3.4 
V 

SN745' 2.7 3.4 

VOL Low-level output voltage 
VCC' MIN, 	Lift = 0.8 V, 

10L= 20 mA 
0.5 V 

11 Input current 
Freq control 

or range 
VCC = MAX 

V1 = 5 V 10 50 
pA 

V1 = 1 V 1 15 

Input current at 

maximum input voltage 
Enable "cc - MAX, 	V1 = 5.5 V 1 mA 

IIH High-level input current E cable VCC = MAX, 	Vi = 2 7 V 50 /IA 

II L Low-level input current Enable VCC - MAX, 	Vi = 0,5 V —2 mA 

?OS Short-circuit output current~ VCC = MAX —40 —100 mA 

ICC 
Supply current, total into 

VCC and C) VCC 

VCC = MAX, See Note 3 105 150 

mA VCC = MAX, TA = 125"C, 

See Note 3 

W package 

only 
110 

2 

T
T

L
 D

e
v
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e

s  

SN54S124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 

recommended operating conditions 

SN5•%:•124 SN74S124 
UNIT 

MIN NuM MAX MIN NOM MAX 

Supply voltage, VCC (see Note 11 4.5 5 5.5 4.75 5 5.25 V 

Input voltage at frequency control or range input, VI (f req ) or Vi( r,) 1 5 1 5 V 

High-level output current, 101-1 —1 —1 mA 

Low-level output current, Icti_ 20 20 mA 

Output frequency (enabled), 1 0  
1 1 Hz 

60 60 MHz 

Operating free-air temperature, TA —55 125 0 70 "C 

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

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

All typical values are at VCC = 5 V. TA = 25°C. 

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

switching 

NOTE 3: 	ICC is measured with the outputs disabled and open. 

characteristics, VCC = 5 V, RL = 280 S2, CL = 15 pF, TA = 25 ° C (see note 4) 

PAR AV! !Ea TEST r  "%I ■ I I It 04•:. TYP 	MAX UNIT 

Output frequency Cext - 2 pF 
VI l t regi 4 	' keg ) = 1 V• 85 

MHz 
= 1 V, VI („g) 	5 V 25 	40 

Output duty cycle Cexl = 8.3 pF to 	• tF 50% 

Propagation delay time, 

iPHL  high-to-low-level output from enable 

f 	= 1 Hz to 20 MHz 
1.4 

f ofFlz) 

f o 	20 MHz 70 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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I 	I 
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V 
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FIGURE 1 

SN54S124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 

TYPICAL CHARACTERISTICS 

BASE OUTPUT FREQUENCY 
vs 

EXTERNAL CAPACITANCE 

NORMALIZED OUTPUT FREQUENCY 
VS 

INPUT VOLTAGE 

NOT E n X to lb ase) 
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Quad Bus Buffers 

3-State Outputs 

Separate Control for Each Channel 

description 

SN54LS125A, SN54LS126A . FK PACKAGE 

(TOP VIEW) 

1*(2 	1*(9 

U 'II 
< U 0 

Z > 

1G, 1G 

1A 

1Y 

2G, 2G * 

 2A 

2Y 

GND 

VCC _ 
4G, 4G' 

4A 

4Y 

3G, 3G * 

 3A 

3Y 

19 

18 4A 

17 NC 

16 4Y 

is NC _ 

14 3G, 3G" 

T
T

L
 D

e
v
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10 
111 

IA 

2a 141 

12/ 	 v 	 1V 

'125 

III 3y  

3A 	 3A 191  

4E "3 4G 

4A 	 4A 

'LS125A 
111  

G 1 
12  

IA 

	

2G ' 41 	 

	

2A 5 ' 	 
36 110 

3A 	  

4G "3' 	 
4Y 

4A " 2)  

112 
2, 141 

2A ' 51  
2Y 	 51 

id 1101 	
23.40 (101  

1121 4Y 

SN54125, SN54126, SN54LS125A, 

SN54LS126A . J OR W PACKAGE 

SN74125, SN74126 . N PACKAGE 

SN74LS125A, SN74LS126A . D OR N PACKAGE 

(TOP VIEW) 

These bus buffers feature three-state outputs that, 

when enabled, have the low impedence characteristics 

of a TTL output with additional drive capability at high 

logic levels to permit driving heavily loaded bus lines 

without external pull-up resistors, when disabled, both 

output transistors are turned off presenting a high-

impedance state to the bus so the output will act neither 

as a significant load nor as a driver. The '125 and 

'LS125A outputs are disabled when G is high. The '126 

and 'LS126A outputs are disabled when G is low. 

logic diagram (each gate) 

'125, 'LS125A 
3 2 1 	20 

1Y 4 

NC 5 

2G, 2G" 6 

NC 7 

8 2A 

9 10 11 	12 

›- D CD 	>- 
'126, LS126A Z Z 	C')  

SN54125, SN54126, SN54LS125A, SN54LS126A, 
SN74125, SN74126, SN74LS125A, SN74LS126A 

QUADRUPLE BUS BUFFERS WITH 3-STATE OUTPUTS 
DECEMBER 1983 — REVISED MARCH 1988 

A Y 

*U on '125 and 'LS125A; G on 126 and 'LS126A 

NC — No internal connection 

positive logic Y - A 

logic symbolst 

'126 	 'LS126A 

10 
111  

EN 
V 

16 

2A 

12 ' 	 161 
15 ' 

2Y 

81 y  30 

3A 

1101 
181 3, 

'91  

1111 
4Y 

as (13)  1111 

44/ 	 (121  
40 

tThese symbols are In accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages 

PRODUCTION DATA documents contain information 
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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SN54125, SN54126, SN74125, SN74126 
QUADRUPLE BUS BUFFERS WITH 3•STATE OUTPUTS 

schematics (each gate) 

CONTROL 
INPUT 

G 

DATA 
INPUT 

A 

filler 111111.1pi 
vcc 

OUTPUT 
V 

GND 

    

'125 CIRCUITS 

S
e3

lA
a
a
  1

1
1
  

CONTROL 
INPUT 

VCC 

OUTPUT 
V 

 

DATA 
INPUT 

A 

 

GND 

     

'126 CIRCUITS 

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

Supply voltage, VCC (See Note 11 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 
SN74' 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

TEXAS 4 2-388 INSTRUMENTS 
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vcc 

INPUT 

A INPUT 

OUTPUT 

GND 

VCC 

OUTPUT 

GND 

SN54LS125A, SN54LS126A, SN74LS125A, SN74LS126A 
QUADRUPLE BUS BUFFERS WITH 3-STATE OUTPUTS 

schematics (each gate) 

'LS125A CIRCUITS 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminals. 
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PARAMETER TEST CONDITIONS t 
SN54125, SN5417g 

- 
5.1^n 

CN 74125, 

'-' 5. 

SN74126 
UNIT 

MIN TYP t TYP t MAX 

VIK VCC = MIN ,  1 1= - 12 mA -1.5 -1.5 V 

VOH 
Vcc = MIN, 

Va. = 0.8 V 

VIH = 2 V, loH = - 2 mA 2.4 3.3 
V 

IOH = - 5.2 mA 2.4 3.1 

VOL 
Vcc = MIN, 

IOL ' 16 mA 

ViH = 2 V, 	ViL = 0.8 V, 
0.4 0.4 V 

1 02 
Vcc = MAX, 

VII.  = 0.8 V 

Viii = 2 V, Vo = 2.4 V 40 40 
pA 

Vo = 0.4 V -40  40 -40  40 

II Voc = MAX, V1= 5.5 V 1 1 mA 

1 1H Vco = MAX, V1= 2.4 V 40 40 pA 

'IL Vco = MAX, VI ... 0.1 V - 1.6 - 1.6 mA 

JOS§ VCC °  MAX - 30 - 70 - 28 - 70 mA 

ICC 
VCC ° MAX, 
(see Note 2) 

'125 32 54 32 54 
mA 

'126 36 62 36 62 S
eO

I A
O

C
I  
1

1
1

  
SN54125, SN54126, SN74125, SN74126 
QUADRUPLE BUS BUFFERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54125, SN54126 . : l. 	--. 

%iii..1 

5 

• (126 
UNIT 

MIN NOM MAX %lin MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

loH High-level output current - 2 - 5.2 mA 

1 0L 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) 

2-390 

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

t All typical values are at VCC = 5 V. TA = 25°C. 

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

NOTE 2: Data inputs = 0.V; output control = 4.5 V for '125 and 0 V for '126. 

switching characteristics, V CC = 5 V, TA = 25'C (see note 3) 

PARAMETER TEST CONDITIONS 
SN54/i : SN54/74126 

UNIT 
MIN 	TYP 5.5,1X MIN 	TYP MAX 

5 PLH 

RL = 400 SI, CL = 50 pF 

8 13 8 13 ns 

tPHL 12 18 12 18 ns 

tPZH 11 17 11 18 ns 

tPZL 16 25 16 25 ns 

tPHZ 
RL = 400 a CL = 5 pF 

5 8 10 16 ns 

tPLZ 7 12 12 18 ns 

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

TEXAS 
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SN54LS125A, SN54LS126A, SN74LS125A, SN74LS126A 
QUADRUPLE BUS BUFFERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS125A 

SN54 I C12A4 

SN74LS125A 

 W, : 	•I.'6A UNIT 
MIN 	N. Dm 	MA , •.1l% 	nOM 	MAX 

VCC 	Supply voltage 4.5 	,, 	,., 4. tO 	 u 	 5.25 V 

VIH 	High-level input voltage 2 2 V 
v1L 	Low-level input voltage 0.7 0.8 V 
loH 	High-level output current - 1 - 2.6 mA 
lot_ 	Low-level output current 12 24 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 

SN54LS125A 

SN54LS126A 

SN74LS125A 

SN74LS126A UNIT 

MIN TYPt MAX MIN TYP* MAX 

VIK VCC = MIN , 	11= -18 mA -1.5 -1,5 V 

VOH 
VCC = MIN , 

 VIH = 2 V 
VIL ' CI. 7  V. 	IOH ' -1 mA 2.4 

V 
VIL = 08 V, 	IOH ' -2.6 mA 2.4 

VOL 
VCC ' MIN , 

 Vivi -- 2 V 

VII_ = 0.7 V, 	loL = 12 mA 025 0.4 

V VIL = 0.8 V, 	loL = 12 mA 0.25 0.4 
VIL = 0.8 V. 	10L = 24 mA 0.35 05 

1 02 
VCC = MAX. 
V1H = 2 V 

VII_ = 0.7 V 
Vo '., 2.4V 20 

mA 
Vo - 0.4 V - 20 

VIL = 0.8 V 
Vo = 2.4 V 20 

Vo = 0.4 V -20 
11 VCC - MAX, 	Vi = 7 V 0.1 0.1 mA 

1 IH VCC  = MAX, 

VCC = MAX, 
Vi = 0.4 V 

Vi = 2.7 V 20 20 mA 

'IL 
p 	...-G inputs - 0.2 - 0.2 mA 

'....,:,..A-A inputs; 	'LS126A All inputs - 0.4 - 0.4 mA 

1056 VCC = MAX - 40 - 225 - 40 - 225 mA 

ICC 
VCC ' MAX ,  
(see Note 2) 

'I 	1 11 20 11 20 
mA 

'I 	1 12 22 12 22 

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

All typical values are at Vcc = 5 V, TA = 25 C. 

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

NOTE 2: Data inputs = 0 V, Output controls 4.5 V for 'LS125A and 0 V for 'LS126A. 

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

PARAMETER TEST CONDITIONS 
SN54/741.3125A SN54/741.51.• ■ 

UNIT 
MIN 	TYP MAX MIN 	TYP 

- 
MAA 

tPLH 

RI_ - 	667 f f, CL 	45 pF 

9 15 9 15 ns 

, PHL 7 18 8 18 ns 

5 PZH 12 20 16 25 ns 

tPZL 15 25 21 35 ns 

EPHZ 
RL = 667 Si, CL = 5 pF 

20 25 ns 

, PLZ 20 25 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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schematic (each driver) 

Resistor values shown are nominal. 
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SN54128, SN74128 
LINE DRIVERS 

DECEMBER 1983 — REVISED MARCH 1988 

• Package Options Include Plastic and 
Ceramic DIPs and Ceramic Flat Packages 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain four independent 2-input-NOR 

line drivers. They perform the Boolean function 

Y = A + B or Y = A • B. The SN54128 is designed 

to drive 75 ohm lines. The SN74128 is designed to drive 

50 ohm lines. 

The SN54128 is characterized for operation over the full 

military temperature range of — 55°C to 125°C. The 

SN74128 is characterized for operation from 0 °C to 

70 °C. 

logic diagram (each driver) 

logic symbol t 

t7his symbol is in acco dance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

SN54128 . . . J OR W PACKAGE 
SN74128 . . . N PACKAGE 

(TOP VIEW) 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54' 	  — 55° C to 125° C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

PRODUCTION DATA documents contain information 
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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SN54128, SN74128 
LINE DRIVERS 

recommended operating conditions 

SN54128 SN74128 
UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current — 29 — 42.4 mA 
lot_ Low-level output current 48 48 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 MIN TYP MAX UNIT 

VIK VCC = mI N 11 = — 12 mA —1.5 V 

VOH 

VCC = ...i.. v iL  --- 0.8 V, 10H= —2.4 mA 2.4 3.4 

V VCC = 	 . VII_ = 0.4 V. 10H = — 13.2 mA 2.4 

VCC = MIN, Va.  = 0.4 V, I0H = MAX 2 

VOL VCC = MIN, VIH = 2 V, I0L = 48 mA 0.26 0.4 V 

II Vcc r- MAX, VI = 5.5 V 1 mA 

11H Vcc = MAX, VI = 2.4 V 40 AA 

1 IL VCC = MAX, Vi = 0.4 V —1.6 mA 

1 0S§ VCC = MAX — 70 — 180 mA 

1 CCH VCC = MAX 12 21 mA 

1 CCL VCC ' MAX 33 57 mA 

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

All typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 

A or B Y 

Ri_ = 133 2, 	 CI_ = 50 pF 
IS 	9 ns 

tPHL 8 	12 ns 

tPLH 
RI_ -  13312, 	CL = 150 pF 

10 	15 ns 

, PHL 12 	18 ns 

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

Aft 
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ing (VT _1 signals. 

These circuits are temperature-compensated and can be 

triggered from the slowest of input ramps and still give 

clear, jitter-free output signals. 

The SN54132, SN54LS132, and SN54S132 are 

characterized for operation over the full military 

temperature range of —55°C to 125°C. The SN74132, 

SN74LS132, and SN74S132 are characterized for 

operation from 0°C to 70°C. 

logic diagram (positive logic) 
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NC No interniil connection 

logic symbol 

1A 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

SN54132, SN54LS132, SN54S132, 
SN74132, SN74LS132, SN74S132 

QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 
DECEMBER 1983 — REVISED MARCH 1988 

• Operation from Very Slow Edges 

• Improved Line-Receiving Charac-

teristics 

SN54132, SN54LS132, SN54S132 . . . J OR W PACKAGE 

SN74132 . . . N PACKAGE 

SN74LS132, SN74S132 . . . D OR N PACKAGE 

(TOP VIEW) 

• High Noise Immunity 	 1A•Vcc 
1812 	4 B 

description 	
1 Y13 	4A 

 
2A ♦ 4Y 

Each circuit functions as a 2-input NAND gate, but 	 2815 	toI3B 
because of the Schmitt action, it has different input 	 2Y ♦ 913A 
threshold levels for positive (VT +1 and for negative go- 	 GND 	 3Y 

co ez( (..-) C.) co 
Z >  
L—I L_JI_J 

3 	2 1 20 19 

1Y 4 18 4A 

NC 5 17 NC 

2A 6 16 4Y 

NC 7 15 NC 
2B 8 14 3B 

9 	10 11 	12 	13 
I1 I1 	I1 

›- O U Y < 
N z Z CO CO 

SN54LS132, SN54S132 . FK PACKAGE 

(TOP VIEW) 

positive logic. Y = AS or Y = A - I- 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

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

PRODUCTION DR IA documents contain information 
current as of a • tint date. Products conform to 
specifications pa :AB terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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VCC 
6 kf2 	 100 kfl 
NOM 	 NOM 

OUTPUT INPUTS 

GND 

INPUTS 

A 

VCC 
50 SE 
NOM 

OUTPUT 
V 

'S132 CIRCUITS 

GND 

SN54132, SN54LS132, SN54S132, 
SN74132, SN74LS132, SN74S132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

schematics 

'132 CIRCUITS 
	

'LS132 CIRCUITS 

Se
31

/k
g
('

  1
1

1
  

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: '132, 'S132 	  5.5 V 

'LS132 . 	  7 V 
Operating free-air temperature: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltages values are with respect to network ground terminal. 
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SN54132, SN74132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

recommended operating conditions 

SN54132 SN7t 1 :.• 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

ICH High-level output current — 0.8 — 0.8 mA 

IOL 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? MIN 	TYPt MAX UNIT 

VT+ VCC = 5  V 1.5 	1.7 2 V 

VT_ VCC = 5  V 0.6 	0.9 1.1 V 

Vhys  

(VT +  —VT _ I VCC = 5  V 0.4 	0.8 V 

VII( VCC = MIN, 11= — 12 mA —1.5 V 

VOH Vcc = MIN, V1= 0.6 V, ICH = — 0.8 mA 2.4 	3.4 V 

VOL VCC = MIN, VI = 2 V, It:11_ = 16 mA 0.2 0.4 V 

VCC = 5 V, V1 = VT+ IT+ 

 

— 0.43 mA 

IT— Vcc = 5 V, VI = VT_ —0.56 mA 

II VCC = MAX, V1 = 5.5 V 1 mA 

IIH VCC = MAX, Vi= 2.4 V 40 5A 

IIL VCC = MAX, VIL = 0.4 V —0.8 —1.2 mA 

lost VCC = MAX —18 —55 mA 

ICCH VCC = MAX 15 24 mA 

1 CCL VCC = MAX 26 40 mA 

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

I All typical values are at VCC = 5 V. TA = 25 ° C. 

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

switching characteristics, VCC = 5 V, TA = 25"C (see figure 1) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MINI TYP MAX UNIT 

IPLH 
Any Y RL = 400 fl, 	 CI_ ---. 15 pF 

15 22 ns 

1 PHL 15 22 ns 
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PARAMETER TEST CONDITIONSt 
SN54LS132 SN74LS132 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VT+ VCC = 5  V 1.4 	1.6 1.9 1.4 	1.6 1.9 V 

VT- VCC = 5  V 0.5 	0.8 1 0.5 	0.8 1 V 

Vh" 

1VT +  -VT -I 
VCC = 5  V 0.4 	0.8 0.4 	0.8 V 

VIK Vcc = MIN, 11= - 18 mA -1.5 -1.5 V 

VON VCC = MIN, V1 = 0.5 V, 	10+1= -0.4 mA 2.5 	3.4 2.7 	3.4 V 

VOL VCC = MIN, V1 = 1.9 V 
IOL = 4  rtIA 0.25 0.4 0.25 0.4 

V 
101_ = 8 mA 0.35 0.5 

IT+ Vcc = 5 V, V1= VT+ -0.14 -0.14 mA 

IT- VCC = 5 V, VI = VT- -0.18 -0.18 mA 

Ii VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1 1H VCC = MAX, V1 = 2.7 V 20 20 pA 

'IL Vcc = MAX, Vi L = 0.4 V -0.4 -0.4 mA 

1 06 § VCC = MAX - 20 - 100 - 20 - 100 mA 

ICCH VCC = MAX 5.9 11 5.9 11 mA 

1 CCL VCC = MAX 8.2 14 8.2 14 mA 
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SN54LS132, SN74LS132 
QUADRUPLE 2-INPUT POSITIVE•NAND SCHMITT TRIGGERS 

recommended operating conditions 

• '. 
- 

MIN 

• ti 'A 

NOM 

':' - SN74LS132 
UNIT 

MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

loti High-level output current - 0.4 -0.4 mA 

IOL Low-level output current 4 8 mA 

TA Operating tree-air temperature - 55 125 0 70 ° C 

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

2-398 

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

t All typical values are at VCC = 5 V, TA = 25 °  C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second 

switching characteristics, VCC = 5 V, TA = 25 ° C (see figure 1) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

tPLH 
Any Y RL = 2 kft, 	 CL= 15 pF 

15 	22 ns 

1 PHL 15 	22 ns 
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INSTRUMENTS 

4 
POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



T
T

L
 D

e
v

ic
e

s  

SN54S132, SN74S132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

recommended operating conditions 

-- 
'.1i'. 

4.0 

QNR4e132 SN74S132 
UNIT 

'.• •'.".:.1 • 

u 	..0 

MIN NOM MAX 

VCC Supply voltage 4.75 5 5.25 V 

10H High-level output current - 1 - 1 mA 

IOL 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 CONDITIONSt 
SN54S132 SN74S132 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VT+ VCC = 5  V 1.6 1.77 1.9 1.6 1.77 1.9 V 

VT_ VCC = 5  V 1.1 1.22 1.4 1.1 1.22 1.4 V 

Vh ys  

(VT +  -VT_) VCC ' 5  V 0. 0.55 0.2 0.55 V 

VIK VCC = MIN• 11= -18 mA -1.2 -1.2 V 

VOH VCC = MIN, V1 = 1.1 V, IOH = -1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, V1 = 1.9 V, lot_ = 20 mA 0.5 0.5 V 

IT+ VCC = 5 V, V1 = VT+ -0.9 -0.9 mA 

IT- VCC = 5 V, V1 = VT_ -1.1 -1.1 mA 

I1 VCC = MAX, V1 = 5.5 V 1 1 mA 

1 1H VCC = MAX, V1 = 2.7 V 50 50 HA 

'IL VCC = MAX, VI L = 0.5 V -2 -2 mA 

los§ VCC = MAX -40 -100 -40 -100 mA 

ICCH VCC = MAX 28 44 28 44 mA 

ICCL VCC = MAX 44 68 44 68 mA 

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

I All typical values are at VCC = 5 V, TA = 25 ° C. 

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

switching characteristics, VCC = 5 V, TA = 25° C (see figure 1) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TNT 	MAX UNIT 

tPLH 
A or B Y RL = 280 ft, 	 CL= 15 pF 

7 	10.5 ns 

tPHL 8.5 	13 ns 

TEXAS 
INSTRUMENTS 
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SN54132, SN54LS132, SN54S132, 
SN74132, SN74LS132, SN74S132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

PARAMETER MEASUREMENT INFORMATION 

TEST 

POINT 	VCC 

LOAD CIRCUIT 
	

VOLTAGE WAVEFORMS 

NOTES: A. All diodes are 1 N3064 or equivalent. 

B. CL includes probe and jig capacitance. 

C. Generator characteristics and reference voltages are: 

Generator Characteristics Reference Voltages 

Zout PRR tr tf VI ref(H) VI ref IL) VO ref 

SN54'/SN74' 50 1 MHz 10 ns 10 ns 1.7 V 0.9 V 1.5 V 

SN54LS'/SN74LS' 50 1 MW, 15 ns 6 ns 1.6 V 0.8 V 1.3 V 

50 2.5 ns 2.5 ns 1.8 V 1.2 V 1.5 V 

FIGURE 1 
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POSITIVE-GOING THRESHOLD VOLTAGE 

1.70 

1.69 

VS 

FREE-AIR TEMPERATURE 
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VCC = 5 V 

TA — Free-Air Temperature — ° C 

SN54132, SN74132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF '132 CIRCUITS 

7  Data for temperatures below 0 ° C and 70°  C and supply below 4.75 V and above 5.25 V are applicable for SN54132 only. 
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HYSTERESIS 
VS 

SUPPLY VOLTAGE 
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SN54132, SN74132 
QUADRUPLE 2•INPUT POSITIVE•NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF '132 CIRCUITS 
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THRESHOLD VOLTAGES 
vs 

SUPPLY VOLTAGE 

TA = 25° C 

Positive-Going Thre hold Voltage, VT+ 

Negative-Going Threshold Voltage, VT- 

45 	4.75 	5 	5.25 
	

5.5 

VT+ — VT_ — Hysteresis — mV 

2.0 

1.8 

-5 0.8 

iE 0.6 

0.4 

0.2 

0 

OUTPUT VOLTAGE 
VS 

INPUT VOLTAGE 
4 

3 

2 

0 

0 
> 1 

0 

Vcic 
_ TA 

= 
= 25 

V 
° C VT+ V T— 

0 	04 	08 	12 	16 

VCC — Supply Voltage — V 

Data for temperatures below 0 ° C and 70 ° C and supply below 4.75 V and above 5.25 V are applicable for SN54132 only. 
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POSITIVE-GOING THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

NEGATIVE-GOING THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

TA — Free-Air Temperature — 'C TA — Free-Air Temperature — nC 

— 75 — 50 — N 0 25 50 75 100 

TA — Free-Air Temperature — ° C 

125 

SN54LS132, SN74LS132 
QUADRUPLE 2•INPUT POSITIVE•NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF 'LS132 CIRCUITS 
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I Data for temperatures below 0 ° C and above 70 ° C and supply voltages below 4.75 V and above 5.25 V are applicable for SN54LS132 only. 
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SN54LS132, SN741S132 
QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

TYPICAL CHARACTERISTICS OF 'LS132 CIRCUITS 

4 

THRESHOLD VOLTAGES AND HYSTERESIS 
vs 

SUPPLY VOLTAGE 

TA ii.25°C 

Positive-Going Threshold Voltage, VT,  

— Negative-Going Threshold Voltage, VT_ 	 

Hysteresis, VT, — VT-- 

4.75 	5 	5.25 
	

55 

Vcc —SuPPIY Vol age — V  

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 

04 	08 	12 	16 
	

2 

Vi — Input Voltage — V 

t Data for temperatures below 0 ° C and above 70 ° C and supply voltages below 4.75 V and above 5.25 V are applicable for SN54L,S132 only. 
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SN54132, SN54LS132, SN54S132, 
SN74132, SN74LS132, SN74S132 

QUADRUPLE 2-INPUT POSITIVE-NAND SCHMITT TRIGGERS 

TYPICAL APPLICATION DATA 

CMOS 

SINE -WAVE 
OSCILLATOR 

TTL SYSTEM INTERFACE 
FOR SLOW INPUT WAVEFORMS 
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0.1 Hz to 10 MHz 

OUTPUT 

THRESHOLD DETECTOR 

ALA 
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INPUTS A THRU M 
OUTPUT 

Y 

All inputs H L 

One or more inputs L H 

A 
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C.) 
03 < Z > 2 
Li LI Li LI Li 

3 2 1 20 19 

	

C 4 
	

18 L 
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17 K 

	

NC 6 
	

16 NC 

	

E11 7 
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F 	8 	 14 	I 

9 10 11 12 13 
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NC No internal connection 
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logic diagram 
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SN54S133, SN74S133 
13-INPUT POSITIVE-NAND GATES 

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 
Reliability 

description 

These devices contain a single 13-input NAND gate. 

The SN54133 is characterized for operation over the full 

military temperature range of - 55' C to 125 C. The 

SN74133 is characterized for operation from 0 'C to 

FUNCTION TABLE 

SN545133 	J OR W PACKAGE 
SN74S133 	D OR N PACKAGE 

(TOP VIEW) 

VCC 
M 

D 

E 

F 

G 
GND 

SN54S133 	FK PACKAGE 

(TOP VIEW) 

L 
K 
J 

H 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

Pin numbers shown are for 0, J, N, and W packages. 
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50 
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GND 

'S133 

SN54S133, SN74S133 
13•INPUT POSITIVE•NAND GATES 

schematic 

Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54' 	  — 55° C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65° C to 150° C 

NOTE 1• Voltage values are with respect to network ground terminal 
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SN54S133, SN74S133 
13•INPUT POSITIVE-NAND GATES 

recommended operating conditions 

SN54S133 SN74S133 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IcH High-level output current — 1 — 1 mA 

IciL 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 f 
SN54S133 SN74S133 

UNIT 
MIN TVP t MAX MIN TYP* MAX 

VIK VCC = MIN, II= —18 mA —1.2 —1.2 V 

VON VCC = KIN, VIL = 0.8 V, lcm = —1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC = MIN, VIH = 2 V, 10L = 20 mA 0.5 0.5 V 

II VCC = MAX, V1 = 5.5 V 1 1 mA 

IIH Vcc = MAX, VI = 2.7 V 50 50 ALA 

IIL VCC = MAX, Vi= 0.5 V —2 —2 mA 

1 0S§ VCC = MAX —40 —100 —40 —100 mA 

ICCH Vcc = MAX, VI = 0 V 3 5 3 5 mA 

ICCL VCC = MAX, V1 = 4.5 V 5.5 10 5.5 10 mA 

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

I All typical values are at VCC = 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) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 4 6 ns 
RL = 280 ,t2, CL = 15 pF 

1 PHL 4.5 7 ns 
Any Y 

tPLH 5.5 ns 
RL = 280 31, CL - 50 pF 

tPHL 6.5 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 
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SN54S134, SN74S134 
12-INPUT POSITIVE-NAND GATES WITH 3-STATE OUTPUTS 

DECEMBER 1983 — REVISED MARCH 1986 

Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 

and Flat Packages, and Plastic and Ceramic 

DIPs 

Dependable Texas Instruments Quality and 
Reliability 

description 

The 'S134 feature three-state outputs that, when enabl-

ed, have the low impedance characteristics of a TTL 

output with additional drive capability at high logic 

levels to permit driving heavily loaded lines without ex-

ternal pull-up resistors. When disabled, both output 

transistors are turned off presenting a high-impedance 

state to the bus so the output will act neither as a signifi-

cant load nor as a driver. The 'S134 outputs are diabled 

when G is high. 

t This symbol is in accord nce with ANSI/IEEE Std 91-1984 

and IEC Publication 617 12. 

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

PRODUCTION DATA documents contain information 
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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Y= A• 8 •C•D •E•F•G•H•I•J•K•L or 

Y=T+E+Z+ 54-Ti-T+5+R +1+5+g+E 

Output is oft (disabled) when output control is high. 

logic diagram 
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IMP VIEW) 
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SN54S134, SN74S134 
12-INPUT POSITIVE-NAND GATES WITH 3-STATE OUTPUTS 

Resistor values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Voltage applied to a disabled 3-state output 	  5.5 V 

Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

4 
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SN54S134, SN74S134 
12-INPUT POSITIVE-NAND GATES WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54S134 .'- '1S134 
UNIT 

MIN NOM MAX MIN ;....,M MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 
V IL  Low-level input voltage 0.8 0.8 V 

IOH High-level output current - 2 - 6.5 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 CONDITIONSI 
SN54S134 SN74S134 

UNIT 
MIN TYP t MAX MIN TYP 1 MAX 

VI K VCC 	MIN I1= - 18 mA - 1 2 -1.2  V 

VOH 
VCC 	MIN 

VIL = 0.8 V 

VIH 	2 V 10H 	-2 mA 2.4 3.4 
V 

I OH - -6.5 mA 2.4 3.2 

VOL 
VCC 	MIN, 

10L = 20 mA 

VIH - 2 V, 	VIL - 0 8 V. 
0 5 0 5 V 

1 02 
VCC = MAX, 

VII_ = 0.8 V 

VIH= 2 V V0 = 2.4V 50 50 
pA 

Vo = 0.5 V -50 -50 

II VCC = MAX, V1= 5.5 V 1 1 mA 

IIH VCC - MAX, V1 	2.7 V 50 50 AA 

'IL VCC = MAX. V1= 0.5 V -2 -2 mA 

fast VCC = MAX -40 -100 - 40 -100 mA 

I CC VCC 	MAX 

Outputs high 7 13 7 13 

mA Output; law 9 16 9 16 

Outputs disabled 14 25 14 25 

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

All typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

PARAMETER TEST CONDITIONS 
SN54S134 SN74S134 

UNIT 
MIN 	TYP MAX MIN 	TYP MAX 

tP LH RL = 280 E1, CL= 15 pF 4 6 4 6 ns 

tPLH RL = 280 C, CL = 50 pF 5.5 5.5 ns 

tPHL RL= 280 s-2, C L = 15 pF 5 7.5 5 7.5 ns 

tPHL RL = 280 1.2 , CL = 50  PF 7 7 ns 

tP2H 
RL = 280 El, C L = 50 pF 

13 19.5 13 19.5 ns 

tPZL 14 21 14 21 ns 

tPHZ 
RL = 260 52, CL- 5 pF 

5.5 8.5 5.5 8.5 ns 

tPLZ 9 14 9 14 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S135 	J OR W PACKAGE 
SN74S135 . . . D OR N PACKAGE 

(TOP VIEW) 

Fully Compatible with Most TTL and 
TTL MSI Circuits 

2Y 
NC - No internal connection 

IA 

1B 

1Y 

1 C,2C 

2A 

2B 

2Y 

GND 

	1412 

=1 

171 

VCC 
4B 
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3C,4C 
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3Y 

SN54S135 . . . FK PACKAGE 

(TOP VIEW) 
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Fully Schottky Clamping Reduces 
Delay Times ... 8 ns Typical 

Can Operate as Exclusive-OR Gate (C Input 
Low) or as Exclusive-NOR Gate (C Input High) 
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PRODUCTION DATA documents contain information 
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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SN54S135, SN74S135 
QUADRUPLE EXCLUSIVE-ORINOR GATES 

DECEMBER 1972—REVISED MARCH 1988 

INPUTS OUTPUT 
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FUNCTION TABLE 

H = high level, L = low level 

logic diagram (one half) 

IA 

113 

1C, 2C 

2A 

2B 

positive logic 

Y AeBec 

logic symbolt 

ABC ABC , ABC ABC 

3C,4C 	liN2 

3A "5) 	 
111) 

15 (1) 

 18 (2) 

 2A (5) 

 28 (El  

3B 

4A 1141 

 48  1151  

19)  35  

113) 

1. This symbol is in accordance with ANSI/IEEE 

Std. 91-1984 and IEC Publication 617-12. 

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

schematics of inputs and outputs 

Resistor values shown are nominal. 

EQUIVALENT OF EACH INPUT 

Vcc 

TYPICAL OF ALL OUTPUTS 



SN54S135 SN74S135 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lcm —1 —1 mA 

Low-level output current, loL 20 20 mA 

Operating free-air temperature, TA —55 125 0 70 °C 

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

PARAMETER TEST CONDITIONSt MIN TYP' MAX UNIT 

VIH High-level input vol age 2 V 

VIL Low-level input voltage 0.8 V 

VI K Input clamp voltage VCC = MIN, II = —18 mA —1.2 V 

VOH High-level output voltage 
VCC =MIN, 

VII._ = 0.8 V, 

VIH = 2 V, 

I0H = —1 mA 

1 	'. 

' 	'. 

S' 2.5 3.4 
V 

5' 2.7 3.4 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

IciL = 20 mA 
0.5 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

I g..1 High-level input current VCC = MAX, V1 = 2.7 V 50 AA 

!IL Low-level input current VCC = MAX, Vi = 0.5 V —2 mA 

IOS Short-circuit output current§ VCC ' MAX —40 —100 mA 

!cc Supply current VCC = MAX, See Note 2 65 99 mA 

2 
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SN54S135, SN74S135 
QUADRUPLE EXCLUSIVE-ORINOR GATES 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage • 	 5  5 V 

Operating free-air temperature range: SN54S135 	  —55 ° C to 125 ° C 

SN74S135 	  0° C to 70 ° C 

Storage temperature range 	  —65 °C to 150 ° C 

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

recommended operating conditions 

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

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

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

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
AorB  8 or A = L, C = L 

CL = 15 pF, 

RL = 28012, 

See Note 3 

8.5 	13 
ns 

tPHL 11 	15 

tPLH 
AorB  8 or A = H, C = L 

8 	12 
ns 

tPHL 9 	13.5 

tPLH 
AorB  8 or A = L, C = H 

10 	15 
ns 

tPHL 6.5 	10 

tPLH 
AorB  B or A = H, C = H 

8.5 	12 
ns 

tPHL 7 	13 

tPLH 
C A = 8 

8 	12 
ns 

tPHL 9.5 	14.5 

tPLH 
C A -* 8 

7.5 	11.5 
ns 

tPHL 8 	12 

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

2-416 
4 TEXAS 

INSTRUMENTS 
POS1 OF1ICE BOX 655012 • DALLAS 'TEXAS 76265 



SN54136, SN54LS136 	J OR W PACKAGE 
SN74136 	N PACKAGE 

SN74LS136 	D OR N PACKAGE 

(TOP VIEW) 

1A 
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2Y 
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3Y 

SN54LS136 . . . FK PACKAGE 

(TOP VIEW) 
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SN54136, SN54LS136, SN74136, SN74LS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1972 — REVISED MARCH 1988 

FUNCTION TABLE 

INPUTS OUTPUT 

A B 
	

V 

L L 
	

L 

L H 
	

H 

H L 
	

H 

H H 

logic symbol 

H 

t 

(1) 

high level, L 	 low level 

1A 13) 
12) 

18 
1Y 

14) 
2A 

15) 2Y 
26 

19) 
3A 18) 

3Y 110) 
38 

112) 
4A (1 1) 

(13) 4B 
4Y 

IThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 

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

logic diagram (each gate) 

1A 	 
1Y 

1B 

2A 	 
2Y 

2B 

3A 	 
3Y 

3B 

4A 	 
4Y 

48 

positive logic 

B+A 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

OF '136 

TYPICAL OF ALL OUTPUTS 

OF '136 

___ 

EQUIVALENT OF EACH INPUT 

OF 'LS136 

VCC 

TYPICAL OF ALL OUTPUTS 

OF 'LS136 

OUTPUT 

— — 

VCC 

4 CU NOM a  INPUT 

12 5 k11 NOV 

. 

OUTPUT 

INPUT 

• 

Resistor values shown are nominal. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS standard warranty. Production processing does not 
necessarily include testing of all parameters. 	 INSTRUMENTS 
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SN54LS136, SN74LS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
WITH OPEN-COLLECTOR OUTPUTS 

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

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

Operating free-air temperature range: SN54136  	-55'C to 125 ° C 

SN74136 	 0 C to 70 C 

Slot age temperature range 	 -65 C to 150 'C 

NOTE 1 Voltage values are with respect to network ground terminal 

recommended operating conditions 

SN54136 SN74136 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level input voltage, VIH 2 2 V 

Low-level input voltage, \in, 0.8 0.8 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA -55 125 0 70 °C 

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

PARAMETER TEST CONDITIONSI 
SN54136 SN74136 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPI 	MAX 

VIK VCC = " .• 	II = -8  mA -1.5 -1.5 V 

IOH 
VCC = ..". 	VIH = 2 V, 	VII.  = 0.8 V, 	VOH = 5.5 V 0.25 

mA 
VCC = MIN, 	VIN = 2 V. 	V11 = 0.7 V. 	VON = 5.5 V 0.25  

VOL VCC = MIN, 	VIH = 2 V, 	VIL = 0.8 V, 	loL = 16 mA 0.2 	0.4 0.2 	0.4 V 

II VCC = MAX, 	Vi = 5.5 V 1 1 mA 

IIH VCC = MAX, 	V1 = 2.4 V 40 40 FA 

ilL VCC = MAX, 	Vi = 0.4 V -1.6 -1.6 mA 

ICC VCC = MAX, 	See Note 2 30 	43 30 	50 mA 

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

All typical values are at VCC -= 5 V, TA = 25°C. 

NOTE 2: ICC is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open. 

switching characteristics, VCC = 5 V, TA = 25 C 

PARAMETER' 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A or B Other input low CL = 15 pF, 

AL = 400 it, 

See Note 3 

12 	18 
ns 

tPH L 39 	50 

IPLH A or B Other input high 
14 	22 05 

tPH L 42 	55 

'PLO proemial., delay time, low to hid 1 level output 

,PLH propagation delay time, digit to love level output 

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

441 
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SN54136, SN74136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

WITH OPEN-COLLECTOR OUTPUTS 

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

Supply voltage, VCC (see Note 1) 

Input voltage 	  

Operating free-air temperature range: SN54LS136 
SN71LS136 

   

	 7V 

7V 

—55° C to 125° C 

0 C to 70'C 

—65° C to 150° C 

   

   

   

Storage temperature range 

    

    

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

  

recommended operating conditions 

    

SN5..11 .136 	! 	gN74LS1:36  
UNIT 

MIN 	'Jr 0.1 	MAX 	min 	NOM 	%V.% 

Supply voltage, VCC 4.5 	u 	5.5 4..5 	5 	tr.4u V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, 10L, 4 8 mA 

Operating free-air temperature, TA —55 	 125 0 	 70 'C 

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

PARAMETER TEST CONOITIONSt 
SN54LS136 SN74LS136 

UNIT 
MIN TYP MAX MIN TYP1,  MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VI K 	Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

10H 	High-level output current 
VCC =MIN, 

VII-= VII_ max, 

VIH  = 2 V, 

VOH = 5.5V 
100 100 pA 

Vol_ Low-level output voltage 
VCC = MIN, 

VIH = 2 V, 

N./IL= VI L max 

1 01_ ' 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = B mA 0.35 0.5 

Ii 	Input current at maximum input voltage VCC = MAX, Vi= 7 V 0.2 0.2 mA 

IIH 	High-level input current VCC = MAX, V1 = 2.7 V 40 40 yA 

I I L 	Low-level input current VCC = MAX, Vi = 0.4 V —0.8 — 0.8 mA 

ICC 	Supply current VCC = MAX, See Note 2 6.1 10 6.1 10 mA 

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

t All typical values are at VCC = 5 V, TA = 25C. 

NOTE 2. Icc is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open. 

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

PARAMETER' 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Other input low CL = 15 pF, 

R L = 2 kit, 

(See Note 31 

18 	30 
ns 

tPHL 18 	30 

tPLH A or B Other input high 
18 	30 

ns 
tPHL 18 	30 

' 'PLHPrnP ,, gah ,oldelaytiale,lowlo-hiffillevel ,mtpto 

1r3LH propagation delay time, high-to-low level output 

NOTE 3, Load circuits and voltage waveforms are shown in Section 1. 
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G1 8 

4 	 18 

5 

Y1 

7 Y2 

16 NC 
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SN54LS137, SN74LS137 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 

WITH ADDRESS LATCHES 
D2416, 	1978—REVISED MARCH 1988 

• Combines Decoder and 3-Bit Address Latch 

• Incorporates 2 Enable Inputs to Simplify 
Cascading 

• Low Power Dissipation . . . 65 mW Typ 

description 

The 'LS137 is a three-line to eight-line 

decoder/demultiplexer with latches on the three ad-

dress inputs. When the latch-enable input (GL) is low, 

the 'LS137 acts as a decoder/demultiplexer. When GL 

goes from low to high, the address present at the select 

inputs (A,B, and Cl is stored in the latches. Further ad-

dress changes are ignored as long as GL remains high. 

The output enable controls, G1 and G2, control the 

state of the outputs independently of the select or latch-

enable inputs. All of the outputs are high unless G1 is 

high and G2 is low. The 'LS137 is ideally suited for 

implementing glitch-free decoders in strobed (stored-

address) applications in bus-oriented systems. 

SN54LS137 . . . J OR W PACKAGE 

SN74LS137 . . . D OR N PACKAGE 

(TOP VIEW) 

A 

B 

C 

GL 

G2 

G1 

Y7 

GND 

SN54LS137 ...FK PACKAGE 

(TOP VIEW) 
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NC No internal connection 

schematics of inputs and outputs 

EQUIVALENT OF EACH 

ENABLE INPUT 
EQUIVALENT OF EACH 

ADDRESS INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

iNPU1 

20 011 NOM 

"CC 

NPUT 

i 	NOV 
120 0 
NOM 

VCC 
 

OUTPUT 

Pa 

IMP 

PP •1.1 I ON DATA documents contain information 
— 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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INPUTS 
OUTPUTS 

ENABLE SELECT 

GL G1 E2 C B A YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 
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H 	H 	H 	H 	L 	H 	H 	H 
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SN54LS137, SN74LS137 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 
WITH ADDRESS LATCHES 

is symbols t 	
FUNCTION TABLE 

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

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

DATA 
OUTPUTS 

LATCH n , 14 
ENABLE 

15)  

ENABLES 
OUTPUT {a-2 

H:>0  

SN54LS137, SN74LS137 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 

WITH ADDRESS LATCHES 

logic diagram (positive logic) 

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

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

Supply voltage, VCC (See Note 1) 	  7 V 

	

Input voltage   7 V 

Operating free-air temperature range: SN54LS137 	  —55° C to 125° C 

SN74LS137 	  0°C to 70° C 

Storage temperature range 	  —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS137, SN74LS137 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 
WITH ADDRESS LATCHES 

recommended operating conditions 

SN54LS137 SN74 LS137 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, IcH —400 —400 5A • 

Low-level output current, lot .  4 8 mA 

Width of enabling puke at GL, t w  15 15 ns 

Setup time at A, 8, and C inputs, t su  10 10 ns 

Hold time at A, 8, and C Inputs, th 10 10 ns 

Operating free-air temperature. TA —55 125 0 70 ' C 

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

PARAMETER TEST CONDITIONSt 
SN54LS137 SN74LS137 

UNIT 
MIN TYP ' MAX MIN TYP' MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC ' MIN, II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage VCC =MIN, 

VIL = v iL  max, 

VIH = 2 V, 

IcH = —400pA 
2.5 3.5 2.7 3.5 V 

VOL Low-level output voltage 
VCC' MIN, 

VIL = VIL max 

VIH = 2 V, IOL ' 4  mA 0.25 0.4 0.25 0.4 
V 

iOL ' 8  mA 0.35 0.5 

i i  
Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 mA 

111.4 High-level input current VCC = MAX, Vi = 2.7 V 20 20 5A 

IIL Low-level input current VCC = MAX, VI = 0.4 V 
Enable —0.4 —0.4 

mA 
A, 8, C —0.2 —0.2 

IOS Short-circuit output current0 VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 2 11 18 11 18 mA 

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

I All typical values are at VCC = 5 V. TA - 25 . C. 

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

NOTE 2: I cc is tested with all inputs grounded and all outputs open 

switching characteristics, VCC = 5 V, TA = 25 C, see note 3 

PARAMETER ,  
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 

TEST 

CONDITIONS 
MIN 	TYP 	MAX UNIT 

tPLH 
A. 8, C V 

2 

CL = 15pF, 

RL = 2 kO, 

See Note 3 

11 	17 
ns 

tPHL 4 25 	38 

tPLH 
A, B, C V 

3 16 	24 
ns 

3 19 	29 

tPLH 
Enable G2 y 

2 13 	21 
ns 

lPHL 2 16 	27 

1PLH 
Enable G1 Y 

3 14 	21 
ns 

IPHL 3 18 	27 

tpLH 
Enable GL V 

3 18 	27 
ns 

lPH L 4 25 	38 

tPLH = propagation delay time, low-to-high-level output. 

1PHL = Propagation delay time, high-to-low-level output. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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NC—No internal connection 

logic symbols t 

A 

151 yo  

1141 y 

113) y2 

 112) y3  

1111 
Y4 

11 D) 
55 

YG 

Y7 

C 

G2A 

NC 

G2B 

GI 

Y1 

Y2 

NC 

Y3 

Y4 

SN54LS138, SN54S138, SN74LS138, SN74S138A 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 

DECEMBER 1972 REVISED IA 

• 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 
memory 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 less than the 

typical access time of the memory. This means 

that the effective system delay introduced by the 

Schottky-clamped system decoder is negligible.  

The "LS138, SN54S138, and SN74S138A 

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 
only 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 SN54LS138 and SN54S138 are 

characterized for operation over the full military 

temperature range of — 55°C to 125 °C. The 

SN74LS138 and SN74S138A are characterized 
for operation from 0°C to 70 °C. 

SN54LS138, SN54S138 . J OR W PACKAGE 

SN74LS138, SN74S138A . . . D OR N PACKAGE 

(TOP VIEW) 

A 

8 

C 

62A 
G2B 

G1 

GND 

SN54LS138, SN54S138.. FK PACKAGE 

(TOP VIEW) 

O 
< z > >- 

IThese symbols are in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617 - 12. 
Pin numbers shown are for D, J, N, and W packages. 

VCC 
YO 

Y1 

Y2 

Y3 

Y4 

Y6 

Y6 

PIRIV I ! 	IC inuments contain information 
••• ir s•!I r• on date. Products conform to 

::... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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'LS138, SN54S138, SN74S138A 

ENABLE 
INPUTS 

"7- 

DATA 
OUTPUTS 

SELECT 
INPUTS 

131 

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

'LS138, SN54138, SN74S138A 

FUNCTION TABLE 

SN54LS138, SN54S138, SN74LS138, SN74S138A 
3-LINE-TO 8-LINE DECODERSIDEMULTIPLEXERS 

S
e3

I/ N
ea

  

logic diagram and function table 

INPUTS 
OUTPUTS 

ENABLE SELECT 
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G2 	i732A 	.6213 

I I — high level, L - low level, X — Irrelevant 
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EQUIVALENT OF EACH 

INPUT OF SN54S138, SN74S138A 

TYPICAL OF OUTPUTS 

OF SN54S138, SN74S138A 

VCC 

50 0 NOM 

VCC 

INPUT OUTPUT 

SN54LS138, SN54S138, SN74LS138, SN74S138A 
3-LINE TO 0-LINE DECODERSIDEMULTIPLEXERS 

schematics of inputs and outputs 

EQUIVALENT OF EACH 
ENABLE INPUT OF 'LS138 

EQUIVALENT OF EACH 
SELECT INPUT OF 'LS138 

TYPICAL OF OUTPUTS 
OF 'LS138 

— - - - 	VCC VCC 

VCC 5 1(0 NOM 120 0 NOM 

20 k0 NOM 4111° 
INPUT 

INPUT 
 OUTPUT 

IIII Pa 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  7 V 
Operating free-air temperature range: SN54LS138, SN54S138 	  —55°C to 125°C 

SN74LS138, SN74S138A 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS138, SN74LS138 
3•LINE TO 8•LINE DECODERSIDEMULTIPLEXERS 

S
O

3I
n

e
a

  
1

1
1

  

recommended operating conditions 

SN54LS138 SN74LS138 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current -0.4 -0.4 mA 

IOL 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 CONDITIONS1 
SN54LS138 SN74LS138 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK VCC = MIN, II = 	- 18 mA -1.5 - 1.5 V 

VOH 
VCC - MIN, 

OH 	- 0 4  mA 

V11.1 	- 	2 V, 	VIL 	MAX, 
25 34 2.7 3.4 V 

VOL 
VCC = MIN, 

VIL = MAX 

VIH --= 2 V, 10L ... 4 mA 0.25 0.4 0.25 0.4 
V 

1 01 = 8 mA 0.35 0.5 

II VCC = MAX, V1 = 7 V 0.1 0.1 mA 

1 11-1 VCC = MAX, V1 = 2.7 V 20 20 AA 

1 IL VCC = MAX, Vi = 0.4 V 
Enable -0.4 -0.4 

mA 
A, B, C -0.2 -0.2 

1 00 VCC = MAX -20 -100 -20 -100 mA 

ICC VCC = MAX, Outputs enabled and open 6.3 10 6.3 10 mA 

I. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at VCC = 5 V, TA = 25°C. 

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

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

PARAMETER) 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 
TEST CONDITIONS 

SN54LS138 

SN74LS138 UNIT 

MIN 	TYP 	MAX 

1PLH 
2 

11 	20 ns 

tPHL Binary 18 	41 ns 

Select 
Any 

tpLI - 1 21 	27 ns 

tPHL 
3 

RL = 2 kft, 	CL = 15 pF, 20 	39 ns 

IPLH See Note 2 12 	18 ns 

tpHL 
Enable Any 

2 
20 	32 ns 

tpLH 14 	26 ns 

tPHL 
3 

13 	38 ns 

1.1PLH = propagation delay time, low-to-high-level ouput 
tpHL = propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S138, SN74S138A 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 

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

Supply voltage, VCC (see Note 11 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54S138 	 —55°C to 125°C 

SN74S138A 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

recommended operating conditions 

SN54S138 SN74S138A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -1 mA 

IOL 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 t 

SN54S138 

SN74S138A UNIT 

MIN TYP 8  MAX 

VIK VCC = MIN, II = -18 mA - 1.2 V 

VOH VCC - MIN, VIH 	- 	2 V, 	VIL - 0 8 V, 10LI - 	- 1 mA 
SN54S' 2 5 3 4 

V 
SN74S' 2 7 3 4 

VOL VCC = MIN ,  VIH = 2 V, 	VIL = 0.8 V, loL = 20 mA 0.5 V 

Ii VCC = MAX, V1 = 5.5 V 1 mA 

IN VCC = MAX, V1 = 2.7 V 50 irA 

IlL VCC = MAX, V1 = 0.5 V -2 mA 

1 00 VCC = MAX -40 -100 mA 

ICC VCC = MAX, Outputs enabled and open 49 74 mA 

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

t All typical values are at VCC = 5 V, TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short circuit test should not exceed one second. 
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SN54S138, SN74S138A 
3-LINE TO 8-LINE DECODERSIDEMULTIPLEXERS 

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

PARAMETER t 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 
TEST CONDITIONS 

SN54S138 

SN74S138A UNIT 

MIN 	TYP 	MAX 

,PLH 4 5 	7 ns 

1PHL Binary 
Any 

7 	10 5 ns 

tpLH 7.5 	12 ns Select 

tPHL 
3 

RL = 280 0, 	CL = 15 pF, 8 	12 ns 

tPLILI See Note 2 5 	8 ns 

tPHL 
Enable Any 

2 
7 	11 as 

tPLH 7 	11 ns 

tPHL 7 	11 ns 

ItpLry = Propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS139A, SN54S139, SN74LS139A, SN74S139A 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

DECEMBER 1972—REVISED MARCH 1988 

• Designed Specifically for High-Speed: 
Memory Decoders 

Data Transmission Systems 

• Two Fully Independent 2- to 4-Line 

Decoders/Demultiplexers 

• Schottky Clamped for High Performance 

description 

These Schottky-clamped TTL MSI circuits are 

designed to be used in high-performance 

memory-decoding or data-routing applications 

requiring very short propagation delay times. In 

high-performance memory systems, these 

decoders 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 less than the 

typical access time of the memory. This means 
that the effective system delay introduced by the 

Schottky-clamped system decoder is negligible. 

The circuit comprises two individual two-line to 

four-line decoders in a single package. The 
active-low enable input can be used as a data 

line in demultiplexing applications. 

All of these decoders/demultiplexers feature fully 

buffered inputs, each of which represents only 

one normalized load to its driving circuit. All 
inputs are clamped with high-performance 

Schottky diodes to suppress line-ringing and to 

simplify system design. The SN54LS139A and 
SN54S139 are characterized for operation range 

of — 55 °C to 125 °C. The SN74LS139A and 

SN74S139A are characterized for operation 

from 0°C to 70 °C. 

FUNCTION TABLE 

INPUTS 
OUTPUTS 

ENABLE SELECT 

G B 	A YO Y1 Y2 Y3 

X
 

X
 	

I
  

H H H H 

L H H H 

H L H H 

H I-1 L H 

H Id H L 

H - high level, L - low level, X c atelevont  

SN54LS139A, SN54S139 ...4 J OR W PACKAGE 
SN74LS139A, SN74S139A 	D OR N PACKAGE 

(TOP VIEW) 

1G 
1A 
1B 

1'0) 
1Y1 

1 Y2 

1Y3 
GND 

SN54LS139A, SN54S139 	FK PACKAGE 

(TOP VIEW) 

< 10 C.) 	 I0 
Z > 

f=1 O VI (N 
Z Z >- 

(— 0 	C4 (N1 

NC —No internal connection 

logic symbols (alternatives) t 

( These symbols are in accordance with ANSI/IEEE Std. 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages 

VCC 
2G 
2A 

2B 

2Y0 

2Y1 

2Y2 

2Y3 
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PRODUCTION DATA documents contain information 
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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ENABLE 1G 
111 

SELECT{1A 

 INPUTS 1B 

ENABLE 2d 

SELECT 
J2A 

INPUTS 28 

1 YO 

1Y1 

1Y2 

1Y3 

2Y0 

2Y1 

2Y2 

2Y3 

SN54LS139A, SN54S139, SN74LS139A, SN74S139A 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

logic diagram (positive logic) 

Pm numbers shown are for D, J, N, and W packages 

schematics of inputs and outputs 

DATA 
OUTPUTS 

SO
O

!A
a
a
  1

1
1
  

EQUIVALENT OF EACH 
INPUT OF 54S139, 74S139A 

EQUIVALENT OF EACH 

INPUT OF 'LS139A 

TYPICAL OF OUTPUTS 
OF 'LS139A OF 

TYPICAL OF OUTPUTS 
54S139, 74S139A 

VCC VCC — - - - 	 VCC VCC 

2.8 kit NOM 20 kit NOM 120 it NOM 50 0 NOM 

INPUT INPUT 4111P  (41P  al  

pa 
OUTPUT ilk 

pa 
OUTPUT 

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

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage: 'LS139A 	  7 V 

54S139, 74S139A 	  5.5 V 

Operating free-air temperature range: SN54LS139A, SN54S139 	  -55°C to 125°C 

SN74LS139A, SN74S139A 	  0° C to 70°C 

Storage temperature range 	  -65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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2-432 	 INSIRI IMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



2 

T
T

L
 D

e
v

ic
es

  

SN54LS139A, SN74LS139A 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

recommended operating conditions 

SN54LS139A SN7.11%139A 
UNIT 

MIN 	NOM 	MAX MIN 	P. ••.1 	MAX 

VCC 	Supply voltage 4.5 	5 	5.5 4.75 	5 	5.25 V 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

10H 	High-level output current -0.4 -0.4 mA 

IOL 	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 t 
SN54LS139A SN74LS139A 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1,5 V 

VOH 
VCC = MIN ,  

1 0H = -0.4 mA 

VIH = 2 V, 	VIL = MAX, 
2.5 3.4 2.7 3.4 V 

VCC = MIN, 

VIL = MAX 

VIH = 2 V, 10L = 4 mA 0.25 0.4 0.25 0.4 
V 

VOL  IOL = 8 mA 0.35 0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1 1H VCC = MAX, VI = 2.7 V 20 20 ILA 

IlL VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

IOS VCC = MAX -20 -100 -20 -100 mA 

ICC VCC = MAX, Outputs enabled and open 6.8 11 6.8 11 mA 

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

=All typical values are at VCC = 5 V, TA = 25°C. 

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

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

PARAMETER fi 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 
TEST CONDITIONS 

SN54LS139A 

SN74LS139A UNIT 

MIN 	TYP 	MAX 

tPLH 

Binary 

Select 
Any 

2 

RL 	- 2 kR, 	CL = 	15 pF 

13 	20 ns 

tPHL 22 	33 ns 

tPLH 
3 

18 	29 ns 

tPHL 25 	38 ns 

tPLH 
Enable Any 2 

16 	24 ns 

tPHL 21 	32 ns 

1 tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S139, SN74S139A 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLIERS 

recommended operating conditions 

SN54S139 SN74S139A 
UNIT 

MIN NOM MAX MI'l NOM 	MAY 

VCC Supply voltage 4.5 5 5.5 4.,,, 5 	..,,,.., V 

VIF1 High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current —1 —1 mA 

IOL 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 CONDITIONSt 

SN54S139 

SN745139A UNIT 

MIN TYPt MAX 

VIK VCC = MIN, li = —18 mA —1.2 V 

VOH 
VCC = MIN, 
10H = —1 mA 

V11-I = 2 V, 	VIL = 0.8 V, 2.5 3.4 
V 

2.7 3.4 

VOL 
VCC = MIN , 

 IOL = 20 mA 

VIH = 2 V. 	VIL = 0.8 V. 
0.5 V 

11 VCC = MAX, Vi = 5.5 V 1 mA 

1 1H VCC = MAX, Vi = 2.7 V 50 AA 

'IL VCC = MAX, Vi = 0.5 V —2 mA 

IOS VCC = MAX —40 —100 mA 

Icc VCC .._- MAX, Outputs enabled and open 60 90 mA 

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

t All typical values are at VCC = 5 V, TA = 25°C. 

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

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

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 
TEST CONDITIONS 

SN54S139 

SN74S139A UNIT 

MIN 	TYP 	MAX 

tPLH 
Binary 

Select 
Any 

2  

RL = 280 SI, 	CL = 15 pF 

5 	7.5 ns 

tPHL 6.5 	10 ns 

tPLH 3 
7 	12 ns 

tPFIL 8 	12 ns 

tPLH Enable Any 2 
5 	8 ns 

tPHL 6.5 	10 ns 

I tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time. high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S140, SN74S140 
DUAL 4-INPUT POSITIVE-NAND 50.OHM LINE DRIVERS 

DECEMBER 1983—REVISED MARCH 1988 

• • Package Options Include Ceramic Chip 

Carriers and Flat Packages in Addition to 

Plastic and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices contain two independent 4-input 

positive-NAND 50-ohm line drivers.  They 

perform the Boolean function Y = ABCD. 

The SN54S140 is characterized for operation 

over the full military temperature range of 

—55°C to 125°C. The SN74S140 is 
characterized for operation from 0°C to 70°C. 

SN54S140 . . . J OR W PACKAGE 

SN74S140 . . . D OR N PACKAGE 

(TOP VIEW) 

IA 

1B 

NC 

IC 

10 

IY 

GND 

SN54S140 	FK PACKAGE 

(TOP VIEW) 

< 0 
Z N 

logic symbol t 

f This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

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

PRODUCTION DATA documents contain information 
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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logic diagram (each driver) 
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SN54S140, SN74S140 
DUAL 4-INPUT POSITIVE-NAND 50.OHM LINE DRIVERS 

schematic (each driver) 

1 4 k 	 380 	 25 

Vcc 

INPUTS / 

A 	• 

B 

c 
	OUTPUT 

V 

	•  

250 :2 	 125 11 

351,1 

sa
3!

A
a
a
  1

1
1

  

GND 

Resistor values shown are nominal. 

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

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54S140, SN74S140 
DUAL 4-INPUT POSITIVE•NAND 50.OHM LINE DRIVERS 

recommended operating conditions 

SN54S140 SN74S140 
UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

10H High-level output current — 40 — 40 mA 

lot.  Low-level output current 60 60 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 CONDITIONSt 
SN54S140 SN74S140 

UNIT 
MIN TYPS MAX MIN TYP t MAX 

VIK VCC = MIN, 11=-18 mA —1.2 —1.2 V 

VOH 
VCC = MIN, VIL = 0.8 V, 10H=-3mA 2.5 3.4 2.7 3.4 

V 
Vcc = MIN, VI L = 0.5 V, Ro = 50 a to GND 2 2 

VOL VCC = MIN, Vii..1= 2 V, loL = 60 mA 0.5 0.5 V 

VCC = MAX, V1= 5.5 V li 

 

1 1 mA 

11H Vcc = MAX, VIH = 2.7 V 0.1 0.1 mA 

'IL VCC = MAX, VII_ = 0.5 V —4 —4 mA 

'OS§ VCC = MAX —50 —225 —50 —225 mA 

ICCH Vcc = MAX, VI = 0 V 10 	18 10 	18 mA 

ICCL VCC = MAX, VI = 4.5 V 25 	44 25 	44 mA 

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

t All typical values are at VCC = 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 100 milliseconds. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

IPLH 

Any Y 

Fi L = 93 S2, 	 CL = 50 pF 
 4 	6.5 ns 

tpl-IL 4 	6.5 ns 

tpLH 
RL = 93 CZ, 	 CL = 150 pF 

6 ns 

tpHL 6 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN74143 
4-BIT COUNTERILATCH, SEVEN-SEGMENT LEDILAMP DRIVER 

NOVEMBER 1971—RE', 	MARCH • 

• 

For Driving Common-Anode LEDs such as 	
ITOP VIEW) 

TIL302 or TIL303 Without Series Resistors 

Universal Logic Capabilities 

15-mA Constant-Current Outputs 

SCEI 

CLR 

CLK 

N PACKAGE 

I . • 
•  MAX  

Ripple Blanking of Extraneous Zeros 	 RBI 	 STRB 

Latch Outputs Can Drive Logic Processors _ 	 OD 

Simultaneously 	 URBO 	 QC 

Decimal Point Driver Is Included 	
DP 	 QB 

 

	

dp 	 QA 

• Synchronous BCD Counter Capability 	 d 	 b 

f 
Cascadable to N-Bits 	 e 	 C 

Look-Ahead-Enable Techniques Minimize 	 GND 

Speed Degradation When Cascaded for 

Large-Word Display 

Direct Clear Input 

logic symbolt 

1:7/RBO (64  le II,  

(5)  
131 

RBI 14) 	 

STRB (21)  

(17)  

	

14 	 OA 

	

ual 
15 	  OB 

	

16 	  OC 

	

17 	 OD 

r 
C13 

9 

10 

(3)  
CLR 

	

PCEI 123) 	 

SC EI 	 

12)  
CL IC 

	

DP 171 	 

CTRDIV10 

1 

F- 

V11 
	

1 

1111 

G12 

11 ,  
1 

13D Z14 

13D Z15 

13D Z16 

13D Z17 

BCD/7SEG 

2 	 T31 

4 

8 

• 115)  a  
.._ 	(16)  b  

(14)  
• 19)  

(11)  
e 

▪ (10)  

(13)  

(22)  
MAX 

(8) 
dp 

G18 
a18 

b18<> 

c18 

418 

e18 

118 

918Q 

CT=O 
1 

tThis symbol is in accordance with ANSI/IEEE Std 9 1-1 9 84 and IEC Publication 6 1 7-1 2. 

description 

This TTL MSI circuit contains the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely 

TTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 

input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 

The serial-count-enable, actually two internal emitters, is rated as one standard Series 54/74 load. The logic outputs, 

except RBO, have active pull-ups. 

The SN74143 driver output is designed specifically to maintain a relatively constant on-level sink current of approximately 

1 5 milliamperes from output "a" through "g" and seven milliamperes from output "dp" over a voltage range from 

one to five volts. Any number of LED's in series may be driven as long as the output voltage rating is not exceeded. 

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. Maximum clock 

frequency is typically 18 megahertz and power dissipation is typically 280 milliwatts. The SN741 43 is characterized 

for operation from 0 °C to 70°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does net 
necessarily include testing of all parameters. 
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SN74143 
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVER 

description (continued) 

Functions of the inputs and outputs of these devices are as follows: 

DESCRIPTION 

When low, resets and holds counter at 0. Must be high for normal 

counting. 

Each positive-going transition will increment the counter provided that the 
circuit is in the normal counting mode (serial and parallel count enable 
inputs low, clear input high). 

Must be low for normal counting mode. When high, counter will be 
inhibited. Logic level must not be changed when the clock is low. 

sa
p!

A
aa

  

FUNCTION PIN NO. 
CLEAR INPUT 3 

CLOCK INPUT 2 

PARALLEL COUNT 23 
ENABLE INPUT (PCEI) 

SERIAL COUNT 1 
ENABLE INPUT (SCEI) 

MAXIMUM COUNT 22 
OUTPUT 

LATCH STROBE 21 
INPUT 

LATCH OUTPUTS 17, 18, 19, 20 

(QA ,  QB, QC, clo) 

DECIMAL POINT 7 
INPUT 

BLANKING INPUT 5 
(BI) 

RIPPLE-BLANKING 4 
INPUT (RBI) 

RIPPLE-BLANKING 6 

OUTPUT (RBO) 

LED/LAMP DRIVER 15, 16, 14, 9 
OUTPUTS 
(a, b, c, d, e, f, g, dp) 

11, 10, 13, 8 

Must be low for normal counting mode, also must be low to enable 

maximum count output to go low. When high, counter will be inhibited 
and maximum count output will be driven high. Logic level must not be 

changed when the clock is low. 

Will go low when the counter is at 9 and serial count enable input is low. 

Will return high when the counter changes to 0 and will remain high during 
counts 1 through 8. Will remain high (inhibited) as long as serial count 
enable input is high. 

When low, data in latches follow the data in the counter. When high, the 
data in the latches are held constant, and the counter may be operated 

independently. 

The BCD data that drives the decoder .can be stored in the 4-bit latch and 
is available at these outputs for driving other logic and/or processors. The 

binary weights of the outputs are: QA = 1, QB = 2, QC = 4, QD -= 8. 

Must be high to display decimal point. The decimal point is not displayed 
when this input is low or when the display is blanked. 

When high, will blank (turn off) the entire display and force RBO low. 

Must be low for normal display. May be pulsed to implement intensity 

control of the display. 

When the data in the latches is BCD 0, a low input will blank the entire 

display and force the RBO low. This input has no effect if the data in the 
latches is other than 0. 

Supplies ripple blanking information for the r 	planking input of the 

next decade. Provides a low if BI is high, or if ' 	is low and the data in 
the latches in BCD 0; otherwise, this output is high. this pin has a resistive 
pull-up circuit suitable for performing a wire-AND function with any 
open-collector output. Whenever this pin is low the entire display will be 

blanked; therefore, this pin may be used as an active-low blanking input. 

Outputs for driving seven-segment LED's or lamps and their decimal 
points. See segment identification and resultant displays on following 
page. 

f g ib 

dP• 	cl 
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8N74143 
4-BIT COUNTERILATCH, SEVEN-SEGMENT LEDILAMP DRIVER 

logic diagram (positive logic) 
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TYPICAL OF ALL 

OUTPUTS EXCEPT BI/RBO 
EQUIVALENT OF 

EACH INPUT 

EXCEPT BI/RBO 

SCE!: R eg  = 4 IcS2 NOM 

Other 

inputs: R eq  = 8 BSI NOM 

SN74143 
4-BIT COUNTERILATCH, SEVEN-SEGMENT LEDILAMP DRIVER 

S
e

3I
n
e
a
  1

1
1
  

schematics of inputs and outputs 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Off-state current at outputs "a" thru "g" and "dp" 	  250 AA 

Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 2) 	  1.4 W 

Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

On-state voltage at outputs a thru g and dp 1'143 only) 1 5 V 

High-level output current, 10H 

0 ,A , 0 13 ,  QC- CID —240 

t‘,4 '.' 	• 	num count — 560 

• 	- —120 

Low-level output current, 101_ 
uA, QB, QC, CID, RBO 4.8 

mA 
Maximum count 11.2 

Clock pulse width, t w c c ioc k) 
High logic level 25 

ns 
Low logic level 55 

Clear pulse width, tw (c l ear ) 25 ns 

Setup time, t su  
Serial and parallel carry 30 1  

ns 
Clear inactive state 60 1  

Operating free-air temperature, TA 0 70 °C 

t The arrow indicates that the rising edge of the clock pulse is used for reference 

111 
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SN74143 
4-BIT COUNTERILATCH, SEVEN-SEGMENT LEDILAMP DRIVER 

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

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VII( Input clamp voltage VCC = MIN, II = - 12 mA - 1.5 V 

VOH High-level output voltage 

F-Irdl 
VCC =MIN, VIH = 2 V, 

VIL = 0.8 V. loH = MAX 
2.4 V CIA , 08.  QC ,  CID 

Maximum count 

VOL Low-level output voltage 
CIA, CB , 0C ,  rir3U VCC = MIN, VIH = 2 V. 

VIL = 0.8 V, 10L = MAX 
0.4 V 

Maximum count 

VO(off) Off-state output voltage Outputs a thru g, dp VCC = MAX, I0H = 250 /IA 7 V 

VO(on) On-state output voltage Outputs a thru g, dp VCC = MIN V 

101on) On-state output current 

Outputs a thru g 

VCC = MIN, V0 = 1 V 9 15 

mA 

VCC = 5  V, Vo = 2 V 15 

VCC = MAX, Vo = 5 V 15 22 

Output dp 

VCC = MIN, V0 = 1 V 4.5 7 

VCC = 5 V, Vo = 2 V 7 

VCC = MAX, Vo = 5 V 7 12 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

IIH High-level input current 

' 	carry 

VCC = MAX, Vi = 2.4 V 

40 tLA 

i• 	rode -0.12 -0.5 mA 

Other inputs 20 pA 

IlL Low-level input current 

Serial carry 
VCC = MAX, V1 = 0.4 V, 

See Note 3 

- 1.6 

RBO node - 1.5 -2.4 mA 

Other inputs -0.8 

IOS 
Short-circuit 

output current 

GA. 	B. QC,  CID VCC = MAX 
-9 - 27.5 

mA 
Maximum count -15 - 55 

ICC Supply current VCC = MAX, See Note 4 56 93 mA 

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

All typical values are at VCC = 5 V, TA = 25°C. 

NOTES: 3. IIL at AEU node is tested with ET grounded and RBI at 4.5 V. 

4. ICC is measured after the following conditions are established: 

a) STOTTi = R9T = DP = 4.5 V 

bl Parallel count enable = serial count enable =1§1 = GND 

c) Clear ( 	I then clock until all outputs are on I 	I 

dl Outputs "a" through "g" and "dp" at 2.5 V, all other outputs open. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

f max 12 18 MHz 

tPLH Serial look-ahead Maximum count 
CL = 15 pF, 

See Note 5 

RI_ = 560 0, 

12 20 
ns 

tpHL 23 35 

tPLH Clock Maximum count 
26 40 

ns 
IPHL 29 45 

tPLH Clock CIA ,  QB, QC,CEO CL = 15 pF, RL = 1.2 la 
28 45 

ns 
tPHL 
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SN74143 
4•BIT COUNTER/LATCH, SEVEN•SEGMENT LEDILAMP DRIVER 
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(TOP VIEW) 

U 
Li 

O Z > < 
I—I 
3 2 1 20 19 

2 	4 	 18 	B 

3 	5 
	

7 C 

	

NC 6 
	

16 NC 

4 	7 
	

15 	D 

5 
	

8 	 1411 9 

9 10 11 12 13 
I-1 I—I  

.00,C0 
Z Z 

2 

T
T

L
 D

e
v

ic
e

s  
(31 

OUTPUT 2 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 

OUTPUT 6 

OUTPUT 7 

(111 
OUTPUT 9 

FOR USE AS LAMP, RELAY, OR MOS DRIVERS 
SN54145, SN54LS145 . . . J OR W PACKAGE 

SN74145.. . N PACKAGE 

SN74LS145 ... D OR N PACKAGE 

(TOP VIEW) 

Full Decoding of Input Logic 

SN54145, SN74145, and SN74LS145 Have 
80-mA Sink-Current Capability 

All Outputs Are Off for Invalid 
BCD Input Conditions 

• Low Power Dissipation of 'LS145 ... 
35 mVU Typical 

FUNCTION TABLE 

NO. 
INPUTS OUTPUTS 
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SN54145, SN54LS145, SN74145, SN74LS145 
BCD-TO-DECIMAL DECODERSIDRIVERS 

MARCH 1974 -- REVISED MARCH 1988 

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

description 

These monolithic BCD-to-decimal decoder/drivers con-

sist of eight inverters and ten four-input NAND gates. 

The inverters are connected in pairs to make BCD input 

data available for decoding by the NAND gates. Full 

decoding of valid BCD input logic ensures that all out-

puts remain off for all invalid binary input conditions. 

These decoders feature high-performance, n-p-n output 

transistors designed for use as indicator/relay drivers or 

as open-collector logic-circuit drivers. Each of the high-

breakdown output transistors (15 volts) of the 

SN54145, SN74145, or SN74LS145 will sink up to 80 

milliamperes of current. Each input is one Series 54/74 

or Series 54LS/74LS standard load, respectively. Inputs 

and outputs are entirely compatible for use with TTL or 

DTL logic circuits, and the outputs are compatible for in-

terfacing with most MOS integrated circuits. Power 

dissipation is typically 215 milliwatts for the '145 and 35 

milliwatts for the 'LS145. 

logic diagram 

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

PRODUCTION nATA  documents contain information 
current as of 	-.ion date. Products conform to 
specifications 0.1 B. terms of Texas Instruments 	 TE 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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V.5.1145 SN74145 
UNIT 

MIN 1 .. 0.1  MAX MIN NOM MAX 

Supply voltage, 4.5 5 5.5 4,75 5 5.25 V 

Off-state output 	3e. VOloff) 15 15 V 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSt MIN TYPI MAX UNIT 

VIH High-level input voltage 2 V 

VI L Low-level input voltage 0.8 V 

VII< Input clamp voltage VCC = MIN, 11 = -12 mA -1.5 V 

!mom Off-state output current 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

Voloff) = 15 V 
250 AA 

VOlon) On-state output voltage 
VCC - MIN, 

VII_ = 0.8 V 

VIH = 2 V, 1 0Ionl = 80 mA 0.5 0.9 
V 

10lon) = 20 mA 0.4 

11 Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

I1H High-level input current VCC = MAX, VI = 2.4 V 40 AA 

'IL Low-level input current VCC = MAX, Vi = 0.4 V -1.6 mA 

Icc Supply current VCC = MAX, See Note 2 
IcNREI145 
- 

43 62 
mA 

:145 43 70 

2 

sa
3!

A
a

a
  1

1
1

  

INPUT 

EQUIVALENT OF EACH INPUT 

VCC 

4 4,11 

TYPICAL OF ALL OUTPUTS 

OUTPUT 

SN54LS145, SN74LS145 
BCD-TO-DECIMAL DECODERSIDRIVERS 

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

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

Maximum current into any output (off-state) 	  1 mA 

Operating free-air temperature range: SN54145  	-55° C to 125° C 

SN74145 	  0° C to 70 ° C 

Storage temperature range  	-65° C to 150° C 

NOTE 1 -  Voltage values are with respect to network ground terminal 

recommended operating conditions 

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

I-All typical values are at VCC = 5 V, TA = 2 5"C. 

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

switching characteristics, V CC  = 5 V, T A  = 25 ° C 

PARAMETER TEST CONDITIONS MIN 	 MAX UNIT 

tpLH Propagation delay time, low-to-high-level output 
CL = 15 pF, RL = 10012, 	See Note 3 

50 ns 

tpHL Propagation delay time, high-to-low-level output 50 ns 

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

schematics of inputs and outputs 

2-448 	 TEXAS 
INSTRUMENTS 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS145 SN74LS145 

UNIT 
MIN TYP:1 MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 

V1L Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = MIN, 	II = —18 mA —1.5 —1.5 V 

1 010ff) Off-state output current VCC = MIN. 	VIH = 2 V, 

VIL = VII_ max, 	V0H = 15 V 
250 250 gA 

Vc)( 0 ,-,) On-state output voltage 

Vcc = MIN, 

VIH = 2 V, 

VIL = VIL max 

Ic)L = 12 mA 0.25 0.4 0.25 0.4 

V IciL= 24 mA 0.35 0.5 

IOL = 8° mA 2.3 3 

II Input current at maximum input voltage VCC = MAX, 	VI = 7 V 0.1 0.1 mA 

11H High-level input current VCC = MAX, 	VI = 2.7 V 20 20 gA 

'IL Low-level input current VCC = MAX, 	Vi = 0.4 V —0.4 —0.4 mA 

ICC Supply current VCC = MAX, 	See Note 2 7 13 7 13 mA 

2 
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i
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e
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EQUIVALENT OF EACH INPUT 

Ycc 
17 kft. NOM 

INPUT •  y4  

SN54145, SN74145 
BCD-TO-DECIMAL DECODERS/DRIVERS 

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

Supply voltage, VCC (see Note 1) 

Input voltage 

Operating free-air temperature range: SN54LS145 

SN 74 LS145 

    

	  7V 
	 7V 

—55° C to 125° C 

	 0° C to 70° C 

—65° C to 150° C 

    

    

    

    

Storage temperature range 

     

     

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

   

recommended operating conditions 

     

SN54LS145 SN74LS145 
UNIT 

MIN 	NOM MAX MIN 	NOM MAX 

Supply vnI"`' VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

Ofl 	)1 	,oltage, VOloff) 15 15 V 

Ope.rning lien-au temperature, TA —55 	 125 0 	 70 ° C 

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

TAII typical values are at VCC = 5 V, TA = 25 ° C. 

NOTE 2: Icc is measured with all inputs grounded and outputs open, 

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

PARAMETER TEST CONDITIONS MIN 	 MAX UNIT 

tpLH Propagation delay time, low-to-high-level output 
CL = 45 pF, F1L = 665 0, 	See Note 3 

50 ns 

tpHL Propagation delay time, high-to-low-level output 50 ns 

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

schematic of inputs and outputs 

TYPICAL OF ALL OUTPUTS 

OUTPUT 
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'148, 'LS148 '147, 'LS147 

2 SN54LS147. SN54LS148 . FK PACKAGE 

(TOP VIEW) 

'LS147 'LS148 

U U 
U 	 U 0 0 

In v Z > Z 	 Lc" Z > 

SN54147, SN54LS147, 

SN54148, SN54LS148 . J OR W PACKAGE 

SN74147, SN74148 . . . N PACKAGE 

SN74LS147, SN74LS148 	D OR N PACKAGE 

(TOP VIEW) 
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'148, 'LS148 

FUNCTION TABLE 

INPUTS OUTPUTS 
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SN54147, SN54148, SN54LS147, SN54LS148, 
SN74147, SN74148 (TIM9907), SN74LS147, SN74LS148 

10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 
OCTOBER 1976 - REVISED MARCH 1988 

'147, 'LS147 

• Encodes 10-Line Decimal to 4-Line BCD 

• Applications Include: 

Keyboard Encoding 
Range Selection: '148, 'LS148 

• Encodes 8 Data Lines to 3-Line Binary (Octal) 

• Applications Include: 

N-Bit Encoding 

Code Converters and Generators 

TYPICAL 	TYPICAL 

TYPE 	DATA 	POWER 

DELAY 	DISSIPATION 

'147 	10 ns 	225 mVV 

'148 	10 m 	190 rMN 

15147 	15 flS 	 60 [111/1/ 

'LS148 	15 ns 	 6011/V 

description 

These TTL encoders feature priority decoding of the 

inputs to ensure that only the highest-order data line 

is encoded. The '147 and 'LS147 encode nine data 

lines to four-line (8-4-2-1) BCD. The implied decimal 

zero condition requires no input condition as zero is 

encoded when all nine data lines are at a high logic 

level. The '148 and 'LS148 encode eight data lines to 

three-line (4-2-1) binary (octal). Cascading circuitry 

(enable input El and enable output ED) has been 

provided to allow octal expansion without the need 

for external circuitry. For all types, data inputs and 

outputs are active at the low logic level. All inputs are 

buffered to represent one normalized Series 54/74 or 

54LS/74LS load, respectively. 

'147,'LS147 

FUNCTION TABLE 

INPUTS OUTPUTS 

1 2 3 	4 5 	6 7 8 9 DCB 	A 

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

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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logic diagrams 

9 
1101 

'147, 'LS147 

— — 	 114( 

(10' 

'148, 'LS148 

115) 
 50 

logic symboist 

'147, 'LS147 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

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

'148, 'LS148 

HPR 1/BIN 

0/210 	10 

1/Z11 	11 

2/Z12 	12 

3/Z13 	13 

4/214 	14 

5/Z15 	15 

6/216 	16 

7/Z17 	17 

V18 

ENa 

SN54147, SN54148, SN54LS147, SN541S148, 
SN74147, SN74148 (T1M9907), SN74LS147, SN74LS148 
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 

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

TEXAS 2-452 INSTRUMENTS 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

0 Input P148) R„,, 	2 kl.t NOM 

All other loop, R eg  4 1.1t NOM 

TYPICAL OF ALL OUTPUTS 

Vcc 

00 TPU1 

EQUIVALENT OF ALL INPUTS TYPICAL OF ALL OUTPUTS 

VCC 	  

Rey 
It" 

INPUT 

'LS148 inputs 1 thru 7: R e , = 9 kg/ NOM 

All other inputs: R eg  = 18 1,12 NOM 

VCC 

OUTPUT 

SN54147, SN54148, SN54LS147, SN54LS148, 
SN74147, SN74148 (TIM9907 ► , SN74LS147, SN74LS148 

10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 

schematics of inputs and outputs 

'147, '148 

'LS147, LS148 

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

	

Supply voltage, VCC (see Note 1)   7 V 

	

Input voltage: '147, '148   5.5 V 

	

'LS147, 'LS148   7 V 

	

Interemitter voltage: '148 only (see Note 2)   5.5 V 

	

Operating free-air temperature range: SN54', SN54LS Circuits   —55° C to 125° C 

SN74', SN74LS Circuits 	 0° C to 70° C 

	

Storage temperature range   —65° C to 150° C 

NOTES: 1. Voltage values, except int. - or-hitter voltage, are with respect to network ground terminal 

2. This is the voltage between two emitters of a multiple-emitter transistor. For '148 circuits, this rating applies between any two of 

the eight data lines, 0 through 7. 

recommended operating conditions 

SN54' .'.••ILS' 
UNIT 

MIN NOM MAX MIN N....NI MAX MIN NUM MAX MIN NaurVI MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —800 —800 —400 —400 pA 

Low-level output current, lot, 16 16 4 8 mA 

Operating free-air temperature, TA —55 125 0 70 —55 125 0 70 'C 

TEXAS 
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SN54147, SN54148, SN74147, SN74148 (TIM9907) 
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 

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

PARAMETER TEST CONDITIONSt 

'147 '148 

UNIT 
MIN TYPI MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II . —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VII_ '--- 0.8 V, 

VIE{ = 2 V, 

101-1 = —800 siA 
2.4 3.3 2.4 3.3 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIII = 2 V, 

loL = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

111.1 High-level input current 
0 input 

VCC = MAX, V1 = 2.4 V 
40 

MA 
Any input except 0 40 80 

'IL Low-level input current 
0 input 

VCC = MAX, Vi = 0.4 V 
—1.6 

mA 
Any input except 0 —1.6 —3.2 

IOS Short-circuit output current§ VCC = MAX —35 —85 —35 —85 mA 

ICC Supply content 
VCC = MAX, 

See Nob. 3 

CW1(11111 	1 50 70 40 60 mA 

Condition 2 42 62 35 55 mA 

NOTE 3: For '147, 'cc (condition 11 is measured with input 7 grounded, other inputs and outputs open; Icc (condition 2) is measured with 

all inputs and outputs open. For '148, Icc (condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open, 

!cc (condition 2) is measured with all inputs and outputs open, 

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

I All typical values are at VCC = 5 V. TA = 26'C. 

Not more than one output should be shorted at n time 

SN54147, SN74147 switching characteristics, V CC  = 5 V, TA  = 25° C 

PARAMETER' 
FROM 

(INPUT) 

TO 

(OUTPUT) 
WAVEFORM TEST CONDITIONS MIN 	TYP MAX UNIT 

1PLH 
Any Any 

In-phase 

output 
CL = 15 pF, 

RL = 400 St, 

See Note 4 

9 	14 
ns 

tPHL 7 	11 

tPLH 
Any Any 

Out-of-phase 

output 

13 	19 
ns 

tPHL 12 	19 

SN54148, SN74148 switching characteristics, VCC = 5 V, T A  = 25° C 

PARAMETER 
FROM 

(INPUT) 

FROM 
 

TO 

[OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 
1 thru 7 A0, Al, or A2 

In-phase 

output 

CL = 1SpF, 

RL = 400 Si, 

See Note 4 

10 	15 
ns 

'PH L 9 	14 

tPLH 
1 	thtu 7 AU, A 1 	of A2 

Out oi-phase 

output 

13 	10 
ns 

tPH L 12 	19 

1PLH 
0 thru 7 E0 

Out-of-phase 

output 

6 	10 
ns 

tPHL 14 	25 

tPLH 
0 thru 7 GS 

In-phase 

output 

18 	30 
ns 

tPHL 14 	25 

tPLH 
El AO, Al, or A2 

In-phase 

out put 

10 	15 
ns 

IPHL 10 	15 

tPLH 
El GS 

In-phase 

output 

8 	12 
ns 

1PHL 10 	15 

1PLH 
El 80 

In-phase 

output 

10 	15 
ns 

tPHL 17 	30 

itpui = propagation delay time, low-to-high-level output 

tPHL = propagation delay time, high-to-low-level output 

NOTE 4. Load circuits and voltage waveforms are shown in Section 1 
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SN54LS147, SN54LS148, SN74LS147, SN74LS148 
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 

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

PARAMETER TEST CONDITIONST 
SN54LS' SN74LS' 

UNIT 
MIN TYPt MAX MIN TVPT MAX 

VIH High-level input voltage 2 2 V 

ViL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 	VIH = 2 V 

v i L = 0.8 V, 	ICH = —400 (IA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 

VCC = MIN , 
 VIH = 2 V, 

VI L = V I Una), 

Poi_ = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL =8 mA 0.35 0.5 

II 
Input current at 

maximum input voltage 

'LS148 inputs 1 thru 7 - 
Vcc = MAX, 	V i = 7 V 

0.2 0.2 
mA 

All other inputs 0.1 
_ _ 

IIH High-level input current 
'LS148 inputs 1 thru 7 

VCC - MAX, 	V1 = 2.7 V 
40 

'V pA 
All other inputs 20 20 

IIL Low-level input current 
'LS148 inputs 1 thru 7 

VCC = MAX, 	V1 = 0.4 V 
—0.8 —0.8 

mA 
All other nputs —0.4 —0.4 

los Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current 
VCC -- MAX, 

See Note 5 

Condition 1 12 20 12 20 mA 

Condition 2 10 17 10 17 mA 

NOTE 5: For 'LS147, Icc (condition 1) is measured with Input 7 grounded, other inputs and outputs open; ICC (condition 2) is measured 

with all inputs and outputs open. For 'LS148, ICC (condition 11 is measured with inputs 7 and El grounded, other inputs and 

outputs open, ICC (condition 2) is measured with all inputs end outputs open. 

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

TAII typical values are at VCC = 5 V, TA = 25"C. 

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

SN54LS147, SN74LS147 switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) ) 

TO 

IOUTPUTI 
WAVEFORM TEST CONDITIONS MIN 	TVP MAX UNIT 

tpLH 
Any Any 

In-phase 

output 
CL - 15 pF, 

RL = 2 k52, 

See Note 4 

12 	18 
ns 

tPHL 12 	18 

tpLH 
Any Any 

Out-of-phase 

output 

21 	33 
ns 

tPHL 15 	23 

SN54LS148, SN74LS148 switching characteristics, VCC = 5 V, TA = 25° C 

PARAMETERS 
FROM 

(INPUT ) 

TO 

(OUTPUT) 
WAVEFORM TEST CONDITIONS MIN 	TNT MAX UNIT 

tpi u 
1 thru 7 A0, Al, or A2 

In-phase 

output 

_ 
CL 	15  PF ,  

F1L = 2 ki2, 

See Note 4 

14 	18 
ns 

... 15 	25 

•L11 
1 thru 7 AO, Al, or A2 

Out-of-phase 

output 

20 	36 
115 

tPHL 16 	29 

1PLH 
0 thru 7 EC/ 

Out-of-phase 

output 

7 	18 
ns 

tPHL 40 

tpLH 
0th ru 7 GS 

In-phase 

output 

35 	55 
115 

tpHL 9 	21 

tpLH 
El AO, A1, or A2 

In-phase 

output 

16 	25 
ns 

tPHL 12 	25 

tpLH 
El GS 

In-phase 

output 

12 	17 
ns 

1PHL 14 	36 

1PLH 
El EO 

In-phase 

output 

12 	21 
ns 

tPHL 23 	35 

tpLH n propagation delay time low to high level output 

tPHL 0i propagation delay time, high to low level output 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54147, SN54148 (TIM9907), SN54LS147, SN54LS148, 
SN74147, SN74148, SN74LS147, SN74LS148 
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS 

TYPICAL APPLICATION DATA 

16-LINE DATA (ACTIVE LOW) 

„,■■■•111 ‘.1■■■•■■••\‘  

0 1 2 3 4 5 6 7 8 	 8 9 10 11 12 13 14 15 	ENABLE 

i ct  1111111 	111,,Linf 
(ACTIVE LOW) 

0 	1 	2 	3 	4 	5 	6 

'148/'LS148 

EC) 	AO 	Al 	A2 
O 

I- 

L - 

7 El 	0 1 2 3 4 5 6 7 El 

'148PLS148 

EO AO 	Al 	A2 	GS 

9 	9 	O O 0 

'08/'LSO8 

GS 
o 

— — -I 
0 	1 	2 	 3 	 PRIORITY FLAG 

\--..—v,....,—.....d 	 (ACTIVE LOW) 

ENCODED DATA (ACTIVE LOW) 

16-LINE DATA (ACTIVE LOW) 

0 	1 2 3 	4 5 G 

0 	1 2 3 	4 	5 	G 

'148/'L5148 

EO AO Al 	A2 

7 8 	 8 9 10 11 12 13 14 15 	ENABLE 

7 El 	 0 1 	2 	3 4 5 6 7 El 

'148/'LS148 

EO 	AO 	Al 	A2 	GS GS 
0 

(ACTIVE LOW) 

0 	1 	2 	 3 

ENCODED DATA (ACTIVE HIGH)  

1 
'00I'LSOO 

PRIORITY FLAG 
(ACTIVE HIGH) 

Since the '147/'LS147 and '148/'LS148 are combinational logic circuits, wrong addresses can appear during input transients. Moreover, 

for the '148/'LS148 a change from high to low at input El can cause a transient low on the GS output when all inputs are high. This 

must be considered when strobing the outputs. 
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SN54150, SN54151A, SN54LS151, SN54S151, 
SN74150, SN74151A, SN74LS151, SN74S151 

DATA SELECTORSIMULTIPLEXERS 
DECEMBER 1972—REVISED MARCH 1988 

• '150 Selects One-of-Sixteen Data Sources 

• 

• All Perform Parallel-to-Serial Conversion 

Others Select One-of-Eight Data Sources 

• All Permit Multiplexing from N Lines to One 

Line 

• Also For Use as Boolean Function Generator 

• Input-Clamping Diodes Simplify System 
Design 

• Fully Compatible with Most TTL Circuits 

TYPICAL AVERAGE 	 TYPICAL 

TYPE 	PROPAGATION DELAY TIME 	POWER 

DATA INPUT TO W OUTPUT DISSIPATION 

'150 	 13 ns 	 200 mW 

'151A 	 8 ns 	 145 mW 

'LS151 	 13 ns 	 30 mW 

'S151 	 4 5 ns 	 225 mW 

description 

These monolithic data selectors/multiplexers contain 

full on-chip binary decoding to select the desired data 

source. The '150 selects one-of-sixteen data sources; 

the '151A, 'LS151, and 'S151 select one-of-eight 

data sources. The '150, '151A, 'LS151, and 'S151 

have a strobe input which must be at a low logic level 

to enable these devices. A high level at the strobe 

forces the W output high, and the Y output (as 

applicable) low. 

The '150 has only an inverted W output; the '151A, 

'LS151, and 'S151 feature complementary W and Y 

outputs. 

The '151A and '152A incorporate address buffers that 

have symmetrical propagation delay times through the 

complementary paths. This reduces the possibility of 

transients occurring at the output(s) due to changes 

made at the select inputs, even when the '151A 

outputs are enabled (i.e., strobe low). 

SN54150 ...J OR W PACKAGE 

SN74150 . . . N PACKAGE 

(TOP VIEW) 

E7 ■ VCC 
E6 	 E8 

E5 	 E9 

E4 	 EIO 

E3 ■ Eli 

E2 	 E12 

El 	 El 3 

E0 	 E14 

E15 

A 

GND 

D3 

D2 

D1 

DO 

W 
G 

GND 

SN54LS151, SN54S151 . FK PACKAGE 

(TOP VIEW) 

cI 

2 (23  >j  8 
I 	3 2 	1 20 19 

D1 4  

DO 5  

NC 16 

Y 7  

W 8 

9 10 	11 12 13 

10000c0 
Z Z 
(.9 

NC - No internal connection 

VCC 
D4 

D5 

D6 

D7 
A 
B 

18 D5 
17 D6 
16 NC 
15 07 

14 A 
T

T
L

 D
e

v
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e
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SN54151A, SN54LS151, SN54S151 	J OR W PACKAGE 
SN74151A . . . N PACKAGE 

SN74LS151, SN74S151 	. D OR N PACKAGE 

(TOP VIEW) 

 

2 

 

    

PRODUCTION 	Id documents contain information 
current as of ..1 1  Rion date. Products conform to 
specification.. r.i .lie terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SG
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IA
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C
I  
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'150 

1211 
E10 

20) 
Ell 

E12 "9)  

E 13 1181 

191 
GZ 
A  1151 

B  1141 

1131 

111/ 
D 

E0 

El 

E2 

:34 

ES 

EG 

E7 

ES 
EB  1221 

1101 
IN 

E14 "7)  

E15 "81  

18/ 

7) 

61 

SI 

141 

131 

21 

11 

231 

SN54150, SN54151A, SN54LS151, SN54S151, 
SN74150, SN74151A, SN74LS151, SN74S151 
DATA SELECTORSIMULTIPLEXERS 

logic 

 

, mbolst 

'150 

FUNCTION TABLE 

INPUTS 
OUTPUT 

w 
SELECT STROBE 

G DCBA 

2
 J
 
J
  
J
 _

I
 J
 
J
 -
I  
-
I
 -
J
 -
1

 -
J
 _

I
 
J
 -I  

-
I
 
J
 

H 

EO 

Fi 
E2 

E3 

E4 

E5 

E6 

r- 2
 

X
 

I
 

E7 

E8 

E9 

E10 

E 1 1 

E12 

Ei .  

E14 

E15 

"151A, 'LS151, 'S151 

151A, 'LS151, 'S151 

FUNCTION TABLE 

INPUTS OUTPUTS 

SELECT STROBE 
V W 

C 	B A .0.  

X
 J
  
-
J
 
J
 
J
 
J
 
J
 
J
 -.I 

L H 

DO DO 

D1 D1 

D2 D2 

r
 

I
 

D3 D3 

D4 D4 

D5 D5 

D6 D6 

D7 D7 

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

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

H = high I . 	_ = low level, X = rrelevant 

E0, El .. • • = the complement of the level of the respective E input 
DO, D1 	LJ = the level of the D respective input 
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2-458 INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. 1EXAS 75265 



EQUIVALENT OF EACH INPUT 

OF 'LS151 

vcc 

INPUT 1.  f  

D11, sells t end strobe R 51 , 	20 	NOM 

Data Ir-ipets R DR  - 17 10.2 iJOM 

SN54150, SN54151A, SN54LS151, SN54S151 
SN74150, SN74151A, SN74LS151, SN74S151 

DATA SELECTORSIMULTIPLEXERS 

schemat'cs of inputs and outputs 

EQUIVALENT OF EACH INPUT 

OF "S151 

VC C 

2.8 kS: NOM 

INPUT 	 — — 

T
T

L
 D

e
v
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TYPICAL OF ALL OUTPUTS 
OF '150, '151A 

VCC  

TYPICAL OF ALL OUTPUTS 
OF *LS151 

VCC 

TYPICAL OF ALL OUTPUTS 
OF 'S151 

VCC 
4r 

130 :2 NOM 

4,. 

120 0 NOM 50 0 NOM 

OUTPUT *. , 
' -, A - t— OUTPUT 

Oil 

OUTPUT 

ill 
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E 

EO 	(13)  

El 	(7) 	  

E2 	(6)  

E3 	(5)  

E4 	(4)  

E6 (2)  

E7 	(1)  

58  123)  

122) 

11111111_  
11111111 41)  
IMAM°  

ADDRESS BUFFERS FOR '151A ADDRESS BUFFERS FOR '1.5151, '5151 

EIO 	(21)  

118) 
E13 

117) 

110) 
OUTPUT 

E14 

E15 	(16)  

A 	(15)  

DATA 	B  _1 

SELECT (13) 
(BINARY) 

111)›._  

-=EM 

DATA 

INPUTS 

SO
3

11A
0C

1  
i
i
i
  

120) 	 
El 

IIIIIi 
IIIIiIu 

SN54150, SN54151A, SN54LS151, SN54S151, 
SN74150, SN74151A, SN74LS151, SN74S151 
DATA SELECTORSIMULTIPLEXERS 

logic diagrams (positive logic) 
'150 

STROBE (9) 

   

AAB B CC 

DATA 

SELECT B 	D j .1). 
(BINARY) 

   

DATA 

SELECT 13 

(BINARY) 

  

  

  

Pin numbers shown are for D, J, N, and W packages 
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SN54150, SN54151A, SN54LS151, SN54S151, 
SN74150, SN74151A, SN74LS151, SN74S151 

DATA SELECTORSIMULTIPLEXERS 

'151A, 'LS151,'S151 

 

(6)  OUTPUT W 

 

TO ADDRESS BUFFERS 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage (see Note 2): '150, '151A, 'S151 	  5.5 V 

'LS151 	  7 V 

Operating free-air temperature range: SN54'  	55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65 °C to 150 °C 

NOTES: 1: Voltage values are with respect to network ground terminal. 
2. For the '150, input voltages must be zero or positive with respect to network ground terminal 

STROBE (7) 
G 

DO 

	

(4) 	 
1 

D1 	(3)  

D2 	(2)  

03  (1)  

DATA 
INPUTS 	D4 	(15)  

D5  (14) 

(13) 

D7 
(12)  

*151  OUTPUT Y 

T
T

L
 D

e
v
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e
s  
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SN54150, SN54151A, SN74150, SN74151A 
DATA SELECTORSIMULTIPLEXERS 

S
e3

I
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1
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recommended operating conditions 

SN54' SN74' 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -800 -800 trA 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSt 
'150 ' 151A 

UNIT 
MIN TYP 1  MAX MIN TYP 5  MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.8 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 11 -- 	-8 mA - 1.5 -1.5 V 

VOH High-level output voltage 
VCC - MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

loH = -800 sA. 
2.4 3.4 2.4 3.4 V 

VOL 	Low-level output voltage 
VCC = MIN, 

VIL = 0 . 8  V ,  

VIH = 2 V, 

IOL = 16 mA 
0.2 0.4 0.2 0.4 V 

II 	Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH 	High-level input current VCC = MAX, Vi = 2.4 V 40 40 xA 

IlL 	Low-level input current VCC = MAX, Vi = 0.4 V -1.6 - 1.6 mA 

los 	Short-circuit output current§ VCC = MAX 
SN54' -20 -55 -20 -55 

mA 
SN74' -18 -55 -18 -55 

Icc 	Supply current VCC = MAX, See Note 3 40 68 29 48 mA 

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

All typical values at VCC = 5 V, TA = 25°C. 

Not more than one output of the '151A should be shorted at a time. 

NOTE 3: Icc is measured with the strobe and data select inputs at 4.5 V, all other inputs and outputs open. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'150 '151A 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

tPLH A, 8, or C 

(4 levels) 
Y 

CL - 15 pF, 

RL = 400 12, 

See Note 4 

25 	38 
ns 

IPHL 25 	38 

tPLH A, 8, C, or D 

(3 levels) 
w 

23 	35 17 	26 
ns 

tpHL 22 	33 19 	30 

tPLH 
Strobe G-  Y 

21 	33 
ns 

IMHL 22 	33 

tPLH 
Strobe E W 

15.5 	24 14 	21 
ns 

IPHL 21 	30 15 	23 

tPLH 
DO thru D7 V 

13 	20 
ns 

IPHL 18 	27 

tpLH EO thru E15, or 

DO thru D7 
W 

8.5 	14 8 	14 
ns 

M HL 13 	20 8 	14 

itpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS151, SN74LS151 
DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

4. 1.0141S151 hN7415151 
UNIT — 

Nur., 	NuM 	MAX MIN 	NOM MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, loH –400 –400 pA 

Low-level output current, loL 4 8 mA 

Operating free-air temperature, TA –55 	 125 0 	 70 "C 

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

PARAMETER TEST CONDITIONSI 
SN54LS151 SN74LS151 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt 	MAX 

VII.) High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage VCC = MIN, 	11 = –18 mA –1.5 –1.5 V 

VOH High-level output voltage 
VCC -- MIN, 	VIH = 2 V, 

VIL = VlLmax, 	loH = –400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 	VIH = 2 V, 

VIL = VILmax 

loL = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
Vcc = MAX, 	Vi = 7 V 0.1 0.1 mA 

11H High-level input current VCC = MAX, 	VI = 2.7 V 20 20 pA 

IlL Low-level input current VCC = MAX, 	Vi =-- 0.4 V –0.4 –0.4 mA 

los Short-circuit output current5 VCC = MAX –20 –100 –20 –100 mA 

ICC Supply current 
VCC = MAX, 	Outputs open, 

All inputs at 4.5 V 
6.0 10 6.0 10 mA 

I For conditions shown as MM or MAX, use the appropriate value specified under recommended operating conditions for the applicable device type. 

f All typical values are at VCC = 5 V, TA = 25°C. 

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

switching characteristics, VCC = 5 V TA 25°C 

PARAMETER( 
FROM 

(INPUT) 

TO 

/OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A, B, or C 

14 levels) 
V 

CL = 15 pF, 

RL = 2 1(11, 

See Note 4 

27 	43 
ns 

tPHL 18 	30 

tPLH A, B, or C 

(3 levels) 
w 

14 	23 
ns 

tPHL 20 	32 

tPLH 
Strobe U Y 

26 	42 
ns 

1PHL 20 	32 tPHL 

Strobe W 
15 	24 

ns 
tPHL 18 	30 

tPLH 
Any D Y 

20 	32 
ns 

1PHL 16 	26 

tPLH 
Any D W 

13 	21 
ns 

tPHL 12 	20 

itpLH = propagation delay ime, low-to-high-level output 

tpHL = propagation delay ime, high-to-low-level output 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1 
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SN54S151, SN74S151 
DATA SELECTORSIMULTIPLEXERS 
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recommended operating conditions 

— 

MIN 

.: •1'151 SN7•1 1 .1 1  1 
— 

MAX 
UNIT 

tvvivi MAX MIN 	Num 

Supply voltage, VCC 4 5 5 5 5 4 75 	5 5 25 V 

High-level output current, 10H -1 -1 mA 

Low-level output current, l ioL 20 20 mA 

Operating free-air temperature, TA -55 125 0 70 "C 

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

PARAMETER TEST CONDITIONSt MIN TYP' MAX UNIT 

VIH High-level input voltage 2 V 

VI L Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = -18 mA -1.2 V 

Voll High-level output voltage 
VCC = MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	loH = -1 mA 

SN545151 2.5 3.4 
V 

SN745151 2.7 3.4 

VOL Low-level output voltage 
Vcc = MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	Im_ = 20 mA 
0.5 V 

Ii Input current at maximum input voltage VCC = MAX, 	Vi = 5.5 V 1 mA 

11F1 High-level input current VCC = MAX, 	Vi = 2.7 V 50 gA 

ill_ Low-level input current VCC = MAX, 	Vi = 0.5 V -2 mA 

IOS Short-circuit output current t' VCC ' MAX -40 - 100 mA 

ICC Supply current 
VCC = MAX, 	All inputs at 4.5 V. 

All outputs open 
45 70 mA 

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

type. 

#: A I I typical values are at VCC = 5 V, TA - 25"C. 

SNot more than one output should he shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V TA 25°C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A, B, or C 

(4 levelsl 
V 

CL 	- 	15 pF, 

RL = 280 Ml, 

See Note 4 

12 	18 
ns 

1 PHL 12 	18 

tpLH A, B, or C 

13 levels1 
W 

10 	15 
ns 

tPHL 9 	13.5 

tPLI-1 
Any D Y 

8 	12 
ns 

tPHL 8 	12 

tPLH 
Any D W 

4.5 	7 
ns 

tPHL 4.5 	7 

tPLH 
Strobe V 

11 	16.5 
ns 

tPHL 12 	18 

tPLH 
Strobe . W 

9 	13 
ns 

tPHL 8.5 	12 

I tPLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay ime, high-to-low-level output 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54153, SN54LS153, SN54S153 ... J OR W PACKAGE 

SN74153 . N PACKAGE 

SN74LS153, SN74S153 . D OR N PACKAGE 

(TOP VIEW) 

1G 

B 

1C3 

1C2 

1C1 

1C0 

1Y 

GND 

VCC 
2G 

A 

2C3 

2C2 

2C1 

2C0 

2Y 

SN54LS153, SN54S153 ... FK PACKAGE 

(TOP VIEW) 

10 U 10 
Z > ( N 

1--"L.J L-1 L_/ 

3 2 1 20 19 

1C3 4 18 A 

1C2 5  17 2C3 

NC 6 16 NC 

1C1 7 15 2C2 

1C0 B 14 2C1 
9 10 11 12 13 

r--) 
>- 0 0 >- 

01 (..) 
csi 

NC - No internal connection 
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SN54153, SN54LS153, SN54S153 
SN74153, SN74LS153, SN74S153 

DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
DECEMBER 1972 — REVISED M/NRCH 1988 

Permits Multiplexing from N lines to 1 line 

Performs Parallel-to-Serial Conversion 

Strobe (Enable) Line Provided for Cascading 
(N lines to n lines) 

High-Fan-Out, Low-Impedance, Totem-Pole 
Outputs 

• Fully Compatible with most TTL Circuits 

TYPE 

TYPICAL AVERAGE 

PROPAGATION DELAY TIMES 

TYPICAL 

POWER 

FROM FROM FROM DISSIPATION 

DATA STROBE SELECT 

'1 53 14 ns 17 ns 22 ns 180 mW 

'LS153 14 ns 19 ns 22 ns 31 mW 

'5153 6 no 95 ns 12 ns 225 mW 

description 

Each of these monolithic, data selectors/multiplexers 

contains inverters and drivers to supply fully com-

plementary, on-chip, binary decoding data selection to 

the AND-OR gates. Separate strobe inputs are provided 

for each of the two four-line sections. 

FUNCTION TABLE 

SELECT 

INPUTS 
DATA INPUTS STROBE 

G 

OUTPUT 

V B 	A CO 	Cl 	C2 	C3 

X
 

T
 
T

 S
i 

X
 
X

 
X

 
X

  
X

  
X

 
X

-
.2

 

X
X

  
X

 
X

 
X

-
 
X

X
 

X
X

  
X

-I
2

 
X

X
X

X
  

X
-
 
-
.
 
X

  
X

 
X

 X
 X

  
X

 

-
1

 -I 

L 

H 

Select inputs A and B are common to both sections. 

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

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

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage: '153, 'S153 	  5.5 V 

'LS153 	  7 V 

Operating free-air temperature range: SN54' 	  —55°C to 125°C 

SN74' 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

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

PRODUCTION . 	documents contain information 
current as of 	otion data. Products conform to 
specification 	in terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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tThis symbol is in accordance with ANSI/IEEE Std 
Publication 617 12 

91-1984 and IEC 

logic diagrams (positive logic) 

STROBE 1 
(1) 

(ENABLE) 

'CO 
(6) 

( 
1C1

5) 
 

1C2 (4)  

1C3 

(7) OUTPUT 
1Y 

6  (2) 

SELECT . 1  
A 114) 

2C0 (10) 

 2C1 (11) 

 2C2 (12)  

2C3 .13) 

 STROBE 2G >_ 
(ENABLE) (15) 

(9 )  OUTPUT 
2Y 

DATA 1 

1 DATA 2 

D 

(5) 	 (7) 

(4) 

(3) 

(15) 

(101 

(11)  

(12)  

(13)  

logic symbol t 

S
O

O
lA

aa
l  
1
1
1
  

SN54153, SN54LS153, SN54S153 
SN74153, SN74LS153, SN74S153 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

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

TEXAS AP 2 -466 INSTRUMENTS 
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EQUIVALENT OF 16, 2G INPUTS 

OF LS153 

SN54153, SN54LS153, SN54S153 
SN74153, SN74LS153, SN74S153 

DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

schematics of inputs and outputs 

T
T
L

 D
ev
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EQUIVALENT OF ALL OTHER INPUTS 
OF 'LS153 

4 TEXAS 
INSTRUMENTS 
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SN54153, SN74153 
DUAL 4•LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54153 SN74153 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, Imi —800 —800 pA 

Low-level output current, lc,L 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 'C 

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

PARAMETER TEST CONDITIONSt 
SN54153 SN74153 

UNIT 
MIN TYP' MAX MIN 	TYPt MAX 

VIH High-level input voltage 2 2 V 

v iL  Low-level input voltage 0.8 0.8 V 

V I K Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc = MIN, 

vii_ -0 . 8  V ,  

VIH = 2 V, 

IOH = —800 pA 
2.4 3.4 2.4 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

lot_ = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi --, 5.5 V 1 1 mA 

I lEi High-level input current VCC = MAX, Vi -- 2.4 V 40 40 pA 

'IL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

IOS Short-circuit output current§ VCC = MAX —20 —55 —18 —57 mA 

ICCL Supply current, output low VCC = MAX, See Note 2 36 52 36 60 mA 

f For conditions shown as MIN or MAX, use the app opriate value specified under recommended operating conditions. 

till) typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER' 
FROM 

(INPU r) 

Data 

TO 

(OUTPU II 

X 

TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 

CL = 30 pF, 	5 L = 400 St, 

See Note 3 

12 	18 ns 

tpHL Data Y 15 	23 ns 

tPLH Select Y 22 	34 ns 

tPHL Select Y 22 	34 ns 

tPLH Strobe G Y 19 	30 ns 

tPHL Strobe E se 15 	23 ns 

ItpLH = Propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

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

SB
O
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SN54LS153, SN74LS153 
DUAL 4•LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54LS163 SN74LS153 
UNIT 

MIN NOM 	MAX MIN NOM 	MAX 

VCC 	S upply voltage 4.5 	5 	5.5 4.75 	5 	5.25 V 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

icni 	High-level output current - 0.4 - 0.4 mA 

IOL 	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 T 
SN54LS153 SN74LS153 

UNIT 
MIN TYPO MAX MIN TYPO MAX 

VIK VCC - MIN, II= - 18 mA - 1.5 -1.5 V 

VOH 
Vcc = MIN, 

Icwi = — 0.4 mA 

VIH = 2 V, VIL ' MAX 
2.5 3A 2.7 3.4 V 

VOL 
VCC = MIN, 

VIL=MAX, 

VIH = 2 V, 10L=4mA 0.25 0.4 0.25 0.4 
v 

10L=8mA 0.35 0.5 

I vcc= MAX, VI = 7 V 0.1 0.1 mA 

IIH \ice = MAX, V1= 2.7 V 20 20 CA 

'IL Vcc = MAX, VI = 0.4 V 
0.2 

mA 
All other - 0.4 - 0 4  

1 0S§ VCC = MAX --20 - 100 - 20 - 100 mA 

ICCL VCC = MAX, See Note 2 6.2 10 6.2 10 mA 

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

t All typical values are at VCC = 5 V. TA = 25C. 

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

NOTE 2• i ccL  is measured with the outputs open and all inputs grounded 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

, PLH Data Y 

CL = 15 pF, 

RL = 2 Est, 

See Note 3 

10 	15 ns 

tPHL Data Y 17 	26 ns 

tPLH Select Y 19 	29 ns 

tPHL Select Y 25 	38 ns 

tpLH Strobe G Y 16 	24 ns 

tPHL Strobe G N' 21 	32 ns 

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

tpHL = propagation delay time, high-to-low-level output 

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

T
T

L
 D

e
v

ic
e

s  

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

2-469 

Ito 



PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage Vcc = MIN, II = —18 mA —1.2 V 

VOH High-level output voltage 
VCC = MIN, 

VIL = 0.8 V, 

VIH = 2 V. 

'OH = —1 mA 

Series 54S 2.5 3.4 
V 

Series 74S 2.7 3.4 

Vol_ Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

lot_ = 20 mA 
0.5 V 

Ii Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

IIH High-level input current VCC = MAX, V1 = 2.7 V 50 pA 

'IL Low-level input current VCC = MAX, VI = 0.5 V —2 mA 

IOS Short-circuit output current§ VCC = MAX —40 —100 mA 

ICCL Supply current, low-level output VCC = MAX, See Note 2 45 70 mA 

S
93
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A
8
a
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i
  

SN54S153, SN74S153 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54S153 ..'15153 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, Imi —1 —1 mA 

Low-level output current, loL 20 20 mA 

Operating free-air temperature, TA —55 125 0 70 ''C 

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

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

All typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

switching characteristics VCC = 5 V, TA = 25 n C 

PARAMETER tl 
FROM 

(INPUT) 

TO 
 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH Data Y 

CL = 15 pF, 	RL = 280 ti, 

Sc:, Not: ,  3 

6 	9 ns 

tpHL Data V 6 	9 ns 

tPLH Select Y 11.5 	18 ns 

IPI-IL Select Y 12 	18 ns 

1PLH Strube U Y 10 	15 ns 

tPHL Strobe a- Y 9 	13.5 ns 

ltpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54154 . . . J OR W PACKAGE 

SN74154 . N PACKAGE 

(TOP VIEW) 

SN54154, SN74154 
4-LINE TO 16-LINE DECODERSIDEMULTIPLEXERS 

'154 is Ideal for High-Performance Memory 
Decoding 

Decodes 4 Binary-Coded Inputs into One of 
16 Mutually Exclusive Outputs 

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 

• Fully Compatible with Most TTL and MSI 
Circuits 

TYPICAL AVERAGE 

PROPAGATION DELAY 

3 LEVELS OF LOGIC 	STROBE 

TYPICAL 

POWER DISSIPATION 	logic symbols (alternatives) I 

DECEMBER 1972 — REVISED MARCH 88 

23 ns 	 19 ns 
	

170 mW 

description 

Each of these monolithic, 4-line-to-16-line decoders 

utilizes TTL circuitry to decode four binary-coded inputs 

into one of sixteen mutually exclusive outputs when 

both the strobe inputs, G1 and G2, are low. The 

demultiplexing function is performed by using the 4 in-

put lines to address the output line, passing data from 

one of the strobe inputs with the other strobe input low. 

When either strobe input is high, all outputs are high. 

These demultiplexers are ideally suited for implementing 

high-performance memory decoders. For jltra412 

• rd systems  SN54S138 /SN74S138_ .and 

".• 1S139/SN74S139 are recommended. 

These circuits are fully compatible for use with most 

other TTL circuits. All inputs are buffered and input 

clamping diodes are provided to minimize transmission-

line effects and thereby simplify system design.  A 

The SN541 54 is characterized for operation over the full 

military temperature range of — 55°C to 125°C. The 

SN74154 is characterized for operation from 0°C to 

70°C. 

(7 1  OW 
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tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and 
IFC Publication 617-12 

PRODUCTION DATA documents contain information 
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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SN54154, N74154 
4-LINE TO 6-LINE DECODERSIDEMULTIPLEXERS 

FUNCTION TABLE 

INPUTS OUTPUTS 

al 	-D- 2 DC B A 0 1 2 3 	4 	5 	6 	7 	8 	9 	10 	11 	12 13 14 	15 

_
J
I

-
J
I

-
I
I

-
1
2

_
1
1

-1
I

-
J
I

_
■
I
X

X
  X

  

-

J
_
I
I
I

-
■

-
1

2
2

-1
-
I
I

I
-J

-
J
M

I
X

  
X

X
  

_J
-J

-I
-
J
I
I
I
I

-I  
-
I
 -1

-
J
I
I
I
I
X

X
  X

  

_J
_J

-1
-1

-1
-J

_J
_

I
I
I
I

I
S

I
M

I
X

X
  X

  

L HHHHHHHHHHHHHHH 

HL H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H L H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H L 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	L 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	L 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	H 	L 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	H 	H 	L 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	H 	H 	H 	L 	H 	H 	H 	H H H 	H 

-

I 

-I H H H H 	H 	H 	H 	H 	H 	L 	H 	H 	H H H 	H 

H H H H 	H 	H 	H 	H 	H 	H 	L 	H 	H H H 	H 

HHHHHHHHHHHL HHHH 

HHHHHHHHHHHHL H H 	H 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H L H 	H 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H L 	H 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	L 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

H H H H 	H 	H 	H 	H 	H 	H 	H 	H 	H H H 	H 

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

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VC C 
R eq  = 6 kU NOM 

INPUT  

TYPICAL OF ALL OUTPUTS 

VCC 
130 0 NOM 

OUTPUT 

TEXAS 
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SN54154, SN74154 
4•LINE TO 16•LINE DECODERSIOEMULTIPEXERS 

logic diagram (positive logic) 
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SN54154 SN'A1.1 
— UNIT 

MIN NOM MAX MIN NLA.. MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 , "e 

.v 

V 

High-level output current, loti —800 pA 

Low-level output current, 101 16 mA 

Operating free-air temperature, TA —55 125 0 70 'C 

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

PARAMETER TEST CONDITIONSI 
'.1111 

2 

SN54154 SN74154 
UNIT 

TYP MAX MIN 	TYP I 	MAX 

Viii High-level input voltage 2 V 

vii_ Low-level input voltage 0.8 0.8 V 

VII( Input clamp voltage VCC = MIN, li = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc = MIN, 

viL= 0.8 V, 

VIH = 2 V, 

loti = —800 tiA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC' MIN. 

VIL = 0.8 V, 

VIH = 2 V, 

loL = 16 mA 
0.2 0.4 0.2 0.4 V 

I 	i Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

1114 High-level input current VCC = MAX, Vi = 2.4 V 40 40 pA 

ILL Low-level input current VCC = MAX, VI = 0.4 V —1.6 —1.6 mA 

los Short-circuit output current § VCC ' MAX — 20 —55 —18 —57 mA 

'Cc Supply current Vcc = MAX, See Note 2 34 49 34 56 mA 

S
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SN54154, SN74154 
4-LINE TO 16-LINE DECODERSIDEMULTIPLEXERS 

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

Supply voltage, VCC (see Note 1)  	7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54154 Circuits 	 —55° C to 125 ° C 

	

SN74154 Circuits   0°C to 70 ° C 
Storage temperature range 	- 	 - 65C to 150 C 

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

recommended operating conditions 

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

All typical vetoes are at VCC = 5 V, TA = 25- C. 

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

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

switching characteristics, VCC = 5 V, TA = 25'C 

. 	PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

1 PLH 
Propagation delay time, low-to-high-level output, 

from A, B, C, or D mputs through 3 levels of logic 

CL = 15 pF, 

See Note 3 

RL = 400 IL, 

24 36 ns 

,PHL 
Propagation delay time, high-to-low-level output, 

from A, B, C, or D inputs through 3 levels of logic 
22 33 ns 

1 PLH 
Propagation delay time, low-to-high-level output, 

from either strobe input 
20 30 ns 

tPHL 
Propagation delay time, high-to-low-level output, 

from either strobe input 
18 27 ns 

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

TEXAS 
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SN54155, SN54156, SN54LS155A, SN54LS156, 
SN74155, SN74156, SN74LS155A, SN74LS156 

DUAL 2•LINE TO 4•LINE DECODERSIDEMULTIPLEXERS 
MARCH 1974 — REVISED MARCH 1988 

• Applications: 
Dual 2-to 4-Line Decoder 
Dual 1-to 4-Line Demultiplexer 
3-to 8-Line Decoder 
1-to 8-Line Demultiplexer 

• Individual Strobes Simplify Cascading for 
Decoding or Demultiplexing Larger Words 

• Input Clamping Diodes Simplify System 
Design 

• Choice of Outputs: 
Totem Pole ('155, 'LS155A) 
Open-Collector ('156, .LS156) 

SN54155, SN54156, SN54LS155A, 

SN54LS156 . J OR W PACKAGE 

SN74155, SN74156 	N PACKAGE 

SN74LS155A, SN74LS156 . D OR N PACKAGE 

(TOP VIEW) 

1C 

1G 

B 

1Y3 

1Y2 

1Y1 

1Y0 

GND 

VCC 
2C 

2G 

A 

2Y3 

2Y2 

2Y1 

2Y0 

TYPES 
TYPICAL AVERAGE 

PROPAGATION DELAY 
TYPICAL 
POWER 

3 GATE LEVELS DISSIPATION SN54LS155A, SN54LS156 . . 

'155, '156 21 ns 125 mW (TOP VIEW) 

'LS155A 18 ns 31 mW 
'LS156 32 ns 31 mW 0 

 Z 	
10 

> 

FK PACKAGE 

description 

These monolithic transistor-transistor-logic ITTLI cir-

cuits feature dual 1-line-to-4-line demultiplexers with 

individual strobes and common binary-address inputs 

in a single 16-pin package. When both sections are 

enabled by the strobes, the common binary-address 

inputs sequentially select and route associated input 

data to the appropriate output of each section. The 

individual strobes permit activating or inhibiting each 

of the 4-bit sections as desired. Data applied to input 

1C is inverted at its outputs and data applied at 2C is 

not inverted through its outputs. The inverter fol-

lowing the 1C data input permits use as a 3-to-8-line 

decoder or 1-to-8-line demultiplexer without external 

gating. Input clamping diodes are provided on all of 

these circuits to minimize transmission-line effects 
and simplify system design. 

logic symbols (2-line to 4-line decoder) t 

'155, 'LS155A 

L-11_11_11.—.7 LJ 
3 	2 	1 	20 19 

B 4 18 
1Y3 5 17 

NC 6 16 

1Y2 7 15 
1Y1 8 14 

9 10 11 12 13 
I-1 I-1 1-1 I-I rn  
0 C:i C.) 0 •- 
)- 	Z 

N N 

NC - No internal connection 

'156, 'LS156 
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2G 
A 

NC 

2Y3 

2Y2 

 

1Y1 

1Y2 

1Y3 

2Y0 

2Y1 

2Y2 

2Y3 

1Y0 

1Y1 

1Y2 

1Y3 

2Y0 

2Y1 

2Y2 

2V3 

t These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. For alternative symbol for other applications, 
see the following page. 

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

I Willi.. 110% PA A . ecuments contain information 
w 	•.on date. Products conform to 

MI, terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

TrxAs 
ANSI RLMENTS 

2-475 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



2Y0 

2Y1 

2Y2 

2Y3 

1Y1 

1Y2 

1Y3 

G 

210 

2Y1 

2Y2 

2Y3 

1Y0 

1Y1 

1Y2 

1Y3 

'155, 'LS155A 

3-line to 8-line Decoder 

1Y0 

1Y1 

1Y2 

1Y3 

2Y0 

• 2Y1 

2Y3 

2Y4 

1-line to 4-line DMUX 

'156, 'LS156 

2Y0 

2Y1 

2Y2 

2Y3 

lYe 

1Y1 

1Y2 

1Y3 

2 

S
8
3
1

A
8
a
  1

1
1
  3-line to 8-line Decoder 

2Y0 

2Y1 

2273  

1Y0 

1Y1 

1Y2 

1Y3 

2C "5)  

2G " 41  

1C 

A 
B  131 

113) 

12)  

Ill 

1 line to 4-line DMUX 

16) 

151 

141 

191 

110) 

1112/ 

1Y0 

1Y1 

1Y2 

y3 

2Y0 

2Y1 

2Y3 

2Y4 

1-line to 8-line DMUX 

1 line to 8-line DMUX 

SN54155, SN54156, SN54LS155A, SN54LS156, 
SN74155, SN74156, SN74LS155A, SN74LS156 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

additional logic symbols (alternatives) t 

II- hese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

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

schematics of inputs and outputs 
'155, '156 
	

'155 
	

'156 

EQUIVALENT OF EACH INPUT 

VCC 
4 	NoM 

INPUT 

 

TYPICAL OF ALL OUTPUTS 

VCC 
130 12 NOmj 

P Li 

 

TYPICAL OF ALL OUTPUTS 

— 
	

,----- OUTPUT 
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EGUIVALENT OF EACH INPUT 

vcc 

 

7 
20 KL! NOM 

 

INPUT • TYPICAL OF ALL OUTPUTS 

120 12 NOM 

 

v c c 

     

OU T PUT 

STROBE (21 

DATA 1> 

1C 

SELECT (3) 

SELECT (13) 
A 

SN54155, SN54156, SN54LS155A, SN54LS156, 
SN74155, SN74156, SN74LS155A, SN74LS156 

DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

schematicS of inputs and outputs (continued) 
'LS155A, 'LS156 
	

'LS155A 
	

'LS156 

TYPICAL OF ALL OUTPUTS 

-2,-- OUTPUT 

rn 

ogic diagram (positive logic) 

Er .  

r  fort:161OUTPUT 

151OUTPUT 

101 

1Y2 

IL= 	(4) OUTPUT 

10 
1Y3 

631 OUTPUT 
2Y0 

101OUTPUT 
201 

DATA 1151 	I MI"  1J 11110TPLIT AT  

2E 	 t 	 202 

STROBE 114 :112 /OU FPUT 
2G  	

1 
21'3 

FUNCTION TABLES 

2-LINE-TO-4-LINE DECODER 

OR 1LINE•TO-4-LINE DEMULTIPLEXER 

INPUTS OUTPUTS 

SELECT STROBE 

15 

DATA 

1C 
150 101 152 153 

B 	A 

X
 -
s
2

-
,
2
X

 

X
 -

.1  
-
+

2
 I
  
X

  

I
J
J
J

J
  

X
 2
 
2
 
2
 2

 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

INPUTS OUTPUTS 

SELECT STROBE 

2d 

DATA 

2C 
200 2Y1 2Y2 203 

B 	A 

X 	X 

I_ 	I 

I 	H 

11 	L 

II 	II 

X 

H 

L 

L 

I 

1 

X 

X
 -J

 

H 

I 

H 

11 

II 

H 

II 

H 

L 

H 

II 

H 

11 

H 

11 

L 

H 

H 

H 

H 

L 

7) OUTPUT 
— 100 

FUNCTION TABLE 

3-LINE-T0-13-LINE DECODER 

OR 1-LINE-T0-8-LINE DEMULTIPLEXER 

INPUTS OUTPUTS 

STROBE 
SELECT 

OR DATA 
101 	11) 	(21 	(31 	14) 	(5) 	16) 	(7) 

C 1 	B A 5 1  200 	251 	252 	2Y3 	100 151 	152 1Y3 

N 	H 	H 	H 	H 	H 	H 	H 

L 	H 	H 	H 	H 	H 	H 	H 

H 	L 	H 	H 	H 	H 	H 	H 

H 	H 	L 	H 	H 	H 	H 	H 

IHHL 	HHH1I 

HHHH 	LHHH 

HHHHHLH11 

HHHHHHLH 

H 	H 	H 	H 	H 	H 	H 	L 

1111,., IC and 2C c.ortnected together 

	

1. 	1110Lits 1G Aricl 2G r onnect.1 together 

	

1-1 	1,,111evol, L 	 low level, X 	 irrelevant 
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INSI RI IMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 2-477 



S
8

3
!A

0
a
  
in

  
SN54155, SN54156, SN54LS155A, SN54LS156, 
SN74155, SN74156, SN74LS155A, SN74LS156 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

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

	

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage: '155, '156   5.5 V 

	

'LS155A, 'LS156  	7 V 

	

Off-state output voltage: '156   5.5 V 

	

'LS156  	7V 

	

Operating free-air temperature range: SN54', SN54LS' Circuits  	—55° C to 125° C 

	

SN74', SN74LS' Circuits 	  0° C to 70 ° C 
	  —65° C to 150° C 

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

recommended operating conditions 

SN54155 SN74155 
UNIT 

MIN NOM MAX MIN NOM MAX 

• 

16 

Supply voltage, VCC 4.5 5 	5.5 4.75 5 V 

High-level output current, loH —800 pA 

Low-level output current, loL 16 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt 

SN54155 
SN74155 UNIT 

MIN TYP# MAX 

VIH High-level input voltage 2 V 

VI L Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, II=  —8 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

viL = 0.8 V, 

VIH = 2 V, 

101.1 = —800 pA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIII = 2 V, 

loL = 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, V1= 5.5 V 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40- - pA 

'IL Low-level input current VCC = MAX, Vi= 0.4 \ / —1.6 mA 

los Short-circuit output current§ VCC = MAX 
SN 5,  —20 —55 

mA 
SN74 lob —18 —57 

Ico Supply current 
VCC = MAX, 

See Note 2 

SN54155 25 35 
mA 

SN74155 25 40 

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

tAll typical values are et VCC = 5 V, TA = 25° C. 

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

NOTE 2: ICC is measured with outputs open. A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 
TEST CONDITIONS 

5N54155 

SN74155 UNIT 

MIN 	TYP 	MAX 

tPLH 
A, B, 2C, 

1U, or 2 -G-  
Y 2 

CL -- 15 pF, 

FIL = 400 0, 

Sec Note 3 

13 	20 ns 

tPHL 
A, B, 2E, 

1U, or 26.  
Y 2 18 	27 ns 

4'_11 A or B Y :3 21 	32 ns 

1PHL A or B Y 3 21 	32 ns 

tPLH 1C Y 3 16 	24 ns 

tPHL 1C Y 3 20 	30 ns 

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

Storage temperature range 
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SN54156, SN74156 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

recommended operating conditions 

:.')•.1156 SN74156 
UNIT 

MIN NUM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, Vol.{ 5.5 5.5 V 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 'C 

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

PARAMETER TEST CONDITIONSt 

SN54156 

SN74156 UNIT 

MIN 	TYPi: MAX 

VIH 	High-level input voltage 2 V 

VIL 	Low-level input voltage 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 11= —8 mA —1.5 V 

IOH 	High-level output current VCC =MIN, 

VIL = 0.8 V, 

V 	= 2 V, 

VoH = 5.5 V 
250 /IA 

Lo lLow-levellevel output voltage VOL 
1  NV„ VV CI LC== 0M.8 

VaH = 2 V, 

loL = 16 mA  
0.2 0.4 V 

 Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

IIH 	High-level input current VCC = MAX, Vi = 2.4 V 40 oA 

!IL 	Low-level input current VCC = MAX, Vi = 0.4 V —1.6 mA 

ICC 	Supply current 
VCC = MAX, 

See Note 2 

. 	'156 25 35 
mA 

1) ,,.4156 25 40 

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

IAD typical values are at VCC = 5 V, TA = 25C. 

NOTE 2: Icc is measured with outputs open, A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 

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

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 
TEST CONDITIONS 

SN54156 

SN74156 UNIT 

MIN 	TYP 	MAX 

TPLH 
A, B, 2T, 

1U, or 2-Or  
Y 2 

CL = 15 pF, 

RL = 40 	0, 

See Note

0 

 3 

15 	23 ns 

tPHL 
A, B, 2C, 

1 -G, or 2G 
V 2 20 	30 ns 

tPLH A or B y 3 23 	34 ns 
 

1PHL A or 5 Y 3 23 	34 ns 

TPLH 1C Y 3 18 	27 ns 

tPHL 1C Y 3 22 	33 ns 

§tpui = propagation delay time, low-to-high-level ou put 

tpHL = propagation delay time, high-to-low-level ou put 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS155A, SN74LS155A 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

recommended operating conditions 

NW 

5 

NUM MAX 
UNIT 

MIN MAX MIN 

Supply voltage, VCC 4.5 5.5 4.75 5 5.25 V 

High-level output current, 10H —400 —400 pA 

Low-level output current, IOC 4 8 mA 

Operating free-air temperature, TA —55 125 0 70 °c 

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

PARAMETER TEST CONDITIONS -I.  
SN54LS155A SN74LS155A 

UNIT 
MIN TYP I MAX MIN TYP I MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 	II= —18 mA —1.5 —1.5 

VOH High-level output voltage 
VCC =MIN, 	VIH = 2 V, 

v IL  - VIL man. 1 0H = —400 LA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
VCC = MIN, 	VIH = 2 V. 

VIL' VIL max 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

Input current at 
II 

maximum input voltage 
VCC = MAX, 	V1 - 7 V 0.1 0.1 mA 

lihi 	High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 pA 

II L 	Low-level input current VCC = MAX, 	VI = 0.4 V —0.4 —0.4 mA 

los 	Short-circuit output current§ VCC = MAX — 20 — 100 — 20 — 100 mA 

ICC 	Supply current VCC = MAX, 	See Note 2 6.1 10 6.1 10 mA 

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

1-All typical values are at VCC = 5 V, TA = 25`C. 

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

NOTE 2: ICC is measured with outputs open, A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 

switching characteristics, VCC =- 5 V, TA = 25°C 

PARAMETERII 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 
TEST CONDITIONS 

SN54LS155A 

SN74LS155A UNIT 

MIN 	TYP MAX 

IPLH 
A, B, 2C, 

16- , of 2G 
Y 2 

CL-= 15 pF, 

RL = 2 kfl, 

See Note 3 

10 	15 ns 

tPHL 
A, B, 2C, 

16, or 2G 
 V 2 19 	30 ns 

tPLH A or B V 3 17 	26 ns 

tPHL A or B Y 3 19 	30 ns 

tPLH 1C V 3 18 	27 ns 

1PHL 10 Y 3 18 	27 ns 

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

tPHL = propagation delay time, high-to-low-level output 

NOTE 3. Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS156, SN74LS156 
DUAL 2-LINE TO 4-LINE DECODERSIDEMULTIPLEXERS 

recommended operating conditions 

SN54LS156 SN74LS156 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VON 5.5 5.5 V 

Low-level output current, loL 4 8 mA 

Operating free-air temperature, TA —55 125 0 70 C 

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

PARAMETER TEST CONDITIONSt 
SN54LS156 SN74LS156 

UNIT 
MIN TYP II MAX MIN TYP-I ,  MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 

VI K Input clamp voltage VCC = MIN, II= 	 18 mA —1.5 —1.5 V 

113H High-level output current 
VCC =MIN, 

VII_ = VIL max, 

VIH = 2 V, 

VON-- 5.5V 
100 100 gA 

Vol_ Low-level output voltage 
VCC = MIN, 

VIL = Vil_ max 

VIH = 2 V, loL = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 mA 

1  11-i High-level input current VCC = MAX, V1 	2.7 V 20 20 pA 

1 1 L Low-level input current VCC = MAX, V 1 	0.4 V - 0 4 — 0.4 itA 

lcc Supply current VCC = MAX, See Note 2 6.1 10 6.1 10 mA 

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

TAB typical values are at VCC = 5 V, TA = 25"C. 

NOTE 2: ICC is measured with outputs open, A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER 5 
FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 
TEST CONDITIONS 

SN54LS156 

SN74LS156 UNIT 

MIN 	TYP 	MAX 

tpLH 
A, B, 2C 

161 , or 2G 
Y 2 

CL - 15 pF, 

RL 2113, 

See Note 3 

25 	40 ns 

IPHL 
A, B, 2C, 

1G, or 2G 
Y 2 34 	51 ns 

IPLH A or 8 V 3 31 	46 ns 

tpHL A or B Y 3 34 	51 ns 

tPLH 1C Y 3 32 	48 ns 

tPHL 1C Y 3 32 	48 ns 

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

tpHL = propagation delay time, high-to-low-level output 

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

Three Speed/Power Ranges Available 

TYPICAL 

AVERAGE 
TYPES 

PROPAGATION 

TYPICAL 

POWER 

DISSIPATION 
A/13 

1A 

18 

1Y 

2A 

28 

2Y 

GND 

SN54LS157, SN54S157, SN54LS158, 

SN54S158 . FK PACKAGE 

(TOP VIEW) 

CD 

a le 
	U 

Z >10 

3 2 1 20 19 

1B 4 	 18 4A 

1Y 5 	 17 4B 

NC 6 	 16 NC 

2A 7 	 15 4Y 

2B 8 	 14 3A 

9 10 11 12 13 

>- O t-) >- 
csi Z Z 

CD 

SN54157, SN54LS157, SN54LS158, SN54S157, SN54S158, 
SN74157, SN74LS157, SN74LS158, SN74S157, SN74S158 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
MARCH 1974 — REVISED MARCH 1988 

SN54157, SN54LS157, SN54S157, 
SN54LS158, SN54S158 . J OR W PACKAGE 

SN74157 . N PACKAGE 
SN74LS157. SN74S157, 

SN74LS158, SN74S158 	D OR N PACKAGE 

(TOP VIEW) 

TIME 

'157 9 na 150 neer 

'1 5157 9 n, 49 cn1N 

S157 5 ns 250 ent/V 

7 ns 74 m W 

'S158 4 es 195 naVV 

applications  

• Expand Any Data Input Point 

• Multiplex Dual Data Buses 

• Generate Four Functions of Two Variables 

(One Variable Is Common) 

• Source Programmable Counters 

description 

These monolithic data selectors/multiplexers contain 

inverters and drivers to supply full on-chip data 

selection to the four output gates. A separate strobe 

input is provided. A 4-bit word is selected from one 

of two sources and is routed to the four outputs. The 

'157, 'LS157, and 'S157 present true data whereas 

the 'LS158 and 'S158 present inverted data to 

minimize propagation delay time. 

T
T

L
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e
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NC - No internal connection 
FUNCTION TABLE 

INPUTS OUTPUT Y 

STROBE SELECT 

A/B 
A 	B 

' 157 , 

'LS157/5157 

'LS158 

'S158 

H 

L 

1_ 

L 

X 

I 

L 

Il 

H 

X 	 X 

X 

X 

X 	 t 

x 	H 

L 

L 

H 

H 

H 

H 

I 

II 

L 

H 	}ugh level L - 	 , e1, X 	 Ii relevant 

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

Supply voltage, Vcc (See Note 1) 	 7 V 

	

Input voltage '157, 'S158   5.5 V 

'LS157, 'LS158 	  7 V 

Operating free-air temperature range: SN54' 	  —55 °C to 125 °C 

SN74' 	  0 °C to 70°C 

Storage temperature range 	  — 65°C to 150 °C 

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

PRODUCTIOP. 	t documents contain information 
current as of . r ition date. Products conform to 
specifications Ore terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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'157, 'LS157, 'S157 

G
- (15)  

EN 
 

H/B 
(1) 	

G1 

1A 
(2)  

131 	
1 	MUX 

1B 	 1 

2A 
15)  

2B 
16)  

3A  (11)  

3B 
1101  

4A 
(14)  

4B 
(13)  

'158, 'LS158, 'S158 

G 

4/6 

1A 

1B 
15) 

2A 
16) 

3A 1111 

3B 1101 

4A 1141 

4B (13) 

SO
D

IA
a
a
  1

1
1
  

141 
1Y 

171 
 2Y 

(9) 
 3Y 

(12) 
 4Y 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

  

R eg  = 4 k/i NOM 

 

SN54157, SN54LS157, SN54LS158, SN54S157, SN54S158, 
SN74157, SN74LS157, SN74LS158, SN74S157, SN74S158 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

logic symbols t  logic diagram (positive logic) 

'157 

?These symbols are in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

schematics of inputs and outputs 

'157  '157 

TEXAS 
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Ycc 

OUTPUT 

logic diagrams (positive logic/ 

'LS157. 'S157 

38 
110) 

(141 

121 
1A 

131  
18 

151 
2A 	 

161 
28 	 

3A 

4A 

031 
48 

— 1151 
STROBE 0  Ii)  

SELECT TOB 	• 

'LS158, 'S158 

C 

schematics of inputs and outputs 
'LS157, 'LS158 

EQUIVALENT OF EACH INPUT 

vCC 

INPUT 

S or G inputs: R eg  = 8.5 kS2 NOM 

A or B inputs: R eg  = 17 622 NOM 

TYPICAL OF ALL OUTPUTS 

(7)   2Y 

19)  35  

1121  4y  

T
T

L
 D

e
v

ic
e

s  

vcc 

INPUT 

vCC 

OUTPUT 

121 
IA 

18 
131 

(5) 
2 A 

11 

2B 
I 

1111 
3A 

(91 
1101 

38 

1141 
4A 

112) 
1131 

48 

— 

STROBE (15)  
1) 

SELECT A/8 

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

'S157, 'S158 

2Y 

35 

4y  

EQUIVALENT OF EACH INPUT 

S or G inputs: R eg  - 1.4 kS2 NOM 

A or B inputs: R e, = 2.8 ka NOM 

TYPICAL OF ALL OUTPUTS 

SN54LS157, SN54LS158, SN54S157, SN54S158, 
SN74LS157, SN74LS158, SN74S157, SN74S158 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
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SN54157, SN74157 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54157 

'.'1% 

4.75 

SN74157 

!...'.• 

5 

UNIT 
MIN NOM MAX MAX 

Supply voltage, VCC 4.5 5 	5.5 5.25 V 

High-level output current, Ic.4 -800 -800 pA 

Low-level output current, Ic_ 16 16 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

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

!
M

i
l
 

N
 T

T
L

  D
ev 

PARAMETER TEST CONDITIONS? 
SN54157 SN74157 

UNIT 
MIN 	TYP ! 	MAX MIN 	TYP I 	MAX 

VIH 	High-level input voltage 2 2 V 

V II- 	Low-level input voltage 0.8 0.8 V 

VII< 	Input clamp voltage VCC = MIN. 	II = 	12 mA 1.5 -1.5 V 

Voll 	High-level output voltage 
VCC = MIN, 	VIN = 2 V, 

VII_ = 0.8 V, 	Icni = -800 pA 
2.4 	3.4 2.4 	3.4 V 

Vol 	I ova-level output vol taw: 
VCC 	MIN 	Voi 	2 V. 

V1L 	0 8 V, 	hDL 	16 nIA 
0 2 	0 4 0.2 	0 4 V 

I i 	Input current at maximum input voltage VCC = MAX, 	Vi = 5.5 V 1 1 mA 

IIH 	High-level input current VCC = MAX, 	Vi = 2.4 V 40 40 pA 

!IL 	Low-level input current VCC = MAX, 	Vi = 0.4 V -1.6 mA 

IOS 	Short-circuit output current:: VCC = MAX -20 	 -55 -18 	 -55 mA 

ICC 	Supply current VCC = MAX, 	See Note 2 30 	48 30 	48 mA 

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

t All typical values are at VCC = 5 V, TA = 25 ° C. 

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

NOTE 2: Icc is measured with 4.5 V applied to all inputs and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETEO FROM (INPUT) TEST CONDITIONS MIN 	TYP 	MAX UNIT 

IPLII 
Data 

CL 	lb Pr. 

R L = 40012, 

See Note 3 

14 
ri 

'PHL 9 	14 

1PLH Strobe G 
13 	20 

ns 

tPHL 14 	21 

tPLH 
Select T/I3 

15 	23 
ns 

PHL 18 	27 

itpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONS 
SN54LS' SN74LS' 

UNIT 
MIN TYP I MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = MIN, 	II= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
MCC =MIN, 	VIH = 2 V, 

VII_ = MAX, 	IOH = -400 ;IA 
2 5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 	VIH = 2 V. 

MIL= MAX 

lot_ = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

Ii 

Input current 

at maximum 

input voltage 

,, 
A/8 or G 

VCC = MAX, 	VI = 7 V 
0.2 0.2 

mA 
A or B 0.1 0.1 

IIH 
High-level 

input current 

oN/B or G 
Vcc = MAX, 	V1= 2.7 V 

40 40 
pA 

A or B 20 20 

'IL 
Low-level 

input current 

T/B or U 
Vcc = MAX, 	V1 = 0.4 V 

-0.8 -0.8 
mA 

A or B -0.4 -0.4 

IOS Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

ICC Supply current 

VCC = MAX, 	See Note 2 
'LS157 9 7 16 9.7 16 

mA 

'LS158 4.8 8 4.8 8 

VCC = MAX, 

All A inputs at 4.5 V, 

All other inputs at 0 V 

'LS158 6.5 11 6.5 11 

T
T

L
 D

e
v

ic
e
s  

SN54LS157, SN54LS158, SN74LS157, SN74LS158 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 C 2 V 

10H High-level output cul rent 400 dA 

IOL Low-level output current 4 1 	loA 

TA Operating free-air temperature -55 125 0 701 	"C 

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

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

tAll typical values are at VCC = 5 V, TA = 25 - C. 

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

NOTE 2: ICC is measured with 4.5 V applied to all inputs and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER II 
FROM 

(INPUT) 
TEST CONDITIONS 

'LS157 'LS158 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

IPLH 
Data 

CL = 15 pF, 

RL = 2 kit, 

See Note 3 

9 	14 7 	12 
ns 

9 	14 10 	15 1 PHL PHL 

t  
Strobe 

13 	20 11 	17 
ns 

tpHL 14 	21 18 	24 

tPLH 
Select A/B 

15 	23 13 	20 
ns 

tPHL 18 	27 16 	24 

''PLH = propagallon delay time, low-to-high-level output 

tpHL = propagation delay time. high -to - low - level output 

NOTE 3: Load circuits and voltage diagrams are shown in Section 1. 
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PARAMETER TEST CONDITIONSt 

SN54S157 

SN74S157 

SN54S158 

SN74S158 UNIT 

MIN PIP I MAX MIN TNT! ,  MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II = -18 mA -1.2 -1.2 V 

VoH HKM-level output volt eye 
VCC 	MIN, 

VIL 	O8 V, 

V10 	2V, 

loll 	I 	tzt/1 

Ste 54S 25 34 25 34 
V 

Stw, 74S 27 3,4 27 34 

VOL Low-level output voltage 
VCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

101_ = 20 mA 
0.5 0.5 V 

II Input current at maximum input voltage VCC = MAX, Vi= 5.5 V 1 1 mA 

IIH High-level input current iVB or G 
VCC = MAX, V1 = 2.7 V 

100 100 
pA 

A or 8 50 50 

'IL Low-level input current 
A/B or 

VCC = MAX, V1 = 0.5 V 
-4 -4 

mA 
A or B -2 -2 

los Short-circuit ouput current§ VCC = MAX -40 -100 -40 -100 mA 

Icc Supply Luoent 

Vcp - MAX, 

Sett Note 2 

All inputs at 4.8 V, 
50 78 39 61 

ntA 
VCC = MAX, 	A inputs at 4.5 V, 

B,G,S, inputs at 0 V, 	See Note 2 
81 

S
0
3
1

A
9
a
  1

1
1
  

SN54S157, SN54S158, SN74S157, SN74S158 
QUADRUPLE 2-LINE TO 1•LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54S157 

SN54S158 

SN74S157 

SN74S158 UNIT 

MIN NOM MAX MIN 	NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 	5 5.25 V 

High-level output current, Irm -1 -1 mA 

Low-level output current, 10L 20 20 mA 

Operating free-air temperature, TA -55 125 0 70 'C 

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

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

:All typical values are at VCC = 5 V, TA = 25"C. 

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

Note 2: ICC is measured with all outputs open. 

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

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS 

SN54S157 

SN74S157 

SN54S158 

SN74S158 UNIT 

MIN 	TYP MAX MIN 	TYP MAX 

IPLI-I 
Data 

= C 	15 pF, L 

RL = 280 0, 

See Note 3 

5 	/ 5 4 
ns 

tPHL 4.5 	6.5 4 	6 

tPLH 
Strobe -d 

8.5 	12.5 6.5 	11,5 
ns 

tPHL 7.5 	12 7 	12 

tpLH 
Select T/B 

9.5 	15 8 	12 
Its 

tpHL 9.5 	15 8 	12 

itPLH = propagation delay time, low-to-high-level output 

1 PHL = Propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54159 . . . J OR W PACKAGE 

SN74159.. . N PACKAGE 

(TOP VIEW) 

VCC 
A 

B 

C 

D 

G2 

G1 

15 

14 

13 

12 

11 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

GND 

A  (231 

B (22) 

c 	1211 

D
(20) 

119) 
02 

Dl 
	(18) 

SN54159, SN74159 
4-LINE TO 16-LINE DECODERSIDEMULTIPLEXERS 

WITH OPEN-COLLECTOR OUTPUTS 
DECEMBER 1972 — REVISED MARCH 1988 

Open-Collector Outputs for Interfacing with 

MOS or Memory Decoders/Drivers 

Decodes 4 Binary-Coded Inputs into One of 16 

Mutually Exclusive Outputs 

Performs the Demultiplexing Function by 

Distributing Data from One Input Line to 

Any One of 16 Outputs 

• Typical Average Propagation Delay Times: 

24 ns through 3 levels of Logic 

19 ns from Strobe Input 

• Output Off-State Current is Less Than 50 NA 

• Fully Compatible with Most TTL and MSI 

Circuits 

description 

Each of these monolithic, 4-line-to-16 line decoders utilizes TTL circuitry to decode four binary-coded inputs into 

one of sixteen mutually exclusive open-collector outputs when both the strobe inputs, di and G2, are low. The 

demultiplexing function is performed by using the 4 input lines to address the output line, passing data from one 

of the strobe inputs with the other strobe input low. When either strobe input is high, all outputs are high. These 

demultiplexers are ideally suited for implementing MOS memory decoding or for interfacing with discrete 

memory address drivers. For ultra-high-speed applications, the SN54S138/SN74S138 or SN54S139/SN74S139 is 

recommended. 

These circuits are fully compatible for use with most other TTL circuits. Input clamping diodes are provided to 

minimize transmission-line effects and thereby simplify system design. Input buffers are used to lower the fan-in 

requirement to only one normalized Series 54/74 load. A fan-out to 10 normalized Series 54/74 loads in the low-

level state is available from each of the sixteen outputs. Typical power dissipation is 170 mW. 

The SN54159 is characterized for operation over the full military temperature range of - 55"C to 125"C; the 

SN74159 is characterized for operation from 0' C to 70"C. 

logic symbols (alternatives) t 

X/Y 011AUX 

EN 

(11 
0 <> 

(21 
1 '1.  

(3) 	 ? 
1 

(4) 
3 

(5) 
4 

(6) 

A  
(81 	

B 	((2"1;32))  
(71 

(9) 	 (l '7' 01 1)  

9  

ID  
10 

(13) 	1  
11 	

, 
 

17 	
1141_ 1 , 

1151 	13  
13 

(101 	14 	 (z
1 	

I I81 

1 7) 
15S2 	 15 	 02 119)  

2 

3 

4 

6 

7 

8 

9 

1 0 

1 

12 

1 3 

14 

15 

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

PRODUCTION DATA documents contain information 
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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SN54159, 	1174159 
4-LINE TO 6-LINE DECODERSIDEMULTIPLEXERS 
WITH OPEN-COLLECTOR OUTPUTS 

FUNCTION TABLE 

INPUTS OUTPUTS 

ala2 DC B A 0 1 2 3 4 5 6 7 8 9 10 	11 	12 	13 	14 	15 

.
J
I
  
J
 
I
  
J
 
I
 J
 
I
 J
 S

  
J
 S

 
J
 2

 J
 S

 X
  
X

  
X

  

X
  
X

  
X

  

-
i
M

M
M

M
 J
 J
 
J
 J
 
I
 
S

 
I
 
S

 X
  
X

 
X

  

-
I
 -
1
 -
1
 -
I
 I
 
S
  
I
  
I
 
S

 
I
 
I
 
I
 
X

  X
  X

  

L H H H H H H H H H H 	H 	H 	H 	H 	H 

HL HHHHHHHHHHHHHH 

HHL HHHHHHHHHHHHH 

H H H L H H H H H H H 	H 	H 	H 	H 	H 

H H H H L H H H H H H 	H 	H 	H 	H 	H 

H H H H H L HHHHHHHHHH 

H H H H H H L HHHHHHHHH 

HHHHHHHL H H H 	H 	H 	H 	H 	H 

H H H H H H H H L H H 	H 	H 	H 	H 	H 

.J  HHHHHHHHHL H 	H 	H 	H 	H 	H 

H H H H H H H H H H L 	HHHHH 

H H H H H H H H H H H 	L 	H 	H 	H 	H 

H H H H H H H H H H H 	H 	L 	H 	H 	H 

H H H H H H H H H H H 	H 	H 	L 	H 	H 

H H H H H H H H H H H 	H 	H 	H 	L 	11 

H H H H H H H H H H H 	H 	H 	H 	H 	L 

H H H H H H H H I4  H H 	H 	H 	H 	H 	H 

H H H H H H H H H H H 	H 	H 	H 	H 	H 

H H H H H H H H H H H 	H 	H 	H 	H 	H 

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

logic diagram 

Same as SN54154, SN74154. 

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

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 
Off-state output voltage 	  5.5 V 
Operating free -air temperature range: SN54159 Circuits 	 —55°C to 125°C 

	

SN74159 Circuits   0°C to 70°C 
Storage temperature range  	—65° C to 150° C 

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

TrxAs 
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SN54159, SN74159 
4-LINE TO 16-LINE DECODERSIDEMULTIPLEXERS 

WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SNE.11.0. ::'; '4159 
UNIT 

MIN 	Neirv1 MAX MIN NUM MAX 

Supply voltage, VCC 4.5 	5 5.5 4.75 5 5.25 V 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA — 55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSt MIN TYP-I- MAX UNIT 

VIH High-level input voltage 2 V 

VI L Low-level input voltage 0.8 V 

Vi K Input clamp voltage VCC = MIN, II= —12 mA —1.5 V 

lori High-level output current 
VCC =MIN, 

VII._ = 0.8 V, 

VIR = 2 V, 

Voi.i = 5.5V 
50 isA 

VOL Low-level output voltage 
VCC -MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

liDL = 16 mA 
0.4 V 

li Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

I IH High-level input current VCC = MAX, Vi = 2.4 V 40 pA 

IlL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 mA 

ICC Supply current VCC --- MAX, All inputs grounded 34 56 mA 

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

All typical values are at VCC = 5 V. TA = 2 5"C 

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

PARAMETER ' TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH  

Propagation delay time, low-to-high-level output, 

from A, B, C, or D inputs through 3 levels of logic 

CL = 15 pF, 	RL = 400 12, 	See Note 2 

23 36 ns 

'PEI L  

Propagation delay time, high-to-low-level output. 

from A, B, C, or D inputs through 3 levels of logic 
24 36 ns 

tPLH 
Propagation delay time, low-to-high-level output, 

from either strobe input 
15 25 ns 

tPHL  

Propagation delay time, high-to-low-level output, 

from either strobe input 
22 36 ns 

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

schematics of inputs and outputs 

TYPICAL OF ALL OUTPUTS 

OUTPUT  
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SERIES 54', 54LS' 54S' ... J OR W PACKAGE 

SERIES 74' ... N PACKAGE 

SERIES 74LS', 745' . D OR N PACKAGE 

(TOP VIEWI 

CLR 

CLK 

A 

B 

C 

ENP 

GND 

ACC 
RCO 

QA 

QB 

QC 

QD 
ENT  

LOAD 

NC -No internal connection 

SERIES 54LS', 54S' ... FK PACKAGE 

ITOP VIEWI 

0 0 
U 

U UU 
U I U Z > cc 

L01-1 1--I  I_J  1J 

3 2 1 20 19 

A 4 
	

18 DA 

B 5 
	

17 CIB 

NC 6 
	

16 NC 

C 7 
	

15 QC 

D 8 
	

14U QD 

9 10 11 12 13 
nn fi rm  

Q- 0 U G H 
ZZZQZ 
WC7 OW 

-J 

NC-No internal connection 

T
T

L
 D

ev
ic

es
  

SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 

SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

OCTOBER 1976 - REVISED MARCH 1988 

-160,161,1S160A,TS161A ... SYNCHRONOUS COUNTERS WITH DIRECT CLEAR 
162,163,1S162A:LS163A/S162,'S163 . . . FULLY SYNCHRONOUS COUNTERS 

Internal Look-Ahead for Fast Counting 

Carry Output for n-Bit Cascading 

Synchronous Counting 

• Synchronously Programmable 

• Load Control Line 

• Diode-Clamped Inputs 

description 

These synchronous, presettable counters feature an in-

ternal carry look-ahead for application in high-speed 

counting designs. The '160,'162,'LS160A,'LS162A, 

and 'S162 are decade counters and the 

'161,'163,'LS161A,'LS163A, and 'S163 are 4-bit 

binary counters. Synchronous operation is provided by 

having all flip-flops clocked simultaneously so that the 

outputs change coincident with each other when so in-

structed by the count-enable inputs and internal gating. 

This mode of operation eliminates the output counting 

spikes that are normally associated with asynchronous 

(ripple clock) counters, however counting spikes may 

occur on the (RCO) ripple carry output. A buffered clock 

input triggers the four flip-flops on the rising edge of the 

clock input waveform. 

TYPE 

'160 thru '163 

'LS162A thru 'LS163A 

'S162 and 'S163 

TYPICAL 

TYPICAL PROPAGATION MAXIMUM TYPICAL 

TIME, CLOCK TO 	CLOCK 	POWER 

Q OUTPUT 	FREQUENCY DISSIPATION 

ns 	 32 MHz 	305 niW 

14 ns 	 32 MHz 	93 mW 

9 ns 	 70 MHz 	475 mW 

These counters are fully programmable; that is, the outputs may be preset to either level. As presetting is synchronous, set-

ting up a low level at the load input disables the counter and causes the outputs to agree with the setup data after the next 

clock pulse regardless of the levels of the enable inputs. Low-to-high transitions at the load input of the '160 thru '163 should 

be avoided when the clock is low if the enable inputs are high at or before the transition. This restriction is not applicable to 

the 'LS160A thru 'LS163A or 'S162 or 'S163. The clear function for the '160, '161,'LS160A, and 'LS161A is asynchronous 

and a low level at the clear input sets all four of the flip-flop outputs low regardless of the levels of clock, load, or enable in-

puts. The clear function for the '162,163,'LS162A/LS163A, 'S162, and 'S163 is synchronous and a low level at the clear in-

put sets all four of the flip-flop outputs low after the next clock pulse, regardless of the levels of the enable inputs. This syn-

chronous clear allows the count length to be modified easily as decoding the maximum count desired can be accomplished 

with one external NAND gate. The gate output is connected to the clear input to synchronously clear the counter to 0000 

(LLLL). Low-to-high transitions at the clear input of the '162 and '163 should be avoided when the clock is low if the enable 

and load inputs are high at or before the transition. 

•I 	• IPA 1.1 locuments contain information 
•s of 	lion date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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3CT 9 
G3 

G4 

C5/2,3,4i 

CTRDIV16 
(11 

CLR (R) 	• `ti 
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110/ 
(151 
	 RCO 

N,  

(141 

(131 
OA 

O 
(121 	
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OC 
(111 
	 OD 

SO
D

!A
e
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  1
1

1
  

0 
(151 R  

(71 

121  

(31 (141 

(13) OA 
013 

(12) 
OC 1111 
	 On 

(41 

(51 

'162 

CT-0 

MI 

M2 (151 

C3 	
13CT RCO 

C5/2,3,4 ' 

114) 
1 5D 	111 OA 

 (13) 
121 

1121 
OC 141 

1111 
151 OD 

'163 

CTRDIV16 

5CT --0 

M2 (151 

C3 
15 

 
1 VICO 

G4 

C5/2,3,44 

1141 
1,5D 	111 OA 

(13) 
121 OB 

1121 
OC 141 

(111 
OD 181 

ENT 	 
171 

ENP 	 
21  

CLK 

A (31 

B (4)  
C  151  

161 

cLR (1) 	 

LOAD 224rr=.' 

(101 
ENT 

[NIP 

CL K 

A 

8 

CTRDIV10 

	 CT=0 

LOAD 	 M1 

	 M2 

ENT (101 	 G3 	
'3CT 9 

(71  
ENP 	 G4 

N., 
CLK 

121 	
C512,3,4' 

(11 
 CLR 	 ti  

LOAD '2T-1:1.  

1101 
ENT 	 

( 
ENP 

(71 
 

121 
CLK 

A 
13) 

(41 

(51 

(61 

CTRDIV10 

5CT=0 

M1 

M2 

15D 	(1) 

121 

141 

181 

SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4•BIT COUNTERS 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating. 

Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both count-enable inputs 

1P and TI must be high to count, and input T is fed forward to enable the ripple carry output. The ripple carry output thus 

enabled will produce a high-level output pulse with a duration approximately equal to the high-level portion of the QA output. 

This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. High-to-low-level transitions at 

the enable P or T inputs of the '160 thru '163 should occur only when the clock input is high. Transitions at the enable P or T 

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

IS160A thru 'LS163A,'S162 and 'S163 feature a fully independent clock circuit. Changes at control inputs (enable P or T, or 

load) that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether enabled, 

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

logic symbolst  

'160 	 '161 

2-494 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 61 7-1 2. 
Pin numbers shown are for D, J, N, and W packages. 
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CTRDIV16 
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OD 
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,41  
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G4 
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181 
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1101  
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	 RCO 

CTRDIV I0 

CLR ") 	 CT =O 

LOAD (9)i,  .1 

	 M2 
1101

G3 	
3CT - 9 

17/ 
G4 

>C5/2,3,4 4  

15D 	111 

121 
141 

181 

ENT 

ENP 
(2) 

CLK 

A (3)  
14) 

151 

SN54LS160A THRU SN54LS163A, SN54S162, SN54S163, 
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 

SYNCHRONOUS 4•BIT COUNTERS 

logic symbols (continued)t 

'LS15 OA 	 'LS161A 

'LS1 2A, 'S15 2 'LS1 6 3A, 'S16 3 T
T
L

 D
e

v
ic

e
s  

CLR 	") 

CTRDIV10 

5CT - 0 

M1 

3CT 	9 
G3 

G4 

(15) 
RCO 

OA 
08 

OC 

ao 

CLR 

LOAD 

ENP 

CLK 

A 

") N'•• 

CTRDIV16 
5CT-0 

M1 

M2 

G3 	
3CT 

G4 

>C5/2,3,41 

15 
(15) 

RCO 

OA 
08 

OC 

OD 

	 M2 

LOAD .21.1=. 

(10) 

(9) 

(10)  
ENT 

17) 
ENP 

1141 

ENT 	 
171 

 
( 

1141 

CLK 22j---C.C5/2,34+ 

131 A 

121 

131 
1 5D 	111  1,50 	111 

141 
8 121  

141 
121   

1131 

C 	151 
141  

151 
(41   

1121 

D 	
161 

[81 
1111 151 

181 
1111 

tThese symbols are in accordance with ANSI/IEEE Std 91-1 9 8 4 and 

IEC Publication 6 1 7-1 2. 
Pin numbers shown are for D, J, N, and W packages. 
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17) 
ENP 

ENT 
(10) 

1151  
RCO 

LOAD--!9--ci> 	 

DATA A 
131 

141 
DATA B 

(2) 
CLK 

DATA C 
 	15) 

16) 
DATA D 

CLR 

S
O

31
A
0
a
  1

1
1
  

(I) 

SN54160, SN54162, SN74160, SN74162 
SYNCHRONOUS 4•BIT COUNTERS 

logic diagram (positive logic) 

SN54160, SN74160 SYNCHRONOUS DECADE COUNTERS 

SN54162, SN74162 synchronous decade counters are similar; 

however the clear is synchronous as shown for the SN54163, 

SN74163 binary counters at right. 

Pin numbers shown are for D, J, N, and W packages 
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17) 
ENP 

ENT 
(10) 

(15)  
RCO 
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SN54161, SN54163, SN74161, SN74163 
SYNCHRONOUS 4-BIT COUNTERS 

logic diagram (positive logic) 

SN54163, SN74163 SYNCHRONOUS BINARY COUNTERS 

SN54161, SN74161 synchronous binary counters are similar; 

however, the clear is asynchronous as shown for the SN54160, 

SN74160 decade counters at left. 

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS160A, SN54LS162A, SN74LS160A, SN74LS162A 
SYNCHRONOUS 4-BIT COUNTERS 

logic diagram (positive logic) 

SN54LS160A, SN74LS160A SYNCHRONOUS 

DECADE COUNTERS 

SN54LS162A, SN74LS162A synchronous decade 

counters are similar; however the clear is synchronous 

as shown for the SN54LS163A, SN74LS163A binary 

counters at right. 

Pin numbers shown are for D, J, N, and W packages. 
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(5)  
DATA C 

(6)  
DATA D 

(  
CLK (2)  

CLR 	 

LOAD (9)  

1  
ENP (7)  

ENT 
1101 

 DATA A 
13) 

 

DATA B 
14) 

 

D 

SN54LS161A, SN54LS163A, SN74LS161A, SN74LS163A 
SYNCHRONOUS 4-BIT COUNTERS 

logic diagram (positive logic) 

SN54LS163A, SN74LS163A SYNCHRONOUS 
BINARY COUNTERS 

SN54LS161A, SN74LS161A synchronous binary 

counters 	are 	similar; however, 	the 	clear 	is 

asynchronous 	as shown for the SN 54 LS160A, 

SN74LS160A decade counters at left. 

Pin numbers shown are for D, J, N, and W packages. 
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SN54S162, SN74S162 
SYNCHRONOUS 4-BIT COUNTERS 

logic diagram (positive logic) 

SN545162, SN74S162 SYNCHRONOUS DECADE COUNTER 

1 
CLK (2)  

LOAD 
19) 

 

CLR 	(1)  

DATA A 13) 

LE> 	 

	D Q 

•—c>CK 

- 

DATA B 14)  

	  D 

►-+Z>CK 

(14)  

1131 

RCO 

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

4 TEXAS 
2 - 500 	 INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



SN548163, SN74S163 SYNCHRONOUS DECADE COUNTER 

   

   

Ow 

  

  

    

2 

T
T

L
 D

e
v

ic
e

s  
(15)  

RCO 
ENP  (7) 

 ENT 
(101 

(61 
(11) 

OD D 

CK 

DATA D 

SN54S163, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

logic diagram (positive logic) 

CLK 
(21 

LOAD (9)  

CLR (1)  

131 
DATA A  

1r> D 

CI< 

(14) 

 

DATA B 
( 4)  

(13) 

D 
	(12) 

CK 

OC 

 

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

1 
TEXAS 

44  
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SN54160, SN54162, SN54LS160A, SN54LS162A, SN54S162, 
SN74160, SN74162, SN74LS160A, SN74LS162A, SN74S162 
SYNCHRONOUS 4-BIT COUNTERS 

'160, '162, 'LS160A, 'LS162A, 'S162 DECADE COUNTERS 

typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero ('160 and 'LS160A are asynchronous; '162,1S162A,and 'S162 are synchronous) 

2. Preset to BCD seven 

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

4. Inhibit 

	

CLR 
	1 
	ILOAD 

A  _J 
1  

	

C 	I 

CLK 

	

ENP 	 I 

I 	I 

ENT 

QA 	I 

   

  

DATA 

INPUTS 

 

sa
o!

n
a

a
  1

1
1

  

  

  

   

ON 
—I —1 

I 

   

     

OUTPUTS 

               

                

                

                

                

 

QD  

              

                

                

 

RCO 

              

               

                

      

9 1 

COUNT 

 

2 	3 

      

  

I I 	I 	'- 	 
SYNC PRESET 

CLEAR 
ASYNC 

CLEAR 

       

INHIBIT 

  

           

           

Jo 
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SN54161, SN54163, SN54LS161A, SN54LS163A, SN54S163, 
SN74161, SN74163, SN74LS161A, SN74LS163A, SN74S163 

SYNCHRONOUS 4-BIT COUNTERS 

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

typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero ('161 and 'LS161A are asynchronous; '163, 'LS163A, and 'S163 are synchronous) 
2. Preset to binary twelve 

3. Count to thirteen, fourteen fifteen, zero, one, and two 

4. Inhibit 

CLR 

    

   

U 

 

LOAD 

   

DATA 
INPUTS 

I —  A 

B 	 I- 

C 

CLK 

Qc - 

 

	  2 

 

T
T

L
 D

e
v

ic
es

  

 

 

ENP 

ENT 

QB 
	..1 

I 	t 
OUTPUTS 

- -17 	I 	 I  

QD — 	—1 	I 	 I 	  

RCO 	 I 	  
12 	13 	14 	15 	0 	1 	2: 

II 	I 
SYNC PRESET 
CLEAR 	

COUNT 	
+ 	

INHIBIT 

ASYNC 
CLEAR 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

CLK R eg  - 2 8 kQ NOM 

ENT. R eg  - 2 NOM 

CLR, ENP: R eQ  = 4 kft NOM 

A, B, C, Reg  = 61(11 NOM 

S
8
3
In

g
a
  
1
1
1
  

SN54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 

schematics of inputs and outputs 

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

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

	

Interemitter voltage (see Note 2)   5.5 V 
Operating free-air temperature range: SN54' Circuits  	—55° C to 125° C 

SN74' Circuits 	  0° C to 70° C 
Storage temperature range  	—65° C to 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 count 

enable inputs P and T. 

recommended operating conditions 

SN54160, SN54161 

SN54162, SN54163 

SN74160, SN74161 

PNT4162, SN74163 UNIT 

MIN 	NOM MAX '.". 	NOM MAX 

Supply voltage, VCC 4.5 	5 5.5 4.ro 	5 5.25 V 

High-level output current, 1,3H —800 —BOO 11A 

' 	.. 	. 	autput current, lc_ 16 16 mA 

„,,,,—, 0.....,uencV. (clock 0 25 0 25 MHz 

Width of clock pulse, twlclock) 25 25 ns 

Width of clear pulse ,  twIclear) 20 20 ns 

Setup time, t su  (see Figures 1 and 21 

— 
--'• . 

nputs A, B, C, D 20 20 

ns 
20 20 

— 	. 
__. 

25 25  

20 20 

Hold time at any input, th 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

tThis applies only for '162 and '163, which have synchronous clear inputs. 

Tr xAs 
2-504 INS1RUMENTS 
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SN54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 

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

PARAMETER TEST CONDITIONSt 

SN54160, SN54161 

SN54162, SN54163 

SN74160, SN74161 

SN74162, SN74163 UNIT 

MIN TYP MAX MIN TYP$ MAX 

V i H High-level input voltage 2 2 V 

vii_ Low-level input voltage 0.8 0.8 V 
VIK Input clamp voltage VCC = MIN, Ii= —12 mA —1.5 —1.5 V 

MOH High-level output voltage 
Vcc = MIN , 

VII_ = 0.8 V, 

VIH = 2 V, 

10H = —800 g A 
2.4 3.4 2A 3.4 V 

VOL Low-level output voltage 
Vcc = MIN, 

VII_ = 0.8 V, 

ViN = 2 V, 

loL = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi= 5.5 V 1 1 mA 

1114 
 

High-level 

input current 

CLK or ENT 
VCC = MAX, V1= 2.4 V 

80 80 
pA 

Other inputs 40 40 

IIL 
Low-level 

input current 

CLK or ENT 
VCC = MAX, Vi = 0.4 V 

—3.2 —3.2 
mA 

Other inputs —1.6 —1.6 

los Short-circuit ou put current § VCC = MAX —20 —57 —18 —57 mA 

ICCH Supply current, all outputs high VCC = MAX, See Note 3 59 85 59 94 rnA 

ICCL Supply current, all outputs low VCC = MAX. See Note 4 63 91 63 101 mA 

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

t All typical values are at VCC = 5 V, TA = 25 ° C. 

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

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

4. Icci.  is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tmax 

CL = 15 pF, 

RL = 4000, 

See Figures 1 and 2 

and Note 5 

25 	32 MHz 

tPLH 
CLK RCO 

23 	35 
ns 

tPHL 23 	35 

tPLH CLK Any 

0 

13 	20 
ns 

tPHL (LOAD input high) 15 	23 

, P LH CLK Any 

Q 

17 	25 
ns 

tPHL (LOAD input low) 19 	29 

tPLH 
ENT RCO 

11 	16 
ns 

tPHL 11 	16 

tPHL CLR Any Q 26 	38 ns 

if rnax  = Maximum clock flew:I -icy 

tpLH = propagation delay time, low -to -high - level output 

tPHL = propagation delay time, high-to-low-level output 

NOTE 5: Propagation delay for clearing is measured from the clear input for the '160 and '161 or from the clock input transition for the' 162 and '163. 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

Data: Fl e, = 25 la/ NOM 

CLK, ENT, LOAD R eq  = 10 kut NOM 

ENP. R eq  = 20 kS2 NOM 

CLR CL.S160A, 'LS161 A) R eq  = 20 kit NOM 

CLR CLS162A, 'LS163AI: R ec, = 10 kit NOM 

R eq 

TYPICAL OF ALL OUTPUTS 

VCC 

120 ft NOM 

pa 
OUTPUT 

SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A 
SYNCHRONOUS 4-BIT COUNTERS 

schematics of inputs and outputs 

S
O

O
IA

G
a
  1

1
1

  

Supply voltage, VCC (see Note 7) 
Input voltage 	  

Operating free-air temperature range: SN54LS' Circuits 

SN74LS' Circuits 

Storage temperature range  

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

	 7V 
7V 

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

NOTE 7: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

iv,...41 

'":' :LS' 
UNIT — 

MIN MAX MIN NiLV1 MAX 

VCC 	Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH 	High-level output current —400 —400 p A 

10L 	Low-level output current 4 8 mA 

(clock 	Clock frequency 0 25 0 25 MHz 

twlclock) Width of clock pulse 25 25 ns 

tw(clear) 	Width of clear pulse 20 20 ns 

tsu 	Setup time, (see Figures 1 and 21 

Data inputs A, B, C, D 20 20 

ns 

ENP Of ENT 20 20 

LOAD 20 20 

. — - 0 inactive state 20 20 

20 20 

CLR inactive state 25 25 

th 	Hold time at any input 3 3 ns 

TA 	Operating free-air temperature —55 125 0 70 ° C 

1 This applies only for 'LS162 and 'LS163, which have synchronous clear inputs. 
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SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A 
SYNCHRONOUS 4•BIT COUNTERS 

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

PARAMETER TEST CONDITIONS* 
SN54LS' SN74LS' 

UNIT 
MIN TVP-i MAX MIN 	TYPT 	MAX 

V1H 	High-level input voltage 2 2 V 

V I  L 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, II= -18 mA -1.5 -1.5 V 

VOH High-level output voltage VCC = MIN, 

VII_ = VII_ max, 

VH1 = 2 V, 

10H = -400 isA 
2.5 3.4 2.7 3.4 V 

VOL 	Low-level output voltage 
VCC = MIN, 
VIH = 2 V, 

ViL=VIL TeX 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

Input current 

II 	at maximum 

input voltage 

D. , . n• ENP 

Vcc = MAX, Vi = 7 V 

0.1 0.1 

mA 

-7. 
CLK, or ENT 0.2 0.2 

- 
.._S 160A, 'LS161A) 0.1 0.1 

Cl-.74 I'l 	• . k, .1_5163A) 0.2 0.2 

High-level 
I IH 

input current 

• 

7r 	. 

Voo = MAX, Vi = 2.7 V 

20 20 

pA 
LOAD, t- I-P., or ENT 40 40 

CLR ('LS160A, 'LS161A) 20 20 

CLR I'LS162A, 'LS162A) 40 40 

Low-level 
'IL input current 

Data or ENP 

Voo = MAX, VI = 0.4 V 

-0.4 -0.4 

mA 
LOAD, CLK, or ENT -0.8 -0.8 

CLR CLS160A, 'LS161A) -0.4 -0.4 

CLR ('LS162A, 15163A) -0.8 -0.8 

los 	Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

IccH Supply current, all outputs high VCC = MAX, See Note 3 18 31 18 31 mA 

Icct_ Supply current, all outputs low VCC = MAX, See Note 4 19 32 19 32 rnA 

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

*All typical values are at VCC = 5 V, TA = 2 eC. 

§Not more than one output should be shorted at a time, and duration of the short-Clreuit should not exceed one second. 

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

4. IccL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 

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

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

Imes 

CL = 15 pF, 

RL = 2 kQ, 

See figures 

1 and 2 and 

Note 8 

25 	32 MHz 

CLK RCO 
20 	35 

ns tPLH 

tpHL 18 	35 

tPLH CLK Any 

Q 

13 	24 
ns 

 tPHL (LOAD input high) 18 	27 

tPLH CLIC Any 

Q 

13 	24 
ns 

tPHL (LOAD input low) 18 	27 

MLI-I 
ENT RCO 

9 	14 
ns 

8'111_ 9 	14 

tPHL CLR Any Q 20 	28 ns 

= NA:D.11110m clock tr , quencu 

toui = propagation delay Lunn, iow-to-houh-level output. 

tpHL -= propagation delay time, high-to-low-level output. 

NOTE 8: Propagation delay for clearing is measured from the clear input for the 'LS160A and 'LS161A or from the clock transition for the 'LS162A and 
'LS163A. 
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EQUIVALENT OF EACH INPUT 

V CC 

20 1(1.2 NOM 
(OPEN FOR CLOCK 
AND DATA INPUTS/ 

INPUT 

ENP or ENT inputs: R eq = 1.9 ktS NOM 

CLK and Data inputs: R eq  = 2.8 1,12 NOM 

Other inputs: R eq  = 3.5 511 NOM 

SN54S162, SN54S163, SN74S162, SN74S163 
SYNCHRONOUS 4•13IT COUNTERS 

schematics of inputs and outputs 

S
8
3
!A

O
O

  1
1

1
  

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

Supply voltage, VCC (see Note 1) 

Input voltage 

Intelernittei voltage (see Note 2) 

Operating free-air temperature range: SN54S162, SN54S163 (see Note 10) 	  
SN74S162, SN7/16163 

Stu! age tempt?l atm e Lingo 

recommended operating conditions 

7V 
5.5 V 

  5.5 V 

—55 ° C to 125°C 
0° C to 70 'C 

65 C to 150 C 

2-508 

SN54S162, SN54S163 SN74S162, SN74S163 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage VCC 4.5 5 5.5 4,75 5 5.25 V 

High-level output current, 10H —1 -1 mA 

Low-level output current, IOL 20 20 mA 

Clock frequency,fclock 0 40 0 40 MHz 

Width of clock pulse, t w (dock) (high or low) 10 10 ns 

Width of clear pulse 	fw(clear) 10 10 its 

Setup tune, t s,, (see Figure 4) 

Data inputs, A, B, C, D 4 4 

ns 

FNIP nr ENT 12 12 

• 14 14 

14 14 

LOAD inactive-state 12 12 

CLR inactive-state 12 12 

Release time, t r oeas,, (see Figure 4) ENP or ENT 4 4 its 

Hold time, th (see Figure 4) 

Hare inputs A, 8, C, D 
115 

—_— • 
0 0 

0 0 

Opeiating free-air temperature, TA (see Note 10) 55 125 0 70 C 

NOTES. 1. Voltage values, except intereibitter 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 count 

enable inputs P and T 

10, An SN545102 or SN545161 in the W package operating nr free air temperatures above 91 C requires a hear sulk that provides a 

thermal resistance from case to free-air, ROCA, of not more than 26°c/W. 
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SN54S162, SN54S163, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

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

PARAMETER TEST CONDITIONSt 

SN54S162 

S. 	: .I. 3 

SN74S162 

SN74S163 UNIT 

MIN I 	r1' MAX MIN TYPt MAX 

N./1H High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

Vit.. Input clamp voltage MCC = MIN, II= -18 mA -1.2 -1.2 V 

MOH High-level output voltage 
VCC = MIN, 

vi L  = 0.8 V, 

Vit..1 = 2 V, 

10H = -1 mA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage MCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

lot_ = 20 mA 
0.5 0.5 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

ItH High-level input current 
CLK and data inputs 

VCC = MAX, V1 = 2.7 V 
50 50 

pA 
Other inputs -10 -200 -10 -200 

III_ Low-level input current 
ENT 

VCC 	MAX, Vi 	0 5 V 
-4 -4 

111A 
Other inputs 2 2 

los Short-circuit output current§ VCC - MAX -40 -100 -40 -100 mA 

ICC Supply current VCC = MAX 95 160 95 160 mA 

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

I All typical values are at VCC 5 V, TA 25 C 

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

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

Imax 

CI_ , 	15 pF, 

Rt.  = 280 12, 

See Figures 1, 3, and 4 

40 	70 MHz 

IPLH 
CLK RCO 

14 	25 
ns 

5PHL 17 	25 

tPLH 
CLK Any 0 

8 	15 
ns 

IPHL 10 	15 

tPLH 
ENT RCO 

10 	15 
ns 

tPHL 10 	15 

l ' f rAax  .maximum clock frequency 

'PLH = propagation delay time, low•to high•level output 

tp H L . propagation delay time, high-to low level output 

TEXAS 
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tpi_H

• (measwe at t n+ 41 	 (measure at tor-2 1  

OUTPUT 

QB 
V„f 

	SS 	 / Vr e 1 

, FIAL 
(measure at t r.,, 

SO
O

V
■
01

3  
1
1
1
  

OUTPUT 

Qc 

tpLH 
(measure at tri+4) 

VOH 

VOL 

VOH 

VOL 

VOH 

VOL 

VON 

VOL 

r•-4±-1PLH 
(measure at tri+8) 

OUTPUT 

QO 

	SS 	 

v„, 

	SS 	 
RCO 

V, 0 1 

	SS 	 
tpH L 
(measure at t 5 +10 

or tail& 

(See Note 13) 

, PI-IL 

0 ,,,,,, k1 ■ 1,  at In It() 

or to.1-161  (See Note RI 

IPL I-1 

	/V r„f 

CLK 

INPUT 

L 	 t PLI- 1 
(measure at t„, 

 	 tPHI ►

' Imeasute 

OUTPUT 

Qq 
v„, v,,, 

SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4•BIT COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

loLk) 

_/ 	/ 

J 	 VOL 

OV 

VOLTAGE WAVEFORMS 

NOTES: A. The input pukes are supplied by a generator having the following characteristics: P RR < 1 MHz, duty cycle < 50%, Z our  rr 50 0; 
for '160 thru '163, t r  < 10 ns, t1 < 10 ns, for 'LS160A thru' LS163A,t r  4 15 es, tf < 6 ns; and for 'S162, 'S163, t r  G 2.5 ns, 

tr < 2.5 ns. Vary PR R to measure f rnax . 

B Outputs OD and carry are tested at t n0 10 for '160, -162,'LS160A/LS162A,and '5162, and at t n.,16 for '161, '163, 'LS161A, 

'LS163A, and 'S163, where t o  is the bit time when all outputs are low. 

C. For '160 thru '163, 'S162, and 'S163, V rof = 1.5 V, for 'LS160A thru 'LS163A, V ref = 1.3 V. 

FIGURE 1-SWITCHING TIMES 
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CLK INPUT 

'160, 'LS160A 

'161, 'LS161A 

CLR 
INPUT 

Vref 	 I 	Vref 

3V 

0V 

3V 

0V 

3V 

0 V 

3V 

0V 

VOH 

VOL 

VOH 

VOL 

3V 

0V 

VOH 

VOL 

3V 

0 V 

VOH 

VOL 

VOH 

VOL 

.0-- fini(clock) -64  

V re f 	 V 10 1 

t50 	 1  4- tw(clearl - ✓  

V re f 	 Vrel 
LOAD 

INPUT 

DATA INPUTS 
A, B, C, and D 

t-su 

Vref 	 Vref 

I 

--w- tp HL /..- 
1 

PLH Oi- 
I 

I 
Q OUTPUTS 
'161, 'LS161A 
OA and OD OUTPUTS 

'160, 'LS160A 

I 	I 
I 	 y V ref 

I 	I 
I V ref 

I 
1 PHL 1 PLH (measure at 10+2 or trEfal) 

I 	I 

/ + V, „ f QB and QC OUTPUTS 
'160, 'LS160A 

ENP 01 

ENT 

\vrof 

Vref I 	 V ref 	 V ref 

RCO 

IPLH -jr•—•41  tPHL 

V re f 

tsu 
V re f 

I-o- 	t se 	-el 
I 
I 

CLK INPUT 

'162, 'LS162A 
'163, 'LS163A 

I 

V re f 

I 

I 

V ref 	 V ref 

I 
I 

----64 tpH L 	 .-- 
I 

-.1 1 PLH I's—   • 
0 OUTPUTS 

'163, 'LS163A 

QA and QD OUTPUTS 

'162, 'LS162A 

I 	I 
I 
I 	

Vre f 

I 

I 	I 

I 
 I 	

Vref 
 

_....1 tpHL h 1.-14--- tpLH (measure at te+2 or tn+4) 
I  

1 

k V ref 

i 	 

Qs and QC OUTPUTS 
'162, 'LS162A Vreff 

\ 

VOLTAGE WAVEFORMS 
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN74160 THRU SN74163, SN74LS160A, THRU SN74LS163A 

SYNCHRONOUS 4-BIT COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. The input pulses are supplied by generators having the following characteristics: PAR < 1 MHz, duty cycle < 50%, 2,,,,,, n: 50 E2; 

for '160 thru '163, t r  < 10 ns, 4 < 10 ns, and for 'LS160A thru 'LS163A, t, -‹ 15 ns, tf < 6 ns. 

B. Enable P and enable T setup times are measured ettni-0- 

C. For '160 thru '163, Vref = 1.5 V; for 'LS160A thru 'LS163A, Vref = 1.3 V, 

FIGURE 2-SWITCHING TIMES 
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t sL, 

(inactive state) 

tsu  

I (active state) 	th 

3V 
DATA INPUTS 

A, B, C, and 

i,„  

5V 	 1.5V 

FIGURE 3—PROPAGATION DELAY TIMES FROM ENABLE T INPUT TO CARRY OUTPUT 

0 V 

tsu 	 tsu 

(active state) to- th it 	(inactive state) 

1.5 V 1.5 V 

to, (clear) 

0 V 

f1cleric 

3 V 

0 V 

ENP or 

ENT 1.5V 	 Nr\1.5 V 

3V 

1 WILlii C k) 

to— 'wick:xi : 1 --1.1 

1 S V 	 1 . 5 V 

1.5 V 	 1  1.5 V 

1.5V 	 1,5V 	 1 5 V 

V 

LOAD 

INPUT 

0 V 

S
a

31
A
0
a
  1

1
1
  

CLK 

INPUT 

CLR 

INPUT 

0 V 

3 V 

SN54S162, SN54S163, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

 	3v 

\ .5 V 

	  0 V 

tPLII 

VOH 

RCO 1.5V 1.5V  

VOL TAG E WAVE FORMS 	 VOL 

NOTES 	A The input pulse is supplied by a generator having the following characteristics. t r  • 2.5 ns. t r 	2.5 its, PRR 	1 MHz, iltny 
cycle • 50%, 2 0, = 50 12 

B. 'PLH and 1PHL from enable T input to carry output assume that the counter is at the maximum count (OA and QD high for 

'S162, all Q outputs high for •S1631 

VOLTAGE WAVEFORMS 

NOTE A: The input pulses are supplied by generators haying the following characteristics: t r 	2 5 ns, tf 	2 5 ns, FAR • 1 MHz, duly 
cycle C 50'%, Z orr , = 50 12. 

FIGURE 4—PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME 
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INPUTS 	 INPUTS 

OUTPUTS 

NT RCO 
H -- COUNT 

L = DISABLE 

SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 

SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

TYPICAL APPLICATION DATA 

This application demonstrates how the ripple mode carry circuit (Figure 1) and the carry-look-ahead circuit (Figure 2) can be 

used to implement a high-speed N-bit counter. The '160, '162, 'LS160A, 'LS162A, or 'S162 will count in BCD and the '161, 

'163, 'LS161A, 'LS163A, or 'S163 will count in binary. When additional stages are added the MAXt  decreases in Figure 1, 

but remains unchanged in Figure 2. 

N-BIT SYNCHRONOUS COUNTERS 

INPUTS 

I 	1 	I  

INTUIT 

I 	I 	I  
IDA B C 

H COUN I 

L DISA,LL 	
N P 

CLR 

CLK 

LLFIUA 0 5 OC UD 

0 11  
UUI PUTS 

LDA BCD 	 LDABCD 
See 

Note 1 
EN P   EN P 

-0 UK 

CLR QA FIB OC °D 

I  
OUTPUTS 

• 	• 	• 
WAX = 1 /(CLK to RCO tpui) + (ENT to RCO t pLHI IN-21 + CENT t sid 

FIGURE 1 

LD A BCD 

EN 

EN T 
	

RCO 

CK 

CLCI UA og OC 00 

EN 1 	 RCO 	 ENT 	 RCO 

LLB UA 05 OC OD 

I  
OUTPUTS 

TO MORE-
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

TYPICAL APPLICATION DATA 

V III
INPUTS  INPUTS 

01H  

INPUTS 

(11 	1 	1 	I  
INPUTS 

J, 	I 	I 	1 	I 

sa
o

!A
a
a
  1

1
1

  

CI1UNT _e_ 

 L 	 111;- ,AliLL 

It 	 ■ LINI 

1,1,ABLE 

-(> 

CLR OA QB OC OD 

0 

CLR 

PIE I`, 

CLK 

I 	A 	 El 	 t' 

AGO 

CLR OA (71B  OC OD 

O 

f MAX = 1 /(CLK to RCO tpui) + ( ENP ts ,) 

FIGURE 2 

LIE A P. L 
Su, 

Not, 1 
NP 

 [Ni 	 RCO 

A A 

N I' 

RCO 

CLR OA OR OC OD CLR OA CIB °C OD 

10 MORE 

SI) NIFICAN 

SI AGES 
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VCC 

QH 

QG 

QF 

OE  
CLR 

CLK 

SN54LS164 . FK PACKAGE 

ITOP VIEW) 

C-) 

co < C.) Z > 
U 
 CJ 

1-1 I-1 1--; Lit-1 

3 2 1 20 19 

QA 4 18 QG 

NC 5 17 NC 

QB 6 16 QF 
NC 7 15 NC 

QC B 14 QE 

9 10 11 12 13 

c? 
g 

zU Ne_ r 

U 

T
T

L
 D

e
v

ic
es

  

EQUIVALENT OF EACH INPUT 

VCC 

R eq  = 4 kt: 

NOM 

	-- 

TYPICAL OF ALL OUTPUTS 

	 VCC 
— 200 0 

NOM 

OUTPUT 

EQUIVALENT OF EACH INPUT 

VCC 

R eq  

INPUT +—A 	 

V 

/7 

Clear , clock 17 kS? NOM 

Serial in: 25 kIS NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

SN54164, SN54LS164, SN74164, SN74LS164 
8•13IT PARALLEL-OUT SERIAL SHIFT REGISTERS 

MARCH 1974 — RE , 	MARCH 1988 

• Gated Serial Inputs 

• Fully Buffered Clock and Serial Inputs 

• Asynchronous Clear 

SN54164, SN54LS164 	J OR W PACKAGE 

	

SN74164 	N PACKAGE 

	

SN74LS164 	D OR N PACKAGE 

(TOP VIEW) 

TYPICAL 

TYPE MAXIMUM 
TYPICAL 

CLOCK FREQUENCY 
POWER DISSIPATION 

B 
'164 36 MHz 21 mW per bit Qq 

'LS164 36 MHz 10 mW per bit 0 13 

description 

OC 

OD 
GND 

These 8-bit shift registers feature gated serial inputs and 

an asynchronous clear. The gated serial inputs (A and 

B) permit complete control over incoming data as a low 

at either input inhibits entry of the new data and resets 

the first flip-flop to the low level at the next clock pulse. 

A high-level input enables the other input which will 

then determine the state of the first flip-flop. Data at the 

serial inputs may be changed while the clock is high or 

low, but only information meeting the setup-time re-

quirements will be entered. Clocking occurs on the low-

to-high-level transition of the clock input. All inputs are 

diode-clamped to minimize transmission-line effects. 

The SN54164 and SN54LS164 are characterized for 

operation over the full military temperature range of 

- 55°C to 125 ° C. The SN74164 and SN74LS164 are 

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

NC — No internal connection 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR CLOCK A B CIA QB • • 	• all 

J
 M

I
M

I
1

 

X
 
J
  
4
-
 4-
 4

- 

X
 X

  
1
 X

J
  

X
  X

  
1
 -I  X

  
L 

°A0 
H 

L 

L 

L 

0B0 
Q,e, 

aAn 

OAn 

L 

°HO 

OGn 

OGn 

OGn 

schematics of inputs and outputs 

H = high level (steady state), L = low level (steady state) 

X = irrelevant (any input, including transitions) 

= transition from low to high level. 

CIAO ,  0B0. (410 = the level of OA, QB, or OH, respectively, before the indicated 

steady-state input conditions were established. 

CtAn•  ClG n  = the level of QA or QG before the most-recent I' transition of the 

clock; indicates a one-bit shift. 

'164 'LS164 

TEXAS 
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OUTPUTS 
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SN54164, SN54LS164, SN74164, SN74LS164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 

typical clear, shift, and clear sequences 

 

CLEAR 

{ A 

      

SERIAL 
INPUTS 

      

      

      

CLOCK 

0A 

ac 

OF 

OH 	_L.  

I 	 I 
CLEAR 	 CLEAR 

logic symbol t 

CLTR (9)  

S1368 

031 
CLIC > C1; -4 

A 
11) 

(3) 
(2) 1D OA 

14) 
CIB 

(5) 
QC 

(El 
OD 

1101 
OE 

(11)  
OF 

(12)  
OG 

(13)  
OH 

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

TEXAS 2-516  
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



SN54164, SN54LS164, SN74164, SN74LS164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 

logic diagram (positive logic) 
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SN54164, SN74164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 

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

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54164 	  —55°C to 125°C 

SN74164 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

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

recommended operating conditions 

SN54164 SN741A4 
 UNIT 

MIN 	NOM 	MAX min 	NOM 	MAX 

Supply voltage, VCC 4,5 	5 	C.E., 4. , t, 	r, 	5.25 V 

High-level output current, Imi —. —400 AA 

Low-level output current, 10L o 8 mA 

Clock frequency, (clock 0 	 25 0 	 25 MHz 

Width of clock or clear input pulse, t w  20 20 ns 

Data setup time, t su  (see Figure 1) 15 15 ns 

Data setup time, t st, 	Inactive) (see Figure 1) 20 20 ns 

Data hold time, th (see , ,ure 11 5 5 ns 

Operating free - air temperature, TA —55 	 ' . 0 	 70 ° C 

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

PARAMETER TEST CONDITIONS( 
SN54164 SN74164 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VIH High-level input voltage 2 2 V 

VII..  Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v iL  = 0.8 V, 

V1H = 2 V, 

loH = —4002,A 
2.4 3.2 2.4 3.2 V 

VOL Low-level output voltage 
VCC =MIN, 

ViL = 0.8 V, 

ViH = 2 V, 

lot_ = 8 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi= 5.5 V. 1 1 mA 

11H High-level input current VCC = MAX, V1= 2.4 V 40 40 AA 

IIL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

los Short-circuit output current§ VCC ' MAX —10 —27.5 —9 —27.5 mA 

too Supply current 
VCC = MAX, 

See Note 2 

MI (clock) =  0.4 V  30 30 
mA 

VI(clock) ' 2.4 V 37 54 37 54 

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

IAll typical values are at VCC = 5 V, TA = 25"C. 

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

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

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

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max 	Maximum clock frequency 

R L 	800 12, 

See Figure 1 

CL = 15 pF 25 	36 MHz 

Propagation delay time, high-to-low-level 
tpHL 

0 outputs from clear input 

CL = 15 pF 24 	36 
ns 

CL = 50 pF 28 	42 

Propagation delay time, low-to-high-level 
tPLH 

Q outputs from clock input 

CL = 15 pF 8 	17 	27 
ns 

CL = 50  pF 10 	20 	30 

Propagation delay time, high-to-low-level 
1PHL 

Q outputs from the clock input 

CL = 15 pF 10 	21 	32 
ns 

CL . 50 pF 10 	25 	37 
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INSTRUMENTS 

POST OFFICE 60X 655012 • DALLAS. TEXAS 75265 



T
T

L
 D

e
v

ic
e

s  

SN54LS164, SN74LS164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS164 	  —55°C to 125°C 
SN74LS164 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

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

recommended operating conditions 

— 

MU. 

•I',1•:1 

;,1%.4.1 

•,..., •.017.11_ ,.1..1 

I....314 
UNIT 

MAX MIN 
— 

MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0 4 mA 

1 0 L Low-level output current 4 8 mA 

(clock Clock frequency 0 25 0 25 MHz 

tvg  Width of clock or clear input pulse 20 20 ns 

tsu  Data setup time (See Figure 11 15 15 ns 

1su Clear inactive setup time (See Figure 11 20 20 ns 

th Data hold time (See Figure 11 5 5 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( 
SN54LS164 SN7•11'• '64 

UNIT 
MIN TYP* MAX MIN 1 	r :• MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH 
VCC = MIN. 

IOH = -  0.4 mA 

VIH = 2 V, VIL = MAX, 
2.5 3.5 2.7 3.5 V 

VOL 
VCC = MIN, 

VIL = MAX 

VIH = 2 V, 10L = 4 mA 0.25 0.4 0.25 0.4 

IOL - 8 mA 0.35 0.5 

II VCC = MAX, V1 = 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1 = 2.7 V 20 20 AA 

IlL VCC = MAX, V1 = 0.4 V -0.4 -0.4 mA 

IOS VCC = MAX - 20 - 100 - 20 - 100 mA 

Icc VCC = MAX, See Note 3 16 27 16 27 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
typical values are at VCC = 5 V, TA = 25 °C. 

Not more than one output should be shorted at a time, and duration of the short -circuit should not exceed one second. 
NOTE 3: Icc is measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V applied 

to clear. 

switching characteristics, VCC = 5 V, TA = 25''C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max  Maximum clock frequency 

RL = 2 kS2, 

See Figure 1 

CL = 15 pF, 

25 36 MHz 

Propagation delay time, high-to-low-level Q outputs from clear 
tPHL 

input 
24 36 ns 

Propagation delay time, low-to-high-level CI outputs from clock 
tPLH 	

i
.
nput 

17 27 ns 

Propagation delay time, high-to-low-level CS outputs from clock 
tPH L 

input 
21 32 ns 
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SN54164, SN54LS164, SN74164, SN74LS164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

V ref 	 V r of  

A AND B 
PULSE 

GENERATOR 

OUTPUT 

CLOCK 

PULSE 

GENERATOR 

CLEAR 

PULSE 

GENERATOR 

OA 	 
OB —O 
OC 0 
OD —0 

CLOCK 
	

OE —0 
OF —0 
OG 	 
°H 	 

CLEAR  
0 	_L 

(See Note CI 

CL  (See Note BI 

TEST CIRCUIT 

twIclear)*j t ru  

	 3V 
CLEAR 

PULSE 

GENERATOR 

(PRA < 1 MHz) 	I 
I 

I —. — — — — 1— —....— — — — — — — — — — — -- 0 V 

I 	 I.-- tw ielock)-01 
I 	 I 	

I.0—• tw Iclock) —01  
I 	 I 

I 	 I 	 I 	 I 	 I 	
3 V 

CLOCK 
I 	 I 	 I 	 I 	 I 

PULSE 
I V ref Vrof  V rof Vref  

GENERATOR 

(PAR < 1 MHz) I I I 
I 	 I 	 I 	 0 V 

	

1 	4-- 
I 	

—el , 

i I 	

th 	 —.1 j 	th 
/— t,„ —e 1 	 3 V 

SERIAL INPUTS 	I / 	 1 	
I I  

	

A AND B PULSE I 	 I 	 / 
GENERATOR 	1 

I 

V ref 	
I 	

V ref 	 / 	 et 	 1 	V ret 

I 	 / WAR e". MHz) 	 I I 	I 
0 V 

	

—■1 	l•—• tPHL 	1.— t'  u —.I 
—.I tP LH,/.6— 	 —81 , PHLFg-- 

	

(See Note El 	 I 

I 	 I 	VOH 

OA OUTPUT 
(See Note DI Vref Vrof V ref 

VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: duty cycle 5_ 50%, Zout = 50 ft; for '164, t r  < 10 ns, tf s 10 ns; and for 

'LS164, t r  5 15 ns, tf s 6 ns. 

B. CL includes probe and jig capacitance . 
C. All diodes are 1N3064 or equivalent. 

D. CIA output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence. 

E. Outputs are set to the high level prior to the measurement of tpHL from the clear input. 

F. For '164, V ref = 1.5 V; for 'LS164, Vref = 1.3 V. 

FIGURE 1—SWITCHING TIMES 
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SN54165, SN54LS165A, SN74165, SN74LS165A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

OCTOBER 1976 — REVISED MARCH 1988 

• Complementary Outputs 

• Direct Overriding Load (Data) Inputs 

• Gated Clock Inputs 

• Parallel-to-Serial Data Conversion 

TYPICAL MAXIMUM 	TYPICAL 

TYPE 	CLOCK FREQUENCY POWER DISSIPATION 

'165 	 26 MHz 	 210 mW 

'LS165A 	35 MHz 	 90 mW 

description 

The '165 and 'LS165A are 8-bit serial shift registers that 

shift the data in the direction of QA toward QH when 

clocked. Parallel-in access to each stage is made 

available by eight individual direct data inputs that are 

enabled by a low level at the shift/load input. These 

registers also feature gated clock inputs and com-

plementary outputs from the eighth bit. All inputs are 

diode-clamped to minimize transmission-line effects, 

thereby simplifying system design. 

Clocking is accomplished through a 2-input positive-

NOR gate, permitting one input to be used as a clock-

inhibit function. Holding either of the clock inputs high 

inhibits clocking and holding either clock input low with 

the shift/load input high enables the other clock input. 

The clock-inhibit input should be changed to the high 

level only while the clock input is high. Parallel loading is 

inhibited as long as the shift/load input is high. Data at 

the parallel inputs are loaded directly into the register 

while the shift/load input is low independently of the 

levels of the clock, clock inhibit, or serial inputs. 

FUNCTION TABLE 

INPUTS INTERNAL 

OUTPUTS 
OUTPUT 

SHIFT/ CLOCK PARALLEL 

INHIBIT 
CLOCK SERIAL OH LOAD 

:
X

  
X

 
X

X
 

h n 

°AO 	O130 OHO 
H 	CIA„ QG„ 

L 	QA, 

CIAO 	080 

OG„ 

OHO 

SN54165, SN54LS165A . . . J OR W PACKAGE 
SN74165 . . . N PACKAGE 

SN74LS165A.. . D OR N PACKAGE 

(TOP VIEW) 

V CC 
CLK INH 
D 
C 
B 

A 

SER 

OH 

SN54LS165A . . . FK PACKAGE 

(TOP VIEW) 

19 
U 

00 z > 
1-11-11--/ 	LJ 

3 2 1 20 19 

	

E 4 	 18 D 

	

F 5 	 17 C 

	

NC 6 	 16 NC 
G 7 	 15 B 

H 8 	 14 A 

9 10 11 12 13 

IOU 2 tt 
IOZZOw tit 

logic symbol t 

SRG8 
11) 

SH/LD C1 [LOAD) 
115) 

CLK INH >1 
2/ —Is 

r 
12) 

CLK 

110) 
SER 2D 

111) 
A 1D 

112) 
B 1D 

113) 

(14) 
D 

13) 
E 

141 

15) 
G 

191 

10 I 	I QH 
(7) — H 

OH 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 
Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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Shift/load. R eg  = 3 kS2 NOM 

Other inputs' R eq  - 6 I:12 NOM 

TYPICAL OF BOTH OUTPUTS 

SN54165, SN54LS165A, SN74165, SN74S165A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

schematics of inputs and outputs 	
'165 

'LS165A 

EQUIVALENT OF PARALLEL INPUTS 
AND SERIAL INPUT 

VCC 

EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF BOTH OUTPUTS 

120 S2 NOM 

VCC 

OUTPUT 

INPUT  

Clock, Clock 

Req 
24 k 
NOM 

INPUT 

111 
cZ 4111° 

Shift/load; 

.1. 
ill 
inhibit; R eq  = 10 kS2 NOM 

R e, = 131(12 NOM 
Pa 
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PARALLEL•LOAD 8•BIT SHIFT REGISTERS 

logic diagram (positive logic) 
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SN54165, SN54LS165A, SN74165, SN74LS165A 
PARALLEL•LOAD 8•31T SHIFT REGISTERS 

typical shift, load, and inhibit sequences 

CLOCK 

CLOCK INHIBIT 

SERIAL INPUT 
	

L 

SHIFT/LOAD —1 

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

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: SN54165, SN74165 	  5.5 V 

SN54LS165A, SN74LS165A 	  7 V 
Interemitter voltage (see Note 2) 	  5.5 V 
Operating free-air temperature range: SN54165, SN54LS165A 	  — 55°C to 125° C 

SN74165, SN74LS165A 	  0° C to 70°C 

Storage temperature range 	  — 65° C to 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. This rating applies for the '165 to the shift/load input In 
conjunction with the clock-inhibit inputs, 

TEXAS AP 2-524 
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SN54165, SN74165 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

recommended operating conditions 

SN54165 SN74165 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 . 

16 

V 

High-level output current, loH -800 

Low-level output current, I/DL 16 mA 

Clock frequency,fclock 0 20 0 20 MHz 

Width of clock input pulse, tw(clock) 25 25 ns 

Width of load input pulse, tw o oad) 15 15 ns 

Clock-enable setup time, t su  (see Figure 1) 30 30 ns 

Parallel input setup time, t su  (see Figure 11 10 10 ns 

Serial input setup time, tsu  (see Figure 2) 20 20 ns 

Shift setup time, tsu  Isee Figure 21 45 45 ns 

Hold time at any input, th 0 0 ns 

Operating free-air temperature, TA -55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONS? 
SN54165 SN74165 

UNIT 
MIN TYP t MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 
VII_ Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC ' MIN, II = -12 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VIL . 0.8 V, 

VIII = 2 V, 

10H = -800 pA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC' MIN, 

VII_ = 0.8 V. 

VIH = 2 V, 

lot_ = 16 mA 
0 2 04 0.2 04 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

I ii.i High-level input current 
Shift/load 

VCC = MAX, V1= 2.4 V 
80 80 

pA 
Other ,nuts 40 40 

IIL Low-level input current 
Shift 

— VCC '-• MAX, Vi - 0.4 V 
-3.2 -3.2 

mA 
Othei ,,,puts -1.6 -1.6 

los Short-circuit output current§ VCC = MAX -20 -55 -18 - 55 mA 

ICC Supply current VCC = MAX, See Note 3 42 63 42 63 mA 

NOTE 3, With the outputs open, clock inhibit and clock at 4.5 V, and a clock pulse applied to the shift/load nput, Icc is measured first 

with the parallel inputs at 4.5 V, then with the parallel inputs grounded. 

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

fAll typical values are at VCC = 5 V, TA = 25° C. 

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

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

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

Imes 

CL 	15 pF, fiL -- 400 U 

See figures 1 thru 3 

20 26 MHz 

tPLH 
Load Any 

71 31 
115 

IPHL 27 40 

, PLH 
Clock Any 

16 24 
 or 

iPHL 21 31 

1PLH 
H OH 

11 17 
ns 

( PHL 24 36 

1PLH 
H aH 

18 27 
ns 

tpHL 18 27 

fmax  -0 maximum clock frequency 

tPLH 0  propagation delay time, low-to-high-level output 

'PH L . propagation delay time, high-to-low-level output 

T
T

L
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e v
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e
s  
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SN54LS165A, SN74LS165A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

recommended operating conditions 

'.. 4LS165A '•'• '4LS165A 
UNIT — 

M1•. 	NOM MAX MI:. 	NOM MAX 

VCC Supply voltage 4.5 	5 5.5 4.75 	5 5.25 V 

VIH High-level input voltage 2 2 V 

Vit.  Low-level input voltage 0.7 0.8 V 

10H High-level output current —0.4 —0.4 mA 

101 Low-level output current 4 8 mA 

tclock Clock frequency 0 25 0 25 MHz 

t w (clocK1 Width of clock input pulse (See Figure 11 
clock high 15 15 

ns 
clock low 25 25 

tw Width of load input pulse 
clock high 25 25 

ns 
clock low 17 17 

tsu Clock-enable setup time ISee Figure 11 30 30 ns 

t su  Parallel input setup time ISee Figure 11 10 10 ns 

tsu Serial input setup time (See Figure 21 20 20 ns 

tsu Shift setup time (See Figure 21 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) 

PARAMETER TEST CONDITIONS 
SN5415165A SN7415165A 

UNIT 
MIN TYPi MAX MIN TYPt MAX 

VIK VCC = MIN, li = —18mA — 1.5 — 1.5 V 

VOH 
VCC = MIN. 

10H = — 0.4 mA 

VIH = 2 V, VIL = MAX, 
2 5 3.5 2.7 3.5 V 

VCC = MIN 

VIL = MAX, 

VIH = 2 V 1 01 = 4 mA 0.25 0.4 0.25 0.4 
V OL  

1 01 = 8 mA 0.35 0.5 

Ii VCC = MAX, V1 = 7 V 0.1 0.1 mA 

ill-4 VCC = MAX, Vi = 2.7 V 20 20 pA 

IlL VCC = MAX, V1 = 0.4V —0.4 —0.4 mA 

1 0S 5  VCC = MAX — 20 — 100 — 20 — 100 mA 

ICC VCC = MAX, See Note 3 18 30 18 30 mA 

NOTE 3 	With the outputs open, clock inhibit and cluck at 4 5 V. and a clock pulse applied to the shift load input, ICC is measured last with ihe parallel inputs 

at 4.5 V, then with the parallel inputs grounded 

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

I All typical values are at VCC = 5V, TA = 25°C. 

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

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

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

tmax 

RL 	2 Itt, 

Si't 	F nail's 	1 ThIll 	3 

CL - 15 pF 

25 35 MHz 

'PLR 
L0171 Any 

21 35 
its 

'PH L 26 35 

'P LH 
Clock Any 

14 25 
vs 

'PHI._ 16 25 

tPLH 
H 0 H 

13 25 
its 

'PHL 24 30 

tPLH H 5H 
19 30 

its 
IPFIL 17 25 

f rna ,, = maximum clock frequency 

tp LH = propagation delay time, low-to high-level output 

'PH L = propagation delay time, high-to-low•level output 
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SN54165, SN54LS165A, SN74165, SN74LS165A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 
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SRG8 

M1 (SHIFT) 

M2 [LOAD) 

(21 

131 

(1) 

2,3D 
14) 

151 

(10) 

(11) 

(121 

1,3D 
2,3D 

! 	• Synchronous Load 

• Direct Overriding Clear 

• Parallel to Serial Conversion 

TYPICAL MAXIMUM 	TYPICAL 

TYPE 	CLOCK FREQUENCY POWER DISSIPATION 

'166 
	

35 MHz 
	

360 mW 

'LS166A 
	

35 MHz 
	

100 mW 

description 

The '166 and 'LS166A 8-bit shift registers are compati-

ble with most other TTL logic families. All '166 and 

'LS166A inputs are buffered to lower the drive re-

quirements to one Series 54/74 or Series 54LS/74LS 

standard load, respectively. Input clamping diodes 

minimize switching transients and simplify system 

design. 

These parallel-in or serial-in, serial-out shift registers 

have a complexity of 77 equivalent gates on a monolithic 

chip. They feature gated clock inputs and an overriding 

clear input. The parallel-in or serial-in modes are 

established by the shift/load input. When high, this in-

put enables the serial data input and couples the eight 

flip-flops for serial shifting with each clock pulse. When 

low, the parallel (broadside) data inputs are enabled and 

synchronous loading occurs on the next clock pulse. 

During parallel loading, serial data flow is inhibited. 

Clocking is accomplished on the low-to-high-level edge 

of the clock pulse through a two-input positive NOR 

gate permitting one input to be used as a clock-enable 

or clock-inhibit function. Holding either of the clock in-

puts high inhibits clocking; holding either low enables 

the other clock input. This, of course, allows the system 

clock to be free-running and the register can be stopped 

on command with the other clock input. The clock in-

hibit input should be changed to the high level only 

while the clock input is high. A buffered, direct clear in-

put overrides all other inputs, including the clock, and 

sets all flip-flops to zero. 

FUNCTION TABLE  

INPUTS INTERNAL 

SHIFT/ CLOCK PARALLEL OUTPUTS 
OUTPUT 

CLEAR 
LOAD INHIBIT 

CLOCK SERIAL A  ... H  .A 	0.  CH 

x
x
 :x

x
x
 

L 	L L 

0 .40 	OBO 

n 	b 
OHO 

h 

I
 

I
 H 	0.,„ OGn 

L 	0An  OGn 

OAO 	OBO OHO 

SN54166, SN54LS166A 	J OR W PACKAGE 

	

SN74166 	N PACKAGE 

	

SN74LS166A 	D OR N PACKAGE 

(TOP VIEW) 

VCC 
SH/LD 

H 

QH 
G 

F 

E 
 CLR 

SN54LS166A 	FK PACKAGE 

(TOP VIEW) 

19 
c, wum 

• z > 
I—I L-1 
3 2 1 20 19 

B 4 	

118 F  7  

C 5 	 QH 

NC 6 	 16 NC 

D 7 	 15 G 

CLK INH 8 	 14 F 

9 10 11 12 13 

• (-1  ICC L°  

0 Z 

NC - No internal connection 

logic symbol t 

171 > C3/1÷ 

 

1141 	 1131 

t This symbol is in accord nce with ANSI/IEEE Std 91-1984 and IEC 

Publication 617-12. 

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

SN54166, SN54LS166A, SN74166, SN74LS166A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 
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SN54166, SN54LS166A, SN74166, SN74LS166A 
PARALLEL•LOAD 8•BIT SHIFT REGISTERS 

typical clear, shift, load, inhibit, and shift sequences 
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SN54166, SN54LS166A, SN74166, SN74LS166A 
PARALLEL•LOAD 8-BIT SHIFT REGISTERS 

schematics of inputs and outputs 
'166 

'LS166A 

EQUIVALENT OF PARALLEL 

AND SERIAL INPUTS 

EQUIVALENT OF EACH INPUT 
OUTPUT 

VCC 

120 S2 NOM VCC 
Reg VCC 

1 241,2 NOM 

OP 

all 

INPUT  INPUT 

Shift/Load NOM 

OUTPUT 

Reg  = 13 ka Pa All Other R eg  = 10 kil NOM 
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OUTPUT 

VCC 

100 

OUTPUT 
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OH 

CLOCK 
(71 

 CLOCK INHIBIT 

(141 

CLEAR (9)  00 

 SERIAL INPUT 

SHIFT/LOAD 
(15)  

A (2)  

(3)  

C  (4) 

D 
(5) 

(1 
E 

G 

SN54166, SN54LS166A, SN74166, SN74LS166A 
PARALLEL-LOAD B-BIT SHIFT REGISTERS 

logic diagram (positive logic) 

Pin numbers shown are for D, J, N, and W packages. 
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5N54166 SN74166 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage,Vcc 4.5 5 5.5 4.75 5 c 7c V 

High-level output current, loH —800 - 	' 	l 	. AA 

Low-level output current, lot_ 16 16 mA 

Clock frequency, clock 0 25 0 25 MHz 

Width of clock or clear pulse, t w  (see Figure 1) 20 20 ns 

Mode-control setup time, t su  30 30 ns 

Data setup time, t su  (see Figure 11 20 20 ns 

Hold time at any input, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TAlsee Note 2/ —55 125 0 70 ° C 

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

PARAMETER TEST CONDITIONSI 
SN54166 SN74166 

UNIT 
MIN TYPT MAX MIN 'POT MAX 

VIH High-level input voltage 2 2 V 

Vit.  Low-level input voltage 0.8 0.8 V 

V it( Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v i L = 0.8 V, 

VIH = 2 V, 

loH = —800 AA 
2.4 3.4 2.4 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

Vit.  = 0.8 V, 

VIH = 2 V, 

lot_ = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, V1 = 2.4 V 40 40 AA 

IlL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

los Short-circuit output current§ VCC = MAX —20 —57 —18 —57 mA 

ICC Supply current VCC = MAX, See Note 3 90 127 90 127 mA 

2 

T
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SN54166, SN74166 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54166 (see Note 2)  	—55° C to 125° C 

SN74166 	  0° C to 70°C 

	

 	—65° C to 150° C 

recommended operating conditions 

Storage temperature range 

, For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

Not more than one output should be shorted at a time. 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2 An SN54166 in the W package operating at free-air temperatures above 113 ° C requires a heat-sink that provides a thermal 

resistance from case to free air, RocA, of not more than 48 ° C/W. 

3_ With all outputs open, 4.5 V applied to the serial Input, all other inputs except the clock grounded, Icc is measured after a 

momentary ground, then 4.5 V, is applied to the clock. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS  . 	TYP MAX i': 	l' 

1,,,,,,, Maximum clock frequency 

CL t- 15 pF, 

See Figure 1 

1,1,  

RL = 400 ii, 

35 

'PHI-  

Propagation delay time, high-to- 

low-level output from clear 
23 35 5 

lPHL 
Propagation delay time, high-to- 

low-level output from clock 
20 30 ns 

1PLH 
Propagation delay time, low-to- 

high-level output from clock 
17 26 ns 
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SN54LS166A, SN74LS166A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

2-534 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS166A 	 - 55° C to 125° C 
SN74LS166A 	  0° C to 70°C 

Storage temperature range 	 -65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS166A SN74LS1 row, 
UNIT 

MIN TYP MAX MIN TYP MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 
v i  L.  Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 25 0 

tw Width of clear pulse (See Figure 1) 20 20 

tw  Width of clock pulse (See Figure 1) 25 25 

tsu  Mode-control setup time 30 30 ns 

tsu  Data setup time (See Figure 1) 20 20 ns 

th Hold time at any input (See Figure 1 and Note 4) 0 0 ns 

TA Operating free air temperature - 55 125 0 70 °C 

NOTE 4: The hold time limit of 0 ns applies only if the rise time is less than or equal to 10 es. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONs t 
'.". 

cNs4LS166A 

71% 

QN74LS166A 
UNIT  

1YP t MAX PIP t MAX 

VII( VCC = MIN ,  1 1 =  - 18 mA -1.5 -1.5 V 

VOH 
VCC = MIN, 

10H = - 0.4 mA 

VIH = 2V, 	VII_ = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, 

VII_ = MAX 

VH-1= 2 V, loL = 4 mA 0.25 0.4 0.25 0.4 
V 

Im_ = 8 mA 0.35 0.5 

VCC = MAX, 1 1 V1= 7 V 0.1 0.1 mA 

1 1H VCC = MAX, Vi = 2.7 V 20 20 pA 

IlL VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

1 0S§ VCC = MAX - 20 - 100 - 20 - 100 mA 

ICC VCC = MAX, See Note 5 20 32 20 32 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*All typical values are at VCC = 5 V, TA = 25°C 

§Not more than one output should be shorted at a time, and duratasn for short -circuit should not exceed one second. 

NOTE 5: With all outputs open, 4.5 V applied to the serial input and all other inputs except the clock grounded, ICC is measured after a momentary ground, 

than 4.5 V, is applied to clock. 

switching characteristics, VCC = 5 V, TA = 25 ° C 
PARAMETER 1•.1 mir. TYP MAX 10, 

(max Maximum clock frequency 

CI_ - 15 pF, 

See Figure 1 

RL - 2 kE2, 

35 

tPHL  

Propagation delay time, high-to-

low-level output from clear  
19 30 

tPH L  

Propagation delay time, high-to 

low-level output from clock 
7 14 25 ns 

tpLH 
Propagation delay time, low-to 

high-level output from clock 
5 11 20 ns 
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TEST 

POINT 
VCC 

AL 

FROM 
OUTPUT 
UNDER 

TEST (See Note D 

CL = 15 pF 

iiSee Note C) 

-=- 

SN54166, SN54LS166A, SN74166, SN74LS166A 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 

FOR TEST 

OUTPUT TESTED 

(SEE NOTE F) 
SHIFT/LOAD 

H 0 V QH at t n +i 

Serial 

Input 
4.5 V Clti at tn+13 

LOAD FOR OUTPUT UNDER TEST 

`oitclear) r—  
CLEAR INPUT 	Vref 4 	7f V ref 

CLOCK INPUT Vref 

I  

tw(clock) 

DATA 

INPUT 

(SEE TEST 

TABLE) 

PHI 
Iclear 0) 

OUTPUT Q 	 V,ef  

3 V 

0V 

(See Note G) 	trIcl 
t, 

	

V„1 

	 \ 3 V 

- tit  
 0 V 

	

tSU 4-4 	 3 V 

Vref 

0V 

- PH L 

)CLK (.1) 

V, e 

trI*1 

to 

V „,j 
	

V,,f 

—.1 'SU 	 tit  

I 

Vref I 	Vref 	Vre 

	\f' 	 VOH 

Vrei 
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VOLTAGE WAVEFORMS 

NOTE: A. All pulse generators have the following characteristics: Z on t =502; for '166, t r ( 7 ns and tf G 7 ns; for 'LS166A, t r  G 15 ns and 

< 6 ns. 

B. The clock pulse has the following characteristics: twlclock) < 20 ns and PRR = 1 MHz. The clear pulse has the following 

characteristics: twlclearl  G 20 ns and thold = 0 ns. When testing l max , vary the clock PRR. 

C. CL includes probe and jig capacitance. 

D. All diodes are 1N3064, 1N916, or equivalent. 

E. A dear pulse is applied prior to each test. 

F. Propagation delay times (tpLH and tpHL) are measured at I n+  j • Proper shifting of data is verified at I n 	with a functional test. 

G. to  = bit time before clocking transition 

= bit time after one docking transition 

to  +6 = bit time after eight docking transitions 

H. For '166 VW = 1.5 V; for 15166A Vref = 1.3 V. 

FIGURE 1 
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NC—No internal connection 
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! 	• Perform Fixed-Rate or Variable-Rate 
Frequency Division 

• For Applications in Arithmetic, Radar, 
Digital-to-Analog (D/A), Analog-to-Digital 

(A/D), and other Conversion Operations 

• Typical Maximum Clock 
Frequency . . . 32 MHz 

SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 

DECEMBER 1972 — REVISED MARCH 1988 

SN54167 . . . J OR W PACKAGE 

SN74167 . . N PACKAGE 

(TOP VIEW) 

description 

These monolithic, fully synchronous, 

programmable counters utilize Series 54/74 TTL 

circuitry to achieve 32-megahertz typical 
maximum operating frequencies. These decade 

counters feature buffered clock, clear, enable 

and set-to-nine inputs to control the operation 

of the counter, and a strobe input to enable or 
inhibit the rate input/decoding AND-OR-INVERT 
gates. The outputs have additional gating for 

cascading and transferring unity-count rates. 

The counter is enabled when the clear, strobe 

set-to-nine, and enable inputs are low. With the 
counter enabled, the output frequency is equal 
to the input frequency multiplied by the rate 
input M and divided by 10, le.: 

m•fin  

foul - 10 

where: M = B3 •2 3  + B2 • 2 2  + B1 • 2 1  + BO . 20 

for decimal zero through nine. 	
t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

When the rate input is binary 0 (all rate inputs 	Publication 617-12. 

IOW), Z remains high. In order to cascade devices 

to perform two-decade rate multiplication (0-99), 

the enable output is connected to the enable and 

strobe inputs of the next stage, the Z output of each stage is connected to the unity/cascade input of 

the other stage, and the sub-multiple frequency is taken from the Y output. For longer words, see typical 
application data, Figure 1. 

The unity/cascade input, when connected to the clock input, may be utilized to pass the clock frequency 

(inverted) to the Y output when the rate input/decoding gates are inhibited by the strobe. The unity/cascade 
input may also be used as a control for the Y output. 

All of the Inputs of these counters are diode-clamped, and each input, except the clock input, represents 
one normalized Series 54/74 load. The buffered clock input, used with the strobe gate, is only two Series 
54/74 loads. Full fan-out to 10 Series 54/74 loads is available from each of the output. These devices 

are completely compatible with most TTL and DTL families. Typical dissipation is 270 milliwatts. The 

SN54167 is characterized for operation over the full military temperature range of — 55°C to 125°C, and 
the SN74167 is characterized for operation from 0°C to 70°C. 

' 	ocuments contain information 
I ....lion date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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EQUIVALENT OF EACH INPUT 

vcc 

INPUT 

Clock 19„, 1  - 2 kSt. NOM 

All others' R eg  4 kl? NOM 

SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 
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STATE AND/OR RATE FUNCTION TABLE (See Note AI 
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NOTES CLEAR ENABLE STROBE 
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NOTES: A. H = high level, L = low level, X = irrelevant. All remaining entries are numeric counts. 

B. This is a simplified illustration of the clear function. The states of clock and strobe can affect the logic level of `I and Z. A low 

unity/cascade will cause output V to remain high. 

C. Each rate illustrated assumes a constant value at rate inputs; however, these illustrations in no way prohibit variable-rate inputs. 

D. These input conditions exceed the range of the decimal rate inputs. 

E. Unity/cascade can be used to inhibit output Y. 

schematics of inputs and outputs 

TYPICAL OF ALL OUTPUTS 

vcc 
10012 NOM 
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SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 

logic diagram (positive logic) 
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SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54167  	—55°C to 125°C 

SN74167 	  0° C to 70° C 

Storage temperature range 	 —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

.MIN 

•:1'.i...1167 •Z. M167 

UNIT NOM 	MAX MIN NUM MAX 

Supply voltage, VCC 4.0 5 	 5.5 4.75 	5 5.75 V 

pA 

mA 

High-level output current, loH - ' - ' 

Low-level output current, loL ... ..... 

Clock frequency, (clock 0 25 0 25 MHz 

Width of clock pulse, w(d uc k) 20 20 ns 

Width of clear pulse, tw(clear) 15 15 ns 

Width of se 	to nine pulse togsst to_g) 15 15 ns 

Enable setup time, t su : 

From positive-going transition of clock pulse 

From negative-going transition of previous clock pulse 

(See Note 2) 

25 

0 w(clock)-10 

25 

0 w(clockla 10 

ns 

ns 

Enable hold time, the 

From positive-going transition of clock pulse 

From negative-going transition of previous clock pulse 

(See Note 2) 

0 

20 

tw(clock) -10  

tcp -10 

0 

20 

tw(clock) -10 

tcp-10 

ns 

ns 

Operating free air temperature, TA -55 125 0 70 ° C 

NOTE 2: tw ( c l ock) is the interval in which the clock is high. t cp  is the total clock cycle starting with a negative transition. See Figure 1 on 

SN5497, SN7497 data sheer. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 	TYPI MAX UNIT 

VI H 	High-level input voltage 2 V 

VII_ 	Low-level input voltage 0.8 V 

Vi 	Input clamp voltage VCC = MIN, 	II = -12 mA -1.5 V 

Voti 	High-level output voltage 
VCC -MIN, 	Vitt = 2 V, 

VII_ = 0.8 V, 	Imi = -400 pA 
2.4 	3.4 V 

VOL 	Low-level output voltage 
VCC =MIN, 	Vitt = 2 V, 

VII_ = 0.8 V, 	lot.  = 16 mA 
0.2 	0.4 V 

II 	Input current at maximum input voltage VCC = MAX, 	Vi- 5.5 V 1 mA 

I IH 	High-level input current 
clock input 

VCC = MAX, 	Vi = 2.4 V 
80 

pA 
other inputs 40 

!IL 	Low-level input current 
clock inputs 

VCC = MAX, 	Vi = 0.4 V 
-3.2 

mA 
other inputs -1.6 

105 	Short circuit output current§ VCC -- MAX -18 	 -55 mA 

ICCH 	Supply current, output high VCC = MAX, 	See Note 3 43 mA 

ICCL 	Supply current, output low VCC = MAX, 	See Note 4 65 	99 mA 

NOTES: 3. lccH is measured with outputs open and all inputs low. 

4. lecL is measured with outputs open and all inputs high except the set-to-nine input which is low. 

'For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 

tAll typical values are at Vcc - 5 V, TA -- 25 ° C. 

§Not more than one output should be shorted at a time. 
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SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERS I 
FROM 

INPUT 

TO 

OUTPUT 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f  max 

CL - 15 pF, 

R L = 400 2, 

See Note 5 

25 	32 MHz 

tPLH 
Enable Enable 

13 	20 
ns 

tPHL 14 	21 

tPLH 
Strobe Z 

12 	18 
ns 

tPHL 15 	23 

tPLH 
Clock Y 

26 	39 
— ns 

tPHL 20 	30 

tPLH 
Clock Z 

12 	18 
ns 

tPHL 17 	26 

tPLH 
Rate Z 

9 	14 
ns 

tPHL 6 	10 

tPLH 
Unity/Cascade Y 

9 	14 
ns 

tPHL 6 	10 

tPLH 
Strobe Y 

19 	30 
ns 

tPHL 22 	33 

tPLH 
Clock Enable 

19 	30 

ns  tPHL 22 	33 

tPLH 
Clear 

Y 24 	36 
ns 

IPHL 
 

Z 15 	23 

tPHL Set-to-9 Enable 18 	27 ns 

tPLH 
Any Rate Input V 

15 	23 
ns  

tPHL 
15 	

23 

Itmax  is maximum clock frequency. 

tPLH is propagation delay time, low-to-high-level output. 

tPHL s propagation delay time, high-to-low-level output 

NOTE 5: Load circuit, voltage waveforms, and input conditions for measuring switching characteristics are the same as those for the SN5497 
and SN7497. 
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SN54167, SN74167 
SYNCHRONOUS DECADE RATE MULTIPLIERS 
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SN54LS169B, SN54S169, 
SN74LS169B, SN74S169 

SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 
OCTOBER 1976—REVISED MARCH 1988 

• Programmable Look-Ahead Up/Down 

Binary Counters 

• Fully Synchronous Operation for Counting 

and Programming 

• Internal Look-Ahead for Fast Counting 

• Carry Output for n-Bit Cascading 

• Fully Independent Clock Circuit 

description 

These synchronous presettable counters feature an 

internal carry look-ahead for cascading in high speed 

counting applications. The 'LS1698 and 'S169 are 

4-bit binary counters. Synchronous operation is 

provided by having all flip-flops clocked 

simultaneously so that the outputs change coincident 

with each other when so instructed by the count-

enable inputs and internal gating. This mode of 

operation helps eliminate the output counting spikes 

that are normally associated with asynchronous 

(ripple-clock) counters. A buffered clock input triggers 

the four master-slave flip-flops on the rising (positive-

going) edge of the clock waveform. 

These counters are fully programmable; that is the 

outputs may each be preset to either level. The load input 

circuitry allows loading with the carry-enable output of 

cascaded counters. As loading is synchronous, setting 

up a low level at the load input disables the counter and 

causes the outputs to agree with the data inputs after 

the next clock pulse. 

SN54LS169B, SN54S169 . . J OR W PACKAGE 
SN74LS169B, SN74S169 ... D OR N PACKAGE 

(TOP VIEW) 

SN54LS1696, SN54S169 

(TOP VIEW) 

io 	0 
-- C.) 	UU 
D 2 > CC 

FK PACKAGE 

3 2 	1 20 19 

A 4 18 QA 

B 5  17 QB 

NC 6 16 NC 

C 7 15 DC 

14 QD 

9 10 11 12 13 
r--1 fl  

" 
ZZZ.1TZ 
w 0 0 w 

NC-No internal connection 

TYPE 

TYPICAL MAXIMUM 

CLOCK FREQUENCY 
TYPICAL 

POWER 

DISSIPATION COUNTING 

UP 

COUNTING 

DOWN 

'LS169B 

'S169 

35MHz 

70MHz 

35MHz 

55MHz 

100mW 

500mW 
T

T
L
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e

v
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The carry look -ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating. 

Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable inputs (ENP, 

ENT) must be low to count. The direction of the count is de ,  • • •3d by the level of the up/down input. When the input is 

high, the counter counts up; when low, it counts down. Input • s fed forward to enable the carry output.The carry output 

thus enabled will produce a low-level output pulse with a duration approximately equal to the high portion of the CIA output 
when counting up and approximately equal to the low portion of the CIA output when counting down. This low-level 

overflow carry pulse can be used to enable successive cascaded stages. Transitions at the ENP or ENT inputs are allowed 

regardless of the level of the clock input. All inputs are diode-clamped to minimize transmission-line effects, thereby simplify-

ing system design. 

These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, LOAD, U/D) that will modify 

the operating mode have no effect until clocking occurs. The function of the counter (whether enabled, disabled, loading, or 

counting) will be dictated solely by the conditions meeting the stable setup and hold times. 

PRODUCTION W.' ,  documents contain information 
current as of .• 	ition date. Products conform to 
specification:. 	..xe terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of ell parameters. 
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SN54LS169B, SN54S169, 
SN74LS169B, SN74S169 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

logic symbol t 

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617,-12. 

MI
Pin numbers shown are for D, J, N, and W packages. 
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SN54LS169B, SN74LS16913 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

logic diagram (positive logic) 
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Pin numbers shown are for D, J, N, and W packages. 
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SN54S169, SN74S169 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS 

logic diagram (positive logic) 

2-546 

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS169B, SN54S169, SN74LS159B, SN74S169 
SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTERS 

typical load, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen 

2. Count up to fourteen, fifteen (maximum), zero, one, and two 

3. Inhibit 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen 

LOAD ---E 

    

r- 
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DATA 
INPUTS 

         

         

         

   

1 
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I 
I__ _ - - - - 

  

    

- - --- - - - 

          

CLK 

    

   

1 	  U/D —J 

  

     

ENP a nd ENT 

°A  _ — —1 

ci s  — — 7 

D C  _ _ _J 

RCO — — —I I 	 I 
13 	14 	15 	0 	1 	2

o 	
2 	2 	1 	0 	15 	14 	13 

I  

I I.--- COUNT UP 	 I.— INHIBIT A 1._____ COUNT DOWN 	  

\..—..../ 

LOAD 
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SN54LS169B, SN74LS179B 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

schematics of inputs and outputs 

EQUIVALENT OF 

A, B, C, D INPUTS 

EQUIVALENT OF 

ALL OTHER INPUTS 

TYPICAL OF 

ALL Q OUTPUTS 

TYPICAL OF 

RCO OUTPUT 

VCC VCC 

INPUT 

20 kO NOM 

VCC 

INPUT 

INPUT 

ENT 

Others 

Rey 100 12 NOM 

VCC 

OUTPUT 

120 IZ NOM 

OUTPUT 

—  4111P 

Il eg  NOM 

6 5 KL2 

13 kit 

Il 

pa 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 11 	 7 V 

Input voltage 	 7 V 

Operating free-air temperature range: SN54LS169B 	 — 55°C to 125°C 

SN74LS1698 	  0°C to 70°C 
Storage temperature range 	 — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 
SN54LS169B SN74LS169B 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level-input voltage 2 2 V 

VI L Low-level Input voltage 0.7 0.8 V 

IOH High-level output current —0.4 —0.4 mA 

' 	1 —1.2 —1.2 mA 

IOL Low-level output current 4 8 mA 

Any a 12 24 mA 

(clock Clock frequency 0 20 0 20 MHz 

tw(clock) Width of clock pulse (high or low) (see Figure 1) 25 25 ns 

tsu Setup time, (see Figure 11 

n=... inputs A, B, C, D 30 30 

ns 
. 	"1-  ENT 30 30 

---_ 35 35 

U/13 35 35 

th Hold time at any input with respect to clock (see Figure 1) 0 0 ns 

TA Operating free-air temperature —55 125 0 70 ° C 

2-548 	 TEXAS 
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POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 



SN54LS169B, SN74LS169B 
SYNCHRONOUS 4-BIT UP ► DOWN BINARY COUNTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS? 
SN54LS169B SN74LS169B 

UNIT 
MIN TYPt MAX MIN TVPf MAX 

VIK VCC = MIN ,  II = - 18 mA -1.5 -1.5 V 

VOH 
Vcc = MIN, 

VII_ = MAX 

Vit.{ = 2 V, RCO 10H= -0.4 mA 2.5 3.4 2.7 3.4 
V 

Any Cl  10H= -1.2 mA 2.4 3.2 2.4 3.2 

VOL 
Vcc = MIN, 

VIL = MAX 

V pd =2 V, 
RCO 

 lOH = 4 mA 0.25 0.4 0.25 0.4 

V 
IOL = 8 mA 0.35 0.5 

Any 0 
lc,L = 12 mA 0.25 0.4 0.25 0.4 

IC_ = 24 mA 0.35 0.5 

VCC = MAX, li 

 

V1 = 7 V 0.1 0.1 mA 

IIH VCC = MAX, VI = 2.7 V 20 20 AA 

'IL Vcc = MAX, VI -.0.4 V 
U/D, L 	ENP, CLK -0.2 -0.2 

mA 
All other inputs -0.4 -0.4 

1 0S§ VCC = MAX, Vo = 0 V 
RCO - 20 - 100 - 20 - 100 

mA 
Any Q - 30 - 130 - 30 - 130 

ICC VCC = MAX, See Note 2 28 45 28 45 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: Icc is measured after applying a momentary 4.5 V, then ground, to the clock input with all other inputs grounded and the outputs 

open. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER': 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS1698 
UNIT 

MIN TYP MAX 

f max 20 35 MHz 

tPLH CLK RCO 

FL ' 	2 k,l.2, CL = 15 pF 

26 40 
ns 

tPHL 17 25 

fPLI-1 ENT-  R CO 
15 25 

ns 
tPHL 11 20 

tPLH 
U/5 RCO 

23 35 
ns 

tPHL 15 25 

tPLH 
CLK Any Q RL = 667 52, CL = 45 pF 

16 25 
ns 

tPHL 17 25 

1 Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum count As the 

logic level of the up/down input is changed, the ripple carry output will follow. If the count is minimum (D), the ripple carry output tran-

sistion will be in phase. If the count is maximum (15), the ripple carry output will be out of phase. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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 A
  

EQUIVALENT OF EACH INPUT 

VC C 

20 kIt NOM 

(LOAD INPUT 

ONLY) 

INPUT 

   

 

    

ENT input: R e, = 1.4 la2 NOM 

LOAD Input: R ee, = 3.5 Id/ NOM 

All other inputs: R eq  = 2.8 kO NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

50 51 NOM 

OUTPUT 

Pa 

SN54S169, SN74S169 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

schematics of inputs and outputs 

4 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (See Note 4) 	  7 V 

Input voltage 	  5.5 V 
Interemitter voltage (see Note 5) 	  5.5 V 
Operating free-air temperature range: SN54S169 (see Note 6) 	  —55°C to 125°C 

SN74S169 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

recommended operating conditions 

SN54S169 451745169 
UNIT 

MIN 	NOM 	MAX UN NOM MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.r. 	5 	5.25 V 

High-level output current, 10H -1 -1 mA 

Low-level output current, loL 20 20 mA 

Clock frequency,( clock 0 	 40 0 	 40 MHz 

Width of clock pulse, t w idock) (high or low) (see Figure 1) 10 10 ns 

Setup time,t su  (see Figure 1) 

• ir 	N, 8, C, D 
- 	 _ 4 4 

ns 
14 14 

Load 9 6 

U/5 20 20 

Hold time at any input with respect to clock 	t w  (see Figure 1) 1 1 ns 

Operating free-air temperature, TA (see Note 6) -55 	 125 0 	 70 °C 

NOTES: 4. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

5. This is the voltage t 	in two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the 

count enable inputs • '.• and ENT. 

6. A SN54S169 in the W package operating at free-air temperatures above 91°C requires a heat sink that provides a thermal 

resistance from case to free-air, lieu, of not more than 26 °C/W. 

TEXAS EXAS  
INSTRUMENTS 

POST OFFICE 60X 655012 • DALLAS. TEXAS 75265 



SN54S169, SN74S169 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDMONS I 
SNR4S169 SN74S169 

UNIT 
MIN I t P 1  MAX MIN TYP$ MAX 

Vol High-level input voltage 2 2 V 

VII_ 	Low-level input voltage 0.8 0.8 

VII( 	Input clamp voltage VCC = MIN , 	II = - 18 mA - 1.2 - 1.2 V 

Voti High-level output voltage 
VCC = MIN, 	VIN = 2 V, 

VIL = 0.8 V, 	loH = - 1 mA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
VCC = MIN, 	Viii = 2 V. 

VII_ = 0.8 V. 	loL = 20 mA 
0.5 0.5 V 

II 	Input current at maximum input vnlmie VCC = MAX. 	VI = 5.5 V 1 1 mA 

Iiii 	High-level input current 

• 	 . _ 

VCC = MAX. 	VI = 2.7 V 

100 

pA ---- -10 - -10 -200 

n.k.r inputs 50 50 

IIL 	Low-level input current VCC = MAX, 	V1 = 0.5 V 
- 4 -4 

mA 
‘..... ■■ vr inputs -2 -2 

los 	Short-circuit output current5 VCC = MAX, -40 - 100 -40 - 100 mA 

Icc Supply current VCC --. MAX, 	See Note 2 100 160 100 160 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 

All typical values are at VCC = 5 V, TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: !cc is measured after applying a momentary 4.5 V, then ground, to the clock input with all other inputs grounded and the outputs open. 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETER' 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

U/li - HIGH U/I5 ■ LOW 
UNIT 

MIN TVP MAX MIN PR MAX 

f max 

C 	15 	F, L = p 
RI_ = 2800, 

See Figures 2 and 3 

and Note 3 

40 70 40 55 MHz 

1PLH CLK RCO 
14 21 14 21 

ns 
tPHL 20 28 20 28 

tPLH 
CLK Any Q 

8  15 8 15 
ns 

tPHL 11 15 11 15 

tPLH 
ENT RCO 

7.5 11 6 12 
ns 

tPHL 15 22 15 25 

tPLH° 
U/5 RCO 

9 15 8 15 
ns 

tpElLo 10 15 16 22 

t max  = maximum clock frequency 

tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum count. As the logic 

level of the up/down input is changed, the ripple carry output will follow. If the count is minimum 101, the ripple carry output transition will be 

in phase. If the count is maximum (15 for S169), the ripple carry output will be out of phase. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS169B, SN54S168, 
SN74LS169B, SN74S169 
SYNCHRONOUS 4-BIT UPIDOWN BINARY COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

tw(clock) 
twidockl 

Vref 	 Vref 

0 V 

t sL, 

rt:covte ustatel 	th 	 (tnacove state) 

\vref  

tsu 
	

th 

	 _L 	 3 V 

DATA INPUTS 
A, B, C, and D 

 

Vref V re f 

	  0 V 

   

CLK 

INPUT 

LOAD 

INPUT 
Vref 

3V 

Vref 
	

Vref 
	

V re f 

3V 

ENP or ENT 

U/5 

INPUT 

r—tsu —J 	 th 

0 V 

Vref Vref 

3V 

t s„ 	 tsu 
th 	 th 

1 	1 	 3v 

Vref 	
\ 

Vref Vref Vref 

\— 	 0 V 

VOLTAGE WAVEFORMS 
NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR A 1 MHz, duty cycle A 50%, Zout = 50 0; 

for 'LS169B, t r  A 15 ns; If A 6 ns, and for 'S169, t r  A 2.5 ns, t1 A 2.5 ns. 

B. For 'LS1698, Vref = 1.3 V; for S168 and 'S169, V re f = 1.5 V. 

FIGURE 1—PULSE WIDTHS, SETUP TIMES, HOLD TIMES 

M 
3V 

V ref 

I 	

Vref \  
I 

1 	 T 	
o v 

1 
k- IPHL -.I 

I 
I ..-----

NVre f 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR A MHz, duty cycle A 50%, Zaut = 50 0, 

for 'LS169B, t r  A 15 ns, tf A 5 ns; and for 'S169, tr  A 2.5 ns, 	A 2.5 ns. 

B. tnim and tpi..g.  from enable T input to ripple carry output assume that the counter is at the maximum count, all 0 outputs high. 

C. For 'LS169B, Vref = 1.3 V; for 'S169, Vref = 1.5 V. 

D. Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum 

count. As the logic level of the up/down input is changed, the ripple carry output will follow. If the count is minimum 10) 

the ripple carry output transition will be in phase. If the count is maximum 115), the ripple carry output will be out of phase. 

FIGURE 2—PROPAGATION DELAY 	. 1'0 CARRY OUTPUT 
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SN54LS169B, SN54S169, 
SN74LS169B, SN74S169 

SYNCHRONOUS 4-BITUPIDOWN BINARY COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

1--tmciock) 

CLK 

INPUT 
	

V ref 
	

Vref 
	

V, e f 

tPLH 
I (measure at tn+1) 

OUTPUT 

\ 
v, 05  

O UT P UT 

QB 

OUTPUT 
Qc  

OUTPUT 
OD 

/0-01—  IPHL 

R CO 	 V ref 

Is 	tPHL 	
4 (measure at ,2) 

VOH 

ef 

	 VOL  

• 	tPLH 
(measure at tn+4) 	 I 	(measure at tn+21 

VOH 

	SS 	 VOL 

V 

Is 	tp L H 
(measure at [0+8) 	 (measure at tn+4) 

	

r 	  VOH 

D iet 	 I 	 Viet 

SS 	 VOL 

k___1 tpH L 	
r.____+— tPLHH 

(measure at tn+10 	 (measure at tn+8) 

I 	or tn+161  
	\if  (See Note BI 

V,,,I 	

7 	 
Vref 	

V0H 

VOL 

tPLH 
(measure at t n,10 

or tn+16t (See Note 8) 

	  VOH 

\ire( 

VOL 

0 V 

tPH L 

V „,i 	 ,,f 

tP H L 

\--5s 	 
T

T
L

 D
e

v
ic

es
  

UP-COUNT VOLTAGE WAVEFORMS 

NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR s 1 MHz, duty cycle s50%, 
Z out = 50 0; for 'LS1698, t r  5 15 ns; tf s 6 ns, and 'S169, t r  s 2.5 ns, tf s 2.5 ns. Vary PRR to measure ( max • 

B. Outputs OD and carry are tested at t o  +16, where t o  is the bit-time when all outputs are low. 

C. For 'LS16913, Vref = 1.3 V; for 'S169, Vref = 1.5 V. 

FIGURE 3—PROPAGATION DELAY TIMES FROM CLOCK 
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SN54170, SN54LS170 . . . J OR W PACKAGE 

SN74170 ... N PACKAGE 

SN74LS170 . . . D OR N PACKAGE 

(TOP VIEW) 

D2 

D3 

D4 

RB 

RA 

Q4 

03 

GND 

SN54LS170 . . . FK PACKAGE 

(TOP VIEW) 

LI 
N 0  c..) 

0 0 Z > 0 
uuuuu  
3 2 1 20 19 

D4 4 	 18 WA 
RB 5 	 17 WB 

NC 6 	 16 NC 

RA 7 	 15 Gw 

Q4 8 	 14 GA 

9 10 11 12 13 
rnrn n  

8 9 Z a 
NC - No internal connection 

VCC 
01 

WA 
WB 

Gw 

GR 
Q1 

Q2 
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SN54170, SN54LS170, SN74170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN•COLLECTOR OUTPUTS 

MARCH 1974 — REVISED MARCH 1988 

is 	 Separate Read/Write Addressing Permits 
Simultaneous Reading and Writing 

Fast Access Times ... Typically 20 ns 

Organized as 4 Words of 4 Bits 

Expandable to 1024 Words of n-Bits 

• For Use as: 
Scratch-Pad Memory 
Buffer Storage between Processors 
Bit Storage in Fast Multiplication Designs 

• Open-Collector Outputs with Low 
Maximum Off-State Current: 
'170...30µA 
'LS170 . . . 20 pA 

• SN54LS670 and SN74LS670 Are 
Similar But Have 3-State Outputs 

description 

The '170 and 'LS170 MSI 16-bit TTL register files 

incorporate the equivalent of 98 gates. The register 

file is organized as 4 words of 4 bits each and separate 

on-chip decoding is provided for addressing the four 

word locations to either write-in or retrieve data. This 

permits simultaneous writing into one location and 

reading from another word location. 

Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined 

by the write-address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its 

true form. That is, if a high-level signal is desired from the output, a high level is applied at the data input for that 

particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate 

inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write-enable 

input, Gw, is high, the data inputs are inhibited and their levels can cause no change in the information stored in the 

internal latches. When the read-enable input, UR, is high, the data outputs are inhibited and remain high. 

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding 

gates are used to complete the address for reading a word. When the read address is made in conjunction with the 

read-enable signal, the word appears at the four outputs. 

This arrangeMent—data-entry addressing separate from data-read addressing and individual sense line—eliminates recovery 

times, permits simultaneous reading and writing, and is limited in speed only by the write time (30 nanoseconds 

typical) and the read time (25 nanoseconds typical). The register file has a nondestructive readout in that data is not 
lost when addressed. 

All '170 inputs and all inputs except the read enable and write enable of the 'LS170 are buffered to lower the drive 

requirements to one Series 54/74 or Series 54LS/74LS standard load, respectively. Input-clamping diodes minimize 

switching transients to simplify system design. High-speed, double-ended AND-OR-INVERT gates are employed for the 

read-address function and drive high-sink-current, open-collector outputs. Up to 256 of these outputs may be wire-AND 

connected for increasing the capacity up to 1024 words. Any number of these registers may be paralleled to provide 

n-bit word length. 

The SN54170 and SN54LS170 are characterized for operation over the full military temperature range of —55 ° C to 

125° C; the SN74170 and SN74LS170 are characterized for operation from 0 ° C to 70° C. 

PRMICTION i.? . 1 • ocuments contain information 
). •.. • as of • 	• •Ion date. Products conform to 

-0—illation. pc. 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54170, SN74170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 
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SN54170, SN54LS170, SN74170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) 

WRITE INPUTS WORD 

WB WA gIN 0 1 2 3 

L L L Q= D Qo GO 00 
L H L CIO (I =  CI  GO Qo 

H L L GO GO Q= G 00 
H H L 00 00 00 0= 0 
X X H Qo 00 00 Q0 

READ FUNCTION TABLE (SEE NOTES A AND DI 

READ INPUTS OUTPUTS 

RB RA GR 01 02 03 04 

L 

L 

H 

H 

X 

L 

H 

L 

H 

X 

L 

L 

L 

L 

H 

W061 

W1B1 

W2B1 

W3B1 

H 

WOB2 

W1B2 

W2B2 

W3B2 

H 

WOB3 

W1B3 

W2B3 

W3B3 

H 

WOB4 

W1B4 

W2B4 

W3B4 

H 

S
e

31
A

a
a
  1

1
1
  

NOTES: A. H = high level, L = low level, X = irrelevant. 

B. IQ D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qo = the level of Q before the indicated Input conditions were established. 

WOBI = The first bit of word 0, etc 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
Input voltage: '170 

'LS170 
Off-state output voltage: '170 

'LS170 	  
Operating free-air temperature range: SN54170, SN54LS170 (see Note 2) 

SN74170,SN74LS170 	  
Storage temperature range 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. An SN54170 in the W package operating at free-air temperatures above 105 ° C requires a heat sink that provides a thermal 

resistance from case to free-air, RooA , of not more than 38 ° C/W 

logic symbolst 

W 
	(14) 

(101 
01 

02 

03 

04 

RAM 4x4 

0 
1A 0  

1 	3 

0 } 2A 0 
1 	•i 

C4 (WRITEI 

EN IREADI 
r 

A 
(131 

WB (51 
RA 	(4)  
RB 

I 2) N 
Cw 
GR  111)r,, 

(151 
1A,4D 2A D1 

(1) (9) 
D2 

PI PI 
D3 

(3) 
D4 

16) 

II-his symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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SN54170, SN74170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

%5.1 rn SN74170 
UNIT --. 

VI'l 	NUM MAX MIN 	NOM MAX 

Supply voltage, VCC 4.0 	5 	5.5 4.75 	5 	5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, lot .  16 16 mA 

Width of write-enable or read-enable pulse, t w  25 25 ns 

Setup times, high- or low-level data 

(see Figure 2) 

Data input with respect to 

write enable, tsu(D) 
10 10 ns 

Write select with respect to 

write enable, t su m) 
15 15 ns 

Hold times, high- or low-level data 

(see Note 3 and Figure 2) 

Data input with respect to 

write enable, th(0) 
15 15 ns 

Write select with respect to 

write enable, th(W) 
5 5 ns 

Latch time for new data, ti atch (see Note 4) 25 25 ns 

Operating free-air temperature range, TA (see Note 2) —55 	 125 0 	 70 ° C 

NOTES: 2. An SN54170 in the W package operating at free-air temperatures above 105 ° C requires a heat sink that provides a thermal 

resistance from case to free-air, Fig CA, of not more than 35 ° C/VV. 

3. Write select setup time will protect the data written Into the previous address. If protection of data in the previous address is not 

required, t,,Ny) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during th(w) 

will result in data being written into that location. Depending on the duration of the Input conditions, one or a number of 

previous addresses may have been written Into. 

4. Latch time Is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is important 

only when attempting to read from a location immediately after that location has received new data, 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VI H High-level input voltage 2 V 

V1L Low-level input voltage 0.8 V 

VII( Input clamp voltage Voo = MIN, 11= —12 mA —1.5 V 

loti High-level output current 
VCC =MIN, 

Vitt = 2 V, 

VOH = 5.5 V, 

VIL = 0.8 V 
30 AA 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

Viti = 2 V, 

loL = 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 AA 

IlL Low-level input current VCC = MAX, V1= 0.4 V —1.6 mA 

Icc Supply current 
VCC = MAX, 

See Note 5 

SN54170 127§ 140 
mA 

SN74170 127§ 150 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condi Ions. 

tAll typical values are at VCC = 5 V, TA = 25C. 

§Typical supply current shown is an average for 50% duty cycle. 

NOTE 5: Maximum Icc Is guaranteed for the following worst-case conditions: 4.5 V is applied to all data Inputs and both enable Inputs, all 

address Inputs are grounded, and all outputs are open. 
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TYPICAL OF ALL OUTPUTS 

OUTPUT 

'170 

EQUIVALENT OF EACH INPUT 

vcc 

4 kS-.,. NOM 

a INPUT 

SN54170, SN74170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETERt 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH Read enable Any 0 CL = 15 pF, 

RL = 400 0, 

See Figures 1 and 2 

10 	15 
ns 

tptiL 20 	30 

tPLH 
Read Select Any Q 

23 	35 
ns 

tPHL 30 	40 

tPLH 
Write enable Any Q CL = 15 pF, 

R L = 400 0, 

See Figures 1 and 3 

25 	40 
ns 

tPHL 34 	45 

tPLH 
Data Any Q 

20 	30 
ns 

tpHL 30 	45 

se
a
in

a
a
  1

1
1
  

ttPLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

schematics of inputs and outputs 

'170 
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SN54LS170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS170 SN74I c170 
UNIT 

MIN 	NOM MAX MIN 	f. 0." 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	... 	5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, 101_ 4 8 mA 

Width of write-enable or read-enable pulse, t w  25 25 ns 

Setup times, high- or low-level data 

(see Figure 2) 

Data input with respect to 

write enable, tsu)D) 
10 10 ns 

Write select with respect to 

write enable, i s 	,• 
15 ii 15 ns 

Hold times, high- or low-level data 

(see Note 3 and Figure 2) 

Data input with 	ct to 

write enable, thIDI 
15 15 ns 

Write select with respect to 

write enable, %(VO 
5 5 ns 

Latch time for new data, tlatch  (see Note 4) 25 25 ns 

Operating tree-air temperature range, TA -55 	 125 0 	 70 

NOTES: 3. Write-select setup time will protect the data written into the previous add ass. If protection of data in the previous address is not 

required, tsu(W)  can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during th(W) 

will result in date being written into that location. Depending on the duration of the Input conditions, one or a number of 

previous addresses may have been written into. 

4. Latch time Is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is important 

only when attempting to read from a location Immediately after that location has received new data. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSI 
SN54LS170 SN74LS170 

UNIT 
MIN TYP# MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 
v1L  Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

I(-J R High-level output current 
VCC = MIN, 	VOH = 5.5 V, 

VII_ = VII_ max, VIR = 2 V 
100 100 AA 

VOL Low-level output voltage 

VCC = MIN. 

VIH = 2 V, 

VIC" VIL max 

IOL = 4  mA 0,25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

I 	I 
Input current at 

maximum input voltage 

Any D, R, or W 
VCC = MAX, 	VI = 7 V 

0.1 0.1 
mA 

UR Or to, 0.2 0.2 

II H High-level input current 
Any D, R, or W 

VCC = MAX, 	VI = 2.7 V 
20 20 

pA 
UR or Uw 40 40 

II L Low-level input current 
Any D, R, or W 

VCC = MAX, 	Vi= 0.4 V 
-0.4 -0.4 

mA 
U 	or R 	GIN -0.8 -0.8  

ICC Supply current VCC = MAX, 	See Note 5 25 40 25 40 mA 

IFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAll typical values are at VCC = 5 V, TA = 25°C. 

NOTE 5: ICC is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all address inputs are ground, 
and all outputs are open. 
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TYPICAL OF ALL OUTPUTS 

OUTPUT 

'LS170 

SN54LS170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER? 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Read enable Any Q CL .: 15 pF, 

RL = 2 Id-2, 

See Figures 1 and 2 

20 	30 
ns 

,PHL 20 	30 

tpLH tPLH 
Read select Any Q 

25 	40 
ns 

24 	40 

tPLH 
Mite enable Any CI CL - 15 pF, 

FI L = 2 kit, 

See Figures 1 and 3 

30 	45 
ns 

IPHL  26 	40 

tPLH 
Data Any 0 

30 	45 
ns 

tPHL 22 	35 

t tpLH = propagation delay time, low-to-high-level ou put 

tPHL = propagation delay time, high-to-low-level output 

schematics of inputs and outputs 

'LS170 

EQUIVALENT OF EACH INPUT 

vcc 

INPUT 

   

  

    

Any D, IR, or VV 	 20 k!.2 NOM 

GR or T3w R,2 ,, 10 kSi NOM 
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WRITE-SELECT 

INPUT WA or WB 	/Vref 
(See Note A) 

FIGURE 1 

3V 

0 V \V ref 

SN54170, SN54LS170, SN74170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

VC C 

FROM OUTPUT 
	

TEST 

UNDER TEST 
	

POINT T CL 

C L  inciriCier probe and iro capacitance 

LOAD CIRCUIT 

t-wv )---I I- 	
th(W) 

I 	I 	 3 V DATA INPUT 

D1, D2, D3, or D4 	 I 	 I 	 Vref 
(See Note A) 	 I  

I 	 [h(D) 
	  0 V—

I —Htsu(0)1-.-- 

1-4--t v., 	  3 V 

Vref 	Vref  

ch 

	  3V 

I '.-- 1 ,v  

V 

	I 	 3 V 

Vref  

	

I 	Vref 

I 	
I 	

I 	  0V 
I 	 I 	L..._  .. 

'PLR ' - I F.-01 ,PHI- I 

	

I 	I 	 VOH 

i 	 Vief I 	V, e f 

I 	i 	I 	 VOL 
—.1 t  PHL Iii.—  , 

—0-i ,FL I-I I-..— 

VOLTAGE VVAVE FORMS 

FIGURE 2 

NOTES: A. High-level input pulses at the select and data inputs are illustrated in Figure 2; however, times associated with low-level pulses are 

measured from the same reference points. 

B. When measuring delay times from a read -select input, the read -enable input is low. When measuring delay times from the 

read-enable input, both read - select inputs have been established at steady states. 

C. In Figure 3, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are 

stablized with WA = RA and WB = RB. During the test GR is low. 

D. Input waveforms are supplied by generators having the following characteristics: PAR C 1 MHz, Zout  50 12, duty cycle C 50%, 

< 10 ns and tf C 10 ns for '170, and tr  C 15 ns and tf < 6 ns for 'LS170. 

E. For '170, Vref = 1.5 V; for 'LS170, V ref = 1.3 V, 

TEXAS 
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WRITE-ENABLE 

INPUT GW 

READ-SELECT 

INPUT RA or RB 

(See Note B) 

READ-ENABLE 

INPUT GR 

OUTPUT 

01, 02, 03, or 04 

V ,„f 
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3V 

3V 

V 

DATA INPUT 
D1, D2, D3 or 04 	Vref 

WRITE-ENABLE 	I 

INPUT bw  

OUTPUT 

01, 02, Q3, of Q4 

0 V 

\Vref 

I 	  0 V 

1 ,— IPLH 

IT, 	
V,„f 

D V 

SN54170, SN54LS170, SN74170, SN74LS170 
4-BY-4 REGISTER FILES WITH OPEN-COLLECTOR OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

3V 
DATA INPUT 

V re f D1, D2, D3 or 04 j 
0 V 

VVRITE.ENABLE 
3V 

INPUT Gin Vi el  

0 V 

tPLH —0-1 tPHL 

OUTPUT 
VOH 

Q1, Q2, Q3 or 04 
Vraf Vref 

VOL 

VOLTAGE WAVEFORM 1 

3 V 

VOLTAGE WAVEFORM 2 

FIGURE 3 

NOTES: A. High-level input pulses at the select and data inputs are Illustrated in Figure 2; however, times associated with low-level pulses are 

measured from the same reference points. 

B. When measuring delay times from a read-select Input, the read-enable input is low. When measuring delay times from the 

read-enable input, both read-select inputs have been established at steady states. 

C. In Figure 3, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are 

stabilized with WA = RA and WB = RB. During the test GR is low. 

D. Input waveforms are supplied by generators having the following characteristics: PRR G 1 MHz, Z out  50 O. duty cycle G 50%, 

t r  < 10 ns and tf < 10 ns for '170, and t r < 15 ns and tf < 6 ns for 'LS170. 

E. For '170, V re f = 1.5 V: for 'LS170, V „f = 1,3 V. 
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logic symbol t 

CLR 

CL K 

VCC 
10 

10 

CLR 

CLK 

4D 

40 
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SN54LS171, SN74LS171 
QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

DECEMBER 1983 - REVISED MARCH 1988 

Contains Four Flip-Flops with Double Rail 	 SN54LS171 ... J OR W PACKAGE 

Outputs 	 SN74LS171 	D OR N PACKAGE 

(TOP VIEW) 
Buffered Clock and Clear Inputs 

Individual Data Inputs to Each Flip-Flop 

description 

These monolithic, positive-edge triggered flip-flops 

utilize the latest low-power Schottky circuitry to imple-

ment D-type flip-flop logic. They have a direct clear in-

put and complementary outputs from each flip-flop. 

Information at the D inputs meeting the setup time re-

quirements 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. 

logic diagram (positive logic) 

Pin numbers shown are for D, J, N, and W packages  

16 
20 

20 

2D 

3D 

30 

30 

GND 

SN54LS171 . FK PACKAGE 

(TOP VIEW) 

ICJ dU  UCl 
Z > 

L_11-J L_I 
3 2 1 20 19 

2Q 4 	 18 1D 

2D 5 	 17 CLR 

NC 6 	 16 NC 

3D 7 	 15 CLK 

3Q 8 	 14 4D 

9 10 11 12 13 

)0 a la a o 
el 2 Z 

NC-No internal connection 

FUNCTION TABLE 

(EACH FLIP-FLOP) 

INPUTS OUTPUTS 

CLR CLK D Ct 	r.1 

L X X 

I
 -
I
 I

  
.
 0
  

10
  0
 

-I  
I
  
J
  

a
  

H 1 H 

H 1 L 

H L X 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC 

Publication 617-12. 

Inniig • fin :•?.'? Dowels contain information 
c 	is of :I. • on date. Products conform to 
s n ...i...tions 	::•- terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of ell parameters. 
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SN54LS171, SN74LS171 
QUADRUPLE D•TYPE FLIP-FLOPS WITH CLEAR 

schematics of inputs and outputs 

EQUIVALENT OF 
D INPUTS 

VCC 

EQUIVALENT OF 
ALL OTHER INPUTS 

VCC 

TYPICAL OF 
ALL OUTPUTS 

	--- - 	VCC 
9 I<S2 

30 kS1 NOM NOM 120 E2 NOM 

INPUT A 4 . . 
INPUT 

OUTPUT IIIII  

Il 

IIII 

Pa 

S
03

1
A

0
a

  1
1
1
  

2-566 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS171 Circuits 	 — 55°C to 125° C 

SN74LS171 Circuits 	  0°C to 70° C 

Storage temperature range 	 — 65°C to 150 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS171 SN74LS171 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 435 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

10H High-level output current — 0.4 — 0.4 mA 

10L Low-level output current 4 8 mA 

(clock Clock frequency 0 20 0 20 MHz 

tw  Width of clock or clear pulse 20 20 ns 

tsu Setup time 
Data input 20 20 

ns 
Clear inactive-state 25 25 

th Data hold time 5 5 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

INSTRUMENTS 
TEXAS 
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SN54LS171, SN74LS171 
QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS .'" 
SN54LS171 SN74LS171 

UNIT 
MIN TYP t MAX MIN TYPt MAX 

VII( Input clamp voltage VCC ' MIN, II = — 18 mA —1.5 —1.5 V 

VOH 
High-level output 

volts ge 

VCC =MIN, 

VII_ = MAX  

VIH =2 V, 
'OH = — 1 mA 2.5 3.4 2.7 3.4 V 

VOL 
Low-level output 

voltage 

Vcc = MIN, 

VII._ = MAX 

VIH = 2 V, OIL = 4  mA 0.25 0.4 0.25 0.4 V 

'OL = 8  mA 0.35 05 V 

II 

Input cal rent at 

maximurnmput 

voltage 

VCC 	MAX ,  VI 	= 	' 	V 0.1 0.1 mA 

ilH 
High-level input 

current VCC = MAX, VI = 2.7 V 20 20 pA 

'IL 

Low-level 

input 

current 

D inputs 
VCC = MAX, Vi = 0.4 V 

—0.4 —0.4  rnA 

All others —0.2 —0.2 mA 

IOS§ 
Short-circuit output 

current 
Vcc = MAX, Vo = 0 V —20 —100 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 1 14 25 14 25 mA 

I For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at VCC = 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. 

NOTE 1: ICC is measured with all inputs grounded and all outputs open, 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS171 
UNIT 

MIN TYP 	MAX 

f max 

RL = 2 ka, 	CL = 15 pF 

20 	30 MHz 

tPLH 
CLK 0, E 

15 	25 ns 

tPHL 18 	30 ns 

tPLH 
CUR 0 

18 	30 ns 

tPHL 24 	40 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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schematics of inputs and outputs 
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VQc 

OUTPUT 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

2W410, 2W/81. 2Will2, 
1GW, 2GW. or Clock- 8" - 4 kg NOM 

Other inputs: R" - 8 MI NOM 

logic symbol t 

is 
SN74172 

16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

MAY 1972—REVISED MARCH 1988 

SN74172 

(TOP VIEW) 

. . . N PACKAGE 

1 W 1 • VCC 
1 WO 1W2 
1GW 13 2211 DA 

1DB 1 4  2112DA 

2DB 15 2o12GW 
CLK 16 1912W/R2 

1R2 2W/ R1 

1R1 2W/ RO 

180 ■ 2GR 
108110 1 GR 
2GB 111 1411QA 

GND ■ 2QA 

Independent Read/Write Addressing Permits 

Simultaneous Reading and Writing 

Organized as Eight Words of Two Bits Each 

Fast Access Times: 

From Read Enable ... 15 ns Typical 

From Read Select . . 33 ns Typical 

• 3-State Outputs Simplify Use in 

Bus-Organized Systems 

• Applications: 

Stacked Data Registers 

Scratch-Pad Memory 

Buffer Storage Between Processors 

Fast Multiplication Schemes 

description 

The SN74172, containing the equivalent of 201 gates 

on a monolithic chip, is a high-performance 16-bit 

register file organized as eight words of two bits each. 

Multiple address decoding circuitry is used so that the 

read and write operation can be performed indepen-

dently on two word locations. This provides a true 

simultaneous read/write capability. Basically, the file 

consists of two distenct sections (see Figure 1). 

Section 1 permits the writing of data into any two-bit 

word location while reading two bits of data from 

another location simultaneously. To provide this 

flexibility, independent decoding is incorporated. 

Section 2 of the register file is similar to section 1 

with the exception that common read/write address 

circuitry is employed. This means that section 2 can 

be utilized in one of three modes: 

1) Writing new data into two bits 

21 Reading from two bits 

3) Writing into and simultaneously 
reading from the same two bits. 

Regardless of the mode, the operation of section 2 is 

entirely independent of section 1. 

RAM 8x2 

IWO 

1W1I 
11) 	 0 

1W2 (73)  

1R 	(9)  

IR1

0 

  (8) 	
0 	

2A 

1R2 (7) 	 

IGIN (3) rte, C4 

1GR (15)r-,/ EN6 

21N/R0 
1171  

	

2W/R1 (181 
	

3A 9 
2W/R2 

119)  

20W 	 C5 

2GR 	 EN7 

	

CLOCK 
16) 

	 

	

122/ 	

ca 

114/ 
1DA 	 1A 480 	2A,6 V 	 10A 

,..„ 
2DA 

1211 	
3A,5,8D 	3A,7 	i/-1122- 20A 

1DB —1(4) 	IA,4,8D 	2A.6 V 
...1■_.-1°)111) 208 2D8 (5) 	 3A 58D 	3A,7 

t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

12/ 

Ntep 
PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 
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description (continued) 

The three-state outputs of this register file permit connection of up to 129 compatible outputs and one Series 54/74 

high-logic-levet load to a common system bus. The outputs are controlled by the read-enable circuitry so that they 

operate as standard TTL totem-pole outputs when the appropriate read-enable input is low or they are placed in a 

high-impedance state when the associated read-enable input is at a high logic level. To minimize the possibility that two 

outputs from separate register files will attempt to take a common bus to opposite logic levels, the read-enable circuitry 

is designed such that disable times are shorter than enable times. 

All inputs are buffered to lower the drive requirements of the clock, read/write address, and write-enable inputs to one 

normalized Series 54/74 load, and of all other inputs to one-half of one normalized Series 54/74 load. 

Functions of the inputs and outputs of the SN74172 are as shown in the following table. 

FUNCTION SECTION 1 SECTION 2 DESCRIPTION 

Write Address 1WO, 1W1, 1W2 2W/R0, 2W/R1, 2W/R2 
Binary write address selects one of eight two-bit 

word locations. 

Write Enable 1GW 2GW 

When low, permits the writing of new data into 

the selected word location on a positive transition 

of the clock input. 

Data Inputs 1 DA, 1DB 2DA, 2DB 

Data at 	these 	inputs is entered on a positive 

transition of the clock input into the location 

selected by the write address inputs if the write 

enable input is low. Since the two sections are 

independent, it is possible for both write functions 

to be activated with both write addresses selecting 

the same word location. If this occurs and the 

information at the data inputs is not the same for 

both sections ( i.e., 1DA * 2DA and/or 

1DB * 2DB) the low-level data will predominate 

in each bit and be stored. 

Read Address 1R0,1R1,1R2 
Common with 

write address 

Binary write address selects one of eight two-bit 

word locations. 

Read Enable 1G R 2GR 
When read enable is low, the outputs assume the 

levels of the data stored in the location selected by 

read address inputs. When read enable is high, the 

associated outputs remain in the high-impedance 

state and neither significantly load nor drive the 

lines to which they are connected. 
Data Outputs 10A, 10B 2C1A, 20B 

Clock CK 

The positive-going transition of the clock input 

will enter new data into the addressed location if 

the write enable input is low. The clock is 

common to both sections. 
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SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

WRITE 
ADDRESS 

1W 

/ 	1 71-1\- 2 \  

12) 	111 	123) 

READ 
ADDRESS 

1R 

CO---Al2—  \ 

19) 18) 17)t 

READ 
— . 
115) •.. 

CLOCK 

DUAL 

1-LINE TO 8-LINE 

DEMULTIPLEXER 

DUAL 

1-LINE TO 8-LINE 

DEMULTIPLEXER 

DUAL 
8-LINE TO 1-LINE 
MULTIPLEXER 

DUAL 
8-LINE TO 1-LINE 

MULTIPLEXER 

a. 

O 

20A 

114) 

110) 

113) 

1DB 

2DB 

8-WORD 

BY- 

2-B IT 
STORAGE 

REGISTER 
D 

 0 

L 

WRITE 1201 
ENABLE   

2GW 

(17) 118) 119) 

0 	1 	2 

ADDRESS 

WRITE/READ 

2W/R 

(16) READ 
ENABLE 

2GR 

16) 

WRITE 
ENABLE — 

1GVV 	(3) 

121) 
2DA 

15) 

SECTION 1 

SECTION 2 

FIGURE 1 
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SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

2-572 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 

Input voltage 	  

Output voltage (see Note 2) 

Operating free-air temperature range 

Storage temperature 

   

7V 

5.5 V 

	 5.5 V 

	 0°C to 70°C 

—65°C to 150°C 

   

   

   

   

   

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This is the maximum voltage which should be applied to any output when it is in the high-impedance state. 

 

recommended operating conditions 

    

NIIN 	..a.a..1 	MAX I INIT 

v Supply voltage, VCC 4.,L. 	o 	5.25 

High-level output current, loH —5.2 mA 

Low-level output current, loL 16 mA 

Clock frequency, f •clock 0 	 20 MHz 

Width of clock pulse, twiclock) 25 ns 

Setup time, tsu Isee Figure 11 

Write select tw(clock)+10 

ns 
High-level data 30 

Low-level data 45 

Write enable 35 

Hold time, th(see Figure 1) 
Write select 0 

ns 
Write enable 0 

Data release time, t re lease  (see Figure 1) 
High-level data 0 

as 
Low-level data 0 

Operating free-air temperature, TA 0 	 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONCIITIONSt MIN TYPT MAX UNIT 

V 1 H High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —12 mA —1.5 V 

VOH High-level output voltage 
VCC = MIN,  

VIL = 0.8 V, 

VIH = 2 V, 

loH = —5.2 mA 
2.4 3 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIN = 2 V, 

10L= 16 mA 
0.2 0.4 V 

1O(off) Off-state (high-impedance state) output current 
VCC = MAX, Vo = 2.4 V 40 

pA 
VCC = MAX, Vo = 0.4 V —40 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 pA 

IIL Low-level input current 

2W/RO, 2W/R1, 2W/R2, 

1GW, 2GW, or clock VCC = MAX, V1 = 0.4 V 
—1.6 

mA 

Any other input —0.8 

IOS Short-circuit output current§ VCC = MAX —18 —55 mA 

ICC Supply current 
VCC = MAX, 

Outputs open 

All inputs at 4.5 V, 
112 170 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 
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SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25° C, RL = 400 St 

PARAMETER 
TEST 

CONDITIONS 
MIN TYP MAX UNIT 

f max  Maximum clock frequency 

CL = 50 pF, 

See Figure 2 

20 MHz 

IPLI-1 Propagation delay time, low-to-high-level output from read select 33 45 
ns 

tPHL Propagation delay time, high-to-low-level output from read select 30 45 

tp H Propagation delay time, low-to-high-level output from clock 35 50 
ns 

tPHL Propagation delay time, high-to-low-level output from clock 35 50 

tP2H Output enable time to high level 14 30 
ns 

tpzL Output enable time to low level 16 30 

tFHZ Output disable time from high level CL = 5 pF, 

See Figure 2 

6 20 
ns 

tpLZ Output disable time from low level 11 20 

PARAMETER MEASUREMENT INFORMATION 

k"---  tw —.I 

CLOCK ---------\;\ 

	

INPUT 	 1.5 V 	

I 	 3 V 

1.5 V 

I-0— 10 ns--10.1 	 I 	 0 V 
tsu 

(See  Note Cl -± -41 th 

SELECT 
WRITE —a--  —• I 

INPUTS ` 
1.5 V 

	 id 

i 

	

, 	1.5 V 

, I /— — — -- 3  V 

0 V 

' 	  tsu 	 r I 
I 	 1-4-1.-1,  rel ease 

(HIGH-LEVEL DATA) 

___2K 	 
5 V 	 1.5 N 1. ! 

	

, 	

3 V 
DATA INPUT  

0 V 
I 	, 	 tsu 	 . I 

...... 

 .5 V 	

r.-0-1 trelease 
DATA INPUT 

3V 

	

(LOW-LEVEL DATA) 	 1.5 V1--  

	

WRITE 	 I 

	

ENABLE 	 1.5 V 
INPUTS 

VOH 
1.5 1 11,\___  

VOL 

714 VOH 7 

VOL 

SWITCHING TIMES FROM CLOCK INPUT 

VOLTAGE WAVEFORMS 

FIGURE 2 
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WAVEFORM 1 

(See Note 

READ 

ENABLE 

INPUT 

WAVEFORM 2 

(See Note B) 

---N1 5 V / 5 V 

	  0 V 

t 	kl---1"-1 

4.5 V

L Z 	- 

I 	1 S1 and 

i 	4 _=1.1 S2 closed 
1.5 V 

--- VOL t Hz [_-_,1  0.5 V 0 .5 v  

 VOH 
, 

1.5 V 

	 Ik4z.....=_- v 

, 1.5 V 

Si and 
S2 closed 

L 

I Si closed, 

S2 open \LS V 

S1 open, 

S2 closed 

tZH 

(- 

0 V 

3V 

SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

SO
O

ln
e
a
  
i
n

  

ENABLE AND DISABLE TIMES FROM READ ENABLE 

NOTES: A. Input waveforms are supplied by pulse generators 

having the following characteristics: t r  < 7 es, 

tf < ns, PRR = 1 MHz, Zout ^ 50 12. 
B. Waveform 1 is for an output with internal conditions 

such that the output is low except when disabled. 

Waveform 2 is for an output with internal conditions 

such that the output is high except when disabled. 

C. Write select setup time, as specified, will protect data 

written into previous addi ess. 

D Load circuit is shown on page 

VOLTAGE WAVEFORMS 

FIGURE 2 (continued) 
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3-State Outputs Interface Directly with 
System Bus 

is Gated Output-Control Lines for Enabling 
or Disabling the Outputs 

Fully Independent Clock Virtually Elimi-
nates Restrictions for Operating in One of 
of Two Modes: 

Parallel Load 
Do Nothing (Hold) 

• For application as Bus Buffer Registers 

SN54173, SN54LS173A . . . J OR,W PACKAGE 

SN74173 . N PACKAGE 

SN74LS173A . . . D OR N PACKAGE 

(TOP VIEW) 

N 
10 

2Q 

3Q 

4Q 

CLK 

GND 

VCC 
CLR 
1D 
2D 

3D 

4D 

G2 

G1 

SN54LS173A 	FK PACKAGE 

(TOP VIEW) 

TYPICAL 	MAXIMUM 	TYPICAL 
TYPE 	PROPAGATION 	CLOCK 	POWER 

	

DELAY TIME 	FREQUENCY DISSIPATION 

u 

2 2 z > u 
1—J L__./1--1I_J L-J 

'173 	23 ns 	 35 MHz 	250 mW 

'LS173A 	18 ns 	50 MHz 	95 mW 

description 

The '173 and 'LS173A four-bit registers include D-type 

flip-flops featuring totem-pole three-state outputs 

capable of driving highly capacitive or relatively low-

impedance loads. The high-impedance third state and 

increased high-logic-level drive provide these flip-flops 

with the capability of being connected directly to and 

driving the bus lines in a bus-organized system without 

need for interface or pull-up components. Up to 128 of 

the SN74173 or SN74LS173A outputs may be con-

nected to a common bus and still drive two Series 54/74 

or 54LS/74LS TTL normalized loads, respectively. 

Similarly, up to 49 of the SN54173 or SN54LS173A 

outputs can be connected to a common bus and drive 

one additional Series 54/74 or 54LS/74LS TTL nor-

malized load, respectively. To minimize the possibility 

that two outputs will attempt to take a common bus to 

opposite logic levels, the output control circuitry is 

designed so that the average output disable times are 

shorter than the average output enable times. 

10 	4  

2Q 	5  
NC 	6 

30 	7 

4C1 	8 

NC - No internal 

3 	2 	1 	20 19 

9 	10 11 12 13 

1 8 

17 

16 

15 

14 

10 

2D 

NC 

3D 

4D 

FUNCTION 

h4 	•"' 
Z Z1010 
Lo 

connection 

TABLE 

INPUTS 
OUTPUT 

G CLEAR CLOCK 
DATA ENABLE DATA 

D G1 a2 

I
 _

I
 -
I
  

-1
 

X
 X 	 X 

X 	 X 

H 	 X 

X 	 H 

L 	 L 

L 	 L 

X
 X

 X
  X

 

0
 
0
  
0

  
c
 o

 -
I  

When either M or N (or both) is (are) high the output is 

disabled to the high-impedance state; however sequential 

operation of the flip-flops is not affected. 
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SN54173, SN54LS173A, SN74173, SN74LS173A 
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS 

OCTOBER 1976 — REVISED MARCH 1988 

Gated enable inputs are provided on these devices for controlling the entry of data into the flip-flops. When both data-enable 

inputs are low, data at the D inputs are loaded into their respective flip-flops on the next positive transition of the buffered 

clock input. Gate output control inputs are also provided. When both are low, the normal logic states (high or low levels) of 

the four outputs are available for driving the loads or bus lines. The outputs are disabled independently from the level of the 

clock by a high logic level at either output control input. The outputs then present a high impedance and neither load nor 

drive the bus line. Detailed operation is given in the function table. 

r III .P• 1 1 1% 	E ocuments contain information 
•• 	_!...n •Ion date, Products conform to 

-0—J1—Ilion. „a :L_ terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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C1 

131 13) 10 
141 20 
161 30 
161 	40 

10 
141 20 
15) 

30 

16) 40 

logic symbols t 

'173 

CL0 15)  
M  111  

N  (2) ^ 	EN  

▪ (9)  

G2  (101p, 

 CLK (7) 

 m1141 

2D (13)  
3D  1121 

4D (11) 

'LS173A 

cul(")  
M  (1)  

NJZL-1. 	
EN 

G1  ( 9)  

G2  (10)1.. 	C1 

CLK  (7)  

1D (14) 10 

- 

> 
2D (13)  
3D 1121 

ao 01 ) 

(61
3Q 

11) 

CONTROL 

DATA (14)  
10 

ENABLE a- 2  110) 
DATA 

G1 (9) 

 DATA (13 ) 
2D 

OUTPUT I nn 

N 

1D 

C1 

R 
131  

10 

141
20 

CLOCK 2. ).___(>0 	 

DATA 112)  
3D 

Cl 

DATA Ill) 
4D 

CLEAR (15)  

10 

C 1 

(6) 
 40 

SN54173, SN54LS173A, SN74173, SN74LS173A 
4-BIT 0-TYPE REGISTERS WITH 3-STATE OUTPUTS 

SG
O

In
e
a
  
1
1
1
  

These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

logic diagram (positive logic) 

Pin numbers shown are for D, J, N, and W packages. 
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INPUT 

EQUIVALENT OF EACH INPUT 

VCC 
4 k12 NOM 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF EACH INPUT 

TYPICAL OF ALL OUTPUTS 

SN54173, SN54LS173A, SN74173, SN74LS173A 
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage: '173 	  5.5 V 

	

'LS173A   7 V 

	

Off-state output voltage   5.5 V 

	

Operating free-air temperature range: SN54173, SN54LS173A     —55 ° C to 125° C 

	

SN74173, SN74LS173A   0° C to 70° C 
Storage temperature range 	 —65° C to 150° C 

NOTE 	Voltage values are with respect to network ground terminals. 

schematics of inputs and outputs 

'173 
	

'LS173A 
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SN54173, SN74173 
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54173 SN74173 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —2 —5.2 mA 

Low-level output current, 10L 16 16 mA 

Input clock frequency, • 	. 0 25 0 25 MHz 

Width of clock or clear . . 	• 	tw  20 20 ns 

Setup time, t su  

Data enable 17 17 

ns Data 10 10 

Clear inactive state 10 10 

Hold time, th 
Data enable 2 2 

ns 
Data 10 10 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP# MAX UNIT 

VIH High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

V I K Input clamp voltage VCC = MIN, II= —12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 
VII_ = 0.8 V, 

ViH = 2 V, 

loH = MAX 
2.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

ViH = 2 V, 

101_ = 16 mA 
0.4 V 

lo(off) Off-state (high-impedance state) output current 
Voo = MAX, 

ViH = 2 V 

Vo = 2.4 V 40 
pA 

Vo = 0.4 V —40 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

III High-level input current VCC = MAX, Vi = 2,4 V 40 pA 

II L Low-level input current VCC = MAX, Vi = 0.4 V —1.6 mA 

IOS Short-circuit output current § VCC = MAX —30 —70 mA 

ICC Supply current VCC = MAX, See Note 2 50 72 mA 

For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: ICC is measured with all outputs open; clear grounded following momentary connection to 4.5 V; N, G1, G2, and all data inputs 

grounded; and the clock input and M at 4,5 V. 

switching characteristics, VCC = 5 V, TA = 25 ° C, RL = 400 S2 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max  Maximum clock frequency 

Ci, = 50 pF, 

See Note 3 

25 35 MHz 

tPHL Propagation delay time, high-to-low-level output from clear input 18 27 ns 

tPLH Propagation delay time, low-to-high-level output from clock input 28 43 
ns 

TPHL Propagation delay time, high-to-low-level output from clock input 19 31 

. tpzH Output enable time to high level 7 16 30 
ns 

tpzi_ Output enable time to low level 7 21 30 

, PHZ Output disable time from high level CL ''' 5 PP, 

See Note 3 

3 5 14 
ns 

tpLZ Output disable time from low level 3 11 20 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS173X 	i 	filiiriLst73 

MIN TYPt MAX MIN TYPT .M, ,
UNIT

... 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.7 0.8 V 

VI K Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
Voo 

= V 

 MIN, 

VII_ = 	 iLmax 

Val = 2 V, 

1 MAX 0H =  
2.4 3.4 2.4 3.1 V 

VOL Low-level output voltage 
VCC = MIN, 

viL= 0.8 V 

loL .-- 12 mA 0.25 0.4 0.25 0.4 
V 

lot_ = 24 mA 0.35 0.5 

10( O H) Off-state (high-impedance state) output current 
VCC = MAX, 

VIH = 2 V 

Vo = 2.7 V 20 20 
pA 

Vo = 0.4 V -20 -20 

I 	I Input current at maximum input voltage VCC = MAX, V1 .-- 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, Vi -- 2.7 V 20 20 pA 

'IL Low-level input current VCC = MAX, Vi ,--- 0.4 V -0.4 -0.4 mA 

105 Short-circuit output current§ VCC = MAX -30 -130 -30 -130 mA 

ICC Supply current VCC = MAX, See Note 2 19 30 19 24 mA 
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SN54LS173A, SN74LS173A 
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS173A SN74LS173A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -1 -2.6 mA 

Low-level output current, loL 12 24 mA 

Input clock frequency, (clock 0 30 0 30 MHz 

Width of clock or clear pulse, t w  25 25 ns 

Setup time, t su  

Data enable 35 35 

ns Data 17 17 

Clear inactive state 10 10 

Hold time, th 
- 

Data enable 0 0 
ns 

Data 3 3 

Operating free-air temperature, TA -55 125 0 70 ° C 

1.  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values ere at VCC = 5 V, TA = 25° C. 

§ Not more than one output should be shorted et a time. 

NOTE 2 loo  is measured with all outputs open; clear grounded following momentary connection to 4.5 V; N, 01, G2, and all data inputs 

grounded; and the clock input and M at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25 ° C, 13L = 667 S-2 

PARAMETER TEST CONDITIONS MIN VIP MAX UNIT 

f max Maximum clock frequency 

CL = 45 PF, 

See Note 3 

30 50 MHz 

tpHL Propagation delay time, high-to-low-level output from clear input 26 35 ns 

tp LH Propagation delay time, low-to-high-level output from clock input 17 25 
ns 

tPHL Propagation delay time, high-to-low-level output from clock input 22 30 

tpZH Output enable time to high level 15 23 
ns 

tPZL Output enable time to low level 18 27 

tPHZ Output disable time from high level CL = 5 pF, 

See Note 3 

11 20 
ns 

IPLZ Output disable time from low level 11 17 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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These circuits are fully compatible for use with most 

TTL circuits. 

FUNCTION TABLE 

• JP-FLOP/ 

CLR 
10 

10 

2D 

20 
20 

GND 

VCC 
4Q 

46 
4D 

3D 

30 

30 

CLK 

SN54LS175, SN54S175 . . FK PACKAGE 

SN54174, SN54175, SN54LS174, SN54LS175, SN54S174, SN54S175, 
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN74S175 

HEXIQUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 
DECEMBER 1972-REVISED MARCH 1988 

'174, 'LS174, 'S174 ... HEX D-TYPE FLIP-FLOPS 
'175, 'LS175, 'S175 	QUADRUPLE D-TYPE FLIP-FLOPS 

• '174, 'LS174, 'S174 Contain Six Flip-Flops 
with Single-Rail Outputs 

• '175, 'LS175, 'S175 Contain Four Flip-Flops 
with Double-Rail Outputs 

• Three Performance Ranges Offered: See 
Table Lower Right 

• Buffered Clock and Direct Clear Inputs 

• Individual Data Input to Each Flip-Flop 

• Applications include: 
Buffer/Storage Registers 
Shift Registers 
Pattern Generators 

description 

These monolithic, positive-edge-triggered flip-flops 

utilize TTL circuitry to implement D-type flip-flop logic. 

All have a direct clear input, and the '175, 'LS175, and 

'S175 feature 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. 

SN54174, SN54LS174, SN54S174 	J OR W PACKAGE 
SN74174 	N PACKAGE 

SN74LS174, SN74S174 	D OR N PACKAGE 

(TOP VIEW) 

CLR 	 VCC 
lo  12 	151  6Q 

10 	 6D 

2D 14 	131 5D 

201 5 	 5C1 
3D 16 	111 4D 

3Q 	 aQ 

GND 18 	91 CLK 

SN54LS174, SN54S174 ... FK PACKAGE 

(TOP VIEW) 

cc 	U 
0 u 

z > 

1D1 4 	 1816D 

2D1 5 	 17 1 50 

NC1 6 	 161 NC 

2Q1 7 	 5Q 

3D18 	 14 14D 

0 Z 	Ne 
z z 

SN54175, SN54LS175, SN54S175 ... J OR W PACKAGE 
SN74175 . . N PACKAGE 

	

SN74LS175, SN74S175 	D OR N PACKAGE 

(TOP VIEW) 

1-i 	high level (steady state) 

L = low level (steady state) 

X = irrelevant 

= transition learn low to high level 

Clo = 

 

the level of 0 before the indicated steady-state 

input conditions were established. 

= '175, 'LS175, end 'S175 only 

TYPICAL 	TYPICAL 

TYPES 	
MAXIMUM 	POWER 

CLOCK 	DISSIPATION 

FREQUENCY PER FLIP-FLOP 

'174,'175 	 35 MHz 	38 inW 

'LS174, 'LS175 	40 MHz 	14 mtV 

S174, S175 	110 MHz 	75 mVV 

10 

NC 

NC 

(TOP VIEW) 

(-) 
0 

z 	
0 

> 

40 
40 

NC 

3D 

3(1 

3 	2 	1 20 19 

4 	 18  1 
5 	 17  1 
6 	 16  I 

15  1 
14  1 

9 	10 11 12 13 

0 0 	Ne 
NZZ-Ico 

CD 

- No internal connection 

PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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logic symbols 

CLR 

CLK 

t 

(1) 

'174 

C1 
191 

(31 (21 
10 1D 10 

(4) 15) 
2D 20 

161 (7) 
3D 30 

(111 (10) 
4D 40 

1131 112) 5D 50 
(141 (15) 

6D 60 

'175 

10 

1E1 

2Q 

30 

4Q 

45 

SN54174, SN54175, SN54LS174, SN54LS175, SN54S174, SN54S175, 
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN74S175 
HEXIOUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

logic diagrams (positive logic) 

S
eD

IA
O

C
I  

1
1

1
  

'174, 'LS174. 'S174 

 

'175, 'LS175, 'S175 

 

Pin numbers shown are for D, J, N, and W packages. 
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I 	 vc c 

INPUT 

INPUT 

vcc 50 
NOM 

OUTPUT 

SN54LS174, SN54LS175, SN74LS174, SN74LS175 

SN54S174, SN54S175, SN74S174, SN74S175 

EQUIVALENT OF ALL INPUTS 

VcC 
11,„ 

INPUT 

Clock, D R eq  - 8 l<.,2 NOM 

Clear: R eq  = 4 kU NOM 

TYPICAL OF ALL OUTPUTS 

v cc 
100 2.2. 

NOM 

OU {PUT 

EQUIVALENT OF ALL INPUTS 

Clock R e„ = 23 02 NOM 

Clear. fa: R eq  = 28 89 NOM 

EQUIVALENT OF ALL INPUTS 

VCC 
8 

NOM 

TYPICAL OF ALL OUTPUTS 
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SN54174, SN54175, SN541.S174, SN54LS175, SN54S174, SN54S175, 
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN74S175 

HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

schematics of inputs and outputs 

SN54174, SN54175, SN74174, SN74175 
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SN54174, SN54175, SN74174, SN74175 
HEXIOUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 	  

Operating free-air temperature range: SN54174, SN54175 Circuits 
SN74174, SN74175 Circuits 

7V 

5,5 V 

—55° C to 125°C 

	 0°C to 70° C 

—65° C to 150° C Storage temperature range 

  

  

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

  

SN54174, SN54175 SN74174, SN74175 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —800 - 	• 	IA 

Low-level output current, loL 16 ,= mA 

Clock frequency,( clock 0 25 0 25 MHz 

Width of clock or clear pulse, t w  20 20 ns 

Setup time, t 5t, 
Data Input 20 20 vs 

Cleat mactam-state 20 25 vs 

Data hold time, th 5 5 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

Pr.liA ,.•1 rER I 	I 	) "%Oil kg.. MIN TYPT MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VII< Input clamp voltage VCC = MIN, II= —12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v iL  = 0.8 V, 

VIH = 2 V, 

loH = —800 uA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ - 0.8 V, 

VI H = 2 V, 

10L= 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

IIFI High-level input current VCC = MAX, Vi = 2.4 V 40 kiA 

IlL Low-level input current VCC = MAX, VI = 0.4 V —1.6 mA 

los Short-circuit output current§ VCC = MAX 
SN54' —20 —57 

mA 
SN74• —18 —57 

ICC Supply current VCC = MAX, See Note 2 
174 45 65 

mA 
'175 30 45 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 

T-411 typical values are at VCC = 5 V, TA = 

SNot more than one output should be shorted at a time. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, ICC is measured after a momentary ground, then 4.5 V, is 

applied to clock. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max  Maximum clock frequency 

CL = 15 pF, 

RL = 400 CS, 

See Note 3 

25 35 MHz 

tPLH 
Propagation delay time, low-to-high-level output from clear 

(SN54175, SN74175 only) 
16 25 ns 

tpHL Propagation delay time, high-to-low-level output from clear 23 35 ns 

tPLH Propagation delay time, low-to-high-level output from clock 20 30 ns 

tpHL Propagation delay time, high-to-low-level output from clock 24 35 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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'1‘1541S174, SN54LS175, SN74LS174, SN74LS175 
HEXIQUADRUPLE 0-TYPE FLIP-FLOPS WITH CLEAR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Operating free-air temperature range: SN54LS174, SN54LS175 Circuits  	—55° C to 125° C 

SN74LS174, SN74LS175 Circuits 	  0°C to 70°C 

Storage temperature range  	—65° C to 150° C 

NOTE l• Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS174 

SN54LS175 

SN74LS174 

SN74LS175 UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —400 —400 pA 

Low-level output current, 101_ 4 8 mA 

Clock frequency,fclock 0 30 0 30 MHz 

Width of clock or clear pulse, t o., 20 20 ns 

Setup time, tsu 
Data Input 20 20 ns 

Clear inactive-state 25 25 ns 

Data hold time, th 5 . 5 ns 

Operating free-air temperature, TA —55 125 0 70 `C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54LS174 

SN54LS175 

SN74LS174 

SN74LS175 UNIT 
MIN TYP I MAX MIN TYPt MAX 

VI H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC' ."-• li = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 

	

VCC ' • 	V1H = 2 V, 

	

' 	. 

VI L '' VILmax. IOH = —400µA 
2.5 3.5 2.7 3.5 V 

VOL Low-level output voltage 
VCC = MIN, 

vIL = VI L max 

V1H = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
Vcc = MAX, VI = 7 V 0.1 0.1 mA 

11H High-level input current VCC = MAX, Vi = 2.7 V 20 20 :IA 

I IL Low-level input current VCC = MAX, Vi = 0.4 V —0.4 —0.4 mA 

105 Short-circuit output current S•• VCC' MAX -20 —100 —20 —100 mA 

ICC Supply current VCC =MAX, See Note 2 
'LS174 16 26 16 26 

'LS175 11 18 11 18 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

f All typical values are at VCC 5 V, TA 25 C 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and 4 5 V applied to all data and clear inputs, ICC is measured after a momentary ground, then 4.5 V. is 
applied to clock 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
'LS174 'LS175 

UNIT 
MIN TYP MAX MIN TYP MAX 

f inax  Maximum clock frequency 

CL = 15 pF, 

RL = 2 kit, 

See Note 3 

30 40 30 40 MHz 

1PLH Propagation delay time, low-to-high 	: 	rom clear 20 30 vs 
IPHL Propagation delay time, high-to-low 	......;.._..mm clear 23 35 20 30 ns 

tpLH Propagation delay time, low-to-high-level output from clock 20 30 13 25 ns 

tpHL Propagation delay time, high-to-low-level output from clock 21 30 16 25 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S174, SN54S175, SN74S174, SN74S175 
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
Input voltage 
Operating free-air temperature range: SN54S174, SN54S175 Circuits 

SN74S174, SN74S175 Circuits 

7V 
  5.5 V 
—55° C to 125° C 
  0°C to 70°C 
—65° C to 150° C Storage temperature range 

  

  

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

  

SN54S174, SN54S175 SN745174, SN7 : .. 	' 

Mr.o., 
UNIT 

MIN NOM MAX MIN NOM 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output Current, lc,H —1 —1 mA 

Low-level output current, 1,0L 20 20 mA 

Clock frequency,fclock 0 75 0 75 MHz 

Pulse width, t,A, 
Clock 7 7 

ns 
Clear 10 10 

Setup time, t su  
Data input 5 5 

ns 
Clear inactive-state 5 5 

Data hold time, th 3 3 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TVP# MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI K Input clamp voltage VCC = MIN, ly —18 mA —1.2 V 

VOH High-level output voltage 
VCC = MIN, 

VIL = 0.8 V, 

VIH = 2 V. 

10H = —1 mA 

SN54S' 2.5 3.4 
V 

SN74S' 2.7 3.4 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

Ic_ - 20 mA 
0.5 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 ' mA 

IDA High-level input current VCC - MAX, Vi = 2.7 V 50 pA 

'IL Low-level input current VCC = MAX, Vi = 0.5 V —2 mA 

IOS Short-circuit output current§ VCC = MAX —40 —100 mA 

ICC Supply current VCC = MAX, See Note 2 
'174 90 144 

mA 
'175 60 96 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
,l101 typical values are at VCC = 5 V, TA = 25 ° C 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, ICC is measured after a momentary ground, then 4.5 V, is 

applied to clock. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS ••: 

,:.. 

TNT 	•.':. • UNIT 

f ma. 	Maximum clock frequency 

CL= 15 pF, 

R L = 280 tl, 

See Note 3 

110 MHz 

Propagation delay time, low-to-high-level Q output from clear 
tPLH 

(SN54S175, SN74S175 only) 
10 15 ns 

tPHL Propagation delay time, high-to-low-level 0 output from clear 13 22 ns 

1PLH 	Propagation delay time, low-to-high-level output from clock 8 12 ns 

tPHL 	Propagation time, high-to-low-level output from clock 11.5 17 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54176, SN54177, SN74176, SN14177 
35-MHz PRESETTABLE DECADE AND 

BINARY COUNTERSILATCHES 
MAY 1971—REVISED MARCH 1988 

! 	• Reduced-Power Versions of SN54196, 
SN54197, SN74196, and SN74197 

50-MHz Counters 

• D-C Coupled Counters Designed to Replace 

Signetics 8280, 8281, 8290, and 8291 

Counters in Most Applications 

• Performs BCD, Bi-Quinary, or Binary 

Counting 

• Fully Programmable 

• Fully Independent Clear Input 

• Counts at Input Frequencies from 0 

to 35 MHz 

• Input Clamping Diodes Simplify System 

Design 

description 

These high-speed monolithic counters consist of 
four d-c coupled master-slave flip-flops which 
are internally interconnected to provide either a 

divide-by-two and a divide-by-five counter 

ISN54176, SN741761 or a divide-by-two and a 

divide-by-eight counter (SN54177, SN741771. 
These counters are fully programmable; that is, 

the outputs may be preset to any state by 
placing a low on the count/load input and 

entering the desired data at the data inputs. The 
outputs will change to agree with the data inputs 

independent of the state of the clocks. 

These counters may also be used as 4-bit latches 
by using the count/load input as the strobe and 

entering data at the data inputs. The outputs will 

directly follow the data inputs when the 

count/load is low, but will remain unchanged 
when the count/load is high and the clock inputs 

are inactive. 

SN54176, SN54177 . J PACKAGE 

SN74176, SN74177 	N PACKAGE 

(TOP VIEWI 

LOAD 

GC 
C 
A 

GA 
CLK2 

GND 

logic symbolst 

VCC 
CLR 

OD 

B 

GB 
CLK1 

These high -speed counters will accept count 

frequencies of 0 to 35 megahertz at the clock-1 

input and 0 to 17.5 megahertz at the clock-2 

input. During the count operation, transfer of 

information to the outputs occurs on the 
negative-going edge of the clock pulse. The 
counters feature a direct clear which when taken 
low sets all outputs low regardless of the states 

of the clocks. 

All inputs are diode-clamped to minimize 

transmission-line effects and simplify system 
design. The circuits are compatible with most 
TTL logic families. Typical power dissipation is 
150 milliwatts. The SN54176 and SN54177 circuits are characterized for operation over the full military 
temperature range of — 55°C to 125 °C; the SN74176 and SN74177 circuits are characterized for operation 

from 0 °C to 70 °C. 

These symbols are in accordance with ANSI/IEEE Std. 91-1984 
and IEC Publication 617-12. 

PRODUCTION NITA documents contain •1.1.1. lion 
current as of ition date. Produce ' ••.n to 
specifications ,.. :Art terms of Texas I •1 • ants 
standard warranty. Production proces....:.. J— not 
necessarily include testing of all parameters. 
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SN54176, SN54177, SN74176, SN74177 
35-MHz PRESETTABLE DECADE AND 
BINARY COUNTERSILATCHES 

typical count configurations 

FUNCTION TABLES 

SN54176, SN74176 

DECADE (BCD) 	 BI-QUINARY 15-21 

(See Note Al 	 (See Note BI 

se
3!

A
aa

  

SN54176 and SN74176 

The output of flip-flop A is not internally connected 

to the succeeding flip-flops; therefore, the count may 

be operated in three independent modes: 

When used as a binary-coded-decimal decade 

counter, the clock-2 input must be externally 

connected to the QA output. The clock-1 input 

receives the incoming count, and a count 

sequence is obtained in accordance with the 

BCD count sequence function table shown at 

right. 

2. If a symmetrical divide-by-ten count is desired 

for frequency synthesizers (or other appli-

cations requiring division of a binary count by 

a power of ten), the QD output must be 

externally connected to the clock-1 input. The 

input count is then applied at the clock-2 input 

and a divide-by-ten square wave is obtained at 

output QA in accordance with the bi-quinary 

function table. 
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H = high level, L = low level 

NOTES: A. Output CIA connected to clock-2 input. 

B. Output OD connected to clock-1 input. 

3. For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are required. 

Flip-flop A is used as a binary element for the divide-by-two function. The clock-2 input is used to obtain binary 

divide-by-five operation at the GB, QC, and QD outputs. In this mode, the two counters operate independently; 

however, all four flip-flops are loaded and cleared simultaneously. 

SN54177 and SN74177 

The output of flip-flop A is not internally connected to the succeeding flip-flops, 

therefore the counter may be operated in two independent modes: 

1. When used as a high-speed 4-bit ripple-through counter, output GA must be 

externally connected to the clock-2 input. The input count pulses are applied to 

the clock-1 input. Simultaneous divisions by 2, 4, 8, and 16 are performed at the 

CIA, GB, Gc, and QD outputs as shown in the function table at right. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied 

to the clock-2 input, Simultaneous frequency divisions by 2, 4, and 8 are 

available at the QB, QC, and QD outputs. Independent use of flip-flop A is 

available if the load and clear functions coincide with those of the 3-bit 

ripple- thi ough counter. 

FUNCTION TABLE 

SN54177, SN74171 

(See Note AI 
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H = high level, L = low level 

NOTE A: Output OA  connected 

to clock-2 input. 
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SN54176, SN54177, SN74176, SN74177 
35•MHz PRESETTABLE DECADE AND 

BINARY COUNTERSILATCHES 

logic diagrams (positive logic) 



EQUIVALENT OF CLOCK INPUTS 

IP 
NOMINAL VALUES OF 

A1, R2, ,11,1 R3 

INPUT 	'176 	'177 

Clock 1 	4 1.!.: 	4 

Clock 2 	4 kU 	5 511 

VCC 

INPUT 

SN54176, SN54177, SN74176, SN74177 
35-MHz PRESETTABLE DECADE AND 
BINARY COUNTERSILATCHES 

schematics of inputs and outputs 

EQUIVALENT OF COUNT/LOAD, 

CLEAR, AND DATA INPUTS 

VCC 

R eg  

INPUT 

Data, Count/load. R e, = 4 651 NOM 

Clear .  R e, = 2 kSZ NOM 

SO
3

lA
e
a

  1
1

1
  absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

 

Supply voltage, VCC (see Note 11 

Input voltage 

        

7V 

	 5.5 V 

	 5.5 V 

—55° C to 125° C 

	 0°C to 70° C 

—65° C to 150° C 

        

        

Interemltter voltage (see Note 21 

Operating free-air temperature range: SN54176, SN54177 Circuits 

SN74176, SN74177 Circuits 

    

    

    

    

Storage temperature range 

         

         

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the clear and 

count/load inputs. 

recommended operating conditions 

MIN 	NOM MAX UNIT 

Supply voltage, VCC 
SN54' 4.5 5 5 5 

V 
SN74' 4 75 5 5.75 

High-level output current, liovi —800 pA 

Low-level output current, loL 16 mA 

Count frequency (see Figure 1) 
Clock-1 input 0 35 

MHz 
Clock-2 input 0 17.5 

Pulse width, tw  (see Figure 1) 

Clock-1 input 14 

ns 
Clock-2 input 28 

Clear 20 

Load 25 

Input hold time, th (see Figure 1) 
High-level data tw(load) 

ns 
Low-level data tw(load) 

Input setup time, t su  (see Figure 1) 
High-level data 15 

ns 
Low-level data 20 

Count enable time, t enabl e  (see Note 3 and Figure 1) 25 ns 

Operating free-air temperature, TA 
.% 	" —55 125 

° C — 	. 	., 
0 70 

NOTE 3: Minimum count enable time is the interval immediately preceding the negative-going edge of the clout ,  pulse during which interval the 

count/load and clear inputs must both be high to ensure counting, 
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SN54176, SN54177, SN74176, SN74177 
35-MHz PRESETTABLE DECADE AND 

BINARY COUNTERSILATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54176, SN74176 SN54177, sig7,11,71 

'-' 	• • 
UNIT 

MIN TY11: MAX MIN 	TYPt 

VII.{ High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VII< Input clamp voltage VCC = MIN, II ' —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v iL  = 0.8 V, 

Vg...1= 2 V, 

10H = —800 AA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

MIL= 0.8 V, 

VH.1 = 2 V, 

lot_ = 16 mAll 
0.2 0.4 0.2 0.4 V 

I1 Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

lw High-level input curren 

count/load 

VCC = MAX, Vi = 2.4 V 

40 40 

MA clock 1 80 80 

,,,,,,, 2 120 80 

II L Low-level input current 

Data, count/load 

VCC = MAX, VI = 0.4 V 

—1.6 —1.6 

mA  
Clear —3.2 —3.2 

Clock 1 —4.8 —4.8 

Clock 2 —4.8 —3.2 

los Short-circuit output cur ent § VCC = MAX 
SN54' —20 —57 —20 —57 

mA 
SN74' —18 —57 —18 —57 

IBC Supply current VCC = MAX, See Note 4 30 48 30 48 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 °C. 

Not more than one output should be shorted at a time. 

CIA outputs are tested at la = 16 mA plus the limit value of IIL for the clock-2 input. This permits driving the clock-2 input while fanning 

out to 10 Series 54/74 loads. 

NOTE 4: ICC is measured with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, RL = 400 t2, CL = 15 pF, TA = 25 ° C, see figure 1 

PARAMETER# FROM (INPUT) TO (OUTPUT) 
:. • 

MIN 

:176, SN74176 SN54177, SN54177 
UNIT 

TYP MAX MIN TYP MAX 

f max Clock 1 0A 35 50 35 50 MHz 

tpLH 
Clock 1 0A 8 13 8 13 

ns 
tPHL 11 17 11 17 

tpLH 
Clock 2 Qg 

11 17 11 17 
ns 

tPHL 17 26 17 26 

tPLH 
Clock 2 cic 

27  41 27 41 
ns 

tPHL 34 51 34 51 

tPLH 
Clock 2 QD 

13 20 44 66 
ns 

tPHL 17 26 50 75 

tPLH 
A, B, C, D CIA, QB, QC, CID 

19 29 19 29 
ns 

tPHL 31 46 31 46 

tPLH 
Load Any 

29 43 29 43 
ns 

tPHL 32 48 32 48 

tPHL ' Any 32 48 32 48 ns 

Of max  = maximum count frequency. 

tPLH 	propagation delay time, low-to-high-level output. 

tPHL = propagation delay time, high-to-low-level output. 
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SN54176, SN54177, SN74176, SN74177 
35-MHz PRESETTABLE DECADE AND 
BINARY COUNTERS/LATCHES 

PARAMETER MEASUREMENT INFORMATION 
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SN54178, SN74178 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

DECEMBER 1972—REVISED MARCH 1988 

Typical Maximum Clock Frequency ... 39 MHz 

Three Operating Modes: 

Synchronous Parallel Load 
Right Shift 
Hold (Do Nothing) 

Negative-Edge-Triggered Clocking 

• D-C Coupling Symplifies System Designs 

description 

These shift registers utilize fully d-c coupled storage 

elements and feature synchronous parallel inputs and 

parallel outputs. 

Parallel loading is accomplished by taking the shift 

input low, applying the four bits of data, and taking 
the load input high. The data is loaded into the 

associated flip-flop synchronously and appears at the 
outputs after a high-to-low transition of the clock. 

During loading, serial data flow is inhibited. 

Shift right is also accomplished on the falling edge of 
the clock pulse when the shift input is high regardless 

of the level of the load input. Serial data for this 
mode is entered at the serial data input. 

When both the shift and load inputs are low, clocking 

of the register can continue; however, data appearing 
at each output is fed back to the flip-flop input 
creating a mode in which the data is held unchanged. 
Thus, the system clock may be left free-running 

without changing the contents of the register. 

SN54178 . . . J OR W PACKAGE 

(TOP VIEW) 

B 

A 

SER 

QA 
CLK 

0 13 
GND 

logic symbol 

SHIFT 

t 

SRG4 

M1 
191 LOAD M2 

(5)  CLK is,(>C3/1-11. 
1 

SER 13) 
1,3D 14) 

12) A 1,2,3D 

B (1)  1,2,3D 
16) 

OB 
113) 181 

DC 
112) 1101 D  

OD 

tThis symbol is in acco dance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617.12. 

VCC 
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D 

SHIFT 

QD 
LOAD 

QC 

FUNCTION TABLE 

INPUTS OUTPUTS 

SHIFT LOAD CLOCK SERIAL 
PARALLEL 

OA cla QC 0D A 	BCD 

X
 	

S
 

•-• 

X
 X

 X
 S

_J X
 X

 0
,  
X

 
X

 

X
X

,
X

X
 

X
  
X

  o
  
X

 
X

 

X
 X

  
a
  X

 X
 

QA0 

CIAO 
a 

H 

L 

0B0 

080 
b 

0An 

OAn 

000 

OCO 
c 

0Bn 

Olin 

OD° 

ODO 
d 

0Cn 

OCn 

H = high level (steady state), L = low level (steady state) 

X = irrelevant any input, including transitions) 

= transition from high to low level 

a, b, c, d 	the level of steady state input at inputs A, E, C, or D, respectively 

GAO- al3C• GC& °DO the level of QA, QB, 0c, or Q0, respectively, before the indicated steady-state input conditions were established. 

0A„• QB„, Qc p  = the level of OA, 0B, or 0c, respectively, before the most-recent I transition of the clock. 

PRODUCIIPN 9G 1 documents contain information 
cur, 	•• 	- ••• • 'Kim date. Products conform to 

tae terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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14) 151 ,., 

CK 

CLEAR 

161 171 
8 

logic diagram (positive logic) 

SERIAL 131 141  

DATA A (2) 14  

LOAD (9) 110) 

DATA B (1) 12)  

CLEAR 

1101 1111 
OD 

IA:  QC  
CK 

CLEAR 

S 	OD 

►  CK 

R 	op  
CLEAR 

lal 191 ac  

11 21 
OD 
1SN54179 
ONLY) 

CLOCK (5) 15)  ar>  

CLEAR 
ISN54179 

ONLY] 

1131 1151 
DATA C 

DATA D 1121[141 

SHIFT 11111131 

sa
3!

A
a
a
  1

1
1
  

V CC 

INPUT 

6 k]] NOM 

TYPICAL OF ALL OUTPUTS 

vcc 
100 St NOM 

OUTPUT 

EQUIVALENT OF EACH INPUT 

SN54178, SN74178 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

schematics of inputs and outputs 
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SN54178, SN74178 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 11 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54178 	  —55°C to 125°C 

SN74178 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54178 SN74178 
UNIT 

MIN NOM MAX MIN 	NOM 	MAX 
Supply voltage, Vcc 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lcm —800 — 800 pA 

Low-level output current, Ica 16 16 mA 

Clock frequency, (clock 0 25 0 25 MHz 

Width of clock or clear pulse, t w  (see Figure 11 20 20 ns 

Setup time tsu  (see Figure 11 
Shift IH or LI or load 35 35 

ns 
Data 30 30 

Hold time at any input, th 5 5 ns 

Operating free-air temperature, TA —55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS (  
SN54178 SN74178 

UNIT 
MIN TYP$ MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, I1= —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

101-1 = —800 IAA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC' MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

Ic_ = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage Vcc = MAX, Vi = 5.5 V 1 1 mA 

I IH High-level input current Vcc = MAX, V1 = 2.4 V 40 40 pA 

'IL Low-level input current Vcc = MAX, Vi = 0.4 V —1.6 —1,6 mA 

IOS Short-circuit output current§ VCC = MAX —20 —57 —18 —57 mA 

ICC Supply current Vcc = MAX, See Note 2 46 70 46 75 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating cond'tions for the applicable device 

type. 

t All typical values are at Vcc = 5 V, TA = 25C. 

Not more than one output should be shorted at a time. 

NOTE 2: Icc is measured as follows: 

a) 4.5 V is applied to serial inputs, load, shift, and clear, 

b) Parallel inputs A through D are grounded. 

c) 4.5 V is momentarily applied to clock which is then grounded. 
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SHIFT 

DATA 

(See Note SI 
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LOAD 

O OUTPUT 

(See Note i3) 

	 3V 

— 0 V 

3 V 
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I 	1..   

1 	
"I" ____J 	
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—..i__ _ _ __ __ _ _ _ _ 3 V 
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1 5 V 	 ' V I 
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1 5 V 5V 

3 v -r 

Ise- 1 P H L—ey 
-t• 	VOH 

VOL 

1.5 V 

1 5 V 

0 V 

— 3 V 

0 

0 V 

FROM OUTPUT 

UNDF R TEST 
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1 5V /1 5 e 

t su  

S
8

3
1

A
0C

1  
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CLEAR 

SN54178, SN74178 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER) 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

max 

CL = 15 pF, 

See Figure 1 

RL = 400 E2, 

25 39 MHz 

tPLH tip 15 23 
ns Clear 

tpHL 
CIA ' Oa'  GC'  OD  

24 36 

tPLH 
Clock Any output 

17 26 
ns 

tpHL 23 35 

tfmax 	Maximum clock frequency 
tpHL 	Propagation delay time, high-to-low-level output 
tpLH a Propagation delay time, low-to-high-level output 

PARAMETER MEASUREMENT INFORMATION 
OUT PUT 	Vcc 

VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by generators having the following characteristics. 5-T-LH 	10 ns, ITHL 	10 ns, ERR 	I MHz, 

Z005  x  50 STL. 

B. Data input and Q output are any related pair. Serial and other data inputs are at GND. Serial data input is tested in conjunction 

with QA output in the shift mode. 

C. CL includes probe and jig capacitance. 

D. All diodes are 1 N3064 or equivalent. 

FIGURE 1-SWITCHING TIMES 
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SN54180, SN74180 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

DECEMBER 1972—REVISED MARCH 1988 

SN54180 . . . J OR W PACKAGE 

SN74180 . . . N PACKAGE 

FUNCTION TABLE 
	

(TOP VIEW) 

H = high level, L = low level, X = irrelevant 

description 

These universal, monolithic, 9-bit (8 data bits plus 1 parity bit) parity generators/checkers, utilize familiar Series 54/74 

TTL circuitry and feature odd/even outputs and control inputs to facilitate operation in either odd or even-parity 

applications. Depending on whether even or odd parity is being generated or checked, the even or odd inputs can be 

utilized as the parity or 9th-bit input. The word-length capability is easily expanded by cascading. 

The SN54180/SN74180 are fully compatible with other TTL or DTL circuits. Input buffers are provided so that each 

data input represents only one normalized series 54/74 load. A full fan-out to 10 normalized series 54/74 loads is 

available from each of the outputs at a low logic level. A fan-out to 20 normalized loads is provided at a high logic level 

to facilitate the connection of unused inputs to used inputs. Typical power dissipation is 170 mVV. 

The SN54180 is characterized for operation over the full military temperature range of —55 ° C to 125° C; and the 

SN74180 is characterized for operation from 0 ° C to 70° C. 

absolute maximum ratings over operating free -air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54180 Circuits 	 —55° C to 125° C 

	

SN74180 Circuits   0°C to 70°C 

Storage temperature range  	—65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54180 SN74180 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 	5.5 4.75 5 	5.25 V 

High-level output current, 10H —800 —800 pA 

Low-level output current, 101_ 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

PRODUCTION DATA documents contain information 
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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SN54180, SN74180 
9-BIT ODDIEVEN PARITY GENERATORS/CHECKERS 

s
e

3!
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e
a
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1
1

  

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54180 SN74180 

UNIT 
MIN 	TYPt MAX MIN 	TYPt MAX 

VI H High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

VI K Input clamp voltage MCC = MIN. 11= —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

viL = 0.8 V, 

V1H = 2 V, 

10H = —800 HA 
2.4 3.3 2.4 3.3 V 

Vol_ Low-level output voltage 
VCC' MIN, 

V1L= 0.8 V, 

Vp4 = 2 V, 

IcIL= 16 rnA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

I IH High-level input current 
Any data input 

VCC = MAX, -V1= 2.4 V 
40 40 

HA 
Even or odd input 80 80 

'IL Low-level input current 
Any data input 

VCC = MAX, V1 = 0.4 V 
—1.6 —1.6 

mA 
Even or odd input —3.2 —3.2 

IOS Short-circuit output cur ent § MCC = MAX —20 —55 —18 —55 mA 

Ice Supply current VCC = MAX, See Note 2 34 49 34 56 mA 

NOTE 2: lec is measured with even and odd inputs at 4.5 V, all other Inputs and outputs open. 

, For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

*All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER)] 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Data E Even 

CL = 15 pF, 	 RL = 400 11, 

Odd input grounded, See Note 3 

40 	60 
ns 

'PHL 45 	68 

tPLH 
Data £ Odd 

32 	48 
ns 

tpHL 25 	38 

tPLH 
Data £ Even 

CL = 15 pF, 	R L = 400 St, 

Even input grounded, See Note 3 

32 	48 
ns 

tPHL 25 	38 

1PLH 
Data £ Odd 

40 	60 
ns 

tPHL 45 	68 

1PLH 
Even or Odd £ Even or £ Odd 

CL = 15 pF, 	 RL = 400 11, 

See Note 3 

13 	20 
ns 

tPHL 7 	10 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

logic symbol t 

(3) 

(5) 1: 

G3 

G4 

EVEN 

ODD 
(4) 

A 
161 

2k 

— 4 

03 

(9) 
B 

C 
(10) 

(6) 

EVEN 

(111 
D 

(121 

04 

—3 
E 

F 
(131 

(11 ODD 

(21 

t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 

Data inputs' R eq  = 4 1,2 
Even and odd: R eq  = 2 1,2 

INPUTS 

C
1101 
1111 

DATA 

1121 
;1131 

11) 
12/ 

141 

131 

6E1'  

ODD 
INPUT 

EVEN 
INPUT 

A (8)  

151 Z EVEN 
OUTPUT 

161 F ODD 
OUTPUT 

TYPICAL OF BOTH 

OUTPUTS 
VC C 

OUTPUT 

30 

SN54180, SN741B0 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

schematics of inputs and outputs 
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SN54LS181, SN54S181, 
SN74LS181, SN74S181 

ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 
DECEMBER 1972—REVISED MARCH 1988 

• Full Look-Ahead for High-Speed 

Operations on Long Words 

• Input Clamping Diodes Minimize 

Transmission-Line Effects 

• Darlington Outputs Reduce Turn-Off 

Time 

• Arithmetic Operating Modes: 
Addition 

Subtraction 

Shift Operand A One Position 

Magnitude Comparison 
Plus Twelve Other Arithmetic 

Operations 

	

SN54LS181, SN54S181 	J OR W PACKAGE 

	

SN74LS181, SN74S181 	DW OR N PACKAGE 

(TOP VIEW) 

Vcc 

Al 

81 

A2 

e2 

A3 

B3 

G 

P 

A B 

F3 

SN54LS181, SN54S181 . FK PACKAGE 

(TOP VIEW) 

BO 

AO 
S3 

S2 

SI 

SO 

Cr, 
M 
FO 

El 

F2 

GND 

Ft 	̀2' 	' -  

	

12 	>IQI1 • Logic Function Modes: 
Exclusive-OR 
Comparator S2 A2 

 82 

5 
6 

9 	3 	2 	I 	28 27 26 

25 

AND, NAND, OR, NOR 
Plus Ten Other Logic Operations 

SO 

NC 
C, 

M 

FO 

2 

8 

9 

10 

23 

22 

21

22 90  

A3 

NC 

G (:9131  , 4  

1: 1314 1 	16171 8 

0-7- II' ❑ '2'1E2 

NC - No internal connect on 

TYPICAL ADDITION TIMES 

NUMBER 

OF 

BITS 

ADDITION TIMES PACKAGE COUNT CARRY METHOD 

BETWEEN 

ALUs 

USING 'LS181 

AND 'S182 

USING "S181 

AND 'S182 

ARITHMETIC/ 

LOGIC UNITS 

LOOK-AHEAD 

CARRY GENERATORS 

1 to 4 

5 to 8 

9 to 16 

17 to 64 

24 ns 

40 ns 

44 ns 

68 ns 

11 ns 

18 ns 

19 ns 

28 ns 

1 

2 

3 or 4 

5 to 16 

1 

2 to 5 

NONE 

RIPPLE 

FULL LOOK-AHEAD 

FULL LOOK-AHEAD 

description 

The 'LS181 and 'S181 are arithmetic logic units (ALU)/f unction generators that have a complexity of 75 equivalent 

gates on a monolithic chip. These circuits perform 16 binary arithmetic operations on two 4-bit words as shown in 

Tables 1 and 2. These operations are selected by the four function-select lines (SO, S1, S2, S3) and include addition, 

subtraction, decrement, and straight transfer. When performing arithmetic manipulations, the internal carries must 

be enabled by applying a low-level voltage to the mode control input (M). A full carry look-ahead scheme is made 

available in these devices for fast, simultaneous carry generation by means of two cascade-outputs (pins 15 and 17) 

for the four bits in the package. When used in conjunction with the SN54S182 or SN74S182 full carry look-ahead 

circuits, high-speed arithmetic operations can be performed. The typical addition times shown above illustrate the 

little additional time required for addition of longer words when full carry look-ahead is employed. The method of 

cascading 'S182 circuits with these ALUs to provide multi-level full carry look-ahead is illustrated under typical 

applications data for the 'S182. 

If high speed is not of importance, a ripple-carry input (C n ) and a ripple-carry output (C n  + 41 are available. However, 

the ripple-carry delay has also been minimized so that arithmetic manipulations for small word lengths can be performed 

without external circuitry. 

PRODUCTION OATS documents contain information 
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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SN54LS181, SN54S181 
SN74LS181, SN74S181 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

description (continued) 

The 'LS181 and 'S181 will accommodate active-high data if the pin designations are interpreted as follows: 

PIN NUMBER 2 1 23 22 21 20 19 18 9 10 11 13 7 16 15 17 

Active-low data (Table 1) AO BO Al B1 A2 8 2 A3 83  FO F1 F2 F3 C r, Cn+4 P G 
Active-high data (Table 2) AO Bo Al B1 A2 B2 A3 B3 FO F1 F2 F3 C n  Cn+4  X Y 

Subtraction is accomplished by l's complement addition where the l's complement of the subtrahend is generated 

internally. The resultant output is A—B-1, which requires an end-around or forced carry to provide A—B. 

The 'LS181 or 'S181 can also be utilized as a comparator. The A = B output is internally decoded from the function 

outputs (FO, Fl, F2, F3) so that when two words of equal magnitude are applied at the A and B inputs, it will assume 

a high level to indicate equality (A = B). The ALU must be in the subtract mode with C n  = H when performing this 

comparison. The A = B output is open-collector so that it can be wire-AND connected to give a comparison for more 

than four bits. The carry output (C n + 4.) can also be used to supply relative magnitude information. Again, the ALU 

must be placed in the subtract mode by placing the function select inputs S3, S2, Si, SO at L, H, H, L, respectively. 

INPUT C r, OUTPUT Cn 4.4 
ACTIVE-LOW DATA 

(FIGURE 11 

ACTIVE-HIGH DATA 

(FIGURE 2) 

M
 
S

 _J  
J
 

H 

L 

H 

L 

A 	B 

A,, B 

A 	B 

A < B 

A < 8 

A> B 

A<. B 

A ..?..- El 

These circuits have been designed to not only incorporate all of the designer's requirements for arithmetic operations, 

but also to provide 16 possible functions of two Boolean variables without the use of external circuitry. These logic 

functions are selected by use of the four function-select inputs (SO, Sl, S2, S3) with the mode-control input (M) at a 

high level to disable the internal carry. The 16 logic functions are detailed in Tables 1 and 2 and include exclusive-OR, 

NAND, AND, NOR, and OR functions. 

Series 54, 54LS, and 54S devices are characterized for operation over the full military temperature range of — 55 °C 

to 125°C; Series 74LS and 74S devices are characterized for operation from 0 °C to 70 °C. 

signal designations 

In both Figures 1 and 2, the polarity indicators (1,..) indicate that the associated input or output is active-low with 

respect to the function shown inside the symbol, and the symbols are the same in both figures. The signal designations 

in Figure 1 agree with the indicated internal functions based on active-low data, and are for use with the logic functions 

and arithmetic operations shown in Table 1. The signal designations have been changed in Figure 2 to accommodate 

the logic functions and arithmetic operations for the active-high data given in Table 2. The 'LS181 and 'S181, together 

with the 'S182, can be used with the signal designation of either Figure 1 or Figure 2. 
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SN54LS181, SN54S181, 
SN74LS181, SN74S181 

ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

logic symbols t and signal designations (active-low data) 

C r, (1) 

"S182 

(6),. +5  

CPO CPO 

CGO 

CP1 

CG1 

CP1 

CG2 
cp3 

CG3 

CP4 

CG4 
cp5  

CG5 

CP6 

CG6 

CPG 

CO1 

CO3 

CO5 

CO7 

P013) 	r r., 

6012 1 	_ 
r■ 

Pi 
.11141__iy 

P2 (8) 	r•-• 

62 (7) 	N■ 
1111cn+16 p3(10) 	

^ 

63 (9) 	I',  

117)  Crl — 
134 04) 	..... 

64 (13) 	,--, 
+ 24 

1221 cn  + 32  
15
1, 

65
1151 t, 

136 (19) 	N. 

66
1181 	

NN 
07 1211 	r...„ 

CP7 

CG7 67 1201  N 

1 These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for dual-in-line and "small outline" packages. 

FIGURE 1 (USE WITH TABLE 1) 

TABLE 1 

SELECTION 
ACTIVE-LOW IIATA 

M= H 

LOGIC 

FUNCTIONS 

M= L; ARIT.•: 	I C OPERA": 	• 

S3 	S2 	Si 	SO 
Cn = L 

(no carry) 

,i. -11 

(with carry) 

J
 2

 _
J
 2

  
J
 
2
  
J
 
2

  
-
J
 2

  
-I  3

--  
_
J
 I
 _J  

_J
_

■
I
S

_I
-
J
 S

2
_1

_1
1
1

_1
_
1
2
2
  

-7
1

_
1
2

  

F = A MINUS 1 

F = AB MINUS 1 

F 	AB MINUS 1 

F = MINUS 112's COMP) 

F = A PLUS IA + -13-1 

F = AB PLUS IA + B) 

F= A MINUS B MINUS 1 

F = A + IT 

F = A PLUS IA + Ell 

FAPLUSB 

F = AB PLUS IA + B) 

F - 	(A • BI 

F 	A PLUS A: 

F 	AB PLUS A 

F -- All PLUS A 

F=A  

F=A 

F - AB 

I' = AB 

F = ZERO 

F = A PLUS 1A +131 PLUS 1 

F .= AB PLUS IA + BI PLUS 1 

F= A MINUS B 

F = (A +11) PLUS 1 

F = A PLUS (A + 13) PLUS 1 

F = A PLUS B PLUS 1 

F = AB PLUS IA + 81 PLUS 1 

F •• IA + BI PLUS 1 

F , A PLUS A PLUS 1 

F= AB PLUS A PLUS 1 

F = Ail PLUS A PLUS 1 

F = A PLUS 1 

'co 	
°'  

O
 	

a, 
	

- 
Q

 a
 la

 a
 c
o

 a 
c 

L
L
 LL  

L
L
 
L
L
 U
.
 L
L

 u
_
 1

 
L

L
 LI. 

tEach bit is shifted to the next more significant position 

TEXAS 440 
INSTRUMENTS 2-603 

POST OFFICE BOX 855012 • DALLAS. TEXAS 75265 



0 1  
ALU 

10 151 CP 

10 15) CG M 31  

61P=C11 0 
4,  (0 151 CO 
CI 

--1  r 
P 

111 
0 

P 
)2 

CI 1 

P 
141 

G 

P 
181 

CI 

SO 6)  
S1 151  

S2 (4) 

 53
13) 

 
N (8) 
C fl 171 

AO 
80 111  

A • 

B' 

Ai • .  

IL • 

A3
1  i y1 
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SN54LS181, SN54S181, 
SN74LS181, SN74S181 
ARITHMETIC LOGIC UNITSIFUNCTIONS GENERATORS 

logic symbolst and signal designations (active-high data) 

1151 X 
1171 Y 

(141 A  

"6)  

FO 

Fl  

F2 

F3  

B  

+ 4 

En it) 

'S182 

161,--  
,...n .i.8 

(11) dn+16 

CI 	
CPG 

CPO 

CGO 

CP1 

CG1 

CP1 

CG2 

CCGP33 

CP4 

CG4 

CP5 
CG5 

CP6 

CG6 

CG7 

CO1 

CO3 

CO5 

CO7 

yx001132 11  

151 

N 

N 

1--, Xy 1i 	( 	) N  

X2 (13  ^' 

N )1:23 1(.71  

Y3
191  

N 
1171—

Ci,+ X4 N 11 4  : 3  

N 

24 

1221 -do  + 32  
Y4 

061 )(5  
1...., 

V5
1151 .... 

. ■ 

X6
1191 

N 
1181 Y61181 
12 

" 12 10 

P.,N  

Y7 

► These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for dual-in-line and "small outline" packages. 

FIGURE 2 (USE WITH TABLE 2) 

TABLE 2 

SELECTION 
ACTIVE HIGH DATA 

M= H 

LOGIC 

FUNCTIONS 

M = L ARITHMETIC OPERA I. 0 . 

S3 	S2 	S1 	SO 
t 	H 

(no carry) 

,n -  L 

(with carry) 

J
 I
  
I
  
S

  
Y

 -
■

 -
1
 -
I  
J
i
  
M

S
S

  

_
J
 
J
 _

I
 J
 J
 -
J
 J
 J
 S

 
S

  
S

  
=

M
I

T
I
  

• 	
 

F=A  F 	A 

F - A 	, 	13 

F=AsT 

F - MINUS 1 (2's COMPL) 

F = A PLUS Ail 

F = (A + B1 PLUS Ali 

F=A  MINUS B MINUS 1 

F . AT; MINUS 1 

F -- A PLUS AB 

F - A PLUS B 

F - (A 1II1 PLUS AB 

F = AB MINUS 1 

F = A PLUS At 

F = 1A + B1 PLUS A 

F = (A +V PLUS A 

F = A MINUS 1 

F = A PLUS 1 

F = IA , B1 PLUS 1 

F = (A -, BI PLUS 1 

F = ZERO 

F = A PLUS AITPLUS 1 

F = IA + 81 PLUS Ai PLUS 1 

F = A MINUS B 

F = AB 

F= A PLUS AB PLUS 1 

F= A PLUS B PLUS 1 

F = IA 481 PLUS AB PLUS 1 

F = AB 

F = A PLUS A PLUS 1 

F = 1A + B1 PLUS A PLUS 1 

F = (A +131 PLUS A PLUS 1 

F=A  

F - A i. B 

F - 	7,E3 

F - 0 

F = AB 

F = IT 

F - A C) B 

F 	• AITI 

F - 74■ 	f- B 

F- A C) B 

F = B 

F - AB 

F = 1 

F = A + IT 

F = A + B 

F=A  

t Each bit is shifted to the next more significant position. 
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SN54LS181, SN54S181, SN74LS181, SN74S181 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

logic diagram (positive logic) 

SO Si 52 S3 
16) 15) 14) 13) 

(17)  —
GorY 

(16)  Cn4.4 or 
Cn+4 

(15) — 
P or X 

(13)  — 
F3 or F3 

N3 or 83 

B2 or B2 

- 	114) 
ID  A = B 

19)  _ 
FO or FO 

M 
—  

Cn  or Co 
(7)  

Pin numbers shown are for DW, J, N, and W packages. 

Tr XAS 
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SN54LS181, SN74LS181 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

s
e3

!A
e
a
  
in

  

absolute maximum ratings over recommended operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 

	

Interemitter voltage (see Note 2)   5.5 V 
Operating free-air temperature range: SN54LS181  	-55° C to 125°C 

	

SN74LS181   0°C to 70°C 

Storage temperature range  	-65° C to 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 this circuit, this rating applies to each A input in 

conjunction with inputs S2 or S3, and to each 5 input In conjunction with inputs SO or S3. 

recommended operating conditions 

SN54LS181 SN74LS181 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 1c11-1 (All outputs except A = B) -400 -400 trA 

Low-level output current, 101 4 8 

E6  

Operating free-air temperature, TA -55 125 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS181 SN74LS181 

UNIT 
MIN TYP:I MAX MIN TYPt MAX 

Viii 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC =  MIN, 11=-18mA -1.5 -1.5 V 

High-level output voltage, 
VON 

any output except A = 8 

VCC = MIN, 

VIL = VI L max ,  

Vijj = 2 V, 

101-1= -400µA 
2.5 3.4 2.7 3.4 V 

High-level output current, 
I01-1 

A= B output only 

VCC = MIN, 

V IL = VIL Max, 

Vii..1= 2 V, 

V01..1 '7- 5.5 V 
100 100 PA 

Low-level 

V 	output 

 

ol.  

voltage 

All outputs 
VCC = MIN, 

V1L= VIL max 

Viji = 2 V, 

IOL = 4 mA 0.25 0.4 0.25 0.4 

V  
0.7 

1 OL = 8 mA 0.35 0.5 

Output G 101..  = 16 mA 0.47 0.7 0.47 

Output ? 10L=8mA 0.35 0.6 0.35 0.5 

Input 

current at 

max, input 

voltage 

Mode input 

VCC = MAX, li 
 

V1 = 5.5 V 

0.1 0.1 

mA 
Any A or 's input 0.3 0.3 

Any S input 0.4 0.4 

Carry input 0.5 0.5 

High-level 

I i Fi 	input 

current 

Mode input 

VCC = MAX, V1= 2.7 V 

20 20 

pA 
Any A or El input 60 60 

Any S input 80 80 

Carry input 100 100 

Low-level 

11L 	input 

current 

Mode input 

VCC = MAX, VI = 0.4 V 

-0.4 -0.4 

mA 
Any A or § input -1.2 -1.2 

Any S input -1.6 -1.6 

Carry input -2 -2 

Short-circuit output current, IDS 

any output except A = B§ 
VCC = MAX -6 -40 -5 -42 mA 

ICC 	Supply current VCC = MAX, See Note 3 
Condition A 20 32 20 34 

mA 
Condition B 21 35 21 37 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25C. 

§Not more than one output should be shorted at a time. 

NOTE 3: With outputs open, ICC is measured for the following conditions: 

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded. 

B. SO through S3 and M are at 4 5 V, all other inputs are grounded. 
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INPUT 

VCC 

OUTPUT 
OUTPUT 

VCC 

EQUIVALENT OF EACH INPUT 

VCC 

Mode control: Req = 17 ka NOM 

Any A or 	R eq  = 5.67 kit NOM 

Any S: Req = 4.25 1,1-2 NOM 

C„: R e „ = 2.86 k12 NOM 

TYPICAL OF ALL OUTPUTS 

EXCEPT A = B 

A = B OUTPUT 

SN54LS181, SN74LS181 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

switching characteristics, VCC = 5 V, TA = 25°C, (CL = 15 pF, RL = 2 kS2, see note 4) 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 
C, 

Cn+4 

18 	27 
ns 

1 PHL 13 	20 

ililLH 
Any A or 13-  Cr,-1-4 

M = 0 V, SO = S3 = 4.5 V, 

S1 = S2 = 0 V (SUM mode) 

25 	38 
ns 

tPHL 25 	38 

1PLH 
Any A or 174 Cn+4 

M = 0 V, SO = S3 = 0 V 

St = S2 = 4.5 V (DIFF mode) 

27 	41 
ns 

1PHL 27 	41 

1 PLH 
C„ Any F 

M = 0 V 

(SUM ni DIFF mode) 

17 	26 
ns 

tPHL 13 	20 

1PLH 
Any A-  or g 

M = 0 V, SO = S3 = 4.5 V, 

St = S2 = 0 V (SUM mode) 

19 	29 
ns 

1 PHL 15 	23 

tpLH 
Any A or -6 G 

m = 0 V, SO = S3 = 0 V, 

S1 = S2 = 4.5 V (DIFF model 

21 	32 
ns 

1 PHL 21 	32 

1PLH 
Any -Ai or a 15 

M = 0 V, SO = S3 = 4.5 V, 

S1 = S2 = 0 V, (SUM model 

20 	30 
ns 

tpHL 20 	30  

1PLH 
Any A or B P 

M = 0 V, SO = S3 = 0 V, 

Si = S2 = 4.5 V (DIFF mode) 

20 	30 
ns 

IPHL 
^ 

22 	33 

tli'LH 
-A- ; or 8, F, 

M = 0 V, SO = S3 = 4.5 V, 

Si = S2 = 0 V (SUM mode/ 

21 	32 
ns 1PHL 

13 	20 

tPLH "A, or B I  
— M = 0 V, SO = S3 = 0 V, 

S1 = S2 = 4.5 V (DIFF model 

21 	32 
ns 

tPHL 21 	32 

tPLH 
71. i or 	i F, M = 4.5 V (logic model 

22 	33 
ns 

1PHL 28 	38 

, PLH 
Anv -A-  n) -8 A 	B 

M 	0 V, SO - S3 - 0 V, 

S1 = S2 = 4.5 V (DIFF model 

33 	50 
ns 

tPHL 41 	62 

ttPLH oi propagation delay time, low-to-high-level output 

tpHL propagation delay time, high-to-low-level output 

NOTE 4: Load circuits and voltage wveforms are shown in Section 1. Refer to Parameter Measurement Information page for test conditions. 

schematics of inputs and outputs 
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SN54S181, SN74S181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  55 V 

	

Interemitter voltage (see Note 2)   5.5 V 

Operating free-air temperature: SN54S181 	 —55° C to 125° C 

	

SN74S181   0°C to 70° C 

Storage temperature range 	 —65°C to 150° C 

NOTES: 1. Voltage values, except interernitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple emitter transistor. For this circuit, this rating applies to each A input in 

conjunction with inputs S2 or S3, and to each B input in conpunction with inputs SO or S3. 

recommended operating conditions 

SN54S181 SN74S181 
UNIT 

"l': 	'. 	e.' MAX MIN 	NOM MAX 

Supply voltage, VCC 4.-, 	., 5.5 4.75 	5 5.25 V 

High-level output current, I0H (All outputs except A = B) —1 —1 mA 

Low-level output current, 101 .  20 20 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS'.  — 
MIN I t 1—r ; 	sr 	.- 

— 
MAX 

UNIT 
MAX MIN 

VIH 	High-level input voltage 2 2 V 

V1L 	Low-level input voltage 0.8 0.8 V 

VII< 	Input clamp voltage VCC = MIN, II = —18 mA —1.2 —1.2 V 

High-level output voltage, 
VOH 

any output except A = B 

VCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

I •OH = —1 mA 
2.5 3.4 2.7 3.4 V 

High-level output current, 
OH 	A = B output only 

VCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

VON = 5.5 V 
250 250 pA 

VOL 	Low-level output voltage 
VCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

10L = 20 mA 
0.5 0.5 V 

Input current at II 

maximum input voltage 
VCC = MAX, VI = 5.5 V 1 1 mA 

High-level 

IIH 	input 

current 

Mode input 

VCC = MAX, Vi = 2.5 V 

50 50 

pA 
Any A or B input 150 icn 

Any S input 200 . 

Carry input 250 ,..,.., 

Low-level 

Iii_ 	input 

current 

Mode input 

VCC = MAX, Vi = 0.5 V 

—2 —2 

mA 
Any A or B input —6 —6 

Any f —8 —8 
— 

Carry .......... —10 —10 

Short-circuit output current, 
IOS 

any output except A = B§ 
VCC = MAX —40 —100 —40 —100 mA 

Icc 	Supply current 
VCC = MAX, 

See Note 3 

TA = 125° C, W package 

only 
195 

mA 

VCC = MAX, See Note 3 All packages 120 220 120 220 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating cond tions, 

(All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 

NOTE 3: Icc is measured for the following conditions (the typical and maximum values apply to both): 

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded, and all outputs are open. 

B. SO through S3 and M are at 4.5 V, all other inputs grounded, and all outputs are open. 
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OUTPUT 

v cc 

EQUIVALENT OF EACH INPUT 

vcc 

INPUT 

Mode control: R eg  = 2.8 kit NOM 

Any A or N: 14„ = 940 E2 NOM 
Any S R„„ = 700 12 NOM 

C„ R G1f  - 500 if NOM 

Hey 

TYPICAL OF ALL OUTPUTS 

EXCEPT A = B 

v cc 
50 11 NOM 

Rai 
OUTPUT 

A = B OUTPUT 

SN545181, SN74S181 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

switching characteristics, VCC = 5 V, TA = 25 ° C (CL = 15 pF, RL = 280 S2, see note 4) 

PARAMETERt FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TYP MAX UNIT 

1 pLH 
C n  C n 4.4 

7 	10.5 
s 

1 PHL 7 	10.5 

tPLH 
Any A ore-  Cn+4 

M = 0 V, 50 . S3 = 4.5 V, 

Si = 52 = 0 V (SUM mode) 

12.5 	18.5 
ns 

1PHL 12.5 	18.5 

t PLH 
Any A or B Cnig 

M = 0 V, SO = S3 = 0 V, 15.5 	23 
s 

1 PHL S1 = S2 = 4.5 V (DIFF model 15.5 	23 

tPLH 
C„ Any T 

M = 0 V 7 	12 
ns 1PHL 

ISUM or DIFF mode) 7 	12 

tpLH 
Any A or Er -6 

m = 0 v, so = S3= 4.5 V, 

S1 = S2 = 0 V (SUM mode) 

8 	12 
ns 

1PHL 7 5 	12 

tPLH 
Any /7% or 13-  .6 

M = 0 V, SO = S3 = 0 V, 10.5 	15 
ns 

1PHL Si = S2 = 4.5 V (DIFF mode) 10.5 	15 

tPLH 
Any A or II I' 

M= 0 V, SO = S3 = 4.5 V, 

Si = S2 = 0 V (SUM model 

7.5 	12 
s 

tPHL 7 5 	12 

tPLH 
Any A or IT 7 

M = 0 V, SO = S3 = 0 V, 

51 = S2 = 4.5 V (DIFF mode) 

10.5 	15 
ns 

1 PHL 10.5 	15 

tPLH A, or iii T i  
M= 0 V, SO = 53 = 4.5 V, 

S1 = S2 = 0 V (SUM mode) 

11 	16.5 
ns 

tPHL 11 	16.5 

tPLH 
Xi or 1.3i 7; 

M = 0 V, SO = S3 = 0 V, 

S1 = S2 = 4.5 V (DIFF mode) 

14 	20 
ns 

tPHL 14 	22 

(pLH 
,A. ) or fli 

— 

IPHL 
 M = 4.5 V (logic mode) 

14 	20 
ns 

1 4 	22 

PLH 
Any A or -El A - B 

M - 0 V, SO 	S3 = 0 V, 15 	23 
ns 

tPHL Si = S2 = 4.5 V ID IFF mode) 20 	30 

tPLH 	propagation delay time, low-to-high-level output 

tPHL a propagation delay time, high-to-low-level output 

NOTE 4: Load circuits and voltage wveforms are shown in Section 1. Refer to Parameter Measurement Information page for test conditions. 

schematics of inputs and outputs 
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PARAMETER 

INPUT 

UNDER 

TEST  

OTHER INPUT 

SAME BIT 
OTHER DATA INPUTS OUTPUT 

UNDER 

TEST 
GND 

 

OUTPUT 

WAVEFORM 

(See Note 4) 
APPLY 

4.5 V 

APPLY 

GNO 

APPLY 

4.5 V 

APPLY 

— — A, B, None 
Remaining 

A andiff 
C„ In-Phase 

. _ 
5, AI None 

Remaining 
x.ndr,  C„ T, InPhase 

‘PHL 

tPLH 
None Non, 

Remaining 
_ 

A drul B, C,, 

_ 
p In Phase 

1 PHL 

, PLI-1 
Norm 

Re  rn,,,,,,,, 
Norlrr 

A ..,„1 B. Cr, 
iri nom. 

PHL 

'PLH 
A I  None 6, 

liemarerflr) 

E 

R0111.1.111, 

A. C„ 
le Phase 

tPHL 

IPLH 
IT), None A 

Remaining 

a 
Remaining 

A 	 „ 

a- 
In-Phase 

TI-IL. 

TLF-1 
C r , Non, Noe 

 

All All 

8 

Any F 

or Cn+4 
 In OlLne 

,P1-11- 

tPLH AI — 
None 

Rementing 

15-  

Remaining 

A, C„ 
Cn .s4 Out-of-Phase 

'PHL 

IPLH 
None A', 

Remaining 

B 
Remaining 

A, Cn 
c n .,.4  Out-of -Phase 

'PHL 

DI F F MODE TEST TABLE 

FUNCTION INPUTS: Si = S2 = 4.5 V, SO = S3 = M = 0 V 

PARAMETER 

INPUT 

UNDER 

TEST 

OTHER INPUT 

SAME BIT 
OTHER DATA INPUTS OUTPUT 

UNDER 

TEST 

OUTPUT 

WAVEFORM 

ISee Note 4) 
APPLY 

4 5 V 

APPLY 

GNU 

APPLY 

4 5 V 

APPLY 

CND 

IIILI-1 
, Noe ,  

11, m , uumfi 
_ 

Hrerr,,,,,r, 

E. 	c r , 
1,1 	Ph,1,1 ■ 

, PI-IL 

, PLH 
6 A, hi„, 

11, , ,,,umuu 

,Tk 

1-1,,,,,,,,,,, 

II, Cr, 
Out of Phase 

- A, None 8, 
None  

Remaining 

7‘ and B, C r, 

— 

P 
In-Phase 

'PHL 

.— 	— rti A, None 
""e 

Remaining 

A and B. Cn 
IT• Out - oI.Phase 

None 
None  

Remaining 

Tandli. C r, °- 
In.Phase 

'PHL 

'PLH 
None None 

Rematning 

,3, and B, 
c,  Out-of , Phase 

MI-IL 

, P1,_11 
No , ' II, 

Rerr,,,,,,re„ 

A 

Reele.nrer, 

N, C r , 
A 	 13 le 	Fl,.,, ,  

IPFIL 

'PLH 
'A, None 

RemainIng 
,_ 
A 

Remaining 

ITt, C n  
A • B Out-of Phase 

IPHL 

4, L 11 
No, 

N"'",  

All  

7-■ 	,,,,,11-3 
N,,,,, ,  1 -n'4 In Phe•,  

, PHI 

• --• 	• - 
— — 5, None None 

Remaming 
4.., , cn  C 0_, Out-ol ,Phase 

None A , None 
Remaining 

A, B, Cn  
en .s4 In -Phase 

tPl-IL 

2 

S
9
3
tA

G
G

  1
1

1
  

SN54LS181, SN54S181, SN74LS181, SN74S181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

PARAMETER MEASUREMENT INFORMATION 
SUM MODE TEST TABLE 

FUNCTION INPUTS: SO = S3 = 4.5 V, S1 = S2 = M = 0 V 

LOGIC MODE TEST TABLE 

FUNCTION INPUTS. Si = S2 = M = 4.5 V, SO = S3 = 0 V 

PARAMETER 

INPUT 

UNDER 

TEST 

OTHER INPUT 

SAME BIT 
OTHER DATA INPUTS OUTPUT 

UNDER 

TEST 

OUTPUT 

WAVEFORM 

ISee Note 4) 
APPLY 

4.5 V 

APPLY 

GND 

APPLY 

4.5 V 

APPLY 

GND 

tFILH A 
B I  None None 

Remaining 

A   and IT, Cr, 
of , Phase 

IPHL 

1PLH B A , N None 
Remaining 

A and B, C,, 
Out-of Phase 

IPHL 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S182 . J OR W PACKAGE 

SN74S182 	D OR N PACKAGE 

ITOP VIEW) 

G1 

P1 

GO 

PO 

G3 

P3_ 

GND 

VCC 
P2 

G2 

Cn 

Cn + x 

Cn + y 

C n  + z 

SN54S182 	FK PACKAGE 

(TOP VIEW) 

 

U cs, 
Z >1b, 

3 2 1 20 19 

GO 	4 	 18 	G2 

PO 	5 	 17 	Cn 

NC 6 	 1 6 NC 

G3 	7 	 1 5 	C r, . x 

P3 	8 	 14 	C n  y 

9 10 11 12 13 
nnnnrl  

I0- ❑ U 
Z Z 

c 

NC - No internal connection 

2 
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SN54S182, SN74S182 
LOOK•AHEAD CARRY GENERATORS 

Directly Compatible for Use With: 
SN54LS181/SN74LS181, 
SN54S281/SN74S281, SN54S381, 
SN74S381, SN54S481/SN74S481 

PIN DESIGNATIONS 

ALTERNATIVE 	DESIGNATIONSt PIN NOS. '. 	•• 	•. 

GO, G1, G2, G3 GO, GI, G2, G3 3, 1, 14, 5 CARRY (..,,,,,,,,., i c INPUTS 

I50,17'1,17'2,173 P0, P1 	P2 , P3 4 	2, 15, 6 CARRY PonPAGATE INPUTS 

C„ C„ 13 C 	' 	INPUT 

C„.t x ,C„,.,„ 

C 0*, 

44-x• en+y, 

4+z 
12, 11, 9 CARRY OUTPUTS 

V 10 CARRY GENERATE OUTPUT 

T. X 7 CARRY PROPAGATE OUTPUT 

V 	,-. 16 SUPPLY % 	— GE 

8 GRO 	'.• 

'Interpretations are illustrated in the 'L5181, 'S181 data sheet. 

logic symbols 

CI 	COO 

CPO 
col O1 

 

CP1 	CO2 
CG1 

CP2 
CP 

CG2 

CP3 

CG3 	
CG 

This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

DECEMBER 1972—REVISED MARCH 1988 

on „ 

description 

The SN54S182 and SN74S182 are high-speed, look-ahead carry generators capable of anticipating a carry across 

four binary adders or group of adders. They are cascadable to perform full look-ahead across n-bit adders. Carry, generate-

carry, and propagate-carry functions are provided as enumerated in the pin designation table above. 

When used in conjunction with the 1.3181 or 'S181 arithmetic logic unit (ALU), these generators provide high-speed 

carry look-ahead capability for any word length. Each 'S182 generates the look-ahead (anticipated carry) across a 

group of four ALUs and, in addition, other carry look-ahead circuits may be employed to anticipate carry across sections 

of four look-ahead packages up to n-bits. The method of cascading 'S182 circuits to perform multilevel look-ahead 

is illustrated under typical application data. 

The carry functions (inputs, outputs, generate, and propagate) of the look-ahead generators are implemented in the 

compatible forms for direct connection to the ALU. Reinterpretations of carry functions as explained on the 'LS181 

and 'S181 data sheet are also applicable to and compatible with the look-ahead generator. Logic equations for the 

'S182 are: 

Cn+x = GO + PO C n  

Cn+y = G1 + P1 GO + P1 PO C n  

C0+5 = G2 + P2 G1 + P2 P1 GO + P2 P1 PO Cn  

G = G3 + P3 G2 + P3 P2 G1 + P3 P2 P1 GO 

P = P3 P2 P1 PO 

C n i- 5  = YO (X0 + C n ) 

en+y =  Y1 (X1 + YO  • 1- C0 )]  

or 	C 0 -1-5 = Y2 ( X2 + 	IA, + YO (X0 + Cn )1) 

Y = Y3 (X3 + Y2) (X3 + X2 + Y1) (X3 + X2 + X1 + YO) 

X = X3 + X2 + X1 + XO 

PRODUCTION DATA documents contain information 
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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SN54S182, SN74S182 
LOOK-AHEAD CARRY GENERATORS 

FUNCTION TABLE FOR G OUTPUT 

INPUTS OUTPUT 

G G3 G2 G1 GO P3 P2 P1 

L X X X X X X 

J
 _I  
J
 _

J
 1

 

XL X X L X X 

X X L X L L X 

X X X L L L L 

All other combinations 

FUNCTION TABLE 

FOR C ri+ x  OUTPUT 

INPUTS OUTPUT 

GO 	PO 	Cn C n+x  

L 	X 	X 

I
 x
 ,
 

X 	L 	H 

All other 

combinations 

FUNCTION TABLE 

FOR C041, OUTPUT 

INPUTS OUTPUT 

Croy  1 	GO F1 	PO C n  
LXXXX 

I
 
I
  
I
 -.1  

X 	L 	LXX 

X 	X 	L 	L 	H 

All other 

combinations 

FUNCTION TABLE FOR C u+z OUTPUT 

INPUTS OUTPUT 

C ni, G2 G1 GO P2 	P1 	PO C n  

L X X X 	X 	X X 

2
 
2
  
2
  
2
  

-J 

X L X LXXX 

X X L LLX X 

X X X L 	L 	L H 

All other combinations 

SO
DI

A
a
a
  1

1
1

  

H = high level, L = low level, X = irrelevant 

Any inputs not shown in a given table are irrelevant with respect to 

that output. 
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logic diagram (positive logic) 

(7)—P  or X 

PO or XO
(4) 	

 
(3)  

GO or YO 

	

C n  or Un i-1-3-LI> 	 
(12) 

Or 

COAX 

Pin numbers shown are for D, J, N, and W packages. 

FUNCTION TABLE 

FOR P OUTPUT 

INPUTS OUTPUT 

P3 P2 P1 	PO P 

L 	L 	L 	L L 

All other 

combinations 
H 



TYPICAL OF ALL OUTPUTS 

SN54S182, SN74S182 
LOOK•AHEAD CARRY GENERATORS 

schematics of inputs and outputs 

VCC 

INPUT 

EQUIVALENT OF EACH INPUT 

INPUT R eg  NOM 

C, 2.8 kS2 
P3 1.41,0 
P2 940 0 

To, T. 1, G3 700 0 
UO, 64 400 0 

350 0 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 
Interemitter voltage (see Note 21 	  5.5 V 
Operating free-air temperature range: SN54S182 	  —55°C to 125°C 

SN74S182 	  0°C to 70°C 
Storage temperature range  	65°C to 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 input transistor. For these circuits, this rating applies to each 

input in conjunction with any other G input or in conjunction with any P input. 
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SN54S182, SN74S182 
LOOK-AHEAD CARRY GENERATORS 

SO
O
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i
i
  

recommended operating conditions 

SN54S182 SN74S182 
UNIT 

MIN NOM MAX MIN 	NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 	5 5.25 V 

High-level output current, !OH -1 -1 mA 

Low-level output current, lim_ 20 20 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt - 
MIN 

•..'S182 '45182 
 

. 	• ' 
UNIT 

I I, Pi: MAX mirs, I liP4- MAX 

Viii High-level input voltage 2 2 V 

VI L Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage Vcc = MIN, Ii=  -18 mA -1.2 -1.2 V 

VOH High-level output voltage 
VCC = MIN, 

v iL  = 0.8 V, 

VIH = 2 V, 

loH = -1 mA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VI-1 = 2 V, 

10L = 20 mA 
0.5 0.5 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

III-I 
High-level 

input current 

en  input 

VCC = MAX, VI = 2.7 V 

50 50 

nA 

T3 input 100 100 

P2 input 150 150 

F70, -15 1, or G3 input 200 200 

GO or G2 input 350 350 

G1 input 400 400 

ilL 
Low-level 

input current 

en  input 

VCC = MAX, Vi = 0.5 V 

-2 -2 

mA 

153 input -4 -4 

132 input -6 -6 

P0, P1, or G3 input -8 -8 

GO or Z2 input -14 -14 

61 input -16 -16 

IOS Short-circuit output current§ VCC - MAX -40 -100 -40 -100 mA 

ICCH Supply current, all outputs high VCC = 5 V, See Note 3 35 65 35 70 mA 

leeL Supply current, all outputs low VCC = MAX, See Note 4 69 99 69 109 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

t All typical values are at VCC = 5 V, TA = 25 °C. 

Not more than one output should be shorted at a time and duration of the short-circuit test should not exceed one second. 

NOTES: 3. lccH is measured with all outputs open, inputs P3 and 63 at 4.5 V, and all other inputs grounded. MAX is determined at 5.5 V. 

4. Ica_ is measured with all outputs open; inputs GO, U1, and U2 at 4.5 V; and all other inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH GO, G1, 62, -6'3, 

P0, P1, P2, or P3 

en+x• C n +y , 

or C n+z  

RL = 280 O, et_ = 15 pF, 

See Note 5 

4.5 	7 
ns 

tPH L 4.5 	7 

tPLH GO, G1, G2, G3, 

P1, P2, or P3 
G 

5 	7.5 
ns 

tPHL 7 	10.5 

tPLH 17,0,1, 1,7'2, or 1'3 is 
4.5 	6.5 

ns 
tPH L 6.5 	10 

tpLH 
en  

Cm_x, e n +y , 

or C n+z  

6.5 	10 
ns 

tPHL 7 	10.5 

NOTE 5: Load circuits and voltage waveforms are shown in Section 1, 
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LOOK-AHEAD CARRY GENERATORS 
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SN54LS183 . . . FK PACKAGE 

(TOP VIEW) 

C.) <  
Z Z > t•N 

< 
i 

L-J 
3 2 1 20 19 

	

1B 4 
	

18 2B 

	

NC 5 
	

17 NC 

	

1Cn 6 
	

16 2Cn 

	

NC 7 
	

15 NC 

	

1Cn-1-1 8 
	

14 2Cn + 1 
9 10 11 12 13 

1-11-11-1  

r3 0 VI 0 
•— zZe•4  Z 

EQUIVALENT OF 
EACH INPUT 

vc c 

INPUT 

TYPICAL OF ALL 
OUTPUTS 

OUTPUT 

VCC 
120 S2 

NOM 

SN54LS183, SN74LS183 
DUAL CARRY-SAVE FULL ADDERS 

BULLETIN NO. DL-57711848, OCTOBER 1976—REVISED MARCH 1988 

For Use in High-Speed Wallace-Tree Summing 
	

SN54LS183 ... J OR W PACKAGE 

Networks 
	

SN74LS183 . . . D OR N PACKAGE 

(TOP VIEW) is 	 High-Speed, High-Fan-Out Darlington Outputs 

Input Clamping Diodes Simplify System Design 

TYPICAL AVERAGE 	TYPICAL 

PROPAGATION 	 POWER 

TYPES 	 DELAY TIME 	DISSIPATION 

'LS183 	 15 ns 	 23 mW per bit 

1A 

NC 

1B 

1Cn 

 1Cn  + 1 
11 

GND 

VCC 
2A 

2B 

2Cn 

2Cn  +1 
NC 

2E 

description 

These dual full adders feature an individual carry 

output from each bit for use in multiple-input, carry-

save techniques to produce the true sum and true 

carry outputs with no more than two gate delays. The 

circuits utilize high-speed, high-fan-out, transistor-

transistor logic ITTLI, but are compatible with both 

DTL and TTL families. SN54LS183 is characterized 

for operation over the full military temperature range 

of — 56°C to 125 °C; SN74LS183 is characterized for 

operation from 0 °C to 70 °C. 

logic diagram (each adder) 

Pin numbers shown are for D, J, N, and W packages. 

NC - No internal connection 

FUNCTION TABLE 

(EACH ADDER) 

INPUTS OUTPUTS 

CD  B A z Col 

L L L L L 

L L H H L 

L H L H L 

L H H L H 

H L L H L 

H L H L H 

H H L L H 

H H H H H 

H = high level, L = low level 

schematics of inputs and outputs 

PhIJUULlifIll DMA c.mumente contain information 
coven• as a! pul•ny• on date. Products conform to 
soPc.lic.nons pi the terms el Tessa Instruments 
'wield warranty. Productiou 01,tming does not 
mossy y *hide testing of all parameters. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 2-617 



SN54LS183, SN74LS183 
DUAL CARRY-SAVE FULL ADDERS 

S
e3

In
e

a
  i
l
l
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage VCC (see Note 1)   7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS183 Circuits 	 —55° C to 125° C 

	

SN74LS183 Circuits   0° C to 70° C 

Storage temperature range  	—65° C to 150° C 

NOTE 1: Voltage values, except interemitter voltage, are with respect to network ground terminal. 

recommended operating conditions 

• 	 LSVM SN74LS183 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 	5 	5.5 4,75 	5 	5.25 V 

High-level output current, 10H —400 —400 HA 

Low-level output curren 	lo L 4 8 mA 

Operating free-air temperature, TA —55 	 125 70 cc 

electrical characteristics over recommended operation free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPT MAX MIN TYPT MAX UNIT 

VIH High-level input voltage 2 2 V 

MIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

MOH High-level output voltage 
VCC =MIN, 

VIL=VILmax, 

VIH = 2 V, 

10H = —400 HA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 

MCC = MIN, 

VIH = 2 V, 

MIL = MILmax, 

I0L = 4 mA 0.25 0.4 0.25 0.4 

V 

IOL = 8  mA 0.35 0.5 

II Input current at maximum input voltage VCC = MAX, Vi = 7 V 0.3 0.3 mA 

1114 High-level input current VCC = MAX, Vi = 2.7 V 60 60 HA 

I I L Low-level input current VCC = MAX, Vi = 0.4 V —1.2 —1.2 mA 

IOS Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

100L Supply current, all outputs low VCC = MAX, See Note 3 10 17 10 17 mA 

I0cH Supply current, all outputs high VCC = MAX, See Note 4 8 14 8 14 mA 

For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions for the applicable type. 

tAil typical values are at V CC  = 5 V, TA = 25"C. 

§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

NOTES' 3. Icci_ is measured with all outputs open and all inputs grounded. 

4 . IlccH is measured with all Outputs open and all inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-level output CL = 15 pF, 

See Note 5 

RL = 2 k.Q, 9 15 ns 

tpH L Propagation delay time, high-to-low-level output 20 33 ns 

NOTE 5: Load circuits and voltage waveforms are shown in Section 1. 
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SN54190, SN54191, SN54LS190, SN54LS191, 
SN74190, SN74191, SN74LS190, SN74LS191 

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 
DECEMBER 1972—REVISED MARCH 1988 

Counts 8-4-2-1 BCD or Binary 

Single Down/Up Count Control Line 

Count Enable Control Input 

Ripple Clock Output for Cascading 

Asynchronously Presettable with Load 
Control 

• Parallel Outputs 

• Cascadable for n-Bit Applications 

TYPICAL 

AVERAGE 	MAXIMUM 	TYPICAL 

TYPE 	PROPAGATION 	CLOCK 	POWER 

DELAY 	FREQUENCY DISSIPATION 

'190,191 	2Ons 	 25MHz 	325mW 

'LS190,'LS191 	2Ons 	 25MHz 	100mW 

description 

The '190, 'LS190, '191, and 'LS191 are synchronous, 

reversible up/down counters having a complexity of 58 

equivalent gates. The '191 and 'LS191 are 4-bit binary 

counters and the '190 and 1S190 are BCD counters. 

Synchronous operation is provided by having all flip-

flops clocked simultaneously so that the outputs change 

coincident with each other when so instructed by the 

steering logic. This mode of operation eliminates the 

output counting spikes normally associated with asyn-

chronous (ripple clock) counters. 

SN54190, SN54191, SN54LS190, 
SN54LS191 . . . J PACKAGE 

SN74190, SN74191 ... N PACKAGE 
SN741S190, SN74LS191 	D OR N PACKAGE 

(TOP VIEW) 

VCC 
A 

CLK  

R CO 

MAX/MIN  

LOAD 

C 

QA 

3 	2 

1 4  

1 	20 19 

18 

CTEN 1  5 17 

NC 1  6 16  NC 
7 15  1  MAX/MIN 

QC 1  8 14 1  LOAD 

9 10 11 12 13 

0 0 0 0 
C1 Z Z 

NC - No internal connection 

B 

QB 

OA  
CTEN 

D/U 

OC 

OD 
GND 

16 

15 

14 

13 

12 

11 

10 

SN54LS190, SN54LS191 . . . FK PACKAGE 

(TOP VIEW) 

m 	0 
CJ Z > < 

2 

T
T

L
 D

e
v

ic
e

s  

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 74LS' are characterized for operation from 0°C to 70°C. 

PRODUCTION DATA documents contain information 
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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M2 [DOWN] 21CT = 0126 

IUP1 M3 3)CT = 9)Z6 
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161  Q B 
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OD 
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CLK 

	 (11) 
LOAD 

'191, 'LS191 

CTRDIV16 

G1 

M2 [DOWN) 

M3 [UP] 

21CT = 0126 

31CT= 15)Z6 

>1,2—/1,3+ 

G4 6,1,4 

C5 
"I  r 

5D   (11 +- --1 

121 
	141 

181 

CTEN 

D/T1 

1141 
CLK 

LOAD 
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11) 

(10) 

(91 sa
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a
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  1

1
1
  MAX/MIN 

(131
RCO 

QA 
12) 

GB 
16) 

QC 
171  ,., 

.13 

1121 

131 

SN54190, SN54191, SN54LS190, SN54LS191, 
SN74190, SN74191, SN74LS190, SN74LS191 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

logic symbolst 
'190, 'LS190 

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. 
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(13)  
RCO 

112) MAX/MIN 

S 

1J 

C1 

1K 

R 

2 

(3) 
-0-OUTPUT CIA 

S 

1J 

Cl 

1K 

R 

161 
-0-OUTPUT QC 

DATA 
INPUT D 

191 

S 

1.1 

C1 

1K 

R 

17) 
-0- OUTPUT CID 

DATA 
INPUT A 

1151 

• CTEN 	(zU  

'190, 'LS190 DECADE COUNTERS 

CLK (14)  I>  

D !L f>0-. 	 

1 >0 

DATA 11 / 
INPUT B 

1> 	 
DATA  (10)  

INPUT C 
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(121 MAX/MIN 
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	• 
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1J 

Cl 

1K 

SN54191, SN54LS191, SN74191, SN74LS191 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

logic diagram (positive logic) 
'191,1_8191 BINARY COUNTERS 

1J 
C1 

1K 

13) 
OUTPUT OA 

CLK 114)  r:100  

	

Dili 	(5)  

DATA ( 15 )  
INPUT A 

	

CTEN 	(4)  

•	 

• 

S 

1J 

• • C> C1 

1K 

DATA ( 11  
INPUT B 

S
a

31
.1

ne
a  

1
1

1
  

DATA (10)  
INPUT C 

12) 
OUTPUT QB 

16) 
-0-OUTPUT QC 

DATA (9) 
 INPUT D 

S 
171 

	 1J 
	

-0- OUTPUT CID 

C1 
	 1K 

LOAD 
(11) 

 

Pin numbers shown are for D, J, and N packages. 
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SN54190, SN54LS190, SN74190, SN74LS190 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

'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 

A 
	 I 	IL 	  

I 	I 

DATA 
INPUTS 

   

r 

     

T
T

L
 D

ev
ic

e
s  

         

         

           

           

CLOCK 

D/177 

CTEN 

        

         

         

         

CIA - - 

QB 

OD 

MAX/MIN 

RCO 

I 7 	
8 	9 	 1 	2 	 2 	2 1 	1 	0 	9 	8 	7 

I I 	 COUNT UP 	 1.— INHIBIT -A 	1*--- COUNT DOWN 	  

LOAD 
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CLOCK 

Ord —1 

CTEN 

OA — —1 

QB 

QC 

OD - - J 
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0
a
  1

1
1
  

SN54191, SN54LS191, SN74191, SN74LS191 
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 

'191, 'LS191 BINARY COUNTERS 

typical load, count, and inhibit sequenbes 

Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen. 

2. Count up to fourteen, fifteen (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

MAX/MI N 

     

      

RCO _ _ 	u 	 
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13 	14 	15 	0 	1 	2 	 2 	1  2 	1 	0 	15 	14 	13 
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SN54190, SN54191, SN54LS190, SN54LS191, 
SN74190, SN74191, SN74LS190, SN74LS191 

SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7 V 
Input voltage: SN54', SN74' Circuits 	  5.5 V 

SN54LS', SN74LS' Circuits 	  7 V 
Operating free-air temperature range: SN54', SN54LS' Circuits 	  —55° C to 125° C 

SN74', SN74LS' Circuits 	  0° C to 70° C 
Storage temperature range 	 —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

.':190, SNR4 1 91 SN74 1 nn QN 74191 
UNIT 

..9•. 	NOM MAX MIN 	': 0. MAX 

VCC Supply voltage 4.5 	5 5.5 475 	., 5.25 V 

IOH High-level output current —0.8 —0.8 mA 

IOL Low-level output current 16 16 mA 

(clock Input clock frequency 0 20 0 20 MHz 

twlclock) Width of clock input pulse 25 25 ns 

tw(load) Width of load input pulse 35 35 ns 

tsu  
Data, high or low (See Figure 1 and 2) 20 20 

ns Setup time 
Load inactive state 20 20 

thold Data hold time 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 CONDITIONSt 
SN54190, SN54191 SN74190, SN74191 

UNIT 
MIN TYPi: MAX MIN TVPt MAX 

VIH High-level input voltage VCC ' MIN 2 2 V 

VIL Low-level input voltage VCC ' MIN 0.8 0.8 V 

VII< Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

viL = 0.8 V, 

VIH = 2 V, 

IciFi = —0.8 mA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
Vcc `MIN, 

VII_ = 0 8V, 

VIH = 2 V, 

loL = 16 mA 
0.2 0.4 0.2 0.4 V 

II 
 High-level input current at 

maximum input voltage 
VCC = MAX, Vi = 5.5 V 1 1 mA 

1H 
High-level input current 

at any input except enable 
VCC = MAX, Vi = 2.4 V 

 

40 40 AA 

IIH 
High-level input current 

at enable input 
120 120 AA 

'IL 
Low-level input current 

at any input except enable 
VCC = MAX, VI = 0.4 V 

—1.6 —1.6 mA 

1 1L 
Low-level input current 

at enable input 
—4.8 —4.8 mA 

IOS Short-circuit output current§ VCC = MAX —20 —65 —18 —65 mA 

ICC Supply current VCC = MAX, See Note 2 65 99 65 105 mA 

'For conditions shown as MAX or MIN, use appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: Icc is measured with all inputs grounded and all outputs open. 
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EQUIVALENT OF EACH INPUT 

vcc 

INPUT 

Enable input: R eq  = 1.3 kS2 NOM 

All other inputs: R eq  = 4 kO NOM 

SN54190, SN54191, SN74190, SN74191 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

switching characteristics, V cc  = 5 V, TA  = 25° C 

PARAMETER )  
FROM 

I INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

l•. '1 4 1 
UNIT 

MIN 	1 .. 	::..:-,X 

f max 

CL = 15 pF, 	RL= 400 0, 
 

See Figures 1 and 3 thru 7 

_ 

20 	25 MHz 

tPLH Load 0A/ 08• 0C• 0D 
22 	33 

ns 

tPHL 33 	50 

tPLH 
Data A, 8, C, D 0A, 08/ 0C/ 01) 

14 	22 
ns 

tPHL 35 	50 

tPLH CLK RCO 
13 	20 

ns 
tpHL 16 	24 

1PLH 
CLK OA ,  Op. OC, OD 

16 	24 
ns 

tPHL 
24 	36 

tPLH 
CLK Max/Min 

28 	42 
ns 

tPHL 37 	52 

tPLH 
D/11 RCO 

45 
ns 

tpHL 30 	45 

tPLH 
Dip.  Max/Min 

21 	33 
ns 

tPHL 22 	33 

f max 	maximum clock frequency 

tpLH  e propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

schematics of inputs and outputs 
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SN54LS190, SN54LS191, SN74LS190, SN74LS191 
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWNIUP MODE CONTROL 

recommended operating conditions 

SN54LS190 

SN54LS191 

SN74LS190 

SN74LS191 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

(clock Clock frequency 0 20 0 20 MHz 

fwIclocld Width of clock input pulse 25 25 ns 

fw(load) Width of load input pulse 35 35 ns 

fsu Data setup time (See Figures 1 and 2) 20 20 ns 

ten  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) 

PARAMETER TEST CONDITIONSt 

SN54LS190 

SN54LS191 

SN74LS190 

SN74LS191 UNIT 

MIN TYP1 MAX MIN TYP4 MAX 

VIH 	High-level input voltage 2 2 V 

Vii, 	Low-level input voltage 0.7 0.8 V 

VII< 	Input clamp voltage VCC = MIN, 11= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
Vcc =MIN, 

\sift= VII_ MaX, 

Vik = 2 V, 

1 0H = -400 pA 
2.5 3.4 2.7 3.4 V 

Vol_ 	Low-level output voltage 
VCC = MIN, 

VIL = VIL ma. 

V 11.4= 2 V, IOL ' 4  mA 0.25 0.4 0.25 0.4 
V 

IOL ° 8  mA 0.35 0.5 

High-level input 

II 	current at maximum 

input voltage 

Enable 
VCC = MAX, Vi = 7 V 

0.3 0.3 
mA 

Others 0.1 0.1 

High-level 
IIH 

input current 

Enable 
Vcc = MAX, V1= 2.7 V 

60 60 
pA 

Others 20 20 

Low-level 
'IL 

input current 

Enable 
Vcc = MAX, VI = 0.4 V 

-12 . -1.2 
mA 

Others -0.4 -0.4 

los 	Short-circuit output current§ VCC = MAX, -20 -100 -20 -100 mA 

ICC 	Supply current VCC = MAX, See Note 2 20 35 20 35 mA 

'For conditions shown as MAX or MIN, use appropriate value specified under recommended operating conditions for the applicable device 

type. 

tAll typical values are at VCC = 5 V, TA = 25'C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTES: 2. I cc is measured with all inputs grounded and all outputs open. 

3. Minimum count enable time is the interval immediately preceeding the 	 edge of the clock pulse during which interval the 

count enable input must be low to ensure counting. 
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OUTPUT 

EQUIVALENT OF EACH INPUT 

VCC 

R eq 

INPUT 

Enable input: R eq  = 8.33 ki2 NOM 

' Load input: R eq  = 25 kO NOM 

All other Inputs: R eq  = 17 kIt NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

120 S2 NOM 
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SN54LS190, SN54LS191, SN74LS190, SN74LS191 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

switching characteristics, VCC = 5 V, T A  = 25°C 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS190, 'LS191 
UNIT 

MIN 	TYP MAX 

f max 

CI_ .-- 15 pF, RL t= 2 Icil, 

See Figures 1 and 3 thru 7 

20 	25 MHz 

tPLH 
Load OA, OB• QC ,  OD 

22 	33 
ns 

tPHL 33 	50 

tPLH 
Data A, B, C, D OA. OB, QC, OD 

20 	32 
ns 

tPFIL 27 	40 

tPLH 
CLK RCO 

13 	20 
ns 

tPHL 16 	24 

tPLH 
CLK OA. OB• QC,  OD 

16 	24 
ns 

1PHL 24 	36 

tPLH 
CLK KosiMns 

28 	42 
ns 

tPHL 37 	52 

tpLH 
13/1.71 RCO 

30 	45 
ns 

tpHL 30 	45 

tPLH 
0/ 171 Max/Min 

21 	33 
ns 

tPHL 22 	33 

tPLH 
RCO 

21 	33 
ns 

1PHL CTEN 22 	33 

f max 	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 
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MAX/MIN, 
RIPPLE CLOCK, 	 

09, CIO, OR Q0 
CL = 15 p T. (SEE NOTE 

FIGURE 1—LOAD CIRCUIT 

FOR SWITCHING TIME MEASUREMENT 

(SEE NOTE B) 
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SN54190, SN54191, SN54LS190, SN54LS191, 
SN74190, SN74191, SN74LS190, SN74LS191 

SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

PARAMETER MEASUREMENT INFORMATION 
OUTPUT VCC 

	

4- 10 ns 	 —111.1
I 	I.-- ,-,-.. 10 ns 

	

I 
	

Vref 	

90% 	I 
Vref 	I 

/C  10%

3 V 
90% 

I 	 I 	 I 	 I 

	

1.4— tsu —Ni 	 he— t5. -01 

	

I 	90% 	 I 	90% 

Vref 	I 	 1 
10% 	I 	 10% 	I 

I 
-0-1 	1-4- - 10 ns 

I 	I 

FIGUTE 2 - DATA SETUP TIME VOLTAGE WAVEFORMS 

DATA 
INPUT 
(SEE NOTE C) 10% 

LOAD 
INPUT 
(SEE NOTE CI 

OUTPUT 

Vref 

0 V 

3V 

0 V 

10 ns 

VOH 

	 VOL 

10 ns 
	

' 10 ns 

I 
	

I 

INPUT 
(SEE NOTE Cl 

10% 
Vref Vref 	 

10% 

VOL 

0V 

VOH 

VOL 

VOH 

NON INVERTING 
OUTPUT 

1.111--1PLH-111.1 

V ref Vref 

1.41— tPHL -01 

INVERTING 
OUTPUT 

rise times, reference levels, etc., have not been shown in figures 4 through 7. 

V 
tpLH —11.1 

Vref 

See waveform sequences in figures 4 through 7 for propagation times from a specific input to a specific output. For simplication, pulse 

FIGURE 3-GENERAL VOLTAGE WAVEFORMS FOR PROPAGATION TIMES 

NOTES A. CL includes probe and jig capacitance. 

B. All diodes are 1 N3064 or equivalent. 

C. The input pulses are supplied by generators having the following characteristics: Z o,,,= 50 62, duty cycle < 50%, PRR < 1 MHz. 

D. Vref = 1.5 V for '190 and '191;1.3 V for 'L5190 and 'LS191. 
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SN54190, SN54191, SN54LS190, SN54LS191 
SN74190, SN74191, SN74LS190, SN74LS191 
SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

PARAMETER MEASUREMENT INFORMATION (continued) 

LOAD 

ANY DATA INPUT 

CORRESPONDING 
Q OUTPUT — 

                

                

                

                

                

   

tPLH 

  

I 	 I 	I 	 I 	I 	 I 
H L 	tPLH —01 	 IPHL 

I 	 1 

 

S
9
3
1

/%
91

3  
1

1
1
  

NOTE E: Conditions on other inputs are irrelevant. 

FIGURE 4—LOAD TO OUTPUT AND DATA TO OUTPUT 

LOAD 

	

D/T3 	
1---i 

	

I 	
I---- 

I 
CLOCK 

I 	  
I 
	 I 
	

I 	 ,  
I 	I 	 I 

	

CTEN 	 I 	 : 	

. 	
I  

tPHL—.1  I  1.—  

	

—.11 	:...— tPLH 	tPHL —..1, I.— tPLH 
H 1 1.—  

RCO 

r- 
 	 tPHL 

MAX/MIN L. 
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 
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SN54190, SN54191, SN54LS190, SN54LS191, 
SN74190, SN74191, SN74LS190, SN74LS191 

SYNCHRONOUS UPIDOWN COUNTERS WITH DOWNIUP MODE CONTROL 

PARAMETER MEASUREMENT INFORMATION (continued) 

switching characteristics (continued) 

LOAD 

DATA INPUTS 
(SEE NOTES G TO 

  

  

D/U 

  

COUNT 

OUTPUTIS) UNDER TEST 
—1 

 I 

ENABLE = LOW 

    

tPLH 

    

         

         

NOTES: G. To test QA, Qs, and Clc 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 CID output of '190 and 'LS190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low 

logic level. 

I. To test 0.A, GB, Q. and OD outputs of '191 and 'LS191: All four data inputs are shown by the solid line. 

FIGURE 6-CLOCK TO OUTPUT 

LOAD 

     

DATA A 

DATA B, C, AND D 
(SEE NOTE .) 

WTI 

COUNT 

MAX/MIN 

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 

is shown by the solid line for both devices. 

FIGURE 7-CLOCK TO MAX/MIN 
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B 

0 13 

OA 
DOWN 

UP 

DC 

OD 

GND 

VCC 

A 

CLR 

BO 

CO 

 LOAD 

C 

SN54LS192, SN54LS193 . FK PACKAGE 

(TOP VIEW) 

CO U 
O c0 Z > < 

uuuuu 
3 	2 	1 20 19 

OA 4 18 CLR 
DOWN 5 17 BO 

NC 6 16 NC 
UP 7 15 CO 

QC 8 14 LOAD 
9 	10 11 12 13 

0 0 U 0 U 
0 Z Z 

SN54192, SN54193, SN54LS192 SN54LS193, 
SN74192, SN74193, SN74LS192, SN74LS193 

SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 
DECEMBER 1972—REVISED MARCH 1988 

Cascading Circuitry Provided Internally 

Synchronous Operation 

Individual Preset to Each Flip-Flop 

Fully Independent Clear Input 

SN54192, SN54193, SN54LS192. 
SN54LS193 . J OR W PACKAGE 

	

SN74192, SN74193 	N PACKAGE 

	

SN74LS192, SN74LS193 	D OR N PACKAGE 

(TOP VIEW) 

TYPES 	TYPICAL MAXIMUM 	TYPICAL 

COUNT FREQUENCY POWER DISSIPATION 

'192,'193 	 32 MHz 	 325 mW 

'LS192,'LS193 	 32 MHz 	 95 mW 

description 

These monolithic circuits are synchronous reversible 

(up/down) counters having a complexity of 55 

equivalent gates. The '192 and 'LS192 circuits are 

BCD counters and the '193 and 'LS193 are 4-bit 

binary counters. Synchronous operation is provided 

by having all flip-flops clocked simultaneously so that 

the outputs change coincidently with each other when 

so instructed by the steering logic. This mode of 

operation eliminates the output counting spikes which 

are normally associated with asynchronous (ripple-

clock) counters. 

The outputs of the four master-slave flip-flops are trig-

gered by a low-to-high-level transition of either count 

(clock) input. The direction of counting is determined by 

which count input is pulsed while the other count input 

is high. 

All four counters are fully programmable; that is, each 	 NC No internal connection 

output may be preset to either level by entering the 

desired data at the data inputs while the load input is 

low. The output will change to agree with the data in-

puts independently of the count pulses. This feature 

allows the counters to be used as modulo-N dividers by simply modifying the count length with the preset inputs. 

A dear input has been provided which forces all outputs to the low level when a high level is applied. The clear function is 

independent of the count and load inputs. The clear, count, and load inputs are buffered to lower the drive requirements. 

This reduces the number of clock drivers, etc., required for long words. 

These counters were designed to be cascaded without the need for external circuitry. Both borrow and carry outputs are 

available to cascade both the up- and down-counting functions. The borrow output produces a pulse equal in width to the 

count-down input when the counter underflows. Similarly, the carry output produces a pulse equal in width to the count-up 

input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow and carry outputs 

to the count-down and count-up inputs respectively of the succeeding counter. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

SN54' SN54LS' SN74' SN74LS' UNIT 

Supply voltage, VCC (see Note 1) 7 7 7 7 V 

Input voltage 5.5 7 5.5 7 V 

Operating free-air temperature range —55 to 125 0 o 70 °C 

Storage temperature range —65 to 150 —65 to 150 °C 

NOTE 1: Voltage values are with respect to network ground terminal. 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing doss not 
necessarily include tasting of all parameters. 
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DATA  (10)  

INPUT C 

DATA  (9)  

INPUT D 

CLR 
(14) 

 

LOAD 

SN54192, SN54LS192, SN74192, SN74LS192 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

logic diagram (positive logic) 

MI — 
	BO 

(121 
CO 

DATA  (15)  

INPUT A 

DOWN  (4)  

UP (5) 

13) 
	OUTPUT OA 

T 

R 3— 

DATA  (1) 

INPUT B 

SO
31

.1A
0
a
  i
l
l
  

T 

(2) 
	 OUTPUT Clg 

OUTPUT QC 

OUTPUT OD 

0— 

Pin numbers shown are for I), J, N, and W packages. 
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DATA  (15) 

INPUT A 

DOWN (4) 

UP 151 

121 

SN54193, SN54LS193, SN74193, SN74LS193 
SYNCHRONOUS 4•13IT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

logic diagram (positive logic) 

Ito 
2-635 

DATA 	 
INPUT C 

S 
	

(6) 
 OUTPUT QC 

T 

DATA  (9 )  
INPUT D 

CLR 

(71 
OUTPUT QD 

LOAD 	 

Pin numbers shown are for D, J, N, and W packages. 
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(14)  
CLR ( 
	

CT - 0 

UP 

G21 +  
(41 

QA 
QB 

QC 

QD 

(2) 

S
a3

! A
aO

  1
1

1
  

VCC 

INPUT 

SN54192, SN54193, SN54LS192, SN54LS193 
SN74192, SN74193, SN74LS192, SN74LS193 
SYNCHROMMIS 4•BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

logic symbolst 

'192 	 '193 

IThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

schematics of inputs and outputs 

(121  — 
CO 

(131  — 
BO 

(31 
QA 

121 

(6)
B  Q 

Q 
(71 OC 

D 

TYPICAL OF OUTPUTS 
OF 'LS192, 'LS193 
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EQUIVALENT OF INPUTS 
OF 'LS192, 'LS193 

Load input' R eq  25 k S2 NOM 
All other inputs R eq  = 17 k..Q. NOM 
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SN54192, SN54LS192, SN74192, SN74LS192 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

'192, 'LS192 DECADE COUNTERS 

typical clear, load, and count sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one, and two. 

4. Count down to one, zero, borrow, nine, eight, and seven. 

• 

NOTES: 

..;• 

A.  

B. 

0 1 ) 

CO 

BO 

I ° I 	I 7  I 
) 

CLEAR 	PRESET 

Clear overrides load, data, and count 

When counting up, count-down input 

.±3 	9  
COUNT UP 

Inputs. 

must be high, when counting down, count-up 

o 	9 

COUNTDOWN 

'j—NT  

input must be high. 

8 71 
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SN54193, SN54LS193, SN74193, SN74LS193 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

'193, 'LS193 BINARY COUNTERS 

typical clear, load, and count sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one, and two. 

4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

S
O

3
IA

G
a
  1

1
1

  

CLR 

LOAD 

A 

DAtA 

C. 

D 

I 

J
I 	 

    

    

    

    

    

    

    

    

     

OU (PUTS 

SEQUENCE 
ILLUSTRATED 

ac 

O D  

CO 

BO 

1 0 

,.■/\■\ 

CLEAR 

1 131 

/■/\■\ 

PRESET 

14 15 	0 

COUNT UP 

15 	14 

COUNTDOWN 

(17INT 

O 

NOTES: A, Clear overrides load, data, and count inputs. 

B When counting up, count-down input must be high; when counting down, count-up input must be high. 

13 

UP 

DOWN 

() A  
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PARAMETER TEST CONDITIONS 0  

SN54192 

SN54193 

SN74192 

SN74193 UNIT 

MIN TYP MAX MIN 	TYPt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II ' —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
MCC =MIN, 

 VIL = 0.8 V, 

MIH = 2  \/, 
IOH = —0.4 mA 

2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

V1E1 = 2 V 

10L = 16 rnA 
0.2 0.4 0.2 0.4 V 

Ii Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 40 qA 

'IL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

IOS Short-circuit output current § VCC = MAX —20 —65 —18 —65 mA 

ICC Supply current VCC = MAX, See Note 2 65 89 65 102 mA 
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SN54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4-BIT UP ► DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

recommended operating conditions 

SN54192 

SN54193 

SN74192 

SN74193 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH High-level output current —0.4 —0.4 mA 

IOL Low-level output current 16 16 rnA _ 

tclock Clock frequency 0 25 0 25 

tss  Width of any input pulse 20 20 alb 

tsu  Data setup time, (see Figure 1) 20 20 ns 

th Hold time 
Data, high or low 0 0 

ns 
LOAD 3 3 

TA Operating free-air temperature —55 125 0 70 C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

I For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type 

tAll typical values are at VCC = 5 V, TA = 2 5Th. 

§Not more than one output should be shorted at a time. 

NOTE 2: ICC is measured with all outputs open, clear and load inputs grounded, and all other inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETE0 
FROM 

INPUT 

TO 

OUTPUT 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tmax 

CL = 15 pF, 

RL = 400 0, 

See Figures 1 and 2 

25 	32 MHz 

tPLH 
UP CO 

17 	26 
ns 

tPHL 16 	24 

tPLH 
DOWN BO 

16 	24 
ns 

tPHL 16 	24 

tPLH 
UP OR DOWN 0 

25 	38 
ns 

tPHL 31 	47 

tPLH 
0 

27 	40 
rIS 

tPHL 
LOAD 

29 	40 

tpHL CLR Q 22 	35 ns 

maximum clock frequency 

'PLH == propagation delay time, low-to-high-level output 

,PFIL propagation delay time, high-to-low-level output 
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SN54LS192, SN54LS193, SN74LS192, SN74LS193 
SYNCHRONOUS 4-BIT LIP!DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

recommended operating conditions 

SN54LS192 

SN54LS193 

SN74LS192 

SN74LS193 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH High-level output current —400 —400 pA 

IOL Low-level output current 4 8 mA 

fe ioc k Clock frequency 0 25 0 25 MHz 

tw  Width of any input pulse 20 20 ns 

tsu 

Clear inactive-state setup time 15 15 ns 

Load inactive-state setup time 15 15 ns 

Data setup time (see Figure 1) 20 20 ns 

th Data hold time 5 5 ns 

TA Operating free-air temperature range —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

SN54LS192 

SN54LS193 

SN74LS192 

SN74LS193 UNIT 

MIN TYP 4,  MAX MIN TYPE MAX 

VIII 	High-level input voltage 2 2 V 

Vit. 	Low-level input voltage 0.7 0.8 V 

VI K 	Input clamp voltage MCC = MIN, 	II= —18 mA —1.5 —1.5 V 

VON High-level output voltage 
VCC = MIN, 	VIH = 2 V, 

VIL = VII_ max, 10H = —400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 	VIN = 2 V, 

VIL = VIL max 

IOL = 4  mA 0.25 0.4 0.15 0.4 
V 

IOL = 8  mA 0.35 0.5 

Input current at maximum 
11 

input voltage 
Vcc = MAX, 	V1 = 7 V 0.1 0.1 mA 

IIH 	High-level input current VCC = MAX, 	V1 = 2.7 V 20 20 pA 

II L. 	Low-level input current VCC = MAX, 	Vi = 0.4 V —0.4 —0.4 mA 

los 	Short-circuit output current`; VCC = MAX —20 —100 —20 —100 mA 

ICC 	Supply current VCC = MAX, 	See Note 2 19 34 19 34 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

fAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 2: !cc is measured with all outputs open, clear and load inputs grounded, and all other inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

INPUT 

TO 

OUTPUT 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

MI-12 Imax 

CL - 15 pF, 

RL = 2 kS2, 

See Figures 1 and 2 

25 	32 

tpLH 
UP CO 

17 	26 
ns 

tpHL 18 	24 

t PLH 
DOWN BO 

16 	24 
ns 

t PHL 15 	24 

tPLH 
UP OR DOWN Q 

27 	38 
ns 

tPHL 30 	47 

tPLH Q 
24 	40 

ns 

tPHL 
LOAD 

25 	40 

tPHL CLR El 23 	35 ns 
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SN54192, SN54193, SN54LS192, SN54LS193, 
SN74192, SN74193, SN74LS193, SN74LS193 

SYNCHRONOUS 4-BIT UNDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

PARAMETER MEASUREMENT INFORMATION 
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SN54192, SN54193, SN54LS192, SN54LS193, 
SN74192, SN74193, SN74LS192, SN74LS193 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

PARAMETER MEASUREMENT INFORMATION 

2-642 	 Tr XAS 
INS1RUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



SN54192, SN54193, SN54LS192, SN54LS193, 
SN74192, SN74193, SN74LS192, SN74LS193 

SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

PARAMETER MEASUREMENT INFORMATION 

QD 

Pc 

CIB 

QA 

CARRY 

BORROW  

4 V 	 Vcc, 

OUTPUTS 

	 UP 

	'DOWN 	fib 

	O 
"O--1 	

A 	 CO 

Si 	• 	 B 	 QA 

• C 	 QB 

• D 	 OC 

• CLR 	 QD 

	 0 LOAD 

--• 

r 	S 	1 
1 

• 1 I 	14 	• oi oi .i 
	• 	I 	c, 	ISee Note C) 

I 	(See Note 81 

17 

I 

I 	LOAD CIRCUIT 1 L J 
r 	  

	

LOAD CIRCUIT 2 	
I 

L J (Same as Load Circuit 1) 

— 

r 
LOAD CIRCUIT 3  

(Same as Load Circuit 11 
L 	

I 

r- 	 —I I LOAD CIRCUIT 4 

L 	  
(Same as Load Circuit 1) 	 I 

✓ 1 	i 	LOAD CIRCUIT 5 
(Same as Load Circuit 1) 

 

	 _I 

	I
r 

LOAD CIRCUIT 6  

(Same as Load Circuit 1) 	 I 
L J 

PULSE 
GENERATOR 
(See Note A) 

T
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TEST CIRCUIT 

NOTES: A. The pulse generators have the following characteristics: PRR = 1 MHz, Z ou t = 50 ft, duty cycle = 50%. 
B. CL includes probe and jig capacitance. 

C. Diodes are 1N3064 or equivalent. 

D. Cout-up and dount-down pulse shown are for the '193 and 'LS193 binary counters. Count cycle for '192 and 'LS 192 decade 

counters is 1 through 10. 

E. Waveforms for outputs CIA, 09, and QC are omitted to simplify the drawing. 

F. t r  and tf < 7 ns. 

G. V ref is 1.5 V for '192 and '193, 1.3 V for 'LS192 and 'LS193. 

FIGURE 2A — PROPAGATION DELAY TIMES 
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k  16 1- Vref 

— 0 V 
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I 

Vref VOH 

VOL 

S
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1
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  1

1
1
  

COUNT 
UP 

INPUT 
(See Note Dl 

OUTPUT 

CID 
(See Note El 

CO 

VOH 
Vref 

L.. 	VOL 
tPHL 

1.„_,PLH VOH 

Vref j7e7 

VOL 

COUNT 
DOWN 
INPUT 

(See Note Dl 

OUTPUT 
QD 

(See Note El 

BO 

tPH L 	1.-1 

tP1-11  VOH 
Vref 	 "ref 

VOL 

VOLTAGE WAVEFORMS 

SN54192, SN54193, SN54LS192, SN54LS193, 
SN74192, SN74193, SN74LS192, SN74LS193 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

PARAMETER MEASUREMENT INFORMATION 

NOTES: A. The pulse generators have the following characteristics: PRR = 1 MHz, Z out .,-, 50 0, duty cycle = 50%. 

B. CL includes probe and jig capacitance. 

C. Diodes are 1N3064 or equivalent. 

D. Cout-up and dount-down pulse shown are for the '193 and 'LS 193 binary counters. Count cycle for '192 and 'LS192 decade 

counters is 1 through 10. 

E. Waveforms for outputs OA, QB, and Qc are omitted to simplify the drawing. 

F. t r  and tf 	7 ns. 

G. Vref is 1.5 V for '192 and '193, 1.3 V for 'LS192 and 'LS193. 

FIGURE 2B - PROPAGATION DELAY TIMES 
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SN54194, SN54LS194A, SN54S194, 
SN74194, SN74LS194A, SN74S194 

4•BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 
MARCH 1974—REVISED MARCH 1988 

Parallel Inputs and Outputs 

Four Operating Modes: 

Synchronous Parallel Load 
Right Shift 
Left Shift 
Do Nothing 

• Positive Edge-Triggered Clocking 

• Direct Overriding Clear 

TYPICAL 
TYPICAL 

MAXIMUM 
TYPE 	 POWER 

CLOCK 
DISSIPATION 

FREQUENCY 

'194 36 MHz 195 mVV 

'LS194A 36 MHz 75 mVV 

'S194 705 MHz 425 mVV 

description 

These bidirectional shift registers are designed 
to incorporate virtually all of the features a 

system designer may want in a shift register. The 
circuit contains 46 equivalent gates and features 

parallel inputs, parallel outputs, right-shift and 
left-shift serial inputs, operating-mode-control 

inputs, and a direct overriding clear line. The 
register has four distinct modes of operation, 
namely: 

Inhibit clock (do nothing) 
Shift right (in the direction QA toward QD) 

Shift left (in the direction QD toward QA) 
Parallel (broadside) load 

Synchronous parallel loading is accomplished by 
applying the four bits of data and taking both 

mode control inputs, SO and S1, high. The data 

are loaded into the associated flip-flops and 
appear at the outputs after the positive transition 

of the clock input. During loading, serial data 
flow is inhibited. 

Shift right is accomplished synchronously with 

the rising edge of the clock pulse when SO is high 
and S1 is low. Serial data for this mode is entered 
at the shift-right data input. When SO is low and 
S1 is high, data shifts left synchronously and 

new data is entered at the shift-left serial input. 

Clocking of the shift register is inhibited when 
both mode control inputs are low. The mode 
controls of the SN54194/SN74194 should be 
changed only while the clock input is high. 

SN54194, SN54LS194A, SN54S194 	J OR W PACKAGE 
SN74194 	N PACKAGE 

SN74LS194A, SN74S194 . D OR N PACKAGE 

ITOP VIEW) 

CLR 
SR SER 

A 
B 

C 

D 

SL SER 
GND 

SN54LS194A, SN54S194. 

(TOP VIEW) 

cc 

• cc 
cc U U < 
• Z > 
uUUUU 
3 2 1 20 19 

A 4 	 18 CIB 

B 5 	 17 QC 

NC 6 	 16 NC 
C 7 	 15 OD 
D 8 	 14 CLK 

9 10 11 12 13 
r—ar—lr-1 rn  

CC 	L3 0 ‘— 
u-i 2 Z 	W 
(O ct  
-J 
(/) 

NC - No internal connection 

logic symbol t 

CLR 

cLSK1  

SR SER A 

 g 

C 

D  SL SER 

SRG4 
R I:,  

C \ 1 —3  .° 

1i/24— 
r 

(15) OA 

(1 19))  Is. 

( 1.  1  I _4:;H11  

(2)  1,4D 

3,4D 

131  

114) ON  (4) 3.4D 
(5) (13) oc  

3,4D 

1121 3,4D 

2,4D : 671)  

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

VCC 
OA 
OR 
QC 

oo 
CLK 
S1 
SO 

RC PACKAGE 
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Ph.:1•1” TIOPI 115  I • ocuments contain information 
• :•.....a of .•• non date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

CLK input: R eg  = 4 kIlt NOM 

All others: R eg  = 6 kf2 NOM 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

SO, SI R,„ = 4 k2 NOM 

All others R„ = 2.8 k2 NOM 

TYPICAL OF ALL OUTPUTS 

VCC 
50 NOM 

OUTPUT 

SN54194, SN54LS194A, SN54S194 
SN74194, SN74LS194A, SN74S194 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

FUNCTION ABLE 
INPUTS OUTPUTS 

CLEAR 
MODE 

CLOCK 
SERIAL PARALLEL 

 QA cle OD  Qc Si 	SO LEFT RIGHT A B 	C D 

X
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=
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OBn 

0 611 

OA0 

LL 

0B0 
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0An 

OAn 

OCn 

OCn 

OBO 
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OCO 

c 

OBn 

OBn 

ODn 

CIDn 

0c0 

L 

ODO 

d 

OCn 

OCn 

H 

L 

cloo 

schematics of inputs and outputs 

'194 

H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including trap. 

sitions) 

= transition from low to high level 

a, b, c, d = the level of steady - state input at 

inputs A, B, C, or D, respectively. 

0A0. 0 B0 ,  °CO• QD0 = the level of QA,  
ag, Qc, or OD, respectively, before the 

Indicated steady-state input conditions 

were established. 

QA„• OBn• OCn• Cfo n  = the level of QA, 

Qc •  respectively, before the most. 

recent 1 transition of the clock. 

se
3I

n
a
a
  1

1_
1
  

'LS194A 

EQUIVALENT OF R, L, 
A, B, C, AND D INPUTS 

VCC 

EQUIVALENT OF CLEAR, 
CLOCK, SO, AND Si INPUTS 

VCC 

TYPICAL OF ALL OUTPUTS 

VCC 

41.1 
120 0 NOM 

15 l<4 NOM 17 Ifil NOM 

INPUT alpINPUT OUTPUT 

ral 

'S194 
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SN54194, SN74194 
4•BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

logic diagrams (positive logic) 

F. I 

5 
of 

P
in

  n
u
m

b
e
rs

  s
h
o
w

n
  a

re
  
fo

r  
D

,  
J,

  
N

,  
a

n
d
 W

 p
a

c
k
a
g

e
s.

  

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

2-647 



P
A

R
A

L
L

E
L

 I
N

P
U

T
S 

'L
S1

94
A

,  
'S

19
4 

logic diagrams (continued) 

"- U. 

L211  tfl 

	• 

• 

S
O

3
1A

0
(3

  
l
i
  1

  

	a 
a 

N 

it IX.  
-2 E 
cr Lcg 

MODE 

CONTROL 

INPUTS 

cc 

O 

P
A

R
A

L
L

E
L

 O
U

T
P

U
T

S 

n
u

m
b

e
rs

  s
h
o

w
n
  o

n
  l
o

g
ic

  n
o
ta

ti
o

n  
a

re
  f

o
r  

D
,  
J
 o

r  
N

,  
a

n
d

 W
 

SN54LS194A, SN54S194 
SN74LS194A, SN74S194 
4•BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 
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SN54194, SN54LS194A, SN54S194, 
SN74194, SN74LS194A, SN74S194 

4•BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

typical clear, load, right-shift, left-shift, inhibit, and clear sequences 

CLOCK 
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MODE 	W ___; 
CONTROL 

INPUTS 	S1 

CLEAR —11 

SERIAL 
DATA 

INPUTS 

_r 

PARALLEL 

DATA 
INPUTS 

DB 

OUTPUTS 

(lc _ 

CID 

H—SHIFT 

   

1*--SHIFT LEFT 	  INHIBIT --01 

CLEAR LOAD 	 CLEAR 
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SN54194, SN74194 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

2-650 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC  (see Note 11 	 7 V 

	

Input voltage   5.5 V 

Operating free-air temperature range: SN54194  	—55° C to 125° C 

SN74194 	  0° C to 70° C 

Storage temperature range 	 —65 ° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

sr. 	.. 	 •., -. '..194 
UNIT 

MIN wurvi MAX MIN Nt,M MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 _win pA 

Low-level output current, loL 16 it, mA 

Clock frequency, (clock 0 25 0 25 MHz 

Width of clock or clear pulse, t w  20 20 ns 

Setup time, t su  

Mode control 30 30 ns 

Serial and parallel data 20 20 ns 

Clear inactive-state 25 25 ns 

Hold time at any input, th 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
i yl, i yei- 

UNIT — 
MIN MAX MIN MAX 

VI H High-level input voltage 2 2 

VI L Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC ' MIN, 11= —12 mA —1.5 —1.5 

VON High-level output voltage 
VCC =MIN, 

VII._ = 0.8 V, 

ViH = 2 V, 

loH = —800 tiA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VIL= 0.8 V, 

VI pi = 2 V, 

loL= 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

IIH High-level input current Vcc = MAX, Vi = 2.4 V 40 40 pA 

II L Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

los Short-circuit output current§ VCC ' MAX —20 —57 —18 —57 mA 

ICC Supply current VCC = MAX, See Note 2 39 63 39 63 mA 

tFor conditions shown as MIN or MAX, use the approp iota value specified under recommended operating conditions. 

(All typical values are at VCC = 5 V, TA = 25C. 

§Not more than one output should be shorted at a time. 

NOTE 2: With all outputs open, inputs A through D grounded, and 4.5 V applied to SO, Si, clear, and the serial inputs, Icc is tested with a 

momentary G ND, then 4.5 V applied to clock. 

switching characteristics, VCC = 5 V, TA = 25 °C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

(max  Maximum clock frequency 
CL = 15 pF, 

RL = 400 0, 

See Figure 1 

25 36 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 19 30 ns 

tpui Propagation delay time, low-to-high-level output from clock 14 22 ns 

tpHL Propagation delay time, high-to-low-level output from clock 17 26 ns 
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_..N.-:i 

MIN 
_ 	; I , ..:A 

NUM 

•..rz i.u.siti.V., 

NUM MAX 
UNIT 

MAX MIN 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —400 —400 pA 

Low-level output current, 10L 4 8 mA 

Clock frequency, f clock 0 25 0 25 MHz 

Width of clock or clear pulse, t t„, 20 20 115 

Setup time, t 55  

Mode control 30 30 ns 

Serial and parallel data 20 20 ns 

Clear inactive-state 25 25 115 

Hold time at any input, th 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
S' • 4 . ;194A ' '. :LS194A 

UNIT 
MIN 1'1'1,4 MAX MIN i YPt MAX 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

V1 Input clamp voltage VCC ' MIN, II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC' MIN, 

VI L = VI L max, 

VIN = 2 V, 

10H = —400 pA 
2.5 3.5 2.7 3,5 V 

Vol_ Low-level output voltage 
VCC = MIN, 

VIL ' VII_ max 

VIH = 2 V, lot.  = 4 mA 0.25' 0.4 0.25 0.4 
V 

IOL ' 8  mA 0.35 0.5 

li 
Input current at 

maximum input voltage VCC = MAX, Vi = 7 V 0.1 0.1 mA 

I I H High-level input current VCC = MAX, V1 = 2.7 V 20 20 pA 

II L Low-level input current VCC - MAX, V1 = 0.4 V —0.4 —0.4 mA 

los Short-circuit output current§ VCC = MAX —20 —109 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 2 15 23 15 23 mA 
T
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SN54LS194A, SN74LS194A 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage 	 7 V 

Operating free-air temperature range: SN54LS194A  	—55° C to 125° C 

SN74LS194A 	  0°C to 70° C 
Storage temperature range  	—65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal, 

recommended operating conditions 

, For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

tAil typical values are at VCC = 5 V, TA = 25"C 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open, inputs A through D grounded, and 4.5 V applied to SO, Si. clear, and the serial inputs, Icc is tested with a 

momentary GND, then 4.5 V, applied to clock. 

switching characteristics, VCC = 5 V, TA = 25 °C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max  Maximum clock frequency 
CL 	

= 

= 15 pF, 

RL 	2 k0,, 

See Figure 1 

25 36 MHz 

tPHL Propagation delay time, high-to-low-level output from clear 19 30 ns 

tPLH Propagation delay time, low-to-high level output from clock 14 22 ns 

tPHL Propagation delay time, high-to-low level output from clock 17 26 ns 

TEXAS 
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SN54S194, SN74S194 
4•BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 
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2-652 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 
Operating free-air temperature range: SN54S194  	—55° C to 125° C 

SN74S194 	  0° C to 70° C 
Storage temperature range  	—65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal 

recommended operating conditions 

',.1. 1! 	'•. 

NuM 

..1 : '. '.1:.1..: 

NuM 
UNIT 

MIN MAX MIN MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —1 — 1 mA 

Low-level output current, loL 20 20 mA 

Clonk frequency, (clock 0 70 0 70 MHz 

• • 	h of clock pulse, twlclock) 7 7 ns 

Width of clear pulse, t w ( u i eur ) 12 12 ns 

Setup time, t su  

Mode control 11 11 ns 

Serial and parallel data 5 5 ns 

Clear inactive-state 9 9 ns 

Hold time at any input, th 3 3 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN5•'•1 ..1 .... -10194 

UNIT 
MIN PO.* MAX MIN Pr F.* MAX 

Vi H High-level input voltage 2 2 V 

Vi L Low-level input voltage 0.8 0.8 V 

V 1K Input clamp voltage VCC = MIN, II= —18 mA —1.2 —1.2 V 

VOH High-level output voltage 
VCC =MIN, 

V IL = 0.8 V, 

Vivi = 2 V, 

1014=-1 —1 mA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

 V i L = 0.8 V, 

VIII = 2 V, 

loL = 20 mA 
0.5 0.5 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

11H High-level input current VCC = MAX, Vi = 2.7 V 50 50 gA 

II L Low-level input current VCC = MAX, V 1 = 0.5 V —2 —2 mA 

los Short-circuit output current§ VCC = MAX —40 —100 —40 —100 mA 

ICC Supply current 

VCC = MAX, See Note 2 85 135 85 135 

mA 
VCC = MAX, 

TA = 125° C, W package 

See Note 2  

110 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2, With all outputs open, inputs A through D grounded, and 4.5 V applies to SO, St, clear, and the serial inputs, ICC is tested with a 

momemtary GND, then 4.5 V, applied to clock. 

switching characteristics, VCC = 5 V, TA = 25 °C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

(rnax  Maximum clock frequency 

CL = 280 0 

= 15 pF, 

RL 	 , 

See Figure 1 

70 106 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 12.5 18.5 ns 

tPLH Propagation delay time, low-to-high-level output from clock 4 8 12 ns 

tpHL Propagation delay time, high-to-low-level output from clock 4 11 16.5 ns 

TEXAS 
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CLEAR V ref Vref 

t,„ 

(See Note F) 

DATA 

INPUT 

(SEE TEST 

TABLE) 

OUTPUT Q 

i B il L 

V ref 
ref 

SN54194, SN54LS194A, SN54S194, 
SN74194, SN74LS194A, SN74S194 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

FROM 

OUTPUT 

UNDf R 

TE5T 

LOAD FOR 

HL 

(See NAB C) 
CL 	16 pF 

(See Nov ,  B) 

OUTPUT UNDER TEST 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 

FOR TEST 

A 

B 

C 

D 

L Se; 171 	Input 

R 	Input 

51 	SO 
OUTPUT TESTED 

(SEE NOTE El 

	

4.5 V 	4.5 V 

	

4.5 V 	4.5 V 

	

4 5 V 	4 5 V 

	

4 5 V 	4.5V 

	

4 5 V 	DV 

	

0 V 	4 5 V 

OA at tn+1 

OE{ at 10+1 

QC 71 	it 11 

° D I n 1 1 

OA 	It  trl 	4 

OD at to 04 

VOLTAGE WAVE FORMS 

NOTES, A. The clock pulse generator has the following characteristics Z nnr  H 50 a and PRR 0 1 MHz, For '194, t r  H 7 ns and ti < 7 ns. 

For 'LS194A, t r  H 15 ns and tr tH 6 ns. For 'S194, t r  H. 2.5 ns and tf <- 2.5 ns. When testing f rnex , vary PRR. 

B. CL includes probe and lig capacitance 

C. All diodes are 1N3064 or 1N916. 

D A clear pulse is applied prior to each test. 

E. For '194 and 'S194, V re f = 1.5 V; for 'LS194A, Vref = 1.3 V. 

F. Propagation delay times (tFLH and tPH L) are measured at t n .i. Proper shifting of data is verified at t n .i.4 with a functional test. 

G t o  = bit time before clocking transition. 

t n .r i = bit time after one clocking transition. 

i,4 - bit time after foul clock rnq 

FIGURE 1—SWITCHING TIMES 
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SN54195, SN54LS195A, SN54S195, 
SN74195, SN74LS195A, SN74S195 

4-BIT PARALLEL-ACCESS SHIFT REGISTERS 
MARCH 1974 — REVISED MARCH 1988 

Synchronous Parallel Load 

Positive-Edge-Triggered Clocking 

Parallel Inputs and Outputs from 
Each Flip-Flop 

Direct Overriding Clear 

• J and K Inputs to First Stage 

• Complementary Outputs from Last Stage 

• For Use in High Performance: 

Accumulators/Processors 
Serial-to-Parallel, Parallel-to-Serial 

Con 	1 ,L1I- S 

description 

These 4-bit registers feature parallel inputs, parallel 

outputs, J-K serial inputs, shift/load (SH/LD) control 

input, and a 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 CIA toward OD) 

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-17 

inputs. These inputs permit the first stage to perform 

as a J-K, D-, or T-type flip-flop as shown in the 

function table. 

The high-performance 'S195, with a 105-megahertz 

typical maximum shift-frequency, is particularly attrac-

tive for very-high-speed data processing systems. In 

most cases existing systems can be upgraded merely 

by using this Schottky-clamped shift register. 

SN54195, SN54LS195A, SN54S195 . J OR W PACKAGE 
SN74195 	N PACKAGE 

SN74LS195A, SN74S195 . O OR N PACKAGE 

(TOP VIEW) 

ACC 

QA 
QB 

QC 

QD 

QD 
CLK 

SH/LD 

SN54LS195, SN54S195 . FK PACKAGE 

(TOP VIEW) 

Cc 
U < 

Z > 

3 2 1 20 19 

QB 

QC 
NC 

QD 
Do 

9 10 11 12 13 

0 0 010 Y 
Z 

-± C.) 

to 

NC - No internal connection 

TYPICAL 
	

TYPICAL 
TYPE 	MAXIMUM CLOCK 

	
POWER 

FREQUENCY 
	

DISSIPATION 
'195 	 39 MHz 

	
195 mW 

'LS195A 	39 MHz 
	

70 mW 
'S195 	 105 MHz 

	
350 mW 

CLR 

J 

A 

B 

C 

D 

GND 

K 

A 

NC 

B 

C 

4 	 18 

5 
	

17 

6 
	

16 

7 
	

15 

B 
	

14 

T
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FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR 
SHIFT/ 

CLOCK 
SERIAL PARALLEL 

°A 	GB 	Gc 	OD 	OD 
LOAD .1 	k A 	B C D 

X
_
I
S

S
S

I
M

 I
I
r
r
x

X
X

 

r
  
I
r
x

X
X

X
 X

-c
,X

X
X

X
 X

 

X
 ,-,

X
X

X
 
X

X
 

X
-0

X
X

X
  
x

 X
 

X
 
.

X
X

X
 
X

 
X

 

L 	L 	L 	L 	H 

a 	b 	c 	d 	d 

GAO 0B0 ()co aDo Ow 

CIAO CIAO (11 13n 	GCn 	GCn 

L 	ClAn aBn GCn GCn 

H 	°An GlEin GCn dc. 

dAn °An °Bn GCn GCn 

H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

t = transition from low to high level 

a, b, c, d = the level of steady-state input at A, B, 

C, or 0, respectively 

0A0. aBO• QCO , Q130 = the level of OA, C1B •  0g, 

or CID, respectively, be-

fore the indicated steady-

state input conditions 

were established 

ClA n•  Qg n•  Clc„ = the level of OA, QB, or QC, 

respectively, before the most-

recent transition of the clock 

PPonlicrioN I • I! tcuments contain information 
• .• as of p • • on date. Products conform to 

..... terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54195, SN54LS195A, SN54S195, 
SN74195, SN74LS195A, SN74S195 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

logic diagram (positive logic) 
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1 
SERIAL SHIFT 

logic symbolst 

SH/LD(9) 

CLEAR 

'195 

LOAD 

CLR 

'LS195, 'S195 

1151 	OA 

M1 [SHIFT] 

M2 [LOAD] 

SRG4 

> C3/1 —• 

SRG4 

R 

M1 [SHIFT] 

M2 [LOAD) 

> C3/1 

C1711.317.p. 

SH/LD 	(9) 

87—  
CLK (101 

C LiTK (10) 

J 	(2] 

j 121 
1,3,1 

13K 

2.3D 

1,3J 

1,3K 

2,3D 

(31 	r^.., A 	(4) 

A (4)  1151 0 A 	 B 	15) 1141 
OB 2,3D 

B 	151 1141 08 	 C 	(6) 113) 
DC 2 3D 2,3D 

C 	161 (131 oc 	 D 	(7) 1121 
OD 2,3D 

D 	(7)  (121 00  
'7)D 

`1111 Qp 

-- - -I 
1 

OUTPUTS fA
B — G 

QC 

aD -- 
I 

2 

T
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SERIAL SHIFT --••• 

SN54195, SN54LS195A, SN54s195, 
SN74195, SN741S195A, SN74S195 

4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

typical clear, shift, and load sequences 

CLK 

	

INPUTS ( IZ 	  

	

SH/LD 	 I I 	1 

	

(A 	 I H I 

PARALLEL B 
DATA 
INPUTS 	C 	 J1-I 

CLR _l 

SERIAL 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers are for D, J, N, and W packages. 
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EQUIVALENT OF EACH INPUT 

Clock input. R e, = 4 111 NOM 

All other inputs: R e , e 6 ka NOM 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

CLR, 	LD R e „ 4 LII NOM 

All othe! Inpu, R ey  - 2 B 	NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

S
83

1
A
0
a
  1

1
1

  
SN54195, SN54LS195A, SN54S195, SN74195, SN74LS195A, SN74S195 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

schematics of inputs and outputs 

'195 

'LS195A 

EQUIVALENT OF J, K, 

A, B, C, AND D INPUTS 

EQUIVALENT OF CLR, CLK, AND 

SH/LD INPUTS 

VCC 

TYPICAL OF ALL OUTPUTS 

1200 NOM 
VCC 

VCC 

15 I<S2 

INPUT 

NOM 

INPUT 

17 kf2 

411p 

alill 

Pa 

OUTPUT 

'S195 

INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS 1 f:XAS 75265 
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MIN 

% 4195 SN74195 
UNIT 

74‘.4.1 MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, IOH -800 -800 6A 

Low-level output current, IOL 16 16 mA 

Clock frequency, f clock 0 30 0 30 MHz 

Width of clock input pulse, tm ci oc k) 16 16 ns 

Width of clear input pulse, t o/ ( c l ear ) 12 12 ns 

Setup time, t 5u  (see Figure 1) 

Shift/load 25 25 

ns Serial and parallel data 20 20 

Clear inactive-state 25 25 

Shift/load release time,trelease (see Figure 1) 10 10 ns 

Serial and parallel data hold time, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
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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, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54195  	-55° C to 125°C 

SN74195 	  0° C to 70° C 
Storage temperature range  	-65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

PARAMETER TEST CONDITIONSt MIN TYPI MAX UNIT 

VIM High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = -12 mA -1.5 V 

VOH High-level output voltage VCC 
=o IN, 	VIH = 2 V, 

VII_ - 	 8 V, 	10H = -800 H  A 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	lot_ = 16 mA 
0.2 0.4 V 

li Input current at maximum input voltage VCC = MAX, 	Vi = 5.5 V 1 mA 

I IH High-level input current VCC = MAX, 	V1 = 2.4 V 40 mA 

'IL Low-level input current VCC = MAX, 	Vi = 0.4 V -1.6 mA 

los Short-circuit output current§ VCC = MAX 
SN54195 -20 -57 

mA 
SN74195 -18 -57 

!cc Supply current VCC = MAX, 	See Note 2 39 63 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tall typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time. 

NOTE 2: With all outputs open, shift/load grounded, and 4.5 V applied to the J, K, and data Inputs, ICC is measured by applying a 

momentary ground, followed by 4.5 V, to clear and then applying a momentary ground, followed by 4.5 V, to clock. 

switching characteristics, VCC = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS MIN TNT 	'.••• • UNIT 

tmax Maximum clock frequency 
CL= 15 PF. 

RL = 400 11, 

See Figure 1 

30 39 MHz 

,PHL Propagation delay time, high-to-low-level output from clear 19 30 ns 

tpLH Propagation delay time, low-to-high-level output from clock 14 22 ns 

tPHL Propagation delay time, high-to-low-level output from clock 17 26 ns 
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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 voltage, VCC (see Note 11 	 7 V 

Input voltage  	7 V 

Operating free-air temperature range: SN54LS195A  	—55° C to 125° C 

SN74LS195A 	  0° C to 70° C 

Storage temperature range 	 —65° C to 150° C 

NOTE 1 Voltage values are with respect to network ground terminal 

recommended operating conditions 

SN54LS195A 

M111 	NOM 	MA • 

SN74LS195A 
•01 ,,. 	• 	.4,.. ,m  UNIT MAX  

Supply voltage, VCC ...!, Li i..., ...i•, u 5.25 V 

High-level output current, loH —400 —400 AA 

Low-level output current, loL 4 8 mA 

Clock frequency, , 1 	. 0 30 0 30 MHz 

Width of clock or 	i . Ilse, tm c i oc ki 16 16 ns 

Width of clear input pulse, t w (chsur ) 12 12 ns 

Setup time, t su  (see Figure 1) 

Shift/load 25 25 

ns Serial and parallel data 15 15 

Clear inactive-state 25 25 

Shift/load release time, trelease  (see Figure 1) 10 20 ns 

Serial and parallel data hold time, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSI 
SN54L .1•...A r./.'4LS195A 

UNIT  
MIN TYP. MAX MIN TYPt MAX 

VIM High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage VCC r" MK 	II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 	VIII = 2 V, 

VII_ = VIL max, loH = —400 AA 
2.5 3.4 2.7 3.4 , V 

VOL Low-level output voltage 
VCC = MIN, 	V1H = 2 V, 

VII_ = VII, max 

loL = 4 mA 0.25 0.4 0.25 0.4 
V 

I 
loL = 8 mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC = MAX, 	Vi = 7 V 0.1 0.1 mA 

11H High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 yA 

IlL Low-level input current VCC = MAX, 	VI = 0.4 V —(1 4 —0.4 mA 

10S Short-circuit output current§ VCC = MAX —20 —100 mA 

1 c0 Supply current VCC = MAX, 	See Note 2 14 14 21 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
I All typical values are at VCC 5 V, TA = 25 C 

Not more than one output should be shorted at a time, and duration of the short -circuit should not exceed one second, 
NOTE 2: With all outputs open, shift/load grounded, and 4.5 V applied to the J. K, and data inputs, Icc is measured by applying a momentary 

ground, followed by 4 5 V. to clear and then applying a momentary ground, followed by 4,5 V, to clock 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

(teas Maximum clock frequency 
CL = 15 pF, 

RI 	'.. 2 kit 

See Figure 1 

30 39 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 19 30 ns 

1 PLH Propagation delay time, low-to-high-level output from clock 14 22 ns 

tpHL Propagation delay time, high-to-low-level output from clock 17 26 ns 
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SN54S195 SN74S195 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —1 —1 mA 

Low-level output current, 10L 20 20 mA 

Clock frequency, 0 70 0 70 MHz 

Width of clock ini 	. 	I e, tw ( c i ock) 7 7 ns 

Width of clear input pulse, tw (c lear ) 12 12 ns 

Setup time, t, L, (see Figure 1) 

Shift/load 11 11 

ns Serial and parallel data 5 5 

Clear inactive-state 9 9 

Shift/load release time, trelease  (see Figure 1) 2 6 ns 

Serial and parallel data hold time, th (see Figure 11 3 3 ns 

Operating free-air temperature, TA —55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDIT1ONSt MIN TVP1 MAX UNIT 

VIH High-level input voltage 2 V 

V IL  Low-level input voltage 0.8 V 

ViK Input clamp voltage VCC = MIN, li = —18 mA —1.2 V 

MOH High-level output voltage 
VCC = MIN ,  

viL = 0.8 V, 

Mill = 2 V. 

lOH = —1 mA 

SN54S195 2.5 3.4 
V 

SN74S195 2.7 3.4 

VOL Low-level output voltage 
MCC = MIN, 

MIL= 0.8 v, 

VIH = 2 V, 

IOL = 20 mA 
0.5 V 

li Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

11H High-level input current VCC = MAX, Vi = 2.7 V 50 mA 

I 1 L Low-level input current VCC = MAX, Vi = 0.5 V —2 mA 

los Short-circuit output current§ VCC = MAX —40 —100 mA 

ICC Supply current VCC = MAX, See Note 2 
SN545195 70 99 

mA 
SN745195 70 109 
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SN54S195, SN74S195 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

Operating free-air temperature range: SN54S195  	—55° C to 125° C 

SN74S195 	  0° C to 70° C 

Storage temperature range  	—65° C to 150° C 

NOTE 1. Voltage values are with respect to network ground terminal 

recommended operating conditions 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short.circuit should not exceed one second. 

NOTE 2: With all outputs open, shift/load grounded, and 4.5 V applied to the J, K, and data inputs, ICC is measured by applying a momentary 

ground, followed by 4.5 V, to clear, and then applying a momentary ground, followed by 4.5 V, to clock. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER MIN PIP MAX UNIT 

Imax 	Maximum clock frequency 
CL = 15 pF, 

RL = 280 62, 

See Figure 1 

70 105 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 12.5 18.5 ns 

tpui 	Propagation delay time, low-to-high-level output from clock 8 12 ns 

lPHL Propagation delay time, high-to-low-level output from clock 11 16.5 ns 
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SN54195, SN54LS195A, SN54S195, 
SN74195, SN74LS195A, SN74S195 
4•BIT PARALLEL-ACCESS SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT Vcc 

(See Note CI 

FROM OUTPUT 

UNDER TEST 

CL 	15 1tF 

( S e e Note El 

LOAD FOR OUTPUT UNDER TEST 

twIclearl 

1  1/1/ Vref 

3V 

CLR 

CLK 	Vre 

,..._ 	___,L I 
Vref 	 mus_

V'efth I 
V re f 	'\... 

0 V 
rrnI-  tw(clock) 	 ...r..,__ th 

(See Note G) 

DATA 	 i 
I 	

re- et .,,-.1 I 

Vref 	1 	Vref 
I 	I  

Vref 	I 	V ref 

I 
I 
	Vref 

3 V 
I 	 t 	 t." tsu 	I 
I 	 I 

	I 	 0 V 
I 	14— 	--1•I 	 r–  t s, —1.1 u 	

1  

IF 	trelease 	 rs---91-- =release I 	I 	 I 

SH 7 	
N 	I 	 I 	 3v 

I 	v re , 
---- i--- r\  

1 
Vref I 	

eI Vref Vref 1  

I 	 I 	 "t–  	0 V 

OUTPUT 0 ----- 
Vref 	

I 	( 

	

V,er 	

1...-tpHL 

ASSOCIATED 	
Th

-.4 

-\r- 	VOH , 
V ie t 

III—  tPHL —.4 	 14–  tPLH –"i 

	

lip 	  

v 
t,. 

1 r, 11 
1 	

A
1 f) .41-1 	  3V 

VO L 
VOLTAGE WAVEFORMS 

NOTES: A. The clock pulse generator has the following characteristics -  Znu t =- 50 If and PRR C 1 MHz. For '195, t r  C 7 ns and tf C 7 ns. 

For 'LS195A, t r  C 15 ns and tf C 6 ns. For '9195, t r  = 2.5 ns and tf = 2.5 es. When testing f n,x , vary the clock PRR. 

B. C L  includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

D. A clear pulse is applied prior to each test. 

E. For '195 and 'S195, V ref = 1.5 V; for 'LS195A, Vref = 1.3 V. 

F. Propagation delay times (tp LH and tpH L/ are measured at t n c.i. Proper shifting of date is verified at t n+4 with a functional test. 

G. J and K inputs are tested the same as date A, B, C, and D inputs except that shift/load Input remains high. 

H. t o  = bit time before clocking transition. 

tnt t = bit time after one clocking transition. 

tn* 4 = bit time after four clocking transitions. 

FIGURE 1–SWITCHING TIMES 
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SN54196, SN54197, SN54LS196, SN54LS197, SN54S196, SN54S197, 
SN74196, SN74197, SN74LS196, SN74LS197, SN74S196, SN74S197 

501301100-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 
OCTOBER 1976-REVISED MARCH 1988 

Performs BCD, Bi-Quinary, or Binary 

Counting 
	 SN54197, SN54LS197, SN54S197 . J OR W PACKAGE 

	

SN74196, SN74197 	N PACKAGE 

SN54196, SN54LS196, SN54S196, 

SN74LS196, SN74S196, Fully Programmable 	
SN74LS197, SN74S197 	D OR N PACKAGE 

Fully Independent Clear Input 
	

(TOP VIEWI 

Input Clamping Diodes Simplify 	
LOAD 

System Design 	
QC 

• Output DA Maintains Full Fan-out 	 C 

Capability In Addition to Driving 	 A 

Clock-2 Input 	 QA 

CLK 2 

GND 
GUARANTEED 

TYPES 
TYPICAL 

COUNT FREQUENCY 

CLOCK 1 	CLOCK 2 
POWER DISSIPATION 

'196,'197 0-50 MHz 	0-25 MHz 240 mIN 

'LS196, 'LS197 0-30 MHz 	0-15 MHz 80 mW SN54LS196, SN54S196, 

SN54LS197, SN54S197 	. FK PACKAGE 
'5196, 'S197 0-'00 MHz 0-50 MHz 375 mVV 

(TOP VIEWI 

VCC 
CLR 

OD 

D 

B 

aB 

CLK 1 

description 

These high-speed monolithic counters consist of four 

d-c coupled, master-slave flip-flops, which are internally 

interconnected to provide either a divide-by-two and a 

divide-by-five counter ('196, 'LS196, 'S1961 or a divide-

by-two and a divide-by-eight counter ('197, 'LS197, 

'S1971. These four counters are fully programmable; 

that is, the outputs may be preset to any state by placing 

a low on the count/load input and entering the desired 

data at the data inputs. The outputs will change to agree 

with the data inputs independent of the state of the 

clocks. 

During the count operation, transfer of information to 

the outputs occurs on the negative-going edge of the 

clock pulse. These counters feature a direct clear which 

when taken low sets all outputs low regardless of the 

states of the clocks. 

These counters may also be used as 4-bit latches by us-

ing the count/load input as the strobe and entering data 

at the data inputs. The outputs will directly follow the 

data inputs when the count/load is low, but will remain 

unchanged when the count/load is high and the clock 

inputs are inactive. 

All inputs are diode-clamped to minimize transmission-

line effects and simplify system design. These circuits 

are compatible with most TTL logic families. Series 54, 

54LS, and 54S circuits are characterized for operation 

over the full military temperature range of -55°C to 

125°C; Series 74, 74LS, and 74S circuits are 

characterized for operation from 0°C to 70°C. 

81c_i (2) >Id' 
I_J L_I LJ LiL_I 
3 2 1 20 19 

	

C 4 	 18 CID 

	

NC 5 	 17 NC 

	

A 6 	 16 D 

	

NC 7 	 15 NC 

	

CIA 8 	 14 B 

9 10 11 12 13 
I-1 I-1 I-II-1 T-1  

C4 a U•- to 
NeZZ 

(-) 

NC - No internal connection 

logic symbolst 

'196, 'LS196, 'S196 
	

'197, 'LS197, 'S197 

   

t These symbols are in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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514 .kmuments contain information 
so o• 	 date. Products conform to 

sy...1' cations ;,o: 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54196, SN54197, SN54LS196, SN54LS197, SN54S196, SN54S197, 
SN74196, SN74197, SN74LS196, SN74LS197, SN74S196, SN74S197 
50130I100-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 

typical count configurations 

'196, 'LS196, and 'S196 typical count configurations and function tables are the same as those for '176. 

'197, 'LS197, and 'S197 typical count configurations and function tables are the same as those for '177. 

logic diagrams 

'196, 'LS196, and 'S196 logic diagrams are the same as those for '176. 

'197, 'LS197, and 'S197 logic diagrams are the same as those for '177. 

schematics of inputs and outputs 

EQUIVALENT OF LOAD, CLEAR, 
AND DATA INPUTS 

INPUT 

EQUIVALENT OF CLOCK INPUTS 

VCC 

TYPICAL OF ALL OUTPUTS 

VCC 

INPUT 

R ag  

V 

4 kil l NOM 

VCC 

100 S-2 

NOM 

Count/load, 

OUTPUT 

Data. 	R eq  - 

NOMINAL VALUES OF 

R1, R2, and R3 

Clear: R eq  = 2 kft NOM 
INPUT 	'196 	'197 

Clock 1 	4 1,2 	4 ka 
Clock 2 	3 tat 	6 kft 

4 
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SNI•41A• 	• %. 1 ..1 I • ' '. • : I .. 	.!. ''.1.,  
UNIT 

Mir. 	NOM 	MAX MIN 	NOM 	MAX 

Supply voltage, Vcc 4.:: 	7./ 	 5.5 
_ 

4.h, 	b 	5.25 V 

High-level output current, 101.4 
— 

- gA 

Low-level output current, Ica.  Iv I... mA 

Count frequency 
Clock-1 input 0 	 50 0 	 50 

MHz 
Clock-2 input 0 	 25 0 	 25 

Pulse width, tw 

Clock-1 input 10 10 

ns 
Clock -2 input 20 20 

Clear 15 15 

Load 20 20 

Input hold time, th (see Note 3) 
High-level data tw iioad) twIload) ns 
Low-level data twooad) twfload) 

Input setup time, t su  (see Note 31 
High-level data 10 10 

ns 
Low-level data 15 15 

Count enable time, t en  (see Note 4) 20 20 ns 

Operating free-air temperature, TA — 55 	 125 0 	 70 ° C 

2 
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SN54196, SN54197, SN74196, SN74197 
50-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 
Interemitter voltage (see Note 2) 	  5.5 V 
Operating free-air temperature range: SN54196, SN54197 Circuits 	 —55° C to 125 ° C 

SN74196, SN74197 Circuits 	  , 0° C to 70° C 
Storage temperature range  	—65° C to 150° C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the Clear 

and Load inputs. 

recommended operating conditions 

NOTES: 3. Setup and hold times are with respect to the falling edge of the load input. 

4. Minimum count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which 

interval the count/load and clear inputs must both be high to ensure counting. 

TEXAS 
iNS1 121 MENTS 
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SN54196, SN54197, SN74196, SN74197 
50-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
• r.' 	:t  

—r•-. 
s. '.N74196 1 	 .1197, SN7 : I 	 : 

'UNIT 
I 	r 	 r MAX 	.'I'. TYPE t.... 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage VCC = 81  V IL =  

i IH = 2 
 OH=— 	1 A 

2,4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC `MIN, 

VIL=O.SV, 

VIH = 2 V, 

I0L=16mM 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 1 mA 

IIH High-level input current 

Data, Load 

VCC = MAX, VI = 2.4 V 

40 40 

µA Clear, clock 1 80 80 

Clock 2 120 80 

IIL Low-level input current 

Data, Load 

VCC = MAX, V1 = 0.4 V 

—1.6 —1.6 

mA 
Clear —3.2 —3.2 

Clock 1 —4.8 —4.8 

Clock 2 –6.4 –3.2 

IOS Short-circuit output current?; VCC = MAX 
SN54' –20 –57 –20 –57 

mA 
SN74' –18 –57 –18 –57 

'CC Supply current VCC = MAX, See Note 5 48 59 48 59 mA 

NOTE 5: 'CC  is measured with all inputs grounded and all outputs open. 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

8 A11 typical values are at VCC = 5 V, TA = 25°C. 

§Not more than one output should be shorted at a time. 
1QA  outputs are tested at IDL = 16 mA plus the limit value of 'IL  for the clock-2 input. This permits driving the clock-2 input while fanning 

out to 10 Series 54/74 loads. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER# 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

91154196 

S1174196 

91154197 

SN74197 UNIT 

MIN TVP MAX MIN TVP MAX 

fmax Clock 1 QA 

CL = 1 5 pF• 

AL = 4000. 

Sec Note 6 

PHL 

 

 

50 70 50 70 MHz 

tPLH 
Clock 1 OA ns 

10 15 10 15 

tPLH 
Clock 2 Og 

12 18 12 18 
ns 

t PH L  14 21 14 21 

tPLH 
Clock 2 OC 

24 36 24 36 
ns  

tPHI 28 42 28 42 

tPLFI 
Clock 2 Op 

14 21 36 54 
ns 

1PHL 12 18 42 63 

iPLH 
A, 6 , C. D QA, Ol3. UC• OD 

16 24 16 24 
ns t 

 P1-IL 26 38 25 38 

tPLH 
Load Any 

22 33 22 33 
ns  tpHL  

24 36 24 36 

tpHL Clear Any 25 37 25 37 ns 

#fmax = maximum count frequency. 

tPLH 	propagation delay time, low-to-high-level output. 

tPHL 	propagation delay time, high-to-low-level output. 

NOTE 6: Load circuit, input conditions, and voltage waveforms are the same as those shown for the '176, '177 except that testing fmax' 

VIL = 0.3 V. 
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INPUT 

OUTPUT 

EQUIVALENT OF 

COUNT/LOAD AND 
CLEAR INPUTS 

VCC 

q 

Count/Load R e , = 17 kit. NOM 

Clear: R eq  = 9.2 kit NOM 

EQUIVALENT OF 

CLOCK INPUTS 

IP 
NOMINAL 

VALUES OF 

R1, R2, and R3 

INPUT 	'LS196 'LS197 

Clock 1 	8 1,12 	8 k12 

Clock 2 	6 kit 	15 kit 

VCC 

R1 

INPUT 

EQUIVALENT OF 

DATA INPUTS 

25 kit 

NOM 

VCC 

INPUT 

TYPICAL OF ALL 

OUTPUTS 

VCC 
120 S2 NOM 

SN54LS196, SN54LS197, SN74LS196, SN74LS197 
30-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 

schematics of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 11 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54LS196, SN54LS197 Circuits 	 —55°C to 125°C 

SN74LS196, SN74LS197 Circuits 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS196, 	.:. • :- .1 . SN7 :- 	I 36, SN74LS197 
UNIT 

MIN 	NOM 	r.w.• rm. NOM 	MAX 

VCC 	Supply voltage 4.5 	5 	5.5 4.75 	5 	. ' V 

10H 	High-level output current -400 

10L 	Low-level output current 4 8 mA 

Count frequency 
Clock-1 input 0 	 30 0 	 30 

MHz 
Clock-2 input 0 	 15 0 	 15 

t 1„, 	 Pulse width 

Clock-1 input 20 20 

ns 
Clock-2 input 30 30 

Clear 15 15 

Load 20 20 

th 	 Input hold time, (see Note 3) 
High-level data twlload) twlload) 

ns 
Low-level data twlload) twlload) 

tsu 	 Input setup time, (see Note 3) 
High-level data 10 10 

ns 
Low-level data 15 15 

tenable 	Count enable time, (see Note 4) 
Clock 1 30 30 

ns 
Clock 2 50 50 

TA 	 Operating free-air temperature -55 	 125 0 	 70 °C 

NOTES: 3. Setup and hold times are with respect to the falling edge of the load input. 

4. Minimum count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which 

interval the count/load and clear inputs must both be high to ensure counting. 
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SN54LS196, SN54LS197, SN74LS196, SN74LS197 
30-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 
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electrical characteristics over recommended operating free•air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54LS196 

SN54LS197 

SN74LS196 

SN74LS197 UNIT 

MIN TYPt MAX MIN TYPt MAX 

V11-I 	High-level input voltage 2 2 V 

Vit. 	Low-level input voltage 0.7 0.8 V 

V IK 	Input clamp voltage VCC = MIN, 	I i = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC `MIN, 	VI.{ = 2 V, 

VI L = VIL max. 1 0H = -400 rtA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
Vcc = MIN, 	VIII = 2 V, 

VIL -  VIL max 

10L 4 mAil 0.25 0.4 0.25 0.4 
V 

IOL 8  mAll 0.35 0.5 

Input current 

II 	at maximum 

input voltage 

Data, Load 

VCC = MAX, 	V1 = 5.5 V 

0.1 0.1 

mA 
Clear, clock 1 0.2 0.2 

Clock 2 of 'LS196 0.4 0.4 

Clock 2 of 'LS197 n 2 0.2 

High-level 
IIH 

input current 

Data, Load 

'.'DD = MAX, 	Vi = 2.7 V 

20 

A 
Clear, clock 1 4u 40 

Clock 2 of 'Lt I •• 80 80 

Clock 2 of 'LS: • 40 40 

Low-level 
'IL 

Input current 

Data, Load 

VCC = MAX, 	VI= 0.4 V 

-0.4 -0.4 

mA 

Clear -0.8 -02 

Clock 1 -2.4 -2.4 

Clock 2 of 'LS196 -2.8 -2.8 

Clock 2 of 'LS197 -1.3 -, ' 

los 	Short-circuit output current§ VCC ' MAX -20 -100 -20 - 	mA 

IOC 	Supply current VCC = MAX, 	See Note 5 16 27 16 -. 	mA 

'For conditions shown as MIN or MAX, use he appropriate value specified under recommended operating conditions. 

1,  All typical values are at VCC = 5 V. TA = 25'C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

ilOA, outputs are tested at specified 1,3L plus the limit value of IIL for the clock-2 input. This permits driving the clock-2 input while maintain 

ing full fan.out capability. 

NOTE 5. Icc is measured with all inputs grounded and all Outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER# 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 	

I 

min 

.....• 

SN54LS196 

qN741 
... 

Tv P 

5196 

SN54LS197 

SN741 8197 _ 
MIN 	TYP 

UNIT 

MAX MAX 

tmax Clock 1 QA 

CL = 15 pF, 

RL = 2 kit, 

See Note 6 

40 all 40 MHz 

(PLR 
Clock 1 CIA 

8 15 8 15 
ns 

tPHL 13 20 14 21 

tPLH 
Clock 2 QB 

16 24 12 19 
ns 

tpHL 22 33 23 35 

tPLH 
Clock 2 QC 

35 57 34 51 
ns 

tPHL 41 62 42 63 

tPLH 
Clock 2 QD 

12 18 55 78 
ns 

tPHL 30 45 63 95 

VLF( 
A, B, C, D CIA, QS. QC CID 

20 30 18 27 
ns 

1PHL 29 44 29 44 

tPLH 
Load Any 

27 41 26 39 
ns 

tPHL 30 45 30 45 

tpHL Clear Any 34 51 34 51 ns 

afmax  ix maximum count frequency. 
IPLH to propagation delay time, low-to-high-level output, tpHL = propagation delay time, high-to-low-lave output. 

NOTE 6: Load circuit, input conditions, and voltage waveforms are the same as those shown for the '176, '177 except that 

15 ns, tf 	6 ns, and Vref = 1.3 V Ias opposed to 1.5 VI. 
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	 7V 

5  5 V 

—55° C to 125° C 

0° C to 70° C 

—65° C to 150° C 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 

Operating free-air temperature range: SN54S196, SN54S197 Circuits 

SN74S196, SN74S197 Circuits 

Storage temperature range 

NOTE 1. Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S196, SN54S197, SN74S196, SN74S197 
100-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 

schematics of inputs and outputs 

SN54S195, SN545197 SN745196, SN74S197 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lcm —1 —1 mA 

Low-level output current, I(DL 20 20 mA 

Clock frequency 
Clock-1 input 0 100 0 100 

MHz 
Clock-2 input 0 50 0 50 

Pulse width, t. 

Clock-1 input 5 5 

ns 
Clock-2 input 10 10 

Clear 30 30 

Load 5 5 

Input hold time, th Isee Note 31 
High-level data 31 31 ns 
Low-level data 31 31 

Input setup time, t 5 	(see Note 31 
High-level data 61 61 

ns 
Low-level data 61 61 

Count enable time, t en  (see Note 41 12 12 ns 

Operating free-air temperature, TA —55 125 0 70 °C 

NOTES: 3. Setup and hold times are with respect to the falling edge of the load input. 

4. Minimum count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which 

interval the count/load and clear inputs must both be high to ensure counting. 
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EQUIVALENT OF COUNT/LOAD, 

CLEAR, AND DATA INPUTS 

VCC 

Count/Load, Clear: R eq  = 2.3 1(51 NOM 

Data: R eq  = 2.8 kO NOM 

EQUIVALENT OF CLOCK INPUT 

Clock 1 R eq  = 1.2 kfINOM 

Clock 2'5196 Req  = 700 St NOM 

Clock 2 'S197 R eq  = 1.4 kO NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

50 D 

NOM 

OUTPUT 

ra 



SN54S196, SN54S197, SN74S196, SN74S197 
100-MHz PRESETTABLE DECADE OR BINARY COUNTERSILATCHES 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 

SN54S196, 

SN74S196 

SN54S197, 

SN74S197 UNIT 

MIN TYPt MAX MIN TYPt MAX 

VIH 2 2 V 

Vit.  0.8 0.8 V 

VII( VCC = MIN ,  11' —18 mA —1.2 —1.2 V 

VOH 
VCC = MIK 
VIL= 0.8 V, 

VIH t" 2 V, 
loH = —1 mA 

54S 2.5 3.4 2.5 3.4 
V 

74S 2.7 3.4 2.7 3.4 

VOL 
Vcc = MIN, 

lot. = 20 mAri 

%/IF{ = 2 V, Vit. = 0.8 V, 
0.5 0.5 V 

II Vcc = MAX, VI= 5.5 V 1 1 mA 

11H 
Clock 1, clock 2 

Vcc = MAX, V1= 2.7 V 
150 150 

AA All other inputs 50 50 

IlL 

Data, Load 
Clear 

Vcc = MAX, V1 = 0.5V 

—0.75 —0.75 mA 

Clock 1 —8 —8 mA 

Clock 2 —10 —6 mA 

1 05§ VCC = MAX —30 —110 —30 —110 mA 

ICC VCC = MAX, See Note 5 
54S 75 	110 75 	110 

mA 
74S 75 	120 75 	120 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at Vcc = 5 V, TA = 25 ° C. 

Ig OA outputs are tested at 10L = 20 mA plus the limit value of I IL for the clock-2 input. This permits driving the clock-2 input while fanning 

out to 10 Series 54S/74S loads. 

§ Not more than one output should be shorted at a time, and duration of the short -circuit should not exceed one second. 
NOTE 5. ICC is measured with all input grounded and all outputs open. 

switching characteristics, Vcc = 5 V, TA = 25° C 

PARAMETER# 
(FROM 

(I NPUT/ 

TO 

(OUTPUT)  
TEST CONDITIONS 

SN54S196, 

SN74S196 

SN545197 

SN74S197 UNIT 

MIN TYP 	MAX MIN TYP 	MAX 

fmax Clock 1 CIA 

RL - 280 .C2, 
See Note 7 

cL= 15 pF 

100 140 100 140 MHz 

tPLH Clock 1 CIA 
5 	10 5 	10 

ns 
tPHL 6 	10 6 	10 

tPLH Clock 2 CIB $ 
	10 

$ 	
10 

ns 
tPHL 8 	12 8 	12 

tPLH 
Clock 2 QC 

12 	18 12 	18 
ns 

tPHL 16 	24 15 	22 

',PLR Clock 2 CID 
5 	10 15 	27 

ns 
tPHL 8 	12 22 	33 

tPLH A,B,C,D QA,QB,Qc,CID 
7 	12 7 	12 

ns 
tPHL 12 	18 12 	18 

tPLH Load Any 
10 	18 10 	18 

ns 
tPHL 12 	18 12 	18 

1PHL Clear Any 26 	37 26 	37 ns 

#fmax  . maximum count frequency. 

tpLH = propagation delay time, low-to-high-level output. 

EPHL e propagation delay time. high-to-low-level output. 

NOTE 7: Load circuit, input conditions, and voltage waveforms are the same as those shown in Section 1 
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description 

These 8-bit shift registers are compatible with most 

other TTL and MSI logic families. All inputs are ! 
buffered to lower the drive requirements to one 

SN54198, SN54199 SN74198, SN74199 
8-BIT SHIFT REGISTERS 

DECEMBER 1972—REVISED MARCH 1988 

SN54198 . . . J OR W PACKAGE 

SN74198 . . . N PACKAGE 

(TOP VIEW) 

normalized Series 54/74 load, and input clamping 	 SO 	 VCC 
diodes minimize switching transients to simplify 	 SR SER 	 S1 
system design. Maximum input clock frequency is 	 A 	 SL SER 
typically 35 megahertz and power dissipation is 

typically 360 mW. 	
QH 

Series 54 devices are characterized for operation over 	 QB 

the full military temperature range of —55 ° C to 	 QG  

125° C; Series 74 devices are characterized for 	 QC 

operation from 0° C to 70° C. 	 QF  
DD 

	

SN54198 and SN74198 CLK 	 QE 

These bidirectional registers are designed to incorpo- 	 GND 	 CLR 

rate virtually all of the features a system designer may 

want in a shift register. These circuits contain 87 

equivalent gates and feature parallel inputs, parallel outputs, right-shift and left-shift serial inputs, operating-mode-

control inputs, and a direct overriding clear line. The register has four distinct modes of operation, namely: 

Inhibit Clock (Do nothing) 

Shift Right (In the direction QA toward QH) 

Shift Left (In the direction QH toward QA) 

Parallel (Broadside) Load 

Synchronous parallel loading is accomplished by applying the eight bits of data and taking both mode control inputs, 

SO and Sl, high. The data is loaded into the associated flip-flop and appears at the outputs after the positive transition 

of the clock input. During loading, serial data flow is inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when SO is high and S1 is low. Serial 

data for this mode is entered at the shift-right data input. When SO is low and S1 is high, data shifts left synchronously 

and new data is entered at the shift-left serial input. 

Clocking of the flip-flop is inhibited when both mode control inputs are low. The mode controls should be changed 

only while the clock input is high. 

'198 

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE 
CLOCK 

SERIAL PARALLEL 
GA GB - - • OG 	OH CLEAR 

S1 	So LEFT RIGHT A... H 

X
 

X
  
X

I
-.1

-
1
2
I

J
 X

 
r
 I
X

 
X

 X
 X

 X
 

X
X

 X
,
-
  
I

X
 X

X
 X

X
  
X

  X
 X

 X
 X

 

L. 	L 

CIAO °BO 

a 	b 

H 	()An 

L 	QAn 

QBn CICn 

°Eln C/Cn 

GA0 0B0 

L 	L 

0G0 CIFIO 

g 	h 

QF n CIGn 

°En CiGn 

Olin 	H 

C1Hn 	L 

GG0 OHO 

H = high level (steady tate), L = low level ( teady sta el 

X = irrelevant any input, including transitions) 

= transition from low to high level 

a ... h = the level of steady-state input at inputs A thru H, respectively. 

CIAO. 0 B0. %O• QH0 = the level of OA, QB, OG, or QH, respectively, before the indicated steady-state input conditions were established. 

ClA n , QB n , etc. = the level of OA, QB, etc., respectively, before the most-recent t transition of the clock. 

T
T

L
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e
v
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PRODUCTION DATA documents contain information 
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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EQUIVALENT OF EACH INPUT 

v c  

INPUT 

Clear, A thru H: R eq  •• 6 kSL NOM 

All others R 0 , - 4 kt2 NOM 

SN54198, SN54199 SN74198, SN74199 
8-BIT SHIFT REGISTERS 

se
o
!n

e
a

  1
1
1
  

SN54199 and SN74199 SN54199 ... J OR W PACKAGE 
SN74199 	N PACKAGE 

These registers feature parallel inputs, parallel 

outputs, J-K serial inputs, shift/load control input, a 

direct overriding clear line, and gated clock inputs. 	
I< 	 vcc  

The register has three modes of operation: 	
SH/LD 

 
A 

Inhibit Clock (Do nothing) 	 QA 	 QH 
Shift (In the direction QA toward 0H) 
Parallel (Broadside) Load 	 QB 	 QG 

Parallel loading is accomplished by applying the eight 

bits of data and taking the shift/load control input 	 QC  

low when the clock input is not inhibited. The data is 

loaded into the associated flip-flop and appears at the 	 QD 	 0E 

outputs after the positive transition of the clock 	
CLK INH 	 CLR 

 

input. During loading, serial data flow is inhibited. 	
GND 	 CLK 

 

Shifting is accomplished synchronously when shift/load is high and the clock input is not inhibited. Serial data for this 

mode is entered at the J-K inputs. See the function table for levels required to enter serial data into the first flip-flop. 

Both of the clock inputs are identical in function and may be used interchangeably to serve as clock or clock-inhibit 

inputs. Holding either high inhibits clocking, but when one is held low, a clock input applied to the other input is 

passed to the eight flip-flops of the register, The clock-inhibit input should be changed to the high level only while the 

clock input is high. 

These shift registers contain the equivalent of 79 TTL gates. Average power dissipation per gate is typically 4.55 mW. 

'199 

FUNCTION TABLE 

INPUTS OUTPUTS 

SHIFT/ CLOCK 

INHIBIT 
CLOCK 

SERIAL 

J 	R 

PARALLEL 

A ...H 
QA QB QC - 	• 	• OH CLEAR 

LOAD 

J
 7
_

2
i

-1
1

2
2

.  

X
 
X

 _
I
I

I
 
2
 =

 - 	
I 

X
 J
 -
I
 
J
 -
J
 J
 _

I
 2

 

X
 X

  
X

  
=

  
-4

  
=

 -I  
X

 

X
  
X

  
X

 J
 J
 =

  
I
 X

, 

X
 x
 :

x
x
x
 x
x
 

L 

()AO 

a 

CIAO 

L 

H 

OAn 

0A0 

L 

OEM 

b 

CIAO 

GAn 

aAn 

ClAn 

aBO 

L 

aGO 

c 

aBn 

aBn 

0 13n 

aBn 

OBO 

L 

OHO 

h 

aGn 

aGn 

aGn 

aGn 

aHO 

schematics of inputs and outputs 

(TOP VIEW) 
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logic symbol t logic diagram (positive logic) 

SR SER  (2)  

A  (3)  

B (S) 

C (7) 

D (9) 

E (15) 

F (17)  
G (19) 

H (21)  

SL SER  (22) 	

SRG8 
cil  (13) f..... A  

SO  (1) 	
0 

S1 	 1 

CLK 	 

t...2

,; C4  

1/24- 
,  

1 ,4D 

3 4D 

3,4D 

3,4D 

2,4D 

r 

(6) 

(8) 

(10) 

(14) 

(16) 

(18) 

14) 

(20) 

OA 

OB 

QC 

010 

QE 

OF 

OG 

QH 

SHIFT RIGHT 
121  

SERIAL INPUT 

CLOCK (ll) 
	

D [ 

t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 	c  171 

IEC Publication 617-12. 

T
T

L
 D

e
v
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e

s  

SHIFT LEFT 	(221  
SERIAL INPUT 

	

CLEAR "3) 	 

SN54198, SN74198 
8-BIT SHIFT REGISTERS 
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logic symbol t 

CLR 

SH/LD123)  

CLK INH 

CLK 

(14) 11 R 

M2 

M1 (SHIFT) 

SRG8 

(LOAD) 

>C3/1—* 

141 
0A 

(11)  

(13)  

121 
"r- 

1 3J 

1,3K 

2,3D 

111r..., 

A 

D 
E 

F 

G 

H 

(3)  
161 

0 13 
(51 

2,3D 
171 (8) 

OC 
(9)  (10) 

OD 
(161 

1181 

(151 
OE 

(17) 
OF 

(20) (19) QG 
1221 1211 

OH 

logic diagram (positive logic) 

CLOCK (13) 	 

CLOCK INHIBIT (11) 
 (2) 
 SERIAL INPUTS {=.- (1)  

SHIFT/LOAD (23)  

1' This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

sa
3!

A
a

a
  1

1
1
  

SN54199, SN74199 
8-BIT SHIFT REGISTERS 
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SN54198, SN74198 
8-BIT SHIFT REGISTERS 

SN54198, SN74198 

typical clear, load, right-shift, left-shift, inhibit and clear sequences 

2 

T
T

L
  D

e
v

ic
e

s  

IR= 

c73 

X -• - -o 
- A  

x- 

1 11 r r - , r -  i I r , 	I , 	, 
I 	11 	 , 	, 

< 	 0 	0 u- 	0x O 	 0 	u. 0 2 
ou 	0 a 

y 
 

< 

2 
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SN54199, SN74199 
8-BIT SHIFT REGISTERS 

SN54199, SN74199 

typical clear, shift, load, and inhibit sequences • 

sa
o!

n
a
a
  
i
l
l
  

O 
< U 

S
E

R
IA

L
 S

H
IF

T
 

..J 

--- 
- I- - r -  r -  r -  r -  r -  r- 

1 1111111 
1 4 	1 0,1 	I c, 	I W 	I, u  1 0 	I 

0 	 1.11 	 U- 	 / 	0 	O 	.0. 10 
O 	

CC 0 Z 
< 0 
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2-676 	 INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

Aft 



SN54198, SN54199, SN74198, SN74199 
8-BIT SHIFT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 11 	 7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54' Circuits  	—55° C to 125°C 

SN74' Circuits 	  0 ° C to 70°C 

Storage temperature range  	—65°-C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54198 

SN54199 

SN74198 

SN74199 UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage,Voc 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —800 —800 pA 

Low-level output current, 101_ 16 16 mA 

Clock frequency, cock 0 25 0 25 MHz 

Width of clock or clear pulse, t w  (see Figure 11 20 20 ns 

Mode-control setup time, t su  30 30 ns 

Data setup time, t su  (see Figure 11 20 20 ns 

Hold time at any input, th (see Figure 1) 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 `C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54198 

SN54199 

SN74198 

SN74199 UNIT 

MIN TYP:I MAX MIN TYPt MAX 

Vihi High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

V1K Input clamp voltage VCC ' MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
V 	MIN, co = 

Vo_ = 0.8 V, 

Vihi = 2 V, 

loH = —800 AA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.13V, 

Vol= 2 V, 

loL= 16 mA 
0.2 0.4 0.2 0.4 V 

11 Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 40 pA 

'IL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 —1.6 mA 

los Short-circuit output current§ VCC = MAX —20 —57 —18 —57 mA 

ICC Supply current VCC = MAX, See Table Below 90 127 90 127 mA 

t For conditions shown as MIN or MAX, use the approp iate value specified under recommended operating conditions. 

I All typical values are at VCC = 5 V, TA = 25 ° C 

§ Not more than one output should be shorted at a time. 

TEST CONDITIONS FOR ICC 

(ALL OUTPUTS ARE OPEN) 

TYPE APPLY 4.5 V 
FIRST GROUND, 

THEN APPLY 4.5 V 
GROUND 

SN54198, SN74198 Serial Input, So, S1 Clock Clear, Inputs A thru H 

SN54199, SN74199 J, K, Inputs A thru H Clock Clock inhibit, Clear, Shift/Load 

Tr XAS 
INS1 RUMENTS 
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SN54198, SN54199, SN74198, SN74199 
8-BIT SHIFT REGISTERS 

switching characteristics, VCC = 5 V, TA = 25°C 

-PM MAX UNIT 

max Maximum dui, uuquency 

Cc---  15 pF, 

See Figure 1 

= 400 ft, 

35 MHz 

tpHL 
Propagation delay time, high-to-

low-level output from clear 
23 35 ns 

'PM-  

Propagation delay time, high-to-

low-level output from clock 
20 30 ns 

t"  

Propagation delay time, low-to-

high-level output from clock 
17 26 ns 

2  1 

S
G

O
In

a
a

  
1
1
1
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DATA INPUT 

FOR TEST 

OUTPUT TESTED 

(SEE NOTE E) 
S1 	SO 

A 

B 

D 

G 

H 

L Serial Input 

R Serial Input 

OA at 1.+1 

Op at 

UG al 	 1 

°D at  in 11 

OE at  Ini 

OF al  

I t 

 to-11 

OH at tn+1 

0A at  tn+8 

OH at tn+8 

4.5 V 

4 5 V 

4 5 V 

4 5 V 

4 5 V 

4 5 V 

45V 

4.5 V 

4.5 V 

0 V 

4.5 V 

4 5 V 

4 5 V 

4 5 V 

4 5 V 

4 5 V 

4 5 V 

4.5 V 

0 V 

4.5 V 

SN54198, SN54199, SN74198, SN74199 
8-BIT SHIFT REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

SN54198, SN74198 

TEST TABLE FOR SYNCHRONOUS INPUTS 

OUTPUT 

FROM 
OUTPUT 
UNDER 

TEST 

SN54199, SN74199 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 

FOR TEST 

OUTPUT TESTED 

(SEE NOTE E) 
SHIFT/LOAD 

>
 >

 >
 >

 >
 >

 >
 >

 >
  

0
 
0
  
0

  
0
  
0
  
0
  
0
  
0
  
•• 

GA at tn+1 

QB at t„ i  

GC ,,, , n41 

QD at  Int 1 

LU
  OE at Int 1 

OF nl tn+1 

OG at to 1 

OH at tn+1 

0H at t oil; 

vcc 

E L 	ion 

IS 	El.,, 

CL 15 oF 

I ISre Nate DI 

LOAD FOR OUTPUT UNDER TEST 

1, , eirau 

CLEAR INPUT 	1.5 V 	 /1.5 V 

in 	12=1.. 	(See Note FI in 	t_ ii,.. 

3V 

0V 

3V 

CLOCK INPU1 1 5 V 1 5 V 	 f 1 5 V 15 V 

	

-•11 	f 

I 
15 V 	I 	1-5V 

  

  

lock 

 

0 V 

3V 
DATA 

INPUT 

(SEE TEST 

 

15VI 	1.5V 

 

    

TABLE/ 

( PHI —0-( (PH L 
ICLK 

Icieal 	 11 
	OI 

ICLK -OII 	 `f' 	 V0H 

OUTPUT 0 	 1.5 V 	 1.5 V 1.5 V 

 

VOL 

VOLTAGE WAVEFORMS 

NOTES A The clock pulse has the following characteristics. t w/th,ck) ' 20 ns and PRR - 1 MHz. The clear pulse has the following 

characteristics ',,,,(clear) • 20 ns and 'h old = 0 ns. When testing 1 rnnii , vary the clock PRR 

B. CL includes probe and pg capacitance. 

C All diodes are 1 N3064. 

D A clear pulse is applied prior to each test 

E. Propagation delay times ltitiLH and tpHL) are Measured at  I n , . Proper shifting of data is verif led at l n i g with a functional test. 

F. t o  - bit time before clocking transition 

r ny l = bit time after one clocking transition 

t ni g bit time after eight clocking transitions 

FIGURE 1 
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SN54LS221 . . . FK PACKAGE 

(TOP VIEW) 

(-) 
CO <IC V U CC 

uuu L-J l--1 
3 2 	1 20 19 

1CLR 4 18 1Cext  
1Q 5 17 1Q 
NC 6 16 NC 
2Q 7  15 2Q 

2Cext 8 14 2CLR 
9 10 11 12 13 

FUNCTION TABLE 

(EACH MONOSTABLE I 

INPUTS OUTPUTS 

0 	a CLEAR A 	B 

X
 X

 X
 2

.7- 

X
 X

 J
 

X
 2

 X
  

-I  
-

0  

X
  X

  

J
 

Also see description and switching 

characteristics 

This condition is true only if the output of the latch 

formed by the two NAND gates has been conditioned 

to the logic 1 state prior to CLR going high. This latch 

is conditioned by taking either A high or B low while CLR 
is inactive (high). 

Pulsed output patterns are tested during AC switching 

at 25 ° C, with Rext = 2 kft, C ex t = 80 pF. 
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SN54221, SN54LS221, SN74221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 
DECEMBER 1983 — REVISED MARCH 1988 

SN54221, SN54LS221, SN74221 and 
SN74LS221 Are Dual Versions of Highly 
Stable SN54121, SN74121 One-Shots on 
a Monolithic Chip 

SN54221 and SN74221 Demonstrate 
Electrical and Switching Characteristics 
That Are Virtually Identical 
to the SN54121, SN74121 One-Shots 

• Pin-Out Is Identical to the SN54123, 
SN74123, SN54LS123, SN74LS123 

• Overriding Clear Terminates 
Output Pulse 

SN54221, SN54LS221 . . . J OR W PACKAGE 
SN74221 . . N PACKAGE 

SN74LS221 ... D OR N PACKAGE 

(TOP VIEW) 

1A 

1B 

1 C LR 

20 

2 Cext 

2RextiCext 
GND 

VCC 

1  Rext/Cext 

1 Cext 
1Q 

2o 

2CLR 

2B 

2A 

description 

The '221 and 'LS221 are monolithic dual multi-

vibrators with performance characteristics virtually 

identical to those of the '121. Each multivibrator 

features a negative-transition-triggered input and a 

positive-transition-triggered input either of which can 

be used as an inhibit input. 

Pulse triggering occurs at a particular voltage level and 

is not directly related to the transition time of the 

input pulse. Schmitt-trigger input circuitry (TTL 

hysteresis) for B input allows jitter-free triggering 

from inputs with transition rates as slow as 1 volt/ 

second, providing the circuit with excellent noise 

immunity of typically 1.2 volts. A high immunity to 

VCC noise of typically 1.5 volts is also provided by 

internal latching circuitry. 

Once fired, the outputs are independent of further 

transitions of the A and B inputs and are a function 

of the timing components, or the output pulses can 

be terminated by the overriding clear. Input pulses 

may be of any duration relative to the output pulse. 

Output pulse length may be varied from 35 nano-

seconds to the maximums shown in the above table 

by choosing appropriate timing components. With 

Rext = 2 kSZ and Cext = 0, an output pulse of typi -
cally 30 nanoseconds is achieved which may be used 

as a dc-triggered reset signal. Output rise and fall 

times are TTL compatible and independent of pulse 

length. Typical triggering and clearing sequences are 

illustrated as a part of the switching characteristics 

waveforms. 

TYPE 

SN54221 

SN74221 

SN54LS221 

SN74LS221 

TYPICAL 

POWER 

DISSIPATION 

130 mW 

130 mW 

23 mW 

23 mW 

MAXIMUM 

OUTPUT PULSE 

LENGTH 

21 s 

28 s 

49 s 

70 s 

PRODUCTION DATA documents contain information 
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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1A 

18 1131 

I CLR 

IC 

(41 	a  

logic symbol t TIMING COMPONENT CONNECTIONS 

+T 
To C„, 	To R,„ t iC exi  

Teln-nn,11 	Terminal 

NOTE: Due to the internal circuit, the FlextiCext Pin will never be 

more positive than the Cyst pin. 

Pin numbers shown are for D, J, N, and W packages. 

schematics of inputs and outputs 

'221 

O 

2CLR 1111 

2CO5  

2, tee:1t/ 

T -This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 
'LS221 

(121 	o  

Vec 

R 

EQUIVALENT OF EACH INPUT 

V CC 

INPUT 

Input A R ee  = 4 act NOM 

Input B. Clear: R ea  = 2 kit NOM 

TYPICAL OF ALL OUTPUTS 

v cc 

OUTPUT 

EQUIVALENT OF 

EACH INPUT 

vcc 

INPUT 

Input A. R e, = 25 kit NOM 
Input B' R eq  = 15.4 k12 NOM 

Clear R eq  - 12 5 kit NOM 

TYPICAL OF ALL OUTPUTS 

SN54221, SN54LS221, SN74221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

SO
D

IA
O

C
I  
i
l
l
  

description (continued( 

Pulse width stability is achieved through internal compensation and is virtually independent of VCC and temperature. 
In most applications, pulse stability will only be limited by the accuracy of external timing components. 

Jitter-free operation is maintained over the full temperature and VCC ranges for more than six decades of timing 

capacitance (10 pF to 10 pF) and more than one decade of timing resistance (2 kSt to 30 kS2 for the SN54221, 2 kS2 to 

40 )(72 for the SN74221, 2 kS2 to 70 kS2 for the SN54LS221, and 2 kS2 to 100 kS2 for the SN74LS221). Throughout 
these ranges, pulse width is defined by the relationship: t w (out) = CextRext 1n2 x 0.7 CextRext. In circuits where 
pulse cutoff is not critical, timing capacitance up to 1000 /IF and timing resistance as low as 1.4 162 may be used. Also, 

the range of jitter-free output pulse widths is extended if VCC is held to 5 volts and free-air temperature is 25 ° C. Duty 
cycles as high as 90% are achieved when using maximum recommended RT. Higher duty cycles are available if a certain 
amount of pulse-width jitter is allowed. 

The variance in output pulse width from device to device is typically less than ± 0.5% for given external timing compon-

ents. An example of this distribution for the '221 is shown in Figure 2. Variations in output pulse width versus supply 
voltage and temperature for the '221 are shown in Figure 3 and 4, respectively. 

Pin assignments for these devices are identical to those of the SN54123/SN74123 or SN54LS123/SN74LS123 so that 

the '221 or 'LS221 can be substituted for those products in systems not using the retrigger by merely changing the 
value of Rext  and/or Cext, however the polarity of the capacitor will have to be changed. 
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SN54221, SN74221 
DUAL MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 

recommended operating conditions 

SN54221 •r:74221 
UNIT 

MIN 	r..wi 	MAX MIN 	r.luM 	MAX 

Supply voltage, VCC 4.5 	., 	5.5 4.75 	5 	5.25 V 

High-level input voltage at A input, VH 2 2 V 

Low-level input voltage at A input, VII_ 0.8 - 0.8 V 

High-level output current, loH —800 —800 AA 

Low-level output current, 10L 16 16 mA 

Rate of rise or fall of input pulse, dv/dt 
Schmitt input, B 1 1 V/s 

Logic input, A 1 1 V/as 

Input pulse width 
A or B , t w o n ) 50 50 

ns 
Clear, twlclear) 20 20 

Clear-inactive-state setup time, t su  15 15 ns 

External timing resistance, Rext 1.4 	 30 1.4 	 40 K2 

External timing capacitance, C es t 0 	 1000 0 	 1000 pc 

Output duty cycle 
Rest = 2 k0 67 67 

Rext = MAX Rest CID 90 

Operating free-air temperature, TA —55 	 '. 0 	 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSI MIN TYPt MAX UNIT 

VT + Positive-going threshold voltage at B input VCC = MIN 1.55 2 V 

VT_ Negative-going threshold voltage at B input VCC = '.' 	. 0.8 1.35 V 

VIK Input clamp voltage VCC = '.I '. 	II = 	—12 mA —1.5 V 

VOH High-level output voltage VCC = . 	 • 	loH = —800 IAA 2.4 3.4 V 

Vol.  Low-level output voltage VCC = .."- 	la_ = 16 mA 0.2 0.4 V 

II Input current at maximum input voltage VCC = M...A, V1 = 5.5 V 1 mA 

IH High-level input current VCC = MAX, Vi = 2.4 V 
Input A 40 

aA 
Input 8, Clear 80 

IlL Low-level input current VCC = MAX, V1 = 0.4 V 
Input A —1.6 

mA 
Input B, Clear —3.2 

los Short-circuit output current 5  VCC = MAX 
SN54221 —20 — 55 

mA 
SN74221 — 18 — 55 

ICC Supply current VCC = MAX 
Quiescent 26 50 

mA 
Triggered 46 80 

IFor conditions shown as MIN or MAX, use the app opriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 

Not more than one output should be shorted at a time 
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SN54221, SN74221 
DUAL MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A 0 

CL = 15 pF, 

R L = 400 a, 

See Figure 1 

and Note 2 

Cext = BO pF, R est  = 21,52 

45 	70 
ns 

B 0 35 	55 

tPHL 
A a 50 	80 

ns 
B a 40 	65 

tPHL Clear o 27 ns 

tPLH Clear El 40 ns 

twIout) A or B a or a 
Cext = 80 pF, R es t = 2 )(12 70 	110 	i 	. 

ns Cext = 0, 	Rext = 2 k12 20 	30 	..,.., 

Cext = 100 pF,Rext = 10 Val 650 	700 	750 

Cext = 1 (IF, 	Rext = 10 kO 6.5 	7 	7.5 ms 

Stpui 	Propagation delay time, low-to-high-level output 

tPHL 	Propagation delay time, high-to-low-level output 

twIout) . Output pulse width 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT•TRIGGER INPUTS 

recommended operating conditions 

SN54LS221 SN74LS221 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level input voltage at A input, VIH 2 2 V 

Low-level input voltage at B input, VII_ 0.7 0.8 V 

High-level output current, 10H -400 -400 AA 

Low-level output current, lot_ 4 8 mA 

Rate of rise or fall of input pulse, dv/dt 
Schmitt, B 1 1 V/s 

Logic input, A 1 1 V/As 

Input pulse width 
A or B, two) 50 50 

ns 
Clear, twlclear) 40 40 

Clear-inactive-state setup time, t su  15 15 ns 

External timing resistance, R ext 1.4 70 1.4 100 1(0 

External timing capacitance, Cast 0 1000 0 1000 AF 

Output duty cycle 
RT = 2 kfl 50 50 

% 
RT = MAX Rext 90 90 

Operating free-air temperature, TA - 55 125 0 70 °C 

recommended operating conditions 

PARAMETER TEST CONDITIONSt 
SN54LS221 sN74LS221 

UNIT 
MIN TYPT MAX VP. TYPt MAX 

VT ± 
Positive-going threshold 

voltage at B input VCC = MIN 1.0 2 1.0 2 V 

VT_ 
Negative-going threshold 

voltage at B input 
VCC -= MIN 0.7 0.9 0.8 0.9 V 

VIK Input clamp voltage VCC -= MIN, II = - 18 mA -1.5 -1.5 V 

VOH High-level output voltage VCC = MIN ,  IOH = - 400 AA 2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage VCC -= MIN IOL = 4 mA 0.25 0.4 0.25 0.4 
V  

IOL = 8 mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC ---- MAX, Vi = 7 V 0.1 0.1 mA 

IIN High-level input current VCC = MAX, Vi = 2.7 V 20 20 tos, 

IlL Low-level input current 

Input A 

VCC = MAX, Vi = 0.4 V 

-0.4 -0.4 

mA Input B - 0.8 - 0.8 

Clear -0.8 -0.8 

log Short-circuit output cur en0 VCC ' MAX -20 -100 -20 -100 mA 

Icc Supply current VCC = MAX 
Quiescent 4.7 11 4.7 11 

mA 
Triggered 19 27 19 27 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25°C. 

r\lot more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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SN54LS221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER' 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A 0 

CL = 15 pF• 

RL = 2 at, 

See Figure 1 

and Note 3 

Cext' 80 pF, R ext  = 2 kO 

45 	70 
ns 

8 Q 35 	55 

tPHL 
A a 50 	80 

ns 
B C1 40 	65 

1PHL Clear 0 35 	55 ns 

'PLH Clear 6 44 	65 ns 

twlout) A or B 0 or a 

Cext' 80  PF ,  Rest = 2 ktl 70 	120 	150 

Ds Cext = ' 	text = 2 k52 20 	47 	70 

Cext ' 	.•-••• PF , Rext = 10 kQ 670 	740 	810 

Cext = 1  PF, 	R ext  =10 kr/ 6 	6.9 	75 ms 

t tPLH g Propagation delay time, low-to-high-level output 
'PHL Propagation delay time, high-to-low-level output 
twitouti w Output pulse width 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54221, SN54LS221, SN74221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 

PARAMETER MEASUREMENT INFORMATION 

It— lwIlnl —.1 

I    3 V 
B INPUT ._/ 	

l 	  Ni  
1 	

0V 

ri----- -60 ns---44 
3 V CLEAR ..-------Is_  j------  

I 
0 v 

14—°1—  tPLH 	 tPHL 

Q OUTPUT 	I 
	  VOH 

	 VOL 

V OH 
O OUTPUT 

A input is low. 	 VOL 

TRIGGER FROM B, THEN CLEAR—CONDITION 1 

  

3V 

	 0 V 

2 B INPUT 

 

   

—60 ns --oi 
3V 

0 V 

\ 

VOH 

Q OUTPUT 	 / 

VOL 

A input is low 	TRIGGER FROM B, THEN CLEAR—CONDITION 2 

3V 

B INPUT 

ns —.4 
1

3 0 	 3 V 

CLEAR 

 0 v  

TRIGGERED 

   

VOH 

    

Q OUTPUT 

NOT TRIGGERED 
A input is low 

 

- VOL 
Li—  vv lout) 1.0  

 

CLEAR OVERRIDING B, THEN TRIGGER FROM B 

B INPUT  
	I 

	

NIk 	 0 V 

3V 

I 	40— 50 ns —04 

	

6— 50 n s —..1   3 V 

CLEAR --\1/4 
	

0 V 

VOL 

OUTPUT / \  

- 

VOL 

A input Is low 
TRIGGERING FROM POSITIVE TRANSITION OF CLEAR 

FIGURE 1—SWITCHING CHARACTERISTICS 
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SN54221, SN54LS221, SN74221, SN74LS221 
DUAL MONOSTABLE MULTIVIBRATORS 
WITH SCHMITT-TRIGGER INPUTS 

S
a

31
.1A

0
0
  1

1
1
  

PARAMETER MEASUREMENT INFORMATION 

te---- ,wite)--01 	  3 V 

A INPU7—\ 

	

 
I 	

0 V 

ri—  -6() ns —01 
I 	 3V 

CLEAR 

	

I 	 I 
14-1M—  IPHL 

IPLH -411---01 
	 1— 

	
V OH 

Q OUTPUT  

	

I 	
I 

I 	 VOL 
: 

6 OUTPUT-7-7Th\ 	

14-1" 'PLH 
VOH 

	

'PHL— 	
VOL 

1*---01 

	

B Input is blub 	TRIGGER FROM A, THEN CLEAR 

A INPU17  

Q OUTPUT 	 / 

twlout) 

5 OUTPUT \ 

B and CLEAR inputs are high 
TRIGGER FROM A 

NOTES: A. Input pulses are supplied by generators haying the following characteristics: PRR 5 1 MHz, Z00 , 50 ft; for '221, t r  < 7 ns, 

if < 7 es, for 'LS221, t r  < 15 ns, tr < 6 ns. 

B. All measurements are made between the 1.5 V points of the indicated transitions for the '221 or between the 1.3 V points for the 

'LS221. 

FIGURE 1—SWITCHING CHARACTERISTICS (CONTINUED) 
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VOL 

VOL 

VOH 

VOL 
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SN54221, SN74221 
DUAL MONOSTABLE MULTIVIBRATORS 

WITH SCHMITT-TRIGGER INPUTS 

TYPICAL CHARACTERISTICS ('221 ONLY)t 

DISTRIBUTION OF UNITS 
	

VARIATION IN OUTPUT PULSE WIDTH 
for 
	 vs 

OUTPUT PULSE WIDTH 
	

SUPPLY VOLTAGE 

VARIATION IN OUTPUT PULSE WIDTH 
	

OUTPUT PULSE WIDTH 
vs 	 vs 

FREE-AIR TEMPERATURE 
	

TIMING RESISTOR VALUE 

TA--Free-Air Temperature - ° C 

FIGURE 4 

R ex t-Timing Resistor Value-kS2 

FIGURE 5 

NOTE 4: These values of resistance exceed the maximum recommended for use over the full temperature range of the SN54221. 

'Data for temperatures below 0 ° C and above 70C, and for supply voltages below 4.75 V and above 5.25 V are applicable for the SN54221 

only. 
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1G 

1A1 

2Y4 

1A2 

2Y3 

1A3 

2 Y2 

1A4 

2Y1 

GND 

VCC 
2G/2G* 

1Y1 

2A4 

1Y2 

2A3 

1 Y3 

2A2 

1 Y4 

2A1 

SN54LS', SN54S' . . . FK PACKAGE 

(TOP VIEW) 

›- 	1(.7 > 010 (.4 	 Cs1 

3 2 1 20 19 

1A2 4 
	

18 1Y1 

2Y3 5 
	

17 244 

1A3 6 
	

16 1Y2 

2Y2 7 
	

15 2A3 

144 8 
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SN54LS240, SN54LS241, SN54LS244, SN54S240, SN54S241, SN54S244, 
SN74LS240, SN74LS241, SN74LS244, SN74S240, SN74S241, SN74S244 

OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 
APRIL 1985 — REVISED MARCH 1988 

3-State Outputs Drive Bus Lines or Buffer 

Memory Address Registers 

PNP Inputs Reduce D-C Loading 

Hysteresis at Inputs improves Noise Margins 

description 

These octal buffers and line drivers are designed 

specifically to improve both the performance and densi-

ty of three-state memory address drivers, clock drivers, 

and bus-oriented receivers and transmitters. The 

designer has a choice of selected combinations of inver-

ting and noninverting outputs, symmetrical G (active-

low output control) inputs, and complementary G and G 

inputs. These devices feature high fan-out, improved 

fan-in, and 400-mV noise-margin. The SN74LS' and 

SN74S' can be used to drive terminated lines down to 

133 ohms. 

The SN54' family is characterized for operation over the 

full military temperature range of — 55°C to-125°C. The 

SN74' family is characterized for operation from 0°C to 

70 °C. 

SN54LS', SN54S' . . . J OR W PACKAGE 

SN74LS', SN74S' ... DW OR N PACKAGE 

ITOP VIEW) 

9 10 11 12 13 

Z < ›- Csi 
6,1 

'2G for 'LS241 and '5241 or 2G for all other drivers. 

schematics of inputs and outputs 

'LS240, 'LS241, 'LS244 
	

'S240, 'S241, 'S244 

EQUIVALENT OF 

EACH INPUT 

EQUIVALENT OF 

EACH INPUT 

VCC 

TYPICAL OF ALL 

OUTPUTS 

VCC 
R 

VCC 
9 kfl. NOM R eq 

ger 

INPUT INPUT OUTPUT 

..--- GND I Pill 

G and G inputs: R eq  = 2 kS2 NOM 'LS240, 'LS241, 'LS244; 

A inputs: R eq  = 2.8 kS2 NOM R = 50 1: NOM 

'S240, 'S241, 'S244 

R= 2552 NOM 

PRODUCTION DATA documents contain information 
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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191 

1V2 

193 

194 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

logic diagrams (positive logic) 

'LS240, 'S240 	 'LS241, '8241 

1G 
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2Y3 
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SN54LS240, SN54LS241, SN54LS244, SN54S240, SN54S241, SN54S244, 
SN74SL240, SN74LS241, SN74LS244, SN74S240, SN74S241, SN74S244 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

logic symbols t 

'LS240, 'S240 'LS241, 'S241 

1181 iv , 

193 

2V1 

292 

293 

294 

16-1-11=.• 

'LS244, 'S244 

118) 

1V2 

193 

194 

291 

292 

293 

294 

Z EN 

1 

E EN 

1 
1A1 	121 1A1 	(2 ' V V 
1A2 	141 ( 16 ' 1A2 • 116) 

lA3 	161 1141 
1A3 1141 

18}  164 021 

25 	
1191 

191  

1A4 

1191 

'9'  

fj EN 

1 

BEN 

1 
241 	' 1 " 

2G 

2A1 	("' LT 17> 
2A2 1"  2A2 	' 191  171  

2A3 	1151  151  2A3 	1151  ' 9 ' 

244 -11 7 1-- 131  2.a4 	 ' 171  131  

Pin numbers shown are for DW, J, N, and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage: 'LS Circuits 	 7 V 

'S Circuits 	 5  5 V 
Off-state output voltage 	 5  5 V 

Operating free-air temperature range: SN54LS', SN54S' Circuits 	 — 55°C to 125°C 
SN74LS', SN74S' Circuits 	  0°C to 70°C 

Storage temperature range 	 — 65°C to 150°C 
NOTE 1 	Voltage values are with respect to netv,ork gtouryl terminal 
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PARAMETER TEST CON DI TIONst 
1 	1LS' SN74LS' 

UNIT 
MIN I r P # MAX MIN 	TYPt MAX 

V IK VCC s°  MIN, Ii= — 18 mA — 1.5 — 1.5 V 

Hysteresis 

(Vi-+ — V T_) VCC .•° MIN 0.2 0.4 0.2 0.4 V 

VOH 

vcc' MIN, 

1 0H = — 3  rflA 

V IH = 2 V, 	VII_ = MAX, 
2.4 3.4 2.4 3.4 

V 
vcc ' MIN, 

1 0H ' MAX 

VIH = 2 V, 	VII_ = 0.5 V, 
2 2 

VOL 
VCC .' MIN, 

v i L = MAX 

V IH = 2 V, 10L = 12 mA 0.4 0.4 
V 

IOL = 24 mA 0.5 

10ZH Vcc = MAX, 

Vic,  MAX 

VIH = 2 V, V0= 2.7 V 20 20 
NA 

IOZL V0= 0.4 V —20 —20 

II VCC = MAX, V 1 = 7 V 0.1 0.1 mA 

11H Vcc = MAX, V1= 2.7 V 20 20 pA 

'IL VCC = MAX, VII_ = 0.4 V —0.2 — n 2 mA 

1 0S§ VCC ' MAX —40 —225 —40 . mA 

ICC 

Outputs high 

VCC = MAX, 

Output open 

All 17 27 17 .., 

mA 
Outputs low 

'LS240 26 44 26 44 

9:.,,,11 , 'LS244 27 46 27 46 

All outputs 

disabled 

'I 	• 
...._ 

29 50 29 50 

'i_o.s.; i , 'LS244 32 54 32 54 
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SN54LS240, SN54LS241, SN54LS244, SN74LS240, SN74LS241, SN74LS244 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
•••J:11..S' •:•• '.; LT 

UNIT 
MIN NOM MAX MIN NUM MAX 

VCC Supply voltage (see Note 1) 4.5 5 5.5 4.75 5 5.25 V 

VI H High-level input voltage 2 2 V 

V I L Low-level input voltage 0.7 0.8 V 

10H High-level output current — 12 — 15 mA 

IOL Low-level output current 12 24 mA 

TA Operating free-air temperature — 55 125 0 70 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS 
'LS240 'LS241, 'LS244 

UNIT 
MIN 	TYP MAX MIN 	TYP MAX 

tPLH 

RL = 667 2, 

See Note 2 

CI_ = 45 pF, 

9 14 12 18 ns 

tPH L 12 18 12 18 ns 

tpzL 20 30 20 30 ns 

tPZH 15 23 15 23 ns 

tPLZ RL = 667 st, 

See Note 2 

CL = 5 pF, 10 20 10 20 nu 

tPHZ 15 25 15 25 ns 

NOTE 2: Load ci cults and voltage waveforms are shown in Section 1. 
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SN54S240, SN54S241, SN54S244, SN74S240, SN74S241, SN74S244, 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

recommended operating con.1111. ■ ns 

PARAMETER 
S^:q4,  SN74S' 

UNIT 
MIN NuM MAX MIN NOM MAX 

VCC Supply voltage, (see Note 1) 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

loH High-level output current - 12 - 15 mA 

IOL Low-level output current 48 64 mA 

External resistance between any input and VCC or ground 40 40 k32 

TA Operating free-air temperature (see Note 3) - 55 125 0 70 ° C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

3. An SN54S241J operating at free-air temperature above 116 ° C requires a heat sink that provides a thermal resistance from case to 

free-air FtgcA, of not more than 40 ° C/W. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54S' SN74S' 

UNIT 
MIN TYP$ MAX MIN TYPt MAX 

V  IK VCC ' MIN, II = -18 mA - 1.2 -1.2 V 

Hysteresis 

(VT+ - VT.J VCC ' MIN 0.2 0.4 0.2 0.4 V 

VOH 

VCC" MIN, 
10H = - 1 mA 

V1H= 2 V, 	VII_ = 0.8 V, 
2.7 

V VCC --- MIN ,  

1 OH ' - 3 mA 

V 11-1= 2V, 	VIL = 0 . 8  V ,  
2.4 3.4 2.4 3.4 

VCC' MIN. 

1 0H ' MAX 

VIH -- 2 V, 	VII..  = 0.5 V, 
2 2 

VOL 
VCC' MIN , 

 IOL ' MAX 

VIH = 2V, 	VII_ = 0.8 V, 
0.55 0.55 V 

IOZH VCC = MAX, 

VII_ = 0.8 V, 

VIH = 2 V, V0= 2.4 V 50 50 
AA 

IOZL Vo = 0.5 V -50  50 -50  50 

II Vcc = MAX, VI = 5.5 V 1 1 mA 

I IH Vcc = MAX, VI = 2.7 V 50 50 AA 

I IL 
Any A 

VCC = MAX, V1 	0.5 V 
-400 -400 AA 

Any G -2 -2 mA 

los§ VCC = MAX -50 -225 -50 -225 mA 

ICC 

Outputs high 

VCC = MAX, Outputs open 

'S240 80 123 80 135 

mA 

'S241, 'S244 95 147 95 160 

Outputs low 
'S240 100 145 100 150 

'S241, 'S244 120 170 120 180 

Outputs 

disabled 

'S240 100 145 100 150 

'S241, '5244 120 170 120 180 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

I All typical values are at VCC = 5 V, TA -= 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN54S240, SN54S241, SN54S244, SN74S240, SN74S241, SN74S244, 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

switching characteristics, Vcc = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS 
'..:'4..I 'S241, 'S244 

UNIT 
MIN 	'I , P MAX MIN 	TNT MAX 

tPLH 

RL = 90 E/, 

See Note 4 

CL = 50 pF, 

4.5 7 6 9 ns 

tPHL 4.5 6 9 ns 

tpZL 10 15 10 15 ns 

t PZH 6.5 10 8 12 ns 

tPLZ R L = 90 SL, 

See Note 4 

CL = 5 pF, 10 15 10 15 ns 

tPHZ 6 9 6 9 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS240, SN54LS241, SN54LS244, SN54S240, SN54S241, SN54S244, 
SN74LS240, SN74LS241, SN74LS244, SN74S240, SN74S241, SN74S244 
OCTAL BUFFERS AND LINE DRIVERS WITH 3•STATE OUTPUTS 

DRIVER 

1/8 'LS241/'S241 I 

INPUT 

2,9 V — 
1,8 V — 
1,2 V 
0,3 V — 

INPUT  

	

REPEATER 	 REPEATER 	 REPEATER 
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'LS241, 'S241 USED AS REPEATER/LEVEL RESTORER 

CONTROL OR MICROPROGRAM ROM/PROM 
OR 

MEMORY ADDRESS REGISTER 

tvziv.virtivr  

SYSTEM AND/OR MEMORY-ADDRESS BUS 

'LS240/'S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT 

ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 

sa
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n
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1
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OUTPUT 
CONTROL 

INDEPENDENT 4-BIT BUS DRII. I 	IECEIVERS 
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SN54LS242, SN54LS243 	FK PACKAGE 

(TOP VIEW) 
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TYPICAL OF ALL OUTPUTS 

VCC 

INPUT 

EQUIVALENT OF EACH INPUT 

VCC 

OUTPUT 

GND 

SN54LS242, SN54LS243, SN74LS242, SN74LS243 
QUADRUPLE BUS TRANSCEIVERS 

APRIL 1985—REVISED MARCH 1988 

description 

These four-data-line transceivers are designed for asyn-

chronous two-way communications between data 
buses. The SN74LS' can be used to drive terminated 
lines down to 133 ohms. 

Two-Way Asynchronous Communication 
Between Data Buses 

PNP Inputs Reduce D-C Loading 

Hysteresis (Typically 400 mV) at Inputs 
Improves Noise Margin 

SN54LS242, SN54LS243 . J OR W PACKAGE 
SN74LS242, SN74LS243 	D OR N PACKAGE 

(TOP VIEW) 

GAB 

NC 

Al 

A2 

A3 

A4 

GND 

VCC 
GBA 

NC 

B1 

B2 

B3 

B4 

The SN54' family is characterized for operation over the 
full military temperature range of —55°C to 125°C. The 
SN74' family is characterized for operation from 0°C to 
70°C. 

FUNCTION TABLE (EACH TRANSCEIVER) 

INPUTS 
'LS242 'LS243 

GAB 	GBA 

L 	L A to B A to B 

H 	H rl to A B to A 

H 	L Isolation Isolation 

L 	H 
Latch A and B Latch A and B 

IA=lil (A = BI 

schematics of inputs and outputs 

PRODUCTION DATA documents contain information 
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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(6)  
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1
  

'LS243 

(1 0) 

(9) 

(8) 
B4 

A2  (4)  

(8)  
B4 A4 (6)  

'LS242 

GAB (11

C^ 
(3) Al 

A3  (5)  (9) 

62 

63 

(13) GSA 

(111  Bi  

(1 0) B2 

B3 

SN54LS242, SN54LS243, SN74LS242, SN74LS243 
QUADRUPLE BUS TRANSCEIVERS 

logic symbolst 
'LS243 

(13) 
GBA 

(1)  GAB 

(31 (11) 
Al B1 

(4) (10) 
A2 

N (91 

82 

(5) 
A3 83 

(6) (8) 
A4 B4 

► These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

logic diagrams (positive logic) 

Pin numbers shown are for D, J, N, and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Off-state output voltage 	  5.5 V 
Operating free-air temperature range: SN54 LS' 	  — 55°C to 125°C 

SN74LS' 	  0° C to 70° C 

Storage temperature range 	  — 65° C to 150° C 
NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS242, SN54LS243, SN74LS242, SN74LS243 
QUADRUPLE BUS TRANSCEIVERS 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage, (see Note 1) 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

I oi.i High-level output current - 12 - 15 mA 

10L Low-level output current 12 24 mA 

TA Operating free-air temperature - 55 125 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYPt MAX MIN 	TYP t MAX 

VIK 	A or B VCC -  MIN, 	I1= - 18 mA - 1.5 -1.5 V 

Hysteresis (VT,.- VT_) VCC = MIN 0.2 0.4 0.2 0.4 V 

VOH 

vcc  = MIN, 	V ii..! = 2 V, 	VII_ = MAX, 

I0H --3 mA 
2.4 3.1 2.4 3.1 

V 
VCC = MIN, 	VIH = 2 V, 	V1L = 0.5 V, 

loH = MAX 
2 2 

VOL 
VCC = MIN, 	VIH = 2 V, 

Vic. MAX 

loL = 12 mA 0.25 	0.4 0.25 	0.4 
V 

loL = 24 mA 0.35 	0.5 

IOZH Vcc = MAX, 	VIH = 2 V, 

VI E_ = MAX 

V0 = 2.7 V 40 40 AA 

1 02 L Vo - 0.4 V -200 - 200 'IA 

li 
A or B 

VCC = MAX, 
VI = 5.5 V 0.1 0.1 

mA 
-G-AB or GBA V1= 7 V 0.1 0.1 

IIH Vcc = MAX, 	VI -= 2.7 V 20 20 AA 

IIL 

A inputs 
Vcc = MAX, 	VI = 0.4 V, 

GAB and GBA at 0 V 
- 0.2 - 0.2 

mA 
B inputs 

Vcc = MAX, 	VI = 0.4 V, 

GAB and GBA at 4.5 V 
- 0.2 - 0.2 

GAB or GBA VCC = MAX, 	V1= 0.4 V -0.2 -0.2 

IOS§ VCC = MAX -40 -225 -40 -225 mA 

!cc 

Outputs high 

VCC = MAX, 	Outputs open, 

See Note 2 

'LS242, 'LS243 22 	38 22 	38 

mA 
Outputs low 'LS242, 'LS243 29 	50 29 	50 

All outputs 

disabled 

'LS242 29 	50 29 	50 

'LS243 32 	54 32 	54 

t For conditions shown as MIN or MAX, use the appropriate va ue specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2. Icc is measured with transceivers enabled in one direction only, or with all transceivers disabled. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS 
'LS242 

MIN 	TYP MAX 

'LS243 

MIN 	TYP MAX 
UNIT 

tPLH 

RL = 667 St 

See Note 3 

CL = 45 pF, 

9 14 12 18 ns 

tPHL 12 18 12 18 ns 

tPZL 20 30 20 30 ns 

tPZH 15 23 15 23 ns 

tPLZ RL = 667 f2, 

See Note 3 

CL = 5 pF, 10 20 10 20 ns 

IPHZ 15 25 15 25 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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EQUIVALENT OF EACH INPUT 

VCC-- 

9 k12. NOM 

INPUT 	C 
cilv  1.14i 

TYPICAL OF ALL OUTPUTS 

50 	 VCC  

In 
OLITPUT 

' 

I 	7 

Bi-directional Bus Transceiver in a High-
Density 20-Pin Package 

3-State Outputs Drive Bus Lines Directly 

PNP Inputs Reduce D-C Loading on Bus Lines 

Hysteresis at Bus Inputs Improve Noise 
Margins 

• Typical Propagation Delay Times, 
Port-to-Port . . . 8 ns 

IOL 	1 0H 
TYPE 	ISINK 	(SOURCE 

CURRENT) CURRENT) 

SN54LS245 	12 mA 	-12 mA 

SN74LS245 	24 mA 	-15 mA 

description 

These octal bus transceivers are designed for asyn-

chronous two-way communication between data 

buses. The control function implementation minimizes 

external timing requirements. 

The devices allow data transmission from the A !xis to 

the B bus or from the B bus to the A bus depending 

upon the logic level at the direction control (DIR) input. 

The enable input (G) can be used to disable the device 

so that the buses are effectively isolated. 

The SN54LS245 is characterized for operation over the 

full military temperature range of - 55°C to 125°C. The 

SN74LS245 is characterized for operation from 0°C to 

70°C. 

schematics of inputs and outputs 

SN54LS245 ... J OR W PACKAGE 
SN74LS245 . . . DW OR N PACKAGE 

1TOR VIEW) 

DIR 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

GND 

SN54LS245 	FK PACKAGE 

(TOP VIEW) 

c >7) 1c.D 
1--11--11--11--I L-1 

3 	2 	1 20 19 

A3 4 18 01 

A4 5 17 B2 
A5 6 16 B3 
A6 7 15 B4 
A7 B 14 B5 

CD 

FUNCTION TABLE 

DIRECTION 
ENABLE 

CONTROL OPERATION 

DIR 

L L B dam to A bus 

L II A data to B hos 

H X Isolation 

H = high level, L = low level, X = irrelevant 

'‘1 	SN54LS245, SNt74LS245 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

OCTOBER 1976—REVISED MARCH 1988 
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G 

B1 

02 

B3 

B4 

B5 

B6 

B7 

B8 

9 10 11 12 13 
r-1 r—trn 

coCcoNw 
< z co co co 

T
T

L
 D

e
v

ic
es

  

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
 ily include testing of all parameters. 
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logic diagram (positive logic) logic symbol t 

(151 
B4 

2-702 

SN54LS245, SN74LS245 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

r  

G3 

3 EN1 (BA) 

3 EN2 (AB) 

1 
(18) 
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(16)  
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(1) 
DIR 0-1  

C)-1 119)  e- 
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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 DW, J, N, and W packages. 
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SN54LS245, SN74LS245 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
SNC41 R745 SN74LS245 

UNIT 
MIN 	•.• •.• 	MAX MIN 	NOM MAX 

Supply voltage, VCC 4 5 	0 	5.5 4,75 	5 	5.25 V 

High-level output current, loH -12 -15 mA 

Low-level output current, lot .  12 24 mA 

Operating free-air temperature, TA -55 	 125 0 	 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONST 
SN54LS245 SN74LS245 

UNIT 
MIN TYP t MAX MIN TYP MAX 

V1H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 	11= -18 mA -1.5 -1.5 V 

Hysteresis IVT+ - VT_)A or B input VCC = MIN 0.2 0.4 0.2 0.4 V 

VON High-level output voltage 

VCC = MIN, 

Viii 	- 2 V, 

VIL 	VIL mm, 

1 0H = -3  mA 2.4 3.4 2.4 3.4 
V 

loH = rviAx 2 2 

VOL Low-level output voltage 

VCC = MIN, 
VIH = 2 V, 

v 1 L = VII_ max 

IOL = 12 mA 0.4 0.4 
V 

IOL = 24 mA 0.5 

1 0ZH 
Off-state output current, 

high-level voltage applied VCC - MAX. 

G at 2 V 

Vo - 2 7 V 20 20 

AA 

IOZL 
Off-state output current, 

low-level voltage applied 
Vo - 0.4 V - 200 -200 

li 
Input current at 

maximum input voltage 

A or B 
VCC = MAX. 

Vi = 5.5 V 0.1 0.1 
mA 

DIR or 0 Vi = 7 V 0.1 0.1 

11H High-level input current VCC = MAX, 	V1H = 2.7 V 20 20 pA 

!IL Low-level input current VCC = MAX, 	VIL = 0.4 V -0.2 -0.2 mA 

IOS Short-circuit output current§ VCC = MAX -40 -225 -40 -225 mA 

ICC Supply current 

Total, outputs high 

VCC = MAX, 	Outputs open 

48 70 48 70 

mA Total, outputs low 62 90 62 90 

Outputs at Hi-Z 64 95 64 95 
- - — 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25°C. 
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics. VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 
Propagation delay time, 

low-to-high-level output 

CL = 45 pF, RL = 667 S2, See Note 2 

8 12 ns 

tPHL 
Propagation delay time, 

high-to-low-level output 
8 12 ns 

tpzi_ Output enable time to low level 27 40 ns 

tpzH Output enable time to high level 25 40 ns 

1PL2 Output disable time from low levet 
CL = 5 pF, RL = 667 St, See Note 2 

15 25 ns 

tpHz Output disable time from high level 15 28 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54246, SN54247, SN54LS247, SN5413248 
SN74246, SN74247, SN74LS247, SN74LS248 
BCD•TO-SEVEN•SEGMENT DECODERSIDRIVERS 

MARCH 1974—REVISED MARCH 1988 

'246, '247, 'LS247 
	

'LS248 
feature 
	

feature 

• Open-Collector Outputs Drive Indicators 	 • Internal Pull-Ups Eliminate Need for External 
Directly 
	

Resistors 

• Lamp-Test Provision 	 • Lamp-Test Provision 

• Leading/Trailing Zero Suppression 
	

• Leading/Trailing Zero Suppression 

• All Circuit Types Feature Lamp Intensity Modulation Capability 

TYPE 

DRIVER OUTPUTS TYPICAL 

POWER 

DISSIPATION 

PACKAGES ACTIVE 

LEVEL 

OUTPUT 

CONFIGURATION 

SINK 

CURRENT 

MAX 

VOLTAGE 

SN54246 

SN54247 

low 

low 

open-collector 

open-collector 

40 mA 

40 mA 

30 V 

15 V 

320 mW 

320 mW 

J,W 

J,W 

SN54LS247 

SN54LS248 

low 

high 

open-collector 

2-kU pull-up 

12 mA 

2 mA 

15 V 

5.5 V 

35 mW 

. • mW 

J,W 

J,W 

SN74246 

1247 

low 

low 

open-collector 

open-collector 

40 mA 

40 mA 

30 V 

15 V 

• . 	mW 

320 mW 

J,N 

J,N 

1LS247 

SN74LS248 

low 

high 

open-collector 

2-kU pull-up 

24 mA 

6 mA 

15 V 

5.5 V 

35 mW 

125 mW 

J,N 

J.N 

SN54246. SN54247 	J PACKAGE 

SN54LS247 THRU SN54LS248 . J OR W PACKAGE 
	

SN54LS247. SN54LS248 . FK PACKAGE 

SN74246, SN74247 . N PACKAGE 
	

(TOP VIEW) 
SN74LS247, SN74LS248 . . D OR N PACKAGE 

(TOP VIEW) 	
GO Z > 

U 

	

Bit 	 VCC 

LT 
BI/RBO 

	

RBII5 	21b  

	

D16 	tt ■ c 
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NC - No internal connection 
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'LS248 

20,21 

20,21 

20,21$ 

20,21 

20,21e 

20,21$ 

20,210 

SN54246, SN54247, SN54LS247, SN54LS248 
SN74246, SN74247, SN74LS247, SN74LS248 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

description 

The '246 and '247 are electrically and functionally identical to the SN5446A/SN7446A, and 

SN5447A/SN7447A respectively, and have the same pin assignments as their equivalents. The 'LS247 

and 'LS248 are electrically and functionally identical to the SN54LS47/SN74LS47 and 
SN54LS48/SN74LS48, respectively, and have the same pin assignments as their equivalents. They can 
be used interchangeably in present or future designs to offer designers a choice between two indicator 

fonts. The '46A, '47A, 'LS47, and 'LS48 compose the b and the without tails and the '246, '247, 
'LS247, and 'LS248 compose the E and the 9 with tails. Composition of all other characters, including 
display patterns for BCD inputs above nine, is identical. The '246, '247, and 'LS247 feature active-low 

outputs designed for driving indicators directly, and the 'LS248 features active-high outputs for driving 

lamp buffers. All of the circuits have full ripple-blanking input/output controls and a lamp test input. Segment 

identification and resultant displays are shown below. Display patterns for BCD input counts above 9 are 
unique symbols to authenticate input conditions. 

All of these circuits incorporate automatic leading and/or trailing-edge zero-blanking control (RBI and RB0). 
Lamp test (LT) of these types may be performed at any time when the BI/RBO node is at a high level. 

All types contain an overriding blanking input (BI) which can be used to control the lamp intensity by pulsing 

or to inhibit the outputs. Inputs and outputs are entirely compatible for use with TTL logic outputs. 

Series 54 and Series 54LS devices are characterized for operation over the full military temperature range 
of — 55°C to 125°C; Series 74 and Series 74LS devices are characterized for operation from 0°C to 70°C. 

	 r 	 17(Lr_ ql_ 
3 	4 	'4 	6 	7 	8 	9 	10 	11 	12 	13 

NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS 

SEGMENT 
IDENTIFICATION 

14 
	

15 

logic symbolst 

'246, '247, 'LS247 

FTRBO (4)  

BIN/7-SEG E> 
IT11 

G21 

Q 

c2 

a 

RBI 	(5)  

17-1. 	131 

L V20 

(7)  

CT=0 

1 

2 

4 

a 	20,21 
b 20,21Q 

c 	20,21Q 

d 	20,21 

e 	20.210 

f 	20,210 
g 	20,210 

(12) 	b  
A 

(1)  
c  

1101 B 

C (2)  (9) 

161 f 

\ (14) g 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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SN54246, SN54247, SN54LS247, SN54LS248 
SNP 4246, SN74247, SN74LS247, SN74LS248 
BC SEVEN-SEGMENT DECODERS ► DRIVERS 

'246, '247, 'LS247 FUNCTION TABLE (T1) 

DECIMAL 

OR 

FUNCTION 

INPUTS BI/RBO
1

  OUTPUTS 
NOTE 

1 

LT RBI C a 

ON 

OFF 

ON 

ON 

b
 

Z
 
z
 Z

 Z
.  

c 

)N 

)N 

OFF 

ON 

d 

ON 

OFF 

ON 
ON 

e 

ON 

C 

ON 

OFF 

ON 
OFF 

Off 

OFF 

9 

OFF 

OFF 

ON 

ON 

I
I
I
I

.  

I
 
X

  
X

  
X

'  

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

X
 X

  
X

X
 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

L 

H 

OFF 

ON 

ON 

ON 

ON 

OFF 

OFF 

ON 

Z
 Z

 

O

0
 0

 
0

1 

OFF 

ON 

ON 
OFF 

'OFF 

OFF 

ON 

OFF 

ON 

ON 

ON 

OFF 

ON 

ON 

ON 

OFF 

10 
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'LS248 FUNCTION TABLE (T2) 

DECIMAL 

OR 
INPUTS 

BURBOt 
OUTPUTS 

NOTE 
FUNCTION LT I•., D 	C 	B 	A a 	b 	c 	d 	e 	f 	g 

0 H.)LLLL H 	H 	H 	H 	H 	H 	L 

1 H X L 	L 	L 	H L 	H 	H 	L 	L 	LL 

2 H X LLFIl H 	II 	L 	H 	H 	L 	H 

3 H X LLHH H 	H 	H 	H 	L 	L 	H 

4 L 	H 	L 	L L 	H 	H 	L 	L 	H 	H 

5 L 	H 	L 	H HL 	H 	H 	L 	H 	H 

0 

X
 L 	H 	H 	L HL 	HHHHH 

7 L 	H 	H 	II H 	H 	H 	L 	L 	L 	L 

8 H 	L 	L 	L H 	H 	H 	H 	H 	H 	H 

9 HL 	L 	H H 	H 	H 	H 	L 	H 	H 

10 

X
 H 	L 	H 	L L 	L 	L 	H 	H 	L 	H 

11 1-1 	L 	H 	H L 	L 	H 	H 	L 	L 	I-I 

12 H 	H 	L 	L L 	H 	L 	L 	L 	H 	H 

13 H 	H 	L 	H HLLHLHH 

14 

X
 H 	1-1 	H 	I. L 	L 	L 	H 	H 	H 	I-I 

15 H 	H 	H 	H LL 	L 	L 	L 	L 	1_ 

B1 X 	X 	X 	X L LL 	LL 	LL 	L 2 
R131 LL 	I. 	L L L 	L 	L 	L 	L 	L 	L 3 

LT X 	X 	X 	X H H 	H 	H 	H 	H 	H 	H 4 

H = high level, L = low level, X = irrelevant 

NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired. 

2. When a low logic level Is applied directly to the blanking Input (BI), all segment outputs are low regardless of the level of any 
other input. 

3_ When ripple-blanking input (RBI) and 	A, B, C, and D are at a low level with the lamp test input high, all segment outputs 

go low and the ripple-blanking output 	loos to 	ewe (response condition). 
4. When the blanking input/ripple-blank ing output (8 	is open or held high and a low is applied to the lamp-test input, all 

segment outputs are high. 

IIT/RBO is wire AND logic serving as blanking input (81) and/or ripple.blankmg output (8 80). 
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SN54246, SN54247, SN54LS247, 
SN74246, SN74247, SN74LS247 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

logic diagram (positive logic) 
'246, '247, 'LS247 

 

INPUT  (7)  
A 

INPUT (1) 
B 

INPUT (2) 

INPUT (G) 

(13) OUTPUT 
a 

(12) OUTPUT 
b 

111) OUTPUT 

110) OUTPUT 

sO
3!

A
a

a
  1

1
1

  

BI/RBO 
BLANKING 

(4) 
INPUT OR 

RIPPLE•BLANKING 

OUTPUT 

LAMP TEST (31 
INPUT 

RBI 
RIPPLE•BLAN KING 15) 

 INPUT 

(9)  OUTPUT 

(15) OUTPUT 

(14) OUTPUT 

     

Pin numbers shown are for D, J, N, and W packages. 

2-708 	 TEXAS 
INSTRUMENTS 

Pubs 1,1112/ (KA 65501; • 5,105 TEXAS /5265 

4 



logic diagram (positive logic) 

'LS2 48 

INPUT (7)  
A 

INPUT (1) 
B 

INPUT (2) 
C 

INPUT (6) 

BLANKING 
INPUT OR 	( 4 ) 

RIPPLE-BLANKING 
OUTPUT 

(15) OUTPUT 

LAMP-TEST (3) 
INPUT 

(14)  OUTPUT 
RIPPLE-BLANKING (51 

INPUT 

2 
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(13) OUTPUT 
a 

(12) OUTPUT 
b 

(11) OUTPUT 

(10) OUTPUT 

(9)  OUTPUT 

SN54LS248, SN74LS248 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

Pin numbers shown ale for D, J, N, and W packages 
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EQUIVALENT OF BI/RBO 

vcc 

6 CO 

NOM 

2 4 1,12 

NOM 

/77 
131/R130 

vcc 

-OUT PUT 

'246,'247 

S
0

3I
A

0
C

  
1
1
1
  

EQUIVALENT OF EACH INPUT 

EXCEPT BI/RBO 

vcc 

INPUT --0-}  

I.S.INOM 

TYPICAL OF OUTPUTS 

THRU g 

SN54246, SN54247, SN74246, SN74247 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

schematics of inputs and outputs 

'246,'247 '246, '247 
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EQUIVALENT OF BI/RBO 

V ic  

lu kS-2 

NOM 
20 k12 

NOM 

/- 7 

OU1 PUT 

vcc 

OUTPUT r 

'LS247 'LS248 

EQUIVALENT OF EACH INPUT 

EXCEPT BI/RBO 

V CC 
 

INPUT - -•-- 	• 

177 

1.1" and RBI: R eg  - 20 k02 NOM 

A, B, C. and D• R., = 25 kit NOM 

TYPICAL OF OUTPUTS 

a THRU g 

TYPICAL OF OUTPUTS 

a THRU g 

vcc 
2 kS2 

NOM 

SN54LS247, SN54LS248, SN74LS247, SN74LS248 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

schematics of inputs and outputs 

'LS247, "LS248 
	

'LS247, 'LS248 
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SN54246, SN54247, SN74246, SN74247 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

Current forced into any output in the off state 	  1 mA 
Operating free-air temperature range: SN54246, SN54247  	—55° C to 125°C 

	

SN74246, SN74247   0°C to 70° C 

Storage temperature range  	—65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

•. 1',P.•. •• 

Num 

SN54247 SN74246 SN74247 
UNIT 

MIN MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 

Off•state output voltage, V01 o 11) a thru g 30 15 30 15 V 

On-state output current, !w oo ) a *hr.. e 40 4n 40 40 mA 

High-level output current, 10H BI 	••• • —200 —200 —200 pA 

Low-level output current, loL B 	'.• • 8 8 8 mA 

Operating free-air temperature, TA —55 125 —55 125 0 70 0 70 'C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIN High-level input voltage 2 V 

VIL Low-level input voltage 0.8 

VIK Input clamp voltage VCC = MIN, II = —12 mA 1.5 V V 

VON High-levet output voltage E/RBO VCC' 
MIN, 

 iL  = 0.8 V, 
VIH 

	2 V, 

101.4 = 	 200 pA 
2.4 3.7 V 

VOL Low-level output voltage BI/RBO 
VCC =MIN, 

VII_ •• 0.8 V, 

VIN = 2 V, 

loL = 8 mA 
0.27 0.4 V 

lo( o ff) Off-state output cut rent a thru g 
VCC = MAX, 

VIL - 0.8 V, 

VIH = 2 V, 

Vo( off) = MAX 
250 pA 

Vofoo ) On-state output voltage a thru g 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

10( 0o ) = 40 mA 
0.3 0.4 V 

li Input current at maximum input voltage 
Any input 

except BI/RBO 
VCC = MAX, Vi = 5.5 V 1 mA 

11H High-level input current 
Any input 

except BI/RBO 
VCC = MAX, Vi = 2.4 V 40 teA 

'IL Low-level input current 

Any input 

except lii/RBO VCC = MAX, V1= 0.4 V 
—1.6 

mA 

BI/RBO —4 

IOS Short-circuit output current g/RBO VCC ' MAX —4 mA 

'co Supply current VCC = MAX, See Note 2 64 103 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

hAil typical values are at VCC = 5 V, T A  = 25C. 

NOTE 2- I cc is measured With all cutouts open and all inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25 C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

toff Turn-off time from A input 

CL = 15 pF, 

See Note 3 

RL = 120 52, 

100 
ns 

too  Turn-on time from A input 100 

to ff Turn-off time from RBI input 100 
ns 

ton Turn-on time from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS247, SN74LS247 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Peak output current (tw  < 1 ms, duty cycle < 10%) 	  200 mA 
Current forced into any output in the off state 	  1 mA 
Operating free-air temperature range: SN54LS247 	 -55° C to 125° C 

	

SN74LS247   0° C to 70°C 
Storage temperature range  	-65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

MIN 

•••••:.-.41.r..:•17 

NuM 

'.11741:...4.' 
- 

NuM 
- - 
MAX 

UNIT 
MAX MIN 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

Off-state output voltage, Vo( off) a thru g 15 15 V 

On-state output current, 101onl a thru g 12 24 mA 

High-level output current, 10H 11T/R' 13 -50 -50 AA 

Low-level output current, lot .  8,UTIT6 1.6 3.2 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt - 
• r. 

MIN 

•• 	. :1 

1.l 

247 ' N 41 	.. 

1 r P,- 

47 
UNIT 

MAX MIN MAX 

V1H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 	li = -18 mA -1.5 -1.5 V 

VON High-level output voltage BU RBO 
VCC =MIN, 	Viff = 2 V, 

VI L = VII_ max, 10H = -50 AA 
2.4 4.2 2.4 4.2 V 

VOL Low-level output voltage BURBO 

VCC ' MIN, 

VIH = 2 V, 

vit.. = v iL max 

Im, = 1.6 mA 0.25 0.4 0.25 0.4 
V 

loL= 3 . 2  mA 0.35 0.5 

lo( off) Off-state output current a thru g 
VCC = MAX, 	VIH = 2 V, 

VII_ = Vit., max, 	Vo( o ff) = 15 V 
250 250 AA 

VO(on) On-state output voltage a thru g 

VCC = MIN, 

VIH = 2 V, 

VH_ = VI L max 

101on) = 12 mA 0.25 0.4 0.25 0.4 
V 

10100 = 24 mA 0.5 
 

0.35 

ii Input current at maximum input voltage VCC = MAX, 	VI = 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, 	VI = 2.7 V. 20 20 AA 

IlL Low-level input current 

Any input 

except TURBO VCC = MAX, 	Vi = 0.4 V 
-0.4 -0.4 

-0.mA 

BI/RBO -1.2 -1.2 

IOS 
Short-circuit 

output current 
BI/RBO VCC = MAX -0.3 -2 -0.3 -2 mA 

ICC Supply current VCC = MAX, 	See Note 2 7 13 7 13 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

1A11 typical values are at VCC = 5 V, TA = 25 ° C. 

NOTE 2: Icc is measured with all outputs open and all inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

toff Turn-off time from A input 

CL = 15 pF, 

See Note 3 

R L.  = 665 St, 

100 
ns 

ton Turn-on time from A input 100 

toff Turn-off time from RBI input 100 
ns 

ton Turn-on time from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1 
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•:ri 	• :I 	:.::•1:' •••1'41.....4:: 
UNIT - 

MIN. 	f:• '.: 	MAX MI 	'.• •".: 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, 10H 
a thru g -100 -100 

,.tA 
BI/RBO -50 -50 

Low-level output current, IOL 
a thru g 2 6 

mA 
E/RBO 1.6 3.2 

Operating free-air temperature, TA -55 	 125 0 	 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS248 SN74LS248 

UNIT 
MIN TYPt MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0,8 V 

VIK Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
a thru g and 
- 
BURBO 

Vcc = MIN, 	ViH = 2 V, 

VIL = VIL max, loH = MAX 
2.4 4.2 2.4 4.2 V 

10 Output current a thru g 
VCC = MIN, 	Vo = 0.85 V, 

Input conditions as for VOH 
-1.3 -2 -1.3 -2 mA 

VOL Low-level output voltage 

a thru g 

VCC = MIN, 

N./1H = 2 V, 

VIL = VIL max 

IOL = 2  mA 0.25 0.4 0.25 0.4 
V 

IOL = 6  mA 0.35 0.5 

BURBO 

VCC = MIN, 

VIH = 2  V, 

VIL = VIL max 

IOL = 1.6 mA 0.25 0.4 0.25 0.4 
V 

IOL = 3 . 2  mA 0.5 
 

0.35 . 

li 
Input current at 

maximum input voltage 

Any input 

- except BI/RBO 
VCC  = MAX, 	Vi = 7 V 0.1 0.1 mA 

I I H High-level input current 
Any input 

except BURBO 
Vcc.= MAX, 	Vi = 2.7 V 20 20 yA 

'IL Low-level input current 

Any input 

en 	'"R80 

IT. 

VCC = MAX, 	V1= 0,4 V 
-0.4 

 
-0.4 

mA 

-1.2 

IOS 
Short-circuit 

output current 
BURBO VCC = MAX -0.3 -2 -0,3 -2 mA 

ICC Supply current VCC = MAX, 	See Note 2 25 38 25 38 mA 

S
0
3
1

A
0

a
  1

1
1

  
SN54LS248, SN74LS248 
BCD-TO-SEVEN-SEGMENT DECODERSIDRIVERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
Input voltage 	  
Operating free-air temperature range: SN54LS248 

SN74 LS248 

	 7V 
7V 

-55° C to 125° C 
  0° C to 70° C 
-65° C to 150° C Storage temperature range 

  

  

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

  

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

I-All typical values are at VCC = 5 V, TA 25 ° C. 

NOTE 2: ICC is measured with all outputs open and all inputs at 4.5 V. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPHL Propagation delay time, high-to-low-level output from A input CL = 15 pF, 

See Note 3 

RL --- 4 kii, 100 
ns 

tpLH Propagation delay time, low-to-high-level output from A input 100 

tpHL Propagation delay time, high-to-low-level output from RBI input CL = 15 pF, 

See Note 3 

RL = 6 kg, 100 
ns 

tPLH Propagation delay time, low-to-high-level output from RBI input 100 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS251, SN54S251 ... FK PACKAGE 

(TOP VIEW) 

	

N 	(-) 
00Z>0 
uuuuu  
3 2 1 20 19 

	

D1 4 	 18 D5 

	

DO 5 	 17 D6 

	

NC 6 	 16 NC 

	

Y 7 	 15 D7 

	

W 8 	 14 A 
9 10 11 12 13 
nnr 1r— t—t  

1000003 
Z Z 
CD 

NC - No internal connection 

FUNCTION TABLE 
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SN54251, SN54LS251, SN54S251, 
SN74251, SN74LS251, (T1M9905), SN74S251 

DATA ki 	C T 0 R S i M U L T I P L E X E R S WITH 3•STATE OUTPUTS 
• ' 	1972—REVISED MARCH 1988  

, L. 

	

57: SS1E5L1E 

• 

!,, 

• 

• 

Three-State Versions of '151, 	 SN54251, SN54LS251, 
SN74251 

Three-State Outputs Interface Directly with SN74LS251, SN74S251 
System Bus 

Perform Parallel-to-Serial Conversion 
D3  ■ 

Permit Multiplexing from N-lines to One Line 	 ■ 1..2 
 ■ Complementary Outputs Provide True and 	

0) 

 

Inverted Data 	 DO  ■ 
Fully Compatible with Most TTL Circuits 	 WY  ■ 5 

1 G ■ 
MAX NO. 	TYPICAL AVG PROP 	TYPICAL GND  ■ 

TYPE 	OF COMMON 	DELAY TIME 	POWER 

OUTPUTS 	ID TO Y) 	DISSIPATION 

(TOP 

SN54S251 

... 

VIEW) 

. .. N PACKAGE 
. .. J OR W PACKAGE 

D OR N PACKAGE 

■  VCC 
■  D4 

■ 
 D 65  D 

1  D7 

■  A  

B 

1 	16 

2 	15 3 	

14  4 	3 1 

12 

6 	11 7 	10  

8 	g 

SN54251 	 49 	 17 ns 	 250 mW 

51474251 	129 	 17 ns 	 250 mVV 

SN54LS251 	49 	 17 ns 	 35 mW 

SN74LS251 	129 	 17 ns 	 35 mW 

SN54S251 	39 	 8 ns 	 275 mVV 

SN74S251 	129 	 8 ns 	 275 mVV 

description 

These monolithic data selectors/multiplexers contain 

full on-chip binary decoding to select one-of-eight 

data sources and feature a strobe-controlled three-

state output. The strobe must be at a low logic level 

to enable these devices. The three-state outputs per-

mit a number of outputs to be connected to a com-

mon bus. When the strobe input is high, both outputs 

are in a high-impedance state in which both the upper 

and lower transistors of each totem-pole output are 

off, and the output neither drives nor loads the bus 

significantly. When the strobe is low, the outputs are 

activated and operate as standard TTL totem-pole 

outputs. 

To minimize the possibility that two outputs will 

attempt to take a common bus to opposite logic 

levels, the output control circuitry is designed so that 

the 'average output disable time is shorter than the 

average output enable time. The SN54251 and 

SN74251 have output clamp diodes to attenuate 

reflections on the bus line. 

= high logic level, L = low logic level 

x = irrelevant, Z = high impedance (off) 

DO, DI . . D7 = the level of the respective D input 

flOti V 3 !moments contain information 
is at 	tine data Products conform to 

rt.: toe terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic symbol t 

19) c>0 	ct>  

OUTPUT W 

OUTPUT Y 

141 

D1 
131 

115) 

(14) 

DATA 
INPUTS 

D4 

05 

ENABLE 	171 
G 

D2 	  

03 

D6 

112) 
D7 

A 
A 

DA 
SELECT 	

110) 
T 	B 	

E>0  

BINARY 

1D 

B 

DO 

D1 

D2 

D3 

D4 

05 

D6 

07 

SN54251, SN54LS251, SN54S251, 
SN74251, SN74LS251, (TIM9905), SN74S251 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

logic diagram (positive logic) 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 
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SN54251, SN74251 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 11 	 7 V 

	

Input voltage   5.5 V 
Off-state output voltage 	  5.5 V 
Operating free-air temperature range: SN54251  	—55° C to 125° C 

SN74251 	  0°C to 70°C 
Storage temperature range  	—65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

mill 

•1.0 

•.%•.4251 SN74251 
UNIT 

UuM MAX MIN 	NOM MAX 

Supply voltage, VCC 5 5.5 4.75 	5 5.25 V 

High-level output current, loH —2 —5.2 mA 

Low-level output current, loL 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

V IL  Low-level input voltage 0.8 V 

VI K Input clamp voltage VCC = MIN, I 1 = —12 mA —1.5 V 

VON High-level output voltage 
V 
VCC 

= MIN, 

VII_ = 0.8 V, 

Viry = 2 V, 

10H =  MAX 
2.4 3.2 V 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

loL = 16 mA 
0.2 0.4 V 

loz Off-state (high-impedance-state) output current 
VCC = MAX, 

VIH = 2 V 

Vo = 2.4 V 40 
IAA 

Vo = 0.4 V —40 

V0 Output clamp voltage 
VCC =MAX. 

VIH ' 4 . 5  V 

10 = —12 mA —1.5 
V 

10 = 12 mA VCC+1.5 
II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 ilA 

IIL Low-level input current VCC = MAX, Vi = 0.4 V —1.6 mA 

los Short-circuit output current§ VCC = MAX —18 —55 mA 

ICC Supply current 
VCC = MAX, 

All outputs open 

All inputs at 4.5 V, 
38 62 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

tAll typical values are at VCC = 5 V, TA = 25C. 

§Not more then one output should be shorted at a time. 

Trews 
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SN54251, SN74251 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER t 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1PLH A, B, or C 

(4 levels) 
Y 

CL = 50 pF, 

R L = 400 S2, 

See Note 2 

29 	45 
ns 

tPHL 28 	45 

tPLH A, B, or C 

(3 levels) 
W 

20 	33 
ns 

1PHL 21 	33 

tPLH 
Any D Y 

17 	28 
ns 

tPHL 18 	28 

IPLH Any D W 
10 	15 

ns 
tPHL 9 	15 

tPZH 

G 
Y 

17 	27 
ns 

 tPZL 26 	40 

tPZH W 
17 	27 

ns 
tpZL 24 	40 

• IPHZ 
-d Y CL = 5 pF, 

R L = 400 12, 

See Note 2 

5 	8 
ns 

tPLZ 15 	23 

-O.  W 
5 	8 

ns 
tPLZ t 15 	23 

t tpLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

tPZH = Output enable time to high level 

tPZL = Output enable time to low level 

tPHZ = Output disable time from high level 

tPLZ = Output disable time from low level 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

 

EQUIVALENT OF EACH INPUT 

VCC 

Fi 

INPUT 

 

TYPICAL OF BOTH OUTPUTS 

VCC 

100 5-L NOM 

OUTPUT 

 

      

      

      

 

Select: R ea  = 6 k52 NOM 

Other inputs: N 06  = 4 52 NOM 
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SN54LS251, SN74LS251 
DATA SELECTORSIMULTIPLEXERS WITH •STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Off-state output voltage 	  5.5 V 

	

Operating free-air temperature range: SN54LS251   55° C to 125° C 

	

SN74LS251   0° C to 70° C 
Storage temperature range  	-65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS251 SN74LS251 
UNIT 

MIN NOM MAX MIN NOM MAX 
VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 
VII_ Low-level input voltage 0.7 0.8 V 

loH High-level output current - 1 - 2.6 mA 

IOL 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 CONDITIONSt 
SN! ' 	: 1 

; 	if- li 
UNIT 

MIN ; 	1 r 	.4 MAX MIN MAX 

VIK Vcc = MIN, II = -18 mA -1.5 -1.5 V 

VOH 
VCC = MIN- 

1  MAX 0H '  

MIH = 2 V, Vit.. = MAX 
2.4 3.4 2.4 3.1 V 

VOL 
VCC = MIN, 

VII_ = MAX 

VIH = 2 V, IOL' 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

1 0Z Vco = MAX, VIH = 2 V 
Vo = 2.7 V 20 20 

AA Vo = 0.4 V -20 -20 
Ii VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH Vcc = MAX, V1= 2.7 V 20 20 AA 

IlL 
Enable 6" Voc = MAX, V1= 0.4 

- 0.2 - 0.2 
mA 

 All other -04 - 04 

10S§ MCC = MAX - 30 - 130 - 30 - 130 mA 

ICC VCC = MAX, See Note 3 
Condition A 6.1 10 6.1 10 

mA 
Condition 8 7.1 12 7.1 12 

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

All typical values a e at VCC = 5 V, TA = 25 °C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 3: Icc is measured with the outputs open and all data and select inputs at 4.5 V under the following conditions: 
A Ltoble grounded 

B.,..oboe 3t 4 6 V 
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SN54LS251, SN74LS251 (TIM9905) 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER .).  
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A, B, or C 

(4 levels) 
Y 

CL = 15 pF, 

RL = 2 la 

See Note 2 

29 	45 
ns 

'PHL 28 	45 

tPLH A, B, or C 

(3 levels) 
w 

20 	33 
ns 

tPHL 21 	33 

tPLH 
Any D Y 

17 	28 
ns 

tPHL 18 	28 

tPLH 
Any D W 

10 	15 
ns 

tpHL 9 	15 

t1,211 7 Y 30 	45 
ns 

tPZL 26 	40 

tF21-1 
g W 

17 	27 
ns 

tPZL 24 	40 

tPHZ 
V CL = 5 pF, 

HL = 2 la 

See Note 2 

30 	45 _ ns 
tPLZ 15 	25 

tPHZ W 
37 	55 

ns 
tPLZ 15 	25 

ttpLH = Propagation delay time, low-to-high-level output 

tpHL = Propagation delay time, high-to-low-level output 

tPZH = Output enable time to high level 

tPZL = Output enable time to low level 

tpHZ  Output disable time from high level 
tPLZ = Output disable time from low level 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

EQUIVALENT OF a INPUT EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF BOTH OUTPUTS 

- - - - 	VCC VCC 
R00 100 2 NOM 

VCC 	 -- 

10 kS2 NOM 
41111. 

INPUT 

INPUT 
OUTPUT 

Pa 

A, B, C' Beg = 20 kil NOM 
DO thru D7 	R, - 17 1,12 NOM 
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SN54S251, SN74S251 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	  5.5 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54S251  	—55° C to 125° C 

SN74S251 	  0°C to 70° C 

Storage temperature range  	—65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S251 SN74S251 
UNIT 

MIN 	NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 	5 5.5 4.75 5 5.25 V 

High-level output current, Ic-i —2 —6.5 mA 

Low-level output current, lot_ 20 20 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER 'TEST CONDITIONS* MIN TYP I MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI K Input clamp voltage VCC ' MIN, II = —18 mA —1.2 V 

VOH High-level output voltage 
VCC ' MIN. 

VIL = 0.8 V, 

VIH = 2 V, 

loH = MAX 

SN545' 2.4 3.4 
V 

SN74S' 2.4 3.2 

VOL Low-level output voltage 
VCC ' MIN , 

 VII_ = 0.8 V, 

VIH- 2 V, 

10L - 20 mA 
0.5 V 

10Z Off-state (high-impedance-state) output current 
VCC = MAX. 

Vill = 2 V 

Vo = 2.4 V 50 
µA 

Vo = 0.5 V —50 

If Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

I I H High-level input current VCC = MAX, V1 = 2.7 V 50 1tA 

IIL Low-level input current VCC = MAX. VI = 0.5 V —2 mA 

IOS Short-circuit output current § VCC ' MAX —40 —100 mA 

ICC Supply current 
VCC = MAX, 

All outputs open 

All Inputs at 4.5 V. 
55 85 mA 

► For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

tAll typical values are at VCC = 5 V, TA  = 25° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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INPUT 

EQUIVALENT OF EACH INPUT 

V CC 

2 8 k1,1 NOM 

TYPICAL OF BOTH OUTPUTS 

VCC 
50 5/ NOM 

Pi I 
OUTPUT 

SN54S251, SN74S251 
DATA SELECTORSIMULTIPLEXERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH A, B, or C 

(4 levels) 
Y 

CL = 15 pF, 

RL = 280 0, 

See Note 2 

12 	18 
vs 

 tPHL 13 	19.5 

tPLH A, B, or C 

(3 levels) 
w 

10 	15 
ns 

tPHL 9 	13.5 

tPLH 
Any D Y 

8 	12 
IIS 

tPHL 8 	12 

tPLH 
Any D W 

4.5 	7 
ns 

tPHL 4.5 	7 

tPZH 
d 'L Y C 	= 50 pF, 

RL - 280 12, 

See Note 2 

13 	19.5 
ns 

, PZL 14 	21 

tPZH 
.& W 

13 	19.5 
ns 

tPZ L 14 	21 

tPHZ 
a- y CL = 5 pF, 

RL = 280 0, 

See Note 2 

5.5 	8.5 
ns 

tPLZ 9 	14 

tPHZ G W 
5.5 	8.5 

ns 
tPLZ 9 	14 

t tPLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay ime, high-to-low-level output 

tPZH = Output enable time to high level 

tpa =  Output enable time to low level 

tPHZ = Output disable time from high level 

tPLZ = Output disable time from low level 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs S
e

31
A
0
a
  
1

1
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16 VCC 

15 2G 

to A 

13 2C3 

2C2 

2C1 

no 2C0 
9 2Y 

1G 
8 

1 C3 

1C2 

1C1 

1Y 

ONO 

SN5418253. SN54S253 . . FK PACKAGE 

(TOP VIEW) 

U 

ILD U ult.1 
co 	Z > CNI 

A 

2C3 

NC 

2C2 

2C1 

T
T
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e
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1C3 

1C2 

NC 
1 C 1 

CO 

0 tJ )- o 
Z Z 

NC-No Internet connection 

SN54LS253, SN54S253, SN74LS253, SN74S253 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

WITH 3-STATE OUTPUTS 
SEPTEMBER 1972 — REVISED MARCH 1988 

SN54LS253, SN54S253 ...J OR W PACKAGE 
SN74LS253, SN74S253 	0 OR N PACKAGE 

(TOP VIEW) 
Schottky-Diode-Clamped Transistors 

Permits Multiplexing from N Lines to 1 Line 

Performs Parallel-to Serial Conversion 

• Fully Compatible with Most TTL Circuits 

• Low Power Dissipation 

'LS253 . . . 35 inW Typical 

'S253 . . . 225 mW Typical 

Three-State Version of SN54/74LS153, 

SN54/74S153 

description 

Each of these Schottky-clamped data selectors/mul-

tiplexers contains inverters and drivers to supply 

fully complementary, on-chip, binary decoding data 

selection to the AND-OR gates. Separate output con-

trol inputs are provided for each of the two four-line 

sect ions. 

The three-state outputs can interface with and drive 

data lines of bus-organized systems. With all but one 

of the common outputs disabled (at a high-impedance 

state) the low-impedance of the single enabled out-

put will drive the bus line to a high or low logic level. 

FUNCTION TABLE 

SELECT 

INPUTS 
DATA INPUTS 

OUTPUT 

CONTROL 
OUTPUT 

a 	A CO Cl 	C2 C3 0 v 

X
 J
 -
I
 
I
  
I
 J
 J
  
I
  
I
I
  

X
  

'X
  
X

 X
  
X

 I
r

X
 X

X
 

IX
X

I
,-

X
X

X
X

X
 

r
 
r
  
r
  
r
  
r
  
r
  
r
  
r
  
I
  

z
r
  T

r-
 m

r-
m

r
-N

  

Address inputs A and El are common to both sections. 

H - high level, L = low level, X - irrelevant, Z 	high impedance loft) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: 'LS253 	  7 V 

'S253 	  5.5 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54LS253, SN54S253 	  — 55°C to 125°C 

SN74LS253, SN74S253 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1• Voltage values are with respect to network ground terminal. 

PRODUCTION DATA documents contain information 
currant 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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logic diagram (positive logic) 

OUTPUT (1) 
 CONTROL 

iG 

(61 

SO
D

IA
a
a
  
1
1
1
  

1

1

1C0 

1C1 

DATA 1 

1C2 

C3 

(5) 

( 4)  • 	 

(3) 
	-0- 

2C0 

2C1 

DATA 2 

2C2 

2C3 
(13) 

(12) 

B (2)  

SELECT 

A 
(14)  

T 4>  
1101 

OUTPUT 115) 
 CONTROL 	et>  

SN54LS253, SN54S253, SN74LS253, SN74S253 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
WITH 3-STATE OUTPUTS 

logic symbol t 

(14) 

(2) 

M U X 
(1) 	ps, EN 1G 
16) 0 1C0 
5) 

 
( 

(7)  1C1 
14) 

1Y 

2 1C2 
(3) 

3 1C3 
(15) rs,„ 

(10) 
2C0 

111) 
2C1 

(9) 

(12)  
2Y 

2C2 
(13)  

2C3 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pm numbers shown are for D, J, N, and W packages. 

(7)   OUTPUT 
1Y 

( a )   OUTPUT 
2Y 

NIPO 
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10 k 

12 

20IMO  100 V  
(7, 0) OUTPUT 

20 k 
(4, 12) 

C2 

(3, 13) 
C3 

SN54LS253, SN74LS253, 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

WITH 3-STATE OUTPUTS 

schematic (each selector/multiplexer, and the common select section) 

20 k 

— (1, 15) 

CO 	
(6, 10) 

C1  (5,11) 

20 k 

20 k 

C I< 

(2) 

6k 
/77 

k 

20 k 

(14) 

5 k 

6k 

♦ yf V If 

TO OTHER SELECTOR/MULTIPLEXER 

(SEE FUNCTIONAL BLOCK DIAGRAM) 

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS253, SN74LS253 
DUAL 4•LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS253 SN74LS253 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Viii High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

10H High-level output current - 1 - 2.6 mA 

lot.  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 CONDITIONSt - 
'.". 

. 	.' LS253 SN74LS253 
 UNIT 

;r1.4 MAX MIN TYP t MAX 

Vi K VCC = MIN ,  II = -18 mA -1.5 - 1.5 V 

VOH Vcc = MIN, Vti-t -2 V, VI t_ = MAX, Ictid t MAX 2.4 3.4 24 31 V 

VOL Vcc= MIN, \in.{ = 2 V, VII_ = MAX 
IOL = 4 mA 025 0.4 0.25 04 

V 
1 0L= 8  'PA 0.25 0.5 

1 02 VCC = MAX, VIH = 2 V 
Vo = 2.7 V 20 20 

pA 
Vo = 0.4 V -20 -20 

II VCC -- MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, Vi = 2.7 V 20 20 pA 

'IL Vcc = MAX, Vi = 0.4 V 
U - 0.2 - 0.2 

mA 
All other - 0.4 - 0.4 

IOS§ VCC = MAX - 30 -130 -30 -130 mA 

[ cc VCC = MAX, See Note 2 
Condition A 7 12 7 12 

mA 
Condition 8 8.5 14 8.5 14 

For conditions shown as MIN or MAX, use the appropriate value spcified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

Not more than one output should be shorted at a time, and duration for the short-circuit should exceed one second. 

NOTE 2: ICC is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5 V. all inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP MAX UNIT 

tPLH 
Data Y 

17 	25 
ns 

IPHL 13 	20 

tPLH Select Y 
CL = 15 pF, 	RL = 2 kt2, 30 	45 

ns 
tPHL 21 	32 See Note 3 

tPZH Output 
V 

15 	28 
ns 

tPZL 15 	23 Control 

tPHZ Output 
Y 

CL = 5 pF, 	RL = 2 kIt, 27 	41 
ns 

tPLZ 18 	27 Control See Note 3 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S253, SN74S253 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

WITH 3-STATE OUTPUTS 

recommended operating conditions 

sw...... I •:•,-:. :. 

NuM 

C 
UNIT 

MIN NuM MAX MIN 
— 

MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 
V IL Low-level input voltage 0.8 0.8 V 

Icni High-level output current — 2 — 6.5 mA 

10L 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"' MIN TYP* MAX UNIT 

VIK Vcc = MIN, I 1 = — 18 mA — 1.2 V 

Series 545 2.5 3.4 
VOH VCC = MIN, Viii = 2 V. Vi L = 0.8 V, 10H = MAX V 

Series 74S 2.7 3.4 

VOL Vcc = MIN, Viii = 2 V, VIL = 0.8 V, lin = 20 mA 0.5 V 

Vo = 2.4 V 50 
1 0Z VCC = MAX, VIH = 2 V AA 

Vo .. 0.5V —50 

II VCC = MAX, Vi = 5.5 V 1 mA 

IIN VCC = MAX, V1 = 2.7 V 50 AA 

'IL Voc = MAX, VI = 0.5 V 
G= 0.8 v, — 2 

mA 
b= 2 V —0.25 

1 0S§ VCC = MAX —40 —100 mA 

ICC VCC = MAX, See Note 2 
Condition A 45 70 

mA 
Condition B 65 85 

For conditions shown as MINI or MAX, use the appropriate value specified under recommended operating conditions. 

1 All typical values are at VCC = 5 V, TA = 25 ° C. 

Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 

NOTE 2: I cc is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5 V, all inputs grounded, 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS . MIN 	TYP 	MAX UNIT 

tPLH 
Data Y 

R L = 280 a, 	 CL= 15 pF 

See Note 3 

6 	9 
ns 

tPHL 6 	9 

tPLH 
Select Y 

11 . 5 	18 
ns 

tPHL 12 	18 

tpZH Output 

Control 
Y 

11 	16.5 
ns 

tPZL 12 	18 

tpHZ Output 

Control 
Y 

RL = 280 0, 	C I.- 5 pF 

See Note 3 

6.5 	9.5 
ns 

tPLZ 10 	15 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS257B, SN54LS258B, SN54S257, SN54S258, 
SN74LS257B, SN74LS258B, SN74S257, SN74S258 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
OCTOBER 1976 — RE 	MARCH 1988 

Three-State Outputs Interface Directly 
with System Bus 

'LS257B and 'LS258B Offer Three 
Times the Sink-Current Capability 
of the Original 'LS257 and 'LS258 

Same Pin Assignments as SN54LS157, 
SN74LS157, SN54S157, SN74S157, and 
SN54LS158, SN74LS158, SN54S158, 
SN74S158 

• Provides Bus Interface from Multiple 
Sources in High-Performance Systems 

SN54LS257B, SN54S257, 

SN54LS258B, SN54S258 	J OR W PACKAGE 

SN74LS25713, SN74S257, 

SN74LS258B, SN74S258 . . . D OR N PACKAGE 

(TOP VIEW) 

A/B 

1A 

1B 

1Y 

2A 

2B 

2Y 

GND 

ACC 
G 
4A 
4B 

4Y 

3A 

36 

3Y 

'LS257B 

'L5258B 

'5257 

'S258 

AVERAGE PROPAGATION 

DELAY FROM 

DATA INPUT 

9 ns 

9 ns 

4.8 ns 

4 ns 

TYPICAL 

POWER 

DISSIPATIONt  

55 mW 

55 mW 

320 mW 

280 mW 

SN54LS257B, SN54S257, 
SN54LS258B, SN54S258 . . . FK PACKAGE 

(TOP VIEW) 

m 
< 
— 1 < Z >1 
Li LJ LJ 1_1 
3 2 	1 20 19 

1B 4 18 4A 

1Y 5  17 4B 
NC 6 16 NC 

2A 7  15 4Y 

2B 8 14 3A 

9 10 	11 12 13 

2- D U 2- 	ca 
Z Z 
0 

NC-No internal connection. 

FUNCTION TABLE 

INPUTS OUTPUT V 

OUTPUT 

CONTROL 
SELECT A 	B 

'LS257B 

'S257 

'LS258B 

'S258 

H X X 	X Z Z 

L L L 	X L H 

L L H 	X H L 

L H X 	L L H 

L H X 	H H L 

H = high level, L = low level, X = irrelevant, 

- high impedance (off) 

IOff state (worst case) 

description 

These devices are designed to multiplex signals from 

four-bit data sources to four-output data lines in bus-

organized systems. The 3-state outputs will not load the 

data lines when the output control pin (G) is at a high-

logic level. 

Series 54LS and 54S are characterized for operation 

over the full military temperature range of — 55°C to 

125°C; Series 74LS and 74S are characterized for 

operation from 0°C to 70^C. 
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11 T 	 . • 	 )cuments contain information 
.• it I 	I I. • an date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SO
3I

A
0

a
  
i
n

 
 J

.  

'LS258B 

1A 

1B 

2A 

2B 
3A 

38 

4A 

48 

'5258 

2Y 

(41 
(3) 	 1Y 

(5) 
(6) 

(11) 
(10) 	 3Y 

(14) 

(13) 	 4Y 

1A 

18 

2A 

2B 

3A 
38 

4A 

4B 

4A 	1141 

48 	
(13

) 	

SN54LS257B, SN54LS258B, SN54S257, SN54S258, 
SN74LS257B, SN74LS258B, SN74S257, SN74S258 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

logic diagrams (positive logic) 

'LS257B, 'S257 
	

'LS258B, 'S258 

4Y 

logic symboist 

A/B 

1A 

1B 

2A 

2B 

3A 

38 

4A 

4B 

G 

A/8 

1A 

18 

2A 

28 

3A 

38 

4A 

4B 

(15) N 

'LS257B 

(4) 
1Y 

EN 

G1 (1) 

(2) 
MUX 13 

V (3) 

(71 
2Y 

(5) 

(6) 
• • 

(9) 

(12) 

3Y 

4Y (131 

IN.r 

1 	I 

2 

3 ,1 

V 

'S257 

EN 

G1 
r 

1 ' 

(2) 
MUX 

V 13) 

(7) 
(51 

(6) 

(9) 
'11 

1141 — 
1121 

113) 

P 
	

lY • 
aft 

 	
D.(7)  

2Y 

P WW1 
3Y 

ire'll  1121 

"° • 
4Y 

1Y 	
18 	

13)  

2A 
	15) 

2Y 	
28 	

16) 

3A 	1111  

3Y 	3B 	110)  

14) 

A/B 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

Select' R e , = 1.4 k12 NOM 

All other inputs' R eg  - 2.8 kIt NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

SN54LS257B, SN54LS258B, SN54S257, SN54S258, 
SN74LS257B, SN74LS258B, SN74S257, SN74S258 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

schematics of inputs and outputs 

'LS257B, 'LS258B 

EQUIVALENT OF A/B INPUT 

VCC 

EQUIVALENT OF ALL 
OTHER INPUTS 

VCC 

TYPICAL OF ALL OUTPUTS 

100 Si NOM 

VCC 

13 k12, 18 kS2. 

NOM 411PNOM 

um OUTPUT 

INPUT ed INPUT 

Pik 
'S257, 'S258 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: 'LS257B, 'LS258B Circuits 	  7 V 

'S257, 'S258 Circuits 	  55 V 
Off-state output voltage 	  5.5 V 
Operating free-air temperature range: SN54LS', SN54S' Circuits 	  —55° C to 125° C 

SN74 LS', SN74S' Circuits 	  0° C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS2578 SN54LS258B, SN74LS257B, SN74LS258B 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current — 1 — 2.6 mA 

IOL Low-level output current 12 24 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 CONDITIONSt 
VII. 

sNRALS' 

'.11'. 

SN74LS' 
UNIT 

I 	( : 	t MAX TYPt MAX 

VIK Vcc = MIN, li = — 18 mA —1.5 —1.5 V 

VOH 
Vcc = MIN, 

ION' MAX 

Viii = 2 V, 	VII_ = MAX, 
2.4 3.4 2.4 3.1 V 

VOL 
VCC = MIN, 

VIL = MAX, 

VIH = 2 V, 10L= 12 mA 0.25 0.4 0.25 0.4 
V 

101_ = 24 mA 0.35 0.5 

1 OZH VCC = MAX, Vill = 2 V, 	Vo = 2.7 V 20 20 pA 

IOZL VCC-MAX, VIH = 2 V, 	V0 = 0.4 V —20 —20 AA 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, V1= 2.7 V 20 20 pA 

IIL Vcc = MAX, VI = OA V —0.4 —0.4 mA 

IOS§ VCC = MAX ,  —30 —130 —30 —130 mA 

ICC 

All outputs high 

VCC = MAX, See Note 2 

'LS257B 

8 12 8 12 

mA 

All outputs low 12 18 12 18 

All outputs off 13 19 13 19 

All outputs high 

'LS258B 

6 9 6 9 

All outputs low 10 15 10 15 

All outputs off 11 16 11 16 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 2: ICC is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 

switching characteristics, VCC = 5 V, TA = 25° C, RL = 667 n 

PARAMETER i 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS - 

''. 	: 

'LS2578 'LS2588 
UNIT 

TVP MAX MIN TYP MAX 

tPLH 
Data Any 

CL =45 pF, 	See Note 3 

8 13 7 12 
ns 

1PHL 10 15 11 17 

tpLH 
Select Any 

16 21 14 21 
ns 

tPHL 17 24 19 24 

tPZH Output 

Control 
Any 

15 30 15 30 
ns 

tPZL 19 30 20 30 

tPHZ Output 

Control 
Any CL = 5 pF, 	See Note 3 

18 30 18 30 
ns 

tPLZ 16 25 16 25 

S
O

3
I
A

0
a
  
in

  

tpLH = propagation delay time, low-to-high-level output 
	

tPZL = output enable time to low level 

tpHL = propagation delay time, high-to-low-level output 
	

tPHZ = output disable time from high level 

tpZH = output enable time to high level 
	

fPLZ = output disable time from low level 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

2-732 	 TrxAs 
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SN54S257, SN54S25B, SN74S257, SN74S2513 
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

..re. Is' 
'Zi if.1 

5 

UNIT 
MIN NOM MAX MIN MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5.25 V 

High-level output current, 10H -2 -6.5 mA 

Low-level output current, I0L 20 20 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
%ID. 

'S257 'S258 
UNIT 

TYPT MAX MIN TYPt MAX 

VIH High-level input voltage 2 V 

ViL Low-level input voltage 0.8 0.8 V 

VII( Input clamp voltage VCC = MIN, li = -18 mA -1.2 -1.2 V 

VOH High-level output voltage 

Vcc = MIN, 

VII_ = 0.8 V, 

Viii = 2 V, 

10H = -1 mA 
SN74S' 2.7 2.7 

V 
VCC = MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

loH = MAX 

SN54S' 2.4 3.4 2.4 3.4 

SN74S' 2.4 3.2 2.4 3.2 

VOL Low-level output voltage 
VCC =MIN, 

 VII_ = 0.8 V, 

VIH = 2 V, 

lot_ = 20 mA 
0.5 0.5 V 

IOZH 
Off-state output current, 

high-level voltage applied 

VCC = MAX, 

Vo = 2.4 V 

VIH = 2 V, 
50 50 pA 

IOZL 
Off-state output current, 

low-level voltage applied 

Vcc = MAX, VIH = 2 V, 

Vo = 0.5 V 
-50 -50 pA 

II 
 Input current at maximum 

input voltage 
VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH 
High-level 

input current 

S input 
VCC = MAX, V1 = 2.7 V 

100 100 
MA 

Any other 50 50 

1  I L 
Low-level 

input current 

S input 
VCC = MAX Vi= 0.5 V 

-4 -4 
mA 

Any other -2 -2 

los Short-circuit output current§ VCC = MAX -40 -100 -40 -100 mA 

ICC Supply current 

All outputs high 

VCC = MAX, See Note 2 

44 68 36 56 

mA All outputs low 60 93 52 81 

All outputs off 64 99 56 87 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 

NOTE 2: !Cc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 

switching characteristics, VCC = 5 V, TA = 25 ° C, RL = 280 SZ 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'S257 'S258 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

tpLH 
Data Any 

CL = 15 pF, 

See Note 3 

5 	7.5 4 	6 
ns 

tPHL 4.5 	6.5 4 	6 

tPLH 
Select Any 

8.5 	15 8 	12 
ns 

tPHL 8.5 	15 7.5 	12 

tO71-1 Output 

Control 
Any 

13 	19.5 13 	19.5 
ns 

 14 	21 14 	21 

tpHz Output 

Control 
Any 

CL = 5 pF, 

See Note 3 

5.5 	8.5 5.5 	8.5 
ns 

tPLZ 9 	14 9 	14 

T
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ifmax  = Maximum clock frequency 

tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

tpzH = output enable time to high level 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

tPZL = output enable time to low level 

tpHZ  _ output disable time from high level 

tpLZ -=" output disable time from low level 
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INSTRUMENTS 
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SN54259, SN54LS259B, SN74259, SN74LS259B 
8-BIT ADDRESSABLE LATCHES 

DECEMBER 1983 — REVISED MI 	1988 

8-Bit Parallel-Out Storage Register Performs 
Serial-to-Parallel Conversion with Storage 

Asynchronous Parallel Clear 

Active High Decoder 

Enable/Disable Input Simplified Expansion 

• Expandable for N-Bit Applications 

• Four District Functional Modes 

• Package Options Include Ceramic Chip 
Carriers and Flat Packages in Addition to 
Plastic and Ceramic DIPs 

SN54259, SN54LS259B ... J OR W PACKAGE 

SN74259 . . . N PACKAGE 

SN74LS25913 ... D OR N PACKAGE 

(TOP VIEW) 

SO 

S1 

S2 

00 

01 

Q2 

Q3 

GND 

VCC 
CLR 

G 

Q7 

Q6 

Q5 

Q4 

• Dependable Texas Instruments Quality and 

Reliability 

description 

These 8-bit addressable latches are designed for general 

purpose storage applications in digital systems. Specific 

uses include working registers, serial-holding registers, 

and active-high decoders or demultiplexers. They are 

multifunctional devices capable of storing single-line 

data in eight addressable latches, and being a 1-of-8 

decoder or demultiplexer with active-high outputs. 

Four distinct modes of operation are selectable by con-

trolling the clear (CLR) and enable (0) inputs as 

enumerated in the function table. In the addressable-

latch mode, data at the data-in terminal is written into 

the addressed latch. The addressed latch will follow the 

data input with all unaddressed latches remaining in 

their previous states. In the memory mode, all latches 

remain in their previous states and are unaffected by the 

data or address inputs. To eliminate the possiblity of 

entering erroneous data in the latches, enable G should 

be held high (inactive) while the address lines are chang-

ing. In the 1-of-8 decoding or demultiplexing mode, the 

addressed output will follow the level of the D input with 

all other outputs low. In the clear mode, all outputs are 

low and unaffected by the address and data inputs. 

The SN54259 and SN54LS2598 are characterized for 

operation over the full military temperature range of 

—55°C to 125°C. The SN74259 and SN74LS2598 are 

characterized for operation from 0°C to 70°C. 

S2 

QO 

NC 

Q1 
Q2 

NC 

logic symbolt 

so ( 11  

SN54LS259B .. . FK PACKAGE 

(TOP VIEW) 

—J 
to to Z > 

G 

D 

NC 
Q7 

Q6 

141 
DO 

3 	2 	1 	20 

4  

5  

6 

7  

8 

9 	10 	11 12 
rn 

19 

18 

17 

 16 

15 

14 

13 

- No internal 

8 9 '2)  3 
connection 

ro—o  
7 

on  

Z9 

Z10 
1 

121  si 
S2 (31 

E 11411, 

1131 D  

CLF1Sa::,  

— 

— 

■ 

—9,0D 

—10,73.13 

151 —9,1D 
10,1R 

01 

161  02 
—9,2D 

—; •7 

171 
1o,-3R 03 

191 
04 

—9,4D 
—15;s-R 

(101 05  •••9,5D 

1111 9,6D 

107R 
06 

1121 07  
—10,13 

tThis symbol is in accord nce with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

PRODUCTION DATA documents contain information 
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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LATCH SELECTION TABLE 

SELECT INI I " LATCH 

ADDRESSED S2 Si ou 

L L L 0 

L L H 1 

L H L 2 

L H H 3 

H L L 4 

H L H 5 

H H L 6 

H H H 7 

'259 

VCC 

INPU T  

EQUIVALENT OF EACH INPUT 

G. R„ = 2.2 kit NOM 

All other inputs. R e , = 4 kit NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

001-2 NOM 

OUTPUT 

SN54259, SN54LS259B, SN74259, SN741S259B 
B-BIT ADDRESSABLE LATCHES 

FUNCTION TABLE 

INPUTS 
OUTPUT OF 

ADDRESSED 

LATCH 

EACH 

OTHER 

OUTPUT 

FUNCTION 
trn 	6 

J
 

I
  
I
 J
 -J 

D 

0i0 
D 

L 

0
 0

 
ai  d

  -
1  -

1  

Addressable Latch 

Memory 

8-Line Demultiplexer 

Clear 

H = high level, L = low level 

D = the level at the data input 

Clio = the level of Ct, li = 0, 1, ... 7, as appropriate) before the inch- 

rated steady-state input conditions were established. 

schematic of inputs and outputs '259  

S
8

3
11A

0
C1

  1
1

1
 

- 18 
	

'LS259B 
	

'LS259B 

EQUIVAL : '.I ,)F t" INPUT 

VCC 

EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF ALL OUTPUTS 
VCC 

120 52 NOM VCC 

R„ = 10 kit NOM 
411P 

R„ = 17 kit NOM 

INPUT al INPUT-4 IIIII OUTPUT 

II 

/77 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 	  7 V 

Input voltage: SN54259, SN74259 	  5.5 V 

SN54LS259B, SN74LS259B 	  7 V 

Operating free-air temperature range: SN54259, SN54LS259B 	  — 55° C to 125° C 

SN74259, SN74LS259B 	  0° C to 70° C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

2-736 	 TEXAS 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SIV•2,rt 

1 , r *  

SN74259 
UNIT 

MIN MAX MIN TVP# MAX 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.8 0.8 V 

VII( Input clamp voltage VCC = MIN, II = 12 mA --1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

v it.. ,  0.8 V, 

VIE.) = 2 V, 

loH = —1300 tiA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VH_ = 0.8 V, 

VIH = 2 V, 

loL = 16 mA 
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 1 mA 

1 1H 
High-level input 

current 
6 

VCC = MAX, VI= 2.4 V 
80 80 

;IA 
Other inputs 40 40 

IlL 
Low-level input 

current 

a-  
Vcc = MAX, V1 = 0.4 V 

—3.2 —3.2 
mA 

Other inputs —1.6 —1.6 

los Short-circuit output cur ent§ VCC = MAX —18 —57 —18 —57 mA 

Icc Supply current VCC = MAX, See Note 2 60 90 60 90 mA 

2 
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SN54259, SN74259 
8-BIT ADDRESSABLE LATCHES 

recommended operating conditions 

MIN, NUM 

..,r:.-426-.1 5%.•4269 

NUM 
UNIT 

MAX MIN MAX 

Supply voltage ,  VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 uA 
Low-level output current, 10L 16 16 mA 

Width of clear or enable pulse, t w  15 15 ns 

Setup time, tau  
Data 151' 151' 

ns 
Address St 6t 

Hold time, th 
Data 01' Of 

ns 
Address 201' 20f 

Operating free-air temperature, TA —55 125 0 70 ° C 

tThe arrow indicates that the rising edge of the enable pulse is used for reference. 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time. 
NOTE 2: Icc is measured with the inputs grounded and the outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT ) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 PHL CLR Any 0 

CL= 15 pF, 

RL = 400 SI, 

See Note 3 

16 	26 ns 

tPLH 
Data Any Q 

14 	24 
ns 

tPHL 11 	20 

1 PLH 
Address Any CI 

15 	28 
ns 

tPHL 17 	28 

1 PLH 
Any Q 

12 	20 
ns 

WHL 11 	20 

tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS259B, SN74LS259B 
8-BIT ADDRESSABLE LATCHES 

recommended operating conditions 
SN541 • .• ... 

NUM 
- 

IVI,..X 
UNIT 

MIN NOM MAX MIN 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V11.4 High-level input voltage 2 2 V 

vi L Low-level input voltage 0.7 0.8 V 

10H High-level output current - 0.4 - 0.4 mA 

IOC Low-level output current 4 8 mA 

tw  Pulse duration 
G low 17 17 

ns 
CLR low 10 10 

t s. Set up time 

Data before a 1  20 20 

ns Address before a t 17 17 

Address before at 0 0 

th Hold time 
Data after a 1 0 0 

ns 
Address after 'a' t 0 0 

TA Operating free-air temperature - 55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CON° I TIONSt 
.•fe 

?.1 I "! 

.' 	1259B SN74LS259B 
UNIT 

; 	. 	, MAX MIN TYP MAX 

VIK Vcc = MIN, li = -18 mA -1.5 - 1.5 V 

VOH 
Vcc = MIN, 

IQH = - 0.4 mA 

V1H = 2 V, Vit.. = MAX, 
2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, 

VII_ = MAX 

VIH = 2 V, fOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

II Vcc = MAX, Vi = 7 V 0.1 0.1 mA 

I IH VCC = MAX, V1= 2.7 V 20 20 AA 

'IL Vcc = MAX, V1= 0.4 V -0.4 -0.4 mA 

1 0S§ VCC = MAX - 20 - 100 - 20 - 100 mA 

'Cc VCC = MAX, See Note 2 27 36 22 36 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 

IAII typical values are at VCC = 5 V, TA =, 25 ° C. 

§Not more than one output should be shorted et a time, and duration short-circuit should not exceed one second. 

NOTE 2: ICC is measured with the inputs grounded and the outputs open. 

switching characteristics, VCC = 5 V, TA = 25° C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX 

,- 

UNIT 

tPHL CLR Any Q 

CL= 15 pF, 	 RL = 2 ki-2, 

See Note 3 

12 	18 ns 

tpLH 
Data Any 0 

19 	30 
ns 

1 PHL 13 	20 

1 PLH 
Address Any 0 

17 	27 
as 

'PHL 14 	20 

tau.' 
-G-  Any Q 

15 	24 
ns 

1 PHL 15 	24 

PLH = propagation delay time, low-to-high-level output 

PHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S260, SN74S260 
DUAL 5-INPUT POSITIVE-NOR GATES 

DECEMBER 1983 — RE 	M 	1988 

• Package Options Include Ceramic Chip 
Carriers and Flat Packages in Addition to 

Plastic and Ceramic DIPs 

• Dependable Texas Instruments Quality and 

Reliability 

description 

These devices contain two independent 5-input positive 

-NOR gates. They perform the Boolean function 

Y= A +13 C + D E in positive logic. 

The SN54S260 is characterized for operation over the 

full military temperature range of -55°C to 125°C. The 

SN74S260 is characterized for operation from 0 °C to 

SN548260 	J OR W PACKAGE 
SN74S260 	D OR N PACKAGE 

(TOP VIEW) 

1A 
1B 

1C 

2A 

1Y 
2Y 

GND 

SN54S260 	FK PACKAGE 

(TOP VIEW) 

VCC 
1E 

10 

2E 

2D 
2C 
2B 

70°C. 

logic diagram (each gate) 

m <(-) Z > 
I_J 	I__T 1__I 

3 	2 	1 20 19 

1C 4 18 1D 

A 
NC 5 17 NC 
2A 6 16 2E 

C NC 7  1 5 NC 
D 1Y 8 14 2D 

9 10 	11 12 13 

logic symbol t 
>- p 0 CO 0 

Z Z N EN 

1A 

1B 

1C 

1D 

1E 

2A 

2B 

2C 

2D 

2E 

tThis symbol is in acco dance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Pin numbers shown are for D, J, N, and W p ckages. 

1Y 

2Y 

NC - No internal connection T
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PRODUCTION DATA documents contain information 
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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SN54S260, SN74S260 
DUAL 5-INPUT POSITIVE-NOR GATES 

S
eD

!
A

  
13

  1
1

1
  

schematic (each gate) 

Resistor values shown are nominal. 

The portion of the schematic within the dashed-line is repeated for each additional input. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 
Operating free-air temperature range: SN54' 	  — 55°C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

2-740 TEXAS 
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SN54S260, SN74S260 
DUAL 5•INPUT POSITIVE-NOR GATES 

recommended operating conditions 

SN54S260 SN71..... 
UNIT 

MIN TYP MAX MIN 	TN l' MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 V 

I0H High-level output current — 1 —1 mA 

I0L 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 t 
SN54S260 SN74S260 

UNIT 
MIN TYP MAX MIN TYPt MAX 

VIK VCC = MIN II = — 18 mA —1.2 —1.2 V 

VON VCC = 	.. VI L = 0.8 V, 10H= —1 mA 2.5 3.4 2.7 3.4 V 

VOL VCC -  "'.. VH..4= 2 V, 10L = 20 mA 0.5 0.5 V 

II Vcc = MAX, VI = 5.5 V 1 1 mA 

IIH VCC = MAX, VIH = 2.7 V 50 50 s/A 

IlL Vcc = MAX, VII_ = 0.5 V —2 —2 mA 

/OS§ VCC = MAX —40 —100 —40 —100 mA 

ICCH VCC = MAX, Vi = D V 17 29 17 29 mA 

ICCL VCC = MAX, See Note 2 26 45 26 45 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 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. 

NOTE 2: One input at 4,5 V, all others at GND. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP 	MAX UNIT 

,PLH 
Any Y RL = 280 S-2, 	 CL = 15 pF 

4 	5.5 ns 

IPHL 4 	6 ns 

NOTE 3: See General Information Section for load circu Sc and voltage waveforms. 
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SN54LS261, SN74LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

MARCH 1974 — REVISED MARCH 1988 

U 

Fast 	 on ... 5-Bit Product in 26 ns Typ 

Power Dissipation ... 110 mW Typical 

Latch Outputs 

 

or Synchronous Operation 

Expandable for m-Bit-by-n-Bit Applications 

Fully Compatible with Most TTL and Other 
Saturated Low-Level Logic Families 

• Diode-Clamped Inputs Simplify System 
Design 

description 

These low-power 

used in parallel 

perform binary 

form, two bits 

The M inputs are 

are for the multiplicand. 

partial product 

recoding 	effectively 

hardware requirements 

The outputs 

complement form 
tion. A simple 

gates is needed 

two's complement. 

inverted for ease 

justify) the partial-product 

The SN54LS261 

the full military 

125° C; the SN74LS261 

70°  C. 

logic symbol t 

"31  BO 

The leading (most-significant) 

Schottky circuits 

multiplication 

multiplication in 

at a time. 

for the multiplier 

The Q 

as a recoded 

reduces 

by a factor 

represent 	partial 

generated as a 
rounding scheme 

for each partial 

in extending the 

bits. 

is characterized 

temperature 

bit 

for operation 

are designed to be 

applications. They 

two's-complement 

bits and theB inputs 

outputs represent the 

base-4 number. This 

the 	Wallace-tree 

of two. 

products 	in 	one's- 

result of multiplica-

using two additional 

product to generate 

of the product is 

sign to square (left 

for operation over 

range of —55 ° C to 

from 0° C to 

1101 0 , 

C 

M2 

NC 

03 

NC - 

H = high level, L = low 

Q40 ... Q00 = The 

B4 ... BO = The logic 

SN54LS261 FK PACKAGE 

(TOP VIEW) 

U 
vf CO 	

O C0
N 

COCCIZ> 

B1 

BO 

NC 

Ml 

MO 

output before the 

18) input. 

3 	2 	1 20 19 

4 	 18 

5 	 17 

6 	 16 

7 	 15 

8 	 14 

9 	10 11 12 13 
rn 

high-to-low 

8 9 (2)  a 8 

No internal connection 

FUNCTION TABLE 

level, X = irrelevant 

logic 	level 	of 	the 	same 

transition of C. 

level of the indicated multiplicand 

2'S COMP 

IP 

4 
0 	n I, 
CI 

1r• 

BI 

B2 
00 	PO 

B4 1 — 
mo_il. , 

0 ID 

In)  QI 10 

171  Q2 ID 

112) ID 161 	 Q3 mi  

0,2 	1, 

131 c  

,, 	
II: \-•-- (5'  04 

• ParlielPttothp.3 Gene.lor 

tThis symbol is 111 accordance with ANSI/IEEE Std. 91-1984 and 1E0 

P06110,300n 61712 
Pin nuinbers shown are for D, J, N, and W packages 
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INPUTS OUTPUTS 

LATCH 

CONTROL 

C 

MULTIPLIER — 
04 Q3 	Q2 Q1 QO 

M2 	M1 	MO 

X
 -J

2
-1

=
_
I
I

-
I
I
  

X
  
-
J
 -
J
 S

  
S

  
-
I
 -J  

I
  
1
  

X
 -1

_1
-I
-
J
I
M

  

540 Q30 020 010 000 

H L L L L 

14 84 B3 82 81 

84 84 83 82 81 

I
 84 B3 B2 B1 BO 

B4 B3 B2 111 g0 

84 84 g3 13.2 81 

B4 g4 63 82 ;81 

H L L L L 

• •• •• d 1.1014 ••i6 ocuments contain information 
• • • s of 	Ion date. Products conform to 

z.a. terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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VCC 
B2 
B1 
BO 
MI 
MO 
Q0 
Q1 

B3 
B4 

C 

M2 
C14 
03 
02 

GND 

SN64L6261 . . . J OR W PACKAGE 
SN74LS261 ... D OR N PACKAGE 

(TOP VIEW) 



EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

C: R eq  = 17 k12 NOM 

B or M2: Ft e. c, = 20 k12 NOM 

MO or MI: R eg  = 10 kci, NOM 

TYPICAL OF 00, Ql, 02, Q3 OUTPUTS TYPICAL OF 64 OUTPUT 

VCC 	 VCC 
120 NOM 

17 kfi. NOM 

OUTPUT 

SN54LS261, SN14LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

schematics of inputs and outputs 

logic diagram (positive logic 

2 

S
8

31
A
0
0
  1

1
1

  

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS261, SN74LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
Input voltage 	  

Operating free-air temperature range: SN54LS261 

SN74LS261 

    

	 7V 

7V 

-55° C to 125°C 

  0° C to 70° C 

-65° C to 150° C 

    

    

    

    

Storage temperature range 

     

     

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

   

-UNIT 
'.'l . 	.. :.: 	MAX P.•1:l 	%.•:.: 	MAX 

Supply voltage, VCC 4, 	u 	5.5 4., u 	5 	5.25 V 

High-level output current, loH -400 -400 AA 

Low-level output current, lot_ 4 8 mA 

Width of enable pulse, t w  25 25 ns 

Setup time, tsp 
Any M input 171 171 

ns 
Any B input 151 151 

Hold time, th 
Any M input 01 01 

ns 
Any B input 01 01 

Operating free-air temperature, TA -55 	 125 0 	 70 ° C 

► The arrow indicates that the falling edge of the enable pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS? 
SN54LS261 SN74LS261 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

VI K Input clamp voltage VCC - MIN, II= -18 mA -1.5 -1.5 V 

Voii High-level output voltage VCC 1' MIN , 

viL= viL max, 

VIH = 2 V, 

loH = -400 AA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage VCC ' MIN, 

viL= VIL max 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
v 

IOL ° 8  rf1 A 0.35 0.5 

II 
Input current at 

maximum input voltage 
Vice = MAX, VI = 7 V 

MO or MI 0.2 0.2 
mA 

All others 0.1 0.1 

11H High-level input current VCC = MAX, Vi = 2.7 V 
MO or MI 40 40 

pA 
All others 20 20 

II L Low-level input current VCC = MAX, Vi = 0.4 V 
MO or MI -0.8 

-018  mA 
All others -0.4 -0.4 

los Short-circuit output current§ VCC = MAX -20 -100 -20 -1 00 mA 

ICC Supply current 
VCC - MAX, 

Outputs open 
All inputs at 0 V, 

20 38 20 40 mA 

tFor conditioning shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 °C. 

Not more than one output should be shorted at a time and duration of the output short-circuit should not exceed one second. 

TrxAs 
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SN54LS261, SN74LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETERS 
FROM 

(INPUT) 

FROM 
 

TO 

(OUTPUT) 
CONDITIONS MIN 	TYP 	MAX UNIT 

1PLH 
C Any Q 

CL = 15 pF, 

R L .--- 2 kit, 

See Note 2 

22 	35 ns 

tPHL 20 	30 ns 

tPLH Any M input Any Q 
25 	40 ns 

tPHL 22 	35 ns 

1PLH Any 8 input Any 0 
27 	42 ns 

tpHL 24 	37 ns 

= propagation delay time, low-to-high-level output; tpHL = propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

TYPICAL APPLICATION DATA 

Multiplication of the numbers 26 (multiplicand) by 29 (multiplier) in decimal, binary, and 2-bit-at-a-time-binary is 

shown here: 

DECIMAL 
	

BINARY 	 2-BIT-AT-A-TIME BINARY 

SO
O

lA
e
a
  1

1
1

  

Sign 

Bit 

B 	 26 	 011010 

M 	 29 	 011101  

234 	 011010 

52 	 000000 

754 	 011010 

011010 

011010 

000000  

01011110010 

Sign Product 

Bit 

Sign 

Bit 

011010 

(+2) (-1) (+1)  
00000011010 3 

6 
111100110 	 Partial 

Partial 
0110100 	}Products 

01011110010 
Products 

Sign 
Product 

Bit 

Two points should be noted in the two-bit-at-a-time-binary example above. First, in positioning the partial products 

beneath each other for final addition, each partial product is shifted two places to the left of the partial products above 

it instead of one place as is done in regular multiplication. Second, the msb of the partial product (the sign bit) is 

extended to the sign-bit column of the final answer. 

A substantial reduction of multiplication time, cost, and power is obtained by implementing a parallel 

partial-product-generation scheme using a 2-bit-at-a-time algorithm, followed by a Wallace Tree summation. 

Partial-product-generation rules of the algorithm are: 

1, Examine two bits of multiplier M plus the next lower bit. For the first partial product (PP1) the next lower bit is 

zero. 

2 15 214 , 2 13 2 12 2111 

I 

2 10 i 29 28 27 , 26 , 25 0 23 , 22 , 21 o 0  
, 	 1 	I 	I 	 1 	I 	t 	  

I 	 I 	I 	I 	I 	I 	' 

PP8 	PP7 	PP6 	PP5 	PP4 	PP3 	PP2 	PP1 
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SN54LS261, SN74LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

TYPICAL APPLICATION DATA 

2. Generate partial product (PPi) as shown in the following table: 

MULTIPLIER BITS FROM 

STEP 1 
OPERATOR 

SYMBOL 
TO OBTAIN PARTIAL PRODUCT 

22'— 22i-2 22 i -3 

0 0 0 

m
m

c
o
m

m
m

 
o
 7

c
i
 7 7  °

  

Replace multiplicand by zero 

0 0 1 Copy multiplicand 

0 1 0 Copy multiplicand 

0 1 1 Shit t multiplicand left one bit 

1 0 0 Shift two's complement of multiplicand left one bit 

1 0 1 Replace multiplicand by two's complement 

1 1 0 Replace multiplicand by two's complement 

1 1 1 Replace multiplicand by zero 

3. Weight the partial products by indexing each two places left relative to the next-less-significant product. 

4. Extend the most-significant bit of the partial product to the sign-bit place value of the final product. 

EXAMPLE OF ALGORITHM 

The summation of these partial products was shown in the 2-bit-at-a-time binary multiplication example above. 

The 'LS261 generates partial products according to this algorithm with two exceptions: 

1. The one's complement is generated for the cases requiring the two's complement. The two's complement can be 

obtained by adding one to the ones complement; this rounding can be done by using one NAND gate and one AND 

gate as shown in Figure B. 

2. The most-significant bit is complemented to reduce the hardware required to extend the sign bit, This extension can 

be accomplished by adding a hard-wired logic 1 in bit position 2 21+16  of each partial product and also in bit 

position 2 16  of the first partial product (PP1). 

M = 29 = 

011 

Operator 

Symbol 

+ 1 B 

—1B 

+2 B 

B = 26 = 011010 

00000011010 
111100110  
0110100   

TFXAS 
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SN54LS261, SN74LS261 
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 
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EQUIVALENT OF EACH INPUT 

TYPICAL OF ALL OUTPUTS 

V cc 
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SN54265, SN74265 
QUADRUPLE COMPLEMENTARY-OUTPUT ELEMENTS 

DECEMBER 1983 — REVISED MARCH 1988 

FOR SYMMETRICAL GENERATION OF COMPLEMENTARY TTL SIGNALS 

• Switching Time Skew of the Complementary 
Outputs Is Typically 0.5 ns . . . Not More 

than 3 ns at Rated Loading 
 

• Full Fan-Out to 20 High-Level and 10 Low-

Level 54174 Loads 

• Active Pull-Down Provides Square Transfer 
Characteristics 

description 

The SN54265 and SN74265 circuits feature comply 

mental y usi.puts -from each logic element, which have 

virtually symmetrical switching time delays from the 

triggering input. They are designed specifically for use 

in applications such as: 

• Symmetrical clock/clock generators 

• Complementary input circuit for decoders and 

code converters 

• Switch debouncing 

• Differential line driver 

Examples of these four functions ate illustrated in the 

typical application data. 

The SN54265 is characterized for operation over the 

full military temperature range of —55 ° C to 125° C; 

the SN74265 is characterized for operation from 0 ° C 

to 70° C. 

logic symbol t 

1W 

1Y 

2W 

2Y 

3W 

3Y 

41AI 

4Y 

IThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12 

logic diagrams 

ELEMENTS 1 and 4 	 ELEMENTS 2 and 3 

A .y 

positive logic 
Y- AB orY—A + B  

Y—A w- A 
	

W AB or W — A + B  

SN54265 . . . J OR W PACKAGE 

SN74265 . . . N PACKAGE 

(TOP VIEW) 

VCC 
1W 	 4A 
1Y13 	 4W 
2A ■ 1314Y 
2BI5 	12130 
2W16 	 3A 
2Y17 	 3W 

GND ■ 3Y 

NC - No internal connection 

schematics of inputs and outputs 

PRODUCTIOh ' 	ocuments contain information 
current as of • .. • ion date. Products i•nufnrm to 
specification.. ,: N.. terms of Texas l• •• • • ants 
standard warranty. Production processi •• • I not 
necessarily include testing of all paran • • . 
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SN54265, SN74265 
QUADRUPLE COMPLEMENTARY-OUTPUT ELEMENTS 

sa
o
!n

a
a
  1

1
1
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC  (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54265 	  — 55° C to 125°C 

SN74265 	  0° C to 70°C 

Storage temperature range 	  —65° C to 150°C 

NOTE 1. Voltage values are with respect to network ground terminal. 

recommended operating conditions 

.. 	'.1 

n 

enr ;, 
UNIT 

MIN MAX MIN MAX 

Supply voltage, VCC 4.5 5.5 4.75 n 5.25 V 

High-level output current, I0H -800 -800 NA 

Low-level output current, lot_ 16 16 mA 

Operating free-air temperature, TA -55 125 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPS MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VII( Input clamp voltage VCC - MIN, 	II - -12 mA -1.5 V 

VOH High-level output voltage Vcc = MIN, 	10H= -800 ;IA 2.4 3.4 V 

VOL Low-level output voltage VCC = MIN , 	IOL = 16 mA 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, 	Vi = 5.5 V 1 mA 

I i H High-level input current VCC = MAX, 	V1 = 2.4 V 40 pA 

I1L Low-level input current VCC = MAX, 	V ,  = A ,4  V -1.6 mA 

IOS Short-circuit output current§ VCC = MAX, 
 -20 -57 

mA 
' . 	• -18 -57 

ICC Supply current VCC = MAX, 	See Note 2 25 34 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: ICC  is measured with all outputs open and all inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETE0 
FROM 

(INPUT) 

TO 

(OUTPUT) 
 TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tpLH IW) A or B 

(as applicable) 

W 

RL = 400 D, 

CL - 15 pF, 

See Note 3 

11.6 	18 
ns 

tPHLIY) Y 11.3 	18 

tPHLIWI A or B 

las applicable) 

W 9.8 	18 
ns 

fl+LH(Y) Y 10.2 	18 

tpLH1W)- tPHLIY) A or B 

(as applicable) 

W with 

respect to Y 

+0.3 	±3 
ns 

, PHLIIN)- tPLHIYI -0.4 	±3  

tpLH = propagation delay time, low-to-high-level output 

tpHL  = propagation delay time :  high-to-low-level output 

toxx(w)-tpxx/y) = Difference in indicated propagation delay times at the W and Y outputs, respectively. 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54265, SN/4265 
OUADRUPLE COMPLEMENTARY-OUTPUT ELEMENTS 

TYPICAL CHARACTER ISTICSt 

PROPAGATION DELAY TIME DIFFERENCE 
vs 

FREE-AIR TEMPERATURE 

PROPAGATION DELAY TIME DIFFERENCE 
vs 

SUPPLY VOLTAGE 

PROPAGATION DELAY TIME DIFFERENCE vs LOAD CAPACITANCE 
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50 

CL-Load Capacitance-pF 
	

CL-Load Capacitance-pF 

	

FIGURE 3 
	

FIGURE 4 

, Data for temperatures below 0°C and above 70 ° C and for supply voltages below 4.75 V and above 5.25 V are applicable for SN54265 only. 
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CLOCK 

CLOCK CLOCK 
CLOCK CLOCK GENERATOR I> 

1  1/6 SN7404 1/4 SN 74265 
CLOCK 

GENERATOR I>  	
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OUTPUT 2 
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SN54265, SN74265 
QUADRUPLE COMPLEMENTARY-OUTPUT ELEMENTS 

TYPICAL APPLICATION DATA 

                      

CLOCK 

              

CLOCK 

   

L___ 
----L_ 

    

-. 1.4- SKEW 

         

               

CLOCK 

                

CL 	- 

   

                       

FIGURE A - TYPICAL CLOCK/CLOCK GENERATOR CIRCUIT 	FIGURE B - SKEWLESS CLOCK/CLOCK GENERATOR CIRCUIT 
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1.1 	GATE 1 
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GATE 3 

2/3 SN7404 
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INPUT B 
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INPUT A 7 
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L _ _ _ -- H 

INPUT B 
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GATE 
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FIGURE C - TYPICAL DECODER/CODE CONVERTER 	 FIGURE D - SYMMETRICAL DECODER/CODE CONVERTER 

Tr x A s 4 II  
2-754 INS1RUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



SN54265, SN74265 
QUADRUPLE COMPLEMENTARY-OUTPUT ELEMENTS 

TYPICAL APPLICATION DATA 

390 SI 

1/4 SN74265 
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— —0 V 
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FIGURE E — SWITCH DEBOUNCER 
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Noise immunity typically 3 V 
for either high level or low level data 

FIGURE F — DIFFERENTIAL LINE DRIVER 
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logic symbolt 

1A (1) 

1B (2) 

2A 151 
22B  

(61 

(8) 

(9) 

1121 

1131 

3A 

3B 

4A 

49 

SN54LS266, SN74LS266 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 

WITH OPEN-COLLECTORS OUTPUTS 
DECEMBER 1972 — REVISED MARCH 1988 

Can Be Used 

Input Clamping 
Design 

Fully Compatible 

as a 4-Bit Digital 

Diodes Simplify 

with Most 

FUNCTION TABLE 

Comparator 	 SN54LS266 
SN74LS266 

System 	 (TOP 

1AU1 
TTL Circuits 

1B 

1Y 

2Y 

2AU5 

2B 

GND 

SN54LS266 

. . . J OR 

. . . D OR 

VIEW) 

W PACKAGE 
N PACKAGE 

4A 

4Y 

3B 

W14IVCC 

1314B 

1D13Y 

813A 

FK PACKAGE 

INPUTS OUTPUT 

A 	B 

L 	L 

L 	H 

H 	L 

H 	H 

H 

L 

L 

H 

= high level, L - low level 

description 

The 'LS266 is comprised of four independent 2-input 

exclusive-NOR gates with open-collector outputs. The 

open-collector outputs permit tying outputs together for 

multiple-bit comparisons. 

logic symbol (each gate) 

A 	 
0 	 

positive logic: Y = A CI  B = AB + AB 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

(TOP VIEW) 

03 <UUCP 
1-- 1— 	 > 

uuuuu 

3 2 1 20 19 

1Y 4 	 1B 4A 
NC 5 	 17 NC 
2Y 6 	 16 4Y 

NC 7 	 15 NC 

2A 8 	 14 3Y 

9 10 11 12 13 
nnnnn  

00°0<m 
Nzze.-)01 

NC - No internal connection 

schematic of inputs and outputs 
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PRODUCTION DATA documents contain information 
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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SN54LS266 Sh1- •1 

:1. 	... 

a 

.•i6 
UNIT 

MIN NOM MAX MIN MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, l ioL 4 8 mA 

Operating free-air temperature, TA -55 125 0 70 'C 

electrical characteristics over recommended operating free•air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS266 SN74LS266 

UNIT 
MIN TYP I MAX MIN TYP' MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN. 	II = -18 mA -1.5 -1.5 V 

10H High-level output current 
VCC -MIN, 	Viii = 2 V, 

VIL -  VIL max, VoN = 5.5V 
100 100 pA 

Vol_ Low-level output voltage 

VCC = MIN. 
VIH = 2 V, 

VIL = VIL may 

IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

lot_ = 8 mA 0.35 0.5 

II Input current at maximum input voltage VCC = MAX, 	Vi = 7 V 0.2 0.2 mA 

111.1 High-level input current VCC = MAX, 	VI = 2.7 V 40 40 pA 

IIL Low-level input current VCC = MAX, 	Vi = 0.4 V -0.8 -0.8 mA 

ICC Supply current VCC = MAX, 	See Note 2 8 13 8 13 mA 
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1
A
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SN54LS266, SN74LS266 
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 
WITH OPEN-COLLECTOR OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 	  

Operating free-air temperature range: SN54LS266 

SN 74 LS266 

   

	  7V 

7V 

—55°C to 125°C 

  0° C to 70° C 

—65° C to 150° C 

   

   

   

   

Storage temperature range 

    

    

NOTE 1. Voltage values are with respect to network ground terminal. 

  

recommended operating conditions 

    

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

All typical values are at VCC 5 V. TA 25 C. 

NOTE 2' Icc is measured with one input of each gate at 4 5 V, the other inputs grounded, and the outputs open. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETE0 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
A or B Other input low CL = 15 pF, 

RL = 2 kr! 

See Note 3 

18 	30 
ns 

tPHL 18 	30 

flat.H 
A or B Other input high 

18 	30 
ns 

tPHL 18 	30 

5tPLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54273, SN54LS273, SN74273, SN74LS273 
OCTAL D-TYPE FLIP-FLOP WITH CLEAR 

SN54273, SN74LS273 . . . J OR W PACKAGE 

Single-Rail Outputs 
SN74LS273 . . . DW OR N PACKAGE 

• Buffered Clock and Direct Clear Inputs 

SN74273 . . . N PACKAGE 

(TOP VIEWI 

• Individual Data Input to Each Flip-Flop 	
CLR 

OCTOBER 1976 — REVISED MARCH 1988 

• Contains Eight Flip-Flops with  

VCC 
• Applications Include: 	 1Q I2 	1s 1 8Q 

Buffer/Storage Registers 	 1D  13 	18  1 8D 

Shift Registers 	 2D  14 	17  1 7D 

Pattern Generators 	 2Q  15 	16 70 

3Q1 6 	 6Q 

description 	 3D  17 	14  16D 
4D  18 	13  1  5D 

These monolithic, positive-edge-triggered flip-flops 	 4Q 	 5Q 

utilize TTL circuitry to implement D-type flip-flop 	 GND  110 	11  I  CLK 

logic with a direct clear input. 

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. 

These flip-flops are guaranteed to respond to clock 

frequencies ranging from 0 to 30 megahertz while 

maximum clock frequency is typically 40 megahertz. 

Typical power dissipation is 39 milliwatts per 

flip-flop for the '273 and 10 milliwatts for the 

'LS273. 

FUNCTION TABLE 

(EACH FLIP-FLOP) 

INPUTS OUTPUT 

Q CLEAR CLOCK D 

L X 	X 

J
 
I
 .
-
 g 

H H 

H I 	L 

H L 	X 

SN54LS273. . . FK PACKAGE 

(TOP VIEW) 

(-2 	CO ° I CC-I  >8  

3 2 	1 20 19 

2D 4 18 80 
2Q 5 17 7D 
30 6 16 7Q 

3D 7 15 6Q 
4D118 14 6D 

9 
■-■ 

10 11 12 13 
rnr-tr-I 

0 
z 
LD 0  

141 

logic symbolt 

CLR 

CLK 

10 

2D 

3D 

4D 

5D 
6D  

7D 

8D 

(11 

(21 
10 
2Q 

30 

4Q 

50 

60 

70 

80 

C1 
r 

(111 

(31 
10 

141 (51 

(71 16) 

181 191 

(13) (12) 

1141 (151 

117) (16) 

(181 (19) 

'This symbol is in accordance with ANSI/IEEE Std. 91 - 1984 and 
IEC Publication 617 - 12. 

Pin numbers shown are for OW, J, N, and W packages 
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PRODUCTION DATA documents contain information 
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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INPUT 

OUTPUT 

LS273 

EQUIVALENT OF EACH INPUT 

VCC 

Deal R„, - 3 6I2 NOM 

Clock 	61<u NOM 

All other inputs: R e, = 8 k12. NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

10051 

NOM 

OUTPUT 

TYPICAL OF ALL OUTPUTS 

V CC 

120'.1 NOM 

5D 	 6D 	 7D 

931 
	

(13) 	 1141 	 (171 

CI 

D 

Cl 

ID 

4D 

Cl 

7D 

C l 

80 

(18) 

ID 

Cl 

10 	 2D 

13) 

3D 

17 

13 

• 
(61 

2(1 	 30 

191 	 1121 

50 

(161 

60 	 70 	 80 

(21 

10 

151 (151 

SN54273, SN74273 
OCTAL D-TYPE FLIP-FLOP WITH CLEAR 

SO
O

In
a

a
  
i
l
l
  

schematics of inputs and outputs 

773 

logic diagram (positive logic) 

CLOCK (1. . 

CLEAR 	11)  0 

191 

Pin numbers shown are for DW, J, N, and W packages. 
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SN54LS273, SN74LS273 
OCTAL D-TYPE FLIP-FLOP WITH CLEAR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

	

Input voltage   5.5 V 
Operating free-air temperature range:SN54273 	  —55° C to 125° C 

SN74273 	  0°C to 70° C 
Storage temperature range 	  —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54273 SN74273 
UNIT 

MIN NOM MAX MIN NOM MAX 
Supply voltage, VCC 4.5 5 q q 4.75 5 . V 
High-level output current, loH AA 

Low-level output current, loL 16 mA 

Clock frequency, (clock 0 30 0 30 MHz 

Width of clock or clear pulse, t ry  16.5 16.5 ns 

Set-up time, tsu 
Data input 20t 201 

ns 
Clear inactive state 251 25t 

Data hold time, th 51 51 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

1The arrow indicates that the rising edge of the clock pulse is used for reference 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS7  MIN 	TYPt MAX UNIT 

VIH 	High-level input voltage 2 V 

viL 	Low-level input voltage 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 	II = —12 mA —1.5 V 

VOH 	High-level output voltage 
VCC = MIN, 	VIH = 2 V, 

Va.  = 0.8 V, 10H = —800 AA 
2.4 	3.4 V 

VOL 	Low-level output voltage 
VCC' MIN, 	Val = 2 V, 

\fit_ = 0.8 V, 	101. = 16 mA 
0.4 V 

11 	Input current at maximum input voltage VCC = MAX, V1= 5.5 V 1 mA 

11H 	High-level input current 
Clear 

VCC = MAX, Vi= 2.4 V 
80 

AA 
Clock or D 40 

I 1 L 	Low-level input current 
Clear 

VCC = MAX, Vi= 0.4 V 
—3.2 

mA 
Clock or D —1.6 

lOS 	Short-circuit output current§ VCC ' MAX —18 	 —57 mA 

ICC 	Supply current VCC = MAX, See Note 2 62 	94 mA 

tEar conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at e time. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, ICC Is measured after a momentary ground, than 4.5 V, is 

applied to clock. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TNT MAX OM I 

(max Maximum clock frequency 
CL= 15 pF, 

RL = 400 n, 

See Note 3 

30 40 

tpHL Propagation delay time, high-to-low-level output from clear 18 27 ns 

tpLH Propagation delay time, low-to-high-level output from clock 17 27 ns 

tPHL Propagation delay time, high-to-low-level output from clock 18 27 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54273, SN74273 
OCTAL D•TYPE FLIP-FLOP WITH CLEAR 
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2-762 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

Input voltage 	  7 V 

Operating free-air temperature range:SN54LS273 	  -55°C to 125° C 

SN74LS273 	  0° C to 70° C 

	

Storage temperature range   65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal 

recommended operating conditions 

SN54LS273 SN74LS273 
UNIT 

MIN 	NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, Icni -400 -400 pA 

Low-level output current, loL 4 8 mA 

Clock frequency,fclock 0 30 0 30 MHz 

Width of clock or clear pulse, t o, 20 20 ns 

Set-up time, t 5u  
Data input 201 201 

ns 
Clear inactive state 251 25f 

Data hold time, th 5t 5t ns 

Operating free-air temperature, TA -55 125 0 70 ° C 

)The arrow indicates that the rising edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
sNE ;. • .•73 

MI% 

SN74LS273 
UNIT 

'Air. 1 	.1. MAX TYPt MAX 

VIH High-level input voltage z < V 

VII_ Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VIL = VILiroxi 

VIH= 2 V, 

IOH = -400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VII_ - ViLmax 

VIH = 2 V, Icli.  = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

II Input current at maximum input voltage VCC = MAX, Vi = 7 V 0.1 0.1 mA 

11H High-level input current VCC MAX, Vi = 2.7 V 20 20 pA 

1IL Low-level input current VCC = MAX, Vi = 0.4 V -0 4 -0.4 mA 

IOS Short-circuit output current § VCC = MAX -20 -100 -20 -100 mA 

ICC Supply current VCC = MAX, See Note 2 17 27 17 27 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25"C. 

§ Not more than one output should be shorted at a time and duration of short circuit should not exceed one second. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs. ICC is measured after a momentary ground, then 4.5 V is 

applied to clock. 

switching characteristics, VCC = c V, TA = 25 ° C 
PAR/•'.1. 	: 	:R 1 	' • 	: •ITIONS MIN TYP MAX UNIT 

fmax Maximum clock frequency 

CL = 15 pF, 

R L = 2 kit, 

See Note 4 

30 40 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 18 27 ns 

1PLH Propagation delay time, low-to-high-level output from clock 17 27 ns 

tpHL Propagation delay time, high-to-low-level output from clock 18 27 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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SN54276 . . . J PACKAGE 

SN74276 . . . N PACKAGE 

(TOP VIEW) 

CLR 
1J 

1 CLK 

1K 
10 

2Q 

2K 

2CLK 

2J 

GND 

VCC 
4J 

4CLK 
4K 

4Q 

3Q 

3K 

3CLK 

3J 

PRE 

logic symbol 

(5) 

T
T
L

 D
e

v
ic

e
s  

1CLK 

1 K 

2.1 

2CLK 

2K 

3J 

3C LK 

3K 

4J 

4C LK 

a 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 817-12. 

SN54276, SN74276 
QUADRUPLE J-K FLIP-FLOPS 

OCTOBER 1976 — REVISED MARCH 1988 

• Four J-g Flip-Flops in a Single Package ... 
Can Reduce FF Package Count by 50% 

• Separate Negative-Edge-Triggered Clocks with 
Hysteresis ... Typically 200 mV 

• Typical Clock Input Frequency ... 50 MHz 

• Fully Buffered Outputs 

description 

These quadruple TTL J-K flip-flops incorporate a 

number of third-generation IC features that can 

simplify system design and reduce flip-flop package 

count by up to 50%. They feature hysteresis at each 
clock input, fully buffered outputs, and direct clear 

capability, and are presettable through a buffer that 

also features an input hysteresis loop. The negative-

edge-triggering clocks are directly compatible with 

earlier Series 54/74 single and dual pulse-triggered 

flip-flops. These circuits can be used to emulate 
D- or T-type flip-flops by hard-wiring the inputs, or 

to implement asychronous sequential functions. 

The SN54276 is characterized for operation over the 

full military temperature range of —55 ° C to 125° C; 

the SN74726 is characterized for operation from 0° C 

to 70° C. 

FUNCTION TABLE (EACH FLIP-FLOP) 

C • "."•.-0A: . 'VI 'TS INPUTS OUTPUT 

• L.LITI CLK 	J 	K Q 

X
X

X
I
I
 -
1

 J
 X

 

X
  X

  
X

 _
J
 
I
 -
I
 2

 X
 

X
 x
 X

 -
  
-
  
-
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2
  

H 

L 

H 1 

 a0 

I
 

I
 

H 

L 

TOGGLE 

00 

This configuration is nonstable; that is, it may not 

persist when preset and clear return to their inactive 

(high) level. 
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TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT 

vcc Vcc 

INPUT 

CLR, 21,R R eq  - 4 k1.2 NOM 

CLK. R eq  - 10 2 k12 NOM 

PRE. Reg  = 11.6 K12 NOM 

SN54276, SN74276 
QUADRUPLE J-K FLIP-FLOPS 

SO
3

lA
a

a
  
i
n

  

schematics of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Operating free-air temperature range: SN54276 	  — 55° C to 125°C 

SN74276 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

1 0H = —800  PA 
2.4 3.4 V 

VOL Low-level output voltage 
VCC ' MIN, 

Vi L = 0.8 V, 

VIN = 2 V, 

lot_ = 16 mA 
0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi= 5.5 V 1 mA 

1 1H High-level input current VCC = MAX, V1 = 2.4 V 40 gA 

III_ Low-level input current VCC = MAX, Vi = 0.4 V —1.6 mA 

IOS Short-circuit output current§ VCC = MAX —30 —85 mA 

ICC Supply current VCC = MAX 60 81 mA 

2 
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SN54276, SN74276 
QUADRUPLE J-K FLIP-FLOPS 

recommended operating conditions 

SN54276 SN74276 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 IJA 

Low-level output current, 101_ 16 16 mA 

Clock frequency 0 35 0 35 MHz 

Pulse width, tw  

Clock high 13.5 13.5 

ns Clock low 15 15 

Preset or clear low 12 12 

Setup time, tsu  
J, K inputs 31 31 

ns 
Clear and preset inactive state 101 101 

Input hold time, th 101 101 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

4 The arrow Indicates that the falling edge of the clock pulse is used for reference. 

t For conditions shown as MIN or MAX, use the approp late value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25C. 

§Not more than one output should he shorted at a time. 

switching characteristics, VCC 6  5 V, TA 	25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fmax  Maximum clock frequency 

CL = 15 pF, 

RL = 400 0, 

See Note 2 

35 50 MHz 

tpLH Propagation delay time, low-to-high-level output from preset 15 25 ns 

tpHL Propagation delay time, high-to-low-level output from clear 18 30 ns 

tpLH Propagation delay time, low-to-high level output from clock 17 30 ns 

tpHL Propagation delay time, high-to-low level output from clock 20 30 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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1.0 

15) 

OUTPUT 
P1 

S)161 

OUTPUT 
Y4 

OUTPUT 
Y3 

	

(Cl 	 1101 

	

OUTPUT 	 OUTPUT 
Y2 	 Y1 

INPUT 
D4 

INPUT 
D3 

INPUT 
D2 

1 131 (21 1131 

— 	 --. — 	 ..-- .--. 

INPUT 
PO 

141 

STROBE 

111 

INPUT 
01 

1121 

az Q4 

PRODUCTION DATA documents contain information 
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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SN54278, SN74278 
4-BIT CASCADABLE PRIORITY REGISTERS 

MAY 1972—REVISED MARCH 1988 

• Latched Data Inputs Serve as Buffer Register 
and Can also: 

Synchronize Data Acquisition 
"Debounce" Mechanical Switch Input 

• Cascading Input PO and Output P1 
Provides "Busy"Signal Inhibiting All 
Lower-Order Bits 

• Full TTL Compatibility 

• Use for: 
Priority Interrupt 
Synchronous Priority Line Selection 

description 

The SN54278 and SN74278 each consist of four data 

latches, full priority output gating, and a cascading 

gate. The highest-order data applied at a D latch input 

is transferred to the appropriate Y output while the 

strobe input is high, and when the strobe goes low all 

data is latched. The cascading input PO is fully 

overriding and on the highest-order package this input 

must be held at a low logic level. The P1 output is 

intended for connection to the PO input of the next 

lower-order package and will provide a "busy" 

(high-level) signal to inhibit all subsequent lower-

order packages. 

After the overriding PO input, the order of priority is 

D1, D2, D3, and D4, respectively, within the package. 

logic diagram (positive logic) 

SN54278 . . . J OR W PACKAGE 

SN74278 . . . N PACKAGE 

(TOP VIEW) 

STRB 

D3 

D4 

PO 

P1 

Y4 

GND 

NC—No internal connection 

FUNCTION TABLE 

INPUTS 
INTERNAL 

LATCH NODES 
OUTPUTS 

PO G D1 D2 D3 D4 61 a2 03 Q4 Y1 V2 Y3 V4 P1 

2
 
I
  
2
  
2

1 

 
-
1

 
-
I
 -
I
 -I  

X
  
X

  
X

  

X
 X

x
_

J
J

1  

x
 2

 J
 -
J
 Ji 

2
 J
 -I  

-I  
-1  

r-
 

•

x 
r
-
 x

 x
  

•
x
x
x
  

r
 
r
  
r
  

r
  
r
  
r
  

•

r
  
=

  
r
  

✓

i
r
  
r
  

I 	
2

  
2
  

-I 

L 	L X 	X 	X 	X Latched when 

G goes low 

Same function of a 
nodes as on 1st 

5 lines 

HL X 	X 	X 	X L 	L 	L 	LH 

H 	H 

Internal Q levels are same 

function of D inputs as on 

first 5 hues 

L 	LL 	L H 

H = high level, L = low level, X = irrelevant 

ACC 
D2 

DI 

NC 

Y1 

Y2 

Y3 



SN54278, SN74278 
4-BIT CASCADABLE PRIORITY REGISTERS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 

	

Interemitter voltage (see Note 2)   5.5 V 
Operating free-air temperature range: SN54278 Circuits 	 —55° C to 125° C 

	

SN74278 Circuits   0° C to 70° C 
Storage temperature range 	 —65° C to 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 this circuit, this rating applies between the strobe 

input and any of the four data inputs. 

recommended operating conditions 

SN54278 SN74278 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High - level output current, loH —800 —800 pA 

Low-level output current, IOL 16 16 mA 

Data setup time, t su 	(see Fioure 1) 20 20 ns 

Data • 	•I :ime, ti--- 1,wWT 	1) 5 5 ns 

Strot,b ,..,,.e width, tw  (=. r.yure 1) 20 20 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIE{ High-level input voltage 2 V 

V1L Low-level input voltage 0.8 V 

VII( Input clamp voltage VCC = MIN, II = —12 mA —1.5 V 

VON High-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIH = 2 V, 

10H = —800 pi\ 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

loL = 16 rnA 
0.2 • 	0.4 V 

II Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

11E.! High-level input current 

' - . 	- 	• 

VCC = MAX, VI = 2.4 V 

80 

HA 1- 1.,  IIIPUL 200 

G input 320 

'IL Low-level input current 

Any D input 

Vcc= MAX, V1 = 0.4 V 

—3.2 

mA PO input —8 

G input —12.8 

los Short-circuit output current§ VCC = MAX 
SN54278 —18 —55 

mA 
SN74278 —18 —57 

Icc Supply current VCC = MAX, See Note 3 55 80 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
-0/ pe. 

I All typical values ere at VCC = 5 V, TA -= 25° C. 

§ Not more than one output should be shorted at a time. 

NOTE 3: Ice is measured with the PO input grounded, all other inputs at 4.5 V, and outputs open, 

4 TFXAS 
2-768 	 INS] 1:1 IMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



EQUIVALENT OF EACH INPUT 

VCC 

F 

INPUT 

Any D R oy  = 2.5 1,12 NOM 

P0. R eg  = 1 1,C2 NOM 

G: R JR  = 0 6 kSt NOM 

schematics of inputs and outputs 

SN54278, SN74278 
4•BIT CASCADABLE PRIORITY REGISTERS 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER .,  
FROM 

(INPUT) 

TO 

(OUTPUT) 
WAVEFORMS 

TEST 

CONDITIONS 
MIN 	TYP MAX UNIT 

tPLH 
Data Y 

A and c 
(with strobe high) 

CL = 15 pF, 

RL - 400 St, 

See Figure 1 

30 
ns 

tpHL 39 

tPLH 
Data V 

A and D 

with strobe high) 

38 
ns 

tPHL 31 

tPLH 
Data P1 

A and E 

(with strobe high ,  

46 
ns 

tpHL 39 

tPLH 
Strobe Any Y 

B and C 

or B and D 

30 
ns 

tpHL 31 

tPLH 
Strobe P1 B and E 

38 
ns 

tPHL 42 

tPLH 
PO P1 F andG 

23 
ns 

tPHL 30 

t  tPLH = propagation delay time, low-to-high-level output 

1PHL = propagation delay time, high-to-low-level output 

logic symbol t 

HPRI REG 

STROBE 	C5 

T
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D4 (3)  

D3 (21  

D2 (13)  

OD 	G4 

5D 	G3 

SD 	G2 

0,1,2,3 

0,1,2 

(9) 	Y2 

ol  1121 

PO 4)  

50 	01 

ti 
 

0 

0 	1101 y1  

1274 -- 	(5)  P1 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54278, SN74278 
4-BIT CASCADABLE PRIORITY REGISTERS 
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PARAMETER MEASUREMENT INFORMATION 

TEST 

POINT VCC 

RL = 400 SI 

FROM OUTPUT 
UNDER TEST 

CL = 1 5 pF 

CL Includes probe and Ig capacitance 

All diodes are 1 N3064 

LOAD CIRCUIT 

3V 
DATA INPUT D 

1 5 V 	 1.5 V 

I 	 0 V 

	

I. 	.f ... i  h 	 1....--../- th 

11.---tsu 1su 

STROBE INPUT G 	 I 	
I  
I 	 3 V 

(WAVEFORM B) 	 I 	 1.5 V 	 1.5 V 	1.5 V 	 1.5 V 

	

I 	 I 	 0 V 
(...---t w 	, 	 (..„..._t w_../  I 

I 
F 	I tP LH 	 1-•—•1- 1 PHL 

NONINVERTING 	 I 	I ∎ 	 I 	  VOH 
\I.5 V 

(WAVEFORM C) 	 I 	I 	 1 

OUTPUT 	 I 

	

1.5 V 	I 

I 	i 	
 VOL 

	

L.-IPLH.1---.4I 	 ! 	I1PHL-.■ 
I 

 

I r• 	I  'PHI_ 	"•—•-f- , PLH 
I 

INVERTING 	 I 	 I 	, 	I 	 VOH 
OUTPUT 	

i 

	

1.5 V 	
I 

i 	 1.5 V 
i I 	  

(WAVEFORM D) 	 I 
I  

I 	  VOL 
I 

	

1-6-tPHL--.4 	 r*- 1PLHT—^1 

1..—IPLH -^1 	 I 	(...-- 1 PHL-.1 
	  I 	 VOH 

OUTPUT P1 
(WAVEFORM 	

1 5 V I \,'I .5 V 
WAVEFORM El 	 I 

 

I 	  VOL 

	

■-•-- , PLH.--0- ; 	 1-•— t PHL—*-1 

	  3V 
INPUT PO 	 /1.5 V 	 \-5 V 
(WAVEFORM F/  

 0 

OUTPUT P1
VOH  

	

— 
1.5 V 	

\I 	

1.5 V (WAVEFORM GI 
	  VOL 

VOLTAGE WAVEFORMS 

NOTE: Input pulses are supplied by a generator haying the following 

characteristics: t r  < 7 ns, tf 6 7 ns, PR R 6 MHz, Z out 500. 

FIGURE 1-SWITCHING TIMES 

(WAVEFORM Al 
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U 
rnIcc°Iv) 

z > 

3 2 1 20 19 

4 	 18 

5 	 17 

6 	 16 

7 	 15 

8 	 14 

9 10 11 12 13 

0 0 	ciicc 
N Z Z v.1 01  

10 

NC 

2IR 

2S 

4R 

4Q 

NC 

3S2 

3S1 

(latches 2 and 

F 

SN54279, SN54LS279A, SN74279, SN74LS279A 
QUADRUPLE S-R LATCHES 

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 

Reliability 

description 

The '279 offers 4 basic S-R flip-flop latches in one 

16-pin, 300-mil package. Under conventional opera-

tion, the g-R inputs are normally held high. When the 

S input is pulsed low, the Q output will be set high. 

When R is pulsed low, the Q output will be reset low. 

Normally, the -111 inputs should not be taken low si-

multaneously. The Q output will be unpredictable in 

this condition. 

FUNCTION TABLE 

(each latch) 

INPUTS OUTPUT 

gt 	FI Q 

I
 
2

  

J
 
=

  
-1

 

O
 
2

 -
I  

H = high level 	L = low level 
tFor latches with double S inputs: 

Qo = the level of 0 before the indicated input conditions were 

established. 

This configuration is nonstable: that is, it may not persist when 
the rg and rt inputs return to their inactive (high) level. 

H = both S inputs high 
L - one or both S inputs low 

logic diagram (positive logic) 

(latches 1 and 3) 

S2 

SN54279, SN54LS279A . J OR W PACKAGE 

SN74279 	N PACKAGE 

SN74LS279A . . . D OR N PACKAGE 

(TOP VIEW) 

1R 

1S1 

1S2 

10 

2R 

2S 

2Q 

GND 

SN54LS279A . FK PACKAGE 

(TOP VIEW) 

NC - No internal connection 

logic symbols 

5 This symbol is in accord nce with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

VCC 
4S 

4R 

4Q 

3S2 

3S1 

3R 

3Q 

T
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PRODUCTION DATA documents contain information 
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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SN54279, SN54LS279A, SN74279, SN74LS279A 
QUADRUPLE 	LATCHES 

schematics of inputs and outputs 

'279 CIRCUITS 

sa
p

o
aa

  i
li

  

'LS279A CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '279 	  5.5 V 

	

LS279A    7 V 
Operating free-air temperature range: SN54' TYPES 	  — 55°C to 125°C 

SN74' TYPES 	  0°C to 70°C 

Storage temperature range 	  — 65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54279, SN74279 
QUADRUPLE S-R LATCHES 

recommended operating conditions 
'.1.!..1:71 

NiuM 

S%7•1279 

NuM MIN MAX 
UNIT— 

 MIN MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.8 0.8 V 

10H High-level output current — 0.8 — 0.8 mA 

IOL Low-level output current 16 16 mA 

tw  Pulse duration, low 20 20 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 CONDITIONSt 
SN54279 SN74279 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt 	MAX 

VII( VCC = MIN, II= —12 mA — 1.5 — 1.5 V 

VOH VCC = MIN, VII_ = 0.8 V, 1014 = — 0.8 mA 2.4 3.4 2.4 3.4 V 

VOL VCC = MIN, VIH = 2 V, loL = 16 mA 0.2 0.4 0.2 0.4 V 

II VCC = MAX, VI = 5.5 V 1 1 mA 

IIH VCC = MAX, V1 = 2.4 V 40 40 pA 

IlL VCC = MAX, V1= 0.4 V —1.6 —1.6 mA 

1 0S§ VCC = MAX — 18 — 55 — 18 — 57 mA 

icc VCC = MAX, See Note 2 18 30 18 30 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 

Not more than one output should be shorted at a time. 

NOTE 2: ICC is measured with all R inputs grounded, all S inputs at 4.5 V, and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TNT 	MAX UNIT 

tPLH 
§ 11 

RL = 400 2, 	 CL = 15 pF 

12 	22 
ns 

tpHL 9 	15 

tpHL Ft Q 15 	27 ns 

NOTE 3: Load ci cults and voltage waveforms are shown in Section 1. 
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SN54LS279A, SN74LS279A 
QUADRUPLE S-R LATCHES 

se
3!

n
e
a
  1

1
1

  

recommended operating conditions 

SN54LS279A SN74LS279A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

1 0H ' 	• 	)utpth 	. 	• - 0.4 - 0.4 mA 

4 8 mA 

tw  Pulse duration, low 20 20 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 CONDITIONSt 
SN54LS279A SN74LS279A 

UNIT  
MIN TYPt MAX MIN TYPt MAX 

VIK VCC = MIN- II= -18 mA -1.5 -1.5 V 

VOH VCC = MIN Va.. = MAX, 101.4 = -0.4 mA 2.5 3.4 2.7 3.4 V 

VOL 
VCC = " .• VIN= 2 V, ItpL= 4 mA 0.25 0.4 0.25 0.4 

V  
VCC = .. Vii..i= 2 V. 10L= 8 mA 0.25 0.5 

II VCC = MAX, VI = 7 V 0.1 0.1 mA 

IIH Vcc = MAX, VI -- 2.7 V 20 20 yA 

'IL Vcc = MAX, VI = 0.4 V -0.2 -0.2 mA 

1 0S§ VCC = MAX -20 -100 -20 - 100 mA 

ICC VCC = MAX, See note 2 3.8 7 3.8 7 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25C. 

§ Not more than one output should be shorted at a time, and the duration of the short-circuit should be less than one second. 

NOTE 2: Icc is measured with all R inputs grounded, all S inputs at 4.5 V, and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX 'UNIT 

1PLH 0 
12 	22 

ns 
IPHL RL = 2 k1l, 	 CL 	15 pF 13 	21 

'PHL R 0 15 	27 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS280, SN54S280 	J OR W PACKAGE 

	

SN74LS280, SN74S280 	D OR N PACKAGE 

ITOP VIEW) 

G 

H 

NC 

EVEN 

IODD 

GND 

VCC 

F 

E 

C 

B 

FUNCTION TABLE 

NUMBER OF INPUTS A OUTPUTS 

THRU I THAT ARE HIGH .,.. EVEN L ODD 

0, 2, 4, 6, 8 H L 

1, 3, 5, 7, 9 L H 

H = high level, L = low level 

logic symbol t 

A 

C 

G 

SN54LS280, SN54S280 	FK PACKAGE 

(TOP VIEW) 

xL9z>u. 
1—a 
3 2 	1 20 19 

NC 4 18 E 
NC 5 17 NC 

I 6 16 D 

NC 7 15 NC 

IEVEN 8 14 C 

9 10 	11 12 13 
r—t 

E:) U < o 
Z 

0 0 
II 

1 

EVEN 

NC - No internal connection 
ODD 

T
T
L
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e

v
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SN54LS280, SN54S280, SN74LS280, SN74S280 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

DECEMBER 1972 — REVISED MARCH 1988 

Generates Either Odd or Even Parity 
for Nine Data Lines 

Cascadable for n-Bits 

Can Be Used to Upgrade Existing 
Systems using MSI Parity Circuits 

Typical Data-to-Output Delay of Only 14 ns 
for 'S280 and 33 ns for 'LS280 

• Typical Power Dissipation: 
'LS280 . . . 80 mW 
'S280 . . . 335 mW 

iThis symbol Is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

description 

These universal, monolithic, nine-bit parity generators/checkers utilize Schottky-clamped TTL high-performance circuitry and 

feature odd/even outputs to faciliate operation of either odd or even parity application. The word-length capability is easily ex-

panded by cascading as shown under typical application data. 

Series 54LS/74LS and Series 54S/74S parity generators/checkers offer the designer a trade-off between reduced power 

consumption and high performance. These devices can be used to upgrade the performance of most systems utilizing the 

'180 parity generator/checker. Although the 'LS280 and 'S280 are implemented without expander inputs, the corresponding 

function is provided by the availability of an input at pin 4 and the absence of any internal connection at pin 3. This permits the 

'LS280 and 'S280 to be substituted for the '180 in existing designs to produce an identical function even if 'LS280's and 

'S280's are mixed with existing '180's. 

These devices are fully compatible with most other TTL circuits. All 'LS280 and 'S280 inputs are buffered to lower the drive 

requirements to one Series 54LS/74LS or Series 54S/74S standard load, respectively. 

PRODUCTION DATA documents contain information 
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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VCC 

120 !".2 
NOM 

OUTPUT 

VCC 

INPUT 

8 F L NO:1 

S280 

TYPICAL OF OUTPUTS 

EQUIVALENT OF INPUTS TYPICAL OF OUTPUTS 

50 	NON, 

Pa 
OUTPUT 

VCC 

S
8
3
I

A
9
a
  1

1
1
  

2-776 

SN541S280, SN54S280, SN74LS280, SN74S280 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

schematics of inputs and outputs 
'LS280 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 	  7 V 

Input voltage: 'LS280 	  7 V 

'S280 	  5.5 V 
Operating free-air temperature range: SN54' 	  — 55° C to 125°C 

SN74' 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS280, SN74LS280 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

recommended operating conditions 
SN54LS280 SN74LS280 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

101-1 High-level output current —0.4 —0.4 mA 

IOL Low-level output current 4 8 mA 

TA Operating tree-air temperature — 55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54L . 	• 

PI.': 
— 

MAX 
UNIT 

MIN TVI 1 	MAX MI'. 

VIK VCC = MIN ,  1 1 =  — 18 mA —1.5 —1.5 V 

VOH 
Vcc = MIN, 

VI L -- MAX, 

ViFi = 2 V, 

IcH = —0.4 mA 
2.5 3.4 2.7 3.4 V 

VOL 
VCC = MIN, 

VI L = MAX 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

II VCC -- MAX, Vi -- 7 V 0.1 0.1 mA 

I IH VCC = MAX, Vi = 2.7 V 20 20 0\ 

'IL VCC = MAX, V1= 0.4 V — 0.4 — 0.4 mA 

IOS§ VCC "--- MAX —20 —100 —20 —100 mA 

ICC VCC = MAX, See Note 2 16 27 16 27 mA 

For conditions hown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

NOTE 2: I cc is measured with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETER41 
FROM 

(INPUT) 

TO 

(OUTPUT) 
 TEST CONDITIONS MIN 	TNT 	MAX UNIT 

tPLH 
Data _'Even CL - 15 pF,RL = 2 1,12, 

Inputs not under test at 0 V, 

See Note 3 

33 	50 
ns 

,PHI 29 	45 

fPLH 
Data :.. Odd 

23 	35 
is 

IPHL 31 	50 

tpLH 	propagation delay time, low-to-high-level output, tpH L = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S280, SN74S280 
9-BIT ODDIEVEN PARITY GENERATORSICHECKERS 

recommended operating conditions 

SN545280 SN74S280 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4 5 5 5.5 4.75 5 5.25 V 

High-level output current, loH —1 —1 mA 

Low-level output current, loL 20 20 mA 

Operating free-air temperature, TA —55 125 0 70 '‘C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP I MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage MCC '" MIN: II= —18 mA —1.2 V 

VOH High-level output voltage 
VCC = MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

loH = —1 mA 

SN54S' 2.5 3.4 
V 

SN74S' 2.7 3.4 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIN = 2 V, 

loL = 20 rnA 
0.5 V 

li Input current at maximum input voltage VCC = MAX, V1= 5.5 V 1 mA 

1 1 H High-level input current VCC = MAX, V1 = 2.7 V 50 ).(A 

'IL Low-level input current VCC = MAX, V1 = 0.5 V —2 mA 

IOS Short-circuit output current§ VCC = MAX —40 —100 mA 

ICC Supply current 

VCC = MAX, See Note 2 
67 99 

mA — 
67 105 

VCC = MAX, 

See Note 2 

TA = 125 ' C, 
SN54S280N 94 mA 

For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 C. 

SNot more than one output Should be shorted at a time and duration of the short circuit should not exceed one second. 

NOTE 2: ICC is measured with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER' 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Data £ Even 

CL= 1 5 pF, 	RL = 280 SZ, 

See Note 3 

14 	21 
ns 

tPHL 11.5 	18 

tPLH 
Data £ Odd 

14 	21 
ns 

5PHL 11.5 	18 

l tpLH = propagation delay time, low-to-high-level output: tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS280, SN54S280, SN74LS280, SN74S280 
9•BIT ODDIEVEN PARITY GENERATORSICHECKERS 

logic diagram (positive logic) 

Pin numbers shown are for D, J, N, and W packages. 

TYPICAL APPLICATION DATA 
25-LINE PARITY/GENERATOR CHECKER 

Three 	'LS280's 	or 	'S280's can 	be 

81-LINE PARITY/GENERATOR CHECKER 

Longer word lengths can be imple- 

used 	to implement a 25-line parity mented 	by 	cascading 	'LS280's 	or 

generator/checker. 	This arrangement '5280's. As shown here, parity can be 

A will provide parity in typically 75 or A generated for word lengths up to 81 

	B 25 nanoseconds respectively. 	 B bits 	in 	typically 	75 	or 	25 	nano- 

EVEN 	0 
	 E 

C EVEN ,c.on(1/, respec lively 

F 

'LS280/ 'LS280/ 
H 

'S280 'S280 

	A A 	 A 
	B H = EVEN EVEN B H = EVEN 

	D 	EVEN D 	EVEN L = ODD L = ODD 

H = ODD 
E 

H = ODD 
	G 	ODD 
	 H  'LS280/ — H 	'LS280/ 

ODD 
H 	'LS280/ 

L = EVEN L = EVEN 

	 I 	'S280 — I 	'S280 I 	'S280 

	A A 
	B 	B 

C 

EVEN 

	F 
G 

As an alternative, the outputs of two 

or 	three 	parity 	generators/checkers 

can be decoded with a 2.input CS86 	F 

	D 	EVEN 

TO OTHER 
	H 	'LS280/ or 	'LSB6) 	or 	3-input 	('5135) 	 H 	'LS280/ 'LS280/ 

'S280 exclusive-OR 	gate 	for 	18 	or 27 line 	 I 	'S280 'S280 
Parity applications 
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SN54283, SN54LS283, SN54S283, 
SN74283, SN74LS283, SN74S283 

4•BIT BINARY FULL ADDERS WITH FAST CARRY 
OCTOBER 1976 — REVISED MARCH 1988 

• Full-Carry Look-Ahead Across the Four 
Bits 

• Systems Achieve Partial Look-Ahead 
Performance with the Economy of Ripple 
Carry 

• Supply Voltage and Ground on Corner 
Pins to Simplify P-C Board Layout 

TYPICAL ADD TIMES 

TWO 

8-BIT 

TWO 

16-BIT 

TYPICAL POWER 

DISSIPATION 

TYPE WORDS WORDS PER ADDER 

'283 23ns 43ns 310 row 

'LS283 25ns 45ns 95 mVV 

'S283 15ns 3Ons 510 m W 

description 

The '283 and 'LS283 adders are electrically and 

functionally identical to the '83A and 'LS83A, 

respectively; only the arrangement of the terminals 

has been changed. The 'S283 high performance 

versions are also functionally identical. 

These improved full adders perform the addition of 

two 4-bit binary words. The sum (E) outputs are 

provided for each bit and the resultant carry (C4) is 

obtained from the fourth bit. These adders feature 

full internal look-ahead across all four bits generating 

the carry term in ten nanoseconds, typically, for the 

'283 and 'LS283, and 7.5 nanoseconds for the 'S283. 

This capability provides the system designer with 

partial look-ahead performance at the economy and 

reduced package count of a ripple-carry 
implementation. 

The adder logic, including the carry, is implemented 

in its true form. End around carry can be accomplish- 

ed without the need for logic or level inversion. 

Series 54, Series 54LS, and Series 54S circuits are 

characterized for operation over the full temperature 

range of —55 ° C to 125° C. Series 74, Series 74LS, and 

Series 74S circuits are characterized for 0 ° C to 70° C 

operation. 

SN54283, SN54LS283 ... J OR W PACKAGE 

SN54S283 . . J PACKAGE 

SN74283 . N PACKAGE 

SN74LS283, SN74S283 . . . D OR N PACKAGE 

IMP VIEW) 

32 

B2 

A2 

Fl 

Al 

B1 

CO 

GND 

SN54LS283, SN54S283 . . . FK PACKAGE 

(TOP VIEW) 

0 

(C0' 	' - >-) C0'3 

3 2 1 20 19 

A2 4 	 18 A3 

21 5 	 17 L3 

NC 6 	 16 NC 

Al 7 	 15 A4 

B1 8 	 14 B4 

9 10 11 12 13 
r-1 ■-1  

3 2 (2)  3 

NC - No internal connection 

FUNCTION TABLE 

INPUT 

OUTPUT 

WHEN 

CO=L 

WHEN 
C2.1. 

WHEN 

CO = H 

WHEN 
C2 o H 

Al 
A 

B1 

83 A4 84 

AVBXXXC2 
E3 E4 C4 E3 

XL/Cy 
L4 C.4 

J
2

J
 2

 J
2
J
2
J
2

J
2

J
2

J
2
 

-.
1
 _

I
 
2
7
 z
 _

I
 J
 2
 
S
 J
 J
 2

 
2

  
-
I  

-1
  

_1  
J
 
2
  
2

 I
 
I
 -1

  
-1

  
-1

  
J
1
1
1
2
  

J
J
 

-
■  
-
I
 I
 
2

  
-
1

 J
2
2

-3
-1

2
2

-I 

J
J
J
2

I
2
I

-
1

2
2

2
-1

J
J

J
2
  

-
J
 J
 J
 J
 J
 J
 2
  
J
 J
 J
2

2
2

2
1

 

2
J
J
 2

I
J

J
2

2
J

-1
2

2
-
1

J
I
 

J
2

7
,
2

I
J
J

-
1
2
J
J
J
J
2
2
2
  

-
I
 -
1
2
 
2
 
2
  

-
1
2
 

H = high level, L = low level 

NOTE: Input conditions at Al, Bl, A2, 82, and CO are used to 

determine outputs 111 and 112 and the value of the internal 

carry C2. The values at C2, A3, B3, A4, and B4 are then 

used to determine outputs 113, Y.4, and C4. 

VCC 
B3 

A3 

E3 

A4 

B4 

C4 
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PRODUCTION DATA documents contain information 
current as of publication data. 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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(41 	
•:11 

(1)  

(13) 

 (10) 

CO 	(9)  C4 

0 

3 I P  

03  1,  

0 

CI 

{ 3 

EQUIVALENT OF 
EACH INPUT 

TYPICAL OF ALL 

OUTPUTS 

CO input: R eq  = 4 kit NOM 
Any A or B: R eq  = 3.5 kit NOM 

C4 output: R = 100 SI NOM 

Any R = 120 it NOM 

EQUIVALENT OF 
EACH INPUT 

CO input: R eq  = 17 k12 NOM 
Any A or B: R eq  = 8.5 kit NOM 

TYPICAL OF ALL OUTPUTS 

EQUIVALENT OF 
EACH INPUT 

TYPICAL OF ALL OUTPUTS 

  

VC C 

INPUT 

SN54283, SN54LS283, SN54S283, 
SN74283, SN74LS283, SN74S283 
4-BIT BINARY FULL ADDERS WITH FAST CARRY 

logic symbolt 

(51 
Al 

A2 (3) 

(14) 
A3 

A4 
(61 

B1 

B2 (2) 

63 
(151 

(11) 
B4 

CO 
(71 

schematics of inputs and outputs 
'283 

'LS283 

'S283 

 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

 

logic diagram (positive logic) 

S
e

31
A
9

a
  
i
i
i
.
  

 

Pin numbers shown are for D, J, N, and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7V 
Input voltage: '283, 'S283 	 5  5V 

'LS283  	7V 
I nteremitter voltage (see Note 2) 	 5  5V 
Operating free-air temperature range: SN54283, SN54LS283, SN54S283 	 —55° C to 125° C 

SN74283, SN74LS283, SN74S283  	0° C to 70° C 
Storage temperature range 	 —65° C to 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. This rating applies for the '283 and 'S283 only between 

the following pairs: Al and 131, A2 and 62, A3 and 83, A4 and B4. 
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SN54283, SN74283 
4-BIT BINARY FULL ADDERS WITH FA CARRY 

recommended operating conditions 

SN54283 SN74283 
UNIT 

MIN NOM MAX MIN NOM MAX 
Supply Voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H 
Any output except C4 —800 —800 

MA 
Output C4 —400 - 400 

Low-level output current, loL 
Any output except C4 16 16 

mA 
Output C4 8 8 

Operating tree-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54283 SN74283 

UNIT 
MIN TYPI MAX MIN TYP-1: MAX 

VIN High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 

>
 >

 >
  

VII( Input clamp voltage VCC = MIN. I1= —12 mA 
— 

—1.5 
, 

—1.5 

VON High-level output voltage 
VCC = MIN, 

VIL = 0 . 8  V/ 

VIN = 2 V, 

1 0H = MAX 
2.4 3.6 2 4 3.6 

VOL Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

VIN = 2 V, 

loL = MAX 
0.2 0.4 0.2 0.4 V 

II 
Input current at maximum 

input voltage 
VCC = MAX, VI = 5.5 V 1 1 mA 

IIH High-level input current VCC = MAX, Vi = 2.4 V 40 40 AA 

I IL Low-level input current VCC = MAX, V1= 0.4 V —1.6 —1.6 mA 

OS 
Short-circuit 

output current§ 

Any output except C4 
VCC = MAX 

—20 —55 —18 —55 
mA 

Output C4 —20 —70 —18 —70 

Icc Supply current 
VCC = MAX, 

Outputs open 

All 8 low, other 

inputs at 4.5 V 
56 56 

mA 
All inputs at 

4.5 V 
66 99 66 110 

f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

f All typical values are at VCC = 5 V. TA = 25"C. 

,', Only one output should be shorted at a time. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER l' FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 PLH 
CO Any 

14 	21 
on 

1 PHL 12 	21 CL = 15 pF, 	RL . 4001i, 

1 PLH 
Ai or Bi £i 

See Note 3 16 	24 
ns 

tPHL 16 	24 

, PLH 9 	14 
CO C4 !IS 

tPHL 11 	16 CL= 15 pF, 	RL = 780 SI, 

1 PLH 
A, or B, C4 

See Note 3 9 	14 
on 

1 PHL 11 	16 

ltpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS283, SN74LS283 
4-BIT BINARY FULL ADDERS WITH FAST CARRY 

recommended operating conditions 

_ 
MIN 

. 

••. 
NOM 

_ 
SN74LS283 

UNIT 
MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 -400 AA 

Low-level output current, lot_ 4 8 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS283 SN74LS283 

UNIT 
MIN TYP:( MAX MIN TYP t MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VI K Input clamp voltage VCC = MIN, II= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC 	MIN, 

IOH = -400 AA 

VIH = 2 V, 	VII_ = VII_ max, 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
VCC = MIN, 

viL = viL max 

VIH = 2 V, loL = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 

Input current 

at maximum 

input voltage 

Any A or B 
VCC - MAX, V, = 7 V 

0.1 
 

0.2 0.2 
mA 

CO 0.1 

I IH 
High-level 

input current 

Any A or 8 
VCC = MAX, V1 = 2.7 V 

40 40 
AA 

CO 20 20 

L 
Low-level 

input current 

Any A or B 
VCC = MAX, Vi = 0.4 V 

-0.8 -0.8 
mA 

CO -0.4 -0.4 

los Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

!cc Supply current 
VCC = MAX, 

Outputs open 

All inputs 

grounded 
22 39 22 39 

mA 
All B low, other 

inputs at 4.5 V 
19 34 19 34 

All inputs at 

4.5 V 
19 34 19 34 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Only one output should be shorted at a time and duration of the short circuit should not exceed one second, 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETER FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
CO Any 2: 

CL = 	151F, 	RL = 2 1,51, 

See Note 3 

16 	24 
ns 

1 PHL 15 	24 

tPLH A l  or B 1  
15 	24 

ns 
1PHL 15 	24 

tPLH 
CO C4 

11 	17 
ns 

tPHL 11 	22 

tPLH 
Ai or Eii C4 

11 	17 
ns 

tPHL 12 	17 

itpul = Propagation de ay time, low-to-high-level output 

tpHL = propagation de ay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S283, SN74S283 
4-BIT BINARY FULL ADDERS WITH FAST CARRY 

recommended operating conditions 

Mlb4b283 SN74S283 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage , Vcc 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, Irrm 
Any output except C4 —1 —1 mA 

Output C4 —500 - 	• ••,•  oA 

Low-level output current, I oL 
Any output except C4 20 

`u mA 
Output C4 10 10 

Operating free-air temperature, TA —55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 
VIH High-level input voltage 2 V 
V IL  Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = %• .• II = —18 mA —1.2 V 

VOH High-level output 
45283 _.'.. Vcc = •.'i'.. VIH = 2 V, 2.5 3.4 

V voltage 
ibn 145283 VIL = u.e v, 10H = MAX 2.7 3A 

VOL Low-level output voltage 
Vcc = MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

loL = MAX 
0.5 V 

II 
Input current at maximum 

input voltage 
Vcc = MAX, VI= 5.5 V 1 mA 

11H High-level input current VCC = MAX, Vi = 2.7 V 50 gA 

III_ Low-level input current VCC = MAX, Vi = 0.5 V —2 mA 

IOS 
Short-circuit 

output current 

Any output except C4 
VCC - MAX 

—40 —100 
mA 

Output C4 —20 —100 

ICC Supply current 
VCC = MAX, 

Outputs open 

All B low, other 

inputs at 4.5 V 
80 

mA 
All inputs at 

4.5 V 95 160 

tFor conditions shown as MIN or MAX, use the appropria e value specified under recommended operating conditions for the applicable device 

type. 

I All typical values are at VCC = 5 V, TA = 25 °C. 

§ Only one output should be shorted at a time, and duration of the short -circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25°C 

PAR •:1I IF il .  FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TYP 	MAX UNIT 

,F1-ti 
CO Any £ 

CL = 15 pF, 	RL = 280 0, 
See Note 3 

11 	18 
ns 

tPHL 
---- 

12 	18 

tPLH 
Ai or BI Ei 

12 	18 
ns 

1PHL 11.6 	18 

tPLH 
CO C4 

CL = 15 pF, 	RL = 560 El, 

See Note 3 

6 	11 
ns 

tPHL 7.5 	11 

tPLH 
Ai or Eli C4 

7.5 	12 
ns 

tPHL 8.5 	12 

itpLH = propagation delay time, low-to-high-level output 

1PHL = Propagation delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54284 . . . J OR W PACKAGE 
SN74284 . . N PACKAGE 

(TOP VIEW) 

SN54285 . . . J OR W PACKAGE 
SN74285 . . . N PACKAGE 

(TOP VIEW) 

 

2C 

2B 
2A 

10 

1A 
1B 

1C 

GND 

VCC 

2D 

GA 

GB 

YO 

Y1 

Y2 

Y3 

T
T

L
 D

e
v

ic
es

  

logic symbolst 

 

'284 

 

VCC 

2D 
GA 

GB 
Y4 
Y5 

Y6 

Y7 

2C 

2B 
2A 

10 

1A 
1B 

1C 

GND 

SN54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

MAY 1972 — RE% 	 1988 

• Fast Multiplication of Two Binary Numbers 
8-Bit Product in 40 ns Typical 

• Expandable for N-Bit-by-n-Bit Applications: 

16-Bit Product in 70 ns Typical 
32-Bit Product in 103 ns Typical 

• Fully Compatible with Most TTL Circuits 

• Diode-Clamped Inputs Simplify System 
Design 

description 

These high-speed TTL circuits are designed to be used 

in high-performance parallel multiplication applica-

tions. When connected as shown in Figure A, these 

circuits perform the positive-logic multiplication of 

two 4-bit binary words. The eight-bit binary product 

is generated with typically only 40 nanoseconds 

delay. 

This basic four-by-four multiplier can be utilized as a 

fundamental building block for implementing larger 

multipliers. For example, the four-by-four building 

blocks can be connected as shown in Figure B to 

generate submultiple partial products. These results 

can then be summed in a Wallace tree, and, as 

illustrated, will produce a 16-bit product for the two 

eight-bit words typically in 70 nanoseconds. 

SN54H183/SN74H183 carry-save adders and 

SN54S181/SN74S181 arithmetic logic units with the 

SN54S182/SN74S182 look-ahead generator are used 

to achieve this high performance. The scheme is 

expandable for implementing N X M bit multipliers. 

The SN54284 and SN54285 are characterized for 

operation over the full military temperature range of 

—55°C to 125° C; the SN74284 and SN74285 are 

characterized for operation from 0 ° C to 70° C. 

1A ( 	) 

'285 

1121 
YO 

EN 

1, 
0 
l 
2- 
3 

1B ,(6)  

3 
1C 
1D (4)  

(3)  2A 
(11) 

2B 121  

3 
& 

" 
-`12 

2C ! 1 
 

2D 
dB 	• 
dA 	• 

Y3 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12 

flOfs lis' !•cuments contain information 
l• as of•. • •••on date. Products conform to 

so..m.:.•..1tions re: th. terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 
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schematics 

   

  

EQUIVALENT OF 
EACH INPUT 

ACC 

kT2 NOM 

INPUT 	 - 

 

  

BINARY INPUTS 

 

WORD 1 

r■PA•■•■\  r■PAI■lim\  

23  22  2 1  20 	23  22  2 1  20  

2D 2C 2B 	2A 	10 	1C 18 IA 2D 2C 2B 	2A 	10 	1C 1B 1A 

-C GA -C GA 
SN54284/SN74284 SN 54285/SN 74285 

111-C GB GB 

Y7 V6 	Y5 Y4 Y3 V2 	YI YO 

26 	2 5  2 3 	22 	2 1 	20 

WORD 2 

BINARY OUTPUTS 

FIGURE A -4 X 4 MULTIPLIER 
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SN54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 

s
e

3
1A

0
a

  1
1
1
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC Isee Note 1) 	 7 V 

Input voltage 	. 	 . 5.5 V 

Operating tree-air temperature range: SN54' Circuits  	- 55C to 125'C 

SN74' Circuits 	  0° C to 70° C 

Storage temperature range 	 -65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54284 

SN54285 

SN74284 

SN74285 UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, 10L 16 16 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

Vit.  Low-level input voltage 0.8 V 

Vi Input clamp voltage VCC = MIN, 	II = —12 mA —1.5 V 

IOH High-level output current 
VCC = MIN, 	Vol.{ = 2 V, 

VII_ = 0.8 V. 	V0H = 5.5 V 
40 NA 

VOL Low-level output voltage 

VCC ' MIN, 

VIH = 2 V, 

Vit..  = 0.8 V 

I'm = 12 mA 0.4 
V 

1 0L= 16  mA 0.45 

11 Input current at maximum input voltage VCC = MAX, V1 = 5.5 V 1 mA 

11H High-level input current VCC = MAX, VI = 2.4 V 40 yA 

1 lL Low-level input current VCC = MAX, V1 = 0.4 V —1 mA 

ICC Supply current 

VCC = MAX , 

 T 125°C, A = 

See Note 2 

SN54284, SN 54285 

N package only 
99 

mA 

VCC = MAX , 

 See Note 2 

 '• ' 1 ' 	"•'''. 92 110 

'. ". 	.t 	': 	'. 	. 92 130 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 

TAII typical values are at VCC - 5 V, TA = 25° C. 
NOTE 2: With outputs open and both enable inputs grounded, ICC is measured first by selecting an output product which contains three or 

more high-level bits, then by selecting an output product which contains four low-level bits. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS MIN 	TNT MAX UNIT 

tpLH Propagation delay time, low-to-high-level output from enable CL = 30 pF to GND, 

R Li = 300 S1 to VCC, 

R L2 = 600 11 to GND, 

See Note 3 

20 	30 
ns 

tPHL Propagation delay time, high-to-low-level output from enable 20 	30 

tpLH Propagation delay time, low-to-high-level output from word inputs 40 	60 
ns 

tPHL Propagation delay time, high-to-low-level output from word inputs 40 	60 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS290, SN54LS293 	FK PACKAGE 

(TOP VIEW) 

'LS290 

— 

Z CC Z 

ECI 
0 > CC 

3 2 	1 20 19 

R9(2) 4 18 ROW 

NC 5 17 NC 

QC 6 16 CKB 

NC 7 15 NC 

Qg 8 14 CKA 

9 10 11 12 13 

L) 	< 
ZZZ00 

'LS293 

1 R. I 
U U C.) 

zzz>cc 
L_I 

3 2 	1 20 19 

NC 4 18 ROW 

NC 5 17 NC 

QC 6 16 CKB 

NC 7 15 NC 

QB 8 14 CKA 

9 10 	11 12 13 

U 0 0 0 < 
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SN54290, SN54293, SN54LS290, SN54LS293, 
SN74290, SN74293, SN74LS290, SN74LS293 

DECADE AND 4-BIT BINARY COUNTERS 
MARCH 1974 — REVISED MARCH 1988 

'290, 'LS290 ... DECADE COUNTERS 

'293, 'LS293 ... 4-BIT BINARY COUNTERS 

• GND and VCC on Corner Pins 

(Pins 7 and 14 Respectively) 

SN54290, SN54LS290, SN54293, 

SN54LS293 . . . J OR W PACKAGE 

SN74290, SN74293 . . N PACKAGE 

SN74LS290, SN74LS293 . . . D OR N PACKAGE 

(TOP VIEW) 

'290 
	

'293 

description 

The SN54290/SN74290, SN54LS290/SN74LS290, 

SN54293/SN74293, and SN54LS293/SN74LS293 

counters are electrically and functionally identical to 

the SN5490A/SN7490A, SN54LS90/SN74LS90, 

SN5493A/SN7493A, and SN54LS93/SN74LS93, 

respectively. Only the arrangement of the terminals 

has been changed for the '290, 'LS290, '293, and 

'LS293. 

Each of these monolithic counters contains four 

master-slave flip-flops and additional gating to pro-

vide a divide-by-two counter and a three-stage binary 

counter for which the count cycle length is divide-

by-five for the '290 and 'LS290 and divide-by-eight 

for the '293 and 'LS293. 

All of these counters have a gated zero reset and the 

'290 and 'LS290 also have gated set-to-nine inputs for 

use in BCD nine's complement applications. 

To use the maximum count length (decade or four-bit 

binary) of these counters, the B input is connected to 

the QA output. The input count pulses are applied to 

input A and the outputs are as described in the 

appropriate function table. A symmetrical divide-by-

ten count can be obtained from the '290 and 'LS290 

counters by connecting the OD output to the A input 

and applying the input count to the B input which 

gives a divide-by-ten square wave at output QA. 

R9(1) 
NC 

R9(2) 

GC 

GB 
NC 

GND 

VCC 	NC 
R0(2) 	NC 

ROW 	NC 

CKB 	GC 
CKA 	GB 
QA 	NC 

Qp 	GND 

El 5  141 VCC 
• 2 	13 ■ R0(2) 
■ 3 	12 ■ ROW 
• 4 
	

CKB 
■  5 	101 CKA 

• 6 	91 GA 
■ 7 	8 1 QD 

NC No internal connection 

PRODUCTION DATA documents contain information 
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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SN54290, SN54293, SN54LS290, SN54LS293, 
SN74290, SN74293, SN74LS290, SN74LS293 
DECADE AND 4,BIT BINARY COUNTERS 

logic symbolst 

'290, 'LS290 

OB 

OC 

OD 

S
e

O
lA

a
a
  1

1
1
  

'293, 'LS293 

 

A 

Og 

oc 
OD 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 
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OUTPUT 
COUNT 

OUTPUT 

OD ac Gs GA GA OD GC GB 
L L L. L 0 LILL 

LL I H 1 L L 	H 

L L H L 2 L L H 	L 

L L H H 3 L L H 	H 

L H L L 4 L 11 L 	L 

L 11 L H 5 H L L 	L 

L H H L 6 H L L 	H 

L H H H 7 HIHL 

H I L L H L H 	H 

HL L H 9 H H L 	L 

COUNT 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

COUNT 
OUTPUT 

OD QC 00 °A 
L LLL 

L LLH 

I

• 

L H H 

L H L L 

L.HLH 

L H/IL 

I 	1.1 	H 	H 

H L L L 

L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H HHH 
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6 

7 

8 
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10 
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12 

13 

14 

15 2 

INPUT B 
( 
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	c>CK 

K 

J 

C K 

K 

15)  QB  

(4) 
 QC 

LD 
S 

CK 

R 23 

181 

SN54290, SN54293, SN54LS290, SN54LS293, 
SN74290, SN74293, SN74I.S290, SN74LS293 

DECADE AND 4-BIT BINARY COUNTERS 

'290, 'LS290 
	

'290 'LS290 
	

'293, 'LS293 

BCD COUNT SEQUENCE 
	

BI.QUINARY 15-2) 
	

'290, 'LS290 
	

COUNT SEQUENCE 

(See Note A) 
	

(See Note B) 
	

RESET/COUNT FUNCTION TABLE 
	

(See Note C) 

RESET INPUTS OUTPUT 

R0111 80121 89111 R9121 OD 0C QB QA 
H H L X 

J
 -1

  
I
  

F
  
F

  
F

F
  

_
J
 
J
J
  
2
  
2
  
Z

Z
  

7
  
7
  
7
 7
  

-,  
-,  

-.  8 8  3
 8 

,
 ,
 . 

H H X L 

X X H H 

XL XL 

I X I. X 

L X XL 

X L L X 

'293, 'LS293 .  
RESET/COUNT FUNCTION TABLE 

RESET INPUTS OUTPUT 

8 0111 8 0121 OD QC 	06 OA 
H H L L 	L L 

L X COUNT 

X L COUNT 

NOTES: A. Output OA is connected to input B for BCD count. 

B. Output CID is connected to input A for bi -quinary 

count. 
C. Output QA is connected to input B. 

D. H = high level, L = low level, X = irrelevant 

logic diagrams (positive logic) 

'293, 'LS293 

T
T

L
 D

e
v

ic
e

s  

R0 ( 1 )
1D0—• 	  

R0(2)
(.

021  

Pin numbers shown are for D, J, N, and W packages. 

The J and K inputs shown without connection are for reference only and are functionally at a high level. 
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EQUIVALENT OF EACH INPUT 

VCC 

R eg 

INPUT 

INPUT R e , NOM 

A 2.5 	1,12 

B 1'2901 1 25 k12 

B 1'2931 2.5 k12 
All rose. 6 kS2 

SN54290, SN54293, SN74290, SN74293 
DECADE AND 4-BIT BINARY COUNTERS 

schematics of inputs and outputs 

TYPICAL OF ALL OUTPUTS 

vcc 
100 It NOM 

OUTPUT 

a. 

''• ' 	absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

mg Supply voltage, VCC (see Note 1) 7 V 

Input voltage   5.5 V 

Interemitter voltage (see Note 2)   5.5 V 

	

Operating free-air temperature range: SN54' Circuits  	—55 ° C to 125° C 

	

SN74' Circuits 	  0° C to 70° C 

—65° C to 150° C 

NOTES: 1. Voltage values, except interernitter 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 

R0 inputs, and for the '290 circuit, it also applies between the two R9 inputs. 

recommended operating conditions 

....erJ 
SN54' SN74' 

UNIT 
NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.0 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —800 —800 pA 

Low-level output current, lot, 16 16 mA 

Count frequency, Icount 
A input 0 32 0 32 

MHz 
B input 0 16 0 16 

Pulse width, t w  

A input 15 15 

ns B input 30 30 

Reset inputs 15 15 

Reset inactive-state setup time, t su  25 25 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

Tr xAs 
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SN54290, SN54293, SN74290, SN74293 
DECADE AND 4•BIT BINARY COUNTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
'290 '293 

UNIT 
MIN TYPt MAX MIN TYPE : MAX 

Vi H High-level input voltage 2 2 V 
v i  L Low-level input voltage 0.8 0.8 V 

VI K Input clamp voltage VCC = MIN, II = —12 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

viL= 0.8 V, 

VIH = 2 V, 

10H = —800 gA 
2.4 3.4 2.4 3.4 V 

Vol_ Low-level output voltage 
VCC =MIN, 

VII_ = 0.8 V, 

Vm = 2 V, 

loL = 16 mA 9  
0.2 0.4 0.2 0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 1 mA 

IIH High-level input current 

Any 

VCC = MAX, V1= 2.4 V 

40 40 

pA A inpu, 80 80 

B input 120 80 

IIL Low-level input current 

Any _ 
VCC t-,  MAX, V1 = 0.4 V 

—1.6 —1.6 

mA A inpu, —3.2 —3.2 

B input —4.8 —3.2 

los Short-circuit output current§ VCC t--  MAX 
SN54' —20 —57 —20 —57 

mA 
SN74' —18 —57 —18 —57 

ICC Supply current VCC = MAX, See No e 3 29 42 26 39 mA 

?For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

TAII typical values are at VCC = 5 V, TA = 25 ° C. 

kNot more than one output should be shorted at a time. 

110.A outputs are tested at I oL = 16 mA plus the limit value of lit, for the B input. This permits driving the B input while maintaining full 

fan-out capability. 

NOTE 3: Icc 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 = 25 ° C 

PARAMETERS,  
PROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'290 '293 
UNIT 

MIN TYP MAX MIN TYP MAX 

f max 
A OA 

= 	p C 	15 	F, RL 

L = 400 D , 

See Note 4 

32 42 32 42 
MHz 

B °B 16 16 

tPLH 
A OA 

10 16 10 16 
ns 

tPHL 12 18 12 18 

tPLH 
A OD 

32 48 46 70 
ns 

tPHL 34 50 46 70 

tPLH 
B OB 

10 16 10 16 
ns 

tPHL 14 21 14 21 

tPLH 
B ac 

21 32 21 32 
ns 

tPHL 23 35 23 35 

tPLH 
B OD 

21 32 34 51 
ns 

IPHL 23 35 34 51 

tPHL Set-to-0 Any 26 40 26 40 ns 

tPLH 
Set-to-9 

CIA ,  OD 20 30 
ns 

tPHL °B• ac 26 40 

#f„,„, = maximum count frequency 

tpLH = propagation delay time, low-to-high-level output 

tPHL = propagation delay time, high-to-low-level output 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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EQUIVALENT OF EACH RESET INPUT EQUIVALENT OF A AND B INPUTS 

INPUT 

NOMINAL VALUES 
INPUT 	R1 	R2 	R3 

A 	 10 k$-2 10 k$2 10 kcl 
B ('LS290) 6.7 kn 6.7 kfrl 5 

('LS293) 	15 kS2 15 ka 10 Id2 

TYPICAL OF ALL OUTPUTS 

SN54LS290, SN54LS293, SN74LS290, SN74LS293 
DECADE AND 4-BIT BINARY COUNTERS 

schematics of inputs and outputs 

S
3

3
!A

O
O

  1
1

1
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

 

Supply voltage, VCC (see Note 5) 

Input voltage: R inputs 	  

A and B inputs 

Operating free-air temperature range: SN54LS290, SN54LS293 

SN74LS290, SN74LS293 

   

	 7V 

7V 

	 5.5 V 

—55° C to 125° C 

	 0° C to 70° C 

—65° C to 150°C 

   

   

   

   

   

Storage temperature range 

    

     

 

NOTE 5, Voltage values are with respect to network ground terminal. 

recommended operating conditions 

    

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H —400 —400 NA 

Low-level output current, Ic_ 4 mA 

Count frequency, fcount 
A input 0 32 0 32 

MHz  
B input 0 16 0 16 

Pulse width, t v,,, 

A input 15 15 

ns B input 30 30 

Reset inputs 30 30 

Reset inactive-state setup time, t su  25 25 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 
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SN54LS290, SN54LS293, SN74LS290, SN74LS293 
DECADE AND 4-BIT BINARY COUNTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS-I-  
SN54LS' 1-f: 	tl.S' 

UNIT 
MIN TYP1 MAX MIN t ri-, 1 MAX 

VI H High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

VI k Input clamp voltage VCC = MIN, li = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
Vcc= MIN, 

vi i_ = vi i_ max ,  

VIH = 2 V, 

1 0H = -400 qA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VIL =  VIL max 

VIH = 2 V, lot_ = 4 mAll 0.25 0.4 0.25 0.4 
V 

1 01_ = 8  mAll 0.35 0.5 

It 
• 

Input current 

at maximum 

input voltage 

Any reset VCC = MAX, Vi = 7 V 0.1 0.1 

mA 
A input 

VCC = MAX, V1 = 5.5 V 

0.2 0.2 

B of 'LS290 0.4 0.4 

B of 'LS293 0.2 0.2 

IIH 
High-level 

input current 

Any reset 

Vcc = MAX, VI =  2.7 V 

20 20 

pA 
A inpi•• 40 40 

- 
B of '1 -- 

80 80 

B of 'L.cv.., 40 40 

IIL 
Low-level 

input current 

Any reset 

Vcc = MAX, VI = 0.4 V 

-0.4 -0.4 

mA 
A input -2.4 -2.4 

B of 'LS290 -3.2 -3.2 

B of 'LS293 -1.6 -1.6 

los Short-circuit output current§ VCC = MAX 

VCC = MAX, See Note 3 

-20 -100 -20 -100 mA 

ICC Supply current 
9 15 9 15 

mA 
15 Lozwo F 9 15 9 

, For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 5 C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

liQA outputs are tested at specified I (DL plus the limit value of !IL for the B input. This permits driving the B input while maintaining full 

fan-out capability. 

NOTE 3: ICC is measured with all outputs open, both Flo inputs grounded following momentary connection to 4.5 V, and all other inputs 

grounded. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS290 'LS293 
UNIT 

MIN VIP MAX MIN TYP MAX 

Imes 
A OA 

CL = 15 pF, 

RL = 2 50, 

See Note 4 

32 42 32 42 
MHz 

B 08 16 16 

lPLii 
A rt A 

10 16 10 16 
 ns 

IPHL 17 18 12 18 

tPLH 
A ° D 

32 48 46 70 
ns 

IPHL 34 50 46 70 

lPLH B Uu 
10 11; 10 16 

OS 

'PHL 14 21 14 21 

lPI H 
R OC 

21 32 21 32 
ns 

lPH1 23 35 23 35 

, PLFI 
B OD 

21 37 34 51 
ns 

tPHL 23 35 34 51 

lPHL SPi 1, 0 

Set-w-9 

Any 76 40 26 40 ns 

IPL1-1 0A, OD 0A. 
 

20 30 

tPHL OB/ GIC 26 40 

#f ry, a , = maximum count frequency 

tpu.i = propagation delay time, low-to-high-level output 

tPHL = propagation delay time, high-to-low-level output 

NOTE 4 Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS294 . . . J OR W PACKAGE 
SN74LS294 . N PACKAGE 

ITOP VIEWI 

B 

A 

TP 

CLK 1 

CLK 2 

NC 

Q 

GND 

16 

15 

14 

13 

12 

11 

10 

9 

VCC 
C 

D 

NC 

NC 

CLR 

NC 

NC 

SN54LS294. . . FK PACKAGE 

(TOP VIEWI 

L) 
< Z > 
uuuu LJ 

3 2 1 20 19 

	

TP 4 	 18 

CLK 1 	5 	 17 NC 

	

NC 6 	 16 NC 

	

CLK 2 7 	 15 NC 

	

NC 8 	 14 CLR 

9 10 11 12 13 

0000 0 
 ZZ2Z 

SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERSIDIGITAL TIMERS 

D2628, JANUARY 1981 — REVISED MARCH 1988 

Count Divider Chain 

Digitally Programmable from 22 to 2n 

= 31 for 'LS292, n = 15 for 'LS294) 
VcC 

Useable Frequency Range from DC to 30 MHz 

Easily Expandable 	
TP 1 

 

	

CLK 1 	 TP 3 

• Applications 	 CLK 2 	 NC  

• Frequency Division 	 TP 2 	 CLR 

• Digital Timing 	 A 

description 	 GND  

These programmable frequency dividers/digital timers 

contain 31 flip-flops plus 30 gates ('LS292) or 15 flip-

flops plus 29 gates (1S294) on a single chip. The count 

modulo is under digital control of the inputs provided. 

Both types feature an active-low clear input to initialize 

the state of all flip-flops. To facilitate incoming inspec- 	 TP 1 	4 	 18 
tion, test points are provided (TP1, TP2, and TP3 on the 	 CLK 1 	5 	 17 TP 3 
'LS292 and TP on the 'LS294). These test points are not 	 NC 6 	 16 NC 
intended to drive system loads. Both types feature two 	 CLK 2 7 	 15 NC 
clock inputs; either one may be used for clock gating. 	 TP 2 8 	 14 CLR 
(See the function table below.) 

A brief look at the digital timing capabilities of the 

'LS292 will show that with a 1-MHz input frequency, 

programming for 210  will give a period of 1.024 ms, and 

220  will give a period of 1.05 sec, 226  will give a period 

of 1.12 min, and 2 31  will give a period of 35.79 min. 

These devices are easily cascadable giving limitless 

possibilities to timing delays that can be achieved. 

FUNCTION TABLE 

CLEAR CLK 1 CLK 2 Q OUTPUT MODE 

J
 3

:
 

X
 -
 
J
 2

  
X

 

X
  

J
  
-
 

Cleared to L 

Count 

Count 

Inhibit 

Inhibit 

NC — No internal connection. 

SN54LS292 . J OR W PACKAGE 
SN74LS292 . N PACKAGE 

ITOP VIEWI 

NC 

SN54LS292 . . FK PACKAGE 

(TOP VIEWI 

0 

w m Z > 
i  1.—J L-J L—J L-J L-J 

3 2 1 20 19 
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PRODUCTION DATA documents contain information 
currant as of publication data. Products conform to 
specifications par the terms of Taxes Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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PARALLEL CLOCK 

ACTIVE-LOW CLEAR 

I P1 	 CLK1 

TP2 	 CLK2 (5) 

TP3 

TO 10GGLE 

INPUT OF 

NEXT STAGE 

'LS294 

OUTPUT  OF 
PRECEDING 

STAGE 

FROM 

X/Y 

CODER 

logic symbols f 
1_5292 

SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERSIDIGITAL TIMERS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF 0 OUTPUTS 

VCC 

TYPICAL OF TP OUTPUTS 

OUTPUT 
R eq  

CC  
100 0 

OUTPUT 

With_ 

117) 

1111 

— — -4-----  IN PUT 

CLK: R., 

All others: 

- 10 k44 NOM 

R eq  = 20 kO NOM 

operation 

The functional block diagram shows that the count modulo is controlled by an X/Y decoder connected to the mode control in-

puts of several flip-flops. These flip flops with mode controls each have a "D" input connected to the parallel clock line and a 

"T" input driven by the preceding stage. The parallel clock frequency is always the input frequency divided by four. 

The X/Y decoder output selected by the programming inputs goes low. While a mode control is low, the "D" input of that 

flip-flop is enabled, and the signal from the parallel clock line (fin ÷ 4) is passed to the "T" input of the following stage. All the 

other mode controls are high enabling the "T" inputs and causing each flip-flop in turn to divide by two. 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for J, N, and W packages. 

TrXAS 
2 -800 	 INS1 RLMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

S
8

3
11A

a
a

  1
1
1
  



8 

4 

(11 
B 
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CLK1 
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CLK2 (5  
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X/Y 

0 

28 

26 

24 
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20 

18 

16 
A  1101 

C  1151 	4 
 

01141 	
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SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS 

logic diagram (positive logic) 

Pin numbers shown are for J, N, and W packages. 
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2D R 

--01>2T 
M2 Or> 

C:=> 

2 

C 
(15) 

S
8

31
A
0

a
  1

1
1
  

1141 

00-- 

1 p-- 

14 0 	 

13 0 	 

12 0 	 

11 D 	 
10 	 

90 	 

83 	 

8 

2D R 

WC> 2T 

M2 Cf>  

	

7 0 	 

6 	 

	

50 	 

4 	 

	

3D 	 

	

20 	 

_{>0171.  
O 

3D S 

OD 3T 

M3 

SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERSIDIGITAL TIMERS 

logic diagram (positive logic) 

'LS294 

CIT1 
(11) 

 

CLK1 (Vo__ 

CLK2 15) C3> T 

X/Y 

TP 

Pin numbers shown re for J, N. and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Operating free-air temperature range: SN54LS292, SN54LS294 	  —55° C to 125° C 

SN74LS292, SN74LS294 	  0° C to 70° C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS 

recommended operating conditions 

FN., : S' SN74LS' 
UNIT 

MIN ''.. 	M MAX MIN NOM MAX 

VCC Supply voltage 4.5 6 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

IOH High-level output current (CI only) — 1.2 - 	1.2 mA 

IOL Low-level output current (Q only) 12 24 mA 

fclock Clock frequency 0 30 0 30 MHz 

tw  Duration of clock input pulse 16 16 ns 

Duration of clear pulse 
1 	. 	. 

— 
55 55 

ns 
'1......: 35 35 

tsu Clear inactive-state setup time 15 15 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 CONDITIONSt 
SN54LS' SN74LS• 

UNIT 
MIN TYP 5 	MAX 

• 
MIN 	T, Pt 	̀.1.7. • 

VIK VCC' MIN, 	II= —18 mA —1.5 — 1, V 

VOH Q 
Vcc = MIN, 	Vii..1 = 2 V, 	lcm = — 1.2 mA, 

V 	MAX II_ =  
2.4 	3.4 2.4 	3.4 V 

VOL 
Q VCC' MIN, 

VIH = 2 V, 

VII_ = MAX 

Ic)L = 12 mA 0.25 	0.4 0.25 	0.4 

V Ic)L = 24 mA 0.35 	0.5 

TP ,  IOL = 0 .5  mA 0.25 	0.4 

li 

 

VCC = MAX, 	Vi = 7 V 0.1 0.1 mA 

IIH VCC = MAX, 	Vi= 2.7 V 20 20 bkA 

IlL 
CLK1,CLK2 V 

VCC — MAX, 	Vi = 0.4 V 
—0.8 —0.8 

mA 
All others —04 —04 

loss 0  VCC = MAX —30 	—130 —30 	—130 mA 

ICC 
'LS292 VCC = MAX, 	All inputs grounded, 

All outputs open 

40 	75 40 	75 
mA 

' LS294 30 	50 30 	50 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25°C. 

The duration of the short-circuit should not exceed one second. 

I The TP output or outputs are not intended to drive external loads but are solely provided for test points. 
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SN54LS292, SN54LS294, SN741S292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERSIDIGITAL TIMERS 

switching characteristics, VCC = 5 V, TA = 25°C. RL = 667 0, CL = 45 pF (see Figure 1) 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS292 'LS294 
UNIT 

MIN TYP MAX MIN TYP MAX 

fmax 

CLK1 or 2 

30 50 30 50 MHz 

tPLH 0 Modulo set at 22, 
A thru E = LLLHL ('LS292) 
A thru D = LLHL ('LS294) 

55 90 55 90 ns 

tPHL Q 80 120 80 120 ns 

tPHL CLR 0 85 130 35 65 ns 

tiMAX = maximum clock frequency 

tpLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. To be used on TP outputs only. 

'LS292 FUNCTION TABLE 

PROGRAMMING 

INPUTS 

FREQUENCY DIVISION 

/3 TP1 TP2 TP3 

E 	D C B A BINARY DECIMAL BINARY 	DECIMAL BINARY 	DECIMAL BINARY DECIMAL 

L 	L 

LL 

L 	L 	L 

LLI4  

Inhibit 

Inhibit 

Inhibit 

Inhibit 

Inhibit 	 Inhibit 

Inhibit 	 Inhibit 

Inhibit 	 Inhibit 

Inhibit 	 Inhibit 

Inhibit 

Inhibit 

Inhibit 

Inhibit 

L 	L L 1-1 L 2 2  4 2 9  512 2 17  131,072 2 24  16,777,216 

LL L H H 23  8 29  812 2 11  131,072 224  10,777,216 

LL H L L 24  16 29  512 217  131,072 224  16,777,216 

L 	L H L I-I 2 5  32 3 0  512 2 17  131,072 3 24  16,777,216 

LL H H L 26  64 2 9  512 2 17  131,072. 2 24  16,777,216 

LL H H H 27  128 29  512 217  131,072 2 24  16,777,216 

L 	H L L L 28  256 29  512 217  131,072 22  4 

L 	H L L H 29  512 29  512 2 17  131,072 22  4 

L 	H L H L 210 1,024 29  512 217  131,072 24  16 

L 	H L H H 211 2,048 29  512 217  131,072 24  16 

L 	H H L L 212 4,096 29  512 2 17  131,072 26  64 

L 	H H L H 2 13  8,192 29  512 2 17  131,072 26  64 

L 	H H H L 214 16,384 29  512 Disabled Low 28  256 

L 	H H H H 215  32,768 29  512 Disabled Low 28  256 

HL L L L 216 65,536 29  512 23  8 210  1,024 

HL L L H 2 17  131,072 29  512 23  8 210  1,024 

HL L H L 2 18  262,144 29  512 2 5  32 212  4,096 

HL L H H 2 19  524,288 29  512 2 5  32 2 12  4,096 

H 	L H L L 220 1,048,576 29  512 27  128 2 14  16,384 

HL H L H 221 2,097,152 29  512 2 7  128 214  16,384 

H 	L H H L 222 4,194,304 Disabled Low 29  512 2 16  65,536 

HL H H H 223  8,388,608 Disabled Low 29  512 2 16  65,536 

H 	H L L L 224 16,777,216 23  8 2 11  2,048 218  262,144 

H 	H L L. H 2 25  33,554,432 23  8 2 11  2,048 2 18  262,144 

H 	H L H L 226 67,108,864 25  32 213  8,192 220  1,048,576 

H 	H L H H 227  134,217,728 25  32 213  8,192 220  1,048,576 

H 	H H L L 228 268,435,456 2 7  128 2 15  32,768 2 22  4,194,304 

H 	H H L H 2 29  536,870,9E2 2 7  128 2 15  32,768 3 22  4,194,304 

H 	H H H L 2 30  1,073,741,824 2 9  512 2 17  131,072 2 24  16,777,216 

H 	H H H H 231  2,147,483,648 29  512 2 17  131,072 2 24  16,777,216 

10 
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SN54LS292, SN54LS294, SN74LS292, SN74LS294 
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS 

'LS294 FUNCTION TABLE 

PROGRAMMING INPUTS 

FREQUENCY DIVISION 

Q TP 

D C B A BINARY DECIMAL BINARY DECIMAL 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

Inhibit 

Inhibit 

2 2  

23  

Inhibit 

Inhibit 

4 

8 

Inhibit 

Inhibit 

29  

29  

Inhibit 

Inhibit 

512 

512 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L

H 

H 

L 

H 

L 

H 

24 

2 5  

26  

2 7  

16 

32 

64 

128 

29 	 512 

29 	 512 

29 	 512 

Disabled Low 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

28  

29  

210 

2 11  

256 

512 

1,024 

2,048 

22  

23  

24  

2 5  

4 

8 

16 

32 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

L 

H 

212 

2 13  

214 

2 15  

4,096 

8,192 

16,384 

32,768 

26 

2 2  

28  

29  

64 

128 

256 

512 

switching loads 
v c c 

RL - 667 It 

FROM OUTPUT 
UNDER TEST 

45 pF 

FIGURE 1 

'LS292 and 'LS294 timing diagram 

CLR 

CLK1 

02 2  

°23  

CLK2 
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SN54LS295B. . .J OR W PACKAGE 

SN74LS295B . D OR N PACKAGE 

(TOP VIEW) 

SER 

A 

B 

C 

LD/SH 

GND 

VCC 

QA 

05 

OC 

OD 
CLK 

OC 

SN54LS295B . . FK PACKAGE 

(TOP VIEW) 

CC 
Q 

> 
JLJUU LS 

3 2 1 20 1 9  

	

B 4 	 18 Qg 

	

NC 5 	 17 NC 

	

C 6 	 16 QC 

	

NC 7 	 15 NC 

	

8 	 14 QD 

9 10 11 12 13 
inn r–Irm  

2 0 C.) 
cnzzo-i 
8 (3  

NC No internal connection 

logic symbol t 

CLK • -..t7 C3/2-1. 

SER 
A  (21  

2,3D 	C> 

1.3D 

r 
1131 

OA 

1 , 31 I> 	V QB 

Qc 

OD 

(121 

(11l 

(10) 

SRG4 

	

OC  181 	EN 

	

LD/SH,—(6' 	M1 [LOAD] 

M2 [SHIFT] 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC 

Publication 617-12. 

Per numbers shown are for D, J, N, and W packages 
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SN54LS295B, SN74LS295B 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

WITH 3-STATE OUTPUTS 
OCTOBER 1976 – REVISED MARCH 1988 

'LS295B Offers Three Times the 
Sink-Current Capability of 'LS295A 

Schottky-Diode-Clamped Transistors 

Low Power Dissipation ... 80 mW Typical 

(Enabled) 

• Applications: 
N-Bit Serial-To-Parallel Converter 
N-Bit Parallel-To-Serial Converter 

N-Bit Storage Register 

description 

These 4-bit registers feature parallel inputs, parallel out-

puts, and clock (CLK(, serial (SERI, mode (1_1://5H), 

and outputs control (OC) inputs. The registers have 

three modes of operation: 

Parallel (broadside) load 

Shift right (the direction DA toward CID/ 

Shift left (the direction CID toward CIA) 

Parallel loading is accomplished by applying the four bits 

of data and taking the mode control input high. The data 

is loaded into the associated flip-flops and appears at the 

outputs after the high-to-low transition of the clock in-

put. During parallel loading, the entry of serial data is 

inhibited. 

Shift right is accomplished when the mode control is 

low; shift left is accomplished when the mode control is 

high by connecting the output of each flip-flop to the 

parallel input of the previous flip-flop (CID to input C, 

etc.) and serial data is entered at input D. 

When the output control is high, the normal logic levels 

of the four outputs are available for driving the loads or 

bus lines. The outputs are disabled independently from 

the level of the clock by a low logic level at the output 

control input. The outputs then present a high im-

pedance and neither load nor drive the bus line; 

however, sequential operation of the registers is not 

affected. 

The SN54LS29513 is characterized for operation over 

the full military temperature range of —55°C to 125°C; 

the SN74LS29513 is characterized for operation from 

0°C to 70°C. 

%I• payments contain information 
• . on• 	date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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CLK 

OC 

191 

ISI 

Ito) (13) 	 021 	 (11) 

• 	A 	 B 	 C 
121 	 131 	 141 	 151 

0 

OU1PU 

EQUIVALENT OF SERIAL 

AND DATA INPUTS 

R e „ 

Serial: Re g  = 30 ksz NOM 

A, B, C, D: Reg  = 20 k51 NOM 

vcc 

INPUT 

EQUIVALENT OF CLK, 

LD/SH, AND 

OC INPUTS 

VCC 	 

'JO 	NOM 

INPUI 	—S4I—v i 

TYPICAL OF ALL OUTPUTS 

VCC 
10012 NOM 

SN54LS295B, SN74LS295B 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 
WITH 3-STATE OUTPUTS 

sa
o!

A
a
a
  1

1
1
  

logic diagram (positive logic) 

DATA INPUTS 

OS:PSIS 

Pin numbers shown are for D, J, N, and W packages 

schematics of inputs and outputs 
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INPUTS 

PARALLEL 
LD/SH CLK SER 0A GB aC OD 

A BCD 

H H X X X 	X X 0A0 No 000 0130 

H X a b 	c d a b c d 

H 1 X Clgt Oct 	Clcif d aBn GCn GEM d 

L H X X X 	X X GAO °BO aC0 °DO 

L H X X 	X X H aAn aBn GCn 

L 1 L X X 	X X L ()An GEM GCn 

When the output control is low, the outputs are disabled to he high-impedance state; 

however, sequential operation of the registers Is not affected 

T
T

L
 D

ev
ic

es
  

SN54LS295B, SN74LS295B 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

WITH 3-STATE OUTPUTS 

FUNCTION TABLE 

Shifting left requires external connection of QB to A, QC to B, and QD to C. Serial data is 

entered at input D. 

H = high level (steady state), L = low level (steady state), X = irrelevant (any Input, Including transitions) 

1 = transition from high to low level. 

a, b, c, d = the level of steady-state Input at inputs A, B, C, or D, respectively. 

CIAO• C410. aCO, °Do = the level of CIA, QB, QC, or Clp, respectively, before the indicated steady-state input conditions were established. 

OAn• OBn• 0C• ClOn = the level of QA, QB, 0c, or Qc,, respectively, before the most-recent 1 transition of the clock. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7 V 

Input voltage  	7 V 

Operating free-air temperature range: SN54LS295B  	—55°C to 125°C 

SN74LS2958 	  0°C to 70°C 

Storage temperature range  	—65°C to 150°C 
NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SP.54LS295B SN74LS2958 
UNIT — 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.b 	6 5.5 4.75 	5 5.25 V 

10H High-level output current — 1 — 2.6 mA 

IOL Low-level output current 12 24 mA 

(clock Clock frequency 0 30 0 30 MHz 

tw(clock) Width of clock pulse 16 16 ns 

tsu  Setup time, high-level or low-level data 20 20 ns 

tsu  Setup time, LD/SH to CLK 
high-level 25 25 

ns 
low-level 30 30 

th Hold time, high-level or low-level r+.•. 20 20 ns 

th Hold time, high-level or low-level _ •., 'ci CLK 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

TEXAS 
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SN54LS295B, SN74LS295B 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 
WITH 3-STATE OUTPUTS 

—1 
—1 
I- 

D 
CD 

CD 
co 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

n.r...:LS. - .• 

FYI-, 

I: SN74Lf... . • 
— 

MAX 
UNIT 

MAX MIN TYP, 

VIH 	High-level input voltage 2 2 V 

VI L 	Low-level input voltage 0.7 0.8 V 

VII< 	Input clamp voltage VCC = MIN, 11= —18 mA —1.5 —1.5 V 

VOH 	High-level output voltage 
VCC =MIN, 

ViL = ViL max, 

VIH = 2 V, 

loH = MAX 
2.4 3.4 2.4 3.1 V 

VOL 	Low-level output voltage 
VCC = MIN, 

Vic= VIL mat 

VIH = 2 V, 1 0L  = 12 mA 0.25 0.4 0.25 0.4 
V 

10L = 24 mA 0.35 0.5 

Off-state output current, 
IOZH 

high-level voltage applied 

VCC = MAX, 

V0 = 2.7 V 

VIL = VIL max, 
20 20 gA 

Off-state output current, 
IOZL 

low-level voltage applied 

VCC = MAX, 

V0 = 0.4 V 

VIH = 2 V, 
—20 -20 µA 

Input current at 
II 

 

maximum input voltage 
VCC = MAX, V1= 7 V 0.1 0.1 mA 

11H 	High-level input current VCC = MAX, Vi = 2.7 V 20 20 

l<
 a

 a 
x
 E

 E
  

IIL 	Low-level input current VCC = MAX, Vi = 0.4 V —0.4 —0.4 

los 	Short-circuit output current§ VCC = MAX —30 —130 —30 —130 

Icc 	Supply current VCC = MAX, See Note 2 
Condition A 20 29 20 29 

mA 
Condition B 22 33 22 33 

, For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condi Ions. 

tall typical values are at VCC = 5 V, TA = 25 ' C. 

§Not more than one output should be shorted at a time,and duration of the short-circuit should not exceed one second. 

NOTE 2: Icc is measured with the outputs open, the serial input and mode control at 4.5 V, and the data input grounded under the following 

conditions: 

A. Output control at 4.5 V and a momentary 3 V, then ground, applied to clock input. 

B. Output control and clock input grounded. 

switching characteristics, V CC = 5 V, TA = 25 C, R L  = 667 n 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fmax Maximum clock frequency 

CL = 45 pF, 

See Note 3 

30 45 MHz 

tpLH Propagation delay time, low-to-high-level output 14 20 ns 

tpHL Propagation delay time, high-to-low-level output 19 30 ns 

tpZH Output enable time to high level 18 26 ns 

tPZL Output enable time to low level 20 30 ns 

tPHZ Output disable time from high level CL = 5 pF, 

See Note 3 

13 20 ns 

tPLZ Output disable time from low level 13 20 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS297 . . . FK PACKAGE 

(TOP VIEW) 

<co z>0 

3 2 1 20 19 

4 	 18 

5 	 17 

6 	 16 

7 	 15 

8 	 14 

9 10 11 12 13 

G1 ID C.) •—• 02 
."-zz•zt)sl 

(.9 
NC-No internal connection 

ENCTR 

K CLK 

NC 

I/D CLK 

D/U 

0A2 

NC 

ECPD OUT 
XORPD OUT 

SN54LS297, SN74LS297 

•

DIGITAL PHASE-LOCKED-LOOP FILTERS 
D2629, JANUARY 1981 — REVISED MARCH 1988 

35 MHz Typical (I/D Clock) 	 K CLK  II  4 	7435 

 ■ 

 C 

50 MHz Typical (K Clock) 	 ENCTR 	
111  0A2 

description 	
I/D CLK  ■  5 	12I  ECPD OUT 

	

D/U  ■  6 	11  I  XORPD OUT 

The SN54LS297 and SN74LS297 devices are designed 	 I/D OUT  ■  7 	10 0B 

to provide a simple, cost-effective solution to high- 	 GND  18 	9 0A1 

accuracy, digital, phase-locked-loop applications. These 

devices contain all the necessary circuits, with the ex-

ception of the divide-by-N counter, to build first order 

phase-locked loops as described in Figure 1. 

Both exclusive-OR (XORPD) and edge-controlled 

(ECPD) phase detectors are provided for maximum 

flexibility. 

Proper partitioning of the loop function, with many of 

the building blocks external to the package, makes it 

easy for the designer to incorporate ripple cancellation or 

to cascade to higher order phase-locked loops. 

The length of the up/down K counter is digitally pro-

grammable according to the K counter function table. 

With A, B, C, and D all low, the K counter is disabled. 

With A high and B, C, and D low, the K counter is only 
three stages long, which widens the bandwidth or capture range and shortens the lock time of the loop. When A, B, C, and D 

are all programmed high, the K counter becomes seventeen stages long, which narrows the bandwidth or capture range and 

lengthens the lock time. Real-time control of loop bandwidth by manipulating the A through D inputs can maximize the overall 

performance of the digital phase-locked loop. 

MODULO CONTROLS 

/INIOMPA■\  
DCB A 

• Digital Design Avoids Analog 
Compensation Errors 

Useful Frequency from DC to: 

SN54LS297 . . J OR W PACKAGE 

SN74LS297 . . . N PACKAGE 

Easily Cascadable for Higher Order Loops 	
(TOP VIEW) 

• A  ■  2 

B  11 16  111  VCC 

T
T

L
 D

ev
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1141 15 121 

MODULO•K 
COUNTER 

K COUNTER  141 
 CLOCK 61 

DOWN/UP CONTROL  

K•COUNTER  131 
ENABLE 

151 
I/0 CLOCK 

MI 
PHASE Al 	 

	> INCREMENT/DECREMENT 
CIRCUIT  

171 
I/D OUTPUT 

1111  EXCLUSIVE-OR PHASE 
DETECTOR OUTPUT 

1101 
PHASE B 

I 2) EDGE-CONTROLLED PHASE 

PHASE A2 
1131 

K  
DETECTOR OUTPUT 

FIGURE 1—SIMPLIFIED BLOCK DIAGRAM 
Pin numbers shown are for J. N and W packages. 

PRODUCTION DATA documents c DTI a information 
current as of publication date. Pt •a I. conform to 
specifications per the terms of 	instruments 
standard warranty. Production 	 does not 
necessarily include testing of all parameters. 
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POWER-UP RESET 

I = 1 1ST_ 

I/D CLK 

D- 

14 	13 12 11 	10 	9 	8 	7 	6 	5 	4 	3 	2 	1 

° 

rifiLMTALTD _1410;11 4, w m:A:  
. 6.6464Tsi  

R 	 R 

ENCTR 	( 

KCLK (41 	 

D/U (6 	 

TO MODE CONTROLS 12-2 (11 STAGES NOT SHOWN) 

—t 

EXCLUSIVE-OR PHASE DETECTOR 

(11) XORPD 
OUT 

EDGE-CONTROLLED PHASE DETECTOR 

113) 

(12) ECPD 
OUT 

0A1 

as 

C20 
20D 

r 

S
03

1
A

a
a
  1

1
1

  

C20 
20D 

SN54LS297, SN74LS297 
DIGITAL PHASE-LOCKED-LOOP FILTERS 

description (continued) 

The 'LS297 can perform the classic first-order phase-locked loop function without using analog components. The accuracy 

of the digital phase-locked loop (DPLL) is not affected by VCC and temperature variations, but depends solely on accuracies 

of the K clock, I/D clock, and loop propagation delays. The I/D clock frequency and the divide-by-N modulos will determine 

the center frequency of the DPLL. The center frequency is defined by the relationship f c  = I/D Clock/2N (Hz). 

logic diagram (positive logic) 

Pin numbers shown are for J, N, and W packages. 
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SN54LS297, SN74LS297 
DIGITAL PHASE-LOCKED-LOOP FILTERS 

K COUNTER FUNCTION TABLE 

(DIGITAL CONTROL) 

0 C 8 A MODULO (K) 

_J 

-

J
 

-J  
J
 2

 

-I  

Inhibited 

2 3  

24  

25  

-J  
J
  

-J  

I
 
I
 

-

i
 J
 2

 2
 

_
I
 2

 -
I 

26  

2 7  

2 8  

29  

2
 2

 2
 2

 

-

J
 J
 _I  

_
I 

-I  
-
I
 2

 2
'', 

-
J
 2

  _
I  

210 

211 

2 12  

2 13  

I
 
2
 2

 

I
 

-

-J  

-
I
 2

  
-
I
  

214 

215  
216 

2 17  

FUNCTION TABLE 

EXCLUSIVE-OR PHASE DETECTOR 

(bA1 943 XORPD OUT 

L L L 

L H H 

H L H 

H I-1 L 

FUNCTION TABLE 

EDGE-CONTROLLED PHASE DETECTOR 

0.42 OB ECPD OUT 

H or L 1 H 

1 H or L L 

H or L f No change 

t I-1 or L No change 

H = steady-state high level 

L = steady-state low level 

= transition from high to low 

t = transition from low to high 

T
T
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schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF I/D OUTPUT TYPICAL OF 
ECPD AND XORPD OUTPUTS VCC 

R eq 

INPUT 

VCC 
100 n NOM illip 

VCC 
120 2 NOM 011p 

111111 1611 	OUTPUT OUTPUT • 
A, B, C, D, (5A2: rill ral R eq  = 20 kil NOM 

OB: R eg  = 	6 kf2 NOM 

All others: R eq  = 10 ka NOM 

operation 

The phase detector generates an error signal waveform that, at zero phase error, is a 50% duty cycle square wave. At 

the limits of linear operation, the phase detector output will be either high or low all of the time, depending on the 

direction of the phase error ((Pin—flout).  Within these limits, the phase detector output varies linearly with the input 

phase error according to the gain kd, which is expressed in terms of phase detector output per cycle of phase error. 

The phase detector output can be defined to vary between ±1 according to the relation: 

PD Output 	  
% high — % low 

— 

100 

The output of the phase detector will be kd Oe, where the phase error 95e = Oin — Oout• 

(1) 
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L I/D OUT 

DIVIDE-BV-I( 

COUNTER 
tout ,  Pout 

CLK  

I D/U 

XORPD OUT 

fpAl  

DIVIDE BY-N 

COUNTER SORROW 

CARRY 

fin ,  Din 

2 Nfc  

S
O

3I
n

e
a
  1

1
1

  

1 

I/D CLK 

I/D CIRCU TQ 	gi 

SN54LS297, SN74LS297 
DIGITAL PHASE-LOCKED-LOOP FILTERS 

Exclusive-OR phase detectors (XORPD) and edge-controlled phase detectors (ECPD) are commonly used digital types. 

The ECPD is more complex than the XORPD logic function, but can be described generally as a circuit that changes 

states on one of the transitions of its inputs. kd for an XORPD is 4 because its output remains high (PD output = 1) 

for a phase error of 1/4 cycle. Similarly, kd for the ECPD is 2 since its output remains high for a phase error of 1/2 

cycle. The type of phase detector will determine the zero-phase-error point, i.e., the phase separation of the phase 

detector inputs for Oe  defined to be zero. For the basic DPLL system of Figure 2, oe  = 0 when the phase detector 

output is a square wave. The XORPD inputs are 1/4 cycle out of phase for zero phase error. For the ECPD, Oe  = 0 
when the inputs are 1/2 cycle out of phase. 

FIGURE 2—DPLL USING EXCLUSIVE-OR PHASE DETECTION 

The phase detector output controls the up/down input to the K counter. The counter is clocked by input frequency 

Mfc, which is a multiple M of the loop center frequency f c . When the K counter recycles up, it generates a carry pulse. 

Recycling while counting down generates a borrow pulse. If the carry and borrow outputs are conceptually combined 

into one output that is positive for a carry and negative for a borrow, and if the K counter is considered as a frequency 

divider with the ratio Mf c/K, the output of the K counter will equal the input frequency multiplied by the division 

ratio. Thus the output from the K counter is (kd o e Mfc)/K. 

The carry and borrow pulses go to the increment/decrement (I/D) circuit, which, in the absence of any carry or 

borrow pulse, has an output that is 1/2 of the input clock I/D CLK. The input clock is just a multiple, 2N, of the loop 

center frequency. In response to a carry or borrow pulse, the I/D circuit will either add or delete a pulse at I/D OUT. 
Thus the output of the I/D circuit will be Nf, + (kdo eMfc)/2K. 

The output of the N counter (or the output of the phase - locked loop) is thus: 

KN 

If this result is compared to the equation for a first-order analog phase-locked loop, the digital equivalent of the gain 

of the VCO is just Mfc/2KN or fc /K for M = 2N. 

Thus the simple first-order phase-locked loop with an adjustable K counter is the equivalent of an analog phase-locked 

loop with a programmable VCO gain. 
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K CLK CARRY 

B • 	 gout, (Pout 

DA] 

ENCTR 

XORPD OUT 

0A1 

DIVIDE-BY-K 

COUNTER BORROW 

—0> J 

¢A2 	ECPD 

	OD K 

A L 	 1/0 OUT 

I/D CLK 

1/13 CIRCUIT < 	4 2Nfc  

DIVIDE-BY-N 

COUNTER 
–4– 

SN54LS297, SN74LS297 
DIGITAL PHASE-LOCKED-LOOP FILTERS 

FIGURE 3—DPLL USING BOTH PHASE DETECTORS IN A RIPPLE-CANCELLATION SCHEME 

absolute maximum rating over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	 • 7 V 
Operating free-air temperature range: SN54LS297 	  – 55°C to 125°C 

SN74LS297 	  0°C to 70°C 
Storage temperature range 	  – 65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS297 SN74LS297 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current 
I/D OUT — 1.2 — 1.2 mA 

EXOR, ECPD —400 —400 ALA 

10L Low-level output current 
I/0 OUT 12 24 mA 

XOR, ECPD 4 8 mA 

(clock Clock frequency 
K Clock 0 32 0 32 MHz 

I/D Clock 0 16 0 16 MHz 

tw  Width of clock input pulse 
te ri,-,,, 16 16 ns 

i,.., .....uck 33 33 ns 

tsu , to K Setup time to K Clock t U/5, ENCTR 30 30 ns 

th Hold time from K Clock 1 U/I5, ENCTR 0 0 ns 

Tp 01,,,ling fror,,i 	pp,,,i,,,, 55 125 0 70 ° C 

T
T
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SN54LS297, SN74LS297 
DIGITAL PHASE-LOCKED-LOOP FILTERS 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSI 
SN64LS297 

MIN 	TVPt 	MAX MIN 

SN74LS297 

TYP# 	MAX 
UNIT 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 11 = -18 mA -1.5 -1.5 

VOH 
High-level 

output voltage 

I/D OUT VCC = MIN, 

VIL = VIL max 

VIH = 2 V, 10H ..-- MAX 2.4 2.4 
V 

Others 10H 	 MAX.--  2.5 2.7 

VOL 
Low-level 

output voltage 

ND OUT 

V CC = MIN, 

V IL = V IL max  

VIH = 2 V, 

113L = 12 mA 0.25 0.4 0.25 0.4 

V 
10L= 24 mA 0.35 0.5 

Others 
IOL = 4  mA 0.25 0.4 0,25 0.4 

IOL = 8  mA 0.35 0.5 

II 

Input current at 

maximum input 

voltage 

VCC = MAX, VI = 7 V 0.1 0.1 mA 

iiw 
High-level 

input current 

U/15, EN, riz A1 

VCC = MAX, V1 = 2.7 V 

40 40 

IA 
°B 

60 60 

All others 20 20 

11L 
Low-level 

input current 

U 115, EN, <P111 
VCC = MAX, 

V 1 = 0.4 V 

V1 = 0.4 V 
- 0.8 - 0.8 

mA p)B -1.2 -1.2 

All others - 0.4 - 0.4 

1 05 
Short-circuit 

output current § 

I/O OUT 
VCC -MAX 

-30 -130 -30 -130 
mA 

Others -20 -100 -20 -100 

ICC Supply current 
VCC = MAX, 

All outputs open 

All inputs grounded, 
75 120 75 120 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are of VCC = 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 

PARAMETERII FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN 	TYP 	MAX UNIT 

fmax 
KCLK I/D OUT 

RL = 667 11, 

CL = 45 pF, 

See Note 2 

32 	50 
MHz 

I/D CLK I/O OUT 16 	35 

1PLH I/D CLK t I/D OUT 15 	25 ns 

tPHL I/D CLK I/D OUT 22 	35 ns 

tPLH 
(IA 1 or (PEI Other input low YrIlrl OUT 

RL = 	2 kA, 

CL= 45 pF, 

See 	2 Note 

10 	15 
ns 

cbA1 or 06 Other input high • OUT 17 	25 

1 PHL 
t)A1 or 4:43 Other input low • • OUT 15 	25 

ns  0,01 or 1613 Other input high • OUT 17 	25 

tpLH OB t )0UT 20 	30 ns 

tpHL 0A21 ECPD OUT 20 	30 ns 

itPLH = propagation delay time, low-to high-level output 

tpHL = Propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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Al 4 

B1 5 

NC 6 

C2 7 

D2 8 

LI 1_1 
3 2 1 20 19 

18 QB 

17 QC 
16 NC 

15 OD 

1 4 CLK 

9 10 11 12 13 
nnn r-11-71 

o C.)•-• 
0  Z Z 

NC - No internal connection 

FUNCTION TABLE 

SN54298, SN54LS298 . . . J OR W PACKAGE 

SN74298 . . . N PACKAGE 
SN74LS298 ... D OR N PACKAGE 

ITOP VIEW) 

B2 

A2 

Al 

B1 

C2 

D2 

D1 

GND 

VCC 

C/A 

OB 

QC 

OD 
CLK 

WS 

Cl 

SN54LS298 . . . FK PACKAGE 

(TOP VIEW) 

O 
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SN54298, SN54LS298, SN74298, SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

MARCH 1974 - REVISED MARCH 1988 

Selects One of Two 4-Bit Data Sources 
and Stores Data Synchronously with 
System Clock 

Applications: 

Dual Source for Operands and Constants 
in Arithmetic Processor; Can Release 
Processor Register Files for Acquiring New 
Data 

Implement Separate Registers Capable of 
Parallel Exchange of Contents Yet Retain 
External Load Capability 

Universal Type Register for Implementing 
Various Shift Patterns; Even Has Compound 
Left-Right Capabilities 

C.) 
cN N (-) L.1.< 
<coZ> 

These monolithic quadruple two-input multiplexers 

with storage provide essentially the equivalent 

functional capabilities of two separate MSI functions 

(SN54157/SN74157 or SN54LS157/SN74LS157 and 

SN54175/SN74175 or SN54LS175/SN74LS175) in a 

single 16-pin package. 

When the word-select input is low, word 1 (A1, 131, 

C1, D1) is applies to the flip-flops. A high input to 

word select will cause the selection of word 2 (A2, 

B2, C2, D2). The selected word is clocked to the 

output terminals on the negative-going edge of the 

clock pulse. 

description 

Typical power dissipation is 195 milliwatts for the 
'298 and 65 milliwatts for the 'LS298. SN54298 

and SN54LS298 are characterized for operation over 

the full military temperature range of —55 °C to 

125°C; SN74298 and SN74LS298 are characterized 

for operation from 0° C to 70° C. 

INPUTS OUTPUTS 

WORD 

SELECT 
CLOCK 0A 	Clgt Clc 	OD 

L 4 a1 	b1 cl 	d1 

H 1 a2 	b2 c2 	d2 
X H 0A0 080 °CO ODO 

H 	high level (steady stilte) 

L 	We) level (steady state) 

X = irrelevant any input, including transitions) 

1 = transition Iron, high to low level 

al, a2, etc = the level 01 steady -state input at Al, A2, etc. 

CIAO , 0 B0. etc. = the level of DA, Q. etc. entered on the 
most-recent 1 transition of the clock input. 

PRODUCTION DATA documents contain information 
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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INPUT 

VCC 

INPUT 

5 002 NOM 

■ 

EQUIVALENT OF OTHER INPUTS 

vcc 
17 kf.2 NOM 

INPUT 	 -- 

[I) 
"A, 

SN54298, SN54LS298, SN74298, SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

logic symbol t 

vys 110) 
MUX 

G1 

r 
1151 

QA 

(111N.4)C2 CLK 

Al 	(3) 1 2D 
1 2D A2 

01 

02 

(2)  

(14) 
QB 

(4)  (.1) 

 

(13) 
QC 

Cl 

C2 

(9)  
151 

QD 
D1 (7) 

D2 (6) 

tThis symbol is in accord nce with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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logic diagram (positive logic) 

131 
Al 

WORD ' 11ifi  
SELECT 

121 
A2 

e "I t 

CI 

151 
C? 

171 
DI 

161 
D2 

CLOCK 

115 1 

OA 

1141 

D o  

1131 

DC 

1121 

OD 

schematics of inputs and outputs 
'298 

'LS298 

EQUIVALENT OF EACH INPUT 

VCC 

Clock: Req  = 4 l<S2 NOM 

All other inputs: R eg  = 6 kn NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

100 ,O NOM 

Ii  
OUTPUT 

EQUIVALENT OF DATA INPUTS TYPICAL OF ALL OUTPUTS 

f 	VCC 
12O S2 NOM 

e— OUTPUT 



Storage temperature 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 
Operating free-air temperature range: SN54298  	—55°C to 125°C 

SN74298 	  0° C to 70 ° C 

	  —65° C to 150°C 

TYP MAX  I 

18 	27  

21 	32 I 
ns 

SN54298, SN74298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN74298 

',id.. 	-., •F.1 	Nt • • 

4.,,, 	u 	u.x:-., 

UNIT 
MIN 	%. e.' 	MAX 

Supply voltage, VCC 4.0 	s 	5.5 V 

High-level output current, loH —800 —800 pA 

Low-level output current, 10L 16 16 mA 

Width of clock pulse, high or low level, t w  20 20 ns 

Setup time, t su  
Data 15 15 

ns 
Word select 25 25 

Hold time, th 
Data 5 5 

ns 
Word select 0 0 

Operating free-air temperature, TA —55 	 125 0 	 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPT MAX UNIT 

VI H High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

VII< Input clamp voltage VCC = MIN, II= —12 mA —1.5 V 

VOH High-level output voltage VCC =MIN, 

VII_ = 0.8 V, 

Vivi = 2 V, 

10E4 = —800 pA 
2.4 3.2 V 

Vol_ Low-level output voltage 
Voo = MIN, 

VII._ = 0.8 V, 

Vol = 2 V, 

loL = 16 mA 
0.4 V 

II Input current at maximum input voltage VCC = MAX, Vi = 5.5 V 1 mA 

IIH High-level input current VCC = MAX, V1 = 2.4 V 40 pA 

II L Low-level input current VCC = MAX, Vi = 11  4 V —1.6 mA 

los Short-circuit output current§ VCC = MAX 
—20 —57 

mA 
—18 —57 

ICC Supply current VCC = MAX, See Note 2 39 65 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 
§ Not more than one output should be shorted at a time. 

NOTE 2: with all outputs open and all inputs except clock low, ICC is measured after applying a momentary 4.5 V, followed by ground, to 

the clock input. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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PI.I:Ar.IL I I:R TEST CONDITIONS 

Propagation delay time, 	 output 

Propagation delay time, high-to-low-level output 

CL = 15 pF, RL = 400 51, 

See Note 3 

tPLH 

 tPHL 



SN54LS298 SN74LS298 
UNIT 

MIN 	NOM MAX MIN 	NOM 	'.1-% • 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	..i..‘, V 

High-level output current, loH —400 —400 AA 

Low-level output current, lot_ 4 8 mA 

Width of clock pulse, high or low level, t w  20 20 ns 

Setup time, tsu 
Data 15 15 

ns 
Word select 25 25 

Hold time, th 
Data 5 5 

ns 
Word select 0 0 

Operating free-air temperature, TA —55 	 125 0 	 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS298 SN74LS298 

UNIT 
MIN TYP MAX MIN TYPE MAX 

VI H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, II= —18 mA —1.5 —1.5 V 

VOH High-level output voltage VCC =MIN, 

VIL = VII..  max, 

VIH = 2 V, 

IOH = —400 AA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage VCC = MIN. 
VII_ = VIL max 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC = MAX ,  VI = 7  V 0.1 0.1 mA 

I I H High-level input current VCC = MAX, Vi = 2.7 V 20 20 AA 

'IL Low-level input current VCC = MAX, V1 = 0.4 V —0.4 —0.4 mA 

los Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 2 13 21 13 21 mA 
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SN54LS298, SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Operating free-air temperature range: SN54LS298  	—55° C to 125° C 

SN74LS298 	 0° C to 70° C 
Storage temperature range 	 —65° C to'150 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$A11 typical values are at VCC = 5 V, TA = 25° C. 
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and all inputs except clock low, ICC is measured after applying a momentary 4.5 V, followed by around, to 

the clock input. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-level output CL = 15 pF, 

See Note 3 

RL.  = 2 k11, 18 27 
ns 

tpHL Propagation delay time, high-to-low-level output 21 32 

NOTE 3: Load CirCuitS and voltage waveforms are shown in Section 1. 
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SN54298, SN54LS298, SN74298, SN74LS298 
QUADRUPLE 2•INPUT MULTIPLEXERS WITH STORAGE 

TYPICAL APPLICATION DATA 

This versatile multiplexer/register can be connected to operate as a shift register that can shift N-places in a single 

Clock pulse. 

The following figure illustrates a BCD shift register that will shift an entire 4-bit BCD digit in one clock pulse. 

PARALLEL LOAD 

WORD SELECT 

Al WS 

'298 

or  LS298 
REG 

1 

CK 

A 

uE5  

QC 

Al 	WS 
QA 

A2 

B1 	'298 
or 	QB 

82  LS298 
Cl 	REG 2 	oc  

C2 

i 

D2 	CK 

Al 	WS 
QA 

A2 

B1 	'298 

B2 •LS°2r 	B 98 
Cl 	REG 

3 	oc  
C2 

DI 

D2 	CK OD 

A2 

B1 

B2 

Cl 

C2 

D1 

• 

— 

D2 

CLOCK 

DIGIT I 
	

DIG

- 

IT 2 	 DIG

- 

IT 3 

When the word-select input is high and the registers are clocked, the contents of register 1 is transferred (shifted) to 

register 2 and etc. In effect, the BCD digits are shifted one position. In addition,this application retains a parallel-load 

capability which means that new BCD data can be entered in the entire register with one clock pulse. This arrangement 

can be modified to perform the shifting of binary data for any number of bit locations. 

Another function that can be implemented with the '298 or 'LS298 is a register that can be designed specifically for 

supporting multiplier or division operations. The example below is a one place/two-place shift register. 

— — — — — — — 

'181, 'LS181, of '6181 	 '181, 'LS181, or 'S181 
(ALU) 	 (ALU) 

FO 	Fl 	F2 	F3 	 FO 	Fl 	F2 	F3 

111111 	II 
Mall" 

Al A2 81 82 Cl C2 D1 D2 

	

► CK 	'298 or 'LS298 	WS 	 CK '298 or 'LS298 	WS 

	

OA 	E5  0CIC 

	
QA QB QC 	

WORD 
SELECT 

When word select is low and the register is clocked, the outputs of the arithmetic/logic units (ALU's) are shifted one 

place. When word select is high and the registers are clocked, the data is shifted two places. 

Al A2 B1 B2 Cl C2 D1 D2 

CLOCK 

T
T
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e

v
ic

e
s  

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75266 

2-821 



S
a3

1.
A

d
a
  
i
i
i
  

2 

2 Bil 



MODE 

IN°.. INPUTS/OUTPUTS OUTPUTS 

CLR 

FUNCTION I 
SELECT 

O• .FLT-1 
ZO%rA:•i. 	CIA 

SERIAL 

SL 	SR 

A/OA B/OB C/Cic D/00 E/05 F/Op 0/00 COON Oq OH, 
Si 	so 

Clear 
L X 	L 

I. 	X 

H 	H 

L 

I 	L 

X 	X 

X 	X 
X 	x 

x 	X 

L 	L 
LL 

X 	X 

L 

L 

X 

5. 

L 

X 

L 

L 

X 

L 	L 

L 	L 	L 

X 	X 	X 

L 

L 

L 

L 
L 

Hold 
H 

H 

L 	I 

X 	X 

L 	L 

L 

X 	X 

X 	X 
0A0 40 

0A0 0a0 

OCO 

°CO 

OM 

ODO 

0E0 

0 E0 

0 E0 	OGO 	OHO 
OF0 	OGO 	OHO 

0A0 

080 

OHO 

OHO 

Shift Right 
H 

H 

L 	H 

L 	H 

L 

L 	L 

X 	H 

X 	L 

H 	Opt 

L 	OAn 

Oen 

Oen 

OCn 

OCn 

aDn 

00n 

0 En 	OFn 	Ofan 

CIEn 	OFn 	OGn 

H 

L 

OGn 

OGn 

Shill Left 
H 

H 

H 	L 

H 	L 

L 	L 

L 	L 

H 	X 

X 

OB n 	OCn 

OBn 	OCn 

000 

00n 

0 En 

0 En 

OFn 

OFn 

OGn 	OHn 	H 

OGn 	OHn 	L 

OfIn 

OB n  

H 
L 

H H 	H X 	X IXXa Aerie I 	g 	h a h 

* Ana.r an. or both output controls are high the eight Input/output terminsis are disabled to the high.impedence state; however, 

sequential operation or clearing of the register Is not el tinted. 

SN54LS299, SN54S299, SN74LS299, SN74S299 
8-BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

MARCH 1974 - REVISED MARCH 1988 

SN54LS299, SN54S299 . . . J OR W PACKAGE 
SN74LS299, SN74S299 . . DW OR N PACKAGE 

(TOP VIEW) 

• Operates with Outputs Enabled or at High Z 

• 3-State Outputs Drive Bus Lines Directly 

• Can Be Cascaded for N-Bit Word Lengths 

• SN54LS323 and SN74LS323 Are Similar But 
	

SN54LS299. SN54S299... FK PACKAGE 

Have Synchronous Clear 
	

(TOP VIEW) 

(7) 

Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

Four Modes of Operations: 
Hold (Store) 	Shift Left 

Shift Right 	Load Data 

	

SO 	 VCC 

	

G1 	2 	19151 

	

G2 	 SL 

	

G/QG 	 OH 

	

E/OE 	 1-4/C1H 

	

C/Qc 	 F/OF 

	

A/QA 	 D/CID 

	

OA' 	 B/OB 

CLR ■ CLK 

GND 10 tt 1 SR 

• Applications: 
Stacked or Push-Down Registers 
Buffer Storage, and Accumulator 	 G/QG 

Registers 	 E/QE 
C/OC 

GUARANTEED 	TYPICAL 	 A/DA 

TYPE 	 SHIFT (CLOCK) 	 POWER 	 OA' 

FREQUENCY 	DISSIPATION 

'LS299 	 25 MHz 	 175 frAN 

'S299 	 50 MHz 	 700 mVV 

Tn 
a) 
V 

70 

8 ISL 

" 

II, IH/QH 

1 5 IF/C1F 
I4 ID/OD 

mom. m 
V Z u 

description 

These Schottky TTL eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight-bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 

the modes of operation listed in the function table. 

Synchronous parallel loading is accomplished by taking both function-select lines, SO and S1, high. This places the 

three-state outputs in a high impedance state, which permits data that is applied on the input/output lines to be clocked 

into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 

overriding input is provided to clear the register whether the outputs are enabled or off. 

FUNCTION TABLE 

a ... h - the level of the steady-state Input at Inputs A through H, respectively. These data are loaded Into the fllp-flope while the flip-flop 

outputs are Isolated from the Input/output terminals. 

PRODuCT.Oli DATA dom.-1.14 contain information 
:wart es ar :Lt. caner cam Products conform to 
suecifnabcrs 3er its :arcs A' Tens Instruments 
relearn *minty. Production processing does not 
• n: 	.., minds testing of all parameters. 
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CLR (9) 	R 

Z1 (2)  1.-'0 .1_1  

Z2 	
3EN13  

2—b. 
111  

Si 	1 ) 

SO 
1191 	m

0 

112)  
CLK 	>C4/1-0./2 4-- 

SRG8 

1 	
1 

111 
SR 	 4D 

17) 
A/QA--4 	3,4D 

	

413) 	
V 5,13 

8/013—*-- 3,4D 

1  •  V 6,13 

C/Qc 	
16)• 

D/QD 	 
114) 4 • 
151 

 E/QE • 	►  
1151 

F/QE * 	
►  	

 
141 

1 
H/0H-4

161 	
3,4D 

V 12,13 

SL 	 2,4D 

  

H 

  

     

(8) 
OA' 

25— 

Z6 — 

Z12—  (17) 

logic diagram (positive logic) 

so" ) 	 

, 119)  

FOUR 
IDENTICAL 
CHANNELS 

.Flt 

SHIFT 
SERIAL 

CONTROLS 1 d2 	  
131 

S
8

31
A
0
a
  i
l
l
  

SN54LS299, SN54S299, SN74LS299, SN74S299 
13•131T UNIVERSAL SHIFTISTORAGE REGISTERS 

logic symbol I 

IThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 61 7-1 2. 

Pin numbers shown are for DW, J, N, and W packages. 

4 

L IEU  SHIFT LEFT 
SERIAL !NW' 

fl PURI, N11 

11411JUD 	 11] 1- 0, 

Pin numbers shown are for DW, J, N, and W packages. 
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SN54LS299, SN74LS299 
8-BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

schematics of inputs and outputs 

EQUIVALENT 

INPUT TA_i___T  

SO, S I. 

All other inputs: 

OF EACH INPUT 

Reg - 9 kit NOM 

Req 18 k13 NOM 

,i,, 
 

TYPICAL 

100 !: NOM 

i 	T 

, 

QA THRU 

OF OUTPUTS 

QH 

t- 	vcc  
7 	' 

- 	ou I PUT 

1__,, 
 

TYPICAL OF OUTPUTS 

CIA ,  THRU Clii• 

120 52 NOM 
VCC 

- - T-  

41 	

OUTPUT 

3 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

Input voltage 	  7 V 

Off-state output voltage 	  5.5 V 

	

Operating free-air temperature range: SN54LS299   —55° C to 125 ° C 

	

SN74LS299   0° C to 70° C 

	

Storage temperature   —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS299 SN74LS299 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lotz 
QA thru C/H  -1 -2.6 

mA 
OA' or CIFf -0.4 -0.4 

Low-level output current, 101,, 
OA thru QH 12 24 

mA 
QA. or Cli..e 4 8 

Clock frequency,( clock 0 20 0 20 MHz 

Width of clock pulse, tw(clock) 
Clock high 30 30 

es 
low 18 10 

Width of clear pulse, tw ici...) ow 25 20 ns 

Setup time, t 5u  

Select 35' 35f 

High-level dent 201 201 
 

Low-level (twat 201 20t 
ns 

 

Clear inactive-state 241 201 

Hold time, th 
Select 101 101 

ns 
Datat 31 01 

Operating free-air temperature, TA -55 125 0 70 ° C 

t Data includes the two serial inputs and the eight input/output data lines. 

TEXAS 
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SN54LS299, SN741S299 
8-BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

sa
o!

A
aa

  1
1

1
  

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS299 	I 

'.". 

x 

c 1474LS299 
UNIT  

MIN TYPI- MAN TNT MAX 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
CIA thru 0H VCC = MIN, 	VIH = 2 V, 

VIL = VILmax, 	loH = MAX 

2.4 3.2 2.4 3.1 
v 

CIA' or CIH' 2.5 3.4 2.7 3.4 

VOL Low-level output voltage 

OA thru 0H Vcc = MIN 

VIH - 2 V, 

Vit. = Vilma. 

lo 	= 12 mA t_ 0.25 0.4 0.25 0.4 

v  
lot_= 24 mA 0.35 0 5 

QA' or Q H ,  loL = 4 mA 0.25 0.4 0.25 0.4 

IOL 	8  mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 
OA thru OH 

VCC = MAX, 	VIH = 2 V 

Vo = 2.7 V 
40 40 pA 

IOZL 
Off-state output current, 

low-level voltage applied 
0.A thru OH 

Vcc = MAX, 	VIH = 2 V, 

Vo = 0.4 V 
-400 -400 pA 

II 
Input current at maximum 

input voltage 

SO, S1 

V CC =MAX 

VI = 7 V • . 

pA A thru H Vi = 5.5 V ,,.„., • •I 

Any other V1 = 7 V 100 100 

IIH High-level input current 
A thru H, SO, S1 

VCC - MAX, 	V1 = 2.7 V 
40 40 

1.1A 
Any other 20 20 

'IL Low-level input current 
SO, S1 

VCC = MAX, 	V1 = 0.4 V 
-0.8 -0.8 

mA 
Any other -0.4 -0.4 

los 
s 

Short-circuit output current. 
CIA thru CIH 

VCC = MAX 
-30 - ' 	-30 -130 

mA 
OA' or OH' -20 -20 -100 

Icc Supply current VCC = MAX 33 53 33 53 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25'C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
 TEST CONDITIONS MIN 'PM MAX UNIT 

mac See Note 2 20 35 MHz 

tpLH 
CLK OA' or CIH' RL= 2 k31, CL = 15 pF 

22 33 
ns 

ns 

tPHL 26 39 

tPHL CLR OA' or OH' 27 40 

tPLH 
CLK OA thru C1H 

RL = 665 f2, CL = 45 pF 

17 25 
ns 

tPHL 26 39 

tPHL CLR QA thru CIH 26 40 ns 

1PZH 
G1, G2 0A Puu OH 

13 21 
ns 

IPZL 19 30 

tpHZ 
-- '1, .6-2 OA thru OH 

RL = 665 12, CL = 5 pF 10 20 
ns 

tPLZ 10 15 

11f ro... maximum clock frequency 

tpl_H -=-= propagation delay time, low to-high-level output. 

tPHL propagation delay time, high-to-low-level output 

tpzry = output enable time to high level 

1PZL = output enable time to low level 

tpHz = output disable time from high level 

'PLZ = output disable time from low level 

NOTE 2. For testing f rnax , all outputs are loaded simultaneously, each with CL and RL as specified for the propagation times. 

Load circuits and voltage waveforms are shown in Section 1. 
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TYPICAL OF OUTPUTS 

QA THRU QH 

VCC 

OUTPUT' 

TYPICAL OF OUTPUTS 

QA• AND OH ,  

VCC 
50 S2 NOM 

OUTPUT 

2 

T
T

L
 D

e
v

ic
e

s  

SN54S299, SN74S299 
8•131T UNIVERSAL SHIFTISTORAGE REGISTERS 

schematics of inputs and outputs 

EQUIVALENT OF CLOCK AND 

CLEAR INPUTS 

VCC 

EQUIVALENT 

AND G2 INPUTS 

VCC78  -T 

NOM 

OF G1 EQUIVALENT OF A THRU Ht, SO, S1, 

SHIFT RIGHT, AND SHIFT LEFT INPUTS 

INPUT 

Clock: 	R eg  
Clear. 	R eg  

Rog 

--  
ilk 

INPUT  

VCC 
•3 5 kE2 

NOM 

INPUT li   
=  2.8 k SI NOM 

- 3.5 kE2 NOM I When 3-state outputs are disabled. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  5.5 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54S299 (See Note 11 	  —55°C to 125°C 
SN74S299 	  0°C to 70°C 

Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 
SN54S299 SN74S299 

UNIT 
MIN 	NOM MAX MIN 	NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H 
QA thru QH —2 —6.5 

mA 
OA' of QH' —0.5 —0.5 

Low-level output current, Ic_ 
QA thru QH 20 20 

mA 
CilA •  of QH' 6 6 

Clock frequency, (clock 0 50 0 50 MHz 

Width of clock pulse, IwIclockl 
Clock high 10 10 

ns 
Clock low 10 10 

Width of clear pulse, t w ( c l ear ) Clear low 10 10 ns 

Setup time, t5g  

Select 151 151 

ns 
High-level datat 71 71 

• evel datat 51 51 

— 	inactive-state 101 101 

Hold time, th 
Select 51 51 

ns 
Datat 51 51 

Operating free-air temperature, TA —55 125 0 70 ° C 

t Data includes the two serial Inputs and the eight input/output data lines. 
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SN54S299, SN74S299 
8•BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —18 mA —1.2 V 

VOH High-level output voltage 
QA thru OH VCC = MIN, 

VIE_ = 0.8 V, 

VIH = 2 V. 

loH = MAX 

2.4 3.2 
V 

OA' or OH' 2.7 3.4 

VOL Low-level output voltage 
VCC =MIN, 

VIL = 0 .8  Vi 

VIH = 2 V, 

IOL " MAX 
0.5 V 

IOZH 
Off-state output current, 

high-level voltage applied 
CIA thru OH 

VCC = MAX, 

Vo = 2.4 V 

VIH = 2 V. 
100 NA 

IOZL 
Off-state output current, 

low-level voltage applied 
OA thru OH 

VCC = MAX, 

Vo = 0.5 V 

VIH = 2 V, 
—250 ArA 

I 	i Input current at maximum input voltage VCC = MAX, Vi = 5.5 V ' mA 

I 1H High-level input current 
A thru H, SO, Si 

Vcc = MAX, V1= 2.7 V pA 
Any other 00 

'IL Low-level input current 

CLK or CLR 

VCC = MAX, Vi -- 0.5 V 

—2 mA 

SO, S1 —500 AA 

Any other —250 pA 

los Short-circuit output current§ 
OA thru OH 

VCC = MAX 
—40 —100 

mA 
OA' or OH' —20 —100 

ICC Supply current VCC ' MAX 140 225 mA 

F o conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

4- All typical values are at VCC = 5 V, TA = 25 u C. 

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN TYP MAX UNIT 

fmax See Note 2 50 70 MHz 

tPLH 
CLK OA' or OH' RL = 1 ki2, CL = 15 pF 

12 20 
ns 

tPHL 13 20 

tPHL CLR CIA' or Op' 14 21 ns 

IPLH 
CLK OA thru OH 

RL = 280 11, CL = 45 pF 

15 21 
ns 

pH L 15 21 

tPHL CLR OA thru OH 16 24 ns 

tPZH 
G1, 62 OA thru OH 

10 18 
ns 

1PZL 12 18 

tpHz 
G1, d2 QA thru OH RL = 280 f2, CI_ = 5 pF 7 12 

ns 
tPLZ 7 12 

itrnax  = maximum clock frequency 

tpLH = Propagation delay time, low - to -high - level output 

tpHL = Propagation delay time, high-to-low-level output 

tp2p = output enable time to high level 

tpa = output enable time to low level 

tP112 = output disable time from high level 

tpu = output disable time from low level 

NOTE 2: For testing f rna, all outputs are loaded simultaneously, each with CL and fiL as specified for the propagation times. 

Load circuits and voltage waveforms are shown in Section 1. 
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logic symbolst 

TANK1 

TAN K2 

XTAL1 1141 

XTAL2 1151 

FF0 	 FFD (5) 
	 (4) 

FFQ 

TANK1 

TAN K2 

XTAL 1 

XTAL2 

'LS320 

SN54LS320, SN54LS321, SN74LS320, SN74LS321 
CRYSTAL-CONTROLLED OSCILLATORS 

D2418, DECEMBER 1978 REVISED MARCH 1988 

'LS320 
SN54LS320 . J OR W PACKAGE 

• Crystal-Controlled Oscillator Operation 
	

SN74LS320 ... N PACKAGE 

from 1 MHz to 20 MHz 
	

(TOP VIEW) 

• 2-Phase Driver Outputs 	 TANK1 

'LS321 	
TANK2 

GND1 

• Similar to 'LS320 But Includes f/2 and 	 FFQ 

f/4 Count-Down Outputs 	 FFD 

description 	
NC 

F 

GND2 

SN54LS321 . . . J PACKAGE 

SN74LS321 . . . N PACKAGE 

(TOP VIEW) 

The 'LS320 is a crystal-controlled oscillator/clock 

driver. It features complementary standard and high-

current driver outputs. A synchronization flip-flop is 

included. 

VCC 
XTAL2 

XTAL1 
NC 
F 

VCC' 
F ' 

The driver outputs, F' and F' have very-low impedance 

and can be used to drive highly capacitive TTL-level 

lines. If the driver outputs are not used, then the VCC' 

terminal can be left open. 

The 'LS321 is identical to the 'LS320 except it 

additionally features two count-down outputs, F/2 and 

F/4. 

These circuits were designed for crystal control of 

frequency and capacitive control is not recommended. 

If a fundamental crystal is used, an inductor of 5 to 160 

pH is required to be connected between the tank 1 and 

tank 2 inputs. t 

Interaction of the driver outputs with the other outputs 

limits useful frequencies as shown in the frequency-

limits table. 

The SN54LS320 and SN54LS321 are characterized for 

operation over the full military temperature range of 

— 55°C to 125°C. The SN74LS320 and SN74LS321 

are characterized for operation from 0 °C to 70°C. 

TANK1 

TANK2 

GND1 

FFQ 

FFD 

F/4 

F 
GND2 

NC — No internal connection 

For chip carrier information, 

contact the factory. 

FREQUENCY LIMITS 

OUTPUTS IN USE VCC VCC" • • 

Driver outputs only 

Other outputs only 

Driver and any other outputs 

>
 >

  >
  

tn  
ID

  I
D

  

6 V 

Open 

5 V 

2C " 

20 MHz 

10 MHJ 

'LS321 

VCC 
XTAL2 
XTAL1 

F/2 

F 

VCC' 
F' 

tThe value of the inductor is selected from the graph in Figure 2. Use the next higher standard inductor value if the selected value is not available. If a third over-

tone crystal is used, a tuned tank Is necessary. The center frequency of the tuned tank IS determined by the equation f = 1/2 mit.C. 

*These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

PRI1DOCTIMI DA1A comments contain information 
caon! 65 01 1  no on data. Products conform to 
sea:ligation per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS320, SN54LS321, SN74LS320, SN74LS321 
CRYSTAL-CONTROLLED OSCILLATORS 

2-830 

logic diagram (positive logic) 

(5)  FFD a)  10 FFQ 

( 
TANK 1 

—[>-----d› C1 

TANK 2 
121 

 17) 	F 4> 
OSC • 

1121 	f  
XTAL 1 

VCC 
1151 rDTRi-L-vER-1 XTAL 2 

!SECTION 
I 
1 	110) [....> 	 F  

I 	I 
I 	or>0 	I 	(9) 	F. 
1 	I 

r 
L _ _ _ J 

(6) 4> F/4 

'LS321 
T 

ONLY 
T 

(131  F/2 

L 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 11   7 V 
Supply voltage, VCC  	7 V 
Input voltage to FFD terminal 	 —0.5 V to 7 V 

	

Operating free-air temperature range: SN54LS320, SN54 LS321   —55° C to 125° C 

	

SN74LS320, SN74LS321   0° C to 70° C 
Storage temperature range 	  —65 ° C to 150° C 

NOTE 11 Voltage values era with respect to network ground terminals. 

recommended operating conditions 

SN54LS320 

SN54LS321 

SN74LS320 

Sh1,41..9321 UNIT 

MIN NOM MAX MIN ... _ MAX 

Supply voltage, VCC 4.5 5 5.6 4.76 a 5.25 V 

Supply voltage, VCC' 4,6 6 6,5 4.75 6 6.26 V 

High-level output current, I0H 
' 	' F or F — 12 —24 

mA 
F, r, F/2, F/4 —0.4 —0.4 

Low-level output current, loL 
F' or 7' 12 24 

mA 
F, F, Fig 	014 4 8 

Output frequency, tout 

F/2 ('-53..:1 I 0.5 10 0.5 10 

MHz F/4 ('LS321I 0.26 5 0.26 6 

F or r 1 20 1 20 

Operating free-alr temperature, TA —66 125 0 70 ° C 

Input and output schematics are similar to those shown for SN74LS326. 

INSTRUMENTS 
PO51 Clf I ILL BOX 1,55012 • DAI LAS IL XAS 15215 
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SN54LS320, SN54LS321, SN74LS320, SN74LS321 
CRYSTAL-CONTROLLED OSCILLATORS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54LS320 

SN54LS321 

SN74LS320 

SN74LS321 UNIT 

MIN TYPI- MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

V IL Low-level input voltage 0.7 0.8 V 

V IK Input clamp voltage VCC = MIN ,  VCC .  = MIN, 	I1= -18 mA -1.5 -1.5 V  

VOH 
High-level 

output voltage 

VCC- 4.5 V, VCC' = 4.5 V, 	101.1= -12 mA 2,4 3.3 

V VCC = 4.75 V, \ice = 4.75 V, 	101.1 - -24 mA 2.7 3.3 

Others VCC = MIN, V 1H - 2 V, 	1 0H = -400 pA 2.4 3.4 2.7 3.4 

VOL 
Low-level 

output voltage 

F', T• vcc = MIN, Vcc' = MIN 
101_ = 12 mA 0.25 0.4 0.25 0.4 

V 
IOL = 24 mA 0.35 0.5 

Others Vcc = MIN, VIL = VII_ max 
IOL = 4 mA 0.25 0.4 0.25 0.4 

IOL = 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC -- MAX, VI = 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, Vi = 2.7 V 20 20 AA 

IIL Low-level input current VCC = MAX, VI = 0.4 V -0.4 -0.4 mA 

IOS 
Short-circuit 

output current§ VCC = MAX -20 -100 -20 -100 mA 

ICC 
 

Supply current 

from VCC 
VCC = MAX, FFD at GND 

'LS320 42 70 42 70 
mA 

'LS321 47 75 47 75 

ICC 
 Supply current 

from VCC 
VCC = MAX, VCC' = MAX, 	FFD at GND 4 8 4 8 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

lAll typical values are at VCC = 5 V, VCC' = 5 V, and 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. Outputs F' and F' do 

not have short-circuit protection and these limits do not apply. 

switching characteristics, VCC = 5 V, VCC = 5 V, TA = 25 ° C 

PARAMETER OUTPUTS TEST CONDITIONS 1 
'LS320 'LS321 

UNIT 
MIN TYP MAX MIN TYP MAX 

tmax Maximum operating 

frequency 

F/2 

CL = 100 pF 
RL = 667 0 

10 15 

MHz F/4 5 7.5 

All others AL.,  2 kft 20 30 20 30 

t r  Rise time, 1 V to 3 V 

CL = 50 pF 

RL = 667 it 

6 12 6 12 

ns 

CL-- 100 pF 7 14 7 14 

CL = 200 pF 7 14 7 14 

Others 

CL = 80  PF 

RL= 2 lal. 

11 22 11 22 

CL= 100 pF 25 40 25 40 

CL = 200 pF 45 70 45 70 

t r  Fall time, 3 V to 1 V 

F', F' 

CL= 50 pF 

RL --- 667 2 

5 10 5 10 

ns 

CL= 100  oF 5 10 5 10 

	

= 	. 

	

CL 	)F 6 12 6 12 

Others 

CL = .. .F 

FiL == 21(11 

6 12 6 12 

CL = 	IF 10 20 10 20 

CL = . 	iF 17 30 17 30 

I Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS320, SN54LS321, SN74LS320, SN74LS321 
CRYSTAL-CONTROLLED OSCILLATORS 

TYPICAL APPLICATION DATA 

The SN54/74LS320 and 'LS321 are crystal-controlled oscillators. Figure 1 shows the device with all required 
external components. 

FIGURE 1. CRYSTAL-CONTROLLED OSCILLATOR "LS320/321 

1. 	Determination of C and L are as follows: 
a. Inductance L 

Select Inductance L according to Figure 2. 
b. Capacitor C 

C = Cs -Cp CL 

Where: 	Cp = parasitic board capacitance 
CL = parasitic capacitance of the inductor 
L = inductance 

CS = required capacitance calculated as follows: 

CS = 	1 

12•n • f q I 2  • L 

for fp > 12 MHz, C = pf 

2. 	Electrical characteristic for the crystal: 
The quartz crystal used as a frequency reference should be designed for series mode operation 
with a resistance in the 20 i2 to 75 Q range and be capable of a minimum 2 mw power dissipation. 

It is recommended to use a tuned tank also for fundamental crystals. 

Tr XAS ski  
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SN54LS320, SN54LS321, SN74LS320, SN74LS321 
CRYSTAL•CONTROLLED OSCILLATORS 
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SN54LS322A, SN74LS322A 
8-BIT SHIFT REGISTERS WITH SIGN EXTEND 

D2411. OCTOBER 1977 — REVISED MARCH 1988 

Multiplexed Inputs/Outputs 
Provide Improved Bit Density 

3-State Outputs Drive Bus 
Lines Directly 

Sign Extend Function 

• Direct Overriding Clear 

description 

These low-power Schottky eight-bit shift registers 

feature multiplexed input/output data ports to achieve 

full eight-bit data handling in a single 20-pin package. 

Serial data may be entered into the shift-right register 

through either the DO or the D1 input as selected by the 

data select input. A serial output (aw) is also provided 

to facilitate expansion. Synchronous parallel loading is 

accomplished by taking both the register enable and the 

S/P inputs low. This places the three-state input/out-

put ports in the data input mode. Data are entered on 

the low-to-high transition of the clock. The data extend 

function repeats the sign in the QA flip-flop during shif-

ting. A direct overriding clear input clears the internal 

registers when taken low whether the outputs are enabl-

ed or off. The output enable does not interfere with syn-

chronous operation of the register. 

SN54LS322A . J OR W PACKAGE 

SN74LS322A DW OR N PACKAGE 

(TOP VIEW) 

VCC 
DS 

SE 

D1 

B /CIE 

D/QD 

F/QF 

H/QH 

QH' 
CLK 

SN54LS322A . FK PACKAGE 

(TOP VIEW) 

IQ_ 	U 
0 	C.) U7 
0 (.010 > 0 

3 2 	1 20 19 

A/QA 4 18 SE 

C/QC 5 17 D1 

E/QE 6 16 13/QE1 

G/QG 7 15 MID 

OE 8 14 F/QF 

9 10 	11 12 13 
r--1 r-1n 

Ir 

C.) --- 
I 

S/P 

DO 

A / CIA 

C /Qc 

E/QE 

G/QG 

OE 

CLR 

GND 

FUNCTION TABLE 

OPERATION 

IN 	• • INPUTS/OUTPUTS 

OUTPUT 

QH' CLR 

REGISTER 

ENABLE  

5 

Sil5  

Slurs 

EXTEND 

SE 

DATA 

SELECT 

DS 

OUTPUT 

ENABLE 

OE 

CLK A/OA 	B/QB 	C/Gc . . . H/OH 

Clear 
L 

L 

H 

X 

X
 X

 

X 

X 

X 

X 

L 

L 

X 

X 

L 	L 	L 	L 

L 	L 	L 	L 

L 

L 

Hold H H X X X L X 0A0 	DBO 	()CO 	'OHO 0H0 

Shift Right 
H 

H 

L 

L 

H 

H 

L 

H 

L 

L 

I 

I 
DO 	DAn 	DBn 	OGn 

Dl 	DAn 	DBn 	OGn 

OGn 

OGn 
Sign Extend H L H L X L t QA n 	DAn 	DBn 	OGn OGn 

Load H L L X X X t a 	b 	c 	h h 

When the output enable is high, the eight input/output terminals are disabled to the high-impedance state; however, sequential operation 

or clearing of the regi ter is not affec ed. If both the real ter enable input and the S/1 7  input are low while the clear input is low, the reg-

ister is cleared while the eight input/output terminals are disabled to the high-Impedance state, 

H high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

t = transition from low to high level 

CIAO • • - 
aHO = the level of CIA through QH, respectively, before the indicated steady-state conditions were established 

ClAn • . • QH e = the level of QA through QH, respectively, before the most recent I transition of the clock 

DO, D1 = the level of steady-state inputs at inputs DO and D1 respectively 

a ... h = the level of steady-state inputs at inputs A through H respectively 

Thai:110mM SA1114 numents contain information 
tenant as I p ee ••( an dare. Products nonfarm to 
spec ificat ions per  tn. •eln a of Teen Instruments 
standard warranty. PIL.Suctwn processing does not 
necessarily include testing of all parameters. 
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SN54LS322A, SN74LS322A 
8-BIT SHIFT REGISTERS WITH SIGN EXTEND 

logic diagram (positive logic) 
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SN54LS322A, SN74LS322A 
8-BIT SHIFT REGISTERS WITH SIGN EXTEND 

logic symbol t 

SRG0 

CLR 18)  	R 

OE (8)  r't-7EN115 

" 

s/r. 	 3M1 (SHIFT) 

3M2 [PAR LOAD] 

C6/1 -11. 	• CLK )Ir° 	 
r  

	

(18) 	 G4 

	

SE 

Ds  (191 		Gs  

DO 	13) 	 4,5,1,6D 

27 — 

2. 6D 

7 8 5 

to 
z14-- 

I121 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617 - 12. 

Pin numbers shown are for OW, J, N, and W packages. 

schematics of inputs and outputs 

01 	
141 	

4, 5, 1, 6D 

AiCIA 	 2, 613 

	

1161• 
	 C77,15 

113/08 

151 
C/C/c  

D/OD 1151 
161 

ER)E 14 
F/DF 	lo 
GAM  

H/OH (1- 3) 	2,6D 

014, 15 

C> 
28 

OH 

EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS 

QA THRU OH 

OUTPUT QH' 

V00 	-- VCC -- VCC 
R ea  100 II NOM 120 1.: NOM 

INPUT "A____.__ 

- OUTPUT 

le" 

OUTPUT 

I 

ali 

Sou, "xtend R e, 	6 011 NOM 1111 
Data select 	R ea 	9 1,12 NOM -1,—I 

All other inputs 	R e , 	18 k11 NOM 71, 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 855012 • DALLAS, TEXAS 75285 
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SN54LS322A, SN74LS322A 
8-BIT SHIFT REGISTERS WITH SIGN EXTEND 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, V00 (see Note 1)   7 V 

Input voltage 	  7 V 

Off-state output voltage 	  7 V 

Operating free-air temperature range: SN54LS322A 	  —55° C to 125°C 

SN74LS322A 	  0° C to 70° C 

	

Storage temperature   —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS322A SN74LS322A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vg_ Low-level input voltage 0.7 0.5 V 

10H High-level output current 
CIA thru OH — 1 — 2.6 

mA 
OH' —0.4 —0.4 

10L Low-level output current 
O2 A thru OH 1 2 4 

mA 
Q1-1 .  4 8 

(clock Clock frequency 0 20 0 20 MHz 

tw(clock) Width of clock pulse 
Clock high 30 30 

ns 
Clock low 10 10 

tw(clear) Clear low 20 20 ns 

ts u  Setup time 

Data select 101 101 

ns 

High-level dotal.  20t 201 

Low It, Ul data t  201 201 

Clear inactive-state 201 201 

Register enable U high 351 351 

Register enable G low 501 501 

th Hold time 

Data select 101 101 

ns 
Data I.  21 2t 

R,:gister enable 

high or low 
01 01 

TA Operating free-air temperature —55 125 0 70 °C 

t Data includes the two serial inputs and the eight inputfoutput data lines. 

tThe arrow indicates that the rising edge of the clock pulse is used for reference. 

SO
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n
e
a
  
1

1
1
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SN54LS322A, SN74LS322A 
8-BIT SHIFT REGISTERS WITH SIGN EXTEND 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 1.  
SN54LS322A SN74LS322A 

UNIT 
MIN TYPt MAX MIN TYP t MAX 

VIK VCC = MII\l, 11 = - 18 mA -1.5 -1.5 V 

VOH 
QA thru QH VCC = MIN, 

1 0H = MAX 

V1H = 2 V, 	VII_ = MAX, 2.4 3.2 2.4 3.1 
,H , 2.5 3.4 2.7 3.4 V 

VOL 

OA thru QH 
VCC = MIN, 

v iL  = MAX 

VIH = 2 V, 

loL = 1 2 mA 0.25 0.4 0.25 0.4 

v 
lot. = 24 mA 0.35 0.5 

QR .  
IOL = 4  mA 0.25 0.4 0.25" 0.4 

IOL = 8 mA 0.35 0.5 

IOZH CIA thru QH VCC = MAX, VIH = 2 V, 	V.0= 2.7 V 40 40 pA 

IOZL QA thru QH VCC = MAX, V1H = 2 V, 	Vo = 0.4 V -0.4 -0.4 mA 

li 

A thru H 

VCC = MAX 

VI = 5.5 V 0.1 0.1 

mA 
Data select VI = 7 V 0.2 0.2 

Sign extend VI = 7 V 0.3 0.3 

Any other V1 = 7 V 0.1 0.1 

IIH 

A thru H, DS 

VCC = MAX, V1 = 2.7 V 

40 40 

pA Sign extend 60 60 

Any other 20 20 

III_ 

Data select 

VCC = MAX, VI = 0.4 V 

- 0.8 - 0.8 

mA Sign extend - 1.2 - 1.2 

Any other - 0.4 - 0.4 

JOS§ 
QA thru QH 

VCC = MAX, V0 = 2.25 V )for 54LS only) 
-15 - 65 - 30 - 130 

mA 
QH' -10 - 50 - 20 - 100 

ICC VCC ' MAX 35 60 35 60 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 2.5'C 

PARAMETER)) 
FROM 

(INPUT) 

TO 

(OUTPUT) 
 TEST CONDITIONS MIN TYP MAX UNIT 

1 max See Note 2 20 35 MHz 

tpLH 
CLK OH' RL = 2 kft, 

See Note 2 

CL = 15 pF, 
22 33 

ns 
tPHL 26 35 

tPHL CLR OH' 27 35 ns 

tPLH 
CLK QA thru QH 

RL = 665 SZ, 

See Note 2 

CL = 45 pF, 

16 25 
ns 

tpHL 22 33 

tPHL CLR QA thru QH 22 35 ns 

tpZH 
OE  QA thru QH 

15 35 
ns 

tpzL 15 35 

tPHZ 
OE OA thru QH 

RL = 665 £1, 

See Note 2 

CL = 5 pF, 15 25 
ns 

1PLZ 15 25 

411f n.rax  -= maximum clock frequency 	 tpZL = output enable time to low level 

1PLH 0 propagation delay time, low to-high-level output 	tpHz , output disable time from high level 

tPHL 	' 
HL - propagation delay time, high to.low-level output 	 output disable time from low level 

tpzH 0 output enable time to high level 

NOTE 2: For testing f roax , all outputs are loaded simultaneously, each with CL and RL as specified for the propagation times 

Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS323 . . . FK PACKAGE 

(TOP VIEW) 

> 

3 2 1 20 19 

•-• o 
IC011.7 

SN541S323, SN74LS323 
Li "AT UNIVERSAL SHIFT/STORAGE REGISTERS 

OCTOBER 1926 	REVISED MARCH 1988 

SN54LS323 	J OR W PACKAGE 

SN74LS323 	DW OR N PACKAGE 

(TOP VIEW) 

GE  ;2015  

C/DC 

A/DA 

OA' 

CLR 
• Typical Power Dissipation . . . 175 mW 	 GND 

• Exceptionally Stable Shift (Clock) 

Frequency . . . 25 MHz 

• Applications: 

Stacked or Push-Down Registers, 

Buffer Storage, and 

Accumulator Registers 
E/QE 

• SN54LS299 and SN74LS299 Are Similar 

But Have Direct Overriding Clear AGC/I/QQQAG 

 QA' 

• Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

• Four Modes of Operation: 
Hold (Store) 	Shift Left 
Shift Right 	Load Data 

• Operates with Outputs Enabled or at High Z 

• 3-State Outputs Drive Bus Lines Directly 

• Can Be Cascaded for N-Bit Word Lengths 

4 

6 

8 

Is SL 

" pH' 
16 H/OH 

15 F/OF 
14 DitaD  

VCC 

S1 

SL 

OH' 
H/OH 

F/OF 

D/CID 

13/0B 

CLK 

SR 

T
T
L

 D
e
v
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e

s  

description 

10 11 12 13 
r-1
9

1-1r--11--ten  

lcr C3 rC 

U
Ztn 0 

1 	L9 
40 

These Low-Power Schottky eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight-bit data 

handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 

the modes of operation listed in the function table. Synchronous parallel loading is accomplished by taking both 

function-select lines, SO and Si, high. This places the three-state outputs in a high-impedance state, which permits data 

that is applied on the input/output lines to be clocked into the register. Reading out of the register can be accomplished 

while the outputs are enabled in any mode. The clear function is synchronous, and a low level at the clear input clears 

the register on the next low-to-high transition of the clock. 
FUNCTION TABLE 

MODE 

INPUTS 

SERIAL 

SL 	SR 

INPUTS/OUTPUTS OUTPUTS 

— 
CLR 

FUNCTION! OUTPUT 

SELECT 	• • NTROL CLK A/C1A 13/138 C/OG D/OG E/OE F/QF G/QG H/01.1 13A. 	o f.• 

St 	SO 	••1 	G21  

Clear 

L 

L 

I 

%ILL 

L 	X 

H 	H 

I 	L 

X 	X 

t 

I 

t 

X 	X 

X 	X 

X 	X 

L 	ILL 	L 	LL 	ILL 

L 	L 	L 	L 	L 	L 	L 	L 

X 	X 	X 	X 	X 	X 	X 	XII_ 

L 	I 

Hold 
H 

H 

L 	L 

X 	X 

L 	L 

L 	L 

X 

L 

X 	X 

X 	X 

0A0 °BO 	°C0 	000 0E0 	OF0 	OGO OHO 

Oert °BO 	Gco 	Goo 0E0 	OF0 	OGO OHO 

0A0 OHO 

GAO OHO 

Shift Right 
H 

H 

L 	H 

LHIL. 

I 	L t 

1 

X 	H 

XLL 

H 	Gee 	Chgn 	CICn 	00n 	0En 	OFn 	OGn 

Ge n 	06n 	OCn 	OOn 	0En 	OFF, 	OGn 

H 	OGn 

L 	aGn 

Shift Left 
H 

H 

HL 

H 	L 

1 	L 

L 	L 

1 

1 

HX 

L 	X 

ClB n 	OCn 	00n 	ClEn 	OFn 	OGn 	OH° 	H 

OBn 	OCn 	01)n 	0En 	OFn 	°Gn 	°Ho 	L 

C1B n 	H 

C1B n 	L 

Load HHHXX 1 XXa 	bode 	I 	g 	hah 

TWhen one or both output controls are high the eight input/output terminals are disabled to the high - impedance state, however, 

sequential operation or clewing of the register is not al fected 

a . 	h - the level of the steady state input at inputs A through H, respectively. These data are loaded into the Hon flops while the flip flop 

Outputs are isolated from the input/output terminals. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Tines Instruments 
standard warranty. Production processing does not 
 ly include testing of ell peremeters. 
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131 141 

G/OG 

S1 SO 

INPUTS/OUTPUTS NOT SHOWN 

161 C/O6 	 151 E/61, 

1141 D/OD 	 1151 E/06 Pin numbers shown are for DW, J, N, and W packages. 

(191 

FOUR 
IDENTICAL 
CHANNELS 

NOT 

SHOWN 

B/OD A/OA 

1161 

H/OH 

OR 

OUTPUT 

CONTROLS G 

{ 

CLIT 

SN54LS323, SN74LS323 
8-BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

S
e

31
A

0
a
  1

1
1

  

logic symbolt 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for DW, J, N, and W packages. 

logic diagram (positive logic) 
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SN54LS323, SN74LS323 
8-BIT UNIVERSAL SHIFTISTORAGE REGISTERS 

schematics of inputs and outputs, absolute maximum ratings, recommended operating conditions, and 

electrical characteristics 

Same as SN54LS299 and SN74LS299, except tsu  (Clear Inactive) does not apply. 

switching characteristics, VCC = 5 V, TA = 25° C 

PARAMETER? 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN VIP MAX UNIT 

f max See Note 1 25 35 MHz 

tPLH 
CLK GA ,  Of CIH' CL = 15 pF, RL = 2 kIt 

22 33 
ns 

1PHL 26 39 

tPLH 
CLK CIA thru CIH 

CL = 45 pF, RL = 665 St 

17 25 
ns 

tpHL 25 39 

tPZH 
G1, CIA thru OH 

14 14 
 

21 

tPZL 20 30 

IPHZ 
dl, 62 CIA thru OH CL 	5 pF, RL - 665 is 

10 20 
Os 

tpLZ 10 15 

t tmax = maximum clock frequency 

tPLH = Propagation delay twne, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

1PZH = Output enable time to high level 

tPZL = Output enable time to low level 

tpHz = Output disable time from high level 

tpLz = Output disable time from low level 

NOTE 1: For testing ' max , all outputs are loaded simultaneously, each with CL and RL as specified for the propagation times. 

Load circuits and voltage waveforms are shown in Section 1. 
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NC — No internal connection 

logic symbol t 

0/210 

1/211 

2/Z12 

31213 

4/Z14 

5/Z15 

6/Z16 

7/Z17 

E 

SN54LS348, SN74LS348 (TIM9908) 
8-LINE TO 3-LINE PRIORITY ENCODERS 

WITH 3-STATE OUTPUTS 
OCTOBER 1976 — REVISED MARCH 1988 

• 3-State Outputs Drive Bus Lines Directly 

• Encodes 8 Data Lines to 3-Line Binary (Octal) 

• Applications Include: 
N-Bit Encoding 
Code Converters and Generators 

• Typical Data Delay ... 15 ns 

• Typical Power Dissipation ... 60 mW 

description 

SN54LS348 . . . J OR W PACKAGE 

SN74LS348 . . . D OR N PACKAGE 

(TOP VIEW) 

VCC 
EO 

GS 

3 

2 

1 

0 

AO 

5 

6 

7 

El 

A2 

Al 

GND 

These TTL encoders feature priority decoding of the 

inputs to ensure that only the highest-order data line 

is encoded. The 'LS348 circuits encode eight data 

lines to three-line (4-2-1) binary (octal). Cascading 

circuitry (enable input El and enable output EO) has 

been provided to allow octal expansion. Outputs AO, 

Al, and A2 are implemented in three-state logic for 

easy expansion up to 64 lines without the need for 

external circuitry. See Typical Application Data. 7 

NC 

El 

FUNCTION TABLE 
	

A2 

INPUTS OUTPUTS 

El 0 1 2 	3 	4 5 6 7 A2 	Al 	AO GS 	EO 

I
 
J
 
J
 
J
 
J
  
J
  
J
  
J
 
J
 _

I l
i
r
 X

 X
 X

 X
 X

 I
X

 

H
 I 

I
 
I
-
  
X

 X
 X

 X
 2
 X

 

II
I
 
I
 
I
 
I
 r
 
X

 X
 X

 2
 X

 N
 N

  
J
 
I
  
J
 
S

  
J
 

N
  
N

 
J
 _

1
=

2
 _
1

 _
I
I
 _1

.1  
N

 N
 
J
 J
 J
 _

J
 
I
 1-  
I
  
I
  r

 
r
  
r
 
r
  
r
 r
 r
 r
 2

2
 

2
 I

I
I
-
  
I
  
r
 

H = high logic level, L = low logic level, X = irrelevant 

Z = high-impedance state 

?This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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(TOP VIEW) 
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(151
E0  

(14) 
 GS 

2 
(12)  

(9)  
AO 

3 
(131  

El 

(1 0)  

4 - (1) ,_cl> 	 

5 

4> 

7 

S
O

3I
A
0
a
  
11

1  

6 
(31  

(71  
Al 

(6)
A2  

Pm numbers shown are for D, J, N, and W packages. 

SN54LS348, SN74LS348 (TIM9908) 
8-LINE TO 3-LINE PRIORITY ENCODERS WITH 3-STATE OUTPUTS 

logic diagram (positive logic) 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS 
AO, Al, A2 

TYPICAL OF OUTPUTS 
EO, ES 

VCC 10011 NOM 
VCC 

120 12 NOM 
VCC 

R eq  
_ _  ler ilri 

INPUT 	• po 16 111 OUTPUT OUTPUT 

Inputs 1 th u 7 	R eg 	9 1,12 NOM Pik 
Pa 

All others: R eq  = 18 kft NOM 

INSTRUMENTS 
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SN54LS348, SN74LS348 (TIM9908) 
8-LINE TO 3-LINE PRIORITY ENCODERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

	

Input voltage   7 V 

	

Operating free-air temperature range: SN54LS348   -55° C to 125°C 

	

SN74LS348   0° C to 70° C 

	

Storage temperature range   -65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS348 SN74LS348 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, I cni 
AO, Al, A2 -1 -2.6 mA 

EO, GS -400 -400 pA 

Low-level output current, I oL 
AO, Al, A2 12 24 mA 

EO, GS 4 8 mA 

Operating free-air temperature, TA -55 125 0 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER 
.. 

TEST CONDITIONS . 
.1" 

2 

°"154LS348 SN74LS348 
UNIT 

TYP# MAX MIN TNT' MAX 

VIH 	High-level input voltage 2 V 

VI L 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, 	II= -18 mA -1.5 -1.5 V 

High-level 
VOH 

output voltage 

AO, Al, A2 
VCC = MIN, 

 VIH = 2 V. 

VIL = VI Lmax 

10H = -1 mA 2.4 3.1 

V I OH = -2.6 mA 2.4 3.1 

EO, GS 10H = -400 pA 2.5 3.4 2.7 3.4 

Low-level 
VOL 

Output voltage 

AO, Al, A2 VCC =MIN, 

VIH = 2 V, 

VIL"VILmax 

I0L = 12 mA 0.25 0.4 0.25 0.4 

V 
loL = 24 mA 0.35 0.5 

EO, GS IOL ' 4  mA 0.25 0.4 0.25 0.4 

IOL ' 8 mA 0.35 0.5 

Off-State (high-impedance 

I°Z 	state) output current 
A0, Al, A2 

VCC = MAX, 

VIH = 2 V 

Vo = 2.7 V 20 20 
pA 

V0 = 0.4 V -20 -20 

Input current at maximum 
I 	1 

input voltage 

Inputs 1 thru 7 
 VCC = MAX, 	Vi = 7 V 

0.2 0.2 
mA 

 All other inputs 0.1 0.1 

1 IH 	High-level input current 
Inputs 1 thru 7 

VCC = MAX, 	Vi = 2.7 V 
40 40 

pA 
All other inputs 20 20 

!IL 	Low-level input current 
Inputs 1 thru 7 

VCC = MAX, 	Vi = 0.4 V 
-0.8 -0.8 

mA 
All other inputs -0.4 -0.4 

Outputs A0, Al, A2 
VCC = MAX 

-30 -130 -30 -130 
mA los 	Short-circuit 	 v output current 

Outputs EO, GS -20 -100 -20 -100 

ICC 	Supply current 
Vcc = MAX, 

See Note 2 

Condition 1 13 25 13 25 
mA 

Condition 2 12 23 12 23 

For conditions shown as MIN or MAX, use the appropriate va ue specified under recommended operating conditions. 

%All typical values are at Vcc 5 V, TA = 25 ° C 

§Not more than one output should be shorted at a time. 

NOTE 2: !cc (condition 11 is measured with inputs 7 and El grounded, other inputs and outputs open. Icc (condition 21 is measured with all 

inputs and outputs open. 
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El 	ENABLE 

INPUT 

GS  

TYPICAL APPLICATION DATA 

UP TO 64 LINES 

0 	1 2 	3 	4 	5 	6 7 

E0 'LS348 El p—c 

AO Al 	A2 GS . 

11111  
0 1 2 3 4 5

i 
 

EO 	'LS348 	El 

AO 	Al 	A2 	GS 

I  

PIPJP  IMOB  ' 6 7 

'LS348 

Al 	A2 

EO 

AO  

I 	I 	I 	I 	I 

	

1 	i 

1 	11111  
0 1 2 3 4 5 6 

—c EO 	'LS348 	El a---1 

A0
Al 	A2 	GS  - 

I t_STROBE 
MSB OUTPUT 

FIGURE 1—PRIORITY ENCODER WITH UP TO 64 INPUTS. 

LSB 

sa
3!

A
aG

  1
1
1
  

SN54LS348, SN74LS348 (TIM9908) 
8-LINE TO 3-LINE PRIORITY ENCODERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERt 
FROM 

(INPUT ) 

TO 

(OUTPUT) 
WAVEFORM TEST CONDITIONS MIN 	TVP MAX UNIT 

IPLH 
1 thru 7 AO, A1, or A2 

In-phase 

output 
CL = 46  PF, 

R L = 667 St, 

See Note 3 

11 	17 

s  tPHL 20 	30 

tPLH 
1 thru 7 AO, Al, or A2 

Out-of-phase 

output 

23 	35 
n

s tpHL 23 	35 

ro2u 
El AO, Al, or A2 

25 	39 
s 

24 	41 

tPLH 
0 thru 7 00 

Out-of-phase 

output 

CL= 15 pF 

RL = 2 1<D, 

See Now 3 

11 	18 
ns 

tpHL 26 	40 

tPLH 
0 thru 7 GS 

In-phase 

output 

38 	55 
ns 

tPHL 9 	21 

tPLH 
El GS 

In-phase 

output 

11 	17 
ns 

tPHL 14 	36 

tPLH 
El EO 

In-phase 

output 

17 	26 
ns 

tPHL 25 	40 

tpHZ 
El AO, Al, or A2 

CL = 5 pF 

R L = 667 Si 

18 	27 
ns 

tpLZ 23 	35 

tpLH = propagation delay time, low-to-high-level output 

tpHL = propagation delay time, high to-low-level output 

tp2H  = output enable time to high level 

IPZL = output enable time to low level 

TPRZ = output disable time from high level 

tPLZ = output disable time from low level 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

TEXAS 2 -848 INSTRUMENTS 
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SN54S350, SN74S350 
FOUR-BIT SHIFTER WITH THREE-STATE OUTPUTS 

D2745, DECEMBER 1983 - REVISED MARCH 1988 

Shifts 4-Bits of Data to 0, 1, 2 or 3 
Places Under Control of Two Select Lines 

Three-State Outputs for Bus Organized 
Systems 

6.5 ns Typical Data Propagation Delay 

description 

The 'S350 is operationally equivalent to a 4-input 

multiplexer with the inputs connected so that the select 

code causes shifts of the data word. This makes it possi-

ble to perform shifts of 0, 1, 2, or 3 places on words of 

any length, with suitable interconnection. 

A 7-bit data word is introduced at the D inputs and is 

shifted according to the code applied to the select in-

puts SO and S1. YO through Y3 are 3-state outputs con-

trolled by an output enable, OE. When OE is low, 

the outputs follow the selected data inputs; when OE is 

high, the outputs are in a high-impedance state. This 

feature allows shifters to be cascaded on the same out-

put lines or to a common bus. The shift function can be 

logical with zeroes pulled in at either or both ends of the 

shifting field, arithmetic with the sign bit repeated 

during a shift down, or end-around with the data word 

forming a continuous loop. 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE S1 SO YO Y1 Y2 Y3 

H X X Z 2 Z Z 

L L L DO DI D2 D3 

L L H D-1 DO D1 D2 

L H L D-2 D-1 DO D1 

L H H D-3 D-2 D-1 DO 

SN54S350 . . J PACKAGE 
SN74S350 . . . D OR N PACKAGE 

(TOP VIEW) 

SN54S350 . . . FK PACKAGE 

(TOP VIEW) 

c"I  c? O U o 
0121Z>>- 

L-4 L-4 LI I__J 

3 2 1 20 19 

D-1 4 	 18 Y1 

DO 5 	 17 OE 

NC 6 	 16 NC 

DI 7 	 15 Y2 

D2 8 	 14 Y3 

9 10 11 12 13 
i—tr-1  

co 0 (_) •- 
z z 	(/) 

NC - No internal connection 

logic equations 

YO= SO S1 DO + SO S1 D-1 + STO S1 D-2 + SO S1 0-3 

Y1 =5051 DI + SOS1 DO + SO S1 D-1 + SO S1 D-2 

V2= D2 + SO T1 D1 + SO S1 DO + SO S1 D-1 

Y3 = SO S1 D3 + SO TI D2 + SO SI D1 + SO S1 DO 

PhIIIRP I WI 	locuments contain information 
cut act as palmation date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all perm   
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

  

D-2, D2 Ft„,„ - 1.4 LS2 NOM 

D-1, DI. Ft„9  = 0.93 kS2 NOM 

DO' 	0.7 kit NOM 

All other: R e , = 2.8 kS2 NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

50 SE 
NOM 

OUTPUT 

SN54S350, SN74S350 
FOUR•BIT SHIFTER WITH THREE-STATE OUTPUTS 

se
a!

A
e
a

  1
1

1
  

logic diagram (positive logic) 

OE 1131 

so (1(>> 	  

19) 

D3 (7)  

D2 161 

 01 (5)  

DO MI 

D 1 (3)  

D 2 12)  

0 -
3 (11 

schematics of inputs and outputs 

logic symbol t 

OE 

si  

03 

D2 

D1 

DO 

D1 

D.2 

D.3 

1131 EN  ISHIFTERI 

0 
G - 

3 

1111 

110) 

191 

17)  Z10 

Z11 

Z12 

Z13 

Z14 

Z15 

Z16 

10-0 

11 -*-1 
12 
13 -3 
11 -0 

12 
13 
14-3 

12 

13 

14 

15-

13-0 

14 

15-.- 
16-3 

MUX 

1121 

3 

2 

161 

151 

141 

1141 
Y1 

YO 

131 —0 

—2 

3 

2)  1 

1151 

(1)  

1 

2 

1141 	tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
V 1 

 

IEC Publication 617-12. 

Pin numbers shown are for DW, J, and N packages. 
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SN54S350, SN74S350 
FOUR-BIT SHIFTER WITH THREE-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  5.5 V 
Voltage applied to a disabled 3-state output 	  5.5 V 

	

Operating free-air temperature range: SN54S350     - 55° C to 125° C 

	

SN74S350     0°C to 70°C 
Storage temperature range 	  - 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S350 SN74S350 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 
VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.8 0.8 

>  E
<

 
E

 E
 

10H High-level output current - 2 -6.5 
lot_ Low-level output current 20 20 
TA Operating free-air temperature - 55 125 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS.'" 
SN54S350 SN74S350 

UNIT 
MIN TYP MAX MIN TYP 	MAX 

VIK VCC -.  MIN , 	1 1 .' - 18 mA -1.2 -1.2 

VOH 
VCC =  MIN, 	Vii..1= 2 V, 

1 	MAX 0H =  

VI L = 0.8 V, 
2.4 3.4 2.4 3.4 V 

VOL 
Vcc = MIN, 	VIH = 2 V, 

10L= 20 mA 

VII_ = 0.8 V. 
0.5 0.5 V 

IOZH VCC = MAX, 	V0 = 2.4 V 50 50 AA 

IOZL VCC = MAX, 	V0 = 0.5 V - 50 -50 AA 
VCC = MAX, 	V1 = 5.5 V II 

 

1 1 mA 

I IH 

D-2, ID-1, 13-0, 

D1, D2 inputs VCC = MAX, 	Vi = 2.7 V 
75 75 

AA 
All others 50 50 

'IL 

D-2, D-1 D-0, 

D1, D2 inputs VCC- MAX, 	Vi = 0.5 V 
-3 -3 

mA 

All others - 2 - 2 

1 0St VCC = MAX, 	V0 = 0 - 40 - 100 - 40 - 100 mA 

ICC 
Vcc = MAX, 	VI = 0 

All inputs = GND 
60 85 60 	85 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

g Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN54S350, SN74S350 
FOUR-BIT SHIFTER WITH THREE-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25° C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Data Any Y 

R L = 28012, 	 CL = 15 pF 

5 	9 ns 

tPHL 8 	12 ns 

tPLH 
Select Any Y 

11 	17 ns 

tPHL 13 	20 ns 

tPZH 
OE Any Y 

19.5 ns 

tPZL 21 ns 

tPHZ 
OE Any Y RL = 280 12, 	 CL = 5 pF 

8 	13 ns 

tPLZ 10 	15 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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S1 
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0 0 0 0 0 0 0 
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SO 

Si 
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0 0 0 

SO 
W 

S1 

-0 OE yo yi 

16-Bit Shift-Up 0 to 3 Places. Zero Backfill 

0 1 2 3 	 4 

0 	2 3 	 4 5 6 	7 	 8 9 
51 SO 

L L NO SHIFT 

L H SHIFT 1 PLACE 

H L SHIFT 2 PLACES 

H H SHIFT 3 PLACES 

8-Bit End-Around Shift 0 to 7 Places 
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S1 SO SCALE 
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SN54S350, SN74S350 
FOUR-BIT SHIFTER WITH THREE-STATE OUTPUTS 

TYPICAL APPLICATION DATA 
13-Bit Twos Complement Scaler 

12 1110 9 8 7 

• 

6 4 

• 
3 

0000000 
„ 	 0 -4 

SO 

°E vo 	Y2 '13 

0 0 0 0 0 0 
N 

so 

OE YO Y1 	Y2 Y3 

0 0 0 0 0 0 0 0 
w W 	N 

SO 

S1 

°E YO 	'11 	̀12 	'13 _E° "---a J0 

3 2 

SO 
S1 

12 11 10 9 	 8 7 6 5 
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Storage temperature range 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS352  	—55° C to 125° C 

SN74LS352  	0° C to 70° C 

	 —65° C to 150° C 

SN54LS352, SN74LS352 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

OCTOBER 1976 — REVISED MARCH 1988 

Inverting Versions of SN54LS153, SN74LS153 

Schottky-Diode-Clamped Transistors 

Permits Multiplexing from N lines to 

 

I line 	
1 

Performs Parallel-to-Serial Conversion 

Typical Average Propagation Delay Times: 	
1C3 

Data Input to Output . . . 15 ns 	
1C2 

Strobe Input to Output . . . 19 ns 	
1C1 

Select Input to Output . . . 22 ns 	
1C0 
lY 

• Fully Compatible with most TTL 	 GND 

Circuits 

SN54LS352 . . . J OR W PACKAGE 

SN74LS352 . . . D OR N PACKAGE 

(TOP VIEWI 

• Low Power Dissipation ... 31 mW Typical 
(Enabled) 

description 

Each of these Schottky-clamped data selectors/-

multiplexers contains inverters and drivers to supply 

fully complementary, on-chip, binary decoding data 

selection to the AND-OR-invert gates. Separate strobe 

inputs are provided for each of the two four-line 

sections. 

FUNCTION TABLE 

SELECT 

INPUTS 
DATA INPUTS STROBE OUTPUT 

B 	A CO C1 	C2 C3 G 

X
 

X
X

I
7
  
X

 X
X

 

X
X

  
I
I
-
  
X

 X
 X

 X
 X

 

-
I
 -
J
 J
 -
J
 J
 -
I  

-J  

2
 	

_
I
 2

 _1 	
-I  

Select Inputs A and B are common to both se on; 

H 	high 	 L 	low level, X = Irrelevant 

SN54LS352 . . . FK PACKAGE 

(TOP VIEWI 

U 
10 	010 

co 	Z > cs/ 
U U U U U 3 	2 	1 	20 19 

1 C3 4 18 	A 
1C2 5 17 	2C3 
NC 6 16 	NC 

1C1 7 15 	2C2 
1C0 8 14 	2C1 

r-1 9 	10 11 12 13 
>- CI U T 0 ZZNO 

NC – No internal connection 

logic symbolt 

12 

Ill  

ILO 

.1 
1, C2 c3  

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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NOTE 1 Voltage values are with respect to network ground terminal. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does net 
necessarily include testing of all parameters. 
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B 121 

STROBE 1G 

(ENABLE) 
(1) 

CO

3  1C 

1C1 (5)  

DATA 1 

1C2 

17) OUTPUT 
1Y 

SELECT 

A 1141 

2C0 (1°1  

2C1 111 

2C2 (121  

2C3 (13) 

STROBE 2G _ 

(ENABLE) " 5)  

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS352, SN74LS352 
DUAL 4•LINE TO 1•LINE DATA SELECTORSIMULTIPLEXERS 

logic diagram (positive logic) 

schematics of inputs and outputs 

EQUIVALENT OF d 
INPUTS 

VCC 

EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF BOTH OUTPUTS 

VCC 

120 0 NOM 

OUTPUT 

io kn NOM 

VCC 

INPUT 

20 k12 NOM 

p  
0  INPUT 	4 

on 
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SN54LS352, SN74LS352 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

recommended operating conditions 

ShIN1 1•••■ 52 

me. 	rvo.. 

SN74LS352 
UNIT 

MAX MIN NOM MAX 

VCC Supply voltage 4.:, 5 5.5 4.75 5 5.25 V 

VIII High-level input voltage 2 2 V 

VI L  Low-level input voltage 0.7 0.8 V 

101.1 High-level output current - 0.4 - 0.4 mA 

10L 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.).  - 
mirm 

V.4, '.,(...: SN74LS352 
UNIT 

I op: 	MAX MIN TYP$ 	MAX 

VIK VCC = MIN, II= - 18 mA -1.5 -1.5 V 

VOH 
Vcc = MIN, 

1 	0.4 mA 0H = - 

ViFi = 2 V, V1L= MAX, 
2.5 3.4 2.7 3A V 

VOL 
VCC = MIN, 

VII._ = MAX 

VIH = 2 V, 10L=4mA 0.25 	0.4 

	

0.25 	0.4 

	

0.35 	0.5 
V 

IOL = 8  mA 
VCC = MAX, V1 = 7 V II 

 

0.1 0.1 mA 

1 1H VCC = MAX, VI= 2.7 V 20 20 gA 

IlL E Vcc = MAX, V1 = 0.4 V 
-0 . 2 . - 0.2 

mA All other - 0.4 - 0.4 

1 0S§ VCC ' MAX -20 -100 -20 -100 mA 

1 CCL VCC = MAX, See Note 2 6.2 	10 6.2 	10 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 

5  Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: Ica_ is measured with the outputs open and all inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25° C 

PARAMETERS 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN VIP 	MAX UNIT 

tPLH Data Y 

RI_ = 2 k1-1, 	 CL = 15 pF, 

See Note 3 

13 	20 ns 

tPHL Data Y 17 	26 ns 

tPLH A or 13 Y 19 	29 116 

tPHL A or B y 26 	38 ns 

tPLH U 
y 16 	24 ns 

tPHL -d 
y 21 	32 ns 

tpLH = Propagation delay time, low-to-high-level output 

tpv_ = propaga ion delay time, high-to-low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS353 . J OR W PACKAGE 

SN74LS353 	D OR N PACKAGE 

(TOP VIEW) 

1G 

B 

1 C3 

1 C2 

1C1 

1 CO 

1Y 

GND 

VCC 
2G 

A 

2C3 

2C2 

2C1 

2C0 

2Y 

SN54LS353 . . . FK PACKAGE 

(TOP VIEW) 

3 2 1 20 19 

1C3 4 	 18 A 

1C2 5 	 17 2C3 
NC 6 	 16 NC 

1C1 7 	 15  2C2 
1C0 8 	 14  2C1 
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SN54LS353, SN74LS353 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

WITH 3-STATE OUTPUTS 
BULLETIN NO. DL-S 12464, OCTOBER 1976 — REVISED MARCH 1988 

Inverting Versions of SN54LS253, SN74LS253 

Schottky-Diode-Clamped Transistors 

is Permits Multiplexing from N lines to 1 line 

Performs Parallel-to-Serial Conversion 

Typical Average Propagation Delay Times: 
Data Input to Output . . . 12 ns 
Control Input to Output . . . 16 ns 
Select Input to Output ... 21 ns 

• Fully Compatible with most TTL Circuits 

• Low Power Dissipation . . . 35 mW Typical 
(Enabled) 

• Inverted Data 

description 

Each of these Schottky-clamped data selec-

tors/multiplexers contains inverters and drivers to sup-

ply fully complementary, on-chip, binary decoding data 

selection to the AND-OR-invert gates. Separate output 

control inputs are provided for each of the two four-line 

sections. 

The three-state outputs can interface with and drive data 

lines of bus-organized systems. With all but one of the 

common outputs disabled (at a high-impedance state) 

the low-impedance of the single enabled output will 

drive the bus line to a high or low logic level. 

FUNCTION TABLE 

SELECT 
INPUTS 

DATA INPUTS 
OUTPUT 

CONTROL 

0 

OUTPUT 

V B 	A CO 	Cl 	C2 	C3 

X
 

X
 

X
X

X
X

 X
 X

r
r
-  

X
 

'X
X

X
X

I
,

X
X

 
X

 

X
X

2
r
  

X
  X

 X
X

 X
 

T
r
  
X

X
X

 
X

  X
 X

 X
 

r
 7

 
r
  

r-
r
 

N
1

_
1

1
_
1
1

_
1
1

_1. 

Select inputs A and B are common to both sections. 

= high level, L = low level, X • Irrelevant, 	 high impedance loft/ 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7 V 

Input voltage  	7 V 

Off-state output voltage 	 5  5 V 

Operating free-air temperature range: SN 54 LS353  	—55 ° C to 125 °C 

SN74LS353 	  0°C to 70°C 

Storage temperature range  	—65 °C to 150 °C 

NOTE 1: Voltage values are with respect to network ground terminal 

PRODUCTION OA! documents . r r• .1 information 
current as of pillication date. I' conform to 
specifications per the terms of Inns Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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B 

A  (14) 

(2) 

(6) 

(5) 

(4) 

(3) 

(15) 

10 (11 

1C0 

1C1 

1C2 

1C3 

2G 

2C0 (10)  

2C1 (11)  
(12) 

2C2 

2C3 (13)  

(7) 

logic diagram (positive logic) 

OUTPUT 
Ill 

CONTROL B  

1C0 
tcl 

191 

upd A 

1C2 (4)  

1) 

OUTPUT 

EON/T[10T 

29 

Pin numbers shown are for D, J, N, and W packages. 

SN54LS353, SN74LS353 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 
WITH 3-STATE OUTPUTS 

S
O

3I
A

0
a

  1
1

1
  

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

schematic of inputs and outputs 

EQUIVALENT OF Cl, G2 INPUTS 

VCC 

EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF BOTH OUTPUTS 

10 k// NOM 
VCC 

INPUT 744, - 

, 

20 kit NOM 100 Si NOM 
VCC 

OUTPUT 

INPUT 
; 

Pa 
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SN54LS353, SN74LS353 
DUAL 4-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERS 

WITH 3•STATE OUTPUTS 

recommended operating conditions 

- 
MIN 

', 1 1:;•11...1 , .:t 

NUM 

.4•/41.S353 
UNIT 

MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0 8 V 

10H High-level output current - 1 - 2.6 mA 

10L 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 t 
SN54LS353 SN74LS353 

UNIT 
MIN TYP t MAX MIN TYP t MAX 

VIK VCC = MIN ,  i I ' - 18 mA -1.5 -1.5 V 

V(31-1 
Voo = MIN, 

1 0H = MAX 

VH.4 = 2 V, 	VH_ =MAX, 
2.4 3.4 7 	1 

VOL 
VCC =MIN, 

VI L = MAX 

VIH = 2 V, 10L=4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

loz vcc  = MAX, VIH = 2 V 
Vo = 2.7 V 20 20 

pA 
Vo = 0.4V -20 - 20 

II VCC = MAX ,  VI ' 7  V 0.1 01 mA 

II H Voo = MAX, VI = 2.7 V 20 20 pA 

IIL 
G1, 01 

Vcc = MAX, Vi = 0.4 V 
- 0.2 - 0.2 

mA 
All other - 0.4 - 0.4 

10S§ VCC = MAX -30 -130 -30 -130 mA 

ICC VCC = MAX, See Note 2 
Condition A 7 12 7 12 

mA 
Condition B 8.5 14 8.5 14 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

I All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: ICC is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5 V, all inputs grounded. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 1T, 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH Data Y 

CL = 15 pF, 	 RL = 2 kn, 
See Note 3 

11 	25 
ns 

tPHL 13 	20 

tPLH 
Select Y 

20 	45 
ns 

IPH L 21 	32 

IPZH Output 

Control 
Y 

11 	23 
ns 

tPZ L 15 	23 

tPHZ Output 

Control 
Y 

CL = 5 pF, 	 Hi_ = 2 k1-2, 

See Note 3 

27 	41 
ns 

tPLZ 12 	27 

tPLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

tpzH = Output enable time to high level 

1PZL = Output enable time to low level 

tPHZ = Output disable time from high level 

tPLZ = Output disable time from low level 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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E 13 )- 

D4 
D3 
D2 
DI 
DO 

SN54LS354, SN54LS355, SN54LS356 
SN74LS354, SN74LS355, SN74LS356 

8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 
02544, JULY 1979—REVISED MARCH 1988 

• Transparent Latches on Data Select Inputs 

• Complementary Outputs 

• Easily Expandable 

• High-Density 20-Pin Package 

DATA 
OUTPUTS 

REGISTERS 

'55354 Transparent 3 State 

'LS355 Transpalent Open Collector 

'LS356 Edge-TrIcigered 3 State 

deseripdon 

These monolithic data selectors/multiplexers 

contain full on-chip binary decoding to select one 
of eight data sources. The data-select address 

is stored in transparent latches that are enabled 

by a low level on pin 11, SC. On the 'LS354 and 

'LS355 a similar er 1• 	for data is obtained by 
a low level on pin 9, 	The edge-triggered data 

registers of the 'LS356 is clocked by a low-to-

high transition on pin 9, CLK. Complementary 

outputs are available in either three-state 
versions l'LS354 and 'LS356) or open-collector 

version I'LS355). 

The SN54LS354 through SN54LS356 are 

characterized for operation over the full military 
temperature range of — 55°C to 125°C. The 

SN74LS354 through SN74LS356 are 

characterized for operation from 0 °C to 70 °C. 

SN54LS354, SN54LS355 . . . J PACKAGE 

SN74LS354, SN74LS355 ... DW OR N PACKAGE 

(TOP VIEW) 

D7 
D6 
05 
D4 

D3 
D2 

DO 

oc 
GND 

SN54LS354, SN54LS355 . . . FK PACKAGE 

(TOP VIEW) 

1.1 
GI 
SO 

IS'1`,-, 	 z,5 

SN54LS356 ...J OR W PACKAGE 

SN74LS356 . . . OW OR N PACKAGE 

(TOP VIEW) 

D7 
D6 
D5 
D4 

D3 

D2 

DO 

CLK 

GND 

vcc 

w 
G3 

G2 

SO 

S1 

S2 

SC 

vcc 
V 

G3 

G1 

SO 

S1 
S2 

SC 

SN54LS356 . . FK PACKAGE 

(TOP VIEW) 

2 2 '3 

:3 2 	1 20 IS 

I 1 	 IP W 

133 1 5 	 17 	 G3 

D2 1 6 	 16 G2 

DI I • 	 15 	01 

DO 16 	 I4 	SO 

9 10 11 12 t 3 

riannitcTioN DATA documents contain information 
•wil• es of publication date. Products conform to 

s,..tc.:.cations per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TYPICAL OF BOTH OUTPUTS ON 'LS355 

r
--  OUTPUT „;5 

EQUIVALENT OF EACH DATA OR SELECT INPUT 

VCC 

INPUT 

EQUIVALENT OF ALL OTHER INPUTS 

vcc 

INPUT 

TYPICAL OF BOTH OUTPUTS ON 'LS354 AND 'LS356 

SN54LS354, SN54LS355, SN54LS356 
N74LS354, SN74LS355, SN74LS356 

8-LINE TO 1 DMA SELECTORSIMULTIPLEXERSIREGISTERS 

sa
o!

n
e
a
  i
i
i
  

FUNCTION TABLE 

INPUTS 

OUTPUTS 

W 	Y 

SELECT 

DATA 

CONTROL 

I'LS354, 

1S355) 

CLOCK 

LS3561 

OUTPUT 

ENABLES 

S2 St SO U1 62 G3 

X 

X
X

  
-
J
I
I
I

I
I
I
M

M
I
I
I
I

T
I
S

M
 

X
  
2

  
X

 -
.1

 ,
 -
,
 _

1
 .
,
 _

1
 

I
x

x
_
i

_
l
 J
J
J
J
J
  

-
I  

-
1

 -
I
 -
I
 -
I
 J
 
J
 J
 -
I 

Z Z 

X Z Z 

X z z 

1 SO DO 

H or L 

1 

50„ 

51 

DO, 

D1 

H or L 

1 

51, 

D2 

D1, 

D2 

-
,

M
 

I
I
  

J
 -1

  

I
  

-
.,  

F1 or L 

1 

52, 

53 

D2, 

D3 

H or L 

1 

53, 

D4 

D3, 

D4 

H or l 54„ D4 5  

1 55 D5 

H or L 55, D5, 

56 D6 

H or L 

1 

56,, 

57 

D6, 

D7 

H or L 57, D7, 

H = high level steady state) 

L = low level (steady state) 
X = irrelevant any input, including transitions) 

Z = high-impedance state (off state) 

= transition rorn low to high level 

DO . . . 07 = the level of steady-state inputs at inputs DO through 

D7, respectively, at the time of the low-to-high clock 

transition in the cae of 'LS356. 

DOn  . . . D7 n  = the level of steady state inputs at inputs DO 

through D7, respectively, before the most recent 

low-to-high transition of data control or clock 

This column shows the input address setup with 	low.  

schematics of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS' 	 — 55` C to 125°C 

SN74LS' 	  O'Cto 70°C 
Storage temperature range 	 — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS354, SN54LS355, SN54LS356 
SN74LS354, SN74LS355, SN74LS356 

8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 

logic symbols t 

(15) Iti 

G3 (17) 

 SC 
 (1111,  

so  1141 

S1  113)  

S2 
 112)  

 pc  19)  

DO (8)  

01  (7)  

D2 
(6)  

D3 
15)  

D4 (4)  

135  (3)  

12) 
D6 

D7 

1S354 

MUX 

EN 

C8 

C9 

9D 

9D 

9D 	2 

9D 	3 

9 D 

9D 	5 

9D 

9D 

2 V 

v 	w  

119)  

T
T
L
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e

v
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e
s  

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, N, and W packages. 
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C8 

8D 

8D 

'LS355 

MUX 

EN 

S2 

DC (9)  

(12) 
80 

C9 

DO 
(81  

01  (7)  

D2  (6)  

03  15)  

04 (4) 

 05 	(3)  

D6 (2)  

D7  ( 

r 1 

'LS356 

9D 

9D 1 

9D 2 
(19) 

9D 3 

9D 4 

9D 5 
118) 

9D 

9D 

r  

810 

80 

80 



'LS354, 'LS355 

G1 (15) 

G2 
(16) 

G3 (17) 

SC 
(14) 

SO 

OUTPUT 
ENABLES 

DATA 
SELECT 	Si  (13)  

(BINARY) 

DATA 
INPUTS 

D4 
(41  

D5 (3)  

D6 (2) 	 

D7 (1)  

sa
o

!n
e
a
  1

1
1
  

10 

C1  

._1113 

C1  

1D 

C1 

ID 

10 

Cl 

C1 

 10 

10 

10 

C1 

10 

C1 

ID 

C1 

(18)  
W OUTPUT 

Y OUTPUT 
(19)  

S2 (12)  

DC 191 

DO 
181  

D1 
(7)  

D2 (6) 

( 
D3

5 
 

•-- 

SN54LS354, SN54LS355, SN74LS354, SN74LS355 
8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 

logic diagram (positive logic) 

Pin numbers shown are for DW, J and N packages 
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1D D I  
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(8) 
DO 

10 
D1 (7) 

D2 
(6) 

D3  15/ 

D4 (4) 

05 
13) 

D6 (2) 

D7 
(1)  

C1 

DATA 
INPUTS 

ID 

LS356 

OUTPUT 
ENABLES 

DATA 	(13)  
SELECT S1 

(BINARY) 
1D 

C1 

SN54LS356, SN74LS356 
13•LINE TO 1•LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 

logic diagram (positive logic) 

Cl 

Pin numbers shown are for DW, J, N and W packages. 
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SN54LS354, SN54LS356, SN74LS354, SN74LS356 
8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 
WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS354 

SN54LS356 

SN74LS354 

SN74LS356 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Viii High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

10H High-level output current —1 —2.6 mA 

IOL Low-level output current 12 24 mA 

tsu  Setup times, high-or-low-level data (with respect to t at pin 9) 
'LS354 15 15 

ns 
'LS356 15 15 

th Hold times, high-or-low-level data (with respect to t at pin 9) .1-S3S4 
15 15 

ns 
0  0  

TA Operating free-air temperature —55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54LS354 

SN54LS356 

SN74LS354 

SN74LS356 UNIT 

MIN TYP $ MAX MIN TYP t MAX 

VIK VCC - MIN, II = — 18 mA —1.5 — 1.5 V 

VOH 
VCC = MIN, 

1  MAX, 0H =   

VIH = 2 V, 	VII_ = MAX 
2.4 2.4 V 

VOL 
VCC = MIN, 

VIL = MAX 

Vii.i = 2 V, lot_ = 12 mA 0.25 0.4 0.25 0.4 
V 

IOL = 24 mA 0.35 0.5 

I oz vcc - M AX= MAX 
o = 2.7 V 20 20 

mA  
Vo = 0.4 V —20 —20 

VCC = MAX, li 

 

Vi = 7 V 0.1 0.1 mA 

1 1H VCC = MAX, VI = 2.7 V 20 20 mA 

'IL 

DC or CLK, 

Z1, Z2, G3 Voc = MAX, VI = 0.4 V —0.2 —0.2 mA 

All others — 0.4 — 0.4 

10S§ Voo = MAX —30 —130 —30 —130 mA 

ICC VCC = MAX, See Note 2 29 46 29 46 mA 

For conditions shown as MIN o MAX, use the appropriate values specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: ICC is measured with the inputs grounded and the outputs open. 
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SN54LS354, SN54LS356, SN74LS354, SN74LS356 
8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 

WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C, RL = 667 SZ 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'LS354 I 	'.-.' 
 UNIT 

MIN TVP 	MAX MIN 	I IF 	MAX 

tPLH 

DO•D7 

V 

CL - 45 pF, 

See Note 3 

ns 

 

24 	38 
ns 

tPHL 23 	36 

tPLH 
W 

18 	27 
ns 

tPHL 29 	44 

tPLH 

or 

 CLK 

Y 
28 	42 18 	27 

ns 
IPHL 28 	39 33 	BO 

tPLH 
W 

22 	33 24 	36 
ns 

tPHL 33 	50 18 	27 

tPLH 

SO, Si S2 

Y 
29 	44 30 	46 

ns 
tPHL 24 	45 28 	48 

tPLH 
W 

28 	42 38 	64 
ns 

 tPHL 34 	51 30 	45 

tPLH 

Sc 

se 
34 	51 36 	54 

tPHL 31 	47 40 	60 

tPLH 
W 

27 	41 32 	48 
ns 

 tPHL 40 	80 38 	64 

tpZH 

G1, n2 

`I 

14 	27 14 	26 
ns 

tPZL 18 	27 17 	26 

tPHZ CL • 5 pF, 

See Note 3 

15 	25 16 	24 
ns 

tpLZ 15 	25 16 	24 

tpZH 

W 

CL = 45 pF, 

See Note 3 

12 	24 14 	23 
ns 

tPZL 16 	24 16 	23 

tpHZ CL= 5 pF, 

See Note 3 

15 	25 18 	23 
ns 

tPLZ 15 	25 18 	23 

tpZH 

G3 

V 

CL t. 45 pF, 

See Note 3 

15 	29 15 	27 
ns 

tPZL 19 	29. 18 	27 

tPHZ CL = 5 pF, 

See Note 3 

15 	25 16 	25 
ns 

tPLZ 15 	25 16 	25 

tpZH 

W 

CL = 45 pF, 

See Note 3 

13 	25 14 	25 
ns 

tPZL 17 	25 16 	25 

tPHZ CL= 5 pF, 

See Note 3 

15 	25 18 	25 
ns 

tpLZ 15 	25 16 	25 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS355, SN74LS355 
8•LINE TO 1•LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 
WITH OPEN•COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS355 	 SN 74I S155 
— 	UNIT 

MIr1 	NOM 	MAX 	MIN 	r.oui 	MA 

VCC 	Supply voltage 	 4.. 	5 	5.5 	4.75 

VIH 	High-level input voltage 	 2 	 2 	 V 

VIL 	Low-level input voltage 	 0.7 	 0.8 	V 

VOH 	High-level output voltage 	 5.5 	 5.5 	V 

1 0L 	Low-level output current 	 12 	 24 	mA 

tsu 	Setup times, high-or-low-level data, (with respect to 1 at pin 9) 	15 	 15 	 ns 

th 	Hold times, high-or low-level data (with respect to 1 at pin 91 	 15 	 15 	 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 CONDITIONSt 	
SN54LS355 	SN74LS355 	

UNIT 

_ 

MIN 	TYPS MAX 	MIN 	TYPS MAX 

VIK 	 VCC = MIN, 	11= —18 mA 	 — 1.5 	 — 1.5 	V 

VOH = 5.5 V 
Vcc = MIN, 	VIH = 2 V, 	VII_ = MAX 

OH 	 0.1 	 0.1 	mA 
VCC = MIN, 	VIN = 2 V. 	Im..= 12 mA 	0.25 	0.4 	0.25 	0.4 VOL  VI L = MAX 	 lot_ = 24 mA 	 0.35 	0.5 

II 	 VCC = MAX, 	VI = 7 V 	 0.1 	 0.1 	mA 
IIH 	 Vcc = MAX, 	Vi = 2.7 V 	 20 	 20 	AA 

DC or CLK. 
IlL 	G1, G2, G3 	Vcc. = MAX, 	V1 	0 4 V 	 0.2 	—02 	triA 

All others 	 — 0.4 	— 0.4 
ICC 	 VCC = MAX, 	See Note 2 	 29 	46 	29 	46 	mA 

For conditions shown as MIN o MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

I All typical values are at VCC = 5 V, TA = 25`C. 

NOTE 2: Icc is measured with the inputs grounded and the outputs open. 

2-870 
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SN54LS355, SN74LS355 
8-LINE TO 1-LINE DATA SELECTORSIMULTIPLEXERSIREGISTERS 

WITH OPEN-COLLECTOR OUTPUTS 

switching characteristics, VCC — 5 V, TA 	25°C, RL — 667 I 

PARAMETER 
FROM 

(INPUT) 
TO 

(OUTPUT) 
TEST 

CONDITIONS 
'LS355 

UNIT ..er. 	TYP 	MAX 

tPLH 

DO-D7 

Y 

CL = 45 pF, 

See Note 3 

34 	41 
ns 

tPHL 26 	39 

tPLH 
W 

30 	45 
ns 

tPHL 33 	50 

tPLH i5Z 

Or 

CLK 

Y 
38 	57 

Oa 
tPHL 31 	47 

tPLH 
W 

33 	50 
ns 

tPHL 39 	59 

tPLH 

SO, Si, S2 

Y 
39 	59 

ns 
tP HL 36 	49 

tPLH 
w 

32 	48 
ns 

 tPHL 39 	58 

tPLH 

TC 

Y  
45 	68 

ns 
tpHL 42 	63 

tPLH 
w 

44 	66 
ns 

 tPHL 45 	68 

tPHL 

1 n ,  

Y 
21 	32 

ns 
tPHL 22 	33 

tPLH 
W 

18 	27 
ns 

 tPHL 19 	29 

IPLH 

G3 

Y 
24 	36 

ns 
tPHL 25 	40 

tPLH 
w 

19 	31 
ns 

tPHL 19 	29 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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01 
Al 
Y1 
A2 
Y2 
A3 

Y3[  
GND 

VCC 
G2 
A6 
Y6 

A6 
Y5 

A4 
Y4 

SN54365A THRU SN54368A, SN54LS365A THRU SN54LS368A 
SN74365A THRU SN74368A, SN74LS365A THRU SN74LS368A 

HEX BUS DRIVERS WITH 3-STATE OUTPUTS 
DECEMBER 1983—REVISED MARCH 1988 

• 3-State Outputs Drive Bus Lines or Buffer 

• Choice of True or Inverting Outputs 

• Package Options Include Plastic "Small 

Memory Address Registers 

Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

'365A, '367A, 'LS365A, 'LS367A True 
Outputs '366A, '368A, 'LS366A, 'LS368A 
Inverting Outputs 

description 

These Hex buffers and line drivers are designed 

specifically to improve both the performance and 

density of three-state memory address drivers, clock 

drivers, and bus oriented receivers and transmitters. 

The designer has choice of selected combinations of 

inverting and noninverting outputs, symmetrical 
lactive-low control) inputs. 

These devices feature high fan-out, improved fan-in, 

and can be used to drive terminated lines down to 

133 ohms. 

The SN54365A thru SN54368A and SN54LS365A 

thru SN54LS368A are characterized for operation 

over the full military temperature range of — 55°C to 

125°C. The SN74365A thru SN74368A and 

SN74LS365A thru SN74LS368A are characterized for 

operation from 0 °C to 70 °C. 

SN54385A, 366A, SN54LS385A, 368A . . J PACKAGE 
SN74365A, 388A . . . N PACKAGE 

SN74LS365A, SN74LS368A . . . D OR N PACKAGE 

(TOP VIEW) 

SN54LS386A, SN641.3388A , FK PACKAGE 

ITOP VIEW) 

I C.7 z >1 
uul—Juu 
3 2 1 	2019 

yl 4 18 A6 

A2 6 17 Y6 

NC 6 16 NC 

Y2 7 16 A5 
A3 8 14 Y5 

9  10 1112 13 

Z `E' it 

SN54387A, 368A, SN54LS367A, 388A 	J PACKAGE 
SN74387A, 388A 	N PACKAGE 

SN74LS367A, SN74LS368A • . D OR N PACKAGE 

(TOP VIEW) 

VCC 
2G 
2A2 
2Y2 

2A1 

2Y1 

1 A4 
1 Y4 

iG 
1A1 
1Y1 
1 A2 
I Y2 
1A3 
1 Y3 

GND 

2 

I- 

SN54LS367A, SN54LS368A . FK PACKAGE 

(TOP VIEW) 

.C1(7 1-) 	 10 
Z > 

3 2 1 20 19 

18 2A2 

17 2Y2 

16 NC 
15 2A1 

14 2Y1 

1Y1  1  4 
1A2  1  5 

NC  l  6 

1Y2  p  7 

1A3  1  8 

9 1 0 11 12 13 

10 CD 0 .4-  "zr 
>- Z  Z > < 

NC No internal connection r—   

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 	 INSTRUMENTS 

=051 011111 90% 655012 UnIt AS. TCx AS 15265 
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EQUIVALENT OF ALL INPUTS 

VCC 

INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

EQUIVALENT OF ALL DATA INPUTS EQUIVALENT OF ALL G INPUTS 

CC 
 

TYPICAL OF ALL OUTPUTS 

50 2 NOM 

V 

OUTPUT 

VCC 

INPUT 

18 kS2 NOM 

II 

VCC 

1 3 k,c2 NOM op 
INPUT NA 
II Pik 

41,c2 N
OM 

sa
D

iA
a
a
  1

1
1
  

logic diagrams (positive logic) 

'365A, 'LS365A 

Z1 

(5) Y2 	A2 (4) 

(7) Y3 	A3 (6) 

(9) Y4 	A4 (10) 

(11) Y5 	AS (12) 

(13) Y6 	A6 (14) 

1A3 (6) 

1A4 (10) 

2G (15) 

A2 (4) 

A3 (6) 

A4 (10) 

A5 (12) 

A6 (14) 

Pin numbers shown are for D, J, and N packages. 

'366A, 'LS366A '367A, 'LS367A 

1A1 (2) 

1A2 (4) 

1A3 (6) 

1A4 (10) 

2G (15) 

2A1 (12) 

2A2 (14) 

'368A, 'LS368A 

SN54365A THRU SN54368A, SN54LS365A THRU SN54LS36BA 
SN74365A THRU SN74368A, SN74LS365A THRU SN74LS368A 
HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

schematics of inputs and outputs 	
'365A thru '368A 

'LS365A thru 'LS368A 

2 -874
TEXAS  
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Y1 

V2 

Y3 

Y4 

Y5 

Y6 

(10) 

(12) 

(14) 

'366A 

(11) 2V1 2A1 
(12) 

2A2 (14) (13) 
2Y2 

1A1 

1A2 

1A3 

1A4 

2G (15) 

1Y1 

1Y2 
1Y3 

1Y4 
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SN54365A THRU SN54368A, SN54LS365A THRU SN54LS368A 
SN74365A THRU SN74368A, SN74LS365A THRU SN74LS368A 

HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

logic symbolst 

G1 	(1)  

'365A 

(3) 
Y1 

G2 

Al 

A2 

A3 

A4 

A5 

A6 

N 
G2 	115)  

2) 
 

„ 	( 
D N I 

A2 	
(4) (5) 

Y2 
A3 (6) (7) Y3 
A4 (10) (9) 

Y4 
A5  )12) (11) 

Y5 
A6 (14) (13) 

Y6 

'367 A 	 '366A 
2 

1G 

1A1 

1A2 

1A3 

1A4 

2G 

2A1 

2A2 

(1) ty N 

(3) 
1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

(2) 
I> 7 

(4) (5) 

141 (7) 
1 1 (9) 

1151 E N 

rl  
(12) 7  
(14) 

I(  11  1 I 3)  

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: '365A, '366A, '367A, '368A 	  5.5 V 

'LS365A, 'LS366A, 'LS367A, 'LS368A 	  7 V 

Voltage applied to a disabled 3-state output 	  5.5 V 

Operating free-air temperature: SN54' 	  — 55°C to 125° C 
SN74' 	  0°C to 70° C 

Storage temperature range 	  — 65° C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

TEXAS 
INSTRUMENTS 
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-10 
2-875 



SN54365A, SN54367A 
SN74365A, SN74367A 
HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

MIN 

S0.5-13dSA 
sr.543a7.1 

t-'r1:415A 
ti.:7416.17 

NOM 

UNIT 

NOM MAX MIN MAX 

VCC Supply voltage 4.5 5 6.5 4.76 5 5.25 V 

VIII High-level input voltage 2 2 V 

VIL Low-level Input voltage 0.8 0.8 V 

loH High-level output current - 2 - 6.2 mA 

Ion.  Low- level output current 32 32 mA 

TA Operating free-air temperature - 66 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDI TIONS t 

TYPt 

UNIT 

MIN MAX MIN TYP$ MAX 

VII( VCC- MIN, li = - 12 mA - 1.5 - 1.5 V 

VOH 
Vcc = MIN, 

101-1 - MAX 

VII./ - 2 V, VI L = 0.8 V, 
2.4 3.3 2,4 3.1 V 

VOL 

VCC - MIN, 

lot. - 32  mA 

VIH - 2 V, VIL 	- 0.8 V. 
0.4 04 V 

107 

Vcc = MAX, 

Vo = 2.4 V 

VIII = 2 V, %/IL = 0.8 V, 
40 40 

mA 
VCC.' MAX, 

V0 = 0.4 V 

Vil-/ - 2 V VIL -- 0 8 V, 
40 - 40 

II VCC = MAX, V1= 5.5 V 1 1 mA 

1 1H VCC = MAX, V1 = 2.4 V 40 40 AA 

III_ 

A Inputs 
V0c = MAX, Vi = 0.5 V, Ether 5 input at 2 V -40 -40 mA 

V00 = MAX, Vi = 0.4 V, Both 5 inputs at 0.4 V - 1.6 - 1.6 
mA 

S Inputs Vcc  = MAX, V1= 0.4 V - 1.6 16 

IOS§ VCC "... MAX -40 - 130 -40 - 130 illik 

ICC VCC = MAX, Data inputs = 0 V, Output controls = 4.5 V 65 85 65 85 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

T All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted et a time. 

switching characteristics, VCC = 5 V, TA = 25°C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN PR 	MAX UNIT 

5 PLH 16 ns 

5 PHL 22 ns 
RL = 400 Si, 	 CL = 50 pF 

1 PZH 35 ns 
Any V 

tP2L 37 ns 

5 PHZ 11 ns 
RL = 400 Si, 	CL = 5 pF 

5 PLZ 27 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TESTCONDITIONSf 

SNE 

SNE  

TYPI 

UNIT 

MIN TVP# MAX MIN MAX 

VIK VCC =MIN, II=-12mA —1.5 —1.5 V 

VOH 
VCC = MIN , 

 'OH = MAX 

VIH= 2 V, VIL= 0 . 8 V ,  
24 33 2.4 3.1 V 

VOL 
VCC = MlN , 

 IOL=32mA 

VIH=2V, VIL= 0 . 8 V, 
0.4 0.4 V 

IOZ 

VCC = MAX , 

 VO - 2.4 V 

VIII=2V, VIL=ORV, 
40 40 

µA 
VCC=MAX, 

V0 = 0.4 V 

VIH=2V VIL= 0 . 8 V, 
—40 —40 

II 

 

VCC =MAX, VI=5.5V 1 1 mA 

IIH VCC = MAX, VI = 2.4 V 40 40 µA 

'IL 

A Inputs 
VCC = MAX, VI = 0.5 V. Either G Input at 2 V —40 —40 µA 

VCC = MAX, V1 = 0.4 V. Both 0 inputs at 0.4 V —1.6 —1.6 
mA 

0 Inputs VCC=MAX, V1=0.4V —1.6 —1.6 

I OS§ VCC = MAX —40 —130 —40 —130 mA 

ICC VCC = MAX, Data inputs = 0 V. Output controls = 4.5 V. 59 77 59 77 mA 
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SN54366A,SN54368A 
SN74366A,SN74368A 

HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

— 

NOM 

- 	- 

NOM 

— UNIT 

MIN MAX MIN MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current —2 —5.2 mA 

IOL Low-level output current 32 32 mA 

TA Operating free-air temperature —55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

1 All typical values are at VCC = 5 V. TA = 

§ Not more than one output should be shorted at a time. 

switching characteristics, VCC = 5 V. TA = 25 ° C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

PLH 17 

tPHL 16 ns 
RL=40011, 	 CL=50pF 

tPZH 35 to 
Any V 

1 PZL 37 ns 

tPHZ 11 CS 
RL=40011, 	 CL=5pF 

tPLZ 27 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS365A, SN54LS367A 
SN74LS365A, SN74LS367A 
HEX BUS DRIVERS WITH 3-STATE OUTPUTS 
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reqpmmended operating conditions 

_ 

MIN NOM 

. 

NOM 

__ 

MAX 

UNIT 

MAX MIN 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

loH High-level output current - 1 - 2.6 mA 

Icx Low-level output current 12 24 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 CONDITIONSi 

SN541 	•• 
SN541 '• • 

•1 

'..■ 
SN741 ,  • 
SN741 	-•. 

' L 

'•'• 

MAX 

UNIT 

MIN PM' MAX MIN TNT* 

VIK VCC ' MIN , II = - 18 mA  -1.5 -  1.5 V 

VOH 
Vcc = MIN, 

IcH = MAX 

VIH = 2 V, VII_ = MAX, 
2.4 3.3 2.4 3.1 V 

VOL 

VCC - MIN, 

10L= 12  mA 

V11.1 - 2 V, VIL 	MAX. 
0.25 04 025 0.4 

V 
Vcc = MIN, 

Ica. - 24 mA 

VIH = 2 V, VII_ = 0.8 V, 
0.35 0.5 

IOZ 

VCC- MAX, 

Vo = 2.4 V 

VIH 	2 V, VIL 	MAX, 
20 20 

pA 
Vcc = MAX, 

Vo - 0.4 V 

V10 = 7? V, VIL = MAX ,  
-20 - 20 

II Vcc = MAX, V 1 = 7 V 0.1 0.1 mA 

I1H VCC = MAX, V1 = 2.7 V 20 20 pA 

'IL 
A Inputs 

VCC = MAX, V1 = 0.5 V, Either G input at 2 V - 20 - 20 pA 

VCC = MAX, V1= 0.4 V, Both d inputs at 0.4 V -0.4 -0.4 
mA 

0 Inputs VCC = MAX, V1 = 0.4 V - 0.2 - 0.2 

1 00 VCC = MA X  - 40 -225 -40 - 225 mA 

ICC VCC = MAX, Data inputs = 0 V, Output controls = 4.5 V, 14 24 14 24 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

2 All typical values are at VCC = 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. 
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SN54LS365A, SN54LS367A 
SN74LS365A, SN74LS367A 

HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

1 PLH 10 	16 ns 

1 PHL 9 	22 ns 
RL = 667 SI, 	 CL = 45 pF 

1 PZH 19 	35 ns 
Any V 

tPZL 24 	40 ns 

tPHZ 30 ns 
RL = 667 St, 	 CL = 5 pF 

tPLZ 35 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDI TIONST • - 
MIN TYP T 

_..  
..:• " 4L..3.. t.:. 

UNIT 

MAX MIN TNT* MAX 

VIK Vcc = MIN, II = - 18 mA - 1.5 -1.6 V 

VoH 
V00 	MIN, 

10H = MAX 

V 0 	2 V, 	V11_ 	MAX, 
2.4 3.3 2.4 3.1 V 

VOL 

VCC = MIN, 

I0L = 12 mA 

VIH = 2 V, 	 VII_ = MAX, 
0.25 0.4 0.25 0.4 

V 
Voo = MIN, 

IDL = 24 mA 

Vii..i = 2 V, 	 VIL ° 0 . 8  V ,  
0.35 0.5 

loz 

VCC = MAX, 

Vo - 2 4 V 

V1H = 2 V, 	 VIL - MAX. 
20 20 

gA 
vcc  = MAX, 

Vo = 0.4 V 

VIII = 2 V, 	VIL = MAX ,  
- 20 - 20 

II VCC = MAX, V1 = 7 V 0.1 0.1 mA 

IIH VCC = MAX, . Vi = 2.7 V 20 20 AA 

Ill_ 

A Inputs 
VCC = MAX, V1= 0.5 V, 	 Either G input at 2 V - 20 - 20 uA 

Vec = MAX, Vi = 0.4 V, 	 Both E inputs at 0.4 V -0.4 - 0.4 
mA 

a- Inputs V00 = MAX, VI= 0.4 V - 0.2 -0.2 

1 0S§ VCC = MAX -40 -226 -40 - 225 mA 

ICC VCC = MAX, Data inputs = 0 V, 	Output controls = 4.5 V, 12 21 12 21 mA 

S
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8
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SN54LS366A, SN54LS368A 
SN74LS366A, SN74LS368A 
HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS3613A 
9N641.8368A 

SN74LS388A 
8N741S3813A 

UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0,7 0.8 V 

101.4 High-level output current -1 - 2,8 mA 

10L Low-level output current 12 24 mA 

TA Operating tree-air temperature - 65 125 0 70 °C 

2-880 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 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. 
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SN54LS366A, SN54LS368A 
SN74LS366A, SN74LS368A 

HEX BUS DRIVERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 2) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	WI' 	MAX UNIT 

tPLH 7 	15 ns 

tPHL 12 	18 ns 
RL = 667 Sl, 	,CL = 45 pF 

tpZH 18 	35 ns 
Any Y 

tPZL 28 	45 ns 

1 PHZ 32 ns 
RL = 667 SZ, 	CL = 5 pF 

tPLZ 35 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS373, SN54LS374, SN54S373, 

SN54S374... J OR W PACKAGE 

SN74LS373, SN74LS374, SN74S373, 

SN74S374 . DW OR N PACKAGE 

(TOP VIEW) 

SN54LS373, SN54LS374, SN54S373, 

SN54S374 . . FK PACKAGE 

(TOP VIEW) 

" >J 2 
1-11.-J I-I I-1 

3 2 1 20 19 

2D 4 
	

18 8D 

2Q 5 
	

17 7D 

3Q 6 
	

t6 7Q 

3D 7 
	

15 6Q 

4D 8 
	

14 6D 

9 10 11 12 13 
11 f1 I-1 I-I  

do - CO 
Z U n L.r, 

OC 

1Q 

10 

2D 

2Q 

3Q 

3D 

4D 

4Q 

GND 

ACC 
8Q 

8D 

7D 

7Q 

6Q 

6D 

5D 

5Q 

Ct 

SN54LS373, SN54LS374, SN54S373, SN54S374, 
SN74LS373, SN74LS374, SN74S373, SN74S374 

OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS 
OCTOBER 1975—REVISED MARCH 1988 

Choice of 8 Latches or 8 D-Type Flip-Flops 
In a Single Package 

3-State Bus-Driving Outputs 

Full Parallel-Access for Loading 

Buffered Control Inputs 

• Clock/Enable Input Has Hysteresis to 

Improve Noise Rejection ('S373 and 'S374) 

• P-N-P Inputs Reduce D-C Loading on 

Data Lines ('S373 and 'S374) 

'LS373, 'S373 

FUNCTION TABLE 

OUTPUT 

ENABLE 

ENABLE 

LATCH 
D OUTPUT 

L H H 

I
 J
 8

N
 

L H L 

L L X 

H X X 

. LS374, 'S374 

FUNCTION TABLE 

OUTPUT 

ENABLE 
CLOCK D OUTPUT 

L 1' H 

I
 -I  

g
  
N

 

L t L 

L L X 

H X X 

(7 

description 

These 8-bit registers feature three-state outputs 

designed specifically for driving highly-capacitive or 

relatively low-impedance loads. The high-impedance 

third state and increased high-logic-level drive provide 

these registers with the capability of being connected 

directly to and driving the bus lines in a bus-organized 

system without need for interface or pull-up com-

ponents. They are particularly attractive for implement-

ing buffer registers, I/O ports, bidirectional bus drivers, 

and working registers. 

The eight latches of the 'LS373 and 'S373 are 

transparent D-type latches meaning that while the 

enable Cl( is high the Q outputs will follow the data ID) 

inputs. When the enable is taken low the output will be 

latched at the level of the data that was set up. 

tC for 'LS373 and 'S373; CLK for 'LS374 and 'S374. 
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SN54LS373, SN54LS374, SN54S373, SN54S374, 
SN74LS373, SN74LS374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS 

description (continued) 

The eight flip-flops of the 'LS374 and 'S374 are edge-triggered D-type flip-flops. On the positive transition of the clock, the Q 

outputs will be set to the logic states that were setup at the D inputs. 

Schmitt-trigger buffered inputs at the enable/clock lines of the 'S373 and 'S374 devices, simplify system design as ac and dc 

noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be used to 

place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state. In the high-

impedance state the outputs neither load nor drive the bus lines significantly. 

The output control does not affect the internal operation of the latches or flip-flops. That is, the old data can be retained or 

new data can be entered even while the outputs are off. 

logic diagrams (positive logic) 

'LS373, 'S373 
	

'LS374, 'S374 
TRANSPARENT LATCHES 

	
POSITIVE-EDGE-TRIGGERED FLIP-FLOPS 

S
e3

In
e
a
  1

1
1
  

_1=1- for lS373 only 
	

=for "S374 only 

Pin numbers shown are for DW, J, N, and W packages. 
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EQUIVALENT OF DATA INPUTS EQUIVALENT OF ENABLE AND 
OUTPUT CONTROL INPUTS 

TYPICAL OF ALL OUTPUTS 

VCC 

INPUT 

Req . 201(12 NOM 

VCC 
17 Id/ NOM 100 0 NOM 

VCC 

OUTPUT 

1641 /I p INPUT 

ON 

Pa 

'LS374 

EQUIVALENT OF 
DATA INPUTS 

EQUIVALENT OF CLOCK 
AND OUTPUT CONTROL INPUTS 

TYPICAL OF ALL OUTPUTS 

VCC VCC VCC 

30 kil NOM 17 IcS2 NOM 100 0 NOM 

gilli 
4111° 

INPUT  

INPUT 

111 
In 

OUTPUT 

Pik 

2 

T
T
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 D

e
v
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SN54LS373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

schematic of inputs and outputs 	
'LS373 

AP 
INSTRUMENTS 
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SN54LS373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 
Input voltage  	7 V 
Off-state output voltage 	 5  5 V 
Operating free-air temperature range: SN54LS' 	  —55° C to 125° C 

SN74LS' 	  0° C to 70° C 

	

Storage temperature range   —65° C to 150°C 

NOTE 1• Voltage values are with respect to network ground terminal. 

recommended operating conditions 

Shicell Si capil I s ,  
UNIT 

MIN 	'.. 	'. MAX '.". 	1 ...'.1 MAX 

VCC Supply voltage 4.5 5.5 4. o 	o 5.25 V 

VOH High-level output voltage 5.5 5.5 V 

loi-{ High-level output current —1 —2.6 mA 

loL Low-level output current 12 24 mA 

t ry  Pulse duration 
CLK high 15 15 

ns 
ci le 1,-, 15 15 

u  Data setup time 
51 51 

ns — 
'Los /4 201 20t 

th Data hold time 
' LS373 201 201 

ns 
' LS3741 5 1 Ot 

TA Operating free-air temperature — 55 125 0 70 ° C 

The th specification applies only for data frequency below 10 MHz. Designs above 10 MHz should use a minimum of 5 ns (Commercial only) 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYPT MAX MIN TYPT MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = MIN, 	II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 	VIE-i= 2 V, 

v iL =v iLmax, lcul = MAX 
2.4 3.4 2.4 3.1 V 

VOL Low-level output voltage 
Voo -- MIN, 	VIH= 2 V, 

VII_ = ViLmax 

loL = 12 mA 0.25 0.4 0.25 0.4 
V 

10L = 24 mA 0.35 0.5 

lozH 
Off-state output current, 

high-level voltage applied 

VCC = MAX, 	VIH = 2 V, 

Vo = 2.7 V 
20 20 pA 

IOZL 
Off-state output current, 

low-level voltage applied 

VCC = MAX, 	VIH = 2 V, 

Vo = 0.4 V 
—20 —20 pA 

II 
Input current at 

maximum input voltage 
VCC = MAX, 	VI = 7 V 0.1 0.1 mA 

IIH High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 pA 

I1L Low-level input current VCC = MAX, 	Vi = 0.4 V —0.4 —0.4 mA 

los Short-circuit output current§ VCC = MAX —30 —130 —30 —130 mA 

ICC Supply current VCC = MAX ,  
Output control at 4.5 V 

24 40 24 40 
mA 

r-S373 

'LS374 27 40 27 40 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25`C, 

§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54LS373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

switching characteristics, VCC = 5 V, TA = 25 °C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS374 
UNIT 

MIN T Yl• MAX Mir% TYP MAX 

f max 

CL = 45 pF, FiL = 667 0 

See Notes 2 and 3 

,g, 50 MHz 

tPLH Data Any Q 
12 18 

ns 
tPHL 12 18 

tPLH Clock or 

enable 
Any 0 

20 30 15 28 
ns 

tPHL 18 30 19 28 

tpZH Output 

Control 
Any Q 

15 28 20 26 
ns 

 tpZL 25 36 21 28 

tPHZ 
Output 

Control 
Any Q 

CL = 5 pF, AL = 667 0 

See Note 3 

15 25 15 28 ns 

tPLZ 
Output 

Control 
Any Q 12 20 12 20 ns 

NOTES: 2. Maximum clock frequency is tested with all outputs loaded. 

3. Load circuits and voltage waveforms are shown in Section 1. 

f max 	maximum clock frequency 

tpLH 	propagation delay time, low-to-high-level output 

tpHL 	propagation delay time, high-to-low-level output 

tpz1.4 . output enable time to high level 

tpzL 	output enable time to low level 

tpHz 	output disable time from high level 

tPLZ 	output disable time from low level 

) 
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TYPICAL OF ALL OUTPUTS 

VCC 
50 52 
NOM 

Pa 
OUTPUT 

S
0

3
1
A

8
a
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SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 

schematic of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 

Off-state output voltage 

Operating free-air temperature range: SN54S' 
SN74S' 

   

	 7V 

5  5 V 

5  5 V 

—55°C to 125° C 

0° C to 70° C 

—65° C to 150°C 

   

   

   

   

   

Storage temperature range 

    

    

NOTE 1: Voltage values are with respect to network ground terminal. 

  

recommended operating conditions 

    

• ": 	1 ,  

NUM 

. '1'4' 
UNIT 

MIN MAX MIN NUM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

High-level output current, Icni —2 —6.5 mA 

Width of clock/enable pulse, t w  
High 6 6 

ns 
Low 7.3 7.3 

Data setup time, t iu  
'S373 04. 04 

ns 
'c'374 5f 5t 

Data hold time, th 
;7 I 04. 104 

ns — 
1

2t 2t 
Operating free-air temperature, TA —55 125 0 70 ° C 
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POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN 	TYPE 	MAX UNIT 

VIH 2 V 
Vit..  0.8 V 

VIK VCC = MIN, 	II = - 18 mA - 1.2 V 

VOH S — 	— VCC = MIN, 	VIH = 2 V. 	VIL = 0.8 V, 	loH = MAX 
2.4 	3.4 

V 
2.4 	3.1  

VOL VCC = .."• 	VIH = 2 V, 	VIL = 0 . 8  V, 	'OL = 20 mA 0.5 V 

1 02H VCC = ..". • 	Viii = 2 V, 	Vo = 2.4 V 50 AA 

IOZL VCC = MAX, 	VIH = 2 V, 	Vo = 0.5 V -50 ILA 

II VCC = MAX, 	Vi = 5.5 V 1 mA 

IIH VCC = MAX, 	Vi = 2.7 V cr)  pA 

IlL VCC = MAX, 	Vi = 0.5 V - . pA 

IOS 5  VCC = MAX -40 	- luu mA 

!cc VCC = MAX 

'S373 

outputs high 160 

mA 

outputs low 160 

outputs disabled 190 

'S374 

outputs high 110 

outputs low 140 

outputs disabled 160 

CLK and OC a 4 V, D inputs at 0 V 180 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 °C. 

6 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

switching characteristics, V CC  = 5 V, TA  = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

•S373 'S374 
UNIT 

MIN TYP MAX MIN TNT MAX 

f Max 

CL - 15 pF, RL = 280 ft, 

See Notes 2 and 4 

75 100 MHz 

tPLH 
Data Any 0 

7 12 
ns 

tpHL  7 12 

IPLH Clock or 

enable 
Any Q 

7 14 8 15 
ns 

tPHL 12 18 11 17 

tPZH Output 

Control 
Any 10 

8 15 8 15 
ns 

tPZL 11 18 11 18 

tPHZ Output 

Control 
Any Q 

CL = 5 pF, 	RL = 280 0, 

See Note 3 

6 9 5 9 
ns 

tPLZ 8 12 7 12 

NOTES: 2. Maximum clock frequency is tested with all outputs loaded. 

4. Load circuits and voltage waveforms are shown in Section 1. 

fmax 	maximum clock frequency 

tPLH 	propagation delay time, low-to-high-level output 

1PHL a propagation delay time, high-to-low-level output 

tpzH e output enable time to high level 

tpzL a output enable time to low level 

tpHz . output disable time from high level 

tpLz a output disable time from low level 
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BIDIRECTIONAL 
DATA BUS 1 

CLOCK 1 

CLOCK 1 H 

BUS 
EXCHANGE 7 	'- 
CLOCK 

CLOCK 2 H 

sa
3!

A
G

a  
1
1
1
  

BIDIRECTIONAL 
DATA BUS 2 

CLOCK 2 

• OUTPUT 
CONTROL 2 

  

•
1D 10 ■ 

	

2D 	 20 

	

I. 3D 	3Q III 
OM  

OM 4D LOR Mal 
S374 40 WI 

5D 513 
IMMO 6D 'S374 

60 .1111 

	

Mil. 7D 	70 111111. 
MM. 8D CK MIMI 

1111111,11=41111.18Q  EMI 

I i  'LS 7 1.° 
7D 

	

1Q 	V 	1D 
CK 

	

2Q 	 2D 

3D 

	

40 	374 4D OR 
'S374 

	

SO 	 SD 

'LS374 OR 'S374 

'LS374 OR 'S374 

'LS374 OR 'S374 

'LS374 OR 'S374 	C 

SN54LS373, SN54LS374, SN54S373, SN54S374, 
SN74LS373, SN74LS374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS 

OUTPUT 
CONTROL 1 

TYPICAL APPLICATION DATA 

BIDIRECTIONAL BUS DRIVER 

    

CLOCK CIRCUIT FOR BUS EXCHANGE 

EXPANDABLE 4-WORD-BY-8-BIT GENERAL REGISTER FILE 

1/2 SN74LS139 

OR SN74S139 

G YO 

Y1 

A `12 

B V3 ENABLE SELECT ( 

1/2 SN74LS139 
OR SN74S139 

YO Y1 V2 Y3 

A B  

I I 

CLOCK 

SELECT 	CLOC

- 

K 
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Req 

EQUIVALENT OF 
EACH INPUT 

vcc 

INPUT 

Data: Req = 17 kit 

Enable: Req = 4.2 kEE 

TYPICAL OF ALL OUTPUTS 

   

VCC 
120 Cl 
NOM 

OUTPUT 

   

 

Supply Voltage and Ground on Corner 
Pins To Simplify P-C Board Layout 

description 

The SN54LS375 and SN74LS375 bistable latches are 
electrically and functionally identical to the 

SN54LS75 and SN74LS75, respectively. Only the 

arrangement of the terminals has been changed in the 

SN54LS375 and SN74LS375. 

These latches are ideally suited for use as temporary 

storage for binary information between processing 

units and input/output or indicator units. Informa-
tion present at a data (D) input is transferred to the Q 
output when the enable (C) is high and the Q output 
will follow the data input as long as the enable 
remains high. When the enable goes low, the informa-
tion (that was present at the data input at the time 
the transition occurred) is retained at the Q output 
until the enable goes high. 

All inputs are diode-clamped to minimize transmission-

line effects and simplify system design. The SN54LS375 

is characterized for operation over the full military 

temperature range of — 55°C to 125°C; SN74LS375 is 

characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 

(EACH i 

INPUTS 

SN54LS375 	) OR W PACKAGE 
SN74LS375 . . . D OR N PACKAGE 

(TOP VIEW) 

1D 

IQ 

10 

1 C,2C 

20 

2Q 

2D 

GND 

SN54LS375 	FK PACKAGE 

(TOP VIEW) 

10 ❑ 0 Z > 
LI u I__11-71-1 
3 2 	1 20 19 

10 4 18 4Q 
1C,2C 5 17 4Q 

NC 6 16 NC 
2Q 7 15 3C,4C 
26 h8 14 30 

9 10 	11 12 13 
r—Ir—sr—s 

❑ ❑ (-) ❑ 10 
Z Z m Crl 
to 

NC • No internal connection 

logic diagram (each latch) 

SN54LS375, SN74LS375 
4-BIT BISTABLE LATCHES 

OCTOBER 1976 — REVISED MARCH 1988 

vcc 
4D 

40 

40 

3C,4C 

30 

36- 

 3D 
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D G DATA 
L H L H TO OTHER 

H H H L LATCH 

X L °CI °O 

H = high level, L = low level, X = irrelevant 

Qo = the level of Q before the high-to-low transition of C. 	 ENABLE 

a 

logic symbol t 

10 

10 

2Q 

2(71 

30 

30 

4Q 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617 - 12. 
Pin numbers shown are for 0, J, N. and W packages. 

schematics of inputs and outputs 

PRODUCTION DATA documents contain information 
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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SN54LS375, SN74LS375 
4-BIT BISTABLE LATCHES 

S
03

1
A

0
a

  
i
l
l
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage 	 7 V 

Operating free-air temperature range: SN54LS375  	-55°C to 125°C 

	

SN74LS375   0° C to 70°C 

Storage temperature range  	-65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54 LS375 SN74LS375 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

'OH High-level output current - 0.4 - 0.4 mA 

IOL Low-level output current 4 8 mA 

tw  Width of enabling pulse 20 20 ns 

'setup Setup time 20 20 ns 

thold Hold time 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 t 
SN54LS375 '' '. '41 

i IR i 

.1 n.
- 

MAX 
UNIT 

MIN TYP 2 MAX MIN 

V IK VCC ' MIN ,  ll ' -18 mA -1.5 - 1.5 V 

VOH 
VCC' MIN ,  

I 	= - 0.4 mA OH 

VIH ' 2 V, 	VII_ = MAX 
2.5 3.5 2.7 3.5 V 

VCC = MIN, 

v iL  = MAX 

VIH = 2 V, I0L = 4 mA 0.25 0.4 0.25 
V VOL 

 IOL ' 8  mA 0.35 0.5 

II VCC = MAX, VI = 7 V 
D input 0.1 0.1 

mA 
C input 0.4 0.4 

IIH VCC=MAX VI = 2.7 V 
D input 20 20 

NA 
C innut 80 80 

'IL VCC=MAX, Vi = 0.4 V 
D 1 	. -0.4 - 0.4 

mA 
Cl..,....: - 1.6 - 1.6 

IOS§ VCC = MAX -20 - 100 -20 - 100 mA 

Icc vcc = MAX, See Note 2 6.3 12 6.3 12 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

I All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time. 

NOTE 2: i cc  is tested with all Inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

,PLH 
D Q 

RL = 2 Id2, 	 CL = 15 pF 

15 	27 
ns 

tPHL 9 	17 

tPLH D 0 
12 	20 

ns 
tPHL 7 	15 

tPLH C a 
15 	27 

ns 
tPHL 14 	25 

tPLH 
C Q 

16 	30 
ns 

tPHL 7 	15 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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EQUIVALENT OF 

EACH INPUT 
TYPICAL OF ALL 

OUTPUTS 

VCC 

INPUT 

Clear, J, K: R eq  = 4 kSZ NOM 

Clock: R eq  = 11.6 60.  NOM 

VCC 

O 

SN54376, SN74376 
QUADRUPLE J-K FLIP-FLOPS 

OCTOBER 1976 — REVISED MARCH 1988 is 	 Four J-R Flip-Flop in a Single Package 
Can Reduce FF Package Count by 50% 

Common Positive-Edge-Triggered Clocks 
with Hysteresis ... Typically 200 mV 

Fully Buffered Outputs 

• Typical Clock Input Frequency ... 45 MHz 

description 

These quadruple TTL J-K flip-flops incorporate a 

number of third-generation IC features that can 

simplify system design and reduce flip-flop package 

count by as much as 50%. They feature hysteresis at 

the clock input, fully buffered outputs, and direct 

clear capability. The positive-edge-triggered SN54376 

and SN74376 are directly compatible with most 

Series 54/74 MSI registers. 

The SN54376 is characterized for operation over the 

full military temperature range of —55 ° C to 125° C; 
the SN74376 is characterized for operation from 0 ° C 

to 70° C. 

FUNCTION TABLE (EACH FLIP-FLOP)  

COMMON INPUTS INPUTS OUTPUT 

0 CLEAR CLOCK J 	K 

L 

H 

H 

H 

H 

H 

X 

1 

I 

L 

X
 I
=

 J
 J
  
X

  

X
  
J
 	

_
J
 
2

 X
 

L 

Clo 

H 

L 

TOGGLE 

Qo 

S1164376 . . . J PACKAGE 
SN74376 . . N PACKAGE 

(TOP VIEW) 

VCC 
4J 

4K 

4Q 

3Q 

3K 

3J 

CLK 

logic symbolt 

tThis symbol is in accordance with ANSWIEEE Std. 91-1984 and 

IEC Publication 617-12. 

CLR 
1J 

1K 

10 

2Q 

2K 

2J 

GND 
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schematics of inputs and outputs 

Resi for values shown are nominal. 

PRODUCTION DATA documents contain "nformation 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processi g does not 
necessarily include testing of all parameters. 
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SN54376, SN74376 
QUADRUPLE J-K FLIP-FLOPS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  5.5 V 
Operating free-air temperature range: SN54376 	  —55°C to 125°C 

SN74376 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminals. 

recommended operating conditions 

S!Ps43711 '1'174176 
UNIT 

MIN 	rJovi 	MAX MIN . 	NOM 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	 5 	5.25 V 

High-level output current 	loH —800 —800 pA 

Low-level output current loL 16 16 mA 

Clock frequency 0 	 30 0 	 30 MHz 

. 

Pulse width, tw  

Clock high 22 22 

ns Clock low 12 12 

Preset or clear low 12 12 

Setup time, t su  
J, K inputs Of Ot 

ns 
Clear inactive state 10t 10t 

Input hold time, th 201 20t ns 

Operating free-air temperature, TA — 55 	 125 0 	 70 C 

11 The arrow indicates the edge of the clock pulse used for reference: t for the rising edge, 1 for the falling edge. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —12 mA —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VIL = 0.8 V, 

Vii..1= 2 V, 

: 2-70 p  A 
2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 

ViL = 0.8 V, 

VIO  IHEI 

loL = 16 mA 
0.2 0.4 V 

I 	i Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 mA 

I IFI High-level input current VCC ' MAX, Vi = 2.4 V 40 pA 

I IL Low-level input current VCC = MAX, VI = 0.4 V —1.6 mA 

los Short-circuit output current§ VCC = MAX —30 —85 mA 

!cc Supply current VCC = MAX 52 74 mA 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

IAII typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fmax Maximum clock frequency 
=  CL 	15 pF, 

IRL = 400 El, 

See Note 2 

30 45 MHz 

tpH L Propagation delay time, high-to-low-level output from clear 17 30 ns 

tpLH Propagation delay time, low-to-high-level output from clock 22 35 ns 

tpHL Propagation delay time, high-to-low-level output from clock 24 35 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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INPUTS OUTPUTS 

CLOCK DATA Q 	0 

H X X 

18  
-
1

 I
 0

  

0
 	

0
 

O
x

J
a
 

L 1 H 

L t L 

X L X 

FUNCTION TABLE 

(EACH FLIP-FLOP) 

3 	2 	1 20 19 

1D 4 1 8 6D 

2D 5 170 5D 
NC 6 16 NC 
2Q 7 15 50 
3D 8 14 4D 

9 	10 	11 12 13 

0 0 (..> Y 0 
Z Z 

SN54LS378 . . FK PACKAGE 

(TOP VIEW) 
U 

0 
 —1(0 Z > 0 

1__I 	 L_J 

NC — No internal connection 

SN54LS377, SN54LS378, SN54LS379, 
SN74LS377, SN74LS378, SN74LS379 

OCTAL, HEX, AND QUAD D•TYPE FLIP-FLOPS WITH ENABLE 
OCTOBER 1976 — REVISED MARCH 1988 

• 'LS377 and 'LS378 Contain Eight and 
Six Flip-Flops, Respectively, with Single-
Rail Outputs 

• 'LS379 Contains Four Flip-Flops with 
Double-Rail Outputs 

• Individual Data Input to Each Flip-Flop 

• Applications Include: 
Buffer/Storage Registers 
Shift Registers 
Pattern Generators 

description 

These monolithic, positive-edge-triggered flip-flops 

utilize TTL circuitry to implement D-type flip-flop 

logic with an enable input. The 'LS377, 'LS378, and 

'LS379 devices are similar to 'LS273, 'LS174, and 

'LS175, respectively, but feature a common enable 

instead of a common clear. 

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 if the enable 

input G is low. 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. The circuits 

are designed to prevent false clocking by transitions 

at the G input. 

These flip-flops are guaranteed to respond to clock 

frequencies ranging from 0 to 30 MHz while 

maximum clock frequency is typically 40 megahertz. 

Typical power dissipation is 10 milliwatts per 

flip-flop. 

SN54LS377 . . . J PALAAGE 

SN74LS377 . . . DW OR N PACKAGE 

(TOP VIEW) 

G 
10 

10 

2D 

2Q 

3Q 

3D 

4D 

4Q 

GND 

SN54LS377 	FK PACKAGE 

(TOP VIEW) 

0 010 U
0 > oo 

1--II--1 
3 2 1 20 19 

2D 4 	 18 8D 

20 5 	 17 7D 

3Q 6 	 16 70 

3D 7 	 15 60 

4D 8 	 14 6D 

9 10 11 12 13 
1-1r, r—rr--r  

CI 0 le 	1:21 
z 	1.0 
(• 

SN54LS378 . . . J OR W PACKAGE 

SN74LS378 ... D OR N PACKAGE 

(TOP VIEW) 

VCC 
60 

6D 

5D 

50 

4D 

4Q 

CLK 

VCC 
80 

8D 

7D 

70 

60 

6D 

5D 

50 

CLK 

10 

10 

2D 

2Q 

3D 

3Q 

GND 

..o.11. rlOh 	scuments contain information 
1.1. ...s of 	en date. Products conform to 

NI. terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS379 	FK PACKAGE 

(TOP VIEW) 

U > ww Z  

10 

10 

NC 

2D 

2Q 

ao 
4D 

NC 

3D 

3Q 
9 10 11 12 13 
nn nnn  

C) 
Z 	

C.)  

NC 	No internal connection 

logic 

G 

CLK 

m  

20 

3D 

4D 

50 

60 

7D 

8D 

symbols 

11)  

t 

"LS377 

(2) 
10 

2Q 

3Q 

40 

56 

70 

80 

CLK 

10 

20 

3D 

4D 

5D 

6D 

111 

I'LS379 
ON YI 

'LS378 

(21 
10 

20 

30 

40 

50 

60 

1C2 1C2 
(11) 1 91 

1.11 

(3) (3) 
2D 2D 

(4) (5) (4) 5) 

(7) (6) (6) (71 

18) (9) (11) (101 

(13) (12) (13) (12) 

(141 (15) (14) 115) 

117) (16) 

118) (19) 

'LS379 

SN54LS377, SN54LS378, SN54LS379, 
SN74LS377, SN74LS378, SN74LS379 
OCTAL, HEX, AND QUAD 13•TYPE FLIP-FLOPS WITH ENABLE 

SN54LS379 , J OR W PACKAGE 

SN74LS379 	D OR N PACKAGE 

(TOP VIEW) 

VCC 
10 	15U40 

1Q 13 	14140  

1D  14 	131 4 0 

2D15 	 3D 

2QI6 	1113Q 

2Q17 	1013Q 

GNDIB 	9UCLK 

logic diagram (positive logic) 

S
8

31
A

0C
1  

1
1
1
  

  

CLOCK 

ENABLE 

TO 7 VLS3771 

5 ('LS378) 
3 ('LS3791 

OTHER FLIP-FLOPS 

  

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for DW, J, and N packages. 
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EQUIVALENT OF DATA 
INPUT 

EQUIVALENT OF CLOCK 
INPUTS 

VCC VCC 

INPUT 
Reg t: R eg  

INPUT 

'LS379 R eq  = 30 kg NOM 'LS379 :R e, = 17 kg NOM 

others : R eq  -- 25 kg NOM others :Reg  = 20 kg NOM 

EQUIVALENT OF ENABLE TYPICAL OF ALL OUTPUTS 
INPUTS 

V 
120 12 NOM 

V CC CC CC 

INPUT 
R eq 

 

lb OUTPUT 

rill 

'LS379 	R eq  - 25 k0 NOM 
others 	R eq  - 201,52 NOM 

2 

T
T
L

 D
e

v
ic

es
  

SN54LS377, SN54LS378, SN54LS379, 
SN74LS377, SN74LS378, SN74LS379 

OCTAL, HEX, AND QUAD D-TYPE FLIP-FLOPS WITH ENABLE 

schematics of inputs and outputs 

absolute maximum rating over operating free -air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

	

Input voltage   7 V 

	

Operating free-air temperature range: SN 54 LS' 	  —55° C to 125° C 

	

SN 74 LS' 	  0° C to 70° C 

	

Storage temperature range   —65°C to 150° C 

NOTE 1 Voilaqe values are with respect to network around terminal. 
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SN54LS377, SN54LS378, SN54LS379, 
SN74LS377, SN74LS378, SN74LS379 
OCTAL, HEX, AND QUAD D-TYPE FLIP-FLOPS WITH ENABLE 

recommended operating conditions 

I-8I:'..II .-. -1 	SN74LS' I-- 
UNIT 

'.'I': 	':.1'.1 	MAX 	7i% 	NOM 	:IA • 

Supply voltage, VCC 4.0 	o 	5.5 4.70 	5 	o.zo V 

High-level output current, IOH —400 —400 ALA 

Low-level output current, 10L 4 8 mA 

Clock frequency,fclock 0 	 30 0 	 30 MHz 

Width of clock pulse, tw  20 20 ns 

Setup time, t s ,., 

Data input . 205 

ns Enable active-state 25 t 

Enable inactive-state 10t 101 

Hold time, th Data and enable 5t 5t ns 

Operating free-air temperature, TA —55 	 125 0 	 70 ° C 

tThe arrow indicates that the rising edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
•.,..I .: 

I ,P, 
UNIT 

MIN MAX MIN I ',Pt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = '.". ii= —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
MCC '". VIH = 2 V, 

2.5 3.5 2.7 3.5 V 
VIL-- VIL max, loH = —400 t/A 

VOL Low-level output voltage 
MCC = MIN, 

VIL-VIL max 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL ' 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 mA 

111-1 High-level input current VCC = MAX, Vi= 2.7 V 20 20 gA 

IlL Low-level input current VCC = MAX, Vi = 0.4 V —0.4 —0.4 mA 

IOS Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

Icc Supply current VCC = MAX, See Note 2 

'LS377 17 28 17 ?"' mA 

'LS378 13 22 13 .. 	mA 

'LS379 9 15 9 15 	mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 
§ Note more than one input should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and ground applied to all data and enable inputs, Icc is measured after a momentary ground, 

then 4.5 V, is applied to clock. 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

f max  Maximum clock frequency CL = 15 pF, 

RL = 2 kIt 

See Note 3 

30 40 MHz 

tpLH Propagation delay time, low-to-high-level output from clock 17 27 ns 

tpHL Propagation delay time, high-to-low-level output from clock 18 27 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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1-1 I-11-J LI 1--1 

3 .2 	1 20 19 
B0 4 18 B2 

SO 5 17 A3 

S1 6 16 B3 

S2 7 15 C, 
FO 8 la P 

9 10 11 12 13 
1-1111,11.11 

E  9 f;  i_ f2 lo 

SN54LS382A FK PACKAGE 

(TOP VIEW) 

U 
'ryry 

<ct' 
uuE - 

SN54LS381A, SN54S381, SN74LS381A, SN54LS382A, SN74LS382A, SN74S381 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

D2430, JANUARY 1981 — REVISED MARCH 1988 

PIN DESIGNATIONS 

DESIGNATION PIN NOS. FUNCTION 

A3, 

 

42, Al, AO 1 7, 19, 1, 3 WORD A INPUTS 

B3, B2, B1, BO 16, 18, 2, 4 WORD B INPUTS 

S2, S1,50 7, 6, 5 
FUNCTION-SELECT 

INPUTS 

C r, 15 

CARRY INPUT FOR 

ADDITION, INVERTED 

CARRY INPUT FOR 

SUBTRACTION 

F3, F2, Fl, FO 12, 11, 9, 8 FUNCTION OUTPUTS 

—('LS381A 
P 

'5381 ONLY) 
14 

ACTIVE-LOW CARRY 

PROPAGATE OUTPUT 

—
G 

('LS381A

'S381 ONLY) 
13  

ACTIVE-LOW CARRY 

GENERATE OUTPUT 

('LS382A 
Cr' + 4 	ONLY) 

14 
RIPPLE-CARRY 

OUTPUT 

OVR )'LS382A S382A 
ONLY) 

OVERFLOW 

OUTPUT 

VCC 20 SUPPLY VOLTAGE 

GND 10 GRC 	'. 

• Fully Parallel 4-Bit ALUs in 20-Pin Package 

for 0.300-Inch Row Spacing 

• Ideally Suited for High-Density Economical 

Processors 

• 'LS381A and 'S381 Feature G and P Outputs 

for Look-Ahead Carry Cascading 

• 'LS382A Features Ripple Carry (Dn + 4) and 
Overflow (OVR) Outputs 

• Arithmetic and Logic Operations Selected 
Specifically to Simplify System 

Implementation: 
A Minus B 
B Minus A 

A Plus B 

and Five Other Functions  

SN54LS381A, SN54S381 
J OR W PACKAGE 

SN74LS381A, SN74S381 
	

SN54LS381A, SN54S381 
... OW OR N PACKAGE 	 . FK PACKAGE 

(TOP VIEW) 	 (TOP VIEW) 

A11 1  VCC 
A2 

A01 3  18 1  B2 

B01 4  17  1  A3 

S01 5  16 183 

SI  16 I5 1  Cn 

S21 7 1a 1  15  
F018 13 1  G 
Fl  1 9 12 1  F3 

GND F2 

SN541S382A 
J OR W PACKAGE 
SN74LS382A . 

DW OR N PACKAGE 

(TOP VIEW) 

3 	2 	120 19 

BO 4 18 B2 
SO 5 17 A3 
S1 6 16 B3 
S2 7 15 Cn 
FO 8 to Cn +4 

9 	10 11 12 13 
(-1 

E 2 I 
0 

FUNCTION TABLE 

SELECTION ARITHMETIC/LOGIC 

OPERATION S2 	51 	SO 

J
1
 
J
I

-
J
2
J

2
  

J
 _

J
 
1

 I
 ...1  

J
  
1

  
2
  

J
 _

I
 J
 J
  
I
  
2
  
I
  
I
  

CLEAR 

B MINUS A 

A MINUS B 

A PLUS B 

A0 B 

A + B 

AB 

PRESET 

Al 

B1 

AO 

BO 

SO 
Si 

S2 

FO 

Fl 

GND 

VCC 
A2 

B2 

A3 

B3 

Cn 

Cn + 4 
OVR 

F3 

F2 

T
T

L
  D

e
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H = high level, 	L - low level description 

The 'LS381 A, 'S381 and 'LS382A are low-power Schottky and Schottky TTL arithmetic logic units (ALUs)/function generators 

that perform eight binary arithmetic/logic operations on two 4 -bit words as shown in the function table. The exclusive -OR, 

AND, or OR function of the two Boolean variables is provided without the use of external circuitry. Also, the outputs can 

be cleared (low) or preset (high) as desired. The 'LS381 A and 'S381 provide two cascade outputs (is and G for expansion 
utilizing SN54S182/SN74S182 look-ahead carry generators. The 'LS382 provides a C n  +4) output to ripple the carry to 

the C n  input of the next stage. The 'LS382A detects and indicates two's complement overflow condition via the OVR output. 

The overflow output is logically equivalent to C n  3 e Cn  + 4. When the 'LS382A is cascaded to handle word lengths longer 
. 	. 

than four bits in length, only the most significant overflow (OVR) output is used. 

The SN54' family is characterized for operation over the full military temperature range of —55°C to 125°C. The SN74' 

family is characterized for operation from 0°C to 70 °C. 

PRODUCTION DATA documents contain information 
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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SN54LS3S1A, SN54S381, SN74LS381A, SN54LS382A, SN74LS382A, SN74S381 
ARITHMETIC LOGIC UNITSIFUNCTIONS GENERATORS 

function table 

Certain differences exist in the 	(ISM A, 'S381) and OVR, C n  + 4 I'LS382A) function table compared with similar 

parts from c 	technologies and other vendors. No differences exist in the arithmetic modes (B minus A, A minus B, and 

A plus B), where these outputs perform valuable cascade functions. There are slight differences in the other modes (CLEAR, 

A + B, A e B, AB, and PRESET), where these outputs are strictly "don't care". 

This function table is a condensed version and assumes for A n  that AO, A1, A2, and A3 inputs all agree and for B n  that 

BO, B1, B2, and B3 inputs all agree. This table is intended to point out the response of these ('LS381 A, 'S381) and 

OVR, Cn +4 VLS382A) outputs in all modes of operation to facilitate incoming inspection. 

FUNCTION TABLE 

ARITHMETIC/LOGIC 

OPEI 	, 	• 	',I 

INPUTS OUTPUTS I'LS381A, 'S3131) 

a 	P 

1'IS382A1 

OVR 	C,,,„ S2 	S1 	SO C„ A„ EI„ F3 	F2 	F1 	FO 
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logic diagram (positive logic) 'LS381A, 'LS382A 

SN54LS381A, SN54LS382A, SN74LS381A, SN74LS382A 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

►  "Nimiptemirm■—aram 

Ili ill 	ii 

	

Au- 	ir 

	

II 	IP 	111 

SO (5)  

S1 (6)  

S2 (7)  

Pin numbers shown are for DW, J, N, and W packages 
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'LS382 

53 81 
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F3 

OVR 

—4 

	(13) 1&)  
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3
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a
a
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l  

A3  (17) 

FO 

/DI') F2  

(16) 
B3-- 

(12) 

ED 

S2— 

'S 381 

13 

p 

SN54S381, SN74S3B1 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

logic diagram and schematics of inputs and outputs 

Pin numbers shown are for DW, J, N, and W packages. 
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EQUIVALENT OF EACH INPUT 

VCC 
R S 

INPUT 

Any S R ey  - 10 I<E2 

C, 1'LS381 Al: R eq  = 2.5 kS1 

All others: R eq  = 2 kct 

TYPICAL OF ALL OUTPUTS 

---  
120 E2 NOM 	

VCC 

OUTPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

50 .S2 NOM 

_ 

OUTPUT 

p 

SO 	(5)  

S1 	(6)  

S2 	(7)  

ALU 

}.° 

'LS382 A 

(8)  FO [1] 

(91 
121 

141 

FT"  (131  

2 

(81 

(14) 
OVR 

11/.0 BO 

300 

(12) 
3 

T
T

L
 D

e
v

ic
e

s  

...rm..- 11/21 BI 111 

C, (15)46 	3 C1111 

AO (3) 	 

BO 	(4) 

 Al (1)  

B1 121  

A2 	(19)  

82 118) 	CI 

A3 	(17) 	P 

B3  116) 

SN54LS381A, SN54S381, SN74LS381A, SN54LS382A, SN74LS382A, SN74S381 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

logic symbols t 

SO 	(5)  

'LS381A, 'S381 

"-- (14)  

ALU 

m  0 

- 	7 	IFIP,Q1 
2 

IFIP,Q) 
11/2) 	81111 

3 CI 111 

151 CP 

16) 

r- 

(6) S1 

(7)  
(13)  G 

S2 

C„ (15)r.  

(8) 	FO 
(3)  

111 
AO 

(41  

(9)  

60 

(1) 
[2] 

Al 
(2) Fl 

(11) 

B1 

(19)  
141 

A2 

B2 	(18)  
2 

(12) F3  (17)  
[81 

A3 
(16) 

B3 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for DW, J, N, and W packages. 

schematics of inputs and outputs 
15381, 'LS382A 

'S381 
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SN54LS381A, SN54LS382A, SN74LS381A, SN74LS382A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (See Note 1) 	  7 V 

Input voltage 	  7 V 

Operating free-air temperature range: SN54LS381A, SN54LS382A 	  -55°C to 125°C 

SN74LS381A, SN74LS382A 	  0°C to 70°C 

Storage temperature range 	  -65°C to 150°C 

NOTF 1: Voltage values are with respect to the network around terminal. 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

IOH High-level output current -0.4 - 0.4 mA 

ItpL Low-level output current 
-6-  output of 'LS381A 16 16 

mA 
All other outputs 4 8 

TA Operating free-air temperature - 55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN74LS' 

UNIT 
MIN 1 T r * MAX MIN 	TVPt MAX 

VIK VCC - MIN, 	li = -18 mA -1.5 - 1.5 V 

VOH 
VCC = MIN• 	ViH = 2 V. 	VII_ = MAX, 

IOH = - 0.4 mA 
2.5 3.4 2.7 3.4 V 

VOL 

' VLS381 Al 
Vcc = MIN, 	Viii = 2 V, 

VI L = MAX 

IOL . 16 mA 0.47 0.7 0.47 0.7  

V  
Other outputs 

IOL ' 4  ItIA 0.25 0.4 0.25 0.4 

10L= 8 mA 0.35 0.5 

II Vcc = MAX, 	V1= 7 V 0.1 0.1 mA 

liyi 

Any S 

N./cc = MAX, 	Vi = 2.7 V 

20 20 

;IA 
Any A or B 100 100 

Cr, I'LS381A) B0 80 

C r, (15382A1 100 100 

IlL 

Any S 

Vec = MAX, 	V1= 0.4 V 

- 0.2 - 0.2 

mA  
Any A or B 

-1  -1 
 

C r, ('LS381A) -0.8 -0.8 

Cr, 115382A) - 0.8 - 0.0 

100 VCC = MAX - 20 - 100 - 20 - 100 mA 

!cc 
VCC' MAX, 

All inputs grounded, outputs open 
35 65 35 65 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at V CC  = 5 V, TA = 25° C. 

ti Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS381A '1.53R7 
UNIT 

MIN 	TYP 	MAX MIN 	I ,P 	MAX 

tPLH Cn Any F 

R L  =2 ka, 	CL = 15 pF 

18 	27 18 	27 
ns 

tPHL 14 	21 14 	21 

1 PLH 
Any A or B G 

20 	30 
ns 

tPHL 33 

tPLH Any A or B -P-  
21 	33 

ns 
tpHL 23 	33 

tPLH Ai or Bi Fi 
20 	30 20 	30 

ns 
tpHL 15 	23 15 	23 

tpLH 
SO, S1, S2 Fi 

35 	53 35 	53 
ns 

tPHL 34 	51 34 	51 

tPLH 
SO, S1, 32 Gor P 

31 	47 
ns 

tPHL 32 	48 

tPLH 
Any A or B Cn+4 

28 	42 
ns 

tPHL 26 	39 

1PLH Any A or B OVR 
23 	35 

ns 
tPHL 27 	41 

1 PLH SO, S1, 32 
Cn+4 or 

OVR 

38 	57 
ns 

tpH L 36 	54 

1PLH 
Cn  OVR 

10 	15 
ns 

tPHL 13 	23 

tPLH 
Cn C n+4 

13 	21 
ns 

tPHL 11 	20 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS381A, SN54LS382A, SN74LS381A, SN74LS382A 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 
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SN54S381, SN74S381 
ARITHMETIC LOGIC UNITSIFUNCTION GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 11   7 V 

	

Input vol tage   5.5 V 

	

interemitter voltage (see Note 2)   5.5 V 

	

Operating free-ail temperature range: SN54S381   -55° C to 125'C 

	

SN74S381   O'C to 70 ° C 

-65° C to 150° C 

SN54S381 SN74S381 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -1 -1 mA 

Low-level output current. It3L 20 20 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

VIH High-level input voltage 2 V 

V I L Low-level input voltage 0.8 V 

VII< Input clamp voltage VCC = MIN, II = -18 mA -1.2 V 

VOH High-level output voltage 
• 	t 	• 	' 
-- 	- 

VCC = MIN, 

v iL  =0.8 V, 

VIH = 2 V. 

loH = -1 mA 

2.4 3.4 V 
2.7 3.4 

Vol_ Low-level output voltage 
VCC =MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

loL = 20 mA 
0.5 V 

II Input current at maximum input voltage VCC = MAX, Vi= 5.5 V 1 mA 

I iii High-level input current 

Any S input 

VCC = MAX, Vi = 2.7 V 

50 

AA Cn ')Olt 

All others ). 

I IL Low-level input current 

Any S input 

VCC  = MAX, VI = 0.5 V 

— 

mA c,, -8 

All others -6 

lOS Short-circuit output current§ VCC ' MAX -40 -100 mA 

ICC Supply current VCC ' MAX 105 160 mA 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25`C. 

§Not more than one Output should he shorterl at a time 

switching characteristics, VCC = 5 V, TA = 25'C 

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
C n  Any F 

CL= 15 pF, 	RL= 280 Sl, 

See Note 3 

Fi 
 

10 	17 
ns 

1 PHL 10 	17 

tPLH 
Any A or B 

12 	20 
ns 

tPHL 12 	20 

tPLH 
Any A or B 13  P 

11 	18 
ns 

tPHL 11 	18 

tPLH A, or Bi 
18 	27 

ns 
tPHL 16 	25 

tP 1-1,„1_.  
Any S Any 

18 	30 
ns 

1PHL 18 	30 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

Storage free-air temperature range 	  

	

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal 	 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to each A input in 

conjunction with its respective B input; for example AO with BO, etc. 

recommended operating conditions 

4 TEXAS 
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SN54LS384 . . . J PACKAGE 

SN74LS384 . . . N PACKAGE 

(TOP VIEW) 

CLR 

X3 

X2 

X1 

XO 

PROD 

CLK 

GND 

16 

15 

14 

13 

12 

11 

10 

9 

VCC 

X4 

X5 

X6 

X7 

K 

MODE 

SN54LS384 . . . FK PACKAGE 

(TOP VIEW) 

cc 	U 
cn -.I 
XU2> >- 

1-..11__11-11_1 
3 2 1 20 19 

	

X2 4 	 18 X4 

	

X1 5 	 17 X5 

	

NC 6 	 1 6 NC 

	

XO 7 	 15 X6 

	

PROD 8 	 14 X7 

9 10 11 12 13 

Y O (-) 
O ZZ 

C.) 	 (2) 
2 

NC - No internal connection 
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is 	 
SN54LS384, SN74LS384 

8•BIT BY 1•BIT TWO'S•COMPLEMENT MULTIPLIERS 

D2419, JANUARY 1981 - REVISED MARCH 1988 

Two's-Complement Multiplication 

Magnitude Only Multiplication 

Cascadable for Any Number of Bits 

8-Bit Parallel Multiplicand Data Input 

Serial Multiplier Data Input 

• Serial Data Output for Multiplication 
Product 

• 40 MHz Typical Maximum Clock Frequency 

description 

The 'LS384 is an 8-bit by 1-bit sequential logic 

element that performs digital multiplication of two 

numbers represented in two's-complement form to 

produce a two's-complement product without 

external correction by using Booth's algorithm 

internally. The device accepts an 8-bit multiplicand 

(X input) and stores this data in eight internal latches. 

These X latches are controlled via the clear input. 

When the clear input is low, all internal flip-flops are 

cleared and the X latches are opened to accept new 

multiplicand data. When the clear input is high, the 

latches are closed and are insensitive to X input 

changes. 

The multiplier word data is passed by the Y input in a 

serial bit stream, least significant bit first. The 

product is clocked out the PROD output, least 
significant bit first. 

The multiplication of an m-bit multiplicand by an n-bit multiplier results in an (m + n)-bit product. The . LS384 must 
be clocked for m + n clock cycles to produce this two's complement product. The n-bit multiplier (Y-input) sign bit 

data must be extended for the remaining m bits to complete the multiplication cycle. 

The device also contains a K input so that devices can be cascaded for longer length X words. The PROD output of one 

device is connected to the K input of the succeeding device when cascading. The mode input is used to indicate which 

device contains the most significant bit. The mode input is wired high or low depending on the position of the 8-bit 

slice in the total X word length. The device with the most significant bit is wired low and all lower order bit packages 

are wired high. 

The SN54LS384 will be characterized for operation over the full military temperature range from —55 ° C to 125 ° C. 

The SN74 LS384 will be characterized for operation from 0 ° C to 70 ° C 

PRODUCTION DATA documents contain information 
current as of publication data. 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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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

ACC. 

PROD OUTPUT 

OUTPUT 

Y. R og  = 3 kS2 NOM 

Clock: R ag  = 6 IcS2 NOM 

X, Mode: R ee  = 19 kS2 NOM 

K, Clear: R eg  = 8 kn. NOM 

logic diagram (positive logic) 

SN54LS384, SN74LS384 
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS 

FUNCTION TABLE 

INPUTS INTERNAL 

Y-1 

OUTPUT 

PROD 
FUNCTION 

 CLR CLK Xi Y 

L X Data X L L Load new multiplicand and clear internal sum and carry registers 

H I X L L Output 

per 

Booth's 

algorithm 

Shift sum register 

H I X L H Add multiplicand to sum register and shift 

H t X H L Subtract multiplicand from sum register and shift 

H 1 X H H Shift sum register 

H = high-level, L = low-level, X = irrevelant, t = low-to-high-level transition 

schematics of inputs and outputs 	 logic symbolt 

sa
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n
a
a
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1
1
  

X7 
1111 

2D 
C2 

X6 

1 21 1 

X5 

(131E.  

2D 
C2 

X4 

1141 

 

- 	2D 
C2 

ET, In 
80 s COW 

21,02 

Cs: 
	ti 1 LOW FOR 01601 51001 

3/ 

-1 	 r 
151 xo  
lal 

XI 

20 SRG13 

X2 	'al  

X3 
	Cr: 

%1 	Ilal 

X 
	1121 

(12)  X6 —la PROD 

7 07 

1151 y  
IR 

N4 

:IL 

to 

0 

X 
1101  cI 

X2 

OIL- 	2D 
C2 

20 
C2 

X3 

21 
X1 	 XO 

1411 	 151 1 
20 
C2 

2D 
C2 

2D 
C7 

t This symbol is in acco dance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for J and N packages. 

6.0.4  (1) 

4> 
y L151 _ •••—• 

3D 
—as. C3 

A5 	 A4 	 A3 	 A2 

ADDER/SUBTRACTER AND REGISTERS 

M 	 K 	 SU 

AS 

• 	C 

CLOCK 	")  

MODE (91 	1)10  

10) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage (see Note 2) 	 5.5 V 

	

Operating free-air temperature range: SN54LS384   —55° C to 125° C 

SN74LS384 	  0° C to 70° C 

	  —65° C to 150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must he zero or positive with respect to network ground terminal. 

	C 

3D 
	

161 PROD 
C3 

Storage temperature range 
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SN54LS384, SN74LS384 
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS 

recommended operating conditions 

SN54LS384 

NuM 
- 

MAX 
UNIT 

MIN NOM MAX MIN, 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 -400 HA 

Low-level output current, loL 4 8 mA 

Clock frequency, fclock 0 25 0 25 MHz 

Setup time ,  tsu 

Y before Clock t 45 38 

ns K before Clock t 30 24 

X before Clear t 23 19 

Clear inactive-state set up time before Clock t 30 20 

ns Hold time, th 

Y after Clock 1 0 0 

K after Clock t 0 0 

X after Clear I 2 2 

Pulse width, tw  

Clock high 20 20 

Clock low 20 20 ns 

Clear low 38 33 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS384 

 
'. :,1 

. Ir r 

• 

MIN TY14 MAX M115 MAX 

VIH High-level input voltage 2 2 V 

Vit.  Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage MCC - MIN II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VIL = MIL max ,  

VIH = 2 V, 

VOH = -400 HA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

VII-= VII_ max 

VIH = 2 V, 10L= 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

Input current at maximum 

input voltage 
VCC = MAX, V' = 5.5 V 1 1 mA 

IIH 
High-level 

input current 

X, Mode 

VCC - MAX, V1= 2.7 V 

20 20 

HA 
K, Clear 30 30 

Clock 40 40 

Y 80 80 

'IL 
Low-level 

input current 

X, Mode 

VCC = MAX, V1= 0.4 V 

-0.48 -0.48 

mA 
K, Clear -1.2 -1.2 

Clock -1.6 -1.6 

Y -3.2 -3.2 

los Short-circuit output current§ VCC = MAX -20 -inn -20 mA 

ICC Supply current VCC = MAX, See Note 3 91 91 • mA 

tFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25'C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 3: ICC Is measured with the clear input grounded and all other inputs and outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

(max Maximum clock frequency 

CL = 15 pF, 

RL = 2 kO, 

See Note 4 

25 40 MHz 

tpLH Propagation delay time, low-to-high-level output from clock 15 23 ns 

tpHL Propagation delay time, high-to-low-level output from clock 15 23 ns 

IPHL Propagation delay time, high-to-low-level output from clear 17 25 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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24.BIT 
MULTIPLICAND 

SN54LS384, SN74LS384 
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS 

TYPICAL APPLICATION DATA 

38 

8x1 2's COMP 
(1)  

Z1/C2 

L 	 [LOW FOR MSBI 
171  

C3/ 

CLEAR IL) 

CLOCK 

r 
20 SRG8 

(6) 

0 IT 

  

  

  

—3D 

1111 

112/ 

1131 

114) 

121  

13)  

(4)  

151 

A23 

A22 

A21 

A20 

419 

A 1 B 

Al7 

A18 

-1R 

3D 4 

N4 

— 1R 

O 

(101 
L 

115/ 

161 

Al6 

A14 

A13 

412 

All —

A10 

AS 

48 

11)  

H 
171  

111/  

(12)  

1131  

041  

12)  

131  

(4)  

	 (5)  

1151  

1101 

;3 

•1  
A7 

A6 	 

AS — 

A4 	 

A3 	 
A2 

Al 	 

AO 	 

II 18^ 

171 

1111 

112) 

113/ 

114/ 

1 21 

131 

141 

151 

1151 

110) 

PRODUCT 
SERIAL 
OUTPUT 

(6) 

FIGURE 1—BASIC 24-BIT SERIAL/PARALLEL CONNECTION 
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SN54LS384, SN74LS384 
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS 

TYPICAL APPLICATION DATA 
SN54LS322 
SN74LS322 

SRGB 

OUTPUT ENABLE ILI 

SERIAL (HI/PARALLEL (LI 

REGISTER ENABLE IL) 

CLOCK 

H  19)  

(81  

11) 

(2) 

1111 

7EN15 
G3 

3M1 (SHIFT] 

3M2 [PAR LOAD] 

	 C6/1 

SIGN EXTENDILI 
1181 

(19) 

(3 

117/ 

(4) 

1161 41—'  

a, 1, 6D 

G5 

4, 6, 1, 613 

4, 5, 1, 6D 

2,6D 

17 7, 15 

1.> 

Z7 

II> 
z s 

2, 6D 

VS. 15 
151 

115)  

(61 ►   
1141 

17)  ►   
(13I ►  

4 	 Z14 — 
(12) 

T
T

L
 D

ev
ic

e
s  

BU 

BO 	 

B1 	 

B2 	4 ►  
B3 	 

B4 	

 

2 6D 

cf* 14, 15 

'LS384 

Bx 1 2's COMP n 
(11 
	 Z1/C2 
(9) 	[LOW FOR MSB] 
17) 

15) 

85 

BE 

87 

CLEAR ILI 

CLOCK >C3/ —p- 
i r  

2D SR GB 

13)  

12)  

11 4) 

3 ) 

121 

1111 

R 

—3D 

(61 

7i 

115) 

FIGURE 2-8-BIT BY 8-BIT MULTIPLIER, BUS ORGANIZED, 

WITH B-BIT TRUNCATED PRODUCT 
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1B 

1A 

2A 

2B 
2S/A 

18 

17 
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15 

14 

cC 14  I < 
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C.) 	(/) 

4S/A 

4B 

4A 

3A 

3B 

is Four Synchronous Elements in a 
Single 20-Pin Package 

Buffered Clock and Direct Clear Inputs 

Independent Two's-Complement 

Addition/Subtraction 

description 

The 'LS385 is a general purpose adder/subtractor 

and is particularly useful as a companion part to the 

SN54LS384/SN74LS384 serial/parallel two's -com-
plement multiplier. The 'LS385 contains four inde-

pendent adder/sub -tractor elements with common 
clock and clear. 

Each of the four independent sum (Z ►  outputs reflects 

its respective A and B input as controlled by the S/A 

control. When S/A is high the E function is A minus 

B. When S/A is low the E function is A plus B. 

When low, the clear input asynchronously resets the 
sum flip-flop low and the carry flip-flop either high in 

the subtract mode or low in the add mode. The clock 

is positive-edge triggered and controls the sum and 

carry flip-flops according to the function table. 

SN54LS385, SN74LS385 
QUADRUPLE SERIAL ADDERSISUBTRACTORS 

D2412, NOVEMBER 1977 — REVISED MARCH 1988 

SN54LS385 	J PACKAGE 

174LS385 	DW OR N PACKAGE 

ITOP VIEW) 

CLK 

1E 

1S/A 

1B 

1A 

2A 

2B 

2S/A 

21 

GND 

SN54LS385 . . . FK PACKAGE 

(TOP VIEW) 

(-) 
co > 

20 

1 9 

18 

17 

16 

15 

14 

13 

12 

11 

VCC 

4S/A 

4B 

4A 

3A 

3B 

3S/A 
3! 

CLR 

FUNCTION TABLE 

SELECTED 

FUNCTION 

INI — I DATA IN CARRY FLIP-FLOP 1 OUTPUT 

AFTER 1 CLR 	S/A A 	 B CLK BEFORE t AFTER t 

Clear 
L 	L 

L 	H 
X 	X 

X 	X 
X 

X 
L 
H 

L 
H 

L 
L 

Add 

J
 _

I
 _

1
 
J
 J
 -I  

-
1
 -1 

.
.
.
.
.
  

_
J
r 

I 	I 

H 

Subtract 

f 

1 

tt 

H = high level, L = low level, X = irrelevant, 

= transition from low to high level at the clock input 

1101. 	I' •ocuments contain information 
. ••• •1 s of • I 	r an date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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EQUIVALENT OF EACH INPUT 

VCC 
18 kSt 

NOM 

TYPICAL OF ALL OUTPUTS 

100 S !./C"C  

	 NOM 

INPUT 

OUTPUT 

SN54LS385, SN74LS385 
QUADRUPLE SERIAL ADDERSJSUBTRACTORS 

schematics of inputs and outputs logic symbol 

CLR 

IS/A 

IA 

IB 

2s/A-  
2A 

20 

3siik 

3A 

38 
4.sa 

 
4A 

t 

12) 

111111 C2 

1/P-0 	1: 2o0 

P 	5C0/3C1 
D 	 1--SR 
417Cl/388 	1 

:53 : 

141 

191 

2D 

38 

Z4 -•• 

(
81  

161  

0)  

(12) 	3 , 113)  

115)  
1141 

(191 
1181 
(16) 

48 	 "7)  

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 
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  logic diagram (each adder/subtractor, positive logic) 

TO OTHER 
• ADDER/SUBTRACTORS 

(2, 9, 12, 19)  v  

CLK (1) 
i>4))  

A 

B  

(5, 6, 15, 16)  3  

(4, 7, 14, 17)t>0  

S/A 
(3, 8, 13, 18) No  

• 

	C 

-C 

2D 
[CARRY) 

—a•C2 

	 R 

2D 
[SUM) 

C2 

	1  l TO OTHER 
ADDER/SUBTRACTORS CLR 1111 	4> 	[>° 

Pin numbers shown are for DW, J, or NI packages. 
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PARAMETER TEST CONDITIONgt 
SN54LS385 

I .P 
— 

41.-0( 
UNIT 

MIN TYPE MAX MU. 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

V it< Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

VON High-level output voltage 
VCC ---- MIN, 

VII_ = ViLmax, 

VIH = 2 V, 

Icni = —400 pA 
2.5 3.5 2.7 3.5 V 

Vol_ Low-level output voltage 
VCC =MIN, 

VIL=V1Lm§x 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IciL = 8 mA 0.35 0.5 

li 
 Input current at 

maximum input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 mA 

I IH High-level input current VCC = MAX, V1= 2.7 V 20 20 (IA 

'IL Low-level input current Vcc = MAX, V1= 0.4 V —0.4 —0.4 mA 

IOS Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 2 48 75 48 75 mA 
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SN54LS3B5, SN74LS3B5 
QUADRUPLE SERIAL ADDERSISUBTRACTORS 

recommended operating conditions 

— 
MIN 

'. 1.141.::....'.. SN74LS385 
UNIT 

r.ii:: 	MAX MIN 	NOM MAX 

Supply voltage, VCC (see Note 1) 4.5 5 	5.5 4.75 	5 5.25 V 

High-level output current, 10H —400 —400 pA 

Low-level output current, loL 4 8 mA 

Clock frequency,fclock 0 30 0 30 MHz 

Width of clock pulse, t w  16 16 ns 

Setup time, t 5i, 10 10 ns 

Hold time, th 3 3 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

NOTE 1- Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

'For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

*All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be horted at a time. 

NOTE 2: Icc is measured with all inputs grounded and all Outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN TYP MAX UNIT 

fmax 

CL = 15 pF, 

See Note 3 

RL = 2 k31, 

30 40 MHz 

tPLH 
Clock £ 

14 22 
ns 

tpHL 18 27 

tPHL Clear 1: 18 30 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section -1. 
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Electrically Identical to 
SN54LS86A/SN74LS86A 

Mechanically Identical to 
SN54L86/SN74L86 

Total Average Propagation Delay 
Times ... 10 ns 

Typical Total Power  

Dissipation ... 30.5 mW 

FUNCTION TABLE 

(EACH GATE) 

INPUTS 

SN54LS386A . . . J OR W PACKAGE 

SN74LS386A . . . D OR N PACKAGE 

I70P VIEW) 

I  1 	14 ■ 
• 2 	131 

■ 3 	12 ■ 
• 4 

SN54LS386A . . . FK PACKAGE 

(TOP VIEW) 

is 	 1A 

1B 

1Y 

2Y 

2A 

2B 

GND 

VCC 
4B 

4A 

4Y 

3Y 

38 

3A 

A 	B 
OUTPUT 

L 	L L 

L 	H H 

II 	L , Y u 4  

H 	H NC 

H 	hails g 001 
2Y 6  

I 	los, le ,a1 	 NC 7  

2A 8  

logic symboil 

1A (1) 	 
(21  

1B 

2A 
(51 

 28 
(6)  

3A (8) 	 
(91  

38 

4A 
(121  

45 
113)  

IThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

Pro noorhers shown are for D. J N 	v pod ages 

T
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e
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e  

Y = A@B = AB + AB 
schematics of inputs and outputs 

4 (:( 	 t ocuments contain information 
as of • 	Len date. Products conform to 

specifications 	terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS386A, SN74LS386A 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

MARCII 1974 — REVISED MARCH 1988 

U 
< 

z > 
(--I u u L--I 
3 2 1 20 19 

18 4A 

17  NC 
16 4Y 
15 NC 
14 3Y 

9 10 11 12 13 
.r7 	 I-1  

Ct) 	U 0:t Ca 
N Z ZMIn 

(.0 

NC — No internal connection 

logic diagram (each gate) 

positive logic 

EQUIVALENT OF EACH INPUT 

VCC 	  

12.5182 NOM 

INPUT 



se
o

vt
a

a
  i

n
  

SN54LS386A, SN74LS386A 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

2-918 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 	  

Operating free-air temperature range: SN54LS386A 

SN74LS386A 

     

7V 

	 7V 

—55 ° C to 125'C 

	 0° C to 70 ° C 

—65° C to 150° C 

     

     

     

     

Storage temperature range 

      

      

NOTE 1: Voltage values are with respect to network ground terminal. 

    

recommended operating conditions 

      

SN54LS386A SN74LS386 4  
UNIT 

'.". 	NOM 	MAX MIN 	NOM 	74 • 

Supply voltage, VCC 4, 	5 	5.5 4.75 	5 	o.zu V 

High-level output current, 1 OH –400 –400 pA 

Low-level output current, loL 4 8 mA 

Operating free-air temperature, TA –55 	 125 0 	 70 `C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt — 
Min. I '. r, 

SN74LS386A 
UNIT 

fvIAX MIN TYPt MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VII< 	Input clamp voltage VCC = MIN, II •• –18 mA –1.5 –1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VI L = VI L max ,  

VIH = 2 V, 

10H= –400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 

VCC = MIN 
VIH= 2 V, 

viL= VIL max 

10 L = 4 mA 0.25 0.4 0.25 0.4 

V 
IOL = 8 mA 0.35 0.5 

II 	Input current at maximum input voltage VCC = MAX, Vi = 7 V 0.2 0.2 mA 

11H 	High-level input current VCC = MAX, VI= 2.7 V 40 40 1,1A, 

II L 	Low-level input current VCC = MAX, V1 = 0.4 V 0.8 – 0.8 mA 

los 	Short-circuit output current§ VCC = MAX – 20 – 100 – 20 – 100 mA 

ICC 	Supply current VCC = MAX, See Note 2 6.1 10 6.1 10 mA 

, For conditions shown as MIN or MAX, use the . appropriate value specified under recommended operating conditions. 

fAll typical values are at VCC = 5 V, TA = 25° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: ICC is measured with the inputs grounded end the outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

A or B Other input low CL = 15 pF, 

RL 21(12, 

See Note 3 

12 	23 
ns 

ipLH 

tPHL 10 	17 

tPLH A or B Other input high 
20 	30 

ns 
tPHL 13 	22 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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10A 

3 	2 	1 

1CKB 5 

NC 6 

10 8 7  

1 QC 8  

18 2CLR 

17 20A 

16 NC 

15  2CKB 

14 20B 

20 19 

9 10 11 12 13 
rn 	rn  

0 0 0 0 U 
O ZZCJ0 

SN54393, SN54LS393 . . . J OR W PACKAGE 
SN74393 . . . N PACKAGE 

SN74LS393 . . . D OR N PACKAGE 

(TOP VIEW) 

T
T
L

 D
e

v
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es
  

1A 

1CLR 

1QA 

1QB 

1Qc 

1QD 

GN D 

VCC 
2A 

2CLR 

20A 

2QB 

20c 

2QD 

SN54LS393 . . . FK PACKAGE 

ITOP VIEW) 

CC 
- < 

 Z > < 

is Dual Versions of the Popular '90A, 'LS90 
and '93A, 'LS93 

'390, 'LS390 ... Individual Clocks for A and B 
Flip-Flops Provide Dual 2 and 5 Counters 

'393, 'LS393 ... Dual 4-Bit Binary Counter 
with Individual Clocks 

SN54390, SN54LS390, SN54393, SN54LS393, 
SN74390, SN74LS390, SN74393, SN74LS393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 

OCTOBER 1976 — REVISED MARCH 1988 

SN54390, SN54LS390 . J OR W PACKAGE 
SN74390 . N PACKAGE 

SN74LS390 ... D OR N PACKAGE 

(70P VIEW) 

VCC 
2CKA 

2CLR 

2QA 

2CKB 

20B 

2Qc 

2QD 

SN54LS390 . . . FK PACKAGE 

I70P VIEW) 

cc < 
• U U 

Z > Cy, 

1CKA 

1CLR 

1QA 

1CKB 

1QB 

1Qc 

1QD 

GND 

• All Have Direct Clear for Each 
4-Bit Counter 

• Dual 4-Bit Versions Can Significantly Improve 
System Densities by Reducing Counter Package 
Count by 50% 

• Typical Maximum Count Frequency ... 35 MHz 

• Buffered Outputs Reduce Possibility of Collector 

Commutation 

description 

Each of these monolithic circuits contains eight 

master-slave flip-flops and additional gating to imple-

ment two individual four-bit counters in a single 

package. The '390 and 'LS390 incorporate dual 

divide-by-two and divide-by-five counters, which can 

be used to implement cycle lengths equal to any 

whole and/or cumulative multiples of 2 and/or 5 up 

to divide-by-100. When connected as a bi-quinary 

counter, the separate divide-by-two circuit can be 

used to provide symmetry (a square wave) at the final 

output stage. The '393 and 'LS393 each comprise 

two independent four-bit binary counters each having 

a clear and a clock input. N-bit binary counters can 

be implemented with each package providing the 

capability of divide-by-256. The '390, 'LS390, '393, 

and 'LS393 have parallel outputs from each counter 

stage so that any submultiple of the input count 

frequency is available for system-timing signals. 

Series 54 and Series 54LS circuits are characterized 
for operation over the full military temperature range 

of —55° C 	to 	125° C; Series 74 and Series 74LS 3 2 	1 20 19 

circuits 	are 	characterized for operation from 	0° C MA 4 18 2CLR 
to 70° C. NC 5  17 NC 

108 6 6 2C1A 

NC 7  15 NC 

1Qc 8 14 2QB 

9 
1-1 

10 	11 12 13 

0 0 U 0 
O ZZ00 

csi 

NC - No internal connection 

PRODUCTION DATA documents contain information 
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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'390, 'LS390 

logic diagrams (positive logic) 

'390, 'LS390 

logic symbols t 

SN54390, SN54LS390, SN54393, SN54LS393, 
SN74390, SN74LS390, SN74393, SN74LS393 
DUAL 

 
IT DECADE AND BINARY COUNTERS 

'390, 'LS390 

BCD COUNT SEQUENCE 

(EACH COUNTER) 

(See Note A) 

COUNT 
OUTPUT 
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FUNCTION TABLES 

'390, 'LS390 

BI-QUINARY (5-21 

(EACH COUNTER) 

(See Note B) 

COUNT 
OUTPUT 

OA OD °C °B 

O

-
 C

‘l
 CO

 c
r 	

O
D

 0
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- J
 
J
 2

 -
1

 2
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'393, 'LS393 

COUNT SEQUENCE 

(EACH COUNTER) 

COUNT 
OUTPUT 

OD OC OB OA 

O

v.-  C
N

  
C

O
  

G
.  1

0
  C

O
  1

-,  
C

O
 0

  
0
 	

N
 M

 V
 U
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-
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 -1
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J
 2

  
J
 2
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1
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-
J
 -
J
 2

  
2

  
J
 -I  

2
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J
 
J
 
I
 
I
 -
1
 -1

  
2
  

-

J
 J
 J
 2

  
2

  
2
  

2
  
J
 -
I
 
J
  

-1
  
2
  
2
  
2

  
2
  

J
 
J
 
J
 _

J
 -J

  
-J

  
-1

  
_
J
 S

 2
  
2
  
2

  

NOTES: A. Output OA Is connected to Input B for BCD count 

Output OD is connected to input A for bi -OulnarY 
count. 

C. H = high level, L = low level. 

'These symbols are in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12 

Pin numbers shown are for D, J, N, and W packages. 
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CLEAR A 

log 

'cc 

100 

200 

ROE 

20,7 

1CLR 

lA 

2CLR 

INPUT A 

IT 1B1 OUTPUT 

OA 

0 

D—'›  
5B 

CLEAR 

IE. 121 
INPUT B 	 

12 

CLEAR 
INPUT ‘‘ 1> . 	 

00 

E. 
CLEAR 
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OC 

CLEAR 

1"  OUTPUT 
oB  

	 CRIIPUT 

v. 
°'  OUTPUT 
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INPUT A 

11) OUTPUT 

OA 

14 101 OUTPUT 

QB 

10,9)  OUTPUT 

OC 

16.81 OUTPUT 

OD 

CLEAR 12 12 
INPUT 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

INPUT R eG  NOM 

A 	1'3901 3 O.?. 

B 	1'3901 	. 1.510.2 

A 	1'393 ■ 3 	1, S.1 

Any clam 	 8 kS2 

TYPICAL OF ALL OUTPUTS 

	VCC 
100 SI NOM 

OUTPUT 

SN54390, SN54LS390, SN54393,SN54LS393, 
SN74390, SN74LS390, SN74393, SN74LS393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 

logic diagrams (continued) '393, 'LS393 

Pa, numbers shown are for D, J, N and W packages. 

schematics of inputs and outputs 	
'390,'393 

'LS390, 'LS393 

EQUIVALENT OF EACH 

A AND B INPUT 

EQUIVALENT OF EACH 

CLEAR INPUT 
TYPICAL OF ALL OUTPUTS 

VCC VCC VCC 

R og  18 0) NOM 120 s1 NOM 

1111111111  INPUT 	 -- INPUT ilk 

h OUTPUT 

INPUT 	R e , NOM 111 A 	CLS390). 	4 3 1,2

B B 	LS3901.. B 	 2 7 1,1 

A 	('LS393) 	 4  3 1,12 
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SN54390, SN54393, SN74390, SN74393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 

2-922 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

	

Input voltage   5.5 V 
Operating free-air temperature range: SN54390, SN54393  	-55° C to 125° C 

	

SN74390, SN74393   0° C to 70 ° C 
Storage temperature range  	-65° C to 150 ° C 

NOTE 1: Voltage values are with respect to network grotind terminal. 

recommended operating conditions 

SN54390 

SN54393 

5N74390 

SN74393 UNIT 

MIN NOM MAX MIN NOM MAX 
Supply voltage, VCC 4.5 5 ° ° 

•... 

4.75 5 5-25 

•i 

;1., 

V 

High-level output current, 10H AA 

Low-level output current, I iDL mA 

Count frequency, icount 
A input 0 25 0 25 

MHz  
B input 0 20 0 20 

Pulse width, tw  

A input high or low 20 20 

ns B input high or low 25 25 

Clear high 20 20 

Clear inactive-state setup time, t su  251 254 ns 

Operating free-air temperature, TA -55 125 0 70 ° C 

The arrow indicates that the falling edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
.... 

r1•+, 

'393 
UNIT 

MIN 	1 MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK Input clamp voltage MCC ''''' MIN, 	II=  -12 mA -1.5 -1.5 V 

VOH High-level output voltage 
Vcc - MIN, 	VIN = 2 V, 

VIL = 0.8 V, 	IOH = -800 AA 
2.4 3.4 2.4 3.4 V 

VOL Low-level output voltage 
VCC =MIN, 	VIH = 2 V, 

VII_ = 0.8 V, 	It3L = 16 mAI 
0.2 0.4 0.2 0.4 V 

II 
Input current at 

maximum input voltage 
Vcc = MAX, V1 = 5.5V 1 1 mA 

IIH High-level input current 

Clear 

VCC = MAX, V1 = 2.4 V 

40 40 

AA Input A 80 80 

Input B 120 

IIL Low-level input current 

Clear 

VCC -  MAX, V = 0.4 V 

-1 -1 

mA Input A -3.2 -3.2 

Input B -4.8 

IOS Short-circuit output current § VCC - MAX 
SN54' -20 -57 -20 -57 

mA 
SN74' -18 -57 -18 -57 

Icc Supply current VCC = MAX, See Note 2 42 69 38 64 mA 

t  Fog conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at VCC = 5 V, TA = 25°C. 

5  Not more than one output should be shorted at a time. 

The CIA outputs of the '390 are tested at 101_ = 16 mA plus the limit value for IIL for the B input. This permits driving the B input while maintaining 
full fan-out capability. 

NOTE 2: Icc is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 

TEXAS 
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SN54390, SN54393, SN74390, SN74393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS - 

"M. 

'390 

mr. 
xtr 

'393 
UNIT 

TYP MAX TYP MAX 

fmax 
A QA 

CL= 15 pF, 

RL = 400 1-2, 

See Note 3 

and 

Figure 1 

xu 35 35 
MHz 

B QB 20 30 

1PLH 
A QA 

12 20 12 20 
ns 

tPHL 13 20 13 20 

fPLH A 
QC of '390 

CID of '393 

37 60 40 60 
ns 

tpHL 39 60 40 60 

fPLH 
B QB 

13 21 
ns 

tpHL 14 21 

fPLH 
B QC 

24 39 
ns 

tPHL 26 39 

IPLH B QD 
13 21 

ns 
tPHL 14 21 

tpHL Clear Any 24 39 24 39 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54390, SN54393, SN74390, SN74393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 
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PARAMETER MEASUREMENT INFORMATION 
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SN54LS390, SN54LS393, SN74LS390, SN74LS393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

Clear input voltage 	  7 V 
Any A or B clock input voltage 	  5.5 V 

	

Operating free-air temperature range: SN54LS390, SN54LS393   -55° C to 125° C 
SN74LS390, SN74LS393 	  0° C to 70 ° C 

	

Storage temperature range   -65° C to 150° C 
NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS390 
SN54LS393 

SN74LS390 
SN74LS393 UNIT 

MIN NOM MAX MIN NOM MAX 
Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH -400 -400 pA 

Low-level output current, loL 4 8 mA 

Count frequency, fcount 
A input 0 25 0 25 

MHz 
B input 0 12.5 0 12.5 

Pulse width, tw  

A input high or low 20 20 

ns B input high or low 40 40 

Clear high 20 20 

Clear inactive-state setup time, t„ 251 251 ns 

Operating free-air temperature, TA -55 125 0 70 ° C 

4  The arrow indicates that the falling edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYPt MAX MIN TYP I MAX 

VI H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MINI, I1= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VI L = V iLmax, 

V1H = 2 V, 

10H = -400 pA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, VIH = 2 V, IOL =4 mAll 0.25 0.4 0.25 0.4 

V 
IOL = 8 mAll 0.35 0.5 VIL = 0.8 V, 

Clear VI = 7 V 0 1 0 1 
Input current at 

Input A 
Vi = 5.5 V 

0.2 0.2 II 
maximum input voltage 

VCC = MAX 
mA 

Input B 0.4 0.4 

Clear 0.02 0.02 

I i H High-level input current Input A VCC = MAX, Vi = 2.7 V 0.1 0.1 mA 

Input 8 0.2 0.2 

Clear -0.4 -0.4 

!IL Low-level input current Input A VCC = MAX, V1 = 0.4 V -1.6 -1.6 mA 

Input B -2.4 -2.4 

los Short-circuit output cur ent§ VCC = MAX -20 -100 -20 -100 mA 

ICC Supply current VCC = MAX, 'LS390 15 26 15 26 
mA 

'LS393 15 26 15 26 See Note 2 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.  
All typical values are at VCC = 5 V, TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

The 0A outputs of the 'LS390 are tested at loL = MAX plus the limit value for IIL for the clock B input. This permits driving the clock B input 

while maintaining full fan-out capability. 

NOTE 2: ICC is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 
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SN54LS390, SN54LS393, SN74LS390, SN74LS393 
DUAL 4•BIT DECADE AND BINARY COUNTERS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS390 'LS393 
UNIT 

MIN TYP MAX MIN TYP MAX 

tmax 
A GA 

CL = 15 pF, 

RL = 2 ktt, 

See Note 4 and Figure 2 

25 35 25 35 
MHz 

B QB 12.5 20 

IPLH 
A GA 

12 20 12 20 
ns 

tPHL 13 20 13 20 

tPLH 
A 

Qc of 'LS390 

QD of 'LS393 

37 60 40 60 
ns 

tPHL 39 60 40 60 

tpLH 
B DB 

13 21 
ns 

tPHL 14 21 

tPLH 
B QC 

24 39 
vs 

tPHL 26 39 

tPLH 
B GD 

13 21 
ns 

1PHL 14 21 

tPHL Clear Any 24 39 24 39 ns 

NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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DUAL 4•BIT DECADE AND BINARY COUNTERS 
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DD 4 

4 Dv 
1,3D 

SRG4 

	

CLR (1) 	h•••R 

	

OC (91 	ti  EN4 

	

 
LD/SH

(7) 
	M1 (LOAD] 

M2 [SHIFT] 

CLK 110 C3/2 —le 

	

SER 121  	2 , 30 

4 D0  

D 	161  

r 
4 > 

041 

(131 

1121 

(11 

{1 51 
OA 

0 13 

OC 

OD 

13)  
A 	1,3D 

B 111---,  1,3D 
(5) 3ID 

SN54LS395A . FK PACKAGE 

(TOP VIEW) 

cc cc 

	

Lu 	t...) (-) 
(I) C.)  Z > 
Li Li Li L_1LJ 
3 2 1 20 19 

	

A 4 	 1 8 0B 

	

B 5 	 17 QC 

	

NC 6 	 16 NC 

	

C 7 	 15 0D 

	

D 8 	 14 QD' 

9 10 11 12 13 

I I "I" Z z 
8 (D _J 

NC - No internal connection 
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SN54LS395A, SN74LS395A 
4-BIT CASCADABLE SHIFT REGISTERS WITH 3-STATE OUTPUTS 

OCTOBER 1976 — RE . 	MARCH 1988 

• 

! • 

• 

• 

Three-State, 4 Bit, 	Cascadable, 	Parallel-In, 
Parallel-Out Registers 

'LS395A Offers Three Times the Sink-Current 
Capability of 'LS395 

Low Power Dissipation . . . 75 mW Typical 
(Enabled) 

Applications: 
N-Bit Serial-To-Parallel Converter 
N-Bit Parallel-To-Serial Converter
N-Bit Storage Register 

SN54LS395A 
SN74LS395A 

SER 	

(TOP 

CLR 

A 
B 1a 

C 
D 

LID/SH 
GND 

... J OR 

..  .  D OR 

VIEW) 

W PACKAGE 
N PACKAGE 

VCC 

QA 
QB 

0C 
CID 
0D' 
CLK 

OC 

131 

description 

These 4-bit registers feature parallel inputs,parallel out-

puts, and clock (CLK), serial (SERI, load shift (LD/SH), 

output control (0C) and direct overriding clear (CLR) 

inputs. 

Shifting is accomplished when the load/shift control is 

low. Parallel loading is accomplished by applying the 

four bits of data and taking the load/shift control input 

high. The data is loaded into the associated flip-flops 

and appears at the outputs after the high-to-low transi-

tion of the clock input. During parallel loading, the entry 

of serial data is inhibited. 

When the output control is low, the normal logic levels 

of the four outputs are available for driving the loads or 

bus lines. The outputs are disabled independently from 

the level of the clock by a high logic level at the output 

control input. The outputs then present a high im-

pedance and neither load nor drive the bus line; 

however, sequential operation of the registers is not af-

fected. During the high-impedance mode, the output at 

QID' is still available for cascading. 

logic symbolt 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

' uN . 	.icuments• .• • 	•••• • • n 
•• 	A :• r• 	•iion 	

•
date. 	•:• • • .1 

•• 	Mims oul M.- terms of I. 	I......• ■ •• ds 
-tauzad warranty. Production 
necessarily include testing of all parameters. 
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SN54LS395A, SN74LS395A 
4-BIT CASCADABLE SHIFT REGISTERS WITH 3•STATE OUTPUTS 

logic diagram (positive logic) 

DATA INPUTS 

A 

3) (4) 15) 16) 

LD/SH 

sER (2 	  

CU< (n”  

*-4>S 0 >  

CK 

R d 
CLR 

-4> 

1151 
DA 
	

Oa 

3-STATE OUTPUTS 

Pin numbers shown are for D, J, N, and W packages. 

schematics of inputs and outputs 

EQUIVALENT OF SERIAL 

AND DATA INPUTS 

VCC 

EQUIVALENT OF 

OTHER INPUTS 

TYPICAL OF CIA, OB, Qc, QD 

OUTPUTS 

TYPICAL OF OD' OUTPUTS 

VCC 
R eg  VCC — -- - VCC 120P NOM 

20 k :: NOM 100:: 	NOM 
INPUT- -- 

INPUT -  
Si 

11 
OUTPUT OUTPUT pit 

Serial: R eg  = 30 k12 NOM 

A, B, C, ID• R eg  = 20 kO NOM 

S 

CK 

0 
CLR 

CLR EC>0  

OC (B1  

411> S 

—OCK 

— R 6 
CLR 

-4> 

1141 

CK 

R 
CLR 

-7-  

(13) 

Oc 
112) 	Ill) 

OD 

(le 
CASCADE 
OUTPUT 

c> • 

Ay, 
2-930 	 TEXAS 
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SN54LS395A, SN74LS395A 
4-BIT CASCADABLE SHIFT REGISTERS WITH 3-STATE OUTPUTS 

FUNCTION TABLE 

INPUTS 3-STATE OUTPUTS CASCADE 

OUTPUT 

°D .  
CLR LD/SH CLK SER 

PARALLEL 
OA OB 	OC °D 

ABCD = _  _ _= 
X

 I
 I
 -
J
 J
  -

J
  

X
 
X

 
X

 X
 

X
  X

  
a

 X
 X

 X
 

X
X

  
D

X
X

X
 

X
 
X

 n
 X

 X
 X

 

X
  
X

 v
t
 X

 X
 X

 

LL 	LL 

°AO 080 QC° 0 D0 

a 	b 	c 	d 

0A0 0 130 °C0 °DO 

H 	0An 0Bn OCn 

L 	°An 0 13n °Cr) 

L 

°D0 

d 

0 D0 

°Cn 

°Cn 

When the output control is high, the 3-state outputs are disabled to the high-impedance state; 

however, sequential operation of the registers and the output at CID' are not affected. 

	  Ell 

absolute maximum ratings over operating free -air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V  

Input voltage  	7 V 

Operating free-air temperature range: SN54LS395A  	—55° C to 125° C 

SN74LS395A 	  0° C to 70° C 

	

 	—65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS395A SN74LS395A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, IOH 
OA, OB, OC. OD —1 —2.6 mA 

OD' —400 —400 AA 

Low-level output current, IOL 
OA, OB, QC,  OD mA 

 
12 24 

OD' 4 8 mA 

Clock frequency, (clock 0 30 0 30 MHz 

Width of clock pulse, twIclockl 16 16 OS 

Setup time, high-level or low-level data, t su  
L D  40 40 

Allother inputs 20 20 
ns 

 

Hold time, high-level or low-level data, Ill 10 10 ns 

Operating free-air temperature, TA —55 125 0 70 `C 

Tr x As 
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SN54LS395A, SN74LS395A 
4-BIT CASCADABLE SHIFT REGISTERS WITH 3-STATE OUTPUTS 

sa
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS395A SN741 	• ' •• . 	• 

- 
MAX 

UNIT 
MIN TYP -1 ,  MAX MIN TY r., 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MII\I• 11= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC = MIN• 

iL = VII_ max, v' 

VIH = 2 V, 

10H = MAXMAX 

0A, QI3• 

ao 
2.4 3.4 2.4 3.1 

' 
V 

Q13' 2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 

V 	MIN, CC = 

VII_ = VIL max, 

VIH 	2V 

QA ' 0B. 
0C• CID 

10L = 12 mA 0.25 0.4 0.25 0.4 
V  

I oL = 24 mA 0.35 0.5 

D. 
toL = 4 mA 0.25 0.4 0.25 OA 

V 
IOL = 8  mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 

VCC = MAX, 

Vo = 2.7 V 

VIH = 2 V, CIA, CIB, 

(lc. 0D 
20 20 pA 

IOZL 
Off-state output current, 

low-level voltage applied 

VCC --- MAX, 

Vo = 0.4 V 

VIH = 2 V, CIA, OB, 

QC. QD 
-20 -20 gA 

II 
Input current at 

maximum input voltage 
Voo = MAX, Vi = 7 V 0.1 0.1 mA 

I1H High-level input current VCC = MAX, Vi = 2.7 V 20 20 pA 

IIL Low-level input current VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

IOS Short-circuit output current§ VCC = MAX 

QA. Q13, 

0Ci QD 
-30 -130 -30 -130 mA 

CID' -20 -100 -20 -100 mA 

ICC Supply current VCC = MAX, See Note 2 
Condition A 22 34 22 34 

mA 
Condition B 21 31 21 31 

IFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time,and duration of the short-circuit should not exceed one second. 

NOTE 2: ICC is measured with the outputs open, the serial input and mode control at 4.5 V, and the data inputs grounded under the following 

conditions: 

A. Output control at 4.5 V and a momentary 3 V, then ground, applied to clock input. 

•El. Output control and clock input grounded. 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fn.. Maximum clock frequency 
See Note 3, 

0A, 0B, QC, co outputs: 

RL = 667 SZ,CL = 45 pF 

CID' output: 

RL = 2 kiZ,CL = 15 pF 

30 45 MHz 

tpHL Propagation delay time, high-to-low-level output from clear 22 35 ns 

tpLH Propagation delay time, low-to-high-level output 15 30 ns 

tpHL Propagation delay time, high-to-low-level output 20 30 ns 

tpzH Output enable time to high level 15 25 ns 

tpzL Output enable time to low level 17 25 ns 

tpHz Output disable time from high level CL = 5 pF, 

See Note 3 

11 17 ns 

tPLZ Output disable time from low level 12 20 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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• Parallel Access 

• Typical Propagation Delay Time ... 20 ns 

• Typical Power Dissipation ... 120 mW 

• Applications: 
N-Bit Storage Files 
Hex/BCD Serial-To-Parallel Converters 

description 

These octal registers are organized as two 4-bit bytes 

of storage. Upon application of a positive-going clock 

signal, the information stored in byte 1 is transferred 

into byte 2 as a new 4-bit byte is loaded into the 

byte 1 location via the four data lines. The full 8-bit 

word is available at the outputs after two clock 

cycles. Both the clock and the strobe lines are fully 

buffered. 

logic symbolt 

STROBE G 	 (151N 	 

CLK (7) 	 C1 

10 
D 

D2  16)  

03  (91  

113) 
D4  1121  

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

SN54LS396, SN74LS396 
OCTAL STORAGE REGISTERS 

D2329, MARCH 1977 — RE 	MARCH 1988 

SN54LS396 	OR W PACKAGE 
SN74LS396 	D OR N PACKAGE 

ITOP VIEW) 

2Q1 

1Q1 

D1 

202 

1Q2 

D2 

CLK 

GND 

SN54LS396 FK PACKAGE 

ITOP VIEW) 

'a 'a 	8 
C4 2 >10 

3 2 	1 
L_I 

20 19 

D1 4 18 204 
202 5 17 1Q4 

NC 6 16 NC 

1Q2 7 15 D4 
D2 8 14 203 

9 10 	11 12 13 

1 0 O CO CO 
zz 

L.) 

NC - No internal connection 

121 

15)  

(4) 

110) 

(11)  

1141 

101 

201 

102 

202 

103 

203 

104 

204 

FUNCTION TABLE 

INPUTS OUTPUTS 

STROBE 

G 
CLOCK 

DATA BYTE 1 BYTE 2 

D1 02 D3 D4 101 102 1Q3 1Q4 2Q1 2Q2 2Q3 2Q4 

H 

L 

X 

1 

X 

a 

X 

b 

X 

c 

X 

d 

L 

a 

L 

b 

L 

c 

L 

d 

L 

101 r, 

L 

102r, 

L 

103n  

L 

1C14, 

H = high level (steady state), L = low level (steady state), X = irrelevant any input, including transitions) 

1 = transition from low to high level 

101 n , 102 n , 103 n , 104 n  = the level of 101, 102, 103, and 104, respectively, before the most recent I transition of the clock. 

PRODUCTION • If• documents contain it • 
currant a. of . 	• stion date. Products 	al .0 
sp. •Il • lions LL: toe terms of I ...• In •Ii r ...is 
stio•• 	warranty. Production 	 La. Lot 
ne • vim 'y include testing of all parameters. 
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logic diagram (positive logic) 

CLOCK Ill 

 DI (3)  

srflosob) 	1 

by. 	I byte 	l 
L 	1 
	j 	2 	I. 

Pin numbers shown are for D, J, N, and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

S
a

31
A

0
a

  1
1

1
  

schematics of inputs and outputs 

EQUIVALENT OF EACH 
INPUT 

VCC 

INPUT 

CLOCK. R., 10 kS1 NOM 

OTHERS: "R., = 20 kl2 NOM 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

SN54LS396, SN74LS396 
OCTAL STORAGE REGISTERS 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 
Operating free-air temperature range: SN54LS396 	  —55° C to 125° C 

SN74LS396 	  0° C to 70° C 

	

Storage temperature range   —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

-- 
MIN •li.,70 

.': '.11..S396 
UNIT 

MAX MIN ':OM MAX 

Supply voltage, VCC 4.5 5 5.5 435 5 5.25 V 

High-level output current, lcm —400 —400 0A 

Low-level output current, IOL 4 8 mA 

Clock frequency, (clock 0 30 0 30 MHz 

Width of clock pulse, ty,,, 20 20 ns 

Setup time,tsu 20 20 ns 

Hold time, th 5 5 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

2 - 934 	 TEXAS 
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SN54LS396, SN74LS396 
OCTAL STORAGE REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS396 '•J' -. • ng• 1 

I 	l'I--i- 
UNIT 

MIN TYPO MAX MIN 
— 

MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
Vcc = MIN 

viL=MAX

, 

 , 

V 	V, 

IOH 

ii-i = 2 	

u  

	

= —400 	os, 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 

VCC = MIN, 

VIH= 2 V. 

VII_ = MAX 

IOL =4  mA 0.25 0.4 0.25 - 	0.4 
V 

IOL = 8  mA 0.35 0.5 

li 
Input current at 

maximum input voltage 

Clock input 
VCC = MAX, VI = 7 V 

0.2 0.2 
mA 

Other inputs 0.1 0.1 

IIH 
 

High-level 

input current 

Clock input 
VCC = MAX, V1= 2.7 V 

40 40 
gA 

Other inputs 20 20 

II L 
Low-level 

input current 

Clock input 
VCC = MAX. Vi = 0.4 V 

—0.8 —0.8 
mA 

Other inputs —0.4 —0.4 

los Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current Vcc = MAX, See Note 2 24 40 24 40 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 26 ° C. 

§Not more than one output should be shorted at a time and duration of the short -circuit should not exceed one second. 

NOTE 2: ICC is measured With 4.5 V applied to all inputs and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER I • I ••CJIIITIONS TYP ". 	• UNIT 

tP LH Propagation delay time, low-to-high-level output from clock 
CL = 15 pF, 

RL = 2 Id:, 

See Note 3 

20 
ns 

tPHL Propagation delay time, high-to-low-level output from clock 20 30 

tPLH Propagation delay time, low-to-high-level output from strobe 20 30 
ns 

tPHL Propagation delay time, high-to-low-level output from strobe 20 30 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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(TOP VIEW) 

VCC 

OD 
D1 

D2 

C2 
Cl 

QC 
CLK 

NC - No internal connection 

logic symbol t 

SN54LS399 . . FK PACKAGE 

(TOP VIEW) 

O

• 

z > 0 
/ 	u LI L., UL-1 

3 	2 1 	20 19 

Al '1 4 8 D1 

A2 J 5  17 D2 

NC ] 6 16 NC 

B2 : 7  15 C2 

B1 8 14 C1 

\ 9 	10 1112 13 
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SN54LS399, SN74LS399 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

OCTOBER 1976—REVISED MARCH 1988 

• Single-Rail Outputs on 'LS399 

•  Selects One of Two 4-Bit Data Sources and 
Stores Data Synchronously with System 

Clock 	 WS 

OA 
• Applications: 	 Al 

Dual Source for Operands and Constants 	 A2 

in Arithmetic Processor; Can Release 	 B2 

Processor Register Files for Acquiring 	 B1  

New Data 	 Of3 
GND 

SN54LS399 . . . J OR W PACKAGE 

SN74LS399 ... D OR N PACKAGE 

Implement Separate Registers Capable of 
Parallel Exchange of Contents Yet Retain 

External Load Capability 

Universal Type Register for Implementing 

Various Shift Patterns: Even Has 
Compound Left-Right Capabilities 

description 

This monolithic quadruple two-input multiplexer with 

storage provides essentially the equivalent functional 

capabilities of two separate MSI functions 

(SN54LS157/SN74LS157 and SN54LS175/ 

SN74LS175) in a single 16-pin package. 

When the word-select input is low, word 1 (A1, BI, 

Cl, D1) is applied to the flip-flops. A high input to 

word select will cause the selection of word 2 (A2, 

B2, C2, D2). The selected word is clocked to the 

output terminals on the positive-going edge of the 

clock pulse. MUX 

WS  11)  
G1 

Typical power dissipation is 37 milliwatts. The 	 CLK  191 -1> C2 
SN54LS399 is characterized for operation over the full 

Al  131  
military range of - 55 °C to 125 °C. The SN74LS399 

is characterized for operation from 0°C to 70°C. 	
A2 141 	1,20 

 
61 	161  

62 	IS )  

Cl 	1111  

C2 (12)  

D1  (14)  

D2 (13)  

tThis symbol is in acco dance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617 - 12. 
Pin numbers shown are for D, J, N, and W packages. 

INPUTS OUTPUTS 

WORD 
CLOCK QA Clig QC OD 

L 1 al bl c1 41 

H I a2 b2 c2 42 

X L 0A0 0 130 000 COO 

FUNCTION TABLE 

(15) ---- OD 

1,2D 
(2) 	

QA 

171 	
Qg 

(10) QC 
 

PRODUCTION DATA documents contain information 
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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Al 

WORD 
SELECT 

A2 

81 

B2 

Cl 

C2 

00 

D2 

CLOCK 

EQUIVALENT OF 
OTHER INPUTS 

VCC 

R ey 

INPUT 

  

Clock R eq  = 17 kit NOM 

Word select. R eq  25 kit NOM 

TYPICAL OF ALL OUTPUTS 

Vcc 

120 12 NOM 

OUTPUT 

SN54LS399, SN74LS399 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 
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G
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1

1
  

logic diagram (positive logic) 

schematics of inputs and outputs 
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SN54LS399, SN74LS399 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  7 V 
Operating free-air temperature range: SN54LS399 	  — 55°C to 125°C 

SN74LS399 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1' Voltage values are with respect to network ground terminals. 

recommended operating conditions 

SN54LS399 SN74LS399 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, lc,H -400 -400 yA 

Low-level output current, 10L 4 8 mA 

Width of clock pulse, high or low level, t w  20 20 ns 

Setup time, t, 
Data 25 25 

ns 
Word select 45 45 

Hold time, th 
Data 0 0 

ns 
Word select 0 0 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS) 
SN54LS399 SN74LS399 

UNIT 
MIN TYP# MAX MIN TYP$ MAX 

VIH High-level input voltage 2 2 V 

V1L Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC = MIN, 

VIL - VILmax 

VIH = 2 V, 

10H = -400 uA 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 
VCC = MIN, 

\i n_ = ViLmax 

VIH = 2 V, IOL = 4  mA 0.25 0.4 0.25 0.4 
V 

IOL = 8  mA 0.35 0.5 

II 
Input current at 

maximum input voltage 
VCC = MAX, V1= 7 V 0.1 0.1 mA 

I ifi High-level input current VCC - MAX, V1 = 2.7 V 20 20 stA 

I1L Low-level input current VCC = MAX, Vi = 0.4 V -0.4 -0.4 mA 

IOS Short-circuit output current§ VCC = MAX -20 -100 -20 -100 mA 

ICC Supply current VCC = MAX. See Note 2 7.3 13 7.3 13 mA 

For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C 

§Not more than one output should be shorted at a time, duration of the short-circuit should not exceed one second . 

NOTE 2: With all outputs open and all inputs except clock low, ICC is measured after applying a momentary 4.5 V, followed by ground, to 

the clock i nput 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER TEST CONDITIONS MIN 	TYP MAX UNIT 

tpLFI Propagation delay time, low-to-high-level output CL = 15 pF, 

See Note 3 

RL = 2 kS2, 18 27 
ns 

 IPHL Propagation delay time, high-to-low-level output 21 32 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS422, SN54LS423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

D2536, JANUARY 1980 - REVISED MARCH 1988 

Will Not Trigger from Clear 

D-C Triggered from Active-High or Active-

Low Gated Logic Inputs 

Retriggerable for Very Long Output Pulses, 

Up to 100% Duty Cycle 

Overriding Clear Teminates Output Pulse 

• 'LS422 Has Internal Timing Resistor 

description 

The 'LS422 and 'LS423 are identical to 'LS122 and 

'LS123 except they cannot be triggered via clear. 

These d-c triggered multivibrators feature output-pulse-

width control by three methods. The basic pulse time is 

programmed by selection of external resistance and 

capacitance values (see typical application data). The 

'LS422 contains an internal timing resistor that allows 

the circuits to be used with only an external capacitor, if 

so desired. Once triggered, the basic pulse width may be 

extended by retriggering the gated low-level-active (Al 

or high-level-active (B) inputs, or be reduced by use of 

the overriding clear. Figure 1 illustrates pulse control by 

retriggering and early clear. 

The 'LS422 and 'LS423 have enough Schmitt hysteresis 

to ensure jitter-free triggering from the B input with tran-

sition rates as slow as 0.1 millivolt per nanosecond. The 

'LS422 Rint  is nominally 10 k ohms. 

The SN54LS422 and SN54LS423 are characterized for 

operation over the full military temperature range of 

—55°C to 125°C. The SN74LS422 and SN74LS423 

are characterized for operation from 0°C to 70°C. 

SN54LS423 . . . J OR W PACKAGE 

SN74LS423 . . . D OR N PACKAGE 

(TOP VIEWI ISEE NOTES 1 THRU 41 

SN54LS422 . . J OR W PACKAGE 

SN74LS422 . . . D OR N PACKAGE 

(TOP VIEW) ISEE NOTES 1 THRU 41 

VCC 

RextiCext 
NC 

Cext 
NC 

Rint 
0 

SN54LS422 . . . FK PACKAGE 

(TOP VIEWI (SEE NOTES 1 THRU 

cY) 

(2)  

r<  

uuuuu 
3 	2 	1 20 19 

B1 4 18 NC 
NC 5 17 NC 
B2 6 

NC 7 

6 

1 5 NC 
NCecxt 

CLR 8 t4 

9 10 11 12 13 
(7.-11-1 

id 0 C.> 
Z Z 

SN54LS423 . . . FK PACKAGE 

(TOP VIEWI (SEE NOTES 1 THRU 4) 

3 	2 	1 20 19 

CLR 4 18 1Cext 

10 5 17 10 

NC 6 16 NC 

2Q 7 15 2Q 

2Cext e 14 2CLR 

9 10 11 12 13 
1-1r-11-13-1,a 

OU<Lm 
oz Z N 

0 (5 

CC 

1A 

1B 

1CLR 

10 

2Q 

2Cex t 

2 Rest/Cext 
GND 

VCC 
1 R ext ,  Cext 
lCex t 

10 

2Q 

2CLR 

2B 

2A 

1-1L-11-11-1L-/ 

Al 

A2 

B1 

62 

CLR 

GND 

NOTES. 1 An external timing capacitor may be connected between Cext  and R ex t/Cex t (positive). 

2. To use the internal timing resistor of 'LS422, connect Ri nt  to VCC. 

3. For improved pulse width accuracy and repeatability, connect an external resistor between R ex t/Cxt and VCC with Rint 

open-circuited. 

4. To obtain variable pulse widths, connect an external variable resistance between Ri nt  or Fl ext/C ext  and Vcc. 

II 	II T ••% 	i 	 locuments contain information 
.• p.m.—non date. Products conform to 

1 - ..!....11i000 per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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'LS423 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR AB 0 0 

X
 
X

 -I  

X
  

.
7

 
X

 
J

-
 

I. H 

LI HI 

X
 LI HT 

Il 11 

II 11" 

RETRIGGER PULSE 

(See Noel 

B INPUT 

S
O

3
11

\0
0

1
1

1
 

IN • 1PLH 

OUTPUT 0i 

SN54LS422, SN541.8423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

description (continued) 

'LS422 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLEAR Al A2 131 82 0 	a 

x
x

x
x

i
x
  

I These lines of the functional tables assume that the Indi-

cated steady-state conditions at the A and B inputs have 

been set up long enough to complete any pulse started be-

fore the set up. 

OUTPUT WITHOUT RETRIGGER 

OUTPUT PULSE CONTROL USING RETRIGGER PULSE 

B INPUT] 

OUTPUT  WITHOUT CLEAR 
1 

OUTPUT 0 

OUTPUT PULSE CONTROL USING CLEAR INPUT 

NOTE: Retrigger pulses starting before 0.22 Cent  (in picofrads) 

nanoseconds after the initial trigger pulse will be ignored 

and the output pulse will remain unchanged. 

FIGURE 1—TYPICAL INPUT/OUTPUT PULSES 

CLEAR 

sto TEXAS 
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'LS422 

nom C em 

'LS423 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

'LS422 

Al 

A2 

81 

B2 

CLR 

Ri m  is nominally 10 k ohms 

'LS423 

R e etiCex t 

Cext 

CLR 

Pin numbers shown are for D, J, N, and W packages. 

schematics of inputs and outputs 

SN54LS422, SN54LS423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

logic symbols t 

logic diagrams (positive logic) 
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SN54LS422, SN54LS423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

recommended operating conditions 

...nr,..n.s• SN74LS' 
UNIT 

MIN 	'Jilt' 	MAX MIN NOM 	MAX 

Supply voltage, VCC 4.5 	u 	 5.5 4.75 	5 	5.25 V 

High-level output current, loH —400 —400 tiA 

Low-level output current, lot_ 4 8 mA 

Pulse width, tw  40 40 ns 

External timing resistance, R em 5 	 180 5 	 260 Id/ 

External capacitance, C ex t No restriction No restriction 

Wiring capacitance at R ext /Cext  terminal 50 50 pF 

Operating free-air temperature, TA —55 	 125 0 	 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt •— 
I'. P MA ,  

1— 
min 

- 

UNIT 
MIN I YP MAX 

VIP! High-level input 2 V 

VIL Low-l--. :^^.... 0.7 0.8 V 

VI K Input VCC ° ..". I = —18 mA —1.5 —1.5 V 

VOH High-level output voltage V CC ° 	• 

iLmax viL = v
" VIH = 	V, 

. 
2 

 —400 gA 
2.5 3.5 2.7 3.5 V 

VOL Low-level output voltage VCC - MIN, 
v i L = V iLmax 

IOL = 4  mA 0.25 0.4 . 0.4 
V 

IOL =8  mA - 0.5 

I I 

Input current at 

maximum input vo 
VCC = MAX, V1= 7 V 0.1 0.1 mA 

I IN • level input cu VCC 't  MAX, Vi = 2.7 V 20 7' 1  ALA 

I 1 L.  Low-level inni,.• -... 

• i 

(quiescent or triggered) 

''- 	MAX, Vi = 0.4 V —0.4 • • .: 	mA 

IOS ,- MAX —20 —100 —20 • mA 

ICC VCC = MAX, See Note 6 
•- . 6 11 6 I mA 

12 20 12 20 

1.  For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTES: 5. To measure VOH at Q, VOL at Q, or los at Q, ground R ext /Cext , apply 2 V to B and clear, and pulse A from 2 V to 0 V. 

6. With all outputs open and 4.5 V applied to all data and clear inputs, ICC is measured after a momentary ground, then 4.5 V, is applied 

to clock. 

switching characteristics, VCC = 5 V, TA = 25 ° C, see note 7 

PARAMETER II 
PROM 

(I 	T ) 

TO 
(OUTPUT)  

TEST CONDITIONS MIN TYP MAX UNIT 

tPLH 
A 

0 

Cent = 0, 
CL = 15 pF, 

Flext .= 5  ka, 
RL = 2 kil 

23 33 
ns 

B 23 44 

tPHL 
A a 

32 45 
ns 

B 34 56 

tPHL Clear 
Q 20 27 

s 
tPLH 0 28 45 

ty,o (min) A or B 0 116 200 as 

t wo A of B 0 
C oat  - 1000 pF, 

CL = 15µF, 

R e ,' 10 k12,

RL .- 2 kS2 
4 4.5 5 µs 

i two = width of pulse output Q. 

NOTE 7: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS422, SN54LS423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

TYPICAL APPLICATION DATA FOR 'LS422, 'LS423t 

The basic output pulse width is essentially determined 

by the values of external capacitance and timing 

resistance. For pulse widths when Cext _is 1000 pF, 

use Figure 3. For C ext  between 0.1 nF and 1 itF, the 

pulse width may be defined as: 

tw  = K•RT•C ex t 

with K obtained from Figure 4, 

When C ext > 1 tiF, the output pulse width is defined 

as: 

t w  = 0.33•RT•C ex t 

Where 

  

VCC 

    

RT 

     

   

    

IRT is in kilohms (internal or external timing 

resistance) 

Cex t is in pF 

tw  i s  i n  nanoseconds 

For maximum noise immunity, system ground should 

be applied to the C ext node, even though the C ext 

node is already tied to the ground lead internally. Due 

to the timing scheme used by the 'LS422 and 'LS423, 

a switching diode is not required to prevent reverse 

biasing when using electrolytic capacitors. 

'LS422, 'LS423 
TYPICAL OUTPUT PULSE WIDTH 

vs 

EXTERNAL TIMING CAPACITANCE 

To Cext  To R ext /C ext 

 terminal 	terminal 

TIMING COMPONENT CONNECTIONS 

FIGURE 2 

10 	 100 
	

1000 

Cext—External Timing Capacitance—pF 

T This value of resistance exceeds the maximum recommended for use over 

the full temperature range of the SN54LS circuits. 

FIGURE 3 
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0.1 

0 

0 0.01 
0 

0.0001 

0.00 1 

1 

0.25 0.30 0.35 0.40 0.45 0.50 0.55 

K — Multiplier Factor — 

FIGURE 4 

(K IS INDEPENDENT OF R) 

VARIATION IN OUTPUT PULSE WIDTH 
vs 

SUPPLY VOLTAGE 
.0 	4% 12% 

70  
3% 

Cext = 60 pF 

Rext = 10 K ohms 
10% 

TA = 25° C 8% 
a. 	2% 

a. a. 	6% 
0 

-' 	1% a 	4% 
0 a 

0% 
O 

2% 

2 
IT; — 1% 0 	0% 

17). 
—2% 

- 2% tw(out 370 ns 
at Vcc = 5 V I —4% 

0 —3% o — 6% 

—4% 
4.5 
	

4.75 	5 	5.25 
	

5.5 

SN54LS422, SN54LS423, SN74LS422, SN74LS423 
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

TYPICAL APPLICATION DATA FOR 'LS422, 'LS423 t 

	

MUTIPLIER FACTOR 
	

DISTRIBUTION OF UNIT 
vs 	 vs 

	

EXTERNAL CAPACITOR 
	

OUTPUT PU LSE WIDTH 
i 	1 

VCC= 5 V 
= 25° C -TA 

20% 
MEDIAN  	MEDIAN 

+ 20% — (LS422) 
— 

— 

[ 

I 	I 
See Note 8 

—8% I 	! 
+8% — (LS422/ 

LS423) 

I 	I 	I 
I-I—MEDIAN-4+98%0F UNITS 

twiou t) — Output Pulse Width 

FIGURE 5 

VARIATION IN OUTPUT PULSE WIDTH 
VS 

FREE-AIR TEMPERATURE 

VCC 
I 

= 5 V 
= 60 pF 

1 

Cext 
RT = 10 K ohms 

LS422 

TA = 25°C at 

N 

Note 8 See 
I 	i 

—75 —50 —25 0 25 50 75 100 125 

TA — FREE-AIR TEMPERATURE — ° C 

VCC — Supply Voltage — V 

FIGURE 6 

FIGURE 7 

NOTE 8: For the LS422, the internal timing resistor, Ri nt  was used. For the LS422/423, an external timing resistor was used for RT. 

t Data for temperatures below 0°0 and above 70'C end for supply voltages below 4.75 V and above 5.25 V are applicable for SN54LS422 and 

SN54LS423 only. 
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VCC 
G2 

6A 

6Y 

5A 

5Y 

4A 

4Y 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

vcc 

INPUT 
OUTPUT 

104 NOM 

T
T

L
 D

e
v

ic
es

  

SIV54S436, SN74S436 
LINE DRIVERIMEMORY DRIVER CIRCUITS 

02630, JANUARY 1981—REVISED MARCH 1988 

MOS MEMORY INTERFACE 
Can Drive High-Impedance Loads 

Interchangeable with National DS16149 
DS16179 Drivers 

High-Speed Switching 	
G1 

1A 
• Minimum Input Current Required 	 1Y 

• Damping Output Resistor Reduces 	
2A 

 

Transients 	
2Y 

3A 

3Y 

GND 

SN54S436 . . . J OR W PACKAGE 

SN74S436 . . . D OR N PACKAGE 

(TOP VIEW) 

description 

The SN54S436 and SN74S436 are monolithic 

integrated TTL-to-MOS drivers and interface circuits. 

The p-n-p input transistors use minimum current 

allowing increased fan-out to these drivers. Schottky-

clamped transistor logic permits high-speed operation, 

minimum propagation time. 

The small series damping resistor has been included 

in the design of the '5436 to eliminate undesired 

output transient overshoot. Either enable, G, when 

high, sets the outputs to the high level for MOS RAM 

refresh applications. 

FUNCTION TABLE 

ENABLE INPUTS 

G1 52 
INPUT OUTPUT 

J
 -J  

X
 
2

  

--I  
-
I
 
2

  
X

 

_
_

II
X

 X
  

I
  

-J  
2
  
2
  

= high level, L = !Ow level, X = irrelevant 

logic symbol t 

	

lel 	 171 3A 	 3Y 

	

(10) 	 (9) 
4A 	 4Y 

	

112) 	 (111
5Y  5Y 

	

6A 114) 	 1131
6Y 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 

SN64S436 . . FK PACKAGE 

(TOP VIEW) 

alp
0 csi 
Z >10 

1-11-11—J 7_2u 

3 2 1 20 19 

1Y 4 	 1 6 6A 

2A 5 	 17 6Y 

NC 6 	 16 NC 

2Y 7 	 15 5A 

3A 8 	 14 5y 

9 10 11 12 13 
1-11.-1rm  

M>- CD 0 >- < 
Z Z 

NC No internal connection 

schematics of inputs and outputs 

: A' 1  'laments contain information 
••••• is o• . B • on data. Products conform to 

i.sr terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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SN54S436, SN74S436 
LINE DRIVERIMEMORY DRIVER CIRCUITS 

S
e

a!
A

g
a
  1

1
1
  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage range 	  -1.5 to 7 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 

	

J package   1375 mW 

	

N package   1150 mW 

W package 	 1000 mW 

Operating free-air temperature range: SN54S436 	  - 55 ° C to 125°C 

SN74S436 	  0°C to 70 °C 

Storage temperature range 	  -65°C to 150°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 

2. For operation above 25°C free-air temperature, derate as follows: J package, 11.0 mW/ °C, N package, 9.2 mW/°C, W package, 

8.0 mW/°C. 

recommended operating conditions 

SN54S436 SN74S436 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VII.{ High-level input voltage 2 2 

VIL Low-level input voltage 0.8 0.8 V 

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 
SN54S436 SN74S436 

UNIT 
MIN 	Typt 	MAX MIN 	TYPt 	MAX 

VIK VCC = MIN, 	Ii = - 18 mA -0.75 -1.2 -0.75 -1.2 V 

VOH 

VCC = MIN, 	loH = - 101.,A 3.4 4.3 3.5 4.3 

V VCC = MIN, 

1 0H = - 1 mA 

'S436 2.4 3.5 2.6 3.5 

'5437 2.5 3.5 2.7 3.5 

VOL 

VCC = MIN, 	I ot.  = 1011A 0.25 0.4 0.25 0.35 

V VCC = MIN. 

IOL = 20 mA 

'S436 0.6 1.1 0.6 1 

'S437 0.4 0.5 0.4 0.5 

10L 
VCC = MIN, 	Vo = 4.5 V, 	Vi = 2 V 

See Note 3 
150 200 150 200 mA 

lost VCC = MAX, 	Vo = 0 V -100 -250 -400 -100 -250 -400 mA 

II VCC = MAX, 	VIH = 5.5 v 1 1 mA 

1 1H VCC = MAX, 	VIH = 2.7V 0.1 on 0.1 to pA 

IlL VCC = MAX, 	Vg.  = 0.5 V - 100 - - 100 - uA 

ICC 

VCC = MAX, 	G inputs at 0 V, 

All other inputs at 4.5 V 
33 60 33 60 

mA 

VCC = MAX, 	All inputs at 0 V 14 20 14 20 

, All typical values are at VCC = 5 V, TA = 25°C. 

t Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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INPUT 
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1.5 V 	 1.5 V 

0 V 

T
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OUTPUT ,AHYL 
1 I cL OUTPUT 

I (SEE NOTE EU 

VOL 

LOAD CIRCUIT 
tTHL±---0-1 

VOLTAGE WAVEFORMS 
FIGURE 1 

tALYH 
ho--01-tTLH 

3V 
I 

3 
1 

I 	 1 
1 V 	1 V 

OUTPUT 

UNDER TEST 

SN54S436, SN74S436 
LINE DRIVERIMEMORY DRIVER CIRCUITS 

switching characteristics, VCC = 5 V, TA = 25 ° C 
PARAMETER TEST CONDITIONS '.'l'. 	TYP 	MAX UNIT 

tAHYL 	Delay time from A high to Y starting low See Figure 1 
CL = 50 pF 45 	7 

ns 
CL = 500 pF 12 	16 

tALYH 	Delay time from A low to Y starting high See Figure 1 
C = 50 pF 5 	8 

ns 
CL 

L = 500 p F 1116 

tGHYH 	Delay time from G high to Y starting high 
RL = 2 ka to Gnd, 	CL = 50 pF, 

See Figure 2 
10 	18 ns 

tGLYL 	Delay time from G low to Y starting low 
RL = 2 kil to VCC, 	CL = 50 pF, 

See Figure 3 
11 	18 ns 

tTH L 	Transition time, high-to-low-level output See Figure 1 
CL = 50 pF 5 	8 

ns 
CL = 500 pF 15 	30 

tTLH 	Transition time, low-to-high-level output See Figure 1 
CL = 50 pF 6 	9 

ns 
CL = 500 pF 15 	30 

PARAMETER MEASUREMENT INFORMATION 

3V 

OUTPUT 	  
OUTPUT 

UNDER TEST 

CL 
	RL = 2 kl 

(SEE NOTE B1 .1_ 

LOAD CIRCUIT 

FIGURE 2 

VCC 

UNDER TEST 

OUTPUT 
	

-1- 

	 OUTPUT 

i RI_ = 21,12 

I CISLE E NOTE 8)  

3V 

0 V 

tGHYH 44-01 	 VOH 

OUTPUT 

0.5V 
	- - VOL 

Other G input is low T 

VOLTAGE WAVEFORMS 

  

3 V 

N\I,S.: V 

	  0 V 

INPUT 

 

OUTPUT 
	

0 5 V— 
 

- VOH 

Y 

1 GLYL 
	

VOL 

INPUT 	 V /5  

Other G input is low 

LOAD CIRCUIT 	 VOLTAGE WAVEFORMS 
FIGURE 3 

NOTES: A. Input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, t out = 50 0, t , < 5 ns. 
B. CL includes probe and pg capacitance. 
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SN54LS' . . . J PACKAGE 
SN74LS' ... DW OR N PACKAGE 

(TOP VIEWI 

CS 

B1 

C2 

B2 

B3 

C3 

C4 

B4 

GND 

VCC 
GC 

GB 

GA 

Al 

A2 

A3 

A4 

S1 
SO 

SN54LS' . . . FK PACKAGE 

(TOP VIEWI 

U 

c731 ci 3 >2 1 ((i)  

3 2 1 20 19 

C2 4 
	

18 GB 
B2 5 
	

17  GA 
B3 6 
	

16 Al 
C3 7 
	

15 A2 
C4 8 
	

14 A3 

9 10 11 12 13

'—
nnnnn  

m a coa  co < 

DEVICE 	 OUTPUT 	 LOGIC 

'LS440 	Open-Collector 	 True 

'LS441 	 Open-Collector 	Inverting 

'LS442 	 3-State 	 True 

'LS444 	 3-State 	 True/Inverting 

T
T

L
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e
s  

SN54LS440 THRU SN54LS442, SN54LS444 
SN74LS440 THRU SN74LS442, SN74LS444 

QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 
D2425, AUGUST 1979—REVISED MARCH 1988 

3-Way Asynchronous Communication 

On-Chip Bus Selection Decoding 

Input Hysteresis Improves Noise Margin 

Choice of Open-Collector or 

3-State Outputs 

description 

These bus transceivers are designed for asynchronous 

three-way communication between four-line data 

buses. They give the designer a choice of selecting 

inverting, noninverting, or a combination of inverting 

and noninverting data paths with either 3-state or 

open-collector outputs. 

The SO and S1 inputs select the bus from which data 

are to be transferred. The G inputs enable the bus or 

buses to which data are to be transferred. The port 

for any bus selected for input and any other bus not 

enabled for output will be at high impedance including 

those of the open-collector devices. 

The SN54LS440 through SN54LS442 and 

SN54LS444 are characterized for operation over the 

fullmilitary temperature range of — 55 °C to 125°C. 

The SN74LS440 through SN74 LS442 and 

SN74LS444 are characterized for operation from 0°C 

to 70°C. 

FUNCTION TABLE 

INPUTS  TRANSFERS BETWEEN BUSES 
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SN54LS440 THRU SN54LS442, SN54LS444 
SN74LS440 THRU SN74LS442, SN74LS444 
QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 

logic symbolst 

t These symbols are in accordance with ANSI/IEEE Sod 91-1984 and IEC Publica ion 617-12. 
Pin numbers shown are for DW, J, and N packages. 
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ONE OF FOUR 
'LS440/1.S442 
TRANSCEIVERS 

ONE OF FOUR 
'LS441 
TRANSCEIVERS 

ONE OF FOUR 
'LS444 
TRANSCEIVERS 
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cs 
GA 
GB 
GC 

SO 

S1 

SN54LS440 THRU SN74LS442, SN54LS444 
SN74LS440 THRU SN74LS442, SN74LS444 

QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 

logic diagram (composite showing one of four transceivers from each type, positive logic) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Off-state output voltage 	 5.5 V 

	

Operating free-air temperature range: SN54LS'   —55° C to 125° C 

	

SN74LS'   0° C to 70° C 

Storage temperature range 	  —65°C to 150°C 

NOTE I: Voltage values are with respect to network ground terminal. 
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SN54LS440, SN54LS441 
SN74LS440, SN74LS441 
QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS440 

SN54LS441 

P.M 

4, 	.., 

SN74LS440 

SN74LS441 UNIT 

MAX MIN NOM MAX 

Supply voltage, VCC (see Note 1) 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, IcIL 12 24 mA 

Operating free-air temperature, TA -55 125 0 70 C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
.. 	1LS' 

UNIT 
MIN t , s4 MAX MIN 1 . Pt MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.5 0.6 V 

V1K 	Input clamp voltage VCC ".". I i= -18 mA -1.5 -1.5 V 

Hysteresis (VT+ - VT_)I A,B,C input VCC = '.". 0.1 0.4 0.2 0.4 V 

1 0H 	High-level output current 
VCC = MIN, 

V i H = 2 V, 

VOH = 5.5 V, 

V1L= VI Lmax 
100 100 PA 

Vol., 	Low-level output voltage 	• 

VCC ' MIN, 

VIH = 2 V, 

VIL=V1Lm" 

i .01_ = 12 mA 0.25 0.4 0.25 0.4 

IOL = 24 mA 0.35 0.5 V 

Input current at 
li 

maximum input voltage 

A,B , C input 
VCC = MAX 

Vi= 5.5 V 0.1 0.1 
mA 

All others Vi = 7 V 0.1 0.1 

11H 	High-level input current Vcc = MAX, Vi = 2.7 V 20 20 uA 

1 1L 	Low-level input current VCC = MAX, V 1 = 0.4 V -0.4 -0.4 mA 

Icc 	Supply current 
Outputs low 

VCC - MAX, Outputs open 
62 90 62 90 

mA 
Outputs disabled 64 95 64 95 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

switching characteristics at VCC = 5 V, RI = 667 f2, CL = 45 pF, TA = 25°C. see note 2 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

'LS440 'LS441 
UNIT 

MIN 	TYP MAX 'Pr. 	TNT MAX 

tPLH 
Propagation delay time, 

low-to-high level output 

A B 24 35 21 30 

ns 

A C 24 35 21 30 

B A 24 35 21 30 

B C 24 35 21 30 

C A 24 35 21 30 

C a 24 35 21 30 

tPHL 
Propagation delay time, 

high-to-low level output 

A B 20 30 9 15 

ns 

A C 20 30 9 15 

B A 20 30 9 15 

B C 20 30 9 15 

C A 20 30 9 15 

C B 20 30 9 15 

tPLH 
Propagation delay time, 

low-to-high level output 

Any U A,B,C 29 45 23 35 

ns SO,S1 A,B,C 33 50 27 40 

CS A,B,C 31 45 26 40 

tPHL 
Propagation delay time, 

high-to-low level output 

Any 6 A,B,C 27 40 20 30 

ns SO,S1 A,B,C 32 50 26 40 

CS A,B,C 28 45 21 30 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYP-t MAX MIN TYP I 	MAX 

VIII High-level input voltage 2 2 

VII_ Low-level input voltage 0.5 0.6 

V IK Input clamp voltage VCC = MIN, 	I1= -18 mA -1.5 -1.5 

Hysteresis (VT+ - VTAA,B,C input VCC -= MIN 0.1 0.4 0.2 0.4 V 

VOH High-level output voltage 

VCC ' MIN, 

VIH = 2 V, 

VII_ = ViLmax 

1 0H = -3 mA 2,4 3.4 2.4 3.4 
V 

l op = MAX 2 2  

VOL Low-level output voltage 

MCC = MIN, 

VIH = 2 V, 

VH.  = ViLmax 

loL= 12  mA 0.25 0.4 0.25 0.4 
V 

10L = 24 mA 0.35 0.5 

IOZH 
Off-state output current, high-level 

voltage applied VCC = MAX, 

a at 2 V 

Vo = 2.7 V 20 20 

CA 

IOZL 
Off-state output current, low-level 

voltage applied 
Vo = 0.4 V -400 -400 

II 
Input current at 

maximum input voltage 

A, B.  C 
VCC - MAX 

V1 = 5.5 V 0.1 0.1 
mA 

Others Vi = 7 V 0.1 0.1 

IIH High-level input current Voc = MAX, 	V 1 = 2.7 V 20 20 pA 

IlL Low-level input current VCC = MAX, 	V 1 = 0.4 V -0.4 -0.4 mA 

IOS Short circuit ou put current s VCC ' MAX -40 -225 -40 -225 mA 

lcc Supply current 
Outputs low 

VCC = MAX, 	Outputs open 
62 90 62 90 

mA 
Outputs at Hi-Z 64 95 64 95 
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SN54LS442, SN54LS444 
SN74LS442, SN74LS444 

QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54LS442 

SN54LS444 

SN74LS442 

SN74LS444 

.". 	'. 	': 

4. i a 	o 

UNIT 

MIN NOM MAX MAX 

Supply voltage, VCC 	(see Note 1) 4.5 5 5.5 5.25 V 

High-level output current, lop -12 -15 mA 

Low-level output current, lot_ 12 24 mA 

Operating free-air temperature, TA -55 125 0 70 ' C 

NOTE 1, Voltage values are with respect to the network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

I For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 

* All typical values are at VCC = 5 V, TA = 25°C. 
II Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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SN54LS442, SN54LS444 
SN74LS442, SN74LS444 
QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH •STATE OUTPUTS 

switching characteristics at VCC = 5 V, TA = 25°C, see note 2 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'LS442 'LS444 
UNIT 

MIN 	TYP MAX MIN 	TYP MAX 

tPLH 
Propagation delay time, 

low-to-high level output 

A B 

CL — 45 pF, 

RL = 667 0 

10 14 9 14 

ns 

A C 10 14 9 14 

B A 10 14 9 14 

B C 10 14 10 14 

C A 10 14 9 14 

C B 10 14 10 14 

tPHL 
Propagation delay time, 

 hi gh-to-low level output 

A B 13 20 7 13 

ns 

A C 13 20 7 13 

B A 13 20 7 13 

B C 13 20 13 20 

C A 13 20 7 13 

C 3 13 20 13 20 

tPZL 
Output enable time 

to low level 

Any U A,B,C 22 33 22 33 

ns SO,S1 A,B,C 28 42 28 42 

CS A,B,C 23 36 23 36 

tPZI-1 
Output enable time 

to 
 

to high level 
S, CS A,B,C 21 32 24 32 ns 

tpu 
Output disable time 

from low level 
U, S. CS A,B,C 

CL = 5 pF , 

RL = 667 0 

14 35 14 25 ns 

tPHZ 
Output disable time

from high level 
-G, S. CS A,B,C 14 25 14 25 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF 3-STATE OUTPUTS TYPICAL OF OPEN-COLLECTOR OUTPUTS 

VCC 
VCC 

50 SE NOM R eg 

_ 	 OUTPUT 

Wir 
INPUT 

OUTPUT II 
116 

R e ,, 	GA, GE3, Ec 	S 912 NOM 

All others = 5 kil NOM 
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2-956 	 INSTRUMENTS 

POST OFFICE PDX 655012 • DALLAS. TEXAS 75265 



(1) 

121 

13) OUTPUT 2 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 

OUTPUT 6 

OUTPUT 7 

INPUT A 

OUTPUT 0 

OUTPUT 1 

2 

T
T

L
  D

e
v

ic
e

s  

SN54LS445, SN74LS445 
BCD-TO-DECIMAL DECODERSIDRIVERS 

D2427, NOVEMBER 1977—REVISED MARCH 1988 

FOR USE AS LAMP, RELAY, OR MOS DRIVERS 

• Low-Voltage Version of SN54LS145/ 
SN74LS145 

SN54LS445 . . J PACKAGE 
SN74LS445 ... D OR N PACKAGE 

(TOP VIEW) 

    

• Full Decoding of Input Logic 

• SN74LS445 Has 80-mA Sink-Current 
Capability 

• All Outputs Are Off for Invalid BCD 
Input Conditions 

• Low Power Dissipation ... 35 mW 
Typical 

0 
1 
2 

3 
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5 
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GND 

VCC 
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B 

C 

9 

8 

logic 
FUNCTION TABLE 

NO. 
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H = high level 	L = low level (on) 

description 

These monolithic BCD-to-decimal decoder/drivers 

consist of eight inverters and ten four-input NAND 

gates. The inverters are connected in pairs to make 

BCD input data available for decoding by the NAND 

gates. Full decoding of valid BCD input logic ensures 

that all outputs remain off for all invalid binary input 

conditions. These decoders feature high - performance, 

n-p-n output transistors designed for use as indicator/ 

relay drivers or as open-collector logic-circuit drivers. 

Each of the output transistors will sink up to 80 milli-

amperes of current. Each input is one Series 54LS/ 

74LS standard load. Inputs and outputs are entirely 

compatible for use with TTL logic circuits, and the 

outputs are compatible for interfacing with most 

MOS integrated circuits. Power dissipation is typically 

35 milliwatts. 

SN54LS445 	FK PACKAGE 

(TOP VIEW) 

U 
•-• o  Z > <  

L—J uu L--i 
3 2 1 20 19 

2 4 

3 5 

NC 6 

4 7 

5Il 8 

9 10 11 12 13 
nn nnn  
rta p U h CO 

Z Z 

NC - No internal connection 

logic diagram (positive logic) 

Pin numbers shown are for D, J, and N packages. 

18 8 

17 C 
16 NC 
15 D 
14 9 
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This 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. 

EQUIVALENT OF EACH INPUT 

17 50 NOM 

iNFOJ1 	A  1  

TYPICAL OF ALL OUTPUTS 

OUTPUT 

SN54LS445, SN74LS445 
BCD-TO-DECIMAL DECODERSIDRIVERS 

SO
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A
e
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7 V 
Input voltage 	  7 V 

Operating free-air temperature range: SN54LS445 	  —55°CC to 125°C 

SN74LS445 	  0°C to 70 °C 

Storage temperature range 	  — 65 °C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS445 . ' t LS445 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, Voo 4.5 5 5.5 4.75 5 5.25 V 

Off- • 	2utput . 	e, Voi off) 7 7 V 

Doe...fly free-air temperature, TA —55 125 0 70 C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS445 SN74LS445 

UNIT 
MIN TYP . 1 MAX MIN TYPt MAX 

VIII High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC "' MIN, 	11 = —18 mA —1.5 —1.5 V 

Oloff) Off-state output current 
VCC' MIN, 	N./1H = 2 V, 

VII_ = VIL max, 	Voil = 7 V 
250 250 “A 

VO(onl On-state output voltage 

VCC' MIN, 

Vii-i -- 2 V, 

Va.. = VII_ max 

lioL = 12 mA 0.25 0.4 0.25 0.4 

V 10L -- 24 mA 0.35 0.5 

loL - 80 mA 2.3 3 

II Input current at maximum input voltage VCC -- MAX, 	Vi = 7 V 0.1 0.1 mA 

liFi High-level input current VCC --. MAX, 	V1 = 2.7 V 20 20 pA 

!IL Low-level input current VCC --. MAX, 	Vi= 0.4 V —0.4 —0.4 mA 

Icc Supply current VCC = MAX, 	See Note 2 7 13 7 13 mA 

'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V. TA = 25 ° C. 

NOTE 2: Icc is measured with all inputs grounded and outputs open 

switching characteristics, VCC = 5 V, TA = 25"C 

PARAMETER TEST CONDITIONS MIN 	MAX UNIT 

1PLH Propagation delay time, low-to-high-level output 
CL = 45 pF, RI_ - 665 S2, 	See Note 3 

50 ris 

1PHL Propagation delay time, high-to-low-level output 50 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

logic symbolt 	 schematic of inputs and outputs 
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NC - No internal connection 
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SN54LS446, SN54LS449 . . . FK PACKAGE 

(TOP VIEW) 

< 
CO U U < 

<10 Z >10 
L..-11 I-1 L.-I LI LI 

DIR2 4 

A2 5 

NC 6 

A3 7 

DIR3 8 

2 
18 131 
17 DIR1 

16 NC 
15 B2 
14 B3 

SN54LS446, SN54LS449, SN74LS446, SN74LS449 
QUADRUPLE BUS TRANSCEIVERS WITH 

INDIVIDUAL DIRECTION CONTROLS 
D2613, OCTOBER 1980-REVISED MARCH 1988 

SN54LS446, SN54LS449 . . . J PACKAGE 

SN74LS446, SN74LS449 . . . D OR N PACKAGE 

• 3-State Outputs Drive Bus Lines Directly 
	 (TOP VIEW) 

• P-N-P Inputs Reduce DC Loading on Bus 	 GSA 

Line 	 Al 

DIR2 
• Hysteresis at Bus Inputs Improves Noise 	 A2 

Margins 	 A3 

• Flow-Thru Data Pinout (B Bus Opposite 	 DIR3 

A Bus) 	 A4 

GND 
• Choice of True ('LS449) and Inverting 

('LS446) 

VCC 
GAB 

B1 

DIR1 
B2 

B3 

DIR4 

B4 

description 

These quadruple bus transceivers are designed for 

data transmission from individual lines of the A bus 

to individual lines of the B bus or the reverse, depend-

ing on the logic levels at the direction-control pins 

DIR1 through DIR4. These direction controls (one 
for each channel) allow maximum flexibility in 

timing. The enable inputs GBA and GAB can be used 

to disable the A or B outputs respectively, or to 

disable both buses for effective isolation. 

The SN54LS446 and SN54LS449 are chiaactel - 

ized for operation over the full military temperature 

range of —55° C to 125° C. The SN74LS446 and 

SN74LS449 are characterized for operation from 
0° C to 70° C. 

FUNCTION TABLE 

ENABLE 

A BA 	 GAB 

DIRECTION 

DI Ft 

OPERATION 

'LS446 

OPERATION 

'LS449 

H H X Isolation Isolation 

X L H X data to B Bus A data to B Bus 

L X L data data to A Bus B data to A Bus 

X H H Isolation Isolation 

H X L Isolation 	• Isolation 

H = high level, L = low level, X = irrelevant 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Off-state output voltage 	 5.5 V 

	

Operating free-air temperature range: SN54LS'   —55° C to 125° C 

	

SN74 LS'   0° C to 70° C 

	  —65° C to 150° C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

Storage temperature range 

PRODUCTION DATA documents contain information 
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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TRANSCEIVIERS 
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1131 

(14) 
81 

'LS449 

TO OTHER THREE 
TRANSCEIVERS 

TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

SN54LS446, SN54LS449, SN74LS446, SN74LS449 
QUADRUPLE BUS TRANSCEIVERS WITH INDIVIDUAL DIRECTION CONTROLS 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 

schematics of inputs and outputs 
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PARAMETER TEST CONDITIONSt 

SN54LS446 

SN54LS449 

SN74LS446 

SN74LS449 UNIT 

MIN TYPI,  MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.6 0.7 V 

V IK Input clamp voltage VCC = MIN, 	II •-• -18 mA -1.5 -1.5 V 

Hysteresis (VT, - VT_I, A or B input MCC = MIN 0.1 0.4 0.2 0.4 V 

VOH High-level output voltage 

VCC = MIN, 
 VIH = 2 V, 

VIL= VILmax 

1 0H= -3  mA 2.4 3.4 2.4 3.4 

V 

IOH = MAX 2 2 

VOL Low-level output voltage 

VCC = MIN , 

 VIH = 2 V, 

VII_ = VII_ max 

IciL = 12 mA 0.25 0.4 0.25 0.4 
V 

lot.  = 24 mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 

VCC = MAX, 	G at 2 V, 

Vo = 2.7 V 
20 20 yA 

OZL 
Off-state output current, 

low-level voltage applied 

VCC = MAX, 	S at 2 V, 

Vo = 0.4 V 
0 4 - 0 4 mA 

II 
Input current at 

maximum input voltage 

A or B 
VCC = MAX, 

Vi = 5.5 V 0.1 0.1 
mA 

6AB or 	BA V1 = 7 V 0.1 0.1 

IIH High-level input current VCC = MAX, 	V1 = 2.7 V 20 20 pA 

'IL Low-level input current VCC - MAX, 	V1 = 0.4 V -0.4 -0.4 mA 

los Short-circuit output current§ MCC = MAX -40 -225 -40 -225 mA 

ICC Total supply current 

'LS446 

VCC = MAX, 

Outputs open 

Outputs high 35 56 35 56 

mA 

Outputs low 39 63 39 63 

Outputs at Hi-Z 42 68 42 68 

'LS449 

Outputs high 42 68 42 68 

Outputs low 47 75 47 75 

Outputs at Hi-Z 50 80 • 50 80 
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SN54LS446, SN54LS449, SN74LS446, SN74LS449 
QUADRUPLE BUS TRANSCEIVERS WITH INDIVIDUAL DIRECTION CONTROLS 

recommended operating conditions 

PARAMETER 

SN541_5446 

SN54LS449 

SN74LS446 

SN74LS449 UNIT 

MIN NOM MAX MIN 	NOM 	MAX 

Supply voltage, VCC (see Note 1) - 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, 10H -12 -15 mA 

Low-level output current, loL 12 24 mA 

Operating free-air temperature, TA -55 	 125 0 	 70 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN54LS446, SN54LS449, SN74LS446, SN74LS449 
QUADRUPLE BUS TRANSCEIVERS WITH INDIVIDUAL DIRECTION CONTROLS 

switching characteristics at Vcc = 5 V, TA = 25 ° C 

PARAMETER 

FROM 

(INPUT) 

TO 

(OUTPUT) 
I 

TEST CONDITION:. 
'LS446 	I 	'LS449 

UNIT 
:'I'd 	TYP 	MAX 	%'I'. 	TYP 	MAX 

Propagation delay time, 
'PLR 

low-to-high-level output 

A B 

CL = 45 pF, 

RL = 667 O., 

See Note 2 

8 	13 10 	15 
ns 

B A 8 	13 10 	15 

Propagation delay time, 
'PH L 

high-to-low-level output 

A B 7 	12 11 	17 
ns 

B A 7 	12 11 	17 

tpzi_ 	Output enable time to low level 
GBA A 24 	40 21 	35 

ns 
-GAB B 24 	40 21 	35 

tpzH Output enable time to high level 
GBA A 15 	25 18 	30 

ns 
GAB B 15 	25 18 	30 

tpLz 	Output disable time from low level 
63A A 

CL= 5 pF, 

R L = 667 St, 

See Note 2 

14 	25 14 	25 
ns 

GAB B 14 	25 14 	25 

tpHz Output disable time from high level 
GBA A 10 	15 10 	15 

ns ,, 
GAB  10 	15 10 	15 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

TYPICAL OF ALL OUTPUTS 

VC C 

OUTPUT 

SN54LS465 THRU SN54LS468, SN74LS465 THRU SN74LS468 
OCTAL BUFFERS WITH 3-STATE OUTPUTS 

D2631, JANUARY 1981 — REVISED MARCH 1988 

Mechanically and Functionally Interchange-
able With DM71/81LS95 thru DM71/81 LS98 

P-N-P Inputs Reduce Bus Loading 

3-State Outputs Rated at 10L of 12 mA and 
24 mA for 54LS and 74LS, Respectively 

DEVICE 	 DATA PATH 

'LS465 	 True 

'LS466 	 Inverting 

'LS467 	 True 

'LS468 	 Inverting 

description 

These octal buffers utilize the latest low-power 

Schottky technology. The 'LS465 and 'LS466 have a 
two-input active-low AND enable gate controlling all 

eight data buffers. The 'LS467 and 'LS468 have two 

separate active-low enable inputs each controlling 

four data buffers. In either case, a high level on any G 
places the affected outputs at high impedance. 

schematics of inputs and outputs 

SN54LS465 AND SN54LS466 . J PACKAGE 
SN74LS465 AND SN74LS466 	DW OR N PACKAGE 

(TOP VIEW) 
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SN54LS465 AND SN54LS466 . . . FK PACKAGE 

ITOP VIEW) 
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SN54LS467 AND SN54LS468 . J PACKAGE 
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SN54LS465 THRU SN54LS468, SN74LS465 THRU SN74LS468 
OCTAL BUFFERS WITH 3-STATE OUTPUTS 

logic diagrams (positive logic) 

Pin numbers shown are for CAN, J, and N packages. 
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SN54LS465 THRU SN54LS468, SN74LS465 THRU SN74LS468 
OCTAL BUFFERS WITH 3-STATE OUTPUTS 

logic symbolst 

IThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Off-state output voltage  	5.5 V 
Operating free-air temperature range: SN54LS465 thru SN54LS468 	  —55° C to 125° C 

SN74LS465 thru SN74LS468 	  0° C to 70 ° C 

	

Storage temperature range   —65° C to 150° C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

sr.r.ti '7 SN74LS' 
UNIT 

MIN 	ram MAX '.111; 

4 /u 

NOM MAX 
Supply voltage, VCC 4.5 5.5 5 5.25 V 

High-level output current, I OH —1 —2.6 mA 

Low-level output current, I cll. 12 24 mA 

Operating free-air temperature, TA —55 125 0 70 ° C 
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SN54LS465 THRU SN54LS468, SN74LS465 THRU SN74LS468 
OCTAL BUFFERS WITH 3•STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
var. 

. 

... 	Ii• 

TYP: 

I 

'.11t. 

z 

..r. • li_s• 
UNIT 

MAX TVP t MAX 

VIH 	High-level input voltage V 

VIL 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN. Il = -18 mA -1.5 -1.5 V 

VOH 	High-level output voltage 
Vcc = MIN, Vii..i= 2 V, 

VIL = VIL max 

loH = -1 mA 2.4 3.3 
V 

1 0H = -2.6 mA 2.4 3.1 

VOL 	Low-level output voltage 
VCC = MIN, VIH = 2 V, 

Vit. = VII_ max 

loL = 12 mA 0.25 0.4 0.25 0.4 
V 

loL = 24 mA 0.35 0.5 

Off-state output current, 
10ZH 

high-level voltage applied 

VCC -= MAX, VIH = 2 V, 	VIL = VIL max, 

Vo = 2.7 V 
20 20 pA 

Off-state output current, 

°Zi" low-level voltage applied 

VCC = MAX, V IH = 2 V, 	VIL = VIL max, 

Vo = 0.4 V 
-20 -20 pA 

Input current at maximum 
II 

input voltage 
VCC = MAX, Vi = 7 V 0.1 0.1 

E
4

<
a

 
E

 a
E

E
 

I iti 	High-level input current VCC = MAX, VI = 2.7 V 20 20 

IlL 	Low-level input current VCC = MAX, VI = 0.4 V -0.2 -0.2 

IOS 	Short-circuit output current§ VCC = MAX, Vo = 0 V -30 -130 -30 -130 

ICC 	Supply current 

'LS465, 

'LS467 

VCC = MAX 

Outputs low 19 32 19 32 

mA 

Outputs high 13 22 13 22 

Output Hi-Z 22 37 22 37 

'LS466, 

'LS468 

Outputs low 14 23 14 23 

Outputs high 6 10 6 10 

Outputs Hi-Z 17 28 17 28 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

2 All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics VCC = 5 V, TA = 25 ° C, see note 2 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS465, 'LS467 'LS466, 'LS468 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

tpLH Ai Yi 

RL - 667 52, CL = 45 pF 

9 	15 7 	12 ns 

tPHL Ai Yi 12 	18 9 	15 ns 

tpZH di. Y 25 	40 25 	40 ns 

tPZL dl, Y 29 	45 29 	45 ns 

tPHZ d t 1' 
R 	- L 	667 52, CL= 5 pF 

25 	40 25 	40 ns 

tpt2 d t V 30 	45 30 	45 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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CLEAR/SET-TO-9 

FUNCTION TABLE 

(EACH COUNTER) 

INPUTS OUTPUTS 

CLEAR SET-TO-9 CIA QB (IC OD 

H L L 	L 	L 	L 

L H H 	L 	L 	H 

L L COUNT 

H = high level, L = low level 

1CLR (2 

 15E79 141 

 1CLK (1)  

2CLR 

2SET9 

2CLK 

SN54LS490, SN74LS490 
DUAL 4•BIT DECADE COUNTERS 

OCTOBER 1976 — REVISED MARCH 1988 

• Dual Versions of Popular SN54LS90 and 
SN74LS90 Counters 

SN54LS490 . J OR W PACKAGE 

SN74LS490 ... D, J OR N PACKAGE 

(TOP VIEWI 

• Individual Clock, Direct Clear, and Set-to-9 
Inputs for Each Decade Counter 	

1CLK 

• 1CLR Dual Counters Can Significantly Improve 
System Densities as Package Count Can Be 	 1C1A 
Reduced by 50% 	 1SET9 

• Maximum Count Frequency . . . 35 MHz 	
1Q6 

 

Typical 	
1Qc 

 
1QD 

• Buffered Outputs Reduce Possibility of 	 GND 

Collector Commutation 
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SN54LS490 . . FK PACKAGE 

(TOP VIEWI 

CC 
—I 

(...)U U 
Z > c9 

uu L—I I—I 
3 2 1 20 19 

	

1QA 	4 	 18 	2CLR 

	

1SET9 	5 	 17 	2C/Ak 

	

NC 	6 	 16 	NC 

	

1G13 	7 	 1 5 	2SET9 

	

1QC 	8 	 14 	20B 

9 10 11 12 13 

OO U O U 
OZZOC 

C•4 

NC - No internal connection 

logic symbol t 

t This symbol is in accordance with ANSI/IEEE Std. 91 - 1984 and 
IEC Publication 617 - 12. 

Pin numbers shown are for D, J, N, and W packages. 

description 

Each of these monolithic circuits contains eight master-

slave flip-flops and additional gating to implement two 

individual 4-bit decade counters in a single package. Each 

decade counter has individual clock, clear, and set-to-9 

inputs. BCD count sequences of any length up to divide-

by-100 may be implemented with a single 'LS490. 

Buffering on each output is provided to ensure that 

susceptibility to collector commutation is reduced 

significantly. All inputs are diode-clamped to reduce the 

effects of line ringing. The counters have parallel outputs 

from each counter stage so that submultiples of the input 

count frequency are available for system timing signals. 

The SN54LS490 is characterized for operation over the 

full military temperature range of — 55 °C to 125 °C; the 

SN74LS490 is characterized for use in industrial systems 

operating from 0 °C to 70 °C. 

BCD COUNT SEQUENCE 

(EACH COUNTER) 
T
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standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic diagram (each counter) 

(4, 121 
SET-TO-9 

CLOCK 	11 ' 15)  

S 

(5.11) OUTPUT 

(6, 10) OUTPUT 

OC 
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k  (7, 9)  OUTPUT 

OD 
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T 

(2, 14) 
CLEAR 

SN54LS490, SN74LS490 
DUAL 4-BIT DECADE COUNTERS 

schematics of inputs and outputs 

EQUIVALENT OF EACH 

CLOCK INPUT 

EQUIVALENT OF EACH 

CLEAR AND SET-TO-NINE INPUT 

VCC 

TYPICAL OF ALL OUTPUTS 

VCC 

1 200 NOM 

OUTPUT 

VCC 

INPUT 

4.3 k11 NOM 

INPUT i  1 
1 8 4,11 NOV 

pa 

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS490, SN74LS490 
DUAL 4-BIT DECADE COUNTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

	

Clear and set-to-9 input voltage   7 V 
Clock input voltage 	  5.5 V 

	

Operating free-air temperature range: SN54LS490   —55° C to 125° C 
SN74LS490 	  0° C to 70° C 

Storage temperature range 	  —65° C to 150° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS490 SN74LS490 
UNIT 

MIN NOM MAX MIN NOM MAX 
Supply voltage, VCC 4.5 5 5.5 4.75 5 V 
High-level output current, 1 014 —400 --.1,., mA 

Low-level output current, lot_ 4 8 mA 

Count frequency, fcount o 25 0 25 MHz 

Pulse width, tw  (any input) 20 20 ns 

Clear or set-to-9 inactive-state setup time, t su  254 254 ns 

Operating free-air temperature, TA —55 125 0 70 'C 

4The arrow indicates that the falling edge of the clock pulse is used for reference 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS -I.  
SN54LS490 SN74LS490 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, II = —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC =MIN, 

VII_ = ViLmax 

VIII = 2 V, 
2.5 3.4 2.7 3.4 V 

VOL Low-level output voltage 

VCC = MIN- 

VIH = 2 V, 

VII_ = ViLmax 

IOL = 4 mA 0.25 0.4 0.25 0.4 
V 

IOL = 8 mA 0.35 0.5 

li 
Input current at 

maximum input voltage 

Clear, 

set-to-9 VCC = MAX, 
V1= 7 V 0.1 0.1 

mA 

Clock V1 = 5.5 V 0.2 0.2 

IIH High-level input current 

Clear, 

set-to-9 VCC = MAX, Vi = 2.7 V 
20 20 

IAA 

Clock 100 100 

IIL Low-level input current 

Clear, 

set-to-9 VCC = MAX, V1= 0.4 V 
—0.4 —0.4 

mA  

Clock —1.6 —1.6 

los Short-circuit output current§ VCC = MAX —20 —100 —20 —100 mA 

ICC Supply current VCC = MAX, See Note 2 15 26 15 26 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

1:411 typical values are at VCC = 5 V, TA -- 25"C 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: Icc is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 

groBndecl. 
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SN54LS490, SN74LS490 
DUAL 4•BIT DECADE COUNTERS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETERt 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

f max Clock QA 

CL = 15 pF, 	R L = 2 kIt 

See Figure 2 and Note 3 

25 	35 MHz 

tPLH 
Clock QA 

12 	20 
115 

tPHL 13 	20 

tPLH 
Clock GB ,  OD 

24 	39 
us 

tPHL 26 	39 

tPLH 
Clock QC 

32 	54 
05 

tPHL 36 	54 

tPHL Clear Any 24 	39 us 

tpLH 
Set-to-9 

OA, OD 24 	39 
is 

tPHL 0B• QC 20 	36 

tfmax  = maximum count f equency 

tpLH 	Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to.low-level output 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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OUTPUT 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

Enable Inputs: R eg  = 9 kS-2 NOM 

All Other Inputs: R eq  = 10 XS/ NOM 

TYPICAL OF ALL OUTPUTS 
VCC 

50 St 
NOM 

SN54LS540, SN54LS541 . . J OR W PACKAGE 
SN74LS540, SN74LS541 ... DW OR N PACKAGE 

(TOP VIEW) 

G1 
Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

GND 

VCC 
G2 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS 

WITH 3-STATE OUTPUTS 
D2546, AUGUST 1979—REVISED MARCH 1988 

3-State Outputs Drive Bus Lines or 
Buffer Memory Address Registers 

P-N-P Inputs Reduce D-C Loading 

Hysteresis at Inputs Improves Noise Margins 

Data Flow-thru Pinout (All Inputs on 
Opposite Side from Outputs) 

description 

These octal buffers and line drivers are designed to 

have the performance of the popular SN54LS240/ 
SN74LS240 series and, at the same time, offer a 

pinout having the inputs and outputs on opposite 

sides of the package. This arrangement greatly en-

hances printed circuit board layout. 

SN54LS540, SN54LS541 . . . FK PACKAGE 
The three-state control gate is a 2-input NOR such 

	
(TOP VIEW) 

that if either Tl or G2 are high, all eight outputs are 

in the high-impedance state. 	
:(—L la >'0 

The 'LS540 offers inverting data and the 'LS541 

offers true data at the outputs. 	 A3  1  4 	 1 8  1  Y1 

A4 	 Y2 

The SN54LS540 and SN54LS541 are characterized 	 A5  16 	 15 IY3 

for operation over the full military temperature range 	 A6  1  7 	 15  1Y4 

of —55° C to 125°C. The SN74LS540 and SN74 LS541 	 A7  1  8 	 14  1  Y5 

are characterized for operation from 0 ° C to 70° C. 
CO 0 OD I-•• 
< 2 ›- ›- >- 

CD 

TYPE 	RATED 	RATED 	TYPICAL POWER 

1 01- 	 10H 	 DISSIPATION 

(SINK 	(SOURCE 	(ENABLED) 
CURRENT) CURRENT) 	'LS540 	'LS541 

SN54LS' 	12 mA 	—12 mA 	92.5 mW 120 mW 

SN74LSI 	24 mA 	— 15 mA 	92.5 mW 120 mW 

schematics of inputs and outputs 

is 	 
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PRODUCTION DATA documents contain information 
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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'LS540 

Al 

A2 171 

 (41 

A4 151 

AS 161 

 A6 17) 

 Al 181  

AS (9}  

'LS541 

118I 
Y l 

 

(17) y2  

(16)  y3 

 (15) y4 

 il4) y6  

1131  y6  

(121  y7  

1111  ya  

Ill 

/19)  

Al 	17)  

A2 	13 1  

A3  (4)  

AA  151 

A5 	161  

A6 (7) 

 A7 18)  

AS  19/  

r- 

N 

EN 

1 
/r 	C> 	V 

SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

logic symbolst 

S
O

3l
A

a
a
  
l
i
a

  

2-974 

1  These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 

'LS540 
	

'LS541 

1181 yi  

1171 1 	
Y2 

61 11) 

— 1 

(18),(1  

Fy2 

62 (191 

A1 12  

(3 A2 

-1 
	 (12) 

 	J 

116) y3  ( 16) 

A4 2)--1 

A5  16/11-  

A6 17

1A/P-311 

(9) 	h A8- 1 

V3 

j_t_1•11 y5  

1(111 Y6 

ly ./  

-11_11 y5  

1113)  
Y6 

y7  

(11) y8  1 
( 11) 98  

	 J 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  7 V 

Operating free-air temperature range: SN54LS540, SN54 LS541 	 — 55° C to 125°C 

SN74LS540, SN74LS541 	 0° C to 70° C 
Storage temperature range 	  — 65""C to 150°C 

NOTE 1: Voltage values are with respect to the network ground terminal. 
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SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
SN54LS' SN74LS' 

UNIT 
MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC (see Note 11 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, loH - 12 -15 mA 

Low-level output current, IOL 12 24 mA 

Operating free-air temperature, TA -55 125 0 70 °C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS: 
SN54LS' SN74LS' 

UNIT 
MIN 	TYP: 	MAX MIN 	TYPt 	MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.6 0.6 V 

VIK Input clamp voltage VCC = MIN , 	II = - 18 mA -1.5 -1.5 V 

Hysteresis (VT + - VT _1 VCC = MIN 0.2 0.4 0.2 0.4 V 

VOH High-level output voltage 

VCC = MIN, 	VIH = 2 V, 

VIL = VIL max, 	loH = -3 mA 
2.4 3.4 2.4 3.4 

V 
VCC = MIN, 	VIH = 2V, 

VIL = 0.5 V, 	10H = MAX 
2 2 

VOL Low-level output voltage 

VCC = MIN, 
VIH = 2 V, 

VIL = V11 max 

IOL = 12 mA 0.25 0.4 0.25 0.4 
V 

IOL = 24 mA 0.5  0.35 

1 0ZH 
Off-state output current, 

high-level voltage applied 
VCC = MAX, 

VIH = 2 V, 
VIL = Vit..  max 

V0 = 2.7 V 20 20 

sA 

IOZL 
Off-state output current, 

low-level voltage applied 
Vo = 0.4 V -20 -20 

II 
Input current at maximum 

input voltage 
VCC = MAX, 	Vi = 7 V 0.1 0.1 mA 

IIH High-level input current, any input VCC = MAX, 	Vi = 2.7 V 20 20 AA 

'IL Low-level input current VCC = MAX, 	V1 = 0.4 V -0.2 -0.2 mA 

IOS Short-circuit output current§ VCC = MAX -40 -225 -40 -225 mA 

ICC Supply current 

Outputs high 

VCC = MAX, 
Outputs open 

'LS540 13 25 13 25 

mA 

'LS541 18 32 18 32 

Outputs low 
'LS540 24 45 24 45 

'LS541 30 52 30 52 

All outputs 

disabled 

'LS640 30 52 30 52 

'LS541 32 55 32 55 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 

tAll typical values are at VCC = 5 V, TA = 25°C. 

gNot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS WITH •STATE OUTPUTS 

switching characteristics, VC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
"LS540 'LS541 

UNIT 
MIN 	TYP MAX MIN 	TYP MAX 

IPLH 
Propagation delay time, 

low-to-high-level output 

CL = 45 pF, 

See Note 2 

RL = 667 0, 

9 15 9 15 ns 

tPHL 
Propagation delay time, 

high-to-low-level output 
9 15 10 18 ns 

tpzL Output enable time to low level 25 38 25 38 ns 

tpZH Output enable time to high level 15 25 20 32 ns 

tpLz Output disable time from low level CL = 5 pF, 

See Note 2 

FIL = 667 0, 10 18 10 18 ns 

tpHz Output disable time from high level 15 25 18 29 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS590, SN54LS591 . . J OR W PACKAGE 
SN74LS590. SN74LS591 . N PACKAGE 

(TOP VIEW) 

QB 

QC 
OD 

QE 
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QG 
OH 

GND 

VCC 

QA 
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RCK 

 

CCKEN 

CCK 

CCLR 

RCO 

SN54LS590, SN54LS591 	FK PACKAGE 

ITOP VIEW) 
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SN54LS590, SN54LS591, SN74LS590, SN74LS591 
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS 

D2632, JANUARY 1981 — REVISED MARCH 1 988 

8-Bit Counter with Register 

Parallel Register Outputs 

Choice of 3-State ('LS590) or Open-
Collector l'LS591 I Register Outputs 

Guaranteed Counter Frequency: 
DC to 20 MHz 

description 

These devices each contain an 8-bit binary counter that 
feeds an 8-bit storage register. The storage register has 
parallel outputs. Separate clocks are provided for both 

the binary counter and storage n• : • • -. The binary 
counter feat ..• a direct clear input and a count 
enable input 7  EN. For cascading, a ripple carry out-
put RCO is provided. Expansion is easily accomplished 

for two stages by connecting RCO of the first stage to 
CCKEN of the second stage. Cascading for larger count 
chains can be accomplished by connecting RCO of each 
stage to CCK of the following stage. 

Both the counter and register clocks are positive-edge 
triggered. If the user wishes to connect both clocks 
together, the counter state will always be one count 

ahead of the register. Internal circuitry prevents clock-
ing from the clock enable. 

I O L> O CC 
Z z 

schematics of inputs and outputs 
	 NC - No internal connection 

EQUIVALENT OF CCK INPUT EQUIVALENT OF ALL OTHER INPUTS RCO OUTPUT 

— - - - 	VCC 
VCC 10 k a 	15 ICS-Z 

VCC 12011 NOM 

INPUT 

NOM 
. 

NOM 

INPUT 

eq 

lir 
dill 

IN 

 
111111 OUTPUT 

NM RCK. R eq  = 10 kE2 NOM 
ALL OTHER: R eg  .. 13 ICS/ NOM 

TYPICAL OF 0 OUTPUTS ('LS590) TYPICAL OF Q OUTPUTS ('LS591) 

100 11 NOM 	VCC 

OUTPUT  ler
10 OUTPUT 

r7i.- 

Eh 
PROD I • HI) 	ocuments contain information 
comsat as of • rIi• a on data. Products conform to 
specifications rr.::a. terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include tasting of all parameters. 
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SN54LS590, SN54LS591, SN74LS590, SN74LS591 
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS 

logic diagram (positive logic) 

      

Pin numbers shown are for J, N and W packages. 
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1131 
RCK 

RCO RCO 

CCKEN 
CCK 111) 

CCLR 

115) OA 

(1) op  

121' op  
131 

UD 

2: 
161  op  

(7)  oB  

05) 0A 

 (1) oB 

 12) op  

OD 
(4) 

GE 
15) 

OF 
161  op  

171  0 ,4  

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for J, N, and W packages. 2 

EN3 

> C2 

G1 

CTRS 

11' > 4 

CT 	0 
(CT - 2551 Z4 

1 C r 
. 	 D . 

113)- 
RCK 

ccKEN 	(12)  
CCK 111) 

CCLR 

EN3 

>C2 

01 

CTRB 

>1+ (CT = 255) 24 

CT - 0 

4 

'I r 
2D 	L> 357 

SN54LS590, SN54LS591, SN74LS590, SN74LS591 
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS 

logic symbolst 

'LS590 
	

'LS591 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54LS590, SN54LS591 	  — 55°C to 125°C 

SN74LS590, SN74LS591 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1 Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

. 	SN541.8' 

..61•1 	Nom 

4.. 	o 

_ 

rd.-. r 

u.J - 

ShI741S' 
UNIT 

••L •. 	raw: MAX 

VCC Supply voltage 4.15 	 5 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage a 'LS591 only 5.5 5.5 V 

10H High-level output current 
RCO — 1 — 1 

mA 
Q, 'LS590 only — 1 — 2.6 

101 Low-level output current 
RCO 8 16 

mA 
Q 12 24 

fCCK Counter clock frequency 0 20 0 20 MHz 

fRCK Register clock frequency 0 25 0 25 MHz 

twfCCK) Duration of counter clock pulse 25 25 ns 

Duration of counter clear pulse 20 20 ns twICCLR) 

',MACK) Duration of register clock pulse 20 20 ns 

tsu  Setup time 

CCKEN low before CCK1 20 20 

ns CCLR inactive before CCK1 20 20 

CC,  f--.fore RCK I 	(see Note 2) 40 40 

th Hold time CC 	ow after CCK I 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

NOTE 2. This setup time ensures the register will see stable data from the counter outputs. The clocks may be tied together in which case the 

register state will be one clock pulse behind the counter. 
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SN54LS590, SN54LS591, SN74LS590, SN74LS591 
8-BIT BINARY COUNTERS WITH OUTPUT REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYP* MAX MIN TYP f MAX 

VD( VCC - MIN, 	I i = -18 mA - 1.5 - 1.5 V 

VOH 
'LS590 Q Vcc = MIN, 	VH= 2V, 

viL = MAX 

IOH ' - 1 mA 2.4 3.2 

V IOH . - 2 6 mA 2.4 3.1 

RCO 'OH - - 1 mA 2.4 3.2 2.4 3.2 

loH 'LS591 0 
VCC = MIN, 	VH.1 = 2 V, 	VOH = 5 5 V, 

VI L- MAX 
0.1 0 1 mA 

VOL 

Q 
Vcc = MIN, 	VH.i = 2 V, 

VI L = MAX 

10L 	12 inA 0 25 0.4 0.25 	0 4 

V 
lin 	24 mA 0.35 	0.5 

RCO 1 01- ' 8  mA 0.25 0.4 0.25 	0.4 

loL = 16 mA 0.35 	0.5 

IOZH 'LS590 0 
Vcc = MAX, 	V114 	2 V 	VI L 	MAX, 

Vo 	2.7 V 
20 20 

IOZL 'LS590 O. 

II 

 
V CC = MAX, 	VIH - 2 V, 	\Ili_ = MAX, 

Vo = 0.4 V 
- 20 - 20 5A 

VCC = MAX, 	Vi 	7 V 0.1 0.1 mA 

IIH VCC = MAX, 	V1= 2.7 V 20 20 gA 

Ill_ 
CCK 

Vcc= MAX, 	Vi = 0.4 V 
- 0.8 -0.8 

mA 
All others - 0.2 - 0.2 

1 0S§ 
'LS590 Q 

VCC = MAX, 	Vo = 0 V 
- 30 - 130 - 30 - 130 

mA Aro  - 20 - 100 - 20 -100 

ICC 

'LS590 
ICON 

VCC = MAX, 

All possible inputs grounded, 

All outputs open 

33 55 33 	55 

mA 

IccL 44 65 44 	65 

ICCZ 46 65 46 	65 

'LS591 ICCH 35 55 35 	55 

ICCL 42 65 42 	65 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC - 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 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS590 'LS591 
UNIT 

MIN TYP MAX MIN TYP MAX 

fMaa RCK Q RL - 667 0, CL = 45 pF 20 35 20 35 MHz 

1PLH CCM lel 
RL = 1 fat, CL = 30 pF 

14 22 16 24 ns 

tPHL CCK ►  FTC-6 20 30 25 38 ns 

tPLH CCLR1 RCO 30 45 32 48 ns 

tPLH RCKt Q 

R L = 667 2, CL= 45 pF 

12 18 25 38 ns 

tPHL 
0 22 33 28 42 ns 

5PZH ....... 0 25 38 ns 

tPZL U4 Q 30 45 ns 

tPHZ Ut Q 
R L = 667 n, cL = 5 pF 

20 30 ns 

tPLZ dt a 25 38 ns 

tPLH 6t 0 
RL 	667 12, CL 	45 pl-  

34 50 ns 

I PHL M a '32 48 ns  

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS592, SN54LS593, SN74LS592, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

02633, JANUARY 1981 — REVISED MARCH 1988 

• Parallel Register Inputs ('LS592) 

• Parallel 3-State I/O: Register Inputs/ 

Counter Outputs (1S593) 

• Counter has Direct Overriding Load and 
Clear 

• Accurate Counter Frequency: 
DC to 20 MHz 

description 

The 'LS592 comes in a 16-pin package and consists of a 

parallel input, 8-bit storage register feeding an 8-bit binary 

counter. Both the register and the counter have individual 

positive-edge-triggered clocks. In addition, the counter has 

direct load and clear functions. A low-going RCO pulse will be 

obtained when the counter reaches the hex word FF. Expan-

sion is easily accomplished for two stages by connecting RCO 

of the first stage to CCKEN of the second stage. Cascading 

for larger count chains can be accomplished by connecting 

RCO of each stage to CCK of the following stage. 

The 'LS593 comes in a 20-pin package and has all the 

features of the 'LS592 plus 3-state I/O, which provides 

parallel counter outputs. The tables below show the operation 

of the • (CCKEN, CCKEN) inputs. A register clock 

enable 	- I Cl) is also provided. 

OUTPUT ENABLE CONTROL ('593 ONLY) 

G 	G A/QA thru H/OH 

J
 
2

  
-1

 2
  

J
 _

I 2
  
2
  

input mode 

input mode 

output mode 

input mode 

COUNTER CLOCK ENABLE CONTROL  

CCKEN EFFECT ON CCK CCKEN 

L L Enable 

L H Disable 

H L Enable 

H H Enable 

SN54LS592 . . . J OR W PACKAGE 
SN74LS592 . . . N PACKAGE 

(TOP VIEW) 

SN54LS592 . . FK PACKAGE 

(TOP VIEW) 

- 

3 2 	1 20 19 

D 4 

E 5 

NC 6 

F 7 

G e 
9 10 11 12 13 

/-11-11-11-11-1 

F‘,17,1 
NC — No internal connection 

A, CIA 1 U20 VC C 

	

6/06 2 	19 G 

	

C/00 3 	18 .8 

	

CPC1D 4 	17 RCKEN 
E ,  OE 	5 	16 RCK 

	

6 	15 CCKEN 

	

G ,  QG 7 	14 CCKEN 

	

WO, 8 	13 CCK 

	

CLOAD 9 	12 CCLR 

GND  10 11  RCO 

SN54LS593 . . . FK PACKAGE 

(TOP VIEW) 

O 

LI 

3 2 1 20 19 

D' OD 4 	 18 G 

E OE 5 	 17 RCKEN 
F 'OE 	6 	 16 	RCK 

G' GO ? 	 15 CCKEN 
H, DR 8 	 ta CCKEN 

9 10 11 12 13 

113 CLOAD 

17 RCK 

16 NC 
15 CCKEN 

14 CCK 

SN54LS593 . . . J OR W PACKAGE 
SN74LS593 . . DW OR N PACKAGE 

(TOP VIEW) 

RZOMICT. P4 A .  e ..numents contain information 
no date. Products conform to 

toe:Mations p.t t:.e terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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	(9)  RCO 

RCO 
CCK (13)  

CLOAD 

RCKEN (17) 
 RCK (161 
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CTR8 

CCUR (101 ^ CT - 0 

CCKEII G3 
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SN54LS592, SN54LS593, SN74LS592, SN74LS593 
B-BIT BINARY COUNTERS WITH INPUT REGISTERS 

schematics of inputs and outputs 

EQUIVALENT OF A THRU H INPUTS EQUIVALENT OF 'LS592 CCK INPUT AND 
'LS593 CCK AND RCK INPUTS 

EQUIVALENT OF ALL OTHER INPUTS 

VCC  

VCC 
Req VCC 

10 k,c7, 15 k,c2 
NOM NOM 

INPUT 25 kS1 NOM 

INPUT - 

INPUT 

'LS592 RCK 	R eq  = 10 ks2 NOM 

ALL OTHER: R eq  = 13 K2 NOM 

RCO OUTPUT TYPICAL OF Q OUTPUTS ('LS593) 

VCC 
120 C2 NOM - 	VCC 

100 $t NOM 

4er 

UTPUT  ill 	OUTPUT 

MIMI 

ogic symbolst  

tThese symbols are al accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW. J. N. and W packages. 
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'LS592 
logic diagram (positive logic) 

CETI (") 	  

19) 	 RCO 

CCKEN (12)  

CCK (n) 

 CLOAD (14)  

D- 

Pin numbers shown are for J, N, and W packages. 
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SN54LS593, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

logic diagram (positive logic) 	 'LS593 

O (19)  

119)  

CCLR (12)  

CCKEN (15) 

 CCKEN (14)  

CCK (13) 

 CLOAD (9)  

(
7
,
 

so
o

!n
e
a
  1

1
1

  

(11)   RCO 

a• 	G ting for RCK 

V is  similar in detail 1 • CCK. 

to that shown for 

11111ablie121111L 
MLimi=arAVOIWAW61111111111Hinl  

116°1.1416r1111111L  .1111:91011"11' 
limm.411"11 

grj  

elmr-slownj 
MED 

—JORI. 

D 

1•11...Wr 
Pin numbers shown are for DW, J, and N package . 	oa•  
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SN54LS592, SN54LS593, SN74LS592, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

typical operating sequences 

'LS592 

CCLR 	I 
CLOAD 

CCK 

CCKEN 

Li 
FD FE 

 

FF 	 00 

     

   

I 	 
RCK 

A THRU HINPuT=Ex TZZ2ZZ/ZZZE 	=22Z 
RCO 

'LS593 

G 

1 	 
CLOAD 

	

CCK 	  

	

CCKEN 	  

	

CCKEN 	  

RCK 

RCKEN 

G 	  

CCLR 

T
T

L
  D

e
v

ic
es

  

PUT OUTPUT HEX OUTPUT OUTPUT H X 	 OUTPUT 
	

OU E OUTPUT EX 

A/QA THRU H/QH 

RCO 

00 	 00 
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SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC 	Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VI 1.1 	High-level input voltage 2 2 V 

VI L 	Low-level input voltage 0.7 0.8 V 

IOH 	High-level output current 
RCO — 1 — 1 

mA 
Q 'LS593 only —1 — 2.6 

IOL 	Low-level output current 
RCO 8 16 

mA 
Q 'LS593 only 12 24 

CCK 	Counter clock frequency 0 20 0 20 MHz 

ty,, 	i 	Duration of counter clock pulse 25 25 ns 

to 	TI 	Duration of counter clear pulse 20 20 ns 

t o., in„) 	Duration of register clock pulse 20 20 ns 

tw (CLOAD)  Duration of counter load pulse 40 40 , ns 

tsu 	 Register enable setup time RCKEN low to RCK 1 , 'LS593 20 20 ns 

Counter enable setup time 
tsu 

before CCK 1 

CC- 	'. 	ow, ' 	.. l 30 30 

ns 
— — 

CC- 	'. ow of 

rrleEN high, 'LS593 
30 30 

tsu 	 Setup time 

inactive before CCK 1 20 20 

ns 

— 
___..ti inactive before CCK 1 20 20 

RCK t before CLOAD 1 (see Note 2) 30 30 

Data A thru H before RCK 1 20 20 

th 	 Hold time 
Data A thru H after RCK 1 0 0 

ns 
All others 0 0 

TA 	 Operating free-air temperature — 55 125 0 70 ° C 

2 

sa
o!

n
ea

  1
1

1
  

SN54LS592, SN54LS593, SN74LS592, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage (excluding I/O ports) 	  7 V 
Off-state output voltage (including I/O ports) 	  5.5 V 

Operating free-air temperature range: SN54LS592, SN54LS593 	  - 55°C to 125°C 
SN74LS592, SN74LS593 	  0° C to 70°C 

Storage temperature range 	  - 65° C to 150°C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

NOTE 2: This time insures the date saved by RCK 1 will also be loaded into the counter. 
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SN54LS592, SN54LS593, SN74LS592, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSI 
SN54LS' SN74LS' 

UNIT 
MIN TYP 1  MAX MIN TYP 8  MAX 

VIK VCC = MIN, 	II = -18 mA -1 5 -1.5 V 

VOH 
'LS593 Q VCC = MIN, 	VIH ,- 2 V, 

_ = V D 	MAX 

IOH = -1 mA 2.4 3.2 

V IOH = -2.6 mA 2.4 3.1 

RCO IOH = -1 mA 2.4 3.2 2.4 3.2 

VOL 

'LS593 Q 
VCC = MIN, 	VIH = 2 V, 

Vg_ = MAX 

IOL ' 12 mA 0.25 0.4 0.25 0.4 

V 
10L = 24 mA 0.35 0.5 

RCO 
IOL = 8 mA 0.25 0.4 0.25 0.4 

IOL = 16 mA 0.35 0.5 

1 0ZH "LS593 Q 
VCC = MAX, 	VIH = 2 V. 	VII_ -..= MAX, 

V0 = 2 7 V 
20 20 itA 

IOZL 'LS593 Q 
VCC = MAX, 	VIH .-- 2 V. 	VI= MAX, 

V0 = 0.4 V 
-0.4 -0.4 mA 

II 

'LS593 Q 
VCC = MAX 

Vi = 5.5 V 0.1 0.1 
mA 

Others V1 = 7 V 0.1 0.1 

IIH VCC = MAX, 	Vi = 2.7 V 20 20 AA 

!IL 

CCK 

VCC = MAX, 	VI = 0 4 V 

-0.8 -0.8 

mA 
RCK 

LS592 -0.2 -0.2 

'LS593 -0 8 -0.8 

A thru H -0.4 -0.4 

( -0.2 -0.2 

• 3 
VCC = MAX, 	Vo - 0 V 

-30 -130 -30 -130 
mA 

-20 -100 -20 -100 

ICC 

'LS592 
ICCH 

VCC = MAX, 

All possible inputs grounded, 

All outputs open 

40 60 40 60 

mA 

ICCL 40 60 40 60 

'LS593 

ICCH 47 70 47 70 

lcu 53 80 53 80 

ICCZ 57 85 57 85 

1.  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

'All typical values are at VCC = 5 V. TA = 25°C. 

1,/rot more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
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SN54LS592, SN54LS593, SN74LS592, SN74LS593 
8-BIT BINARY COUNTERS WITH INPUT REGISTERS 

switching characteristics, VCC = 5 V, TA = 25° C, (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS '  

I11' 

'LS593 
UNIT 

MIN MAX MIN TYP MAX 

tmax CCK RCO RL = 1 ks-z, CL = 30 pF 20 35 20 35 MHz 

tPLH CCK 1 Q 

RL = 667 11, CL= 45 pF 

14 21 ns 

tpHL CCK I Q 26 39 ns 

tPLH CLOAD 1 Q 34 51 ns 

tPHL C1..76715 1 a 28 42 ns 

tPHL CCLR 1 Q 25 38 ns 

tPZH G 1 a 31 47 ns 

tPZ L G t 0 27 40 ns 

tpZH G I Q 29 45 ns 

'PZL r 1 Q 31 47 ns 

tPHZ a 1 Q 

R L.  = 667 ft, CL = 5 pF 

33 50 ns 

tPLZ G 1 Q 35 52 ns 

tPHZ Z 1 Q 26 39 ns 

1PLZ G 1 Q 28 42 ns 

tPLH CCK 1 RCO 

RL = 1 kit, CL = 30 pF 

15 23 14 21 ns 

tPHL CCK 1 RCO 20 30 20 30 ns 

tpLH CLOAD 1 RCO 31 47 31 47 ns 

tPHL CLOAD 1 RCO 27 41 27 41 ns 

tpLH CCLR I RCO 30 45 30 45 ns 

tPLH RCK 1 TR..O: RL = 1 k52: CL = 30 pF 35 53 42 63 ns 

tPHL RCK I RCO CLOAD = L 30 45 33 50 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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VCC 

OA 
SER 

RCLR 

RCK 

SACK 

SRCLR 

QH' 

SN54LS594, SN54LS599, SN74LS594, SN74LS599 
8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

D2747, JUNE 1983 - REVISED MARCH 1988 

• 8-Bit Serial-In, Parallel-Out Shift 

Registers with Storage 

• Choice of Output Configurations: 
'LS594 ... Buffered 
'LS599 .. Open-Collector 

• Guaranteed Shift Frequency: 

DC to 20 MHz 

• Independent Direct-Overriding Clears on 

Shift and Storage Registers 

• Independent Clocks for Both Shift and 

Storage Registers 

description 

These devices each contain an 8-bit D-type storage 

register. The storage register has buffered (15594) or 

open-collector ('LS599) outputs. Separate clocks and 

direct-overriding clears are provided on both the shift 

and storage registers. A shift output (QH '1 is provided 

for cascading purposes. 

Both the shift register and the storage register clocks 

are positive-edge triggered. If the user wishes to con-

nect both clocks together, the shift register will always 

be one clock pulse ahead of the storage register. 

SN54LS594, SN54LS599 . . . J OR W PACKAGE 

SN74LS594, SN74LS599 . . . N PACKAGE 

(TOP VIEW) 

QB 

QC 

QD 

QE 

QF 

QG 

OH 

GND 

SN54LS594, SN54LS599 . . . FK PACKAGE 

(TOP VIEW) 

0 0 z > < 

LI Li 

3 2 1 20 19 

4 	 18il SER 

17 	RCLR 

16 	NC 

5 RCK 

14 SRCK 

9 10 11 12 13 
nn nnn  

0 (-1 
(.7 Z Z 

cc 

QD 

QE 05 
NC 

CIF 7 

QG 8 

6 

T
T

L
 D

e
v

ic
e

s  

NC — No internal connection 

schematics of inputs and outputs 

EQUIVALENT OF SERIAL INPUT 

VCC 

EQUIVALENT OF ALL OTHER INPUTS 

TYPICAL OF Ow OUTPUTS 

VCC 

VCC 
Req 

INPUT 	4 20 kp, NOM 

MI 

INPUT 

1201-2 NOM 

OUTPUT 

RCK, SRCK: Req  * 101(2 NOM 
ALL OTHER: R eq  ., 13 krz NOM 

4.11P 

TYPICAL OF ALL 

100 2 

- -: 

OTHER OUTPUTS V LS5941 

VCC 
NOM 

TYPICAL OF ALL 
OTHER OUTPUTS ('LS599) 

OUTPUT „; P4/1 
DI 	OUTPUT 

Eft 

• •• 	PION NITA documents contain information 
• • 	s of p • 	'ion date. Products conform to 

:Lc terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic diagram (positive logic) 

WCTA "3)4  
RCK (12)  C>0  

SRCLR (19j-CC>0-- 

SRCK (ll) 

SER 
1141  

Pin numbers shown are for J. N, and W packages. 

SN54LS594, SN54LS599, SN74LS594, SN74LS599 
8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 
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SN54LS594, SN54LS599, SN74LS594, SN74LS599 
8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

logic symbolst 

RciF1 

SHDK 

sER  

'LS594 

1151 
0A 

°A 
 OC 

OF 

OO 

OR 

'LS599 

1161 

aCK 

 113I " 
1121 

 

R3 

r 

it 1101,, 

R3 

110), lV  

-3 r 
> Cl/ • 

r 
'fli  

tHCl 

SH(.1, 

u41 SEC  11 ,112, D  
20 D 	 3 705. 31:16 

111 °A  In 
121 

OE  
Is (Si  

Or 

20 D 
(91  

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 61 7-1 2. 

Pin numbers shown are for J, N, and W packages. 

Input voltage 	  7 V 	
111111 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1 ► 	  7 V 

Off-state output voltage 	  5.5 V 	a„) 
Operating free -air temperature range: SN54LS594, SN54 LS599 	  - 55°C to 125° C 

SN74LS594, SN74 LS599 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1, Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

SN54LS' 
• 

SN74LS' 
UNIT 

MIL 	',P4L1 MAX MIN NOM MAX 

VCC Supply voltage 4.o 	.., 5.5 4.75 	5 5.25 V 

VIH High-level input voltage 2 2 V 

v 1 L Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage QA thru QH, 'LS599 only 5,5 5.5 V 

IOH High-level output current . 0H — 1 — 1 
mA 

QA thru QH, 'LS594 only — 1 — 2.6 

1OL Low-level output current aH ' 8 16 
mA 

Q 12 24 

ISRCK Shift clock frequency 0 20 0 20 MHz 

FRCK Register clock frequency 0 25 0 25 MHz 

twISRCK) Duration of shift clock pulse 25 25 ns 

tw(RCK) Duration of register clock pulse 20 20 ns 

tv  • 	,F0.  Duration of shift clear pulse, low level 20 20 ns 

tv 	il Duration of register clear pulse, low level 35 35 ns 

tsu Setup time 

SRCLR inactive before SACK? 20 20 

ns 

SER before SRCKI 20 20 

SACK? before RCK? (see Note 21 40 40 

A 	ow before RCK t 40 40 

1 .ugh before RCKt 20 20 

th Hold time port after SACK? 0 0 ns 

TA Operating free-air temperature — 55 125 0- 70 ° C 

NOTE 2: This setup time ensures the register will see stable data from the shift-register outputs. The clocks may be connected together, in 

which case the storage register state will be one clock pulse behind the shift register 

TEXAS 
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SN54LS594, SN54LS599, SN74LS594, SN74LS599 
8•BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

electrical characteristics over recommended operating free•air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITiONS t 
SN54LS' SN74LS' 

UNIT 
MIN 	TYPt MAX MIN TYPt MAX 

VIK VCC = MIN, 	II= - 18 mA - 1.5 - 1.5 V 

Voli 
'LS594 Q VCC = MIN, 	V1H 	2 \., 

VIL = MAX 

loH = - 1 mA 2.4 3.2 

V 10H=- 2.6 mA 2.4 3.1 

0H' 10H = - 1 mA 2.4 3.2 2.4 3.2 

10H 'LS599 Q VCC ' MIN , 	VII-1 = 2 V, 	VII_ = MAX, 

V0H = 5.5 V 
0.1 0.1 mA 

VOL 

Q 
N./cc  = MIN, 	VIE., = 2 V, 

VI L = MAX 

loL = 12 mA 0.25 0.4 0.25 0.4 

V 
loL = 24 mA 0.35 0.5 

CIFI .  
IOL = B mA 0.25 0.4 0.25 0.4 

I OL ' 16  mA 0,5 

II VCC = MAX, 	V1 = 7 V 0.1 - 	0.1 mA 

111-1 Voc = MAX, 	V1= 2.7 V 20 20 pA 

'IL 
SER 

VCC = MAX, 	V1 = 0.4 V mA 
All others - 0.2 - 0.2 

1(:1°  

'LS594 Q 
VCC = MAX, 	Vo = 0 

(1 1-1 

 - 30 - 130 - 30 -130 
mA 

- 20 - 100 - 20 - • 

ICCH 
'LS594 

VCC 	MAX ,  

All possible inputs grounded, 

All outputs open 

34 50 M vu 
mA 

'LS599 30 45 30 45 

ICCL 
'LS594 42 65 42 65 

mA ' LS599 38 55 38 55 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25°C, (see note 3) 

PARAMETER 
FR 

(INP

OM

UT) 

TO 

(OUTPUT) 
TEST CONDITIONS UNIT 

 MIN 	'I yr MAX MIN 	!Yr MAX 

tPLH SRCK1 QH• RL = 1 k0, CL= 30 pF 
12 18 12 18 ns 

tPHL 15 23 17 25 ns 

tPLH RCKt CIA thru C..1  RL = 667 0, CL= 45 pF 
12 18 28 42 ns 

tPHL 20 30 24 35 ns 

tPH L SHCLRI OH' RL = 1 kS2, CL = 30 pF 22 33 24 35 ns 

tpHL Fran.1 OA thru OH RL .. 867 SI, CL = 45 pF 38 57 40 60 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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NC - No internal connection 

SN54LS595, SN54LS596 . . . FK PACKAGE 

(TOP VIEW) 

U co u U < 
COZ>C1 

OD 

QE 
NC 

QF 

QG 
9 10 11 12 13 

rir-1n  
2 ❑ U = CC 
CIZZa d 

cc 
rn 

2 

T
T
L

 D
e

v
ic
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3 2 1 2019 

4 
	

18 

5 
	

17 

6 
	

16 

7 
	

15 

8 
	

14 

SER 

6 
NC 

RCK 

SRCK 

SN54LS595, SN54LS596, SN74LS595, SN74LS596 

•  

•

RS5951 or 
Open-Collector I 'LS5961 Parallel Outputs 	 QB 

SN54LS595, SN54LS596 .. ..) OR W PACKAGE 

Registers with Storage SN74LS595, SN74LS596 . . . N PACKAGE 

• Choice of 3-State 

QC ■

(TOP VIEW) 

VCC 

CIA 

8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

8-Bit Serial-In, Parallel-Out Shift 

02634, JANUARY 1981 — REVISED MARCH 1988 

Shift Register Has Direct Clear 	 Qg 	SE 

• Accurate Shift Frequency: 	 CIE 	 G 

DC to 20 MHz 	 CIF 	 RCK 

SRCK 
SRCLR 

GND 	

Q description 	 QH 

QG 

These devices each contain an 8-bit serial-in, 

parallel-out shift register that feeds an 8-bit D-type 

storage register. The storage register has parallel 

3-state ('LS595) or open-collector ('LS596) outputs. 

Separate clocks are provided for both the shift register 

and the storage register. The shift register has a 

direct-overriding clear, serial input, and serial output 

pins for cascading. 

Both the shift register and storage register clocks are 

positive-edge triggered. If the user wishes to connect 

both clocks together, the shift register state will always 

be one clock pulse ahead of the storage register. 

schematics of inputs and outputs 

EQUIVALENT OF SERIAL INPUT EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF Clyi OUTPUTS 
- VCC 

V CC 
120 n NOM VCC 

INPUT 

Reg 
20 itS2 NOM lir 4 

INPUT 

MN 

OUTPUT I 

RCK, SRCK: R eg 
 ALL OTHER: Reg  
= 10 kfl NOM 
.. 13 Id./ NOM Pik 

TYPICAL OF ALL OTHER OUTPUTS ('LS595) TYPICAL OF ALL OTHER OUTPUTS MS5961 

VCC 
100 E2 NOM 

- IIIIP -- OUTPUT 

p OUTPUT 

Eli 

PRODUCTION DATA documents enntnin information 
current as of publication date. Pin. •i• conform to 
specifications per the terms el I 	•nstruments 
standard warranty. Production 	.•mssi ig does not 
necessarily include testing of 	0.1..0etars. 
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C3 

3S 

3R 

	

• 
C3 

as 

38 
	 c6. • 12) DC 

C3 

3S 

3R 
(3) 

OD 
C3 

3S 

3R 

C3 

as 

3R 
	

S 

C3 

3S 

3R 

C3 

3S 

c6. 

cb- 

14) 

(5) 

OE 

OF 

	• 

	• 
(6) 

OG 

	• 

3R 
(15)  

OA 

SN54LS595, SN54LS596, SN74LS595, SN74LS596 
8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

logic diagram (positive logic) 

113)  

RCK (12)  t>0  
SR CL R 

SR CK 

 

SER 
(14) 

• 

•	 

•	 

	 1D 

pL-C1 

0 R 

2S 

2R 

C2 

C R 

2S 

 2R 

On C2 

O R 

25 

  2R 

01. C2 

0 R 

2S 

	2R 

C2 

0 R 

2S 

2R 

aQ C2 

CR 

L 25 

  

•	 

S
0

31
A

0
(1

1  
1

1
1

  

  

•	 

•	 

•	 

•	 

•	 

•	 

•	 

•	 

2R 

	 C2 

• a 

L 

	0 

2S 

2R 

	C2 

R 

3R 

C3 

3S 

17) 

(9)  

OH 

Pin numbers shown are for J, N, and W packages. 
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SN54LS595, SN541S596, SN74LS595, SN74LS596 
B-BIT SHIFT REGISTERS WITH OUTPUT LATCHES . 

logic symbolst 

G 

RCK 

(13) r-e.' 

'LS595 

(15) 

(13) 
'LS596 

(15) 
OA 

08 

QC 

OD 

GE 

OF 

OG 

OH 

OH' 

EN3 
L 
> C2 

EN3 

> C2 

r 

(121 (12) 

(101  

RCK 

110) 'N'■ 

SRG8 

R 

>  C1 /--■ 

SRGB 

R 

>  C1/-■ 

SRCLR 

SRCK 

SER 

(11) 
SRCLR 

(11) 
SRCK 

114)  10 2D D,  3p ;11D OA 
(1) 

SER 20 	3 
(1) 

(2)
OB 

 (21 

(3)
c  QC 1 	) 

OD 
1 	I (4) 

aa 
(5) (5) 

OF 
(6) (6) 

OG 
(7) 

OH 
(7) 

2D I> 37 2D I> 3Q  
(9) (9) 

OH 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for J, N, and W packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage 	  7 V 
Off-state output voltage 	  5.5 V 
Operating free-air temperature range: SN54LS595, SN54LS596 	  — 55°C to 125°C 

SN74LS595, SN74LS596 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150°C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

SN54LS' '. 	' 1LS' 
UNIT 

MIN NOM MAX MIN NAJM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VI H High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage CIA thru 0H, 'LS596 only 5.5 5.5 V 

10H High-level output current 
OFI - 1 - 1 

mA 
ClA thru OH, 'LS595 only - 1 - 2.6 

lot. Low-level output current  
OH' 8 16 

mA 
Q 12 24 

(SRCK Shift clock frequency 0 20 0 20 MHz 

tw(SRCK) Duration of shift clock pulse 25 25 ns 

twIRCK) Duration of register clock pulse 20 20 ns 

twisRcLR) Duration of shift clear pulse, low level 20 20 ns 

tsu Setup time 

SRCLR inactive before SACK 1 20 20 

ns 
SER before SRCK 1 20 20 

SRCK t before RCK 1 (see Note 2) 
- 

40 40 
 

sa lov.. 	e RCK t 40 40 

th Hold time ,fter S 	f 0 0 ns 

TA Operating free-air temperature - 55 125 0 70 ° C 

NOTE 2: This setup time ensures the register will see stable dete from the shift-regi ter outputs, The clocks may be connected together, in 

which case the storage register state will be one clock pulse behind the shift register. 
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SN54LS595, SN54LS596, SN74LS595, SN74LS596 
8-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDI/Wirt/St 
C'1541.7 

. ,r; 

.,'JULS' 

. 	, , I. 
UNIT 

MIN MAX MIN MAX 

VIK Vcc = MIN, 	11 = - 18 mA - 1.5 - 1.5 V 

VOH 
'LS595 Q Voc = MIN, 	VIH = 2 V, 

Vit..  = MAX 

1 01-1= - 1 mA 3.2 
 

2.4 

V 1 0H = - 2.6 mA 2,4 3.1 

OW IOH = - 1 mA 2.4 3.2 24 3.2 

'OH 'LS596 Q Vcc = MIN, 	Viti = 2 V, 	VII_ = MAX, 	VoH = 5.5 V 0.1 01 mA 

VOL 

Q 
Vcc = MIN, 	V1F1 = 2 V, 

VII_ = MAX 

loL = 12 mA 0.25 0.4 0,25 0.4 

V 
IDL -24 mA 0.35 0.5 

CIIH' 
I0L = 8 mA 0.25 0.4 0,25 0.4 

10L = 16 mA 0.35 0,5 

IOZH 'LS595 0 Vco = MAX, VIH = 2 V, 	VII_ = MAX, 	VOH = 2.7 V 20 20 pA 

IOZL 'LS595 0 Vcc = MAX, VIH = 2 V, 	VII_ = MAX, 	VON = 0.4 V -20 -20 pA 

Ii Voc = MAX, Vi = 7 V 0.1 0.1 mA 

IIH Voc = MAX, Vi = 2.7 V 20 20 pA 

'IL 
SER 

Voc = MAX, Vi = 0.4 V 
-0.4 -0,4 

mA 
All others - 0.2 - 0.2 

IOS9 
'LS596 Q 

Voo = MAX, Vo = 0 V 
- 30 -130 - 30 -130 

mA OH, 
- 20 - 100 - 20 - 100 

ICCH 
'LS695 

VCC •= MAX, 
All possible inputs grounded, 

All outputs open 

33 60 33 50 
mA 

'LS596 30 45 30 45 

ICCL 
'1.5595 42 65 42 65 

mA 
'LS596 36 55 36 55 

ICCZ 13595 44 65 44 65 mA 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at Vcc = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN54LS595, SN54LS596, SN74LS595, SN74LS596 
13-BIT SHIFT REGISTERS WITH OUTPUT LATCHES 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 3) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS595 
UNIT 

*.* ". 	TYP MAX MIN 	) I r MAX 

tPLH 
SRCK 1 QH' RL 	1,11, CL = 30 pF 

12 18 14 21 ns 

tPH L 17 25 20 30 ns 

tPLH RCK t CIA thru OH 

RL = 667 n, c t_ = 45 pF 

12 18 28 42 ns 

tPHL 24 35 24 35 ns 

tPZH 
U4 Q A thru QH 

20 30 ns 

tPZL 25 38 ns 

tPHZ d t (7A thru OH RL = 667 SI, CL = 5 pF 
20 30 ns 

tPLZ 25 38 ns 

tPLH G t OA thru OH 
R L = 667 CZ, CL = 45 pF 

40 60 ns 

tPHL F..i QA thru OH 25 38 ns 

tPHL T 4 OH' RL = 1 kn., CL = 30 pF 24 35 24 35 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS597 . . . FK PACKAGE 

{TOP VIEW) 

8 

SER 

SRLOAD 

NC 

RCK 

SRCK 

SN54LS598 ...J OR W PACKAGE 
LS598 	DW OR N PACKAGE 

(TOP VIEWI 

NC 
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SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8-BIT SHIFT REGISTERS WITH INPUT LATCHES 

02635, JANUARY 1981 	REVISED MARCH 1988 

• 8-Bit Parallel Storage Register Inputs 
('LS597) 

• Parallel 3-State I/O, Storage Register 
Inputs, Shift Register Outputs ('LS598) 

• Shift Register has Direct Overriding Load 
and Clear 

• Accurate Shift-Frequency . 	DC to 20 
MHz 

SN54LS597 . 
SN74LS597 

C 

O 

E 

F 

G 
H 

GND 

(TOP 

J OR 
. . N 

VIEWI 

W PACKAGE 
PACKAGE 

VCC 
A 

SER 

16 
2 	15 
3 	14 

4 	13 

5 	12 

6 	01 
7 	10 

SRLOAD 

RCK 

SRCK 

SRCLR 

description 

The 'LS597 comes in a 16-pin package and consists of 

an 8-bit storage latch feeding a parallel-in, serial-out 

8-bit shift register. Both the storage register and shift 

register have positive-edge triggered clocks. The shift 

register also has direct load (from storage) and clear in-

puts. 

The 'LS598 comes in a 20-pin package and has all the 

features of the 'LS597 plus 3-state I/O ports that pro-

vide parallel shift register outputs and also has 

multiplexed serial data inputs. 

	

A' OA 1 	20 1/CC 

	

[JOB 2 	19 DS 

	

Clc 	3 	18 SERO 

	

0/0D 	4 	17 SERI 

	

E., 0E 	5 	16 	d 
F ,  OF 8 15 RCK 

G/00 7 14 SRCKEN 

H/OH 8 13 SRCK 

SRLOAD 9 12 SRCLR 

	

GND 	10 11 OH• 

SN54LS598 . . FK PACKAGE 

(TOP VIEW) 

O 8'61  

3 2 1 20 19 

4 	 18  I  SERO 
5 

7 	

1i67 SER1 

6 
Is  I  RCS 

8 	 14  II  SRCKEN 

9 10 11 12 13 

fit 

D/QD 
UDE 

F ,06 

G. QG 

H. OH 

NC - No Internal connection 

TIOR Ca 15 documents clonal° information 
• • is D. I .1 ',Mimi date. Pi, cis conform to 

spA.Ii-atiocs pat 159 terms Ft I 	s• Instruments 
standard warranty. Production Ili cinsing does not 
necessarily include testing of all prnameters. 
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SER 	1141  
A  1151  

SAGA 

SRCLR 	 R 

SRCK 1111 	 >C3/ 

SRLOAD (111)2•• C2 

RCK 	(121 	>C1 

r  

'LS597 

(1) 

C 	 

D 131  

E (4) 

 F 151  

G 161 
 

H (7)  

3D 

10 2D 

.„ • 

(16)  

SRCLR 
(121 

		( 
 14) SRCKEN 

SACK  113)  

	

SRLOAD 	 

	

RCK 	"51  

DS 
119)  

SEAS 

SERI  1171  

>C2 

=3  G1 

SD 
26 

D 
Z7 

C/E1C (3) 	4 

D/00  )4)  •  • 
E/06  (5)  •  
F/OF (6) •  
c/oG  IT •  I. 
MOH 	  

V 13,1 

A/04,-44 	2D 

6,061 
 4 6,14 .0...2) 

 20 

V 7,14 

2D 
3D /1 

SRGB 

ENI4 

>4C514 

C3 

S
a3

In
a

a
  1

1
1
  

SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8.8IT SHIFT REGISTERS WITH INPUT LATCHES 

schematics of inputs and outputs 

EQUIVALENT OF SERIAL AND 
A THRU H INPUTS 

EQUIVALENT OF SRCK INPUT 
('LS598 ONLY) 

EQUIVALENT OF ALL OTHER INPUTS 

VCC 

Req 

VCC 
10 kS2 all 15 kS2 
NOM 	NOM 

VCC 
Req 

INPUT 
INPUT shi  INPUT 

th 

MN 
111 

MI 
('LS697) RCK, SRCK: R eq  .. 10 kS2 NOM 

SERIAL: Req  = 20 kS2 NOM ('LS598) RCK: R eq  .. 10 kS2 NOM 
A thru H: R eg  = 25 kS2 NOM ALL OTHER: Req  = 13 IfSZ NOM 

TYPICAL OF QH OUTPUTS TYPICAL OF GA THRU OH OUTPUTS 
('LS598 ONLY) 

VCC 
120 S2 NOM - 	- -  	VCC 

100 S2 NOM 

OUTPUT 
OUTPUT 

II 
NI 

logic symbols t 
	

'LS598 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12 

Pin numbers shown are for DW, J, N, and W packages. 
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SRCLR 

SRCK 1111>0  
SRLOAD (13  

RCK(13-1)70--- 

SER 
(14)  

115) 

'LS597 

(10) 

2 
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SN54LS597, SN74LS597 
8•BIT SHIFT REGISTERS WITH INPUT LATCHES 

logic diagram (positive logic) 

Pin numbers shown are for DW, J. N and W packages. 
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—  (16) 

SRCLR (12) 

SRCKEN (14)  

SRCK (13) 

 SRLOAD (9) 

DS (19)  

SERO 	(18)  

SERI 	(17)  

RCK (j2t>0 	 

A/QA (1) 

8/DB 121  

c/Gc (3 

 D/OD (4)  

'LS598 

S
e3

1
A

8C
1  
1

1
1

  

H/DH 
18 1 4  

Pm numbers shown are for DW. J. N. and W packages. 

TrxAs 
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SN54LS598, SN74LS598 
8-BIT SHIFT REGISTERS WITH INPUT LATCHES 

logic diagram (positive logic) 



SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V IH High-level input voltage 2 2 V 

V 1 L Low-level input voltage 0.7 0.8 V 

IOH High-level output current QH. — 1 — 1 
mA 

CIA thru 0H, LS598 only — 1 — 2.6 

IOL Low-level output current C1 1-1' 8 16 
mA 

CIA thru OH, 'LS598 only 12 24 

1SCK Shift clock frequency 0 20 0 20 MHz 

t„, Pulse duration 

SRCK 
high 15 15 

ns 

low 35 35 

RCK 20 20 

SRCLR 20 20 

SRLOAD 40 40 

isu Setup time 

Data before •• 	- - 20 20 

ns 

DS before I 	- 	I 	('LS598 only) 30 30 

SRCKEN low before SRCK t ('LS598 only) 20 20 

SRCLR inactive before S•• 	- 	t 25 25 

SRLOAD inactive before ..-.....: t 30 30 

RCK I before SRLOAD I (see Note 2) 40 40 

SER before SRCK I 20 20 

th Hold time 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 
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SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8-BIT SHIFT REGISTERS WITH INPUT LATCHES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage (excluding I/O ports) 	  7 V 
Off-state output voltage (including I/O ports) 	  5.5 V 
Operating free-air temperature range: SN54LS597, SN54LS598 	  — 55°C to 125°C 

SN74LS597, SN74LS598 	  0°C to 70°C 
Storage temperature range 	  — 65°C to 150° C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

NOTE 2: The RCK 1 before SRLOAD 1 setup time ensures the data saved by RCK 1 will also be loaded into the shift register. 

TEXAS 
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SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8-BIT SHIFT REGISTERS WITH INPUT LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS7 
SN54LS' SN74LS' 

UNIT 
MIN 	TYP # MAX MIN 	TYP $ MAX 

VII< VCC-MIN, 	II = - 18 mA - 1.5 - 1. 5 V 

VON 
'LS598 Q Vcc= MIN, 	VIH= 2 V, 

VIL = MAX 

1 0H = - 1 mA 2.4 3.2 

V 1 OR = - 2.6 MA 2.4 3.1 

OH 1 0H - 1 mA 2.4 3.2 2.4 3.2 

VOL 

'LS598 0 
VCC = MIN, 	VI H= 2 V, 

VI L = MAX 

lot. = 12 mA 0.25 0.4 0.25 	0.4 

V 
loL = 24 mA 0.35 	0.5 

CIN .  
IOL = 8  mA 0.25 0.4 0.25 	0.4 

10L= 16  mA 0.35 	0.5 

10ZH 'LS598 Q 
Vcc = MAX, 	Vol = 2 V, 	VII_ = MAX, 

Vo = 2.7 V 
20 20 pA 

IOZL 'LS598 CI 
VCC-MAX, 	V1H= 2V, 	VII_ -. MAX, 

o =  V 	0.4 V 
-0.4 - 0.4 mA 

1 1 
'LS598 0 

VCC = MAX 
V1= 5.5 V 0.1 0.1 

mA Others V1= 7 V 0.1 0.1 

11H Vcc = MAX, 	VI = 2.7 V 20 20 pA 

1IL 

'LS598 SACK 

VCC = MAX, 	V1= 0.4 V 

- 0.8 - 0.8 

mA SER, A Thru H -0.4 -0.4 
Others - 0.2 - 0.2 

lost 
'LS598 0 

VCC = MAX, 	Vo = 0 V 
- 30 - 130 - 30 - 130 

mA 
m  GU' - 20 - 100 - 20 - 100 

[ CC 

'LS597 'CCU 
VCC -- MAX, 

All possible inputs grounded, 

All outputs open 

35 53 35 	53 

mA 

1 CCL 35 53 35 	53 

'LS598 

ICCI-I 45 68 45 	68 

lcu 54 80 54 	80 

ICCZ 56 85-  56 	85 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditIOns. 

2 All typical values are at VCC = 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. 
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PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

LS597 LS598 
UNIT 

MIN TYP MAX MIN TYP MAX 

fmax • -  Q RL = 667 0, 	CL = 45 pF 20 35 20 35 MHz 

imax " 01-1' RL = 1 XII 	CL = 30 pF 20 35 MHz 

tPLH ur,,nI 0F1' 

RL — 1 k11, 	CL = 30 pF 

15 23 11 17 ns 

1 PHL SPCKt 0F1' 20 30 15 23 ns 

1PLH SRLOAD1 0H' 38 57 28 42 ns 

tPHL %D1 01-1' 29 44 20 30 ns 

tPHL •• 	74 OH' 24 36 18 27 ns 

tPLH ."...r0 0H' Ri.  = 1 kfl, 	CL = 30 pF 
SRLOAO = L 

41 60 32 48 ns 

1PHL • • 	• QH' 32 48 24 36 ns 

tPLH - • Q 

RL = 667 0, 	CL = 45 pF 

12 18 ns 

tPHL • • • Q 19 28 ns 

tPLH Q 32 48 ns 

tPHL Q 27 40 ns 

1 PHL • Q 25 38 ns 

1PZH U. Q 26 31 ns 

1PZL G1 Q 29 43 ns 

tPHZ Gt 0 
RL — 667 fl, 	CL = 5 pF 

25 38 ns 

tPLZ Gt 0 20 30 ns 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8-BIT SHIFT REGISTERS WITH INPUT LATCHES 

switching characteristics, VCC = 5 V, TA = 25°C, (see note 3) 
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SN54LS597, SN54LS598, SN74LS597, SN74LS598 
8•31T SHIFT REGISTERS WITH INPUT LATCHES 

typical operating sequences 

'LS597 

S
e

O
vt

a
a
  1

1
1
  

SRCLR 

SR LOAD 

SRCK 

RCK 

SER 

A 

B 

C 

E 

F 

G 

H 

OH' 

	n 	  

4131120:12V, 	Mll////////////////////////M1=17////////////////////////////// 

VM/M/M/M/MM///////11111=7///////////////////////////// 

11////////////////////////////AIIME327////////////////////////////// 

=max 7111/1/1/111/1111111/111111111 111/11111111/111/11/1/111111/1 

 

DON'T CARE 
	

7//////////////////////////////12=VMMIIMMMIMM/M 

Lczugsw, 

 

71///////////////////////////1=MMINIIIIIIIIIIIIIIIIIMINI 

=MU 7IIIIIIIIIIIIIMM/111/1111MMIZEOW/M11/1/111/1/MIMM1/1 

'LS598 

Azzimuy, 

SRCLR 

SRLOAD 

SRCK 

SRCKEN 	 f 	 L_ 
RCK 	  

DS //////1/IIII=1////////4 

SER 0 / IMII:=111//////// I///////////  

SER 1 ////////111=111//////////1//////14 

A/QA 

B/QB 

C/Qc 

D/QD 

E/QE 

F/QF 

G/QG 

H/QH 

GEV 
	 SHIFT L. OUTPUT 

U 

DON CAR 

DON'T CARE 
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SN74LS600A, SN74LS601A, SN74LS603A 
MEMORY REFRESH CONTROLLERS 

D2547, JANUARY 1981 — REVISED MARCH 1988 ,  

SN74LS' ... DW OR N PACKAGE 

(TOP VIEW) 

• Controls Refresh Cycle of 4K, 16K, and 

64K Dynamic RAMs 

• Creates Static RAM Appearance 

• Choice of Transparent, Cycle Steal, or 

Burst Refresh Modes 

• 3-State Outputs Drive Bus Lines Directly 

• Critical Times Are User RC-Programmable 

to Optimize System Performance 

BUSY 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

SEE TABLE 

GND 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

VCC 
RC BURST 

SEE TABLE 

SEE TABLE 

RAS 

REF REQ2 

REF REQ1 

RC RAS LO 

RC RAS HI 

FOR CHIP CARRIER INFORMATION 

CONTACT THE FACTORY 

SELECTION TABLE 

DEVICE REFRESH MODES MEMORY SIZE 
PIN ASSIGNMENTS 

PIN 9 PIN 17 PIN 18 

'LS600A 

'LS601A 

1S603A 

Transparent, Burst 

Transparent, Burst 

Cycle Steal, Burst 

41( or 161< 

64K 

64K 

4K/16K 

A7 

A7 

LATCHED RCO 

LATCHED RCO 

RESET LATCHED RCO 

RESET LATCHED RCO 

RC CYCLE STEAL READY 

description 

The 'LS600A, 'LS601A, and 1S603A memory refresh controllers contain one 8-bit synchronous counter, nine 3-state buffer 

drivers, four RC-controlled multivibrators, and other control circuitry on a single monolithic chip. These devices are designed 

to provide RAS-only refresh on 4K, 16K, and 64K dynamic RAMs. The 'LS600A and 'LS601A provide transparent refresh 

while the 1S603A provides cycle-steal refresh. In addition, a burst-mode timer is provided to warn the CPU that the maximum 

allowable refresh time is about to be violated. 

operating modes 

In the transparent refresh mode l'LS600A or 'LS601A), row-refresh cycles occur only during inactive CPU-memory times. 

In most cases the entire memory refresh sequence can be completed "transparently" without interrupting CPU operations. 

During idle CPU-memory periods, the REF REQ pins should be taken high so as many rows as possible can be refreshed. 

A low from BUSY will signal the CPU to wait until the end of that current row refresh before reinstating operations. If all 

row addresses have been refreshed before the burst-mode timer expires, the burst-mode timer will reset. 

If the maximum allowable refresh time of the dynamic RAM is about to be exceeded, the burst mode timer will expire causing 

the HOLD pin to go low. This signals the CPU that a burst-mode refresh is mandatory and the burst-mode refresh will 

be accomplished when the CPU takes the REF REQ pins high. To ensure that all rows are refreshed, the address counter 

is reset to zero whenever the burst-mode timer expires. After the last row has been refreshed, the HOLD pin will return 

high, and the burst-mode timer will reset. The CPU can then return to normal transparent operation. 

A LATCHED RCO output pin is also provided on the 'LS600A and 'LS601A to detect when the last rov): ,  has been refreshed. 

Upon seeing a RCO from the address counter, the LATCHED RCO output will be set high. This latch is reset by providing 

a high-going pulse on the RESET LATCHED RCO input. 

In the cycle-steal refresh mode I'LS603A), refreshing is accomplished by dividing the safe refresh time into equal segments 

and refreshing one row in each segment. The segment time is programmed via the RC CYCLE STEAL input and will produce 

a low level on the READY output at the end of each segment period. This indicates to the CPU to suspend operations for 

one memory cycle for a row refresh. In effect it "steals" one memory cycle from the CPU. After the CPU recognizes the 

cycle-steal signal from the READY output, it must take both REF REQ pins high. These devices will then refresh one row 

and return control back to the CPU by taking READY high. The burst-mode timer is also provided to prevent exceeding the 

maximum allowable refresh time, and operates in the same manner as in the 'LS600A and 'LS601A. In applications where 

the burst-mode timer is not required, it can be disabled by connecting the RC Burst input to ground. 

1.' 1 1401:T101s sill a •:ocuments contain information 
•I• r• n of . .lid•ian date. Products conform to 

r.,.:..!...ations ,,or tr..) terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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RC WI HI (11) 	 

RC IT§F1 LO (12) 	 

REF RE01 113)  

REF 9E02 1141  

CTRB 

EN4 

121 

	

D 
4p 
	 AO 

G 4V 	13)   Al 

I.> 4V• 14)  A2 

	

40 	(51   A3 

D. 	4 v 	16)  A4 

P 4 V • (7)  AS 

D 4p 	18'  AS 

	

I.> 4p 
	191  A7 

CO 

(16) HOLD 

	0 

1171 
 LATCHED 

RCO 

R 	G 

RC BURST 1191  

RESET ciai  

)( IRCI 

LATCHED 
RCO 

(POWER 

DOWN> 

1 

	a 

(151 
 fiTS 

EN 

BOW 

fl 

— Inc> 

1 	 

C 

'LS601A 

rL 
IRCI 

1 - -L 

0-0 
S 

SN74LS600A, SN74LS601A 
MEMORY REFRESH CONTROLLERS 

S
O

3l
A
a

a
  1

1
1

  

'LS600A 

RC 171//7§ HI 

RC IT,F(B LO 

REF RE01 

REF RE02 

4K/16K 

RC BURST 

RESET 
LATCHED 

RCO 

(11) 	)( 

(15) ,At  

EN 
1) 

BUSY 

O 

0 	(2)  AO 

4121  X 
CTR7 

EN4 

R 

r 

(13)  

(POWER 
DOWN) 

fl 

(RCI 
(14)  

(9)  

L> 
4p 

1,  40 0 	(2)  Al 

0 4p G 	441  A2 
4 

C) 4 V 0 	151  A3 

D. 4 ,D, 0 	(6) 	 A9 

D 4 V 0 	(2)  A5 
RCO  

81 
A6 M X 

G2 

2 

SL 

O 

v 0 

(19 ) 
 

RCO  

6) 

2191IRCI 

G 

Or LATCHED (13) 0 0 
RCO 

Pin numbers shown are for DW and N packages. 
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RC CYCLE  (18) 	
)( STEAL 

(15) RAS 

BUSY 

RCHI 	 

RC mat LO 	112)  

REF RE01 
(13)  

REF REO2 
11M 

(POWER 
DOWN) 

C 

RC BURST 19 
	

)( 	(11C) 

1>0 (171  IWTCDV 

J—L 

(BC) 

J—L 

D-0 

SN74LS603A 
MEMORY REFRESH CONTROLLERS 

Pin numbers shown are for DW and N packages. 
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PIN PIN NAME FUNCTIONAL DESCRIPTION 

1 Rimy  Active output indicates to the CPU that a refresh cycle is in progress. 

16 Active output should be a priority interrupt to the CPU for emergency burst refresh. 

15 • 3-state output row address strobe. 

11 RC RAS HI Timing node for high-level portion of RAS. See Note 1. 

12 RC RAS LO Timing node for low-level portion of RAS. See Note 1. 

2-8 AO thru A6 3-state output row address lines. 

9 A7 MSB row address line for 'LS601A and 'LS603A (64K-bit memory controllers). 

9 4K/16K 

A high input level disables the AS row address line for 'LS600A. (The high-level 

input makes the count chain 5 bits long while the low-level makes the count chain 

6 bits long.) 

17 RFADY Interrupt to CPU for cycle steal refresh 11S603A). 

17 ,,,;,...-IED RCO Normally high-level, will let , ' ' - '.v upon RCO of counter I'LS600A or 'LS601A). 

18 RC CYCLE STEAL Timing node that controls the • 	' 	7  output (1S6034 See Note 1. 

18 RESET LATCHED 

RCO 

Normally high-level, when pulsed low the LATCHED RCO output will be reset I'LS600A and 

'LS601A). 

19 RC BURST Timing node for burst refresh. See Note 1. 

13, 

14 

REF RECO, 

REF REQ2 
High level on both pins starts and continues row refresh. Low on either pin inhibits refresh. 

20, 10 VCC, GND 5-V power supply and network ground pins. 

NOTE 1: All timing nodes require a resistor to VCC and a capacitor to GND. 

schematics of inputs and outputs 

EQUIVALENT OF REF REQ, 4K/16K, 

AND RESET LATCHED RCO INPUTS 

— 

TYPICAL OF RAS AND A 

OUTPUTS 

TYPICAL 

AND 

— 

OF BUSY, HOLD, READY 

LATCHED RCO OUTPUTS 

VCC 

REO 

. INPUT 

VCC 
100 52 

NOM 
VCC 

120 SI NOM 

IIP 

OUTPUT 

°IP 
11. 

REF REQ . 

 4K/16K . 

111 

IIIb LB 

OUTPUT 

Req - 20 CO NOM 

Req = 30 1,12 NOM 

9 

S
9

3
0

0
0
  1

1
1
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SN74LS600A, SN74LS601A, SN74LS603A 
MEMORY REFRESH CONTROLLERS 

PIN FUNCTION TABLE 

absolute maximum ratings over operating free -air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 21 	  7 V 
Input voltage 	  7 V 
Off-state output voltage  	5.5 V 
Operating free-air temperature range 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 2: Voltage values are with respect to network ground terminal. 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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SN74LS600A, SN74LS601A, SN741S603A 
MEMORY REFRESH CONTROLLERS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level output current, loH 
A, RAS - 2.6 mA 

All others -400 sA 

Low-level output current, IOL 
A, RAS 24 

mA 
All others 8 

Duration or RAS output pulse I .  High ,  tSHSL 75 
ns 

Low, tSLSH 75 

Duration of RESET LATCHED RCO pulse, tRHRL 35 ns 

Duration of REF REQ pulse during CYCLE STEAL operation, • 	. 20 ns 

External timing resistor, Rext 
RC RAS LO, RC 

RC . 	. 	RC Cl 

1 1 6 
kIt 

• 	;TEAL 1 - 

Operating free-air temperature, TA 0 ,... °C 

tMaximum operating frequency for the address counter corresponds to its minimum period, which is the sum of t w (RAs.41) min and tw (RAs.0 min. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP 1  MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage VCC = 4.75 V, II = - 1.8 mA -1.5 V 

VOH 
High-level output 

voltage 

A,RAS 
VCC = 4.75 V, 

VIH = 2 V, 

VIL = 0.8 V 

1 OH = -2.6 mA 2.4 2.9 

All Others 
10H = -400 sA 2.7 3.1 

V 
 

VOL 
Low-level output 

voltage 

A, RAS VCC = 4.75 V, 

VH = 2 V, 

VIL = 0.8 V 

IOL = 12 mA 0.25 0.4 

V IOL = 24 mA 0.35 0.5 

All Others 
1 0L = 4 mA 0.25 0.4 

IOL = 8 mA 0.35 0.5 

1 02H 

Off-state output 

current, high-level 

voltage applied 
A, RAS 

VCC = 5.25 V 

REF REQ at 

VIL = 0.8 V 

Vo = 2.7 V 20 AA 

10ZL 

Off-state output 

current, low-level 

voltage applied 

VD = 0.4 V -20 sA 

II 
Input current at maximum 

input voltage 
VCC = 5.25 V, 	Vi = 7 V 0.1 mA 

IN High-level input current VCC = 5.25 V, 	Vi = 2.7 V 20 it,4 

1IL Low-level input current VCC = 5.25 V, 	V1 = 0.4 V -0.4 mA 

1 05 
Short-circuit 

output current§ 

A,RAS 
VCC = 5.25 V 

-30 -130 
mA 

All others -20 -100 

ICC Supply current 
VCC = 5.25 V, RC TA§ LO and 

REF REQ at 0 V 
50 85 mA 

tAll typical values are at VCC = 5 V, TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

TEXAS 
IN STRUM E NTS 

2-1011 
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SN74LS600A, SN74LS601A, SN74LS603A 
MEMORY REFRESH CONTROLLERS 

switching characteristics, VCC = 5 V, TA = 25 °C, see note 3 

PARAMETER I HUM .INPUT) TO IntiTPUT) TEST CONDITI.'01% MIN 	TYP 	MAX UNIT 

tOHBL •-• • 	•IEQI 
CL = 15 pF, RL — 2 1(0 

30 	45 ns 

, SLBH t A I 245 	300 ns 

1 OHSV REF REQI RAS CL = 320 pF, RL = 6670 47 	70 ns 

tSHAZt RASI ;M<  CL = 5 pF, RL = 6670 245 	300 ns 

tQHAV REF REQI •• 	••• CL = 160 pF, RL = 6670 38 	65 ns 

tSHAZ t WAS! . 	• 	• CL = 5 pF, RL = 6670 245 	300 ns 

tRHCL 
RESET LATCHED 

ncnt 

LATCHED 

CL = 15 pF, RL = 2 kft 
37 	55 ns 

tSHYH 
—.... 
■ 	.. ,— 

I 64 	85 ns 

tSLSHt . 	:.' Fil ig 
C L — 320 pF, RL = 6670 

210 ns 

tSHSLt • .. TIM 245 ns 

tDHDL4 
=-- WI:IED 

CL 	15 pF, RL 	2 1(0 
3.56 ms 

tYLYL1 READY 27 As 

tDepends on RC network at pin 11 14 Ica, 200 pF used for testing). 
tDependes on RC network at pin 12 14 MI, 200 pF used for testing). 
§Depends on RC network at pin 19 1680 ktt, 0.022 AF used for testing). 
iDepends on RC network at pin 18 110 k0, 0.01 pF used for testing). 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

explanation of letter symbols 

This data sheet uses a new type of letter symbol to describe time intervals. The format is: 

tAB-CD 

where: 	subscripts A and C indicate the names of the signals for which changes of state or level or establishment of 

state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning 

and end of the time interval. 

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals represented 

by A and C, respectively. One or two of the following is used: 

H = high or transition to high 

L = low or transition to low 

V = a valid steady-state level 

X = unknown, changing, or "don't care" level 

Z = high-impedance (off) state. 

The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. For these letter symbols 

on this data sheet, the signal names are further abbreviated as follows: 

SIGNAL 	 A or C 

NAME 	 SUBSCRIPT 

BUSY 

HOLD 

RAS 

AO — A7 A 

READY 

LATCHED RCO 

RESET LATCHED RCO 

REF REQ 

2-1012 TFXAS 
INSI RUMENTS 
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SN74LS600A, SN74LS601A, SN74LS603A 
MEMORY REFRESH CONTROLLERS 

TIMING DIAGRAMS 

REF REQ(Q) 
	P

fd tQHBL 

BUSYIB) 

 

tSLBH 

tSHSZ 48—'1 1.- tOHSV -si 
tSHSL 

BASIS) 

IGHAV10-1 	tSLSH -^—•1 tSHAZ 

AO-A7IAI 

FIGURE 1 - TRANSPARENT REFRESH 

YLYL 

READYIYI 

tOHC1L- .--1 

	

REF REQICO 	 O ! 	 r\---- 

I  

	

BUSYIB) 	 I \ 	I / 
\---- 

tQHSV 1.4—.1 —,1 14)---tsHyH 

	

BASIS) 	 k
j 

\--7—  

MI110 
FIGURE 2 - CYCLE STEAL REFRESH 

    

tONIDI 

   

       

HOLDID) 
\ 	  

.1--1- CPU RESPONSE TIME" 

	/ 

	 I 
REF REQICII 

BUSYIB) 	
\ 	  

" 
BASIS) 	

 

 

 

 

    

AO-A7IA) 

          

LATCHED 

RCOIC) 	 / 	 

RESET 

RCO(R) 	  / 	 

  

	 1*- tRHCL 

/  Ik 

    

• During testing, an 1SO4 is used to invert HOLD to provide the REF REQ input. 

     

FIGURE 3 - BURST MODE REFRESH 
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SN74LS600A, SN74LS601A, SN74LS603A 
MEMORY REFRESH CONTROLLERS 

TYPICAL CHARACTERISTICS 

1 

PULSE DURATION, RAS LOW 

vs 

EXTERNAL TIMING RESISTOR 

CYCLE STEAL REFRESH CYCLE TIME 

vs 

EXTERNAL TIMING RESISTOR 

	

WA. 	 WM118114111 

	

VCC = 5 V III 	=WM 	 IIAMM/AIII 

	

1111∎ M•E 	 MINI/O1111 

	

TAM 	4•11M1111 

	

=MEI 	•0111111/A111/11111 I 

	

inn 	INIMIPMEnill I 
di "Fowl 

11111111/ !AMIN 

	

∎ /••••1.O1 	NIAIINU:••1■1111M=1111•IMI 
■IMMENII/11■11,. 'MENEM 
■mmorani■aiminamemommnmsalli 
OMIMINIMAIIIIIMM=Mr1111:1111 
111111/MMIIIIIII■AMON1111 

EM 4111 

	

II 	11111 	I I III 10 	100 
R ex t-Timing Resistor-U2 

FIGURE 5 

100 

50 

5, 

0 
2 

0, 

CC 10 

5 

16' 
	

5 

2 

C = 0 01 I.LF 

C = 0 005 i.LF 

C = 0 001 i.tF 

C = 500 pF 

1000 

PULSE DURATION, RAS HIGH 

VS 

EXTERNAL TIMING RESISTOR 

PULSE DURATION, BURST REFRESH 

vs 

EXTERNAL TIMING RESISTOR 

! 
VCC 
TA = 

= 5 V 

25° C 

C - 300 	 pF 

C = 200 pF 

C= 100 pF 

50 pF- C = 

2 	3 	4 	5 
	

6 

R ext-Timing Resistor-U2 

FIGURE 6 FIGURE 7 
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I 
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5, 
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a 
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0 
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SN54LS604, SN54LS606, SN54LS607, SN74LS604, SN74LS606, SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES 

D2545, JULY 1979—REVISED MARCH 1988 

(T1M99604, TIM99606, TIM99607) 

• Choice of Outputs: 
Three State ('LS604, 'LS606) 
Open-Collector (' LS607) 

• 16 D-Type Registers, One for Each Data 
Input 

• Multiplexer Selects Stored Data from Either 
A Bus or B Bus 

• Application Oriented: 
Maximum Speed ('LS604) 
Glitch-Free Operation ('LS606, 'LS6071 

description 

The 'LS604, 'LS606, and 'LS607 multiplexed latches 

are ideal for storing data from two input buses, A and 

B, and providing the output bus with stored data from 

either the A or B register. 

The clock loads data on the positive-going (low-level 

to high-level) transition. The clock pin also controls 

the active and high-impedance states of the outputs. 

When the clock pin is low, the outputs are in the high-

impedance or off state. When the clock pin is high, 

the outputs are enabled. 

The 'LS604 is optimized for high-speed operation. The 

'LS606 and 'LS607 are especially designed to 

eliminate decoding voltage spikes. 

These functions are ideal for interface from a 16-bit 

microprocessor to a 64K RAM board. The row and 

column addresses can be loaded as one word from 

the microprocessor and then multiplexed sequentially 

to the RAM during the time that RAS and CAS are 

active. 

SN54LS604, SN54LS606, SN54LS607 . . . JD PACKAGE 
SN74LS604, SN74LS606, SN74LS607 . . . JD OR N PACKAGE 

(TOP VIEW) 

SN54LS604, SN54LS606, SN54LS607 . FK PACKAGE 

(TOP VIEW) 

A2 

B2 

A3 

B3 

A4 

B4 

The SN54LS604, SN54LS606, and SN54LS607 are characterized for operation over the full military temperature range 

of — 55°C to 125°C; the SN74LS604, SN74LS606, and SN74LS607 are characterized for operation from 0 °C to 70°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

V1-V8 Al-A8 81.138 SELECT A/11 CLOCK 

A data 

A data 

X 

X 

X 

B data 

8 data 

X 

X 

X 

L 

H 

X 

L 

H 

4- 	
-I  

X
 X

 

B data 

A data 

Z or Off 

8 register stored data 

A register stored data 

H - high level (steady sta e) 	 L = low level (steady state) 

X = irrelevant 	 Z = high-impedance state 

Off = H if pull-up resistor is connected to open-collector output 

transistion from low to high level 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Tetras Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 

Trams 
INS1 I zi . M ENT'S 

4 
2-1015 
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logic symbolst 

sa
3!

A
aa

  1
1

1
  

Y1 

y2  

y3 

ya 

se , 

y, 

Ti 

YE 

(2)  A/1.3 

'LS607 

(15) 
Y1 

Y2 

Li G2 

111 
CLK 

Al 	
3 

E N 

1D 	z ,>..11> Q  
:12 	i5  10  

(13)  
B2 

(12) 
B3 	(!!) 

(11) 

Y3 

Y4 

Y5 

Y6 

AS • 
85 
A6 = 
86 
A7 
87 

BB 

(16) 

(17) • 

(18) 
Y7 

YB (19) 
• • 

TYPICAL OF ALL OUTPUTS 
('LS604, 'LS606) 

TYPICAL OF ALL OUTPUTS 
l'LS607) 

_  Li—OUTPUT 
_  

'LS604 
'LS606 

AN (2)  
(11 

CLK 

(15) 

(13 ) 

A3 	 2) 
83 
A4 
134 
A5 
85 • 

86 
A7 

AVE 
BE 

SN54LS604, SN54LS606, SN54LS607, SN74LS604, SN74LS606, SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES 

schematics of inputs and outputs 

EQUIVALENT OF A AND B INPUTS EQUIVALENT OF CLOCK INPUTS 

VCC 

EQUIVALENT OF SELECT INPUTS 

VCC 

' 

22 kE2 

NOM 

INPUT 

4 I<St 

NOM 

al I 
VCC 

10 IcS2 

NOM 

INPUT 1 i  INPUT 

a' 

tThese symbols are in accordance with ANSI/IEEE Std. 91 - 1984 and IEC Publication 61 7-1 2. 
Pin numbers shown are for JD and N packages. 

2-1016 TEXAS 
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SN54LS604, SN54LS606, SN54LS607, SN74LS604, SN74LS606, SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES 

logic diagram (positive logic) 

TEXAS 
INSTRUMENTS 
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SN54LS604, SN54LS606, SN74LS604, SN74LS606 
OCTAL 2-INPUT MULTIPLEXED LATCHES WITH 3-STATE OUTPUTS 

recommended operating conditions 

I 	SN54LS604 
N!,154 L S606 

SN74LS604 
SN 74 mos UNIT 

me, 	:P.': 	MAX _ MIN 	%. •.1 	MAX 

Supply voltage, VCC (see Note 11 	 -- 	u 	5.5 4.75 	u 	5.25 V 

High-level output current, Imi -2.6 mA 

Low-levc 	.........ant, 10L 12 24 mA 

Width of • ;r••I 	i 	II 	• 	tw  20 20 ns 

Rerun Pm') tsu 201 201 ns 

th 01 01 ns 

• 	ree-air temperature, TA -55 	 ' 0 	 70 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS.' 	 I 

MI': 

SN54LS604 

SN54LS606 

SN74LS604 

SN74LS606 UNIT 

TYPO MAX MIN TYPO MAX 

VIH High 2 V 

VIL .. 	• 	• 0.7 0.8 V 

VIK I 	,...i.., 	.i......e  mrc = m IN 	I1= -18 mA  

CC 
=V 	

, 	Viri = 2 V, V 2.4 VCC 
= 	

INI 
L max, 	ION = MAX 

3.1 

-1.5 	 

2.4 3.1 

-1.5 V 

 V VON High-level output voltage 

VOL Low-level output voltage VCC = MIN, 	Vii..1= 2 V, 

VIL = VIL was, 

I.DL = 12 mA 0.25 0.4 0.25 0.4 V  

10L= 24 mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 

VCC = MAX, 	VIN = 2 V, 

VIL = VIL max, 	V0 = 2.7 V 
20 20 IA 

IOZL 
Off-state output current, 

low-level voltage applied 

VCC = MAX, 	VIN = 2 V, 

VIL = VIL max, 	Vo = 0.4 
-20 -20 pA 

II 
 

Input current at 

maximum input voltage 
VCC = MAX, 	Vi = 7 V 

A, B 0.1 0.1 
mA 

CLK, SELECT 0.1 0.1 

IIH High-level input current VCC = MAX, 	V1 = 2.7 V 
A, B 20 20 

IA 
CLK, SELECT 20 20 

'IL Low-level input current VCC = MAX, 	VI = 0.4 V mA 

mA 

CLK, SELECT 	 
-30 

-0.2 

-130 -30 

-0.2  

-130 IOS t§ VCC - MAX 

Icc dupl. ,/ curt 	 ilt VCC - MAX, 	See Note 2 55 70 55 70 mA 

, For conditions shown as MIN or MA X, use the aporopriate value specified under recommended operating conditions. 

$A11 typical values are at VCC = 5 V, TA = 25° C. 

§Note more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2. Icc is tested with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS 

'LS604 'L' ...0 
 UNIT 

MIN 	TYP MAX MIN 	") l• MAX 

tPLH Select Aril.  
(Data 	A = H, B = LI 

CL- 45 pF, 

See Note 3 

riL = 567 !2, 

15 25 36 50 
n s 

tpHL 23 35 16 30 

tPLH Select A15 
(Data: A = L, B = HI 

31 45 22 35 
ns 

IN-IL 19 30 22 35 

IPZH Clock 
19 30 27 40 

ns tpZL 
28 40 35 50 

tpHZ Clock 
CL = 5 pF, 

See Note 3 

RL = 667 0, 20 30 20 30 
ns 

tpLZ 15 25 15 25 

tpLH 	= propagation delay time, low-to high-level output 

tpm_ 	= Propagation delay time, low-to high-level output 

tPZH= output enable time to high level 

tpzi_ 	, output enable time to low level 

tpHZ 	output disable time from high level 

tPLZ 	= output disable time from low level 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

2-1018 
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SN54LS607, SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS607 SN74LS607 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC (see Note 1) 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, loL 12 24 mA 

Width of clock pulse, t w  20 20 ns 

Setup time, tsu  20t 205 ns 

Hold time, th Ot Ot ns 

Operating free-air temperature, TA —55 125 0 70 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS607 SN74LS607 

UNIT 

MIN TYPT MAX MIN TYP MAX 

VI H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VI K Input clamp voltage I 1 = —18 mA —1.5 —1.5 V 

IOH High-level output current 
VCC =M•;•• 

VIL.-- VIL max, 

Vol = 2 V, 

VoH = 5.5 V 
250 250 uP, 

VOL Low-level output voltage 
VCC = MIN. 

VII_ = VII_ max 

Vihi = 2 V, IOL = 12 mA 0.25 0.4 0.25 

0.35 

0.4 

0.5 
V 

I OL = 24 mA 

II 
Input current at 

maximum input voltage 
VCC = MAX, VI = 7 V 

A,13 0.1 0.1 
mA 

CLK, SELECT 0.1 0.1 

I IH High-level input current VCC = MAX, Vi = 2.7 V 
A, B 20 20 

AA 
CLK, SELECT 20 20 

'IL Low-level input current VCC = MAX, Vi = 0.4 V mA 
CLK, SELECT —0.2 —0.2 

ICC Supply current VCC = MAX, See Note 2 40 60 40 60 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

NOTE 2: I cc is tested with all inputs grounded and all outputs open. 

switching characteristics, VCC = 5 V, TA 25°C 

PARAMETER 
FROM 

(INPUT) 
TEST CONDITIONS 

'LS607 
UNIT 

MIN 	TYP 	MAX 

tPLH Select Aig 51 	70 

tPHL (Data: A = H, B = LI 21 	30 
ns 

tPLH Select A/ITS CL = 45 pF, 	RL = 667 0, 28 	40 
ns 

tPHL (Data: A = L, B = HI See Note 3 28 	40 

tPLH Clock 
30 	45 

ns 
,PFIL 32 	45 

NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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VCC 
MA2 

MAT 

RSO 

Rs \ 14)  o 

MAO — 

D11 

D10 

D9 

08 

D7 

D6 

c Ant 

} DATA 

BUS 1'0 

111•11111111•• 

SN54LS610, SN54LS612, SN74LS610 THRU 74LS613 
MEMORY MAPPERS 

02549, JANUARY 1981—REVISED MARCH 1988 

• Expands 4 Address Lines to 12 Address 

Lines 

• Designed for Paged Memory Mapping 

• Output Latches Provided on 'LS610 and 
'LS611 

• Choice of 3-State or Open-Collector Map 

Outputs 

• Compatible with TMS9900 and Other 

Microprocessors 

OUTPUTS 
	

MAP 
DEVICE LATCHED 

OUTPUT TYPE 

'LS610 
	

Yes 
	

3-State 

SN54LS' 	. JD PACKAGE 

SN74LS' ... JD OR N PACKAGE 

(TOP -VIEWI 

RS2  ■  1  1 40 
c•-■ 	 MA3  ■  2 	39 

— RS3  ■  3 38 

— CS  ■  4 37 

– STROBE  ■  5 36 

— R/W  ■  6 35 

	

DO  •  7 	34 

	

D1  ■  8 	33 

	

DATA 	02  ■  9 32 

	

BUS I 0 	D3  •  0 31 

D4  I  1 30 

D5  ■  12 29 

MM  •  13 28 

LXO i 4 

'LS613 	I NO 

No 

3 - state I 	Open-Collector 	I MAP 
OUTPUTS 

MO2  II 
M03  ■ 
MO4  • 
MO5  ■ 
GND  ■ 

6 

17 

18 

1 9 

20 

25 

24 

23

22 

2  

■  MOD 
■  MO8 
■ M07 
■  MOG 

ME 

MAP 
OUTPUTS 

NEM= 
in 
a) 

. _ 
a) description 

Each 'LS610 through 'LS613 memory-mapper 

integrated circuit contains a 4-line to 16-line 
decoder, a 16-word by 12-bit RAM, 16 channels 

of 2-line to 1-line multiplexers, and other 

miscellaneous circuitry on a monolithic chip. 
Each 'LS610 and 'LS611 also contains 12 
latches with an enable control. 

t This pin has no internal connection on 'LS612 and 1S613 

The memory mappers are designed to expand a 
microprocessor's memory address capability by 

eight bits. Four bits of the memory address bus 
(see System Block Diagram) can be used to 
select one of 16 map registers that contain 12 

bits each. These 12 bits are presented to the 
system memory address bus through the map 

output buffers along with the unused memory 
address bits from the CPU. However, 

addressable memory space without reloading the 

map registers is the same as would be available 
with the memory mapper left out. The 
addressable memory space is increased only by 

G 
periodically reloading the map registers from the 
data bus. This configuration lends itself to 

memory utilization of 16 pages of 2In – 4) 
registers each without reloading In --= number of 

address bits available from CPU). 

PRODUCTION DATA documents contain information 
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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MUX 
GI 

G2 

1 

2 

2 

ME 

MOO-M07 

M08-M011 

C 

ONLY 

'LS610 

& 15811 

HAVE 

LATCH 

r----; 

—71-11D 

4 I -- I 4 

I —I 1 D 

--J 

8 

LS612 & 

"LS613 FEED 

STRAIGHT 

THROUGH 

SN54LS610, SN54LS612, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

               

      

n-4 	MEMORY ADDRESS BUS 

 

4V, 

n+8 

 

            

               

       

MEMORY MAPPER 

MAO-MA3 	MOO—M011 

CONTROL 	DO-D11 

 

12 I  

   

CPU 

   

4 

     

SYSTEM 
MEMORY 

          

        

1 0 

      

       

DATA AND CONTROL BUS 

     

               

               

               

SYSTEM BLOCK DIAGRAM 

sry  = 1 6.3;3 2. ‘ 

sa
o

!n
o

a
  1

1
1

  

These devices have four modes of operation: read, write, map, and pass. Data may be read from or loaded 

into the map register selected by the register select inputs (RSO thru RS3) under control of R/W whenever 

chip select (CS) is low. The data I/O takes place on the data bus DO thru D7. The map operation 	output 

the I•nts of the map register selected by the map address inputs (MAO thru MA3) when 	is high 
and '.':.: :map mode control) is low. The 'LS612 and 'LS613 output stages are transparent in this mode, 
while the 'LS610 and 'LS61 1 outputs may be transparent or latched. When CS and MM are both high 

(pass mode), the address bits on MAO thru MA3 appear at MOB-M01 1, respectively, (assuming appropriate 
latch control) with low levels in the other bit positions on the map outputs. 

logic diagram (positive logic) 

MM 

CS 

(INTERNAL) ALL 8 LOW FOR 
8 

MOO MO7 
4 

MUX 
G1 

G2 

4 
• 

4 RAM 16 X12 
MAO-MA3 / 11 

2 	 3J
A o 

15 RSO-RS3 
4 8 

STROBE Cl (WRITE) 

4 a 

RAN • 12 
A. ID DO-D11 / • / / • / 

12 12 

12 	 EN 12 

''LS610 and 'LS612 have 3-state (VI map outputs. 

'LS611 and 'LS613 have open-collector 0) map outputs. 

2-1022 TEXAS 
INSTRUMENTS 

P051 OIFICt BOX 655612 • DALLAS, 71505 75265 
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PIN 
DESCRIPTION 

NO. NAME 

7-12 

29-34 

DO thru 011 110 connections to data and control bus used for reading from and writing to the map register 

selected by RSO-RS3 when CS is low. Mode controlled by R/W. 	 . 	. 

36, 38, 1, 3 RSO thru RS3 Register select inputs for I/O operations. 

6 R/W Read or write control used in I/O operations to select the condition of the data bus. When 

high, the data bus outputs are active for reading the map register. When low, the data bus is 

used to write into the register. 

5 STROBE Strobe input used to enter data into the selected map register during I/O operations. 

4 CS Chip select input. A low input level selects the memory mapper (assuming more than one 

used) for an I/O operation. 

35, 37, 39, 2 MAO thru MA3 Map address inputs to select one of 16 map registers when in map mode (MM low and CS 

high). 

14 - 19, 

22-27 

MOO thru M011 Map outputs. Present the map register contents to the system memory address bus in the map 

mode. In the pass mode, these outputs provide the map address data on M08-M011 and low 

levels on MOO-M07. 

13 MM Map mode input. When low, 12 bits of data are transferred from the selected map register to 

the map outputs. When high (pass model, the 4 bits present on the map address inputs 

MAO-MA3 are passed to the map outputs MOB-M011, respectively, while MOO-M07 are set 

low. 

21 ME Map enable for the map outputs. A low level allows the outputs to be active while a high input 

level puts the outputs at high impedance. 

28 C Latch enable input for the 'LS610 and 'LS611 (no internal connection for 'LS612 and 'LS6131. 

A high level will transparently pass data to the map outputs. A low level will latch the outputs. 

40, 20 VCC, GND 5 V power supply and network ground (substrate) pins. 

T
T
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e
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INPUT/OUTPUT PORTS, DO-D11 EQUIVALENT OF OTHER INPUTS 

1 0 
VCC 

Reg PORT 

VCC 

100 E2 NOM 20 k11 NOM INPUT 

MM 

ler 

I 

111111 

R eg  = 7 kit  Nom 
RS, STROBE: R"= 9 ki7 NOM 
CS, RAN, MA: R og  = 6 k31 NOM 

TYPICAL OF 'LS610, 'LS612 MAP OUTPUTS TYPICAL OF SN74LS611, SN74LS613 MAP OUTPUTS 

VCC 
50 U 

- NOM 

OP _ OUTPUT 

p OUTPUT 

116 

S
03

1
A
0
a
  1

1
1
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SN54LS610, SN54LS612, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

schematics of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: Data Bus I/O 	  5.5 V 
All other inputs 	  7 V 

Operating free-air temperature range: SN54LS610, SN54LS612 	  —55°C to 125°C 

SN74LS610 through SN74LS613 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 



SN54LS610, SN54LS612, SN74LS610, SN74LS612 
MEMORY MAPPERS WITH 3-STATE MAP OUTPUTS 

recommended operating conditions 

SN541.S1310 

sNr, II •..•12 

SN74LS810 

AN74ISAl2 UNIT 

'.41'. 	t..IM MAX MN. 	N. WI MAX 

VCC Supply voltage 4.o 	5 5.5 4. i u 	o 5.25 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

IOH High-level output current 
. —12 —15 

mA 
—1 —2.6 

IOL Low-level output current 
M O 2 1

4  

24 
mA 

D 8 

tAVCL 
Address setup time 

(AV before C low) 
'LS610 only See Figure 2 30 30 ns 

tSLSH Duration of strobe input pulse 

See Figure 1 

75 75 ns 

tCSLSL CS setup time (tT low to strobe low) 20 20 ns 

tWLSL R/W setup time (R/W low to strobe low) 20 20 ns 

tRVSL RS setup time (RS valid to strobe low) 20 20 ns 

tDVSH Data setup time (00-011 valid to strobe high) 75 75 ns 

tSHCSH CS hold time (Strobe high to CS high) 20 20 ns 

tSHWH R/W hold time (Strobe high to R/W high) 20 20 ns 

tSHRX RS hold time (Strobe high to RS invalid) 20 20 ns 

tSHDX Data hold time (Strobe high to DO-D 1 1 invalid) 20 20 ns 

TA Operating free-air temperature —55 125 0 70 °C 

T
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PARAMETER TEST CONDITIONS t 

SN54LS610 

SNE : 	•• 12 

SN74LS610 

SN -d 'I 	. 12 UNIT 

MIN 1 	v I' 2  MAX MIN 1«' t  MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH 
MO VCC = MIN, 

VIL = MAX 

VIH = 2 V. 
IOH = -3 mA 2.4 2.4 

V 10H = MAX 2 2 
D  

IOH = MAX 2.4 2.4 

VOL 

MO 
VCC = MIN, 
VIL = MAX 

VIH = 2 V, 
IOL = 12 mA 0.25 0.4 0.25 0.4 

V 
lot_ = 24 mA 0.35 0.5 

D 
IOL = 4 mA 0.25 0.4 0.25 0.4 

IOL = 8  mA 0.35 0.5 

IOZH 
VCC = MAX, 
VIL = MAX, 

VIH = 2 V. 

V0 = 2.7 V 
20 20 AA 

IOZL 
MO VCC = MAX, 

VIL = MAX, 

VIH = 2 V, 

V0 = 0.4 V 

-20 -20 
1/A 

0 -400 -400 

li 
D 

VCC = MAX 
Vi = 5.5 V 0.1 0.1 

mA 
All others V1 = 7 V 0.1 0.1 

IIH VCC = MAX, Vi = 2.7 V 20 20 i/A 

IL VCC = MAX, V1 = 0.4 V -0. 4 - n 4 mA 

los
s  

VCC = MAX 
-40 -. 	• -40 - 	.. 	• 

mA 
I .. -30 

- 
- i.3. 

ICC VCC = MAX 

Outputs high 112 ' 112 180 

mA Outputs low 112 ;,...., 112 180 

Outputs disabled 150 230 180 230 

S
0
3
11

A
0
a
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SN54LS610, SN54LS612, SN74LS610, SN74LS612 
MEMORY MAPPERS WITH 3-STATE MAP OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*All typical values are at VCC = 5 V. TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25°C, CL = 45 pF to GND 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS610 'LS612 
UNIT 

MIN 	TYP MAX MIN 	TYP MAX 

tCSLDV Access (enable) time CS) DO-11 

AL.  = 2 kf/, 

See Figure 1, 

See Notes 2 and 3 

28 50 26 50 ns 

tWHDV Access (enable) time R/W1 DO-11 20 35 20 35 ns 

tRVDV Access time RS DO-11 49 75 39 75 ns 

tWLDZ Disable time R/VVI. DO-11 32 50 30 50 ns 

tCSHOZ Disable time CST DO-11 42 65 38 65 ns 

tELQV Access (enable) time MEI M00-11 

Rt. 	667 0, = 

See Figure 2, 

See Notes 2 and 3 

19 30 17 30 ns 

tCSHQV Access time CST M00-11 56 85 48 85 ns 

1 MLOV Access time MMI M00-11 25 40 22 40 ns 

tCHC1V Access time Ct M00-11 24 40 ns 

tAVCIV1 Access time 1MM low) MA M00-11 46 70 39 70 ns 

tMHOV Access time MMT M00-11 24 40 22 40 ns 

tAVCIV2 
Propagation time 
- )MM high) 

MA M08-11 19 30 13 30 ns 

tEHOZ Disable time MET M00-11 14 25 14 25 ns 

NOTES: 2. Access times are tested as tpim and tpHL or tpzH or tpzi . . Disable times are tested as tpHz and tpLz. 

3. Load circuits and voltage waveforms are shown in Section 1. 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIN High-level input voltage 2 V 

VII_ Low-level input voltage 0.8 V 

V OH High-level output voltage MO 5.5 V 

IOH High-level output current D —2.6 mA 

10L Low-level output current 
MO 24 

mA 
D 8 

tAVCL 
Address setup time 

(AV before C )ow) 
SN74LS611 only See Figure 2 30 ns 

tasH Duration of stobe input pulse 

See Figure 1 

75 ns 

tCSLSL n setup time (tg low to strobe low) 20 ns 

tWLSL •• 	.etup time IR/WI low to strobe low) 20 ns 

tRysL ..., .otup time (RS valid to strobe low) 20 ns 

tDVSH Data setup time (DO-D11 valid to strobe high) 75 

tSHCSH T6 hold time (Strobe high to 	high) 20 

ISHWH WWI hold time (Strobe high to R/W high) 20 ns 

tSHRX RS hold time (Strobe high to RS invalid) 20 ns 

1SHDX Data hold time (Strobe high to DO-011 invalid) 20 ns 

TA Operating free-air temperature 0 70 °C 

T
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SN74LS611, SN74LS613 
MEMORY MAPPERS WITH OPEN-COLLECTOR MAP OUTPUTS 

recommended operating conditions 
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SN74LS611, SN74LS613 
MEMORY MAPPERS WITH OPEN-COLLECTOR MAP OUTPUTS 

S
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN 	TYP* 	MAX UNIT 

VIK VCC = MIN, 	Ii = -18 mA -1.5 V 

V OH 0 
VCC = MIN, 	VIH = 2 V. 

VIL = MAX, 	loH = MAX 
2.4 V  

IOH MO VCC = MIN, 	VIH = 2 V, 	VOH = 5 . 5  V 0.1 mA 

VOL 

MO 
VCC = MIN, 	VIH = 2 V, 

VIL = MAX 

IOL = 12 mA 0.25 	0.4 

V 1 01_ = 24 mA 0.35 	0.5 

D 
IOL = 4 mA 0.25 	0.4 

IOL = 8 mA 0.35 	0.5 

1  0ZH 0 
VCC = MAX, 	VIH = 2 V. 

VIL = MAX, 	Vo = 2.7 V 
F  A 20 

IOZL 0  
VCC = MAX, 	VIH = 2 V. 

VO = 0.4 V 
-0.4 mA 

li O VCC = MAX 
VI = 5.5 V 0.1 

mA 
All others Vi = 7 V 0.1 

IIH VCC = MAX, 	VI = 2.7 V 20 FA 

IlL VCC = MAX, 	VI = 0.4 V -0.4 mA 

105 5 	I D VCC = MAX -30 	- : - 
 mA 

ICC VCC = MAX 

Outputs high 
- 

100 	• 

Outputs low 100 	170 
mA 

Outputs disabled 110 	200 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

1 A11 typical values are at VCC =i-- 5 V, TA = 25°C. 

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA 	25 °C, CL = 45 pF to GND 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

SN71:•.• : 	' ... '4: 	.• 13 
UNIT 

MAX 
 

MIN 	I I r• MAX Me% 	' 1 	' 

tcswv Access (enable) time CS1 DO-11 

RL = 2 kit, 

See Figure 1, 

See Notes 2 and 3 

31 50 28 50 ns 

tWHDV Access (enable) time Prat DO-11 23 35 21 35 ns 

tRyDV Access time ii., DO-11 51 75 47 75 ns 

tWLDZ Disable time R/W1 DO-11 32 50 31 50 ns 

tCSHDZ Disable time CST DO-11 41 65 40 65 ns 

tMLQV Access (enable) time MEI MOO-11 

RI_ -- 667 0, 

See Figure 2, 

See Notes 2 and 3 

21 30 19 30 ns 

tCSHOM Access time CS/ M00-11 57 90 53 90 ns 

tMLQV Access time MM1 M00-11 25 40 25 40 ns 

tCHQV Access time CI M00-11 30 45 ns 

tAvoV1 Access time IMM low) MA M00-11 47 70 44 70 ns 

tMHQV Access time MMI M00-11 31 50 31 50 ns 

tAVCIV2 
Propagation time 
— 
(MM high) 

MA M08-11 21 30 20 30 ns 

tEHQ2 Disable time MEI MOO-11 15 25 15 25 ns 

NOTES: 2. Access times are tested as tpLH and tpHL or tpzH or tpzL. Disable times are tested as tpHz and tpLz. 

3. Load circuits and voltage waveforms are shown in Section 1. 
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ICSH R X*1 

	y 
14 , I1 VsL*1 

tWHDV tRVDV 

OUTPUT 
VALID 

tCSHDZ 	tCSLOV tEll--1-V7-4.-1 ♦ iSHDX 

INPUT VALID 

14-11 
tCSLDV 	tINLDZ 

DO 11 	Hi-Z 

TIMING DIAGRAMS 

CS 

tCS LSL-11.1 
1 

R/W 

14-  tWLSL-0.1,11—tSLS1,4-144—"ISHWH-11,1 

FIGURE 1. WRITE AND READ MODES 

AfP 
INSTRUMENTS 
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ADDRESS VALID ADDRESS VALID 
RS NEW ADDRESS 

VALID 

STROBE 

SN54LS610, SN54LS612, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

explanation of letter symbols 

This data sheet uses a new type of letter symbol based on JEDEC Standard 100 to describe time intervals. 
The format is: 

tAB-CD 

where: subscripts A and C indicate the names of the signals for which changes of state or level or 

establishment of state or level constitute signal events assumed to occur first and last, respectively, 
that is, at the beginning and end of the time interval. 

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the 

signals represented by A and C, respectively. One or two of the following is used: 

H = high or transition to high 
L = low or transition to low 
V = a valid steady-state level 
X = unknown, changing, or "don't care" level 
Z = high-impedance (off) state. 

The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. For these 
letter symbols on this data sheet, the signal names are further abbreviated as follows: 

SIGNAL NAME A AND C SUBSCRIPT I. •NAL NAME A AND C SUBSCRIPT 
C C '.1 E 
CS CS . 	' M 
DO-11 D R/W W 
MAO—MA3 A RSO— RS3 R 
MOO—M011 Q STROBE S 



ME 

tELCIV H 
I  

	

\ 	 1 

	

I 	 i 
1 ... 	I 
1.--r fAVCL —Fil 	 I 

I 	I 	 I 

I ADDRESS 
I VALID 

fAVOV1-11.1 

	

14- IC H QV 

VALID 

fEHOZ 

C input and interval tCHOV 

only apply for 'LS610 and 'LS611. 

ADDRESS 
VALID 

14-  fMHOV-II.1 

	

14-1AVQV2iPI 

VALID 
	 Nit 

S
e

3I
A

8
a

  1
1

1
  

C 

MA0.3 

M13 8-11 

M00-7 

3-state outputs Hi-Z: open-collector outputs at H level. 

FIGURE 2. MAP AND PASS MODES 

SN54LS610, SN54LS612, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

TIMING DIAGRAMS 

'CS', 	 XXX22,XX 
t CSHOV-1101 

MM 

14— tMLOV 
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SN54LS620, SN54LS621, 
SN74LS620, SN74LS621, SN74LS623 

OCTAL BUS TRANSCEIVERS 
D2537, AUGUST 1979—REVISED MARCH 1988 

• Bidirectional Bus Transceivers in 
High-Density 20-Pin Packages 

• Local Bus-Latch Capability 

• Hysteresis at Bus Inputs Improves 
Noise Margins 

• Choice of True or Inverting Logic 

• Choice of 3-State or Open-Collector 
Outputs 

DEVICE 	 OUTPUT 	 LOGIC 	 A6 
'LS620 	 3-State 	 Inverting 	 A7 
'LS621 	Open-Collector 	True 	 A8 
'LS623 	 3-State 	 True 	 GND 

SN54LS620, SN54LS621, 
SN54LS622 ....1 PACKAGE 

SN74LS620, SN74LS621, 
SN74LS623... DW OR N PACKAGE 

(TOP VIEW) 

GAB 

Al 

A2 

A3 

A4 

A5 

VCC 
GBA 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

88 

description 

These octal bus transceivers are designed for asyn-

chronous two-way communication between data 

buses. The control function implementation allows 

for maximum flexibility in timing. 

These devices allow data transmission from the A but 

to the B but or from the B bus to the A bus depend-

ing upon the logic levels at the enable inputs (GBA 

and GAB). 

The enable inputs can be used to disable the device 

to that the buses are effectively isolated. 

The dual-enable configuration gives the 'LS620, 

'LS621, and 'LS623 the capability to store data by 

simultaneous enabling of GBA and GAB. Each output 

reinforces its input in this transceiver configuration. 

Thus, when both control inputs are enabled and all 

other data sources to the two sets of bus lines are at 

high impedance, both sets of bus lines (16 in all) will 

remain at their last states. The 8-bit codes appearing 

on the two sets of buses will be identical for the 

'LS621 and 'LS623 devices or complementary for the 

'LS620. 

SN54LS620, SN54LS621, 
SN54LS622 	FK PACKAGE 

(TOP VIEW) 

13:1 
cs1 	 0 03 
< < 

< 
>10  

I.—J 

3 2 1 20 19 

A3 4 	 18 61 

A4 5 	 17 B2 

A5 6 	 16 B3. 

A6 7 	 15 64 

A7 8 	 14 B5 

9 10 11 12 13 

09 	co r. co 
Q Z 03 03  °3  

Q 

FUNCTION TABLE 

ENABLE 	INPUTS OPERATION 

GBA 	GAB 'LS620 'LS621, 'LS623 

L 	 L B data to A bus B data to A bus 

H 	 H A data to B bus A data to B bus 

H 	 L Isolation Isolation 

L 	 H 
B data to A bus, 

A data to B bus 

B data to A bus, 

A data to B bus 

H = high level, L low level 

T
T
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

Off-state output voltage  	5.5 V 

	

Operating free-air temperature range: SN54LS'   —55° C to 125° C 

SN74LS' 	  0° C to 70° C 

Storage temperature range 	  —65° C to 150°C 

NOTE 1 Voltage values are with respect to network ground terminal. 

Noll). 1110h 	r moments contain information 
3 of ;.!' mien date. Products conform to 

P.c terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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'LS620 

EN1 

EN2 

<  

iT F 2 V 

.- BA 	(19)  

GAB 	(1)  

Al 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

81 

82 

B3 

B4 

B5 

B6 

87 

68 B8 A8 

'LS621 

G 	(19) 	 A 

GA B (1)  

(2) 

D 2 

EN1 

EN2 

1 

(3) 	
II 

(41 

(51 

(6)  

(7)  

(81 

(91 

(18) 
61 

132 

— 83 

134 

Al 

A2 

A3 

A4 

A5 

AG 

A7 

(14) 
B5 

B6 

B7 

S
a

31
/1

8
a
  1

1
1
  

(18) 
B1 

B2 

— B3 

B4 

(14) 
B5 

(13) 
B6 

(12) 
B7 

B8 

2-1032 TEXAS 
INSTRUMENTS 
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Pin numbers shown are for DW, J, and N packages. 
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A4 

AS 

AG 
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,A8 

SN54LS620, SN54LS621, SN74LS620, SN74LS621, SN74LS623 
OCTAL BUS TRANSCEIVERS 

logic symbolst 



schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS OF 
'LS620, 'LS623 

- 	 VCC 

TYPICAL OF OUTPUTS OF 

'LS621 

VCC 
1 0 4,0 NOM 50 0 NOM 

OP - _ 	OUTPUT 

INPUT 

PI OUTPUT 

ilr 

2 

T
T

L
 D

e
v

ic
e
s  

SN54LS620, SN54LS621, 
SN74LS620, SN74LS621, SN74LS623 

OCTAL BUS TRANSCEIVERS 

logic diagrams (positive logic) 

'LS620 'LS621 'LS623 

GBA 

GAB 

Al 

A2 

    

GSA 

GAB 

B1 	Al 

B2 A2 

GBA 

GAB 

Bl- Al 

B2 A2 

 

B1 

B2 

TO OTHER SIX 

TRANSCEIVERS 

TO OTHER SIX 

TRANSCEIVERS 

TO OTHER SIX 

TRANSCEIVERS 
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PARAMETER TEST CONDITIONS/ .  
SN54LS620 

S SN74LS620 
 

SW)" I 	..23 UNIT 

MIN TYPt MAX MIN 7 0' 	MAX 

VIH 	High-level input voltage 2 2 V 

Vit. 	Low-level input voltage 0.5 0.6 V 

VI K 	• 	• 3 Voltage = -18 mA -1.5 -1.5 V 

. 	• 	VT+ - VT_) A or B input VCC = ...I• 0.1 	0.4 0.2 	0.4 V 

VOH 	High-level output voltage 

VCC' MIN, 

VIH = 2 V, 

VII_ = VIL max 

IOH = -3 mA 2.4 	3.4 2.4 	3.4 

1 0H = MAX 2 2 

VOL 	Low-level output voltage 
VCC = MIN, 
VIH = 2 V, 

VIL= VIL rnax 

IOL = 12 mA 0.25 	0.4 0.25 	0.4 
V 

loL = 24 mA 0.35 	0.5 

Off-state output current, 
OZH 	high-level voltage applied 

VCC = MAX, 	at 2 V, 

Vo = 2.7 V 
20 20 AA 

Off-state output current, 
OZL 	low-level . 	• 	le applied 

VCC = MAX, 	G at 2 V, 

Vo = 0.4 V 
-400 -400 pA 

Input cu- 	• • 	It 
I I 	maximum input voltage 

A or B 
V 	= MAX. CC 

Vi = 5.5 V 0.1 0.1 
tnA 

BA or GAB Vi= 7 V 0.1 0.1  

IIH 	High-level input current VCC ' MAY 	Vi = 2.7 V 20 20 I.LA 

ILL 	Low-level input current VCC = '." • 	Vi = 0.4 V -0.4 '' " mA 

10$ 	Short-circuit output current § 

Outputs high 
VCC = M--.. 

VCC = MAX, 	Outputs open 

-40 	-225 

48 	70 

-40 

48 	. 

mA 

ICC 	Total supply current mA 0 	. 	ow 62 	 62 	90 

0 	3t Hi-Z 64 	 64 	95 

S
e

31
A
0
a
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1
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SN54LS620, SN74LS620, SN74LS623 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
SN54LS620 

S SN74LS620 
 

SN7.1I 

u 

='•23 UNIT 

MIN NOM MAX MIN MAX 

Supply voltage, VCC (see Note 1) 4.5 5 = 5.75 5.25 V 

High-level output current, !OH -15 mA 

t CU 12 24 mA 

.ir is 	 TA -55 125 0 70 ° C 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more then one output should be shorted at a time, and duration of the short.cIrcult should not exceed one second. 

switching characteristics at VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

%lir. 

'LS620 

MIN 

SN74LS623 
UNIT 

TYP MAX TYP MAX 

tPLH 
Propagation delay time, 

low-to-high. 	•. 	-sutput 

A B 

C I_ = 45 pF, 

RL = 667 11, 

See Note 2 

6 • 8 15 
ns 

B A 6 10 8 15 

tPHL 
Propagatior 	• 	. time, 

high-to-low-level output 

A B 8 15 11 15 
ns 

B A 8 15 11 15 

tpzL Output enable time to low level 
GBA A 31 40 31 40 

ns 
GAB B 31 40 31 40 

tpzH Output enable time to high level 
BA A 23 40 26 40 

ns 
GAB B 23 40 26 40 

tpLz Output disable time from low level -G-BA A 
CL = 5 pF, 

RL = 667 It, 

See Note 2 

15 25 15 25 
ns  

• 
B 15 25 15 25 

1PHZ Output disable time from high level 'ac" 
A 15 25 15 25 

ns 
25 GAB B 15 25 15 

PLH = Propagation delay time, low-to-high-level output 
	

tPZL = Output enable time to low level 
PHL = Propagation delay time, high-to-low-level outpu 	 = Output disable time from high level 

PZH = Output enable time to high level 
	

tPLZ = Output disable time from low level 

NOTE 2: Load circuits end voltage waveforms are shown in Section 1. 



PARAMETER TEST CONDITIONSt 
SN54LS621 SN74LS621 

UNIT 

MIN TYP# MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

viL Low-level input voltage 0.5 0.6 V 

VIK Input clamp voltage Vcc = MIN, 	I1= —18 mA —1.5 —1.5 V 

Hysteresis (VT+ — VT_) A or B input VCC ' MIN 0.1 0.4 0.2 0.4 V 

1 0H High-level output current 
VCC =MIN, 	VIH . 2 V, 

MIL = MIL max,  VOH = 5- 5  V 
100 100 pA 

VOL Low-level output voltage 

VCC = MIN ,  
Viii • 2 V, 

VIL ' VIL max 

lot. = 12 mA 0.25 0.4 0.25 0.4 
V 

101 = 24 mA 0.35 0.5 

II 
Input cur r ent at 

maximum input voltage 

A or B 
VCC = MAX, 

5.5 V 0.1 0.1 
mA 

GAB or -GBA V1 . 7 V 0 1 0 1 

II H High-level input current VCC = MAX, 	VI = 2.7 V 20 20 pA 

ilL Low-level input current Vcc = MAX, 	V1 = 0 4 V —0 4 —04 mA 

ICC Total supply current 
Outputs high 

MCC = MAX. 	Outputs open 
48 70 48 70 

014 
Outputs low 62 90 62 90 
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SN54LS621, SN74LS621 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

PARAMETER 
SN54LS621 SN741S621 

UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC (see Note 11 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, Poi_ 12 24 mA 

Operating free-air temperature, TA — 55 	 125 0 	 70 ° C 

NOTE 1 Voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

tFor conditions shown as MIN or MAX use the approp late value specified under recommended operating conditions. 

tad' typical values are at VCC = 5 V. TA - 25C. 

switching characteristics, VCC = 5 V, TA 	25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS I 	r  UNIT 

MIN 	I r I 	MAX 

Propagation delay time, 
tPLH 

low-to-high-level output 

A B 

CL = 45 pF, 

— 667 0, 

See Note 2 

17 	25 
ns 

B A 17 	25 

tpHL 	
Propagation delay time, 

high-to-low-level output 

A B 16 	25 
ns 

B A 16 	25 

Output disable time 
tPLH from low level 

UBA A 23 	40 
ns 

• •••• B 25 	40 

Output enable time 
tPHL from high level 

•( A 34 	50 
ns 

..,A. B 37 	50 

tPLH = Propagation delay time, low-to-high-level output 

tPHL = Propagation delay time, high-to-low-level output 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 
D2501, JANUARY 1980 — RES 	•." •• 1988 

Separate Supply Voltage Pins for Isolation of 
Frequency Control Inputs and Oscillators 
from Output Circuitry 

Highly Stable Operation over Specified 
Temperature and/or Supply Voltage Ranges 

 

DEVICE 

TYPE 

SIMILAR 

TO 

NUMBER 

VCO's 

COMP'L 

Z OUT 
ENABLE  

RANGE 

INPUT 
Rent 

 

'LS624 

'LS625 

'LS626 

'LS627 

'LS628 

'LS629 

'LS324 

'LS325 

'LS326 

'LS327 

'LS324 

'LS124 

single 

dual 

dual 

,1041 

single 

duel 

yes 

yes 

yes 

no 

Yes 

no 

yes 

no 

yes 

no 

yes 

yes 

yes 

no 

no 

no 

yes 

yes 

no 

no 

no 

no 

yes 

no 

description 

These voltage-controlled oscillators (VCOs) are improved versions of the original VCO family: SN54LS124, SN54LS324 

thru SN54LS327, SN74LS124, and SN74LS324 thru SN74LS327. These new devices feature improved voltage-to-
frequency linearity, range, and compensation. With the exception of the 'LS624 and 'LS628, all of these devices feature 
two independent VCOs in a single monolithic chip. The 'LS624, 'LS625, 'LS626, and 'LS628 have complementary 

Z outputs. The output frequency for each VCO is established by a single external component (either a capacitor or 
crystal) in combination with voltage-sensitive inputs used for frequency control and frequency range. Each device 
has a voltage-sensitive input for frequency control; however, the 'LS624, 'LS628, and 'LS629 devices also have one 

for frequency range. (See Figures 1 thru 6). 

The 'LS628 offers more precise temperature compensation than its 'LS624 counterpart. The 'LS624 features a 600 ohm 

internal timing resistor. The 'LS628 requires a timing resistor to be connected externally across n ext pins. Temperature 

compensation will be improved dur to the temperature coefficient of the external resistor. 

Figure 3 and Figure 6 contain the necessary information to choose the proper capacitor value to obtain the desired 

operating frequency. 

A single 5-volt supply can be used: however, one set of supply voltage and ground pins (VCC and GND) is provided 

for the enable, synchronization-gating, and output sections, and a separate set (OSC VCC and OSC GND) is provided 
for the oscillator and associated frequency-control circuits so that effective isolation can be accomplished in the system. 

For operation of frequencies greater than 10 MHz, it is recommended that two independent supplies be used. Disabling 
either VCO of the 'LS625 and 'LS625 and 'LS627 can be achieved by removing the appropriate OSC VCC. An enable 
input is provided on the 'LS624, 'LS626, 'LS628, and 'LS629. When the enable input is low, the output is enabled: 

when the enable input is high, the internal oscillator is disabled, Y is high, and Z is low. Caution! Crosstalk may occur 
in the dual devices ('LS625, 'LS626, 'LS627 and 'LS629) when both VCOs are operated simultaneously. To minimize 
crosstalk, either of the following are recommended: (Al If frequencies are widely separated, use a 10-Ah inductor 

between VCC pins. (B) If frequencies are closely spaced, use two separate VCC  supplies or place two series diodes 

between the VCC pins. 

The pulse-synchronization-gating section ensures that the first output pulse is neither clipped nor extended. The duty 
cycle of the square-wave output is fixed at approximately 50 percent. 

The SN54LS624 thru SN54LS629 are characterized for operation over the full military temperature range of — 55 °C 
to 125 °C. The SN74LS624 thru SN74LS629 are characterized for operation from 0 °C to 70 °C, 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specilications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 

SN54LS624 J OR W PACKAGE 
SN74LS624 	D OR N PACKAGE 

(TOP VIEW) 

OSC GND 

RNG 

CX1 

CX2 

EN 

Y 

GND 

OSC VCC 

FRED CONT 

NC 

NC 

NC 

VCC 

SN54LS625 	J OR W PACKAGE 
SN74LS625 	D OR N PACKAGE 

(TOP VIEW/ 

VCC 
2Z 

2Y 

2CX1 

2 CX2 

2FC 

20SC VCC 
2OSC GNU 

SN54LS626 . J OR W PACKAGE 
SN74LS626 	D OR N PACKAGE 

(TOP VIEW) 

GND 

1Z 

1Y 

1EN 

1 CX1 

1CX2 

OSC VCC 

OSC GND 

NC - No internal connection  

SN54LS624 	FK PACKAGE 

(TOP VIEW) 

0 O 0 
Z U 

> 0 
L.LI 

Z (

• 

f) U CO 
cc0z0u 
1—J 1-1 L--) lJU 

3 2 	1 20 19 

CX1 4 18 NC 
NC 5 17 NC 

CX2 6 16 NC 
NC 7 15 NC 

EN 8 14 NC 

9 10 	11 12 13 

}CON 0 
Z 

SN54LS625 	FK PACKAGE 

(TOP VIEW) 

NZ U ON 
Z > rsr 

I—I uu LJ I_J 

3 	2 	1 20 19 

lY 4 18 2Y 
1CX1 5 17 2CX1 

NC 6 16 NC 
1CX2 7 15 2CX2 

1FC 8 14 2FC 
9 	10 11 12 13 

0 0  0 

Z  > c, C.9 > 

U 
t0 
0 0 

(0 
0 0 

SN54LS626 ... FK PACKAGE 
(TOP VIEW) 
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10 
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2Y 

2EN 

2CX1 
2CX2 
2FC 
1FC 
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3 	2 	I 

1_, U-1 
20 19 

1Y 4 18 2Y 
1 EN 5 17 2EN 

NC 6 16 NC 
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1CX2 8 14 2CX2 

9 	10 11 
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12 13 
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SN54LS628 	FK PACKAGE 

(TOP VIEW) 
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9 10 11 12 13 
1—r r-11-11-1 1-1  

>CUM U 
Z Z U 

U (/) 
Z 0 u. 

1_7 
1 20 19 

18 RK 

17 NC 
16 RX 

15 NC 

14 NC 

SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 

SN54LS627 ... J OR W PACKAGE 
SN74LS627 	D OR N PACKAGE 

(TOP VIEW) 

	

SN54LS627 	FK PACKAGE 

(TOP VIEW) 

0 
0 

	

(/ 	0 0) 
(-) 1.-.) U

NZ 

10SC VCC 
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1CX1 

1 CX2 

10SC GND 

1Y 
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• 1 • 141 
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• 9I 

• 7 	8111 
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20SC VCC 

2FC 

2CX1 

2CX2 

20SC GND 

2Y 

1CX1 

NC 
1CX2 

NC 

10SC GND 
SN54LS628 	J OR W PACKAGE 
SN74LS628 ... D OR N PACKAGE 

(TOP VIEW) 

2FC 
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2CX1 

NC 

2CX2 
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1FC 

1RNG 

1CX1 

1 CX2 

1EN 

1Y 

OSC GND 

VCC 
OSC VCC 

2RNG 
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2CX2 
2EN 

2Y 

GND 

SN54LS629 	J OR W PACKAGE 
SN74LS629 	D OR N PACKAGE 

(TOP VIEW) 

NC-No internal connection 
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ZZNZ 
C2 f7 
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SN54LS629 . . FK PACKAGE 

(TOP VIEW) 
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logic symbols t 

'LS626 'LS624 'LS625 

(41 
CX2 

(6) 

1OSC VCC 

1OSC GND 

1FC 

1CX1 

1CX2 

OSC GND 

'LS628 'LS629 

(51 

RNG (2)  n 
FC (13) (1 

( 
CX1

3) 
 

OSC VCC 

(14) 

5 V 
10SCI 

RNG 

FC G 

 CX 0 v 

CX (OSCI 

(1) 

OSC GND 

'LS627 

18) 

20SC VCC (10) 

2OSC GND (91  

2FC (11)  n 
2CX1 (13) 

 2CX2 (12)  

1EN 

1Z 	1FC 
(9) n 

1CX1 

1CX2 

2EIV (13) 

 2FC 

2CX1 

2CX2 

S
O

3I
A
0
a
  1

1
1
  

logic diagram (positive logic) 

Cx\ 	  

FC 	  

RC 

('LS624, 
'LS628, 
'LS629 only) 

J111. 

FC 

RC 

EN 

'> T 

EN 

1 — 
13) 

1 RNG 
( ) n 

1 FC 
I 

1CX1 

1CX2 
2 E7,1  (11) 

( 	) (1 
2 RNG 

(1) 
2 FC 

2CX1 

2CX2 

V 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 

1OSC VCC 

1OSC GND 

1FC 

1CX1 

1CX2 

2OSC Vcc 

2OSC GND 

2FC 

2CX1 

2CX2 

1 ,1 	EN 

RNG 

FC 

CX1 

CX2 

RX 

2Y 
	

RX 

RNG 

FC 	GI> 

CX 

CX 

RX 0 v 
RX IOSCI 

OSC GND 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, N, and W packages. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 

schematics of inputs and outputs 

EQUIVALENT OF EACH 
ENABLE INPUT 

1'15624, ' LS626, ' LS628, AND 'LS629) 

EQUIVALENT 
CONTROL OR 

VCC 

OF EACH FREQUENCY 
I' LS624, 'LS628, AND 'LS629) 

RANGE INPUT, 

TYPICAL OF ALL OUTPUTS 

VCC 
50 5-2 NOM 

VCC 25 kil 

4111p1 
9 kn NOM NOM ^_

70 k5-2 lip OUTPUT 
. 

NOM INPUT INPUT 
20 1,52 
NOM 

Pal 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

T
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Supply voltage, VCC (see Notes 1 and 2)   7 V 

Input voltage: Enable inputs 	  7 V 

Frequency control or range input t 	  VCC 

	

Operating free-air temperature range: SN54LS' Circuits   —55° C to 125° C 

	

SN74LS' Circuits   0° C to 70° C 

Storage temperature range 	  —65° C to 150° C 

t The enable input Is provided only on the 'LS624, 'LS626, 'L5628, and 'LS629. 

The range input Is provided only on 'LS624, 'LS628, and 'LS629. 

NOTE: 	1. Voltage values are with respect to the appropriate ground terminal. 

2. Throughout the date sheet, the symbol VCC is used for the voltage applied to both the VCC and OSC VCC terminals, unless 

otherwise noted. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 
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recommended operating conditions 

SN54LS' 

MIN 

SN74LS' 
UNIT 

MIN NOM MAX NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.:., 5 5.25 V 

Input voltage at frequency control or range input, Vio reco or Vitmg il 0 5 0 5 V 

High-level output current, 10H —1.2 —1.2 mA 

Low-level output current, Im_ 12 24 mA 

Output frequency, fo 
1 1 Hz 

20 20 MHz 

Operating free-air temperature, TA —55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS? 
SN54LS' SN74LS' 

UNIT 
MIN TYPE MAX MIN TYPE MAX 

Viti 
High-level input 

voltage at enable# 
2 2 V 

VIL 

Low-level input 

voltage at enabler 
0.7 0.8 V 

VIK Input clamp voltage at enable# VCC = MIN, 11= —18 mA —1.5 —1.5 V 

VOH High-level output voltage 
VCC ' MIN, 

lmi = —1.2 mA, 

EN at VII_ max, 

See Note 3 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 
VCC = MIN , 

 EN at VII_ max, See Note 3 

IOL = 12 mA 0.25 0.4 0.25 0 4 
V 

10L = 24 mA 0.35 0.5 

II Input current 
Freq control 

or rangel 
VCC = MAX 

Vi = 5 V 50 250 50 250 
riA 

Vi = 1 V 10 50 10 50 

II 

Input current 

at maximum 

input voltage 

Enable# VCC = MAX, Vi = 7 V 0.2 0.2 mA 

IIH 
High-level 

Input current 
Enabler VCC 	MAX, V1= 2 7 V 40 40 ;IA 

IIL 
Low-level 

input current 
Enable# VCC = MAX, V1 = 0.4 V —0.8 —0.8 mA 

IOS Short-circuit output current§ VCC .-- MAX —40 —225 —40 —225 mA 

ICC 
Supply current, total into 

VCC and OSC VCC pins 

VCC = MAX, 

Enable# = 4.5 V 

See Note 4 

'LSG24 20 35 20 35 

mA 

'LS625 35 55 35 55 

'LS626 35 55 35 55 

35 55 35 55 

20 35 20 35 

'LS629 35 55 35 55 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25°C. 

t\lcrt more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

¶The range input is provided only on the 'LS624, 'LS628, and 'LS629. 

#The enable input is provided only on the 'LS624, 'LS626, 'LS628, and 'LS629. 

NOTES: 3. VOH for Y outputs and Vol_ for Z outputs are measured while enable inputs are at VIL MAX, with individual 1-0 resistors 

connected from CX1 to VCC and from CX2 to ground. The resistor connections are reversed for testing VOH for Z outputs 

and VOL for Y inputs. 

4. For 'LS624, 'LS626, 'LS628, and 'LS629, ICC is measured with the outputs disabled and open. For 'LS625 and 'LS627, 

ICC is measured with one OSC VCC = MAX, and with the other OSC VCC and outputs open. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 

switching characteristics, VCC = 5 V (unless otherwise noted), RL = 667 0, CL = 45 pF, TA = 25 ° C 

PARAMETER TEST CONDITIONS 
'LS624, 'LS6213, 'LS629 'LS625, 'LS626, 'LS627 

UNIT 
MIN TYP MAX MIN TYP MAX 

fo Output frequency Cex t = 50 pF 

VI(freql = 5  V ,  VI (rng) = 0 V 15 20 25 

MHz 
VIlfreq) = 1 V, V i( rng ) = 5 V 1.1 1.6 2.1 

VI (freq) = 5  V 7 9.5 12 

VI Well) = 0 V 0.9 1.2 1.5 

TYPICAL CHARACTERISTICS 

'LS624, 'LS628, 'LS629 

OUTPUT FREQUENCY 

VS 

FREQUENCY-CONTROL INPUT VOLTAGEt 

TA 

Vcc 
Cext 
Re x t 

- 
= 
= 

= 

5 V 
50 
600 

25°C 

pF 
0 ('LS628) 

_. .... 
,-4 ..1 \\I...AO 

1E110 
IMPIPPEOILI 
rillMWA 01% II—  'lawn" 1211Mr60%,;00—  
WiloM-al 	4 V 5 V 

== 
0 	 2 	3 	4 	5 

Vi(freq) — Frequency-Control Input Voltage — V 

FIGURE 1 

'LS624, 'LS628, 'LS629 

OUTPUT FREQUENCY 

VS 

FREQUENCY -CONTROL INPUT VOLTAGEt 

VCC = 5  V 
Cext = 15 pF 
R ex t = 600 S2 (LS628) 

TA = 25° C 
, 

FBI 
VI( ng) = 4 V 

Vi( trig ) = 5 V 

0 	 2 	_3 	4 	5 

Vi(f req ) — Frequency-Control Input Voltage — V 

FIGURE 2 

30 

25 

>20 

?_;15 
LL 

10 

(.11 

0 

, Due to the effects of stray capacitance the output frequency may be unstable when the frequency 

control voltage is less than 1 volt. 

TEXAS Ittia/I 
 INSTRUMENTS 2-1043 
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VS 

EXTERNAL CAPACITANCE 
100 M 

I 10 M 

tj 1 M 
C 

100 K 

10k 

0 1k 

.9 100 

10 

whim 

lim 
En vcc= 

/, 

5 V 
25°C TA = 

6, 

`;') 	6'

?6, 

to 
P9/  , 

1111 1%6_ 

Il
l I, 6.:6,, 

k" 
 l'.,, 

'''S 

ah. 
10-11 10-10 10-9 10-8  10-7  10-6  10-5 

 Cext — External Capacitance — F 

FIGURE 4 FIGURE 3 

S
O

O
IA

a
a
  1

1
1
  

VS 

FREQUENCY-CONTROL INPUT VOLTAGE t 

10 

9 

8 

17 

6 
0 

Q 5 

4 

C3 3  

2 

0 
0 1 2 3 4 5 

Vi(freq) — Frequency-Control Input Voltage — V 

1 	I 	I 
VCC 5  V 
Cext = 50  pf 

— TA = 25°C 

'LS625, 'LS626, 'LS627 

OUTPUT FREQUENCY 
VS 

FREQUENCY-CONTROL INPUT VOLTAGE 

'LS625, 'LS626, 'LS627 

OUTPUT FREQUENCY 
vs 

EXTERNAL CAPACITANCE 

30 

25 
2 

>20 
U  

a, 15 
Lt. 

§- 10 
0 

‘.-9  5 

0 

I 	I 	I 
VCC 5  V 
Cext = 15 pF 10 M 

I 	1 M 

‘S 100 k 
S 

ti 10 k 

0 

100 

TEXAS 
INSTRUMENTS 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 
VOLTAGE-CONTROLLED OSCILLATORS 

TYPICAL CHARACTERISTICS 

'LS624, 'LS628, 'LS629 
	

'LS625, 'LS626, 'LS627 

OUTPUT FREQUENCY 
	

OUTPUT FREQUENCY 

0 

0 	 2 	3 	4 	5 

VI(freq) — Frequency-Control Input Voltage — V 

FIGURE 5 

100 M 

Vi(f -

eq) -= 0 V VI(frevq1)=5 (freqV) 
2.5■ v  11I  

&stu,  

0 VcC = 5 V 

TA = 25° C 

10-11 10-10 10-9 10 -8  10-7  10-6  10-5 

Cex t — External Capacitance — F 

FIGURE 6 

T Due to the effects of stray capacitance the output frequency may be unstable when the frequency control voltage is less than 1 volt. 
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SN54LS624 THRU SN54LS629, 
SN74LS624 THRU SN74LS629 

VOLTAGE-CONTROLLED OSCILLATORS 

TYPICAL CHARACTERISTICS 

ENABLE TIME 

vs 

FREQUENCY 

1■ 1■=1.1.... 
=M211111 mcc = 5 V  

∎ ■==.•. 
nal 

■=MMInela NEM =NI 1■=M11•1111111111 

rill Il l 
IIIIIII 

TA = 25° C MU 
Ell I II 

11 

il 

1111 
■■■••••■•■• MINIII===MENN 

11=11•11••■•■■■ 	∎ MIN=MIIMINION 
—MEMO 3 V =MEMNON _MEN /MIN 0 V 

-.-I 	F.- t en  
V 11111 1.3V 	 — — 111111 

2 	4 	10 	20 	40 
	

100 

fo - Output Frequency - MHz 

FIGURE 7 

TYPICAL APPLICATIONS DATA 

H§ 	 

C 0„, 

fl 

M 

Cext 
FRED 
CONT M PHASE LOW PASS 

HE 	 

VCO 

RNG t 

ENS 

(or 	KM) COMPARATOR FILTER 

te
n

  —
  E

n
a

b
le

  T
im

e
  —

  n
s  

1000 

100 

10 

T
T
L
 D

e
v

ic
es

  
N 

lor 

f0= N 
 Mft 

f The range input is provided only on the 'LS624, 'LS628, and 'LS629. 

t The enable input is provided only on the 'LS624, 'LS626, 'LS628, and 'LS629. 

§ Input voltages may be variable (analog) depending upon application. 

Cext 	
FREQ 

CONT 

VC 0 

ENt 

	tRNG 

V 

  

  

Cext 

FIGURE A—PHASE-LOCKED LOOP 

TEMS 
INSTRUMENTS 
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SN54LS630, SN74LS630 
16-BIT PARALLEL ERROR DETECTION 

AND CORRECTION CIRCUITS 
D2550, MARCH 1980—REVISED MARCH 1988 

(TIM99630) 

Detects and Corrects Single-Bit Errors 

Detects and Flags Dual-Bit Errors 

Fast Processing Times: 
Write Cycle: Generates Check Word in 

45 ns Typical 
Read Cycle: Flags Errors in 27 ns Typical 

• Power Dissipation 600 mW Typical 

description 

The 'LS630 device is a 16-bit parallel error detection 

and col rection circuit (EDAC) in a 28-pin, 600-mil 

package. It uses a modified Hamming code to generate 

a 6-bit check word from a 16-bit data word. This 

check word is stored along with the data word during 

the memory write cycle. During the memory read 

cycle, the 22-bit words from memory are processed 

by the EDAC to determine if errors have occurred in 

memory. 

Single-bit errors in the 16-bit data word are flagged and 

corrected. 

Single-bit errors in the 6-bit check word are flagged, and 

the CPU sends the EDAC through the correction cycle 

even though the 16-bit word is not in error. The correc-

tion cycle will simply pass along the original 16-bit word 

in this case and produce error syndrome bits to pinpoint 

the error-generating location. 

Dual-bit errors are flagged but not corrected. These dual 

errors may occur in any two bits of the 22-bit word from 

memory (two errors in the 16-bit data word, two errors 

in the 6-bit check word, or one error in each word). 

SN54LS630, . . . JD PACKAGE 

SN74LS630 . . . N PACKAGE 

(TOP VIEW) 

VCC 
SEF 

S1 	CONTROL 
SO 

C BO 

C B1 

CB2 	CHECK 

CB3 	BITS 

C B4 

CB5 

DB15 

DB14 DATA 

DB13 	BITS 

DB12 

SN54LS630 . . . FK PACKAGE 

(TOP VIEW) 

N 	 LL 
CO CO CO 	 U L11 

O 00 o> n co 

4 3 2 1 28 27 26 

DB3 5 	 25 SO 

DB4 6 	 24 LflCBO 

DB5 7 2 

DB6 8 	 22 C 

2 C

B2 

C B1 

DB7 9 	 21 CB3 

DB8 10 	 20 C B4 

DB9 11 	 19  CB5 

12 13 14 15 16 17 18 
nnnrinn t-1  

O L—  0 N CO m urt 

cTo 6 
0 0 0 0 0 0 

 

▪ F 

O 80 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

DB8 

DB9 

DB10 

DB11 

GND 

DATA 

BITS 

 

The gross-error condition of all lows or all highs from 

memory will be detected. Otherwise, errors in three or 

more bits of the 22-bit word are beyond the capabilities 

of these devices to detect. 

CONTROL FUNCTION TABLE 

Memory 

Cycle 

Control 
EDAC Function Data I/O Check Word I/O 

Error Flags 

S1 	SO SEF DEF 

WRITE L 	L Generate Check Word Input Data Output Check Word L L 

READ L 	H Read Data & Check Word Input Data Input Check Word L L  

READ H 	H Latch & Flag Errors Latch Data Latch Check Word Enabled 

READ H 	L 
Correct Data Word & 

Generate Syndrome Bits 
Output Corrected Data Output Syndrome Bits Enabled 

PRODUCTION DATA documents contain information 
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. 

TEXAS AP 
INSTRUMENTS 
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16-BIT PARALLEL E 	DETECTION AND CORRECTION CIRCUITS 

functional block diagram 

CHECK BIT I/O 

A 

• SEF 

PARITY 
GENERATOR 

LATCH 

C 	• 

/12 

12 

COO THRU CB5 	►  

DATA BIT I/O 
/0  

BUFFER 

OE 

OE 
ERROR 

DETECTOR 

16/___ 

• / 

12 

/ 

• DEF 

16 

• 	 C 

LATCH 

DBO THRU DB15".  16 

16/  
BUFFER 

ERROR 
CORRECTOR 

ERROR 
DECODER 4 

OE 

ERROR FUNCTION TABLE 

Total Number of Errors Error Flags 
Data Correction 

16-Bit Data 6-Bit Checkword SEF DEF 

0 

J
 _

1
 _I 

Not Applicable 

0 Correction 

1 Correction 

1 Interrupt 

0 Interrupt 

2 Interrupt 

In order to be able to determine whether the data from the memory is acceptable to use as presented to the bus, the 

EDAC must be strobed to enable the error flags and the flags will have to be tested for the zero condition. 

The first case in the error function table represents the normal, no-error condition. The CPU sees lows on both flags. 
The next two cases of single-bit errors require data correction. Although the EDAC can discern the single check bit 

error and ignore it, the error flags are identical to the single error in the 16-bit data word. The CPU will ask for data 

correction in both cases. An interrupt condition to the CPU results in each of the last three cases, where dual errors 

occu I": 

error detection and correction details 

During a memory write cycle, six check bits (CBO-CB5) are generated by eight-input parity generators using the data 

bits as defined below. During a memory read cycle, the 6-bit check word is retrieved along with the actual data. 

POST OFFICE BOX 655612 • DMA AS TEXAS 2526', 



SYNDROME ERROR CODE 
L-KIOR LOCATION CB0 CB1 CB2 CB3 CB4 CBS 

L L H L H H 

051 L H L L H H 

DB2 H L L L H H 

DB3 L L H H L H 

D84 L H L H L H 

DB5 H L L H L H 

DB6 H L H L L H 

DB7 H H L L L H 

D B8 L L H H H L 

DB9 L H L H H L 

DB10 L H H L H L 

DB11 H L H L H L 

DB12 H H L L H L 

DB13 L H H H L L 

DB14 H L H H L L 

DB15 H H L H L. L 

CBS L H H H H H 

CB1 H L H H H H 

C 82 H H L H H H 

CB3 H H H L H H 

C B4 H H H H L H 

CBS H H H H H L 

NO ERROR H H H H H H 
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SN54LS630, SN74LS630 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

CHECKWORD 

BIT 

16-BIT DATA WORD 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CB0 

C81 

CB2 

CB3 

C84 

CB5 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

X 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

s 

x 

x 

X 

x 

x 

x 

x 

x 

x 

The six check bits are parity bits derived from the matrix of date bits as Indicated by "x" for each bit. 

Error detection is accomplished as the 6-bit check word and the 18-bit data word from memory are applied to internal 

parity generators/checkers. If the parity of all six groupings of data and check bits are correct, it is assumed that no 

error has occurred and both error flags will be low. (It should be noted that the sense of two of the check bits, bits CB0 

and CB1, is inverted to ensure that the gross-error condition of all lows and all highs is detected.) 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error flag or flags will 

be set high. Any single error in the 16-bit data word will change the sense of exactly three bits of the 6-bit check word. 

Any single error in the 6-bit check word changes the sense of only that one bit. In either case, the single error flag will 

be set high while the dual error flag will remain low. 

Any two-bit error will change the sense of an even number of check bits. The two-bit error is not correctable since the 

parity tree can only identify single-bit errors. Both error flags are set high when any two-bit error is detected. 

Three or more simultaneous bit errors can fool the EDAC into believing that no error, a correctable error, or an uncor-

rectable error has occurred and produce erroneous results in all three cases. 

Error correction is accomplished by identifying the bad bit and inverting it. Identification of the erroneous bit is 

achieved by comparing the 16-bit data word and 6-bit check word from memory with the new check word with one 

(check word error) or three (data word error) inverted bits. 

As the corrected word is made available on the data word I/O port, the check word I/O port presents a 6-bit syndrome 

error code. This syndrome code can be used to identify the bad memory chip. 

ERROR SYNDROME TABLE 

Tr xas 
INsi MENTS 
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SN54LS630, SN74LS630 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

"CC 

TYPICAL OF DEF AND 

120 U NOM 

,----- 
____ 

/ 

SEF OUTPUTS 
Vcc 

--- 	OUTPUT 

TYPICAL OF CS AND DB 

INPUT 	- 1____  

10 kO NOM VCC 
100 O NOM 

_ir 4 
,,, 	OUTPU 1 

11§. 
vy  

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage: SO and 51 	  7 V 

CB and DB 	  5.5 V 

	

Off-state output voltage ...   5.5 V 

Operating free-air temperature range: SN54LS630 	  —55°C to 125°C 

SN74LS630 	  0°C to 70°C 
Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS630 SN74LS630 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4 5 5 5.5 4.75 5 5.25 V 

10H High-level output current 
CB or DB, ' 	fnly 

- 
— 1 — 1 

mA 
>r SEF —0.4 —0.4. 

VOH High-level output voltage CB or DB, •LS631 only 5.5 5.5 V 

IOL Low-level output current 
ra n, MI 

- 
12 24 

mA 
,, 	........ 4 8 

tsu  Setup time 
L.Isr or DB before S11 1 15 15 

ns 
CB or DB before Slit 45 45 

th Hold time CB or DB after S11 15 15 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

This time guarantees the input data and checkword will be latched. 

This time guarantees the input data and checkword will be latched plus that no glitch will occur on SEF or OEF flags. 

t The upward-pointing arrow indicates a transition from low to high 

s
a

3
In

G
G

  1
1

1
  

TEXAS still  
INSTRUMENTS 

2-1050 
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SN54LS630, SN74LS630 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

electrical characteristics over recommended operating free•air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
SN541$630 SN74LS1330 

UNIT 
MIN TVPt MAX MIN TYP$ MAX 

VIH High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCc= MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
CB or DB VCC = MIN ,  

VIH = 2 V, 

VIL..VILmin 

1 0H = MAX 2.4 3.3 2.4 3.2 
V 

DEF or SEF 1 0H = -400 NA 2.5 3.4 2.7 3.4 

VOL Low-level output voltage 

CB or DB VCC • MIN, 

VIH = 2 V, 

Va. = VII_ max 

loL= 12 mA 0.25 0.4 0.25 0.4 

V 
loL = 24 mA 0.35 0.5 

DEF or SEF 1 0L = 4  mA 0.25 0.4 0.25 0.4 

IOL ' 8 mA 0.35 0.5 

1 0ZH 
Off-state output current, 

high-level voltage applied 
CB or DB 

VCC = MAX, 	V0 = 2.7 V, 

SO and S1 at 2 V 
20 20 m A 

10ZL 
Off-state output current, 

low-level voltage applied 
CB or DB 

VCC = MAX, 	Vo = 0.4 V, 

SO and S1 at 2 V 
-200 -200 NA 

11 
Input current at maximum 

input voltage 

CB or DB VCC = MAX, 

VIH = 4.5 V 

Vi = 5.5 V 0.1 0.1 mA  

SO or Si V1 = 7 V 0.1 0.1 

1 1H High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 NA 

11L Low-level input current VCC = MAX, 	V1= 0.4 V -0.2 -0.2 mA 

1 0S9 
Short-circuit output 

current 

CB or DB 
VCC -• MAX 

-30 -130 -30 -130 
mA 

DEF or SEF -20 -100 -20 -100 

ICC Supply current 

VCC = MAX, SO and S1 at 4.5 V, 

All CB and DB pins grounded, 

DEF and SEF open 

143 230 143 230 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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SN54LS630, SN74LS630 
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16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

switching characteristics, VCC = 5 V, TA = 25 ° C, CL = 45 pF 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS630 
UNIT 

I.••• 	TNT MAX 

tpLH 	Propagation delay time, low-to-high-level outputt 
DB CB 

SO at 0 V, 	S1 at 0 V, 

R L = 667 SI, See Figure 1 

31 	65 ns  

tPHL 	Propagation delay time, high-to-low-level outputt 45 	65 ns 

IPLH 	Propagation delay time, low-to-high-level output* Slt 
DEF SO at 3 V. 	RL = 21(0, 

See Figure 1 

27 	40 
ns 

SEF 20 	30 

tpzil 	Output enable time to high level§ S01 CB, DB 
Si at 3 V, 	RL =667 I2, 

See Figure 2 
24 	40 ns 

tPZL Output enable time to low levels SO1 CB, DB 
S1 at 3 V, 	RL = 667 Si, 

See Figure 1 
30 	45 ns 

tpHz Output disable time from high level1 SO1 CB, DB 
St at 3 V. 	RL = 667 0, 

See Figure 2 
43 	65 ns 

tPLZ Output disable time from low level1 SO1 CB, DB 
S1 at 3 V, 	RL = 667 S2, 

See Figure 1 
31 	65 ns 

These parameters describe the time intervals taken to generate the check word during the memory write cycle. 

These parameters describe the time intervals taken to flag errors during the memory read cycle. 

These parameters describe the time intervals taken to correct and output the data word and to generate and output the syndrome error code during the 

memory read cycle. 

These parameters describe the time intervals taken to disable the CB and DB buses in preparation for a new data word during the memory read cycle. 

PARAMETER MEASUREMI P. r INFI)FiMATION 

 

= 5 V 

 

OUTPUT 
OF CIRCUIT 

      

         

         

OUTPUT 
OF CIRCUIT 

         

   

CL = 45 pF 	 RL = 667 ,: T 

    

  

= 45 pF 

 

    

FIGURE 1—OUTPUT LOAD CIRCUIT 	 FIGURE 2—OUTPUT LOAD CIRCUIT 

2-1052 INSTRUMENTS 
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SN54LS630, SN74LS630 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

typical operating sequences 

READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 

SO 

Si 

tsu —144—  Mold 

DBO.DBI5--< INPUT DATA WORD ee&)\< 
	 

n 

tSUL- 4--  fhold 

CBO-C85 
	

INPUT CHECK WORD 

I4--- ten ---41 

tpd 

SEF 

DEF 

N.Is.\\11111.N. 

OUTPUT CORRECTED DATAWORD 	
1 

14— iclis —44  

 

OUTPUT SYNDROME CODE 

  

   

■ 

 

VALID SEF FLAG 

 

114— tpd 	
VALID DEF FLAG 
	

I  

NOTE: There are two conditions specified for t su  of Data or Checkword before SI . See recommended operating conditions for 

details. 

INS1 RI MENTS 
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3 2 	1 	20 19 

DB2 4 18 S1 

DB3 5  17 SO 

DB4 6 16 CB0 

DB5 7 15 CBI 

DB6 8 14 CB2 

9 10 11 12 13 

N 0 .4-  ci 
CO Z 

C:1 0 U 

NC—No internal connection. 

SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

D2728, APRIL 1983—REVISED MARCH 1988 

• Detects and Corrects Single-Bit Errors 

Detects and Flags Dual-Bit Errors 

• Fast Processing Times: 

• Write Cycle: 	Generates Check Word in 
45 ns Typical 

Read Cycle: 	Flags Errors in 27 ns 
Typical 

• Power Dissipation 500 mW Typical 

• Choice of Output Configurations: 
'LS636... 3-State 

'LS637 . 	. Open Collector 

SN54LS' 
SN74LS' 

DEF O 
DBO 

DB1 

DB2  ■ 
DB3 
D84 

DB5  ■ 
DB6  / 
DB7111 
OND ■ 10 ■ CB4  

(Top 

. 	J PACKAGE 
DW OR 

viEw) 

N PACKAGE 

VcC 

sSEi  F 

S C0 80 

CB1 

■  CB2 

■ CH3 
121INC 

1 
2 

4 

7 

8 

9 

20  

19/ 
18 

1 161 

16 ■ 

14 

13 

SN54LS' 	FK PACKAGE 

(TOP VIEW) 

	

o u_ 	u_ 

	

mon Lu 	w 
0 0 0 > 

L/ LI LI LI LI 

description 

The 'LS636 and 'LS637 devices are 8-bit parallel error 

detection and correction circuits (EDACs) in 20-pin, 

300-mil packages. They use a modified Hamming 

code to generate a 5-bit check word from an 8-bit data 

word. This check word is stored along with the data 

word during the memory write cycle. During the 

memory read cycle, the 13-bit words from memory 

are processed by the EDACs to determine if errors 

have occurred in memory. 

Single-bit errors in the 8-bit data word are flagged and corrected. 

Single-bit errors in the 5-bit check word are flagged, and the CPU sends the EDAC through the correction cycle even 

though the 8-bit word is not in error. The correction cycle will simply pass along the original 8-bit word in this case 

and produce error syndrome bits to pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected. These dual errors may occur in any two bits of the 13-bit word from 

memory (two errors in the 8-bit data word, two errors in the 5-bit check word, or one error in each word). 

The gross-error condition of all highs from memory will be detected. Otherwise, errors in three or more bits of the 

13-bit word are beyond the capabilities of these devices to detect. 

CONTROL FUNCTION TABLE 

MEMORY 

17YI- LE 

CONTROL 
EDAC FUNCTION DATA I/O CHECK WORD I/O 

ERROR I LA.,., 

Si 	SO SEF DPI: 

L 	L Generate Check Word Input Data Output Check Word L L 

— 	) L 	H Read Data & Check Word Input Data Input Check Word L L 

READ H 	H Latch & Flag Errors Latch Data Latch Check Word Enabled 

READ 
Correct Data Word & 

Generate Syndrome Bits 
Output Corrected Data Output Syndrome Bits Enabled 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

functional block diagram 

so 	  

Si 	  

FUNCTION 
SELECTO R 

21  
SO-S1  
SO-S7 

	• SEP 

	►  DEF 

5, 
LATCH 

C 

BUFFER 

OE 

PARITY 
GENERATOR 

10 
• /  

10 

OE 
ERROR 

DETECTOR 

CHECK BIT I/0 4 /5 ►
• CBO THRU CB4 

LATCH 

C 

4 	 
ERROR 

DECODER 7 
ERROR 

CORRECTOR 

   

S
8

3
IA

a
O

  
1
1
1
  

DATA BIT I/O 
DBO THRU DB7 8 

• 

BUFFER 

OE 

ERROR FUNCTION TABLE 

TOTAL NUMBER OF 11.h. 41•. I DP. IR FLAGS DATA 

CORRECTION 8-BIT DATA 5-BIT C•11 . P':...11D '4.1 DEF 

0 0 

1  
_

I
 x

l 	
I
 
X

 i
  

Not Applicable 

1 0 Correction 

0 1 

'
 Correction 

1 1 Interrupt 

2 0 Interrupt 

0 2 Interrupt 

In order to be able to determine whether the data from the memory is acceptable to use as presented to the bus, 

the EDAC must be strobed to enable the error flags and the flags will have to be tested for the zero condition. 

The first case in the error function table represents the normal, no-error condition. The CPU sees lows on both flags. 

The next two cases of single-bit errors require data correction. Although the EDAC can discern the single check bit 

error and ignore it, the error flags are identical to the single error in the 8-bit data word. The CPU will ask for data 

correction in both cases. An interrupt condition to the CPU results in each of the last three cases, where dual errors occur. 

error detection and correction details 

During a memory write cycle, five check bits ICBO-CB4) are generated by eight-input parity generators using the data 

bits as defined below. During a memory read cycle, the 5-bit check word is retrieved along with the 8-bit data word. 

2-1056 TEXAS 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

CHECKWORD 

BIT 

8-BIT DATA WORD 

0 1 2 3 4 5 6 7 

CBO 

CB1 

CB 2 

CB3 

CB4 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 
X 

X 

x 

X 

X 

X 

X 

X 

The five check bits ere parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

Error detection is accomplished as the 5-bit check word and the 8-bit data word from memory are applied to internal 

parity generators/checkers. If the parity of all five groupings of data and check bits are correct, it is assumed that 

no error has occurred and both error flags will be low. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error flag or flags 

will be set high. Any single error in the 8-bit data word will change the sense of exactly three bits of the 5-bit check 

word. Any single error in the 5-bit check word changes the sense of only that one bit. In either case, the single error 

flag will be set high while the dual error flag will remain low. 

Any two-bit error will change the sense of an even number of check bits. The two-bit error is not correctable since 

the parity tree can only identify single-bit errors. Both error flags are set high when any two-bit error is detected. 

Three or more simultaneous bit errors can fool the EDAC into believing that no error, a correctable error, or an 

uncorrectable error has occurred and produce erroneous results in all three cases. 

Error correction is accomplished by identifying the bad bit and inverting it. Identification of the erroneous bit is achieved 

by comparing the 8-bit data word and 5-bit check word from memory with the new check word with one (check word 

error) or three (data word error) inverted bits. 

As the corrected word is made available on the data word I/O port, the check word I/O port presents a 5-bit syndrome 

error code. This syndrome code can be used to identify the bad memory chip. 

ERROR SYNDROME TABLE 

ERROR LOCATION 
CBO 

SYNDROME ERROR CODE 

Cal 	CB2 	C83 CB4 

DBO L L H L H 

DB1 L H L L H 

DB2 H L L L H 

DB3 L L H H L 

DB4 L H L H L 

DB5 H L L H L 

DB6 H L H L L 

DB7 H H L L L 

C BO L H H H H 

CB1 H L H H H 

CB2 H H L H H 

CB3 H H H L H 

C84 H H H H L 

NO ERROR H H H H H 

TEXAS 	 2-1057 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF DEF AND SEF OUTPUTS 

VCC VCC 

INPUT 

10 kt2 NOM 
120 St NOM 

OUTPUT lb 

Pa 
TYPICAL 

100 

OF CB AND DB ('LS636) TYPICAL OF CB AND DB ('LS637) 

OUTPUT 

Q NOM 	
VCC 

OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

	

Input voltage: SO and S1 	  

	

CB and DB 	  

Off-state output voltage 

Operating free-air temperature range: SN54LS636, SN54LS637 

	 7V 

7V 

5.5 V 

  5.5 V 

—55° C to 125° C 

Storage temperature range 
SN74LS636, SN74LS637 	  0° C to 70° C 

	  —65° C to 150° C 

  

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS636 

SN ,  I. ' • 37 

SN74LS636 

SN74LS637 UNIT 

MIN 	'..": MAX MIN 	NOM MAX 

VCC Supply voltage 4.5 	n 5.5 4.75 	5 5/5 V 

IOH High-level output current 
CB or DB, 'LS636 only —1 —1 

mA 
DEF or SEF —0.4 —0.4 

Voi..i High-level output voltage CB or DB, 'LS637 only 5.5 5.5 V 

IOL Low-level output current 
CB or DB 12 24 

mA 
DEF or SEF 4 8 

tsu  Setup time 
CB or DB before 5111 15 15 

ns 
CB or DB before S1 t 1 45 45 

th Hold time CB or DB after S11 15 15 ns 

TA Operating free-air temperature —55 125 0 70 ° C 

t This time guarantees the input data and checkword will be latched. 

This time guarantees the input data and checkword will be latched plus that no glitch will occur on SEF or DEF flags. 

The upward-pointing arrow indicates a transition from low to high. 

Nto 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETERS TEST CONDITIONSI 

SN54LS636 SN74LS636 

UNIT 
MIN TYPT MAX MIN TYPT MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VII( Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
CB or DB 

VCC = MIN, 

VIH = 2 V, 

VIL = VIL min 

ICIH = MAX 2.4 3.3 2.4 3.2 
V 

DEF or SEF IOH = -400  PA 2.5 3.4 2.7 3.4 

VOL Low-level output voltage 

CB or DB Voc = MIN, 

VIH = 2 V, 

VIL = VIL max 

loL= 12 mA 0.25 0.4 0.25 0.4 

V 
loL = 24 mA 0.35 0.5 

DEF or SEF IOL = 4  mA 0.25 0.4 0.25 0.4 

loL=8mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 
CB or DB VCC = MAX, 	Vo = 2.7 V, 

SO and Si at 2 V 
20 20 5A 

IOZL 
Off-state output current, 

low-level voltage applied 
CB or DB 

VCC = MAX, 	Vo = 0.4 V, 

SO and St at 2 V 
-0.2 -0.2 mA 

II 
Input current at maximum 

input voltage 

CB or DB VCC = MAX, 

VIH = 4.5 V 

VI = 5.5 V 0.1 0.1 
mA 

SO or S1 Vi = 7 V 0.1 0.1 

I ii.i High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 IrA 

I IL Low-level input current VCC =  MAX, 	VI= 0.4 V -0.2 -0.2 mA 

1 00 
Short-circuit output 

current 

CB or DB 
VCC -MAX 

-30 -130 -30 -130 
mA 

DEF or SEF -20 -100 -20 -100 

ICC Supply current 

VCC = MAX, SO and St at 4.5 V, 

All CB and DB pins grounded, 

DEF and SEF open 

100 160 100 160 mA 

PARAMETER TEST CONDITIONSt 
SN54LS637 SN74LS637 

UNIT 
MIN TYPT MAX MIN TYPT MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, 	It = -18 mA -1.5 -1.5 V 

VOH High-level output voltage LIEF or SEF 

	

C =MIN, 	1 0H = -400 gA, VCC  

	

Vivi= 2 V, 	VIL = ViLmax 
2.5 3.4 2.7 3.4 V 

IOH High-level output current CB or DB VCC =MIN, 	VOH = 5 . 5  V, 
Vivi = 2 V, 	VIL= ViLmax 

0 1 0.1 mA 

VOL Low-level output voltage 

CB or DB \too = MIN, 

VIH = 2 V, 

VIL=  ViLmax 

loL= 12 mA 025 0.4 0.25 0.4 

V 
loL = 24 mA 0.35 0.5 

DEF or SEF 
IOL =r 4  mA 0.25 0.4 0.25 0,4 

IOL = 8  mA 0.35 0.5 

II 

Input current at 

maximum input voltage 

CB or DB VCC = MAX, 

VIH - 4.5 V 

Vi = 5.5 V 0.1 0.1 
mA 

SO or Si Vi = 7 V 0.1 0.1 

IRA High-level input current VCC = MAX 	Vi = 2.7 V 20 20 pA 

'IL Low-level input current VCC = MAX, 	Vi = 0.4 V -0.2 -0.2 mA 

10S§ 
Short-circuit output-1 

current 	
DEF or SEF VCC = MAX -20 -100 -20 -- 100 mA 

ICC Supply current 

VCC r. MAX, SO and S1 at 4.5 V, 

All CB and DB grounded, 

SEF and DEF open 

90 144 90 144 mA 

t For conditions shown as M IN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25 ° C. 

§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8.131T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

'LS636 switching characteristics, VCC = 5 V, TA = 25°C, CL = 45 pF 

PARAMETER 
FROM 

(INPUT/ 

TO 

(OUTPUT) 
TEST CONDITIONS 

L'.. 
	••: 

•MN 	T tl• 	•.•• • 
UNIT 

tpLH 	Propagation delay time, low-to-high-level output t 
DB CB 

SO at 0 V, 	S1 at 0 V, 

RL = 6670, See Figure 1 

31 	4a ns 

tpHL Propagation delay time, high-to-low-level output t 46 	65 ns 

tpLH 	Propagation delay time, low-to-high-level output= S1 t 
DEF SO at 3 V, 	R L.  = 2 kft, 

See Figure 1 

27 	40 
ns 

SEF 20 	30 

tpzH Output enable time to high level§ spy CB, DB 
S1 at 3 V, 	RL = 667 ft, 

See Figure 2 
24 	40 ns 

tpzi. 	Output enable time to low level) S01 C8, DB 
51 at 3 V, 	R L.  =667 ft, 

See Figure 1 
30 	45 ns 

tpHz Output disable time from high levell SOt CB, DB 
S1 at 3 V, 	RL = 667 ft, 

See Figure 2 
43 	65 ns 

tpLz 	Output disable time from low level I SOt CB, 08 
S1 at 3 V, 	RL = 667E2, 

See Figure 1 
31 	45 ns 

LS637 switching characteristics, VCC = 5 V, TA = 25°C, CL = 45 pF, see Figure 1 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS637 
UNIT 

MIN TVP 	MAX 

tpLH Propagation delay time, low-to-high level output t 
DB CB 

SO at 0 V, 	S1 at OV, 

RL = 667 0 

38 	55 ns 

tpHL Propagation delay time, high-to-low-level outputt 45 	65 ns 

tp LH Propagation delay time, low-to-high-level output* Slt 
DEF 

SO at 3 V, 	RL = 2 kf 2. 
27 	40 ns 

SEF 20 	30 ns 

tpHL Propagation delay time, high-to-low-level output 4  504 CB, DB S1 at 3 V, 	RL = 667 kil 28 	45 ns 

1 PLH Propagation delay time, low-to-high-level outputt SOt CB, DB S1 at 3 V, 	RL = 667 kft 33 	50 ns 

*These parameters describe the time intervals taken to generate the check word during the memory write cycle. 

*These parameters describe the time intervals taken to flag errors during the memory read cycle. 

§These parameters describe the time intervals taken to correct and output the data word and to generate and output the syndrome error 

code during the memory read cycle. 

*These parameters describe the time intervals taken to disable the CB and DB buses in preparation for a new data word during the memory 

read cycle. 

PARAMETER MEASIIREs.1ENT INFORMATION 

 

5= V 

	

V CC 	 OUTPUT 

	

O 	 OF CIRCUIT 

   

L 

OUTPUT 
OF CIRCUIT 

   

  

C L  =45 pF 

   

FIGURE 1—OUTPUT LOAD CIRCUIT 
	

FIGURE 2—OUTPUT LOAD CIRCUIT 
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SN54LS636, SN54LS637, SN74LS636, SN74LS637 
8•BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

typical operating sequences 

READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 

SO 

S1 

tsut-1144 thold 

DBO-DB7-‹ INPUT DATA WORD ."(.. )< OUTPUT CORRECTED DATAWORD 

, t , t1 -1f, 	 14—  

	 , bold 

CBO-CB4 	 INPUT CHECK WORD )..--22t 7).( 	OUTPUT  SYNDROME  CODE 

11 -41 
	

t rlis 

tpd 

SEF 

tpd 

DEF 

t NOTE: There are two conditions specified for t su  of Data or Checkword before Sit See recommended operating conditions for detail. 

VALID SEF FLAG 

VALID DEF FLAG 

Eal 

T
T

L
 D

e
v

ic
e

s  

TEXAS 	 2 1061 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



 

2 



SN54LS638, SN54LS639 . . J PACKAGE 

SN74LS638, SN74LS639 . . . DW OR N PACKAGE 

(TOP VIEW) 

DIR 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

GND 

VCC 
G 

B1 

02 

B3 

B4 

B5 

B6 

B7 

B8 

SN54LS638, SN54LS639 . . . FK PACKAGE 

(TOP VIEW) 

cc „ 
5 -"Ico 

FUNCTION TABLE 

CONTROL 

INPUTS 

OPERATION 

'LS638 'LS639 
U 	DIR 

L 	L 

L 	H 

H 	X 

0 data to A bus 

A data to B bus 

Isolation 

B data to A bus 

A data to B bus 

Isolation 

H = high level, L = low level, X = irrelevant 

I__T 1__I L-1 L.-1 

A3 

A4 

A5 
A6 

A7 

3 	2 	1 20 

4 

5 

6 

7 

U 8  

19 

18 

16 

6 

 15 

14 

61 

 B2 B  

B4 

B5 

9 10 11 12 13 
r-1 rn  

CS CI CO r. 
z 	03 03  
CD 

T
T

L
 D

e
v

ic
e

s  

SN54LS638, SN54LS639, SN74LS638, SN74LS639 
OCTAL BUS TRANSCEIVERS 

D2636, JANUARY 1981-REVISED MARCH 1988 

Bidirectional Bus Transceivers in High-
Density 20-Pin Packages 

Hysteresis at Bus Inputs Improves Noise 
Margins 

Choice of True or Inverting Logic 

A Bus Outputs are Open-Collector, 
B Bus Outputs are 3-State 

description 

These octal bus transceivers are designed for asyn-

chronous two-way communication between open-

collector and 3-state buses. The devices transmit data 

from the A bus (open-collector) to the B bus (3-state) 

or from the B bus to the A bus depending upon the 

level at the direction control (D I R ) input. The enable 

input (G) can be used to disable the device so the 

buses are isolated. 

is 	 

DEVICE A OUTPUT B OUTPUT LOGIC 

'LS638 Open-Collector 3-State Inverting 

'LS639 Open-Collector 3-State True 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF A OUTPUTS TYPICAL OF B OUTPUTS 

- __ _ _ _ _ _ VCC 
VCC 

10 kE2 NOM 50 E2 NOM  

INPUT 

-- 

.1,--- OUTPUT 
411P 

AI 

IIII 
OUTPUT 

IIMI 

PRODUCTION DAIS documents contain information 
nu rrrrr as of p.ilmation date. Products conform to 
spec,fications pm the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS638, SN54LS639, SN74LS638, SN74LS639 
OCTAL BUS TRANSCEIVERS 

logic symbolst 

t These symbols are in accordance with ANSI/IEEE Std 91.1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, and N pac ages. 

logic diagrams (positive logic) 

'LS638 
	

'LS639 

DIR 

Al B1 

B2 

DIR 

Al 

A2 

B1 

B2 

TO SIX OTHER TRANSCEIVERS 
	

TO SIX OTHER TRANSCEIVERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1)  	7 V 
Input voltage (DIR or t;)  	7 V 

Off-state output voltage (A or B) 	  5.5 V 
Operating free-air temperature range: SN54LS638, SN54LS639 	  —55°C to 125° C 

SN74LS638, SN74LS639 	  0° C to 70° C 

	

Storage temperature range   —65° C to 150°C 

NOTE 1: Voltage values ore with respect to the network ground terminal. 
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SN54LS638, SN54LS639, SN74LS638, SN74LS639 
OCTAL BUS TRANSCEIVERS 

recommended operating conditions 

Nr......i.s. SN /4LS' 
UNIT 

' MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH (A bus) 5.5 5.5 V 

High-level output current, loH (B bus) -12 -15 mA 

Low-level output current, lot_ (A or B bus) 12 24 mA 

Operating free-air temperature, TA -55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN 	TYPt 	MAX MIN 	TYPt 	MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.5 0.6 V 

VIK Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

Hysteresis (VT+-VT_) VCC - MIN 0.1 0.4 0.2 0.4 V 

ION High-level output current A 
Vcc = MIN, VIH =2 V, VI L = MAX, 

VON = 5.5 V 
0.1 0.1 mA 

VOH High-level output voltage B 
VCC = MIN, VIN = 2 V, 

VI L - MAX 

10H=  -3 mA 2.4 2.4 
V 

ION - MAX 2 2 

VOL Low-level output voltage A or B 
VCC = MIN, VIH = 2 V, 

V1L = MAX 

loL = 12 mA 0.25 0.4 0.25 0.4 
V 

loL = 24 mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 

B 
Vcc = MAX, G at 2 V, 	Vo = 2.7 V 20 20 gA 

IOZL 
Off-state output current 

low-level voltage applied 
A or B VCC = MAX,G at 2 V, 	V0= 0.4 V -0.4 -0.4 mA 

II 

Input current at maxi- 

mum input voltage 

A or 8 
VCC - MAX 

V1 = 5.5 V 0.1 0.1 
mA 

DIR or .d" Vi = 7 V 0.1 0.1 

11 H High-level input current VCC = MAX, V1 = 2.7 V 20 20 pA 

11L Low-level input current Vcc = MAX, V1= 0.4 V -0.4 -0.4 mA 

IOS 
Short-circuit 

output current§ 
8 VCC' MAX -40 -225 -40 -225 mA 

1CCH Supply current, outputs high VCC = MAX, Outputs open 48 70 48 70 mA 

1CCL Supply current, outputs low VCC = MAX, Outputs open 62 90 62 90 mA 

Iccz Supply current, outputs off VCC = MAX, Outputs open 64 95 64 95 mA 

T For conditions shown as MIN or MAX, use he appropriate value specified under recommended operating conditions, 

T  All typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, VCC = 5 V, TA = 25 ° C, see note 2 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS638 'LS639 
UNIT 

MIN TYP MAX MIN 	TYP MAX 

tPLH 
A B 

CL = 45 pF, RL = 667 St 

6 	10 8 	15 
ns 

8 A 17 	..: 	 19 	25 

tPHL 
A B 8 	In 	 11 	15 

ns 
B A . 14 	 16 	25 

tpLH G A 26 	4.- - 	23 	40 ns 

1 PHL U A 43 	 34 	50 ns 

IPZI-1 G B 23 	 26 	40 ns 

tpZL U B 31 	4rt 	 31 	40 ns 

tPHZ B 
CL = 5 pF, RL = 667 .11 

15 	 15 	25 ns 

tPLZ B 15 	co 1 	 15 	25 ns 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

,to 
2-1065 



5 

4 

3 

2 

V
s

—
O

u
tp

u
t  

V
o

lta
g

e—
V

 

1 

0 

SN54LS638, SN54LS639, SN74LS638, SN74LS639 
OCTAL BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

SN54LS' 
INVERTING OUTPUT VOLTAGE 

vs 

INPUT VOLTAGE 

1 
	TA = 125° C 

= 25° C 
= -55° C 

TA 
- -- 	-TA 

......... .... 

.\ Iii i• 

4 

lit 

0 	0 5 	 1.5 

VI-Input Voltage-V 

FIGURE, 
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DIR 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

GND 

VCC 
G 

B1 

B2 

B3 

84 

85 

B6 

B7 

B8 

SN54LS' . . PK PACKAGE 

(TOP VIEW) 

U >") 1(.9 

SN54LS640 THRU SN54LS642, SN54LS644, SN54LS645 
SN74LS640 THRU SN74LS642, SN74LS644, SN74LS645 

OCTAL BUS TRANSCEIVERS 
D2420, APRIL 1979—REVISED MARCH 1988 

SN74LS64X-1 Versions Rated at l oL 
 of 48 mA 

SN54LS' . . . J PACKAGE 
SN74LS' . . . DW OR N PACKAGE 

(TOP VIEW) 
Bi-directional Bus Transceivers in High-
Density 20-Pin Packages 

Hysteresis at Bus Inputs Improves Noise 
Margins 

• Choice of True or Inverting Logic 

• Choice of 3-State or Open-Collector 
Outputs 

DEVICE 	 OUTPUT 	 LOGIC 

'LS640 	 3-State 	 Inverting 

'LS641 	Open-Collector 	 True 

'LS642 	Open-Collector 	 Inverting 

'LS644 	Open-Collector 	True and tnverting 

'LS645 	 3-State 	 True 

T
T

L
 D

e
v

ic
e

s  

description 

These octal bus transceivers are designed for asyn-

chronous two-way communication between data buses. 

The devices transmit data from the A bus to the B bus or 

from the B but to the A bus depending upon the level at 

the direction control (DIR) input. The enable input (GI 

can be used to disable the device so the buses are effec-

tively isolated. 

The -1 versions of the SN74LS640 thru SN74LS642, 

SN74LS644, and SN74LS645 are identical to the 

standard versions except that the recommended 

maximum 101. is increased to 48 milliamperes. There 

are no -1 versions of the SN54LS640 thru 

SN54LS642, SN54LS644, and SN54LS645. 

The SN54LS640 thru SN54LS642, SN54LS644, and 

SN54LS645 are characterized for operation over the 

full military temperature range of — 55 °C to 128°C. 

The SN74LS640 thru SN74LS642, SN74LS644, and 

SN74LS645 are characterized for operation from 0 °C 

to 70°C  

L_Il_J LJ L_J 
3 2 1 20 19 

A3 4 	 18 B1 
A4 5 	 17 82 
A5 6 	 16 B3 

A6 7 	 15 B4 

A7 8 	 14 B5 

9 10 11 12 13 
I—If—kr—,1—I  

CO 0 CO NCO 
<Z 003 01 

FUNCTION TABLE 

CONTROL 

INPUTS 

OPERATION 

'LS640 

 'LS642 

'LS641 

'LS645 
'LS644 

G 	DIR 

L 	L B data to A bus B data to A bus B data to A bus 

L 	H A data to B bus A data to B bus T data to B bus 

H 	X Isolation Isolation Isolation 

H = high level, L= low level, X = irrelevant 

PRODUCTION DATA documents contain information 
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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SN54LS640 THRU SN54LS642, SN54LS644, SN54LS645 
SN74LS640 THRU SN74LS642, SN74LS644, SN74LS645 
OCTAL BUS TRANSCEIVERS 

logic symbolst 
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1  These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, and N packages. 
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'LS645 
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DIR 
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DIR 

Al 

2 
TO SEVEN OTHER TRANSCEIVERS TO SEVEN OTHER TRANSCEIVERS 

DIR 

Al 

SN54LS640 THRU SN54LS642, SN54LS644, SN54LS645 
SN74LS640 THRU SN74LS642, SN74LS644, SN74LS645 

OCTAL BUS TRANSCEIVERS 

logic diagrams (positive logic) 



PARAMETER 
SN54LS640 

SN54LS645 

SN74LS640 
 

SN74LS645 
UNIT 

MIN 	'. ,.• 	MAX MIN NOM 	MAX 

VCC 	Supply voltage 4.5 	a 	5.5 4.75 	5 	5.25 V 

VIN 	High-Ivel input voltage 2 2 V 

VIL 	Low-level input voltage 0.5 0.6 V 

10H 	High-level output current - 12 - 15 mA 

lot_ 	Low- level output current 
12 24 

A, 	m 
48. 

TA 	Operating free-air temperature - 55 	 125 0 	 70 "C 

tThe 48-mA limit applies for the SN74LS640-1 and SN74LS645-1 only. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS1 
SN54LS640 

SN54LS645 

'.111 	Typ'. 

SN74LS640 

SN74LS645 

TyP .:i '.1:. • 	- 

UNIT 

MAX Mr: 

VIK VCC -MIN, 	li= - 18 mA -1.5 - i .a V 

Hysteresis 

(VT, 	VT _I 
VCC = MIN. A0' 0 •nput 01 04 02 04 V 

VON 
VCC 	MIN, 

V10 	MAX 

V 1H 	7V, 

Vili = 2 V, 

I0H 	:I 111A 

OH 	MAX 

10 L  = 12  mA 

2 1  

_ 	. 

34 

J.20 

24 34 

2  

VOL 
Vcc = MIN, 

VIL= MAX 

0.4 0.25 0.4 

V 10L = 24 mA 0.35 0.5 

IOL = 48 mA 8  0.4 0.5 

IOZH VCC = MAX, .6.  at 2 V, 	Vo = 2.7 V 20 20 mA 

1 OZL VCC-MAX, O at 2 V, 	V0 = 0.4 V -0.4 -0.4 mA 

11 
A or B 

MCC = MAX 
V1= 5.5 V 0.1 0.1 

mA 
DIR or VI = 7 V 0.1 0.1 

1 0-1 VCC = MAX, Viii= 2.7 V 20 20 pA 

IIL VCC = MAX, VIL = 0.4 V -0.4 -0.4 mA 

IOS 1  VCC ' MAX - 40 - 225 - 40 - 225 mA 

icc 

Outputs high 

VCC = MAX, Outputs open 

48 70 48 70 

mA Outputs low 62 90 62 90 

Outputs at Hi-Z 64 95 64 95 

S
e3

!A
9

a
  1

1
1
  

SN54LS640, SN54LS645 
SN74LS640, SN74LS645 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (see Note 1)   7 V 

Input voltage: All inputs 	  7 V 

I/O ports 	  5.5 V 

Operating free-air temperature range: SN54LS640, SN54LS645 	  -55°C to 125°C 

SN74LS640, SN74LS645 	  0°C to 70°C 
Storage temperature range 	  - 65 °C to 150 °C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

5 A11 typical values are at VCC = 5 V, TA = 25°C. 

SNot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

#The 48-mA condition applies for the SN74LS640-1 and SN74LS645-1 only. 

2-1070 
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NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC 

TYPICAL OF OUTPUTS 

INPUT 

SN54LS640, SN54LS645 
SN74LS640, SN74LS645 

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'LS640, 'LS640-1 'LS645, 'LS645-1 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

Propagation delay time, 
tPLH 

low-to-high-level output 

A B 

CL = 45 pF, 

= AL 	667 0, 

See Note 2 

6 	10 8 	15 
ns 

B A 6 	10 8 	15 

Propagation delay time, 
tPHL 

high-to-low-level output 

A 8 8 	15 11 	15 
ns 

8 A 8 	15 11 	15 

Output enable time to 
tPZL 

low level 

G A 31 	40 31 	40 
ns 

6 B 31 	40 31 	40 

Output enable time to 
tPZH 

high level 

6 A 23 	40 26 	40 
ns 

U B 23 	40 26 	40 

Output disable time 
tPLZ 

from low level 

6 A 
CL = 5 pF, 

See Note 2 

15 	25 15 	25 
ns 

U B 15 	25 15 	25 

Output disable time 
tpHZ 

from high level 

6 
RL = 667 11, 

 A 15 	25 15 	25 
ns 

U B , 	15 	25 15 	25 

T
T
L

 D
e

v
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SN54LS640, SN54LS645 
SN74LS640, SN74LS645 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

SN54LS' 

INVERTING OUTPUT VOLTAGE 

vs 

INPUT VOLTAGE 

I 
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FIGURE 1 
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FIGURE 3 
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SN54LS641, SN54LS642, SN54LS644 
SN74LS641, SN74LS642, SN74LS644 

OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage: All inputs and I/O ports 	  7 V 
Operating free-air temperature range: SN54LS641, SN54LS642, SN54LS644 	  - 55°C to 125°C 

SN74LS641, SN74LS642, SN74LS644 	  0°C to 70°C 
Storage temperature range 	  - 65° C to 150° C 

NOTE 1: Voltage values ere with respect to network ground terminal. 

recommended operating conditions 

PARAMETER 

SN54LS641 

SN54LS642 

SN54LS644 

SN74LS641 

SN74LS642 

SN74LS644 

UNIT 

MIN NOM 	MAX MIN 	NOM 	MA %. 

VCC 	Supply voltage 4.5 	5 	5.5 4.... 	5 	........ V 

VIH 	High-level input voltage 2 2 V 

VI L 	Low-level input voltage 0:5 0.6 V 

VOH 	High-level output voltage 5.5 5.5 V 

IOL 	Low-level Output current 
12 24 

mA 
48§ 

TA 	Operating free-air temperature - 55 	 125 0 	 70 ° C 

§The 48 mA limit applies for the SN74LS641-1, SN74LS642-1, and SN74LS644-1 on y. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 

- Ma. 

SN54LS641 

SN54LS642 

SN54LS644 

SN74LS641 

SN74LS642 

SN74LS644 

UNIT 

TYPi MAX MI% TYPt MAX 

VI K VCC' MIN, 11= -18 mA -1.5 -1.5 V 

Hysteresis 

(VT, - VT_) 
VCC = MIN, A or 8 input 0.1 0.4 0.2 0.4 V 

IOH 
VCC = MIN, 
VI L = MAX, 

VIH = 2 V, 

VOH = 5 - 5  V 
0.1 0.1 mA 

VOL 

VCC = MIN, 

VIH = 2 V, 

VI L.  = MAX 

IcIL = 12 mA 0.25 0.4 0.25 0.4 

V 110L = 24 mA 0.35 0.5 

10L= 48 mA§ 0.4 0.5 

II 
A or B 

VCC = MAX 
VI = 5.5 V 0.1 0.1 

mA 
DIR or t3 VI = 7 V 0.1 0.1 

IIH VCC = MAX, V1= 2.7 V 20 20 rIA 

IlL VCC = MAX, VI =0.4 V -0.4 -0.4' mA 

ICC 

Outputs high 

VCC = MAX, Outputs open 

48 70 48 70 

mA Outputs low 62 90 62 90 

Outputs at Hi-Z 64 95 64 95 

1 For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA -= 25°C. 
§Tha 48 mA condition applies for the SN74LS641-1, SN74LS642-1, and SN74LS644-1 only. 

TFXAS 
INS1 RI 'MEWS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

Nto 

T
T

L
 D

e
v

ic
e

s  

2-1073 



sa
p

! A
a
a
  

2 

J
.IN

O
  

SU
 

s
u
 

su 

su 

[M
IN

  
T

Y
P

 M
A

X
 S

Z 	
6

L  

S
Z 	

LL 

sz 	
b
t
  

O
h 	

9
Z

  

5Z
 	

9
1  

I a t, 	
sz 

0
9
 	

E
P

  

0
9

 	
LE

  

T
Y

P
 M

A
X

 S
Z 	

E
L 

S
Z

 	
E

L 

5Z 	
b
l
 
 

O
tr 	

S
Z  

aZ
 	
b
l
 
 

I m
a 	

at 
IT:39

 	
V 

[  0
9 	

6E
 

X
V

IA
 d

A
l  
'

V
W

]  

S
t 	

L L
 

S
Z

 	
LL 

I  S
t 	

9
1  
 

O
S, 	

C
Z  

S
Z 	

9
1  
 

I
 at, 	

a
t  

[  o
s 	

oc 
05 	

LE
  
 

C
O

N
D

IT
IO

N
S

]  

G I 	" 

N 	,  ; 	, 5,'  
, 	a ) 	z  

11 	a, 
_I 	, 	Cu 
0 	CC 	. 

T
O

  

(O
U

T
P

U
T

)  

0,  < CD < < CO < CC 

1.1.11dN
O

  

N
JO

E
IJ

  

< 03 < 

tii
'o 
a
  

1
 u

m
  

8
1
0
  'D

  
 

P
A

R
A

M
E

T
E

R
 

P
ro

p
a
g

at
io

n
  d

e
la

y  
ti
m

e,
  

tP
L
H

 
lo

w
-t
o

-h
ig

h
-l

ev
e

l  
o
u
tp

u
t 

r
P

ro
p

ag
a
ti

o
n

  d
e

la
y  

ti
m

e,
  

t
P

H
L
  

h
ig

h
- t

o
-l

o
w

-le
ve

l o
u
tp

u
t  

O
u

tp
u
t  

d
is

a
b
le

  t
im

e  
tp

L
H

 
fr

o
m

  l
o

w
  l

e
ve

l 

O
u

tp
u
t  

e
n

a
b
le

  t
im

e
  

tP
H

L
 

fr
o

m
  h

ig
h

 le
ve

l  

sw
itc

h
in

g
  c

ha
ra

ct
e

ri
st

ic
s  

a
t  

V
C

C
  =

 5
 V

,  
T

A
  =

 2
5

°C
 

N
O

T
E

 2
  

Lo
a

d
 c

irc
u

its
  a

nd
 vo

lta
g

e  
w

a
v

e
fo

rm
s  

a
re

  s
h

o
w

n
  i
n
  S

e
c

ti
o

n  
1.

  

sc
he

m
a
ti

cs
  o
f
 in

p
u

ts
  a

n
d

 o
u

tp
u

ts
  

0 

T
Y

P
IC

A
L
 O

F
 O

U
T

P
U

T
S

 

C.) 

E
Q

U
IV

A
L

E
N

T
 O

F
 E

A
C

H
 IN

P
U

T
 

I- 
D 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

2-1074 
Ito 

SN54LS641, SN54LS642, SN54LS644 
SN74LS641, SN74LS642, SN74LS644 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 



2 

T
T

L
 D

e
v

ic
e
s  

Independent Registers for A and B Buses 

Multiplexed Real-Time and Stored Data 

Choice of True or Inverting Data Paths 

Choice of 3-State or Open-Collector 
Outputs 

• Included Among the Package Options Are 
Compact 24-pin 300-mil-Wide Plastic and 
Ceramic DIPs, Ceramic Chip Carriers, and 
Plastic "Small Outline" Packages 

• Dependable Texas Instruments Quality 
and Reliability 

DEVICE 	OUTPUT 	 LOGIC 

'LS646 	3-State 	 True 
'LS647 	Open-Collector 	True 

'LS648 	3-State 	 Inverting 

'LS649 	Open-Collector 	Inverting 

description 

These devices consist of bus transceiver circuits with 

3-state or open-collector outputs, D-type flip-flops, 

and control circuitry arranged for multiplexed trans-

mission of data directly from the input bus or from 

the internal registers. Data on the A or B bus will be 

clocked into the registers on the low-to-high transition 

of the appropriate clock pin (CAB or CBA). The fol-

lowing examples demonstrate the four fundamental 

bus-management functions that can be performed 

with the octal bus transceivers and registers. 

SN54LS' 	JT PACKAGE 
SN74LS' 	DW OR NT PACKAGE 

(TOP VIEW) 

CAB 

SAB 

DIR 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

GND 

SN54LS' . FK PACKAGE 

(TOP VIEW) 

co co 	u < 
< < U U 

<
m 

iocnuz>01n 
L-J 

4 3 2 1 28 27 26 

Al 5 	 25 

A2 6 	 24 81 

A3 7 	 23 B2 

NC 8 	 22 NC 

A4 9 	 21 B3 

A5 10 	 20 B4 

A6 11 	 19 BE 

12 13 14 15 16 17 18 
rn f—Irn r--, f-1  
NC000001"-- 
<<tzZ COMM 

CO 

SN54LS646 THRU SN54LS649 
SN74LS646 THRU SN74LS649 

OCTAL BUS TRANSCEIVERS AND REGISTERS 
D2661, • 	• 	1982 — •• . 	V 	• 

VCC 
CBA 

S BA 

G 

81 

B2 

B3 

B4 

BE 

BE 

B7 

B8 

1211 	131 	(1) 	1231 	(21 	(221 

G DIR CAB CBA SAB SBA 

L L 	X HorL X 	L 

REAL-TIME TRANSFER 

BUS B TO BUS A 

■■•■=vx■I 

1211 	(31 	111 	(23) 	12) 
	

1221 

DIR CAB CBA SAB SBA 

L 	H HorL  X 	L 

REAL-TIME TRANSFER 

BUS A TO BUS B 

•10.111 I 1.11. 	locuments contain information 
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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(22) 

SBA 

L 	X 	X 	X 	H 

H 	X 	X 	H 	X 

TRANSFER 

STORED DATA 

TO A OR B 

SN54LS646 THRU SN54LS649, SN74LS646 THRU SN74LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

1211 	13) 

G 	DIR 

X x 

X 	x 

H 	X 

11) 
	

(23) 	121 	1221 

CAB CBA SAB SBA 

I 	X 	X 	X 

X 	1 	X 	X 

X 	X 

STORAGE FROM 

A, B, OR A AND B 

S
8

31
/1.

04
3

  1
1
1
  

Enable Id) and direction (DIR) pins are provided to control the transceiver functions. In the transceiver mode, data 

present at the high-impedance port may be stored in either register or in both. The select controls (SAB and SBA) can 

multiplex stored and real-time (transparent mode) data. The direction control determines which bus will receive data 

when enable G is active (low). In the isolation mode (control 6 high), A data may be stored in one register and/or B 

data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit data. 

Only one of the two buses, A or B, may be driven at a time. 

The SN54' family is characterized for operation over the full military temperature range of —55 ° C to 125°C. The SN74' 

family is characterized for operation from 0° to 70°C. 

FUNCTION TABLE 

INPUTS DATA 1/0t OPERATION OR FUNCTION 

-a-  DIR CAB CBA SAB SBA Al THRU A8 B1 THRU B8 LS646, LS647 LS648, LS649 

X 

X 

X 

X 

I 

X 

X 

t 

X 

X 

X 

X 

Input 

Not specified 

Not specified 

Input 

Store A, B unspecified 

Store B, A unspecified 

Store A, B unspecified 

Store B, A unspecified 

H 

H 

X 

X 

t 

H or L 

t 

H or L 

X 

X 

X 

X 
Input Input 

Store A and B Data 

Isolation, hold storage 

Store A and B Data 

Isolation, hold storage 

L 

L 

L 

L 

X 

X 

H or L 

X 

X 

X 

L 

H 
Output Input 

Real-Time B Data to A Bus 

Stored B Data to A Bus 

Real-Time B Data to A Bus 

Storedli Data to A Bus 

L 

L 

H 

H 

H or L 

X 

X 

X 

L 

H 

X 

X 
Input Output 

Real-Time A Data to B Bus 

Stored A Data to B Bus 

Real-TimeI Data to B Bus 

Stored T■ Data to B Bus 

t  The data output functions may be enabled o disabled by various signals at the rd and DIR  inputs. Data input functions are always enabled, i.e., 
data at the bus pins will be stored on every low-to-high transition on the clock inputs. 
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C1. •	 

SN54LS646 THRU SN54LS649, SN74LS646 THRU SN14LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic diagrams (positive logic) 

'LS646, 'LS647 

(21) 

DIR - 
CBA 

	

SBA '• 	 

CAB 	 
( 

SAB 2)  

(4) 
Al  ♦ • 

1 OF 8 CHANNELS 
10 	 

Cl clo • 

1 0 
	ce, C 

L 

VV 

TO 7 OTHER CHANNELS 

'LS648, 'LS649 

(20) 

R. T 4),  

r 

81 2 

 

T
T

L
 D

e
v

ic
e
s  

(21)  

(1) 
DIR 
CBA 

SBA 
CAB —321-Vps-- 

( 
SAB 2)  (4)--T-4>— 

1 OF 8 CHANNELS 

• B1 
(20) 

r 

(4) 
At 

10 
C1 

L 

'V 

TO 7 OTHER CHANNELS 

Pin numbers shown are for DW, JT, and NT packages. 
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'LS646 

G3 

3 EN1 (BAI 

3 EN2 LAB) 

>rr C4 

➢ G5 

>17 C6 

D G7 
-1 r 

1 5 40 
7 1 

1  ET  

6D 7 . 	1 
2 v 

D 1  7 

B8  

'LS647 

G3 

EN1 1,13A1 

EN2 LAB] 

C4 

G5 

C6 

G7 
r 

+3 

3 

•N>JJ)  

11 

->LT 

If 
1 

:---, 	1 <1 5 4D 
- 0.' 1 

5 1_1 
,— 

7  1. 2 S> 
7 D 

• 

• 

• 

(21) 

(  
DIR 

(31 
 

CBA  123)  

SBA 
(221  

CAB 

SAB 12)  

(41 

S
a

3
!A
a

a
 1
1

1
 

A6 

(51 
A2 

161 
A3 

(71 
A4 

181 
AS 

191 

Al 

A7 
(101 

A8 

(211 

131 
DI R 

CBA 
(231 

SBA (22)  

CAB 
( (1) 

 

SAB 
12) 

 
1 

(201 
B1 (41 

Al 

(191 151 
---411-44P-- 82 A2 

(181 (6) 
B3 A3 -4-h  

(71 
B4 A4 

(161 (81 
B5 A5 

115) 191 
B6 A6 

(14) (10) 
B7 A7 

(131 In I 
B AB 

(201 

B1 

(19) 
B2 

1181 
03 

(171 
B4 

(161 
B5 

1151 
B6 

(14) 
B7 

(131 

B8 

TEXAS 
INSTRUMENTS 

2-1078 st• 

SN54LS646, SN54LS647, SN74LS646, SN74LS647 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic symboist 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for 13W. JT, and NT packages. 
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121)  

13) •  
—  (21) 

 DIR (3) 

CBA 
(23)  

SBA 
(22)  

DIR 

(231 

(22) 

(11 

12) 

CBA 

SBA 

CAB 

SAB 

11) 
CAB 

SAB 
12) 

(201 
81 

120) 
14) 14) Ell 

Al 4 0 Al 4 ►  

(19) 
82 

(18) 
83 

(17) 
84 

116) 
B5 

(15) 
BE 

1141 

113) 

87 

88 

A2 4151;

1 	 

161  	 
A3 4 ►  ♦ 	

 

(71 
A4 

• • 
 

I8 
■
) 

A5 4 

(19) (5) 
A2 4 ►  82 

118) 16) 
A3 4 0 ►  B3 

117) 

2 
(7) 

84 

(16) 

A4 	4 ►  

(8) 
A5 4 ►  B5 

(15) (9) 
A6 40 136 

(14) 110) 

19) 
A6 4.- T  

(10) 
87 

113) 

T
T

L
 D

ev
ic

e
s  

A7 4 ►  

(11) 
88 A8 4 ►  

A7 41. 

1111 
A8 4 ►  ir  

G3 

3 EN1 [BA) 

3 EN2 1A81 

>iff C4 

II 05 

>11 CS 

(I G7 
-1 r 

-a- lii 5 11. 
1 

El 

6D 7 a1 1). , 

LI 	T 
2 S.2 

G3 

3 EN1 [BA) 

EN2 IABI 3 

>1.1 C4 

ii G5 

>11- C6 

fiG7 
-t r 

,1 5 4D 
71 

5 1  Z 

6D 7 

II 
,------., 

1  7 
2 7 

..- 

SN54LS648, SN54LS649, SN74LS648, SN74LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic symbolst (continued) 

'LS648 
	

'LS649 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, JT, and NT packages. 
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TYPICAL OF ALL 'LS646, 'LS648 OUTPUTS 

VCC 

50 0 NOM 

OUTPUT 

TEXAS 
INSTRUMENTS 

%to 
2-1080 

SN54LS646 THRU SN54LS649, 
SN74LS646 THRU SN74LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

S
e

3
!A

O
C

!  
1

1
1
  

schematics of inputs and outputs 

EQUIVALENT OF ALL OTHER INPUTS 

VCC 

         

         

      

eq 

   

          

          

INPUT 

         

         

          

          

          

          

A and B: R eg  = 15k0 NOM 
U, CAB and CBA: R eq  = 10 kft NOM 

SAB and SBA: R eq  = 6 kit NOM 

          

TYPICAL OF ALL 'LS647, 'LS649 OUTPUTS 

_— 

.r... ..-- OUTPUT 
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SN54LS646/648 SN74LS646/648 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.5 0.6 V 

loH High-level output current - 12 - 15 mA 

lof_ Low-level output current 12 24 

ns to., Pulse duration 

CBA or CAB high 15 15 

CBA or CAB low 30 30 

Data high or low 30 30 

ts ' 

Setup time 

before CA131 or CBA1 
A or B 15 15 ns 

th  

Hold time 

after CABt or CBAt 
A or B ns 

 
0 0 

TA Operating free-air temperature - 55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS646/648 SN74LS646/648 

UNIT 
MIN TVP# MAX MIN TYPt MAX 

VIK VCC = MIN, I1= -18 mA -1.5 - 1.5 V 

Hysteresis 

(1./1-+ -V-r._.) 

A or B 

input 
VCC = MIN 0.1 0.4 0.2 0.4 V 

VOH 
Voc = MIN, 

VIL ' MAX 

V1H = 2 V, 
ICIH=-3mA 2.4 3.4 2.4 3.4 

V 10H = - 12 mA 2 

IOH ' - 15 mA 2 

VOL 
VCC = MIN, 

VIL = MAX 

VIN = 2 V, lot_ = 12 mA 0.25 0.4 0.25 0.4 
V 

101_ = 24 mA 0.35 0.5 

I f 
Control inputs VCC = MAX, VI = 7 V 0.1 0.1 

mA 
A or 8 ports VCC = MAX, V1= 5.5 V 0.1 0.1 

I IH 
Control inputs 

VCC = MAX, VI = 2.7 V 
20 20 

mA ,, 
A or B portal 20 20 

IIL 
Control inputs 

VCC = MAX, VI =0.4 V 
-0.4 -0.4 

mA ,, 
A or 8 portal - 0.4 - 0.4 

1 05 5  VCC = MAX, Vo --= 0 V -40 -225 -40 -225 mA 

ICC 

LS646 

VCC' MAX 

Outputs high 91 145 91 145 

mA 

Outputs low 103 165 103 165 

Outputs disabled 103 165 103 165 

LS648 

Outputs high 91 145 91 145 

Outputs low 103 165 103 165 

Outputs disabled 120 180 120 180 

2 

T
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SN54LS646, SN54LS648, SN74LS646, SN74LS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC 	  7 V 

Input voltage: Control inputs 	  7 V 
I/O ports 	  5.5 V 

Operating free-air temperature range: SN54LS646, SN54LS648 	  - 55° C to 125 °C 

SN74LS646, SN74LS648 	  0°C to 70° C 
Storage temperature range 	  - 65°C to 150° C 

recommended operating conditions 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25°C. 

5  Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

i For I/O ports, the parameters 11H and Iff, include the off-state output current. 
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INSTRUMENTS 

4 
2-1081 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



S
O

O
V

■
e

a
  1

1
1
  

SN54LS646, SN54LS648, SN74LS646, SN74LS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS646 'LS648 
UNIT 

MIN 	TYP MAX MIN 	TYP MAX 

'PLR CAB or CBA A or B 

RL= 667 St, 

See Note 2 

CL= 45 pF, 

15 25 15 25 ns 

tPHL 23 35 24 40 ns 

tPLH A or B B or A 
12 18 12 18 ns 

tPHL 13 20 15 25 ns 

tPLH SAB or SBAt 

with Bus 

Input hig h 
A or B 

26 40 37 55 ns 

tPHL 21 35 24 40 ns 

tPLH 
SAB or SBAt 

with Bus 

Input low 

33 50 26 40 ns 

t PHL 14 25 23 40 ns 

tPZH - a- 

A or B 

33 55 30 50 ns 

tpZL 42 65 37 55 ns 

tPZH 
DIR 

28 45 23 40 ns 

tPZL 39 60 30 45 ns 

tPHZ U 
A or B 

RL= 667 1-2, 

See Note 2 

CL= 5 pF, 

23 35 28 45 ns 

tPLZ 22 35 22 35 ns 

tPHZ DIR 
20 30 24 35 ns 

tPLZ 19 30 19 30 ns 

These parameters are measured with the internal output state of the storage register opposite to that of the input. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS647, SN54LS649, SN74LS647, SN74LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN-COLLECTOR OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 
Input voltage (control inputs) 	  7 V 
Off-state output voltage (A and B ports) 	  5.5 V 
Operating free-air temperature range: SN54LS647, SN54LS649 	  - 55°C to 125 °C 

SN74LS647, SN74LS649 	  - 0 °C to 70 ° C 
Storage temperature range 	  - 65 °C to 150 °C 

recommended operating conditions 

SN54LS647 

SN54LS649 

SN74LS647 

SN74LS649 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

VI L Low-level input voltage 0.5 0.6 V 

VOH High-level output voltage 5.5 5.5 V 

10L Low-level output voltage 12 24 mA 

tw  Pulse duration 

CBA or CAB high 15 15 

ns CBA or CAB low 30 30 

Data high or low 30 30 

ts ' 

Setup time 

before CAB 1 or CBA 1 
A or B 15 15 ns 

th 
Hold time 

after CAB t or CBA 1 
A or B 0 0 ns 

TA Operating free-air tempe ature - 55 125 0 70 ° C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

SN54LS647 

SN54LS649 

SN74LS647 

SN74LS649 UNIT 

MIN TYPt MAX MIN TYPt MAX 

V I K VCC = MIN, 11=- 18 mA - 1.5 - 1.5 V 

Hysteresis 

IV -r+ -VT-) 
A or B input VCC = MIN 0.1 0.4 0.2 0.4 V 

IOH 
Vcc = MIN, 

VOH = 5 . 5  V 

VIH = 2 V. 	V1L = MAX, 
0.1 0.1 mA 

VOL 
VCC = MIN, 

VIL = MAX 

VIH = 2 V, 101._ = 12 mA 

101., = 24 mA 

0.25 0.4 0.25 

0.35 

0.4 

0.5 
V 

Il 
A or B 

VCC = MAX 
V1 = 5.5 V 0.1 0.1 

mA 
All others V 1 = 7 V 0.1 0.1 

I IH VCC = MAX, V1= 2.7 V 20 20 1A 

'IL Vcc = MAX, V1= 0.4V -0.4 -0.4 mA 

ICC 

'LS647 VCC = MAX, Outputs open 
Outputs high 79 s -In 79 130 

mA 
Outputs low 94 . uu 94 150 

'LS649 VCC = MAX, Outputs open 
Outputs high 79 130 79 130 

Outputs low 94 150 94 150 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 
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SN54LS647, SN54LS649, SN74LS647, SN74LS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS WITH OPEN•COLLECTOR OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25° C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS647 
- 

'LS649 
UNIT 

I.• 	TYP MAX MIN 	TYP MAX 

tPLH CAB or CBA A or B 

RL = 667 0, 

See Note 2 

CL= 45 pF, 

22 35 17 30 ns 

tPHL 28 45 28 45 ns 

tPLH A or B B or A 
17 26 15 25 ns 

tPHL 18 27 20 30 ns 

tPLH SAB or SBAt 

with Bus 

Input high 
A or B 

33 50 37 55 ns 

tPHL 29 45 28 45 ns 

tPLH SAB or SBAT 

with Bus 

Input low 

39 60 30 45 ns 

tpHL 19 30 26 40 ns 

tPLH 
G 

A or B 

25 40 21 40 ns 

tPHL 33 50 34 50 ns 

tPLH DIR 
23 35 19 30 ns 

tPHL 25 40 27 45 ns 

t These parameters are measured with the interne outputs state of the storage register opposite to that of he bus input. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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ITOP VIEW) 

VCC 
CBA 

SA 

GBA 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Al 5 

A2 6 

A3 7  

NC B 

A4 9 

A5 10 

A6 11 

03 co CD 	U 
<< < 	< < 
Ow C.) Z> 
LI L-1 1--11-11-1 t 
4 3 2 1 28 27 26 

224 B1  IES21BA  
22 21 NB3C 

20 B4 

19 B5 

T
T

L
 D

ev
ic

es
  

12 13 14 15 16 17 18 
fin I-1 I-1  

h CO 0 (..) CO h 

0 
< 	Z M 

NC — No internal connect!. 

GAB GBA CAB CBA SAB SBA 
H 	H 	X 	XL 	X 

REAL-TIME TRANSFER 
BUS A TO BUS B 

SN54LS651 THRU SN54LS653 
SN74LS651 THRU SN74LS653 

OCTAL BUS TRANSCEIVERS AND REGISTERS 
D2637, JANUARY 1981—REVISED MARCH 1988 

Bus Transceivers/Registers 
	

SN54LS' . . . JT PACKAGE 
SN74LS' . . . DW OR NT PACKAGE 

Independent Registers and Enables for A and 
B Buses 

Multiplexed Real-Time and Stored Data 	
CAB 

SAB 

Choice of True and Inverting Data Paths 	 GAB 

Al 
• Choice of 3-State or Open-Collector 

A2 
Outputs to A Bus 	

A3 

• Dependable Texas Instruments Quality and 	 A4 

Reliability 	 AS 

A6 

A7 

A8 

GND 

description 
	

SN54LS' . . . FK PACKAGE 

ITOP VIEW) 

DEVICE A OUTPUT B OUTPUT LOGIC 

LS651 3-State 3-State Inverting 

LS652 3-State 3-State True 

LS653 Open-collector 3-State Inverting 

These devices consist of bus transceiver circuits, D-type 

flip-flops, and control circuitry arranged for multiplexed 

transmission of data directly from the data bus or from 

the internal storage registers. Enable GAB and GBA are 

provided to control the transceiver functions. SAB and 

SBA control pins are provided to select whether realtime 

or stored data is transferred. A low input level selects 

real -time data, and a high selects stored data. The 

following examples demonstrate the four fundamental 

bus-management functions that can be performed with 

the 'LS651, 'LS652, and 'LS653. 

GAB GBA CAB CBA SAB SBA 

L 	1. 	X 	X 	X 
	

L 

REAL-TIME TRANSFER 
BUS B TO BUS A 

Ito :'; 1 .11 1 1 flOk ..0' ,  • muments contain information 
•s of , LI i• .eon date. Products conform to 

si...111.ations pi No. terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS651 THRU SN54LS653 
SN74LS651 THRU SN74LS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

GAB b13A CAB CBA SAB SBA 

X 	I-11X 	X 	X 

X X 	 x X 

L 	H 	I 	I 	X 	X 

STORAGE FROM 

A AND/OR B 

GAB bBA CAB CBA SAB SBA 

H 	L H or L H orL H 	H 

TRANSFER 

STORED DATA 

TO A AND/OR B 

S
O

D
IA

G
G

  
in

  

Data en the A or B data bus, or both, can be stored in the internal D flip-flop by low-to-high transitions at the appropriate 

clock pins (CAB or CBA) regardless of the select or enable control pins. When SAB or SBA are in the real-time transfer mode, 

it is also possible to store data without using the internal D-type flip-flops by simultaneously enabling GAB and BA. 

In this configuration each output reinforces its input. Thus, when all other data sources to the two sets of bus lines are 

at high impedance, each set of bus lines will remain at its last state. 

The SN54LS651 through SN54LS653 are characterized for operation over the full military temperature range of —55°C 

to 125°C. The SN74LS651 through SN74LS653 are characterized for operation from 0°C to 70 °C. 

FUNCTION TABLE 

INPUTS DATA I/0• OW=1441'101. OR Furk:1 p..N 

GAB GBA CAB CBA SAB SBA Al THRU A8 Bi THRU B8 'LS651, 'L' 1.. 1  L ....l'.' 	LS654 

L 

L 

H 

H 

H or L 

1 

H or L 

t 

X 

X 

X 

X 
Input Input 

Isolation 

Store A and B Data 

Isolation 

Store A and B Data 

X 

H 

H 

H 

t 

t 

H or L 

t 

X 

X 

X 

X 

Input 

Input 

Not specified 

Output 

Store A, Hold B 

Store A in both registers 

Store A, Hold B 

Store A in both registers 

L 

L 

X 

L 

H or L 

t 

t 

1 

X 

X 

X 

X 

Not specified 

Output 

Input 

Input 

Hold A, Store B 

Store B in both registers 

Hold A, Store B 

Store B in both registers 

L 

L. 

L 

L 

X 

X 

X 

H or L 

X 

X 

L 

H 
Output Input 

Real-Time B Data to A Bus 

Stored B Data to A Bus 

Real-Time B Data to A Bus 

Stored B Data to A Bus 

H 

H 

H 

H 

X 

H or L 

X 

X 

L 

H 

X 

X 
Input Output 

Real-Time A Data to B Bus 

Stored Ta Data to B Bus 

Real-Tin-ie A Data to B Bus 

Stored A Data to B Bus 

H L H or L H or L H H Output Output 
Stored W Data to B Bus and 

Stored B Data to A Bus 

Stored A Data to B Bus and 

Stored B Data to A Bus 

• The data output functions may be enabled or disabled by various signals at the GAB and UBA inputs. Data input functions are always 

enabled, i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 
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SN54LS651 THRU SN54LS653 
SN74LS651 THRU SN74LS653 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic diagrams (positive logic) 

'LS651. 'LS653 

GBA 

GAB - 
CBA 

SBA 	  
(1)  

CAB 
121  

SAB 

(4) 
Al 

r 
10F8 
CHANNELS •	 

'1 

(20) 
• 01 

•	 	 1D 
c> Cl 

L_ 

TO 7 OTHER CHANNELS 

'LS652 

 
GBA 

(21)  
rm 

GAB • 
CBA 
SBA 
CAB 

(2)  
SAB 

1 OF 8 
CHANNELS 

C1c 	i 

(20) 

10 

T
T

L
 D

e
v
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e

s  

B1 (4) 
Al 

10 
Cl 

TO 7 OTHER CHANNELS 

Pin numbers numbers shown are for DW, JT or NT packages. 
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SN54LS651 THRU SN54LS653 
SN74LS651 THRU SN74LS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

S
a

31
A

0
a

  1
1

1
  

logic symbols .'" 

(21) 	
ti GBA 

'LS651 

120) 
B1 

119) 
B2 

118) 
• 4 	 83 

117) 
B4 

116) 
135 

115) 
B6 

(14) 
137 

1131 
138 

„T..- 

(21)  G BA 

'LS652 

(20) 
B1 

119) 
62 

1181 
B3 

(17) 

(1  6) 	

64 

B5 

(15) 
B6 

(14) 
87 

(131 

—4FT-H.- 

-41--01,- 

-.T._ 

-4-1-4-0- 

B8 

EN1 (BA) 

EN2 (AB) 

>C4 

G, 

'C6 

G7 
r 

EN1 IBAI 
EN2 (AB) 

>C4 
GO 

>C6 

7 r 

13) GAB GAB 

CBA 

SBA 

123) 
CBA 

122) 
SBA 

(1) 
CAB 

12) 
SAB 

CAB 
(2/ 

(4) 
Al 4 • • 

SAB 

14) 
Al 

(5) 

5 4D vi  >1E> 5 4D 

(51 

5 	1 5 	1 

6D Dv 
6D 	7 Dv 

 

A2 4 • 
16) 

A3 

(7) 

T  
16) 

A3 -4-o-11-4- 

(7) 
A4 -4+1-4- 

(8) 
A5 --41-11-0-- 

(9) 
A6 -4-11-4- 

A7 	(10) 

1111 
A8 -4-01-4- 

4 

A4 4)  T  

18) 
A5 

19) 
A6 	• 

1101 
A7 	• ► T  

(11 ) 
A8 -•-•-r-G -41--4-+- 

'LS653 

GBA (21)  ENI (BA) 

EN2 (AB) 

> C4 

G5 

> CO 

G7 
1 	 r 1201 

B1 

(19) 
82 

GAB 	(3)  
1231 

CBA 
(221 

SBA 
111  

CAB 
121 

SAB 

14) 
Al --' 14  

5 	4D 

A2 (5)  

16) 
A3 

(71 

g 
6D 	7 L Z 

1 

(18) 
-4-11-4-0-B3 

117) 
A4 	• • it  

18) 
AS  

191 
AG • 

B4 T 
116) 

B5 

115) 
B6 

(10) 
A7 -÷4---G 

(11) 
A8 -4-0-1--4 

(14) 

4 B7 

 	(13) 
B8 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publica ion 617-12. 
Pin numbers shown are for DW, JT, or NT packages. 
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SN54LS651 

SN54LS652 

SN74LS651 

SN74LS652 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

V1H High-level input voltage 2 2 V 

Vi L Low-level input voltage 0.7 0.8 V 

10H High-level output current - 12 - 15 mA 

10L Low-level output current 12 24 mA 

tw Pulse duration 

CBA or CAB high 15 15 

ns CBA or CAB low 15 15 

Data high or low 15 15 

tsu 
Setup time 

before CAB I or CBA I 
A or B 15 15 ns 

PI 
Hold time 

after CAB 1 or CBA 1 
A or B 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) 

2 

T
T

L
 D

ev
ic

e
s  

SN54LS651, SN54LS652, SN74LS651, SN74LS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC 	 7 V 

Input voltage: Control inputs 	 7 V 

I/O ports 	 5  5 V 

	

Operating free-air temperature range: SN54LS651, SN54LS652    - 55° C to 125° C 

SN74LS651, SN74LS652 	  0° C to 70° C 

Storage temperature range 	  - 65°C to 150° C 

recommended operating conditions 

PARAMETER TEST CONDITIONSt 

SN54LS651 

SN54LS652 

SN74LS651 

SN74LS652 UNIT 

MIN 	PIP t MAX MIN TYP t MAX 

VIK VCC = " .• 	II= - 18 mA - 1.5 -1.5 V 

VOH 
Vcc= MIN, 	VIH = 2 V, 

V 	MAX, H _ =  

1 01-1' - 3 mA 2.4 	3.4 2.4 	3.4 

V 1 0H - 12 mA 2 

1 0H = - 15 mA 2 

VOL 
VCC = MIN, 	V Hi = 2 V, 

viL = MAX, 

loL = 12 mA 0.25 	0.4 0.25 	0.4 
V 

loL = 24 mA 0.35 	0.5 

II 

Control inputs VCC = MAX, 	VI = 7 V 0.1 0.1 
mA 

A or B ports Vcc = MAX, 	VI = 5.5 V 0.1 0.1 

IIH 
Control inputs 

VCC = MAX, 	Vi = 2.7 V 
20 20 

1.‘A 
A or B ports1 20 20 

III_ 
Control inputs 

Vcc = MAX, 	V1 = 0.4 V 
- 0.4 - 0.4 

mA 
A or B ports .' - 0.4 - 0.4 

100 VCC = MAX, 	Vo = 0 V -40 	- 225 -40 	-225 mA 

ICC 

LS651 

VCC = MAX 

Outputs high 95 	145 95 	145 

mA 

Outputs low 103 	165 103 	165 

Outputs disabled 103 	165 103 	165 

L5652 

Outputs high 95 	145 95 	145 

Outputs low 103 	165 103 	165 

Outputs disabled 120 	180 120 	180 

I For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

II For I/O ports, the parameters IN and lg .  include the off-state output current. 
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SN54LS651, SN54LS652, SN74LS651, SN74LS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

switching characteristics, VCC = 5 V, TA = 25°C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS651 'LS652 
UNIT 

MIN 	TYP MAX MIN 	TYP MAX 

tPLH 
Clock Bus 

RL = 667 Q, 

See Note 2 

CL = 45 pF, 

14 24 15 25 ns 

tpHL 23 35 24 36 ns 

tPLH 
Bus Bus 

9 18 12 18 ns 

tpHL 20 30 13 20 ns 

tPLH 
Select, with 

bus input 

hight 
Bus 

31 47 23 35 ns 

tpHL 22 33 21 32 ns 

tPLH 
Select, with 

bus input 

lowt 

23 35 33 50 ns 

tPHL 19 30 15 23 ns 

tPZH 
.6-13A A Bus 

29 44 30 45 ns 

tpZL 40 60 36 54 ns 

tPZH 
GAB B Bus 

19 29 20 30 ns 

4,21_ 26 40 25 38 ns 

tPHZ 
t-BA A Bus 

RL = 667 ft, 

See Note 2 

CL = 5 pF, 

25 38 25 38 ns 

tpLZ 19 30 19 30 ns 

tpHZ 
GAB B Bus 

25 38 25 38 ns 

tpLz 19 30 19 30 ns 

tPLH = propagation delay time, low-to-high-level output. 

tPHL = propagation delay time, high-to-low-level output 

tpai = output enable time to high level 

tpZL = output enable time to low level 

tPHZ = output disable time from high level 

IPLZ = output disable time from low level 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

EQUIVALENT OF GAB INPUTS EQUIVALENT OF ALL OTHER INPUTS 

____ 

TYPICAL OF ALL OUTPUTS 

VCC 50 	2,NOM 
VCC 

INPU1 

F3 ,  
V CC 

INPUT 

9 I.P, NOM 

OA 
11111 

Or 
OUTPUT 

A and 

613A, CAB and CBA: 

SAB and SBA: 

IA 

11 
B: R eg  = 15 1(52 NOM 

Reg  = 10 I<S2 NOM 

R eg  = 	6 I<C2 NOM 

EMI 
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SN54LS653, SN74LS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC 	  7 V 
Input voltage: All inputs and A I/O ports 	  7V 

B I/O ports 	  5.5 V 
Operating free-air temperature range: SN54LS653 	  -55°C to 125°C 

SN74LS653 	  0°C to 70°C 
Storage temperature range 	  -65°C to 150°C 

recommended operating conditions 

SN54LS653 

'.1-%• 

u.0 

SN74LS653 

 MI!. 	r.u%1 

4./ a 	a 

UNIT 

MIN NOM MAX 

VCC Supply voltage 4.5 	5 5.25 V 

V ii.i High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage A ports 5.5 5.5 V 

101.1 High-level output current B ports - 12 -15 mA 

lot.  Low-level output current 12 24 mA 

tw  Pulse duration 

CBA or CAB high 16 15 

ns CBA or CAB low 30 30 

Data high or low 30 30 

tsu  

Setup time 

before CAB t or CBA 1 
A or B 15 15 ns 

th 
Hold time 

after CAB1 or CBA f 
A or B 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 CONDITIONSt 
SN54LS653 SN74LS653 

UN IT 

MIN TYP# MAX MIN TYP t MAX 

VIK VCC = MIN ,  II --."- 18 mA -1.5 -1.5 V 

VOH B ports 

Voo = MIN, 

VIL = MAX 

VIH = 2 V, loH = -3 mA 2.4 3.4 2.4 3,4 

V IOH = - 12 mA 2 

1oH = - 15 mA 2 

IOH A Ports VCC = MIN, V01.4= 5.5 V 0.1 0.1 mA 

VOL 
VCC = MIN, 

vi L = MAX 

V1H = 2 V, ICI_ = 12 mA 0.25 0.4 0.25 0.4 

V lin = 24 mA 0.35 0.5 

li 
Control inputs VCC = MAX, Vi= 7 V 0.1 0.1 

 mA 
A or B ports VCC = MAX, Vi = 5.5 V 0.1 0.1 

IIH 
Control inputs 

VCC = MAX, V1 = 2.7 V 
20 20 

mA 
A or B ports 1  20 20 

'IL 
Control inputs 

VCC = MAX, CC 
 

VI = 0.4 V - 0.4 - 0.4 
mA 

A or B portal 0.4 - 0.4 

10S 4  B ports VCC = MAX, Vo = 0 V -40 -225 -40 

I CC 

LS653 . 

vcc = MAX 

- 

Outputs high 95 145 95 

mA  

Outputs low 103 165 103 165 

Outputs disabled 103 165 • 	103 165 

LS654 

Outputs high 95 145 95 145 

Outputs low 105 170 105 170 

Outputs disabled 120 180 120 180 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at VCC = 5 V, TA = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

For I/O ports, the parameters IIH and III include the off-state output current. 
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SN54LS653, SN74LS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

switching characteristics, VCC = 5 V, TA = 25 °C 

PARAME 1 ER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TES1 CONDITIONS MIN 	TYP 	MAX UNIT 

tI-1 PL CBA A Bus 

RL = 667 0, 	CL = 45 pF, 

See Note 2 

25 	38 
ns 

tPHL 26 	39 

tPLH CAB B Bus 
15 	23 

ns 
tPHL 24 	36 

tPLH A Bus B Bus 
10 	18 

ns 
tPHL 20 	30 

tPLI-1 
B Bus A Bus 

21 	32 
is 

_ tPHL 16 	24 

tPLH SBA t 

(with B high) 
A Bus 

38 	57 
ns 

tPHL 26 	39 

tPLH SBA I 

(with B low) 
A Bus 

34 	51 
us 

 tPHL 23 	35 

tPLH SAB t 

(with A high) 
B Bus 

32 	48 
ns 

tPHL 22 	33 

tPLH SABt 

with A low) 
B Bus 

24 	36 
---- iis 

1M-it- 20 	30 

tPLH UBA A Bus 
23 	35 

ns 
tPHL 37 	55 

tPZH 
GAB B Bus 

RL = 667 9, 	CL = 5 pF, 

See Note 2 

19 	29 
ns 

tPZL 25 	38 

tPHZ 
GAB B Bus 

26 	39 
ns 

tPLZ 19 	29 

tThese parameters are measured with the internal output state of the storage register opposite to that of the bus input. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

EQUIVALENT OF 

VCC 

INPUT 

GAB INPUTS 

___ _ 

9 k .1 NOM 

EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF B OUTPUTS 

VCC 
50 S2 NOM 

TYPICAL OF A OUTPUTS 

OUTPUT  

OUTPUT 

 

V CC 
R„, 

INPUT Mr 

A and El -  R e, = 15 IcS1NOM 

BA, CAB and CBA: R eq  = 10 IS2 NOM 

SAB and SBA 	R eq  = 	6 k52 NOM 

Will 

so
o
!n

a
a

  l
i
i
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SN54LS668, SN54LS669 . J OR W PACKAGE 

SN74LS668, SN74LS669 . D OR N PACKAGE 

(TOP VIEW) 

U/15 
CLK 

A 

B 

C 

D 

ENP 

GND 

VCC  
RCO 

CIA 

QB 

QC 

QD 
ENT  

LOAD 

    

SN54LS668, SN54LS669 	FK PACKAGE 

(TOP VIEW) 2 
U yip 	r 

--.. 
072>cc 

L_IL-11--Il_J 
3 2 1 20 19 

18 OA 

17 QB 
16 NC 
15 QC 

14 CID 

A 4 

B 5 

NC 6 

C 7 

D 8 T
T

L
 D

e
v

ic
e
s  

9 10 11 12 13 
1-1r-Jr-ir-nr-t 

rZ Z Z 
11J rD 

Z 

  

NC - No internal connection 

SN54LS668, SN54LS669, SN74LS668, SN74LS669 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

D2351, APRIL 1977 - REVISED MARCH 1988 

1S668 . . SYNCHRONOUS UP/DOWN DECADE COUNTERS 
"LS669 ... SYNCHRONOUS UP/DOWN BINARY COUNTERS 

Programmable Look-Ahead Up/Down 
Binary/Decade Counters 

• Fully Synchronous Operation for Counting 
and Programming 

• Internal Look-Ahead for Fast Counting 

• Carry Output for n-Bit Cascading 

• Fully Independent Clock Circuit 

• Buffered Outputs 

TYPE 

TYPICAL MAXIMUM 

CLOCK FREQUENCY 
TYPICAL 

POWER 

DISSIPATION 
COUNTING 

UP 

COUNTING 

DOWN 

'LS669, 'LS669 32 MHz 32 MHz 100 rnW 

description 

These synchronous presettable counters feature an in-

ternal carry look-ahead for cascading in high-speed 

counting applications. The 'LS668 are decade counters 

and the 'LS669 are 4-bit binary counters. Synchronous 

operation is provided by having all flip-flops clocked 

simultaneously so that the outputs change coincident 

with each other when so instructed by the count-enable 

inputs and internal gating. This mode of operation helps 

eliminate the output counting spikes that are normally 

associated with asynchronous (ripple-clock) counters. 

A buffered clock input triggers the four master-slave 

flip-flops on the rising (positive-going) edge of the clock 

waveform. 

These counters are fully programmable; that is, the outputs may each be preset to either level. The load input circuitry allows 

loading with the carry-enable output of cascaded counters. As loading is synchronous, setting up a low level at the load input 

disables the counter and causes the outputs to agree with the data inputs after the next clock pulse. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating. 

Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable inputs (P and 

T) must be low to count. The direction of the count is determined by the level of the up/down input. When the input is high, 

the counter counts up; when low, it counts down. Input T is fed forward to enable the carry output. The carry output thus 

enabled will produce a low-level output pulse when the count is maximum counting up or zero counting down. This low-level 

overflow carry pulse can be used to enable successive cascaded stages. Transitions at the enable P or T inputs are allowed 

regardless of the level of the clock input. All inputs are diode-clamped to minimize transmission-line effects, thereby simplify-

ing system design. 

These counters feature a fully independent clock circuit. Changes at control inputs (enable P, enable T, load, 

up/down) that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether 

enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable setup and hold times. 

The 'LS668 and 'LS669 are completely new designs. Compared to the original 'LS168 and 'LS169, they feature 

0-nanosecond minimum hold time, reduced input currents 	and IIL, and all buffered outputs. 

PRON. 1 1•:11 DATA documents contain information 
curre• • m • • uhlication date. Products conform to 
speci:Lat.L..s per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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logic diagram (positive logic) 	
SN54LS668, SN74LS668, DECADE COUNT ERS 

CLOCK 121 _t
>„ 	  

_1141„ 

1D 
	(13) B 

o—c:>C1 

• 

L 	 LOAD  IL  

4> 
4> 

ENABLE 17)  
P 

ENABLE (10) 
T 

DATA A (3)  0 	

SN54LS668, SN74LS668 
SYNCHRONOUS 4-BIT UNDOWN COUNTERS 

2-
 

S
O

D
IA

3
(1

  1
1
1
  

DATA B 

•	 -1D- 	 1D 

• c::>C1 

DATA C 
15)  

1D —6-- Q D  (11) 

c;> C1 

DATA D 

(15)   
RCO 

Pin numbers shown are to D, J, N, and W packages. 
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LOAD (9  

ENABLE  ( 7 )  

ENABLE110) 
T 

• 

 DATA A (31  

(4) *  
DATA B 

DATA C (5) 	 

DATA 0 
(GI 

aD 	T  Do  

cf> 

T
T

L
 D

ev
ic

es
  

C 

SN54LS669, SN74LS669 
SYNCHRONOUS 4•BIT UP ► DOWN COUNTERS 

logic diagram (positive logic) (continued) 

SN54LS 669, SN74LS669, BINARY COUNTERS 

CLOCK 
(2) 

 

u/6 
111 	C>. 

(15) 
 -6E6 

Pin numbers shown are for D, J, N, and W packages.  
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P AND T 

°A 

Q B 

 Q
C  

SN54LS668, SN74LS668 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

••••■■■■• 

'LS668 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 

logic symbolt 

LOAD • 
Lai 

I 
151 

CTRDIV10 

M1 [LOAD] 

M2 [COUNT! 

G3 IUPI 

G4 (DOWN! 	
35GT-9 

 

G5 	
4,5CT=0 

G6 

2,3,5,6+/G7 

2,4,5,6- 

( 

RCO 

OM 0A  

ERT 

GLK 

A IllE131118== 
03) 08  

111111•1111=11 1121 	0  

,6 ° C.  

iThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and 

IEC Publication 61i-12. 

Pin numbers shown ...ro for ID, J, N, and W packages. 

LOAD 

   

S
9

0!
A

O
G

  1
1

1
  

  

  

  

   

CLOCK 

U/D 	
I 

--J 

RCO 

11 	7 	1 	8 	9 	0 	1 	2 	2 	12 	1 	0 	9 	8 	7 

I 11..--- COUNT UP 	 ...--- INHIBIT —...1 	I.-- COUNT DOWN 	  

.....„,,....J 

LOAD 
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logic symbol t 
CTRDIV16 

Mt [LOAD] 

M2 ICOUNTI 

G3 1UP1 
G4 'DOWN] 3 ' 5CP--15 

	
( 15 ) RCO 

G5 	
4,5C1,0 

G6 

2,3,5,6+/C7 

2,4,5,6— 

1141 

MI11011111M 
0 
M11113111111111 

GA 
1131 .8  

1121 .8 

 1111 
0 

This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 

Pm numbers shown are for D, J, N, and W packages. 

LOAD 

DATA 
INPUTS I 

T
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SN54LS669, SN74LS669 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

'LS669 BINARY COUNTERS 

typical load, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen 

2. Count up to fourteen, fifteen (maximum), zero, one, and two 

3. Inhibit 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen 

CLOCK 

U/D 

IT,  AND T 

B 

Qc _ _ 

O D 

RCO 
--J 

13 	14 	15 	0 	1 	2 	 2 	1  2 	I 	1 	0 	15 	14 	13 

I I I.—COUNT UP 	 ► I.-- INHIBIT —. 	 COUNT DOWN 	  

LOAD 
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Reg 

EQUIVALENT OF EACH INPUT 

VCC 

INPUT 

Ladd. 14, 10 kit NOM 

Data• R oy  25 kit NOM 

Clock, Enable P, T, U/D. R oy  - 20 kit NOM 

TYPICAL OF ALL OUTPUTS 

V CC 
1201.2 NOM 

OUTPUT 

SN54LS668, SN54LS669, SN74LS668, SN74LS6b9 
SYNCHRONOUS 4•BIT UPIDOWN COUNTERS 

S
8

31
A

a
a
  1

1
1

  

schematics of inputs and outputs 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 
Operating free-air temperature range: SN54LS668, SN54LS 669  	—55° C to 125° C 

SN74LS668, SN74LS 669 	  0° C to 70°C 
Storage temperature range  	—65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal 

recommended operating conditions 

SN54LS668 

SN54LS669 	, 

SN74LS 668 

SN74LS 669 UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 v 

High-level output current, 101.i 400 —400 pA 

Low-level output current, 10L 4 8 mA 

Clock frequency, ( clock 0 25 0 25 MHz 

Width of clock pulse, t wid ock) (high or low) (see Figure 11 20 20 ns 

Setup time, t su  (see Figure 11 

nputs A, 8, C, D 25 25 

ns 
.-'. 	w ENT 40 40 

30 30 

U/Ii 45 45 

Hold time at any input with respect to clock, th (see Figure 11 0 0 ns 

Operating free-air temperature, TA —55 125 0 70 ° C 
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SN54LS668, SN54LS669, SN74LS668, SN74LS669 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSI 

SN54LS668 

SN54LS669 

SN74LS668 

SN74LS669 UNIT 

MIN TYPT MAX MIN TYPT MAX 

VI H High-level input voltage 2 2 V 

V IL  Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage VCC = MIN, I i = —18 mA —1.5 —1.5 V 

VON High-level output voltage 
Vcc = MIN, 

VII_ = Va.  max, 

VIH = 2 V, 

10H = —400 AlA 
2.5 3.4 2.7 3.4 V 

Vol_ Low-level output voltage 

VCC = MIN, 

VI H = 2 V, 

VI 	= VI L max 

IOL = 4 mA 0.25 0.4 0.25 0.4 
V 

1 0L= 8  rnA 0.35 0.5 

II 

Input current 

at maximum 

input voltage 

L  

A, B, C, D, T P, 

VCC = MAX, Vi = 7 V 

0.1 0.1 

mA - T 0.1 0.1 
• — 

. 	• 	• 	- 0.2 0.2 

I I H  

High-level 

input current 

I.,, J, ...., D, P, U/D 

vcc = MAX, V1= 2.7 V 

20 20 

pA Clock T 20 20 

7 40 40 

I I L 
Low-level 

input current 

A, o, l., D, P, U/D 

vcc= MAX, V1 = 04 V 

—0.4 —0 4 

mA Clock, T-  —0.4 —0.4 

LOAD —0.8 —0.8 

los Short-circuit output current VCC = MAX —20 —100 —20 —100 mA 

lec Supply current VCC = MAX, See Note 2 20 34 20 34 mA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA =25 ° C. 

§Not more than one output should be shorted at a time, end duration of the short-circuit should not exceed one second. 

NOTE 2: Icc is measured after applying a momentary 4.5 V, then ground, to the clock input with all other inputs grounded and the outputs 

open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER1 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX 

r 

UNIT 

imax 

CL = 15 pF, 

RL = 2 kS2, 

See Figures 2 and 3 

25 	32 MHz 

tPLH 
CLK RCO 

26 	40 
ns 

tPHL 40 	60 

tPLH 
CLK 

Any 

0 

18 	27 
ns 

I PHL 18 	27  

1PLH 
ENT 

11 	17 
ns RCO 

tPHL 29 	45 

IPLH 0  
urT5 RCO 

22 	35 
ns 

tPHLO 26 	40 

f max  = Maximum clock f equency. 

tPLH = propagation delay time, low-to-high-level output. 

tPHL = propagation delay time, high-to-low-level output. 

0  Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum count. As the logic 

level of the up/down input is changed, the ripple carry output will follow. If the count is minimum 10), the ripple carry output transition will be 

in phase. If the count is maximum (9 for 'LS868 or 15 for 'LS889), the ripple carry output will be out of phase. 

4 
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LOAD ref 

PARA•11:TL 	ASURE 	r..T INFORMATION 
tvv(ciock) 

tmciock) —61 

CLOCK 

ria-cti: sU  (active state)  If— th _01 	(inactive state) 

__ 0V 

3V 

SN54LS668, SN54LS669, SN74LS668, SN74LS669 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

I  	I 	 I 
	 — —3V 

I 

Vref 	

N\ 

V re f 	 I 

I 

I  
0 V 

I 
I 

	

fh 	re-el 

I 	I 	0 V 

1 Vref 

	ir-- 
V re f 

1.— ,„ --.1  
1 	 1.—.4-- t h  

i I 	 3V 

	

Vret 	 Vref 

 

DATA INPUTS 

A, B, C, and 

 

2 

 

  

3V 

's" 
	

th 

Vref 	 . Vref 

sa
o!

Aa
a 
 i

n
  

   

ENABLE or or 

ENABLE if 

u/5 

  

    

0 V 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulses are supplied by a generator having the following characteristics: PR R < 1 MHz, duty cycle < 50%. Zout x 50 S2, 

t r  K 15 ns, tf < 6 ns. 

B. Vref  - 1.3 V. 

FIGURE 1-PULSE WIDTHS, SETUP TIMES, HOLD TIMES 

ENABLE T 

3V 

Mic ro 	 Vref 

1 	 I 

RCO 

1 	  T 	 0v 
1 

	

1..„._ tpHL ---.4 	 (.,,,_  IP LH --pi 

	

i 	 l 

	

1 	 i 	
VOL 

\ 

V re t  V re f 

VON 
VOLTAGE WAVEFORMS 

NOTES A. The input pulse is supplied by a generator having the following characteristics. PR R K  1 MHz, duty cycle < 50%, Z out  = 50 52, 
t r  < 15 ns, tf < 6 ns. 

B. tPLH and  'PH L from enable T input to ripple carry output assume that the counter is at the maximum count 1QA and OD high 

for 'LS668. all Q outputs high for 'L5669). 

C. Vref = 1.3 V. 

D. Propagation delay time from up/down to ripple carry must be measured with the counter at either a minimum or a maximum 

count. As the logic level of the up/down input is changed, the ripple carry output will follow. If the count is minimum 10) the 

ripple carry output transition will be in phase. If the count is maximum (9 for 'LS668, or 15 for 'LS669) the ripple carry 

output will be out of phase. 

FIGURE 2-PROPAGATION DELAY TIMES TO CARRY OUTPUT 

INSTRUMENTS 
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, PHL 

	

I 	(measure 	at 	ter8) 

Vref 

	SS 	 
1  tPHL 

(measure at t er  m 

I 	or 41+16) 
	 I 	(See Note 	131 

Vref 

	SS 	 

IPLH 
. 	(measure at t 0 541 

V r e f 

	  , PLH 
(measure at tn , 8 )  

V ref 

SN54LS668, SN54LS669, SN74LS668, SN74LS669 
SYNCHRONOUS 4-BIT UPIDOWN COUNTERS 

PARAMETER MEASUREMENT INFORMATION 

4-tmeiock) 

CLOCK 
	

Vref 	 V re f 	 V re f 

OUTPUT 

QA 
Vref 

    

16-01— 1PLH 	 PH L 

I 	(measure at In , l )  I 	! 	( measure at te-1-2) 

V re f 

	 3V 

— 0 V 

VOH 

VOL 

Ell fPFIL 	 fPLH I 	(measure at trlr 2 )  

	  VOH 

	V re f 

VOL 

IV ref 

(measure at tr,r4) 

\ V  ref 

	SS 	 

OUTPUT 

QC 

OUTPUT 

OD 

IpHL 
	

1 PLH 
(measure at t r, 5 10 

or 1,1161  (See Note B/ 

RCO 	 V ref 
	

V re f 

UP-COUNT VOLTAGE WAVEFORMS 

NOTES A. The input pulses are supplied by a generator having the following characteristics: PRR 0 1 MHz, duty cycle 0 50%, Z oe , 	50 It, 
t r  0 15 ns, tf 0 6 ns Vary PRR to measure fr,-,ax• 

B. Outputs OD and carry are tested at t r,rig for the 'L5668, and at t nr..16 for the •L5669, where t r, is the bit-time when all outputs 

are low. 

C. Vref 1.3 V. 

FIGURE 3—PROPAGATION DELAY TIMES FROM CLOCK 
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SN54LS670, SN74LS670 

Separate Read/Write Addressing Permits 
Simultaneous Reading and Writing 

Fast Access Times ... Typically 20 ns 

Organized as 4 Words of 4 Bits 

Expandable to 512 Words of n-Bits 

• For Use as: 
Scratch-Pad Memory 
Buffer Storage between Processors 
Bit Storage in Fast Multiplication Designs 

• 3-State Outputs 

• SN54LS170 and SN74LS170 Are Similar But 
Have Open-Collector Outputs 

description 

The SN54LS670 and SN74LS670 MSI 16-bit TTL 
register files incorporate the equivalent of 98 gates. The 

register file is organized as 4 words of 4 bits each and 

separate on-chip decoding is provided for addressing 

the four word locations to either write-in or retrieve 

data. This permits simultaneous writing into one loca-

tion and reading from another word location. 

SN54LS670 . . J OR W PACKAGE 

SN74LS670 ... D OR N PACKAGE 

(TOP VIEW) 

VCC 
D1 

WA 

WB 
Gw 
GR 
Q1 

02 

SN54LS670 . . . FK PACKAGE 

ITOP VIEW) 

(-7 
C`,1 (.-.) 	(.3 

a o Z > 0  
1--/ 1--/1-11_11-1 
3 2 1 20 19 

D4 4 	 18 WA  

RB 5 	 17 

W  NC 5 	 16 NC 8  
RA 7 	 15 Gw 

Q4 8 	 14 GR 

9 10 11 12 13 
nn rn  

8 2 2 
NC — No internal connection. 

4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

BULLETIN NO. DL-S 7612122, MARCH 1974 — REVISED M "•• 	' • 

D2 

D3 

D4 
RB 

RA 

Q4 
Q3 

GND 

T
T

L
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Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined by the 

write-address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its true form. 

That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that particular bit location. 

The latch inputs are arranged so that new data will be accepted only if both internal address gate inputs are high. When this 

condition exists, data at the D input is transferred to the latch output. When the write-enable input, GW, is high, the data in-

puts are inhibited and their levels can cause no change in the information stored in the internal latches. When the read-enable 

input, GA, is high, the data outputs are inhibited and go into the high-impedance state. 

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding gates 
are used to complete the address for reading a word. When the read address is made in conjunction with the read-enable 

signal, the word appears at the four outputs. 

This arrangement—data-entry addressing separate from data-read addressing and individual sense line—eliminates recovery 

times, permits simultaneous reading and writing, and is limited in speed only by the write time 127 nanoseconds typical) and 

the read time (24 nanoseconds typical). The register file has a nondestructive readout in that data is not lost when addressed. 

All inputs except read enable and write enable are buffered to lower the drive requirements to one Series 54LS/74LS standard 
load, and input-clamping diodes minimize switching transients to simplify system design. High-speed, double-ended AND-

OR-INVERT gates are employed for the read-address function and have high-sink-current, three-state outputs. Up to 128 of 

these outputs may be bus connected for increasing the capacity up to 512 words. Any number of these registers may be 

paralleled to provide n-bit word length. 

The SN54LS670 is characterized for operation over the full military temperature range of —55° C to 125° C; the SN74LS670 

is characterized for operation from 0° C to 70° C. 

tION DATA documents contain information 
• . • • • is of publication data. Products conform to 

per the terms of Texas Instruments 	 TEXAS 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 	 INSTRUMENTS 

2-1103 
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OUTPUT 

EQUIVALENT OF EACH INPUT 

vc c • 
Any 0, PI, or W. R e , = 20 kIL NOM 

GB: R ee  = 6.67 la2 NOM 

Gwt Reg  = 10 kci NOM 

INPUT 

TYPICAL OF ALL OUTPUTS 

100 St 
NOM 

VCC 

SN54LS670, SN74LS670 
4-8Y-4 REGISTER FILES WITH 3.OUTPUTS 

logic symbol t 

W A 

WB 
R 

Rg

A 

ily 

Gg 

01 

D2 

D3 

D4 

(14)  
RAM 4)(4 

0 	0 
1A  

1 	3 

°) 2A ° 
3 

C4 (WRITE) 

EN (READ) 

(10) 
Q1 

02 

03 

04 

(13) 

(5) 

(4)  

(12) 
N. 

(11) 

(15) 
1A,4D 2A17 

(1) (91 

(2)  (71 

(3)  (61 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publica ion 617-12. 
Pin numbers shown are for D, J, N, and W packages. 

WRITE FUNCTION TABLE (SEE NOTES A, B, AND CI 

WRITE INPUTS WORD 

W8 WA aVV 0 1 2 3 

L 

L 

H 

H 

X 

L 

H 

L 

H 

X 

L 

L 

L 

L 

H 

0= D 

Qo 

Qo 

00 

Q0 

Qo 

Q - D 

00 

Oo 

Q0 

Qo 

Qo 

0= D 

Oo 

00 

(10 

00 

On 

Q= D 

00 

READ FUNCTION TABLE (SEE NOTES A AND D) 

READ INPUTS OUTPUTS 

RB 	RA dpi 01 02 Q3 04 

L 	L 

L 	H 

H 	L 

I-I 	H 

X 	X 

L 

L 

L 

L 

H 

WOB1 

W1B1 

W281 

W3B1 

Z 

WOB2 

W1B2 

W2B2 

W3B2 

Z 

WOB3 

W1B3 

W2B3 

W383 

Z 

WOB4 

W1B4 

W2B4 

W384 

Z 

NOTES A. H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

B. 10 = DI t,  The four selected internal flip flop outputs will assume the states applied to the four external data inputs 

C Do  - the level of 0 before the indicated input conditions were established. 

D. WOB1 The first bit of word 0, etc 

schematics of inputs and outputs 

2-1104 TEXAS 
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SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

logic diagram (positive logic) 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 855012 • DALLAS, TEXAS 75265 

4 
2-1105 

D
A

T
A

 IN
P

U
T

S
 

01 

2 

4 

3 

H 
0 
0 

2 

T
T
L

 D
e

v
ic

e
s  

• 	• 

1111 	151 

IB 	UR RA 

READ INPUT 

	

1131 	1141 

	

Wf3 	WA 

WRITE INPUT 

Pin numbers shown are for ID, J, N, and W packages. 
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SN54LS670, SN74LS670 
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4-BY-4 REGISTER FILES WITH 3•STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Input voltage 

Off-state output voltage 
Operating free-air temperature range: SN54LS670 

SN74LS670 

   

	 7V 
7V 

  5.5 V 
—55° C to 125°C 
  0°C to 70° C 

—65° C to 150°C 

   

   

   

   

   

Storage temperature range 

    

    

recommended operating conditions 

    

SNE; :I 'r70 SN74 I '..-70 
UNIT 

MIN 	N. 0. 	MAX MIN 	1....r.1 	MAX 

Supply voltage, VCC 4.5 	5 	5.5 4.75 	5 	5.25 V 

High-level output current, 10H —1 —2.6 mA 

Low-level output current, loL 4 8 mA 

Width of write-enable or read-enable pulse, t w  25 25 ns 

Setup times, high- or low-level data 

(see Figure 2) 

Data input with respect to 

write enable, tsu(D) 
10 10 ns 

Write select with respect to 

write enable, tsu(W) 
15 15 ns 

Hold times, high- or low•level data 

(see Note 2 and Figure 2) 

Data input with respect to 

write enable, th(o) 
15 15 ns 

Write select with respect to 

write enable, th(w) 
5 5 ns 

Latch time for new data, tlatch  (see Note 3) 25 25 ns 

Operating free-air temperature range, TA —55 	 125 0 	 70 ° C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is not 

required, tsu m can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during th(W) 

will result in data being written into that location. Depending on the duration of the input conditions, one or a number of 

previous addresses may have been written into. 

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is important 

only when attempting to reed from a location Immediately after that location has received new date. 

2-1106 TEXAS 
INSTRUMENTS 
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SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSf 
SN54LS670 SN74L: 

- 
MAX 

UNIT 
MIN TYPE MAX MIN TYP+ 

VIH 	High-level input voltage 2 2 V 

Vi L 	Low-level input voltage 0.7 0.8 V 

VIK 	Input clamp voltage VCC = MIN, II = -18 mA -1.5 -1.5 V 

MOH 	High-level output voltage 
VCC = MIN, 

VII_ = VII_ max 

VIH = 2 V, loH = -1 mA 2.4 3.4 
V 

IOH = -2.6 mA 2.4 3.1 

VOL 	Low-level output voltage 
VCC = MIN, 

Va. = VIL max 

VIH = 2 V, loL = 4 mA 0.25 0.4 0.25 0 4 
V 

IOL = 8  mA 0.35 0.5 

Off-state output current, 
IOZH 

high-level voltage applied 
VCC = MAX, VIH = 2 V, 	V0= 2.7 V 20 20 gA 

Off-state output current, 
IOZL 

low-level voltage applied 
VCC -- MAX, VIH = 2 V, 	V0 = 0.4 V -20 -20 gA 

Input current at 
II 

maximum input voltage 

VCC = MAX 

V1= 7 V 

Any D, R, or W 0.1 0.1 

mA Uw 0.2 0.2 

ffiri  0.3 0.3 

I IH 	High-level input current 
VCC = MAX 

VI = 2.7 V 

Any D, R
. 

or W 20 20 

.A GW 40 40 

a, 60 60 

'IL 	Low-level input current 
VCC = MAX , 

 VI = 0.4 V 

Any D, R, or W -0.4 -0.4 

mA Gw -0.8 -0.8 

UR -1.2 -1.2 

los 	Short-circuit output current§ VCC = MAX -30 -130 -30 -130 mA 

!cc 	Supply current VCC = MAX, See Note 4 30 50 30 50 mA 

f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at VCC = 5 V, TA = 25 ° C. 

ti Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 4: Maximum Icc is guaranteed for the following worst-case conditions -  4.5 V is applied to all data inputs and both enable inputs, all 

address inputs are grounded and all outputs are open. 

switching characteristics, VCC = 5 V, TA = 25 ° C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS MIN 	TYP 	MAX UNIT 

tPLH 
Read select Any Q 

CL = 15 pF, 	RL = 21,2, 

See Figures 1 and 2 

23 	40 
ns 

tPHL 25 	45 

tPLH 
Write enable Any 0 

CL = 15 pF, 	RL = 2 kS2, 

See Figures 1 and 3 

26 	45 
ns 

1PHL 28 	50 

tPLH 
Data Any Q 

25 	45 
ns 

1PHL 23 	40 

1P7H 

FR,,Id enable ̀ Any 0  

CL = 15 pF, 	Rt = 2 kliff , 

See Flqures 1 and 4 

15 	35 
ns 

IPZL 22 	40 

5 PHZ CL = 5 pF, 	RL = 2 ku, 

See Figures 1 and 4 

30 	50 

,PLZ 16 	35 

TEXAS 
INSTRUMENTS 
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EST 

POINT 

FROM OUTPUT 
UNDER TEST 

NOTES A. CL includes probe and jig capacitance. 

B. AU diodes are 1N3064 or equivelem 

_...i 

 

LOAD CIRCUIT 

FIGURE 1 

SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3•STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

CD 

A.  
CD 
C/3 

(See Note Al  

WRITE-SELECT 
INPUT WA or WB 

DATA INPUT 

D1, D2, D3, or D4 

(See Note AI 

WRITE-ENABLE 

INPUT aw 

READ-SELECT 

INPUT RA or R5 

(See Note B) 

OUTPUT 

01, 02, 03, 01 04 

1.3 V \1.3 \1.3 V 

I 

I -61 NI— th(W) 

1.3 V I 	 1.3 V 

I 	I 	1 	I 

I 	1 	14-04—  th(D) 

I 	4-4— tsu(D) 

, latch —11 

yI  1.3V 

3V 

	 0 V 

3V 

— 0 V 

3 V 

\1 3 V 

k- tPLH -1 

1.3V 	 1 3 V 

VOL 

1.—tpHL—.1 

\\14-  1- -y 	 

1.3 V 	 1.3 V 

0 V 

3V 

0 V 

VOH 

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED) 

NOTES: A. High - level input pulses at the select and data inputs are illustrated; however, times associated with low - level pulses are measured 

from the same reference points. 

B. When measuring delay times from a read-select input, the read-enable input is low. 

C. Input waveforms are supplied by generators having the following characteristics: PAR B 2 MHz, Z o,,, a  50 0, duty cycle 50%, 

t r  < 15 ns, t r  B 6 ns. 
FIGURE 2 

TEXAS 
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SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

DATA INPUT 

D1, D2, D3, or D4 	/1.3 V 

3V 

0V 

3V 

WRITE-ENABLE 	 \\I.3 V 
INPUT 

0 V 

ytPLH H l•— tPHL -.1 
VOH 

OUTPUT 
1 3 V 	 1.3V 

Q1, 02, Q3, or 04 

VOL 
VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED) 

3V 

DATA INPUT 
1 3 V 

D1, D2, D3, or D4 

0 V 

3V 

\ 
WRITE-ENABLE 

INPUT GW 1.3 V 

\ 0 V 

3V 
tpHL 	 1._ei—tPLH 

OUTPUT 
1 3 V 

01, 02, 03, or 04 

0V 

VOLTAGE WAVEFORM 2 (51 AND S2 ARE CLOSED) 
NOTES' A 	Each select address is tested 	Prior to the start of each of the above tests both write and read address inputs are stabilized with 

WA -- RA ano WB = RB. During the test GB is low. 

Ft 	Input waveforms are supplied by generators having the following characteristics, P RR < 1 MHz, Z our  z  50 1-2, duty cycle < 50%, 

t. 	16 ns, t r  <F  ns 

FI ,OWE 3 

READ 	 :1 V 
ENABLE 	i 

—I\irs 1 _1(13 V 

,....
1 	 kI'I'l Z.1, 	51 .„„I 

--tp7; ___..., 

(See Note Al 

	51 ,1 5e/1 	,, y  

I S2 now) 	 /5  5i5 

	  I 5 V 
I 	52 L lo-,e,1 WAVEFORM 1 	

1 5 V 

Vol_ 
I 
I.-- 1- F 71-I —'1 	 ,...-tp, 2 .1 0 5 v 0 5 V 

S 1 "PSI, 

S2 closed  

/ 

1 3 V 	
.IIIVF 

(See Note Al 	
1 5 V 

	

S1 coil 	

VOli 

 
WAVEFORM? 

	  ,-- 0 V 
S2 closed 

VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, THREE -STATE OUTPUTS 

NOTES. A. Wavetorms 1 is for an output with internal condttions such that the output is low except when disabled by the read-enable input. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read enable input. 

B. When measuring delay times from the res ,  enable input, both read-select inputs have been established at steady states, 

C. Input waveforms are supplied by generators having the following characteristics: ERR < 1 MHz, Z., 	50 02, duty cycle 0 50%, 

5, 5) 15 ns, t r  < 6 ns. 
FIGURE 4 
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SN54LS671, SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERSILATCHES 

WITH 3-STATE OUTPUTS 
D2638, JANUARY 1981 — REVISED MARCH 1988 

4-Bit Universal Shift Registers/Latches 

Multiplexed Outputs for Shift Register 
or Latched Data 

Choice of Direct SR Clear MS6711 or Syn-
chronous SR Clear ('LS672) 

• 3-State Outputs Drive Bus Lines Directly 

• Expandable to Any Word Length 

description 

The 'LS671 and 'LS672 each contain a 4-bit universal 

shift register (similar to the 'LS194A) and a 4-bit 

storage register (similar to the 'LS175) multiplexed to a 

3-state output stage (similar to the 'LS258). The user 

has the option of selecting the shift or storage register 

via the register/shift select input R it. The 'LS671 has a 

direct-overriding shift register clear while the 'LS672 

features a synchronous shift register clear. The shift 

register has four distinct modes of operation, namely: 

Inhibit clock (do nothing) 

Shift right (in the direction QA toward CID) 

Shift left (in the direction CID toward OA) 

Parallel (broadside) load 

A cascade output for the shift register is provided so 

that full shift register functionality is provided even 

while the outputs are in the high-impedance mode. The 

cascade output presents QA data in the shift-left mode, 

OD data in the shift-right mode. 

Both the shift register clock and the latch clock are 

triggered on the positive transition. The output control 

IGI activates CIA thru CID when low, it places CIA thru 

OD into the high-impedance state when high. 

SN54LS671. SN54LS672 . . . J PACKAGE 

SN74LS671, SN74LS672 . . . DW OR N PACKAGE 

(TOP VIEW) 

SER R 

SRCK 

A 

B 

C 

D 

SER L 

SRCLR 

R CK 

GND 

SN54LS671, SN54LS672 . . . FK PACKAGE 

ITOP VIEW) 

bc Cr 
cr V U) 

CC ui UQ 
< 	> 
uuu I-1 L__/ 
3 2 1 20 19 

B 4 	 18 CIA 

	

C 5 	 17 QB 

D 6 	 16 QC 

	

SER L 7 	 15 QD 

	

SRCLR 8 	 14 SO 

9 10 11 12 13 

Z 	(f)  
CC (9 CC 

VCC 
CASC 

OA 
QB 

QC 

OD 
SO 

S1 

G 

R /S 

PRODUCTION DATA documents contain information 
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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112)  

Rig  (Ili  

RCK 19)  
(8) 

SRCLR 

SO 
(14) 

LS672 13) 'LS671 ■• • •10. 

SN54LS671, SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERSILATCHES WITH 3-STATE OUTPUTS 

logic diagram (positive logic) 

SACK 

A 

14) 

16) 
D 

SEA L 	(7)  

S
O

D
IA

8
a

  1
1

1
  

(15) 

(16) 

CASC 

A 

8 

C 

Pin numbers shown are for DW, J and N packages. 
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CASC CASC 

SRCLR (8) 
1141 so 

S1 
(1 3) 

(2) 
SOCK 

11) 
SER R 

A (3) 

(4) 

1181 04  

oc  

115) (ID  

C (5)  

D (6) 

 SFR L 171 

[These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for OW. J. and N packages. 

FUNCTION TAP' 
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MUX 

1,24/2,23-  EN22 

G21 

>C11 

SRG4 

414 

0 } 	 o 

>C4  

1 x / 2 — 
r r 

1,4D '" 	C> 

1 22V 3,40 

3,4D 	
'L,_ .1 	C> 

21 	2 17 

34D 	
'L113 21 	r> 

21 227 

3,4D 	 11D 21 	C> 

2,4D Z24 21 2257 

a  1121 

1,1 1111 

RCK  (9)  

SRCLR 
(14) so 
(13) 

S1 
(2) 

SRCK 

SER R 
(1) 

A (3) 

B
(4) 

C (5)  

D (6)  
(7) 

SER I 

MUX 

EN22 

G21 

1,24/2,23 

>C11 

SRG4 

R 

0 } m pi.  

>C4  

.41—'2. -  
r 

1,4D 1111 11 	 1). 

3,40 22V ." . 

3,4D 	
11,, 

 
.r1> 

7 220 

3,4D 	
11D 21 	1> 

Ti 22p 

3,40 	 " 21 	I> 

2,40 r4 21 22 17 

R/S 

SR MOOF 

S1 	SO 

SRCK 

H 

!NM ITS 

FA 	SP 

	

ppr 	LEI  

A 	B 	C 	D 

PARAI.1 El 

OUTPUTS 

CASC* VIOLA 0A. 	0 13 	0D 	0D 

H 
L H 

H 

H 

X 

X 

X 

H 

H 

H 	H 

L 	H 

H 

X 	X X 	X 

X 

X 

X 	H 

X 	L 

H 	X 

X 

X 	X 

X 	X 

X 	X 

X 	X 

Y 	X 	X 	X 

x 	x 	x 	xoAA n  
X 	X 	X 	X 
X 	x 	x 	X 
X 	X 	Y 	X 

X 	X 	X 	X 

X 	X 	X 	X 

I 	 h 	 I 	 I 

X 	X 	X 	X 

X 	X 	X 	X 

X 	X 	2( 	X 

L 	L 	L 	L 

o 	°130 	°C0 	°O0 Q 	0E30 	

°co 	ono 
Fl 	°An 	°Bn 	°Cn 

L 	°An 	OBn 	°Cr 

°B r. 	Oc r, 	°O, 	14 

Op, 	Oc r, 	On o 	1- 

a 	 Is 	c 	d 

Z 	7 	Z 

7 	7 	7 	Z 

Internal register contents  

(4) 

It) 

H 

°Cn 

Oc r, 

0 Bn 

°Bn 

H 

°Cn 

OBn 

(2) 

When the output control 6 is high, the 3-state outputs are disabled to the Mph impedance state; however, sequential opera 	on 
of he shift register and the output at CASC are not affected 

SN54LS671, SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERS/LATCHES WITH 3-STATE OUTPUTS 

logic symbolst 

'LS671 
	

'LS672 

H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

t = transition from low to high level 

a, b, c, d = the level of steady-state input at A. B, C. or D, respectively 

0A0' 080• QCO ,  QD0 = the level of QA, QB, QC, or OD, respectively, before the indicated steady-state input conditions were established 

°An• °Bn ,  °Cn = the level of QA, GB, or Qc, respectively, before the most-recent transition of the clock 

Z = high-impedance state 

t The cascade output displays the D bit of the shift register in mode 1 (Si, SO = L, H), the A bit in mode 2 (Si, SO = HL), and is inactive (HI 

in mode rid 3 (51, SO - LL and HHI 

4 2-1113 TEXAS 
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SN54LS671, SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERSILATCHES WITH 3-STATE OUTPUTS 

S
09

1
A

0
a
  1

1
1

  

schematics of inputs and outputs 

EQUIVALENT OF A THRU D, 
SER L, AND SER R INPUTS 

EQUIVALENT OF 
ALL OTHER 

INPUTS 

TYPICAL OF CIA THRU QD 

OUTPUTS 

TYPICAL OF CASCADE 
OUTPUT 

VCC VCC  	VCC VCC 
25 kn. 13 kn 120 n NOM 100 n NOM 

NOM NOM 

INPUT SW 
lir INPUT ii  OUTPUT 

OUTPUT 

IIII. 

Pill 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC (see Note 1) 	 7 V 
Input voltage  	7 V 
Off-state output voltage 	 5.5 V 
Operating free-air temperature range: SN54LS671, SN54LS672 	  —55°C to 125° C 

SN74LS671, SN74LS672 	  0° C to 70° C 

	

Storage temperature range   —65° C to 150° C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

V 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 

10H High-level output current 
Cascade out — 0.4 — 0.4 

mA 
CIA. QS. QC. CID —1 —2.6 

lot_ Low-level output current 
Cascade out 4 8 

mA  
B. clo CID 12 24 

tw  Width of SRCK, RCK, or 	RCLR PLS671 only) Mout pulse 30 30 ns 

tsu  Inactive state setup time 3 before 	f 	)'LS671 only) 30 30 ns 

tsu  Setup time 

11 to SF.,... . 45 45 

ns 

4 	1 	l' 	. 	'illy) tc 	t - — 25 25 

—, ...., .., D tc 1 30. 30 

SRCK 1 to RCK 1 30 30 

SER to SACK t 35 35 

th Hold time Any input from SRCK 1 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

2-1 1 1 4 TEXAS 4 
INSTRUMENTS 
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SN54LS671, SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERSILATCHES WITH 3-STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS7 
SN54LS' SN74LS' 

UNIT 
MIN TYP 5 	MAX MIN 	TYPE- 	MAX 

VI H High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, Ii= -18 mA -1.5 -1.5 V 

VOH High-level output voltage 

OA-OD VCC = MIN , 

 VIH = 2 V, 

VII_ = VIL max 

10H= -1 mA 2.4 3.1 

V 0A - OD loH = -2.6 mA 2.4 3.1 

CASC loH = -400 AA 2.5 3.2 2.7 3.2 

VOL Low-level output voltage 

OA -OD 

VCC = MIN, 

VIH = 2 V 

loL = 12 mA 0.25 0.4 0.25 0.4 

V 
OA - OD lot_ = 24 mA 0.35 0.5 

CASC IOL = 4  mA 0.25 0.4 0.25 0.4 

CASC 1 0L=BmA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 
OA - OD 

VCC = MAX, 	Vo = 2.7 V, 
„ 	., „ 
=IH= , v, 	VIL=VILmax 

20 20 AA 

IOZL 
Off-state output current, 

low-level voltage applied 
CIA - 0D 

VCC = MAX, 	Vo = 0.4 V, 

VII.' = 2 V, 	Vit. = VII_ max 
-20 -20 saA 

II 
Input current at maximum 

input voltage 
VCC = MAX, 	Vi = 7 V 0 1 0.1 mA 

11H High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 MA 

IIL Low-level input current 
A, B, C, ID 

VCC = MAX, 	Vi = 0.4 V 
-0.4 -0.4 

mA 
All others -0.2 -0.2 

IOS 
s 

Short-circuit ou put current. 
OA - OD 

VCC = MAX, 	Vo = 0 V 
-30 -130 -30 -130 

mA 
CASC -20 -100 -20 -100 

ICC Supply current 

All outputs low VCC = MAX, 

All outputs 

open 

See Note 2 35 70 35 70 

mA All outputs high See Note 3 30 65 30 65 

CIA thru OD, at Hi-Z See Note 4 37 70 37 70 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

All typical values are at VCC = 5 V, TA = 25°C. 
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTES: 2. IccL is tested after two 0-V to 4,5 V to 0-V pulses have been applied to SRCK and RCK while SO is at 4.5 V and all other inputs 

are grounded. 

3. Icci..1 is tested after two 4.5-V to 0-V to 4.5-V pulses have been applied to SACK and RCK while all other inputs are at 4.5 V. 

4. I ccz is tested after two 0-V to 4,5-V to 0-V pulses have been applied to SRCK and RCK while SO and G are at 4.5 V and all 

other inputs are grounded. 
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SN54LS671 SN54LS672, SN74LS671, SN74LS672 
4-BIT UNIVERSAL SHIFT REGISTERSILATCHES WITH 3-STATE OUTPUTS 

—1 

I— 

CD 

co 

switching characteristics, VCC = 5 V, TA = 25 ° C, see note 5 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 'LS671 'LS672 
UNIT 

MODE LOAD MIN 	TYP MAX MIN TYP MAX 

tpLH 
SRCK 1 

CASCADE 

SHIFT LEFT 

OR RIGHT Rt. = 2 kG, 

CL"-- 15 pF 

31 	45 31 	45 
ns 

tpHL 14 	25 14 	25 

tPLH SO, Si 
11 	20 12 	20 

ns 
tPHL 11 	20 12 	20 

tPHL S 	t 
SR CLEAR 

19 	30 ns 

tPHL g 	1 19 	30 ns 

tPLH 

SRCK t 

QA 	OD 

SHIFT LEFT 

OR RIGHT 

RL = 667 E2, 

CL = 45 pF 

10 	20 10 	20 
ns 

tpHL 16 	25 16 	25 

tpLH 
SR LOAD 

10 	20 10 	20 
ns 

tpHL 15 	25 15 	25 

tPHL 
SR CLEAR 

17 	30 ns 

tPHL f 	1 21 	30 ns 

tPLH RCK 1 LATCH 
10 	20 10 	20 

ns 
1PHL 15 	25 15 	25 

tPLH 
R/§1 

MUX 

12 	25 13 	25 
ns 

tPHL 15 	25 15 	25 

tPLH R/§1 
17 	25 17 	25 

ns 
tPHL 16 	25 16 	25 

tpZH 
1 

3-STATE 

ENABLE 

16 	25 16 	25 
ns 

 tPZL 19 	30 19 	30 

tpHZ G r 
3-STATE 

DISABLE 

RL = 667 11, 

CL = 5 pF 

16 	25 16 	25 
ns 

tPLZ 16 	25 16 	25 

NOTE 5: Load ci cuits and voltage waveforms are shown in Section 1. 

TYPICAL APPLICATION DATA 

The 'LS671 or 'LS672 can easily be expanded utilizing the cascade output and the SER L and SER R inputs. A typical 

expansion is shown below, 

SERIAL OUTPUT SERIAL OUTPUT j 
(LEFT SHIFT) 

SERIAL RIGHT 
INPUT, SER R 

SR 

'LS671 

or 
'LS672 

CASC 

SL  SR 

'LS671 

or 

'LS672 

CASC 

SL 

4I1 f  

— SR 

'LS671 

or 

'LS672 

CASC 

SL 

(RIGHT SHIFT) 

SERIAL LEFT 

INPUT, SER L 

FIGURE 1 —1.5671 'LS677 EXPANDED TO 17 BITS, (3 PACKAGES) 

Any desired word length may he obtained using the scheme shown. Corresponding control pins of all the packages are 

tied in common, i.e., all SO pins are connected together, all Si pins are connected together, etc. 

2-1 1 1 6 	 TEXAS 
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25 Y13 

24 Y12 

23 Y1 1 

22 NC 
21 yio 
20 Y9 

19 Y8 
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! 'LS673 

• 16-Bit Serial-In, Serial-Out Shift 
Register with 16-Bit Parallel-Out 
Storage Register 

'LS674 

• 16-Bit Parallel-In, Serial-Out 
Shift Register 

• Performs Parallel-to-Serial Conversion 

description 

SN54LS673, SN74LS673  

SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16-BIT SHIFT REGISTERS 

D2421, MARCH 1985 — RE. 	MF 	1988 

SN54LS673 . . J OR W PACKAGE 

SN74LS673 . . . DW OR N PACKAGE 

(TOP VIEW) 

CS 

SH CLK 

R/W 

STRCLR 

MODE/STRCLK 

SER/Q15 

YO 

Y1 

Y2 

Y3 

Y4 

GND 

• Performs Serial-to-Parallel Conversion 

VC C 
Y15 

Y14 

Y1 3 

Y12 

Y11 

Y10 

Y9 

Y8 

Y7 

Y6 

Y5 

The 'LS673 is a 16-bit shift register and a 16-bit storage 

register in a single 24-pin package. A three-state 

input/output (SER /Q15) port to the shift register allows 

serial entry and/or reading of data. The storage register 

is connected in a parallel data loop with the shift register 

and may be asynchronously cleared by taking the store-

clear input low. The storage register may be parallel 

parallel loaded with the storage-register data upon corn- 	 STRCLR 5 

mand. 	 MODE/STRCLK 6 

SER/Q1 5 7  
A high logic level at the chip-level (CS) input disables 

NC 
both the shift-register clock and the storage register 

YO 9  
clock and places SER /Q15 in the high-impedance state. 

Y1 10 
The store-clear function is not disabled by the chip 

Y2 11 
select. 

loaded with shift-register data to provide shift-register 	 L_J 	L_J 

status via the parallel outputs. The shift register can be 	 4 3 2 1 28 27 26  

SN54LS673 . . FK PACKAGE 

(TOP VIEW) 

lu) 
(.1) 	 Z > >- >- 

Caution must be exercised to prevent false clocking of 

either the shift register or the storage register via the 

chip-select input. The shift clock should be low during 

the low-to-high transition of chip select and the store 

clock should be low during the high-to-low transition of 

chip select. 

SN54LS674, SN74LS674 

The 'LS674 is a 16-bit parallel-in, serial-out shift 

register. A three-state input/output (SER /Q15) port 

provides access for entering a serial data or reading the 

shift-register word in a recirculating loop. 

The device has four basic modes of operation: 

1) Hold (do nothing) 

2) Write (serially via input/output) 

3) Read (serially) 

4) Load (parallel via data inputs) 

Low-to-high-level changes at the chip select input 

should be made only when the clock input is low to pre-

vent false clocking. 

12 13 14 15 16 17 18 
nn nnnr,n  
Cn .7 p U to 	N 

Z Z 	›- 

NC—No internal connection 

p •1, • TlOp..•? 'A Igcuments contain information 
o- 	on date. Products conform to 

terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS674 . J OR W PACKAGE 
SN74LS674 	DW OR N PACKAGE 

(TOP VIEW) 

CS 
CLK 
R/W 

NC 
MODE 

SER /015 
PO 

P1 

P2 

P3 

P4 

GND 

ACC 
P15 

P14 

P13 
P12 

P11 

P10 

P9 

P8 

P7 

P6 

P5 

NC 
MODE 

SER /Q15 

NC 

PO 

P1 

P2 

SN54LS674 . FK PACKAGE 

(TOP VIEW) 

I 3 Y 	C.) 

CC 010 Z 
	

0 

P13 
P12 
P11 

NC 

P10 

P9 

P8 

0 (_) IS)CD 1, 
 0_ C_ z z 0_ 0_ 0_ 

SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16-BIT SHIFT REGISTERS 

S
0
3
I A

0
a
  1

1
1

  

CD 

'LS673 

FUNCTION TABLE 

INPUTS 
SER/ 

015 

SHIFT REGISTER FUNCTIONS 
STORAGE 

REGISTER 

FUNCTIONS 
CS R/W SH CLK 

MODE/ 

STRCLK 
SHIFT 

READ FROM 

SERIAL OUTPUT 

WRITE INTO 

SERIAL INPUT 

PARALLEL 

LOAD 
STRCLR 

CLEAR LOAD 

H X X X X Z NO NO NO NO NO 

X X X L X YES 

J
 
J
 
J
  

li-1 1 2  

X
 -..  

X 

X 

X 

X 

X 

L 

Z 

015 

Q14n 

YES 

YES 

NO 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

J
 
J
  

1
 
I
 1 

L 

H 

vi 

H 

L 

Y115n 

NO 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

NO 

L L X li I Z NO NO NO YES 

'LS674 FUNCTION TABLE 

INPUTS SER/ 
OPERATION 

CS R/W MODE CLK 015 

H X X X Z Do nothing 

L L X i Z Shift and write (serial load) 

L H L i 014n Shift and read 

L H H 1 P15 Parallel load 

H = high level (steady state) 

L = low level (steady state) 

I = transition from low to high level 

I - transition from high to low level 

X = irrelevant (any input including transitions) 

Z = high impedance, input mode 

014n = content of 14th bit of the shift register before 

the most recent I transition of the clock 

015 = present content of 15th bit of the shift register 

`115n - content of the 15th bit of the storage register 

before the most recent 1 transition of the clock. 

P15 = level of input P15 

2-1118 TEXAS 
INSTRUMENTS 
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 	 14) 	N.,. 
STRCLR 

'LS673 

YO 

15) 

'LS674 

(6) 
—.40- SER/015 

R6 

1,2 M3 

SRG16 

C5 

Q C4/ -110 

r 

1,2 M3 

G1/2 EN 

G2 

SRG 16 

® C4/3-to 

r 

MODE 

(3)  

MODE/STRCLK-151111-- 

R/I/7/ 

(1)  

RAT, 	(3 ' 

CS 

( G1/2 EN5 

G2 

CLK 

PO 
(7) 

3 4D 	 3,40 
18) 

4— 

SH CLK (2) 
3,40 P1 

191 

— 

P2 

P3 
(10) 

—10,3,4D 

7,3,40 

P4 

P5 

P6 

P 

Ps 

P9 

plo 

1111 5D 6Z10 

(9) 	Y1 (131 11,3,4D 5D 6Z11 
( 	 I 

Y2 1141 

(10) 
Y3 1151 

(1 1) 
V4 (16) 

( 	3) 
Y5 (17) 

1141 
Y6 118) 

1151 
Y7 P11 

P12 

P13 

P14 

P15 

(19)  
1161 

V8 (201 

(17) 
Y9 (21) 

(18) 
Y10 (22) 

Y11 123) 
3,4D 

1201 
Y12 

1211 
Y13 

1221 
Y14 

(23) 
V15 

25, 3, 4D t> 

513 6Z25 

4 

—O- 
16) 

SER/015 5 V 

Z7 

2 
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SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16•BIT SHIFT REGISTERS 

logic symbols t 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, N, and W packages. 
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SN54LS674, SN74LS674 

"LS67-(1 

MODE (514> 
	 

11)VV) 
CS 

CLK (2)  

11/W (3)  

PO P15 

(7.11,13-23) 

CLK 

SER IN 	i=i15 

16-BIT SHIFT REG STER 

PEt 

PO P15 

161 

SER/015 

TEXAS 
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SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16-BIT SHIFT REGISTERS 

functional block diagrams 

	

CS
- 	 

SH CLK (2) 

	

R/W 	 

'LS673 

SER QI5 
16) 

16 

(7-11, 13231 
DO D15 YO Y15 

16 YO-Y15 

PEt 

PO-P15 00-015 

—CLK 111::--00•CLK 

16 

615 	 
16-BIT 
STORAGE 

CLR 
	

REGISTER 

REGISTER r16- 

 SER IN 

BIT SHIFT 

SN54LS673, SN74LS673 

MODE/STRCLK 	)3. 	 

STRCLR 
(4)  

S
O

D
I

A
8

a
  

tWhen PE is active, data is synchronously parallel loaded into the shift registers from the 16 P inputs and no shifting takes place. 

Pin numbers shown are for DW, J, N, and W packages 



SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16-BIT SHIFT REGISTERS 

schematics of inputs and outputs 

EQUIVALENT  OF SER/015 

AND PARALLEL INPUTS 

EQUIVALENT OF 

OTHER INPUTS 

SE R/Q15 OUTPUT TYPICAL OF YO THRU Y15 

OUTPUTS I'LS673 ONLY) 

VCC 
100 SI NOM 120 Q NOM 

VCC 

VCC 

INPUT 

SE R/Q15: 

PARALLEL 

Fi a, = 30 

R eq  

-- 

VCC 

20 kS2 NOM 

INPUT 

ovpi 41.1 

/111. Pi OUTPUT 
• 

OUTPUT 

Pik ra  
R eg  = 20 IKSZ NOM 

INPUTS: 

kS2 NOM 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

	 7V 
5.5 V 

	 7V 
	 5.5 V 
—55°C to 125° C 

SN74LS673, SN74LS674 	  0° C to 70°C 

	

Storage temperature range   —65° C to 150° C 

NOTE 1. Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 
 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH High-level output current 
SER/Q15 — 1 — 2.6 

mA 
YOthruYl5 —0.4 —0.4 

IOL Low-level output current 
SER/Q15 12 24 

mA 
8 YO thru Y15 4 

(clock Clock frequency 0 20 0 20 MHz 

fw(clockl Width of clock input pulse 20 20 ns 

tw(ciear) Width of clear input pulse 20 20 ns 

fsu Setup time 

SER/Q15 20 20 

ns 

PO thru P15 20 20 

Mode 35 35 

R/VT/, CS 35 35 
 

SH CLK 1 to Mode/STR CLK t 

See Note 2 
25 25 

th Hold time 

SER/015 0 0 

ns PO thru P15 
'LS673 0 0 

'LS674 5.0 5.0 
 

Mode 0 0 

TA Operating free-air temperature — 55 125 0 70 °C 

NOTE 2: This setup time ensures the storage register will see stable data from the shift register. 

4 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012  •  DALLAS. TEXAS 75265 

Supply voltage, VCC (see Note 1) 
Input voltage: SER/Q15 	  

All others 

Off-state output voltage 

Operating free-air temperature range: SN54LS673, SN54LS674 
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SN54LS673, SN54LS674, SN74LS673, SN74LS674 
16-BIT SHIFT REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS? 
SN54LS' SN74LS' 

UNIT 
MIN TYPt MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

V ik Input clamp voltage VCC = MIN, 	II = -18 mA -1.5 -1.5 V 

VOH High-level output voltage 
SER/Q15 Vcc = MIN, 	VIH = 2 V, 

VIL = VILmax, 	10H = MAX 

2.4 3.2 2.4 3.1 
V 

YO thru Y1511 2.5 3.4 2.7 3.4 

VOL Low-level output voltage 

SERA:115 MCC =MIN, 

VIH = 2 V, 

VII_ = VILmax 

lot_ = 12 mA 0.25 0.4 0.25 0.4 

V  
loL = 24 mA 0.35 0.5 

YO thru Y1511 
10L =4 mA 0.25 0.4 0.25 0.4 

IOL = 8  mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied 
SER/Q15 

VCC = MAX,- 	VIH = 2 V, 

VIL = V iLmax, 	V0 = 2.7 V 
40 40 uA 

IOZL 
Off-state output current, 

low-level voltage applied 
SER/015 

VCC = MAX, 	VIH = 2 V, 

VIL = VILmax, 	Vo = 0.4 V 
-OA -0.4 mA 

II 

Input current at maximum 

input voltage 

SE• 	' 

00-, 
MAX 

VI = 5.5 V 0.1 0.1 
mA 

Vi = 7 V 
mA  

0.1 0.1 

IIH High-level input current 
• 	a15 

VCC 	MAX, 	Vi = 2.7 V 
40 40 

nA 
x..temIS 20 20 

'IL Low-level input current Vcc = MAX, 	Vi = 0.4 V -0.4 -0.4 mA 

los Short-circuit output current?! 
SER, 	.' 

VCC = MAX 
-30 -130 -30 -130 

mA 
YO the w 1511 -20 -100 -20 -100 

!cc Supply current 
'LS673 

MCC = MAX 
50 80 52 80 

mA 
'LS674 25 40 25 40 

?For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

tAll typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

'LS673 only. 

switching characteristics, VCC = 5 V, TA = 25 ° C, see note 2 

PARAMETER 
'LS673 'LS674 

TEST CONDITIONS MIN TYP MAX UNIT 
FROM TO FROM TO 

max SH CLK SER/Q15 CLK SER/Q15 RL = 66712, CL = 45 pF 20 28 MHz 

tpliL STRCLR YO thru Y15 25 40 

tPLH MODE/ 
YO thru Y15 

RL = 2 k12, CL= 15 pF 28 45 ns 

tPHL STRCLK 30 45 

tPLH 
SH CLK SER/015 CLK SER/Q15 RL = 667 0, CL = 45 pF 

21 33 
ns 

tpFi L 26 40 

tpzH 
CS, RAI/.  SER/Q15 CS, R/W SER/Q15 RL = 667 12, C L  = 45 pF 

30 45 
ns 

1PZL 30 45 

tpHZ 
CS, F1/1717  SER/Q15 a, Rffi SER/015 RL = 667 O, CI_ = 5 OF 

25 40 
ns 

tpu 25 40 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS681 . . . J OR W PACKAGE 

SN74LS681 . . . DW OR N PACKAGE 

(TOP VIEW) 

CLK 

RS2 

RS1 

R SO 

LI/R0 

Cn 
G 

C n  +4 

P 

GND 

VCC 
RI/LO 

ASO 

AS1 

AS2 

M 

1/00 

1/01 

1/02 

1/03 

3 2 1 20 19 

	

RS01 4 	 18  1  ASO 

	

LI/R0  1  5 	 17  1  AS1 

( I , 	 16 AS2 

151M 

	

C n +41 8 	 14 11/00 

9 10 11 12 13 

ID- p m N •— 

Z 0 0 0 

T
T
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SN54LS681 . . . FK PACKAGE 

(TOP VIEW) 

0 

-J C./ 
> cc 

N 
cn 

cc cc 

SN54LS681, SN74LS681 
4-BIT PARALLEL BINARY ACCUMULATORS 

Full 4-Bit Binary Accumulator in a Single 20-Pin 
Package 

Contains Two Synchronous Registers: 
Word A 
Word B Shift/Accumulator 

16 Arithmetic Operations Including 
B Minus A and A Minus B 

• 16 Logic-Mode Operations 

• Expandable to Handle N-Bit Words 
with Full Carry Look-Ahead 

• Bus Driving I/O Ports 

description 

These low-power Schottky IC's integrate a high-speed 

arithmetic logic unit (ALU) complete with word A and 

word B registers on a single chip. The ALU performs 16 

arithmetic and 16 logic functions (see Tables 1 and 2). 

Full carry look-ahead is provided for fast carry of four-bit 

words. The carry input (Cn) and propagate and generate 

outputs (P and G) are provided for direct use 

with SN54S182 /SN74S182 carry look-ahead 

generators for optimum performance with longer words. 

The A and B registers are controlled by three inputs 

(RSO, RS1, and RS2). These pins define eight distinct 

register modes (see Table 3). The A register is a simple 

storage register while the B register is a combination 

storage/shift/accumulator register. The contents of the 

A and B registers provide the A and B words for the 

ALU. 

D2422, JANUARY 1981 — REVISED MARCH 1988 

Four I/O ports (I/O 0 thru I/O 3) are provided for parallel loading of word A and/or word B into their respective registers. 

These same ports also serve as bus driving outputs for the ALU/accumulator results (F)). Two additional I/O ports (RI/L0 and 

LI/110) are provided to allow expansion of the accumulator for words greater than four bits in length. 

The A or B register can be parallel loaded from the four I/O ports. The B register can also be parallel loaded from the ALU as 

an accumulator register and in addition, the B register can be serially loaded from either the RI/LO or the LI/RO ports. 

The SN54LS681 is characterized for operation over the full military temperature range from —55°C to 125°C. The 

SN74LS681 is characterized for operation from 0°C to 70°C. 

Pr.I.: I• Doh DA 'A ocuments contain information 
•i ...1 s of I • eon date. Products conform to 
sp.cil.untionu 	Ole terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS681, SN74LS681 
4•BIT PARALLEL BINARY ACCUMULATORS 

functional block diagram (positive logic) 

CLOCK C g +4. 

(8) (1) 

I/O 3. "" 4 
4 • I/O 2 

" 41  4 • 1/01 
1141  4 • 1/00 

LI/RO •• 

10 RI/LO 
( 1 8 )

4 1  

LURO 

►  83 

"—IP B2 

	►  B1 

	(I). BO 

RI/LO 

RS2 RS1 

CK 
	

0A3 

A 
	

QA2 

REGISTER 
	

QA1 

OA() 

CK 	
083 

B SHIFT 
	QB2 

REGISTER 
	

QB1 

QB0 

12) (3) 11(4) 

RSO 

	• 
	• 

	• 

A3
F3 F2 F1 FO C0+4 

A2 

Al 

A0 

AR ITHMETIC 
LOGIC UNIT 

(ALU) 

B3 

B2 

B1 

BO 

A • • 4 A A 

(16) (17) (18) 115) 16) 

AS2 AS1 ASO MODE C n  

M CD  

(7) G 

.0 	
(9) - 

schematics of inputs and outputs 

EQUIVALENT OF CLOCK INPUT 

VCC 

EQUIVALENT OF 

OTHER INPUTS 

TYPICAL OF LI/RO 

AND RI/L0 OUTPUTS 

Req  

TYPICAL OF I/O 

AND ALL OTHER OUTPUTS 

VCC 

INPUT 

10 k1-2 1 
NOM 

V CC 

It 	i 
VCC 

00 12 
NOM ej 

ollp 
INPUT 

C g : 

I/O, LI/F10: 

All Others: 

• 

, 

2 NO 

NOM 

NOM 

16 	OUTPUT 

Ala 	OUTPUT 

hi • ra I 
R eg =2.5 k 

R ee10 kS 

R eel 8 Id 

	

I/O: 	R eg  = i oo sz NOM 

	

All Others: 	R eg  = 120 0 NOM 

POST OFFICE BOX 655012  •  DALLAS, TEXAS 75265 



SN54LS681, SN74LS681 
4-BIT PARALLEL BINARY ACCUMULATORS 

FUNCTION TABLES 

TABLE 1 - ARITHMETIC FUNCTIONS 

Mode Control WO = Low 

ALU 

SELECTION 

ACTIVE-.• 	.•) DATA 

C n  = H 

(with carry) 

C n  = L 

(no carry) AS2 AS1 ASO 

-J
2

_
1

1
-
1

2
-
1

1
  

Fi = L Fi 	H 

F = B MINUS A F = B MINUS A MINUS 1 

F= A MINUS B F = A MINUS B MINUS 1 

F=A  PLUS B PLUS 1 FAPLUSB 

F = B PLUS 1 Fi = Bj 

F = fi PLUS 1 Fj = 17ij 

F = A PLUS 1 Fj -= Aj 

F = A PLUS 1 Fi = TAi 

TABLE 2 - LOGIC FUNCTIONS 

Mode Control (M) = High 

ALU 

SELECTION 

ACTIVE-HIGH DATA 

Cn ' H 

(with carry) 

C n  = L 

(no carry) AS2 	AS1 	ASO 

Fo= H,Fi = F2= F3= L 

Fj = Aj 0 Bi PLUS 1 

Fj = Ai 0 Bi PLUS 1 

8
 

mi  

Fi = L 

Fj = Aj13, PLUS 1 

Fi = A I  + 13 1  PLUS 1 

F j  = AlEi j  PLUS 1 

Fi =Ai + Eli PLUS 1 

2 
TABLE 3 — REGISTER 1 '. 1 •• 

FUNCTION 

• ••• 

R 
_. 

••• 	. 

, 

.: 

Ecru:7N 

?• • LEFORE L TO H CLOCK TRANSITION •. • •• •• )UTPUTS AFTER L TO H CLOCK TRANSITION 

DATA INPUTS A REGISTER B SHIFT REGISTER ALU 

RS1 RSO LI/RO I/03 1/02 1/01 	I/00 RI/LO 0A3 QA2 0A1 QAO 

0A00 

LI/RO 083 QB2 081 0130 RI/LO F3 F2 Fl FO 

I. L Z F3 F2 Fl 	FO Z 0A30 0A20 QA10 Z F3,, F2,, Fl,, FO, Z F3 F2 Fl FO 

L L H Z b3 b2 61 	60 Z QA30 0A20 QA10 Z b3 b2 61 b0 Z 2 Z Z Z 

SHIFT 

LOGICAL 

L H L li F3 F2 Fl 	FO 080 QA30 0A20 0A10 CIAO° li li OB3n  082,, 081,, 081,, F3 F2 Fl FO 

LEFT 

SHIFT 

ARITH 

L H H b F3 F2 Fl 	FO 080 QA30 QA20 QA10 OA00 11 083,, I, 082,, 081 n  081,, F3 F2 Fl FO 

RIGHT 

SHIFT 

LOGICAL 

H L L 0B3 F3 F2 Fl 	FO ri QA30 GA20 0810 0A00 002,, 082„ 081,, OBOn  ri ri F3 F2 Fl FO 

RIGHT 

SHIFT 

H _ 

H L H 082 F3 F2 Fl 	FO ri CIA30 0820 °Alp QA00 

• 

081, 083,, 081,, ClElOn  ri ro F3 F2 Fl FO 

N H L Z F3 F2 Fl 	Ft 2 QA30 0A20 Z i . 

. 

OBl0 

51810 

Z F30 F20 Flo F00  

H H H Z a? 02 slat 2 a3 a2 Z 2 Z Z Z 2 

H = high level (steady sta el 

L = low level (steady state) 

Z = high Impedance (output off) 

ea 	a3, b0 	b3 = the level of steady - state condition at I/O 0 thru I/O 3, respectively and intended as A or B input data 

FO , . F3 =internal ALU results 

QA130 	0800 , F00 	F30  = the level of QAO thru Q83 and FO thru F3, respectively, before the indicated steady-state input conditions were 

established 

QA0n ...13133n - the level of CIAO thru Q83 before the most recent 0 transition of the clock 

ri, li = the level 01 steady-state conditions at RI/LO or LI/R 0, respectively 

Tr xas 	 2-1125 
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SN541S681, SN74LS681 
4-BIT PARALLEL BINARY ACCUMULATORS 

logic symbol? 

ASO (18) 

AS1 (17) 

AS2 (16) } M
15 

 [ALU] 

3 

 

CI [1] 

RSO (4) 
	

0 

RS1 
(3)  

} 

T  EN i  
20 

RS2 
(2) 	

2 

CLK (1) 
	

C28 

♦--4> 224-/24 ► [abcd,logical] 

—4> 2341425+ [abe,arithmetic) 

M 
(15)  

(6) 
C n  

(0 ... 7) CP 

(0 . 7) CG 

(0 ... 7) CO 

(9)  

(7)  G 
(8)  

Cn+4 

SO
D

!A
e
a
  
1

1
1

  

REG4 

— 30,27,280 

— 31,27,280 

-••• 32,27,28D 

— 33,27,28D 

(19) 	 SRG4 

RI/LO -40t (24/251280 

7 22/ 23 

30(20/21)28D 

— 31(20/21)28D 	[6] 

— 32(20/21128D 

23,28D 
	

[e ] 

	

LI/RO il ► 	  

	

(5) 	7 25 

7 24 

[d] 22,28D 

...- 33(20/21)280  

ALU 

(14) 
Ell 2i 3O 0 P.41.- 1/00 

Z30 

(13) 

0(1] 
[21771,5.  v 	1/01 

Z31 

(12) 
(31 -E1,7 74.- 1/02 

Z32 

(11) 
[4] 21,0 0 Z•411.- 1/03 

Z33 

0181 

[a) 

P [1]  

P [2]  

P [4] 

P181 

(a[2] 

0[4] 

t This symbol is in accordance with ANSI/IEEE Std, 91-1984 and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	 7 V 

Input voltage  	7 V 

	

Operating free-air temperature range: SN54LS681   —55° C to 125 ° C 

	

SN74LS681   0° C to 70° C 

Storage temperature range 	  —65 ° C to 150 ° C 

NOTE 	Voltage values are with respect to the network ground terminal. 

TEXAS 
INSTRUMENTS 

2-1 1 2 6 
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electrical characteristics over recommended operating free-air temperature range (unless edlopmi...• noted) 

PARAMETER TEST CONDITIONSt 
SN54LS681 1.'. '.11.•...s 

I 	hi- - 

1 
- 

MAX 
UNIT 

MIN TYP= MAX MIN 

VIH High-level input voltage 2 2 V 

VI L  

Low-level 

input voltage 

C h  0.7 0.7 

All others 0.7 0.8 

VIK Input clamp voltage VCC MIN ,  11--18 mA -1.5 -1.5 V 

VOH 
High-level 

output voltage 

All I/O Vcc=MIN, VIH=2 V, 	VIL=ViL max, 

10H=MAX 

2.4 3.1 2.4 3.2 

F, 0, Cn+4 2.5 3.4 2.7 3.4 
V 

 

VOL 
Low-level 

output voltage 

I/O 

Vcc=MAX, ViH=2 V, 

VIL=VIL max 

Icti.  12 mA 0.25 0.4 0.25 0.4 

0.5 

loL=24 mA 0.35 0.5 

LIMO, RI/LO, C n+4 
I(DL=4 mA 0.25 0.4 0.25 0.4 

1 0L=8  mA 0.35 

P 1 0L=8  mA 0.35 0.5 0.35 0.5 

G 1012.16 mA 0.35 0.5 0.35 0.5 

10ZH 

Off-state output  

current, high-level 

voltage applied 

I/O, LI/RO, RI/LO LO 
Vo=2.7 V 

 

Voo=MAX, VIH=2 V, 	VIL=VIL max, 
40 4 0 AA 

IOZL 

Off-state output 

current, low level 

voltage applied 

I/O, LI/RO Vcc=MAX, VIH=2 V, 	VI L=VIL max, 

Vo=0.4 V 

- 0.8 - 0.8 
mA 

RI/LO -0.4  0.4 -0.4  0.4 

Input current 

at maximim 

input voltage 

All I/O 

VCC=MAX 

V1 -5.5 V 0.1 0.1 

mA Cn 
V1=7 V 

0.5 0.5 

All others 0.1 0.1 

Ilk 
'- 

High-level 

input current 

Cn 

Vcc=MAX, V1=2.7 V 

100 100 

)4,4 All I/O 40 4. 

All others 20 2,1 

II L  

Low-level 

input current 

Cn  

Vcc=MAX, V1=0.4 V 

-4 -4 

mA 
I/O, LI/R0 -0.8 -0.8 

CLK -0.2 -0.2 

All others -n 4 -0.4 

IOS
Short-circuit 

output current § 

I/O 
o 

VCC=MAX 

-30 -30 -130 

mA LI/RO, RI/LO, 

T5, E, Cn+4 
-20 -100 -20 -100 

ICC Supply current 
Vcc=MAX, RSO at 4.5 V. 

All other I/O at 0 V 
100 150 100 150 mA 
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SN54LS681, SN74LS681 
4-BIT PARALLEL BINARY ACCUMULATORS 

recommended operating conditions 
SN54LS681 SN74LS681 

UNIT 
MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 101.1 
LI/R0,1/0, RI/LO -1 -2.6 mA 

T U, Cn+4 -0.4 -0.4 mA 

Low-level output current, loL 

I/O 12 24 

mA 
C n+4, LI/RO, RI/LO 4 8 

T. 8 8 

0 16 16 

Clock frequency,fclock 0 20 0 20 MHz 

Width of clock pulse, t w cdoc k) 25 25 ns 

Setup time,  tsu  
RSO-RS2 to CLKt 35 30 

ns 
Data I/O to CLKf 25 25 

Hold time, th 0 0 . 

Operating free-air temperature, TA -55 125 0 70 ° C 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operations. 

4 411 typical values are at VCC = 5 V, TA = 25 ° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

TrxAs 
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SN54LS681, SN74LS6B1 
4•BIT PARALLEL BINARY ACCUMULATORS 
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switching characteristics, VCC — 5 V, TA — 25°C, see note 2 

PARAMETER 
FROM 

(I NPUT) 

TO 

(OUTPUT)  
TEST CONDITIONS MIN TNT MAX UNIT 

tPLH 

CLOCK t 

F 

RL = 667 a, 	Ct..- 45 pF 

25 	40 
ns 

tPHL 30 	45 

tPLH G 
26 	40 

ns 
IPHL 27 	40 

tPLH I/O 
27 	40 

ns 
IPHL 29 	40 

tPLH 
C 0 +4 

RI_ = 2 k0, 	CL= 15 pF 

36 	55 
ns 

PHL 34 	50 

tPLH LI/RO 
25 	40 

ns 
tPHL 23 	35 

tPLH RI/LO 
19 	30 

ns 
tPHL 17 	30 

tPLH 

ASO AS2 

13  

RL - 667 0, 	C t.. - 45 pF 

30 	45 
ns 

PHL 30 	45 

tPLH 
G 

27 	35 
ns 

tPH L 28 	35 

'PLR 
I/O 

31 	45 
ns 

tPFIL 29 	45 

tPLH C,*4 RL = 2 Ist2, 	CL= 15 pF 
39 	55 

ns 
tPHL 34 	50 

tPLH 

Cr, 

T,  
RL = 667 E2, 	CL = 45 pF 

9 	25 
ns 

tpHL 9 	20 

1 PLH I/O 
17 	35 

ns 
tpHL 13 	20 

tPLH C5 +4 RL = 2 Ira, 	CL= 15 pF 
20 	30 

ns 
tPH L 16 	25 

tPLH 

MODE 

13 

RL - 667 n, 	C I_ = 45 pF 

28 	40 
ns 

tPH L 29 	40 

tPLH G 
21 	30 

ns 
tPHL 23 	30 

tPLH I/0 
30 	45 

ns 
tPHL 28 	40 

tPLH 
C5+4 RL = 21(32, 	CL -  15 pF 

40 	60 
ns 

tPHL 37 	50 

IPZH 

RS1-RS2 

I/O RL = 667 E2 

CL = 45 pF 
28 	45 

ns 
tPZL 28 	45 

IPHZ 
CL = 5 pF 

35 	65 
ns 

IP L2 39 	65 

tPZH 

LI/RO RL = 2 kl-2 

CL = 15 pF 
25 	40 

ns 
1 PZL 22 	40 

IPHZ 
CL 	5 pF 

2 1 	40 
ns 

tP LZ 34 	60 

tPZH 

RI/LO RL = 2 kl2 

CL = 15 pF 
22 	40 

ns 
tPZL 24 	40 

1 PHZ 
CL = 5 pF 

11 	30 
ns 

IP LZ 16 	40 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS682, SN54LS684, SN54LS685, SN54LS687, SN54LS688, 
SN74LS682, SN74LS684 THRU SN74LS688 

8-BIT MAGNITUDEIIDENTITY COMPARATORS 
D2617, JANUARY 1981 —REVISED MARCH 1988 

• Compares Two-8-Bit Words 

	

	 SN54LS682, SN54LS684, SN54LS685 	J PACKAGE 

SN74LS682, SN74LS684. SN74LS685 . DW OR N PACKAGE 

(TOP VIEW) • Choice of Totem-Pole or Open-Collector 
Outputs 

• Hysteresis at P and Q Inputs 

• 'LS682 has 20-k11 Pullup Resistors on the Q 

Inputs 

• SN74LS686 and 'LS687 ... JT and NT 

24-Pin, 300-Mil Packages 

TYPE 
OUTPUT 

ENABLE 

OUTPUT 

CONFIGURATION 

20-k11 

PULLUP 
P .. 0 P > Q 

'LS682 

'LS684 

'LS685 

SN74LS686 

'LS687 

'LS688 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

yes 

yes 

ye, 

totem-pole 

totem-pole 

open collector 

toter, pole 

open collector 

Intern pole 

yes 

no 

nn 

110 

00 

no 

SN54LS687 . . . JT PACKAGE 

SN74LS686, SN74LS687 . . . DW OR NT PACKAGE 

ITOP VIEW) 

P> Q 

G1 

PO 

Q0 

P1 

CO 

NC 

P2 

Q2 

P3 

03 

GND 

SN54LS687 . . . FK PACKAGE 

(TOP VIEW) 

0 	01 o 
`2' Y1011 

QO 

PI 

01 

NC 

NC 

P2 

07 

P7 

NC 

NC 

Q6 

Pa 

05 

2 822  3 g-' 

NC—No internal connection  

P> Q 

PO 

GO 

P1 
01 
P2 

02 

P3 

03 
GND 

lo 0 
,E11`_ 

Q7 

P7 

06 
1 1 6 

05 

."J 2 3 3 

VCC 
PO 	 P 

00 2 	1 a 07 

P7 

01 5 	16  1  06 

P2 6 	151P6 

02 	14 05 

P3 e 	3  I  Pb 

Q3 9 	12  1  Q4 

GND 10 	P4 

SN54LS688 . . . FK PACKAGE 

(TOP VIEW) 

Ltr 0 

8 Rio >-'ik 

3 2 	1 20 19 

P1 3a 18E Q7 

01 J5 17[ P7 

P2 ho 10E,  

07 	r 1 1 , r P6 

P3 14E Q5 

9 10 	11 12 	13 
r--nr-or, 

VCC 
G2 

P=Q 

Q7 

P7 

NC 

06 

P6 

Q5 

P5 

Q4 

P4 

VCC 
P=Q 

07 

P7 

06 
PG 

05 

P5 

Q4 
P4 

P1 

01 

P2 

az 
P3 

SN54LS682, SN54LS684, SN54LS685 . . . FK PACKAGE 

(TOP VIEW) 

SN54LS688. . . J PACKAGE 
SN74LS688 .DW OR N PACKAGE 

(TOP VIEW) 

a 9, 3 	̀.`" 
12 

PRODUCTION DATA documents contain information 
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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P6 

P7 

00 

Q1 
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04 
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06 

07 

SN54LS682, SN54LS684, SN54LS685, SN54LS687, SN54LS688 
SN74LS682, SN74LS684 THRU SN74LS688 
8-BIT MAGNITUDERDENTITY COMPARATORS 

description 

These magnitude comparators perform comparisons of 

two eight-bit binary or BCD words. All types provide 

P = Q outputs and all except 'LS688 provide 

P > Q outputs as well. ThelS682, 'LS684, 'LS686, and 

'LS688 have totem-pole outputs, while the 'LS685 and 

'LS687 have open-collector outputs. The 'LS682 features 

20-kg pullup termination resistors on the Q inputs for 

analog or switch data. 

logic symboist 

FUNCTION TABLE 

INPUTS OUTPUTS 
DATA ENABLES 

15--11 15— CS 
P, Q U, U T2 

P= Q 

P>0 

P<Q 

 L 

X 

X 

X
 -,  

X
 

L 

H 

H 

H 

L 

H 

P=Q 

P > 0 

X 

H 

X 

H 

X
 2
 
2

  

H 

H 

H 

H 

H 

H 

NOTES: 1. The last three lines of the function able applies only 

to the devices having enable inputs, i.e., 'LS686 
thru 'LS688. 

2. The P< Q function can be generated by applying 
the P= 0 and P>Q outputs to a 2-input NAND 
gate. 

3. For 'LS686 and 'LS687, 01 enables P =Q and 
enables P > Q. 

'LS682, 'LS684 
	

'LS685 
	

'LS686 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, JT, N, and NT packages. 
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2 

a H) 

PO (2i  

P 1 
 141 

P2 

P3 

P ] 
 (11) 

PD 
 (13) 

P6 115) 

P7 (17) 

00 3)  

01 

02 M  
03  (9) 

04 (12) 

(14 

06  (16 

07 
1181 

1 1 =0 

141 
00 

Q1 	6)  

Q2 (9)  
03  HD 

(3,2 	114 

05  116 

06  (18) 

07  (21) 

'LS687 

G1 

G2 (23)  

PO 
5 

P1 	
1 

 

P2 (9(  
1101 

P3 

P4 (13) 

P5 
	1151 

P6 
	1171 

P7 
	201 

2) 

(3) 

P - Q 

SN54LS682, SN54LS684, SN54LS685, SN54LS687, SN54LS688, 
SN74LS682, SN74LS684 THRU SN74LS688 

8-BIT MAGNITUDEIIDENTITY COMPARATORS 

logic symbols t (continued) 

'LS688 

IThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for DW, J, JT, N, and NT packages. 

schematics of inputs and outputs 

EQUIVALENT OF EACH Q INPUT 
OF 'LS682 ONLY 

VCC 	 ----- 
20 k0 	12 k12 NOM 
NOM 

EQUIVALENT OF ALL 
OTHER INPUTS 

VCC 

TYPICAL OF OUTPUTS OF 
'LS682, 'LS684, 'LS686, 'LS688 

TYPICAL OF OUTPUTS OF 

'LS685, 'LS687 

INPUT 

12 k1: NOM 
VCC — 

100 1: NOM 

INPUT 

11111 

WIP OUTPUT _____,   

Plia 	OUTPUT 

be 
IIII 
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4P.  

(19)— P Q 

S
B

3
IA

9
a

  1
1

1
  

•	 

Q5(14)(0 r---• 

P4(11)  

Q4(12 )  

P3 	:C}1 

Q3 (6)tP0 

 P2(6  

17-1.Vpo-i 

(21154c-J 
PO (2) 

Q0 
(3 

to.• 

• 
BO. 

SN54LS682, SN54LS684, SN54LS685 
SN74LS682, SN74LS684, SN74LS685 
8•BIT MAGNITUDEIIOENTITY COMPARATORS 

'LS682, 'LS684, 'LS685 logic diagram (positive logic) 

Q7 (Ap 5—.  

Pin numbers shown are for DW, J, and N packages. 
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SN54LS687 
SN74LS686, SN74LS687 

8-BIT MAGNITUDEIIDENTITY COMPARATORS 

'LS686, 'LS687 logic diagram (positive logic) 

Pin numbers shown are for DW, JT, and NT packages. 



P7 	
(17)  

xD 

ED0 	 

Q7 

P6 

06 

Q5 

P4 

Q4 

P3 

Q3 

P2 

02 

P1 

01 

PO 

QO 

(5) 

(2) 

(3) 

(18) 

(15)  

(16)  

(12) 

(8) 

(91 

(191 	
P-Q 

>0- 

(4) 

S
e9

1
A
0
a
  1

1
1

  
SN54LS682, SN54LS684, SN54LS685, SN54LS687, SN54LS688 
SN74LS682, SN74LS684 THRU SN74LS688 
8-BIT IDENTITY COMPARATORS 

'LS688 logic diagram (positive logic) 

Pin numbers shown are for DW, J, and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC  (see Note 1) 	  7 V 
Input voltage: Q inputs of 'LS682 	  5.5 V 

All other inputs 	  7 V 
Off-state output voltage: 'LS685, 'LS687 	  7 V 
Operating free-air temperature range: 

SN54LS682, SN54LS684, SN54LS685, SN54LS687, SN54LS688 	 —55°C to 125°C 
SN74LS682, SN74LS684 thru SN74LS688 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN TYPt 	MAX MIN 	rYP 5 	MAX 

VIH 	High-level input voltage 2 2 V 

VIL 	Low-level input voltage 0.7 0.8 V 

VT +  –VT_ Hysteresis 	I P or Q inputs VCC = MIN 0.4 0.4 V 

VIK 	Input clamp voltage VCC = ..". 	II = –18 mA –1.5 –1.5 V 

VOH 	High-level output voltage 
.. VCC = • 	•• 	Vg-.1 = 2 V, 

VIL = Vg_max, 	10H = –400 prA 
2.5 2.7 

VOL 	Low-level output voltage 
VCC = MIN, 
VIH = 2 V, 

VIL = VILmax 

I0L = 12 mA 0.25 	0.4 0.25 	0.4 
V 

IOL = 24 mA 0.35 	0.5 

Input current 

II 	 at maximum 

input voltage 

Q inputs, 'LS682 VCC = MAX, 	Vi = 5.5 V 
0.1 0.1 rn A 

All other inputs VCC = MAX, 	V1 = 7 V 

Igl 	High-level input current VCC = MAX, 	Vi = 2.7 V 20 20 ;LA 

Low-level 
'IL 

input current 

0 inputs, 'LS682 
VCC = MAX, 	V1 = 0.4 V 

–0.4 –0.4 
mA 

All other inputs –0.2 –0.2 

1 00 	Short-circuit output current VCC = MAX, 	VO = 0 –20 	–100 –20 	–100 mA 

ICC 	Supply current 

'LS682 

VCC = MAX, 	See Note 1 

42 	70 42 	70 

mA 
40 	65 40 	65 

-7 

— 
44 	75 44 	75 

40 	65 40 	65 

■ 

T
T

L
 D
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e
s  

SN54LS682, SN54LS684, SN54LS688 
SN74LS682, SN74LS684, SN74LS686, SN74LS688 

8-BIT MAGNITUDE/IDENTITY COMPARATORS WITH TOTEM-POLE OUTPUTS 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.85 5 5.25 V 

High-level output current, loH –400 –400 /IA 

Low-level output current, loL 12 24 mA 

Operating free-air temperature, TA –55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

t For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, TA = 25°C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 1: Icc is measured with any G inputs grounded, all other inputs at 4.5 V, and all outputs open. 
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INSTRUMENTS 

OFFIrA BOX 655012 • DALLAS, 1rXAS 7265 

2-1135 



SN54LS682, SN541S684, SN541S688 
SN74LS682, SN74LS684, SN74LS6B6, SN74LS688 
8-BIT MAGNITUDEIIDENTITY COMPARATORS WITH TOTEM-POLE OUTPUTS 

switching characteristics, VCC = 5 V, TA =, 25°C 

PARAMETER ,' 
FROM 

(INPUTS) 

TO 

(OUTPUT) 

TEST 

CONDITIONS 

'I s• 	. • • 

Me. 	i • :• 

15 

4 

•.%:. • •.'• :. .,% •.• •. 

'I S688 
UNIT 

_ MIN 	I • I MAX MAX ryp winv 

tPLH P 

667 0, R L — 

CL = 45 pF, 

All other 

inputs low, 

See Note 2 

13 25 13 25 12 	.., 
ns 

tPHL 
P = Q 

15 25 17 25 20 30 17 	23 

1PLH a 
14 . 	16 25 13 . 12 	18 

ns 
tPHL 

P=Q 
15 . • 	15 25 21 ' 17 	23 

tPLH U, t1 P=Q 
11 7 01  12 	18 

ns 
tPHL 19 13 	20 

IPLH P P>Q 
20 30 22 30 19 30 

ns 
tPHL 15 In 17 30 15 30 

IPLH a 
21 • • 	24 30 18 30 

ns 
tPHL 

P > Q 
19 • 20 30 19 30 

tPLH U 2 P > Q 
21 30 

ns 
tpHi 16 25 

t tPLH = propagation delay time, low-to-high-level outputs; tpHL = propagation delay time, high-to-low-level output. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

S
0
3
!A

O
O

  1
1

1
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SI1154LS685, 
SN74LS685, SN74LS687, SPI74LS688 

8-BIT MAGNITUDEiIDEICNit OIVIPARAIORS WITH TOTEM-POLE OUTPUTS 

recommended operating conditions 

SN4•11.S' SN741..5•  
UNIT 

MIN r.OM MAX MIN NOM MAX 

Supply voltage ,  VCC 4.5 	5 5.5 4.85 5 5.25 V 

High-level output current, VOH 5.5 5.5 V 

Low-level output current, la 12 24 inA 

Operating free-air temperature, TA -55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range runless otherwise 
noted) 

VIH 

PARAMETER TEST CONDI f lorqs1 
SN54LS' SN74LS' 

UNI1 
MIN TYP MAX MIN 	f VP - MA-X-  

High-level input voltage 2 2 V 

V11 Low-level input voltage 0.7 0.8 V 

VT .i. - VT_ Hysteresis 	fP or Q inputs VCC = MIN 0.4 0.4 V 

VIK Input clamp voltage VCC = ....• li = - 18 mA - 1.5 - 1.5 

pm 10H High-level output voltage VCC .. . =  
Vu.  = Vg_max, 

Viii = 2 V, 

VOH = 5.5 V 
250 100 

VOL Low-level output voltage 

VCC =MIN, 

VIH = 2 V, 

VIL - ViLmas 

10L. = 12 mA 0.25 0.4 0.25 	0.4 
V 

IOL = 24 mA 0.35 	0.5 

II VCC = MAX, Vi = 7 V 0.1 0.1 mA 

III High-level input current VCC = MAX, Vi = 2.7 V 20 20 iaA 

Ill Low-level input current VCC = MAX, Vi = 0.4 V -0.2 -0.2 mA 

ICC 
Supply 

current 
VCC = MAX, See Note 1 

40 65 40 	65 
mA 7 	. 

44 75 44 	75 

t For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
tAll typical values are at VCC = 5 V, TA = 25°C. 
NOTE 1: !cc is measure with any Z inputs grounded, all other inputs at 4.5 V, and all outputs open. 
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SN54LS685, SN54LS687 
SN74LS685, SN74LS687 
8-BIT MAGNITUDEIIDENTITY COMPARATORS WITH OPEN-COLLECTOR OUTPUTS 

switching characteristics, VCC 	5 V, TA 	25 °C 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS685 'LS687 
UNIT 

MIN 	TYP 	MAX MIN 	TYP 	MAX 

IPLH P P=0 

= A 	667 0, L 
CL = 45 pF, 

All other 

inputs low, 

See Note 2 

30 	45 24 	35 
ns 

tPHL 19 	35 20 	30 

tPLH Q P=Q 
24 	45 24 	35 

ns 
tPHL 23 	35 20 	30 

t PLH U, d1 
21 	35 

ns 
tPHL 

P=Q 
18 	30 

tPLFI 
P P > Q 

32 	45 24 	35 
ns 

tPHL 16 	35 16 	30 

tPLH Q P>Q 
30 	45 24 	35 

ns 
tPHL 20 	35 16 	30 

t PLH 
-G2 F'>(1 

24 	35 
ns 

t PHL 15 	30 

t tPLH = Propagation delay time, low-to-high-level outputs; tpHL = propaga ion delay time, high-to-low-level output. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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(TOP VIEW) 
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SN54LS690, SN54LS691, SN54LS693 . FK PACKAGE 

(TOP VIEW) 

CC 
U 

U 
< U C./ > cc 
1-11.-11-1L-11-1 

3 2 1 20 19 

B 4 	 18 QA 

	

C 5 	 17 DB 

D 6 	 16 QC 

	

ENP  7 	 15 QD 

	

RCLR a 	 14 ENT 

9 10 11 12 13 
1-11-11-1r1  

01010 
< 

CCO CE  0 

SN54LS690, SN54LS691, SN54LS693, SN74LS690, SN74LS691, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 

AND MULTIPLEXED 3-STATE OUTPUTS 
D2423, JANUARY 1981—REVISED MARCH 1988 

• 4-Bit Counters/Registers 	 SN54LS690, SN54LS691, SN54LS693 	J PACKAGE 
SN74LS690, SN74LS691, SN74LS693 	DW OR N PACKAGE 

• Multiplexed Outputs for Counter or Latched 
Data 

• 3-State Outputs Drive Bus Lines Directly 	
CCLR 

CCK 

• 'LS690 	.Decade Counter, Direct Clear 	 A 

'LS691 	. Binary Counter, Direct Clear 

'LS693 ... Binary Counter, Synchronous 

Clear 
ENP 

description 	 RCLR 

These low-power Schottky LSI devices incorporate 	
RCK 

synchronous counters, four-bit D-type registers, and 	
GND 

 
quadruple two-line to one-line multiplexers with three-

state outputs in a single 20-pin package. The counters 

can be programmed from the data inputs and have enable 

P inputs and enable T inputs and a ripple-carry output for 

easy expansion. The register/counter select input, R/C, 

selects the counter when low or the register when high 

for the three-state outputs, QA, B. QC, and QD. These 

outputs are rated at 12 and 24 milliamperes 154LS/74LS) 

for good bus-driving performance. 

Individual clock and clear inputs are provided for both the 

counter and the register. Both clock inputs are positive-

edge triggered: The clear line is active low and is 

asynchronous on the 'LS690 and 'LS691, synchronous 

on the 'LS693. Loading of the counter is accomplished 

when LOAD is taken low and a positive-transition occurs 

on the counter clock CCK. 

Expansion is easily accomplished by connecting RCO of 

the first stage to ENT of the second state, etc. All ENP 

inputs can be tied common and used as master enable 

or disable control 

schematics of inputs and outputs 

EQUIVALENT OF 

A, B, C, D INPUTS 

EQUIVALENT OF 

ALL OTHER INPUTS 
TYPICAL OF 

ALL Q OUTPUTS 

RCO OUTPUT 

VCC 
120 12 NOM 

VCC 

20 aft NOM 

VCC 
13 kft NOM 

VCC 
10012 NOM 

iillp 

INPUT OUTPUT  INPUT ' 

IPP 
II 

OUTPUT 

Pik 
PAMPA WIN DATA documents cost in information 

at _I ;Ablicetian date. Nadu In conform to 
specifications per the terms of Ter s 'flstruments 
standard warranty. Production pr.. ening loss not 
 ily include testing of all Num...Hers. 
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SN54LS690, SN74LS690 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 
AND MULTIPLEXED 3-STATE OUTPUTS 

logic diagrams (positive logic) 

a 
	 a 

a 
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SN54LS691, SN74LS691 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 

AND MULTIPLEXED 3-STATE OUTPUTS 

logic diagrams (positive logic) (continued) 
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SN54LS693, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 
AND MULTIPLEXED 3•STATE OUTPUTS 

logic diagrams (positive logic) (continued) 
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SN54LS690, SN54LS691, SN54LS693, SN74LS690, SN74LS691, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 

AND MULTIPLEXED 3-STATE OUTPUTS 

logic symbols t 

'LS690 
	

'LS691 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
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SN54LS690, SN54LS691, SN54LS693, SN74LS690, SN74LS691, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 
AND MULTIPLEXED 3-STATE OUTPUTS 

absolute maximum ratings over operating free -air temperature range (unless otherwise noted) 

	

Supply voltage, VCC (See Note 1)   7 V 

Input voltage 	  7 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54LS690, SN54LS691 SN54LS693 	  — 55°C to 125°C 

SN74LS690, SN74LS691, SN74LS693 	  0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

•'. :LS' '. 	1LS' 
UNIT 

MIN ivvM MAX MIN NuM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIN High-level input voltage 2 2 V 

VI L Low-level input voltage 0.7 0.8 V 

10H High-level output current 
O —1 —2.6 mA 

RCO —0.4 —0.4 mA 

IOL Low-level output current 
O 12 24 mA 

Pr.° 4 8 mA 

(clock Clock frequency - 
0 20 0 20 MHz 

RCK 0 20 0 20 MHz 

tw  Pulse duration 

CCK high or low 25 25 

ns 
RCK high or low 25 25 

'LS690, 'LS691 
RCLR low 20 20 

CCLR low 20 20 

tsu  Setup time 

before CCK t — . 

A thru D 30 30 

vs 

ENP or ENT 30 30 

LOAD 1 30 30 

1 	1 40 40 

1-J0M), ' L5691 1 	i 	inar•tive 25 25 

tsu Setup time 

before RCK T 

CCK t 	gote 21 30 30 

ns 'LS690, 'LS691 RCLR 	. 	...active 25 25 

'LS693 RCLR 1 20 20 

th Hold time Any input from CCK 1 or RCK 1 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

NOTE 2: This set up time ensures the register will see stable data from the counter outputs. The clocks may be tied together in which case the 

register state will be one clock pulse behind the counter. 
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SN54LS690, SN54LS691, SN54LS693, SN74LS690, SN74LS691, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 

AND MULTIPLEXED 3-STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN 	TYP t MAX MIN 	TYPt 	MAX 

VIK VCC -  MIN, I1= -18 mA - 1.5 -1.5 V 

VOH 

Any 0 
Vcc= MIN, Vii.i= 2 V, 

VIL= MAX 

1 0H ' - 1 mA 2.4 3.1 

V Anvil IOH ' - 2.6 mA 2.4 3.1 
- • - 

10H = - 0.4 mA 2.5 3.2 2.7 3.2 

VOL 

A.,, .2 

VCC = MIN, VIH = 2 V, 

VII_ = MAX 

lot. = 12 mA 0.25 0.4 0.25 0.4 

V 
Any Q lot_ = 24 mA 0.35 -  0.5 

RCO IOL = 4  mA 0.25 0.4 0.25 0.4 

RCO IOL = 8  mA 0.35 0.5 

IOZH Any Q 
Vcc = MAX, VIH = 2 V, VII_ = MAX, 

Vo = 2.7 V 
20 20 ,I.LA 

IOZL Any Q 
VCC = MAX, VIH = 2 V, VII_ = MAX, 

V 	0.4 V o =  - 20 - 20 stA 

II 

 

VCC = MAX, VI = 7 V 0.1 0.1 mA 

IIN Vcc= MAX, VI = 2.7 V 20 20 gA 

'IL 
A thru D 

VCC = MAX, V1= 0.4 V 
- 0.4 - 0.4 

mA 
All others - 0.2 - 0.2 

Any Q 
VCC = MAX, Vo = 0 V 

- 30 - 130 - 30 - 130 
mA 1 0S§  RCO -20 - 100 -20 -100 

ICCH 
VCC 'MAX, 
All outputs open 

See Note 3 46 65 46 65 

mA ICCL See Note 4 48 70 48 70 

ICCZ See Note 5 48 70 48 70 

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

I All typical values are at VCC F  5 V, TA = 25° C. 

§ Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 

NOTES: 3. lccH is measured after two 4.5 V to 0-V to 4.5-V pulses have been applied to CCK and RCK while G is grounded and all other in-

puts are at 4,5 V. 

4. Icct.  is measured after two 0-V to 4.5-V to 0-V pulses have been applied to CCK and RCK while all other inputs are grounded. 

5. Iccz is measured after two O-V to 4.5-V to 0-V pulses have been applied to CCK and RCK while' is at 4.5 V and all other in-

puts are grounded. 
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SN54LS690, SN54LS691, SN54LS693, SN74LS690, SN74LS691, SN74LS693 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 
AND MULTIPLEXED 3-STATE OUTPUTS 

switching characteristics, VCC = 5 V, TA = 25° C (see note 6) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

'LS690, 'LS691 'LS693 
UNIT 

MIN TYP 	MAX MIN TYP 	MAX 

tPLH CCKt RCO RL= 2 ka,CL= 15 pF 
23 	40 23 	40 

ns 
tPHL 23 	40 23 	40 

tPLH ENT RCO 
13 	20 13 	20 

ns 
tPHL 13 	20 13 	20 

tPLH CCKt 0 

R L.  — 667 SZ, CL = 45 pF 

12 	20 12 	20 
ns 

tpHL 17 	25 17 	25 

tPLH RCKt Q 
12 	20 12 	20 

ns 
1PHL 17 	25 17 	25 

tPHL rri RI 0 23 	40 ns 

tpHL • , 	I.) Q 20 	30 ns 

tPLH R/E 0 
16 	25 16 	25 

ns 
tPHL 16 	25 16 	25 

tpzH 
1 0 

19 	30 19 	30 
ns 

1PZL 19 	30 19 	30 

tPHZ dt Q RI_ = 667 St, CL = 5 pF 
17 	30 17 	30 

ns 
tpLZ 17 	30 17 	30 

NOTE 6: Load circuits and voltage waveforms are shown in Section 1. 

TEXAS 
INSTRUMENTS 

2-1146 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



a 
z z 	 < 	 g 	 0 0 

0 0 
W 

10 	C_C,  

CC 

L 

A
 

A
 •  
V

 

T
T
L

 D
e

v
ic

es
  

A
A

A
A

A
A

A
W

A
A

A
V

A
W

A
V

A
N

N
E

IM
E

IN
A

V
A

X
A

 

'L
S

6
9
0
 D

E
C

A
D

E
  C

O
U

N
T

E
R

,  A
sy

nc
hr

o
no

us
  C

le
ar

  

N 

N 

\\
.\\
\M

AN
AW

A
M

\ -\
\A

-M
_
  

- - 	r -  

Ln 
Z 
>- 

4— co U 

< C.) 

CO 
0 

Z < 
›- 0 

7." 11.—  

Z cc 
4— 

cn 

4— 2- et 
CIS _I 
< 0 

2 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

4 
2-1147 

SN54LS690, SN74LS690 
SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 

AND MULTIPLEXED 3-STATE OUTPUTS 

typical operating sequences 
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SYNCHRONOUS COUNTERS WITH OUTPUT REGISTERS 
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SN54LS696, SN54LS697, 

SN54LS699 . . . J OR W PACKAGE 
SN74LS696, SN74LS697, 

SN74LS699 . . . DW OR N PACKAGE 

(TOP VIEW) 
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SN54LS699 . . FK PACKAGE 

(TOP VIEW) 
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SN54LS696, SN54LS697, SN54LS699, SN74LS696, SN74LS697, SN74LS699 
SYNCHRONOUS UPIDOWN COUNTERS 

WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 
D2424, JANUARY 1981—REVISED MARCH 1988 

• 4-Bit Counters/Registers 

• Multiplexed Outputs for Counter or Latched 
Data 

• 3-State Outputs Drive Bus Lines Directly 

• 'LS696 . . Decade Counter, Direct Clear 
'LS697 .. Binary Counter, Direct Clear 
'LS699 .. Binary Counter, Synchronous 

Clear 

description 

These low-power Schottky LSI devices incorporate 

synchronous up/down counters, four-bit D-type registers, 

and quadruple two-line to one-line multiplexers with three 

state outputs in a single 20-pin package. The up/down 

counters are programmable from the data inputs and 

feature enable P and enable T and a ripple-carry output 

for easy expansion. The register/counter select input 

selects the counter when low and the register when high 

for the three-state outputs, QA, C1B, QC, and QD. These 

outputs are rated at 12 and 24 milliamperes 154LS/74LS) 

for good bus driving performance. 

Both the counter CCK and register clock RCK are positive-

edge triggered. The counter clear CCLR is 

active low and is asynchronous on the 'LS696 and 

'LS697, synchronous on the '. • • • Loading of the 

counter is accomplished when • s taken low and 

a positive transition occurs on the counter clock CCK. 

Expansion is easily 	nplished by connecting RCO 

of the first stage to • '. of the second stage, etc. All 

ENP inputs can be tied common and used as a master 

enable or disable control. 

schematics of inputs and outputs 

EQUIVALENT OF 

A, B, C, D INPUTS 

VCC 	 —- 

EQUIVALENT OF 

ALL OTHER INPUTS 

VCC 

TYPICAL OF 

ALL Q OUTPUTS 

VCC 
100 si NOM 

RCO OUTPUT 

 	VCC 
120 SS NOM 

INPUT 

20 kS2 NOM 13 ks2 NOM 

INPUT AI ii OUTPUT 

lil 

 

lir 

Ii OUTPUT um 

PRODUCTION DATA documents contain information 
current as of publication date. Products cant orm to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN54LS696, SN54LS697, SN54LS699, SN74LS696, SN74LS697, SN74LS699 
SYNCHRONOUS UPIDOWN COUNTERS 
WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

logic symbolst 

'LS696 
	

'LS697 

1S699 

tThese symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
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SN54LS696, SN74LS696 
SYNCHRONOUS UPIDOWN COUNTERS 

WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

logic diagrams (positive logic) 
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SN54LS697, SN74LS697 
SYNCHRONOUS UPIDOWN COUNTERS 
WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

logic diagrams (positive logic) (continued) 
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logic diagrams (positive logic) (continued) 
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SYNCHRONOUS UPIDOWN COUNTERS 

WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 
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SN541S699, SN74LS699 
SYNCHRONOUS UPIDOWN COUNTERS 
WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

logic diagrams (positive logic) (continued) 
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SN54LS696, SN54LS697, SN54LS699, SN74LS696, SN74LS697, SN74LS699 
SYNCHRONOUS UP ► DOWN COUNTERS 

WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 	  7 V 

Input voltage 	  7 V 

Off-state output voltage 	  5.5 V 

Operating free-air temperature range: SN54LS696, SN54LS697, SN54LS699 	—55°C to 125°C 

SN74LS696, SN74LS697, SN74LS699 	 0°C to 70°C 

Storage temperature range 	  —65°C to 150°C 

NOTE 1. Voltage values are with respect to network ground terminals 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current 
z) —1 —2.6 

mA 
— 0.4 — 0.4 

IOL Low-level output current 
...i  12 24 

mA 
RCO 4 8 

(clock Clock frequency 
CCK 0 20 0 20 

MHz 
RCK 0 20 0 20 

Pulse duration 

CCK high or low 25 25 

ns RCK high or Idw 25 25 

'LS696, 'LS697 CCLR low 20 20 

t su  Setup time 

before CCK ►  

A this D 30 30 

ns 

ENP or ENT 30 30 

LOAD 30 30 

;PR 35 35 

• 	 CCLR inactive 25 25 

'Laubd, 30 30 

tsu  Setup time CCK 1 before RCK 	(see Note Sr 30 30 ns 

th Hold time 0 0 ns 

TA Operating free-air temperature — 55 125 0 70 ° C 

NOTE 2: This set up time ensures the register will see stable data from the counter outputs. The clocks may be tied together in which case the 

register state will be one clock pulse behind the counter. 
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SN54LS696, SN54LS697, SN54LS699, SN74LS696, SN74LS697, SN74LS699 
SYNCHRONOUS UPIDOWN COUNTERS 
WITH OUTPUT REGISTERS AND MULTIPLEXED •STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54LS' SN74LS' 

UNIT 
MIN 	TYP/ 	MAX MIN 	TYP 1 	MAX 

VIM High-level input voltage 2 2 V 

VII_ Low-level input voltage 0.7 0.8 V 

VII< Input clamp voltage Voo=MIN, 11=-18 mA -1.5 -1.5 V 

VOH High-level output voltage 

Any Q 
V 	-MIN, V1H= 2 V. 

vicvIL mac 

1 01-1 =-1  mA 2.4 3.1 

V Any Q 10H=-2.6 mA 2.4 3.1 

RCO 10H=400 IAA 2.5 3.2 2.7 3.2 

VOL Low-level output voltage 

Any Q 

Voo=MIN, VIH=2 V. 

VIL=VIL man 

10L=12 mA 0.25 0.4 0.25 0.4 

V 
".' n 
- 

• 

10L=24 mA 0.35 0.5 

I 0 L'4 mA 0.25 0.4 0.25 0.4 

IOL=8 mA 0.35 0.5 

IOZH 
Off-state output current, 

high-level voltage applied Any  Ci 
VCC=MAX, g at 2 V. 	V0=2.7 V 20 20 gl A 

IOZL 
Off-state output current, 

low-level voltage applied 
Any CI VCC=MAX, d at 2 V, 	V0=0.4 V -20 -20 ,14A 

li 
Input current at maxi-

mum input voltage 
VCC=MAX, V1-7 V 0.1 0.1 mA 

IIH High-level input current VCC= MAX, V1=2.7 V 20 20 MA 

!IL Low-level input current 
A thru D 

Voo=MAX, V1=0.4 V 
-0.4 -0.4 

mA  
All others -0.2 -0.2 

IOS 
Short-circuit 

output current§ 

Any CI 
Voo=MAX, V0=0 V 

-30 -130 -30 -130 
mA 

RCO -20 -100 -20 -100 

ICCH Supply current, outputs high 
VCC-MAX. 

All outputs open 

See Note 3 46 65 46 65 

mA looL Supply current, outputs low See Note 4 48 70 48 70 

ICCZ Supply current, outputs off See Note 5 48 70 48 70 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

* All typical values are at Vcc = 5 V, TA = 25C. 

§Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTES: 3. lecH is measured after two 4.5 V to 0 V to 4.5 V pulses have been applied to CCK and RCK while d is grounded and all other in-
puts are at 4.5 V. 

4. leci.  is measured after two 0 V to 4.5 V to 0 V pulses have been applied to CCK and RCK while ell other Inputs are grounded. 
5. Iccz is measured after two 0 V to 4.5 V to 0 V pulses have been applied to CCK and RCK while 6 is at 4.5 v end all other in-

puts are grounded. 

switching characteristics, VCC = 5 V, TA = 25 ° C (see note 6) 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONS 

r 	'I qA96, 'LS697 I •..N• 
UNIT 

•.•Ir. 	TYP 	MAX 
- 

MIN 	I , l• 	MAX 

tPLH 
CCK/ RCO 

RL = 2 kft, CL = 15 pF 

23 	40 23 	40 ns 

tPHL 23 	40 23 	40 ns 

tPLH 
ENT RCO 

13 	20 13 	20 ns 

tPHL 13 	20 13 	20 ns 

1PLH 
CCK1 Q 

R L = 667 a, C L = 45 pF 

12 	20 12 	20 ns 

tPHL 17 	25 17 	25 ns 

tPLH 
RCK1 Q 

12 	20 ns 
 

12 	20 

tPHL 17 	25 17 	25 ns 

1 PHL grn$1 0 23 	40 ns 

tPLH 
IR/E Q 

16 	25 16 	25 ns 

tpHL 16 	25 16 	25 ns 

1PZH 
-61 Q 

19 	30 19 	30 ns 

tPZL 19 	30 19 	30 ns 

tPHZ 
dt 0 RL - 667 SI, CL = 5 pF 

17 	30 17 	30 ns 

/PLZ 17 	30 17 	30 ns 

NOTE 6: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS696, SN74LS696 
SYNCHRONOUS UPIDOWN COUNTERS 

WITH OUTPUT REGISTERS AND MULTIPLEXED •STATE OUTPUTS 

typical operating sequences 
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SN54LS697, SN54LS699, SN74LS697, SN74LS699 
SYNCHRONOUS UPIDOWN COUNTERS 
WITH OUTPUT REGISTERS AND MULTIPLEXED 3-STATE OUTPUTS 

typical operating sequences (continued) 
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