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INTRODUCTION 

Texas Instruments offers a broad line of Interface and Speech Products serving analog signal 
conditioning/processing and interface applications that may require higher currents and/or higher voltages than 
can be achieved with conventional digital devices. 

Tl's Interface circuits represent technologies from classic bipolar through BIDFET, Advanced Low-Power Schottky 
(ALS), IMPACT"', LinCMOS ... , and ADVANCED LinCMOS'" processes. The ALS and IMPACT'" oxide-isolated 
technologies provide the Interface family with improved speed-power characteristics. LinCMOS'" and ADVANCED 
LinCMOS'" technologies feature a step-function improvement in impedance, speed, power dissipation, and 
threshold stability. 

Tl's Interface products include such devices as data transmission circuits that tie computers and their associated 
peripherals together according to a set of industry (EIA) standards that prescribe line length, data rates, and 
propagation delays, among other tll.!ngs. With the recent growth of the flat panel display market, Tl's high­
voltage display drivers are providing cost-effective and reliable solutions to the AC-plasma, vacuum-fluorescent, 
and electroluminescent display markets. Analog-to-digital and digital-to-analog converters are offered as peripheral 
support chips in microprocessor-based systems and DSP (digital signal processing) related analog interfaces. 
Tl's line of high-current motor/printhead and MOSFET drivers combine logic control and high current-drive 
capability on one IC. 

During the last decade, TI has· produced a wide range of speech-generating devices based on the technique 
of pitch-excited linear predictive coding (LPC). This technique extracts data from original recorded speech to 
define the control parameters for a mathematical model of the vocal tract. The speech generated from this model 
retains all the inflection and voice characteristics of the original spoken phrase while minimizing digitized data 
storage requirements; and it does not exhibit the robotic quality often associated with synthesis-by-rule systems. 

This data book provides information on the following types of products: 

Analog Switches 
High-Current Actuators and Peripheral Drivers 
Switched-Capacitor General Purpose Filters 
A/D and D/A Converters 
High-Voltage Display Drivers 
IBM 360/370 I/O Line Drivers 
IEEE-488 (GPIB) Octal Bus Transceivers 
RS-422-A Line Drivers 
RS-422-A, RS-423-A, and RS-485 Line. Receivers 
LPC 1 0 and LPC 12 Voice Synthesis Functions on a Chip 
One-Chip Speech System 
Auxiliary Speech Memories 

These products cover the dynamic development of linear circuits from the classical operational amplifier to the 
high-performance A/D and D/A converters and speech-generating devices. New surface-mount packages (8 
to 84 leads) include both ceramic and plastic chip carriers, and the small-outline (D) plastic packages that optimize 
board density with minimum impact on power-dissipation capability. 

The Selection Guide includes a functional description of each product, and to assist the design engineer, the 
Guide is organized into sections containing information on key parameters and packaging. Ordering information 
and mechanical data are in Appendix B. 

IMPACT"', LinCMOS"', and ADVANCED LinCMOS'" are trademarks of Texas Instruments Incorporated. 
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During the last decade, TI has produced one of the largest IC socket families. TI's sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. Details 
on TI's sockets are presented in Appendix B. 

While this volume offers design and specification data only for Interface and Speech components, complete 
technical data for any TI semiconductor product is available from your nearest TI Field Sales Office, local 
authorized TI distributor, or by writing directly to: 

Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 
DALLAS, TEXAS 75380-9066 

We sincerely feel that you will discover the new 1987 Interface Circuits Data Book to be a significant addition 
to your collection of technical literature. 
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Single-Slope and Dual-Slope AID Converters 

RESOLUTION 
CONVERSION 

SPEED (msl 
FUNCTION 

4 1/2 Bits Dual-Slope Analog 

8-10 Bits Processors 

Digital Processors 

4 1/2 Digits 80 with Seven-Segment 

Outputs 

41/2 Digits 
Digital Processors 

with BCD Outputs 

10-Bits 50 Dual-Slope Analog 

Pulse-Width 

Modulator for 
7-Bits 1 

Single-Slope 

Converter 

4 1/2 Digits 34 
Dual-Slope ADC 

with BCD Output 

3 1/2 Digits 333 
Dual-Slope ADC 

with LCD Drivers 

DIA Converters (5 to 15 Volts) 

SELECTION GUIDE 
DATA ACQUISITION CIRCUITS 

TYPE PACKAGE PAGE 

TL500 2-71 

TL501 
J """"2-7"1 

TL502 2-71 

N -
TL503 2-71 

TL505 ~ 

TL507 P 2-91 

TLC7135 2-221 

N -
TLC7136 2-233 

RESOLUTION FUNCTION TYPE SETTLING TIME PACKAGE PAGE 

8 Bits Single Multiplying DAC TLC7524 D,N 2-243 
100 ns 

8 Bits Dual Multiplying DAC TLC7528 2-251 
N -

10 Bits Single Multiplying DAC TLC7533 150 ns 2-263 

TEXAS ." 
INSTRUMENTS 
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SELECTION GUIDE 
DATA ACQUISITION CIRCUITS 

Successive-Approximation AID Converters 

ADDRESS SIGNAL INPUTS UNADJUSTED 
CONVERSION POWER 

AND 
SPEEDt 

ERROR RESOLUTION 
ANALOG ANALOG TYPE DISSIPATION PACKAGE PAGE 

DATA I/O IMAX) BITS 

FORMAT 
1,,5) DEDICATED DIGlTAL* ±LSB 

ITYP) 

0.5 ADC0803 2-9 
1 § ADC0804 

-
N 2-15 

0 1.0 I--
ADC0805 2-9 

10mW 
0.75 ADC0808 FN,N 2;21 

100 
0.75 ADC0808M FK,JD 2-29 

8 1.25 ADC0809 2-21 

0.75 
8 I--

TL0808 FN,N 2-57 
0.5 mW ~ 

PARALLEL 
1.25 TL0809 

1 1 
1.0 TLC0820A 

TLC0820B 
35 mW 

FN,N 

FK,J 
2-113 

15 0.5 TLC532A 2-139 
5 6 6mW FN,N 

I 2-139 30 TLC533A 

1.0 TLC1205A 2-181 

0.5 TLC1205B 
I--

1 § 2-181 
10 0 12 Plus Sign 25 mW N,J I--

1.0 TLC1225A 2-181 

0.5 TLC1225B ~ 
1 § 1.0 ADC0831A 2-37 

-
0.5 ADC0831B 2-37 

P -
2§ 1.0 ADC0832A 2-37 

-
84 

0.5 ADC0832B 2-37 
10mW 

4§ 1.0 ADC0834A 2-45 
N 2-45 0.5 ADC0834B 

1.0 ADC0838A 2-45 
8 2-45 ADC0838B 

FN,N -
13 TLC540 2-149 

11 2-'1'49 SERIAL 25 0 TLC541 8 

22 TLC543 2-157 
5 D,N -

25 TLC544 2-157 
0.5 

13 TLC545 2-165 
19 FN,N -

25 TLC546 6mW 2-165 

22 TLC548 2-173 
1 D,P -

25 TLC549 2-173 

31 TLC1540 2-197 
11 10 FN,N -

31 1.0 TLC1541 2-197 

52 21 # TLC32040 14 200 mW N 2-271 

t Includes access time. 
t Analog/digital inputs can be used either as digital logic inputs or inputs for analog to digital conversion. For example: The TLC532/3A 

can have 11 analog inputs, 5 analog inputs and 6 digital inputs, or any combination in between. 
§ Differential Input. 
1 The TLC32040 has two differential inputs for the 14 bit AID and a serial port input for the 14 bit D/A. 
#The AID conversion accuracy for this device is measured in terms of signal-to:quantization distortion and also in LSB over certain converter 

ranges. Please refer to the data sheet. 
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Analog Switches and Multiplexers 

TYPICAL VOLTAGE POWER 

FUNCTION IMPEDANCE RANGE SUPPLIES 

(OHM) (V) (V) 

100 
TWIN SPOT 

150 
±10 ±15 

DUAL SPST 100 

TWIN DUAL SPST 150 

SPOT 

DUAL SPOT 
100 

-17 to +25 ±25 
SPST WITH ENABLE 100 

SPST WITH LOGIC INPUTS 80 

QUAD BILATERAL 50 

ANALOG SWITCH 
2 to 12 12 

30 

Switched-Capacitor Filter ICs 

FILTER 
POWER 

TYPE FUNCTION 
ORDER 

SUPPLIES 

DUAL FILTER, GENERAL PURPOSE 

LOW PASS, BUTTERWORTH 

(V) 

2 ±4 to ±5 

4 ±2.5 to ±6 

. TEXAS" 
INSTRUMENTS 

TLC10 

TLC20 

TLC04 

TLC14 

POST OFFice BOX 655012 " DALLAS. TeXAS 75265 

SELECTION GUIOE 
DATA ACOUISITION CIRCUITS 

TYPE PACKAGE PAGE 

TL182 2-65 

TL185 
N 

2-65 

TL188 2-65 

TL191 2-65 

TL601 2-97 

TL604 
P 

2-97 

TL607 2-97 

TL6l0 2-97 

TLC4016 2-205 
N,D,J 

TLC4066 2-213 

PACKAGE PAGE 

FN,N 
2-123 

""""2-123 

D,P 
2-103 

2-103 
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II 
SELECTION GUIDE 
DISPLAY DRIVERS 

C) 
CD 
:::s 
CD 

Electroluminescent Display Drivers 
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Q) .... 
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1-10 

DESCRIPT 
DRVRS 

PER PKG 

32 

ROW 

DRIVER 

34 

COLUMN 

DRIVERS 
32 

INPUT POWER 

COMPATIBILITY SUPPLY 

VCC1 
(logic) 

CMOS 
= 10.8 V 

to 15 V 

VCC1 
(logic) 

= 10.8 V 

to 15 V 

CMOS 

VCC1 
(logic) 

= 4.5 V 

to 5.5 V 

PRODUCT FEATURES 

• 225-V open-drain DMOS outputs 

• Serial-in, parallel-out architecture 

• 50-rnA current sink output capability 

• Extremely low steady state power 

consumption 

• Left side (SNXX551) and right side 

(SNXX552) drivers enhance 

circuit layout 

• Monolithic BIDFET integrated circuits 

• Very low steady-state power 

consumption, 

• 300-mA output capability 

• High-voltage open-collector N-P-N outputs 

• 225-V totem-pole BIDFET output structures 

• 70-rnA output capability 

• Very low steady-state power consumption 

• 3-State capabilities 

• Selectable Open-Source or Open-Drain output 

• 60-V totem-pole BIDFET output structures 

• Serial-in, parallel-out architecture 

• 15-mA sink or source output capability 

• Top (SNXX553) and bottom (SNXX554) 

drivers enhance circuit layout 

• 90-V output voltage swing capability 

• 1 5-mA output source and sink current 

capability 

• High-speed serially-shifted data input 

• Totem-pole outputs 

• Latches on all driver outputs 

• Energy recovery system compatible 

• 80-V totem-pole BIDFET output structures 

• Serial-in, parallel-out architecture 

• 1 5-mA sink or source output capability 

• Top (SNXX559) and bottom (SNXX560) 

drivers enhance circuit layout 

• Energy recovery system compatible 

• ~.5-V to 5.5-V VCC1 operation at 5 MHz 

• Two Parallel high-speed 16-bit shift registers 

• 60-V totem-pole BIDFET output structures 

• 1 5-mA sink or source output capability 

• Top (SNXX567) and bottom (SNXX568) 

drivers enhance circuit layout 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

TYPE PKG PAGE 

SN55551 FD 3-79 

SN65551 

SN75551 
FN,N 3-87 

SN55552 FD 3-79 

SN65552 

SN75552 
FN,N 3-87 

SN65557 

SN75557 
3-117 

f---
SN65558 

SN75558 
FN 

3-117 

f---

SN65563 

SN75563 
3-133 

-
SN65564 

SN75564 
3-133 

SN55553 FD 3-95 

SN65553 

SN75553 
FN,N 3-101 

SN55554 FD 3-95 

SN65554 
3-101 

SN75554 -
SN65555 

SN75555 
3-109 

FN,N -
SN65556 

SN75556 
3-109 

SN65559 

SN75559 
FN,N 3-125 

SN65560 

SN75560 
FN,N 3-125 

SN65567 
3-141 

SN75567 

r--
FN 

SN65568 

SN75568 
3-141 



LED Display Drivers 

DRVRS INPUT POWER 
DESCRIPT PRODUCT FEATURES 

PER PKG COMPATIBILITY SUPPLY 

SEGMENT 
4 

DRIVERS 

10 V 

20 V 
• 50-mA source/sink capability 

10 V 
MOS • 250-mA sink capability 

DIGIT 20 V 
6 

DRIVERS Variable from • 250-mA sink capability 

3.2 V to 8.8 V • Display blanking provisions 

Vacuum Fluorescent Display Drivers 

DRVRS INPUT 
DESCRIPT 

PER PKG COMPATIBILITY 

TTL 

12 

ANODE, CMOS 

GRID 

DRIVERS 

SEGMENT 

OR DOT 

MATRIX 
32 CMOS, TTL 

FORMATS 

10 CMOS, TTL. 

10 

CMOS 

20 

POWER 

SUPPLY 
PRODUCT FEATURES 

VCC1 (logic) • Serial-in, parallel-out architecture 

=5 V to 15 V • 60-V totem-pole outputs 

VCC2 (display) • 25-mA current source output capability 

= 0 V to 60 V • On-board latches 

VCC1 (logic) 

= 5 V to 15 V, All features same as SN65512B except 

VCC2, (display) ~ Shift register reset replaces latches 

= 0 V to 60 V 

VCC1 (logic) 

= 5 V to 15 V, 
All features same as SN65512B except 

VCC2, VCC3, • 125-V totem-pole output 
(display) = 0 V 

to 60 V 

VCC1 (logic) 

= 5 V to 15 V, All features same as SN65512B except 

VCC2, (display) • 32 bits for large format displays 

= 0 V to 60 V 

VCC1 (logic) • Serial-in, parallel-out architecture 

= 5 V to 15 V • 60-V totem-pole outputs 

VCC2 (display) • 40-mA current source output capability 

= 0 V to 60 V • Second source to Sprague UCN-481 OA 

• Serial-in, parallel-out architecture 

• 60-V totem-pole outputs 

• 40-mA current source output capability 
VCC1 (logic) • Improved direct replacement for 
= 5 V to 15 V 

UCN4810A and TL4810A 
VCC2 (display) • 70-V output voltage swing capability 
= 0 V to 60 V • Drives up to 20 lines 

• Direct replacement for Sprague 

UCN5812A 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

SELECTION GUIDE 
DISPLAY DRIVERS 

TYPE PKG PAGE 

SN75491 

SN75491A 
3-7 

-
SN75492 

SN75492A 
N 3-7 

-
SN75494 3-15 

TYPE PKG PAGE 

SN65512B 

SN75512B 
DW,N 3-53 

SN65513B 
DW,N 3-59 

SN75513B 

SN75514 DW,N 3-65 

SN65518 
FN,N 3-71 

SN75518 

UCN4810A N 3-183 

TL4810B 

TL4810BI 
DW,N 3-171 

TL5812 
FN,N 3-177 

TL58121 

r: 
o 
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SELECTION GUIDE 
DISPLAY DRIVERS 

DC Plasma Display· Drivers 

DRVRS INPUT 
DESCRIPT 

PER PKG COMPATIBILITY 

ROW 

DRIVERS 

32 CMOS 

COLUMN 

DRIVERS 

ANODE 

DRIVERS 
7 TTL 

AC Plasma Display Drivers 

DESCRIPT 
DRVRS INPUT 

PER PKG COMPATIBILITY 

4 

32 (S-bits 

with 1 

of 4 

selectors) 

AXIS 

DRIVERS 
CMOS 

32 

32 x 1 

32 (S bits 

plus 2 

select 

bits) 

1-12 

POWER 
PRODUCT FEATURES 

SUPPLY 

• lS0-V open drain parallel output 

VCC (logic) 
• 220-mA parallel output sink current 

• Left side (SN751506) and right side 
= 4 V to 6 V 

(SN751516) drivers enhance circuit 

layout 

• - 120-V open collector P-N-P parallel 

outputs 

VCC (logic) 
• Two parallel high-speed 16-bit 

= 4.5 V to 
shift registers 

5.5 V 
• Latches on all driver outputs 

• Top (SN75150S) and bottom 

(SN75151S) drivers enhance circuit 

layout 

VCC+ = 4.5 V 
to 5.5 V • Serial-in. parallel-out architecture 

VCC- = • 100-V output capability 

-10.S V to • Alternative driver for VF 
-13.2 V 

POWER 

SUPPLY 
PRODUCT FEATURES 

• Independent addressing of each gate 

VCCl (logic) 
for serial and parallel applications 

= 10 V to 14 \J 
• High input impedance 1 MO typically 

• 30-mA integral clamp diodes on outputs 
VCC2 (display) 

• Switches 70 V in 1.2 p.s 
= 40 V to 90 \J 

• 3-input AND function (SN554268) 
NAND function (SN55427B) 

• High-speed serial-in. parallel-out 

architecture (MHz) 
VCCl (logic) 

• Fast output transitions « 150 ns) 
= 10.S V 

to13.2V 
• 25-mA output current capability 

• X-axis driver (SNXX500) 
VCC2 (display) 

= 0 V to 100 \J 
• V-axis driver (SNXX501) 

• Military temperature packages available 

(SN55500. SN55501) 

VCCl (logic) 

= 7.65 V 

to 9.35 V 

VCC2 (display) • High-speed serial-in. parallel-out 

=VCCl to 90 V • X-axis driver (SNCC50S) 

VCCl (logic) • V-axis driver (SNXX50S) 

=S V to 11.4 V 

VCC2 (display) 

=VCCl to 90 \J 

TEXAS -If 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

TYPE PKG PAGE 

SN751506 

SN751516 
3-153 

f---

FT 

SN75150S 
3-161 

SN75151S 

SN755S1 J.N 3-149 

TYPE PKG PAGE 

SN554268 

J 3-3 

SN55427B 

SN55500E FD,JD 3-17 

SN65500E 
FN.N 3-23 

SN75500E 

SN55501E 
FD 

JD 
3-29 

SN65501E 

SN75501E 
FN.N 3-35 

SN6550S 

SN7550S 
3-41 

FN -
SN65509 

SN75509 
3-47 



Line Drivers 

APPLICATION 

EIA STANDARD RS-422-A 

EIA STANDARD RS-485 

EIA STANDARD RS-423-A 

EIA STANDARD RS-232-C 

IBM 360/370 

GENERAL PURPOSE 

GENERAL PURPOSE 

OUTPUT 

DIFFERENTIAL 

DIFFERENTIAL 

SINGLE-ENDED 

SINGLE-ENDED 

SINGLE-ENDED 

SINGLE-ENDED 

DIFFERENTIAL 

DRIVERS 

PER PACKAGE 

2 

4 

4 

2 

2 

4 

2 

4 

2 

2 

TEXAS • 
INSTRUMENTS 

SELECTION GUIDE 
LINE DRIVERS AND RECEIVERS 

DEVICE PAGE 
PKG 

TYPE NUMBER 

SN55158 JG 
4-261 

SN75158 D,JG,P 

SN75159 D,J,N 4-269 

uA9638 D,JG,P 4-535 

AM26LS31 D,FK,J,N 4-5 

MC3487 D,J,N 4-53 

SN75151 DW,J,N 
4-211 

SN75153 J,N 

SN75172 J,N 4-319 

SN75174 J,N 4-335 

SN55ALS192 J,FK 
4-481 

SN75ALS192 D,J,N 

SN75ALS194 D,J,N 4-501 

SN75172 J,N 4-319 

SN75174 J,N 4-335 

uA9636A D,JG,P 4-523 

SN55150 JG,FK 
4-205 

SN75150 D,JG,P 

uA9636A D,JG,P 4-523 

SN55188 J,FK 
4-391 

SN75188 D,J 

SN75123 D,J,N 4-153 

SN75ALS126 D,J,N 4-413 

SN75ALS130 D,J,N 4-419 

SN55121 FK,J 
4-143 

SN75121 D,J,N 

MC3453 D,J,N 4-43 

SN55109A FK,J 

SN75109A D,J,N 
4-89 

SN55110A FK,J 

SN75110A D,J,N 

SN75111 D,J,N 4-97 

SN75112 D,J,N 4-89 

SN55113 FK,J 
4-101 

SN75113 D,J,N 

SN55114 FK,J 
4-113 

SN75114 D,J,N 

SN55183 FK,J 
4-385 

SN75183 D,J,N 
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SELECTION GUIDE 

II LINE DRIVERS AND RECEIVERS 
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CD 

Line Receivers 
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APPLICATION 

EIA STANDARD RS-422-A 

EIA STANDARD RS-485 

EIA STANDARD RS-423-A 

EIA STANDARD RS-232-C 

IBM 360/370 

GENERAL PURPOSE 

OUTPUT· 

DIFFERENTIAL 

DIFFERENTIAL 

SINGLE-ENDED 

I 

SINGLE-ENDED 

SINGLE-ENDED 

SINGLE-ENDED 

RECEIVERS 

PER PACKAGE 

2 

4 

4 

4 

2 

4 

2 

4 

3 

7 

8 

2 

TEXAS ~ 
INSTRUMENTS 

DEVICE 

TYPE 

SN75146 

SN55157 

SN75157 

uA9637A 

uA9639 

AM26LS32A 

MC3486 

SN75173 

SN75175 

SN75ALS193 

SN75ALS195 

SN75173 

SN75175 

SN75146 

SN75157 

uA9637A 

uA9639 

AM26LS32A 

MC3486 

SN75173 

SN75175 

SN75ALS193 

SN75ALS195 

SN55152 

SN75152 

SN55154 

SN75154 

SN55189 

SN75189 

SN55189A 

SN75189A 

SN75124 

SN75125 

SN75127 

SN75128 

SN75129 

SN55122 

SN75122 

SN75140 

SN75141 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

PKG 
PAGE 

NUMBER 

D,jG,P 4-199 

JG 

D,JG,P 
4-255 

D,JG,P 4-529 

D,JG,P 4-539 

D,FK,J,N 4-13 

D,J,N 4-47 

D,J,N 4-327 

D,J,N 4-343 

J 4-489 

J 4-511 

D,J,N 4-327 

D,J,N 4-343 

D,JG,P 4-199 

D,JG,P 4-255 

D,JG,P 4-529 

D,JG,P 4-539 

D,FK,J,N 4-13 

D,J,N 4-47 

D,J,N 4-327 

D,J,N 4-343 

J 4-489 

J 4-511 

J,FK 
4-223 

D,J,N 

J,FK 
4-237 

D,J,N 

J,FK 

D,J,N 
4-397 

J,FK 

D,J,N 

. D,J,N 4-157 

D,J,N 4-163 

DW,J,N 4·169 

FK,J 

D,J,N 
4-147 

D,JG,P 
4-191 

D,JG,P 



Line Receivers (Continued) 

APPLICATION 

GENERAL PURPOSE 

OUTPUT 
RECEIVERS 

PER PACKAGE 

2 

DIFFERENTIAL 

4 

TEXAS "I} 
INSTRUMENTS 

SELECTION GUIDE 
LINE DRIVERS AND RECEIVERS 

DEVICE PAGE 
PKG 

TYPE NUMBER 

SN55107A FK,J 

SN75107A D,J,N 

SN551078 FK,J 

SN751078 D,J,N 
4-73 

SN55108A FK,J 

SN75108A D,J,N 

SN551088 FK,J 

SN751088 D,J,N 

SN55115 FK,J 
4-121 

SN75115 D,J,N 

SN55182 FK,J. 
4-377 

SN75182 D,J,N 

SN75207 D,J,N 

SN752078 D,J,N 
4-405 

SN75208 D,J,N 

SN75208B D,J,N 

AM26LS33A D,FK,J,N 4-13 

MC3450 D,J,N 4-35 

MC3452 D,J,N 4-35 
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II LINE DRIVERS AND RECEIVERS 
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Line Transceivers 

APPLICATION 

EIA STANDARD RS-232-C 

EIA STANDARD RS-422-A 

AND 

EIA STANDARD RS-485 

EIA STANDARD 488 GPIB 

IEEE 802.3 1 BASE5 

GENERAL PURPOSE 

1-16 

BUS 1/0 

SINGLE-ENDED 

DIFFERENTIAL 

SINGLE-ENDED 

DIFFERENTIAL 

SINGLE-ENDED 

DIFFERENTIAL 

TRANSCEIVERS 

PER PACKAGE 

1 

1 

4 

8 

1 

4 

8 

1 

TEXAS ~ 
INSTRUMENTS 

DEVICE 

TYPE 

SN75155 

SN65176B 

SN75176B 

SN75177B 

SN75178B 

SN75179B 

MC3446 

SN75160B 

SN75ALS160 

SN75161B 

SN75ALS161 

SN75162B 

SN75ALS162 

SN75164B 

SN75ALS164 

SN75ALS165 

SN75061 

AM26S10C 

AM26S11C 

N8T26 

SN75136 

SN55138 

SN75138 

SN75163B 

SN75ALS163 

SN55116 

SN75116 

SN55117 

SN75117 

SN55118 

SN75118 

SN55119 

SN75119 

POST OFFICE BOX 655012 • OALLAS. TEXAS 75265 

PKG 
PAGE 

NUMBER 

D,JG,P 4-245 

D,JG,P 
4-351 

D,JG,P 

D,JG,P 
4-361 

D,JG,P 

D,JG,P 4-371 

D,J,N 4-31 

DW,J,N 4-281 

DW,J,N 4-425 

DW,J,N 4-289 

DW,J,N 4-435 

DW,N 4-289 

DW,N 4-443 

DW,N 4-309 

DW,N 4-461 

DW,J,N 4-471 

DW,J,N 4-63 

D,J,N 4-23 

D,J,N 4-23 

D,J,N 4-57 

D,J,N 4-175 

FK,J 
4-181 

D,J,N 

DW,J,N 4-301 

DW,J,N 4-453 

FK,J 

D,J,N 

FK,JG 

D,JG,P 
4-131 

J,FK 

D,J,N 

FK,JG 

D,JG,P 



SELECTION' GUIDE 
PERIPHERAL DRIVERS/ACTUATORS II 

General Purpose Drivers and Actuators 
c 
o 

0';:; 

OFF-
SWITCHING OUTPUT DRIVERS OUTPUT 

STATE INPUT 
VOLTAGE CURRENT PER CLAMP FUNCTION 

VOLTAGE CAPABILITY 
MAX (VI (mAl PACKAGE DIODES 

MAX (VI 
20 30 300 2 NO TTL AND 
20 30 300 2 NO TTL AND 
20 30 300 2 NO TTL NAND 
20 30 300 2 NO TTL OR 
20 30 300 2 NO TTL NOR 
20 30 300 2 NO TTL AND 
20 30 300 2 NO TTL NAND 
20 30 300 2 NO TTL OR 
20 30 300 2 NO TTL NOR 
24 24 500 2 YES TTL MOS DRIVER 
24 24 500 4 YES TTL MOS DRIVER 
30 35 300 2 NO TTL AND 
30 35 300 2 NO TTL NAND 
30 35 300 2 NO TTL OR 
30 35 300 2 NO TTL NOR 
30 35 300 2 NO TTL AND 
30 35 300 2 NO TTL NAND 
30 35 300 2 NO TTL OR 
35 70 500 4 YES TTL,CMOS INVERT W ENAB 
35 70 600 4 YES TTL,CMOS INVERT W ENAB 
35 70 600 4 YES CMOS,MOS,TTL BUFFER W ENAB 
35 70 1000 4 YES TTL,CMOS INVERT W ENAB 
35 50 1250 4 YES TTL INVERT 
35 50 1250 4 YES MOS INVERT 
35 50 1250 4 YES TTL,5 V MOS INVERT 
35 50 1500 4 NO TTL,5 V MOS INVERT 
35 50 1500 4 NO TTL,5 V MOS INVERT 
35 50 1250 4 YES TTL INVERT 
35 50 1250 4 YES MOS INVERT 
35 50 1250 4 YES TTL,CMOS INVERT 
35 50 1250 4 NO TTL,CMOS INVERT 
55 70 350 2 YES TTL,CMOS AND 
55 70 350 2 YES TTL,CMOS NAND 
55 70 350 2 YES TTL,CMOS OR 
55 70 350 2 YES TTL,CMOS NOR 
50 70 500 2 'YES TTL,CMOS NAND 
50 70 500 2 YES TTL,CMOS OR 
50 70 500 4 YES TTL,CMOS INVERT W ENAB 
50 50 350 7 YES TTL,CMOS,PMOS INVERT 
50 50 350 7 YES 25 V PMOS INVERT 
50 50 350 7 YES TTL,CMOS INVERT 
50 50 350 7 YES 15 V MOS INVERT 
50 50 350 7 YES TTL INVERT 

TEXAS .. 
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DELAY 
TIME 
TYP 

TYPE 

(nsl 
20 SN55450B 
18 SN55451B 
25 SN55452B 
18 SN55453B 
26 SN55454B 
18 SN75451B 
25 SN75452B 
18 SN75453B 
26 SN75454B 
35 SN75372 
35 SN75374 
28 SN55461 
38 SN55462 
28 SN55463 
35 SN55464 
28 SN75461 
38 SN75462 
28 SN75463 

1050 SN75437A 
750 SN75435 

1450 SN75440 
1050 SN75438 
500 SN75064 
500 SN75066 
500 SN75068 
500 UDN2841 
500 UDN2845 
500 ULN2064 
500 ULN2066 
500 ULN2068 
500 ULN2074 
300 SN75446 
300 SN75447 
300 SN75448 
300 SN75449 
500 SN75407 
500 SN75408 

1050 SN75436 
250 ULN2001A 
250 ULN2002A 
250 ULN2003A 
250 ULN2004A 
250 ULN2005A 

PKG 

FK,J 
FK,JG 
FK,JG 
FK,JG 
FK,JG 
D,P 
D,P 
D,P 
D,P 
D,P 
D,N 
FK,JG 
FK,JG 
FK,JG 
FK,JG 
D,P 
D,P 
D,P 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
D,P 
D,P 
D,P 
D,P 
D,P 
D,P 
NE 
D,N 
D,N 
D,N 
D,N 
D,N 

PAGE 

5-81 
~ 
f---
5-81 
~ 
f---
5-81 
~ -
5-81 

""5-81 
~ 
5-33 
~ 
5-93 

15-93 
I--
5-93 

ts:93 
ts:93 
ts:93 
I--
5-93 
5-63 
I--
5-57 
I--
5-69 
~ 
I--
5-23 
rs:n 
I--
5-29 

1 5-169 
1 5-169 
'5-1s1 
'5:1a1 
15-187 
1

5
_
193 

5-75 
'5:75 
I--
5-75 

'5:75 
I--

5-53 
'5-53 
I--
5-63 

1 5-173 
1
5

_
173 

15-173 
1 5-173 
I--
5-173 

ctJ 
E -o .... 
.5 
(ij -Q) 
c 
Q) 

C!J 
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G') 
CD 
:J 
CD 
""I 

~ 
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o 
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Q) 
r+ o· 
:J 

SELECTION GUIDE 
PERIPHERAL DRIVERS/ACTUATORS 

General Purpose Drivers and Actuators (Continued) 

OFF-
SWITCHING OUTPUT DRIVERS OUTPUT 

STATE 
CURRENT CLAMP 

INPUT 
VOLTAGE PER 

VOLTAGE CAPABILITY 
MAX (V) (rnA) PACKAGE DIODES 

MAX (V) 

50 80 1500 4 YES· TTL 

50 80 1500- 4 YES MOS 

50 80 1500 4 YES TTL,5 V MOS 

50 80 1500 4 YES TTL 

50 80 1500 4 YES MOS 

50 80 1500 4 YES TTL,5 V MOS 

50 80 1500 4 NO TTL,5 V MOS 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 NO TTL 

55 70 300 2 YES TTL,CMOS 

55 70 300 2 YES TTL,CMOS 

55 70 300 2 YES TTL,CMOS 

55 70 300 2 YES TTL,CMOS 

DELAY 

FUNCTION· 
TIME 

TYP 

(ns) 

INVERT 500 

INVERT 500 

INVERT 500 

INVERT 500 

INVERT 500 

INVERT .500 

INVERT 500 

AND 28 

NAND 38 

OR 28 

NOR 35 

AND 28 

NAND 38 

OR 28 

AND 200 

NAND 200 

OR 200 

NOR 200 

60 60 100 4 , YES TTL,CMOS,MOS TELECOM RY DRV 1000 

60 100 350 7 YES TTL INVERT 

60 100 350 7 YES TTL,CMOS,PMOS INVERT 

60 100 350 7 YES 25 V PMOS INVERT 

60 100 350 7 YES TTL,CMOS INVERT 

60 100 350 7 YES 15 V MOS INVERT 

Motor Drivers and Power Actuators 

OFF-
SWITCHING OUTPUT 

STATE 
VOLTAGE CURRENT 

VOLTAGE 
MAX (V) (rnA) 

MAX (V) 

18 18 500 

36 36 600 

36 36 1000 

36 36 1000 

36 36 1000 

40 40 2000 

40 40 2000 

40 40 2000 

46 46 1000 

46 46 2000 

60 60 2500 

60 60 2500 

1-18 

DRIVERS 

PER 

PACKAGE 

3 

4 

4 

4 

4 

1 

1 

1 

1 

2 

2 

2 

OUTPUT 

CLAMP 

DIODES 

INPUT 

CAPABILITY 
FUNCTION 

NO TTL,MOS,CMOS HALF-H DRIVER 

YES TTL HALF-H DRIVER 

NO TTL HALF-H DRIVER 

YES TTL,CMOS HALF-H DRIVER 

NO TTL,CMOS HALF-H DRIVER 

YES TTL,CMOS HALF-H DRIVER 

YES TTL,CMOS HALF-H DRIVER 

YES TTL,CMOS HALF-H DRIVER 

YES TTL STEPPER DRIVER 

NO TTL FULL-H DRIVER 

YES TTL,CMOS ACTUATOR 

YES TTL,CMOS ACTUATOR 

TEXAS • 
INSTRUMENTS 
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250 

250 

250 

250 

250 

DELAY 

TIME 

TYp· 

(ns) 

600 

600 

600 

600 

800 

800 

TYPE PKG PAGE 

SN75065 NE 5-23 -
SN75067 NE 5-23 -SN75069 NE 5-29 

ULN2065 NE 5-i81 -ULN2067 NE 5-181 

ULN2069 NE 5-187 -
ULN2075 NE 5-193 

SN55471 FK,JG 5-109 

SN55472 FK,JG 5-109 -
SN55473 FK,JG 5-109 

SN55474 FK,JG 5-109 -
SN75471 D,P 5-109 

SN75472 D,P 5-109 -
SN75473 D,P ~ 
SN75476 D,P 5-117 

SN75477 D,P 5-"117 
SN75478 D,P 5-"117 
SN75479 D,P 5-"117 
DS3680 D,J,N 5-5 

SN75465 D,N 5-101 
SN75466 D,N ~ 
SN75467 D,N 5-101 

f---
SN75468 D,N 5-101 

SN75469 D,N 5-101 

TYPE PKG PAGE 

TL376C NE 5-165 

L293D NE 15-13 

L293 NE ~ 
f--

SN754410 NE 5-153 

SN754411 NE 15-159 
f--

SN75603 KC,KH,KIJ 5-123 

SN75604 KC,KH,KIJ 15-123 
f--

KC,KH,KIJ SN75605 5-123 

PBL3717 NE 15-19 
f--

L298 KV 5-17 

SN75608 KV 1 5-133 

SN75609 KV 15-143 



Core-Memory Drivers 

MAX OUTPUT tpD 
POWER SUPPLIES 

CURRENT TYP 
OUTPUTS 

SELECTION GUIDE 
MEMORY INTERFACE CIRCUITS 

DEVICE PAGE 
PKG 

TYPE NUMBER 

45 ns 
VCC1 = 5 V 

VCC2 = 4.5 V to 24 V 
DUAL SOURCE, DUAL SINK SN55325 FK,J 6-45 

600 rnA 40 ns VCC =5 V QUADRUPLE SINK 

35 ns 
VCC1 = 5 V 

VCC2 = 4.5 V to 24 V 
QUADRUPLE SOURCE 

tpD - Propagation Delay Time 

Core-Memory Sense Amplifiers 

THRESHOLD tpD 
UNITS PER PACKAGE TYPE OF OUTPUT 

SENSITIVITY TYP 

35 ns 1 RESISTOR 

±15 mV 
30 ns 1 OPEN COLL OR RESISTOR 

2 RESISTOR 
25 ns 

2 RESISTOR 

±7 mV 28 ns 2 TOTEM POLE 

tpD - Propagation Delay Time 
NOTE 1: For additional information, contact your nearest TI field sales office. 

MOS-Memory Sense Amplifiers 

THRESHOLD tpD 
SENSITIVITY TYP 

17 ns 

±25 mV 

19 ns 

±10 mV 
25 ns 

25 ns 

tPD - Propagation Delay Time 

UNITS PER PACKAGE TYPE OF OUTPUT 

2 

2 

2 

2 

TOTEM POLE 

OPEN COLLECTOR 

TOTEM POLE 

OPEN COLLECTOR 

TEXAS ~ 
INSTRUMENTS 
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SN55326 J 6-55 

SN55327 J 6-55 

DEVICE PAGE 
PKG 

TYPE NUMBER 

SN5520 J 6-3 

SN5522 J 6-15 

SN5524 J 6-25 

SN55234 J 6-35 

SN55236 
WC 

See 

SN75236 Note 1 

DEVICE PAGE 
PKG 

TYPE NUMBER 

SN55107A FK,J 4-73 

SN75107A D,J,N 4-73 

SN55108A FK,J 4-73 

SN75108A D,J,N 4-73 

SN75207 D,J,N 4-405 

SN75208 D,J,N 4-405 

II 
s::: 
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SELECTION GUIDE 
SPEECH SYNTHESIS CIRCUITS 

----------------------------------------------------------C) 
CD 
::::s 
CD .. 
eL 
:;-.... o .. 
3 
D) ,... 
s· 
::::s 

1-20 

PROCESS 

PMOS 

CMOS 

DESCRIPTION 

LPC-10 VOICE SYNTHESIZER, 4-BIT CONTROL BUS 

LPC-10 VOICE SYNTHESIZER, 8-BIT CONTROL BUS 

128K-BIT ROM FOR TSP511 OA AND TSP5220C 

MICROPROCESSOR, SYNTHESIZER, 64K-BIT ROM 

256K-BIT ROM FOR TSP50C4X, TSP50C50 FAMILIES 

LPC-12 HIGH-QUALITY VOICE SYNTHESIZER WITH 6-POLE 

LOW-PASS FILTER 

TEXAS ~ 
INSTRUMENTS 
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PACKAGE DEVICE TYPE PAGE 

TSP5110A 7-11 

N TSP5220C 7-15 

TSP6100 7-23 

N 
TSP50C40A 7-3 

TSP60C20 7-19 

J,N TSP50C50 7-7 



General Information 

Alphanumeric Index 
Selection Guide 

Data Acquisition Circuits 

Cross-Reference Guide 
Data Sheets 

~_D __ is_p_'a_y __ D_r_iv_e_r_s _______________ 1IEII 
Data Sheets 

,--_L_in_e_D_r_iv_e_r_s_a_n_d_R_e_c_e_iv_e_r_s ___ B 
Cross-Reference Guide 
Data Sheets 

,--_P_e_r_ip_h_e_r_a_' _D_r_lv_e_rs_'_A_C_.t_u_at_o_r_s __ B 
Cross-Reference Guide 
Data Sheets 

,--_M_e_m_O_ry __ 'n_t_e_rf_a_c_e_C_ir_c_u_it_s ___ B 
Data Sheets 

Speech Synthesis Circuits • 
------

Data Sheets 

__ A_p_p_e_n_d_i_x_A __ p_o_w_er_D_e_ra_ti_ng_c_ur_ve_s ____ II 
Appendix B 

Appendix C 

Ordering Instructions 
Mechanical Data 
Ie Sockets 

Explanation of 
Logic Symbols 
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DATA ACOUISITION CIRCUITS 
CROSS·REFERENCE GUIDE 

CROSS-REFERENCE GUIDE 
(manufacturers arranged alphabetically) 

Replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 

ANALOG 
DEVICES 

AD570JN 
AD7512DIJN 
AD7512DIJQ 
AD7512DIKN 
AD7512DIKQ 
AD7512DISD 
AD7512DITD 
AD7533 
AD7524JN 
AD7524AD 
AD7528LN 
AD7528CQ 
AD7820 

BURR-BROWN 

AD7533 
AD7820 
ADC82AG 
ADC82AM 

DATEL 

ADC-830C 
ADC-EK12DC 

ADC-EK12DR 

FUJITSU 

MB4053P 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
ADC0803CN 
TL182CN 
TL1821N 
TL182CN 
TL1821N 
TL182MJ 
TL182MJ 

TLC7533 
TLC7524CN 
TLC75241N 
TLC7528CN 
TLC75281N 
TLC0820 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
TLC7533 
TLC0820 

TLC0820BIN 
TLC0820AIN 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
ADC0803CN 

TLC7135CN or 
TLC7136CN or 
TL500/1/3CN 
TLC7135CN or 
TLC7136CN or 
TL500!1/3CN 

TI 
FUNCTIONAL 

REPLACEMENT 
TL5071N 

TEXAS • 
INSTRUMENTS 
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PAGE 
NO. 

2-9 
2-65 
2-65 
2-65 
2-65 
2-65 
2-65 
2-263 
2-243 
2-243 
2-251 
2-251 
2-113 

PAGE 
NO. 

2-263 
2·113 
2-113 
2-113 

PAGE 
NO. 

2-9 
2-221 
2-233 
2-71 
2-221 
2-233 
2-71 

PAGE 
NO. 

2-91 

II 
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C 
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II 
DATA ACOUISITION CIRCUITS 
CROSS·REFERENCE GUIDE 

G') 
TI TI CD INTERSIL PAGE 

j DIRECT FUNCTIONAL 
NO. CD REPLACEMENT REPLACEMENT 

~ 
ADC0803LCD ADC08031N 2-9 ~ 
ADC0803LCN ADC0803CN 2-9 

5' ADC0804LCD ADC08041N 2-15 .... ADC0804LCN ADC0804CN 2-15 
0 DGM182AK TL182MN TL604MP 2-97 ~ 

3 DGM182BJ TL182CN/IN TL604CP/IP 2-97 
Q) DGM185AK TL185MN TL604MP 2-97 
r+ DGM185BJ TL185CN/IN TL604CP/IP 2-97 o· 

DGM188AK TL188MN TL610MP 2-97 j 
DGM188BJ TL188CN/IN TL610CP/IP 2-97 
DGM191AK TL191MN TL610MP 2-97 
DGM191BJ TL191CN/IN TL610CP/IP 2-97 
ICL7106CPL TLC7136CN 2-233 
ICL7126CPL TLC7136CN 2-233 
ICL7135CPI TLC7135CN 2-221 
ICL7136CPL TLC7136CN 2-233 

TI 
PAGE 

HARRIS DIRECT 
NO. 

REPLACEMENT 
HF10 TLC10 2-123 

LINEAR 
TI 

PAGE 
TECHNOLOGY 

DIRECT 
NO. 

REPLACEMENT 
LTC1060ACN TLC10N 2-123 
LTC1060CN TLC20N 2-123 

TI 
PAGE 

MAXIM DIRECT 
NO. 

REPLACEMENT 
MF10BN TLC10N 2-123 
MF10CN TLC20N 2-123 
ICL7135 TLC7135 2-221 

MICRO 
TI 

PAGE 
NETWORKS 

FUNCTIONAL 
NO. 

REPLACEMENT 

MN5100/5101 
TLC0820ACN 2-113 
TLC0820BCN 2-113 

MN5120/5130/5140 TLC0820ACN 2-113 
TLC0820BCN 2-113 

MICRO 
TI 

PAGE 
FUNCTIONAL 

POWER SYSTEMS 
REPLACEMENT 

NO. 

MP7138AN 
TLC7135CN 2-221 
TL500/1/3CN 2-71 

MP7574AD/BD ADC08051N series 2-9 

MP7574JN/KN 
ADC0804CN or 2-15 
ADC0805CN series 2-9 

MP7581!JN/KNI ADC0808NI 2-21 
AD/BD ADC809N 2-21 

2-4 TEXAS ~ 
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DATA ACQUISITION CIRCUITS 
CROSS·REFERENCE GUIDE 

c 
TI TI 

PAGE 
0 

MOTOROLA DIRECT FUNCTIONAL .~ 

REPLACEMENT REPLACEMENT 
NO. CO 

TL500CN 2·71 E .. 
MC1405L TL501CN 2·71 0 

TL505CN 2·85 't-

TLC7135CN or 2·221 .5 
MC14433P 

TL500/1 /3CN 2·71 ca 
MC14442L TLC533AMJ TLC532AMJ 2·139 .. 
MC14442P TLC533AIN TLC532AIN 2·139 CD 

C MC14443P TL5071N 2·91 CD 
MC14444P TLC5461N 2·165 e,:, 
MC14447P TL5071P 2·91 
MC145040FN TLC541MFN TLC540MFN 2·149 
MC145040L TLC541MJ TLC540MJ 2·149 
MC145040P TLC541MN TLC540MN 2·149 
MC54HC40 16J TLC4016MJ 2·205 
MC74HC4016J TLC40161N 2·205 
MC74HC4016N TLC40161N 2·205 
MC54HC4066J TLC4066MJ 2-213 
MC74HC4066J TLC40661N 2-213 
MC74HC4066N TLC40661N 2-213 

TI TI 
PAGE NATIONAL DIRECT FUNCTIONAL 
NO. REPLACEMENT REPLACEMENT 

ADC0803LCD ADC08031N 2-9 
ADC0803LCN ADC08031N 2-9 
ADC0804LCD ADC08041N 2-15 
ADC0804LCN ADC0804CN 2-15 
ADC0805LCN ADC08051N 2·9 

ADC0808CCJ 
ADC0808N 2·21 
TL0808N 2·57 

ADC0808CCN ADC0808N 2-21 
TL0808N 2·57 

ADC0809CCN ADC0809N 2·21 
TL0809N 2·57 

ADC0811BCJ TLC5411N TLC540lN 2·149 
ADC0811BCN TLC5411N TLC540lN 2·149 
ADC0811BCV TLC5411FN TLC540lFN 2·149 
ADC0811BJ TLC541MJ TLC540MJ 2·149 
ADC0811CCJ TLC5411N TLC540lN 2·149 
ADC0811CCN TLC5411N TLC540lN 2·149 
ADC0811CCV TLC5411FN TLC540lFN 2·149 
ADC0811CJ TLC541MJ TLC540MJ 2·149 
ADC0820BCD TLC0820BIN 2·113 
ADC0820BCN TLC0820BCN. 2·113 
ADC0820BD TLC0820BMJ 2-113 
ADC0820CCD TLC0820AIN 2-113 
ADC0820CCN TLC0820ACN 2·113 
ADC0820CD TLC0820AMJ 2-113 
ADC0829BCN TLC533AIN TLC532AIN 2-139 
ADC0829CCN TLC533AIN TLC532AIN 2-139 
ADC0830BCN TLC5461N 2-165 
ADC0830CCN TLC5461N 2-165 
ADC0831BCJ ADC0831BIP TLC5491N 2-173 
ADC0831BCN ADC0831BCP TLC5491N 2-173 
ADC0831CCJ ADC0831AIP TLC5491N 2-173 
ADC0831CCN ADC0831ACP TLC5491N 2-173 
ADC0832BCJ ADC0832BIP TLC5441N 2-157 
ADC0832BCN ADC0832BCP TLC5441N 2-157 

tEXAS .. 
INSTRUMENTS 
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DATA ACQUISITION CIRCUITS' 
CROSS·REFERENCE GUIDE 

G) (continued) CD 
::::I 
CD 
""'I 

~ 
NATIONAL 

ADC0832CCJ 
::::I ADC0832CCN .... 
0 ADC0834BCJ 
""'I 

ADC0834BCN 3 
Q) ADC0834CCJ 
r+ ADC0834CCN o· ADC0838BCJ 
::::I ADC08388CN 

ADC0838CCJ 
ADC0838CCN 
ADC1001CCJ 
ADC1005BCJ 
ADC1005CCJ 
ADC1205 
ADC1225 

ADC3511CCN 

ADC3711CCN 

ADD3501CCN 

ADD3701CCN 

MF10BN 
MF10CN 
MM54HC4016J 
MM54HC4066J 
MM74HC4016N/J 
MM74HC4066N/J 
MF4-50 

, MF4-100 

PRECISION 
MONOLITHICS 

PM7524HP 
PM7524FQ 
PM7528 
PM7533 

RCA 

CD4016AD 
CD4016AE 
CD4066AD 
CD4066AE 
CA3162E 

2-6 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
ADC0832AIP TLC5441N 
ADC0832ACP TLC5441N 
ADC0834BIN 
ADC0834BCN 
ADC0834AIN 
ADC0834ACN 
ADC0838BIN 
ADC0838BCN 
ADC0838AIN 
ADC0838ACN 

TLC15411N 
TLC15411N 
TLC15411N 

TLC1205 
TLC1225 

TLC7135CN or 
TL500/1/3CN 
TLC7135CN or 
TL500/1/3CN 
TLC7136CN or 
TL500/1/2CN 
TLC71 36CN or 
TL500/1/2CN 

TLC10CN 
TLC20CN 
TLC4016MJ 
TLC4066MJ 
TLC40161N 
TLC40661N 
TLC04 
TLC14 

TI 
FUNCTIONAL 

REPLACEMENT 
TLC7524CN 
TLC75241N 
TLC7528 
TLC7533 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
TLC4016MJ 
TLC40161N 
TLC4066MJ 
TLC40661N 

TL501 CN/TL503CN 

TEXAS l!} 
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PAGE 
NO. 

2-157 
2-157 
2-45 
2-45 
2-45 
2-45 
2·45 
2-45 
2-45 
2-45 
2-197 
2-197 
2-197 
2-181 
2-181 
2-221 
2-71 
2-221 
2-71 
2-233 
2-71 
2-233 
2-71 
2-123 
2-123 
2-205 
2-213 
2-205 
2-213 
2-103 
2-103 

PAGE 
NO. 

2-243 
2-243 
2-251 
2-263 

PAGE 
NO. 

2-205 
2-205 ' 
2-213 
2-213 
2-71 



SIGNETICS 

ADC0803/4/5-1 LCN 
ADC0804-1 CN 
NE5034F 
NE5036FE/N/D 
NE5037F/N/D 

SILICONIX 

DG182AP 
DG182BP 
DG185AP 
DG185BP 
DG188AP 
DG188BP 
DG191AP 
DG191BP 

LD110CJ 

LLD111ACJ 

LD120CJ 

LD121ACJ 

Si520DJ 

Si7135CJ 

TELEDYNE 

TSC7106CPL 
TSC7126 
TSC7126ACPL 
TSC7135CPI 
TSC8700 
TSC8701 
TSC8703 
TSC8704 
TSC14433CN 

DATA ACQUISITION CIRCUITS 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
ADC0803/4/51N 
ADC0804CN 

TLC532AIN 
TLC549CN/CD 
TLC549CN/CD 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
TL182MN TL610MP 
TL182CN/IN TL610CP/IP 
TL185MN TL604MP 
TL185CN/IN TL604CP/IP 
TL188MN TL604MP 
TL188CN/IN TL604CP/IP 
TL191MN TL604MP 
TL191CN/IN TL604CP/IP 

TL503CN or 
TLC7135CN 
TL501CN or 
TLC7135CN 
TL500CN or 
TLC7135CN 
TL503CN or 
TLC7135CN 
ADC0808N' 
ADC0809N 

TLC7135CN 

TI TI 
DIRECT FUNCTIONAL 

REPLACEMENT REPLACEMENT 
TLC7136CN 

TLC7136CN 
TLC7136CN 
TLC7135CN 

ADC0808N 
TLC15411N 
ADC0808N 
TLC15411N 
TLC7135CN 

TEXAS -1!1 
INSTRUMENTS 
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CROSS·REFERENCE GUIDE 

PAGE 
NO. 

2-9 
2-15 
2-139 
2-173 
2-173 

PAGE 
NO. 

2-97 
2-97 
2-97 
2-97 
2-97 
2-97 
2-97 
2-97 
2-71 
2-221 
2-71 
2-221 
2-71 
2-221 
2-71 
2-221 
2-21 
2-21 
2-221 

PAGE 
NO. 

2-233 
2-233 
2-233 
2-221 
2-21 
2-197 
2-21 
2-197 
2-221 

(I) .... 
'S 
CJ ... 

C3 
s:::: 
0 
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'S 
CO 
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• a·Bit Resolution 

• Ratiometric Conversion 

• 100 p.s Conversion Time 

• 135 ns Access Time 

• Guaranteed Monotonicity 

• High Reference Ladder Impedance 
a k!l Typical 

• No Zero Adjust Requirement 

• On·Chip Clock Generator 

• Single 5~Volt Power Supply 

• Operates with Microprocessor or as 
Stand·Alone 

. ADC0803. ADC0805 
8·BIT ANALOG·TO·DlGlTAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 
D2754, NOVEMBER 1983-REVISED SEPTEMBER 1986 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

CS VCC (OR REF) 
RD ClK OUT 

WR DBO (lSB) 
ClK IN DB1 

INTR DB2 
IN+ DB3 DATA 
IN- DB4 OUTPUTS 

ANlG GND DB5 
REF/2 DB6 

DGTl GND DB7 (MSB) 

• Designed to be Interchangeable with 
National Semiconductor and Signetics 
ADCOa03 and ADCOa05 

description 

The ADC0803 and ADC0805 are CMOS 8-bit successive-approximation analog-to-digital converters that 
use a modified potentiometric (256R) ladder. These devices are designed to operate from common 
microprocessor control buses, with the three-state output latches driving the data bus. The devices can 
be made to appear to the microprocessor as a memory location or an I/O port. Detailed information on 
interfacing to most popular microprocessors is readily available from the factory. 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC08031 and ADC08051 are characterized for operation from -40°C to 85°C. The ADC0803C 
and ADC0805C are characterized from O°C to 70°C. 

PRODUCTION DATA documents contain information 
currant as of publication data. Products conform to 
specifications per tha terms of T axas Instruments 
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ADC0803. ADC0805 
8·BIT ANALOG·TO·DlGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

functional block diagram (positive logic) 

ClKA 

g~~~(1_9~)-4 ________ ~ 

ClK IN_(4...;.) ___ ~ 

DGTL (10) 
GND ..;..;..;~------....;;.::..::.--.... 

VCC .;.(2...;;0~) --.-"'---1 

DECODER 

VCC 

ClK A 
ClK 
ClK B 

"START" 
FlIP·FlOP 

R 

10 

ClK C1 

SAR 
lATCH 

lE 

ClK B 

~ _______ --I3.STATE 
OUTPUT 

'-----------:--1 lATCH 

(18) DBO (lSB) 

(17) DB1 

(16) DB2 

(15) DB3 

(14) DB4 

(13) DB5 

(12) DB6 

(11) DB7 (MSB) 
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ADC0803, ADC0805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

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

Supply voltage, Vee (see Note 1) ............................................. 6.5 V 
Input voltage range es, RD, WR ...................................... - 0.3 V to 18 V 

Other inputs ................................ -0.3 V to Vee +0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee +0.3 V 
Operating free-air temperature range: ADe080_1 . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 °e to 85°e 

ADe080_e ............................ ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 0 e 

NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together unless 
otherwise noted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.5 5 6.3 V 

Analog input voltage (see Note 2) -0.05 VCC+0.05 V 

Voltage at REF/2 (see Note 3). VREF/2 0.25 2.5 V 

High-level input voltage at CS, RD, or WR, VIH 2 15 V 

Low-level input voltage at CS, RD, or WR, VIL 0.8 V 

Analog ground voltage (see Note 4) -0.05 0 1 V 

Clock input frequency (see Note 5), fclock 100 640 1460 kHz 

Duty cycle for fclock above 640 kHz (see Note 5) 40% 60% 

Pulse duration, clock input (high or low) for fclock below 640 kHz, tw(CLK) 275 781 ns 

Pulse duration, WR input low, tw(WR) 100 ns 

I ADC080_1 -40 85 
Operating free-air temperature, T A °c I ADC080_C 0 70 

NOTES: 2. When the differential input voltage (VI + - VI_) is less than or equal to 0 V, the output code is 0000 0000. 
3. The internal reference voltage is equal to the voltage applied to REF/2 or approximately equal to one-half of the VCC when 

REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between th-e analog inputs. 
Thus, the differential input voltage range when REF/2 is open and VCC = 5 V is 0 V to 5 V. VREF/2 for an input voltage 
range from 0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

4. These values are with respect to DGTL GND. 
5. Total unadjusted error is guaranteed only at an fclock of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 

to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits shOUld 
be observed for an fclock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) 
remains within limits. 
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ADC0803, ADC0805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

electrical characteristics over recommended operating free-air temperature range, vee 
fclock = 640 kHz, VREF/2 = 2.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 

High-level All outputs VCC = 4.75 V, IOH = -360 pA 2.4 
VOH 

output voltage DB and INTR VCC = 4.75 V, IOH = -10 p.A 4.5 

Low-level Data outputs VCC = 4.75 V, IOL = 1.6 rnA 

VOL output INTR output VCC = 4.75 V, IOL = 1 rnA 

voltage CLK OUT VCC = 4.75 V, IOL = 360 pA 

VT+ 
Clock positive-going 

threshold voltage 
2.7 3.1 

VT-
. Clock negative-going 

threshold voltage 
1.5 1.8 

,VT + - VT _ Clock input hysteresis 0.6 1.3 

IIH High-level input current 0.005 

IlL Low-level input current -0.005 

Vo - 0 
IOZ Off-state output current 

Vo = 5 V 

Short-current 
IOHS Output high Vo = 0, TA = 25°C -4.5 -6 

output current 

Short-circuit 
IOLS Output low Vo = 5 V, TA = 25°C 9 16 

output current 

ICC 
Supply current plus VREF/2 = open, TA = 25°C, 

1.1 
reference current CS = 5 V 

RREF/2 
Input resistance to 

reference ladder 
See Note 6 2.5 8 

Ci Input capacitance (control) 5 

Co Output capacitance (DB) 5 

NOTE 6: Resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 

operating characteristics over recommended operating free-air temperature, Vee 
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 

Supply-voltage-variation error VCC = 4.5 V to 5.5 V, See Note 7 ±1/16 

Total adjusted error ADC0803 With full-scale adjust, See Notes 7 and 8 

VREF/2 = 2.5 V, See Notes 7 and 8 
Total unadjusted error ADC0805 

VREF/2 open, See Notes 7 and 8 

DC common-mode error See Notes 7 and 8 ±1/16 

ten Output enable time @ 25°C TA = 25°C, CL = 100 pF 135 

tdis Output disable time @ 25°C, TA - 25°C, CL - 10 pF, RL - 10 kO 125 

td(lNTR) Delay time to reset INTR @ 25°C TA = 25°C 300 

Conversion cycle time @ 25°C 
fclock = 100 kHz to 1.46 MHz, 

66 tconv 
TA = 25°C, See Note 9 

CR Free-running conversion rate INTR connected to WR, CS at 0 V 

t All typical values are at T A = 25°C. 
These parameters are guaranteed over the recommended analog input voltage range. 

MAX 

0.4 

0.4 

0.4 

3.5 

2.1 

2' 

1 

-1 

-3 

3 

1.8 

7.5 

7.5 

5 V, 

MAX 

±1/8 

±1/4 

±1/2 

±1/2 

±1 

±1/8 

200 

200 

450 

73 

8770 

5 V, 

UNIT 

V 

V 

V 

V 

V 

pA 

pA 

pA 

rnA 

rnA 

rnA 

kO 

pF 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

ns 

ns 

ns 

clock 

cycles 

conv/s 

NOTES: 7. 
8. 
9. 

All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 
periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-Iow 
transition of INTR completes the cycle. 
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ADC0803, ADCOB05 
8·BIT ANALOG·TO·DlGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

PARAMETER MEASUREMENT INFORMATION 
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ADC0803, ADC0805 
8·BIT ANALOG·TO·DlGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

PRINCIPLES OF OPERATION 

The ADC0803 and ADC0805 each contain a circuit equivalent to a 256-resistor network. Analog switches 
are sequenced by successive-approximation logic to match an analog differential input voltage 
(Vin + - Vin -) to a corresponding tap on the 256R network. The most significant bit (MSB) is tested 
first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is 
transferred to an output latch and the interrupt (lNTR) output goes low. The device can be operated in 
a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low, the internal successive approximation register (SARI and eight bit shift register 
are reset. As long as both CS and WR remain low, the analog-to-digital converter will remain in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are stiillow, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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• 8-Bit Resolution 

• Ratiometric Conversion 

• 100 p.s Conversion Time 

• 135 ns Access Time 

• No Zero Adjust Requirement 

• On·Chip Clock Generator 

• Single 5-Volt Power Supply 

• Operates with Microprocessor or as 
Stand-Alone 

• Designed to be Interchangeable with 
National Semiconductor and Signetics 
ADC0804 

description 

ADC08041. ADC0804C 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 

WITH DIFFERENTIAL INPUTS 
02755, OCTOBER 1983-REVISED SEPTEMBER 1986 

N DUAl-IN-liNE PACKAGE 

(TOP VIEW) 

CS VCC (OR REF) 
RD ClK OUT 

WR DBO (lSB) 
ClK IN DB1 

i"NTR DB2 
IN+ DB3 
IN- DB4 

ANlG GND DB5 
REF/2 DB6 

DGTl GND DB7 (MSB) 

DATA 
OUTPUTS 

The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear 
to the microprocessor as a memory location or an I/O port. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversiol1 over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion ls possible with the . 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND). The ADC0804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC08041 is characterized for operation from - 40 °C to 85 DC. The ADC0804C is characterized for 
operation from ooC to 70 DC. 

Copyright © 1983, Texas Instruments Incorporated 
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ADC08041, ADC0804C 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

functionf:'1 block diagram (positive logic) 

2-16 

CLKA 

CLKA 
CLK 
CLKB 

CLKB 

,;;;;.;... __ ...... ___ ~ LA::~R .... ---..... -+--I-~f-I 
DECODER .... --_--+--+--I-~f-I 

~~~G ,;;;;(8.:....1 ------+O"""A..,.C----< ... 

VCC 

IN> :..:;(61'--__ .. 

IN- .;...(7.:....1 __ -+_ .... 

LE 

3-STATE 
OUTPUT 

'---------1 LATCH 
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ADC08041, ADC0804C 
8·BIT ANAlOG·TO·DlGITAl CONVERTER 

WITH DIFFERENTIAL INPUTS 

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

Supply voltage, VCC (see Note 1) ............................................. 6.5 V 
Input voltage range CS, RD, WR ...................................... - 0.3 V to 18 V 

other inputs ................................ -0.3 V to VCC+ 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VCC + 0.3 V 
Operating free-air temperature range: ADC08041 . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 

ADC0804C ............................ ODC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTE 1: All vDltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless 
otherwise noted). 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.5 5 6.3 V 

Voltage at REF/2, VREF/2 (see Note 2) 0.25 2.5 V 

High-level input voltage at CS, RD, or WR, VIH 2 15 V 

Low-level input voltage at CS, RD, or WR, VIL 0.8 V 

Analog ground voltage (see Note 3) -0.05 0 1 V 

Analog input voltage (see Note 4) -0.05 VCC+0.05 V 

Clock input frequency, fclock (see Note 5) 100 640 1460 kHz 

Duty cycle for fclock 2: 640 kHz (see Note 5) 40 60 % 

Pulse duration clock input (high or low) for fclock < 640 kHz, tw(CLKl (see Note 5) 275 781 ns 

Pulse duration, WR input low (start conversion), tw(WR) 100 ns 

I ADC08041 -40 85 
Operating free-air temperature, T A °c 

I ADC0804C 0 70 

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vec when 
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and VCC = 5 V is 0 to 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

3. These values are with respect to DGTL GND. 
4. When the differential input voltage (VIN + - Vin _) is less than or equal to 0 V, the output code is 0000 0000. 
5. Total unadjusted error is guaranteed only at an fclock of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 

to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 
be observed for an fclock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) 
remains within limits. 
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ADC08041, ADC0804C 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

electrical characteristics over recommended operating free· air temperature range, Vee 
fclock = 640 kHz, REF/2 = 2.5 V (unless otherwise noted) 

5 V, 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 
All outputs VCC = 4.75 V, 10H = -360 p.A 2.4 

V 
DB and INTR VCC = 4.75 V, 10H = -10 p.A 4.5 

I Data outputs VCC = 4.75 V, 10L = 1.6 rnA 0.4 

VOL Low-level output voltage INTR output VCC = 4.75 V, 10L = 1 mA 0.4 V 

CLK OUT VCC = 4.75 V, 10L = 360 p.A 0.4 

VT+ 
Clock positive-going 

2.7 
threshold voltage 

3.1 3.5 V 

VT-
Clock negative-going 

1.5 1.8 2.1 V 
threshold voltage 

VT+ -VT- Clock input hysteresis 0.6 1.3 2 V 

IIH High-level input current 0.005 1 p.A 

IlL Low-level input current -0.005 -1 p.A 

Off-state output current 
Vo = 0 -3 

10Z 
Vo = 5 V 3 

p.A 

10HS Short-circuit output current Output high Vo = 0, TA = 25°C -4.5 -6 rnA 

IOLS Short-circuit output current Output low Vo = 5 V, TA = 25°C 9 16 rnA 

ICC Supply current plus reference current 
REF/2 open, CS at 5 V, 

1.9 2.5 rnA 
TA = 25°C 

RREF/2 Input resistance to reference ladder See Note 6 1 1.3 kO 

Ci Input capacitance (control) 5 7.5 pF 

Co Output capacitance (DB) 5 7.5 pF 

NOTE 6: The resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and 9. 

operating characteristics over recommended operating free·air temperature, Vee = 5 V, 
VREF/2 - 2.5 V, fclock = 640 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TypT MAX UNIT 

Supply-voltage-variation error 
VCC = 4.5 V to 5.5 V ±1/16 ±1/8 LS~ 

(See Notes 2 and 7) 

Total unadjusted error 
VREF/2 = 2.5 V ±1 LSB 

(See Notes 7 and 8) 

DC common-mode error 
± 1/16 

(See Note 8) 
±1/8 LSB 

ten Output enable time CL = 100 pF 135 200 ns 

tdis Output disable time CL=10pF, RL = 10 kO 125 200 ns 

td(lNTR) Delay time to reset INTR 300 450 ns 

tconv I Conversion cycle time (See Note 9) fclock = 100 kHz to 1.46 MHz 65Y> 72Y> 
clock 

cycles 

I Conversion time 103 114 p's 

CR Free-running conversion rate 
INTR connected to WR, 

CS at 0 V 
8827 conv/s 

t All typical values are at T A = 25°C. 
NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the VCC when 

REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and VCC = 5 V is 0 to 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

7. These parameters are guaranteed over the recommended analog input voltage range. 
8. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
9. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 

periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-Iow 
transition of J'fiI'f'R completes the cycle. 
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ADC08041, ADC0804C 
8·81T ANALOG·TO·DlGITAL CONVERTER 

WITH. DIFFERENTIAL INPUTS 

timing diagrams 
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ADC08041, ADC0804C 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

PRINCIPLES OF OPERATION 

The ADC0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (VIN + - Yin -) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is transferred to an 
output latch and the interrupt (lNTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low, the ADC0804 successive approximation register (SAR) and eight-bit shift 
register are reset. As long as both CS and WR remain low, the ADC0804 will remain in a reset state. One 
to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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• Total Unadjusted Error ... ± 0.75 LSB Max 
for ADC0808 and ± 1.25 LSB Max for 
ADC0809 

• Resolution of 8 Bits 

• 100 /As Conversion Time 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 5-Volt Supply 

• Low Power Consumption 

• Designed to be Interchangeable with 
National Semiconductor ADC0808, 
ADC0809 ' 

~escription 

The ADC0808 and ADC0809 are monolithic 
CMOS devices with an 8-channel multiplexer, an 
8-bit analog-to-digital (AID) converter, and 
microprocessor-compatible control logic. The 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder 
with address load to select anyone of eight 
single-ended analog switches connected directly 
to the comparator. The 8-bit AID converter uses 
the successive-approximation conversion 

ADC0808. ADC0809 
CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 
02642. JUNE 1981-REVISED FEBRUARY 1986 
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technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. 

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 5-volt supply and low power requirements 
make the ADC0808 and ADC0809 especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 

The ADC0808 and ADC0809 are characterized for operation from - 40°C to 85 °C. 

Copyright © 1983. Texas Instruments Incorporated 
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ADCOBOB, ADCOB09 
CMOSANALOG·TO·DlGITAL CONVERTERS 
WITH Q·CHANNEL MULTIPLEXERS 

functional b!ock diagram (positive logic) 
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operating sequence 
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CMOS ANALOG,TO,DlGITAL CONVERTERS 
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ADC0808, ADC0809 
CMOS ANALOG·TO·DIGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS' 

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

Supply voltage, Vee (see Note 1) ............................................ 6.5 V 
Input voltage range: control inputs ........................... . . . . . . . . . .. -0.3 to 15 V 

all other inputs ............................ -0.3 V to Vee + 0.3 V 
Operating free-air temperature range .................................. - 40 °e to 85°e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds ........ '" ........... 260 0 e 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.5 5 6 V 

Positive reference voltage, Vref + (see Note 21 Vce Vce+ O.l V 

Negative reference voltage, Vref- 0 -0.1 V 

Differential reference voltage, Vref + - Vref- 5 V 

High-level input voltage, VIH Vee- l .5 V 

Low-level input voltage, VIL 1.5 V 

Start pulse duration, tw(S) 200 ns 

Address load control pulse duration, tw(ALC) 200 ns 

Address setup time, tsu 50 ns 

Address hold time, th 50 ns 

Clock frequency, fclock 10 640 1280 kHz 

Operating free-air temperature, T A -40 85 °C 

IIIOTE 2: Care must be taken that this rating is observed even during power-up. 
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ADcoaoa, ADCOa09 
CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH a·CHANNEL MULTIPLEXERS 

electrical characteristics over recommended operating free-air temperature range, Vee = 4.75 V to 
5.25 V (unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10 = -360 J.LA VCC-O.4 V 

VOL Low-level output voltage 
I Data outputs 10 = 1.6 mA 0.45 

V I End of conversion 10 = 1.2 mA 0.45 

10Z 
Off-state (high-impedance-state) Vo = VCC 3 

output current Vo = 0 -3 
J.LA 

II Control input current at maximum input voltage VI = 15 V 1 J.LA 

IlL Low-level control input current VI = 0 -1 J.LA 

ICC Supply current f clock = 640 kHz 0.3 3 mA 

Ci Input capacitance, control inputs TA = 25°C 10 15 pF 

Co Output capacitance, data outputs TA = 25°C 10 15 pF 

Resistance from pin 1 2 to pin 16 1000 kD 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VI = 5 V, fclock = 640 kHz 2 
Ion Channel on-state current (see Note 3) 

VI = 0, fclock = 640 kHz -2 
J.LA 

VCC = 5 V, VI = 5 V 10 200 
nA 

loff Channel off-state current 
TA = 25°C VI = 0 -10 -200 

VI = 5 V 1 
VCC = 5 V 

VI = 0 -1 
J.LA 

tTypical values are at VCC = 5 V and T A = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 

frequency. 
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ADC0808. ADC0809 
CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

operating characteristics, TA = 25°e, Vee 
(unless otherwise noted) 

VREF+ 5 V, VREF- o V, fclock = 640 kHz 

PARAMETER TEST CONDITIONS 
ADC0808 ADC0809 

MIN Typt MAX MIN Typt MAX 
UNIT 

kSVS 
Supply voltage Vee = Vref+ = 4.75 V to 5.25 V, 

±0.05 ±0.05 %/V 
sensitivity TA = -40°C to 85°C, See Note 4 

Linearity error 

(see Note 5) 
±0.25 ±0.5 LSB 

Zero error (see Note 6) ±0.25 ±0.25 LSB 

TA = 25°C ±0.25 ±0.5 ±0.5 
Total unadjusted 

TA = -40°C to 85°C ±O.75 ±1.25 LSB 
error (See Note 7\ 

TA = ooe to 70°C ±1 

ten Output enable time eL = 50 pF, RL = 10 kfl 80 250 80 250 ns 

tdis Output disable time CL = 10pF, RL = 10 kfl 105 250 105 250 ns 

tconv Conversion time See Note 8 90 100 116 90 100 116 JLS 

Delay time, 

td(EOe) end of conversion See Notes 8 and 9 0 14.5 0 14.5 JLs 

output 

tTypical values for all except supply voltage sensitivity are at VCC = 5 V, and all are at T A = 25°C. 
NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 

varies. The supply and Vref+ are varied together and the change in accuracy is measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the AID transfer characteristic. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
8. Refer to the operating sequence diagram. 
9. For clock frequencies other than 640 kHz, td(EOC) maximum is 8 clock periods plus 2 JLs. 

2-26 TEXAS -I.!} 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



ADcoaoa, ADCOa09 
CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH a·CHANNEL MULTIPLEXERS 

PRINCIPLES OF OPERATION 

The ADC0808 and ADC0809 each consists of an analog signal multiplexer, an 8-bit successive­
approximation converter, and related control and output circuitry. 

multiplexer 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End­
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 

In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF -. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one­
half the VCC voltage!. a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF -. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit­
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 

NOO:~t~;t~~t~~t~;'t~~t~;'t~;'t~;[· 
REF- REF- REF- REF- REF- REF- REF- REF- REF-

V,"jT iT iT jTj i j iT jT 
FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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• Total Unadjusted Error ... ± 0.75 LSB Max 

• Resolution of a Bits 

• 100 p's Conversion Time 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3·State Outputs 

• Latched Address Inputs 

• Single 5·Volt Supply 

• Low Power Consumption 

• Designed to be Interchangeable with 
National Semiconductor ADCOaOaCJ 

ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 
D2642, NOVEMBER 1986 

JD 
DUAL-IN·LlNE PACKAGE 
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description 

FK PACKAGE 

(TOP VIEW) 

The ADC0808M is a monolithic CMOS device 
with an a·channel multiplexer, an a·bit analog· 
to-digital (AID) converter, and microprocessor­
compatible control logic. The 8-channel 
multiplexer can be controlled by a micro­
processor through a 3-bit address decoder with 
address load to select anyone of eight single­
ended analog switches connected directly to the 
comparator. The 8-bit AID converter uses the 
successive-approximation conversion technique 
featuring a high-impedance threshold detector, 
a switched capacitor array, a sample-and-hold, 
and a successive-approximation register (SARI. 
Detailed information on interfacing to most 
popular .microprocessors is readily available from 
the factory. 

The comparison and converting methods used 
eliminate the possibility of missing codes, 
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nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs 
from the SAR and latched inputs to the multiplexer address decoder. The single 5-volt supply and low 
power requirements make the ADC0808M especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 

The ADCOa08M is characterized for operation over the full military temperature range of - 55 °C to 125 °C. 

Copyright © 1986, Texas Instruments Incorporated 
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ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 
WITH 8·CHANNEL MULTIPLEXER 

functional block diagram (positive logic) 
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operating sequence 
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ADC0808M 
CMOS ANALOG·TO·DlGlTAL CONVERTER 

WITH 8·CHANI\!EL MULTIPLEXER 
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I 

1 \50% /50% 
i--tdIEOCI -j"-----------fl-----....;..--....,.-----" I 

'" tconv--------.jo, 

50%1, ~ 
----------------------.fj--------------j t-" ten -t I- tdis 

90%[ ~ 
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ADC0808M 
CMOS ANALOG·TO·DlGlTAL CONVERTER 
WITH a·CHANNEL MULTIPLEXER 

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

Supply voltage, Vee (see Note 1) ............................................. 6.5 V 
Input voltage range: control inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to 15 V 

all other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to Vee + 0.3 V 
Operating free-air temperature range .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JD package ........... 300°C 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.5 5 6 V 

Positive reference voltage, Vref + (see Note 2) Vee Vee+ O.1 V 

Negative reference voltage, Vref- 0 -0.1 V 

Differential reference voltage, Vref + - Vref- 5 V 

High-level input voltage, VIH Vee- 1.5 V 

Low-level input voltage, VIL 1.5 V 

Start pulse duration, tw(S) 200 ns 

Address load control pulse duration, twIALC) 200 ns 

Address setup time, tsu 50 ns 

Address hold time, th 50 ns 

Clock frequency, fclock 10 640 1280 kHz 

Operating free-air temperature, T A - 55 125 °c 

NOTE 2: Care must be taken that this rating is observed even during power-up. 
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ADC0808M 
CMOS ANALOG·TO·DIGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 

electrical characteristics over recommended operating free-air temperature range, Vee - 4.5 V to 
5.5 V (unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10 = -360 p.A VCC-O.4 V 

I Data outputs 10 = 1.6 rnA 0.45 
VOL Low-level output voltage I End of conversion 

V 
10 = 1.2 rnA 0.45 

Off-state (high-irnpedance-state) Vo = VCC 3 
10Z 

output current Vo = 0 -3 
p.A 

II Control input current at maximum input voltage VI = 15 V 1 p.A 

IlL Low-level control input current VI = 0 -1 p.A 

ICC Supply current fclock = 640 kHz 0.3 3 mA 

Ci Input capacitance, control inputs TA = 25°C 10 pF 

Co Output capacitance, data outputs TA = 25°C 10 pF 

Resistance from pin 12 to pin 16 1000 kO 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VI = VCC, fclock = 640 kHz 2 
Ion Channel on-state current (see Note 3) 

VI = 0, fclock = 640 kHz -2 
p.A 

VCC = 5 V, VI = 5 V 10 200 
nA 

TA = 25°C VI = 0 -10 -200 
loff Channel off-state current 

VI = 5 V 1 
VCC = 5 V 

VI = 0 -1 
p.A 

t Typical values are at VCC = 5 V and T A = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 

frequency. 
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ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 
WITH 8·CHANNEL MULTIPLEXER 

operating characteristics, T A = 25°C, Vee 
(unless otherwise noted) 

VREF+ 5 V, VREF- o V, fclock 640 kHz 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

kSVS Supply voltage sensitivity 
VCC = Vref+ = 4.5 V to 5.5 V, 

±0.O5 %/V 
TA = -55°C to 125°C, See Note 4 

Linearity error (see Note 5) ±0.25 LSB 

Zero error (see Note 6) ±0.25 LSB 

TA = 25°C ±0.25 ±0.5 
Total unadjusted error (see Note 7) 

TA = -55°C to 125°C 
LSB 

±0.75 

tpZL Output enable time to low level See Figure 1 90 250 ns 

tpZH Output enable time to high level See Figure 1 150 360 ns 

tdis Output disable time See Figure 1 200 405 ns 

tconv Conversion time See Note 8 and 9 and Figure 1 90 100 116 /ls 

td(EOC) Delay time, end of conversion output See Notes 8 and. 10 and Figure 1 0 14.5 /ls 

t Typical values for all except supply voltage sensitivity are at V CC = 5 V, and all are at T A = 25°C. 
NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 

varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the AID transfer characteristic. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
8. Refer to the operating sequence diagram. 
9.- For clock frequencies other than 640 kHz, tconv is 57 clock cycles minimum and 74 clock cycles maximum. 

10. For clock frequencies other than 640 kHz, td(EOC) maximum is 8 clock cycles plus 2 /lS. 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

Vee 

5 kll 

OUTPUT--~----------~'---~"----~ 

100 pF 11.7 kll 

FIGURE 1. TEST CIRCUIT 
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ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 

PRINCIPLES OF OPERATION 

The ADC0808M consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 

multiplexer 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End­
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 2). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 

In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF -. If the 
voltage .at the summing node is greater than the trip-point of the threshold detector (approximately one­
half the Vec voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF -. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit­
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion proces~ is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 

Sc 

NOo~~t~;'t~~t~~t~~t~~t~;t~;'t· . ~;.~ I 

REF- REF- REF- REF- REF- REF- REF- REF- REF-

~i if iii j i i 
FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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• 8-Bit Resolution 

• Easy Interface to Microprocessors or 
Stand-Alone Operation 

• Operates Ratiometrically or with 5-V 
Reference 

• Single Channel or MUltiplexed Twin 
Channels with Single-Ended or Differential 
Input Options 

• Input Range 0 to 5 V with Single 5-V 
Supply 

• Inputs and Outputs are Compatible with 
TTL and MOS 

• Conversion Time of 32 p's at 
ClK - 250 kHz 

• Designed to be. Interchangeable with 
National Semiconductor ADC0831 and 
ADC0832 

DEVICE 
TOTAL UNADJUSTED ERROR 

A-SUFFIX I B-SUFFIX 

ADC0831 ± 1 LSB I ± Y. LSB 

ADC0832 ± 1 LSB ± Y. LSB 

description 

ADC0831A, ADC0832A, ADC0831B, ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

02795, AUGUST 1985-REVISED JUNE 1986 

ADC0831 ... P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CSD8 VCC 
IN+ 2 7 ClK 
IN- 3 6 DO 
GNO 4 5 REF 

ADC0832 ... P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CS D8 VCC/REF 
CHO 2 7 ClK 
CH1 3 6 DO 
GNO 4 5 01 

These devices are 8-bit successive-approximation analog-to-digital converters. The ADC0831 A and 
ADC0831 B have single input channels; the ADC0832A and ADC0832B have multiplexed twin input 
channels. The serial output is configured to interface with standard shift registers or microprocessors. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

The ADC0832 multiplexer is software configured for single-ended or differential inputs. The differential 
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value. 
In addition, the voltage reference input can be adjusted to allow encoding any smaller analog voltage span 
to the full 8 bits of resolution. 

The operation of the ADC0831 and ADC0832 devices is very similar to the more complex ADC0834 and 
ADC0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum 
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set 
equal to VCC (done internally on the ADC0832). For more detail on the operation of the ADC0831 and 
ADC0832 devices, refer to the ADC0834/ADC0838 data sheet. 

The ADC0831 AI, ADC0831 BI, ADC0832AI, and ADC0832BI are characterized for operation from - 40°C 
to 85 DC. The ADC0831 AC, ADC0831 BC, ADC0832AC, and ADC0832BC are characterized for operation 
from O°C to 70°C. 

Copyright © 1985, Texas Instruments Incorporated 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

functional block diagram 

CLK----e-------------------------------~--·~~ __ ~ __ 

cs~.-+_--------------------------a 

i - - -Di~;-+--+---------i 
: (ADCOB32 I 

L_~N~~_J 

REF--------i 

EN 

EN 

LADDER 
AND 

DECODER 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

sequence of operation 

ADC0831 

i 4 8 9 10 

ClK JlJlJlJl 
tsu-.l 1.-: : : I 

I ~~------tconv-------~.I: r-
csl : II I,~ 
MUX I I IfM-----MSB-FIRST DATA-----~.I' I 

SETTLING-tf k-I I 

o~:£:~ 1M .. I : <s. I HI-' 

4 0 

ADC0832 

1 2 3 4 5 6 10 11 12 13 14 ••• 18 19 20 21 

CL< --fU11l--fl-J1JJlJUlflJU1JlJuvmrr 
.. I Lo t 14 tconv -I ' I 

-., ,.- su I I I -1 II I I r-
cs I I If I I I 

I I I h 

I I I START +SIGN 
BIT SGl ODD I I I·' I 

~A,~~JII~_ 
DIFEVENII ~ I 

I ~MSB-FIRST DATA~ . 
MUX 1- '!4---lSB-FIRST DATA----.I 

SETTLING -+I It-- I 

o~:~~)_TIM----;' I I MS. I I: I I I <s·1 C I I MSO I HI-Z .-
2 

ADC0832 MUX ADDRESS CONTROL LOGIC TABLE 

MUX ADDRESS CHANNEL NUMBER 

SGLlDIF ODD/EVEN 0 1 

L L + -

L H - + 
H L + 
H H + 

H = high level, L = low level, - or + = polarity of selected input pin 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

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

Supply voltage, V Cc (see Note 1) ............................................. '. 6.5 V 
Input voltage range: Logic ........................................... -0.3 V to 15 V 

Analog ..................................... -0.3 V to VCC+0.3 V 
Input current .............................................................. ± 5 mA 
Total input current for package .............................................. ± 20 mA 
Operating. free-air temperature range: AI and BI suffixes ................... , - 40°C to 85 °C 

AC and BC suffixes ...................... ooC to 70°C 
Storage temperature range .......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ....................... 260°C 

NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

fclock Clock frequency 10 400 kHz 

Clock duty cycle (see Note 2) 40 60 % 

twH(CS) Pulse duration, CS high 220 ns 

tsu Setup time, CS low or AOC0832 data valid before clockl 350 ns 

th Hold time, AOC0832 data valid after clockl 90 ns 

I AI and BI suffixes -40 85 
°c TA Operating free-air temperature I AC and BC suffixes 0 70 

NOTE 2: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended 
duty cycle range, the minimum pulse duration (high or low) is 1 /Ls. 

electrical characteristics over recommended range of operating free-air temperature, 
Vee = 5 V, fclock = 250 kHz (unless otherwise noted) 

digital. section 

PARAMETER TEST CONDITIONS t 
AI. BI SUFFIX AC. BC SUFFIX 

MIN TYP* MAX 

High-level output Vec = 4.75 V. IOH = -360/LA 2.4 
VOH 

voltage Vec = 4.75 V. 10H = -10/LA 4.5 

VOL 
Low-level output 

Vce = 4.75 V. IOL = 1.6 mA 0.4 
voltage 

IIH 
High-level input 

VIH = 5 V 0.005 1 
current 

IlL 
Low-level input 

VIL = 0 -0.005 -1 
current 

10H 
. High-level output 

VOH = 0, TA = 25°e -6.5 -14 
(source) current 

10L 
Low-level output 

VOL = Vee. 
(sink) current TA = 25°e 8 16 

High-impedance-
Vo = 5 V. TA = 25°C 0.01 3 

10Z state output 

current (DO) Vo = O. TA = 25°e -0.01 -3 

ei Input capacitance 5 

eo Output capacitance 5 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. 
tAli typical values are at Vee = 5 V. TA = 25°e. 

MIN TYP* MAX 

2.8 

4.6 

0.34 

0.005 1 

-0.005 -1 

-6.5 -14 

8 16 

0.01 3 

-0.01 -3 

5 

5 

UNIT 

V 

V 

/LA 

/LA 

mA 

mA 

/LA 

pF 

pF 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

electrical characteristics over recommended range of operating free-air temperature, Vee 
fclock = 250 kHz (unless otherwise noted) 

analog and converter section 

PARAMETER TEST CONDITIONS t MIN 

-0.05 

VICR Common-mode input voltage range See Note 3 to 

VCC+ 0.05 

On-channel V, = 5 V at on-channel, 
Standby input 

Off-channel V, = 0 at off-channel 
'/(stdby) current 

On-channel V, = 0 at on-channel, 
(see Note 4) 

Off-channel V, = 5 V at off-channel 

ri(REF) Input resistance to reference ladder 

total device 

I PARAMETER I TEST CONDITIONSt 

I ICC 
I ADC0831 I Supply current I 

I ADC0832 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. 
* All typical values are at VCC = 5 V, T A = 25 ac. 

1.3 

MIN 

TYP* MAX 

1 

-1 

-1 

1 

2.4 5.9 

TYP* MAX 

1 2.5 

3 5.2 

5 V, 

UNIT 

V 

p.A 

kO 

UNIT 

mA 

NOTES: 3. If channel IN - is more positive than channel IN + , the digital output code will be 0000 0000. Connected to each analog input 
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above VCC. Care must 
be taken during testing at low VCC levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high 
temperatures, cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the 
analog voltage does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 
o V to 5 V input voltage range requires a minimum VCC of 4.95 volts for all variations of temperature and load. 

4. Standby input currents are currents going into or out of the on or off channels when the AID converter is not performing 
conversion and the clock is in a high or low steady-state condition. 

operating characteristics Vee = REF = 5 V, fclock = 250 kHz, tr = tf 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
BI, BC SUFFIX 

MIN TYP MAX 

Supply-voltage variation error VCC = 4.75 V to 5.25 V ±1/16 ± 1/4 

Total unadjusted error Vref = 5 V, 
± 1/2 

(see Note 5) TA = MIN to MAX 

Common-mode error Differential mode ± 1/16 ±1/4 

MSB-first 
Propagation delay time, 650 1500 

data 
tpd output data after CLK~ 

LSB-first 
CL = 100 pF 

(see Note 6) 250 600 
data 

CL = 10pF, 
125 250 

tdis 
Output disable time, RL = 10 kO 

DO after CSt CL = 100pF, 
500 

RL = 2 kO 

Conversion time (multiplexer 

tconv addressing time not included) 
8 

20 ns, TA 

AI, AC SUFFIX 
UNIT 

MIN TYP MAX 

±1/16 ±1/4 LSB 

±1 LSB 

±1/16 ±1/4 LSB 

650 1500 

ns 

250 600 

125 250 

ns 

500 

clock 
8 

periods 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, 
use the appropriate value specified under recommended operating conditions. 

NOTES: 5. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
6. The most significant-bit-first data is output directly from the comparator and therefore requires additional delay to allow for 

comparator response time. Least-significant-bit-first data applies only to ADC0832. 
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ADC0831A, ADC0832A, ADC0831B, ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

ClK 

I I I GND 

~ t+- tsu --.I t+- tsu 

;:x-I-----..l-I------vcc 
- I I I I . 
CS 0.4 V I I I 

I I I I GND 

DATA IN 
(DI) 

I I4-M-- th I ~ 
I I 

-- .... I 
2 V \ I 

---VCC 

FIGURE 1. ADC0832 DATA INPUT TIMING 

~
VCC 

eLK 50% 

: ----GND 

~tpd 

DATA OUT 50% ~
r---VOH 

(DO) ___ _ J VOL 

FIGURE 2. DATA OUTPUT TIMING 

VCC 

FROM 
OUTPUT 
UNDER 
TEST 

TEST S'1J POINT 

1 l ~-----
Cl S.2~,:, J (See Note A) ~ 

-+I ~tr 
I I 

~
~90~%":!"O --- Vce 

50% 
10% --.-;;!(;;I------ GND 

If--+!--td is 

~
----VOH 

DO AND Slopen 90% 

SARS OUTPUT ~!..c~~ _ _ _ _ GND 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

lOAD CIRCUIT 

--t I4-tr 
Ijl,......~--

I 
90% VCC 

50% 
_.......;:3fl.!10~ -_ - _ GND 

~tdiS 
I -Vee 

DO AND 81 closed I 
SARS OUTPUT 82 open _,.!!:',, __ GND 

VOLTAGE WAVEFORMS 

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 

UNADJUSTED OFFSET ERROR . LINEARITY ERROR 
vs 

REFERENCE VOLTAGE 

16 I 11111111 I 01" 
VI(+) ... VI(_) = 

14 

12 
In 
CJ) 

10 -' 
I e 8 

U:i .. 
G) 

6 ~ 
(5 

4 

2 

o 
0.01 

0.5 

0.45 

"" 0.4 

0.35 

0.3 

0.25 

\ 
\ 

1\ 
'\ 

f\.. 

" t--

0.1 

Vref-Reference Voltage- V 

FIGURE 4 

LINEARITY ERROR 
vs 

FREE-AIR TEMPERATURE 

1 I 
Vref ... 5 V 
fclock - 250 kHz 

~ 

'" ~ 
~ 
~ 

" ~ 

10 

-50 -25 0 25 50 75 100 

TA -Free-Air Temperature- °c 
FIGURE 6 

1.5 

vs 
REFERENCE VOLTAGE 

,I 1-
VCC = 5 V 
fclock = 250 kHz 

1.25 r- TA = 25°C 

co 
~ 1.0 
1 e 

Iii 0.75 

'E 
'" .S 0.5 
-' 

0.25 

o 

3 

2.5 

In 
CJ) 

2 -' 
I e 

U:i 1.5 
?: 
.~ 
G) 
c: 

:::i 

o 2 3 4 5 
Vref-Reference Voltage-V 
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ADC0831A, ADC0832A, ADC08318, ADC08328 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 
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• 8-Bit Resolution 

• Easy Interface to Microprocessors or 
Stand-Alone Operation 

• Operates Ratiometrically or with 5-V 
Reference 

• 4- or 8-Channel MUltiplexer Options with 
Address Logic 

• Shunt Regulator Allows Operation with 
High-Voltage Supplies 

• Input Range 0 to 5 V with Single 5-V 
Supply 

• Remote Operation with Serial Data Link 

• Inputs and Outputs are Compatible with 
TTL and MOS 

• Conversion Time of 32 p-s at 
fclock = 250 kHz 

• Designed to be Interchangeable with 
National Semiconductor ADC0834 and 
ADC0838 

TOTAL UNADJUSTED ERROR 
DEVICE A SUFFIX I B SUFFIX 

ADC0834 ± 1 LSB I ± 1/2 .LSB 
ADC0838 ± 1 LSB ± 1/2 LSB 

description 

These devices are 8-bit successive­
approximation analog-to-digital converters each 
with an input-configurable multichannel 
multiplexer and serial input/output. The serial 
input/output is configured to interface with 
standard shift registers or microprocessors. 
Detailed information on interfacing to most 
popular microprocessors is readily available from 
the factory. 

The ADC0834 (4-channel) and ADC0838 
(8-channel) multiplexer is software configured 
for single-ended or differential inputs as well as 
pseudo-differential input assignments. The 
differential analog voltage input allows for 
common-mode rejection or offset of the analog 
zero input voltage value. In addition, the voltage 
reference input can be adjusted to allow 
encoding any smaller analog voltage span to the 
full 8 bits of resolution. 

ADC0834A, ADC0838A, ADC0834B, ADC08388 
AID PERIPHERALS WITH SERIAL CONTROL 

02795. AUGUST 1985-REVISED OCT08ER 1986 

ADC0834 ... N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC 
01 

CHO ClK 
CHl SARS 
CH2 DO 
CH3 REF 

OGTl GNO ~_----,r-ANlG GNO 

ADC0838 ... N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CHO VCC 
CHl V+ 
CH2 CS 
CH3 01 

CH4 ClK 
CH5 SARS 
CH6 DO 
CH7 SE 

COM REF 
OGTl GNO ANlG GNO 

ADC0838 ..• FN CHIP CARRIER PACKAGE 

(TOP VIEW) 

N ~ 0 U 
I I I U + 
UUU» 

3 2 1 2019 

CH3 4 18 CS 
CH4 5 17 01 

CH5 6 16 ClK 
CH6 7 15 SARS 
CH7 8 14 DO 

9 1011 1213 

The ADC0834AI, ADC0834BI, ADC0838AI, and ADC0838BI are characterized for operation from -40°C 
to 85°C. The ADC0834AC, ADC0834BC, ADC0838AC, and ADC0838BC are characterized for operation 
from OOC to 70°C. 

Copyright © 1985, Texas Instruments Incorporated 
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current as of publication date. Products conform 
to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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functional description 

ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

The AOC0834 and AOC0838 use a sample data comparator structure that converts differential analog 
inputs by a successive-approximation routine. Operation of both devices is similar with the exception of 
a select enable (SE) input, analog common input, and multiplexer addressing. The input voltage to be 
converted is applied to a channel terminal and is compared to ground (single-ended), to an adjacent input 
(differential), or to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input 
terminals are assigned a positive (+) or negative (-) polarity. If the signal inputs applied to the assigned 
positive terminal is less than the signal on the negative terminal, the converter output is all zeros. 

Channel selection and input configuration are under software control using a serial data link from the 
controlling processor. A serial communication format allows more functions to be included in a converter 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals 
by locating the converter at the analog sensor and communicating serially with the controlling processor. 
This process returns noise-free digital data to the processor. 

A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (01) line. The multiplexer address selects the 
analog inputs to be enabled and determines whether the input is single-ended or differential. When the 
input is differential, the polarity of the channel input is assigned. Oifferential inputs are assigned to adjacent 
channel pairs. For example, channel 0 and channel 1 may be selected as a differential pair. These channels 
cannot act differentially with any other channel. In addition to selecting the differential mode, the polarity 
may also be selected. Either channel of the channel pair may be designated as the negative or positive input. 

The common input on the AOC0838 can be used for a pseudo-differential input. In this mode, the voltage 
on the common input is considered to be the negative differential input for all channel inputs. This voltage 
can be any reference potential common to all channel inputs. Each channel input can then be selected 
as the positive differential input. This feature is useful when all analog circuits are biased to a potential 
other than ground. 

A c~nversion is initiated by setting the chip select (CS) input low. This enables all logic circuits. The CS 
input must be held low for the complete conversion process. A clock input is received from the processor. 
On each low-to-high transition of the clock input, the data on the 01 input is clocked into the multiplexer 
address shift register. The first logic high on the input is the start bit. A 3- to 4-bit assignment word follows 
the start bit. On each successive low-to-high transition of the clock input, the start bit and assignment 
word are shifted through the shift register. When the start bit has been shifted into the start location of 
the multiplexer register, the input channel has been selected and conversion starts. The SAR Status output 
(SARS) goes high to indicate that a conversion is in progress and the 01 input to the multiplexer shift register 
is disabled for the duration of the conversion. 

An interval of one clock period is automatically inserted to allow for the selected multiplexed channel to 
settle. The data output 00 comes out of the high-impedance state and provides a leading low for this 
one clock period of multiplexer settling time. The SAR comparator compares successive outputs from the 
resistive ladder with the incoming analog signal. The comparator output indicates whether the analog input 
is greater than or less than the resistive ladder output. As the conversion proceeds, conversion data is 
simultaneously output from the 00 output pin with the most significant bit (MSB) first. 

After eight clock periods the conversion is complete and the SAR Status (SARS) output goes low. 

The AOC0834 outputs the least-significant-bit-first data after the MSB-first data stream. If the shift enable 
(SE) line is held high on the AOC0838, the value of the least significant bit (LSB) will remain on the data 
line. When SE is forced low, the data is then clocked out as LSB-first data. (To output LSB first, the SE 
control input must first go low, then the data stored in the 9-bit shift register will output with LSB first.) 
When CS goes high, all internal registers are cleared. At this time the output circuits gO,to the high-impedance 
state. If another conversion is desired, the CS line must make a high-to-Iow transition followed by address 
information. 
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ADC0834A, ADC0838A, ADC08348, ADC08388 
AID PERIPHERALS WITH SERIAL CONTROL 

functional description (continued) 

The 01 and DO pins can be tied together and controlled by a bidirectional processor I/O bit received on 
a single wire. This is possible because the 01 input is only examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 

Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

sequence of operation 

ADC0834 

2 3 4 5 6 7 10 11 12 13 14 15 18 19 20 21 

CLK 

I 
I 

JlJ1JlflJlf1JlIlJl1Ul-
~ j+-tsu I. tconv .1 

II 1 1 -ll 1 1 
CS I 1 55 I 

I I I r~~--------~--~r---
~ I+-tsu +SIGN SEL~ci I 

ISTART BIT CH BIT I 
IBIT SGL ODD 1 I I I . I 

DI~II_ 
DIF EVEN I I I 

HI-Z I 
SARSl~ ______ ~ ____ ~ 

HI-Z 

I 
1 

MAX SETTLING-.I 
TIME 

DO--------------~ 

I I I 
1 I I 

51 ! II : 

I j+---MSB-FIRST DATA .1. LSB-FIRST DATA--J 

1+-1 1 

I I 

IMS·I C I LS·I C I I MS. I 
6 2 0 2 6 7 

ADC0834 MUX ADDRESS CONTROL LOGIC TABLE 

MUX ADDRESS CHANNEL NUMBER 

SGL/DIF ODD/EVEN SELECT BIT 1 0 1 2 3 

L L L + -
L L H + -
L H L - + 
L H H - + 
H L L + 
H L H + 
H H L + 
H H H + 

H = high level, L = low level, - or + = polarity of selected input pin 

HI-Z ,-
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sequence of operation 

ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

ADC0838 

1 2 3 4 5 6 7 8 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

CLK rlflnnnnnn 
--1~LJLJLJHLJLJ4 1 

1 1 1 I 1 
~ I4--1-tsu 14� .. --+�----tconv----~~1 

II I 1 I I 

I I I I I I 
Cs I I I I 

I I MUX I I $I 

: ~RESS~ 
~*-tsu : 

I I 
I I 
I + SEL SELl 

STARTI SIGN BIT 1 BIT 0 
BITI SGL ODD 1 0 I I I 

Dlilillill W;~~_ 
DIF EVEN 1 1) I , 1 

I I 1 

: I : 
I I I 
I I I 

HI.Z I, H I HI.Z 
SARSlL-___________ -" I '--_____________________________ ~r_ 

-----~~-------------------------------------I I SE HELD LOW OR CONNECTED TO CS 
I 1 

SE l, __________ ~:_:~ ___ ~~--------------------------------~r-I I H 
: : ~MSB.FIRST DATA--I .... r-IJ--- LSB·FIRST DATA------+: 

MUX SETTLING~ 14-1 I I 1 

DO HI·Z TIME i!---l:---L.ru-::M:-SB-I--::-"'lf-1 ---'---=---'--:-.L.I_LS::-' B-'I----:--'-_..I..-::--'---:c--'-____ -'-::--'I-M-:S::-B.L.I-----------~Hr 
1 I 7 6 

- - - - - - - - ~ ~ - - - - - - - - si" USEDTDCONTROL LSB-FIRSTDATA - - - - - - - - - - - - - -­
I 
I I 
I I 
I I 1 '---------------~I 

MUX I 1 ~MSB.FIRST DATA ____ LSB·HELD---I~ .... I .. I------LSB·FIRST DATA---.J 

SETTLING~ 14-1 I I 
TIME I I : 

DO-------------~I __ ~~-S-B~~;~;~--~~------__ LS_B ______ ~~ __ ~~ __ ~~ __ ~I~M_S_BLI ____ -"r_ 
7 6 
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ADC0834A. ADC0838A. ADC08348. ADC08388 
AID PERIPHERALS WITH SERIAL CONTROL 

ADC0838 MUX ADDRESS CONTROL LOGIC TABLE 

MUX ADDRESS SELECTED CHANNEL NUMBER 

SELECT 0 1 2 3 COM 
SGL/DIF ODD/EVEN 

1 0 0 1 2 3 4 5 6 7 

L L L L + -
L L L H + -
L L H L + -
L L H H + -
L H L L - + 
L H L H - + 
L H H L + -

L H H H - + 
H L L L + -

H L L H + -
H L H L + -
H L H H + -

H H L L + -

H H L H + -
H H H L + -
H H H H + -

H = high level, L = low level, - or + = polarity of selected input 

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

Supply voltage, VCC (see Notes 1 and 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range: Logic ............. -.............................. -0.3 V to 15 V 

Analog .................................... -0.3 V to VCC+0.3 V 
Input current: V + input .................................. : . . . . . . . . . . . . . . .. 1 5 rnA 

Any other input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 rnA 
Total input current for package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 rnA 
Operating free-air temperature range: AI and BI suffixes .................... - 40°C to 85 °C 

AC and BC suffixes. . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2-50 

2. Internal zener diodes are connected from the Vee input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to Vee through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vee input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

fclock Clock frequency 10 400 kHz 

Clock duty cycle (see Note 3) 40 60 % 

twH(CS) Pulse duration, CS high 220 ns 

tsu Setup time, CS low, SE low, or data valid before clockt 350 ns 

th Hold time, data valid after clockt 90 ns 

TA Operating free-air temperature 
IAI and BI suffixes -40 85 

I AC and BC suffixes 0 
°C 

70 

NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended 
duty cycle range, the minimum pulse duration (high or low) is 1 p.S. 

electrical characteristics over recommended range of operating free-air temperature, 
Vee'" V + ... 5 V, fclock == 250 kHz (unless otherwise noted) 

digital section 

TEST CONDITIONSt 
AI, BI SUFFIX AC, BC SUFFIX 

PARAMETER 
MIN TYP* MAX MIN TYP* MAX 

High-level output voltage 
VCC = 4.75 V, IOH = -360 p.A 2.4 2.8 

VOH 
VCC = 4.75 V, IOH = -10 p.A 4.5 4.6 

VOL Low-level output voltage VCC = 5.25 V, IOL = 1.6 mA 0.4 0.34 

IIH High-level input current VIH = 5 V 0.005 1 0.005 1 

IlL Low-level input current VIL = 0 -0.005 -1 -0.005 -1 

IOH High-level output (source) current VOH = 0, TA = 25°C -6.5 -14 -6.5 -14 

IOL Low-level output (sink) current VOL = VCC, TA = 25°C 8 16 8 16 

High-impedance-state output Va = 5 V, TA = 25°C 0.01 3 0.01 3 
IOZ 

current (DO or SARS) Va = 0, TA = 25°C -0.01 -3 -0.01 -3 

Ci Input capacitance 5 5 

Co Output capacitance 5 5 

t All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 
tAli typical values are at VCC = V+ = 5 V, TA = 25°C. 

UNIT 

V 

V 

p.A 

p.A 

mA 

mA 

p.A 

pF 

pF 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL· CONTROL 

electrical characteristics over recommended range of operating free-air temperature, 
Vee = V + = 5 V, fclock = 250 kHz (unless otherwise noted) 

analog and converter section 

PARAMETER TEST CONDITIONSt MIN 

-0.05 

VICR Common-mode input voltage range See Note 4 to 

Vee +0.05 

On-channel VI = 5 V at on-channel, 

Standby input current Off-channel VI = 0 at off-channel 
II(stdby) (see Note 5) On-channel VI = 0 at on-channel, 

Off-channel VI = 5 V at off-channel 

ri(ref) Input resistance to reference ladder 

total device 

PARAMETER TEST CONDITIONSt 

Vz Internal zener diode breakdown voltage 
II = 15 mA at V+ pin, 

See Note 2 

ICC Supply current 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. 
:tAli typical values are at VCC = 5 V, V+ = 5 V, TA = 25°C. 

1.3 

MIN 

6.3 

TYP* 

2.4 

TYP* 

7 

1 

MAX UNIT 

V 

1 

-1 

-1 
p.A 

1 

5.9 kf! 

MAX UNIT 

8.5 V 

2.5 mA 

NOTES: 2. Internal zener diodes are connected from the VCC input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to VCC through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
VCC input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 

4. If channel IN - is more positive than channel IN + , the digital output code will be 0000 0000. Connected to each analog input 
are two on-chip diodes that will conduct forw'ard current for analog input voltages one diode drop above VCC. Care must be 
taken during testing at low VCC levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high temperatures, 
cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the analog voltage does 
not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 V to 5 V input 
voltage range requires a minimum VCC of 4.950 volts for all variations of temperature and load. 

5. Standby input currents are currents going into or out of the on or off channels when the AID converter is not performing conversion 
and the clock is in a high or low steady-state condition. 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

operating characteristics V + 
otherwise noted) 

Vee = 5 V, fclock = 250kHz, tr = tf = 20 ns, TA 25 °e (unless 

PARAMETER TEST CONDITIONSt 
BI, BC SUFFIX AI. AC SUFFIX 

UNIT 
MIN TYP MAX MIN TYP MAX 

Supply-voltage variation error VCC = 4.75 V to 5.25 V ±1/16 ±1/4 ±1/16 ±1/4 LSB 

Total unadjusted error (see Note 6) 
Vref = 5 V, 

TA = MIN to MAX 
± 1/2 ±1 LSB 

Common-mode error Differential mode ± 1/16 ±1/4 ± 1/16 ±1/4 LSB 

Change in zero-error from 
II = 15 mA at V+ pin, 

VCC = 5 V to internal zener 1 1 LSB 

diode operation (see Note 2) 
Vref = 5 V, VCC open 

Propagation delay time, I MSB-first data 650 1500 650 1500 
tpd output data after CLK~ I . CL = 100 pF ns 

(see Note 7) LSB-flrst data 250 600 250 600 

Output disable time, CL = 10 pF, RL = 10 k{l 125 250 125 250 
tdis 

DO or SARS after cst CL = 100 pF, RL = 2 k!l 500 500 
ns 

Conversion time (multiplexer 
tconv 

addressing time not included) 
8 

clock 
8 

periods 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, 
use the appropriate value specified under recommended operating conditions. 

NOTES: 2. Internal zener diodes are connected from the VCC input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to Vec through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
VCC input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 

6. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
7. The most significant bit (MSB) data is output directly from the comparator and therefore requires additional delay to allow for 

comparator response time. 

PARAMETER MEASUREMENT INFORMATION 

CLK 

GND I 
I I 

-+j I+-tsu -+I ~tsu 

~~:-:-----t-:------VCC 
cs 0.4 V\ I I I 

DATA IN 
(01) 

I I I GND 

I~th I~ 

--""\ I 
2V \1 

_---VCC 

FIGURE 1. DATA INPUT TIMING 
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ADC0834A, ADC0838A, ADC08348, ADC08388 
AID PERIPHERALS WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

I GND 

~tpd tpd--+l ~ 

DATA V-----------I~Jc.vce 
OUT (DO) 7'\50"10 I ,-..50"10 

--- J I '--GND 

--+I tsu 14-S'E------------'"",,: ---Vce 

'-·----GND 

FIGURE 2. DATA OUTPUT TIMING 

FROM 
OUTPUT 
UNDER 
TEST 

DO AND S10pen 90% 
SARS OUTPUT S2 closed --------

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

TEST 
POINT 

Vcc 

1 l ~ 
eL 

~S1 
~S2 J (See Note A) 

LOAD CIRCUIT 

GND 

DO AND 
SARS OUTPUT 

~ 
I 
I 

50%1 

f4-t r 
I 
~9"'0%-o -- Vee 

_.......;~10~---- GND 

~tdis 
I -Vcc 

S1 closed I 
S2 open _1~'!... _ GND 

VOLTAGE WAVEFORMS 

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0834A, ADC0838A, ADC08348, ADC08388 
. AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 
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TL0808, TL0809 
LOW-POWER CMOS ANALOG-TO-DiGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 

• Total Unadjusted Error ... ± 0.75 LSB Max 
for TLOaOa and ± 1 .25 LSB Max for 
TLOa09 Over Temperature Range 

• Ideal for Battery Operated, Portable 
Instrumentation Applications 

• Resolution of a Bits 

• 100 p's Conversion Time 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 5-Volt Supply 

• Extremely Low Power 
Consumption ... 0.3 mW Typ 

• Improved Direct Replacements for 
ADCOa08, ADCOa09 

description 

The TL0808 and TL0809 are monolithic CMOS 
devices with an a-channel multiplexer, an 8-bit 
analog-to-digital (AID) converter, and 
microprocessor-compatible control logic. The 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder 
with address load to select anyone of eight 
single-ended analog switches connected directly 
to the comparator. The 8-bit AID converter uses 
the successive-approximation conversion 

02642. FEBRUARY 1986 - REVISED SEPTEMBER 1986 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

~}INPUTS 
~}ADDRESS 

EDe ALE 
2-5 2-1 (MSB) 

DE 9 2-2 
elK 2- 3 

Vee 2- 4 

REF+ 2- 8 (lSB) 
GND REF-
2-7 2- 6 

START 6 

EDe 7 
2-5 8 

DE 9 
elK 10 

Vee 11 

'-i.-__ t-' 

FN PACKAGE 

/TOPVIEW) 

4 3 2 1 28 27 26 

12 13 14 15 16 17 18 

+Of'-(o I CiJo:t 
LLZI I LLU)I 
~(!)NN~=N 

(Xl 

I 

~; ~} ADDRESS 

22 ALE 
21 2- 1 (MSB) 
20 2-2 
19 2-3 

technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. These devices are designed to operate from common 
microprocessor control buses, with three-state output latches driving the data bus. The devices can be 
made to appear to the microprocessor as a memory location or an I/O port. 

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 3-volt supply and extremely low power 
requirements make the TL0808 and TL0809 especially useful for a wide variety of applications including 
portable battery and LCD applications. Ratiometric conversion is made possible by access to the reference 
voltage input terminals. 

The TL0808 and TL0809 are characterized for operation from - 40°C to 85 DC. 

Copyright © 1986. Texas Instruments Incorporated 
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TL0808, TL0809 
LOW·POWER CMOS ANALOG·TO·DlGlTAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

functional block diagram (positive logic) 

(12) 
REF+ -,---,-:------1 
REF- ..:..;11..,;.6):....-___ -1 

SAMPLE·AND·HOLD 

BINARY·WEIGHTED 
CAPACITORS 

SWITCH 
MATRIX 

0 (26) 

1
(27) 

-----(17) 2-8 ILSB) 

(14) 2-7 
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2 (28) 

3 (1) 
ANALOG 

ANALOG MULTI-

(15) 2-6 

OUTPUT (8) 2-5 DIGITAL 
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INPUTS 4 (2) PLEXER 

5 (3) 

(19) 2-3 
(20) 2-2 

EN 1211 2-1 IMSB) 

6 (4) 

TIMING 
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~ ___________ ~----_1~7) END OF 

CONVERSION IEOC) 7 15) 

CLOCK~11_0):....-_+-_~ 

START CONVERSION ISTART) -.:1...;6) ____ -+-________ --' 

OUTPUT ENABLE IOE) ...;1:;:.9:...) __ ~------_-----------------...J 

(25) 

~~~:~~: (24) 

ADDRESS C (23) 
ADDRESS LOAD (22) 

ENABLE IALE) 

ADDRESS 
DECODER 

MULTIPLEXER FUNCTION TABLE 
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operating sequence 

CLOCK 

START 
CONVERSION 

ADDRESS LOAD 
ENABLE 

ADDRESS 

ANALOG INPUT 

MULTIPLEX OUTPUT 
(INTERNAL) 

ENDOF 
CONVERSION 

OUTPUT 
ENABLE 

LATCH OUTPUTS 

TL0808, TL0809 
LOW·POWER CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

r 1
/
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TLoaoa, TLOa09 
LOW-POWER CMOS ANALOG-TO-DiGITAL CONVERTERS 
WITH a-CHANNEL MULTIPLEXERS 

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

Supply voltage, Vee (see Note 1) ............................................ 6.5 V 
Input voltage range: control inputs ...................................... - O. 3 to 15 V 

all other inputs ............................ -0.3 V to Vee + 0.3 V 
Operating free-air temperature range .................................. -40 oe to 85°e 
Storage temperature range ......................................... - 65 °e to 150 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ........... " 260 o~ 
ease temperature for 10 seconds: FN package ................................. " 260 0 e 

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

recommended operating conditions 

MIN NOM MAX UNIT 

I fclock = 10 kHz to 640 kHz 2.75 5.5 
Supply voltage, VCC V I fclock = 640 kHz to 1280 kHz 4 5.5 

Clock frequency, fclock (see supply voltage recommendation above) 10 1280 kHz 

Positive reference voltage, Vref + (see Notes 2, 3, and 4) 2.75 Vee Vee+ O.1 V 

Negative reference voltage, Vref _ (see Notes 2, 3, and 4) 0 -0.1 V 

Differential reference voltage, Vref+ - Vref- (see Note 4) 3 V 

High-level input voltage, control inputs, VIH 0.7 Vee V 

Low-level input voltage, control inputs, VIL 0.3 Vee V 

Start pulse duration, tw(S) 200 ns 

Address load control pulse duration, tw(ALC) 200 ns 

Address setup time, tsu 50 ns 

Address hold time, th 50 ns 

Operating free-air temperature, T A (see Note 4) -40 85 °C 

NOTES: 2. The accuracy of the conversion will depend on the stability of the reference voltages applied. 

2-60 

3. Analog voltages greater than or equal to Vref+ convert to all highs, and all voltages less than Vref- convert to all lows. 
4. For proper operation of the TL0808 and TL0809 at free-air temperatures below OoC, VCC and (Viet + - Vref _) should not 

be less than 3 volts. 
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TL0808, TL0809 
LOW·POWER CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

electrical characteristics over recommended operating free-air temperature range, Vee = 3 V to 5.25 V 
(unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10 = -360 JlA VCC-O.4 V 

VOL Low-level output voltage 
I Data outputs 10 = 1.6 rnA 0.4 

V 1 End of conversion 10 = 1.2 rnA 0.4 

10Z 
Off-state (high-impedance-state) Va = VCC 1 

output current Va = 0 -1 
JlA 

II Control input current at maximum input voltage VI = 15 V 1 JlA 

IlL Low-level control input current VI = 0 -1 JlA 

ICC Supply current 
VCC = 3 V, fclock = 640 kHz 100 500 JlA 

VCC = 5 V, fclock = 640 kHz 0:3 3 rnA 

Ci Input capacitance, control inputs TA = 25°C 10 15 pF 

Co Output capacitance, data outputs TA = 25°C 10 15 pF 

Resistance from pin 12 to pin 16 1 1000 kO 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Ion Channel on-state current (see Note 5) 
VI = 3 V, fclock = 640 kHz 2 

VI = 0, fclock = 640 kHz -2 
J1.A 

VCC = 3 V, VI = 3 V 10 200 
nA 

loff Channel off-state current 
TA = 25°C VI = 0 -10 -200 

VI = 3 V 1 
VCC = 3 V 

VI = 0 -1 
J1.A 

tTypical values are at VCC = 3 V and T A = 25°C. 
NOTE 5: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 

frequency. 
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TL0808. TL0809 
LOW·POWER CMOS ANALOG·TO·DlGlTAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

operating characteristics, T A ... 25 °C, Vee = 3 V, VREF + = 3 V, VREF­
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

TL080S 
Typt MAX 

kSVS 
Supply voltage VCC = Vref+ = 3 V to 5.25 V, 

±0.05 
sensitivity TA = -40 oC to 85°C, See Note 6 

Linearity error 
±0.5 

(see Note 7) 

Zero error (see Note 8) ±0.5 

Total unadjusted TA = 25°C ±0.25 ±O.5 

error (See Note 9) TA = -40°C to 85°C ±O.75 

ten Output enable time CL = 50 pF, RL = 10 kll 80 250 

tdis Output disable time CL = 10 pF, RL = 10 kll 105 250 

tconv Conversion time See Note 10 90 100 116 

Delay time, 

td(EOC) end of conversion See Notes 10 and 11 0 14.5 

output 

o V, fclock = 640 kHz 

nOSOg 
UNIT 

MIN Typt MAX 

±0.05 %/V 

±1 LSB 

±0.5 LSB 

±0.5 ±1 

±1.25 
LSB 

80 250 ns 

105 250 ns 

90 110 116 P.s 

0 14.5 P.s 
C') 
::;' 
n 
c 
;=;.' 
en tTypical values for all except supply voltage sensitivity are at Vcc = 3 V, and all are at TA = 25°C. 

NOTES: 6. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 

2-62 

varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
7. Linearity error is the maximum deviation from a straight line through the end points of the AID transfer characteristic. 
8. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 

10. Refer to the operating sequence diagram. 
11. For clock frequencies other than 640 kHz, td(EOC) maximum is 8 clock periods plus 2 p.s. 
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TL0808, TL0809 
LOW·POWER CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

PRINCIPLES OF OPERATION 

The TL0808 and TL0809 each consists of an analog signal multiplexer, an 8-bit successive-approximation 
converter, and related control and output circuitry. 

multiplexer 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 

. occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End­
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 

In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF -. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one­
half the VCC voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF -. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit­
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 

Sc 

Noo~~t~~t~~t~~t~;'J.:~~t~;J.:~;'J.:~;'i 
REF- REF- REF- REF- REF- REF- REF- REF- REF-

~j f i i f iii j 
FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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• Functionally Interchangeable with Siliconix 
DG182, DG185, DG188, DG191 with Same 
Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

• JFET Inputs 

description 

The TL182, TL 185, TL188, and TL191 are 
monolithic high-speed analog switches using BI­
MOS technology. They comprise JFET-input 
buffers, level translators, and output JFET 
switches. The TL 182 switches are SPST; the 
TL 185 switches are SPOT. The TL 188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 

A high level at a control input of the TL 182 turns 
the associated switch off. A high level at a 
control input of the TL 185 turns the associated 
switch on. For the TL 188, a high level at the 
control input turns the associated switches S 1 
on and S2 off. 

The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(Vref). The input threshold is related to 
the reference input by the equation 
Vth = Vref + 1.4 V. Thus, for TTL compati­
bility, the V ref input is connected to ground. The 
JFET input makes the device compatible with 
bipolar, MOD, and CMOS logic families. 
Threshold compatibility may, again, be 
determined by Vth = Vref + 1.4 V. 

The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high off-state resistance. The monolithic 
structure ensures uniform matching. 

BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can 
have ion-implanted JFETs, p-channel MOS-FETs, 
plus the usual bipolar components all on the 
same chip. BI-MOS allows circuit designs that 
previously have been available only as expensive 
hybrids to be monolithic. 

Devices with an "M" suffix are characterized for 
operation from - 55°C t0125 °C, those with an 
"I" suffix are characterized for operation from 
- 25°C to 85°C, and those with a "C" suffix 
are characterized for operation from a °C to 
70°C. 

PRODUCTION DATA documents contain 
information current as of publication date. 

TL182, TL 185, TL188, TL 191 
HI·MOS SWITCHES 

02234. JUNE 1976-REVISEO SEPTEMBER 1986 

• Uniform On-State Resistance for Minimum 
Signal Distortion 

• ± 10-V Analog Voltage Range 

• TTL, MOS, and CMOS Logic Control 
Compatibility 

TL182 
N DUAL-IN-LlNE PACKAGE 

(TOP VIEW) 

1S 28 
10 20 
NC NC 
NC NC 
1A 2A 

VCC VEE 
VLL Vref 

TL185 
N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

101 181 
NC 1A 

1D2 VEE 
182 Vref 
281 VLL 
2D1 VCC 

NC 2A 
202 282 

TL188 
N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

NC NC 

NC NC 
01 02 
81 82 
A NC 

VCC VEE 
VLL Vref 

TL191 
N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

101 
NC 

102 
182 
282 
202 
NC 

201 ----....-

181 
1A 

VEE 
Vref 
VLL 
VCC 
2A 
281 

NC-No internal connection 

Copyright © 1 984. Texas I nstruments Incorporated 
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TL 182, TL 185 
BI·MOS SWITCHES 

schematic (each channel) 

A 

schematic (each channel) 

VLL VCC 

TL 182 TWIN SPST SWITCH 

TL 185 TWIN DPST SWITCH 

A-+r-~~-r------;-------+-----~~ 
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0 

S 

01 

S1 

02 

S2 

symbol 

1A 
(5) 

1S 
(1) ~ (2) 

2A 
(10) 

2S 
(14) .-/t... (13) 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCH 

A S 

10 

20 

L ON (CLOSED) 

H OFF (OPEN) 

symbol 

(15) 
1A 

(16) 
-"-

(11 
101 

../- (3) 
102 

2A 

2S1 
(5) -"'- (6) 

201 

2S2 
(9) --"- (8) 

202 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCHES 

A SW1 AND SW2 

L OFF (OPEN) 

H ON (CLOSED) 



TL188, TL191 
HI·MOS SWITCHES 

TL 188 DUAL COMPLEMENTARY SPST SWITCH 

schematic 

VLL vcc 

01 

t-=---...... -S1 

A--.r--...... -r-----~------~-----~I 
02 

S2 

INPUT 

A 

L 

H 

Vref 

symbol 

A (5) 

S1 (4) --"""" _ (3) 01 

S2 (11) ~ (12) 02 

FUNCTION TABLE 

SWITCHES 

SW1 SW2 

OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

TL 191 TWIN DUAL COMPLEMENTARY SPST SWITCH 

schematic (each channel) symbol 

VLl vcc 

(15) 

01 

-------
(1) 

101 

1S2 .--...-r.. (3) 
102 

S1 

2A 
A~~~~-+-------r------r---4"1 --""""-

(8) 
02 2S1 201 

--..-r. (6) 
2S2 202 

I-'---+--S2 
FUNCTION TABLE 

INPUT SWITCHES 

A SW1 SW2 

L OFF (OPEN) ON (CLOSED) 

H ON (CLOSED) OFF (OPEN) 

} TO OTHER HALF 

Vref 
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TL 182. TL 185. TL188. TL191 
BI·MOS SWITCHES 

functional block diagram 

o OR 01 02 

A-o-t>- -r--t' 
s OR S1 S2 

See the preceding two pages for operation of the switches. 

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

Positive supply to negative supply voltage, VCC - VEE ............................. 36 V 
Positive supply voltage to either drain, VCC - VD ................................. 33 V 
Drain to negative supply voltage, VD - VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Drain to source voltage, VD - Vs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 22 V 
Logic supply to negative supply voltage, VLL - VEE .............................. " 36 V 
Logic supply to logic input voltage, VLL - VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Logic supply to reference voltage, VLL - Vref .................................... 33 V 
Logic input to reference voltage, VI - Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Reference to negative supply voltage, Vref - VEE ................................. 27 V 
Reference to logic input voltage, Vref - VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 V 
Current (any terminal) ..................................................... 30 mA 
Operating free-air temperature range: TL 182M, TL 185M, TL 188M, TL 191 M . . .. - 55 DC to 125°C 

TL 1821, TL 1851, TL1881, TL 1911 ......... - 25 DC to 85 DC 
TL182C, TL185C, TL188C, TL191C ......... ODC to 70 DC 

Storage temperature range ......................................... - 65°C to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 
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electrical characteristics, Vee == 15 V, VEE == -15 V, VLL == 5 V, Vref == 0 V 

TL1_M TL1_1 TLl_C 
PARAMETER TEST CONDITIONS UNIT I 

MIN MAX MIN MAX MIN MAX 

VIH 
High-level control 

TA = MIN TO MAX Vref+2 Vref+ 2 Vref+ 2 V 
input voltage 

Low-level control 
VIL TA = MIN to MAX Vref+ 0 .8 Vref+ 0.8 Vref+ 0 .8 V 

input voltage 

High-level control TA = 25°C 10 10 20 
IIH 

input current 
VI = 5 V 

TA = MAX 20 20 20 
p.A 

Low-level control 
IlL VI = 0 TA = MIN to MAX -250 -250 -250 p.A 

input current 

VD = 10 V, Vs = -10 V, TA = 25°C 5 5 
IO(oft) Off-state drain current .nA 

VIH = 2 V, VIL = 0.8 V TA = MAX 100 100 100 

Vo = -10V, VS=10V, TA = 25°C 5 5 
IS(oft) Off-state source current nA 

VIH = 2 V, VIL = 0.8 V TA = MAX 100 100 100 

On-state channel Vo = -10V, Vs = -10V, TA = 25°C -10 -10 

IO(on) + IS (on) leakage current nA 
VIH = 2 V, VIL = 0.8 V TA = MAX -200 -200 -200 

TL182, TA = MIN to 25°C 75 100 100 

Orain-to-source Vo = -10 V, IS = 1 rnA, TL188 TA = MAX 100 150 150 
rOS(on) n 

on-state resistance VIH = 2 V, VIL = 0.8 V TL185, TA = MIN to 25°C 125 150 150 

TLl91 TA = MAX 250 300 300 

ICC Supply current from Vee 1.5 1.5 1.5 

lEE Supply current from VEE -5 -5 -5 
Both control inputs at 0 V TA = 25°C rnA 

ILL Supply current from VLL 4.5 4.5 4.5 

Iref Reference current -2 -2 -2 

ICC Supply current from Vee 1.5 1.5 1.5 

lEE Supply current from VEE -5 -5 -5 
Both control inputs at 5 V TA = 25°C rnA 

ILL Supply current from VLL 4.5 4.5 4.5 

Iref Reference current -2 -2 -2 

switching characteristics, Vee => 10 V, VEE'" -20 V, VLL == 5 V, Vref =0 V, TA == 25 0 e 

PARAMETER TEST CONDITIONS TL1_M TL1_1 TL1_C 
UNIT 

TYP TYP TVP 

ton Turn-on time 175 175 175 
RL = 300 n, CL = 30 pF, Figure 1 ns 

toft Turn-oft time 350 350 350 

Data Acquisition Circuits II 
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TL182, TL185, TL188, TL191 
BI·MOS SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

VLL = 5 V Vcc = 15 V 

Vref = 0 VEE=-15V 

CL includes probe and jig capacitance 

Vs = 3 V for ton and -3 V for toft 

Vo=Vs ---­
RL + rOS(on) 

TEST CIRCUIT 

:7C
tf

<10ns x=tr<10;~-----3V 
\. I 

INPUT A 

1\ ,I 
I '-----1r-~ I OV 

ton~ I _____ + ____ ~------ 3V osy f VOl 

OUTPUT ~ toft 

---~-----r. OV 
0.1 Vo 

Vo 
------------------~V 

NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL182 and SW2 of 
TL185 and TL191. 

B. Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at 
the leading and trailing edges of the output waveform. 

FIGURE 1. VOLTAGE WAVEFORMS 
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TL500C THRU TL503C 
ANALOG·TO·DlGITAL·CONVERTER BUILDING BLOCKS 

02477, DECEMBER 1979-REVISED DECEMBER 1986 

TL500C/TL501 C 
ANALOG PROCESSORS 

• True Differential Inputs 

• Automatic Zero 

• Automatic Polarity 

• High Input Impedance .•. 109 Ohms 
Typically 

TL500C CAPABILITIES TL501 C CAPABILITIES 

Resolution ... 14 Bits (with TL502C) • Resolution ... 10·13 Bits (with TL502C) 

Linearity Error ... 0.001 % • Linearity Error ... 0.01 % 

4 1/2·Digit Readout Accuracy with External • 3 1/2·Digit Readout Accuracy 
Precision Reference 

TL502C/TL503C TL502C CAPABILITIES 
DIGITAL PROCESSORS 

• Compatible with Popular Seven·Segment 
Fast Display Scan Rates Common-Anode Displays 

Internal Oscillator May Be Driven or • High-Sink-Current Segment Driver for Large 
Free-Running Displays 

Interdigit Blanking TL503C CAPABILITIES 
Over-Range Blanking 

4 1/2-Digit Display Circuitry • Multiplexed BCD Outputs 

High-Sink-Current Digit Driver for Large • High-Sink-Current BCD Outputs 

Displays 

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 

description 

The TL500C and TL501 C analog processors and TL502C and TL503C digital processors provide the basic 
functions for a dual-slope-integrating analog-to-digital converter, 

The TL500C and TL501 C contain the necessary analog switches and decoding circuits, reference voltage 
generator, buffer, integrator, and comparator., These devices may be controlled by the TL502C, TL503C, 
by discrete logic, or by a software routine in a microprocessor. 

The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The 
TL502C provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD 
outputs. 

When used in complementary fashion, these devices form a system that features automatic zero-offset 
compensation, true differential inputs, high input impedance, and capability for 4 1I2-digit accuracy. 
Applications include the conversion of analog data from high-impedance sensors of pressure, temperature, 
light, moisture, and position. Analog-to-digital-Iogic conversion provides display and control signals for 
weight scales, industrial controllers, thermometers, light-level indicators, and many other applications. 

Copyright © 1979, Texas Instruments Incorporated 
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TL500C THRU TL503C 
ANALOG·TO·DlGlTAL·CONVERTER BUILDING BLOCKS 

I principles of operation 

The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, CX, is charged 
through the integrator from VCT for a fixed period of time at a rate determined by the value of the unknown 
voltage input. Then the capacitor is discharged at a fixed rate (determined by the reference voltage) back 
to VCT where the discharge time is measured precisely. The relationship of the charge and discharge values 
are. shown below (see Figure 1). 

Vcx 

Vref t2 
VCT = Vcx - --­

RX Cx 

Combining equations 1 and 2 results in: 

where: 

VCT = Comparator (offset) threshold voltage 

Charge 

Discharge 

VCX = Voltage change across Cx during t1 and duringt2 (equal in magnitude) 
VI = Average value of input voltage during t1 
t1 = Time period over which unknown voltage is integrated 
t2 = Unknown time period over which a known reference voltage is integrated. 

Equation (3) illustrates the major advantages of a dual-slop converter: 

(1 ) 

(2) 

(3) 

a. Accuracy is not dependent on absolute values of t1 and t2, but is dependent on their ratios. Long­
term clock frequency variations will not affect the accuracy. 

b. Offset values, VCT, are not important. 

The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement 
cycle into three phases. The BCD counter changes at a rate equal toone-half the oscillator frequency. 

auto-zero phase 

The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels 
to inputs A and B of the analog processor. If the trigger input is at a high level, a free-running condition 
exists and continuous conversions are made. However, if the trigger input is low, the digital processor 
stops the counter at 20,000, entering a hold mode. In this mode, the processor samples the trigger input 
every 4000 oscillator pulses until a high level is detected. When this occurs, the counter is started again 
and is carried to completion at 30,000. The reference voltage is stored on reference capacitor Cref, 
comparator offset voltage is stored on integration capacitor CX, and the sum of the buffer and integrator 
offset voltages is stored on zero capacitor CZ. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and 
d-c shifted by the level shifter. 

integrate·input phase 

The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control 
inputs to initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts 
at a rate determined by the input voltage. Note that during this phase, the analog inputs see only the high 
impedance of the noninverting operational amplifier input. Therefore, the integrator responds only to the 
difference between the analog input terminals, thus providing true differential inputs. 
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TL500C THRU TL503C 
ANALOG·TO·DIGITAL·CONVERTER BUILDING BLOCKS 

integrate-reference phase 

At a BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate­
reference phase is begun by sampling the comparator output. If the comparator output is low corresponding 
to a negative average analog input voltage, the digital processor applies a low and a high to inputs A and 
B, respectively, to apply the reference voltage stored on Cref to the buffer. If the comparator output is 
high corresponding to a positive input, inputs A and B are made high and low, respectively, and the negative 
of the stored reference voltage is applied to the buffer. In either case, the processor automatically selects 
the proper logic state to cause the integrator to ramp back toward zero at a rate proportional to the reference 
voltage. The time required to return to zero is measured by the counter in the digital processor. The phase 
is terminated when the integrator output crosses zero and the counter contents are transferred to the 
register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When 
activated, the over-range indication blanks all but the most significant digit and sign. 

Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the 
integration phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven­
segment drivers (TL502C) at a rate equal to the oscillator frequency divided by 400. 

BCD COUNTER VALUES 

20,000 30,000 o 
, I I 
'AUTO ZERO I INTEGRATE I 
I 1 INPUT 

I 
I 

INTEGRATE 
REFERENCE 

20,000 30,000 o 
I I I I I " I AUTO ZERO INTEGRATEI 
I , ' INPUT , 
"I I , 

INTEGRATE 
REFERENCE 

20,000 

I 
I 
I 

I 
1 HOLD I 1 I 

I 1 1 I I I 
1 ,I 1 ,I 1 

INTEGRATOR 
OUTPUT---~ 

1 I I' I I 1_1 ___ 1 1 V(pinl»V(pin2) ------OV 
I 1 I (POSITIVE ,ANALOG VOLTAGE) I I 

I V(pinl)<V(pin2) I I I I I 
I (NEGATIVE ANALOG VOLTAGE) 1 I - - r- - - - - - - V(pin 2) 
I I 1 I, 
: I I I 1 

I I I I I 
I : I, I I 

OOMPA~ ____ --,!_________ ~ ___ o~ 
I I 1 I r' 1 

I I I I i----~------........;I I 

OONTR~LA ! _~ ... ~ ___ ~ ~ __ . __ ov: 

OONT.L i LlJ ___ .--I! : •••••• J 
: I I I I I 
I I I I I I I 

TRIGGER ~xxxx.xJ I,' 1,....---I506O<XY.r-7'~If'""'JIO~~~¥,~XXXXXXl-x-x-x~~"'JII I l 
~XXXXXI sf---l l>6<)()(XXX)Ooooo<J I -- oJ 

*This step is the voltage at pin 2 with respect to analog ground. 

FIGURE 1. VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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Cz 

Cret 

BUFFER 
OUTPUT 

ANALOG PROCESSOR 
TL500 OR TL501 

RX Cx 

INTEGRATOR 
OUTPUT ------, 

LEVEL 
SHIFTER 

ANALOG SWITCH 
LOGIC CONTROL 

I 
I 

I 
I 
I · ~ I ''''''NO. I I UF

REF 

IN VOLTAGE fi I ,"OU, ° _J 

I ____ DIGITAL rL 
:; - ji "1AcOO OOMOON 

A __ 

~ GROUND 

OSCILLATOR 
INPUT 

s~!nOJ!:l U~!~!s!nbo" e~ea 

DIGITAL PROCESSOR 
TL502 OR TL503 (See Note A) 

r------------~-;;+-, 
I I~' ,: ~ I 

J 

I ~ __ .m •• I <;> TNR~~~ER 

CONTROL 
LOGIC 

I 
I 
I 
I L ___ _ 

I 
I 
I 
I 
I 
I L __ _ 

-LAND DRIVERS I i 

--ll-------J 
DIGIT·ENABLE 

OUTPUTS 
(01 THRU 05) 

COMMON 

(See Note B) 

NOTE5: A. Pin 18 of the TL502 provides an output of fosc (oscillator frequency) + 20,000 . 
B. The trigger input assumes a high level if not externally connected. 

FIGURE 2. BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER USING TL500C or TL501C and TL502C or TL503C 

ANALOG CONTROLS ANALOG SWITCHES 
MODE 

INPUT 
COMPARATOR 

A AND B CLOSED 

Auto Zero 

Hold t X Oscillation L L 53,54,57,59,510 

Integrate Positive H 
H H 51,52 

Input Negative L 

Integrate L l L H 53, 56, 57 
X 

Hl Reference H L 53,55,5_8_ 
-

H '" High, L '" low, X '" Irrelevant 

t If tl:le trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital processor 
to continue or resume normal operation. 

l This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 
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description of analog processors 

The TL500C and TL501 C analog processors are 
designed to automatically compensate for 
internal zero offsets, integrate a differential 
voltage at the analog inputs, integrate a voltage 
at the reference input in the opposite direction, 
and provide an indication of zero-voltage 
crossing. The external control mechanism may 
be a microcomputer and software routing, 
discrete logic, or a TL502C or TL503C controller. 
The TL500C and TL501 C are designed primarily 
for simple, cost-effective, dual-slope analog-to-
digital converters. Both devices feature true 
differential analog inputs, high input impedance, 

'IL500C, TL501 C 
ANALOG PROCESSORS 

J DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

ANALOG INPUT 1 
ANALOG INPUT 2 

REF OUTPUT 
REF INPUT 

ANALOG GND 

Cref+ 
Cref­

CONTROL B INPUT 

VCC+ 
BUFFER OUTPUT 
INTEGRATOR INPUT 
INTEGRATOR OUTPUT 

VCC-
DIGITAL COMMON 

CONTROL A INPUT "-t-___ COMPARATOR OUTPUT 

and an internal reference-voltage source. The TL500C provides 4-1 /2-digit readout accuracy when used 
with a precision external reference voltage. The TL501 C provides 100-ppm linearity error and 3-1/2-digit 
accuracy capability. These devices are manufactured using TI's advanced technology to produce JFET, 
MOSFET, and bipolar devices on the same chip_ The TL500C and TL501 C are intended for operation over 
the temperature range of ooC to 70°C. 

schematics of inputs and outputs 

CONTROL A AND CONTROL B INPUTS 

INPUT 

COMPARATOR OUTPUT 

OUTPUT 

DIGITAL 
COMMON 

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

Positive supply voltage, VCC + (see Note 1) ...................... _ . . . . . . . . . . . . .. + 18 V 
Negative supply voltage, VCC _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -18 V 
Input voltage, VI ......................................................... ± VCC 
Comparator output voltage range (see Note 2) ............................. '. 0 V to VCC + 
Comparator output sink current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Buffer, reference, or integrator output source current (see Note 2) .................... 10 mA 
Total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . . . . . . . . . . . .. 1025 mW 
Operating free-air temperature range ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0 °C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 300°C' 

NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground common pin tied together. 
2. Buffer, integrator, and comparator outputs are not short-circuit protected. 
3. For operation above 25 DC free-air temperature, refer to Dissipation Derating Curves, Appendix A. TL500C and TL501 C chips 

are glass mounted. 
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TL500C, TL501 C 
ANALOG PROCESSORS 

recommended operating conditions 

Positive supply voltage, Vcc + 

Negative supply voltage, VCC-

Reference input voltage, Vref(l) 

Analog input voltage, VI 

Differential analog input voltage, VID 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Peak positive integrator output voltage, VOM + 

Peak negative integrator output voltage, VOM-

Full scale input voltage 

Autozero and reference capacitors, Cz and Cref 

Integrator capacitor, Cx 

Integrator resistor, RX 

Integrator ~ime constant, RXCX 

Free-air operating temperature, T A 

Maximum conversion rate with TL502 or TL503 

I Control inputs 

I Control inputs 

MIN NOM MAX 

7 12 15 

-9 -12 -15 

0_1 5 

±5 

10 

2 

0.8 

+9 

-5 

2 Vref 
0.2 

0.2 

15 100 

See 

Note 4 

0 70 

3 12.5 

system electrical characteristics at Vcc± ... ± 12 V, Vref ... 1,000 ± 0.03 mV, TA 
(unless otherwise noted) (see Figure 3) 

TL501C TL500C 
PARAMETER TEST CONDITIONS 

MIN TVP MAX MIN TVP MAX 

Zero error 50 300 10 30 

Linearity error relative to full scale VI = -2 V to 2 V 0.005 0.05 0.001 0.005 

Full scale temperature coefficient TA = OOC to 70°C 6 6 

Temperature coefficient of zero error T A = a °C to 70 °c 4 1 

Rollover error t 200 500 30 100 

Equivalent peak-to-peak input noise voltage 20 20 

Analog input resistance Pin 1 or 2 109 109 

Common-mode rejection ratio VIC = -1 V to + 1 V 86 90 

Current into analog input VI = ±5 V 50 50 

Supply voltage rejection ratio 90 90 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

/LF 

/LF 

kO 

°C 

conv/sec 

UNIT 

I'V 

%FS 

ppm/DC 

/LV/oC 

/LV 

/LV 

0 

dB 

pA 

dB 

tRoliover error is the voltage difference between the conversion results of the full-scale positive 2 volts and the full-scale negative 2 volts. 
NOTE 4_ The minimum integrator time constant may be found by use of the following formula: 

where 

VID (full scale) tl 
Minimum RXCX =IVOM-I-VI(pin 2) 

VID = voltage at pin with respect to pin 2 

VI(pin 2) = voltage at pin 2 with respect to analog ground 

tl = input integration time seconds 
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TL500C, TL501 C 
ANALOG PROCESSORS 

electrical characteristics at Vcc± "" ± 12 V, Vref == 1 V, TA "" 25°C (see Figure 3) 

integrator and buffer operational amplifiers 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

lIB Input bias current 

VOM+ Positive output voltage swing 

VOM- Negative output voltage swing 

AVO Voltage amplification 

B1 Unity-gain bandwidth 

CMRR Common mode rejection VIC = - 1 V to + 1 V 

SR Output slew rate 

comparator 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

lIB Input bias current 

AVO Voltage amplification 

VOL Low-level output voltage IOL - 1.6 mA 

IOH High-level output current VOH - 3 V 

voltage reference output 

PARAMETER TEST CONDITIONS 

Vref(O) Reference voltage 

Reference-voltage 
TA = ODC to 70 DC aVref temperature coefficient 

ro Reference output resistance 

logic control section 

PARAMETER TEST CONDITIONS 

IIH High-level input current VIH = 2 V 

IlL Low-level input current VIL - 0.8 V 

total device 

PARAMETER TEST CONDITIONS 

ICC+ Positive supply current 

ICC- Negative supply current 

TEXAS .. 
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MIN TYP MAX 

15 

50 

9 11 

-5 -7 

110 

3 

100 

5 

MIN TYP MAX 

15 

50 

100 

200 400 

5 20 

MIN TYP MAX 

1.12 1.22 1.32 

80 

3 

MIN TYP MAX 

10 

-40 -300 

MIN TYP MAX 

15 20 

12 18 

UNIT 

mV 

pA 

V 

V 

dB 

MHz 

dB 

VIpS 

UNIT 

mV 

pA 

dB 

mV 

nA 

UNIT 

V 

ppm/DC 

(l 
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TL500C, TL501 C 
ANALOG PROCESSORS 

PARAMETER MEASUREMENT INFORMATION 
12V -12V 5V 

(16) (12) 2 

VCC+ VCC_ kn 

100kn (1 ) COMPARATOR (10) 
PRECISION OUTPUT 
VOLTAGE 100kn (2) INPUTS (9) 

MPU 
LOGIC 

SOURCE 

} ANALOG 

CONTROL A CONTROLLER 
Vref = (See Note C) 
1.000 to.03 mV REF (S) 

CONTROL B 
-= (4) INPUT 

(7) 

Cref = 1 /.IF 
Cref+ 

BUFFER (15) D 

(See Note D) OUTPUT t1 = 100 ms 
Cref- from 

INTEGRATOR VID(full scale)t1 
Cz = 1 /.IF 

Cz INPUT RXCX = VOM-VUPIN 2) 
(see Note D) Cx = 1 ",F 

Cz 
INTEGRATOR 

(see Note D) 
(17) OUTPUT (13) 

ANALOG DIGITAL 

NOTES: C. Tests are started approximately 5 seconds after power-on. 
D. Capacitors used are TRW's X363UW polypropylene or equivalent for CX. Cref. and CZ; however for Cref and Cz film-dielectric 

capacitors may be substituted. 

FIGURE 3. TEST CIRCUIT CONFIGURATION 

external-component selection guide 

The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of 
operating conditions and should have low-leakage characteristics. Most film-dielectric capacitors and some 
tantalum capacitors provide acceptable results. Ceramic and aluminum capacitors are not recommended 
because of their relatively high-leakage characteristics. . 

The integrator capacitor Cx should also be within the recommended range and must have good voltage 
linearity and low dielectric absorption. A polypropylene-dielectric capacitor similar to TRW's X363UW is 
recommended for 4-1 /2-digit accuracy. For 3-1/2-digit applications. polyester. polycarbonate. and other 
film dielectrics are usually suitable. Ceramic and electrolytic capacitors are nC?t recommended. 

Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 
13, 1, 2, 15) must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed 
at the package, for example, by a 0.0 1-ItF ceramic capacitor. 

Analog and digital common are internally isolated and may be at different potentials. Digital common can 
be within 4 volts of positive or negative supply with the logic decode still functioning properly. 

The tir:ne constant RXCX should be kept as near the minimum value as possible and is given by the formula: 

where: 

. . VID (full scale) t1 
MInimum RXCX = IV I V ( . 2) OM - - I Pin 

VID(full scale) = Voltage on pin 1 with respect to pin 2 
t1 = Input integration time in seconds 

VI (pin 2) = Voltage on pin 2 with resepct to analog ground 
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description of digital processors 

The TL502C and TL503C are control logic 
devices designed to complement'the TL500C 
and TL501 C analog processors. They feature 
interdigit blanking, over-range blanking, an 
internal oscillator, and a fast display scan rate. 
The internal-oscillator input is a Schmitt trigger 
circuit that can be driven by an external clock 
pulse or provide its own time base with the 
addition of a capacitor. The typical oscillator 
frequency is 120 kHz with a 470-picofarad 
capacitor connected between the oscillator input 
and ground. 

TL502C, TL503C 
DIGITAL PROCESSORS 

TL502 ... N DUAL·IN·LlNE PACKAGE 
(TOP VIEWI 

CONTR{OL B ~~~~~B~ ~g~TROL A OUTPUT 

DIGIT D2 20,000 t 
ENABLE 03 OSCILLATOR INPUT 

OUTPUTS 04 TRIGGER 
05 (MSB)~ COMPARATOR INPUT 

7.SEGMENT{A ~}7.SEGMENT 
DRIVER B 8 DRIVER 

OUTPUTS C 9 ED OUTPUTS 
DIGITAL COMMON 10 -.... __ ...z-

TL503 .. , N DUAL·IN·LlNE PACKAGE 
(TOP VIEWI 

CONTROL B OUTPUT VCC 

DIGIT 02 OSCILLATOR INPUT 
ENABLE 03 TRIGGER 

The TL502C provides seven-segment-display 
output drivers capable of sinking 100 
milliamperes and compatible with popular 
common-anode displays. The TL503C has four 
BCD output drivers capable of 100-milliampere 
sink currents. The code (see next page and 
Figure 4) for each digit is multiplexed to the 
output drivers in phase with a pulse on the 
appropriate digit-enable line at a digit rate equal 
to fosc. divided by 200. Each digit-enable output 
is capable of sinking 20-milliamperes. 

{ 

01 (LSB) CONTROL A OUTPUT 

OUTPUTS ,04 COMPARATOR INPUT 

The comparator input of each device, in addition 
to monitoring the output of the zero-crossing 
detector in the analog processor, may be used 
in the display test mode to check for wiring and 
display faults. A high logic level (2 to 6.5 volts) 
at the trigger input with the comparator input at 
or below 6.5 volts starts the integrate-input 
phase. Voltage levels equal to or greater than 7.9 
volts on both the trigger and comparator inputs 
clear the system and set the BCD counter to 
20,000. When normal operation resumes, the 
conversion cycle is restarted at the auto zero 
phase. 

These devices are manufactured using 12L and 
bipolar techniques. The TL502C and TL503C are 
intended for operation from 0 DC to 70 DC. 

05 (MSB)~ Q3 

Qo Q2 
DIGITAL COMMON --"" __ ;J"""Q1 

t Pin 18 of TL502 provides an output of fosc (oscillator frequencies) 
320,000. 

~D5, the most significant bit, is also the sign bit. 

TABLE OF SPECIAL FUNCT(ONS 

VCC - 5V ±10% 

TRIGGER COMPARATOR 
FUNCTION 

INPUT INPUT 

VI ISO.8 V Vp;;6.5 V Ho!d at auto· zero cycle after completion of conversion 

2 VsVp:;6.5 V Vls6.5 V Normal operation (continuous conversion) 

Vls6.5 V VI2:7.9 V Display Test: All BCD outputs high 

VI2:7.9 V Vls6.5 V Internal Test 

Both inputs to go VI 2: 7.9 V System clear: Sets BCD counter to 20,000. 

simultaneously When normal operation is resumed, cycle begins with Auto Zero. 
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TL502C, TL503C 
DIGITAL PROCESSORS 

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 

CHARACTER 03 02 01 00 
A B C D E F G 

8 4 2 1 

+ H H H H L L L H L H L 

+1 H L L H L L L H H H L 

- L H H L H H L H L H H 

-1 L L L L H H L H H H H 

DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 

NUMBER 
A B C D E 

0 L L L L L 

1 H L L H H 

2 L L H L L 

3 L L L L H 

4 H L L H H 

5 L H L L H 

6 L H L L L 

7 L L L H H 

8 L L L L L 

9 L L L L H 

H = high level, L = low level 

schematics of inputs and outputs 

COMPARATOR AND TRIGGER INPUT 

.---~~--~~--------------VCC 

DISPLAY 
. .,------------ -- TEST OR 

INPUT 

SYSTEM 
CLEAR 

L---~--~~~--------COMMON 

CONTROL A AND B OUTPUTS 

VCC- - ----...---------, 

16,8 kn 

4,4kn 

COMMON----~--~----~ 

10 kn 

OUTPUT 

F G 

L H 

H H 

H L 

H L 

L L 

L L 

L L 

H H 

L L 

L L 

03 02 01 00 

8 4 2 1 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

SEGMENT DRIVERS-T~502C 
BCD DRIVERS-TL503C 

VCC - - - -----------------, 

750n 

5kn 

COMMON---------------+---~--~--J 

DIGIT-ENABLE OUTPUTS 

VCC--------------------~----~ 

1 kn 

1kn 

5kn 

COMMON----------~----~--~~~~ 

·Shorted on TL503C 
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absolute maximum ratings 

Supply voltage, Vcc (see Note 5) 

Input voltage, VI 
Oscillator 

Comparator or Trigger 

BCD or Segment drivers 

Output current Digit-enable outputs 

Pin 18 (TLC502 only) 

Total power dissipation at (or below) 30°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead temperaturee 1,6 mm (1/16 inch) from case for 10 seconds -
NOTES: 5. Voltage values are with respect to the network ground terminal. 

6. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

Supply voltage, VCC 

High-level input voltage, VIH I Comparator and trigger inputs 

Low-level input voltage, VIL I Comparator and trigger inputs 

Operating free-air temperature 

TEXAS .. 
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TL502C. TL503C 
DIGITAL PROCESSORS 

7 V 

5.5 

9 
V 

120 

40 mA 

20 

1100 mW 

o to 70 °C 

-65 to 150 °C 

260 °C 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

0 70 °c 
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N 

00 
N 

electrical characteristics at 25°C free-air temperature 

PARAMETER· TERMINAL TEST CONDITIONS 

VIK Input clamp voltage All inputs VCC = 4.5 V, II = -12 mA 

VT+ 
Positive-going input 

Oscillator VCC = 5 V 
threshold voltage 

VT-
Negative-going input 

Oscillator VCC = 5 V 
threshold voltage 

VT+ - VT- Hysteresis Oscillator VCC = 5 V 
Input current at 

IT+ positive-going input Oscillator VCC = 5 V 
threshold voltage 

Input current at 

C3 
~ 
Q 
:!!-

~Z 

~~ 
~;c~ 
~C:~ ~~ 
"{:. IT] 

~Z 
~~~ 
l; 
.... 

IT- negative-going input Oscillator VCC = 5 V 
threshold voltage 

Digit enable 

VOH High-level output voltage Pin 18 (TL502C only) VCC = 4.5 V, IOH = 0 
Control A and B 

Digit enable IOL = 20 mA 
Pin 18 (TL502C only) IOL = 10mA 

VOL Low-level output voltage Control A and B VCC = 4.5 V IOL = 2 mA 
Segment drivers IOL = 100 mA 
BCD drivers IOL = 100 mA 

II Input current 
Comparator, Trigger 

VCC = 5.5 V, 
Oscillator 

VI = 5.5 V 

'" '" '" '" IIH High-level input current 
Comparator, Trigger 

VCC = 5.5 V, VI = 2.4 V 
Oscillator 

IlL Low-level input voltage 
Oscillator 

Comparator, Trigger 
VCC = 5.5 V, VI = 0.4 V 

Digit enable Vo = 0.5 V, 

High-level output current 
Pin 18 (TL502C only) Vo = 0.5 V 

IOH Control A and B VCC = 4.5 V Vo = 0.5 V 
(Output transistor off) 

Segment drivers Vo = 5.5 V 

BCD drivers Vo = 5.5 V 

IOL 
Low-level output current 

Digit enable VCC = 4.5 V, Vo = 3.55 V 
(Output transistor on) 

ICC Supply current VCC VCC = 5.5 V 

Sl!n:>J!:> UO!l!S!nb:>v elea II 
TL502C TL503C 

MIN TYP MAX MIN TYP MAX 
UNIT 

-0.8 -1.5 -0.8 -1.5 V 

1.5 1.5 V 

0.9 0.9 V 

0.4 0.6 0.8 0.4 0.6 0.8 

-40 -94 -170 -40 -94 -170 p.A 

40 117 170 40 117 170 p.A 

4.15 4.4 4.15 4.4 

4.25 4.4 V 

4.25 4.4 4.25 4.4 

0.2 0.5 

0.15 0.4 

0.088 0.4 0.088 0.4 V 

0.17 0.3 

0.17 0.3 

65 100 65 100 p.A 

1 1 mA 

-0.6 -1 -0.6 -1 

0.5 
mA 

0.5 

-0.1 -0.17 -0.1 -0.17 
mA 

-1 -1.6 -1 -1.6 

-2.5 -4 -2.5 -4 

-0.5 -0.9 

-0.25 -0.4 -0.25 -0.4 mA 

0.25 

0.25 

18 23 mA 

73 110 73 110 mA 

c-t -r-
~U1 
=4= :z:.N 
r-Fl 
""CI-t 
=r­
OU1 
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special functions t operating characteristics at 25°C free-air temperature 

PARAMETER 

Input current into 

comparator or trigger inputs 

TEST CONOITIONS 

Vee = 5.5 V. V, = 8.55 V 

Vee = 5.5 V. V, = 6.25 V 

TL502C, TL503C 
DIGITAL PROCESSORS 

MIN TVP MAX 

1.2 1.8 

0.5 

tThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 

TYPICAL APPLICATION DATA 

01--------~ ~~--~~~------~--------------------------------------------I . --t 14- 16.7 /-IS (see Note EI 

~:16.7 /-Is---t : 

I 

02-----------------------, 

03------------------------------------~ 

04-----------------------------------------------------, 

05--------------------------------------------------------------------, r--
---------I 

NOTE E: The BeD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable. 

FIGURE 4. TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 
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• 
• 
• 
• 
• 
• 
• 

• 
• 

3-Digit Accuracy (0.1%) 

10-Bit Resolution 

Automatic Zero 

Internal Reference Voltage 

Single-Supply Operation 

High-Impedance MOS Input 

Designed for Use with TMS 1000 Type 
Microprocessors for Cost-Effective 
High-Volume' Applications 

BI-MOS Technology 

Only 40 mW Typical Power Consumption 

TL505C 
ANALOG·TO·DlGITAL CONVERTER 

02366. OCTOBER 1977-REVISEO SEPTEMBER 1986 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC ZERO CAP 2 
ANALOG IN ZERO CAP 1 

REF OUT INTEG RES 
REF IN INTEG IN 

GND INTEG OUT 
BIN GND 
AIN COMP OUT 

Caution. This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 

description 

The TL505C is an analog-to-digital converter building block designed for use with TMS 1000 type 
microprocessors. It contains the analog elements (operational amplifier, comparator, voltage reference, 
analog switches, and switch drivers) necessary for a unipolar automatic-zeroing dual-slope converter. The 
logic for the dual-slope conversion can be performed by the associated MPU as a software routine or it 
can be implemented with other components such as the TL502 logic-control device. 

The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration 
and offset capacitors and permit conversion speeds from 20 per second to 0.05 per second. 

The TL505C is a product of Tl's BI-MOS process, which incorporates bipolar and MOSFET transistors on 
the same monolithic circuit. The TL505C is characterized for operation from OOC to 70 oC. 

Copyright © 1983. Texas Instruments Incorporated 
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TL505C 
ANALOG·TO·DlGlTAL CONVERTER 

functional block diagram 

Cz 

1-----
1 
1 
1 
I 
I 

(4)1 

I 

(21 1 S3A 
ANALOG~ 
INPUT I 

1121 

RX Cx 

(11) 1101 vcc 111 ------r-----i 
I 
I 
I 
1(81 

>-...... ---Q COMP 
OUT 

B 

1 (71 
A 

I 1 
(311 I 

L ______________________ ~---~-J 
(51 (91 

GND GND 

NOTE: Analog and digital GND are internally connected together. 

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

Supply voltage, VCC (see Note 1) ............................................ " 18 V 
Input voltage, pins 2, 4, 6, and 7 .............................................. VCC 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . .. 875 mW 
Operating free-air temperature range ... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. Voltage values are with respect to the two ground terminals connected together . 
. 2. For operation above 25 DC free-air temperature, derate linearly to 560 mW at 70 DC at the rate of 7.0 mW/ DC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 7 9 15 V 

Analog input voltage, VI 0 4 V 

Reference input voltage, Vreflll 0.5 3 V 

High-level input voltage at A or B, VIH 3.6 VCC+l V 

Low-level input voltage at A or B, VIL 0.2 1.8 V 

Integrator capacitor, Cx See "component selection" 

Integrator resistor, RX 0.5 2 MO 

Integration time, tl 16.6 500 ms 

Operating free-air temperature, T A 0 70 DC 
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TL505C 
ANALOG· TO·DlGITAL CONVERTER 

electrical characteristics, Vee 
(unless otherwise noted) 

9 V, Vref(l) 1 V, T A = 25°C, connected as shown in Figure 1 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage at pin 8 IOH = 0 

IOH High-level output current at pin 8 VOH = 7.5 V 

VOL Low-level output voltage at pin 8 IOL = 1.6 mA 

VOM 
Maximum peak output voltage 

RX ~ 500 k!l 
swing at integrator output 

Vref(O) Reference output voltage Iref = -100 p,A 

Temperature coefficient of 
TA = OoC to 7()OC aVref 

reference output voltage 

"H High-level input current into A or B V, = 9 V 

',L Low-level input'current into A or B V, = 1 V 

" 

Current into analog input V, = 0 to 4 V. A input at 0 V 

liB Total integrator input bias current 

ICC Supply current No load 

system electrical characteristics, Vee 
Figure 1 (unless otherwise noted) 

9 '!, V ref(l) 1 V, TA 

PARAMETER TEST CONDITIONS 

Zero error V, = 0 

Linearity error V, = 0 to 4 V 

Ratiometric reading V, = Vref(l) '" 1 V 

Temperature coefficient of V ref(/) constant and '" 1 V. 

ratiometric reading TA = OoC to 70°C 

DEFINITION OF TERMS 

Zero Error 

MIN TYP MAX UNIT 

7.5 8.5 V 

-100 p,A 

200 400 mV 

VCC-2 VCC-l V 

1.15 1.22 1.35 V 

±100 ppm/DC 

1 10 p,A 

10 200 p,A 

±10 ±200 pA 

±10 pA 

4.5 8 mA 

25°C, connected as shown in 

MIN TYP MAX UNIT 

0.1 0.4 mV 

0.02 0.1 %FS 

0.998 1.000 1.002 

±10 ppm/oC 

The intercept (b) of the anolog-to-digital converter system transfer function y = mx + b, where y is the 
digital output, x is the analog input, and m is the slope of the transfer function, which is approximated 
by the ratiometric reading. 

Linearity Error 

The maximum magnitude of the deviation from a straight line between the end points of the transfer function. 

Ratiometric Reading 

The ratio of negative integration time (t2) to positive time (q). 
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TL505C 
ANALOG·TO·DIGITAL CONVERTER 

PRINCIPLES OF OPERATION 

A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in 
a modified positive-integration three-step dual-slope conversion mode. The AID converter waveforms during 
the conversion process are illustrated in Figure 2. 

VCC 
RX Cx 

1 Mn 0.01 pF 
liij---- 1111----- (1-0'---- 11T---j 

I 
I 
I 
1(8) 

>-~--~~--+-~IN 

S2C 

Cz : 

B 

1 pF I 

(14): S3A LOGIC DECODE 
ANALOG ~ AND B 1(6) 10 kn 

INPUT (2) I SWITCH DRIVERS 
i3): : 

t-<r--'--+-HA 

L----------------------Q.15T-~J 

MPU 
CONTROLLER 

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 

FUNCTION TABLE 

A------II 
I 

CONTROLS ANALOG 

B ______ ---!i 
I 
I 
I 
I 
I 

INTEGRATOR V1 - rVolofs) 
OUTPUT """"'u_ IT 

cO~~~~;OR n~.~t\Hamm~I _____ "-1 --Ji"'''''.'''' ,I 

--to----+l.I .... ---t1 .1. t2--.... I.~--to--
V1 .. V2 - V3" VI + VOlofs) 

A 

L 

H 

L 

FIGURE 2. CONVERSION PROCESS TIMING DIAGRAMS 

B SWITCHES CLOSED 

L 51.52 
H 53 
H 51.54 
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TL505C 
ANALOG-TO-DiGITAL CONVERTER 

PRINCIPLES OF OPERATION 

The first, step of the conversion cycle is the auto-zero period to during which the integrator offset is stored 
in the auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To 
accomplish this, the MPU takes the A and 8 inputs both low. This is decoded by the switch drivers, which 
close S 1 and S2. The output of the comparator is connected to the input of the integrator through the 
low-pass filter consisting of RZ and CZ. The closed loop of A 1 and A2 will seek a null condition where 
the offsets of the integrator and comparator are stored in Cz and CX, respectively. This null condition 
is characterized by a high-frequency oscillation at the output of the comparator. The purpose of S28 is 
to shorten the amount of time required to reach the null condition. 

At the conclusion of to, the MPU takes the A and 8 inputs both high closing S3 and opening all other 
switches. The input signal VI is applied to the noninverting input of A 1 through CZ. VI is then positively 
integrated by A 1. Since the offset of A 1 is stored in CZ, the change in voltage across Cx will be due to 
only the input voltage. It should be noted that since the input is integrated in a positive integration during 
t1 , the output of A 1 will be the sum of the input voltage, the integral of the input voltage, and the comparator 
offset, as shown in Figure 2. The change in voltage across capacitor Cx (VCX) during q is given by 

(1 ) 

where R1 = RX + RS38 and 

RS38 is the resistance of switch S38. 

At the end of q, the MPU takes the A input low and the 8 input high closing S1 and S4 and opening 
all other switches. In this state, the reference is integrated by A 1 in a negative sense until the integrator 
output reaches the comparator threshold. At this point, the comparator output goes high. This change 
in state is sensed by the MPU, which terminates t2 by again taking the A and 8 inputs both low. During 
t2, the change in voltage across Cx is given by 

where R2 = RX + RS4 + Rref and 

Rref is the equivalent resistance of the reference divider. 

Since a V cx 1 = - a V CX2, equations (1) and (2) can be combined to give 

R1 • t2 
VI = Vref R2 • q 

This equation is a variation on the ideal dual-slope equation, which is 

(2) 

(3) 

(4) 

Ideally then, the ratio of R 1 IR2 would be exactly equal to one. In a typical TL505C system where 
RX = 1 MD, the scaling error introduced by the difference in R 1 and R2 is so small that it can be neglected 
and equation (3) reduces to (4). 
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TL505C 
ANALOG·TO·DlGlTAL CONVERTER 

c 
Q) ANALOG 
r+ 
Q) INPUT 

» 
() 
.c 
c 
iii' 
~' 

0' 
:::s 
n 
:::;' 
() 

C FULL-SCALE ii' ADJUST 

RX 
Cx 

COMP 

TL505 

A 

B 

TYPICAL APPLICATION OAT A 

9V 

SIGNAL OUT 
K(X) 

SEE NOTE 3· 

TMS1000 
10 SERIES 10kn kn 

LOGIC 
RS 

CONTROL 
R9 

LINES 

':' 

SEGMENT -'1-"-' DRIVE 

1=1_11_1 DIGIT 

DRIVE 
TIL312 LED 

DISPLAYS 

NOTE 3: Connect to either 9 V or a v depending on which device in the TMS 1 000 series is used and how it is programmed. 

FROM 
AUDIO 

SYSTEM 

2-90 

FIGURE 3. TL505C IN CONJUNCTION WITH A TMS1000 SERIES MICROPROCESSOR 
FOR A 3-DIGITAL PANEL METER APPLICATION 

56 n 1N914 

1 kO 
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6.SIlF 

12 V 5V 

1N914 
VCC VCC 02 

ANALOG COMP COMP/LAMP 

INPUT TEST 01 

OUT A A 

IN 
REF 

B B 
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TL505 470 pF INPUT d 

J 
TL502 

GND RX2 
b 

CZ1 
33kn 
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CZ2 0.22 
j.lF 
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FIGURE 4. AUDIO PEAK POWER METER 
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• low Cost 

• 7·Bit Resolution 

• Guaranteed Monotonicity 

• Ratiometric Conversion 

• Conversion Speed ... Approximately 1 ms 

• Single-Supply Operation ... Either 
Unregulated a-V to 18-V (VCC2 Inputl. or 
Regulated 3.5-V to G-V (VCC1 Input) 

• 12l Technology 

• Power Consumption at 5.V ... 25 mW Typ 

• Regulated 5.5-V Output (::51 mA) 

description 

The TL507 is a low-cost single-slope analog­
to-digital converter designed to convert analog 
input voltages between 0.25 VCC1 and 0.75 
VCC1 into a pulse-width-modulated output 
code. It contains a 7-bit synchronous counter, 

TL5071, TL507C 
ANALOG·TO·DlGITAL CONVERTER 

D2503. OCTOBER 1979-REVISED SEPTEMBER 1986 

P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

ClK 2 7 VCC2 
GND 3 6 VCCl 

ENABLE u8 RESET 

OUTPUT 4 5 ANALOG INPUT 

FUNCTION TABLE 

ANALOG 

INPUT CONDITION 
ENABLE OUTPUT 

X L t H 

VI < 200 mV H L 

Vramp > VI > 200 mV H H 

VI> Vramp H L 

tLow level on enable also inhibits the reset function. 
H = high level. L = low level. X = irrelevant 

A high level on the reset pin clears the counter to zero, which sets 
the internal ramp to 0.75 Vee. Internal pull down resistors keep 
the reset and enable pins low when not connected. 

a binary weighted resistor ladder network, an operational amplifier, two comparators, a buffer amplifier, 
an internal regulator, and necessary logic circuitry. Integrated-injection logic (I2L) technology makes it 
possible to offer this complex circuit at low cost in a small dual-in-line 8-pin package. 

In continuous operation, it is PQssible to obtain conversion speeds up to 1000 per second. The TL507 
requires external signals for clock, reset, and enable. Versatility and simplicity of operation, coupled with 
low cost, make this converter especially useful for a wide variety of applications. 

The TL507C is characterized for operation from 0 °C to 70°C, and the TL5071 is characterized for operation 
from -40°C to 85°C. 

functional block diagram (positive logic) 

COMPARATOR 2 

ANALOG~(5~) __________________________________ ~, 

INPUT 

CTR 
R R 

MSB~ 
2R 

~ 
4R 

+ ~ 
8R 

~ 
16R 

~ 
32R 

R ~ 
64R 

LSB~ 

0.25 VCC1 

Q indicates an n-p-n open-collector output. 

REGULATOR 

(7) 
VCC2 

(6) 
VeC1 

(3) 
'-------GND 

Copyright © 1 979, Texas Instruments Incorporated 
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TL5071, TL507C 
ANALOG·TO·DlGITAL CONVERTER 

schematics of inputs and outputs 

EQUIVALENT OF ENABLE 

AND RESET INPUTS 

~---
INPUT 1 

EQUIVALENT OF CLOCK 

INPUT 

75kn 

~--
INPUTj--J 

OUTPUT 

.... ---... ----VCC1 

OUTPUT 

EQUIVALENT OF ANALOG 

INPUT 

VCC1----e--

INPUT 

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

Supply voltage, Vee1 (see Note 1) ............................................ 6.5 V 
Supply voltage, Vee2 ....................................................... 20 V 
Input voltage at analog input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage at enable, clock, and reset inputs ................ . . . . . . . . . . . . . . . . .. ± 20 V 
On-state output voltage ...................................................... 6 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 V 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 2) . . . . . . .. 725 mW 
Operating free-air temperature range: TL5071 ............................ - 40 °e to 85°e 

TL507e . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0 °e to 70 0 e 
Storage temperature range ......................................... - 65 °e to 1 50 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Appendix A. 
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TL5071, TL507C 
ANALOG· TO·DlGIT AL CONVERTER 

recommended operating conditions 

MIN NOM 

Supply voltage. VCC1 3.5 5 

Supply voltage. VCC2 8 15 

Input voltage at analog input 0 

Input voltage at chip enable. clock. and reset inputs 

High-level input voltage. V,H. reset and enable 2 

Low-level input voltage. VIL. reset and enable 

On-state output voltage 

Off-state output voltage 

Clock frequency. fclock 0 125 

electrical characteristics over recommended operating free-air temperature range, 
VCC1 = VCC2 = 5 V (unless otherwise noted) 

regulator section 

PARAMETER TEST CONDITIONS MIN TYP* 

VCC1 Supply voltage (output) VCC2 = 10 to 18 V. ICC1 = 0 to -1 mA 5 5:5 

ICC1 Supply current VCC1 = 5 V. VCC2 open 5 

ICC2 Supply current VCC2 = 15 V. VCC1 open 7 

inputs 

PARAMETER TEST CONDITIONS MIN TYP* 

VT+ Positive·going threshold voltage § 

VT- Negative-going threshold voltage § Clock Input 0.4 

Vhvs Hysteresis (VT + - VT -) 2 2.6 

IIH High-level input current VI = 2.4 V 17 

Reset. Enable. and Clock VI = 18 V 130 220 
IlL Low-level input current 

VI = 0 

II Analog input current V, = 4 V 10 

output section 

PARAMETER TEST CONDITIONS MIN TYP* 

IOH High-level output current VOH = 18V 0.1 

IOL Low-level output current VOL = 5.5 V 5 10 

VOL Low-level output voltage IOL = 1.6 mA 80 

operating characteristics over recommended operating free-air temperature range, 
VCC1 = VCC2 = 5.12 V 

PARAMETER TEST CONDITIONS MIN TYP* 

Overall error 

Differential nonlinearity See Figure 1 

Zero error§ Binary count = 0 

Scale error Binary count = 127 

Full scale input voltage § Binary count = 127 3.74 3.82 

Propagation delay time from reset or enable 2 

:I: All typical values are at T A = 25 ac. 
§ These parameters are linear functions of VCC1. 

MAX UNIT 

6 V 

18 V 

5.5 V 

±18 V 

V 

0.8 V 

5.5 V 

18 V 

150 kHz 

MAX UNIT 

6 V 

8 mA 

10 mA 

MAX UNIT 

4.5 V 

V 

4 V 

35 
/lA 

320 

±10 /lA 

300 nA 

MAX UNIT 

100 /lA 

15 mA 

400 mV 

MAX UNIT 

±80 mV 

±20 mV 

±80 mV 

±80 mV 

3.9 V 
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TL5071, TL507C 
ANALOG·TO·DlGITAL CONVERTER 

definitions 

zero error 

The absolute value of the difference between the actual analog voltage at the 01 H-to-OOH transition and 
the ideal analog voltage at that transition. 

overall error 

The magnitude of the deviation from a straight line between the endpoints of the transfer function. 

differential nonlinearity 

The maximum deviation of an analog-value change associated with a 1-bit code change (1 clock pulse) 
from its theoretical value of 1 LSB. 

100 kHz 
CLOCK 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

SN74191 

CLOCK 

OUTPUTS 
DOWN/UP 

SN74191 

RIPPLE 
CLOCK 

CLOCK 

OUTPUTS 
DOWN/UP' 

SN74191 

RIPPLE 
CLOCK 

CLOCK 

OUTPUTS 
DOWN/UP 

4 

4 

4 

ANALOG DEVICES 
AD562 

(or equivalent) 5kn TEST 
POINT 

BITS 9-12 

DAC BITS 5-8 
OUT 

BITS 1-4 

SINGLE 
CLOCK 
PULSE 

':" 

FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT 

TL507 

ANALOG 
INPUT 

OUTPUT 

CLOCK 
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PRINCIPLES OF OPERATION 

TL5071, TL507C 
ANALOG·TO·DlGITAL CONVERTER 

The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage­
to-time or current-to-time converters. A study of the functional block diagram shows the versatility of 
the TL507. 

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary­
weighted resistors from the counter are connected to an operational amplifier used as an adder. The 
operational amplifier generates a signal that ramps from 0.75 • VCCl down to 0.25· VCC1. Comparator 1 
compares· the ramp signal to the analog input signal. Comparator 2 functions as a fault defector. With 
the analog input voltage in the range 0.25 • VCCl to 0.75 • VCC1, the duty cycle of the output signal 
is determined by the unknown analog input as shown in Figure 2 and the 'Function Table. 

For illustration assume VCCl = 5.12 V, 

0.25 • VCC1 

1 binary count 

1.28 V 

(0.75 - 0.25) VCCl 

128 
20 mV 

0.75 • VCCl - 1 count = 3.82 V 

The output is an open-collector n-p-n transistor capable of withstanding up to 18 volts in the off state. 
The output is current limited to the 8- to 12-milliampere range; however, care must be taken to ensure 
that the output does not exceed 5.5 volts in the on state. 

The voltage regulator section allows operation from either an unregulated 8- to 18-volt VCC2 source or 
a regulated 3.5- to 6-volt VCCl source. Regardless of which external power source is used, the internal 
circuitry operates at VCC1. When operating'from a VCCl source, VCC2 may be connected to VCCl or 
left open. When operating from a VCC2 source, VCC1 can be used as a reference voltage output. 

RAMP INPUT TO 
COMPARATOR 1 

OUTPUT FOR 
INPUT LEVEL 1 

OUTPUTFOR J 
INPUT LEVEL 2 . u 

FIGURE 2 

u 

--- 3.S2V 
____ ANALOG INPUT 

LEVEL 1 

_ ANALOG INPUT 
LEVEL 2 

L 
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• Switches ± 10-V Analog Signals 

• TTL Logic Capability 

• 5- to 30-V Supply Ranges 

• Low (1 00 m On-State Resistance 

• High (1011 m Off-State Resistance 

• 8-Pin Functions 

description 

The TL601, TL604, TL607, and TL610 are a 
family of monolithic P-MOS analog switches that 
provide fast switching speeds with high raft/ron 
ratio and no oftset voltage. The p-channel 
enhancement-type MOS switches will accept 
analog signals up to ± 10 volts and are controlled 
by TTL-compatible logic inputs. The monolithic 
structure is made possible by BI-MOS 
technology, which combines p-channel MOS 
with standard bipolar transistors. 

These switches are particularly suited for use in 
military, industrial, and commercial applications 
such as data acquisition, mUltiplexers, A/D and 
D/A converters, MODEMS, sample-and-hold 
systems, signal multiplexing, integrators, pro­
grammable operational amplifiers, programmable 
voltage regulators, crosspoint switching 
networks, logic interface, and many other analog 
systems. 

The TL601 is an SPOT switch with two logic 
control inputs. The TL604 is a dual 
complementary SPST switch with a single 
control input. The TL607 is an SPOT switch with 
one logic control input and one enable input. The 
TL610 is an SPST switch with three logic control 
inputs. The TL61 0 features a higher roft/ron ratio 
than the other members of the family. 

The TL601 M, TL604M, TL607M, and TL610M 
are characterized for operation over the full 
military temperature range of - 55 DC to 125 DC, 
the TL6011, TL6041, TL6071, and TL6101 are 
characterized for operation from - 25 DC to 
85 DC, and the TL601 C, TL604C, TL607C, and 
TL610C are characterized for operation from 
ODC to 70 DC. 

TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

D2161, JUNE 1976-REVISED OCTOBER 1986 

P PACKAGE 

(TOP VIEW) 

TL601 

GND[]8 VCC+ 
A 2 7 S2 
B 3 6 S1 
S 4 5 VCC-

.TL604 

GND[]8 VCC+ 
A 2 7 S1 

S1 3 6 S2 
S2 4 5 VCC-

TL607 

GND[]8 VCC+ 
A 2 7 S2 

ENABLE 3 6 S1 
S 4 5 VCC-

TL610 

GND[]8 VCC+ 
A 2 7 C 

B 3 6 S 

S 4 5 VCC-

TYPICAL OF 
ALL INPUTS 

TYPICAL OF 
ALL SWITCHES 

Copyright © 1979, Texas Instruments Incorporated 
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TL601, TL604, TL607, TL610 
P·MOS ANALOG SWITCHES 

logic symbols t and switch diagrams 

TL601 

X1 

FUNCTION TABLE 

LOGIC INPUTS ANALOG SWITCH 

A B 

t. X 

X L 

H H 

INPUTS 

A ENABLE 

X L 

L H 

H H 

G3 
3X1 

1/1 

S1 

OFF (OPEN) 

OFF (OPEN) 

ON (CLOSED) 

TL607 

S2 

ON (CLOSED) 

ON (CLOSED) 

OFF (OPEN) 

. FUNCTION TABLE 

ANALOG SWITCH 

S1 S2 

OFF (OPEN) OFF (OPEN) 

OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984. 

TL607 logic diagram (positive logic) 

ENABLE .;..(3":")_~....-Ir-~ 

A (2) 

S (4) 

I-----t 

TL602 
S1~(7)S1 

S2~S2 
(7) S1 

(6) S2 

FUNCTION TABLE 

LOGIC INPUT ANALOG SWITCH 

A S1 S2 

H ON (CLOSED) OFF (OPEN) 

L OFF (OPEN) ON (CLOSED) 

TL610 

FUNCTION TABLE 

INPUTS ANALOG SWITCH 

A B C S 

L X X OFF (OPEN) 

X L X OFF (OPEN) 

X x L OFF (OPEN) 

H H H ON (CLOSED) 
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TL601. TL604. TL607. TL610 
P-MOS ANALOG SWITCHES 

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

Supply voltage, Vee + (see Note 1) ........................ . . . . . . . . . . . . . . . . . . .. 30 V 
Supply voltage, Vee _ .................................................... - 30 V 
Vee + to Vee - supply voltage differential. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 V 
eontrol input voltage ..................................................... . Vee + 
Switch off-state voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Switch on-state current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M .... -55°e to 125°e 

TL6011, TL6041, TL607f, TL6101 ... . . . . .. - 25 °e to 85°e 
TL601e, TL604e, TL607e, TL610e ......... ooe to 70 0 e 

Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package. . . . . . . . . . .. 300 0 e 
Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package. . . . . . . . . . . .. 260°C 

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

recommended operating conditions 

TL601M. TL604M TL601l. TL6041 TL601C. TL604C 

TL607M. TL610M TL6071. TL6101 TL607C. TL610C UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage. Vee + (see Figure 1) 5 10 25 5 10 25 5 10 25 V 

Supply voltage, Vee _ (see Figure 1) -5 -20 -25 -5 -20 -25 -5 -20 -25 V 

Vee + to Vee _ supply voltage differential (see Figure 1) 15 30 15 30 15 30 V 

High-level control input voltage, VIH 2 5.5 2 5.5 2 5.5 V 

Low-level control input voltage, VIL All inputs 0.8 0.8 0.8 

Voltage at any analog switch (S) terminal Vee- +8 Vee+ Vee- +8 Vec+ VCC- +8 VCC+ V 

Switch on-state current 10 10 10 mA 

Operating free-air temperature, T A -55 125 -25 85 0 70 °e 
/ 
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TL601, TL604, TL607, TL610 
P·MOS ANALOG SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

2.4V 

PULSE 

(See Noto AI 

+10V 

OR~~OUTPUT I 
-10 V -1 RL = CL = 35 pF 

-- -- 1 kn = 1 (See Noto BI 

TEST CIRCUIT 

NOTES: A. The pulse generator has the following characteristics: 
Zout = 50 {J, tr :5 15 ns, tf :5 15 ns, twO = 500 ns. 

B. CL includes probe and jig capqcitance. 

FIGURE 2 

~
-'"" ,---5V 

INPUT 50% 50% 
I '- ____ J I OV 

ton-ff--.+/ toff~ 

OUTPUT /90% ~O~O 
1 kn 

VO= (10VI 
1kn+ron 

VOLTAGE WAVEFORMS 

TYPICAL CHARACTERISTICS 

SWITCH ON·STATE RESISTANCE SWITCH ON·STATE RESISTANCE 
vs vs 

FREE-AIR TEMPERATURE SWITCH ANALOG VOLTAGE 

1000 1000 

700 700 
~ 
I 400 (II 
u ~ 400 
c 

.~ 200 (II 

a: 
~ 
5 100 
C9 

I 
(II 
u 
r:: 200 
.~ 
(II 

a: 100 
~ 

c 70 0 5 70 
CI) 

.t:. s: 
!::l 40 .~ 

CI) 

VCC+= 10V· I 
c 
~ 20 VCC- = -20 V 

TA = 25°C 

10 

0 40 I 
c 
~ 

VCC+ = 10 V 20 
VCC-= -20 V 
IO(sw) = 1 rnA 

10 
-15 -10 -5 0 5 10 -75 -50 -25 0 25 50 75 100 125 

Vl(sw)-Switch Analog Voltage-V T A-Free-Air Temperature-OC 

FIGURE 3 FIGURE 4 

2-100 TEXAS ." 
INSTRUMENTS 

'POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

electrical characteristics over recommended operating free-air temperature range, Vee + _ 10 V, 
Vee - ... - 20 V, analog switch test current - 1 rnA (unless otherwise noted) 

TL6 __ M 

PARAMETER TEST CONDITIONSt TL6 __ 1 

MIN TYP* MAX 

IIH High-level input current VI = 5.5 V 0.5 10 

IlL Low-level input current VI = 0.4 V -50 -250 

loff Switch off-state current 
Vl(sw) = -10 V, TA = 25°C -400 

See Note 2 TA = MAXT -50 

TL601 

Vl(sw) = 10 V, TL604 55 

IO(sw) = - 1 rnA TL607 

TL610 40 
ron Switch on-state resistance 

TL601 

Vl(sw) = -10 V, TL604 220 

IO(sw) = -1 rnA TL607 

TL610 120 

roff Switch off-state resistance 25 

Con Switch on-state input capacitance Vl(sw) = 0 V, f = 1 MHz 16 

Coff Switch off-state input capacitance Vl(sw) = 0 V, f = 1 MHz 8 

TL601 

Logic input(s) TL604 
5 

at 5.5 V, Enable 
5 

ICC+ Supply current from VCC+ All switch input high 
TL607 

terminals Enable 
3 

open input low 

TL610 5 

TL601 

Logic input(s) TL604 
-1.2 

at 5.5 V, Enable 
-2.5 

ICC - Supply current from VCC- All switch input high 
TL607 

terminals Enable 
-0.05 

open input low 

TL610 

tMAX is 125°C for M-suffix types, 85°C for I-suffix types, and 70 °C for C-suffix types. 
i All typical values are at T A = 25°C except for loff at T A = MAX. 
NOTE 2: The other terminal of the switch under test is at VCC+ = 10 V. 

-1.2 

-100 

100 

80 

400 

300 

10 

10 
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10 

-2.5 

-5 

-0.5 

-2.5 

switching characteristics, Vee ... 10 V, Vee- - -20 V, TA .. 25°e 

I PARAMETER I TEST CONDITIONS 

I toff Switch turn-off time I 
I ton Switch turn-on time I 

. RL = 1 kO, CL = 35 pF, See Figure 2 

TL6 __ C 

MIN TYP* MAX 

0.5 10 

-50 -250 

-500 

-10 -20 

75 200 

40 100 

220 600 

120 400 

20 

16 

8 

5 10 

5 10 

3 5 

5 10 

-1.2 -2.5 

-2.5 -5 

-0.05 -0.5 

-1.2 -2.5 

I MIN TYP MAX 

I 400 500 

I 100 150 

UNIT 

p.A 

p.A 

pA 

nA 

0 

GO 
pF 

pF 

rnA 

rnA 

UNIT J 
ns j 
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. TL601, TL604, TL607, TL610 
P·MOS ANALOG SWITCHES 

Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range 
of operation for supply Vee + from + 5 V to + 25 V is shown on the vertical axis. The range of Vee­
from - 5 volts to - 25 volts is shown on the horizontal axis. A recommended 3D-volt maximum voltage 
differential from Vee+ to Vee- governs the maximum Vee+ for a chosen Vee- (or vice versa). A 
minimum recommended difference of 15 volts from Vee + to Vee - and the boundaries shown in Figure 1 
allow the designer to select the proper combinations of the two supplies. 

The designer-selected Vee + for a chosen Vee _ supply values limit the maximum input voltage that can 
be applied to either switch terminal; that is, the input voltage should be between Vee _ + 8 V and Vee + 
to keep the on-state resistance within specified limit~. 
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RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 

30~---r----~--~----~--~--~ 

25r----r----+----+----~---7--~ 

20 

15 

10 

o~--~----~--~----~--~--~ 
-30 -25 -20 -15 -10 

VCC_-Supply Voltage-V 

FIGURE 1 
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PRODUCT 
PREVIEW 

• Low Clock-to-Cutoff-Frequency Ratio Error 
TLC04 ... ± 0.8% 
TLC14 ... ± 1% 

• Filter Cutoff Frequency Dependent Only on 
External-Clock Frequency Stability 

• Minimum Filter Response Deviation Due to 
External Component Variations Over Time 
and Temperature 

• Cutoff Frequency Range from 0.1 Hz to 
20 kHz 

• 5-V to 12·V Operation 

• Self Clocking or TTL-Compatible and CMOS­
Compatible Clock Inputs 

• Designed to be Interchangeable with 
National MF4-50 and MF4-100 

description 

TLC04, TLC 14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 
02970. NOVEMBER. 1986 

D OR N PACKAGE 

ITOP VIEW) 

ClKIN D8 FILTER IN 
CLKR 2 7 VCC+ 

LS 3 6 AGND 

VCC _ 4 5 FILTER OUT 

The TLC04 and TLC 14 are monolithic Butterworth low-pass switched-capacitor filters. Each is designed 
as a low-cost, easy-to-use device and to provide accurate fourth-order low-pass filter functions in circuit 
design configurations. 

Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability. 
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50: 1 with less than 
± 0.8% error for the TLC04 and a clock-to-cutoff frequency ratio of 100: 1 with less than ± 1 % error for 
the TLC 14. The input clock features self-clocking or TTL- or CMOS-compatible options in conjunction with 
the level shift (LS) pin. . 

The TLC04 and TLC 14 are characterized for operation from OOC to 70°C. 

functional block diagram 

VCC+_17_1_ 

131 LS--------------e-----a 

FILTER IN _18_1 __________________ -1 

AGND_16_1 __________________ ~ 

VCC-~ 

Copyright © 1986. Texas Instruments Incorporated 
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PRODUCT PREVIEW documents contain information 
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development. Characteristic data anil other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
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TLC04, TLC14· . 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

pin description 

PIN 

NAME NO. 
1/0 DESCRIPTION 

PRODUCT 
PREVIEW 

AGND 6 I Analog Ground - The noninverting input to the operational amplifiers of the Butterworth fourth-order low-

pass filter. 

ClKIN 1 I Clock In - The clock input terminal for CMOS-compatible clock or self-clocking options. For either option, 

the level Shift (lS) terminal is at VCC _. For self-clocking, a resistor is connected between the ClKIN and 

ClKR terminal pins and a capacitor is connected from the ClKIN terminal pin to ground. 

ClKR 2 I Clock R - The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected 

to mid-supply and the ClKIN pin may be left open, but it is recommended that it be connected to either 

VCC+ or VCC-· 
FilTER IN 8 I Filter Input 

FilTER OUT 5 0 Butterworth fourth-order low-pass Filter Output 

lS 3 I level Shift - This terminal accommodates the various input clocking options. For CMOS-compatible clocks 

or self-clocking, the level-shift terminal is at VCC _ and for TTL-compatible clocks, the level-shift terminal 

is at mid-supply. 

VCC+ 7 I Positive supply voltage terminal 

VCC- 4 I Negative supply voltage terminal 

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

Supply voltage, Vee ± (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 De to 70°C 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTE 1: All voltage values are with respect to the AGND terminal. 

recommended operating conditions 

TLC04 TLC14 

MIN MAX MIN 
UNIT 

MAX 

VCC+ Positive supply voltage 2.5 6 2.5 6 V 

VCC- Negative supply voltage -2.5 -6 -2.5 -6 V 

VIH High-level input voltage 2 2 V 

Vil Low-level input voltage 0.8 0.8 V 

fclock Clock frequency (see Note 2) 5 1x106 10 1x106 Hz 

fco Cutoff frequency (see Note 3) 0.1 20x103 0.1 10x103 Hz 

TA Operating free-air temperature 0 70 0 70 DC 

NOTES: 2. Above 250 kHz, the input clock duty cycle should be at 50% to allow the operational amplifiers the maximum time to settle 
while processing analog samples. 

3. The cutoff frequency is defined as the frequency where the response is 3.01 dB less than the dc gain of the filter. 
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PRODUCT 
PREVIEW 

TLC04, TLC14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 

electrical characteristics over recommended operating free-air temperature range, vee + 
Vee - = - 2.5 V, fclock ~ 250 kHz (unless otherwise noted) 

filter section 

TLC04 TLC14 
PARAMETER TEST CONDITIONS 

Typt Tvpt MIN MAX MIN MAX 

VOO Output voltage offset -150 -300 

I VOM+ 2 2.3 2 2.3 
YOM Peak output voltages RL = 5 kfl 

VOM- -1 -1.5 -1 -1.5 

Source TA = 25°C, -0.5 -0.5 
lOS Short-circuit output current ~ See Note 4 28 28 

ICC Supply current fclock = 250 kHz 1.5 2.25 1.5 2.25 

2.5 V, 

UNIT 

mV 

V 

rnA 

rnA 

NOTE 4: lOS (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 
supply (Vec _) terminal. lOS (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply (Vee +) terminal. 

operating characteristics over recommended operating free-air temperature range, Vee + 
Vee - = - 2.5 V (unless otherwise noted) 

PARAMETER 
TLC04 TLC14 

TEST CONDITIONS 
Typt Typt MIN MAX MIN MAX 

Clock-to-cutoff-frequency ratio 
fclock :;; 250 kHz, 

(f clock/f co) 
TA = 25°C 49.27 50.07 50.87 99 100 101 

Temperature coefficient of 
fclock :;; 250 kHz 

clock-to-cutoff frequency ratio 
-25 0 25 -25 0 25 

fco = 5 kHz, f = 6 kHz -8.11 -7.57 -7.03 
fclk = 250 kHz, 

Frequency response above and below TA = 25°C f = 4.5 kHz -1.7 -1.46 -1.22 

cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 kHz -7.92 -7.42 -6.92 
fclk = 250 kHz, 

TA = 25°C f = 2.25 kHz -1.77 -1.51 -1.25 

Dynamic range (see Note 6) TA = 25°C 80 78 

Stop-band frequency 
fclock :;; 250 kHz 24 25 24 25 

attentuation at 2 f co 

DC voltage amplification fclock :;; 250 kHz, RS :;; 2 kfl -0.15 0 0.15 -0.15 0 0.15 

Peak-to-peak clock 
TA = 25°C 15 15 

feedthrough voltage 

t All typical values are at T A = 25°C. 
NOTES: 5. The frequency responses at f are referenced to a dc gain of 0 dB. 

2.5 V, 

UNIT 

ppm/DC 

dB 

dB 

dB 

dB 

dB 

mV 

6. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typically 
282 p.V rms for the TlC04 and 355 p.V rms for the TlC14. 
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TLC04, TLC14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

PRODUCT 
PREVIEW 

electrical characteristics over recommended operating free-air temperature range, Vee + 
vee - = - 5 V, f clock :S 250 kHz, (unless otherwise noted) 

5 V, 

c 
D) 
r+ 
D) 

» 
(') 
.c 
c 
(ii' 
;:;' 

filter section 

PARAMETER 

VOO Output voltage offset 

VOM Peak output voltages 

lOS Short-circuit output curren~ 

lee Supply current 

TEST CONDITIONS 
MIN 

~ 4 
Rl = 5 k!l 

VOM- -4 

Source TA = 25°e, 
r--

Sink See Note 4 

fclock = 250 kHz 

TlC04 TLC14 
Typt MAX MIN Typt MAX 

UNIT 

-200 -400 mV 

4.5 4 4.5 
V 

-4.1 -4 -4.1 

-1.5 -1.5 
mA 

50 50 

2.5 3.5 2.5 3.5 mA 

0' NOTE 4: lOS (source current) is measured by forcing the output to its maximum positive voltage and then snorting the output to the negative 
:::l supply (Vee _) terminal. lOS (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
(") the output to the positive supply (Vee +) terminal. 

~' 

2 clocking section 
;:;' 
en 

-c 
::D o 
C 
c: 
(") 
-I 
-C 
::D 
m 
< -

PARAMETER 

VT+ Positive'going input threshold voltage 

VT- Negative-going input threshold voltage 

Vhys Hysteresis (VT + - VT - ) 

VOH High-level output voltage 

VOL low-level output voltage 

Input leakage current 

Output current 

Output current 

t All typical values are at T A = 25°C. 
- tVee = Vee+ - Vee-· 

2-106 

TEST CONDITIONS* 

Vee = 10V 

Vee = 5 V 

elKIN 
Vee = 10V 

Vee = 5 V 

Vee = 10V 

Vee = 5 V 

Vee = 10V 
10 = -10 p.A 

Vee = 5 V 

Vee = 10 V 
10 = 10 p.A 

Vee = 5 V 

Vee = 10 V Level Shift pin at mid-supply, 
eLKR 

Vee = 5 V TA = 25°C 

Vee = 10V 
eLKR shorted to Vee-

Vee = 5 V 

Vee = 10V 
eLKR shorted to Vee + 

Vee = 5 V 

TEXAS -111 
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POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

MIN Typt MAX UNIT 

6.1 7 8.9 
V 

3.1 3.5 4.4 

1.3 3 3.8 
V 

0.6 1.5 1.9 

2.3 4 7.6 
V 

1.2 2 3.8 

9 
V 

4.5 

1 

0.5 
V 

2 

2 
p.A 

-3 -6 
mA 

-0.75 -1.5 

2.5 -5 

0.65 1.3 
mA 



PRODUCT 
PREVIEW 

TLC04, TLC14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCH ED·CAPACITOR . FILTERS 

operating characteristics over recommended operating free-air temperature range, Vee + = 5 V, 
Vee - = - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

TLC04 
Typt MAX 

TLC14 

MIN Typt 
UNIT 

MAX 

Clock-to-cutoff-frequency ratio 
fclock :5 250 kHz, 

(fclock/fco) 
TA = 25°C 49.58 49.98 50.38 99 100 101 

Temperature coefficient of 
fclock :5 250 kHz -15 0 

clock-to-cutoff frequency ratio 
15 -15 0 15 ppm/oC 

, fco = 5 kHz, f = 6 kHz -7.84 -7.57 -7.3 
fclk = 250 kHz, dB 

Frequency response above and below TA = 25°C f = 4.5 kHz - 1.56 -1.44 -1.32 

cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 kHz -7.67 -7.42 -7.17 
fclk = 250 kHz, dB 

TA = 25°C f = 2.25 kHz -1.64 -1.51 -1.38 

Dynamic range (see Note 7) TA = 25°C 80 78 dB 

Stop-band frequency 
fclock :5 250 kHz 24 

attentuation at 2 fco 
25 24 25 dB 

DC voltage amplification fclock :5 250 kHz, RS :5 2 kO -0.15 0 0.15 -0.15 0 0.15 dB 

Peak-to-peak clock 
TA = 25°C 25 25 mV 

feedthrough voltage 

t All typical values are at T A = 25°C. 
NOTES: 5. The frequency responses at f are referenced to a dc gain of 0 dB. 

7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typically 
282 /LV rms for the TLC04 and 355 /LV rms for the TLC14. 
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TLC04. TLC 14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

5V------------------------~ 

r
- - ____ 1)_ 

(3)ILS 

I 
CMOSlJI- +_5_V-+-_..;,..(1..;,..) I_C_LK_IN----t 

CLKIN I 
-5 V (2) CLKR 

I 
I 
I 
I 

vcc+ 
TLC04/TLC14 

LEVEL - - --, 

I 
I 
I 
I 
I 
I 
I 
I 

PRODUCT 
PREVIEW 

(8)1 FILTER IN I 
(6)1 AGND FILTER (5) 

-= I OUT I 

2-108 

L ______ ;:'CC-_____ ~ __ -1 
(4) 

-5V---.--------------------~ 

FIGURE 1. CMOS-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION 

5V--~---------~ 

(7) TLC04/TLC14 

r - - - - - VCC+ - -L~L- - - - -. 

(3)1 LS SHIFT I 
I I 

TTLlJI_5V 
CLKR ______ ....;......;...;",,:,,;:.....-____________ ---J 

I 
I 
I 
I 
I 
I 
I 

OV 

(8) I FILTER IN I 
FILTER (5) 

(6)1 AGND OUT I 

I I 
L VCC- J 
-~-- --J4) -- -- ---

-5 V 

FIGURE 2. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION 
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PRODUCT 
PREVIEW 

TLC04, TLC 14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION OAT A 

5v------------------------~ 

r 
- - - - __ b __ ~e~T~1~ __ , 

(311LS 

I 
(1)ICLKIN 

R (21ICLKR 

~e 

Vce+ LEVEL 

FIL TER_+-__ --..,;( ...... 81.;..1 F_IL_T_ER_I_N ____________ --I 
INPUT FILTER 51 

(Gil AGND OUT 

~ I I L ______ Vce-________ .J 
(41 

-5V--.---------------------~ 

1 
fclock - ..... R":"'e -x-ln~fI(;:-:v:-ee----:'V-:-T--\) --;(r-:-V:-T.....,+):"'i'~ 

~ Vce - VT + VT - ~ 

For Vee - 10 V. 

1 
fclock - 1.G9 Re 

FIGURE 3. SELF·CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR. DUAL·SUPPLY OPERATION 
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TLC04, TLC14 
BUTTERWORTH FOURTH,ORDER LOW,PASS 
SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

+10V--------~--------------------~ 

(7) TlC04/TLC14 

PRODUCT 
PREVIEW 

r-.- - - - VCC+ - -l~E~ - ---, 

(3)1 lS SHIFT 

qrr-+ 10 V (1)IClKIN 
CMOS --4-----~~~----~ 
ClKIN I 

OV I 
(SEE NOTE A) 

I 
TT71 r-l-~-5_V~ ______ r-(_2~)I~C_l_K_R ______________ ~ 
C~R,~ ~ I 

, 0 V 10 kG I 

OUT 

(8)1 FilTER IN 
FilTER IN ~5 VOC --+-----+---:;~~~...;.:.;..--------------...... 

(SEE NOTE B) (6)1 AGND 
FilTER (5) 

I L ___ ~_~~~ _______ ~ 
10 kG (4) 

(SEE NOTE C) 

NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger. 
B. The Filter input signal should be dc-biased to mid-supply or ac-coupled to the terminal. 
C. The AGND terminal must be biased to mid-supply. 

FIGURE 4. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION 
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PRODUCT 
PREVIEW 

TLC04, TLC14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

+10V------------.-------------------------~ 

R 

10 kD 

0.1 pF 

(7) 

r-- - - - ---VcC+ - - - - - --- ., 

(3) lS 

(1 ) ClKIN 

(2) ClKR 

(8) FilTER IN 

(S) AGND 

lEVEL 

FilTER 
OUT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1(5) 

I 
I L ________ ~~ ________ ~ 

10 kD (4) 

(SEE NOTE A) 

fclock - RC x In [(~~~ = ~~:) (~~~)J 
For VCC - 10 V. 

1 
fclock - 1.S9 RC 

NOTE A: The AGND terminal must be biased to mid-supply. 

FIGURE 5. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR. 
SINGLE-SUPPLY OPERATION 
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TLC04, TLC14 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

5V--~------------------------------, 
(7) 

PRODUCT 
PREVIEW 

r - - - - ----VCC.;---------, 

(3) LS 

CLOCK __ -+-__ t--__ --..,;(....;1 )~C;.;;L.;..;..KI.;..;..N--_I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INPUT 

10 kO >4--+--" 

(2) CLKR 

(8) FILTER IN FILTER I 
OUT 1(5) 

(6) I AGND : 

L _________ VCC.:.. ________ .J 
0.11'F (4) 

-5V--~~~-.----------------------~ 

FIGURE 6. DC OFFSET ADJUSTMENT 
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PRODUCT 
PREVIEW 

TLC0820A, TLC0820B 
ADVANCED LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

• Advanced LinCMOST
• Silicon-Gate 

Technology 

• 8-Bit Resolution 

• Differential Reference Inputs 

• Parallel Microprocessor Interface 

• Conversion Time 
Write-Read Mode ... 0.9 p's and 1.1 p's 

Read Mode ... 2.5 p's Max 

• No External Clock or Oscillator Components 
Required 

• On-Chip Track-and-Hold 

• Low Power Consumption ... 50 mW Typ 

• Single 5-V Supply 

• TLC0820B is Direct Replacement for 
National Semiconductor ADC0820B/BC and 
Analog Devices AD7820L/C/U; 
TLC0820A is Direct Replacement for 
National Semiconductor ADC0820C/CC and 
Analog Devices AD7820K/B/T 

description 

02873. SEPTEMBER 1986-REVISEO OCTOBER 1986 

TLC0820AM. TLC0820BM •.. J OR N PACKAGE 
TLC0820AI. TLC0820BI ... N PACKAGE 

TLC0820AC. TLC0820BC ... N PACKAGE 

(TOP VIEW) 

ANLG IN Vee 
(LSB) 00 Ne 

01 OFLW 
02 07, (MSB) 
03 06 

WR/ROY 05 
MOOE 04 

RO es 
INT REF+ 

GNO REF-

TLC0820AM. TLC0820BM ... FK PACKAGE 
TLC0820AI. TLC0820BI ... FN PACKAGE 

TLC0820AC. TLC0820BC ... FN PACKAGE 

03 5 

WR/ROY 6 

MOOE 7 

RO 8 

(TOP VIEW) 

3 2 1 20 19 

9 1011 1213 

NC-No internal connection 

18 OFLW 
17 07 (MSB) 
16 06 
15 05 
14 04 

The TLC0820A and TLC0820B are Advanced LinCMOS'" 8-bit analog-to-digital converters each consisting 
of two 4-bit "flash" converters, a 4-bit digital-to-analog converter, a summing (error) amplifier, control 
logic, and a result latch circuit. The modified "flash" technique allows low-power integrated circuitry to 
complete an 8-bit conversion in 1.4 microseconds. The on-chip track-and-hold circuit has a 100-nanosecond 
sample window and allows the TLC0820A and TLC0820B to convert continuous analog signals having 
siew rates of up to 100 millivolts per microsecond without external sampling components. TTL-compatible 
three-state output drivers and two modes of operation allow interfacing to a variety of microprocessors. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

The TLC0820AM and TLC0820BM are available in both the N plastic and the J ceramic packages and 
are characterized for operation over the full military temperature range of - 55°C to 125°C. The TLC0820AI 
and TLC0820BI are characterized for operation from - 40°C to 85 DC. The TLC0820AC and TLC0820BC 
are characterized for operation from OOC to 70°C. 

Advanced linCMOS is a trademark of Texas Instruments. 

Copyright © 1986. Texas Instruments Incorporated 
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TLC0820A. TLC0820B 
ADVANCED LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DlGlTAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

functional block diagram 

REF+ 

REF-

(12) 4-BIT FLASH 

(11) 
ANALOG-TO- 4 4 

DIGITAL , , 
CONVERTER 

(4 MSBs) 

4 , 

~ 4-BIT 
OUTPUT 

DIGITAL-
LATCH 

~ I--
TO-ANALOG 

r-- AND 

~ CONVERTER 
3-STATE 
BUFFERS 

""-
4-BIT FLASH 
ANALOG-TO-

l: '- DIGITAL 4" , 
'--- -1 CONVERTER 

ANLG IN 
(1) 

+1 (4 LSBs) 

n 
MODE 

(7) 

WR/RDY 

CS 

(6) TIMING 

(13) AND 
CONTROL 

RD 
(8) 
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PRODUCT 
PREVIEW 

PIN 

NAME 

ANLG IN 

CS 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

GND 

INT 

MODE 

Ne 

OFLW 

RD 

REF-

REF+ 

Vee 

WR/RDY 

NUMBER 

1 

13 

2 

3 

4 

5 

14 

15 

16 

17 

10 

9 

7 

19 

18 

8 

11 

12 

20 

6 

TLC0820A, TLC0820B 
ADVANCED LinCMOS™ HIGH·SPEED 8·BIT ANALOG·TO·DlGlTAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

DESCRIPTION 

Analog input 

This input must be low in order for RD or WR to be recognized by the ADe. 

Three-state data output. bit 1 (LSB) 

Three-state data output. bit 2 

Three-state data output. bit 3 

Three-state data output. bit 4 

Three-state data output. bit 5 

Three-state data output. bit 6 

Three-state data output. bit 7 

Three-state data output. bit 8 (MSB) 

Ground 

In the WRITE-READ mode. the interrupt output. INT. going low indicates that the internal count-down delay time; 

td(int). is complete and the data result is in the output latch. td(int) is typically 800 ns starting after the rising 

edge of the WR input (see operating characteristics and Figure 3). If RD goes low prior to the end of td(int). 

INT goes low at the end of tdRIL and the conversion results are available sooner (see Figure 2). INT is reset by the 

rising edge of either RD or es. 

Mode-selection input. It is internally tied to GND through a 50-uA current source. which acts like a pull-down 

resistor. 

READ mode: Occurs when this input is low. 

WRITE-READ mode: Occurs when this input is high. 

No internal connection 

Normally the OFLW output is a logical high. However. if the analog input is higher than the VREF +. OFLW 

will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9 

or 1O-bits). 

In the WRITE-READ mode with es low. the 3-state data outputs DO through D7 are activated when RD goes 

low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal 

count-down delay time. As a result. the data transferred to the output latch is latched after the falling edge of RD. 

In the READ mode with es low. the conversion starts with RD going low. RD also enables the three-state 

data outputs upon completion of the conversion. The RDY output going into the high-impedance state and 

INT going low indicates completion of the conversion. 

This input voltage is placed on the bottom of the resistor ladder. 

This input voltage is placed on the top of the resistor ladder. 

Power supply voltage 

In the WRITE-READ mode with es low. the conversion is started on the falling edge of the WR input signal. 

The result of the conversion is strobed into the output latch after the internal count-down delay time. td(int). 

provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns. 

In the READ mode. RDY (an open-drain output) will go low after the falling edge of es. and will go into the 

high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface 

to a microprocessor system. 
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TLC0820A. TLC0820B 
ADVANCED LinCMOSTM HIGH-SPEED 8-BIT ANALOG-TO-DiGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

PRODUCT 
PREVIEW 

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

II 
c 
D) .... 
D) 

:t> 
(") 
.c 
r:::: 
(ii' 
;:::;" 
0' 
::s 
(") 
~' 
(") 

Supply voltage, Vee (see Note 1) 

Input voltage range, all inputs (see Note 1) 

Output voltage range, all outputs (see Note 1) 

Operating free-air temperature range 

Storage temperature range 

ease temperature for 60 seconds: FK package 

ease temperature for 10 seconds: FN package 

Lead temperature 1,6 mm (1/16 inch) from case 

for 60 seconds: J package 

Lead temperature 1,6 mm (1116 inch) from case 

for 10 seconds: N package 

r:::: 
;:::;" NOTE 1: All voltages are with respect to network ground terminal, pin 1 O. 
o \ 

recommended operating conditions 

TLC0820AM 

TLC0820BM 

10 

-0.2 to 

Vee+ 0 .2 

'-0.2 to 

Vee+ 0 .2 

-55t0125 

-65 to 150 

260 

300 

260 

TLC0820AI TLC0820AC 

TLC0820BI TLC0820BC 

10 10 

-0.2 to -0.2 to 

Vee+ 0 .2 Vee+ 0 .2 

-0.2 to -0.2 to 

Vee+ 0 .2 Vee+ 0 .2 

-40 to 85 o to 70 

-65 to 150 -65 to 150 

260 260 

260 260 

TLC0820AM TLC0820AI TLC0820AC 

"tJ 
:J:J o 
C 
C 
(") 
-I 
"tJ 
:J:J 
m ::; 
m 
~ 

Supply voltage, Vee 

Analog input voltage 

Positive reference voltage, VREF + 

Negative reference voltage, VREF-

High-level input Vee = 4.75 V es, WR/RDY, RD 

voltage, VIH to 5.25 V MODE 

Low-level input Vee = 4.75 V es, WR/RDY, RD 

voltage, VIL to 5.25 V MODE 

Delay time from WR to RD in write-read mode, 

tdWR (see Figures 2 and 3) 

Write-pulse duration in write-read mode, tww 

(see Figures 2, 3, and 4) 

Operating free-air temperature, T A 

2-116 

TLC0820BM TLC0820BI 

MIN NOM MAX MIN NOM MAX 

4.5 5 8 4.5 5 8 

-0.1 VCC+ O.1 -0.1 VCC+O.l 

VREF- Vee VREF- Vee 
GND VREF+ GND VREF+ 

2 2 

3.5 3.5 

0.8 0.8 

1.5 1.5 

0.6 0.6 

0.6 50 0.6 50 

-55 125 -40 85 

TEXAS .. 
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TLC0820BC 

MIN NOM MAX 

4.5 5 8 

-0.1 VCC+O.l 

VREF- Vee 
GND VREF+ 

2 

3.5 

0.8 

1.5 

0.6 

0.6 50 

a 70 

UNIT 

V 

V 

V 

°e 

°e 

°e 

°e 

°e 

°e 

UNIT 

V 

V 

V 

V 

V 

V 

p's 

p's 

°e 



PRODUCT 
PREVIEW 

TLC0820A. TLC08208 
ADVANCED LinCMOS™ HIGH·SPEED 8·81T ANALOG·TO·DlGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

electrical characteristics over recommended operating free-air temperature range, Vee = 5 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Any D, INT, Vee = 4.75 V, IOH = -360 p.A 2.4 
VOH High-level output voltage 

orOFLW 
V 

Vee = 4.75 V, IOH = -10 p.A 4.5 

VOL Low-level output voltage 
Any D, OFLW, 

Vee = 5.25 V, 10L = 1.6 mA 0.4 V 
INT, or WR/RDY 

es or RD 0.005 1 

IIH High-level input current WR/RDY VIH = 5 V 0.1 3 p.A 

MODE 50 200 

IlL Low-level input current 
es, WR/RDY, 

VIL = 0 -0.005 -1 p.A 
RD, or MODE 

Off-state (high-impedance Any D or Vo = 5 V 0.1 3 
10Z 

state) output current WR/RDY Va = 0 -0.1 -3 
p.A 

es at 5 V, VI = 5 V 3 
II Analog input current p.A 

es at 5 V, VI = 0 -3 

Any D, OFLW, INT, 
Va = 5 V, TA = 25°C 7 14 

orW'R/RDY 
lOS Short-circuit output current mA 

Any D or OFLW -6 -12 
Va = 0, TA = 25°C 

INT -4.5 -9 

Rref Reference resistance 1.25 2.3 6 kO 

ICC Supply current es, WR/RDY, and RD at 0 V 7.5 15 mA 

Any digital 5 
ei Input capacitance 

Analog (pin 1) 45 
pF 

Co Output capacitance Any digital 5 pF 

t All typical values are at T A = 25°C. 
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TLC0820A, TLC0820B 
ADVANCED LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DlGlTAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

PRODUCT 
PREVIEW 

\ 

operating characteristics, Vee = 5 V, VREF+ == 5 V, VREF- = 0, tr = tf == 20 ns, TA == 25°e 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

TLC0820A 

TVP MAX 

TLC0820B 

MIN TVP MAX 
UNIT 

kSVS 
Supply voltage 

VCC = 5 V ± 5% ±1/16 
sensitivity 

± 114 ± 1/16 ±1/4 lSB 

Total unadjusted error t MODE pin at 0 V 1 1/2 lSB 

Read mode 
MODE pin at 0 V, See Figure 1 1.6 2.5 1.6 2.5 tconvR conversion time 

P.s 

Internal count- MODE pin at 5 V, Cl = 50 pF, 
800 1300 800 1300 td(int) 

down delay time See Figures 3 and 4 
ns 

taR Access time from RD! MODE pin at 0 V, See Figure 1 tcomiR tconvR tconvR tconvR 
ns 

+20 +50 +20 +50 
MODE pin at 5 V. Cl = 15 pF 190 280 190 280 

taR1 Access time from RD! tdWR < td(int), 
Cl = 100 pF 210 320 210 320 

ns 

See Figure 2 

MODE pin at 5 V, Cl = 15 pF 70 120 70 120 

taR2 Access time from RD! tdWR > td(int) 
CL = 100 pF 90 150 90 150 

ns 

See Figure 3 

taiNT Access time from INT! MODE pin at 5 V, See Figure 4 20 50 20 50 ns 

tdis Disable time from RDt 
Rl = 1 kO, Cl = 10 pF. 

See Figures 1, 2, 3. and 5 
70 95 70 95 ns 

Delay time from MODE pin at 0 V, Cl = 50 pF, 
tdRDV CS! to RDY! See Figure 1 

50 100 50 100 ns 

Delay time from Cl = 50 pF. 
125 tdRIH 

RDt to INn See Figures 1, 2. and 3 
225 125 225 ns 

Delay time from MODE pin at 5 V, tdWR < td(int). 
200 290 200 290 ns tdRll 

RD! to INT! See Figure 2 

tdWIH 
Delay time from MODE pin at 5 V, Cl = 50 pF, 

175 270 175 270 ns 
WRt to INn See Figure 4 

td(NC) 
Delay to next 

See Figures 1, 2. 3, and 4 500 500 ns 
conversion 

Slew rate tracking 0.1 0.1 V/p.s 

t Total unadjusted error includes offset, full-scale. and linearity errors. 
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PRODUCT 
PREVIEW 

TLC0820A, TLC0820B 
ADVANCED LinCMOS™ HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

PARAMETER MEASUREMENT INFORMATION 

cs } _______ ...J! " \ "-----
I 

\-------', \-~--
I j.--td(NC)~ 

1 ~II ~ I 
I\,,-!. ____ ,..-WITH fXTERNAL PULL-UP 

-41 jiftdROY ~ r,:tdRIH 

1 "- 111 ---
INT I ~~ __ ~r 

I4-tconvR-.j I 

0007 ------t=t:R~ ~ ~:t:-----

WR/ROY 

FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW) 

CS ~ I _______ \ ___ L.. 
twwH 

WR/ROY ~""---------r.--

I 

FIGURE 2. WRITE-READ MODE WAVEFORMS 
[MODE PIN HIGH AND tdWR < td(int)] 

FIGURE 3. WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tdWR > td(int)] 

CS LOW -------------

RO LOW ---~--------­
tww~,_---__ 

WR/ROY 

!+-td(intJ~ I+-taiNT 

00-07 ---~) ( ~:~~ }-

FIGURE 4; WRITE-READ MODE WAVEFORMS 
(STAND-ALONE OPERATION, MODE PIN tiIGH, AND RD LOW) 
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TLC0820A, TLC0820B 
ADVANCED LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DlGlTAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

INPUT 

INPUT 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

TLC0820 

RD 
DATA 

On 
OUTPUT 

GND 

CL 1 kO 

":" 

VCC 

TLC0820 
1 kO 

RD DATA 
On OUTPUT 

CS 
GND 

CL 

CL - 10 pF 

--+jtrr+"-
VCC -- -1-ir::-:90~%:----

RD 1 50% 
110% 

GND 1 
~ tdisl+-

VOH 1 
DATA ~O% 

OUTPUTS "'--
GND-------= 

tr - 20 ns 

CL - 10 pF 

--+jtq+_ 
VCC---..1.-1!-r.:-:~--_ 1 90% 

RD 1 50% 

GND 110% 
I 

--+t tdis 14-
VCC I 

DATA ~I 
OUTPUTS 10% 

VOL 

tr - 20 ns 

On - 00 ..• 07 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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PRODUCT 
PREVIEW 

TLC0820A, TLC08208 
ADVANCED LinCMOS™ HIGH·SPEED 8·81T ANALOG·TO·DlGlTAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

PRINCIPLES OF OPERATION 

The TLC0820A and TLC0820B each employ a combination of "sampled-data" comparator techniques and 
"flash" techniques common to many high-speed converters. Two 4-bit "flash" analog-to-digital conversions 
are used to give a full 8-bit output. 

The recommended analog input voltage range for conversion is - 0.1 V to VCC + 0.1 V. Analug input signals 
that are less than VREF _ + % LSB or greater than VREF + - % LSB convert to 00000000 or 11111111 
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails. 
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to 
be varied for ratiometric conversion by changing the VREF + and VREF - voltages. 

The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7). 
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used 
as an output and is referred to as the "ready" pin. In this mode, a low on the "ready" pin while CS is low 
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than 
2.5 microseconds later when INT falls and the "ready" pin returns to a high-impedance state. Data outputs 
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT 
returns high, and the data outputs return to their high-impedance states. 

The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the "write" pin. 
Taking CS and the "write" pin low selects the converter and initiates measurement of the input signal. 
Approximately 600 nanoseconds after the "write" pin returns high, the conversion is completed. Conversion 
starts on the rising edge of WR/RDY in the write-read mode. 

The high-order 4-bit "flash" ADC measures the input by means of 16 comparators operating simultaneously. 
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After 
a time delay, a second bank of comparators does a low-order conversion on the analog difference between 
the input level and the high-order DAC output. The results from each of these conversions enter an 8·bit latch 
and are output to the three-state buffers on the falling edge of RD. 
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TLC0820A, TLC0820B 
ADVANCED LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

TYPICAL APPLICATION DATA 

r"'\. es (13) cs Vee 
WR (6) 

WR/ROY ANLG 

rt> IN 

~ jffi 
DO (2) 

DO MODE 
01 (31 

01 REF+ 
I'P 02 (4) 

02 
BUS 03 (5) 

03 
04 (14) 

04 
05 (15) 

05 REF-
06 (16) 

06 
07 (17) 

07 
08 

OFL (18) 
OFLW GNO 

~ 
IL~ 

(13) 
cs Vee 

(6) 
WR/ROY ANLG 

IN 

~ jffi -
(2) 

DO MODE 
(3) 

01 REF+ 
(4) 

02 
(5) 

03 
(14) 

04 
(15) 

05 REF 
(16) 

06 
(17) 

07 
(18) 

OFLW GNO 

(20) 
r--5V 
(1) 

(7) 
1---5 V 
(12) 

(11) 

(10) 
~ 

~ 

(20) 
~5V 
(1) 

(7) 
1-5 V 
(12) 

PRODUCT 
PREVIEW 

ANLG IN 

to 
5V 

to 

. to.,P 

(11) 

-~ ':" 

F 

(10) :;:: ~0.1ILF 
~~ 

~ 

." 
::xl o 
C 
c 
(") 
-I FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION 
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ADVANCE 
INFORMATION 

TLC10, TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

• Maximum Clock to Center· Frequency Ratio 
Error 

TLC10 ... ±O.S% 
TLC20 ... ± 1.5% 

• Filter Cutoff Frequency Stability Dependent 
Only on External·Clock Frequency Stability 

• Minimum Filter Response Deviation Due to 
External Component Variations over Time 
and Temperature 

• Critical· Frequency Times Q Factor Range Up 
to 200 kHz 

• Critical-Frequency Operation Up to 30 kHz 

• Designed to be Interchangeable with: 
National MF10 
Maxim MF10 
Linear Technology LTC10S0 

description 

The TLC1 0 and TLC20 are monolithic general­
purpose switched-capacitor CMOS filters each 
containing two independent active-filter 
sections. Each device facilitates configuration of 
Butterworth, Bessel, Cauer, or Chebyshev filter 
design. 

Filter features include cutoff frequency stability 
that is dependent only on the external clock 
frequency stability and minimal response 
deviation over time and temperature. Features 
also include a critical-frequency times filter 
quality (Ql factor range of up to 200 kiloHertz. 

With external clock and resistors, each filter 
section can be used independently to produce 
various second-order functions or both sections 
can be cascaded to produce fourth-order 
functions. For functions greater than fourth­
order, ICs can be cascaded. 

The TLC 10 and TLC20 are characterized for 
operation from OOC to 70°C. 

02952, AUGUST 1986-REVISED SEPTEMBER 1986 
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ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplinp or 
IIreproduction phase of development. Characteristic 
ilata and other specifications are subject to change 
without notice. 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 
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PIN 

NAME 

AGND 

1APIN 

2APIN 

1BP 

2BP 

CF/CL 

1CLK 

2CLK 

11N-

21N-

1LP 

2LP 

LS 

1NAH 

2NAH 

SW 

VCC+ 

VCC-

VOD+ 

VOO-
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NO. 

15 

5 

16 

2 

19 

12 

10 

11 

4 

17 

1 

20 

9 

3 

18 

6 

7 

14 

8 

13 

I/O 

I 

I 

0 

I 

I 

I 

0 

I 

0 

I 

DESCRIPTION 

Analog Ground - The noninverting inputs to the input operational amplifiers of both filter sections. This terminal 

should be at ground for dual supplies or at mid-supply level for single-supply operation. 

All-Pass Inputs - The all-pass input to the summing amplifier of each respective filter section used for all-pass 

filter applications in configuration modes 1 a, 4, 5, and 6. This terminal should be driven from a source having 

an impedance of less than 1 kilohm. In all other modes, this terminal is grounded. See Typical Application Data. 

Band-Pass Outputs - The band-pass output of each respective filter section provides the second-order band-

pass filter functions. 

Center Frequency/Current Limit - This input terminal provides the option to select the input-clock-to-center-

frequency ratio of 50: 1 or 100: 1 or to limit the current of the IC. For a 50: 1 ratio, the CF/CL terminal is set 

to VDD +. For a 100: 1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for 

single-supply operation_ For current limiting, the CF/CL terminal is set to VDD _ . This aborts filtering and limits 

the IC current to 0.5 milliamperes. 

Clock Inputs - The clock input to the two-phase nonoverlapping generator of each respective filter section 

is used to generate the center frequency of the complex pole pair second-order function. Both clocks should 

be of the same level (TTL or CMOS) and have duty cycles close to 50%, especially when clock frequencies 

(fclock) greater than 200 kiloHertz are used. At this duty cycle, the operational amplifiers have the maximum 

time to settle while processing analog samples. 

Inverting Inputs - The inverting input side of the input operational amplifier whose output drives the summing 

amplifier of each respective filter section. 

Low-Pass Outputs - The low-pass outputs of the second-order filters. 

Level Shift - This terminal accommodates various input clock levels of bipolar (CMOS) or unipolar (TTL or 

other clocks) to function with single or dual supplies. For CMOS ( ± 5-volt) clocks, VDD _ or ground is applied 

to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal. 

Notch, All-Pass, or High-Pass Outputs - The output of each respective filter section can be used to provide 

either a second-order notch, all-pass, or high-pass output filter function, depending on circuit configuration. 

Switch Input - This input terminal is used to control internal switches to connect either the AGNO input or 

the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections 

and places them in the same configuration simultaneously. If VCC _ is applied to the SW terminal, the AGND 

input terminal will be connected to one of the inputs of each summing amplifier. If VCC + is applied to the 

SW terminal, the LP output will be connected to one of the inputs of the summing amplifier. 

Analog positive supply voltage terminal 

Analog negative supply voltage terminal 

Oigital positive supply voltage terminal 

Oigital negative supply voltage terminal 
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functional block diagram 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

NONOVERlAPPING 

I CONTROL t-- CLOCK GENERATOR 

1:1> f[> 
'-- + I...-

L......--

r-- - + 

NONOVERlAPPING 

CONTROL J--- CLOCK GENERA TOR 

'-- + 1:1> 
"- II> 

- L......--

r-- - + 

1/>1 
I---

1/>2 
~ 

"-

I....--

+ 

1/>1 
f--

1/>2 
I--

I...-

L...--

+ 

(3) 

(2) 

fl> 

~.J!!. 

(18) 

(19) 

fl> 

I---<~ 

1NAH 

1BP 

1lP 

2NAH 

2BP 

2lP 

Ell 
en ... 
'5 
(.) ... 
u 
c 
o 

',tj 
'0 
'5 
0' 
(.) 

« 
CO ... 
CO 
C 

z 
o 
i= « 
:2E 
a: 
o 
LL 
Z -
w 
() 
z « 
> c « 

TEXAS -I!} . 
INSTRUMENTS 

2-125 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



III 
c 
OJ ... 
OJ 

» 
(') 
.c 
!:: 
en' 
;:;" 
0' 
:s 
(') 
:::;' 
(') 
t: 
;:;" 
en 

» c 
< » 
:2 
(") 
m 

:2 
"TI o 
:IJ 
S » 
:::! 
o 
:2 

TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

ADVANCE 
INFORMATION 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Analog supply voltage, Vee ± (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Digital supply voltage, VOO ± ................................................. ± 7 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 1 o seconds: N package. . . . . . . . . . . .. 260°C 
Case temperature for 10 seconds: FN package ............. '. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: All voltage values are with respect to the AGND terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

Anaiog suppiy voitage, VCC ±, (see Note 2) ±4 ±5 ±ti V 

Digital supply voltage, VDD ±, (see Note 2) ±4 ±5 ±6 V 

Clock frequency, fclock, (see Note 3) 0.008 1.0 MHz 

Operating free-air temperature, T A 0 70 °c 

NOTES: 2. A common supply voltage source should be used for the analog and digital supply voltages. Although each has separate terminals, 
they are connected together internally at the substrate. VCC + and VDD + can be connected together at the device terminals 
or at the supply voltage source. The same is true for VCC - and VDD _. 

3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycles should be at 50% above 200 kHz 
to allow the operational amplifiers the maximum time to settle while processing analog samples. 

electrical characteristics at VCC± = ± 5 V, VOO± + = ±.5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TLC10 TLC20 

UNIT 
MIN TYP MAX MIN TYP MAX 

VOPP 
Maximum peak-to-peak output 

RL = 3.5 kO at all outputs ±4 ±4.1 ±3.8 ±3.9 V 
voltage swing 

Short-circuit output I Source 2 2 
lOS 

current, Pins 3 and 18 I Sink 
See Note 4 mA 

50 50 

ICC Supply curre!"'t 8 10 8 10 mA 

NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 18. 

operating characteristics at V CC ± = ± 5 V, VOO ± = ± 5 V, T A = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TLC10 TLC20 

UNIT 
MIN TYP MAX MIN TYP MAX 

Critical-frequency range fo x Q ~. 200 kHz 20 30 20 30 kHz 

Maximum clock 

frequency, fclock 
See Note 3 1 1.5 1 1.5 MHz 

Clock to center-frequency fo ~ 5 kHz, R3/R2 = 10, Pin 12 at 5 V 49.64 49.94 50.24 49.24 49.94 50.64 

ratio Mode 1, See Figure 1 Pin 12 at 0 V 98.75 99.35 99.95 97.86 99.35 100.84 

Temperature coefficient of fo ~ 5 kHz, R3/R2 = 20, Pin 12 at 5 V ±10 ±10 

center frequency Mode 1, See Figure 1 Pin 12 at 0 V ±100 ±100 
ppm/oC 

Filter Q (quality factor) fo ~ 5 kHz, R3/R2 = 20, Pin 12 at 5 V ±2% ±4% ±2% ±6% 

deviation from 20 Mode 1, See Figure 1 Pin 12 at 0 V ±2% ±3% ±2% ±6% 

Temperature coefficient of fo ~ 5 kHz, R3/R2 = 20, 
±500 ±500 ppm/oC 

measured filter Q Mode 1 

Low-pass output deviation Rl = R2 = 10 kO 

from unity gain Mode 1, See Figure 1 
±2% ±2% 

Crosstalk attenuation 60 60 dB 

Clock feedthrough voltage 10 10 mV 

Operational amplifier 

gain-bandwidth product 
2.5 2.5 MHz 

Operational amplifier 
7 

slew rate 
7 V/lls 
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modes of operation 

TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

The TLC1 0 and TLC20 are switched-capacitor (sampled-data) filters that closely approximate continuous 
filters. Each filter section is designed to approximate the response of a second-order variable filter. When 
the sampling frequency is much larger than the frequency band of interest, the sampled-data filter is a 
good approximation to its continuous time equivalent. In the case of the TLC 10 and TLC20, the ratio is 
about 50: 1 or 100: 1. To fully describe their transfer function, a time domain approach would be appropriate. 
Since this may appear cumbersome, the following application examples are based on the well known 
frequency domain. It should be noted that in order to obtain the actual filter response, the filter's response 
must be examined in the z-domain. 

fclock y, TLClO. TLC20 

r-- ---- -, 

R1 

NONOVERLAPPING 

CLOCK GENERATOR 

1 
I 

NAHI 
~~~--------------------+-r-----------~--~--NOTCHOUT 

AP'N
1 

VDD+ 
SW 

I 
I 
L 

fo = fclock/100 or fclock/50 
fnotch = fo 
HOlP = - R2/R1 (as f -+ 0) 
HOBP = - R3/R1 (at f = fo) 

. J as f approaches 0 - R2/R 1 
HON'= notch gain las f approaches 0.5 fclock 

a = fo/BW = R3/R2 

'1 
BP I 

I 
~i---4-----------";;;';"":'---4""'+-- BAND-PASS OUT 

I 

LPI 

I 
LOW-PASS OUT 

I
R3 

R2 

I 
I 

..J 

Circuit dynamics: . 
The following expressions determine the swing at each output as a function of the desired Q of the second-order function. 

HOlP = HOBP/Q or HOlP x a = HON x a 
HOlP (peak) = Q x HOlP (for high as) 

FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS; AND LOW-PASS OUTPUTS: fnotch = fo 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

ADVANCE 
INFORMATION 

TYPICAL APPLICATION DATA 

fclock Yz TLC10. TLC20 

r-- ---- -, 

,--.;..1 C_l_K ______ ~ NONOVERlAPPING I 
I CLOCK GENERATOR 

NAH I NONINVERTING 
..---:-..... -i./' .>-...... ----------+-+--------"--e-- BAND-PASS OUT (BP2) 

r-4-r ____ ;;.,BP.-;:~ ..... +_- BAND-PASS OUT (BP1) 

:::J 

Q V APIN I 
~ I--~~~-r-----~ 

I 
lPI (') 
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2-128 

VDD+ SW 

I 
I 

~~I--I~+-- lOW-PASS OUT 

I 
I 
I 

R3 
R2 

L ______ _ _____ .J 

fo = fclock/100 or fclock/50 
a = R3/R2 
HOlP = -,. HOLP (peak) = a x HOLP (for high as) 
HOBP1 =. - R3/R2 
HOBP2 = 1 (non inverting) 

Circuit dynamics: 

HOBP1 = a 

FIGURE 2. MODE 1 a FOR NON INVERTING BAND·PASS AND LOW·PASS OUTPUTS 
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fclock 

r--

TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

'h TLC10. TLC20 ---- --, 

L...-.;..I C_L_K ______ ---i NONOVERLAPPING 
I 
I R1 CLOCK GENERATOR 

NAHI 
>--6-----------~~--------~--_4~----NOTCHOUT 

APIN

' 

VDD+ SW 

I 
I 
L 

fo = fnotch x yR2/R4 + 1 

fnotch = fclock/1 00 or fclock/50 

Q = y' R2/R4 + 1 

R2/R3 

-R2/R1 
HOlP (asf approaches 0) = R2/R4 + 1 

HOSp (at f = fo) = - R3/Rl 

-R2/R1 
HON1 (as f approaches 0) = R2/R4 + 1 

HON2 (as f approaches 0.5 fclock) = -R2/Rl 

Circuit dynamics: 

HOSp = Q YHr.O~l--P-:-X:-;Hro:O:-:-N--2 = Q iRONl x HON2 

,.........-+ ________ ...:B...:...P-:-: ---4~t_--- BAND-PASS OUT 

I 
LPI 

t----t~I:__t_+-....... - LOW-PASS OUT 

r3 

I 
I ___ ...1 

R2 
1t4 

FIGURE 3. MODE 2 FOR NOTCH 2. BAND·PASS. AND LOW-PASS OUTPUTS: fnotch (fo 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

fclock % TLC10, TLC20 

r-- ---- --, 

L..-~ _______ --I NONOVERLAPPING I 
I R1 CLOCK GENERATOR 

ADVANCE 
INFORMATION 

NAHI 
~--4t-----------+-r------~-__ ----NOTCHOUT 

BPi 
r-f-+-----~--4t-+---- BAND-PASS OUT 

I 
APIN

1 

VDD-
SW 

I 
I 
L 

I 
LPI 

Ht-"""I-f-+-+-- LOW-PASS OUT 

-, 

I
R3 

R2 I 
R4 I 

I I 

I ::t:: C1 t 
I 

.J I - - ,- - ~ -- - - - - - - I 
~---------------------------__ --4~~~ 

fo = (fclock/100 or fclock/50) ~ 
Q = ~ x R3/R2 

HOHP (as f approaches 0.5 fclock) = - R2/R1 

HOLP (as f approaches 0) = -R4/R1 

HOSp (at f = fo) = - R3/R1 

Circuit dynamics: 

R2/R4 = HOHP/HOLp: HOSp = ~HOHP x HOLP x Q 

HOLP (peak) = b. x HOLP (for high as) 

HOHP (peak) = Q x HOHP (for high as) 

tIn this mode, the feedback loop is closed around the input summing amplifier; the finite GSW product of this operational amplifier will 
cause a slight Q enhancement. If this is a problem, connect a low-value capacitor (10 pF to 100 pF) across R4 to provide some phase lead. 

FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

'clock Yz TLC10. TLC20 r--------------, 
I 
I 

NONOVERLAPPING 
R1 '---------~ CLOCK GENERATOR <1>2 

BPi 
...-+-4------.:.....:I~ ___ +-+--------BAND-PASS OUT 

I 
LPI 

Voo- R2 
R4 

EXTERNAL 
OPERATIONAL 
AMPLIFIER 
NOTCH OUT 

I 
I 

I 
r3 

I L-______ LOW-PASS OUT 

I L ____ _ _______ -1 

fo = (fclock/100 or fclock/50) .,fR2/R4 

Q = .,fR2/R4 X R3/R2 

HOHP = - R2/R1 

HOSp = -R3/R1 

HOlP = -R4/R1 

fnotch = (fclock/1 00 or fclock/50) ~ 
HON (at f = fo) = I Q (Rg/Ri X HOlP - Rg/Rh X HOHP) I 
HON1 (as f approaches 0) = Rg/Ri X HOlP 

HON2 (as f approaches 0_5 f clock) = - Rg/Rh X HOHP 

FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND 
NOTCH OUTPUTS WITH EXTERNAL OPERATlqNAL AMPLIFIER 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 

ADVANCE 
INFORMATION 

TYPICAL APPLICATION DATA 

fclock 
% TLC10. TLC20 

r-­
I CLK 

---- --, 

R1 
NONOVERLAPPING 

CLOCK GENERATOR 

I 
I 

NAHI 
>-4~-----------t-t------"---""'- ALL-PASS OUT 

r---::--..... -'i/ 

APIN I 

VDD+ 

I 
I 
L 

fo = fclock/100 or fclock/50 

fz = fo t 

Q = fo/BW = R3/R2 

Qz = R3/R1 

HOAP (at 0 :5 f :5 0.5 fclock) = - R2/R1 = -1 

(for AP output R1 = R2) 

HOLP (as f approaches 0) = - (R2/R1 + 1) = - 2 . 

HOBP (at f = fo) = - R3/R2 (R2/R1 + 1) = - 2 (R3/R2) 

Circuit dynamics: 

HOBP = HOLP X Q = (HOAP + 1) Q 

BPi rlH-------:1---. ..... -t-- BAND-PASS OUT 

I 
LPI 

H"'-'':''"I-t-t-- LOW-PASS OUT 

IR3 

I 
I 

..J 

R2 

tOue to the sampled-data nature of the filter. a slight mismatch of fz and fo occurs causing a O.4-dB peaking around fo of the all-pass 
filter amplitude response (which theoretically should be a straight line). If this is unacceptable, Mode 5 is recommended. 

FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

R1 

TYPICAL APPLICATION DATA 

fclock 
~ TLC10. TLC20 

r-- ---- -, 
I 
I 

r--~~--I~ 

APIN I 

NONOVERLAPPING 

CLOCK GENERATOR 

NAHI >--e-----------+-+----..;,.;..::....--e---COMPLEX ZERO OUT 

....-1--J.. ____ ..:;.B;.,;P ::.........; ..... -4--- BAND·PASS OUT 

I 
LPI 

t.-..4 ...... I~"---4-.... - LOW·PASS OUT 

VDD+ 
SW IR3 

I 
R2 

R4 

I 
I I L ______ _ _____ ....J 

f 0 = .JR2/R4 + 1 x (f c1ock/1 00 or f clock/50) 

fz = J1 - R1/R4 x (fclock/100 or fclock/50) 

Q=~xR3/R2 
Qz = ../1 - R1/R4 x R3/R1 

HaZ1 (as f approaches 0) = R2 (R4 - R1 )/R1 (R2 + R4) 

HaZ2 (as f approaches 0.5 fclock) = R2/R1 

HaBP = (R2/R 1 + 1) x R3/R2 

HalP = (R2 + R1 )/(R2 + R4) x R4/R1 

FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

fclock y. TLC10, TlC20 r--------------, 
I ClK NONOVERlAPPING II 
I 

CLOCK GENERATOR 1/>2 

IN-

R1 

ADVANCE 
INFORMATION 

r-+-+-____ BP_I~t-+-_ lOW-PASS OUT 

I (INVERTED) 

APIN I 

VDD- SW 

I 
I 

-"-

L ___ _ 

fc = R2/R3 (fclock/100 or fclock/50) 

HOlP = - R3/R 1 

HOHP = - R2/R1 

I 
lPI 

I 
IR3 

I 
I 

_' ' ______ .J 

R2 

FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT 
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ADVANCE 
INFORMATION 

fclock 

r--

TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

Yz TlC10. TLC20 ---- ~ 

L..-~ ______ --I NONOVERlAPPING 
I 
I CLOCK GENERATOR 

>--. _________ -+-t-___ N_A_H....;.I_~J_- lOW·PASS OUT 

r---:--.---l, (NONINVERTED) 

VI -+......;..;.AP;..;.;IN~It--iI--___ --I 

VDD- SW 

I 
I 

-"'--

L ___ _ 

fc = R2/R3 x (fclock/100 or fclock/50) 

HOlP1 = 1 (noninvertingl 

HOlP2 = - R3/R2 

..-+-+-___ -.-;B;..;..p"""'"'-4I~I__- lOW·PASS OUT 
I (INVERTED) 

I 
lPI 

I 
IR1 

I 
I _ ______ ...1 

R2 

FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NON INVERTED) 
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TLC10,TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

ADVANCE 
INFORMATION 

TYPICAL APPLICATION DATA 

5V f TLC10, TLC20 I 
VCC+ Voo+ 

Vtc+ 
(6) 

SW 2LP 
(20) 

(9) 
LEVEL SHIFT 2BP 

(19) 

200·kHz 
TTL CLOCK 

(11) 
2CLK 

(18) 

~ 
2NAH 

1CLK 

CENTER FREQI 1LP 
(1) 

INPUT 

CURRENT LIMIT 
1BP 

(2) 
~ CONTROL (5) 

1APIN 1NAH EL 
(16) 

2APIN CF/CL Q (4) 
11N-

(17) '- 21N- R2 R3 R2' R3' 

VCC- Voo-

-5 v 1 I 

FIGURE 10. FOURTH·ORDER 2·kHz LOW·PASS BUTTERWORTH FILTER 

R2 
R2 
R3 
R3 

LOW-PASS 

OUTPUT 

= 100 k!l 
, = 100 k!l 
= 53,6 k!l 

, = 130 k!l 

filter terminology 

fc 
fclock 
fnotch 
fo 
fz 
HOBP 
HOHP 
HOlP 
HON 
HON1 
HON2 
HOZ1 
HOZ2 
Q 

The cutoff frequency of the low-pass or high-pass filter output 
The input clock frequency to the device 
The notch frequency of the notch output 
The center frequency of the complex pole pair second-order function 
The center frequency of'the complex zero pair 
The band-pass output voltage gain (VIV) at the band-pass center frequency 
The high-pass output voltage gain (VIV) as the frequency approaches 0,5 fclock 
The low-pass output voltage gain (VIV) as the frequency approaches 0 
The notch output voltage gain (V IV) at the notch frequency 
The low-side notch output voltage gain as the frequency approaches 0 
The high-side notch output voltage gain as the frequency approaches 0.5 fclock 
Gain at complex zero output (as f -+ 0 Hz) 
Gain at complex zero output (as f approaches 0.5 fclock) 
The quality factor of the complex pole pair second-order function. Q is the ratio of fo to 
the 3-dB bandwidth of the band-pass output. The value of Q also affects the possible 
peaking of the low-pass and high-pass outputs. 
The quality factor of the complex zero pair, if such a complex pair exists. This parameter is 
used when an all-pass filter output is desired. 
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:> 

HOBP t-------""""'7 ......... 

;; o. 707 HOBP I---------:II~-+----\. 

Ci 
C!l 

fl fo fH 

f (lOG SCALE) 

TLC10.TLC20 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

FIGURE 11. BAND·PASS OUTPUT 

~ 

fc = fo x l, - -' ) + W --' )2 +' 
\202 \; 202 

HOp 

:> HOlP 
:> 
;; 0.707 HOlP 

Ci 
C!l 

---~ 
.f\. fp = fo J, - 2~2 

HOp = HQLp x -=== 
2..), _ '2 
o 40 

fp fe 

f (lOG SCALE) 

FIGURE 12. LOW·PASS OUTPUT 

HOPI------~~, 
:> HOHPI------~~ 
:> 
;; 0.707 HOHP 1--__ -1 

Ci 
~ 

fp 

HOp = HOHP x -........;,--

2..), _ ' 
o 402 

f (lOG SCALE) 

FIGURE 13. HIGH·PASS OUTPUT 
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TLC532AM. TLC532AI. TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

• LinCMOSTM Technology 

• 8·Bit Resolution 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• Ratiometric Conversion 

• Access Plus Conversion Time: 
TLC532A ... 15 itS Max 
TLC533A ... 30 itS Max 

• 3-State, Bidirectional I/O Data Bus 

• 5 Analog and 6 Dual-Purpose Inputs 

• On-Chip 12-Channel Analog Multiplexer 

• Three On-Chip 16-Bit Data Registers 

• Software Compatible with Larger TL530 and 
TL531 (21-lnput Versions) 

• On-Chip Sample-and-Hold Circuit 

• Single 5-V Supply Operation 

• Low Power Consumption ... 6.5 mW Typ 

• Improved Direct Replacements for Texas 
Instruments TL532 and TL533, National 
Semiconductor ADC0829, and Motorola 
MC14442 

description 

The TLC532A and TLC533A are monolithic 
LinCMOSTM peripheral integrated circuits each 
designed to interface a microprocessor for 
analog data acquisition. These devices are 
complete peripheral data acquisition systems on 
a single chip and can convert analog signals to 
digital data from up to 11 external analog 
terminals. Each device features operation from 
a single 5-volt supply. Each contains a 
12-channel analog multiplexer, an 8-bit 
ratiometric analog-to-digital (A/D) converter, a 
sample-and-hold, three 16-bit registers, and 
microprocessor-compatible control circuitry. 
Additional features include a built-in self-test, six 
multipurpose (analog or digital) inputs, five 
external analog inputs, and an 8-pin input/output 
(110) data port. The three on-chip data registers 
store the control data, the conversion results, 
and the input digital data that can be accesssed 
via the microprocessor data bus in two 8-bit 
bytes (most-significant byte first). In this 
manner, a microprocessor can access up to 11 
external analog inputs or 6 digital signals and the 
positive reference voltage that may be used for 
self-test. 

I/O 
DATA 
BUS 

D281 NOVEMBER 1983-REVISED SEPTEMBER 1986 

N DUAl-IN·LlNE PACKAGE 

(TOP VIEW) 

REF- REF+ (A1) 

GND VCC 

2 - 1 (MSB) AO } 

2 - 2 A2 ANALOG 
2 - 3 A3 )NPUTS 
2- 4 A4 

2- 5 A5 

2 -7 A11/D2 ANAlOG/ 
2 - 8 (lSB) A 12/D3 DIGITAL 

2-
6 

A10/D1 } 

READ/WRITE (Riw) A 13/D4 INPUTS 
CLOCK (ClK) A 14/D5 

REGI$TER SELECT (RS) A 15/D6 
CHIP SELECT (CS) """-_____ RESET (R) 

FN CHIP CARRIER PACKAGE 

(TOP VIEW) 

2- 3 
2- 4 6 
2- 5 
2 -6 8 

2- 7 9 

iii 
U) ~ 
~ I + N 0 u. u. U 

I I Z w w UO 
N N t9 a:a:>~ 

4 3 2 1 282726 

25 A2 
24 A3 
23 A4 

22 A5 
21 A10/D1 

2- 8 (lSB) 10 20 A11/D2 
11 

12 1314 15 1617 18 

.:J ~ I~ Ia:: ~ ~ 2i 
u in~M 

~~~ 

FUNCTION TABLE 

19 A12/D3 

ADDRESS/CONTROL 
DESCRIPTION 

R/W RS CS R ClK 

X X X l t Reset 

~ 
Write bus data to control 

L H L H 
register 

H t 
Read data from analog 

H l l 
conversion register 

t 
Read data from ditigal 

H H l H 
data register 

X X H H X No response 

H = High-level, L = Low-Iel/el, X = Irrelevant 
~ = High-to-Iow transition, t = Low-to-high transition 
t For proper operation, Reset must be low for at least three clock cycles. 

LinCMOS is a trademark of Texas Instruments. 

Copyright © 1983, Texas Instruments Incorporated 

t/) ... 
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CJ ... 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
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TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

description (continued) 

The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale 
adjustment. Anyone of 11 analog inputs (or self-test) can be converted to an 8-bitdigital word and stored 
in 10 microseconds (TLC532A) or 20 microseconds (TLC533A) after instructions from the microprocessor 
have been recognized. The on-chip sample-and-hold functions automatically to minimize errors due to noise 
on the analog inputs. Furthermore, differential high-impedance reference inputs are available to help isolate 
the analog circuitry from the logic and supply noises while easing ratiometric conversion and scaling. 

The TLC532AM and TLC533AM are available in both the Nand FN plastic packages and are characterized 
for operation from - 55°C to 125 ac. The TLC532AI and TLC533AI are characterized for operation from 
-40 a C to 85°C. 

functional description 

The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal 
registers. These registers are the control register, the analog conversion data register, and the digital data 
register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six dual-purpose inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally,a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital mUltipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
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TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

functional description (continued) 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion lSC) bit is a logic high. This two-byte instruction also selects the input analog channel to be 
converted. The status lEOe) bit in the analog conversion data register is reset and it remains reset until 
the conversion is completed, at that time the status bit is then set again. After conversion, the results 
are loaded into the analog conversion data register. These results remain in the analog conversion data 
register until the next conversion cylce is completed. If a new conversion command is entered into the 
control register while the conversion cycle is in progress, the on-going conversion will be aborted and a 
new channel acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit is cleared. The AID converter 
is then idled and all the outputs are placed in the high-impedance off-state. However, the content of the 
analog conversion data register is not affected by the Reset input going to a low level. 

Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

DATA BUS 
(2-8 _2-1) 

RNV 
cs 
RS 

R 

CLOCK 

ANALOG/DIGITAL 
INPUT 

(A10/Dl - A15/D6) 

EXTERNAL ANALOG 
INPUT 

(AO,A2 -AS) 

REF+ 

REF 

, 
6 

8/ 

'" 
DATA 

r BUS _. 
CONTROL 

p 

LOGIC 
}'8 ,,v 8 

~ DIGITAL DATA ~ CONTROL I 
REGISTER REGISTER 

~v (READ ONLY) (WRITE ONLY) 

,I 6 ANALOG MUX~ 4 . 

I ADDRESS 

,,/' 6 

SAMPLE~ 
5" 11" 12·CHANNEL 

AND· , , ~ -MULTIPLEXER HOLD 

-
j Al 

,V 8 

Il 

I ANALOG J 
CONVERSION 

REGISTER 
(READ ONLY) 

j~ 
, 8 

8-BIT 
ANALOG·TO·DIGITAL 

CONVERTER 
(SWITCHED-CAPACITORS) 

UJ .... 
':; 
CJ ... 
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CLOCK 

R 

RNi 

cs 

RS 

Sl!n:U!:> UO!l!S!nb:>v BlBa I 

289 290 

I I I , 
I START CONVERSION CYCLE 

r-twL(r .. "'I~ I ,. IF SC BIT IS LOGIC ONE (HIGH) I ~I 
, I I: i : : I H: II i 

/+-t:----!WRITE CYCLE .14 : I I READ CYCLE .1 I I 
I I I : I I I I : i t+-WRITE~ 

tsu(AI~ 14- I I tsu(A)-.t 14- I I I I I CYCLE I 
I: I I I I I I I I , I 

:nn""'''''D''~ I I MOON'TOO I I; dB II : 
I I CARE I, I 

tsu(busl---' 
I 

BYTE 

I 
I 
I4-tsu(bus) 
I 
I 

I ! 
LS 

I 
I 
I 
I 

-.i 
~ten 
I 
MS 

BYTE 

I 
f4-ten I 
I ... 
I 
LS 

BYTE 

I4- ton , 
I 
LS 

BYTE 

I I 
, I 

~ten I ~ 
I ... If-ton 

I : 
LS LS 

BYTE BYTE 

: 
j4-te~ j4-t

en 
I I' 
I I 
I I 

: I 

I 

I : 
I I 
I I 

ten~ ~ ~ 

I 
I I 
I I 

+j /'-tsU!tUSll.-tSU(bUSI 
MS LS MS 

BYTE BYTE BYTE 
DATA ~ 

UHI·Z_ 
BUS ~ 

SEE NOTE A 

NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register. 
B. This is the 2-byte (16-bitl content of the digital data register being sent to the microprocessor. 
C. This is the LS byte (S-bitl content of the analog conversion data register being sent to the microprocessor. 
D. This is the LS byte (S-bitl content of the digital data register being sent to the microprocessor. 
E. These are MS byte (S-bitl. LS byte (S-bitl, and LS byte (S-bitl content of the analog conversion data register or digital data 

register being sent to the microprocessor. 
F. This is the 2-byte (16-bitl content of the analog conversion data register being sent to the microprocessor. 
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read or write cycle time sequence 

TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

ClK 

CLOCK #1 CLOCK #10 28 iii 
I Sh~ .. I 

R l .... ___ ----' 
I I I ... 

I START I END I 'S 
----.J ~ CONVERSION CONVERSION -+I ~ (See Note AI 

CONTROL 
INPUTS 

tsu(AI----., I i C3 

XXXX><XXXXX>09C""'-: -----+--~:>«XX~ R/W 
RS I I ( , 

tsu(CSI~ I+- ~ r- thlCI 

~~: ____ ~ ______ -J~r----------------~----------
I I 
: I 

DATA BUS HI-Z 
DATAOUT--------------------------------i

BYTE 
("READ") I 

I 

I 
~ten , 

I 
lS! HI-Z 

BYTE See Note B 
I 

I 
~~tdis "'1j4-tdis 

tsu (bus',-*! j4- -.j 14- tsu(bus) 
"I r-""j 

DATA BUS HI-Z I HI-Z I 
HI-Z 

DATA IN , I 
("WRITE") MS , lS I 

BYTE ...J BYTE I 

th(bus)~14"""" ~j4""thlbUS) 
1 
I ,e 

NOTES: A. The reset pulse (R lowl is required only during power-up. 

tacq .1 

B. The most-significant byte output of Data Out occurs when elK is high. When elK is low, Data Out is in the high-impedance 
(off) state. When elK goes high again, the least-significant byte is placed on the data bus. At this point, the least-significant 
byte'will remain on the bus for as long as elK is kept high. 
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• 
TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

DATA BUS 
LINES 2- 1 2-2 2- 3 2- 4 2- 5 2- 6 2- 7 2- 8 2- 1 

I(M~B) I 

X 

I 

X 

I 

X 

I 

X 

I 

X X 

I (~SCB)I I(:SB)I 

t 
MOST-SIGNIFICANT BYTE I I .. 

16-BIT WRITE 

2-2 2- 3 2- 4 2- 5 2- 6 2- 7 

X 

I 

X X 

I 

A3 
I A2 

I 

Al 

LEAST-SIGNIFICANT BYTE 

Unused Bits IXI- The MS byte bits 2 - 1 through 2 - 7 and LS byte bits 2 - 1 through 2 - 4 of the control register are not used internally. 

2- 8 

I(~~) I 

:1 
Start Conversion ISCI- When the SC bit in the MS byte is set to a logical 1 Ihigh'levell, analog-to-digital conversion of the specified analog channel 

will begin immediately after the completion of the control register write. 
Analog Multliplex Address IAO-A31- These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 

Hexadecimal Address (A3 = MSB) 

o 

2-5 

6-9 (not used) 

A-F 

Channel Select 

AO 

REF+ (Al) 

A2-A5 

Al0-A15 

FIGURE 1. CONTROL REGISTER TWO·BYTE WRITE WORD FORMAT AND CONTENT 

DATA BUS 
LINES 2 - 1 2 - 2 2 - 3 2 - 4 2 - 5 2 - 6 2 - 7 2 - 8 

~11~~_~_~~)~I __ o __ ~_o __ ~_o __ ~_o __ ~ __ o~ ____ o ~ 

:1 
14------------MOST-SIGNIFICANT BYTE ------- l1li1 .. 1-----------LEAST -SIGNIFICANT BYTE---------~ 
14---------------- 8-BIT READ -----------

1IIIL.f-------------------------------16-BIT READ --------------------------------+1 

AID Status (EOC)- The AID status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed by the AID converter. 
The status bit is cleared by a 16-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logical 0 to simplify microprocessor interrogation of the AID converter status. 

AID Result (RO-R71- The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones 1111111111 to a full-scale analog voltage. There are no special overflow 
or underflow indications. 

DATA BUS 

FIGURE 2. ANALOG CONVERSION DATA REGISTER ONE·BYTE AND 
TWO·BYTE READ WORD FORMAT AND CONTENT 

LINES 2 - 1 2 - 2 2 - 3 2 - 4 2 - 5 2 - 6 2 - 7 2 - 8 

A15 

106 

IMSB) 

If----------MOST-SIGNIFICANT BYTE ---------I~ 

14----------------8-BIT READ ---------------+1 

14--------------------------------------1 6-BIT READ -----------------------------------.t 
Shared Digital Port (A 1010 1-A 15/06) - The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 

bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 
Analog Multiplexer Address IAO-A3) - The address of the selected analog channel presently addressed is given by these bits. 
Unused Bits IX)- LS byte bits 2- 3 through 2- 8 of the digital data register are not used. 

FIGURE 3. DIGITAL DATA REGISTER ONE·BYTE AND TWO·BYTE READ WORD FORMAT AND CONTENT 
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TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 6.5 V 
Input voltage range: Positive reference voltage. . . . . . . . . . . . . . . . . . . . .. VREF - to VCC + 0.3 V 

Negative reference voltage. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VREF + 
All other inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 

Input current, II (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Total input current, (all inputs) ............................................. ± 20 mA 
Operating free-air temperature range: TLC532AM, TLC533AM .............. - 55 DC to 125 DC 

TLC532AI, TLC533AI ................. - 40 DC to 85 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............. 260 DC 
Case temperature for 10 seconds: FN package : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 

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

recommended operating conditions 

TLC532A 

MIN NOM 

Supply voltage, VCC 4.75 5 

Positive reference voltage, VREF + (see Note 2) 2.5 Vee 
Negative reference voltage, VREF _ (see Note 2) -0.1 0 

Differential reference voltage, VREF + - VREF- 1 vee 

High-level input voltage, VIH 
I Clock input Vee- O.B 

I All other digital inputs 2 

Low-level input voltage, VIL I Any digital input 

Clock frequency, fCLK 0.1 2 

CS setup time, tsu(CS) 75 

Address (R/W and RS) setup time, tsu(A) 100 

Data bus input setup time, tsu(bus) 140 

Control (R/W, RS, and CS) hold time, th(C) 10 

Data bus input hold time, th(bus) 15 

Pulse duration of control during read, tw(C) 305 

Pulse duration, reset low, twL(reset) 3 

Pulse duration of clock high, twH(CLK) 230 

Pulse duration of clock low, twL(CLK) 200 

Clock rise time, tr(CLK) 

Clock fall time, tf(CLK) 

Operating free-air ITLC __ AM -55 

temperature, T A ITLC __ AI -40 

TLC533A 
UNIT 

MAX MIN NOM MAX 

5.5 4.75 5 5.5 V 

vee +0.1 2.5 vee vee+ 0.1 V 

2.5 -0.1 0 2.5 V 

vee+ 0.2 1 Vee Vee+ 0.2 V 

Vee- O.B 
V 

2 

0.8 0.8 V 

2.048 0.1 1.048 1.06 MHz 

100 ns 

145 ns 

185 ns 

20 ns 

20 ns 

575 ns 

3 
Clock 

Cycles 

440 ns 

410 ns 

15 25 ns 

16 30 ns 

125 -55 125 

85 -40 85 
°c 

NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111). while input 
voltages equal to or less than that applied to the REF - terminal convert to all zeros (00000000). For proper operation, the positive 
reference voltage, VREF + ' must be at least 1-volt greater than the negative reference voltage, VREF _. In addition, unadjusted 
errors may increase as the differential reference voltage, VREF + - VREF _, falls below 4.75 volts. 

II 
en .... 
"5 
CJ 
~ 

C3 
c 
o 

"';::; 
";; 
"5 
0-
CJ « 
CO .... 
CO 

C 

TEXAS -1!1 
INSTRUMENTS 2-145 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75266 



c 
Q) .... 
Q) 

l> 
n 
.c 

r::::: 
en' 
;::;' 
0' 
::::J 

C') 
:::;' 
n 
r::::: 
;::;' 
en 

TLC532AM, TLC532AI 
LinCMOSTM _ 8~BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

electrical characteristics over recommended operating free-air temperature range, VREF + = vec, 
VREF - at ground, fCLK = 2 MHz (unless otherwise noted) 

PARAMETER . TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10H = -1.6 mA 2.4 V 

VOL low-level output voltage 10L = 1.6 rnA 0.4 V 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 
p.A 

Low-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 
p.A 

Off-state (high impedance-state) VO=VCC 10 
10Z 

output current Va = 0 -10 
p.A 

II Analog input current (see Note 3) VI = 0 to VCC ± 500 nA 

Leakage current between selected channel VI = 0 to VCC, 
±400 nA 

and all other analog channels Clock input at 0 V 

Digital pins 3 thru 10 4 30 
Ci Input capacitance 

Any other input pin 2 15 
pF 

= VCC = VREF+ 5.5 V, 
1.5 3 ICC+IREF+ Supply current plus reference current mA 

Outputs open 

ICC Supply current Vce = 5.5 V 1.4 2 mA 

NOTE 3: A~alog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended operating free-air temperature range, VREF + = Vcc, 
VREF - at ground, fCLK = 2 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Linearity error See Note 4 ±0.5 LSB 

Zero error See Note 5 ±0.5 LSB 

Full-scale error See Note 5 ·±0.5 LSB 

Total unadjusted error See Note 6 ±0.5 LSB 

Absolute accuracy error See Note 7 ±1 LSB 

Conversion time (including Clock 
tconv 30 

channel acquisition time) Cycles 

10 
Clock 

tacq Channel acquisition time prior to starting conversion 
Cycles 

ten Data output enable time (see Note 8) CL = 50 pF, RL = 3 k{}, 250 ns 

tdis Data output disable time CL = 50 pF, RL = 3 k{} 10 ns 

tr(bus) 
Data bus output High-impedance to high-level 150 

rise time Low to high-level 
CL = 50 pF, RL = 3 k~ 

300 
ns 

tf(bus) 
Data bus output High-impedance to low-level 

CL = 50 pF, RL = 3 k{} 
150 

fall time High to low-level 300 
ns 

tTypical values are at VCC = 5 V, TA = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 

6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 

This includes all errors including inherent quantization error, which is the ± O. 5 LSB uncertainty caused by the AID converters 
finite resolution. 

8. If chip-select setup time, tsu(CS), is less than 0.14 microseconds, the effective data output enable time, ten, may extend 
such that tsu(CS) + ten is equal to a maximum of 0.475 microseconds. 
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TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

electrical characteristics over recommended ranges Vec, VREF +, and operating free-air temperature, 
VREF - at ground, fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage IOH = -1.6 mA 2.4 V 

VOL Low-level output voltage IOL = 1.6 mA 0.4 V 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 
/LA 

Low-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 
/LA 

Off-state (high impedance-state) VO=VCC 10 
IOZ 

output current Vo = 0 -10 
/LA 

II Analog input current (see Note 3) VI = 0 to VCC ±500 nA 

Leakage current between selected channel VI = 0 to VCC, 
±400 nA 

and all other analog channels Clock input at 0 V 

Digital pins 3 thru 10 4 30 
Ci Input capacitance 

Any other input pin 2 15 
pF 

= VCC = VREF+ 
ICC+IREF+ Supply current plus reference current 

Outputs open 

5.5 V, 
1.3 3 mA 

ICC Supply current VCC = 5.5 V 1.2 2 mA 

NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended ranges VCC, VREF +, and operating free-air temperature, 
VREF - at ground, fclock = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Linearity error See Note 4 ±0.5 LSB 

Zero error See Note 5 ±0.5 LSB 

Full-scale error See Note 5 ±0.5 LSB 

Total unadjusted error See Note 6 ±0.5 LSB 

Absolute accuracy error See Note 7 ±1 LSB 

tconv 
Conversion time (including Clock 
channel acquisition time) 

30 
Cycles 

tacq Channel acquisition time prior to starting conversion 
Clock 

10 
Cycles 

ten Data output enable time (see Note 8) CL = 50 pF, RL = 3 kfl, 335 ns 

tdis Data output disable time CL = 50 pF, RL = 3 kfl 10 ns 

tr(bus) 
Data bus output High-impedance to high-level 

CL 50 pF, RL = 3 kfl 
150 

= ns 
rise time Low to high-level 300 

tf(bus) 
Data bus output High-impedance to low-level 

CL = 50 pF, RL = 3 kfl 
150 

fall time High to low-level 300 
ns 

tTypical values are at V CC = 5 V, T A = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 

6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 

This includes all errors including inherent quantization error, which is the ± 0.5 LSB uncertainty caused by the AID converters 
finite resolution. 

8. If chip-select setup time, tsu(CS), is less than 0.14 microseconds, the effective data output enable time, ten, may extend 
such that tsu(CS) + ten is equal to a maximum of 0.475 microseconds. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOS™ 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

• LinCMOS™ Technology 

• 8-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode -

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• TLC541 is Direct Replacement for Motorola 
MC145040 and National Semiconductor 
ADC0811. TLC540 is Capable of Higher 
Speed 

• Pinout and Control Signals Compatible with 
TLC 1540 Family of 10-Bit AID Converters 

TYPICAL PERFORMANCE TLC540 TLC541 
Channel Acquisition Sample Time 2,"s 3.6,"s 
Conversion Time 9,"s 17,"s 
Samples per Second 75 x 103 40 x 103 

Power Dissipation 6mW 6 mW 

description 

The TLC540 and TLC541 are LinCMOSTM A/D 
peripherals built around an 8-bit switched­
capacitor successive-approximation A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three­
state output with up to four control inputs 
[including independent System Clock, I/O Clock, 
Chip Select (CS), and Address Input]. A 
4-megahertz system clock for the TLC540 and 
a 2.1-megahertz system clock for the TLC541 
with a design that includes simultaneous 
read/write operation allow high-speed data 

D2799. OCTOBER 19B3-REVISED DECEMBER 19B5 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

INPUT AO VCC 
INPUT Al SYSTEM CLOCK 
INPUT A2 1/0 CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
INPUT A6 REF+ 
INPUT A7 REF-
INPUT A8 INPUT A10 

GND INPUT A9 

FN CHIP CARRIER PACKAGE 

(TOP VIEWI 

INPUT A3 
INPUT A4 
INPUT A5 
INPUT A6 
INPUT A7 

4 

5 

6 

7 

8 

3 2 1 20 19 

9 1011 1213 

01 
'-u.. 
~w 
1-0: 
=> a. 
~ 

18 

17 

16 

15 

14 

1/0 CLOCK 
DATA IN 
DATA OUT 
CS 
REF+ 

transfers and sample rates of up to 75,180 samples per second for the TLC540 and 40,000 samples per 
second for the TLC541 . In addition to the high-speed converter and versatile control logic, there is an on­
chip 12-channel analog multiplexer that can be used to sample anyone of 11 inputs or an internal "self­
test" yoltage, and a sample-and-hold that can operate automatically or under microprocessor control. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

The converters incorporated in the TLC540 and TLC541 feature dproofifferential high-impedance reference 
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply 
noises. Aswitched-capacitor design allows guaranteed low-error (±0.5 LSB) conversion in 9 microseconds 
for the TLC540 and 17 microseconds for the TLC541 over the full operating temperature range. 

The TLC540 and the TLC541 are available in both the Nand FN plastic packages. The M-suffix versions 
are characterized for operation from - 55°C to 125°C. The I-suffix versions are characterized for operation 
from - 40°C to 85 DC. 

LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1983. Texas Instruments Incorporated 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 

SAMPLE 
AND 
HOLD 

REF+ REF-

8-BIT 
ANALOG-TO-DIGITAL 

CONVERTER 
(SWITCHED~APACITORS) 

ANALOG 
INPUTS 

12~HANNEL 

ANALOG 
MULTIPLEXER 

CONTROL LOGIC 
L..---+-----4 AND I/O 

r---~~--_, COUNTERS 

DATA 
OUTPUT 

ADDRESS 
INPUT -----..... ----4 

I/O 
CLOCK 

cs-----..... ------------------~ 

S;c~~~ -----..... ---------------------e----------~ 
operating sequence 

415161718 
I/O 

CLOCK---{ 

NOTES: 

cs..." 
~,~--~~~~----------------~ 

~ __________________ ~r--
MSB ~ ~ ~ 

DON'T CARE ~ DON'T CARE 
)------~.....;.----fJ:"'"-...;.-..... ~--....;;..;...------

A7 
4---PREVIOUS CONVERSION DATA A-+ 
MSB LSB MSB 

(See Note B) 

HI-Z STATE 

B7 
~CONVERSION DATA B--+ 
MSB 'LSB, MSB 

A_ The conversion cycle, which requires 36 System Clock periods, is initiated on the 8th falling edge of the 110 Clock after CS 
goes low for the channel whose address exists in memory at that time_ If CS is kept low during conversion, the I/O Clock 
must remain low for at least 36 System Clock 'cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low_ The remaining 
seven bits (A6-AO) will be clocked out on the first seven I/O Clock falling edges_ 

C_ To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip select falling edge is detected before responding to control input signals_ Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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TLC540M, TLC54D1, TLC541 M, TLC5411 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

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

Supply voltage, VCC (see Note 1) ............................................. 6.5 V II 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V' 
Output voltage range ........................................ -0.3 V toVCC + 0.3 V 
Peak input current range (any input) .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. ± 10 mA 
Peak total input current (all inputs) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Operating free-air temperature range: TLC5401, TLC5411 . . . . . . . . . . . . . . . . . . .. - 40 °C to 85°C 

TLC540M, TLC541 M . . . . . . . . . . . . . . . .. - 55 °C to 125°C 
Storage temperature range ......................................... - 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package'. . . . . . . . . . .. 260 0 C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 0 C 

NOTE 1: All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise noted). 

recommended operating conditions 
TLC540 TlC541 

UNIT 
MIN NOM MAX MIN NOM MAX 

Supply voltage. VCC 4.75 5 5.5 4.75 5 5.5 V 

Positive reference voltage, VREF+ (see Note 2) 2.5 VCC VCC +0.1 2.5 VCC VCC+O.l V 

Negative reference voltage, VREF _ (see Note 21 -0.1 0 2.5 0.1 0 2.5 V 

Differential reference voltage, 
1 VCC VCC+0.2 1 VCC V 

YREF + - VREF - (see Note 2) 
VCC+0.2 

Analog input voltage (see Note 2) 0 VCC 0 VCC V 

High-level control input voltage, VIH 2 2 V 

low·level control input voltage, VIL 0.8 0.8 V 

Setup time, address bits at data input 
200 400 ns 

before I/O CLKt, tsu(A) 

Hold time, address bits after I/O CLKt, th(AI 0 0 ns 

Setup time, CS low before clocking in first 
System 

3 3 clock 
address bit, tsu(CS) (see Note 3) 

cycles 

System 

~ high during conversion, twH(CS) 36 36 clock 

cycles 

Input/Output clock frequency, fCLK(I/O) 0 2.048 0 1.1 MHz 

System clock frequency, fCLK(SYS) fCLK(I/O) 4 fCLK(I/O) 2.1 MHz 

System clock high, twH(SYS) 110 210 ns 

System clock low, twL(SYS) 100 190 ns 

Input/Output clock high, twH(I/O) 200 404 ns 

Input/Output clock low, twL(I/O) 200 404 ns 

fCLK(SYS) ,,; 1048 kHz 30 30 
System ns 

Clock transition time fCLK(SYS) > 1048 kHz 20 20 

(see Note 4) fCLK(I/O) ,,; 525 kHz 100 100 I/O ns 
fCLK(I!O) > 525 kHz 40 40 

Operating free·air TLC540M, TLC541 M -55 125 -55 125 

temperature, T A 
°c 

TLC540l, TLC5411 -40 85 -40 85 

NOTES: 2. Analog input voltages greater than that applied to REF+ convert as all "l"s (11111111), while input voltages less than that applied to REF­
convert as all "O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than REF - voltage. Also, the total unadjusted 
error may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or le~s) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock·in an address until the minimum 
chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to VIH min. In the vicinity of normal 
room temperature, the devices function with input clock transition time as slow as 2 microseconds for remote data acquisition applications where 
the sensor and the A/D converter are placed severat feet away from the controlling microprocessor. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM B·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

electrical characteristics over recommended operating temperature range, 
Vec ... VREF + 0:::: 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) 
TLC540 or fCLK(l/O) "" 1.1 MHz for TLC541 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage (pin 16) Vee = 4.75 V. 10H = 360/lA 

VOL Low-level output voltage Vee = 4.75 V. IOL = 1.6 rnA 

Off-state (high-impedance state) Vo = Vee. es at Vee 
10Z 

output current Vo = o. eS.at Vee 

IIH High-level input current VI = Vee 

IlL Low-level input current VI = 0 

Ice Operating supply current es at 0 V 

Selected channel at Vee. 

Selected channel leakage current 
Unselected channel at 0 V 

Selected channel at 0 V. 

Unselected channel at Vee 

lee + IREF Supply and reference current VREF+ = Vee. es at 0 V 

I Analog inputs 
ei Input capacitance I Control inputs 

t All typical values are at T A = 25 ae. 
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MIN Typt MAX UNIT 

2.4 V 

0.4 V 

10 

-10 
/lA 

0.005 2.5 /lA 
-0.005 -2.5 /lA 

1.2 2.5 rnA 

0.4 1 

/lA 
-0.4 -1 

1.3 3 rnA 

7 55 

5 15 
pF 



TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

operating characteristics over recommended operating free-air temperature range, 
VCC = VREF+ = 4.75Vto5.5V,fCLK(l/O) = 2.048 MHzforTLC540 or 1.1 MHzforTLC541, 
.fCLK(SYS) = 4 MHz for TLC540 or 2.1 MHz for TLC541. 

TLC540 TLC541 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Linearity error See Note 5 ±0.5 ±0.5 LSB 

Zero error See Notes 2 and 6 ±0.5 ±0.5 LSB 

Full-scale error See Notes 2 and 6 ±0.5 ±0.5 LSB 

Total unadjusted error See Note 7 ±0.5 ±0.5 LSB 

Input A 11 address = 1011 01111101 10000011 01111101 10000011 
Self-test output code 

(See Note 8) (125) (131) (125) (131) 

tconv Conversion time See Operating Sequence 9 17 JLS 

Total access and 
See Operating Sequence 13.3 25 JLs 

conversion time 

1/0 

tacq 
Channel acquisition time 

See Operating Sequence 4 4 clock 
(sample cycle) 

cycles 

Time output data 

tv remains valid after 10 10 ns 

I/O clock~ 

td 
Delay time, I/O clock~ 

300 400 ns 
to data output valid 

See Parameter 
ten Output enable time 150 150 ns 

Measurement 
,tdis Output disable time 150 150 ns 

Information 
tr(bus) Data bus rise time 300 300 ns 

tf(bus) Data bus fall time 300 300 ns 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all "1 "s (11111111), while input voltages less than that 
applied to REF - convert to all"O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF - voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

5. Linearity error is the maximum deviation from the brst straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted for full-scale input voltage. 
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The All analog input signal is internally generated 

and is used for test purposes. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

-1:
'4:'0 

OUTPUT TEST OUTPUT 

UNDER TEST I 
CL 

1 T'STPOINT 
3kn 

OUTPUT vI:· :'5T PO INT 

UND'RT'STT 
CL 

UNDER TEST POINT 

CL 
(SEE NOTE AI l' (SEE NOTE AI ~ (SEE NOTE AI ~ . 

(SEE NOTE BI (SEE NOTE BI 

I/O 
CLOCK 

LOAD CIRCUIT FOR 
td. t r• AND tf 

SYSTEM 
CLOCK 

OUTPUT 
WAVEFORM 1 
(SEE NOTE CI 

\\ 

LOAD CIRCUIT FOR 

tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

VCC 

ts~ _____ ov 
I 
I 
I 
I 

I I 
~ tpZL I+- ~ tPLZ j+-

(SEE NOTE BI 

II : 1/ VCC 

i ,50% . i l,~ ____ ov 

-+I tpZH 14--+1 tPHZ I+-
Ir-________ ~I V 

W~~;:~~M 2 VSO% t 90i" - - - - OH 

(SEE NOTE CI ____________ --JT '--.... -____ 0 V 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES. 

\-----OBV 
I 
~td---+t 

OUTPUT 

DATA Xl ----------2.4V 

OUTPUT - - - - - - - - -- 0.8 V -------..1 
VOLTAGE WAVEFORM FOR DELAY TIME 

NOTES: A. CL = 50 pF for TLC540 and 100 pF for TLC541. 

B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ' 

VOLTAGE WAYEFORM FOR 
RISE AND FALL TIMES 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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principles of operation 

TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8·81T ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address). These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can 
be completed in 9 microseconds, while complete input-conversion-output cycles can be repeated every 
13 microseconds. With TLC541 a conversion can be completed in 17 microseconds, while complete input­
conversion-output cycles are repeated every 25 microseconds. Furthermore, this fast conversion can be 
executed on any of 11 inputs or its built-in "self-test," and in any order desired by the controlling processor. 

The System and I/O Clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System Clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will 
drive the "conversion crunching" circuitry so that the control hardware and software need not be concerned 
with this task. 

When CS is high, the Data Output pin is in a three-state condition and the Address Input and I/O Clock 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a 
control logic point with their counterpart pins on additional A/D devices when additional TLC540/541 devices 
are used. In this way, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 

The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before 
the low transition is recognized. This technique is used to protect the device against noise when 
the device is used in a noisy environment. The MSB of th'e previous conversion result will 
automatically appear on the Data Out pin. 

2. A new positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four I/O clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Three clock cycles are then applied to the I/O pin and the sixth, seventh, and eighth conversion 
bits are shifted out on the negative edges of these clock cycles. 

4. The final eighth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 36 System Clock cycles. After this final I/O Clock cycle, CS must go high or the 
I/O Clock must remain low for at least 36 System Clock cycles to allow for the conversion function. 

CS can be kept low during periods of mUltiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the I/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation (continued) 

2-156 

It is possible to connect the System and I/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal control sequence previously described. 

1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an I/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the "conversion crunching" circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently the 
System Clock pin receives two positive edges and then a negative edge. For this reason, after 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the sixth I/O Clock pulse that has been recognized by the 
device, so that a CS low level will be recognized upon the lowering of the eighth I/O Clock signal 
that is recognized by the device. Otherwise, additional common clock cycles will be recognized 
as I/O Clock pulses and will shift in an erroneous address. 

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge of the eighth I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in 
its high state during the eighth I/O Clock cycle until the moment at which the analog signal must be 
converted. The TLC540/TLC541 will continue sampling the analog input until the eighth falling edge of 
the I/O Clock. The control circuitry or software will then immediately lower the I/O Clock signal and hold 
the analog signal at the desired point in time and start conversion. 

Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
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PRODUCT 
PREVIEW 

• LinCMOST
• Technology 

• 8·Bit Resolution AID Converter 

• On·Chip 6·Channel Analog Multiplexer 

• Built·ln Self·Test Mode 

• Software·Controliable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• End-of·Conversion Output 

• Conversion Time ... 17 p's Max 

• Internal System Clock ... 4 MHz Typ 

• Low Power Consumption ... 6 mW Typ 

• Total Access and Conversion Cycles: 
TLC543 ... 45,500 cIs Min 
TLC544 ... 40,000 cIs Min 

description 

TLC543M, TLC5431" TLC544M, TLC5441 
8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

D2799. SEPTEMBER 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

AO VDD 
A1 REF+ 

A2 EOC 
A3 ADDRESS IN 
A4 I/O CLOCK 

REF- DATA OUT 
GND CS 

The TLC543 and TLC544 are LinCMOS" A/D peripherals built around an 8-bit switched-capacitor 
successive-approximation A/D converter. They are designed for serial interface to a microprocessor or 
peripheral via a three-state output with up to four control lines that include I/O Clock, Chip Select (CSI. 
Address Input, and End-of-Conversion Output (EOC). A 4-megahertz on-chip system clock and simultaneous 
read/write operations permit high-speed data transfer and minimum sample rates of 45,500 cycles per 
second for TLC543 and 40,000 cycles for the TLC544. In addition to the high-speed converter and versatile. 
control logic, there is an on-chip 6-channel analog multiplexer that can be used to sample anyone of five 
inputs or an internal "self-test" voltage and a sample-and-hold that can operate automatically or under 
processor control. 

The converters incorporated in the TLC543 and TLC544 feature differential high-impedance reference inputs 
that permit ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noise. 

A totally switched-capacitor design allows guaranteed low-error (± 0.5 LSB) conversion in 17 microseconds 
maximum for the TLC543 and the TLC544 over the full operating temperature range. The TLC543M and 
TLC544M are characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC5431 and TLC5441 are characterized for operation from - 40°C to 85 DC. 

LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1986. Texas Instruments Incorporated 
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on products in the formative or design phase of 
development. Characteristic data an~ other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
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TLC543M, TLC5431., TLC544M, TLC5441 
H·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

functional block diagram 

ANALOG { 
INPUTS 

REF+ REF-

CONVERTER 
(SWITCHED-CAPACITORS) 

PRODUCT 
PREVIEW 

DATA 
OUTPUT 

ADDRESS __________ ~~----~ 
INPUT 

CONTROL LOGIC 
AND 1/0 

COUNTERS END-OF­
J_------4---+---+-- CONVERSION 

OUTPUT 

1/0 
CLOCK-----------4~----------~------------~~--J-~----------~ 

CS----------~~----------------------------~ 

operating sequence 

~)4--------------------ta+c--------------------~.1 

: 12131415161718 I 
1/0 1 ~I 

CLOCK...J..J DON'T ~, 
'" I I I I' 
: k- ACCESS --+I 14-- SAMPLE --..... e-----tconv-----tl ~ ACCESS ---+I 

I I 
14-- SAM PLE -----.j 

CYCLE C I CYCLE B CYCLE B (See N~te A) ! CYCLE C 

CS~,~,--------------------~I '~j~,------------------~r--
MSB LSB ~twH(CS)----+( MSB LSB 

ADDRESS ~ DON'T CARE r,:::v;::v::;:. DON'T CARE 
INPUT --{~-------------~ff ~------------

DATA --f 
OUT 

END OF 
CONVERSION 

+--- PREVIOUS ~A7 

MSB CONVERSION DATA A LSB MSB 

I 

HI-Z STATE 

87 
+---CONVERSION DATA B-----+ 
MSB' LSB MSB 

NOTES: A. The conversion cycle, which requires 36 internal system clock periods, is initiated on the 8th falling edge of the I/O Clock 
. after CS goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the 1/0 
clock must remain low for at least 36 system clock cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AO) will be clocked out on the first seven 1/0 Clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three internal system clock cycles (1.4 JLs 

at 2 MHz) after a chip select transition before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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PRODUCT 
PREVIEW 

TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

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

Supply voltage, Vee (see Note 1) ............................................. 6.5 V 
Input voltage range (any input) ................................ , -0.3 V to Vec + 0.3 V 
Output voltage range ....................................... , - 0.3 V to Vcc + 0.3 V 
Peak input current range (any input) ......................................... ± 10 mA 
Peak total input current (all inputs) .......................................... ± 30 mA 
Operating free-air temperature range: TLC5431, TLC5441 . . . . . . . . . . . . . . . . . . .. - 40 °e to 85°C 

TLC543M, TLC544M ................. -55°C to 125°C 
Storage temperature range ......................................... - 65 °e to 150 °C· 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTE 1: All voltages are with respect to ground (GND pin) with REF- and GND wired together (unless otherwise noted). 

recommended operating conditions 

TlC543 TLC544 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 3 5 6 3 5 6 V 

Positive reference voltage, VREF + (see Note 2) 2.5 VCC VCC+ O:1 2.5 Vce VCC+O.l V 

Negative reference voltage, VREF _ (see Note 2) -0.1 0 2.5 0.1 0 2.5 V 

Differential reference voltage, VREF + - VREF _ (see Note 2) 1 VCC VCC+0.2 1 VCC Vee+ 0.2 V 

Analog input voltage (see Note 2) 0 VCC 0 Vce V 

High-level control input voltage, VIH (for VCC = 4.75 to 5.5 V) 2 2 V 

Low-level control input voltage, VIL (for VCC = 4.75 to 5.5 V) 0.8 0.8 V 

Input/Output clock frequency, fCLK(IIO) 

(for VCC = 4.75 to 5.5 V) 
0 2.048 0 1.1 MHz 

System clock frequency, fCLKfIIO) (for Vee = 4.75 to 5.5 V) 4 2.1 MHz 

Input/Output clock high, twH(I/O) 200 404 ns 

Input/Output clock low, twL(IIQ) 200 404 ns 

I fCLK(I/O) < 1.1 MHz 100 100 
I/O clock transition time (see Note 3) I fCLK(I/O) > 1.1 MHz 40 

ns 

Duration of CS input high state during conversion, twH(CSl 17 17 /LS 

Setup time, address bits at data input 

before I/O CLOCKt, tsu(A) 
200 400 ns 

Hold time, address bits after I/O CLOCKt, thlA) 0 0 ns 

Setup time, CS low before clocking in first address bits, 

tsu(eS) (see Note 4) 
1.4 1.4 p.s 

I TLC543M, TLC544M -55 125 -55 125 
Operating free-air temperature, T A °c I TLC5431, TLC5441 -40 85 -40 85 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "l"s (11111111) and input voltages less than that 
applied to REF - convert as all "O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF - voltage. Also, adjusted errors may increase as this differential reference voltage falls below 4.75 volts. 

3. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to VIH min. In 
the vicinity of normal room temperature, the devices function with input clock transitions as slow as 2 microseconds for remote 
data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (1.4 P.s 

at 2 MHz) after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should 
be made to clock-in address data until the minimum chip select setup time has elapsed. 

fI 
C/) ... 
'5 
CJ ... 
U 
c: 
o 

'';::; 
'en 
'5 
C" 
CJ 
<t 
m ... 
m 
C 

s: 
w 
5= 
w 
CC 
Q. 

I­
U 
:J 
C 
o 
CC 
Q. 

TEXAS l!1 
INSTRUMENTS 

2-.159 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



II 
c 
Q) 
pot. 
Q) 

~ 
(") 

.c 
c en· 
;:;: o· 
::::J 

o :::;. 
(") 
C ;:;. 
til 

"tJ 
lJ o 
C 
c: 
n 
-I 
"tJ 
lJ 
m 
~ 
m 
~ 

TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

electrical characteristics over recommended operating temperature range, 

PRODUCT 
PREVIEW 

VCC = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) = 2.048 MHz for TLC543 
or fCLK(l/O) = 1.1 MHz for TLC544 

PARAMETER TEST CONDITIONS 

VOH 
High-level output voltage. 

Vee = 4.75 V. IOH = -360 J.lA 
Data out. EOe 

L Data out Vee = 4.75 V. IOL = 3.2 mA 
VOL Low-level output voltage I EOe 

Vee = 4.75 V. IOL = 1.6 mA 

Off-state (high-impedance state) Vo = Vee. es at Vee 
IOZ 

output current Vo = o. es at Vee 

IIH High-level input current VI = Vee + 0.3 V 

IlL Low-level input current VI = 0 

ICC Operating supply current es at 0 V 

Selected channel at Vee.. 

Ilkg Selected channel leakage current 
Unselected channel at 0 V 

Selected channel at 0 V. 
See Figure 1 

Unselected channel at Vee 

IREF Reference current VREF+ = Vee. es at 0 V 

I Analog inputs 
ei Input capacitance I . 

Control Inputs 

t All typical values are at Vee = 5 V. T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

VCC 

SELECTED 
ANALOG 

INPUT 

OTHER 
ANALOG 
INPUTS 

FIGURE 1. SELECTED CHANNEL LEAKAGE CURRENT 

MIN Typt MAX UNIT 

2.4 V 

0.4 
V 

0.4 

10 
J.lA 

-10 

0.005 2.5 J.lA 

-0.005 -2.5 J.lA 

1.2 2 mA 

0.4 1 

J.lA 
-0.4 -1 

0.1 1 mA 

7 55 

5 15 
pF 
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operating characteristics over recommended operating free-air temperature range, VCC 
fCLK(l/O) = 2.048 MHz for TLC543 or 1.1 MHz for TLC544 

PARAMETER TEST CONDITIONS 
MIN 

TLC543 

TVP MAX 

Linearity error See Note 5 ±0.5 

Zero error See Note 6 ±0.5 

Full-scale error See Note 6 ±0.5 

Total unadjusted error See Note 7 ±0.5 

Input A5 address = 10110, 01111101 10000011 
Self-test output code 

See Note 8 (125) (131) 

tconv Conversion time See Operating Sequence 8 17 

ta+c Total access and conversion time See Operating Sequence 12 22 

tacq Channel acquisition time (sample cycle) See Operating Sequence 4 

tv 
Time output data remains valid 

10 
after I/O clock! 

td Delay time, I/O clock! to data output valid 300 

ten Output enable time 1.4 

tdis Output disable time 150 

trlbusl Data bus and EOC rise time 300 

tf(bus) Data bus and EOC fall time See Figure 2 300 

tPHLtEOCl Propagation delay, 8th I/O clock! to EOC 400 

td(EOC) 
Delay time, EOC to DATA OUT (MSB) 

(see Note 9) 
-1 

----

NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 

VREF+ = 4.75 to 5.5 V, 

TLC544 

MIN TVP MAX 
UNIT 

±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

01111101 10000011 

(125) (131) 

12 17 p's 

19 25 p's 

I/O 

4 clock 

cycles 

10 ns 

400 ns 

1.4 ns 

150 ns 

300 ns 

300 ns 

400 ns 

-1 p's 

6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference for full-
scale input voltage. 

7. Total unadjusted error comprises linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A5 analog input signal is internally generated and is used for test purposes. 
9. The EOC signal is output after 40 internal clock cycles, while the data is available after 36 internal clock cycles. Thus, the delay time, EOC to DATA OUT, 

is a negative value equal to four internal system clock cycles less internal propagation delays. 

PRODUCT PREVIEW Data Acquisition Circuits II 
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TLC543M, TLC5431, TLC544M, TLC5441 
8-BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

PRODUCT 
PREVIEW 

)

1.4:kf! 

OUTPUT 
UNDER TEST TEST POINT OUTPUT n TEST POINT 

UNDER TEST 

OUTPUT V!: k:
EST 

POINT 

UNDER TEST r-
CL J (SEE NOTE AI 

CL l' (See Note AI 
CL T 3 kf! 

(See Note A) -= -= 
(See Note B) (See Note B) 

LOAD CIRCUIT FOR 
td. t r • and tf 

LOAD CIRCUIT FOR 
tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tPLZ 

~ r-----VCC 

CS ~'"------_-_~~ ~o:. ____ 0 V 

INTERNAL 
SYSTEM 
CLOCK 

OUTPUT 
WAVEFORM 1 
(See Note C) 

I 1 

~tPZL---./ \4--M-tPLZ 

'I I y,;:-I VCC I (See Note B) \:... 50% I 1 
I , ..... ---+-1 _ 10~ - -- 0 V 

\4--tpZH----+! I4-*-tPHZ 
I 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

I/O~ 
CLOCK ~0.8V 

I 
~td-+l 

1,.-_____ -

X --------2.4 V 
OUTPUT - - - - _ - - _ 0.8 V -------

DATA 

VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

EOC T 2 .4 V 

---Il.---td(EOC)---./ 
I 

_
_____ ---i<2.4 V I, 

DATA OUT • 

04V I . , 
It--VALID MSB~ 

VOLTAGE WAVEFORMS FOR EOC TIMING 

NOTES: A. CL = 50 pF for TLC543 and 100 pF for TLC544. 

B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ' 
C. ,Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

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

FIGURE 2. OPERATING CHARACTERISTICS 
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introduction 

TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

PRINCIPLES OF OPERATION 

TLC543 and TLC544 are each complete data acquisition systems on a single chip. They include the functions 
of analog multiplexer, sample and hold, 8-bit A/D converter, data and control registers, and control logic. 
Flexible serial communication is achieved with a microprocessor or microcomputer using a TTL-compatible 
three-state Data Out and four control lines: Chip Select (CS), I/O Clock, Address Input, and End of 
Conversion (EOC) output. 

To maximize access speed, the device simultaneously writes the previous conversion result, reads a new 
mUltiplexer address, and acquires the analog signal. This is followed by the A/D conversion, whose end 
is signalled by EOC output going high. These Total Access and Conversion Cycles are completed in a 
minimum of 22 p's for the TLC543 and 25 p's for the TLC544. Conversion can take place, in any order, 
on the five analog inputs or the built-in self-test system. 

The system clock, which drives the control logic and the switched-capacitor successive approximation 
A/D converter, is internal to the device and typically runs at a frequency of 4 MHz. This internal system 
clock runs independently and there are no required phase or freq~ency relationships with other signals . 

digital interface 

The I/O clock controls the acquisition of the analog signal as well as all serial data communications between 
the TLC543 or TLC544 and the host processor. This I/O clock from the host consists of a burst of eight 
pulses separated by the conversion time. Timing may be achieved by chip select (CS) synchronously gating 
a continuous I/O clock or directly from the host with CS held low continuously. 

With CS high, Data Out is in a high-impedance condition with the Address Input and I/O clock input disabled. 
This feature allows the interface pins, with the exception of CS and EOC, to share a common bus with 
additional TLC543 or TLC544 devices or other members of the TLC543/544 family of devices. 

typical operating sequence 

Consider an access and conversion sequence where CS is being used: CS is brought low 'and recognized 
after the time out of the noise-rejection circuitry. The MSB of the previous conversion result appears at 
Data Out, whose three-state output is enabled. The MSB of the new multiplexer address should be present 
at the Address Input to conform with the setup time, tsu(A), requirements before the first rising edge of 
the I/O clock. The multiplexer address is shifted in on the first three rising edges of the I/O clock. 

The first seven falling edges of I/O CLOCK shift out the remaining seven bits of .the previous conversion 
on DATA OUT. The eighth I/O clock falling edge returns the MSB to the Data Out. Optimum serial transfer 
takes place with the bit streams being read on the rising edges of the I/O clock for the respective devices 
and Data Out and Address In lines. 

At the fourth falling edge of the I/O clock, the on-chip sample and hold begins to acquire the newly addressed 
analog input and continues until the eighth (and final) falling edge. A hold function is initiated by the eighth 
I/O clock pulse falling edge. If it is desired to start the conversion at a specific point in time (or lengthen 
the acquisition time), the host processor may leave the eighth I/O clock pulse in the high state until the 
moment at which the analog signal must be sampled. After bringing the eighth I/O pulse low, the A/D 
function is performed in the next 36 internal system clock cycles. 

In applications where CS is held low continuously, the bursts of eight I/O clock pulses should be timed 
to be at least tconv apart. 
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TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

CS input 

PRODUCT 
PREVIEW 

To minimize bus contention caused by noise enabling the three-state Data Out, when the CS input is brought 
low the device waits for two rising edges and a falling edge of the internal system clock before recognizing 
the CS transition~ Hence, the setup time tsu(CS) should be observed when using the CS input. This applies 
also to a CS high-to-Iow transition, except for disabling of DATA OUT, which goes into a high-impedance 
state immediately within the tdis specification (see Figure 3). If this interruption of CS in the low state 
is less than 1.5 internal system clock cycles, and hence not recognized, DATA OUT will be immediately 
enabled with the return of CS to the low state. OAT A OUT becomes enabled after a CS high-to-Iow transition 
in time ten (equivalent to tsu(CS) for this device, see Figure 3). 

CS can be brought high during a conversion without affecting the ongoing conversion but must remain 
high until the end of conversion. Otherwise, a CS falling edge will cause a reset condition that will abort 
the conversion in progress. When a new access cycle is started, the previous conversion result will be output. 

A new conversion may be restarted by toggling CS high-to-Iow at least tsu(CS) before the eighth falling 
edge of the I/O clock. The ongoing access cycle will be aborted. Again, when a new access cycle is started, 
the previous conversion result will be output. 

end of conversion output (EOC) 

EOC goes Iowa propagation delay time tpHL(EOC) after the 8th falling edge of the I/O clock, and goes 
high when conversion is complete. At this time the MSB is available at Data Out; however, if CS is high 
it will be necessary to bring CS low and wait for the CS recognition time before Data Out is available, 
since Data Out is in a high-impedance state when CS is high. Delay time td(EOC) of EOC to Data Out 
is a negative value of 4 internal system clock cycles less internal propagation delay, because the EOC 
signal is output after 40 internal system clock cycles whereas conversion is complete with data available 
after 36 cycles. 
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ADVANCE 
INFORMATION 

TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOS™ 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

• LinCMOST. Technology 

• 8-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 20-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• Timing and Control Signals Compatible with 
8-Bit TLC540 and 10-Bit TLC1540 AID 
Converter Families 

TYPICAL PERFORMANCE TL545 TL546 

Channel Acquisition Time 1.5 P.s 2.7 p'S 

Conversion Time 9 p'S 17 p'S 

Sampling Rate 76 x 103 40 x 103 

Power Dissipation 6 mW 6mW 

description 

The TLC545 and TLC546 are LinCMOST. AID 
peripherals built around an 8-bit switched­
capacitor successive-approximation AID 
converter. They are designed for serial interface 
to a microprocesor or peripheral via a three-state 
output with up to four control inputs [including 
independent System Clock, liD Clock, Chip 
Select (CS), and Address InputJ. A 4-megahertz 
system clock for the TLC545 and a 
2.1-megahertz system clock for the TLC546 
with a design that includes simultaneous 
readlwrite operation allow high-speed data 
transfers and sample rates of up to 76,923 
samples per second for the TLC545, and 40,000 
samples per second for the TLC546. In addition 
to the high-speed converter and versatile control 
logic, there is an on-chip 20-channel analog 
multiplexer that can-be used to sample anyone 
of 19 inputs or an internal "self-test" voltage, 
and a sample-and-hold that can operate 
automatically or under microprocessor control. 

The converters incorporated in the TLC545 and 
TLC546 feature differential high-impedance 
reference inputs that facilitate ratiometric 
conversion, scaling, and analog circuitry isolation 
from logic and supply noises. A totally switched­
capacitor design allows guaranteed low-error 
( ± 0.5 LSB) conversion in 9 microseconds for 

LinCMOS is a trademark of Texas Instruments Incorporated 

02850. DECEMBER 1985 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

INPUT AO VCC 
INPUT A 1 SYSTEM CLOCK 
INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
INPUT A6 REF + 
INPUT A7 REF-
INPUT A8 INPUT A 18 
INPUT A9 INPUT A 17 

INPUT A10 INPUT A16 
INPUT A 11 INPUT A 1 5 
INPUT A12 INPUT A14 

INPUT A4 
INPUT A5 
INPUT A6 
INPUT A7 
INPUT A8 
INPUT A9 

INPUT A10 

GND INPUT A 13 
'"""1.. __ ___ 

FN CHIP CARRIER PACKAGE 

(TOP VIEW) 

4 3 2 1 282726 

5 25 

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 

12 131415161718 

ADDRESS INPUT 
DATA OUT 

ES 
REF+ 
REF-
INPUT A18 
INPUT A17 

Copyright © 1985. Texas Instruments Incorporated 

• U) ... 
'5 
CJ ... 
U 
c 
o 

'';:: 
'w 
'5 
C" 
CJ 

c:( 
C'O ... 
C'O 
C 

2! 
o 
t= 
<t 
~ 
a: 
o 
LL 
2! -w 
U 
2! 
<t 
> c 
<t 

ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplinp or 
preproduction phase of development Characteristic 
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TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

ADVANCE 
INFORMATION 

the TLC545, and 17 microseconds for the TLC546 over the full operating temperature range. Detailed 
information on interfacing to most popular microprocessors is readily available from the factory. 

The TLC545M and the TLC546M are characterized for operation from - 55 DC to 125 DC. The TLC5451 
and the TLC5461 are characterized for operation from - 40 DC to 85 DC. 

functional block diagram 

ANALOG 
INPUTS 

ADDRESS 

20-CHANNEL 
ANALOG 

MULTIPLEXER 

SAMPLE 
AND 
HOLD 

REF+ REF-

a·BIT 
ANALOG·TO·DIGITAL 

CONVERTER 
(SWITCHED-CAPACITORS) 

CONTROL LOGIC 
'----........ ------f AND 1/0 t---~ 

r---'-----, COUNTERS 

INPUT ----------.-----1 

1/0 
CLOCK 

~-------~~----------------------------~ 
S;~~~~ ________ ........ __________________________________ ~ ________________ ~ 

DATA 
OUTPUT 
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ADVANCE 
INFORMATION 

operating sequence 

1/0 
ClOCK--{ 

TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

DON'T ~ 
1112131 4 1516171s 

.:.. tconv ----=;; f I4--AccEss------': :'-SAMPLE--+l 
- I (See Note AlI~1 I CYCLE C I' CYCLE C I 
CS..., " 1_ ' r---

~f-' ---------------'~wH(CS)------., 1-____________ ---'1 
, (See Note C) 

MSB LSB 
DON'T CARE 

A7 
~PREVIOUSCONVERSION DATA A--. 
MSB LSB MSB 

(See Note B) 

HI·Z STATE 

MSB LSB DON'T 
CARE 

B7 
~CONVERSION DATA B---+ 
MSB LSB MSB 

NOTES:. A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th I/O clock~ after CS~ for the channel 
whose address exists in memory at that time. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after Cs is brought low. The remaining 
seven bits (A6·AO) will be clocked out on the first seven I/O clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after 
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock·in address 
data until the minimum chip-select setup time has elapsed. 

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

Supply voltage, VCC (see Note 1) ........................................ '. . . .. 6.5 V 
Input voltage range (any input) ................................. - 0.3 V to V CC + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC +0.3 V 
Peak input current range (any input) .................... . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Peak total input current (all inputs) ................................. ,........ ± 30 mA 
Operating free-air temperature range: TLC5451, TLC5461 . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

TLC545M, TLC546M . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: All voltage values are with respect to network ground terminal. 
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TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS, . 

recommended operating conditions 

TLC545 

MIN NOM 

Supply'voltage, VCC 4.75 5 

Positive reference voltage, VREF + (see Note 2) 2.5 Vec 
Negative reference voltage, Vref _ (see Note 2) -0.1 0 

Differential reference voltage, VREF + - VREF- (see Note 2) 1 Vec 
Analog input voltage (see Note 2) 0 

High-level control input voltage, VIH 2 

Low-level control input voltage, VIL 

Setup time, address bits at data input before I/O CLKf, tsu(A) 200 

Address hold time, th 0 

Setup time, CS low before clocking in first 
3 

address bit, tsu(CS) (see Note 3) 

Chip select high during conversion, twH(CS) 36 

Input/Output clock frequency, fCLK(lJO) 0 

System clock frequency, fCLK(SYS) feLK(I/O) 

System clock high, twH(SYS) 110 

System clock low, twL(SYS) 100 

Input/Output clock high, twH(I/O) 200 

Input/Output clock low, twL(I/O) 200 

fCLK(SYS) :s 1048 kHz 
Clock transition time 

System 
fCLK(SYS) > 1048 kHz 

(see Note 4) fCLK(I/O) :s 525 kHz 
I/O 

fCLK(I/O) > 525 kHz 

TLC545M, TLC546M -55 
Operating free-air temperature, T A 

TLC5451, TLC5461 -40 

MAX MIN 

5.5 4.75 

Vee+ O.1 2.5 

Vee- 2,5 -0.1 

Vee+ 0,2 1 

Vec 0 

2 

0.8 

400 

0 

3 

36 

2.048 0 

4 feLK(I/O) 
210 

190 

404 

404 

30 

20 

100 

40 

125 -55 

85 -40 

ADVANCE 
INFORMATION 

TLC546 
UNIT 

NOM MAX 

5 5.5 V 

Vee Vee+ 0.1 v 
0 Vee- 2.5 V 

Vee Vee+ 0.2 V 

VCC V 

V 

0.8 V 

ns 

ns 

System 

clock 

cycles 

System 

clock 

cycles 

1.1 MHz 

2.1 MHz 

ns 

ns 

ns 

ns 

30 
ns 

20 

100 
ns 

40 

125 

85 
°c 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "1"s (11111 1 1 1). while input voltages less than that 
applied to REF - convert as all "O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF - voltage. Also, total unadjusted errors may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (or less) 
after a chip select falling edge or rising edge is detected before responding to control input signals. Therefore, no attempt 
should be made to clock-in address data until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to VIH min. In 
the vicinity of normal room temperature, the devices function 'with input clock transition time as slow as 2 microseconds 
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 
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TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOS™ 8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

electrical characteristics over recommended operating temperature range, 
VCC = VREF+ = 4.75 V to 5.5 V (unlel?s otherwise noted), fCLK(l/O) = 2.048 MHz for TLC545 
or fCLK(lfO) = 1.1 MHz for TLC546 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VOH High-level output voltage (pin 24) VCC = 4.75 V, 10H = -360 p.A 2.4 

VOL Low-level output voltage VCC = 4.75 V, 10L = 3.2 mA 0.4 

10Z 
Off-state (high-impedance state) Vo = Vcc, CS at VCC 10 

output current Vo = 0, CS at VCC -10 

IIH High-level input current VI = VCC 0.005 2.5 

IlL Low-level input current VI = 0 -0.005 -2.5 

ICC Operating supply current CS at 0 V 1.2 2.5 

Selected channel at VCC' 
0.4 1 

Unselected channel at 0 V 
Selected channel leakage current 

Selected channel at 0 V, 
-0.4 -1 

Unselected channel at VCC 

ICC + IREF Supply and reference current VREF+ = Vcc, CS at 0 V 1.3 3 

Ci I Analog inputs 7 55 
Input capacitance 

I Control inputs 5 15 

t All typical values are at T A = 25°C. 

operating characteristics over recommended operating free-air temperature range, 
VCC = VREF+ = 4.75 V to 5.5 V, fCLK(l/O) = 2.048 MHz for TLC545 or 1.1 MHz for 
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546 

PARAMETER TEST CONDITIONS 
TLC545 TLC546 

MIN TYP MAX MIN TYP MAX 

Linearity error See Note 5 ±0.5 ±0.5 

Zero error See Note 6 ±0.5 ±0.5 

Full-scale error See Note 6 ±0.5 ±0.5 

Total unadjusted error See Note 7 ±0.5 ±0.5 

Input A 19 address = 10011 01111101 10000011 01111101 10000011 
Self-test output code 

(See Note B) (125) (131) (125) (131) 

tconv Conversion time See Operating Sequence 9 17 

Total access and 
See Operating Sequence 13 25 

conversion time 

Channel acquisition 
tacq See Operating Sequence 3 3 

time (sample cycle) 

Time output data 

tv remains valid after 10 10 

I/O clockt 

td 
Delay time, I/O clockt 

300 400 
to data output valid 

See Parameter 
ten Output enable time 150 150 

Output disable time 
Measurement 

tdis 150 150 

Data bus rise time 
Information 

300 300 tr(bus) 

tf(bus) Data bus fall time 300 300 

NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 

UNIT 

V 

V 

p.A 

p.A 

p.A 

mA 

p.A 

mA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

,"s 

,"s 

I/O 

clock 

cycles 

ns 

ns 

ns 

ns 

ns 

ns 

6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted for full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A 19 analog input signal is internally generated 

and is used for test purposes. 
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TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM B·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

ADVANCE 
INFORMATION 

OUTPUT ~:knTEST OUTPUT 

UNDER TEST I 
CL 

1 TEST POINT 
3kn 

OUTPUT VI: k:
EST 

POINT 

UNOER TEST-+ 
CL 

UNDER TEST POINT 
(SEE NOTE AI ~ (SEE NOTE AI ~ 

CL 
(SEE NOTE AI l' 

(SEE NOTE BI (SEE NOTE BI 

LOAD CIRCUIT FOR 
td. t r• AND tf 

LOAD CIRCUIT FOR 

tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

I/O 
CLOCK 

\\ 
VCC 

t5~ ___ ~ _ OV 

SYSTEM 
CLOCK 

I 
I 
I 
I 

I I 
-+I tpZL 14- -41 tPLZ J+-

I I I 
OUTPUT ---------------------+I~,I I il~ VCC 

WAVEFORM 1 (SEE NOTE BI 1 50"10 I ./.10"10 
(SEE NOTE CI 1 "". --_-+1_..... - - - - - 0 V 

-+I tpZH I+- -.I tPHZ l+-
I I 

OUTPUT t \::90"1.0 - - - - VOH 
WAVEFORM 2 50"10 
(SEE NOTE CI ___________________ --J. _____ 0 V 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\-;,.... -- -O.8V 

I 
I+-td---+t 

OUTPUT 

DATA Xl ----------2.4V 

OUTPUT - - - - - - - - -- 0.8 V _______ .J 

VOLTAGE WAVEFORM FOR -:>ELAY TIME 

NOTES: A. CL = 50 pF for TLC545 and 100 pF for TLC546 
B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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ADVANCE 
INFORMATION-

principles of operation 

TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM B·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

The TLC545 and TLC546 are both complete data acquisition systems on single chips. Each includes such 
functions as' system clock, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs; Chip Select (CS)' Address Input, I/O 
clock, and System clock. These control inputs and a TTL-compatible 3-state output facilitate serial 
communications with a microprocessor or microcomputer. The TLC545 and TLC546 can complete 
conversions in a maximum of 9 and 17 microseconds respectively, while complete input-conversion-output 
cycles can be repeated at a miximum of 13 and 25 microseconds, respectively. 

The System and I/O clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System clock input. the 
control hardware and software need only be concerned with addressing the desired analog channel. reading 
the previous conversion result. and starting the conversion by using the I/O clock. The System clock will 
drive the "conversion crunching" circuitry so that the control hardware and software need not be concerned 
with this task. 

When CS is high, the Data Output pin is in a high-impedance condition, and the Address Input and I/O 
Clock pins are disabled. This feature allows each of these pins, with the exception of the CS, to share 
a control logic point with their counterpart pins on additional A/D devices when additional TLC545/TLC546 
devices are used. Thus, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 

The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 

1. CS is brought low. To minimize errors caused by noise at the CS input. the internal circuitry waits 
for two rising edges and then a falling edge of the System clock after a CS transition before the 
transition is recognized. The MSB of the previous conversion result will automatically appear on 
the Data Out pin. 

2. A new positive-logic multiplexer address is shifted in on the first five rising edges of the I/O clock. 
The MSB of the address is shifted in first. The negative edges of these five I/O clocks shift out 
the 2nd, 3rd, 4th, 5th, and 6th most significant bits of the previous conversion result. The on­
chip sample-and hold begins sampling the newly addressed analog input after the 5th falling edge. 
The sampling operation basically involves the charging of internal capacitors to the level of the 
analog input voltage. 

3. Two clock cycles are then applied to the I/O pin and the 7th and 8th conversion bits are shifted 
out on the negative edges of these clock cycles. 

4. The final 8th clock cycle is applied to the I/O clock pin. The falling edge of this clock cycle completes 
the analog sampling process and initiates the hold function. Conversion is then performed during 
the next 36 system clock cycles. After this final I/O clock cycle, CS must go high or the I/O clock 
must remain low for at least 36 system clock cycles to allow for the conversion function. 

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion. special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line. the I/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high. it must remain high until the end of' conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC545M, TLC5451, TLC546M, TLC5461 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

ADVANCE 
INFORMATION 

It is possible to connect the system and I/O clocks together in special situations in which controlling circuitry 
points must be minimized. In this case, the following special points must be considered in addition to the 
requirements of the normal control sequence previously described. 

1. When CS is recognized by the device to be at a low level, the common clock signal is used 
as an I/O clock. When the CS is recognized by the device to be at a high level, the common 
clock signal is used to drive the "conversion crunching" circuitry. 

2. The device will recognize a CS transition only when the CS input changes and subsequently 
the system clock pin receives two positive edges and then a negative edge. For this reason, 
after a CS negative edge, the first two clock cycles will not shift in the address because a 
low CS must be recognized before the I/O clock can shift in an analog channel address. Also, 
upon shifting in the address, CS must be raised after the 6th I/O clock, which has been 
recognized by the device, so that a CS low level will be recognized upon the lowering of the 
8th I/O clock signal recognized by the device. Otherwise, additional common clock cycles will 
be recognized as I/O clocks and will shift in an erroneous address. 

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the 5th I/O clock cycle, the hold function is not initiated until the negative 
edge of the 8th I/O clock cycle. Thus, the control circuitry can leave the I/O clock signal in its high state 
during the 8th I/O clock cycle, until the moment at which the analog signal must be converted. The 
TLC545/546 will continue sampling the analog input until the 8th falling edge of the I/O clock. The control 
circuitry or software must then immediately lower the I/O clock signal to initiate the hold function at the 
desired point in time and to start conversion. 

Detailed information on interfacing to most popular microprocesors is readily available from the factory. 
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• LinCMOSTM Technology 

• Microprocessor Peripheral or Stand·Alone 
Operation 

• 8·Bit Resolution AID Converter 

• Differential Reference Input Voltages 

• Conversion Time ... 17 p's Max 

• Total Access and Conversion Cycles Per Second 
TLC548 ... up to 45.500 
TLC549 ... up to 40.000 

• On·Chip Software·Controllable Sample·and·Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• 4·MHz Typical Internal System Clock 

• Wide Supply Range ... 3 V to 6 V 

• Low Power Consumption ... 6 mW Typ 

TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

02816. NOVEMBER 1983- REVISED JULY 1986 

TLC548M. TLC549M ... D OR P PACKAGE 
TLC5481. TLC5491 ... D OR P PACKAGE 

TLC548C. TLC549C ... D PACKAGE 

(TOP VIEW) 

REF+DB VCC 
ANALOG IN 2 7 1/0 CLOCK REF - 3 6 DATA OUT 

GND 4 5 CS 

• Ideal for Cost·Effective. High·Performance Applications Including Battery·Operated Portable 
Instrumentation 

• Pinout and Control Signals Compatible with the TLC540 and TLC545 8·Bit AID Converters and with 
the TLC 1540 10·Bit AID Converter 

description 

The TLC548 and TLC549 are LinCMOSTM AID peripheral integrated circuits built around an 8·bit switched­
capacitor successive-approximation ADC. They are designed for serial interface with a microprocessor 
or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only the 
Input/Output Clock (I/O Clock) input along with the Chip Select (CS) input for data control. 
The maximum I/O clock input frequency of the TLC548 is guaranteed up to 2.048 megahertz, and the 
I/O clock input frequency of the TLC549 is guaranteed to 1 .1 megahertz. Detailed information on interfacing 
to most popular microprocessors is readily available from the factory. 

Operation of the TLC548 and the TLC549 is very similar to that of the more complex TLC540 and TLC541 
devices; however. the TLC548 and TLC549 provide an on-chip system clock that operates typically at 
4 megahertz and requires no external components. The on-chip system clock allows internal device operation 
to proceed independently of serial input/output data timing and permits manipulation of the TLC548 and 
TLC549 as desired for a wide range of software and hardware requirements. The I/O Clock together with 
the internal system clock allow high-speed data transfer and conversion rates of 45.500 conversions per 
second for the TLC548. and 40.000 conversions per second for the TLC549. 

Additional TLC548 and TLC549 features include versatile control logic. an on-chip sample-and-hold circuit 
that can operate automatically or under microprocessor control. and a high-speed converter with differential 
high-impedance reference voltage inputs that ease ratiometric conversion. scaling, and circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows conversion with a maximum total error of ± 0.5 least significant bit (LSB) in less than 
17 microseconds. 

The TLC548M and TLC549M are available in the D or P plastic package and are characterized for operation 
over the temperature range of - 55°C to 125°C. The TLC5481 and TLC5491 are characterized for operation 
from -40°C to 85°C. The TLC548C and TLC549C are characterized for operation from O°C to 70°C. 

LinCMOS is a trademark of Texas Instruments. 

Copyright © 1983. Texas Instruments Incorporated 
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TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

functional block diagram 

REF+ 

REF-

ANALOG 
INPUT 

(1) 

(3) 

(2) SAMPLE 
AND 

HOLD 

I 
I 
I 

r-

,~ 

I'NTERNAL ~ SYSTEM , 

cs 
I/O CLOCK 

(5) 

(7) 

operating sequence 

CLOCK -
-
1 

8-BIT 
ANALOG-TO-

DIGITAL 
CONVERTER 
(SWITCHED-

CAPACITORS) 

I 

. ~ 

CONTROL 
LOGIC 
AND 

OUTPUT 
COUNTER, 

B 

f-+- 8 
OUTPUT / 8-TO·' DATA 

DATA ~ SELECTOR ~ 
REGISTER AND 

r-- r- DRIVER 

~ 

1112131415161718 1112131415161718 
I/O --...J DON'T ~ • 

CLOCK~ I I I SAMPLE I I I I I I I 14- ACCESS --.j If- ~ teonv ---:-:--+I I 14-- ACCESS --+t SAMPLE 
tsu(CS)-14-----+1 CYCLE B CYCLE B (See Note A) ~ CYCLE C If-CYCLE C-+t 

I tsu(CS) 

DATA 
OUTPUT 

CS~J I fl----t , I 
I I+--twH(CS)~'-f, 
I I 
I I 

DATA I HI-Z STATE I 

OUT(-1' I I 
I I I 87 
I It-PREVIOUS CONVERSION DATA A--+I I I4------CONVERSION DATA B------+I 

ten-\f-+l MSB LSB MSB ten-+! ~SB LSBS MSB 
(See Note B) 

NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 p'S maximum), is initiated with the 8th I/O clock 
pulse trailing edge after CS goes low for the channel whose address exists in memory at the time. 

B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining seven 
bits (A6-AO) will be clocked out on the first seven I/O clock falling edges. 87-80 will follow in the same manner. 
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TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 

PERIPHERAL WITH SERIAL CONTROL 

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

Supply voltage, VCC (see Note 1) ............................................. 6.5 V 
Input voltage range at any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC+ 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC+ 0.3 V 
Peak input current range (any input) ........................... . . . . . . . . . . . . .. ± 10 mA 
Peak total input current range (all inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Operating free-air temperature range (see Note 2): TLC548M, TLC549M ....... - 55°C to 125°C 

TLC5481, TLC5491 .......... - 40°C to 85 °C 
TLC548C, TLC549C ........... ooC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal with the REF - and GND terminal pins connected together, 
unless otherwise noted. 

2. The D package is not guaranteed below - 40 ac. 

recommended operating conditions 

TLC548 TLC549 

MIN NOM MAX MIN !'10M MAX 
UNIT 

Supply voltage, VCC 3 5 6 3 5 6 V 

Positive reference voltage, VREF + (see Note 3) 2.5 Vec Vec+ O.1 2.5 Vee Vee+O.l V 

Negative reference voltage, VREF _ (see Note 3) -0.1 0 2.5 -0.1 0 2.5 V 

Differential reference voltage, VREF +, VREF _ (see Note 3) 1 Vee Vee+ 0.2 1 Vec Vce+0.2 V 

Analog input voltage (see Note 3) 0 Vec 0 Vee V 

High-level control input voltage, VIH (for VCC = 4.75 V to 5.5 V) 2 2 V 

Low-level control input voltage, VIL (for VCC = 4.75 V to 5.5 V) 0.8 O.B V 

Input/output clock frequency, fCLK(I/O) 
0 2.048 a 1.1 MHz 

(for VCC = 4.75 V to 5.5 V) 

Input/output clock high, twH(I/O) (for VCC ~ 4.75 V to 5.5 V) 200 404 ns 

Input/output clock low, twL(I/O) (for VCC - 4.75 V to 5.5 V) 200 404 ns 

Input/output clock transition time, tt(l/O) (see Note 4) 
100 100 ns 

(for VCC = 4.75 V to 5.5 V) 

Duration of CS input high state during conversion, twH(CS) 

(for VCC ~ 4.75 V to 5.5 V) 
17 17 p'S 

Setup time, CS low before first I/O clock, tsu(CS) 

(for VCC ~ 4.75 V to 5.5 V) (see Note 5) 
1.4 1.4 p'S 

I TLC548M, TLC549M -55 125 -55 125 

Operating free-air temperature, T A I TLC5481, TLC5491 -40 85 -40 85 ac 

I TLC548C, TLC549C 0 70 0 70 

NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that 
applied to REF - convert to all zeros (00000000). For proper operation, the positive reference voltage VREF +, must be at 
least 1 volt greater than the negative reference voltage VREF _ . In additon, unadjusted errors may increase as the differential 
reference voltage VREF+ - VREF- falls below 4.75 V. 

4. This is the time required for the input/output clock input signal to fall from VIH min to VIL max or to rise from VIL max to 
VIH min. In the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 P.s 
for remote data acquisition applications in which the sensor and the ADC are placed several feet away from the controlling 
microprocessor. 

5. To minimize errors caused by noise at the CS input, the internal circuitry waits for two rising edges and one falling edge of 
internal system clock after CS! before responding to control input signals. This CS set-up time is given by the ten and tsu(CS) 
specifications. 
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TLC548. TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL 
PERIPHERAL WITH SERIAL CONTROL 

electrical characteristics over recommended operating free·air temperature range, 
VCC = VREF + = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) = 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage VCC = 4.75 V, 10H = -360 p.A 2.4 V 

VOL Low-level output voltage VCC = 4.75 V, 10L = 3.2 rnA 0.4 V 

10Z 
Off-state (high-impedance Va = Vee, es at Vee 10 

V 
state) output current Vo = 0, CS at VCC -10 

IIH High-level input current, control inputs VI = VCC 0.005 2.5 p.A 

IlL Low-level input current, control inputs VI = a -0.005 -2.5 p.A 

I1(0n) 
Analog channel on-state input Analog input at VCC . 0.4 1 

current, during sample cycle Analog input at 0 V -0.4 -1 
p.A 

ICC Operating supply current CS at 0 V 1.8 2.5 rnA 

ICC + IREF Supply and reference current VREF+ = VCC 1.9 3 rnA 

Ci Input capacitance 
I Analog inputs 7 55 

I Control inputs 5 15 
pF 

operating characteritics over recommended operating free-air temperature range, 
VCC = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) = 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 

PARAMETER TEST CONDITIONS 
TLC548 TLC549 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

Linearity error See Note 6 ±0.5 ±0.5 LS8 

Zero error See Note 7 ±0:5 ±0.5 LS8 

Full-scale error See Note 7 ±0.5 ±0.5 LSB 

Total unadjusted error See Note 8 ±0.5 ±0.5 LSB 

tconv Conversion time See Operating Sequence 8 17 12 17 p's 

Total access and conversion time See Operating Sequence 12 22 19 25 p's 

Channel acquisition time 
1/0 

tacq (sample cycle) 
See Operating Sequence 4 4 clock 

cycles 

tv 
Time output data remains 

10 
valid after 1/0 clock I 

10 ns 

td 
Delay time to data 

1/0 clock! 300 400 
output valid 

ns 

ten Output enable time 1.4 1.4 p's 

tdis Output disable time See Parameter 150 150 ns 

tr(bus) Data bus rise time Measurement Information 300 300 ns 

tf(bus) Data bus fall time 300 300 ns 

tAli typicals are at VCC = 5 V, T A = 25°C. 
NOTES: 6. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

7. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 

8. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

2-176 TEXAS -Ij} 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL 

PERIPHERAL WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT ~:knTEST 
UNDER TEST POINT 

CL 

OUTPUT 
UNDER TEST I 

CL 
(SEE NOTE AI~ 

I TEST POINT 

3kn 

(SEE NOTE BI 

OUTPUT V f. k:
EST 

POINT 

UNOERTEST+ 
CL 

(SEE NOTE AI ~ 
(SEE NOTE BI 

(SEE NOTE All' 

LOAD CIRCUIT FOR 
td. t r• AND tf 

LOAD CIRCUIT FOR 
tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

I/O 
CLOCK 

~. VCC 

CS 1''''5_0_% __________ 5_°..lo/i -'- ___________ ° V 

I I 

OUTPUT 
WAVEFORM 1 
(SEE NOTE CI 

!+--tPZL ---+I !+-- tpLZ ----.! 
---------,. ! - VCC , I VCC 

,
: ~50% , 1/ 

'",. _______ 1 _____ .. -f1c:!." ______ VOL 

j.--tPZH---1 I 

OUTPUT ,---------1-----"" - - - ___ VOH 

WAVEFORM 2 .. _________ y.1 
50% : ~O% 

(SEE NOTE CI T' I . 
~tPHZ-+I ° V 

(SEE NOTE BI 

VOLTAGE· WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\-- -- -O.8V 
I 
~td---+t 

OUTPUT 

DATA Xl ----------2.4V 

OUTPUT ---------·O.8V ----------
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 

RISE AND FALL TIMES 

NOTES: A. CL = 50 pF for TLC548 and 100 pF for TLC549; CL includes jig capacitance. 

B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ· 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

PRINCIPLES OF OPERATION 

The TLC548 and TLC549 are each complete data acquisition systems on a single chip. Each contains an internal 
system clock, sample-and-hold, 8-bit A/D converter, data register, and control logic circuitry. For flexibility and 
access speed, there are two control inputs: I/O Clock and Chip Select (CS). These control inputs and a TTL­
compatible three-state output facilitate serial communications with a microprocessor or minicomputer. A 
conversion can be completed in 17 microseconds or less, while complete input-conversion-output cycles can 
be repeated in 22 microseconds for the TLC548 and in 25 microseconds for the TLC549. 

The internal system clock and I/O clock are used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for the device . 
Due to this independence and the internal generation of the system clock, the control hardware and software 
need only be concerned with reading the previous conversion result and starting the conversion by using the 
I/O clock. In this manner, the internal system clock drives the "conversion crunching" circuitry so that the control 
hardware and software need not be concerned with this task. 

When CS is high, the data output pin is in a high-impedance condition and the I/O clock pin is disabled. This 
CS control function allows the I/O Clock pin to share the same control logic point with its counterpart pin when 
additional TLC548 and TLC549 devices are used. This also serves to minimize the required control logic pins 
when using multiple TLC548 and TLC549 devices. 

The control sequence has been designed to minimize the time and effort required to initiate conversion and 
obtain the conversion result. A normal control sequence is: 

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for 
two rising edges and then a falling edge of the internal system clock after a CSL before the transition 
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within 
the tdis specification even though the rest of the IC's circuitry will not recognize the transition until 
the tsu(CS) specification has elapsed. This technique is used to protect the device against noise when 
used in a noisy environment. The most significant bit (MSB) of the previous conversion result will initially 
appear on the DATA OUT pin when CS goes low. 

2. The falling edges of the first four I/O clock cycles shift out the 2nd, 3rd, 4th, and 5th most significant 
bits of the previous conversion result. The on-chip sample-and-hold begins sampling the analog input 
after the 4th high-to-Iow transition of the I/O Clock. The sampling operation basically involves the charging 
of internal capacitors to the level of the analog input voltage. 

3. Three more I/O clock cycles are then applied to the I/O pin and the 6th, 7th, and 8th conversion bits 
are shifted out on the falling edges of these clock cycles. 

4. The final, (the 8th), clock cycle is applied to the I/O clock pin. The on-chip sample-and-hold begins the 
hold function upon the high-to-Iow transition of this clock cycle. The hold function will continue for 
the next four internal system clock cycles, after which the holding function terminates and the conversion 
is performed during the next 32 system clock cycles, giving a total of 36 cycles. After the 8th I/O clock 
cycle, CS must go high or the I/O clock must remain low for at least 36 internal system clock cycles 
to allow for the completion of the hold and conversion functions. CS can be kept low during periods 
of multiple conversion. When keeping CS low during periods of mUltiple conversion, special care must 
be exercised to prevent noise glitches on the I/O Clock line. If glitches occur on the I/O Clock line, the 
I/O sequence between the microprocessor/controller and the device will lose synchronization. If CS 
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-Iow transition 
of CS will cause a reset condition, which will abort the conversion in progress. 

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 
through 4 before the 36 internal system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DlGlTAL 

PERIPHERAL WITH SERIAL CONTROL 

PRINCIPLES OF OPERATION 

For certain applications, such as strobing applications, it is n.ecessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins sampling 
upon the high-to-Iow transition of the 4th I/O clock cycle, the hold function does not begin until the high-to-Iow 
transition of the 8th I/O clock cycle, which should occur at the moment when the analog signal must be converted. 
The TLC548 and TLC549 will continue sampling the analog input until the high-to-Iow transition of the 8th 
I/O clock pulse. The control circuitry or software will then immediately lower the I/O clock signal and start the 
holding function to hold the analog signal at the desired point in time and start conversion. 

Detailed information on interfacing to the most popular microprocessor is readily available from Texas Instruments. 
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PRODUCT 
PREVIEW 

TLC1205A. TLC1205B. TLC1225A. TLC1225B 
SELF·CALIBRATING 12-BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGITAL CONVERTERS 

• ADVANCED LinCMOST• Technology 

• Self-Calibration Eliminates Expensive 
Trimming at Factory and Offset Adjustment 
in the Field 

• 12-Bit Plus Sign Unipolar or Bit Bipolar 

• ± Y:z and ± 1 LSB Linearity Error in Unipolar 
Configuration 

• 10 p's Conversion Time (Mode 2) 
(clock = 2.6 MHz) 

20 p.s Conversion Time (Mode 1) 
(clock = 2.6 MHz) 

• Compatible with All Microprocessors 

• True Differential Analog Voltage Inputs 

• 0 to 5 V Analog Voltage Range with Single 
5-V Supply (Unipolar Configuration) 

• - 5 V to 5 V Analog Voltage Range with 
± 5-V Supplies (Bipolar Configuration) 

• Low Power ... 25 mW Maximum 

• Replaces National Semiconductor ADC1205 
and ADC1225 in Mode 1 Operation 

description 

The TLC1205 and TLC1225 converte~ are 
manufactured with Texas Instruments highly 
efficient ADVANCED LinCMOST. technology~ 

Either of the TLC1205 or TLC1225 CMOS 
analog·to digital converters can be operated as 
a unipolar or bipolar converter. A unipolar input 
(0 to 5 V) can be accommodated with a single 

D2982, FEBRUARY 1987 

TLC1205 
J OR N DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

ANLG VCC- DGTL VCC 
IN- D12/D7/0 (status) 

IN+ D 12/D6/SARS 
ANLG GND D12/D5/0/DI5 

REF D12/D4/0/DI4 

ANLG VCC+ D11/D3/0/DI3 
VOS D10/D2/BYST/Ol2 

CLK IN D9/D 1 IEOC/DI1 
WR D8/DO/INT/DI0 
CS INT 
RD READY OUT 

DGTL GND STATUS 

TLC1225 
J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

ANLG VCC- DGTL VCC 
IN- D12 
IN+ D11 

ANLG GND D10 
REF D9 

ANLG VCC+ D8 
VOD D7 

1/0 
CLK IN D6 

WR D5/DI5 
BUS 

CS D4/DI4 
RD D3/DI3 

DGTL GND D2/DI2 
READY OUT D1/DI1 

INT DO/DIO -""' __ J"""" 

1/0 
BUS 

5-volt supply, while a bipolar input (- 5 V to 5 V) requires the addition of a 5-volt negative supply. 
Conversion is performed via the successive-approximation method. The 24-pin TLC1205 outputs the 
converted data in two 8-bit bytes, while the TLC1225 outputs the converted data in a parallel word and 
interfaces directly to a 16-bit data bus. Negative numbers are given in the 2's complement data format. 
All digital signals are fully TTL and CMOS compatible. 

These converters utilize a self-calibration technique by which seven of the internal capacitors in the 
capacitive ladder of the AID conversion circuitry can be automatically or manually calibrated. If the 
converters are operated in Mode 1, one of the seven internal capacitors is calibrated during the first part 
of the conversion sequence. For example, one capacitor is calibrated during the first conversion. The next 
capacitor is calibrated during the second conversion. If the converters are operated in Mode 2, the internal 
capacitors are calibrated during a nonconversion, capacitor-calibrate cycle in which all seven of the internal 
capacitors are calibrated at the same time. A Mode 2 conversion requires only 10 p'S (2.6 MHz clock) after 
the nonconversion, capacitor-calibrating cycle has been completed. The calibration or conversion cycle 
may be initiated at any time by issuing the proper address to the data bus. The self-calibrating techniques 
eliminate the need for expensive trimming of thin-film resistors at the factory and provide excellent 
performance at low cost. 

ADVANCED LinCMOS'· is a trademark of Texas Instruments Incorporated 

Copyright © 1987, Texas Instruments Incorporated 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF-CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DIGITAL CONVERTERS 

functional block diagram 

PRODUCT 
PREVIEW 

r -, - - - - - - - - - - - --..., 
I MICROPROCESSOR 

ANLG Vcc-

IN+ 

IN­

REF 

.---

[" 
>- L 

~ 

1/0 BUS 

vas 

INT 

CS .. 
WR ... 

r 

RD .. 
READY OUT .... ... 

STATUS ~ 

.... 
I 8·BIT 

.... 8,1 8 8·BIT SWITCH 
CALIBRATION . , .- CONTROL 

13·BIT 
DAC I 

T 
I r+- 8·BIT SAR CAPACITOR DAC 

AND SIH I 
REGISTER 1 

ICOMP 
I REGISTEIt 2 

I ~8 
13·BIT l ALU 

CAPACITOR DAC I' 

B-BIT H' AND SIH ~ 8·WORD 
~13 CALIBRATION I RAM 

I ..... .- DAC I ADDRESS ADDRESS '13 
13 I COUNTER COUNTER 

5 V • 10 V TRANSLATOR I 1 2 

13·BIT SWITCH CONTROL I CLOCKS 

13 BIT SAR 6 
1 ,. INPUT DATA LATCHES 

13·BIT CALIBRATION 
CONTROL LOGIC 

1 13 .---
13·BIT DATA LATCH ~ ,-r 

6 
~ MUX CONTROL 

# #1 ROM 

... TlC1205: # - 8 
,. "/ ... 

TLC1225: # - 13 
L.....-. 

PROGRAM 
COUNTER 

L - - ~-l-l- - --

ITLC1205 ONLY) 

8·BIT 
DATA 
PATH 

___ -I 

In Mode 1, these converters are replacements for National Semiconductor ADC1205 and ADC1225 
integrated circuits. The Mode 1 conversion time for guaranteed accuracy is 51 clock cycles. In the Mode 2 
operation, these devices are no longer true replacements. However, the Mode 2 conversion time for 
guaranteed accuracy is only 26 clock cycles. 

The TLC1205AM, TLC1205BM, TLC1225AM, and TLC1225BM are characterized for operation over the 
full military temperature range of - 55°C to 125°C. The TLC1205AI, TLC1205BI, TLC1225AI, and 
TLC1225BI are characterized for operation from - 40°C to 85 DC. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGlTAL CONVERTERS 

operation description 

calibration of comparator offset 

The following actions are performed to calibrate the comparator offset: 

1. The IN + and IN - inputs are internally shorted together in order that the comparator input is zero. 
A course comparator offset calibration is performed by storing the offset voltages of the 
interconnecting comparator stages on the coupling capacitors, which connect the interconnecting 
stages. Refer to Figure 1. The storage of offset voltages is accomplished by closing all switches 
and then opening switches A and A', then switches Band B', and then C and C'. This process 
continues until all interconnecting stages of the comparator are calibrated. After this action, some 
of the comparator offset still remains uncalibrated. 

. FIGURE 1 

2. An AID conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR 
and the result is stored in the RAM. 

capacitor calibration of the ADC's Capacitive Ladder 

The following actions are performed to calibrate capacitors in the 13-bit DAC's, which comprise the ADC's 
capacitive ladder: 

1. The IN + and IN - inputs are internally disconnected from the 13-bit capacitive DACs. 
2. The most-significant-bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are 

tied to GND. The AID conversion result for the remaining comparator offset, obtained in step 2 
above, is retrieved from the RAM and is input to the 8-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is 
returned to zero and the remaining comparator offset is then subtracted. Thus, the comparator 
offset is completely corrected. 

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, Cx , are tied to 
REF. An MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB 
capacitor does not equal the sum of the other capacitors in the capacitive ladder. This error voltage 
is converted to an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
capacitor grounded and then performing the above Steps 1 - 4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated 
in this manner. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DlGlTAL CONVERTERS 

Vref (Step 3) 
GND (Step 4) 

~ 

--,-- Cx --,-- CMSB-

'---v--" 
GND (Step 3) 
Vref (Step 4) 

analog-to-digital conversion 

FIGURE 2 

} 

MSB CAPACITOR 
VOLTAGE ERROR 

(Step 4) 

The following steps are performed in the analog-to-digital conversion process: 

PRODUCT 
PREVIEW 

1 . Step 1 of the Calibration of Comparator Offset Sequence is performed. The AID conversion result 
for the remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator 
Offset, is retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is 
completely corrected. 

2. IN + and IN - are sampled onto the 13-bit capacitive ladders. 
3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion 

proceeds successively through the seven most significant capacitors, the error for each of these 
capacitors is recovered from the RAM and accumulated in a register. This register controls the 
8-bit DACs so the total accumulated error for these capacitors is subtracted out during the 
conversion process. 

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

Supply voltage (ANLG VCC + and DGTL VCC) (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, ANLG VCC - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -15 V 
Control and Clock input voltage range ................................ ; - 0.3 V to + 15 V 
Analog input (IN +, IN -) voltage range, 

VI + and VI_ ......................... ANLG VCC - -0.3 V to ANLG VCC + + 0.3 V 
Reference voltage range, Vref ........................... -0.3 V to ANLG VCC+ + 0.3 V 
Mode select voltage range, VOS . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to ANLG VCC + + 0.3 V 
Output voltage range ................................... - 0.3 V to DGTL VCC + 0.3 V 
Input current (per pin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Input current (per package) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Operating free-air temperature range: 

TLC1205AM, TLC1205BM, TLC1225AM, TL 1225BM . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
TLC1205AI, TLC1205BI, TLC1225AI, TLC1225BI ...................... -,-40oC to 85°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package. . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package. . . . . . . . .. 260°C 

Note 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGlTAL CONVERTERS 

recommended operating conditions 

MIN MAX 

ANLG VCC+ 4.5 6 
Supply voltage ANLG VCC- -5.5 ANLG GND 

DGTL VCC 4.5 6 

High-level input voltage, VIH, all digital inputs except CLK IN 
2 

(VCC = 4.75 V to 5.25 VI 

Low level input voltage, VIL, all digital inputs except CLK IN 
0.8 

(VCC = 4.75 V to 5.25 VI 

Analog input voltage, VI +, VI-
Bipolar range ANLG Vee _ - 0.05 ANLG Vee + + 0.05 

Unipolar range ANLG GND - 0.05 . ANLG Vee + + 0.05 

Clock input frequency, fclock 0.3 2.6 

Clock duty cycle 40% 60% 

Pulse duration,CS and WR both low, tw (CS.WRI 350 

Setup time before WRt or cst, tsu 100 

Hold time after WRf or CSt, th 20 

TLC1205AM, TLC1225AM 
-55 125 

Operating free-air temperature, T A 
TLC12058M, TLC1225BM 

TLC1205AI, TLC1225AI 

TLC1205BI TLC1225BI 
-40 85 

electrical characteristics over recommended operating free-air temperature range, 
ANLG Vee + DGTL Vee = Vref = 5 V, ANLG Vee - = - 5 V (for bipolar input range), 
ANLG Vee - = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 1) 

UNIT 

V 

V 

V 

V 

MHz 

ns 

ns 

ns 

°C 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

DGTL Vee = 4.75 vIla = -1.8 rnA 2.4 
VOH High-level output voltage V 

10 = -50/LA 4.5 

VOL Low-level output voltage DGTL Vce = 4.75 V, 10 = 8 rnA 0.4 V 

VT+ Clock positive-going threshold voltage 2.7 3.5 V 

VT- elock negative-going threshold voltage 1.4 2.1 V 

VT+min - VT- -max 0.6 
Vhys Clock input hysteresis. V 

VT + max - VT _ min 2.1 

Rref Input resistance, REF terminal 1 10 MO 

IIH High-level input current VI = 5 V 1 /LA 

IlL Low-level input current VI = 0 -1 /LA 

High-impedance-state Va = 0 -3 
10Z 

output leakage current Va = 5 V 3 
/LA 

Va = 0 -6 
10 Output current rnA 

Va = 5 V 8 

DGTL ICC Supply current from DGTL VCC fclk = 2.6 MHz, CS high 3 rnA 

ANLG ICC+ Supply current from ANLG Vee + fclk = 2.6 MHz, CS high 3 rnA 

ANLG ICC- Supply current from ANLG Vec- fclk = 2.6 MHz, CS high -3 rnA 

NOTE 1: Bipolar input range is defined as: VI + = - 5.05 V to + 5.05 V, VI_ = - 5.05 V to + 5.05 V, and I VI + - VI_ I s 5.05 V . 
The unipolar input voltage range is defined as: VI+ = -0.05 V to 5.05 V, VI_ = -0.05 V to 5.05 V, 
and IVI+ - VI-l s 5.05 V. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DIGITAL CONVERTERS 

operating characteristics over recommended operating free-air temperature range, 

PRODUCT 
PREVIEW 

ANLG Vee + = DGTL Vee = Vref = 5 V, ANLG Vee - = - 5 V (for bipolar input range), 
ANLG Vee - = ANLG GND (for unipolar input range), fclock = 2.6 MHz (unless otherwise noted)(see 
Note 1) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

TLC1205A, TLC1225A ±1 
Unipolar input range 

TLC1205B, TLC1225B ±0.5 
Linearity error LSB 

TLC1205A, TLC1225A ±2 
Bipolar input range 

TLC1205B, TLC1225B ± 1.5 

Zero error ±0.5 LSB 

Adjusted positive and negative 
Unipolar input range ±1 LSB 

full-scale error (see Note 2) 

Adjusted positive and negative 
Bipolar input range ±1 LSB 

full-scale error (see Note 3) 

Temperature coefficient of gain 15 ppm/oC 

Temperature coefficient of offset point 1.5 ppm/oC 

Zero error ±0.75 

Supply voltage Positive and negative 
ANLG VCC+ = 5 V ± 5%, 

kSVS sensitivity ANLG VCC- = -5 V ± 5%, ±0.75 LSB 
full-scale error 

DGTL VCC = 5 V ± 5% 
Linearity error ±0.25 

Mode 1 51 1 
tc Conversion tim -

Mode 2 26 fclk 

ta 
Access time (delay from falling edge of 

C$.RD to data output) 
CL = 100 pF 210 ns 

Disable time, output (delay from rising RL = 10 kG, CL = 10 pF 260 
tdis edge of RD to high-impedance state RL = 2 kG, CL = 100 pF 290 

ns 

td(READY) RD or WR to READY OUT delay 400 ns 

td(lNT) RD or WR to reset of INT delay 400 ns 

NOTES: 1. Bipolar input range is defined as: VI + = - 5.05 V to + 5.05 V, VI_ = - 5.05 V to + 5.05 V, and I VI + - VI_ I :5 5.05 V. 
The unipolar input voltage range is defined as: VI + = -0.05 V to 5.05 V, VI_ = - 0.05 V to 5.05 V, 
and IVI+ - VI_I :5 5.05 V. . 

2. See section - Positive and Negative Full-Scale Adjustment, Unipolar Inputs. 
3. See section - Positive and Negative Full-Scale Adjustment, Bipolar Inputs. 
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ClK IN 

READY OUT 

TLC1205A. TLC1205B. TLC1225A. TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGlTAL CONVERTERS 

CALIBRATE CONVERSION 

~~~ii~~9 INPUT ~EI~~T~E 
~ SAMPLING 

T I CAPACITOR 

rLfUl.f1. fl. fl .. ~ .. fl.fU1. fl .. 
o 26 28 35 51 0 26 

r ~ tw(CS.WRI 

L..J 
I I 
I 
I 
I 
I II 
I -.t I+-tdlREADYI 

I I I 
-., 14-tdlREADYI 

I I 

HtwICS.WRI 

L-.J 
I I 
I ~ i4- tdIREADYI 

tdIREADYI-.! j+- I 

I I 

: -+I 14- td(READYI 

tdlREADYl-+l 14- : 
, ItdIlNTI~ I I ~I ________ __ 

I I I: 

I--~-- ... 
I '--CS stays low to address 

I I 2nd byte of TLC1205 

RD ---------------------------------------;, ,I I 
~ L.~--.J 

: L....Read 2nd byte of TLC1205 
I 

1/0 BUS ------------~-IK l )C - = 
I I I4-tdiS-.\ t;nd byte of TlC1205 

ta--M-+I 

FIGURE 3. MODE 1 TIMING DIAGRAM 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DlGITAL CONVERTERS 

~--~~ CONVERSION 
I4---+!-INPUT 

PRODUCT 
PREVIEW 

I I SAMPLING 

ClK IN 

I 
I 
I 

.. fln.f1.fl ..... fLfl1l.f1.n .. 

Htw(CS.WR) 

----..... 
I 

I 
~ 

I I 

14- td(REA~Y) -+t 
I 

If- td(READY) I -+I 14- tdIREADY) 

I 
READY O_U_T __ I-'I 

I I 
I 

I td(READY) -+I j4- I 

I I I I -.. -- td(READY) I I 
I ~ 14-- td(READY) 
I 
I 

( I 

I ~ 14- t(READY) 

td(READY)~ 14- I 

: tdIlNTr~-1 : 

I I ~I~:-------

I 
I 

I 

I _______ ~ ______ ~ _____________ ~I . I 
I I ~~~------~-

tsu~ tsu~ ; I 
I J4-*- th I j4--M-th I I 

___ --~I ~I ______ ~I ~I _____________ ~I_~.----~ 
I/O BUS r r 

COMMAND TO CALIBRATE 
7 CAPACITORS & OFFSET 

(REQUIRES 105 CLOCK CYCLES) 

FIGURE 4. MODE 2 TIMING DIAGRAM 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGITAL CONVERTERS 

PARAMETER MEASUREMENT INFORMATION 

DGTL 

Vee 

RD i fCl 1" ~~~:UT 
DGTL 

vee 

-?F
~RL 

R DATA 
D OUTPUT 

eL 

= 1 

GND 

VOH---......I 
DATA OUTPUT 

GND----

Vee ---.,..---t~ 
DATA OUT 

VQL---....;;;"( 

FIGURE 5. LOAD CIRCUITS AND WAVEFORMS 

PRINCIPLES OF OPERATION 

The following information is categorized into Mode 1 and Mode 2 groupings to allow the designer to 
concentrate on a particular mode of interest 

power·up calibration sequence 

Mode 1 

When the chip is powered-up, the internal capacitors are automatically calibrated as part of the power-up 
sequence. This initial calibration sequence requires 105 clock cycles. The chip will not perform an AID 
conversion during this calibration sequence. 

Mode 2 

Power-Up calibration is not automatic and calibration is initiated by writing control words to the six least 
significant bits of the data bus. If addressed or initiated, conversion can begin after the first clock cycle. 
However, full AID conversion accuracy is not guaranteed until after internal capacitor calibration. 

conversion start sequence 

Mode 1 

The conversion sequence is initiated when CS and WR are both low. 

Mode 2 

The writing of the conversion command word to the six least significant bits of the data bus, when either 
CS or WR goes high, initiates the conversion sequence. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF,CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DIGITAL CONVERTERS 

analog sampling sequence 

Mode 1 

PRODUCT 
PREVIEW 

Sampling of the input signal occurs during clock cycles 29 thru 35 of the conversion sequence. 

Mode 2 

Sampling of the input signal occurs during clock cycles 4 thru 10 of the conversion sequence. 

completed AID conversion 

When INT goes low, conversion is complete and the AID result can be read. A new conversion can begin 
immediately. . 

Mode 1 

The AID conversion is complete at the end of clock cycle 51 of the conversion sequence. 

Mode 2 

The AID conversion is complete at the end of clock cycle 26 of the conversion sequence. 

aborting a conversion in process and beginning a new conversion 

Mode 1 and Mode 2 

If a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted 
and a new conversion sequence will begin. 

Mode 1 

If the new conversion is started before the Analog Sampling begins (see Analog Sampling Sequence section 
and the Mode 1 Timing Diagram), the particular internal capacitor that was being calibrated during the 
aborted conversion sequence will be calibrated during the new conversion sequence. Otherwise, the next 
internal capacitor will be calibrated during the new conversion sequence. 

reading the conversion result 

TLC1205 

Upon activating the required control signals to read the conversion result or status information, the 
appropriate pins are brought out of a high-impedance state and drive the data bus with the proper 
information. These pins are D12/D7/0 through D8/DO/INT/DI0. 

If STATUS, CS, and RD are all low, status information can be read. The format of the conversion result 
and status information and the respective pins for output are presented in Table 1. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGlTAL CONVERTERS 

TABLE 1 

I/O BUS 

012/ 012/ 012/ 012/ 011/ 010/ 09/ 08/ 

BYTES STATUS CS RO 07/ 06/ 05/ 04/ 03/ 02/ 011 001 

0 SARS 01 01 01 BYST/ EOCI INTI 

015 014 013 012 011 010 

MSB H L L 012 012 012 012 011 010 09 08 

LSB H L n 07 06 05 04 03 02 01 00 

STATUS L L L L SARS L L L BYST EOC INT 

The status information is described in Table 2. 

TABLE 2 

STATUS 
TO CLEAR BIT 

BIT 
BIT OESCRIPTION 

L The output has no meaning and is low. 

SARS A high indicates that conversion is in progress. 

BYST A low indicates that the next conversion result read will be the By a "status write" or toggled by reading a 

most significant conversion byte. A high indicates that the next conversion data byte 

conversion result read will be the least significant conversion byte. 

The BYST bit is toggled by reading the conversion result bytes. This 

bit can be cleared with a "status write" instruction. 

EOC A high indicates that conversion is complete and the conversion 

data has been transferred to the output latch. 

INT A high indicates that conversion is complete and the conversion By reading a conversion data byte, reading 

data has been transferred to the output latch and is ready to read. the status byte, or a "status write" 

With STATUS high, when CS and RD both go low, the most significant byte (MSB) ofthe conversion result 
can be read. Then by taking RD high and back low, the least significant byte (LSB) of the conversion 
result can be read. Subsequently taking RD high and low causes the alternate reading of the MSB and LSB 
of the conversion result. 

The format of the output is extended sign with 2's complement, right justified data. For both unipolar and 
bipolar cases, the sign bit D12 is low if VI + - VI_ is positive and high if VI + - VI_ is negative. The 
format of the conversion result and the respective output pins are presented in Table 2. The format of 
the conversion result and the respective pins for output are presented in Table 1. 

TLC1225 

When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of 
the output is extended sign with 2's complement, right justified data. Unlike the TLC1205, the TLC1225 
does not have internal status information or a STATUS pin. For both unipolar and bipolar cases, the sign 
bit D12 is low if VI + - VI_ is positive and high if VI + - VI_ is negative. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DIGITAL CONVERTERS 

general 

reset INT 

PRODUCT 
PREVIEW 

When reading the conversion data, the falling edge of the first low-going combination of CS and RD will 
reset INT. The falling edge of the low-going combination of CS and WR will also reset INT. 

ready out 

For high-speed microprocessors, READY OUT allows the TLC1205 and the TLC1225 to insert a wait state 
in the mi~roprocessor's read cycle. 

status write (TLC1205) 

A status write resets the internal logic and status bits and aborts any conversion in process. A status write 
occurs when CS, WR, and STATUS are taken low. 

reference voltage (V ref) 

This voltage defines the range for 1 VI + - VI - I. When 1 VI + - VI_ 1 equals Vref, the highest conversion 
data value results. When 1 VI + - VI_ 1 equals 0, the conversion data value is zero. Thus, for a given 
input, the conversion data changes ratiometrically with changes in Vref. 

Vas 
This pin is a digital input and is used to select Mode 1 or Mode 2 operation. A logic low selects Mode 1; 
a logic high selects Mode 2. 

In Mode 1, the ICs are true replacements for National Semiconductor's ADC1205 and ADC1225. The 
ADC1205 and ADC1225 use the vas pin to adjust zero error. Since the zero error adjustment voltage 
is below the TLC1205's and TLC1225's maximum acceptable level for a logic low signal, the TLC1205 
and TLC1225 ICs are true replacements. Even in Mode 1, the TLC1205's and TLC1225's converted data 
can be read earlier than the ADC1205's and ADC1225's. . 

calibration and conversion considerations 

Mode 1 

Calibration of the seven internal capacitors is an integral part of the AID conversion. One of the seven 
internal capacitors is calibrated during the first part of the conversion sequence. For example, one of the 
capacitors is calibrated during the first conversion. The next capacitor is calibrated during the second 
conver~ion. After seven conversions, the pattern for calibrating the internal capacitors repeats. A conversion 
sequence requires 51 clock cycles. 

A conversion is initiated by the low-going combination of CS and WR. The conversion sequence is 
illustrated in the Mode 1 timing diagram. 

Mode 2 

Calibration of the internal capacitor and AID conversion are two separate actions. Each action is 
independently initiated. Mode 2 conversion is much faster than Mode 1, since Mode 2 conversion is not 
accompanied by the calibration of internal capacitors. In Mode 2, a calibration command that calibrates 
all seven internal capacitors is normally issued first. A conversion command then initiates the AID conversion 
without calibrating the internal capacitors. Subsequent conversions can be performed by issuing additional 
conversion commands. The calibration and conversion commands are totally independent from one another 
and can be initiated in any order. Calibration and conversion commands require 105 and 26 clock cycles, 
respectively. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DIGITAL CONVERTERS 

The calibrate and conversion commands are initiated by writing control words on the six least signiticant 
bits of the data bus. These control words are written into the IC when either CS or WR goes high. The 
initiation of these commands is illustrated in the Mode 2 Timing Diagram. The bit patterns for the commands 
are shown in Table 3. 

TABLE 3. MODE 2 CONVERSION COMMANDS 

COMMAND CS + WR 
1/0 BUS Required number 

015 014 013 012 011 010 of clock cycles 

Conversion t H L X X X L 26 

Calibrate t t L X L L L L 105 

tCalibration is lost when clock is stopped. 

analog inputs 

differential inputs provide common mode rejection 

The differential inputs reduce common·mode noise. Common-mode noise is noise common to both IN + 
and IN - inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN + and IN -
so these inputs are truly differential. Thus, no conversion errors result from a time interval between the 
sampling of the IN + and IN - inputs. 

input bypass capacitors 

Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors 
will be depleted during the input sampling sequence when the internal sampling capacitors are charged. 
Note that the charging of the bypass capacitors through the differential source resistances must keep pace 
with the charge depletion of the bypass capacitors during the input sampling sequence. Note that higher 
source resistances reduce the amount of charging current for the bypass capacitors. Also, note that fast, 
successive conversion will have the greatest charge depletion effect on the bypass capacitors. Therefore, 
the above phenomenon becomes more significant as source resistances and the conversion rate (i.e., higher 
clock frequency and conversion initiation rate) increase. 

In addition, if the above phenomenon prevents the bypass capacitors from fully charging between 
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor 
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with 

higher I VI + - VI_ I values, higher source resistances, and lower charge on the bypass capacitors 
(i.e., faster conversion rate). 

For low-source-resistance applications (Rsource < 1000), a O.001-jtF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 1 OO-ohm resistor can be placed between 
the capacitor and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 

input leads 

The input leads should be kept as short as possible, since the coupling of noise and digital clock signals 
to the inputs can cause errors. 

power supply considerations 

Noise spikes on the VCC lines can cause conversion error. Low-inductance tantalum capacitors (> 1 jtF) 
with short leads should be used to bypass ANLG VCC and DGTL Vcc. A separate regulator for the TLC1205 
or TLC1225 and other analog circuitry will greatly reduce digital noise on the supply line. 
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TLC1205A, TLC1205B, TLC1225A, TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DlGITAL CONVERTERS 

positive and negative full-scale adjustment 

unipolar inputs 

PRODUCT 
PREVIEW 

Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFS) and 
adjust the magnitude of the REF input so that the output code is just changing from a 1111 1111 1110 
to a 1111 1111 1111. If this transition is desired for a different input voltage, the reference voltage can 
be adjusted accordingly . 

bipolar inputs 

First, follow the procedure for the Unipolar case. 

Second, apply a differential input voltage so that the digital output code is just changing from 
1 0000 0000 0001 to 1 0000 0000 0000. Call this actual differential voltage Vx. The ideal differential. 
voltage for this transition is: 

~ -VFS + 8192 

The difference between the actual and ideal differential voltages is: 

VFS 
Delta = Vx - (- VFS + 8192) 

Then apply a differential input voltage of: 

Vx _ Delta 

2 

(1 ) 

(2) 

(3) 

and adjust Vref so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. 
This procedure produces positive and negative full-scale transitions with symmetrical minimum error . 
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TLC1205A. TLC1205B. TLC1225A. TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 

ANALOG·TO·DlGITAL CONVERTERS 

TYPICAL APPLICATIONS 

(4095) 0 1111 1111 1111 
(4094) 01111 1111 1110 

~
OSITIVE 

FULL-SCALE 
TRANSITION 

,., 
"., 

"., ,., 
"., , 

2::': ,,~/" 
1 1111 1111' 1111 (- 1) 
1 1111 1111 1110 (- 2) 

+Vret 

~TlVE FUll-SCALE TRANS'T'ON 
1 0000 0000 0001 (- 4095) 
1 0000 0000 0000 (- 4096) 

ANALOG INPUT VOLTAGE [VIN(+) - VIN(-)) 

FIGURE 6_ TRANSFER CHARACTERISTIC 

r------tIN( +) 

_-------tIN( -) 

.~ 
SEE NOTE A ~ 

* .-------... --1Vret 

e----+-4....-tANLG GND 

SIGNAL GND 

~----~~DGTLGND 

DGTLVCC~~------e------, 

ANLG VCC ~ ... -------------

V - ~~---------I 

~0.1ItF 

= POWER GND '--______ -' 

NOTE: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 

FIGURE 7_ ANALOG CONSIDERATIONS 
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TLC1205A. TLC1205B. TLC1225A. TLC1225B 
SELF·CALIBRATING 12·BIT·PLUS·SIGN UNIPOLAR OR BIPOLAR 
ANALOG·TO·DlGITAL CONVERTERS 

TYPICAL APPLICATIONS (Continued) 

IN914 

>-----"""',.....-............ --IINI +) ANLG VCC + 

TLC1205 
-= TLC1225 

INI-) 

= 
FIGURE 8. INPUT PROTECTION 

5V 

4 kfl 

VXDR 

5V 

+ 110l'F 

"'S-E-E -NO--T-E-B-+---I 1N1 +) ANLG Vcc + t--...... --...... 

5000 0.1 pF +10 pF 

ZERO INI-) SEE NOTE A ~ ¥ 
ADJ 

DGTL VCC t------<IJ---.. 
+ 

5000 TLC1205 0.1 pF ~= 10 pF ,..,...=_ 3.9 kfl 
TLS1225 -L...L:" 

= = 

NOTE: A. VI_ = 0.15 x ANLG Vee+. 
B. 15% of ANALOG Vee :5 VXDR :5 85% of ANALOG Vee· 

1 kO 
t----.< FS 

ADJ 

8.2 kfl 

= 

FIGURE 9. OPERATING WITH RATIOMETRIC TRANSDUCERS 

2-196 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

PRODUCT 
PREVIEW 



TLC1540M, TLC15401, TLC1541M, TLC15411 
LinCMOS™10·8IT ANALOG·TO·DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

• LinCMOS'· Technology 

• 1 O-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... 
TLC1540: ± 0.5 LSB Max 
TLC1541: ± 1.0 LSB Max 

• Pinout and Control Signals Compatible with 
TLC540 and TLC549 Families of a-Bit AID 
Converters 

TYPICAL PERFORMANCE 

Channel Acquisition Sample Time 5.5 J1.s 

Conversion Time 21 J1.s 

Samples per Second 32 x 103 

Power Dissipation 6mW 

description 

The TLC1540 and TLC1541 are LinCMOS" AID 
peripherals built around an 1 O-bit switched­
capacitor successive-approximation AID 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three­
state output with up to four control inputs 
[including independent System Clock, I/O Clock, 
Chip Select (CS), and Address Inputl. A 
2. 1-megahertz system clock for the TLC 1540 
and TLC 1 541, with a design that includes 
simultaneous readlwrite operation, allows high-
speed data transfers and sample rates of up to 
32,258 samples per second. In addition to the 

02859. DECEMBER 1985-REVISED OCTOBER 1986 

N DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

(NPUT AO VCC 
INPUT A1 SYSTEM CLOCK 
INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
INPUT A6 REF+ 
INPUT A7 REF-
INPUT AS INPUT A 10 

GND INPUT AS 

FN CHIP CARRIER PACKAGE 

INPUT A3 4 

INPUT A4 5 

INPUT A5' 6 
INPUT A6 
INPUT A7 8 

(TOP VIEW) 
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3 2 1 20 19 

9 1011 12 13 

18 I/O CLOCK 
17 

16 

15 

14 

ADDRESS INPUT 
DATA OUT 

REF+ 

high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that 
can be used to sample anyone of 11 inputs or an internal "self-test" voltage, and a sample-and-hold that 
can operate automatically or under microprocessor control. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 

The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference 
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply 
noises. A totally switched-capacitor design allows guaranteed low-error conversion (± 0.5 LSB for the 
TLC1540, ± 1 LSB for the TLC1541) in 21 microseconds over the full operating temperature range. 

The TLC 1 540 and the TLC 1 541 are available in both the Nand FN plastic packages. The M-suffix versions 
are characterized for operation from - 55°C to 125°C. The I-suffix versions are characterized for operation 
from -40 0 C to 85°C. 

LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1985. Texas Instruments Incorporated 
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more than one phase of development. The status of 
each device is indicated on the pagels) specifying its 
electrical characteristics. 

TEXAS • 
INSTRUMENTS 

2-197 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



II 
c 
Q) .. 
Q) 

l> 
n 
.c 
c 
ii)' 
;:;.' o· 
j 

(") 
=i' 
n 
c 
;:;.' 
en 

TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 1 O·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 

ANALOG 
INPUTS 

ADDRESS 

12-CHANNEL 
ANALOG 

MULTIPLEXER 

SAMPLE 
AND 
HOLD 

REF+ REF-

10-BIT 
ANALOG-TO-D IG ITAL 

CONVERTER 
(SWITCHED-CAPACITORS) 

CONTROL LOGIC 
L...----+-------f AND I/O ~ ____ ---J 

~--~----~ COUNTERS 

INPUT ----------~~----~ 

I/O 
CLOCK 

cs-----------.----------------------------------~ 

S;c~~: -----------.----------------------------------------~~------------------~ 

operating sequence 

DATA 
OUTPUT 

110 1 1 I 2 I 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 
DON'T~ 1/0 

ClOCK--{ 
.:. tconv ---+, r+-ACCESS--.l 

- CYClEB I ~~ I CYClEC I 
~,~ ~~ ~ 

'-I-f-""(Se,--.-:N.,.O-t.""'C'"'I-------------------------l twH (CSI : 

MSB lSB MSB lSB 
AODRESS .~ DON'T CARE 

INPUT --{. ~"-----------~":"";''';''';;';''';';';';;'''-----ff-------< 
DON'T CARE 

NOTES: 

A9 
+--- PREVIOUS CONVERSION DATA--. 
MSB lSB MSB 

(S.e Note BI 

HI-Z STATE 

A_ The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the I/O Clock! after 
cst goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock 
must remain low for at least 44 System Clock cycles to. allow conversion to be completed. 

B_ The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
nine bits (A8-AO) will be clocked out on the first nine I/O Clock falling edges. 

C_ To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip-select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed . 
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TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

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

Supply voltage, VCC (see Note 1) ................ -. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Peak input current range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Peak total input current (all inputs) ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Operating free-air temperature range: TLC1540l, TLC15411 .................. -40 DC to 85 DC 

TLC1540M, TLC1541 M ............. " - 55 DC to 125 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Case temperature for 10 seconds: FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package ........ " 260 DC 

NOTE 1: All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise noted). 

recommended operating conditions 

TLC1540, TLC1541 
UNIT 

MIN NOM MAX 

Supply voltage, VCC 4.75 5 5.5 V 

Positive reference voltage, VREF + (see Note 2) 2.5 VCC VCC+ O.1 V 

Negative reference voltage, VREF _ (see Note 2) -0.1 0 2.5 V 

Differential reference voltage, VREF + - VREF _ (see Note 2) 1 VCC VCC+0.2 V 

Analog input voltage (see Note 2) 0 VCC V 

High-level control input voltage, VIH 2 V 

Low-level control inpu~ voltage, VIL 0.8 V 

Setup time, address bits before I/O CLKt, tsu(A) 400 ns 

Hold time, address bits after I/O CLKt, th(A) 0 ns 

System 

Setup time, CS low before clocking in first address bit, tsu(CS) (see Note 3) 3 clock 

cycles 

System 

CS high during conversion, twH(CS) 44 clock 

cycles 

Input/Output clock frequency, fCLK(I/O) 0 1.1 MHz 

System clock frequency, fCLK(SYS) fCLK(I/O) 2.1 MHz 

System clock high, twH(SYS) 210 ns 

System clock low, twL(SYS) 190 ns 

Input/Output clock high, twH(I/O) 404 ns 

Input/Output clock low, twL(I/O) 404 ns 

fCLK(SYS) s 1048 kHz 30 

Clock transition time 
System 

fCLK(SYS) > 1048 kHz 20 
ns 

(see Note 4) 
I/O 

fCLK(IIO) s 525 kHz 100' 

fCLK(IIO) > 525 kHz 40 
ns 

Operating free-air TLC1540M, TLC1541 M -55 125 
DC 

temperature, T A TLC1540l, TLC15411 -40 85 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "1"s (11111111), while input voltages less than that 
applied to REF - convert as all "O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF - voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less) 
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made 
to clock-in an address until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to VIH min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds 
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 
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TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 10·81T ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

PRODUCT 
PREVIEW 

electrical characteristics over recommended operating temperature range, VCC == VREF + 
4.75 V to 5.5 V (unless otherwise noted), fCLKU/O) = 1.1 MHz, fCLK(SYS) == 2.1 MHz 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High-level output voltage (pin 16) Vee = 4.75 V. 10H = 360/LA 2.4 

VOL Low-level output voltage Vee = 4.75 V. 10L = 3.2 mA 

10Z 
Off-state (high-impedance state) Vo = Vee. es at Vee 
output current Vo = o. es at VCC 

IIH High-level input Current VI = Vee 0.005 

IlL Low-level input current VI = 0 -0.005 

ICC Operating supply current es at 0 V 1.2 

Selected channel at Vee. 
0.4 

Selected channel leakage current 
Unselected channel at 0 V 

Selected channel at 0 V. 
-0.4 

Unselected channel at Vee 

ICC + IREF Supply and reference current VREF+ = Vee. es at 0 V 1.3 

ei 
I Analog inputs 7 

Input capacitance I Control inputs 5 

operating characteristics over recommended operating free-air temperature range, 
VCC -= VREF + = 4.75 V to 5.5 V, fCLKU/O) II: 1.1 MHz, fCLK(SYS) == 2.1 MHz 

PARAMETER TEST CONDITIONS 
TLC1540 

MIN 

Linearity error See Note 5 

Zero error See Notes 2 and 6 

Full-scale error See Notes 2 and 6 

Total unadjusted error See Note 7 

MAX 

0.4 

10 

-10 

2.5 

-2.5 

2.5 

1 

-1 

3 

55 

15 

MAX 

±0.5 

±0.5 

±0.5 

±0.5 

Self-test output code Input A 11 address. = 1011 (See Note 8) 
0111110100 1000001100 

(500) (524) 

tconv Conversion time See Operating Sequence 21 

Total access and 

conversion time 
See Operating Sequence 31 

Channel acquisition time 
tacq 

(sample cycle) 
See Operating Sequence 6 

Time output data 

tv remains valid after 10 

I/O clock! 

td 
• Delay time. I/O clock! 

400 
to data output valid 

See Parameter 
ten Output enable time 

Measurement 
150 

tdis Output disable time 150 
Information 

tr(bus) Data bus rise time 300 

tf(bus) Data bus fall time 300 

t All typical values are at Vee = 5 V. T A = 25 ce. 

UNIT 

V 

V 

/LA 

/LA 

/LA 

mA 

/LA 

mA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

/LS 

/LS 

I/O 

clock 

cycles 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all "1"s (11111111). while input voltages less than that 
applied to REF - convert to all"O"s (00000000). For proper operation. REF + voltage must be at least 1 volt higher than 
REF - voltage. Also. the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error comprises linearity. zero. and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A 11 analog input signal is internally generated 

and is used for test purposes. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 
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ADVANCE 
INFORMATION 

TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DlGlTAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

electrical characteristics over recommended operating temperature range, VCC = VREF + 
4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) = 1.1 MHz, fCLK(SYS) -= 2.1 MHz 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High-level output voltage (pin 16) Vee = 4.75 V. 10H = 360 p.A 2.4 

VOL Low-level output voltage Vee =.4.75 V. 10L = 3.2 mA 

Off-state (high-impedance state) Vo = Vee. es at Vee 
10Z 

output current Vo = o. es at Vee 

IIH High-level input current VI = Vee 0.005 

IlL Low-level input current VI = 0 -0.005 

ICC Operating supply current es at 0 V 1.2 

Selected channel at Vee. 
0.4 

Un selected channel at 0 V 
Selected channel leakage current 

Selected channel at 0 V. 
-0.4 

Unselected channel at Vee 

ICC + IREF Supply and reference current VREF+ = Vee. es at 0 V 1.3 

I Analog inputs 7 
ei Input capacitance I Control inputs 5 

operating characteristics over recommended operating free-air temperature range, 
VCC = VREF + = 4.75 V to 5.5 V, fCLK(I!O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 

TEin CONDITIONS 
TLC1541 

PARAMETER 
MIN 

Linearity error See Note 5 

Zero error See Notes 2 and 6 

Full-scale error See Notes 2 and 6 

Total unadjusted error See Note 7 

MAX 

0.4 

10 

-10 

2.5 

-2.5 

2.5 

1 

-1 

3 

55 

15 

MAX 

±1 

±1 

±1 

±1 

0111110100 1000001100 
Self-test output code Input A 11 address = 1011 (See Note 8) 

(500) (524) 

tconv Conversion time See Operating Sequence 21 

Total access and 
31 

conversion time 
See Operating Sequence 

tacq 
Channel acquisition time 

See Operating Sequence 6 
(sample cycle) 

Time output data 

tv remains valid after 10 

I/O clock~ 

td 
. Delay time. I/O clock~ 

400 
to data output valid 

See Parameter 
ten Output enable. time 150 

Measurement 
tdis Output disable time 150 

Information 
tr(bus) Data bus rise time 300 

tf(bus) Data bus fall time 300 

tAli typical values are at Vee = 5 V. TA = 25°C. 

UNIT 

V 

V 

p.A 

p.A 

p.A 

mA 

p.A 

mA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

p'S 

P.s 

I/O 

clock 

cycles 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all "1"s (11111111). while input voltages less than that' 
applied to REF - convert to all"O"s (00000000). For proper operation. REF + voltage must be at least 1 volt higher than 
REF - voltage. Also. the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error comprises linearity. zero. and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A 11 analog input signal is internally generated 

and is used for test purposes. 

ADVANCE INFORMATION documents contain 
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TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

-f'·':kfl 
OUTPUT TEST OUTPUT 

UNDER TEST . I I TEST POINT 
3kn 

OUTPUT V~k:ESTPOINT 
UNOERTESTT UNDER TEST POINT 

. CL 
(SEE NOTE All' 

CL 
(SEE NOTE AI ~ 

CL 

(SEE NOTE AI~ 

I/O 
CLOCK 

LOAD CIRCUIT FOR 

td. t r• AND tf 

SYSTEM 
CLOCK 

\\ 

(SEE NOTE BI 

LOAD CIRCUIT FOR 

tpZH AND tpHZ 

(SEE NOTE BI 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

VCC 

t5~ _____ OV 

I 
I 
I 
I 
I 

--+I tpZL ~ --+I tpLZ j4-

OUTPUT 
WAVEFORM 1 
(SEE NOTE CI 

(SEE NOTE BI 
:: : il/ VCC 

I ,50% I +10% 
I '------+-1-- - - - -- OV 

--+I tpZH I+- -+I tPHZ ~ 
I I 

OUTPUT 11 5""/. \::90%. - - - - VOH 
WAVEFORM 2 u/o 

(SEE NOTE CI ______________ _ ____ 0 V 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\- - -- -O.8V 

I 
~td----'" 

OUTPUT 

DATA Xl ---------- 2.4V 

OUTPUT - - - - - - - - -- 0.8 V --------' 
VOLTAGE WAVEFORM FOR DELAY TIME 

NOTES: A. CL = 50 pF 

B. ten = tpZH or tpZL. tdis = tpHZ or tPLZ. 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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ADVANCE 
INFORMATION 

principles of operation 

TLC1540M, TLC15401, TLC1541 M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DIGITAL PERJPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

The TLC1540 and TLC1541 are both complete data acquisition systems on single chips. Each includes 
such functions as sample-and-hold, 10-bit A/D converter, data and control registers, and control logic. 
For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 
I/O Clock, and System Clock. These control inputs and a TTL-compatible three-state output are intended 
for serial communications with a microprocessor or microcomputer. The TLC1540 and TLC1541 can 
complete conversions in a maximum of 21 microseconds, while complete input-conversion-output cycles 
can be repeated at a maximum of 31 microseconds. 

The System and I/O Clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System Clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will 
drive the "conversion crunching" circuitry so that the control hardware and software need not be concerned 
with this task. 

When CS is high, the Data Output pin is in a three-state condition and the Address Input and I/O Clock 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a 
control logic point with their counterpart pins on additional A/D devices when additional TLC1540/1541 
devices are used. In this way, the above feature serves to minimize the required control logic pins when 
using multiple A/D devices. 

The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before the 
low transition is recognized. This technique is used to protect the device against noise when the 
device is used in a noisy environment. The MSB of the previous conversion result will automatically 
appear on the Data Out pin. 

2. A new positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four I/O Clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Five clock cycles are then applied to the I/O pin and the sixth, seventh, eighth, ninth, and tenth 
conversion bits are shifted out on the negative edges of these clock cycles. 

4. The final tenth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 44 System Clock cycles. After this final I/O Clock cycle, CS must go high or the 
I/O Clock must remain low for at least 44 System Clock cycles to allow for the conversion function. 

CS can be kept low during periods of mUltiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the I/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 

A new conversion may be st"arted and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 44 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC1540M, TLC154D1, TLC1541 M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation (continued) 

ADVANCE 
INFORMATION 

It is possible to connect the System and I/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal control sequence previously described. 

1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an I/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the "conversion crunching" circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently 
the System Clock pin receives two positive edges and then a negative edge. For this reason, after 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the eighth I/O Clock that has been recognized by the device, 
so that a CS low level will be recognized upon the lowering of the tenth I/O Clock signal that is 
recognized by the device. Otherwise, additional common clock cycles will be recognized as I/O 
Clock pulses and will shift in an erroneous address. 

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge ,of the tenth I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in 
its high state during the tenth I/O Clock cycle until the moment at which the analog signal must be converted. 
The TLC 1 540/TLC 1 541 will continue sampling the analog input until the tenth falling edge of the I/O Clock. 
The control circuitry or software will then immediately lower the I/O Clock signal and hold the analog signal 
at the desired point in time and start conversion. 

Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
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TLC4016M. TLC40161 
SILlCON·GATE CMOS OUADRUPLE BILATERAL ANALOG SWITCH 

• High Degree of Linearity 

• High On-Off Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Low On-State Impedance of 50 Ohms Typ 
at VCC = 9 V 

• Individual Switch Controls 

• Extremely Low Input Current 

description 

The TLC401 6 is a silicon-gate CMOS quadruple 
analog switch integrated circuit designed to 
handle both analog and digital signals. Each 
switch permits signals with amplitudes up to 
12 volts peak to be transmitted in either 
direction. 

Each switch section has its own enable input 
control. A high-level voltage applied to this 
control terminal turns on the associated switch 
section. 

Applications include signal gating, chopping, 
modulation or demodulation (modem), and signal 
multiplexing for analog-to-digital and digital-to­
analog conversion systems. 

The TLC401 6M is characterized for operation 
from - 55 °C to 125°C, and the TLC40161 is 
characterized from - 40 °C to 85°e. 

logic diagram (positive logic) 

c 

D2922, JANUARY 1986 

TLC4016M ... J OR N PACKAGE 
TLC40161 ... D OR N PACKAGE 

(TOP VIEW) 

1A VCC 
18 1C 
28 4C 
2A 4A 
2C 48 
3C 38 

GND 3A 

logic symbol t 

1C 

1A 

2C 

2A 

3C 

3A 

4C 

4A 

(13) 

(1 ) 

(5) 

(4) 

(6) 

(8) 

(12) 

(11) 

(\ 
X1 

1 

n 

n 

n 

ri (2) 
1 18 

n (3) 
r 28 

n. (9) 
38 

(\ (10) 
48 

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

A 

VCC 

8 

Copyright © 1986, Texas Instruments Incorporated 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS OUADRUPLE BILATERAL ANALqG SWITCH 

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

Supply voltage range (see Note 1) '" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 15 V 
Control-input diode current (VI <0 or VI > VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
I/O port diode current (VI < 0 or Vila> VCC) .............................. " .. ± 20 mA 
On-state switch current (VI/O = 0 to Vcc) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous current through VCC or GND pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature, T A: TLC4016M .: ..................... '. .. - 55°C to 125°C 
TLC40161 ............................ -40°C to 85°C 

Storage temperature range .......... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 and N packages. . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case 'for 60 seconds: J package ............ " 300°C 

NOTES: 1. All voltages are with respect to ground unless otherwise specified. 
2. For o'peration above 25°e free-air temperature, see Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

Package 
Maximum Power Dissipation Derating 

25°C 85°C 125°C Factor 

D 950 mW 494 mW 7.6 mW/oe 

J 1025 mW 533 mW 205 mW 8.2 mW/oe 

N 875 mW 455 mW 175 mW 7.0 mW/oe 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 2t 5 12 V 

I/O port voltage, VI/O 0 Vee v 
Vee = 2 V 1.5 Vee 

High-level input voltage, VIH 
Vee = 4.5 V 3.15 vee 

V 
Vee = 9 V 6.3 Vee 
Vee=12V 8.4 Vee 
Vee = 2 V 0 0.3 

Low-level input voltage, VIL 
Vee = 4.5 V 0 0.9 

Vee = 9 V 
V 

0 1.8 

Vee = 12 v 0 2.4 

Vee = 2 V 1000 

Input rise time, tr Vee = 4.5 V 500 ns 

Vee = 9 V 400 

Vee = 2 V 1000 

Input fall time, tf Vee = 4.5 V 500 ns 

Vee = 9 v 400 

Operating free-air temperature, T A 
TLe4016M ' -55 125 

TLe40161 
°e 

-40 85 

tWith supply voltages at or near 2 volts, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. ' 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS' QUADRUPLE BILATERAL ANALOG SWITCH 

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

PARAMETER TEST CONDITIONS Vce 
TLC4016M 

MIN Typt MAX 

TLC40161 

MIN Typt MAX 
UNIT 

IS = 1 rnA. 4.5 V 100 220 100 200 

VA = OtoVee. 9V 50 120 50 105 

See Figure 1 12 V 30 100 30 85 
On-state switch 

rSon IS = 1 rnA. 
2V 120 240 120 215 {l 

resistance 

VA = o or Vee. 
4.5 V 50 120 50 100 

9V 35 80 35 75 
See Figure 1 

12 V 20 70 20 60 

VA = 0 to Vee. 
4.5 V 10 20 10 20 

On-state switch 
9V 5 15 5 15 {l 

resistance matching See Figure 1 
12 V 5 15 5 15 

VI = 0 or Vee 2V ±1 ± 1 

II Control input current VI = 0 or Vee. to p.A 

TA = 25°e 6V ±0.1 ±0.1 

5.5 V ±10 ±600 ±10 ±600 
Off-state switch Vs = ±Vee. 

ISoff 9V ±15 ±800 ±15 ±800 nA 
leakage current See Figure 2 

12 V ±20 ± 1000 ±20 ± 1000 

5.5 V ±10 ±150 ±10 ± 150 
On-state switch VA = OorVee. 

±200 ±15 ±200 nA ISon 9V ±15 
leakage current See Figure 3 

12 V ±20 ±300 ±20 ±300 

5.5 V 2 40 2 20 

ICC Supply current 
VI·= 0 or Vee. 

9V 8 160 8 80 p.A 
10 =0 

12 V 16 320 16 160 

A or B 2 V to 15 15 
ei Input capacitance 

e 12 V 5 10 5 10 
pF 

Feedthrough 2 V to 
ef A to B VI = 0 5 5 pF 

capacitance 12 V 

t All typical values are at T A = 25 DC. 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS VCC 
TLC4016M 

MIN Typt MAX 

2V 25 75 

Propagation delay time, 4.5 V 5 15 
tpd 

A to Bar B to A 
See Figure 4 

9V 4 14 

12 V 3 13 

2V 32 150 

RL = 1 kf!, 4.5 V 8 30 
ton Switch turn-on time 

See Figures 5 and 6 9V 6 18 

12 V 5 15 

2V 45 252 

RL = 1 kf!, 4.5 V 15 54 
toff SWitch turn-off time 

See Figures 5 and 6 9V 10 48 

12 V 8 45 

Switch cutoff frequency 4.5 V 100 
fco 

(channel loss = 3 dB) 9V 120 

VOCF(PP) 
Control feedthrough voltage 

to any switch, peak to peak 
See Figure 7 4.5 V 180 

Frequency at which crosstalk 

attenuation between any two See Figure 8 4.5 V 1 

switches equals 50 dB 

t All typical values are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

1 B 

FIGURE 1. ON-STATE RESISTANCE TEST CIRCUIT 

Vcc 

VI - 0 C X1 
TEST 

SWITCH 

-= 
Vs - VA - VB 

CONDITION 1: VA - 0, VB - VCC 
CONDITION 2: VA - Vec. VB - 0 

B 

TLC40161 

MIN Typt 

25 

5 

4 

3 

32 

8 

6 

5 

45 

15 

10 

8 

100 

120 

1 

FIGURE 2. OFF-STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 

MAX 
UNIT 

62 

13 
ns 

12 

11 

125 

25 
ns 

15 

13 

210 

45 
ns 

40 

38 

MHz 

180 mV 

MHz 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

C X1 

VCC 

TEST 
SWITCH 

1 B 

FIGURE 3. ON-STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 

C X1 

VI A OR B 

VCC 

TEST 
SWITCH 

TEST CIRCUIT 

A ~~ B ______ /o% 
I 
I 
14----+1- tpd 

I 
I 

B~~A _____________ -J~O% 
VOLTAGE WAVEFORMS 

B OR A 
Vo 

*,50 PF 

FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VI C X1 

A 

VCC 

TEST 
SWITCH 
(1 OF 4) 

TEST CIRCUIT 

B 

1 kfl 

J
50PF 

f,..oO-yO---------------"'""'\:o~ --------Vee 

__ ---J I I OV 

14 ~I ton - tpZL toft - tpLZ 14' ~I 
I I 

------~~o% I 'Vee 

Vo \ .... _________________ k _ --VOL 

VOLTAGE WAVEFORMS 

FIGURE 5. SWITCHING TIME (tPZL. tPLZ). CONTROL TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

VI 

t--..... ---4II.....-VO 

50 pF 1 k!1 

TEST CIRCUIT 

Vcc 

VI -----Jt~ _ --0 V 

I 
I4-+t- ton - tpZH 

I 
I VOH 

VO ______ .JJi~! '!!!' _____ • ov 

VOLTAGE WAVEFORMS 

FIGURE 6. SWITCHING TIME (tPZH, tPHZ), CONTROL TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

X1 TEST 
t-..... ----4t--VO 

J50_PF -=600 n 

TEST CIRCUIT 

90%1\ -- - - - -----V 

! \""'.1_0_% ______ 0 V 

M--.l-tf 

VOLTAGE WAVEFORMS 

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 

VCC 

X1 TEST 
SWITCH V01 
(1 OF 4) 

600 n 

X2 TEST -= 
SWITCH 2 V02 

2 (1 OF 4) 

600 fl 

-= -= -= 

NOTE: ADJUST f for aX - V02 - 50 dB. 

V01 

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

• High Degree of Linearity 

• High On-Off Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Low On-State Impedance ... Typically 
30 Ohms at VCC = 12 V 

• Individual Switch Controls 

• Extremely Low Input Current 

• Functionally Interchangeable with National 
Semiconductor MM54/74HC4066, Motorola 
MC54/74HC4066, and RCA CD4066A 

description 

The TLC4066 is a silicon-gate CMOS quadruple 
analog switch integrated circuit designed to 
handle both analog and digital signals. Each 
switch permits signals with amplitudes up to 
12 volts peak to be transmitted in either 
direction. 

Each switch section has its own enable input 
control. A high-level voltage applied to this 
control terminal turns on the associated switch 
section. 

Applications include signal gating. chopping. 
modulation or demodulation (modem). and signal 
multiplexing for analog-to-digital and digital-to­
analog conversion systems. 

The TLC4066M is characterized for operation 
from - 55°C to 125°C. The TLC40661 is 
characterized from - 40°C to 85 °C. 

logic diagram (positive logic) 

C 

02922. JANUARY 1986 

TLC4066M .•. J OR N PACKAGE 
TLC40661 ... D OR N PACKAGE 

(TOP VIEW) 

1A VCC 
18 1C 
28 4C 
2A 4A 
2C 48 
3C 38 

GND 3A 

logic symbol t 

1C 

1A 

2C 
2A 

3C 

3A 

4C 

4A 

(13) 

(1) 

(5) 

(4) 

(6) 

(8) 

(12) 

(11) 

(\ 

n 

n 

n 

X1 n (2) 
1 1B 

1 

n (3) 
, r 2B 

n (9) 
3B 

(\ (10) 
4B 

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

A 

VCC 

B 

Copyright © 1986. Texas Instruments Incorporated 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

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

Supply voltage range (see Note 1) " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O. 5 V to 15 V 
Control-input diode current (VI < 0 or VI > VCC) ............................... ±20 mA 
I/O port diode current (VI < 0 or VI/O > VCC) ..... '.' . . . . . . . . . . . . . . . . . . . . . . . . .. '± 20 mA 
On-state switch current (VI/O = 0 to VCC) ..................................... ± 25 mA 
Continuous current through'VCC or GND pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package ...................................................... ' ..... 950 mW 
J package ........................................................ " 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature, T A: TLC4066M .......................... - 55°C to 125°C 
TLC40661 ........ '. . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 and N packages. . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltages are with respect to ground unless otherwise specified. 
2. For operation above 25°e free-air temperature, see Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

Package 
Maximum Power Dissipation Derating 

25°C 85°C 125DC Factor 

D 950mW 494 mW 7.6 mW/oe 

J 1025 mW 533 mW 205 mW 8.2 mW/oe 

N 875 mW 455 mW 175 mW 7.0 mW/oe 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 2t 5 12 V 

110 port voltage, Vila 0 Vee V 

Vee = 2 V 1.5 Vee 

High-level input voltage, VIH 
Vee = 4.5 V 3.15 Vee 

V 
Vee = 9 V 6.3 Vee 

Vee = 12 V 8.4 Vee 

Vee = 2 V 0 0.3 
" Vee = 4.5 V 0 0.9 

Low-level input voltage, VIL V 
Vee = 9 V 0 1.8 

Vee=12V 0 2.4 

Vee = 2 V 1000 

Input rise time, tr Vee = 4.5 V 500 ns 

Vee = 9 V 400 

Vee = 2 V 1000 

Input fall time, tf Vee = 4.5 V 500 ns 

Vee = 9 V 400 

TLe4066M - 55 125 
Operating free-air temperature, T A De 

TLe40661 -40 85 

tWith supply voltages at or near 2 volts, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

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

PARAMETER TEST CONDITIONS VCC 
MIN 

TLC4066M 
Typt MAX 

TLC40661 

MIN Typt MAX 
UNIT 

IS = 1 rnA. 4.5 V 100 220 100 200 

VA=OtoVCC. 9V 50 110 50 105 

See Figure 1 12 V 30 90 30 85 
On-state switch 

rSon 2V 120 240 120 215 {1 
resistance IS = 1 rnA. 

50 100 4.5 V 120 50 
VA = OorVCC. 

9V 35 80 35 75 
See Figure 1 

12 V 20 70 20 60 

4.5 V 10 20 10 20 
On-state switch VA = OtoVCC. 

5 9V 15 5 15 {1 
resistance matching See Figure 1 

12 V 5 15 5 15 

2V 

II Control input current VI = 0 or VCC or ±1 ±1 p.A 

6V 

5.5 V ±10 ±600 ±10 ±600 
Off-state switch Vs = ±VCC. 

±15 ±800 ISoff 9V ±15 ±800 nA 
leakage current See Figure 2 

12 V ±20 ± 1000 ±20 ± 1000 

5.5 V ±10 ±150 ±10 ±150 
On-state switch VA = OorVCC. 

9V ±15 ±200 ±15 ±200 nA ISon 
leakage current See Figure 3 

12 V ±20 ±300 ±20 ±300 

5.5 V 2 40 2 20 

ICC Supply current 
VI = 0 or VCC. 

9V 8 160 8 80 p.A 
10 = 0 

12 V 16 320 16 160 

A or B 2 V to 15 15 
Ci Input capacitance 

C 12 V 5 10 5 10 
pF 

Feedthrough 2 V to 
Cf A to B VI = 0 5 5 pF 

capacitance 12 V 

t A" typical values are at T A = 25 cc. 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vcc 
MIN 

TLC4066M 
Typt MAX 

2V 25 75 

Propagation delay time, 4.5 V 5 15 
tpd 

A to B or B to A 
See Figure 4 

9V 4 12 

12 V 3 13 

2V 32 150 

RL = 1 kO, 4.5 V 8 30 
ton Switch turn-on time 

6 18 See Figures 5 and 6 9V 

12 V 5 15 

2V 45 252 

RL = 1 kO, 4.5 V 15 54 
toff Switch turn-off time 

See Figures 5 and 6 10 48 9V 

12 V 8 45 

Switch cutoff frequency 4.5 V 100 
fco 

(channel loss = 3 dB) 9V 120 

VOCF(PP) 
Control feedthrough voltage 

to any switch, peak to peak 
See Figure 7 4.5 V 180 

Frequency at which crosstalk 

attenuation between any two See Figure 8 4.5 V 1 

switches equals 50 dB 

t All typical values are at T A = 25 ac. 

PARAMETER MEASUREMENT INFORMATION 

VI - Vec 

A 1 

Vee 

TEST 
SWITCH 

+--IS 

1 B 

FIGURE 1. ON-STATE RESISTANCE TEST CIRCUIT 

Vee 

VI - 0 e Xl 
TEST 

SWITCH 

Vs - VA - VB 

CONDITION 1: VA - 0, VB - Vee 
CONDITION 2: VA - Vee. VB - 0 

B 

TLC40661 

MIN Typt 

15 

5 

4 

3 

32 

8 

6 

5 

45 

15 

10 

8 

100 

120 

1 

FIGURE 2. OFF-STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 

MAX 
UNIT 

30 

13 

10 
ns 

11 

125 

25 
ns 

15 

13 

210 

45 
ns 

40 

38 

MHz 

180 mV 

MHz 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

VI = VIH 
C 

X1 
TEST B 

A SWITCH 
1 

VA ":'" 

FIGURE 3. ON·STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 

C X1 

VI A OR B 1 

VCC 

TEST 
SWITCH 

TEST CIRCUIT 
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VOLTAGE WAVEFORMS 

B OR A 
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~50PF 

FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VI C X1 

A 

TEST 
SWITCH 
,(1 'OF 4) 

VCC 

1 kO 

B 
t---t..----tl>--VO 

J
50PF 

TEST CIRCUIT 

;,.OO-Yo---------------"""\\ZO~ --------Vee 

---- I I OV 
14 .1 ton - tpZL toff - tpLz 14 .1 

I I 

Vo------""Ii'\:O~ :/ -Vee 

\,-, _______________ --'l,01! -- --VOL 

VOLTAGE WAVEFORMS 

FIGURE 5. SWITCHING TIME (tPZL, tPLZ), CONTROL TO SIGNAL OUTPUT 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

C X1 

A 

VCC 

TEST CIRCUIT 

---""" -------vcc 

\0% ov 

I 
toff - tpHZ~ 

I -----i9 0%---VOH 

. ~=:ov 
VOLTAGE WAVEFORMS 

FIGURE 6. SWITCHING TIME (tPZH, tpHZI. CONTROL TO SIGNAL OUTPUT 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

X1 

VI 1!190
% 

____________ 10_0/<_0_, I 
I4--*-tr 

VCC 

TEST 
SWITCH 
11 OF 41 

TEST CIRCUIT 

t--..... ----4t-VO 

J
50PF 6000 

90%f\-'- -- - -----V 

! \10% I 1'---------------0 V 
If---M- tf vo--t t=-----:rppl 

---------- ___________ 1 
VOLTAGE WAVEFORMS 

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 

VCC 

t-... ----., .... -V01 

2t--..... ---~V02 

600 n 

NOTE: ADJUST f for aX _ V02 - 50 dB. 

V01 

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
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PRODUCT 
PREVIEW 

• ADVANCED LinCMOSTM Technology 

• Zero Reading for O-V Input 

• Precision Null Detection with True Polarity 
at Zero 

• 1-pA Typical Input Current 

• True Differential Input 

• Multiplexed Binary-Coded-Decimal Output 

• Low Rollover Error: ± 1 Count Maximum 

• Control Signals Allow Interfacing with 
UARTs or Microprocessors 

• Autoranging Capability with Over- and 
Under-Range Signals 

• TTL-Compatible Outputs 

• Direct Replacement for Teledyne TSC7135, 
IntersillCL7135, Maxim ICL7135, and 
Siliconix Si7135 

TLC7135 
Advanced LinCMOSTM 4 1/2·DlGlT PRECISION 

ANALOG·TO·DIGITAL CONVERTER 
02851. DECEMBER 1986 

N 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC- UNDER-RANGE 
REF OVER-RANGE 

ANlG COMMON STROBE 
INT OUT RUN/HOLD 

AUTO ZERO DGTl GND 
BUFF OUT POLARITY 

Cref- ClK 

Cref+ BUSY 
IN- D1 (lSD) 
IN+ D2 

VCC+ D3 
(MSD) D5 D4 

(lSB) B1 1;38 (MSB) 
B2 B4 

Caution. This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage. 

description 

The TLC7135 converter is manufactured with Texas Instruments highly efficient ADVANCED LinCMOSTM 
technology. This 4 1/2-digit dual-slope-integrating analog-to-digital converter is designed to provide 
interfaces to both a microprocessor and a visual display. The digit-drive outputs D 1 through D4 and 
multiplexed binary-coded-decimal outputs, B1 through B4, provide an interface for LED or LCD 
decoder/drivers as well as microprocessors. 

The TLC7135 offers 50-ppm (one part in 20,000) resolution with a maximum linearity error of one count. 
The zero error is less than 10 /J-V and zero drift is less than 0.5 /J-V/oC. Source-impedance errors are minimized 
by low input current (less than 10 pAl. Rollover error is limited to ± 1 count. 

The TLC7135 BUSY, STROBE, RUN/HOLD, OVER-RANGE, and UNDER-RANGE control signals support 
microprocessor-based measurement systems. The control signals also can support remote data acquisition 
systems with data transfer via universal asynchronous receiver transmitters (UARTs). 

The TLC7135 is characterized for operation from OOC to 70°C. 

ADVANCED LinCMOS"' is a trademark of Texas Instruments Incorporated. 

Copyright © 1986. Texas Instruments Incorporated 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design Ilhase of 
development. Characteristic data an~ other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TLC7135 
Advanced LinCMOSTM 4 112-DlGIT PRECISION 
ANALOG-TO-DlGlTAL CONVERTER 

functional block diagram 

FROM ANALOG 
SECTION 

CLK (22) 

ZERO 
CROSS 
DETECT 

__ (25) 
RUN/HOLD--------I CONTROL 

OVER-RANGE (27) LOGIC 

UNDER-RANGE.:.;(2:,;:8:,:.) ---4---~ 
STROBE~(2:.;:6~) __ ~ __ ~ 

BUSy.:.;(2~1~) __ ~ __ ~ 

DGTLGND~(2~4~)~ ___ -~ 

LATCH 

ANALOG SECTION 

Cref 

BUFF 
(8) r---

I 
I AIZ 

REF~ 

MULTIPLEXER 

PRODUCT 
PREVIEW 

(191 02 DIGIT 

(181 03 DRIVE 

(201 01 (LSB)} 

(17) 04 OUTPUT 

(12) 05 (MSB) 

(13)B1} 
(14) 

B2 BINARY CODED 
(15) B4 DECIMAL OUTPUT 

(16) BB 

TO 

INT ~~~~~~ 
IN+~~~-r----~~---+-~~~ o--r-r-~-----+----~ 

I 

I 
I 
I 
I 
I 
I 

I 

AIZ 

l iNT 

IN-~------------~----------------~ L _________ _ 

INPUT 
LOW 

__________ ...J 
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PRODUCT 
PREVIEW 

TLC7135 
Advanced LinCMOSTM 4 -1/2·OIGI1 PRECISION 

ANALOG· TO·DIGITAL CONVERTER 

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

Supply voltage (Vee + with respect to Vee -) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Analog input voltage (pin 9 or pin 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee - to Vee + 
Reference voltage range ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee - to Vee + 
elock input voltage range ............................................. 0 V to Vee + 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70 0 e 
Storage temperature range ......................................... -65°e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 0 e 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC+ 4 5 6 V 

Supply voltage, VCC- -3 -5 -8 V 

Reference voltage, V ref 1 V 

High-level input voltage, ClK, RUN/HOLD, VIH 2.8 V 

low-level input voltage, ClK, RUN/HOLD, Vil 0.8 V 

Oifferential input voltage, VIO VCC- +1 VCC+ -0.5 V 

Maximum operating frequency, fclock (see Note 1) 1.2 2 MHz 

Operating free-air temperature range, T A 0 70 °C 

NOTE 1: Clock frequency range extends down to 0 Hz. 

electrical characteristics, Vee + == 5 V, VCC­
(unless otherwise noted) 

- 5 V, Vref = 1 V, fclock == 120 kHz, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOH 
High-level I 01-05,81,82,84,88 10 = -1 mA 2.4 5 

output voltage lather outputs 
V 

10 = -101<A 4.9 5 

VOL low-level output voltage 10 = 1.6 mA 0.4 V 

Peak-to-peak output noise voltage 
VIO = 0, 

(see Note 2) 
Full Scale '1 2 V 15 I<V 

Zero-reading temperature coefficient 
VIO = 0, o °C :5 T A :5 70°C 0.5 2 I<V/oC avo 

of output voltage 

IIH High-level input current VI = 5 V, o °C :5 T A :5 70°C 0.1 10 I<A 

III low-level input current VI = 0 V, ooC :5 TA :5 70°C -0.02 -0.1 mA 

_ TA = 25°C 1 10 
II Input leakage current, pins 9 and 10 VID = 0 

ooC :5 TA :5 70°C 250 
pA 

TA = 25°C 1 2 
ICC+ Positive supply current fclock = 0 mA 

o °C :5 T A :5 70°C 3 

TA = 25°C -0.8 -2 
ICC- Negative supply current fclock = 0 mA 

ooC :5 TA :5 70°C -3 

Cpd Power dissipation capacitance See Note 3 40 pF 

NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time. 
3. Fact~r relating clock-frequency to increase in supply current. At VCC + = 5 V 

ICC + = ICC + (fclock = 0) + Cpd x 5 V x fclock 
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TLC7135 
Advanced LinCMOSTM 4 1/2·DIGIT PRECISION 
ANALOG·TO·DlGlTAL CONVERTER 

PRODUCT 
PREVIEW 

operating characteristics, Vee + .. 5 V, vee - .. - 5 V, Vref == 1 V, f clock ==120 kHz, 
T A .." 25 0 C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Full-scale temperature coefficient 
VID = 2 V. oDe s TA s 70 De 5 ppm/De <XFS (see Note 4) 

Linearity error -2 V s VID s 2 V 0.5 1 count 

Differential linearity error (see Note 5) -2 V s VID s 2 V 0.01 LSB 

± Full-scale symmetry error (see Note 6) 
VID = ±2 V 

(rollover error) 
0.5 1 count 

Display reading with O-V input VID = O. oDe s TA s 70De -.0000 ±.OOOO +.0000 
Digital 

Reading 

VID = Vref. TA = 25 De +.9998 +.9999 + 1.0000 Digital 
Display reading in ratiometric operation 

oDe s TA s 70 De +.9995 +.9999 +1.0005 Reading 

NOTES: 4. This parameter is measured with an external reference having a temperature coefficient of less than 0.01 ppm/DC. 
5. The magnitude of the difference between the worst case step of adjacent counts and the ideal step. 
6. Rollover error is the difference between the absolute values of the conversion for 2 V and - 2 V. 
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timing diagrams 

~ ENO OF CONVERSION 

TLC7135 
Advanced LinCMOSTM 4 1/2·DlGlT PRECISION 

ANALOG·TO·DIGITAL CONVERTER 

BUSyt ~J~<------------------------------------
Bl-BB 05 04 03 02 01 05 

STROBEt 

05 ~I '--~ ___ --,I L 
14-14 ------~ot_I 201 200 ~141---""~ 

COUNTS COUNTS 

04 ___ I _I _______ ----Ir 
200 j4 ~I 

COUNTS r-----. 

I 03 

200 -fl141---.....-t~1 
COUNTS ,.. __ -, 

02 ____________________ ~1 ~ __________ _ 

01 

200 14 ~I 
COUNTS r-----, 

1 ---------------------------200 -fl141------'~-.t1 
COUNTS 

t Delay between BUSY going low and the first STROBE pulse is dependent upon the analog input. 

FIGURE 1 

DIGIT SCAN fI ., fI 05 
FOR OVER-RANGE I L..---...I L----.J L...-

~04 

~03 

~02 

~01 

1000 14 ~I 
COUNTS 

FIGURE 2 
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TLC7135· 
Advanced LinCMOSTM 4 1/2·OIGIT PRECISION 
ANALOG·TO·DIGITAL CONVERTER 

timing diagrams (continued) 

INTEGRATOR 
OUTPUT 

AUTO- I SIGNAL I 
ZERO INT. 

10.0011 10.0001 
COUNTS COUNTS 

DE-INTEGRATE 

20.001 
COUNTS MAX. 

~ FULL MEASUREMENT CYCLE---.~I 
40.002 COUNTS 

BUSY 

OVER-RANGE _ 
WHEN APPLICABLE 

UNDER-RANGE ~ 
WHEN APPLICABLE ..I.~oI.I.LI'-i.I.I.oI.I.LIoL.-_________ _ 

FIGURE 3 

STROBE I I I I I 

r-AUTO ZERO 
SIGNAL INTEGRATE+!4-DE-INTEGRATEt 

DIGIT SCAN n t n n 
FOR OVER-RANGE '-D_5 _______ ~: ~ L-----I L.-.--

n -1l~D_4 ______ ~h~' ________ ~ ~ 

n --Il_D3 __________ ~:.~f ______ ~~ rL 
---1l~D_2 ________ ~I~' __________ _ 

- I' 
n n. 
n r 

tFirst 05 of AUTO ZERO and DE-INTEGRATE is one count longer. 

FIGURE 4 
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TLC7135 
Advanced LinCMOSTM 4 112·DIGIT PRECISION 

ANALOG·TO·DlGITAL CONVERTER 

PRINCIPLES OF OPERATION 

A measurement cycle for the TLC7135 consists of the following four phases. 

1. Auto-Zero Phase. The internal IN + and IN - inputs are disconnected from the pins and internally 
connected to ANLG COMMON. The reference capacitor is charged to the reference voltage. The 
system is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset 
voltages in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only 
by the system noise, and the overall offset, as referred to the input, is less than 10 p.V. 

2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN + and IN - inputs are 
connected to the external pins. The differential voltage between these inputs is integrated for a fixed 
period of time. If the input sigrial has no return with respect to the converter power supply, IN­
can be tied to ANLG COMMON to establish the correct common-mode voltage. Upon completion 
of this phase" the polarity of the input signal is recorded. 

3. De-integrate Phase. The reference is used to perform the de-integrate task. The internal IN - is 
internally connected to ANLG COMMON and IN + is connected across the previously charged reference 
capacitor. The recorded polarity of the input signal is used to ensure that the capacitor will be connected 
with the correct polarity so that the integrator output polarity will return to zero. The time, which 
is required for the output to return to zero, is proportional to the amplitude of the input signal. The 
return time is displayed as a digital reading and is determined by the equation 10,000 x (VIDNref). 
The maximum or full-scale conversion occurs when VID is two times Vref. 

4. Zero Integrator Phase. The internal IN - is connected to ANLG COMMON. The system is configured 
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 100 
to 200 clock pulses. However, after an over-range conversion, 6200 pulses are required. 

description of analog circuits 

input signal range 

The common mode range of the input amplifier extends from 1 V above the negative supply to 1 V below 
the positive supply. Within this range, the common mode rejection ratio (CMRR) is typically 86 d8. Both 
differential and common mode voltages cause the integrator output to swing. Therefore, care must be 
exercised to assure the integrator output does not saturate. 

analog common 

Analog common (ANLG COMMON) is connected to the internal IN - during the auto-zero, de-integrate, 
and zero integrator phases. If IN - is connected to a voltage which is different than analog common during 
the signal integrate phase, the resulting common mode voltage will be rejected by the amplifier. However, 
in most applications, IN LO will be set at a known fixed voltage (power supply common for instance). 
In this application, analog common should be tied to the same point, thus removing the common mode 
voltage from the converter. Removing the common mode voltage in this manner will slightly increase 
conversion accuracy. 

reference 

The reference voltage is positive with respect to analog common. The accuracy of the conversion result 
is dependent upon the quality of the reference. Therefore, to obtain a high accuracy conversion, a high 
quality reference should be used. 
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TLC7135 
Advanced LinCMOSTM 4 112-DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 

description of digital circuits 

RUN/HOLD input 

PRODUCT 
PREVIEW 

When the RUN/HOLD input is high or open, the device will continuously perform measurement cycles every 
40,002 clock pulses. If this input is taken low, the IC will continue to perform the ongoing measurement 
cycle and then hold the conversion reading for as long as the pin is held low. If the pin is held low after 
completion of a measurement cycle, a short positive pulse (greater than 300 ns) will initiate a new 
measurement cycle. If this positive pulse occurs before the completion of a measurement cycle, it will 
not be recognized. The first STROBE pulse, which occurs 101 counts after the end of a measurement 
cycle, is an indication of the completion of a measurement cycle. Thus, the positive pulse could be used 
to trigger the start of a new measurment after the first STROBE pulse. 

STROBE input 

Negative going pulses from this input are used to transfer the BCD conversion data to external latches, 
UARTS, or microprocesors. At the end of the measurement cycle, the digit-drive (D5) input goes high and 
remains high for 201 counts. The most 'significant digit (MSD) BCD bits are placed on the BCD pins. After 
the first 101 counts, halfway through the duration of output D1-D5 going high, the STROBE pin goes low 
for 1/2 clock pulse width. The placement of the STROBE pulse at the midpoint of the D5 high pulse allows 
the information to be latched into an external device on either a low-level or an edge. Such placement 
of the STROBE pulse also ensures that the BCD bits for the second MSD will not yet be competing for 
the BCD lines and latching of the correct bits is assured. The above process is repeated for the second 
MSD and the D4 output. Similarly, the process is repeated through the least significant digit (LSD). 
Subsequently, inputs D5 through D1 and the BCD lines will continue scanning without the inclusion of 
STROBE pulses. This subsequent continuous scanning causes the conversion results to be continuously 
displayed. Such subsequent scanning does not occur when an over-range condition occurs. 

BUSY output 

The BUSY output goes high at the beginning of the signal integrate phase and remains high until the first 
clock pulse after zero-crossing or at the end of the measurement cycle if an over-range condition occurs. 
It is possible to use the BUSY pin to serially transmit the conversion result. Serial transmission can be 
accomplished by ANDing the BUSY and CLOCK signals and transmitting the ANDed output. The transmitted 
output consists of 10,001 clock pulses, which occur during the signal integrate phase, and the number 
of clock pulses, which occur during the de-integrate phase. The conversion result can be obtained by 
subtracting 10,001 from the total number of clock pulses. 

OVER-RANGE output 

When an over-range condition occurs, this pin goes high after the BUSY signal goes low at the end of 
the measurement cycle. As previously noted, the BUSY signal remains high until the end of the measurement 

. cycle when an over-range condition occurs. The OVER-RANGE output goes high at end of BUSY and goes 
low at the beginning of the de-integrate phase in the next measurement cycle. 

.UNDER-RANGE output 

At the end of the BUSY signal, this pin goes high if the conversion result is less than or equal to 9% (count 
of 1800) of the full-scale range. The UNDER-RANGE output is brought low at the beginning of the signal 
integrate phase of the next measurement cycle. 

2-228 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



PRODUCT 
PREVIEW 

POLARITY output 

TLC7135 
Advanced LinCMOS™ 4 1/2·DlGIT PRECISION 

ANALOG·TO·DlGlTAL CONVERTER 

PRINCIPLES OF OPERATION 

The POLARITY output is high for a positive input signal and is updated at the beginning of each de-integrate 
phase. The polarity output is valid for all inputs including ± 0 and over-range signals. 

digit-drive (05, 04, 02 and 01) outputs 

Each digit-drive output (01 through 05) sequentially goes high for 200 clock pulses. This sequential process 
is continuous unless an over-range occurs. When an over-range occurs, all of the digit drive outputs are 
blanked from the end of the strobe sequence until the beginning of the de-integrate phase (when the 
sequential digit drive activation begins again). The blanking activity, during an over-range condition, may 
be used to cause the display to flash and indicate the over-range condition. 

BCD outputs 

The BCD bits (B8, B4, B2 and B1) for a given digit are sequentially activated on these outputs. 
Simultaneously, the appropriate Digit-drive line for the given digit is activated. 

system aspects 

integrating resistor 

The value of the integrating resistor (R'NT) is determined by the full scale input voltage and the output 
current of the integrating amplifier. The integrating amplifier can supply 20 p,A of current with negligible 
non-linearity. The equation for determining the value of this resistor is as follows: 

R _ FULL-SCALE VOLTAGE 
INT - lINT 

Integrating amplifier current, ',NT, from 5 to 40 p,A will yield good results. However, the nominal and 
recommended current is 20 p,A. 

integrating capacitor 

The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing 
without causing the integrating amplifier output to saturate and get too close to the power supply voltages. 
If the amplifier output is within 0.3 V of either supply, saturation will occur. With ± 5-V supplies and ANLG 
COMMON connected to ground, the designer should design for a ±3.5-V to ±4-V integrating amplifier 
swing. A nominal capacitor value is 0.47 p,F. The equation for determining the value of the integrating 
capacitor (C'NT) is as follows: 

10,000 x CLOCK PERIOD x lINT 
C'NT = INTEGRATOR OUTPUT VOLTAGE SWING 

where: lINT is nominally 20 p,A. 

Capacitors with large tolerances and high dielectric absorption can induce conversion inaccuracies. A 
capacitor, which is too small could cause the integrating amplifier to saturate. High dielectric absorption 
causes the effective capacitor value to be different during the signal integrate and de-integrate phases. 
Polypropylene capacitors have very low dielectric absorption. Polystyrene and Polycarbonate capacitors 
have higher dielectric absorption, but also work well. 
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TLC7135 
Advanced LinCMOSTM 4 1/2·DlGlT PRECISION 
ANALOG·TO·DlGITAL CONVERTER 

PRINCIPLES OF OPERATION 

auto-zero and reference capacitor 

PRODUCT 
PREVIEW 

Large capacitors will tend to reduce noise in the system. Dielectric absorption is unimportant except during 
power-up or overload recovery. Typical values are 1 J.tF. 

reference voltage 

For high-accuracy absolute measurements, a high quality reference should be used. 

rollover resistor and diode 

The TLC7135 has a small rollover error, however it can be corrected. The correction is to connect the 
cathode of any silicon diode to the INT OUT pin and the anode to a resistor. The other end of the resistor 
is connected to ANLG COMMON or ground. For the recommended operating conditions the resistor value 
is 100 kO. This value may be changed to correct any rollover error which has not been corrected. In many 
non-critical applications, the resistor and diode are not needed. 

maximum clock frequency 

For most dual-slope AID converters, the maximum conversion rate is limited by the frequency response 
of the comparator. In this circuit, the comparator follows the integrator ramp with a 3 J.tS delay. Therefore, 
with a 160 kHz clock frequency (6 J.tS period). half of the first reference,integrate clock period is lost in 
delay. Hence, the meter reading will change from 0 to 1 with a 50 J.tV input, 1 to 2 with a 150 J.tV input, 
2 to 3 with a 250 J.tV input, etc. This transition at midpoint is desirable; however, if the clock frequency 
is increased appreciably above 160 kHz, the instrument will flash" 1 " on noise peaks even when the input 
is shorted. The above transition points assume a 2-V input range is equivalent to 20,000 clock cycles. 

If the input signal is always of one polarity, comparator delay need not be a limitation. Clock rates of 1 MHz 
are possible since non-linearity and noise do not increase substantially with frequency. For a fixed clock 
frequency, the extra count or counts caused by comparator delay will be a constant and can be subtracted 
out digitally. 

For signals with both polarities, the clock frequency can be extended above 160 kHz without error by 
using a low value resistor in series with the integrating capacitor. This resistor causes the integrator to 
jump slightly towards the zero-crossing level at the beginning of the de-integrate phase and thus, 
compensates for the comparator delay. This series resistor should be 10 to 50 ohms. This approach allows 
clock frequencies up to 480 kHz. 

minimum clock fr~quency 

The minimum clock frequency limitations result from capacitor leakage from the auto-zero and reference 
capacitors. Measurement cycles as high as 10 seconds are not influenced by leakage error. 

rejection of 50 Hz or 60 Hz pickup 

To maximize the rejection of 50 Hz or 60 Hz pickup, the clock frequency should be chosen so that an 
integral mUltiple of 50 Hz or 60 Hz periods occur during the signal integrate phase. To achieve rejection 
of these signals, some clock frequencies which could be used are as follows: 

50 Hz: 250, 166.66, 125, 100 kHz, etc. 
60 Hz: 300, 200, 150, 120, 100, 40, 33.33 kHz, etc. 
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zero·crossing flip-flop 

TLC7135 
Advanced LinCMOS™ 4 1/2·DIGIT PRECISION 

ANALOG·TO·DIGITAL CONVERTER 

PRINCIPLES OF OPERATION 

This flip-flop interrogates the comparator's zero-crossing status. The interrogation is performed after the 
previous clock cycle and the positive half of the ongoing clock cycle have occurred so that any comparator 
transients which result from the clock pulses do not affect the detection of a zero-crossing. This procedure 
delays the zero-crossing detection by one clock cycle. To eliminate the inaccuracy, which is caused by 
this delay, the counter is disabled for one clock cycle at the beginning of the de-integrate phase. Therefore, 
when the zero-crossing is detected one clock cycle later than the zero-crossing actually occurs, the correct 
number of counts is displayed. 

noise 

The peak-to-peak noise around zero is approximately 15 p.V (peak-to-peak value not exceeded 95% of 
the time). Near full scale, this value increases to approximately 30 p.V. Much of the noise originates in 
the auto-zero loop, and is proportional to the ratio of the input signal to the reference. 

analog and digital grounds 

For high-accuracy applications, ground loops must be avoided. Return currents from digital circuits must 
not be sent to the analog ground line. 

power supplies 

The TLC7135 is designed to work with ± 5-V power supplies. However, 5-V operation is possible if the 
input signal does not vary more than ±1.5 V from mid-supply. 
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TLC7136C 
Advanced LinCMOSTM 3 1/2·DIGIT PRECISION 

ANALOG·TO·DlGITAL CONVERTER AND LCD DRIVER 
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D2849. OCTOBER 1986 

ADVANCED LinCMOSTM Technology N DUAL-IN-LiNE PACKAGE 

Zero Reading for O-V Input on All Scales 
(TOP VIEW) 

VCC+ OSC1 
Precision Null Detection with True Polarity 

{D 
OSC2 

at Zero 1C OSC3 
1-pA Typical Input Current 18 TEST 

UNITS 1A REF HI 
True Differential Input and Reference 1F REF LO 
Direct LCD Display Drive with No External 1G Cref+ 
Components 1E Cref-

{D 
COMMON 

Low Noise -- 15 "Vp-p Without Hysteresis 2C IN HI 
or Overrange Hangover 2B IN LO 
On-Chip Clock Oscillator and Reference TENS 2A AUTO ZERO 

2F BUFF 
Convenient 9-V Battery Operation with Low 2E INT 
Power Dissipation, Less than 1 mW 

f 
VCC-

Direct Replacement for Intersil and Maxim 3B 2G (TENS) 
ICL7136 100's 3F 3C} 
Pin Compatible with IntersillCL7106; 

3E 3A 100'5 

ICL7126 and Teledyne TSC7106, TSC7136 
(1000's) 4AB 3G 
POL (MINUS) BP 

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 

description 

The TLC7136C is a high-performance, very low-power 3 1/2-digit analog-to-digital converter (ADC). The 
TLC7136C contains seven-segment decoders, display drivers, a clock, and a reference. This device is 
designed to interface with liquid crystal displays and incorporates a backplane drive. The device can easily 
be powered with a 9-volt battery because the supply current is less than 100 microamperes. 

The TLC7136C provides high accuracy and versatility and such features as auto-zeroing to less than 10 
microvolts,. zero drift of less than 1 "V/oC, maximum input bias current of 10 picoamperes, and rollover 
error of less than 1 count. 

The differential input and on-chip reference are particularly useful when measuring load cells, strain gauges, 
and other bridge-type transducers. Single-supply operation provides economy in that a high-performance 
panel meter can be built with only seven passive components and a display. The TLC7136C is an improved 
version of the Intersil ICL 7126 in that overrangehangover and hysteresis effects are eliminated. 

The TLC7136C is characterized for operation from OOC to 70°C. 

ADVANCED LinCMOS'" is a trademark of Texas Instruments Incorporated. 

Copyright © 1986. Texas Instruments Incorporated 
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TLC7136C 
Advanced LinCMOSTM 3 1/2·DlGlT PRECISION 
ANALOG·TO·DlGITAL CONVERTER AND LCD DRIVER 

functional block diagram (with external components) 
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PREVIEW 
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Advanced LinCMOSTM 3 1/2·0IG1T PRECISION 

ANALOG·TO·DIGITAL CONVERTER AND LCD DRIVER 

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

Supply voltage (Vee + with respect to Vee -l. Vee ............................... 15 V 
Voltage range for any input except clock (see Note 1) ....................... Vee - to Vee + 
elock input voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vtest to Vee + 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 °e to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 
Lead temperature 1,6 mm (1/16 inch) from case fdr 60 seconds. . . . . . . . . . . . . . . . . . . . .. 260 0 e 

NOTE 1: ·Input voltages may exceed the supply voltages provided the input current is limited to ± 100 I'A. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 9 V 

Vref Reference input voltage 
I FS (full scale) VID = 200 mV. See Note 2 100 mV 

I FS VID = 2 V 1 V 

Full·scale input voltage 2 Vref V 

VI Input voltage at IN HI or IN LO VCC- +1 VCC+ -0.5 V 

Cref Reference capacitor 0.1 1 I'F 
Cz Auto-zero capacitor 0.033 0.47 I'F 
Cx Integrator capacitor 0.047 0.15 I'F 

Rs Integrator resistor 
I FS = 200 mV 180 kG 

I FS = 2 V 1.8 MG 

TA Operating free-air temperature 0 70 °C 

electrical characteristics, Vee 9 V, fclock = 16 kHz, TA 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Common-mode rejection ratio 
VIC = ±1 V. 

FS = 200 mV 
VID = O. 

50 I'V/v 

Noise voltage 
VID = O. FS = 200 mV 15 I'V 

(peak-to-peak value not exceeded 95% of time) 

Input leakage current VID = 0 1 10 pA 

Scale factor temperature coefficient 
VID = 199 mV. TA = 0 to 70°C. 

1 5 ppm/DC 
See Note 3 

Analog common voltage (with respect to VCC +) 250 kG between COMMON and VCC+ -2.6 ':'3 -3.2 V 

Temperature coefficient of analog common voltage 
250 kG between COMMON and VCC+ 150 ppm/DC 

(with respect to VCC +) 

Peak-to-peak segment drive voltage (see Note 4) 4 5 6 V 

Peak-to-peak backplane drive voltage (see Note 4) 4 5 6 V 

Supply current (see Note 5) VID = 0 50 100 I'A 
Power dissipation capacitance See Note 6 40 pF 
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NOTES: 2. VID is the voltage at IN HI with respect to IN LO. ::> 
3. This is measured using a fixed external reference voltage with O-ppm/oC temperature coefficient. W 
4. Backplane drive is in phase with segment drive for a turned-off segment. 180 ° out of phase for a turned-on segment. Backplane Il: 

frequency is 20 times the conversion rate. The average dc component is less than 50 mV. c.. 
5. This does not include current through the common terminal. During the auto-zero phase. current is 10 to 20.I'A higher. Use 

of a 48-kHz oscillator increases current by typically 8 I'A. 10-
6. This can be used to determine the no-load dynamic power dissipation. PD = Cpd,VCC2.f+ICC·VCC· U 
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TLC7136C 
Advanced LinCMOSTM 3 1/2·DIGIT PRECISION 
ANALOG·TO·DlGITAL CONVERTER AND LCD DRIVER 

PRODUCT 
PREVIEW 

operating characteristics over recommended operating free-air temperature range, Vee 9V 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Zero-input digital reading VID = 0, FS = 200 mV -0.000 ±O.OOO +0.000 

Ratiometric digital reading VID = Vref = 100 mV 999 999/1000 1000 

Rollover error (see Note 7) VID- = VIO + "" 200 mV or 2 V ±0.2 ±1 Count 

Linearity error FS = 200 mV or 2 V ±0.2 ±1 Count 

Zero-reading temperature coefficient 
VIO = 0, 

T A = OOC to 70°C 
0.2 1 p.V/oC 

NOTE 7: Rollover error is the difference between the magnitudes of the conversion results for equal positive and negative inputs near full scale . 

PARAMETER MEASUREMENT INFORMATION 

240kn 
(1) 

VCCt (20) 

(36) (5) 
10kn REFHI 1A 

1B 
(4) 

(3) 
(35) 1C 

REF LO (2) 
10 

(32) 
COMMON 

(8) 
ANALOG 1E 

INPUT (30) 1F 
(6) 

VOLTAGE IN LO 
1G 

0.1 #,F 
1 Mn (31) 

2A 

t INHI 2B 

(40) 
OSC1 

2C 

560 kn(39) 20 

OSC2 2E 
50 pF 

2F (38) 
OSC3 

2G 

Creft 3A 

3B 

Cref- 3C 

3D 
AUTO ZERO 

3E 

180kn(28) 
BUFF 3F 

0.15 #'F 
3G 

(27) 
INT 4AB 

BP 

FIGURE 1. TEST CIRCUIT (CLOCK FREQUENCY ... 16 kHz, 1 READING PER SECOND) 

2-236 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



PRODUCT 
PREVIEW 

ANALOG 
INPUT 

VOLTAGE 

240kO 

10kO 

TLC7136C 
Advanced LinCMOSTM 3 1/2·OIGIT PRECISION 

ANALOG·TO·DIGITAL CONVERTER AND LCD DRIVER 

PARAMETER MEASUREMENT INFORMATION 

Vce '"'9V 

~--------III 

(1) (26) 

VCC+ VCC-

(36) 
REF HI 

(35) 
REF LO 

(32) 
COMMON 

(30) 
IN LO 

0.1#,F 

(31) 
INHI 

(40) 
OSC1 

180kO(39) 
OSC2 

50 pF 
(38) 

OSC3 

(34) 
Cref+ 

Cref-

(29) 
AUTO ZERO 

180kO(28) 
BUFF 

POL 

1A 

1B 

1C 

10 

1E 

1F 

1G 

2A 

2B 

2C 

20 

2E 

2F 

2G 

3A 

3B 

3C 

3D 

3E 

3F 

3G 

(4) 

(3) 

(2) 

(8) 

(6) 

(7) 

7500 (27) 4AB 

(24) 

(15) 

(18) 

(17) 

(22) 

(19) 

INT 

0.47#,F BP 

FIGURE 2. TEST CIRCUIT (CLOCK FREQUENCY ... 48 kHz, 3 READINGS PER SECOND) 
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TLC7136C 
Advanced LinCMOSTM 3 1/2-DlGlT PRECISION 
ANALOG-TO-DlGlTAL CONVERTER AND LCD DRIVER 

PRINCIPLES OF OPERATION 

PRODUCT 
PREVIEW 

A measurement cycle, for the TLC7136'C, consists of four phases. The four phases are as follows: 

1. Auto-Zero Phase. The internal IN HI and IN La inputs are disconnected from the pins and are internally 
connected to analog COMMON. The reference capacitor is charged to the reference voltage. The system 
is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset voltages 
in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only by the system 
noise, and the overall offset, as referred to the input, is less than 10 microvolts. 

2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN HI and IN La inputs are 
connected to the external pins. The differential voltage between these inputs is integrated for a fixed 
period of time. If the input signal has no return 'with respect to the converter power supply, IN La 
can be tied to analog COMMON to establish the correct common-mode voltage. Upon completion of 
this phase, the polarity of the input signal is recorded. 

3. Oeintegrate (reference-integrate) Phase. The reference is used to perform the deintegrating task, which 
is performed in the following manner. The IN La is internally connected to analog COMMON and IN 
HI is connected across the previously charged reference capacitor. The recorded polarity of the input 
signal is used to ensure that the capacitor will be connected with the correct polarity so that the 
integrator output will return to zero. The time that is required for the output to return to zero is 
proportional to the amplitude of the input signal. The return time is displayed as a digital reading and 
is determined by the equation 1000 VIOiVref. 

4. Zero Integrator Phase. The internal IN La is connected to analog'COMMON. The system is configured 
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 11 to 
140 clock pulses. However, after an overrange conversion, 740 pulses are required. 

description of analog circuits 

input signal range ' 

The common-mode range of the input amplifier extends from 1 volt above the negative supply to 0.5 volt 
below the positive supply. Within this range, the common mode rejection ratio (CMRR) is'typically 86 dB. 

The common-mode signal also causes the integrator output to swing and there is a possibility that the 
integrator output could saturate. This saturation, which causes an incorrect conversion, is most likely with 
the combination of a large positive common mode voltage and a large negative differential voltage. The 
negative differential voltage causes the integrator output to go positive when most of the integrator's 
positive output swing capability has been used up by the large positive common mode voltage. In such 
situations, the integrator swing can be reduced to less than the recommended 2-volt swing with a minimal 
reduction in accuracy. The linear range of the integrator output is within 0.3 volts of either supply. 

differential reference 

The reference voltage must lie within the device power supply range. The major source of common-mode 
error is caused by the loss or gain of charge from the reference capacitor due to stray capacitances. With 
large common-mode voltages, the reference capacitor will gain charge or voltage while deintegrating a 
positive signal and, conversely, lose charge or voltage while deintegrating a negative 'signal. This gain or 
loss of reference capacitor voltage will cause a rollover error. The selection of a reference capacitor that 
is large in comparison to the stray capacitance will reduce the rollover error to less than 0.5 counts (see 
Component Value Selection). 

analog common 

For battery operation or when the inputs are floating with respect to the TLC7136C power supply, the 
analog COMMON pin is used to set the common mode voltage. The COMMON pin is preset by internal 
circuits to a voltage that is approximately 3 volts less than the TLC7136C positive supply. This preset 
voltage will give a 6-volt end-of-battery life. 
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TLC7136C 
Advanced LinCMOSTM 3 1/2·DlGlT PRECISION 

ANALOG·TO·DlGITAL CONVERTER AND LCD DRIVER 

test 

PRINCIPLES OF OPERATION 

When the power supply voltage is greater than 7 volts, the TLC7136C zener will be in a regulating mode 
and the preset voltage at the COMMON pin will have reference-like qualities. The preset voltage will then 
have a low 0.001 %-per-volt voltage coefficient, a low output impedance of approximately 35 ohms, and 
a temperature coefficient of less than 80 ppm/oC. Therefore, the preset voltage could be used for an on­
chip reference, however, there are some limitations. For 2°C to 8 °C temperature changes, a scale factor 
of one count or more can result. Also, if the power supply voltage drops below 7 volts, the voltage coefficient 
will be poor since the zener will no longer be in a regulating mode. 

Analog COMMON is connected to the internal IN LO during the auto-zero, deintegrate, and zero integrator 
phases. If IN LO is connected to a voltage that is different from analog common during the signal-integrate 
phase, the resulting common-mode voltage will be rejected by the amplifier. However, in certain applications, 
IN LO is set at a fixed known voltage, for example the power supply common voltage. For these applications, 
the COMMON pin should be tied to IN LO to eliminate the common-mode rejection error. The same 
consideration applies to the reference voltage. Referring the reference voltage to analog COMMON elimimites 
another common-mode error source. Referring the reference voltage to an analog common is accomplished 
by connecting COMMON to either REF LO or REF HI. 

The TEST pin performs two functions. First, it is connected to the internally generated digital supply (negative 
side) through a 500-ohm resistor. This connection allows the TEST pin to be used as the negative supply 
for external segment drivers, such as decimal points or any LCD segment that requires up to 1-milliampere 
load current. Second, the pin performs a test function. When the TEST pin is pulled up to VCC +, all 
segments will turn on and the display will read - 1888. In this test mode, a constant DC voltage is applied 
to the segments, rather than a square wave, and the segments may be damaged if the test is prolonged. 

description of digital circuits 

An internal digital ground is generated with a 6-volt zener diode and a large P-channel source follower. 
This generated suppiy can handle the large capacitive currents that result when the backplan~ (BP) voltage 
is switched. Dividing the clock frequency by 800 gives the BP frequency. For 3 readings per second, the 
BP signal is a 5-volt, 60-Hz squarewave. The segments that are driven at the same frequency and amplitude 
are in phase with BP when off, and out of phase with BP when on. Except in the test mode, a negligible 
amount of DC voltage is placed across the segments. For negative-polarity inputs, the polarity indication 
will become active. Also, if the placement of IN LO and IN HI is switched, the polarity indication can be 
switched accordingly. 

system timing 

The TLC7136C clock circuit is shown in Figure 3. The three possible clock setups are pin 40 connected 
to an external oscillator, a crystal between pins 39 and 40, or an RC oscillator with connections to pins 
38, 39, and 40. 

The frequency of the clock oscillator is fjrst divided by four and then the resulting clock signal is used 
to clock the decade counters. The divide-by-four clock signal is then further divided to form the four convert­
cycle phases, which are as follows: 

1. 1,000 counts for signal integration. 
2. 0 to 2,000 counts for reference deintegration. 
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TLC7136C PRODUCT 
PREVIEW Advanced LinCMOSTM 3 1/2,DIGIT PRECISION 

ANALOG·TO·DlGlTAL CONVERTER AND LCD DRIVER 

PRINCIPLES OF OPERATION 

3. 11 to 140 counts for zero integration (with an overranged conversion of greater than 2,060 counts, 
the zero integrator phase will require 740 counts, and auto-zero will require 260 counts). 

4. 910 to 2900 counts for auto-zero (for signals less than full-scale, auto-zero gets the unused portion 
of reference deintegration and zero integration). 

The total measurement cycle requires 4,000 counts or 16,000 clock pulses. A 48-kilohertz oscillator would 
be required for three readings per second. 

~----------------
FROM I 

EXTERNAL - "' I 
OSCtlILLATOR ___ ~'4 

,~1401 
, I 

'T' ~ CRYfTAL 

I I 'I 
I L __ ... ~.-..;....--------------..... 
I RC NETWORK (39)1 
I L ____ +_~ ___________________ ~ 

(38)L ______________ _ 

TO COUNTERS 

NOTE: This figure shows all three external control circuits connected; however, only one external circuit (crystal, RC network or external 
oscillator) is connected for proper operation. 

FIGURE 3. CLOCK CIRCUITS 

component value selection 

integrating resistor 

The buffer amplifier and integrator class A output stages require approximately 6 microamperes of quiescent 
current and can source -1 microampere of current without inducing any significant nonlinearity. The 
integrating resistor should be sufficiently large that the buffer amplifier and integrator will remain in this 
linear region. However, the resistor must also be small enough that PC board leakage remains insignificant. 
Values of 180 kilohms and 1.8 megohms are recommended for the respective 200-millivolt and 2-volt 
full-scale voltages. 

integrating capacitor 

-\ 

The integrating capacitor should be chosen to give the maximum voltage swing, yet not allow the combined 
tolerances of the integrating resistor and capacitor to cause the integrator to saturate. The linear range 
of the integrator extends to within 0.3 volt of VCC - or VCC +. A + 2-volt full-scale integrator swing works 
fine when analog common is used as the reference. Capacitor values of 0.047 microfarad and 0.15 micro­
farad are recommended for 3 (48-kilohertz oscillator) and 1 (16-kilohertz oscillator) readings per second 
respectively. As the oscillator frequency is increased, the capacitor value must be decreased to maintain 
the same output swing. Polypropylene capacitors are recommended because of their reasonable cost and 
low dielectric absorption, which produces low roll-over errors. 
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Advanced LinCMOSTM 3 1/2·DIGIT PRECISION 

ANALOG·TO·DlGlTAL CONVERTER AND LCD DRIVER 

PRINCIPLES OF OPERATION 

,.,...... 
" ...... " ...... " ....... .......... _-------

SIGNAL­
INTEGRATE 

1000 COUNTS 

DE-INTEGRATE 
(REFERENCE-INTEGRATE) 

2000 COUNTS (MAX) 

4000 COUNTS 
(16.000 OSCILLATOR CYCLES) 

FIGURE 4. TIMING DIAGRAM 

ZERO 
INTEGRATOR 

The size of this capacitor has an effect upon the noise of the system. For 200-millivolt full-scale applications, 
in which noise must be kept to a minimum, a 0.47-microfarad capacitor is recommended. The zero-integrator 
phase allows the use of a large auto-zero capacitor without the accompanying hysteresis or overrange 
hangover problems that can occur with the ICL7126 or1CL7106. 

reference capacitor 

A 0.1-microfarad capacitor is fine for most applications. However, with large common-mode signals, if 
the REF LO pin is not connected to analog COMMON and the full-scale voltage is 200 millivolts. a larger 
capacitor is required to prevent rollover error. A 1-microfarad capacitor will hold this rollover error to 
0.5 counts. 

oscillator components 

A 50-pF capacitor is recommended for all frequency ranges. The resistor can be selected from the equation: 

f = 0.45/RC, 

where: R = 180 kilohms for 48-kilohertz oscillator (3 readings per second) and 560 kilohms for 16-kilohertz 
oscillator (1 reading per second). 

reference voltage 

An input voltage of 2 Vref is required to obtain a full-scale reading of 2,000 counts. Therefore. for a full­
scale of 200 millivolts and 2 volts. Vref should be 100 millivolts and 1 volt respectively. In many situations, 
the designer might like to have a full-scale voltage other than 200 millivolts or 2 volts. In situations where 
the designer desires a full-scale voltage of X volts, the designer can select a Vref of X/2 volts. The value 
of the integrating resistor can be determined by the following equation: 

X volts (desired full-scale) 
200 mV 

Value of Integrating Resistor for X volts full-scale 
180 k!l (integrating resistor for 200 mV full-scale) 

If X volts is greater than 200 millivolts. it is better to work with an X/2 volts reference, since dividing 
the X volts down to 200 millivolts will cause the input signal to be more susceptible to noise. 

Sometimes a designer will want a digital reading of zero when VI does not equal zero. This desire can 
be met by connecting VI between IN HI and COMMON and the zero-reading VI between COMMON and 
IN LO. 
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ADVANCE 
INFORMATION 

• Advanced LinCMOS'" Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data Latches 

• Guaranteed Monotonicity 

• Segmented High-Order Bits Ensure Low­
Glitch Output 

• Designed to be Interchangeable with Analog 
Devices AD7524, PMI PM-7524, and Micro 
Power Systems MP7524 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 -

KEY PERFORMANCE SPECIFICATIONS 

Resolution 8 Bits 

Linearity error % LSB Max 

Power dissipation 
5 mW Max 

at VOO = 5 V 

Settling time 100 ns Max 

Propagation delay 80 ns Max 

description 

TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPL VING 

DlGITAL-TO-ANALOG CONVERTER 
D3008, SEPTEMBER 1986 

o OR N PACKAGE 

(TOP VIEWI 

oun 
OUT2 

GND 
DB7 
DB6 
DB5 
DB4 
DB3 

1 U16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

RFB 
REF 
VDD 
WR 
cs 
DBO 
DB1 
DB2 

The TLC7524 is an Advanced LinCMOS'" 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular mic~oprocessors. 

The TLC7524 is an 8-bit mUltiplying DAC with input latches and with a load cycle similar to the "write" 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to 
% LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts 
typically. 

Featuring operation from a 5-V to 15-V single supply, the TLC7524 interfaces easily to most microprocessor 
buses or output ports. Excellent mUltiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 

The TLC75241 is characterized for operation from - 25°C to 85 °C, and the TLC7524C is characterized 
for operation from OOC to 70°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1986, Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new products in the samplinp or 
preproduction phase of development. Characteristic 
ilata and other specifications are subject to change 
without notice. 
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TLC7524 
Advanced LinCMOSTM 8·BIT MUL TIPL VING 
DIGITAL·TO·ANALOG CONVERTER 

functional block diagram 

CS (12) 

WR (13) 

operating sequence 

\ 

DB7 
(MSB) 

VDD 

(14) 

DB6 DB5 

V 
DATA INPUTS 

DBO 
(LSB) 

2R 

R 

(16) 

(1) 

(2) 

(3) 

RFB 

OUT1 

OUT2 

GND 

!. tsu(CS) ~~~! th(CS) 

CS--------~,~-----------------·~:--JI 
I 

If---tw(WR)----+i 

{ " jf--tsu(D)--+i 
I ~th(D) 

DBO-DB7 --------------------C( ) ... ---------
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ADVANCE 
INFORMATION 

TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

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

Supply voltage, VDD .............................................. -0.3 V to 16.5 V 
Digital input voltage, VI ....................................... - 0.3 V to VDD + 0.3 V 
Reference voltage, Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Peak digital input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 p.A 
Operating free-air temperature range: TLC75241 .......................... - 25°C to 85 °C 

TLC7524C ............................ OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

recommended operating conditions 

VDD - 5 V VDD - 15 V 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VDD 4.75 5 5.25 14.5 15 15.5 V 

Reference voltage, V ref ±10 ±10 V 

High-level input voltage, VIH 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time, tsu(CS) 40 40 ns 

CS hold time, th(CS) 0 0 ns 

Data bus input setup time, tsu(D) 25 25 ns 

Data bus input hold time, th(D) 10 10 ns 

Pulse duration, WR low, tw(WR) 40 40 ns 

ITLC75241 -25 85 -25 85 
Operating free-air temperature, TAl 

0 70 
°C 

TLC7524C 0 70 

electrical characteristics over recommended operating free-air temperature range, V ref - ± 10 V, 
OUT1. and OUT2 at GND (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VDD - 5 V VDD - 15 V 

UNIT 
MIN TYP MAX MIN TYP MAX 

IIH High-level input current VI = VDD 10 10 p.A 

IlL Low-level input current VI = 0 -10 -10 p.A 

Output leakage current, DBO-DB7 at a V, 

OUT1 (Pin 1) - Vref = ± 10 V 

WR, CS at 0 V, 
±400 ±200 nA 

Output leakage current. DBO-DB7 at VDD. Wit cs at a v. 
OUT2 (Pin 2) Vref = ±10 V 

±400 ±200 nA 

IDD Supply current (quiescent) DBO-DB7 at VIH(min) or VIL(max) 1 2 mA 

IDD Supply current (standby) DBO-DB7 at a V or VDD 500 500 p.A 

kSVS 
Supply voltage sensitivity. 

~gain/~VDD 
~VDD = ±10% 0.01 0.16 0.005 0.04 %FSR 

Ci 
Input capacitance, 

VI = 0 5 5 pF 
DBO-DB7. WR. CS 

oun DBO-DB7 at a v. 30 30 
Co Output capacitance. 

IOUT2 WR and CS at 0 V 120 120 
pF 

OUT1 DBO-DB7 at VDD. 120 120 
Co Output capacitance 

IOUT2 WR and CS at 0 V 30 30 
pF 

Reference input impedance 
5 20 5 20 kO 

(Pin 15 to GND) 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 
DlGITAL·TO·ANALOG CONVERTER 

ADVANCE 
INFORMATION 

operating characteristics over recommended operating free-air temperature range, Vref -= ± 10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VDD - 5 V VDD - 15 V 

MIN TVPt MAX MIN TVpt MAX 

Linearity error ±0.5 ±0.5 

Gain error See Note 1 ±2.5 ±2.5 

Settling time (to % LSB) See Note 2 100 100 

Propagation delay (from 

digital input to 90% of See Note 2 80 80 

final analog output current) 

Feedthrough at OUT1 or OUT2 
Vref = ± 10 V (100-kHz sinewave) 

WR and CS at 0 V, DBO-DB7 at 0 V 
0.5 0.5 

Temperature coefficient of gain TA = 25°C to MAX ±O.OO4 ±O.OOl 

tTypical values at T A = 25 ac. 
NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. 

2. OUT1 load = 100 n, Cext = 13 pF, WR at 0 V, CS at 0 V, DBO-DB7 at 0 V to VDD or VDD to 0 V. 

principles of operation 

UNIT 

LSB 

LSB 

ns 

ns 

%FSR 

O/OFSR/oC 

The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, Iref, is switched to OUT2. The current source 1/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source Ilkg represents leakage 
currents to the substrate. The capacitances appearing at OUT; and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, Iref would be switched to OUT1. 

Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the TLC7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 

The TLC7524 is capable of performing 2-quadrant or full4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DIGITAL· TO·ANALOG CONVERTER 

principles of operation (continued) 

DBO-DB7 

~r--R---- RFB 

,.------:t: .... -el----- oun 

'Ik. ~t J 30 ,F 

REF ~w-. -A-----A------I.....----- OUT2 

1/256 ~~ 'Ik. ~ t l' '20 ,F 

FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 

RA - 2kG 
(See Note 31 

DBO-DB7 

CS----I 

WR----I 

VDD 

>---.... -OUTPUT 

FIGURE 2. UNIPOLAR OPERATION (2·QUADRANT MULTIPLICATION) 

RA - 2 kG 
(See Note 3) 

Vref VDD 

RB 

20 kG 

20 kG 

CS ----I 

WR----I 

= 
FIGURE 3. BIPOLAR OPERATION (4·QUADRANT OPERATION) 

NOTES:' 3. RA and RS used only if gain adjustment is required. 

OUTPUT 

4. C phase compensation (10-1 5 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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TLC7524 
Advanced LinCMOSTM 8·81T MULTIPLYING 
DIGlTAL·TO·ANALOG CONVERTER 

principles of operation (continued) 

ADVANCE 
INFORMATION 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DIGITAL INPUT DIGITAL INPUT 

(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) 

MSB LSB MSB LSB 

11111111 - Vref (255/256) 11111111 
10000001 -Vref (129/256) 10000001 

10000000 -Vref (128/256) = -Vref/2 10000000 

01111111 -Vref (127/256) 
00000001 -Vref (1/256) 
00000000 0 

NOTES: 5. LSB = 1/256 (Vref). 
6. LSB = 1/128 (Vref). 

microprocessor interfaces 

00-07 

01111111 
00000001 
00000000 

DATA BUS 
~---------------~ 

Z-SOA 

wRI----~ ............ 
~--------------~WR 

ADDRESS BUS 

ANALOG OUTPUT 

Vref (127/128) 

Vref (1/128) 

0 
-Vref (1/128) 

-Vref (127/128) 

-Vref 

AO-A15 
~-------------------~ 

FIGURE 4. TLC7524-Z·80A INTERFACE 

00-07 DATA BUS 
~--------------~ 

6800 

tP21----I 
D-----------...;,.,..----I WR 

VMA 1---..... -11---1 

AO-A15 ADDRESS BUS 
~------------------------------------------~ 

FIGURE 5. TLC7524- 6800 INTERFACE 
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TLC7524 
Advanced LinCMOS™ 8·BIT MUL TlPL VING 

DIGITAL·TO·ANALOG CONVERTER 

microprocessor interfaces (continued) 

A8-A15 
~------------~r-~ 

8051 

r--------~WR 

ALE t---+--+-....... --' 

wRt---+--+---------~ 

ADO-AD7 ADDRESS/DATA BUS 
~----------------------------------~-7 

FIGURE 6_ TLC7524-8051 INTERFACE 
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• ADVANCED LinCMOSTM Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data Latches 

• Guaranteed Monotonicity 

• Designed to be Interchangeable with Analog 
Devices ADC7528 and PMI PM-7528 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 

KEY PERFORMANCE SPECIFICATIONS 

Resolution 8 bits 

Linearity Error 112 LSB 

Power Dissipation at VDD = 5 V 5mW 

Settling Time at VDD = 5 V 100 ns 

Propagation Delay at VDD = 5 V 80 ns 

description 

. TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 
02979, JANUARY 1987 

N DUAL-IN-LiNE PACKAGE 

(TOP V~EW) 

AGND OUTB 
OUTA RFBB 
RFBA REFB 
REFA VDD 

DGND WR 
DACA/DACB CS 

(MSB) DB7 DBO (LSB) 
DB6 DB1 
DB5 DB2 
DB4 DB3 

The TLC7528 is a dual 8-bit digital-to-analog converter designed with separate on-chip data latches and 
featuring excellent DAC-to-DAC matching. Data is transferred to either of the two DAC data latches via 
a common 8-bit input port. Control input DACA/DACB determines which DAC is to be loaded. The "load" 
cycle of the TLC7528 is similar to the "write" cycle of a random-access memory, allowing easy interface 
to most popular microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches 
during changes in the most significant bits, where glitch impulse is typically the strongest. 

The TLC7528 operates from a 5-volt to 15-volt power supply and dissipates less than 15 mW (typical). 
Excellent 2- or 4-quadrant multiplying makes the TLC7528 a sound choice for many microprocessor­
controlled gain-setting and signal-control applications. 

The TLC75281 is characterized for operation from - 25 to 85 DC. The TLC7528C is characterized for 
operation from ODC to 70 DC. 

ADVANCED LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1987, Texas Instruments Incorporated 
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TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MUL TIPL VING 
DIGITAL-TO-ANALOG CONVERTER 

ADVANCE 
INFORMATION 

functional block diagram 

DATA 
INPUTS 

DBO (14) 

(13) 

• (12) 

• • 111 ) 

• (10) 

• • (9) 

(8) 

DB7 111 

DACA/DACB (6) 

WR (16) 

cs (15) 

operating sequence 

CS 

INPUT 
BUFFER 

LOGIC 
CONTROL 

8 
8 

tsulCS) 

REFA 

(4) 

r--___ ~I3::,:.) RFBA 

,,-__ ...:;12::,:.) OUTA 

~14 
I 

I 

I1l AGND 

_----I~I:..:.19::..:.) RFBB 

",-_...j.....:1.=;20:.:.) OUTB 

REFB 

~I thlCS) 

! ---,\:I 
~ ________________ -J 

tsulDAC) ~'" ~I thlDAC) 

I 
14 

! I 
--\.~ 

DACA/DACB ;: ~ ______________ ~-J 

jf--tWIWR)--.i 

WR-----------~ ;;-,-----------

j4---tsUID)~ thlD) 

DBO-DB7 __________ ..JX DATA IN STABLE X--------
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ADVANCE 
INFORMATION 

TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

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

Supply voltage, VDD (to AGND or DGND) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 16.5 V 
Voltage between AGND and DGND. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage, VI (to DGND) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD + 0.3 
Reference voltage, VrefA or VrefB (to AGND) ... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Output voltage, VOA or VOB (to AGND) ....................................... ± 25 V 
Peak input current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 p.A 
Operating free-air temperature range: TLC75281 .......................... - 25 DC to 85 DC 

TLC7528C ............................ ODC to 70 De 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

. recommended operating conditions 

Voo - 4.75 v to 5.25 V voo - 14.5 v to 15.5 V 
UNIT 

MIN NOM MAX MIN NOM MAX 

Reference voltage, VrefA or VrefB ±10 ±10 V 

High-level input voltage, VIH 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time, tsu(CS) 50 50 ns 

CS hold time, th(CS) 0 0 ns 

DAC select setup time, tsulDAC) 50 50 ns 

DAC select hold time, th(DAC) 10 10 ns 

Data bus input setup time tsulD) 25 25 ns 

Data bus input hold time th(D) 0 0 ns 

Pulse duration, WR low, tw(WR) 50 50 ns 

I TLC75281 -25 85 -25 85 
Operating free-air temperature, TAl °c 

TLC7528C 0 70 0 70 
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TLC7528 
Advanced LinCMOS™ DUAL 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

ADVANCE 
INFORMATION 

electrical characteristics over recommended operating free-air temperature range, 
VrefA = VrefS = 10 V, VOA and VOS at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VDD - 5 V VDD - 15 V 

UNIT 
MIN Typt MAX MIN Typt MAX 

IIH High-level input current VI = VOD 10 10 p,A 

IlL Low-level input current VI = OV -10 -10 p,A 

Reference input impedance 
8 

(Pin 15 to GNO) 
11 15 8 11 15 kO 

OACA data latch loaded 

OUTA with 00000000, ±400 ±200 

Ilkg 
Output leakage VrefA = ± 10 V 

nA 
current DACB data latch loaded 

OUTB with 00000000, ±400 ±200 

VrefB = ±10 V 

Input resistance match 

(REFA to REFB) 
±1% ±1% 

DC supply sensitivity, 
.iVOO = ± 10% 0.04 0.02 %/% 

.i gain/.i VOO 

100 Supply current (quiescent) 
DBO-DB7 at VIHmin or 

1 1 mA 
VILmax 

100 Supply current (standby) OBO-OB7 at 0 V or VOO 0.5 0.5 mA 

DBO-OB7 10 10 

Ci 
Input 

WR, CS pF 
capacitance 

DACA/DACB 
15 15 

OAC data latches loaded 
50 50 

Output capacitance, with 00000000 
pF Co 

(OUTA,OUTB) OAC data latches loaded 
120 120 

with 11111111 

t All typical values are at T A = 25°C. 
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TLC7528 
Advanced LinCMOS™ DUAL 8·81T MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and VOB at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VDD - 5 V VDD - 15 V 

MIN TYP MAX MIN TYP MAX 

Linearity error ±1/2 ±1/2 

Settling time (to 1/2 LSB) See Note 1 100 100 

Gain error See Note 2 2.5 2.5 

I REFA to OUTA -65 -65 
AC feedthrough I See Note 3 

REFB to OUTB -65 -65 

Temperature coefficient of gain See Note 4 0.007 0.0035 

Propagation delay (from digital input 
See Note 5 

to 90% of final analog output current 
80 80 

Channel-to- I REFA to OUTB See Note 6 77 77 

channel isolation I REFB to OUT A See Note 7 77 77 

Measured for code transition from 

Digital-to-analog glitch impulse area 00000000 to 11111111, 160 440 

TA = 25°C 

Measured for code transition from 

Digital crosstalk glitch impulse area 00000000 to 11111111, 30 60 

TA = 25°C 

Harmonic distortion 
Vi = 6 V rms, 

TA = 25°C 

f = 1 kHz, 
-85 -85 

NOTES: 1. OUTA, OUTB load = 1000, Cext = 13 pF; WR and CS at 0 V; DBO-OB7 at 0 V to VDD or VDD to 0 V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. 
3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 00000000. ' 
4. Temperature coefficient of gain measured from OOC to 25°C or from 25°C to 70°C. 

UNIT 

LSB 

ns 

LSB 

dB 

%FSR/oC 

ns 

dB 

nVs 

nVs 

dB 

5. VrefA = VrefB = 10 V; OUTA/OUTB load = 1000, Cext = 13 pF; WR and CS atO V; DBO-OB7 atO Vto VOD orVDDto OV. 
6. Both OAC latches loaded with 11111111; VrefA = 20 V peak-to-peak, 100-kHz sine wave; VrefB = 0; T A = 25°C. 
7. Both DAC latches loaded with 11111111; VrefB = 20 V peak-to-peak, 100-kHz sine wave; VrefA = 0; T A = 25°C. 

principles of operation 

The TLC7528 contains two identical8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voltage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUT A. A small leakage current (llkg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10 ac. Co is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 50 pF to 120 pF 
maximum. The equivalent output resistance ro varies with the input code from 0.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 

Interfacing the TLC7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the TLC7528 analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled regardless of the state of the WR signal. 

The digital inputs of the TLC7528 provide TTL compatibility when operated from a supply voltage of 5 V. 
The TLC7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input 
logic levels are not TTL compatible above 5 V. 
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TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DlGITAL·TO·ANALOG CONVERTER 

R R R 

2R 2R 2R 2R 2R 

R 
'-"'I/Iro-RFBA 

~-r~'--+-'-~~r~'--r--1~~~-OUTA 

~-~'--~~(}--~4--~-----AGND 

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 

RFBA 

R 
VREFA-"""'~-"""---"""--"""'''''''--OUTA 

--L 
256 

ADVANCE 
INFORMATION 

FIGURE 2. TLC7528 EQUIVALENT CIRCUIT. DACA LATCH LOADED WITH 11111111. 

MODE SELECTION TABLE 

DACAl 

DACB 
CS WR DACA DACB 

L L L WRITE HOLD 

H L L HOLD WRITE 

X H X HOLD HOLD 

X X H HOLD HOLD 

L = low level, H = high level. X = don't care 
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TLC7528 
Advanced LinCMOS™ DUAL 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

The TLC7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations fI 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 

VilA) 
±10 V 

VDD~- ---
(14) DBO 

· INPUT · · BUFFER 

(7) DB7 

(6) 
I DACAl 

DACB 

(15) CS CONTROL 

(16) WR LOGIC 

>---4",VOB 

RECOMMENDED TRIM 

RESISTOR VALUES 

R1, R3 500 n VilB) 

R2, R4 150 {) ±10 V 

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 

2. C 1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation. 

FIGURE 3. UNIPOLAR OPERATION (2·QUADRANT MULTIPLICATION) 
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TLC7528 
Advanced LinCMOS™ DUAL 8·BIT MUL TIPL VING 
DIGITAL·TO·ANALOG CONVERTER 

ADVANCE 
INFORMATION 

TYPICAL APPLICATION DATA 

VilA) 
±10 V 

- voo.!..!2!.r- - - ~ - - - - - - - -
(14)IOBO 

(7) 

(6) 

(15) 

(16) 

I : 
INPUT 

BUFFER 

±10 V 
VilB) 

R6 (See Note 2) 

20 kO 

(Seo Note 2) 
R10 

20 kO 

10 kO VOB 

NOTES: 1. R1. R2. R3. and R4 are used only if gain adjustment is required. See table in Figure 5 for recommended values. Adjust R1 
for VOA = 0 V with code 10000000 in DACA latch. Adjust R3 for VOB = 0 V with 10000000 in DACB latch. 

2. Matching and tracking are essential for resistor pairs R6. R7. R9. and R10. 
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers. 

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DAC LATCH CONTENTS 
ANALOG OUTPUT 

MSB LSBt 

DAC LATCH CONTENTS 
ANALOG OUTPUT 

MSB LSB* 

11111111 - Vi (255/256) 11111111 Vi (127/128) 

10000001 - Vi (129/256) 10000001 Vi (11128) 

10000000 -Vi (128/256) = -Vi/2 10000000 OV 

01111111 -Vi (127/256) 01111111 -Vi (1/128) 

00000001 -Vi (1/256) 00000001 -Vi (127/128) 

00000000 - Vi (0/256) = 0 00000000 -Vi (128/128) 

t 1 LSB = (2 -8)Vi 
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ADVANCE 
INFORMATION 

TLC7528 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

microprocessor interface information 

A8-A15 

CPU 
8051 

ADDRESS 
DECODE 
LOGIC 

WRt-----I 

ALE 

ADO-AD7 

ADDRESS BUS 

.-----..----1 DACA/DACB 
A 

TLC7528 

DATA BUS 
~-------------~~----~ 

NOTE: A = decoded address for TLC7528 DACA. 
A + 1 = decoded address for TLC7528 DACB. 

FIGURE 5. TLC7528 - INTEL 8051 INTERFACE 

A8-A15 
t-------c:"I 

VMA 

CPU 
6800 

00-07 

ADDRESS 
DECODE 

LOGIC 

NOTE: A = decoded address for. TLC7528 DACA. 
A + 1 = decoded address for TLC7528 DACB. 

A 

ADDRESS BUS 

,..----..... ---1 DACA/DACB 

DATA BUS 

CS 
TLC7528 

FIGURE 6. TLC7528 - 6800 INTERFACE 
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.TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DlGITAL·TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

A8-A15 J---n ADDRESS BUS 

ADVANCE 
INFORMATION 

r-----........ ---tDACA/DACB 

CPU 
Z80-A 

00-D7 

ADDRESS 
DECODE 
LOGIC 

A 

DATA BUS 
J---------------~-----~ 

NOTE: A = decoded address for TLC7528 DACA. 
A + 1 = decoded address fo~ TLC7528 DACB. 

FIGURE 7. TLC7528 TO Z80-A INTERFACE 

programmable window detector 

The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC 
feedback resistors are within the limits programmed into the TLC7528 data latches. Input signal range 
depends on the reference and polarity, that is, the test input range is 0 to - Vref. The DACA and DACB 
data latches are programmed with the upper and lower test limits. A signal within the programmed limits 
will drive the output high. 

TEST 
INPUT--.-------. 

VDD 

o TO - Vref ~-...... ---!",;,;,;,--""",;,;,,;,; 

DATA ~--'----'-~-I 

INPUTS &""'_'---r-7'-1 

11 ) 
AGNO _-+-....... ----. 

TLC7528 

+ Vref _-+---.....;.11_8....;.1 t-R_E_FB'----1 

RFBB 

1191 

VCC 

1 kfl 

PASS/FAIL 
OUTPUT 

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER) 
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ADVANCE 
INFORMATION 

TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DIGITAL· TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

digitally controlled signal attenuator 

Figure 9 shows the TLC7528 configured as a two-channel programmable attenuator. Applications include 
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for a O'to 15.5 dB 
range. 

VOS 

Attentuation db = - 20 1091O D/256, D = digital input code 

VDD 
-----------.(3) 

TLC7528 

RFSA (2) 

OUTA 

0:0 t---7'----.... 

• DS7 
cs (15) 

WR (16) 

OUTPUT 

DACA/DACS ... (_6) _______ _ 

(18) 

REFS 

AGND (1) 

DGND (5) 

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 

TABLE 3. ATTENUATION vs DACA, DACB CODE 

CODE IN CODE IN 
ATTN(dS) DAC INPUT CODE ATTN(dS) DAC INPUT CODE 

DECIMAL DECIMAL 

0 11111111 255 8.0 01100110 102 

0.5 11110010 242 8.5 01100000 96 

1.0 11100100 228 9.0 01011011 91 

1.5 11010111 215 9.5 01010110 86 

2.0 11001011 203 10.0 01010001 81 

2.5 11000000 192 10.5 01001100 76 

3.0 10110101 181 11.0 01001000 72 

3.5 10101011 171 11.5 01000100 68 

4.0 10100010 162· 12.0 01000000 64 

4.5 10011000 152 12.5 00111101 61 

5.0 10010000 144 13.0 00111001 57 

5.5 10001000 136 13.5 00110110 54 

6.0 10000000 128 14.0 00110011 51 

6.5 01111001 121 14.5 00110000 48 

7.0 01110010 114 15.0 00101110 46 

7.5 01101100 108 15.5 00101011 43 
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TLC7528 
Advanced'LinCMOS™ DUAL 8·BIT MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

ADVANCE 
INFORMATION 

TYPICAL APPLICATION DATA 

programmable state-variable filter 

This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band­
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required. 

As shown in Figure 10, DACA 1 and DACB1 control the gain and Q of the filter while DACA2 and DACB2 
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for 
the cutoff-frequency equation to be true. With the TLC7528, this is easily achieved. 

1 
fc = 2n R1 C1 

The programmable range for the cutoff or center frequency is a to 15kHz with a Q ranging from 0.3 to 
4.5. This defines the limits of the component values. 

VI _...;.14.,;;.lrR::;EF:..:.A:"--I 

DATA 
IN 

DATA 
IN 

DACA1 AND DACB1 

16) ~DACB 

DACA2 AND DACB2 

OUTB 1201 

RFBBt-'I_19..;..1 _____ ~ 

11BI 

REFB 

NOTES: A. Op-amps .1\1. A2. A3, and A4 are TL287. 

B. C3 compensates for the op-amp gain-bandwidth limitations. 

. 256 x (DAC ladder resistance) 
C. DAC equivalent resistance equals DAC digital code 

BANDPASS 
OUT 

C2 

C3 

.... _-+HIGH PASS 

LOW PASS 
OUT 

OUT 

CIRCUIT EQUATIONS: 

C1 - C2' R1 - R2, R4 - RS 

Q _ R3. RF 

R4 Rfb(DACB1) 

Ao - - .!!.E 
RS 

FIGURE 10. DIGITALLY CONTROLLED STATE·VARIABLE FILTER 
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PRODUCT 
PREVIEW 

• ADVANCED LinCMOSTM Silicon·Gate 
Technology 

• Guaranteed Monotonicity 

• Fast Settling Time 

• CMOS/TTL Compatible 

• Four·Quadrant Multiplication 

• Designed to -be Interchangeable with Analog 
Devices AD7533, AD7520, and PMI 
PM-7533 

KEY PERFORMANCE 

SPECIFICATIONS 

Resolution 10 Bits 

Linearity Error 1/2 LSB 

Power Dissipation 30mW 

Settling Time 150 ns 

description 

TLC75331, TLC7533C 
Advanced LinCMOS~ 10·BIT MUL TIPL VING 

DIGITAL·TO·ANALOG CONVERTERS 
02166. OCTOBER 1986 

N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

DUll RFB 
DUT2 REF 

GND VDD 
(MSB) BIT 1 BIT 10 (LSB) 

BIT 2 BIT 9 
BIT 3 BIT 8 
BIT 4 BIT 7 
BIT 5 BIT 6 

The TLC7533 is an ADVANCED LinCMOSTM 10-bit digital-to-analog converter featuring two- and four­
quadrant multiplication. 

The TLC7533 is pin and functionally equivalent to the AD7520 and AD7533. Texas Instruments advanced 
thin-film-on-monolithic-CMOS fabrication process provides 10-bit linearity without laser trimming. 

The TLC7533 features TTL or CMOS compatibility with low input leakage currents from 5-V to 15-V power 
supplies. Output scaling is provided by an internal feedback resistor and an external operational amplifier. 
Both positive and negative reference voltages can be utilized. 

The TLC75331 is characterized for operation from - 25 °C to 85°C. The TLC7533C is characterized for 
operation from OOC to 70°C. 

ADVANCED LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1986. Texas Instruments Incorporated 
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TLC75331, TLC7533C 
Advanced LinCMOSTM 10·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTERS 

PRODUCT 
PREVIEW 

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

Supply voltage, "DO (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 16.5 V 
Digital input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 to VOO + 0.3 V 
Reference voltage, Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Operating free-air temperature range: TLC75331 .......................... - 25 DC to 85 DC 

TLC7533C ............................ ODC to 7C)DC 
Storage temperature range ......................................... - 65 DC to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

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

recommended operating conditions 

MIN NOM MAX 

Supply voltage. VDD 5 16,5 

Reference voltage. Vref ±10 

High-level input voltage. VIH 2.4 

Low-level input voltage. VIL 0.8 

. I TLC75331 -25 85 
Operating free-air temperature. TAl TLC7533C 

0 70 

electrical characteristics over recommended operating temperature range, VOO ... 15 V, 
Vref "'" ± 10 V, OUT1 and OUT2 at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX 

II Input leakage current. digital input VI = 0 or VDD ±1 

rJ Input resistance (pin 15) (see Note 2) 5 20 

OUTl Digital inputs at VIL ±200 
Ilkg Output leakage current 

OUT2 Digital inputs at VIH ±200 

ksvs 
Supply voltage sensitivity VDD = 14 V to 16.5 V. 

0.008 
(~Av/~VDD) (see Note 3) Digital inputs at VIH 

IDD Supply current 2 

Ci Input capacitance. digital input VI = VIL 10 

OUTl 100 

OUT2 
Digital inputs at VIH 

35 
Co Output capacitance oun 35 

OUT2 
Digital inputs at VIL 

100 

NOTES: 2. Temperature coefficient is approximately -300 ppm/oC. 

UNIT 

V 

V 

V 

V 

°C 

UNIT 

p.A 

kO 

nA 

%/% 

mA 

pF 

pF 

3. AV is the ratio of the DAC's external operational amplifier output voltage to the REF input voltage when using the internal 
feedback resistor. 

operating chiuacteristics over recommended operating free-air temperature range, VOO "'" 15 V, 
Vref ... 10 V, OUT1 and OUT2 at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Relative accuracy See Note 4 ±0.05 %FSR 

Gain error Digital inputs at VIH. See Notes 4 and 5 ±1.5 %FS 

Output current settling time 
To ±0.05%FSR. RL = 100 O. 

150 
Digital inputs changing from VIH to VIL. or VIL to VIH 

ns 

Feedthrough error 
Digital inputs at VIL. 

±0.1 %FSR 
Vrp.f = ± 10 V sine wave at 100 kHz 

NOTES: 4. Practical Full Scale Range (FSR) = Vref - 1 LSB. 
5. Gain error is measured using the internal feedback resistor. Full-Scale (FS) = -Vref (1023/1024). Maximum gain change 

from T A = 25°C to minimum or maximum temperature is 0.1% FSR. 
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PRODUCT 
PREVIEW 

TLC75331, TLC7533C 
Advanced LinCMOSTM 1 O-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTERS 

PRINCIPLES OF OPERATION 

The TLC7533 is a 10-bit multiplying D/A converter consisting of an inverted R-2R ladder and analog 
switches. Binary-weighted currents are switched between the OUT1 and OUT2 bus lines by NMOS current 
switches. The on-state resistances of these switches are binarily scaled so that the voltage drop across 
every switch is the same. The oun and OUT2 bus lines should be maintained at the same potential so 
that the current in each ladder leg remains constant and is independent of the switch state. Most applications 
require only the addition of an external operational amplifier and a voltage reference. 

The equivalent circuit for all digital inputs low is shown in Figure 1. With all of the digital inputs low, the 
entire reference current, Iref, is switched to OUT2 as shown in Figure 2. The current source Iref/1024 
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current 
source Ilkg represents leakage currents to the substrate. The output capacitances, Col 1) and Co(2), are 
due to the capacitance of the NMOS current switches and vary with the switch state. With all digital inputs 
low, all of the current switches and the entire resistor ladder are switched to the OUT2 bus line. The 
capacitance appearing at OUT2 is a maximum of 100 pF; at oun there is a maximum of 35 pF. With 
all digital inputs high, all of the current switches are switched to OUT1, and 100 pF maximum appears 
at OUT1. A maximum of 35 pF appears at OUT2 as shown in Figure 3. 

R R R 

2R 

= 

~--4-~~--~e-~~41~~~4----------0UT2 

~--~~--~~~rJ---~~~e-~R----OUT1 

L.-~'\t-- RFB 
BIT10 

FIGURE 1. SIMPLIFIED DAC CIRCUIT - ALL DIGITAL INPUTS LOW 

R 

(f.
RFB 

OUT1 

11k9j = 135 of 

Iref -. 
R 

Iref/1024~ 

= = 

R 

V ref-.J\IVI.--.... --------;!J-----.... ----- OUT2 ~OUT2 R 

Iref/1024~ 

= = 
FIGURE 2. DAC EQUIVALENT CIRCUIT -

ALL DIGITAL INPUTS LOW 

11k9j)? 135 of 

FIGURE 3. DAC EQUIVALENT CIRCUIT -
ALL DIGITAL INPUTS HIGH 
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TLC75331, TLC7533C 
Advanced LinCMOSTM 10·BIT MULTIPL VING 
DIGITAL·TO·ANALOG CONVERTERS 

TYPICAL APPLICATION DATA 

PRODUCT 
PREVIEW 

The TLC7533 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 4 and 5. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. . 

15 V VI 
RA - 2 kf! 
(see. Note 6) 

RB (see Note 6) 

VDD REF 

BIT1 
DIGITAL · INPUT · TLC7533 Vo 

(D) · BIT10 

GND 

FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 

15 V VI 

VDD REF 

DIGITAL'--~~ BIT1 . 

RA - 2 kf! 
(see Note 6) 

INPUT • TLC7533 

(D) BI;10 

GND 

20 kf! 20 kf! 

FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION) 

NOTES: 6. RA and AB are used only if gain adjustment is required. 
7. C 1 (10-33 pF) may be required for phase compensation when using high-speed op-amps. 

Vo 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DAC DIGITAL INPUT 

MSB LSBt 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

t 1 LSB = (2 - 10) VI 
t 1 LSB = (2- 9) VI 

ANALOG OUTPUT 

-VI (1023/1024) 

-VI (513/1024) 

-VI (512/1024) = -Vref/2 

-VI (511/1024) 

-VI (1/1024) 

-VI (0/1024) '7' 0 

DAC DIGITAL INPUT 
ANALOG OUTPUT 

MSB LSBt 

1111111111 +VI (511/512) 

1000000001 +VI (1/512) 

1000000000 0 

0111111111 -VI (1/512) 

0000000001 -VI (511/512) 

0000000000 -VI (512/512) = -VI 
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PREVIEW 

TLC75331, TLC7533C 
Advanced LinCMOS™ 1 O-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTERS 

TYPICAL APPLICATION DATA 

The TLC7533 may be used in voltage output operation as shown in Figure 6. In this configuration, the 
input voltage is applied to the OUT1 terminal and the output voltage is taken from the REF terminal. The 
output voltage varies with the digital input code according to the equation shown. The output should be 
buffered to prevent loading errors due to the high output resistance of this circuit (typically 10 kilohms). 
The input voltage should not exceed 1.5 volts to. ensure nonlinearity errors less than 1 LSB. 

15 V 

DIGITALr--~--t BIT1 

INPUT 
(D) 

~-_VI :51.5V 

FIGURE 6. VOLTAGE OUTPUT OPERATION 

By connecting the OAC in the feedback of an op-amp as shown in Figure 7, the circuit behaves as a 
programmable gain amplifier with the transfer function: 

(
1024 ) Va = -VI -0-

where 0 Digital Input Code (expressed as a decimal number) 

DIGITAL 
INPUT 

(D) 

15 V 

Vo 

FIGURE 7. PROGRAMMABLE GAIN AMPLIFIER 

GAIN TABLE 

0 VoNI 
1023 -1.00097 

512 -2 
256 -4 
128 -8 

2 -512 
1 -1024 
0 OP!ln loop 

• (I) .... 
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CJ ... 
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TLC75331, TLC7533C 
Advanced LinCMOSTM 1 O,BIT MULTIPLYING 
DlGITAL,TO·ANALOG CONVERTERS 

TYPICAL APPLICATION DATA 

PRODUCT 
PREVIEW 

The programmable function generator shown in Figure 8 produces both square and triangular wave output 
at a frequency determined by the digital input code. The digital input of the digitally programmable limit 
detector shown in Figure 9 determines the trip point of the PASS/FAIL output. For a digital input of 
00000 00000, the threshold is a v, for 11111 11111, the threshold is - Vref. 

DIGITAL 
INPUT 

(01 

DIGITAL 
INPUT 

(01 

-.::r=u:--- 4.7 kf! 

SQUARE WAVE ... ----4I~~~Nv-< 

15 V 

VDD REF 

BIT1 · • · 
--/v--

>-........... _ TRIANGLE 
WAVE 

f - 1 0~4 (8 R: ex) 
Rx '" 10 kf! 

FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR 

15 V Vref 

PASS/FAIL OUTPUT 

THRESHOLD - - Vref(~) 
1024 

FIGURE 9. PROGRAMMABLE LIMIT DETECTOR 
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PRODUCT 
PREVIEW 

DIGITAL 
INPUT 

(D) 

MAGNITUDE 
BIT~ 

TLC75331. TLC7533C 
Advanced LinCMOS™ 1 O·BIT MULTIPLYING 

DlGlTAL·TO·ANALOG CONVERTERS 

TYPICAL APPLICATION DATA 

15 V Vref 

R1 
Va 

REF 

BIT1 R2 · · · BIT10 + 

V - V [~R2 )_ ~ ( R1 )] a ref R1 +R2 1024 R1 +R2 

':' where: o ~ 0 ~ 1023 

FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET 

15 V Vref 

Va 

SIGN BIT----..... >----------------~ 

FIGURE 11. 10-BIT AND SIGN MULTIPLYING DAC 
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PRODUCT 
PREVIEW 

• ADVANCED LinCMOS'" Silicon Gate Process 
Technology 

• 14-Bit Dynamic Range ADC and DAC 

• 10-Bit ADC and DAC Linearity Over Any 
10-Bit Range 

• Variable ADC and DAC Sampling Rate Up to 
19,200 Samples per Second ' 

• Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 

• Serial Port for Direct Interface to 
TMS32011, TMS32020, and TMS32025 
Digital Processors 

• Synchronous or Asynchronous ADC and 
DAC Conversion Rates with Programmable 
Incremental ADC and DAC Conversion 
Timing Adjustments 

• Serial Port Interface to SN54299 or 
SN74299 Serial-to-Parallel Shift Registers 
for Parallel Interface to TMS32010 or Other 
Digital Processors 

description 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

02964, FEBRUARY 1987 

J OR N PACKAGE 

(TOP VIEW) 

NU NU 

RESET NU 

EODR IN+ 
FSR IN-

DR AUX IN+ 
MSTR ClK AUX IN-

VDD OUT+ 

REF OUT-

DGTl GND VCC+ 
SHIFT ClK Vcc-

EODX ANlG GND 

DX ANlG GND 

WORD/BYTE NU 

FSX NU 

NU - Nonusable; no external connection 
should be made to these pins 

The TLC32040 is a complete analog-to-digital and digital-to-analog input/output system on a single 
monolithic CMOS chip. This device integrates a bandpass switched-capacitor antialiasing input filter, a 
14-bit resolution A/D converter, four microprocessor-compatible serial port modes, a 14-bit resolution D/A 
converter, and a low-pass switched-capacitor output-reconstruction filter. The device offers numerous 
combinations of Master Clock input frequencies and conversion/sampling rates, which can be changed 
via digital processor control. 

Typical applications for this IC include modems (7.2-,8-,9.6-, 14.4-, and 19.2-kHz sampling rate), analog 
interface for digital signal processors, speech recognition/storage systems, industrial process control, 
biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and 
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS32020, 
and TMS32025 digital signal processors, are provided. Also, when the transmit and receive sections of 
the Analog Interface Circuit (AIC) are operating synchronously, it will interface to two SN54299 or SN74299 
serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the 
TMS32010, other digital signal processors, or external FIFO circuitry. Output data pulses are emitted to 
inform the processor that data transmission is complete, or to allow the DSP to differentiate between two 
transmitted bytes. A flexible control scheme is provided so that the functions of the IC can be selected 
and adjusted coincidentally with signal processing via software control. 

The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic 
transitional) low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is 
implemented in switched-capacitor technology and is preceded by a continuous time filter to eliminate 
any possibility of aliasing caused by sampled data filtering. When no filtering is desired, the entire composite 
filter can be switched out of the signal path. A selectable, auxiliary, differential analog input is provided 
for applications where more than one analog input is required. 

ADVANCED LinCMOS'" is a trademark of Texas Instruments Incorporated 

Copyright © 1987, Texas Instruments Incorporated 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

description (continued) 

PRODUCT 
PREVIEW 

The A/D and D/A converters each have 14 bits of resolution with 10 bits of integral linearity guaranteed 
over any 1 O-bit range. The A/D and D/A architectures guarantee no missing codes and monotonic operation. 
An internal voltage reference is provided to ease the design task and to provide complete control over 
the performance of the IC. The internal voltage is brought out to a pin and is available to the designer. 
Separate analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide 
dynamic range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute 
minimum. The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 

The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter 
with a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed 
by a continuous-time filter to eliminate images of the digitally encoded signal. 

The TLC32040M is characterized for operation over the full military temperature range of - 55°C to 125°C, 
and the TLC320401 is characterized for operation from - 40°C to 85 °c. 

functional block diagram 

IN-

AUX IN+ 

FilTER 

.­
I AUX IN-

__ RECEI~S~TI~ ____ J 

OUT + .-I----~ 

OUT - .-I----~ 

TRANSMIT SECTION 

vcc+ vcc- ANlG DTGl VDD 
GND GND (DIGI 

FilTER 

I 
~:...... 

MSTR ClK 

SHIFT ClK 

WORD/BYTE 

DX 

1f 
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PRODUCT 
PREVIEW 

analog input 

PRINCIPLES OF OPERATION 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

Two sets of analog inputs, IN +, IN -, and AUX IN +, AUX IN -, are provided. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
Normally, the IN + and IN - inputs are used; however, the auxiliary inputs, AUX IN + and AUX IN -, can 
be used if a second input is required. The gain for the IN +, IN -, and auxiliary AUX IN + and AUX IN­
inputs can be programmed to either 1, 2, or 4 (see the Gain Control Table). Either input circuit can be 
selected via software control. It is important to note that a wide dynamic range is assured by the differential 
internal analog architecture and by the separate analog and digital voltage supplies and grounds. 

AID bandpass filter, AID bandpass filter clocking, and AID conversion rate timing 

The AID bandpass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter 
clock. When the filter clock frequency is not 288 kHz, the filter transfer function is frequency-scaled by 
the ratio of the actual clock frequency to 288 kHz. The low-frequency roll-off of the high-pass section 
is 300 kHz. However, the high-pass section low-frequency roll-off can be changed to 200 kHz with a metal 
mask option. 

The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass-switched capacitor filter clock 
for several Master Clock input frequencies. 

The AID conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the AID conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 

AID converter performance specifications 

Fundamental performance specifications for the AID converter circuitry are presented in the AID converter 
operating characteristics section of this data sheet. The realization of the AID converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 

analog output 

The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 

DIA low-pass filter, DIA low-pass filter clocking, and DIA conversion rate timing 

The frequency resp'onse of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the AID filter, the transfer iunction 
of this filter is frequency-scaled when the clock freQuency is not 288 kHz. A continuous-time filter is provided 
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 

The DI A conversion rate is then attained by frequency-dividing the 288-kHz switched-capacitor filter clock 
with TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 
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TLC32040M. TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

PRINCIPLES OF OPERATION (continued) 

asynchronous versus synchronous operation 

If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and band-pass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and AID conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and band-pass filters. In synchronous operation, the AID conversion timing is derived from, and is equal 
to, the D/A conversion rate timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 

D/A converter performance specifications 

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 

system frequency response correction 

Sin x/x correction circuitry is performed in digital signal processor software. The system frequency response 
can be corrected via DSP software to ± O. 1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1 % and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin xix Correction Section 
for more details). 

serial port 

The serial port has four possible modes that are described in detail in the pin description section. These 
modes are briefly described below. 

testing 

1. The transmit and receive sections of the AIC are operated asynchronously, and the AIC serial 
port interfaces directly with the TMS32011. 

2. The transmit and receive sections of the AIC are operated asynchronously, and the AIC serial 
port interfaces directly with the TMS32020 and the TMS32025. 

3. The transmit and receive sections of the AIC are operated synchronously, and the AIC serial port 
interfaces directly with the TMS32011. 

4. The transmit and receive sections of the AIC are operated synchronously, and the AIC serial port 
interfaces directly with the TMS32020, TMS32025, or two SN54299 or SN74299 serial-to­
parallel shift registers, which can then interface in parallel to the TMS3201 0, to any other digital 
signal processor, or to external FIFO circuitry. 

An addendum accompanying this data sheet fully describes the test capabilities of the IC, provided by 
the design. 

internal voltage reference 

The internal reference eliminates the need for an external voltage reference, and thus provides overall circuit 
cost reduction. Additionally, the internal reference makes the performance of the IC less susceptible to 
noise. Thus, the internal reference eases the design task and provides complete control over the performance 
of the IC. The internal reference is brought out to a pin and is available to the designer. To keep the amount 
of noise on the reference signal to a minimum, an external capacitor may be connected between REF and 
ANLG GND. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

PRINCIPLES OF OPERATION (continued) 

reset 

A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the control register. The reset pin has an internal pull-up resistor. After a negative-going pulse on the RESET 
pin, the AIC will be initialized. This initialization allows normal serial port communications activity to occur 
between AIC and DSP (see AIC DX Data Word Format section). 

loopback 

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT - pins are internally 
connected to the IN + and IN - pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 

The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AIC Data Word Format section). 

PIN 

NAME NO. I/O 
DESCRIPTION 

ANLG GND 17,18 Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 

AUX IN+ 24 I Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 

path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 

the IN + and IN - inputs. If the bit is a 0, the IN + and IN - inputs will be used (see the AIC DX Data Word 

Format section). 

AUX IN- 23 I Inverting auxiliary analog input (see the above AUX IN + pin description). 

DGTL GND 9 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

DR 5 a This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 

of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 

DX 12 I This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 

transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 

EbDR 2 a (See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 

timing, this signal is a low-going pulse that occurs immediately after the 16 bits of AID information have been 

transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 

upon completion of serial communications. Also, this signal can be used to strobe and enable external serial-

to-parallel shift registers, latches, or external FIFO RAM, and to facilitate· parallel data bus communications 

between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 

after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 

second byte has been transmitted. The TMS32011 can use this low-going signal to differentiate between 

the two bytes as to which is first and which is second. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

PIN 
DESCRIPTION 

NAME NO. I/O 

EODX 11 a (See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 

timing, this signal isa low-going pulse that occurs immediately after the 16 bits of D/A converter and control 

or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 

to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 

to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 

parallel, data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte-

mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 

the AIC and is kept low until the second byte has been transmitted. The TMS32011 can use this low-going 

signal to differentiate between the two bytes as to which is first and which is second. 

FSR 4 a In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 

low during bit transmission. When the FSi'i' pin goes low, the TMS320 serial port will begin receiving bits from 

the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSi'i' goes 

low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 

FSX 14 a When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 

DX pin AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, the FSX 

pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration Diagrams). 

IN+ 26 I Noninverting input to analog input amplifier stage 

IN- 25 I Inverting input to analog input amplifier stage 

MSTR CLK 6 I The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 

switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 

shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 

of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transfer.red 

between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 

OUT+ 22 a Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 

directly in either a differential or a single-ended configuration. 

OUT- 21 a Inverting output of analog output power amplifier; functionally identical with and complementary to OUT + . 

REF 8 The internal voltage reference is brought out to this pin. 

RESET 2 I A reset function is provided to initialize the TA, TA', TB, RA, RA', RB, and control registers. This 

reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 

AIC registers including the control register. After a negative-going pulse on the RESET 

pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5. 184-MHz master clock 

input signal. The conversion rate adjust registers, T A' and RA', will be reset to 1. The CONTROL register bits 

will be reset as follows (see AIC OX Data Word Format section). 

d7 = 1,d6 = 1, d5 = 1, d4 = 0, d3 = 0, d2 = 1 

This initialization allows normal serial-port communication to occur between AIC and DSP. This pin has an 

internal pull-up resistor and is set to a high logic level unless it is pulled to ground. 

SHIFT CLK 10 a The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 

to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 
I below (see the Serial Port Timing and Internal Timing Configuration diagram). 

VDD 7 Digital supply voltage, 5 V ± 5% 

VCC+ 20 Positive analog supply voltage, 5 V ± 5% 

VCC- 19 Negative analog supply voltage - 5 V ± 5% 
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PIN 

NAME 

WORD/BYTE 

NO. I/O 

13 I 

DESCRIPTION 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 

modes. These four serial modes are described below. This pin has an internal pull-up resistor and is set to 

a logic high unless it is pulled to ground., 

AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 

If the appropriate data bit in the Control register is a 0 (see the AIC OX Data Word Format), the transmit and 

receive sections will be asynchronous. 

L Serial port will directly interface with the serial port of the TMS32011 and communicates in two 

a-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

1. The FSX or FSR pin is brought low. 

2. One a-bit byte is transmitted or one a-bit byte is received. 

3. The EODX or EODR pin is brought low. 

4. The F'SX or FSR pin emits a positive frame-sync pulse that is 

four Shift Clock cycles wide. 

5. One a-bit byte is transmitted or one a-bit byte is received. 

6. The EODX or EODR pin is brought high. 

7. The FSX or FSR pin is brought high. 

H Serial port will directly interface with the serial port of the TMS32020 and communicates in one 

16-bit word. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX or FSR pin is brought low. 

2. One 16-bit word is transmitted or one 16-bit word is received. 

3. The Fro< or m pin is brought high. 

4. The EODX or EODR pin emits a low-going pulse. 

AIC transmit and receive sections are operated synchronously. 
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 

to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 

be derived from the TX Counter A, TX Counter B, and TA, TA', and TB registers, rather than the RX Counter 

A, RX Counter B, and RA, RA', and RB registers. In this case, the AIC FSX and FSR timing will be identical, 

as will the EODX and EODR timing. The synchronous ~peration sequences are as follows (see Serial Port Timing 

diagrams). 

L Serial port will directly'interface with the serial port of the TMS32011 and communicates in two 

a-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX and FSR pins are brought low. 

2. One a-bit byte is transmitted and one a-bit byte is received. 

3. The EODX and EODR pins are brought low. 

4. The FSX and FSR pins emit positive frame-sync pulses that are 

four Shift Clock' cycles wide. 

5. One a-bit byte is transmitted and one a-bit byte is received. 

6. The EODX and EODR pins are brought high. 

7. The FSX and FSR pins are brought high. 

H Serial port will directly interface with the serial port of the TMS32020 and communicates in one 

16-bit word. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. The FSX and m pins are brought high. 

4. The EODX or EODR pins emit low-going pulses. 

Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 

NOR and AND gates, will interface to two SN54299 or SN74299 serial-to-parallel shift registers. Interfacing 

the AIC to the SN54299 or SN74299 shift register allows the AIC to interfa~e to an external FIFO RAM and 

facilitates parallel, data bus communications between the AIC and the digital signal processor. The operation 

sequence is the same as the above sequence (see Serial Port Timing diagrams). 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

INTERNAL TIMING CONFIGURATION 

PRODUCT 
PREVIEW 

MASTER CLOCK r - - - - - - - - - - - , 
5.184 MHz (1)1 DIVIDE BY 4 

10.368 MHz (2) ____________ .J 
SHIFT CLOCK 
1.296 MHz (11 
2.592 MHz (2) 

-------, 

OPTIONAL EXTERNAL CIRCUITRY 
FOR FULL DUPLEX MODEMS 

- - ",-:;53.6kHz- - - --, 

DIVIDE CLOCK (1) COMMERCIAL I 
EXTERNAL I 
FRONT·END I 
F~~~~~=~~X I 

I FILTERSt I L __________ :.J 

dO·d1- 0.1 
dO.d1-1.0* 

576-kHz 
~--~---' PULSES L ____ _ 

DIVIDER CIRCUITRY 

TX COUNTER B 
TB-40; 7.2 kHz 
TB-36; 8.0 kHz 
TB-30; 9.6 kHz 
TB-20; 14.4 kHz 
TB-15; 19.2 kHz 

DIVIDER CIRCUITRY 

RX COUNTER B 
RB-40; 7.2 kHz 
RB-36; 8.0kHz 
RB-30; 9.6 kHz 
RB-20; 14.4 kHz 
RB-15; 19.2 kHz 

LOWPASS 
SWITCHED 
CAP FILTER 
CLK - 288 kHz 
SQUARE WAVE 

DIA 
CONVERSION 
FREQUENCY 

BANDPASS 
SWITCHED 
CAP FILTER 
CLK - 288 kHz 
SQUARE WAVE 

AID 
CONVERSION 
FREQUENCY 

NOTE: Frequericy 1.20.736 MHz. is used to show how 153.6 kHz (for a commercially available modem split-band filter clock). popular 
speech and modem sampling signal frequencies. and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency. aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 
stages. Frequency 2. 41.472 MHz. is used to show that the AIC can work with high·frequency signals. which are used by high­
speed digital signal processors. 

tSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 
:l:These control bits are described in the AIC DX Data Word Format section. 
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PREVIEW 

explanation of internal timing configuration 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 

TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
period timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion period timing. In 
order for the switched-capacitor low-pass and band-pass filters to meet their transfer function specifications, 
the frequency of the clock inputs of the switched-capacitor filter must be 288 kHz. If the frequencies of 
the clock inputs are not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the 
clock frequencies to 288 kHz. Thus, to obtain the specified filter responses, the combination of Master 
Clock frequency and TX Counter A and RX Counter A values must yield 288-kHz switched-capacitor clock 
signals. These 288-kHz clock signals can then be divided by the TX Counter Band RX Counter B to establish 
the D/ A and A/D conversion period timings. 

TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter Band RX Counter B are loaded with 
the values in the TB and RB Registers respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA' Register, or the TA Register plus the TA' Register. 
By selecting the T A Register less the T A' Register option, the upcoming conversion period timing will occur 
earlier by an amount of time that equals T A' times the signal period of the Master Clock. By selecting 
the T A Register plus the T A' Register option, the upcoming conversion period timing will occur later by 
an amount of time that equals T A' times the signal period of the Master Clock. Thus, the D/ A conversion 
timing can be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. 
In this case, however, the RX Counter A can be programmed via software control with the RA Register, 
the RA Register less the RA' Register, or the RA Register plus the RA' Register. 

The above feature is particularly useful for modem applications. Thi,s feature allows controlled changes 
in the A/D and D/A conversion timing. This feature can be used to enhance signal-to-noise performance, 
'to perform frequency-tracking functions, and to generate nonstandard modem frequencies. 

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and AID conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA' Register, and RB Registers are not used. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

AIC DR or OX word bit pattern 

AID or OIA MSB 

1 st bit sent 1 st bit sent of 2nd byte 

~ 
101510141013101210111010109108107 06 05 

AIC OX data word format section 

d151d141d131d121d111d10ld91dsld71dsld51d41d21d11do 
primary OX serial communication protocol 

+- d15 (MSB) through d2 go to the O/A -+ I 0 0 

converter register 

+- d15 (MSB) through d2 go to the O/A -+1 0 1 

converter register 

+- d15 (MSB) through d2 go to the O/A -+1 1 0 

converter register 

+- d15 (MSB) through d2 go to the O/A -+1 1 1 

converter register 

04 03 

AID or o/A LSB 

~ 
02 01 DO 

COMMENTS 

PRODUCT 
PREVIEW 

The TX and RX Counter A's are loaded with the TA and RA register 

values. The TX and RX Counter B's are loaded with TB and RS 

register values. 

The TX and RX Counter A's are loaded with the T A + T A' and 

RA+RA' register values. The TX and RX Counter B's are loaded 

with the TB and RB register values. NOTE: d1 =0, dO= 1 will cause 

the next O/A and AID conversion periods to be changed by the 

addition of T A' and RA' Master Clock cycles, in which T A' and 

RA' can be positive or negative or zero. Please refer to the 

Conversion Period AdjlJ~:ment Error Detection Table. 

The TX and RX Counter A's are loaded with the TA-TA' and 

RA - RA' register values. The TX and RX Counter B's are loaded 

with the TB and RB register values. NOTE: d 1 = 1, dO = 0 will cause 

the next O/A and AID conversion periods to be changed by the 

subtraction of T A' and RA' Master Clock cycles, in which T A' and 

RA' can be positive or negative or zero. Please re.fer to the 

Conversion Period Adjustment Error Detection Table. 

The TX and RX Counter A's are loaded with the TA and RA register 

values. The TX and RX Counter B's are loaded with the TB and 

RB register values. After a delay of four Shift Clock cycles, a 

secondary transmission will immediately follow to program the AIC 

to operate in the desired configuration. 

NOTE: Setting the two least significant bits to 1 in the normal transmission of oAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 

Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and oAC timing, thus preventing the AIC from 

." skipping a oAC output. 
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TLC32040M. TLC320401 
ANALOG INTERFACE Cr~CUlT 

secondary OX serial communication protocol 

x x 1- to TA register -+ I x x 1- to RA register -+ I 0 0 d 13 and d6 are MSBs 

x 1- to TA' register -+Ix I- to RA' register -+1 0 1 d14 and d7 are 2's complement sign bits 

x I~ to TB register -+ 1 x I- to RB register -+1 1 0 d14 and d7 are MSBs 

x x x x x x x x d7 d6 d5 d4 d3 d2 1 1 

~ CONTROL ~ d2 = 0/1 deleteslinserts the bandpass filter 
REGISTER d3 = 0/1 disables/enables the loopback function 

d4 = 0/1 disables/enables the AUX IN + and AUX IN - pins 

d5 = 0/1 asynchronous/synchronous transmit and receive sections 

d6 = 0/1 gain control bits (see Gain Control Section) 

d7 = 0/1 gain control bits (see Gain Control Section) 

reset function 

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
will initialize all AIC registers, including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz AID and D/A conversion rate for a 5.184 MHz 
master clock input signal. The AIC, excepting the CONTROL register, will be initialized as follows (see 
AIC DX Data Word Format section): 

REGISTER 

TA 
TA' 
TB 
RA 
RA' 
RB 

INITIALIZED 
REGISTER 

VALUE (HEX) 

9 
1 

24 
9 
1 

24 

The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 

d7 = 1, d6 = 1, d5 = 1, d4 = 0, d3 = 0, d2 = 1 

This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the T A, T A', and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the pin descriptions and AIC DX Word Format 
sections). 
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TLC32040M. TLC320401 
ANALOG INTERFACE CIRCUIT 

AIC responses to improper conditions 

PRODUCT 
PREVIEW 

The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below: 

AIC register constraints 

The following constraints are placed on the contents of the AIC registers: 

1. T A register must be > 1. 
2. TA I register can be either positive, negative, or zero. 
3. RA register must be > 1 . 
4. RA' register can be either positive, negative, or zero. 
5. (T A register ± T A' register) must be > 1. 
6. (RA register ± RA' register) must be > 1. 
7. TB register must be > 1. 

TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 

IMPROPER CONDITION AIC RESPONSE 

TA register + TA' register = 0 or 1 ,Reprogram TX Counter A with T A register value 

TA register - TA' register = 0 or 1 

TA register + TA' register < 0 MOD 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 

i.e., TA register + TA' register + 40 HEX is loaded into TX Counter A 

RA register + RA' register = 0 or 1 Reprogram RX Counter A with RA register value 

RA register - RA' register = 0 or 1 

RA register + RA' register = 0 or 1 MOD 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, i.e., 

RA register + RA' register + 40 HEX is loaded into RX Counter A 

T A register = 0 or 1 AIC is shut down 

RA register = 0 or 1 

TB register = 0 or 1 Reprogram TB register with 24 HEX 

RB register = 0 or 1 Reprogram RB register with 24 HEX 

AIC and DSP cannot communicate Hold last DAC output 

improper operation due to conversion times being too close together 

If the,difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can 'occur if the A and B 
registers are improperly programmed or if the A + A I register or A - A' register result is too small. When 
incrementally adjusting the conversion period via the A + A' register options, the designer should be very 
careful not to violate this requirement (see diagram below). 

~~~~E~~ 
FSX I I 

~;R if-ONGOING CONVERSION~ 

t2 - t1 ~ 1/19.2 kHz 

2-282 TEXAS • 
INSTRUMENTS 

POST OFFICE B\)x 655012 • DALLAS. TEXAS 75265 



PRODUCT 
PREVIEW 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

asynchronous operation - more than one receive frame sync occurring between two transmit frame 
syncs 

When incrementally adjusting the conversion period via the A + A' or A - A' register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or 8 may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period 8. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 

t1 

u U 
I I 
111114------TRANSMIT CONVERSION PERIOD-----~~~I 

I I I 
I+--RECEIVE CONV. _____ RECEIVE CON V . ~ 

PERIOD A PERIOD B 

asynchronous operation - more than one transmit frame sync occurring between two receive frame 
syncs 

When incrementally adjusting the conversion period via the A + A' or A - A' register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to u~e the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period 8 will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, 8, 
and C, the first two commands may cause Receive Conversion Periods A and 8 to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 

- during Receive Conversion Period 8, which already will be adjusted via the Transmit Conversion Period 8 
adjustment command. 

FSRLj 
I 

I I I I 
J+-TRANSMIT CONV.-+if-TRANSMIT CONV.-+it-TRANSMIT CONV.~ 

PERIOD A PERIOD B PERIOD C 

t2 

U LI 
I I 

!+----RECEIVE CONVERSION PERIOD A ... RECEIVE CONVERSION PERIOD B----~~I 
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TLC32040M. TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

asynchronous operation - more than one set of primary and secondary OX serial communication 
occurring between two receive frame sync (see Ale ox Data Word Format section) 

The T A, T A', TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA', and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA', and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA', or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 

PRIMARY 
t1 

SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 

TRANSMIT I TRANSMIT I TRANSMIT I 
1f----coNvERS�oN---~~f4If----CONVERSION---~~Mf----CONVERSION---~~I 

PERIOD A PERIOD B PERIOD C 

U ··LJ 
.L-RECEIVE CONVERSION __ ~If_----- II 
....--- PERIOD A ~IIII RECEIVE CONVERSION PERIOD B-------1~~ 

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

Supply voltage, VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Supply voltage, VDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Output voltage, Va . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Digital ground voltage .............................................. - 0.3 V to 15 V 
Operating free-air temperature range: TLC32040M ........................ - 55 DC to 125 DC 

TLC320401 ......................... - 40°C to 85 °C 
Storage temperature range ....................... :................. - 65°C to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 D C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260°C 

NOTE 1: Voltage values for maximum ratings are with respect to vee - . 
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PRODUCT 
PREVIEW 

recommended operating conditions 

PARAMETER 

Supply voltage, Vcc + (see Note 2) 

Supply voltage, Vcc- (see Note 2) 

Digital supply voltage, VDD (see Note 2) 

Digital ground voltage with respect to ANLG GND, DGTL GND 

High-level input voltage, VIH 

Low-level input voltage, VIL (see Note 3) 

Load resistance at OUT + and/or OUT -, RL 

Load capacitance at OUT + and/or OUT -, CL 

MSTR CLK frequency (see Note 4) 

Analog input amplifier common mode input voltage (see Note 5) 

A/D or D/A conversion rate 

Operating free-air temperature, T A 
I TLC32040M 

I TLC320401 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

-4.75 -5 -5.25 V 

4.75 5 5.25 V 

0 V 

2 VOO+0.3 V 

-0.3 0.8 V 

300 {} 

100 pF 

0.075 5 10.368 MHz 

± 1.5 V 

19_2 kHz 

-55 125 

-40 
De 

85 

NOTES: 2. Voltages at analog inputs and outputs, Vce +, and Vec _, are with respect to the ANLG GND terminal. Voltages at digital 
inputs and outputs and VCC + (DIG) are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

4. The bandpass and low-pass switched-capacitor filter responses are only guaranteed when the switched-capacitor clock frequency 
is 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio 
of switched-capacitor filter clock frequency to 288 kHz. 

5. This range applies when (IN + - IN -) or (AUX + - AUX -) equals ± 6 V. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

electrical characteristics over recommended operating free-air temperature range, Vee + -= 5 V, 
Vee - == -:- 5 V, Vee - 5 V (unless otherwise noted) 

total device, MSTR elK frequency - 5.184 MHz, outputs not loaded 

PARAMETER TEST CONDITIONS _ MIN MAX UNIT 

VOH High-level output voltage VDD = 4.75 V, IOH = -300 p.A 2.4 V 

VOL Low-level output voltage VDD = 4.75 V, IOL = 2 rnA 0.4 V 

ICC+ Supply current from VCC+ 25 rnA 

ICC- Supply current from VCC- -25 rnA 

ICC(stdby) 
Standby current (MSTR CLK, SHIFT CLK, 

5 rnA 
or FSR SYNC in static state) 

receive amplifier input 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

AID converter offset error (filters bypassed) 5 20 mV 

AID converter offset error (filters in) 50 140 mV 

CMRR 
Common-mode rejection ratio at IN +, IN -, 

See Note 6 55 
or AUX+. AUX-

Input resistance at IN +, IN-
100 kG f( 

or AUX IN+. AUX IN-

transmit filter output 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOO 
Output offset voltage at OUT + or OUT -

50 mV 
(single-ended relative to ANLG GND) 

VOM 
Maximum peak output voltage swing across RL ~ 300 D, 

±3 V 
RL at OUT + or OUT - (single-ended) Offset voltage = 0 

VOM 
Maximum peak output voltage swing between 

RL ~ 600 D ±6 V 
OUT + and OUT - (differential output) 

t All typical values are at T A = 25°C. 

NOTE 6: The. test condition is a 0 dBm, 1-kHz input signal with an a-kHz conversion rate. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

electrical characteristics over recommended operating free-air temperature range, Vcc+ = 5 V, 
Vcc - = - 5 V, Vee ... 5 V (unless otherwise noted) 

specific modem specifications" SCF clock frequency - 288 kHz 

PARAMETER TEST CONDITIONS MIN 

Attenuation of second harmonic of ,single-ended 60 
See Note 7 

transmitted analog signal differential 60 

Attenuation of third and higher single-ended 60 
See Note 7 

harmonics of transmitted analog signal differential 60 

gain and dynamic range 

PARAMETER TEST CONDITIONS MIN 

Absolute transmit gain tracking error while transmitting 
- 50 to 0 dBm signal range 

into 600 n (see Note 8) 

Absolute receive gain tracking error (see Note 8) - 50 to 0 dBm signal range 

power supply rejection and crosstalk attenuation 

PARAMETER TEST CONDITIONS MIN 

VCC+ or VCC- supply voltage f = 0 to 30 kHz Idle channel. supply signal 

at 200 mV pep measured 
rejection ratio. receive channel f = 30 kHz to 50 kHz at DR (ADC output) 

VCC + or VCC _ supply voltage f = 0 to 30 kHz Idle channel. supply signal 

rejection ratio. transmit channel at 200 mV pep measured 

(single-ended) f = 30 kHz to 50 kHz at OUT+ 

Crosstalk attenuation. transmit-to-receive (single-ended) 

t All typical values are at T A = 25 cC. 
NOTES: 7. The test condition is a 0 dBm. '-kHz input signal into 600 n with an 8-kHz conversion rate. 

8. Gain tracking is relative to the absolute gain at '-kHz. 

TVpt MAX UNIT 

65 

65 
dB 

65 

65 
dB 

MAX UNIT 

±1.0 dB 

±1.0 dB 

TVpt MAX UNIT 

30 
dB 

45 

30 
dB 

45 

80 dB 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

delay distortion, SCF clock frequency ... 288 kHz, input (IN + - IN -) is ± 3-V sinewave 

Please refer to filter response graphs for delay distortion specifications. 

bandpass filter transfer function with 300-Hz high-pass roll-off (see curves), SCF clock 
frequency ... 288 kHz, input (IN + - IN -) is a ± 3-V sinewave (see Note 9) 

PARAMETER TEST CONDITIONS MIN MAX 

f = 100 Hz -45 

f = 150 Hz -33 

Gain relative to gain at 1 kHz Input signal reference is 0 dB 300 Hz s f s 3.4 kHz -0.5 0.5 

f = 4 kHz -16 

f ~ 4.6 kHz -60 

bandpass filter transfer function with 200-Hz high-pass roll-off (see curves), SCF clock 
frequency ... 288 kHz, input (IN + - IN-) is a ± 3-V sinewave (see Note 9) 

PARAMETER TEST CONDITIONS MIN MAX 

f = 100 Hz -37 

f = 150 Hz -12 

Gain relative to gain at 1 kHz Input signal reference is 0 dB 300 Hz s f s 3.4 kHz -0.5 0.5 

f = 4 kHz -16 

f ~ 4.6 kHz -60 

low-pass filter transfer function, SCF clock frequency ... 288 kHz (see Note 9) 

PARAMETER TEST CONDITIONS MIN MAX 

f s 3.4 kHz -0.5 0.5 

f = 3.6 kHz -6 
Gain relative to gain at 1 kHz Output signal reference is 0 dB 

f = 4 kHz -30 

f ~ 4.4 kHz -60 

serial port 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VOH High-level output voltage IOH = -300/LA 2.4 

VOL Low-level output voltage IOL = 2 rnA 0.4 

II Input curre'nt ±10 

CI Input capacitance 15 

Co Output capacitance 15 

t All typical values are at T A = 25°C. 

UNIT 

dB 

UNIT 

dB 

UNIT 

dB 

UNIT 

V 

V 

/LA 
pF 

pF 

NOTE 9: The above filter specifications are guaranteed for a switched-capacitor filter clock range of 288 kHz. For switched-capacitor filter 
clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-capacitor filter'clock frequency 
to 288 kHz. 
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PREVIEW 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

operating characteristics over recommended operating free-air temperature range, Vee + 
vee- = -5 V, Voo = 5 V 
AID converter (2's complement output, 14-bit resolution) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

bit 1 thru bit 10 Sixteenth full scale ±Y2 

bit 2 thru bit 11 Eighth full scale ±Y2 
Integral linearity, f = 4.5 kHz to 19.2 kHz 

bit 3 thru bit 12 Quarter full scale ±Y2 
(See Note 10) 

bit 4 thru bit 13 Half full scale ±Y:. 
bit 5 thru bit 14 Full scale ±Y:. 

Conversion rate 1 20 

Signal-to-quantization distortion ratio (for input signals > - 15 dBm 
60 

in the 300 Hz to 3400 Hz band) 

Equivalent input noise (relative to 600 {l) at the ADC input Inputs grounded 75 

DIA converter (2's complement input, 14-bit resolution) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

bit 1 thru bit 10 Sixteenth full scale ±Y:. 
bit 2 thru bit 11 Eighth full scale ±Y:. 

Integral linearity, f = 4.5 kHz to 19.2 kHz 
bit 3 thru bit 1 2 Quarter full scale ±Y:. 

(See Note 10) 
bit 4 thru bit 1 3 Half full scale ±Y:. 
bit 5 thru bit 14 Full scale ±Y2 

Settling time 10 

Conversion time 1 20 

noise (measurement includes low-pass and bandpass switched-capacitor filters) 

PARAMETER TEST CONDITIONS TYP MAX 

I single-ended 125 
Transmit noises I differential 

DX input = 00000000000000, constant input code 
250 

Receive noise (see Note 11) Inputs grounded, gain = 1 150 

timing requirements 

serial port - Ale input signals 

PARAMETER MIN MAX 

tc(MCLK) Master clock cycle time 95 

tr(MCLK) Master clock rise time 10 

tf(MCLK) Master clock fall time 10 

Master clock duty cycle 42% 58% 

tsu(DX) DX setup time before SCLK! 20. 

th(DX) DX hold time after SCLK! tc(SCLK)/2 

t All typical values are at T A = 25°C. 

5 V, 

UNIT 

bit 1 

bit 2 

bit 3 

bit 4 

bit 5 

kHz 

dB 

p.V rms 

UNIT 

bit 1 

bit 2 

bit 3 

bit 4 

bit 5 

p's 

kHz 

UNIT 

p.V rms 

p.V rms 

UNIT 

ns 

ns 

ns 

ns 

ns 

NOTES: 10. Integral linearity for the AID and D/A converters is guaranteed over the conversion frequency range of 4.5 kHz to 19.2 kHz. 
Over this range the slew rates of the AID and D/A converters' sample-and-hold circuits are adequate to guarantee the above 
integral linearity specifications. 

11. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be correspondingly 
reduced. The noise is computed by statistically evaluating the digital output of the AID converter. 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

PRODUCT 
PREVIEW 

operating characteristics over recommended operating free-air temperature range, Vee + = 5 V, 
Vee - = - 5 V, voo = 5 V (continued) 

serial port - AIC output signals 

PARAMETER 

tc(SCLK) Shift clock (SCLK) cycle time 

tf(SCLK) Shift clock (SCLK) fall time 

tr(SCLK) Shift clock (SCLK) rise time 

Shift clock (SCLK) duty cycle 

td(CH-FL) Delay from SCLKt to FSR/FSX! 

td(CH-FH) Delay from SCLKt to FSR/FSKlt 

td(CH-DRL DR valid after SCLKt 

tdw(CH-EL) Delay from SCLKt to EODX/EODR! in word mode 

tdw(CH-EH) Delay from SCLKt to EODX/EODRf in word mode 

tf(EODX) EO OX fall time 

tf(EODR) EODR fall time 

tdb(CH-EL) Delay from SCLKt to EODX/EODR! in byte mode 

tdb(CH-EH) Delay from SCLKt to EODX/EODRt in byte mode 

analog input signal required for full-scale AID conversion 

INPUT CONFIGURATIONS 
CONTROL REGISTER BITS 

d6 d7 

Differential configuration 1 1 

Analog input = IN + - IN- 0 0 

= AUX+ - AUX- 1 0 

0 1 

Single-ended configuration 1 1 

Analog input = IN + - ANLG GND 0 0 

= AUX + - ANLG GND 1 0 

0 1 

Rfb 

R 
IN+-~",",,""-I 

R 
IN--"",,.,,......--t 

Rfb 

Rfb - R for d6 - 1. d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R for d6 - 1. d7 - 0 
Rfb - 4R for d6 - O. d7 - 1 

ANALOG INPUT 

±6 V 

+3 V 

± 1.5 V 

±3 V 

±3 V 

±1.5 V 

FIGURE 1. IN + AND IN - GAIN CONTROL CIRCUITRY 

MIN MAX UNIT 

38 ns 

50 ns 

50 ns 

45 55 % 

90 ns 

90 ns 

90 ns 

90 ns 

90 ns 

15 ns 

15 ns 

100 ns 

100 ns 

AID CONVERSION 

RESULT 

full-scale 

full-scale 

full-scale 

half-scale 

full-scale 

full-scale 
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PRODUCT 
PREVIEW 

sin x/x correction section 

Rfb 

R 
AUX IN + --'''''',.....---1 

R 
AU X IN - -'\l1li"...---1 

Rfb 

Rfb - R for d6 - 1. d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R for d6 '!'" 1. d7 - 0 
Rfb - 4R for d6 - O. d7 - 1 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

FIGURE 2. AUXILIARY INPUT CIRCUITRY 

The AIC does not have sin x/x correction circuitry after the digital-to-analog converter. Sin x/x correction 
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction 
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The 
results, which are shown below, are typical of the numerical correction accuracy that can be achieved 
for sample rates of interest. The filter requires only seven instruction cycles per sample on the 
TMS320 DSPs. With a 200-ns instruction cycle, nine instructions per sample represents an overhead factor 
of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, respectively. This correction will add a 
slight amount of group delay at the upper edge of the 300-3000-Hz band. 

sin x/x roll-off for a zero-order hold function 

The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 

TABLE 2. sin x/x ROLL-OFF 

sin 11" flfs 
20109 ---

f s (Hz) 
11" flfs 

(f - 3000 Hz) 

(dB) 

7200 -2.64 

8000 -2.11 

9600 -1.44 

14400 -0.63 

19200 -0.35 

Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100 percent duty cycle hold interval. 
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TLC32040M. TLC320401 
ANALOG INTERFACE CIRCUIT 

correction filter 

PRODUCT 
PREVIEW 

To compensate for the sin xIx roll-off of the Ale, the first-order correction filter, which is shown below, 
is recommended. 

UIi+ 11 I------------t~--.. Yli +' 1 

p1 

The difference equation for this correction filter is: 

Yi+1 = p2(1-p1) (Ui+1)+p1 y1 

where the constant p1 determines the pole locations. 

The resulting squared magnitude transfer function is: 

\H(f) \2 = __ ,-p2_2_(,--1_-...:....p_1 )'--2 __ ---:::: 
1 - 2p1 cos(2 11" f/fs) + p1 2 
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PRODUCT 
PREVIEW 

correction results 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

Table 3 below shows the optimum p values and the corresponding correction results for 8000 Hz and 
9600 Hz sampling rates. 

TABLE 3 

ERROR (dB) ERROR (dB) 

f (Hz) 
fs - 8000 Hz fs - 9600 Hz 

p1 - -0.14813 p1 - -0.1307 

p2 - 0.9888 p2 - 0.9951 
300 -0.099 -0.043 

600 -0.089 -0.043 

900 -0.054 0 
1200 -0.002 0 

1500 0.041 0 
1800 0.079 0.043 

2100 0.100 0.043 

2400 0.091 0.043 

2700 -0.043 0 

3000 -0.102 -0.043 

TMS320 software requirements 

The digital correction filter equation can be written in state variable form as follows: 

Y = klY +k2U 

where Y is the filter state and U is the next I/O sample. With the assumption that TMS processor page 
pointer and memory configuration are properly initialized, the equation can be executed in seven instructions 
or seven cycles with the following program: . 

ZAC 
LT K2 
MPY U 
LTD Kl 
MPY Y 
APAC 
SACH (dma) 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

byte-mode timing 

-+tlf-tflSCLKI ~,...trISCLKI 
SHIFT CLK 2 v 2 V 

PRODUCT 
PREVIEW 

I I 
I 0.8 V I 0.8 V I I I 

tdICH-FLI-+t 14-- I I' -4\ k-tdICH-FHI ~ !t-tdICH-FlI tdICH-FH~ It-
I I I II' I II _ -----,h.. I I . tf.r,2""'V~-------'\1 ~ 

FSR, FSX ~1-! ------4If 0.8 V+l;.. __ ....,/JJ-______ .!JL1 - -
I I I I 
I 4) ~~dICH-DRI I I 

DR D15 ~'iJ::§IJ. D8 ~rou D1 DO : 
~ I 

tsulDXI-tt I't- I 

~ DON'T CARE ~ 
DX ~ D9 D8

1 

D7 D6~ 

~ I.-thID1-X_I ___ 4j---.~tdbICH-ELI tdbICH-EH~ jf--

EOOR,EOOX-----------~1' t~~0~.8~V~ _______________ ~:r:----------~rz.v--

word-mode timing 

SHIFT CLK 
2V 

I 
I 0.8 VI I 0.8 V 0.8 V : 

--t r-tdICH-FLI : : tdICH-FHI-+t It-
- - ~I I I 111"""2"""V~---
FSX, FSR 0.8 V\- I: : ,1-' _______ ~ .. 

: -+I r-tdICH-ORI. : 

DR ___ 0_15 __ ~ ~13 t 012 8rx-on .... 0_1_.....;0:;;..0~: _....J.. ___ _ 

tsuIOX)~ If.- I 
I I 

OX-----( 015 014 013 01~ 
I I I I 

-4\ j4-thiOXI tdwICH-EL~ It- -+I!+-tdwICH-EHI 

-------------------~~~-------~~ ~ 
EOOX, roDii 0.8 vL-J 2 V 

FIGURE 3. SERIAL PORT TIMING 
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PRODUCT 
PREVIEW 

TMS32010 

DEN 

.-

YO 

SN74lS299 

S1 °H' 

G2 

SO < ~ 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

FSX 

DR 

en 
+I 7 Vi t-- G1 TLC32040 

AO/PAO f--A 
08115 

\ "S 
CJ 

A1/PA1 f--B 

A2/PA2 f--C Y6~ 

Vi ~ 
SN74lS138 

/ ,00-015 

00-015 \ 
\ 

WE 

ClK OUT 

INT 

FIGURE 4. 

in instruction timing 

CLK OUT 

DEN 

SO, G1 

00-015 

out instruction timing 

CLK OUT I 
WE 

SN74LS138 V1 

SN74LS299 CLK 

00-015 

FIGURE 5. 

\ A-H SR-, I 

SN74lS299 r-CL 
'-- S1 °H' ~ 
~ 02 

SO 

01 
00-07 \ 

\ A-H SR 

I 

... 
rU 

TLC32010- TLC32040 INTERFACE CIRCUIT 

I 
I 
I I 
I 
I 
I 
I 

( 
I 
) VALID 

< VALID ) 

TMS3201 0 - TMS32040 INTERFACE TIMING 
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TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

AIC TRANSMIT CHANNEL FILTER 

co 
"C 
I 

Q) 
"C a 
'c 
Cl 
co 
:!: 

10 
Magnltud~ 

0 

-10 

-20 
Group Delay 

-30 

-40 
See Note B "\. I 

-50 

-60 
~ 

-70 

-80 

-90 
o 

1\ ~ / 
) \l/. 11 \,1 -1-.....---
----''- r--See Note A 

-f-- S~e Note C 

2 3 

Frequency - kHz 

NOTES: A. Maximum relative delay ( 0 Hz to 600 Hz) = '25 its. 
B. Maximum relative delay (600 Hz to 3000 Hz) = ± 50 itS. 
C. Absolute delay (600 Hz to 3000 Hz) = 700 its. 

\ 

1\ 
\ 
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0.3 

0.25 
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0.05 
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0.05 

\- 0.1 
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0.15 

0.2 
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I 
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D. VCC+ = 5 V. VCC- = -5 V. SCF clock f = 288 kHz. input = ±3-V sinew ave. TA = 25°C. 

FIGURE 6 

AIC RECEIVE CHANNEL FILTER (300 Hz) 
10 

0 

0.35 
See Note A Magnitu~e 

II 
0.3 

-10 

-20 
CO 
"C 

-30 I 
Q) 

\ 
\ 

0.25 
UI 

E 
0.2 I 

> ca 
0.15 Gi c 

"C 
-40 a 

'c 
Cl -50 co 
:!: 

-60 

-70 

-80 

-90 

Group Delay i\ 
ru-7 \ /\ \ 

U /\Jf V \~ 
L~ee Note r 1\ 

y 

See No~e C- \ 

0.1 
0. 
::J 
0 

0.05 
t; 

Q) 

0 
.~ 
ca 

Gi 

0.05 
a: 

0.1 

0.15 
0 2 3 4 5 

Frequency - kHz 

NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 itS. 
B. Maximum relative delay (600 Hz to 3000 Hz) = ± 50 its. 
C. Absolute delay (600 Hz to 3000 Hz) = '230 itS. 
D. VCC+ = -5 V. VCC- = -5 V. SCF clock f = 288 kHz. input = ±3-V sinewave. TA = 25°C. 

FIGURE 7 
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PRODUCT 
PREVIEW 

TLC32040M, TLC320401 
ANALOG INTERFACE CIRCUIT 

AIR RECEIVE CHANNEL FILTER (200 Hz) 
10 

Ma~nitulde 
0 

-10 
f- Sele N~te AI 

-20 
CQ 
"C -30 I 

CD 
"C -40 a Group Delay 
'2 
Cl -50 III 

~ 
-60 

\ T J 
- ~ 1 'lJ t-- I-See Note B 

-70 I I 
Se~ Not~ C 

-80 

-90 
0 2 3 

Frequency - kHz 

NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 p.S. 

B. Maximum relative delay (600 Hz to 3000 Hz) = ± 50 p.S. 

C. Absolute delay (600 Hz to 3000 Hz) = 1080 p.S. 

0.3 

0.25 

0.2 

1\ 
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0.15 
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\ 

0.05 
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~\ 
0.05 
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0.15 
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en 
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D. VCC+ = -5 V, VCC- = -5 V, SCF clock f = 288 kHz, input = ±3-V sinewave, TA = 25°C. 

FIGURE 8 

tn .... 
'S 
CJ ... 

C3 
&: 
o 

'';: 
'Ci) 
'S 
C' 
CJ « 
CO .... 
CO 
C 

~ w 
:> 
w 
a: 
c.. 
I­
U 
::J 
C 
o 
a: 
c.. 

TEXAS • 
INSTRUMENTS 

2-297 

POST OFFICE BOX 655012 • OALLAS. TEXAS 75265 



lEI 
c 
D) .... 
D) 

» 
(') 
.0 
C 
(ii" 
;:,:;." 
0" 
::::J 

C') 
::;" 
(') 

'C 
;:,:;." 
CI) 

2-298 



I 

General Information 
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Cross-Reference Guide 
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Line· Drivers· and Receivers 

Cross-Reference Guide 
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• 90-V Output Swing 

• CMOS-Compatible Inputs 

• Quad Drivers with Independent Addressing 
of Each Gate for Serial or Parallel 
Applications 

• High Data Input Impedance ... 1 MO Typ 

• 30-mA Clamp Diodes on Output 

des~ription 

The SN55426B and SN55427B are monolithic 
integrated-circuit plasma display drivers. The 
logic of the two drivers is complementary to 
permit controlled writing or erasing at a specified 
point on the display. The '426B noninverting 
pulser is normally near ground potential and is 
pulsed near VCC2; the' 427B inverting pulser is 
normally near VCC2 potential and is pulsed near 
ground potential. The devices are designed to 
accept CMOS logic input signals and drive one 
display line per output, 

There are four gates per package with individual 
data inputs. Additionally, each device has a 
strobe and a multiplex input controlling all four 
gates. The devices require two power supplies: 
the logic section power supply VCC1, and the 
high-voltage bias supply VCC2. VCC2 controls 
the magnitude of the output swing. 

Each output is designed to sustain 
20-milliampere switching transients on the 
output. Each output is also protected by source 
and sink clamp diodes with 30-milliampere 
current capability. Each device is designed to be 
operated at 50 kilohertz but may be operated as 
high as 85 kilohertz. 

The multiplex and strobe inputs (inputs M and 
S, respectively) act on all four gates 
simultaneously and aid in plasma panel design. 

The SN55426B and SN55427B are 
characterized for operation over the full military 
temperature range of - 55 °C to 125°C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

=~~~~:~~i~at:~I~lJe ~!~~:~ti:r ~~o::;:~:t:r~~s not 
TEXAS "-!} 

INSTRUMENTS 

SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 

D2520, MARCH 1979-REVISED OCTOBER 1986 

SN55426B •.• J 
DUAL-IN-L1NE PACKAGE 

ITOPVIEWI 

1A 3A 
2A 4A 
M VCC1 
S GND 

NC VCC2 
2Y 4Y 
1Y 3Y 

SN55427B ... J 
DUAL-IN-L1NE PACKAGE 

ITOPVIEWI 

1A 3A 
2A 4A 
M VCC1 
S GND 

NC VCC2 
2Y 4Y 
1Y 3Y 

NC-No internal connection 

FUNCTION TABLE 

INPUTS OUTPUTS 

A M 5 '426B '427B 

L X X L H 

X L X L H 

X X L L H 

H H H H L 

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

Copyright © 1984, Texas Instruments Inc,orporated 
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SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 

logic symbols t 

M (3) 

S (4) 

1A (1) 

2A (2) 

3A (14) 

4A (13) 

'426B 

, CMOS/PLASMA 
OISP 

M (3) 

S (4) 

1A (1) 

2A (2) 

3A (14) 

4A (13) 

'4278 

CMOS/PLASMA 
DlSP 

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

logic diagrams (positive logic) 

M (3) 

S (4) 

1A (1) 

2A ..:,(2=":)-+-+---1 

3A (14) 

4A (13) 

'426B 

POSITIVE LOGIC: Y = A"M·S 

schematics of inputs and outputs 

2Y 

3Y 

4Y 

M (3) 

S (4) 

1A (1) 

2A (2) 

3A (14) 

4A (13) 

'4278 

POSITIVE LOGIC: Y = A=M':s 

EQUIVALENT OF EACH A, M, OR S INPUT TYPICAL OF ALL OUTPUTS 

--~--~----~ VCC2 

~--4-__ ~- OUTPUT 

, TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



SN554268, SN554278 
AC PLASMA DISPLAY DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 .................... ' ................................... 95 V 
Input voltage, VI .... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 5 V 
Continuous output current, 10 ............................................... 20 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) . . . . . . .. 800 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 
Storage temperature range ......................................... - 65 DC to 150 0 C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . . . . . . . . . . . . . . . . .. 300 0 C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55426B 

and SN55427B chips are alloy mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage for logic section, VCC1 10 12 14 V 
Supply voltage for output section, VCC2 40 70 90 V 
High-level input voltage, VIH 7 V 
Low-level input voltage, VIL 3 V 
Strobe frequency 0 85 kHz 
Data input frequency 0 50 85 kHz 

Duration of strobe pulse 1.5 5 /Ls 
Operating free-air temperature, T A -55 125 °c 

electrical characteristics, VCC1 = 12 V, VCC2 = 70 V, TA = -55°C to 125°C (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT 

VIH = 7 V, 10 = -1 mA VCC2- 4 VCC2- 1 
VOH High-level output voltage V 

VIL = 3 V 10 = -15 mA VCC2 -8 VCC2 -1.8 

VIH = 7 V, 10 = 1 mA 2 4 
VOL Low-level output voltage V 

VIL = 3 V 10 = 15 mA 3.5 8 

VOK Output clamp voltage 
Output high, 10 = 30 mA VCC2 +0.8 VCC2+2 

V 
Output low, 10 = -30 mA -0.9 -2 

IA 12 60 
IIH High-level input current 1M, S 

VIH = 12 V 
50 200 

/LA 

ICC1 Supply current, logic section VCC1 = 12 V, All inputs at 12 V 10 15 mA 

VCC2 = 90 V, All outputs high 1.1 1.9 
ICC2 Supply current, output section mA 

No load All outputs low 0.1 0.6 

ICC 1 (av) Average supply current, logic section tw = 5/Ls, f = 50 kHz, 10 mA 

ICC2(av) Average supply current, output section No load 1.3 mA 

t All typical values are at 25°C. 

switching characteristics, VCC1 = 12 V, VCC2 = 70 V, TA = 25°C 

PARAMETER I TEST CONDITIONS I MIN TVP MAX I UNIT J 
tpLH Propagation delay time, low-to-high-Ievel output I CL = 20 pF, RL = 100 kD, l 0.7 1.2 1 /LS J 
tpHL Propagation delay time, high-to-Iow-Ievel output I See Figure 1 I 0.3 0.8 I /LS I 

TEXAS ." 
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SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCCl VCC2 

"10n$~ ~"10n$ 
I I I I 

J--+--+-----1It- OUTPUT 

~
r-90-%-----9-0-%N,-II- - - - - -10V 

VCCl VCC2 

CL = 20 pF 
(S •• Not. B) 

CL = 20 pF 

INPUT I 
W% I l~ 

I I OV 

~tpLH~ .... tPHL~ 
I I I I 
: 90% - )- - - -. VOH 

'426B OUTPUT I I 

VOL 

_~---VOH 

(see Not. B) '421B OUTPUT 
I 
I I 

P--t-.... -----4~ OUTPUT 

: "-) _10_% ____ .....!..._J_: ___ -VOL 

)). I) 
r4-- t PHL... "'tpLH~ 

l4 SN55421B 

TEST CIRCUITS VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zo = 50 0, PRR :5 50 kHz, tw = 5 /ls. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS 

02355, OCTOBER 1972-REVISEO SEPTEMBER 1986 

QUAD SEGMENT DRIVER AND HEX DIGIT DRIVER FOR INTERFACING 
BETWEEN MOS AND LlGHT-EMITTING-DIODE (LED) DISPLAYS 

• 50-mA Source or Sink Capability 
('491, '491A) 

• 250-mA Sink Capability ('492, '492A) 

• Rated for 10-V Operation ('491, '492) 

• Rated for 20-V Operation ('491A, '492A) 

• Low Input Current for MOS Compatability 

• Low Standby Power 

• High-Gain Darlington Circuits 

description 

The SN75491, SN75491A, SN75492, and 
SN75492A are monolithic integrated circuits 
designed to be used together with MOS 
integrated circuits and common-cathode LED's 
in serially addressed multi-digit displays. This 
time-multiplexed system, which uses a segment­
address-and-digit-scan method of LED drive, 
minimizes the number of drivers required. 

The SN75491 and SN75491A are quadruple 
segment drivers. The SN75492 and SN75492A 
are hex digit drivers. The SN75491 and 
SN75492 are characterized for operation to 
10 volts. The SN75491A and SN75492A are 
characterized for operation to 20 volts. 

The SN75491, SN75491A, SN75492, and 
SN75492A are characterized for operation from 
ooe to 70 oe. 

logic diagram (each driver) 

SN75491. SN75491A 

'NPUT A----I>t=: 

SN75492. SN75492A 

,NPUT A ~ OUTPUT V 

SN75491. SN75491A 
N DUAL-IN-LlNE PACKAGE 

(TOP VIEW) 

1A 4A 
1E 4E 
1C 4C 

GND VSS 
2C 3C 
2E 3E 

2A ....... _-----Ir-3A 

SN75492. SN75492A 
N DUAL-IN-LlNE PACKAGE 

(TOP VIEW) 

1Y 1A 
2Y 6Y 
2A 6A 

GND VSS 
3A 5A 
3Y 5Y 

4Y--.... __ ~4A 

logic symbols t 

SN75491. SN75491A 

1A 
(1) MaS/LED ~ 

2A (7) 

3A (8) 

4A (14) 

1A (14) 

2A (31 

3A (5) 

4A (8) 

5A (10) 

6A (12) 

~ 

SN75492.SN75492A 

MaS/LED ~ 

2E 

3C 

3E 

4C 

4E 

t These symbols are in accordance with ANSI/lEEE 
Std 91-1984 and lEe Publication 617-12. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~irva{~:I~~e ~!~~~~ti:r ~;o~:~:~:t:~s~s not 
TEXAS • 
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SN75491, SN75491A, SN75492, SN75492A 
MOS· TO·LED DRIVERS 

schematics 

SN75491, SN75491A (each driver! c SN75492, SN75492A (each driver) 
V 

(1,7,8,14) 

A-.--"""""'r--"'-I 
(14,3,5,8,10,12) 

A-.-...J\JVv----1I ...... --4 

___ ---~.(1, 2, 6, 7, 9,13) 

Vss (;.;1~1~) ...-.... ___ ---.... ---4~--.....;..(4...;.) GND VSS...;.(1_1~)~.-_~ .. __ ~ __ ~ __ ~_(4_) GND 

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

SN75491 SN75491A SN75492 SN75492A UNIT 

Input voltage range (see Notes 1 and 2) -5 V to VSS -5 V to VSS -5 V to VSS -5 V to VSS 

Collector (output) voltage, Vc 10 20 10 20 V 

Collector (output)-to-input voltage 10 20 10 20 V 

Emitter-to-ground voltage (VI ~ 5 V) 10 20 V 

Emitter-to-input voltage 5 5 V 

Voltage at VSS terminal with respect to any other device terminal 10 20 10 20 V 

, l Each collector (output) 50 50 250 250 
Collector (output) current, Ie I mA 

All collectors (outputs) 200 200 600 600 

Continuous total dissipation at (or below) 25°C 

free-air temperature (see Note 3) 
875 875 875 875 mW 

Operating free-air temperature range a to 70 a to 7..0 a to 70 a to 70 °C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 -65 to 150 °e 

Lead temperature 1,6 mm (1/16 inch) 

from case for 10 seconds 
260 260 260 260 °C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. The input is the only device terminal that may be negative with respect to ground. 
3. For operation at 25°e free-air temperature, refer to Dissipation Derating Curves in Appendix A. For these devices in the N 

package, use the 7-mW/oC curve. 

'491, '491A electrical characteristics, VSS 10 V for SN75491, VSS ... 20 V for SN75491A, 
T A = OOC to 70°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT 

Input = 8.5 V through 1 kG, VE = 5 V, 
0.9 1.2 

VCE(on) On-State collector-emitter voltage 
IC = 50 mA, TA = 25°e 

V 
Input = 8.5 V through 1 kG, VE = 5 V, 

IC = 50 mA 
1.5 

IC(off) Off-state collector current 
Vc = VSS, VE = 0, II = 40 pA 100 

Vc = VSS, VE = 0, VI = 0.7 V 100 
pA 

II Input current at maximum input voltage 
VI = VSS, VE = 0, 1'491 2.2 3.3 

mA 
IC = 20 mA I '491A 4.7 6.5 

IE Emitter reverse current VI = 0, VE = 5 V, IC = 0 100 pA 

ISS Current into VSS terminal 1 mA 

t All typical values are at T A = 25°e. 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 " DALLAS. TEXAS 75265 



SN75491. SN75491A. SN75492. SN75492A 
MOS·TO·LED DRIVERS 

'492, '492A electrical characteristics, VSS -= 10 V for SN75492, VSS = 20 V for SN75492A, 
T A = OOC to 70 0 C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Input = 6.5 V through 1 kO, IOL = 250 rnA, 
0.9 '.2 

VOL Low-level output voltage TA = 25°C V 

Input = 6.5 V.through 1 kO, IOL = 250 rnA, '.5 

VOH = VSS, VI = 40 p.A 200 
IOH High-level output current 

VOH = VSS, VI = 0.5 V 200 
p.A 

\ 

1'492 2.2 3.3 
II Input current at maximum input voltage VI = VSS, IOL = 20 rnA rnA I '492A 4.7 6.5 

ISS Current into VSS terminal , rnA 

t All typical values are at T A = 25°C. 

SN75491, SN75491A switching characteristics, VSS = 7.5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH Propagation delay time, low-to-high-Ievel output (collector) VIH = 4.5 V, VE = 0, I-__ '-:O::":O:--_--t __ -I 
RL = 200 0, CL = '5 pF 20 tpHL Propagation delay time, high-to-Iow-Ievel output (collector) 

SN75492, SN75492A switching characteristics, VSS = 7.5 V, TA = 25°C 

PARAMETER 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 

TEST CONDITIONS 

VIH = 7.5V, RL = 390, 

CL = 15 pF 

PARAMETER MEASUREMENT INFORMATION 

SN75491. SN75491A 

7.5V 

D-----4H,....-- OUTPUT 

INPUT 

= 

I 
SN75492. SN75492A OUTPUT I 

7.5V 

MIN TYP MAX 

300 

30 

10% 
'-------OV 

_---VOH 

I I 
I I 
I I 

I ---.;---'-1---- VOL 

tPH L ---j4--ti I I 
~tPLH x ......... --- OUTPUT 

= 
TEST CIRCUITS VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 0, PRR oS 100 kHz, tw = , p.s. 
B. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES 

TEXAS ..J.!1 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS 
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TYPICAL CHARACTERISITCS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

Vss = 10 V ('491, '492) 

/V VSS = 20 V ('491A, '492A) 
10 = 20 mA 
VE .. 0,'491, '491A) 

/V 
/ 

TA = 25°C 

I I I -- - '491, '492 -~/ 
/ 

/ 
/ 

// 
V 

/ 

./ 
o 2 4 6 8 10 12 14 16 18 20 

V'-'nput Voltage-V. 

FIGURE 2 

50 

40 « 
E 
.!. 
~ 
:; 30 

(J 

0 
t) 

20 .2 
(5 
(J 
1 

!:J 
10 

o 

SN75491,SN75491A 
COLLECTOR CURRENT 

vs 
INPUT CURRENT 

Vss = 10 Vi 
- Vc = 2.5 V 

VE =0 
- ° TA = 25 C 

/ 
V 

o 40 80 120 160 

I'-'nput Current-JlA 

FIGURE 3 

SN75491, SN75491A 

200 

SN75491,SN75491A 
COLLECTOR CURRENT ON·STATE COLLECTOR·EMITTER VOLTAGE 

vs 
INPUT VOLTAGE 

I I 

VSS = 10 V 
-VC=2.5V 
_VE=O 

TA = 25°C 

o 0.5 1.0 1.5 

V,-Input Voltage-V 

FIGURE 4 

./ 
2.0 

1 1.0 
CIl 
CI 

~ 
(5 
> 0.8 

CIl = ·E 
w 0.6 
~ 
t) 
.2 
(5 

~ 0.4 
~ 
Co? 

0, 0.2 
C 
o 
W 
~ 0 

::::: 
/ 

vs 
COLLECTOR CURRENT 

-~ 
.-k:-~ ~ ~ =-
~ ~ h: txr-

\ 1\ '- TA = 70°C 

\ \. TA = 25°C 

\..- TA = O°C 

I 
- VSS = 10 V 
_ VE =0 

Input = 3.5 V thru 1 kil 
I I I I I 

-

2.5 o 5 10 15 20 25 30 35 40 45 50 

TEXAS • 
INSTRUMENTS 

IC-Collector Current-mA 

FIGURE 5 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS 

250 

TYPICAL CHARACTERISTICS 

SN75492,SN75492A 
OUTPUT CURRENT 

vs 
INPUT CURRENT 

VSS = 10 V V 
250 

SN75492,SN75492A 
OUTPUT CURRENT 

vs 
INPUT VOLTAGE 

.I I I_ 
VSS = 10 V 

,- Vo = 2.5 V - Vo =2.5V 

200 
_ TA = 25°C I 200 _ TA = 25°C 

« 
E 
I 

~ 150 
:; 

CJ .. 
::::I 
~ 100 
::::I 

9 
.9 

50 

o 
o 

/ 
/ 

« 
E 
.!. 
c 

/ 
150 ~ 

:; 
CJ 

/ 
/ 

.. 
::::I 

~ 100 
::::I 
0 
I 

I 

/ 
.9 

50 

~ o 
50 100 150 200 250 300 o 

II-Input Current-1lA 

FIGURE 6 

1.0 

SN75492,SN75492A 
LOW-LEVEL OUTPUT VOLTAGE 

vs 
OUTPUT CURRENT 

0.5 1.0 1.5 

VI-Input Voltage-V 

FIGURE 7 
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CI) 
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.....- \ \ \ 
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0 e 
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"- :- TA = O°C 
0.4 
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VSS = 10 V 

t-Input = 6.5 V thru 1 kn 
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50 

I 1 I 
100 150 

IO-Output Current-rnA 

FIGURE 8 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS ' 

TYPICAL APPLICATION DATA 

Figure 9 is an example of time multiplexing the individual digits in a display to minimize circuitry. Up to 
twelve digits, each of which use a seven-segment display with decimal point, may be displayed using only 
two SN75491 and two SN75492 drivers. 

+v 

Rl 

Vss ..... r ..... --'~+--------------+----------~----~ 

I-

~a _a:: 
ffiu 
rna:: 

81: .... « 
O-J 
rn:! 
:Eu 
I--J 

-11 

« 
u 

VDD I 
_~ __ -.J 

A 

L ..... _ ..... _~D 

l 
I 
I I SN75491 

I 
QUAD SEGMENT 
DRIVER 

1(2 PACKAGESI 

I 
I 

E_J 

THISPOINT~ BCD E F G DP'- .......... -----, 
IS CONNECTED r­
TOAll 
SEGMENTS OF I 
All DIGITS_ I 

I 

I TIl360 
IS-DIGIT 

I 
MONOLITHIC 
lED DISPLAY 

I (2 PACKAGESI 

L ..... __ ----I 

r-- Vss 

2 of 12 
DRIVERS SHOWN 
(1 UNUSEDI 

-, 
I 
I 
I SN75492 
I HEX DIGIT 

I ~R~~~~AGESI 
I 

I I L ____ ~_ ..... _ ..... _______ ~~ 

FIGURE 9. INTERFACING BETWEEN MOS CALCULATOR CIRCUIT 
AND LED MULTI-DIGIT DISPLAY 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS 

TYPICAL APPLICATION DATA 

SN75491, SN75491 A, 
SN75492, OR SN75492A 

r------- -, 
I 
I 
I 
I 

INPUTI 

--=-1 'IIII'v'.......-I ~ __ --' 

I 
I 
1 
1 L ___ _ 

--f 
I I 

L ___ ..J 
'492, '492A 

FIGURE 10. QUAD OR HEX RELAY DRIVER 

, 
INPUT .-----.... I 
FROM -+-"'VIII.~-i 
MOS I 

I 
I 
I L ___ _ 

1 
I 
I 
1 
I 

..1 OUTPUT 
TO 
TTL 

FIGURE 12. MOS-TO-TTL LEVEL SHIFTER 

SN75491, SN75491A 
SN75492, OR SN75492A .--------I 

I NPUT-"I-'\N.,...-I 

1 
1 
1 
1 
I L ___ _ 

'492, '492A 

V2 

NOTE A: This circuit may be used as a digit driver for common­
mode LED displays. 

FIGURE 14. QUAD OR HEX HIGH-CURRENT 
P-N-P TRANSISTOR DRIVER 

SN75491, SN75491A 
SN75492, OR SN75492A 

r---------, 
INPUTI l 

I I 
: 1 

'I ~ 
I I I L _____ L ___ J 

'492, '492A 

FIGURE 11. QUAD OR HEX LAMP DRIVER 

SN75491, SN75491A r-------
I 

I NPUT-+-"'VIII.....--i 

I 
I 
I 
I L ___ _ 

+V1 

+V2 

LOAD 

FIGURE 13. QUAD HIGH-CURRENT N-P-N 
TRANSISTOR DRIVER 

+V1 

SN75941 .--...,..----..., 
I I 

INPUT 1 
I 
I 
I 

1 I L _______ .J 

+V2 

LOAD 

, 
~----. I 

I 
I 
I 

I I L ______ .J 

FIGURE 15. BASE/EMITTER SELECT N-P-N 
TRANSISTOR DRIVER 
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SN75491, SN75491A, SN75492, SN75492A 
MOS·TO·LED DRIVERS . 

TYPICAL APPLICATION DATA 

SN75491 OR SN75491A .------
INI'UT~11""""""",,~ 

I 
I 
I L _____ _ 

SN75491, SN75491A, 
SN75492 OR SN75492A r-------

STROBE I 
INPUT -I~"""-i 

+v 

.., 
I 
I 
I 
I I 

I 
I 

'491, '491 A I r---1 
I I I L __ _ ___ .J 

'492, '492A 

I!NPUT2 
~ _____ ..... o-J>N~I.;.;. 

I 
I _ ____ ...J 

FIGURE 16. STROBED "NOR" DRIVER 

5V--.-------------------~----_.--------------_, 
1/4 SN75491 OR SN75491A 

2.7 kn 2.7 kn .------
I 

-----""T-~ .. OUTPUT 

RL = 50 n 

NONII%~~~TlNG--+-----,/4-S-N-75-4-9,-O-R-S-N7-5-49-,A--+------t--'-/4-S-N7-5-49-'-0-R -SN-7-54-9-'A--"" 

r------ -------1 
IN~~:J~NG --t-.... I~~..., 

1 kn 1/4 SN75491 OR SN75491A r-----
IN I 

I 
5kn I 

L_. ____ _ 
-5V __ ~----------------------~ 

FIGURE 17. SN75491/SN75491A USED AS AN INTERFACE CIRCUIT BETWEEN THE 
BALANCED 30·MHz OUTPUT OF AN RF AMPLIFIER AND A COAXIAL CABLE 
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• Low Input Current for MOS Compatibility 

• Low Voltage Operation 

• Low Standby Power 

• Display Blanking Capability 

• 250-mA Sink Capability 

• Low-Voltage Saturating Outputs 

• High-Gain Circuits 

description 

SN75494 
HEX MOS·TO·LED DIGIT DRIVERS 

01932, MARCH 1983-REVISEO JANUARY 1987 

N 

DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

Vss Vee 
1A 6A 
1Y 6Y 
2Y 5Y 
2A 5A 
3Y 4Y 
3A 4A 

VDD E 

The SN75494 is designed to be used as an interface between MOS integrated circuits and LEOs in serially 
"addressed multidigit displays. This device is similar in operation to the SN75492, but has several advantages 
over the earlier circuit. The SN75494 can be operated at lower supply voltages therefore, reducing power 
consumption. The enable (E) input is used as a blanking input. 

logic symbol t 

1A (2) 

2A (5) 

3A 171 
4A (10) 

5A (12) 

6A (15) 

1Y 

2Y 

3Y 

4Y 

5Y 

6Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

schematic 

A o-_I-'I---P"---i 

y 

vss--+---+ 

Voo 
NOTES: A. The VSS terminal must be connected to the most 

positive voltage that is applied to the device. 
8. Resistor values shown are nominal and in ohms. 

Copyright © 1983, Texas Instruments Incorporated 
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SN75494 
HEX MOS·TO·LED DIGIT DRIVERS 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Supply voltage, VSS (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Input voltage ............................................................. VSS 
Off-state output voltage .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Continuous output current (each driver) ....................................... 250 mA 
Continuous VOO current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 600 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . . . . .. 800 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, Vee 3.2 8.8 V 

Supply voltage, VSS 6.5 8.8 V 

Operating free·air temperature, T A 0 70 °e 

electrical characteristics, Vee = 8.8 V, VSS = 8.8 V, TA o °e to 70 0 e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Input current I A at 8.8 V, Eat 8.8 V 2 3 

II 
A input 

Vee = 3.2 V, A at 8.8 V. E to 8.8 V thru 100 kO 1.8 2.5 mA 

I E input Vec = 3.2 V, Eat 8.8 V 1.6 2.5 

Off-state output 
A to 8.8 V thru 100 kO, Eat 0 V, 

1 200 
Yat 10 V 

IO(oft) current (from 
A at 8.8 V, E to 6.5 V thru 1 kO, 

p.A 

Y to VOO) 1 100 
Yat 10 V 

On-state Vec = 3.2 V, VSS = 6.5 V, A to 6.5 V thru 1 kO, 
VO(on) 0.25 0.4 V 

output voltage E to 8.8 V thru 100 kO, IOL = 250 mA 

One A input to 8.8 V thru 100 kO, Eat 0 V, 
10 500 

All other A inputs at 0 V 
p.A 

Current into One A input at 8.8 V, E to 6.5 V thru 1 kO, 
lee 60 500 

Vee terminal All other A inputs at 0 V 

One A input at 8.8 V, Eat 0 V, 
11 20 mA 

All other A inputs at 0 V 

ISS 
Current into VSS 

Vce = 3.2 V, Eat 0 V, All A inputs at 0 V 10 500 p.A 
terminal 

t All typical values are at T A = 25°e. 
NOTES: 1. Voltage values are with respect to the most negative device terminal, VOO, unless otherwise noted. 

2. No other terminal ,on the device may be more positive than VSS. 
3. For operation above 25°C free-air temperature, derate linearly from 800 mW at 63°e to 736 mW at 70 0 e at the rate of 

9.2 mW/oe. 
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ADVANCE 
INFORMATION 

• Controls 32 Electrodes 

• 100-V Totem-Pole Outputs 

• Low Stand-by Power Consumption 

• All Outputs Contain Sink and Source Clamp 
Diodes 

• 15 mA Steady-State Output Current 

• Rugged DMOS Outputs 

• CMO~ Inputs 

• Dependable Texas Instruments Quality and 
Reliability 

• Direct Replacement for SN55500D 

description 

The SN55500E is a monolithic BIDFETt 
integrated circuit designed to perform the line 
select operation of a matrix-addressable display. 
'The device inputs are diode-clamped CMOS 
inputs. 

The outputs of the driver are normally low and 
can be selectively switched high when the strobe 
input is low. Selection of the outputs is achieved 
through the data, SO, and S1 inputs. The 8-bit 
data stored internally in the serial register is 
inverted and sent to one of four output sections 
by the 2-line to 4-line decoder. All other outputs 
remain low. Internal circuits provide a high­
current pulse to the level-shifting circuit during 
positive output transitions. When the output 
transition is complete, the low steady-state 
current reduces the circuits stand-by power 
consumption. All outputs contain clamp diodes 
to the VCC2 and GND supply inputs. 

The SN55500E is characterized for operation 
over the full military temperature range of 
-55°C to 125°C. 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel MaS 
transistors on same chip - patented process. 

ADVANCE INFORMATION documents contain 

SN55500E 
AC PLASMA DISPLAY DRIVER 

02471. DECEMBER 1984-REVISED NOVEMBER 1986 

SO 
DATA 

ClK 
101 
102 
103 
104 
105 
106 
107 
108 
201 
202 
203 
204 
205 
206 
207 
208 
GND 

JD PACKAGE 

(TOP VIEW) 

FD PACKAGE 

(TOP VIEW) 

VCCl 
Sl 
STRB 
401 
402 
403 
404 
405 
406 
407 
408 
301 
302 
303 
304 
305 
306 
307 
308 
VCC2 

« III 

dU:J~OU ~.-~UO 
.-zuccnz>cncnz"" 
6 5 4 3 2 1 44434241 40 

102 39 

103 8 38 

104 9 37 

105 10 36 

106 11 35 

107 12 34 

108 13 33 

201 14 32 

202 15 31 

203 16 30 

204 17 29 

1819202122232425262728 

Ll)COl'IllOUNCOl'COLl) 
OOOOZZUOOOO 
NNNNC!) !;:MMMM 

NC-No internal connection 

Copyright © 1984. Texas Instruments Incorporated 
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SN55500E 
AC PLASMA DISPLAY DRIVER 

ADVANCE 
INFORMATION 

logic symbol t functional block diagram (positive logic) 

CMOS/PLASMA DISP STRB ------q .J-------....-f 

r SELECT 

(41
101 S1 

Z2 
8.11 I> 

(111
108 

Z3 
1.12 I> (121201 DATA 

Z4 
8.12 I> 

(191
208 

(291 301 1.13 I> Z5 

(221 308 Z6 8.13 I> 
1.14 I> (371 401 

Z7 

Z8 8.14 I> (301 408 

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

Pin numbers shown are for the JD package. _ 

FUNCTION TABLE 

INPUTS 

FUNCTION 
DATA CLK 

SELECT 
STRB 

SHIFT REGISTER 

CLK 

2-UNE TO 
4-UNE 

DECODER 

R1 

R2 
R3 

8-BIT R4 

SHIFT R5 
REGISTER R6 

R7 
R8 

OUTPUTS 

S1 SO R1 R2 R3 ... R8 101 ... 108 201 ... 208 

LOAD 
H i X X H L R1n R2n .•. R7n L ... L L ... L 

L i X X H H R1n R2n ... R7n L ... L L ... L 

X X X X H R1n R2n R3n ... R8n L ... L L ... L 

X H L L L R1n R2n, R3n ... R8n R1 ... R8 L ... L 

STROBE X H L H L R1n R2n R3n ... R8n L ... L R1 ... R8 

X H H L L R1n R2n R3n ... R8n L ... L L ... L 

X H H H L R1n R2n R3n ... R8n L ... L L ... L 

H = high level. L = low level. X = irrelevant, i = low-to-high transition. 
R1 ... R8 = levels currently at internal outputs of shift registers one through eight, respectively. 

301 ... 308 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

R1 ... R8 

L ... L 

R1 n ... R8n = levels at outputs R1 through R8 respectively, before the most recent i transition of the clock. 

typical operating sequence 

STRB -U 
CLK 

ANY OUTPUT IN R R 
8 ~~L!~~E~1BY --.... --........ -------------iH)-......L-........ ---

101 

108 

201 

208 

301 

308 

401 

408 

401 ... 408 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

R1 ... R8 
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ADVANCE 
INFORMATION 

schematics of inputs and outputs 

SN55500E 
AC PLASMA DISPLAY DRIVER 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

VCC1--------~----~--~ 

INPUT -It-.,."..I\r-...... 

GND~------------~ __ ~ 

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

Supply voltage, VCC1 (see Note 1) ........................................... 13.8 V 
Supply voltage, VCC2 ...................................................... 100 V 
Input voltage ....................... " ................................ VCC1 +0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2). . . . . .. 1825 mW 
Operating free-air temperature range ........ . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range .......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FD package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from cas,e for 60 seconds: JD package ........... 300°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
FD 1825 mW 14.6 mW/oC 25°C 

JD 1825 mW 22 mW/oC 67°C 
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SN55500E 
AC PLASMA DISPLAY DRIVER 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 

High-level input voltage, VIH, as a percentage of VCC1 

Low-level input voltage, VIL, as a percentage of VCC1 

High-level output clamp current 

Low-level output clamp current 

Clock frequency, fclock (see Figure 2) 

Duration of high or low clock pulse, tw 

Data inputs before clockt 
Setup time, tsu 

Select inputs before strobe~ 

Data inputs after clockt (see Note 3) 

Hold time, th Strobe input high after clockt 

Select inputs after strobet 

Operating free-air temperature, T A 

Operating case temperature, TC 

~ NOTE 3: For operation above 25°C junction temperature, refer to Figure 2. 
(I) 

MIN 

10.8 

a 
75% 

a 
62 

20 

50 

50 

50 

50 

-55 

ADVANCE 
INFORMATION 

NOM MAX UNIT 

12 13.2 V 

100 V 

25% 

20 mA 

-20 mA 

8 MHz 

ns 

ns 

ns 

°C 

125 °C 

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

» c 
< » 
2 
n m -2. 
'TI o 
:c 
S 
l> 
:::! 
o 
2 

PARAMETER TEST CONDITIONS 

VIK Input clamp voltage VCC1 = 12 V, II = -12 mA 

VCC1 13.2 V, 
IOH = -1 mA 

= 
.vOH High-level output voltage 

VCC2 = 100 V 
10H = -10 mA 

IOH = -15 mA 

VCC1 = 13.2 V, 
IOL = 1 mA 

VOL Low-level output voltage IOL = 10 mA 
VCC2 = 100 V 

10L = 15 mA 

VOK Output' clamp voltage VCC2 = 0 
10 = 20 mA 

10 = -20 mA 

IIH High-level input current VCC1 = 13.2 V, VI = VIH min 

IlL Low-level input current VCC1 = 13.2 V, VI = VIL max 

ICC1 Supply current VCC1 = 13.2 V, VCC2 = 100 V 

ICC2 Supply current VCC2 = 100 V 

t All typical values are at VCC = 12 V, T A = 25°C. 

switching characteristics, VCC1 = 12 V,VCC2 ... 100 V, TA - 25°C 

PARAMETER TEST CONDITIONS 

tDHL Delay time, high-to-Iow-Ievel output from strobe input 

tDLH Delay time, low-to-high-Ievel output from strobe input CL = 30 pF, 

tTHL Transition time, high-to-Iow-Ievel output See Figure 1 

tTLH Transition time, low-to-high-Ievel output 

3-20 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

MIN TYpt MAX UNIT 

-1 -1.5 V 

94 97.5 

92 94.5 V 

90 93.5 

0.85 2 

2 4 'oj 

2.75 5 

1 2.5 

-1.2 
V 

-2.5 

1 /lA 
-1 /lA 

0.05 1 mA 

1 5 mA 

MIN MAX UNIT 

250 ns 

450 ns 

200 ns 

300 ns 



ADVANCE 
INFORMATION 

CLK 

SN55500E 
AC PLASMA DISPLAY DRIVER 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT TEST 

UNDER ----1---- POINT 
TEST J CL (see Note AI 

LOAD TEST CIRCUIT 

-----, VIH \ ---------i ----------------- -50% 

I 1--------------- ----- VIL :4----- tw ., 

~ tsu 41.-- th ---+: 
DATA --IR-RE-L-EV-A-N-T---)( : VALID 'f~--I-R-RE-L-EV-A-N-T--- VIH 

. . "--------- VIL 

STRB 

SELECT 

OUT 

j.-th --l 
i I VIH 

}"-. -------' I _ - - VIL 
~tsu .... , .... th+l 

I 

VOLTAGE WAVEFORMS 

NOTE A. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN55500E 
AC PLASMA DISPLAY DRIVER 

TYPICAL CHARACTERISTICS 

MAXIMUM CLOCK FREQUENCY 
vs 

VIRTUAL JUNCTION TEMPERATURE 
9 

Vee1 - 12 V 

N 
J: 
~ 
I 
> u 
c 
Q) 

VIH .. 12 V 

~ 
VIL .. 0 

I'---. (See Note 4) 

......... --
8 

7 
::J 
c-
~ u. 

............... 
-.............. 6 

..lI: 
u 
0 
0 
E 
::J 
E 
'j( 
10 
~ 

5 

4 

3 
25 45 65 85 105 

T J-Junction Temperature- De 

NOTE 4: This curve assumes a symmetrical clock pulse. 

FIGURE 2 

THERMAL INFORMATION 

junction temperature formula 

where 

TJ = TA + POROJA 

TJ = TC + POROJC 

T J = virtual junction temperature 
T A = free-air temperature 
Po = average device power dissipation 

125 

RO = thermal resistance (junction-to-air, ROJA, or junction-to-case, ROJCl 

PACKAGE TYPE R8JA R8JC 

FD 44-pin ceramic 68°C/W 20 oC/W 

JD 40-pin ceramic 45°C/W 12°C/W 
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PRODUCT 
PREVIEW 

• Controls 32 Electrodes 

• 100-V Totem-Pole Outputs 

• Low Stand-by Power Consumption 

• All Outputs Contain Sink and Source Clamp 
Diodes 

• 1 5 mA Steady-State Output Current 

• Rugged DMOS Outputs 

• CMOS Inputs 

• Direct Replacement for SN75500A 

description 

The SN65500E and SN75500E are monolithic 
BIDFETt integrated circuits designed to perform 
the line select operation of a matrix-addressable 
display. The device inputs are diode-clamped 
CMOS inputs. 

The outputs of these drivers are normally low 
and can be selectively switched high when the 
strobe input is low. Selection of the outputs is 
achieved through the data, SO, and S 1 inputs. 
The 8-bit data stored internally in the serial 
register is inverted and sent to one of four output 
sections by the 2-line to 4-line decoder. All other 
outputs remain low. Internal circuits provide a 
high-current pulse to the level-shifting circuit 
during positive output transitions. When the 
output transition is complete, the low steady­
state current reduces the circuit's standby power 
consumption. All outputs contain clamp diodes 
to the VCC2 and GND supply inputs. 

The SN65500E is characterized for operation 
from -40°C to 85°C. The SN75500E is 
characterized for operation from OOC to 70°C. 

tBIDFET -Bipolar, double-diffused, N-channel and P-channel MOS 
transistors on same chip - patented process. 

SN655DDE, SN755DDE 
AC PLASMA DISPLAY DRIVERS 

SO 
DATA 

ClK 
101 
102 
103 
104 
105 
106 
107 

108 
201 
202 
203 
204 
205 
206 
207 
208 
GND 

N PACKAGE 
(TOP VIEW) 

FN PACKAGE 

(TOP VIEW) 

02471, DECEM8ER 1985 

VCC1 
S1 
STRB 
401 
402 
403 
404 
405 
406 
407 
408 
301 
302 
303 
304 
305 
306 
307 
308 
VCC2 

<t: OJ 

dU:J~OU~,-~UO 
.-ZUQcnZ>CIlCllZq-

6 5 4 3 2 1 44434241 40 

102 7 39 402 
103 8 38 403 
104 9 37 404 
105 10 36 405 
106 11 35 406 
107 12 34 407 
108 13 33 408 
201 14 

202 15 

203 16 

204 17 

1819202122232425262728 
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NC - No internal connection 

34 301 
31 3Q2 
30 303 
29 304 

Copyright © 1985, Texas Instruments Incorporated 
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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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SN65500E, SN75500E 
AC PLASMA DISPLAY DRIVERS 

PRODUCT 
PREVIEW 

logic symbol t functional block diagram (positive logic) 

CMOS/PLASMA DISP STRB ------q ~----_...-{ 

SELECT r (4) 101 

Z2 (11) 10B 8,11 C> 
1,12 C> (12) 201 

Z3 

Z4 
8,12 C> (19) 208 

Z5 
1,13 C> (29) 301 

Z6 (22) 30B 
8,13 C> 
1,14 C> (37) 401 

Z7 

Z8 8,14 C> (30) 408 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

Pin numbers shown are for the N package. 

FUNCTION TABLE 

INPUTS 

FUNCTION SELECT SHIFT REGISTER 

S1 

DATA 

ClK 

2-LlNE TO 
4-LlNE 

DECODER 

OUTPUTS 

DATA CLK 
51 SO 

sTRB 
R1 R2 R3 ••. RS 101 ... 10S 201 ... 208 

H t X X H L R1n R2n ... R7n L ... L L .. , L 
LOAD 

L t X X H H R1n R2n ... R7n L .. , L L '" L 

X X X X H R1n R2n R3n ... R8n L ... L L '" L 

X H L L L R1n R2n R3n ... R8n Rl ... R8 L ... L 

STROBE X H L H L R1n R2n R3n ... R8n L ... L Rl '" R8 

X H H L L R1n R2n R3n ... R8n L ... L L '" L 
X H H H L R1n R2n R3n ... R8n L ... L L ... L 

H = high level, L = low level, X = irrelevant, t = low-to-high transition. 
Rl ... R8 = levels currently at internal outputs of shift registers one through eight, respectively. 

301 ... 30S 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

Rl ... R8 

L ... L 

101 

108 

201 

208 

301 

308 

401 

408 

401 ... 408 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

L ... L 

Rl ... R8 

Rl n ... R8n = levels at shift-register outputs Rl through R8, respectively, before the most recent t transition of the clock. 
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PRODUCT 
PREVIEW 

SN65500E. SN75500E 
AC PLASMA DISPLAY DRIVERS 

typical operating sequence 

STRB --u 
ClK 

ANY OUTPUT IN RVALID RVALID 

B SELECTED BY --..&--...... --------------i$)-~ ~ __ ..... __ 
SO AND Sl 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF All OUTPUTS 

VCC1--------~----~_a~ 

INPUT --... -'VI,.,... ......... 

GND--__ ----------__ -4~ 

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

Supply voltage. VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VeC1 + 0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

FN package ........................................................ 1775 mW 
N package ........................................................ 1275 mW 

Operating free-air temperature range: SN65500E ........................ " - 40°C to 85 °C 
SN75500E ............................ ooC to 70°C 

Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1.6 mm (1116 inch) from case for 10 seconds: N package ............ 260°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2600C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 

FN 

N 

POWER 

RATING 

1775 

1275 

DERATING 

FACTOR 

14.2 

10.2 

ABOVE 

TA 

I 

II 
t/) .. 
CD 
> 
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C 
>­co 
Q. 
t/) 

C 

~ 
w 
:> 
w 
a: 
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SN65500E, SN75500E 
AC PLASMA DISPLAY DRIVERS 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 

High·level input voltage, VIH, as a percentage of VCCl 

Low-level input voltage, VIL, as a percentage of VCCl 

High-level output clamp current 

Low-level output clamp current 

Clock frequency, fclock (see Figure 2) 

Duration of high or low clock pulse, tw 

Data inputs before clockl 
Setup time, tsu 

Select inputs before strobe~ 

Data inputs after clockl (see Note 3) 

Hold time, th Strobe input high after clockl 

Select inputs after strobel 

Operating free-air temperature, T A 

CD NOTE 3: For operation above 25°C junction temperature, refer to Figure 2 . ... 
(I) 

MIN 

10.8 

0 

75% 

0 

62 

20 

50 

50 

50 

50 

-40 

SN65500E SN75500E 

NOM MAX MIN NOM 

12 13.2 10.8 12 

100 0 

75% 

25% 

20 

-20 
I 8 0 

62 

20 

50 

50 

50 

50 

85 0 

PRODUCT 
PREVIEW 

MAX 
UNIT 

13.2 V 

100 V 

25% 

20 rnA 

-20 rnA 

8 MHz 

ns 

ns 

ns 

70 °C 

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

PARAMETER TEST CONDITIONS 
SN65500E 

." 
:xl o 
C 
c: 
n 
-t 
." 
:xl m 
< -m 
~ 

MIN Typt 

VIK Input clamp voltage VCCl = 12 V, II = -12 rnA -1 

10H = -1 rnA 94 97.5 
VCCl = 13.2 V, 

VOH High-level output voltage 10H = -10 rnA 92 94.5 
VCC2 = 100 V 10H = -15 rnA 90 93.5 

10L = 1 rnA 0.85 

VOL Low-level output voltage 
VCCl = 13.2 V, 

10L = 10 rnA 2 
VCC2 = 100 V 10L - 15 rnA 2.75' 

10 = 20 rnA 1 
VOK Output clamp voltage VCC2 = 0 

10 = -20 rnA -1.2 

IIH High-level input current VCCl = 13.2 V, VI = VIH min 

IlL Low-level input current VCCl = 13.2 V, VI = VIL max 

ICCl Supply current VCCl = 13.2 V, VCC2 = 100 V 0.05 

ICC2 Supply current VCC2 = 100 V 1 

tAli typical values are at VCCl = 12 V, TA = 25°C . 

switching characteristics, Vee 1 = 12 V, Vee2 100 V, TA 

PARAMETER TEST CONDITIONS 

tDHL Delay time, high-to-Iow-Ievel output from strobe input 

tDLH Delay time, low-to-high-Ievel output from strobe input CL = 30 pF, 

tTHL Transition time, high-to-Iow-Ievel output See Figure 1 

tTLH Transition time, low-to-high-Ievel output 
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MAX 

-1.5 

2 

4 

5 

2.5 

-2.5 

1 

-1 

1 

5 

SN75500E 

MIN Typt MAX 
UNIT 

-1 -1.5 V 

95 97.5 

93 94.5 V 

91 93.5 

0.85 2 

2 4 V 

2.75 5 

1 2.5 
V 

-1.2 -2.5 

1 I'A 
-1 I'A 

0.05 1 rnA 

1 3 rnA 

MIN MAX UNIT 

250 ns 

450 ns 

200 ns 

300 ns 



PRODUCT 
PREVIEW 

ClK 

SN65500t SN75500E 
AC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT TEST 
UNDER ----r----POINT 
TEST J Cl (see Note AI 

lOAD TEST CIRCUIT 

-----, VIH ,---------i --------- -- ----~--50% 
I ,--------- ----------- Vil 

~ tw ~I 
,.- tsu -.I+-- th ---.: 

DATA --IR-RE-l-EV-A-N-T----.)\ I VALID X,... .... -_ -_ -_-_I=R-R_E=l-E_V=A=N=T===== :1: 

It--th -..t 
STRB 

SELECT 

OUT 

VOLTAGE WAVEFORMS 

NOTE A. Cl includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN65500E. SN75500E 
AC PLASMA DISPLAY DRIVERS 

TYPICAL CHARACTERISTICS 

MAXIMUM CLOCK FREQUENCY 
vs 

VIRTUAL JUNCTION TEMPERATURE 
9 

VCC1"" 12 V 
VIH .. 12 V 

7 ----
VIL'" 0 

~ 
(See Note 41 

i""'-. 
-............ 

N 
x: 
~ 
I 
> u 
c: 
al 

8 

::I 
c- '-----r----al 

.L: 6 

.::l 
U 
0 

u 
E 
::I 
E Ox 
10 

~ 

5 

4 

3 
25 45 65 85 105 

TJ-Junction Temperature- °C 

NOTE 4: This curve assumes a symmetrical clock pulse .. 

junction temperature formula 

where 

FIGURE 2 

THERMAL INFORMATION 

TJ = TA + POROJA 

TJ = TC + POROJC 

T J = virtual junction temperature 
T A = free-air temperature 
Po = average device power dissipation 

125 

RO = thermal resistance (junction-to-air, ROJA, or junction-to-case, ROJC) 

PACKAGE TYPE RIIJA RIIJC 
FN 44-pin plastic 70 oC/W 22°C/W 

N 40-pin plastic 97°C/W 27°C/W 
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• Controls 32 Electrodes 

• 100-V Totem-Pole Outputs 

• Low Stand-by Power Consumption 

• All Outputs Contain Sink and Source Clamp 
Diodes 

• 15 rnA Steady-State Output Current 

• Rugged DMOS Outputs 

• CMOS Inputs 

• Direct Replacement for SN55501 C, 
SN55501D 

. description 

The SN55501 E is a monolithic BIDFETt 
integrated circuit designed to provide the serial­
to-parallel conversion and level translat\on of 
data in a matrix-addressable display. This device 
has diode-clamped CMOS inputs. 

The Q outputs of these drivers are normally high 
and can be switched either selectively or 
together. Any output whose associated register 
bit (in the internal 32-bit serial register) contains 
a low will switch low when the strobe input is 
switched low if the sustain input is high. All other 
outputs remain high. When the sustain input is 
switched low, all outputs switch low 
independently of the. data or strobe inputs. This 
feature can be used to generate a portion of the 
sustain pulse required in the operation of an AC 
plasma display. The internal level-shift circuits 
provide additional drive during the times that the 
outputs switch high to facilitate fast rise times 
while maintaining low standby power 
consumption, All outputs contain clamp diodes 
to the VCC2 and GND supply inputs. 

The SN55501 E is characterized for operation 
over the full military temperature range of 
-55°C to 125°C. 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel 
MOS transistors on same chip - patented process. 

02 
03 
04 
05 
06 
07 
08 
09 

010 
011 
012 

SN55501E 
AC PLASMA DISPLAY DRIVER 

JD PACKAGE 
(TOP VIEW) 

D2472, APRIL 1986 

CLOCK 
SUSTAIN 

VCC1 
DATA IN 
SERIAL OUT 
032 

7 
8 
9 

STROBE 
01 
02 
03 
04 
05 
06 
07 
08 
09 

010 
011 
012 
013 
014 
015 
016 
GND 

031 
030 
029 
028 
027 
026 
025 
024 
023 
022 
021 
020 
019 
018 
017 

VCC2 

FD PACKAGE 

(TOP VIEW) 

w~ 
CIl«::.<: 
Of--U 

...-ug:~gu 
dz(I'J(l'JUZ 

6 543 2 1 

f-­
::) 

zO 
- ...J 

...- « « 
~~ ffi U ~ 
>Cl(I'JZd 

4443424140 

10 
11 
12 
13 
14 
15 
16 
17 

1819202122232425262728 

M"<tLO<OClU Nr--tocnO 

ooooa Z U"'-"'-"'-N 
ud d d d 
> 

39 031 
38 030 
37 029 
36 028 
35 027 
34 026 
33 025 
34 024 
31 023 
30 022 
29 021 

NC - No internal connection 

Copyright © 1986. Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN55501E 
AC PLASMA DISPLAY DRIVER 

logic symbol t functional block diagram (positive logic) 

CMOSI 
PLASMA DISP 

SUSTAIN 

STROBE ----ql >>--------, 

CLOCK (1) 

DATA IN (39) 

3 

2 t> 3 

2 t> 3 

(4) Q1 

.(5) Q2 

(19) Q16 
(22) Q17 

(36) Q31 

(37) Q32 

(38) SERIAL OUT 

t This symbol is in accordance with ANS)J(EEE Std 91 -1984 and 
)EG Publication 617-12. 

Pin numbers shown are for the JD package. 

CLOCK 

DATA IN 

32·BIT 
STATIC 
SHIFT 

REGISTER 

FUNCTION TABLE 

INPUTS 

FUNCTION SHIFT REGISTER 
DATA CLOCK STROBE SUSTAIN 

R1 R2 R3 ... R32 

H i H H H R1n R2n .. ·R31 n LOAD 
L i H H L R1n R2n .. ·R31 n 
X X H H R1n R2n R3n .. ·R32n STROBE 
X H L H R1n R2n R3n .. ·R32n 

SUSTAIN X X X L R1n R2n R3n .. ·R32n 

H = high level, L = low level, X = irrelevant, i = low-to-high-Ievel transition. 

Rl 

R2 

R3 

R30 

R31 

R32 

OUTPUTS 

SERIAL 

DATA 

R32n 
R32n 
R32n 
R32n 
R32n 

R1 ... R32 = levels currently at internal outputs of shift registers one through thirty-two, respectively. 

01 02 03 .... 032 

H H H .... H 

H H H .... H 

H H H .... H 

R1 R2 R3 .... R32 

L L L .... L 

R1 n ... R32n = levels at shift-register outputs R1 through R32 respectively, before the most recent i transition at the Clock input. 
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typical operating sequence 

SUSTAIN 

STROBE U 
CLOCK 

ANY Q OUTPUT B 
schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~----~~e---

INPUT -_..I\II/Ir .......... 

r ' • 
....... ----~ 

SN55501E 
AC PLASMA DISPLAY DRIVER 

:~ 

U ~I IRRElE------,VANT I LfU1J 
I r' B 

TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT 

----~~----VCC1 

OUTPUT 
OUTPUT 

------~~~e_----~._GND 

GND--~------~.-~.-~--

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 V 
Input voltage ....................................................... VCC1 +0.3 V 
Continuous total dissipation at (or below) 25°C free-air (see Note 2) . . . . . . . . . . . . . . .. 1825 mW 
Operating free-air temperature range ................. . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150 0 C 
Case temperature for 60 seconds: FD package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1116 inch) from case for 60 seconds: JD package ........... 300 0 C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. see Dissipation Derating Table. 

PACKAGE 

FD 

JD 

DISSIPATION DERATING TABLE 

POWER - DERATING ABOVE 

RATING FACTOR TA 

1825 mW 14.6 mW/oC 25°C 

1825 mW 22 mW/oC 67°C 
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SN55501E 
AC PLASMA DISPLAY DRIVER 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Peak high-level Q output current, IOH 

Peak low-level Q output current, IOL 

High-level Q output clamp current, IOKH 

Low-level Q outPlJt clamp current, IOKL 

Clock frequency, fclock, at or below, 25°C junction temperature (see Note 31 

Duration of high or low clock pulse, tw 

Setup time, tsu Data inputs before clockl 

Data hold time after clockl 

Hold time, th Strobe high after clockl 

Strobe high after sustainl 

Operating free-air temperature, T A 

Operating case temperature, TC 

MIN NOM MAX UNIT 

10.8 12 13.2 V 

0 100 V 

0.75 Veel 

0.25 Veel 

-20 mA 

20 mA 

20 mA 

-20 mA 

0 8 MHz 

62 ns 

20 ns 

50 

150 ns 

250 

-55 
°C 

125 ... 
(I) 

NOTE 3: See Figure 3 for maximum clock frequency when devices are operated in cascade or for operation above T J = 25°C. 

electrical characteristics over recommended operating temperature range 

PARAMETER 

VIK Input clamp voltage 

High-level Q outputs 
VOH 

output voltage 

Serial out 

Low-level Q outputs 
VOL 

output voltage 

Serial out 

Output clamp 
VOK Q output 

voltage 

IIH 
High-level 

input current 

IlL 
Low-level 

input current 

ICC1 Supply current from VCCl 

ICC2 Supply current from VCC2 

tTypical values are at VCC1 

3-32 

TEST CONDITIONS 

VCC1 = 12 V, II = 12 mA 

IIOH = -1 mA 
VCC1 = 13.2 V, 

IIOH = -10mA 
VCC2 = 100 V 

IIOH = -15 mA 

VCC1 = 10.8 V, IOH = -100/LA 

IIOL = 1 mA 
VCC1 = 13.2 V, 

IIOL= 10 mA 
VCC2 = 100 V 

IIOL = 15 mA 

VCC1 = 10.8 V, IOL = 100/LA 

IIOK = 20 mA 
VCC2 = 0 

IIOK = -20 mA 

VCC1 = 13.2 V, VIH = VIHmin, 

VCC2 = 100 V 

VCC1 = 13.2 V, VIL = VILmax, 

VCC2 = 100 V 

VCC1 = 13.2 V, VCC2 = 100 V 

I Outputs low 
VCC2 = 100 V 

I Outputs high 

TEXAS -Ii} 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

MIN Typt MAX UNIT 

-1 -1.5 V 

94 97.5 

92 94.5 
V 

90 93.5 

9 10 

0.85 2 

2 4 
V 

2.75 5 

0.1 1 

1 2.5 
V 

-1.2 -2.5 

1 /LA 

-1 /LA 

0.05 1 mA 

0.1 1 
mA 

1 5 



SN55501E 
AC PLASMA DISPLAY DRIVER 

switching characteristics, VCC1 - 12 V, VCC2 - 100 V, TA - 25°C 

tDHL 

tDLH 

tTHL 

tTLH 

PARAMETER TEST CONDITIONS 

Delay time, Strobe to a outputs CL = 30 pF 

high-to-Iow- Sustain to a outputs CL = 30 pF 

level outputs Clock to serial data output CL = 20 pF 

Delay time, Strobe to a outputs CI = 30 pF 

low-to-high- Sustain to a outputs CL = 30 pF 

level outputs Clock to serial data output CL = 20 pF 

Transition time, high-to-Iow-Ievel a output CL = 30 pF 

Transition time, low-to-high-Ievel a output CL = 30 pF 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 
UNDER 
TEST 

TEST 1 POINT 

~ CL (See Note AI 

LOAD TEST CIRCUIT 

MIN TYP MAX 

250 

250 

147 

450 

450 

147 

200 

300 

DATA ______ �R_R_E_LE_v_A_N_T ____ --'~, _______ V_A_L_I_D ______ _J~, ______ IR_R_E_LE_V_A_N_T ____ __ 

tsu-t~f----...... ~---th---~ .. 

1~5-0%---------------------------

.~ tDHL~ 
CLOCK 

WAVEFORM 1 (See Note BI 

SERIAL 

,50% I I~'-------------------
~tDLH---+f _----------
I /50% 

OUT 

WAVEFORM 2 (See Note CI 

It---th---.l 

'k,,50% /50% 
I.--th--+l~------..J I 
I I I 

STROBE 

)'50% I I 
"-----tD-LJHH tDHL~ tDLH~ 

On WAVEFORM 1-(S-e-e-N-o-t-e-D";I-g-0--%""!Io.L I I 90% 
10%,~--------""';~ ""~~ ___ """-10% 

SUSTAIN 

----~ __ -.l=!!i ~tTHL ..... If-tTLH 
On WAVEFORM 2 (See Note EI 90%~! 

10% ~--------
NOTES: A_ CL includes probe and jig capacitance. 

B. Serial out waveform for internal conditions such that a low is registered in R32. 
C. Serial out waveform for internal conditions such that a high is registered in R32. 
D. an output with a low stored in associated register Rn. 
E. an output with a high stored in associated register Rn. 

VOLTAGE WAVEFORMS 

FIGURE 1. SWITCHING CHARACTERISTICS 

UNIT 

ns 

ns 

ns 

ns· 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VOH 

VOL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VOH 

VOL 

U) .. 
(1) 

> 
"i: 
C 
>-co 
Q. 
U) 

C 
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SN55501E 
AC PLASMA DISPLAY DRIVER 

N 
J: 
:E 
I 
> u 
I: 
QI 
:l 
C' 
QI 

u: 
~ 
u 
0 
(3 

E 
:l 
E 
'x 
III 

:E 
I 
~ 
u 
0 

:;g 

10 

9 

8 

7 

6 

5 

4 

3 

2 

o 
25 

-
-

RECOMMENDED OPERATING CONDITIONS 

MAXIMUM CLOCK FREQUENCY 
VS 

JUNCTION TEMPERATURE 

VCC1 - 12 V 
VIH .. VCC1 
VIL - 0 

r-- (SYMMETRICAL CLOCK PULSE) 

l-st-J I 
. INGLE DEVt-- ___ 

I ICE r-
r--~ 

CASCADED ~ 
DEVICES l-t:-----.. 

> 
I 

QI 
Cl 
~ 
'0 
> ... 
:l 
C. 

.E 

50 75 100 125 

T J -Junction Temperature - °C 

FIGURE 2 

10 

9 

8 

7 

6 

5 

4 

3 

2 

o 
10 

INPUT VOLTAGE LOGIC LEVEL LIMITS 
VS 

VCCl SUPPLY VOLTAGE 

-------

~""" 

~ 
~\,,((\\(\ 

.."... 

- I-- VILrnall 

11 12 13 

VCC1-Supply Voltage-V 

FIGURE 3 

THERMAL CHARACTERISTICS 

junction temperature formula 

where 
T J = virtual junction temperature 
T A = free-air temperature 

TJ = TA + PDRO 

PD = average device power dissipation 
RO = thermal resistance (junction-to-air, ROJA, or junction-to-case, ROJC) 

PACKAGE 
FD 

JD 

ROJA 
68°C/W 

45°C/W 

ROJC 
20°C/W 

12°C/W 
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• Controls 32 Electrodes 

• 100-V Totem-Pole Outputs 

• Low Stand-by Power Consumption 

• All Outputs 'Contain Sink and Source Clamp 
Diodes 

• 15 mA Steady-State Output Current 

• Rugged DMOS Outputs 

• CMOS Inputs 

• Direct Replacement for SN75501C 

description 

The SN65501 E and SN75501 E are monolithic 
BIDFETt integrated cirCj.Jits designed to provide 
the serial-to-parallel conversion and level 
translation of data in a matrix-addressable 
display. The device inputs are diode-clamped 
CMOS inputs. 

The Q outputs of these drivers are normally high 
and can be switched either selectively or 
together. Any output whose associated register 
bit (in the internal 32-bit serial register) contains 
a low will switch low when the strobe input is 
switched low if the sustain input is high. All other 
outputs remain high. When the sustain input is 
switched low, all outputs switch low 
independently of the data or strobe inputs. This 
feature can be used to generate a portion of the 
sustain pulse required in the operation of an AC 
plasma display. The internal level-shift circuits 
provide additional drive during the times that the 
outputs switch high to facilitate fast rise times 
while maintaining low standby power 
consumption. All outputs contain clamp diodes 
to the VCC2 and GND supply inputs. 

The SN65501 E is characterized for operation 
over the temperature range of - 40°C to 85 °C. 
The SN75501 E is characterized for operation 
over the temperature range of O°C to 70°C. 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel 
MOS transistors on same chip - patented process. 

Q2 
Q3 
Q4 

Q5 
Q6 
Q7 
Q8 

Q9 
Q10 
Q11 
Q12 

7 

8 

9 

SN65501 E. SN75501 E 
AC PLASMA DISPLAY DRIVERS 

02472. MARCH 1983-REVISED DECEMBER 1985 

N PACKAGE 

(TOP VIEW) 

VCC1 CLOCK 
SUSTAIN 
STROBE 

Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
Q9 

DATA IN 
SERIAL OUT 
Q32 

Q10 
Q11 
Q12 
Q13 
Q14 
Q15 
Q16 

Q31 
Q30 
Q29 
Q28 
Q27 
Q26 
Q25 
Q24 
Q23 
Q22 
Q21 
Q20 
Q19 
Q18 
Q17 

GND VCC2 

~U 

02 

FN PACKAGE 
(TOP VIEW) 

I-
::> 

w 2 ~ 
0 

cc <i: ~ ...J 
0 I- U ~« « 
0::(1)0 t3 ~ ffi I-::>...JU 
(I)(I)U 2 >0(1) 

U 
2 

N 
('t') 

0 

6 543 2 1 4443424140 

39 

38 

37 

Q31 
Q30 

Q29 
10 36 Q28 
11 35 Q27 
12 34 Q26 
13 33 Q25 
14 34 Q24 
15 31 Q23 
16 30 Q22 
17 29 Q21 

1819202122232425262728 

NC - No internal connection 

Copyright ©·1983. Texas Instruments Incorporated 

II 
C/) -Q) 

> 
'ii: 
C 
>­
CO 
Q. 
C/) 

C 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN65501 E, SN75501 E 
AC PLASMA DISPLAY DRIVERS 

logic symbol t functional block diagram (positive logic) 

CLOCK (1) 

DATA IN (39) 

CMOSI 
PLASMA PISP 

(4) 01 

.(5) 02 

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

Pin numbers shown are for the N package. 

SUSTAIN 

STROBE 

CLOCK 

DATA IN 

32·BIT 
STATIC 
SHIFT 

REGISTER 

1--------1>-- SERIAL OUT 

FUNCTION TABLE 

INPUTS OUTPUTS 

FUNCTION 
DATA CLOCK STROBE SUSTAIN 

R1 

SHIFT REGISTER SERIAL 

R2 R3 ••• R32 DATA 
01 02 03 •••• 032 

H i H H H R1n R2n···R31 n R32n H H H .... H 
LOAD 

L 1 H H L R1n R2n···R31 n R32n H H H .... H 

X X H H R1n R2n R3n···R32n R32n H H H .... H 
STROBE 

X H L H R1n R2n R3n···R32n R32n R1 R2 R3 .... R32 

SUSTAIN X X X L R1n R2n R3n···R32n R32n L L L .... L 

H = high level, L = low level, X = irrelevant, i = low-to-high-Ievel transition. 
R1 ... R32 = levels currently at internal outputs of shift registers one through thirty-two, respectively. 
R1 n ... R32n = levels at shift-register outputs R1 through R32 respectively, before the most recent 1 transition at the Clock input. 
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typical operating sequence 

SUSTAIN 

SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 

STROBE U :~ 

U L..--I IRRElE----I
VANT 

I LfUlJ CLOCK 

ANY Q OUTPUT B I r' B 
schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT 

VCC1--------.-----~~--

INPUT--__ ~~~_e 

GND--__ ----------~~--

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 V 
Input voltage ..................................................... , VCC1 to 0.3 V 
Continuous total dissipation at (or below) 25°C free-air (see Note 2): FN package. . . . .. 1775 mW 

N package . . . . . .. i 250 mW 
Operating free-air temperature range: SN65501 E . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

SN75501 E ; ........................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 

PACKAGE 

FN 

N 

DISSIPATION DERATING TABLE 

POWER 

RATING 

1775 mW 

1250 mW 

DERATING ABOVE 

FACTOR TA 

14.2 mW/oC 25°C 

10.0 mW/oC 25°C 
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SN65501E, SN75501E 
AC PLASMA DISPLAY· DRIVERS 

recommended operating conditions 

Supply voltage, VCCl 

Supply voltage, VCC2 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level Q output clamp current, IOKH 

Low-level Q output clamp current, IOKL 

Clock frequency, fclock, at or below, 25°C junction temperature (see Note 3) 

Duration of high or low clock pulse, tw 

Data inputs before clockf 
Setup time, tsu 

Data inputs after clockt 

Strobe high after clockt 
Hold time, th 

Strobe high after sustaint 

I SN65501 E 
Operating free-air temperature, T A I SN75501E 

MIN NOM MAX UNIT 

10.8 12 13.2 V 

a 100 V 

0.75 VCel 

0.25 Veel 
20 rnA 

-20 rnA 

a 8 MHz 

62 ns 

20 ns 
50 

150 
ns 

250 

-40 85 
°C a 70 .. :C:" NOTE 3: See Figure 3 for maximum clock frequency when devices are operated in cascade or for operation above T J = 25°C. 

CD 
en electrical characteristics over recommended operating free-air temperature range 

PARAMETER 

VIK Input clamp voltage 

High-level Q outputs 
VOH 

output voltage 

Serial out 

Low-level Q outputs 
VOL 

output voltage 

Serial out 

Output clamp 
VOK Q output 

voltage 

IIH 
High-level 

input current 

IlL 
Low-level 

input current 

ICCl Supply current from VCCl 

ICC2 Supply current from VCC2 

tTypical values are at VCel 

3-38 

TEST CONDITIONS 
MIN 

VCCl = 12 V, II = 12 rnA 

13.2V,"oH -
-1 rnA 94 

VCCl = 
100 V llOH = -10 rnA 92 

VeC2 = 
1ioH = -15 rnA 90 

VCCl = 10.8 V, IOH = -100 p.A 9 

13.2 V, jlOL - 1 rnA 
VCCl = 

100 V jlOL- lOrnA 
VCC2 = 

liOL = 15 rnA 

VCCl = 10.8 V, IOL - 100 p.A 

!10K = 20 rnA 
VCC2 = a 

jlOK - -20 rnA 

VCCl = 13.2 V, VIH = VIHmin, 

VCC2 = 100 V 

VeCl = 13.2 V, VIL - VILmax, 

VCC2 = 100 V 

VCCl = 13.2 V, 

VCC2 = 100 V 

VCC2 - 100 V 

TEXAS -IJ1 
INSTRUMENTS 

SN65501E 
Typt MAX 

-1 -1.5 

97.5 

94.5 

93.5 

10 

0.85 2 

2 4 

2.75 5 

0.1 1 

1 2.5 

-1.2 -2.5 

1 

-1 

0.05 1 

1 5 

POST oFFice BOX 655012 • DALLAS. TeXAS 75265 

SN75501E 

MIN Typt MAX 

-1 -1.5 

95 97.5 

93 94.5 

91 93.5 

9 10 

0.85 2 
2 4 

2.75 5 

0.1 1 

1 2.5 

-1.2 -2.5 

1 

-1 

0.05 1 

1 3 

UNIT 

V 

V 

V 

V 

p.A 

p.A 

rnA 

rnA 



SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 

switching characteristics, VCC1 12 V, VCC2 100 V, TA 

tDHL 

tDLH 

tTHL 

tTLH 

PARAMETER TEST CONDITIONS 

Delay time, Strobe to Q outputs CL = 30 pF 

high-to-Iow- Sustain to Q outputs CL = 30 pF 

level outputs Clock to serial data output CL = 20 pF 

Delay time, Strobe to Q outputs CL = 30 pF 

low-to-high- Sustain to Q outputs CL = 30 pF 

level outputs Clock to serial data output CL = 20 pF 

Transition time, high-to-Iow-Ievel Q output CL = 30 pF 

Transition time, low-to-high-Ievel Q output CL = 30 pF 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 
UNDER 
TEST 

TEST I POINT 

-:::I:' CL 
':" (See Note A) 

LOAD TEST CIRCUIT 

MIN TYP MAX UNIT 

250 

250 ns 

147 

450 

450 ns 

147 

200 ns 

300 ns 

DATA ___ IR_R_E_L_E_V_A_N_T __ .....JX VALID X,,"::::::I:R:R:E_L-E=V=A=N=T====== ::~ 
tsu-t~t-""--~--~.;~-:-::'::-th-=----------' -.t.1 

~"5-0-%----------------------- VIH 

. _I VIL 

.~ tOHL4 
VOH 

CLOCK 

WAVEFORM 1 (See Note B) 

SERIAL 

I ,SO% 
I I ..... ----------- VOL 

OUT I4-- t
OLH----+I _----------- VOH 

WAVEFORM 2 (See Note C) I /SO% 

It----th --..I 
~ ,---------- VIH 

;¥"SO% 
I .... -----'. VIL 
...--th-.t I 
I I I 

, - - - - - - ';ySO% I I 
tDHL~ tDLHH tDHL~ tDLH-k-----.I 

"'k- - - - - --t;t" 4 ----- --l-.rsoo;- VOH 
. :~------=i'io% -.i~------..,10% 0 VOL 

~ ttTHL -.t I.tTLH If-tTHL ~ If-tTLH V 
Q n WAVEFORM 2--(S-e-e-N-o-t-e ~E-) --~"k~ - - - - - i ~90% OH 

'.~----- -.;f10% VOL 

STROBE 

SUSTAIN 

Q n WAVEFORM 1 (See Note 0) 

NOTES: A. CL includes probe and jig capacitance. 
B. Serial out waveform for internal conditions such that a low is registered in R32. 
C. Serial out waveform for internal conditions such that.a high is registered in R32. 
D. Qn output with a low stored in associated register Rn. 
E. Qn output with a high stored in associated register Rn. 

VOLTAGE WAVEFORMS 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN65501E. SN75501E 
AC PLASMA DISPLAY DRIVERS 

TYPICAL CHARACTERISTICS 

MAXIMUM CLOCK FREQUENCY INPUT VOLTAGE LOGIC LEVEL LIMITS 

N 
l: 
:E 
I 
>-
(J 
C 
III 
::l 
C" 
III 

It 
.JI: 
(J 
0 

U 
E 
::l 
E 
'i( 
t'CI 

:E 
I 

.JI: 
(J 
0 

~ 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 
25 

VS 

JUNCTION TEMPERATURE 

VCC1 - 12 V 
VIH - VCC1 
VIL - 0 

---- (SYMMEjRICAL CLOCK PULSE) 

I--sr-
"VG~E DEvicE t:----

----~. CADED~ 
DEVICES ____ 

50 75 100 125 

TJ-Junction Temperature- °C 

FIGURE 2 

> 
I 

III 
Cl 

~ 
"0 
> 
5 
c. 
.E 

10 

9 

8 

7 

6 

5 

4 

3 

2 

o 
10 

THERMAL CHARACTERISTICS 

VS 

VCC1 SUPPLY VOLTAGE 

~ 
~-

_V ~\~t1'\" 

-
-I"""" V\lmalC. 

11 12 13 

VCC1-Supply Voltage-V 

FIGURE 3 

junction temperature formula 

where 
T J = virtual junction temperature 
T A = free-air temperature 

TJ = TA + PORO 

Po = average device power dissipation 
RO = thermal resistance (junction-to-air, ROJA, or junction-to-case, ROJC) 

PACKAGE 
, FN 

N 

ROJA 
70°CfW 

100 0 CfW 

ROJC 
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ADVANCE 
INFORMATION 

• Controls 32 Electrodes 

• Very Low Steady-State Power Consumption 

• Rugged DMOS Outputs 

• CMOS-Compatible Inputs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The SN65508 and SN75508 are monolithic 
BIDFETt integrated circuits designed to provide 
the serial-to-parallel conversion and level 
translation of data in a matrix-addressable 
display. All inputs are CMOS compatible and all 
outputs are 'totem-pole DMOS structures. 

If the strobe input is at a high logic level, all 
outputs are high. When the strobe input goes 
low, any output whose associated register bit 
contains a low will go low. All outputs whose 
associated register bit contains a high will remain 
high. When the reset input is low, all register bits 
are low. In this condition, all outputs will go low 
when the strobe input goes low. The serial data 
output from the shift register may be used to 
cascade additional devices. This output is not 
affected by the Strobe input. 

The SN65508 is characterized for operation from 
- 40°C to 85°C. The SN75508 is characterized 
for operation from OOC to 70°C. 

tBIDFET -Bipolar. double-diffused. N-channel and P-channel MaS 
transistors on same chip - patented process 

ADVANCE INFORMATION documents contain 

02 7 

03 8 
04 9 
05 10 

06 11 

07 12 

08 13 

09 14 

010 15 

011 16 
012 17 

SN65508, SN75508 
AC PLASMA DISPLAY DRIVERS 

02924. DECEMBER 1985-REVISED OCTOBER 1986 

FN PACKAGE 

(TOP VIEW) 

f-
::> 
0 

~ W 
-If-

.-« 
CD 

~w 0 
~ ffi~u 

Uf- o: N 
.-U -I U« f-UM 
dz U Cf.)O:Z >0 Cf.)zd 

18 19 2021 22 23242526 27 28 

NC - No internal connection 

logic symbol t 

STROBE (42) V2 

RESET (2) 

ClK _(:.,:4.:,.) _{> 

CMOS! 
PLASMA DISPLAY 

(6) 01 

(7) 02 

tThis symbol is in accordance with ANSI/IEEE Std 91-1094 and 
IEC Publication 617-12. 

Copyright © 1985. Texas Instruments Incorporated 
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SN6550B, SN7550B 
AC PLASMA DISPLAY DRIVERS 

ADVANCE 
INFORMATION 

functional block diagram 

STRoBE-----------. 

RESET-----I 

CLOCK-----p 

DATA IN----(;4 

32-BIT 
STATIC 
SHIFT 

REGISTER 

• 
• 
• 

01 

032 

IO---SERIAL OUT 

typical operating sequence 

u .---------------------------- VIH 
RESET 

--------------------~ 

r----------------------:.- - - -VIH 
I 

-I----VIL 

STROBE U 
CLOCK 

B V,H 

32 ______ VIL 

DATA 

U OUTPUTS 

~---------~--------~----VOH 

DATA 

----VOL 
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INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



ADVANCE 
INFORMATION 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~------~~--

INPUT_ .... JI,II,~ ....... 

GND~ __ ----------~~---

TYPICAL OF ALL Q OUTPUTS 

SN6550B, SN75508 
AC PLASMA DISPLAY DRIVERS 

TYPICAL OF SERIAL OUTPUT 

--------..... ----.......... - VCC1 

e-------__ -OUTPUT 

--------~~-------GND 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 ....................................................... 95 V 
Input voltage, VI ........................................... -0.3 V to VCC + 0.3 V 
High-level output voltage, VOH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 V 
High-level output current, IOH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 3 mA 
Continuous total power dissipation at (or below) 

25 D C free-air temperature (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1700 mW 
Operating free-air temperature range: SN65508 . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 

SN75508 ............................ OoC to 70°C 
Storage temperature range ......................................... - 65°C to 150 DC 
Case temperature for 10 seconds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°e free-air temperature, derate linearly to 1088 mW at 70 0 e at the rate of 13.6 mW/oC. 
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SN65508, SN75508 
AC PLASMA DISPLAY DRIVERS 

recommended operating conditions 

Supply voltage, VCCl 

Supply voltage, VCC2 

VCCl = 9.35 V 
High-level input voltage, VIH 

VCCl = 7.65 V 

Low-level input voltage, VIL 
VeCl = 9.35 V 

VeCl = 7.65 V 

Output current, 10 (tw ~ 1 I's) 

Clock frequency, fclock 

Setup time, data before clock!, tsu 

Hold time, data after clockt, th 

Pulse duration, clock high or low, twCLK 

Operating free-air temperature, T A 
SN65508 

SN75508 

MIN 

7.65 

VCel 
7 

5.75 

0 

0 

100 

62 

125 

-40 

0 

ADVANCE 
INFORMATION 

MAX UNIT 

9.35 V 

90 V 

Veel 
V 

Veel 
2.3 

V 
1.9 

80 mA 

4 MHz 

ns 

ns 

ns 

85 
°c 

70 

electrical characteristics over recommended operating free-air temperature range, VCC1 
VCC2 = 90 V (unless ·otherwise noted) 

9.35 V, 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Q outputs VCCl = 7.65 V, 10H = -3 mA 83 87 
VOH High-level output voltage V 

Serial output VCCl = 7.65 V, 10H = - 5O I'A 6.8 7.65 

Q outputs VCCl = 7.65 V, 10L = 10 mA 1.4 2.4 
VOL Low-level output voltage V 

Serial output VCCl = 7.65 V, 10L = 5Ol'A 0 0.8 

Output clamp voltage vCC2=olI0= 
100 mA, tw ~ 1 I's 2.5 

VOK V 
110 = - 100 mA, tw s 1 I'S -2.7 

IIH High-level input current VI = 9.35 V 1 I'A 

IlL Low-level input current VI = 0.4 V -1 I'A 

lOS Short-circuit output current Vo = 0 -20 mA 

.ICCl Supply current from VCCl 500 I'A 

Output high 500 I'A 
ICC2 Supply current from VCC2 

Output low 8.5 mA 

switching characteristics, V CC 1 7.65 V, TA 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

twRSTL Pulse duration, reset low 125 ns 

tdl Delay time, VCC2 to Q outputs (10%-10%) RL = 100 kfl, CL = 100 pF 800 ns 

td2 Delay time, VCC2 to Q outputs (90%-90%) RL = 100 kfl, CL = 100 pF 800 ns 
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ADVANCE 
INFORMATION 

SN65508, SN75508 
AC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

I4le---t wCLK ---.t.1 
1 I 
I I 

CLOCK ~,-o_% ______ fo% ~~%-- - -:: 

I4le---twCLK--..c., , 
t4-- tsu-.... , • ..--th----+t 

I 1 6 V 

DATA IN _____ ....I~O% VALID ~,-O_% _______ O V 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

STROBE)~O~ -- - - - - - - - - - - - - ----:: 

VCC2 

, 
I 
I ~---------90V 90% 
Il4e---10 I'S----.t~ 

I 
I j4-td2-.1 
I I 

10% 1 ------------'!I- - - - -1- - - - - - - -0 V 

I I VOH 

ANY OUTPUT I 
14--td1-+ti90% 

_____________ ........ i20:!!. ___ -----VOL 

FIGURE 2. VOLTAGE WAVEFORMS FOR OUTPUT DELAY TIMES 
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• Controls 32 Electrodes 

• Very Low Steady-State Power Consumption 

• Rugged DMOS Outputs 

• CMOS-Compatible Inputs 

• Dependable Texas Instruments Ouality and 
Reliability 

description 

The SN65509 and SN75509 are monolithic 
BIOFETt integrated circuits designed to perform 
the line-select operation of a matrix-addressable 
display. All inputs are CMOS compatible and all 
outputs are totem-pole OM OS structures. 

The 8-bit data stored internally in the serial 
register is transferred to one of four output 
sections selected by the last two bits entered 
into the 10-bit shift register. All 24 unselected 
outputs wi" remain at the high level while the 
state of the eight selected outputs will be set by 
the corresponding data in the shift register. 
VCC2 can be used as an output strobe as shown 
in typical operating sequence. 

1Q2 7 

1Q3 8 

1Q4 9 

1Q5 10 

1Q6 11 

1Q7 12 

1QB 13 

2Q1 14 

2Q2 15 

2Q3 16 

2Q4 17 

SN65509. SN75509 
AC PLASMA DISPLAY DRIVERS 

02923, DECEMBER 1985-REVISED OCTOBER 1986 

FN PACKAGE 

(TOP VIEW) 

~ 
.... ~ 

OUUU~U 
UI- 00 
U~ U UO 

.... ZZZUZ >ClZ ZO<t 

6 5 432 1 4443424140 

39 4Q7 
38 4Q6 
37 4Q5 
36 4Q4 
35 4Q3 
34 4Q2 
33 4Q1 
34 3QB 
31 3Q7 
30 3Q6 
29 3Q5 

1819202122232425262728 

U'l co ...... OOQ U N .... NMO<t 
OOOOz Z UO 0 0 0 
NNNNC,!) UM M M M 

> 

NC-No internal connection 

The SN65509 is characterized for operation from - 40°C to 85 °C. The SN75509 is characterized for 
operation from OOC to 70°C. 

FUNCTION TABLE 

INPUT BITS OUTPUTS 

FIRST LAST 

ENTERED ENTERED 
BYTE 4 BYTE 3 BYTE 2 BYTE 1 

08 07 06 05 04 03 02 01 51 SO 408-401 308-301 208-201 108-101 

l1li 08-01 ~ L L All H All H All H 08-01 

l1li 08-01 ~ L H All H All H 08-01 All H 

l1li 08-01 ~ H L All H 08-01 All H All H 

l1li 08 01 ~ H H 08 01 All H All H All H 

t BIOFET - Bipolar. double-diffused, N-channel and P-channel M05 transistors on same chip - patented process 

Copyright © 1985, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~a{::1~1~ ~!:~:~ti:r :1~o::~:~:t::'~S not 
TEXAS ." 

INSTRUMENTS 
3-47 

POST OFFICE BOX 655012 ' DALLAS, TeXAS 76265 



lEI 
c 
C;;' 
"C 
ii) 
-< 
C .. <' 
CD .. en 

SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 

logic symbol t 

CMOS/PLASMA OISP 

[S1) 
o} 11 

G14 

[01) Z1 

[02) Z2 

[03) Z3 

[04) Z4 

[05) Z5 

[06) Z6 

[07) Z7 

[08) Z8 

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

functional block diagram 

DATA 

CLOCK 

10-BIT 
STATIC 
SHIFT 

REGISTER 

\ 

08 

1,11 

8,11 

1,12 

8,12 

1,13 

8,13 

1,14 

8,14 
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SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 

typical operating sequence 

ClK 

DATA 

VCC2 

SELECTED 
OUTPUTS 

UN SELECTED 
OUTPUTS 

08 07 06 05 04 03 02 01 S1 so 

FIRST 
BIT 

ENTERED 

lAST SELECT 
DATA BITS 

BIT 
ENTERED 

----------------------------------------------~ 

Q8-Q1 

------------------------------------------------~--------~------

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF All OUTPUTS 

VCC1------~.---~~--- ------~------~--.--VCC2 

OUTPUT 
INPUT ~1t-"'V\I'\r-""''' 

------~~~-----1~GNO 
GND~.-----------~~--
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SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 ....................................................... 95 V 
Input voltage, VI .......... .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
High-level output voltage, VOH . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 V 
High-level output current, IOH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 3 mA 
Low-level output current, IOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 mA 
Continuous total power dissipation at (or below) 

25 DC free-air temperature (see Note 2) ................................. " 1700 mW 
Operating free-air temperature range: SN65509 . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 

SN75509 ............................ ODC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 1088 mW at 70°C at the rate of 13.6 mW/oC. 

recommended operating conditions 

MIN MAX 

Supply voltage, VCCl 8 11.4 

Supply voltage, VCC2 VCC1 90 

VCC1 = 11.4 V 8.5 Vee1 High-level input voltage, VIH 
VCC1 -8V 6 Vee1 

VCC1 = 11.4 V a 2.9 
Low-level input voltage, VIL 

VCC1 =8V a 2 

Output current, 10 (tw :5 1 I's) 80 

Clock frequency, fclock 3.1 

Setup time, data before clockL tsu 100 

Hold time, data after clockL th 100 

Pulse duration, clock high or low, twCLK 161 

SN65509 -40 85 
Operating free-air temperature, T A 

SN75509 a 70 

electrical characteristics over recommended operating· free-air temperature range, VCC1 
VCC2 = 90 V (unless otherwise noted) 

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

VOK Output clamp voltage 

IIH High-level input current 

IlL . Low-level input current 

lOS Short-circuit output current 

ICC1 Supply current from VCC1 

ICC2 Supply current from VCC2 

3-50 

TEST CONDITIONS 

VCCl = 8 V, 10H = -3 mA 

VCCl = 8 V, 10L = 20 mA 

VCC2 = olIo = 100 mA, tw :5 1 I's 

PO = -100 mA, tw:5 11's 

VI = 11.4 V 

VI - 0.4 V 

Vo = a 

All outputs high 

Eight outputs low 

TEXAS l./} 
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MIN MAX 

83 87 

1.4 2.4 

2.5 

-2.7 

1 

-1 

-20 

500 

500 

5 

UNIT 

V 

V 

V 

V 

mA 

MHz 

ns 

ns 

ns 

°C 

11.4 V, 

UNIT 

V 

V 

V 

I'A 

I'A 

mA 

p.A 

I'A 

mA 



SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 

switching characteristics, VCC1 8 V, TA 

I 
I td1 

l td2 

PARAMETER I TEST CONDITIONS MIN MAX 

Delay time, VCC2 to Q outputs (10% - 10%) I RL = 100 k!1, CL = 100 pF 

Delay time, VCC2 to Q outputs (90% - 90%) I RL = 100 k!1, CL = 100pF 

PARAMETER MEASUREMENT INFORMATION 

1'41141----twCLK--~.1 

I I 

CLOCK ---10
% t .... O_% ______ ...Il:~ __ :: 

teI4---twCLK--.......... 1 

I 
I+--tsu-.... ..,.14~-th~ 

I I 7V 

DATAIN _______ ~O% VALID JE .... o_'*_o _______ oV 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

VCC2 

r-----------90V 1.90
% 

___________ 1_0_'*...1°1_ L ----------0 V 

I I+-td241 

I I~--------VOH 

ANY OUTPUT 
I }l90% I4-- td1-+1 

I 
I 

10% 
---------------- - - - - - - - - -VOL 

FIGURE 2. VOLTAGE WAVEFORMS FOR OUTPUT DELAY 

800 

800 

UNIT 

ns 

ns 
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• Each Device Drives 12 Lines 

• 60-V Output Voltage Swing Capability 

• 25-mA Output Source Current Capability 

• High-Speed Serially-Shifted Data Input 

• TTL-Compatible Inputs 

• Latches on All Driver Outputs 

description 

The SN65512B and SN75512B are monolithic 
BIDFETt integrated circuits designed to drive a 
dot matrix or segmented vacuum fluorescent 
display. 

All device inputs are diode-clamped p-n-p inputs 
and will assume a high logic level when open­
circuited. The nominal input threshold is 1.5 
volts. Outputs are totem-pole structures formed 
by an n-p-n emitter follower and double-diffused 
MOS (DMOS) transistors. 

The device consists of a 12-bit shift register, 12 
latches, and 12 output AND gates. Serial data 
is entered into the shift register on the low-to­
high transition of the Clock. When high, the 
Latch Enable input transfers the shift register 
contents to the outputs of the 12 latches. The 
active-low strobe input enables all Q outputs. 
Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Strobe inputs, 

The SN65512B is characterized for operation 
from -40°C to 85°C, The SN75512B is 
characterized for operation from OOC to 70°C. 

SN655128, SN755128 
VACUUM FLUORESCENT DISPLAY DRIVERS 

02654, DECEMBER 1985 

DW,N 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

011 010 

012 09 

STROBE 08 

SERIAL OUT 07 

DATA IN VCC2 

VCC1 G.ND 
CLOCK 06 

LATCH ENABLE 05 

logic symbol:t: 

LATCH ENABLE (8) 

STROBE (3 

CLOCK (7) 

DATA IN (5) 

01 04 

o2""""---__ ~03 

TTLIVAC 
FLUOR DISP 

2D t> 

2D t> 

2D t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

3 

3 

3 

3 

3 

3 

3 

(14) 

(17) 

(18) 

(19) 

(20) 

(1) 

(2) 

(4) 

01 

02 

03 

04 

05 

06 

Q7 

08 

09 

010 

all 

012 

SERIAL OUT 

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

t BIOFET -Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip - patented process. 

Copyright © 1985, Texas Instruments Incorporated 
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lEI 

SN65512B. SN75512B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

functional block diagram (positive logic) 

LATCH 
ENABLE 

STROBE 

CLOCK 

DATA 
IN 

12-BIT 
STATIC 

R1 

R2 

SHIFT R11 
REGISTER 

R12 

12 
LATCHES 

>--------- SERIAL OUT 

FUNCTION TABLE 

CONTROL INPUTS 
SHIFT REGISTER LATCHES OUTPUTS 

FUNCTION LATCH 
LC1 THRU LC12 SERIAL 01 THRU 012 R1 THRU R12 

CLOCK ENABLE STROBE 

t X X Load and shift t Determined by Latch Enable ~ Rl2 Determined by Strobe 
LbAD 

Not X X No change Determined by Latch Enable~ Rl2 Determined by Strobe 

LATCH 
X L X As determined above Stored data Rl2 Determined by Strobe 

X H X As determined above New data Rl2 Determined by Strobe 

X X H As determined above Determined by Latch Enable ~ Rl2 All L 
STROBE 

X X L As determined above Determined by Latch Enable~ Rl2 LCl thru LC12. respectively 

H = high level. L = low level. X = irrelevant. t = low-to-high-Ievel transition. 
t Rl 2 takes on the state of Rl 1. Rl 1 takes on the state of Rl O •... R2 takes on the state of Rl. and Rl takes on the state of the data input. 
~ New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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typical operating sequence 

CLOCK 

DATA 
IN 

SR 

VALID 

SN65512B, SN75512B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

IRRELEVANT 

CoNTENTS ____________ �N_v_A_L_�D __________ ~ ___________ V_A_L_ID ________ ~ __ 

LATCH 
ENABLE 

________________________ ~rl~ ______________ __ 

LATCH 
CONTENTS 

STROBE 

PREVIOUSLY STORED DATA 

--------------------------------~ 

Q OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~--------

INPUT --41"'--4 

NEW DATA VALID 

VALID 

TYPICAL OF ALL OUTPUTS 

OUT 

-------~------VCC2FOR 
Q OUTPUTS 

VCC1 FOR 
SERIAL OUTPUT 

.... -----OUTPUT 

--~j] 
It GND 

II 
CI) ... 
Q) 

> 0':: 

C 
> co 

"E. 
CI) 

C 

TEXAS -1.11 
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SN65512B, SN75512B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC1 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 

OW package ............................................ : ........... 1125 mW 
N package ........................................................ 11 50 mW 

Operating free-air temperature range: SN65512B ........................ " - 40°C to 85 °C 
SN75512B ............................ OOC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the OW package at the rate of 9.0 mW/oC and the N package at the 

rate of 9.2 mW/oC. 

recommended operating conditions 

SN65512B SN75512B 

MIN MIN 
UNIT 

MAX MAX 

Supply voltage, VCel 5 15 5 15 V 

Supply voltage, VCC2 0 60 0 60 V 

High-level input voltage, VIH 2 2 V 

Low-level input voltage, VIL 0.8 0.8 V 

High-level output current, IOH -25 -25 mA 

Low-level output current, IOL VCCl = 10 V 5 5 mA 

Clock frequency, fclock 
VCCl = 15 V, TA = 25°C 0 4 0 4 

VCCl = 5 V, TA = 25°C 0 1 0 1 
MHz 

Pulse duration, clock high or low, tw 
VCCl = 15 V, TA = 25°C 100 100 

VCCl = 5 V, TA = 25°C 500 500 
ns 

Setup time, data before clockt, tsu VCC1 = 15 V, TA = 25°C 100 100 

(see Figure 1) VCCl = 5 V, TA = 25°C 250 250 
ns 

Hold time, data after clockt, th VCC1 = 15 V, TA = 25°C 50 50 

(see Figure 1) VCel = 5 V, TA = 25°C 250 250 
ns 

Operating free-air temperature, T A -40 85 0 70 °c 

electrical characteristics over recommend~d operating free-air temperature range, VCC2 = 60 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 mA -1.5 V 

VOH 
High-level output Q outputs IOH = -25 mA 57.5 58 

voltage Serial output 
V 

IOH = - 200 p.A, VCe1 = 10 V 9 9.5 

VOL 
LOW-level output Q outputs IOL = 5 mA, VCCl = 10 V 2.6 5 

voltage Serial output IOL = 200 p.A, 
V 

VCCl = 10 V 0.05 0.2 

IIH High-level input current VCCl = 15 V, VI = 5 V 0.Q1 1 p.A 

IlL Low-level input current VCCl = 15 V, VI = 0.8 V -25 -150 p.A 

ICCl Supply current from VCC1 VCCl 15 V 
VI = 5 V 80 500 p.A 

= 
VI = 0.8 V 2 6 mA 

ICC2 Supply current from VCC2 VCe1 = 15 V 
All outputs high 10 100 p.A 

Strobe at 2 V 0.8 3 mA 

t All typical values are at VCCl 
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SN65512B, SN75512B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

switching characteristics, VCC1 = 10 V, VCC2 60 V, TA 

tDHL 

tDLH 

tTHL 

tTLH 

PARAMETER TEST CONDITIONS MIN MAX 

Delay time, high-to-Iow-Ievel output 300 
Delay time, low-to-high-Ievel output CL = 30 pF, 300 
Transition time, high-to-Iow-Ievel output See Figure 2 500 
Transition time, low-to-high-Ievel output 500 

PARAMETER MEASUREMENT INFORMATION 

~--------tw--------~ 

CLOCK 

VIL 

...--------tw --------+I 

I+--tsu--~4--th---.l 
1 I 
1 I 

DATA IN <XXX}( VALID XXXX----2 ::~ 
FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

STROBE 

Q OUTPUTS 

~~30ns 
I I 
I I 
I I 

I 

I 
I 
I 
I 

I4---+f-~ 30 ns 
I I 
I I 
I ,;,-------3 V 
I 90% 

I 
I 
I 

'.5 V 
I 

I 
I 

I ________ '_O..;,;%JI_I ________ ° V 

I 
I4-tDLH~ 

I 
I 
I , 
I 
I 

I 
I4-tDHL-+I 

I 

.--------~'-. - ---VOH 
90% 

I 
I 
I , 

-I V I I OL 

r.---.I- tTHL 

FIGURE 2. SWITCHING-TIME VOLTAGE WAVEFORMS 

UNIT 

ns 

ns 

ns 

ns 

• U) -Q) 

> 
'a: 
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. SN655138, SN755138 
VACUUM FLUORESCENT DISPLAY DRIVERS 

• Each Device Drives 12 Lines 

• 60-V Output Voltage Swing Capability 

• 25-mA Output Source Current Capability 

• High-Speed Serially-Shifted Data Input 

• TTL-Compatible Input 

• Reset Input 

description 

The SN65513B and SN75513B are monolithic 
BIDFETt integrated circuits designed to drive a 
dot matrix or segmented vacuum fluorescent 
display. 

All device inputs are diode-clamped p-n-p inputs 
and will assume a high logic level when left open. 
The nominal input threshold is 1.5 volts. Outputs 
are totem-pole structures formed by n:p-n 
emitter follower and double-diffused MaS 
{OM aS) transistors. 

02721. MARCH 1983-REVISED SEPTEM8ER 1986 

OW OR N PAC!<A~E 

(TOP VIEW) 

011 010 
012 09 

STROBE 08 
SERIAL OUT 07 

DATA IN VCC2 
VeC1 GND 

CLOCK 06 
RESET 05 

01 04 
02 03 

The device consists of a 12-bit shift register and 12 output AND gates. Data is entered into the shift register 
on the low-to-high transition of the Clock input. The active-low strobe input enables all Q outputs. The 
Reset input sets the shift register contents to all lows. The serial data output from the shift register may 
be used to cascade additional devices. This output is not affected by the strobe input. 

The SN65513B is characterized for operation from - 40°C to 85 °C and the SN75513B is characterized 
for operation from O°C to 70°C. 

logic symbol:t 

TTl/VAC 
FLUOR DISP 

STROBE 

RESET 

CLOCK 

DATA IN 10 
(9) 

01 

I> 2 
(10) 

02 

I> 2 
(11) 

03 

I> 2 
(12) 

04 

I> 2 
(13) 

05 

I> 2 
(14) 

06 

I> 2 
(17) 

07 

I> 2 
(lB) 

08 

I> 2 
(19) 

09 

I> 2 
(20) 

010 

I> 2 
(1) 

011 

I> 2 
(2) 

012 
(4) 

SERIAL OUT 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel MOS transistors on same chip-~atented process. 
t This symbol is in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 

PRODUCTION DATA documents contain 
information current as of publication date. 

Copyright © 1983. Texas Instruments Incorporated 
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SN655138, SN755138 
VACUUM FLUORESCENT DISPLAY DRIVERS 

logic diagram (positive logic) 

STROBE 

RESET 

CLOCK SHIFT 
REGISTER 

DATA IN -------+--+----11 D 
R1 

"'---IR 

.... -f----r> C1 

1D 
R2 

R 

C1 

• • • • • • • • • 

R11 
R 

C1 

R 

'------I.> C1 

FUNCTION TABLE 

INPUTS 

FUNCTION 
RESET CLOCK STROBE 

SHIFT REGISTERS 

R1 THRU R12 

LOAD H i X Load and Shift t 

H Not H No Change 
STROBE 

H Not L No Change 

RESET L H X All L 

H = high level, L = low level, X = irrelevant, t = low-to-high transition. 

• • • 

OUTPUTS 

SERIAL 

R12t 

R12 

R12 

L 

01 

02 

011 

012 

SERIAL OUT 

01 THRU 012 

Determined by strobe 

All L 

R1 thru R12, respectively 

All L 

t R12 and the serial output take on the state of R 11, R 11 takes on the state of R 10 ... R2 takes on the state of R 1, and 
R1 t;tkes.on the state of the data input. 
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typical operating sequence 

CLOCK 

DATA IN VALID 

SR CONTENTS INVALID 

RESET 

STROBE 

Q OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1 --------~~--------

INPUT --.... ---1 

SN655138, SN755138 
VACUUM FLUORESCENT DISPLAY DRIVERS 

IRRelEVANT 

VALID CLEARED 

u 
VALID 

TYPICAL OF ALL OUTPUTS 

VCC2 FOR 
Q OUTPUTS 

VCC1 FOR 
SERIAL OUTPUT 

e-------- OUTPUT 

--.JSl 
~GND 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage ............................................................. VCC1 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1150 mW 
Operating free-air temperature range: SN655138 .......................... -40°C to 85°C 

SN755138 ............................ OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 598 mW at 85°C at the rate of 9.2 mW/oC. 
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SN65513~ SN7551~B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

recommended operating conditions, T A - - 40°C to 85 °C (unless otherwise noted) 

MIN MAX UNIT 

Supply voltage, VCC1 5 15 V 

Supply voltage, VCC2 0 60 V 

High-level input voltage: VIH 2 V 

Low-level input voltage, VIL 0.8 'V 

High-level output current, 10H 25 rnA 

Low-level output current, 10L VCC1 = 10 V 5 rnA 

Clock frequency, fclock 
VCC1 = 15 V, TA = 25°C 0 4 

VCC1 = 5 V, TA = 25°C 
MHz 

0 1 

Pulse duration, clock high, tw 
VCC1 = 15 V, TA = 25°C 100 

VCC1 = 5 V, TA = 25°C 500 
ns 

Setup time, data before clockt (see Figure 1), tsu 
VCC1 = 15 V, TA = 25°C 100 

ns 
VCC1 = 5 V, TA = 25°C 250 

Hold time, data after clockt (see Figure 1). th VCC1 = 15 V, TA = 25°C 50 

VCC1 = 5 V, TA = 25°C 250 
ns 

Operating free-air temperature, T A 
SN65513B -40 85 

SN75513B 
°C 

0 70 

electrical characteristics over recommended operating free-air temperature range, VCC1 - 10 V, 
VCC2 ... 60 V (unless otherwise noted) . 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage 11= -12 rnA -1.5 V 

VOH High"level output voltage 
Q outputs 10H = -25 rnA 57.5 58 

V 
Serial output 10H = -200p.A 9 9.5 

VOL 
Q outputs 10L = 5 rnA 2.6 5 

Low-level output voltage V 
Serial output 10L = 200 p.A 0.05 0.2 

IIH High-level input current VCC1 = 15 V, VI = 15 V 0.01 1 p.A 

IlL Low-level input current VCC1 = 15 V, VI = 0 V -25 -150 p.A 

ICC1 Supply current from VCC1 
VCC1 = 15 V, All inputs at 5 V 0.08 0.5 

rnA 
Vee1 = 15 V, All inputs at 0.8 V 2 6 

VeC1 = 15 V, All outputs high 0.01 0.1 
ICC2 Supply current from VCC2 rnA 

Vee1 = 15 V, Strobe at 2 V O.S 3 

t All typical values are at VCC1 = 10 V, T A = 25°C. 

switching characteristics, VCC1 ... 10 V, VCC2 - 60 V,TA ... 25°C 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

tOHL Delay time, high-to-Iow-Ievel output 300 ns 

tDLH Delay time, low-to-high-Ievel output CL = 30 pF, 300 ns 

tTHL Transition time, high-to-Iow-Ievel output See Figure 2 500 ns 

tTLH Transition time, low-to-high-Ievel output 500 ns 
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SN65513B, SN75513B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

14 tw ~I 
I 

CLOCK \ l'---------S V,H 

. I '--_______ oJ I vlL 

14 tw ~I 
I 

tf-tsu--a~~14--th ----+I 
, I 

..,~~~~~ ....... ~~ , \ll<XXXXXXXXXX11'I ................................ _"'P""'l- vlH 

OATAIN~ VALlO ~ 
- "-. _______ -J. VIL 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

-+I 14-:s 30 ns -+j j4- :s30 ns I 
, 3V 

~I 21 90% 
STROBE I 1.5 V 

)Ii;,. ______ ...;1..;;.0.;.;.%~ I ______ 0 V , 
I4-tOLH -+J I+-tOHL +I 

1: 90%~1 VOH 
Q OUTPUTS ~ " 

_. I 10% 
I I VOL 

~ ~tTLH ~ ~tTHL 

FIGURE 2. SWITCHING-TIME VOLTAGE WAVEFORMS 
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ADVANCE 
INFORMATION 

• Each Device Drives 12 Lines 

• 125-V Output Voltage Swing Capability 

• 25-mA Output Source Current Capability 

• High-Speed Serially Shifted Data Input 

• CMOS-Compatible Inputs 

• Latches on All Driver Outputs 

description 

SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 

02732. APRIL 1983-REVISEO SEPTEMBER 1986 

OW OR N PACKAGE 

(TOP VIEW) 

011 010 
012 09 

STROBE 08 
SERIAL OUT 07 

DATA IN VCC3 
VCCl VCC2 

CLOCK GND 
01 06 
02 05 
03 04 

The SN75514 is a monolithic BIOFETt integrated circuit designed to drive a dot matrix or segmented vacuum 
fluorescent display. All device inputs are diode-clamped CMOS compatible inputs. The outputs are totem­
pole structures formed with double-diffused MOS (OMOS) transistors. 

The device consists of a 12-bit shift register, a 12-bit storage register, and 12 output AND gates. Serial 
data is entered into the shift register on the low-to-high transition of the clock input. On the high-to-Iow 
transition of the strobe input, data is transferred from the shift registers to the lat~hes. When Strobe goes 
high, all Q outputs are enabled. Serial data output from the shift register may be used to cascade additional 
devices. Serial Out is not affected by the Strobe input. 

Supply voltage VCC2 and VCC3 are used to provide 25-milliampere output source current capability at 
acceptable static device power dissipation. In this mode of operation VCC3 should be equal to 
VCC2 + 10 volts. It is possible to operate this device with VCC3 = VCC2. However, the current capability 
will be reduced. 

The SN75514 is characterized for operation from OOC to 70°C. 

logic symbol * 

STROBE 

CLOCK 

DATA IN 

20 

20 3 
(13) 

20 [>' 3 
(171 

20 [> 3 
(18) 

20 [> 3 
(19) 

20 [> 3 
(20) 

20 [> 3 
(11 

20 [> 3 
(2) 

(4) 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

SERIAL OUT 

logic diagram (positive logic) 

STROBE----I 

DATA IN 

CLOCK 

SHIFT 
REGISTER 

STORAGE 
REGISTER 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel MOS transistors on the same chip-patented process. 
;This symbol is in accordance with ANDI/IEEE Std 91-19841EC Publication 617-12. 

Copyright © 1983, Texas Instruments Incorporated 
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SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 

FUNCTION TABLE 

CONTROL INPUTS SHIFT REGISTERS LATCHES 
FUNCTION 

CLOCK STROBE R1 THRU R12 LC1 THRU LC12 

t X Load and shift· Stored data 
LOAD 

Not X No change Stored data 

LATCH 
X ~ As determined above New data 

X No~ As determined above Stored data 

X H As determined above Stored data 
STROBE 

X L As determined above Stored data 

SERIAL 

R12 

R12 

R12 

R12 

R12 

R12 

OUTPUTS 

ADVANCE 
INFORMATION 

01 THRU 012 

Determined by Strobe 

Determined by Strobe 

Determined by Strobe 

Determined by Strobe 

LC 1 thru LC 1 2, respectively 

All L 

H = high level, L = Low level, X = irrelevant, I = low-to-high-Ievel transition, I = high-to-Iow-Ievel transition. 
• R 12 takes on the state of R 11 , R 11 takes on the state of R 10 ... R2 takes on the state of R 1 , and R 1 takes on the state of the data input. 

typical operating sequence 

CLOCK 

DATA IN VALID IRRELEVANT 

VALID SHIFT REGISTER INVALID CoNTENTS ________________________________ ~ ________________________________ _ 

STROBE 

STORAGE REGISTER PREVIOUSLY STORED DATA NEW DATA VALID CONTENTS __________________________________________ ~ ______________________ _ 

o OUTPUTS 

schematic of inputs and outputs 

EaUIVALENT OF EACH INPUT 

VCC1 ------------------~~--I 

INPUT--~~~~_e 

GND--~~~--------~~~--I 

VALID 

TYPICAL OF ALL a OUTPUTS 

VCC3 

... """'" ... -4I~ ... -OUTPUT 

__ .--1 ~ 
---------~~ __ ~~~-------GND 

VALID 

TYPICAL OF SERIAL OUTPUTS 

--------_~----- VCC1 

.... -----OUTPUT 

__ .-J 11 
~GND 
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ADVANCE 
INFORMATION 

.SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 

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

Supply voltage, VCC1 (see Note 1) ........................................... . 
Supply voltage, VCC2 ................................................... . 
Supply voltage, VCC3 ................................................... . 
Supply voltage difference, VCC3 - VCC2 ....................................... . 
Input voltage ........................................................... . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

15 V 
130 V 
140 V 
75 V 

VCC1 

OW package ..... ". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free·air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/oC, and 

the N package to 736 mW at 70°C at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC1 5 15 V 

Supply voltage, VCC2 0 130 V 

Supply voltage, VCC3 VCC2 VCC2+ 1O V 

High·level input voltage, VIH (see Figure 1) VCC1 =5V 4 
V 

VCC1 = 15 V 11.25 

VCC1 =5V 1 
Low·level input voltage, VIL (see Figure 1) V 

VCC1 = 15 V 3.75 

High·level output current, IOH (T A = 25°C) -25 mA 

Low-level output current, IOL 2.5 mA 

Clock frequency, f clock (see Figure 2) 0 7.5 MHz 

Data setup time before clockt, tsu (see Figure 3) 150 ns 

Data hold time after clock!, th (see Figure 3) 150 ns 

Delay time, strobe low to clock high, td(SL-CH) 
VCC = 5 V 1200 

VCC=15V 500 
ns 

Operating free-air temperature, T A 0 70 °c 
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SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 

ADVANCE 
INFORMATION 

electrical ctlaracteristics over recommended operating free-air temperature range, VCC1 = 10 V (unless 
otherwise noted) 

• c 
(ii' 
'C 
Q) 
< 
C .. 
C' 
CD 

VIK 

VOH 

VOL 

IIH 

IlL 

leC1 

leC2 

ICC3 

PARAMETER 

Input clamp voltage 

High-level output Q outputs 

voltage Serial 

Low-level output Q outputs 

voltage Serial 

High-level input current 

Low-level input current 

Supply Current from VeC1 

Supply Current from VeC2 

Supply Current from ICC3 

C;; t All typical values are at T A = 25 cc. 

TEST CONDITIONS 

II = -1 mA 

VeC2 = 130 V, 10 = -25 mA 

IOH = -200 p.A 

IOL = 2.5 mA 

IOL = 200 p.A 

VeC1 = 10 V, VI = 10 V 

VeC1 = 10 V, VI = 0 V 

VCC1 = 15 V 

VeC1 =5V 

VCC1 = 15 V, All outputs high 
VCC2 = 130 V, 

VCC3 = 140 V 
All outputs low 

VCC1 = 15 V, All outputs high 
VCC2 = 130 V, 

VCC3 = 140 V 
Strobe at 0 V 

switching characteristics, VCC1 15 V, VCC2 = 130 V, TA 0:: 25°C 
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tDHL 

tDLH 

tTHL 

tTLH 

PARAMETER 

Delay time, high-to-Iow-Ievel output 

Delay time, low-to-high-Ievel output 

Transition time, high-to-Iow-Ievel output 

Transition time, low-to-high-Ievel output 

TEST CONDITIONS 

eL = 30 pF, 

See Figure 4 
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MIN Typt MAX UNIT 

-1.5 V 

125 126 
V 

9 9.3 

1.5 5 
V 

1 

0.01 1 p.A 

-5 p.A 

5 

5 
mA 

-5 
mA 

0.1 

5 
mA 

0.1 

MIN MAX UNIT 

0.8 p's 

0.8 p's 

1 P.s 

3 p's 
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SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 

RECOMMENDED OPERATING CONDITIONS 
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MAXIMUM INPUT DATA RATE 
vs 

SUPPLY VOLTAGE 

I 0 I 0 

TA = 0 C to 70 C L 
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Supply Voltdge VCC1:-V 

FIGURE 2 
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SN75514 
VACUUM FLUORESCENT DISPLAY DRIVER 
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PARAMETER MEASUREMENT INFORMATION 

CLOCK 

...--- tw -----.t 

If--tsu~th-+t 
I I 

: : VIH 

DATA IN <><XXX VALID XXX><> VIL 

STROBE 

a OUTPUTS 

FIGURE 3. INPUT TIMING VOLTAGE WAVEFORMS 

I+-+J-~o ns k-+I- ~30 ns 
I I I I 

~
I -:-------itl-1.-:9~O%~-----VCC1 

l- - - - - - - -I 50% 

: -------!J1Q!O __________ OV 
I 
~tDHL .. ~---.~t-I tDlH 

------"I 1 VOH 

i\~% M------VOL 1 I I~ ~I 
~tTHL ~tTlH 

FIGURE 4. SWITCHING-TIME VOLTAGE WAVEFORMS 
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• Each Device Drives 32 Lines 

• 60-V Output Voltage Swing Capability 

• 25-mA Output Source Current Capability 

• High-Speed Serially Shifted Data Input 

• Latches on All Driver Outputs 

description 

The SN65518 and SN75518 are monolithic 
BIDFETt integrated circuits designed to drive a 
dot matrix or segmented vacuum fluorescent 
display. 

The devices each consist of a 32-bit shift 
register, 32 latches, and 32 output AND gates. 
Serial data is entered into the shift register on 
the low-to-high transition of the clock input. 
While the Latch Enable input is high, parallel data 
is transferred to the output buffers thr~ugh a 
32-bit latch. Data present in the latch during the 
high-to-Iow transition of Latch Enable is latched. 
When the Strobe input is low, all Q outputs are 
enabled. When the Strobe input is high, all Q 

outputs are low. 

Serial data output from the shift register may be 
used to cascade additional devices. This output 
is not affected by the Latch Enable or Strobe 
inputs. 

The SN65518 is characterized for operation from 
- 40 °e to 85°e and the SN75518 is 
characterized for operation from ooe to 70 oe. 

tBIDFET -Bipolar. double-diffused. N-channel and P-channel MOS 
transistors on same chip-patented process. 

SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

02720. MARCH 1983-REVISEO OCTOBER 1986 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC2 VCCl 
SERIAL OUT DATA IN 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

032 01 
031 02 
030 03 
029 04 
028 05 
027 06 
026 07 
025 08 
024 09 
023 010 
022 011 
021 012 
020 013 
019 014 
018 015 
017 016 

STROBE LATCH ENABLE 
GND CLOCK 

FN PACKAGE 

(TOP VIEW) 

I-
::J 
0 

~ 
...J 
~ N .-« 

O.-Na: U U I-
U (")(")(")w U U~ .-N(,,) 
Z dddUl »0 ddd 

6 5 432 1 4443 4241 40 

39 04 
38 05 
37 06 
36 07 
35 08 
34 09 
33 010 
32 011 
31 012 
30 013 

17 29 NC 
1819202122232425262728 

NC - No internal connection 

Copyright © 1983, Texas Instruments Incorporated 
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SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

logic symbol t 

CLOCK (21) 

DATA IN (39) 

CMOSIVAC 
FLUORDISP 

. .. . 
2D I> 3 
2D I> 3 

· · · 2D I> 3 
2D I> 3 

(38) Q1 
(37) Q2 

(23) Q16 
(18) Q17 

(4) Q31 
(3) Q32 
(2) SERIAL 

OUT 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for the N package. 

logic diagram (positive logic) 

STROBE 

LATCH ------..., 
ENABLE 

DATA IN 

CLOCK 

SHIFT 
REGISTER 

3-72 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



SN65518. SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

FUNCTION TABLE 

CONTROL INPUTS 

FUNCTION LATCH 
SHIFT REGISTER LATCHES OUTPUTS 

CLOCK ENABLE STROBE 
R1 THRU R32 LC1 THRU LC32 SERIAL Q1 THRU Q32 

t X X Load and shift· Determined by Latch Enable § R32 Determined by Strobe 
LOAD 

Determined by Latch Enable § Not X X No change R32 Determined by Strobe 

LATCH 
X L X As determined above Stored data R32 Determined by Strobe 
X H X As determined above New data R32 Determined by Strobe 

X X H As determined above Determined by Latch Enable 9 R32 All L 
STROBE 

Determined by Latch Enable § X X L As determined above R32 LCl thru LC32, respectively 

H = high level, L = low level. X = irrelevant, t = low-to-high-Ievel transition. 
* R32 and the serial output take on the state of R31, R31 takes on the state of R30, ... R2 takes on the state of Rl, and R1 takes on 

the state of the data input. 
§New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 

typical operating sequence 

CLOCKlnnnn nnnnni 
U U U U L ••• J U U U U U 

DATA IN VALID IRRELEVANT 

SRCONTENTS INVALID VALID 

LATCH ENABLE __________________________________ ~r_l~ ______________________ _ 

LATCH 
CONTENTS _________ P_R_E_V_IO_U_S_L_Y_S_T_O_R_E_D_D_A_T_A ________ ~ ________ N_E_W __ D_A_T_A_V_A_L_I_D ______ _ 

STROBE 

Q OUTPUTS VALID __________________________________________ ~ ______ L_ ______________ _ 
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SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~------~~--

INPUT --e_-'V\IV-~ ... 

GND~~------~~--

TYPICAL OF ALL Q OUTPUTS 

-----~t---- VCC2 

e_--- OUTPUT 

------~t-' __ --- GND 

TYPICAL OF SERIAL OUTPUT 

----.... --......... - VCC1 

_---~--OUTPUT 

--------......... -------- GND 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC1 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

N package ......................................................... , 1650 mW 
FN package ........................................................ , 1700 mW 

Operating free-air temperature range: SN65518 ............................ -40°C to 85°C 
SN75518 ............................. O°C to 70°C 

Storage temperature range ....... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. 260°C 
Lead temperature 1,6 mm (1/16 'inch) from case for 10 seconds: N package .. . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. derate the N package linearly at the rate of 13.2 mW/oC and the FN package 

linearly at the rate of 13.6 mW/oC. 

3-74 TEXAS • 
INSTRUMENTS 

POST OFFIC£ BOX 655012 ' DALLAS. lEXAS 75265 



SN65518. SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

recommended operating conditions, T A - 25°e (unless otherwise noted) 

r.,IN MAX UNIT 

Supply voltage, VCCl 4.5 15 V 

Supply voltage, VCC2 0 60 V 

High-level input voltage, VIH (see Figure 11 VCCl = 4.5 V 3.5 
V 

VCCl = 15 V 12 

low-level input voltage, Vil (see Figure 11 VCCl = 4.5 V 1 
V 

VCCl = 15 V 6 
High-level output current, IOH -25 rnA 

low-level output current, IOl 2 rnA 

VCCl = 10Vto 15V 0 5 
Clock frequency, fclock (see Figure·21 MHz 

VCCl = 4.5 V 0 1 

Pulse duration, clock high, tw(CKHI 
VCCl = 10 V to 15 V 100 

VCCl = 4.5 V 500 
ns 

Pul~e duration, clock low, tw(CKll 
VCCl = 10 V to 15 V 100 

VCCl = 4.5 V 500 
ns 

VCCl = 10 V to 15 V 75 
Setup time, data before clockt, tsu 

VCCl = 4.5 V 150 
ns 

VCCl - 10 V to 15 V 75 
Hold time, data after clockt, th 

VCCl = 4.5 V 150 
ns 

SN65518' -40 85 
Operating free-air temperature, T A 

0 70 
°C 

SN75518 

electrical characteristics over recommended ranges of operating free-air temperature and Vee1 (unless 
otherwise noted), Vee2 - 60 V 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 rnA -1.5 V 

Q outputs IOH = -25 rnA 57.5 58 
VOH High-level output voltage V 

Serial output VCCl =5 V, IOH = -20 p.A 4.5 4.9 5 

Q outputs IOl = 1 rnA 5 
VOL low-level output voltage V 

Serial output IOl = 20 p.A 0.06 0.8 

IIH High-level input current VCCl = 15 V, VI = 15 V 0.1 1 p.A 

III low-level input current VCCl = 15 V, VI = 0 V -0.1 -1 p.A 

VCCl = 4.5 V 1.8 4 
ICCl Supply current rnA 

VCCl = 15 V 2 5 

SN65518 Outputs high, TA = -40°C 12 

ICC2 Supply current SN65518, Outputs high, TA = OOC to MAX 7 10 rnA 

SN75518 Outputs low 0.01 0.5 

t All typical values are at T A = 25°C. 
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SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

switching characteristics, VCC2 60 V, CL 50 pF, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VCC1 = 4.5 V Cl = 15 pF, 600 
td Delay time, Clock to data output 

VCC1 = 15 V See Figure 4 150 
ns 

from latch enable See Figure 5 1.5 
VCCl = 4.5 V 

tDHl Delay time, high-to-Iow-Ievel from strobe See Figure 6 1 

Q output from latch enable See Figure 5 0.5 
p's 

VCCl = 15 V 
from strobe See Figure 6 0.5 

from latch enable See Figure 5 1.5 
VCCl = 4.5 V 

tDlH Delay time, low-to-high-Ievel from strobe See Figure 6 1 

Q output from latch enable See Figure 5 0.25 
p's 

VCCl = 15 V 
from strobe See Figure 6 0.25 

Transition time, high-to-Iow-Ievel VCCl = 4.5 V 3 
tTHL 

Q output VCCl = 15 V 
See Figure 6 

1 .. 5 
p's 

Transition time, low-to-high-Ievel VCCl = 4.5 V 2.5 
tTLH 

Q output VCCl = 15 V 
See Figure 6 

0.75 
p's 

RECOMMENDED OPERATING CONDITIONS 
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SUPPLY VOLTAGE VCC1 

I I 
TA - Full Range 

/ 
V 

I 

/ 
/ 

6 8 10 12 14 

Supply Voltage VCC1-V 

FIGURE 2 

16 

3-76 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 66501 a " DALLAS. TEXAS 76265 



CLOCK 

SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

/4--- tw (CKHI----.j 
I 

i ,.-----"'" 
I 

I 

: : VIL 

/.--tW(CKLI---..I 

~tsu~th---+t 
I I 

DATAIN ~ VALID XXXX2 ::: 
FIGURE 3. INPUT TIMING VOLTAGE WAVEFORMS 

~tW(CKH)4 
I -1- - - - - VIH 

CLOCK 50% 

I VIL 

!.-td---+! 

~O% 
VOH 

DATA OUTPUT 

VOL 

FIGURE 4 

;.

r-----------------------3.5V 
LATCH 

ENABLE __ -J_I~O~ _________ OV 

~..---t~*"I- tDLH or tDHL 

Q OUTPU_T ____ 9_
1
:_:_X"'1 .... _______________ VOH 

- VOL 

FIGURE 5 

NOTE: For testing purposes, all input pulses have maximum rise and fall times of 30 'ns. 
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SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

STROBE 

\ 3.5 V 

1\------- t·~-~-----ov 
~tDLH ~tDHL 

: t--- ----- ~Oo/;-- VOH 

____ ........ t-L--------L~ 
I I I I VOL 

a OUTPUTS 

~tTLH ~tTHL 

FIGURE 6. SWITCHING-TIME VOLTAGE WAVEFORMS 

NOTE: For testing purposes, all input pulses have maximum rise and fall times of 30 ns. 
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• Each Device Drives 32 Electrodes 

• High-Voltage Open-Drain DMOS Outputs 

• 50-rnA Output Current Capability 

• CMOS-Compatible Inputs 

• Very Low Steady-State Power Consumption 

description 

The SN55551 and SN55552 are monolithic 
BIDFETt integrated circuits designed to drive the 
row electrodes of an electroluminescent display, 
All inputs are CMOS-compatible and all outputs 
are high-voltage open-drain DMOS transistors, 
The SN55552 output sequence has been 
reversed from the SN55551 for ease in printed 
circuit board layout, 

The devices consist of a 32-bit shift register, 32 
AND gates, and 32 output OR gates. Typically, 
a composite row drive signal is externally 
generated by a high-voltage switching circuit and 
applied to the Substrate Common terminal. Serial 
data is entered into the shift register on the high­
to-low transition of the clock input. A high Enable 
input allows those outputs with a high in their 
associated register to be turned on causing the 
corresponding row to be connected to the 
composite row drive signal. When the Strobe 
input is low, all output transistors are turned on. 
The Serial Data output from the shift register 
may be used to cascade additional devices. This 
output is not affected by the Enable or Strobe 
inputs. 

The SN55551 and SN55552 are characterized 
for operation over the full military temperature 
range of - 55 °C to 125°C. 

SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

SN55551 •.. FD PACKAGE 

(TOP VIEW) 

~OO'lCOr-.(Ol!l<tC")N~ NN----- ___ _ 
00000000000 

6 5 4 3 2 1 4443424140 

D2743, APRIL 1986 

022 39 

~3 ~ 

024 9 37 

025 10 36 

026 11 35 

027 12 34 

028 13 33 

029 14 32 

030 15 31 

031 16 30 

032 17 29 

1819202122 232425262728 

SN55552 ... FO PACKAGE 

(TOP VIEW) 

NC")<tl!l<Oi'COO'lO~N 
________ NNN 

00000000000 

6 5 4 3 2 1 4443 42 41 40 

011 39 023 
010 38 024 

09 37 025 
10 36 

11 35 

12 34 

13 33 

14 32 

15 31 

16 30 

01 17 29 

1819202122 232425262728 

NC-No internal connection 

t BIDFET - Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip :..- patented process. 

Copyright © 1986, Texas Instruments Incorporated 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

logic symbols t 

SN55551 

CMOS/EL DlSP 

IQ SOURCE SUPPLY] 

SN55552 

CMOS/EL OISP 

IQ SOURCE SUPPLY] 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. The symbol Q here indicates an n-channel 
open-drain output. 

logic diagram (positive logic) 

SUBSTRATE ____________________________________________ --, 

COMMON 

STROBE--------------------~ 

ENABLE-------------------, 

DATA ]N ---------I 

CLOCK ------<.--<1> 

1--+--- 01 

1--+---02 

1--+---031 

r---r--- 032 

"">---------- SERIAL OUT 
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CONTROL INPUTS 
FUNCTION 

CLOCK ENABLE STROBE 

LOAD 
j, X X 

No. j, X X 

X L H 
ENABLE 

X H H 

STROBE X X L 

FUNCTION TABLE 

SHIFT REGISTERS 

R1 THRU R32 
SERIAL 

Load and Shift t R32 

No Change R32 

As determined above R32 

As determined above R32 

As determined above R32 

SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

OUTPUTS 

Q1 THRU Q32 

Determined by Enable and Strobe 

Determined by Enable and Strobe 

All Q outputs off 

Determined by R1 through R32 

All Q outputs on 

H = high level, L = low level, X = irrelevant, j, = high-to-Iow transition. 
tRegister R32 takes on the state of R31, R31 takes on the·state of R30, ... R2 takes on the state of R1, and R1 takes onthe state of 
the data input. 

typical operating sequence 

CLOCK u U _____________ _ 
DATA IN ____ ...In ---- ------------- -. 

SN55551 ENABLE ______ ..In ... ___ ~n --~ -------
SN55552 ENABLE _________ ~n ... ___ ~n --~ ----

STROBE l ... ___ ~ 
COMPOSITE ROW 

DRIVE APPLIED TO 

SUBSTRA TE COMMON 

I I 

... J[ 

~
OUTPUT 11 __ 

Q1S~~~:~~ F~S 4 OUTPUT FLOATS -, L 

-----------------
SN55552 

Q1 OUTPUT 
OUTPUT FLOATS 

VIH 

SUBSTRATE COMMON 

VIH 

SUBSTRATE COMMON 

VIH 

SUBSTRATE COMMON 

VIH 

SUBSTRATE COMMON 

VIH 

SUBSTRATE COMMON 
+HV 

OV 

-HV 
+HV 

-HV 
+HV 

- - - - - - - - - - - - - - - - HV 

SN55551 OUTPUT FLOATS 11 Il
-+HV 

Q2 OUTPUT 14 OUTPUT FLOATS _, loll _: 

U_ -----------HV 

SN55552 
OUTPUT FLOA TS FLOATS 11 ~

OUTPUT --+HV 

:: ~U:::T"o",g, -,4--------------
1 

__________ HV 

NOTE: During operation Clock, Data In, Enable, and Strobe are referenced to the Composite Row Drive signal received at the Substrate 
Common pin of the device. 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC ---............... -~Ht--

INPUT -"''IN~'''. 

TYPICAL OF All a OUTPUTS 

,...---.... - OUTPUT 

SUBSTRATE _ ..... _____ .......... 
COMMON 

___ ...... -.-e_~~SUBSTRATE 
COMMON 

TYPICAL OF SERIAL OUTPUT 

----+----- VCC 

.....--...... - OUTPUT 

---............ --e"-- SUBSTRATE 
COMMON 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V . 
Q off-state output voltage, VO(off) . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 225 V 
Input voltage ........................................................ VCC+0.3 V 
Substrate common terminal current (see Note 2) ............................ ~ . . . .. 1.5 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . . . .. 1825 mW 
Minimum operating free-air temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C 
Operating case temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Case temperature for 60 seconds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to substrate common terminal. 
2: Duty cycle is limited by package dissipation. 
3. For operation above 25°C free-air temperature. derate linearly at the rate of 14.6 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 10.8 12 15 V 

VO(off) Off-state Q output voltage a 200 V 

VIH High-level input voltage O. 75VCC VCC+O.3 V 

VIL Low-level input voltage -0.3 O.25VCC V 

VCC = 10.8 V. 
50 

IO(on) On-state a output current 
VDD = 80 V. TC = 25°C 

mA 
Duty cycle :5 1 % VCC = 15 V. 

80 
TC = 25°C 

fclock Clock frequency. T A - 25°C 6.25 MHz 

tw Clock pulse duration. high or low. T A = 25°C 80 ns 

tsu Setup time. data valid before clock!. T A = 25°C 20 ns 

th Hold time. data valid after clock!. T A = 25°C 110 ns 

TA Operating free-air temperature -55 °c 

Te Operating case temperature 125 °e 

3-82 TEXAS .. 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

electrical characteristics over recommended operating temperature range, Vee 
common at 0 V 

12 V, substrate 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage I Serial outputs 10 = -100 ",A 10 V 

I Q outputs 10 = 50 rnA 50 
VOL Low-level output voltage I Serial output 

V 
10 = 100 ",A 1.5 

IIH High-level input current VI - 12 V 5 ",A 

IlL Low-level input current VI = a -5 ",A 

10 (off) Off-state Q output current Va = 200 V 50 ",A 

ICC Supply current 500 ",A 

switching characteristics, Vee 12 V, Te 
PARAMETER TEST CONDITIONS MIN MAX UNIT 

tdLH Delay time, clock~ to serial~ CL = 45 pF to common, 200 ns 

tdHL Delay time, clock~ to serialf See Figure 1 200 ns 

VDD = 100 V, RL = 2 kfl, 

tdHL Delay time, enable to Q output~ CL = 45 pF to common, 500 ns 

See Figure 1 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

3-84 

PARAMETER MEASUREMENT INFORMATION 

SERIAL OUT ---1-4'''---TEST POINT 

ICL -4S,F +
VDD - ::0_V2kfl 

Q OUTPUTS TEST POINT 

ICL -4S,F . 

SERIAL OUTPUT LOAD CIRCUIT Q OUTPUT LOAD CIRCUIT 

~I.---------tw--------~.I 
I _~I VIH 

50% ..x. 50% ~ 50% T 
" ~"'. -----------'" - - - VIL 
~~--------tw-------~.~~r----th,-----~~ 

CLOCK 

\.-- tsu---+j l 
DATAIN-------------5-0-%~)(r------I-V-A-L1-D-------~)Er--------------~: 

I 

WAVEFORM' (see Note Al 

SERIAL OUT 

~11IIr----- tdHL.-----..... 1 
I 

I \9'O%----VOH 

I . VOL 
Mllllf----- tdLH--------.t.1 

I VOH 
WAVEFORM 2 (see Note BI :1'0% ______________________________________ T.:... - - - -- VOL 

V~ 

ENABLE _____________________ 5_0_o/t _____________ VIL 

I+-- td(onl-----.i 

Q OUTPUTS 
(see Note CI 

VOLTAGE WAVEFORMS 

NOTES: A. Waveform 1 is for internal conditions such that a low is clocked into R32. 
B. Waveform 2 is for internal conditions such that a high is clocked into R32. 
C. To measure td(on). a high is stored in the associated register. 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 

RECOMMENDED OPERATING CONDITIONS 

MAXIMUM ON-STATE Q OUTPUT CURRENT 
vs 

~ 80 
E 
I 
C 75 
~ 
;:, 

(.J 

'5 70 
S-
;:, 
o 
o 65 
:l 
III 

cii 
C 60 
o 
I 
E E 55 

.;c 
III 

~ 50 
10 

SUPPLY VOLTAGE 

Outy Cycle :5 1 % 

TA - 25°e 

/ 
/ 

/ 
/ 

/V 

/V 
11 12 13 14 

vee-Supply Voltage-V 

FIGURE 2 

TYPICAL CHARACTERISTICS 

/ 

15 

OUTPUT CHARACTERISTICS SHOWING 
SAFE OPERATION AREA (SOA) 

OUTPUT SATURATION CURRENT 
vs 

SO~ 4. Oluty eycle ~ 1 % 
! I 1_ \ Te .. 25°e 
Vee"" 15 V ...l. 

/ ~ I I 1'. 

V 
Vee" 12 V , 

~ I I 
, 

/V/r- Vee ~ 10.8 V 
, 

\ 

f/;V SOA~ 

f , 

JUNCTION TEMPERATURE 
120 

100 

< 
E 
l 80 
c: 
!!!. 
:; 
(.J 60 ... 
;:, 
Co 

'5 
0 40 
I 

~~ 
-'-...... ved .. 15 V 

r---.... ~r---... . 
~ 

----
~ 

.............. r--r--
Vee - 10.8 V --

I 
I 

9 
20 

o 
o 20 40 60 80 100 120 140 160 -75 -50 -25 0 25 50 75 100 125 

Yo-Output Voltage-V T J-Junction Temperature- °e 

FIGURE 3 FIGURE 4 
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• Each Device Drives 32 Electrodes 

• High-Voltage Open-Drain DMOS Outputs 

• 50-rnA Output Current Capability 

• CMOS-Compatible Inputs 

• Very Low Steady-State Power Consumption 

description 

The SN65551, SN65552, SN75551, and 
SN75552 are monolithic BIDFETt integrated 
circuits designed to drive the row electrodes of 
an electroluminescent display. All inputs are 
CMOS-compatible and all outputs are high­
voltage open-drain DMOS transistors. The 
SN75552 output sequence has been reversed 
from the SN75551 for ease in printed circuit 
board layout. 

The devices consist of a 32-bit shift register, 32 
AND gates, and 32 output OR gates. Typically, 
a composite row drive signal is externally 
generated by a high-voltage switching circuit and 
applied to the Substrate Common terminal. Serial 
data is entered into the shift register on the high­
to-low transition of the clock input. A high Enable 
input allows those outputs with a high in their 
associated register to be turned on causing the 
corresponding row to be connected to the 
composite row drive signal. When the Strobe 
input is low, all output transistors are turned on. 
The Serial Data output from the shift register 
may be used to cascade additional devices. This 
output is not affected by the Enable or Strobe 
inputs. 

The SN65551 and SN65552 are characterized 
for operation from - 40 °C to 85°C. The 
SN75551 and SN75552 are characterized for 
operation from OOC to 70°C. 

SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

D2743. MARCH 1983-REVISED SEPTEMBER 1986 

N 
DUAL-IN-L1NE-PACKAGES 

(TOP VIEW) 

SN65551. SN75551 

Q16 015 
Q17 Q14 
Q18 Q13 
Q19 Q12 
Q20 Qll 
Q21 Ql0 
Q22 Q9 
Q23 Q8 
Q24 Q7 
Q25 Q6 
Q26 Q5 
Q27 Q4 
Q28 Q3 
Q29 Q2 
Q30 Ql 
Q31 NC 
Q32 DATA IN 

SERIAL OUT STROBE 

ENABLE VCC 
CLOCK SUBSTRATE 

COMMON 

SN65552. SN75552 

Q17 Q18 
Q16 Q19 
Q15 Q20 
Q14 Q21 
013 Q22 
Q12 Q23 
Qll Q24 
Ql0 Q25 

Q9 Q26 
Q8 Q27 
Q7 Q28 
Q6 Q29 
Q5 Q30 
Q4 Q31 
Q3 Q32 
Q2 NC 
Ql DATA IN 

SERIAL OUT STROBE 
ENABLE VCC 
CLOCK SUBSTRATE 

COMMON 

NC-No internal connection 

t BIDFET - Bipolar. double-diffused. N-channel and P-channel MOS transistors on same chip - patented process. 

Copyright © 1983. Texas Instruments Incorporated 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

SN65551. SN75551 ... FN PACKAGE 

(TOP VIEW) 

OOlOO ..... <!)Ln<tC"'lN 
NN ................................................ ...... 
00000000000 

6 5 4 3 2 1 4443424140 

022 7 

023 8 

024 9 

025 10 

026 11 

027 12 

028 13 

029 14 

030 15 

031 16 

032 17 

1819202122232425262728 

I-- ~~~~~ ~Z UW z 
::::> Uo U CD -
0 

~ o~ >o~ ....J d~ eel--
Z I--~ ~ w 0 CIlC a: U w 

CIl w 
I--
~ 
ee 
I--
CIl 
CD 
::::> 
CIl 

NC - No internal connection 

logic symbols t 

SUBSTRATE (21) 
COMMON 

STROBE (23) 

SN65551. SN75551 

CMOS/EL OISP 

I.Q SOURCE SUPPLYI 

2.3 

2.3 t> 
2.3 t> 

2.3 t> 
2.3 t> 

39 

38 

37 

36 

35 

34 

33 

34 

31 

30 

29 

010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
NC 

SN65552. SN75552 ... FN PACKAGE 

(TOP VIEW) 

011 7 

010 8 

09 9 

08 10 

07 11 

06 12 

05 13 

04 14 

03 15 

02 16 

01 17 

SUBSTRATE (21) 
COMMON 

STROBE (23) 

NC"'lo:tLn<!) ..... OOOlO~N 
....................... .- ...... -_NNN 
00000000000 

6 5 4 3 2 1 4443424140 

39 

38 

37 

36 

35 

34 

33 

34 

31 

30 

29 

1819202122232425262728 

I-- UUUU w~z UW ~ ::::> zzzz ....Juo UCD 
0 
....J 
~ a: 
w 
CIl 

~o~ >0 
z....J~ ee 

I--wUo CIl 
U 
w 
I--
~ 
ee 
I--
CIl 
CD 
::::> 
CIl 

SN65552. SN75552 

CMOS/EL D(SP 

I.Q SOURCE SUPPLYI 

2.3 t> 

2.3 t> 
2.3 t> 

2.3 t> 
2.3 t> 

~ 
I--
~ 
c 

023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
NC 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and IEC Publication 617-12. The symbol Q here indicates an n-channel 
open-drain output. 

Pin numbers shown are for N package. 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

logic diagram (positive logic) 

SUBSTRATE __________________________________________ ~ 

COMMON 

FUNCTION 

LOAD 

ENABLE 

STROBE 

STROBE ---------------------a 
ENABLE -----------, 

DATA IN ---------I 

CLOCK ---..... -<L> 

FUNCTION TABLE 

CONTROL INPUTS SHIFT REGISTERS 

CLOCK ENABLE STROBE 
R1 THRU R32 

SERIAL 

! X X Load and Shift t R32 

No. ! X X No Change R32 

X L H As determined above R32 

X H H As determined above R32 

X X L As determined above R32 

H = high level, L = Low level. X = irrelevant, ! = high-to-Iow transition. 

OUTPUTS 

01 THRU 032 

Determined by Enable and Strobe 

Determined by Enable and Strobe 

All 0 outputs off 

Determined by R1 through R32 

All 0 outputs on 

tRegister R32 takes on the state of R31, R31 takes on the state of R30, ... R2 takes on the state of Rl, and R1 takes on the state of 
the data input. 
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SN65551. SN65552. SN75551. SN75552 
ELECTROLUMINESCENT ROW DRIVER 

typical operating sequence 

CLOCK u U _____________ _ 
DATAIN _____ n----, ----------- ----. SUBSTRATE COMMON 

VIH 

SUBSTRATE COMMON 

VIH 
SN75551 ENABLE ______ .In ..... ___ n ----------

SUBSTRATE COMMON 

VIH 
SN75552 ENABLE _________ ~n"" ___ .... n -- -- -----

SUBSTRATE COMMON 

STROBE l"" ___ .... 
COMPOSITE ROW 
DRIVE APPLIED TO 
SUBSTRATE COMMON 

I I VIH 

• SUBSTRATE COMMON 

11-- +HV 

... J L OV 

--- - --- -HV 

n~a~ 'I Il+HV 

~~7~~~UT -" ~ ___ ~U=~:O~T~ ___ .~ ____ -HV 

SN75552 OUTPUT FLOATS OUTPUT FLOATS II I[
-+HV 

G'OUT'UT - ,. ., U---------:- ____ -HV 

SN75551 II 
02 OUTPUT 14 OUTPUT FLOATS ~I II+HV 

LJI4"_i-

O

-

U 

_-TP-~-T-:-L-~-A-~-S~.~ ____ -HV 

n ~
UTPUT --+HV 

SN75552 FLOATS 
02 OUTPUT ~I. ___ O_U_T_P_U_T_F_L_O_A_T_S _____ ~ __ I 

- - - - - - __ - -HV HV = high voltage 

NOTE: During operation Clock, Data In, Enable, and Strobe are referenced to the Composite Row Drive signal received at the Substrate 
Common pin of the device. 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 

vcc ----_--.... --4...-.- ...----.... - OUTPUT ----.... ---- Vcc 

INPUT - ... .,.,..'1.-.... ... ----4...-. OUTPUT 

SUBSTRATE - ... ----........ ----4~ 
COMMON ---..... ----4~ ...... - .... - ~~~~~:TE 

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

Supply voltage, Vee (see Note 1) ............................................ " 18 V 
Q off-state output voltage, Va (off) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 225 V 
Input voltage ........................................................ Vee +0.3 V 
Substrate common terminal current (see Note 2) .................................. 1.5 A 
Continuous total dissipation at (or below) 25°C free-air temperature 

(see Note 3): FN package .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1700 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1250 mW 

Operating free-air temperature range: SN65551, SN65552 ... ,.............. - 40°C to 85 °e 
SN75551, SN75552 ...............•..... OOeta 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to substrate common terminal. 
2. Duty cycle is limited by package dissipation. 
3. For operation above 25°e free-air temperature, refer to Dissipation Deratingeurves in Appendix A. In the N package, use 

the 10.0-mW/oe curve for these devices. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 10.8 12 15 V 

Vee = 10.8 V 8.1 11.1 
VIH High-level input voltage (see Figure 1) V 

Vee = 15V 11.25 15.3 

Vee = 10.8 V -0.3 2.7 
V VIL Low-level input voltage (see Figure 1) 

Vee = 15 V -0.3 3.75 

VO(off) Off-state Q output voltage 0 200 V 

On-state output current, duty cycle s 1 %, Vee = 10.8 V, TA = 25°e 50 
10(on) rnA 

(see Figures 2, 3, and 4) Vee = 15 V, TA = 25°e 80 

10K Output clamp current -45 rnA 

fclock Clock frequency 0 4 MHz 

tw Pulse duration, clock high or low 125 ns 

tsu Setup time, data before clock (see Figure 3) 50 ns 

th Hold time, data after clock (see Figure 3) 100 ns 

I SN65551, SN65552 -40 85 
°e TA Operating free-air temperature I SN75551, SN75552 0 70 
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SN65551. SN65552. SN75551. SN75552 
ELECTROLUMINESCENT ROW DRIVER 

electrical characteristics over recommended operating free-air temperature range 

PARAMETER TEST CONDITIONS MIN 

10(01t) Off-state Q output current Vo = 200 V 

VOH High-level output voltage I Serial outputs 10 = -100 ItA Vee-l.5 

VOL Low-level output voltage 
I Q outputs 10L = 50 mA, See Figure 3 

I Serial output 10L = 100 Jl.A 

IIH High-level input current VI @ Vee 

IlL Low-level input current VI = 0 

lee Supply current from Vee 

switching characteristics, VCC 12 V, TA 

PARAMETER TEST CONDITIONS MIN 

tpHL 
Propagation delay time, high-to-Iow 

level serial output from clock 

Propagation delay time, low-to-high 
eL = 20 j:F to ground, See Figure 7 

tpLH 
level serial output from clock 

td(on) 
Turn-on delay time, Q outputs IOL = 50 mA, Strobe at Vee, 

from enable RL = 1.4 kfl to 100 V, See Figure 7 

RECOMMENDED OPERATING CONDITIONS 

MAX UNIT 

10 ItA 

V 

30 

1 
V 

1 ItA 

-1 ItA 

250 Jl.A 

MAX UNIT 

200 ns 

200 ns 

500 ns 

INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 

MAXIMUM ON-STATE Q OUTPUT CURRENT 
vs 

> 
I 

Q) 
CI :g 
'0 
> ... 
~ 
c. 
c 
'T 
-> 
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SUPPLY VOLTAGE 

T A = Full Range y 
J----~ 

Minimum VIH 

---- Maximum VIL 
I ' 

11 12 13 14 15 

vee-Supply Voltage-V 

FIGURE 1 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

TYPICAL CHARACTERISTICS 

ON-STATE Q OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 

s6A_+-h 

ved - 1~ ~\ 
/ ~! 1 , 

1/ Vee= 12 V , 
"'-1 

I~ Vee = 10.8 V \. 
~ SOA ~ , 

j 
I Duty eycle ~ 1 %_ , 

TA = 2!;j°e 

o 20 40 60 80 100 120 140 
Yo-Output Voltage-V 

110 

~ 10Q 

~ 90 

~ 
:::J 80 
(J 

§ 70 ... 
~ a 60 

'" (I) ... 
:::J a 

50 

c5 40 
I i 30 

:J 20 

10 

OUTPUT SATURATION CURRENT 
vs 

FREE-AIR TEMPERATUREt 

........... Duty Cycle ~ 1 % 

............. 
............ 

~ " ~ee=15V "-..... 
............. ---I"-

............... r---
Vee = 10.8 V 

I-

-40 -20 0 20 40 60 80 100 

TA-Free.Air Temperature-°c 

SOA = Safe Operating Area 

FIGURE 3 FIGURE 4 

t Data for temperatures below OOC and above 70°C apply only for SN65551 and SN65552. 

CLOCK 

DATA IN 

PARAMETER MEASUREMENT INFORMATION 

14---tw--~ 

I 
1 
I 

~tw .1 
j+--tsu--+--th~ 

<XXXX VALID XX!OOr---...-.....---.-- ::~ 
FIGURE 5. INPUT TIMING VOLTAGE WAVEFORMS 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 

PARAMETER MEASUREMENT INFORMATION 

CLOCK ~
f VIH 

50% 50%i / 

1 ---------+'--'--------- VIL 
.... ~ tpLH .-.I ~ tPHL 

~f~--------- VOH 
50% \50% 

'-. ------ VOL 

SERIAL OUT 

FIGURE 6. VOLTAGE WAVEFORMS, SERIAL OUTPUT 

ENABLE -F\---------- VIH 

-------1 VIL 

I 
II *1 9QO'{'-- -- 100V 

a OUTPUT 1\ 

I4---td(on)~ VOL 

FIGURE 7. VOLTAGE WAVEFORMS, Q OUTPUT 
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• Each Device Drives 32 Electrodes 

• 60-V Output Voltage Swing Capability 

• 15-mA Output Source and Sink Current 
Capability 

• High-Speed Serially-Shifted Data Input 

• Totem-Pole Outputs 

• Latches on All Driver Outputs 

description 

The SN55553 and SN55554 are monolithic 
BIDFETt integrated circuits designed to drive the 
column electrodes of an electroluminescent 
display. The SN55554 output sequence has 
been reversed from the SN55553 for ease in 
printed circuit board layout. 

The devices consist of a 32-bit shift register, 32 
latches, and 32 output AND gates. Serial data 
is entered into the shift register on the low-to­
high transition of the clock input. When high, the 
Latch Enable input transfers the shift register 
contents to the outputs of the 32 latches. When 
Output Enable is high, all Q outputs are enabled. 
Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Output Enable 
inputs. 

The SN55553 and SN55554 are characterized 
for operation over the full military temperature 
range of - 55°C to 125°C. 

SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 

022 
023 
024 
025 
026 
027 
028 
029 
030 
031 

7 

8 
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10 

11 

12 

13 

14 

15 

16 

032 17 

D2744. APRIL 1986 

SN55553 ... FD PACKAGE 

(TOP VIEWI 

NC")'<tlt)COr--OOo)O~N 
.--.--.--.-- ...... .--.--.--NNN 
00000000000 

6 5 4 3 2 1 44 43 4241 40 

39 023 
38 024 
37 025 
36 026 
35 027 
34 028 
33 029 
32 030 
31 031 
30 032 
29 NC 

1819202122232425262728 

I-UUU =>zzz o 
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a: 
w 
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~ON~WZW 
UZUU--'---' 
Ot!:lUU~<t:~ d »zl-z 
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SN55554 ... FD PACKAGE 

(TOP VIEWI 

~Oo)OOr--(Olt)'<tC")N~ 

CfaOdOOaddOd 
6 543 2 1 4443424140 

1819202122232425262728 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

010 
09 
08 
07 
06 
05 
04 
03 
02 
01 

29 NC 

NC-No internal connectiol1 

tBIDFET - Bipolar. double-diffused. N-channel and P-channel MOS transistors on same chip - patented process. 

Copyright © 1986. Texas Instruments Incorporated 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 

logic symbols t 

SN55553 

CMOS/EL OISP 

OUTPUT ENABLE (28) EN3 

LATCH ENABLE (26) C2 

SN55554 

CMOS/EL OISP 

OUTPUT ENABLE (28) EN3 

LATCH ENABLE(26) C2 

20 C> 3 (16) 031 

20 C> 3 (17) 032 
(18) SERIAL OUT 

'-------~ 

fA tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

3-96 

OUTPUTENABLE---------------------, 

LATCH ENABLE-----------------. 

CLOCK 

DATA IN 

....... ----- SERIAL DATA OUT 
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CONTROL INPUTS 

FUNCTION LATCH OUTPUT 

CLOCK ENABLE ENABLE 

t X X 
LOAD 

Not X X 

LATCH 
X L X 

X H X 

OUTPUT X X L 

ENABLE X X H 

SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 

FUNCTION TABLE 

SHIFT REGISTER LATCHES OUTPUTS 

R1 THRU R32 LC1 THRU LC32 SERIAL 01 THRU 032 

Load and shift t Determined by R32 Determined by 

No change Latch Enable t R32 Output Enable 

As determined above Stored data R32 Determined by 

As determined above New data R32 Output Enable 

As determined above Determined by R32 All L 

As determined above Latch Enable t R32 LCl thru LC32, respectively 

H = high level, L = low level, X = irrelevant, t = low-to-high-Ievel transition. 
tR32 and the serial output take on the state of R31. R31 takes on the state of R30, ... R2 takes on the state of Rl, and Rl takes 
on the state of the data input. 

tNew data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 

typical operating sequence 

CLOCK Inn n n n n n nn I u U u U L ••• J U U U U U 

DATA IN VALID 

SR CONTENTS INVALID 

IRRELEVANT 

VALID 

LATCH ENABLE __________________________________ ~r_l~ ______________________ _ 

LATCH CONTENTS PREVIOUSLY STORED DATA NEW DATA VALID 

OUTPUT ENABLE 

Q OUTPUTS VALID 
------------------------------------~------~-------------

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------e------.~~--

INPUT --_'VV ....... _ .. 

GND--e---------_.-4~ .. 

TYPICAL OF ALL Q OUTPUTS 

--------.... --.... ~..- VCC2 

OUTPUT 

---4I~--e-........ ~>-- GND 

TYPICAL OF SERIAL OUTPUT 

--------~----- VCC1 

... --~>__ OUTPUT 

----.... _.-4I---e_- GND 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage, VCC2 ...................................................... 70 V 
Input voltage ..................................................... VCC1 + 0.3 V 
Ground current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ...... , 1825 mW 
Minimum operating free-air temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. - 55°C 
Operating case temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125°C 
Storage temperature range ......................................... - '65°C to 150°C 
Case temperature for 60 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

C NOTES: 1. Voltage values are with respect to network ground terminal. 
iii' 2. For operation above 25°C free-air temperature, derate linearly at the rate of 14.6 mW/oC. 

'C 
Dr recommended operating conditions 
< 
C 
~ 

<' 
CD 
Ci1 

MIN NOM 

VCCl Supply voltage 10.8 12 

VCC2 Supply voltage a 
VIH High-level input voltage O. 75VCC 

Vll low-level input voltage -0.3 

10H High-level output current -15 

IOL low-level output current 15 

10K Peak output clamp diode current 

fclock Clock frequency, TA = 25°C 

tw(CLK) Clock pulse duration, high or low, TA = 25°C 80 

tw(LE) latch enable pulse duration, T A = 25°C 80 

tsu Setup time, data valid before clockt, T A = 25°C 20 

th Hold time, data valid after clock t, T A = 25°C 110 

TA Operating free-air temperature -55 

TC Operating case temperature 

electrical characteristics over recommended operating temperature range, VCC1 
VCC2 = 60 V 

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

III Low-level input current 

ICCl Supply current, VCCl 

ICC2- Supply current, VCC2 

3-98 

Q outputs 

Serial output 

Q outputs 

Serial output 

TEST CONDITIONS 

10 = -15 rnA 

10 = -100 p.A 

10 = 15 rnA 

10 = 100 p.A 

VI = 12 v 
VI = 0 

Outputs high 

Outputs low 

TEXAS -1!1 
INSTRUMENTS 
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MIN 

55 

10 

MAX UNIT 

13.2 V 

60 V 

VCC+O.3 V 

O.25VCC 

rnA 

rnA 

±20 rnA 

6.25 MHz 

ns 

ns 

ns 

125 

12 V, 

MAX UNIT 

V 

10 
V 

1.5 

5 p.A 

-5 p.A 

7 rnA 

20 

2 
mA 



SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 

switching characteristics, VCC1 a 12 V, VCC2 m 60 V, TC a 25°C 

tdLH 

tdHL 

tdLH 

tdHL 

PARAMETER TEST CONDITIONS 

Delay time, clock! to serial! CL = 45 pF to ground, 

Delay time, clock! to serial! See Figures 1 and 2 

Delay time, LE to Q output! CL = 45 pF to ground, 

Delay time, LE to Q output! See Figures 1 and 3 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT ---1 ..... --- TEST POINT 

~CL - 45 pF 

FIGURE 1. ,OUTPUT LOAD CIRCUIT 

MIN MAX 

200 

200 

1000 

500 

1f1 .. ----tW(CLK)---~.1 

50%1 

tw(CLK) ---.... ~I .. I----th----+j 

~VIH 
VIL 

~tsu~ I ----------. ,..---------_ r------ VIH 
DATA IN 50%1 1 VALID X VIL 

I 
jf---tdHL---~·1 

SERIAL OUT WAVEFORM 1 
(see Note A) 

I -XsO%--·---VOH 

"'.-----VOL 
j...--- tdLH----+/ 

SERIAL OUT WAVEFORM 2 I VOH 
(see Note B) i/10% ---------------------_;1-;. ----- VOL 

FIGURE 2. VOLTAGE WAVEFORMS FOR SERIAL OUTPUT 

~--------------------- VIH 

OUTPUT ENABLE _____ ....J/ ____________________ VIL 

LATCH ENABLE ~------VIH 
______________ ---J. ~I' VIL 

I.. .. tw(LE) 

k--tdLH~h VOH 

a OUTPUT (see Note C) I 
__________________ ~---_10~---VOL 

1 

a OUTPUT (see Note D) / ------
'"'1.-' --- -VOH 

I :\,0% 

j4--tdHL----.! VOL 

FIGURE 3. VOLTAGE WAVEFORMS FOR Q OUTPUTS 
NOTES: A. Waveform 1 is for internal conditions such that a low is clocked into R32. 

B. Waveform 2 is for internal conditions such that a high is clocked into R32. 
C. To measure tdLH, initially a low is stored in the latch and a high is stored in the shift register. 
D. To measure tdHL, initially a high is stored in the latch aM a low is stored in the shift register. 

UNIT 

ns 

ns 

ns 

ns 
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• Each Device Drives 32 Electrodes 

• 60-V Output Voltage Swing Capability 

• 15-mA Output Source and Sink Current 
Capability 

• High-Speed Serially-Shifted Data Input 

• Totem-Pole Outputs 

• Latches on All Driver Outputs 

description 

The SN65553, SN65554, SN75553, and 
SN75554 are monolithic BIDFETt integrated 
circuits designed to drive the column electrodes 
of an electroluminescent display. The'SN65554 
and SN75554 output sequence has been 
reversed from the SN65553 and SN75553 for 
ease in printed circuit board layout. 

The devices consist of a 32-bit shift register, 32 
latches, and 32 output AND gates. Serial data 
is entered into the shift register on the low-to­
high transition of the clock input. When high, the 
Latch Enable input transfers the shift register 
contents to the outputs of the 32 latches. When 
Output Enable is high, all Q outputs are enabled. 
Serial data output from the shift register may be ' 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Output Enable 
inputs. 

The SN65553 and SN65554 are characterized 
for operation from - 40 °e to 85°e. The 
SN75553 and SN75554 are characterized for 
operation from ooe to 70 oe. 

SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

01 

02744. MARCH 1983-REVISEO SEPTEMBER 1986 

N 

DUAL-IN-L1NE PLASTIC PACKAGE 

(TOP VIEW) 

SN65553.SN75553 

017 018 
016 019 
015 020 
014 021 
013 022 
012 023 
011 024 
010 025 
09 026 
08 027 

07 028 
06 029 
05 030 
04 03.1 
03 032 
02 OUTPUT ENABLE 
01 DATA IN 

SERIAL OUT LATCH ENABLE 
CLOCK VCC1 

GND VCC2 

FN PLASTIC CHIP CARRIER PACKAGE 

(TOP VIEW) 

SN65553. SN75553 

NM-tLOCOl'COO)O .... N 
.-.-.-..-.- ............ NNN 
ddddddddddd 

6 543 2 1 4443424140 

7 39 023 
8 38 024 
9 37 025 
10 36 026 
11 35 027 
12 34 028 
13 33 029 
14 32 030 
15 31 031 
16 30 032 
17 29 NC 

1819202122232425262728 

NC-No internal connection 

tBIDFET - Bipolar. double-diffused. N-channel and P-channel MOS transistors on same chip - patented process. 

Copyright © 1986; Texas Instruments Incorporated 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

N FN PLASTIC CHIP CARRIER PACKAGE 
DUAL-IN-LiNE PLASTIC PACKAGE (TOP VIEW) 

(TOP VIEW) SN65554. SN75554 

SN65554. SN75554 ... 0 en ex> I' CO It) '<t M ('oj ... 

016 015 

017 014 

018 013 

019 012 

020 011 

021 010 

022 09 
023 08 
024 07 
025 06 

026 05 

027 04 

028 03 

029 02 
030 01 
031 OUTPUT ENABLE 

032 DATA IN 
SERIAL OUT LATCH ENABLE 

CLOCK VCC1 
GND VCC2 

logic symbols t 

SN65553. SN75553 

CMOS/EL OISP 

OUTPUT ENABLE (251 EN3 

LATCH ENABLE (231 C2 

20 C> 
20 C> 

3 (ill 031 
3 (26) 032 

(181 SERIAL OUT 

025 
026 
027 
028 

7 

8 

9 

10 

11 

12 

13 

14 

15 

031 16 

032 17 

NN .......... ..-.- ....................... ..-
ddddddddddd 

6 5 432 1 4443424140 

1819202122232425262728 

I-UUU~O('oj ... www 
=>222U2UU..J..J..J 
o O(!)UU~~~ « ..J »222 
I- U www 
« J:«I-
o UI-=> 

1-«0.. 
«01-
..J => o 

39 

38 

37 

36 

35 

34 

33 
32 

31 02 
30 01 
29 NC 

NC-No internal connection. 

SN65554. SN75554 

CMOS/EL OISP 

OUTPUT ENABLE (251 EN3 

LATCH ENABLE (23) C2 

20 C> 
20 C> 

20 C> 
20 C> 

3 (40) 015 

3 
(11

016 

3 (;61 031 
3 (17) 032 

(181 SERIAL OUT 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for N packages. 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

logic diagram (positive logic) 

OUTPUTENABLE------------------------------, 

LATCH ENABLE -----------------, 

FUNCTION 

LOAD 

LATCH 

OUTPUT 

ENABLE 

SHIFT 
REGISTER 

DATA IN ------t 
CLOCK ---41>---1> 

LATCHES 

FUNCTION TABLE 

CONTROL INPUTS 
SHIFT REGISTER LATCHES 

LATCH OUTPUT 
R1 THRU R32 CLOCK LC1 THRU LC32 

ENABLE ENABLE 

t X X Load and shift t Determined by 

Not X X No change Latch Enable t 

X L X As determined above Stored data 

X H X As determined above New data 

X X L As determined above Determined by 

X X H As determined above Latch Enable:!: 

H = high level, L = low level, X = irrelevant, t = low-to-high-Ievel transition. 

OUTPUTS 

SERIAL 01 THRU 032 

R32 Determined by 

R32 Output Enable 

R32 Determined by 

R32 Output Enable 

R32 All L 

R32 LCl thru LC32, respectively 

tR32 and the serial output take on the state of R31, R31 takes on the state of R30, ... R2 takes on the state of Rl, and Rl takes 
on the state of the data input. 

:!:New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

typical operating sequence 

CLOCK --, n n n n JUUU1J1J u u u U L ••• 

DATA IN VALID 

SRCONTENTS INVALID 

IRRELEVANT 

VALID 

LATCH ENABLE ________________________________ ~r-l~ ____________________ ___ 

LATCH 
CONTENTS ________ P_R_E_V_IO_U_S_LY __ S_TO_R_E_D_D_A_T_A ________ ~ _______ N_E_W __ DA_T_A __ V_AL_I_D ____ ___ 

OUTPUT 
ENABLE 

----------------------------------~ 

Q OUTPUTS 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1------~~----e-e---

INPUT ~ ...... yy.."""'1--4 

GND--e---------_~~· 

TYPICAL OF ALL Q OUTPUTS 

------....... ~ ....... .....-4t__ VCC2 

OUTPUT 

---e--4~~~t__GND 

VALID 

TYPICAL OF SERIAL OUTPUT 

------e_----- VCC1 

e_---..... - OUTPUT 

----..... - ..... - ..... - GND 
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SN65553, SN6555~ SN7555t SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage, VCC2 ...................................................... 70 V 
Input voltage ........ ' ............................................. VCC1 + 0.3 V 
Ground current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 

FN package ....................................................... 1 700 mW 
N package ........................................................ 1250 mW 

Operating free-air temperature range: SN65553, SN65554 .................. -40°C to 85°C 
SN75553, SN75554 ..................... O°C to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 
Case temperature for 10 seconds: FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the N package, use 

the 10.0-mW/oC curve for these devices. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC1 10.8 12 15 V 

Supply voltage, VCC2 0 60 V 

VCC1 = 10.8 V 8.1 11.1 
High,level input voltage, VIH (see Figure 1) V 

VCC1 = 15 V 11.25 15.3 

VCC1 = 10.8 V -0.3 2.7 
Low-level input voltage, VIL (see Figure 1) V 

VCC1 = 15 V -0.3 3.75 

High-level output current, 10H -15 mA 

Low-level output current, 10L 15 mA 

Output clamp current, 10K 20 mA 

Clock frequency, fclock 0 6.25 MHz 

Pulse duration, clock high or low, tw(CLK) (see Figure 2) 80 ns 

Pulse duration, latch enable, tw(LE) (see Figure 4) 80 ns 

Data setup time before clock f, tsu (see Figure 2) 20 ns 

Data hold time after clock f, th (see Figure 2) 80 ns 

I SN65553, SN65554 -40 85 
Operating free-air temperature, T A I SN75553, SN75554 

°C 
0 70 

electrical characteristics over recommended ranges of VCC1 and 0llerating free-air temperature, 
VCC2 = 60 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Q outputs 10 = -15 mA 57 
VOH High-level output voltage V 

Serial output 10 = -100 p.A Vee1 -1.5 
Q outputs 10L = 15 mA 8 

VOL Low-level output voltage V 
Serial output 10L = 100 p.A 1 

IIH High-level input current VI = VCC1 1 p.A 

IlL Low-level input current VI = 0 -1 p.A 

ICC1 Supply current from VCC1 5 mA 

I SN65553, SN65554 12 
ICC2 Supply current from VCC21 SN75553, SN75554 mA 

10 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

switching characteristics, VCC1 - 12 V, VCC2 "" 60 V, TA "" 25°C 

tpHL 

tpLH 

tDHL 

tDLH 

PARAMETER TEST CONDITIONS 

Propagation delay time. high-to-Iow-Ievel 

Serial output from Clock CL = 20 pF to ground. 

Propagation delay time. low-to-high-Ievel See Figure 3 

Serial output from Clock 

Delay time. high-to-Iow-Ievel CL = 20 pF to ground. 

Q output from Latch Enable See Figure 4 

Delay time. low-to-high-Ievel CL = 20 pF to ground. 

Q output from Latch Enable See Figure 4 

RECOMMENDED OPERATION CONDITIONS 

> 
I 

CI> 
Cl 

:! 
0 
> .... 
::l 
a. 
I: 

"'j 

-> 

12 

10 

8 

6 

4 

2 

o 
10 

INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 

SUPPLY VOLTAGE VCC1 

TA = F~II Range J ~ 
t1'\J\'" ---tl\~~ 

,~ 

Maximum V \ L ---
11 12 13 14 15 

vee-Supply Voltage-V 

FIGURE 1 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

I+--tw(CLKI~ 
I 

I r-----~. 
I 

CLOCK 50% 50% 
I I 
: : V,L 

j.--tW(CLKI---+I 

/+-- tsu -+j4-- th----.j 
I I 
I I 

DATA'N <><XXX VALID )()(XX) V'H 

.... ----''''---'''----''''-- VIL 

FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK ___ ---JI~% 
1 
1 

SERIAL OUTPUT 
I ,--------- VOH : to% 

---tP-LH--+l--:"..J "'Ft= - - - - - - - - - - VOL 

'PHL"1 {; __ u ____ - VDH 

--------- VOL 

SERIAL OUTPUT 

FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY 
CLOCK TO SERIAL OUTPUT 

LATCH ENABLE ___ ..J{50% ,"'L"-4\o:: - - - - :',: 
1 
~tOLH 
I ! /r---------

a OUTPUT ____ .... : .JI£O?!, ________ _ 

a OUTPUT 

1 
I 

-----+1-. ----------

VOH 

VOL 

VOH 

: 1\% 
'-_I ~------------ VOL 
.-rtOHL 

FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES, 
LATCH ENABLE TO a OUTPUTS 
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• Each Device Drives 32 Electrodes 

• 90-V Output Voltage Swing Capability 
Using Ramped Supply 

• 15-mA Output Source and Sink Current 
Capability 

• High-Speed Serially-Shifted Data Input 

• Totem-Pole Outputs 

• Latches on All Driver Outputs 

description 

The SN65555, SN65556, and SN75556 are 
monolithic BIDFETt integrated circuits designed 
to drive the column electrodes of an electro­
luminescent display. The SN65556 and 
SN75556 output sequence has been reversed 
from the SN65555 and SN75555 for ease in 
printed circuit board layout. 

The devices consist of a .12-bit shift register, 32 
latches, and 32 output AND gates. Serial data 
is entered into the shift register on the low-to­
high transition of the clock input. When high; the 
Latch Enable input transfers the shift register 
contents to the outputs of the 32 latches. When 
Output Enable is high, all Q outputs are enabled. 
Data must be loaded into the latches and Output 
Enable must be high before supply voltage VCC2 
is ramped up. 

Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Output Enable 
inputs. 

The SN65555 and SN65556 are characterized 
for operation from - 40°C to 85 DC. The 
SN75555 and SN75556 are characterized for 
operation from OOC to 70°C. 

SN65555, SN65556, SN75555, SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

Qll 
010 

09 
08 
Q7 
Q6 
Q5 

Q2 

02744. APRIL 1985-REVISED SEPTEM8ER 1986 

SN65555. SN75555 
N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

017 018 
016 Q19 
015 020 
014 021 
013 Q22 
012 023 
011 Q24 

010 025 
09 Q26 
Q8 027 

07 Q28 
Q6 029 
Q5 030 
Q4 031 
Q3 Q32 

Q2 OUTPUT ENABLE 
Ql DATA IN 

SERIAL OUT LA TCH ENABLE 
CLOCK VCCl 

GND VCC2 

SN65555.SN75555 
FN PLASTIC CHIP CARRIER PACKAGE 

(TOP VIEW) 

NM<;tLOCOl'roO)O.-N -- ______ NNN 

00000000000 

6 5 432 1 4443424140 

7 39 

8 38 

9 37 

10 36 

11 35 

12 34 

13 33 

14 32 

15 31 

16 30 

030 
031 
032 

01 17 29 NC 
1819202122 232425262728 

I-UUU~Cl 
:Jzzzuz o Oc.:J 

-l 
U 

NC-No internal connection 

tBIDFET - Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip - patented process. 

Copyright © 1985. Texa'S Instruments Incorporated 
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SN65555, SN65556, SN75555, SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

SN65556.SN75556 
N DUAL-IN-L1NE PACKAGE 

016 
017 
018 
019 
020 
021 
022 
023 
024 

025 

026 
027 
028 
029 
030 
031 
032 

SERIAL OUT 
CLOCK 

GND 

logic symbols t 

(TOP VIEW) 

015 
014 
013 
012 
011 
010 
09 
08 

07 
06 
05 
04 
03 

02 
01 
OUTPUT ENABLE 
DATA IN 
LATCH ENABLE 

VCC1 

VCC2 

SN65555. SN75555 

CMOS/EL OISP 

20 C> 
20 C> 

" . 
i271 031 
(261 032 
(18) SERIAL OUT 

023 
024 
025 
026 
027 
028 
029 
030 
031 
032 

SN65556.SN75556 
FN PLASTIC CHIP CARRIER PACKAGE 

(TOP VIEW) 

.-ocnCOI'-(OU'l'<tC"'lN.-
NN~~"-'I""""'''''-''-''''-'-''''' 
00000000000 

6 5 4 3 2 1 4443424140 

39 
8 38 

9 37 

10 36 
11 35 
12 34 

13 33 
14 32 

15 31 

16 30 

010 
09 
08 
07 
06 
05 
04 
03 
02 
01 

17 29 NC 
1819202122232425262728 

NC-No internal connection 

SN65556.SN75556 

CMOS/EL OISP 

(17) 01 
(161 02 

· · · 20 C> (401 015 

20 C> (1) 016 

20 C> 
20 [) 

· · · (161 031 
(17)032 

(18) SERIAL OUT 

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

Pin numbers shown are for N packages. 
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logic diagram (positive logic) 

SN65555, SN65556, SN75555,SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

VCC2------------------------------------------------------~ 

OUTPUT ____________________________ ~~----~ 

ENABLE 

LATCH 
ENABLE 

DATA IN --------I 

CLOCK ---'''''----1> 

CONTROL INPUTS 

FUNCTION LATCH OUTPUT 

CLOCK ENABLE ENABLE 

LOAD 
r x X 

Nor X X 

LATCH 
X L X 

X H X 

OUTPUT X X L 

ENABLE X X H 

OUTPUT 
BUFFERS 

t--+----01 

t--+----02 

28 STAGES 
103 THRU 030) 

NOT SHOWN 

~+---031 

t------032 

>---------------------SERIAL OUT 

FUNCTION TABLE 

SHIFT REGISTER LATCHES OUTPUTS 

R1 THRU R32 LC1 THRU LC32 SERIAL 01 THRU 032 

Load and shift t Determined by Latch Enable i R32 Determined by Output Enable 

No change Determined by Latch Enable i R32 Determined by Output Enable 

As determined above Stored data R32 Determined by Output Enable 

As determined above New data R32 Determined by Output Enable 

As determined above Determined by Latch Enable i R32 All L 

As determined above Determined by Latch Enable i R32 LC 1 thru LC32, respectively 

H = high level, L = low level, X = irrelevant, I = low-to-high-Ievel transition. 
tR32 and the serial output take on the state of R31, R31 takes on the state of R30, ... R2 takes on the state of R1, 'and R1 takes on 
the state of the data input. 

iNew data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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SN65555, SN65556, SN75555, SN75556 
. ELECTROLUMINESCENT COLUMN DRIVER 

typical operating sequence 

CLOCK Inn n n J11UU1JU u u u U L... , 

DATA IN VALID 

SR CONTENTS INVALID 

IRRELEVANT 

VALID 

LATCH ENABLE 
__________________________ ~r1~ ________________ __ 

LATCH PREVIOUSLY STORED DATA NEW DATA VALID 
CONTENTS 

OUTPUT 
ENABLE 

VCC2 ----------------------~/ ,-------
QOUTPUTS ____________________________________ ~I' ___ V_A_L_I_D __ "~ ____________ _ 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1------~~----e-~--

INPUT -e-"N~e-. 

GND--e---------e-~ .... 

3-112 

TYPICAL OF ALL Q OUTPUTS 

------e--~ ..... - VCC2 

OUTPUT 

-~..--.-.......... - GND . 
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TYPICAL OF SERIAL OUTPUT 

VCC1 

..... --.... - OUTPUT 

----......... -41----......-- GND 



SN65555, SN65556, SN75555, SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

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

Supply voltage, VCC1 (see Note 1) ............................................ , 18 V 
Supply voltage, VCC2 (see Note 2) .. ' .......................................... , 90 V 
Input voltage ..................................................... VCC1 + 0.3 V 
Ground current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1250 mW 
FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .. 1 700 mW 

Operating free-air temperature range: SN65555, SN65556 .................. - 40°C to 85°C 
SN75555, SN75556 .................... , OOC to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Case temperature for 10 seconds: FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. These devices have been designed to be used in applications in which the high·voltage supply, V CC2, is switched to ground 

before changing the state of the outputs. 
3. For operation above 25°C free-air temperature, derate the N package at the rate of 10 mW/oC and the FN package at the 

rate of 13.6 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC1 Supply voltage 10.8 12 15 V 

VCC2 Supply' voltage 0 80 V 

High-level input voltage (see Figure 1) 
VCC1 = 10.8 V 8.1 11.1 

VIH V 
VCC1 = 15 V 11.25 15.3 

VCC1 = 10.8 V -0.3 t 2.7 
VIL Low-level input voltage (see Figure 1) V 

VCC1 = 15 V -0.3 t 3.75 

IOH High-level output current -15 rnA 

IOL Low-level output current 15 rnA 

10K Output clamp current 20 rnA 

fclock Clock frequency 0 6.25 MHz 

tw(CLK) Pulse duration, clock high or low (see Figure 2) 80 ns 

tw(LE) Pulse duration, latch enable (see Figure 4) 80 ns 

Setup time 
Data before clock i (see Figure 2) 20 

tsu 
Output enable before VCCi (see Figure 4) 500 

ns 

Hold time 
Data after clock i (see Figure 2) 80 

th 
Output enable after VCCi (see Figure 4) 100 

ns 

dv/dt Rate of rise for VCC2 (see Figure 4) 80 V/p.s 

Operating free-air temperature 
SN65555,SN65556 -40 85 

TA 
SN75555, SN75556 0 70 

°c 

tThe algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels. 
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SN65555, SN65556, SN75555, SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

electrical characteristics over recommended operating free-air temperature range, VCC1 ... 12 V, 
VCC2 80 V 

PARAMETER TEST CONDITIONS 

Q outputs 10 = -15 mA 
VOH High-level output voltage 

Serial output 10 = -100 I-'A 

Q outputs 10L = 15 mA 
VOL Low-level output voltage 

Serial output 10L - 1OOl-'A 

II 
IIH High-level input current VI = 12 V 

IlL Low-level input current VI = 0 

ICC1 Supply current from VCC1 

ICC2 Supply current from VCC2 

c 
(ii' switching characteristics, V CC 1 ... 12 V, T A "" 25°C 
"C 
iii' 
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tpHL 

tPLH 

td 

PARAMETER TEST CONDITIONS 

Propagation delay time. high-to-Iow-Ievel 

Serial output from Clock CL = 20 pF to ground. VCC2 = O. 

Propagation delay time. low-to-high-Ievel See Figure 3 

Serial output from Clock 

Delay time. VCC2 to Q outputs 
dv/dt = 80 VII'S. 

See Figure 4 
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RECOMMENDED OPERATION CONDITIONS 

12 

10 

8 

6 

4 

2 

o 
10 

INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 

SUPPLY VOLTAGE VCC1 

L I I 
~ T A - Full Range 

I t1\ \/\'" ............ 
tl\~~ 

.-~ 

Maximum VIL 

-~ 

11 12 13 

vee-Supply Voltage-V 

FIGURE 1 
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MIN MAX UNIT 

77 
V 

10.5 

8 
V 

1 

1 I-'A 
-1 I-'A 

2 mA 

5 mA 

MIN MAX UNIT 

140 ns 

140 ns 

100 ns 



SN65555, SN65556, SN75555, SN75556 
ELECTROLUMINESCENT COLUMN DRIVER 

PARAMETER MEASUREMENT,INFORMATION 

If--tw(CLK)~ 
I ..1 ___ VIH 

I I 
CLOCK 

I 1-----1 VIL 

~tw(CLK)~ 

J4--tsu---+k-- th-+l 

I I VIH 

DATA IN ~ VALID 'KfXI) VOL 

FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK ___ ,.,to% \ - - - - ::: 

--.j !+-tPLH 

1 I 

SERIAL OUTPUT 
I /' ,..-------- VOH 
I 50"10 

___ --+1.# - - - - - - - VOL 
.....,j !4-tPHL 

SERIAL OUTPUT ----"""~""- - - - - - - VDH 

'-. -------- VOL 

FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY 
CLOCK TO SERIAL OUTPUT 

OUTPUT _____ tl 50"10 
ENABLE • 

I 
tsu-J...-.+i - _1- - - - - 80 V 

VCC2 _____ "'I~1o 1~~th OV 

1 
ld~ M-

Y'--V-A-U-O"""\ - - - - - - VOH 

~ _ VOL 
a OUTPUT 

FIGURE 4. VOLTAGE WAVEFORMS FOR DElAY TIMES. LATCH ENABLE TO Q OUTPUTS 
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• Each Device Drives 32 Electrodes 

•. High-Voltage Open-Collector N-P-N Outputs 
Using Ramped Supply 

• 300-rnA Output Current Capability 

• CMOS-Compatible Inputs 

• Very Low Steady-State Power Consumption 

description 

These devices are monolithic BIDFETt integrated 
circuits designed to drive the row electrodes of 
an electroluminescent display. All inputs are 
CMOS-compatible and all outputs are high­
voltage open-collector n-p-n transistors. The 
SN65558 and SN75558 output sequences have 
been reversed from the SN65557 and SN75557 
for ease in· printed circuit board layout. 

The devices consist of a 32-bit shift register, 32 
AND gates, and 32 output OR gates. Typically, 
a composite row drive signal is externally 
generated by a high-voltage switching circuit and 
applied to the Substrate Common terminal. Serial 
data is entered into the shift register on the high­
to-low transition of the clock input. A high Enable 
input allows those outputs with a high in their 
associated register to be turned on causing the 
corresponding row to be connected to the 
composite row drive signal. When the Strobe 
input is low, all output transistors are turned on. 
The Serial output from the shift register may be 
used to cascade additional devices. This output 
is not affected by the Enable or Strobe inputs. 

, The SN65557 and SN65558 are characterized 
for operation from - 40 °C to 85°C. The 
SN75557 and SN75558 are characterized for 
operation from O°C to 70°C. 

SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

D2999. DECEMBER 19B5 

SN65557. SN75557 •.• FN PACKAGE 

(TOP VIEW) 

~OC'lc.o"CDLn~C")N NN..---- ____ u 
00000000002 

6 5 4 3 2 1 4443424140 

NC 39 NC 
022 
023 

10 

11 

12 

13 

14 

15 

16 

031 17 
1819202122 232425262728 

38 011 
37 010 
36 09 
35 08 
34 07 
33 06 
34 05 
31 

30 

29 

SN65558. SN75558 ... FN PACKAGE 

(TOP VIEW) 

NC 
011 
010 9 

09 10 

08 11 

07 12 

06 13 

05 14 

04 15 

03 16 

02 17 

NC")~LnCD"c.oC'lO~ --------NNU 00000000002 

1819202122 232425262728 

NC-No internal connection 

t BIDFET - Bipolar. double-diff~sed. N-channel and P-channel MOS transistors on same chip - patented process 

Copyright © 1985. Texas Instruments Incorporated 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

logic symbols t 

SUBSTRATE (23) 
COMMON 

STROBE (25) 

SN65557. SN75557 

CMOS/EL DISP 

[Q EMITTER SUPPL VI 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

SUBSTRATE (23) 
COMMON 

STROBE (25) 

SN75558. SN75558 

CMOS/EL DISP 

[Q EMITTER SUPPL VI 

2.3 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

2.3 C> 
2.3 C> 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

functional block diagram (positive .Iogic) 

SU~~~~~~ ______________________________________ ~ 

STROBE-------------------d 

ENABLE--------------~ 

DATA IN ----t 
CLOCK ---'--<J:> 

031 

032 

'---------------------------- SERIAL OUT 
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CONTROL INPUTS 
FUNCTION 

SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

FUNCTION TABLE 

SHIFT REGISTERS OUTPUTS 

CLOCK ENABLE STROBE 
R1 THRU R32 

SERIAL 01 THRU 032 

! 
LOAD 

X X Load and Shift t R32 Determined by Enable and Strobe 

No! X X No Change R32 Determined by Enable and Strobe 

X L H As determined above R32 All Q outputs off 
ENABLE 

X H H As determined above R32 Determined by R1 through R32 

STROBE X X L As determined above R32 All Q outputs on 

H = high level, L = low level, X = irrelevant, ! = high-to-Iow transition. 
t Register R32 takes on the state of R31 , R31 takes on the state of R30, ... R2 takes on the state of R 1, and R1 takes 

on the state of the data input. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC--------e-----~~---

INPUT~ ..... IIN .............. 

TYPICAL OF ALL a OUTPUTS 

,....---.... - OUTPUT 

SUBSTRATE 
----e~ ..... -~---COMMON 

TYPICAL OF SERIAL OUTPUT 

--------e-----VCC 

OUTPUT 

--------4'-__ ""''''' SUBSTRATE 
COMMON 

II 
o ... 
Q) 

> 
'i: 
C 
> 
CO 
Q. 
o 
is 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

typical operating sequence 

3-120 

----., r------., VIH 
CLOCK U U __________ SUBSTRATE COMMON 

DATA IN ___ "",n - - - - - - - - - - - - -- - ~~HBSTRATE COMMON 

SN65557. SN75557 rI rI- - - - - - - VIH 
ENABLE -----"'" SUBSTRATE COMMON 

SN65558. SN75558 - - - VIH 
ENABLE SUBSTRATE COMMON 

RAMPED COMPOSITE ROW -----"" OV 

DRIVE APPLIED TO 
SUBSTRATE COMMON 

SN65557. SN75557 
01 OUTPUT 

SN65558. SN75558 
01 OUTPUT 

SN65557. SN75557 
02 OUTPUT 

SN65558.SN75558 
02 OUTPUT 

HV = High voltage 

u _____________ ~:V 
V_ ~-----.--- ::v 

V--- ---- ~:V 
~~:v 
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SN65557, SN65558, SN75557~ SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Off-state output voltage, VO(off) (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 110 V 
Input voltage ........................................................ Vec +0.3 V 
Substrate common terminal current (see Note 3) ................................ 750 rnA 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 4): . . . . .. 1700 mW 
Operating free-air temperature range: SN65557, SN65558 .................. -40 oe to 85°e 

. SN75557, SN75558 ..................... ooe to 70°C • 
Storage temperature range ......................................... - 65°C to 150 0 e 
Case temperature for 10 seconds. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES; 1. Voltage values are with respect to substrate common terminal. 
2. Data must be clocked into the shift register and Q outputs enabled prior to ramping substrate common to - HV (see typical 

operating sequence). 
3. Duty cycle is limited by package dissipation. 
4. For operation above 25°e free·air temperature. derate linearly to 1088 mW at the rate of 13.6 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. Vee 10.8 12 15 V 

High-level input voltage. VIH (see Figure 1) 
Vee = 10.8 V 8.1 11.1 

V 
Vee=15V 11.25 15.3 

Low·level input voltage. VIL (see Figure 1) 
Vee = 10.8 V -0.3 2.7 

V 
Vee = 15 V -0.3 3.75 

Off-state Q output voltage. VO(off) -0.3 100 V 

On-state Q output current. 10(on). duty cycle :5 1%. Vee = 15 V 300 rnA 

Rate of rise for substrate common, dV/dt (see Figure 4) 100 V/p.s 

elock frequency. fclock a 4 MHz 

Pulse duration. clock high or low. tw 125 ns 

Setup time. tsu 
Data before clock! (see Figure 3) 50 

Enable before substrate common! (see Figure 4) 500 
ns 

Hold time. tho data after clock! (see Figure 3) 100 ns 

Operating free-air temperature. T A 
SN65557. SN65558 -40 85 

SN75557. SN75558 
°e a 70 

electrical characteristics over recommended operating free-air temperature range, Vee = 12 V (unless 
otherwise noted) 

PARAMETER 

10(off) Off-state Q output current 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

lee Supply current from Vee 

Serial outputs 

I Q outputs 

I Serial output 

TEST 

CONDITIONS 
MIN 

Vo = 100 V 

10 = -100 p.A 10.5 

IOL = 300 rnA 

IOL = 100 p.A 

VI = 12 V 

VI = a 

TEXAS • 
INSTRUMENTS 

SN65557 

SN65558 

POST OFFICE BOX 655012 ° DALLAS. TEXAS 75265 

SN75557 

SN75558 UNIT 

MAX MIN MAX 

20 10 p.A 

10.5 V 

20 10 
V 

1 1 

1 1 p.A 

-1 -1 p.A 

250 250 ItA 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

switching characteristics, VCC == 12 V, TA == 25°C 

tpHL 

tpLH 

td(on) 

3-122 

PARAMETER TEST CONDITIONS 

Propagation delay time, high-to-Iow-

level serial output from clock CL = 20 pF to substrate common 

Propagation delay time, low-to-high- (see Figure 4) 

level serial output from clock 

Turn-on delay time, Q outputs dV/dt = 100 V/p.s, Strobe at VCC, 

from enable RL = 2 kfl to 60 V (see Figure 4) 

RECOMMENDED OPERATING CONDITIONS 

> 
I 

CD 
Cl 

!9 
'0 
> .. 
~ 
Co 
.5 
I 

-> 

12 

10 

8 

6 

4 

2 

o 
10 

INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 

SUPPLY VOLTAGE 

1 ! 
TA - ooe to 70 0 e 

~ ...--
~~ 

~;MUMVIH 

-----~XIMUMVIL -~ 

11 12 13 14 

vee-Supply Voltage-V 

FIGURE 1 
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MIN MAX UNIT 

200 ns 

200 ns 

500 ns 



SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

CLOCK 

I 
I 

If--tw ~I 

/4-tsu-+k-th~ 
~ I 'VIH 

DATA IN 'Y:)()(:j( VAUD ~ V" 

FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK 

,.....---{'f-... --"'"'\~~%- ----V,H 

I VIL 

~--~~I~t_P_LH ________ ~~1 tpHL M ~I 

~ " 
DATA OUT ______ 7 50% 

50,Sl--- VDH 
rO

LVOL 

FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES. CLOCK TO DATA OUT 

V~ 

ENABLE _________ -',f0~ _________ V" 

SUBSTRATE 
COMMON 

I 
If- tsu -+i4-td--., 

50%\--1 ---- -ov 

----,------ -60 V 

I 
-----------------------~9~OO~~' .- - -- - 0 V 

a OUTPUT \ 

'-----VOL 

FIGURE 4. VOLTAGE WAVEFORMS FOR TURN ON DELAY TIME. 
SUBSTRA TE COMMON TO Q OUTPUT 

• o ... 
CD 
> 0i: 
C 
> as 
Q. 
o 
C 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 
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300 

250 

200 

150 

100 

50 

o 
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TYPICAL CHARACTERISTICS 

ON-STATE Q OUTPUT CURRENT 
vs 

ON-STATE Q OUTPUT VOLTAGE 

VCC - 12 V V TA "" 25°C 
Duty Cycle :5 1 0/0 

/ 
/ 

/ 
V 

/ 
5 10 15 20 

On-State Q Output Voltage-V 

FIGURE 5 
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ADVANCE 
INFORMATION 

SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

• Controls 32 Electrodes 

• 80-V (Ramped VCC2) Totem-Pole Outputs 

• Low CMOS Stand-By Power Consumption 

• Energy Recovery System Compatible 

• 15-mA Source and Sink Compatibility 

• High-Speed Serially-Shifted Data Input 

description 

The SN65559, SN65560, SN75559, and 
SN75560 are monolithic BIDFETt integrated 
circuits designed to provide the serial-to-parallel 
con'version and level translation of data in a 
matrix-addressable electroluminescent display. 
The device inputs are diode-clamped CMOS 
inputs. The SN65560 and SN75560 output 
sequences are reversed from the SN65559 and 
SN75559 for ease in printed circuit board layout. 

These column drivers consist of a 32-bit static 
shift register, 32 latches, and 32 high-voltage 
outputs. Serial data is entered into the shift 
register on the low-to-high transition of the clock 
signal. A logic high signal on the Latch Enable 
input transfers the data from the shift register 
to the latches while the VCC2 bus is low. Once 
stable in the latch circuits, the VCC2 rail is 
ramped up to allow the data to appear at the 
high-voltage outputs. By limiting VCC2 to a 
maximum of 60 volts, these devices may be 
safely operated in a non-ramped VCC2 mode. 
Drivers may be cascaded via the serial data 
output of the static shift register. This output is 
not affected by the Latch Enable input. 

The SN65559 and SN65560 are characterized 
for operation from - 40 DC to 85 DC. The 
SN75559 and SN75560 are characterized for 
operation from OOC to 70 DC. 

011 

02947, APRIL 1986-REVISED OCT08ER 1986 

SN65559. SN75559 
N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

017 018 

016 019 

015 020 

014 021 
013 022 

012 023 

011 024 

010 025 

09 026 

08 027 

07 028 

06 029 

05 030 

04 031 

03 032 

02 NC 
01 DATA IN 

SERIAL OUT LATCH ENABLE 

CLOCK VCC1 
GND VCC2 

SN65559. SN75559 _ .. FN PACKAGE 
ITOP VIEW) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

NM'<tLOCOl'CX)O)O .... N 
,-r-,-,..-....-..-,..-,..-NNN 
00000000000 

6 5 4 3 2 1 44434241 40 

39 

01 17 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

1819202122232425262728 

NC-No internal connection 

tBIDFET -Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip-Patented Process 

ADVANCE INFORMATION documents contain Copyright © 1986. Texas Instruments Incorporated 

0 ... 
Q) 

> 
'I: 
C 
>-
CO 
Q. 
0 

C 

2 
o 
i= 
<C 
:E 
a: 
o 
LL 
2 -
w 
U 
2 
<C 
> c 
<C 

~~~~~~3~~~rO:~h~~: o~r3:vue~~~~~:~H::!:~!~~rst~~ 
lIata and other specifications are subject to change 
without notice. 

TEXAS .. 
INSTRUMENTS 

3-125 

POST OFFiCe BOX 655012 ' DALLAS, TeXAS 75265 



• C en· 
'C m 
< 
C .. <. 
CD .. 
CJ) 

» c 
< » 
2 
C') 
m 
2 
'TI 
o 
::D 
~ » 
:::! 
o 
2 

SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

ADVANCE 
INFORMATION 

SN65560. SN75560 
N DUAL·IN·L1NE PACKAGE 

(TOP VIEW) 

016 015 
017 014 

018 013 
019 012 
020 011 
021 010 
022 09 

023 08 
024 07 
025 06 

026 05 
027 04 

028 03 

029 02 

030 01 

031 NC 
032 DATA IN 

SERIAL OUT LA TCH ENABLE 

CLOCK VCC1 
GND VCC2 

NC-No internal connection 

logic symbols t 

LATCH (23) 
ENABLE 

(19) 
CLOCK--t> 

DATA IN (24) 

SN65559.SN75559 

CMOS/EL DISP 

I> 

2D I> 

2D I> 

2D I> 

2D I> 

(17) Q1 

(16) Q2 

· · · (1) 
Q17 

(40) 

· · 
Q18 

(27) Q31 
(26) 

Q32 
(18) 

SERIAL OUT 

SN65560. SN75560 •.. FN PACKAGE 

(TOP VIEW) 

..... Oo)COI'COIOVMN ..... 
NN....-..- ......... ..- ................. 
00000000000 

6 5 4 3 2 1 4443424140 

39 010 
023 8 38 09 
024 9 37 08 
025 10 36 07 
026 11 35 06 
027 12 34 05 
028 13 33 04 

029 14 32 03 
030 15 31 02 
031 16 30 01 
032 17 29 NC 

1819202122 232425262728 

~~~~G~~u~~~ 
o 0 (!) U U<t: <t: 
...J d »a3~ <t: 
ii: 0 

:I: w u en I-
<t: 
...J 

SN65560. SN75560 

CMOS/EL DISP 

ENABLE 

(19) 
CLOCK--1.> 

DATA IN (24) 

2D I> 

2D I> 

· · · (16) Q31 

(17) Q32 

(18) SERIAL OUT 

tThese symbols are in accordance with ANSI/IEEE Std 91·1984 and IEC Publication 617·12. 
Pin numbers shown are for N packages. 
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ADVANCE 
INFORMATION 

SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

FUNCTION TABLE 

CONTROL INPUTS 
LATCHES OUTPUTS SHIFT REGISTERS 

FUNCTION LATCH 
CLOCK 

ENABLEt 
R1 THRU R32 LC1 THRU LC32 

SERIAL Q1 THRU Q32 

f X Load and Shift R32 t 
LOAD Determined by Latch Enable LCl thru LC32 respectively 

Nof X No change R32 

X L Stored data R32 
LATCH As determined above 

R32 
LCl thru LC32 respectively 

X H New data 

H = high level; L = low level; X = irrelevant; f = low-to-high-Ievel transition 
t New data enters the latches while Latch Enable is high_ These data are stored while Latch Enable is low. 
t R32 and the serial output take on the state of R31. R31 takes on the state of R30 ... R2 takes on the state of R 1 and R 1 takes 

on the state of the data input. 

logic diagram (positive logic) 

VCC2 

LATCH 
ENABLE 

DATA IN 

CLOCK 

• • • 

L 

SHIFT 
REGISTER 

10 

C1 

10 

C1 

• • • 

L 10 

C1 

L 10 

C1 

R1 

J 

R2 

R31 

T 

R32 

1 

t--

t--

• • • 

~ 

-

OUTPUT BUFFERS 

LATCHES 
i 

C2 
[> 

LC1 
20 t--

C2 
[> 

LC2 
20 t--

I 

C2 
[> 

LC31 
20 r---

I 

C2 
[> 

20 
LC32 

r---

• • • 

Q1 

Q2 

28 STAGES 
(Q3 THR U Q30) 

HOWN NOT S 

Q31 

Q32 

SE RIAL OUT 

• en .. 
Cl) 

> 
'i: 
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Q. 
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SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

typical operating sequence 

CLOCK ---, n n n n J1JUlfUlJ u u u U L ••• 

DATA IN VALID 

SR CONTENTS INVALID 

IRRELEVANT 

VALID 

ADVANCE 
INFORMATION 

LATCHENABLE ______________________________ ~r_l~ ____________________ __ 

LATCH PREVIOUSLY STORED DATA NEW DATA VALID CONTENTS ________________________________ ~ ______________________ __ 

vcc2 __________________________________ ~1 
\'-------

QOUTPUTS __________________________________ ~I' ___ V_A_L_ID ___ "~ __________ __ 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1-------.~--~~~-

INPUT _ ....... VV\. ............... 

GND--.-------~~._ .. 

TYPICAL OF ALL Q OUTPUTS 

------....... ....--tl~..._ VCC2 

OUTPUT 

--__ ------1-4--4...- GND 

TYPICAL OF SERIAL OUTPUT 

VCC1 

.-----.... - OUTPUT 

----_ ......... _e_--...... - GND 
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ADVANCE 
INFORMATION 

SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90 V 
Input voltage, VI ........................................... ~ . . . . . . .. VCC1 +0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1250 mW 
FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1700 mW 

Operating free-air temperature range: SN65559, SN65560 .................. - 40°C to 85 °C 
SN75559, SN75560 . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 

Storage temperature range .......................................... - 65°C to 150°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 DC free-air temperature, derate the N package linearly at the rate of 10 mW/DC and the FN package 

at the rate of 13.6 mW/DC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCCl 10.8 12 15 V 

Supply voltage, VCC2 0 80 V 

VCCl = 10.8 V 8.1 11.1 
High-level input voltage, VIH (see Figure 1) V 

VCCl = 15 V 11.25 15.3 

Low-level input voltage, VIL (see Figure 1) 
VCCl = 10.8 V -0.3 2.7 

V 
VCCl = 15 V -0.3 3.75 

High-level Q output current, IOH -15 mA 

Low-level Q output current, IOL 15 mA 

Q output clamp current, 10K 20 mA 

Clock frequency, fclock 0 8 MHz 

Pulse duration, clock high, tw(CLK) 62 ns 

Pulse duration, latch enable high, tw(LE) 62 ns 

Setup time, data before clock t, tsu 20 ns 

Hold time, data after clock t, th 50 ns 

Rate of rise of VCC2, dv/dt (see Figure 4) 80 VII's 

SN65559, SN65560 -40 85 
Operating free-air temperature, T A DC 

SN75559, SN75560 0 70 

NOTE 3: VCC2 must be ramped only when data within the latches is stable. 

electrical characteristics over recommended operating free-air temperature range, VCC1 12 V 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Q outputs VCC2 = 80 V, IOH = -15 mA 77 
VOH High-level output voltage V 

Serial output IOH = 100p.A 10.5 

Q outputs IOL = 15 mA 8 
VOL Low-level output voltage V 

Serial output IOL = 100p.A 1 

IIH High-level input current VIH - VCCl 1 p.A 

IlL Low-level input current VIL = GND -1 p.A 

ICCl Supply current from VCCl VI = VCCl 500 p.A 

I Outputs low 3 
ICC2 Supply current from VCC2 VCC2 = 80 V mA I Outputs high 0.5 
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SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

switching characteristics, VCC1 = 12 V, VCC2 O,TA 

tpHL 

tpLH 

td 

FROM TO 
TEST CONDITIONS PARAMETER 

INPUT OUTPUT 

Serial CL = 20 pF, 
. Propagation delay time, high-to-Iow level Clock 

Out See Figure 3 

Serial CL = 20 pF, 
Propagation delay time, low-to-high level Clock 

Out See Figure 3 

dvldt = 80 VII's, 

Delay time, VCC2 to Q output VCC2 Q CL = 100 pF, 

See Figure 4 

RECOMMENDED OPERATING CONDITIONS 
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INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 

SUPPLY VOLTAGE VCC1 

I I I 
~ T A - Full Range 

I ~\J\"'~ 
tJ\~f.-" 

... ~ 

Maximum VIL 

-r---

\ 

11 12 13 14 

VCC1-Supply Voltage-V 

FIGURE 1 
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MIN 

ADVANCE 
INFORMATION 

MAX UNIT 

140 ns 

140 ns 

100 ns 



ADVANCE 
INFORMATION 

CLOCK 

SN65559, SN65560, SN75559, SN75560 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

If----tw(CLKI~ 
I ..1. __ - VIH 
I I 

I 1"-------'1 

if--tw(CLKI-.t 

~ tsu --+I+--- th--.! 

I : VIH 

DATA IN \ttf:j( VAUD ~ Vil 

FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK ___ ..,"0% \ - - - - ::~ 
-+I !+-tPLH 

I I 
I fl ,....--------- VOH 

SERIAL OUTPUT ___ --+/.., _50':" ______ VOL 

41 i+-tPHL 

SERIAL OUTPUT ----""'II.~O:- - - - - - - VaH 

'-. -------- VOL 

FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY CLOCK TO SERIAL OUTPUT 

a OUTPUT 

If-

trOIC-DV-A-lID~,\ - - - - - - ::~ 

FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES, LATCH ENABLE TO Q OUTPUTS 
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ADVANCE 
INFORMATION 

• Each Device Drives 34 Electrodes 

• Selectable Open-Source or Open-Drain 
Output 

• Outputs Rated at 225 V 

• ± 70-mA Output Current Capability 

• CMOS-Compatible Inputs 

• Very Low Steady-State Power Consumption 

description 

The SN65563, SN65564, SN75563, and 
SN75564 are monolithic BIDFETt integrated 
circuits designed to drive the row electrodes of 
an electroluminescent display. All inputs are 
CMOS compatible. If the Positive Write input is 
high, the Q outputs act like open-source outputs 
and output data is not inverted with respect to 
input data. If the Positive Write input is low, the 
Q outputs act like open-drain outputs and output 
data is inverted with respect to input data. The 
SN65564 and SN75564 output sequences have 
been reversed from the SN65563 and SN75563 
for ease in printed circuit board layout. 

Typically, composite VCC2 and ground signals 
are externally generated by a high-voltage 
switching circuit. Serial data is entered into the 
shift register on the high-to-Iow transition of the 
clock input. A high Enable input allows those 
outputs with a high in their associated register 
to be turned on causing the corresponding row 
to be connected to VCC2 when Positive Write 
is high or to ground when Positive Write is low. 
The Serial Output from the shift register may be 
used to cascade additional devices. This output 
is not affected by the Enable or Positive Write 
inputs. 

The SN65563 and SN65564 are characterized 
for operation over the full automotive operating 
temperature range of - 40°C to 85 °C. The 
SN75563 and SN75564 are characterized for 
operation from OOC to 70°C. 

SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

02945. MAY 1986 REVISED NOVEM8ER 1986 

51'.165563. SN75563 ... FN PACKAGE 

(TOP VIEW) 
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tSIDFET-Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip - Patented Process 

Copyright © 1986, Texas Instruments Incorporated 
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SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

LOAD FUNCTION TABLE 

CONTROL INPUTS 

FUNCTION 
CLOCK ENABLE 

POSITIVE 

WRITE 

SHIFT REGISTER 

R1 THRU R34 

LOAD 
J. X X Load and Shift T 

NoJ. X X No Change 

SERIAL 

R34 

R34 

OUTPUTS 

ADVANCE 
INFORMATION 

01 THRU 034 

Determined by Enable and Positive Write 

Determined by Enable and Positive Write 

t Register R34 takes on the state of R33, R33 takes on the state of R32, ... R2 takes on the state of R1, R1 takes on the state of the 
data input. 

OUTPUT CONTROL FUNCTION TABLE 

CONTROL INPUTS 
SHIFT REGISTER 

CONTENTS Rn FOR 
FUNCTION POSITIVE 

CLOCK ENABLE R1 THRU R34 
WRITE (Determined Above) 

X L X X 

OUTPUT X H H H 

CONTROL X H L H 

X X X L 

H = high, L = low, X = irrelevant, J. = high-to·low transition 

logic symbols* 

VCC2 

VCC2 

Vss 
VSS 

ENABLE 
POSITIVE 

WRITE 

CLOCK 

DATA IN 

127) 

(2B) 

(22) 

(23) 

(20) 

(251 

121) ,......" 

(26) 

SN65563, SN75563 

CMOSfEL DISP 

] [0 DRAIN SUPPL V] 

] [Q SOURCE SUPPL V] 

EN3 [OUTPUT ENABLE] 

EN2 [OUTPUT SELECT] 

SRG34 
ClI-, r 

10 C> 
2.30 

2.3Q 

C> 
2.30 

2.3Q 

· · · · · · 
C> 

2.30 

2.3Q 

C> 
2.30 

2.3Q 

· · · · · · 
C> 

2.30 

2.3Q 

C> 
2.30 

2.3Q 

::::-J. (29) 

::::-l (30) 

:::=l (44) 

::::-l (1) 

::::-l (17) 

::::-l (1B) 

(19) 

a1 

a2 

a16 

a17 

a33 

a34 
SERIAL 
OUT 

VCC2 

VCC2 

VSS 

VSS 

ENABLE 
POSITIVE 

WRITE 

-CLOCK 

DATA IN 

(27) 

(2B) 

(22) 

(23) 

(20) 

(25) 

(21) 

(26) 

OUTPUTS 

SERIAL 01 THRU 034 

R34 High-Impedance 

R34 H 

R34 L 

R34 High-Impedance 

SN65564. SN75564 

CMOS/EL DISP 

] [0 DRAIN SUPPLY] 

] [Q SOURCE SUPPL V] 

EN3 [OUTPUT ENABLE] 

EN2 [OUTPUT SELECT] 

,......" SRG34 
C1f-., r-

10 C> 
2.30 C1 
2.3Q 

C> 
2.30 ::::-1 2.3Q 

· · · · · · 
C> 

2.30 :::=-1 
2.3Q 

C> 
2.30 :::-1 
2.3Q 

· · · · · · 
C> 

2.30 ::::-1 
2.3Q 

C> 
2.30 :::=l 2.3Q 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and IEC Publication 617-12. 

(1B) 

(17) 

(1) 

(44) 

(30) 

(29) 

(19) 

a1 

a2 

a1B 

a19 

a33 

a34 
SERIAL 
OUT 
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ADVANCE 
INFORMATION 

logic diagram (positive logic) 

SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

VCC2-------------------------------------------------. 

POSITIVE ___________________ --------------..., 
WRITE 

ENABLE 

DATA IN -------------1 
CLOCK 

· • • • 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1------~.---~.-e--

INPUT -e_.A.N'V-...... 

· . · . • • 

..... +----01 

~+------02 

31 STAGES 
(03 THRU 033) 

NOT SHOWN 

::>---------------- SERIAL OUT 

TYPICAL OF ALL Q OUTPUTS SERIAL OUTPUT 

1----~~----~---.--VCC2 ----~.-----VCC1 

__ .. ..-OUTPUT 

..... ------- OUTPUT 

I-~~~~------e_-VSS 

--~~ 
-----I17 ...... -lJ ........... ----- VSS 
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SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

typical operating sequence 

ADVANCE 
INFORMATION 

----. ... ---------.. VIH 

CLOCK U U_ -- --- - --- -VSS 

DATA IN ---11- - -:- - - - - - - - - - - - - - - - - - - -:~: 

ENABLE 
-----VIH 

..... -----VSS 

POSITIVE WRITE CYCLE 

PO~~~~~ -.J ________________________ ~~HS 

Vee2 / \ /\ -------::S::MGND 
VSS-------------------------SYSTEMGND 

FIRST / 
OUTPUT 

-------I 
\ ---------------:V:::MGND 

SECOND / 
OUTPUT 

--~ 

\ ------ ::S::M GND 
NEGATIVE WRITE CYCLE 

POSITIVE--,- - - - - -- - ------- - -- -----VIH 

WRITE • VSS 

VCC2 Vselect* 

\ / \ / 
SYSTEM GND 

VSS 
_______ HVt 

\ / 
SYSTEM GND 

FIRST 
OUTPUT 

- - - -- -- - - ------ -HVt 

/ 
SYSTEM GND 

SECOND \ OUTPUT ______ -HVt 

tHV = high voltage 
~Vselect is a voltage level typically equal to VCC2 of the column driver. 
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ADVANCE 
INFORMATION 

SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC2 ...................................................... 230 V 
Supply voltage, VSS ................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 230 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC1 + 0.3 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(see Note 2) ........................................................ 1 700 mW 
Operating free-air temperature range: SN65563, SN65564 . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

SN75563, SN75564 ..................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to VSS. 
2. For operation above 25°C free-air temperature. derate to 1088 mW at 70°C at the rate of 13.6 mW/oC. 

recommended operating conditions (see Note 1, Figure 1, and Figure 2) 

MIN NOM MAX UNIT 

Supply voltage. VCCI 10.8 12 13.2 V 

Supply voltage. VCC2 0 225 V 

Supply voltage. VSS 0 -225 V 

High-level input voltage. VIH 0.75VCCI VCCI +0.3 V 

Low-level input voltage. VIL t -0.3 0.25VCCI V 

High-level output current. IOH -70 mA 

Low-level output current. IOL 70 mA 

Output clamp current. 10K ±70 mA 

Clock frequency. fclock 4 MHz 

Pulse duration. Clock high or low. twCLK 125 ns 

Setup time. data high or low before clock~. tsul 100 ns 

Setup time. Clock low before VCC2l or VSS!. tsu2 300 ns 

Setup time. Enable high before VCC2l or VSS~. tsu3 300 ns 

Setup time. Positive Write high or low before VCC2l or VSS!. tsu4 300 ns 

Hold time. data high or low after clock~. thl 100 ns 

Hold time. Clock high after VCC2~ or VSSl. th2 500 ns 

Hold time. Enable high after VCC2~ or VSSl. th3 300 ns 

Hold time. Positive Write after VCC2~ or VSSl. th4 300 ns 

. Slew rate. VCC2 or VSS with one active output driving a 4.7-nF load 
45 V/p.s 

to VSS or VCC2. dvldt 
Rest time. period between successive rampings of VCC2 or VSS 5 p's 

I SN65563. SN65564 -40 85 
°C Operating free-air temperature. T A 

I SN75563. SN75564 0 70 

tThe algebraic convention. in which the less positive (more negative) limit is designated as minimum. is used in this data sheet for logic 
voltage levels only. 
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SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

ADVANCE 
INFORMATION 

electrical characteristics over recommended operating ranges of VCC1 and free-air temperature, 
VCC2 = 225 V, VSS = 0 (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

10(oft) Off-state Q output current 
Va = 225 V. 20 

p.A 
Va = 0 -20 

VOH 
High-level Q outputs 10 = -70 mA VCC2- 3O 

V 
output voltage Serial Out 10 = -100 p.A. VCC1 = 12 V 10.5 

Low-level Q outputs 10 = 70 mA 30 
VOL V 

output voltage Serial Out 10 = 100p.A 1 

IIH High-level input current VIH = VCC1 1 p.A 

IlL Low-level input current VIL = 0 -1 p.A 

ICC1 Supply current from VCC1 500 p.A 

One Q output high 5 mA 
ICC2 Supply current from VCC2 

All Q outputs low 200 p.A 

switching characteristics operating range of VCC1, TA = 25°C 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

tpLH 
Propagation delay time. low-to-high 

400 ns 
level serial output from clock CL = 50 pF to VSS. 

tpHL 
Propagation delay time. high-to-Iow See Figures 3 and 5 

400 ns 
level serial output from clock 

tPLH 
Propagation delay time. low-to-high dvldt = 45 ylp.s. 

6 
level Q output from VCC2 One output on with 

p's 

tpHL 
Propagation delay time. high-to-Iow CL = 4.7 nF to VSS. 

6 
level Q output from VCC2 See Figures 4 and 5 

p's 

tpLH 
Propagation delay time. low-to-high dvldt - 45 V/p.s. 

6 
level Q output fro If! VSS One output on with 

p's 

tpHL 
Propagation delay time. high-to-Iow CL = 4.7 nF to VCC2. 

6 
level Q output from VSS See Figures 4 and 6 

p's 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 
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INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



ADVANCE 
INFORMATION 

SN65563. SN65564. SN75563. SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

---, I I .-VIH 
CLOCK LJ U __ _ 

I I ---~ 
I4---tsu2 -----+t I+-- th2 ~ 

I 1 
ENABLE 90%/.1 i 1\90% - - - - - - - VIH 

____ .J. I I· VIL 

1 1 1 I 
r+-tsu3~ ~th3 

1 I I I 
POSITIVE ----""'''90% 90%V~-------VIH 

WRITE ____ ~1\;"'. __ 10_% __ ......;.. ________ ....;1~0_%_'lJ\"". ------_ VIL 

I I I I 
I4-tsu4-+1 j+-*- th4 

I 

k% l~-----------::S:EMGND ____________ -J

1 

1 

-------__ 1 I~--------_ SYSTEM GND '\% 97 
\-. _____ .J. ------------HV 

tTiming waveforms are with respect to VCC2 or VSS. as appropriate. 

FIGURE 2. CONTROL INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK 

I 
1'------
I+-tPLH-.i 

~------i fj-----""'~: ---- V,H 

I . VIL 

i4- tpHL-+i 

I ,--------{; f 

DATA OUT _______ --JFo% ~VOH 
VOL 

FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES. CLOCK TO DATA OUT 
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SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 

ADVANCE 
INFORMATION 

VCC2 

PARAMETER MEASUREMENT INFORMATION 

A'% 
---- I 

~tPlH 
I 

~%---------+HV 

I . SYSTEM GND 

!++t--tPHl 

Q OUTPUT ______ ~% 
~%n---n+HV 

'-. ------ SYSTEM GND 

Vss 

---~ SYSTEM GND 

~,-,*_o __________ ~:- _______ -HV 

~tPHl ~tPlH 
______ I I SYSTEM GND 

~% J:: _ n----HV 

Q OUTPUT 

FIGURE 4. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES, VCC2 (VSS) TO a OUTPUT 

. OUTPUT 

UNDER ------<1.------ TEST 
TEST POINT 

T
Clt 

VSS1 . 
FIGURE 5. LOAD CIRCUIT 

.VCC2~ 

I
Clt 

OUTPUT TEST 
UNDER ------<.------
TEST POINT 

FIGURE 6. LOAD CIRCUIT 

tel includes probe and jig capacitance. 
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ADVANCE 
INFORMATION 

SN65567, SN65568, SN75567, SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

• Controls 32 Electrodes 

• 60-V (Ramped VCC2) Totem-Pole Outputs 

• Low CMOS Stand-By Power Consumption 

• Energy Recovery System Compatible 

• 1 5-mA Source and Sink Compatibility 

• High-Speed Serially-Shifted Data Input 

description 

The SN65567, SN65568, SN75567, and 
SN75568 are monolithic BIDFETt integrated 
circuits designed to provide the serial-to-parallel 
conversion and level translation of data in a 
matrix-addressable electroluminescent display. 
The device inputs are diode-clamped CMOS 
inputs. The SN65568 and SN75568 output 
sequences are reversed from the SN65567 and 
SN75567 for ease in printed circuit board layout. 

These column drivers cOilsist of two 16-bit static 
shift registers, 32 latches, and 32 high-voltage 
outputs. Typically, a 32-bit data string is split 
into two 16-bit data strings externally and then 
entered in parallel into the shift registers on the 
low-to-high transition of the clock signal. The 
register associated with Data Input 1 loads the 
odd bits while the shift register associated 
with DCjta Input 2 loads the even bits of the 
32 latches. This method of entering data 
effectively doubles the clock frequency of a 
32-bit shift register. A logic high signal on the 
latch enable input transfers the data from the 
shift register to the latches while the VCC2 bus 
is low. Once stable in the latch circuits, the 
VCC2 rail is ramped up to allow the data to 
appear at the high-voltage outputs. By limiting 
VCC2 to a maximum of 50 volts, these devices 
may be safely operated in a non-ramped VCC2 
mode. Drivers may be cascaded via the serial 
data outputs of the static shift registers. These 
outputs are not affected by the latch enable 
input. 

The SN65567 and SN65568 are characterized 
for operation from -40°C to 85°C. The 
SN75567 and SN75568 are characterized for 
operation from OOC to 70°C. 

02983, DECEMBER 1986 

SN65567. SN75567 .•. FN PACKAGE 

(TOP VIEW) 

Qll 7 
Ql0 8 

Q9 9 
Q8 10 

Q7 11 

Q6 12 

Q5 13 

14 

15 

16 

Q1 17 

NC"')~L!)CD"'CXlO'lO'-N 
r-~""~"",,,,,-""''''''NNN 
00000000000 

6 5 4 3 2 1 444342 41 40 

39 

38 
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35 

34 

33 

32 

31 

30 

29 
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SN65568. SN75568 •.. FN PACKAGE 

(TOP VIEW) 

Q22 7 

Q23 8 
9 

Q25 10 

Q26 11 

Q27 12 

Q28 13 

Q29 14 

Q30 15 

Q31 16 

.-OO'lCXl"'CDL!)~C"')N'-
NN,.....-,......-.- ..... ,....,......-
00000000000 

6 5 4 3 2 1 44 43 42 41 40 

39 Q10 
38 Q9 

37 Q8 
36 Q7 
35 Q6 
34 Q5 

.33 Q4 
32 Q3 

31 Q2 
30 Q1 

Q32 17 29 NC 

1819202122 232425262728 

N'-UU~ 
I-I-ZZU 
:::>:::> 0 
00 -I 

-I -I 
<{<{ 
C:C: 
w w 
(/J(/J 

U 

NC-No internal connection 

tBIDFET -Bipolar. double-diffused, N-channel and P-channel MOS transistors on the same chip-Patented Process 

ADVANCE INFORMATION documents contain Copyright © 1986, Texas Instruments Incorporated 
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SN65567. SN65568. SN75567. SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

logic symbols t 

ADVANCE 
INFORMATION 

SN65567. SN75567 SN65568. SN75568 

~ 
CMOSIEL OISP 

~ 
CMOSIEL OISP 

VCC2 

LATCH ENABLE 

CLOCK 

~ 
.EL 

[PWR 01·0321 

C42 

>Z40 

VCC2 

LATCH ENABLE 

CLOCK 

[PWR 01·0321 

(26) - C42 

~ I> Z40 

SRG16 

~ {0(C411-) 
r 

..!.!!L 410 ~ 

SRG16 ~ 
~O(C411-) 

JEL 410 DATA IN1 Z1 1 420 [> 01 DATA IN1 Z1 

Z3 2 420 [> ~ · 3 420 [> ~ · 4 420 rJ.!!!-· [> 

02 

03 

04 

Z3 

· · · Z17 · Z15 · Z19 · Z17 

· 16 420 [> ~ · 17 420 [> 
(1) · ~ 

Z29 18 420 [> ~ 
Z31 19 420 [> I---

016 

017 

018 

019 

· · · Z29 

Z31 
SRG16 · SRG16 

DATA IN2 

~0(C431-) r · · ..!..!.!!!.- 430 Z2 29 420 [> ~ 
Z4 30 420 [> ~ · 420 [> 

(31) 
31 

~ · 32 420 · [> 

029 DATA IN2 

030 

031 

032 

;O(C431 + III r 
128) 

Z2 ----- 430 
Z4 

· · · Z16 Z14 

Z18 31 1 ~ SERIAL 
Dun Z16 

· · · · · · Z30 32 1 ~ SERIAL 
OUT2 Z30 

Z32 Z32 

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

FUNCTION TABLE 

CONTROL INPUTS 
SHIFT REGISTERS LATCHES 

FUNCTION LATCH SERIAL 
CLOCK R1 THRU R32 LC1 THRU LC32 

S02 ENABLE S01 

t X Load and Shift t 
Determined by Latch Enable t R31 R32 

LOAD 
Not No change R31 R32 X 

X L Stored data R31 R32 
LATCH As determined above 

R31 R32 X H New data 

H = high level; L = low level; X = irrelevant; t = 10w-to-high-level transition 

r 
1 420 [> ~ 
2 420 [> ~ 
3 420 [> ~ 
4 420 [> ~ 

· · · 14 420 [> --!ill-
15 420 [> ~ 

16 420 [> --1!L 
17 420 [> ---.!!L 

· · · 29 420 [> ~ 

30 420 [> ~ 

31 420 [> :illt 32 420 [> 

31 1 ~ 

32 1 ...J!!!L 

OUTPUTS 

PARALLEL 

Q1 THRU Q32 

01 

02 

03 

04 

014 

015 

016 

017 

029 

030 

031 

032 

SERIAL 
Dun 

SERIAL 
OUT2 

LC1 thru LC32 respectively 

LC1 thru LC32 respectively 

t Each even-numbered shift register stage takes on the state of the next-lower even-numbered stage and likewise each odd-numbered 
shift register stage takes on the state of the next-lower odd-numbered state; i.e .• R32 takes on the state of R30. R30 takes on the state 
of R28 •... R4 takes on the state of R2. R2 takes on the state of Data In 2. R31 takes on the state of R29. R29 takes on the state 
of R27 •... 'R3 takes on the state of R1. and R1 takes on the state of Data In 1. 

*New data enters the latches while Latch Enable is high., These data are stored while Latch Enable is low . 
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ADVANCE 
INFORMATION 

logic diagram (positive logic) 

SN65567, SN65568, SN75567, SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

VCC2------------------------------------------------------~ 

LATCH 
ENABLE 

CLOCK 

OATAIN1 

OATAIN2 

SHIFT 
REGISTER 1 LATCHES 

~-t---I1O C2 

20 

C2 

20 

C2 

20 

C2 

20 

• • • • • • • • • • • • • • • • • • SHIFT 
REGISTER 2 

10 

R2 

C2 

L..--4---1 20 

C2 

~~----------~~20 

C2 

e----------+~20 

C2 

~.-----~----------~20 

OUTPUT 
BUFFERS 

Q1 

Q2 

Q3 

LC4 C> Q4 

• • • 

LC29 
Q29 

LC30 
Q30 

LC31 
Q31 

LC32 
Q32 

SERIAL OUT1 

SERIAL OUT2 

II 
(I) ... 
CD 
> 0'::: 
C 
>­
CO 
Q. 
(I) 

'0 

2: 
0 
t= 
<t 
~ 
a: 
0 
LL 
2: 

W 
(.) 
2: 
<t 
> 
C 
<t 
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SN65567. SN65568. SN75567. SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

typical operating sequence 

CLOCK ---, n n n n fUUlJUlJ u u u U L ••• 

DATA IN VALID 

SR CONTENTS INVALID 

IRRELEVANT 

VALID 

ADVANCE 
'INFORMATION 

LATCHENABLE ______________________________ ~r_l~ ____________________ _ 

LATCH PREVIOUSLY STORED DATA NEW DATA VALID CONTENTS ________________________________ ~ ______________________ __ 

VCC2 ___________________________________ 1 \_----

QOUTPUTS __________________________________ ~I'~ __ V_A_L_ID ___ "~ __________ __ 

schematic of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUTS 

VCC1------~~--~~~-- ------..---........... - VCC2 ------~~~~--VCC1 

OUTPUT 

INPUT ~~'INv--""" __.--4 ...... -- OUTPUT 

GND~~------~~~--- ----.-4-4-4-...... -GND -----e~~~-e--GND 
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ADVANCE 
INFORMATION 

SN65567, SN65568, SN75567, SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

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

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage, VI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC1 +0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1700 mW 
Operating free-air temperature range: SN65567, SN65568 .................. - 40°C to 85 °C 

SN75567, SN75568 ..................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 10 seconds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. derate linearly at the rate of 13.6 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VCCl 4.5 5 5.5 V 

Supply voltage. VCC2 0 60 V 

VCCl = 4.5 V 3.4 4.8 
High-level input voltage. VIH V 

VCCl = 5.5 V 4.2 5.8 

VCCl = 4.5 V -0.3 1.1 
Low-level input voltage. VIL V 

VCCl = 5.5 V -0.3 1.3 

High-level Q output current. IOH -15 mA 

Low-level Q output current. IOL 15 mA 

Q output clamp current. 10K 20 mA 

Clock frequency. fclock 0 5 MHz 

Pulse duration. clock high. tw(CLK) 100 ns 

Pulse duration. latch enable high. tw(LE) 100 ns 

Setup time. data before clock i. tsu 50 ns 

Hold time. data after clock i. th 50 ns 

Rate of rise of VCC2. dv/dt (see Figure 3) 60 V/J1S 

SN65567. SN65568 -40 85 
Operating free-air temperature. T A °C 

SN75567. SN75568 0 70 

NOTE 3: VCC2 must be ramped only when data within the latches is stable. 

electrical characteristics over recommended operating free-air temperature range, VCC1 5V 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Q outputs VCC2 = 60 V. IOH = -15 mA 57 
VOH High-level output voltage V 

Serial output IOH = 100 J1A 3.8 

Q outputs IOL = 15 mA 8 
VOL Low-level output voltage V 

Serial output IOL = 100 J1A 1 

IIH High-level input current VIH = VCCl 1 J1A 

IlL Low-level input current VIL = 0 -1 J1A 

ICCl Supply current from VCCl VI = VCCl 500 J1A 

I Outputs low 0.5 
ICC2 Supply current from VCC2 VCC2 = 60 V I Outputs high 

mA 
0.5 
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SN65567, SN65568, SN75567, SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

switching characteristics. VCC1 5 V. VCC2 O.TA 

tpHL 

tpLH 

td 

PARAMETER 
FROM 

INPUT 

TO 

OUTPUT 
TEST CONDITIONS MIN 

Serial CL = 20 pF, 
Propagation delay time, high-to-Iow level Clock 

Out See Figure 2 

Serial CL = 20 pF, 
Propagation delay time, low-to-high level Clock 

Out See Figure 2 

dv/dt = 60 VIIlS, 

Delay time, VCC2 to Q output VCC2 Q CL = 100 pF, 

CLOCK 

See Figure 3 

PARAMETER MEASUREMENT INFORMATION 

If-- tw(CLKI---toi 

I ~---VIH 
1 I 

I 
I I 
14-- tw(CLKI-----+f 

If-tsu~th-+l 
I : Viii 

DATA IN \ttt)( VALID 'KIXf) V" 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

CLOCK ____ 1-0% \ - - - -::~ 
-+I j4-tPLH 

I I 
I 1'1 ,.-------- VOH 

SERIAL OUTPUT ____ .... :..J _50":" ______ VOL 

41 /4-tPHL. 

SERIAL OUTPUT ------~D:- - - ----VOH 

'-. --------- VOL 

ADVANCE 
INFORMATION 

MAX UNIT 

140 ns 

140 ns 

100 ns 

FIGURE 2. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY CLOCK TO SERIAL OUTPUT 
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ADVANCE 
INFORMATION 

SN65567, SN65568, SN75567, SN75568 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

tr - 0.8I's-+! 14-

VCC2 ____ --'l~:!...~-OO-%--..... \ - - - --- :0: 

I 
td -tot !.--

t~%-VA-L-ID""'S - - ----::: Q OUTPUT 

FIGURE 3. VOLTAGE WAVEFORMS FOR DELAY TIMES, LATCH ENABLE TO Q OUTPUTS 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 

• Each Device Drives 7 Lines 

• 150-V Output Voltage Swing Capability 

• TTL Compatible Inputs 

• Latches on All Driver Outputs 

• High-Speed Serially Shifted Data Input 

• Output Enable/Disable Function 

• Serial Data Output for Cascade Operation 

J AND N 
DUAL-IN-L1NE PACKAGES 

(TOP VIEW) 

VCC+ 01 
NC 02 

OUTPUT ENABLE 03 
CLOCK 04 

LATCH ENABLE 05 
DATA IN 06 

VCC- 07 

02725. MARCH 1983 

• Shift Register Has Synchronous Clear 
Function 

GND _______ ---"-'.- SERIAL OUT 

NC-No internal connection 

description 

The SN75581 is a monolithic BIDFETt integrated circuit designed to drive a dot matrix or segmented display. 
The output characteristics of this driver make it compatible to several display types including YF and DC 
plasma displays. 

All device inputs are diode-clamped p-n-p inputs and, when left open, assume a high-logic level. The nominal 
input threshold is 1.5 volts. Outputs are open-source DMOS transistors for excellent high-voltage 
characteristics and reliability. 

The device consists of a 7-bit shift register, seven latches, and seven output AND gates. Serial data is 
entered into the shift register on the low-to-high transition of the Clock input. When the Latch Enable input 
is high, data is transferred from the shift registers to the latch outputs. When Latch Enable makes a high­
to-low transition with the Clock input high, the shift register is cleared. Taking the Output Enable input 
high enables all Q outputs simultaneously. The Serial Output is not affected by the Output Enable input. 

The SN75581 is characterized for operation from OOC to 70°C. 

logic symbol* 

OUTPUT (31 

E~:~~(51 
ENABLE 

TTL/GAS DISCH 
DISPLAY 

3D 
3D 
3D 
3D 
3D 
3D 

(16) 01 
(15) 02 
(14) 03 
(13) 04 

(12) 05 
(11) 06 
(10) 07 

(9) SERIAL 
OUT 

logic diagram (positive logic) 

OUTPUT ENABLE 

LATCH ENABLE 

CLOCK 

DATA IN------i-+---f 

t BIDFET -Bipolar. double-diffused. N-channel and P-channel MOS transistors on same chip-patented process. 
:I: This 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. 

Copyright © 1983. Texas Instruments Incorporated 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 

typical operating sequence 

CLOCK UUUUU1J1J 
DATA------------~------~-----------------

IN IRRELEVANT VALID IRRELEVANT 

SHIFT 
REGISTER NEW DATA CLEARED 
CONTENTS------------~--------------~---------

LATCH r--1 
ENABLE ____________________ , '''' ____ __ 

LATCH 
CONTENTS. ___ P_RE_V_IO_U_S_LY_S_T_O_RE_D_D_A_T_A __ ..... ___ N_E_W_D_A_T_A __ _ 

OUTPUT-U 
ENABLE 

Q --, PREVIOUS DATA NEW DATA VALID OUTPUTS ___ ..... _~ _____ VA~L~ID _____ ~ ________ _ 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT 

Vcc+-------4~---- --------.--- VCC + --------.... --- VCC + 

INPUT OUTPUT 

VCC----... -- --... ----.--- OUTPUT -------... --- GND 

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

Supply voltage, Vee + (see Note 1) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, Vee _ .................................................... -15 V 
Differential supply voltage, Vee + - Vee _ .................................... 18.7 V 
Output current (one output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 5.5 rnA 
Applied output voltage. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee + - 145 V 
eontinuous total dissipation at (or below) 25°e free-air temperature (see Note 2): 

N package ........................................................ 1150 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ......... . .. 260 0 e 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the J package linearly to 656 mW at 70°C at the rate of 8.2 mW/oC 

and the N package to 736 mW at 70°C at the rate of 9.2 mW/oC. 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 

recommended operating conditions 

MIN NOM 

Supply voltage, Vcc + 4.5 5 

Supply voltage, VCC- -10.8 -12 

High-level input voltage, VIH 2 

Low-level input voltage, VIL 

Clock frequency, fclock 

Pulse duration, clock high, tw(CKH) 140 

Pulse duration, clock low, tw(CKL) 320 

Pulse duration, latch enable high, tw(LEH) 250 

Pulse duration, output enable low, tw(OEL) 3 

Data before clock! 70 
Setup time, tsu 

Clock high before latch enable! 75 

Data after clock! 70 
Hold time, th 

Clock high after latch enable! 500 

Operating free-air temperature, T A 0 

electrical characteristics over recommended operating free-air temperature range, 
VCC + = 4.5 V to 5.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High·level output voltage, serial output IOH = -500 JLA 2.4 4.7 

VOL Low·level output voltage, serial output Vcc+ = 5.5 V, IOL = 1.6 mA 0.15 

IO(on) On-state output current, Q outputs VOH = VCC+ - 10 V -2 -5.5 

IO(off) Off-state output current, Q outputs VCC+ = 5.5 V, Vo = -140 V 

IIH High·level input current VI = 5.5 V 

IlL Low-level input current VI = 0.4 V 

ICC+ Supply current from VCC + VCC+ = 5.5 V, VCC- = -13.2 V 12 

ICC- Supply current from VCC- VCC+ = 5~5 V, VCC- = -13.2 V -11 

·switching characteristics, CL 20 pF, TA 

PARAMETER TEST CONDITIONS MIN Typt 

Propagation delay time, high-to-Iow-Ievel 

tpHL Q output from latch enable or 2.2 

output enable RL = 25 kn, 

Propagation delay time, low-to-high-Ievel See Figure 4 

tpLH Q output from latch enable or 0.75 

output enable 

tpHL 
Propagation delay time, high-to-Iow-Ievel 

200 
serial data from clock RL = 3 kn, 

See Figure 5 
tpLH 

Propagation delay time, low-to-high-Ievel 
180 

serial data from clock 

t All typical values are at V CC + 5 V, VCC-

MAX UNIT 

5.5 V 

-13.2 V 

V 

0.8 V 

2 MHz 

ns 

ns 

ns 

JLS 

ns 

ns 

70 DC 

MAX UNIT 

V 

0.4 V 

mA 

5 JLA 

5 JLA 

50 JLA 

30 rnA 

-28 mA 

MAX UNIT 

3 

JLs 

2 

350 

ns 

350 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 

PARAMETER MEASUREMENT INFORMATION 

I+-----tw(cKLl-----l~N'I .. I-----tw(CKH1---.. ~ 
I I I 

\'----~l ~ ___ O% ~~ :: CLOCK 

\4-tsu--+l+-th-+l I 
I I I ~ 5 V 

DATA IN ______ >k: i )k('-% ____ !-------- 0 V 

tsu I.. ~14 tw(LEHI ~14 .1 th 

LATCH ENABLE ___________ .....:..:...-.11 ~~%-----------.:: 
I I I 

OUTPUT ENABLE 

I I I 5 V 

U~%-L-!-----n!------------ov i i I4---+tPXX*~ I 

~ : : V,--~--~90%------ VOH 

i : : /i--ln--d--,O% VOL 

SERIAL OUT 

Q OUTPUTS 

tPHL----j4---.I ~tPLH !+-tPXX*-+! !4-tPXX*--..j 

~! X ~-~:-:-__ ::: 
*tpxx is tpHL or tpui (whichever is appropriate) 

FIGURE 3. VOLTAGE WAVEFORMS 

a OUTPUTS ---tl.--.... - TEST POINT 

25 kn r CL' 20pF" 

-130 V 

* Includes probe and jig capacitance 

FIGURE 4. Q OUTPUT LOAD CONDITIONS 

Vcc+ 

~3k" 
SERIAL OUTPUT --1-y TEST POINT 

1 CL' 20 pF" 

*Includes probe and jig capacitance 

FIGURE 5. SERIAL OUTPUT LOAD CONDITIONS 
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ADVANCE 
INFORMATION 

• Each Device Drives 32 Lines 

• 180-V Open Drain Parallel Outputs 

• 220-mA Parallel Output Sink Current 
Capability 

• CMOS-Compatible Inputs 

• Strobe Input Provided 

• Serial Data Output for Cascade Operation 

• Inputs Have Built-in Electrostatic Discharge 
Protection 

description 

The SN751506 and the SN751516 are 
monolithic integrated circuits designed to drive 
the scan lines of a dc plasma panel display. The 
SN751516 pin sequence is reversed from the 
SN751506 for ease in printed circuit board 
layout. 

Each device consists of a 32-bit shift register and 
32 OR gates. Serial data is entered into the shift 
register on the high-to-Iow transition of the clock 
input. When the strobe input is low I all Q outputs 
are in the off-state. Outputs are open-drain JFET 
transistors with a breakdown voltage in 
excess of 180 volts. The outputs have a 
220-milliampere sink current capability in the on 
state. Only one Q output should be allowed to 
be in the on state at a time. 

Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the strobe input. All inputs are 
CMOS compatible with ESD protection built in. 

The SN751506 and SN751516 are 
characterized for operation from OOC to 70°C. 

ADVANCE INFORMATION documents contain 
information on new predoucts in the samplinp or 
~re~roduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 

TEXAS ~ 
INSTRUMENTS 

SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 

03005. DECEMBER 19B6 

SN751506 ... FT PACKAGE 
(TOP VIEW) 

032 01 
031 02 
030 03 
029 04 
028 05 
027 06 • 026 07 
025 08 
024 09 
023 010 en 
022 011 

... 
Q) 

021 012 > 
020 013 

'i: 
C 

019 014 > 018 015 CO 
017 016 C. 

NC NC en 
GND GND C 

NC NC 
NC STROBE 

CLOCK NC 
VCC VCC 

NC NC 
SERIAL OUT DATA IN 

SN751516 ... FT PACKAGE 
(TOP VIEW) 

01 032 
02 031 
03 030 
04 029 
05 028 
06 027 
07 026 2: 
08 025 0 09 024 

i= 010 023 
011 022 <t 
012 021 :E 013 020 a: 014 019 
015 018 0 
016 017 U. 

NC NC 2: -GND GND 
NC NC W 

STROBE NC (.) 
NC CLOCK 2: 

VCC VCC <t 
NC NC > DATA IN SERIAL OUT C 

<t 
Copyright © 1986. Texas Instruments Incorporated 
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SN751506. SN751516 
DC PLASMA DISPLAY DRIVERS 

logic symbols t 

STROBE (29) 

CLOCK ~~~> 

DATA IN 

SN751506 

CMOS! 
PLASMA DISP 

• • 

• • • 

01 

02 

017 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

STROBE 

R1 

ClK 01 

R2 
32-BIT 
STATIC 02 

SHIFT 
DATA IN REGISTER 28 OUTPUTS 

(03 THRU 030) 
NOT SHOWN 

031 

032 

SERIAL 
OUT 

FUNCTION TABLE 

CONTROL INPUTS SHIFT REGISTERS OUTPUTS 
FUNCTION 

CLOCK I STROBE R1 THRU R32 SERIAL 01 THRU 032 

~ X Load and shift:l= R32 
Determined by STROBE LOAD 

No~ X No change R32 

X L R32 All high impedance 
STROBE As determined above 

R32 R1 thru R32 X H 

H = high level, L = low level, X = irrelevant, ~ = high to low transition. 

ADVANCE 
INFORMATION 

:1= R32 takes on the state of R31, R31 takes on the state of R30, ... R2 takes on the state of R1, 
and R1 takes on the state of the data input. 
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ADVANCE 
INFORMATION 

typical operating sequence 

CLOCK 

SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 

JlJlJ1.flf · · · lJUUUl --------------------------------
DATAINt VALID IRRELEVANT 

SHIFT REGISTER ---"'T'"-------------------------..,...-------------------------------
INVALID VALID CONTENTS ___ ~ ________________ ~ ________ ~ ______________________________ _ 

STROBE 

OUTPUTS OFF STATE VALID OFF STATE 

tOnly 1 bit in 32 should be low in the input data. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 

VCC----------~----~~ ----~~-----------VCC 

INPUT ..JVVor .... ..J\I\"."... ....... ---4~~--~--OUTPUT 

GND----~----------~~ -----4~----~~----GND 

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

Supply voltage, Vee (see Note 1) ...................................... - 0.4 V to 7 V 
On-state Q output voltage, VO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.4 V to 125 V 
Off-state Q output voltage, Va ...................................... - 0.4 V to 180 V 
Input voltage ............................................... - 0.4 V to Vee + 0.4 V 
Serial output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.4 V to Vee + 0.4 V 
Q output on-state time duration (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 p's 
Q output duty cycle (see Note 2) .................. ' ............. ' . . . . . . . . . . . . . .. 1/200 
eontinuous total power dissipation at (or below) 25 De free-air ' 

temperature (see Note 3) ............................................. 1025 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 De 
Storage temperature range ......................................... - 55 De to 1 50 De 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 De 

NOTES: 1. Voltage values are with respect to GND. 
2. Only one Q output should be on at a time. 
3. For operation above 25°C free-air temperature, derate linearly to 656 mW at 70°C at the rate of 8.2 mW/oC. 
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SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 

recommended operating conditions 

Supply voltage, Vee 

Peak on-state Q output voltage, VO(on) 

High-level input voltage, VIH 
VCC = 4 V 

Vce = 6 V 

Vee = 4 V 
Low-level input voltage, VIL 

VCC = 6 V 

Output current, 10 IT A = 25°C) 

Clock frequency, fclock 

Pulse duration, clock high or low, twCLK 

Pulse duration, data, two 

Pulse duration, strobe, twSTRB 

Setup time, data before clock!, tsu 

Hold time, data after clock!, th 

Operating free-air temperature, T A 

t The minimum clock period is 5 p.S. 

MIN 

4 

3.2 

4.8 

1.5 t 

5 

2 

1 

1.2 

0 

.. 
en 

electrical characteristics, Vee 5 V, TA 25 °c (unless otherwise noted) 

» c 
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PARAMETER TEST CONDITIONS 

VOH High-level output voltage Serial out IOH = -0.1 mA 

Q outputs IOL = 180 mA 
VOL Low-level output voltage 

Serial out IOL = 0.1 mA 

IO(off) Off-state output current Q outputs VOH=110V 

IOL Low-level output current Q outputs VOL = 16V 

IIH High-level input current VI = VCC 

IlL Low-level input current VI = 0 

Ci Input capacitance 

Supply current 
All Q outputs off 

ICC One Q output on 

switching characteristics, Vee 5 V, TA 

PARAMETER TEST CONDITIONS 

tpd Propagation delay time, clock to serial output CL = 15 pF 

tDHL Delay time, high-to-Iow-Ievel Q output from strobe or clock inputs 

Delay time, low-to-high-Ievel Q output from strobe or clock inputs 
CL = 150 pF, 

tDLH 

tTHL Transition time, high-to-Iow-Ievel Q output 
RL = 470 n, 

See Figures 2 and 3 
tTLH Transition time, low-to-high-Ievel Q output 

:j: Typical values are for clock inputs. Typical times from strobe inputs will be less. 
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MIN 

4.5 

220 

MIN 

ADVANCE 
INFORMATION 

NOM MAX UNIT 

5 6 V 

110 V 

V 

0.8 
V 

1.2 

220 mA 

200 kHz 

p'S 

P.s 

p'S 

P.s 

p'S 

70 °c 

TYP MAX UNIT 

V 

6 10 
V 

0.5 

1 ItA 

mA 

1 p.A 

-1 p.A 

15 pF 

1 

20 40 
mA 

TYP MAX UNIT 

0.2 0.5 P.s 

0.2:1: 0.6 P.s 

0.35:1: 1 p'S 

0.1 0.3 p'S 

0.35 1 P.s 



ADVANCE 
INFORMATION 

SN751506, SN751516 . 
DC PLASMA DISPLAY DRIVERS 

CLOCK ~ 50% \50% /50% 4 V 

I.---tWCLKH ., + - -- - - -- -1 V 

~twCLKL -.I 
jf--tsuD~thD~ 

OAT'" *50% *50% ~: 
j.- two ., 

FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 

Q OUTPUT 
90% 

10% 

/.-tDLH---+I 

FIGURE 2. SWITCHING CHARACTERISTICS 

10% 
~;;";';"---VOL 

I I 
-IIf--t+-- tTHL 
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SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

5V VDD - 100 V 

Q1 

DATA IN 

Q2 
470 fI 

• • • 
ClK 

Q31 

Q32 
470 fI 

STROBE 

SERIAL 

GND 
OUT CL - 15 pF 

(SEE NOTE B) 

= 

ADVANCE 
INFORMATION 

NOTES: A. Input pulses are supplied by generators having the following characteristics: tw = 1.25 P.s, PRR :s 200 kHz, tr :S 30 ns, 

tf :S 30 ns, Zo = 50 fl. 

B. Cl includes probe and jig capacitance. 

TEST CIRCUIT 

FIGURE 3 
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INFORMATION 

SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 

TYPICAL CHARACTERISTICS 
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LOW-LEVEL Q OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

ved - 5
1

V 
IOL" 180 rnA 

~ ~ -~ I---I---

o 10 20 30 40 50 60 70 80 

26 

<t 24 
E 
1-
r: 
f! 22 
:i 

<.J 
> 
C. 
g. 20 

en 
I 

<.J 
E 

18 

16 

T A - Free-Air Temperature - °e 

FIGURE 4 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vee - -5 V 
One Q 

Output low 

---r--
-I---r--I---

o 10 20 30 40 50 60 70 80 

TA-Free-Air Temperature- °e 

FIGURE 6 

LOW-LEVEL OUTPUT CURRENT Q OUTPUTS 
vs 
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E 

500 

1- 400 
r: 
f! 
:i 

C; 300 
;, 
Q. 

'5 
o 
~ 200 

CD 
..../ 
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o 
"I 100 
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o 

FREE-AIR TEMPERATURE 

Vee - 5'V 
t-VO - 16 V 
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r-r--r---
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0.5 

III 

f 0.4 
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> -i 0.3 
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r: 
.2 
~ 0.2 
1\1 
Q. 
o 
Ii: 
~ 0.1 
.. Q. 

o 

T A - Free-Air Temperature - °e 

FIGURE 5 

PROPAGATION DELAY TIME, 
CLOCK TO SERIAL OUTPUT 

vs 
FREE-AIR TEMPERATURE 

Vee - 5 V 
eL - 15 pF 

-

o 10 20 30 40 50 60 70 80 

TA-Free-Air Temperature- °C 

FIGURE 7 
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SN751506. SN751516 
DC PLASMA DISPLAY DRIVERS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 
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DELAY TIME, 
HIGH-TO-LOW-LEVEL Q OUTPUT 

vs 
FREE-AIR TEMPERATURE 

VCC" 5 V 
CL ... 150 pf 
RL .. -470 n 

-
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TA-free-Air Temperature- °c 

FIGURE 8 

TRANSITION TIME, 
HIGH-TO-LOW-LEVEL Q OUTPUT 

vs 
FREE-AIR TEMPERATURE 

VC~ .. 5 V 
CL .. 150 pf 
RL .. 470 n 

-- l---~ ---
o 10 20 30 40 50 60 70 80 

T A - free-Air Temperature - °c 

FIGURE 10 
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TRANSITION TIME, 
LOW-TO-HIGH-LEVEL Q OUTPUT 

vs 
FREE-AIR TEMPERATURE 

VC~ .. 5 'V 
CL - 150 pf 
RL .. 470 n 
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T A - free-Air Temperature _ °c 

FIGURE 11 
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ADVANCE 
INFORMATION 

• Each Device Drives 32 Lines 

• - 120-V P-N-P Open-Collector Parallel 
Outputs 

• High-Speed Serially Shifted Data Inputs 

• CMOS-Compatible Inputs 

• Strobe and Sustain Inputs Provided 

• Serial Data Output for Cascade Operation 

description 

The SN751508 and SN751518 are monolithic 
integrated circuits designed to drive the data 
lines of a dc plasma panel display, The 
SN751518 pin sequence is reversed from the 
SN751508 for ease in printed circuit board 
layout, 

Each device consists of two 16-bit shift 
registers, 32 latches, 32 OR gates, and 32 
P-N-P open-collector output AND gates. 
Typically, a 32-bit data string is split into two 
16-bit data strings externally and then entered 
in parallel into the shift registers on the high-to­
low transition of the clock signal. A logic high 
signal on the Latch Enable input transfers the 
data from the shift registers to the inputs of 32 
OR gates through the latches. Data present in 
the latch during the high-to-Iow transition of 
Latch Enable is stored. When the Strobe input 
is high, the latch is masked and a high will be 
placed on the data input of the output AND 
gates. When the Strobe input is low, and the 
Sustain input is high, data from the latches is 
reflected at the outputs. A logic low signal on 
the Sustain input will force all outputs to their 
off state. Drivers may be cascaded via the serial 
data outputs of the static shift registers. These 
outputs are not affected by the Latch Enable, 
Strobe, or Sustain inputs. 

The SN751508 and the SN751518 are 
characterized from O°C to 70 oC. 

SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 

D2984, JANUARY 1987 

SN751508 ... FT PACKAGE 

(TOP VIEWI 

032 01 
031 02 
030 03 
029 04 
028 05 
027 06 
026 Q7 

025 08 
024 09 
023 010 
022 011 
021 012 
020 013 
019 014 
018 015 
017 016 
GND GND 

NC SUSTAIN 
STROBE NC 

NC LATCH ENABLE 
CLOCK NC 

vCC VCC 
SERIAL OUT2 DATAIN2 
SERIAL OUTl DATAINl 

SN751518. , . FT PACKAGE 

(TOP VIEWI 

01 032 
02 031, 
03 030 
04 029 
05 028 
06 027 
07 026 
08 025 
09 024 

010 023 
011 022 
012 021 
013 020 
014 019 
015 018 
016 017 
GND GND 

SUSTAIN NC 
NC STROBE 

LATCH ENABLE NC 
NC CLOCK 

VCC VCC 
DATAIN2 SERIAL OUT2 
DATAINl SERIAL OUTl 

NC-No internal connection. 

Copyright © 1987, Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information 'on new ~roducts in the samplin9 or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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SN751508. SN751518 
DC PLASMA DISPLAY DRIVERS 

logic symbols t 

SUSTAIN 

STROBE 

LATCH ENABLE 

CLOCK 

illL 
i!.!l-
~ 
!lli.I::::. 

EN44 

V43 

C42 

>l40 

SRG16 

OATA INI 

,401C41 I-I 

~410 

· · · 
· · · 

SRG16 

SN751508 

CMOS/EL OISP 

II 1420 

l3 2420 

3420 

4420 

l15 

l17 

15420 

16420 

l29 17 420 
l31 lB 420 

1-401C45/-1 ., r 
.~450 DATA IN2 

SUSTAIN 

STROBE 

LATCH ENABLE 

CLOCK 

DATA INI 

DATA IN2 

· · · 
· · · 

.!!!!- EN44 
ill!- V43 
1201 

C42 
~ >l40 

SRG16 

• 40lC41 I-I 

~~10 

· · · 
· · · 

SRGIB 
401C45/-1 ., 

~450 

· · · 
· · · 

l2 29420 

l4 30420 

31 420 

32420 

lIB 

lIB 31 

l30 32 

l32 

SN751518 

CMOSIEL OISP 

II 1 420 

l3 2420 

3420 

4420 

l15 

l11 

15420 

16420 

l29 17 420 
l31 lB 420 

r 
l2 29420 

l4 30 420 

31 420 

32420 

l16 

lIB 31 

Z30 32 

Z32 

r 
t> 43.440~' 01 

02 

03 

04 

t> 43.44~ 

t> 43.44~ 

t> 43.44~ 

· · t> 43.44~ 

t> 43.44~ 
t> 43.44~ 
t> 43.44~ 

· · · t> 43.440 

t> 43.44Q 

t> 43.44~ 
t> 43.44~ 

1 

1 

~I 
~ 
~ 

~ 
~ 
~ 
--llli 

~ 
~ 
---E!. 
---1!l 

~ 

~ 

015 

016 
017 

alB 

029 

030 

031 

032 

SERIAL 
OUT1 

SERIAL 
OUT2 

t> 43.446~1 01 

Q2 

03 

04 

t> 43.44 ~ ---El, 
t>43.44~~ 
t>43.440~ 

· · · t> 43.44~ ~ 
t> 43.44~ ~ 
t> 43.44~ ~ 
t> 43.44~ ~ 

· · · t> 43.442 ~ 
t> 43.44~ ~ 
t> 43.44~ ~ 
t> 43.44~ ~ 

1 

~ 

1 

r---ill! 

015 

016 
017 

alB 

029 

030 

031 

032 

SERIAL 
OUTI 

SERIAL 
OUT2 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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ADVANCE 
INFORMATION 

logic diagram (positive logic) 
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ENABLE 

CLOCK 

DATAIN1 

DATAIN2 

• • 
• 

• •••• • •••• 
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SN751508. SN751518 
DC PLASMA DISPLAY DRIVERS 

01 
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SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 

ADVANCE 
INFORMATION 

CONTROL INPUTS 
SHIFT REGISTERS LATCHES 

OUTPUTS 

FUNCTION 
CLOCK 

LATCH 

ENABLE 
STROBE SUSTAIN R1 THRU R32 LC1 THRU LC32 

SERIAL 

S01 S02 
01 THRU 032 

! X X X Load and shift t Determined by Determined by 
LOAD 

Latch Enable t R31 R32 
No! X X X No change Sustain and Strobe 

LATCH X L X X Stored data Determined by 
As determined above R31 R32 

ENABLE X H X X New data Sustain and Strobe 

X X L H Determined by LC1 thru LC32 
STROBE As determined above 

Latch Enable t R31 R32 
X X H H All on (high) 

SUSTAIN X X X L As determined above 
Determined by 

R31 R32 All off 
Latch Enable t 

H = high level, L = low level, X = irrelevant, ! = high-to-Iow transition 
t Each even-numbered shift register stage takes on the state of the next-lower even-numbered stage, and likewise each odd-numbered 

shift register stage takes on the state of the next-lower odd-numbered stage; i.e., R32 takes on the state of R30, R30 takes on the state 
of R28, ... R4 takes on the state of R2, R2 takes on the state of Data In2, R31 takes on the state of R29, R29 takes on the state of 
R27, ... R3 takes on the state of R1, and R1 takes on the state on Data InL 

t New data enters the latches while Latch Enable is high. This data is stored while Latch Enable is low . 

typical operating sequence 

n n r···Ul CLOCK ~ LJ LJ ~ ______________________ __ 

DATA IN VALID I IRRELEVANT 

SHIFT 
REGISTER INVALID VALID 

CONTENTS 

LATCH ENABLE n 
LATCH CONTENTS PREVIOUSLY STORED DATA I NEW DATA VALID 

STROBE UI I 
SUSTAIN 

o OUTPUTS OFF-STATE I VALID I OFF STATE 
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ADVANCE 
INFORMATION 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

vcc--------~.---~~~ 

GNO----~----------~~ 

TYPICAL OF ALL Q OUTPUTS 

SN751508. SN751518 
DC PLASMA DISPLAY DRIVERS 

TYPICAL OF SERIAL OUTPUT 

----~~.----------VCC 

__ -'V\I\.-1~N'v- OUTPUT 

----_~----~----GNO 

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

Supply voltage, VCC (see Note 1) ...................................... " - 0.4 to 7 V 
On-state Q' output voltage, Va. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -120 V to Vec +0.4 V 
Input voltage ............................................... -0.4 V to Vec+O.4 V 
Serial output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.4 V to Vec + 0.4 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(see Note 2) .............................................. '. . . . . . . .. 1025 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltages values are with respect to GND. 
2. For operation above 25°e free-air temperature, derate linearly to 656 mW at 70 0 e at the rate of 8.2 mW/oC. 
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SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 

recommended operating conditions 

Supply voltage, VCC 

Output voltage, Vo 

High-level input voltage, VIH 
VCC = 4.5 V 

VCC = 5.5 V 

Low-level input voltage, VIL 
VCC = 4.5 V 

VCC = 5.5 V 
Output current, 10 (T A = 25°CI 

Clock frequency, fclock 

Clock 

Data In 

Pulse duration, tw (see Figure 11 Latch Enable 

Strobe 

Sustain 

Data In before clock~ 

Clock low before latch enablet 

Setup time, tsu (see Figure 11 Latch-Enable low before clock~ 

Latch-Enable high before strobe~ 

Latch-Enable high before sustaint 

Hold time, Data In after clockL th (see Figure 11 

Operating free-air temperature, T A 

MIN 

4.5 

3.6 

4.4 

75 

160 

90 

2 

2 

20 

50 

0 

0 

0 

50 

0 

ADVANCE 
INFORMATION 

NOM MAX UNIT 

5 5.5 V 

-75 V 

V 

0.9 
V 

1 

-1.2 mA 

5 MHz 

ns 

/Ls 

ns 

/Ls 
70 °C 

electrical characteristics, Vee 5 V, TA o °e to 70 0 e (unless otherwise noted) 

» c 
< » 
2: 
(") 
m -

PARAMETER 

Q out 

VOH High-level output voltage 
Serial Out 

VOL Low-level output voltage Serial Out 

10H High-level Q output current 

10L Low-level Q output current 

IIH High-level input current 

IlL Low-level input current 

ICC Supply current 

Ci Input capacitance 

t All typical values are at T A = 25°C. 

TEST CONDITIONS MIN 

10H = -0.5 mA 4 

10H = -100/LA 4.3 
VCC = 5.5 V 

10H = -20/LA 4.4 

10H = -100/LA 3.4 
VCC = 4.5 V 

10H = -20/LA 3.6 

10L = 100/LA 
Vce = 5.5 V 

10L = 20/LA 

10L = 101) /LA 
VCC = 4.5 V 

10L = 20/LA 

TA = 25°C, Vo = 3 V -1.2 

TA = 25°C, Vo = -75 V 

TA = 25°C, VI = VCC 

TA = 25°C, VI = 0 

All Q outputs high, VCC = 5.5 V 

All Q outputs low 

2: 
'T1 switching characteristics Vee 5 V, TA 25°e (unless otherwise noted) 

o 
:a tcd 

tDLH 

tDHL 

tTLH 

tTHL 

PARAMETER 

Propagation delay time, Clock to Serial Out 

Delay time, low-to-high-Ievel Q output from Sustain or Strobe 

Delay time, high-to-Iow-Ievel Q output from Sustain or Strobe 

Transition time, low-to-high-Ievel Q output 

Transition time, high-to-Iow-Ievel Q output 

TEST CONDITIONS 

CL = 15 pF 

CL=15pF, 

RL = 91 kO, 

See Figures 1 and 2 

S 
» 
:::! 
o 
2: tTypical values for delay times are measured from the Sustain input. 
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MIN 

Typt MAX UNIT 

4.5 

4.6 

V 

3.6 

0.9 1.2 

1.1 
V 

0.9 1.1 

0.9 

mA 

-500 /LA 

1 /LA 
-1 /LA 

17 25 
mA 

3 

15 pF 

TYP MAX UNIT 

100 150 ns 

0.3 t 1 /Ls 

It 2.5 /LS 

2 5 /LS 
11 18 P.s 



ADVANCE 
INFORMATION 

SN751508. SN751518 
DC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

~------------------4V 
CLOCK 

'--_J_ - - - - - - - - - - - -1 V 

_
____ ~~I~~ ~~---------------------VOH 

SERIAL OUT A,-. _____ ...1/\'-0_% ___________ _ 
- - VOL 

I 
I-- tsu ~ I+-tsu ~ 

j4-:tw~ 
I n:%--------- -- -------4V 

--------. I . ' 1 V 

LATCH ENABLE 

I 
r-tsu41 ~tw-+l 
1 I+-tw~ 1 

STROBE~-------~i-~~~o-%----------~~~------~-:: 
I I 1 

~tsu1 : r-tw~tw~ 

SUSTAIN _________________ ~% I U\ ------:: 
I tDLH..j /4- I tDHL ~ ~ I 

tDLH..j j4- I -.I j4-tDHL; -+t tt-tDLH 

QOUTPUTS a: · 1 ~ hf M3: I 90"----0. -----....;....------------~4_-I-~ :1'\ _ ~ ~ 10% 
1 I I. OFF 

tTL~ j.- I 1_ 1 I I -.f If- tTLH 
tTLH-+\ ,.... I I --t Jf-tTHL 

tTHL'" ~ 

NOTE: Input tr and tf are less than or equal to 10 ns. 

FIGURE 1. INPUT TIMING AND SWITCHING TIME VOLTAGE WAVEFORMS 
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SN751508. SN751518 
DC PLASMA DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

5V 

VCC 
DATA IN 

CLOCK 

STROBE 

SUSTAIN 

LATCH ENABLE 

-75 V 

15 pF 

011--. .......... 1V'v-...... - .. 
91 kn 

031 t--.......... IV'v-...... - ... 

032 1-____ ---JVIIIr-...... ---' 

SERIAL OUT1 1----..... --

SERIAL OUT2 t-__.---i---

TEST CIRCUIT 

CL - 15 pF 
(see Note B) 

ADVANCE 
INFORMATION 

NOTES: A. Input pulses are supplied by generators having the following characteristics: tw = 100 ns, PRR s 5 MHz, tr s 10 ns, 

tf s 10 ns, Zo = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2 
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ADVANCE 
INFORMATION 

SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 

TYPICAL CHARACTERISTICS 

20 

~ 15 

.!. 
c 
2! :; 
c;. 10 
Q. 
Co 
:J 

en 
I 
(.J 

~ 5 

o 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

~ 

"" ~ ~ --l"-I--

Vee - 5.5 V 
f- All Q outputs low 

NTd 

I I 
o 10 20 30 40 50 60 70 80 

T A - Free-Air Temperature - °e 
FIGURE 3 

DELAY TIME, SUSTAIN INPUT TO Q OUTPUT, 
LOW TO HIGH 

~ 0.5 
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.J: 
Cl 

:f 
g 0.4 
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~ 0.2 
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I 
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vs 
FREE-AIR TEMPERATURE 

Ve~ - 5' V 
f-eL - 15 pF 

I-RL - 91 kll 
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.... 
£l o 

o 10 20 30 40 50 60 70 80 

TA-Free-Air Temperature- °e 

FIGURE 5 
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DELAY TIME, CLOCK TO SERIAL OUTPUT 
vs 

FREE-AIR TEMPERATURE 

f.--- f.-----............ 

Vee - 5 V 

I 
"C 
.. Co 

r-cL1- 15j"' 
o 

o 10 20 30 40 50 60 70 80 

T A - Free-Air Temperature - °e 

FIGURE 4 

DELAY TIME, SUSTAIN INPUT TO Q OUTPUT, 
HIGH TO LOW 
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FIGURE 6 
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SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 

III 

i 5 
.z:. 
til 

TRANSITION TIME, Q OUTPUT, 
LOW TO HIGH 

vs 
FREE-AIR TEMPERATURE 

I .I 
III 
::l. 

TRANSITION TIME, Q OUTPUT, 
HIGH TO LOW 

vs 
FREE-AIR TEMPERATURE 

I 20 1 _I 

Il
l: 

i 
.9 

~ Vee - 5 V 
.... eL - 15 pF 
g RL - 91 kO 
.z:. 
f 15 

4 

r Vee - 5 V 
CL - 15 pF 

rRL - 91 kO 
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TA-free-Alr Temperature- °e 

FIGURE 7 
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• Each Device Drives 10 Lines 

• 60-V Output Voltage Rating 

• 40-mA Output Source Current 

• High-Speed Serially-Shifted Data Input 

• CMOS-Compatible Inputs 

• Latches on All Driver Outputs 

• Improved Direct Replacement for 
UCN4810A and TL4810A 

description 

The TL4810BI and TL4810B are monolithic 
BIOFETt integrated circuits designed to drive a 
dot matrix or segmented vacuum fluorescent 
display (VFO). These devices feature a serial data 
output to cascade additional devices for large 
display arrays. 

A 1 O-bit data word is serially loaded into the shift 
register on the positive-going transitions of the 
clock. Parallel data is transferred to the output 
buffers through a 10-bit Ootype latch while the 
latch enable input is high and is latched when 
the latch enable is low. When the blanking input 
is high, all outputs are low. 

Outputs are totem-pole structures formed by 
n-p-n emitter-follower and double-diffused MOS 
(OMOS) transistors with output voltage ratings 
of 70 volts and 40 milliamperes source-current 
capability. All inputs are compatible with CMOS 
and TTL levels, but each requires the addition of 
a pull-up resistor to VOO when driven by TTL 
logic. 

The TL4810BI is characterized for operation 
from -40°C to 85°C. The TL4810B is 
characterized for operation from OOC to 70°C. 

TL4810BI, TL481 DB 
VACUUM FLUORESCENT DISPLAY DRIVERS 

02715, DECEMBER 1984-REVISED FEBRUARY 1986 

N 
DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

08 09 
07 010 
06 SERIAL DATA OUT 

CLOCK VBB 
VSS DATA IN 
VDD BLANKING 

LATCH ENABLE (STROBE) 01 
05 02 
04 03 """1... __ ..J--

ow 
SMALL OUTLINE PACKAGE 

(TOP VIEW) 

08 
07 
06 

CLOCK 

VSS 
NC 

VDD 
LATCH ENABLE (STROBE) 

05 
04 

NC - No internal connection 

09 
010 
NC 
SERIAL DATA OUT 

VBB 
DATA IN 
BLANKING 
01 
02 
03 

t BIDFET -Bipolar, Double-Diffused, N-Channel and P-Channel MaS transistors on same chip-patented process. 
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TL4810BI, TL481 DB 
VACUUM FLUORESCENT DISPLAY DRIVERS 

logic symbol t 

LATCH ENABLE (7) C2 

BLANKING (13) 

10 20 t> 

20 t> 

20t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

20 t> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

(12) 
Q1 

(11 ) 
02 

(10) 
03 

(9) 
04 

(8) 
05 

(3) 
06 

(2) 
07 

(1 ) as 
(1S) 

09 
(17) 

010 
(16) 

SERIAL DATA OUT 

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

Pin numbers shown are for the N package. 

logic diagram (positive logic) 

BLANKING 

LATCH 
ENABLE SHIFT 

REGISTER 

DATA IN 

CLOCK~~-I> 

LATCHES 

FUNCTION TABLE 

CONTROL INPUTS OUTPUTS SHIFT REGISTERS LATCHES 
FUNCTION LATCH BLANK-

R1 THRU R10* CLOCK 
ING 

LC1 THRU LC10 SERIAL 01 THRU 010 ENABLE 

LOAD 
i X X Load and shift t Determined by Latch Enable§ R10 Determined by Blanking 

Noi X X No change Determined by Latch Enable§ R10 Determined by Blanking 

X L X As determined above Stored data R10 Determined by Blanking 
LATCH 

X H X As determined above New data R10 Determined by Blanking 

X X H As determined above Determined by Latch Enable § R10 All L 
BLANK 

X X L As determined above Determined by Latch Enable§ R10 LC 1 thru LC 10 respectively 

H = high level, L = low level, X = irrelevant, i = low-to-high-Ievel transition. 
t Register R10 takes on the state of R9, R9 takes on the state of R8 ... R2 takes on the state of R1, and R1 takes on the state of the data input. 
§ New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low . 
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typical operating sequence 

CLOCK 

DATA IN 

SR CONTENTS 

VALID 

INVALID 

TL4810BI, TL4810B 
VACUUM FLUORESCENT DISPLAY DRIVERS 

IRRELEVANT 

VALID 

LATCH 
ENABLE 

______________________ ~ __ r1~ ______________ __ 

LATCH 
CONTENTS 

PREVIOUSLY STORED DATA NEW DATA VALID 

BLANKING 

Q OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VDD--~------------~~ 

INPUT--...... +-...... --. 

VALID 

TYPICAL OF ALL OUTPUTS 
______ --VBB (Q OUTPUTS) 

VDD (SERIAL OUTPUT) 

OUTPUT 

--~1l 
~VSS 

• tn .. 
(1) 

> 
'':;: 
C 
> 
CO 
C. 
tn 
C 

TEXAS • 
INSTRUMENTS 

3-173 

POST OFFICi BOl( 65~gl a • DA~~AS, 'tEXAS 7521i& 



TL4810BI, TL481 DB 
VACUUM .FLUORESCENT DISPLAY DRIVERS 

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

Logic supply voltage, VDD (see Note 1) ......................................... 18 V 
Driver supply voltage, VBB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD + 0.3 V 
Continuous total dissipation at 25°C free air-temperature (see Note 2): 

DW package ........................................................ 11 50 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range: TL4810BI .......................... - 40°C to 85 °C 
TL4810B ............................. OOC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
C Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 
tn' 
'0 NOTES: 1. Voltage values are with respect to vss. 
iii" 2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
< 
C .. <' 
CD .. 
(I) 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

OW 1150 9.2 mW/oC 

N 875 7.0 mW/oC 

recommended operating conditions 

PARAMETER 
MIN 

Supply voltage, VDO 4.75 

Supply voltage, VSS 5 

Supply voltage, VSS 

High-level input voltage, VIH 
I for VDO = 5 V 3.5 

I for VDO = 15 V 13.5 

Low-level input voltage, VIL -0.3 t 

Continuous high-level output current, IOH 

Operating free-air temperature, T A -40 

ABOVE 

TA 

25°C 

25°C 

TL481 OBI 

NOM MAX 

15.75 

60 

0 

5.3 

15.3 

0.8 

-25 

85 

TL4810B 

MIN NOM MAX 
UNIT 

4.75 15.75 ·V 

5 60 V 

0 V 

3.5 5.3 
V 

13.5 15.3 

-0.3 t 0.8 V 

-25 mA 

0 70 °C 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltages only. 
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TL481DBI, TL481 DB 
VACUUM FLUORESCENT DISPLAY DRIVERS 

electrical characteristics over recommended operating free-air temperature range, Voo = 5 V to 15 V, 
VBB = 60 V, Vss = 0 (unless otherwise noted) 

TEST CONDITIONSt 
TL481 OBI TL4810B 

PARAMETER 
TYP:I: TYP:I: MIN MAX MIN MAX 

High-level Q outputs 10H = -25 mA 57.5 58 57.5 58 

VOH output VDD = 5 V, 10H = -100 p.A 4 4.5 4 4.5 

voltage 
Serial output 

VDD = 15 V, 10H = -100/lA 14 14.7 14 14.7 

Low-level Q outputs 10H = l/lA, Blanking input at VDD 0.5 1 0.5 1 

VOL output VDD = 5 V, 10L = 100/lA 0.05 0.1 0.05 0.1 

voltage 
Serial output 

VDD=15V, 10L = 100 /lA 0.02 0.1 0.02 0.1 

Vo = 60 V, Blanking input at VDD, 
2.5 3.7 2.5 3.7 

10L 
Low-level Q output current TA = MIN to 70°C 

(pull-down current) Vo = 60 V, Blanking input at VDD, 
2 

TA = 85°C 

10(0ft) Off-state output current 
Vo = 0, Blanking input at VDD, 

TA = MAX 
-1 -15 -1 -15 

IH High-level input current VI = VDD 30 50 30 50 

All outputs low 0.5 1 0.5 1 

IBB Supply current from VBB All outputs high, T A = OOC to MAX 2.7 4 2.7 4 

All outputs high, T A = - 40°C 5 

All inputs at 0 V, VDD = 5 V 10 50 10 50 

One Q output high VDD = 15 V 10 100 10 100 
IDD Supply current from VDD 

All inputs at 0 V, VDD = 5 V 10 50 10 50 

All outputs low VDD = 15 V 10 100 10 100 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
:I: All typical values are at T A = 25°C', except for 10. 

timing requirements over recommended operating free-air temperature range 

PARAMETER 
VOO - 5 V VDO - 15V 

MIN MAX MIN MAX 

tw(CKH) Pulse duration, clock high 250 50 

tw(LEH) Pulse duration, latch enable high 250 50 

tsu(D) Setup time, data before clockl 125 25 

th(D) Hold time, data after clockl 125 25 

tCKH-LEH Delay time, clock l to latch enable high 125 25 

switching characteristics, VBB = 60 V, T A 

PARAMETER MIN TYP MAX 

VDD = 15 V 0.5 
Propagation delay time, latch enable to output 

VDD = 5 V 

UNIT 

V 

V 

mA 

/lA 

/lA 

mA 

/lA 

UNIT 

ns 

ns 

ns 

ns 

ns 

II 
(I) -CD 
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TL4810BI, TL481 DB 
VACUUM FLUORESCENT DISPLAY DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

CLOCK 
~ ___ JI VIL 

I 
tsu(D) 14 ~~ .1 th(D) _-r---r_ I I VIH 

DATA ~O% VAUD 50%)()()O( VIL 

FIGURE 1. INPUT TIMING 

CLOCK 
INPUT 

I _ ----------VIH 
LAST 

I PULSE VIL 

t+-tCKH-LEH~ .! tw(LEH) 
-- VIH 

LATCH 50%1 ~50% 
ENABLE------....J 1 ----- VIL 

~tpd---+l 
OUTPUT _______________ 9_0oJYo}Fr-V-A-Ll-D~~ 

FIGURE 2. OUTPUT SWITCHING TIMES 

THERMAL INFORMATION 

cfl. 
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40 

DW PACKAGE DUTY CYCLE 
vs 

FREE-AIR iEMPERA TURE 

\ 1\ \\ 
N -1 to 6 
N-7

1 

i'\ \\ N-8
1 

I 

\' Na9' 
I 

, N-10 

VaB - 60 V 
VOO - 15 V 
IOH - -25 rnA 
IOL ... 1 p.A 
N - Number of outputs high 

All o~her o,utputf low I 
I 

25 35 45 55 65 75 85 95 100 

T A - Free-Air Temperature - °C 

FIGURE 3 

N PACKAGE DUTY CYCLE 
vs 

FREE-AIR TEMPERATURE 

100r-~~~-r-r~~~~~r.N~-~1~t-o~4 

Vaa - 60 V 
60 Voo - 15 V 

IOH'" -25 rnA 

50 IOL - 1 p.A 

N-5 

40~~--~--~--~--~--~~~~ 

25 ~5 45 55 65 75 85 95 100 

T A - Free-Air Temperature - °C 

FIGURE 4 
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• Drives Up to 20 Lines 

• 70-V Output Voltage Swing Capability 

• 40-mA Output Source Current Capability 

• High-Speed Serially-Shifted Data Input 

• CMOS-Compatible Inputs 

• Direct Replacement for Sprague UCN5812A 

description 

The. TL58121 and TL5812 are monolithic 
BIDFETt integrated circuits designed to drive a 
dot matrix or segmented vacuum fluorescent 
display (VFD). Each device features a serial data 
output to cascade additional devices for large 
display arrays. 

A20-bit data word is serially loaded into the shift 
register on the low-to-high transition of the clock 
input. Parallel data is transferred to the output 
buffers through a 20-bit D-type latch while the 
Latch Enable input is high and is latched when 
the Latch Enable input is low. When the blanking 
input is high, all outputs are low. 

The outputs are totem-pole structures formed by 
n-p-n emitter-follower and double-diffused MOS 
(DMOS) transistors with output voltage ratings 
of 70 volts and a source-current capability of 40 
milliamperes. All inputs are CMOS compatible. 

The TL581 21 is characterized for operation from 
- 40°C to 85 °C. The TL5812 is characterized 
for operation from OOC to 70°C. 

TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 

02914, OCTOBER 1985-REVISED AUGUST1986 

N 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VBB VDD 
SERIAL DATA OUT DATA IN 

020 01 
019 02 
018 03 
017 04 
016 05 
015 06 
014 07 
013 08 
012 09 
011 010 

BLANKING LATCH ENABLE (STROBE) 

VSS CLOCK 

FN PACKAGE 

(TOP VIEW) 

I-
:::> 
0 
<t: 
I-
<t: 
0 

~ ..J 
<t: <t: 

0)0 a: [DO I-
.-N w [DO <t: d dd en » 0 

4 3 2 1 28 27 26 

018 
017 6 

016 7 

015 8 

014 9 
013 10 

25 02 
24 03 
23 04-
22 05 
21 06 
20 07 

012 11 19 08 
12 1314 15 16 1-7 18 

W 
..J 
[D 

<t: 
Z 
w 
:c 
u 
I­
<t: 
..J 

t BIDFET - Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip - patented process. 
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TL58121. TL5812 
VACUUM FLUORESCENT mSPLAY DRIVERS 

logic symbol t 

BLANKING 

LATCH 
EfJABLE 

CLOCK 

DATA IN 

(131 

(161 

(151 

(271 

CMOSIVAC 
FlUOR DISP 

2D I> 

2D I> 

2D I> 

2D I> 

(261 

(251 

3 
(171 

3 
(121 

3 
(41 

3 
(31 

(21 

t This symbol is in accordance wit, ;EEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

BLANKING-------a 

LATCHENABLE------------, 
SHIFT 

REGISTER 

DATA IN----I 
CLOCK-..... --I> 

LATCHES 
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CONTROL INPUTS 

FUNCTION LATCH BLANK-
CLOCK 

ENABLE ING 

LOAD 
t X X 

Not X X 

X L X 
LATCH 

X H X 

X X H 
BLANK 

X X L 

TL58121. TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 

FUNCTION TABLE 

SHIFT REGISTER LATCHES OUTPUTS 

R1 THRU R20 LC1 THRU LC20 SERIAL 01 THRU 020 

Load and shift; Determined by R20 Determined by 

No change Latch Enable§ R20 Blanking 

As determined above Stored data R20 Determined by 

As determined above New data R20 Blanking 

As determined above Determined by R20 All L 

As determined above Latch Enable § R20 LC1 thru LC20. respectively 

H = high level. L = low level. X = irrelevant. t = low-to-high-Ievel transition. 
lR20 takes on the state of R19. R19 takes on the state of R18 •... R2 takes on the state of R1. and R1 takes on the state of the data input. 
§New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 

typical operating sequence 

CLOCK 

DATA IN 

SR 
CONTENTS 

VALID IRRELEVANT 

INVALID I VALID 

LATCH 
ENABLE 

______________________________ ~rl~ ____ _ 
LATCH 

CONTENTS 

BLANKING 

a OUTPUTS 

schematics of inputs and outputs 

EOUIVALENT OF EACH INPUT 

VCC1--------~----~~e----

INPUT--~~~-4~. 

GND--__ -----------e-4~--

PREVIOUSLY STORED DATA NEW DATA VALID 

TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 

--------~I------ VCC2 -----------4 ...... ----..... - VCC1 

OUTPUT .. ----.... - OUTPUT 

-----------4~ __ --- GND --------~ __ ~-------GND 

II 
rJ) ... 
Q) 

> ".::: 
C 
> 
CO 
Q. 

rJ) 

C 
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TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VBB ........................................ -................ 70 V 
Output voltage, VO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD + 0.3 V 
Output current, 10 ...................................................... - 40 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2): 

N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 1150 mW 
FN package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1400 mW 

Operating free-air temperature range: 
TL58121 ....................................................... -40°Ct085°C 
TL5812 .......................................................... ·ooC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES 1. All voltage values are with respect to VSS. 
2. For operation above 25°C free-air temperature, derate the N package linearly to 598 mW at 85°C or to 736 mW at 70°C 

at the rate of 9.2 mW/oC. Oerate the FN package to 728 mW at 85°C or to 896 mW at 70°C at the rate of 11.2 mW/oC . 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 4.5 15 V 

Supply voltage, V8B 0 60 V 

Supply voltage, VSS 0 V 

High-level input voltage, VIH VOO-1.5 VOO+O.3 V 

Low·level input voltage, VIL -0.3 T 0.8 v 
High-level output current, 10H -40 rnA· 

I TL58121 -40 85 
Operating free·air temperature, T A I TL5812 

°C 
0 70 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels. 

electrical characteristics over operating free-air temperature range, VDO == 5 V to 15 V, VBB = 60 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT 

Q outputs IOH = -25 rnA 57.5 58.2 

VOH High-level output voltage VOO - 5 V, IOH - -20 p,A 4.5 4.9 V 
Serial outputs 

VOO = 15 V, IOH - -20 p,A 14.5 14.9 

Q outputs IOL = 1 rnA, 81anking at VOO 0.7 1.5 

VOL Low-level output voltage VOO - 5 V, IOL - 20'p,A 0.06 0.3 V 
Serial outputs 

VOO = 15V, IOL = 20 p,A 0.03 0.3 

IIH High-level input current VI = VOO 0.3 1 p,A 

IlL Low-level input current VI = 0 -0.3 -1 p,A 

IOL Low-level output current (pull down current) Vo - 60 V, Blanking at VOO 2.5 3.2 rnA 

IO(oft) Off-state output current Vo = 0, Blanking at VOO <-1 -15 p,A 

Outputs high 3.5 8 
IBB Supply current from VBB rnA 

Outputs low 0.02 0.5 

VOO = 5 V 1.5 3 
100 Supply current from VOO rnA 

VOO = 15 V 1.7 4 

t All typical characteristics are at T A = 25°C. 
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TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 

timing requirements over operating free-air temperature range 

PARAMETER 

VDD = 5 V 
twCKH Pulse duration. clock high 

VDD = 15 V 

VDD = 5 V 
twLEH Pulse duration. latch enable high 

VDD = 15 V 

VDD = 5 V 
tsuD Setup time. data before clockf 

VDD = 15 V 

VDD = 5 V 
thD Hold time. data after clockf 

VDD = 15 V 

VDD = 5 V 
tCKH-LEH Delay time. clockf to latch enable high 

VDD = 15 V 

switching characteristics, VBB 60 V, TA 

I 
I tpd 

PARAMETER 

Propagation delay time. I VDD = 5 V 

latch enable to output I VDD = 15 V 

PARAMETER MEASUREMENT INFORMATION 

CLOCK 

I 
I 

I+-tsuD~thD-+I 
I . I 

MIN 

500 

100 

500 

100 

150 

75 

150 

75 

150 

75 

MIN 

---_ I I VIH 

DATA _____ ')(50% }(\,,5_0_% ____ VIL 

CLOCK 

I 
I 

FIGURE 1. INPUT TIMING 

j+tCKH-LEH+! 

I4-twLEH~ 

~reH I I M
I 

ENABLE ______ -' : 50% \,,50_
0

_Yo ____ _ 

I+--tpd -----+I 
I 

OUTPUT 

FIGURE 2. OUTPUT SWITCHING TIMES 

MAX UNIT 

ns 

ns 

ns 

ns 

ns 

TYP MAX UNIT 

.2.2 

0.8 
IlS 

II 
(/) ... 
Q) 

> 0i: 
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C. 
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TL58121. TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 
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~ 

THERMAL INFORMATION 

DUTY CYCLE 
vs 

FREE-AIR TEMPERATURE 

90~~~~~~~~~~~rr-~r-~ 

80~~~~~~~~~~~~~r-~ 

I 70~~~~~~~~~~~~~r-~ 
CD 
U o 60~~~~~~~~~~~~~r-~ 
~ 
::::I 50 t--~--+---t-~~-c-.a-...:"""-"~13 
C 14 

§ 40 ~~ 
E 18 
';( 30 N - Number of outputs high and - N - 20 

:E conducting IOH - - 25 mA 
20 All other outputs low, IOL - 1 mA-+----i 

10 VBB - 60 V 
VOO - 15 V 

O~~-~-~-~-~-L--~~ 
20 30 40 50 60 70 80 90 100 

TA-Free-Air Temperature- °C 

FIGURE 3 
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• Each Device Drives 10 Lines 

• 60-V Output Voltage Rating 

• 40-mA Output Source Current 

• High-Speed Serially-Shifted Data Input 

• CMOS-Compatible Inputs 

• Latches on All Driver Outputs 

• Designed to be Interchangeable with 
Sprague UCN4810A 

description 

UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 

D2676. OCTOBER 1982-REVISED NOVEMBER 1986 

N 
C· \L-IN-LlNE PACKAGE 

(TOP VIEW) 

'.la 09 
07 010 
06 SERIAL DATA OUT 

CLO~K VBB 
VSS DATA IN 
VDD BLANKING 

LATCH ENABLE (STROBE) 01 
05 02 
04~ __ J-03 

The UCN4810A is a monolithic BIOFETt integrated circuit designed to drive a dot matrix or segmented 
vacuum fluorescent display (VFO). This device features a serial data output to cascade additional devices 
for large display arrays. 

A 10-bit data word is serially loaded into the shift register on the positive-going transitions of the clock. 
Parallel data is transferred to the output buffers through a 1 O-bit O-type latch while the latch enable input 
is high and will be latched when the latch enable is low. When the blanking input is high, all outputs are low. 

Outputs are totem-pole structures formed by n-p-n emitter-follower ar, double-diffused MaS (OMOS) 
transistors with output voltage ratings of 60 volts, and 40 milliamperes source-current capability. All 
inputs are compatible with CMOS and TTL levels, but each requires the addition of a pull-up resistor to 
VOO when driven by TTL logic. 

The UCN4810A is characterized for operation from OOC to 70 oC. 

logic symbol:l: 

LATCH ENABLE (7) C2 
BLANKING (13) 

10 20 [> 3 

20 [> 3 

20t> 3 

20 [> 3 

20 [> 3 

20 [> 3 

20 [> 3 

20 [> 3 

20 [> 3 

20 [> 3 

(12) 

(11) 

(10) 

(9) 

(8) 

(3) 

(2) 

(1 ) 

(181 

(17) 

(16) 

01 

Q2 

Q3 

04 

05 

06 

07 

08 

Q9 

010 

SERIAL DATA OUT 

logic diagram (positive logic) 

BLANKING 

.LATCH------------~ 

ENABLE SHIFT 

DATA IN 

CLOCK --4""---f:> 

L---{:>-SERIAL OUT 

t BIDFET - Bipolar Double-Diffused. N-Channel and P-Channel MOS transistors on same chip - patented process. 
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Copyr'~nt © 1982. Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
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UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 

FUNCTION TABLE 

CONTROL INPUTS OUTPUTS SHIFT REGISTERS LATCHES 
FUNCTION LATCH BLANK-

LC1 THRU LC10 t CLOCK R1 THRU R10 SERIAL Q1 THRU Q10 ENABLE ING 

f X X Load and shift· Determined by Latch Enable t R10' Determined by Blanking 
LOAD 

Determined by Latch Enable t R10 Determined by Blanking No f X X - No change 

X L X As determined above Stored data R10 Determined by Blanking 
LATCH 

X H X As determined above New data R10 Determined by Blanking 

X X H As determined above Determined by Latch Enable T R10 All L 
BLANK 

Determined by Latch Enable t X X L As determined above R10 LC1 thru LC12 respectively 

H = high level, L '= low level, X = irrelevant, f = low-to-high-Ievel transition. 
t New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
• R 10 takes on the state of R9, R9 takes on the state of R8 ... R2 takes on the state of R 1 , and R 1 takes on the state of the data input. 

typical operating sequence 

CLOCK 

DATA IN VALID IRRELEVANT 

SR CONTENTS INVALID VALID 

LATCH r-l 
ENABLE ----------------------------------~ ~------------------------

LATCH 
PREVIOUSLY STORED DATA NEW DATA VALID 

CONTENTS ______________________________ ~----~---------------------------

BLANKING 

Q OUTPUTS VALID 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

------~~--------- VSS 

3-184 

VDD ----_e------------------~_e----

INPUT -----4~~~--e_----~ 

100 
kO 

VSS----------~~~------~~ __ ~--
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UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 

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

Logic supply voltage, VDD (see Note 1) ......................................... 18 V 
Driver supply voltage, VBB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 V 
Input voltage ............................................... -0.3VtoVDD+0.3V 
Continuous output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 mA 
Continuous total dissipation at 25 °C free-air temperature (see Note 2) . . . . . . . . . . . . . .. 1150 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 °C to 70 °C 
Storage temperature range ......................................... - 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 °C 

NOTES: 1. Voltage values are with respect to VSS. 
2. For operation above 25°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 4.75 15.75 V 

Supply voltage, VBB 5 60 V 

Supply voltage, VSS 0 V 

High-level input voltage, VIH 
I for VOO = 5 V 3.5 5.3 

I for VOO = 15 V 
V 

13.5 15.3 

Low-level input voltage, VIL -0.3 t 0.8 V 

Continuous high-level output current, IOH -25 rnA 

Operating free-air temperature, T A a 70 °C 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

electrical characteristics, Vee 
otherwise noted) 

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

IOL 
Low-level output current 

(pull-down current) 

IO(off) Off-state output current 

IIH High-level input current 

q Input resistance 

ro Output resistance 

IBB Supply current from VBB 

100 Supply current from VOO 

4.75 V to 15.75 V, VSS 60 V, VSS 

TEST CONOITIONS 

IOH = -25 rnA 

IOL = 1 p.A, Blanking input at VOO 

Vo = 60 V, Blanking input at VOO 

Vo = 60 V, VSS = a V, 

All other terminals open, TA = 70°C 

VOO = 5 V, VI = 5 V 

VOO = 15 V, VI = 15 V 

VOO = 5 V 

VOO = 5 V 

VOO = 15 V 

All outputs high 

All outputs low 

All inputs at 0 V, VOO = 5 V 

One output high VOO = 15 V 

All inputs at 0 V, VOO = 5 V 

All outputs low VOO = 15 V 

0, T A = 25°C (unless 

MIN MAX UNIT 

57.5 V 

1 V 

0.4 0.85 rnA 

15 p.A 

0.1 
rnA 

0.3 

50 kO 

20 

6 
kO 

13 
rnA 

1.3 

1 

3 

0.1 
rnA 

0.2 
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UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 

timing requirements for VOO = 5 V and VOO = 15 V, TA "" 0 °C to 70°C 

PARAMETER VDD - 5 V VDD -15 V 
UNIT 

MIN MAX MIN MAX 

Pulse duration, clock high, tw(CKH) 1000 250 ns 

Pulse duration, latch enable high, tw(LEH) 500 300 ns 

Setup time, data before clock i, tsu(D) 250 150 ns 

Hold time, data after clock f, th(D) 250 150 ns 

Delay time, clock i to latch enable high, tCKH-LEH 1000 400 ns 

switching characteristics, VOO = 5 V or 15 V, T A 

PARAMETER MIN TYP MAX UNIT 

CLOCK 

Propagation delay time, latch enable to output 

PARAMETER MEASUREMENT INFORMATION 

t+-tw(CKH)~ 

I I 
I ~-- VIH 

14----.~+-1 - th(D) 

CLOCK 
INPUT 

I PULSE 
I 1'4 ~I tw(LEH) 
14- tCKH-LEH ~ I 

P.s 

tsu(D)~11oIII4i---~ I 
I I 

LATCH I I 
ENABLE _______ -1 \,, ___ _ 

I 
I4-tpd-+l ~"----""VVVV\I ,.----- VIH 

DATA \/\/\1\1'\ VALID l'\/\/\/\/ 
- • '-~"&'....1111- VIL 

, I \.... OUTPUT VALID 

----------------~ 
FIGURE 1. INPUT TIMING FIGURE 2. OUTPUT SWITCHING TIMES 
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THERMAL INFORMATION 

DUTY CYCLE 
vs 

FREE-AIR TEMPERATURE 

.......... 
j--..... .................. 1'00.., r---... ........... 1 - 6 

~ ~ 
............... r-..... .......... 7 
~ ~ ~ 

........... ;--.... .......... ......... 8 

..... ........ 9-

N 0= 10-

1 

N 0= Number of outputs conducting 
simultaneously r-

IO ... 25 mA 
r-

Vee" 60 V 
VOO .. 15V r--

25 30 35 40 45 50 55 60 65 70 75 
lA-free-Air lemperature- °c 
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LINE DRIVERS AND RECEIVERS 
CROSS·REFERENCE GUIDE 

CROSS·REFERENCE GUIDE 
(manufacturers arranged alphabetically) 

Replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the s~bstitute device with the specifications of the original. 

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 

AMD 
SUGGESTED PAGE 

FAIRCHILD 
SUGGESTED 

TI REPLACEMENT NO. TI REPLACEMENT 
PAGE 
NO. 

AM26LS31C AM26LS31C 4-5 I'A9637AC uA9637AC 4-529 
AM26LS32C AM26LS32AC 4-13 I'A9637AM uA9637AM 4-529 
AM26LS33C AM26LS33AC 4-13 I'A9638C uA9638C 4-535 
AM26S10C AM26S10C 4-23 I'A9639AC uA9639C 4-539 
AM26S10M AM26S10M 4-23 I'A9640C AM26S10C 4-23 
AM26S11C AM26S11C 4-23 I'A9640M AM26S10M 4-23 
AM26S11M AM26S11M 4-23 I'A9641C AM26S11C 4-23 

I'A9641M AM26S11M 4-23 

FAIRCHILD 
SUGGESTED PAGE 

TI REPLACEMENT NO. 
MOTOROLA 

SUGGESTED 
I'A1488C SN75188 4-391 TI REPLACEMENT 

PAGE 
NO. 

I'A1489AC SN75189A 4-397 AM26LS31 AM26LS31C 4-5 
I'A1489C SN75189 4-397 AM26LS32 AM26LS32AC 4-13 
I'A26LS31C AM26LS31C 4-5 MC1488 SN75188 4-391 
I'A26LS32C AM26LS32AC 4-13 MC1489 SN75189 4-397 
I'A3486C MC3486 4-47 MC1489A SN75189A 4-397 
I'A3487C MC3487 4-53 MC26S10 AM26S10C 4-23 
I'A55107AM SN55107A 4-73 MC26S11 AM26S11C 4-23 
I'A55107BM SN55107B 4-73 MC3446A MC3446 4-31 
I'A55108AM SN55108A 4-73 MC3450 MC3450 4-35 
I'A55108M SN55108B 4-73 MC3452 MC3452 4-35 
I'A55110M SN55110A 4-89 MC3453 MC3453 4-43 
I'A55121M SN55121 4-143 MC3481 SN75ALS126 4-43 
I'A55122M SN55122 4-147 MC3485 SN75ALS130 4-43 
I'A75107AC SN75107A 4-73 MC3486 MC3486 4-47 
I'A75108AC SN75108A 4-73 MC3487 MC3487 4-53 
I'A75108BC SN75108B 4-73 MC55107 SN55107A 4-73 
I'A75108C SN75107B 4-73 MC55108 SN55108A4-73 
I'A75110C SN75110A 4-89 MC75107 SN75107A 4-73 
I'A75150C SN75150 4-205 MC75108 SN75108A 4-73 
I'A75154C SN75154 4-237 MC75125 SN75125 4-163 
I'A8T13C SN75121 4-143 MC75127 SN75127 4-163 
I'A8T13M SN55121 4-143 MC75128 SN75128 4-169 
I'A8T14C SN75122 4-147 MC75129 SN75129 4-169 
I'A8T14M SN55122 4-147 MC75140 SN75140 4-191 
I'A8T23C SN75123 4-153 MC75S110 SN75110A 4-89 
I'A8T24C SN75124 4-157 SN75172 SN75172 4-319 
I'A9614C SN75114 4-113 SN75173 SN75173 4-327 
I'A9614M SN55114 4-113 SN75174 SN75174 4-335 
I'A9615C SN75115 4-121 SN75175 SN75175 4-343 
I'A9615M SN55115 4-121 SN75176 SN75176B 4-351 
I'A96172C SN75172 4-319 SN75177 SN75177B 4-361 
I'A96173C SN75173 4-327 SN75178 SN75178B 4-361 
I'A96174C SN75174 4-335 
I'A96175C SN75175 4-343 
I'A96176 SN75176B 4-351 
I'A96177 SN75177B 4-361 
I'A96178 SN75178B 4-361 
I'A9636AC uA9636AC 4-523 
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LINE DRIVERS AND RECEIVERS 
CROSS·REFERENCE GUIDE 

NATIONAL SUGGESTED PAGE SIGNETICS SUGGESTED PAGE 
TI REPLACEMENT NO. TI REPLACEMENT NO. 

OS1488 SN75188 4-391 8T125 SN75125 4-163 
OS1489 SN75189 4-397 8T126 . SN75ALS126 4-163 
OS1489A SN75189A 4-397 8T127 SN75127 4-163 
OS26LS31 AM26LS31C 4-5 8T128 SN751284-169 
OS26LS32 AM26LS32AC 4-13 8T129 SN75129 4-169 
OS26LS32M AM26LS32AM 4-13 8T13 SN75121 4-143 
OS26LS33C AM26LS33AC 4-13 _ 8T14 SN75122 4-147 
OS26LS33M AM26LS33AM 4-13 8T23 SN75123 4-153 
OS26S10C AM26S10C 4-23 8T24 SN75124 4-157 
OS26S10M AM26A10M 4-23 8T26 N8T26 4-57 
OS26S11C AM26511C 4-23 OM7820 SN55182 4-377 
0526511M AM26511M 4-23 OM7830 SN55183 4-385 
OS3486 MC3486 4-47 OM8820 SN75182 4~377 

053487 MC3487 4-53 OM8830 5N75183 4-385 

III 
0555107 SN55107B 4-73 MC1488 5N75188 4-391 
0555108 5N55108 4-73 MC1489 5N75189 4-397 
0555109 SN55109A 4-89 MC1489A 5N75189A 4-397 
0555110 5N55110A 4-89 
0555113 5N55113 4-101 

r- 0555114 5N55114 4-113 5' 0555115 5N55115 4-121 CD 0555121 5N55121 4-143 
C 0555122 SN55122 4-147 .. 0575107 SN75107B 4-73 C' 
CD 0575108 SN75108B 4-73 .. 0575109 SN75109A 4-89 
fA 0575110 5N75110A 4-89 -:lJ 0575113 5N75113 4-101 
CD 0575114 5N75114 4-113 (') 
CD OS75115 SN75115 4-121 
C' 0575121 SN75121 4-143 
CD OS75122 5N75122 4-147 .. 0575123 5N75123 4-153 fA 

0575124 SN75124 4-157 
0575125 5N75125 4-163 
0575127 5N75127 4-163 
0575128 5N75128 4-169 
0575129 5N75129 4-169 
0575150 5N75150 4-205 
0575154 5N75154 4-237 
OS75207 5N75207B 4-405 
0575207 5N75207 4-405 
OS75208 5N75208 4-405 
OS75208 5N75208B 4-405 
0575108 5N75108B 4-73 
OS7820A 5N55182 4-377 
0578220 5N55182 4-377 
057830 5N55183 4-385 
058820 5N75182 4-377 
058820A 5N75182 4-377 
OS8830 5N75183 4-385 
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• Meets EIA Standard RS-422-A 

• Operates from a Single 5-V Supply 

• TTL Compatible 

• Complementary Outputs 

• High Output Impedance in Power-Off 
Conditions 

• Complementary Output Enable Inputs 

description 

The AM26LS31 M and AM26LS31 Care 
quadruple complementary-output line drivers 
designed to meet the requirements of EIA 
Standard RS-422-A and Federal Standard 1020. 
The three-state outputs have high-current 
capability for driving balanced lines such as 
twisted-pair or parallel-wire transmission lines, 
and they provide a high-impedance state in the 
power-off condition. The enable function is 
common to all four drivers and offers the choice 
of an active-high or active-low enable input. 
Low-power Schottky circuitry reduces power 
consumption without sacrificing speed. 

The AM26LS31 M is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C. The AM26LS31 C is 
characterized for operation from OOC to 70 °C. 

logic symbol t 

G (4) 

G 

2A 

3A 

4A 

2:1 

EN 

1Y 

1Z 

2Y 

2Z 

3Y 

3Z 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

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

AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

02433, JANUARY 1979-REVISEO OCTOBER 1986 

AM26LS31M ... J PACKAGE 
AM26LS31C ... D, J, OR N PACKAGE 

nop VIEW) 

1A VCC 
1Y 4A 
1Z 4Y 

ENABLE G 4Z 
2Z ENABLE G 
2Y 3Z 
2A 3Y 

GND 3A 

AM26LS31M ... FK PACKAGE 

(TOP VIEW) 

1Z 4 

ENABLE G 5 

NC 6 

2Z 7 

2Y 8 

u 
>-<!UU<! 
...... Z>.;t 

3 2 1 2019 

9 1011 1213 

<!ou<!>­
NZZMM 

<.::l 

NC-No internal connection 

18 4Y 
17 4Z 
16 NC 
15 ENABLE G 
14 3Z 

FUNCTION TABLE (EACH DRIVER) 

INPUT ENABLES 

A G 

H H 

L H 

H X 

L X 

X L 

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

G 

X 

X 

L 

L 

H 

Z = high impedance (off) 

OUTPUTS 

Y Z 

H L 

L H 

H L 

L H 

Z Z 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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AM26LS31 M, AM26LS31 C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

logic diagram (positive logic) 

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

schematic (each driver) 

INPUT A 

. TEXAS -II 
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AM26LS31 M, AM26LS31 C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

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

AM26LS31M AM26LS31C UNIT 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage 7 7 V 

Output off-state voltage 5.5 5.5 V 

D package 950 

Continuous total dissipation at (or be,low) 25°C free-air temperature FK package 1375 
mW 

(see Note 2) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55to 125 o to 70 °c 

Storage temperature range -65 to 150 -65 to 150 °c 

Case temperature for 60 seconds: FK package 260 °c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

NOTES: 1. All voltage values, except differential output voltage VOD, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 

AM26LS31 M chips are alloy mounted and AM26LS31C chips are glass mounted. In the N package, use the 9.2-mW/oC curve 
for these devices. 

recommended operating conditions 

Supply voltage, VCC 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A 

AM26LS31M 

MIN 

4.5 

2 

-55 

TEXAS -1!1 
INSTRUMENTS 

NOM 

5 

MAX 

5.5 

0.8 

-20 

20 

125 

POST OFFICE BOX 655012 • OALLAS. TEXAS 75265 

AM26LS31C 

MIN NOM MAX 
UNIT 

4.75 5 5.5 V 

2 V 

0.8 V 

-20 mA 

20 mA 

0 70 °c 

U) ... 
Q) 
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'iii 
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Q) 
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AM26LS31 M, AM26LS31 C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

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

PARAMETER TEST CONDITIONS t MIN TYP:f: MAX 

VIK Input clamp voltage Vee = MIN, II = -18 mA -1.5 

VOH High-level output voltage Vee = MIN, 10H = -20 mA 2.5 

VOL Low-level output voltage Vee = MIN, 10L = 20 mA 0.5 

10Z Off-state (high-impedance-state) output current Vee = MAX I Vo = 0.5 V -20 

J Vo = 2.5 V 20 

II Input current at maximum input voltage Vee = MAX, VI = 7 V 0.1 

IIH High-level input current Vee = MAX, VI = 2.7 V 20 

IlL Low-level input current Vee = MAX, VI = 0.4 V -0.36 

lOS Short-circuit output current § Vee = MAX -30 -150 

lee Supply current (both drivers) VCC = MAX, All outputs disabled 32 80 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
,:t: All typical values are at Vee = 5 V and T A = 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, Vee" 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH 
Propagation delay time, 

low-to-high-Ievel output 
14 20 

tpHL 
Propagation delay time, eL = 30 pF, See Figure 1, S 1 and S2 open 

14 20 
high-to-Iow-Ievel output 

Output-to-output skew 1 6 

tpZH Output enable time to high level eL = 30 pF, RL = 75O, See Figure 1 25 40 

tpZL Output enable time to low level CL = 30 pF, RL = 180O, See Figure 1 37 45 

tpHZ Output disable time from high level 21 30 
eL = 10 pF, See Figure 1, S 1 and S2 closed 

tpLZ Output disable time from low level 23 35 

TEXAS ." 
INSTRUMENTS 
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UNIT 

V 

V 

V 

p.A 

mA 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



AM26LS31M. AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT~3V 1.3~----:: 
(See Note Bl I ~ I II ~ ~I tpHL 

j4--tpLH-" 

II yl I k:-i--VOH 
OUTPUT Y /; I 1.5 V 

I I I I VOL 
Skew-+! 14"" I Skew ~ 

tpHL 14 .1 I4--tPLH--+t 

~ 4'-__________ -' LI'_vVoOLH X.5V 7 OUTPUT Z 

PROPAGATION DELAY TIMES AND SKEW 

ENABLEG~r------- 3V 

1.5 ~~ (See Note Cl ' 1.5 V 

ENABLE G-_J I -+~------OV 
j.--tPZL---+I tPLZ" ~I 

_____ 1-________ ""10.:-1- - - - "'4.5 V I I S 1 CLOSED 
WAVEFORM 1 I S1 CLOSED I I S2 CLOSED 
(See Note 01 S2 OPEN 1.5 V I y __ :I "'1.5 V 

I I - -.---VOL 

WAVEFORM 2 
(See Note 01 

!.--tPZH---+I tpHZ 14 .1 0.5 V LO.5 V 
I I "'" 

S10PEN 
S2 CLOSED 

I fj"_----VOH 
""" ________ .. 1.5 V 

ENABLE AND DISABLE TIMES 

VOLTAGE WAVEFORMS 

TEST 
POINT 

FROMOUTPUT ____ .--4 __ ~~~S~1 
UNDER TEST 

CL 
(See Note Ell 

TEST CIRCUIT 

VCC 

J 180n 

S1 CLOSED 
S2 CLOSED 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR :s 1 MHz, Zout "" 50 n, tr :s 15 ns, 
and tf :s 6 ns. 

B. When measuring propagation delay times and skew, switches S1 and S2 are open. 
C. Each enable is tested separately. 
D. Waveform 1 is. for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. -
E. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 
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AM26LS31 M, AM26LS31 C 
QUADRUPLE, DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

4 

> 3 
I 

Gl 
Cl 

fl 
"0 
> 
~ 2 
::I e 
::I 
o 
I 
o 
> ... 

OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee" 5.5 V 

Vee" 5 V 

Vee - 4.5 V 

Load .. 470 n 
to Ground 

See Note 3 
I-TA _ 25 0 e 

> 
I 

Q) 
Cl 

fl 
"0 
> 
~ 

::I 

e 
::I 
0 
I 
0 
> 

o 
o 

6 

5 

4 

3 

2 

o 
o 

I I 
2 

VI-Enable G Input Voltage-V 

FIGURE 2 

OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

3 

Vee - 5.5 V Load - 470 n to Vee 

Vee" 5 Vi TA - 25°e 
See Note 4 

Vee" 4.5 V 

2 

VI-Enable G input Voltage-V 

FIGURE 4 

3 

4 

> 3 
I 

Q) 
Cl 

fl 
"0 
> 2 
5 e 
::I o 
I 

OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

T~ .. 12~oe 

~ 
TA .. 55°e-

TA .. 25°e ...... 

o 
> 1 r- Vee" 5 V 

> 
I 

Gl 
Cl 

fl 
"0 
> ... 
::I 
Co 

5 
0 
I 
0 
> 

Load - 470 n 
f- to Ground 

o 
o 

6 

5 

4 

3 

2 

o 
o 

See Note 3 
I I 

2 

VI-Enable G Input Voltage-V 

FIGURE 3 

OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee - 5 V 

3 

Load - 1 kn to Vee 
See Note 4 

TA .. 125°e 

I 
I 

TA -, 25°e 

I ~ 

TA - - 55°e, 

'" 
....... ~ 

2 

VI-Enable G Input Voltage-V 

FIGURE 5 

3 

tOata for temperature below ooe and above 70 0 e are applicable to AM26LS31M circuits only. 
NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during testing of the Z outputs. 

4. The·A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICSt 

5 

4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I----I-IOH - -20 mA 

3 I----~ 
!----

:~ J.--- IOH - -40 mA 

2 

I- VCC - 5 V 

o 
SeelNote ,3 

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

0.5 

0.4 

0.3 

0.2 

0.1 

o 

T A - Free-Air Temperature - DC 

FIGURE 6 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

"I"--- t-. 

f-VCC - 5V 
IOL - 40 mA 
See Note 4 

I I 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- DC 

FIGURE 8 

> , 
Gl 
CI 
~ 
"0 
> .. 
~ 
Q. 
; 
0 
Q) 
> 
Gl .... 
i:. 
CI 

J: , 
l: 
0 
> 

> 
I 

Gl 
CI 

~ 
"0 
> .. 
~ e 
~ 
0 
Q) 
> 
Gl .... 
~ 
0 .... 
I .... 
0 
> 

4 -
-

3 -
2 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

r-- ~vcl ..1551 r--
r-- ~ r--~C"'5V r-... -- v. 1:r:F ~~ --r-!?,C ... 4.5 

-~ ~\ r--
~ 

f- TA - 25 DC 

o 
o 

1.0 

Sie Nre 3, 

-20 -40 -60 -80 

IOH-High-Level Output Current-mA 

FIGURE 7 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

I 

-100 

0.9 I- TA - 25 DC r 
0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

o 
o 

See Note 4 
I 

/ 
V/ 

VCC - 4.5 V -' ~ 
~ ~C - 5.5V 

~ 
-

h 
~ ~ 
~ 

20 40 60 80 100 120 

IOL -Low-Level Output Current-mA 

FIGURE 9 

tOata for temperature below ooe and above 70 0 e are applicable to AM26LS31M circuits only. 
NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during testing of the Z outputs. 

4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 

III 
en 
11-
Q) 
::­

'Qi 
(J 
Q) 

a: -en 
11-
Q) 

,~ 
C 
Q) 

r::: 
:.:::i 

TEXAS ~ 
INSTRUMENlS 

4-11 

POST OFFICE BOX 655012 • OALLAS, TEXAS 75265 



AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

y OUTPUT VOLTAGE y OUTPUT VOLTAGE 
vs vs 

DATA INPUT VOLTAGE DATA INPUT VOLTAGE 

5 
No L~ad 

f-TA _ 25°C 

5 I 
..... Vcc - 5 V 

No Load 

4 
vcb - 5.S V 

r 
Vcc - 5 V 

4 
I 1 

TA - 125°C-

> 
I 
aI 
CI 

f! 
'0 
> .. 
::::I 

So 
::::I 
0 
I 
0 
> 

3 

2 

o 
o 

Vcc - 4.5 V 

I 
2 

VI-Data Input Voltage-V 

FIGURE 10 

> 
I 
aI 
CI 
f! 
'0 
> .. 
::::I 

So 
::::I 
0 
I 
0 
> 

3 

3 

2 

o 
o 

r I 

I, J I 
TA - -55°C_ 

TA - 25°C, f..... I 

J 

J J 
2 3 

VI-Data Input Voltage-V 

FIGURE 11 

t Data for temperature below O°C and above 70°C are applicable to AM26LS31 M circuits only. 
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AM26LS32AM. AM26LS33AM. AM26LS32AC. AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

• AM26LS32A Meets EIA Standards 
RS-422-A and RS-423-A 

• AM26LS32A has ± 7-V Common-Mode 
Range with ± 200-mV Sensitivity 

• AM26LS33A has ± 1S-V Common-Mode 
Range with ± SOO mV Sensitivity 

• Input Hysteresis ... SO mV Typical 

• Operates from a Single 5-V Supply 

• Low-Power Schottky Circuitry 

• 3-State Outputs 

• Complementary Output Enable Inputs 

• Input Impedance . . . 12 kO Min ' 

• Designed to be Interchangeable with 
Advanced Micro Devices AM26LS32C and 
AM26LS33C 

description 

The AM26LS32A and AM26LS33A are 
quadruple line receivers for balanced and 
unbalanced digital data transmission. The enable 
function is common to all four receivers and 
offers a choice of active-high or active-low input. 
Three-state outputs permit connection directly 
to a bus-organized system. Fail-safe design 
ensures that if the inputs are open, the outputs 
will always be high. 

02434, OCTOBER 1980-REVISEO SEPTEMBER 1986 

AM26LS32AM. AM26LS33AM ... J PACKAGE 
AM26LS32AC. AM26LS33AC ... D. J. OR N PACKAGE 

(TOP VIEW) 

18 VCC 
1A 48 
1Y 4A 
G 4Y 

2Y G 
2A 3Y 
28 3A 

GND 38 

AM26LS32AM. AM26LS33AM •.• FK PACKAGE 

(TOP VIEW) 

U 
<{mUUm 
........ Z>o:t 

3 2 1 2019 

1Y 4 18 4A 
G 5 17 4Y 

NC 6 16 

2Y 7 15 

2A 8 14 3Y 
9 1011 1213 

moum<{ 
NZZMM 

(!) 

NC-No internal connection 

Compared to the AM26LS32C and the AM26LS33C, the AM26LS32A and AM26LS33A incorporate an 
additional stage of amplification to improve sensitivity. The input impedance has been increased resulting 
in less loading of the bus line. The additional stage has increased propagation delay; however, this will 
not affect interchangeability in most applications. 

The AM26LS32AM and the AM26LS33AM are characterized for operation over the full military temperature 
range of - 55°C to 125 °C. The AM26LS32AC and AM26LS33AC are characterized for operation from 
OOC to 70°C. 

FUNCTION TABLE (EACH RECEIVER) 

DIFFERENTIAL ENABLES 

G 
OUTPUT 

INPUT G 

H X H 
VID ~ VTH 

X L H 

H X ? 
VTL :S VIO :S VTH 

X L ? 

H X L 
VID :S VTL 

X L L 

X L H Z 

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

Z = high impedance (off), ? = indeterminate 

Copyright © 1980, Texas Instruments Incorporated 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

logic symbol t logic diagram (positive logic) 

1A (3) 1Y 

1B 

2A (5) 
2Y 

2B 

3A (11) 

3B 
3Y 

4A (13) 
4Y 

4B 

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

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

schematics of inputs and outputs 

EQUIVALENT OF EACH 

DIFFERENTIAL INPUT 

EQUIVALENT OF EACH ENABLE INPUT 

VCC------~---.--

20 k{} 

NOM 

VCC----------~-----

ENABLE - ......... --4 

8.3 k{} 
NOM 

(3)1Y 

(11) 3Y 

(13) 4Y 

TYPICAL OF ALL OUTPUTS 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

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

AM26LS32AM AM26LS32AC 
UNIT 

AM26LS33AM AM26LS33AC 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage, any differential input ±25 ±25 V 

Differential input voltage (see Note 2) ±25 ±25 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperaure (see Note 3) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55to 125 o to 70 °C 

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

Lead temperature 1,6 mm (1/16 inch) 
D or N package 

from case for 10 seconds 
260 °C 

Case temperature for 60 seconds , FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) 
J package 

from case for 60 seconds 
300 300 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting (A) input terminals with respect to the inverting (8) input terminals. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, 

AM26LS32AM and AM26LS33AM chips are alloy mounted and AM26LS32AC and AM26LS33AC chips are glass mounted. 
In the N package, use the 9.2 mW/oC curve. 

recommended operating conditions 

AM26LS32AM AM26LS32AC 

AM26LS33AM AM26LS33AC 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, VIL 0.8 0.8 V 

I AM26LS32AM, AM26LS32AC ±7 ±7 
Common-mode input voltage, VIC V I AM26LS33AM, AM26LS33AC ±15 ±15 

High-level output current, IOH -440 -440 p.A 

Low-level output current, IOL 8 8 mA 

Operating free-air temperature, T A -55 125 0 70 °c 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

electrical characteristics over recommended ranges of Vee, VIC, and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVPt MAX UNIT 
Differential input 

IOH = -440 p.A 
AM26LS32A 0.2 

VTH Vo = VOHmin, V 
hig~-threshold voltage AM26LS33A 0.5 

Differential input 
Vo = 0.45 V, 10L = 8 mA 

AM26LS32A -0.2* 
VTL V 

low-threshold voltage AM26LS33A -0.5* 

Vhys Hysteresis, VT + - VT- § 50 mV 

VIK Enable input clamp voltage VCC = MIN, II = -18 mA -1.5 V 

VCC = MIN, VID = 1 V, '32AM,·'33AM 2.5 
VOH High·level output voltage V 

VI(G"l = 0.8 V, IOH = -440 p.A '32AC, '33AC 2.7 

VCC = MIN, VID = -1 V, 10L = 4 mA 0.4 
VOL Low-level output voltage V 

VI(G) = 0.8 V 10L - 8 mA 0.45 

Off-state (high-impedance-state) 
VCC = MAX 

Vo - 2.4 V 20 
IOZ Vo = 0.4 V -20 

p.A 
output current 

VI = 15 V, Other input at -10 V to 15 V 1.2 
II Line input current mA 

VI = -15 V, Other input at - 1 5 V to 10 V -1.7 

II(EN) Enable input current VI = 5.5 V 100 p.A 

IIH High-level enable current VI = 2.7V 20 p.A 

IlL Low-level enable current VI =0.4 V -0.36 mA 

rj Input resistance VIC = -15Vt015V, One input to AC ground 12. 15 kO 

lOS Short-circuit output current' VCC = MAX -15 -85 mA 

ICC Supply current VCC = MAX, All outputs disabled 52 70 mA 

t All typical values are at Vee = 5 V, TA = 25°C, and VIC = O. 
* The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold 

levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT _. See Figures 10 and 11 . 
, Not more than one output should be shorted at a time. 

switching characteristics, Vee - 5 V, TA .. 25°e 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 20 35 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 
CL = 15 pF, See Figure 1 

22 35 ns 

tpZH Output enable time to high level 17 22 ns 

tpZL Output enable time to low level 
CL = 15 pF, See Figure 1 

20 25 ns 

tpHZ Output disable time from high level 21 30 ns 

tpLZ Output disable time from low level 
CL = 5 pF, See Figure 1 

30 40 ns 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

FROM OUTPUT __ .-............................ 
UNDER TE5T See Note B 

CL 
See Note A 

ENABLE 
G 

ENABLE 
G 

OUTPUT 

~--.... -c~ 
TEST CIRCUIT 

51 open 
52 closed 

~.;.;.;.;.....-OV 

1r-:09 ... 0~%--3V 

1.3 V 

- - - -OV 
. 0.5V~ +---x ! :- VOH 

1.3V I :'-!.:",,1.4V 

tPHZ ~ 51 closed 
52 closed 

VOLTAGE WAVEFORMS FOR tpHZ. tpZH 

~OTES: A. CL includes probe and jig capacitance. 
B. All diodes are 1 N3064 or equivalent. 
C. Enable G is tested with G high; G is tested with Glow. 

INPUTJOV 
I 

- --+2.5V 

o v~-,-_-__ _ 
2.5 V 

VOLTAGE WAVEFORMS FOR tpLH. tpHL 

ENABLE 
G 

ENABLE 
G 

OUTPUT 

S2 open 

~---OV 
Note 

C 3 V 

I 52 closed 

tpLZ 14 ~""1.4V J._ 
-~-VOL 

0.5 V 

VOLTAGE WAVEFORMS FOR tpLZ. tpZL 

FIGURE 1 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE· RECEIVERS 
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TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5 
V~O ... IO.2

I
V 

TA ... 25 D e -
4 

~ 

3 
~ ~ 

i~ ~ 
I~ ~ VVCC'" 5.25 V 

I I I 

~ ~ Vce" 5 V 
2 

VCC .. 4.75 V ~ ~ 

o 
o 

0.6 

0.5 

0.4 

0.3 

~ ~ 
~ ~ 

-10 -20 -30 -40 -50 

IOH-High-Level Output Current-rnA 

FIGURE 2 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VCC - 5 V V 
TA -= 25 DC /" 

/ 
V 

/' 
V 

V 
/ 0.2 

V 
0.1 

o 
o 5 10 15 20 25 30 

IOL -Low-Level Output Current-rnA 

FIGURE 4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

5 

> 
I 

Q) 4 Cl 

.l!! 
"0 
> 
:; 3 E-
::l 
0 
Qj 
> 2 Gl 

...I 
J:. 
Cl 

:f 
I 
:I: 
0 

I- VCC ... 5 V 

VIO - 0.2 V 
> I-IOH ... -440 p.A 

'1 1 1 o 
o 10 20 30 40 50 60 70 80 

TA-Free-Air Ternperature- DC 

FIGURE 3 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

0.5 

> . I 
Q) 0.4 
Cl 

.l!! 
"0 
> ... 

0.3 ::l 
c. 
:; 
0 
Qj 
> 0.2 Q) 

...I 

~ 
0 

...I 

I 0.1 ...I Vce ... 5 V 
0 
> VIO" -0.2 V 

IOL -= 8 rnA 
o I I 

o 10 20 30 40 50 60 70 80 

TA-Free-Air Ternperature- DC 

FIGURE 5 

4-18 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 665012 • OALLAS. nXAS 75265 



> 
I 

(l) 
Cl 

5 

4 

;}. 3 
o 
> 
:::J 
C. 

8 2 

> 
I 

I 
o 
> 

6 

5 

N 4 
'0 
> 
'5 3 
.9-
:::J 
o 
I 2 o 

> 

o 

o 

o 

AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS 

OUTPUT VO L TAG E OUTPUT VOLTAGE 
vs vs 

ENABLE G VOLTAGE ENABLE G VOLTAGE 
5 

VID=0.2V Vee= 5 V 
-TA= 25°e 

V~e = 5.J V 

VID = 0.2 V I 

Load = 8 kn - to ground Vpe= 5 y 
4 

> 
I 

Load = 8 kn to ground 

TA = 70
0
e r TA =25°e 

V~e = 4.5 V 
(l) 

~. 3 
'0 

I ° 
TA = 0 e-

> ... 
:::J 

.9- 2 :::J 
0 
I 
0 
> 

o 
o 0.5 1.5 2 2.5 3 o 0.5 1.5 2 2.5 3 

Enable G Voltage-V Enable G Voltage - V 

FIGURE 6 FIGURE 7 

OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 

ENABLE G VOLTAGE ENABLE G VOLTAGE 

Vee = 5.5 V 1 ,I 
Vee = 5 V 

VID = -0.2 V 
TA = 25°e -

Vee = 4.5 V Load =; 1 kn to Vee 

6 

5 

> 
I 

(l) 4 
Cl 

~ 
'0 
> 3 ... 

:::J 

.9-
:::J 

Vee 15 V 
I 

VID = -0.2 V 

Lo,d i 1 '" to Vee 

TA = 25°e- ~ 4-' I ° 

I I 
TA=O e 

J 0
1
;-. TA = 70 e 

0 
2 I 

0 
> 

0.5 1.5 2 2.5 3 
o 

o 0.5 1.5 2 2.5 3 
Enable G Voltage-V Enable G Voltage - V 

FIGURE 8 FIGURE 9 
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AM26LS32AM. AM26LS33AM. AM2LS32AC. AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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TYPICAL CHARACTERISTICS 

AM26LS32A 
OUTPUT VOLTAGE 

vs 
DIFFERENTIAL INPUT VOLTAGE 

VCC= 5 V 
10= 0 
TA = 25°C 

YIC'" YIC= ~IC= 

I 
7V ro V- r- 7 V 
I I 

VT+-r-- -VT- VT+ ~T+ VT-
VT 

> 
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Q.I 

- 3' 
"0 
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:l 
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AM26LS33A 
OUTPUT VOLTAGE 

vs 
DIFFERENTIAL INPUT VOLTAGE 

Vec= 5 V 10=0 TA = 25°C 

r-~Ib = 
, I 

r-+--'VIC= - - -VIC= -
-15 V OV 15 V 

VT- VT-

~ '" 

VT-

VT+ VT+ VT+ 

-200 -150 -100 -50 0 50 100 150 200 -200 -150 -1 00 -50 0 50 100 150 200 

VID - Differential Input Voltage - mV 

FIGURE 10 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

VID - Differential Input Voltage - mV 

FIGURE 11 
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VI - Input Voltage - V 

FIGURE 12 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

TYPICAL APPLICATION 

RT* 

Yo AM26LS32AC Yo AM26LS33AC 

DATA 
OUT 

DATA 
OUT 

Yo AM26LS32AC 

DATA 
OUT 

'RT equals the characteristic impedance of the line. 

FIGURE 13. CIRCUIT WITH MULTIPLE RECEIVERS 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

• Schottky Circuitry for High Speed, Typical 
Propagation Delay Time ... 12 ns 

• Drivers Feature Open-Collector Outputs for 
Party-Line (Data Bus) Operation 

• Driver Outputs Can Sink 100 mA at 0.8 V 
Maximum 

• P-N-P Inputs for Minimal Input Loading 

• Designed to be Interchangeable with 
Advanced Micro Devices AM26S 10 and 
AM26S11 

description 

The AM26S 10 and AM26S 11 are quadruple bus 
transceivers utilizing Schottky-diode-clamped 
transistors for high speed. The drivers feature 
open-collector outputs capable of sinking 
100 mA at 0.8 V maximum. The driver and 
strobe inputs use p-n-p transistors to reduce the 
input loading. 

The driver of the AM26S10 is inverting; the 
driver of the AM26S 11 is noninverting. Each 
device has two ground connections for improved 
ground current-handling capability. For proper 
operation, the ground pins should be tied 
together. 

D2298. JANUARY 1977-REVISED SEPTEMBER 1986 

AM26S10M. AM26S11M ... J PACKAGE 
AM26S 1 OC. AM26S 11 C •.. D. J. OR N PACKAGE 

(TOP VIEW) 

GNO VCC 
18 48 
1R 4R 
10 40 
20 S 
2R 30 
28 3R 

GNO 38 

AM26S10M. AM26S11M ... FK PACKAGE 

(TOP VIEW) 

1R 
10 
NC 
20 
2R 

o U 
m Z U Um 
.-(!)Z>'<t 

9 1011 12 13 

mouma: 
NZZMM 

(!) 

18 

17 

16 

15 

14 

NC - No internal connection 

NC 
S 

The AM26S 10M and AM26S 11 M are characterized for operation over the full military temperature range 
of - 55°C to 125°C. The AM26S 1 oe and AM26S 11 e are characterized for operation over the temperature 
range of ooe to 70°C. 

S 

L 

L 

AM26S10 

FUNCTION TABLE 

(TRANSMITTING) 

AM26S11 

FUNCTION TABLE 

(TRANSMITTING) 

INPUTS OUTPUTS INPUTS OUTPUTS 

D B 

H L 

L H 

S 

H 

H 

R S 

H L 

L L 

AM26S10 AND AM26S11 

FUNCTION TABLE 

(RECEIVING) 

D 

H 

L 

INPUTS OUTPUT 

B D R 

H X L 

L X H 

B 

H 

L 

H = high level. L = low level. X = Irrelevant 

R 

L 

H 
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AM26S10M, AM26S1 DC, AM26S11 M, AM26S11 C 
QUADRUPLE BUS TRANSCEIVERS 

logic symbols t 

AM26S10 

p..-+t~17;;..:.1 28 

p.. .... .......,:.;19;,,:.1 38 

1151 48 

S 

20 

2R 

3D 

3R 

40 

4R 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for D. J. and N packages. 

logic diagrams (positive logic) 
AM26S10 

20.:,.;15:.:,� ____ _+_-I 

2R~16~1----;_--< 

3D 1111 

3R 1101 

40 (131 

4RI141 

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

121
18 

171
28 

191
38 

1151
48 
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AM26S10M, AM26S1 DC, AM26S11 M, AM26S11 C 
QUADRUPLE BUS TRANSCEIVERS 

schematic (each transceiver) 

B ------------------------------~ 
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NOM 
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I NOM I 
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I CIRCUITRY I, 

I ro~~ 
~ffi I 

I DRIVERS I I TO ONE TO TWO 
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AM26S10M, AM26S1 ~C, AM26S11 M, AM26S11 C 
QUADRUPLE BUS TRANSCEIVERS 

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

Supply voltage, VCC (see Note 1) .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 7 V 
Driver or strobe input voltage ...... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Bus voltage, driver output off: AM26S10M, AMS26S11 M . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 

AM26S10C, AM26S11C ................... -0.5 V to 5.25 V 
Driver or strobe input current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 30 rnA to 5 rnA 
Driver output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 200 rnA 
Receiver output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 rnA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 950 mW 
FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
J package (AM26S10M) .............................................. 1375 mW 
J package (AM26S10C) ............................................. , 1025 mW 
N package .............................................. ' ......... , 1150 mW 

Operating free-air temperature range: AM26S 10M, AM26S 11 M ............. - 55°C to 125°C' 
AM26S10C, AM26S11C .................. ooC to 70°C 

Storage temperature range .......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 

NOTES: 1. All voltage values are with respect to network ground terminals connected together. 
2. For operation above 25°C free·air temperature. see Dissipation Derating Curves in Appendix A. In the J package. AM26S1 OM 

and AM26S11M chips are alloy mounted and AM26S10C and AM26S11C chips are glass mounted. For these devices in 
the N package. use the 9.2·mW/oC curve. 

recommended operating conditions 

AM26S10M AM26S10C 

AM26S11M AM26S11C UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage. Vce 4.5 5 5,5 4.75 5 5.25 V 

D or S 2 2 
High·level input voltage. VIH V 

B 2.4 2.25 

Dar S 0.8 0.8 
Low·level input voltage. VIL V 

B 1.6 1.75 

Receiver high·level output current. IOH -1 -1 mA' 

Driver .100 100 
Low·level output current. IOL 

Receiver 20 20 
mA 

Operating free·air temperature. T A -55 125 a 70 °C 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

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

.- AM26S10M AM26S10C 

PARAMETER TEST CONDITIONSt AM26S11M AM2j5S11C UNIT 

MIN TYP* MAX MIN TYP* MAX 

Input clamp Dar 
VIK 

voltage S 
Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH 
High-level 

R 
Vee = MIN, VIH = 2 V, 

output voltage IOH = -1 mA 
VIL = VIL max, 

2.5 3.4 2.7 3.4 V 

R IOL = 20 mA 0.5 0.5 

Low-level - Vee = MIN, 
IOL = 40 mA 0.33 0.5 0.33 0.5 

VOL VIH = VIHMIN, V 
output voltage B 10L - 70 mA 0.42 0.7 0.42 0.7 

VIL = 0.8 V 
10L = 100 mA 0.51 0.8 0.51 0.8 

Off-state 
IVee - MAX, Va - 0.8 V -50 -50 

1010ff) B VIH = 2 V, ,I Vee = MAX, Vo = 4.5 V 200 100 p.A 
output current VIL = 0.8 V I Vee = 0, Vo = 4.5 V 100 100 

High-level D 30 30 
IIH 

input current ~ Vee = MAX, VI = 2.7 V 
20 20 

p.A 

Input current 
Dar 

II at maximum Vee = MA~, VI = 5.5 V 100 100 p.A 
S 

input voltage 

Low-level D -0.54 -0.54 
IlL 

input current 
Vee = MAX, VI = 0.4 V mA 

S -0.36 -0.36 

Short-circuit 

lOS output R Vee = MAX -20 -55 -18 -60 mA 
current§ 

lee 
I Supply AM26S10 Vee = MAX, Strobe at 0 V, No load, 45 70 45 70 

I current AM26S11 
mA 

All driver outputs low 80 80 

II 
rn ... 
Q) 
:> 
'a; 
u 
Q) 

a: -rn ... 
Q) 
:> 
'i: 
C 
Q) 
£: 

t For conditions shown as MIN or MAX, use the appropriate value shown under recommended operating conditions. :,:j 
:t All typical values are at T A = 25°e and Vee = 5 V .. 
§ Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER FROM TO 
TEST 

CONDITIONS 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 
D B 

tpLH Propagation delay time, low-to-high-Ievel output 
S B 

tpHL Propagation delay time, high-to-Iow-Ievel output 

tpLH Propagation delay time, low-to-high-Ievel output 
See Figure 1 

B R 
tpHL Propagation delay time, high-to-Iow-Ievel output 

tTLH Transition time, low-to-high-Ievel output 
B 

tTHL Transition time, high-to-Iow-Ievel output 
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AM26S10 AM26S11 

TYP MAX MIN 
UNIT 

TYP MAX 

10 15 12 19 

10 15 12 
ns 

19 

14 18 15 20 

13 18 14 
ns 

20 

10 15 10 15 

10 15 10 
ns 

15 

10 4 10 

4 2 
ns 

4 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCC 

50 n ,-----------------------, 
AM26S11 .-----------I--~~----__e 

~, -e- - -{>o-- -1 280 n 
I I 
I 

RECEIVER 

i , L ____________________ . _____ J (See Note C) 

o S 

50 pF 

IS".O".'J 

TEST CIRCUIT 

AM26S11 

15 pF 

IS .. NOIO.'J 
B R 

~~~~R ]~~~~*~----------------------_-_-_-_-_-_-_- :.: V 

I AM26S10 0 V 

STROBE 
INPUT 

I 

I I \===== :.:v 
---:-1-------0-----.... I I 0 V 

-+f 14- tpLH -+I 14- tpHL ~ ~ tpLH ....-t /4- tpHL 
I 0 to BID to B I S to B 1 S to B 

.us-1 \'----..... 1 t-~~=~:~v 
~ r- ~~~~ ~ i ~~~HR ~;- ~~~LR --.l i ~~~HR 

~~~~~~R---...,\""' ___ __'I \""' ____ --LE ~:: 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 n. tr = 10 ± 5 ns. 
B. Includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 

FIGURE 1 
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5V 

1000 

1000 

1000 

1000 

AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

TYPICAL APPLICATION 

STROBE STROBE STROBE 

DRIVER 
INPUTS 

~ 

AM26S101 
AM26S11 

R 

R 

B B B B R 

DRIVER 

RECEIVER INPUTS 

OUTPUTS ~ 
~ 

AM26S101 R 
AM26S11 R 

100-0 TRANSMISSION LINE 

AM26S101 R 
AM26S11 R 

FIGURE 2. PARTY-LINE SYSTEM 
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• Driver Inputs Compatible with TTL and MOS 
Circuitry 

• Driver Outputs Stay Off During Power Up 
and Power Down 

• Drivers Feature Open-Collector Outputs for 
Party-Line Operation 

• Designed for Interchangeability with 
Motorola MC3446 

• Meet IEEE Standard 488-1975 

description 

These circuits are quadruple single-ended line 
transceivers designed for bidirectional flow of 
data and instructions. The bus terminal 
characteristic complies with paragraph 3.5.3 of 
IEEE Standard 488 (see Figure 3). Each driver 
output is tied to the junction of an internal 
voltage divider that sets the no-load output 
voltage and provides bus termination. The driver 
outp.uts are guaranteed to be "off" during power 
up and power down if either input is high. The 
receivers feature 950 millivolts typical hysteresis 
for noise immunity. 

The MC3446 is characterized for operation from 
OOC to 70°C. 

S 

H 

H 

FUNCTION TABLE 

(TRANSMITTING) 

INPUTS OUTPUT 

S 

L 

L 

D B R 

H H H 

L L l: 

FUNCTION TABLE 

(RECEIVING) 

INPUTS OUTPUT 

B D R 

H X H 

L X L 

MC3446 
QUADRUPLE BUS TRANSCEIVER 

02290. JANUARY 1977 - REVISED SEPTEMBER 1986 

D. J. OR N DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

1R Vee 
18 4R 
10 48 

1.2.3S 40 
20 4S 
28 30 
2R 38 

GNO "-t.,;;;_--=-I-' 3R 

logic diagram (positive logic) 

18 (2) 

vcc~~------------~~ 

1.2.35 

10 ....:.;;.:.....----......,L.J' 

3D .....:....:..:..:...------,L...-

4B~~~~----------_4-, 

4S 

40 .....:....::::.!..~----,L...-

R1 = 2.4 kfl NOM. R2 = 5 kfl NOM 

logic symbol t 

1.2.35 

10 

1R 

2D 

2R 

3D 

3R 

45 

4D 

4R 

J::::.. ___ ...;.(2~) 1B 

..... --....:;.----=~ 
r--~--=~"__......!(~6) 2B 

(10) 3B 

(14) 4B 

1R 

3R 

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

Copyright © 19B6. Texas Instruments !ncorporated 

II 
en ... 
(1) 

> 
'4) 
CJ 
(1) 

a: -en ... 
(1) 

> 
'i: 
C 
(1) 

c 
:.:J 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~a{::1~1~ ~!~~~~ti:r :1~o::~:~:t:~~S not 
TEXAS .. 

INSTRUMENTS 
4-31 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



II 
r 
5' 
CD 

C .. 
<' 
CD .. 
VI -:J:J 
CD 
o 
CD 
<' 
CD .. 
VI 

MC3446 
QUADRUPLE BUS TRANSCEIVER 

schematics of inputs and outputs 

EQUIVALENT OF EQUIVALENT OF EACH 
DRIVER AND 

STROBE INPUT 
DRIVER OUTPUTS/RECEIVER INPUTS 

BUS 

~~--~t--- - Vcc 
2.4kfl 

.NOM 
13.6kfl 
NOM 

RECEIVER OUTPUTS 

--------.---il--- VCC 
440 fl 20 kfl 
NOM NOM 

OUTPUT 

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 
Driver output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . . . . .. 1 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 950 mW 
J package ............... ' ....................... '.' . . . . . . . . . . . . . . . .. 1025 mW 
N package ...................... ;................................. 1050 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, use 

the 8.2 mW/oC curve, in the D package, use the 7.6 mW/oC curve, and in the N package, use the 9.2-mW/oC curve. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level input voltage, VIH D or S 2 V 

Low-level input voltage, VIL D or S 0.8 V 

High-level output current, IOH Receiver -0.4 mA 

Driver 48 
Low-level output current, IOL mA 

Receiver 8 

Operating free-air temperature, T A 0 70 °c 

4-32 TEXAS • 
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MC3446 
QUADRUPLE BUS TRANSCEIVER 

electrical characteristics over recommended ranges of Vee and operating free-air temperature (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage D or S II = -12 mA -1.5 V 

VT+ 
Positive-going input 

threshold voltage 
B 1.5 1.8 2 V 

VT-
Negative-going input 

threshold voltage 
B 0.6 0.85 1.1 V 

Vhys Input hysteresis, (VT + - VT-) B 400 950 mV 

VOH 
B VIH = 2.4 V, IOH = 0 2.5 3.3 3.7 

High-level output voltage V 
R VIH = 2 V, IOH = -400!J.A 2.4 

B VIL = 0.8 V, 10L = 48 mA 0.4 
VOL Low-level output voltage V 

R VIL = 0.8 V, 10L = 8 mA 0.4 

VIH = 2.4 V, Va = 5.5 V 2.5 

10 (bus) Bus current B VIH = 2.4 V, Va = 5 V 0.7 mA 

VIH' = 2.4 V, Vo = 0.4 V -1.3 -3.2 

VOK Output clamp voltage B 10 = -12 mA -1.5 V 

II 
Input current at maximum 

input voltage 
DarS VI = 5.5 V 1 mA 

IIH High-level input current D or S VIH = 2.4 V' 5 20 !J.A 

IlL Low-level input current D or S VCC = 5 V, VIL = 0.4 V, TA = 25°C 0.2 0.36 mA 

lOS Short-circuit output current R VIH = 2 V 4 14 mA 

ICCH Supply current, all outputs high No load 10 19 rnA 

ICCL Supply current, all outputs low No load 32 39 mA 

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

switching characteristics, Vee = 5 V, T A 

PARAMETER FROM TO TEST CONDITIONS MIN MAX UNIT 

tPLH 
Propagation delay time, 

40 
low-to-high-Ievel output 

D B ns 

tpHL 
Propagation delay time, 

50 
high-to-Iow-Ievel output 

Propagation delay time, 
See Figure 1 

tpLH 50 
low-to-high-Ievel output 

S B ns 

tpHL 
Propagation delay time, 

50 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time, 

50 
low-to-high-Ievel output 

B R See Figure 2 ns 

tpHL 
Propagation delay time, 

40 
high-to-Iow-Ievel output 

II 
U) ... 
Q) 

> 
"Ci) 
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Q) 
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Q) 
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"i: 
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MC3446 
QUADRUPLE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

RECEIVER OUTPUT 
OPEN 

r----1 
.II I +sv 

I I 
STROBE or DRIVER 

INPUT MONITOR I I 100 n 
I I 
I I OUTPUT 

>-1"-=---'-'- (BUS) 

TEST CIRCUIT 

INPUT (BUS) 
MONITOR 

son 

TEST CIRCUIT 

SO pF 
(See Note B) 

FIGURE 1 

+SV 

400n 
OUTPUT 

(RECEIVER) 

(See Note C) 

FIGURE 2 

INPUT 

OUTPUT 

I 
I ov 
I , 

tPLH.... j4- ~ 14- tpHL 

~
I l -I---VOH 

I I 
1.SV l.SV 

VOL 
VOLTAGE WAVEFORMS 

INPUT jf \;:-- 3V 

I· I 
I I OV 

tpLH --.l k- ~ !4-tPHL 

~
I -:---VOH 

I I 
OUTPUT 1.S V 1.S V 

VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tw 100 ns, PRR 5 1 MHz, tr 5 10 ns, 
tf 5 10 ns, Zout '" 50 n. 

B. This value includes probe and jig capacitance. 
C. All diodes are 1 N916 or 1 N3064. 

TYPICAL CHARACTERISTICS 
DRIVER OUTPUT CHARACTERISTCSt 

Vo-Driver Output Voltage-V 

FIGURE 3 

tConditions for typical curve are VCC = 5 V, T A = 25 DC. 

RECEIVER TRANSFER CHARACTERISTICS 

6,-·-~-.---r--r--'-~-.--. 

> 
~ 4~4-~--+-~--~4--+--4 
:l 

~ 
;- 4 

9 2~·4-~--+-~--~~---~-
~ 

1 ____ f---+-+-~---!- ~~: ~ 5 V 

TA = 25'C 
o~~bb~~L-_L_L-l_~~ 
o 0.5 1 1.5 2 2.5 3 3.5 4 

VI-Input Voltage-V 

FIGURE 4 
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• Four Independent Receivers with Common 
Enable Input 

• High Input Sensitivity ... 25 mV Max 

• High Input Impedance 

• MC3450 has Three-State Outputs 

• MC3452 has Open-Collector Outputs 

• Glitch-Free Power-Up/Power-Down' 
Operation 

description 

The MC3450 and MC3452 are quadruple 
differential line receivers designed for use in 
balanced and unbalanced digital data 
transmission. The MC3450 and MC3452 are the 
same except,that the MC3450 has three-state 
ouputs whereas the MC3452 has open-collector 
outputs, which permit the wire-AND function 
with similar output devices. Three-state and 
open-collector outputs permit connection 
directly to a bus-organized system. 

The MC3450 and MC3452 are designed for 
optimum performance when used with either the 
MC3453 quadruple differential line driver or 
'SN75109A, SN75110A, and SN75112 dual 
differential drivers. 

The MC3450 and MC3452 are characterized for 
operation from OOC to 70 oC. 

logic symbols t 

MC3450 

1A (3) 
1Y 

18 

2A (5) 
2Y 

28 

3A (11 ) 
3Y 

38 

4A (13) 
4Y 

48 

MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

D3006, FEBRUARY 1986-REVISED OCTOBER 1986 

D, J, OR N PACKAGE 

(TOP VIEWI 

18 VCC+ 
1A 48 
lY 4A 
EN 4Y 
2Y Vcc-
2A 3Y 
28 3A 

GND 38 

FUNCTION TABLE 

DIFFERENTIAL INPUTS ENABLE 

A-B EN 

VIO ~ 25 mV L 

- 25 mV < VIO < 25 mV L 

VfO :; 25 mV L 

X H 

OUTPUT 

Y 

H 

? 

L 

Z 

H = high level, L = low level, ? = indeterminate, 
Z = impedance (off) 

MC3452 

EN 

1A 
1Y 

18 

2A 
2Y 

28 

3A 

38 
3Y 

4A 
4Y 

4B 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 

Copyright © 1986, Texas Instruments Incorporated 
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MC3450. MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

logic diagram (positive logic) 

EN 

1A 
(2) 

1B 
(1 ) 

2A 
(6) 

2B 
(7) 

3A 
(10) 

3B 
(9) 

4A 
(14) 

4B 
(15) 

schematics of inputs and outputs 

EQUIVALENT OF 
A OR B INPUT 

Vcc +---4J--

INPUT 

1 kD 
NOM 

VCC ----4~.__ 

EQUIVALENT OF 
ENABLE INPUT 

Vcc+---e------

INPUT 

3 kO 
NOM 

Vcc---+--e-~~.__-

GND~.---------

(3) 
>-----'-'- 1 Y 

(5) 2Y 

(11 ) 
~---3Y 

(13) 4Y 

TYPICAL OF MC3450 
OUTPUT 

--------.... VCC 

1400 

OUTPUT 

-4II1--~ .... - .... - GND 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

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

Supply voltage, VCC + (see Note 1) ............................................ 7 V 
Supply voltage, VCC - ..................................................... -7 V 
Differential input voltage (see Note 2) .......................................... ± 6 V 
Common-mode input voltage (see Note 3) ........... . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Enable input voltage ..................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

,Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
D package ......................................................... 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values. except differential input voltage, are with respect to network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. Common-mode input voltage is the average of the voltages at the A and B inputs. 
4. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/oC, the 

J package to 656 mW at 70°C at the rate of 8.2 mW/oC, and the N package to 736 mW at 70°C at the rate of 9.2 mW/oC. 
In the J package, MC3450 and MC3452 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC + 4.75 5 5.25 V 

Supply voltage, VCC- -4.75 -5 -5.25 V 

High-level enable input voltage, VIH 2 V 

Low-level enable input voltage, VIL 0,8 V 

Low-level output current, 10L -16 mA 

Differential input voltage, VID (see Note 5) -5 f 5 V 

Common-mode input voltage, VIC (see Note 5) -3 T 3 V 

Input voltage range, any differential input to ground -5 t 3 V 

Operating free-air temperature, T A 0 70 °C 

t The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common­
mode input voltage. 

NOTE 5: The recommended combinations of input voltages fall within the shaded area of Figure 1. 

RECOMMENDED COMBINATIONS OF INPUT VOLTAGES 

> 
~ 
~ 0 
> 
§ -1 
e 
CI 

E -2 
<{ 

-4 

-5 
-5 

Input 8 to Ground Voltage-V 

FIGURE 1 
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MC3450. MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

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

PARAMETER TEST CONDITIONS 

A inputs VID = -2 V 

High-level B inputs VIO = -2 V 
IIH 

input current VIH = 2.4 V 
EN 

VIH = 5.25 V 

A inputs VID = 2 V 

IlL 
Low-level 

input current 
B inputs VID = 2 V 

EN ,VIL = 0.4 V 

High-level output VCC± = ±4.75 V, VIO = 25 mV, 

VOH EN at 0.8 V, 10H = -400 p.A, 
voltage 

VIC = -3 V to 3 V 

10H 
High-level output 

VCC± = ±4.75 V, VOH = 5.25 V 
current 

VCC± = ±4.75 V, VIO = -25 mV, 

VOL 
Low-level output 

EN at 2 V, 10L = 16 mA, 
voltage 

VIC = - 3 V to 3 V 

High-impedance-state Va = 2.4 V 
10Z 

output current Va - 0.4 V 

Short-circuit VIO = 25 mV, Va = 0, 
lOS 

output current t EN at 0.8 V 

ICCH+ 
Supply current from 

VCC +, outputs high 

ICCH-
Supply current from 

VCC -, outputs high 

t All typical values are at VCC + = 5 V, VCC _ = - 5 V, TA = 25°C . 
t Not more one output should be shorted at a time. 

MIN 

2.4 

-18 

switching characteristics, Vee ± = ± 5 V, T A 25°C ' 

FROM TO 
PARAMETER TEST CONDITIONS 

(INPUT) (OUTPUT) MIN 

tpLH A and B Y 
CL = 50 pF, See Figure 2 

CL = 15 pF, See Figure 2 

tpHL A and B Y 
CL = 50 pF, See Figure 2 

CL = 15 pF, See Figure 2 

tpZH EN Y 

EN Y 
CL = 50 pF, See Figure 2 

tpZL 

tpHZ EN Y 

EN Y 
CL = 15 pF, See Figure 3 

tpLZ 

tPLH EN Y CL = 15 pF, See Figure 4 

tpHL EN Y CL = 15 pF, See Figure 4 

t All typical values are at Vce + 5 V, Vce-

MC3450 MC3452 
Typt MAX MIN Typt 

30 75 30 

30 75 30· 

40 

1 

-10 

-10 

-1.6 

0.5 

40 

-40 

-70 

60 

-30 

MC3450 MC3452 
Typt MAX MIN Typt 

17 25 

19 

17 25 

19 

21 

27 

18 

29 
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±5.25 V 

MAX 
UNIT 

75 

75 
p.A 

40 p.A 

1 mA 

-10 

-10 
p.A 

-1.6 mA 

V 

250 p.A 

0.5 V 

p.A 

mA 

60 mA 

-30 mA 

MAX 
UNIT 

25 
ns 

25 
ns 

ns 

ns 

25 ns 

25 ns 



MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

GENERATOR 
(SEE NOTE AI 

50 Il 

OUTPUT 

100 mV 

CL 
(SEE NOTE BI 

TEST CIRCUIT 

FE
------200mV 

INPUT 100 mV 100 mV • 

I I 
I I 0 V 
I I 

tPLH--f+--+! tpHL~ 
I I 

~
-I----VOH 

I I 
OUTPUT 1.5 V 1.5 V 

VOL 

5V 

390 n 

FOR 
MC3450 

(SEE NOTE CI 

5V 

~ 
FOR 

MC3452 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, duty cycle = 50%, tr :5 6 ns, 
tf :5 6 ns. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 

VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES 

C/) ... 
(1) 

> 
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MC3450. MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

tpZH 
tpZL 
tpHZ 
tpLZ 

A B S1 
GND Open 

100mV Closed 

GENERATOR 
(SEE NOTE AI 

S2 
Closed 

50 n 

ENABLE 
~.~;----3V 

I OV 

tpZH --k--+I 

1 kn (SEE NOTE CI 

CL 

ISEE NOTE BI I 
TEST CIRCUIT 

ENABLE . \,:: - -- - 3 V 

. I 
I ov 

tpZL -14--ti 
I VOH 

OUTPUT _____ f· 5V 
-- OV 

OUTPUT ,\:5~--- 5V 

..... ---- VOL 

3V 

ENABLE ___ Jt~ ~ ____ 0 V 

tPHZ -to! 14-

,~ ~3V 
ENAB~ _______ ov 

I 

OUTPU~~O~~O~~ VOH 

I ~"'1.5V 

•• tP1Z~_'.5V 
OUTPU~~:~ :~_ VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz. duty cycle = 50%. tr :5 6 ns. 
tf :5 6 ns. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 

FIGURE 3. MC3450 ENABLE AND DISABLE TIMES 
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GENERATOR 
(SEE NOTE AI 

SO fl 

MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

SV 

390 fl 

~--~--e---- OUTPUT 

CL 

(SEE NOTE BI I 
TEST CIRCUIT 

ENABLE r-£.s V -~.~V-----3V 
I I 
I I 0 V 
I I 

tpLH~ tpHL~ 
I I 
I :-l~ --- VOH 
I I 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, duty cycle = 50%, tr ~ 6 ns, 
tf ~ 6 ns. 

B. CL includes probe and jig capacitance. 

FIGURE 4. MC3452 PROPAGATION DELAY TIMES FROM ENABLE 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

• Similar to a Dual Version of SN75110A Line 
Driver 

• Improved Stability Over Supply Voltage and 
Temperature Ranges 

• Constant-Current Outputs 

• High Output Impedance 

• High Common-Mode Output Voltage Range 
(-3 V to 10 V) 

• Glitch-Free Power-Up/Power-Down 
Operation 

• TTL Input Compatibility 

• Common Enable Circuit 

• Designed to be Interchangeable with 
Motorola MC3453 

description 

The MC3453 features four line drivers with a 
common enable input. When the enable input is 
high, a constant output current is switched 
between each pair of output terminals in 
response to the logic level at that channel's 
input. When the enable is low, all channel 
outputs are noncpnductive (transistors biased to 
cutoff). This minimizes loading in party-line 
systems where a large number of drivers share 
the same line. 

The driver outputs have a common-mode voltage 
range of - 3 volts to 10 volts, allowing common­
mode voltages on the line without affecting 
driver performance. 

All inputs are diode clamped and are designed 
to satisfy TTL-system requirements. The inputs 
are tested at 2 volts for high-logic-level input 
conditions and 0.8 volt for low-logic-level input 
conditions. These tests guarantee 400 millivolts 
of noise margin when interfaced with Series 
54/74 TTL. 

The MC3453is characterized for operation from 
aoc to 70°C. 

D3000. FEBRUARY 1986 

D. J. OR N 
DUAL·IN·L1NE PACKAGE 

(TOP VIEW) 

1A 
1Y 
1Z 
2Z 
2Y 

ENABLE 
2A 

GND 

FUNCTION TABLE 

LOGIC ENABLE 

INPUT INPUT 

H H 

L H 

H L 

L L 

L = low logic level 

H = high logic level 

logic symbol t 

lA 

'lA 

3A 

4A 

VCC+ 
4A 
4Y 
4Z 
3Z 
3Y 
3A 
VCC-

OUTPUT 

CURRENT 

Z y 

ON OFF 

OFF ON 

OFF OFF 

OFF OFF 

lV 

lZ 

'lV 
2Z 

3V 
3Z 

4V 

4Z 

tThis symbol is in accordance with ANSI/IEEE Std 91·1984 and 
lEG Publication 617·12. 

Copyright © 1986. Texas Instruments Incorporated 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

logic diagram (positive logic) 

ENABLE 

1A----t-l 

2A ------f--l 

3A ------f--l 

• r :r schematics of inputs and outputs 
CD 

c .. 
<" 
CD .. 
C/) -l:J 
CD 
(') 
CD 

<" 
CD .. 
C/) 

'4-44 

EQUIVALENT OF EACH INPUT 

VCC+ -----e---

INPUT ~I--_-f 

VCC--;---~~---

GNO-.-----

TEXAS "!1 
INSTRUMENTS 

1Y 

1Z 

2Y 

2Z 

3Y 

3Z 

4Y 

4Z 

TYPICAL OF ALL OUTPUTS 

,...---- OUTPUT 

'----- OUTPUT 

-----4....------ Vcc-
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

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

Supply voltage, Vcc + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC - ..................................................... - 7 V 
Input voltage (any input) .................................................... 5.5 V 
Output voltage range (any output) ................................ '. . . . . .. - 5 V to 1 2 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package ............................................. '. . . . . . . . . . .. 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ........................................................ 11 50 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range .. .'...................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0, N package .......... 260°C 
Lead temperature 1,6 mm (1116 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free·air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/oC, derate 

the J package to 656 mW at 70°C at the rate of 8.2 mW/oC, and the N package to 736 mW at 70°C at the rate of 9.2 
mW/oC. In the J package the MC3453 is glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC + 4.75 5 5.25 V 

Supply voltage, VCC- -4.75 -5 -5.25 V 

High·level input voltage, VIH 2 5.5 V 

Low·level input voltage, VIL 0 0.8 V 

Common-mode output voltage range I VOCR+ 0 10 V 

I VOCR- 0 -3 V 

Operating free-air temperature, T A 0 70 °c 

NOTE 3: All unused outputs must be grounded. 

electrical characteristics over recommended operating free-air temperature range, Vee + = 5.25 V, 
Vee - = - 5.25 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 rnA -0.9 -1.5 V 

10 (on) On-state output current 
VCC+ = 5.25 V, VCC- = -5.25 V 11 15 

rnA 
VCC+ = 4.75 V, VCC- = - 4.75 V 6.5 11 

10 (oft) Off-state output current VCC+ = 4.75 V, VCC- = -4.75 V 100 p.A 

IIH High-level input current 
VI - 2.4 V 40 p.A 

VI = 5.25 V , rnA 

IlL Low-level input current VI = 0.4 V -1.6 rnA 

ICC+ 
Enable at 2 V 33 50 

Supply current from VCC + A inputs at 0.4 V rnA 
Enable at 0.4 V 33 50 

ICC- Supply current from VCC-
Enable at 2 V -68 -90 

A inputs at 0.4 V rnA 
Enable at 0.4 V -31 -40 

t All typical values are at V CC + = 5 V, V CC- -5 V, and TA = 25°C. 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

switching characteristics, vee + 5 V, Vee - = - 5 V, RL 50 n, eL = 40 pF, T A 

tpLH 

tpHL 

tpLH 

tpHL 

FROM TO TEST 
PARAMETER MIN TYP 

(INPUT) (OUTPUT) CONDITIONS 

Propagation delay time, low-to-high-Ievel output A Y or Z 9 

Propagation delay time, high-to-Iow-Ievel output A Y or Z 7 

Propagation delay time, low-to-high-Ievel output Enable Y or Z 
See Figure 1 

14 

Propagation delay time, high-to-Iow-Ievel output Enable Y or Z 15 

PARAMETER MEASUREMENT INFORMATION 

AINPUT--------------~ r-------e------_e_---- OUTPUT Y 

CL - 40 pF 

ENABLE ----------, p-----~t_--.. --- OUTPUT Z 

CL - 40 pF 

TEST CIRCUIT 

A INPUT ~50% 
-I: ~r-----' 

ENABLE 

OUTPUT Y 

OUTPUT Z 

I+- tw 1---+1 
I I 
I I 

I 
I 
I 
I 
I 

"------ OV 

~-----tw2~ 

I 
I 
,---- 3V 

50% 

OV 

I 
I 
I 
I 
I 
I 

tpLH~ 
~tPHL 

I I 
I I 
I I 

I 
I 

I I 
I 
I 

off 

on 

-....,f:F--------------- off 

VOLTAGE WAVEFORMS 

MAX 

15 

15 

25 

25 

UNIT 

ns 

ns 

ns 

ns 

NOTES: A. The pulse generators have the following characteristics: Zo = 50 n, tr = tf = 10 ± 5 ns, twl = 200 ns, PRR :5 1 MHz, 
tw2 = 1 P.s, PRR :5 500 kHz. 

B. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3·STATE OUTPUT 

• Meets EIA Standards RS·422-A and 
RS423-A and Federal Standards 1020 and 
1030 

• Three-State, TTL-Compatible Outputs 

• Fast Transition Times 

• Operates from Single 5-Volt Supply 

• Designed to be Interchangeable with 
Motorola MC3486 

description 

The MC3486 is a monolithic quadruple 
differential line receiver designed to meet the 
specifications of EIA Standards RS-422-A and 
RS-423-A and Federal Standards 1020 and 
1030. The MC3486 offers four independent 
differential-input line receivers that have TTL­
compatible outputs. The outputs utilize three­
state circuitry to provide a high-impedance state 
at any output when the appropriate output 
enable is at a low logic level. 

The MC3486 is designed for optimum 
performance when used with the MC3487 
quadruple differential line driver. It is supplied in 
a 16-pin package and operates from a single 
5-volt supply. 

The MC3486 is characterized for operation from 
OOC to 70°C. 

logic symbol t 

1,2EN 

1A 

1B 

2A 

2B 

3.4EN 

3A 

3B 

4A 

4B 

(31 1Y 

(51 2Y 

(111 3Y 

(131 4Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
I EC Publication 617-12. 

D2434, JUNE 1980-REVISED SEPTEMBER 1986 

D, J OR N PACKAGE 

(TOP VIEWI 

1B Vee 
1A 4B 
1Y 4A 

l,2EN 4Y 
2Y 3,4EN 
2A 3Y 
2B 3A 

GND 3B 

FUNCTION TABLE (EACH RECEIVERI 

DIFFERENTIAL INPUTS OUTPUT 
ENABLE 

A-B Y 

VIO ~ 0.2 V H H 

-0.2 V < VIO < 0.2 V H ? 

VID s -0.2 V H L 

Irrelevant L Z 

H = high level, L = low level, Z = high-impedance 
(off), ? = indeterminate 

logic diagram (positive logic) 

lA 

1B 

2A ,--, 1'"'-.1 

2B---u.~ 

3.4EN 

3A 

3B--"""'"'.~ 

4A 

4B--"""'-'.~ 

(3) lY 

(5) 2Y 

(11) 3Y 

(13) 4Y 

Copyright © 1980, Texas Instruments Incorporated 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 
EXCEPT OUTPUT ENABLE 

VCC------~ __ ----~---

16.8 kG 
NOM 

INPUT-"'V'Ir---:' __ ~_ 

EQUIVALENT OF OUTPUT ENABLE 

VCC----............... -4~ .......... 

OUTPUT _-.... -1 
ENABLE 

8.3 kG 
NOM 

TYPICAL OF ALL OUTPUTS 

--------1""=' __ -VCC 

OUTPUT 

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

Supply voltage, Vcc (see Note 1) ......................... : . . . . . . . . . . . . . . . . . . . .. 8 V 
Input voltage, A or B inputs ................................. _. . . . . . . . . . . . . . .. ± 15 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package . . . . . . . .. 950 mW 
J package ....... , 1025 mW 
N package . . . . . . .. 11 50 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 

NOTES: 1. All voltage values,- except differential-input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, MC3486 

chips are glass mounted. In the N package, use the 9.2-mW/oC curve for these devices. In the D package, use 7.6 mW/oC curve. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±7 V 

Differential input voltage, VID ±6 V 

High-level enable input voltage, VIH 2 V 

Low-level enable input voltage, VIL 0.8 V 

Operating free-air temperature, T A 0 70 °c 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 

electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VTH Differential-input high-threshold voltage Vo = 2.7 V, 10 = -0.4 rnA 0.2 V 

VTL Differential-input low-threshold voltage Vo = 0.5 V, 10 = 8 rnA -0.2t V 

VIK Enable-input clamp voltage II = -10 mA -1.5 V 

VOH High-level output voltage VID* = 0.4 V, 10 = 
See Note 4 and Figure 1 

-0.4 mA, 
2.7 V 

VID* = -0.4 V,IO = 8 mA, 
VOL Low-level output voltage 0.5 V 

See Note 4 and Figure 1 

VIL = 0.8 V, VID = -3 V, Vo = 2.7 V 40 
10Z High-impedance-state output current 

VIL = 0.8 V, VID = 3 V, Vo = 0.5 V -40 
p.A 

VI = -10 V -3.25 

VCC = 0 V or 5.25 V, VI = -3 V -1.5 
lIB Differential-input bias current rnA 

Other inputs at 0 V VI = 3 V 1.5 

VI = 10 V 3.25 

VI = 5.25 V 100 
IIH High-level enable input current 

VI = 2.7 V 20 
p.A 

IlL Low-level enable input current VI = 0.5 V -100 p.A 

lOS Short-circuit output current VID = 3 V, Vo = 0, See Note 5 -15 -100 rnA 

ICC Supply current VIL = 0 85 mA 

t The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for threshold 
voltages only. 

NOTES: 4. Refer to EIA Standards RS-422-A and RS-423-A for exact conditions. 
5. Only one output at a time should be shorted. 

switching characteristics, Vee = 5 V, TA 

PARAMETER TEST CONDITIONS 

tpHL Propagation delay time, high-to-Iow-Ievel output 
CL = 15 pF, See Figure 2 

tpLH Propagation delay time, low-to-high-Ievel output 

tpZH Output enable time to high level 

tpZL Output enable time to low level. 
15 pF, See Figure 3 CL ;= 

tpHZ Output disable time from high level 

tPLZ Output disable time from low level 

MIN TYP MAX UNIT 

28 35 ns 

27 30 ns 

13 30 ns 

20 30 ns 

26 35 ns 

27 35 ns 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3·STATE OUTPUT 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. VOH, VOL 

I IOH + I-I 

GENERATOR 
(see Note AI 

INPUT 

~
. --- 3V 

51 {} 
1.5V 1.5V 

I I 
I I 0 V 

-.t tPLH j4- -.I tPHL j4-

I -l- -VOH 
I I 1.5 V 

OUTPUT 

2V------------------------~ 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, duty cycle"'" 50%, tr ~ 6 ns, 
tf ~ 6 ns. 

B. CL includes probe and stray capacitance. 
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SW1 
-1.5 V 

1.5 V--O 

MC3486 
QUADRUPLE LINE RECEIVER WITH 3·STATE OUTPUT 

PARAMETER MEASUREMENT INFORMATION 

------, 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

OUTPUT 
SW2 

2 k!l 
0-5 V 

(see Note Cl 

GENERATOR 
(see Note .Al 51 !l 

L ________ J CL - 15 pF '* (see Note Bl II 
TEST CIRCUIT 

tpZH 

~
3V 

SW1 TO 1.5 V 
INPUT ,--1,5 V SW2 OPEN 

I SW3 CLOSED 
-t--- 0 V 

tpZH-+! !4-
I 

~
VOH 

OUTPUT - -1.5 V 

---OV 

~
tPHZ 3V 

. SW1T01.5V 
INPUT 1.5 V SW2 CLOSED 

I . SW3 CLOSED 
I --OV 

tpHZ ---+I I+-

~
l 

. I VOH 
OUTPUT 0.5 V __ 

f -- -1.3V 

tpZL 

IN:U~~ L1.5V 

~_~~- SW1 TO -1.5V 
7i -0 V SW2 CLOSED 

tpZL ~ I+- SW3 OPEN 

~--4.5V 
OUTPUT J :-c 1.5 V 

VOL 

tpLZ 

3V~~~1 TO -1.5V 
INPUT 1.5 V SW2 CLOSED 

I
I SW3 CLOSED 

-OV 
I 

tPLZ-+i !+-

~--1.3V 
OUTPUT ~0.5 V L 

VOL 

VOL rAGE WAVEFORMS 

FIGURE 3. ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, duty cycle == 50%, tr :5 6 ns, 
tf :5 6 ns. 

B. CL includes .probe and stray capacitance. 
C. All diodes are 1 N916 or equivalent. 
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• Meets EIA Standard RS-422-A and Federal 
Standard 1020 

• Three-State. TTL-Compatible Outputs 

• Fast Transition Times 

• High-Impedance Inputs 

• Single 5-Volt Supply 

• Power-Up and Power-Down Protection 

• Designed to be Interchangeable with 
Motorola MC3487 

description 

MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 
D2578. MAY 1980-REVISED SEPTEMBER 1986 

D. J. OR N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

1A Vee 
1Y 4A 
1Z 4Y 

1.2EN 4Z 
2Z 3,4EN 
2Y 3Z 
2A 3Y 

GNI) 3A 

The MC3487 offers four independent differential line drivers designed to meet the specifications of EIA 
Standard RS-422-A and Federal Standard 1020. Each driver has a TTL-compatible input buffered to reduce 
current and minimize loading. 

The driver outputs utilize 3-state circuitry to provide high-impedance states at any pair of differential outputs 
when the appropriate output enable is at a low logic level. Internal circuitry is provided to ensure a high­
impedance state at the differential outputs during power-up and power-down transition times. provided 
the output enable is low. The outputs are capable of source or sink currents of 48 milliamperes. 

The MC3487 is designed for optimum performance when used with the MC3486 quadruple line receiver. 
It is supplied in a 16-pin dual-in-line package and operates from a single 5-volt supply. 

The MC3487 is characterized for operation from OOC to 70°C. 

logic symbol t logic diagram (positive logic) 

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

(2) 1Y 

(3) 1Z 

(6) 2V 
(5) 

0----2Z 

(10) 3V 

(11) 3Z 

(14) 4V 
(13) 

[}----4Z 

Copyright © 1980. Texas Instruments Incorporated 
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MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

FUNCTION TABLE (EACH DRIVER) 

INPUT 
OUTPUT 

ENABLE 

H H 

L H 

X L 

H = TTL high level 
L = TTL low level 

schematics of inputs and ou~puts 

EaUIVALENT OF EACH INPUT 

vCC------~~------

INPUT 

OUTPUTS 

Y Z 

H L 

L H 

High-Impedance High-Impedance 

X = irrelevant 

TYPICAL OF ALL OUTPUTS 

---------e------~----Vcc 

9nNOM 

.-----~----~~-- OUTPUT 

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

Supply voltage, Vce (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 V 
Input voltage ............................. ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package ......................................................... 950· mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 and N packages. . . . . .. 260°C 

NOTES: 1. All voltage values. except differential output voltage. VOD. are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 

MC3487 chips are glass mounted. In the N package, use the 9.2-,mW/oC curve for these devices. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VCC 4.75 5 5.25 V 

High-level input voltage. VIH 2 V 

Low-level input voltage. VIL 0.8 V 

Operating free-air temperature, T A 0 70 °C 
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MC3487 
OUDRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

electrical characteristics over recommended ranges of supply voltage and operating free·air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIK Input clamp voltage II = -18 mA -1.5 V 

VOH High-level output voltage VIL = 0.8 V, VIH = 2 V, 10H = -20 mA 2.5 V 

VoL Low-level output voltage VIL = 0.8 V, VIH = 2 V, 10L = 48 mA 0.5 V 

IVool Differential output voltage RL = 100 n, See Figure 1 2 V 

AIVool 
Change in magnitude of 

RL = 100 n, See Figure 1 ±O.4 V 
differential output voltage t 

VOC Common-mode output voltage t RL = 100n, See Figure 1 3 V 

AIVocl 
Change in magnitude of 

RL = 100 n, See Figure 1 ±0.4 V 
common-mode output voltage t 

10 Output current with power off VCC = a Vo = 6 V 100 

Vo = -0.25 V -100 
/lA 

10Z 
High-impedance-state Output enables Vo = 2.7 V 100 

output current at 0.8 V Vo = 0.5 V -100 
/lA 

II 
Input current at maximum 

input voltage 
VI = 5.5 V 100 /lA 

IIH High-level input current VI = 2.7 V 50 /lA 

IlL Low-level input current VI = 0.5 V -400 /lA 

lOS Short-circuit output current § VI = 2 V -40 -140 mA 

ICC Supply current (all drivers) 
Outputs disabled 105 

mA 
Outputs enabled, No load 85 

tAIVooland AIVocl are the changes in magnitude of VOO and VOC, respectively, that occur when the input is changed from a high 
level to a low level. 

tin EIA Standard RS-422-A, VOC, which is the average of the two output voltages with respect to ground, is called output offset voltage, VOS. 
§Only one output at a time should be shorted and duration of the short-circuit should not exceed one second. 

switching characteristics over recommended range of operating free-air temperature. Vee = 5 V 

PARAMETER TEST CONDITION MIN MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 20 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output CL = 15 pF, See Figure 2 20 ns 

Skew 6 ns 

tTD Differential-output transition time CL = 15 pF, See Figure 3 20 ns 

tpZH Output enable time to high level 30 ns 

tpZL Output enable time to low level 
See Figure 4 

30 ns 

tpHZ Output disable time from high level 
CL = 50 pF, 

25 ns 

tPLZ Output disable time from low level 30 ns 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. DIFFERENTIAL AND COMMON·MODE OUTPUT VOLTAGES 
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II 

MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

GENERATOR 
(See Note AI 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

SV 

200 n 

IN'UT-"',.5V "Vi: -------:: 
l.tPLH--' ~tPHL, 
I .. I:t- - - - VOH 

I Y,,5V I 1-SV~ 
I I I I I '----VOL 

I Skew~ I skewt-1 

J..-tPHL--t ~tPLH-.j 

\L. ,Y--VOH 

\l.SV 1.
5Vr __ -VOL 

Y OUTPUT 

Z OUTPUT 

VOLTAGE WAVEFORM 

FIGURE 2. PROPAGATION DELAY TIMES 

INPUT r-\---3V 

--.I '---0 V 
GENERATOR 
(Se8 Note AI SOn OUTPUT tTD~ :-- --: :---tTD 

~~~ __ ~ ____ -L J:\L90% I 
3V OUTPUT I I 

1 10% L- _____ ..I 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 3. DIFFERENTIAL·OUTPUT TRANSITION TIMES 

Oor3V 

GENERATOR 
(See Note AI 

OUTPUT ::\,-------- 3 V 

ENABLE 1.S V'\ 
INPUT 1'-' --- 0 V 

tPH~Z""'~ VOH 
OUTPUT I ~ SWl closed 

1 SW2 closed, 
1 ..,1.5 V 

tPLZ ..... ~ "'l.S V 

OUTPUT A SWl closed 
0.5 V SW2 closed 

VOL ' 

TEST CIRCUIT 

OUTPUT 
ENABLE 

INPUT 

OUTPUT 

OUTPUT 

VOLTAGE WAVEFORMS 

i&m 
~3V 

ovJ"~v 
tpz L =-I It- . 
~15 V ~1 closed 

~ ~2open 
I VOL 

t
PZH

--: ~ VOH 
I ~lopen --.J' , .... v SW2 closed 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr ~ 5 ns, tf ~ 5 ns, PRR ~ 1 MHz, duty 
cycle = 50%, Zo = 50 O. 

B. CL includes probe and stray capacitance. 
C. All diodes are 1 N916 or 1 N3064. 
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• P-N-P Inputs for Minimal Input Loading 
(200 p.A Maximum) 

• High-Speed Schottky Circuitry 

• 3-State Outputs for Driver and Receiver 

• Party-line (Data-Bus) Operation 

• Single 5-V Supply 

• Designed to be Interchangeable with 
Signetics N8T26. also Called 8T26 

description 

The N8T26 is a quadruple transceiver utilizing 
Schottky-diode-clamped transistors. Both the 
driver and receiver have three-state outputs. 
With p-n-p inputs. the input loading is reduced 
to a maximum input current of 200 micro­
amperes. This device is capable of high 
switching rates into high-capacitance loads and 
are suitable for driving long bus lines. 

The N8T26 is characterized for operation from 
OOC to 70°C. 

FUNCTION TABLE (DRIVER) 

INPUT OUTPUT 

DE D B 

H L H 

H H L 

L X Z 

FUNCTION TABLE (RECEIVER) 

INPUT 

RE B 

L L 

L H 

H X 

H = high level 
L = low level 
X = irrelevant 

OUTPUT 

R 

H 

L 

Z 

Z = high impedance 

NaT26 
QUADRUPLE BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
02462. MAY 1978- REVISED SEPTEM8ER 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

RE Vee 
1R DE 
18 4R 
10 48 
2R 4D 
28 3R 
2D 38 

G N D '-t..,;;~---::J-' 3D 

logic symbol t 

DE 
RE 

lD 

lR 

2D 

2R 

3D 

3R 

(3) lB 

~ .... ~(:.:::6!..) 28 

(10) 38 

(13) 48 

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

logic diagram (positive logic) 

RE~~--------~~ 

DE 

lD ~~---4-~ 

3D"';"'~--4-~ 

(2) 
">-4---1R 

(3) 18 

">--4-......:..:(5~) 2 R 
L.... __ ........... (6~) 2B 

~--'-.....:..;~ 3R 

L........:....._ ........... ....;.. 38 

~-..:...-.;..4R 

L.........::..-_ .. ..:...:...4B 

Copyright © 1980. Texas Instruments Incorporated 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 
VCC-------.---------

5 kn NOM 

INPUT, 

Drivers: 
Receivers: 

TYPICAL OF ALL OUTPUTS 
Vee 

OUTPUT 

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 
Continuous total dissipation at (or below) 25°C free-air temperature! (see Note 2): 

D package ......................................................... 950 mW 
J package ................................. '.' . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ........................................................ 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ...................................... ;.. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. For N8T26 in the N package, 

use the 9.2-mW/oC-curve. In the J package, N8T26 chips are glass mounted. 

recommended operating conditions 

Supply voltage, VCC 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A 

4-58 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

V,K Input clamp voltage B,D,DE,RE " = -5 mA -1 V 

B V,H = 2 V, V,L = 0.85 V, IOH = -10 mA 2.6 3.1 
VOH High-level output voltage V 

R V,L = 0.85 V IOH -2 mA 2.6 3.1 

B V,H = 2 V, 'OL = 40 mA 0.5 
VOL Low-level output voltage V 

R V,H = 2 V, V,L = 0.85 V, 'OL = 16 mA 0.5 

10Z 
Off-state (high-impedance B,R DE at 0.85 V RE at 2 V, Va = 2.6 V 100 

J.'A 
state) output current R RE at 2 V, Va = 0.5 V -100 

"H High-level input current D,DE,RE V, = 5.25 V 25 J.'A 

I,L Low-level input current B,D,DE,RE V, = 0.4 V -200 J.'A 

Short-circuit output current'l: 
B -50 -150 

lOS VCC = 5.25 V mA 
R -30 -75 

ICC Supply current VCC = 5.25 V, No load 87 mA 

, tAli typical values are at T A = 25°C and VCC = 5 V. 
tOnly one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 

switching characteris~ics, Vee = 5 V, TA = 25°e 

PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output CL = 30 pF, 8 18 
B R ns 

tpHL Propagation delay time, high-to-Iow-Ievel output See Figure 1 7 10 

tPLH Propagation delay time, low-to-high-Ievel output CL = 300 pF, 14 ,20 
D 8 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output See Figure 2 12 20 

tpLZ Output disable time from low level CL = 30 pF, 9 17 

Output enable time to low level 
RE R ns 

tpZL See Figure 3 15 30 

tpLZ Output disable time from low level CL = 300 pF, 20 43 
DE B ns 

tpZL Output enable time to low level See Figure 4 20 38 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

VCC 2.6 V 

TEST 
POINT 92n 

CIRCUIT (see Note DI 
UNDER R 

TEST 
(see Note BI D (all) CL= 30 pF 1.3kn 

OPEN (see Note CI 

GND 

TEST CIRCUIT 

-+t ~";5 ns ~ ~~=-n~ __ 2.6 V 

INPUTJ
I

90% 90%~ 11.5V 1.5V I .. 

10% ! : 10% 0 V 

~tPHL tpLH~ 

---- I ~ [r-- VOH 

OUTPUT ~L1._5_V ________________ 1._5JV~ 
- VOL 

VOLTAGE WAVEFORMS 

FIGURE 1. PROPAGATION DELAY TIMES ~ROM BUS TO RECEIVER OUTPUT 

2.6V VCC 2.6 V 

TEST 30n 
POINT 

CIRCUIT (see Note DI 

UNDER 
B DE 

TEST 
(See Note BI R (alii 260 n CL = 300 pF 

OPEN (see Note CI 

TEST CIRCUIT 

~ 14- ";5 ns --.. 14-- ";5 ns 

~
I 90% 90%,! -- - - 2.6V 

INPUT I 1.5 V 1.5 V"N. 
10% I I 10% 0 V 

:.--.rtPHL tPLH~ 

I : V-- VOH 

OUTPUT ~L·_5_V _______________ 1_.5-JV;r 
- - VOL 

VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES FROM DRIVER INPUT TO BUS 
NOTES: A. The pulse generator in Figures 1 and 2 has the following characteristics: PRR :5 10 MHz. duty cycle = 50%. Zout "" 50 n. , 

B. All inputs and outputs not shown are open. 
C. CL includes probe and jig capacitance. 
D. All diodes are 1 N916 or 1 N3064. 
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NaT26 
QUADRUPLE BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 
2.6V Vcc 5V 

TEST 
POINT 

CIRCUIT 2.4kn 

RE UNDER R 
TEST 

D (all) (see Note B) 

DE 
GND 5kn 

(Probe I 
CL = 30 pF 
(see Note CI 

TEST CIRCUIT 

...... "5ns 
: j,.1 =~_""""::=-.,,;. 2.6V 

INPUT 

I 
14- tPL;;Z~ __ ......;. .... 

OUTPUT ~ ~ 
----""'I'f,0% 

VOLTAGE WAVEFORMS 

FIGURE 3. RECEIVER ENABLE AND DISABLE TIMES 

Vee 5V 
2.6V 

D (all) 

FiE 

DE 

INPUT 

TEST 
POINT 

CIRCUIT 
UNDER B 

TEST 
R (all) 

(see Note BI OPEN 
GND 

TEST CIRCUIT 

**,"';;5 ns 
: ~I ~ ______ --= 
I 
I 

5kn 
(Probel 

10% I I 10% 
I I~---"'" 

~tPZL ~tpLZ 

OUTPUT----~\J ~~._5_V ____ ~! ~ 
'- 10%1 

VOLTAGE WAVEFORMS 

2.4kn 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

240n 

(see Note 0) 

70 n 

(see Note 01 

NOTES: A. The pulse generator in Figures 3 and 4 has the following characteristics: PRR oS 5 MHz, duty cycle = 50%, Zout .. 50 n. 
B. All inputs and outputs not shown are open. 
C. CL includes probe and jig capacitance. 
D. All diodes are 1 N916 or 1 N3064. 
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ADVANCE 
INFORMATION 

SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

D2959. JANUARY 1987 

• IEEE 802.3 1 BASES Driver and Receiver OW. J. OR N PACKAGE 

• On-Chip Receiver Squelch with Adjustable 
(TOP VIEW) 

Threshold DRDLAJ 

• Adjustable Squelch Delay 
DRO+ 
DRO-

• Direct TTL-Level Squelch Output SODLAJ 

• Squelch Circuit Allows for External Noise 
RXI+ 
RXI-

Filtering 
SOTHAJ 

• Two Driver-Enable Options GND SORXO ---.....1-
• On-Chip Start-of-Idle Detection and Disable 

• Driver Guarantees 2.0 Volts Minimum into a 50-Ohm Differential Load to Allow for Use with 
Doubly-Terminated Lines and Multipoint Architectures 

• On-Chip Driver Slew-Rate Control for Very Closely Matched Output Rise and Fall Times 

PIN 

NAME NUMBER 
DESCRIPTION 

DATEN 15 Driver Data Enable. When low. places driver outputs in an active state. When high. the driver outputs 

are in a high-impedance state if OLEN is also high. 

OLEN 13 Driver Delay Enable. When this signal is low and DATEN is high. the driver outputs are active for a 

period of time set by DRDLAJ after a positive-going transition on DR!. If there is no active data on DRI. 

the outputs are in a high-impedance state. 

DRDLAJ 1 Driver Delay Adjust is a connection for the external R-C combination that determines the duration of 

the driver output active state after a positive transition on DRI when OLEN is low and DATrn is high. 

DRI 14 Driver Data Input 

DRO+ 2 Noninverting Driver Output 

DRO- 3 Inverting Driver Output 

GND 8 Ground. Common for all voltages 

RXI+ 5 Noninverting Receiver Input 

RXI- 6 Inverting Receiver Input 

RXO 12 Main Receiver Output 

SODLAJ 4 Squelch Delay Adjust is a connection for an external R-C combination that determines the duration 

of the receiver unsquelch after a negative-going transition on SODU. 

SODU 10 Squelch Delay Input is the input to the one-shot that controls the duration of the receiver unsquelch 

period. The main receiver output remains unsquelched as long as SODU is held high. Timing of the 

unsquelch period begins on the high-to-Iow transition of SODU. 

SOO 11 Squelch Output is high while the receiver is squelched. 

SORXO 9 Squelch Receiver Output is high only when the differential receiver input exceeds the threshold set 

by SOTHAJ. 

SOTHAJ 7 Squelch Receiver Threshold Adjust. The voltage at this input determines the threshold of the squelch 

receiver in a ratio of - 2. SOTHAJ to threshold. If left open. the squelch receiver threshold defaults 

to -600 mV. 

VCC 16 Supply voltage input 

ADVANCE INFORMATION documents contain Copyright © 1987, Texas In$truments Incorporated 
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SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

FUNCTION TABLES 

DRIVER 

INPUTS OUTPUTS 

DRIVER DATA DELAY 
OUTPUT+ OUTPUT-

IN ENABLE ENABLE 

CONDITION 

RECEIVER§ 

INPUTS 

ADVANCE 
INFORMATION 

OUTPUTS 

RECEIVER SQUELCH 
IN+ IN-

OUT THRESHOLD 

L L X L H No active signal' X X H H 

H L X H L 

X H H Z Z 
Active signal' 

L H L L 

H L H L 

H H L Ht L t 

L H L L t Ht 

t This condition is valid during the time period set by Driver Delay Adjust following a rising transition on Driver In. Following 
this, if no subsequent positive transition occurs on Driver In, the outputs will go to the high impedance state. 

t This condition is valid if it occurs within the enable time set by Driver Delay Adjust after a rising transition on Driver In. Otherwise 
the outputs will be in the high-impedance state. 

§ Pins 9 and 10 are tied together. 
, An active signal is one that has an amplitude greater than the threshold level set by Squelch Threshold Adjust. 

logic diagram (positive logic) 

DRIVER DATA.:..11;.,,;4;:,.) ___ .... ___________ ~ 
INPUT, DRI 

DRIVER DATA.:..11:..;5:.!.) ___ + ________ -Q 

ENABLE, DATEN 

DRIVER DELAY (13) 
ENABLE, DLEN 

NON INVERTING 

-:;rCT 

RECEIVER ..:,15;:,;)_ ..... _""" ......... _+-01' 
INPUT, RXI+ 

DRIVER DELAY 
ADJUST, DRDLAJ 

SLEW CONTROL 

12') NON INVERTING 
>---.... ..;.....;, DRIVER OUTPUT, 

INVERTING 
>-__ ..... ..;.,13..;.,) DRIVER OUTPUT, 

DRO-

INVERTING ..;,.16....;,)_-+-..... """'+_+4~ 
>--------------------'\~ (12) MAIN RECEIVER 

RECEIVER 
INPUT, RXI-

SQUELC~H~i;~~~~ ....:1.:..7)~-..JV __ .. 

ADJUST, SQTHAJ 
(9) 

SQUELCH 
RECEIVER 
OUTPUT, 

SQRXO 

(10) 

SQUELCH 
DELAY 
INPUT, 
SQDLI 

SQUELCH 
DELAY 
ADJUST, 
SQDLAJ 

OUTPUT,RXO 

»-___ ..;,.11..,,;1..;,..) SQUELCH 
OUTPUT, SQO 
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ADVANCE 
INFORMATION 

description 

SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

The SN75061 is a single-channel driver/receiver pair designed for use in IEEE 802.3, 1 BASE5 applications 
a.s well as other general data communications circuits. The SN75061 offers the system designer both a 
driver and a receiver that are easily configured for use with a variety of controllers and data 
encoder/decoders. 

The receiver features a full analog squelch circuit with an adjustable threshold and a programmable squelch 
delay. Internal nodes of the squelch circuitry are brought out to external connections to allow for the insertion 
of noise filtering circuitry of the designer's choice. 

As with the receiver, the driver offers the user a variety of implementation options. Driver enabling may 
be controlled directly by an external logic input, or by use of an on-chip one-shot that is retriggered as 
long as data is being sent to the driver. The driver will then automatically go to the high-impedance state 
when end-of-packet occurs. The driver features internal slew-rate control for optimal matching of rise and 
fall times allowing for reduction of driver-induced jitter. 

receiver 

The SN75061 receiver implements full analog squelch functions by integrating both a separate, parallel 
squelch receiver with an externally programmable threshold, and a programmable one-shot. The output 
of the squelch receiver and the input to the high-level dc-triggered one-shot are brought out to external 
connections. These pins can be shorted for direct implementation, or used for the insertion of noise-filtering 
circuitry of the implementer's design. The receiver one-shot can be effectively bypassed by 'applying a 
high logic level to Squelch Delay In. The squelch threshold may be set externally by applying an external 
voltage set to a level that is - 2 times the desired threshold voltage. If Squelch Threshold Adjust is left 
open, the squelch receiver will default to its internal preset value of - 600 millivolts. The receiver also 
outputs a high logic "squelch" signal when there is no active data present at the receiver inputs. When 
no data is present on the transmission line, the receiver output assumes a high level. The "unsquelch" 
duration is set externally with an R-C combination at Squelch Delay Adjust. 

driver 

The driver offers the user a variety of implementation options. Driver enabling may be controlled directly 
by an active-low external logic input on Data Enable, or by use of another on-chip one-shot that retriggers 
with positive-going transitions on the driver input line. If no positive transition occurs within the pulse 
duration set by an external R-C combination, the one-shot times out and the driver is automatically put 
into a high-impedance state. When operating in the delay-enable mode, the 2-bit-time high-level start-of­
idle pulse prescribed by IEEE 802.3 1 BASE5 causes the one-shot to time out and automatically place the 
driver outputs in the high-impedance state. This delay time is also adjustable for use in other applications. 

The driv,er implements an output slew-rate control that is internally set for nominally 40 mV/ns. (This is 
roughly a 1 OO-ns peak-to-peak differential transition time.) The driver outputs are capable of driving a 50-ohm 
differential load with a guaranteed minimum output level of 2 volts. Short-circuit output current is guaranteed 
to be greater than 100 milliamperes. 
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SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

ADVANCE 
INFORMATION 

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

Supply voltage, Vee· .................. '. ' ..................................... 7 V 
Input voltage (any logic input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Receiver differential input voltage ....................................... ; . . . .. ± 25 V 
Receiver input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Driver output voltage .................................... '. . . . . . . . . .. - 0.5 V to 1 5 V 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 1): 

DW or J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package .................................................. /. . . . .. 11 50 mW 

. Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... -65°e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package .. " ... 260 0 e 

NOTE 1: For operation above 25 ac free·air temperature, derate the DW and J packages to 656 mW at 70°C at the rate of 8.2 mW/ ac, 
and the N package to 736 mW at 70 0 e at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

Driver high·level input voltage, VIH 2 V 

Driver low·level input voltage, Vil 0.8 V 

Driver high·level output current, IOH -150 mA 

Driver low·level output current, IOl 150 mA 

Receiver common-mode input voltage, VIC (see Note 2) -2.5 5 V 

External timing resistance, Rext 5 260 k!l 

External timing capacitance, Cext No restriction 

Operating free·air temperature, T A 0 70 ac 

NOTE 2: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for common·mode input voltage VIC and threshold levels VTH and VTl. 
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ADVANCE 
INFORMATION 

SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

electrical characteristics over recommended operating free-air and supply voltage range (unless 
otherwise noted) 

driver 

PARAMETER 

VIK Input clamp voltage 

VOD Differential-output voltage 

AVOD 
Change in differential-output voltage 

for a change in logic input state 

IIH High-level input current 

IlL Low-level input current 

lOS Short-circuit output current 

10Z High-impedance output current 

receiver 

PARAMETER 

VIK Input clamp voltage, squelch delay 

VTH Differential-input high-threshold voltage 

VTL 
Differential-input low-threshold 

voltage (see Note 2) 

Vhvs Hysteresis (VTH - VTL) 

VIC Common-mode input voltage 

RXO 

VOH High-level output voltage 
SOO 

SORXO 

RXO 

VOL Low-level output voltage SOO 

SORXO 

IIH High-level input current 
SODU 

IlL Low-level input current 

RXO 

lOS Short-circuit output current SOO 

SORXO 

q Input resistance 

Squelch preset threshold voltage 

Ratio of Squelch Threshold Adjust input 

voltage to actual squelch threshold voltage 

driver and receiver 

ICC Supply current 

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

TEST CONDITIONS 

II = -18 mA 

RL = 500 

RL = 1150 

VI = 2.4 V 

VI = 0.5 V 

Vo = 0 V or 6 V, VI = 0.8 V or 2_5 V 

VCC = 5.25 V 
I VOC = 10 V 

1 Voc = 0 

TEST CONDITIONS 

II = -18 mA 

Vo = 2.7 V, 10 = -0.4 mA, 

VIC = 5 V 

Vo = 0.5 V, 10 = 16 mA,. 

VIC = 5 V 

VCC = 4.75 V, 10H = -400 p.A, 

SODLAJ at 0.8 V 

VCC = 4.75 V, 10H = -20 p.A, 

VID(RXII = -0.7 V, SODLAJ open 

10L = 8 mA 
VCC = 4.75 V, 

10L = 16 mA 
SODLAJ at 2 V 

10L = 8 mA 

VCC = 4.75 V, 10L = 8 mA 

VID(RXI) = 50 mV 10L = 16 mA 

VI = 2.4 V 

VI = 0.5 V 

VCC = 5.25 V, Vo = 0 

VCC = 5 V, Vo = 0 

SOTHAJ at 200 mV to 4 V 

VCC =,5.25 V, 

No loads 

Driver outputs disabled, 

MIN Typt MAX UNIT 

-1.5 V 

2 2.4 3.3 
V 

3.65 

50 mV 

20 p.A 

-35 p.A 

±100 ±300 mA 

100 

-100 
p.A 

MIN Typt MAX UNIT 

-1.5 V 

50 mV 

-50 mV 

50 mV 

5 V 

2.7 

2.7 3.5 
V 

2.7 4.65 

0.45 

0.5 

0.35 0.5 V 

0.45 

0.5 

20 p.A 

-35 p.A 

-15 -85 

-15 -100 mA 

-0.8 -1 -1.2 

10 kO 

-570 -600 -630 mV 

-1.9 -2.1 

70 

NOTE 2: The algebraic convention, in which the less-positive (more negative) limit is designated as minimum, is used in this data sheet 
for common-mode input voltage VIC and threshold levels VTH and VTL. 
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SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

switching characteristics, vee 
driver 

5 V, TA 

PARAMETER TEST CONDITIONS 

SR Differential-output slew rate 
Vo = -2 V to 2 V, 

R1 = 100 fl (differential), See Figure 1 

Differential-output delay time C1 = 15 pF, 
tDD 

(tDD + and tDD -) R1 = 100 fl (differential). See Figure 2 

tDD+ -tDD-
Differential-output delay time 

R1 = 100 fl (differential), See Figure 2 
difference 

~ Disable time from DATEN 
tpLZ 

~ Enable time from DATEN 
See Figures 3, 4, and 5 

tpZL 

tpZH Enable time from DLEN 

Enable duration time 
tw(en) (with DLEN low) 

Cext = 100 pF, Rext = 62 kfl, See Figure 6 

receiver 

PARAMETER TEST CONDITIONS 

ten(RX) Receiver enable time Squelch off, See Figure 7 

tpLH Propagation delay time, low-to-high-Ievel output Squelch off, See Figure 8 

tpHL Propagation delay time, high-to-Iow-Ievel output Squelch off, See Figure 8 

Cext = 50 pF, Rext = 51 kfl, 

t unsq Unsquelch duration time 
See Figure 9 

Cext = 0, Rext = 6.8 kfl, 

See Figure 9 

PARAMETER MEASUREMENT INFORMATION 

sv 
Rext - 62 kfl 

MIN 

28 

2 

MIN 

1 

ADVANCE 
INFORMATION 

TYP MAX UNIT 

40 52 mV/ns 

128 140 ns 

5 ns 

220 ns 

250 ns 

220 ns 

290 ns 

250 ns 

2.5 3 /ls 

TYP MAX UNIT 

56 ns 

20 35 ns 

22 35 ns 

1.2 1.45 /ls 

180 ns 

DRDLAJ 

OLEN at 3 V -----.., 
~ Cext - 100 pF ~.

--3V 

INPUT 

OV 

1-_1'""--........ ..-- ORO + 

OUTPUT 

o-_e--.....L- DRO-

DATEN at O.S V 

TEST CIRCUIT 

OUTPUT-- _ 1- ____ ~2:::'" --OV 

Jf~ - --2V 
I I 

tr-+j j4- -+I If- tf 
SR-~ 

tr or tf 

VOLTAGE WAVEFORMS 

FIGURE 1. DRIVER SLEW RATE M~ASUREMENTS 

NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, Duty Cycle :5 50%, tr :5 6 ns, 
tf:5 6 ns, Zout = 50 fl. 
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ADVANCE 
INFORMATION 

SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

PARAMETER MEASUREMENT INFORMATION 

SV 

Rext - 62 kf! 

OROLAJ 

~
--3V 

INPUT 1.S V 1.5 V 

I I 0 V 
OLEN at 3 V ----. 

,*Cext - 100 pF 

~-~----~---r-ORO+ too + -+I I+- too --+I 14-
RL -
100 f! OUTPUT 

~~---~'--~~ORO- ~
+-_VO+ 

OUTPUT' 50% 

VO-

DATEN at 0.5 V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. DRIVER DIFFERENTIAL DELAY TIMES 

SV 

OROLAJ 

OLEN at 3 V ----, 
~Cext - 100 pF 

3V 

INPUT 1.5 V 1.5 V 

I + ---OV 

tPZH1t-+I tPHz-k-ti 0.6 V 

~
i.-VOH 

OUTPUT -f 
2.3 V 

ORI at 0 V or 3 V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 3. DRIVER ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, Duty Cycle :5 50%, tr :5 6 ns, 
tf :5 6 ns, Zout = 50 n. . 

B. CL includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR :5 500 kHz, Duty Cycle :5 50%, 

t r :5 6 ns, tf :5 6 ns, Zout = 50 n. 
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SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

SV 

Rext - 62 kn 
DRDLAJ 

""0-..... - .... - OUTPUT 

TEST CIRCUIT 

~
3V 

INPUT 1.5 V 1.5 V 

I ~---OV 
I I 

tPZL~ I+- tPLZ-+! If-
I I 

~
I"SV 

OUTPUT 2.3 V .i 
- "'" -VOL 

O.S V 

VOLTAGE WAVEFORMS 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

SV 

Rext - 62 kn 

DRDLAJ 

:J, 
\ ---3V 

INPUT I 1.S V \ 

'---OV 

k-tPZHI 
"V-..... ~~OUTPUT 

RL -
100 n ~

I ---VOH 

OUTPUT 2.3 V \, . 

--,.,0 V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. ENABLE TIMES FROM DELAY ENABLE 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 500 kHz, Duty Cycle ~ 50%, 
tr ~ 6 ns, tf ~ 6 ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, Duty Cycle ~ 50%, tr ~6 ns, 

tf ~ 6 ns, Zout = 50 n., 
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ADVANCE 
INFORMATION 

SN75061 
DRIVER/RECEIVER PAIR WITH SQUELCH 

PARAMETER MEASUREMENT INFORMATION 

5V 

Rext - 62 kfl 

DRDLAJ 

DLEN at 0.5 V----. 
~Cext - 100 pF 

DATEN at 3 V 

TEST CIRCUIT 

rtw(enl~ 0.5 V 

RL -
100 fl 

~
!....*--VOH 

OUTPUT 2.3 V l" 
ov 

VOLTAGE WAVEFORMS 

FIGURE 6. ENABLE DURATION TIME WITH DELAY ENABLE LOW 

5V 

Rext - 51 kfl 
SODLAJ INPU~1.5V 1.5V~3V 

I ~---OV 
~ 14- ten(RXI 

,*Cext - 50 pF 

1.5 v __ R_X;...I--a ~"':";':';:"::"" __ -OUTPUT ~
VOH 

OUTPUT 1.3V 1.3V 

OPEN ------I 
SOTHAJ 

SORXO SODU 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 7. RECEIVER ENABLE (UNSQUELCH) TIMES 

- - -VOL 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ",; 500 MHz, Duty Cycle ",; 50%, 
tr ",; 6 ns, tf ",; 6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR ",; 200 kHz, Duty Cycle",; 50%, tr ",; 6 ns, 

tf"'; 6 ns, Zout = 50 n. 
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SN75061 
DRIVER/RECEIVER· PAIR WITH SQUELCH 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

5V 
SODLAJ 

Rext - 51 kO 

~Cext - 50 pF 

1.5 v __ R_X_I--a 
~--e--OUTPUT 

OPEN SOTHAJ 

3V 

TEST CIRCUIT 

--3V 

INPUT 1.5V 1.5V 

I . I OV 

tPLH~ I+- tPHL-+! It-

~
+--VOH 

OUTPUT 1.3V. 1.3V 

VOL 

VOLTAGE WAVEFORMS 

FIGURE 8. RECEIVER PROPAGATION DELAY TIMES 

SODLAJ 

RXI+ 

RXI-
1.5V----o 

OPEN SOTHAJ 

5V 

Rext - 51 k!l 

'-----OUTPUT 

TEST CIRCUIT 

3V 

INPUT 1.5 V 1.5 V 

+- --OV 

tunsq~ If-

~
VOH 

1.3V 1.3V 

- - -VOL 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 9. UNsaUELCH DURATION TIME 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz; Duty Cycle ~ 50%, tr ~ 6 ns, 
tf ~ 6 ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR ~ 100 kHz, Duty Cycle ~ 50%, 

tr ~ 6 ns, tf ~ 6 ns, Zout = 50 O. 
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• High Speed 

• Standard Supply Voltage 

• Dual Channels 

• High Common-Mode Rejection Ratio 

• High Input Impedance 

• High Input Sensitivity 

• Differential Input Common-Mode Range of 
±3 V 

• Strobe Inputs for Receiver Selection 

• Gate Inputs for Logic Versatility 

• TTL Drive Capability 

• High DC Noise Margin 

• '107A and '107B Have Totem-Pole Outputs 

• ' 1 08A and ' 1 08B Have Open-Collector 
Outputs 

• "B" Versions Have Diode-Protected Input 
for Power-Off Condition 

description 

These circuits are TTL-compatible high-speed 
line receivers. Each is a monolithic dual circuit 
featuring two independent channels. They are 
designed for general use as well as such specific 
applications as data comparators and balanced, 
unbalanced, and party-line transmission 
systems. These devices are unilaterally 

. interchangeable with and are replacements for 
the SN55107, SN55108, SN75107, and 
SN75108, but offer diode-clamped strobe inputs 
to simplify circuit design. 

SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 

DUAL LINE RECEIVERS 
D2304, JANUARY 1977-REVISED OCTOBER 1986 

SN55107A,SN55107B. SN55108A 
SN55108B ... J PACKAGE 

SN75107A.SN751078.SN75108A 
SN75108B ... D. J. OR N PACKAGE 

(TOP VIEWI 

1A VCC+ 
1B VCC-
NC 2A 
1Y 2B 
1G NC 

S 2Y 
GND 2G 

SN55107A. SN551078.SN55108A. 
SN551088 ... FK PACKAGE 

(TOP VIEWI 

+ I 
UU 

.~ ~ ~ ~~ 
3 2 1 2019 

NC 4 18 2A 
NC 5 17 NC 
1Y 6 16 2B 
NC 7 15 NC 
1G 8 14 NC 

9 10 11 1213 

cnOUt!l>-
ZZNN 
t!l 

NC-No internal connection 

The esse~tial difference between the" A" and "B" versions can be seen in the schematics. Input-protection 
diodes are in series with the collectors of the differential-input transistors of the "B" versions. These diodes 
are useful in certain "party-line" systems that may have multiple Vee + power supplies and may be operated 
with some of the Vee + supplies turned off. In such a system, if a supply is turned off and allowed to 
go to ground, the equivalent input circuit connected to that supply would be as follows: 

INPU1-.~M--.. t!J-IIM-"""'-'~ 

"A" VERSION "B" VERSION 

This would be a problem in specific systems that might possibly have the transmission lines biased to 
some potential greater than 1.4 volts. 

The SN55107A, SN55107B, SN55108A, and SN55108B are characterized for operation over the full 
military temperature range of - 55°C to 125°C. The SN75107A, SN751 07B, SN75108A, and SN751 08B 
are characterized for operation from ooe to 70°C. 

Copyright © 1981. Texas Instruments Incorporated 
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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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SN55107A, SN55107l SN55108A, SN551088 
SN75107A, SN751078, SN75108A, SN751088 
DUAL LINE RECEIVERS 

logic symbois t 

S 

1A 

18 

1G 

2A 

28 

2G 

SN55107 

SN75107 

S 

1A 

18 

1G 

2A 

28 
2G (8) 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12 . 

• 

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

logic diagram (positive logic) 
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S (6) 

1G..:..;;..:.-----' 

2G....:.=----...., 

2A 

FUNCTION TABLE 

DIFFERENTIAL 

INPUTS STROBES 

A-B G S 

VIO ~ 25 mV X X 

X L 

- 25 mV < VID < 25 mV L X 
H H 

X L 

VID ~ -25 mV L X 

H H 

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

TEXAS • 
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H 
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Indeterminate 

H 

H 

L 
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SN55107A, SN551078, SN55108A, SN551088 
SN75107A, SN751078, SN75108A, SN751088 

DUAL LINE RECEIVERS 

schematic (each receiver) 

(1, 12) 
1A 

INPUTS 

18 (2,11) 

1 k{l 

3 k{l 3 kO 

(13) 
VCC-~+-----~----~~-4~----~--~------------· 

TO OTHER RECEIVER 

tR = 1 k[} for '107A and '1078, 750 [} for '10BA and '10B8, 
NOTES: 1, Resistor values shown are nominal. 

GND 

STROSE 
G 

STROBE 
S 

2. Components shown with dashed lines in the output circuitry are applicable to the '107A and '1078 only: Diodes in series 
with the collectors of the differential input transistors are short-circuited on '107 A and '10BA. 

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

Supply voltage, VCC + (see Note 3) ............................................. 7 V 
Supply voltage, VCC _ ..................................................... - 7 V 
Differential input voltage (see Note 4) .......................................... ± 6 V 
Common-mode input voltage (see Note 5) ....................................... ± 5 V 
Strobe input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 6): 

D package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
FK package ...................................... , . . . . . . . . . . . . . . . . .. 1375 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range: Series 55 . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Series 75 ........................... .. OoC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ......... 260°C 

NOTES: 3. All voltage values, except differential voltages, are with respect to network ground terminal. 
4. Differential voltage values are at the noninverting (A) terminal with respect to the inverting IB) terminal. 
5. Common-mode input voltage is the average of the voltages at the A and B inputs. • 
6. For operation above 25°C free-air temperature, derate linearly at the following rates: 7.6 mW/oC for the D package, 11.0 

mW/oC for the FK package, B.2 mW/oC for the J package, and 9.2 mW/oC for the N package. 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 

recommended operating conditions (see Note 7) 

Supply voltage, VCC + 
Supply voltage, VCC-

SN55107A, SN551078 

SN55108A, SN551088 

MIN NOM MAX 

4.5 5 5.5 

-4.5 -5 -5.5 

High-level input voltage between differential inputs, 
0.025 .5 

VIDH (see Note 8) 

Low-level input voltage between differential inputs, 

V,OL (see Note 8) 
-5 t -0.025 

Common-mode input voltage, V'C (see Notes 8 and 9) -3 t 3 

Input voltage, any differential input to ground (see Note 8) -5 t 3 

High-level input voltage at strobe inputs, V'H(S) 2 5.5 

Low-level input voltage at strobe inputs, V,LIS) 0 0.8 

Low-level output current, IOL -16 

Operating free-air temperature, T A -55 125 

SN75107A,SN751078 

SN75108A, SN751088 UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

-4.75 -5 -5.25 V 

0.025 5 V 

-5 t -0.025 V 

-3 t 3 V 

-5 t 3 V 

2 5.5 V 

0 0.8 V 

-16 mA 

0 70 °c 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for input 
voltage levels only. 

NOTES: 7. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one 
of the differential inputs of the unused receiver should be terminated at some voltage between - 3 V and 3 V. 

8. The recommended combinations of input voltages fall within the shaded area of the figure shown . 
9. The common-mode voltage may be as low as -4 V provided that the more positive of the two inputs is not more negative 

than -3 V. 

RECOMMENDED COMBINATIONS 
OF INPUT VOLTAGES 

3 r---.--.,..--
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~ 2 
Cl 
51 
'0 
> 0 
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e 
~ -2 
o 
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~ -4 
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Input B to Ground Voltage'- V 
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SN55107A, SN55107B, SN5510BA, SN5510BB 
SN75107A, SN75107B, SN7510BA, SN7510BB 

DUAL LINE RECEIVERS 

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

PARAMETER TEST CONDITIONSt 
'107A, '1078 '108A, '108B 

MIN TYP* MAX MIN Typf MAX 

High-level ~ VIO = 5 V 30 75 30 75 
IIH VCC± = MAX 

input current B VID = -5 V 30 75 30 75 

Low-level ~ VIO = -5V -10 -10 
IlL VCC± = MAX 

input current B VIO = 5 V -10 -10 

High-level input current VCC± = MAX, VIH(S) = 2.4 V 40 40 
IIH 

into lG or 2G VCC± - MAX, VIH(S) - MAX VCC + 1 1 

IlL 
Low-level input current 

VCC± 
into lG or 2G 

= MAX, VIL(S) = 0.4 V -1.6 -1.6 

High-level input VCC± = MAX, VIH(S) = 2.4 V 80 BO 
IIH 

current into S VCC± = MAX, VIHIS) = MAX VCC ± 2 2 

IlL 
Low-level input 

VCC± current into S 
= MAX, VIL(S) = 0.4 V -3.2 -3.2 

VOH 
High-level VCC± = MIN, VIL(S) = 0.8 V, VIDH = 25 mV, 

2.4 
, output voltage 10H = -400p.A,VIC = -3Vt03V 

Low-level VCC± = MIN, VIH(S) = 2 V, VIOL = -25 mV, 
VOL 0.4 0.4 

output voltage 10L = 16 mA, VIC = - 3 V to 3 V 

10H 
High-level 

VCC± output current 
= MIN, VOH = MAX VCC + 250 

lOS 
Short-circuit 

output current§ VCC± = MAX -lB -70 

Supply current from 

ICCH + V CC +, outputs high VCC± = MAX, TA = 25°C 18 30 18 30 

Supply current form 
ICCH - V CC _, outputs high VCC± = MAX, TA = 25°C -8.4 -15 -8.4 15 

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, VCC _ = - 5 V, T A = 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 TEST CONDITIONS 
'107A, '1078 '108A, '.1088 

MIN TYP MAX MIN TYP MAX 

Propagation delay time, low-to-high-Ievel RL = 3900, CL = 50 pF 17 25 
tpLH(D) 

output, from differential inputs A and B RL = 3900, CL = 15 pF 19 25 

Propagation delay time, high-to-Iow-Ievel RL = 3900, CL = 50 pF 17 25 
tpHL(D) 

output, from differential inputs A and B RL = 3900, CL = 15 pF 19 25 

Propagation delay time, low-to-high-Ievel RL = 3900, CL = 50 pF 10 15 
tpLH(S) 

output, from strobe input G or S RL = 3900, CL = 15 pF 13 20 

Propagation delay time, high-to-Iow-Ievel RL = 3900, CL = 50 pF 8 15 
tpHL(S) 

output, from strobe input G or S RL = 3900, CL = 15 pF 13 20 

UNIT 

p.A 

p.A 

p.A 

mA 

mA 

p.A 

mA 

mA 

V 

V 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A,SN75107~ SN75108A, SN75108B 
DUAL LINE RECEIVERS 

NOTES: 

DIFFERENTIAL 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

VCC-

r----- 1 ------, 
1AI I 

~~r---------~I~ 1
1y 

390 fl 

OUTPUT 
'107A, '107B 

OUTPUT 
.-----~ ...... Vo/I,,__--....... - '1 OBA, '10BB 

STROBE 
INPUT 

(See Note B) 

'---+-e--+ .... ---' CL j, 5 pF 

J(see Note C) 

TEST CIRCUIT 

IN~UT ---F)::oo mV 100 mV 

I I _ I I I----J '------ OV 

STROBE 
INPUT 
G or S 

I I 
I4-tp1-+1 
I I 
I I 
I I 
I I 

~---tp2----;~ 

I 3V 

1.5 V 

I ~ j4-tPHL(D) J..---_ 0 V 
tPLH(D)-+j If- I I 

I I tPLH(SI-+i k- ~ i4- tPHL(SI 

OU~UT ~"'V, ~~~5--V---------1-.5~~ VOH 

----.I "- . ~.I-____ --J , VOL 

VOLTAGE WAVEFORMS 

FIGURE 1. PROPAGATION DELAY TIMES 

A. The pulse generators have the following characteristics: Zout = 50 0, tr = 10 ± 5 ns, tf = 10 ± 5 ns, tpd 1 = 500 ns, 
PRR ~ 1 MHz, tpd2 = 1 p's, PRR ~ 500 kHz. 

B. Strobe input pulse is applied to.Strobe 1G when inputs 1A-1B are being tested, to Strobe S when inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 

C. CL includes probe and jig capacitance. 
D. All diodes are 1 N916. 
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SN55107A, SN551078, SN55108A, SN551088 
SN75107A, SN751078, SN75108A, SN751088 

DUAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 
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FIGURE 4 

tValues below Doe and above 70 0 e apply to SN55 Series only. 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 
'108A, '1088 
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t Values below ooe and above 70 0 e apply to SN55 Series only. 
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SN55107A, SN55107B, SN5510BA, SN5510BB 
SN75107A, SN75107B, SN7510BA, SN7510BB 

DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

basic balanced-line transmission system 

The'1 07 A, '1 07B, '1 OSA, and' 1 OSB dual line circuits are designed specifically for use in high-speed data 
transmission systems that utilize balanced, terminated transmission lines such as twisted-pair lines. The 
system operates in the balanced mode, so noise induced on one line is also induced on the other. The 
noise appears common-mode at the receiver input terminals where it is rejected. The ground connection 
between the line driver and receiver is not part of the signal circuit so that system performance is not 
affected by circulating ground currents. 

The unique driver-output circuit allows terminated transmission lines to be driven at normal line impedances. 
High-speed system operation is ensured since line reflections are virtually eliminated when terminated lines 
are used. Crosstalk is minimized by low signal amplitudes and low line impedances. 

The typical data delay in a system is approximately (30 + 1.3 L) nanoseconds, where L is the distance 
in feet separating the driver and receiver. This delay includes one gate delay in both the driver and receiver. 

Data is impressed on the balanced-line system by unbalancing the line voltages with the driver output 
current. The driven line is selected by appropriate driver-input logic levels. The voltage difference is 
approximately: 

VDIFF :::: 1/2IO(on) • RT· 

High series line resistance will cause degradation of the signal. The receivers, however, will detect signals 
as low as 25 mV (or less). For normal line resistances, data may be recovered from lines of several thousand 
feet in length. 

Line-termination resistors (RT) are required only at the extreme ends of the line. For short lines, termination 
resistors at the receiver only may prove adequate. The signal amplitude will then be approximately: 

DATA INPUT 

INHIBIT 

RT 

A--------

DRIVER 
SN55109A. SN55110A. 
SN75109A. SN75110A. 

SN75112 

data-bus or party-line system 

VDIFF :::: IO(on) • RT· 

TRANSMISSION LINE HAVING 
CHARACTERISTIC IMPEDANCE Zo 

RT - Zo/2 

FIGURE 10 

STROBES 

RECEIVER 

RT 

RT 

'107 A, '107B, '10SA, '108B 

y 

The strobe feature of the receivers and the inhibit feature of the drivers allow these dual line circuits to 
be used in data-bus or party-line systems. In these applications, several drivers and receivers may share 
a common transmission line. An enabled driver transmits data to all enabled receivers on the line while 
other drivers and receivers are disabled. Data is thus time-mUltiplexed on the transmission line. The device 
specifications allow widely varying thermal and electrical environments at the various driver and receiver 
locations. The data-bus system offers maximum performance at minimum cost. 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

DRIVERS 
SN55109A, SN55110A, 
SN75109A, SN75110A, 

A 
DATA INPUT B 

C 
INHIBIT D 

SN75112 

RT 

DRIVER 1 

LOCATION 1 

RECEIVER 1 

STROBES 

unbalanced or single-line systems 

A 

B 

C 

D 

RECEIVER 2 

STROBES 

LOCATION 2 

DRIVER 3 

LOCATION 3 

FIGURE 11 

y 

DRIVER 4 

LOCATION 4 

RECEIVER 4 

STROBES 
RT 

RECEIVERS: 

'107A, '107B, 

'108A, '108B 

y 

These dual line circuits may also be used in unbalanced or single-line systems. Although these systems­
do not offer the same performance as balanced systems for long lines, they are adequate for very short 
lines where environmental noise is not severe. 

The receiver threshold level is established by applying a dc reference voltage to one receiver input terminal. 
The signal from the transmission line is applied to the remaining input. The reference voltage should be 
optimized so that signal swing is symmetrical about it for maximum noise margin. The reference voltage 
should be in the range of - 3 volts to 3 volts. It can be provided by a voltage supply or by a voltage divider 
from an available supply voltage. 

A single-ended output from a driver may be used in single-line systems. Coaxial or shielded line is preferred 
for minimum noise and crosstalk problems. For large signal swings, the high output current (typically 27 mAl 
of the SN75112 is recommended. Drivers may be paralleled for higher current. When using only one channel 
of the line drivers, the other channel should be inhibited and/or have its outputs grounded. 

SN55109A. SN55110A 
SN75109A, SN75110A 

SN75112 

A 
INPUT 

B 

C 
INHIBIT 

D-.. ____ ~ 

OUTPUT 
'107A, '107B 

INPUT~ 
Vref~ ~OUTPUT 

STROBES 

FIGURE 12 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 

DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

'108A, '1088 dot-AND output connections 

The'108A, ' 1 08B line receivers feature an open­
collector-output circuit that can be connected in 
the dot-AND logic configuration with other 
similar open-collector outputs. This allows a level 
of logic to be implemented without additional 
logic delay. D--HH-OUTPUT 

FIGURE 13 

increasing common-mode input voltage range of receiver 

The common-mode voltage range or CMVR is defined as the range of voltage applied simultaneously to 
both input terminals that i; exceeded does not allow normal operation of the receiver. 

The recommended operating CMVR is ± 3 volts, making it useful in all but the noisiest environments. In 
extremely noisy environments, common-mode voltage can easily reach ± 10 V to ± 15 V if some precautions 
are not taken to reduce ground and power supply noise, as well as crosstalk problems. When the receiver 
must operate in such conditions, input attenuators should be used to decrease the system common-mode 
noise to a tolerable level at the receiver inputs. Differential noise is also reduced by the same ratio. 

These attenuators have been intentionally omitted from the receiver input terminals so the designer may 
select resistors that will be compatible with his particular application or environment. Furthermore, the 
use of attenuators adversely affects the input sensitivity, the propagation delay time, the power dissipation, 
and in some cases (depending on the selected resistor values) the input impedance, therefore reducing 
the versatility of the receiver. 

The ability of the receiver to operate with 
approximately ± 1 5 volts common-mode voltage 
at the inputs has been checked using the circuit 
shown in Figure 14. The resistors R 1 and R2 
provide a voltage divider network. Dividers with 
three different values presenting a 5-to-1 
attenuation were used so as to operate the 
differential inputs at approximately ± 3 volts 
common-mode voltage. Careful matching of the 
two attenuators is needed so as to balance the 
overdrive at the input stage. The resistors used 
are. shown in Table A. 

TABLE A 

Attenuator 1: R1 = 2 kll, R2 = 0.5 kO 

Attenuator 2: R1 = 6 kO, R2 = 1.5 kO 

Attenuator 3: R1· = 12 kO, R2 = 3 kO 

Table B shows some of the typical switching 
results obtained under such conditions. 

TABLE B. TYPICAL PROPAGATION DELAYS FOR 

RECEIVER WITH ATTENUATOR TEST CIRCUIT 

SHOWN IN FIGURE 14 

INPUT TYPICAL 
DEVICE PARAMETERS 

ATTENUATOR (ns) 

1 20 

tPLH 2 32 

3 42 
'107A, '1078 

1 22 

tpHL 2 31 

3 33 

1 36 

tpLH 2 47 

3 57 
'108A, '1088 

1 29 

tpHL 2 38 

3 41 
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SN55107A, SN551078, SN55108A, SN551088 
SN75107A, SN751078, SN75108A, SN751088 
DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

Cov +16V } 

+14V~Or 
-16V~ 

+15 V 

ONE 
ATTENUATOR 

ON EACH 
INPUT 

RECEIVER 
~------, 

~~'---~I~ I 
R1 I I 

R2 

OR .I\III\fo-.... ---' 
-15 V R1 

5V 

RL - 390 f! 

FIGURE 14. COMMON-MODE CIRCUIT FOR TESTING INPUT ATTENUATORS, 
WITH RESULTS SHOWN IN TABLE B 

Two methods of terminating a transmission line to reduce reflections are: 

~ ~:~~RN1~~:_:~ 
R1 

R3 - R1 + R2 - ZO/2 

FIGURE 15 

R1 
R1 + R2 > > Zo 

R3 - ZO/2 

The first method uses the resistors as the attenuation network and line termination. The second method 
uses two additional resistors for the line terminations. 
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SN551 07 A, SN551078, SN55108A, SN551088 
SN75107A, SN751078, SN75108A, SN751088 

DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

For party-line operation, method 2 should be used as follows: 

~_r~-o+--.~-------.--~~ :3 -¥llR~ 2 

FIGURE 16 

To minimize the loading, the values of R1 and R2 should be fairly large. Examples of possible values are 
shown in Table A. 

furnace control using the SN75108A 

The furnace control circuit in Figure 17 is an example of the possible use of the SN551 07 A Series in areas 
other than what would normally be considered electronic systems. Basically the operation of thiJ> control 
is as follows. When the room temperature is below the desired level, the resistance of the room temperature 
sensor is high and channel 1 noninverting input is below (less positive than) the reference level set on 
the input differential amplifier. This situation causes a low output, operating the "heat on" relay and turning 
on the heat. The channel 2 noninverting input is below the reference level when the bonnet temperature 
of the furnace reaches the desired level. This causes a low output, thus operating the blower relay. Normally 
the furnace is shut down when the room temperature reaches the desired level and the channel 1 output 
goes high, turning the heat off. The blower remains on as long as the bonnet temperature is high, even 
after the "heat on" relay is off. There is also a safety switch in the bonnet that shuts the furnace down 
if the temperature there exceeds desired limitations. The types of temperature-sensing devices and bias­
resistor values used are determined by the particular operating conditions encountered. 

BONNET 

TEMP 

SENSOR 

5V 

BONNET UPPER 

LIMIT SWITCH 

~ ----, 
TO "HEAT ON" 

RELAY 

RETURN 

TO BLOWER 

RELAY 

RETURN 

FIGURE 17. FURNACE CONTROL USING SN75108A 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

. repeaters for long lines 

In some cases, the driven line may be so long that the noise level on the line reaches the common-mode 
limits or the attenuation becomes too large and results in poor reception. In such a case, a simple application 
of a receivH and a driver as repeaters [shown in Figure 18(a)] restores the signal level and allows an adequate 
signal level at the receiving end. If multichannel operation is desired, then proper gating for each channel 
must be sent through the repeater station using another repeater set as in Figure 18(b). 

REPEATERS 
,~ ______ ~A \ 

D~~A 1 .... -D-R-IV-E-R--...t=p-~-RE-C-E-IV-E-R...,H .... -D-R-IV-E-R......,~----r-R-E-C-EI-V-E--'R ~ DtJ: 

DATA 
IN 

CLOCK 
IN 

P P 

a. SINGLE-CHANNEL LINE 

P P 

b. MULTICHANNEL LINE WITH STROBE 

FIGURE 18. RECEIVER-DRIVER REPEATERS 

receiver as dual differential comparator 

DATA 
OUT 

There are many applications for differential comparators, such as voltage comparison, threshold detection, 
controlled Schmitt triggering, and pulse width control. 

As a differential comparator, a '107 A or '1 08A may be connected so as to compare the noninverting input 
terminal with the inverting input as shown in Figure 19. Thus the output will be high or low resulting from 
the A input being greater or less than the reference. The strobe inputs allow additional control over the 
circuit so that either output or both may be inhibited. ' 

STROBE 1 

REFERENCE 1 OUTPUT 1 

STROBE 1.2 

OUTPUT 2 

REFERENCE 2 

-= STROBE 2 

FIGURE 19. SN55107A SERIES RECEIVER AS A DUAL DIFFERENTIAL COMPARATOR 
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window detector 

SN55107A. SN55107B. SN55108A. SN55108B 
SN75107A. SN75107B. SN75108A. SN75108B 

DUAL LINE' RECEIVERS 

TYPICAL APPLICATION OAT A 

The window detector circuit in Figure 20 has a large number of applications in test equipment and in 
determining upper limits, lower limits, or both at the same time - such as detecting whether a voltage 
or signal has exceeded its limits or "window". Illumination of the upper-limit (lower-limit) indicator shows 
that the input voltage is above (below) the selected upper (lower) limit. A mode selector is provided for 
selecting the desired test. For window detecting, the "upper and lower limits" test position is used. 

INPUT 
FROM 
TEST 
POINT 

1 kO 

SET 
UPPER 
LIMIT 

+5 V -5 V 5V 

MODE 
SELECTOR 

MODE SELECTOR LEGEND 

POSITION CONDITION 

1 OFF 

2 TEST FOR UPPER LIMIT 

3 TEST FOR LOWER LIMIT 

4 TEST FOR UPPER AND LOWER LIMITS 

UPPER 
LIMIT 
INDICATOR 

LOWER 
LIMIT 
INDICATOR 

FIGURE 20. WINDOW DETECTOR USING SN75108A 
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II 

SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

temperature controller with zero-voltage switching 

The circuit in Figure 21 switches an electric resistive heater on or off by providing negative-going pulses 
to the gate of a triac during the time interval when the line voltage is passing through zero. The pulse 
generator is the 2N5447 and four diodes. This portion of the circuit provides negative-going pulses during 
the short time (approximately 100 its) when the line voltage is near zero. These pulses are fed to the inverting 
input of one channel of the' 1 08A. If the room temperature is below the desired level, the resistance of 
the thermistor is high and the noninverting input of channel 2 is above the reference level determined by 
the thermostat setting. This provides a high-level output from channel 2. This output is AND'ed with the 
positive-going pulses from the output of channel 1, which are reinverted in the 2N5449. 

ro 
120 V TO 

220 V 
60 Hz 

FIGURE 2.1. ZERO-VOLTAGE SWITCHING TEMPERATURE CONTROLLER 

HEATER 
LOAD 
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• Improved Stability over Supply Voltage and 
Temperature Ranges 

• Constant-Current Outputs 

• High Speed 

• Standard Supply Voltages 

• High Output Impedance 

• High Common-Mode Output Voltage Range 
(-3 V to 10 VI 

• TTL Input Compatibility 

• Inhibitor Available for Driver Selection 

- 55°C to 125°C OOC to 70°C OUTPUT 

J or FK PACKAGE J or N PACKAGE FUNCTION 

SN55109A SN75109A 
6-mA Current 

Switch 

SN551 lOA SN75110A 
12-mA Current 

Switch 

SN75112 
27-mA Current 

Switch 

description 

The SN55109A, SN55110A, SN75109A, 
SN75110A, and SN75112 have improved 
output current regulation with supply voltage 
and temperature variations. In addition, the 
higher current of the SN75112 (27 mAl allows 
data to be transmitted over longer lines. These 
drivers offer optimum performance when used 
with the SN55107A, SN55108A, SN75107A, 
and SN7 51 08A line receivers. 

logic symbol t 

1C 
(3) & 

D 

2C 

1A 1Y 

16 1Z' 

2A 2Y 

28 2Z 

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

SN55109A, SN55110A, 
SN75109A, SN75110A, SN75112 

DUAL LINE DRIVERS 
02106, DECEMBER 1975-REVISED SEPTEMBER 1986 

SN55109A, SN55110A. ' .. J PACKAGE 

SN75109A. SN75110A. SN75112 . 

D. J. OR N PACKAGE 

(TOP VIEW) 

1A VCC+ 
1B 1Y 
1C 1Z 
2C VCC-
2A D 
2B 2Z 

GND 2Y 

SN55109A. SN55110A ... FK PACKAGE 

(TOP VIEW) 

+ 
U 

IIl«UU>-
.-Z>'-

3 2 1 2019 

1C 4 

NC 5 

2C 6 

NC 7 

2A 8 

9 1011 12 13 

IIlOU>-N 
NZZNN 

(!) 

NC - No internal connection 

logic diagram (positive logic) 

1A (11 

18 (2) 

lC (3) 

D (10) 

2C (4) 

2A (5) 

26 (6) 

18 1Z 
17 NC 
16 VCC-
15 NC 
14 D 

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

Copyright © 1986. Texas Instruments Incorporated 
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SN55109A, SN55110A 
SN75109A, SN75110A, SN75112· 
DUAL LINE DRIVERS 

description (continued) 

These drivers feature independent channels with common voltage supply and ground terminals. The 
significant difference between the three drivers is in the output current specification. The driver circuits 
feature a constant output current that is switche~ to either of two output terminals by the appropriate 
logic levels at the input terminals. The output current can be switched off (inhibited) by low logic levels 
on the enable inputs. The ou~put current is nominally 6 milliamperes for the '1 09A, 12 milliamperes for 
the '110A, and 27 milliamperes for the SN75112. 

The enable!inhibit feature is provided so the circuits can be used in party-line or data-bus applications. 
A strobe or inhibitor (enable D), common to both drivers, is included for increased driver-logic versatility. 
The output current in the inhibited mode, IC(off), is specified so that minimum line loading is induced when 
the driver is used in a party-line system with other drivers. The output impedance of the driver in the inhibited 
mode is very high-the output impedance of a transistor biased to cutoff. 

The driver outputs have a common-mode voltage range of - 3 volts to 10 volts, allowing common-mode 
voltage on the line without affecting driver performance. 

All inputs are diode clamped and are designed to satisfy TTL-system requirements. The inputs are tested 
at 2.0 volts for high-logic-level input conditions and 0.8 volt for low-logic-level input conditions. These 
test guarantee 400 millivolts of noise margin when interfaced with Series 54/74 TTL. 

The SN551 09A and SN5511 OA are characterized for operation over the full military temperature range 
of -55°e to 125°e. The SN75109A, SN75110A, and SN75112 are characterized for operation from 
ooe to 70 oe. 

FUNCTION TABLE (EACH DRIVER) 

LOGIC ENABLE 
OUTPUTSt 

INPUTS INPUTS 

A B C D Y Z 

x X L X OFF OFF 

X X X L OFF OFF 

L X H H ON OFF 

X L H H ON OFF 

H H H H OFF ON 

H = high level, L = low level, X = irrelevant 
t When using only one channel of the line drivers, the 

other channel should be inhibited and/or have Its 
outputs grounded. 
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schematic (each driver) 

V CC+ ....:.1..:.,..14"'-'--._--._----, 

ENABLE C ..:..13....:...--'4'--'-~ 
ENABLE 0...:..

11
,:..=°.:....,' ....-~ 

INPUT A..,,11==-• .,..,5'-+-...J 
INPUT B -,,12=.,:;::..;6 '-+-___ 

GNO~17~'~:.~====~t_~ 

9 ... vcc+ bUS 

9 ... vcc_ bUS 

v 
TO OTHER DRIVER 

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

SN55109A, SN55110A 
SN75109A, SN75110A, SN75112 

DUAL LINE DRIVERS 

ICoMMONToBOTHDRNERs I 
I 
I 
I 

L _________ ~.J 

II 
tn ... 
Q) 
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'iii 
CJ 
Q) 

a: -tn ... 
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Q) 
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III 

SN55109A. SN55110A 
SN75109A. SN75110A. SN75112 
DUAL LINE DRIVERS 

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

SN55109A SN75109A 
SN75112 UNIT 

SN55110A SN75110A 

VCC+ Supply voltage (see Note 1) 7 7 7 V 

VCC- Supply voltage -7 -7 -7 V 

VI Input voltage 5.5 5.5 5.5 V 

Output voltage range - 5 to 12 -5 to 12 - 5 to 12 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 2) J package 1375 1025 1025 

N package 1150 1150 

Operating free-air temperature range - 55 to 125 o to 70 o to 70 °C 

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

Case temperature for 60 seconds: FK package 260 °c 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 300 °C 

I D package 260 260 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 1 °C 

N package 260 260 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, SN551 09A and SN5511 OA 

chips are alloy mounted, and SN75109A and SN7511 OA chips are glass mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
D 950 mW 7.6 mW/oC 25°C 

FK 1375 mW 11.0 mW/oC 25°C 

J (Alloy-mounted chip) 1375 mW 11.0 mW/oC 25°C 

J (Glass-mounted chip) 1025 mW 8.2 mW/oC 25°C 

N 1150mW 9.2 mW/oC 25°C 
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Supply Voltage Vee + 

Supply voltage Vee-

Positive common-mode output voltage 

Negative common-mode output voltage 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Operating free-air temperature, T A -

SN55109A, 

SN55110A 

MIN NOM 

TA 2: ooe 4.5 5 

TA < ooe 4.75 5 

TA 2: ooe -4.5 -5 

TA < ooe -4.75 -5 

0 

0 

2 

-55 

Line Drivers/Receivers II 

SN75109A, 

SN75110A 

SN75112 

MAX MIN NOM MAX 

5.5 4.75 5 5.25 

5.5 

-5.5 -4.75 -5 -5.25 

-5.5 

10 0 10 

-3 0 -3 

2 

0.8 0.8 

125 0 70 

UNIT 

V 

V 

V 

V 

V 

V 

°e 

en 
i2 ...... 
U'I 

C 
= ::I> 
-en 
en i2 

Ci2U'1 c: ...... U'I 
::I>U'I­
r--C -= !::c::I> 
i2 ::1>­
m- en 
C eni2 
:ai2U'1 _ ...... U'I -= U'I­m-­:a-C 
enN::I> 



II 
r-:i' 
CD 

c ... 
c:' 
CD ... 
en -::a 
CD 
o 
CD 

<' 
CD ... 
en 

SN55109A, SN55110A 
SN75109A, SN75110A, SN75112 
DUAL LINE DRIVERS 

switching characteristics, vee + ... 5 V, vee - ... - 5 V, T A - 25°C 

PARAMETERt 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
A or B Y or Z 

tpHL 

tpLH 
Cor D Y or Z 

tpHL 

ttPLH = Propagation delay time, low-to-high-Ievel output. 
tpHL = Propagation delay time, high-to-Iow-Ievel output. 

TEST CONDITIONS 

CL = 40 pF, 

RL = 50 n, 
See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

MIN 

OUTPUT 
r-.....-~~C-L- Y 

140 pF 
~ (See Note B) 

OUTPUT 
CL Z 

T40pF 
~ (See Note B) 

CORD 
50 n 

INPUT 
AORB 

ENABLE 
CORD 

OUTPUT 
Y 

TEST CIRCUIT 

~50% -"i --.- ~:1-----J 

------------ 3V 

OV 
r--twl~ 

:: ~tw2~ 
-----;'-----:-' ---"1--, : : . 3 V 

, 
I 

tpLH~ 
I , , , 
I , , 
I 
I 

-, , , 

50% 

:'-------~ 
I - , 

--
OV 

off 

on 

OU~UT ~:u ____ uu _________ m :: 
VOLTAGE WAVEFORMS 

TYP MAX UNIT 

9 15 ns 

9 15 ns 

16 25 ns 

13 25 ns 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 n, tr = tf = 10 ± 5 ns, tw 1 = 500 ns, PRR :5 1 MHz, 
tw2 = 1 p'S, PRR :5 500 kHz. 

B. CL includes probe and jig capacitance. 
C. For simplicity, only one channel and the enable connections are shown. 

FIGURE 1. PROPAGATION DELAY TIMES 
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SN55109A,SN75109A 

Vcc+ = 4.5 V 
Va = -3V 

TA = 25°C ( 

I 
/ 
I 

/ 
l/ 

SN55109A, SN55110A 
SN75109A, SN75110A, SN75112 

. DUAL LINE DRIVERS 

TYPICAL CHARACTERISTICS 

ON-STATE OUTPUT CURRENT 
vs 

NEGATIVE SUPPLY VOLTAGE 

SN55110A, SN75110A 

-, 
14 

<t 
E 12 
.!. 
~ 10 :5 
(.) .. 
:I 8 S-
:I 
0 
~ 6 
~ 
~ c 

9 4 

C 
0 

2 § 

Vc~+ = 4~5 V 
VO=-3V 
TA = 25°C 

/ 
I 
I 

V 
/ 

V 
-4 -5 -6 -7 

o 
-3 -4 -5 -6 -7 

Vcc_-Negative Supply Voltage-V VCC_-Negative Supply Voltage-V 

FIGURE 2 
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FIGURE 3 

SN75112 

Vcc+ =4.5 V 
VO=~3V 
TA = 25°C 
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FIGURE 4 
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SN55109A, SN55110A 
SN75109A, SN75110A, SN75112 
DUAL LINE DRIVERS 

TYPICAL APPLICATION DATA 

special pulse-control circuit 

Figure 5 shows a circuit that may be used as a pulse generator output or in many other testing applications. 

INPUT 

A 

HIGH 

LOW 

INPUT 

+2.5 V 

OUTPUTS 

V Z 

OFF ON 

ON OFF 

1-
A 

B 

-- --

\ 
\ Z I 

I 
2 \3 4 

\ o--r---------r---+~ 

1/2'109A, j 
L 

or ~~~:112 V--.JCC-
GROUND 

~---

TO OTHER -5 V 
LOGIC AND 

STROBE 
INPUTS 

INPUT PULSE n 
-...J L ZERO VOLTS 

SWITCH 
2 3 4 5 Ruuu 

POSITION 

OUTP~TPULS~ 
FIGURE 5. PULSE CONTROL CIRCUIT 

OUTPUT 

6 

n- ZERO 

-...J L VOLTS 
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

• Similar to a Dual Version of SN75109A Line 
Driver 

• Improved Stability Over Supply Voltage and 
Temperature Ranges 

• Constant-Current Outputs 

• High Output Impedance 

• High Common-Mode Output Voltage Range 
(-3 V to 10 V) 

• Glitch-Free Power-Up/Power-Down 
Operation 

• TTL Input Compatibility 

• Common Enable Circuit 

description 

The SN75111 features four line drivers with a 
common enable input. When the enable input is 
high, a constant output current is switched 
between each pair of output terminals in 
response to the logic level at that channel's 
input. When the enable is low, all channel 
outputs are non conductive (transistors biased to 
cutoff). This minimizes loading in party-line 
systems where a large number of drivers share 
the same line. 

The driver outputs have a common-mode voltage 
range of - 3 volts to 10 volts, allowing common­
mode voltages on the line without affecting 
driver performance. 

All inputs are diode clamped and are designed 
to satisfy TTL-system requirements. The inputs 
are tested at 2 volts for high-logic-level input 
conditions and 0.8 volt for low-logic-level input 
conditions. These tests guarantee 400 millivolts 
of noise margin when interfaced with Series 
54/74 TTL. 

The SN75111 is characterized for operation from 
ooe to 70 oe. 

03000. FEBRUARY 1986 

D. J. OR N 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) , 

1A VCC+ 
1Y 4A 
1Z 4Y 
2Z 4Z 
2Y 3Z 

ENABLE 3Y 
2A 3A 

GND o.....c:""'-'---':::.i-' VCC-

FUNCTION TABLE 

LOGIC ENABLE 

INPUT INPUT 

H H 

l H 

H L 

L L 

l = low logic level 

H = high logic level 

logic symbol t 

1A 

2A 

3A 

4A 

OUTPUT 

CURRENT 

Z y 

ON OFF 

OFF ON 

OFF OFF 

OFF OFF 

1Y 

1Z 

2Y 

2Z 

3Y 

3Z 

4Y 

4Z 

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

Copyright © 1986. Texas Instruments Incorporated 
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

logic diagram (positive logic) 

ENABLE 

1 A --------t--1 

2A --------t--1 

3A --------t~ 

III 4A ----------t 

r-
S" 
CD schematics of inputs and outputs 
C 
.. EQUIVALENT OF EACH INPUT <" 
CD 
~ VCC+---------e~----lJ 
CD 
(') 
CD 

<" 
CD 
~ INPUT -1II...-.... -l 

VCC-~~-----4~------

GND --41~---
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

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

Supply voltage, Vcc + (see Note 1) .................... :........................ 7 V 
Supply voltage, VCC - ...................................................... - 7 V 
Input voltage (any input) .................................................... 5.5 V 
Output voltage range (any output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 5 V to 12 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package ......................................................... 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. 1025 mW 
N package ......................................................... 1·150 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: 0, N package .......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the 0 package to 608 m'W at 70°C at the rate of 7.6 mW/oC, derate 

the J package' to 656 mW at 70°C at the rate of 8.2 mW/oC, and the N package to 736 mW at 70°C at the rate of 9.2 
mW/oC. In the J package the SN75111 is glass mounted. 

recommended operating conditions 

MIN NOM MAX 

Supply voltage, V CC + 4.75 5 5.25 

Supply voltage, V CC- -4.75 -5 -5.25 

High-level input voltage, VIH 2 5.5 

Low-level input voltage, VIL 0 0.8 

IVOCR+ 0 10 
Common-mode output voltage range 

IVOCR- 0 -3 

Operating free-air temperature, T A 0 70 

NOTE 3: All unused outputs must be grounded. 

electrical characteristics over recommended operating free-air temperature range, Vee + 
Vee - = - 5.25 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VIK Input clamp voltage 11= -12 mA -0.9 -1.5 

VCC + = 5.25 V, VCC- = -5.25 V 5.5 7 
IO(on) On-state output current 

VCC+ = 4.75 V, VCC- = - 4.75 V 3.5 5.5 

IO(off) Off-state output current VCC+ = 4.75 V, VCC- = -4.75 V 100 

IIH High-Ie~el input current 
VI = 2.4 V 40 

VI = 5.25 V 1 

IlL Low-level input current VI = 0.4 V -1.6 

ICC+ Supply current from VCC + A inputs at 0.4 V 
Enable at 2 V 28 40 

Enable at 0.4 V 27 40 

ICC- Supply current from VCC-
Enable at 2 V -43 -55 

A inputs at 0.4 V 
Enable at 0.4 V -25 -35 

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

UNIT 

V 

V 

V 

V 

V 

V. 

°c 

5.25 V, 

UNIT 

V 

mA 

J1.A 

J1.A 

mA 

mA 

mA 

mA 
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 

switching characteristics, V CC + = 5 V, V cc - -5 V, RL 50 0, CL 40 pF, TA 

FROM TO TEST 
PARAMETER MIN TYP MAX UNIT 

(INPUT) (OUTPUT) CONDITIONS 

tpLH Propagation delay time, low-to-high-Ievel output A Y or Z 9 15 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output A Y or Z 7 15 ns 

tpLH Propagation delay time, low-to-high-Ievel output Enable Y or Z 
See Figure 1 

14 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output Enable Y or Z 15 25 ns 

PARAMETER MEASUREMENT INFORMATION 

AINPUT--------, ,-----.---..... -- OUTPUT Y 

CL - 40 pF 

ENABLE -------.., o----~t----..... -- OUTPUT Z 

CL - 40 pF 

= 
TEST CIRCUIT 

A INPUT ~O% 50% 
I I 1 I y.... __ J ------oV 
j+-tw1--+1 
I I 
1 1 
I I 

ENABLE 
1 I 50% 1 I 

OV 
I I 
I I 
1 ~tPHL 

tpLH --14-+1 
I I 
I 1 off 
I I 

OUTPUT Y 

on 

,-..,~rF--------------- off 

OUTPUT Z 
I 

-1--- - ---- -- - ------ on 

k-.j.....tPLH 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zo = 50 n, tr = tf = 10 ± 5 ns, tw 1 = 200 ns, PRR s 1 MHz, 
tw2 = 1 JLS, PRR s 500 kHz. 

B. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES 
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• Choice of Open-Collector, Open-Emitter, or 
3-State Outputs 

• High-Impedance Output State for Party-Line 
Applications 

• Single-Ended or Differential AND/NAND 
Outputs 

• Single 5-V Supply 

• Dual Channel Operation 

• Compatible with TTL 

• Short-Circuit Protection 

• High-Current Outputs 

• Common and Individual Output Controls 

• Clamp Diodes at Inputs and Outputs 

• Easily Adaptable to SN55114 and SN75114 
Applications 

• Designed for Use with SN55115 and 
SN75115 

description 

The SN55113 and SN75113 dual differential line 
drivers with three-state outputs are designed to 
provide all the features of the SN55114 and 
SN75114 line drivers with the added feature of 
driver output controls. Individual controls are 
provided for each output pair, as well as a 
common control for both output pairs. If any 
output is low, the associated output is in a high­
impedance state and the output can neither drive 
nor load the bus. This permits many devices to 
be connected together on the same transmission 
line for party-line applications. 

The output stages are similar to TTL totem-pole 
outputs, but with the sink outputs, YS and ZS, 
and the corresponding active pull-up terminals, 
YP and ZP, available on adjacent package pins. 

The SN55113 is characterized for operation over 
the full military temperature range of - 55 °e to 
125 ae. The SN75113 is characterized for 
operation over the temperature range of 0 °e to 
70 oe. 

SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

01315, SEPTEMBER 1973-REVISEO SEPTEMBER 19B6 

SN55113 •.. J PACKAGE 
SN75113 ... D, J. OR N PACKAGE 

(TOP VIEW) 

1ZP VCC 
1ZS 2ZP 
1YS 2ZS 
1YP 2YS 

1A 2YP 
18 2A 
1C 2C 

GND CC 

SN55113 ... FK PACKAGE 

(TOP VIEW) 

1YS 18 2ZS 
1YP 17 2YS 
NC 16 NC 
1A 15 2YP 
18 14 2A 

9 1011 12 13 

UOUUU 
.... ZZUN 

(!) 

NC-No internal connection 

FUNCTION TABLE 

INPUTS OUTPUTS 

OUTPUT CONTROL DATA AND NAND 

C CC A Bt Y 

L X X X Z 

X L X X Z 

H H L X L 

H H X L L 

H H H H H 

H = high level, L = low level, X = irrelevant, 
Z = high impedance (off) 

Z 

Z 

Z 

H 

H 

L 

tB input and 4th line of function table are applicable only 
to driver number 1. 

Copyright © 1973, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

logic symbol t logic diagram (positive logic) 

1C 171 

CC 

2C 

1A 

1B 

& 

EN 1 

1YP 

1YS 
1ZP 
1ZS 

2YP 
2YS 

2ZP 
2ZS 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

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

schematic 

INPUT 16 
(S) 

INPUT 1A 
(5) 

cc 

1A ...;....; __ ...r--___ ~ .... 

1B ~--_L _ _'J:>_--+---' 

1ZP 

1ZS 

n 
(1) 

r-~--~---'----~---'--~--~(71S~} Vee 

C' 
(1) .. 
en 

AND (4) 
PULL·UP 

1YP 

AND 
SINK (3) 

OUTPUT 
1YS 

OUTPUT (7) 
CONTROL~------~ 

1C 

W··· Vee bus 

lThese components common to both drivers. 
Resistor values shown are nominal and in ohms. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

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 voltage applied to open-collector outputs ................................. 12 V 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
FK or J package ............ ;........................................ 1000 mW 
N package. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range: SN 55113. . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 
SN75113 ............................. 0 0 Ct070oC 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package. . . . . . . .. 260 DC 
Case temperature for 60 seconds: FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Curves in Appendix A. In the J and FK packages, SN55113 

chips are alloy mounted; SN75113 chips are glass mounted. In the N package, use the 9.2-mW/oC curve for these devices. 

recom'mended operating conditions 

SN55113 SN75113 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, Vce 4.5 5 5.5 4.75 5 5.25 V 

High-level input voltage, VIH 2 2 V 

Low-level input voltage, VIL 0.8 0.8 V 

High-level output current, IOH -40 -40 mA 

Low-level output current, IOL 40 40 mA 

Operating free-air temperature, T A -55 125 0 70 °C 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

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

TEST CONDITIONSt 
SN55113 SN75113 

PARAMETER 
TYP* TYP* MIN MAX MIN MAX 

VIK Input clamp voltage Vee = MIN, II = -12 mA -0.9 -1.5 -0.9 -1.5 

Vee = MIN, VIH = 2 V, 10H = -10 mA 2.4 3.4 2.4 3.4 
VOH High-level output voltage 

VIL = O.S V 10H = -40 mA 2 3.0 2 3.0 

VOL Low-level output voltage 
Vee = MIN, VIH = 2 V, 

0.23 0.4 0.23 0.4 
VIL = O.S V, 10L = 40 mA 

VOK Output clamp voltage Vee = MAX, 10 = -40 mA -1.1 -1.5 -1.1 -1.5 

TA = 25°e 1 10 

Off-state open-collector 
VOH = 12V 

TA = 125°e 200 
10(ofl) Vee = MAX 

TA = 25°e 1 10 output current 
VOH = 5.25 V 

TA = 70 0 e 20 

TA = 25°e, Vo = 0 to Vee ±10 ±10 

Off-state Vee = MAX, Vo = 0 -150 -20 

10Z (high-impedance-state) Output controls Vo = 0.4 V ±SO ±20 

output current at O.S V 
TA = MAX 

Vo = 2.4 V ±SO ±20 

Vo = Vee so 20 

Input current A,B,e 1 1 
II at maximum Vee = MAX, VI = 5.5 V 

input voltage ee 2 2 

High-level A,B,e 40 40 
IIH 

input current ee 
Vee = MAX, VI = 2.4 V 

- SO 80 

Low-level A, B, e -1.6 -1.6 
IlL Vee = MAX, VI = 0.4 V 

input current ee -3.2 -3.2 

Short-circuit 
lOS 

output current § 
Vee = MAX, Vo = 0, TA = 25°e -40 -90 -120 -40 -90 -120 

Supply current All inputs at 0 V, No load, Vee = MAX 47 65 47 65 
lee 

. (both drivers) TA = 25°e Vee = 7 V 65 85 65 85 

t All parameters with the exception of off-state open-collector output current are measured with the active pull-up connected to the sink output. 

*AII typical values are at TA = 25°e and Vee = 5 V, with the exception of lee at 7 V. 

§Only 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, CL "" 30 pF, T A I: 25°C 

SN55113 SN75113 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tpLH Propagation delay time, low-to-high-Ievel output 13 20 13 30 

Propagation delay time, high-to-Iow-Ievel output 
See Figure 1 

12 20 12 30 tpHL 

tpZH Output enable time to high level RL = 180 0, See Figure 2 7 15 7 20 

tpZL Output enable time to low level RL = 250 0, See Figure 3 14 30 14 40 

tpHZ Output disable time from high level RL = 180 0, See Figure 2 10 20 10 30 

tpLZ Output disable time from low level RL = 250 0, See Figure 3 17 35 17 35 

UNIT 

V 

V 

V 

V 

/LA 

/LA 

mA 

/LA 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

PULSE 
GENERATOR 
(See Note AI 

INPUT 

NAND 
OUTPUT 

1 kn 

AND 
~~-""'-OUTPUT 

50 n : ~II---"""-~~~~UT 
L ______ ...J """ CL = 30 pF 

~ (See Note BI 

TEST CIRCUIT 

14- <;5 ns --.I I+- <;5 ns 

ir.
1 =---~~I-~------3V 

90% 90% I 
I 
r-

10
_%_o ----- 0 V 

14---i~""-'PHL !i,.t_PL_H ___ VOH 

\""".5_V ___ -+ __ /: ~ __ VOL 

tPLH----Mf---~.1 14---i~*I- tpHL 

,,'"1'-5 -v----~\-:: ~ ---VaH AND 
OUTPUT 

___ -J. . VOL 

WAVEFORMS 

FIGURE 1. tPLH and tPHL 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 n. PRR s 500 kHz. tw = 100 ns. 
B. CL includes probe and jig capacitance. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

PULSE 
GENERATOR 
(See Note AI 

SV 

INPUT 

OUTPUT 

I 
I 

TEST CIRCUIT 

14--+1- tpZH 

I 

AND 
'-=~-""'-----OUTPUT 

NAND 
~---~-----OUTPUT 

CL = 30 pF 
~ .(See Note BI 

-3V 

:lVOH 

____ )1,5 V 
I~ l I O.SV 

tPHZ~ Voff""OV 

WAVEFORMS 

FIGURE 2. tPZH and tPHZ 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 n, PRR :s 500 kHz, tw = 100 ns. 
B. CL includes probe and jig capacitance. 
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SV 

SN55113. SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

SV 

.-~---.-----------,AND 2S0 n 
OUTPUT 

I 
I 

L J CL=30pF I 
I - - - - - - ~ (See Note B) I L __________ ..:. _____ J 

INPUT 

OUTPUT 

TEST CIRCUIT 

/+-..;S ns -.I I4-"'S ns 
.,...--_~~I_t-- ----3V 

I 
I 

I II 10% 

!+-tPZL -+I I 
I I 
I I 

OV 

I I 
I I 

\ ...... S_V ____ I4-__ tP_L_Z_-+l .... ~ 5 V 

- - ,-VOL 

WAVEFORMS 

FIGURE 3. tpZL and tPLZ 

OUTPUT 

NOTES: A. The pulse generator has the following characteristics: Zout = SO (}, PRR s 500 kHz, tw = 100 ns. 
B. CL includes probe and jig capacitance. 
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SN55113. SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 
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OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

No'ioad I 

TA = 25°e 

Vee = 5.5 V 

Vee = 5 V 

Vee= 4.5 V 

2 3 4 

VI-Data Input Voltage-V 

FIGURE 4 

OUTPUT VOLTAGE 
vs 

OUTPUT CONTROL VOLTAGE 

Load = 500 n t~ ground 
TA = 2Soe 

Vee=5.5V_ f--

Vee= 5 V 

Vee=4.5V_ f--

DISABLED HIGH 

2 3 4 

VI-Input Voltage (Output eontrol}-V 

FIGURE 6 
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OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

I I 
Vee = 5 V 
No load 

TA = 125°e 

~ 

\ ~A = 25°e 

TA = -55°e 

2 3 

VI-Data Input Voltage-V 

FIGURE 5 

OUTPUT VOLTAGE 
vs 

OUTPUT CONTROL VOLTAGE 

T T 
Vee = 5 V 

T T 

Load = SOo n to ground 

I-
TA = 125°(; 

/ 
I'{ 

I "\ 

1\ T~ = 25°e 

TA = -55°e 

I 
DISABLED HIGH 

o 
o 2 3 

VI-Input Voltage (Output eontrol}-V 

FIGURE 7 

4 

4 

tOata fo'r temperatures below 0 °C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55113,SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

OUTPUT VOLTAGE 
vs 

OUTPUT CONTROL VOLTAGE 

6 
Vcc = 5.5 V Load = 500 n to Vee 

5 
Vcc

l

= 5 V 
TA = 25°C 

Vcc= 4.5 V 
:> 
I 

4 C1I 
CI 

!9 
"0 
:> ... 
::l 

3 
E-
::l 
0 
I 2 
0 

:> 
DlfABLfD ~OW 

.1 
o 

o 2 3 

4.0 

3.6 

3.2 

=t 2.8 
& 

.£! 2.4 
o 
:> 
-;; 2.0 
Co 

~ 1.6 

01.2 
:> 

0.8 

0.4 

o 

VI-Input Voltage (Output Control)-V 

FIGURE 8 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Vce = 4.5V 

VOH(lOH = -;-10 m~ -----
-~ ~ 1- -----
-~ ~VOH(lOH = -40 mA) 

f--- -VOL(lOL - 40 mA) 

4· 

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

~ A-Free-Air Temperature-OC 

FIGURE 10 
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OUTPUT VOLTAGE 
vs 

OUTPUT CONTROL VOLTAGE 

6 
Load = 500 n to Vec 
Vee = 5 V 

5 

4 

I( 

V TA = 25°C 

3 

2 

TA = 125°C 
TA = -55°C 

I I I 
LOJ 

I DIS~BLE9 
o 

o 2 3 

5 

4 

3 

2 

o 

VI-Input Voltage (Output Control)-V 

FIGURE 9 

tIlGH·LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

TA = 25°C 

Vcc= 5.5 V 

----......... Lv~c = 5V -----... ---=~ 
~ --- ~ r-....' if-r-....\ 

VCC = 4.5 V \ 

l\ 

4 

o -20 -40 -60 -80 -100 -120 

IOH-Output Current-mA 

FIGURE 11 

toata for temperatures below DoC and above 70 0 e and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

0_6 

0.5 

l' 
CII 0.4 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
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IOL -Output Current-rnA 

FIGURE 12 

SUPPLY CURRENT 
(BOTH DRIVERS) 

vs 
FREE-AIR TEMPERATURE 

VCC = 5 V 
Inputs grounded 
No load 

... -....... 
~ 
~ 

"" i'... " 
-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-oC 

FIGURE 14 
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FIGURE 13 

SUPPL Y CURRENT 
(BOTH DRIVERS) 

vs 
FREQUENCY 

100 
VCC = 5 V 
RL=oo 

80 
CL = 30 pF 
Inputs: 3-volt square wave 
TA = 25°C 

60 
V -

40 

20 

-. 

o 
0.1 0.4 4 10 

f-Frequency-MHz 

FIGURE 15 

7 8 
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40 100 

tOata for temperature below O°C and above 70 0 CC and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

PROPAGATION DELAY TIMES 
FROM DATA INPUTS OUTPUT ENABLE AND DISABLE TIMES 

20 
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vs 
FREE-AIR TEMPERATURE 

VCC,= 5 V 
Cl = 30 pF 
See Figure 1 

....--... ~ "... 

"r--.. tPlH --- ----- --tpHl 

-75 -50 -25 o 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 16 

vs 
FREE-AIR TEMPERATURE 

30 
Vc~ = 5 V 

c: 25 .!. 
See Figures 2 and 3 

aI 

E 
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C 15 
"C 
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> ~ - ----tpZl 
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tPHZ _ 
~ 

-I--- tPZH 
::J 

S- 5 ::J 
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o 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 17 

tOata fortemperature below OOC and above 70 0 CC and for supply voltages below 4.75 V and above 5.25 V are' applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 

=a= SN~5113 DRIVER 

~ SN75115 RECEIVER 

TYPICAL APPLICATION DATA 

TWISTED 
PAIR 

t RT = Z00 A capacitor may be connected in series with RT to reduce power dissipation. 

FIGURE 18. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION 
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• Choice of Open-Collector, Open-Emitter, or 
Totem-Pole Outputs 

• Single-Ended or Differential AND/NAND 
Outputs 

• Single 5-V Supply 

• Dual Channel Operation 

• TTL-Compatible 

• Short-Circuit Protection 

• High-Current Outputs 

• Triple Inputs 

• Clamp Diodes at Inputs and Outputs 

• Designed for Use with SN55115 and 
SN75115 Differential Line Receivers 

• Designed to be Interchangeable with 
Fairchild 9614 Line Driver 

description 

The SN55114 and SN75114 dual differential line 
drivers are designed to provide differential output 
signals with the high-current capability for 
driving balanced lines, such as twisted pair, at 
normal line impedances without high. power 
dissipation. The output stages are similar to TTL 
totem-pole outputs, but with the sink outputs, 
YS and ZS, and the corresponding active pull­
up terminals, YP and ZP, available on adjacent 
package pins. Since the output stages provide 
TTL-compatible output levels, these devices may 
also be used as TTL expanders or phase splitters. 

The SN 5 5114 is characterized for operation over 
the full military temperature range of - 55°C to 
125°C. The SN75114 is characterized for 
operation from OOC to 70°C. 

logic symbol t 

&[> (4) 
lVP (5) 

lA (3) 
lVS 

18 
(6) 

(7) lZP 
lC lZS 

(9) 2VP 
2A 

(10) 2VS 
28 2ZP 
2C 

(11 ) 
2ZS 

tThis symbol is in accordance with ANSI/!EEE Std 91·1984 and 
IEC Publication 617·12. 

SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

01315. SEPTEMBER 1973-REVISEO SEPTEMBER 1986 

SN55114 ... J PACKAGE 
SN75114 ... D. J. OR N PACKAGE 

(TOP VIEW) 

1ZP VCC 
1ZS 2ZP 

1YS 2ZS 

1YP 2YS 

1A 2YP 

18 2C 

1C 28 

GND 2A 

SN55114 ... FK PACKAGE 

(TOP VIEW) 

(/) Cl. 
U ~~ N N 
Z>N 

2019 

1YS 4 18 2ZS 

1YP 5 17 2YS 

NC 6 16 NC 

1A 7 15 2YP 

18 8 14 2C 

9 1011 1213 

U QU<!CD 
ZZNN 
<.:J 

NC-No internal connection 

FUNCTION TABLE 

INPUTS OUTPUTS 

A B C y Z 

H H H H L 

ALL OTHER INPUT COMBINATIONS L H 

H = high level. L = low level 

logic diagram (positive logic) 

lA 

lC 

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

lYP 

1YS 

lZP 

lZS 

2YP 

2YS 

2ZP 

2ZS 

Copyright © 1985. Texas Instruments Incorporated 
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III 

SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

schematic (each driver) 

AND 

PUll.~:(.;;4.~1:.::2~1_ ........ __ .-J 

AND (3.131 

SINK OUTPUT 
YS 

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

tThese components are common to both drivers. 
Resistor values shown are nominal and in ohms. 

TO 
OTHER 
DRIVER 
r'-.. 

(161 

Vee 

(1.151 NAND PUll·UP 
'-------'-'--' ZP 

(2.141 NAND 
t-_~ ___ t~""""""1~--'--'---'- SI NK OUTPUT 

181 ZS 

GND 

r 5" absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
CD 

C ., 
<" 
CD ., 
Ul -:lJ 
CD 

" CD 
<" 
CD ., 
Ul 

SN55114 SN75114 UNIT 
Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage 5.5 5.5 V 

Off-state voltage applied to open-collector outputs 12 12 V 

D package 950 

Continuous total dissipation at Jar below) FK package 1375 
mW 

25°C free-air temperature (see Note 2) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55t0125 o to 70 °C 
Storage temperature range -65 to 150 -65 to 150 °C 
Case temperature for 60 seconds: FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, 

SN55114 chips are alloy mounted. In the J package, SN75114 chips are glass mounted. 

recommended operating conditions 

SN55114 SN75114 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, VCC1 4.5 5 5.5 4.75 5 5.25 V 

High-level input voltage, VIH 2 2 V 

Low-level input voltage, VIL 0.8 0.8 V 

High-level output current, IOH -40 -40 mA 

Low-level output current, IOL 40 40 mA 

Operating free-air temperature, T A -55 125 0 70 °C 

4-114 TEXAS -I!} 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

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

TEST CONDITIONSt 
SN55114 SN75114 

PARAMETER 
TVP; TVP; 

UNIT 
MIN MAX MIN MAX 

VIK Input clamp voltage Vee = MIN. II = -12 mA -0.9 -1.5 -0.9 -1.5 V 

Vee = MIN. VIH = 2 V. POH = -10 mA 2.4 3.4 2.4 3.4 
VOH High-level output voltage V 

VIL = 0.8 V. POH = -40 mA 2 3.0 2 3.0 

Vee = MIN. VIH = 2 V. 
VOL Low-level output voltage 0.2 0.4 0.2 0.45 V 

VIL = 0.8 V. 10L = 40 mA 

Vee = 5 V. 10 = 40 mAo TA = 25°e 6.1 6.5 6.1 6.5 
VOK Output clamp voltage V 

Vee = MAX. 10 = -40 mAo TA = 25°e -1.1 - 1.5 -1.1 -1.5 

TA -- 25°e 1 100 
VOH = 12 V 

Off-state open-collector TA = 125°e 200 
10(off) output current Vee = MAX 

TA = 25°e 1 100 
/lA 

VOH = 5.25 V 
TA = 70 0 e 200 

II 
Input current at 

Vee = MAX. VI = 5.5 V 1 1 mA 
maximum input voltage 

IIH High-level input current Vee = MAX. VI = 2.4 V 40 40 /lA 

IlL Low-level input current Vee = MAX. VI = 0.4 V -1.1 -1.6 -1.1 -1.6 mA 

Short-circuit 
lOS 

output current § 
Vee. = MAX. Va = O. TA = 25°e -40 -90 -120 -40 -90 -120 mA 

Supply current All inputs at 0 V. No load. I Vee = MAX 37 50 37 50 
lee mA 

(both drivers) TA = 25°e Vee = 7 V 47 65 47 70 

t All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink 
output. For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

t All typical values are at T A = 25°e and Vee = 5 V. with the exception of lee at 7 V. 
§ Only one output should be shorted at a time. and duration of the short-circuit should not exceed one second. 

switching characteristics, Vee 5 V, TA 

SN55114 SN75114 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX MIN TVP MAX 

tpLH Propagation delay time. low-to-high-Ievel output eL = 30 pF. 15 20 15 30 ns 

tpHL Propagation delay time. high-to-Iow-Ievel output See Figure 1 11 20 11 30 ns 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT VCC = 5 V 

.y 

AND OUTPUT 

Z 
NAND OUTPUT 

TEST CIRCUIT 

14-<5 ns 
I 

1.5V 
I 10"10 

~14---tw--~~1 
I I r- ~I tPLH 14r4-~.I~tPLH 

OV 

: J(,~.5-V----~:-1-.5~)t---VOH 

OUTPUT I ~. I' ~VOL 
I I 

y 

z I X tPLH 14 1·' VOH 
OUTPUT I 1.5 V 1.5 V 

I I 
tPHL ~ ------ - - VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 500 0, PRR s 500 kHz, tw :2: 100 ns. 

> 
I 
8, 
:l 
"0 
> .. 
:J 

So 
:J 

9 
0 
> 

B. CL includes probe and jig capacitance. 

6 

5 

4 

3 

2 

o 
o 

FIGURE 1. PROPAGATION DELAY TIMES 

TYPICAL CHARACTERISTICS t 

OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

Nolload I 

TA = 25°e 

Vee = 5.5V 

Vee = 5 V 

Vee = 4.5 V 

2 3 

VI-Data Input Voltage-V 

FIGURE 2 

4 

6 

5 

> 
~ 4 
1!! 

~ 
.. 3 
:::I e-
:::I 

9 2 
o 
> 

o 
o 

OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

II. 

Vee = 5 V 
No load 

TA = 125°e 

~ 
'I: 

\ ~A = 25°e 

TA = -5Soe 

2 3 

VI-Data Input Voltage-V 

FIGURE 3 

4 

t Data for temperatures below ODC and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55114 
circuits only. These parameters were measured with the active pullup connected to the sink output .. 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

> 
I 

CI 
CI 
<II 

5 

4 

-E 3 
> ... 
~ 
c. 

~ 2 
I 
:I: 
o 
> 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

TA = 25°C 

VCC = 5.5 V 

------- I VCC= 5 V 

r--... -......... ---K r--- -......... ----J. r-.....'" 
J-r-....'" 

VC~=4.5V \ 

1\ o 
.0 -20 -40 -60 -SO -100 -120 

4.0 

3.6 

3.2 

=j 2.S 
CI 
CI 

~ 2.4 
o 
> 
:; 2_0 
c. 

~ 1.6 
I o 1_2 
> 

0.8 

0.4 

o 

IOH-Output Current-rnA 

FIGURE 4 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VC~ = 4.5V 

VOHHoH = ~10 rn~ ~ ~ 
r--

-f---n J-f---I---~ 

-f..--------VOHOOH = -40 rnA) 

- t--VoLHoL = 40 rnA) 

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

TA-Free-Air Ternperature-oC 

FIGURE 6 

0.4 

> 0.3 
I 
CI 
CI 

~ 
'0 
> 
:; 0.2 
So 
= o 
I 
..J 

~0.1 

o 

40 

." 
C 

30 l 
CI 

E 
i= 
>-
<II 
iii 20 Q 
c 
0 

'':= 
ctI 
CI 
ctI 
c. e 10 

Q" 

o 

LOW-LEVEL OUTPUT VOLTAGE 

TA = 25°C 

vs 
OUTPUT CURRENT 

VCC= 5.5 V 
J ~ 

~ 
V 

~ 
P' VCC = 4.5 V 

V 
~ 
V 

L 
V 

V 

o 10 20 30 40 50 60 70 80 

IOL -Output Current-rnA 

FIGURE 5 

PROPAGATION DELAY TIMES 
vs 

FREE-AIR TEMPERATURE 

VCC= 5 V 
t-See Figure 1 

./ 
tPLH 

~ 
V 

- -~ -tPHL 

I 

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

T A-Free-Air Ternperature-oC 

FIGURE 7 

t Data for temperatures below O°C and above 70°C are applicable to SN55114 circuits only. These parameters were measured with the 
active pullup connected to the sink output. 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

80 

70 

« 60 
E 
I 
E 50 e 
:; 
u 40 
> 
Ii 
g. 30 
'f u ..y 20 

10 

No load 
TA = 25°C 

../ 

SUPPLY CURRENT 
(BOTH DRIVERS) 

vs 
SUPPLY VOLTAGE 

~ 
~~ 

61,0 

~ ... " ff~ 
\~~ ~ ... .,o V \~~ 

/ 
V 

42 

40 

32 

30 

SUPPLY CURRENT 
(BOTH DR IVERS) 

vs 
FREE-AIR TEMPERATURE 

Vee = 5 V 
I nputs grounded 
Outputs open 

~ 
~ 

" "-
'~ 

o 
o 2 3 4 5 6 7 8 ~75 -50 -25 0 25 50, 75 100 125 

vee-Supply Voltage-V 

FIGURE 8 

100 
Vee = 5 V 
RL =00 
eL = 30 pF 

SUPPLY CURRENT 
(BOTH DRIVERS) 

vs 
FREQUENCY 

80 
« Inputs: 3-volt square wave 

TA = 25°e E 
.!. 
c:: 
~ 60 
::J 
U 
> 
Ii g. 40 

'f 
u u 
- 20 

o 
0.1 0.4 

./' 

-

4 10 

f-Frequency-MHz 

FIGURE 10 

TA-Free-Air Temperature-oC 

FIGURE 9 

I 

[/.1 

40 100 

t Data for temperatures below ooe and above 70°C are applicable to SN55114 circuits only. These" parameters were measured with the 
active pullup connected to the sink output. 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

TWISTED 
PAIR 

1/2 SN75115 
RECEIVER 

t RT = Z00 A capacitor may be connected in series with RT to reduce power dissipation. 

FIGURE 11. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION II 
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• Choice of Open-Collector or Active Pull-Up 
(Totem-Pole) Outputs 

• Single 5-V Supply 

• Differential Line Operation 

• Dual-Channel Operation 

• TTL Compatible 

• ± 15 V Common-Mode Input Voltage Range 

• Optional-Use Built-In 130-0 Line-Terminating 
Resistor 

• Individual Frequency Response Controls 

• Individual Channel Strobes 

• Designed for Use with SN55113, SN75113, 
SN55114, and SN75114 Drivers 

• Designed to be Interchangeable with 
Fairchild 9615 Line Receivers 

description 

The SN55115 and SN75115 dual differential line 
receivers are designed to sense small differential 
signals in the presence of large common-mode 
noise. These devices give TTL-compatible output 
signals as a function of the differential input 
voltage. The open-collector output configuration 
permits the wire-ANDing of similar TTL 
outputs (such as SN5401 /SN7401) or other 
SN55115/SN75115 line receivers. This permits 
a level of logic to be implemented without extra 
delay. The output stages, are similar to TTL· 
totem-pole outputs, but with sink outputs, 1 YS 
and 2YS, and the corresponding active pull-up 
terminals, 1 YP and 2YP, available on adjacent 
package pins. The frequency response and noise 
immunity may be provided by a single external 
capacitor. A strobe input is provided for each 
channel. With the strobe in the low level, the 
receiver is disabled and the outputs are forced 
to a high level. 

The SN55115 is characterized for operation over 
the full military range of - 55°C to 125°C. The 
SN75115 is characterized for operation from 
DoC to 70°C. 

SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

D1315. SEPTEMBER 1973-REVISED OCTOBER 19B6 

SN55115 ... J DUAL-IN-LINE PACKAGE 
SN75115 . 0 0 D, J. OR N PACKAGE 

(TOP VIEW) 

lYS VCC 
lYP 2YS 

lSTRB 2YP 
lRTe 2STRB 

1B 2RTC 
lRT 2B 
1A 2RT 

GND 2A 

SN55115 0 0 • FK PACKAGE 

(TOP VIEW) 

a.. en Uen 
>- >-UU>-

...-Z>N 

2 1 2019 

lSTRB 4 18 2YP 
lRTC 5 17 2STRB 

oNC 6 16 NC 
1B 7 15 2RTC 

lRT 8 14 2B 
9 1011 1213 

0:{ QUo:{ I-
ZZNa: 
(!) N 

NC - No internal connection 

FUNCTION TABLE 

DIFF OUTPUT 
STROBE 

(YP AND YS TIED TOGETHER) INPUT 

L X H 

H L H 

H H L 

H = VI 2: VIH min or VID more positive than VTH max 
L = VI :5 VIL max or VID more negative than VTL max 
X = irrelevant 

Copyright © 1973. Texas Instruments Incorporated 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

logic symbol t 

1B 
1A 

1RT 

1STRB 

1RTC 

2B 

2A 

1YP 

1YS 

2YP 

2YS 

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

schematic (each receiver) 

1 k ., k 

1.5 k 1.64 k 

IN~T~.~.l~ll~_~ ____ ~_~f-_____ ~ 

130 

COMMON TO 
BOTH RECEIVERS r--------, 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I L _______ J 

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

logic diagram (positive logic) 

RESPONSE· 
TIME 

STROBE CONTROL 
13.131 14.121 

20 

L-__ f-...... _..:1=:2 • ..;.14.;.:.1 ~~LL.UP 

5k 

3k 

..,-__ 11_.1_5_1 ~I~:PUT 
vs 

1.5 k 

L-__ *-_ ...... ____ ~----...... ~-~IB~IGND 

Resistor values are nominal and in ohms. 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

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

SN55115 SN75115 UNIT 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltageJat A, B, and RT inputs ±25 ±25 V 

Input voltage at strobe input 5.5 5.5 V 

Off-state voltage applied to open-collector outputs 14 14 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 2) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55 to 125 o to 70 °c 

Storage temperature range -65 to 150 -65 to 150 °c 

Case temperature for 60 seconds: FK package 260 °c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °c 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, 

SN55115 chips are alloy mounted and SN75115 chips are glass mounted. For these devices in the N package, use the 7 .0-mW/ °c 
curve. For the D package, use the 8.2 mW/oC curve. 

recommended operating conditions 

SN55115 SN75115 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level (strobe) input voltage, VIH 2.4 2.4 V 

Low-level (strobe) input voltage, YIL 0.4 0.4 V 

High-level output current, IOH -5 -5 rnA 

Low-level output current, IOL 15 15 rnA 

Operating free-air temperature, T A -55 125 0 70 °c 
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SN55115. SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

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

TEST CONDITIONSt 
SN55115 SN75115 

PARAMETER 
Typt Typt, 

UNIT 
MIN MAX MIN MAX 

VTH§ 
Differential input 

Vo = 0.4 V, 10L = 15 mA, VIC = 0 500 500 mV 
high· threshold voltage 

VTL§ 
Differential input 

Vo = 2.4 V, 10H = -5 mA, VIC = 0 -500' -500' mV 
low·threshold voltage 

+15 +24 +15 +24 
Common·mode 

VICR VID = ±1 V to to to to V 
input voltage range 

-15 -19 -15 -19 

TA = MIN 2.2 2,4 
VCC = MIN, VID = -0.5 V, 

VOH Hlgh·level output voltage TA = 25°C 2.4 3.4 2.4 3.4 V 
IOH = -5 mA 

TA = MAX 2.4 2.4 

III VOL Low·level output voltage 
VCC = MIN, VID = 0.5 V, 

0.22 0.4 0.22 0.45 V 
10L = 15 mA 

TA = MIN -0.9 -0.9 

r- IlL Low·level input current 
VCC = MAX, VI = 0.4 V, 

TA = 25°C -0.5 -0.7 -0.5 -0.7 mA 

5' Other input at 5.5 V 
TA - MAX -0.7 -0.7 

(t) 
VCC = MIN, VID = -0.5 V, TA = 25°C 

C ISH High·level strobe current 
Vstrobe = 4.5 V TA = MAX 10 

I'A ... 
<' ISL Low-level strobe current 

VCC = MAX, VID = 0,5 V, 
TA = 25°C -1.15 -2.4 -1.15 -2.4 mA (t) 

V strobe = 0.4 V ... en Response·time·control VCC = MAX, VID = 0.5 V, - I(RTC) TA = 25°C -1.2 -3.4 -1.2 -3.4 mA 
~ current VRC = 0 
(t) 

VCC = MIN, VOH = 12V, TA = 25°C 100 0 
(t) Off·state open·collector VID = -4.5 V TA = MAX 200 <' 10(off) 

VCC = MIN, VOH = 5.25 V, TA = 25°C 100 
I'A 

(t) output current ... VID = -4.75 V TA = MAX 200 en 
RT 

Line·terminating 
VCC = 5 V TA = 25°C 77 130 167 74 130 179 !l 

resistance 

Short·circuit VCC = MAX, Va = 0, 
lOS 

output currentU TA "" 25°C -15 -40 -80 -14 -40 -100 mA 
VID = -0.5 V 

ICC 
Supply current VCC = MAX, VID = 0.5 V, 

TA = 25°C 32 50 32 50 mA 
(both receivers) VIC = 0 

t Unless otherwise noted Vstrobe = 2.4 V. All parameters with the exception of off·state open.coll;ctor output current are measured with the active pull·up 

connected to the sink output. 

t All typical values are at VCC = 5 V, T A = 25°C, and VIC = O. 
§ Differential voltages are at the B input terminal with respect to the A input terminal. 

, The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltages only. 

D Only one output should be shorted to ground at a time, and duration of the short·circuit should not exceed one second. 

switching characteristics, Vee == 5 V, eL = 30 pF, TA = 25°e 

SN55115 
PARAMETER TEST CONDITIONS 

MIN TVP MAX 

SN75115 

MIN TVP MAX 
UNIT 

tpLH 
Propagation delay time, 

RL = 3.9 kO, See Figure 1 18 50 18 75 ns 
low-to-high-Ievel output 

tpHL 
Propagation delay time, 

RL = 390 0, See Figure 1 20 50 20 75 ns 
high-to-Iow-Ievel output 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

:5 5 ns-+l I+- -+f. j4-:5 5 ns 

DIFFERENTIAJoI 90% 90%:X- - - - - + 3 V 
INPUT I 0 V 0 V I 

10 I I _ 10% -3 V 
I I 

-+! 14- tPHl --"!4- tplH 

~
.I VOH 

I I 
OUTPUT 1.5 V 1.5 V 

-----VOl 

TEST CIRCUIT WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 500, PRR :5 500 kHz, tw = 100 ns, duty cycle = 50%. 
B. CL includes probe and jig capacitance. 

c:t 
E 
I 
E 
~ 
:; 
U ... 
:J 
C. 
c:: 
I 

FIGURE 1. PROPAGATION DELAY TIMES 

TYPICAL CHARACTERISTICS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 
6 

4 

Vee - 5 V V Input not under test at 0 V / 
TA - 25°e 

2 
// 

/ 
0 

-2 

V 
/ 
V 

V 

V 
-4 

L 
V 

-6 
- 25 - 20 - 15 - 10- 5 0 5 10 15 20 25 

VI-Input Voltage-V 

FIGURE 2 
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SN55115. SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICSt 

> 
I 

CD 
Cl 

!9 
"0 
> 
:; 
Co :; 
0 
I 
0 
> 

> 
I 

CD 
Cl 

!9 
"0 
> ... 
:::l 
Co 
:; 
0 
Qj 
> 
CD 
-J 
J:. 
Cl 

:I: 
I 
J: 
0 
> 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VCC = 4.5 V 
I I 
I I 

4.0 

3.4 

3.2 

2.8 

2.4 

VOH (VIO .. 
L .I I '. ,I. 

-0.5 V.IOH "" -5 mA~ 

2.0 

1.6 

1.2 

-----~ 
_~i""" 

0.8 

0.4 I-- VOL (VID "" 0.5 V. IOL .. 15 mAI_ 
I 1 1 

o 
-75 -50 -25 0 25 50 75 100 125 

5 

4 "-

" 
3 " 
2 

o 
o 

T A - Free-Air Temperature - °C 

FIGURE 3 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

VIO" -0.5 V 

vi 
TA "" 25°C 

--~V --~V--'" r-- -£.C ... 4 5 1--I'. 1"'-":' V 
~ 

1"\\ 
~ \\ 
\~ 
~ 
~ 

-10 -20 -30 -40 -50 

IOH - High-Level Output Current - rnA 

FIGURE 5 

> 
I 

CD 
Cl 

!9 
"0 
> 
:; 
e 
:::l 

0 
I 
0 
> 

> 
I 

CD 

6 

5 

4 

3 

2 

o 

OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

No Load 

TA "" ~5°C 

VC~ ... '5 .5 V 
VCC - 5 V 

VCC .. 4.5 V 

~ 

7 
I I .I. ... VID ... -1 V 

V-

;-VID "" 1 V 
I I I 

-25-20-15-10-5 0 5 10 15 20 25 

Vic-Cornman-Mode Input Voltage-V 

FIGURE 4 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

0.4 VID _ 0.5 V 

TA "" 25°C 

E 0.3 1----+--+---+---+-~4--__I 
"0 
> ... 
:::l 
Co 
:; 
o 0.2 I----+--+-~~+-----r----r--__I 
Qj 
> 
j 

~ 
o "1 0.1 r-"-7""+---t---t---+---t----i 
-J 
o 
> 

OL-_~ __ ~ __ L__~ __ ~_~ 

o 5 10 15 20 25 

IOL -Low-Level Output Current-rnA 

FIGURE 6 

30 

t Data for temperatures b~low OOC and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull-up co~nected to the sink output. 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
6 

Vee" 5 V 
Load - 2 kO to Vee 

5 

4 

3 

2 

o 
-0.2 

6 

, 

TA - 125°C 

I I 
T~ .. 15°C --.,)I 

TA .. -55°C 

-0.1 o 0.1 

VID-Differential Input Voltage-V 

FIGURE 7 

OUTPUT VOLTAGE 
vs 

STROBE INPUT VOLTAGE 

No Load 

0.2 

VID .. 0.5 V 
5 

Vee = 5.5 V 

4 

3 

r\. 

" 
........ N ~ 

2 

\ \ \ 
Vee;= 5 ~\ 
Vee ~ 4.5

1 

V':. 

o 
o 

TA "" 25°C 

2 3 

Vstrobe-Strobe Input Voltage-V 

FIGURE 9 

4 
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I 

Q) 
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;::, 

0 
I 
0 
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> 
I 

Q) 
CI 
!!! 
"0 
> .. 
::J e 
::J 
0 
I 
0 
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OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
6 

Vee" 5.5 V 

5 
Vee - 5 V 

Vee - 4.5 V 

4 

3 

2 

Load .. 2 kO to Vee 

TA ~ 25°,e , o 
-0.2 -0.1 o 0.1 0.2 

6 

5 

VIO-Oifferentiallnput Voltage-V 

FIGURE 8 

OUTPUT VOLTAGE 
vs 

STROBE INPUT VOLTAGE 

Vee" 5 V 
No Load 
VIO'" 0.5 V 

4 r-------I-o.. I 

3 

2 

o 
o 

~ J 
\ ~ / TA "" 125°C 

I I I 
~ 

\ TAl ... _155oel 

I 1 
f-I- TA ... 25°C 

2 3 

V strobe - Strobe Input Voltage - V 

FIGURE 10 

4 

t Data for temperatures below O°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull up connected to the sink output. 
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SN55115. SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 

<t 
E 

60 

50 

.!. 40 
r:::: 
~ 
:; 
c;. 30 
C. 
C. 
:J 

~ 20 
(J 

9 

(I) 

r:::: 
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(I) 

10 

o 
o 

30 

25 

E 20 
j:: 
> 
III 
"ii 15 
c 
r:::: 
.g 
~ 10 
III 
C. 
o 

Q: 
5 

o 

No Load 

SUPPLY CURRENT 
(BOTH RECEIVERS) 

vs 
SUPPLY VOLTAGE 

TA - 25°C 

B INPUT AT VCC 1/ 
AINPUTAT~ )/' 

/. 
V;V V. INPUT AT 0 V 

~ 
A INPUT AT VCC 

--' 

J/ 
l/~ 

2 3 4 5 6 

VCC-Supply Voltage-V 

FIGURE 11 

PROPAGATION DELAY TIMES 
vs 

FREE-AIR TEMPERATURE 

Vcc - 5 V 
See Figure 1 

I 
~ 

.,/ 
tpHL (RL .. 390 {l) 

~ 

y V 

,V ~LH (RL .. 3.9 k{l) 

7 

~ 

8 

-751-50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature 

FIGURE 13 
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OJ 
C. 
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E 
:J 
E 
'x 
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:E 
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J 

40 

SUPPLY CURRENT 
(BOTH RECEIVERS) 

vs 
FREE-AIR TEMPERATURE 

35 .r- r---
30 

25 

20 

15 

10 
VCC'" 5.5 V 

5 B INPUT AT 5.5 V 

o 
A INPUT AT 0 IV 

I I 
-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 12 

MAXIMUM OPERATING FREQUENCY 
vs 

RESPONSE-TIME-CONTROL CAPACITANCE 
10M 

1M 

t---' 
r-

f-- ~!'I; II 
§~ 
F~ f--r-

100k 
f--r-

I 
§~ 
r=~ I"-r--r-

10k SE 

1k 
VCC" 5 V 
INPUT: - 0.5 V to 0.5 V SQUARE 
TA ... 25°C 

100 
0.001 0.01 0.1 

...... 

WE: 

Response-Time-Control Capacitance - pF 

FIGURE 14 

10 

t Data for temperatures below OOC and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

=D=SN75113 DRIVER 

=:t>--SN75115 RECEIVER· 

TWISTED 
PAIR 

t A capacitor may be connected in series with Zo to reduce power dissipation. 

L __ -J 

LOCATION 6 

FIGURE 15. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION 
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SN55116 THRU SN55119 
SN75116 THRU SN75119 

DIFFERENTIAL LINE TRANSCEIVERS 
02143, MAY 1976-REVISED SEPTEMBER 1986 

features common to all types additional features of the SN55116/SN75116 

• 
• 
• 
• 
• 
• 
• 
• 

Single 5-V Supply 

3-State Driver Output Circuitry 

TTL-Compatible Driver Inputs 

TTL-Compatible Receiver Output 

Differential Line Operation 

Receiver Output Strobe ('116, '117) or 
Enable ('118,'119) 

Designed for Party-Line (Data-Bus) 
Applications 

Choice of Ceramic or Plastic Packages 

• Independent Driver and Receiver 

• Choice of Open-Collector or Totem-Pole 
Outputs on Both Driver and Receiver 

• Dual Data Inputs on Driver 

• Optional Line-Termination Resistor in 
Receiver 

• ± 15-V Receiver Common-Mode Capability 

• Receiver Frequency Response Control 

additional features of the SN55117/SN75117 

• Driver Output Internally Connected to 
Receiver Input 

The SN55118/SN75118 is an SN55116/SN75116 with 3-State ReceiverOutput Circuitry 
The SN55119/SN75119 is an SN55117/SN75117 with 3-State Receiver Output Circuitry 

description 

These'integrated circuits are designed for use in interfacing between TTL-type digital systems and differential 
data transmission lines. They are especially useful for party-line (data-bus) applications. Each of these circuit 
types combine in one package a three-state differential line driver and a differential-input line receiver, 
both of which operate from a single 5-volt power supply. The driver inputs and receiver outputs are TTL 
compatible. The driver employed is similar to the SN55113/SN75113 three-state line driver, and the receiver 
is similar to the SN55115/SN75115 line receiver. 

The '116 and '118 circuits offer all the features of the SN55113/SN75113 driver and the 
SN55115/SN75115 receiver combined. The driver performs the dual input AND and NAND functions when 
enabled, or presents a high impedance to the load when in the disabled state. The driver output stages 
are similar to TTL totem-pole outputs, but have the current-sink portion separated from the current-sourcing 
portion and both are brought out to adjacent package pins. This feature allows the user the option of using 
the driver in the open-collector output configuration, or, by connecting the adjacent source and sink pins 
together, of using the driver in the normal totem-pole output configuration. 

The receiver portion of the '116 and '118 features a differential-input circuit having a common-mode voltage 
range of ± 1 5 volts. An internal ,130-ohm resistor is also provided, which may optionally be used for 
terminating the transmission line. A frequency response control pin allows the user to reduce the speed 
of the receiver or to improve differential noise immunity. The receiver of the '116 also has an output strobe 
and a split totem-pole output. The receiver of the '118 has an output-enable for the three-state split totem­
pole output. The receiver section of either circuit is independent of the driver section except for the VCC 
and ground pins, 

The '117 and '119 circuits provide the basic driver and receiver functions of the '116 and '118, but use 
a package that is only half as large. The '117 and '119 are intended primarily for party-line or bus-organized 
systems as the driver outputs are internally connected to the receiver inputs. The driver has a single data 
input and a single enable input, and the '117 receiver has an output strobe while the '119 receiver has 
a three-state-output enable. These devices do not, however, provide output connection options, line 
termination resistors, or receiver frequency-response controls. 

The SN55116, SN55l17, SN55118, and SN55119 are characterized for operation over the full military 
temperature range of -55°C to 125°C; the SN75116, SN75117, SN75118, and SN75119 are 
characterized for operation from ooC to 70°C. 

Copyright © 1980, Texas Instruments Incorporated 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

SN55116 . .. J PACKAGE 
SN75116 ... D. J. OR N PACKAGE 

(TOP VIEW) 

DZP 1 U16 VCC 
DZS 2 15 DB 
DYS 14 DA 
DYP 13 DE 

RA 12 RYP 

RT 6 11 RYS 
RB 10 RS 

GND 9 RTC 

SN55116 
FK PACKAGE 

(TOP VIEW) 

UlD.. U 
N N U UCIl 
OOZ>O 

3 2 1 2019 

DYS 18 DA 
DYP 17 DE 

16 NC 
RA 15 RYP 

RT 14 RYS 
9 1011 12 13 

CIlOUUUl 
a::ZZI-a:: 

<.!) a:: 

SN55117 ... JG PACKAGE 
SN75117 ... D. JG. OR P PACKAGE 

(TOP VIEW) 

DI[]8 VCC 
B 2 7 DE 
A 3 6 RY 

GND 4 5 RS 

NC 4 

B 5 

NC 6 

A 7 

NC 8 

SN55117 
FK PACKAGE 

(TOP VIEW) 

U U _ U uu 
ZOZ>Z 

UOUUlU 
ZZza::z 

<.!) 

NC 
DE 
NC 
RY 
NC 

NC-No internal connection. 
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SN55118 . .. J PACKAGE 
SN75118 ... D. J. OR N PACKAGE 

nop VIEW) 

DZP 1 U 16 
DZS 2 15 
DYS 3 14 
DYP 4 13 

RA 12 
RT 11 
RB 10 

GND 9 

SN55118 
FK PACKAGE 

(TOP VIEW) 

Ul D.. U 
N N U UCIl 
OOZ>O 

3 2 1 20 19 

VCC 
DB 
DA 
DE 
RYP 
RYS 
RE 
RTC 

DYS 18 DA 
DYP 17 DE 

NC 16 NC 
RA 15 RYP 

9 1011 12 13 

CIlOUUW 
a::ZZI-a:: 

<.!) a:: 

14 RYS 

SN55119 ... JG PACKAGE 
SN75119 ... D. JG. OR P PACKAGE 

(TOP VIEW) 

DI[]8 VCC 
B 2 7 DE 
A 3 6 RY 

GND 4 5 RE 

SN55119 
FK PACKAGE 

(TOP VIEW) 

U U _ U uu 
ZOZ>Z 

3 2 1 20 19 

NC 18 NC 
17 DE 
16 NC 

A 15 RY 
NC 14 NC 

9 1011 12 13 

~§1~~~ 
<.!) 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

DE 

L 

H 

H 

H 

'116, '118 

FUNCTION TABLE 

OF DRIVER 

INPUTS OUTPUTS 

DA DB DY DZ 

X X Z Z 

L X L H 

X L L H 

H H H L 

'116, '118 

FUNCTION TABLE OF RECEIVER 

DIFF OUTPUT RY 
RS/RE 

INPUT '116 '118 

L X H Z 

H L H H 

H H L L 

H = high level (VI ~ VIH min or VID more positive than VTH max) 
L = low level (VI :5 VIL max or VID more negative than VTL max) 
X = irrelevant 
Z = high impedance (off) 

schematics of inputs and outputs 

EQUIVALENT OF 
EACH DRIVER INPUT 

AND EACH RE AND RS INPUT 

VcC~. ---4kO 
NOM 

INPUT 

EQUIVALENT OF 
EACH RECEIVER INPUT 
(EXCLUDING ENABLES 

AND STROBES) 

Vec 
1 pF NOM 

INPUT 

7 kO 
Bkn 

NOM 
NOM 

130 n 
NOM 

'117, '119 

FUNCTION TABLE 

OF DRIVER 

INPUTS OUTPUTS 

DI DE A B 

H H H L 

L H L H 

X L Z Z 

'117, '119 

FUNCTION TABLE OF RECEIVER 

A 

H 

L 

X 

INPUTS OUTPUT RY 

B RS/RE '117 '119 

L H H H 

H H L L 

X- L H Z 

TYPICAL OF ALL OUTPUTS 

----41-----+-- VCC 

R 
PULLUP 

L.-____ -.,_~- OUTPUTt ---rC1--- SINK Y OUTPUT' 

Driver output R - 9 {} NOM 
Receiver output R - 20 {} NOM 

t On 117 and '119, common outputs replace 
the separate pullup and sink outputs. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

logic symbols t 

DE (13) 

DA (14) 

DB (15) 

RT 
RS 

RTC 

DE (13) 

DA (14) 

DB (15) 

RT 
RE 

RTC 

DE (7) 

DI (1) 

RS 15) 

RY 

DE (7) 

01 (1) 

15) 

EN 

RESP 

EN 

EN 

RESP 

'116 

&1> 

&1> 

'118 

&1> 

I> 

"17 

I> 
EN 'V 

'V 
&<1 

"'9 

I> 
EN 'V 

'V 
<1 

EN 

(4) DYP 

(3) DYS 

DZP 

DZS 

(3) A 

(2) B 

(3) A 

(2) B 

logic diagrams (positive logic) 

'116 AND '118 DRIVER 

'116 RECEIVER 

'118 RECEIVER 

'117 DRIVER AND RECEIVER 
RSI~5~) __________________ -, 

L..-__________ +-...... ____ :~_: :} BUS 

'119 DRIVER AND RECEIVER 

.Xl_......;.16~) RY 

(3) A} 
~ _________ .-...... _____ 12_)B BUS 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown for' 1 16 and' 1 18 are for J and N packages; those shown for' 117 and' 1 19 are for JG and P packages. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

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

'116, '117, 
UNIT 

'118 '119 

Supply voltage, VCC 7 7 V 

I DA, DB, DE, DI, RE, RS 5.5 5.5 

Input voltage, VI IRA, RB, RT' ±25 V 

I A and B o to 6 

Off-state voltage applied to open-collector outputs 12 V 

SN55116 SN75116 

THRU THRU UNIT 

SN55119 SN75119 

D package 950 

FK package 1375 

Continuous total dissipation at (or below) J package 1375 1025 

25°C free-air temperature (see Note 2) JG package 825 
mW 

1050 

N package 1150 

P package 1000 

Operating free-air temperature range -55 to 125 o to 70 °C 

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

Case temperature for 60 seconds: FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case 

for 60 seconds: J and JG packages 
300 300 °C 

Lead temperature 1,6 mm (1/16 inch) fr.om case 
260 °C 

for 10 seconds: D, N, or P package 

• U) ... 
Q) 

> 
·CU 
(,) 
Q) 

a: -U) ... 
Q) 

> 
'':: 

NOTES: 1. All voltage values are with respect to network ground terminal. C 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, Q) 

SN55116 through SN55119 chips are alloy mounted and SN75116 through SN75119 chips are glass mounted. In the JG c: 
package, SN55117 and SN55119 are alloy mounted and SN75117 and SN75119 chips are glass mounted. In the N package, :.::i 
use the 9.2 mW/oC curve for these devices. In the P package, use the 8-mW/oC curve for these devices. 

recommended operating conditions 

PARAMETER 

Supply voltage, VCC 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Receiver input voltage, VI 

Operating free-air temperature, T A 

MIN 

4.5 

All inputs except 2 

differential inputs 

Drivers 

Receivers 

Drivers 

Receivers 

'116, '118 

'117, '119 0 

-55 

TEXAS l!} 
INSTRUMENTS 

SN55' 

TVP 

5 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

SN75' 

MAX MIN TVP MAX 

5.5 4.75 5 5.25 

2 

0.8 0.8 

-40 -40 

-5 -5 

40 40 

15 15 

±15 ±15 

6 0 6 

125 0 70 

UNIT 

V 

V 

V 

mA 

mA 

V 

°c 

4-135 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL UNE TRANSCEIVERS 

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

driver section 

TEST CONDITIONS t 
'116, '118 '117, '119 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Input clamp voltage Vee = MIN, II = -12 mA -O.g -1.5 -0.9 -1.5 V 

T A = 25°C (SN55') 10H = -10 mA 2.4 3.4 2.4 3.4 
Vee = MIN, 

TA = ooe to 70°C (SN75') 10H = -40 mA 2 3 2 3 
VOH High-level output voltage VIL = 0.8 V, V 

TA = -55°C to 125°C 10H = -10 mA 2 2 
VIH = 2 V 

(SN55') 10H = -40 mA 1.8 1.8 

VOL Low-level output voltage 
Vee = MIN, VIH = 2 V, 

0.4 0.4 V 
VIL = 0.8 V, 10L = 40 mA 

VOK Output clamp voltage Vee = MAX, 10 = -40 mA, DE at 0.8 V -1.5 -1.5 V 

TA = 25°C 1 10 
Off-state open-collector Vee = MAX, I SN55' 200 

10(oft) output current /LA 
Va = 12 V TA = MAX I SN75' 20 

Vee = MAX, Va "" 0 to Vee, DE at 0.8 V, 
±10 

Off-state TA = 25°C 

10Z (high-impedance-state) Vee = MAX, Va = 0 I SN55' -300 /LA 

output current DE at 0.8 V, Va = 0.4 V to Vee I SN55' ±150 

TA = MAX Va = 0 to Vee I SN75' ±20 

Input current 

II at maximum Vee = MAX, VI = 5.5 V 1 1 mA 

input voltage Driver or 

High-level enable 
IIH Vee = MAX, VI = 2.4 V 40 40 /LA 

input current input 

Low-level 
IlL Vee = MAX, VI = 0.4 V -1.6 -1.6 mA 

input current 

Short-circuit 
lOS 

output current § 
Vee = MAX, Va = 0, TA = 25°C -40 -120 -40 -120 rnA 

ICC 
Supply current (driver 

VCC = MAX, TA = 25°C 42 60 42 60 mA 
and receiver combined) 

t All parameters with the exception of off-state open-collector output current are measured with the active pull-up connected to the sink output. 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 and T A = 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, Vee'" 5 V, eL == 30 pF, TA ... 25°e 

driver section 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 14 30 

Propagation delay time, high-to-Iow-Ievel output 
See Figure 13 ns 

tpHL 12 30 

tpZH Output enable time to high level RL = 180O, See Figure 14 8 20 ns 

tpZL Output enable time to low level RL = 250O, See figure 1 5 . 17 40 ns 

tpHZ Output disable time from high level RL = 180O, See Figure 14 16 30 ns 

tpLZ Output disable time from low level RL = 250O, See Figure 1 5 20 35 ns 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

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

receiver section 

PARAMETER TEST CONDITIONS t 
'116, '118 '117, '119 

UNIT 
MIN TYP* MAX MIN TYP* MAX 

Vee = MIN, 
0.5 0.5 

VTH 
Differential input Vo = 0.4 V, IOL = 15 mA, See Note 4 

V high-threshold voltage § See Note 3 Vee = 5 V, 
See Note 5 

Vee = MIN, 
-0.5' -0.5' 

VTL 
Differential input Vo = 2.4 V, 10H = -5 mA, See Note 4 

V 
low-threshold voltage § See Note 3 Vee = 5 V, 

-1' -1 , 
See Note 5 

15 

VI Input voltage range# Vee = 5 V, VID = -1 Vor 1 V, See Note 3 to to V 
-15 0 

Vee = MIN, VID = -0.5 V, 
2.4 2.4 

VOH High-level output voltage 10H = -5 mA, See Note 4 
V 

See Note 3 Vee = 5 V, VID = -1 V, 
2.4 2.4 

See Note 5 

Vee = MIN, VID = 0.5 V, 
0.4 0.4 

10L = 15 mA, See Note 4 
VOL Low-level output voltage V 

See Note 3 Vee = 5 V, VID = 1 V, 
0.4 0.4 

See Note 5 

VI = 0 V, . Other input at 0 V -0.5 -0.9 -0.5 -1 

II(rec) Receiver input current 
Vee = MAX, 

VI = 0.4 V, Other input at 2.4 V -0.4 -0.7 -0.4 -0.8 mA 
See Note 3 

VI = 2.4 V, Other input at 0.4 V 0.1 0.3 0.1 0.4 
Input current at Vee - MIN, VID = -0.5 V, 

Strobe '116, '117 ".A 
maximum input VStrobe = 4.5 V 
voltage Enable Vee - MAX, VI - 5.5 V '118, '119 mA 

IIH 
High-level 

Enable Vee = MAX, VI = 2.4 V '118, '119 40 40' ".A input current 

Low-level Strobe 
Vee = MAX, VID = 0.5 V, 

'116, '117 -2.4 -2_4 
IlL Vstrobe = 0.4 V, See Note 4 mA 

input current 
Enable Vee = MAX, VI = 0.4 V '118, '119 -1.6 -1.6 

I(Re) 
Response-time-control Vee = MAX, VID = 0.5 V, 

TA = 25°e -1.2 mA current !pin 9) Re at 0 V, See Note 4 

Off-state open-collector 
Vee - MAX, TA = 25°e 10 

10(ofl) VO=12V, SN55' 200 ".A output current 
VID = -1 V 

TA = MAX 
SN75' 20 

TA = 25°e '118, '119 ±10 ±10 
Off-state Vee = MAX, SN55118 ±150 

10Z (high-impedance state) VO= OtoVee, SN55119 ±150 ".A 
output current RE at 0.4 V 

TA = MAX 
SN75118 ±20 
SN75119 ±20 

RT Line-terminating resistance Vee = 5 V TA = 25°e 77 167 {} 

lOS 
Short-circuit Vee = MAX, Vo = 0, 

TA = 25°e -15 -80 -15 -80 mA 
output current! VID = -0.5 V, See Note 4 

lee 
Supply current (driver Vee = MAX, VID = 0.5 V, 

TA = 25°e 42 60 42 60 mA 
and receiver combined) See Note 4 

t Unless otherwise noted V strobe = 2.4 V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up 
connected to the sink output. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at Vee = 5 V, T A = 25°e, and Vie = O. 
§ Differential voltages are at the 8 input terminal with respect to the A input terminal. Neither receiver input of the '117 or '119 should be taken negative 

with respect to GND. 
, The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltages only. 
#Input voltage range is the voltage range that, if exceeded at either input, will cause the receiver to cease functioning properly. 
I Not more than one output should be shorted at a time. 
NOTES: 3. Measurement of these characteristics on the '117 ,and '119 requires the driver to be disabled with the driver enable at 0.8 V. 

4. This applies with the less positive receiver input grounded. 
5. For '116 and '118, this applies with the more positive receiver input at 15 V or the more negative receiver input at - 15 V. For '117 and '119, 

this applies with the more positive receiver input at 6 V. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

switching characteristics, VCC 

receiver section 

5 V, CL = 30 pF, TA = 25°C 

tpLH 

tpHL 

tpZH 

tpzL 

tpHZ 

tpLZ 

6 

5 

> 
I 

4 CIl 
C) 

:l 
"0 
> .... 3 :::I 

S-
:::I 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Propagation delay time, low-to-high-Ievel output 
RL = 400 n, 20 75 

Propagation delay time, high-to-Iow-Ievel output 
See Figure 16 

17 75 

Output enable time to high level '118 RL = 480 n, See Figure 14 9 20 

Output enable time to low level and RL = 250 n, See Figure 15 16 35 

Output disable time from high level '119 RL = 480 n, See Figure 14 12 30 

Output disable time from low level only RL = 250 n, See Figure 15 17 35 

TYPICAL CHARACTERISTICS 

DRIVER OUTPUT VOLTAGE 
vs 

DRIVER INPUT VOLTAGE 

No load I 

TA = 25°e 

Vee = 5.5 V 

Vee = 5 V 

Vee = 4.5 V 

> 
I 

CIl 
C) 

:l 
"0 
> ... 
:::I 

S-

6 

5 

4 

3 

DRIVER OUTPUT VOLTAGE 
vs 

DRIVER INPUT VOLTAGE 

Vee = 5 V 
No load 

~ TA = _55°e 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

0 
I 2 0 

:::I 
0 
I 2 0 '->- TA = 25°e > 

o 
o 2 3 

VI-Date Input Voltage-V 

FIGURE 1 

> 

4 
o 
o 

~ -
I .. TA=125°e-

~ 

2 

VI-Data Input Voltage-V 

FIGURE 2 

I 
3 4 
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SN55116 TtiRU SN55119, SN75116 THRU SN75119 
, DIFFERENTIAL LINE TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

DRIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

6.-----,------r-----.-----.-----, 

:r 51------+------+------+-----1-------4 
~ 
!9 
~ 4~"""""-+--
~ 

::J 

S-
::J 
o 3 ~""""":--+­
Gi 
> 
Gl 
-I 

i 21------+------+------+----~----~ 
:E 
I 
::2: 
o 
:> 

20 

18 

'" 16 
c 

~ 14 
E 
i= 12 
> ta 

~ 10 
c 
.g 8 
ta 
CI 

~ 6 
c': 

4 

2 

o 

-20 -40 -60 -80 

'OH-High-level Output Current-rnA 

FIGURE 3 

-100 

DRIVER PROPAGATION DELAY TIMES 
vs 

FREE-AIR TEMPERATUREt 

VCC = 5 V 
Cl = 30 pF 
See Figure 13 

./ 

tplH --~ -
~ ~ 

tpHl 

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

TA-Free-Air Ternperature-OC 

FIGURE 5 

0.6 

:r 0.5 
Gl 
CI 

!9 
~ 004 
~ 

::J 

S-a 0.3 
Gi 
> 
Gl 
-I 
~ 0.2 
o 
-I 
I 
-I 

DRIVER LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

I ° TA = 25 C 

~ 
VCC=t/ ~ 

V I' Vce = 5.5 V 

A 

/ V 

/ 
V 

o 0.1 
:> V 

C 
~ 
Gl 

E 
i= 
Gl 

~ 
~ 
C 
"tI c 
ta 
Gl 

~ 
ta c 
w 
~ 

::J 

S-
::J 
0 

o 
o 20 40 60 80 100 120 

'Ol-low-level Output Current-rnA 

FIGURE 4 

DRIVER OUTPUT ENABLE AND DISABLE TIMES 
vs 

FREE-AIR TEMPERATUREt 

30 II 

VCC = 5 V 

25 

20 

See Note 6 / 

f-tPL V 
/'r' 

I--- .... b::::: 
-~ k::::=~ 

tpHZ 
15 

10 -to--- tpZH 

5 

':75 -50 -25 0 25 50 75 100 125 

T A-Free·Air Ternpe::rature-oe 

FIGURE 6 

t Data for temperatures below 0 DC and above 70 DC are applicable to SN55116 through SN55119 devices only. 
NOTE 6: For tpZH and tpHZ: RL = 180 fl, see Figure 14. For tpZL and tpLZ: RL = 250 fl, see Figure 15. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

.TYPICAL CHARACTERISTICS 

6 

5 

RECEIVER OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

Vee = 5.5 V Load = 2 kn to Vee 

Vee = 5 V " TA = 25°e 

Vee=4.5V " 
" 

\. \. 

-0.1 o 0.1 

VID-Differentiallnput Voltage-V 

FIGURE 7 

0.2 

> 
I 

C1> 
en 
!! 
(5 
> ... 
:::I s-
:::I 
0 
I 
0 
> 

6 

5 

4 

3 

2 

o 
-0.2 

RECEIVER OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGEt 

Vee = 5 V 
Load = 2 kn to Vee , 

" " 
14-- TA = 125°e 

J 
+-

I ° 
-TA=25 e 

TA = -55°e--+ 

\. \. 

-0.1 o 0.1 

VID-Differential Input Voltage-V 

FIGURE 8 

0.2 

RECEIVER PROPAGATION DELAY TIMES 
vs 

RECEIVER OUTPUT ENABLE AND DISABLE TIMES 
vs 

.,. 
c 
~ 

30 

25 

E 20 
j:: 
> 
I'll 

~ 15 
c 
o 
.~ 

en 10 
~ 
o 
.t 

5 

o 

FREE-AIR TEMPERATUREt 

I -'- V Vee = 5 V 
RL = 400 n 
See Figure 16 /" tP~ 

l.--"' ./ 

~ 
......-

~ 
/' 

J--- --tpHL 

FREE-AIR TEMPERATURE t 

30 
Vee = 5 V 
See Note 7 

.,. 25 
c 
~ 
C1> 

E 
j:: 20 

C1> 

:il 
g! 
Q 

15 
"C 
c 
I'll 
C1> 

:il 
10 I'll 

C 

tv V 
V-""""""'-1 -- --- tpZL - ---4----

f.--- f.------ tPHZ 
-~ I -W ... tPZH 

:I s- 5 :I 
0 

o 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°e 

FIGURE 9 

TA-Free-Air Temperature-oe 

FIGURE 10 

t Data for temperatures below OOC and above 70°C are applicable to SN55116 through SN55119 devices only. 
NOTE 7: For tpZH and tpHZ: RL = 480 0, see Figure 14. For tpZL and tpLZ: RL = 250 0, see Figure 15. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT (DRIVER AND RECEIVER) 
vs 

SUPPLY CURRENT (DRIVER & RECEIVER) 
vs 

SUPPLY VOLTAGE FREE-AIR TEMPERATUREt 

80 I I 50 

70 

60 

50 

40 

30 

No load 
TA = 25°e 

/ 

V 
/ 

V 

45 

40 
« 
E 35 
.!. c 

30 ~ 
~ 
u 25 
> 
C. 
c. 20 :l 

en 

- r--- r-- -~ 

I 
15 u 

!d 20 ~/ 
) 

!d 

10 

o 
o 
~ 
V 

2 3 4 5 6 

vee-Supply Voltage-V 

FIGURE 11 

10 

5 - Vee = 5V 
-, , 

o 
7 8 -75 -50 -25 0 25 50 75 100 125 

TA-free-Air Temperature-OC 

FIGURE 12 

t Data for temperatures below OOC and above 70°C are applicable to SN55116 through SN55119 devices only. 
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SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

NAND 

AND 
OUTPUT 

FROM OUTPUT . TEST 

UNDER TEST ---1----- POINT 

CL - 30 pF 

~ (See Note B) 

LOAD CIRCUIT 

I+-<:S ns 
I 

f-Oo-----OV 

_---VOH 

1.S V 

~ ___ -;-_J_ - - - - VOL 

_---14-""'.1 tpHL V 

,\~5:--- OH 
\".----VOL 

VOLTAGE WAVEFORMS 

FIGURE 13. tpLH and tPHL (DRIVERS ONL VI 

SV 
~RL = 2S0 n 

FROM OUTPUT • TEST 
UNDER TEST ---:r ... -.... -- POINT 

CL = 30 pF 

OUTPUT 

~ (See Note B) 

, LOAD CIRCUIT 

~ I4-<:S ns 
.-r!""""",-~~-I-----3V 

I 
1.S V 1.S V 1 

l 1 """",10_%"° ___ 0 V 

!4---+1- tpZL I 

I I 
____ I tPLZ~ V ff=SV \5V tT ' 

"' VOL 

VOLTAGE WAVEFORMS 

FIGURE 15. tpZL and tpLZ 

FROM OUTPUT 1 TEST 
UNDER TEST --.. ------4II-; .. R-L POINT 

CL = 30 pF 
(See Note B) ~ 

LOAD CIRCUIT 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 14. tpZH and tPHZ 

FROMOUTPUT __ ~_~_~~e-~~~r-~--' 
UNDER TEST 

LOAD CIRCUIT 

-.j t.--<:s ns 

I 
BINPUT I 
(See Note E) I SO% 

10% I 
-.I 

OUTPUT 1.SV 

(See Note E) 

.,...----VL 

VOLTAGE WAVEFORMS 

FIGURE 16. tpLH and tpHL (RECEIVERS ONL VI 

NOTES: A. Input pulses are supplied by generators having the following characteristics Zout = 50 fl, PRR $ 500 kHz, tw = 100 ns. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064 or equivalent. 
D. When testing the' 116 and' 118 receiver sections, the response-time control and the termination resistor pins are left open. 
E. For'116and'118,VH = 3V,VL = ':'3V,theAinputisatOV. 

For '117 and '119, VH = 3 V, VL = 0 V, the A input is at 1.5 V. 
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• Designed for Digital Data Transmission over 
50-n to 500-0 Coaxial Cable, Strip Line, or 
Twisted Pair 

• High-Speed. . . tpd - 20 ns Max at 
CL - 15 pF 

• TTL Compatible with Single 5-V Supply 

• 2.4-V Output at IOH - -75 mA 

• Uncommitted Emitter-Follower Output 
Structure for Party-Line Operation 

• Short-Circuit Protection 

• AND-OR Logic Configuration 

• Designed for Use with Triple Line Receivers 
SN55122, SN75122 

• Designed to be Interchangeable with 
Signetics N8T13 

description 

The SN55121 and SN75121 dual line drivers are 
designed for digital data transmission over lines 
having impedances from 50 to 500 n. They are 
also compatible with standard TTL logic and 
supply voltage levels. 

The low-impedance emitter-follower outputs of 
the SN55121 and SN75121 will drive 
terminated lines such as coaxial cable or twisted 
pairs. Having the outputs uncommitted allows 
wired-OR logic to be performed in party-line 
applications. Output short-circuit protection is 
provided by an internal clamping network that 
turns on when the output voltage drops below 
approximately 1.5 volts. All of the inputs are in 
conventional TTL configuration and the gating 
can be used during power-up and power-down 
sequences to ensure that no noise is introduced 
to the line. 

The SN55121 is characterized for operation over 
the full military temperature range of - 55°C to 
125°C. The SN75121 is characterized for 
operation from OOC to 70°C. 

A 

H 

X 

SN55121, SN75121 
DUAL LINE DRIVERS 

01334, SEPTEMBER 1973-REVISEO SEPTEMBER 1986 

SN55121 •.. J PACKAGE 
SN75121 •.. D, J, OR N PACKAGE 

(TOP VIEW) 

1A VCC 
1B 2F 
1C 2E 
10 20 
1E 2C 
1F 2B 
1Y 2A 

GNO 2Y 

SN55121 ... FK PACKAGE 

(TOP VIEW) 

U 
co .ex: u Uu.. 

Z>N 

2 1 20 19 

1C 4 18 2E 
10 5 17 20 
NC 6 16 NC 
1E 7 15 2C 
1F 8 14 2B 

9 1011 12 13 

>-Ou>-.ex: 
~ZZNN 

(.!) 

NC-No internal connection 

FUNCTION TABLE 

INPUTS OUTPUT 

B C D E F Y 

H H H X X H 
X X X H H H 

All other input combinations L 

H = high level 
L = low level 
X = irrelevant 

CoPyri9ht © 1984, Texas Instruments Incorporated 

II 
tn ... 
Q) 
:> 

'Q) 
(J 
Q) 

a:: -tn ... 
Q) 

:> 
';: 
C 
Q) 

c: 
:.:i 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of TexBs Instruments 

:~~~~:~~i~ar~~I~lJ~ ~!~~~~ti~r :I~o::~:~~t~:s~s not 
TEXAS .. 

INSTRUMENlS 
4-143 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



III 

SN55121 r SN75121 
DUAL LINE DRIVERS 

logic symbol t 

1A 
(1) & 

18 
(2) 

1C 
(3) 

10 
(4) 

1E 
(5) & 

1F 
(6) 

2A 
(10) 

28 
(11 ) 

2C 
(12) 

20 
(13) 

2E 
(14) 

2F 
(15) 

(7) 1Y 

(9) 2Y 

logic diagram (positive logic) 

1A----_--.... 

18 
1C 
10":';::':""-1.--' 

1E 

1F 

2A~~_-_ ... 
2B 
2C 
20-l..:~-I.--' 

2E 

2F 

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. 

schematic (each driver) 

VCC----~~----~----~._----~------------__ --~._----~------~~~ 

TO OTHER 
LINE DRIVER 

A ____ .......... oJ 

B----t--. 
C--+--i~ 

15 fl 

o ----+---t-i~ 
E----~-+;_~------------~ 

F-----+--t-ir+-------------~ 

~-----r--~----Y 

GNO----~~~~---------~~_4_._4--~~~~~~~------~ 

TO OTHER 
LINE DRIVER 

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

SN55121 SN75121 UNIT 

Supply voltage, VCC (see Note 1) 6 6 V 

Input voltage 6 6 V 

Output voltage 6 6 V 

D package 950 

Continuous total dissipation at (or below) FK or J package 1375 mW 

25°C free air temperature (see Note 2) J package 1025 

N package 1150 

Operating free-air temperature range -55 to 125 o to 70 °C 

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

Case temperature for 60 seconds FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

NOTES: 1. All voltage values are with respect to both ground terminals connected together. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN551 21 

chips are alloy mounted and SN75121 chips are glass mounted. In the N package, use the 9.2 mW/oC curve for these devices. 
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SN55121, SN75121 
DUAL LINE DRIVERS 

recommended operating conditions 

SN55121 SN75121 

MIN NOM NOM 
UNIT 

MAX MIN MAX 

Supply voltage. VCC 4.75 5 5.25 4.75 5 5.25 V 

High-level input voltage. VIH 2 2 V 

Low-level input voltage. VIL 0.8 0.8 V 

High-level output current. 10H -75 -75 rnA 

Operating free-air temperature. T A -55 125 0 70 °C 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIK Input clamp voltage VCC = 5 V. II = -12 mA -1.5 V 

V(BR)I Input breakdown voltage VCC = 5 V. II = 10 mA 5.5 V 

VOH High-level output voltage VIH = 2 V. 10H = -75 mA. See Note 3 2.4 V 

IOH High-level output current 
VCC = 5 V. VIH = 4.5 V. VOH = 2 V. 

-100 -250 mA 
TA = 25°C. See Note 3 

IOL Low-level output current VIL = 0.8 V. VOL = 0.4 V. See Note 3 -800 p.A 

IO(oft) Off-state output current VCC = 3 V. Vo = 3 V 500 p.A 

IIH High-level input current VI = 4.5 V 40 p.A 

IlL Low-level input current VI = 0.4 V -0.1 -1.6 mA 

lOS Short-circuit output current t VCC = 5 V. TA = 25°C -30 mA 

ICCH Supply current. outputs high VCC = 5.25 V. All inputs at 2 V. Outputs open 28 rnA 

ICCL Supply current. outputs low VCC = 5.25 V. All inputs at 0.8 V. Outputs open 60 mA 

tNot more than one output should be shorted at a time. 
NOTE 3. The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 

function table for the desired output. 

switching characteristics, Vee = 5 V, T A 

PARAMETER TEST CONDITIONS MIN 

tpLH Propagation delay time. low-to-high-Ievel output RL = 37 n. CL = 15 pF. 

tpHL Propagation delay time. high-to-Iow-Ievel output See Figure 1 

tpLH Propagation delay time. low-to-high-Ievel output RL = 37 n. CL = 1000 pF. 

tpHL Propagation delay time. high-to-Iow-Ievel output See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

3V Vce 
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1+-<: 5 ns -.I 
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TYP 

11 
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20 

PULSE 

____ L-, 
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~i--4_----t~ OUTPUT tPLH-+---eeoll I 

MAX UNIT 

20 

20 
ns 

50 

50 
ns 

OV 

I I tpH L -t------e'I 

---TJ RL ~ ~s';..NO"BI OUTPUT }5V ,.5i--
VOH 

________ J v ~VOL 
TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. SWITCHING TIMES 

NOTES: A: The pulse generators have the following characteristics: Zout == 50 n. tw = 200 ns. duty cycle s 50%. 
B. CL i~cludes probe and jig capacitance. 
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SfJ55121, SfH5121 
DUAL LI~E DRIVERS 
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TYPICAL CHARACTERISTICS 

OUTPUT CURRENT vs OUTPUT VOLTAGE 

Vcc = 5 V 
VIH = 2 V 
TA = 25°C-
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FIGURE 2 

TYPICAL APPLICATION DATA 
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• Designed for Digital Data Transmission Over 
Coaxial Cable, Strip Line, or Twisted Pair 

• Designed for Operation with 50-0 to 500-0 
Transmission Lines 

• TTL Compatible 

• Single 5-V Supply 

• Built-In Input Threshold Hysteresis 

• High Speed . . . Typical Propagation 
Delay Time o:s 20 ns 

• Independent Channel Strobes 

• Input Gating Increases Application Flexibility 

• Fanout to 10 Series 54/74 Standard Loads 

• Can be Used with Dual Line-Drivers 
SN55121 and SN75121 

• Interchangeable with Signetics N8T14 

description 

The SN55122 and SN75122 are triple line­
receivers that are designed for digital data 
transmission over lines having impedances from 
50 to 500 ohms. They are also compatible with 
standard TTL logic and supply voltage levels. 

SN55122, SN75122 
TRIPLE LINE-RECEIVERS 

01334, SEPTEMBER 1973-REVISED SEPTEMBER 1986 

SN55122 •.. J PACKAGE 

SN75122 ... D. J. OR N PACKAGE 

(TOP VIEW) 

1A VCC 
18 15 
2R 1R 
25 1Y 
2A 3A 
28 35 
2Y 3R 

GND 3Y 

SN55122 ... FK PACKAGE 

(TOPVIEWI 

2R 4 

25 5 

NC 6 

2A 7 

28 8 

U 
III <{ U U (J) 
.-.-z>.-

3 2 1 20 19 

9 1011 12 13 

>-OU>-a: 
NZZMM 

(!) 

18 

17 

16 

15 

14 

NC-No internal connection 

1R 
1Y 
NC 
3A 
35 

The SN55122 and SN75122 have receiver inputs with built-in hysteresis to provide increased noise margin 
for single-ended systems. The high impedance of this input presents a minimum load to the driver and 
allows termination of the transmission line in its characteristic impedance to minimize line reflection. An 
open line will affect the receiver input as would a low-level voltage. The receiver can withstand a level 
of - O. 15 volt with power on or off. The other inputs are in TTL configuration. The S input must be high 
to enable the receiver input. Two of the line receivers have A and B inputs that, if both are high, will hold 
the output low. The third receiver has only an A input that, if high, will hold the output low. 

The SN55122 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN75122 is characterized for operation from ooe to 70°C. 
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SN55122, SN75122 
TRIPLE LlNE·RECEIVERS 

logic symbol f 

1R 
1S 
1A 
18 

2R 

2S 

2A 

28 

3R 

3S 

3A 

logic diagram 

1R 
1S----~~-----L __ _' 

1A------------~--~ 

1B------------~ __ J 

2R 

2S----~~----~ __ ~ 

2A ~~--------_I 

2B ------------_1 
3R 

3S----~~----~ __ ~ 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12_ 

3A------------~ 

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

FUNCTION TABLE 

INPUTS OUTPUT 

A B* R S Y 

H H X X L 
X X L H L 
L X H X H 
L X X L H 
X L H X H 
X L X L H 

t B input and last two lines of the 
function table are applicable to 
receivers 1 and 2 only. 

H = high level 
L = low level 
X = irrelevant 
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schematic diagram (each receiver) 

SN55122,SN75122 
TRIPLE LINE-RECEIVERS 

VCC~~~--~~~~-'----~~--'-----------~~----------~~~~-------------' 

TO OTHER 
RECEIVERS 

4 kO 800 !l 580 

R (14.3.101 

(13.7.9) ...----y 

GND~(8~1---.~~~~--t 

TO OTHER 
RECEIVERS 

A (1.5.121 

(2.61 
§8-----

W··· VCC bus 

§B input is provided on receivers 1 and 2 only. 
Resistor values shown are nominal. 

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

Supply voltage, VCC (see Note 1) ............................................. " 6 V 
Input voltage: R input ...................................................... " 6 V 

A, 8, or S input ................................................ 5.5 V 
Output voltage ........................................................... " 6 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 100 mA 
Continuous total power dissipation at (or below) 25°C case temperature (see Note 2): 

D package .......................................................... 950 mW 
J or FK package .................... ' ..................... ". . . . . . . . . .. 1375 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range: SN55122.... . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
SN75122 ............................. OoC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 0 C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the FK and J package. 

SN55122 chips are alloy mounted and in the J package. SN75122 chips are glass mounted. For derating the N package. 
use'the 9.2-mW/oC curve and for the D package. use the 7.6-mW/oC curve. 
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SN55122, SN75122 
TRIPLE LlNE"RECEIVERS 

recommended operating conditions 

Supply voltage, Vee 

High-level input voltage, VIH I A, B, R, or S 

Low-level input voltage, VIL I A, B, R, or S 

High-level output current, IOH 

Low-level output current, IOL 

.. ISN55122 
Operating free-air temperature, TAl SN751 22 

MIN 

4.75 

2 

-55 

a 

NOM MAX UNIT 

5 5.25 V 

V 

0.8 V 

-,500 p.A 

16 rnA 

125 °e 

70 °e 

electrical characteristics over recommended operating free-air temperature, Vee == 4.75 V to 5.25 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVpt MAX UNIT 

VhYS~ Hysteresis I R Vee = 5 V, TA = 25°e 0.3 0.6 V 

VIK Input clamp voltage I A,B, or S Vee = 5 V, II = -12 rnA -1.5 V 

VI(BR) Input breakdown voltage I A,B, or S Vee = 5 V, II = 10 rnA 5.5 V 

VIH = 2 V, VIL = 0.8 V, IOH = -500 p.A 2.6 

VOH High-level output voltage 
VUA) = 0, VUB) = 0, VUS) = 2 V, 

V 
VUR) = 1.45 V (see Note 3). 2.6 

IOH = -500 p.A 

VIH = 2 V, VIL = 0.8 V, IOL = 16 rnA 0.4 

VOL Low-level output voltage 
VI(A) = 0, VI(B) = 0, VUS) = 2 V, 

V 
VI(R) = 1.45 V (see Note 4). 0.4 

IOL = 16 rnA 

IIH High-level input current 
I A,B, or S VI = 4.5 V 40 

I R VI = 3.8 V 170 
p.A 

IlL Low-level input current I A,B, or S VI = 0.4 V, ,VIR = 0.8 V -0.1 -1.6 rnA 

IOS§ Short-circuit output current Vee = 5 V, TA = 25°e -50 -100 rnA 

leeH High-level s,upply current Vee = 5.25 V, All inputs at 0.8 V, Outputs open 72 rnA 

leeL Low-level supply current Vee = 5.25 V, All inputs at 2 V, Outputs open 100 rnA 

t All typical values are at Vee ='5 V and T A = 25°e. 
~ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT _. See Figure 4. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTES: 3. The receiver input was high immediately before being reduced to 1.45 V. 

4. The receiver input was low immediately before being increased to 1.45 V. 

switching characteristics, Vee'" 5 V, TA == 25°e 

PARAMETER TEST CONDITIONS MIN TVP MAX 

tpLH Propagation delay time, low-to-high-Ievel output from R input See Figure 1 20 30 

tpHL Propagation delay time, high-to-Iow-Ievel output from R input See Figure 1 20 30 
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PULSE 
GENERATOR 
(see Note AI 

SN55122, SN75122 
TRIPLE LINE-RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

84.5 {J 

14- oS 5 ns -+t ~:S 5 ns 

I:,.. ~,..,....----:I_+_---2.6V 
90% 90% 1 

VCC 2.6 V 

1 I 
I 10% 

OV 1N3064 
I 

.1 tpLH I 
I tPHL~14"""'-~.1 1_-----__ I lo5V \L~~V:H 

___ -J. ~VOL 

)O1 ...... - .... ~1-OUTPUT 

5 k{J 

OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout '" 50 {J, tw '" 200 ns, duty cycle = 50%. 
B. CL includes probe and jig capacitance. 
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FIGURE 1. SWITCHING TIMES 

TYPICAL CHARACTERISTICS 
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vs 
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SN55122, SN75122 
TRIPLE LlNE·RECEIVERS 

I 
I 

TYPICAL APPLICATION DATA 
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FIGURE 3. SINGLE-ENDED PARTY LINE CIRCUITS 
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The high gain and built-in hysteresis of the 
SN55122 and SN75122 line receivers enable them 
to be used as Schmitt triggers in squaring pulses. 

FIGURE 4. PULSE SQUARING 
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• Meets IBM System 360 Input/Output 
Interface Specifications 

• Operates from Single 5-V Supply 

• TTL Compatible 

• 3.11 V Output at IOH = - 59.3 mA 

• Uncommitted Emitter-Follower Output 
Structure for Party-Line Operation 

• Short-Circuit Protection 

• AND-OR Logic Configuration 

• Designed for Use with Triple Line Receiver 
SN75124 

• Designed to be Interchangeable with 
Signetics N8T23 

description 

The SN75123 dual line driver is specifically 
designed to meet the input/output interface 
specifications for IBM System 360. It is also 
compatible with standard TTL logic and supply 
voltage levels. 

The low-impedance emitter-follower outputs of 
the SN75123 will drive terminated lines such as 
coaxial cable or twisted pair. Having the outputs 
uncommitted allows wired-OR logic to be 
performed in party-line applications. Output 
short-circuit protection is provided by an internal 
clamping network that turns on when the output 
voltage drops below approximately 1.5 volts. All 
the inputs are in conventional TTL configuration 
and the gating can be used during power-up and 
power-down sequences to ensure that no noise 
is introduced to the line. 

The SN75123 is characterized for operation from 
ooe to 70 oe. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

SN75123 
DUAL LINE DRIVER 

01322, SEPTEMBER 1973-REVISED SEPTEMBER 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

1A VCC 
18 2F 
1C 2E 
10 20 
1E 2C 
1F 28 
1Y 2A 

GNO 2Y 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C 0 E F Y 

H H H H X X H 

X X X X H H H 

All other input 
L 

combinations 

H = high level 
L = low level 
X = irrelevant 

logic symbol t 

& ~H> 
1A 

(1 ) 

1B 
(2) 

1C (7) 1Y 

10 

1E & 

1F 
(6) 

2A 
(10) 

2B 
(11 ) 

2C 
(12) 

20 
(13) 

(9) 2Y 

2E 
(14) 

2F 
(15) 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617·12. 

logic diagram, each driver (positive logic) 

A_--,,--_ 
B 
C 
o 

E 

Y 

Copyright © 1986. Texas Instruments Incorporated 
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sr~75123 
DUAL LINE DRIVER 

schematic (each driver) 

VCC~(~1~6)~~ ____ -.~ __________________________ ~ ____ ~ ______________ ~~~ 

TO OTHER 
LINE DRIVER 

A (1,10) 

B (2,11) 

C (3,12) 

o (4,13) 

E (5,14) 

F (6,15) 

4 kO 4 kO 3600 

GND(~8~)~~~~~-----------------4~-4~~~~.-e-~~.-e--e~------~ 
TO OTHER 
LINE DRIVER 

Resistor values shown are nominal. 

150 

(7,9) y 

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 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package ......................................................... 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. 1025 mW 
N package .................. ' ....... ' ......................... " . . . .. 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range .......................... ,.............. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package. . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. For operation above 25°e free-air temperature, derate the 0 package to 608 mW at 70 0 e at the rate of 7.6 mw/oe, the 

J package to 656 mW at 70 0 e at the rate of 8.2 mw/oe, and the N package to 736 mW at 70 0 e at the rate of 9.2 mw/oe. 
In the J package, SN75123 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

High-level output current, IOH -100 mA 

Operating free-air tempeature, T A 0 70 °e 
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SN75123 
DUAL LINE DRIVER 

electrical characteristics, Vee 4.75 V to 5.25 V, TA o °e to 70 0 e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIK Input clamp voltage VCC = 5 V, II = -12 mA -1.5 V 

V(BR)I Input breakdown voltage VCC = 5 V, II = 10 mA 5.5 V 

VCC = 5 V, VIH = 2 V, ITA = 25°C 3.11 
VOH High-level output voltage 

ITA =ooC to 70°C 
V 

10H = - 59.3 mA, See Note 3, 2.9 

10H High-level output current 
VCC = 5 V, VIH = 4.5 V, 

TA = 25°C, See Note 3 

VOH = 2 V, 
-100 -250 mA 

VOL Low-level output voltage VIL = 0.8 V, 10L = - 240 p.A, See Note 3 0.15 V 

1010ft) Off-state output current VCC = 0, Vo = 3 V 40 p.A 

IIH High-level input current VI = 4.5 V 40 p.A 

IlL Low-Ievelinput current VI = 0.4 V -0.1 -1.6 mA 

lOS Short-circuit output current t VCC = 5 V, TA = 25°C -30 mA 

ICCH Supply current, outputs high 
VCC = 5.25 V, 

Outputs open 

All inputs at 2 V, 
28 mA 

ICCL Supply current, outputs low 
VCC = 5.25 V, 

Outputs open 

All inputs at 0.8 V, 
60 mA 

tNot more than one output should be shorted at a time. 
NOTE 3: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 

function table for the desired output. 

switching characteristics, Vee = 5 V, TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Propagation delay time, low-to-high-Ievel output RL = 50 n, CL = 15 pF, 12 20 

Propagation delay time, high-to-Iow-Ievel output See Figure 1 12 20 
ns 

tpHL 

tpLH Propagation delay time, low-to-high-Ievel output RL = 50 n, CL = 100 pF, 20 35 

Propagation delay time, high-to-Iow-Ievel output See Figure 1 15 25 
ns 

tpHL 

PARAMETER MEASUREMENT INFORMATION 

~:55 ns --.j 

INPUT 

10% 
~----OV 

~~~--..... - OUTPUT tpLH .. 

"::' 

I 
RL - CL 
50 n (See Note B) II 

OUTPUT ____ 

J 

. 1.5 V 

"::' 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout '" 50 n; tw = 200 ns, duty cycle = 50%. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SN75123 SWITCHING TIMES 
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SfH5123 
DUAL LINE DRIVER 
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TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 
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FIGURE 3. UNBALANCED LINE COMMUNICATION USING '123 AND '124 
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• Meets IBM System 360 Input/Output 
Interface Specifications 

• Operates from Single 5-V Supply 

• TTL Compatible 

• Built-In Input Threshold Hysteresis 

• High Speed ... Typical Propagation Delay 
Time - 20 ns 

• Independent Channel Strobes 

• Input Gating Increases Application Flexibility 

• Designed for Use with Dual Line Driver 
SN75123 

• Designed to be Interchangeable with 
Signetics N8T24 

description 

The SN75124 triple line receiver is specifically 
designed to meet the input/output interface 
specifications for IBM System 360. It is also 
compatible with standard TTL logic and supply 
voltage levels. 

The SN75124 has receiver inputs with built-in 
hysteresis to provide increased noise margin for 
single-ended systems. An open line will affect 
the receiver input as would a low-level input 
voltage and the receiver input can withstand a 
level of -0.15 volt with power on or off. The 
other inputs are in TTL configuration. The S input 
must be high to enable the receiver input. Two 
of the line receivers have A and B inputs that, 
if both are high, will hold the output low. The 
third receiver has only an A input that, if high, 
will hold the output low. 

SN75124 
TRIPLE LINE RECEIVER 

01322, SEPTEMBER 1973-REVISED SEPTEMBER 19B6 

D, J. OR N PACKAGE 

(TOP VIEW) 

logic symbol t 

1R 

1S 

1A 

1B 

2R 

2S 

2A 

2B 

3R 

3S 
3A 

1A 
18 
2R 
2S 
2A 
28 
2Y 

GND 

Vee 
lS 
1R 
1Y 
3A 
3S 
3R 
3Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

1R 

18 --'-----L_~ 

1A -'--'-----r--~ 

The SN7 5124 is characterized for operation from 1 B ~;":"------i __ "/ 

ooe to 70 o e. 

FUNCTION TABLE 

INPUTS OUTPUT 
A B* R S Y 
H H X X L 
X X L H L 
L X H X H 
L X X L H 
X L H X H 
X L X L H 

*8 input and last two lines of the 
function table are applicable to 
receivers 1 and 2 only: 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

2R 

2S ------L._~ 

2A -----~--~ 

2B ------L._-" 

3R 

3S ------L._~ 

3A ------f 

Copyright © 1981, Texas Instruments Incorporated 
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S~J75124 
TRIPLE LINE RECEIVER 

schematic (each receiver) 

(161 
VCC ---e--~e---~--~-----e---.----------~~----------~--e--------------, 

TO OTHER 
RECEIVERS 

R (14. 3. 101 

4 kn 

S (15. 4. 111 

800 n 58 n 

(13.7.91 
e-------y 

... (81 <' GND -----e ... --~--..... 
CD ... 
~ TO OTHER 

A (1.5. 1Z1 

(2.6I t 
B ------

::Kl RECEIVERS 
CD 
n 
CD 

<' ~ W··· VCC bus 

en tB input is provided on receivers 1 and 2 only. 
Resistor values shown are nominal. 

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

Supply voltage, V CC (see Note. 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: R input with VCC applied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

R input with VCC not applied ....................................... 6 V 
A, S, or S input ............................................... 5.5 V 

Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output current ......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 m.W 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

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

4-158 

2. For operation above 25°C free-air temperature. refer to the Dissipation Derating Curves in Appendix A. In the J package. 
SN75124 chips are glass mounted. For these devices in the N package. use the 9.2-mW/oC curve. 
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recommended operating conditions 

5uppl\' voltage, Vee 

A, B, or 5 
High-level input voltage, VIH 

R 

A, B, or 5 
Low-level input voltage, VIL 

R 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A 

SN75124 
TRIPLE LINE RECEIVER 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

2 
V 

1.7 

0.8 

0.7 
V 

-800 p,A 

16 rnA 

0 70 °e 

electrical characteristics, Vee 4.75 V to 5.25 V, TA = ooe to 70 0 e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Vhys Hysteresis (VT + - VT - ) R Vee = 5 V, TA = 25°e 0.2 0.4 V 

VIK Input clamp voltage A,B, or 5 Vee = 5 V, II = -12 rnA -1.5 V 

V(BRlI 
Input breakdown 

A,B, or 5 Vee = 5 V, II = 10mA 5.5 V 
voltage 

VOH High-level output voltage 
VIH = VIH min, VIL = VIL max, IOH = -800 jIA, 

2.6 V 
5ee Note 3 

VOL Low-level output voltage 
VIH = VIH min, 

5ee Note 3 

VIL = VIL max, IOL = 16 rnA, 
0.4 V 

II 
Input current at 

R 
VI = 7 V 5 

rnA 
maximum input voltage VI = 6 V, Vee = 0 5 

IIH High-level input current 
A,B, or 5 VI = 4.5 V 40 

R VI = 3.11 V 170 IlA 

IlL Low-level input current A,B, or 5 VI = 0.4 V -0.1 -1.6 rnA 

105 Short-circuit output current t Vee = 5 V, TA = 25°e -50 -100 rnA 

lee Supply current Vee = 5.25 V 72 rnA 

tTypical value is at Vee = 5 V, TA = 25°e. 
t Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 3: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 

function table for the desired output. 

switching characteristics, Vee "" 5 V, T A 

PARAMETER 

tPLH Propagation delay time, low-to-high-Ievel output from R input 

tpHL Propagation delay time, high-to-Iow-Ievel output from R input 

TEST CONDITIONS 

See Figure 1 

MIN TYP MAX 

20 30 

20 30 
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SfH5124 
TRIPLE LINE RECEIVER 

PARAMETER MEASUREMENT INFORMATION 

VCC 2.6 V 

84.5 n 

~s 5 ns -+t t+-s 5 ns 

I~~ __ --:=~L+ --- -_ 2.6 V 
90% I 

1N3064 

I 1.5V I 
I : 10% 
I I 
~tPLH I 

I tPHL~ 
I 

OUTPUT y.5V \L~~~ VOH 

. LVOL 

OV 

JOt .... -4I~ ___ - OUTPUT 

5 kfl 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout '" 50 n, PRR s 5 MHz, duty cycle = 50%. 
B. CL includes probe and jig capacitance. 

> 
I 

II) 
Cl 
!!l 
'0 
> ... 

::::I 

So 
::::I 
0 
I 
0 
> 

FIGURE 1. SN75124 SWITCHING TIMES 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

RECEIVER INPUT VOLTAGE 

V~C .:. 5 IV 
rNo load 

TA ... 25°C 

VT- ~ VT+ 

o 0.20.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

VI-Input Voltage-V 

FIGURE 2 
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SN75124 
TRIPLE LINE RECEIVER 

TYPICAL APPLICATION DATA 

r------, 
A ---.-'-~-_ 
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E --y-----r-...... I 
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FIGURE 3. UNBALANCED LINE COMMUN'ICATION USING SN75123 AND SN75124 • en .. 
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• Meets IBM 360/370 I/O Specification 

• Input Resistance .•. 7 kG to 20 kG 

• Output Compatible with TTL 

• Schottky-Clamped Transistors 

• Operates from Single 5-V Supply 

• High Speed . . • Low Propagation Delay 

• Ratio Specification for Propagation Delay 
Time, Low-to-High/High-to-Low 

• Seven Channels in One 16-Pin Package 

• Standard VCC and Ground Positioning on 
SN75127 

description 

The SN75125 and SN75127 are monolithic 
seven-channel line receivers designed to satisfy 
the requirements of the IBM System 360/370 
input/output interface specifications. Special 
low-power design and Schottky-clamped 
transistors allow for low supply-current 
requirements while maintaining fast switching 
speeds and high-current TTL outputs. 

The SN75125 and SN75127 are characterized 
for operation from ooe to 70 oe. 

logic symbols t 

SN75125 

1A 1Y 
2A 2Y 
3A 3Y 

4A 4Y 
5A 5Y 
6A 6Y 

7A 7Y 

SN75125. SN75127 
SEVEN-CHANNEL LINE RECEIVERS 

02239. JANUARY 1977-REVISEO SEPTEMBER 1986 

SN75125 ... D. J. OR N PACKAGE 
(TOP VIEW) 

1A 1Y 
2A Vee 
3A 3Y 
4A 4Y 
5A 5Y 
6A 6Y 
7A 7Y 

GND 2Y 

SN75127 ... D. J. OR N PACKAGE 
(TOP VIEW) 

1A Vee 
2A 1Y 
3A 2Y 
4A 3Y 
5A 4Y 
6A 5Y 
7A 6Y 

GND 7Y 

SN75127 

1A 
2A 
3A 

4A 
5A 
6A 
7A 

1Y 
2Y 
3Y 
4Y 
5Y 
6Y 
7Y 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publicaiton 617-12. 

Copyright © 1986. Texas Instruments Incorporated 
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SN75125. SN75127 
SEVEN-CHANNEL LINE RECEIVERS 

schematic (each receiver) 

vcc 

A ____ ,-JVV\.....-! 

INPUT 

150 {} 
NOM 

COMMON CIRCUITRY 

r -- - -- - - I TO OTHER 

CHANNELS 

12 k{} 
r- NOM 
S" 

Y 
OUTPUT 

CD 

C .. 
<" 
CD .. 
CII -::u 
CD 
(') 
CD 

<" 
CD .. 
CII 

GND~--t----~~--~~~---------~----~,-----+~~~ ____ ~ ____ +-~_~ 

L------------.----'~~--------_l__+-..... TO OTHER 
CHANNELS 

~---------------------------~L-----------~~+--+ 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage range: SN75125 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.15 V to 7 V 

SN75127 .......................................... -2Vt07V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
J package .. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 or N package ........ 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free·air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 

SN75125 and SN75127 chips are glass mounted. For these devices in the N package, use the 9.2·mW/oC curve. 
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SN75125, SN75127 
SEVEN·CHANNEL LINE RECEIVERS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.5 V 

High-level input voltage, VIH 1.7 V 

Low-level input voltage, VIL 0.7 V 

High-level output current, IOH -0.4 V 

Low-level output current, IOL 16 mA 

Operating free-air temperature, T A 0 70 °e 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage Vee = 4.5 V, VIL = 0.7 V, 10H = -0.4 mA 2.4 3.1 V 

VOL Low-level output voltage Vee = 4.5 V, VIH = 1.7 V, 10L = 16 mA 0.4 0.5 V 

IIH High-level input current Vee = 5.5 V, VI = 3.11 V 0.3 0.42 mA 

IlL Low-level input current Vee = 5.5 V, VI = 0.15 V 30 /LA 

lOS Short-circuit output current:l: Vee = 5.5 V, Vo = 0 -18 -60 mA 

Input resistance 
Vee = 4.5 V, 0 V, or open, 

7 20 kG q 
~VI = 0.15 V to 4.15 V 

Vee = 5.5 V, IOH = -0.4 mA, 
15 25 mA 

lee Supply current 
All inputs at 0.7 V 

Vee = 5.5 V, IOL = 16 mA, 
28 47 mA 

All inputs at 4 V 

t All typical values are at Vee = 5 V, T A = 25°e. 
:I: Not more than one output should be shorted at a time. 

switching characteristics, Vee 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 7 14 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 18 30 ns 

tpLH 
Ratio of propagation delay times 

RL = 400 G, eL = 50 pF, 
0.5 0.8 1.3 

tpHL See Figure 1 

tTLH Transition time, low-to-high-Ievel output 1 7 12 ns 

tTHL Transition time, high-to-Iow-Ievel output 1 3 12 ns 
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SfH5125, SfH5127 
SEVEN·CHANNEL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCC 

1 ~ 100 ns 
-+j I '---10 ns 

1 I I 

INPUT 1-1190% 
I 0.7 V 

10% I 
--.;..;..;. ..... 1 

OUTPUT 

I 

~~P;L~i 
I :.5V 
I ._ O.B V 

I I 
-.j ~tTHL 

TEST CIRCUIT 

10ns~~11.­
III 

90%iJ"' ------- 3V 

1.7 V I 
I 10% 
I OV 

I 

!4"tPLHli -2-V----- VOH 

1.2 V I 
O.B V I 

-----VOL 

-1 !.- tTLH 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout "" 50 fl, PRR ~ 5 MHz. 
B. CL includes probe-and jig capacitance. 
C. All diodes are 1 N3064 or equivalent. 

FIGURE 1 
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SN75125, SN75127 
SEVEN·CHANNEL LINE RECEIVERS 

TYPICAL CHARACTERISTICS 

VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 
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SfJ75125. SfJ75127 
SEVEN·CHANNEL LINE RECEIVERS 

TYPICAL CHARACTERISTICS 
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• Meets IBM 360/370 I/O Specification 

• Input Resistance . . . 7 kO to 20 kO 

• Output Compatible with TTL 

• Schottky-Clamped Transistors 

• Opera,tes from a Single 5-Volt Supply 

• High Speed . . . Low Propagation Delay 

• Ratio Specification . . . tPLHltTHL 

• Common Strobe for Each Group of Four 
Receivers 

• SN75128 
SN75129 

description 

Active-High Strobes 
Active-Low Strobes 

SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 

02305. JANUARY 1977 - REVISED SEPTEMBER 1986 

OW. J. OR N PACKAGE 

(TOP VIEW) 

1S/15* Vee 
1A '1Y 
2A 2Y 
3A 3Y 
4A 4Y 
5A 5Y 
6A 6Y 
7A 7Y 
8A 8Y 

GND 2S/25* 

*5 and S for SN75128 and SN75129. respectively 

The SN7 5128 and SN75129 are eight-channel line receivers designed to satisfy the requirements of the 
input-output interface specification for IBM 360/370. Both devices feature common strobes foreach group 
of four devices. The SN75128 has active-high strobes; the SN75129 has active-low strobes. Special low­
power design and Schottky-diode-clamped transistors allow low supply-current requirements while 
maintaining fast switching speeds and high-current TTL outputs. 

The SN75128 and SN75129 are characterized for operation from ooe to 70°C. 

logic symbols t 

SN7512S SN75129 

1S 

2S 25 

1A 1Y 1A 1Y 
2A 2Y 2A 2Y 

3A 3Y 3A 3Y 
4A 4Y 4A 4Y 

5A 5Y 5A 5Y 

6A 6Y 6A 6Y 
7A 7Y 7A 7Y 
SA SY SA SY 

tThese symbols are in accordance wit~ ANSI/IEEE Std 91-1984 and lEe Pu'blication 617-12. 
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SfH5128, SfH5129 
EIGHT-CHANNEL LINE RECEIVERS 

logic diagrams (positive logic) 

SN75128 

schematic (each driver) 

SN75129 

~----.-----------~~----~~~~~VCC 

INPUT~~ ______ ~~ ____________________ +-~ 

A r·--- ._._._._.- ._._._._, 

12 kO 
NOM 

INPUT __ .................. 
S 

TO THREE \ ... ---~V~---..,., 
OTHER TO SEVEN 

CHANNELS OTHER CHANNELS 
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SN75128, SN75129 
EIGHT·CHANNEL LINE RECEIVERS 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
A input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.15 V to 7 V 
Strobe input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

OW package ............................. ' ........................... 1125 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: OW or N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 De free-air temperature. refer to the Dissipation Derating eurves in Appendix A. In the J package. 

SN75128 amd SN75129 chips are glass mounted. For these d~vices in the N package. use the 9.2-mW/DC curve. 

recommended operating conditions 

MIN !\10M MAX UNIT 

Supply voltage. Vee 4.5 5 5.5 V 

High-level input voltage. VIH 
A 1.7 

S 2 
V 

Low-level input voltage. VIL 
A 0.7 

S 0.7 
V 

High-level output ·current. 10H -0.4 rnA 

Low-level output current. IOL 16 rnA 

Operating free-air temperature. T A 0 70 De 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage Vee = 4.5 V. VIL = 0.7 V. 10H = -0.4 rnA 2.4 3.1 V 

VOL Low-level output voltage Vee = 4.5 V. VIH = 1.7V. 10L = 16 rnA 0.4 0.5 V 

VIK Input clamp voltage S Vee = 4.5 V. II = -18 rnA -1.5 V 

IIH High-level input current 
A Vee - 5.5 V. VI = 3.11 V 0.3 0.42 rnA 

S Vee = 5.5 V. VI = 2.7 V 20 /LA 

IlL 
A Vee = 5.5 V. VI = 0.15 V 30 /LA 

.Low-Ievel input current 
S Vee = 5.5 V. VI = 0.4 V -0.4 rnA 

lOS Short-circuit output current; Vee = 5.5 V. Vo = 0 -18 -60 rnA 

fj Input resistance Vee = 4.5 V. 0 V. or open; .:lVI = 0.15 V to 4.15 V 7 20 kO 

SN75128 Vee = 5.5 V. Strobe at 2.4 V. All A inputs at 0.7 V 19 31 

lee Supply current 
SN75129 Vee = 5.5 V. Strobe at 0.4 V. All A inputs at 0.7 V 19 31 

SN75128 Vee = 5.5 V. Strobe at 2.4 V. All A inputs at 4 V 32 53 
rnA 

SN75129 Vee = 5.5 V. Strobe at 0.4 V. All A inputs at 4 V 32 53 

t All typical values are at Vee = 5 V. T A = 25 De. 
; Not more than one output should be shorted at a time. 
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S~J75128r S~J75129 
EIGHT·CHANNEL LINE RECEIVERS 

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

PARAMETER FROM TEST CONDITIONS 

tpLH Propagation delay time. low-to-high-Ievel output 
A 

tpHL Propagation delay time. high-to-Iow-Ievel output 

tpLH Propagation delay time. low-to-high-Ievel output 
S RL = 400 fl. 

tpHL Propagation delay time. high-to-Iow-Ievel output· 

tpLH 
CL = 50 pF. 

Ratio of propagation delay times A See Figure 1 
tpHL 

tTLH Transition time. low-to-high-Ievel output 

tTHL Transition time. high-to-Iow-Ievel output 

MIN 

7 

10 

0.5 

1 

1 

SN75128 SN75129 
UNIT 

TYP MAX MIN TYP MAX 

14 25 7 14 25 ns 

18 30 10 18 30 ns 

26 40 20 35 ns 

22 35 16 30 ns 

0.8 1.3 0.5 0.8 1.3 

7 12 1 7 12 ns 

3 12 1 3 12 ns 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT Vcc 

INPUT 
(See Notes Vref1 

A. D. and EI 

,,._----------__ - - - - - - 3 V 

I 
I 

100ns ~ 

I 
I 

I 1+-10 ns 10 nS-+i 

90% 

~-------OV 

~ FROMOUTPUT~.-__ ~-t~~-i~~~ __ IM--' 
en UNDER TEST 

~tpHL 
--2-V"'\I I 

I 
2 V VOH 

I -:xJ 
CD 
(') 
CD 
<' 
CD ... 
en 

OUTPUT 

LOAD CIRCUIT 

I 
I 
I 
I 

I 

I 0.8 V 

Le--.l--tTHL 

I 
I 
I 

0.8 V I 
-i---VOL 

tTLH .............. 

VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by a generator having the following characteristics: Zo = 50 fl. PRR ::; 5 MHz. 

4-172 

B. Includes probe and jig capacitance. 
C. All diodes are 1 N3064 or equivalent. 
D. The strobe inputs of SN75129 are in-phase with the output. 
E. Vref1 = 0.7 V and Vref2 = 1.7 V for testing data (AI inputs. Vref1 = Vref2 1.3 V for strobe inputs. 
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SN75128, SN75129 
EIGHT·CHANNEL LINE RECEIVERS 

TYPICAL CHARACTERISTICS 

VOLTAGE TRANSFER CHARACTERISTICS 
5 I I I 

[ !"- TA - 70 oe-

4 

3 

TA - 25°e -

2 I I 

TA - ooe--
I l 

f- Vee - 5 V 

o 
N~ Lo~d 

I 

o 

0.4 

0.3 

0.2 

0.1 

o 

I I 

VI-Input Voltage-V 

FIGURE 2 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

I 
Vee - 5 V 

t- No Load / 
TA - 25°e / r-

/ 
/ 

/ 

/ 
V 

/ 
/ 

/ 
/ 

o 2 3 

VI-Input Voltage-V 

FIGURE 4 

2 
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/ 

4 5 

5 

4 
> 
I 

CD 
Cl .s 3 
"0 
> ... 
::I 

~ 
2 ::I 

0 
I 
0 
> 
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0.6 

> 0.5 I 
CD 
Cl .s 

"0 0.4 > ... 
::I 

~ 
::I 0.3 0 

"ai 
> 
CD .... 0.2 ~ 
0 .... 
I .... 0.1 0 

> 

o 

VOLTAGE TRANSFER CHARACTERISTICS 
FROM A INPUTS 

Vee - 5.5 V 

Vee - 5 V 

Vec - 4.5 V 

No Load 
-TA - 25°e 

I I I 

o 2 

VI-Input Voltage-V 

FIGURE 3 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

1 
Vce - 5 V 

t- VI - 5 V 
TA - 25°C 

~ 

~ 
~ 

/ 
~ 

/ 

o 5 10 15 20 

la-Output Current-rnA 

FIGURE 5 
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• P-N-P Inputs for Minimal Input Loading 
(200 p.A Maximum) 

• High-Speed Schottky Circuitry 

• 3-State Outputs for Driver and Receiver 

• Party-Line (Data-Bus) Operation 

• Single 5-V Supply 

• Driver has 40-mA Current Sink Capability 

• Designed to be Functionally Interchangeable 
with Signetics N8T26, also Called 8T26 

description 

The SN75136 is a quadruple transceiver utilizing 
Schottky-diode-clamped transistors. Both the 
driver and receiver have three-state outputs. 
With p-n-p inputs, the input loading is 
reduced to a maximum input current of 
200 microamperes. 

The SN75136 is characterized for operation from 
ooe to 70°C. 

FUNCTION TABLE (DRIVER) 

INPUT OUTPUT 

D DE B 

L H H 

H H L 

X L Z 

FUNCTION TABLE (RECEIVER) 

INPUT 

B RE 

L L 

H L 

X H 

H = high level 
L = low level 
X = irrelevant 

OUTPUT 

R 

H 

L 

Z 

Z = high impedance 

PRODUCTION DATA documents contain 
information current as of publication date. 

SN75136 
QUADRUPLE BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 
02291. JANUARY 1977-REVISED SEPTEMBER 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

RE Vee 
1R DE 

1B 4R 
1D 4B 
2R 4D 
2B 3R 
2D 3B 

G N D '-1,.;;;_--:;'''- 3D 

logic symbol t 

DE 

RE 

10 

1R 

20 

2R 

3D 

3R 

4D 

4R 

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

logic diagram (positive logic) 

DE 

(2) 
10 -'-'----+_-1 1R 

(3) 
18 

(5) 
2R 

(6) 
28 

3R 
10) 

38 
3D ----+--1 

4R 
13) 

4B 

Copyright © 1986. Texas Instruments Incorporated 
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SfJ75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT QF EACH INPUT 

VCC ----4-----
5 kn NOM 

INPUT 

TYPICAL OF ALL OUTPUTS 

VCC 

OUTPUT 

Drivers: 
Receivers: 

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 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ................ :........................................ 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package .......... : ........................................... " 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package. . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°e free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the N package, use 

the 9.2-mW/oe curve for these devices. In the J package, SN75136 chips are glass mounted, and use the 8.25 mW/oC curve. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vce 4.75 5 5.25 V 

High-level input voltage, VIH B, D, DE. RE 2 V 

Low-level input voltage, VIL B. D, DE, RE 0_85 V 

High-level output current, IOH 
Driver, B --:10 

rnA 
Receiver, R -2 

Driver, B 40 
Low-level output current. IOL rnA 

Receiver. R 16 

Operating free-air temperature. T A a 70 °e 
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SN75136 
QUADRUPLE BUS TRANSCEIVER 

WITH 3·STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature and supply voltage range 
(unless otherwise noted) " 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage B,D,DE,RE 11= -5 mA -1 V 

B VIH = 2 V, VIL = 0.85 V, 10H = -10 mA 2.6 3.1 
VOH High-level output voltage V 

R VIL = 0.85 V, 10H = -2 mA 2.6 3.1 

B VIH = 2 V, 10L = 40 mA 0.5 
VOL Low-level output voltage V 

R VIH = 2 V, VIL = 0.85 V, 10L = 16 mA 0.5 

10Z 
Off-state Ihigh-impedance B,R DE at 0.85 V, RE at 2 V, Vo = 2.6 V 100 

p.A 
state) output current R RE at 2 V, Vo = 0.5 V -100 

IIH High-level input current D,DE,RE VI = 5.25 V 25 p.A 

IlL Low-level input current B,D,DE,RE VI = 0.4 V - 200 p.A 

Short-circuit output current t B -50 -150 
lOS Vee = 5.25 V. mA 

R -30 -75 

ICC Supply current Vee = 5.25 V, No load 87 mA 

switching characteristics, Vee 5 V, TA 

PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 
R 

8 18 
B eL = 30 pF, See Figure 1 ns 

tPHL Propagation delay time, high-to-Iow-Ievel output 7 14 

tpLH Propagation delay time, low-to-high-Ievel output 11 20 
D B CL = 300 pF,See Figure 2 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 16 24 

tpLZ Output disable time from low level 
RE 16 24 

R CL = 30 pF, See Figure 3 ns 
tpZL Output enable time to low level 15 30 

tpLZ Output disable time from low level 9 24 
DE B CL = 300 pF,See Figure 4 ns 

tpZL Output enable time to low level 31 38 

t All typical values are at T A = 25°C and Vee = 5 V. 
tOnly one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 
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S~J75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3"STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

VCC 2.6V 

B 

DE 

RE 

CIRCUIT 
UNDER 

TEST 
(see Note BI 

GND 

R 

o (aliI 

TEST 
POINT 

OPEN 

TEST CIRCUIT 

(see Note 01 

CL" 30 pF 1.3kn 
(see Note CI 

-., ~ <5ns ~ ~.:~n~ __ 2.6V 

INPUTJ
I

90% 90%~ 
I 1.5 V 1.5 V I 

10% ! : 10% 0 V 

I4---*tPHL tpLH~ -----,. : . V- VOH 

OUTPUT ~,",1._5_V ________ 1_.5-,V~ 
- -- VOL 

VOLTAGE WAVEFORMS 

92n 

FIGURE 1. PROPAGATION DELAY TIMES FROM BUS TO RECEIVER OUTPUT 

2.6 V VCC 2.6 V 

TEST 30n 
POINT 

CIRCUIT (see Note 01 
DE 

UNDER 
B 

RE TEST 
(See Note BI R (alii 

0 
OPEN 

':' 

TEST CIRCUIT 

260n 

':' 

CL" 300 pF 
(see Note CI 

~ If-- <5 ns --.. 14- <5 ns 

~
: 90% 90%~r--- -2.6V 

INPUT I 1.5 V 1.5 V 
10% I I 10% OV 

~tPHL tPLH..;.--....I 

I • V-- VOH 

OUTPUT ",.5 V 1.5 VT 

~.------------~ VOL 
VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES FROM DRIVER INPUT TO BuS 

NOTES: A. The pulse generator in Figures 1 and 2 has the following characteristics: PRR :5 10 MHz, duty cycle = 50%, Zout '" 50 n. 
B. All inputs and outputs not shown are open. 
C. CL includes probe and jig capacitance. 
D. All diodes are 1 N916 or 1 N3064. 
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SN16136 
QUADRUPLE BUS TRANSCEIVER 

WITH 3"STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 
2.6 V 

RE 

D (alii 

DE 

VCC 

TEST 
POINT 

CIRCUIT 
UNDER R 

TEST 
(see Note 61 

GND 5kn 
(Probel 

TEST CIRCUIT 

5V 

2.4kn 

CL" 30 pF 
(see Nota CI 

2.6V 

INPUT 

I 
14- tPL .... Z _____ .... 

OeT~UT ! ~ 
____ "".1,0% . 

VOLTAGE WAVEFORMS 

FIGURE 3. RECEIVER ENABLE AND DISABLE TIMES 

TEST CIRCUIT 

INPUT 
I I 10",{, 
I I~--------

OUTPUT 

..... ____ ~_~ tpZL ~tPLZ 

\L'5V i r 
' ..... ______ 1_0_%~r 

VOLTAGE WAVEFORMS 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

240n 

(saa Nota DI 

(see Note DI 

NOTES: A. The pulse generator in Figures 3 and 4 has the following characteristics: PRR :s; 5 MHz. duty cycle = 50%. Zout ::: 50 O. 
B. All inputs and outputs not shown are open. 
C. CL includes probe and jig capacitance. 
D. All diodes are 1N916 or 1N3064. 
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• Single 5-V Supply 

• High-Input-Impedance, High-Threshold 
Receivers 

• Common Driver Strobe 

• TTL-Compatible Driver and Strobe Inputs 
with Clamp Diodes 

• High-Speed Operation 

• 1 aO-mA Open-Collector Driver Outputs 

• Four . Independent Channels 

• TTL-Compatible Receiver Output 

description. 

The SN55138 and SN75138 quad bus 
transceivers are designed for two-way data 
communication over single-ended transmission 
lines. Each of the four identical channels consists 
of a driver with TTL inputs and a receiver with 
a TTL output. The driver output is of the open­
collector type, and is designed to handle loads 
of up to 100 milliamperes (50 ohms to 5 volts). 
The receiver input is internally connected to the 
driver output, and has a high impedance to 
minimize loading of the transmission line. 
Because of the high driver-output current and the 
high receiver-input impedance, a very large 
number (typically hundreds) of transceivers may 
be connected to a single data bus. 

The receiver design also features a threshold of 
2.3 volts (typical), providing a wider noise 
margin than would be possible with a receiver 
having the usual TTL threshold. A strobe turns 
off all drivers (high impedance) but does not 
affect receiver operation. These circuits are 
designed for operation from a single five-volt 
supply and include a provision to minimize 
loading of the data bus when the power-supply 
voltage is zero. 

The SN55138 is characterized for operation over 
the full military temperature range of - 55 °C to 
125°C; the SN75138 is characterized for 
operation from OOC to 70 oC. 

SN55138. SN75138 
QUADRUPLE BUS TRANSCEIVERS 

01663. SEPTEMBER 1973-REVISEO SEPTEMBER 1986 

SN55138 ... J PACKAGE 
SN75138 ... D. J. OR N PACKAGE 

(TOP VIEW) 

GNO VCC 
1B 4B 
1R 4R 
10 40 
20 S 
2R 3D 
2B 3R 

GNO 3B 

SN55138 ... FK PACKAGE 

(TOP VIEW) 

5 

6 

7 

8 

o U 
m2UUm 
~(!)2>"", 

3 2 1 20 19 

9 10 11 1213 

mouma:: 
(',I22 MM 

(!) 

18 

17 

16 

15 

14 

NC-No internal connection 

4R 
40 
NC 

S 
3D 

FUNCTION TA8LE 

(TRANSMITTING) 

FUNCTION TABLE 

(RECEIVING) 

INPUTS OUTPUTS INPUTS OUTPUT 

S D B R S B 0 R 

L H L H H H X L 

L L H L H L X H 

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

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, and N packages. 

Copyright © 1986, Texas Instruments Incorporated 
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SN55138. SN75138 
QUADRUPLE BUS TRANSCEIVERS 

logic diagram (positive logic) 

(121 
S---oO 

(41 
10------~-~~ 

1R (31 

(51 
20 ------+--L.....-.J 
2R (61 

(111 
3D ------+--L.....-.J 

(101 
3R------~----~ 

(131 
40 --------L......-' 

(141 
4R-----------C 

Pin numbers showns are for 0, J, and N packages. 

schematics of inputs and outputs 

EQUIVALENT OF EACH 
STROBE AND DRIVER INPUT 

VCC--'---

INPUT 

EQUIVALENT OF 
EACH RECEIVER INPUT 

vcc=r.:: 
INPUT 1~ 

(21 1B 

(71 2B 

(91 3B 

(151 4B 

TYPICAL OF ALL 
DRIVER OUTPUTS 

--q-0UTPUT 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 

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

SN55138 SN75138 UNIT 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage 5.5 5.5 V 

Driver off-state output voltage 7 7 V 

Low-level output current into the driver output 150 150 mA 

D package 950 

Continuous total dissipation at (or below) FK or J package 1375 
mW 

25°C free-air temperature (see Note 2) J package 1025 

N package 1150 

Operating free-air temperature range -55 to 125 o tlJ 70 °C 

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

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

Case temperature for 60 seconds: FK package 260 °C 

NOTES: 1. All voltage values are with respect to both ground terminals connected together. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 

SN55138 chips are alloy mounted and SN75138 chips are glass mounted. In the N package, use the 9.2-mW/oC curve for 
these devices. 

recommended operating conditions 

SN55138 SN75138 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level input voltage, VIH 
Driver or strobe 2 2 

Receiver 3.2 2.9 
V 

Low-level input voltage, VIL 
Driver or strobe 0.8 0.8 

Receiver 
V 

1.5 1.8 

High-level output current, IOH Receiver output -400 -400 p.A 

Low-level output current, IOL 
Driver output 100 100 

Receiver output 16 16 
mA 

Operating free-air temperature, T A -55 125 0 70 °C 
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SrJ55138, SrH5138 
QUADRUPLE BUS TRANSCEIVERS 

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

TEST CONDlTIONSt 
SN55138 SN75138 

PARAMETER 
Typt TYP* 

UNIT 
MIN MAX MIN MAX 

VIK 
Input clamp 

voltage 
Driver or strobe Vee = MIN, II = -12 mA -1.5 -1.5 V 

VOH 
High-level 

Receiver 
Vee = MIN, VIH(S) = 2 V, 

2.4 3.5 2.4 3.5 V 
output voltage VIL(R) = VIL max, IOH = -400 p.A 

Driver 
Vee MIN, VIH(D) = 2 V, 

0.45 0.45 
Low-level VIL(S) = 0.8 V, IOL = 100 mA 

V VOL 
, output voltage 

Receiver 
Vee = MIN, VIH(R) = VIH min, 

0.4 0.4 
VIH(S) = 2 V, 10L = 16 mA 

Input current at 

II maximum input Driver or strobe Vee = MAX, VI = Vee 1 1 mA 

voltage 

Driver or strobe Vee = MAX, VI = 2.4 V 40 40 

IIH 
High-level 

Vee = 5 V, VI(R) = 4.5 V, p.A 
input current Receiver 25 300 25 300 

VI(S) = 2 V 

Driver or strobe Vee = MAX, VI = 0.4 V -1 -1.6 -1 -1.6 mA 
Low-level 

IlL 
input current Receiver 

Vee = MAX, VI(A) = 0.45 V, 
-50 -50 p.A 

VI(S) = 2 V 

Input current 

with power off 
Receiver Vee = 0, VI = 4.5 V 1.1 1.5 1.1 1.5 mA 

Short-circuit 
lOS output current § 

Receiver Vee = MAX, -20 - 55 -18 -55 mA 

All driver Vee = MAX, VI(D) = 2 V, 
50 65 50 65 

outputs low VI(S) = 0.8 V 

lee Supply current Vee = MAX, VI(R) = 3.5 V, mA 
All driver 

VI(S) = 2 V, 42 55 42 55 
outputs high 

Receiver outputs open 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. Parenthetical letters 
D, R, and S used with VI refer to the driver input, receiver input, and strobe input, respectively. 

*AII typical values are at Vee = 5 V, TA = 25°e. 
§Not more than one output should be shorted at a time. 

switching characteristics, Vee == 5 V, TA = 25°e 

PARAMETERt 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
Driver Driver 

tpHL 

tpLH 
Strobe Driver 

tpHL 

tpLH 
Receiver Receiver 

tpHL 

t tpLH '" propagation delay time, low-to-high-Ievel output 
tpHL '" propagation delay time, high-to-Iow-Ievel output 

TEST CONDITIONS 

eL = 50 pF, RL = 50 {l, 

See Figure 1 

eL = 15 pF, RL = 400 {l, 

See Figure 2 

MIN TYP MAX UNIT 

15 24 
ns 

14 24 

18 28 

22 32 
ns 

7 15 
ns 

8 15 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

FROM OUTPUT ~ Rl TEST 
UNDER TEST ~ POINT 

TCl 
':" (See Note B) 

DRIVER 

INPUT ~r- ~ ~x'-----3V 
(See Note 0) 1.5 V \ 1.5 V 

STROBE ...J I ..... _____ J 1"-
INPUT - I - - - 0 V 

,. _, tPLH I 

DRIVER 
OUTPUT 

1oII1.r----I_~I- tPH l 

_

___ Jf .. V \: VOH 

VOL 

VOLTAGE WAVEFORMS 

FIGURE 1. PROPAGATION DELAY TIMES 
FROM DATA AND STROBE INPUTS 

TEST 
POINT VCC 

\. r----4V 

~NEpC~~VER i''-2_.5_V _____ /z .. V __ 0 V 

1<II1.~-.~I- tplH 

I 

RECEIVER ____ 

J

. v, .. V 
OUTPUT 11 

VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES 
FROM RECEIVER INPUT 

NOTES: A. Input pulses are supplied by generators having the following characteristics: tw = 100 ns, PRR s 1 MHz, tr s 1 0 ns, lf S 1 0 ns, 
Zout ",50 n. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or 1 N3064. 
D. When testing driver input (solid line) strobe must be low; when testing strobe input (dashed line) driver input must be high. 
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sr~55138. Sr~75138 
QUADRUPLE BUS TRANSCEIVERS 

:r 
t 
~ C 

i 
c5 3 
t 
.~ 

9 2 
a o 
> 1 

DRIVER TRANSFER CHARACTERISTICS 

Vcc· 5V 
VHS)· 0.8 v 
LOlj. 50 n to VCC 

TA.25lC 

TA • 125°C 
T1. -J5°C 

o 
o 

:r 
t 

VI (D)-Dri • ., Input Voltage-V 

FIGURE 3 

STROBE·TO·DRIVER OUTPUT 
TRANSFER CHARACTERISTICS 

VCC ·5.5 V 

VCC·5V 

VCC· C.5 V 

~ CI--t--1--tt--+-+--t-t--:-1 

i 
c5 31--+----l-fl--+-+--+-+---l 

:: 
9 1--+----l-fl--+~~~)2~~CV -

~ Load· 50 n to VCC 

> 11--+---+-1+--+-+-1 _+-1 _1-1 -( 

VCC·5.5V vcc.clv 

o~~~~-J o 2 

o 

VHs)-$trobe Input Voltago-V 

FIGURE 6 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT (RECEIVER) 

VCC·5V 
VHR) ·O.SV 

~ TA·125°C 

~TA·25°C 

~ 
TA·-55°~ 

'\.. 

"' ~ ,,~ 
o 5 ro ~ ~ 25 ~ ~ ~ 

IOH(R)-High·Le •• 1 Output Current-mA 

FIGURE 9 

TYPICAL CHARACTERISTICS t 

DRIVER TRANSFER CHARACTERISTICS 

VCC· 5.5 V VHS) ·0.8 V 
VCC. 5 V TA ·25°C :r 5!-V..:C:::C,....-C . ..,5 -v....Jt-+ Lood • 50 n to VCC 

I 
~ cl--r~-1~-t-+--r-I-~ 

g 
c5 31--+---+---l~-+-+-~-I--( 

~ 21-~~~~-+-+--r-1-~ 
I a 
~ 11-~~-1--+-+--r-1-~ 

VHD)-Dri • ., Input Voltage-V 

FIGURE 4 

RECEIVER TRANSFER CHARACTERISTICS 

VCC· 6V 5V 

:r 61---+--+_+-
L
_
ood
f-: 400n 

8. 
:l 

~ CI---+--+-+--+-

i 
o 3 I--+--+--N'orl-

·1 
if 
a: 
~ ll--t-~-~~-+-++-t--:-1 

VHR)-Recei • ., Input Voltago-V 

FIGURE 7 

HIGH-LEVEL OUTPUT VOLTAGE 

OUTPUT CURRENT (RECEIVER) 

~~~)2~.Pi:8V 

-....... 

-....... '\ 
...... 

"" VCC· 5.5 V 

" .'" I\. '" ","' '('" VCC·5V 

1'\." '" VCC·C.5V"' 
,\. " 

o ~'l\.'\J. 
o 5 10 15 20 25 30 35 CO 

'OH(R)-High·Le.el Output Current-mA 

FIGURE 10 

tOata for temperatures below OOC and aoove 70°C is applicable to SN55138 circuits only. 

4-186 TEXAS -1./1 
INSTRUMENTS 

POST OFFICE BOX 855012 • DALLAS. TEXAS 75285 

o 

STROBE·TO-DRIVER OUTPUT 
TRANSFER CHARACTERISTICS 

I \ 

TA J 125°~ 
TA·25°C 

I I 
T~. _61oc 

VJ.5V 
VHD)·2V 
Lood • 50 n to Vcc 

o 
VI (s)-$trobe Input VoIlIgI-V 

FIGURE 5 

RECEIVER TRANSFER CHARACTERISTICS 

> 
I 51---+--+-+--;-

t 
> 4 ~-~-....:::+--+-

i o 

J 21--t--1-4--+~+--r-r-~ 
I a: 
~ ll--t--1I--r-+-~-t-t--:-1 

1.2 

:r t 1.0 

~ i 0.8 

~ 0.6 

.s 
~ O.C 
I a: 
::; 0.2 

~ 
o 

VHR)-Recoiver Input VoIlIgI-V 

FIGURE 8 

LOW·LEVEL OUTPUT VOLTAGE 

OUTPUT CURRENT (RECEIVER) 

TA· !55°C Tl.25oJI 

~ V 
~'\ 

:9 A~ 
V 

~ ~ 
~ VCC· C.5 V 

VHR) ·3.5V 

o ro ~ ~ ~ ~ ~ 

IOL(R)-Low·Le.el Output Currnet-mA 

FIGURE 11 



1.2 

~ f 1.0 

~ ! 0.8 

~ 0.6 

.5 
~ 0.4 
I 
C 
::; 0.2 

~ 
o 

LOW·LEVEL OUTPUT VOLTAGE 

OUTPUT CURRENT (DRIVER OUTPUT) 

VCC - 4.5 V u 

~r VIID)- 2V ltl 
~-VIIS)- 0.8 VI 

. 
~ ,:! 

TA - _ssod 

J 
A~/ 

~ ~ 

~ 
o 50 100 150 200 250 300 

80 

70 

10 

o 
o 

IOL(D)-Low·L • .,1 Output Curr.nt-mA 

FIGURE 12 

SUPPLY CURRENT 
YS 

SUPPLY VOLTAGE 
(ALL DRIVER OUTPUTS LOW) 

VIIS)- 0.8 V 
VIID)- 2V 
Dri,., load. - 1 in to i V 

.--; 

ITA - ~5°C ~ ~ 
~ VrA -I25°C 

1M' 
///rl--5soc 

VI- I I 
~ ~ I 

5 

Vcc-SupplyVohago-V 

FIGURE 15 

PROPAGATION DELAY TIMES 
YS 

SUPPLY VOLTAGE 

30 D,;.e, load' CL - 50 pF, RL - 50 n, See F;gure 1 
Receiver load: CL ·15pF. AL 400 n.s.. Figure 2 

40 TA - 2S·C 

tTHTR)r-

O~~J-~-L~~~ __ L-~ 
4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

VCC-Supply Volt81Jl-V 

FIGURE 18 

SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS t 

1.6 

1.4 

11.2 
E a 1.0 

I 0.8 

J 0.6 

~ 0.4 

0.2 

o 

RECEIVER INPUT CURRENT 

RECEIVER INPUT VOLTAGE 

VCC- 5V 

JA -1J,2s0 C 
VIIS)-2 V 

J ~ 
TA _,_ssOc f.r 

TA - 25°C, -55°C 

TA -125°C "j 
o 

VIIR)-R.cei, .. Input Volt.go-V 

FIGURE 13 

SUPPLY CURRENT 

SUPPLY VOLTAGE 

80.-------------~-r--.-~ 

VCC-SupplyVoItago-V 

FIGURE 16 

DRIVER PROPAGATION DELAY TIMES 
YS 

lOAO CAPACITANCE 

O~~~~-L~~~~~~ 

o 20 40 60 80 100 120 140 160 180 200 

CL -Load Capacitance-pF 

FIGURE 19 

1.6 

1.4 

1 
! 1.2 

E a 1.0 

! 0.8 

J 0.6 

I 0.4 

~ 0.2 

o 

32 

28 

1 24 

~ ;= 20 

1; 
~ 16 

.~ 12 

Ii:' 1 8 

o 

RECEIVER INPUT CURRENT 

RECEIVER INPUT VOLTAGE 

VIIS)- 2 V 
TA - 25°C 

/ 
If 

/ >1"-> > It) 
It) 

It) • ~I-.,: u 

'!: u 

tlt- (r-
~ 

1.1 
o 

VIIR)-Recei,.r Input Voltogo-V 

FIGURE 14 

PROPAGATION DELAY TIMES 

FREE·AIR TEMPERATURE 

Vee - 5 V 
Driver load: CL • 50 pF. AL • 50 n, See Figure 1 

-~,,~," -""'"'-im' _ WlllIS·01 

t~lIlIS·OI 

- -- Wlll~-- tPHLlO·OI 

-.. Jv\.¢f 

I tP~L(Rt) 
I I I 

-60 -40 -20 0 20 40 60 80 100 120 140 

16 

14 

y 12 

~ ;= 10 

~ 8 

.g 6 

i-
I 4 

o 

T A-free-Air T.mperature-°c 

FIGURE .17 

RECEIVER PROPAGATION DELAY TIMES 
YS 

lOAD CAPACITANCE 

VCC-5V 
RL - 400 n. Se. Figure 2 
TA - 25°C 1 
~ tvtl\. -

..-........-: ::::: ~tl\~·~1 
L;::::::: ~ V 

o 10 20 30 40 50 60 70 80 

CL -Load Capacitance-pF 

FIGURE 20 
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c: 
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t Data for temperatures below 0 DC and above 70 DC is applicable to SN 5 5138 circuits only. 
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StJ55138. StJ75138 
QUADRUPLE BUS TRANSCEIVERS 

5V 

TYPICAL APPLICATION DATA 

P 

50 ft Belden #8795 
100-n Telephone Cable 

--3V 
---2V 

~,...... __ OV 

5V 

100n r--j 
I 
I © I >--'-1 --+@ 

L!/~5~3~ 

--------OV 

TYPICAL VOLTAGE WAVEFORMS 

FIGURE 21. POINT-TO-POINT COMMUNICATION OVER 50 FEET OF TWISTED PAIR AT 5 MHz 

5V 5V 

100 n 100 n 

® 

2V 

OV 

1 F=t=~~ @ 
\~=~~!!I!.--Lov 

- --4V 

2V 

OV 

TYPICAL VOLTAGE WAVEFORMS 

FIGURE 22. PARTY-LINE COMMUNICATION ON 500 FEET OF TWISTED PAIR AT 1 MHz 
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5V 

SN55138. SN75138 
QUADRUPLE BUS TRANSCEIVERS 

TYPICAL APPLICATION DATA 

1000 ft RG-53 

or equivalent 

®.i = =t-----30...-=--,"",,--f = t -::@ -t = 0-=1= =:: 
@ 

-5V 
4V 

----------------ov 

~ ~-3V -==:: @t- I - \- I ==:: 
TYPICAL VOLTAGE WAVEFORMS 

FIGURE 23. POINT-TO-POINT COMMUNICATION OVER 1000 FEET OF COAX AT 1 MHz 
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• Single 5-V Supply 

• ± 100 mV Sensitivity 

• For Application As: 
Single-Ended Line Receiver 
Gated Oscillator 
Level Comparator 

• Adjustable Reference Voltage 

• TTL Outputs 

• TTL-Compatible Strobe 

• Designed for Party-Line 
(Data-Bus) Applications 

• Common Reference Pin 

• Common Strobe 

• '141 Has Diode-Protected 
Input Stage for Power-Off 
Condition 

description 

Each of these devices consists of a dual 
single-ended line receiver with TTL-compatible 
strobes and outputs. The reference voltage 
(switching threshold) is applied externally and 
can be adjusted from 1.5 volts to 3.5 volts, 
making it possible to optimize noise immunity for 
a given system design. Due to their low input 
current (less than 100 microamperes). they are 
ideally suited for party-line (bus-organized) 
systems. 

The '140 has a common reference voltage pin 
and a common strobe. The' 141 is the same as 
the '140 except that the input stage is diode 
protected. 

The SN75140 and SN75141 are characterized 
for operation from ooe to 70 oe. 

SN75140, SN75141 
DUAL LINE RECEIVERS 

02155. JANUARY 1977-REVISEO OCTOBER 1986 

D, JG, OR P PACKAGE 

ITOPVIEW, 

eOMSTRB 2 7 20UT 
10UTu-8 Vee 

1 LINE 3 6 eOMREF 
GND 4 5 2L1NE 

logic symbol t 

COMSTRB EI2~'_-Ir-----' 

1L1NE _13_' __ .... 

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

logic diagram (positive logic) 

12, 
COMSTRB 

1 LINE _13_' __ -..... .... 

COMREF _16_'_ .... -Q." 

2L1NE _15_' __ -+" 

FUNCTION TABLE­

lEACH RECEIVER' 
LINE INPUT STROBE 

~ Vref - 100 mV L 

2: Vref + 100 mV X 

X H 

_---10UT 

OUTPUT 

H 

L 

L 

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

Copyright © 1986. Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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III 

SfH5140, SfJ75141 
DUAL LINE RECEIVERS 

schematic (each receiver) 

r-~~-'--------~----~~----~----'-------'-~--------~~~--VCC 

LINE 
INPUT (L) 

1500 

COM REF ...... .J\II/'v---i----' 

750 4000 4000 TO OTHER 
LINE RECEIVER 

..... ---- OUTPUT 

TO OTHER 
LINE RECEIVER ~-----~~~--~~----~~--~~--~~----~~~e--*-------GND 

:t. TO OTHER LINE RECEIVER 

'--__ 1 ________ COMMON 
STROBE 

LEGEND: 
ttt++tt+tt'140 device only 
Resistor values shown are nominal and in ohms. 

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

UNIT 

Supply voltage, VCC (see Note 1) 7 V 

Reference input voltage, Vref 5.5 V 

Line input voltage with respect to ground -2 to 5.5 V 

Line input voltage with respect to Vref ±5 V 

Strobe input voltage 5.5 V 

I D package 725 
Continuous total dissipation at (or below) I JG package 825 mW 

25°C free-air temperature Isee Note 2) I P package 1000 

Operating free-air temperature range o to 70 °C 

Storage temperature range -65 to 150 °c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 °c 
Lead temperature 1,6 mm 11/16 inch) from case for 10 seconds: D or P package 260 °c 

NOTES: 1. Unless otherwise specified, voltage values are with respect to network terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, these 

chips are glass mounted. For SN75140 and SN75141 devices in the P package, use the 8.0-mW/oC curve. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vce 4.5 5 5.5 V 

Reference input voltage, Vref 1.5 3.5 V 

High-level line input voltage, VIHIL) Vref+ 0.1 VCC- 1 V 

Low-level line input voltage, VILIL) 0 Vref- 0.1 V 

High-level strobe input voltage, VI HIS) 2 5.5 V 

Low-level strobe input voltage, VILIS) 0 0.8 V 
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SN75140, SN75141 
DUAL LINE RECEIVERS 

electrical characteristics over recommended operating free-air temperature range, Vee - 5 V ± 10%, 
Vref = 1.5 V to 3.5 V (unless otherwise noted) 

PARAMETER 

VIK(S) Strobe input clamp voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

Strobe input current 
Strobe 

II(S) at maximum 
Com strb 

input voltage 

Strobe 

High-level 
Com strb 

IIH Line input 
input current 

Reference 

Com ref 

Strobe 

Low-level 
Com strb 

IlL Line input 
input current 

Reference 

Com ref 

lOS Short-circuit output current* 

ICCH Supply current, output high 

ICCL Supply current, output low 

t All typical values are at VCC = 5 V, T A = 25°C. 
* Only one output should be shorted at a time. 

TEST CONDITIONS 

II(S) = -12 mA 

VIL(L) - Vref - 100 mV, VIL(S) - 0.8 V, 

IOH = -400 p.A 

VIH(L) = Vref + 100 mV, VIL(S) = 0.8 V, 

10L = 16 mA 

VIL(L) = Vref - 100 mV, VIH(S) = 2 V, 

10L = 16 mA 

VI(S) = 5.5 V 

VI(S) = 2.4 V 

VI(L) = 3.5 V, Vr!lf = 1.5 V 

VI(L) = 0 V, Vref = 3.5 V 

VI(S) = 0.4 V 

VI(L) = 0 V, Vref = 1.5 V 

VI(L) = 1.5 V, Vref = 0 V 

Vce = 5.5 V 

VI(S) = 0 V, VI(L) = Vref - 100 mV 

VI(S) = O.V, VI(L) = Vref + 100mV 

switching characteristics, Vee = 5 V, Vref 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-
tpLH(L) 

high-level output from line input 

Propagation delay time, high-to-
tpHL(L) 

low-level output from line input 
CL = 15 pF, RL = 4000, See Figure 1 

tPLH(S) 
Propagation delay time, low-to-

high-level output from strobe input 

Propagation delay time, high-to-
tpHL(S) 

low-level output from strobe input 

MIN Typt MAX UNIT 

-1.5 V 

2.4 V 

0.4 

V 

0.4 

1 
mA 

2 

40 

80 

35 100 p.A 

35 100 

70 200 

-1.6 
mA 

-3.2 

-10 

-10 p.A 

-20 

-18 -55 mA 

18 30 mA 

20 35 mA 

MIN TYP MAX UNIT 

22 35 

ns 

22 30 

12 22 

ns 

8 15 
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SN75140, SN75141 
DUAL LINE RECEIVERS 

2.5 V VCC 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

s10 ns-1 jf- -+I /4-S10 ns 

- - -2.7V 

RL - 400 (} ~ ~
-I---

LINE 2.5 V 90%2.5 V 

INPUT 10% 10% -~-----------2.3 V 

I I 

III 

LINE 
INPUT 

STROBE I I 
INPUT I 

ISee NOTE B) L - ""* - ---1 

CL - 15 pF 
ISee Note C) 

TEST CIRCUIT 

= 

STROBE 
INPUT 

I I 
I I 
I I 
I 

tPHl(l)~ 
I 

OUTPUT 1.5 V 

r- VOLTAGE WAVEFORMS 

!f-tPLHIS) 
I VOH 

:i" 
CD NOTES: A. Input pulses are supplied by generators having the following characteristics: PRR s 1 MHz. duty cycle s 50%. Zout = 50 O. 
C B. Unused strobes are to be grounded. 
.. C. CL includes probe and jig capacitance. 
cE" D. All diodes are 1 N3064. 
CD 
til FIGURE 1 

i 
CD 
(') 

CD TYPICAL CHARACTERISTICS C" 
CD 
til OUTPUT VOLTAGE 

vs 
LINE INPUT VOLTAGE 

4 
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TA - 25°C -
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VilLI-line Input Voltage-V 
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SN75140, SN75141 
DUAL LINE RECEIVERS 

line receiver 

TYPICAL APPLICATION DATA 

5 V STROBE 

DATA r -- --,TWISTED PAIR LINE 

INPUT ---of I::~I---J-----... -t--:--........ 
I 

----, 
I 
I 

STROBE I 
I 

RT I 
I 

I 

% SN75361A I 
vref 

= 
high fan-out from standard TTL gate 

ANY 
SERIES 54/74 

LOGIC 

N=1 

N = 2 ... -----:--+-"-

I ! 
% SN75140/% SN75141 

STROBE 

N = 74 ... -------r ..... ""'--"---',, _ ____. 

OUTPUT 

t Although most Series 54/74 circuits have a guaranteed 2.4-V output at 400 !lA, they are typically capable of maintaining a 2.4-V 
output level under a load of 7.5 rnA. 

dual bus transceiver 

DATA IN 
DATA IN 

+5 V 
vee = 5 V RT 150 to 100 () depending 

r ..L - - .J--,_..;.-. .... __ D_A_T_A_B_U_S_ ..... _ on line impedance) 

I I 
I 

J 
STROBE ---....._, 

DATA OUT 

DATA OUT 
STROBE 

vee = 5 V = 
r-L ----..., +5 V 

I I 
I I 
I ~I-""'''''''''''Vref = 1.5 V 

I I I I to 3.5 v 

L __ ~_..!.J = % SN75140/~ SN75141 

Using this arrangement, as many as 100 transceivers can be connected to a sihgle data bus. The adjustable reference voltage 
feature allows the noise margin to be optimized for a given system. The complete dual bus transceiver ISN75453B driver and 
SN75140 receiver) can be assembled in approximately the same space required by a single 16-pin package and only one power 
supply is required (+ 5 V). Data In and Data Out terminals are TTL compatible. 
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srH5140, SrH5141 
DUAL LINE RECEIVERS 

schmitt trigger 

4 

3.5 
R1 - 6.2 kO 

3 RT - 3.9 kO 
> 
I 

II) 2.5 Cl 

RF - 16 kO 

TA - 25°C 
!9 
"0 
> 2 .. 

::::J 
c-
S 1.5 
0 
I 
0 
> 

0.5 

o 
o 0.5 

SIGNAL 
INPUT 

TYPICAL APPLICATION DATA 

R1 Vce = 5 V 

STROBE 

r ----, 
I TTL 

_"",,--_lO--I-4II~ OUTPUT 
I I 

L---Ir--..J 
':" % SN751401 

':" % SN75141 

EXAMPLES OF TRANSFER CHARACTERISTICS 
4 

3.5 
R1 - 5.9 kO 

3 RT - 3.9 kO 
> 
I RF - 5 kO 

II) 2.5 Cl TA - 25°C 
!9 

A "0 
2 > 

S 
a 1.5 ::::J 
0 
I 
0 
> 

0.5 

o 
1.5 2 2.5 3 o 0.5 

A 

1.5 2 

VI-Input Voltage-V VI-Input Voltage-V 

2.5 

Slowly changing input levels from data lines. optical detectors. and other types of transducers may be converted to standard TTL 
signals with this Schmitt trigger circuit. R1. RF. and RT may be adjusted for the desired hysteresis and trigger levels. 
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gated oscillator 

Vee STROBE 

N 
l: 
:2: 
I 
>-
IJ 
c 
II) 
:J 
C" 
~ u. 

..!. 

TYPICAL APPLICATION DATA 

STROBE 

SN75140, SN75141 
DUAL LINE RECEIVERS 

_____ r-

lO-";""'+--4-0UTPUT 
OUTPUT~ 

R 

40 

20 

~ 
10 

7 

4 

2 

1 

OSCILLATOR FREQUENCY 
vs 

RC TIME CONSTANT 

r--r-r- ... Jf" Vref - 1.5 V r-r-,.. - -- -I--, 

/ r-
L Vref - 2.5 V r-

RF - 15 kO 

0.6 
tw --

f 

VCC" 5 V 
TA - 25°C 

0.1 0.2 0.4 0.7 1 2 4 7 10 

RC Time Constant-I's 
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• Meets EIA Standards RS-422-A and 
RS-423-A 

• Meets EIA Standards RS-232 and 
CCITT V.28 with External Components 

• Meets Federal Standards 1020 and 1030 

• Built-in 5-MHz Low-Pass Filter 

• Operates from Single 5-V Power Supply 

• Wide Common-Mode Voltage Range 

• High Input Impedance 

• TTL-Compatible Outputs 

• 8-Pin Dual-In-Line Package 

• Pinout Compatible with the JlA9637 and 
JlA9639 

description 

The SN75146 is a dual differential line receiver 
designed to meet EIA standards RS-422-A and 
RS-423-A. The receiver is designed to have a 
constant impedance with input voltages of 
± 3 volts to ± 25 volts allowing it to meet the 
requirements of EIA standard RS-232-C and 
CCITT recommendation V.28 with the addition 
of an external bias resistor. This receiver is 
designed for low-speed operation below 
355 kilohertz, and has a built-in 5-megahertz 
low-pass filter to attenuate high-frequency 
noise. The inputs are compatible with either a 
single-ended or a differential line system and the 
outputs are TTL compatible. This device 
operates from a single 5-volt power supply and 
is supplied in both the a-pin dual-in-line and small 
outline packages. 

The SN7 5146 is characterized for operation from 
O°C to 70°C. 

SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 

02609. FEBRUARY 1986 

D. JG. OR P PACKAGE 

(TOP VIEW) 

vcc D8 l1N+ 
lOUT 2 7 l1N-

20UT 3 6 21N + 
GND 4 5 21N-

logic symbol t 

(8) ..LTC> 
l1N+ ] (2) lOUT 

(7) \l 
l1N-

21N+ 
(6) 

(5) 
(3) 20UT 

21N-

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

logic diagram 

lIN+~8) 
..LT (2) lOUT 

llN- (7) 

2IN+~6) . 
IJ' (3) 20UT 

21N- (5) 

Copyright © 1986. Texas Instruments Incorporated 
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SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 
vcc----------~---.~---

R1 

740 f! NOM 
7.4 R1 

7.4 kf! NOM 
INPUT ---_IV'v--.-. 

740 f! NOM 

TYPICAL OF ALL OUTPUTS 

----------~----VCC 

50 f! NOM 

OUTPUT 

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

Supply voltage, VCC (see Note 1) ...................................... - 0.5 V to 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Output voltage (see Note 1) ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 5.5 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package .... ' ...................................................... 725 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D andP package ....... 260°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the JG package to 528 mW at 70°C at the rate of 6.6 mW/oC, the 

D package to 464 mW at 70°C at the rate of 5.8 mW/oC, and the P package to 640 mW at 70°C at the rate of 8 mW/oC. 
The SN75146 chips are glass mounted in the JG package. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±7 V 

Operating free-air temperature, T A a 25 70 °C 
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SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 

electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

-0.2; 0.2 
VT Threshold voltage (VT + and VT _) 

See Note 4 -O.4 t 0.4 
V 

Vhys Hysteresis (VT + - VT _ ) 70 mV 

VIB Input bias voltage II - 0 2 2.4 V 

VOH High-level output voltage VIO = 0.2 V, 10 = -1 mA 2.5 3.5 V 

VOL Low-level output voltage VIO = -0.2 V, 10 = 20 mA 0.35 0.5 V 

q Input resistance See Note 5, 
VI = 3 V to 25 V or 

VI = -3Vto-25V 
6 7.8 9.5 kO 

VCC = 0 to 5.5 V, I VI = 10 V 1.1 3.25 
II Input current mA 

See Note 6 IVI = -10 V -1.6 -3.25 

lOS Short-circuit output current§ Vo = 0, VIO = 0.2 V -40 -75 -100 mA 

ICC Supply current VIO = -0.5 V, No load 35 50 mA 

tAli typical values are at VCC = 5 V, TA = 25°C. 
i The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for 

threshold levels only. 
§ Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The expanded threshold parameter is tested with a 500-0 resistor in series with each input. 

5. q is defined by .::lVI/.::lli' 
6. The input not under test is grounded. 

switching characteristics, Vee = 5 V, T A 

PARAMETER TEST CONDITION MIN TYP MAX 

100 150 300 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 
CL = 30 pF, See Figure 1 

100 150 300 

PARAMETER MEASUREMENT INFORMATION 

VCC+ OUTPUT VCC+ 

3.92 kn 

392n 

(see Note A) 

+0.5V-- ,._------"'"' 

INP0,T 50% 500/,1. 
(see Note B) : • ~I ~ ___ _ 

-0.5 V I -
~tPLH ~tPHL 

OUTPUT f 1.5 V 1.5 v\ ----VOH 

. '-. ----VOL 

TEST CIRCUIT VOLTAGE WAVEFORM 

NOTES: A. CL includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tr S 5 ns, tf S 5 ns, PRR S 300 kHz, 

duty cycle = 50%. 

FIGURE 1. TRANSITION TIMES 
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srH5146 . , . 
DUAL DIFFERENTIAL LINE RECEIVER 

TYPICAL CHARACTERISTICS 

=r 
C1> 
Cl 

4 

3 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VC~ = 4.~5 V 
f-TA = 25°C 

, 
i 

VIC=O I I 

4 

> 
3 

I 
C1> 
Cl 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VCC= 5.25 V 
TA = 25°C , 

I 
i 
I 

VIC= 0 I 
i 

!S 
"0 i V'C = ±7 V I V'C = ±7 V I 

!S 
"0 

~ 2 
::l e 
::l 
o 
I 
o 
> 

o 
-100 

I , I 

! , 
VIC= ±7 V: 

I 
VIC=O 

, 
: I I 
: ~ 

I 
-50 o 50 

VIO-Differentiallnput Voltage-mV 

FIGURE 2 

100 

> ... 
::l e 
::l 
0 
I 
0 
> 

2 I 

! 
V'C = ±7 V: 

o 
-100 

: VIC=O I 

: 
I I 

: 
-50 o 50 

Vlo-Differentiallnput Voltage-mV 

FIGURE 3 

TYPICAL APPLICATION DATA 

+12 V 

>----.n.. 

V 

100 

NOTE A: In order to meet the input-impedance and open-circuit-input voltage requirements of RS-232-C and CCITT V.2a and guarantee 
open-circuit-input failsafe operation, R and V are selected to satisfy the following equations: 

R 
V = - 1.1 - 3.3 - volts 

q 

3 HI:5 R(q) :5 7 kO 
R+""ri 

FIGURE 4. RS-232-C SYSTEM APPLICATIONS 
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1/2 uA9638AC 

+5V 

SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 

TYPICAL APPLICATION DATA 

TWISTED PAIR +5 V 

FIGURE 5. RS-422-A SYSTEM APPLICATIONS 
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• Satisfies Requirements of EIA Standard 
RS-232-C 

• Withstands Sustained Output Short-Circuit 
to any Low-Impedance Voltage Between 
-25 V and 25 V 

• 2 p.s Max Transition Time Through the + 3 
V to - 3 V Transition Region Under Full 
2500-pF Load 

• Inputs Compatible with Most TTL Families 

• Common Strobe Input 

• Inverting Output 

• Slew Rate can be Controlled with an 
External Capacitor at the Output 

• Standard Supply Voltages ... ± 12 V 

description 

The SN55150 and SN75150 are monolithic dual 
line drivers designed to satisfy the requirements 
of the standard interface between data terminal 
equipment and data communication equipment 
as defined by EIA Standard RS-232-C. A rate of 
20,000 bits per second can be transmitted with 
a full 2500-pF load. Other applications are in 
data-transmission systems using relatively short 
single lines, in level translators, and for driving 
MaS devices. The logic input is compatible with 
most TTL families. Operation is from + 12-volt 
and - 12-volt power supplies. 

The SN55150 is. characterized for operation over 
the full military temperature range of - 55°C to 
125°C. The SN75150 is characterized for 
operation from O°C to 70°C. 

SN55150, SN75150 
DUAL LINE DRIVERS 

D951. JANUARY 1971-REVISED SEPTEMBER 1986 

SN55150 ... JG PACKAGE 
SN75150 ... D. JG. OR P PACKAGE 

(TOP VIEW) 

Su8 VCC+ 
1A 2 7 1Y 
2A 3 6 2Y 

GND 4 5 VCC-

SN55150 ... FK PACKAGE 

(TOP VIEW) 

NC 4 

1A 5 

NC 6 

2A 7 

NC 8 

+ 
U 

U U uu 
zcnZ>Z 

3 2 1 2019 

9 10 11 1213 

UClU IU 
Z Z Z UZ 

(!) U 
> 

18 

17 

16 

15 

14 

NC - No internal connection 

logic symbol t 

NC 
1Y 
NC 
2Y 
NC 

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

Pin numbers shown are for D. JG, and P packages. 

logic diagram (positive logic) 

STROBE (1) 

1 A ...;.(2...;)_-t---I_.-I 
1Y 

2 A .;.;(3;;';') __ -1 

CoPyri9ht © 1982. Texas Instruments Incorporated 

II 
tJ) ... 
CI) 

> 
"Qi 
(J 
CI) 

a: -tJ) ... 
CI) 

> 
"a:::: 
C 

CI) 
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:::i 
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SN55150, SN75150 
DUAL LINE DRIVERS 

schematic (each line driver) 

vcc+ __ ~~ __ .-____________ ~~----__ ----~~------------~ 

INPUT ___ ~.---. 
A 

STROBE S --__ -M~~~~ __ ~ __ ~ 

TO OTHER 
LINE DRIVER 

GND--------~~----

TO OTHER 
LINE DRIVER 

TO OTHER 
LINE DRIVER 

4.5 kfl 

15 kfl 

VCC-------------------------------~--------~~----~--~ 
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SN55150, SN75150 
DUAL LINE DRIVERS 

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

SN55150 SN75150 UNIT 
Supply voltage VCC + (see Note 1) 15 15 V 
Supply voltage VCC- -15 -15 V 
Input voltage 15 15 V 
Applied output voltage ±25 ±25 V 

D package 725 
Continuous total dissipation at (or below) 25 DC FK package 1375 

mW free-air temperature (see Note 2) JG package 1050 825 

P package 1000 
Operating free-air temperature range -55 to 125 o to 70 DC 

Storage temperature range -65 to 150 -65 to 150 DC 

Case temperature for 60 seconds: FK package 260 DC 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 DC 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 DC 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 DC free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, SN55150 

chips are alloy mounted and SN75150 chips are glass mounted. In the P package use the 8.0-mW/DC curve for these devices. 

recommended operating conditions 

Supply voltage, VCC + 
Supply voltage, VCC-

High-level input voltage, VIH 

Low-level input voltage, VIL 

Applied output voltage, Vo 

Operating free-air temperature, T A 

SN55150 

MIN NOM 

10.8 12 

-10.8 -12 

2 

0 

-55 

. TEXAS -I.!} 
INSTRUMENTS 
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MAX 

13.2 

-13.2 

5.5 

0.8 

±15 

125 

SN75150 

MIN NOM MAX 
UNIT 

10.8 12 13.2 V 

-10.8 -12 -13.2 V 

2 5.5 V 

0 0.8 V 

±15 V 

0 70 DC 
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SN55150. SN75150 
DUAL LINE DRIVERS 

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

PARAMETER TEST CONDITIONS 

• r-:r 
CD 

c ., 
<" 
CD ., 
til 

i 
CD 
C') 

VOH 

VOL 

IIH 

IlL 

lOS 

ICCH+ 

ICCH-

ICCL+ 

ICCL-

High-level output voltage 

Low-level output voltage (see Note 3) 

High-level input current 

Low-level input current 

Short-circuit output current~ 

Supply current from VCC +, 

high-level output 

Supply current from V CC _ , 

high-level output 

Supply current from V CC +", 
low-level output 

Supply current from VCC _, 

low-level output 

VCC+ = 10.8 V, 

VIL = 0.8 V, 

VCC+ = 10.8 V, 

VIH = 2 V, 

VCC+ = 13,2 V, 

VCC- = -13.2 V, 

VI = 2.4 V 

VCC+ = 13.2 V, 

VCC- = -13.2 V, 

VI = 0.4 V 

VCC+ = 13.2 V, 

YCC- = -13.2 V 

VCC+ = 13.2 V, 

VI = 0, 

TA = 25°C 

VCC+ = 13.2 V, 

VI = 3 V, 

TA = 25°C 

CD tAli typical values are at VCC+ = 12 V, VCC- = -12 V, TA = 25°C. <" t Not more than one output should be shorted at a time. 

VCC- = -13.2 V, 

RL = 3 kfl to 7 kfl 

VCC- = -10.8 V, 

RL = 3 kfl to 7 kfl 

Data input 

Strobe input 

Data input 

Strobe input 

Va = 25 V 

Va = -25 V 

Vo = 0, VI = 3 V 

Vo = 0, VI = 0 

VCC- = -13.2 V. 

RL = 3 kfl, 

VCC- = -13.2 V, 

RL = 3 kfl, 

MIN Typt MAX UNIT 

5 8 V 

-8 -5 V 

1 10 
IlA 

2 20 

-1 -1.6 
rnA 

-2 -3.2 

2 8 

-3 -8 
rnA 

10 15 30 

-10 -15 -30 

10 22 

rnA 

-1 -10 

8 17 

rnA 

-9 -20 

~ NOTE 3: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data' sheet 
til for logic levels only, e.g., when - 5 V is the maximum, the typical value is a more negative voltage. 

switching characteristics, VCC+ = 12 V, VCC- = -12 V, TA = 25°C (see Figure 1) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tTLH Transition time, low-to-high-Ievel output CL = 2500 pF, 0.2 1.4 2 IlS 

tTHL Transition time, high-to-Iow-Ievel output RL = 3 kfl to 7 kfl 0.2 1.5 2 IlS 

tTLH Transition time, low-to-high-Ievel output CL = 15 pF, 40 ns 

tTHL Transition time, high-to-Iow-Ievel output RL = 7 kfl 20 ns 

tpLH Propagation delay time, low-to-high-Ievel output CL = 15 pF. 60 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output RL = 7 kfl 45 ns 
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PARAMETER MEASUREMENT INFORMATION 

3V 

SN55150, SN75150 
DUAL LINE DRIVERS 

~+---4"""---4""'" OUTPUT 

TEST CIRCUIT 

$10ns-*-.. It ~I <10ns 

INPUT 
;...-__ ---....... ~-.J...-----3V 

90% 90% I 

10% 
1.5 V 1.5 V I 10% 

I.-- 50 p's ----..: .------0 V 

1+ tpHL -+I 1+ tpLH +! ________ I I V 

~3 V ~ ./+3v OH 

OUTPUT ! ~-3 V -3 vk"_L _ VOL 

tTH~ --t+---I tTLH --J+-,-.I 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: duty cycle $ 50%. Zout == 50 0. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN55150, SN75150 
DUAL LINE DRIVERS 

4-210 
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15 
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E 
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-5 
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TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
vs 

APPLIED OUTPUT VOLTAGE 

Vcc+ ... 12 V VI I ... 2~4 V 
VCC- .. -12 V _ 

TA - 25°C r 
-t-~ _ , 

- - ::::: L-~ i.-

~ ~ 
... -....,- -

-RL .. 7 kfl 
~ -, , 

'RL ~ 3 kfl 

I .9 -10 

lJ 
-15 I--

VI" 0.4 V 
-20 I I I 

- 25 - 20 - 15 -1 0 - 5 0 5 10 15 20 25 
Va-Applied Output Voltage-V 

FIGURE 2 

TYPICAL APPLICATION DATA 

STROBE 
I 
I 

CHANNEL 2 I ")oJ1~--' 
DATA INPUT L~~1~O_.-J 

ALL DIODES ARE-' 
1N752A 

CHANNEL 2 
DATA OUTPUT 

MIL-STD-188C ____ _ 

INTERFACES 
CHANNEL 2 STROBE 

HYSTERESIS-'-___ --.. 
CONTROL 

CHANNEL 1 STROBE 

FIGURE 3. DUAL-CHANNEL SINGLE-ENDED 
INTERFACE CIRCUIT MEETING MIL-STD-188C, 

PARAGRAPH 7.2. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 

• Meets EIA Standard RS-422-A 

• High-Impedance Output State for Party-Line 
Operation 

• High Output Impedance in Power-Off 
Condition 

• Low Input Current to Minimize Loading 

• Single 5-V Supply, 

• 40-mA Sink- and Source-Current Capability 

• High-Speed Schottky Circuitry 

• Low Power Requirements 

description 

These line drivers are designed to provide 
differential signals with high current capability 
on balanced lines. These circuits provide strobe 
and enable inputs to control all four drivers, and 
the SN75151 provides an ::::ciditional enable input 
for each driver. The output circuits have active 
pull-up and pull-down and are capable of sinking 
or sourcing 40 milliamperes. 

The SN75151 and SN75153 meet all 
requirements of EIA Standard RS-422-A and 
Federal Standard 1020. They are characterized 
for operation from ooe to 70 oe. 

FUNCTION TABLES 

SN75151 

INPUTS OUTPUTS 

ENABLE ENABLE STROBE DATA 
Y Z 

CC C S A 

L X X X Z Z 

X L X X Z Z 

H H L X L H 

H H X L L H 

H H H H H L 

02453. DECEMBER 1978-REVISED OCTOBER 1988 

SN75151 
OW. J. OR N PACKAGE 

(TOP VIEW) 

1A VCC 
1Y 4A 
1Z 4Y 
1C 4Z 
CC 4C 
2C S 
2Z 3C 
2Y 3Z 
2A 3Y 

GND 3A 

SN75153 
J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

lA VCC 
1Y 4A 
1Z 4Y 
CC 4Z 
2Z S 
2Y 3Z 
2A 3Y 

GND 3A 

SN75153 

INPUTS OUTPUTS 

ENABLE STROBE DATA 
Y Z 

CC S A 

L X X Z Z 

H L X L H 

H X L L H 

H H H H L 

Copyright © 1978. Texas Instruments Incorporated 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

logic symbols t 

SN75151 

1C (4) 1Y 
1A (1) 1A 

1Z 
2C (6) 

2A (9) 2A 

3C (14) 

3A (11) 3A 

4C (16) 

4A (19) 4A 

III tThese symbols are in accordance with ANSI/IEEE Std 91 -1 984 and lEe Publication 617-12. 

logic diagrams (positive logic) 
r-
5' SN75151 

CD (15) (12) 

C S S .. (5) <' CC (4) 
CD (4) CC .. 1C 

(2) en 1Y -::a (1) (3) 
1Z 1A 

(1 ) 
CD 1A 
(") 
CD 

<' 2C 
(S) 

CD (8) .. 2Y en (9) (7) (7) 
2A 2Z 2A 

(14) 
3C (12) 

3Y 

3A 
(11 ) (13) 

3Z 3A 
(9) 

(1S) 
4C (18) 

4Y 

4A 
(19) (17) 

4Z 4A 
(15) 
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1Z 

SN75153 

(2) 
1Y 

(3) 
1Z 

(6) 
2Y 

(5) 
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(10) 
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(11 ) 
3Z 

(14) 
4Y 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3"STATE OUTPUTS 

schematic 

STROBE S 
TO THREE COMMON TO ONE 

OTHER DRIVERS INPUT A OTHER CHANNEL 

VCC~~~~----~----~-----r-r----~~---7r4-~1----~----~----~1 

OUTPUT V 

ENABLE C 
(SN75151 V 

ONL VI - - - -t - -.:Ft-
COMMON ___ ...;.I-4H ....... ~~ 

ENABLE : 

cc +=' 

TO THREE 
OTHER DRIVERS 

All resistor values shown are nominal. 

90 

OUTPUT Z 

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 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

DW package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ....... 260°C 

NOTES: 1. All voltage values, except differential output voltage Voo, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the OW package at the rate of 9 mW/oC, the J package at the rate 

of 8.2 mW/oC, and the N package at the rate of 9.2 mW/oC. In the J package, the chips are glass mounted. 
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SN75151 r SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input v,)ltage, VIL 0.8 V 

Common-mode output voltage, Voe -0.25 6 V 

High-level output current, IOH -40 mA 

Low-level output current, IOL 40 mA 

Operating free-air temperature, T A 0 70 °e 

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

PARAMETER TEST CONDITIONSt MIN TYP* MAX UNIT 

Vee = MIN, ee,s -2 
VIK Input clamp voltage V 

11= -12 mA All others -0.9 -1.5 

Vee = MIN, 
IOH = -20 mA 2.5 

VOH High-level output voltage VIL = MAX, V 

VIH = 2 V 10H = -40 mA 2.4 

VOL Low-level output voltage 
Vee = MIN, VIL = MAX, 

0.5 V 
VIH = 2 V, 10L = 40 mA 

IVODll Differential output voltage Vee = MAX, 10 = 0 3.4 2VOD2 V 

IVOD21 Differential output voltage Vee = MIN 2 2.8 V 

~IVODI 
Change in magnitude of 

Vee = MIN ±0.01 ±0.4 V 
differential output voltage § 

Vee = MAX 
RL = loon, 

1.8 3 
Voe Common-mode output voltage' See Figure 1 V 

Vee = MIN 1.6 3 

~IVoel 
Change in magnitude of 

Vee = MIN or MAX ±0.02 ±0.4 V 
common-mode output voltage § 

Vo = 0.5 V -20 

10Z 
Off-state (high-impedance- Vee = MAX, 

Vo = 2.5 V 20 p.A 
state) output current Enable at 0.8 V 

Vo = Vee 20 

Vo - 6 V 0.1 100 

10 Output current with power off Vee = 0 Vo = -0.25 V -0.1 -100 p.A 

Vo = -0.25 V to 6 V ±100 

II 
Input current at 

Vee = MAX, VI = 5.5 V 0.1 mA 
maximum input voltage 

Vee = MAX, e('151), A 20 
IIH High-level input current 

VI = 2.4 V ee,s 80 
p.A 

Vee = MAX, e('151),A -0.36 
IlL Low-level input current mA 

VI = 0.4 V ee,s -1.6 

lOS Short-circuit output current # Vee = MAX -50 -90 -150 mA 

Vee = MAX, Outputs disabled 30 60 
ICC Supply current (both drivers) mA 

No load Outputs enabled 60 80 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
:1= All typical values are at T A = 25°C and Vee = 5 V except for Voe, for which Vee is as stated under test conditions. 
§~IVODI and ~IVoel are the changes in magnitudes of VOD and Voe, respectively, that occur when the input is changed from a high 

level to a low level. 
, In EIA Standard RS-422-A, Vae, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vas. 
#anly one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

switching characteristics, vee = 5 V, T A ... ooc to 70°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output CL = 30 pF, RL = 100 0, See Figure 2, 15 30 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output Termination A 15 30 ns 

tpLH Propagation delay time, low-to-high-Ievel output 13 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 
CL = 30 pF, See Figure 2, Termination B 

13 25 ns 

tTLH Transition time, low-to-high-Ievel output CL = 30 pF, RL = 100O, See Figure 2, 12 20 ns 

tTHL Transition time, high-to-Iow-Ievel output Termination A 12 20 ns 

tpZH Outut enable time to high level CL = 30 pF, RL = 60O, See Figure 3 18 35 ns 

tpZL Output enable time to low level CL = 30 pF, RL = 111 0, See Figure 4 20 35 ns 

tpHZ Output disable time from high level CL = 30 pF, RL = 60O, See Figure 3 19 30 ns 

tpLZ Output disable time from low level CL = 30 pF, RL = 111 0, See Figure 4 13 30 ns 

Overshoot factor RL = 100O, See Figure 2, Termination C 10 % 

t All typical values are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

r 50 ° 
VOD2 

I 
t 

50 fl VOC 

* 
FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

1 kfl 
5 V -----.JVV\r-t 

1.-+----1-"""""".1--+-- Y OUTPUT 

11:}--- Z OUTPUT 

III: RL - 100 f! 
Y 

Z 

r-
5' 
(1) 

c ... 
:c' 
(1) ... 
UI -:n 
(1) 
(') 
(1) 

<' 
(1) ... 
UI 

TERMINATION A TERMINATION B 

TEST CIRCUITS 

/4 25ns--4i 

-+t I 14--~-5 ns ~ /1 \4-~ 5 ns 
II, , , 
I I 90% ;:11" - - - 3 V 

INPUT I I 

90% 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 fl, PRR ~ 10 MHz. 

4-216 

B. CL includes probe and jig capacitance. 

FIGURE 2. tpLH, tpHL. tTLH. tTHL. AND OVERSHOOT FACTOR 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

CL - 30 pF '* (See Note Bl 

--=,'O---..... -OUTPUT 

I 
I 
I 

, ~ (See Note Bl I 
L ____________ ~ ____ ~ 

OUTPUT 

TEST CIRCUIT 

S S ns-+l ~ 

~~_~~I- ~ - ---3 V 
90% 90%, 

1.SV 1.SV I 
I I 
~100 ns---+l 10% 0 V 

~tPZH I 

il i ~--}VOH 
!1.SV I: O.SV 

___ .....J. tPHZ-J.-..i Voff == 0 V 

VOLTAGE WAVEFORMS 

FIGURE 3. tpZH AND tPHZ 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 0, PRR S 500 kHz. 
B. CL includes probe and jig capacitance. 
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SN75151 r SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

CL - 30 pF 
~ (see Note Bl 

5-V 

RL - 111 n 

1 kn ..-I:-o-----e--OUTPUT 

I 
I 

I CL - 30 pF I 
I ~ (see Note Bl I 

lL-------------~-----~ 
TEST CIRCUIT 

1t-:5 5 ns 
I 

1.5 V 

I I 10% 
j4--100ns~ -----OV 

14- tpZL -.I I 
I I 
I I 
I I 
I I4-tPLZ-.t V 

OUT~T \. V kT' 
. - -,-VOL 

VOLTAGE WAVEFORMS 

FIGURE 4. tPZL AND tPLZ 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 n, PRR :5 500 kHz. 
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B. CL includes probe and jig capacitance. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE DUTPUTS 

TYPICAL CHARACTERISTICS 

y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

No Lo~d 
TA - 25°e Vee - 5.5 V , 

Vee - 5 V 

Vee - 4.5 V 

1 
o 2 3 

VI-Data Input Voltage-V 

FIGURE 5 

Y OR Z OUTPUT VOLTAGE Y OR Z OUTPUT VOLTAGE 
vs vs 

ENABLE INPUT VOLTAGE ENABLE INPUT VOLTAGE 

Load
i 
-4700 I I 

Vee" 5.5 V 
to Ground 

See Note 3 Vee - 5 V 

6 

5 

Vee - 5.5 V Load' - 470 {) to Vee 

Vee
l 
.. 5 V TA - 25°e 

See Note 4 

3 I-TA .. 25°e > 
I 

Vee" 4.5 V 
1 

2 

o 
o 

Vee'" 4.5 V 

2 3 

VI-Enable Input Voltage-V 

FIGURE 6 

Q) 
Cl 
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VI-Enable Input Voltage-V 

FIGURE 7 
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NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 
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SN75151. SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 
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TYPICAL CHARACTERISTICS 

6 
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3 

2 

o 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VC~ • 5
1
V 

See Note 3 

IOH - -20 rnA 

IOH • -40 rnA 

o 10 20 30 40 50 60 70 80 

TA-Free-Air Ternperature- °c 

FIGURE 8 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
0.6 ,----,--I-,Ir-----r-.....---r--.---,---, 

VCC· 5 V 
IOL· 40 rnA 

0.5 - See Note 4 -t--+---t--+--t-----i 

0.4 I----If----I--+--+--f---f---+---j 

0.3 I----If----I--+--+--f---f---+---j 

0.2 f---Ir----I--+--+--+--+---+---i 

0.1 f---Ir----I--+--+--+--+---+---i 

o~~-~-~-~-~-~--~~ 
o 10 20 30 40 50 60 70 80 

T A - Free-Air Temperature 

FIGURE 10 
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1.0 

0.9 
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0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

-r-
- ~ee 1- 5 1 .. --:-

TA I. 250C -- .~ See Note 3 -r----__ liCe - 511 :--.. -r-- ~~ ,,\ r-- t--... ee - 45 
--.:,: 11 

"i\ r-:... 

" 

-20 -40 -60 -80 -100 

IOH-High-Level Output Current-rnA 

FIGURE 9 

LOW-LEVEL OUTPUT \tOL T AGE 
vs 

OUTPUT CURRENT 

TA .125°C 

See Note 4 

J 
~ 

, ~~ 
~. ~ 

~CC ~~ 
~. 

~CC 
, 

~ 
~ ~ , 

o 
o 20 40 60 80 100 120 

IOL -Low-Level Output Current-mA 

FIGURE 11 

NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z inputs. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

~ 
80 

No (oad I 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I I 

A Inputs Grounde0 V 
70 

c:t 60 E 

A inputs open or grounded 
Outputs disabled 
TA - 25°e 

A' 
;; V A Inputs Open 

~ f , 
/ No Load 

Outputs enabled-

.!. 
c 50 2! 
:; 
u 40 >-
Q. 
Q. 
::I 30 en 
I 
u 20 !:? 

10 

V 

" / 
V 

/ V 

/ TA - 25°C 
I I I ./ 

/" 

2 345 6 7 8 
o 

o 2 3 4 5 6 7 

vee-Supply Voltage-V 

FIGURE 12 

vee-Supply Voltage-V 

FIGURE 13 

8 

NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z inputs. 
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• Meets Specifications of EIA RS-232-C or 
MIL-STD-188Ct . 

• Dual Differential Receiver with Independent 
Strobes 

• Common-Mode Input Voltage 
Range ... ±25 V 

• Differential Input Capability with One Input 
Grounded . . . ± 25 V 

• Continuously Adjustable Hysteresis with 
External Resistors 

• Standard Supply Voltages ... + 12 V 
and -12 V 

• Input Hysteresis (Double Thresholds) 
Remain Approximately Fixed for Power 
Supply and/or Temperature Variations 

description 

The SN55152 and SN75152 are dual differential 
line receivers designed to meet the requirements 
of EIA Standard RS-232-C or MIL-STD-188 
interfaces. A single control, HYST CONT, sets 
the input hysteresis for the required operation. 
An added feature is the capability of adjusting 
the hysteresis to any voltage between ± 0.3 volt 
typical and ± 5 volts typical by means of the 
hysteresis adjust terminals, 1 HYST ADJ and 
2HYST ADJ, making the SN55152 and 
SN75152 useful for a wide variety of line 
receiver and Schmitt trigger applications. The 
large common-mode input voltage range and 
differential input voltage (± 25 volts) give the 
circuit added versatility. The SN55152 and 
SN75152 are designed for operation from 
standard ± 12-volt supplies with ± 10% 
variation. Each receiver has an output strobe that 
is TTL compatible. 

The SN55152 is characterized for operation over 
the full military temperature range of - 55°C to 
125°C. The SN75152 is characterized for 
operation from OOC to 70°C. 

SN55152, SN75152 
DUAL LINE REC~IVERS 

01114. AUGUST 1972-REVISEO SEPTEMBER 1986 

SN55152 ... J PACKAGE 
SN75152 ... D. J. OR N PACKAGE 

(TOP VIEW) 

HYST CONTt VCC+ 
10UT 20UT 

1STRB 2STRB 
1HYST ADJ 2HYST ADJ 

11N- 21N-

1RT 2RT 
11N+ 21N+ 
GND VCC-

SN55152 ... FK PACKAGE 

(TOP VIEW) 

1STRB 4 

1HYST ADJ 5 

NC 6 
11N-

1RT 8 

+-
I­
Z 
o 
U 

1-1- +1-
:::> (/) u:::> 
o >- u uo 

IZ>N 

2019 

9 10 11 1213 

+ 0 U 1+ 
~ Z Z UZ 

t!) ~N 

NC - No internal connection 

18 2STRB 
17 2HYST ADJ 
16 NC 
15 21N-
14 2RT 

t To meet the specifications of EIA Standard RS-232-C. connect the hysteresis control pin. HYST CaNT. to Vcc _. Also. connect termination 
resistor pin 1 RT to inverting input liN -. and termination resistor pin 2RT to inverting input 21N -. To meet the specifications of 
MIL-STD-laB. leave HYST CaNT. 1 RT. and 2RT open. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN55152, SN75152 
DUAL LINE RECEIVERS 

FUNCTION TABLE 

(EACH RECEIVER)' 

LINE INPUT STROBE OUTPUT 

H H H 
L H L 

X L H 

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Pub.lication 617-12. 

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

Definition of logic levels: 

For the strobe: H (high) is any voltage between 
VIH min and Vee. 
L (low) is any voltage between 
ground and VIL max. 

For the line input: H (high) is any differential input 
voltage (VIO):!: more positive 
than VT -. once the level of 
VT + has been reached. 
L (low) is any differential input 
voltage (ViOl:!: more negative 
than VT +, once the level of 
VT - has been reached. 
X (irrelevant) is any input voltage 
permitted by maximum ratings. 

~ Differential input voltages (VT and VIOl are at the noninverting 
input terminal IN + with respect to the inverting input terminal 
IN-. 

logic diagram (positive logic) 

(31 
1STRB 

1 HYST ADJ 
(4) 

(7) 
11N+ 

1RT 
(6) 

11N-
(5) 

HYST CONT 
(1) 

21N+ 
(10) 

2RT 
(11) 

21N-
(12) 

2HYST ADJ 
(13) 

2STRB 
(14) 

4-224 TEXAS -1!1 
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schematic (each receiver) 

STROBE 
(3.141 

OUTPUT 
(2.151 

10 kll 

SN55152, SN75152 
DUAL LINE RECEIVERS 

B kll 

i--(l-; -, 
I VCC+ : 

I 
I 

I 
I 
I 
I 

I I L _____ .J 

(5. 121 INVERTING. 
H ..... -----~~..,.,..--+-----INPUT IN-

1 kl1 

~--~--------]-~~~~ 
r ---- --(8)-l 
I ~D 

I I 
: I 
I I 
I I 
I I 

~~-----~~--~--4~---4~ 

51111 2 kO 

Portions of circuit within dashed lines are common to both receivers. 
Resistor values shown are nominal. 

51111 

51111 

1.1 kll 

I 
I 
I 
I 
I 
I 

3.3 kll (11 HYSTERESIS I 
...... ---+--I--+-+---If- CONTROL I 

I (91 VCC- I 
~L _________ -.J 

(4.13, TO OTHER 

HYSTERESIS RECEIVER 

ADJUST 

III 
(I) .. 
(I)' 

> 
'iii 
CJ 
CI) 

a: -(I) .. 
(I) 

> 
';: 
C 

CI) 
r::: 
::l 
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SN55152; SN75152 . 
DUAL LINE RECEIVERS 

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

SN55152 SN75152 UNIT 

Supply voltage, VCC + (see Note 1) 15 15 V 

Supply voltage, VCC _ (see Note 1) -15 -15 V 

Voltage at any line input with respect to other line input, ground, or RT ±25 ±25 V 

RT terminal voltage (see Note 1) ±25 ±25 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 

25°C free-air temperature (see Note 2) J package 1025 
mW 

1375 

N package 1150 

Operating free-air temperature range -55to125 o to 70 °C 

Storage temperature range -65 to 150 -65 to 150 °c 

Case temperature for 60 seconds FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for io seconds D or N package 260 °C 

NOTES: 1. These voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. lri the J package, SN55152 

chips are alloy mounted and SN75152 chips are glass mounted. In the N package, use the 9.2-mW/oC curve for these devices. 

recommended operating conditions 

SN55152 SN75152 

MIN NOM MAX MIN NOM MAX UNIT 

Supply voltage, VCC + 10.8 12 13.2 10.8 12 13.2 V 

Supply voltage, VCC- -10.8 -12 -13.2 -10.8 -12 -13.2 V 

High-level input voltage at strobe, VIH{S) 2 2 V 

Low-level input voltage at strdbei, VIL(S) 0.8 0.8 V 

Operating free-air temperature, T A -55 125 0 70 °C 

4-226 . TEXAS-I.!1 
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electrical characteristics over operating free-air temperature range, VCC + 
otherwise noted) 

12V±10%,VCC-

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS t 

VT+ Positive-going threshold voltage 
'75152 

1 MIL-STO-188 Conditions '55152 
See 

'75152 
VT- Negative-going threshold voltage Figure 8 '55152 

VT+ Positive-going threshold voltage 

VT-
2 EIA RS-232-C Conditions 

Negative-going threshold voltage 

1 and 2 
VID = VT + max, Vl(strobe) = 2 V, 

VOH High-level output voltage 
10H = -500p.A 

1 and 2 
VID = VT _ min, Vl(strobe) = 0.8 V, 

10H = -500 p.A 

VOL Low-level output voltage 1 and 2 
VID = VT _ min, Vl(strobe) = 2 V, 

IOL = 6.4 rnA 

II 
Input current into strobe at 

maximum strobe voltage 
3 Vl(strobe) = 5.5 V 

IIH High-level strobe current 3 Vl!strobel = 2.4 V 

IlL Low-level strobe current 3 Vl(strobel = 0.4 V 
MIL-STD-188 4 IVlol = OVto25V, RT open, TA = 25°C 

q Input resistance 
IVIDI =3Vto25V, 

EIA RS-232-C 4 RT connected to inverting line input, 

TA = 25°C 

Vl(open) Open-circuit input voltage 5 

lOS Short-circuit output current 6 VID = 3 V 

ICC+ Supply current from VCC + 1 VID = -3V, Vl(strobe) = 2.4 V 

ICC- Supply current from VCC- 1 VIO = -3 V, VUstrobel = 2.4 V 

t Differential input voltages (VT and VID) are at the non inverting line input terminal with respect to the inverting line input terminal. 
+ Typical values are at VCC+ = 12 V, VCC- = -12 V, TA = 25°C. 

-12 V ± 10% (unless 

MIN TYPl: MAX 

(SEE NOTE 3) 
UNIT 

0.1 0.3 0.5 
V 

0.03 0.3 0.5 

-0.5 -0.3 -0.1 

-0.5 -0.3 -0.03 
V 

1.5 2.2 3 

-3 -2.2 -1.5 
V 

3 4.1 6 

V 

3 4.1 6 

0 0.15 • 0.4 V 

0.1 1 rnA 

30 80 p.A 

-0.5 -1.5 rnA 

6 9 

3 5 7 
kO 

+1 ±2 V 

-1.9 -4 rnA I 

10 16 rnA 

-7 -13 rnA I 

NOTE 3: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels only, e.g., 
when - 0.1 V is the maximum, the minimum limit is a more negative voltage. 

switching characteristics, VCC+ 12 V, VCC- -12 V, TA 25°C 

TEST 
PARAMETER 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 
CL = 15 pF 

40 

tpHL Propagation delay tim~high-to-Iow-I~vel output_ 
7 

60 
ns 

--- --- --- - - , ~- -- -- ---

Line Drivers/Receivers 

c 
c: :z:.CI) 
r-2 
r-01 _ U'1 

2-
m01 

N 
=~ 
mCl) 
C")2 
!!!""" 
<01 m_ = 01 
Cl)N 
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SfJ55152, SN75152 
DUAL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCC+ OPEN VCC-

'CC~~ _________ J!;CC-
I 

HYST I 
NON. CO NT TO OTHER I 

• ~I I:~ . RECEIVER l, {fiTfIOH i) 
VT. VID OPEN ~-"".f"v-A 

+ 
IINV HYST I IOl ~ 
L ____ !~_ ~--rGN~ r}VOH-= 

OPEN Vl(strobel. ViOL -=- I I 
VIH. VIL -= -= ~ ! -= 

NOTE: Output is open fortesting ICC+ and ICC-

FIGURE 1. MIL-STD-188 CONDITION 

VCC+ VCC-

r' J ____ ------
HYST I . CONT TO OTHER 

I NONINV RECEIVER 

I 'RT {;:J11

0H 

1+ 
,'NV HVST I 'f1 L AOJ S GNO. 

---:EN-:':'~b:-I-' 1 i II 
FIGURE 2. EIA RS-232-C CONDITION 
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SN55152. SN75152 
DUAL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCC+- OPEN VCC-

rJ---- _______ L, 
HYST 

I CONT TO OTHER I 
I NON- RECEIVER I 

OPENf--r-: .."I:\/\~~ ! 
OPEN 

2. ___ ~~ 

OPE~" IIH 1 !"L I 
Vl(strobe) 

FIGURE 3 

r
vI __ :: _____ l~ 

HYST I 
CONT I 

I 
I 
I 
I 

INV HYST I 
L ____ ~11!.--.2.--I~~ 

_ ~ VID 
q -~ OPEN OPEN -= 

FIGURE 4 

VCC+ VCC-

rJ--- ---------, 
HYST I 

I NON CONT TO OTHER 
I INV - RECEIVER I 
I I 
I RT I 

OPEN --O--'\.I\/'v...r I i 
VUopen) 

1 
I f IINV HYST I 

L ___ - A~--~---I~£J VII open) 

jl OPEN OPEN 

-= -= 
FIGURE 5 

OPEN 

OPEN 

en ... 
Q) 

> 
"Qi 
(J 
Q) 

a: -en ... 
Q) 

> 
"Ii: 
C 
Q) 
c: 
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SN55152, SN75152 
DUAL LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

VCC+ Vcc-

r
l __ :E~ _____ 1, 

HVST 
INON- CaNT TO OTHER I 
IINV RECEIVER; 

I 

I 
IINV HVST I 
L AOJ S . GNnt ---::--- --I~ 

FIGURE 6 

VCC+ OPEN VCC-

r-L---------1, 
HVST I 
CaNT I 

I 
I 

INPUT --+----tt--f'....J 

INPUT 
I 
I 

D--I...I ~.-- OUTPUT 

AOJ S GNO! 

OPEN --:4~--r~ 
TEST CIRCUIT 

5V 

: .... ' .. 0..;,;% _____ 5 V 

i4 ~I tpHL tPLH~ 
I 

OUTPUT 1,.5 V 
,.

5V
t-- VOH 

"-- VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :s 1 MHz, duty cycle = 50%, Zout '" 50 n. 

4-230 

B. CL inCludes probe and jig capacitance. 

FIGURE 7. PROPAGATION DELAY TIMES 
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5 
VCC+ = 12V 
VCC- = -12 V 

> 4 TA = 25°C 
I 

CD 
C) 

~ 
'0 3 
> 
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; 2 
0 
I 
0 
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E 
I 
c .g 
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> 

CD 
C) 

~ 
'0 
> 
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'0 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

EIA RS-232-C CONDITION 

I 
(See Figure 2) 

\ 

\ 

I \ 

VT- VT- VT~ VT+ 

-3 

20 

15 

10 

5 

o 

-5 

I 
MIL-STD-188 
CONDITION 

(See Figure 1) 

Iv --
-2 -1 o 2 

VID-DIFFERENTIAL INPUT VOLTAGE-V 

FIGURE 8 

THRESHOLD VOLTAGE VARIATION 
vs 

POSITIVE SUPPLY VOLTAGE 

VCC- = -12 V 
TA = 25°C. 

I I I I 
EIA RS-232-C CONDITION 

(See Figure 2) 
1\ 

~ 
,....... 

~ 
~ 

-V ~ V -
MIL-STD-188 CONDITION 

~ -10 (See Figure 1) 
.... 
I .... 

> 
<I 

-15 

-20 
10.5 11 11.5 12 12.5 13 13.5 

VCC + - Positive Supply Voltage - V 

FIGURE 9 
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SN55152. SN75152 
DUAL LINE RECEIVERS 

4-232 

> 20 
E 
I 15 I: .g 
co 10 .~ 

> 
G) 5 
Cl 

:l 
'0 0 
> 
~ -5 
.l: 
II) 

] -10 
I-

~ -15 
> 
<l -20 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE VARIATION 
vs 

NEGATIVE POWER SUPPLY 

VCC+ = 12 V / 
TA = 25°C / 

, I 

~ EIA RS-232-C_ 
CONDITION V 

(See Figure 2) I 

L--~-

---~ MIL-sio-188 

V CONDITION -

/ (See Figure 1) 

/ 
V 

/ 
-10.5 -11 -11.5 -12 -12.5 -13 -13.5 

±6 

> ±5 
I 

G) 

~ ±4 
'0 
> 
~ ±3 
.l: 
II) 
G). 

.c ±2 
l-
I 
I-
> ±1 

o 
o 

VCC - - Negative Supply Voltage - V 

FIGURE 10 

THRESHOLD VOLTAGE 
vs 

HYSTERESIS ADJUST RESISTANCE 

\ 
VCC+ = 12 V 
VCC- = -12 V 
RT open -

\ 
TA = 25°C 

1\ 
\ 
~ 

""'" '--r--

0.5 1.5 2 2.5 3 

Radjt -HYSTERESIS ADJUST RESISTANCE-kfl 

t Radj is connected between Hysteresis Adjust terminal and Vee _. 

FIGURE 11 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 

so 

I/) 70 
c 
I 

II) 60 e 
tP~L 

j:: 
50 > 

ItS 
Gi tpLH -
Q 40 r-
c .g 

30 ItS 
en 
ItS 
c. 20 e VCC+ = 12 V 

Q. VCC- = -12 V 
10 CL =,15 pF 

o 
See Figure 7 I 

o 10 20 30 40 50 60 70 SO 

T A - Free-Air Temperature - °c 
FIGURE 12 

TYPICAL APPLICATIONS 

Some typical applications of the SN55152 and SN75152 are as follows: 

• MIL-STD-1S8 Interface Receiver 

• EIA RS-232-C Interface Receiver 

Single-Ended Line Receiver 

• Differential Line Receiver 

High-Noise-Immunity Line Receiver 

Schmitt Trigger 

High-Voltage-Logic-to-TTL Translator 

MOS-to-TTL Converter 

• Pulse Generator 

• Threshold Detector 

Pulse Shaper 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 
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sr~55152, SrH5152 
DUAL LINE RECEIVERS 

INPUT 

TYPICAL APPLICATIONS 

J~ __ :E~ ____ ~I, 
, vcc+ HYST VCC-I 

NON. CONT I 
I INv I 

OPEN --t---'IJ'.J'v-' 
I 
I TTL·COMPATIBLE 

OUTPUT • I 
IINV HYST I 
L AOJ S GNO. --- ::-~~:~-1-~ 

FIGURE 13. MIL-STD-188 SINGLE-ENDED LINE RECEIVER 

+12V -12V 

INPUT 

r-J_- -------- -, 
'VCC+ HYST VCC-I 
I NON. CONT TO OTHER 
I INV RECEIVER I 

I 
I I TTL·COMPATIBLE 
I INV I OUTPUT 
I HYST I 
L AOJ S GNI2J 

---:P:-:::~-l-
NORMAL OPERATION 

INPUT 

1 kn 

+12 V OPEN -12 V 

r. --- ______ 1, 
vcc+ HYST Vcc- I 

I NON. CONT TO OTHER I 
~ INV RECEIVER I 

I RT I 
I I TTL·COMPATIBLE 

200n 

, I OUTPUT 
IINV HYST I 

L AOJ S GNO. 

. ---:E~-~TR~:-r ~ 

FAIL·SAFE OPERATION 

FIGURE 14. EIA RS-232-C SINGLE-ENDED RECEIVER 
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SN55152, SN75152 
DUAL LINE HECEIVERS 

TYPICAL APPLICATIONS 

12511 

12 V 

3.911 

HYSTERESIS 
CONTROL 

rVc~-- -1iiSN7s152--j 
I 
I NON- TO OTHER 

RECEIVER I 
RG63B/U .... ~I--..:.I_IN_V_ .. -f ....... 

CABLE 

6.S kll 

I 
I 
I 

.... __ -' :~n--2-_-1 J 
-12 V 

TTL-COMPATIBLE 
OUTPUT 

FIGURE 15. SINGLE-ENDED TRANSMITTER WITH DRIVER "OR" CAPABILITY 
AND RECEIVER WITH ADJUSTABLE NOISE IMMUNITY 

5V 

56011 

5011 

PAIR 

12V -12V 

5011 (OPEN) 
HYST CO NT J-

rVC~+--- -----VCC~ 

INON- I 
IINV I 
I RT I 

I 
I TTL-COMPATIBLE 
I OUTPUT 

--- S --1J 
Frequency to 0.5 MHz 
Common-Mode Voltage ... - 12 V to + 10 V 

t The 1 N4444 diodes are required only for negative common-mode protection at the driver outputs. 

FIGURE 16. BALANCED LINE OPERATION WITH HIGH COMMON-MODE-VOLTAGE CAPABILITY 
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• Satisfies Requirements of EIA Standard 
RS-232-C 

• Input Resistance ... 3 kO to 7 kO over Full 
RS-232-C Voltage Range 

• Input Threshold Adjustable to Meet 
"Fail-Safe" Requirements Without Using 
External Components 

• Built-In Hysteresis for Increased Noise 
Immunity 

• Inverting Output Compatible with TTL 

• Output with Active Pull-Up for Symmetrical 
Switching Speeds 

• Standard Supply Voltages ... 5 V or 12 V 

description 

The SN55154 and SN75154 are monolithic 
Low-Power Schottky line receivers designed to 
satisfy the requirements of the standard 
interface between data terminal equipment and 
data communication equipment as defined by 
EIA standard RS-232-C. Other applications are 
for relatively short, single-line, point-to-point 
data transmission and for level translators. 
Operation is normally from a single five-volt 
supply; however, a built-in option allows 
operation from a 12-volt supply without the use 
of additional components. The output is 
compatible with most TTL circuits when either 
supply voltage is used. 

SN55154. SN15154 
QUADRUPLE LINE RECEIVERS 

0899. NOVEM8ER 1970-REVISEO SEPTEMBER 1986 

SN55154 ... J PACKAGE 
SN75154 ... D. J. OR N PACKAGE 

(TOP VIEW) 

3T VCC2 
2T VCCl 
1T 4T 
lA 1Y 
2A 2Y 
3A 3Y 
4A 4Y 

GND Rlt 

SN55154 ... FK PACKAGE 

(TOP VIEW) 

N..-
uu 

f- f- U U U 
N ('I)z» 

2 1 2019 

1T 4 18 

lA 5 17 

NC 6 16 

2A 7 15 

3A 8 14 

9 1011 1213 

<X: o U +- >-q- zz..-q-
<.!J ex: 

NC No internal connection 
t For function of R 1. see schematic 

In normal operation, the threshold-control terminals are connected to the VCC1 terminal, even if power 
is being supplied via the alternate VCC2 terminal. This provides a wide hysteresis loop, which is the 
difference between the positive-going and negative-going threshold voltages. See typical characteristics. 
In this mode of operation, if the input voltage goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 

For fail-safe operation, the threshold-control terminals are open. This reduces the hysteresis loop by causing 
the negative-going threshold voltage to be above zero. The positive-going threshold voltage remains above 
zero as it is unaffected by the disposition of the threshold terminals. In the fail-safe mode, if the input 
voltage goes to zero or an open-circuit condition, the output will go to the high level regardless of the 
previous input condition. 

The SN55154 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN7 5154 is characterized for operation from OOC to 70°C. 

Copyright © 1985. Texas Instruments Incorporated 
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Sf~55154, SfH5154 
QUADRUPLE LINE RECEIVERS 

logic symbol t logic diagram 

1A~1V 
~ V" 

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. 

schematic 

VCC2 
(See Note 1) 

COMMON TO 4 RECEIVERS r------, 
I 3.2kn I 
I I 
I I 

VCC1 -----.:..1--.,..-.... I 
1 5kn I 

R1 --------------~ __ • 

GND I I L _______ ...J 

1T 

2A ~5) .IT (12) 2V 

(2) 
2T 

3A~3V' 
3T~ L,/"-

4A.~7).IT· (10) 4V 

(14) 
4T 

1 OF 4 RECEIVERS 
,---- ----------1 

THRESHOLD 
CONTROL --'---------, 

5kn 1.6kn 

9.9 kH 

4.2 kH 
I NPUT --=------,..,."...----..--....~ 

2.7 kn 

1.6 kn 
I 

200n I 
I 
I 
I 

...----1- OUTPUT 

I 
I 

.,. I 
I 
I L __________________ -1 

Component values shown are nominal. 

tf, . .. Substrate 

NOTE 1: When VCC1 is used, VCC2 may be left open or shorted to VCC1. When VCC2 is used, VeC1 must be left open or connected 
to the threshold control.pins. 
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SN55154. SN75154 
QUADRUPLE LINE RECEIVERS 

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

SN55154 SN75154 UNIT 

Normal supply voltage, VCCl (see Note 2) 7 7 V 

Alternate supply voltage, VCC2 14 14 V 

Input voltage ±25 ±25 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 3) J package 1375 1025 

N package 1150 

Operating free-air temperature range - 55 to 125 o to 70 °C 

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

Case temperature for 60 seconds: FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

recommended operating conditions 

SN55154 SN75154 

MIN NOM MAX MIN NOM MAX UNIT 

Normal supply voltage, VCC1 4.5 5 5.5 4.5 5 5.5 V 

Alternate supply voltage, VCC2 10.8 12 13.2 10.8 12 13.2 V 

High-level input voltage, VIH (see Note 4) 3 15 3 15 V 

Low-level input voltage, VIL (see Note 4) -15 -3 -15 -3 V 

High-level output current, IOH -400 -400 p.A 

Low-level output current, IOL 16 16 mA 

Operating free-air temperature, T A -55 125 0 70 °C 

NOTES: 2. Voltage values are with respect to network ground terminal. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN551 54 

chips are alloy mounted and SN75154 chips are glass mounted. In the N package, use the 9.2-mW/oC curve for these devices. 
4. The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet 

for logic and threshold levels only, e.g., when 0 V is the maximum, the minimum limit is a more negative voltage. 
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sr~55154. SrH5154 
QUADRUPLE LINE RECEIVERS 

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

PARAMETER 
TEST 

TEST CONDITIONS 
MIN TYP* MAX 

FIGURE (SEE NOTE 4) 

Positive-going Normal operation 0.8 2.2 
VT+ 1 

threshold voltage Fail-safe operation 0.8 2.2 

VT-
Negative-going Normal operation -3 -1.1 

1 
threshold voltage Fail-safe operation 0.8 1.4 

Vhys Hysteresis (VT + - VT - ) 
Normal operation 0.8 3.3 

1 
Fail-safe operation 0 0.8 

VOH High-level output voltage 1 10H = -400 p.A 2.4 3.5 

VOL Low-level output voltage 1 10L = 16 rnA 0.29 

""VI = -25 V to -14 V 3 5 

""VI = -14Vto.-3V 3 5 

q Input resistance 2 ""VI = -3 V to 3 V 3 6 

""VI = 3Vto 14V 3 5 

""VI = 14Vto25V 3 5 
r-
:i' 
(I) 

Vl(open) Open-circuit input voltage 3 II = 0 0 0.2 

lOS Short-circuit output current t 4 VCCl = 5.5 V, VI = -5 V -10 -20 

c 
-t 

;:' 
ICCl Supply current from VCCl VCCl = 5.5 V, TA = 25°C 20 

5 
ICC2 Supply current from VCC2 VCC2 = 13.2 V,TA = 25°C 23 

~ tNot more than one output should be shorted at a time. 
(/) tAlI typical values are at VCCl = 5 V, TA = 25°C. 
l; 
~ switching characteristics, VCC1 == 5 V, TA == 25°C, N == 10 
(I) 

;:' 
(I) 
-t 

TEST 
PARAMETER TEST CONDITIONS MIN TYP 

FIGURE 
(/) tpLH Propagation delay time, low-to-high-Ievel output 11 

tpHL Propagation delay time, high-to-Iow-Ievel output 8 
6 CL = 50 pF, RL = 390 {} 

tTLH Transition time, low-to-high-Ievel output 7 

tTHL Transition time, high-to-Iow-Ievel output 2.2 

TYPICAL CHARACTERISTICS 

OUTPUT VOL TAGE vs INPUT VOLTAGE 

4 r---i .f---

VCCl = 5 V 

> 
I 

! 
'0 
> 
; 
e 
:l 
0 
I 
0 
> 

~ 

3 ~ 

----; 

2 , 
----4 

--it 

----;, 

':"=---I o 
-25 -4 

r- TA = 25°C 

NORMAL .... FAILSAFE .. 
.1--

OPERATI,ON- rOPERATI01 
.1--

See Note 5 VT_ VT_ ~ ,VT+ 
. r 

Ir----

r -
.r--

-3 -2 -1 o 2 3 4 
r 

25 
VI-Input Voltage-V 

3 

3 

0 

3 

6 

2.2 

0.4 

7 

7 

8 

7 

7 

2 

-40 

35 

40 

MAX 

UNIT 

V 

V 

V 

V 

V 

k{} 

V 

rnA 

rnA 

UNIT 

ns 

ns 

ns 

ns 

NOTE 5: For normal operation, the threshold controls are connectd to VCC1. For fail-safe operation, the threshold controls are open. 
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d-c test circuits t 

SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

TEST TABLE 

TEST MEASURE A T Y 
. VCC1 VCC2 
(PIN 15) (PIN 16) 

Open-circuit input VOH Open Open IOH 4.5 V Open 

(fail safe) VOH Open Open IOH Open 10.8 V 

VT+ min, VOH 0.8 V Open IOH 5.5 V Open 

VT _ min (fail safe) VOH 0.8 V Open IOH Open 13.2 V 

VOH Note A Pin 15 IOH 5.5 V and T Open 
VT + min (normal) 

VOH Note A Pin 15 IOH T 13.2 V 

VIL max, VOH -3 V Pin 15 IOH 5.5 V and T Open 

VT _ min (normal) VOH -3 V Pin 15 IOH T 13.2 V 

VIH min, VT + max, VOL 3V Open IOL 4.5 V Open 

VT _ max !fail safe) VOL 3V Open IOL Open 10.8 V 

VIH min, VT + max VOL 3V Pin 15 IOL 4.5 V and T Open 

(normal) VOL 3V Pin 15 IOL T 10.8 V 

VOL Note B Pin 15 IOL 5.5 V and T Open 
VT _ max (normal) 

VOL Note B Pin 15 IOL T 13.2 V 

NOTES: A. Momentarily apply - 5 V, then 0.8 V. 
B. Momentarily apply 5 V, then ground. 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

d-c test circuits t (continued) 

.»----'--1--- OPEN 

FIGURE 2. rj 

~-----11-- OPEN 

VUopen) L GND J 
i ----*----

I I 
L - - - -E.f - -----I 

FIGURE 3. Vl(open) 

5V 

TEST TABLE 

T 
vCC1 VCC2 

(PIN 15) (PIN 16) 

Open 5V Open 

Open GND Open 

Open Open Open 

Pin 15 T and 5 V Open 

GND GND Open 

Open Open 12 V 
Open Open GND 
Pin 15 T 12 V 

Pin 15 T GND 
Pin 15 T Open 

TEST TABLE 

T 
VCC1 VCC2 

(PIN 15) (PIN 16) 

Open 5.5 V Open 

Pin 15 5.5 V Open 

Open Open 13.2 V 

Pin 15 T 13.2 V 

5.5V3CCll-0---1~1!3'2V 
OPEN. • OPEN 

r -- -- _J-, 
T VCC2 Rl 

IA yl 
11 OPEN 

I GND I L.. ____ ~_-_-.J 

Each output is tested separately. All four line receivers are tested simultaneously. 

FIGURE 4. lOS FIGURE 5. ICC 

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

4-242 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



INPUT 

OUTPUT 

SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
(See Note AI 

INPUT 5V OUTPUT 

OPEN OPEN 

RL = 390 n 
r 

-- __ L_J_, 
T VCC1 VCC2 R1 I 

IA Y 
IT ~----~ .. ~~~~~~ 

I GND I L ____ ..,. _____ ..J CL=50pF * ~ (See Note BI 

TEST CIRCUIT 

~10±2ns ~10±2ns 
I I 

:3 i~-='9~0%~O-------='9~0%~O \. -:- - - - - - - - - 5 V 

10%Ji I 410% ov 
----"""':(- I I -5 V 

I I 
~ tpHL I+- ~ tpLH l+-

I I 

I ill .------VOH 2V~ I 2V 
I I 15V I I I 15 V . 

I .. __ 0_.8_V _______ O._8_V - -:- - - -- - VOL 

I : : I 
tTHL-.! j4- -..j ~tTLH 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 n, tw = 200 ns, duty cycle s 20%. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 

FIGURE 6. SWITCHING TIMES 
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ADVANCE 
INFORMATION 

• Meets EIA Standard RS-232-C 

• 10-mA Current Limited Output 

• Wide Range of Supply 
Voltage ... VCC = 4.5 V to 15 V 

• Low Power ... 130 mW 

• Built-In 5-Volt Regulator 

• Response Control Provides: 
Input Threshold Shifting 
Input Noise Filtering 

• Power-Off Output Resistance ... 300 {} Typ 

• Driver Input TTL Compatible 

description 

The SN75155 is a monolithic line driver and 
receiver that is designed to satisfy the 
requirements of the standard interface between 
data terminal equipment and data 
communication equipment as defined by EIA 
standard RS-232-C. A Response Control input 
is provided for the receiver. A resistor or a 
resistor and a bias voltage can be connected 
between the response control input and ground 
to provide noise filtering. The driver used is 
similar to the SN75188. The receiver used is 
similar to the SN75189A. 

The SN75155 is characterized for operation from 
OOC to 70°C. 

SN75155 
LINE DRIVER AND RECEIVER 

0: JG. OR P PACKAGE 

(TOP VIEW) 

Vcc- DB vcc+ 
DA 2 7 DY 
RY 3 6 RTC 

GND 4 5 RA 

logic symbol t 

I> 

DA (2) 

RA (5) I> 

RTC RESP 

02951, JULY 1986 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12 

logic diagram 

(1 ) 
Vcc- ---------, 
VCC+_(-B-)--~ __ -. 

OA -----t--; 

GNO 

RA 

RTC 

Copyright © 1986. Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new IIroducts in the samplinp or 
IIreproduction phase of development. Charactenstic 
ilata and other specifications are subject to change 
without notice. 
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SfJ75155 
LINE DRIVER AND RECEIVER 

schematic 

DA (21 
vCC+~(_81~----~~--~ ______________________________ -+ ____ ~~~~ __ ~ 

RA (51 
3.5 kO 

GND~(4~1~~--~~----+-4-~--~~~~-+~ __ ~~~ 
RTC~(~61~----________ ~~ 

VCC_~(~11----__________ ~----____ +-~~~ __________ ~ __ +-__ ~~ ____ ~~ 

All resistor values shown are nominal. 

ADVAriCE 
INFORMATION 

(31 RY 

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

Supply voltage, VCC + (see Note 1) ......................... . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, VCC - (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 15 V 
Input voltage range: Driver.......................................... - 1 5 V to 15 V 

Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 30 V to 30 V 
Output voltage range (Driver) ......................................... - 1 5 V to 15 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 725 mW 
JG package ............... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package. . . . . . . . . . .. 300°C 
Case temperature for 60 seconds, FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds, D or P package ......... 260 Q C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. refer to Dissipation Derating Table. (n the JG package. SN75155 chips are 

glass mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
TA - 25°C 

DERATING FACTOR ABOVE TA 
TA - 70°C 

POWER RATING POWER RATING 

D 725 mW 5.8 mW/oC 25°C 464 mW 

JG 825 mW 6.6 mW/oC 25°C 528 mW 

P 1000 mW 8.0 mW/oC 25°C 640 mW 
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ADVANCE 
INFORMATION 

recommended operating conditions 

PARAMETERS 

Supply voltage. Vcc + 

Supply voltage. VCC-

Input voltage. driver. VI(D) 

Input voltage. receiver. VI(R) 

High-level input voltage. driver. VIH 

Low-level input voltage. driver. VIL 

Response control current 

Output current. receiver. IO(R) 

Operating free-air temperature. T A 

SN75155 
LINE DRIVER AND RECEIVER 

MIN NOM MAX UNIT 

4.5 12 15 V 

-4.5 -12 -15 V 

±15 V 

-25 25 V 

2 V 

0.8 V 

±5.5 rnA 

24 rnA 

0 70 °c 

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

total device . 

PARAMETERS TEST CONDITIONS MIN Typt MAX UNIT 

VCC+ = 5 V. VCC- = -5 V. VI(D) = 2 V, 6.3 8.1 

ICCH+ High-level supply current VCC+ = 9 V, VCC- = -9 V, VI(R) = 2.3 V, 9.1 11.9 rnA 

VCC+ = 12 V, VCC- = -12 V, Output open 10.4 14 

VCC+ = 5 V, VCC- = -5 V, VI(D) = 0.8 V, 2.5 3.4 

ICCL+ Low-level supply current VCC+ = 9 V, VCC- = -9 V, VI(R) = 0.6 V, 3.7 5.1 rnA 

VCC+ = 12 V, VCC- = -12 V. Output open 4.1 5.6 

VCC+ = 5 V, VCC- = O. VI(R) = 2.3 V, 4.8 6.4 
ICC+ Supply current rnA 

VCC+ = 9 V. VCC- = O. VI(D) = 0 6.7 9.1 

VCC+ = 5 V, VCC- = -5 V, VI(D) = 2 V, -2.4 -3.1 

ICCH- High-level supply current VCC+ = 9 V, VCC- = -9 V, VI(R) = 2.3 V, -3.9 -4.9 rnA 

VCC+ = 12 V, VCC- = -12 V, Output open -4.8 -6.1 

VCC+ = 5 V, VCC- = -5 V, VI(D) = 0.8 V. -0.2 -0.35 

ICCL- Low-level supply current VCC+ = 9 V. VCC- = -9 V. VI(R) = 0.6 V. -0.25 -0.4 rnA 

VCC+ = 12 V, VCC- = -12 V, Output open -0.27 -0.45 

t All typical values are at T A = 25°C. 
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srH5155 
LINE DRIVER AND RECEIVER 

ADVAr~CE 
INFORMATION 

electrical characteristics over recommended operating free-air temperature range, Vee + 
Vee - = - 12 V (unless otherwise noted) 

12 V, 

driver section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

vcc+ = 5 V, VCC- = -5 V 3.2 3.7 

VOH High-level output voltage VIL = 0.8 V, RL = 3 kn VCC+ = 9 V, VCC- = -.9 V 6.5 7.2 V 

VCC+ = 12 V, VCC- = -12 V 8.9 9.8 

VCC+ = 5 V, VCC- = -5 V -3.6 -3.2 

VOL 
Low-level output voltage 

VIH = 2 V, RL = 3 kn VCC+ = 9 V, VCC- = -9 V -7.1 -6.4 V 
(see Note 3) 

VCC+ = 12 V, VCC- = -12 V -9.7 -8.8 

IIH High-level input current VI = 7 V 5 p.A 

IlL Low-level input current VI = 0 -0.73 -1.2 mA 

10SH 
High-level short-circuit 

VI = 0.8 V, Vo = 0 -7 -12 -14.5 mA 
output current 

Low-level short-circuit 
10SL VI = 2 V, Vo = 0 6.5 11.5 15 mA 

output current 

RO 
Output resistance 

Vo = 
with power off 

-2 V to 2 V 300 n 

receiver section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VT+ 
Positive-going 

threshold voltage 
1.2 1.9 2.3 V 

VT-
Negative-going 

threshold voltage 
0.6 0.95 1.2 V 

Vhys Hysteresis 0.6 V 

VI = 0.6 V, VCC+ = 5 V, VCC- = -5 V 3.7 4.1 4.5 

10H = 10 p.A VCC+ = 12 V, VCC- = -12 V 4.4 4.7 5.2 
VOH High-level output voltage V 

VI = 0.6 V, VCC+ = 5 V, VCC- = -5 V 3.1 3.4 3.8 

10H = 0.4 mA VCC+ = 12 V, VCC- = -12 V 3.6 4 4.5 

VOL Low-level output voltage VI = 2.3 V, 10L = 24 mA 0.2 0.3 V 

VI = 25 V 3.6 6.7 10 mA 
IIH High-level input current 

VI = 3 V 0.43 0.67 1 mA 

VI = -25 V -3.6 -6.7 -10 mA 
IlL Low-level input current 

VI = -3 V -0.43 -0.67 -1 mA 

lOS Short-circuit output current VI = 0.6 V -2.8 -3.7 mA 

t All typical values are at T A = 25 ac. 
NOTE 3: The algebraic limit system, in which the more positive (less negative) limit is designated as maximum, is used in this data sheet 

for logic voltage levels only, e.g., if - 8.8 V is the maximum, the typical value is a more negative value,. 
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ADVANCE 
INFORMATION 

SN75155 
LINE DRIVER AND RECEIVER 

switching characteristics over recommended operating free-air temperature range, Vcc + OIl 5 V, 
Vcc- ... - 5 V, CL = 50 pF (unless otherwise noted) 

driver section (see Figure 2) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tplH Propagation delay time, low-to-high-Ievel output 
Rl = 3 kO 

250 480 

Propagation delay time high-to-Iow-Ievel output 80 150 
ns 

tpHl 

Output rise time 
Rl = 3 kO 67 180 ns 

tr 
Rl = 3 kO to 7 kO, Cl = 2500 pF 2.4 3 p's 

Output fall time 
Rl = 3 kO 48 160 ns 

tf 
Rl = 3 kO to 7 kO, Cl = 2500 pF 1.9 3 p's 

receiver section (see Figure 3) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tplH Propagation delay time, low-to-high-Ievel output 175 245 

Propagation delay time, high-to-Iow-Ievel output 
Rl = 4000 

37 100 
ns 

tpHl 

tr Output rise time Rl = 4000 255 360 ns 

tf Output fall time Rl = 4000 23 50 ns 

t All typical values are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

Vce 

jlOHt 

RESPONSE jlOLt 

. CONTROL VOH 
I\. 

VOL 

1 OPEN 1 iRC l Rc' 1 UNLESS C 
OTHERWISE I C 
SPECIFIED t- vc i +Vc 

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

FIGURE 1. RECEIVER SECTION TEST CIRCUIT (VT+, VT-, VOH, VoLl 
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S~J75155 
LINE DRIVER AND RECEIVER 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

INPUT .x:HII~-""'-- OUTPUT 

RL - 3 kl1 CL - 50 pF I (SEE NOTE AI 

TEST CIRCUIT 

NOTES: A. CL includes probe and jig capacitance. 

INPUT '/'.5 V --J: . (SEE NOTE BI 

tpHL~ t4-
___ I 

90% I 
OUTPUT 

\~5~---3V 

-J OV 

VOH 

VOLTAGE WAVEFORMS 

B. The input waveform is supplied by a generator with the following characteristics: Zout "" 5011, tw = 1 P.s, tr :s 10 ns, tf :s 10 ns. 

FIGURE 2. DRIVER SECTION SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 

RESPONSE 
CONTROL 

INPUT 

OUTPUT 5 V 

TEST CIRCUIT 

NOTES: A. CL includes probe and jig capacitance. 

------4V 

INPUT .:12 V ~ 2 V 

........;; • (SEE NOTE BI 1'\\-. _____ 0 V 

I I 
tpHL-+i 1OIIII141--t~""I-tPLH 

VOH 

OUTPUT 
10% 

VOLTAGE WAVEFORMS 

B. The input waveform is supplied by a generator with the following characteristics: Zout '" 50 11, tw = 1 P.s, tr :s 10 ns, tf :s 10 ns. 

FIGURE 3. RECEIVER SECTION SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADVANCE 
INFORMATION 

SN75155 
LINE DRIVER AND RECEIVER 

TypICAL CHARACTERISTICS 
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sr~75155 , 
LINE DRIVER AND RECEIVER 

TYPICAL CHARACTERISTICS 
(RECEIVER) 
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ADVANCE 
INFORMATION 

SN75155 
LINE DRIVER AND RECEIVER 
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TYPICAL CHARACTERISTICS 
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• Meets EIA Standards RS-422-A and 
RS-423-A 

• Meets Federal Standards 1020 and 1030 

• Operates from Single 5-V Power Supply 

• Wide Common-Mode Voltage Range 

• High Input Impedance 

• TTL-Compatible Outputs 

• High-Speed Schottky Circuitry 

• a-Pin Dual-In-Line Package 

• Similar to uA9637 AC except for Corner 
VCC and Ground Pin Positions 

description 

The SN75157 is a dual differential line receiver 
designed to meet EIA standards RS-422-A and 
RS-423-A and Federal Standards 1020 and 
1030. It utilizes Schottky circuitry and has TTL­
compatible outputs. The inputs are compatible 
with either a single-ended or a differential-line 
system. The device operates from a single 5-volt 
power supply and is supplied in an a-pin dual-in­
line package and small outline package. 

The SN55157 is. characterized over the full 
military temperature range of - 55 °e to 125 °e. 
The SN75157 is characterized for operation from 
ooe to 70oe. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vec 

INPUT--~--~~~~~ ____ ~ 

SN55157, SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 

02300. SEPTEMBER 1980-REVISED SEPTEMBER 1986 

SN55157 ..• JG PACKAGE 
SN75157 ... D. JG. OR P PACKAGE 

(TOP VIEWI 

lIN+[]8 Vee 
lOUT 2 7 llN-
20UT 3 6 21N+ 
GND 4 5 21N-

logic symbol t 

(2) lOUT 

(3) 20UT 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram 

lIN+~ll .rr (21 lOUT 

l1N- (71 

2IN+~61 .rr (31 20UT 

21N- (51 

TYPICAL OF ALL OUTPUTS 

------.... --Vcc 

50n NOM 

OUTPUT 

CURRENT 
SOURCE 
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SN55157, SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 

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

Supply voltage, Vcc (see Note 1) ...................................... - 0.5 V to 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Differential input voltage (see Note 2) ......................................... ± 15 V 
Output voltage (see Note 1) ....................................... " - 0.5 V to 5.5 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

SN55157 JG package ................ " ............................. 1050 mW 
SN75157 D package ................................................. 725 mW 

JG package ........................................ " ....... , 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range: SN55157. . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
SN75157 ............................. O°C to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package ............ 300°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds D or P package ....... " 260°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25 °e free·air temperature, derate the SN55157 JG package to 672 mW at 70 °e at the rate of 8.4 mW/oe, 

the SN75157 JG package to 528 mW at 70 0 e at the rate of 6.6 mW/oe, the D package to 464 mW at 70 0 e at the rate 
of 5.8 mW/oC, and theP package to 640 mW at 70°C at the rate of 8.0 mW/oC. In the JG package, SN55157 chips are 
alloy mounted and SN75157 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

Common·mode input voltage, Vie ±7 V 

Operating free-air temperature, T A I SN55157 -55 25 125 
°e 

I SN75157 0 25 70 

electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN Typt MAX 

UNIT 
See Note 4 

VT Threshold voltage (VT + and VT _) 
-0.2 0.2 

V 
See Note 5 -0.4 0.4 

Vhys Hysteresis (VT + - VT _) 70 mV 

VOH High-level output voltage VID = 0.2 V, 10 = -1 mA 2.5 3.5 V 

VOL Low-level output voltage VID = -0.2 V, 10 = 20 mA 0.35 0.5 V 

II Input current 
Vee = Ot05.5V, IVI = 10V 1.1 3.25 

I VI = -10 V 
mA 

See Note 6 -1.6 -3.25 

lOS Short·circuit output current i Va = 0, VID = 0.2 V -40 -75 -100 mA 

lee Supply current VID = -0.5 V, No load 35 50 mA 

t All typical values are at Vee = 5 V, T A = 25°e. 
iOnly one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The algebraic convention, where the less-positive (more-negative) limit is designated as minimum, is used in this data sheet 

for threshold levels only. 
5. The expanded threshold parameter is tested with a 500·{) resistor in series with each input. 
6. The iriput not under test is grounded. 
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SN55157, SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 

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

PARAMETER TEST CONDITION MIN TYP MAX 

tpLH Propagation delay time, low-to-high-Ievel output 
CL = 15 pF, See Figure 1 

15 25 

tpHL Propagation delay time, high-to-Iow-Ievel output 13 25 

PARAMETER MEASUREMENT INFORMATION 

VCC+ OUTPUT 

+0.5 V- - ,---------. 

INPUT 
392n INP~T 50% 50% ~ 

(see Noto BI : 0 ~ 

CL = 15 pF 
(see Note AI 

TEST CIRCUIT -

3_92 kn 

-0.5 V 1 I \-. ----
~tPLH ~tPHL 

1,--_____ -. 

OUTP_U_T __ ----'l5 V 1.5 V \~ ____ _ 

VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 
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2 

B. The input pulse is supplied by a generator having the following characteristics: tr :S 5 ns, tf :S 5 ns, PRR :S 5 MHz, 
duty cycle = 50%. 

FIGURE 1. TRANSITION TIMES 

TYPICAL CHARACTERISTICS 
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III 

SPJ75157 
DUAL DIFFERENTIAL LINE RECEIVER 
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TYPICAL CHARACTERISTICS 
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+5V 

SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 

TYPICAL APPLICATION DATA 

TWISTED PAIR +5 V 

FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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• Meets EIA Standard RS-422-A 

• Single 5-V Supply 

• Balanced-Line Operation 

• TTL-Compatible 

• High Output Impedance in Power-Off 
Condition 

• High-Current Active-Pullup Outputs 

• Short-Circuit Protection 

• Dual Channels 

SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 

D2292. JANUARY 1977-REVISED SEPTEMBER 1986 

SN55158 ... JG PACKAGE 
SN75158 ... D. JG. OR P PACKAGE 

(TOP VIEW) 

1Z[]8 Vee 
1Y 2 7 2Z 

1A 3 6 2Y 
GND 4 5 2A 

• Input Clamp Diodes 

description 

The SN55158 and SN75158 are dual complementary-output line drivers designed to satisfy the 
requirements set by the EIA Standard RS-422-A interface specifications. The outputs provide 
complementary signals with high-current capability for driving balanced lines, such as twisted pair, at normal 
line impedance without high power dissipation. The output stages are TTL totem-pole outputs providing 
a high-impedance state in the power-off condition. 

The SN55158 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN75158 is characterized for operation from OOC to 70°C. 

logic symbol t 

1A (3) 

2A (5) 

C> (2) 1Y 

1Z 

2Y 
2Z 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

1A (3) . ~
2)1Y 

(1) 1Z 

~2Y 
2A~2Z 

Copyright © 1986. Texas Instruments Incorporated 
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SfJ55158, StJ75158 
DUAL DIFFERENTIAL LINE DRIVERS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC------~------~~ 

INPUT 

4 kfl 
NOM 

GND--~-----~-

TYPICAL OF ALL OUTPUTS 

--..... -----VCC 

OUTPUT 

--..... ---GND 

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

Supply voltage, VCC ......................................................... 7 V 
Input voltage ............................................................ ; 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 725 mW 
JG package (alloy mount), SN55158 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1050 mW 
JG package (glass mount), SN75158 ..................................... 825 mW 
P package ........................................................ , 1000 mW 

Operating free-air temperature range: SN55158.................. . . . . . . .. - 55°C to 125°C 
SN75158 ............................. ooC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ....... " 260°C 

NOTES: 1. All voltage values except differential output voltage VOD are with respect to network ground terminal. VOD is at the Youtput 
with respect to the Z output. 

2. For operation above 25 DC free-air temperature. refer to Dissipation Derating Curves in Appendix A. In the JG package. SN55158 
chips are alloy mounted and SN75158 chips are glass mounted. In the P package. use the 8.0-mW/DC curve for these devices. 

recommended operating conditions 

SN55158 SN75158 

MIN NOM MAX MIN NOM 
UNIT 

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. VIL 0.8 0.8 V 

High-level output current. IOH -40 -40 mA 

Low-level output current. IOL 40 40 mA 

Operating free-air temperature. T A -55 125 0 70 DC 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 

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

PARAMETER TEST CONDITIONSt 
SN55158 SN75158 

TYP~ TYP~ 
UNIT 

MIN MAX MIN MAX 

VIK Input clamp voltage Vee = MIN. II = -12 mA -0.9 -1.5 -0.9 -1.5 V 

VOH High-level output voltage 
Vee = MIN. VIL = 0.8 V. 

2 3.0 2.4 3.0 V 
VIH = 2 V. 10H = -40 mA 

VOL Low·level output voltage 
Vee = MIN. VIL = 0.8 V. 

VIH = 2 V. 10L = 40 mA 
0.2 0.4 0.2 0.4 V 

IVOD11 Differential output voltage Vee = MAX. 10 = 0 3.5 2VOD2 3.5 2VOD2 V 

IVOD21 Differential output voltage Vee = MIN '2 3.0 2 3.0 V 

.:lIVODI 
Change in magnitude of 

Vee = MIN ±0.02 ±0.4 ±0.02 ±0.4 V 
differential output voltage § 

Vee = MAX 
RL = 100n. 

1.9 3 1.8 3 
Voe Common-mode output voltage 1 See Figure 1 V 

Vee = MIN 1.4 3 1.5 3 

.:lIVoel 
Change in magnitude of 

Vee = MIN or MAX ±0.01 ±0.4 ±0.01 ±0.4 V 
common-mode output voltage § 

IVo = 6 V 0.1 100 0.1 100 

10 Output current with power off Vee = 0 Iva = -0.25V -0.1 -100 -0.1 -100 JlA 

Iva = -0.25 to 6 V ±100 ±100 

II 
Input current at maximum 

Vee = MAX. 
input voltage 

VI = 5.5 V 1 1 mA 

IIH High-level input current Vee = MAX. VI = 2.4 V 40 40 JlA 

IlL Low-level input current Vee = MAX. VI = 0.4 V -1 -1.6 -1 -1.6 mA 

lOS Short-circuit output current # Vee = MAX -40 -90 -150 -40 -90 -150 mA 

ICC Supply current (both drivers) 
Vee = MAX. Inputs grounded. 

No load. TA = 25°C 
37 50 37 50 mA 

t For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions, 
:j: All typical values are at Vee = 5 V and T A = 25°C except for Voe. for which Vee is as stated under test conditions. 
§.:ll VOD Land <iIVoe I are the changes in magnitudes of VOD and Voe. respectively. that occur when the input is changed from a high 

level to a low level. . 
1 In EIA Standard RS-422-A. Voe. which is the average of the two output voltages with respect to ground. is called output offset voltage. VOS. 
#Only one output should be shorted at a time. and duration of the short-circuit should not exceed one second. 

switching characteristics, Vee = 5 V, TA = 25°e 

TEST SN55158 SN75158 
PARAMETER 

CONDITIONS MIN TYP MAX MIN TYP MAX 
UNIT 

tpLH Propagation delay time. low-to-high-Ievel output See Figure 2. 16 25 16 25 ns 

tpHL Propagation delay time. high-to-Iow-Ievel output Termination A 10 20 10 20 ns 

tPLH Propagation delay time. low-to-high-Ievel output See Figure 2. 13 20 13 20 ns 

tpHL Propagation delay time. high-to-Iow-Ievel output Termination B 9 15 9 15 ns 

tTLH Transition time. low-to-high-Ievel output See Figure 2. 4 20 4 20 ns 

tTHL Transition time. high-to-Iow-Ievel output Termination A 4 20 4 20 ns 

Overshoot factor 
See Figure 2. 
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SPJ55158, SfH5158 
DUAL DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 

Y 

Z 

100 {l CL - 30 pF 
(see Note B) 

TERMINATION A 

DIFFERENTIAL 
OUTPUT 

INPUT 

Y OUTPUT 

Z OUTPUT 

Y--------------, 
CL - 15 PF-L 

(see Note B) T 
CL - 15 PFl 
(see Note B) * = 

Z 

TERMINATION B TERMINATION C 

TEST CIRCUIT 

OVERSHOOT 

,,"-10 .... '*-.0 ___ 
0 

V 

10% 

,oo%~r:~ 
l~'wvv--

OVERSHOOT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 {l, tw = 25 ns, PRR :5 10 MHz. 
B. CL includes probe and jig capacitance. 

FIGURE 2. SWITCHING TIMES 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 
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HIGH-LEVEL OUTPUT VOLTAGE 
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FIGURE 4 

LOW-LEVEL OUTPUT VOLTAGE 
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OUTPUT CURRENT 
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/ 
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FIGURE 6 

toata for temperatures below ooe and above 70 0 e are applicable to SN55158 circuits only. 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE -DRIVERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 10 
toata for temperatures below ooe and above 70 0 e are applicable to SN55158 circuits only. 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS 
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• Meets EIA Standard RS·422-A 

• Single 5-V Supply 

• Balanced Line Operation 

• TTL-Compatible 

• High-Impedance Output State for Party-Line 
Applications 

• High-Current Active-Pull-Up Outputs 

• Short-Circuit Protection 

• Dual Channels 

• Clamp Diodes at Inputs 

description 

SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 
02325, JANUARY 1977-REVISEO SEPTEMBER 1986 

D, J, OR N PACKAGE 

ITOP VIEW) 

NC VCC 
1Z 2Z 
1Y 2Y 
1A 2B 
1B 2A 

1EN 2EN 

GND..... _ ...... NC 

NC - No internal connection 

The SN75159 dual differential line driver with three-state outputs is designed to provide all the features 
of the SN75158 line driver with the added feature of driver output controls. There is an individual control 
for each driver. When the output control is low. the associated outputs are in a high-impedance state and 
the outputs can neither drive nor load the bus. This permits many devices to be connected together on 
the same transmission line for party-line applications. 

The SN75159 is characterized for operation from ooe to 70 oe. 

logic symbol t 

1EN 161 

1A (41 

1B 
2EN 

2A 
2B 

&t> 
EN 

'i) (31 1Y 

1Z 

2Y 

2Z 

t This symbol is in accordance with ANSIIIEEE Std 91-1984 and 
lEG Publication 617-12, 

logic diagram (positive logic) 

1EN 

1A 
(3) 

1Y 

1B 
(2) 

1Z 

2EN 

2A 
(12) 

2Y 
(13) 

2Z 2B 

Copyright © 1986. Texas Instruments Incorporated 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

schematic (each driver) 

(14) 
VCC~---'--~--~~ 

OUTPUT 
CONTROL 

V 

(6.9) 

(7) 

4 krl 

INPUT B INPUT A 
(5.11) (4.10) 

4 krl 

.--.--~~~-+~----~----~----~~ 

GND------.-------__ --~~ 

w ... VCC bus 

Resistor values shown are nominal. 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free-air t~mperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) .............................................. , 7 V 
Input voltage .•............................................................ 5.5 V 
Off-state voltage applied to open-collector outputs ................................. 1 2 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): . 

D package ......................................................... 950 mW 
J package ......................•................................. , 1025 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

NOTES: 1. All voltage values except differential output voltage VOD are with respect to the network ground terminal. VOD is at the Y 
output with respect to the Z output. 

2. For operation above 25°e free-air temperature, derate the 0 package to 60S mW at 70 0 e at the rate of 7.6 mW/oe, the 
J package to 656 mW at 70 0 e at the rate of S.2 mW/oe, and the N package to 736 mW at 70 °e at the rate of 9.2 mW/oe. 
In the J package, SN75159 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL O.S V 

High-level output voltage, IOH -40 mA 

Low-level output current, IOL 40 mA 

Operating free-air temperature, T A 0 70 °e 
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srH5159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

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

PARAMETER TEST CONDITIONS MIN Typt MAX 

VIK Input clamp voltage Vce = 4.75 V, II = -12 mA -0.9 -1.5 

VOH High-level output voltage 
Vee = 4.75 V, Vil = 0.8 V, 

2.4 3.0 
VIH = 2 V, 10H = -40 mA 

Val low-level output voltage 
Vee = 4.75 V, Vil = 0.8 V, 

0.25 0.4 
VIH = 2 V, 10l = 40 mA 

VOK Output clamp voltage Vce = 5.25 V, 10 = -40 mA -1.1 -1.5 

Va Output voltage Vee = 4.75 V to 5.25 V, 10 = 0 0 6 

IVOD11 Differential output voltage Vee = 5.25 V, 10 = 0 3.5 2VOD2 

IVOD21 Differential output voltage Vee = 4.75 V 2 3.0 

IlIVODI 
Change in magnitude of 

Vee = 4.75 V ±0.02 ±0.4 
differential output voltage; 

Voe Common-mode output voltage § 
Vce = 5.25 V Rl = 100O, See Figure 1 1.8 3 

Vce = 4.75 V 1.5 3 

IlIVoel 
Change in magnitude of Vee = 4.75 V 

±0.01 ±0.4 
common-mode output voltage; to 5.25 V 

Va == 6 V 0.1 100 

10 Output current with power off Vee = 0 Va = -0.25 V -0.1 -100 

Va = -0.25 V to 6 V ±100 

TA = 25°C, Va = 0 to Vce ±10 

Off-state (high impedance-
Vee = 5.25 V, Va = 0 -20 

10Z 
state) output current 

Output controls 
TA = 70 0 e 

Va = 0.4 V ±20 

at 0.8 V Va = 2.4 V ±20 

Va = Vee 20 

II 
Input current at 

Vee = 5.25 V, VI = 5.5 V 1 
maximum input voltage 

IIH High-level input current Vee = 5.25 V, VI = 2.4 V 40 

IlL low-level input current Vee = 5.25 V, VI = 0.4 V -1 -1.6 

lOS Short-circuit output current' Vee = 5.25 V -40 -90 -150 

lec Supply current (both drivers) 
VC;C; = 5.25 V, 

TA = 25°e 

Inputs grounded, No load, 
47 65 

UNIT 

V 

V 

V 

V 

v 
V 

v 

V 

V 

V 

,..A 

,..A 

mA 

,..A 

mA 

mA 

mA 

t All typical values are at Vee = 5 V and T A = 25°e except for Voe, for which Vce is as stated under test conditions. 
till VOD I and III VOC I are the changes in magnitudes of VOD and Voe, respectively, that occur when the input is changed from a high 

level to a low level. 
§ In EIA Standard RS-422-A, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vas. 
, Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

switching characteristics over operating free·air temperature range, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output CL = 30 pF, RL = 100 n, See Figure 2, 16 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output Termination A 11 20 ns 

tpLH Propagation delay time, low-to-high-Ievel output 13 20 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 
CL = 15 pF, See Figure 2, Termination B 

9 15 ns 

tTLH Transition time, low-to-high-Ievel output CL = 30 pF, RL = 100 n, See Figure 2, 4 20 ns 

tTHL Transition time, high-to-Iow-Ievel output Termination A 4 20 ns 

tpZH Output enable time to high level CL = 30 pF, RL = 180 n, See Figure 3 7 20 ns 

tpZL Output enable time to low level CL = 30 pF, RL = 250 n, See Figure 4 14 40 ns 

tPHZ Output disable time from high level CL = 30 pF, RL = 180 n, See Figure 3 10 30 ns 

tPLZ Output disable time from low level CL = 30 pF, RL = 250 n, See Figure 4 17 35 ns 

Overshoot factor RL = 100 n, See Figure 2, Termination C 10 % 

t All typical values are at T A = 25°C_ 

SYMBOL EQUIVALENTS 

DATA SHEET PARAMETER RS-422-A 

Vo Voa' Vob 

IVOD11 VO 

IVOD21 Vt 

~IVODI I IVtl - IVtl I 

VOC IVosl 

~IVocl I Vos - Vos I 

lOS lisa I, IIsb I 

10 IIxal, Ilxbl 

PARAMETER MEASUREMENT INFORMATION 

~ i ~on VOD2 

... ____ 1 ___ .... 50 0 1 Vae 

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

1 kn 
5V------~~----~ ,----, 

I I 
I 
I 

PULSE .,....---:----V OUTPUT 

GENERATOR ........... -t~-..;----L_JlJJ~I--- Z OUTPUT 
(See Note Al __ ~ 

= 

v 

Z 

CL -
30 pF 
(See 
Note BI 

RL - 100 n v ------------l..., CL _ 15 pF V ~ 
Z * (See Note BI ~ ______ -' RL - 100 n 

CL - 15 pF l z 
(See Note BI ~ 

TERMINATION A TERMINATION B 

TEST CIRCUITS 

j4--25ns~ 

~ I j+-S5 ns -+II \4-S5 ns 

I I +1------3V 90% 90% 
INPUT I 1.5 V 1.5 V I 

10% I 1 10% 0 V 

t
PLH
;, 90% 1:0%!1 ~~ - - - VOH 

OU;PUT 1 1.5V I I I 1.5V 

--11
_
O

%.....JI 1 : I "'I _10_% __ VOL 

Z 
OUTPUT 

1 \++tTLH I ~tTHL 
If--tt-tPHL .. j4-....-.t1-

~90 ... '*-o -- VOH 90% 

VOLTAGE WAVEFORMS 

TERMINATION C 

OVERSHOOT 

'OO%~=~\ 
) ·O%!=~ ,--

OVERSHOOT 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 n. PRR S 10 MHz. 
B. CL includes probe and jig capacitance. 

FIGURE 2. tPLH, tPHL, tTLH, tTHL, AND OVERSHOOT FACTOR 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

PULSE 
GENERATORr-~~----e-----~ 

(See Note AI 

= 

CL -

T 30 PF 
(See 

= Note BI 

I D--_..--OUTPUT 

1 kO 

5V 

INPUT 

OUTPUT 

I 
I 

I ~--~~cL-_~1 

I T30 PF I 
(See I 

I = Note BI L ______________ .-J 

TEST CIRCUIT 

:55 ns ~ 14-
;,....-----i'--I-- -3V 

90% I 
1.5V 1.5V I 

:+--100 ns ---t n....;,,;10;;.;;%;.....-._ 

~tPZH I OV 

I I ~VOH 

y~v i 1\2: 
___ --J tPHZ ---i+--+l Vott "" 0 V 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 0, PRR :5 500 kHz. 
B. CL includes probe and jig capacitance. 

FIGURE 3. tpZH AND tpHZ 
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sr~75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

PULSE 
GENERATOR 
(See Note Al 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

5V 
1 kfl 

CL -

T 30pF 
(See 

-= Note B) 

I 
L..-____ -~I 

I 
T 30pF I 

(see 

I -= Note BI I !L ___________ J 

TEST CIRCUIT 

INPUT 
I I 
14--100 ns~ 1\",.;,,;10;.;,;%;...... ___ OV 

!+-tPZL -+I I 
I I 
I I 
I I 
I I 
I ~tpLZ-+I 
I 1C,5V 

,\.5 V t~l~ 
- l- VOL 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 fl, PRRs 500 kHz. 

4-276 

C. CL includes probe and jig capacitance. 

FIGURE 4. tpZL AND tpLZ 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 
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FIGURE 5 
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FIGURE 6 
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FIGURE 8 
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srH5159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 
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SN75160B 
OCTAL GENERAL·PURPOSE 

INTERFACE BUS TRANSCEIVER 
02525. OCTOBER 1985 

MEETS IEEE STANDARD 488-1978 (GPIB) 
• a·Channel Bidirectional Transceiver 

• Power-Up/Power-Down Protection (Glitch­
Free) 

• High-Speed, Low-Power Schottky Circuitry 

• Low-Power Dissipation ... 72 mW Max per 
Channel 

• Fast Propagation Times ... 22 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Open-Collector Driver Output Option 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

description 

The SN75160B 8-channel general-purpose 
interface bus transceiver is a monolithic, high­
speed, low-power Schottky device designed for 
two-way data communications over single­
ended transmission lines. It is designed to meet 
the requirements of IEEE Standard 488-1978. 
The transceiver features driver outputs that can 
be operated in either the passive-pull up or three­
state mode. If Talk Enable (TEl is high, these 
ports have the characteristics of passive-pullup 
outputs when Pullup Enable (PEl is low, and of 
three-state outputs when PE is high. Taking TE 
low places these ports in the high-impedance 
state. The driver outputs are designed to handle 
loads up to 48 milliamperes of sink current. 

Output glitches during power-up and power­
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The' 
outputs do not load the bus when Vee = 0 
volts. When combined with the SN75161 B or 
SN75162B management bus transceivers, the 
pair provides the complete 1 6-wire interface for 
the IEEE 488 bus. 

The SN75160B is characterized for operation 
from ooe to 70 oe. 

OW. J. OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

TE 
81 
82 D2 
83 D3 

GPI8 84 D4 TERMINAL 1/0 
PORTS 85 D5 1/0 PORTS 

86 D6 
87 D7 
88 D8 

GND PE 

FUNCTION TABLES 

EACH DRIVER EACH RECEIVER 

INPUTS OUTPUT INPUTS OUTPUT 

0 TE PE B B TE PE 0 
H H H H L L X L 
L H X L H L X H 
H X L zt X H X Z 
X L X zt 

H = high level. L = low level. X = irrelevant. Z = High-impedance 
state. 

t This is the high-impedance state of a normal 3-state output 
modified by the internal resistors to Vee and ground. 

Copyright © 1985. Texas Instruments Incorporated 
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SN75160B 
OCTAL GENERAL"PURPOSE INTERFACE BUS TRANSCEIVER 

logic symbol t 

B1 

B2 

B3 

r-------~~~B4 
B5 

B6 

B7 

B8 

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

'V Designates 3-state outputs. 
~ Designates passive-pullup outputs. 

schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS 

VCC---------+---------

INPUT 

9kn 
NOM 

GNO--~-----4-----~-

logic diagram (positive logic) 

TE 

02 (18) 

03 (17) 

04 (16) 

TERMINAL 

05 (15) 

06 (14) 

(13) 
07 ---....... -t -:>----, 

08 (12) 

EQUIVALENT OF ALL INPUT/OUTPUT PORTS 

L ___ _ 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 n NOM 

Receiver output Req = 110 n NOM 

10kn 
NOM 

Circuit inside dashed lines is on the driver outputs only. 
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SN75160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

absolute maxi~um ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

OW package .. ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range ...................................... oDe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: OW or N package. . .. 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 DC free-air temperature, derate the OW package at the rate of 9.0 mW/ °e, the N package at the rate 

of 9.2 mW/oe, and the J package at the rate of 11.0 mW/oe. In the J package, SN75160B chips are alloy mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Bus ports with pull ups active -5.2 mA 
High-level output current, IOH 

Terminal ports -800 /LA 

Low-level output current, IOL 
Bus ports 48 

mA 
Terminal ports 16 

Operating free-air temperature, T A 0 70 °e 
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SN75160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

electrical characteristics over recommended ranges of supply voltage and operating free·air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 mA -0.8 -1.5 V 

Vhys 
Hysteresis 

Bus 
(VT+ - VT-) 

0.4 0.65 V 

High-level Terminal 10H = - 800 p.A. TE at 0.8V 2.7 3.5 
VOH V 

output voltage Bus ~OH = - 5.2 mAo PE and TE at 2 V 2.5 3.3 

Low-level Terminal IOL = 16 mAo TE at 0.8 V 0.3 0.5 
VOL 

10L = 48 mAo 
V 

output voltage Bus TE at 2 V 0.35 0.5 

II 
Input current at 

maximum input voltage 
Terminal VI = 5.5 V 0.2 100 p.A 

IIH High-level input current Terminal VI = 2.7 V 0.1 20 p.A 

IlL Low-level input current Terminal VI = 0.5 V -10 -100 p.A 

VI/O(bus) Driver disabled 
II (bus) = 0 2.5 3.0 3.7 

Voltage at bus port V 
II(bus) = - 12 mA -1.5 

Vl(bus) = -1.5 V to 0.4 V -1.3 

VI (bus) = 0.4 V to 2.5 V 0 -3.2 

II/O(bus) Current into bus port Power on Driver disabled VI (bus) = 2.5 V to 3.7 V 
+2.5 

-3.2 mA 

Vl(bus) =3.7Vt05V 0 2.5 

Vl(bus) = 5 V to 5.5 V 0.7 2.5 

Power off VCC =0. Vl(bus) = 0 V to 2.5 V -40 p.A 

lOS 
Short-circuit Terminal -15 -35 -75 

Bus -50 
mA 

output current -25 -125 

Receivers low and enabled 70 90 
ICC Supply current No load mA 

Drivers low and enabled 85 110 

Ci/o(bus) Bus-port capacitance 
VCC = 5 V to 0 V. 

f = 1 MHz 

VI/O = 0 to 2 V. 
30 pF 

t All typical values are at VCC = 5 V. T A = 25 cc. 

switching characteristics, Vee == 5 V, eL == 15 pF, T A == 25°e (unless otherwise noted) 

PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT 

tpLH 
Propagation delay time. 

14 20 
low-to-high-Ievel output CL = 30 pF. 

Propagation delay time. 
Terminal Bus ns 

tpHL 
See Figure 1 

14 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time. 

10 20 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF. 

Propagation delay time. See Figure 2 
ns 

tpHL 
high-to-Iow-Ievel output 

15 22 

tpZH Output enable time to high level 25 35 

tpHZ Output disable time from high level 
TE See Figure 3 

13 22 
Bus ns 

tpZL Output enable time to low level 22 35 

tpLZ Output disable time from low level 22 32 

tpZH Output enable time to high level 20 30 

tpHZ Output disable time from high level 
TE Terminal 

12 20 

tpZL Output enable time to low level 
See Figure 4 

23 32 
ns 

tpLZ Output disable time from low level 19 30 

ten Output pull-up enable time 
PE Bus See Figure 5 

15 22 

tdis Output pull-up disable time 13 20 
ns 
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SN75160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

200n OJ""' f. V x:. ~ -u, V 

----11~_. ~,-------ov 
tplH~ tpHl~ 

I
I,------,.~II-- -VOH 

B OUTPUT 2.2 V 

. 1.0V 
-----' VOH 

480n 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 

240 n 

\.-:_u" 
I . OV 

tpHl~ 

~~~~~VOH 
L VOL 

3kn 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 

S2 

480n 

TEST CIRCUIT 

=i. V ,\.~--h'V 
tpZH-----t 14- tPHZ--.f 0 V 

BOUTPUTI II -------+~ 
Sl to3V I 

BOUTPUT 
Sl toGNO 

S2ClOSEO 

1.0V 

VOLTAGE WAVEFORMS 

0.8 V 

3.SV 

'FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR 05 1 MHz, 50% duty cycle, tr 056 ns, 
tf 05 ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
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StH5160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

\.'_ 3V 

'''""'' ~,"~5_V ______ ..I,.t.~ n nOV 

tPZH--, r.: tpHZ~ r--
DOUTPUTI I -900/,- - -VOH 

Sl to 3 V I 1.5 V 

S2 OPEN I 

tpZL--i 

DOUTPUT 
Sl toGND 

S2 CLOSED 

OV 

4V 

0.7V _______ .r. __ - - -VOL 

VOLTAGE WAVEFORMS 

FIGURE 4. TE·TO·TERMINAL ENABLE AND DISABLE TIMES 

>-.... ...:.;;..-+---+--OUTPUT 

~,~--:: 
\tis~ ,. 

--------"L90% - - VOH 

VOL'" 0.8 V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. PE·TO·BUS PULLUP ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :$ 1 MHz, 50% duty cycle, tr :$ 6 ns, 
tf :$ ns, Zout = 50 D. 

B. CL includes probe and jig capacitance. 
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SN75160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH·LEVEL OUTPUT VOLTAGE TERMINAL LOW·LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW·LEVEL OUTPUT CURRENT 

I .I. 
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FIGURE 6 
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FIGURE 7 
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SN75160B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

4 

TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 

BUS HIGH-LEVEL OUTPUT CURRENT 
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BUS LOW-LEVEL OUTPUT VOLTAGE 
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FIGURE 9 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

D2618, OCTOBER 1980-REVISED OCTOBER 1985 

MEETS IEEE STANDARD 488-1978 (GPIB) 

• 8-Channel Bidirectional Transceiver 

• Power-Up/Power-Down Protection 
(Glitch-Free) 

• Designed to Implement Control Bus 
Interface 

• SN75161 B Designed for Single Controller 

• SN75162B Designed for Multi-Controllers 

• High-Speed, Low-Power Schottky Circuitry 

• Low-Power Dissipation ... 72 mW Max Per 
Channel 

• Fast Propagation Times ... 22 ns Max 

• High-Impedance P-N-P Inputs 

• Receiv~r Hysteresis ... 650 mV Typ 

• Bus-Termin'ating Resistors Provided on 
Driver Outputs 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

description 

The SN75161B and SN751628 eight-channel 
general-purpose interface bus transceivers are 
monolithic, high-speed, low-power Schottky 
devices designed to meet the requirements of 
IEEE Standard 488-1978. Each transceiver is 
designed to provide the bus-management and 
data-transfer signals between operating units of 
a single- or multiple-controller instrumentation 
system. When combined with the SN751608 
octal bus transceiver, the SN751,618 or 
SN751628 provides the complete 16-wire 
interface for the IEEE 488 bus. 

The SN75161 8 and SN751628 each features 
eight driver-receiver pairs connected in a front­
to-back configuration to form input/output (I/O) 
ports at both the bus and terminal sides. A power 
up/down disable circuit is included on all bus and 
receiver outputs. This provides glitch-free 
operation during VCC power-up and power­
down. The direction of data through these driver­
receiver pairs is determined by the DC, TE, and 
SC (on SN751628) enable signals. The SC input 
on the SN751628 allows the REN and IFC 
transceivers to be controlled independently. 

SN75161B ... DW, J, OR N DUAL-IN-LiNE PACKAGE 

/TOP VIEW) 

TE VCC 
REN REN 

IFC IFC 

GPIB 
NDAC NDAC 

I/O 
NRFD NRFD TERMINAL 

PORTS 
DAV DAV I/O PORTS 

EOI EOI 
ATN ATN 

SRO SRO 

GND DC 

SN75162B ... DW DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

SC VCC 
TE NC 

REN REN 

IFC IFC 

GPIB 
NDAC NDAC 

I/O 
NRFD NRFD TERMINAL 

I/O PORTS 
PORTS 

DAV DAV 

EOI EOI 

ATN ATN 

SRO SRO 

NC NC 

GND DC 

SN75162B ... N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

SC VCC 
TE NC 

REN REN 

IFC IFC 

GPIB 
NDAC NDAC 

I/O 
NRFD NRFD TERMINAL 

PORTS 
DAV DAV I/O PORTS 

EOI EOI 

ATN ATN 

SRO SRO 

GND DC 

NC - No internal connection. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

4-290 

The driver outputs (GPIB liD ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vee is O. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 
and a guaranteed hysteresis of 400 millivolts for increased noise immunity. All receivers have 3-state outputs 
to present a high impedance to the terminal when disabled. 

The SN75161B and SN75162B are characterized for operation from ODe to 70 De. 

NAME 

DC 

TE 

SC 

ATN 

SRQ 

REN 

IFC 

EOI 

DAV 

NDAC 

NRFD 

CHANNEL IDENTIFICATION TABLE 

IDENTITY 

Direction Control 

Talk Enable 

System Control (SN75162B only) 

Attention 

Service Request 

Remote Enable 

Interface Clear 

End or Identify 

Data Valid 

Not Data Accepted 

Not Ready for Data 

TEXAS .. 
·INSTRUMENTS 

CLASS 

Control 

Bus 

Management 

Data 

Transfer 
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SN75161 B logic symbol t 

DC(11) EN1/G4 

TE~(l..:...) ---iEN2/G5 

SN75161B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

SN75161 B logic diagram (positive logic) 

(13) (8) ATN ATN 

(14) (7) 
EOI EOI 

SRQ (12) (9) 
SRQ 

REN (19) (2) 
REN 

IFC (18) (3) IFC 

tThis symbol is in accordance with IEEE Std 91-1984 and lEe 
publication 617-12. 

Qdesignates 3-state output, ~designates passive-pullup outputs. DAV 

NDAC 

NRFD 

TEXAS "J1 
INSTRUMENTS 

(15) 

(17) 

(16) 
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(6) 
DAV 

(4) NDAC 

(5) NRFD 
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srH5162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

SN75162B logic symboi t SN75162B logic diagram (positive logic) 

r-
5' 
CD 

C .. <' 
CD .. en -::a 
CD 
0 
CD <' 
CD .. en 

DC (13) (12) EN1/G4 

TE (2) (2) EN2/G5 

sc (1) (1) EN3 

ATN 

REN 

IFC 

DAV 

NDAC 

NRFD 

t This symbol is in accordance with IEEE Std 91-1984 and IEC 
publication 61 7 -1 2. 

Qdesignates 3-state output, ~designates passive-pullup outputs. 

) Denotes pin numbers for DW package. 
) Denotes pin numbers for N package. 

TE 

(17) 

EOI (15) 

[15) 
SRO (13) 

[22) 
REN (20) 

[21) 

IFC (19) 

(18) 

DAV 
(16) 

[20) 

NDAC 
(18) 

[19] 
(17) 

NRFD 
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(9) 

(9) ATN 

[8) 
(8) 

EOI 

[10) 
(10) 

SRO 

[3) 
(3) 

REN 

[4) 
(4) 

IFC 

(7) 
(7) 

DAV 

[5] 

(5) NDAC 

[6] 
(6) 

NRFD 



CONTROLS 

DC TE ATNt 

H H H 

H H L 

L L H 

L L L 

H L X 

L H X 

SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

SN75161B 
RECEIVE/TRANSMIT FUNCTION TABLE 

BUS-MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 

ATNt SRQ REN IFC EOI 

(Controlled by DCI 

T 
R T R R -

R 

R 
T R T T -

T 

R T R R R 

T R T T T 

SN75162B 
RECEIVE/TRANSMIT FUNCTION TABLE 

DAV NDAC NRFD 

(Controlled by TEl 

T R R 

R T T 

R T T 

T R R 

H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the 
bus side to the terminal side. Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 

III 
U) .. 
(1) 

> 
"iii 
CJ 
(1) 

a:: -U) .. 
(1) 

"~ 
C 
(1) 

s::: 
:::i 
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SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

schematics of inputs and outputs 

EQUIVALENT OF ALL 
CONTROL INPUTS 

Vcc------1~---

INPUT 

9 kn 
NOM 

GND __ ----4>---___ -

TYPICAL OF SRQ:NDAC. and NRFD 
GPIB I/O PORT 

~---rr~-_---~'~--_+-----~vcc 
1.7 k!l 
NOM 

10 kll 
NOM 

~--~~~----+-~--~--------GNO 

INPUT/OUTPUT 

III PORT 

~ L-________________ ,-________________________ ~~ ___ C_i_rc_u_it_i_ns_id_e __ da_s_h_e_d_li_ne_s_i_s_o_n,t_h_e_d_ri_ve_r_o_u_t_pu_t_s_o_n_IY_.~ 

TYPICAL OF ALL I/O PORTS 
EXCEPT SRQ. NDAC. and NRFD GPIB I/O PORTS 

---~~~--~~4---~~~-~------GND 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 fl NOM 
Receiver output Req = 110 fl NOM 
Circuit inside dashed lines is on the driver outputs only. 

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 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

OW package (20 pin) ............................................. " .. 1125 mW 
OW package (24 pin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1350 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package (20 pin) ................................................. 1150 mW 
N package (22 pin) ........... ' ........................ , . . . . . . . . . . . .. 1700 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package. . . . . . . . .. 300 DC 
Lead temperature 1.6 mm (1/16) inch from the case for 10 seconds: OW or N package .... 260 DC 

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

4-294 

2. For operation above 25°C free-air temperature, derate the 20-pin DW package at the rate of 9.0 mW/oC, the 24-pin DW 
package atthe rate of 10.8 mW/oC, the 20-pin N package at the rate of 9.2 mW/oC, the 22-pin N package at the rate of 
13.6 mW/oC, and the J package at the rate of 11.0 mW/oC. In the J package, SN75161 B chips are alloy mounted. 
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SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL O.B V 

Bus ports with 3-state outputs -5.2 mA 
High-level output current, 10H 

Terminal ports -800 p.A 

Bus ports 4B 
Low-level output current, 10L mA 

Terminal ports 16 

Operating free-air temperature, T A a 70 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER 

VIK Input clamp voltage 

Vhys Hysteresis (VT + - VT:'l Bus 

VOH 1 High-level Terminal 

output voltage Bus 

Low-level Terminal 
VOL 

output voltage Bus 

II 
Input current at 

Terminal 
maximum input voltage 

High-level Terminal 
IIH 

input current and 

Low-level control 
IlL 

input current inputs 

VI/O(busl Voltage at bus port 

11/0(busl Current into bus port Power on 

Power off 

Short-circuit Terminal 
lOS 

output current Bus 

ICC Supply current 

Ci/o(busl Bus-port capacitance 

tAli typical values are at VCC = 5 V, T A = 25°C. 
tVOH applies for three-state outputs only. 

TEST CONDITIONS 

II = -18 mA 

10H = -BOO p.A 

10H = -5.2 mA 

10L = 16 mA 

10L = 48 mA 

VI -- 5.5 V 

VI = 2.7 V 

VI = 0.5 V 

II(busl = 0 
Driver disabled 

Il(busl = -12 mA 

Vl(busl = -1.5 V to 0.4 V 

Vl(busl = 0.4 V to 2.5 V 

Vl(busl = 2.5Vt03.7V 
Driver disabled 

VI(busl = 3.7 V to 5 V 

VI(bus) = 5 V to 5.5 V 

VCC = 0, VI(busl = 0 V to 2.5 V 

No load, TE, DC, and SC low 

VCC = 5 V to 0 V, 

VI/O = 0 to 2 V, f = 1 MHz 

MIN Typt MAX UNIT 

-0.8 -1.5 V 

0.4 0.65 V 

2.7 3.5 
V 

2.5 3.3 

0.3 0.5 
V 

0.35 0.5 

0.2 100 p.A 

0.1 20 p.A 

-10 -100 p.A 

.2.5 3.0 3.7 
V 

-1.5 

-1.3 

0 -3.2 

+2.5 

-3.2 mA 

0 2.5 

0.7 2.5 

-40 ItA 

-15 -35 -75 
mA 

- 25 -50 -125 

110 mA 

30 pF 

C/) ... 
Q) 

> 
'iii 
CJ 
Q) 

a: -C/) ... 
Q) 
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Q) 
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SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

switching characteristics, V CC 5 V, CL 15 pF, TA 25°C (unless otherwise noted) 

TEST 
PARAMETER FROM TO 

CONDITIONS 
MIN TYP MAX UNIT 

tpLH 
Propagation delay time, 

low-to-high-Ievel output CL = 30 pF, 
14 20 

ns 
Terminal Bus 

Propagation delay time, See Figure 1 
14 20 tpHL 

high-to-Iow-Ievel output 

Bus 

tpLH 
Propagation delay time, 

Terminal (SRQ, NDAC 
CL = 30 pF, 

29 35 ns 
low-to-high-Ievel output 

NRFD) 
See Figure 1 

tpLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF, 

ns 
Propagation delay time, See Figure 2 

15 22 tpHL 
high-to-Iow-Ievel output 

tpZH Output enable time to high level BUS 60 
TE, DC, 

tpHZ Output disable time from high level (ATTN, EOI, 
See Figure 3 

45 
or ns 

tpZL Output enable time to low level REN,IFC, 60 
SC 

tpLZ Output disable time from low level and DAV) 55 

tpZH Output enable time to high level 55 
TE, DC, 

tpHZ Output disable time from high level 
See Figure 4 

50 
or Terminal ns 

tpZL Output enable time to low level 45 
Output disable time from low level 

·SC 
55 tPLZ 

PARAMETER MEASUREMENT INFORMATION 

5V 

2000 

FROM (BUS) 
OUTPUT UNDER--4t------< ... ~ ... -TEST POINT 
TEST 

INPUT 

BUS 
OUTPUT 

CL = 30 pF 480 0 J (See Note A) ':' 

LOAD CIRCUIT 

,.._-----""-- -- - - - 3 V 
1_5V 

(See Note B) ----0 V 

2.2V 

tPHL44-+! 
-I---VOH 

VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL·TO·BUS 
PROPAGATION DELAY TIMES 

VOH 

NOTES: A. CL includes probe and jig capacitance. 

4.3V 

2400 

FROM (TERMINAL) 
OUTPUT UNDER 
TEST 

--__ ~----~--~--TESTPOINT 

CL = 30 pF J (See Note A) 

LOAD CIRCUIT 

3kO 

BUS 
INPUT 1,.5 V ~I ::--'OVV ---14 . (See Note B) r\ 

TERMINAL 
OUTPUT 

tPLH--f4-+! tPHL-i4-+! 
I,.._-----_:+---VOH 

1_5V 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS·TO·TERMINAL 
PROPAGATION DELAY TIMES 

VOL 

B. The· input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :5 6 ns, 
tf :56 ns, Zout = 50 n. 

4·296 TEXAS -1!1 
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SN75161B, SN75162B 
OCTAL. GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

S1 
o--5V 

FROM (BUSI 
200 n 

OUTPUT UNDER......., .... - ... ---.~TEST POINT 
TEST 

CL = 15 pF 480 n J (See Note AI 

LOAD CIRCUIT 

--"'" r-------"" r- - - -- 3V 
CONTROL ~1.5V "'1.5V 
INPUT 'I' (See Note BI ii; 

__ J ~-------JI~--_-OV 
tPZH-.l I+- tpHZ-.I t+-

BUS I I -- - - - VOH 
OUTPUT I 1 I 90% 

S1 OPEN I 2 V I . 0 V 

tpZL~ tPLZ~ 
BUS 1 y.:-II ... 3.5 V 
OUTPUT \!1.0 V 
S1 CLOSED"\ 0.5 V '--_____ --.1 - - - VOL 

VOLTAGE WAVEFORMS 

FIGURE 3. BUS ENABLE AND 
DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 

S1 
Q--4.3V 

FROM (TERMINALI 
240 n 

OUTPUT 
UNDER TEST 

--4 .... - __ -~t_ TEST POINT 

CL = 15 pF 3 kn J (See Note AI 

LOAD CIRCUIT 

. --, ,--------, r----- 3V 
CONTROL \'1.5 V ~1.5 V 
INPUT j1\ (See Note BI Ii' ' 

__ J I '-- __ ____ "_J 1'------ OV 

tPZH-.! ~ tpHZ-+j r+-
TERMINAL I I ------VOH 
OUTPUT I I 90% 

I 1.5V I 
S1 OPEN __ ---I I 

tPZL-.! t+- tpLZ~ 

TERMINAL 1 
OUTPUT 1.0 V 

S1 CLOSED 

VOLTAGE WAVEFORMS 

FIGURE 4. TERMINAL ENABLE 
AND DISABLE TIMES 

OV 

... 4V 

B. The input pulse is supplied by a generator having the following characteristics: PRR :$ 1 MHz, 50% duty cycle, tr :$ 6 ns, 
tf :$6 ns, Zout = 500. 

II 
en .. 
CD 
> 

'(j) 
CJ 
CD a:: -en .. 
CD 
> 
'i: 
C 
CD 
c 
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SN75161B. SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS , 

TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 

4.0 

l' 3.5 
Gl 
0> 

~ 3.0 

~ 
; 2.5 
S-
:::I 
o 2.0 

Ill
Cii 

~ i 1.5 

r-
5' 
co 
o ... 
c' co ... 
(I) 

i 
co 
(') 
co 
c' 
co ... 
(I) 

I 1.0 
:I: 

~ 0.5 

o 

4-298 

vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 

Jcc =15 V 

............ TA = 25°C-

r\. ", 
~ 

'\ 
'\ 

I\. 
'\~ 

0.6 

> 
I 0.5 

Gl 
0> 

5 
"0 
> 0.4 
+" 
:::I 

S-
:::I 
0 0.3 
Cii 
> 
Gl 

..J 

~ 0.2 
0 

..J 
I 
..J 
0 0.1 
> 

VCC = 5 V 

/ 
V 

TA = 25°C 

V 
/ 
/ 

L 
V 

V 

o -5 -10 -15 -20 -25 -30 -35 -40 10 20 30 40 50 
IOH-High-level Output Current-mA IOl-low-level Output Current-mA 

FIGURE 5 

4.0 

3.5 

> 3.0 
I 

Gl 
0> 2.5 ~ 

"0 
> 2.0 +" 
:::I 

S-
:::I 1.5 0 
I 
0 
> 1.0 

0.5 

o 

FIGURE 6 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 

VCC = 5 V 
No load 
TA = 25°C 

VT- VT+ 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
VI-Input Voltage-V 

FIGURE 7 
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SN75161B, SN75162B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

BUS HIGH·LEVEL OUTPUT VOLTAGE BUS·LOW LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW·LEVEL OUTPUT CURRENT 

Vcc
l

= 5 V 
TA = 25°C 

~ 

~ 
" "\ 

'" '~ 

0.6 

> 
I 0.5 

<II 
CI 

!l 
"0 
> 0.4 .. 
::I 

So 
::I 

0.3 0 
Qj 
> 
<II 

..J 

~ 0.2 
0 

..J 
I 
..J 

0.1 0 
> 

Vcc = 5 V 
V TA = 25°C 

./ 

/" 
/' 

/V 
/' 

/ 
,/ 

/ 
/ 

o 
o -10 -20 -40 - 30 -50 -60 o 10 20 30 40 50 60 70 80 90 100 

IOH-High·Level Output Current-rnA IOL - low· Level Output Current-rnA 

FIGURE 8 FIGURE 9 

BUS OUTPUT VOLTAGE BUS CURRENT 

vs vs 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 

VC~ = 5 V 
No load 2 

TA = 25°C 

« 
E 0 
.!. 
c -1 ~ 

I :; 
-2 Co) 

:l 
co -3 
-k 
::I -4 .0 

g -5 

-6 

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 -1 0 2 3 4 5 6 
VI-Input Voltage-V 

FIGURE 10 

VI/O(bus)-Bus Voltage-V 

FIGURE 11 

II 
CI) 
~ 

OJ 
> 

'Qj 
(,) 
OJ 
a: -CI) 
~ 

OJ 
> 
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C 
Q) 
£: 
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SN75163B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

• a-Channel Bidirectional Transceivers 

• Power-Up/Power-Down Protection 
(Glitch-Free) 

• High-Speed Low-Power Schottky Circuitry 

• Low Power Dissipation ... 66 mW Max per 
Channel 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Open-Collector Driver Output Option 

• No Loading of Bus When Device is Powered 
Down (V CC = 0) 

description 

The SN751638 octal general-purpose interface 
bus transceiver is a monolithic, high-speed, 
low-power Schottky device. It is designed for 
two-way data communications over single-ended 
transmission lines. The transceiver features 
driver outputs that can be operated in either the 
open-collector or three-state modes. If Talk 
Enable (TE) is high, these outputs have the 
characteristics of open-collector outputs when 
Pullup Enable (PEl is low and of three-state 
outputs when PE is high. Taking TE low places 
the outputs in the high-impedance state. The 
driver outputs are designed to handle loads of 
up to 48 milliamperes of sink current. Each 
receiver features p-n-p transistor inputs for high 
input impedance and 400 millivolts of 
guaranteed hysteresis for increased noise 
immunity. 

Output glitches during power-up and power­
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The 
outputs do not load the bus when V CC = 0 
volts. 

The SN751638 is characterized fpr operation 
from O°C to 70°C. 

BUS 

D2611, OCTOBER 1985 

OW. J. OR N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

TE Vee 
B1 D1 
B2 D2 
B3 D3 
B4 D4 TERMINAL 

I/O PORTS B5 D5 I/O PORTS 
B6 D6 
B7 D7 
B8 D8 

GND PE 

FUNCTION TABLES 

EACH DRIVER EACH RECEIVER 

INPUTS OUTPUT INPUTS OUTPUT 

0 TE PE B B TE PE 0 

H H H H L L X L 

L H H L H L X H 

H X L Z X H X Z 

L H L L 

X L X Z 

H = high level, L = low level, X = irrelevant, Z = high-impedance 
state. 

Copyright © 1983, Texas Instruments Incorporated 
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~~~~~:~~i~a[~~I~lJe ~~:~~~tigr fl~o::~:~:t:~s~s not 
TEXAS .. 

INSTRUMENTS 
4-301 

POST OFFICE BOX 655012 ' DALLAS, TEXAS 75265 



Srd75163B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

logic symbol t 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

'V Designates 3-state outputs. 
~ Designates open-collector outputs. 

schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS 

logic diagram (positive logic) 

TE 

01 ---f--.-4 :>-----, 

02 (18) 

03 (17) 

04 (16) 

TERMINAL 

05 (15) 

06 (14) 

(13) 
07---~4 >---, 

08 (12) 

EQUIVALENT OF ALL INPUT/OUTPUT PORTS 

B4 

B5 

B6 

-~------~-----------~-.-----~~VCC 

VCC ----..------ Req 10 kn NOM 

9kn NOM 

INPUT 

GND~~--4---~~-

BUS 

---~-~---~-;--4---4---------GND 

4-302 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 H NOM 

Receiver output Req = 110 n NOM 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

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 
Low-level driver output current .................... , . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

DW package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package ........................................................ 1375 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package. . . . . . . . .. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package. . . . . . . . .. 260 DC 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °e free-air temperature, derate the OW package at the rate of 9.0 mW/oe, the N package at the rate __ 

of 9.2 mW/oe, and the J package at the rate of 11.0 mW/oe. In the J package, SN75163B chips are alloy mounted. ~ 

recommended operating conditions 

Supply voltage, Vee 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature range, T A 

Bus ports with pull ups active 

Terminal ports 

Bus ports 

Terminal ports 
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sr~751638 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 mA -0.8 -1.5 V 

Vhys Hysteresis (VT + - VT-):I= Bus 0.4 0.65 V 

High level Terminal IOH = - 8OO /lA, TE at 0.8 V 2.7 3.5 
VOH V 

output voltage Bus 10H = -10 mA, PE and TE at 2 V 2.5 3.3 

Low-level Terminal 10L = 16 mA, TE at 0.8 V 0.3 0.5 
VOL V 

output voltage Bus 10L = 48 mA, PE and TE at 2 V 0.4 0.5 

10H 
High-level output current 

Bus 
Vo = 5.5 V, PE at 0.8 V, 

100 /lA 
(open-collector mode) D and TE at 2 V 

Off-state output current PE at 2 V, IVo = 2.7 V 20 
10Z Bus /lA (3-state mode) TE at 0.8 V IVo = 0.4 V -20 

II 
Input current at 

maximum input voltage 
Terminal VI = 5.5 V 0.2 100 /lA 

IIH 
High-level 

input current 
Terminal VI = 2.7 V 0.1 20 /lA 

IlL 
Low-level 

input current 
Terminal VI = 0.5 V -10 -100 /lA 

Short-circuit Terminal -15 -35 -75 
lOS mA 

output current Bus -25 -50 -125 

I Receivers low and enabled 80 
ICC Supply current No load mA 

I Drivers low and enabled 100 

Ci/o(bus) Bus-port capacitance 
VCC = 5 V or 0 V, VI/O = 0 to 2 V, 

f = 1 MHz 
30 pF 

t All typical values are at VCC = 5, T A = 25 ac. 
:l=Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, VT _. 

switching characteristics, Vee - 5 V, eL - 15 pF, TA - 25°e (unless otherwise noted) 

PARAMETER FROM TO TEST CONDITIONS MIN TYP MAX UNIT 

tpLH 
Propagation delay time, 

14 20 
low-to-high-Ievel output 

Terminal Bus 
CL = 30 pF, 

ns 

tpHL 
Propagation delay time, See Figure 1 

14 20 
high-to-Iow-Ievel output 

tPLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF, 

ns 

tpHL 
Propagation delay time, See Figure 2 

15 22 
high-to-Iow-Ievel output 

tpZH Output enable time to high level 25 35 

tpHZ Output disable time from high level 13 22 
TE Bus See Figure 3 ns 

tpZL Output enable time to low level 22 35 

tpLZ Output disable time from low level 22 32 

tpZH Output enable time to high level 20 30 

tpHZ Output disable time from high level 12 20 
TE Terminal See Figure 4 ns 

tpZL Output enable time to low level 23 32 

tpLZ Output disable time from low level 19 30 

ten Output pull-up enable time 15 22 
PE Terminal See Figure 5 ns 

tdis Output pull-up disable time 13 20 
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SN75163B 
OCTAL GENERAl·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

D'N'U' Lv y.~_u,v 
---11 . . 1\,,-, ---0 v 

tPLH--k--i tpHL ~ 
BOUTPUT jlr2-2 -V-------.\:- - -V

OH 

. ~ V OH 

3V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL·TO·BUS PROPAGATION DELAY TIMES 

TE r -- -- --l 
I 
I 
I 
I 
10 
I 
I 

I I 

I' I 
L.. ______ J 

TEST CIRCUIT 

4.3V 

240 II 

3HZ 

"",U' f. v \~ - u, v 

~ .. I . OV 

tpLH~ tpHL~ 

I _------~J - --V I I OH 

OOUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS·TO·TERMINAL PROPAGATION DELAY TIMES 

S2 

480 n 

TEST CIRCUIT 

~5V 'X.~U_~'U 
tpZH~ 14- tPHZ--.I 0 V 

BOUTPUTI II -------+~ 
Sl t03V I 

BOUTPUT 
Sl to GNO 

S2 CLOSED 

1.0V 

VOLTAGE WAVEFORMS 

0.8 V 

3.5 V 

FIGURE 3. TE·TO·BUS ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, 50% duty cycle, tr ~ 6 ns, 
tf ~ ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
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SfJ75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

S2 

240n 

3 kll 

TEST CIRCUIT 

~_ 3V 

TE INPUT7\'"'.5_V ______ ."t5~ ____ " 
tpZH~ r: tpHZ~ r--

D OUTPUT I I -90% - - -VOH 

SI to3V I 1.5V 

S2 OPEN I 

tpZL --I 
DOUTPUT 
SI toGND 

S2CLOSED 

OV 

4V 

VOLTAGE WAVEFORMS 

FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 

.>-..... ....;.;;.-..... --..... -OUTPUT 

TEST CIRCUIT 

~,~--:: 
tdis~ t4-

--------~L90% - - VOH 

VOL> O.SV 

VOLTAGE WAVEFORMS 

FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR !S 1 MHz, 50% duty 'cycle, tr !S 6 ns, 
tf !S ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
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SN75163B 
OCTAL GENERAl·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH·LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 

VC'C = 5'V 

"' TA = 25°C-
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IOH-High-Level Output Current-rnA , IOL -Low-Level Output Current-rnA 

FIGURE 6 
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FIGURE 7 

TERMINAL OUTPUT VOLTAGE 
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VCC';' 5 V 
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TA = 25°C 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 
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TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 

BUS HIGH-LEVEL OUTPUT CURRENT 

I 
VCC =S V 

0.6 

> 

BUS LOW-LEVEL OUTPUT VOLTAGE 
vs 

BUS LOW-LEVEL OUTPUT CURRENT 

VCC = 5 V 
I / TA = 2SDC 

~ 
TA = 2SOC I O.S 
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IOH-High-Level Output Current-rnA 
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FIGURE 9 

IOL -Low-Level Output Current-rnA 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 
4r-~1~-'~--~--~---r--~--~~ 

VCC= S V 
No load 
TA = 2SOC 

FIGURE 10 
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SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

• a-Channel Bidirectional Transceiver 

• Power-Up/Power·Down Protection 
(Glitch·Free) 

• ATN + EOI (OR Function) Output to Simplify 
Board Layout 

• Designed to Implement Control Bus 
Interface for Multi-Controllers 

• Low-Power Dissipation ... 72 mW Max Per 
Channel 

• Fast Propagation Times ... 22 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Bus-Terminating Resistors Provided on 
Driver Outputs 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

description 

The SN751648 eight-channel general-purpose. 
interface bus transceiver is a monolithic, high­
speed, low-power Schottky device designed to 
meet the requirements of IEEE Standard 
488-1978. Each transceiver is designed to 
provide the bus-management and data-transfer 
signals between operating units of a multiple­
controller instrumentation system. When 
combined with the SN751608 octal bus 
transceiver, the SN751648 provides the 
complete 16-wire interface for the IEEE 488 bus. 

The SN751648 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (liD) ports at both the bus 
and terminal sides. All outputs are disabled (at 
a high-impedance state) during VCC power-up 
and power-down transitions for glitch-free 
operation. The direction of data flow through 
these driver-receiver pairs is determined by the 
DC, TE, and SC enable signals. The SN751648 
is identical to the SN751628 with the addition 
of an OR gate to help simplify board layouts in 
several popular applications. The ATN and EOI 
signals are ORed to pin 21, which is a standard 
totem-pole output. 

02908, OCTOBER 1985 

DW SMALL OUTLINE PACKAGE 

(TOP VIEW) 

GPIB 
I/O 

PORTS 

GPIB 
I/O 

PORTS 

SC VCC 
TE ATN+EOI 

REN REN 
IFC IFC 

NDAC NDAC 
NRFD NRFD 
DAV DAV 

EOI EOI 
ATN ATN 
SRO SRO 

NC NC 
GND DC 

---~-

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC 
ATN+EOI 
REN 
IFC 
NDAC 

TERMINAL 
I/O PORTS 

SC 
TE 

REN 
IFC 

NDAC 
NRFD 
DAV 

NRFD TERMINAL 

EOI 

ATN 
SRO 
GND 

DAV I/O PORTS 
EOI 

ATN 
SRO 
DC 

NC-No internal connection. 

CHANNEL IDENTIFICATION TABLE 

NAME IDENTITY CLASS 

DC Direction Control 
TE Talk Enable Control 
SC System Control 

ATN Attention 
SRQ Service Request Bus 
REN Remote Enable Management 
IFC Interface Clear 
EOI End or Identify 

ATN+EOI ATN logical OR EOI Logic 

DAV Data Valid Data 
NDAC Not Data Accepted Transfer 
NRFD Not Ready for Data 

Copyright © 1985. Texas Instruments Incorporated 
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SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vee is O. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 
and a guaranteed hysteresis of 400 millivolts for increased noise immunity. All receivers have 3-state outputs 
to present a high impedance to the terminal when disabled. 

The SN-/5164B is manufactured in a 22-pin dual-in-line and 24-pin Small Outline package. The SN75164B 
is characterized for operation from ooe to 70 oe. 

logic symbol t 

tThis symbol is in accordance with ANSI/lEEE Std 91-1984 and 
lEe Publication 617-12. 

[ I Denotes pin numbers for DW package. 
( ) Denotes pin numbers for N package. 

logic diagram (positive logic) 

(17] 
EOI (15) 

(15] 

SRQ~(1~3~1---r;-r---~~ 

(9] 

>--... __ -;-"",(9"",,1 ATN 

(23] 
>-__ -+-(;.;;;2"""11 ATN+EO I 

(S] 

>--. __ -;-...;..(S...;..) EOI 

(10] 
~~~ ____ ~(_10-'-)SRQ 

(22] (3] 

REN~(2=0~1--~+-----~4 )~~------~(3...;..IREN 

(21] 
IFC (19) 

[4] 
>-..... ___ ...:.(4..:.:.,1 IFC 

(1S] (7] 

DAV~(1~6~1----+-----~4 ~~.-__ ~(7"';")DAV 

(20) 
NDAC~(1~S~I--__ ;-____ ~, 

[191-
NRFD~(1~7~1----;-----~~ 

(5) 

~ ...... ____ (_5) NDAC 

[6] 

>-...... ___ ...:.(6.;;.;..1 NRFD 
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SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

RECEIVE/TRANSMIT FUNCTION TABLE 

H -= high level, L = low level, R ~ receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the 
bus side to the terminal side. Data transfer is noninverting in both directions. 

T A TN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE Inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 

ATN+EOI FUNCTION TABLE 

INPUTS OUTPUT 

ATN EOI ATN+EOI 

H X H 
X H H 
L L L 
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SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

. schematics of inputs and outputs 

EOUIVALENT OF ALL 
CONTROL INPUTS 

vcc------~------

INPUT 

9kn 
NOM 

GND ~ __ ----4>--__ ~_ 

TYPICAL OF SRO, NDAC, and NRFD 
GPIB I/O PORT 

~------~--~~----~----~~vcc 

10 k!! 
NOM 

4 
~--~~L~_~_-_-_~~--~~-------GND 

INPUT 10UTPUT 
~ 

Circuit inside dashed lines is on GPIB I/O ports only. 
i-------+---------t 

r-
5' 
CD 

C ... 
<' 
CD ... 
en 
"i 
CD 
n 
CD 

<' 
CD ... en 

TYPICAL OF ALL I/O PORTS 
EXCEPT SRO, NDAC, and NRFD GPIB I/O PORTS 

----~~~--~_++---~~~--~--------GND 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 fl NOM 
Receiver output Req = 110 fl NOM 
Circuit inside dashed lines is on GPIB I/O ports only. 

ATN+EOIOUTPUT 

~~---------<'-vcc 

OUTPUT 

-------+----~~GND 

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 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

OW package .................................................... " 1350 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1700 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 10 seconds: OW or N package .... 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the OW package at the rate of 10.8 mW/oC, the N package at the 

rate of 13.6 mW/oC. 
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recommended operating conditions 

Supply voltage, VCCl 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, 10H 

Low-level output current, 10L 

Operating free-air temperature, T A 

SN75164B 
OCTAL GENERAL·PURPOSE INTER~ACE BUS TRANSCEIVER 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

2 V 

0.8 V 

Bus ports with 3-state outputs -5.2 mA 

Terminal ports -800 

ATN+EOI -400 
p.A 

Bus ports 48 

Terminal ports 16 mA 

ATN+EOI 4 

0 70 °C 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature II!IIIIII 
(unless otherwise noted) IiII 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage 

Vhys Hysteresis (VT + - VT - I Bus 

Terminal 

VOH~ High-level output voltage Bus 

ATN+EOI 

Terminal 

VOL Low-level output voltage Bus 

ATN+EOI 

Input current at Terminal~ 
II 

maximum input voltage ATN, EOI 

Terminal, 

IIH High-level input current control 

ATN, EOI 

Terminal, 

IlL Low-level input current control 

ATN, EOI 

VI/O(busl Voltage at bus port 

11/0(busl Current into bus port Power on 

Power off 

Terminal 

lOS Short-circuit output current Bus 

ATN+EOI 

ICC Supply current 

Ci/o(busl Bus-port capacitance 

tAli typical values are at VCC = 5 V, TA = 25°C. 
~VOH applies for three-state outputs only. 
§ Except ATN and EOI terminal pins. 

11= -18 mA 

10H = -800 p.A 

10H = -5.2 mA 

10H = -400 p.A 

10L = 16 mA 

10L = 48 mA 

10L = 4 mA 

VI = 5.5 V 

VI = 5.5 V 

VI = 2.7 V 

VI = 2.7 V 

VI = 0.5 V 

VI = 0.5 V 

Il(busl = 0 
Driver disabled 

Il(busl = -12 mA 

Vl(busl = - 1.5 V to 0.4 V 

Vl(busl = 0.4 V to 2.5 V 

Driver disabled Vl(busl = 2.5 V to 3.7 V 

Vl(busl =3.7Vt05V 

Vl(busl = 5 V to 5.5 V 

VCC = 0, Vl(busl = 0 V to 2.5 V 

No load, TE, DC, and SC low 

VCC = 5 V to 0 V, 

VI/O = 0 to 2 V, f = 1 MHz 
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srH5164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

switching characteristics, V CC ... 5 V, CL = 15 pF, T A 25 OC(unless otherwise noted) 
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PARAMETER 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

Output enable time to high level 

Output disable time from high level 

Output enable time to low level 

Output disable time from low level 

Output enable time to high level 

Output disable time from high level 

Output enable time to low level 

Output disable time from low level 

TEST 
FROM TO 

CONDITIONS 
MIN TYP MAX 

14 20 

Terminal Bus 
CL = 30 pF, 

See Figure 1 
14 20 

Bus 

Terminal (SRO, NDAC 
CL = 30 pF, 

29 35 
See Figure 1 

NRFD) 

10 20 
CL = 30 pF, 

Bus Terminal 
See Figure 2 

15 22 

Terminal ATN 

or ATN+EOI See Figure 3 14 

Terminal EOI 

Terminal ATN 

o~ ATN+EOI See Figure 3 14 

Terminal EOI 

BUS 60 
TE, DC, 

(ATTN, EOI, 45 
or 

REN,IFC, 
See Figure 4 

60 
SC 

and DAV) 55 

TE, DC, 
55 

50 
or Terminal 

SC 

See Figure 5 
45 

55 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

5V 

200n 

FROM (BUS) 
OUTPUT UNDER--flt-----4I~-4II...--TEST POINT 
TEST 

INPUT 

BUS 
OUTPUT 

CL = 30 pF 480 n J (See Note A) "::' 

LOAD CIRCUIT 

_-----__,.-----3V 

1.5 V 1.5V 

----0 V 

tPHL-14-+! 
'_-----_-,---VOH 

2.2V 

VOH 

VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL-TO-BUS 
PROPAGATION DELAY TIMES 

FROM 
ATN+EOI 

TEST 
POINT VCC 

2kn 

(See Note C) 

LOAD CIRCUIT 

4.3V 

240 n 

FROM (TERMINAL) 
OUTPUT UNDER 
TEST 

--'---~"'--4"-TEST POINT 

CL= 30 pF J (See Note A) 

LOAD CIRCUIT 

3kn 

BUS 
INPUT . 1,.5 V \1 ;.: U'oVv ---'1 . (See Note B) . 

TERMINAL 
OUTPUT 

tPLH-f4+/ tPHL-1f--+l 
I __ -----_+---VOH 

1.5V 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 

VOL 

TERMINAL. ~ \--- - -3V 

ATN+EO~ 1.5V 1
1

.
5V ov 

tPLH-f4+/ tPHL-14--+! 
I __ -----_:-"t.---VOH 

ATN+EOI 1.5V 1.5V 

VOLTAGE WAVEFORMS 

FIGURE 3. ATN + EOI PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR :s 1 MHz, 50% duty cycle, tr :S 6 ns, 

tf :S 6 ns, Zout = 50 n. 
C. All diodes are 1 N916 or 1 N3064. 

II 
(I) ... 
CI) 

> 
'Q) 
U 
CI) 

a:: -(I) ... 
CI) 

> 
'i: 
C 
CI) 
t: 

:.:i 
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SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

FROM (BUS) 
200n 

OUTPUT UNDER --4 ..... - ..... --411-- TEST POINT 
TEST 

CL = 15 pF 480 n J (See Note A) -= 

LOAO CIRCUIT 

--""\ r-------""""\ r- - - -- 3V 

CONTROL *1.5 V * 1.5 V 
INPUT I' (See Note B) 1 __ J '- _______ J '-----OV 

tPZH-.i I-t- tpHZ~ j4-
BUS 1 1 - - - - - VOH 
OODm I 1 I ~ 
S1 OPEN 1 2 V 1 0 V 

tpZL~ tPLZ~ 

BUS 1 y.:-II'" 3.5 V 
OUTPUT \!1.0 V 
S1 CLOSED \ ..... ______ J 0= ~ - VOL 

VOLTAGE WAVEFORMS 

FIGURE 4. BUS ENABLE AND 
DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 

S1 
C>--4.3V 

FROM (TERMINAL) 
240n 

OUTPUT ---4I ..... ---4I~---.--TEST POINT 
UNDER TEST 

CL = 15 pF 

(See Note A) J 3kn 

LOAO CIRCUIT 

--, ,--------"\ r----- 3V 
CONTROL '\/15 V ~ 
INPUT i\ . (See Note B) Ii' 1.5 V __ J 1 '- ___ _____ J 1'- _____ OV 

tPZH-.! j+- tPHZ-+j r--
TERMINAL 1 1 --;;- --- VOH 
OUTPUT 1 . 1 gOy' 

I 1 

tPZL--! t-
I 

tPLZ-+! 

TERMIN-A-L-~ 1 

OUTPUT 1.0V 

S1 CLOSED 

VOLTAGE WAVEFORMS 

FIGURE 5. TERMINAL ENABLE 
AND DISABLE TIMES 

OV 

B. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :56 ns, 
tf :56 ns, Zout = 50 n. 
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4.0 

> 3.5 
I 

Q) 
CI 

!3 3.0 
"0 
> ... 2.5 :l e 
:l 
0 2.0 
1! 

Q) 

...J 1.5 

.i; 
CI 

:I: 1.0 I 
J: 
0 
> 0.5 

o 

SN75164B 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH·LEVEL OUTPUT VOLTAGE TERMINAL LOW·LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW·LEVEL OUTPUT CURRENT 

, .'. VCC = 5 V 

-....... TA = 25°C-

I\. 
'\~ 

'\ 
'\ 
~ 

" "f\. 

0.6 

> 
0.5 I 

Q) 
CI 

!3 
"0 
> 0.4 ... 
:l 

e 
:l 

0.3 0 

1! 
Q) 

...J 

~ 0.2 
0 

...J 
I 
...J 
0 0.1 
> 

.1.1. L 
./' 

VCC = 5 V 
r------ T A = 25°C 

V 
L 
V 

/ 
V 

V 

o o -5 -10 -15 -20 -25 -30 -35 -40 o 10 20 30 40 50 

IOH-High·Level Output Current-rnA IOL -Low·Level Output Current-rnA 

FIGURE 6 

> 
I 

Q) 

4.0 

3.5 

3.0 

~ 2.5 
"0 
: 2.0 
:l e 
:l 

9 
o 
> 

1.5 

1.0 

0.5 

o 

FIGURE 7 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 

VCC = 5 V 
No load 
TA = 25°C 

VT- VT+ 

o 0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 1.B 2.0 

VI-Input Voltage-V 

FIGURE 8 

60 

II 
en ... 
Q) 

.> 
'0) 
CJ 
Q) 

a: -en ... 
Q) 

> 
'':: 
C 
Q) 
c: 

::::; 
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srH51648 
OCTAL GENERAL-PURPOSE INTERFACE· BUS TRANSCEIVER 

> 
I 

CI> 
Cl 

~ 
"0 
> ... 
:l g. 
::::J 
0 
I 
0 
> 

4-318 

4 

TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL OUTPUT VOL rAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

I 
VCC = 5 V 

~ 
TA = 25°C 

~ 
"-
"\ 

'" 

> 
I 

CI> 
Cl 

~ 
"0 
> ... 

::::J g. 
::::J 
0 
a:; 
> 
III 
..J 

~ 
0 
..J 
I 

..J 
0 
> 

BUS LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
0.6 

0.5 

0.4 

0.3 

0.2 

VCIC = 5 V 
/' TA = 25°C 

/' 

/ 
VV 

LV 
,/ 

/ 
VV 

V 
0.1 

o 
~~ 

o~~--~~--~~ __ ~~ __ ~~~ 
o -10 -20 -30 -40 -50 -60 o 10 20 30 40 50 60 70 80 90 100 

4 

3 

2 

IOH-High-Level Output Current-mA 

FIGURE 9 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 

.' I 
VCC= 5V 
No load 
TA = 25°C 

2 

O~~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~-J 

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 

VI-Input Voltage-V 

FIGURE 11 

TEXAS ~ 
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IOL -Low-Level Output Current-mA 

-1 0 

FIGURE 10 

BUS CURRENT 
vs 

BUSVOLTAGE 

2 3 4 

VI/O(bus)-Bus Voltage-V 

FIGURE 12 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

• Meets EIA Standards RS-422-A and RS-485 

• Meets CCITT Recommendations V. 11 and 
X.27 

• Designed for Multipoint Transmission on 
Long Bus lines in Noisy Environments 

• 3-State Outputs 

• Common-Mode Output Voltage Range of 
-7 V to 12 V 

• Active-High and Active-Low Enables 

• Thermal Shutdown Protection 

• Positive- and Negative-Current Limiting 

• Operates from Single 5-V Supply 

• Low Power Requirements 

• Functionally Interchangeable with 
AM26LS31 

description 

02596, OCTOBER 1980-REVISED SEPTEMBER 1986 

J OR N DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

lA Vee 
lY 4A 
lZ 4Y 

ENABLE G 4Z 
2Z ENABLE IT 
2Y 3Z 
2A 3Y 

GND 3A 

The SN75172 is a monolithic quadruple differential line driver with three-state outputs. It is designed to 
meet the requirements of EIA Standards RS-422-A and RS-485 and CCITT Recommendations V.11 and 
X.27. The device is optimized for balanced multipoint bus transmission at'rates of up to 4 megabaud. 
Each driver features wide positive and negative common-mode output voltage ranges making it suitable 
for party-line applications in noisy environments. 

The SN75172 provides positive- and negative-current limiting and thermal shutdown for protection from 
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of 
approximately 150°C. This device offers optimum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. 

The SN75172 is characterized for operation from OOC to 70°C. 

logic symbol t FUNCTION TABLE (EACH DRIVER) 

G (4) 

G 

lA (1) 

2A (7) 

3A (9) 

4A (15) 

~1 

EN 

I> 
lY 

lZ 

2Y 

2Z 

3Y 

3Z 

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

INPUT ENABLES OUTPUTS 

A G G Y Z 

H H X H L 

L H X L H 

H X L H L 

L X L L H 

X L H Z Z 

H = high level, L = low level 
X = irrelevant, Z = high impedance (off) 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS • 

INSTRUMENTS 

Copyright © 1980, Texas Instruments Incorporated 

~~~~~~~~i~ar~;rutle ~~~~~~ti~fn :,~o~:::~Mr~~S not 
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CD 
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C/I 

SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

logic diagram (positive logic) 

G (4) 

G (12) 

1A (1) 

2A (7) 

3A ....;.;(9;.:.) ___ ~ 

(15) 
4A '-;'~----I 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC -----------41~-----

INPUT --.... ---411---4 

Data inputs: Req - 3 kfl NOM 
Enable ~nputs: Req - 8 kfl NOM 

(2) 
1Y 

(3) 
1Z 

(6) 
2Y 

(5) 
2Z 

(10) 
3Y 

(11) 
3Z 

(14) 
4Y 

(13) 
4Z 

TYPICAL OF ALL OUTPUTS 

------~-----VCC 

- -- -- --------I 
OUTPUT 

-- - - ----_._----..... ---- GND 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

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

Supply voltage. VCC ......................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 

25°C free-air temperature (see Note 2): J package ........................... 1375 mW 
N package ......................... " 1150 mW 

Operating free-air temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1.6 mm (1116 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate the J package to 880 mW at 70°C at the rate of 11.0 mW/oC and 

the N package to 736 mW at 70°C at the rate of 9.2 mW/oC. In the J package, SN75172 chips are alloy mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Common-mode output voltage, VOC -7 to 12 V 

High-level output current, IOH -60 mA 

Low-level output current, IOL 60 mA 

Operating free-air temperature, T A 0 70 °c 

II 
en 
~ 
Q) 

> 
"Cii 
(J 
Q) 

a: -en 
~ 

Q) 

> 
"i: 
C 
Q) 
t: 

:.:i 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 mA -1.5 V 

Vo Output voltage 10 = 0 a 6 V 

\VOD1\ Differential outP~t voltage 10 = 0 1.5 6 V 

RL = lOOn. See Figure 1 
y, VOOl 

\VOD2\ Differential output voltage 2 V 

RL = 54 n. See Figure 1 1.5 2.5 5 V 

VOD3 Differential output voltage See Note 3 1.5 5 V 

A\VOD\ 
Change in magnitude of 

±0.2 V 
differential output voltage:!: 

Common-mode output voltage § 
+3 

VOC RL = 54 n or 100 n. See Figure 1 V 
-1 

A\VOc\ 
Change in magnitude of 

±0.2 V 
common· mode output voltage:!: 

10 Output current with power off VCC = O. Vo = -7 V to 12 V ±100 p.A II 
r" S· 
ct) 

C 
""I 

10Z High-impedance-state output current Vo = -7 V to 12 V ±100 p.A 

IIH High-level input current VI = 2.7 V 20 p.A 

IlL Low-level input current VI - 0.5 V -360 p.A 

Vo = -7 V -180 =:. lOS Short-circuit output current Vo ~ VCC 180 mA 
ct) 
""I Vo = 12 V 500 
en 
~ 
ct) 

l Outputs enabled 38 60 
ICC Supply current (all drivers) No load mA J Outputs disabled 18 40 

g t All typical values are at Vce = 5 V and T A = 25°C. 
=:. :!: A\VOD\ and A\Vocl are the changes in magnitude of VOD and VOC. respectively. that occur when the input is changed from a high 
ct) level to a low level. I 

U; § In EIA Standard RS-422-A. VOC. which is the average of the two output voltages with respect to ground. is called output offset voltage. VOS. 
NOTE 3: See EIA Standard RS-485 Figure 3-5. Test Termination Measurement 2. 

4-322 

DATA SHEET PARAMETER 

Vo 

\VOD1\ 

\VOD2\ 

\VOD3\ 

AIVODI 

VOC 

AIVocl 

lOS 

10 

SYMBOL EQUIVALENTS 

RS-422·A 

Voa. Vob 

Vo 

Vt (RL = 100 m 

I IVtl-IVtl I 

IVosl 

I Vos - Vos I 

Jlsal. Jlsbl 

Jlxol. Jlxbl 

TEXAS • 
INSTRUMENTS 
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RS·485 

Voa. Vob 

Vo 

Vt (RL = 54 m 
Vt (Test Termination 

Measurement 2) 

I IVtl-IVtl I 

\Vosl 

I Vos - Vos I 

lia. lib 



SN75172 
OUADRUPLE DIFFERENTIAL LINE DRIVER 

switching characteristics, vee 5 V, TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

too Differential-output delay time 
RL = 54 n, 45 65 ns 

tTD Differential-output transition time 
See Figure 2 

80 120 ns 

tpZH Output enable time to high level RL = 110 n, See Figure 3 80 120 ns 

tpZL Output enable time to low level RL = 110 n, See Figure 4 45 80 ns 

tpHZ Output disable time from high level RL = 110 n, See Figure 3 78 115 ns 

tpLZ Output disable time from low level RL = 110 n, See Figure 4 18 30 ns 

PARAMETER MEASUREMENT INFORMATION 

r 
~ _____ V_I_D_2 ____ ~ :L J:voc 

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 

INPUT i TSV \~5: 3V 
I : OV 
l I 

GENERATOR 

(See Note Al 
50 n 

tDD~ ~tDD 
I I 
I T- ""2.5 V 

3V 

TEST CIRCUIT 

OUTPUT 50% 

""-2.5 V 

14- tTD 

VOL TAGE WAVEFORMS 

FIGURE 2. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr :s 5 ns, tf :s 5 ns, PRR :5 1 MHz, duty 
cycle = 50%, Zo = 50 n. 

B. CL includes probe and stray capacitance. 

II 
rn ... 
Q) 

> 'Q) 
CJ 
Q) 

a: -rn ... 
Q) 

> 
'i: 
C 
Q) 
I: 

:,:j 
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SfH5172 
nUADRUPLE, DIFFERENTIAL LINE DRIVER 

PARAMETER MEASUREMENT INFORMATION 

INPUT ~~5~- 3V 
~ .. ~. ~OV 

a V or 3 V -t------t ~o--""'-"""OUTPUT I4--+!-tpZH II 10.5 V 

GENERATOR 
(SEE NOTE A) 

GENERATOR 
(SEE NOTE A) 

50 fl I 
- - - - J CL - 50 p~ 

(SEE NOTE B) 
3V 

-= (SEE NOTE C) 

TEST CIRCUIT 

I -~- VOH 

OUTPUT I 2.3 V :. I -,-

I I V - ° V 
RL - 110 n I I off -

~ I4-tpHZ 

VOLTAGE WAVEFORMS 

FIGURE 3. tpZH AND tpHZ 

5V 

INPU~.5V '1\-::~-- 3V 

I I OV 

l4----+t-tpzL I 
I ~tPLZ 

__ ~I ~/:::5V 

OUTPUT ,\:.3 V I-*- 0.5 V 

----- f- VOL 

° V or 3 V-t-----t 

RL - 110 fl 

~o--""'--~OUTPUT 

I I 1 CL - 50 pF 
L - - --J(SEE NOTE B) 

3V 
-= (SEE NOTE C) -= 

50 fl 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 4. tpZL AND tpLZ 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tf ~ 5 ns, tf ~ 5 ns, PRR ~ 1 MHz, duty 
cycle = 50%, Zout = 50 fl. 

4-324 

B. CL include probe and jig capacitance. 
C. To test the active-low enable G, ground G and apply an inverted waveform to G. 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

I 
VCC = 5 V 
TA == 25°C 

-----........ 
~~ 

.......... 
~ 

\ 

- 20 - 40 - 60 - 80 - 100 - 120 
High-Level Output Current-rnA 

FIGURE 5 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

I I 
VCC = 5 V -

.......... 

~ 
TA .. 25°C 

............ 

"""'~ '"'", 
r-.... 

'\ 
1\ 
\ 
\ 

5 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I > 4.5 
I 
~ 4 

I- VCC ... 5 V 

co 

~ 3.5 

~ 3 
; 
02.5 
Qj 

~ 2 
-I 

~ o 1.5 
-I 

~ 1 
o 
> 0.5 

<t 

o 
o 

50 

40 

30 

::s.. 20 
2-
~ 10 
:; 

CJ 0 
:; 
e -10 
~ 
o 
I -20 
o 
- -30 

-40 

-50 

TA == 25°C 
I 
/ 
/ 

1/ 

) 

---r-----/ 

20 40 60 80 100 
IOL -Low-Level Output Current-rnA 

FIGURE 6 

OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 

Ou~put 'Disabled 
TA ... 25°·C 

~ Vce; ... 0 V 

IIK-vcc ' ... 5 V 

~ 
~ 

120 

• tn ... 
Q) 

> 
"Ci) 
(J 
Q) 

a: -tn ... 
Q) 

> ".::; 
C 
Q) 
c: 

:.:i 

o 10 20 30 40 50 60 70 80 90 100 -25-20-15-10-5 0 5 10 15 20 25 

IO-Output Current-rnA 

FIGURE 7 
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VO-Output Voltage-V 

FIGURE 8 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

TYPICAL CHARACTERISTICS 

100 
I I 

90 -No Load 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 30 I I 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 
No Load. / 

Outputs Enabled 25 r-- Inputs Open / 

cs: 
E 
.!. c 
l!! 
:s 
u 
>-
C. 
Co 
:I 

en 
I 
u 
9 

80 
r- TA '" 25 0 e 

70 

60 

50 

40 

30 

20 

10 

o o 

j 
INPUTS ~ 
OPEN ~NPUTS \ 

) ~GROUNDED 
Alf" 

V 
l.,..::::::::= ~ 

2 3 4 5 6 7 
Vee-Supply Voltage-V 

FIGURE 9 

B 

cs: 
E 
.!. 20 c 
l!! 
:s 
u 15 
>-
C. 
Co 
:I 

i 10 
u 
9 

5 

o 
o 

Output Disabled / 
TA '" 25°e / 

V 
/ 

L 
V 

/ 
/ 

·V 
V 

2 3 4 5 6 
vee-Supply Voltage-V 

FIGURE 10 

TYPICAL APPLICATION 

1/4 SN75173 1/4SN75174 

1/4 SN75173 1/4 SN75175 

1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4SN75174 

7 B 

NOTE A: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept 
as short as possible. 

FIGURE 11 
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• Meets EIA Standards RS-422-A, RS-423-A, 
and RS-485 

• Meets CCITT Recommendations V.10, 
V.11, X.26. and X.27 

• Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 

• 3-State Outputs 

• Common-Mode Input Voltage 
Range . . . - 12 to 12 V 

• Input Sensitivity ... ± 200 mV 

• Input Hysteresis ... 50 mV Typ 

o High Input Impedance ... 12 kO Min 

• Operates from Single 5-Volt Supply 

• Low Power Requirements 

• Plug-In Replacement for AM26LS32 

description 

The SN75173 is a monolithic quadruple 
differential line receiver with three-state outputs. 
It.is designed to meet the requirements of EIA 
Standards RS-422-A. RS-423-A. and RS-485 
and several eelTT recommendations. The 
device is optimized for balanced multipoint bus 
transmission at rates up to 10 megabits per 
second. Each of the two pairs of receivers has 
a common active-high enable. The device 
features high input impedance. input hysteresis 
for increased noise immunity. and input 
sensitivity of ± 200 millivolts over a common­
mode input voltage range of -12 to 12 volts. 
The SN75173 is designed for optimum 
performance when used with the SN75172 or 
SN75174 quadruple differential line drivers. 

The SN75173 is characterized for operation from 
ODe to 70 De. 

SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

logic symbol 

G 

G 

1A 

18 

2A 

28 

3A 

38 

4A 

48 

02600, OCTOBER 1980-SEPTEMBER 1986 

D, J. OR N 
DUAL-IN-LlNE PACKAGE 

(TOP VIEW) 

18 Vee 
1A 48 
1Y 4A 
G 4Y 

2Y G 
2A 3Y 
28 3A 

GND 38 

(3) 1Y 

(5) 
2Y 

(11 ) 
3Y 

(13) 
4Y 

logic diagram (positive logic) 

>--+---:...(3;..:.,) 1 V 

(11) 3Y 

(13) 4Y 

Copyright © 1980, Texas Instruments Incorporated 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

FUNCTION TABLE (EACH RECEIVER) 

DIFFERENTIAL ENABLES OUTPUT 

A-B 

VIO ~ 0.2 V 

-0.2 V < VIO < 0.2 V 

VIO ~ -0.2 V 

X 

H = high level 
L = low level 
X = irrelevant 
7 = indeterminate 
Z = high-impedance (off) 

G G 

H X 

X L 

H X 

X L 

H X 

X L 

L H 

schematics of inputs and outputs 

EQUIVALENT OF A OR B INPUT 

VCC-------.----.---

16.8 kf! 
NOM 

INPUT-'lJV\o--~=-I-_ 

EQUIVALENT OF G OR G INPUT 

VCC----------~-----

8.3 kf! 
NOM 

INPUT-......... ~ 

Y 

H 

H 

? 

? 

L 

L 

Z 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, A or B inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
J Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N Package ....... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260'oC 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/oe, the 

J package to 656 mW at 70°C at the rate of 8.2 mW/oC, and the N package to 736 mW at 70°C at the rate of 9.2 mW/oC. 
In the J package, SN75173 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vce 4.75 5 5.25 V 

Common-mode input voltage, VIC ±12 V 

Differential input voltage, VID ±12 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

High-level output current, IOH -400 p.A 

Low-level output current, IOL 16 mA 

Operating free-air temperature, T A 0 70 °c 
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SfJ75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VTH Differential-input high-threshold voltage Vo = 2.7 V, 10 = -0.4 mA 0.2 

VTL Differential-input low-threshold voltage Vo = 0.5 V, 10 = 16 mA -0.2+ 

Vhys Hysteresis § 50 

VIK Enable-input clamp voltage II = -18 mA -1.5 

VOH High-level output voltage VID = 200 mY, 10H = -400 p.A 2.7 

VOL Low-level output voltage 
I 10L = 8 mA 0.45 

:VID = -200 mY, I 10L = 16 rnA 0.5 

10Z High-impedance-state output current Vo = 0.4 V to 2.4 V ±20 

Other input at 0 V, I VI = 12 V 1 
II Line input current 

See Note 4 I VI = -7 V -0.8 

IIH High-level enable-input current VIH = 2.7 V 20 

IlL Low-level enable-input current VIL = 0.4 V -100 

q Input resistance 12 

lOS Short-circuit output current' -15 -85 

ICC Supply current Outputs disabled 70 

t All typical values are at Vec = 5 V, T A = 25°C. 

UNIT 

V 

V 

mV 

V 

V 

V 

p.A 

rnA 

p.A 

p.A 

kO 

mA 

rnA 

:j: The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for threshold 
voltage levels only. . 

§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
VT _. See Figure 4. 

, Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
NOTE 4: Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 

switching characteristics, Vee = 5 V, TA = 25°e 

tpLH 

tpHL 

tPZH 

tPZL 

tPHZ 

tPLZ 

4-330 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output VID = -1.5 V to 1.5 V, 

Propagation delay time, high-to-Iow-Ievel output See Figure 1 

Output enable time to high level CL = 15 pF, 
Output enable time to low level CL = 15 pF, 

Output disable time from high level CL = 5 pF, 

Output disable time from low level CL - 5 pF, 

TEXAS ~ 
INSTRUMENTS 

CL = 15 pF, 

See Figure 2 

See Figure 3 

See Figure 2 

See Figure 3 
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MIN TYP MAX UNIT 

20 35 ns 

22 35 ns 

17 22 ns 

20 25 ns 

21 30 ns 

30 40 ns 



SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

PARAMETER MEASUREMENT INFORMATION 

IN~'·5V 
OUTPUT i I I -1.5 V 

tPLH"'; ~ -.I lot- tpHL 

~VOH I . I 
OUTPUT. 1.3 V . 1.3 V 

VOL 

-= 
TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. tpLH, tPHL 

vcc 

Sj2kfl 

T't-3V 

INPUT 1.3 V 1.3 V . 

I -.I --ov 
tPZH"~r- tPHZ M-I 0.5 V 

~~VOH OUTPUT -

S1 open ~ ~ ~",o V :-l S1",c~~~e~ 
-= 

-= 
TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. tpHZ, tPZH 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :s; 1 MHz, duty cycle 50%, 
tr :s; 6 ns, tf :s 6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 
D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

NOTES: 
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PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

FIGURE 3. tpZL, tPLZ 

,=£.v ~-:: 
tpzL -.I t+- I 

S2 open -+r If- tpLZ 

=-t I S2 closed 

OUTPUT 1.3 V !A-:--",,1.4 V 

---F-~: VOL 

0.5 V 

VOLTAGE WAVEFORMS 

A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, duty cycle 50%, 
tr :5 6 ns, tf :5 6 ns, Zout = 50 O. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 
D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 

DIFFERENTIAL INPUT VOLTAGE HIGH-LEVEL OUTPUT CURRENT 

Vee = 5 V 10 .. 0 TA .. 25°C 
5 

> 
I 

vlo _IO.2
I
V 

TA .. 25°C -

VIC - VIC - VIC .. 
-12 V 0 r- 12 V - -

I V~--t 
I 

VT-- r---- VT-- -
VT+ VT+ VT+ -

Q) 4 CI 
B 
"0 
> .. 
:I 3 
~ 
:I 
0 

~ 

:S ~ 
l~ ~ 

ai 
> 2 Q) .... 
J: 
CI 
:f 
I 

I~ ~ VVCC - 4.75 V 
I I I 

~ ~ Vce - 5.25 V 

VCC" 5 'Ii' CS ~ 
::t: 
0 
> ~ ~ 

~ ~ 
-125 -75 ~25 0 25 50 75 100 125 

o 
o -10 -20 -30 -40 -50 

Vlo-Oifferential Input Voltage-mV 

FIGURE 4 

10H-High-Level Output Current-rnA 

FIGURE 5 
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SN75173 
OUADRUPLE DIFFERENTIAL LINE RECEIVER 

TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT . VOLTAGE 

vs 

FREE-AIR TEMPERATURE 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 r Vee = 5 V 

VIO - 0.2 V 
0.5 '"""IOH ... -440 p.A 

o 
o 

I I I 
10 20 30 40 50 60 70 80 

TA-Free-Air Ternperature- De 

FIGURE 6 

LOW-LEVEL OUTPUT VOLTAGE 

vs 
FREE-AIR TEMPERATURE 

0.5 

0.4 

0.3 

0.2 

0.1 Vee = 5 V 
VIC .. -0.2 V 

IOL" 8 rnA 
o I I 

o 10 20 30 40 50 60 70 80 

T A - Free-Air Ternperature- De 

FIGURE 8 

> 
I 

(I) 
Cl 

S 
'0 
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:J 
C. 
5 
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Qj 
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(I) .... 
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0 .... 
I .... 
0 
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> 
I 

(I) 
Cl 

S 
'0 
> 
5 
So 
:J 
0 
I 
0 
> 

LOW-LEVEL OUTPUT VOLTAGE 

VS 

LOW-LEVEL OUTPUT CURRENT 

0.6 

0.5 

0.4 

0.3 

Vee - 5 V / 
TA - 25 De /' 

/ 
V 

// 
/ 
,/ 

0.2 

V 
0.1 

o 
o 

5 

4 

3 

2 

o 
o 

5 10 15 20 25 30 

IOL -Low-Level Output eurrent-rnA 

FIGURE 7 

OUTPUT VOLTAGE 
VS 

ENABLE G VOLTAGE 

VIO - 0.2 V 
Load - 8 kO to ground 

I I TA - 25 De 
Vee - 5.25 V-

I 
I V"'"" I 

Vee'" 5 V 
Vee - 4.75 V-

0.5 1.5 2 2.5 3 

VI-Enable G Voltage-V 

FIGURE 9 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 

I I VIO .. -0.2 V 
Vee" 5.25 V Load .. 1 kO to Vee 

TA -= 25°e I "'J 

Vee" 4.75 V " I 
Vee" 5 V 

0.5 1.5 2 2.5 

VI-Enable G Voltage-V 

FIGURE 10 

3 

... 
:J 

0.75 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

g- - 0.25 1--+-+---7"'I<::"--+~N-*-'<-+'H"---\--+--\-l 

I 
= - 0.5 t-;..-9--+-.."..g'<--'l..--l'<-

- 1.0 ~""""'---->""""""-~.>.......l"""""'---->""~->-L-""'---''''''''''--'-'''''''''-''-.>......>I 
-8 -6 -4 -2 0 2 4 6 8 10 12 

VI-Input Voltage-V 

FIGURE 11 

TYPICAL APPLICATION 

1/4 SN75172 1/4 SN75175 

UP TO 32 
1/4 SN75173 DRIVER/RECEIVER PAIRS 1/4 SN75174 

1/4 SN75172 1/4 SN75173 1/4 SN75173 

NOTE 4: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 
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• Meets EIA Standards RS-422-A and RS-485 
and CCITT Recommendations V.11 and 
X.27 

• Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• 3-State Outputs 

• Common-Mode Output Voltage Range of 
-7 V to 12 V 

• A~tive-High Enable 

• Thermal Shutdown Protection 

• Positive- and Negative-Current Limiting 

• Operates from Single 5-V Supply 

• Low Power Requirements 

• Functionally Interchangeable with MC3487 

description 

The· SN75174 is a monolithic quadruple 
differential line driver with three-state outputs. 
It is designed to meet the requirements of EIA 
Standards RS-422-A and RS-485 and CCITT 
Recommendations V.11 and X.27. The device 

SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

02601. OCTOBER 1980-REVISED OCTOBER 1986 

J OR N DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

1A Vee 
1Y 4A 
1Z 4Y 

1,2EN 4Z 
2Z 3,4EN 
2Y 3Z 
2A 3Y 

GND 3A 

FUNCTION TABLE (EACH DRIVER) 

INPUT ENABLE 

H H 

L H 

X L 

H = TTL high level. 
L = TTL low level. 

X = irrelevant. 

OUTPUTS 

Y Z 

H L 

L H 

Z Z 

Z = High impedance (off) 

is optimized for balanced multipoint bus transmission at rates up to 4 megabaud. Each driver features wide 
positive and negative common-mode output voltage ranges making it suitable for party-line applications 
in noisy environments. 

The SN75174 provides positive- and negative-current limiting and thermal shutdown for protection from 
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of 
approximately 150 °C. This device offers optimum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. 

The SN75174 is characterized for operation from ODC to 70°C. 

logic symbol t 

1.2EN 

1A 

2A 

3.4EN 

3A 

4A 

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

IEC Publication 617-12. 

logic diagram, each driver (positive logic) 

Copyright © '986, Texas Instruments Incorporated. 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC--------------~--------

INPUT ---.-----4t----I 

Data Inputs: Req = 3 kf! NOM 
Enable Inputs: Req = 8 kf! NOM 

Req 

TYPICAL OF ALL OUTPUTS 

------... ------ VCC 

.... ------ OUTPUT 

.... ---... ------ GND 

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

Supply voltage, VCC (see Note 1) .......................... '. . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ..................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package .......................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1625 mW 

Operating free-air temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ......... '" 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 

NOTES: 1. All voltage values are with respect to the network terminal. 
2. For operation above 25 DC free-air temperature, derate the J package to 880 mW at 70 DC at the rate of 11.0 mW/ DC and 

the N package to 1040 mW at 70 DC at the rate of 13.0 mW/DC. 

recommended operating conditions 

Supply voltage, VCC 

High·level input voltage, VIH 

Low·Level input voltage, VIL 

Common·mode output voltage, VOC 

High·level output curent, IOH 

Low·level output current, IOL 

Operating free-air temperature, T A 

4-336 TEXAS ~ 
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MIN 

4.75 

2 

0 

NOM MAX UNIT 

5 5.25 V 

V 

0.8 V 

-7 to 12 V 

-60 mA 

60 mA 

70 DC 



SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 rnA -1.5 V 

VOH High·level output voltage 
VIH = 2 V, VIL = 0.8 V, 

3.7 V 
10H = -33 rnA 

VOL Low-level output voltage 
VIH = 2 V, VIL = 0.8 V, 

1.1 V 
10L = 33 rnA 

Vo Output voltage 10 = 0 0 6 V 

IVOD11 Differential output voltage 10 = 0 1.5 6 V 

RL = 100n, See Figure 1 
y, VOD1 

V 
IVOD21 Differential output voltage 2 

RL = 54 n, See Figure 1 1.5 2.5 5 V 

VOD3 Differential output voltage See Note 3 1.5 5 V 

.::lIVODI 
Change in magnitude of 

±0.2 V 
differential output voltage t 

VOC Common mode output voltage RL = 54 n or 100 fl, See Figure 1 
+3 

V 
-1 

.::lIVocl 
Change in magnitude of 

±0.2 V 
common mode output voltage t 

10 Output current with power off VCC = 0, Vo = -7 V to 12 V ±100 p.A 

10Z High-impedance-state output current Vo = -7Vto 12V ±100 p.A 

IIH High-level input current VI = 2.7 V 20 p.A 

IlL Low-level input current VI = 0.5 V -360 p.A 

Vo = -7 V -250 

lOS Short-circuit output current Vo = VCC 180 rnA 

Vo = 12 V 500 

ICC Supply current (all drivers) 
I Outputs enabled 38 60 

No load rnA I Oututs disabled 18 40 

t All typical values are at VCC = 5 V and T A = 25°C. 
till VOD I and III VOC I are the changes in magnitude of VOD and VOC, respectively; that occur when the input is changed from a high 

level to a low level. 
NOTE 3: See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tDD Differential-output delay time 45 65 ns 

tTD Differential-output transition time 
RL = 54 n, See Figure 2 

80 120 ns 

tpZH Output enable time to high level RL = 110 n, See Figure 3 80 120 ns 

tpZL Output enable time to low level RL = 110 n, See Figure 4 55 80 ns 

tpHZ Outut disable time from high level RL = 110 n, See Figure 3 75 115 ns 

tpLZ Output disable time from low level RL = 110 n, See Figure 4 18 30 ns 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SYMBOL EQUIVALENTS 

OATA SHEET PARAMETER RS-422-A RS-485 

Vo Voa, Vob Voa, Vob 

IVOOll Vo VO 

IVOO21 Vt (RL = 100 m Vt (RL = 54 m 

IVOO31 
Vt (Test Termination 

Measurement 2) 

.:lIVool IIVtl - IVtl1 IIVtl - IVtl1 

VOC IVosl IVosl 

.:lIVocl I Vos - Vos I I Vos - Vos I 

lOS lisa I ' Ilsbl 

10 Ilxal, Ilxbl lia, lib 

11-------
PARAMETER MEASUREMENT INFORMATION 
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(See Note A) 

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 

TEST CIRCUIT 

OUTPUT 

CL - 50 pF 
(See Note B) 

INPUT .~~.:v-3V 
~'.~v -~OV 

too ~ I+-*- too 

OUTPUT 

I +--2.5V 

-2.5 V 

~tTD 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteritics: tr :5 5 ns, tf :5 5 ns, PRR :$ ,. MHz, 
duty cycle = 50%, Zo = 50 n. 

B. CL inclu.des probe and stray capacitance. 

FIGURE 2. DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

PARAMETER MEASUREMENT INFORMATION 

3 V or 0 V 

GENERATOR 
(See Note Al 

= 

TEST CIRCUIT 

o V to 3 V--+----t 

GENERATOR 
(See Note Al 

TEST CIRCUIT 

INPUT ~~.S~ --3V 

J1"-' ~OV "'0'---.-..... - OUTPUT 

t+---+t--tPZH I O.S V 

~
-~-VOH 

OUTPUT I I f-
2.3 V I. I 

......J Voff == 0 V 
tpHZ~' . 

VOLTAGE WAVEFORMS 

FIGURE 3. tpZH AND tpHZ 

5V 

RL - 110 f! 

"'"-<>---........ -OUTPUT 
INPUT 11.s V 

~ . 
\~5~ --:: 

I 
I+----+f- tpLZ 

I ICvSV 

\:.3' .f"1~ 
. f -VOL 

tpZL I.. ~ 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 4. tpZL AND tpLZ 

NOTES: A. The input pulse is supplied by a generator having the following characteritics: PRR os; 1 MHz, duty cycle = 50%, tr os; 5 ns, 
tf os; 5 ns, Zo = 50 n. 

B. CL includes probe and stray capacitance. 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

TYPICAL CHARACTERISTICS 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

TYPICAL CHARACTERISTICS 
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FIGURE 10 

TYPICAL APPLICATION 
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1/4 SN75172 

1/4 SN75173 

1/4SN75172 

UP TO 32 
DRIVER/RECEIVER PAIRS 

••• 

1/4 SN75173 1/4SN75173 

1/4 SN75175 

1/4SN75174 

NOTE: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept 
as short as possible. 

FIGURE 11 
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• Meets EIA Standards RS-422-A, RS-423-A, 
and RS-485 

• Meets CCITT Recommendations V.10, 
V .11, X.26, and X.27 

• Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 

• 3-State Outputs 

• Common-Mode Input Voltage Range 
-12 V to 12 V 

• Input Sensitivity ... ± 200 mV 

• Input Hysteresis ... 50 mV Typ 

• High Input Impedance ... 12 kO Min 

• Operates from Single 5-Volt Supply 

o Low Power Requirements 

• Plug-in Replacement for MC3486 

description 

The SN75175 is a monolithic quadruple 
differential line receiver with three-state outputs. 
It is designed to meet the requirements of EIA 
Standards RS-422-A, RS-423-A, and RS-485 
and several CCITT recommendations. The 
device is optimized for balanced multipoint bus 
transmission at rates up to 10 megabits per 
second. Each of the two pairs of receivers has 
a common active-high enable. 

The receivers feature high input impedance, 
input hysteresis for increased noise immunity, 
and input sensitivity of ± 200 millivolts over a 
common-mode input voltage range of 
± 12 volts. The SN75175 is designed for 
optimum performance when used with the 
SN75172 or SN75174 quadruple differential line 
drivers. 

The SN75175 is characterized for operation from 
oac to 70 ac. 

FUNCTION TABLE (EACH RECEIVER) 

DIFFERENTIAL INPUTS 
ENABLE 

OUTPUT 

A-B Y 
VI02! 0.2 V H H 

- 0.2 V < VIO < 0.2 V H ? 

VIO 2! -0.2 V H L 

X L Z 

H = high level. L = low level. ? = indeterminate; 
X = irrelevant. Z = high impedance (off) 

SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

02602. OCTOBER 1980-REVISEO SEPTEM8ER 1986 

D. J. OR N 
DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

1B Vee 
1A 4B 
1Y 4A 

1.2EN 4Y 
2Y 3,4EN 
2A 3Y 

2B 3A 
GNO ....... __ ...- 3B 

logic symbol t 

1.2EN 

1A 

1B 

2A 

2B 

3.4EN 

3A 

3B 

4A 

4B 

1Y 

2Y 

3Y 

4Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

3A 

3B 

4A 

4B 

Copyright © 1980. Texas Instruments Incorporated 
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SN75175 , 
OUADRUPLE DIFFERENTIAL LINE RECEIVER 

schematics of inputs and outputs 

EQUIVALENT OF EACH A OR B INPUT 

VCC------+---~~-

16.8 kn 
NOM 

I NPUT-.JltlIIV-"""1t=::':':"-l-_ 

EQUIVALENT OF EACH ENABLE INPUT 

Vcc----------~-----
8.3kn 
NOM 

INPUT --+--+--1 

TYPICAL OF ALL OUTPUTS 

OUTPUT 

.L---_---'--_--.L--_----' 
absolute maximum ratings over operating free-air temperature range, (unless otherwise noted) 

Supply voltage, VCC (see Note 1) ............. " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, A or B inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Low-level output current .................................................... 50 mA 
Continuous total dissipation at (or below) 25 °c free-air temperature (see Note 3): 

D package ....................................................... " 950 mW 
J package ........................... : . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ....................................................... , 1150 mW 

Operating free-air temperature range ..................................... , 0 °c to 70 °c 
Storage temperature range ......................................... - 65 °c to 150 °c 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: J package ............ -300 oC 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or N package ........ - 260 °c 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 

4-344 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free·air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/oC, the 

J package to 656 mW at 70°C at the rate of 8.2 mW/oC, and the N package to 736 mW at 70°C at the rate of 9.2 mW/oC, 
In the J package, SN75175 chips are glass mounted. 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±12 V 

Differential input voltage, VID ±12 V 

High-level enable input voltage, VIH 2 V 

Low-level enable input voltage, VIL 0.8 V 

High-level output current, 10H -400 /lA 

Low-level output current, 10L 16 mA 

Operating free-air temperature, T A 0 70 °c 

electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VTH 
Differential-input high-threshold 

Vo = 2.7 V, 10 = -0.4 mA 0.2 V 
voltage 

VTL 
Differential-input low-threshold 

Vo = 0.5 V, 
voltage 

10 = 16 mA -0.2; V 

Vhys Hysteresis § 50 mV 

VIK Enable-input clamp voltage II = -18 mA -1.5 V 

VOH High-level output voltage VID = 200 mY, 10H = - 400 p.A, See Figure 1 2.7 V 

VOL Low-level output voltage 
JIOL = 8 mA 0.45 

VID = - 200 mY, See Figure 1 V 
IIOL = 16 mA 0.5 

10Z 
High-impedance-state 

Vo = 0.4 V to 2.4 V ±20 p.A 
output current 

II Line input current 
Other input at 0 V, l VI = 12 V 1 

mA 
See Note 4 I VI = -7 V -0.8 

IIH High-level enable-input current VIH = 2.7 V 20 p.A 

IlL Low-level enable-input current VIL = 0.4 V -100 p.A 

fj Input resistance 12 kO 

lOS Short-circuit output current~ -15 -85 mA 

ICC Supply current Outputs disabled 70 mA 

t All typical values are at VCC = 5 V, T A = 25°C. 
t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold 

voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT _. See Figure 4. 
, Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
NOTE 4: Refer to EIA standards. RS-422-A, RS-423-A, and RS-485 for exact conditions. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH Propagation delay time, low:to-high-Ievel output 22 35 

tPHL Propagation delay time, high-to-Iow-Ievel output 
CL = 15 pF, See Figure 2 

25 35 

tpZH Output enable time to high level 
CL 15 pF, See Figure 3 

13 30 

Output enable time to low level 
= 

tpZL 19 30 

tpHZ Output disable time from high level 
CL 15 pF, See Figure 3 

26 35 

Output disable time from low level 
= 

tpLZ 25 35 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(see Note AI 

1.5 V 

2 V ----------' 

FIGURE 1. VOH. VOL 

OUTPUT 

I 
I OV 
~tPHL 

,,---_.-I---VOH 
I 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. PROPAGATION DELAY TIMES 

NOTES: A. The input pulse is supplied by a generator having tne following characteristics: PRR s 1 MHz, duty cycle = 50%, tr S 6 ns, 
tf s 6 ns, Zout = 50 n. 

B. CL includes probe and stray capacitance. 

4-346 
TEXAS ~­

INSTRUMENlS 
POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

PARAMETER MEASUREMENT INFORMATION 

1.5 V 

GENERATOR 
(see Note AI 51 n 

tpZH 3 V 

INPU~. -C.5 V SW1 to 1.5 V 
.• ~==~V SW20pen 

--.I I4-tPZH SW3 CLOSED 
I 

~
VOH 

OUTPUT - -1.5 V 

---OV 

tPHZ 3 V 

INPUT ~.5V SWlto-l.5V 
I SW2 closed 

- - - 0 V· SW3 open 
!+--+rtPHZ 

I 

~VOH 
0.5 V 

OUTPUT -f-
-- -1.4V 

SW2 
2kn 

o-5V 

(see NoteCI 

TEST CIRCUIT 

3 V tpZL 

INPU~ C.5V 

• ~==~V SW1t01.5V 
I SW2 open 
~ It- tpZL SW3 closed 

~
--4.5V 

OUTPUT - -1.5 V 

VOL 

IN::T~.5V tpLZ 3S:1to_l.5V 

I SW2 closed 
- - -0 V SW3 closed 

I 
~tpLZ 

~
---1.4V 

OUTPUT - - 0.5 V 

VOL 

VOLTAGE WAVEFORMS 

FIGURE 3. ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz. duty cycle = 50%. tf ~ 6 ns. 

tr ~ 6 ns. Zout = 50 n. 
B. CL includes probe and stray capacitance. 
C. All diodes are 1 N916 or equivalent. 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

TYPICAL CHARACTERISTICS 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

TYPICAL CHARACTERISTICS 

LOW·LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs 

FREE·AIR TEMPERATURE 

-Vee=5V 
VID = -0.2 V 

-IOl = 8 rnA 

o 

o 

I I 
10 20 30 40 50 60 70 

TA-Free·Air Temperature-oe 

FIGURE 8 
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FIGURE 10 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
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TYPICAL CHARACTERISTICS 
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FIGURE 12 

TYPICAL APPLICATION 

UP TO 32 
DRIVER/RECEIVER PAIRS 

• • • 
1/4 SN75173 1/4 SN75173 1/4 SN75174 

FIGURE 13 

1/4 SN75174 

1/4 SN75175 

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 
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ADVANCE 
INFORMATION 

• Bidirectional Transceiver 

• Meets EIA Standards RS-422-A and RS-485 
and CCITT Recommendations V. 11 and 
X.27 

• Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• 3-State Driver and Receiver Outputs 

• Individual Driver and Receiver Enables 

• Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

• Driver Output Capability. . . ± 60 m~, Max 

• Thermal Shutdown Protection 

• Driver Positive and Negative Current 
Limiting 

• Receiver Input Impedance ... 12 kO Min 

• Receiver Input Sensitivity ... ± 200 mV 

• Receiver Input Hysteresis ... 50 mV Typ 

• Operates' from Single 5-Volt Supply 

• Low Power Requirements 

description 

The SN65176B' and SN75176B differential bus 
transceivers are monolithic integrated circuits 
designed for bidirectional data communication 
on multipoint bus transmission lines. They are 
designed for balanced transmission lines and 
meet EIA Standard RS-422-A and RS-485 and 
eelTT Recommendations V.11 and X.27. 

The SN65176B and SN75176B combine a three­
state differential line driver and a differential 
input line receiver both of which operate from 
a single 5-volt power supply. The driver and 
receiver have active-high and active-low 
enables, respectively, that can be externally 
connected together to function as a direction 
control. The driver differential outputs and the 
receiver differential inputs are connected 
internally to form differential input/output (I/O) 
bus ports that are designed to offer minimum 
loading to the bus whenever the driver is disabled 
or Vee = 0 volts. These ports feature wide 
positive and negative common-mode voltage 
ranges making the device suitable for party-line 
applications. 

ADVANCE INFORMATION documents contain 

SN65176B,SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

D2619. JULY 1985-REVISED OCTOBER 1986 

D. JG. OR P PACKAGE 

(TOP VIEW) 

~D8 Vee RE 2 7 B 

DE 3 6 A 
o 4 5 GND 

FUNCTION TABLE (DRIVER) 

INPUT ENABLE OUTPUTS 

0 DE A B 

H H H L 

L H L H 

X L Z Z 

FUNCTION TABLE (RECEIVER) 

DIFFERENTIAL INPUTS ENABLE OUTPUT 

A-B RE 

VID;;' 0.2 V L 

-0.2 V < VID < 0.2 V L 

VID';; -0.2 V L 

X H 

H = high level. L = low level. ? = indeterminate. 
X = irrelevant. Z = high impedance (off) 

logic symbol t 

R 

H 

7 

L 

Z 

(6) A 

(7) B 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

logic diagram (positive logic) 

o 

R 

(6) } 

D-__ 1--_ .... ~(7 ... )_: BUS 

Copyright © 1985. Texas Instruments Incorporated 
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SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

ADVANCE 
If~FORMATIOrJ 

The driver is designed to handle loads up to 60 milliamperes of sink or source current. The driver features 
positive- and negative-current limiting and thermal shutdown for protection from line fault conditions. 
Thermal shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver 
features a minimum input impedance of 1 2 kO, an input sensitivity of ± 200 millivolts, and a typical input 
hysteresis of 50 millivolts. 

The SN65176B and SN75176B can be used in transmission line applications employing the SN75172 and 
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers. 

The SN65176B is characterized for operation from - 40°C to 85°C and the SN75176B is characterized 
for operation from OOC to 70°C. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vcc -----
Req 

INPUT 

Driver Input: Req = 3 kn NOM 
Enable Inputs: Req"' 8 kn NOM 

TYPICAL OF A AND B 1/0 PORTS 

--...---...---.....--- vcc 

--..... -t--........... ------ GND 

TYPICAL OF RECEIVER OUTPUT 

----...... --vcc 
85 n 
NOM 

OUTPUT 
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ADVANCE 
INFORMATION 

SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage at any bus terminal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1 OV to 15 V 
Enable input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1100 mW 

Operating free-air temperature range: SN65176B. . . . . . . . . . . . . . . . . . . . . . . . .. -40°C to 85°C 
SN75176B ............................ OOC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1116 inch) from the case for 60 seconds: JG package ........ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 or P package. . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 
2. For operation above 25°C free·air temperature, refer to Dissipation Derating Table. In the'JG package, the chips are glass 

mounted. 

PACKAGE 

D 

JG 

P 

TA - 25°C 

POWER RATING 

725 mW 

825 mW 

1100 mW 

recommended operating conditions 

Supply voltage, VCC 

DISSIPATION DERATING TABLE 

DERA TING FACTOR 

ABOVE TA - 25°C 

5.8 mW/oC 

6.6 mW/oC 

8.8 mW/oC 

TA - 70°C 

POWER RATING 

464 mW 

528 mW 

702 mW 

Voltage at any bus terminal (separately or common mode), V, or V'C 

High-level input voltage, V,H D, DE, and RE 
Low·level input voltage, V,L D, DE, and RE 

Differential input voltage, V,D (see Note 3) 

High·level output current, 10H 
Driver 

Receiver 

Low-level output current, 10L 
Driver 

Receiver 

I SN65176B 
Operating free-air temperature, TAl 

SN75176B 

TA - 85°C 

POWER RATING 

377 mW 

429 mW 

570 mW 

MIN TYP 

4.75 5 

2 

MAX 

5.25 

12 

-7 

0.8 

±12 

-60 

-400 

60 

8 
-40 85 

0 70 

UNIT 

V 

V 

V 

V 

V 

rnA 

p.A 

rnA 

°c 

U) ... 
Q) 

> 'Q) 
(.) 
Q) 

a: -U) ... 
Q) 

> 
'i: 
C 
Q) 

r:::::: 

::i 

:2 
o 
i= 
<t 
~ 

NOTE 3: Differential-input/output bus voltage is measured at the non inverting terminal A with respect to the inverting terminal B. a: 
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SN65176B. SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

DRIVER SECTION 

ADVA~JCE 
INFORMATION 

driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 mA -1.5 V 

Vo Output voltage 10 = 0 0 6 V 

IVOD11 Differential output voltage 10 = 0 1.5 6 V 

RL = 100 fl. See Figure 1 
y, VODl 

IVOD21 Differential output voltage 2 V 

RL = 54 fl. See Figure 1 1.5 2.5 5 V 

VOD3 Differential output voltage See Note 4 1.5 5 V 

~IVODI 
Change in magnitude of 

±0.2 V 
differential output voltage § 

Common-mode output voltage 
+3 

VOC RL = 54 fI or 100 fl. See Figure 1 V 
-1 

~IVoc 
Change in magnitude of 

±0.2 V 
common-mode output voltage § 

Output current 
Output disabled. IVa = 12 V 1 

10 mA 
See Note 5 IVa = -7 V -0.8 

IIH High-level input current VI = 2.4 V 20 p.A 

IlL Low-level input current VI = 0.4 V -400 p.A 

Va = -7 V -250 

Short-circuit output current 
Vo = 0 -150 

lOS mA 
Va = VCC 250 

Va = 12 V 250 

10utputs enabled 42 55 
ICC Supply current (total package) No load mA I Outputs disabled 26 35 

t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs. 
t All typical values are at V CC = 5 V and T A = 25°C. . 
§~IVODI and ~IVocl are the changes in magnitude of VOD and VOC respectively. that occur when the input is changed from a high 

level to a low level. 
NOTES: 4. See EIA Standard RS-485 Figure 3.5. Test Termination Measurement 2. 

5. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply 
for a combined driver and receiver terminal. 

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tDD Differential-output delay time 15 22 ns 

tTD Differential-output transition time 
RL = 54 fl. See Figure 3 

20 30 ns 

tpZH Output enable time to high level RL = 110 fl. See Figure 4 85 120 ns 

tpZL Output enable time to low level RL = 110 fl. See Figure 5 40 60 ns 

tpHZ Output disable time from high level RL = 110 fl. See Figure 4 150 250 ns 

tpLZ Output disable time from low level RL = 110 fl. See Figure 5 20 30 ns 
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ADVANCE 
INFORMATION 

SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

SYMBOL EQUIVALENTS 

DATA SHEET PARAMETER RS-422-A RS-485 

Vo VOa ' Vob VOa , Vob 

IVODll Vo Vo 

IVOD21 Vt (RL = 100 m Vt (RL = 54 m 

I VOD31 
Vt (Test Termination 

Measurement 2) 

AIVODI IIVtl - IVtl1 IIVt - IVtl1 

VOC IVosl IVosl 

AIVocl I Vos - Vos I I Vos - Vos I 

lOS Iisal, Ilsbl 

10 Ilxal, Ilxbl 'ia, lib 

RECEIVER SECTION 

receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 

voltage, and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VTH Differential-input high-threshold voltage Va = 2.7 v, '0 = -0.4 mA 0.2 V 

VTL Differential-input low-threshold voltage Va = 0.5 v, '0 = 8 mA -0.2t V 

Vhys Hysteresis § 50 mV 

VIK Enable-input clamp voltage 'I = -18 mA -1.5 V 

VOH High-level output voltage 
VID = -200 mV, 

See Figure 2 
10H = -400 p.A, 

2.7 V 

VOL Low-level output voltage 
V,D = -200 mV, IOL = 8 mA, 

0.45 V 
See Figure 2 

10Z High-impedance-state output current Va = 0.4 V to 2.4 V ±20 p.A 

Other input = 0 V, V, = 12 V 1 

" 

Line input current mA 
See Note 6 V, = -7 V -0.8 

"H High-level enable-input current V,H = 2.7 V 20 p.A 

"L Low-level enable-input current V,L = 0.4 V -100 p.A 

fj Input resistance 12 kO 

'IOS Short-circuit output current -15 -85 mA 

l Outputs enabled 42 55 
ICC Supply current (total package) No load mA I Outputs disabled 26 35 

t All typical values are at VCC = 5 V, T A = 25°C. 
t The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common­

mode input voltage and threshold voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT _. See Figure 4. 
NOTE 6: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions. 

receiver switching characteristics, V CC = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output Vro = 0 V to 3 V, 21 35 ns 

tpHL Propagation dolay timo, high-to-Iow-Ievel output CL=15pF, See Figure 6 23 35 ns 

tpZH Output enablo timo to high level 10 20 ns 

tpZL Output enablo timo to low level 
CL = 15 pF, See Figure 7 

12 20 ns 

tpHZ Output disablo timo from high level 20 35 . ns 

tpLZ Output disablo timo from low level 
CL = 15 pF, See Figure 7 

17 25 ns 
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SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

ADVANCE 
IrUORMATlOrJ 

PARAMETER MEASUREMENT INFORMATION 

VOC 

~ 
FIGURE 1. DRIVER VOD AND VOC 

GENERATOR 

(See Note AI 
so n 

3V 

TEST CIRCUIT 

$=[>-{ nt +IOLV10H ... -IOH 

VOL * = = = 
FIGURE 2. RECEIVER VOH AND VOL 

~
--3V 

INPUT 1.S V 1.S V 
I I 
I I OV 
I I 

too--ff-+f ~too : +- ""2.SV 

OUTPUT I SO% 
_ _ -'OF' I 

""-2.S V 

I4-tTD tTD -.I I.-
VOLTAGE WAVEFORMS 

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 

GENERATOR 

(See Note AI 

TEST CI RCUIT 

OUTPUT 

= 

RL = 
110 n 

-- -- 3V 

INPUT 1.S V 1.S V 

I I OV 

~tPZH I. o.S.V 

~ 
__ LVOH 

1 I-r-
OUTPUT 2.3 V 1 I T 

tpHZ ~ Voff '" OV 

VOLTAGE WAVEFORMS 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

3VorOV----t 

GENERATOR 

(See Note AI 

= 

son 

TEST CIRCUIT 

SV 

OUTPUT 

INPUTJ,'SV 
1 

tpZL~ 
I 
I 

OUTPUT 

__ - .... 1 

\2.3 V 

VOL TAGE WAVEFORMS 

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR !E; 1 MHz, 50% duty cycle, tr !E; 6 ns, 
tf !E; 6 ns, Zout = 50 n. 

'B. CL includes probe and jig capacitance. 
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ADVANCE 
INFORMATION 

SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 

(See Note AI 

= 

51 n 
1.5 V 

TEST CIRCUIT 

INPUT ~~:v-3V 
:Ji"~V :C=-OV 

I ~t 
tpLH -44-+j ~ PHL 

T ~-1~\~VOH 
OUTPU~ 1.3V L 

VOL 

VOLTAGE WAVEFORMS 

FIGURE 6. RECEIVER PROPAGATION DELAY TIMES 

1.5 V 

-1.5V---O 

GENERATOR 

(See Note AI 
son 

2kn S2 

0-- 5V 

1N916 OR EQUIVALENT 

TEST CIRCUIT 

~
-----3V 

INPUT I ----1.5 V 

I OV 

tpZH ~ 14-

~ C-VOH 

OUTPUT '----I.... ~ ~ _ O.V 

~
---3V S1t01.5V 

INPUT I 1.5 V S2 closed 
S3 closed 

I OV 

tpHZ -44---+1 

~'5V l VOH 

OUTPUT t--
---- ~1.3V 

INPUT~--~~=:':V 
I S1to-1.5V 
I 0 V S2 closed 
I S3 open 

tPZL~ 

~~_~~4.5V 
OUTPUT~ L 

. . VOL 

~
--3V 

INPUT I 1.5 V 

I OV 
I 

tpLZ --k--+j 

51 to -1.5 V 
52 closed 
53 closed 

~
I ---~1.3V 

OUTPUT 0.5 V . 

VOL 

VOLTAGE WAVEFORMS 

FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :s; 1 MHz, 50% duty cycle, tr :s; 6 ns, 

tf :s; 6 ns, Zout = 50 n. 
B. CL includes probe and jig capacitance. 
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SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

ADVANCE 
INFORMATION 

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT 
5 

~ 4_5 

8,4 
fl 
~ 3_5 .. a 3 
5 
o 2.5 
Gi 
> 

.23 
2 

~ 1.5 
!f 
I 
:J: 

~ 0_5 

o 
o 

5 

> 4.5 
I 

I 
VCC= 5V_ 
TA = 25°C 

Vcc
l
= 5 V 

I-TA = 25°C 
CD 4 CI 
fl 
'0 3_5 
> .. 

3 :I 
C. 

5 2_5 0 
Gi 

2 > 
CD 

---~ ~ 
............. 
~ 

\ 

I 
J 
I 

II 
-I 

~ 1.5 
0 
-I 

I 
-I 

~ 
~ -/ 

0 0.5 > 
o 

o -20 -40 -60 -80 -100 -120 20 40 60 80 100 
IOH-High-Level Output Current-rnA IOL -Low-Level Output Current-rnA 

FIGURE 8 FIGURE 9 

DRIVER DIFFERENTIAL OUTPUT VOLTAGE 

4 

1" CD 3_5 
CI 

fl 
'0 3 
> .. 
S. 2.5 
:I o 
-;;; 2 
.;; 
c 
! 1.5 

= i5 
I 

g 0.5 
> 

o 

vs 
DRIVER OUTPUT CURRENT 

I l 
VCC = 5 V 

I--
.......... 

......... 
TA = 25°C 

........... 

~~ 
'~ 

i'-,. 

i'\ 
\ 
\ 
\ 

o 10 20 30 40 50 60 70 80 90 100 

10 ~ Output Current-rnA 

FIGURE 10 

120 
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ADVANCE 
INFORMATION 

SN65176B, SN75176B 
DIFFERENTIAL BUS TRANSCEIVERS 

TYPICAL CHARACTERISTICS 

RECEIVER HIGH·LEVEL OUTPUT VOLTAGE 
vs 

HIGH·LEVEL OUTPUT CURRENT 
5 JIO ~ 0.2

1
V 

TA; 25°e -~ g 4 ... 
"0 
> ... 

t--... 
~ ~ 
~ ~. 

e 3 
;j 

a 
VVcc = 5.25 V [~ ~ I I I -

~ ~/VCC=5V-
1! 
.5 2 
.J:. 
CI 

:I: 
I 
J: 
a 
> 

> 
I 

<II 
CI 

~ 
"0 
> ... 
;j 

So 
;j 

a 
"ii 
> 
<II 

...J 

~ 
0 

...J 
I 
...J 
a 
> 

o 
o 

Vcc = 4.75 V ~ ~ 
~ ~ 
~ ~ 

-10 -20 -30 -40 
IOH-High·Level Output Current-mA 

FIGURE 11 

-50 

RECEIVER LOW·LEVEL OUTPUT VOLTAGE 
vs 

RECEIVER LOW·LEVEL OUTPUT CURRENT 
0.6 

0.5 

0.4 

0.3 

0.2 

Vec = 5 V V 
TA = 25°C / 

:/ 
V 

// 
/ 

V 
/ 

0.1 

o 
o 5 10 15 20 25 30 

IOL -Low Level Output Current-mA 

FIGURE 13 
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~4 
S 
"0 
> 
~3 
:; 
a 
Qi 

~ 2 ..... 
1:. 
Cl 

:I: 
~1 
a 
> 

o 

RECEIVER HIGH·LEVEL OUTPUT 
vs 

FREE-AIR TEMPERATURE 

VC~ - 5
1

V 
I 

Vro - 200 mV 
IOH - -440 p.A 

f----~ 

-40 -20 0 20 40 60 80 100 120 

0.6 

> 
I 0.5 

<II 
Cl 

S 
~ 0.4 
:; 
e 
;j 

00.3 
Qi 
> 
Gl ..... 
~ 0.2 
o ..... 
I ..... 
00.1 
> 

o 

T A - Free-Air Temperature - °e 

FIGURE 12 

RECEIVER LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Vce = 5 V 
Vro ... -200 mV 
IOL = 8 mA 

t--- "-

-40 -20 0 20 40 60 80 100 120 
TA -Free-Air Temperature- °e 

FIGURE 14 
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SN65176B, SN751768 
DIFFERENTIAL BUS TRANSCEIVERS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 

5 

4 

3 

2 

o 

RECEIVER OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

V\D = 0.2 V 
I- Load = 8 kn to ground I I I-TA = 25°e 

I 
- Vee = 5.25 V-

I 

Vee ~ 5 V ~ 
Vee = 4.75 V-

o 0.5 1.5 2 2.5 3 

VI-Enable Voltage-V 

FIGURE 15 

> 
I 

<Il 
Cl 

~ 
"0 
> ... 
:I a-
:I 
0 
I 
0 
> 

6 

5 

4 

3 

2 

o 
o 

TYPICAL APPLICA liON 
SN65176B. 
SN75176B 

UP TO 32 

TRANSCEIVERS 

RECEIVER OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

-T 1 I I 
Vee = 5.25 V V\D = -0.2 V 

Load = 1 kn to Vee 
T -, -.: TA = 25°e 

Vee = 4.75 V ~ I 
Vee=5V + ___ 

0.5 1.5 2 2.5 
VI-Enable Voltage-V 

FIGURE 16 

SN65176B, 
SN75176B 

3 

FIGURE 17. TYPICAL APPLICATION CIRCUIT 

NOTE 7: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 
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ADVANCE 
INFORMATION 

• Meets EIA Standards RS-422-A and RS-485 
and CCITT Recommendations V. 11 and 
X.27 

• Designed for Multipoint Transmission on 
Long Bus lines in Noisy Environments 

• 3-State Outputs 

• Bus Voltage Range ... - 7 V to 12 V 

• Positive and Negative Current limiting 

• Driver Output Capability ... 60 mA Max 

• Driver Thermal Shutdown Protection 

• Receiver Input Impedance . . . 12 kfl Min 

• Receiver Input Sensitivity ... ± 200 mV 

• Receiver Input Hysteresis ... 50 mV Typ 

• Operates from Single 5-Volt Supply 

• Low Power Requirements 

description 

The SN751778 and SN751788 differential bus 
repeaters are monolithic integrated devices each 
designed for one-way data communication on 
multipoint bus transmission lines. These devices 
are designed for balanced transmission bus line 
applications and meet EIA Standards RS-422-A 
and RS-485 and CCITT Recommendations V.11 
and X.27. Each device is designed to improve 
the performance of the data communication over 
long bus lines. The SN751778 and SN751788 
are identical 'except for the complementary 
enable inputs, which allow the devices to be 
used in pairs for bidirectional communication. 

SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

02606, JULY 1985 

SN75177B , , , D, JG, OR P 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC[JB A 
T 2 7 B 

EN 3 6 Z 

GND 4 5 Y 

SN75178B ... D, JG, OR P 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

VCC[JB' A 
T 2 7 B 

EN 3 6 Z 

GND 4 5 Y 

SN75177B FUNCTION TABLE 

DIFFERENTIAL INPUTS ENABLE 

A-B EN T 

VID ?: 0.2 V H H 

- 0.2 V < VIO < 0.2 V H ? 

VIO ~ 0.2 V H L 

X L Z 

SN75178B FUNCTION TABLE 

DIFFERENTIAL INPUTS ENABLE 

A-B EN T 

VIO ?: 0.2 V L H 

-0.2 V < VID < 0.2 V L ? 

VIO ~ 0.2 V L L 

X H Z 

OUTPUTS 
y 

H 

? 

L 

Z 

OUTPUTS 
y 

H 

? 

L 

Z 

H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = impedance (off) 

Z 

L 

? 

H 

Z 

Z 

L 

? 

H 

Z 

The SN751778 and SN751788 feature positive- and negative~current limiting three-state outputs for the 
receiver and drive·r. The receiver features high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of ± 200 millivolts over a common-mode input voltage range of - 7 volts 
to 12 volts. The driver features thermal shutdown for protection from line fault conditions. Thermal 
shutdown is designed to occur at a junction temperature of approximately 150 °C. The driver is designed 
to drive current loads up to 60 milliamperes maximum. 

The SN751778 and SN751788 are designed for optimum performance when used on transmission buses 
employing the SN75172 and SN75174 differential line drivers, SN75173 and SN75175 differential line 
receivers, or SN7 51768 bus transceivers. 

Copyright © 1 985, Texas Instruments Incorporated 
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SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

logic symbols t 

EN 
A 

B 

T 

SN75177B 

SN75178B 

I> 

(5) Y 

Z 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12 . 

schematics of inputs and outputs 

EaUIVALENT OF ORIVER OR ENABLE INPUT 
VCC -----..---

INPUT -4~+---I 

Driver input: Req = 3 kn NOM 
Enable input: Req = 8 kn NOM 

EaUIVALENT OF EACH RECEIVER INPUT 

VCC 

960 n 
NOM 

INPUT -..,.".,..---t 
16.8 kn 

NOM 960 n 
NOM 

ADVANCE 
INFORMATION 

logic diagrams (positive logic) 

SN75177B 

EN ......;.;;.:....--..... r__---....... 

A Y 

B z 

SN751788 

EN -:..;;.;.....-_411-----_ 

A Y 

B z 
RECEIVER DRIVER 

T (2) 

TYPICAL OF ALL DRIVER OUTPUTS 

VCC 

OUTPUT 

-+---~- GND 

TYPICAL OF ALL RECE.IVER OUTPUTS 

----~~- VCC 

OUTPUT 
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ADVANCE 
INFORMATION 

SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage at any bus terminal. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. - 10 V to 15 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Enable input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
JG package ........................................................ 825 mW 
P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential input voltage is measured' at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the 0 package to 464 mW at 70°C at the rate of 5.8 mW/oC, the 

JG package to 528 mW at 70°C at the rate of 6.6 mW/oC and the P package to (340 mW at 70°C at the rate of 8.0 mW/oC. 
In the JG package, SN75177B and SN75178B chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level input voltage, VIH EN or EN 2 V 

Low-level input voltage, VIL EN or EN 0.8 V 

Common-mode input voltage, VIC -7 T 12 V 

Differential input voltage, VID ±12 V 

Driver -60 rnA 
High-level output current, IOH 

Receiver -400 I'A 

Driver 60 
Low-level output current, IOL rnA 

Receiver 8 

Operating free-air temperature, T A 0 70 °c 

t The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common­
mode input voltage and threshold voltage, 
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SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

DRIVER SECTION 

ADVANCE 
INFORMATION 

driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 rnA -1.5 V 

Vo Output voltage 10 = 0 0 6 V 

IVOD11 Differential output voltage 10 = 0 1.5 6 V 

RL = 100 n. See Figure 1 Y, VOD1 

IVOD21 Differential output voltage 2 V 

RL = 54 n. See Figure 1 1.5 2.5 5 V 

IVOD31 Differential output voltage See Note 4 1.5 5 V 

~IVODI 
Change in magnitude of 

±0.2 V 
differential output voltage~ RL = 54 n or 100 n. 

See Figure 1 3 V 
VOC Common-mode output voltage 

-1 

~IVocl 
Change in magnitude of' 

±0.2 V 
common-mode output voltage ~ 

10 Output current VCC = O. Vo = -7 V to 12 V ±100 p.A 

10Z 
High-impedance-state 

Vo = -7 V to 12 V ±100 p.A 
output current 

IIH High-level input current VI = 2.4 V. 20 p.A 

IlL Low-level input current VI = 0.4 V. -400 p.A 

Vo = -7 V -250 

lOS Short-circuit output current Vo = VCC 250 mA 

Vo = 12 V , 250 

I Outputs enabled 57 70 
ICC Supply current (total package) No load I Outputs disabled 

mA 
26 35 

t All typical values are at VCC = 5 V and T A = 25 ac. 
~~IVODI and ~IVocl are the changes in magnitude of VOD and VOC. respectively. that occur when the input is changed from a high 

level to a low level. 
NOTE 4: See EIA Standard RS-485 Figure 3.5. Test Termination Measurement 2. 

driver switching characteristics, V CC = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tDD Differential-output delay time 15 22 ns 

tTD Differential-output transition time 
RL = 54 O. See Figure 3 

20 30 ns 

tpZH Output enable time to high level RL = 110 n. See Figure 4 85 120 ns 

tpZL Output enable time to low level RL = 110 n. See Figure 5 40 60 ns 

tpHZ Output disable time from high level RL = 110 n. See Figure 4 150 250 ns 

tpLZ Output disable time from low level RL = 110 O. See Figure 5 20 30 ns 
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ADVANCE 
INFORMATION 

SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

SYMBOL EQUIVALENTS 

DATA SHEET PARAMETER RS-422-A RS-485 

Vo Voa. Vob Voa. Vob 

IVOD11 VO VO 

IVOD21 Vt (RL = 100 f!) Vt (RL = 54 f!)' 

IVOD31 
Vt (Test termination 

Measurement 2) 

t.IVODI I IVtl-IVtl I I IVtl-IVtl I 

VOC IVosl IVosl 

t.IVocl I Vos - Vos I I Vos - Vos I 

lOS lisal. lisbl 

10 Ilxal. lid lia. lib 

RECEIVER SECTION 

receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VTH Differential-input high-threshold voltage Vo = 2.7 V. 10 = -0.4 rnA 0.2 V 

VTL Differential-input low-threshold voltage Vo = 0.5 V. 10 = 8 rnA -0.2+ V 

Vhys Hysteresis § 50 mV 

VIK Enable-input clamp voltage II - -18 rnA -1.5 V 

VOH High-level output voltage 
VID = 200 mY. 10H = -400 Jl-A. 

2.7 V 
See Figure 2 

VOL Low-level output voltage 
VID = -200 mY. 10L = 8 rnA. 

0.45 V 
See Figure 2 

10Z High-impedance-state output current Vo = 0.4 V to 2.4 V 
20 

-400 
Jl-A 

Other input at 0 V.IVI = 12 V 1 
II Line input current rnA 

See Note 5 IVI = -7 V -0.8 

IIH High-level enable-input current VIH = 2.7 V 20 Jl-A 

IlL Low-level enable-input current VIL = 0.4 V -100 Jl-A 

fj Input resistance 12 kO 

lOS Short-circuit output current -15 -85 rnA 

I Outputs enabled 57 70 
ICC Supply current (total package) No load I Outputs disabled 

rnA 
26 35 

tAli typical values are at VCC = 5 V. TA = 25°C. 
:(: The algebraic convention. where the less-positive (more-negative) limit is designated minimum. is used in this data sheet for common­

mode input voltage and threshold voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage. 

VT _. See Figure 12. 
NOTE 5: Refer to EIA Standard RS-422-A for exact conditions. 

receiver switching characteristics, V CC = 5 V, T A 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time. low-to-high-Ievel output VID = -1.5 V to 1.5 V, 19 35 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output CL = 15 pF. See Figure 6 30 40 ns 

tpZH Output enable time to high level 10 20 ns 

tpZL Output enable time to low level 
CL = 15 pF, See Figure 7 

12 20 ns 

tpHZ Output disable time from high level 25 35 ns 

tpLZ Output disable time from low level 
CL = 15 pF. See Figure 7 

17 25 ns 
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srH5177B, SrH5178B 
DIFFERENTIAL BUS REPEATERS 

ADVAfwCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

VOC 

* 
FIGURE 1. DRIVER VOD AND VOC 

GENERATOR 
(See Note AI 

= 

50 n 

TEST CIRCUIT 

~{ . 

-r-v- .11~ +lo:l
OH 

VOL 

~ = = 

+ -IOH 

= 
FIGURE 2. RECEIVER VOH AND VOL 

CL = 50 pF 
(See Note BI 

OUTPUT 

INPUT /.,., V '\~,~ 3V 

I ~ 0 V I I 
tDD~ ~tDD 

I I 
I T- "'2.5 V 

OUTPUT I 50% 
I 
I "'-2.5 V 

~ 14- tTO 

VOLTAGE WAVEFORMS 

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 

OVor3V----4 

GENERATOR 
(See NoteAI 

= 

50n 
SN751788 
Enable is 
active low 

TEST CIRCUIT 

OUTPUT 

= 

(SN75178AI -::v. V-3 V 

INP::...A1.5V 1.5VA--
(SN75177AI I I 0 V 

14-+1- tpZH I 0.5 V 

I I *- VOH 

f 2•3V : R 
___ .I. tPHZ-k-+i Voff "" 0 V 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES (tPZH, tPHZ) 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, 50% duty cycle, tr ~ 6 ns, 
tf ~6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 

4-366 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



ADVANCE 
INFORMATION 

SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

PARAMETER MEASUREMENT INFORMATION 

3VorOV----I 

GENERATOR 50.n 
-(See Note Al 

SN75178B 
Enable is 
active low 

TEST CIRCUIT 

5V 
(SN75178AI~ r---- 3 V 

INPUT--"1\1.5 V X1.5 V 

(SN75177AI : 10---"' I 0 V 

tPZL~ , 
I , 

I ~tPLZ 

I ts' 5V 
'\ 2.3V : _£!!.5V 

- ,.- VOL 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES (tPZL, tPLZ) 

GENERATOR 
(See Note Al 

= 

50.n >----.... -OUTPUT 

1.5 V 

TEST CIRCUIT 

INPUT ~~;V- 3V . 

~,.av ~OV 

I ~t 
tPLH--I4-+! ~ PHL T ~-1-:'~ VOH 

OUTPU~1.3V L 
VOL 

VOLTAGE WAVEFORMS 

FIGURE 6. RECEIVER PROPAGATION DELAY TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, tr s 6 ns, 
tf s6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 
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srH5177B, SrH5178B 
DIFFERENTIAL BUS REPEATERS 

ADVAr~CE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

1.5 V 

-1.5V--o 

GENERATOR 
(See Note AI 

OUTPUT 

50n (See Note B) 

2kn S2 

0-- 5V 

(See Note C) 

TEST CIRCUIT 

(SN75177BI~ C3V 
S1to1.5V 

INPUT 1.5 V S2 open 

I S3 cl~sed 
(SN75178BI ----. I 0 V 

tPZH -+I l+-

OUTPUT ~.~:H 

(SN75177BI=X 'I:. 3V 
S1 to 1.5 V 

INPUT 1.5 V S2 closed 

I S3 closed 
(SN75178BI I ---- OV 

tPHZ --k--+f 

OUTPUT ·avu{ 1 ___ :,0~v 

(SN75177B) =x L~1Vto -1.5 V 

INPUT 1.5 V S2 closed 
I 53 open 

(SN75178BI ---- I OV 
I 

tPZL--k-+j 

~~_~~4.5V 
OUTPUT -.l . L 

. VOL 

'. (5N75177B) ~ )C 3 V 
S1 to -1.5 V 

INPUT 1.5 V S2 closed 

I S3 closed 
(SN75178BI I ..... --....... 0 V 

I 
tPLZ--k-.j 

~
I ---~1.3V 

OUTPUT 0.5 V . 

VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, duty cycle"" 50%, tr = tf= 6 ns. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or equivalent. 

FIGURE 7. RECEIVER ENABLE AND DISABLE TIMES 
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ADVANCE 
INFORMATION 
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DRIVER HIGH-LEVEL OUTPUT VOLTAGE 

HIGH-LEVEL OUTPUT CURRENT 

Vee 1= 5 V 

TA' 25°C 

r-t--. 
r-.-

--I'--.. 

o -20 -40 -60 -80 -100 -120 

IOH-~igh level Output Current-rnA 

FIGURE 8 

RECEIVER OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VCC = 5 V 10 = 0 I TA' 25°C 

4~+-~~1--H-~~11-1--r~ 
~0>1 Vie = VIC = I- VIC = r-
!!l 1--1-- -1,2V °IV I 12

1
V 

~ 3 1--1-- V~ - - VT _I VT,-

Q. I-- I-- I--- VT + I- VTt I- r-VT + r­
; 2~+-~~-H-+-+~~~~ 
9 
o 
> 

o~~=±~=r~~±=i-
-125 -75 -25 0 25 50 75 100 125 

VIO - Differential Input Voltage-mV 

FIGURE 11 

TYPICAL CHARACTERISTICS 

> 4.5 
I 
~ 4 
!!l 
~ 3.5 

Q. 

o 2.5 

~ 
!i 
~ 1.5 

I 
...J 

~ 0.5 

o 

DRIVER LOW-LEVEL OUTPUT VOLTAGE 

LOW-LEVEL OUTPUT CURRENT 

VCC = 5 V 
TA = 25°C 

i 
I 

II 

","I-- r--
..... 

o ~ ~ ~ ~ 100 1~ 

IOL - Low level Output Current-rnA 

FIGURE 9 

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 

::;-

~ 4 
"0 
> 

~ 3 
o 
-;; 

3 2 

J: 

HIGH-LEVEL OUTPUT CURRENT 

VID = 0.2V 
TA-25°C 

t-- 1 
r..; ~ J 

1"\ ~ 1 
L,,\ ~ VVCC = 5.25 V 

I~ 
~VV~C;5V'- t-

Vec' 4.75 V 
I 
::t: 
o 
> 

11 ['\~ 1 
~l 

o ~ 
o -10 -20 -30 -40 -50 

IOH-High·LeveIOutpuiCurrent-mA 

FIGURE 12 

RECEIVER LOW-LEVEL OUTPUT VOLTAGE 

0.6 

> 
I 0.5 8-
!!l 
"0 
> 0.4 

Co 

c5 0.3 
-;; 

j 

~ 
0.2 

~ 0.1 0 
> 

o 

LOW-LEVEL OUTPUT CURRENT 

VCC = 5 V /' 
TA = 25°C ./ 

/" 
/ 

/ 
/ 

V 

o 10 15 20 25 30 

IOL -Low Level Output Current-rnA 

FIGURE 14 
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SN75177B,SN75178B 
DIFFERENTIAL BUS REPEATERS 

DRIVER DIFFERENTIAL OUTPUT VOLTAGE 

J: 3.5 
iij' 

'a 3 
> 
~ 2.5 

.5 
~ 
~ 1.5 
::: 
Q 
I 

~ 0.5 

o 

DRIVER OUTPUT CURRENT 

v~e = ~ V 
I--

'I"'--
TA- 25°C 

....... r'---

r'---
1\ 

1\ 
\ 

o 10 20 30 40 50 60 70 80 90 100 
10 - Output Current-mA 

FIGURE 10 

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

::;-
~ 4r--r-'--+--+--1--1--+~ 
'a 
> 

~ 
.5 

3 
.g, 
J: 
~ 1 Vee = 5V 

~ ~~~ : ~4~ IlA,-+--t--+--+--,-j 

°OL~lLO~20~3~0--4~0~5LO~60~7~0~80 
TA-Free-Air Temperature-OC 

FIGURE 13 

RECEIVER LOW·LEVEL OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE 
0_5 r--,--,--,--,---r-,--,----, 

Vee = 5 V 
::;- VID = -0.2 V 

~ 0.4 IOl = 8 rnA t--t--t---t---t----j 
!!l 
"0 
> 
~ 0.3 r--=r="'t"-i-+-+==+==t-----i 
.5 
-;; .s 0.2 t----t-----j---t-----t---t---t--t-----j 

~ 
~ 0.1 1--1---+--+--+--1--+---+----1 
o 
> 

°0L-~10L-~20~3~0~4~0~5LO~60~7=0~80 
TA-Free·Air Temperature-OC 

FIGURE 15 
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SN75177B, SN75178B 
DIFFERENTIAL BUS REPEATERS 

SN75176B 

SN75176B 

TYPICAL APPLICATION 

SN75177B 

SN75178B 

ADVANCE 
INFORMATION 

SN75176B 

NOTE 6: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 

FIGURE 16. TYPICAL APPLICATION CIRCUIT 

4-370 TEXAS -I!} 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS. TEXAS 76265 



ADVANCE 
INFORMATION 

• Meets EIA Standards RS-422-A and RS-485 
and CCITT Recommendations V. 11 and 
X.27 

• Bus Voltage Range ... -7 V to 12 V 

• Positive and Negative Current Limiting 

• Driver Output Capability ... 60 rnA Max 

• Driver Thermal Shutdown Protection 

• Receiver Input Impedance ... 12 kG Min 

• Receiver Input Sensitivity ... ± 200 mV 

• Receiver Input Hysteresis ... 50 mV Typ 

• Operates from Single 5-V Supply 

• Low Power Requirements 

description 

The SN75179B driver and bus receiver circuit is 
a monolithic integrated de'. :"e designed for 
balanced transmission line applications and 
meets EIA Standards RS-422-A and RS-485 and 
CCITT Recommendations V.11 and X.27. It is 
designed to improve the performance of full­
duplex data communications over long bus lines. 

The SN751798 driver outputs provide limiting 
for both positive and negative currents. The 
receiver features high input impedance, input 
hysteresis for increased noise immunity, and 
input sensitivity of ± 200 millivolts over a 
common-mode input voltage range of - 12 volts 
to 12 volts. The driver provides thermal 
shutdown for protection from line fault 
conditions. Thermal shutdown is designed to 
occur at a junction temperature of approximately 
150°C. The device is designed to drive current 
loads of up to 60 milliamperes maximum. 

The SN751798 is characterized for operation 
from O°C to 70°C. 

SN751798 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 

D2845, OCTOBER 1985 

D. JG. OR P DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

VC~D1 ~ ~ 
o 3 6 Z 

GND 4 5 Y 

FUNCTION TABLE (DRIVER) 

INPUT OUTPUTS 

D y Z 
H H l 

l l H 

FUNCTION TABLE (RECEIVER) 

DIFFERENTIAL INPUTS OUTPUT 

A-B R 

VID 2: 0.2 V H 

-0.2 V< VID< 0.2 V ? 

VID :5 -0.2 V l 

H = high level. l = low level. ? = indeterminate 

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram 

~
8)A 

R (2) JJ 
(7) B 

~
6)Z 

D (3) 

(5) y 

Copyright © 1985, Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplinp or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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SN751798 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 

schematics of inputs and outputs 

EQUIVALENT OF DRIVER OR ENABLE INPUT 
VCC ------+---

INPUT -'--"'--1 

Driver input: Req = 3 kO NOM 
Enable input: Req = B.kO NOM 

EQUIVALENT OF EACH RECEIVER INPUT 

VCC 

960 n 
NOM 

INPUT --w.----. 
16.8 kO 

NOM 960 n 
NOM 

ADVANCE 
INFORMATION 

TYPICAL OF ALL DRIVER OUTPUTS 

VCC 

OUTPUT 

GND 

TYPICAL OF ALL RECEIVER OUTPUTS 

----~--VCC 

OUTPUT 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage at any bus terminal. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. - 10 V to 15 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Continuous total dissipation at (or below) 25 °c free-air temperature (see Note 3): 

D Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
JG Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ·1000 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. a °c to 70 °c 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential·input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°e free-air temperature, derate the D package to 464 mW at 70 0 e at the rate of 5.8 mw/oe, the 

JG package to 528 mW at 70 °e at the rate of 6.6 mw/oe and the P package to 640 mW at 70 °e at the rate of 8.0 mw/oe. 
In the JG package SN75179B, chips are glass mounted. 
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ADVANCE 
INFORMATION 

SN75179B 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level input voltage, VIH Driver 2 V 

Low-level input voltage, VIL Driver 0.8 V 

Common-mode input voltage, VIC -7 t 12 V 

Differential input voltage, VID ±12 V 

High-level output current, 10H 
Driver -60 rnA 

Receiver -400 p.A 

Low-level output current, 10L 
Driver 60 

rnA 
Receiver 8 

Operating free-air temperature, T A 0 70 °c 

t The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used i;' this data sheet for common­
mode input voltage and threshold voltage. 

DRIVER SECTION 

driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 rnA -1.5 V 

Vo Output voltage 10 = 0 0 6 V 

IVOD11 Differential output voltage 10 = 0 1.5 6 V 

RL = 100n, See Figure 1 
Y, VOD1 

V 
IVOD21 Differential output voltage 2 

RL = 54 n, See Figure 1 1.5 2.5 5 V 

IVOD31 Differential output voltage See Note 4 1.5 5 V 

.:lIVODI 
Change in magnitude of 

±0.2 V 
differential output voltage t 

VOC Common-mode output voltage RL = 54 n or 100 n, See Figure 1 
+3 

V 
-1 

.:lIVoci 
Change in magnitude of 

±0.2 V 
common-mode output voltage t 

10 Output current VCC = 0, VO=-7Vt012V ±100 p.A 

IIH High-level input current VI = 2.4 V 20 p.A 

IlL Low-level input current VI = 0.4 V -200 p.A 

lOS Short-circuit output current 
Vo = -7 V -250 

rnA 
Vo = VCC or 12 V 250 

ICC Supply current (total package) No load 57 70 rnA 

t All typical values are at VCC = 5 V and T A = 25°C. 
t .:lIVODI and .:lIVoci are the changes in magnitude of VOD and VOC, respectively, that occur when the input is changed from a high 

level to a low level. 
NOTE 4: See EIA Standard RS-485, Figure 3.5, Test Termination Measurement 2. 

driver switching characteristics, VCC 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tTD Differential-output transition time 
RL = 54 n, See Figure 3 

15 22 tDD Differential-output delay time 

20 30 
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SN75179B 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 

SYMBOL EQUIVALENTS 

DATA SHEET PARAMETER RS-422-A 

Va Voa, Vob 

IVODll Vo 

IVOD21 Vt (Rl = 100 m 

IVOD31 

AIVODI I IVtl-IVtl I 

VOC IVosl 

AIVoci IVos - Vosl 

'as IIsal, IIsbl 
10 Jlxal, Jlxbl 

RECEIVER SECTION 

RS-485 

Voa, Vob 

Vo 

Vt (Rl = 54 m 
Vt (Test termination 

Measurement 2) 

I IVtl-J'Vtl I 

IVosl 

IVos - vosl 

lia, lib 

ADVArJCE 
INFORMATION 

receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VTH Differential-input high-threshold voltage Va = 2.7 V, 10 = -0.4 rnA 0.2 V 

VTL Differential-input low-threshold voltage Vo = 0.5 V, 10 = 8 rnA -0.2:1= V 

Vhys Hysteresis S 50 mV 

VOH High-level output voltage 
VID = 200 mY, 10H = -400/lA, 

2.7 V 
See Figure 2 

Val low-level output voltage 
VID = -200 mY, 

See Figure 2 

10l = 8 rnA, 
0.45 V 

Other input at 0 V, I VI = 12 V 1 
II Line input current rnA 

See Note 5 IVI = -7 V -0.8 

ri Input resistance 12 kfl 

lOS Short-circuit output current -15 --85 rnA 

ICC Supply current (total package) No load 57 70 rnA 

t All typical values are at VCC = 5 V, T A = 25 ac. 
:1= The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-

mode input voltage and threshold voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
. VT _. See Figure 9. 
NOTE 5: Refer to EIA Standard RS-422-A for exact conditions. 

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

I PARAMETER I TEST CONDITIONS MIN TYP MAX.1 UNIT 

Propagation delay time, low-to-high-Ievel output I VID = -1.5Vto 1.5V, I 19 35 I ns 

I tpHl Propagation delay time, high-to-Iow-Ievel output I Cl = 15 pF, See Figure 4 I 30 40 I ns 
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ADVANCE 
INFORMATION 

SN75179B 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 

PARAMETER MESUREMENT INFORMATION 

VOC 

~ 

FIGURE 1. DRIVER VOD AND VOC FIGURE 2. RECEIVER VOH AND VOL 

GENERATOR 
(See Note A) 

GENERATOR 
(See Note A) 

TEST CIRCUIT 

~
--3V 

INPUT 1.S V . I 1.S V 

I I OV 
: I 

tDD~ ~tDD 

OUTPUT 

I I 
I T-~2.SV 

~-2.S V 

~tTD 
VOLTAGE WAVEFORMS 

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 

SO n >-----i....-OUTPUT ~
--3V 

INPUT 1.S V I 1.5 V 

I I OV 

tPLH-!.-..t ~tPHL 
T ~-.-:,~VOH 

OUTPUJ 1.3V L 
VOL 

1.S V 

= 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 4. RECEIVER PROPAGATION DELAY TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :5 6 ns, 
tf :56 ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 
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SN75179B ADVArJCE 
INFORMATION DIFFERENTIAL DRIVER AND RECEIVER PAIR 

TYPICAL CHARACTERISTICS 

DRIVER HIGH·LEVEL OUTPUT VOLTAGE DRIVER LOW·LEVELOUTPUTVOLTAGE DRIVER DIFFERENTIAL OUTPUT VOLTAGE 

~ 4.5 

E 
"0 
> 3.5 

c. 

o 2.5 

3 
.<: 
i 1.5 
I 1 
J: 

~ 0.5 

> 

i 
"0 
> 
c. 

o 

'; 2 
o 
I 
o 
> 

o 

HIGH·LEVEL OUTPUT CURRENT 

Vcc
l
= 5V 

TA = 25°C --t---
I'-

'--I-...... 

o -20 -40 -60 -80 -100 -120 

10H-High Level Output Current-rnA 

FIGURE 5 

RECEIVER OUTPUT VOLTAGE 

DIFFERENTIAL INPUT VOLTAGE 

Vcc = 5 V 10 = 0 TA = 25°C 

I I I I 

r-r- VIC~ VIC = VIC' --12V OV - 12,V , I , - r- VT-- VT- I. VT,_ , 
r--f- -VT+ '- VT+ -f-VT+ "--

LOW·LEVEL OUTPUT CURRENT 

> 4.5 

i 
"0 3.5 > 

Vcc = 5 V 
r-TA = 25°C 

J 
I 

c. 
~ 

2.5 0 r 
5 
~ 1.5 

I f.---
-' ..... 
0 0.5 > 

o 
o w q M W 100 1m 

IOL - Low Level Output Current-rnA 

FIGURE 6 

RECEIVER HIGH·LEVEL OUTPUT VOLTAGE 

> 
I 

~ 4 

~ 
> 

~ 3 
o 

] 2 
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J: 
o 
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o 

HIGH·LEVEL OUTPUT CURRENT 

VIO = 0.2 V 
TA = 25"C 

t-... 

'"" ~ "\ ~ 
1,\ ~ /Vcc = 5.25 V 

I I I r-
l~ 
~ VCC=5V'-

Vcc = 4.75 ~ ~~ 
~~ 
~~ 

t 3.5 

! 
"0 
> 
~ 2.5 

o 
) 15 

C 
I 
o 
00.5 
> 

'i'-. 

OUTPUT CURRENT 

V~c = ~ V 
I-TA = 25°C 

" 
I'--

'" 
1\ 
\ 

00 10 20 30 40 50 60 70 80 90 100 

10 - Output Current-rnA 

FIGURE 7 

RECEIVER HIGH·LEVEL OUTPUT VOLTAGE 

FREE·AIR TEMPERATURE 

~ g 4 t--t-----il--t--t--I--t--t--i 
"0 
> 
c. 

o 
] 
t 
i ± 1 VCC =5V 
!] VID = 0.2 V 

10H = -440 IlA 

-125 -75 -25 0 25 50 75 100 125 o -10 -20 -30 -40 --50 
OL--L __ ~~~_~-L_~~ 
o 10 20 30 40 50 60 70 80 

VIO - Differential Input Voltage-mV IOH-High-Level Output Current-rnA TA-Free-Air Temperature-OC 

FIGURE 8 

RECEIVER LOW·LEVEL OUTPUT VOLTAGE 
v, 

LOW·LEVEL OUTPUT CURRENT 
0.6 

> 
I 0.5 
~ 
"0 
> 0.4 
~ 
c. 
~ 

Vcc = 5 V V 
TA = 25°C /' 

~/ 

/ 
0 0.3 

! 
~ 

0.2 
// 

V 
:., 

0.1 0 
> 

o 
o 10 15 20 25 30 

IOL -low level Output Current-rnA 

FIGURE 11 

FIGURE 9 FIGURE 10 

RECEIVER LOW· LEVEL OUTPUT VOLTAGE 

FREE·AIR TEMPERATURE 

Vcc = 5 V 
~ VID = -0.2 V 

g 0.4 f-IOL = 8 rnA 1-+--+-+--+--; 
"0 
> 
~ 0.3 r-:I--~f==t--l-+-+~+====t----l 
o 
! O.21--t-----iI--t--t--I--+-t--I 

! 
:., 0.1 1--t----1I--t--t--I--+-t--I 
o 
> 

o~~~~~~-~~-~-' 

o 10 20 30 40 50 60 70 80 

TA-Free-Air Temperature-OC 

FIGURE 12 
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• Single 5-V Supply 

• Differential Line Operation 

• Dual Channels 

• TTL Compatibility 

• ± 15 V Common-Mode Input Voltage Range 

• ± 15 V Differential Input Voltage Range 

• Individual Channel Strobes 

• Built-In Optional Line-Termination Resistor 

• Individual Frequency Response Controls 

• Designed for Use with Dual Differential 
Drivers SN55183 and SN75183 

• Designed to be Interchangeable with 
National Semiconductor DS7820A and 
DS8820A 

description 

The SN55182 and SN75182 dual differential line 
receivers are designed to sense small differential 
signals in the presence of large common-mode 
noise. These devices give TTL-compatible output 
signals as a function of the polarity of the 
differential input voltage. The frequency 
response of each channel may be easily 
controlled by a single external capacitor to 

SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

01292. OCTOBER 1972-REVISED SEPTEMBER 1986 

SN55182 ... J PACKAGE 
SN75182 ... D. J OR N PACKAGE 

(TOP VIEW) 

l1N- VCC 
RT 21N-

l1N+ 2RT 
lSTRB 21N+ 
lRTC 2STRB 
lOUT 2RTC 
GND 20UT 

SN55182 ... FK PACKAGE 

(TOP VIEW) 

l1N+ 4 

NC 5 

lSTRB 6 

NC 7 

lRTC 8 

I- + U I 
a:: ~ U UZ 

Z>N 

3 2 1 2019 

9 1011 1213 

I-OUI-U 
::Jzz::Jl­
Ot!) oa:: 

NN 

18 

17 

16 

15 

14 

NC-No internal connection. 

2Rr 
NC 
21N+ 
NC 

provide immunity to differential noise spikes. The output goes to a high level when the inputs are open­
circuited. A strobe input is provided which, when in the low level, disables the receiver and forces the 
output to a high level. 

The receiver is of monolithic single-chip construction, and both halves of the dual circuits use common 
power supply and ground terminals. 

The SN55182 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN75182 is characterized for operation from OOC to 70°C. 

logic symbol t 

lIN+ 

11N-

1RT 

lSTRB 

lRTC 

21N+ 

21N-

2RT 

2STRB 

2RTC 

(3) & 

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. 

logic diagram (positive logic) 

l1N+ 
(3) 

l1N-
(1) 

lOUT 

lRT 
(2) 

lRTC 
(5) 

lSTRB 
(4) 

21N+ 
(11) 

21N-
(13) 

20UT 

2RT (12) 

2RTC 
(9) 

2STRB 
(10) 

II 
t/) ... 
Q) 

> 
'Q) 
CJ 
Q) 

a: -t/) ... 
Q) 

> 
'i: 
C 
Q) 
c: 
::i 

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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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

schematic (each receiver) 

RESPONSE TIME 
CONTROL 

(5,9) (14) 
r-------~---.----;---~------~~----~~VCC 

NON INVERTING 
INPUT 

\ (3,11) 

167 

4.15 
k 

5k 

170 5 k 

RT 
(2,12) 167 1 k 1 k 

320 

.-----4 ......... - OUTPUT 
(6,8) 

750 

(7) 
~------+---+------~-~-----~GROUND 

INVERTING _(1_, .... 11/13)/Ir ..... _16_7 ____ ...1 

INPUT 5 k 
(4,10) 

STROBE 

Resistor values shown are nominal and in ohms. 

FUNCTION TABLE 

STROBE 
DIFF 

INPUT 
OUTPUT 

L X H 

H H H 

H L L 

H = VI 2: VIH min or VID more 
positive than VTH max 

L = VI:S VIL max or VID more 
negative than VTL max 

X = irrelevant 

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

SN551B2 SN75182 UNIT 

Supply voltage, VCC1 (see Note 1) 8 8 V 

Common·mode input voltage ±20 ±20 V 

Differential input voltage (see Note 2) ±20 ±20 V 

Strobe input voltage 8 8 V 

Output sink current .50 50 rnA 

D package 950 

Continuous total dissipation at (or below) FK package 1375 

25°C free·air temperature (see Note 3) 
mW 

J package 1375 1025 

N package 1150 

Operating free-air temperature range -55 to 125 o to 70 °C 

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

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

Case temperature for 60 seconds: FK package 260 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 
3. For operation above 25°C free·air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN 55182 

chips are alloy mounted and SN75182 chips are glass mounted. For these devices in the N package, use the 9.2-mW/oC curve. 
For the D package use the 7.6-mW/oC curve. 
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recommended operating conditions 

Supply voltage. VCC 

Common-mode input voltage. VIC 

High-level strobe input voltage. VIH(strobe) 

Low-level strobe input voltage. VIL(strobe) 

High-level output current. 10H 

Low-level output current. 10L 

Operating free-air temperature. T A 

SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

SN55182 SN75182 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.5 5 5.5 V 

±15 ±15 V 

2.1 5.5 2.1 5.5 V 

0 0.9 0 0.9 V 

400 400 JlA 

16 16 rnA 

-55 125 0 70 °C 

electrical characteristics over recommended ranges of VCC, VIC, and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t MIN TYP:t MAX UNIT 

VTH Differential input high-threshold voltage 
Vo = 2.5 V. VIC = -3 V to 3 V 0.5 

V 
10H = -400 JlA VIC - -15 V to 15 V 1 

VTL Differential input low-threshold voltage 
Vo = 0.4 V. VIC = -3 V to 3 V -0.5 

V 
10L = 16 rnA. VIC = -15 V to 15 V -1 

VID - 1 V. Vstrobe - 2.1 V. 
2.5 4.2 5.5 

VOH High-level output voltage 
10H = -400 JlA 

V 
VID = -1 V. Vstrobe = 0.4 V. 

2.5 4.2 5.5 
10H = -400 p.A 

VOL Low-level output voltage 
VID = -1 V. 

10L = 16 mA 

Vstrobe = 2.1 V. 
0.25 0.4 V 

VIC = 15 V 3 4.2 

Inverting input VIC =.0 0 -0.5 rnA 

II 
VIC = -15 V -3 -4.2 

Input current 
VIC - 15 V 5 7 

Noninverting input VIC = 0 -1 -1.4 rnA 

VIC = -15 V -7 -9.8 

ISH High-level strobe current Vstrobe = 5.5 V 5 p.A 

ISL Low-level strobe current Vstrobe = 0 -1 -1.4 rnA 

Inverting input 3.6 5 kO 
fj Input resistance 

Noninverting input 1.8 2.5 kO 

RT Line terminating resistnce TA = 25°C 120 170 250 0 

lOS Short-circuit output current VCC = 5.5 V. Vo = 0 -2.8 -4.5 -6.7 rnA 

VIC = 15 V. VID = -1 V 4.2 6 

ICC Supply current (average per receiver) VIC = O. VID = -0.5 V 6.8 10.2 rnA 

VIC = -15 V. VID = -1 V 9.4 14 

tUnless otherwise noted. Vstrobe ~ 2.1 V or open.' 
:tAli typical values are at VCC = 5 V. VIC = O. and T A = 25°C. 
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S~J55182r SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

switching characteristics, vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH(D) 
Propagation delay time, low-to-high-Ievel output 

18 40 
from differential input 

- ns 

tpHL(D) 
Propagation delay time, high-to-Iow-Ievel output 

RL = 400 n, 31 45 
from differential input 

ns 

Propagation delay time, low-to-high-Ievel output 
CL = 15 pF, 

tpLH(S) 
from strobe input 

See Figure 1 9 30 ns 

tpHL(S) 
Propagation delay time, high-to-Iow-Ievel output 

15 25 
from strobe input 

ns 

PARAMETER MEASUREMENT INFORMATION 

INPUT OUTPUT 

PULSE 
GENERATOR NO.1t---...... --a 

(See Note A) 

PULSE 
GENERATOR NO. 21----.............. ---e 

(See-Note A) 

TEST CIRCUIT 

STROBE 

:--tw--j 

INPUT _____ "0 V 0 V~'" __ "'l+'P""'_oItl 0 V r---
I I 

----.I> 1 00 ns I.-- -.l> 1 00 nS/4"- --.I> 1 00 ns l---
I I I I I 
I I I I ----""""" 

1.3 V I I 1.3 V 

l I : I 
tPHL(D)~ ~tPLH(D) : I 

------------~I :,-----~~~~----~I ~ : VOH 

1.3V'-----f1.3V ! ~~1_.3_V----::-'t~·~V----- VOL 

tPHL(S)+-l --t-+ tPLH(S) 

OV~ - 2.5V 

tw ----.J L-I -2.5 V 
I 

--..J >100 ns:'-
2.6 V 

OV 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zo = 50 n, tr :S 10 ns, tf :S 10 ns, tw = 0.5 ± O. 1 p's, PRR :S 1 MHz. 
B. CL includes probe and jig capacitance. . 
C. All diodes are 1 N3064 or equivalent. 

FIGURE 1. PROPAGATION DELAY TIMES 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 

DIFFERENTIAL INPUT THRESHOLD VOLTAGE 

> 0.3 
I 

CIl 
01 

e 0.2 '0 
> 
't:I 
'0 

0.1 ~ 
CIl 

..c .... ... 0 ::l 
C. 
.: 
co 
.;; -01 
~ . 
~ 
C -0.2 
I 
C 

vs 
SUPPLY VOLTAGE 

V'C=O 
TA = 25°C 

~ Vo ""25 V 
~~-400J,lA 

I I 
-

Vo = 0.4 V, '0 = 16 rnA - r--- ~ c: 
e 
~ 
C 
I 
C 

-> 

DIFFERENTIAL INPUT THRESHOLD VOLTAGE 

0.5 

0.4 

0.3 

0.2 

0.1 

o 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

vs 
COMMON-MODE VOLTAGE 

Vcc = 5 V 
f-TA = 25°C 

~ ~""~, 10 "" -400 J,lA 
I --r----- ~r l l -- _ VO""0.4 V 
-~0""76 
~~ 

~ 

....... II 
tJ) ... 
Q) 

> 
'0) 

" Q) -> -0.3 
4.5 5 5.5 6 -20 -10 ' o 10 20 a:: 

VCC-Supply Voltage-V Vlc-Common·Mode Input Voltage- V 

FIGURE 2. 

> 
E 

~ 
e 
'0 
> 
't:I 
'0 
~ 
CIl 

..c .... ... 
::l 
C. 
c: 

DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

-50f----~~---+---+--~--~--4_--

co -1 00 I-----j--+----""'~ .;; 
c: 

~ 
~ -150 1----I-----+---+---4------t-=' ...... 

6 -> -200 L-__ L......--1 __ ---L __ --L __ .....L __ ....J-__ ...l..-~ 

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

T A-Free-Air Temperature-OC 

FIGURE 4. 

tOata for temperatures below QOC and above 7QoC are applicable to SN55182 circuits only. 
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sr~55182. SfH5182 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 

~ 
Q) 
Cl 

5 

4 

!::! 
"0 3 
> ... 
::l 

S-
c5 2 
I 
o 
> 

o 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VCC= 5 V I I I 
, _ V 'OH == _400 /J.~ 
V\D - 0.5 ...;.-~ 

--

VID = -0.5 V. IOL = 16 mA- -

I I I I 
-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 5 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

10 
VCC = 5 V 

8 V ID = 0 to ±20 V 

6 

« 4 
E 
.!. 2 c: 
~ 
:; 0 u 

~ -2 
c: 

I -4 

-6 

-8 

TA = 25°C / 
// 

/ / ............ ~ 

~vu"'" ~ 
P 

~/ ~,,~~""'\ ~-<. 
/....- ~~ 

~-<.'~ 
N«'~ 

;;~'~J 
I -10 

-20 -10 o 10 20 
VI-Input Voltagt!'-V 

FIGURE 7 

> 
I 

Q) 
Cl 

!::! 
"0 
> ... 
::l 

S-
::l 
0 
I 
0 
> 

VOLTAGE TRANSFRER CHARACTERISTICS 

5 

4 

VCC = 5 V TA = 25°C-\ 
t- VIC=O I I ~ --~ ~ .I~ ? -~ FRQMOUTPUT ",........ I- UNDER TEST 

1/, /// lO It ~:;~;4 
3 

e rt 
f-

,/ ITA = _55°C 

2 t--

o 
-0.5 

200 

-+),251d f J 

') 
/ (/' 

I} J 
./ // 

-0.3 -0.1 0.1 0.3 0.5 
Vlo-Oifferential Input Voltage-V 

FIGURE 6 

TERMINATING RESISTANCE 
vs 

FREE-AIR TEMPERATURE 

1 190 / 
V Q) 

u 
c: 

.~ 
Q) 

e:: 
Cl 

'E 
'" 

180 

c: 170 .§ 
Q) 

l-
I 
l­

e:: 160 

150 

/ 
/ 

V 
....... ~ 

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

T A-free-Air Temperature-°c 

FIGURE 8 

toata for temperatures below ooe and above 70 0 e are applicable to SN55182 circuits only. 
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SN55182. SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL CHARACTERISTICS t 

« 
E 

12 

10 

SUPPLY CURRENT 
(AVERAGE PER RECEIVER) 

COMMON-MODE INPUT VOLTAGE 

VCC' 5 V 
No load 

....... TA ~ 25·C 

I'-. !'-, 
...... " ....... 

!'-,~ 
~ 8 

~ 

o 
-20 

" " IO.~:-"""" 
!'-, ", 
............. , 

-10 10 20 
Vlc-Common.Mode Input Voltage-V 

FIGURE 9 

NOISE PULSE DURATION 
v, 

RESPONSE TIME-CONTROL CAPACITANCE 

c: 1000 VCC-5V 

~ :: ~~~~~:~ 
Q 

GO 200 I-----H--WH+H-----1-1-hl'H-Hr-+-++too 
~ 

'0 
z 
E 
E 
'i( 

~ 
I 
} 

100mBl1. 70 

40 

101':-0---'---'--7:40:'-l.L11:':-00~-:-40~Ou..J.I~10':-00~-":-400~0~10.000 

38 

34 

18 

14 

Response Time Control Capacitance-pF 

FIGURE 11 

PROPAGATION DELAY TIMES FROM 
DIFFERENTIAL INPUT 

v, 
FREE·AIR TEMPERATURE 

VCC' 5 V 
See Figure 1 -tPHL(D) ....... ,...... 

......... ----,,/ 

./ 

/ 
tPLH(O) ......... ____ 

L..--r-

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

TA-free-Air Temperature-OC 

FIGURE 12 

POWER DISSIPATION 
(AVERAGE PER RECEIVER) 

COMMON-MODE INPUT VOLTAGE 

~ 100r-~~~~-+--r--h~~ 
I 

~ 

0L--L--~~-7--L-~~--7_ 
-20 10 20 

Vlc-Common-Mod. Input Voltage-V 

FIGURE 10 

2.5 v~~-~ ~r-=-1 ____ _ =.J----c=,OV 
-2.5 V I I 

~tw 

E 
£ 
~ 
;: 

INPUT PULSE FOR FIGURE 11 

PROPAGATION DELAY TIMES FROM STROBE INPUT 

FREE·AIR TEMPERATURE 

20 
Vcc -5V 

./ SM Figure' 

lPHL(k) V 
~ -1 - !-

18 

16 

./ 
tPLH(~ V 
/" 

--V 

4 
-75 -50 -25 0 25 50, 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 13 

tOata for temperatures below ooe and above 70 0 e are applicable to SN55182 circuits only, 
NOTE 4: Figure 11 shows the maximum duration of the illustrated pulse that can be applied differentially without the output changing 

from the low to high level. 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 

TYPICAL APPLICATION DATA 

Vee = 5 V 

~'~~ __ l __ ...., 
Vee = 5 V 

%'182 J 
r----- -l 
I I I 

INPUTS { i~~ij~~ :z INV I I 
INPUT I I 

0.002 JLF I 
I 
I 
Iv 
I 

I GND I 1..----
1

--...1 

TWISTED 
PAIR 

(See Note A) 

I 
I 

I GND I L __ ""* ____ J 

NOTES: A. When the inputs are open·circuited, the output will be high. A capacitor may be used for dc isolation of the line-terminating 
resistor. At the frequency of operation, the impedance of the capacitor should be relatively small. 

4-384 

Example: let f = 5 MHz 
C = 0.002 p.F 

Zc = 1 
211"fC 

Zc == 16!l 

211" (5 x 106 ) (0.002 x 10- 6) 

B. Use of a capacitor to control response time is optional. 

FIGURE 14. TRANSMISSION OF DIGITAL DATA OVER TWISTED-PAIR LINE 
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• Single 5-V Supply 

• Differential Line Operation 

• Dual Channels 

• TTL Compatibility 

• Short-Circuit Protection of Outputs 

• Output Clamp Diodes to Terminate Line 
Transients 

• High-Current Outputs 

• Quad Inputs 

• Single-Ended or Differential AND/NAND 
Outputs 

• Designed for Use with Dual Differential 
Drivers SN55182 and SN75182 

• Designed to be Interchangeable with 
National Semiconductor DS7830 and 
DS8830 

description 

The SN55183 and SN75183 dual differential line 
drivers are designed to provide differential output 
signals with high-current capability for driving 
balanced lines, such as twisted-pair, at normal 
line impedances without high power 
dissipation.These devices may be used as TTL 
expander/phase splitters, as the output stages 
are similar to TTL totem-pole outputs. 

SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 

01292. OCTOBER 1972-REVISEO SEPTEMBER 1986 

SN55183 ... J PACKAGE 
SN75183 ... O. J OR N PACKAGE 

(TOP VIEW) 

1A VCC 
18 20 

1C 2C 
10 28 
1Y 2A 

1Z 2Y 
GNO 2Z 

SN55183 ... FK PACKAGE 

(TOP VIEW) 

U 
CD « U UO 

Z>N 

3 2019 

1C 4 18 2C 

NC 5 17 NC 

10 6 16 28 

NC 7 15 NC 

1Y 8 14 2A 

9 1011 1213 

NO UN> 
~Z ZNN 

(!) 

NC-No internal connection. 

The driver is of monolithic single-chip construction, and both halves of the dual circuits use common power 
supply and ground terminals. 

The SN55183 is characterized for operation over the fuff military temperature range of - 55 °C to 125 °C. 
The SN75183 is characterized for operation from OOC to 70 oC. 

logic symbol t 

lA 
(1) &C> 

(5) 
(2) lY 

lB 

lC 
(3) 

(4) lZ 
10 

2A 
(10) 

(11 ) 2Y 
2B 

2C 
(12) 

(13) 2Z 
20 

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. 

logic diagram (positive logic) 

lA (1) 

lB (2) 

lC (3) 

10 (4) 

2A (10) 

2B (11) 

2C (12) 

20 (13) 

positive logic: Y = ABCD 

Z = ABCD 

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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SN55183. SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 

schematic (each driver) 
(141 

~~--------------~~~~----.-~----- Vee 
v 

A 
(1.101 

v 

e (3.121 

0 
(4.131 

Resistor values shown are nominal and in ohms. 

2k 

4k 

(6.81 z 

3.2 k 

(5.91 
y 

(7) 
~--------~--~----~~-----GND 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 

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

SN55183 SN75183 UNIT 

Supply voltage, V CC (see Note 1) 7 7 V 

Input voltage 5.5 5.5 V 

Duration of output short-circuit (see Note 2) 1 1 s 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 3) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55 to 125 o to 70 °C 

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

Case temperature for 60 seconds: FK package 260 °C 

Lead temperature 1,6 mm (1116 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: D or N package 260 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Not more than one output should be shorted to ground at a time. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55183 

chips are alloy mounted and SN75183 chips are glass mounted. For these devices in the N package, use the 9.2-mW/ °C curve. 
For the D package, use the 7.6-mW/oC curve. 

recommended operating conditions 

SN55183 SN75183 

MIN NOM MAX MIN NOM 
UNIT 

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, VIL 0.8 0.8 V 
High-level output current, 10H -40 -40 mA 
Low-level output current, 10L 40 40 mA 
Operating free-air temperature, T A -55 125 0 70 °C 

electrical characteristics over recommended ranges of Vee and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIH = 2 V, 10H = -0.8 mA 2.4 
VOH High-level output voltage Y V 

VIH = 2 V, 10H = -40 mA 1.8 3.3 
(AND) 

VIL = 0.8 V, IOL = 32 mA 0.2 
VOL Low-level output voltage OUTPUT V 

VIL = 0.8 V, IOL = 40 mA 0.22 0.4 

VIL = 0.8 V, 10H = -0.8 mA 2.4 
VOH High-level output voltage Z V 

VIL = 0.8 V, 10H =. -40 mA 1.8 3.3 
(NAND) 

VIH = 2 V, 10L = 32 mA 0.2 
VOL Low-Ievael output voltage OUTPUT V 

VIH = 2 V, 10L = 40 mA 0.22 0.4 

IIH High-level input current VIH = 2.4 V 120 flA 

II Input current at maximum input voltage VIH = 5.5 V 2 mA 

IlL Low-level input current VIL = 0.4 V -4.8 mA 

lOS Short-circuit output current t VCC = 5 V, TA = 125°C '-40 -100 -120 mA 

ICC Supply current (average per driver) 
VCC = 5 V, All inputs at 5 V, 

10 18 mA 
No load 

t All typical values are at VCC = 5 V, T A = 25°C. 
tNot more than one output should be shorted to ground at a time and duration of the short-circuit should not exceed one second. 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 

switching characteristics, V CC ~ 5 V, TAli: 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH 
Propagation delay time, 

8 12 ns 
low-to-high-Ievel Y output AND 

tpHL 
Propagation delay time, gates 

12 18 ns 
high-to-Iow-Ievel Y output CL ~ 15 pF, 

tpLH 
Propagation delay time, See Figure 1 (al 

6 12 ns 
.Iow-to-high-Ievel Z output NAND 

tpHL 
Propagation delay time, gates 

6 8 ns 
high-to-Iow-Ievel Z output 

Propagation delay time, 

tpLH low-to-high-Ievel 9 16 ns 

differential output 
Youtput ZL = 100 0 in series 

Propagation delay time 
with respect with 5000 pF, 

tpHL high-to-Iow-Ievel 
to Z output See Figure 1 (b) 

8 16 ns 

differential output 

-----------------------------------------------------------------
INPUT 

INPUT 

I 
I 
I 

PARAMETER MEASUREMENT INFORMATION 

Vcc = i5 V 

Y 

INPUT 1
1

.
5 

V \1~~--- 2.5V 

--Il :' ov 
I I 
~ tpLH 1+= -., tPHL/4-

Y ! ~-:-:.-:VOH 
I Z 

OUTPUT ---L-T 1_5 V ! ~ 
I I VOL 

. I --.j tPLH 14;::: V 

Z~' OH I 1_5 V 1_5 V 

OUTPUT -+ltPHLj.= -----VOL 

I I OUTPUT 
L ____ -l---.J TCL = 15 pF 

-::- -::- (See Note B) 

TEST CIRCUIT VOLTAGE WAVEFORMS 

(a)-OUTPUTS Y AND Z 

VCC=5V 

TEST CIRCUIT 

Y 

OUTPUT 

Z 

OUTPUT 

INPUT. )1.5V \..1.5~---- 3V 

--t: f\ 0 V 

--t1 t PLH I-- --.jtPHLj+-
DIFFERENTIAL ~I---- +VYS 

OUTPUT OV 0 V 

VOLTAGE -VYS 

VOLTAGE WAVEFORMS 

(bl-DIFFERENTIAL OUTPUT 

NOTES: A. The pulse generators have the following characteristics: Zo = 500, tr :S 10 ns, tf :S 10 ns, tw = 0.5 P.s, PRR :S 1 MHz. 
B. CL includes probe and jig capacitance'. 
C. Waveforms are monitored on an oscilloscope with Rin ~ 1 MO. 

FIGURE 1. PROPAGATION DELAY TIMES 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

2.4 

2_2 

2_0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VC~ = 5 V 
-VO= 1.5 V 

VI~ rnin 

... .. ..::::: b::--~AND GATE 

AND GATe-:: ~ t:---~ 
VIL rnax 

::::::-

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

4 

T A -Free-Air Ternperature-°c 

FIGURE 2 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL OUTPUT CURRENT 

VCC = 5 V 

3 
;:::: "-

I 1
o 

TA = 125 C 

2 

o o 

'" .:::: :3:: ~ 
'~ ~ TA = 25°C 

~ 

~ t\ 
TA = - 55°C-I\-r-- " ~ '\ 

\ _\ -.\ 
\ \ 

25 50 75 100 

IOD-Differential Output Current-rnA 

FIGURE 4 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

I 

Vce = 5 V 200 r2 LOAD 

~st° " ~OAD I 
'-..,., N 50r2LOAD 

/' ~ ~ I ........ /~ 
I I 

, .......... 
~ /~A = 2~oC , 

~ I , 
I / 

" '" I I ° / I / TA =-55 C 

'/ / \ I} , 
/l / 

TA = 125°C /1/ 
IV 
'I I \ \ 

• 

o -20 -40 -60 -80 -100 -120 -140 -160 

3 

2 

o 

IOH-Output Current-rnA 

FIGURE 3 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

VCC= 5 V 

/ 
,.." 

,,-y 
/' 

TA = 25°C! 

TA = -55°C I / 
.,-"/ 

/' 

V ~ ° 

---~ rrr----
~ 

o 20 40 60 80 100 120 140 160 180 200 

IOL -Output Current-rnA 

FIGURE 5 
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tOata for temperatures below oDe and above 70De are applicable to SN55183 circuits only. 
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sr~55183r StJ75183 
DUAL DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

ell 
c 
I 

CIl 

E 
i= 
> 
'" Qi 
c 
c 
.g 
'" . Cl 

'" C-
o 

Q: 

20 

15 

10 

5 

o 

PROPAGATION DELAY TIME OF 
DIFFERENTIAL OUTPUT 

vs 
FREE-AIR TEMPERATURE 

I I 
Vee = 5 V 
See Figure 1 (b) 

.... 1'-.. tpLH 

.......... -- -~ --...--
tpHL l..--

.--
~r---

.......:: 

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

T A-Free-Air Temperature-Oe 

FIGURE 6 

TOTAL POWER DISSIPATION 
(BOTH DRIVERS) 

vs 
FREQUENCY 

240 

220 

::: 200 
E 

Vee = 5 V 
No load 
Input: 3-volt square wave 
TA = 25°C 

~ 180 
o .;: 

.~ 160 

C 140 

~ 120 
o 

Q. 

CQ 100 

~ 80 

60 

40 
0.1 0.4 

/ 
if 

~ 

--~ 

4 10 

f-Frequency-MHz 

FIGURE 7 

toata for temperatures below OoC and above 70 0 C are applicable to SN551S3 circuits only. 

Vee =5 V 

~~5~!:_1 __ -, 
I I 

INPUTS{ i~~~~~ :z 
I 
I 
Iv 

I I 
I GND I '--- --1---' 

TYPICAL APPLICATION DATA 

TWISTED 
PAIR 

Vee = 5 V 

Y:. SN55182 J 
r----- -l 
I I 

INV I I 
INPUT I I 

O.002IJF 
(See Note AI 

I 

I 
I 

I GND I L __ ~ ____ J 

40 100 

NOTES: A. When the inputs are open-circuited, the output will be high. A capacitor may be used for dc isolation of the line-terminating 
. resistor. At the frequency of operation, the impedance of the capacitor should be relatively small. 

Example: let f = 5 MHz 
C = 0.002 I'F 

Zc =-'-
211'fC 

Zc '" 16!1 
B. Use of a capacitor to control response time is optional. 

FIGURE 8. TRANSMISSION OF DIGITAL DATA OVER TWISTED-PAIR LINE 
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• Meets Specifications of EIA RS-232-C 

• Designed to be Interchangeable with 
Motorola MC1488 

• Current-Limited Output: 10 mA Typ 

• Power-Off Output Impedance: 300 n Min 

• Slew Rate Control by Load Capacitor 

• Flexible Supply Voltage Range 

• Input Compatible with Most TTL Circuits 

description 

The SN55188 and SN75188 are monolithic 
quadruple line drivers designed to interface data 
terminal equipment with data communications 
equipment in conformance with EIA Standard 
RS-232-C using a diode in series with each 
supply-voltage terminal as shown under typical 
applications. 

The SN55188 is characterized for operation over 
the full military temperature range of - 55 DC to 
125 D C. The SN75188 is characterized for 
operation from 0 DC to 70 DC. 

logic symbol t 

(21 [> 
lA lY 

2A 
(41 &[> 
(51 2Y 

28 

3A 
(9) 

38 
(101 

4A 
(121 

48 
(131 

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

FUNCTION TABLE 

(DRIVERS 2 THRU 41 

A B 

H H 

L X 

X L 

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

Y 

L 

H 

H 

SN55188, SN75188 
QUADRUPLE LINE DRIVERS 

01323. SEPTEMBER 1983-REVISEO SEPTEMBER 1986 

SN55188 ... J PACKAGE 
SN75188 ... D OR J PACKAGE 

(TOP VIEW) 

Vcc- VCC+ 
1A 48 
1Y 4A 
2A 4Y 
28 38 
2Y 3A 

GND 3Y 

SN55188 ... FK 
CHIP CARRIER PACKAGE 

(TOP VIEW) 

I + 
U U 

« UU U[IJ 
>z >~ 
2 1 2019 

1Y 4 18 4A 
NC 5 17 NC 
2A 6 16 4Y 
NC 7 15 NC 
28 8 14 38 

9 10 11 1213 

>-OU>-« 
NZZC'?C'? 

(!) 

NC-No internal connection 

logic diagram (positive logic) 

~ 1A~1Y 

2A 
(4) 

~2Y 
2B 

(5) 

3A 
(9) 

~3Y (10) 
3B 

(12) 

~4Y 4A 
(13) 

4B 

Positive logic 
Y A (driver 1) 
Y = AS or A + 8 (drivers 2 thru 4) 

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 
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sr~55188r SrJ75188 
QUADRUPLE LINE DRIVERS 

schematic (each driver) 

TO OTHER 
DRIVERS 

VCC+----__ ----~------------~------._------__, 

8.2 k 

INPUTlS){A 

8---14---
300 

.-----~~----~--~~---OUTPUT 

GND 

3.7 k 70 

VCC-----e-----~----_4~----------~------~~----~ 

DRIVERS 
All resistor values shown 
are nominal and in ohms. 

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

SN55188 SN75188 UNIT 

Supply voltage VCC+ at (or below) 25°C free-air temperature (see Notes 1 and 2) 15 15 V 

Supply voltage VCC _ at (or below) 25°C free-air temperature (see Notes 1 and 2) -15 -15 V 

Input voltage range -15 to 7 -15 to 7 V 

Output voltage range -15 to 15 -15 to 15 V 

D package 950 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 2) J package 1375 1025 

N package 1150 

Operating free-air temperature range -55t0125 o to 70 °C 

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

Case temperature for 60 seconds FK package 260 
°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J package 300 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Maximum Supply Voltage Curve, Figure 6, and the Dissipation 

Derating Curves in Appendix A. In the J package, SN55188 chips are alloy mounted and SN75188 chips are glass mounted. 

recommended operating conditions 

SN55188 SN75188 

MIN 
UNIT 

NOM MAX MIN NOM MAX 

Supply voltage, VCC + 7.5 9 15 7.5 9 15 V 

Supply voltage, VCC- -7.5 -9 -15 -7.5 -9 -15 V 

High-level input voltage, VIH 1.9 1.9 V 

Low-level input voltage, VIL 0.8 0.8 V 

Operating free-air temperature, T A - 55 125 0 70 °C 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 

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

9 V, Vee- -9 V 

SN55188 SN75188 

PARAMETER TEST CONDITIONS MIN Typt MAX MIN Typt MAX UNIT 

(See Note 3) (See Note 3) 

Vcc+ = 9 V, 
6 7 6 7 

V,L = 0.8 V, Vcc- = -9 V 
VOH High·level output voltage V 

RL = 3 kn Vcc+ = 13.2 V, 
9 10.5 9 10.5 

Vcc- = -13.2 V 

Vcc+ = 9 V, 
-7 -6 -7 -6 

V,H = 1.9 V, Vcc- = -9 V 
VOL Low-level output voltage V 

RL = 3 kn Vcc+ = 13.2 V, 
-10.5 -9 -10.5 -9 

Vcc- = -13.2 V 

"H High-level input current V, = 5 V 10 10 p.A 

',L Low·level input current V, = a -1 -1.6 -1 -1.6 mA 

lOS (H) 
Short·circuit output 

V, = 0.8 V, Vo = a -4.6 -9-13.5 -6 -9 -12 mA 
current at high level t 

'OS(l) 
Short·circuit output 

V, = 1.9 V, Vo = a 4.6 9 13.5 6 9 12 mA 
current at low level t 

Output resistance, VCC+ = 0, VCC- = 0, 
300 300 ro n 

power off Vo = -2 V to 2 V 

VCC+ = 9 V, All inputs at 1.9 V 15 20 15 20 

No load All inputs at 0.8 V 4.5 6 4.5 6 

ICC'+ 
Supply current VCC+ = 12 V, All inputs at 1.9 V 19 25 19 25 

mA 
from VCC+ No load All inputs at 0.8 V 5.5 7 5.5 7 

VCC+ = 15 V, All inputs at 1.9 V 34 34 

No load, TA = 25°C All inputs at 0.8 V 12 12 

VCC- = -9 V, All inputs at 1.9 V -13 -17 -13 -17 

No load All inputs at 0.8 V -0.5 -0.015 

Supply current VCC- = -12 V, All inputs at 1.9 V -18 -23 -18 -23 
ICC- mA 

from ICC- No load All inputs at 0.8 V -0.5 -0.015 

VCC- = -15 V, All inputs at 1.9 V -34 -34 

No load, TA = 25°C All inputs at 0.8 V -2.5 -2.5 

VCC+ = 9 V, VCC- = -9 V, 
333 333 

No load 
Po Total power dissipation mW 

VCC+ = 12 V, VCC- = -12 V, 
576 576 

No load 

t All typical values are 'at T A = 25°C. 
t Not more than one output should be shorted at a time. 
NOTE 3: The algebraic convention in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 

for logic voltage levels only, e.g., if - 6 V is a maximum, the typical value is a more negative voltage. 
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III 
r-
S' 
CD 

C ... 
<' 
CD ... 

SN55188, SrH5188 
QUADRUPLE LINE DRIVERS 

switching characteristics, Vee + 9 V, vee-
PARAMETER 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 

tTLH Transition time; low-to-high-Ievel output t 

tTHL Transition time, high-to-Iow-Ievel output t 

tTLH Transition time, low-to-high-Ievel output t 

tTHL Transition time, high-to-Iow-Ievel output t 

t Measured between 10% and 90% points of output waveform. 

-9 V, TA 

TEST CONDITIONS 

RL = 3 kfl, CL = 15 pF, 

See Figure 1 

RL = 3 kfl to 7 kfl, CL = 2500 pF, 

See Figure 1 

t Measured between + 3 V and - 3 V points on the output waveform (EIA RS-232-C conditions) 

INPUT 

PARAMETER MEASUREMENT INFORMATION 

~------~--~~-- OUTPUT 

CL J (See Note BI 

INPUT~ 
:.-.f-tPHL __ ~~""I 

90% I 
OUTPUT I 

I 
I 
I I 

tTHL~ I+-

MIN 

I 
I -.. 

TVP MAX UNIT 

220 350 ns 

100 175 ns 

55 100 ns 

45 75 ns 

2.5 I's 

3.0 I's 

~~----VOH 

en 
i 

TEST CIRCUIT VOLTAGE WAVEFORMS 

CD 
(') 
CD 

<' 
CD ... 
en 

NOTES: A. The pulse generator has the following characteristics: tw = 0.5 p's, PRR :5 1 MHz, Zo = 50 fl. 
B. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION AND TRANSITION TIMES 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 

TYPICAL CHARACTERISTICS t 

VOLTAGE TRANSFER CHARACTER ISTICS 
12 

VCC+ = 12 V, VCC- = -12 V 

9 

6 

3 

VC~+ = 9 v, VCC~ = ~9 V 
I I I I I 
I ~ Ve. I _ I 1'\ 

VCC+ == 6 V, cc- - -6 V 

q: 
E 
.!. 
~ 
:; 

0 u ... 
:::I 

So 
-3 :::I 

0 
I 

-6 9 

-9 - RL = 3 kit 
TA = 25°C 

-12 
o 0.2 0.4 0.6 O.S 1 1.2 1.4 1.6 1.S 2 

VI-Input Voltage-V 

FIGURE 2 

SHORT·CIRCUIT OUTPUT CURRENT 
vs 

FREE·AIR TEMPERATURE 
12 

9 
'OS(l) (V, == 1.9 V) 

6 

3 

0 

VCC+ = 9 V 
-3 -VCC-= -9 V 

. Vo =0 
-6 

-9 
'OS(H) (V, ~ O,SIV) 

-12 
-100-75 -50 -25 0 25 50 75 100 125 150 

T A-Free-Air Temperature-°c 

FIGURE 4 

20 

16 

12 

S 

4 

0 

-4 

-s 
-12 

-16 

-20 

Vcc+= 9 V 

OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 

VCC- = -9 V 
TA = 25°C l l ,I 

VOL(V, = 1.9 V)==t-

1/ / 
/ / --f- ... J --j -- --I 1'--.,.. 

/ V 3~itl 
I L,.../ LOAD LlNE-

-~S\" ;-~OrN\1 - I 

-16 -12 -S -4 o 4 12 16 

1000 

100 

10 

1 
10 

VO-Output Voltage-V 

FIGURE 3 

SLEW RATE 
vs 

LOAD CAPACITANCE 

Vcc+ 9V 

VCC 9V 
RL = 00 

TA =25°C 

I', 

100 1000 10,000 

CL -Load Capacitance-pF 

FIGURE 5 

II 

tOata for tempeatures below oDe and above 70 0 e are applicable to SN55188 circuit only. 
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sr~55188r SrH5188 
QUADRUPLE LINE DRIVERS 

> 
I 

CIl 
en 
~ 
'0 
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Q. 
a. 
::I 

CI) 

.1. 
+1 
U 
U 
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16 

14 

12 
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2 

o 

THERMAL INFORMATION t 

MAXIMUM SUPPLY VOLTAGE 
vs 

FREE·AIR TEMPERATURE 

--.... r-. 
r--r--

RL;;;' 3 kn (from each output to ground) 
I I I II f I 

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

T A -Free·Air Temperature-Cc 
FIGURE 6 

tData for temperatures below ooe and above 70 0 e are applicable to SN55188 circuit only. 

TYPICAL APPLICATION DATA 

::!;.J 
01-
a: c 
"-a: 
1-0 
:I.J 

~~ 

Vcc+ ~ 12V 
Vcc- = -12V 

g-y0UTPUTTOHNIL 
__ -O.7VTO 10V 

1/4SN55188 
OR SN75188 -=-

-12V 

FIGURE 7. LOGIC TRANSLATOR APPLICATIONS 

Diodes placed in series with the Vee + and Vee _ leads will pro· 
tect the SN55188/SN75188 in the fault condition in which the 
device outputs are shorted to ± 15 V and the power supplies are 
at low voltage and provide low·impedance paths to ground. 

,.....--""'--, t15V~~~r"""-1 

,!-

FIGURE 8. POWER SUPPLY PROTECTION TO MEET 
POWER-OFF FAULT CONDITIONS OF 

EIA STANDARD RS-232-C 
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• Input Resistance ... 3 k11 to 7 k11 

• Input Signal Range . . . ± 30 V 

• Operates from Single 5-V Supply 

• Built-in Input Hysteresis (Double Thresholds) 

• Response Control Provides: 
Input Threshold Shifting 
Input Noise Filtering 

• Satisfies Requirements of EIA RS-232-C 

• Fully Interchangeable with Motorola 
MC1489, MC1489A 

description 

These devices are monolithic Low-power 
Schottky quadruple line receivers designed to 
satisfy the requirements of the standard 
interface between data terminal equipment and 
data communication equipment as defined by 
EIA Standard RS-232-C. A separate response 
control terminal is provided for each receiver. A 
resistor or a resistor and bias voltage source can 
be connected between this terminal and ground 
to shift the input threshold levels. An external 
capacitor can be connected between this 
terminal and ground to provide input noise 
filtering. 

The SN55189 and SN55189A are characterized 
for operation over the full military temperature 
range of -55°C to 125°C. The SN75189 and 
SN75189A are characterized for operation from 
O°C to 70°C. 

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

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

SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 

D1619, SEPTEMBER 1973-REVISED SEPTEMBER 1986 

SN55189. SN55189A .•. J PACKAGE 
SN75189. SN75189A ..• D. J. OR N PACKAGE 

(TOP VIEW) 

lA VCC 
lCONT 4A 

lY 4CONT 
2A 4Y 

2CONT 3A 
2Y 3CONT 

GND 3Y 

SN55189. SN55189A ... FK PACKAGE 

(TOP VIEW) 

I-
2 
0 U 
U <l: U U<l: 

2 >'<t 
1 2019 

lY 4 18 4CONT 
NC 5 17 NC 
2A 6 16 4Y 
NC 7 15 NC 

2CONT 8 14 3A 
9 10 11 1213 

>0 U>I-
N2 2M2 

t:) 0 
U 
M 

NG-No internal connection 

logic diagram (each receiver) 

A~Y 
RESPONSE~ 
CONTROL 

Copyright © 1980, Texas Instruments Incorporated 

III 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN55189, Sr~55189A, SrH5189, SfH5189A 
QUADRUPLE LINE RECEIVERS 

schematic (each receiver) 

~--~--------~----vcc 

OUTPUT Y 

RESPONSE ________ _e--~~--~--~~--~ 
CONTROL 

4 kfl 
INPUT A --.J\I\I\I-_e .... -o---t 

~~~----e-----~~_e--_e~--GND 

Resistor values shown are nominal. 

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

SN55189 SN75189 
UNIT 

SN55189A SN75189A 

Supply voltage, VCC (see Note 1) 10 10 V 

Input voltage ±30 ±30 V 

Output current 20 20 mA 

D package 950 

Continuous total dissipation at (or below) FK or J package 1375 

25°C free-air temperature (see Note 2) J package 
mW 

1025 

N package 1150 

Operating temperature range -55 to 125 o to 70 °C 

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

Case temperature for 60 seconds: FK package 260 °c . 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °c 

NOTES: 1. All voltage values are with respect to network ground terminals. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 

SN55189 and SN55189A chips are alloy mounted and SN75189 and SN75189A chips are glass mounted. In the N package, 
use the 9.2-mW/oC curve for these devices. . 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 

electrical characteristics over operating free-air temperature range, Vee = 5 V ± 1 %, (unless otherwise 
noted) 

SN55189 
TEST 

PARAMETER TEST CONDITIONSt SN55189A 
FIGURE 

TA = 25°C 

'189 T A = ooc to 70°C 

Positive-going TA = -55°C to 125°C 
VT+ 1 

TA ='25°C threshold voltage 

'189A TA = ooC to 70°C 

TA = - 55°C to 125°C 

TA = 25°C 

VT-
Negative-going 

1 
'189, 

TA = O°C to 70°C 
threshold voltage '189A 

TA = -55°C to 125°C 

High-level VI = 0.75 V, 10H = -0.5 rnA 
VOH 1 

output voltage Input open, 10H = -0.5 rnA 

VOL 
Low-level 

output voltage 
1 VI = 3 V, 10L = 10 rnA 

High-level VI = 25 V 
IIH 2 

input current VI = 3 V 

Low-level VI = -25 V 
IlL 2 

input current VI = -3 V 

Short-circuit 
lOS 3 

output current 

ICC Supply current 2 VI = 5 V, Outputs open 

t All characteristics are measured with the response control terminal open. 
:j: All typical values are at VCC = 5 V, T A = 25°C. 

switching characteristics, Vee = 5 V, TA = 25 °e 

MIN TYP~ MAX 

1 1.3 1.5 

0.6 1.9 

1. 75 1.9 2.25 

.1.30 2.65 

0.75 1.0 1.25 

0.35 1.6 

2.6 4 5 

2.6 4 5 

0.2 0.45 

3.6 8.3 

0.43 

-3.6 -8.3 

-0.43 

-3 

20 26 

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE 

tpLH Propagation delay time, low-to-high-Ievel output CL=15pF, RL = 3.9 kO 

CL = 15 pF, RL = 3900 tpHL Propagation delay time, high-to-Iow-Ievel outut 
4 

tTLH Transition time, low-to-high-Ievel output CL = 15 pF, RL = 3.9 kO 

tTHL Transition time, high-to-Iow-Ievel output CL = 15 pF, RL = 3900 

SN75189 

SN75189A UNIT 

MIN TYP~ MAX 

1 1.3 1.5 

0.9 1.6 

1.75 1.9 2.25 
V 

1.55 2.25 

0.75 1.0 1.25 

0.65 1.25 V 

2.6 4 5 
V 

2.6 4 5 

0.2 0.45 V 

3.6 8.3 
rnA 

0.43 

-3.6 -8.3 
rnA 

-0.43 

-3 rnA 

20 26 rnA 

MIN TYP MAX UNIT 

25 85 
ns 

25 50 

120 175 
ns 

10 20 
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SN55189, SN55189A, SN75189, Sr~55179A 
QUADRUPLE LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATIONt 

VCC 

VT.V'-{?- { 
RESPONSE n+ V10H 
CONTROL V IIIOL 

~OP-EN -1~" IRC ~C \ r = = 
UNLESS 

OTHERWISE TCC 

SPECIFIED ~-VC i +VC 

FIGURE 1. VT +, VT -, VOH, VOL 

~ 
vI OPEN 

+rrL 
RESPONSE 
CONTROL 

OPEN 

ICC is tested for all four 
receivers simultaneously 

FIGURE 2. IIH, IlL, ICC 

VCC 

FIGURE 3. lOS 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATIONt 

VCC 

RESPONSE 
CONTROL 

OPEN 

(See Note CI 

T
Cl - 15 pF 

":" (See Note BI 

TEST CIRCUIT 

:s 10 ns~ ~ ~ 14-:s 10 ns 
I I I I 
Lt;,.-90-%---------9-0-%~'\~ - - - - - - - - 4 V 

10%~50% 50%~ 10% 
INPUT __ "';'J I I ~, -------- 0 V 

14- tPHl"'" 14- tplH--.I 
OUTPUT _____ ~~ I I V 

90%~:.5V 1.5V~ OH 

r\::10% 10%C __ ~ __ VOL 

I I I 
tTHl -+j If- J4- tTLH--.t 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout "" 50 n. tw = 500 ns. 
B. Cl includes probe and jig capacitances. 
C. All diodes are 1 N3064 or equivalent. 

FIGURE 4. SWITCHING TIMES 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 

> 
I 

CD 
CI 

!9 
'0 
> .. :s 
Q. 

6 
Re - 5 krl 
Ve" 5 V 

5 

4 

3 
VT- '" VT+ 

TYPICAL CHARACTERISTICS t 

SN55189, SN75189 
OUTPUT VOLTAGE 

vs 
INPUT VOLTAGE 

Re - 13 krl I 
Ve" 5 V Re - 00 

VT-' VT+ VT- '" ~ VT+ 

.~ 2 

I""" 
5' 
co 
c ... 
<' co ... 
UI 

"i 
co 
C) 
CD 

<' 
CD ., 
VI 

o 
-3 

6 

> 5 
I 
CI E 4 
'0 
> 

L-

-2 

Re .. 5 krl 

Ve - 5 V 

-1 

~ ~ L-~ 

o 2 

VI-Input Voltage-V 

FIGURE 5 

SN55189A, SN75189A 
OUTPUT VOLTAGE 

vs 
INPUT VOLTAGE 

I 
Re ... 00 

Re ... 11 krl 
Ve ... -5 V 

VT- VT+ 

'---- r--
3 

Re - 11 krl 
Ve .. -5 V 

~~ VT- VT+ VT- VT+ VT-
~ 3 
Q. 

5 
~ 2 
o 
> 

o 
-3 -2 -1 o 2 3 

VI-Input Voltage-V 

FIGURE 6 

Vee'" 5 V 
TA .. 25°e 
See Figure 1 

4 5 

Vee - 5 V 
TA .. 25°e 
See Figure 1 

~ VT+ 

--

4 .5 

tOata for free-air temperatures below oce and above 70 0 e are applicable to SN55189 and SN55189A circuits only. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 

TYPICAL CHARACTERISTICSt 

........... ~189)V 
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r----. r-. ' 789 V ""'" 
~~ 

r:::: ~V r--...... r--. r-. 1"_ 
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T A - Free-Air Temperature- °e 

FIGURE 7 
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.: 0.4 

0.2 

INPUT THRESHOLD VOLTAGE 
vs 

SUPPLY VOLTAGE 

'189A VT+ 

I I 
'~89 JT -

'189 VT+ 

'189A VT-
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vee-Supply Voltage-V 

FIGURE 8 

10 

II 
VI ... 
Q) 
:> 

'Q) 
(.) 
Q) 

a: -VI ... 
Q) 
:> 
'i: 

toata for free-air temperatures below ooe and above 70°C are applicable to SN55189 and SN55189A circuits only. 
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sr~55189, SrJ55189A, S~J75189, S~J75189A 
QUADRUPLE LINE RECEIVERS 

TYPICAL CHARACTERISTICS 

NOISE REJECTION NOISE REJECTION 

6 

5 
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CD 
'0 
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'E. 
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ct 

2 

\ 
I \ 

.~ t+r-

\ 

~ \1\ \ 
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Cc • 10 pF i'--,c ~, 
1111 V"-~ 

--II~lrr 

VCC - 5 V 
TA • 25°C 
See Note 3 
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FIGURE 9 
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VCC - 5 V 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

Control open 
TA • 25°C 

/V 
/ 
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/V 
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V 

FIGURE 10 

/' vV' 

-25-20-15-10-5 0 5 10 15 20 25 

VI-Input Voltage-V 

FIGURE 11 

NOTE 3: This figure shows the maximum amplitude of a positive-going pulse that. starting from zero volts. will not cause a change of 
the output level. 

4-404 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



• Plug-in Replacement for SN75107A, 
SN751078, SN75108A, SN751088 with 
Improved Characteristics 

• ± 10 mV Guaranteed Input Sensitivity 

• TTL Compatible 

• Standard Supply Voltages ... ± 5 V 

• Differential Input Common-Mode Voltage 
Range of ±3 V 

• Strobe Inputs for Channel Selection 

~ '207 and '2078 Have Totem-Pole Outputs 

• '208 and '2088 Have Open-Collector 
Outputs 

• "B" Versions Have Diode-Protected Input 
Stage for Power-Off Condition 

• Sense Amplifier for MOS Memories 

• Dual Comparator 

• High-Sensitivity Line Receiver 

description 

The SN75207, SN752078, SN75208, and 
SN7520B8 are pin-far-pin replacements for the 
SN75107A, SN751078, SN7510BA, and 

SN75207, SN75207B, SN7520Q, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 

OR DUAL HIGH·SENSITIVITY LINE RECEIVERS 
D1314. JULY 1973-REVISED SEPTEMBER 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

1A VCC+ 
18 VCC-
NC 2A 
1Y 2B 
1G NC 

S 2Y 
GND 2G 

NC - No internal connection 

FUNCTION TABLE 

DIFFERENTIAL 

INPUTS STROBES 

A-B G S 

VIO ~ 10 mV X X 

X l 

- 10 mV < VIO < 10 mV l X 

H H 

X L 

VIO ~ -10 mV L X 

H H 

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

OUTPUT 

Y 

H 

H 

H 

Indeterminate 

H 

H 

L 

SN751 OB8, respectively. The improved input sensitivity makes them more suitable for MOS memory sense 
amplifiers and can result in faster memory cycles. Improved sensitivity also makes them more useful in 
line receiver applications by allowing use of longer transmission line lengths. The '207 and '2078 each 
features a TTL-compatible active-pull-up output. The '20B and '20B8 each features an open-collector output 
that permits wired-AND logic connections with similar output configurations. 

The essential difference between the unsuffixed and "B" versions can be seen in the schematics. Input­
protection diodes are in series with the collectors of the differential-input transistors of the "B" versions. 
These diodes are useful in certain "party-line" systems that may have multiple Vee + power supplies 
and may be operated with some of the Vee + supplies turned off. In such a system, if a supply is turned 
off and allowed to go to ground, the equivalent input circuit connected to that supply would be as follows: 

UN SUFFIXED VERSION "B" VERSION 

This would be a problem in specific systems that might possibly have the transmission lines biased to 
some potential greater than 1.4 volts. 

These devices are characterized for operation from ooe to 70 0 e and are available in ceramic dual-in-line 
(J) package, plastic small outline (D) package, or plastic dual-in-line (N) package. 
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SN75207. SN75207B. SN75208. SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 

logic symbols t 

SN75207 

S 

1A 

1B 

1G 

2A 

2B 

2G 

SN7520B 
S 

1A 

1B 1Y 

1G 

2A 

t These symbols are in accordance with ANSIIIEEE Std 91-1984 
and IEC Publication 617-12. 

schematic (each receiver) 

logic diagram (positive logic) 

S (61 

1B 

1G...;.....;.------' 

2G ...;.....;-------. 

2A 

2B -~ • .-

(14) 
VCC+-..... -4.---..... ---.>---.----~~----..--.. - - - - -., 

11, 12) 
1A 

INPUTS 

400 fl 

4.8 kfl 

4 kfl 1.6 kfl 120 fl~ 
... "---., 

--~ I 
........ ) 

r- ..... -{ 
I 800 fl 
L_-'\ .... .,._ 

(7) 
GND 

1B 12, 11) 
(5, 8) STROBE 

C:=:::::t:::::::;---*"-, G 

3 kfl 3 kfl 

.... __ -+ __ -'r--------' 
I 4.25 kfl l 
I COMMON I I TO BOTH I 
L~~E~~~ __ J 

1_'3~)+_--~--~>--~~-~~-~------~ VCC-

TO OTHER RECEIVER 

t R = 1 kfl for '207 and '207B, 750 fl for '208 and '208B. 
NOTES: A. Resistor values shown are nominal. 

(6) STROBE 
'---1--- S 

B. Components shown with dashed lines in the output circuitry are applicable to the '207 and '2078 only. Diodes in series with 
the collectors of the differential input transistors are short-circuited on '207 and '208. 
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design characteristics 

SN75207, SN752078, SN75208, SN752088 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 

OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 

The '207, '2078, '208, and '2088 line receivers/sense amplifiers are TTL-compatible dual circuits intended 
for use in high-speed data-transmission systems or MOS memory systems. They are designed to detect 
low-level differential signals in the presence of common-mode noise and variations of temperature and 
supplies. Dc specifications reflect worst-case conditions of temperature, supply voltages, and input voltages. 

The input common-mode voltage range is ± 3 volts. This is adequate for application in most systems. In 
systems with requirements for greater common-mode voltage range, input attenuators may be used to 
decrease the noise to an acceptable level at the receiver-input terminals. 

The circuits feature individual strobe inputs for each channel and a strobe input common to both channels 
for logic versatility. The strobe inputs are tested to guarantee 400 millivolts of dc noise margin when 
interfaced with Series 54/74 TTL. 

The circuits feature high input impedance and low input currents, which induce very little loading on the 
transmission line. This makes these devices especially useful in party-line systems. The excellent input 
sensitivity (3 millivolts typical) is particularly important when data is to be detected at the end of a long 
transmission line and the amplitude of the data has deteriorated due to cable losses. The circuits are designed 
to detect input signals of 10 millivolts (or greater) amplitude and convert the polarity of the signal into 
appropriate TTL-compatible output logic levels. 

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

Supply voltage, VCC + (see Note 1) ............................................. 7 V 
Supply voltage, VCC _ ..................................................... - 7 V 
Differential input voltage (see Note 2) .......................................... ± 6 V 
Common-mode input voltage (see Note 3) .... ,............................... . .. ± 5 V 
Strobe input voltage. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature: (see Note 4) 

D package .......................................................... , 950 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 rnW 

Operating free-air temperature range ...................................... OoC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1116 inch) from case for 60 seconds: 

J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 

D or N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to ground terminal. 
2. Differential input voltage values are at the noninverting (A) terminal with respect to the inverting (6) terminal. 
3. Common-mode input voltage is the average of the voltages at the A and 6 inputs. 
4. For operation above 25°C free-air temperature, derate linearly to 608 mW at 70 °C at the rate of 7.6 mW/ °C for the D package, 

656 mW at 70 0 e at the rate of 8.2 mW/oe for the J package, and 736 mW at 70 0 e at the rate of 9.2 mW/oe for the N package. 
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SN75207, SN752078, SN7520B, SN7520B8 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH·SENSITIVITY LINE RECEIVERS 

recommended operating conditions (see Note 5) 

Supply voltage, VCC+ 

Supply voltage, VCC-

High-level differential input voltage 

VIDH (see Note 6) 

Low-level differential input voltage, VIOL 

Common-mode input voltage, VIC (see Notes 6 and 7) 

Input voltage, any differential input to ground (see Note 6) 

High-level input voltage at strobe inputs, VIH(S) 

Low-level input voltage at strobe inputs, VIL(S) 

Low-level output current, IOL 

Operating free-air temperature, T A 

MIN 

4.75 

-4.75 

0.01 

-5 t 

-3' 

-5 t 

2 

0 

0 

NOM MAX UNIT 

5 5.25 V 

-5 -5.25 V 

5 V 

-0.01 V 

3 V 

3 V 

5.5 V 

0.8 V 

-16 mA 

70 DC 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

NOTES: 5. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one 
of the differential inputs of the unused receiver should be terminated at some voltage between - 3 V and 3 V. 

6. The recommended combinations of input voltages fall within the shaded area of the figure shown. 
7. The common-mode voltage may be as low as - 4 V provided that the more positive of the two inputs is not more negative 

than -3 V. 

RECOMMENDED COMBINATIONS 
OF INPUT VOLTAGES 

> 3 
I 

CI) 2 
Cl 

~ 1 0 
> 
"0 
c: 
::l -1 0 

~ 
£ 
c:I: 
~ 
::l 
C. 
.5 

0 2 3 

Input-B-to-Ground Voltage-V 
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SN75207, SN75207~ SN75208~SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 

OR DUAL HIGH·SENSITIVITY LINE RECEIVERS 

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

PARAMETER TEST CONDITIONS 

High-level A VID = 5 V 
IIH S- VCC± = ±5_25 V 

VID = -5 V input current 

Low-level ~ VIO = -5 V 
IlL VCC± = ±5_25 V 

input current B VID = 5 V 
High-level 

VCC± = ±5.25 V, VIH(S) = 2.4 V 
IIH input current 

VCC± = ±5.25 V, VIH(S) - ± 5.25 V 
into lG or 2G 

Low-level 

IlL input current VCC± = ±5.25 V, VIL(S) = 0.4 V 
into 1G or 2G 

High-level input VCC± = ±5.25 V, VIH(S) = 2.4 V 
IIH 

current into S VCC± - ±5.25 V, VIH(S) - ± 5.25 V 

IlL 
Low-level input 

VCC± = ±5.25 V, VIL(S) = 0.4 V 
current into S 

VOH 
High-level VCC± = ±4.75 V, VIL(S) = 0.8 V, VIOH = 10 mV, 
output voltage 10H = -400 p.A, VIC = - 3 V to 3 V 

Low-level VCC± = ±4.75 V, VIH(S) = 2 V, VIOL = -10mV, 
VOL 

output voltage 10L = 16 mA, VIC = - 3 V to 3 V 

10H 
High-level 

VCC± = ±4.75 V, VOH = 5.25 V 
output current 

lOS 
Short-circuit 

output current:!: VCC± = ±5.25 V 

Supply current from 
VCC± ±5.25 V, TA = 25°C 

ICCH + VCC +, outputs high = 

Supply current from 
VCC± ±5.25 V, TA = 25°C ICCH- = 

VCC _, outputs high 

t All typical values are at VCC + = 5 V, VCC _ = - 5 V, T A = 25°C. 
:!: Not more than one output should be shorted at a time. 

'207, '207B 

MIN Typt MAX 

30 75 

30 75 

-10 

-10 

40 

1 

-1.6 

80 

2 

-3.2 

2.4 

0.4 

-18 -70 

18 30 

-8.4 -15 

switching characteristics, Vee + = 5 V , Vee - = - 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
'207, '207B 

MIN MAX 

tPLH(O) 
Propagation delay time, low-to-high-Ievel 

35 
output, from differential inputs A and B 

tpHL(O) 
Propagation delay time, high-to-Iow-Ievel 

20 
output, from differential inputs A and B RL = 470n,cL = 15pF, 

tpLH(S) 
Propagation delay time, low-to-high-Ievel See Figure 1 

17 
output, from strobe input G or S 

tPHL(S) 
Propagation delay time, high-to-Iow-Ievel 

17 
output, from strobe input G or S 

'208, '208B 
UNIT 

MIN Typt MAX 

30 75 

30 75 
p.A 

-10 

-10 
p.A 

40 p.A 

1 mA 

-1.6 mA 

80 p.A 

2 mA 

-3.2 mA 

V 

0.4 V 

250 p.A 

mA 

18 30 mA 

-8.4 15 mA 

'208, '208B 
UNIT 

MIN MAX 

35 ns 

20 ns 

17 ns 

17 ns 
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SN75207, SN75207~ SN7520t SN7520BB 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH·SENSITIVITY LINE RECEIVERS 

PARAMETER MEASUREMENT INFORMATION 

DIFFERENTIAL 
INPUT 

- VCC-

r - - - - - 1. - - - - --., 
1A I I 

·~r---------~I~ 1
1y 

OUTPUT 

470 n 

__ ----~~~r_--~~--OUTPUT 

STROBE 
INPUT 

(See Note B) 

TEST CIRCUIT 

CL] 15 pF 
-;::(see Note C) 

.~'-----------------------------40mV 
INPUT 

B 10 mV 10 mV o V _____ oJ, I-----f 

:'-tw1---.J 
I I M------tw2------~ 

3V I I 3V 
STROBE I I 
INPUT I ~ 

1.5 V 

Gar S tpHL(D)--+t -------~ -- - - 0 V I 

VOH If- tPHL(S) -+I \f-
OUTPUT 

1-/ _____ 1.5 V 

1.5~ --VOH 

NOTES: 

Y v"",-- VOL 

VOLTAGE WAVEFORMS 

A. The pulse generators have the following characteristics: Zout = 50 n, tr S; 5 ns, tf S; 5 ns, tw 1 = 500 ns with PRR s; 1 MHz, 
tw2 = 1 p's with PRR s; 500 kHz. 

B. Strobe input pulse is applied to Strobe 1G when inputs 1A-1B are being tested, to Strobe S when inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 

C. CL includes probe and jig capacitance. 
D. All diodes are 1 N916. 
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INPUT 
FROM 
TTL SN75361A 

or 
SN75452B 

SN75207, SN752078, SN75208, SN752088 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 

OR DUAL HIGH,SENSITIVITY LINE RECEIVERS 

TYPICAL APPLICATION DATA 

MOS MEMORY 

STROBES 

r---- ----, 
100 n I I 

I I 
~--------.-------~.~ 

TO 
DUMMY 

LINE 
100 n 

Vref 
ADJUSTMENT 

I 
I 
I 1/2 '207, '207B 
I or 
I 1/2 '208, '208B I L ________ ..J 

OUTPUT 
TO 
TTL 

~ '---v----' \'-___ ~ _---oJ' 
V 

SENSE 

A 
DATA INPUT B 

C 
INHIBIT 

D 

DRIVE MEMORY 

FIGURE 2. MOS MEMORY SENSE AMPLIFIER 

RECEIVER 1 

STROBES 

DRIVER 1 

LOCATION 1 

A 

B 

C 

D 

y 

RECEIVER 2 

y 

STROBES 
TRANSMISSION LINE HAVING 

CHARACTERISTIC IMPEDANCE Zo 

LOCATION 2 

DRIVER 3 

LOCATION 3 

DRIVER 4 

LOCATION 4 

RECEIVER 4 

STROBES 
RT 

RT 

Receivers are '207, '2078, or 208', or '2088; drivers are SN55109A, SN75109A, SN55110A, SN75110A, or SN75112. 

FIGURE 3. DATA-BUS OR PARTY-LINE SYSTEM 

PRECAUTIONS: When only one receiver in a package is being 
used, at least one of the differential inputs of the 
unused receiver should be terminated at some 
voltage between - 3 volts and 3 volts, 
preferably at ground. Failure to do so will cause 
improper operation of the unit being used 
because of common bias circuitry for the current 
sources of the two receivers. Strobe G of the 
unused channel should be grounded. 
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ADVANCE 
INFORMATION 

• Meets IBM 360/370 I/O Interface 
Specification GA22-6974-3 (Also see 
SN75ALS130) 

o Minimum Output Voltage of 3.11 V at 
10H == -60 mA 

• Fault Flag Circuit Output Signals Driver 
Output Fault 

• Fault-Detection Current Limit Circuit 
Minimizes Power Dissipation During a Fault 
Condition 

• Advanced Low-Power Schottky Circuitry 

• Dual Common Enable 

• Individual Fault Flags 

• Designed to be an Improved Replacement 
for the MC3481 

description 

SN75ALS126 
QUADRUPLE LINE DRIVER 

D2299. FEBRUARY 1986- REVISED OCTOBER 1986 

SN75ALS126 ... D. J. OR N PACKAGE 

(TOP VIEW) 

1Y Vee 
1F 4Y 
1A 4F 

1.2G 4A 
2A 3AG 
2F 3A 
2Y ;3F 

GND 3Y 

FUNCTION TABLE 

INPUTS OUTPUTS 

G A Y F 

L X L H 

H H H H 

H H S L 

H = high level. L = low level. 
X = irrelevant. S = shorted to 

The SN75ALS126 quadruple line driver is ground 

designed to meet the IBM360/370 I/O 
specifications GA22-6974-3. The output voltage 
is 3.11 volts minimum (at 10H = - 59.3 milliamperes) over the recommended ranges of supply voltage 
(4.5 volts to 5.5 volts) and temperature (0 DC to 70 DC). Driver outputs use a fault-detection current-limit 
circuit to allow high drive current but still minimize power dis~ipation when the output is shorted to ground. 
The SN75ALS126 is compatible with standard TTL logic and supply voltages. 

The SN75ALS126 employs the IMPACT'" process to achieve fast switching speeds and low power 
dissipation. Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting 
an output fault condition, the fault-flag circuit forces the driver output into a low state and signals a fault 
condition by causing the fault-flag output to go low. 

The SN75ALS 126 will drive a 50-ohm load as required in the IBM GA22-6974-3 specification or a 90-ohm 
load as used in many I/O systems. Optimum performance can be achieved when the device is used with 
either the SN75125, SN75127, SN75128, or SN75129 line receivers. 

The SN75ALS 126 is characterized for operation from a DC to 70 DC. 

IMPACT is a trademark of Texas Instruments Incorporated 

Copyright © 1986. Texas Instruments Incorporated 
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SN75ALS126 
QUADRUPLE LINE DRIVER 

logic symbol t 

&t> 
1A (3) 1EN2 (2) iF 

G1 

20 (1) 
1Y 

&t> 
3EN4 (6) 

2F 

(5) 
G3 

2A 40 (7) 
2Y 

3A (11) 
(10) 

3F 

(9) 
3Y 

(14)4F 

4A (13) 
(15) 4Y 

logic diagram (positive logic) 

(3) 
1A 

(4) 
1.2G 

2A 
15) 

3A (11) 

3.4G (12) 

4A (13) 

ADVANCE 
INFORMATION 

(2) 
F 

(1) 
1Y 

(6) 
2F 

(7) 
2Y 

(10) 
3F 

(9) 
3Y 

(14) 
4F 

(15) 

t This symbol is in accordance 'with ANSI/IEEE stil 91-1984 and 
4Y 

» c 
< » 
2 
(j 
m 

2 

" 0 
II 
S » 
::j 
0 
2 

lEe Publication 617-12. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC----..... -

INPUT 

GND 

A Inputs: Req - 20 kG NOM 
G Inputs: Req - 10 kG NOM 

4-414 

TYPICAL OF ALL Y OUTPUTS 

-er----~_- VCC 

.... ---t~ __ -- GND 

'TEXAS .. 
INSTRUMENTS 
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TYPICAL OF F OUTPUTS 

------..... ---- VCC 

F 
OUTPUT 

.... --..... _f--- GND 



ADVANCE 
INFORMATION 

SN75ALS126 
QUADRUPLE'LiNE DRIVER 

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

Supply voltage, VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): 

D package ................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package ........................................................ 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package. . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTE 1: For operation above 25 °e free·air temperature, derate the D package to 608 mW at 70 °e at the rate of 7.6 mW/ °e, the J package 
to 656 mW at 70 0 e at the rate of 8.2 mW/oe, and the N package to 736 mW at 70 0 e at the rate of 9.2 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.95 V 

High·level input voltage, VIH 2 V 

Low-level input voltage, VIL O.S V 

High-level output current, 10H -59.3 rnA 

Operating free-air temperature, T A 0 70 °e 
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SN75ALS126 
QUADRUPLE LINE DRIVER 

ADVANCE 
INFORMATION 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN 

VIK Input clamp voltage A,G II = -18 mA 

Vee = 4.5 V, 10H = -59.3 mA y 3.11 
VIH = 2 V 

Vee = 5.25 V, 10H = -41 mA 
VOH High-level output voltage Y 3.9 

VIH = 2 V 

F Vee = 4.5 V, 

VIH = 2 V 

10H = -400 p.A 
2.5 

Y 
Vee = 5.5 V, 10L = -240 p.A, 

VIL = 0.8 V 

VOL Low-level output voltage y Vee = 5.95 V, 10L = -1 mA, 

VIL = 0.8 V 

• F Vee = 4.5 V, 10L = 8 mA, Y at 0 V 

Y Vee = 4.5 V, VIL = 0, Va = 3.11 V 
10 (oft) Off-state output current y Vee = 0, VIL = 0, Va = 3.11 V 

II Input current 
A 

~ Vee = 4.5 V, VIH = 5.5 V 

A 
IIH High-level input current I--- Vee = 4.5 V, VIH = 2.7 V 

G 

A 
IlL Low-level input current I--- Vee = 5.95 V, VIL = 0.4 V 

G 

~ 
F 

Vee = 5.5 V, Va = 0 
-15 

lOS Short-circuit output 

~ 
F 

Vee = 5.95 V, Va = 0 
-15 

Supply current, all Vee = 5.5 V, No load 
leeH 

outputs high Vee = 5.95 V, No load 

Supply current, Vee = 5.5 V, No load 
leeL 

Y outputs low Vee = 5.95 V, No load 

switching characteristics over recommended operating free-air temperature range 

» o 
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:2 
() 
m -2 
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l:J 
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o 
:2 

tPLH 

tpHL 

tPLH 

tpHL 

tpLH 

tPHL 

tPLH 

tpHL 

4-416 

PARAMETER 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

Ratio of propagation 

delay times 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

Propagation delay time, 

low-to-high-Ievel output 

Propagation delay time, 

high-to-Iow-Ievel output 

FROM 

A 

A 

A 

TO TEST CONDITIONS 

Vee = 4.5 V to 5.5 V, 

Y 
RL = 50O, eL = 50 pF, 

VH(refl = 3.11 V, 
See Figures 1 and 2 

Vee = 5.25 V to 5.95 V, 

Y 
RL = 90O, eL = 50 pF, 

VH(refl = 3.9 V 
See Figures 1 and 2 

Vee = 5 V, RL = 2 kO, 

F eL = 15 pF, 

See Figures 1 and 2 
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MIN 

0.3 

MAX UNIT 

-1.5 V 

V 

0.15 

0.15 
V 

0.5 

100 

200 
p.A 

100 

400 
p.A 

20 

80 
p.A 

250 

-1000 
p.A 

-5 

-100 
mA 

-5 

-110 

25 
mA 

27 

45 
mA 

47 

MAX UNIT 

30 ns 

28 ns 

3 

34 ns 

34 ns 

45 ns 

75 ns 



ADVANCE 
INFORMATION 

SN75ALS126 
QUADRUPLE LINE DRIVER 

PARAMETER MEASUREMENT INFORMATION 

tr ~ j.­
I 1 

A INPUT ____ ....II 10% _ , ____ --' 

tw~ 
tPLH ~ t.- ~ ~ tpLH 

I 1 1 

! ;-VHI"" i \l 
y OUTPUT ____ ~IJ. 1_ 0.5 V 

1 I 
I I 

4V 

NORMAL 
OPERATION 

F OUTPUT --------_ I 1 r------- VOH DIVE 

/-+- tPHL..f t..t- tPLH ] 

,.

3VV ': _ ~~E~ON 
- -VOL 

NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, tr :s:; 6 ns, 
tf :s:; 6 ns, Zout = 50 n. 

FIGURE 1. INPUT AND OUTPUT VOLTAGE WAVEFORMS 

5V 

Y OUTPUT -----t..------t..-------, 
2 kn 

F OUTPUT - .. --... ~~ ..... H ....... ~_, 

NOTE A: CL includes probe and stray capacitance. 

FIGURE 2. SWITCHING CHARACTERISTICS LOAD CIRCUITS 
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ADVANCE 
INFORMATION 

• Meets IBM 360/370 I/O Interface 
Specification GA22-6974-3 (Also see 
SN75ALS126) 

• Minimum Output Voltage of 3.11 V at 
10H == -60 rnA 

• Fault- Flag Circuit Output Signals Driver 
Output Fault 

• Fault-Detection Current Limit Circuit 
Min!mizes Power Dissipation During a Fault 
Condition 

• Advanced Low-Power Schottky Circuitry 

• Common Enable and Common Fault Flag 

• Designed to be an Improved Replacement 
for the MC3485 

description 

The SN75ALS 130 quadruple line driver is 
designed to meet the IBM 360/370 I/O 
specifications GA22-6974-3. The output voltage 
is 3.11 volts minimum (at 10H = - 59.3 
milliamperes) over the recommended ranges of 
supply voltage (4.5 volts to 5.5 volts) and 
temperature (0 °C to 70°C). Driver outputs use 
a fault-detection current limit circuit to allow high 
drive current but still minimize power dissipation 
when the output is shorted to ground. The 
SN75ALS130 is compatible with standard TTL 
logic and supply voltages. 

·SN75ALS130 
QUADRUPLE LINE DRIVER 

02299. FEBRUARY 1986 

D. J. OR N PACKAGE 

(TOP VIEW) 

1Y Vee 
1W 4Y 
1A 4W 
G 4A 

2A F 
2W 3A 
2Y 3W 

GND 3Y 

FUNCTION TABLE 

INPUTS OUTPUTS 

Gt A Y Ft W 

L X L H H 
x L L H H 

H H H H L 

H H S L H 

H = high level. L = low level. 

X = irrelevant. S = shorted to 
ground 
t G and F are common to the four 

drivers. If any of the four Y 
outputs is shorted. the Fault­

Flag will respond. 

The SN75ALS 130 employs the IMPACTTM process to achieve fast switching speeds and low power 
dissipation. Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting 
an output fault condition, the fault-flag circuit forces the driver output into the off (low) state and signals 
a fault condition by causing the fault-flag output to go low. 

The SN75ALS 130 will drive a 50-ohm load as required in the IBM GA22-6974-3 specification or a 90-ohm 
load as used in many I/O systems. Optimum performance can be achieved when the device is used with 
either the SN75125, SN75127, SN75128, or SN75129 line receivers. 

The SN75ALS 130 is characterized for operation from OOC to 70°C. 

IMPACT is a trademark of Texas Instruments Incorporated 

Copyright © 1986. Texas Instruments Incorporated 
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information on new products in the samplinp or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
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SN75ALS130 
QUADRUPLE LINE DRIVER 

logic symbol t 

G (4) 

1A (3) 

(5) 
2A 

3A (11) 

(13) 
4A 

~1 
13 

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

logic diagram (positive logic) 

G (4) 

1 A ..;...(3"';")-I--r-~ ...... 

2A ..;...(5:":')4--r-~~ 

3A (11) 

4A (13) 
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ADVANCE 
INFORMATION 

(12) F 

__ -.(:..;,1,;;.:6) vee 

__ -+-+-=(..;.;1) 1Y 

~_+-,-(2~) 1 W 

__ -+-+-=(..:..,:7) 2Y 

~_+-,-(6~) 2W 

__ -+-+-=(,;;.:9) 3Y 

~_~(1..;;.:O)3W 

(15) 4Y 



ADVANCE 
INFORMATION 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC--------~.-----

GND--4~~-~---

A Inputs: Req - 20 kG NOM 

G Inputs: Req - 10 kG NOM 

TYPICAL OF ALL W OUTPUTS 

-41--.._- VCC 

W OUTPUT 

..... ~..-~-GND 

SN75ALS130 
QUADRUPLE LINE DRIVER 

TYPICAL OF ALL Y OUTPUTS 

---4t--------.... - Vce 

20 kG NOM 

..-----+-- Y OUTPUT 

---~._-e--.... -GND 

TYPICAL OF F OUTPUT 

--41 ....... ---- VCC 

j! OUTPUT 

---4 ....... .._ ..... - GND 
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srH5ALS130 
QUADRUPLE LINE DRIVER 

ADVANCE 
INFORMATION 

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

Supply voltage, VCC .......................................... '. . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Continuous total dissipation at (or below) . 

25°C free-air temperature (see Note 1): D package . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
J package ........................... 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package. . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

I 

NOTE 1: For operation above 25 °e free·air temperature, derate the D package to 608 mW at 70 °e at the rate of 7.6 mw/oe, the J package 
to 656 mW at 70 0 e at the rate of 8.2 mw/oe, and the N package to 736 mW at 70 0 e at the rate of 9.2 mw/oe. III recommended operating conditions 
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MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.95 V 

High-level input voltage, VIH 2 V 

low-level input voltage, Vil 0.8 V 

High-level output current, 10H - 59.3 mA 

Operating free·air temperature, T A 0 70 °e 

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

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIK Input clamp voltage A,G 11= -18 mA -1.5 V 

Y Vee = 4.5 V, 10H = -59.3 mA, VIH = 2 V 3.11 

VOH High-level output voltage Y Vee = 5.25 V, 10H = -41 mA, VIH = 2 V 3.9 V 

W Vee = 4.5 V, 10H = -400/LA, VIH = 2 V 2.5 

Y Vee = 5.5 V, 10l = -240/LA, Vil = 0.8 V 0.15 

Y Vee = 5.95 V, IOL = -1 mA, Vil = 0.8 V 0.15 
VOL low-level output voltage V 

F Vee = 4.5 V, 10l = 8 mA, Y at 0 V 0.5 

W Vee = 4.5 V, 10l = 8 mA 0.5 
y Vee = 4.5 V, Vil = 0, Vo = 3.11 V 100 

10(0ft) Off-state output current y Vee = 0, Vil = 0, Vo = 3.11 V 200 
/LA 

10H High-level output current F Vee = 5.95 V, VOH = 5.95 V 100 /LA 
A 100 

II Input current - Vee = 4.5 V, VIH = 5.5 V /LA 
G 400 

2- 20 
IIH High-level input current 

G 
Vee = 4.5 V, VIH = 2.7 V 

80 
/LA 

2- 250 
III low-level input current 

G 
Vee = 5.95 V, Vil = 0.4 V 

-1000 
/LA 

Y -5 

-w- Vee = 5.5 V, Vo = 0 
-15 -100 

lOS Short-circuit output mA 
-Y....... -5 

W 
Vee = 5.95 V, Vo = 0 

-15 -110 

Supply current, all Vee = 5.5 V, No load 30 
leeH mA 

outputs high Vee = 5.95 V, No load 32 

Supply current, Vee = 5.5 V, No load 45 
leel mA 

Y outputs low Vee = 5.95 V, No load 47 
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ADVANCE 
INFORMATION 

SN75ALS130 
QUADRUPLE LINE DRIVER 

switching characteristics over recommended operating free-air temperature range 

tpLH 

tpHL 

tpLH 

tpHL 

tpLH 

tpHL 

tPLH 

tpHL 

tpLH 

tpHL 

PARAMETER FROM TO TEST CONDITIONS 

Propagation delay time, 

low-to-high-Ievel output VCC = 4.5 V to 5.5 V, 

Propagation delay time, 
A y RL = 50 n, CL = 50 pF, 

high-to-Iow-Ievel output VH(ref) = 3.11 V, Input f = 1 MHz 

Ratio of propagation See Figures 1 and 2 

delay times 

Propagation delay time, VCC = 5.25 V to 5.95 V, 

low-to-high-Ievel output 
A y RL = 90 n, CL = 50 pF, 

Propagation delay time, VH(ref) = 3.9 V, Input f = 5 MHz 

high-to-Iow-Ievel output See Figures 1 and 2 

Propagation delay time, 
VCC = 5 V, RL = 2 kn, 

low-to-high-Ievel output 
A W CL = 15 pF, 

Propagation delay time, 
See Figures 1 and 2 

high-to-Iow-Ievel output 

Propagation delay time, 
VCC = 5 V, RL = 2 kn, 

low-to-high-Ievel output 
A F CL=15pF, 

Propagation delay time, 

high-to-Iow-Ievel output 
See Figures 1 and 2 

PARAMETER MEASUREMENT INFORMATION 

A INPUT 

Y OUTPUT 

W OUTPUT 

~ t4-tf 

1 
1 
I 

I 1.3V I 
_______ 1~OO~~JI 1~10~% ______ -J 

I4--tw~ 

4.0 V 

tPLH~ I+-*-tPHL 

I 1 I r __ VVOOLH ! /. VH, •• ., : \ !. 
--------~I~· l ~~_O~.5~V __ -J 

!.-tPHL...., I4-tPLH~ 
_--__ -.:..1_-- 1 I I ,..-____ ---, 

i "v\ i t'v \- vOH 

I ., VOL 

I 
I 
I I 
I4--tpHL---+i /4-*-tPLH 

I I 

fOUTPUT-----------------l-.3~V~~1-.3-V-----------

MIN 

0.3 

NORMAL 
OPERATION 

] 

DRIVER 
SHORT­
CIRCUIT 
OPERATION 

MAX UNIT 

30 ns 

28 ns 

3 

34 
ns 

34 ns 

34 ns 

21 ns 

45 ns 

75 ns 

NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, tr =:; 6 ns, 

tf =:; 6 ns, lout = 50 n. 

FIGURE 1. INPUT AND OUTPUT VOLTAGE WAVEFORMS 
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SN75ALS130 
QUADRUPLE LINE DRIVER 

PARAMETER MEASUREMENT INFORMATION 

5V 

W OUTPUT -.---t __ -..--__ ~ .... __ 1___1 

CL - 15 pF Ies,"." •• , 

Y OUTPUT _.-----____ --------. 

F OUTPUT 

NOTE B: CL includes probe and stray capacitance. 

CL - 50 pF l's ... olo., l 
5V 

-J2kf2 

CL - 15 pF I'S"."'.' 

CLOSE FOR 
TESTING F 

FIGURE 2. SWITCHING CHARACTERISTICS LOAD CIRCUITS 
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ADVANCE 
INFORMATION 

SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

02525. JUNE 1986 

MEETS IEEE STANDARD 488-1978 (GPIB) 

• a·Channel Bidirectional Transceiver 

• High·Speed Advanced Low·Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel ' 

• Fast Propagation Times ... 20 ns Max 

• High-Impedance P-N·P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Open-Collector Driver Output Option 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

• Power-Up/Power-Down Protection (Glitch­
Free) 

description 

The SN75ALS 160 eight-channel general­
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed for two-way data 
communications over single-ended transmission 
lines. It is designed to meet the requirements of 
IEEE Standard 488-1978. The transceiver 
features driver outputs that can be operated in 
either the passive-puJlup or three-state mode. If 
Talk Enable (TEl is high, these ports have the 
characteristics of passive-pullup outputs when 
Pullup Enable (PEl is low, and of three-state 
outputs when PE is high. Taking TE low places 
these ports in the high-impedance state. The 
driver outputs are designed to handle loads up 
to 48 milliamperes of sink current. 

An active turn-off feature has been incorporated 
into the bus-terminating resistors so that the 
device exhibits a high impedance to the bus 
when Vee = O. When combined with the 
SN75ALS 161 or SN75ALS 162 management 
bus transceiver, the pair provides the complete 
16-wire interface for the IEEE 488 bus. 

The SN75ALS 160 is manufactured in a 20-pin 
package and is characterized for operation from 
ooe to 70°C. 

OW. J. OR N PACKAGE 

(TOP VIEW) 

TE Vee 
B1 01 

B2 02 

B3 03 
GPIB B4 04 TERMINAL I/O 

PORTS B5 05 I/O PORTS 

B6 06 

B7 07 

B8 08 

GNO PE 

FUNCTION TABLES 

EACH DRIVER EACH RECEIVER 

INPUTS OUTPUT INPUTS OUTPUT 

0 TE PE B B TE PE 0 

H H H H L L X L 

L .H X L H L X H 

H X L zt X H X Z 

X L X zt 

H = high level. L = low level, X = irrelevant, 
Z = high-impedance state. 

t This is the high-impedance state of a normal 3-state 
output modified by the internal resistors to Vee and 
ground. 

Copyright © 1986. Texas Instruments Incorporated 
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SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

logic symbol t 

83 

84 

85 

86 

87 

88 

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

'iJ Designates 3-state outputs. 
~ Designates passive-pullup outputs. 

schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS 

VCC--------~--------

INPUT 

9kn 
NOM 

GNO - ..... ---+---~ 

logic diagram (positive logic) 

TE 

01 ~~-+.......-t >----, 

02 (18) 

03 (17) 

·04 (16) 

TERMINAL 

05 (15) 

06 (14) 

(13) 
07 ---+--t-I '>----, 

08 (12) 

EQUIVALENT OF ALL INPUT/OUTPUT PORTS 

r----, 

L ___ _ 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 fl NOM 
Receiver output Req = 110 fl NOM 

10kn 
NOM 

Circuit inside dashed lines is on the driver outputs only. 

84 

85 

GPI8 
I/O 
PORTS 
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ADVANCE 
INFORMATION 

SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

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 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

DW package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. 1375 mW 
N package ....................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package. . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package. . .. 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °e free-air temperature, derate the OW package to 720 mW at 70 °e at the rate of 9.0 mW / oe, derate 

the J package to 880 mW at 70 0 e at the rate of 11.0 mw/oe, and derate the N package to 736 mW at 70 0 e at the rate 
of 9.2 mw/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

High-level output current, IOH 
Bus ports with pullups active - 5.2 mA 

Terminal ports \ -800 p.A 

Low-level output current, IOL 
Bus ports 48 

mA 
Terminal ports 16 

Operating free-air temperature, T A 0 70 °e 
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SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) , 

PARAMETER TEST CONDITIONS 

VIK Input clamp voltage II = -18 rnA 

Vhys 
Hysteresis 

(VT+ - VT-) 
Bus 

VOHt 
High-level Terminal 10H = -800/lA, TE at 0.8 V 

output voltage Bus IOH = -5.2 rnA, PE and TE at 2 V 

Low-level Terminal 10L = 16 rnA, TE at 0.8 V 
VOL 

output voltage Bus 10L = 48 rnA, TE at 2 V 

II 
Input current at 

maximum input voltage 
Terminal VI = 5.5 V 

IIH High-level input current Terminal, VI = 2.7 V 

IlL Low-level input current PE, or TE VI = 0.5 V 

Driver disabled 
IHbus) = 0 

VI/O(bus) Voltage at bus port 
IHbus) = - 12 rnA 

VHbus) = -1.5VtoO.4V 

VHbus) = 0.4 V to 2.5 V 

II/O(bus) Current into bus port Power on Driver disabled VI (bus) = 2.5 V to 3.7 V 

Vl(bus) = 3.7 V to 5 V 

Vl(bus) = 5 V to 5.5 V 

Power off VCC = 0, Vl(bus) = 0 V to 2.5 V 

Short-circuit Terminal 
lOS 

output current Bus 

I Terminal outputs low and enabled 
ICC Supply current No load I Bus outputs low and enabled 

Ci/o(bus) Bus-port capacitance 
VCC = 5 V to 0 V, VI/a = 0 to 2 V, 

f = 1 MHz 

t All typical values are at VCC = 5 V, T A = 25°C. 
t VOH applies to three-state outputs only. 

MIN Typt MAX UNIT 
-0,8 -1.5 V 

0.4 0.65 V 

2.7 3.5 
V 

2.5 3.3 

0.3 0.5 
V 

0.35 0.5 

0.2 100 /lA 

0.1 20 /lA 

-10 -100 /lA 

2.5 3.0 3.7 
V 

-1.5 

-1.3 

0 -3.2 

+2.5 

-3.2 rnA 

0 2.5 

0.7 2.5 

-40 /lA 

-15 -35 -75 
rnA 

-25 -50 -125 

42 56 
rnA 

52 70 

30 pF 
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ADVANCE 
INFORMATION 

SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vee == 5 V 

PARAMETER FROM TO TEST CONDITIONS MIN TypT MAX UNIT 

tPLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output CL = 30 pF, 

Terminal Bus ns 

tpHL 
Propagation delay time, See Figure 1 

12 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time, 

5 10 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF, 

ns 

tpHL 
Propagation delay time, See Figure 2 

7 14 
high-to-Iow-Ievel output 

tpZH Output enable time to high level 11 20 

tpHZ Output disable time from high level CL = 15 pF, 3 10 
TE Bus ns 

tpZL Output enable time to low level See Figure 3 18 35 

tpLZ Output disable time from low level 5 20 

tpZH Output enable time to high level 5 20 

tpHZ Output disable time from high level CL = 15 pF, 8 20 
TE Terminal ns 

tpZL Output enable time to low level See Figure 4 9 20 

tpLZ Output disable time from low level 8 20 

ten Output pull-up enable time CL = 15 pF, 3 10 
PE Bus ns 

tdis Output pull-up disable time See Figure 5 4 12 

tTypical values are at T A = 25 DC. 
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SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

3V 

PARAMETER MEASUREMENT INFORMATION 

200n 

480n 

D'''"' fsv \s: ---,v 
---" •. \.. --........ 0 V 

IpLH~ IpHL~ 

1
'----~~il---vOH 

B OUTPUT 2.2 V 

• 1.0V 
VOH 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL-TO·BUS PROPAGATION DELAY TIMES 

"N,"' f"v \: _u,v 
---Il'. , . OV 

IpLH~ IpHL~ . 

I _------_.J - --v , ,OH 
DOUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. BUS·TO·TERMINAL PROPAGATION DELAY TIMES 

S2 

480n 

TEST CIRCUIT 

=is v xs~----'v 
IpZH~...... IpHZ--' 0 V 

BOUTPUTI ,I -------+~ 
Sl103V I 
S20PEN I 

BOUTPUT 
SIlo GND 

S2CLOSED 

1.0V 

VOLTAGE WAVEFORMS 

O.BV 

3.SV 

FIGURE 3. TE-TO·BUS ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :0;:; 1 MHz, 50% duty cycle, tr :0;:; 6 ns, 
tf :0;:;6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 
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ADVANCE 
INFORMATION 

SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

S2 

240n 

3 kn 

TEST CIRCUIT 

\.. 3V 

TE INPUT~,"'5_V ______ ..Its: __ --ov 
tpZH~ r-: tpHZ---t ,.... 

o OUTPUTI I -90%- - -VOH 

Sl to 3 V I 1.5 V 

S2 OPEN I 

tpZL --i 
o OUTPUT 
Sl toGNO 

S2 CLOSED 

OV 

4V 

VOLTAGE WAVEFORMS 

FIGURE 4. TE·TO·TERMINAL ENABLE AND DISABLE TIMES 

>--+"';';;'-+---+--OUTPUT 

~,~--:: 
l,jis~ J4-

~ ______ ~L 00%-- V
OH 

VOL> O.S V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. PE·TO·BUS PULLUP ENABLE AND DISABLE TIMES 

NOTES: A .. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :5 6 ns, 
tf :56 ns, Zout = 5011. 

II 
In ... 
(1) 

:> 
"Ci) 
(J 
(1) 

a: -In ... 
(1) 

:> -.: 
C 
(1) 

r:::: 
::; 

B. CL includes probe and jig capacitance. 2 
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SN75ALS160 ADVANCE 
INFORMATION OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 

4.0 

> 3_5 
I 

G.I 

~ 3.0 
"0 
> 
; 2.5 
So 
:::J 
o 2.0 
Qi 
> 
G.I 

..J 1.5 

.i:. 
0> 

~ 1.0 
::I: 
o 
> 0.5 

o 

""" 

vs 
HIGH-LEVEL OUTPUT CURRENT 

1 .1. 
Vee = 5 V 
TA=25°e-

r\. 
,,~ 

'\ 

'" '" '" '\~ 

vs 
LOW-LEVEL OUTPUT CURRENT 

0.6 

> 0.5 I 
G.I 
0> 

~ 
"0 
> 0.4 ... 

:::J 

So 
:::J 

0.3 0 
Qi 
> 
G.I 

..J 

i: 0.2 
0 

..J 
I 

lcc = 5
1
V /' 

V 

r--- T A = 25°e 

V 
L 
V 

L 
V 

V 
..J 
0 0.1 
> 

o 
. 0 -5 -10 -15 -20 -25 -30 -35 -40 o 10 20 30 40 50 

IOH-High-Level Output Current-rnA IOL -Low-Level Output Current-rnA 

FIGURE 6 FIGURE 7 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 
4.0 

Vee = 5 V 

3.5 No load 
TA = 25°e 

> 3.0 
I· 

G.I 
0> 2.5 ~ 

"0 
> 2.0 ... 
:::J 

So 
:::J 1.5 0 

VT- ~ VT+ 

I 
0 
> 1.0 

0.5 

~ 

o --"" 
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VI-Input Voltage-V 

FIGURE 8 

60 
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ADVANCE 
INFORMATION 

SN75ALS160 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 
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TYPICAL CHARACTERISTICS 

4 

3 

2 

o 

4 

3 

2 

BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 

BUS HIGH-LEVEL OUTPUT CURRENT 

I 
Vee"" 5 V 

~ 
TA"" 25°C 

~ 
~ 

'\ 
~ 

'\ 

~ 
o -10 ~20 -30 -40 -50 -60 

IOH-High-Level Output Current-rnA 

FIGURE 9 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 

I I 

VCC"" 5 V 
No load 
TA "" 25°C 

o~~ __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~ 
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1:7 

VI-Input Voltage-V 

FIGURE 11 
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BUS LOW-LEVEL OUTPUT VOLTAGE 
vs 

BUS LOW-LEVEL OUTPUT CURRENT 
0.6 

0.5 

0.4 

0.3 

0.2 

VC'C"" 5 V 

V TA "" 25°C 
L 

lL" 
/r' 

LV 
V 

V 
V 

/'" 

V 
0.1 

o~~~~~~ __ ~~ __ ~~ __ ~~ 
o 10 20 30 40 50 60 70 80 90 100 

IOL -Low-Level Output Current-rnA 

FIGURE 10 

BUS CURRENT 
vs 

BUS VOLTAGE 

2 

-6 ~f--+--+--+--+"< 

-1 o 2 3 4 5 6 

VI/O(bus)-Bus Voltage-V 

.. FIGURE 12 
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ADVANCE 
INFORMATION 

SN75ALS161 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

02618. JUNE 1986 

MEETS IEEE STANDARD 488-1978 (GPIB) 

• a·Channel Bidirectional Transceiver 

• Designed to Implement Control Bus 
Interface 

• De.signed for Single Controller 

• High-Speed Advanced Low·Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel 

o Fast Propagation Times ... 20 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Bus-Terminating Resistors Provided on 
Driver Outputs 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

• Power-Up/Power-Down Protection 
(Glitch-Free) 

description 

The SN75ALS 161 eight·channel general· 
purpose interface bus transceiver is a monolithic. 
high-speed, Advanced Low-Power Schottky 

_ process device designed to provide the bus­
management and data-transfer signals between 
operating units of a single controller 
instrumentation system. When combined with 
the SN75ALS160 octal bus transceiver, the 
SN75ALS 161 provides the complete 16-wire 
interface for the IEEE 488 bus. 

The SN75ALS 161 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (I/O) ports at both the bus 
and terminal sides. The direction of data through 
these driver-receiver pairs is determined by the 
De and TE enable signals. 

DW. J. OR N PACKAGE 

(TOP VIEW) 

TE VCC 
REN REN 
IFC IFC 

GPIB NDAC NDAC 

1/0 
NRFD NRFD TERMINAL 

PORTS DAV DAV 1/0 PORTS 
EOI EOI 

ATN ATN 
SRO SRO 
GND DC 

CHANNEL IDENTIFICATION TABLE 

NAME IDENTITY CLASS 

DC Direction Control 

TE Talk Enable 
Control 

ATN Attention 

SRQ Service Request Bus 

REN Remote Enable Management 

IFC Interface Clear 

EOI End or Identify 

DAV Data Valid 
Data 

NDAC Not Data Accepted 

NRFD Not Ready for Data 
Transfer 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when Vee = O. The drivers are designed to handle loads up to 48 milliamperes 
of sink current. Each receiver features p-n-p transistor inputs for high input impedance and a guaranteed 
hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 3-state outputs to 
present a high impedance to the terminal when disabled. 

The SN75ALS161 is manufactured in a 20-pin package and is characterized for operation from ooe to 70 c e. 

Copyright © 1986. Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplin~ or 
preproduction phase of development Characteristic 
~ata and other specifications are subject to change 
without notice. 
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SN75ALS161 
OCTAL GENERAL"P~RPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

logic symbol t logic diagram (positive logic) 

DC (11 ) ENlIG4 

TE.:...;ll.:..) ---IEN2/G5 

ATN 

EOI 

(13) 

(14) 

SRQ (12) 

REN (19) 

IFC 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
'iJ Designates 3-state outputs. DAV 
~ Designates passive-pullup outputs. 

NDAC 

NRFD 

RECEIVEfTRANSMIT FUNCTION TABLE 

CONTROLS BUS-MANAGEMENT CHANNELS 

DC TE ATNt ATNt SRQ REN IFC 

(Controlled by DC) 

H H H 

H H L 
R T R R 

L L H 

L L L 
T R T T 

H L X R T R R 

L H X T R T T 

H = high level, L = low level, R = receive, T = transmit, X = irrelevant 

(18) 

(15) 

(17) 

(16) 

EOI 

r.L 
R 

~ 
T 

R 

T 

>-....... __ +--(8_) ATN 

>--..-__ ~(7_) EOI 

(9) >--..----- SRQ 

(2) 
>-....... ---- REN 

>-....... ___ (3_) IFC 

(6) 
>--..----- DAV 

>-....... ___ (4_) NDAC 

>--..-___ (5_) NRFD 

DATA-TRANSFER CHANNELS 

DAV NDAC NRFD 

(Controlled by TE) I 

T R R 

R T T 

R T T 

T .R R 

Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same ~tate. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 
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ADVANCE 
INFORMATION 

SN75ALS161 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

schematics of inputs and outputs 

EOUIVALENT OF ALL 
CONTROL INPUTS 

TYPICAL OF SRO;NDAC. and NRFD 
GPIB I/O PORT 

~---,r~-_---.,~--~---~~vcc 

vcc--~,...---- 1,7 k!l 
NOM 

10 k!l 
NOM 

INPUT 

9kn 
NOM 

GND _-___<�>----_-

~-~~~-~+-~-~------GND 

INPUT/OUTPUT 
PORT 

Circuit inside dashed lines is on the driver outputs only, 

TYPICAL OF ALL I/O PORTS 
EXCEPT SRO. NDAC. and NRFD GPIB I/O PORTS 

~~-~---~r--~--~r----~vcc 
10kn 
NOM 

----~---<I>----.,_TL·_-_-_~_~~-~------GND 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 n NOM 
Receiver output Req = 110 n NOM 
Circuit inside dashed lines is on the driver outputs only. 

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

Supply voltage, Vee (see Note 1) .. , ............................. ; . . . . . . . . . . . . .. 7 V 
Input voltage ................................... '. . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 2): 

OW package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package ....................................................... , 1375 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package . . . . . . . . .. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: OW or N package .... 260 DC 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the OW package to 720 mW at 70°C at the rate of 9.0 mW/oC, derate 

the J package to 880 mW at 70°C at the rate of 11.0 mW/oC, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mW/oC. 
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SN75ALS161 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

recommended operating conditions 

MIN 

Supply voltage, VCC 4.75 

High-level input voltage, VIH 2 

Low-level input voltage, VIL 

Bus ports with pullups active 
High-level output current, IOH 

Terminal ports 

Bus ports 
Low-level output current, 10L 

Terminal ports 

Operating free-air temperature; T A 0 

ADVANCE 
INFORMATION 

NOM MAX UNIT 

5 5.25 V 

V 

0.8 V 

-5.2 mA 

-800 /LA 
48 

16 
mA 

70 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted)-

PARAMETER 

VIK Input clamp voltage 

Vhys Hysteresis (VT + - VT-) Bus 

VOH:I: 
High-level Terminal 

output voltage Bus 

Low-level Terminal 
VOL 

output voltage Bus 

II 
Input current at 

maximum input voltage 
Terminal 

High-level Terminal 
IIH 

input current and 

Low-level control 
IlL 

input current inputs 

VI/O(bus) Voltage at bus port 

11/0(bus) Current into bus port Power on 

Power off 

Short-circuit Terminal 
lOS 

output current Bus 

ICC Supply current 

Ci/o(bus) Bus-port capacitance 

t All typical values are at Vec = 5 V, T A = 25°C. 
:l:VOH applies for three-state outputs only. 

TEST CONDITIONS 

II = -18 mA 

10H = -800 p.A 

10H = -5.2 mA 

10L = 16 mA 

10L = 48 mA 

VI = 5.5 V 

VI = 2.7 V 

VI = 0.5 V 

II (bus) = 0 
Driver disabled 

II(bus) = - 12 mA 

Vl(bus) = - 1.5 V to 0.4 V 

Vl(bus) = 0.4 V to 2.5 V 

Driver disabled 
Vl(bus) = 2.5 V to_3.7 V 

Vl(bus) = 3,7 V to 5 V 

Vl(bus) = 5 V to 5.5 V 

VCC = 0, Vl(bus) = 0 V to 2.5 V 

No load, TE and DC low 

VCC = 5 V to 0 V, 

VI/O = 0 to 2 V, f = 1 MHz 

MIN Typt MAX UNIT 

-0.8 -1.5 V 

0.4 0.65 V 

2.7 3.5 
V 

2.5 3.3 

0.3 0.5 
V 

0.35 0.5 

0.2 100 /LA 

0.1 20 p.A 

-10 -100 /LA 

2.5 3.0 3.7 
V 

- 1.5 

-1.3 

° -3.2 

+2.5 

-3.2 mA 

0 2.5 

0.7 2.5 

-40 p.A 

-15 -35 -75 
mA 

-25 -50 -125 

55 75 mA 

30 pF 
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ADVANCE 
INFORMATION 

SN75ALS161 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vee - 5 V 

PARAMETER FROM TO 
TEST 

CONDITIONS 
MIN Typt MAX UNIT 

tPLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Terminal Bus 
CL = 30 pF, ns 

tpHL 
Propagation delay time, See Figure 1 

12 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time, 

5 10 
low-to-high-Ievel output CL = 30 pF, 

Bus Terminal ns 

tpHL 
Propagation delay time, See Figure 2 

7 14 
high-to-Iow-Ievel output 

tpZH Output enable time to high level BUS 30 

tpHZ Output disable time from high level 
TE or DC 

(ATTN, EOI, CL = 15 pF, 20 
ns 

tpZL Output enable time to low level REN,IFC, See Figure 3 45 

tpLZ Output disable time from low level and DAV) 20 

tPZH Output enable time to high level 20 

tpHZ Output disable time from high level 
TE or DC 

CL = 15 pF, 25 

Output enable time to low level 
Terminal 

See Figure 4 30 
ns 

tpZL 

tpLZ Output disable time from low level 25 

t All typical values are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

5V 

200n 

FROM (BUS) 
OUTPUT UNDER-4 ...... ---... ~ ... -TEST POINT 
TEST 

INPUT 

BUS 
OUTPUT 

CL = 30 pF 480 n l' (See Note A) = 

LOAD CIRCUIT 

r_-----_-----3V 

1.SV 1.5 V 

(See Note B) ----0 V 

tPHL-1f-+l 
-I---VOH 

2_2 V 

VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL-TO-BUS 
PROPAGATION DELAY TIMES 

VOH 

NOTES: A. CL includes probe and jig capacitance. 

4_3 V 

240 n 

FROM (TERMINAL) 
OUTPUT UNDER 
TEST 

--__ ~---~-... -TESTPOINT 

CL = 30 pF l' (See Note A) 

LOAD CIRCUIT 

3kn 

BUS 
INPUT 

. -¥'_SV \-1 ;.: - -'OVV 

J, . (See Note B) • 

TERMINAL 
OUTPUT 

tPLH-f4+/ tPHL--1f--+! 
I,.....-----....,.,,.---VOH 

1.S V 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 

VOL 

B. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :5 6 ns, 
tf :56 ns, Zout = 50 n. 
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SN75ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

S1 
G-5V 

FROM (BUS) 
200n 

OUTPUT UNDER-...... ----1It--.--TEST POINT 
TEST 

480n 

LOAD CIRCUIT 

III CONTR~L- '*':5~------ ',*~5:- -- 3V 

INPUT I' (See Note B) __ J ~ _______ JI\-____ OV 

tPZH-+I..- tPHZ....! l+-e BUS 1 I -90%- - - VOH 
~ OUTPUT 1 I 2 V I 
CD S1 OPEN 1 I 0 v 
C tpZL~ tPLZ~ 

~'BUS ,\l y.:-I ... 3.5 v 
~ OUTPUT 1.0 V I 0.5 V 
~ S1 CLOSED - - - VOL 

~ VOLTAGE WAVEFORMS 

(') 
CD 

<' 
CD ... 
en 

FIGURE 3. BUS ENABLE AND 
DISABLE TIMES 

NOTES: A. Cl includes probe and jig capacitance. 

S1 
0--4.3 V 

FROM (TERMINAL) 
240 n 

OUTPUT 
UNDER TEST 

~.--.... --tl...- TEST POINT 

CL = 15 pF 3 kn J (See Not~ A) 

LOAD CIRCUIT 

--, r--------"'\ r----- 3V 
CONTROL \'1.5 V ~1.5 V 
INPUT i\ (See Note B) Ii' __ J 1,- _____ ___ J 1'------ OV 

tpZH-+! r-- tpHZ.... r--
TERMINAL I 1 -90% --- VOH 
OUTPUT I I I 1.5V I 

tPZL...j t-- tPLZ--! 

TERMINAL I 
OUTPUT 1.0V 

S1 CLOSED 

VOLTAGE WAVEFORMS 

FIGURE 4. TERMINAL ENABLE 
AND DISABLE TIMES 

OV 

B. The input pulse is supplied by a generator having the following characteristics: PRR :$ 1 MHz, 50% duty cycle, tr :$ 6 ns, 

tf :$6 ns, Zout = 50 n. 
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ADVANCE 
INFORMATION 

SN75ALS161 
OCTAL. GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH·LEVEL OUTPUT VOLTAGE TERMINAL LOW·LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW·LEVEL OUTPUT CUR RENT 
4.0 

> 3.5 
I 

III 
01 

!9 3.0 
-0 
> ... 2.5 ::I 

So 
::I 
0 2.0 
Cii 
> 
III 

1.5 ..J 
J:. 
01 

l: 1.0 I 
J: 
0 0.5 > 

.I. I 
VCC = 5 V 

............ TA = 25°C-

r\. 

" I\. '\ 
"\ 

'" " 'r\. 

0.6 

=t 0.5 
III 
01 

!9 
-0 
> 0.4 .. 
::I 

So 
::I 
0 0.3 
Cii 
> 
III 

..J 

~ 0.2 
0 

..J 
I 
..J 
0 0.1 
> 

o 

VCC =5 V 

/' 
V 

TA = 25°C 

V 
/ 
V 

/ 
V 

V 

o -5 -10 -15 -20 -25 -30 -35 -40 10 20 30 40 50 60 

IOH-High-Level Output Current-rnA IOL -Low·Level Output Current-rnA 

FIGURE 5 FIGURE 6 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 
4.0 

VCC = 5 V 

3.5 No load 
TA = 25°C 

> 3.0 
I 

III 
01 2.5 !9 
-0 
> 2.0 ... 
::I 

So VT- VT+ 
::I 1.5 0 
I 
0 
> 1.0 

0.5 

o 
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VI-Input Voltage-V 

FIGURE 7 
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SN75ALS161 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 

> 
I 

Gl 

4 

BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VCC
I

= 5 V 
TA = 25°C 

~ 

K 
~ 3 
'0 
> 

> 
~ 
~ 
'0 
> ... 
:l e-
:l 
0 
I 
0 
> 

f\. 

"'\ 
2 

~ 
'\ 

o K 
o -10 -20 -40 - 30 -50 -60 

IOH-High-Level Output Current-rnA 

FIGURE 8 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 
4'--.---.--~--'--'r-~--~-' 

VC~ = 5 V 
No load 
TA = 25°C 

Ok-~--~--~--~~--~--~~ 

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 
VI-Input Voltage-V 

FIGURE 10 

0.6 

> 
I 0_5 

Gl 

~ 
'0 
> 0.4 ... 
:l e-
:l 
0 0.3 
Qj 
> 
Gl 

...J 

~ 0.2 
0 

...J 
I 
...J 

0.1 0 
> 

o 
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<C 
E 0 
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c: -1 ~ 
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-2 u 
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-k 
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-6 

, BUS-LOW LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VCC =5 V 
V TA = 25°C 

/ 

L 
/ 

V 
/' 

L 
VV 

V 

o 10 20 30 40 50 60 70 80 90 100 
IOL - Low-Level Output Current-rnA 

FIGURE 9 

BUS CURRENT 
vs 

BUS VOLTAGE 

-1 0 2 3 4 5 6 
VI/O(bus)-Bus Voltage-V 

FIGURE 11 
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ADVANCE 
INFORMATION 

SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

D2618, JUNE 1986 

MEETS IEEE STANDARD 488·1978 (GPIB) 

• 8-Channel Bidirectional Transceiver 

• Designed to Implement Control Bus 
Interface 

• Designed for Multicontrollers 

• High-Speed Advanced Low-Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel 

• Fast Propagation Times ... 20 ns Max 

o High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Bus-Terminating Resistors Provided on 
Driver Outputs 

• No Loading of Bus When Device is Powered 
Down (VCC -= 0) 

• Power-Up/Power-Down Protection 
(Glitch· Free) 

description 

The SN75ALS 162 eight·channel general· 
purpose interface bus transceiver is a monolithic, 
high·speed, Advanced Low-Power Schottky 
process device designed to provide the bus­
management and data-transfer signals between 
operating units of a multiple-controller 
instrumentation system. When combined with 
the SN75ALS160 octal bus' transceiver, the 
SN75ALS162 provides the complete 16-wire 
interface for the IEEE 488 bus. 

The SN75ALS 162 features eight driver-receiver 
pairs connected in a front-to-back configuration 

OW PACKAGE 

(TOP VIEW) 

SC VCC 
TE NC 

REN REN 

IFC IFC 

GPIB NDAC NDAC 

I/O 
NRFD NRFD TERMINAL 

PORTS 
DAV DAV I/O PORTS 

EOI EOI 

ATN ATN 

SRO SRO 

NC NC 
GND DC 

N DUAL-IN-L1NE PACKAGE 
(TOP VIEW) 

SC VCC 
TE NC 

REN REN 

IFC IFC 
NDAC NDAC 

GPIB 
NRFD NRFD TERMINAL 

I/O 
DAV DAV I/O PORTS 

PORTS 
EOI EOI 

ATN ATN 

SRO SRO 

GND DC 

NC-No internal connection. 

to form input/output (I/O) ports at both the bus and terminal sides. The direction of data through these 
driver-receiver pairs is determined by the DC, TE, and SC enable signals. The SC input allows the REN 
and IFC transceivers to be controlled independently. 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when VCC = O. The drivers are designed to handle loads up to 48 milliamperes 
of sink current. Each receiver features p-n-p transistor inputs for high input impedance and a guaranteed 
hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 3-state outputs to 
present a high impedance to the terminal when disabled. 

The SN75ALS 162 is manufactured in a 22-pin dual-in-line N package and in 24-pin OW package, and is 
characterized for. operation from OOC to 70°C. 

ADVANCE INFORMATION documents contain Copyright © 1986, Texas Instruments Incorporated 
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SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

CHANNEL IDENTIFICATION TABLE 

NAME IDENTITY CLASS 

DC Direction Control 

TE Talk Enable Control 

SC System Control 

ATN Attention 

SRO Service Request Bus 

REN Remote Enable Management 

IFC Interface Clear 

EOI End or Identify 

DAV Data Valid 

NDAC 
Data 

Not Data Accepted 
Transfer 

NRFD Not Ready for Data 

ADVANCE 
INFORMATION 

11:1 logic symbol! logic diagram (positive logic) 

» c 
< » z 
o 
m -Z 
"TI 
o 
::a 
3: » 
~ 
o 
2 

DC (13) (12) 

TE (2) (2) 

SC (1) (1) 

EN1/G4 
EN2/GS 

EN3 

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

V Designates 3-state outputs. 
~ Designates passive-pull up outputs. 

[ I Denotes pin numbers for DW package. 
( ) Denotes pin numbers for N package. 

TE 

(17) 

EOI~11_S~) __ ~~ __ ~~ 

(15) 
. SRO~I~13~) __ ~~ __ -1~ 

(22) 
R EN _12_0_) __ +-+ ______ -1 

(9) 

>-........ ____ +-19_) ATN 

[S) 
IS) 

>------+-- EOI 

(10) 
(10) 

>-------- SRO 

[31 

>-__ ----13-) REN 

(21) (4) 

I FC ~11_9.:...) __ ~ ___ --+~ .:>>---<.--___ 14_) I FC 

[1S) 
DAV _1_16_)_-+ ____ -1 

(20) 
NDAC~I_1S_)_-+ _____ _I 

(19) 
(17) 

NRFD ----+---....... -i 

(7) 

>-__ ---17-) DAV 

(5) 

>-__ ----.;...15-) NDAC 

(6) 
161 

>------- NRFD 
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ADVANCE 
INFORMATION 

SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

RECEIVE/TRANSMIT FUNCTION TABLE 

H = high level, L ~ low level, R ~ receive, T ~ transmit, X ~ irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the II 
terminal side. Data transfer is noninverting in both directions. • 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 

schematics of inputs and outputs 

EOUIVALENT OF ALL 
CONTROL INPUTS 

vcc---_---

INPUT 

9kfl 
NOM 

GND-+ ____ ----~ 

TYPICAL OF SRO, NDAC, and NRFD 
GPIB I/O PORT 

-+------rr.------~'rl----~~----~-VCC 
1.7 k!l I 10 k!l 
NOM I NOM 

~--~~,.--~~~--~---------GND 

INPUT/OUTPUT 
PORT 

Circuit inside dashed lines is on the driver outputs only. 

TYPICAL OF ALL I/O PORTS 
EXCEPT SRO, NDAC. and NRFD GPIB I/O PORTS 

---~--~-~~~--~~~---4-------GND 

INPUT/OUTPUT 
PORT 

Driver output Req ~ 30 n NOM 
Receiver output Req ~ 110 n NOM 
Circuit inside dashed lines is on the driver outputs only. 
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SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

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

Supply voltage, Vee (see Note 1) ............................................... 7 V 
Input voltage ........................................................ ' ... :. 5.5 V 
Low-level driver output current .............................................. 100 mA 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 2): 

DW package ...................................................... , 1350 mW 
N package ........................................................ 1700 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65°e to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: OW or N package. . . . .. 260o~ 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°e free-air temperature, derate the OW package to 864 mW at 70 0 e at the rate of 10.8 mw/oe, and 

derate the N package to 1088 mW at 70 0 e at the rate of 13.6 mw/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-Ievel.input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Bus ports with 3-state outputs -5.2 mA 
High-level output current, IOH 

Terminal ports -800 p.A 

Bus ports 48 
Low-level output current, IOL mA 

Terminal ports 16 

Operating free-air temperature, T A 0 70 °e 
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ADVANCE 
INFORMATION 

SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

electrical characteristics over recommended ranges of supply voltage and operating free·air temperature 
(unless otherwise noted) 

PARAMETER 

VIK Input clamp voltage 

Vhys Hysteresis (VT + - VT-) Bus 

VOHt 
High-level Terminal 

output voltage Bus 

low-level Terminal 
VOL 

output voltage Bus 

II 
Input current at 

maximum input voltage 
Terminal 

High-level Terminal 
IIH input current and 

low-level control 
III 

input current inputs 

VI/O(bus) Voltage at bus port 

II/O(bus) Current into bus port Power on 

Power off 

. Short·circuit Terminal 
lOS 

output current Bus 

ICC Supply current 

Ci/o(bus) Bus-port capacitance 

t All typical values are at VCC = 5 V, T A = 25°C. 
t VOH applies for three-state outputs only. 

TEST CONDITIONS 

II = -18 mA 

10H = -800 fJ.A 

10H = -5.2 mA 

10l = 16 mA 

10l = 48 mA 

VI = 5.5 V 

VI = 2.7 V 

VI = 0.5 V 

II(bus) = 0 
Driver disabled 

Il(bus) = -12 mA 

VI (bus) = -1.5 V to 0.4 V 

Vl(bus) = 0.4 V to 2.5 V 

Driver disabled 
VI(bus) = 2.5 V to 3.7 V 

VI(bus) = 3.7 V to 5 V 

Vllbusl = 5 V to 5.5 V 

VCC = 0, Vl(bus) = 0 V to 2.5 V 

No load, TE, DC, and SC low 

VCC = 5 V to 0 V, 

VI/O = 0 to 2 V, f = 1 MHz 

MIN Typt MAX UNIT 

-0.8 -1.5 V 

0.4 0.65 V 

2.7 3.5 

2.5 3.3 
V 

0.3 0.5 
V 

0.35 0.5 

0.2 100 fJ.A 

0.1 20 ~ 

-10 -100 fJ.A 

2.5 3.0 3.7 

-1.5 
V 

-1.3 

0 - 3.2 

+ 2.5 

-3.2 rnA 

0 2.5 

0.7 2.5 

-40 fJ.A 
-15 -35 -75 

-25 -50 -125 
mA 

55 75 mA 

30 pF 
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SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vee ... 5 V 

PARAMETER FROM TO 
TEST 

CONDITIONS 
MIN Typt MAX UNIT 

tpLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Terminal Bus 
CL = 30 pF, ns 

tpHL 
Propagation delay time, See Figure 1 

12 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time, 

5 10 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF, 

ns 

tpHL 
Propagation delay time, See ~igure 2 

7 14 
high-to-Iow-Ievel output 

tpZH Output enable time to high level BUS 30 
TE, DC, 

tpHZ Output disable time from high level (ATTN, EOI, CL = 15 pF, 20 

Output enable time to low level 
or 

REN,IFC, See Figure 3 45 
ns 

tpZL 

Output disable time from low level 
SC 

and DAV) 20 tpLZ 

tpZH Output enable time to high level 20 

Output disable time from high level 
TE, DC, 

CL = 15 pF, 25 tpHZ 
or Terminal ns 

tpZL Output enable time to low level See Figure 4 30 
SC 

tpLZ Output disable time from low level 25 

t All typical values are at T A = 25 cC. 

PARAMETER MEASUREMENT INFORMATION 

SV 

200n 

FROM (BUS) 
OUTPUT UNDER---4I.------4It---4I--TEST POINT 
TEST 

INPUT 

BUS 
OUTPUT 

CL = 30 pF 480 n l' (See Note A) '::' 

LOAD CI RCUIT 

,..------""-----3V 

1_S V 1.S V 

----0 V 

tPHL~ 
-,---VOH 

2.2V 

VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL· TO-BUS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

4.3V 

240 n 

FROM {TERMINAL) 
OUTPUT UNDER 
TEST 

-----e~--------~--~-TESTPOINT 

CL = 30'pF l' (See Note A) 

LOAD CIRCUIT 

3kn 

BUS 
INPUT .L..SV ~I ~~ - -'oVv ---1'i . (See Note B) ~ 

TERMINAL 
OUTPUT 

tPLH-i4+! tPHL-H 

I ,..------.....,.:-t - -- VOH 

1.5 V 1.SV 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 

B. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :56 ns, 
tf :56 ns, Zout = SO O. 
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ADVANCE 
INFORMATION 

SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

FROM (BUS) 
200n 

OUTPUT UNDER--1 __ - .... -~~ TEST POINT 
TEST 

CL = 15 pF J (See Note A) 

LOAD CIRCUIT 

480n 

--, r-------, ,-----3V 
CONTROL ~1.5V V 1•5V 
INPUT '1'. (See Note B) '1' __ J '- _______ J '-----OV 

'tPZH-.I ~ tPHZ-+I t--
BUS I I - - - - - VOH 
OOD~ I I f ~ 
S1 OPEN f 2 V f 0 V 

tpZL~ tPLZ~ 
BUS I y.:-II "'3.5 V 
OUTPUT \!1.0 V ' 
S1 CLOSED"\. 0.5 V 

'-------- - - - VOL 

VOLTAGE WAVEFORMS 

FIGURE 3. BUS ENABLE AND 
DISABLE TIMES 

NOTES: A. CL includes probe and jig capacitance. 

S1 
0---4.3 V 

FROM (TERMINAL) 
240n 

OUTPUT 
UNDER TEST 

~.--... -~~ TEST POINT 

CL = 15 pF J (See Note A) 

LOAD CIRCUIT 

3kn 

--, ,--------"'\ r----- 3V 
CONTROL V1•5V ~1.5V 
INPUT i!\ (See Note B) Ii' 

__ J f '- ___ _____ J 1'------ OV 

tpZH--! r-- tPHZ-+f r+-
TERMINAL f I ------ VOH 
OUTPUT f I 90% 

I I 
WZL~ I'- tpLZ--! 

TERMINAL 
OUTPUT 
S1CLOSED 

I 
1.0 V 

VOLTAGE WAVEFORMS 

FIGURE 4. TERMINAL ENABLE 
AND DISABLE TIMES 

OV 

"'4V 

B. The input pulse is supplied by a generator having the following characteristics: PRR :s; 1 MHz, 50% duty cycle, tr :s;6 ns, 
tf :s6 ns, Zout = 50 O. 
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SN75ALS162 ADVANCE 
INFORMATION .OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
4.0 

=t 3.5 
Q) 
CI 

3.0 :l 
'0 
> ... 2.5 :::l 

S-
:::l 

0 2.0 
Gi 
> 
Q) 

1.5 ..J 
.i= 
CI 

:i: 1.0 
I 
:I: 
0 0.5 > 

JCC =15 V , TA = 25°C-

I\. 
'\ 
~ 

'\ 

'" '" ~ 
'f\. 

0.6 

> 
~ 0.5 

3' 
"0 
> 0.4 ... 
:::l 

S-::s 
0 0.3 
Gi 
1:; 

..J 

~ 0.2 
0 

..J 
I 
..J 
0 0.1 
> 

o 

VCC = 5 V 

/ 
V 

TA = 25°C 

V 
/ 
V 

r----

V 
/ 

V I 

o -5 -10 -15 -20 -25 -30 -35 -40 10 20 30 40 50 60 
IOH-High-Level Output Current-rnA IOL -Low-Level Output Current-rnA 

FIGURE 5 FIGURE 6 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 
4.0 

VCC = 5 V 

3.5 No load 
TA = 25°C 

> 3.0 
I 

Q) 

3' 2.5 
'0 
> 2.0 ... 
:::l 

S- VT- VT+ 
:::l 1.5 0 I 

I 
0 
> 1.0 

0.5 

o 
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VI-Input Voltage-V 

FIGURE 7 
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ADVANCE 
INFORMATION 

SN75ALS162 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 
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TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL"OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

4 
Vcc

l

= 5 V 
TA = 25°C 

3 

2 

~ 

"" "-'" ~ 
o ~"" 
o -10 -20 -40 - 30 -50 -60 

IOH-High-Level Output Current-rnA 

FIGURE 8 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 
4~~--~--~--~--~~--~~ 

VC~ = 5 V 
No load 
TA = 25°C 

O~~--~--~--~~~~--~~ 

0.9 1.0 1_1 1.2 1.3 1.4 1.5 1.6 1.7 
VI-Input Voltage-V 

FIGURE 10 
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BUS-LOW LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
0.6 

0.5 

0.4 

0.3 

0.2 

Vcc = 5 V 

V TA = 25°C 
L 

/ 
/v 

LV 
V 

V 
v. 

/ 

V 
0.1 

o 
o 10 20 30 40 50 60 70 80 90 100 

IOl - Low-Level Output Current-rnA 

FIGURE 9 

BUS CURRENT 
vs 

BUS VOLTAGE 

2 

0 

-1 

-2 

-3 

-4 

-5 ,AREA CONFORMS TO 

-6 'PARAGRAPH 3.5.3 OF 

-7 
"-IEEE STANDARD 488-197~ 

-2 -1 0 2 3 4 5 6 
VI/O(bus)-Bus Voltage-V 

FIGURE 11 
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ADVANCE 
INFORMATION 

SN75ALS163 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

• 8·Channel Bidirectional Transceivers 

• High·Speed Advanced Low-Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel 

• Fast Propagation Times ... 20 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• Open-Collector Driver Output Option 

• No Loading of Bus When Device is Powered 
Down (VCC ... OI 

• Power-Up/Power-Down Protection (Glitch­
Freel 

description 

The SN7 5ALS 163 octal general-purpose 
interface bus transceiver is a monolithic, high­
speed, Advanced Low-Power Schottky device. 
It is designed for two-way data communications 
over single-ended transmission lines. The 
transceiver features driver outputs that can be 
operated in either the open-collector or three­
state mode. If Talk Enable (TEl is high, these 
outputs have the characteristics of open­
collector outputs when Pullup Enable (PEl is low 
and of three-state outputs when PE is high. 
Taking TE low places the outputs in the 
high-impedance state. The driver outputs are 
designed to handle loads of up to 
48 milliamperes of sink current. Each receiver 
features p-n-p transistor inputs for high input 
impedance and 400 millivolts minimum of 
guaranteed hysteresis for increased noise 
immunity. 

. Output glitches during power-up and power­
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The 
outputs do not load the bus when Vee = O. 

The SN75ALS 163 is characterized for operation 
from ODe to 70 De 

02611. JUNE 1986 

OW, J. OR N PACKAGE 

(TOP VIEW) 

TE Vee 
81 D1 
82 D2 
83 D3 

GPI8 84 D4 TERMINAL 
I/O PORTS 85 D5 I/O PORTS 

86 D6 
87 D7 
88 D8 

GND PE 

FUNCTION TABLES 

EACH ORIVER EACH RECEIVER 

INPUTS OUTPUT INPUTS OUTPUT 

0 TE PE B B TE PE 0 

H H H H L L X L 

L H X L H L X H 

H X L Z X H X Z 

X L X Z 

H = high level. L = low level. X = irrelevant, Z = High-impedance 
state. 

Copyright © 1986. Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new products in the samplinp or 
preproduction phase of development Characteristic 
ilata and other specifications aro subject to change 
without notice. 
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SN75ALS163 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

logic symbol t 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

logic diagram (positive logic) 

TE 

01 ------r.~ >----~ 

02 (18) 

03 (17) 

04 (16) 

TERMINAL 

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

05 (15) 
BUS 

'V Designates 3-state outputs. 
~ Designates open-collector outputs. 

schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS 

VCC--------.----------

9 kn NOM 

INPUT 

GNO ---<~---~----...... --

06 (14) 

86 
(13) 

07 ------l-+~ ~-----, 

08 (12) 

EQUIVALENT OF ALL INPUT/OUTPUT PORTS 

--~------.------------------.--------.--VCC 

Req 10kn NOM 

------~--._--~~~---4-----.-----------GNO 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 n NOM 

Receiver output Req = lIon NOM 
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ADVANCE 
INFORMATION 

SN75ALS163 
OCTAL GENERAL"PURPOSE INTERFACE BUS TRANSCEIVER 

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 
Low-level driver output current ............................................. , 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

OW package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package. . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package. . . . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °e free-air temperature, derate the DW package to 720 mW at 70 °e at the rate of 9.0 mW/ °e, derate 

the J package to 880 mW at 70 0 e at the rate of 11.0 mw/oe, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mw/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Bus ports with pullups active -10 mA 
High-level output current, IOH 

Terminal ports -800 p.A 

Bus ports 48 
Low-level output current, IOL mA 

Terminal ports 16 

Operating free-air temperature range, T A 0 70 °e 
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SN'7 5ALS 163 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -18 mA -0.8 -1.5 V 

Vhys Hysteresis (VT + - VT_lt Bus 0.4 0.65 V 

High level Terminal 10H = - 800 p.A, TE at 0.8 V 2.7 3.5 
VOH V 

output voltage Bus 10H = -10 mA, PE and TE at 2 V 2.5 3.3 

Low-level Terminal 10L = 16 mA, TE at 0.8 V 0.3 0.5 
VOL V 

output voltage Bus 10L = 48 mA, PE and TE at 2 V 0.35 0.5 

10H 
High-level output current 

(open-collector model 
Bus 

Vo - 5.5 V, PE at 0.8 V, 

D and TE at 2 V 
100 p.A 

Off-state output current PE at 2 V, I Vo = 2.7 V 20 
10Z Bus 

IVo 
p.A 

(3-state model TE at 0.8 V = 0.5 V -100 

II 
Input current at 

maximum input voltage 
Terminal VI = 5.5 V 0.2 100 p.A 

High-level Terminal 
IIH VI = 2.7 V 0.1 20 p.A 

input current PE or TE 

Low-level Terminal 
IlL VI = 0.5 V -10 -100 p.A 

input current PE or TE 

Short-circuit Terminal -15 -35 -75 
lOS mA 

output current Bus -25 -50 -125 

I Terminal outputs low and enabled 42 56 
ICC Supply current 

No load I Bus outputs low and enabled 
mA 

52 70 

Ci/o(busl Bus-port capacitance 
VCC = 5 V or 0 V, VI/O = 0 to 2 V, 

f = 1 MHz 
30 pF 

t All typical values are at VCC = 5 V, T A = 25°C. 
t Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, VT _ . 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vee = 5 V 

PARAMETER FROM TO TEST CONDITIONS MIN Typt MAX UNIT 

tpLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Terminal Bus 
CL = 30 pF, 

ns 

tpHL 
Propagation delay time, See Figure 1 

12 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time, 

5 10 
low-to-high-Ievel output CL = 30 pF, 

Bus Terminal ns 

tpHL 
Propagation delay time, See Figure 2 

7 14 
high~to-Iow-Ievel output 

tpZH Output enable time to high level 11 20 

tpHZ Output disable time from high level CL = 15 pF, 3 10 
TE Bus ns 

tpZL Output enable time to low level See Figure 3 18 35 

tpLZ Output disable time from low level 5 20 

tpZH Output enable time to high level 5 20 

tpHZ Output disable time from high level CL = 15 pF, 8 20 
TE Terminal ns 

tpZL Output enable time to low level See Figure 4 9 20 

tpLZ Output disable time from low level 8 20 

ten Output pull-up enable time CL = 15 pF, 3 10 
PE Bus ns 

tdis Output pull-up disable time See Figure 5 4 12 

2 tAli typical values are at T A = 25°C. 
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ADVANCE 
INFORMATION 

3V 

SN75ALS163 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

200n 

480n 

D'''", f.'v X'~ ---,v 
~~_. ~·------ov 
tpLH~ tpHL~ 

!
�,------~II-- -VOH 

B OUTPUT 2.2 V 

• 1.0V 
V OH 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL·TO·BUS PROPAGATION DELAY TIMES 

"N'U' f .. v \.~ - - -, V 
-J:' I' OV 

tpLH~ tpHL~ I ,.-_______ .J- --V 

I I OH 

o OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. BUS·TO·TERMINAL PROPAGATION DELAY TIMES 

52 

480n 

'tEST CIRCUIT 

~.v \,~--n,v 

tpZH---t..- tpHZ-.I 0 v 
BOUTPUTI : -------+....:-
51 to 3V I 
52 OPEN I 

BOUTPUT 
51 to GND 

52 CL05ED 

1.0V 

VOLTAGE WAVEFORMS 

O.BV 

3.5 V 

FIGURE 3. TE·TO·BUS ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :s 1 MHz, 50% duty cycle, tr :S 6 ns, 
tf :S 6 ns, Zout = 50 n. 

B. CL includes pr~be and jig capacitance. 
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SN75ALS163 
OCTAL GENERAL"PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

\._ 3V 

TE INPUT7''''1.5_V ______ ..Jts: n __ 0 V 

tpZH~ r: tpHZ--t ,.-

D OUTPUT I I -90% - - -VOH 

S1 to3V I 1.5V 

S2 OPEN I 

tpZL--i 

DOUTPUT 
S1 toGND 

S2 CLOSED 

VOLTAGE WAVEFORMS 

OV 

4V 

FIGURE 4. TE·TO·TERMINAL ENABLE AND DISABLE TIMES 

>-..... ..;.;;..-.-----< ..... -OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. PE·TO·BUS PULLUP ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, tr S 6 ns, 

tf S 6 ns, Zout = 50 n. :t> B. CL includes probe and jig capacitance. 
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ADVAN,CE 
INFORMATION 

SN75ALS163 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
4.0 

> 3.5 
I 

Q) 
CI 

!3 3.0 
"0 
> ... 2.5 :l e 
:l 
0 2.0 
"ii 
> 
Q) 

..J 1.5 
1= 
CI 

i 1.0 I 
::J: 
0 
> 0.5 

1 ,I, 
VCC = 5 V 

.......... TA = 25°C-

"-
'\~ 

'\ 
'\ 

'" " "'1\. 

0.6 

> 
0.5 I 

Ql 

E 
"0 
> 0.4 ... 
:l e 
:l 

0.3 0 
"ii 
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Ql 

..J 

~ 0.2 
0 

..J 
I 
..J 
0 0.1 
> 

o 
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.I. .I. L 
V 

VCC = 5 V 
~TA=25°C 

V 
/ 
V 

L 
:/ 

V 

o 
o 20 40 10 30 50 60 

IOH-High-Level Output Current-rnA IOL -Low-Level Output Current-rnA 

FIGURE 6 FIGURE 7 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 
4.0 

VCC = 5 V 

3.5 No load 
TA = 25°C 

> 3.0 
I 

Ql 
CI 2.5 !3 
"0 
> 2.0 ... 
:l e 
:l 1.5 0 
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1 

I 
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i VT- VT+ 

I 
0 
> 1.0 

I 
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VI-Input Voltage-V 

FIGURE 8 
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SN75ALS163 ADVANCE 
INFORMATION OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

4 

o 

TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 

I 
VCC = S V 

0.6 

> 
Vclc = 5 V 

;/ TA = 2SOC 

~ 
TA = 2SoC I O.S 

CI> 
C> 

~ 

./ 

V 

o 

"'" ~ '" '" '~ 
"0 
> 0.4 ... 
::I e-
::I 
0 0.3 
"'ii 
> 
CI> 

..oJ 

3: 0.2 
0 

..oJ 
I 

..oJ 
0 0.1 > 

./ 

/v ./ 

/' 
VV 

/ 

o 
-10 -20 -30 -40 -SO -60 

IOH-High·Level Output Current-rnA 

o 10 20 30 40 SO 60 70 80 90.100 

FIGURE 9 

IOL -Low-Level Output Current-rnA 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 
4'--'1---r-1-.---r--~--~~--~ 

VCC = S V 
No load 
TA = 2SOC 

FIGURE 10 
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ADVANCE 
INFORMATION 

SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

• 8-Channel Bidirectional Transceiver 

• Designed to Implement Control Bus 
Interface 

• Designed for Multicontrollers 

• High-Speed Advanced Low-Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel 

• Fast Propagation Times ... 20 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hyster~sis ... 650 mV Typ 

o Bus-Terminating Resistors Provided on 

Driver Outputs 

• No Loading of Bus When Device is Powered 

Down (VCC = 0) 

• Power-Up/Power-Down Protection 
(Glitch-Free) 

description 

The SN75ALS 164 eight-channel general­
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed to meet the requirements of 
IEEE Standard 488-1978. Each transceiver is 
designed to provide the bus-management and 
data-transfer signals between operating units of 
a multiple-controller instrumentation system. 
When combined with the SN75ALS160 octal 
bus transceiver, the SN75ALS164 provides the 
complete 16-wire interface for the IEEE 488 bus. 

The SN7 5ALS 164 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (110) ports at both the bus 
and terminal sides. All outputs are disabled (at 
a high-impedance state) during VCC power-up 
and power-down transitions for glitch-free 
operation. The direction of data flow through 
these driver-receiver pairs is determined by the 
DC, TE, and SC enable signals. The 
SN75ALS164 is identical to the SN75ALS162 
with the addition of an OR gate to help simplify 
board layouts in several popular applications. 
The ATN and EOI signals are ORed to pin 21, 
which is a standard totem-pole output. 

GPIB 

liD 

PORTS 

GPIB 

liD 

PORTS 

02908, JUNE 1986 

OW PACKAGE 

(TOP VIEWI 

SC VCC 
TE ATN + EOI 

REN REN 

IFC IFC 

NDAC NDAC 

NRFD NRFD 

DAV DAV 

EOI EOI 

ATN ATN 

SRO SRO 

NC NC 

GND DC '-1... __ ;.;-' 

N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

SC 

TE 

REN 

IFC 

NDAC 

NRFD 

DAV 

EOI 

ATN 

SRO 

GND 

VCC 
ATN + EOI 

REN 

IFC 

NDAC 

NRFD 

DAV 

EOI 

ATN 

SRO 

DC 

TERMINAL 

liD PORTS 

TERMINAL 

liD PORTS 

NC-No internal connection. 

CHANNEL IDENTIFICATION TABLE 

NAME IDENTITY CLASS 

DC Direction Control 
TE Talk Enable Control 
SC System Control 

ATN Attention 
SRQ Service Request Bus 
REN Remote Enable Management 
IFC Interface Clear 
EOI End or Identify 

ATN+EOI A TN logical OR EOI Logic 

DAV Data Valid 
Data 

NDAC Not Data Accepted Transfer 
NRFD Not Ready for Data 

Copyright © 1986, Texas Instruments Incorporated 
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SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vee is O. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 
and a guaranteed hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 
3-state outputs to present a high impedance to the terminal when disabled. 

The SN75ALS 164 is manufactured in a 22-pin dual-in-line N package and in 24-pin DW package, and is 
characterized for operation from ooe to 70oe. 

logic symbol t 

DC [131(12) EN1/G4 

TE (2) (2) EN2/G5 

sc (1)(1) 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 
VDesignates 3-state outputs. 
~ Designates passive-pullup outputs. 

[ I Denotes pin numbers for DW package. 
( ) Denotes pin numbers for N package. 

logic diagram (positive logic) 

(9) 

~~~r+-r~~~ ~-. ____ ~~(9~)ATN 

(17) 

EOI (15) 

(15) 
SRQ~(1~3~) __ ~+-~ __ ~~ 

(23) 
>-___ --+-=(.::.2.:..:.1) ATN+EOI 

(8) 

~-. ___ ~~(8:..:.) EOI 

(10) 
>-...... ___ ---:..( 1.:...;0,,-) SR a 

(22) (3) 

REN~(2~0~)--~+-----~~ ~ ____ ---~(3:":')REN 

(21) 

IFC (19) 
[4] 

~ ...... ___ ....;.(...;..41 IFC 

[18] (7) 

DAV~(1~6~1----+-----~~ ~ ____ ----~(7~)DAV 

(20) [5] 
NDAC~(1~8~) ____ +-____ ~~ ~ ________ ~(5:":')NDAC 

(19) 

NRFD~(1:..:.7~)----+-____ ~~ 
(6) 

~-.------~(6~)NRFD 
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ADVANCE 
INFORMATION 

SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

RECEIVE/TRANSMIT FUNCTION TABLE 

H = high level. L = low level. R = receive. T = transmit. X = irrelevant 
Direction of data transmission is from the terminal side to the bus side. and the direction of data receiving is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states. the ATN channel functions as an independent transceiver only. 

ATN + EOI FUNCTION TABLE 

INPUTS OUTPUT 

ATN EOI ATN+EOI 

H X H 
X H H 
L L L 

II 
rn ... 
Q) 

> 
'CD 
CJ 
Q) 

a: -rn ... 
Q) 

> 
'i: 
C 
Q) 

c: 
:.:::i 

2: 
o 
i= 
<t 
:E 
a: 
o 
LL 
2: -
w 
U 
2: 
<t 
> c 
<t 

TEXAS ~ 
INSTRUMENTS 

4-463 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

schematics of inputs and outputs 

EQUIVALENT OF ALL 
CONTROL INPUTS 

vcc --------1~-----

INPUT 

9k!! 
NOM 

GND _--~I----_-

TYPICAL OF SRQ, NOAC, and NRFO 
GPIB I/O PORT 

~----~r~-_----.,~----~----~~vcc 
1,7 k!! 
NOM 

10 kll 
NOM 

~--~~L~_~_-_-_~~--~~-------GND 

III INPUT/OUTPUT 

~ ~ 

Circuit inside dashed lines is on GPIB 1/0 ports only. 
t---------t----------t 
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TYPICAL OF ALL I/O PORTS 
EXCEPT SRQ, NOAC, and NRFO GPIB I/O PORTS 

----~~~--~_7+---~~I----+--------GND 

INPUT/OUTPUT 
PORT 

Driver output Req = 30 n NOM 
Receiver output Req = 110 n NOM 
Circuit inside dashed lines is on GPIB 1/0 ports only. 

ATN+EOIOUTPUT 

---<~--------<~vcc 

OUTPUT 

------~I------~GND 

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 
Low-level driver output current ........... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

DW package ..................................................... '. 1350 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1700 mW 

Operating free-air temperature range ............. '. . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 10 seconds: DW or N package .... 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the OW package to 864 mW at 70°C at the rate of 10.8 mW/oC, 

and derate the N package to 1088 mW at 70°C at the rate of 13.6 mW/oC. 
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ADVANCE 
INFORMATION 

SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

recommended operating conditions 

MIN NOM MAX UNIT 
Supply voltage, Vee 4.75 5 5.25 V 
High·level input voltage, VIH 2 V 
Low· level input voltage, VIL 0.8 V 

Bus ports with 3-state outputs -5.2 rnA 
High-level output current, 10H Terminal ports -800 

ATN+EOI -400 
p.A 

Bus ports 48 

Low-level output current, 10L Terminal ports 16 rnA 

ATN+EOI 4 
Operating free·air temperature, T A 0 70 °e 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER 

VIK Input clamp voltage 

Vhys Hysteresis (VT + - VT _) Bus 

Terminal 

VOH l High-level output voltage Bus 

ATN+EOI 

Terminal 

VOL Low-level output voltage Bus 

ATN+EOI 

Input current at Terminal§ 
II 

maximum input voltage ATN, EOI 

Terminal 

IIH High-level input current control 

ATN, EOI 

Terminal, 

IlL Low-level input current control 

ATN, EOI 

VI/O(bus) Voltage at bus port 

11/0(bus) Current into bus port Power on 

Power off 

Terminal 

lOS Short-circuit output current Bus' 

ATN+EOI 

lec Supply current 

ei/o(bus) Bus-port capacitance 

t All typical values are at Vee = 5 V, T A = 25°C. 
lVOH applies for three-state outputs only. 
§ Except ATN and EOI terminal pins. 

TEST CONDITIONS MIN Typt MAX UNIT 

II = -18 rnA -0.8 -1.5 V 

0.4 0.65 V 

10H = -800 p.A 2.7 3.5 

10H = -5.2 rnA 2.5 3.3 V 

10H = -400 p.A 2.7 

10L = 16 rnA 0.3 0.5 

10L - 48 rnA 0.35 0.5 V 

10L = 4 rnA 0.4 

VI = 5.5 V 0.2 100 

VI = 5.5 V 200 
p.A 

VI = 2.7 V 0.1 20 
p.A 

VI = 2.7 V 40 

VI = 0.5 V -10 -100 
p.A 

VI = 0.5 V -500 

Il(bus) = 0 2.5 3.0 3.7 
Driver disabled V 

Il(bus) = - 12 rnA -1.5 

Vl(bus) = -1.5 V to 0.4 V -1.3 

Vl(bus) = 0.4 V to 2.5 V 0 -3.2 

Driver disabled Vl(bus) = 2.5 V to 3.7 V 
+2.5 

-3.2 
rnA 

Vl(bus)= 3.7 V to 5 V 0 2.5 

VI (bus) = 5 V to 5.5 V 0.7 2.5 

VCC = 0, VI (bus) = 0 V to 2.5 V -40 p.A 

-15 -35 -75 

-25 -50 -125 rnA 

-10 -100 

No load, TE, DC, and SC low 55 75 rnA 

Vec = 5 V to 0 V, 

VI/O = 0 to 2 V, f = 1 MHz 
30 pF 
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SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), vee'" 5 V 

PARAMETER FROM TO 
TEST 

CONDITIONS 
MIN TYP MAX UNIT 

tpLH 
Propagation delay time, 

10 20 
low-to-high-Ievel output 

Terminal Bus 
CL = 30 pF, ns 

tpHL 
Propagation delay time, See Figure 1 

12 20 
high-to-Iow-Ievel output 

tpLH 
Propagation delay time 

5 10 
low-to-high-Ievel output 

Bus Terminal 
CL = 30 pF, 

Propagation delay time, See Figure 2 
ns 

tPHL 7 14 
high-to-Iow-Ievel output 

Propagation delay time, 
Terminal ATN 

tpLH or ATN+EOI 
CL = 15 pF, 

3.5 10 ns 
low-to-high-Ievel output 

Terminal EOI 
See Figure 3 

Propagation delay time, 
Terminal ATN 

tpHL or ATN+EOI 
CL = 15 pF, 

7 15 ns 
high-to-Iow-Ievel output 

Terminal EOI 
See Figure 3 

tpZH Output enable time to high level BUS 30 

Output disable time from high level 
TE, DC, 

(ATTN, EOI, CL = 15 pF, 20 tpHZ 
Output enable time to low level 

or 
REN,IFC, See Figure 4 45 

ns 
tpZL 

SC 
tpLZ Output disable time from low level and DAV) 20 

tpZH Output enable time to high level 20 

tpHZ Output disable time from high level 
TE, DC, 

CL = 15 pF, 25 

Output enable time to low level 
or Terminal ns 

tpZL 
SC 

See Figure 5 30 

tpLZ Output disable time from low level 25 
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ADVANCE 
INFORMATION 

SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

5V 

200 n 

FROM (BUS) 
OUTPUT UNDER-~~--_-""-TEST POINT 
TEST 

INPUT 

BUS 
OUTPUT 

CL=30pF 480n J (See Note A) "::' 

LOAD CIRCUIT 

1.5 V 1.5V 

(See Note B) ----0 V 

tPHL~ 
-I---VOH 

2.2V 

VOH 

VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL-TO-BUS 
PROPAGATION DELAY TIMES 

FROM 
ATN+EOI 

TEST 
POINT VCC 

2kn 

(See NoteC) 

LOAD CIRCUIT 

4.3V 

240n 

FROM (TERMINAL) 
OUTPUT UNDER 
TEST 

--.----.-.._-TEST POINT 

CL = 30 pF 3 kn J (See Note A) "::' 

LOAD CIRCUIT 

BUS 
INPUT 1,.5 V . ~I ;.: - -'OVV 

~ . (See Note B) :\, 

TERMINAL 
OUTPUT 

tPLH--t4+I tPHL-H 
I,__-----__ -t---VOH 

1.5V 1.5 V 

VOLTAGE WAVEFORMS 

FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 

VOLTAGE WAVEFORMS 

FIGURE 3. ATN+EOI PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, 50% duty cycle, tr ~ 6 ns, 

tf ~6 ns, Zout = 50 fl. 
C. All diodes are 1 N916 or 1 N3064. 
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SN75ALS164 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

Sl 
D--5V 

FROM (BUS) 
200n 

OUTPUT UNDER -4~-"""-""""~TEST POINT 
TEST 

CL = 15 pF 480 n J (See Note A) ':' 

LOAD CIRCUIT 

--, r-------, r---- 3V 
CONTROL ~1.5V V 1.5V 
INPUT 'I' (See Note B) I ~ __ J ~ _______ J ~----OV 

tpZH-.I 14- tPHZ--..I ~ 
BUS I I - - - - - VOH 
OOD~ I I I ~ 
Sl OPEN I 2 V I 0 V 

tPZL~ tPLZ---l...t 

BUS I y.:-II'" 3.5 V 
OUTPUT \!1.0 V 
Sl CLOSED \ ...... ______ ...1 O~ ~ _ VOL 

VOLTAGE WAVEFORMS 

FIGURE 4. BUS ENABLE AND 
DISABLE TIMES 

NOTES: A. Cl includes probe and jig capacitance . 

Sl 
0--4.3 V 

FROM (TERMINAL) 
240n 

OUTPUT 
UNDER TEST 

--4t---........ ~--__ -TEST POINT 

CL = 15 pF 

(See Note A) J 3kn 

LOAD CIRCUIT 

--, r,------ --"\ r----- 3V 

CONTROL X1.5V *1.5V 
INPUT __ J'I '- __ (~e_N~t':..B2 _J I L _____ 0 V 

tPZH-+! r- tPHZ-+i ~ 
TERMINAL I I --o----VOH 
OUTPUT I I gOy' 
Sl OPEN I 1.5 V I 

tPZL-.! I+- tPLZ~ 

TERMINAI_ I 
OUTPUT 1.0 V 

Sl CLOSED 

VOLTAGE WAVEFORMS 

FIGURE 5. TERMINAL ENABLE 
AND DISABLE TIMES 

OV 

... 4V 

B. The input pulse is supplied by a generator having the following characteristics: PRR :5 1 MHz, 50% duty cycle, tr :5 6 ns, 
tf :56 ns, Zout = 50 O. 
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ADVANCE 
INFORMATION 

SN75ALS164 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

4.0 

> 3.5 
I 

<II 
Cl 

~ 3.0 
"0 
> .... 2.5 :l 

So 
:l 
0 2_0 
Qi 
> 
<II 

..J 1.5 

.i:. 
Cl 

i: 1.0 I 
J: 
0 
> 0.5 

o 

TYPICAL CHARACTERISTICS 

TERMINAL HIGH-LEVEL OUTPUT VOLTAGE 
vs 

TERMINAL LOW~LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 

1 .1. 
Vce = 5 V 

........... TA = 25°e-

r\. 
'\. 
~ 

~ 

'" '" ~ 
"r\. 

o -5 -10 -15 -20 -25 -30 -35 -40 

0.6 

> 0.5 I 
<II 

E 
"0 
> 0.4 .... 
:l 

So 
:l 

0.3 0 
Qi 
> 
<II 

..J 

~ 0.2 
0 

..J 
I 
..J 
0 0.1 
> 

.1. .I. / 
V 

VCC = 5 V 
-TA=25°e 

/ 
/ 
/ 

/ 
/ 

V 

o 
o 10 20 40 30 50 60 

IOH-High-Level Output Current-rnA IOL -Low-Level Output Current-rnA 
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SN75ALS164 
OCTAL GENERAL"PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 
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TYPICAL CHARACTERISTICS 
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ADVANCE 
INFORMATION 

SN75ALS165 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

D3011, JUNE 1986 

MEETS IEEE STANDARD 488-1978 (GPIB) 

• 8-Channel Bidirectional Transceiver 

• High-Speed Advanced Low-Power Schottky 
Circuitry 

• Low Power Dissipation ... 46 mW Max per 
Channel 

• Fast Propagation Times ... 20 ns Max 

• High-Impedance P-N-P Inputs 

• Receiver Hysteresis ... 650 mV Typ 

• No Loading of Bus When Device is Powered 
Down (VCC = 0) 

• Power-Up/Power-Down Protection (Glitch­
Free) 

• Driver and Receiver Can Be Disabled 
Simultaneously 

description 

The SN75ALS165 eight-channel general­
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed for two-way data 
communications over single-ended transmission 
lines. It is designed to meet the requirements of 
IEEE Standard 488-1978. The transceiver 
features driver outputs that can be operated in 
either the passive-pullup or three-state mode. If 
Talk Enable (TE) is high, these ports have the 
characteristics of passive-pullup outputs when 
Pullup Enable (PEl is low and of three-state 
outputs when PE is high. Taking TE low places 
these ports in the high-impedance state. Taking 
TE and PE low places both the drivers and 
receivers in the high-impedance state. The driver 
outputs are designed to handle loads up to 48 
milliamperes of sink current. 

An active turn-off feature has been incorporated 
into the bus-terminating resistors so that the 
device exhibits a high impedance to the bus 
when Vee = O. When combined with the 
SN75ALS161 or SN75ALS162 management 
bus transceiver, the pair provides the complete 
16-wire interface for the IEEE 488 bus. 

The SN75ALS 165 is manufactured in a 20-pin 
package and is characterized for operation from 
ooe to 70 oe. 

DW. J. OR N PACKAGE 

(TOP VIEW) 

TE 
B1 
B2 02 
B3 03 

BUS B4 04 TERMINAL 
liD PORTS B5 05 liD PORTS 

B6 06 
B7 07 
B8 08 

GNO PE 

FUNCTION TABLES 

EACH DRIVER EACH RECEIVER 

INPUTS OUTPUT INPUTS OUTPUT 

0 TE PE B B TE PE D 

H H H H L L H L 

L H X L H L H H 

H X L zt X H X Z 
X L X ' zt X x L Z 

H = high level, L = low level, X = irrelevant, • 
Z = high-impedance state. 

tThis is the high-impedance state of a normal 3-state 

output modified by the internal resistors to Vee and 
ground. 

Copyright © 1986, Texas Instruments Incorporated 
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SN75ALS165 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

ADVANCE 
INFORMATION 

logic symbol t 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

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

\l Designates 3-state outputs. 
~ Designates passive-pullup outputs . 

schematics of inputs and outputs 

EQUIVALENT OF ALL CONTROL INPUTS 

vcc-------.-------

INPUT 

9kS"! 
NOM 

GND--+---~~--~~ 

logic diagram (positive logic) 

PE 

TE 

01 (19) 

02 (18) 

03 (17) 

(16) 
04-------1----+-+-1>------, 

05 (15) 

(14) 
06~~-----1~-~~~---' 

07.-=-(1_3-,-) -----1~-~-.-t >-----, 

(12) 
08 ------!---t-~ >---, 

EQUIVALENT OF ALL INPUT/OUTPUT PORTS 

L ____ -1 

INPUT/OUTPUT 
PORT 

10kS"! 
NOM 

Driver output Req = 30 {l NOM 
Receiver output Req =. 110 {l NOM 

Circuit inside dashed lines is on the driver outputs only. 

(2) B1 

(3) 82 

(4) B3 

(5) B4 

(6) B5 

(7) 86 

(8) B7 

(9) B8 
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ADVANCE' 
INFORMATION 

SN75ALS165 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Low-level driver output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

DW package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1125 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package ........................................................ 1150 mW 

Operating free-air temperature range. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. ODC to 70 DC 
Storage temperature range .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package. . . . . . . . .. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package. . .. 260 DC 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/oe, derate 

the J package to 880 mW at 70°C at the rate of 11.0 mW/oe, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Bus ports with pull ups active -5.2 rnA 
High-level output current, IOH 

Terminal ports -800 JiA 

Bus ports 48 
Low-level output current, IOL rnA 

Terminal ports 16 

Operating free-air temperature, T A 0 70 °e 
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SN75ALS165 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

. ADVANCE 
INFORMATION 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIK Input clamp voltage II = -18 mA 

Vhys 
Hysteresis 

Bus 
(VT+ - VT-) 

VOHt 
High-level Terminal 10H = - 800 p.A, TE at 0.8 V 

output voltage Bus 10H = - 5.2 mA, PE and TE at 2 V 

Low-level Terminal 10L = 16 mA, TE at 0.8 V 
VOL 

output voltage Bus 10L = 48 mA, TE at 2 V 

II 
Input current at 

maximum input voltage 
Terminal VI = 5.5 V 

IIH High-level input current 
Terminal 

and 
VI = 2.7 V 

control 
IlL Low-level input current 

inputs 
VI = 0.5 V 

VI/O(bus) Voltage at bus port Driver disabled 
Il(bus) = 0 

Il(bus) = - 12 mA 

Vl(bus) = -1.5 V to 0.4 V 

Vl(bus) = 0.4 V to 2.5 V 

II/O(bus) Current into bus port Power on Driver disabled 
VI(bus) = 2.5 V to 3.7 V 

Vl(bus) = 3.7 V to 5 V 

Vl(bus) = 5 V to 5.5 V 

Power off Vee = 0, Vl(bus) = 0 V to 2.5 V 

Short-circuit Terminal 
lOS 

output current Bus 

I Terminal outputs low and enabled 
Ice Supply current No load I Bus outputs low and enabled 

Ci/o(bus) Bus-port capacitance 
Vce = 5 V to 0 V, VI/O = 0 to 2 V, 

f = 1 MHz 

t All typical values are at Vce = 5 V, TA = 25 ae. 
tVOH applies for three-state outputs only. 

MIN Typt MAX UNIT 

-0.8 -1.5 V 

0.4 0.66 V 

2.7 3.5 
V 

2.5 3.3 

0.3 0.5 
V 

0.35 0.5 

0.2 100 p.A 

0.1 20 p.A 

-10 -100 p.A 

2.5 3.0 3.7 
V 

-1.6 

-1.3 

0 -3.2 

+2.'5 

-3.2 mA 

0 2.5 

0.7 2.5 

-40 p.A 

-15 -35 -75 
mA 

-25 -50 -125 

42 56 
mA 

52 70 

30 pF 
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ADVANCE 
INFORMATION 

SN75ALS165 
OCTAL GENERAL"PURPOSE INTERFACE BUS TRANSCEIVER 

switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vee == 5 V 

PARAMETER FROM TO TEST CONDITIONS MIN Typt MAX UNIT 

tplH 
Propagation delay time. 

10 20 
low-to-high-Ievel output 

Terminal Bus 
Cl = 30 pF. 

ns 

tPHl 
Propagation delay time. See Figure 1 

12 20 
high-to-Iow-Ievel output 

tplH 
Propagation delay time. 

5 10 
low-to-high-Ieveloutput 

Bus Terminal 
Cl = 30 pF. 

Propagation delay time. 
ns 

tpHl 
See Figure 2 

7 14 
high-to-Iow-Ievel output 

tpZH Output enable time to high level 11 20 

tPHZ Output disable time from high level Cl=15pF. 3 10 
TE Bus ns 

tpZl Output enable time to low level See Figure 3 18 35 

tplZ Output disable time from low level 5 20 

tpZH Output enable time to high level 5 20 

tpHZ Output disable time from high level Cl = 15 pF. 8 20 
TE Terminal ns 

tpZl Output enable time to low level See Figure 4 9 20 

tplZ Output disable time from low level 8 20 

ten Output pull-up enable time CL = 15 pF. 3 10 
PE Terminal ns 

tdis Output pull-up disable time See Figure 5 4 12 

t All typical values are at T A = 25 DC. 
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SN75ALS165 ADVANCE 
INFORMATION OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

3V 

NOTES: 

3V 

PARAMETER MEASUREMENT INFORMATION 

200n .ON'" f.V ~,~---" 
---J1~ _, \.... ---0 V 
tPLH~ tpHL~ 

!
I,.-----~il-- -VOH 

B OUTPUT 2.2 V 

• 1.0V 
VOH 

480n 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. TERMINAL·TO·BUS PROPAGATION DELAY TIMES 

240 l! 

"N'" f.v \: ---" ----'1 . I . OV 

tpLH~ tpHL~ 
I I 
I --------1-- -VOH 

DOUTPUT 
3kn 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2. BUS·TO·TERMINAL PROPAGATION DELAY TIMES 

S2 

480n 

TEST CIRCUIT 

=i. v x·~----" 
tPZH-.j 14- tpHZ--..I 0 v 
BOUTPUTI II ------~~ 
Sl to3V I 
S20PEN I 

BOUTPUT 
Sl to GND 

S2 CLOSED 

1.0V 

VOLTAGE WAVEFORMS 

0.8V 

3.5 V 

FIGURE 3. TE·TO·BUS ENABLE AND DISABLE TIMES 

A. The input pulse is supplied by a generator having the following characteristics: PRR :s 1 MHz, 50% duty cycle, tr S 6 ns, 
tf s6 ns, Zout = 50 n. 

B. CL includes probe and jig capacitance. 

4-476 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



ADVANCE 
INFORMATION 

SN75ALS165 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 

PARAMETER MEASUREMENT INFORMATION 

S2 

\._ JV 

TE INPUT~",'5_V ______ ,.J.'-~ _ n -ov 

tpZH~ r: IpHZ~ ~ 
D OUTPUTI I I -90% - - -VOH 

SlloJV I 1.5V I 
S20PEN I I 

IpZL --i IpLZ-..j 
OV 

240 II 

4V 
J kll 

DOUTPUT 
SlloGND 

S2 CLOSED 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 

>--+....;...;;....-...... --+--OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR =:;; 1 MHz, 50% duty cycle, tr =:;; 6 ns, 
tf =:;;6 ns, Zout = 50 fl. 

B. CL includes probe and jig capacitance. 
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SN75ALS165 ADVANCE 
INFORMATION OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 
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TYPICAL CHARACTERISTICS 

TERMINAL HIGH·LEVEL OUTPUT VOLTAGE TERMINAL LOW·LEVEL OUTPUT VOLTAGE 
vs vs 

HIGH·LEVEL OUTPUT CURRENT LOW·LEVEL OUTPUT CURRENT 

I .I. 
Vee = 5 V 

........... TA = 25°e -

~ 
'\ 

I\. 

" " ~ ~ 
'f\. 

0.6 
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Ci 
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Jee = 5'V ./ 
V 

r--- T A = 25°e 

/ 
L 
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V 

V 

o 
o -5 -10 -15 -20 -25 -30 -35 -40 o 10 20 30 40 50 60 

IOH-High·Level Output Current-rnA IOL -Low·Level Output Current-rnA 

FIGURE 6 FIGURE 7 

TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 
4.0 

VCC = 5 V 

3.5 No load 
TA = 25°e 

> 3.0 
I 

Q) 
CI 2.5 5 
"0 
> 2.0 ... ! 
::J 

So I VT- VT+ I 

::J 1.5 0 
I 
0 
> 1.0 

i + 0.5 

o 
o 0.2 0.4 0.6 0.8 1.0 1.21.4 1.6 1.8 2.0 

VI-Input Voltage-V 

FIGURE 8 
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ADVANCE 
INFORMATION 

SN75ALS165 
OCTAL GENERAL·PURPOSE INTERFACE BUS TRANSCEIVER 
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TYPICAL CHARACTERISTICS 

BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 

BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 
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IOH-High-Level Output Current-rnA 
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FIGURE 9 

IOL -Low-Level Output Current-rnA 

FIGURE 10 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 
4r--'1---~r--.---.--~~r-~--~ 

VCC= SV 
No load 
TA = 2SOC 

OL-~ __ ~ __ ~ __ ~~ __ -L __ ~~ 

0.9 1.0 1.1 1.2 1.3 1.4 1.S 1_6 1.7 

VI-Input Voltage-V 

FIGURE 11 
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• Meets EIA Standard RS-422-A 

• High-Speed. Low-Power ALS Design 

• 3-State TTL Compatible 

• Single 5-V Supply Operation 

• High Output Impedance in Power-Off 
Condition 

• Complementary Output Enable Inputs 

• Improved Replacement for the AM26LS31 

description 

This quadruple complementary-output line driver 
is designed for data transmission over twisted­
pair or parallel-wire transmission lines,. It meets 
the requirements of EIA Standard RS-422-A and 
is compatible with 3-state TTL circuits. 
Advanced Low-Power Schottky technology 
provides high speed without the usual power 
penalties. Standby supply current is typically 
only 26 milliamperes. while typical propagation 
delay time is less than 10 nanoseconds. 

SN75ALS192 
OUADRUPLE DIFFERENTIAL LINE DRIVERS 

02904. JULY 1985 

SN75ALS192 ... D. J. N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

1A Vee 
1Y 4A 
1Z 4Y 

ENABLE G 4Z 
2Z ENABLE G 
2A 3Z 
1A 3Y 

GND 3A 

FUNCTION TABLE (EACH DRIVER) 

INPUT ENABLES OUTPUTS 

A G G V 

H H X H 

L H X L 

H X L H 

L X L L 

X L H Z 

H = high level. L = low level. 
Z. = high impedance (off). 
X = irrelevant 

Z 

L 

H 

L 

H 

Z 

High-impedance inputs maintain input currents low. less than 1 microampere for a high level and less than 
100 microamperes for a low level. Complementary control inputs. G and G. allow these devices to be enabled 
at either a high input level or low input level. The SN75ALS192 is capable of data rates in excess of 20 
megabits per second and is designed to operate with the SN75ALS 193 quadruple line receiver. 

The SN75ALS192 is characterized for operation from ODC to 70DC. 

logic symbol t 

G (4) 

G 

2A 

3A 
(9) 

4A 
(15) 

~1 

EN 

(2) 
1Y 

(3) 
lZ 

(6) 
2Y 

(5) 
2Z 

(10) 
3Y 

(11 ) 
3Z 

(14) 
4Y 

(13) 
4Z 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

2A (7) 

3A (9) 

4A (15) 

PRODUCTION DATA documents contain 
information current as of publication date. 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

schematics of inputs ·and outputs 

EQUIVALENT OF EACI-\ 

DATA (A) INPUT 

INPUT~t-"""-I 

EQUIVALENT OF EACH 

ENABLE INPUT 

TYPICAL OF EACH OUTPUT 

~",----,,--VCC 

OUTPUT 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. 7 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output off-state voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o pacl<age ......................................................... 950 mW 
J package .................................... " .................. " 1000 mW 
N package ........................ ' ................................ , 875 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 or N package ........ 260°C 

NOTES: 1. All voltage values except differential output voltage VOD are with respect to network ground terminal. 

4-482 

2. For operation above 25°C free·air temperature, refer to the Dissipation Derating Table. In the J package, SN75ALS192 chips 
are glass mounted. 

DISSIPATION DERATING TABLE 

, 
TA - 25°C DERATING ABOVE TA - 70° 

PACKAGE 
POWER RATING FACTOR TA POWER RATING 

D 950 mW 7.6 mW/oC 25°C 608 mW 

J (Glass mount) 1000 mW 8.2 mW/oC 28°C 656 mW 

N 875 mW 7.0 mW/oC 25°C 560 mW 
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recommended operating conditions 

Supply voltage, Vee 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A 

SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

2 V 

0.8 V 

-20 mA 

20 mA 

0 70 °e 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage Vee = 4.75 V, I, = -18 mA -1.5 V 

VOH High-level output voltage Vee = 4.75 V, 10H = -20 mA 2.5 V 

VOL Low-level output voltage Vee = 4.75 V, 10L = 20 mA 0.5 V 

I Vo = 0.5 V -20 
10Z Off-state (high-impedance state) output current Vee = 5.25 V I Vo = 2.5.V 20 

JlA 

II Input current at maximum input voltage Vee = 5.25 V, VI = 7 V 0.1 mA 

IIH High-level input current Vee = 5.25 V, VI = 2.7 V 20 JlA 

IlL Low-level input current Vee = 5.25 V, VI = 0.4 V 0.2 mA 

lOS Short-circuit output current+ Vee = 5.25 V -30 -150 mA 

lee Supply current (all drivers) Vee = 5.25 V, All outputs disabled 26 45 mA 

t All typical values are at Vee = 5 V, T A = 25°e. 
tNot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, Vee = 5 V, TA = 25°e (see Figure 1) 

PARAMETER TEST CONDTIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 6 13 ns 

tPHL Propagation delay time, high-to-Iow-Ievel output 9 14 ns 

Output-to-output skew 
eL = 30 pF, S 1 and S2 open 

3 6 ns 

tpZH Output enable time to high level RL = 75 n 11 15 ns 

tPZL Output enable time to low level RL = 180 n 16 20 ns 

tpHZ Output disable time from high level 8 15 ns 
eL = 10 pF, 51 and 52 closed 

tPLZ Output disable time from low level 18 20 ns 

II 
rn ... 
Q) 

> 
'Q) 
CJ 
Q) 
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Q) 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT A .11.3 V \1~:; - - 3 V 

~ I' ov 

IS .. No" AI ~"LH/:' ~ V I 1" - - OH 
OUTPUT V : I 1.5 V 

I I VOL 
I Skew+! It- I Skew-14-+! 

tpHL-!4----+{ !.-tPLH--.I 

~. ~I VOH 
OUTPUT Z ,1.5 V T' 

'--____ .....J_ - VOL 

PROPAGATION DELAY TIMES AND SKEW 

ENABLEG~r--------, 3y 
,"\1.5 V (See NoteBI 1.5V'L 

ENABLEG---JI . ~'--------OV 
I4---tPZL--+I tpLZ~ 
I I I (S1 and 

---+----~1_ - - "" 4.5 V I I S2 closed 
WAVEFORM 1 I S1 closed, 1.5 V I I "" 1.5 V 

I S20pen I I f--{---VOL 

If-tPZH---+J tpHZ~ 0.5 V 
10.5V 

S1open, F' ------. t.. - - - VOH 
S2 closed 1.5 V ",-£ "" 1.5 V . __ "" ° V S 1 and 

(See Note e) 

WAVEFORM 2 
(See Note e) 

S2 closed 

ENABLE AND DISABLE TIMES 

VOLTAGE WAVEFORMS 

TEST 
POINT 

S1 

Vce 

J 180n 

CL 7552 

(S~No .. DI I 
TEST CIRCUIT 

NOTES: A. When measuring propagation delay times and skew, switches S, and S2 are open. 
B. Each enable is tested separately. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the enable inputs. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the enable inputs. 
D. Cl includes probe and jig capacitance. 
E. All input pulses are supplied by generators having the following characteristics: PRR :5 1 MHz, Zout "" 50 fl, tr :5 15 ns, and 

tf :5 6 ns. 

FIGURE 1. SWITCHING TIMES 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS 

Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 
5.0 

No Load 
4.5 f-Outputs Enabled 

> 
I 

Cl> 

N' 
'0 
> ... 
::J 

S 
::J 
0 
I 
0 
> 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o 

4.0 

3.5 

o 

> 3.0 

~ 
N' 2.5 
'0 
> 
'!i 2.0 
S 
::J 9 1.5 
o 
> 1.0 

0.5 

a 
a 

TA - 25°e 
Vfe 5.5 V-

I 

Vee=5V-
f I 

Vee =4.5 V-

0.5 1.0 1.5 2.0 3.5 3.0 

VI-Data Input Voltage-V 

FIGURE 2 

Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee = 5.5 V 
I 

Vee = 5 V 
I 

Vee = 4.5 V 

VI =2V 
RL = 470 n to Ground 
See Note 3 
TA = 25°e 
I I I 

0.5 1.0 1.5 2.0 2.5 3.0 

VI-Enable G Input Voltage-V 

FIGURE 4 

5.0 

4.5 

4.0 

=t 3.5 
Q) 
Ol 

~ 3.0 
o 

.:: 2.5 
::J 
c. 
:; 2.0 
o 
b 1.5 
> 

1.0 

0.5 

a 
a 

4.0 

3.5 

> 3.0 
I 

Cl> 

N' 2.5 
'0 
> 
:; 2.0 
S 
::J o 1.5 
I 
o 
> 1.0 

0.5 

o 
o 

Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

Vee = 5 V 
Outputs Enabled 
No Load TA = 70

0
e 

TA oOe-

I 
~ t-TA = 25°e 

0.5 1.0 1.5 2.0 

VI-Data Input Voltage-V 

FIGURE 3 

Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

TA = 70oe~ 
~ I 

TA = 25°e-
~~ I 

TA = oOe~ 
1"--, 

-
Vee = 5 V 
VI =2V 

2.5 3.0 

RL = 470 n to Ground 
See Note 3 

0.5 1.0 1.5 2.0 2.5 3.0 

VI-Enable G Input Voltage-V 

FIGURE 5 

NOTE 3: The A input is connected to Vee during the testing of the Y outputs and to ground during the testing of the Z outputs. 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS 

> 
I 

Gl 

E 
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Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

6 
Vee = 5.5

1

V 1,1 
RL = 470.n to Vee 

Vee = 5 V See Note 3 
TA = 25°e 

-
Vee = 4.5 V 

5 

4 

3 

2 

o 
o 0.5 1.0 1.5 2.0 2.5 3.0 

VI-Enable G Input Voltage-V 

FIGURE 6 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

FREE·AIR TEMPERATURE 
5.0 ,----,-----,r----y---,---r----,---,--, 

Vee = 5 V 
4.5 -IOH = -20 mA+---t--+--t--t--l 

See Note 3 
4.0 r---r----1r---/--+--+-'-+---t----j 

3.5 1---f---f---f---+__-+__-+__-+__---1 

3.0 1---f---f---f---f---f---+__-+_---1 

2.5 1---+---+---+---+---+---+---+----'1 

2.0 1---f---+_-+_-+_-+_-+_-+_---1 

1.5 t----It----I---/--+--+---t---+---1 

1.0 I---+__-f---f---+__-+_-+_-+_--'I 

0.5 f---+--+--.j--+--.j--f--f-----; 

o '---'----'----'----'----'----'-----'------' 
o 10 20 30 40 50 60 70 80 

T A-Free·Air Temperature-Oe 

FIGURE 8 

6 

5 
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I 4 Gl 
CI 
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'0 
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E-
::I 
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5.0 

> 4.5 
I 

Gl E 4.0 
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::I 

3.0 E-
::I 
0 
Gi 

2.5 
> 
Gl 2.0 ...I 
i:. 
CI 1.5 :i: 
I 
::I: 
0 

1.0 

> 0.5 

o 

Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee= 5 V 
RL = 470.n to Vee 
See Note 4 

TA = 70oe-.. 
I'-.. 

-TA= oDe ....... 

'" 

o 

TA = 25°C ....... 
f'-... 
~ 

\ 

0.5 1.0 1.5 2.0 2.5 
VI-Enable G Input Voltage-V 

FIGURE 7 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

See Note 3 
-TA = 25°C 

---"---"- I\. L t-Vee = 5.5 V,_ --.... jI\." f\..~ V I I I 
I\. .-Vee=5~_ 

" f\..' 0 I I 
Vee = 4.5 V 

" ..> :\ 
'\ '\ "\ 

"\ .'" ~ '" I"-" o -20 -40 -60 -80 

-

3.0 

-

-
r-

-100 

IOH-High·Level Output Current-rnA 

FIGURE 9 

NOTES: 3, The A input is connected to Vee during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
. vs 

FREE-AIR TEMPERATURE 
0.5,....--.---.---.---.---.---.---,...-----, 

Vee = 5 V 
1-10 L = 20 rnA -j--j--j---l---lf----l 

l' See Note 4 
CI) 0.4 f---t---t---f--f--f--f--+---i 
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FIGURE 10 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
80 
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FIGURE 12 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

Se~ No~e 4 J 
r-TA = 25°C 

Vee = 4.5 ~I 
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/ 

Vee = 5 V1 'r----il 
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~ ~V 
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::;;..---- Vee=5_5 V-
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10L -Low-Level Output Current-rnA 

FIGURE 11 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 1 I I 
A Inputs Open or Grounded I Outputs Disabled 

V No Load 
TA = 25°C / 

V 
/ 

/ 
V 

/ 

/ 
1/ 

/ 
o 2 3 4 5 6 7 8 

vee-Supply Voltage-V 

FIGURE 13 

NOTES: 3. The A input is connected to Vee during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 

V~~ ~151V 

vs 
FREQUENCY 

I I I 

Input = 0 to 3 V 
Duty Cycle = 50% 
CL = 30 pF to All Outputs 

-l--

....... ~ 
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f-Frequency-Hz 

FIGURE 14 
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ADVANCE 
INFORMATION 

• Meets EIA Standards RS·422·A and 
RS·423-A 

• Meets CCITT Recommendations V.10, 
V.11. X.26, and X.27 

• Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 

• 3-State Outputs 

e Common-Mode Input Voltage 
Range . . . - 7 V to 7 V 

• Input Sensitivity ... ± 200 mV 

• Input Hysteresis ... 120 mV Typ 

• High Input Impedance ... 12 kO Min 

• Operates from Single 5-Volt Supply 

• Low ICC Requirements: 
ICC ... 35 mA Max 

• Improved Speed and Power Consumption 
Compared to AM26LS32A 

description 

The SN75ALS 193 is a monolithic quadruple line 
receiver with three-state outputs designed using 
Advanced Low-Power Schottky technology, 
This technology provides combined 
improvements in bar design, tooling production, 
and wafer fabrication. This, in turn, provides 
significantly less power requirements and 
permits much higher data throughput than other 
designs. The device meets the specifications of 
EIA Standards RS-422-A and RS-423-A. It 
features three-state outputs that permit direct 
connection to a bus-organized system with a 
Fail-Safe design that ensures the outputs will 
always be high if the inputs are open. 

The device is optimized for balanced multipoint 
bus transmission at rates up to 10 megabits per 
second. The input features high input 
impedance, input hysteresis for increased noise 
immunity, and an input sensitivity of 
± 200 millivolts over a common-mode input 
voltage range of - 7 to 7 volts. It also features 
active-high and active-low enable functions that 
are common to the four channels. The 
SN75ALS 193 is designed for optimum 
performance when used with the SN75ALS 192 
quadruple differential line driver. 

The SN75ALS 193 is characterized for operation 
from OOC to 70 oC. 

ADVANCE INFORMATION documents contain 

SN75ALS193 
OUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE OUTPUTS 

logic symbol t 

G 

G 

1A 

18 

2A 

28 

,3A 

38 

4A 

48 

02931, JUNE 1986-REVISED OCT08ER 1986 

J DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

18 Vee 
1A 48 

1Y 4A 
G 4Y 

2Y G 
2A 3Y 

28 3A 

GND 38 
~--....-

(3) 1Y 

(5) 2Y 

(11) 3Y 

(13) 4Y 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

(3) 1Y 

(5) 2Y 

(11) 3Y 

(13) 4Y 

Copyright © 1984, Texas Instruments Incorporated 
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SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

FUNCTION TABLE (EACH RECEIVER) 

DIFFERENTIAL ENABLES OUTPUT 

A-B 

VID 2: 0.2 V 

-0.2 V < VIO < 0.2 V 

VIO:5 -0.2 V 

X 

H = high level 
L = low level 
X = irrelevant 
7 = indeterminate 
Z = high-impedance (off) 

schematics of inputs and outputs 

G G 

H X 

X L 

H X 

X L 

H X 

X L 

L H 

EQUIVALENT OF EACH A OR B INPUT 

VCC ----.--...... ~-

EQUIVALENT OF G OR G INPUTS 

VCC-------.--~~ 

3 kO 
NOM 

18 kO 
NOM 

INPUT ---4.."..,.".,. ............ 00004 

300 kO 
NOM 

INPUT 

VCC (A) 
or 

GND (B) 

GND~--____ -----

GND---...... ---4~ __ ---

Y 

H 

H 

7 

7 

L 

L 

Z 
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TYPICAL OF ALL OUTPUTS 
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ADVANCE 
INFORMATION 

SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

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, A or B inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Differential input voltage (see Note 2) ......................................... ± 15 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Low-level output current ................................................... 50 rnA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . . . .. 1025 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . . . . . . . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25 D C free-air temperature, derate to 656 mW at 70 D C at the rate of 8.2 mW/oC. In the J package, 

SN75ALS193 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±7 V 

Differential input voltage, VID ±12 V -
High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

High-level output current, IOH -400 p.A 

Low-level output current, IOL 16 mA 

Operating free-air temperature, T A 0 70 DC 
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SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

ADVANCE 
INFORMATION 

electrical characteristics over recommended range of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX· UNIT 

VT+ Positive-going threshold voltage 200 mV 

VT- Negative-going threshold voltage -200t mV 

Vhys Hysteresis § 120 mV 

VIK Enable-input clamp voltage II = -18 mA -1.5 V 

VOH High-level output voltage VIO = 200 mV, 10H = -400 p.A 2.7 3.6 V 

10L = 8 mA 0.45 
VOL Low-level output voltage VIO = -200 mV V 

10L = 16 mA 0.5 

Vo = 2.4 V 20 
10Z High-impedance-state output current VCC = 5.25 V 

Vo = 0.4 V -20 
p.A 

Other input at 0 V, VI = 15 V 0.7 1.2 
II Line input current mA 

See Note 4 VI = -15 V -1.0 -1.7 

VIH = 2.7 V 20 
IIH High-level enable-input current 

VIH = 5.25 V 100 
p.A 

IlL Low-level enable-input current VIL = 0.4 V -100 p.A 

Input resistance 12 18 kO 

lOS Short-circuit output current 
VIO = 3 V, Vo = 0, 

See Note 5 
-15 -78 -130 mA 

ICC Supply current Outputs disabled 22 35 mA 

t All typical values are at VCC = 5 V, T A = 25°C . 
t The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT-' 
NOTES: 4. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 

5. 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, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output VID = -2.5 V to 2.5 V, CL = 15 pF, 15 22 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output See Figure 2 . 15 22 ns 

tpZH Output enable time to high level 13 25 
CL = 15 pF, See Figure 3 ns 

tpZL Output enable time to low level 11 25 

tpHZ Output disable time from high level 13 25 
CL = 15 pF, See Figure 3 ns 

tPLZ Output disable time from low level 15 22 
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ADVANCE 
INFORMATION 

SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. VOH. VOL 

.>--I----<lt-OUTPUT 

TEST CIRCUIT 

I IOH 
+ I-I 

~
----2.5V 

INPUT 0 V 0 V 

I I I -2.5 V 

tpLH ~ ~ ~ 14- tpHL 

:Ft
l II--~- VOH 
I I 

OUTPUT 1.3V .1.3V 

VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, duty cycle ~ 50%, Zout = 

50 {1.tr ~ 6 ns, tf ~ 6 ns. 
B. CL includes probe and jig capacitance. 

FIGURE 2. tpLH. tPHL 
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SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

ENABLE 
G 

OUTPUT 

I4-s 5 ns 
I 

~ I+-s 5 ns 
I I . 
-1- ---3V 

I 
I 

90% 
I 

1.3 VI 
I I 10% 

See Note C I I 
I I ~ _____ - 3 V 

OV 

I I 90% 
I 1.3 V 

.J-----OV 

~
I -..t.VOH 

51 open 1.3 V : I -£0.5 V 
52 closed tPHZ--'+---+i '" 1.4 V 

S1 closed 
S2 closed 

ENABLE 
G 

I4-s 5 ns 

I 

I 
11.3 V 

10% I I 
1 I I See Note C 
II 

ENABLE 90% I I 
G 1.3 V I 1 

OUTPUT 

I 
I. 

S2 open 

ADVANCE 
INFORMATION 

-+I r+-s 5 ns 

1-1-----3V 
I 
I 

10% 
~';";';'--OV 

-r9~0~%O:--- 3 V 

VOLTAGE WAVEFORMS FOR tpHZ, tPZH VOLTAGE WAVEFORMS FOR tpLZ, tpZL 

TEST 
POINT 

FROM OUTPUT - ....... _.---11 ... -. 
UNDER TEST 

LOAD CIRCUIT 

NOTES: A. CL includes probe and jig capacitance. 

4-494 

B. All diodes are 1 N3064 or equivalent. 
C. Enable G is tested with G high; G is tested with Glow. 
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ADVANCE 
INFORMATION 

SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 
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OUTPUT VOLTAGE 
vs 
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VIC - 0 
RL - 8 kO to GNO VCC - 5.5 V 

TA - 25°C VCC - 5 V 

0.5 

VCC - 4.5 V 

1.5 2 

Enable Voltage- V 

FIGURE 4 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

2.5 

VCC - 5.5 V I _I 
VID - -200 mV 

VCC - 5 V VIC - 0 

VCC .. 4.5 V RL - 1 kO to V CC 
TA - 25°C 

0.5 1.5 2 2.5 
Enable Voltage-V 

FIGURE 6 
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TA - ooC 

VCC - 5 V 
VIO - 200 mV 

VIC - 0 
RL - 8 k!l to GNO 

I I 
0.5 1.5 2 2.5 3 

Enable Voltage-V 

FIGURE 5 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

1 1 
~ ITA .. ~550C 
VTA - ooC .-

~ VTA - 25°C 
V VTA - 70°C 
~ LT-rc

-~ V 

~ 
V 

VC~ - 5 V 
VID - - 200 mV 

VIC - 0 
RL - 1 kO to VCC 

J. 

0.5 1.5 2 2.5 3 
Enable Voltage- V 

FIGURE 7 
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SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 
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FIGURE 8 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VID .. 200 mV 

VIC" 0 
TA .. 25°C 

"" I I I 
....... "" ""'-r-.. I I I 

..... VCC - 5.5 V-

........ "" "" " V r-.. "- ..... VCC .. 5 V 

""" 
"-~ ~ r VCC -= 4.5 V 
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10H-High-Le'vel Output Current-rnA 

FIGURE 10 
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HIGH-LEVEL OUTPUT VOLTAGE 
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FREE-AIR TEMPERATURE 
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FIGURE 9 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VCC - 5 V 
VID .. 200 mV 

VIC - 0 

"""""'-~ 
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FIGURE 11 
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ADVANCE 
INFORMATION 

SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3-STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

> 
I 

0.4 

Q) 
Cl 
~ 0.3 
"6 
> 
:; 
c. 

~ 0.2 
Ci 
> 
Q) 

.....I 

~ 
o "I 0.1 
.....I 
o 
> 

a 

VCC" 5 V 
VIO .. -200 rnV 

VIC" 0 

10" 8 rnA 
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FIGURE 12 
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FIGURE 13 
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SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3"STATE OUTPUTS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 
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ADVANCE 
INFORMATION 

SN75ALS193 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3"STATE OUTPUTS 

TYPICAL CHARACTERISTICS 
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• Meets EIA Standard RS-422-A 

• High-Speed ALS Design 

• 3-State TTL-Compatible 

• Single 5-V Supply Operation 

• High Output Impedance in Power-Off 
Condition 

o Two Pairs of Drivers Independently Enabled 

• Designed as a Replacement for the MC3487 
with Improvements: ICC 50% Lower, 
Switching Speed 30% Faster 

description 

This quadruple complementary-output line driver 
is designed for data transmission over twisted­
pair or parallel-wire transmission lines. It meets 

SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

INPUT 

H 

L 

X 

02917, OCTOBER 1985-REVISEO OCTOBER 1986 

0, J, N PACKAGE 

(TOP VIEW) 

lA Vee 
lY 4A 
lZ 4Y 

l,2EN 4Z 
2Z 3,4EN 
2Y 3Z 
2A 3Y 

GNI) 3A 

FUNCTION TABLE (EACH DRIVER) 

OUTPUT OUTPUTS 

ENABLE Y 

H H 

H L 

Z 

L 

H 

L High-Impedance High-Impedance 

the requirements of EIA Standard RS-422-A and H = TTL high level, L = TTL low level, X = irrelevant 

is compatible with 3-state TTL circuits. 
Advanced Low-Power Schottky technology provides high speed without the usual power penalty. Standby 
supply current is typically only 26 milliamperes, while typical propagation delay time is less than 
10 nanoseconds and enable/disable times are typically less than 16 nanoseconds. 

High-impedance inputs keep input currents low, less lhan 1 microampere for a high level and less than 
100 microamperes for a low level. The driver circuits can be enabled in pairs by separate active-high enable 
inputs, The SN75ALS194 is capable of data rates in excess of 10 megabits per second and is designed 
to operate with the SN75ALS195 quadruple line receiver, 

The SN75ALS194 is characterized for operation from ooe to 70 oe. 

logic symbol t 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

logic diagram (positive logic) 

1,2EN 

4A 

(2) 1Y 

(3) 1Z 

(6) 2Y 
(5) 

D----2Z 

(10) 
3Y 

(111 
3Z 

(14) 

(13) 
4Y 

4Z 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH 

DATA IA)INPUT 

INPUT~t--""'-i 

EQUIVALENT OF EACH 

ENABLE INPUT 

INPUT~t--""'-1 

EQUIVALENT OF EACH 

OUTPUT 

~t--------'--VCC 

OUTPUT 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 7 V 
Input voltage, VI .......................................................... 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 950 mW 
J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 50 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°e free-air temperature, refer to the Dissipation Derating Table. 

PACKAGE 

D 

J (Glass mount) 

N 

DISSIPATION DERATING TABLE 

TA - 25°C 

POWER RATING 

950 mW 

1025 mW 

1150 mW 

DERATING 

FACTOR 

7.6 mW/oe 

8.2 mW/oe 

9.2 mW/oe 

ABOVE 

TA 

recommended operating conditions 

Supply voltage, Vee 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output ·current, IOL 

Operating free-air temperature, T A 

TA - 70°C 

POWER RATING 

608 mW 

656 mW 

736mW 

MIN NOM 

4.75 5 

2 

0 

MAX UNIT 

5.25 V 

V 

0.8 V 

-20 rnA 

48 rnA 

70 °e 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
range (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage 11= -18 mA -1.5 V 

VOH High-level output voltage 10H = -20 mA 2.5 V 

VOL Low-level output voltage 10L = 48 mA 0.5 V 
VO Output voltage 10 = 0 0 6 V 

IVODll Differential output voltage 10 = 0 2 6 V 

IVOD21 Differential output voltage Y:z VODl 
2 

V 

AIVODI 
Change in magnitude of 

±0.4 V 
differential output voltage; RL = 100 n. See Figure 1 

VOC Common-mode output voltage ±3 V 

AIVocl 
Change in magnitude of 

±O.4 V 
common-mode output voltage; 

Output current with power off VCC = 0 
Vo = 6 V 100 

10 
Vo = -0.25 V -100 

p.A 

10Z 
Output enables Vo = 2.7 V 100 

High-impedance state output current 
at 0.8 V Vo = 0.5 V -100 

p.A 

II Input current at maximum input voltage VI = 5.5 V 100 p.A 

IIH High-level input current VI = 2.7 V 50 p.A 

IlL Low-level input current VI = 0.5 V -200 p.A 

lOS Short-circuit output current§ VI = 2 V -40 -140 mA 

ICC Supply current (all drivers) VCC = 5.25 V. All outputs disabled 26 45 mA 

II 
til ... 
Q) 

> 
"cu 
u 
Q) 

a: -til ... 
Q) 

> 
t All typical values are at VCC = 5 V. T A = 25 cc. ".:: 
;AIVODI and AIVocl are the changes in magnitude of VOD and VOC. respectively. that occur when the input is changed from a high C 

level to a low level. Q) 

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

switching characteristics, Vee = 5 V, TA =:I 25°e 

PARAMETER TEST CONDTIONS MIN TYP MAX UNIT 

tPLH Propagation delay time. low-to-high-Ievel output 6 13 ns 

tpHL Propagation delay time. high-to-Iow-Ievel output 9 14 ns 

Output-to-output skew 
CL = 15 pF. See Figure, 1 

3.5 6 ns 

tTD Differential-output transition time CL = 15 pF. See Figure 2 8 14 ns 

tpZH Output enable time to high level 9 12 ns 

tpZL Output enable time to low level 12 20 ns 

tPHZ Output disable time from high level 
CL = 50 pF. See Figure 3 

9 14 ns 

tpLZ Output disable time from low level 12 15 ns 

SYMBOL EQUIVALENTS 

DATA SHEET PARAMETER RS-422-A 

Vo Voa. Vob 

IVODll Vo 

IVOD21 Vt (RL = 100 m VOC 

AIVODI I IVtl - IVtl I ~ 
VOC IVosl 

AIVocl I Vos - Vos I 
FIGURE 1. DRIVER VOD AND Voe 

lOS Iisal. Ilsbl 

10 ilxal. ilxbl 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(See Noto A) 

GENERATOR 
(See Note A) 

5V 

200 n 

(See Noto C) ":' 

INPUT--A,.5 V '.5 vt\...-_-_-_-_-_-_-:: 
l. tPLH.-.I I. .' tPHL 

V OUTPUT 

Z OUTPUT 

I .. ,----i!f----..t_ - - - VOH 

I Y,.5V I 1.5V~ 
I I I I I '-----VOL 

I Skew~ I Skew~ 
~tPHL~ .... tPLH--i 

\'.5 V '.5vrveH 
- - -VOL 

TEST CIRCUIT VOLTAGE WAVEFORM 

FIGURE 2. PROPAGATION DELAY TIMES 

INPUT ~---3V 

J L-OV 
OUTPUT tTO"",,": :-- ----: :-- tTO 

~~.--~----~ J:\L90% I 
OUTPUT I I 

10% 
3V 

50n 

I L _____ ~ 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr :$ 5 ns, tf :$ 5 ns, PRR :$ 1 MHz, duty 
cycle = 50%, Zo = 50 n. 

B. CL includes probe and stray capacitance. 
C. All diodes are 1 N916 or 1 N3064. 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(See Note AI 

OUTPUT ::\:---- 3 V 
ENABLE 1.5 V",\ 
INPUT 1'-· --- 0 V 

tpHZ ...... ~ V 
OUTPUT ~.5 V OH 

Sl CLOSED I 
S2 CLOSED: ""1.5 V 

OUTPUT tpLZ"'" ~ "'1.5 V 

Sl CLOSED ~I 
S2 CLOSED ~~J~ 

VOL 

TEST CIRCUIT 

OUTPUT y:-3V 
ENABLE 1.5 V 
INPUT 0 V I 

tpZL =.j /f-
OUTPUT ~ 

Sl CLOSED : 1.5 V 
S2 OPEN I VOL 

OUTPUT tPZ~H--: ~ VOH 
Sl OPEN 1.5 V 

S2 CLOSED 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr :s; 5 ns, tf :s; 5 ns, PRR :s; 1 MHz, duty 
cycle = 50%, Zo = 50 n. 

B. CL includes probe and stray capacitance. 
C. All diodes are 1 N916 or 1 N3064. 

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 

II 
tn ... 
ClJ 
:> 

'Q) 
u 
ClJ a:: -tn ... 
ClJ 
:> 

. a:::; 

C 
ClJ 
r:::::: 

:.::i 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

5.0 

4.5 

4.0 

t 3.5 
CIl 

E 3.0 
"0 
:: 2.5 

::::s 

e-
::::s 2.0 

9 o 1.5 
> 

1.0 

0.5 

o 

4.0 

3.5 

> 3.0 
I 

CIl 

E 2.5 
"0 
> 
':i 2.0 
e-
::I 9 1.5 
o 
> 1.0 

0.5 

o 

Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

No Load 
f-Outputs Enabled 

o 

o 

TA - 25°e 
Vfe 5.5V-

0.5 

_l 

Vee=5V-
[ ..1 

Vee =4.5 V-

1.0 1.5 2.0 3.5 3.0 

VI-Data Input Voltage-V 

FIGURE 5 

Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee = 5.5 V 
I 

Vee - 5 V 
I 

Vee = 4.5 V 

VI = 2V 
Rl = 470 n to Ground 
See Note 3 
TA = 25°e 
1 1 

0.5 1.0 1.5 2.0 2.5 

VI-Enable G Input Voltage-V 

FIGURE 7 

3.0 

5.0 

4.5 

4.0 

t 3.5 
CIl 
Cl 

~ 3.0 
o 

.:: 2.5 
::I 
Co 

:; 2.0 
o 
b 1.5 
> 

1.0 

0.5 

o 

4.0 

3.5 

> 3.0 
I 

CIl 

E 2.5 
"0 
> 
.... 2.0 
::I 

e-
::::s 9 1.5 
o 
> 1.0 

0.5 

o 

o 

o 

Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 

Vee= 5 V 
Outputs Enabled ~ 
No Load TA = 70 e 

TA-Ooe-
I 

14 f-TA = 25°e 

0.5 1.0 1.5 2.0 

VI-Data Input Voltage-V 

FIGURE 6 

Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

TA = 70oe~ 
~ I 

TA = 25°e~ 
~-... 1 

TA = oOe~ 
~'-

1-

Vee = 5 V 
VI =2V 

2.5 3.0 

Rl = 470 n to Ground 
See Note 3 

0.5 1.0 1.5 2.0 2.5 3.0 

VI-Enable G Input Voltage-V 

FIGURE 8 

NOTE 3: The A input is connected to Vee during the testing of the Y outputs and to ground during the testing of the Z outputs. 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

6 
V~e = 5.5

1
V II 

RL = 470 n to Vee 

5 
Vee = 5 V See Note 3 

TA = 25°C 
-

Vee = 4.5 V 
> 
I 

4 CIl 
C> 

~ 
'0 
> ... 3 
::J 

S-
::J 

0 
I 2 
0 
> 

0 
0 0.5 1.0 1.5 2.0 2.5 3.0 

VI-Enable G Input Voltage-V 

FIGURE 9 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

5.0 
Vee = 5 V 

> 4.5 IOH = -20 rnA 

~ See Note 3 
Cl 4.0 
e 
"0 3.5 > ... 
::J 3.0 S-
::J 
0 2.5 
1i 
~ -I 2.0 1---+--+--+--+--+--+_-+_---1 

J::. i 1.5 1---+--+--+--+--+--+--+----1 
I 5 1.0 

> 0.5 1----,1----1--+--+--+--+---+---1 

0'---_'--_'--_'--_'--_'--_-'--_-'----' 
o 10 20 30 40 50 60 70 80 

TA-Free-Air Ternperature-oe 

FIGURE 11 

6 

5 

> 
! 4 
Cl 

~ 
'0 
> 3 .... 
::J 
Co :; 
0 

2 I 
0 
> 

o 

5.0 

> 4.5 

~ E 4.0 

~ 3.5 
.... 
S- 3.0 
::J 

o 2.5 
1i 
> 
j 2.0 
J::. 
i 1.5 
I 
J: 1.0 o 
> 

0.5 

o 

o 

Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 

Vee = 5 V 
RL=470ntoVee 
See Note 4 

TA = 70oe~ 
'-", 

TA = 25°C ...... 
"--. 

TA = ooe ...... 
"--. 
~ 

0.5 1.0 1.5 2.0 2.5 
VI-Enable G Input Voltage-V 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

See No~e 3 

-

3.0 

-TA = 25°C 

---" ---,," i\,. ---
-Vee = 5.5 V,_ ----,," i\,.~ .-" I I I 

r\. .-Vee=5V_ -
'\ ,," 0 I I 

Vee = 4.5 V -

" 0 ('\ 

" "" ."" "\ ."" ~ 
"" ~ ~ o -20 -40 -60 -80 -100 

IOH-High-Level Output Current-rnA 

FIGURE 12 

NOTES: 3, The A input is connected to Vee during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4, The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs, 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
0.5 ~-r----'r--'--'-----r--'--'---' 

Vee = 5 V 
HOL = 20 rnA -f--f--+--f---t---j 

~ See Note 4 
~ 0.4 1---t---1'---i--f--+--f---t---j 

!3 
"0 
> i 0.3 I---f----I:----i--f--+--f---t---j 

::l 
o 
~ 

~ 0.2~-~__I~__I-~-_+-_+-_+-_j 

~ 
o 

..I 

~ 0.1 ~--'f--__I-~-_+-_+--+---+---I 
o 
> 

o~--'~~-~-~-~-~-~-~ 

, 1.0 

~ 0.9 
~ E 0.8 

~ 0.7 
.... 
S- 0.6 
::l 

o 0.5 
~ 
j 0.4 
~ 
.9 0.3 
I 
c5 0.2 
> 

0.1 

o 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

Se~ No~e 4 I I 
t-TA = 25°C 

Vee=4.5 ~I I 
/ 

Vee = 5 V7 ,........-l V 
/ 

~ ~ V 

~ e 
~ v Vee=5.5V-

~ 

~ ~ 

1/ 
o 10 20 30 40 50 60 70 80 o 10 20 30 40 50 60 70 80 90 100 

80 

70 

« 60 
E 
.!. 
c:: 50 
~ 
:; 
u 40 > 
C. 
C. 
::l 30 
'1 
u 
!d 20 

10 

o 

TA-Free-Air Ternperature-Oe 

FIGURE 13 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Outputs Enabled 
No Load 
TA = 25°C 

INPUTS GROUNDED 

o 

INPUTS OPEN 

~ ~ 
~ 

V 

l:::::: 

-~ 
2 3 4 5 6 

vee-Supply Voltage-V 

FIGURE 15 

7 8 
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.!. 
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:; 
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> 
C. 
Co 
::l 15 en 
I 
U 
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5 
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o 

IOL -Low-Level Output Current-rnA 

FIGURE 14 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I J. I I 
A Inputs Open or Grounded 
Outputs Disabled 

V No Load 
TA = 25°C / 

V 
L 

/ 
/ 

/ 

L 
V 

V 
2 3 4 5 6 

vee-Supply Voltage-V 

FIGURE 16 

I 

7 

NOTE 4: The A input is connected to ground during the testing of the Y outputs and to Vee during the testing of the Z outputs. 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 

vs 
FREQUENCY 

v' C~ I ~ II~ V I I I I 11111 I II 

Input .. 0 to 3 V 
50 f- Duty Cycle .. 50% 

/ <t 
E 
.!. 40 
c: 
~ 
:; 
c;. 30 
Q. 
Co 
:::l 

'f 20 
u 
~ 

10 

o 
10 k 

CL - 30 pF to All Outputs 
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100 k 1 M 10 M 

f-Frequency-Hz 

FIGURE 17 
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ADVANCE 
INFORMATION 

• Meets EIA Standards RS·422·A and 
RS-423-A 

• Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 

• - 7 V to 7 V Common-Mode Range with 
200-mV Sensitivity 

• 3-State TTL-Compatible Outputs 

• High Input Impedanc-: ... 12 kO Min 

• Input Hysteresis ... 120 mV Typ 

• Single 5-V Supply Operation 

• Low Supply Current 
Requirement ... 35 mA Max 

• Improved Speed and Power Consumption 
Compared to MC3486 

description 

The SN75ALS195 is a monolithic quadruple line 
receiver with three-state outputs designed using 
Advanced Low-Power Schottky technology. 
This technology provides combined 
improvements in bar design, tooling production, 
and wafer fabrication, providing significantly less 
power consumption and permitting much higher 
data throughput than other designs. The device 
meets the specifications of EIA Standards 
RS-422-A and RS-423-A. 

The SN75ALS 195 features three-state outputs 
that permit direct connection to a bus-organized 
system with a fail-safe design that ensures the 
outputs will always be high if the inputs are 
open. The device is optimized for balanced 
multipoint bus transmission at rates up to 
10 megabits per second. The input features high 
input impedance, input hysteresis for increased 
noise immunity, and an input sensitivity of 
± 200 millivolts over a common-mode input 
voltage range of ± 7 volts. It also features an 
active-high enable function for each of two 
receiver pairs. The SN75ALS195 is designed for 
optimum performance when used with the 
SN75ALS 194 quadruple differential line driver. 

The SN75ALS 195 is characterized for operation 
from OOC to 70°C. 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE OUTPUTS 
02928; JUNE 1986-REVISEO OCTOBER 1986 

J PACKAGE. 

(TOP VIEW) 

1B Vee 
1A 4B 
1Y 4A 

1,2EN 4Y 
2Y 3.4EN 
2A 3Y 
2B 3A 

GND '-1.;~---';J-' 3B 

logic symbol t 

(3) 1Y 

(5) 2Y 

(11) 3Y 

(13) 4Y 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 and 

lEe Publication 617-12. 

logic diagram 

1.2EN 

1A 

1B 

2A 

2B 

3.4EN 

3A 

3B 

4A 

4B--"'"" . .-

(3) 
1Y 

(5) 
2Y 

(11) 3Y 

(13) 4Y 

Copyright © 1986. Texas Instruments Incorporated 

• en 
a.. 
(1) 

> 
'Ci) 
(..) 
(1) 

a:: -en 
a.. 
(1) 

> 
'i: 
C 

(1) 

c 
::i 

2: 
o 
i= 
<t 
:2E 
a: 
o 
LL 
2: -
w 
U 
2: 
<t 
> c 
<t 

ADVANCE INFORMATION documents contain 
information on new products in the samplinp or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

FUNCTION TABLE (EACH RECEIVER) 

DIFFERENTIAL ENABLES OUTPUT 

A-B 

VID 2: 0.2 V 

-0.2 V < VIO < 0.2 V 

VID :5 -0.2 V 

X 

H = high level 
L = low level 
X = irrelevant 
? = indeterminate 
Z = high-impedance (off! 

schematics of inputs and outputs 

G 

H 

X 

H 

X 

H 

X 

L 

G Y 

X H 

L H 

X ? 

L ? 

X L 

L L 

H Z 

EQUIVALENT OF EACH A or B INPUT EQUIVALENT OF EACH ENABLE INPUT 

VCC VCC ---...... --41 ... 

18 kfl 

VCC (A) 
or 

GND (B) 

3 kfl 3 kfl 

50 fI 

5 kfl 

40 kfl 

INPUT 
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INFORMATION 

TYPICAL OF ALL OUTPUTS 

-------.-- VCC 

50 fI 

OUTPUT 



ADVANCE 
INFORMATION 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

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, A or B inputs, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Differential input voltage (see Note 2) ......................................... ± 1 5 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3). . . . . .. 1025 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70 0 C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead tempe'rature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 0 C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operating above 25°C,free-air temperature, derate the J package to to 656 mW at 70°C at the rate of 8.2 mW/oC. In 

the J package, SN75ALS195 chips are glass mounted. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±7 V 

Differential input voltage, VID ±12 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

High-level output current, IOH -400 p.A 

Low-level output current, IOL 16 mA 

Operating free-air temperature, T A 0 70 °C 
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SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

ADVANCE 
INFORMATION 

electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) . 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VT+ Positive-going threshold voltage 200 mV 

VT- Negative-going threshold voltage -200i mV 

Vhys Hysteresis § 120 mV 

VIK Enable-input clamp voltage II = -18 mA -1.5 V 

VOH High-level output voltage VID = 200 mV, 10H = -400 JlA 2.7 3.6 V 

10L = 8 mA 0.45 
VOL Low-level output voltage VID = -200 mV V 

10L = 16 mA 0.5 

VIL = 0.8 V, VID = -3 V, 
·20 

IOZ High-impedance state output current 
Vo = 2.7 V 

JlA 
VIL = 0.8 V, VID = 3 V, 

-20 
Vo = 0.5 V 

Other input at 0 V, VI = 15 V 0.7 1.2 
II Line input current mA 

See Note 4 VI - -15 V -1.0 -1.7 

VIH = 2.7 V 20 
IIH High-level enable-input current 

VIH = 5.25 V 100 
JlA 

IlL Low-level enable-input current VIL = OA V -100 JlA 

Input resistance 12 18 kfl 

lOS Short-circuit output current 
VID = 3 V, Vo = 0, 

See Note 5 
-15 -78 -130 mA 

ICC Supply current Outputs disabled 22 35 mA 

t All typical values are at VCC = 5 V, T A = 25°C. 
i The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VT-· 
NOTES: 4. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 

5. 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, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output VID = 0 V to 3 V, CL = 15 pF, 15 22 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output See Figure 2 15 22 ns 

tpZH Output enable time to high level 13 25 
CL = 15 pF, See Figure 3 ns 

tpZL Output enable time to low level 11 25 

tpHZ Output disable time from high level 13 25 
CL = 15 pF, See Figure 3 ns 

tpLZ Output disable time· from low level 15 22 
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ADVANCE 
INFORMATION 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE DUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(see Note A) 50 fl 

1.5 V----' 

2V-----------~ 

TEST CIRCUIT 

FIGURE 1. VOH. VOL 

I IOH + (-) 

INPUT 

~
---JV 

1.5V 1.5V 

I I 
I I 0 V 

~ tpLH r- --.I tPHL!4-

I .....J- -VOH 
I I 

VOLTAGE WAVEFORMS 

VOL 

II 
CI) ... 
Q) 

> 
'(j) 
(.) 
Q) 

a: -CI) ... 
Q) 

> 
'~ 

C 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ~ 1 MHz, duty cycle ~ 50%, Zout = Q) 

50 fl,tr ~ 6 ns, tf ~ 6 ns. c: 
B. CL includes probe and jig capacitance. :::i 

FIGURE 2. PROPAGATION DELAY TIMES 
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SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

SW1 
+2.5 V 

-2.5 V--O 

GENERATOR 
(see Note A) 51 n 

OUTPUT 

CL - 15 pF *' (see Note B) 

2 kf! 

ADVANCE 
INFORMATION 

SW2 

0-5 V 

(see Note C) 

TEST CIRCUIT 

tpZH 

L£
3V 

SW1 to 2.5 V 
INPUT I - -1.5 V SW2 open 

-t - - ° V SW3 closed 

tpZH ---+I l+-
I 

~
VOH 

OUTPUT - -'.5 V 

---OV 

~
tPHZ 3 V SW, to 2.5 V 

INPUT . I 1.5 V SW2 closed 

SW3 closed I --OV 

tPHZ~ 14--

of='LL: VOH 
OUTPUT 0.5 V __ 

f __ -1.4V' 

tpZL 

IN:U:~ L,.5V 
~-=~- SW1to-2.5V 1-0 

V SW2 closed 

tpZL ---+f 14-- SW3 open 

. ~ +----4.5 V 
OUTPUT J "'\:.:,.5 V 

VOL 

tpLZ 

3V~5 ~~1to-2.5V 
INPUT I . V SW2 closed 

I _ ° V SW3 closed 

I 
tpLZ --+I l+-

I 
.~--1.4V 

OUTPUT --./0.5 V L 
VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR :$ 1 MHz, duty cycle :$ 50%, Zout = 
50 O,tr :$ 6 ns, tf :$ 6 ns. 

B. CL includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

FIGURE 3. ENABLE AND DISABLE TIMES 
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ADVANCE 
INFORMATION 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

> 
I 

G) 
Cl 

5 

4 

ll! 3 o 
> ... 
::I 
Co 
; 2 
o 
I 
o 
> 

> 

6 

5 

I 
&4 
f! 
"0 

~ 3 
::I 

So 
::I 
o 
I 2 
o 
> 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

VID - 200 mV 
VIC - 0 
RL - 8 kO to GND VCC - 5.5 V 

TA - 25°C VCC - 5 V 

0.5 

VCC - 4.5 V 

1.5 2 

Enable Voltage-V 

FIGURE 4 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

2.5 

VCC - 5.5 V 1 -'. 
VID - -200 mV 

VCC - 5 V VIC - 0 

VCC - 4.5 V RL - 1 kO to VCC 

TA - 25°C 

0.5 1.5 2 2.5 
Enable Voltage-V 

FIGURE 6 

3 

3 

4 

> 3 
I 

G) 
Cl 
f! 
"0 
> ... 2 
::I 

So 
::I 
o 
I 
o 
> 1 

> 

o 
o 

6 

5 

I 
&4 
f! 
"0 
> 
... 3 
::I 

So 
::I o 
I 2 
o 
> 

o 
o 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 

TA - '125°C 
TA - 70 oC- ~ 

TA - ,25°C- 1-'" TA - -55°C 
TA - ooC 

VCC - 5 V 
VID - 200 mV 

VIC - 0 
RL - 8 kO to GND 

0.5 

0.5 

I I 
1.5 2 2.5 3 

Enable Voltage-V 

FIGURE 5 

OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE' 

J J 
I. 1 

~ TA - -55°C 
~TA - OoC .. ~TA - 25°C-

./ ".- TA - 70°C 

./ lTA -rc
-If' ./ 

I(" 
,/ 

Vce - 5 V 
VID - - 200 mV 

VIC - 0 
RL - 1 kO to VCC 

I 

1.5 2 
Enable Voltage-V 

2.5 3 

FIGURE 7 
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SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 

> 
I 

G) 
Cl 

5 

4 

.B 3 
"0 
> ... 
:l 
c. 

~2 
I 
o 
> 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VC~ - 5
1

V 
I I 

VIC - -12 V to 12 V 

10 - 0 
TA - 25°C 

VT- VT+ 

o 
-200 -100 o 100 200 

5 

> 
I 
:g,4 
.B 
"0 
> 
~3 
:l 
o 
Cii 
';2 
J:: 
Cl 

J: 
~1 
o 
> 

" 
" 

o o 

........ 

VID-Differentiallnput Voltage-mV 

FIGURE 8 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VID - 200 mV 

VIC - 0 
TA - 25°C 

'" I I I 
I I I 

-

'", 
"""'r-.. 

'", ""- " /. 
r VCC - 5.5 V-

r-.. r--... I-- VCC - 5 V 

'" r-..'" ~ ~ r VCC - 4.5 V 

"-ff< r-..."-
"t\." .'\ 

'\ ~'\ .'" " .'" '" -20 -40 -60 -80 -100 

10H-High-Level Output Current-mA 

FIGURE 10 

4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

10H - 0 
~ > 

I 
G) 
Cl 
~H- -400 p.A 

.B 3 
"0 
> ... 
:l 

E-
:l 
02 
CD 
> 
CD 
-' 
J:: 
Cl 

J: 1 
I 

VCC - 5 V J: 
o 
> _VID - 200 mV 

'lIC - 0 

5 

> 
I 
:g,4 
.B 
"0 

'> 
~3 
:l 
o 
Cii 
~2 
-' 
1:. 
Cl 

J: 
~1 
o 
> 

o 
o 

~ 
""""'-

o 
o 

I I I 
10 20 30 40 50 60 70 80 

T A - Free-Air Temperature - °C 

FIGURE 9 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VCC - 5 V 
VID - 200 mV 

VIC - 0 

~ 
~~ V TA - ooC 

~ ~ V TA - 25 OC-

~ TA - 70 oC_ 

~ ~ 
r\."\:~ 
\:~~ 

\ l~ 
-20 -40 -60 -80 -100 

10H-High-Level Output Current-mA 

FIGURE 11 
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ADVANCE 
INFORMATION 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3-STATE DUTPUTS 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

> 
I 

CD 
CI 

0.4 

f! 0.3 
o 
> 

VCC - 5 V 
VIO - -200 rnV 

VIC - 0 

.. 
::J 
Co 

80.2 
Gi 

10 - 8 rnA 

> 
~ 
~ 
o I' 0.1 
..J 
o 
> 

o 

I 
r--t--- 10 - 0 

o 10 20 30 40 50 60 70 80 

TA-Free·Air Ternperature- DC 

FIGURE 12 

> 0.7 
I 

CD 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

E 0.6 f----i--+--+--...p....J--~---JI'___+-~ 
o 
~ O. 5 t--:r---t---t---+l-~+..<'~I__-+--I 
::J 

So 
c5 0.4 t----1r----t----t-:~~-_+_-I___+-~ 
Qj 
> 
~ 0.3 t----i:--~~-+--4--+_-I____+-~ 
~ 
o I' 0.2 f--~'---+--+--4--+_---1f--__+-~ 

c5 VIO - -200 rnV 
> 0.1 t---i:---t---+--4--VIC _ 0 

TA - 25 DC 
O~~~~_-L_~_L-_~~_~ 

o 10 20 30 40 50 60 70 80 
10L -Low-Level Output Current-rnA 

FIGURE 13 

~ 0.7 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

CD 
CI 
f! 0.6 I---+---f-!~"""':"-=-"""":~!-=+'F-+---+~ 
o 
> 
:; 0.5 ~~--+--I---+-+-+'('-~--+--l 
So 
::J o 0.4 I--~--+----h~"f--l--~--+--l 

Qj 
> 
~ 0.3 I--~-~~-I--+--l---+--+--l 
:: 
o I' 0.2 1---.I4~-+---l----+--l---+---+--l 

c5 VCC = 5 V 
> O. 1 ~--+---+----I--+-- VIO - - 200 rnV 

VIC = 0 
OL-~-~-~-L-~~~-~-..J 

o 10 20 30 40 50 60 70 80 
10L -Low-Level Output Current-rnA 

FIGURE 14 
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SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3·STATE OUTPUTS 

ADVANCE 
INFORMATION 

TYPICAL CHARACTERISTICS 

50 

45 

<c 40 

135 
c 
~ 30 
:; 
~25 
C. 
g- 20 

(/) 

b 15 
(J 

- 10 

<c 
E 

5 

00 

30 

25 

1. 20 c 
~ :; 
~ 15 
C. 
Q. 
::l 

~ 10 
(J 

9 
5 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

VID - -200 mV 
VIC - 0 
10 - 0 
TA - 25 DC 

// 

lL 
DISABLED / 

~~ENABLED 

l/ 
/ 

/" 
VV 

2 '3 4 5 6 7 

VcC-Supply Voltage-V 

FIGURE 15 

SUPPLY CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I 1 
Vce - 5.5 V 

1 1 

Vcc - 5 V 

Vcc - 4.5 V 

10 - 0 
Outputs Enabled 

VIC - O. 
TA ~ 25 DC 

8 

o 
-200 -100 o 100 200 

VID-Differential Input Voltage-mV 

FIGURE 17 
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SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

J I I 
VCC - 5.5 V 

.1 1 I 
VCC - 5 V 
.1 
VCC - 4.5 V 

VID - -200 mV 
Outputs Enabled 
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o 10 20 30 40 50 60 70 80 
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T A - Free-Air Temperature - DC 

FIGURE 16 

SUPPLY CURRENT 
vs 

FREQUENCY 

V~bl ~"5IV I I 1111111 I I 

t- VI - ± 1.5 V Square Wave 

CL - 15 pf 
I- Four Channels Driven 

TA - 25°C 

r-r-
,../ 

II 

V 

10 k 100 k 1 M 10 M 
f-Frequency- Hz 

FIGURE 18 
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ADVANCE 
INFORMATION 

SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

WITH 3·STATE OUTPUTS 

TYPICAL CHARACTERISTICS 

c: 
~ 

30 

25 

INPUT RESISTANCE 
vs 

FREE-AIR TEMPERATURE 

b 20 f....--u 
c 
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en 

-~ 
.~ 15 
ex: .. 
:::I 
C. 
.5 10 
I 

5 

10 20 30 40 50 60 70 80 
TA-Free-Air Temperature- °e 

FIGURE 19 

SWITCHING CHARACTERISTICS 
vs 

FREE-AIR TEMPERATURE 

Vee - 5 V 
eL - 15 pF 

25r-~---+---r--+---r-~--~--~ 

5r-~---+---r--+---~-4--~--~ 

o~~--~--~--~--~~--~--~ 
o 10 20 30 40 50 60 70 80 

T A - Free-Air Temperature - °e 

FIGURE 21 
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VI-Input Voltage to GND-V 

FIGURE 20 

PROPAGATION DELAY TIME 
vs 

SUPPLY VOLTAGE 

eL - 15 pF 
r-TA - 25°e 

tP~L_ 
I 

tPLH-

4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
Vee-Supply Voltage-V 

FIGURE 22 
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. uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 

• Meets EIA Standards RS-423-A and 
RS-232-C and Federal Standard 1030 

• Slew Rate Control 

e Output Shott-Circuit-Cutrent Limiting 

• Wide Supply Voltage Range 

• 8-Pin Dual-In-Line Package 

• Designed to be Interchangeable with 
Fairchild 9636A 

description 

The uA9636AC is a dual single-ended line driver 
designed to meet EIA Standards RS-423-A and 
RS-232-C and Federal Standard 1030. The slew 
rates of both amplifiers are controlled by a single 
external resistor, RWS, connected between the 
wave-shape-control terminal and ground. Output 
current limiting is provided. Inputs are 
compatible with TTL and CMOS and are diode­
protected against negative transients. This 
device operates from ± 12 volts and is supplied 
in an 8-pin dual-in-Iine package. 

The uA9636AC is characterized for operation 
from OOC to 70°C. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC+--------~----------~--

INPUT 

VCC---------~-------------

D2608. OCTOBER 1980-REVISED SEPTEMBER 1986 

D. JG. OR P DUAL·IN-LIN~ PACKAGE 

(TOP VIEWI 

logic symbol t 

W-s 

1A 

2A 

W-S[]8 Vee-+-
lA 2 7 lY 

2A 3 6 2Y 

GND 4 5 Vee-

1Y 

2Y 

t This symbol is in accordance with ANSIIIEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram 

WAVE-SHAPE .;.,11;.;.1 __ -0 
CONTROL 

2A 131 

TYPICAL OF ALL OUTPUTS 

---..... --..... --- VCC + 

OUTPUT 

--.... - ..... -VCC-

Copyright © 1980. Texas Instruments Incorporated 

• en ... 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
these specifications per the terms of Texas 
Instruments standaril warranty. Production 
processing doe. not necessarily include testing of all 
parameters. 
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uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 

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

Positive supply voltage range, Vee + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . .. Vee - to 15 V 
Negative supply voltage range, Vee - ............. ' ..................... 0.5 V to -15 V 
Output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 50 mA 
eontinuous total dissipation at (or below) 25°e free-air temperature (see Note 2): 

D package ...................... _ ................................. , 725 mW 
JG package ........................................................ 825 mW 
P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ... . . . . . . .. 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P packages ....... 260 0 e 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, uA9636AC 

chips are glass mounted. In the P package, use the 8.0 mW/oC curve for these devices. 

recommended operating conditions 

MIN NOM MAX UNIT 

Positive supply voltage, VCC + 10.8 12 13.2 V 

Negative supply voltage, VCC- -10.8 -12 -13.2 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Wave-shaping resistor, RWS 10 1000 kll 

Operating free-air temperature, T A 0 70 °c 

electrical characteristics over recommended range of free-air temperature, supply voltage, and wave­
shaping resistance (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN Typt MAX 

(See Note 3) 
UNIT 

VIK Input clamp voltage II = -15 mA -1.1 -1.5 V 

RL = 00 5 5.6 6 

VOH High-level output voltage VI = 0.8 V RL = 3 kll to ground 5 5.6 6 V 

RL = 450 Il to ground 4 5.4 6 

RL = 00 -6 - 5.7 -5 

VOL Low-level output voltage VI = 2 V RL = 3 kll to ground -6 - 5.6 -5 V 

RL = 450 Il to ground -6 - 5.4 -4 

IIH 
VI = 2.4 V 10 

High-level input current 
VI = 5.5 V 100 

p.A 

IlL Low-level input current VI = 0.4 V -20 -80 p.A 

10 Output current (power off) VCC+ = 0, Vo = ±6 V ±100 p.A 

lOS Short-circuit output current i 
VI = 2 V 15 25 150 

mA 
VI = 0 -15 -40 -150 

ro Output resistance RL = 450 n 25 50 n 

ICC+ Positive supply current 
VCC = ±12 V, VI = 0, 

13 18 mA 
RWS = 100 kll, Output open 

ICC- Negative supply current 
VCC = ±12 V, VI = 0, 

-13 -18 mA 
RWS = 100 kll, Output open 

t All typical values are at Vee ± 12 V, T A = 25°C. 
iNot more than one output should be shorted to ground at a time. 
NOTE 3: The algebraic convention, in which the less-positive (more-negative) limit is designated as minimum, is used in this data sheet 

for logic voltage levels, e.g., when - 5 V is the maximum, the minimum is a more-negative voltage. 
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uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 

switching characteristics, Vee ± = 12 V, TA 25°C, see Figure 1 

PARAMETER TEST CONDITioNS MIN TYP MAX UNIT 

RwS = 10 kfl 0.8 1.1 1.4 

RL = 450 fl. RWS = 100 kfl 8 11 14 
tTLH Transition time. low-to-high-Ievel output 

CL = 30 pF RWS = 500 HI 40 55 70 
I's 

RWS = 1 Mfl 80 110 140 

RWS = 10 kfl 0.8 1.1 1.4 

RL = 450 fl. RWS = 100 kfl 8 11 14 
tTHL Transition time. high-to-Iow-Ievel output 

CL = 30 pF RWS = 500 kfl 40 55 70 
I's 

RWS = 1 mfl 80 110 140 

PARAMETER MEASUREMENT INFORMATION 

VCC+ 

INPUT --tl...---t ~~_~ __ -4~ __ OUTPUT ~
--3V 

INPUT 

(See Note BI 
OV 

CL - 30 pF 

(See Note Al 
--- VOH 

OUTPUT 

Vcc- tTHL 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tr S 10 ns. tf S 10 ns. Zout 

PRR S 1 kHz. duty cycle = 50%. 

FIGURE 1. TRANSITION TIMES 
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uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE INPUT CURRENT 
vs vs 

INPUT VOLTAGE 

Vii _ 1+ 1~ V 
f- CC± -

RWS - 100 kO 
f- RL - 4500 

I 

TA - 70°C 

TA - ooC 

TA -= 25°C - V"" 

-. 

::t. 

250 

200 

150 

l "100 
c 
~ 5('1 :; 

,U .. 
j 

o 
~ -50 
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uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 

TYPICAL CHARACTERISTICS 

TRANSITION TIMES 

V 
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FIGURE 6 

TYPICAL APPLICATION DATA 
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FLAT CABLE 

FIGURE 7. RS-423-A SYSTEM APPLICATION 
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• Meets EIA Standards RS-422-A and 
RS-423-A 

• Meets Federal Standards 1020 and 1030 

• Operates from Single 5-V Power Supply 

• Wide Common-Mode Voltage Range 

• High Input Impedance 

• . TTL-Compatible Outputs 

• High-Speed Schottky Circuitry 

• a-Pin Dual-In-Line and "Small Outline" 
Packages 

• Similar to SN75157 except for Corner VCC 
and Ground Pin Positions 

• Designed to Be Interchangeable with 
Fairchild I'A9637 A 

description 

The uA9637 AC is a dual differential line receiver 
designed to meet EIA standards RS-422-A and 
RS-423-A and Federal Standards 1 020 and 
1030. It utilizes Schottky circuitry and has TTL­
compatible outputs. The inputs are compatible 
with either a single-ended or a differential-line 
system. This device operates from a single 5-volt 
power supply and is supplied in an a-pin dual-in­
line package and small outline package. 

The uA9637 AM is characterized over the full 
military temperature range of - 55°C to 125°C. 
The uA9637 AC is characterized for operation 
from OOC to 70°C. 

schematics of inputs and outputs 

EaUIVALENT OF EACH INPUT 

INPUT--~--~~e-~----~ 

PRODUCTION DATA documents contain 
information current as of publication date. 

VCC 

CURRENT 
SOURCE 

uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 

D2609. SEPTEMBER 19BO-REVISED NOVEMBER 19B6 

uA9637M ... JG PACKAGE 
uA9637C ... D. JG. OR PPACKAGE 

(TOP VIEW) 

VCC[]8 11N+ 
10UT 2 7 11N-
20UT 3 6 21N+ 

GND 4 5 21N-

logic symbol t 

(8) ..at> 
11N+ ] (2) 

(7) 10UT 
11N-

21N+ 
(6) 

(3) 
(5) 20UT 

21N-

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

logic diagram 

1IN+~8) ..a (2) lOUT 

l1N- (7) 

2IN+~6) 
II (3) 20UT 

21N- (5) 

TYPICAL OF ALL OUTPUTS 

-----------4~---VCC 

son NOM 

OUTPUT 

Copyright © 19BO, Texas Instruments Incorporated 
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uA9637 AM, uA9637 AC 
DUAL DIFFERENTIAL LINE RECEIVER 

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

Supply voltage, VCC (see Note 1) ...................................... - 0.5 V to 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Differential input voltage (see Note 2) ......................................... ± 15 V 
Output voltage (see Note 1) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 5.5 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package ......................................................... 725 mW 
JG package: iJA9637 AM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1050 mW 

uA9637 AC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range: uA9637 AM . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
uA9637AC ............................ ooc to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package. . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate linearly at the following rates: 5.8 mW/oe for the D package, 8.4 mW/oe 

for uA9637AM in the JG package, 6.6 mW/oC for uA9637AC in the JG package, and B.O mW/oe for the P package. 

recommended operating conditions 

uA9637AM uA9637AC 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee 4.5 5 5.5 4.75 5 5.25 V 

Common-mode input voltage, Vie ±7 ±7 V 

Operating free-air temperature, T A -55 125 0 70 De 

electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 

MIN Typt MAX 
PARAMETER TEST CONDITIONS UNIT 

See Note 4 

-0.2 0.2 
VT Threshold voltage (VT + and VT _ ) V 

See Note 5 -0.4 0.4 

Vhys Hysteresis (VT + - VT _) 70 mV 

vOH High-level output voltage VID - 0.2 V, 10 - -1 mA 2.5 3.5 V 

VOL Low-level output voltage VID - -0.2 V, 10 - 20 mA 0.35 0.5 V 

Vee = 0 to 5.5 v, IVI = 10 V 1.1 3.25 
II Input current mA 

See Note 6 I VI = -10 V -1.6-3.25 

lOS Short-circuit output current i Va = 0, VID = 0.2 V -40 -75 -100 mA 

lee Supply current VID = -0.5 V, No load 35 50 mA 

t All typical values are at Vee = 5 V, T A = 25 De. 
iOnly one output should be shorted at a time, and duration of the short-circuit should not exceed one secQnd. 
NOTES: 4. The algebraic convention, in Which the less positive (more negative) limit is designated as minimum, is used in this data sheet 

for threshold levels only. 
5. The "expanded threshold parameter is tested with a 500-0 resistor in series with each input. 
6. The input not under test is grounded. 
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uA9637 AM, uA9637 AC 
DUAL DIFFERENTIAL LINE RECEIVER 

switching characteristics, V CC = 5 V, T A 

MMMITffi I TEST CONDITION I MIN TYP MAX UNIT I 
Propagation delay time, low-to-high-Ievel output I 

I tpHL Propagation delay time, high-to-Iow-Ievel output I CL = 30 pF, See Figure 1 I 15 25 ns I 
I 13 25 ns 1 

PARAMETER MEASUREMENT INFORMATION 

VCC+ OUTPUT VCC+ 

392n 

(see Note AI 3.92 kn 

+0.5 V- - ,.------.... 

INP~T 50% 50'Yc\ 
(see Note BI : 0 ! 

-0.5 V 1 I "'. -----
~tPLH ~tPHL 

1 ______ -

OUTP_U_T ___ ..Il-' V 15 V\"' ____ _ 

TEST CIRCLiI r VOLTAGE WAVEFORM 

NOTES: A. CL includes probe and jig capacitance. 

> 
! 
C) 

~ 
"0 
> .... 
::l 

So 
::l 
0 
I 
0 
> 

4 

3 

2 

o 

B. The input pulse is supplied by a generator having the following characteristics: tr :$ 5 ns, tf :$ 5 ns, PRR :$ 

duty cycle = 50%. 

FIGURE 1. TRANSITION TIMES 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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TA = 25°C i 
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VIC= 0 

~ 

5 MHz, 

VIC = ±7 V I VIC = ±7 V 
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I I 

> 2 .... 
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::l 
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VIC=O 
I 

I VIC=O i 
I 
I 
I 

I 
0 
> 

I I I I 
I I ~ 
I 

- 100 -50 o 50 100 
o 
-100 -50 o 50 100 

VID-Differential Input Voltage-mV VID-Differential Input Voltage-mV 

FIGURE 2 FIGURE 3 

II 
U) 
"-
Q) 

> 'Q) 
(J 
Q) 

a: -U) 
"-
Q) 

> 
'i: 
C 
Q) 

t: 
:.::i 

TEXAS • 
INSTRUMENTS 

4-531 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75Z65 



III 
r-:i' 
CI) 

c 
""I 

<' 
CI) 
""I 
f/) -II 
CI) 
(') 
CI) 

<' 
CI) 
""I 
f/) 

uA9637 AM, uA9637 AC 
DUAL DIFFERENTIAL LINE RECEIVER 
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TYPICAL CHARACTERISTICS 
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+5V 

uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 

TYPICAL APPLICATION OAT A 

TWISTED PAIR +5V 

FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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• Meets EIA Standard RS-422-A 

• Operates From a Single 5-V Supply 

• TTL-and CMOS-Input Compatibility 

• Output Short-Circuit Protection 

• Schottky Circuitry 

• Designed to be Interchangeable with 
Fairchild 9638 

description 

The uA9638C is a dual high-speed differential 
line driver designed to meet EIA Standard 
RS-422-A. The inputs are TTL- and CMOS­
compatible and have input clamp diodes. 
Schottky-diode-clamped transistors are used to 
minimize propagation delay time. This device 
operates from a single 5-volt power supply and 
is supplied in an 8-pin dual-in-line package. 

The uA9638C is characterized for operation 
from OOC to 70°C. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vcc-----------------.----~~ 

4knNoM 

INPUT----.-~---4----~--~ 

PRODUCTION DATA documents contain 
information current as of publication date. 

uA9638C 
DUAL HIGH·SPEED DIFFERENTIAL LINE DRIVER 

02612, OCTOBER 1980-REVISEO SEPTEMBER 1986 

D. JG. OR P DUAl-IN-LiNE PACKAGE 

(TOPVIEWI 

VCC[]B 1Y 
1A 2 7 1Z 

2A 3 6 2Y 
GND 4 5 2Z 

logic symbol t 

1A (2) 

2A (3) 

logic diagram 

~
811Y 

1A (21 

(71
1Z 

~
(612Y 

2A (31 

(51
2Z 

(8) 1Y 

1Z 

2Y 

2Z 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

TYPICAL OF ALL OUTPUTS 

--------~------~----vcc 

9.6 n 
~------~.---4_---0UTPUT 

...... ------- GND 

Copyright © 1980, Texas Instruments Incorporated 
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uA9638C 
DUAL HIGH·SPEED DIFFERENTIAL LINE DRIVER 

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

Supply voltage range, V CC (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 7 V 
Input voltage range .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 7 V 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

D package ......................................................... 725 mW 
JG package ................................ ,........................ 825 mW 
P package ....................................................... " 1000 mW 

Operating free-air temperature range. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 DC 
Lead temperature 1,6 mm (1/16 inch) from 10 seconds: D and P package . . . . . . . . . . . . .. 260 DC 

NOTES: 1. Voltage values except differential output voltages are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. refer tD Dissipation Derating Curves in Appendix A. In the JG package. uA9638e 

chips are glass mounted. In the P package. use the 8.0-mW/ oe curve for these devices. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. Vee 4.75 5 5.25 V 

High-level input voltage. VIH 2 V 

Low-level input voltage. VIL 0.8 V 

High-level output current. 10H -50 mA 

Low-level output current. 10L 50 mA 

Operating free-air temperature. T A 0 70 °C 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage VCC = 4.75 V. II = -18 mA -1 -1.2 V 

Vec = 4.75 V. VIH = 2 V. IIOH = -10 mA 2.5 3.5 
VOH High-level output voltage V 

VIL = 0.8 V IIOH = -40 mA 2 

VOL Low-level output voltage 
Vec = 4.75 V. VIH = 2 V. VIL = 0.8 V. 

0.5 V 
10L = 40 mA 

I VOD1 I Differential output voltage Vee = 5.25 V. 10 = 0 2VOD2 V 

I VOD2 I Differential output voltage 2 V 

Change in magnitude oft 
±OA V AI VOD I differential output voltage 

VOC Common-mode output voltage § 
VCC = 4.75 V to 5.25 V. RL = 100 n. See Figure 1 

3 V 

AI Voe I 
Change in magnitude oft 

±OA V 
common-mode output voltage 

I Vo = 6 V 0.1 100 

10 Output current with power off Vec = o. I Vo = -0.25 V -0.1 -100 p.A 

IVa = -0.25Vt06V ±100 

II Input current Vee = 5.25 V. VI - 5.5 V 50 p.A 

IIH High-level input current Vee = 5.25 V. VI = 2.7 V 25 p.A 

IlL Low-level input current Vec = 5.25 V. VI = 0.5 V -200 p.A 

lOS Short-circuit output current' Vee = 5.25 V. Vo = 0 -50 -150 mA 

ICC Supply current (all drivers) Vee = 5.25 V. No load. All inputs at 0 V 45 65 mA 

t All typical values are at Vee = 5 V and T A = 25°C. 
tAl VOD I and AI Voe I are the changes in magnitude of VOD and Voe. respectively. that occur when the input is changed from a 
high level to a low level. 
§In EIA Standard RS-422-A. Voc. which is the average of the two output voltages with respect to ground. is called output offset voltage. VOS. 
,Only one output at a time should be shorted and duration of the short-circuit should not exceed one second. 
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switching characteristics, Vee 
PARAMETER 

too Differential-output delay time 

tTD Differential-output transition time 

Skew 

5 V, TA 

uA9638C 
DUAL HIGH,SPEED DIFFERENTIAL LINE DRIVER 

TEST CONDITION MIN TYP MAX UNIT 

CL = 15 pF, RL = 100 {} 
10 15 ns 

10 15 ns 
See Figure 2 

1 ns 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(See Note A) 

i son 
INPUT VOD2 

I son 

FIGURE 1. DIFFERENTIAL AND COMMON·MODE OUTPUT VOLTAGES 

TEST CIRCUITS 

Y OUTPUT 

RL = 100 n 

Z OUTPUT 

CL = 15 pF 
(See Note B) 

INPUT 

I 

tDD...J.-..i 
I 

DIFFERENTIAL I 
OUTPUT I 

10"10 

-3V 

'--~---OV 

,------.... -- -VOH 
,c50"1o 50%lt 

_____ =+jJ. l4-Skew Skew..t"'o ~~---VOL 
Y OUTPUT 

I !(--VOH 
\50% 50%]r 

• • --VOL 
Z OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse generator has the following characteristics: ZOUT = 50 {}, PRR s 500 kHz, tw = 100 ns, Ir = s 5 ns. 
B. CL includes probe and jig capacitance. 

FIGURE 2. SWITCHING TIMES 
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• Meets EIA Standards RS-422-A and 
RS-423-A 

• Meets Federal Standards 1020 and 1030 

• Operates from Single 5-V Power Supply 

• Wide Common-Mode Voltage Range 

• High Input' Impedance 

• TTL-Compatible Outputs 

• High-Speed Schottky Circuitry 

• a-Pin Dual-In-Line and "Small Outline" 
Packages 

• Designed to be Interchangeable with 
Fairchild JtA9639AC 

description 

The uA9639C is a dual differential line receiver 
designed to meet EIA standards RS-422-A and 
RSA23-A and Federal Standards 1020 and 
1030. It utilizes Schottky circuitry and has TTL­
compatible outputs. The inputs are compatible 
with either a single-ended or a differential-line 
system. This device operates from a single 5-volt 
power supply and is supplied in an a-pin dual-in­
line package and "small outline" package. 

The uA9639C is characterized for operation 
from ooe to 70°C. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vcc 

8kn 
INPUT--~--~~~~~ ____ ~ 

uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 

03009, OCTOBER 19B6 

D. JG. OR P PACKAGE 

(TOP VIEW) 

VCC[]8 l1N+ 
lOUT 2 7 l1N-
20UT 3 6 21N+ 

GND 4 5 21N-

logic symbol t 

l1N+' (8) ] 
..C"I> 

(2) lOUT 
liN -

(7) 

21N+ 
(6) 

(5) 
(3) 20UT 

21N -

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

logic diagram 

lIN+~8) .:cr (2) lOUT 

l1N- (7) 

2IN+~6) . 
.IT (3) 20UT 

21N- (5) 

TYPICAL OF ALL OUTPUTS 

-------4I"----VCC 

50n NOM 

OUTPUT 

CURRENT 
SOURCE 

Copyright © 1986, Texas Instruments Incorporated 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 

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

Supply voltage, VCC (see Note 1) .......................... . . . . . . . . . . .. - 0.5 V to 7 V 
Input voltage .......................................................... " ± 15 V 
Differential input voltage (see Note 2) ......................................... ± 15 V 
Output voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 5.5 V 
Low-level output current ................................................... 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package ......................................................... 725 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 

NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free·air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/oC, the 

JG package to 528 mW at 70°C at the rate of 6.6 mW/ °c, and the P package to 640 mW at 70°C at the rate of 8.0 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

Common-mode input voltage, VIC ±7 V 

Operating free-air temperature, T A 0 70 °c 

electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless othewise noted) 

PARAMETER TEST CONDITIONS 
MIN TypT MAX 

See Note 4 
UNIT 

-0.2 0.2 
VT Threshold voltage (VT + and VT _ ) V 

See Note 5 -0.4 0.4 

Vhys Hysteresis (VT + - VT _ ) 70 mV 

VOH High-level output voltage VID = 0.2 V, 10 = -1 mA 2.5 3.5 V 

VOL Low-level output voltage VID = -0.2 V, 10 = 20 mA 0.35 0.5 V 

II Input current 
VCC = 0 to 5.5 V, I VI = 10 V 1.1 3.25 

mA 
See Note 6 I VI = -10 V -1.6 -3.25 

lOS Short-circuit output current:!: Vo = 0, VID = 0.2 V -40 -75 -100 mA 

ICC Supply current VID = -0.5 V, No load 35 50 mA 

tAli typical values are at VCC = 5 V, TA = 25°C. 
:!:Only one output should be sh·orted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 

for threshold levels only. 
5. The expanded threshold parameter is tested with a 500-0 resistor in series with each input. 
6. The input not under test is grounded. 

switching characteristics, Vee = 5 V, TA = ooe to 70 0 e 
PARAMETER TEST CONDITION MIN MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 
CL = 30 pF, See Figure 1 

85 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 85 ns 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 

PARAMETER MEASUREMENT INFORMATION 

VCC+ OUTPUT 

INPUT 50% 50% 

(see Note AI 3.92 kn 

-0.5 V 
I I 

~tPLH 
I 

I 
~tPHL 

OUTPUT f.sv 1SV\ 

TEST CIRCUIT VOLTAGE WAVEFORM • en ... NOTES: A. CL includes probe and jig capacitance. 

> 
I 

<I> 
CI 
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I 
0 
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B. The input pulse is supplied by a generator having the following characteristics: tr :5 5 ns, tf :5 5 ns, PRR :5 5 MHz, 
duty cycle = 50%. 

FIGURE 1. TRANSITION TIMES 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I L 
Vee = 4.75 V 

I-TA = 25°e 

I 

I : 
Vle= 0 : 

: Vie = ±7 V 
t 
I 
I 

i I 
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Vie = ±7 Vi I 
I 
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~Ie=~ I 
i I 

i I I 
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OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

Vee = 5.25 V 
TA = 25°e 

I 
I 

I 
Vle= 0 I 

I 
I Vie =±7 V 
I 
I 
I I 

Vie = ±7 V: 
I 
I Vle=O 
I 

: 
I 

~ 
'0 

-100 -50 o 
I 

50 100 
o 
-100 -50 o 50 100 

VID-Differential Input Voltage-mV 

FIGURE 2 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 

5.0 

4.5 
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TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 

vs vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 

Vce = 5 V 
VID = 0.2 V-
TA = 25°C 

~ 

"r--... 
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'" 

0.6 

> 0.5 I 
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Vee = 5 V 

f- VIO = -0.2 V 
TA = 25°C 
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IOH-High-Level Output Current-rnA 

FIGURE 4 
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SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

90 f- Inputs open 

80 f- TA = 25°C 
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IOL -Low-Level Output Current-rnA 

FIGURE 5 
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FIGURE'6 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 

TYPICAL APPLICATION DATA 

TWISTED PAIR +5 V 

FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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PERIPHERAL DRIVERS/ACTUATORS 
CROSS·REFERENCE GUIDE 

CROSS·REFERENCE GUIDE 
(manfacturers arranged alphabetically) 

Replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the 
use thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 

FAIRCHILD SUGGESTED 
TI REPLACEMENT 

",A75451 5N75451B 
",A75452 5N75452B 
",A75453 5N75453B 
",A75454 5N75454B 

",A75461 5N75461 
",A75462 5N75462 

MC1412 ULN2002A 
MC1413 ULN2003A 

",A3680 0536805-173 

",A9665 ULN2001A 
",A9666 ULN2002A 
",A9667 ULN2003A 
",A9668 ULN2004A 

MOTOROLA SUGGESTED 
TI REPLACEMENT 

MC1411 ULN2001A 
MC1412 ULN2002A 
MC1413 ULN2003A 
MC1413T 5N75468 
MC1416 ULN2004A 

MC1471 5N75476 
MC1473 5N75478 
MC1474 5N75479 

5N75451B 5N75451B 
5N75452B 5N75452B 
5N75453B 5N75453B 
5N75454B 5N75454B 

UON2841 UON2841 
UON2845 UON2845 

ULN2001 ULN2001A 
ULN2002 ULN2002A 
ULN2003 ULN2003A 
ULN2004 ULN2004A 

ULN2064 ULN2064 
ULN2065 ULN2065 
ULN2066 ULN2066 
ULN2067 ULN2067 
ULN2068 ULN2068 
ULN2069 ULN2069 

ULN2074 ULN2074 
ULN2075 ULN2075 

PAGE NATIONAL 
NO. 

5-81 053611 
5-81 053612 
5-81 053613 
5-81 053658 
5-93 053668 
5-93 

5-173 
053669 

5-173 053680 

0575361 

5-173 
0575365 

5-173 0575451 
5-173 0575452 
5-173 0575453 

0575454 
PAGE 0575461 
NO. 0575462 

5-173 
5-173 

0575463 

5-173 LM3611 
5-101 LM3612 
5-173 LM3613 

5-117 LM75453 
5-117 
5-117 RIFA 
5-81 PB0352301 
5-81 PB0352302 
5-81 
5-81 

PB0352303 
PB0352304 

5-169 
5-169 PB0352311 

PB0352312 
5-173 PB0352313 
5-173 PB0352314 
5-173 UC3717 
5-173 

5-181 
5-181 
5-181 
5-181 
5-187 
5-187 

5-193 
5-193 
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SUGGESTED PAGE 
TI REPLACEMENT NO. 

5N75471 5-109 
5N75472 5-109 
5N75473 5-109 

5N75437A 5-63 

5N75435 5-57 

5N75440 5-69 

053680 5-5 

5N75372 5-33 
5N75374 5-43 

5N75451B 5-81 
5N75452B 5-81 
5N75453B 5-81 
5N75454B 5-81 

5N75461 5-93 
5N75462 5-93 
5N75463 5-93 

5N75471 5-109 
5N75472 5-109 
5N75473 5-109 

5N75453B 5-81 

SUGGESTED PAGE 
TI REPLACEMENT NO. 

ULN2001A 5-173 
ULN2004A 5-173 
ULN2003A 5-173 
ULN2002A 5-173 

5N75466 5-101 
5N75469 5-101 
5N75468 5-101 
5N75467 5-101 

PBL3717A 5-19 
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PERIPHERAL DRIVERS/ACTUATORS 
CROSS·REFERENCE GUIDE 

SGS-ATES 
SUGGESTED PAGE 

SPRAGUE 
TI REPLACEMENT NO. 

L293 L293 5-9 UDM-5732 
L293 SN754411 * 5-159 UDN-2541 
L293D L293D 5-13 UDN-2841 
L293D SN754410' 5-153 UDN-2845 
L298 L298 5-19 

UDN-2949 
L201 ULN2001A 5-173 UDN-2950 
L202 ULN2002A 5-173 UDN-3611 
L203 ULN2003A 5-173 UDN-3612 
L204 ULN2004A 5-173 UDN-3613 

ULN2001 ULN2001A 5-173 UDN-5711 
ULN2002 ULN2002A 5-173 UDN-5713 
ULN2003 ULN2003A 5-173 UDN-5714 
ULN2004 ULN2004A 5-173 UDN-5722 

ULN2064 ULN2064 5-181 ULN-2001 
ULN2065 ULN2065 5-181 ULN-2002 
ULN2066 ULN2066 5-181 ULN-2003 
ULN2067 ULN2067 5-181 ULN-2004 
ULN2068 ULN2068 5-187 ULN-2005 
ULN2069 ULN2069 5-187 ULN-2021 
ULN2074 ULN2074 5-193 ULN-2022 
ULN2075 ULN2075 5-193 ULN-2023 

PBL3717A PBL3717A 5-19 
ULN-2024 
ULN-2025 

SILICON SUGGESTED PAGE ULN-2064 
GENERAL TI REPLACEMENT NO. ULN-2065 
SG2001 ULN2001A 5-173 ULN-2066 
SG2002 ULN2002A 5-173 ULN-2067 
SG2003 ULN2003A 5-173 ULN-2068 
SG2004 ULN2004A 5-173 ULN-2069 

SG2022 SN75467 5-101 ULN-2074 
SG2023 SN75468 5-101 ULN-2075 
SG2024 SN75469 5-101 

SG75451 SN75451B 5-81 
UNITRODE 

SG75452 SN75452B 5-81 L293 
SG75453 SN75453B 5-81 

L293 
SG75454 SN75454B 5-81 

SG75461 SN75461 5-93 
L293D 

SG75462 SN75462 5-93 L293D 
SG75463 SN75463 5-93 

L298 
SG75473 SN75473 5-109 

PBL3717A 

'Consult product data sheet for possible slight product differences. 
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SUGGESTED PAGE 
TI REPLACEMENT NO. 

SN75407* 5-53 
SN75437A 5-63 
UDN2841 5-169 
UDN2845 5-169 

SN75605* 5-123 
SN75605* 5-123 
SN75471 5-109 
SN75472 5-109 
SN75473 5-109 

SN75476 5-117 
SN75478 5-117 
SN75479 5-117 
SN75477 5-117 

ULN2001A 5-173 
ULN2002A 5-173 
ULN2003A 5-173 
ULN2004A 5-173 
ULN2005A 5-173 

SN75266 5-101 
SN75267 5-101 
SN75268 5-101 
SN75269 5-101 
SN75265 5-101 

ULN2064 5-181 
ULN2065 5-181 
ULN2066 5-181 
ULN2067 5-181 
ULN2068 5-187 
ULN2069 5-187 

ULN2074 5-193 
ULN2075 5-193 

SUGGESTED PAGE 
TI REPLACEMENT NO. 

L293 5-9 

SN754411* 5-159 

L293D 5-13 

SN754410' 5-153 

L298 5-17 
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• Designed for - 52-V Battery Operation 

• 50-rnA Output Current Capability 

• Input Compatible with TTL and CMOS 

• High Common-Mode Input Voltage Range 

• Very Low Input Current 

• Fail-Safe Disconnect Feature 

• Built-In Output Clamp Diode 

• Direct Replacement for National DS3680 
and Fairchild ItA3680 

description 

083680 
QUAD TELEPHONE RELAY DRIVER 

D. J OR N PACKAGE 
(TOP VIEW) 

D2758. MARCH 1986 

AMPL #1 {IN+ BAT GND 
IN - OUTPUT AMPL # 1 

AMPL # 2 { IN - OUTPUT AMPL # 2 
IN + OUTPUT AMPL # 3 

AMPL # 3 {IN + OUTPUT AMPL # 4 
IN- BAT NEG 

AMPL # 4 IN - """"'---__ ..r- IN + AMPL # 4 

The DS3680 telephone relay driver is a monolithic integrated circuit designed to interface -48-volt relay 
systems to TTL or other systems in telephone applications. It is capable of sourcing up to 50 milliamperes 
from standard - 52-volt battery power. To reduce the effects of noise and IR drop between logic ground 
and battery ground, these drivers are designed to operate with a common-mode input range of ± 20 volts 
referenced to battery ground. The common-mode input voltages for the four drivers can be different, so 
a wide range of input elements can be accommodated. The high-impedance inputs are compatible with 
positive TTL and CMOS levels or negative logic levels. A clamp network is included in the driver outputs 
to limit high-voltage transients generated by the relay coil during switching. The complementary inputs 
ensure that the driver output will be "off" as a fail-safe condition when either output is open. 

The DS3680 is characterized for operation from - 25 DC to 85 DC. 

symbol (each driver) schematic diagram (each driver) 

BATTERY GROUND 

NONINVERT*NG 
INPUTIN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

BATTERY NEGATIVE 

IN+ 15 kll 

IN-

OUTPUT L..-__ ~ ........... _ 

BAT NEG 
L..--...... ~~--4------~ __ __ 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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DS3680 
QUAD TELEPHONE RELAY DRIVER 

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

Supply voltage range at BAT NEG, VS- ................................ -70, V to 0,.5 V 
Input voltage with respect to BAT GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 70, V to 20, V 
Input voltage with respect to BAT NEG ................................. -0,.5 V to 70, V 
Differential input voltage, VID (see Note 2) ..................................... ± 20, V 
Output current: resistive load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1 DO, mA 

inductive load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 50, mA 
Inductive output load ........................................................ 5 H 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 3): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90,0, mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10,25 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1650, mW 

Operating free-air temperature. range .................... :........ . . . . .. - 25 DC to 85 DC 
Storage temperature range ......................................... - 65 DC to 1 50, DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60, seconds: J package. . . . . . . . . . . .. 30,0, DC 

N package ....... ,.... 26D DC 

NOTES: 1. All voltages are with respect to the SAT GND terminal, unless otherwise specified. 
2. Differential input voltages are at the noninverting input terminal IN + with respect to the inverting input terminal IN -. 
3. For operation above 25°C free-air temperature, derate linearly at the rate of 7.2 mW/oC for the 0 package, 8.2 mW/oC for 

the J package, and 13.2 mW/oC for the N package. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VS- -10 -60 V 

Input voltage, either input -20 1 20 V 

High-level differential input voltage, VIDH 2 20 V 

Low-level differential input voltage, VIOL -20 1 0.8 V 

Operating free-air temperature, T A -25 85 °C 

1The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for input voltage 
levels. 

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

PARAMETER TEST CONDITIONS MIN TVP* MAX 

VID = 2 V 40 100 
IIH High-level input current (into IN + ) 

VID = 7 V 375 1000 

VID = 0.4 V 0.01 5 
IlL Low-level input current (into IN +) 

VID = -7 V -1 -100 

VO(on) On-state output voltage 10 = 50 rnA, VID = 2 V -1.6 -2.1 

Off-state output current 
I VID = 0.8 V -2 -100 

10(oft) Va = VS- I Inputs open -2 -100 

IR Clamp diode reverse current Va = 0 2 100 

10 = 50 rnA 0.9 1.2 
VOK Output clamp voltage 

10 = -50 rnA, VS- = 0 -0.9 -1.2 

IS (on) On-state battery current All drivers on -2 -4.4 

IS(oft) Off-state battery current All drivers off -1 -100 

tAli typical values are at TA = 25°C. 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 

-52 V 

UNIT 

p.A 

p.A 

V 

p.A 

p.A 

V 

rnA 

p.A 



OS3680 
QUAD TELEPHONE RELAY DRIVER 

switching characteristics VB-

PARAMETER TEST CONDITIONS MIN TYP MAX 

ton Turn-on time 

toft Turn-oft time 

VID = 3-V pulse, 

L = 1 H, 

RL = 1 kf!, 

See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

BAT GND 

vI-----f 

-=- -52V -52 V 

FIGURE 1. GENERALIZED TEST CIRCUIT. EACH DRIVER 

I NPUT-----4 
~-----e----OUTPUT 

RL = 1 kf2 

L=1H 

-52V 

TEST CIRCUIT 

------~V 
INPUT ~ ___ ~ _________ , 

~ 
I I-OV 
I.- ton -+j :.- toft 

I I 
I ~----- VO(on) 

OUTPUT -25 V 

~-52V 

VOLTAGE WAVEFORMS 

FIGURE 2. SWITCHING CHARACTERISTICS. EACH DRIVER 
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DS3680 
QUAD TELEPHONE RELAY DRIVER 

SIGNAL 
SOURCE 

TYPICAL APPLICATION DATA 

52 V BATTERY 

.----..:.....j+ 111 ...... -----------. .£ 
(9) DS3680 

BAT NEG 
IN+ } 
IN- AMPL #1 

IN+ } 
IN- AMPL #2 

IN+ } 
IN- AMPL #3 

IN+ } 
IN- AMPL #4 

BATGND 

(14) 

FIGURE 3. RELAY DRIVER 

TEXAS -I!} 
INSTRUMENTS 

K1 r-: 
---L 
K2 r---: 
---L 
K3 r;-
---L 
K4 r-: 
---L 

K1 THRU K4 
50-V RELAY COILS - 50 rnA MAX 
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ADVANCE 
INFORMATION 

• 1-A Output Current Capability per Channel 

• Wide Supply Voltage Range: 
4.5 V to 36 V 

I 

• Separate Input-Logic Supply 

L293 
QUADRUPLE HALF·H DRIVER 

D2942, SEPTEMBER 1986 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

1,2EN VCC1 
1A 4A 

1Y 4Y 

• Thermal Shutdown 

• Internal ESD Protection 

HEATSINK AND { } HEATSINK AND 
GROUND GROUND 

• High-Noise-Immunity Inputs 

• Designed to be Interchangeable with 
SGS L293 

description 

The L293 is a quadruple high-current half-H 
driver designed to provide bidirectional drive 
currents of up to one ampere at voltages from 
4.5 volts to 36 volts. It is designed to drive 
inductive loads such as relays, solenoids, dc and 
stepping motors, as well as other high­
current/high-voltage loads in positive-supply 
applications. 

2Y 3Y 
2A 3A 

VCC2 '-1..,;;;""-""";J-" 3,4EN 

FUNCTION TABLE 

(EACH CHANNEL) 

INPUTS OUTPUT 

A EN 

H H 

L H 

X L 

H = high-level 
L = low-level 
x = irrelevant 

Y 

H 

L 

Z 

Z = high-impedance (off) 

All inputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor 
sink and a psuedo-Darlington source. Channels are enabled in pairs with channels 1 and 2 enabled by 1,2EN 
and channels 3 and 4 enabled by 3,4EN. When an enable input is high, the associated channels are enabled 
and their outputs are active and in phase with their inputs. When the enable input is low, those channels 
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each 
pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid or motor applications. 

External high-speed output clamp diodes should be used for inductive transient suppression. A VCC1 
terminal, separate from VCC2, is provided for the logic inputs to minimize device power dissipation. 

The L293 is designed for operation from OOC to 70°C. 

logic symbol t logic diagram 

C> (31 
\J 1Y 

EN 

EN C> (61
2y \J 

C> (111 
\J 3Y 

EN 

EN C> (141
4y 4A (151 \J 

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

ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplinp or 
~reproduction phase of development. Characteristic 
aata and other specifications are subject to change 
without notice. 
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L293 
QUADRUPLE HALF-H DRIVER 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~----

INPUT 

GND--~----~----------

TYPICAL OF ALL OUTPUTS 

..... ~~----~------..... VCC2 

e_------- OUTPUT 

--~.-----~------..... GND 

ADVANCE 
INFORMATION 

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

Logic supply voltage, VCC1 (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Output supply voltage, VCC2 ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Input voltage .............................................................. 7 V 
Output voltage range ........................................... - 3 V to VCC2 + 3 V 
Peak output current (nonrepetitive, t !5 5 ms) .................................... ± 2 A 
Continuous output current ....................... '. . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 A 
Continuous total dissipation at (or below) 25°C free-air temperature 

(see Notes 2 and 3) ........................................... ,...... 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
Continuous total dissipation at 80°C case temperature (see Note 3). . . . . . . . . . . . . . . .. 4130 mW 
Operating case or virtual junction temperature range ...................... - 40°C to 150°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25 DC free-air temperature, derate linearly at the rate of 16.6 mW/ DC . 
3. For operation above 25 DC case temperature, derate linearly at the rate of 59 mW/DC. Due to variations in individual device 

electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels 
slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Logic supply voltage, VCC1 4.5 7 V 

Output supply voltage, VCC2 VCC1 36 V 

IVCC1 ~7V 2.3 VCC1 
High-level input voltage, VIH I VCC1 V 

~7V 2.3 7 

Low-level input voltage, VIL -0.3 T 1.5 V 

Output current, 10 ±1 A 

Operating free-air temperature, T A 0 70 DC 

tThe algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
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ADVANCE 
INFORMATION 

L293 
QUADRUPLE HALF·H DRIVER 

electrical characteristics, VCC1 = 5 V, VCC2 = 24 V, TA 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

VOH High-level output voltage 10H = -1 A VCC2-1.8 VCC2- 1.4 V 

VOL Low-level output voltage IOL = 1 A 1.2 1.8 V 

A 0.2 100 
IIH High-level input current ~ VI = 7 V 

0.2 ±10 
p.A 

A -3 -10 
IlL Low-level input current I-- VI = 0 p.A 

EN -2 -100 

All outputs at high level 22 

ICCl Logic supply current 10 = 0 All outputs at low level 60 mA 

All outputs at high impedance 24 

All outputs at high level 24 

ICC2 Output supply current 10 = 0 All outputs at low level 6 mA 

All outputs at high impedance 4 

switching characteristics, V CC 1 5 V, VCC2 == 24 V, TA 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

tPLH Propagation delay time, low-to-high-Ievel output from A input 800 ns 

tPHL Propagation delay time, high-to-Iow-Ievel output from A input CL = 30 pF, 400 ns 

tTLH Transition time, low-to-high-Ievel output See Figure 1 300 ns 

tTHL Transition time, high-to-Iow-Ievel output 300 ns 

PARAMETER MEASUREMENT INFORMATION 

INPUT 5 V 24 V 

.,....~---3V 
90% 

PULSE 
GENERATOR 
(See Note Al 

VCCl VCC2 

A 

EN 

GND 

TEST CIRCUIT. 

v OUTPUT 

CL - 30 pF TiS .. Noto B) 

INPUT 1.5 V 

I 1 
I 10% -1-----0 

~tw--~.I 
1 I 
I I 
I 1 
~tPHL !+---*-tPLH 

---~90~o~yo~ : ~ 90% VOH 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: tr S 10 ns, tf S 10 ns, tw = 10 p's, PRR = 5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 

2: 
o 
i= « 
~ 
a: 
o 
u. 
2: -
w 
U 
2: « 
> c « 

t/) ... 
o .... 
CO 
:::s .... 
(,) 

<t -t/) ... 
Q) 

:> 
'i: 
C 
CO ... 
Q) 
.c 
Co 
'i: 
Q) 
a. 

TEXAS ~. 
INSTRUMENTS 

5-11 

posf OFFICE BOX 655012 • CALLAS. TeXAS 75265 



» c 
< » 
2 
n 
m -2 
'TI o 
:c 
S » 
:::! 
o 
2 

"'tJ 
CD ... 
-C' 
:r­
CD 

L293 
QUADRUPLE HALF·H DRIVER 

10 k!l 

CONTROL A 

CONTROL B 

TYPICAL APPLICATION DATA 

5V 24 V 

(16) 

VCC1 I> VCC2 

(3) 
'iJ 

EN 

I> 
EN 

'\l (6) 

I> 
(10) 'iJ (11) 

EN 

I> 
EN 

(15) 'iJ (14) 

GND 

(4.5.12.13) 
"; -= 

... 
!!. FIGURE 2. TWO·PHASE MOTOR DRIVER 
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ADVANCE 
INFORMATION 

• GOO-rnA Output Current Capability per 
Channel 

• Output Clamp Diodes for Inductive Transient 
Suppression 

• Wide Supply Voltage Range: 
4.5 V to 36 V 

G Separate Input-Logic Supply 

~ Thermal Shutdown 

• Internal ESD Protection 

• High-Noise-Immunity Inputs 

• Designed to be Interchangeable with 
SGS L293D 

description 

The L293D is a quadruple high-current half-H 
driver designed to provide bidirectional drive 
currents of up to 600 milliamperes at voltages 
from 4.5 volts to 36 volts. It is designed to drive 
inductive loads such as relays, solenoids, dc and 
stepping. motors, as well as other high­
~urrent/high-voltage loads in positive-supply 
Jpplications. . 

L293D 
QUADRUPLE HALF-H DRIVER 

02942. SEPTEMBER 19B6 

NE DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

l,2EN VCCl 
lA 4A 
lY 4Y 

HEATSINK AND { } HEATSINK AND 
GROUND GROUND 

2Y 3Y 
2A 3A 

VCC2 "-1.,;;;......~::..l-' 3,4EN 

FUNCTION TABLE 

(EACH CHANNEL) 

INPUTS OUTPUT 

A EN 

H H 

L H 

X L 

H = high-level 
L = low-level 
x = irrelevant 

Y 

H 

L 

Z 

Z = high-impedance (off) 

All inputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor 
sink and a psuedo-Darlington source. Channels are enabled in pairs with channels 1 and 2 enabled by 1,2EN 
and channels 3 and 4 enabled by 3,4EN. When an enable input is high, the associated channels are enabled 
and their outputs are active and in phase with their inputs. When the enable input is low, those channels 
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each 
'lair of drivers form a full-H (or bridge) reversible drive suitable for solenoid. or motor applications. 

\ VCC1 terminal, separate from VCC2, is provided for the logic inputs to minimize device power dissipation. 

The L293D is designed for operation from OOC to 70°C. 

logic symbol t 

1A (21 C> (31 1y 'i] 
EN 

EN C> (61 2y 'i] 

C> (ll1 3y 'i] 
EN 

EN C> (141
4y 4A (151 'i] 

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

logic diagram 

Copyright © 1986. Texas Instruments Incorporated 
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ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplin9 or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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L293D 
QUADRUPLE HALF-H DRIVER 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC1--------~----

INPUT 

GND--~----~----------

TYPICAL OF ALL OUTPUTS 

--~~----~~~----VCC2 

_ .... ~J---OUTPUT 

--~~-----e~--__ ---GND 

ADVANCE 
INFORMATION 

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

Logic supply voltage, VCC1 (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Output supply voltage, VCC2 ................................................ , 36 V 
Input voltage .............................................................. 7 V 
Output voltage range ........................................... - 3 V to VCC2 + 3 V 
Peak output current (nonrepetitive, t s 100 its) ................................. ± 1.2 A 
Continuous output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 600 mA 
Continuous total dissipation at (or below) 25°C free-air temperature 

(see Notes 2 and 3) ................................................. 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
Continuous total dissipation at 80°C case temperature (see Note 3) . . . . . . . . . . . . . . . .. 4130 mW 
Operating case or virtual junction temperature range ...................... - 40°C to 1 50°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/oC . 
3. For operation above 25°C case temperature, derate linearly at the rate of 59 mW/ ac. Due to variations in individual device 

electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels 
slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Logic supply voltage, VCC1 4.5 7 V 

Output supply voltage, VCC2 VCC1 36 V 

IVCC1 :57V 2.3 VCC1 
High-level input voltage, VIH I VCC1 V 

~7V 2.3 7 

Low-level input voltage, VIL -0.3 t 1.5 V 

Output current, 10 ±600 rnA 

Operating free-air temperature, T A 0 70 °c 

t The algebraic convention, in which the least positive (most negative) limit is designated minimum, is used in this data sheet for logic 
voltage levels. 
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ADVANCE 
INFORMATION 

L293D 
QUADRUPLE HALF-H DRIVER 

electrical characteristics, VCC1 = 5 V, VCC2 = 24 V, TA 

PARAMETER . TEST CONDITIONS MIN TYP MAX UNIT 

VOH High-level output voltage 10H = -0.6 A VCC2- 1.8 VCC2- 1.4 V 

VOL Low-level output voltage 10L = 0.6 A 

VOKH High-level output clamp voltage 10K = 0.6 A 

VOKL Low-level output clamp voltage 10K - -0.6 A 

IIH High-level input current 
A 

~ VI = 7 V 

IlL Low-level input current 
A 

~ VI = 0 

All outputs at high level 

leC1 Logic supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

All outputs at high level 

leC2 Output supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

switching characteristics, V CC 1 5 V, VCC2 24 V, TA 

PARAMETER TEST CONDITIONS 

tPLH Propagation delay time, low-to-high-Ievel output from A input 

tpHL Propagation delay time, high-to-Iow-Ievel output from A input CL = 30 pF, 

tTLH Transition time, low-to-high-Ievel output See Figure 1 

tTHL Transition time, high-to-Iow-Ievel output 

PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
(See Note AI 

INPUT 5 V 24 V 

VCC1 VCC2 

A INPUT 1.5 V 
I 

1.2 1.8 V 

VCC2 + 1.3 V 

1.3 V 

0.2 100 

±10 
IlA 

0.2 
-3 -10 

-2 -100 
IlA 

22 

60 rnA 

24 

24 

6 rnA 

4 

MIN TYP MAX UNIT 

800 ns 

400 ns 

300 ns 

300 ns 

~90~O~Yo--- 3 V 

I 
Y OUTPUT I 10% 

~tw 
1\-00-----..-....;..,.-1- - - - - 0 

CL - 30 pF EN J'S".'" B, GND 

-= 

3V 

TEST CIRCUIT 

OUTPUT 

I 
I 
I 
I4----M- tpHL 

90% 1 
I 

~I 
I 
1 
I 
jf---+t-tpLH 

I 90% VOH 
I 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: tr =:; 10 ns, tf =:; 10 ns, tw = 10 Ils, PRR = 5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 
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L293D 
QUADRUPLE HALF·H DRIVER 

CONTROL A 

CONTROL B 

5-16 

TYPICAL APPLICATION DATA 

5 V 24 V 

10 kO 

ADVANCE 
INFORMATION 

~~(~3) ____________ ~ 

C> 

~ (6) 

C> 

~ (11) 

C> 

~ (14) 

GND 

(4.5.12.13) 

FIGURE 2. TWO·PHASE MOTOR DRIVER 
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PRODUCT 
PREVIEW 

• 2 A Per Channel Output Capability 

• Wide Range of Output Supply 
Voltage ... 5 V to 46 V 

• Separate Input·Logic Supply Voltage 

• Thermal Shutdown 

• Internal Electrostatic Discharge Protection 

• High Noise Immunity 

• Direct Replacement for SGS L298 

description 

8 

L298 
DUAL FULL·H DRIVER 

KV PACKAGE 

(TOP VIEW) 

'-' 15 

-$-
14 

13 
12 
11 
10 

9 
8 
7 
6 

-$-
5 
4 
3 
2 

~ 1 

D2942, OCTOBER 1986 

2E 
2Y2 
2Yl 
2A2 
2EN 
2Al 
VCCl 
GND 
lA2 
lEN 
lAl 
VCC2 
lY2 
lYl 

1 E 

The L298 is a dual high-current full-H driver 
designed to provide bidirectional drive currents 
of up to two amperes at voltages from 5 volts 
to 46 volts. It is designed to drive inductive loads 
such as relays, solenoids, dc motors, stepping 
motors, and other high-current or high-voltage 
loads in positive-supply applications. All inputs 
are TTL compatible. Each output (Y) is a 
complete totem-pole drive with a Darlington 
transistor sink and a psuedo-Darlington source. 
Each full-H driver is enabled separately. Outputs 
1 Y 1 and 1 Y2 are enabled by 1 EN and outputs 
2Y1 and 2Y2 are enabled by 2EN. When an EN 
input is high, the associated channels are active. 
When an EN input is low, the associated 
channels are off (Le., in the high-impedance 
state). 

The tab is electrically connected to pin 8. 

logic symbol t 

lA1 15) 'iJ 1-__ 1:,.=2::...) lY1 

2A2 (12) 'iJ ..-_--'-11_4.;.,) 2Y2 Each half of the device forms a full-H reversible 
driver suitable for solenoid or motor applications. 
The current in each full-H driver can be 
monitored by connecting a resistor between the 
sense output terminal 1 E and ground and another 
resistor between sense output terminal 2E and 
ground. 

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

External high-speed output-clamp diodes should 
be used for inductive transient suppression. To 
minimize device power dissipation, a VCC1 
supply voltage, separate from VCC2, is provided 
for the logic inputs. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data ani! other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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L298 PRODUCT 
PREVIEW DUAL FULL·H DRIVER 

logic diagram (positive logic) 

VCC1_19_1_-

lYl 
121 

lY2 
131 

VCC2 
141 

2Yl 
1131 

2Y2 
1141 

11212A2 

lA2~17~1----r-------------+-----________ ~ 1101
2A1 

11112EN lEN-16~1----__ -------------r------______ ~ 
1181 

GND 
III 

lE 
11151 

2E 

absolute maximum ratings over operating temperature (unless otherwise noted) 

Logic supply voltage, VCC1, (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output supply voltage, VCC2 ....................... ; . . . . . . . . . . . . . . . . . . . . . . . .. 50 V 
Input voltage .......................... ;................................... 7 V 
Emitter output (1 E and 2E) voltage ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1 to 2.3 V 
Peak output current (nonrepetitive, tw !S 0.1 ms) ................................. ± 3 A 

(repetitive, tw !S 10 ms, duty cycle !S 80%) .................... ±2.5 A 
Continuous output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 2 A 
Continuous total power dissipation at 75°C case temperature (see Note 2) . . . . . . . . . . . . . .. 25 W 
Operating case or virtual junction temperature range ...................... - 40 °C to 150 0 C 
Storage temperature range ......................................... - 65 °C to 150 0 C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds. . . . . . . . . . . . .. . . . .. 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. The absolute maximum power dissipation ratings are design goals. For further information contact the factory. 

recommended operating conditions 

MIN MAX UNIT 

Veel Logic supply voltage 4.5 7 V 

VeC2 Output supply voltage VIH + 2.5 46 V 

VIH High-level input voltage 2.3 VeCl V 

VIL Low-level input voltage -0.3 t 1.5 V 

10 Output current ±2 A 

TA Operating free-air temperature 0 70 °e 

tThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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PRODUCT 
PREVIEW 

• Three Operating Modes ... Full Step, Half 
Step, and Quarter Step 

• Both Digital and Analog Control of Output 
Current 

• 1-Ampere Bidirectional Output Current 
Capability 

• Chop-Mode Current Regulation 

• Wide Output Supply Voltage 
Range . . . 1 0 V to 46 V 

• Separate Input-Logic Supply 

Y2 
RC 

VCC2 
GND 
GND 

VCC1 
11 

DIR 

PBL3717A 
STEPPER MOTOR DRIVER 

02985. FEBRUARY 1987 

NE PACKAGE 

r~op VIEW) 

E 
Y1 
VCC2 
GND 
GND 
REF 
CaMP 
10 

FUNCTION TABLE 

• Thermal Shutdown Protection LOGIC INPUTS OUTPUTS 

• Output Clamp Diodes for Inductive Transient 
Protection 

• Internal ESD Protection 

• Direct Replacement for SGS PBL3717A 

description 

The PBL3717 A is a high-current, high-voltage 
full-H reversible driver designed to control and 
drive one phase of a bipolar stepper motor. It is 
designed to provide bidirectional drive currents 

OIR 

H 

~ 
H 

~ 
H 

~ 
X 

11 10 

L L 

L H 

H L 

H H 

Y1 Y2 LEVEL 

Source Sink 
High Current 

Sink Source 

Source Sink 
Medium Current 

Sink Source 

Source Sink 
Low Current 

Sink Source 

Off 

of up to one ampere at voltages from 10 volts to 46 volts in positive-supply applications. Two PBL3717 A 
devices, with a few external components, form a complete two-phase bipolar stepper motor driver. All 
inputs are TTL-compatible. Each output (Y) forms a complete totem-pole drive with a Darlington transistor 
sink and a psuedo-Darlington source. Logic input pin DIR selects the direction of current flow in a load 
connected between outputs Y1 and Y2. A high level at the DIR input causes the load current to flow from 
output Y1 (source) to output Y2 (sink). A low level at the DIR input causes the load current to flow from 
output Y2 (source) to output Y1 (sink). When logic inputs 10 and 11 are both high, the Y1 and Y2 outputs 
are disabled and in the high-impedance state. 

The current in the full-H driver load can be monitored by connecting a resistor between the sense output 
terminal E and ground. Voltage feedback from terminal E to the COMP input pin provides output current 
regulation via chop-mode operation of the sink output transistors. Three levels' of output current can be 
selected by programming two logic inputs, 10 and 11, as shown in the function table. These inputs are 
internally decoded to enable one of three comparators to set the output current level to low, medium, 
or high. The precise level of output current is set by the comparator selected, the co'mparator reference 
voltage applied to the REF pin, the value of the sense resistor, and the sense output voltage fed back to 
the COMP input. When chop-mode current regulation is used, an internal monostable circui( programmed 
by an external RC network at the RC pin, sets the current decay time. 

The device contains built-in high-speed output clamp diodes for inductive transient protection. A separate 
supply voltage (VCC 1) is provided for the logic input circuits to minimize device power dissipation. Supply 
voltage VCC2 is used for the output circuits. Both VCC2 supply pins should be connected together as 
close to the package as possible. 

The PBL371 7 A is characterized for operation from 0 °C to 70 °C. 

Copyright © 1987. Texas Instruments Incorporated 
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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. 

TEXAS • 
INSTRUMENTS 

5-19 

POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 



PBL3717A 
STEPPER MOTOR DRIVER 

PRODUCT 
PREVIEW 

-a logic diagram (position logic) 
:Jl o tJ 10~(9~) ________ .-__ .-__ ~ __ ~ 

VCC2 
(14) 

VCC2 
(3) 

c: 11-(-71------~~_.~~~~ (15) 
.-~~~------~------------------Vl n 

-f 

"'tJ 
CD ... 
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CD ... 
ea. 
c ... 
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CD ... en 
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o ... en 

(11 ) 
REF 

COMP ---t---..... -f'''''oI 
(10) >---+---+------. 

DIR~(8-)1_1_4_------_+--~~+_~ 

GND--~--4_--------------------+_------~----------------~ 

(4.5.12.13) (2) 
RC 

(1 ) 
~----------_+_------V2 

(16) 
E 

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

Output supply voltage, VCC2 (see Notes 1 and 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 V 
Logic supply voltage, VeC1 ................................................... 7 V 
Logic input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 V 
Comparator input voltage ..................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC1 
Reference voltage, Vref. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Continuous output current ................................................. ± 1.2 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . . . .. 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
Operating case or virtual junction temperature .......................... ; . .. ooC to 1 50°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds ............ '" .... 260°C 

NOTES: 1. All voltage values are with respect to the GND terminal. 
2. Both VCC2 pins must be connected together as close to the package as possible for optimum testing and operation of the device. 
3. For operation above 25°C free-air temperature. derate linearly at the rate of 16.6 mW/oC. For operation above 25°C case 

temperature. derate linearly at the rate of 59 mW/oC. To avoid exceeding the design maximum virtual junction temperature. 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance. 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 
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PRODUCT 
PREVIEW 

recommended operating conditions 

Output supply voltage, VCC2 

Logic supply voltage, VCC1 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Output current, 10 

Operating free-air temperature, T A 
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PBL3717A 
STEPER MOTOR DRIVER 

MIN MAX UNIT 

10 46 V 

4.75 5.25 V 

2 VeCl V 

0.8 V 

±1 A 

0 70 °c 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

• Output Collector Current ... 1.5 A Max 

• 2·W Dissipation Rating 

• High Output Voltage Capability 

• Outputs Diode·Clamped for Inductive Loads 

• Common· Emitter Circuit for Current Sink 

• SN75064 and SN75065 Have TTL· 
Compatible Inputs 

• SN75066 and SN75067 Have CMOS· and 
PMOS·Compatible Inputs 

• Functionally I~terchangeable with ULN 2064 
thru ULN2067, Respectively 

description 

The SN75064, SN75065, SN75066, and 
SN75067 are monolithic high-voltage, high­
current Darlington transistor switches. Each 
comprises four n-p-n Darlington pairs. All units 
feature high-voltage outputs with common­
cathode clamp diodes for switching inductive 
loads. Outputs and inputs may each be paralleled 
for higher current capability. Applications include 
relay drivers, hammer drivers, lamp drivers, 
display drivers (LED and gas discharge), line 
drivers, and logic buffers. These common­
emitter circuits are designed to operate as 
current sinks to the load. 

The SN75064 and SN75065 are intended for 
use with TTL and 5-volt MOS logic. The 
SN75066 and SN75067 are intended for use 
with PMOS and higher voltage CMOS logic. 

The SN75064 thru SN75067 are characterized 
for operation from OOC to 70°C. 

logic symbol t 

1B (3) 

2B (6) 

3B (11) 

4B (14) 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

02620, FEBRUARY 1981 - REVISED SEPTEMBER 1986 

NE 
DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

CLAMP 4C 
1C NC 
1B 4B 

E, SUBSTRATE, { }E' SUBSTRATE, 
AND HEATSINK AND HEATSINK 

2B 3B 
2C NC 

CLAMP -...;;;",.-........;;;"r.o 3C 

NC-No internal connection 

schematic (each Darlington pair) 

...-"'11-- CLAMP 

__ --t ........... --OUTPUT C 

INPUT B-N\ .... ~ 

7.2 kO NOM 

3 kO NOM 

SN75064. SN75065: Rin - 350 0 NOM 
SN75066. SN75067: Rin - 3 kO NOM 

logic diagram 

Copyright © 1981, Texas Instruments Incorporated 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 

absolute maximum ratings at 25°e free-air temperature for each switch (unless otherwise noted) 

SN75064 SN75065 SN75066 SN75067 UNIT 

Collector-emitter voltage 50 80 50 80 V 

Input voltage (see Note 1) 15 15 30 30 V 

Peak collector current (see Figures 12, 13, and 14) 1.5 1.5 1.5 1.5 A 

Input current 25 25 25 25 mA 

Total power dissipation at (or below) 25°C 
2075 2075 2075 2075 mW 

free-air temperature (see Note 2) 

Operating free-air temperature range o to 70 o to 70 o to 70 o to 70 °C 
Storage temperature range - 55 to 150 - 55 to 150 - 55 to 150 -55 to 150 °C 
Lead temperature 1,6 mm (1/16 inch) 

260 260 260 260 °C 
from the case for 10 seconds 

NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate to 1328 mW at 70°C at the rate of 16.6 mW/oC. 

electrical characteristics at 25°e free-air temperature (unless otherwise noted) 

TEST SN75064 SN75065 SN75066 SN75067 
PARAMETER TEST CONDITIONS UNIT 

FIGURE MIN MAX MIN MAX MIN MAX MIN MAX 

Collector sustaining 
VCEX(sus) voltage 1 VI = 0.4 V, IC = 100 mA 35 50 35 50 V 

VCE = 50 V 100 100 

ICEX 
Collector output VCE = 50 V, TA = 70°C 500 500 

2 /lA 
cutoff current VCE = 80 V 100 100 

VCE = 80 V, TA = 70°C 500 500 

VI = 2.4 V 2 4.3 2 4.3 

On-state VI = 3.75V 4.5 9.6 4.5 9.6 
I1(0n) 3 mA 

input current VI = 5 V 0.9 1.8 0.9 1.8 

VI = 12 V 2.75 5.2 2.75 5.2 

VCE = 2 V, IC = 1 A 2 2 6.5 6.5 
On-state 

Vl(on) 4 VCE = 2 V, IC = 1.5 A, V 
input voltage 2.5 2.5 10 10 

See Note 3 

II = 625/lA, IC = 500 mA 1.13 1.13 1.13 1.13 

II = 935/lA, Ic = 750 mA 1.25 1.25 1.25 1.25 

II = 1.25 mA,lc = 1 A 1.4 1.4 1.4 1.4 
Collector-emitter 

VCE(sat) 5 II = 2 mA, IC = 1.25 A, V 
saturation voltage 1.6 1.6 

See Note 3 

II = 2.25 mA,lc = 1.5 A, 
1.7 1.7 

See Note 3 

VR = 50 V 50 50 

Clamp-diode VR = 50 V, TA = 70°C 100 100 
IR 6 /lA 

reverse current VR = 80 V 50 50 

VR = 80 V, TA = 70°C 100 100 

VF 
Clamp-diode IF = 1 A 1.75 1.75 1.75 1.75 

7 V 
forward voltage IF = 1.5 A, See Note 3 2 2 2 2 

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw 10 ms, duty cycle :5 10%. 

switching characteristics at 25°e free-air temperature, Vee = 5 V 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Propagation delay time, low-to-high-Ievel output 
See Figure 8 

1.5 Propagation delay time, high-to-Iow-Ievel output 
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SN75064, SN75065, SN75066,SN75067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

OPEN 

OPEN 

OPEN VCE 

'CEX 
+--

FIGURE 1. VCEX(sus) FIGURE 2. ICEX 

OPEN OPEN 

~ ___ --OPEN 

FIGURE 3. I1(0n) FIGURE 4. Vl(on) 

OPEN 

OPEN 

FIGURE 5. VCE(sat) FIGURE 6. IR 

FIGURE 7. VF 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PULSE 
GENERATOR 
(see Note AI 

PARAMETER MEASUREMENT INFORMATION 

",--~""-35V 
CLAMP 

68 n.2W 

">C)-.... - ..... ~~- OUTPUT 

TEST CIRCUIT 

CL=15pF 
(see Note B) 

INPUT 

: : ov 
tPHL ---. ~ .... ~ tPLH 

~
Ir VOH 

OUTPUT I 50% . 50% 

---VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz. duty cycle = 10%. Zo = 50 n. 
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B. CL includes all probe and stray capacitance. 
C. VIH = 2.5 V for SN75064 and SN75065. VIH = 10 V for SN75066 and SN75067. 

SN75064. SN75065 

INPUT CURRENT 

INPUT VOLTAGE 

TA = 2
1
S'C / 

No load 

/ See Figure 3 
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FIGURE 8. SWITCHING TIMES 

ELECTRICAL CHARACTERISTICS 
SN75066. SN75067 
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SN75064, SN75065, SN75066,SN75067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

TYPICAL APPLICATION DATA 

CC 
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FIGURE 15. RELAY DRIVER INTERFACE 
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SN75068, SN75069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 

• Output Collector Current ... 1.5 A Max 

• 2-W Dissipation Rating 

• High Output-Voltage Capability 

• Preamp for High Current Gain 

• Outputs Diode-Clamped for Inductive Loads 

• Common-Emitter Circuit for Current Sink 

• Inputs Compatible with TTL and 5-Volt 
CMOS 

• Functionally Interchangeable with ULN2068 
and ULN2069 

description 

02621. DECEMBER 1979-REVISED FEBRUARY 1987 

NE 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CLAMP 4C 

1C 4B 

1B VCC 
E, SUBSTRATE, 5 l E, SUBSTRATE, 
AND HEATSINK 1 5 AND HEATSINK 

2B 3B 

NC 3C 
2C .......... __ ..... CLAMP 

NC-No internal connection 

schematic (each switch) 

VCC 

900 n 
CLAMP 

The SN75068 and SN75069 are monolithic 
integrated circuits each consisting of four high­
voltage, high-current n-p-n cascaded transistor 
switches. Each switch includes a first stage 
compatible with both TTL and 5-volt CMOS 
signal levels. The second and third stages form 
uncommitted-collector outputs with common­
cathode clamp diodes for switching inductive 
loads. 

INPUT 2.5 kn 
B r-__ --4I ... __ OU~UT • 

E The SN75068 and SN75069 can sink up to 
1.5 amperes per switch. Applications include 
logic buffers, MOS drivers, memory drivers, line 
drivers, relay drivers, hammer drivers, lamp 
drivers, and display drivers (LED and gas 
discharge). 

Resistor values shown are nominal. 

The SN75068 and SN75069 are characterized 
for operation from O°C to 70 oC. 

logic symbol t 

1B 

2B 

3B 

4B (15) 

(1) 
CLAMP 

CLAMP 

1C 

2C 

3C 
(16) 4C 

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

logic diagram 

(3) 
1B 

(6) 
2B 

(11) 
3B 

(15) 
4B 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN75068. SN75069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

absolute maximum ratings at 25°e free-air temperature for each switch (unless otherwise noted) 

SN75068 SN75069 UNIT 

Collector-emitter voltage 50 80 V 

Supply voltage, VCC (see Note 1) 10 10 V 

Input voltage 15 15 V 

Peak collector current (see Figures 10, 11, and 12) 1.5 1.5 A 

Total power dissipation at (or below) 25°C free-air temperature (see Note 2) 2075 2075 mW, 

Operating free-air temperature range o to 70 o to 70 °C 

Storage temperaWre range -55 to 150 -55 to 150 °C 

Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds 260 260 °C 

NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate.total power to 1328 mW at 70°C at the rate of 16.6 mW/oC. 

electrical characteristics at 25°e free-air temperature, Vee 0:::: 5 V (unless otherwise noted) 

TEST SN75068 SN75069 
UNIT PARAMETER TEST CONDITIONS 

FIGURE MIN MAX MIN MAX 

VCEX(sus) Collector sustaining voltage 1 VI = 0.4 V, IC = 100 mA 35 50 V 

VCE = 50 V 100 

VCE = 50 V, TA = 70°C 500 
ICEX Collector output cutoff current 2 p.A 

VCE = 80 V 100 

VCE = 80 V, TA = 70°C 500 

VI = 2.4 V 250 250 
I1(0n) On-state input current 3 

VI = 3.75 V 1000 1000 
p.A 

Vl(on) On-state input voltage 4 
VCE = 2 V, 

See Note 3 

IC = 1.5 A, 
2.4 2.4 V 

VI = 2.4 V, IC = 500 mA 1.13 1.13 

VI = 2.4 V, Ic = 750 mA 1.25 1.25 

VI = 2.4 V, IC = 1 A 1.4 1.4 
Collector-emitter 

VI = 2.4 V, IC = 1.25 V VCE(sat) 5 V 
saturation voltage 1.6 

See Note 3 

VI = 2.4 V, 

See Note 3 

Ie = 1.5 A, 
1.7 

VR = 50 V 50 

VR = 50 V, TA = 70°C 100 
IR Clamp-diode reverse current 6 

VR = 80 V 50 
p.A 

VR = 80 V, TA = 70°C 100 

IF = 1 A 1.75 1.75 
VF Clamp-diode forward voltage 7 V 

IF = 1.5 A, See Note 3 2 2 

ICC 
Supply current 

8 VI = 2.4 V, IC = 500 mA 6 6 mA 
(only one switch conducting) 

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw 10 ms, duty cycle :s 10%. 

switching characteristics at 25°e free-air temperature, Vee = 5 V 

5-30 

PARAMETER TEST CONDITIONS 

tPLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 
See Figure 9 
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SN75068, SN75069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

VCC OPEN 

':' 

FIGURE 1. VCEX(sus) 

VCC OPEN 

IlIonl 
---+ 

OPEN 

':' 

FIGURE 3. I1(0n) 

VCC OPEN 

FIGURE 5. VCE(sat)" 

FIGURE 7. VF 

IIC 

OPEN 

OPEN 

VCC OPEN VCE 

ICEX 
+--

FIGURE 2. ICEX 

VCC OPEN 

FIGURE 4. Vl(on) 

FIGURE 6. IR 

ICC OPEN 

ilc 
FIGURE 8. ICC 
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SN75068, SN75069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(see Note Al 

,......-~ __ -35V 

CLAMP 

68 n. 2W 

"X~ ... - ......... - OUTPUT 

TEST CIRCUIT 

CL = 15 pF 
(see Note BI 

._ ~-~~2.4V 
INPU~1.2V L 

: : ov 
tpHL -.... ~ ~ ~ tpLH 

~
Ir VOH 

OUTPUT I 50% 50% 

---VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz. duty cycle = 10%. Zo = 50 n. 
B. CL includes all probe and stray capacitance .. 
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FIGURE 10 

FIGURE 9. SWITCHING TIMES 

THERMAL INFORMATION 
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FIGURE 11 

TYPICAL APPLICATION DATA 

MAXIMUM COLLECTOR CURRENT 
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TA' 70°C 
N :z: Number of Outputs - - -

Conducting Simultaneously 

\' \ ",I 
\\ "I'-.. ~,' 
".'-" 

,~ 

I'-. ~AI.~ :--t::: AI~ ~ 
Al j4J-:--r::: 

o 1 
o 10 20 30 40 50 60 70 80 90 100 

Duty Cycle-% 

FIGURE 12 

V+----.~~~----------------9__._, 

Vee - 5 V----+~I__+-----------.. 

16 

2 15 

3 14 
SN75068 

SN75069
13 

12 
TMS1000 11 

7 10 

8 9 

FIGURE 13. RELAY DRIVER INTERFACE 
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• Dual Circuits Capable of Driving High­
Capacitance Loads at High Speeds 

• Output Supply Voltage Range Up to 24 V 

• Low Standby Power Dissipation 

description 

The SN75372 is a dual NAND gate interface 
circuit designed to drive power MOSFETs from 
TTL inputs. It provides high current and voltage 
levels necessary to drive large capacitive loads 
at high speeds. The device operates from a 
VCC1 of 5 volts, and a VCC2 of up to 24 volts. 

The SN75372 is characterized for operation from 
OOC to 70°C. 

schematic (each driver) 

TO OTHER { 
DRIVER 

INPUT A ---------~~ ..... r. .... --__I 

ENABLE E -~~ ...... ----1f__IiII ........ 

SN75372 
DUAL MOSFET DRIVER 

D OR P PACKAGE 

(TOP VIEW) 

. E 2 7 1Y 1Au' 8 VCC1 

logic symbol t 

1A (1) 

2A (3) 

2A 3 6 2Y 

GND 4 5 VCC2 

D3004. JULY 1986 

(7) IV 

(6) 2Y 

tThis symbol is in accordance with. ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

E (2) 

1A (1) 

2A ...:.(3~)_--I 

VCC2 

OUTPUT Y 

.----.-------------.--~--------_.----~~-GND 

} 
TO OTHER 

'--____ + DRIVER 

Copyright © 1986. Texas Instruments Incorporated 
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SN75372 
DUAL MOSFET DRIVER 

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

Supply voltage range of VCC1 (see Note 1) ............................ ~. - 0.5 V to 7 V 
Supply voltage range of VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 25 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Peak output current (tw < 10 ms, duty cycle < 50%): Sink ....................... 500 mA 

Source .................... , 500 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 725 mW 
P package ............................. '.' . . . . . . . . . . . . . . . . . . . . . . . . .. 1 200 mW 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see the Dissipation Derating Table. 

PACKAGE 

D 
.p 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 

High-level input voltage, VIH 

low-level input voltage, Vll 

High-level output current, IOH 

low-level output current, IOl 

Operating free-air temperature, T A 

DISSIPATION DERATING TABLE 

POWER 

RATING 

725 mW 
1200 mW 

DERATING 

FACTOR 

5.B mW/oC 
9.6 mW/oC 

~ 

ABOVE 

TA 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

4.75 20 24 V 

2 V 

0.(3 V 

-10 mA 

40 mA 

0 70 °C 
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SN75372 
DUAL MOSFET DRIVER 

electrical characteristics over recommended ranges of VCC1, VCC2, and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 mA -1.5 V 

VOH High-level output voltage 
VIL = 0.8 V, IOH = -50 p.A VCC2- 1.3 VCC2- 0.8 

V 
VIL = 0.8 V, IOH = -10 mA VCC2 -2.5 VCC2 -1.8 

VIH = 2 V, IOL = 10 mA 0.15 0.3 

VOL Low-level output voltage VCC2 = 15 V to 24 V, VIH = 2 V, V 

IOL = 40 mA 
0.25 0.5 

VF 
Output clamp diode 

VI = 0, IF = 20 mA 1.5 V 
forward voltage 

II 
Input current at maximum 

VI = 5.5 V 1 mA 
input voltage 

High-level input current 
I Any A 

VI = 2.4 V 
40 

IIH 
Any E 80 

p.A 

Any A 
VI = 0.4 V 

-1 -1.6 
IlL Low-level input current - mA 

Any E -2 -3.2 

ICC1(H) 
Supply current from VCC1, 

2 4 mA 
both outputs high VCC1 = 5.25 V, VCC2 = 24 V, 

Supply current from VCC2, All inputs at 0 V, No load 
ICC2(H) 0.5 mA 

both outputs high 

ICC1(L) 
Supply current from V CC 1, 

16 24 mA 
both outputs low VCC1 = 5.25 V, VCC2 = 24 V, 

Supply current from VCC2, All inputs at 5 V, No load 
ICC2(L) 7 13 mA 

both outputs low 

ICC2(S) 
Supply current from VCC2, VCC1 = 0, VCC2 = 24 V, 

0.5 mA 
standby condition All inputs at 5 V, No load 

tAli typical values are at VCC1 = 5 V, VCC2 = 20 V, and TA = 25°C. 

switching characteristics, V CC 1 = 5 V, V CC2 = 20 V, T A 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tDLH Delay time, low-to-high-Ievel output 20 35 ns 

tDHL Delay time, high-to-Iow-Ievel output 10 20 ns 

tTLH Transition time, low-to-high-Ievel output 
CL = 390 pF, 

20 30 ns 

tTHL Transition time, high-to-Iow-Ievel output 
RD = 10 fl, 

20 30 ns 

tpLH Propagation delay time, low-to-high-Ievel output 
See Figure 1 

10 40 65 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 30 50 ns 

tI) ... 
o .... 
Cts 
::l .... 
CJ 

<C -tI) ... 
G) 

> 
'i: 
C 

ca ... 
G) 
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SN75372 
DUAL MOSFET DRIVER 

PULSE 
GENERATOR 
(See Note AI 

INPUT 

2.4 V 

PARAMETER MEASUREMENT INFORMATION 

5 V 20 V 

:s:10 ns--j+-+l ~ :s:10 ns 

I 1r--90~o~Yo---""9"'0"'%-v- - 1.. - - - - - 3 V 

I I ~l __ l, INPUT I I 
I VCC1 VCC2 I 
I I 
I I 

[}--I-...JV'..J'v-<-'-- OUTPUT 

TEST CIRCUIT 
OUTPUT 

I I I 
1+---0.5/o1s---~ .. 1 10% 

I 
!4-tPLH-+j 

I ~tTLH 
I I I 

tDLH~ 

VOLTAGE WAVEFORMS 

I 
I 
I 

OV 

VOH 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zout '" 50 n. 

> 
I 
II) 
CI 

.l9 
'0 
> .. 
:l 

S-
:l 
0 
Gi 
> 
II) 

....I 

.t:. 
CI 

:f 
I 
:I: 
0 
> 

B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES, EACH DRIVER 

TYPICAL CHARACTERISTICS 

VCC2 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

Vce'1 .. 5 V 

VCC2" 20 V 
VCC2- 0.5 

=~ VI .. 0.8 V 

VCC2- 1.O 

VCC2- 1.5 

VCC2- 2.O 

VCC2- 2.5 

VCC2- 3.O 
-0.01 

~~ IIIIIII IIIIIII 
R 

T A - 2~1~IC I 11111 
,; TA - 70°C 

~I-
--l- t::=: t::r--r...:: 1'-0.1'-

~ 
TA - ooC -' 

-0.1 -1 -10 -100 

IOH-High-Level Output Current-mA 

FIGURE 2 

> 
I 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
0.5 ,-----r-----r----..,.......--,...---, 

& 0.4 

VCC1 - 5 V 
VCC2" 20 V 
VI" 2 V 

.l9 
'0 
> 
; 0.3 I----t----+_----:J'''boo'''----+-----I 
S-
:l 
o 
Gi 
~ 0.2 f----f--7~-+---+----_+_-____I 

....I 

~ 
.9 
~ 0.1 ~--+---+---+----+-----I 
o 
> 

o L-__ L-__ L-__ ~ __ ~_--J 

o 20 40 60 80 100 

IOL -Low-Level Output Current-mA 

FIGURE 3 
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TYPICAL CHARACTERISTICS 

SN75372 
DUAL MOSFET DRIVER 

POWER DISSIPATION (BOTH DRIVERS) 
vs 

VOLTAGE TRANSFER CHARACTERISTICS FREQUENCY 

> 
1 

III 
0) 

:: 
"0 
> 
5 
So 
:::J 
0 

1 

0 
> 

24 

20 

16 

12 

8 

4 

o 
o 

200 

180 

a> ~ 160 
.§ 1 

~ 5 140 
til Co . 

~ 8 120 
5 Qj 
... ~ 100 
til ..... 
0), 

~ -§, 80 
e :f 
i $ 60 
:I: ~ 
~.5l 40 

20 

o 

VCC1 - 5 V 
VCC2 - 20 V 
No load 

'\ TA • 25°C 

0.5 1.5 2 2.5 
VI-Input Voltage-V 

FIGURE 4 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
FREE-AIR TEMPERATURE 

I I 
I--CL .. 4000 pF 

VCC1 .. 5 V 

VCC2 - 20 V 
RD .. 10 n 
See Figure 1 

CL .. 2000 pF 

CL - 1000 pF 

CL - 200 pF-h 
I I 

CL .. 390 pF_ 
~ .. I 

CL ... 50 pF 

o 10 20 30 40 50 60 70 80 
TA-Free-Air Temperature- °C 

FIGURE 6 

1200 
VCC1 - 5 V I 
VCC2 - 20 V 

Ii 

1000 t! 
f-INPUT: 3 V Square wave I 

3: 
E 800 
1 
c 
.2 
~ 600 Co 
·iii 
C/I 

i5 
I 400 l-e.. 

200 

50% duty cycle) I I,' 
TA .. 25°C I 

-' I C,L ,., ~OO pF\ I Ii 
1/ CL • 1000 pF I\. J~ I 

CL • 2000 pF 

~ 
\ II 

II I I I I / r\ CL • 4000 pF I 

~ > V ~)~ 
.--"" ~"" ---~ 

~~ 

~ ...... - t-- ..... 100" 1\ 
CL· 400 pF-
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10 
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a> C/I 160 
.§ I 
I- ... 
~ a 140 

Qj 5 
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.2 ~ 100 ... CIl 
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~ ~ 80 
o ..... 
It b 60 
1 +;' 

..... .J::. 
:I:.!2I 40 
~:I: 

20 

o 
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FIGURE 5 

PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 

vs 
FREE-AIR TEMPERATURE 

VCC1 ~ 5 V 
VCC2 • 20 V 
RD ... 10 n 
See Figure 1 CL .. 4000 pF 

1000 

CL • 2000 pF t--

I 1 
CL .. 1000 pF 

CL - 200 pF, 1 1 
CL - 390 pF-t--

~ 1 1 

CL .. 50 pF 

o 10 20 30 40 50 60 70 80 

TA-Free-Air Temperature- °C 

FIGURE 7 
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SN75372 
DUAL MOSFET DRIVER 

TYPICAL CHARACTERISTICS 

200 

180 

~ ~ 160 
j:: .!. 
~ S. 140 
Q) :::I 
CO 120 
:5Q; 
... i; 100 
10-1 
Cl' 
1O.r:. 80 
e:f 
~ ~ 60 
::I:~ 

~S 40 

20 
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200 
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~ ~ 160 
j:: .!. 
~ S. 140 
Q) :::I 
C 0 120 
:5 Q; 
... i; 100 
10-1 
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~"5, 80 
e:z: 
~ ~ 60 
::I: ~ 
~S 40 

20 

o 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
VCC2 SUPPLY VOLTAGE 

VCC1 - 5 V 
..! ~I 
CL - 4000 pF / 

I-RO - 10 n. _V TA - 25°C 
I- See Figure 1 

/' 
I--

o 

./V 

/ CL - 2000 pF 

'/ 
/ CL - 1000 pF 

/CL - 200 pF 
I 

i\ CL .. 390 pF 

V ~ 

~ CL - 50 pF 

5 10 15 20 
VCC2-Supply Voltage-V 

FIGURE 8 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
LOAD CAPACITANCE 

25 

VC~1 .. ;, V / 
r-VCC2 - 20 V V I- TA - 25°C ./ 

See Figure 1 ..... V ./ 
V 

V ./" 
V 

f---- RD l24~/ 
/ / RO .. 10 n 

// V 
/ /. VRo""o 

/ ~ V 
I~ V 
I/' 
o 1000 2000 3000 

CL -Load Capacitance-pF 

FIGURE 10 

4000 

PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 

vs 
VCC2 SUPPLY VOLTAGE 

200r-----.-----.-----.----,,----. 
VCC1 .. 5 V 

180 RO" 1 0 n ---jf-----+-----t------l 

cD ~ 160 T A - 25°C --11-----
.§ I See Figure 1 
I- .. 
~ S. 140~----r_~~t=~~F=--~r---~ 
~ c5 120 f------f---F--f-----1f----j-----i 

.§ ~ 100 .. Q) 
10-1 
Cl' 
10 ~ 80 c. ° 0-1 

Q: 0 
60 I ";' 

-I.r:. 
J:.21 40 SoJ: 

20 
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cD ~ 160 
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FIGURE 9 

PROPAGATION DELAY TIME, 
HIGH-TO-LOW-lEVEL OUTPUT 

vs 
LOAD CAPACITANCE 

VCC1 .. 5 V 

25 

./ 
VCC2 - 20 V ./ 
TA .. 25°C /' 
See Figur~ 1 

./ 
/ 

/v ./ 
RO "" 24y ~ 

/ ./ 
VRo - 10n 

/ / """ 
~£ l--"" ~D .. b 
~ V 

1000 2000 
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FIGURE 11 

3000 
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4000 

NOTE: For RD = O. operation with CL > 2000 pF violates absolute maximum current rating. 
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APPLICATIONS INFORMATION 

SN75372 
DUAL MOSFET DRIVER 

driving power MOSFETs 

sv 

The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors. 
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large 
capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver 
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 12(a), an IRF151 power 
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470 n pull-up 
resistor. The input capacitance (Ciss) specification for an IRF151 is 4000 pF maximum. The resulting long 
turn-on time due to the combination of Ciss and the pull-up resistor is shown in Figure 12(b). 

48 V 

~ > 
I 4 GI 
CI 
S 
"6 3 > 

(4) (8) 

I.' Sf GI 

(7) 
; 2 C) 

I 
...I 
o 1 
> 

./ 
V 

V 
V \ I 

:I: 0 
Ell 

~ 0 O.S 1.S 
Time-its 

2.S 3 en 

(a) 

FIGURE 12. POWER MOSFET DRIVE USING SN75447 
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SN75372 
DUAL MOSFET DRIVER 

APPLICATIONS INFORMATION 

A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output 
configuration, referred to as a totem-pole output. The SN75372 driver provides the high speed, totem­
pole drive desired in an application of this type, see Figure 13(a). The resulting faster switching speeds 
are shown in Figure 13(b). 

48 V 

5V 

~ > 
I 4 Q) 
Cl 

(4) (8) !9 
(7) "0 3 > 

(3) IRFq !!! 
01 2 TLC555P 0 
I 

(6) (5) y. SN75372 ..... 
0 1 > 

, 

:J: 0 
~ 0 0.5 

(a) 

FIGURE 13. POWER MOSFET DRIVE USING SN75372 

l 
1.5. 2 2.5 3 

Time-I's 

(b) 

Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds 
as shown by the equation 

Ipk 
VC 

where C is the capacitive load, and tr is the desired rise time. V is the voltage that the capacitance is 
charged to. In the circuit shown in Figure 13(a), V is found by the equation 

V = VOH - VOL 

Peak current required to maintain a rise time of 100 ns in the circuit of Figure 13(a) is 

(3-0)4(109) 

100(109) 
120 mA 

Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151. 
With a VCC of 5 V, and assuming worst-case conditions, the gate drive voltage is 3 V. 

For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, the SN75374 
QUAD MOSFET driver should be used. 
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SN75372 
DUAL MOSFET DRIVER 

THERMAL INFORMATION 

power dissipation precautions 

Significant power may be dissipated in the SN75372 driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. Figure 5 shows the power dissipated in a typical 
SN75372 as a function of load capacitance and frequency. Average power dissipated by this driver is 
derived from the equation 

PT(A V) = POC(A V) + PC(A V) + PS(A V) 

where POC(AV) is the steady-state power dissipation with the output high or low, PC(A V) is the power 
level during charging or discharging of the load capacitance, and PS(AV) is the power dissipation during 
switching between the low and high levels. None of these include energy transferred to the load and all 
are averaged over a full cycle. 

The power components per driver channel are 

POC(AV) 
PHtH +PLtL 

T 

PC(AV) "" C V~ f 

PS(AV) 

where the times are as defined in Figure 14. 

I 
I I 
I I 
I+-- tH----.r 

I 
14----'T - 1/f---~~ 

FIGURE 14. OUTPUT VOLTAGE WAVEFORM 

PL, PH, PLH, and PHL are the respective instantaneous levels of power dissipation, C is the load capacitance. 
Vc is the voltage across the load capacitance during the charge cycle shown by the equation 

Vc = VOH - VOL 

PS(AV) may be ignored for power calculations at low frequencies. 
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SN75372 
DUAL MOSFET DRIVER 

THERMAL INFORMATION 

In the following power calculation, both channels are operating under identical conditions: 
VOH = 19.2 volts and VOL = 0.15 volts with VCC1 = 5 volts, VCC2 = 20 volts, Vc = 19.05 volts, 
C = 1000 picofarads, and the duty cycle = 60%. At 0.5 MHz, PS(AV) is negligible and can be ignored. 
When the output voltage is high, ICC2 is negligible and can be ignored. 

On a per-channel basis using data sheet values 

POC(AV) = [(5 V) (
2 

;A) + (20 V) (
0 

;A)] (0.6) + [(5 V) ( 16 ;A) + (20 V) (7 ;A) ] (0.4) 

POC(AV = 47'mW per channel 

Power during the charging time of the load capacitance is 

PC(AV) = (1000 pF) (19.05 V)2 (0.5 MHz) = 182 mW per channel 

Total power for each driver is 

PT(AV) = 47 mW + 182 mW 229 mW 

and total package power is 

PT(AV) = (229) (2) = 458 mW . 
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• Quadruple Circuits Capable of Driving High­
Capacitance Loads at High Speeds 

• Output Supply Voltage Range from 5 V to 
24V 

• Low Standby Power Dissipation 

• VCC3 Supply Maximizes Output Source 
Voltage 

description 

The SN75374 is a quadruple NAND interface 
circuit designed to drive power MOSFETs from 
TTL inputs. It provides the high current and 
voltage necessary to drive large capacitive loads 
at high speeds. 

The outputs can be switched very close to the 
VCC2 supply rail when VCC3 is about 3 volts 
higher than VCC2. The VCC3 pin can also be tied 
directly to VCC2 when the source voltage 
requirements are lower. 

The SN75374 is characterized for operation from 
OOC to 70°C. 

logic symbol t 

1E1 (4) & 

1E2 (5) EN1 

2E1 
(12) 

2E2 
(13) 

1A 
(3) 

1Y 

2A 
(6) 

2Y 

3A 
(11) 

3Y 

4A 
(14) 

4Y 

(7-48) 

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

SN75374 
QUADRUPLE MOSFET DRIVER 

03004. SEPTEMBER 1986 

D OR N PACKAGE 

(TOP VIEW) 
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GND VCC3 

schematic (each driver) 
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T~~~~~:{ 

VCC2 

INPUT A----....-~ 
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OUTPUT·_ 
y 

~~~~--------~-----4~--~GNO 
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1A (3) 
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3Y 
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Q) 

C. 
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SN75374 
QUADRUPLE MOSFET DRIVER 

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

Supply voltage range of V CC 1, (see Note 1) .............................. - 0.5 V to 7 V 
Supply voltage range of VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 25 V 
Supply voltage range of V CC3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O. 5 V to 30 V 
Input voltage. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Peak output current (tw < 10 ms, duty cycle < 50%): Sink....................... 500 mA 

Source. . . . . . . . . . . . . . . . . . . .. 500 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2): 

o package ......................................................... 1025 mW 
N package ........................................................ 1650 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C, see the Power Dissipation Derating Table. 

POWER DISSIPATION DERATING TABLE 

PACKAGE 

D 
N 

POWER 

RATING 

1025 mW 
1650 mW 

DERATING 

FACTOR 

8.2 mW/oC 
13.2 mW/oC 

ABOVE 

TA 

~ recommended operating conditions .. 
-6' 
:r 
CD .. 
!!. 
C .. 
<' 
CD .. en 
l> 
(') .... 
C 
Q) .... 
o .. 
en 
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Supply voltage, VCC1 

Supply voltage, VCC2 

Supply voltage, VCC3 

Voltage difference between supply voltages: VCC3 - VCC2 

High-level input voltage, VIH 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A 

TEXAS -I./} 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

4.75 20 24 V 

VCC2 24 28 V 

0 4 10 V 

2 V 

0.8 V 

-10 mA 

40 mA 

0 70 °C 



SN75374 
QUADRUPLE MOSFET DRIVER 

electrical characteristics over recommended ranges of V CC 1, V CC2, V CC3, and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 mA -1.5 V 

VCC3 = VCC2+3 V. VIL = 0.8 V. IOH = -100 p.A VCC2- 0.3 VCC2- 0.1 

High·level VCC3 = VCC2+3 V. VIL = 0.8 V. IOH = -10 mA VCC2 -1.3 VCC2- 0.9 
VOH V 

output voltage VCC3 = VCC2. VIL = 0.8 V. IOH = -50 p.A VCC2- 1 VCC2- 0.7 

VCC3 = VCC2. VIL = 0.8 V. IOH = -10 mA VCC2- 2.5 VCC2- 1.8 

low-level VIH = 2 V. IOL = 10 mA 0.15 0.3 
VOL V 

output voltage VCC2 = 15 V to 28 V. VIH = 2 V. IOL = 40 mA 0.25 0.5 

VF 
Output clamp diode 

VI = O. IF = 20 mA 1.5 V 
forward voltage 

II 
Input current at 

VI = 5.5 V , mA 
maximum input voltage 

High-level Any A 40 
IIH t--- VI = 2.4 V 

80 
p.A 

input current Any E 

Low-level I Any A -1 -1.6 
IlL VI = 0.4 V mA 

input current Any E -2 -3.2 

ICC1(H) 
Supply current from 

4 8 
VCC1. all outputs high 

VCCl = 5.25 V. VCC2 = 24 V. 

ICC2(H) 
Supply current from 

VCC3 = 28 V. All inputs at 0 V. -2.2 0.25 mA 
VCC2. all outputs high 

No load 

ICC3(H) 
Supply current from 

2.2 3.5 
VCC3. all outputs high 

ICC1(L) 
Supply current from 

31 47 
VCC1. all outputs low 

VCC1 = 5.25 V. VCC2 = 24 V. 

ICC2(L) 
Supply current from 

VCC3 = 28 V. All inputs at 5 V. 2 mA 
VCC2. all outputs low 

No load 

ICC3(L) 
Supply current from 

16 27 
VCC3. all outputs low 

ICC2(H) 
Supply current from 

VCC1 = 5.25 V. VCC2 = 24 V. 0.25 
VCC2. all outputs high 

VCC3 = 24 V. All inputs at 0 V. mA 

ICC3(H) 
Supply current from 

No load 0.5 
VCC3. all outputs high 

Supply current from 

ICC2(S) VCC2. standby 0.25 

condition 
VCC1 = O. VCC2 = 24 V. 

VCC3 = 24 V. All inputs at 0 V. mA 

ICC3(S) 
Supply current from 

No load 0.5 
VCC3. standby 

condition 

t All typical values are at V CC 1 = 5 V. V CC2 = 20 V. V CC3 = 24 V. and T A = 25°C except for VOH for which V CC2 and V CC3 are 
as stated under test conditions. 

switching characteristics, VCC1 5 V, VCC2 20 V, VCC3 = 24 V, TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tDLH Delay time. low-to-high-Ievel output 20 30 ns 

tDHL Delay time. high-to-Iow-Ievel output 10 20 ns 

tTLH Transition time. low-to-high-Ievel output 
CL = 200 pF. 

20 30 ns 

tTHL Transition time. high-to-Iow-Ievel output 
RD = 24 n. 

20 30 ns 

Propagation delay time. low-to-high-Ievel output 
See Figure 1 

10 40 60 ns tpLH 

tpHL Propagation delay time. high-to-Iow-Ievel output 10 30 50 ns 

II 
(I) .. 
o 
+J 
CO 
::::J 
+J 
CJ 
<t -(I) .. 
Q) 

> 
'i: 
C 
ca .. 
Q) 

.J: 
C. 
'i: 
Q) 
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SN75374 
QUADRUPLE MOSFET DRIVER 

PARAMETER MEASUREMENT INFORMATION 

24V 

'5VJ 20V 
INPUT 

rVt1 vtc21 

PULSE 
I VCC3 I 

GENERATOR 
I I 

(See Note AI OUTPUT 

2.4 V 

TEST CIRCUIT 

:S10ns~ ~:S10ns 

I a--90~O~*,---"'9""0-%-r - t - ----3 V 

I I 
~~T I I 

I I I 
14---0.5 "s---~.I 10% 

VCC2-2 V 

OUTPUT 

I 
!4-tPLH-+j 

I ~tTLH 
I I I 

tDLH~ 

VOLTAGE WAVEFORMS 

I 
I 
I 

OV 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz. Zout .. 50 n . 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES, EACH DRIVER 
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SN75374 
QUADRUPLE MOSFET DRIVER 

TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

> 
I 

VCC2 

t VCC2- 0 .5 

~f::= ~~lll UW 
"0 

~ VCC2- 1.O 
:l 
Co 

S 
o VCC2- 1.5 
Qj 
> 

1 VCC2-2.0 
0) 

J: :k VCC2-2.5 
o 
> VCC2- 3 .O 

~ l"~ 
1111 

TA - OOC 

VCC1 - 5 V 
VCC2 - 20 V 
VCC3 - 24 V 
VI - 0.8 V 

-0.01 -0.1 -1 -10 ~ 100 

IOH-High-Level Output Current-rnA 

FIGURE 2 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
0.5 ,.---,...------,,------r-----,----, 

VCC1 - 5 V 
> VCC2 - 20 V 

~ 0.4 VCC3 - 24 V 
!9 VI - 2 V 
"0 
> 
~ 0.3~--~-~~-~~---+--~ 
:l 
o 
Qj 

~ 0.2r---~~~~--~-----+--_1 .... 
~ 
o .... 
~ 0.1~--~-~~-~---+--~ 
o 
> 

O~--~-~~-~--~---J 

o 20 40 60 80 100 
IOL -Low-Level Output Current-rnA 

FIGURE 4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

> 
I 

VCC2 

~ VCC2- 0.5 

"0 
> 
S VCC2- 1.O 

e 
:l 
o VCC2- 1.5 
Qj 
> 
CD 

1 VCC2-2.0 
0) 

J: 
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o 
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r--

r-
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~ 

-0.01 

OUTPUT CURRENT 
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~:' - OoBVllllI1I TIm 
TA - 25°C 

j 111111 11111 
TA _ 70°C 

~ tJ:tt!.H..1 

TA~ 

-0.1 -1 -10 -100 
IOH-High-Level Output Current-rnA 

FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

> 
I 

24 

20 

~ 16 
~ 
"0 
> 
.. 12 
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:l o 
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> 

4 
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o 

'" 

VCC1 .. 5 V 
VCC2 - 20 V 
VCC3 - 24 V 
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VI-Input Voltage-V 

FIGURE 5 
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SN75374 
OUADRUPLE MOSFET DRIVER 

TYPICAL CHARACTERISTICS 

250 
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ai ~ 200 
.§ I 
~ 5175 
co Co 

~ 8150 
ga; 
.p ~ 125 
co .... 

~ -§, 100 
e:f 
i $ 75 
J: ~ 
~.3 50 

25 

o 
o 

250 

225 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
FREE-AIR TEMPERATURE 

I 
VCC1 .. 5 V - r-Cl "" 4000 pF' 

VCC2'" 20 V 
VCC3 .. 24 V 
RD .. 24 n 
See Figure 1 
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I 

C~ "" 11000 JF 

I 

I I I 
Cl .. 200 pF 

Cl .. 50 pF 

10 20 30 40 50 60 70 
TA-Free-Air Temperature- °C 

FIGURE 6 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
VCC2 SUPPLY VOLTAGE 
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V 
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FIGURE 8 
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PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 

vs 
T A-FREE-AIR TEMPERATURE 

CL .. 4000 pF 

VCC1 EO 5 V 
VCC2" 20 V 
VCC3 .. 24 V 
RD ... 24 n 
See Figure 1 Cl "" 2000 pF 

1 
1000 plF Cl "" -

Cl .. 200 pF 

Cl ... 50 pF 

10 20 30 40 50 60 70 80 
TA-Free-Air Temperature- °C 

FIGURE 7 

PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 

vs 
VCC2 SUPPLY VOLTAGE 

VCC1 - 5 V 
VCC3 .. VCC2+4 V-

J 
r-Cl .. 4000 pF-

RD .. 24 n -~ 
TA .. '25°C ~~ 
See Figure 1/ 
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FIGURE 9 
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SN75374 
OUADRUPLE MOSFET DRIVER 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 

vs 
LOAD CAPACITANCE 
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PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 
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See Figure 1 
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POWER DISSIPATION (ALL DRIVERS) 
vs 
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VCC2 - 20 V 
VCC3 - 24 V 
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FIGURE 12 
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NOTE: For RD = 0, operation with CL > 2000 pF violates absolute maximum current rating. 
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SN75374 
QUADRUPLE MOSFET DRIVER 

APPLICATIONS INFORMATION 

driving power MOSFETs 

5-50 

The. drive requirements of power MOSFETs are much lower than comparable bipolar power transistors. 
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large 
capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver 
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 13(a), an IRF151 power 
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470 {} pull-up 
resistor. The input capacitance (Ciss) specification for an IRF151 is 4000 pF maximum. The resulting long 
turn-on time due to the product of input capacitance and the pull-up resistor is shown in Figure 13(b). 

48 V 

~ > 
5V 

~ 4 

"0 3 

IRF~ 
> 

(4) (8) ., 
(7) OJ 2 C!1 

I 
5 1 
> 

[7 
[7 

~ 0 
~ 0 0.5 

(a) 

FIGURE 13. POWER MOSFET DRIVE USING SN75447 

/' 
V 

1.5 
Time-I's 

(b) 

It 
2.5 3 

A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output 
configuration, referred to as a totem-pole output. The SN75374 driver provides the high-speed totem­
pole drive desired in an application of this type, see Figure 14(a). The resulting faster switching speeds 
are shown in Figure 14(b). 

48 V 

5V--e----------e~~~--~ 

~ (7) 

(6) 

(4) (8) 

IRF~ 
y. SN75374 

TLC555 
(3) 
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~ 4 

~. 3h-~--~--~~--4_~ ., 
~ 21f--+--4_--1--l--4_~ 

~ 
~ 111--+--4_--I----Ht--4_~ 

J: OL---L __ ....I-__ L....---L __ __ 

~ 0 0.5 1.5 2 2.5 3 
Time-I's 

(b) 

FIGURE 14. POWER MOSFET DRIVE USING SN75374 
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SN75374 
QUADRUPLE MOSFET DRIVER 

APPLICATIONS INFORMATION 

Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds 
as shown by the equation 

Ipk 
VC 

tr 

where C is the capacitive load, and tr is the desired rise time. V is the voltage that the capacitance is 
charged to. In the circuit shown in Figure 14(a), V is found by the equation 

V = VOH - VOL 

Peak current required to maintain a rise time of 100 ns in the circuit of Figure 14(a) is 

(3-0)4( 1 0 9) 

100(109) 
120 mA 

Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151. 
With a VCC of 5 V, and assuming worst-case conditions, the gate drive voltage is 3 V. 

For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, VCC3 should 
be at least 3 volts higher than VCC2. 

THERMAL INFORMATION 

power dissipation precautions 

Significant power may be dissipated in the SN75374 driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. Figure 12 shows the power dissipated in a typical 
SN75374 as a function of frequency and load capacitance. Average power dissipated by this driver is 
derived from the equation 

PT(AV) = POC(AV) + PC(A V) + PS(AV) 

where POC(AV) is the steady-state power dissipation with the output high or low, PC(A V) is the power 
level during charging or discharging of the load capacitance, and PS(A V) is the power dissipation during 
switching between the low and high levels. None of these include energy transferred to the load and all 
are averaged over a full cycle. 

The power components per driver channel are 

POC(AV) 

PC(AV) 

PLHtLH + PHLtHL 
PS(AV) = ---T---

where the tjmes are as defined in Figure 15. 

I ~tL~ 

111114f-----T - 1/t -----.t~ 

FIGURE 15. OUTPUT VOLTAGE WAVEFORM 

II 
(f) ... 
o .... 
CO 
::J .... 
(J 

« -(f) ... 
Q) 

> 
'i: 
C 
CO ... 
Q) 
J: 
C. 
'i: 
Q) 

c.. 

TEXAS ~ 
INSTRUMENTS 

5-51 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75266 



"tJ 
CD .. 
-6' 
:r 
CD .. 
~ 
c .. 
<' 
CD .. 
en 
i> 
(') .... 
c: 
Q) .... 
o .. en 

SN75374 
QUADRUPLE MOSFET DRIVER 

THERMAL INFORMATION 

PL, PH, PLH, and PHL are the respective instantaneous levels of power dissipation, C is the load capacitance. 
V C is the voltage across the load capacitance during the charge cycle shown by the equation 

Vc = VOH - VOL 

PS(AV) may be ignored for power calculations at low frequencies. 

PS(AV) may be ignored for power calculations at low frequencies. 

In the following power calculation, all four channels are operating under identical conditions: f = 0.2 MHz, 
VOH = 19.9 volts and VOL = 0.15 volts with VCC1 = 5 volts, VCC2 = 20 volts, VCC3 = 24 volts, 
Vc = 19.75 volts, C = 1000 picofarads, and the duty cycle = 60%. At 0.2 MHz for CL < 2000 pF, 
PS(AV) is negligible and can be ignored. When the output voltage is low, ICC2 is negligible and can be 
ignored. 

On a per-channel basis using data sheet values 

POCIAVI ~[15 VI (4 ;A) + 120 VI (-2.! mA) + 124 VI (2. 24mA)}0. 61 + 

[15 v{3\mA) + 120 V{O;A )+ 124 VI(16 ;A) }0.41 

POC(AV = 58.2 mW per channel 

Power during the charging time of the load capacitance is 

PC(AV) = (1000 pF) (19.75 V)2 (0.2 MHz) = 78 mW per channel 

Total power for each driver is 

PT(AV) = 58.2 mW + 78 mW 136.2 mW 

The total package power is 

PT(AV) = (136.2) (4) = 544.8 mW 
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• Characterized for Use to 500 mA 

• No Output Latch·Up at 50 V 

• Very Low Quiescent Power .. 100 mW 
Typical 

• Very Low Input Current . . . 1 IlA Typical 

• Output Clamp Diodes for Transient 
Suppression 

• TTL- or MOS-Compatible Diode-Clamped 
Inputs 

• Standard 5-V Supply Voltage 

• New Plastic DIP (PI with Copper Lead 
Frame Provides Cooler Operation and 
Improved Reliability 

description 

The SN75407 and SN75408 dual peripheral 
drivers are designed for use in systems that 
require high current, high voltage, and fast 
switching outputs. These devices have diode­
clamped inputs as well as high-current, high­
voltage output clamp diodes for switching 
inductive loads. Special circuits enable these 
devices to feature very low quiescent power and 
minimal input current requirements. Applications 
include logic buffers, hammer drivers, dc motor 
drivers, and dc relay/solenoid drivers. 

The SN75407 and SN75408 are characterized 
for operation from OOC to 70 oC. 

logic symbols 

SN75407 

1A 

S 

2A 

SN75408 

1A 

S 

2A 

SN75407, SN7540B 
DUAL HIGH·CURRENT PERIPHERAL DRIVERS 

02829. SEPTEM8ER 1986 

D OR P PACKAGE 

(TOP VIEW) 

lA 2 7 2A SuB VCC 

lY 3 6 2Y 
GND 4 5 CLAMP 

FUNCTION TABLES 

SN75407 

(EACH NAND DRIVER) 

INPUTS OUTPUT 

A S Y 

H H L 

L X H 

X L H 

SN75408 

(EACH OR DRIVER) 

INPUTS OUTPUT 

A S Y 

H X H 

X H H 

L L L 

functional block diagrams (positive logic) 

SN75407 

S 

2A 

(3) 1Y 

(6) 2Y 

'---t~.....;...(5~) CLAMP 

~-e~----t~~(~4)~QND 

SN75408 

(3) 1Y 

(6) 
2Y 

(5) 
CLAMP 

(4) 
GND 

Copyright © 1986. Texas Instruments Incorporated 
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SN75407, SN75408 
DUAL HIGH-CURRENT PERIPHERAL DRIVERS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC----..... -

INPUT 

TYPICAL OF ALL OUTPUTS 

CLAMP 

OUTPUT 

GND 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Output current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 550 rnA 
Output clamp diode current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 550 rnA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 3): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 200 mW 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................... 260 DC 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 

time interval must fall within the continuous dissipation ratings . 
3. For operation above 25°e free-air temperature, derate the 0 package to 464 mW at 70 0 e at the rate of 5.8 mW/oC and 

the P package to 768 mW at 70 0 e at the rate of 9.6 mW/oC. 

recommended operating conditions 

PARAMETERS MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-IEjvel input voltage, VIL 0.8 V 

Operating free-air temperature, T A 0 70 °e 
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SN75407, SN75408 
DUAL HIGH·CURRENT PERIPHERAL DRIVERS 

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

PARAMETER TEST CONDITIONS MIN TVPt 

VIK Input clamp voltage 11= -12 mA -0.9 

IOH High-level output current 
VCC = 4.75 V VIH = 2 V, 

1 
VIL = O.S V, VOH = 70 V 

VCC = 4.75 V, 
IOL = 100 mA 0.10 

IOL = 200 mA 0.22 
VOL Low-level output voltage VIH = 2 V, 

VIL = O.S V 
IOL = 300 mA 0.45 

IOL = 500 mA O.S 

V(BRIO Output breakdown voltage VCC = 4.75 V, IOH = 100 p.A 70 100 

VR(KI Output clamp diode reverse voltage VCC = 4.75 V, IR = 100p.A 70 100 

VF(KI Output clamp diode forward voltage VCC = 4.75 V, IF = 500 mA 0.6 1.2 

IIH High-level input current VCC = 5.25 V, VI = 5.25 V 0.01 

A input 
VCC = 5.25 V, VI = O.S V 

-0.5 
IlL Low-level input current 

Strobe S -1 

Supply current, SN75407 VI = 0 20 
ICCH VCC = 5.25 V 

outputs high SN7540S VI = 5 V 20 

Supply current, SN75407 
VCC = 5.25 V 

VI = 5 V 20 
ICCL 

outputs low SN7540S VI = 0 20 

switching characteristics, Vee =- 5 V, TA - 25°e 

PARAMETER TEST CONDITIONS MIN TVpt 

tpLH Propagation delay time, low-to-high-Ievel output 0.5 

tPHL Propagation delay time, high-to-Iow-Ievel output CL = 15 pF, RL = 1000, 0.4 

tTLH Transition time, low-to-high-Ievel output See Figures 1 and 3 0.1 

tTHL Transition time, high-to-Iow-Ievel output 0.1 

VOH High-level output voltage after switching 
Vs = 500, RL = 1000, 

Vs -10 
See Figures 2 and 3 

t All typical values are at VCC = 5 V, T A = 25 ac. 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4 V 

I I i 
SN75407 

I I 

A/S 

PULSE S/A 
GENERATOR 
(See Note AI 

I I 
SN75408 

I 
I 

0.4 V 

J 
I 
I 
I 

CIRCUIT 
UNDER 
TEST 

= 

RL - 1000 

CL - 15 pF J IS .. Noto B' 

NOTES A. The pulse generator has the following characteristics; tw = 5 P.s, PRR = 100 kHz, Zout = 50 O. 
B. CL includes probe and jig capacitance. 

FIGURE 1. TEST CIRCUIT FOR SWITCHING TIMES 

MAX UNIT 

-1.5 V 

100 p.A 

0.3 

0.45 
V 

0.65 

1 

V 

V 

2 V 

10 p.A 

-10 

-20 
p.A 

30 

30 
mA 

30 
mA 

30 

MAX UNIT 

1 P.s 
0.8 p.S 

0.2 p'S 

0.2 p'S 

mV 
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SN75407, SN75408 
DUAL HIGH·CURRENT PERIPHERAL DRIVERS 
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PARAMETER MEASUREMENT INFORMATION (continued) 

Vs - 50 V 

INPUT 2.4 V 

PULSE 
GENERATOR 
(See Note AI 

I 
SN75407 

A 

S 

SN7540B 

I 
0.4 V 

CIRCUIT 
UNDER 
TEST 

OUTPUT 

CL - 15 pF I IS .. No".' 

A. The pulse generator has the following characteristics; tw = 40 p's, PRR = 12.5 kHz, Zout = 50 fl. 
B. CL includes probe and jig capacitance. 

FIGURE 2. TEST CIRCUIT FOR HIGH-LEVEL OUTPUT VOLTAGE AFTER SWITCHING 

~::510ns 

: 1~~---3V 
I 90% , 

; _10_o/c_o ______ 10_o/c_o.,,;~----- OV 

~ tw ~I 
14++-::55 ns ~ ::510 ns 
I I ill ~ _______ ~~",\:!l i-~ - - - 3 V 
:: 90% 90% I I 

SN75407 INPUT ., 1.5 V 1.5 V , 

OUTPUT 

10% I I 10% 
I I 
~ tpHL I4---+f- tpLH 

OV 

------~ I I 
00% I I 

. VOH 

I 
10% 10% I 

~;..;..;.-----.-;.~.-t_-- VOL 

~tTLH 

FIGURE 3. VOLTAGE WAVEFORMS 
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• Saturating Outputs With Low On Resistance 

• Very Low Standby Power ... 53 mW Max 

• High-Impedance MOS- or TTL-Compatible 
Inputs 

• Standard 5-V Supply Voltage 

• No Output Glitch During Power-Up or 
Power-Down 

• Output Clamp Diodes for Transient 
Suppression 

• 2-W Power Package ... 60 oC/W ROJA 

• 600-mA Output Current 

• 35-V Switching Voltage 

description 

The SN75435 quadruple peripheral driver is 
designed for use in systems requiring high 
current, high voltage, and high load power. It 
features four inverting open-collector drivers 
with a common enable input that, when taken 
low, disables all four outputs. Each driver is 
protected against load shorts with its own 
latching over-current shutdown circuitry, which 
will turn the output off when a load short is 
detected. A short on one load will not affect 
operation of the other three drivers. The latch for 
the shutdown will hold the output off until the 
input or enable pin is taken low and then high 
again. A delay circuit is incorporated in the over­
current shutdown to allow load capacitance of 
up to 5 nF at 35 volts. 

Applications include relay drivers, lamp drivers, 
solenoid drivers, motor drivers, LED drivers, line 
drivers, logic buffers, hammer drivers, and 
memory drivers. 

The SN75435 is characterized for operation from 
ooe to 70 oe. 

SN75435, 
QUADRUPLE PERIPHERAL DRIVER 

WITH OUTPUT FAULT PROTECTION 
D2848. FEBRUARY 1985 

NE DUAL-IN-LINE PACKAGE 

(TOP VIEWl 

1A 
1,2 CLAMP 2A 

2Y G 

HEATSlNK [ 
AND GND 

1 HEATSINK 
AND GND 

3Y VCC 
3,4 CLAMP 3A 

4Y 4A 

FUNCTION TABLE 

(EACH NAND DRIVERl 

INPUTS OUTPUT 

A G y 

L X H 

X L H 

H H L 

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

logic symbol t , 

~ __ .:.;(1:.:.l1Y 

~_+-..:.;(3~l 2Y 

~ __________ -1~r-~~(~2l 1,2CLAMP 
~ __ ..:.(6;;;':')3Y 

J.:::.._~..:.;(8:.:.l 4Y 

J,....;~ ..... ....:.;(7..:.l 13.4 CLAMP ..... ____ ....1 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Copyright © 1985. Texas Instruments Incorporated 
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SN75435 
QUADRUPLE PERIPHERAL DRIVER 
WITH OUTPUT FAULT PROTECTION 

logic diagram (positive logic) schematic of inputs 

G 

~ ________ V_OUTPUT EQUIVALENT OF EACH INPUT 

e---~~~,--CLAMP 

~----e----4~---.-----GND 

TO THREE 
OTHER DRIVERS 

VCC--------~---

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

Supply voltage range of VCC (see Note 1) ............................ '. . . . . . . . . . . .. 7 V 
Input voltage ........................................... '.' . . . . . . . . . . . . . . .. 5.5 V 
Output supply voltage ...................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Output diode clamp current .................•......................... '.' . . . . . .. 1 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 2075 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 700C 
Storage temperature range ......................................... - 65 °C to 150 0C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 0C 

NOTE'S: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mw/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Output voltage 35 V 

Output current 600 mA 
Load capacitance (See Figure 3) 35 nF 

electrical characteristics over recommended operating free-air temperature range 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage Vee = 4.75 V, II = -12 mA -0.9 -1.5 V 

IOH High-level output current 
Vee = 4.75 V, VIH = 2 V, 

100 p.A 
VIL = 0.8 V, VOH = 70 V 

Low-level output voltage 
Vee = 4.75 V, I IOL = 300 mA 0.25 0.5 

VOL V 
VIH = 2 V I IOL = 600 mA 0.55 1 

VR Output clamp diode reverse voltage Vce = 4.75 V, IR = 100 p.A 70 100 V 

VF Output clamp diode forward voltage IF = 600 mA 1.2 1.6 V 

IIH High-level input current Vee = 5.25 V, VI = 5.25 V 0.01 10 p.A 

IlL Low-level input current Vee = 5.25 V, VI = 0.8 V -0.5 -10 p.A 

Over-current shutdown current Vce - 4.75 V to 5.25 V 650 850 mA 

leCH Supply current, outputs high Vee = 5.25 V, VI = 0 6 10 mA 

ICCL Supply current, outputs low Vee - 5.25 V, VI - 5 V 55 75 mA 

t All typical values are at VCC = 5 V, T A = 25 ce. 
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SN75435 
QUADRUPLE PERIPHERAL DRIVER 

WITH OUTPUT FAULT PROTECTION 

switching characteristics, Vee = 5 V, TA 

PARAMETER TEST CONDITIONS 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output CL = 30 pF, RL = 60 n, 
tTLH Transition time, low-to-high-Ievel output See Figure 1 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching See Figure 2 

PARAMETER MEASUREMENT INFORMATION 

INPUT'T ~ ___ _ 

r----_ ~ CIRCUIT 

G/AI UNDER 
....... .---.... TEST 

-, 
I 
I 

30V 

RL = 60 n 

.-.... -,-......... -OUTPUT 

=OPEN 

MIN TVP 

750 

750 

200 

200 

VS-10 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 

MAX UNIT 

ns 

ns 

ns 

ns 

mV 

til ... 
o -CO 
~ -(.) 

« -til ... 
Q) 

> "t: 
C 
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SN75435 
QUADRUPLE PERIPHERAL DRIVER 
WITH OUTPUT FAULT PROTECTION 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

2mH 
~ 401"5 .1 

~,j4-<5 n5 <10 n5--l, r+-
I 90% 90% TT - - 3 V 

INPUT I 1.5 V 1.5 V , 
1~ 1~ 

OV 

OUTPUT 
A 

2.4 V G 

VOH 

CL = 15 pF 

I("'N.~.' ---------- - -VOL 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz. Zout = 50 0. 
B. CL include probe and jig capacitance. 

FIGURE 2. LATCH-UP TEST 

RECOMMENDED OPERATING CONDITIONS 

> 
I 

II> 

'" '" 
"0 
> 
> 
ii 
a. 
~ 

" So 
" 0 
E 
E ·x 
:E 

100 

40 

20 
f-

10 

4 

2 
'-

1 
1 

MAXIMUM OUTPUT SUPPLY VOLTAGE 
vs 

LOAD CAPACITANCE 

T A = O°C to 70°C 

I" 
~ 

"" .~ 
1'1 

I I 

2 4 10 20 40 100 
CL - Load Capacitance - nF 

FIGURE 3 
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SN75435 
QUADRUPLE PERIPHERAL DRIVER 

WITH OUTPUT FAULT PROTECTION 

TYPICAL APPLICATION DATA 
+5V O.OlI1 F 

P I 
1 kn 1 

\ 

r 
SN74LS194t IVCC 

CLR r..... SRG4 
+Vs R 

+r ~ "1" 

CCW+ 
Sl r..... Ml [SHIFT) 4 ,.,,,,, Tvee L M2 [LOAD) 

CLK EN 
OMMAND 1-+/C3 , _r 

VA r~ SR SER 1,30 OA C> ~ 
A 

:=*l VB 

I 
2,30 CLAMP 

I~ 
°B B 

2,30 1 I 

CW/ 

STEPC 

Oc 
vc 1"""'"""'-0 

C 2,30 

t*l 
I 

~ 2,30 00 
VD I ,..".."..,... 

v 1 I -

f~ 10 
-¥'ND -::!::-GND L __ 

+~I~cc 
(2/31 SN7427 

& ~ 
~ 
.A 

~ 
.... ~ 

~ 
...l9ND 

4·WINDING STEPPER MOTOR CONTROL CIRCUIT 

STEP COMMAND 

CW/CCW+ 

------------------------~ 

OUTPUTS 

LJ LJ LJ 
u LJ 

TIMING DIAGRAM FOR MOTOR CONTROL CIRCUIT 

, 
I 
I 
I 
I 
1 
1 
1 
I 
I 

.J 

L 

tThe SN74LS194 is a universal shift register with both shift-right and shift-left capability. In this application SO (pin 9) is wired high 
and only the shift-right and par.Jllel-load modes are utilized. The logic symbol shown above has been simplified to show only the 
utilized modes. 

+This signal is CW/CCW or CW/CCW depending on motor winding. 
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• Saturating Outputs with Low On-State 
Resistance 

• High-Impedance Inputs Compatible with 
CMOS, MOS, and TTL Levels 

• Very Low Standby Power ... 21 mW 
Maximum 

• High-Voltage Outputs ... 70 V Min 

• No Output Glitch During Power Up or Power 
Down 

• No Latch-Up Within Recommended 
Operating Conditions 

• Output Clamp Diodes for Transient 
Suppression 

• 2-Watt Power Package 

description 

The SN75436, SN75437A, and SN75438 
quadruple peripheral drivers are designed for use 
in systems requiring high current, high voltage, 
and high load power. Each device features four 
inverting open-collector outputs with a common 
enable input that, when taken low, disables all 
four outputs. The envelope of I-V characteristics 
exceeds the specifications sufficiently to avoid 
high-current latch up. Applications include 
driving relays, lamps, solenoids, motors, LED's, 
transmission lines, hammers, and other high­
power-demand devices. 

logic symbol t 

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

SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 

02806. DECEM8ER 1986 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

1Y 1A 
1,2 D 2A 

2Y G 

HEATSINK, { 
AND GND 

}HEATSINK. 
AND GND 

3Y Vee 
3,4 D 3A 

4Y 4A 

FUNCTION TABLE 
(each NAND driver) 

INPUTS OUTPUT 
A G y 

H H L 
L X H 
X L H 

H = high level: 
L = low level. 
X = irrelevant 

equivalent schematic of each input 

logic diagram (positive logic, each driver) 

ENABLE 
G 

...------y OUTPUT 

..... -111-.... - D OUTPUT 

..----~--~~-4~----GND 

TO THREE 
OTHER DRIVERS 

SELECTION GUIDE 

FEATURE SN75436 SN75437A SN75438 UNIT 

Maximum recommended output current 0.5 0.5 1 A 

Maximum VOL at maximum IOL 0.5 0.5 1 V 

Maximum recommended output supply 

voltage in an inductive switching circuit. Vs 
50 35 35 V 

COPYright © 1986. Texas Instruments Incorporated 
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SN75436. SN75437A. SN75438 
QUADRUPLE PERIPHERAL DRIVERS 

absolute maximum ratings (unless otherwise noted) 

Supply voltage, Vcc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ............................................................. 30 V 
Output current: SN75436, SN75437 A (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.75 A 

SN75438 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.25 A 
Output clamp diode current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.25 A 
Output voltage (off-state) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 2075 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1 116-inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All four sections of these circuits may conduct rated current simultaneously; however. power dissipation average over a short 
time interval must fall within the continuous dissipation ratings. 

2. For operation above 25 De free-air temperature. derate linearly to 1328 mW at 70 De at the rate of 16.6 mW/ DC. 

recommended operating conditions 

SN75436 SN75437A SN75438 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage. Vce 4.75 5 5.25 4.75 5 5.25 4.75 5 5.25 V 

Output current. IOL 0.5 0.5 1 A 

Output supply voltage in inductive switching 

circuit (see Figure 2). Vs 
50 35 35 V 

High-level input voltage. VIH 2 2 2 V 

Low-level input voltage. VIL 0.8 0.8 0.8 V 

Operating free-air temperature. T A a 70 a 70 a 70 De 

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

SN75436 
SN75438 

PARAMETER TEST CONDITIONS SN75437A UNIT 

MIN Typt MAX MIN Typt MAX 

VIK Input clamp Vee = 4.75 V. II = -12 mA -0.9 -1.5 -0.9 -1.5 V 

IOH High-level output current 
Vec = 4.75 V. VIH = 2 V. 

VIL = 0.8 V. VOH = 70 V 
1 100 1 100 p.A 

IOL = 250 mA 0.14 0.25 0.14 0.25 

VCC = 4.75'y. IOL = 500 mA 0.28 0.5 0.28 0.5 
VOL Low-level output voltage V 

VIH = 2 V IOL = 750 mA 0.42 0.75 

1m = 1 A 0.60 1 

VR(K) 
Output clamp diode ' 

Vce = 4.75 V. IR = 100p.A 
reverse voltage 

70 100 70 100 V 

, Output clamp diode IF = 500 mA 1 1.6 1 1.6 
VF(K) V 

forward voltage IF = 1 A 1.2 2 

IIH High-level input current Vee = 5.25 V. VI = 5.25 V 0.1 10 0.1 10 p.A 

IlL Low-level input current Vce = 5.25 V. VI = 0.8 V -0.25 -10 -0.25 -10 p.A 

ICCH 
Supply current. 

Vce = 5.25 V. VI = 0 V 1 4 1 4 mA 
outputs high 

IceL 
Supply current. 

Vee = 5.25 V. VI = 5 V 
outputs low 

45 65 45 65 mA 

t All typical values are at Vee = 5 V. TA = 25 De. 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 

switching characteristics, vee == 5 V, T A ... 25°C 

PARAMETER TEST CONDITIONS MIN TVP MAX 

tpLH Propagation delay time. low-to-high-Ievel output 1950 5000 

tpHL Propagation delay time. high-to-Iow-Ievel output CL = 30 pF. RL = 60 n 150 500 

tTLH Transition time. low-to-high-Ievel output See Figure 1 40 

tTHL Transition time. high-to-Iow-Ievel output 36 

SN75436 
Vs = 50 V. 10'" 500 mAo 

VS-l0 
RL = 100 n. See Figure 2 

VOH 
High-level output voltage. 

SN75437A 
Vs = 35 V. 10'" 500 mAo 

VS-l0 
after switching RL = 70 n. See Figure 2 

SN75438 
Vs = 35 V. 10'" 1 A. 

VS-l0 
RL = 35 n. See Figure 2 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2r (~ - - - - : 30 :L _ 60 " • ~5 p-s---tl~ 
-.j I \4-:55 ns 

INPUT II 90% 

,-___ ....., A/G I OUTPUT 
CIRCUIT 

10%'.,·5V 
I 

UNDER I 
, 
~tpHL 

TEST I 
I I OUTPUT 
~ _____ .J 

- -=OPEN 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A The pulse generator has the following characteristics: PRR = 100 kHz. Zout = 50 n_ 
B_ CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 

Vs 

INPUT 

,.. 40p-s----4 .. ~1 
____ I ...... :55 ns -.. , 14-:510 ns 

:: I 90% 90% I H----3 V 
INPUT I 1.5V 1.5V I 

10% 10% 0 V 
PULSE 

GENERATOR H..----t 
(See Note AI 

OUTPUT 

2.4 V 

UNIT 

ns 

ns 

ns 

ns 

mV 

mV 

mV 

OV 

OUTPUT ~~ ___________ J~.::: 
':' 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz. Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. LATCH-UP TEST 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

MAXIMUM COLLECTOR CURRENT 
vs 

DUTY CYCLE 

1.4 r---,.---,r--r---,r--r---,r--r---,--,-----, 

~ 1.3~~~~4-~~4-~~~~-~~ 
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~ 

.!. 
c 
!!! 
:; 
U 

B 
u 
.!! 
"0 u 
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Duty Cycle-% 

FIGURE 3 

MAXIMUM COLLECTOR CURRENT 
vs 

DUTY CYCLE 

SNJ543~ 
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\ 

'" 1t 1 " '-... "-SN75436 ....... ,,~ ............ 

SN75437A .......... ~ 1t 
I J rs;.<i7 "--.. 

......... 
TA .. 70°C .................... 
N .. Number of Outputs .......... 

Conducting Simultaneously 
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Duty Cycle-% 

FIGURE 4 

5-66 TEXAS '1.!1 
INSTRUMENTS 

POST OFFICE BOX 655012 ' DALLAS, TEXAS 75265 



ew!Cew 

SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 

TYPICAL APPLICATION DATA 

1 kn 
-+5 V 

1 
SN741941 vee 

SRG4 
elR '" R 

Sl '" M1 [SHIFT] SN75438 

+5V +VS 

1 

~ ~ elK L M2 [lOAD] G EN 
STEPeOMMAND---~[>1-+/e3 1---- ----I 

SR SER ., r r-'-__ t>o~_!.-.w....L"V'Y"'t~ I ,..----~~A~r1t, 3i3D)-""I--<lA~..-__ ~A~1 I> ~ V 1: ~ ""'- I 

~ ___ B--f :::: 0. A CLAMP t*-] ~ ::1 8 i 
e Qe A " I I 

,..------1 2, 3D '"""*-' 
D Q I------i...~ tV 41~ II 

... 

Sl SE R 2, 3D D A p...-l+--=-D-+-'-"";..JY"Y'Y'-....I 
~ I----t-t-t-...----i 1 ________ 1 

(OPEN) !-GND 

+5 V 

(2/3) SN74271vee 

& 

lGND 

FIGURE 5. 4-WINDING STEPPER MOTOR CONTROL CIRCUIT 

STEP COMMAND 

CW/CCW 

Y1 

OUTPUTS { 

Y2 

Y3 

Y4 

LJ 
LJ 

LJ LJ 
L LJ 

FIGURE 6. TIMING DIAGRAM 
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• Saturating Outputs with Low On-State 
Resistance 

• High-Impedance Inputs Compatible with 
CMOS. MOS. and TTL Levels 

• Very Low Standby Power 
Maximum 

21 mW 

• High-Voltage Outputs ... 70 V Min 

• No Output Glitch During Power Up or Power 
Down 

• No Latch-Up Within Recommended 
Operating Conditions 

• Output Clamp Diodes for Transient 
Suppression 

• 2-Watt Power Packages 

• Direct Replacement for National 
Semiconductor DS3669 

description 

The SN75440 quadruple peripheral driver is 
designed for use in systems requiring high 
current. high voltage. and high load power. Each 
device features four noninverting open-collector 
outputs with a common enable input that. when 
taken low. disables all four outputs. The 
envelope of I-V characteristics exceeds the 
specifications sufficiently to avoid high-current 
latch up. Applications include driving relays. 
lamps. solenoids. motors. LEOs. transmission 
lines. hammers. and other high-power-demand 
devices. 

logic symbols (alternatives) t 

SN75440 
QUADRUPLE PERIPHERAL DRIVER 

D2872. JANUARY 1985 - REVISED SEPTEMBER 19B6 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

1Y 1A 
1.2~LAMP 2A 

\ 2Y G 
HEATSINK{ }HEATSINK 

AND AND 
GND GND 

3Y VCC 
3,4CLAMP 3A 

4Y 4A 

FUNCTION TABLE 

INPUTS OUTPUT 

A G 

L H 

H X 

X L 

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

Y 

L 

H 

H 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

Copyright © 1986. Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 

equivalent schematic of each input 

vee 

INPUT 

logic diagram (each driver, positive logic) 

ENABLE 
G 

A INPUT vee 
r------- Y OUTPUT 

~-4M-~'-- eLAMP 

TOONE 
OTHER DRIVER 

r------__ ~-__ ~~ __ ---- GND 

<" TO THREE 
ct> OTHER DRIVERS 
""l en 
ii a absolute maximum ratings (unless otherwise noted) 
C a Supply voltage, Vcc ......................................................... 7 V 
o Input voltage ............................................................. 30 V 
U; Output current (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.75 A 

Output clamp diode current. . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 A 
Output voltage (off-state) ..................................................... 70 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 2075 mW 
Operating virtual junction temperature ......................................... 1 50 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds ...................... 260 DC 

NOTES: 1. All four sections of these circuits may conduct rated current simultaneously; however. power dissipation averaged over a 
short time interval must fall within the continuous dissipation ratings. 

5-70 

2. For operation above 25°C free·air temperature. derate linearly at the rate of 16.6 mW/oC. 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 
Supply Voltage, Vee 4.75 5 5.25 V. 
Output current, 10L 600 rnA 

Output supply voltage in Figure 2 (Inductive switching circuit, Vs 35 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Operating free·air temperature, T A a 70 °e 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage Vee = 4.75 V, II = -12 rnA -0.9 -1.5 V 

IOH High·level output current 
Vee = 4.75 V VIH = 2 V, 

1 100 p.A 
VIL = 0.8 V, VOH = 70 V 

Vee = 4.75 V, 
IIOL = 300 rnA 0.4 

VOL Low-level output voltage VIH = 2 V, V 

VIL = 0.8 V IIOL = 600 rnA 0.7 

VR(D) Output clamp diode reverse voltage Vee = 4.75 V, IR = 100 p.A 70 100 V 

VF(D) Output clamp diode forward voltage IF = 800 rnA 1 1.6 V 

IIH High-Ievt:ll input current Vee = 5.25 V, VI - 5.25 V 0.1 10 p.A 

IlL Low-level input current Vee = 5.25 V, VI = 0.4 V -0.25 -10 p.A 

leeH Supply current, outputs high Vee = 5.25 V, VIH = 2 V 1 4 rnA 

ICCl Supply current. outputs low 
Vee = 5.25 V. VIH = 2 V, 

50 65 rnA 
VIL = a V 

t All typical values are at Vee = 5 V, T A = 25°e. 

switching characteristics, Vee = 5 V, TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

A Input 1.4 5 
tpLH Propagation delay time, low-to-high-Ievel output RL = 60 fl, 

G Input 1.5 5 
p's 

A Input 0.1 0.5 
tPHL Propagation delay time, high-to-Iow-Ievel output eL = 30 pF, 

G Input 2.5 5 
p's 

tTLH Transition time, low-to-high-Ievel output 200 ns 

tTHL Transition time. high-to-Iow-Ievel output 
See Figure 1 

50 ns 

VOH High-level output voltage, after switching 
Vs = 35 V, 10 == 500 rnA, 

Vs -10 mV 
RL = 70 fl. See Figure 2 

en ... 
o ... 
CO 
::J ... 
CJ 

<C -en ... 
Q) 

> 
'':: 
C 
CO ... 
Q) 
.c 
Q. 

'':: 
Q) 

c.. 

TEXAS ~ 
INSTRUMENlS 

5-71 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



"'C 
(t) 
""t 

-6' 
:r 
(t) 
""t 

eL 
c 
""t 

<' 
(t) 
""t 
t/) 

i> 
n .... 
c 
Q) .... 
o 
""t 
t/) 

SN75440 
QUADRUPLE PERIPHERAL DRIVER 

PARAMETER MEASUREMENT INFORMATION 

INPUT 
A=OV 

30V 

G~02.4Vrvr ______ l 

I I 
AlGI ~-a __ ~~-a __ 

CIRCUIT I OUTPUT 
UNDER 
TEST I 

TEST CIRCUIT 

I 
I 

..J 

OPEN 

CL = 30 pF lise. Not. BI 

NOTES: A. The pulse generator has the following characteristics: PRR :5 100 kHz, Zout = 50 fl. 

5-72 

B. CL includes probe and jig capacitance. 

"5"'--+J ~5"'~ r-,,'0", 
INPUTA Ir:=-----~I 2.7V . t. ~ ,2.7V 

1.5 V , I 1.5 V 

0'7VJ!.C' ..I1~0.7V 
INPUT G ---'-" --I""' ---- OV 

_____ t_PH_LJ I tpLH 

90% 1.J90% 
OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1. SWITCHING CHARACTERISTICS 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 

PARAMETER MEASUREMENT INFORMATION 

Vs = 35 V 

INPUT 5V 2mH 

700 

A 

CIRCUIT OUTPUT 

UNDER 
G TEST CL = 15 pF 2.4V 

I'S"NoteB' 
~ ~ 

NOTES: A. The pulse generator has the following characteristics: PRR s 12.5 kHz, Zout = 50!l. 
B. CL includes probe and jig capacitance. 

:5 5 ns I f40 JiS -----=:J
l 

r- :5 10 ns 

90% ~II 90% 

AINPUT 1.5V 1.5V 

3V 

OV 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 2. LATCH-UP TEST 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 

02481, DECEMBER 1978-REVISED FEBRUARY 1987 

• Very Low Power Requirements 

Very Low Input Current 

SN75446, SN75447. SN7544S. SN75449 ... D OR P PACKAGE 

(TOP VIEW) • 
• Characterized for Use to 350 mA 

• No Output Latch-Up at 50 V (After 
Conducting 300 mAl 

• High-Voltage Outputs (70 V Min) 

• Output Clamp Diodes for Transient 
Suppression (350 mA, 70 V) 

• TTL- or MOS-Compatible Diode-Clamped 
Inputs 

• Standard Supply Voltage 

• Suitable for Hammer-Driver Applications 

description 

Series 75446 dual peripheral drivers are 
designed for use jn systems that require high 
current, high voltage, and fast switching times. 
The SN75446, SN75447, SN75448, and 
SN75449 provide AND, NAND, OR, and NOR 
drivers, respectively. These devices have diode­
clamped inputs as well as high-current, high­
voltage inductive-clamp diodes on the outputs. 

Series 75446 drivers are characterized for 
operation from OOC to 70 oC. 

schematics of inputs and outputs 

TYPICAL - EQUIVALENT 
OF EACH INPUT OF ALL OUTPUTS 

V CC ----<t---

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~1~~~:~~i~a{::I~~i ~!:~~~tigr ~~o::~:~:t:r~~S not 

CLAMP 

OUTPUT 

GND 
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S[]S VCC 1A 2 7 2A 
1Y 3 6 2Y 

GND 4 5 CLAMP 

FUNCTION TABLES 

SN75446 

(EACH AND DRIVER) 

INPUTS OUTPUT 

A S Y 

H H H 

L X L 

X L L 

SN75447 

(EACH NAND DRIVER) 

INPUTS OUTPUT 

A S Y 

H H L 

L X H 

X L H 

SN7544S 

(EACH OR DRIVER) 

INPUTS OUTPUT 

A S Y 
H X H 

X H H 

L L L 

SN75449 

(EACH NOR DRIVER) 

INPUTS OUTPUT 

A S 

H X 

X H 

L L 

H = high level 
L = low level 
X = irrelevant 

Y 

L 

L 

H 

Copyright © 1980, Texas Instruments Incorporated 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 

logic symbols t logic diagrams (positive logic) 

SN75446 
SN75446 

1A (21 &C> (31 1Y 1A 
~ 

S 

2A 

positive logic: Y = AS or A+S 

SN75447 SN75447 

1A 

S 
S 

2A 

2A 

." positive logic: Y = .oJ; or A + S 
CD ... 
-6" SN75448 SN75448 ::r 
CD (21 (31 1y ... 1A ~1C> 

~ e!-
O S ... ,S 
;2" 2A 
CD ... 

2A en -l> 
(") ... 
C positive logic: Y = A + S or A S OJ ... 
0 ... 

SN75449 SN75449 en 

1A 

S S 

2A 
t These symbols are in accordance with ANSI/lEEE Std 91-1984 

and lEe Publication 617-12. 
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positive logic: Y = A+S or A S 

(3) 
1Y 

(6) 
2Y 

(5) 
CLAMP 

(4) 
GND 

(3) 
1Y 

(6) 
2Y 

(5) 
CLAMP 

(4) 
GND 

(3) 1Y 

(6) 2Y 

(5) CLAMP 

(4) GND 

(3) 1Y 

(6) 2Y 

(5) CLAMP 

(4) 
GND 



SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 

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 
Output current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 400 mA 
Output clamp diode current " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 400 mA 
Continuous total dissipation at (or below) 

25 DC free-air temperature (see Note 3): D package . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
P package ............. .'. . . . . . . . . . . .. 1200 mW 

Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 

time interval must fall within the continuous dissipation ratings. 
3. For operation above 25°e free-air temperature, derate the D package at the rate of 5.B mW/oe and the P package at the 

rate of 9.6 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Operating free-air temperature, T A 0 70 °e 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage II = -12 mA -0;9 -1.5 V 

IOH High-level output current 
Vee = 4.75 V, VIH = 2 V, 

1 100 p.A 
VIL = 0.8 V, VOH = 70 V 

IOL = 100 mA 0.10 0.3 
Vee = 4.75 V, 

IOL = 200 mA 0.22 0.45 
VOL Low-level output voltage VIH = 2 V, V 

IOL = 300 mA 0.45 0.65 
VIL = 0.8 V 

IOL = 350 mA 0.55 0.75 

V(BR)O Output breakdown voltage Vee = 4.75 V, IOH = 100 p.A 70 100 V 

VR(K) Output clamp diode reverse voltage Vee = 4.75 V, IR = 100p.A 70 100 V 

VF(K) Output clamp diode forward voltage Vee = 4.75 V, IF = 350 mA 0.6 1.2 1.6 V 

IIH High-level input current Vee = 5.25 V, VI = 5.25 V 0.01 10 p.A 

A input -0.5 -10 
IlL Low-level input current Vee = 5.25 V, VI = 0.8 V 

-1 -20 
p.A 

Strobe S 

SN75446 VI = 5 V 11 18 

SN75447 VI = 0 11 18 
leeH Supply current, outputs high Vee = 5.25 V mA 

SN75448 VI = 5 V 18 25 

SN75449 VI = 0 18 25 

SN75446 VI = 0 11 18 

SN75447 VI = 5 V 11 18 
leeL Supply current, outputs low Vee = 5.25 V mA 

SN75448 VI = 0 18 25 

SN75449 VI = 5 V 18 25 

t All typical values are at Vee 5 V, T A = 25°e. 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 

switching characteristics, Vee ... 5 V, TA ... 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH 

tpHL 

tTLH 

tTHL 

VOH 

Propagation delay time, low-to-high-Ievel output 300 

Propagation delay time, high-to-Iow-Ievel output CL = 15 pF, RL = 100 0, 200 

Transition time, low-to-high-Ievel output See Figure 1 50 

Transition time, high-to-Iow-Ievel output 50 

High-level output voltage after switching 
Vs = 55 V, 10 =300 mA, 

VS-O.018 
See Figure 2 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4V Vr _____ 130V 
r RL= 100n 

I 
I I SN75446 

I SN75447 I I 

PULSE 
GENERATOR 
(See Note AI 

A~S 

S/A 

I 
SN75448 

I SN75449 

I 

I 
O.4V 

I 
I 
I 

CIRCUIT 
UNDER 

TEST 

TEST CIRCUIT 

I 
~--~~-+~~-e--OUTPUT 

= 
OPEN 

CL - 15 pF T IS .. Not •• , 

~.;; 5 ns k-J.- .;;10 ns 

3V 2~7V I I II I 2.7V 
SN75446 INPUT 1.5 V ~ I 1.5 V 
SN75448 . I .... __ 0_.7_V ________ 0_.7_V..JI~ ____ 0 V 

---.I ~ 1+= ';;5 ns 5 jlS ------+1---, .. ~ "i2'!!s_ 3 V 

SN75447 INPUT . II 2.7 V 2.7 V I I 
SN75449 1.5 V 1.5 V I 

I I 
14 ~I tpHL 

-~9~0%~1 
OUTPUT 50% 

I 10% 

I I 
~tTHL 

VOLTAGE WAVEFORMS 

0.7 V 
'----0 V 

tPLH~ l:%VOH 
50% I 

10% 
-J..- VOL 
I I 
~tTLH 

NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zout = 50 0. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 

750 

500 

100 

100 
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SN75446 INPUT 
SN75448 

SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4 V 5 V 

PULSE 
GENERATOR 
(See Note AI 

I+--.j-- < 5 ns 

I 

..L, 
SN75446 
SN75447 

A 

SN75448 

? 
0.4V 

GND 

TEST CIRCUIT 

Vs = 55 V 

OUTPUT 

CL = 15 pF 

r~NOhBl 

'-'g--O%-o -. -- 3 V 

1.5 V 

I .-...1_0_% _________ 1_0_%~~-_____ 0 V 

-J ~1 .. -:-~--<-5-n-S - 40 ~s -----J--:-~·l k-- <10 ns 

SN75447 
SN75449 J -90-%-O --------g-O-%lI' 1------- 3 V 

INPUT I 1.5 V 1.5 V I 
10% 10% ----OV 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. LATCH-UP TEST 
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PERIPHERAL DRIVERS FOR 
HIGH-CURRENT SWITCHING 

AT VERY HIGH SPEEDS 

• Characterized for Use to 300 rnA 

• High-Voltage Outputs 

• No Output Latch-Up at 20 V (After 
Conducting 300 mAl 

• High-Speed Switching 

• Circuit Flexibility for Varied Applications 

• TTL-Compatible Diode-Clamped Inputs 

• Standard Supply Voltages 

• New Plastic DIP (PI with Copper Lead 
Frame Provides Cooler Operation and 
Improved Reliability 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 

SUMMARY OF SERIES 55450B/75451B 

DEVICE 
LOGIC OF 

COMPLETE CIRCUIT 
PACKAGES 

SN554508 ANDt FK.J 

SN554518 AND FK.JG 

SN554528 NAND FK.JG 

SN554538 OR FK.JG 

SN554548 NOR FK.JG 

SN754518 AND D.P 

SN754528 NAND D.P 

SN754538 OR D.P 

SN754548 NOR D.P 

tWith output tran~istor base connected externally to output of gate. 

description 

Series 554508/754518 dual peripheral drivers 
are a family of versatile devices designed for use 
in systems that employ TTL logic. This family is 
functionally interchangeable with and replaces 
the 75450 family and the 75450A family 
devices manufactured previously. The speed of 
the 554508/754518 family is equal to that of 
the 75450 family, and the parts have been 
designed to ensure freedom from latch-up. 
Diode-clamped inputs simplify circuit design. 

SN554508 THRU SN554548 
SN754518 THRU SN754548 
DUAL PERIPHERAL DRIVERS 

02217. DECEMBER 1976-REVISED SEPTEMBER 1986 

SN55450B ..• J PACKAGE 
(TOP VIEW) 

G VCC 
1A 2A 
1Y 2Y 
1B 2B 
1C 2C 
1E 2E 

GND SUB 

SN55450B ... FK PACKAGE 

(TOP VIEW) 

U 
<t: U U<t: 
.... (!)Z>N 

1Y 18 2Y 
NC 17 NC 
1B 16 2B 
NC 15 NC 
1C 14 2C 

9 1011 12 13 

WOUalW 
.... ZZ:::>N 

(!) en 

SN554518. SN554528. 
SN554538. SN554548 •.. JG PACKAGE 

SN754518. SN754528. 
SN754538. SN754548 •.. D OR P PACKAGE 

(TOP VIEW) 

1AD8 VCC 1 B 2 7 2B 
1Y 3 6 2A 

GND 4 5 2Y 

SN554518. SN554528. 
SN55453B. SN554548 •... FK PACKAGE 

(TOP VIEW) 

NC 
1B 
NC 
1Y 
NC 

U 
U <t: U uu 
Z .... Z>Z 

2019 

UOU>U 
ZZZNZ 

(!) 

18 
17 

16 
15 
14 

NC-No internal connection 

NC 
2B 
NC 
2A 
NC 

Copyright © 1981. Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN55450B THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 

description (cont'd) 

Typical applications include high-speed logic buffers, power drivers, relay drivers, lamp drivers. MOS drivers, 
line drivers, and memory drivers. ' 

The SN55450B is a unique general-purpose device, featuring two standard Series 54 TTL gates and two 
uncommitted, high-current, high-voltage n-p-n transistors. The device offers the system designer the 
flexibility of tailoring the circuit to the application. 

The SN 55451 B/SN75451 B, SN 55452B/SN75452B, SN 55453B/SN75453B, and SN 55454B/SN7 5454B 
are dual peripheral AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic). with the 
output of the logic gates internally connected to the bases of the n-p-n output transistors. 

Series 55450B drivers are characterized for operation over the full military range of - 55°C to 125°C. 
Series 75451B drivers are characterized for operation from OOC to 70°C. 

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

SN55451B SN75451B 

SN55452B SN75452B 
SN55450B UNIT 

SN55453B SN75453B 

SN55454B SN75454B 

Supply voltage, VCC (see Note 1) 7 7 7 V 

Input voltage 5.5 5.5 5.5 V 

Interemitter voltage (see Note 2) 5.5 5.5 5.5 V 

Vcc-to-substrate voltage 35 V 

Collector-to-substrate voltage 35 V 

Collector-base voltage 35 V 

Collector-emitter voltage (see Note 3) 30 V 

Emitter-base voltage 5 V 

Off-state output voltage 30 30 V 

Continuous collector or output current (see Note 4) 400 400 400 rnA 

Peak collector or output current 
500 500 500 rnA (tw ~ 10 ms, duty cycle ~ 50%, (see Note 4) 

D package 725 

Continuous total dissipation at (or below) 
FK package 1375 1375 

J package 1375 mW 
25°C free-air temperature (see Note 5) 

JG package 1050 

P package 1200 

Operating free-air temperature range -55t0125 -55 to 125 o to 70 °C 

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

Case temperature for 60 seconds FK package 260 260 °C 

Lead temperature 1,6 mm 
J or JG package 

(1/16 inch) from case for 60 seconds 
300 300 °C 

Lead temperature 1,6 mm 
D or P package 

(1/16 inch) from case for 10 seconds 
260 °C 

NOTES: 1. Voltage values are with respect to the network ground terminal unless otherwise specified. 

5-82 

2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. This value applies when the base-emitter resistance (RBE) is equal to or less than 500 n. 
4. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 

short time interval must fall within the continuous dissipation rating. 
5: For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
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DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

D 725 mW 5.8 mW/oe 

FK 1375 mW 11.0 mW/oC 

J 1375 mW 11.0 mW/oe 

JG 1050 mW 8.4 mW/oe 
p 1200 mW 9.6 mW/oe 

recommended operating conditions (see Note 6) 

Supply voltage, Vee 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Operating free-air temperature, T A 

ABOVE 

TA 

25°e 

25°e 

25°e 

25°e 

25°e 

SN5545DB THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 

SERIES 554508 SERIES 754518 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.75 5 5.25 V 

2.2 2 V 

0.8 0.8 V 

-55 125 0 70 °C 

NOTE 6: For the SN55450B only, the substrate (pin 8) must always be at the most negative device voltage for proper operation . 
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." 
CD ... 

SN55450B 
DUAL PERIPHERAL POSITIVE·AND DRIVER 

logic symbol t 

1Y 

18 

1C 

1E 

2Y 

28 

2A (131 2C 
(9) 

2E 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram (positive logic) 

schematic 

Vee 

4kn 1.6kn 130n 

lA 

G 

2A --+---1-• 

-6' 
:r 
CD 

positive logic: ~~-4~---~-~----__ ------GND ... 
!!. 

y = AG or A + G (gate only) 

e = AG or A + G (gate and transistor) 

C Pin numbers shown are for the J package . ... 
Resistor values shown are nominal. 

~' electrical characteristics over recommended operating free-air temperature range (unless otherwise 
Ci1 noted) » TTL gates 
(') ... 
C 
Q) ... o ... 
en 

TEST CONDITIONS* 
SN55450B 

PARAMETER MIN TYP§ MAX 

VIK Input clamp voltage Vee = MIN, 11= -12mA -1.2 -1.5 

VOH High-level output voltage 
Vee = MIN, 

10H = -400 p.A 

Vil = 0.8 V, 
2.4 3.3 

VOL low-level output voltage 
Vee = MIN, 

10l = 16 rnA 

VIH = MIN, 
0.25 0.5 

Input current at maximum input A 1 
II input voltage input G Vee = MAX, VI = 5.5 V 

2 

input A 40 
IIH High-level input current 

input G Vee = MAX, VI = 2.4 V 
80 

input A -1.6 
III low-level input current 

input G Vec = MAX, VI = 0.4 V 
-3.2 

lOS Short-circuit output current' Vec = MAX, Vo = 0 -18 -35 -55 

leeH Supply current, outputs high Vee = MAX, VI = 0 2.8 4 

ICCl Supply current, outputs low Vec = MAX, VI = 5 V 7 11 

~ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§AII typical values are at Vee = 5 V,TA = 25°C. 
, Not more than one output should be shorted at a time. 
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SN55450B 
DUAL PERIPHERAL POSITIVE·AND DRIVER 

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

output transistors 

SN55450B 
PARAMETER TEST CONDITIONSt 

MIN TYP* MAX 

Collector-base 
V(BRlCBO breakdown voltage 

IC = 100/lA,IE = 0 35 

Collector-emitter 
100 /lA, RBE = 5000 30 V(BR)CER IC = 

breakdown voltage 

Emitter-base 
V(BR)EBO IE = 100 /lA, IC = 0 5 

breakdown voltage 

VCE = 3 V, TA = 25°C IC = 100 mA 25 

Static forward current See Note 7 IC = 300 mA 30 
hFE 

transfer ratio VCE = 3 V, T A = MIN, Ic=100mA 10 

See Note 7 IC = 300 mA 15 

IB = 10 mA, IC = 100 mA, See Note 7 0.85 1.2 
VBE Base-emitter voltage 

IB = 30 mA, IC = 300 mA, See Note 7 1 1.4 

Collector-emitter IB = 10 mA, IC = 100 mA, See Note 7 0.25 0.5 
VCE(sat) 

saturation voltage IB = 30 mA, IC = 300 mA, See Note 7 0.45 0.8 

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, T A = 25°C. 
NOTE 7: These parameters must be measured using pulse techniques. tw = 300 /lS, duty cycle :5 2%. 

switching characteristics, Vee == 5 V, TA = 25°e 

TTL gates 

PARAMETER TEST CONDITIONS 

tpLH 
Propagation delay time, 

low-to-high-Ievel output 
CL=15pF, RL = 4000, See Figure 1 

tPHL 
Propagation delay time, 

high-to-Iow-Ievel output 

output transistors 

PARAMETER TEST CONDITIONS § 

td Delay time 

tr Rise time 
IC = 200 mA, IB(1) = 20 mA, IB(2) = - 40 mA, 

ts Storage time 
VBE(off) = -1 V. CL=15pF, RL = 50 O. 

tf Fall time 
See Figure 2 

§ Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

gate and transistors combined 

PARAMETER TEST CONDITIONS 

tPLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output IC "" 200 mA, CL=15pF, 

tTLH Transition time, low-to-high-Ievel output RL = 500, See Figure 3 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching 
Vs = 20V, IC '" 300 mA, 

RBE = 500 0, See Figure 4 

MIN TYP 

12 

8 

MIN TYP 

8 

12 

7 

6 

MIN TYP 

20 

20 

7 

9 

VS-6.5 

UNIT 

V 

V 

V 

V 

V 

MAX UNIT 

ns 

ns 

MAX UNIT 

ns 

ns 

ns 

ns 

MAX UNIT 

30 ns 

30 ns 

12 ns 

15 ns 

mV 
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SN554518, SN754518 
DUAL PERIPHERAL POSITIVE·AND DRIVERS 

logic symbol t 

1A (1) 

1B 

2A 

2B 

&[> 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNctiON TABLE 

(EACH DRIVER) 

B Y 

L L (on state) 

H L (on state) 

L L (on state) 

H H (off state) 

positive logic: __ 
Y = A8 or A+B 

logic diagram (positive logic) 

schematic (each driver) 

~----~.-----~--------vcc 

A 

B 

4kSl 

Y 

~~--------~----~~--~~.GND 

Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONSf 
SN55451B SN754518 

MIN TYP§ MAX MIN TYP§ 

VIK Input clamp voltage VCC = MIN, II = -12 mA - 1.2 -1.5 -1.2 

10H High-level output current 
VCC = MIN, 

VOH = 30 V 

VIH = MIN, 
300 

VCC = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

VCC - MIN, VIL - 0.8 V, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V - 1 -1.6 -1 

ICCH Supply current, outputs high VCC = MAX, VI = 5 V 7 11 7 

ICCL Supply current, outputs low VCC = MAX, VI = a 52 65 52 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditons. 
§ All typical values are at VCC = 5 V, T A = 25 cc. 
switching characteristics, Vee = 5 V, T A = 25°C 

tpLH 

tpHL 

tTLH 

tTHL 

VOH 

5-86 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output 

Propagation delay time, high-to-Iow-Ievel output 10 "" 200 mA, 

Transition time, low-to-high-Ievel output RL = 50O, 

Transition time, high-to-Iow-Ievel output 

High-level output voltage after switching 
Vs - 20 V, 

See Figure 4 

TEXAS ~ 
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CL = 15 pF, 

See Figure 3 

10 "" 300 mA, 
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MIN TYP 

18 

18 

5 

7 

Vs -6.5 

MAX 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

11 

65 

MAX 

25 

25 

8 

12 

UNIT 

V 

p.A 

V 

mA 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 



SN554528. SN754528 
DUAL PERIPHERAL POSITIVE·NAND DRIVERS 

logic symbol t 

1A 
(11 &C> 

1B 
(21 ~ 

2A 
(61 

2B 
(71 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVERI 

B Y 

L H (off statel 

H H (off state I 

L H (off state) 

H L (on state) 

positive logic: 

Y = AS or A+B 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

B 

Resistor values shown are nominal. 

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

TEST CONDITIONS* 
SN55452B SN75452B 

PARAMETER 
MIN TYP§ MAX MIN TYP§ 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H . High-level output current 
Vce = MIN, 

VOH = 30 V 

Vil - 0.8 V, 
300 

Vec - MIN, VIH - MIN, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

Vce = MIN, VIH = MIN, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current Vce = MAX, VI = 2.4 V 40 

III Low-level input current Vee = MAX, VI = 0.4 V -1.1 -1.6 -1.1 

ICCH Supply current, outputs high Vee = MAX, VI = 0 11 14 11 

leCl Supply current, outputs low Vec = MAX, VI = 5 V 56 71 56 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vee = 5 V, T A = 25 ae. 

switching characteristics, Vee == 5 V, TA == 25°e 

PARAMETER TEST CONDITIONS MIN TYP 

tplH Propagation delay time, low-to-high-Ievel output 26 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 '" 200 mA, Cl = 15 pF, 24 

tTLH Transition time, low-to-high-Ievel output Rl = 50O, See Figure 3 5 

tTHL Transition time, high-to-Iow-Ievel output 7 

VOH High-level output voltage after switching 
Vs = 20 V, 10 '" 300 mA, 

VS-6.5 
See Figure 4 

MAX 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

14 

71 

MAX 

35 

35 

8 

12 

UNIT 

V 

p.A 

V 

mA 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 
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SN55453B, SN75453B 
DUAL PERIPHERAL POSITIVE·OR DRIVERS 

logic symbol t 

1A 
(1) ~1t> 

(2) ~ 
(3) 1Y 

1B 

2A 
(6) 

(7) 
(5) 2Y 

2B 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L L (on state) 

H H (off state) 

L H (off state) 

H H (off state) 

positive logic: 

Y = A+B or AS 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

A 

B 

Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONS* 
SN55453B SN75453B 

MIN TYP§ MAX MIN TYP§ 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
VCC = MIN, VIH = MIN, 

300 
VOH = 30 V 

VCC = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

VCC = MIN, VIL = 0.8 V, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V -1 -1.6 -1 

ICCH Supply current, outputs high VCC = MAX, VI = 5 V 8 11 8 

ICCL Supply current, outputs low VCC = MAX, VI = 0 54 68 54 

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, T A = 25 DC. 

switching characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP 

tpLH Propagation delay time, low-to-high-Ievel output 18 

tPHL Propagation delay time, high-to-Iow-Ievel output 10 '" 200 mA, CL = 15 pF, 16 

tTLH Transition time, low-to-high-Ievel output RL = 50 fl, See Figure 3 5 

tTHL Transition time, high-to-Iow-Ievel output 7 

VOH High-level output voltage after switching 
Vs = 20 V, 10 '" 300 mA, 

VS-6.5 
See Figure 4 

MAX 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

11 

68 

MAX 

25 

25 

8 

12 

UNIT 

V 

I'A 

V 

mA 

I'A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 
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SN554548, SN754548 
DUAL PERIPHERAL POSITIVE-NOR DRIVERS 

logic symbol t 

1A (1) 

1B (2) 

2A (6) 

2B (7) 

tThis symbol is in accordance with ANSI/lEEE STD 91-1984 and 
lEe Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L H (off state) 

H L (on state) 

L L (on state) 

H L (on state) 

positive logic: 

y = A+B or AS 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 
Vcc 

1 kn 

Resistor values shown are nominal. 

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

TEST CONDITIONS* 
SN55454B SN75454B 

PARAMETER 
TYP§ MIN MAX MIN TYP§ 

VIK Input clamp voltage Vee = MIN, II = -12 rnA -1.2 -1.5 -1.2 

IOH High-level output current 
Vee = MIN, 

VOH = 30 V 

VIL = 0.8 V, 
300 

Vee - MIN, VIH = MIN, 
0.25 0.5 0.25 

VOL Low-level output voltage 
IOL = 100 rnA 

Vee - MIN, VIH = MIN, 
0.5 0.8 0.5 

10L = 300 rnA 

II Input current at maximum input voltage Vee = MAX, VI = 5.5 V 1 

IIH High-level input current Vee = MAX, VI = 2.4 V 40 

IlL Low-level input current Vee = MAX, VI = 0.4 V -1 -1.6 -1 

leeH Supply current, outputs high Vee = MAX, VI = 0 13 17 13 

leeL Supply current, outputs low Vee = MAX, VI = 5 V 61 79 61 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vee = 5 V, T A = 25 ce. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 27 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 "" 200 rnA, eL = 15 pF, 24 

tTLH Transition time, low-to-high-Ievel output RL = 50O, See Figure 3 5 

tTHL Transition time, high-to-Iow-Ievel output 7 

VOH High-level output voltage after switching 
Vs = 20 V, 10 "" 300 rnA, 

VS-6.5 
See Figure 4 

MAX 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

17 

79 

MAX 

35 

35 

8 

12 

UNIT 

V 

p.A 

V 

rnA 

p.A 

rnA 

rnA 

rnA 

UNIT 

ns 

ns 

ns 

ns 

mV 

II 
(I) ... 
o ... co 
::::J ... u 

<C -(I) ... 
CD 
> -.:::: 
C 
co ... 
CD 
.c 
Q. 

".:::: 
CD 
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SN55450B 
DUAL PERIPHERAL DRIVER 

PARAMETER MEASUREMENT INFORMATION 

INPUT OUTPUT 
2.4V VCC 5V 

PULSE 

~';;10ns 
1 .,1 ~ _____ 3 V 
I 90% 

INPUT1.5V : 1SV 

I 10% 10% I 
I -I-------OV 

GENERATOR~ __ --~~~ 

(Soo Noto AI 
(Soo Noto CI 

GND 
CL = 15 pF J(See Noto BI 

j4--0.5 jJs-------.,~~1 

tPLH-ff--+! ~tPHL 
I -1- - ---VOH 

I I 
OUTPUT 

VOL 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :5 1 MHz, Zout '" 50 n. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 

FIGURE 1. PROPAGATION DELAY TIMES, EACH GATE (SN55450B ONLY) 

INPUT -1 V 10 V 
14--0.3 IJS--+j 
: 90% 90% T - - - - - - 3 V 

1kn RL=50n 

.... --+-..... ~OUTPUT 

INPUT 1.5 V I I 
__ ~1.;;.;0%.;;.;0.. I I t-1.;;.;0;..;.%~ ____ ° V 

.,..j ~.;; 5 ns -.! 1.-';;5 ns 
I I 

~ td ~ -.I ts 14-
.,..j tr 14- -.j tf If-___ _ 

O--U-T-PU-T--1:-:0~%~\l 1'0% VO
H 

_90_% _________ 9o_%.-0 _____ VOL 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: duty cycle :5 1 %, Zout '" 50 n. 

5-90 

B. CL includes probe and jig capacitance. 

FIGURE 2. SWITCHING TIMES, EACH TRANSISTOR (SN55450B ONLY) 
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SN554508 THRU SN554548 
SN754518 THRU SN754548 
DUAL PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4 V 

I 55150B I 
'451B 

10 V 

PULSE 
G ENERATOR U~--l--.f"CiiiCim~:-:7t 
(See Note AI 

GND :SUB 

I 

-:!: 

.TEST CIRCUIT 

OUTPUT 

INPUT 
55450B 
'451B 
'453B 

INPUT 
'452B 

14-';;10 n5 
I 

-.j 
I 

:,.' 9~0""'%-:----- 3 V 

1.5 V 1.5 V 

I I 
I -I-------OV 

l+---0.51J5----~~1 
-+/ I 14-- .. 5 ns -.I I 14-.. 10 n5 

II II '90.'. 1-1-1-------3V 
" 90% I I 

I 1.5 V I ., I 

~10.;..'%...;..· ____ 0 V 

90% 
VOH 

90% 

OUTPUT 10% 

1 
I 

10% I 
~'I--------'!I- -I - - VOL 

tTLH~ I+-
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :5 1 MHZ, Zout "" 50 O. 
B. When testing SN55450B, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

FIGURE 3. SWITCHING TIMES OF COMPLETE DRIVERS 

INPUT 2.4 V 5 V 

1 55450B I 

PULSE 
GENERATOR~~-+-~ 

(See Note AI 

I '4rB I 

0.4 V -= 

TEST CIRCUIT 

VS; 20 V 

OUTPUT 

-.j 
1 

~ 14-';;10 ns 

1 :~:-:-:----3V 
90% I 90% 

INPUT , 
55450B 1.5 V I 

'451B 1 I 1 

'453B l -1------- ov 
j4--- 40 IJS ~I 

-+/ I 1f:.- .. 5 ns -+I I 14-.. 10 n5 
1 I ;,-' -:-::-:~-~rf___:= ..... I-I-I- - - - - - -3 V 
I I 90% 90% I 1 

: 1.5 V I 

INPUT 
'452B 
'454B 

10% 10% 
'''------0 V 

OUTP~/~ _________ -,~::~ 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :5 12.5 kHz, Zout = 50 O. 
B. When testing SN55450B, connect output Y to transistor base with a 500·{) resistor from there to ground. and ground the 

substrate terminal. 
C. CL includes probe and jig capacitance. 

FIGURE 4. LATCH-UP TEST OF COMPLETE DRIVERS 

II 
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SN55450B THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 

SN55450B 

TYPICAL CHARACTERISTICS 

SN55450B 

TRANSISTOR TTL GATE 
HIGH·LEVEL OUTPUT VOLTAGE STATIC FORWARD CURRENT TRANSFER RATIO 

4.0 

1 3.5 

vs 
HIGH·LEVEL OUTPUT CURRENT 

VC~ = 5
1
V 

Q) 
CI 

'" 1i 3.0 
~ 

VIL = 0.8 V-
TA = 25°C 

> 
~ 2.5 
::I 

~ 2.0 
Q) 

> 
Q) 

~ 1.5 
CI 

~ 1.0 
:::t: 
o 
> 0.5 

o 
o 

~ 
See Figure 2 -

'\ 
\ 

\. 

\ 
1\ 

\ 

i\. 
-5 -10 -15 -20 -25 -30 -35 -40 
IOH-High Level Output Current-rnA 

FIGURE 5 

o 
.~ 

a: 

100 

90 

vs 
COLLECTOR CURRENT 

VCE =13 V 
'- See Nre 7 

1 o l..- f--
TA = 70 C 

f-" 
~ 
TA=~~ _1-1--"' -~--

TA = OoC 

20 40 70 100 

----

200 
Ic-Collector Current-rnA 

FIGURE 6 

400 

SN55450B 

TRANSISTOR 
BASE·EMITTER VOLTAGE 

TRANSISTOR 
COLLECTOR·EMITTER SATURATION VOLTAGE 

1.2 

1.1 

1 1.0 

~ 0.9 

i 0.8 
> 

·1 ~~: 
w 
~ 0.5 

~ 0.4 
I 
~ 0.3 

> 0.2 

0.1 

vs 
COLLECTOR CURRENT 

IC I 
-=10 I 
18 TA =0° C~ See Note 7 

-~ 1--"'10- ~ 10-

A 
'7 

~ ~ ~ :J-1--"'10- TA = 70°C 

~ ~ J 
f\.-TA=25 C 

o 
10 20 40 70 100 200 

Ic-Collector Current-rnA 

FIGURE 7 

400 

1 0.6 
Q) 
CI 

!l 
~ 0.5 
c 
o 
.~ 

:; 0.4 
'lii 
(I) 

~ 0.3 
'E 
LI;I 

~ 0.2 
~ 
"'0 
'T 0.1 

~ 

vs 
COLLECTOR CURRENT 

1 
IC 
-=10 / 
18 VI See Note 7 

TA=7~1( 

1--'1--' 
VV 
~~ V 

t; 
"......v:::::~ TA = OoC 

L---::::: ~r = 25°C 

nlill W 0 
~ 10 200 400 40 70 100 20 

Ic-Collector Current-rnA 

FIGURE 8 

NOTE 7: These parameters must be measured using pulse techniques, tw = 300 ILS, duty cycle :52%. 
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PERIPHERAL DRIVERS FOR HIGH-VOLTAGE, 
HIGH-CURRENT DRIVER APPLICATIONS 

• Characterized for Use to 300 rnA 

• High-Voltage Outputs 

• No Output Latch-Up at 30 V (After 
Conducting 300 rnA) 

• Medium-Speed Switching 

• Circuit Flexibility for Varied Applications and 
Choice of Logic Function 

• TTL-Compatible Diode-Clamped Inputs 

• Standard Supply Voltages 

• New Plastic DIP (P) with Copper Lead 
Frame for Cooler Operation and Improved 
Reliability 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 

SUMMARY OF SERIES 55461/75461 

DEVICE LOGIC PACKAGES 

SN55461 AND FK.JG 

SN55462 NAND FK.JG 

SN55463 OR FK.JG 

SN55464 NOR FK.JG 

SN75461 AND D.P 

SN75462 NAND D.P 

SN75463 OR D.P 

description 

SN55461 THRU SN55464 
SN75461 THRU SN75463 

DUAL PERIPHERAL DRIVERS 
02218. DECEMBER 1976-REVISED SEPTEMBER 1986 

SN55461. SN55462. 
SN55463. SN55464 ... JG PACKAGE 

SN75461. SN75462. 
SN75463 ... D OR P PACKAGE 

(TOP VIEW) 

1A[]8 VCC 
18 2 7 28 

1Y 3 6 2A 

GND 4 5 2Y 

SN55461. SN55462. 
SN55463. SN55464 •... FK PACKAGE 

NC 4 

18 5 

(TOP VIEW) 
u 

U<!U UU 
Z~Z>Z 

3 2 1 2019 

9 1011 1213 

uou>-u 
ZZZNZ 

(!) 

18 NC 
17 28 
16 NC 
15 2A 
14 NC 

NC - No internal connection 

These dual peripheral drivers are functionally interchangeable with SN55451 8 through SN554548 and 
SN754518 through SN754538 peripheral drivers, but are designed for use in systems that require higher 
breakdown voltages than those devices can provide at the expense of slightly slower switching speeds. 
Typical applications include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drivers, 
and memory drivers. 

The SN55461/SN75461, SN55462/SN75462, SN55463/SN75463, and SN55464 are dual peripheral 
AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic), with the output of the gates 
internally connected to the bases of the n-p-n output transistors. 

Series 55461 drivers are characterized for operation over the full military temperature range of - 55 °C 
to 125°C; Series 75461 drivers are characterized for operation from OOC to 70 oC. 

Copyright © 1981. Texas Instruments Incorporated 
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SN55461 THRU SN55464 
SN75461 THRU SN75463 
DUAL PERIPHERAL DRIVERS 

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

SN55461 
SN75461 

SN55462 

SN55463 
SN75462 UNIT 

SN55464 
SN75463 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage 5.5 5.5 V 

Interemitter voltage (see Note 2) 5.5 5.5 V 

Off-state output voltage 35 35 V 

Continuous collector or output current (see Note 3) 400 400 mA 

Peak collector or output current 

(tw $ 10 ms, duty cycle.$ 50%, see Note 3) 
500 500 mA 

D package 725 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 4) JG package 1050 

P package 1200 

Operating free-air temperature range -55t0125 o to 70 °C 

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

Case temperature for 60 seconds FK package 260 °C 
Lead temperature 1,6 mm 

JG package 300 °C 
(1/16 inch) from case for 60 seconds 

Lead temperature 1,6 mm 
D or P package 260 °C 

(1/16 inch) from case for 10 seconds 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise specified . 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 

short time interval must fall within the continuous dissipation rating . 
4. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
D 725 mW 5.8 mW/oC 25°C 

FK 1375 mW 11 mW/oC 25°C 

JG 1050 mW 8.4 mW/oC 25°C 

P 1200 mW 9.6 mW/oC 25°C 

recommended operating conditions 

SN55461 SN75461 

THRU SN55464 THRU SN75463 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 2 V 

Low-level input voltage, VIL 0.8 0.8 V 

Operating free-air temperature, T A -55 125 0 70 °c 
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SN55461, SI\I75461 
DUAL PERIPHERAL POSITIVE-AND DRIVERS 

logic symbol t 

lA 
(1) &[> 

(3) lY 

lB 
(2) ~ 

2A 
(6) 

(5) 2Y 

2B 
(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L L (0(1 state) 

H L (on state) 

L L (on state) 

H H (off state) 

positive logic: __ 
Y = AS or A+B 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 
r------e-----e--------vcc 

A 

B 

4k!1 

y 

~~--------~----~~~~~GND 

Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONSt 
SN55461 SN75461 

MIN TYP* MAX MIN TYP* 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
VCC = MIN, VIH = MIN, 

300 
VOH = 35 V 

VCC = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 

VOL Low-level output voltage 
IOL = 100 mA 

VCC = MIN, VIL = 0.8 V, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V -1 -1.6 -1 

ICCH Supply current, outputs high VCC = MAX, VI = 5 V 8 11 8 

ICCL Supply current, outputs low VCC = MAX, VI - 0 56 76 56 

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, T A = 25 ac. 

switching characteristics. Vee = 5 V. T A == 25 De 
PARAMETER TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 30 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 "" 200 mA, CL = 15 pF, 25 

tTLH Transition time, low-to-high-Ievel output RL = 50 n, See Figure 1 8 

tTHL Transition time, high-to-Iow-Ievel output 10 

VOH High-level output voltage after switching 
Vs = 30 V, 10 "" 300 mA, 

VS-l0 
See Figure 2 

MAX 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

11 

76 

MAX 

55 

40 

20 

20 

UNIT 

V 

p.A 

V 

mA 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 

III 
rn ... 
o .... 
CO 
::s .... 
(.) 

<t -rn ... 
Q) 

> 
o~ 

C 
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Q) 
.c 
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SN55462, SN75462 
DUAL PERIPHERAL POSITIVE·NAND. DRIVERS 

logic symbol t 

lA 
(1 ) &C> 

lB 
(2) 

2A 
(6) 

2B 
(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L H (off state) 

H H (off state) 

L H (off state) 

H L (on state) 

positive logic: 

Y = AS or A+B 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

A 

B 

Resistor values shown are nominal. 

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

TEST CONDITIONS t 
SN55462 SN75462 

PARAMETER 
TYP* TYP* MIN MAX MIN 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
VCC - MIN, 

VOH = 35 V 

VIL - 0.8 V, 
300 

VCC = MIN, VIH = MIN, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

VCC = MIN, VIH = MIN, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V -1.1 -1.6 -1.1 

ICCH Supply current, outputs high VCC = MAX, VI = 0 13 17 13 

ICCL Supply current, outputs low VCC = MAX, VI = 5 V 61 76 61 

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

switching characteristics, Vee = 5 V, T A 

PARAMETER TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 45 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 '" 200 mA, CL = 15 pF, 30 

tTLH Transition time, low-to-high-Ievel output RL = 50 n, See Figure 1 13 

tTHL Transition time, high-to-Iow-Ievel output 10 

VOH High-level output voltage after switching 
Vs = 30 V, 10 '" 300 mAo VS-l0 

See Figure 2 

MAX 
UNIT 

-1.5 V 

100 p.A 

0.4 

V 

0.7 

1 mA 

40 p.A 

-1.6 mA 

17 mA 

76 mA 

MAX UNIT 

65 ns 

50 ns 

25 ns 

20 ns 

mV 
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SN55463, SN75463 
DUAL PERIPHERAL POSITIVE·OR DRIVERS 

logic symbol t 

1A 
(1) ~11> 

(2) ~ 
(3) 1Y 

1B 

2A 
(6) 

m (5) 2Y 
2B 

tThis symbol is in accordance with ANSI/IEEE STO 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L L (on state) 

H H (off state) 

L H (off state) 

H H (off state) 

positive logic: 

Y = A +8 or AS 

Pin numbers shown are for D, JG, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

B 

Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONSt 
SN55463 SN75463 

MIN TYP* MAX MIN TYP* 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
VCC = MIN, VIH = MIN, 

300 
VOH = 35 V 

Vee = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

VCC = MIN, VIL = 0.8 V, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current Vee = MAX, VI = 0.4 V -1 -1.6 -1 

ICCH Supply current, outputs high VCC = MAX, VI = 5 V 8 11 8 

ICCL Supply current, outputs low VCC = MAX, VI = 0 58 76 58 

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

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP 

tpLH Propagation delay time, low-to-high-Ievel output 30 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 ,., 200 mA, CL = 15 pF, 25 

tTLH Transition time, low-to-high-Ievel output RL = 50O, See Figure 1 8 

tTHL Transition time, high-to-Iow-Ievel output 10 

VOH High-level output voltage after switching Vs = 30 V, 10 ,., 300 mA, 
VS-l0 

See Figure 2 

TYP 

-1.5 

100 

0.4 

0.7 

1 

40 

-1.6 

11 

76 

MAX 

55 

40 

25 

25 

UNIT 

V 

p.A 

V 

mA 

p.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 
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SN55464 
DUAL PERIPHERAL POSITIVE·NOR DRIVER 

logic symbol t 

1A 
(11 ~1 C> 

1B 
(2) Q 

2A (6) 

2B 
(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
lEe Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L H (off state) 

H L (on state) 

L L (on state) 

H L (on state) 

positive logic: 

y = A+B or AS 

logic diagram (positive logic) 

schematic (each driver) 

"tJ Pin numbers shown are for the JG package. Resistor values shown are nominal. 

Vee 

~ electrical charac·teristics over recommended operating free-air temperature range (unless otherwise 
-5" noted) 
::r en ... 
~ 
C ... 
<" en ... 
(/) 

i> 
(') 
P+­
C 
m 
P+-
O ... 
(/) 

PARAMETER TEST CONDITIONSt 
SN55464 

MIN Typf 

VIK Input clamp voltage Vee = MIN. II = -12 mA -1.2 

IOH High-level output current 
Vec = MIN . VIL = 0.8 V. 

VOH = 35 V 

VCC = MIN. VIH = MIN • 
0.25 

VOL Low-level output voltage 
IOL = 100 mA 

Vec = MIN. VIH = MIN. 
0.5 

IOL = 300 mA 

II Input current at maximum input voltage VCC = MAX. VI = 5.5 V 

IIH High-level input current VCC = MAX. VI = 2.4 V 

IlL Low-level input current VCC = MAX. VI = 0.4 V -1 

ICCH Supply current. outputs high Vec = MAX. VI = 0 14 

leCL Supply current. outputs low Vec = MAX. VI = 5 V 67 

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. T A = 25 cC. 

switching characteristics, Vee = 5 V, TA = 25°e 

tpLH 

tpHL 

tTLH 

tTHL 

VOH 

5-98 

PARAMETER TEST CONDITIONS . 

Propagation delay time. low-to-high-Ievel output 

Propagation delay time. high-to-Iow-Ievel output 10 ':" 200 mAo 

Transition time. low-to-high-Ievel output RL = 50 fl. 
Transition time. high-to-Iow-Ievel output 

High-level output voltage after switching 
Vs = 30 V. 

See Figure 2 

TEXAS ~ 
INSTRUMENTS 

CL = 15 pF. 

See Figure 1 

10 '" 300 mAo 
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MIN TYP 

40 

30 

8 

10 

VS-10 

MAX 
UNIT 

-1.5 V 

300 I'A 

0.5 

V 

0.8 

1 mA 

40 I'A 

-1.6 mA 

19 mA 

85 mA 

MAX UNIT 

65 ns 

50 ns 

20 ns 

20 ns 

mV 



SN55461 THRU SN55464 
SN75461 THRU SN75463 

DUAL PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4 V 

Q 
'462 

PULSE 
GENERATORr4~--+--4 

(See Note AI 

GND :SUB 

1 

-:1 

TEST CIRCUIT 

10V 

OUTPUT 

'461 
'463 

INPUT 
'462 
'464 

OUTPUT 

-+t 14- < 10 ns 
1 : 
I :,.9""'0:-"%------- 3 V 
I 
I 1.5 V 

10% I 1 
-1------- OV 

:'---0.5/JS ~I 
I 14-<5 ns -.l 1 1.< 10 ns 
1 :,.' --------I~-___..:'-I-I- - - - - - -3 V 
1 90% 90% I 1 

90% 

10% 

II 
I 

10% 
''------0 V 

I 
I 

10% I 
:y'I--------'!I- -1- - VOL 

tTLH~ 14-
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the fol/owing characteristics: PRR :5 1 MHZ, Zout == 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 

Vs = 30 V 

INPUT 2.4 V 5 V 

¢ 

PULSE 
GENERATOR ..... '---+---t 
(See Note AI 

'464 

~ 
0.4 V "::" 

TEST CIRCUIT 

OUTPUT INPUT 

'462 
'464 

-+t 14-<10 ns 
1 :,.: ~ _____ 3 V 
I 90% 
I 
I 1.5 V 

10% I 1 
......:..::.;.::..--.. H .. -..:..;:.;.~-I------- OV 

:.--- 40 IJS . ~I 
I 14-<5ns -.l 1!.-<lOns 
I :,.' ------I~-___..:'-I-I - - - - - - -3 V 
1 90% ,90% I I 

I I 

10% 
''------0 V 

O"TP~./~ _____ ~~::~ 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the fol/owing characteristics: PRR :5 12.5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. LATCH .. UP TEST 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

02625, DECEMBER 1976- REVISED SEPTEMBER 1986 

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

• 500 rnA Rated Collector Current 
(Single Output) 

• High-Voltage Outputs ... 100 V 

• Output Clamp Diodes 

• Inputs Compatible with Various Types of 
Logic 

• Relay Driver Applications 

• Higher-Voltage Versions of ULN2005A, 
ULN2001A, ULN2002A, ULN2003A, and 
ULN2004A, Respectively, for Commercial 
Temperature Range 

description 

D OR N PACKAGE 

(TOP VIEW) 

18 1C 
28 2C 
38 3C 
48 4C 
58 5C 
68 6C 
78 7C 
E-...;.._---...;.~COM 

The SN75465, SN75466, SN75467, SN75468, and SN75469 are monolithic high-voltage, high-current 
Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage outputs 
with common-cathode clamp diodes for switching inductive loads. The collector-current rating of each 
Darlington pair is 500 milliamperes. The Darlington pairs may be paralleled for higher current capability. 
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), 
line drivers, and logic buffers. 

The SN75465 has a 1050-ohm series base resistor and is especially designed for use with TTL where 
higher current is required and loading of the driving source is not a concern. The SN75466 is a general­
purpose array and may be used with TTL, P-MOS, CMOS, and other MOS technologies. The SN75467 
is specifically designed for use with 14- to 25-volt P-MOS devices and each input has a zener diode and 
resistor in series to limit the input current to a safe limit. The SN75468 has a 2700-ohm series base resistor 
for each Darlington pair for operation directly with TTL or 5-volt CMOS. The SN75469 has a 10.5-kilohm 
series base resistor to allow its operation directly from CMOS or P-MOS that use supply voltages of 6 
to 15 volts. The required input current is below that of the SN75468 and the required voltage is less than 
that required by the SN75467. 

logic symbol t ,logic diagram 

COM 

1B 
(1) 

lC 

2B 
(2) 

2C 

3B 
(3) 

3C 

4B 
(4) 

4C 

5B 
(5) 

5C 

SB 
(S) 

SC 

7B 
m 

7C 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~~~~i~ai~~1~1~ ~!~:i~~ti:r :I~o::~:~:t~~s~s not 

6B 

7B 
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(9) 
COM 

(lS) lC 

(15) 2C 

(14) 3C 

(13) 4C 

(12) 5C 

(11) 6C 

(10) 
~-""-----7C 

Copyright © 1986. Texas Instruments Incorporated 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

schematics (each Darlington pair) 

SN75466 

INPUT 8 

SN75465: R8 - 1.05 kD 
SN7546B: R8 - 2.7 kD 
SN75469: R8 - 10.5 kD 

R8 

INPUT 8 

SN75467 

COM 

..... - ..... -E 

SN75465. SN7546B. SN75469 

All resistor values shown are nominal. 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-emitter voltage .................... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 V 
Input voltage (see Note 1): SN75465 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 

SN75467, SN75468, SN75469 .......................... 30V 
Peak collector current (see Figures 14 'and 15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mA 
Output clamp diode current ............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mA 
Total emitter-terminal current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 2.5 A 
Continuous dissipation (total package) at (or below) 25°C free-air temperature (see Note 2): 

D package ......................................................... 950 mW 
N package ........................................................ 1650 mW 

Operating free-air temperature range ...................... , ............. " OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the emitter/substrate terminal. E. unless otherwise noted. 

5-102 

2. For operation above 25°C free-air temperature. derate the D package linearly at the rate of 7.6 mW/oC and derate the N package 
linearly at the rate of 13.2 mW/oC. 
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SN75465, SN75466, SN75467 
DARLINGTON TRANSISTOR ARRAYS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST SN75465 

TEST CONDITIONS UNIT 
FIGURE MIN TYP MAX 

ICEX Collector cutoff current 1 
VCE = 100V, " = 0 50 

VCE = 100V, " = 0, TA = 70°C 100 
/lA 

'Hoff) Off-state input current 3 VCE = 100 V, IC = 500/lA, TA = 70°C 50 65 /lA 

" 
Input current 4 V, = 3 V 1.5 2.4 mA 

V, (on) On-state input voltage 5 VCE = 2 V, IC = 350 mA 2.4 V 

Collector-emitter " = 25O/lA, IC = 100 mA 0.9 1.1 

VCE(sat) 6 " = 35O/lA, IC = 200 mA 1.0 1.3 V 
saturation voltage 

II = 5OO/lA, IC = 350 mA 1.2 1.6 

'R Clamp diode reverse current 7 
VR = 100V 50 

VR = 100V, TA = 70°C 100 
/lA 

VF 
Clamp diode forward 

voltage 
8 'F = 350 mA 1.7 2 V 

Ci Iflput capacitance V, = 0 V, f = 1 MHz 15 25 pF 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST SN75466 SN75467 

TEST CONDITIONS UNIT 
FIGURE MIN TYP MAX MIN TYP MAX 

1 
VCE = 100 V, " = 0 50 50 

'CEX Collector cutoff current VCE = 100 V,l" = 0 100 100 /lA 

2 TA = 70°C IV, = 6 V 500 

I Hoff) Off-state input current 3 
VCE = 50 V, IC = 5OO/lA, 

TA = 70°C 
50 65 50 65 /lA 

" 

Input current 4 V, = 17 V 0.82 1.25 mA 

Static forward current 
hFE 6 VCE = 2 V, IC = 350 mA 1000 

transfer ratio 

VHon) On-state input voltage 5 VCE = 2 V, IC = 300 mA 13 V 

" = 25O/lA, IC = 100 mA 0.9 1.1 0.9 1.1 
Collector-emitter 

VCE(sat) 6 " - 350/lA, IC - 200 mA 1.0 1.3 1.0 1.3 V 
saturation voltage 

" = 5OO/lA, IC = 350 mA 1.2 1.6 1.2 1.6 

Clamp diode reverse current 
VR = 100V 50 50 

'R 7 /lA 
VR = 100 V, TA = 70°C 100 100 

VF Clamp diode forward voltage 8 'F = 350 mA 1.7 2 1.7 2 V 

Ci Input capacitance V, = 0 V, f = 1 MHz 15 25 15 25 pF 

U) ... 
o ... 
CO 
~ ... 
(.) 

~ 
U) ... 
Q) 

> 
'a:::: 
C 

C6 ... 
Q) 
.c 
Co 

'a:::: 
Q) 

c.. 
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SN75468, SN75469 
DARLINGTON TRANSISTOR ARRAYS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

"tI 
CD ... 

ICEX 

Il(off) 

II 

Vl(on) 

VCE(sat) 

IR 

VF 

Ci 

PARAMETER 
TEST 

FIGURE 

Collector cutoff current 
1 

2 

Off-state input current 3 

Input current 4 

On-state input voltage 5 

Collector-emitter 
6 

saturation voltage 

Clamp diode reverse current 7 

Clamp diode forward voltage 8 

Input capacitance 

SN75468 
TEST CONDITIONS 

MIN TYP MAX MIN 

VCE = 100 V, 11=0 50 

VCE - 100V,III = 0 100 

TA = 70°C IVI - 1 V 

VCE - 50 V, IC - 500/lA, 
50 65 50 

TA = 70°C 

VI - 3.85 V 0.93 1.35 

VI = 5 V 

VI - 12 V 

Ic=125mA 

IC = 200 mA 2.4 

VCE = 2 V 
IC = 250 mA 2.7 

IC = 275 mA 

IC = 300 mA 3 

IC = 350 mA 

II = 250/lA, IC = 100 mA 0.9 1.1 

II = 350/lA, IC = 200 mA 1.0 1.3 

II = 5OO/lA, IC = 350 mA 1.2 1.6 

VR = 100 V 50 

VR = 100 V, TA = 70°C 100 

IF =·350 mA 1.7 2 

VI = 0 V, f = 1 MHz 15 25 

-c' switching characteristics at 25°C free-air temperature 
:r 
CD ... 
eL 
c ... 
<' 
CD ... en 
i> 
(') ... 
C 
Q) ... 
o ... 
en 

tpLH 

tpHL 

VOH 
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PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output Vs = 50 V, 

Propagation delay time, high-to-Iow-Ievel output CL = 15 pF, 

High-level output voltage after switching 
Vs = 50 V, 

See Figure 10 

TEXAS -II} 
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RL = 1630, 

See Figure 9 

10 '" 300 mA, 
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MIN 

VS-20 

SN75469 
UNIT 

TYP MAX 

50 

100 /lA 

500 

65 /lA 

0.35 0.5 mA 

1.0 1.45 

5 

6 

V 
7 

8 

0.9 1.1 

1.0 1.3 V 

1.2 1.6 

50 

100 
/lA 

1.7 2 V 

15 25 pF 

TYP MAX UNIT 

0.25 1 /ls 

0.25 1 /ls 

mV 



OPEN 

OPEN 

SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

OPEN VCE 

ICEX 
+--

FIGURE 1. ICEX 

OPEN 

FIGURE 3. IHoff) 

OPEN 

FIGURE 5. Vl(on) 

FIGURE 7.IR 

OPEN VCE 

ICEX 
+--

FIGURE 2. ICEX 

OPEN 

~-41"""- OPEN 

FIGURE 4.11 

OPEN 

NOTE: II is fixed for measuring VeElsat). variable for measuring hFE. 

FIGURE 6. hFE, VCE(sat) 

OPEN--e:! f 
FIGURE 8. VF 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 
'466 only 

2.7 kO 

-~-l 

--"7465 -
'467 

1'468 
'469 

OPEN Vs - 50 V 

RL - 1630 

~ ...... +-.... ~It--- OUTPUT 

TEST CIRCUIT 

----+I ~S 5 n5 ---+f j4-s 10 ns 
: 1

90
",. I_I __________ VIH 

I 7< 90% I (See Note CI 
INPUT I 50% l 

10% I I I 10% 
--"";';";';';'-1 I~""'.;..;.;.------- 0 V 

:~ 0.5/'5----.. t, 
t4-tpHL~ I4--tPLH~ 

--------"'" I I ,.---- VOH 

0",""' ~O% '°7 _____ VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zout '" 50 O. 
B. CL includes probe and jig capacitance. 
C. For testing the '465, '466, and '468, VIH = 3 V; for the '467, VIH = 13 V; for the '469, VIH = 8 V. 

INPUT 

FIGURE 9. PROPAGATION DELAY TIMES 

INPUT 

'466 only 
2.7 kO -_ ... ./VIr-, 

I 
I 

OPEN 

Vs 

1N3064 

2 mH 

2000 

~~~+-~~~-~~---OUTPUT 
'465 
'467 
'468 
'469 

TEST CIRCUIT 

---+I \4-s 5 ns ----+I i+-s 10 ns 
I I I I V 

if
: ~90~%:'!""""-----""""':9~0~%"':~11- - - - - - - --- (~~e Note C) 

I 1.5 V 1.5 V I 
__ -..-;1 ... 0~%,J/1 I : 10% 0 V 

I I 
I~ 40/,5 tl 

OUTPUT ~~ ______________ ~;f~-----_-~:: 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 50 O. 
B. CL includes probe and jig capacitance. 
C. For testing the '465, '466, and '468, VIH = 3 V; for the '467, VIH = 13 V; for the '469, VIH = 8 V. 

FIGURE 10. LATCH-UP TEST 
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5 

0 

5 

COLLECTOR-EMITTER 
SATURATION VOLTAGE 

COLLECTOR CURRENT 
(ONE DARLINGTONI 

r-TAI= 25°~ 

" z 2SOj.lA 

i~ ',2350j.lA 

~ ~ 
" =5ooj.lA-

SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

TYPICAL CHARACTERISTICS 

=j 2_5 

8. 
!! 
"0 
> 2_0 

I Jl 1.5 

COLLECTOR-EMITTER 
SATURATION VOLTAGE 

COLLECTOR CURRENT 
(TWO DARLINGTONS PARALLELEDI 

I-T1z2SlC L 
'I = 750j.l~/ 

" = jso j.I~---1 
y ~ 

/~V 

« 
E 

i 
u 
0 

COLLECTOR CURRENT 
vs 

INPUT CURRENT 

SOO 

450 

400 

350 

300 

RL' 1011 
r-TA' 25°C L'L .1 ..1 

Vs = 10V vL 
ill VS=8V 

11 
..--~ ~ 1-"" = 500j.lA 

....,;~ ~ 
0 

l..#t:'" 
~ ~ 

~ 1. ~ 1.0 

250 

"0 200 u 
I 

1 
/ 

~ II'" 
5 

~ ] 
~ 0_ ~ 05 

W ~ 

150 ~ 

~ 00 100 200 300 400 500 600 700 BOO ~ 00 100 200 300 400 500 600 700 800 

100 

50 

o o 25 50 75 100 125 ISO 175 200 

200 

100 

'c-Collector Current-rnA IC(;otl-Total Collector Current-rnA 'I-Input Current-I'A 

FIGURE 11 FIGURE 12 FIGURE 13 

THERMAL INFORMATION 

D PACKAGE 
MAXIMUM COLLECTOR CURRENT 

N .. 

vs 
DUTY CYCLE 

N ~ 7*=~~~~~ 
I 

T A .. 70 °C -+--+-+-=::::;:::::;::J::::=~~ 
N .. Number of Outputs 

Conducting Simultaneously 

s 
CJ 

N PACKAGE 
MAXIMUM COLLECTOR CURRENT 

vs 
DUTY CYCLE 

..9:! 300 I---+--+--+-"~~""d-­
"0 
CJ 

E E 200 
oj( 
III 

~ 100 
9 

N 

Conducting Simultaneously 
o ~-L __ L--L_L-~_~~_~~_~ O~~-~~-~~--~~-~~~ 

o 10 20 30 40 50 60 70 80 90 100 o 10 20 30 40 50 60 70 80 90 100 

Duty Cycle-% Duty Cycle - % 

FIGURE 14 FIGURE 15 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 

TYPICAL APPLICATION OAT A 

Vss 

VDD 

SN75467 

P-MOS TO LOAD 

SN75469 

BUFFER FOR 
HIGHER CURRENT LOADS 

+V VCC 

+V VCC 

OUTPUT 

5-108 TEXAS -II} 
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SN75465 

SN75466. SN75468 +V 

TTL TO LOAD 

SN75465 

SN75468 

USE OF PUll-UP RESISTORS 
TO INCREASE DRIVE CURRENT 

+V 



PERIPHERAL DRIVERS FOR HIGH-VOLTAGE, 
HIGH-CURRENT DRIVER APPLICATIONS 

• Characterized for Use to 300 rnA 

• High-Voltage Outputs 

• No Output Latch-Up at 55 V (After 
Conducting 300 mAl 

• Medium-Speed Switching 

• Circuit Flexibility for Varied Applications and 
Choice of Logic Function 

• TTL-Compatible Diode-Clamped Inputs 

• Standard Supply Voltages 

• New Plastic DIP (PI with Copper Lead 
Frame Provides Cooler Operation and 
Improved Reliability 

• Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 

SUMMARY OF SERIES 55471/75471 

DEVICE 
LOGIC OF 

COMPLETE CIRCUIT 
PACKAGES 

SN55471 AND FK,JG 

SN55472 NAND FK,JG 

SN55473 OR FK,JG 

SN55474 NOR FK,JG 

SN75471 AND D,P 

SN75472 NAND D,P 

SN75473 OR D,P 

description 

SN55471 THRU SN55474 
SN75471 THRU SN75473 

DUAL PERIPHERAL DRIVERS 
02130, DECEMBER 1976-REVISED SEPTEMBER 1986 

SN55471. SN55472. 
SN55473. SN55474 ... JG PACKAGE 

SN75471, SN75472. 
SN75473 ... D OR P PACKAGE 

(TOP VIEW) 

1A[]8 VCC 18 2 7 28 
1Y 3 6 2A 

GND 4 5 2Y 

SN55471. SN55472, 
SN55473, SN55474 ... FK PACKAGE 

(TOP VIEW) 

U 
U <t: U UU 
Z,....Z>Z 

2 1 20 19 

NC 4 18 NC 
18 5 17 28 
NC 6 16 NC 
1Y 7 15 2A 
NC 8 14 NC 

9 1011 12 13 

UClU>-U 
ZZZNZ 

(!) 

NC-No internal connection 

Series 55471175471 dual peripheral drivers are functionally interchangeable with Series 554518/754518 
and Series 55461175461 peripheral drivers, but are designed for use in systems that require higher 
breakdown voltages than either of those series can provide at the expense of slightly slower switching 
speeds than Series 5545181754518 (limits are the same as Series 55461175461). Typical applications 
include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drivers, and memory 
drivers. 

The SN55471/SN75471, SN55472/SN75472, SN55473/SN75473, and SN55474 are dual peripheral 
AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic) with the output of the logic 
gates internally connected to the bases of the n-p-n output transistors. 

Series 55471 drivers are characterized for operation over the full military temperature range of - 55 °e 
to 125°e. Series 75471 drivers are characterized for operation from Doe to 70 oe. 

Copyright © 1986, Texas Instruments Incorporated 
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SN55471 THRU SN55474. 
SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 

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

SN55471 SN75471 

SN55472 SN75472 
UNIT 

SN55473 SN75473 

SN55474 

Supply voltage, VCC (see Note 1) 7 7 V 

Input voltage 5.5 5.5 V 

Interemitter voltage (see Note 2) 5.5 5.5 V 

Off-state output voltage 70 70 V 

Continuous collector or output current (see Note 3) 400 400 mA 

Peak collector or output current (tw s 10 ms, duty cycle s 50%, see Note 3) 500 500 mA 

D package 725 

Continuous total dissipation at (or below) FK package 1375 
mW 

25°C free-air temperature (see Note 4) JG package 1050 

P package 1200 

Operating free-air temperature range -55t0125 o to 70 °C 

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

Case temperature for 60 seconds FK package 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 °C 

NOTES: 1. Voltage values are with respect to the network ground terminal unless otherwise specified. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 

short time interval must fall within the continuous dissipation rating. 
4. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
D 725 mW 5.8 mW/oC 25°C 
FK 1375 mW 11.0 mW/oC 25°C 

JG 1050 mW 8.4 mW/oC 25°C 

P 1200 mW 9.6 mW/oC 25°C 

; recommended operating conditions ,.. 
o ... en 

Supply voltage, VCC 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Operating free-air temperature, T A 

5-110 

MIN 

4.5 

2.2 

-55 
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SN55474 

NOM 
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SN75471 

SN75472 

SN75473 UNIT 

MAX MIN NOM MAX 

5.5 4.75 5 5.25 V 

2 V 

0.8 0.8 V 

125 0 70 °c 



SN55471. SN75471 
DUAL PERIPHERAL POSITIVE·AND DRIVERS 

logic symbol t 

lA 
(1) &C> 
(2) ~ 

(3) lY 

18 

2A 
(6) 

(7) 
(5) 2Y 

2B 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L L (on state) 

H L (on state) 

L L (on state) 

H H (off state) 

positive logic: __ 
Y = AS or A+B 

logic diagram (positive logic) 

schematic (each driver) 

r-----~~----._--------vcc 

A 

B 

4kn 

y 

L-~--------~----~~~~~GND 

Pin numbers shown are for the JG, 0, and P packages. Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONS* 
SN55471 SN75471 

TYP§ TYP§ MIN MAX MIN 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
VCC = MIN, 

VOH = 70 V 

VIH = MIN, 
300 

VCC = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

VCC = MIN, VIL = 0.8 V, 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V -1 -1.6 -1 

ICCH Supply current, outputs high VCC = MAX, VI = 5 V 8 11 8 

ICCL Supply current, outputs low VCC = MAX, VI = 0 56 76 56 

: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, T A = 25°C. 

switching characteristics, Vee = 5 V, T A 

PARAMETER TEST CONDITIONS MIN TYP 

tpLH Propagation delay time, low-to-high-Ievel output 30 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 ,., 200 mA, CL = 15 pF, 25 

tTLH Transition time, low-to-high-Ievel output RL = 50O, See Figure 1 8 

tTHL Transition time, high-to-Iow-Ievel output 10 

VOH High-level output voltage after switching 
Vs = 55 V, 10 ,., 300 mA, 

VS-1B 
See Figure 2 -

MAX 
UNIT 

-1.5 V 

100 p.A 

0.4 

V 

0.7 

1 mA 

40 p.A 

-1.6 mA 

11 mA 

76 mA 

MAX UNIT 

55 ns 

40 ns 

20 ns 

20 ns 

mV 
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SN55472. SN75472 
DUAL PERIPHERAL POSITIVE-NAND DRIVERS 

logic symbol t 

1A 
(1) &t> 

1B 
(2) ~ 

2A 
(6) 

2B 
(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
lEe Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L H (of! state) 

H H (off state) 

L H (off state) 

H L (on state) 

positive logic: 

Y = AS or A+B 

Pin numbers shown are for the JG. D. and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

A 

B 

Resistor values shown are nominal. 

~ electrical characteristics over recommended operating free-air temperature range (unless otherwise 
-C' noted) :r 

CD ... 
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c ... <' 
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D) 
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TEST CONDITIONS* 
SN55472 SN75472 

PARAMETER 
TYP§ TYP§ MIN MAX MIN 

VIK Input clamp voltage Vee = MIN. II = -12 mA -1.2 -1.5 -1.2 

10H High-level output current 
Vee = MIN. 

VOH = 70 V 

VIL = 0.8 V. 
300 

Vee = MIN. VIH = MIN., 
0.25 0,5 0.25 

VOL Low-level output voltage 
10L = 100 mA 

Vee = MIN. VIH = MIN. 
0.5 0.8 0.5 

10L = 300 mA 

II Input current at maximum input voltage Vee = MAX. VI = 5.5 V 1 

IIH High-level input current Vee = MAX. VI = 2.4 V 40 

IlL Low-level input current Vee = MAX. VI = 0.4 V -1.1 -1,6 -1.1 

leeH Supply current. outputs high Vee = MAX. VI = 0 13 17 13 

leeL Supply current. outputs low Vee = MAX. VI = 5 V 61 76 61 

* For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vee = 5 V. T A = 25°e. 

switching characteristics, Vee = 5 V, T A 

PARAMETER TEST CONDITIONS MIN TYP 

tpLH Propagation delay time. low-to-high-Ievel output 45 

tpHL Propagation delay time. high-to-Iow-Ievel output 10 '" 200 mAo eL = 15 pF. 30 

tTLH Transition time. low-to-high-Ievel output RL = 500. See Figure 1 13 

tTHL Transition time. high-to-Iow-Ievel output 10 

VOH High-level output voltage after switching 
Vs = 55 V. 10 '" 300 mAo 

VS-18 
See Figure 2 
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MAX 
UNIT 

-1.5 V 

100 p.A 

0.4 

V 

0.7 

1 mA 

40 p.A 

-1.6 mA 

17 mA 

76 mA 

MAX UNIT 

65 ns 

50 ns 

25 ns 

20 ns 

mV 



SN55473. SN75473 
DUAL PERIPHERAL POSITIVE·OR DRIVERS 

logic symbol t 

1A 
(1 ) ~1C> 

(2) Q (3) 1Y 
1B 

2A 
(6) 

(5) 2Y 
2B 

(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
lEe Publication 617-12_ 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L L (on state) 

H H (off state) 

L H (off state) 

H H (off state) 

positive logic: 

. Y = A+B or AS 

Pin numbers shown are for the JG, D, and P packages. 

logic diagram (positive logic) 

schematic (each driver) 

4kn 1_6kn 4kn 

B 

Resistor values shown are nominal. 

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

PARAMETER TEST CONDITIONS* 
SN55473 SN75473 

TYP§ TYP§ 
UNIT 

MIN MAX MIN TYP 

VIK Input clamp voltage Vee = MIN, II = -12 mA - 1.2 -1.5 -1.2 -1.5 V 

10H High-level output current 
Vee = MIN, VIH = MIN, 

300 100 p.A 
VOH = 70 V 

Vee = MIN, VIL = 0.8 V, 
0.25 0.5 0.25 0.4 

VOL Low-level output voltage 
10L = 100 mA 

V 
Vee = MIN, VIL = 0.8 V, 

0.5 0.8 0.5 0.7 
10L = 300 mA 

II Input current at maximum input voltage Vee = MAX, VI = 5.5 V 1 1 mA 

IIH High-level input current Vee = MAX, VI = 2.4 V 40 40 p.A 

IlL Low-level input current Vee = MAX, VI = 0.4 V -1 -1.6 -1 -1.6 mA 

leeH Supply current, outputs high Vee = MAX, VI = 5 V 8 11 8 11 mA 

leeL Supply current, outputs low Vee = MAX, VI = 0 . 58 76 58 76 mA 

~ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vee = 5 V, T A = 25°e. . 

switching characteristics, Vee =: 5 V, TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Propagation delay time, low-to-high-Ievel output 30 55 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 10 "" 200 mA, eL = 15 pF, 25 40 ns 

tTLH Transition time, low-to-high-Ievel output RL = 500, See Figure 1 8 25 ns 

tTHL Transition time, high-to-Iow-Ievel output 10 25 ns 

VOH High-level output voltage after switching 
Vs = 55 V, 10 '" 300 mA, 

VS-18 mV 
See Figure' 2 
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SN55474 
DUAL PERIPHERAL POSITIVE·NOR DRIVER 

logic symbol t 

1A 
(1) 2:1C> 

1B 
(2) 

2A 
(6) 

2B 
(7) 

tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 

A 

L 

L 

H 

H 

FUNCTION TABLE 

(EACH DRIVER) 

B Y 

L H (off state) 

H L (on state) 

L L (on state) 

H L (on state) 

positive logic: 

y = A+B or AS 

Pin numbers shown are for the JG package. 

logic diagram (positive logic) 

schematic (each driver) 

~ electrical characteristics over recommended operating free-air temperature range (unless otherwise 
-6' noted) 
::r 
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SN55474 
PARAMETER TEST CONDITIONSt 

MIN TYP§ MAX 

VIK Input clamp voltage VCC = MIN, II = -12 mA -1.2 -1.5 

10H High-level output current 
VCC = MIN, VIL = 0.8 V, 

300 VOH = 70 V 

VCC = MIN, VIH = MIN, 
0.25 0.5 

VOL Low-level output voltage 
10L = 100 mA 

VCC = MIN, VIH = 2 V, 
0.5 0.8 10L = 300 mA 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current VCC = MAX, VI = 2.4 V 40 

IlL Low-level input current VCC = MAX, VI = 0.4 V -1 -1.6 

ICCH Supply current, outputs high VCC = MAX, VI = a 14 19 

ICCL Supply current, outputs low VCC = MAX, VI = 5 V 67 85 

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

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

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH 

tpHL 

tTLH 

tTHL 

VOH 

5-114 

Propagation delay time, low-to-high-Ievel output 

Propagation delay time, high-to-Iow-Ievel output 10 "" 200 mA, 

Transition time, low-to-high-Ievel output RL = 50 n, 
Transition time, high-to-Iow-Ievel output 

High-level output voltage after switching 
Vs = 55 V, 

See Figure 2 

TEXAS ~ 
INSTRUMENTS 

CL = 15 pF, 

See Figure 1 

10 "" 300 mA, 

POST OFFiCe BOX 655012 • DALLAS. TeXAS 75265 

40 65 

30 50 

8 20 

10 20 

VS-1a 

UNIT 

V 

JlA 

V 

mA 

JlA 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

mV 



SN55471 THRU SN55474 
SN75471 THRU SN75473 

DUAL PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4 V 

Q 
PULSE 

GENERATOR .... >---+----t 
(See Note AI 

155r4, 

0.4V 

TEST eiRe,,!, 

10 V 

OUTPUT 

OUTPUT 

-+l 
1 

~ 14-.. 10 ns 

I: J-=-----3 V 
I 90% 
I 
I 1.5 V 

10% I 1 
-1------- ov 

~I 
-.I 1 1.-.. 10 ns 

:,-___ (~--..:I-I-I- - - - - - -3 V 

90% 

10% 

90% : 1 

1.5 V 1 

1 10% 
1 
If-tPLH~ 

SO% 

1 
1 

1 
1 
1 

10% I 

OV 

:'0, .. U-------""""',--I- -VOL 

\4-tTHL tTLH~ 14-
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :$ 1 MHz, Zout == 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES 

Vs = 55 V 

INPUT 2.4 V 5 V 

9 
PULSE 

GENERATOR~~-+--~~~~~:;~ 
(See Note AI 

TEST CIRCUIT 

OUTPUT 

'471 
'473 

INPUT 
'472 

~. 14- .. 10 ns 

1 :~,...,..,....---3V 
, 90% 
I 
I 1.SV 

10% I 1 
-1------- ov 

\.--- 40jlS ~I 
I 14-.. 5ns -.I I ~"10ns 
I ;,-' ~---(r--~I-I-I- - - - - - -3 V 
1 90% 90% I 1 

I I 
I 

10% 
''------0 V 

~-----~~::~ 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :$ 12.5 kHz, Zout == 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. LATCH .. UP TEST 
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SN75476 THRU· SN75479 
DUAL PERIPHERAL DRIVERS 

02284. DECEMBER 1976- REVISED SEPTEMBER 1986 

• Characterized for Use to 300 rnA 

• No Output latch-Up at 55 V (After 
Conducting 300 rnA) 

• High-Voltage Outputs (100 V Typical) 

• Output Clamp Diodes for Transient 
Suppression (300 rnA, 70 V) 

• TTl- or MOS-Compatible Diode-Clamped 
Inputs 

• P-N-P Inputs Reduce Input Current 

• Standard Supply Voltage 

• Suitable for Hammer-Driver Applications 

• New Plastic DIP (P) with Copper lead 
Frame Provides Cooler Operation and 
Improved Reliability 

description 

Series 75476 dual peripheral drivers are 
designed for use in systems that require high 
current, high voltage, and fast switching times. 
The SN75476, SN75477, SN75478, and 
SN75479 provide AND, NAND, OR, and NOR 
drivers, respectively. These devices have diode­
clamped inputs as well as high-current, high­
voltage clamp diodes on the outputs for 
inductive transient protection. 

The SN75476, SN75477, SN75478, and 
SN75479 drivers are characterized for operation 
from ooe to 70 oe. 

EaUIVALENT 
OF EACH INPUT 

VCC--..... -

PRODUCTION DATA documents contain 
information current as of publication date. 

:fod~;!~~onl~o:~ut~:~:~ifi;::~~~~ser ~~~::~~~ 
Production processing does not necessarlv 
include testing of all parameters. 

TYPICAL 
OF ALL OUTPUTS 

CLAMP 

OUTPUT 

GND 

TEXAS -1!1 
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D OR P PACKAGE 

(TOP VIEW) sua Vcc 
1A 2 7 2A 
1Y 3 6 2Y 

GND 4 5 CLAMP 

FUNCTION TABLES 

SN75476 

(EACH AND DRIVER) 

INPUTS OUTPUT 

A S y 

H H H 

L X L 

X L L 

SN75477 

(EACH NAND DRIVER) 

INPUTS OUTPUT 

A S y 

H H L 

L X H 

X L H 

SN75478 

(EACH OR DRIVER) 

INPUTS OUTPUT 

A S y 

H X H 

X H H 

L L L 

SN75479 

(EACH NOR DRIVER) 

INPUTS OUTPUT 

A S 

H X 

X H 

L L 

H = high level 
L = low level 
X = irrelevant 

y 

L 

L 

H 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 

I~gic symbols t 

SN7547S 

1A (2) &[> ~ 
(3) 1Y 

SN75477 

SN75478 

1A 
(2) ~1[> 

~. 
(3) 1Y 

S 

2A 

SN75479 

1A 

S 

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

logic diagrams (positive logic) 

positive logic: Y = AS or A+S 

1A 

s 

2A 

positive logic: V = ~ or A + S 

positive logic: V = A + S or A S 

S 

2A 

positive logic: V = A + S or AS 
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(3) 
1V 

IS) 
2V 

IS) 
CLAMP 

(4) 
GND 

(3) 
1V 

IS) 
2Y 

(5) 
CLAMP 

(4) 
GND 

(3) 1V 

IS) 2V 

(5) CLAMP . 
(4) GND 

(3) 1V 

IS) 2Y . 

(5) CLAMP 

(4) 
GND 



SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 

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 
Continuous output current (see Note 2) ....................................... 400 rnA 
Peak output current: tw ::5 10 ms, duty cycle ::5 50% . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 rnA 

tw ::5 30 ns, duty cycle ::5 0.002% ............................ , 3 A 
Output clamp diode current ................................................ 400 rnA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200 mW 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 

time interval must fall within the continuous dissipation ratings. 
3. For operation above 25°e free-air temperature, derate the D package at the rate of 5.8 mW/oe and the P package at the 

rate of 9.6 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.5 V 

High-level input voltage, V,H 2 V 

Low-level input voltage, V,L 0.8 V 

Operating free-air temperature, T A 0 70 °e 

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

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIK Input clamp voltage I, = -12 mA -0.95 -1.5 V 

IOH High-level output current 
Vee = 4.5 V, V,H = 2 V, 

1 100 p.A 
V,L = 0.8V, VOH = 70 V 

Vee = 4.5 V, IOL = 100 mA 0.16 0.3 

VOL Low-level output voltage V,H = 2 V, IOL=175mA 0.22 0.5 V 

V,L = 0.8 V IOL = 300 mA 0.33 0.6 

VIBRIO Output breakdown voltage Vee = 4.5 V, IOH = 100 p.A 70 100 V 

VRIKI Output clamp diode reverse voltage Vee = 4.5 V, 'R = 100p.A 70 100 V 

VF(K) Output clamp diode forward voltage Vee = 4.5 V, 'F = 300 mA 0.8 1.15 1.6 V 

I'H High-level input current Vee = 5.5 V, V, = 5.5 V 0.01 10 p.A 

A input -80 -110 
',L Low-level input current 

Strobe S 
Vee = 5.5 V, V, = 0.8 V 

-160 -220 
p.A 

SN75476 V, = 5 V 10 17 

SN75477 V, = 0 10 17 
leeH Supply current, outputs high 

SN75478 
Vee = 5.5 V 

10 
mA 

V, = 5 V 17 

SN75479 V, = 0 10 17 

SN75476 V, = 0 54 75 

SN75477 V, = 5 V 54 75 
leeL Supply current, outputs low Vee = 5.5 V mA 

SN75478 V, = 0 54 75 

SN75479 V, = 5 V 54 75 

t All typical values are at Vee = 5 V, T A = 25°e. 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 

switching characteristics, Vee 
PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH 

tpHL 

tTLH 

tTHL 

VOH 

Propagation delay time, low-to-high-Ievel output 200 

Propagation delay time, high-to-Iow-Ievel output CL ~ 15 pF, RL ~ 100 fl, 200 

Transition time, low-to-high-Ievel output See Figure 1 50 

Transition time, high-to-Iow-Ievel output 90 

High-level output voltage after switching 
Vs ~ 55 V, 10 ",300 mA, 

VS-18 
See Figure 2 

PARAMETER MEASUREMENT INFORMATION 

INPUT 2.4V 

~IC ____ , __ 130V 

r RL=100n 
I I I SN75476 

SN75477 I 

PULSE 
GENERATOR 
(See Note A) 

SN75476 
SN75478 

SN75477 
SN75479 

I 

I 

A/S 

S/A 

SN75478 
SN75479 

0.4V 

I 

I 
I 
I 
I 

CIRCUIT 
UNDER 

TEST 

TEST CIRCUIT 

I 
~--~~-+~~-'--OUTPUT 

CL - 15 pF I ,S .. N" •• , 

OPEN 

t......l--.;; 5 ns k-J- 0;;;10 ns 

2~7V I : Jtl I 2.7V 

INPUT 1.5 V ~ I 1.5 V 

I ._ 0.7 V 0.7 V I 
14T-"'" _---=----------0-.5-p.-s::.::.=====~~;r - - - - 0 V 

3V 

~ ~14=.;;5ns -+I ~'52'!.!!s-3 V 
II 2.7 V 2.7 V I I 
I 1.5V 1.5V I 

0.7 V 

I I 
14 ~I tPHL 

'----0 V 

tPLH~ 
-90%~1 

OUTPUT 50% 
iL.%VOH 

50% I 
10% I I 10% 

I I 
.... -VOL 

I I 
~tTHL tt-,--tTLH 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR ~ 1 MHz, Zout ~ 50 fl. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING CHARACTERISTICS 

350 

350 

125 

125 
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SN75476 
SN75478 

SN75477 
SN75479 

SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

PULSE 

INPUT 2.4 V 5 V 

.-L, 
SN75476 
SN75477 

GENERATOR t--..... __ ~A-t CIRCUIT 
(See Note AI UNDER 

S TEST 

SN75478 
GND 

0.4 V 

TEST CIRCUIT 

VS; 55 V 

2mH 

180 n 

OUTPUT 

CL = 15 pF 1' .... 0 ... , 

1--+<;5ns ~ <;10n5 

~
I I I 1~_-3V 

90% I Jtl, 90% 
INPUT 1.5V I 1.5V 

I "' __ 1_0% __________ 1_0_%""'" I ___ 0 V 

---.I ""~I -r~--<;-5-n-s - 40 IlS -----.1-;+4·1 k-- <; 10 ns 

~
90% 90%~1 :------3V 

INPUT I 1.5 V 1.5 V I 
10% 10% 

----OV 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz. Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. LATCH-UP TEST 
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• Three-State Outputs 

• Continuous Output Current of ±2 A 

• Outputs Can Switch 40 V 

• Transient Suppression 

• Thermal Shutdown 

• Inputs Compatible with TTL and 5-V CMOS 

• VCC Range: 8 V to 40 V 

description 

The SN75603, SN75604, and SN75605 are 
high-current half-H drivers designed for high­
current sWitching of bidirectional loads at 
voltages from 8 V to 40 V. The devices are ideal 
for the switching of bidirectional dc and stepping 
motors. 

INPUTS 

EN DIR 

L L 

L H 

H L 

H H 

SN75603. SN75604. SN75605 
HIGH·CURRENT HALF·H DRIVERS 

02832, MARCH 1984- REVISED OCTOBER 1986 

I(C. KH. AND KV PACKAGES 

(TOP VIEW) 

[fJ~~Rb 
EN 
VCC 

GROUND TERMINAL IS IN 
ELECTRICAL CONTACT WITH 

MOUNTING BASE 

FUNCTION TABLE 

OUTPUT 

SN75603 SN75604 

Z Z 

Z Z 

L H 

H L 

SN75605 

L 

Z 

Z 

H 

The SN75603 and SN75604 are designed to be used together in pairs, which eliminates the need for 
additional control logic. The SN75605 is a functional replacement for Sprague UDN2949. By controlling 
the enable and direction inputs, these devices may be placed in the high-impedance output state. 

logic symbols 

SN75603 SN75604 SN75605 

ENfiN t> 
'il OUT 

DIR . 

EN=O-N t> 
'il OUT 

DIR 

ENfi-t> EN 
'il OUT 

DIR 

logic diagrams (positive logic) 

SN75603 SN75604 SN75605 

VCC 

EN---;:L + OIRYroUT 
VCC 

DIR 

EN----, 

>-......... --OUT 

EN 

DIR --e~-_-I >-.... _--OUT 

Copyright © 1984, Texas Instruments Incorporated 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

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

Supply voltage, VCC ........................................................ 40 V 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 42 V 
Input voltage, VI . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Output current, 10 ....................................................... ± 2.5 A 
Continuous total power dissipation at (or below) 110 DC case temperature (see Note 1) ....... 10 W 
Continuous total power dissipation at (or below) 25 DC free-air temperature (see Note 2) . . . . .. 2 W 
Operating case or virtual junction temperature range ...................... - 40 DC to 1 50 DC 
Storage temperature range' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTES: 1. For operation above 110DC case temperature, derate linearly at the rate of 250 mW/DC. 
2. For operation above 25 DC free-air temperature, derate linearly at the rate of 16 mW/ DC. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage S 40 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage O.S V 

TC Case temperature -40 125 DC 

TJ Junction temperature -40 150 DC 

electrical characteristics, Vee -= 8 V to 40 V, T A - 25 °c 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

VIK Input clamp voltage II = 12 mA -0.9 -1.5 V 

VOH High-level output voltage 
10H = -1 A Vee- 1.5 Vce-O.g 

V 
10H = -2A Vee-:- 2 Vee- 1.2 

Low-level output voltage 
10L = 1 A 0.9 1.5 

VOL V 
10L = 2 A 1.1 2 

VOKH High-level output clamp voltage 
10 = 1 A Vee+ 1.2 Vee+ 1.5 

V 
10 = 2 A Vee+ 1.4 Vee+ 2 

Low-level output clamp voltage 
10 = -1 A -1.2 -1.5 

VOKL V 
10 = -2 A - 1.4 -2 

High-impedance-state Vo = 40 V 0.1 100 
10Z /LA 

output current Vo =0 -0.1 -100 

IIH High-level input current VI = 5.5 V 0.01 10 /LA 

IlL Low-level input current VI = 0 -S -20 /LA 

Output at high impedance 16 30 

ICC Supply current Output at high level 35 50 mA 

Output at low level 30 40 
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switching characteristics, T A 

PARAMETER 

High-impedance-state output voltage after 
VOZH 

switching with high-level voltage applied 

High-impedance-state output voltage after 
VOZL 

switching with low-level voltage applied 

tpZH Enable time to the high level 

tpHZ Disable time from the high level 

tTZH Enable transition time to the high level 

tTHZ Disable transition time from the high level 

tpZL Enable time to the low level 

tPLZ Disable time from the low level 

tTZL Enable transition time to the low level 

tTLZ Disable transition time from the low level 

TEST CONDITIONS 

Vee = 40 V, IOL'" 2 A, 

L = 2 mH, R = 19 fl, 

eL = 15 pF, See Figure 1 

Vee = 40 V, IOH "" -2 A, 

L = 2 mH, R = 19 fl, 

eL =15 pF, See Figure 2 

Vee = 25 V, 

Vee = 25 fl, 

eL = 15 pF, 

See Figure 3 

Vee = 25 V, 

RL = 25 fl, 

eL = 15 pF, 

See Figure 4 

TEXAS -I!} 
INSTRUMENTS 

SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

MIN TYP MAX UNIT 

Vee -10 mV 

10 mV 

1.3 p.S 

1.8 p's 

70 ns 

500 ns 

1 p's 

2.5 p's 

100 ns 

100 ns 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

I 
PULSE VCC 

GENERATOR EN 
(See Note AI 

CIRCUIT 
UNDER' 
TEST OUT 

DIR ,_ 
(See Note CI 

DIR 

INPUT 
SN75605 

INPUT 
SN75603 
SN75604 

OUTPUT 

GND 

1 
TEST CIRCUIT 

~-----10ps------~ 

M------10ps------~ 

VOLTAGE WAVEFORMS 

VCC - 40 V 

~ 
~ L - 2 
) 

mH 

R - 1 gO 

OUTPUT 

CL - 15 pF 
See Note BI I' 

3V 

OV 

NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz. Zout = 50 O. tr :s; 5 ns. tf :s; 5 ns. 
B. CL includes probe and jig capacitance. ' 
C. DIR is low fa! SN75603 and SN75605. and high for SN75604. 

FIGURE 1. LATCH-UP TEST 
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SN75603. SN75604. SN75605 
HIGH·CURRENT HALF·H DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

I 
PULSE VCC 

GENERATOR EN 
(See Note AI 

CIRCUIT 
UNDER OUT 
TEST 

DIR - DIR 
(See Note CI 

GND 

J 
TEST CIRCUIT 

~ 10ps--------~ 
1 
1,-------"" 

INPUT 1.5 V 

OUTPUT / -
VOLTAGE WAVEFORMS 

;: 

VCC - 40 V 

~CL -
f' (See 

15 pF 
Note BI 

-
~ 
1L 
) 

OUTPUT 

- 2 mH 

R - 19 n 

-'-

OV 

NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz. Zout = 50 n. tr :s 5 ns. tf :s 5 ns. 
B. CL includes probe and jig capacitance. 
C. DIR is low for SN75603 and SN75605. and high for SN75604. 

FIGURE 2. LATCH·UP TEST 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

\J 
m ... 
-6" 
::T 
m ... 
e!.. 
c ... 
:C:" 
m ... o 
i> 

INPUT 

PULSE 
GENERATOR 
(See Note Al 

DIR ._ 
(See Note CI 

INPUT 

tPZH-4t-+! 

I 
I 

OUTPUT 
10% 

tTZH-+! 

I 
VCC 

EN 

CIRCUIT 
UNDER 
TEST 

DIR 

GND 

1 -= 

-:::- CL -
"1"' (See 

OUT 

RL 

_ .... 
-= 

VCC - 25 V 

15 pF 
Note BI 

OUTPUT 

- 25 n 

TEST CIRCUIT 

10,,5 

OV 

tpHZ 

90% 90% 

I 
I VOlL 
I 

It- jf-tTHZ 

51 VOLTAGE WAVEFORMS 
C a NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zout 50 n, tr :5 5 ns, tf :5 5 ns. 
o B. CL includes probe and jig capacitance. 
~ C. DIR is high for SN75603 and SN75605, and low for SN75604. 

FIGURE 3. SWITCHING TIMES, ENABLE"TIME TO HIGH·LEVEL AND DISABLE TIME FROM HIGH· LEVEL 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

I 
PULSE VCC 

GENERATOR EN 
(See Note Al 

CIRCUIT 
UNDER 
TEST 

DIR ._ DIR 
(See Note CI 

GND 

1 
TEST CIRCUIT 

S~N;;'~~3 ..c-:s. --3 V 

SN75604J! .. - - •. -. ~ 

I I OV 

tpZL ~ it----+f- tpLZ 

I I V 
90% I I 90% OZH 

50% I 
OUTPUT I 

~~_...;1~0.;.;;%,..._ I- -VOL 

I I I 
14- ~ If- tTLZ 

INPUT 
SN75605 

OUT 

VOLTAGE WAVEFORMS 

VCC - 25 V 

R - 2 50 

OUTPUT 

L - 15 pF 
ee Note BI !~ 

3V 

I 
~---Ji-- -OV 

~tPLZ 

I 
I 

NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zout = 50 0, tr :s 5 ns, tf :S 5 ns. 
B. CL includes probe and jig capacitance. 
C. DIR is low for SN75603 and SN75605, and high for SN75604. 

FIGURE 4. SWITCHING TIMES, ENABLE TIME TO LOW LEVEL, AND DISABLE TIME FROM LOW LEVEL 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

2.0 

<C 
I 
E 

1.5 l!! 
:; 

(,) .. 
::J 

So 
::J 1.0 0 
Qj 
> 
CI) .... 
~ 
0 

0.5 .... 
I .... 

9 

o 
o 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 

L I vee - 8 V 
TA .. 25°e 

/ 
I 

J 
0.5 1.5 

VOL -Low-Level Output Voltage- Y 

I=IGURE 5 

<C 
I 
E 
l!! 
:; 
(,) .. 
::J 

So 
::J 

0 
Qj 
> 
CI) .... 
J:. 
Cl 

:f 
I 
J: 
9 

2 

0 

-0.5 

-1.0 

-1.5 

-2.0 
6 

HIGH-LEVEL OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 

Vee = 8 V I TA ... 25°e 

/ 
V 

I 

/ 
6.5 7 7.5 

VOH - High-Level Output Voltage - V 

FIGURE 6 

TYPICAL APPLICATIONS INFORMATION 

8 

SN75603 and SN75604 in speed-controlled, reversible dc motor drive 

The SN75603 and SN75604 are recommended for continuous current applications of up to 2 amperes . 
The application shown in Figure 7 illustrates a reversible dc motor drive circuit with adjustable speed control. 
The DIR inputs for these drivers are complementary and therefore may be tied together and driven from 
the same logic control for bidirectional motor drive. The enables (EN) are tied together and driven by a 
pulse-width-modulated generator providing "on" duty cycles of 1 0% to 90% for speed control. A separate 
enable control is provided through a SN7409 logic gate. 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

TYPICAL APPLICATIONS INFORMATION 

5V 
r-----------------~~--~~----~o_--~--~----~~----~~------~~---12V 

1 kf! 

TLC555 (4) 

(7) 
10 kf!;;><IIIf-~~--__fDISC 

H 
(6) 

THRES 

(2) 
TRIG 

JO

.

1PF 

ENABLE---. 

LOGIC INPUT 
DIRECTION 
CONTROL 

(1 ) 

(2) 

RESET 

5V 

(14) 

VCC 

SN7409 

GND 

(7) 

':' 

(8) 

VDD 

OUT 

CONT 

(5) 

(3) 

10 pF 

(3) 

1.2 kf! 

2.7 kf! 

+ 

2.7 kf! 

620 f! 

TL431 

DIR 

GND 

SN75603 

+ 1"0,' 

+--A VCC 

DIR 

GND 

SN75604 

FIGURE 7. SN75603 AND SN75604 IN A BIDIRECTIONAL MOTOR 
CONTROL APPLICATION WITH SPEED CONTROL 

FUNCTIONAL TABLE FOR MOTOR CONTROL CIRCUIT DEFINITION OF TERMS USED IN FUNCTION TABLE 

MOTOR MOTOR EN ...... Enable 

EN DC SPC DIRECTION SPEED DC ..... Direction control 

L X X OFF OFF SPC .... Speed control 

H L N A SLOW A ...... Direction of current-right to left 

H L W A FAST B ...... Direction of current-left to right 

H H N B SLOW H ...... High logic level 

H H W B FAST L ....... Low logic level 

N ...... Speed control set for narrow pulse width 

W ...... Speed control set for wide pulse width 

X ...... Irrelevant 

en .. 
o .... 
CO 
~ .... 
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SN75603, SN75604, SN75605 
HIGH·CURRENT HALF·H DRIVERS 

TYPICAL APPLICATIONS INFORMATION 

power solenoid drive 

The SN75603, SN75604, and SN75605, with up to 70 watts of output drive capability, are ideal for driving 
high-power solenoids. In applications that require high drive currents, these devices may be used as individual 
drivers or combined for bidirectional drive applications. A typical application would be a power solenoid 
operating a fluid-flow-control valve. 

Figure 8 shows the SN75603 and the inverting SN75604 in a basic drive configuration for a reversing 
power solenoid. 

EN 

DIR 

Vee 

POWER 
SOLENOID 

FIGURE 8. REVERSIBLE POWER SOLENOID DRIVE 
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ADVANCE 
INFORMATION 

• 2.5-A Current Capability per Channel 

• For Split-Supply Applications 

• Wide Differential Supply Voltage 
Range ... 30 V to 60 V 

• High-Impedance Clamped Inputs Compatible 
with TTL or CMOS Devices 

• Output Clamp Diodes for Inductive Transient 
Suppression 

• Thermal Shutdown 

• Internal ESD Protection 

• Short-Circuit Protection on Sink Outputs 

• Input Hysteresis Improves Noise Immunity 

• No Output Glitch During Power-Up or 
Power-Down 

o 15-Pin SIP Power Package 

description 

SN7560B 
DUAL FLUX·REGULATING ACTUATOR 

O· 

02955. DECEMBER 1986 

KV SINGLE-IN-L1NE PACKAGE 

(TOP VIEW) 

~15 ;:, 
14 > 
13 ;:, 
12 ) 

11 ;:, 
10 ) 

9 ) 

8 ) 

7 ) 

6 

5 ) 

4 

3 ) 

2 

~ 
1 

2S0URCE 
VCC 
2SINK 
2A 
VEE 
VEE 
2CAP 
TC 
lCAP 
VEE 
GND 
lA 
lSINK 
VCC 
lSOURCE 

The tab is electrically connected to the VEE pins. 

The SN75608 is a high-current dual flux-regulating actuator designed for switching double-ended loads 
with currents up to 2.5 amperes at differential supply voltages from 30 volts to 60 volts. It is designed 
to drive and control the electromagnetic flux in printheads, solenoids, relays, and other loads whose 
inductance value varies during operation. 

The SN75608 performs the function of flux regulation under control of standard TTL or CMOS input signals 
for two independent channels. Flux is proportional to the integral of the inductive-load voltage. It is a function 
of t!:le total amount of current in the load and is the magnetic field maintained in the load. With flux regulation, 
the load current will vary to compensate for core saturation', temperature changes, and other variations 
of load inductance during operation while maintaining controlled, relatively constant flux in the load. 

Each channel has separate sink and source driver outputs for driving each end of the inductive load. Internal 
feedback, consisting of an integrator and voltage comparator, provides flux regulation via chop-mode 
operation of the source output. The integrator circuit provides current to the capacitor terminal (CAP) 
proportional to the differential voltage between the sink and source outputs for each channel. The integrator 
requires an external capacitor connected between the CAP and VEE terminals. The voltage at the CAP 
terminal, referenced to VEE, is proportional to the integral of the source to sink (load) voltage. 

The feedback path is completed by a differential voltage comparator that controls the state of the source 
output. The inverting comparator input is connected to the CAP terminal, and the noninverting input is 
connected to an analog voltage, VrefITC), which is referenced to VEE. Vref(TC) is proportional to the 
Threshold Control (TC) voltage, which is referenced to ground. The comparator hysteresis controls the 
charge and discharge voltage excursions at the CAP terminal and thus controls the on and off time of 
the source output chopper. 

Copyright © 1986. Texas Instruments Incorporated 
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SN75608 
DUAL FLUX·REGULATING ACTUATOR 

ADVANCE 
INFORMATION 

description (continued) 

The SN75608 features built-in thermal protection and a sink output over-current sensor to prevent damage 
to the device. The outputs are disabled under low-VCC or low-VEE supply-voltage conditions to prevent 
transient output turn~on during power-up or power-down. The TC input is a combined threshold and logic 
input that disables the outputs when the TC input voltage is less than 0.8 V. This permits an external 
RC time delay it the TC input during logic system power-up to allow logic at input A to stabilize without 
causing undesired output turn-on. When a fault condition is detected by anyone of these five protection 
features, the RS latch for each channel is set. The fault condition must be removed and the A input taken 
high before the RS latch will reset, reactivating the channel. 

The SN75608 is characterized for operation from - 20°C to 85 °C. 

DRIVER FUNCTION TABLE (EACH CHANNEl) 

INPUTS OUTPUTS 

A TC CAP SOURCE SINK 
OPERATING MODE COMMENTS 

X sO.S V X OFF OFF Disabled TC acts as a digital input referenced to GND 

H ~2 V X OFF OFF 

L ~2 V <VT+ ON ON Active 
TC acts an an analog input referenced to GND 

L ~2 V >VT- OFF ON 
(See Note 1) 

INTEGRATOR FUNCTION TABLE (EACH CHANNEL) 

VOLTAGE 
CAP DIFFERENTIAL VOLTAGE CAP TERMINAL 

INPUTS 
VO(SOURCE) - VO(SINK) 

INTEGRATOR MODE OF OPERATION 

A 
VOLTAGE (See schematic) 

TC 

X sO.8 V X X 01 Sinking Reset (Disabled) 

H ~2 V X X 01 Sinking Reset 

L ~2 V X ~300 mV 02 Sourcing Charge 

L ~2 V >VT- s -300 mV 03 Sinking Discharge 

H = high level; L = low level; X = irrelevant • 
NOTE 1: The TC input has an operating range from 0 V to 6 V. but its effect on the CAP terminal is linear from approximately 

2 V to 6 V. The best linearity is achieved within the recommended operating linear range . 
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logic diagram (each channel, positive logic) 

SN7560B 
DUAL FLUX·REGULATING ACTUATOR 

r----+~~~:::LR 
r-----------------------------------~--_.~vcc 

A 
INPUT 

TC 
INPUT 

COMMON TO BOTH 
L _ _ ~~L~ ___ .J 

GND----~~----------------~ 

TO OTHER 
CHANNEL 

CHIP 
DISABLE 

PROTECTION 
LATCH 

COMPARATOR 

SOURCE 
OUTPUT 

SINK 
OUTPUT 

CAP 

VEE 
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SN75608 
DUAL FLUX-REGULATING ACTUATOR 

schematics of inputs and outputs 

EQUIVALENT OF EACH A OR TC INPUT 

VCC---------------------4~-

A OR TC_ .......... -t 
INPUT 

GND-----~_+----------~­

VEE ------_'----4'_-

EQUIVALENT OF EACH CAP TERMINAL 
(INTEGRATOR OUTPUT) 

CAP 

CURRENT 
SOURCE 

ADVANCE 
INFORMATION 

EQUIVALENT OF EACH SOURCE OUTPUT 

----~-----~.----VCC 

SOURCE 
--------~~~~.----OUTPUT 

----~-_+-----GND 

-----------41_---- VEE 

EQUIVALENT OF EACH SINK OUTPUT 

'------------e---VCC 

-----~._---+_--GND 

SINK 
OUTPUT 

---------4'---.----VEE 
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SN756.08 
DUAL FLUX·REGULATING ACTUATOR 

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

Supply voltage range, VCC (see Notes 2 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 60 V 
Supply voltage range, VEE (see Note 3) . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . .. - 60 V to 0.3 V 
Voltage difference range between supply voltages, Vcc - VEE. . . . . . . . . . . . . .. - 0.3 V to 60 V 
Input voltage range, VI, A and TC inputs (see Note 4) . . . . . . . . . . . . . . . . .. -1.6 V to VEE + 60 V 
CAP terminal range, V(CAP) ....................................... VEE-0.3 V to VCC 
Source output voltage range, VO(SRC) (see NOle 4) . . . . . . . . . . . . . . . .. VEE - 3 V to VCC + 0.3 V 
Sink output voltage range, VO(SNK) (see Note 4) ................... VEE-0.3 V to VCC+4 V 
Input current, II, A and TC inputs .................... , . . . .. . . . . . . . . . . . . . . . .. - 15 mA 
Peak output current, source and sink outputs (nonrepetitive, tw ~ 100 its), 10M ...... . . .. ± 3 A 
Continuous dissipation at (or below) 90°C case temperature (see Note 5) . . . . . . . . . . . . . . .. 20 W 
Continuous dissipation at (qr below) 25°C free-air temperature (see Note 5) ........... 3.575 W 
Operating case or virtual junction temperature range ...................... - 20°C to 1 50°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds. . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 2. All voltage values, except differential voltages, are with respect to ~he network ground terminal. 
3. Both VCC pins must be connected together as close to the package as possible for optimum testing and operation of the 

device. VEE pins are handled in a like manner. 
4. The maximum current limitation at this terminal generally occurs at a voltage of lower magnitude than the voltage limit. Neither 

the maximum current nor the maximum voltage for this terminal should be exceeded. 
5. For operation above 25°C free·air temperature, derate linearly at the rate of 28.6 mW/oC. For operation above 90°C case 

temperature, derate linearly at the rate of 333 mW/oC. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 15 30 V 

Supply voltage, VEE -15 -30 V 

Voltage difference between supply voltages, VCC - VEE 30 60 V 

High-level input voltage at A, VIH 2 7 V 

Low·level input voltage at A, VIL 1-0.3 t 0.8 V 

Linear-range TC input voltage (see Note 1) 2 6 V 

Continuous output current, 10 ±1 A 

Peak output current at 40% duty cycle, 10 ±2.5 A 

Operating virtual junction temperature, T J -20 125 °c 

t The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
NOTE 1: The TC input has a operating range from 0 V to 6 V, but its effect on the CAP terminal is linear from approximately 2 V to 6 V. 

The best linearity is achieved within the recommended operating' linear range. 
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electrical characteristics over recommended ranges of Vee, VEE, and virtual junction operating temperature (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Input clamp voltage at A or TC II = -12 rnA -0.9 -1.5 V 

Source output. 
10 = -1 A Vee- 2.B Vee-1.9 

VO(on) On-state output voltage 
10 = -2.5A 

See Note 6 
Vee- 3.7 Vee- 2.5 

V 

Sink output 
10 = 1 A VEE+l.8 VEE+l.2 

10 = 2.5 A VEE+3 VEE+2 

V(eAP) CAP terminal output voltage I(CAP) = 1 rnA. Reset mode VEE+0.4 VEE+0.2 V 

VOK(SRC) Source output clamp voltage 
10 = -1 A 

See. Note 6 
VEE-1.1 VEE-1.6 

10 = -2.5 A VEE-l.5 VEE-2.2 
V 

VOK(SNK) Sink output clamp voltage 
10 = 1 A 

See Note 6 
Vee + 1.4 Vee+ 2.1 

10 = 2.5 A Vee+2.2· Vec+ 3.3 

Source output Vo = VEE -0.4 -2 
10(off) Off-state output current rnA 

Sink output Vo = VCC 0_3 1 

IIH High-level input current at A VI = 5.5 V 10 p.A 

IlL Low-level input current at A VI = 0 -10 p.A 

II Input current at TC VI = 0 to 6 V ±10 p.A 

Reset mode V(CAP} = VEE + 1 V to VEE +6 V 1 4 rnA 

Charge mode 
VI(TC) = 5 V. V(CAP) = VEE +2 V. 

-115 
I(CAP) Current at CAP terminal RL = 1 kll from Source to Sink 

p.A 

Discharge mode 
VI(TC) = 2 V. V(CAP) = VEE + 5 V. 

5 
10(SRC) = -10 rnA. 10(SNK) = 10 rnA 

VT+ 
Positive-going threshold voltage 

VI(TC) 
at CAP terminal (charge mode) 

RL = 1 kll from See Notes 7 and 8 

VT-
Negative-going threshold voltage 

Source to Sink. 0.95 VI{Te) 
at CAP terminal (discharge mode) 

Vhys Normalized hysteresis at CAP 
VI(TC) = 2 V to 6 V 

See Notes 7. 8. and 9 0.05 
VT+ Terminal ((VT + - VT -INT + I 

Charge mode 
RL = 1 kll" from Source to Sink. 

3 

gmt Transconductance of integrator 
V(CAP) = VEE to VT+ - 0.1 V 

p.S 

Discharge mode 
10(SRC) = -10 rnA. 10(SINK) = 10 rnA. 

3 
VCAP = VT+ + 0.1 V to VT- + 0.1 V 

t All typical values are at VCC = 20 V. VEE = -20 V. TJ = 25°C. 
:t Transconductance (gm) of the integrator is: I(CAP)/IV(SRC) - V(SNK)I. The ratio of VT + NI(TC) is factory adjusted to compensate for variances in gm' This causes 

the integration time to be more constant from unit to unit. 
NOTES: 6. These parameters must be measured on one output at a time using pulse techniques. tw = 1 ms. duty cycle < 10%. 

7. Threshold values are those voltage levels at the CAP terminal at which the source output changes state. A level more positive than VT + causes the source 
output to go to the off state. and a level more negative'than VT _ causes the source output to go to the on state. Both VT + and VT _ are variable values 
that are dependent on the voltage level at the TC input. 

8. VT + and VT _ are measured differentially with CAP terminal voltage referenced to the VEE terminal. 
9. Both VT + and VT _ must be measured at the same junction temperature using the same TC voltage. 
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INFORMATION 

SN75608 
DUAL FLUX-REGULATING ACTUATOR 

electrical charact~ristics over recommended ranges of Vee, VEE, and virtual junction operating 
temper~ture (unless otherwise noted) (continued) 

PARAMETER TEST CONDITIONS MIN TVpt MAX UNIT 
ICC Supply current from VCC 

Disabled VilA) = 0, 8 14 rnA 
lEE Supply current from VEE VUTC) = 0 -13 -23 rnA 
ICC Supply current from VCC All ~ource and VilA) = 5 V, 10 18 rnA 
lEE Supply current from VEE sink outputs oft 

VCC = 25 V, 
VUTCi = 5 V -16 -28 rnA 

ICC Supply current from VCC All source and VEE = -25 V, 
VilA) = 0, 16 28 rnA 

ljink outputs on No load VIITC) = 5 V, 
lEE Supply current from VEE \f(CAP) = VEE + 2 V -25 -45 rnA 

Ice Supply current from VCC All source outputs VilA) = 0, 10 18 rnA 
off and all VIITC) = 3 V, 

lEE Supply current from VEE sink outputs. on V(CAP) = VEE + 5 V -20 -35 rnA 

t All typical values are at Vce = 20 V, VEE = -20 V, TJ = 25°C. 

switching characteristics, T A == 25°e 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

ton Source output turn-on time from A input 700 ns 

toff Source output tllrn-off time from A input 900 ns 

trv Source output voltage rise time (turning on) 200 ns 

tfv Source output voltage fall time (turning off) VCC = 20 V, VEE = -20 V, 150 ns 

ton Sink output turn-on time from A input CL = 30 pF, See Figure 1 600 ns 

toft Sink output turn oft time from A input 900 ns 

tfv Sink output voltage fall time (turning on) 100 ns 

trv Sink output voltage rise time (turning off) 150 ns 
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SN7560B 
DUAL FLUX·REGULATING ACTUATOR 

P~R~METER MEASUREMI;NT INFORMATION 

20 V 20 V 
-20 V 

INPUT VCC VEE 
RL - 30 n 

ADVANCE 
INFORMATION 

5V TC SINK J--.... --e ....... ------ SINK OUTPUT 

-18 V 
(VEE + 2 V) 

A INPUT 

SOURCE 
OUTPUT 

SINK 
OUTPUT 

CL - 30 pF 

A I (See Note B) 

CAP SOURCE J-~----~~------SOURCEOUTPUT 

-= -20 V 

TEST CIRCUIT 

i_----3V 
90% 

I I 
I 10% 10% I I "'_ ____ ...;..o,-.r._I _____ OV 

~14r_---tw---~~ 
I I 

ton--f4--+1 ~toff 

: II .,.-___ ---"""!""~""-I- - - V 
90% 90% I on 

I I i I 
:50% I 
I I 

10% I 
I I 
I I 
I I 

ton......f4--+1 ~ tott 
I I 

90% : I 
I I I 

I 
. I 

Vott 

Vott 

10% 10% I 
~------....... ~I-l--- Von 

I4--t4-trv 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :s 5 kHz, tw = '0 p's, Zo = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES FROM A INPUTS 
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SN7560B 
DUAL FLUX-REGULATING ACTUATOR 

TYPICAL APPLICATION DATA 

A typical application of the SN75608 Dual Flux-Regulating Actuator driving inductive loads is shown in Figure 2. 
Figure 3 illustrates representative waveforms that occur with the circuit connected as shown in Figure 2. The 
waveforms illustrate adjustment of output current in the load to compensate for a change in the load inductance 
while maintaining a constant CAP voltage waveform and thus constant electromagnetic flux in the load. 

For optimum operation, bothVCC pins must be connected together, close to the package, as well as all three 
VEE pins. A low-impedance bypass capacitor, 10 microfarads or larger, should be connected between VCC 
and VEE, also close to the package. The value of the integration capacitor connected between the CAP terminal 
and VEE is dependent on the load characteristics and the performance desired. The analog voltage on the TC 
terminal may be varied between 2 volts and 6 volts for fine adjustment of integrator timing characteristics. 

5V 20 V 

TC VCC 

1A 2A ~ 
SN75608 

1S0URCE 2S0URCE 

L - 2 mH L - 2 mH 

RINT - 5 n RINT - 5 n 
1SINK 2SINK 

C - 0.0047/tF C "'I 0.0047 /tF 

-20 V 

FIGURE 2. TYPICAL DOT-MATRIX PRINTHEAO-ORIVER APPLICATION 
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SN75608 
DUAL FLUX·REGULATING ACTUATOR 
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TYPICAL APPLICATION DATA 

INPUT VOLTAGE ~~ ~~ 
, • LOAD INDUCTANCE Y f------

LOAoeU •• 'NT nIl 
CAP VOLTAGE 

SOURCE OUTPUT 

VOLTAGE 

SINK OUTPUT 

VOLTAGE 

11----- -:---:.:. n-= ------------- ~:: : ~~~~C~IITCI 

VEE 

- - - ---- - - • ---Vec -2V 

GND 

--- VEE -1.5 V 

--- Vce + 1.5 V 

GND 

~------ VEE +1.5 V 

FIGURE 3. REPRESENTATIVE WAVEFORMS 
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ADVANCE 
INFORMATION 

• 2.5-A Current Capability per Channel 

• For Positive Supply Applications 

• Wide Supply Voltage Range •.. 30 V to 
60 V 

• High-Impedance Clamped Inputs Compatible 
with TTL or CMOS Devices 

• Output Clamp Diodes for Inductive Transient 
Suppression 

• Thermal Shutdown 

• Internal ESO Protection 

• Short-Circuit Protection on Sink Outputs 

• Input Hysteresis Improves Noise Immunity 

• No Output Glitch During Power-Up or 
Power-Down 

• 1 5-Pin SIP Power Package 

description 

SN75609 
DUAL FLUX·REGULATING ACTUATOR 

02973. DECEMBER 1986 

0 

KV SINGLE-IN-L1NE PACKAGE 

(TOP VIEW) 

~15 > 
14 :> 
13 > 
12 :> 
11 :> 
10 ) 

9 > 
8 :> 
7 :> 
6 :> 
5 :> 
4 :> 
3 > 
2 :> 

~ 
1 ) 

NC-No internal connection 

2S0URCE 
VCC 
2SINK 
2A 
GND 
GND 
2CAP 
TC 
1CAP 
GND 
NC 
1A 
1SINK 
VCC 
1S0URCE 

The tab is electrically connected to the GND pins. 

The SN75609 is a high-current dual flux-regulating actuator designed for switching double-ended loads 
with currents up to 2.5 amperes at supply voltages from 30 volts to 60 volts. It is designed to drive and 
control the electromagnetic flux in printheads, solenoids, relays, and other loads whose inductance value 
varies during operation. 

The SN75609 performs the function of flux regulation under control of standard TTL or CMOS input signals 
for two independent channels. Flux is proportional to the integral of the inductive-load voltage. It is a function 
of the total amount of current in the load and is the magnetic field maintained in the load. With flux regulation, 
the load current will vary to compensate for core saturation, temperature changes, and other variations 
of load inductance during operation while maintaining controlled, relatively constant flux in the load. 

Each channel has separate sink and source driver outputs for driving each end of the inductive load. Internal 
feedback, consisting of an integrator and voltage comparator, provides flux regulation via chop-mode 
operation of the source output. The integrator circuit provides current to the capacitor terminal (CAP) 
proportional to the differential voltage between the sink and source outputs for each channel. The integrator 
requires an external capacitor connected between the CAP and GND terminals. The voltage at the CAP 
terminal, referenced to GND, is proportional to the integral of the source-to-sink (load) voltage. 

The feedback path is completed by a differential voltage comparator that controls the state of the source 
output. The inverting comparator input is connected to the CAP terminal, and the non inverting input is 
connected to an analog voltage, Vref(TC), which is referenced to GND. Vref(TC) is proportional to the 
Threshold Control (TC) voltage, which is referenced to ground. The comparator hysteresis controls the 
charge and discharge voltage excursions at the CAP terminal and thus controls the on and off time of 
the source output chopper. 

Copyright © 1986. Texas Instruments Incorporated 
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SN75609 
DUAL FLUX·REGULATING ACTUATOR 

ADVANCE 
INFORMATION 

l> description (continued) 

C The SN75609 features built-in thermal protection and a sink output over-current sensor to prevent damage < to the device. The outputs are disabled under low-VCC supply-voltage conditions to prevent transient output 
l> turn-on during power-up or power-down. The TC input is a combined threshold and logic input that disables 
2 the outputs when the TC input voltage is less than 0.8 V. This permits an external RC time delay at the 
(") TC input during logic system power-up to allow logic at input A to stabilize without causing undesired 
m output turn-on. When a fault condition is detected by anyone of these four protection features, the RS 
_ latch for each channel is set. The fault condition must be removed and the A input taken high before the 
2 RS latch will reset, reactivating the channel. 
"T1 o The SN75609 is characterized for operation from - 20 °C to 85°C. 

II S DRIVER F~NCTION TABLE (EACH CHANNELl 
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INPUTS OUTPUTS 
OPERATING MODE COMMENTS 

A TC CAP SOURCE SINK 

X sO.8 V X OFF OFF Disabled TC acts as a digital input referenced to GND 

H ~2 V X OFF OFF 

L ~2V <VT+ ON ON Active 
TC acts as an analog input referenced to GND 

L ~2 V >VT- OFF ON 
(See Note 1) 

INTEGRATOR FUNCTION TABLE (EACH CHANNEl) 

VOLTAGE 
CAP DIFFERENTIAL VOLTAGE CAP TERMINAL 

INPUTS 
VO(SOURCEI - VO(SINKI (See schematic) 

INTEGRATOR MODE OF OPERATION 
VOLTAGE 

A TC 

X sO.8 V X X 01 Sinking Reset (Disabled) 

H ~2 V X X 01 Sinking Reset 

L ~2 V X ~300 mV 02 Sourcing Charge 

L ~2V >VT- s -300 mV 03 Sinking Discharge 

H = high level; L = low level; X = irrelevant 
NOTE 1: The TC input has an operating range from 0 to 6 volts. but its effect on the CAP terminal is linear from approximately 

2 V to 6 V. Best linearity is achieved within the recommended operating linear range . 
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logic diagram (each channel, positive logic) 

SN75609 
DUAL FLUX·REGULATING ACTUATOR 

r--------------------------------------------------------------------~--~~VCC 

A 
INPUT 

TC 
INPUT V,effTCI 

I 
I COMMON TO BOTH 

L __ ~H~E~ __ ---J 

CHIP 
DISABLE 

PROTECTION 
LATCH 

COMPARATOR 

TO OTHER 
CHANNEL 

SOURCE 
OUTPUT 

SINK 
OUTPUT 

~--------------------_+_CAP 

GND----~~----------------------------------._------------~--------------------~~GND 

TO 
OTHER 

CHANNEL 
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SN75609 
DUAL FLUX·REGULATING ACTUATOR 

schematics of inputs and outputs 

EQUIVALENT OF EACH A OR TC INPUT 

VCC--------~.--

A' OR TC 
INPUT - ..... ----1 

GND--~----~.--

EQUIVALENT OF EACH CAP TERMINAL 
(INTEGRATOR OUTPUT) 

CAP 

ADVANCE 
INFORMATION 

EQUIVALENT OF EACH SOURCE OUTPUT 

----~--~----~~---VCC 

SOURCE 
---.JVII\o.--....... _e_--tl...-....._--- OUTPUT 

--------~--~~------GND 

EQUIVALENT OF EACH SINK OUTPUT 

.--------------.-- VCC 

SINK 
OUTPUT 

-----~---.---GND 
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ADVANCE 
INFORMATION 

SN75609 
DUAL FLUX·REGULATING ACTUATOR 

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

Supply voltage range, VCC (see Notes 2 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 60 V 
Input voltage range, VI, A and TC inputs (see Note 4) ...................... -1.6 V to 60 V 
CAP terminal range, V(CAP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC 
Source output voltage range, VO(SRC) (see Note 4) . . . . . . . . . . . . . . . . . . .. - 3 V to VCC + 0.3 V 
Sink output voltage range, VO(SNK) (see Note 4) . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VCC + 4 V 
Input current, II, A and TC inputs .. , ....................................... , -15 mA 
Peak output current, source and sink outputs (nonrepetitive, tw ::5 100 its), 10M .......... ± 3 A 
Continuous dissipation at (or below) 90°C case temperature (see Note 5) . . . . . . . . . . . . . . .. 20 W 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 5) ........... 3.575 W 
Operating case or virtual junction temperature range ...................... - 20°C to 150°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds. . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 2. All voltage values, except differential voltages, are with respect to the network ground terminal. 
3. Both VCC pins must be connected together as close to the package as possible for optimum testing and operation of the 

device. GND pins are handled in a like manner. 
4. The maximum current limitation at this terminal generally occurs at a voltage of lower magnitude than the voltage limit. Neither 

the maximum current nor the maximum voltage for this terminal should be exceeded. 
5. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/DC. For operation above gODC case 

temperature, derate linearlv ~t the rate of 333 mW/DC. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should na! ~e exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly abqve or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 30 60 V' 

High-level input voltage at A, VIH 2 7 V 

Low-level input voltage at A, VIL f-0.3 T 0.8 V 

Linear-range TC input voltage (see Note 1) 3 6 V 

Continuous output current, 10 ±1 A 

Peak output current at 40% duty cycle, 10 ±2.5 A 

Operating virtual junction temperature, T J -20 125 DC 

tThe algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
NOTE 1: The TC input has an operating range from 0 to 6 volts, but its effect on the CAP terminal is linear from approximately 2 V to 

6 V. Best linearity is achieved within the recommended operating linear range. 
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electrical characteristics over recommended ranges of Vee and virtual junction operating temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage at A or TC II = -12 rnA -0.9 -1.5 V 

Source output 
10 = -1 A VCC-2.B VCC-l.9 

VO(on) On-state output voltage 
10 = -2.5 A 

See Note 6 
VCC-3.7 VCC-2.5 

V 
10 = 1 A 1.2 1.8 

Sink output 
10 = 2.5 A 2 3 

V(CAP) CAP terminal output voltage I(CAPI = 1 rnA, Reset mode 0.2 0.4 V 

-VOK(SRC) Source output clamp voltage 
10 = -1 A 

See Note 6 
-1.1 -1.6 

10 = -2.5A -1.5 -2.2 
V 

VOK(SNK) Sink output clamp voltage 
10 = 1 A 

See Note 6 
VCC+l.4 VCC+2.1 

10 = 2.5 A VCC+2.2 VCC+3.3 

10(0ft) Off-state output current 
Source output Vo = 0 V -0.4 -2 

Sink output Vo = VCC 
rnA 

0.3 1 

IIH High-level input current at A VI = 5.5 V 10 p.A 

IlL Low-level input current at A VI = 0 -10 p.A 

II Input current at TC VI = 0 to 6 V ±10 p.A 

Reset mode V(CAP) = 1 V to 6 V 1 4 rnA 

Charge mode 
VI(TC) = 5 V, V(CAP) = 2 V, 

-115 
I(CAP) Current at CAP terminal RL = 1 kll from Source to Sink 

VI(TC) = 2 V, V(CAP) = 5 V, 
p.A 

Discharge mode 
10(SRC) = -10 rnA, 10(SNK) = 10 rnA 

5 

VT+ 
Positive-going threshold voltage 

VI(TC) 
at CAP terminal (charge mode) 

Negative-going threshold voltage 
RL = 1 kll from See Notes 7 and 8 

VT-
at CAP terminal (discharge mode) 

Source to Sink, 0.95 VI(TC) 

~ Normalized hysteresis at CAP 
VI(TC) = 3 V to 6 V 

See Notes 7, 8, and 9 0.05 
VT+ terminal [(VT+ - VT-)/VT+) 

Charge mode 
RL = 1 kll from Source to Sink, 

3 

gmt Transconductance of integrator 
V(CAP) = 0 V to VT+ - 0.1 V 

p.S 

Discharge mode 
10(SRC) = -10 rnA, 10(SINK) = 10 rnA, 

3 
- - - - - -

__ VCAP = VT~+ O.~ to VT=. + O~V __ 
-- -- - --

, 

t All typical values are at VCC = 40 V, TA = 25°C. 
t Transconductance (gm) of the integrator is: I(CAP)/[V(SRC) - V(SNK))' The ratio of VT + /VI(TC) is factory adjusted to compensate for variances in gm. This causes 

the integration time to be more constant from unit to unit. 
NOTES: 6. These parameters must be measured on one output at a time using pulse techniques, tw = 1 ms, duty cycle < 10%. 

7. Threshold values are those voltage levels at the CAP terminal at which the source output changes state. A level more positive than VT + causes the source 
output to go to the off state, and a level more negative than VT _ causes the source output to go to the on state. Both VT + and VT _ are variable values 
that are dependent on the voltage level at the TC input. 

B. VT + and VT _ are measured differentially with CAP terminal voltage referenced to the GND terminal. 
9. Both VT + and VT _ must be measured at the same junction temperature using the same TC voltage. 
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ADVANCE 
INFORMATION 

SN75609 
DUAL FLUX·REGULATING ACTUATOR 

electrical characteristics over recommended ranges of vee and virtual junction operating 
temperature (unless otherwise noted) (continued) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Disabled 
VI(A) = 0, 

19 34 
VI(TC) = 0 

All source and VI(A) = 5 V, 

sink outputs off VI(TC) = 5 V 
26 37 

ICC Supply current All source and 
VCC = 50 V, VI(A) = 0, mA 
No load VI(TC) = 5 V, 26 46 

sink outputs on 
V(CAP) = 2 V 

All source outputs VI(A) = 0, 

off and all VI(TC) = 3 V, 26 46 

sink outputs on V(CAP) = 5 V 

t All typical values are at VCC = 40 V, T A = 25 cC. 

switching characteristics, T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

ton Source output turn-on time from A input 700 ns 

toff Source output turn-off time from A input 900 ns 

trv Source output voltage rise time (turning on) 200 ns 

tfv Source output voltage fall time (turning off) 150 ns 

ton Sink output turn-on time from A input 
VCC = 40 V, Cl = 30 pf, See Figure 1 

600 ns 

toff Sink output turn off time from A input 900 ns 

tfv Sink output voltage fall time (turning on) 100 ns 

trv Sink output voltage rise time (turning off) 150 ns 
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DUAL FLUX"REGULATING ACTUATOR 

ADVANCE 
INFORMATION 

PARAMETER MEASUREMENT INFORMATION 

40 V 

INPUT VCC 

5V TC 

1---4~-----I A 

40 V 

RL - 300 

SINK 1--.... ---iIII-------- SINK OUTPUT 

CL - 30 pF l' (See Note BI 

CAP SOURCEI-...... -----4t----- SOURCE OUTPUT 

2V 
GND 

TEST CIRCUIT 

ir-----3V 
90% 

A INPUT 
I 1 
I 10% 10% I 
I -I-----OV 

14 tw .1 
I I 

ton ---t4---+f ~toff 
I -1-_- Von 
I 90% 90% I I I 1 I SOURCE :50% 

OUTPUT 1 
1 1 

10% 1 
I I Voff 

I 1 
I I 

ton--f4--+1 ~toff 
I I I Voff 90% I I 
1 I I 

SINK 1 
OUTPUT 1 

10% 10% 
1-+-- Von 

I4-+1-trv 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR :5 5 kHz, tw = 10 p's, Zo = 500. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES FROM A INPUTS 
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ADVANCE 
INFORMATION 

SN75609 
DUAL FLUX-REGULATING ACTUATOR 

TYPICAL APPLICATION DATA 

A typical application of the SN75609 Dual Flux-Regulating Actuator driving inductive loads is shown in Figure 2. 
Figure 3 illustrates representative waveforms that occur with the circuit connected as shown in Figure 2. The 
waveforms illustrate adjustment of output current in the load to compensate for a change in the load inductance 
while maintaining a constant CAP voltage waveform and thus constant electromagnetic flux in the load. 

For optimum operation, both VCC pins must be connected together, close to the package, as well as all three 
GND pins. A low-impedance bypass capacitor, 10 microfarads or larger, should be connected between VCC 
and GND, also close to the package. The value of the integration capacitor connected between the CAP terminal 
and GND is dependent on the load characteristics and the performance desired. The analog voltage on the TC 
terminal may be varied between 3 volts and 6 volts for fine adjustment of integrator timing characteristics. 

L - 2 mH 

RINT - 5 n 

C - 0.0047 "F 

5 V 40 V 

1A 2A 

1S0URCE 

1SINK 2SINK 

2eAP 

L - 2 mH 

RINT - 5 n 

C - 0.0047 "F 

FIGURE 2. TYPICAL DOT-MATRIX PRINTHEAD-DRIVER APPLICATION 
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SN75609 
DUAL FLUX·REGULATING ACTUATOR 
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TYPICAL APPLICATION DATA 

INPUT VOLTAGE ~~ ~ ~ 

LOAD INDUCTANCE 

LOAoeURRENT hh 
eAP VOLTAGE rtTl ~'!~IVITel 

SOURCE OUTPUT 

VOLTAGE 

SINK OUTPUT 

VOLTAGE 

--- VCC + 1.5 V 

1/2 VCC 

'--_ ...... - -- 1.5 V 

FIGURE 3. REPRESENTATIVE WAVEFORMS 
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ADVANCE 
INFORMATION 

• 1-A Output Current Capability per Channel 

• Output Clamp Diodes for Inductive Transient 
Suppression 

• Applications Include Half-H and Full-H 
Solenoid Drivers and Motor Drivers 

• Designed for Positive-Supply Applications 

• Wide Supply Voltage Range: 
4.5 V to 36 V 

~ TTL- and CMOS-Compatible High-Impedance 
Diode-Clamped Inputs 

• Separate Input-Logic Supply 

• Thermal Shutdown 

• Internal ESD Protection 

• Input Hysteresis Improves Noise Immunity 

• Three-State Outputs 

• Minimized Power Dissipation 

• Sink/Source Interlock Circuitry Prevents 
Simultaneous Conduction 

• No Output "Glitch" During Power-Up or 
Power-Down 

• Improved Functional Replacement for the 
SGS L293D 

description 

SN75441D 
QUADRUPLE HALF·H DRIVER 

02942. NOVEMBER 1986 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

1,2EN VCC1 
1A 4A 
1Y 4Y 

HEATSINK AND { } HEATSINK AND 
GROUND GROUND 

2Y 3Y 
2A 3A 

VCC2 ___ ...r- 3,4EN 

FUNCTION TABLE 

(EACH CHANNEL) 

INPUTS 

A EN 

H H 

L H 

X L 

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

OUTPUT 

Y 

H 

L 

Z 

Z = high-impedance (off) 

The SN754410 is a quadruple high-current half-H driver designed to provide bidirectional drive currents 
of up to one ampere at voltages from 4.5 volts to 36 volts. It is designed to drive inductive loads such 
as relays, solenoids, dc and stepping motors, as well as other high-current/high-v'oltage loads in positive­
supply applications. 

All inputs are compatible with TTL and low-level CMOS logic. Each output (V) is a complete totem-pole 
driver with a Darlington transistor sink and a psuedo-Darlington source. Channels are enabled in pairs with 
channels 1 and 2 enabled by 1,2EN and channels 3 and 4 enabled by 3,4EN. When an enable input is 
high, the associated channels are enabled and their outputs become active and in phase with their inputs. 
When the enable input is low, those channels·are disabled and their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of drivers form a full-H (or bridge) reversible drive suitable 
for solenoid or motor applications. 

A separate supply voltage (VCC1) is provided for the logic input circuits to minimize device power dissipation. 
Supply voltage (VCC2) is used for the output circuits. 

The SN754410 is designed for operation from - 40 DC to 85 DC. 

ADVANCE INFORMATION documents contain Copyright © 1986. Texas Instruments Incorporated 
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SN754410 
QUADRUPLE HALF·H DRIVER 

logic symbol t 

1A (21 I> (31
1Y Q 

EN 
EN I> (61 2y Q 

I> (111 3y 
EN 

Q 

EN I> (14)4Y 
4A (15) Q 

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

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vcc1------~~---

INPUT 

GND--.----e---------

logic diagram 

TYPICAL OF ALL OUTPUTS 

---.------~~---VCC2 

e--......... --QUTPUT 

---e-----e----&--GND 
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ADVANCE 
INFORMATION 

SN754410 
QUADRUPLE HALF·H DRIVER 

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

Logic supply voltage range, VCC1 (see Note 1) ........................... - 0.5 V to 36 V 
Output supply voltage range, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O. 5 V to 36 V 
Input voltage .............................................................. 36 V 
Output voltage range, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -3 V to VCC2 +3 V 
Peak output current (nonrepetitive, tw $ 5 ms), IPK ............................... ± 2 A 
Continuous output current, 10 .............................................. , ± 1.1 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 2) ........ 7375 mW 
Operating case or virtual junction temperature range ...................... - 40°C to 150°C 
Storage temperature range .......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................... " 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°e free-air temperature, derate linearly at the rate of 16.6 mW/oe. For operation above 25 °e case 

temperature, derate linearly at the rate of 59 mW/oe. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Logic supply voltage, Vee1 4.5 5.5 V 
Output supply voltage, Vee2 4.5 36 V 
High-level input voltage, VIH 2 5.5 V 

Low-level input voltage, VIL -0.3 t 0.8 V 

Output current, 10 ±1 A 
Operating virtual junction temperature, T J -40 125 °e 
Operating free-air temperature, T A -40 85 °e 

tThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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SN754410 
QUADRUPLE HALF-H DRIVER 

ADVANCE 
INFORMATION 

» electrical characteristics over recommended ranges of VCC1, VCC2, and operating virtual junction 
C temperature (unless otherwise noted) 
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PARAMETER TEST CONDITIONS MIN 

VIK Input clamp voltage II - -12 mA 

IOH = -0.5 A VCC2- 1.5 

VOH High-level output voltage 10H = -1 A VCC2-2 
10H = -1 A, TJ = 25°C VCC2- 1.8 

10L - 0.5 A 

VOL Low-level output voltage 10L - 1 A 

10L - 1 A, TJ - 25°C 

VOKH High-level output clamp voltage 
10K - 0.5 A 

10K = 1 A 

VOKL Low-level output clamp voltage 
10K - -0.5 A 

10K = -1 A 

10Z 
Off-state (high impedance-state) Vo - VCC2 
output current Vo = 0 

IIH High-level input current VI = 5.5 V 

IlL Low-level input current VI = 0 

All outputs at high level 

ICC1 Logic supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

All outputs at high level 

ICC2 Output supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

t All typical values are at VCC1 = 5 V, VCC2 = 24 V, T A = 25 ac. 

switching characteristics, VCC1 == 5 V, VCC2 ... 24 V, TA ... 25°C . 

PARAMETER TEST CONDITIONS 

tDLH Delay time, low-to-high-Ievel output from A input 

tDHL Delay time, high-to-Iow-Ievel output from A input 
See Figure 1 

tTLH Transition time, low-to-high-Ievel output 
CL = 30 pF, 

tTHL Transition time, high-to-Iow-Ievel output 

tpZH Enable time to the high level 

tpZL Enable time to the low level 
See Figure 2 

tpHZ Disable time from the high level 
CL = 30 pF, 

tpLZ Disable time from the low level 
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Typt MAX UNIT 

-0.9 -1.5 V 

VCC2- 1.1 

V 

VCC2 -1.4 

1 1.4 

2 V 

1.2 1.8 

VCC2+ 1.4 VCC2+2 
V 

VCC2+ 1.9 VCC2+2.5 
-1.1 -2 

-1.3 -2.5 
V 

500 

-500 
p.A 

10 p.A 

-10 p.A 

38 

70 mA 

25 

33 

20 mA 

5 

MIN TYP MAX UNIT 

800 ns 

400 ns 

300 ns 

300 ns 

700 ns 

400 ns 

900 ns 

600 ns 
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INFORMATION 

SN754410 
QUADRUPLE HALF·H DRIVER 

PARAMETER MEASUREMENT INFORMATION 

INPUT 5 V 24 V 

PULSE VCC1 VCC2 

GENERATOR A 
(See Note AI CIRCUIT 

UNDER y OUTPUT 
TEST 

3V EN CL - 30 pF 

GND 
TIS ... ". 81 

= 

TEST CIRCUIT 

INPUT 

OUTPUT 

~ __ 3V 

90% 

I 
"-----~-+ - -- - -0 V 

I.---tw 

-+I /.-tDHL 

I 
~ 

-.,j ~tDLH 
I 
I 
I 
I 

I 
~tTHL 

I'-~---""--T - -VOL 

~tTlH 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: tr :5 10 ns, tf :5 10 ns, tw = 10 P.s, PRR = 5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES FROM DATA INPUTS 

PULSE 
GENERATOR 
(See Note AI 

INPUT 5 V 24 V 

A 

CIRCUIT 
UNDER 
TEST 

To 3 V for tpZH and tpHZ = 
To 0 V for tpZL and tPLZ 

TEST CIRCUIT 

12 V 

RL - 22 n 

y.-..... ---OUTPUT 

. CL - 30 pF TIS ... ". 81 

1+-+1- tf 

INPUT 

I 10% 

I I 
\4-- tw --+j 
~tPZL ~tPLZ 

I I I 
I I I 

OUTPUT I I 
I 

I.-.!-tPZH 1-----
OUTPUT 

VOLTAGE WAVEFORMS 

OV 

",,12 V 

",,12 V 

NOTES: A. The pulse generator has the following characteristics: tr :5 10 ns, tf :5 10 ns, tw = 10 P.s, PRR = 5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 

FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS 
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SN754410 
QUADRUPLE HALF·H DRIVER 

CONTROL A 

CONTROL B 

5·158 

TYPICAL APPLICATION DATA 

5 V 24V 

10 kO 

(3) 

ADVANCE 
INFORMATION 

'iJ 1---------, 

C> 

'iJ (6) 

C> 

'iJ (11) 

C> 

'iJ (14) 

GND 

14.5.12.13) 

FIGURE 3. TWO·PHASE MOTOR DRIVER 
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ADVANCE 
INFORMATION 

• 1-A Output Current Capability per Channel 

• Applications Include Half-H and Full-H 
Solenoid Drivers and Motor Drivers 

• Designed for Positive-Supply Applications 

• Wide Supply Voltage Range: 
4.5 V to 36 V 

• TTL- and CMOS-Compatible High-Impedance 
Diode-Clamped Inputs 

• Separate Input-Logic Supply 

• Thermal Shutdown 

• Internal ESD Protection 

• Input Hysteresis Improves Noise Immunity 

• Three-State Outputs 

• Minimized Power Dissipation 

• Sink/Source Interlock Circuitry Prevents 
Simultaneous Conduction 

• No Output "Glitch" During Power-Up or 
Power-Down 

• Improved Functional Replacement for the 
S.GS L293 

description 

SN754411 
QUADRUPLE HALF·H DRIVER 

02942, NOVEMBER 1986 

NE DUAL-IN-LINE PACKAGE 

(TOP VIEWI 

1,2EN VCC1 
lA 4A 
lY 4Y 

HEA TSINK AND { 
GROUND 

} HEATSINK AND 
GROUND 

2Y 3Y 
2A 3A 

VCC2 3,4EN 

FUNCTION TABLE 

(EACH CHANNELl 

INPUTS 

A EN 

H H 

L H 

X L 

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

OUTPUT 

Y 

H 

L 

Z 

Z = high-impedance (off) 

The SN754411 is a quadruple high-current half-H driver designed to provide bidirectional drive currents 
of up to one ampere at voltages from 4.5 volts to 36 volts. It is designed to drive inductive loads such 
as relays, solenoids, dc and stepping motors, as well as other high-current/high-voltage loads in positive­
supply applications, 

All inputs are compatible with TTL and low-level CMOS logic. Each output (Y) is a complete totem-pole 
driver with a Darlington transistor sink and a psuedo-Darlington source. Channels are enabled in pairs with 
channels 1 and 2 enabled by 1,2EN and channels 3 and 4 enabled by 3,4EN. When an enable input is 
high, the associated channels are enabled and their outputs become active and in phase with their inputs_ 
When the enable input is low, those channels are disabled and their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of drivers form a full-H (or bridge) reversible drive suitable 
for solenoid or motor applications. 

External high-speed output clamp diodes should be used for inductive-transient suppression. A separate 
supply voltage (VCC1) is provided for the logic input circuits to minimize device power dissipation. Supply 
voltage (VCC2) is used for the output circuits. 

The SN754411 is designed for operation from - 40 °C to 85°C. 

Copyright © 1986, Texas Instruments Incorporated 
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» logic diagram 
C 
< » 
2 
n 
m -2 
." 
o 
:lJ 
S t This symbol is in accordance with ANSI/IEEE Std 91-1984 and » lEe Publication 617-12. 

::I 
o schematics of inputs and outputs 
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EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
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ADVANCE 
INFORMATION 

SN754411 
QUADRUPLE HALF-H DRIVER 

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

Logic supply voltage range, VCC1 (see Note 1) ........................... - 0.5 V to 36 V 
Output supply voltage range, VCC2 .................................. " - 0.5 V to 36 V 
Input voltage ............................................................. 36 V 
Output voltage range, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 3 V to VCC2 + 3 V 
Peak output current (nonrepetitive, tw ::5 5 ms), IpK ............................... ± 2 A 
Continuous output current, 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 1.1 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 2) ........ 7375 mW 
Operating case or virtual junction temperature range ...................... - 40°C to 150°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25 °e free-air temperature, derate linearly at the rate of 16.6 mW/oe. For operation above 25°e case 

temperature, derate linearfy at the rate of 59 mW/oe. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

Logic supply voltage, Vee1 4.5 5.5 V 

Output supply voltage, Vee2 4.5 36 V 

High-level input voltage, VIH 2 5.5 V 

Low-level input voltage, VIL -0.3 t 0.8 V 

Output current, 10 ±1 A 

Operating virtual junction temperature, T J -40 125 °e 

Operating free-air temperature, T A -40 85 °e 

tThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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SN754411 
QUADRUPLE HALF·H DRIVER 

ADVANCE 
INFORMATION 

l> electrical characteristics over recommended ranges of VCC1, VCC2, and operating virtual junction 
C temperature (unless otherwise noted) 
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Q) 
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PARAMETER TEST CONDITIONS MIN 

VIK Input clamp voltage 11= -12 mA 

10H - -0.5 A VCC2-1.5 

VOH High-level output voltage 10H = -1 A VCC2 -2 

10H = -1 A, TJ = 25°C VCC2- l .8 

10L = 0.5 A 

VOL Low-level output voltage 10L - 1 A 

10L = 1 A, TJ = 25°C 

Off-state (high impedance-state) Vo = VCC2 
10Z 

output current Vo = 0 

IIH High-level input current VI = 5.5 V 

IlL Low-level input current VI = 0 

All outputs at high level 

ICCl Logic supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

All outputs at high level 

ICC2 Output supply current 10 = 0 All outputs at low level 

All outputs at high impedance 

tAli typical values are at VCCl = 5 V, VCC2 = 24 V, TA = 25°C. 

switching characteristics, VCC1 = 5 V, VCC2 '= 24 V, TA 

PARAMETER TEST CONDITIONS 

tDLH Delay time, low-to-high-Ievel output from A input 

tDHL Delay time, high-to-Iow-Ievel output from A input 

tTLH Transition time, low-to-high-Ievel output 
CL = 30 pF, See Figure 1 

tTHL Transition time, high-to-Iow-Ievel output 

tpZH Enable time to the high level 

tPZL Enable time to the low level 

tpHZ Disable time from the high level 
CL = 30 pF, See Figure 2 

tPLZ Disable time from the low level 
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Typt MAX UNIT 

-0.9 -1.5 V 

VCC2- l . l 

V 

VCC2 -1.4 

1 1.4 

2 V 

1.2 1.8 

500 

-500 
/lA 

10 /lA 
-10 /lA 

38 

70 mA 

25 

33 

20 mA 

5 

MIN TYP MAX UNIT 

800 ns 

400 ns 

300 ns 

300 ns 

700 hs 

400 ns 

900 ns 

600 ns 



ADVANCE 
INFORMATION 

SN754411 
QUADRUPLE HALF-H DRIVER 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

PULSE 
GENERATOR 
(See Note AI 

3V 

5V 24 V 

VCC1 VCC2 

CIRCUIT 
UNDER 
TEST 

GND 

':" 

TEST CIRCUIT 

y OUTPUT 

CL - 30 pF l,s.eN.Io.' 
INPUT 

OUTPUT 

~tr I ,-__ 3 V 

I 90% 

I 
~-----4-+- -- - -0 V 

I 
I.--- tw----..~ 

. II . -.j j+-tDLH 
-+t 14- tDHL I 

I 

I I 
I I 

1'------4- - T - - VOL 

~tTLH 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: tr :S 10 ns, tf :S 10 ns, tw = 10 "'s, PRR = 5 kHz, Zout = 500. 
B. CL includes probe and jig capacitance. 

FIGURE 1. SWITCHING TIMES FROM DATA INPUTS 

PULSE 
GENERATOR 

INPUT 5 V 24 V 12 V 

VCC1 VCC2 

EN 

CIRCUIT 
UNDER y t--...... -e-OUTPUT 
TEST 

A 

To 3 V for tpZH and tpHZ ':" 
To 0 V for tpZL and tpLZ 

TEST CIRCUIT 

CL - 30 pF l's .. ".IO., 

INPUT 

OUTPUT 

OUTPUT 

I4-*- tf 

I I 10% 

I I 
I+--tw--~·I 
~tPZL ~tPLZ 

I I I 
I 

OV 

== 12 V 

I 
I 

~---------Y-~ - --VOL 

~tPZH ~tPHZ 
I ~---VOH 
I I 

==12 V 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: tr :S 10 ns, tf :S 10 ns, tw = 10 P.s, PRR = 5 kHz, Zout = 50 0. 
B. CL includes probe and jig capacitance. 

FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS 
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SN754411 
QUADRUPLE HALF·H DRIVER 

10 kfl 

CONTROL A 

CONTROL B 

TYPICAL APPLICATION DATA 

5 V 24V 

(3) 
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" 
(11 ) 
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• Three Independent Inverting Stepper-Motor 
Driver Circuits 

• High Output Source Current ... 500 rnA 
Typ 

• High Output Sink Current ... 500 mA Typ 

• Inputs Are Compatible with Bipolar and 
MOS 

• Wide Supply Voltage Range ... 4 V 
to 18 V 

• Threshold Voltage Range is Approximately 
One-Half VCC 

• Active Pull-Down on Each Input 

• Low Standby Power Dissipation 

• 14-Pin NE Power Package 

description 

TL376C 
THREE-CHANNEL STEPPER-MOTOR DRIVER 

02570, DECEMBER 1979 

NE DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

10UT Vee 
11N 31N 

GND GND 
GND GND 
GND GND 

21N 30UT 
20UT Vee 

logic symbol t 

liN 

21N 

31N 

tThis symbol is in accordance with ANSI/IEEE Std 91- 1984 and 
lEe Publication 617-12. 

The TL376C is a monolithic bipolar three-channel stepper-motor driver. The input signal is inverted through 
the device and drives a totem-pole output section. Each output can source or sink up to 500 milliamperes. 
The wide supply-voltage range coupled with a threshold voltage level of approximately one-half Vec allows 
this device to interface with MOS as well as bipolar outputs. An active-pull-down circuit is included on 
each input. In typical operation, a microprocessor supplies a three-phase signal to the device, which then 
drives a two-winding stepper-motor. 

The TL376C is characterized for operation from ooC to 70°C. 

schematic (each driver) 
COMMON IN r------, 

~~I----~~~~----------~----------~~~------------~--~~--vCC 

TO TWO 
OTHER AMPLIFIERS 

I 
I 
I 
I 
I 
I 
I 
115 kO 
I 
I 
I 

I 
15 kf! 

80 f! 

Resistor values shown are nominal. 

1 kf! 

OUT 

~--~~----------__ ~--~~~----~----~~~~--~---GND 

Copyright © 1979, Texas Instruments Incorporated 
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TL376C 
THREE·CHANNEL STEPPER·MOTOR DRIVER 

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

Supply voltage, Vee (see Note 1) ................ '. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Input voltage, VI .............................. ,' .......................... " Vee 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.9 V to Vee + 1 V 
Output current, each amplifier .............................................. 550 mA 
Total power dissipation at (or below) 25°e free-air temperature (see Note 2) . . . . . . . . .. 2075mW 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25 0 e free-air temperature, derate linearly at the rate of 16.6 mW/oe. 

recommended operating conditions 

MIN NOM MAX UNIT 

High-level input voltage, VIH Vec+ O.8 Vec V 
2 

Low·level input voltage, VIL Vec_ 0 .2 
2 

V 

4 11 18 V Supply voltage range, Vee 

Operating free-air temperature, T A 0 70 °e iii electrical characteristics over recommended range. of supply voltage and operating free-air temperature 

"'0 
CD ... 
-6" 
:s­
CD ... e. 
c ... 

(unless otherwise noted) 

PARAMETER 

VOL Low-level output voltage 

VOH High-level output voltage 

II Input current 

ICC Supply current 

TEST CONDITIONS 

IOL = 500 rnA, VI = VIH min 

IOH = - 500 mA, VI = VIL max 

VI = Vee 

VI = 1.8 V 

Inputs open, Outputs open, Vec = 18 V 

<" 
CD tTypical values are measured at Vec = 15 V, TAb 25 oe. ... 
o 
i> 
() ... 
c m ... o ... 
o 
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1.5 V 

Vee- 1.5 V 

100 p.A 

5 p.A 

0.7 2 mA 



TL376C 
THREE·CHANNEL STEPPER·MOTOR DRIVER 

TYPICAL CHARACTERISTICS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 

Vee - 18 V 
18 T A _ 25 0e -t---+---t--+--+-I--~ 

16r-~--~~-4-+--+--~~~~ 

~14r-~-~~-4-+--+--~~~~ 
I 
C 12~~~==~4-~~~t=~=+~ 
! 8 10~-r-4~-+---t-+--+-~~~~ 
S 
~ 8r+-r--~-+---t-+--+-~~~~ 
c 

1 6~-r~--1--+-+--+--~~~~ 
4~-r~~~--t-+--+--~~~~ 

2Hr-r~~~--t-+--+--~~~~ 

O~~~~~~ __ ~-L __ ~~~ ____ 

20 

18 

16 
> 
I 14 

CD 
ell 

~ 12 
"0 
~ 10 
::J 
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::J 8 o 
~ 6 
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OUTPUT VOLTAGE 
vs 

INPUT VOL I AGE 

Vee - 18 V 
10 - 0 
TA - 25°e 

o 2 4 6 8 10 12 14 16 18 20 

VI-Input Voltage-V 

o 2 4 6 8 10 12 14 16 18 20 

FIGURE 1 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

r +- TA - ooe! I---:::::::: 

V -C::::: t:;::: E;;: ~+-t::--
-I---I-- \ 

l\-I- TA - 25°e I'L TA - 50°C 

Vee - 18 V _ 
VI - 18 V 

i I I 

VI-Input Voltage-V 

FIGURE 2 
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TL376C 
THREE·CHANNEL STEPPER·MOTOR DRIVER 

TYPICAL CHARACTERISTICS 

> 
I 

18.0 

~ 17.8 
~ 
"0 
> .. 
E- 17.6 
:I 
o 
Qj 
> 
j 17.4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VC~ .118 V 
VI - 0 

.i:. 
CI ~ 

/-TA .25°C V- TA • 50°C 

J: 
~ 17.2 
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17.0 
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IOH-High-Level Output Current-rnA 

FIGURE 4 
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SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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FIGURE 5 
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UDN2841, UDN2845 
QUADRUPLE HIGH·CURRENT DARLINGTON DRIVERS 

• For Use with Negative Supplies 

• Current Sink ..• UDN2841 

• Sink or Source Combination ... UDN2845 

• Output Current Capability .•. 1.5 A 

• High Output·Voltage Capability ..• 50 V 

• Preamplifier for High Current Gain 

• Inputs Compatible with TTL and 5-V CMOS 

• Reliable Monolithic Construction 

• Designed to be Interchangeable with 
Sprague UDN2841 and UDN2845 

description 

02507, DECEMBER 1980-REVISED AUGUST 1986 

NE DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

4C 4E 
1C 41N 

11N VCC 
1E. 3E. and{ }1E. 3E. and 
HEATSINK HEATSINK 

GND 31N 
21N 3C 
2E 2C 

These quadruple Darlington switches are monolithic bipolar devices especially designed for high-current. 
high-voltage peripheral driver applications, The devices are designed to offer solutions to interface problems 
involving electronic-discharge printers, bipolar and unipolar dc motor drivers, telephone relays, LEOs, PIN 
diodes, and other high-current loads operating from negative power supplies, 

The UDN2841 is intended for current-sink applications with the load connected to ground and the device 
switching the negative supply. The UDN2845 is a sink and source combination for use in bipolar switching 
applications where both ends of the load are floating. The UDN2841 and UDN2845 each feature inputs 
that are compatible with standard TTL and 5-volt CMOS signals. The p-n-p input transistor serves as a 
level translator and the first n-p-n transistor stage is designed to provide sufficient current gain to drive 
the output Darlington-connected pair. 

Driver channe!s 2 and 4 have uncommitted collectors and emitters while 1 and 3 have emitters internally 
connected to the substrate. For proper operation, the substrate must be connected to the most-negative 
supply voltage, 

The UDN2841 and UDN2845 are characterized for operation from - 20 °C to 85°C. 

logic symbol t 

C> 

liN (3) 

[> 

31N (11) 

[> 

21N 
(7) 

[> 

(15) 
41N 

-c 
-C 
-C 
-( 

(2) 
lC 

(9) 2C 

(8) 2E 

(16) 4E 

(1) 4C 

tThis symbol is in accordance with ANSIf)EEE Std 91-1984 and 
lEe Publication 617-12. 

logic diagram 

. (2) 
lC 

lE,3E 

lE,3E 

lE,3E 

lE,3E 

3C 

21NJZLC>-( 

(9) 
2C 

(8) 
2E 

(16) 
4E 

41N~ 
(1) 

4C 

W = SUBSTRATE 

Copyright © 1981, Texas Instruments Incorporated 
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UDN2841, UDN2845 
QUADRUPLE HIGH·CURRENT DARLINGTON DRIVERS 

schematic diagram (each driver) 

vee 

3.3kn 
INPUT--..... ~ ..... ~~ ..... ~ 

10kn 

TO :3 
OtHER DRIVERS 

__ ..... -_--c 

7.2 kn 3 kn TO 3 
OTHER DRIVERS L-...................................................................... --GND 

W = Substrate 

UDN2841: R = 15 kD each channel III!I UDN2845: R = 15 kD channels 1 and 3, R = 1 kD, channels 2 and 4. 
~ Resistor values shown are nominal. 
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absolute maximum ratings at 25°C free·air temperature (unless otherwise noted) 

Collector-emitter voltage .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. 50 V 
Supply voltage, Vce (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Input voltage ............................................................. 10 V 
Substrate voltage ............... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 50 V 
Peak output current ........................................ " ....... : . . . . .. 1.75 A 
Total power dissipation at (or below) 25°e free-air temperature (see Note 2) ........ " 2075 mW 
Operating free-air temperature range .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20°C to 85 °C 
Storage temperature range ....•.................................... - 55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values, except collector-emitter voltage, are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/oC. 
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UDN2841, UDN2845 
QUADRUPLE HIGH·CURRENT DARLINGTON DRIVERS 

electrical characteristics at 25°e free-air temperature (unless otherwise noted), Vee'" 5 V, see 
Figures 1 and 2 

PARAMETER TEST CONDITIONS 
UDN2841 UDN2845 

UNIT 
MIN TYP MAX MIN TYP MAX 

V Collector sustaining 
CEX(sus) voltage VEE = -50 V, VI = O.4V,IO = 100mA 35 50 35 50 V 

ICEX 
Collector output VEE = -50 V, VI = 0.4 V 100 100 

cutoff current VEE = -50 V, VI = 0.4 V, TA = 70°C 500 500 
p.A 

Il(on) On-state input current 10.=0.5A 
I Drivers 1 and 3 300 500 300 500 

I Drivers 2 and 4 300 500 350 500 
p.A 

Vl(on) On-state input voltage 10 = 1.5 A, See Note 3 2.4 2.4 V 

Collector-emitter 
10 = 0.5 A 1.1 1.1 

VCE(sat) 
saturation voltage 

VI = 2.4 V, See Note 3 10 = 1 A 1.4 1.4 V 

10 = 1.5 A 1.6 1.6 

ICC 
Supply current 

10 = 0.5 A, 
Drivers 1 and 3 2.5 3.75 2.5 3.75 

(each driver) 
See Note 3 mA 

Drivers 2 and 4 2.5 3.75 3.75 7.5 

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, duty cycle ::s 1 0%. 

switching characteristics at VEE = - 40 V, RL = 39 a, eL = 16 pF, T A -= 25 °e 

UDN2841 UDN2845 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

ton Turn-on time See Figure 3 2 2 

toft Turn-off time See Figure 3 5 5 

PARAMETER MEASUREMENT INFORMATION 

VCC = 5V 

VI----I 

ICEX,IO 
+-.--

VEE = -40 V 
(unless otherwise noted) 

Adjust 10. 
R - 0 for 
ICEX· 

NOTE: UDN2841 driver channels 1 through 4 and UDN2845 driver 
channels 1 and 3 only. 

TEST CIRCUIT 

FIGURE 1. SINK-CURRENT DRIVER 

VCC =5 V 

II 
VI-----t 

ICEX,10 
+--

VEE = -40 V 
(unless otherwise noted) 

NOTE: UDN2845 driver channels 2 and 4 only. 

TEST CIRCUIT 

FIGU~E 2. SOURCE-CURRENT DRIVER 
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UDN2841, UDN2845 
QUADRUPLE HIGH·CURRENT DARLINGTON DRIVERS 

Input 
(See Note AI 

PARAMETER MEASUREMENT INFORMATION 

t---. .... - OUTPUT 

-40 V 

TEST CIRCUIT 

CL - 15 pF 
(See Note BI 

~ 
-.,..9-0-%-----~"1- - - - -- 2.4 V 

90% I 
50% 50% I 

10% ~ tw -' )% ""-----0 V I I I 
ton It---tt toft Ie-----.! 

I I I 

\! _ V-
OUTPUT "'\. .... , ______ ..JT ~~~2VOM 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator with the following characteristics: PRR = 50 kHz, tw = 10 p's, tr S 5 ns, tf S 5 ns, 
Zo = 50 O. 

2. 0 

<f 
~ 1 . 5 

8 
j 
'0 1.0 
u 
E 
E 
'x 
~ O. 5 

E 

0 

B. CL includes probe and jig capacitance. 

FIGURE 3. SWITCHING CHARACTERISTICS 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

02624, DECEMBER 1976-REVISEO SEPTEMBER 1986 

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

• 500 rnA Rated Collector Current 
(Single Output) 

• High-Voltage OutputS ... 50 V 

• Output Clamp Diodes 

• Inputs Compatible with Various Types of 
Logic 

• Relay Driver Applications 

• Designed to be Interchangeable with 
Sprague ULN2001A Series 

description 

D OR N PACKAGE 

(TOP VIEW) 

18 1C 
28 2C 
38 3C 
48 4C 
58 5C 
68 6C 
78 7C 

E COM --.... __ -r-

The ULN2001 A, ULN2002A, ULN2003A, ULN2004A, and ULN2005A are monolithic high-voltage, high­
current Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage 
outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating 
of a single Darlington pair is 500 milliamperes. The Darlington pairs may be paralleled for higher current 
capability. Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas 
discharge), line drivers, and logic buffers. For 100-volt (otherwise interchangeable) versions, see the 
SN75465 through SN75469. 

The ULN2001 A is a general-purpose array and may be used with TTL, P-MOS, CMOS, and other MOS 
technologies. The ULN2002A is specifically designed for use with 14- to 25-volt P-MOS devices and each 
input has a zener diode and resistor in series to limit the input current to a safe limit. The ULN2003A has 
a 2700-ohm series base resistor for each Darlington pair for operation directly with TTL or 5-volt CMOS. 
The ULN2004A has a 1 0.5-kilohm series base resistor to allow its operation directly from CMOS or p­
MOS that use supply voltages of 6 to 15 volts. The required input current is below that of the ULN2003A 
and the required voltage is less than that required by the ULN2002A. The ULN2005A has a 1050-ohm 
series base resistor and is especially designed for use with TTL where higher output current is required 
and loading of the driving source is not a concern. 

logic symbol t logic diagram 

COM 

1B 
(1) 

1C 

2B 
(2) 

2C 

3B 
(3) 

3C 

4B 
(4) 

4C 

5B 
(5) 

5C 

6B 
(6) 

6C 

7B 
(7) 

7C 

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 conforJII to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~ar~:1~1e ~!:~~~ti:f :I~o::~:~:t:~s~s not 

6B 
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(9) 
COM 

(16) 1C 

(15) 2C 

(14) 3C 

(13) 
4C 

(12) 5C 

(11) 6C 

(10) 
~~~---------- 7C 

Copyright © 1984, Texas Instruments Incorporated 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

schematics (each Darlington pair) 

ULN2001A 

INPUT B 

ULN2003A: RB - 2.7 kG 

ULN2004A: RB - 10.5 kG 

ULN2005A: RB - 1.05 kG 

All resistor values shown are nominal.' 

RB 

INPUT B 

ULN2002A 

COM 

.... - .... -E 

ULN2003A,ULN2004A, ULN2005A 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-emitter voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 V 
Input voltage (see Note 1): ULN2002A, ULN2003A, ULN2004A . . . . . . . . . . . . . . . . . . . . . .. 30 V 

ULN2005A ................... '. . . . . . . . . . . . . . . . . . . . . .. 15 V 
Peak collector current (see Figures 14 and 15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mA 
Output clamp diode current ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mA 
Total emitter-terminal current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 2.5 A 
Continuous dissipation (total package) at (or below) 25°C free-air temperature (see Note 2): 

o package .................................................... ' ... " 950 mW 
N package ........................................................ 1650 mW 

Operating free-air temperature range ............................ , . . . . .. - 20°C to 85 °C 
Storage temperature range ................ '. . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the emitter/substrate terminal, E. unless otherwise noted. 
2. For operation above 25 DC free·air temperature. derate the 0 package linearly at the rate of 7.6 mW/oC and derate the N package 

linearly at the rate of 13.2 mW/DC. 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TEST 
TEST CONDITIONS 

ULN2001A ULN2002A 
UNIT PARAMETER 

FIGURE MIN TYP MAX MIN TVP MAX 

VCE = 50 V, II = 0 50 50 
1 

VCE = 50 V,, 11=0 ICEX Collector cutoff current 100 100 p.A 

2 TA = 70°C I VI = 6 V 500 

I Hoff) Off-state input current 3 
VCE = 50 V, IC = 500 p.A, 

TA = 70°C 
50 65 50 65 p.A 

II Input current 4 VI = 17 V 0.82 1.25 rnA 

Static forward current 
hFE 

transfer ratio 
5 VCE = 2 V, IC = 350 rnA 1000 

VI (on) On-state input voltage 6 VCE = 2 V, IC = 300 rnA 13 V 

II = 250 p..A. IC = 100 rnA 0.9 1.1 0.9 1.1 
Collector-emitter 

5 II = 350 p.A, IC = 200 rnA 1.0 1.3 1.0 V 
VCE(sat) saturation voltage 

1.3 

II = 500 p.A, IC = 350 rnA 1.2 1.6 1.2 1.6 

VR = 50 V 50 50 
IR Clamp diode reverse current 7 p.A 

VR = 50 V, TA = 70°C 100 100 

VF Clamp diode forward voltage 8 IF = 350 rnA 1.7 2 1.7 2 V 

Ci Input capacitance VI = 0 V, f = 1 MHz 15 25 15 25 pF 

electrical characteristics at 25 ° C free-air temperature (unless otherwise noted) 

TEST ULN2003A ULN2004A 
PARAMETER TEST CONDITIONS UNIT 

FIGURE MIN TVP MAX MIN TVP MAX 

1 
VeE = 50 V, II = 0 50 50 

ICEX Collector cutoff current VCE = 50 V, II = 0 100 100 p.A 

2 TA = 70°C VI = 1 V 500 

IHoff) Off-state input current 3 
VCE = 50 V, IC = 500 p.A, 

TA = 70°C 
50 65 50 65 p.A 

VI = 3.85 V 0.93 1.35 

II Input current 4 VI = 5 V 0.35 0.5 rnA 

VI = 12 V 1.0 1.45 

IC = 125 rnA 5 

IC = 200 rnA 2.4 6 

VHon) On-state input voltage 6 VCE = 2 V 
IC = 250 rnA 2.7 

V 
IC = 275 rnA 7 

IC = 300 rnA 3 

IC = 350 rnA 8 

Collector-emitter 
II = 250 p.A, IC = 100 rnA 0.9 1.1 0.9 1.1 

VCE(sat) saturation voltage 5 II = 350 p.A, IC = 200 rnA 1.0 1.3 1.0 1.3 V 

II = 500 p.A, IC = 350 rnA 1.2 1.6 1.2 1.6 

IR Clamp diode reverse current 
VR = 50 V 50 50 

7 p.A 
VR = 50 V, TA = 70°C 100 100 

VF Clamp diode forward voltage 8 IF = 350 rnA 1.7 2 1.7 2 V 

Ci Input capacitance VI = 0 V, f = 1 MHz 15 25 15 25 pF 

II 
U) ... 
o ... 
ca 
::s ... 
(,) 

<r: -U) ... 
Q) 

> 
"Ii: 
C 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

ICEX Collector cutoff current 1 
VCE = 50 V, II = 0 

VCE = 50 V, II = 0, TA = 70°C 

Il(off} Off-state input current 3 VCE = 50 V, IC = 500 p.A, TA = 70°C 

II Input current 4 VI = 3 V 

Vl(on) On-state input voltage 6 VCE = 2 V, IC = 350 rnA 

Collector-emitter 
II = 250 p.A, IC = 100 rnA 

VCE(sat) 5 II = 350 p.A, Ie = 200 rnA 
saturation voltage 

II = 500 p.A, Ic = 350 rnA 

IR Clamp diode reverse current 7 
VR = 50 V 

VR = 50 V, TA = 70°C 

VF 
Clamp diode forward 

voltage 
8 IF = 350 rnA 

Ci Input capacitance VI = 0 V, f= 1 MHz 

switching characteristics at 25°C free-air temperature 
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PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output 
See Figure 9 

Propagation delay time, high-to-Iow-Ievel output 

High-level output voltage after switching 
Vs = 50 V, 

See Figure 10 
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ULN2005A 

MIN TYP MAX 

50 

100 

50 65 

1.5 2.4 

2.4 

0.9 1.1 

1.0 1.3 

1.2 1.6 

50 

100 

1.7 2 

15 25 

MIN TYP MAX 

0.25 1 

0.25 1 

VS-20 

UNIT 

p.A 

p.A 

rnA 

V 

V 

p.A 

V 

pF 

UNIT 

p'S 

p'S 

mV 



ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

OPEN 

OPEN VCE 

ICEX 
+--

FIGURE 1. ICEX 

OPEN 

FIGURE 3. Il(off) 

OPEN 

IC 
hFE = II 

NOTE: II is fixed for measuring veE (sat). variable for measuring hFE. 

FIGURE 5. hFE. VCE(sat) 

OPEN 

FIGURE 7.IR 

VI 

II(on) 
---+ 

VI 

OPEN VCE 

ICEX 
+--

FIGURE 2; ICEX 

OPEN 

FIGURE 4.11 

OPEN 

FIGURE 6. Vl(on) 

OPEN 

"::" 

OPEN~I f 
FIGURE 8. VF 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

/50% 50\ 
______ -J 1 I ---------------

INPUT 

I I 

l.-tPHL-+f I4-tPLH~ 

OUTPUT --------------~~~SO_%_O ______________ S0_J~r-------

VOLTAGE WAVEFORMS 

FIGURE 9. PROPAGATION DELAY TIMES 

Vs 

INPUT 

ULN2001A only 2mH 

2.7 kn r-----
I 
1 

I 
ULN2003A L_ 

ULN2004A 
ULf\l200SA 

163 n 
~~~~---4~--~----OUTPUT 

TEST CIRCUIT 

---+I I4-..:S ns --+I I+-- ":10 ns 
1 I I I 

VIH 
(See Note C) 

"

I, ;,..".90 .... %"""0 ----------~9~0~%~iii - - - - - - - - --

INPUT 1 1 S V 1.S V 1 
_____ 1_0_%~1 i ! ~10;.;.%=--________ 0 V 

If 40/.ls -I 

OUTPUT 
\'---__ Ir----- VOH 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 50 n. 
B. CL includes probe and jig capacitance. 
C. For testing the ULN2001 A, ULN2003A, and the ULN2005A, VIH = 3 V; for the ULN2002A, VIH = 13 V; for the ULN2004A, 

VIH = 8 V. 

FIGURE 10. LATCH-UP TEST 
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ULN2001A THRU ULN2005A. 
DARLINGTON TRANSISTOR ARRAYS 

TYPICAL CHARACTERISTICS 
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THERMAL INFORMATION 

D PACKAGE 
MAXIMUM COLLECTOR CURRENT 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 

TYPICAL APPLICATION DATA 

Vss 

VDD 

OUTPUT 

ULN2002A 

P·MOS TO LOAD 

ULN2004A 

BUFFER FOR 
HIGHER CURRENT LOADS 

+V VCC 

+V Vec 

OUTPUT 

5-180 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

ULN2003A 
ULN2005A 

TTL TO LOAD 

ULN2003A 

+V 

+V 

USE OF PULL·UP RESISTORS 
TO INCREASE DRIVE CURRENT 



ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

• Output Collector Current ... 1.5 A Max 

• 2-W Dissipation Rating 

• High Output-Voltage Capability 

• Outputs Diode-Clamped for Inductive Loads 

• Common-Emitter Circuit for Current Sink 

• ULN2064 and ULN2065 Have TTL 
Compatible Inputs 

• ULN2066 and ULN2067 Have CMOS- and 
PMOS-Compatible Inputs 

• Designed for Interchangeability with 
Sprague ULN2064 thru ULN2067, 
Respectively 

description 

The ULN2064, ULN2065, ULN2066, and 
ULN2067 are monolithic high-voltage, high­
current darlington transistor switches. Each 
comprises four n-p-n darlington pairs. All units 
feature high-voltage outputs with common­
cathode clamp diodes for switching inductive 
loads. Outputs and inputs may each be paralleled 
for higher current capability. Applications include 
relay drivers, hammer drivers, lamp drivers, 
display drivers (LED and gas discharge), line 
drivers, and logic buffers. These common­
emitter circuits are designed to operate as 
current sinks to the load. 

The ULN2064 and ULN2065 are intended for 
use with TTL and 5-volt MOS logic. The 
ULN2066 and ULN2067 are intended for use 
with PMOS and higher-voltage CMOS I~gic. 

The ULN2064, ULN2065, ULN2066, and 
ULN2067 are characterized for operation from 
-20°C to 85°C. 

logic symbol t 

1B (3) 

2B (6) 

3B (11) 

4B (14) 

(1) CLAMP 

(8) CLAMP 

C> ~1-"'-_....;.(2....;.) 1C 

~ ______ -L~~(7~)2C 
(9) 3C 

~-------t~-:(1~6)4C 

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

02528. DECEMBER 1979-REVISED SEPTEMBER 1986 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CLAMP 4C 
1C 11C 
1B 4B 

HEAT S)NK, E, { } HEAT SINK, E, 
AND SUBSTRATE AND SUBSTRATE 

2B 3B 
2C NC 

CLAMP ~ __ ..,,-3C 

NC-No internal connection 

schematic (each darlington pair) 

,.-... It--CLAMP 

INPUT B--""' ............. 

7.2 kO NOM 

3 kO NOM 

./"~t--e-- OUTPUT C 

ULN2064. ULN2065: Rin - 350 0 NOM 
ULN2066. ULN2067: Rin - 3 kO NOM 

logic diagram 

~e-~~--~(1~)CLAMP 

... __ (",,8 ... ) CLAMP 

(2) 1C 

(7) 2C 

(9) 3C 

Copyright © 1981. Texas Instruments Incorporated 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

absolute maximum ratings at 25°C free· air temperature for each switch (unless otherwise noted) 

ULN2064 ULN2065 ULN2066 ULN2067 UNIT 

Collector-emitter voltage 50 80 50 80 V 

Input voltage (see Note 1) 15 15 30 30 V 

Peak collector current (see Figures 12, 13, and 14) 1.5 1.5 1.5 1:5 A 

Input current 25 25 25 25 mA 

Total power dissipation at (or below) 25°C 

free-air temperature (see Note 2) 
2075 2075 2075 2075 mW 

Operating free-air temperature range -20t085 -20t085 -20 to 85 -20t085 °C 

Storage temperature range -55 to 150 -55 to 150 -55 to 150 -55 to 150 °c 

Lead temperature 1,6 mm (1/16 inch) 
260 260 260 260 °C 

from the case-for 10 seconds 

NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/oC. 

electrical characteristics at 25°C free-air temperaturt; (unless otherwise noted) 

TEST ULN2064 ULN2065 ULN2066 ULN2067 
PARAMETER TEST CONDITIONS 

MIN MIN MAX 
UNIT 

FIGURE MIN MAX MAX MIN MAX 

Collector 

VCEX(sus) sustaining 1 VI = 0.4 V, IC = 100 mA 35 50 35 50 V 

voltage 

VCE = 50 V 100 100 

Collector output VCE = 50 V, TA = 70°C 500 500 
ICEX 2 p.A 

cutoff current VCE = 80 V 100 100 

VCE = 80 V, TA = 70°C 500 500 

VI = 2.4 V 1.4 4.3 1.4 4.3 

On-state VI = 3.75 V 3.3 9.6 3.3 9.6 
I1(0n) 3 mA 

input current VI = 5 V 0.6 1.8 0.6 1.8 

VI = 12 V 1.7 5.2 1.7 5.2 

VCE = 2 V, IC = 1 A 2 2 6.5 6.5 
On-state 

Vl(on) 4 VCE = 2 V, IC = 1.5 A, V 
input voltage 2.5 2.5 10 10 

See Note 3 

II = 625 p.A, IC = 500 mA 1.1 1.1 1.1 1.1 

II = 935 p.A, Ic = 750 mA 1.2 1.2 1.2 1.2 

II = 1.25 mA, IC = 1 A 1.3 1.3 1.3 1.3 
Collector-emitter 

VCE(sat) 5 II = 2 mA, IC = 1.25 A, V 
saturation voltage 

See Note 3 
1.4 1.4 

II = 2.25 mA, IC = 1.5 A, 

See Note 3 
1.5 1.5 

VR = 50.V 50 50 

Clamp-diode VR = 50 V, TA = 70°C 100 100 
IR 6 

VR = 80 V 50 
p.A 

reverse current 50 

VR = 80 V, TA = 70°C 100 100 

Clamp-diode IF = 1 A 1.75 1.75 1.75 1.75 
VF 7 V 

forward voltage IF = 1.5 A, See Note 3 2 2 2 2 

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, duty cycle s 10%. 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

switching characteristics at 25°e free-air temperature, Vee - 5 V 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Propagation delay time. low-to-high-Ievel output 
See Figure 8 

propagation delay time. high-to-Iow-Ievel output 1.5 

PARAMETER MEASUREMENT INFORMATION 

OPEN 

OPEN VeE 

OPEN 

FIGURE 1. VCEX(sus) FIGURE 2. ICEX 

OPEN OPEN 

.»-4 ...... - OPEN 

FIGURE 3. I1(0n) FIGURE 4. Vl(on) 

OPEN 

OPEN 

FIGURE 5. VCE(sat) FIGURE 6. IR 

II 
en .. 
o ... 
ca 
:::J ... 
(J 

« -en .. 
Q) 

> 
"i: 
C 
co .. 
Q) 
.c 
Q. 

"i: 
Q) 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

GENERATOR 
(see Note AI 

FIGURE 7. VF 

~----<'---35 V 
CLAMP 

68 n.2W 

x>-.... - ........ - OUTPUT 

CL = 15 pF 
(see Note BI 

~
--VIH 

(see Note CI 
INPUT 50% 50% 

: : OV 
tpHL ----. .e-- ~ ~ tpLH 

~
Ir VOH 

OUTPUT I 50% 50% 

---VOL 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz. duty cycle = 10%. Zo = 50 n. 

14 

12 

..: 10 

i 
<3 

~ 
6 

1 

o 

B. CL includes all probe and stray capacitance. 
C. VIH = 2.5 V for ULN2064 and ULN2065. VIH = 10 V for ULN2065 and ULN2067. 

FIGURE 8. SWITCHING TIMES 

ELECTRICAL CHARACTERISTICS 

ULN2064. ULN2065 ULN2066. ULN2067 

INPUT CURRENT INPUT CURRENT 

INPUT VOLTAGE INPUT VOLTAGE 

TA = 2~'C / -No load 
See Figure 3 / 

;:,~/ 

-/r--,.r ~\~ 
V// 
~v 

o 10 12 

VI-Input Voltage-V VI-Input Voltage-V 

FIGURE 9 FIGURE 10 

I.S 

1.0 

O.S 

COLLECTOR CURRENT 
vs 

BASE CURRENT 

VCE - VCEls.!) ULN2~~ 
TA - 2S'C ULN2067 

Duty Cycle i 90% 

V ~N2664. ULN2066 

-~fr / -

I--1~ 

V o 
o 0.5 1.5 

Is-Base Current-rnA 

FIGURE 11 

2.S 
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2.0 

'" I 
E 1.5 

A 
1; 

I 1.0 ... 
e 
.~ 
~ O.S 

I 
9 

o 

MAXIMUM COLLECTOR CURRENT 
YS 

OUTY CYCLE 

TA - 2S DC 

K-N - Number of Outputs 
Conducting Simuitaneoully-

\ \. r'-. '" .. '; 

'" '" " "" " 
~~ f--

......... 
~ < r--... 
~~ ~ "" :--.. 

o 10 20 30 40 SO 60 70 80 90 100 

Duty Cycl. - % 

FIGURE 12 

TMS1000 

ULN2064, ULN2065~ ULN2066, ULN2067 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

THERMAL INFORMATION 

2.0 

1.S 

1.0 

O.S 

o 

MAXIMUM COLLECTOR CURRENT 
YS 

DUTY CYCLE 

TA - SO·C ,t N - Number of Outputs 
Conducting Simultaneously I--

\ I\- ~~ 
\1"- i' 

"'-" f'... 4'~ ;::::", I'-. 
i'"""= 

Fff= iii .1 ~ F=: I" 

o 10 20 30 40 50 60 70 80 90 100 

Duty Cycle-% 

FIGURE 13 

TYPICAL APPLICATION DATA 

2.0 

1.S 

1.0 

O.S 

o 

MAXIMUM COLLECTOR CURRENT 
YS 

DUTY CYCLE 

TA - 70·C 
N - Number of Outputs 

t-- -Conducting Simultaneously-

\ \ r\ " \\ r'-. 1' .. ";--
r--... 

~ "'- ""'ir. 
~ I--

-....... ":;:J. .. ~ r--~4'~'::::::, ~ f:: j" - r--

o 10 20 30 40 60 60 70 80 90 100 

Duty Cycle - % 

FIGURE 14 

Vcc--~------------------~~--~e-----~----~ 

16 

2 15 

3 14 

4 ULN2066 13 
ULN2067 

5 12 -= 
6 11 

7 10 

8 9 

FIGURE 15. RELAY DRIVER INTERFACE 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 

• Output Collector Current ... 1.5 A Max 

• 2-W Dissipation Rating 

• High Output-Voltage Capability 

• Preamp for High Current Gain 

• Outputs Diode-Clamped for Inductive Loads 

• Common-Emitter Circuit for Current Sink 

• Inputs Compatible with TTL and 5-Volt 
CMOS 

• Designed for Interchangeability with 
Sprague ULN2068 and ULN2069 

description 

The ULN2068 and ULN2069 are monolithic 
integrated circuits each consisting of four high­
voltage, high-current n-p-n cascaded transistor 
switches. Each switch includes a first stage 
compatible with both TTL and 5-volt CMOS 
signal levels. The second and .third stages form 
uncommitted-collector outputs with common­
cathode clamp diodes for switching inductive 
loads. 

The ULN2068 and ULN2069 can sink up to 
1.5 amperes per switch. Applications include 
logic buffers, MaS drivers, memory drivers, line 
drivers, relay drivers, hammer drivers, lamp 
drivers, and display drivers (LED and gas 
discharge). 

The ULN2068 and ULN2069 are characterized 
for operation from - 20°C to 85 °C. 

logic symbol t 

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

02579, MAY 1980-REVISEO SEPTEMBER 1986 

NE DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

CLAMP 4C 
1C 4B 

1B VCC 
HEAT SINK, E, J } HEAT SINK, E, . 

AND SUBSTRATE) AND SUBSTRATE 

2B 3B 
NC 3C 
2C -....;~--.;;.r-- CLAMP 

NC - No internal connection 

schematic (each switch) 

vcc 

gOOn 

CLAMP 

INPUT 2.Skn 
B 

Resistor values shown are nominal. 

logic diagram (positive logic)· 

(1) CLAMP 

(9) CLAMP 

(2) 1C 

(8) 
2C 

Copyright © 1981, Texas Instruments Incorporated 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 

,absolute maximum ratings at 25°e free-air temperature for each switch (unless otherwise noted) 

ULN2068 ULN2069 UNIT 

Collector-emitter voltage 50 80 V 

Supply voltage, VCC (see Note 1) 10 10 V 

Input voltage 15 15 V 

Peak collector current (see Figures 10, 11, and 12) 1.5 1.5 A 

Total power dissipation at (or below) 25°C free-air temperature (see Note 2) 2075 2075 mW 

Operating free-air temperature range -20t085 -20to85 °C 

Storage temperature range -55 to 150 -55 to 150 °C 

Lead temperature 1,6 mm -( 1/16 inch) from the case for 10 seconds 260 260 °C 

NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/oC. 

electrical characteristics at 25°e free-air temperature, Vee - 5 V (unless otherwise noted) 

PARAMETER 
TEST 

TEST CONDITIONS 
ULN2068 ULN2069 

UNIT 
FIGURE MIN MAX MIN MAX 

VCEX(sus) Collector sustaining voltage 1 VI = 0.4 V, IC = 100 mA 35 50 V 

VCE - 50 V 100 

ICEX 
VCE = 50 V, TA = 70°C 500 

Collector output cutoff current 2 
VCE = 80 V 

p.A 
100 

VCE = 80 V, TA = 70°C 500 

I1(0n) On-state input current 
VI = 2.4 V 250 250 

3 
VI = 3.75 V 

p.A 
1000 1000 

Vl(on) On-state input voltage 4 
VCE = 2 V, 
See Note 3 

IC = 1.5 A, 
2.4 2.4 V 

VI = 2.4 V, IC = 500 mA 1.1 1.1 

VI = 2.4 V, Ic = 750 mA 1.2 1.2 

Collector-emitter 
VI = 2.4 V, IC = 1 A 1.3 1.3 

VCE(sat) 
saturation voltage 

5 VI = 2.4 V, IC = 1.25 A, V 
1.4 

See Note 3 

VI = 2.4 V, IC = 1.5 A, 
1.5 

See Note 3 

VR = 50 V 50 

IR Clamp-diode reverse current -
VR = 50 V, TA = 70°C 100 

6 
VR = 80 V 

p.A 
50 

VR = 80 V, TA = 70°C 100 

VF Clamp-diode forward voltage 7 
IF = 1 A 1.75 1.75 

V 
IF = 1.5 V, See Note 3 2 2 

ICC 
Supply current 

8 VI = 2.4 V, 
(only one switch conductin'g) 

IC = 500 mA 6 6 mA 

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, Duty cycle s 10%. 

switching characteristics at 25°e free-air temperature, Vee ... 5 V 

PARAMETER TEST CONDITIONS MIN TVP MAX 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 
See Figure 9 

1.5 
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ULN2068, ULN2069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

Vee . OPEN 

OPEN 

Vee OPEN 

'eEX 
+---

FIGURE 1. VCEX(sus) FIGURE 2. ICEX 

'lion) 
---+ 

V, 

Vee OPEN 

~--'--OPEN 

FIGURE 3. Ilion) 

Vee OPEN 

FIGURE 5. VCE(sat) 

FIGURE 7. VF 

Vee OPEN 

FIGURE 4. Vllon) 

OPEN 

FIGURE 6. IR 

'ee OPEN 

FIGURE 8. ICC 
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ULN2068, ULN2069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

GENERATOR 
Isee Note A) 

PARAMETER MEASUREMENT INFORMATION 

r---.... -35V 
CLAMP 

68 n,2W 

~)---....... - OUTPUT 

TEST CIRCUIT 

CL = 15 pF 
Isee Note B) 

~
--2.4V 

INPUT 1.2 V 1.2 V 

I I OV 
I I 

tpHL .--... .-- ..... ~ tpLH 

~
Ir VOH 

OUTPUT I 50% 50% 

. ---VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zo = 50 O. 
B. CL includes all probe and stray capacitance. 

FIGURE 9. SWITCHING TIMES 

THERMAL INFORMATION 

MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 

DUTY CYCLE DUTY CYCLE DUTY CYCLE 

..: 

2.0 
TA - 2S'C I J I 
N • Number of Outputs 

2.0 

..: 
TA = SO'C .1 J 

t- N • Number of Outputs 

2.0 

<t 
TA' 70·C.l J J 
N - Number of Outputs 

I Conducting Simultaneously I Conducting Simultaneously I Conducting Simultaneouslv 

ii 
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E 
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1\ f\ f'- "':; 
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f' ...... '1.:":) f:::: r-
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\1"- f' 
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j! 

1.0 ;3 
E 
g .• 
~ 0.5 
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Y 

j~~ "-
1\\ '" "'--:~ t--... 
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"'" ~ ~ r-

f' ~ I--.. t--

""r- t-- t--+=:: 

1.5 

1.0 

0.5 

o o 
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Duty Cycle - % Duty Cycle _ o~ 

FIGURE 10 FIGURE 11 FIGURE 12 
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TMS 1000 

ULN2068, ULN2069 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

TYPICAL APPLICATION DATA 

v+-----e--____ ------------------__ ~~ 
vcc=5v----~--T+__+--------------~ 1 1 

) ) ) f 

~ ~ J ) 
« ~ L.. 21 161--+---'" 

L- 151--+---.., 

__ -+----13 

--1 ~: 
.-------+---------16 

7 

~-----t8 

ULN2068 

ULN2069 

14 r--

131"l......-
12~ 
11 r--
101-+--+-.... 

91-i----+-----' 

-------..~ 
~----------------------------~ 

FIGURE 13. RELAY DRIVER INTERFACE 
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ULN2074, ULN2075 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

• Output Collector Current ... 1.5 A Max 

• 2-W Dissipation Rating 

• High Output-Voltage Capability 

• Output Sink- or Source-Current Capabilities 

• Input Compatible with TTL or 5-V CMOS 

• Designed for Interchangeability with 
Sprague ULN2074 and ULN2075 

description 

The ULN2074 and ULN2075 are monolithic, 
quadruple, high-voltage, high-current n-p-n 
darlington-transistor amplifier devices. They 
feature high-voltage outputs with co/Jector­
current ratings of 1.5 amperes for each 
darlington pair. 

The ULN2074 and ULN2075 are unique general­
purpose devices, each featuring uncommitted 
co/Jectors and emitters to a/Jow for either sinking 
or sourcing the output current. These devices 
offer the system designer the flexibility of 
tailoring the circuit to the application. Typical 
applications include logic buffers, relay drivers, 
lamp drivers, and hammer drivers. 

For proper operation, the substrate must be 
connected to the most negative voltage. 

The ULN2074 and ULN2075 are characterized 
for operation from - 20 °C to 85 °C. 

logic symbol t 

28(61 

(111 
38 

(141 
48 

t> 

-C 
(11 1C 

(21
1E 

(SI
2C 

(71 
2E 

(91
3C 

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

02580. MAY 1980-REVISED SEPTEM8ER 1986 

NE 
DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

1C 4C 
1E 4E 

HEATSINK 1{B }4B HEATSINK 
AND AND 

SUBSTRATE 2B 3B SUBSTRATE 

2E 3E 
2C~ __ '-I"'"3C 

schematic (each switch) 

3500 
NOM 

INPUT B ~"""-'---I 

7.2 kO NOM 

3 kO NOM 

_---4~--OUTPUT C 

~-------'---E 
~SUBSTRATE 

PRODUCTION DATA documents contain 
information current as of publication date. 

:fOdT:!!~onl~:~ut!:~:;if~::~~~~ger !~~::~~~ 
Production processing does not necessariTy 
include testing of all parameters. 
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ULN2074, ULN2075 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 

ULN2074 ULN2075 UNIT 

Collector-emitter voltage 50 80 V 

Input voltage with respect to substrate 30 60 V 

Peak collector current (see Figures 9, 10, and 11) 1.5 1.5 A 

Input current 25 25 rnA 

Total power dissipation at (or below) 25 DC free-air temperature (see Note 1) 2075 2075 mW 

Operating free-air temperature range -20 to 85 - 20 to 85 DC 

Storage temperature range -55 to 150 -55 to 150 DC 

Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds 260 260 DC 

NOTE 1: For operation above 25 DC free-air temperature, derate total power linearly to 1079 mW at 85 DC at the rate of 16.6 mW/DC. 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

TEST CONDITIONS 
ULN2074 ULN2075 

UNIT 
FIGURE MIN MAX MIN MAX 

VCEX(sus) Collector sustaining voltage 1 VI = 0.4 V, IC = 100 rnA 35 50 V 

VCE = 50 V 100 

ICEX Collector output cutoff current 
VCE = 50 V, TA = 70 DC 500 

2 
VCE = 80 V 

p.A 
100 

VCE = 80 V, TA = 70 DC 500 

VI = 2.4 V 2 4.3 2 4.3 
I1(0n) On-state input current 3 rnA 

VI = 3.75 V 4.5 9.6 4.5 9.6 

VCE = 2 V, IC = 1 A 2 2 

Vl(on) On-state input voltage 4 VCE = 2 V, IC = 1.5 A, V 

See Note 2 
2.5 2.5 

II = 625 p.A, IC = 500 rnA 1.1 1.1 

II = 935 p.A, IC = 750 mA 1.2 1.2 

II = 1.25 rnA, Ic = 1 A 1.3 1.3 
Collector-emitter 

VCE(sat) 5 II = 2 rnA, IC = 1.25 A, V 
saturation voltage 1.4 

See Note 2 

II = 2.25 rnA, 

See Note 2 

IC = 1.5 A, 
1.5 

NOTE 2: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, duty cycle:;; 10%. 

switching characteristics at 25°C free-air temperature, Vee = 5 V 
PARAMETER TEST CONDITIONS MIN TYP MAX 

Propagation delay time, low-to-high-Ievel output 
See Figure 6 

1.5 Propagation delay time, high-to-Iow-Ievel output 
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ULN2074, ULN2075 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

OPEN 

FIGURE 1. VCEX(sus) 

I~. v, . ~ OPEN 

FIGURE 3. I1(0n) 

FIGURE 5. VCE(sat) 

35 V 

68 n. 2W 

'X]-----1....-4 ..... - OUTPUT 
GENERATOR 
(See Note AI 

TEST CIRCUITS 

CL - 15 pF 
(See Note BI 

FIGURE 2. ICEX 

FIGURE 4. Vl(on) 

~
- 2.4V 

1.2 V 1.2 V 
INPUT I 

I I 0 V 
tpHL..... ~ -.r .... tpLH 

I I 1-_ V 

OUT~UT I I OH 
50% 50% 

- - -VOL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zo = 50 n. 
B. CL includes all probe and stray capacitance. 

FIGURE 6. SWITCHING CHARACTERISTICS 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 
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ELECTRICAL CHARACTERISTICS 

INPUT CURRENT 
vs , 

INPUT VOLTAGE 
14r---~-----r----~----~--~ 

TA .. 25°C 
12 No Load 

See Figure 3 

~10~--~-----+----~--~+---~ 
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C 8~---+----~----
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u 
~ 6~--~-----+--~y-----+-~~ 
::J 
Co 
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14~--~-----+-+--

O~--~----~----~----~--~ 

1.5 

o 2 3 4 
VI-Input Voltage-V 

FIGURE 7 

COLLECTOR CURRENT 
vs 

BASE CURRENT 

VCE .. VCE(sat) 

// TA - 25°C 
Duty Cycle - 90% 

~ 

V 

5 

~ 1.0 
V 

l/uLN207} IS 
:; 
U 

£ 
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oS! 
(5 
u 0.5 
I 

9 

I o 
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V-

V 
CHARACTERIZED ONLY 
UP TO THIS POINT 
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V 

/ 

0.5 1.5 2 2.5 

IB-Base Current-rnA 

FIGURE 8 
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ULN2074, ULN2075 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

THERMAL INFORMATION 

MAXIMUM COLLECTOR CURRENT 
vs 

MAXIMUM COLLECTOR CURRENT 
vs 

DUTY CYCLE 
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ULN2074, ULN2075 
QUADRUPLE HIGH·CURRENT DARLINGTON SWITCHES 

TYPICAL APPLICATION DATA 

V+= 48 V 

1 16 

2 15 

3 14 

TMS1000 4 ULN2074, 13 

5 ULN2075 12 

6 11 

7 10 

8 9 

FIGURE 12. RELAY DRIVER INTERFACE WITH EXTERNAL CLAMP DIODES 
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General Information • 
'----------------" 

Alphanumeric Index 
Selection Guide 

Data Acquisition Circuits 

Cross-Reference Guide 
Data Sheets 

~_D __ is_p_la_Y __ D_r_iv_e_r_s ______________ ~1IEIII 
Data Sheets 

,--_L_in_e_D_r_iv_e_rs_a_n_d_'_R_e_c_e_iv_e_rs ___ 1I 
Cross-Reference Guide 
Data Sheets 

~ __ -----l'. ~eripheral Driversl Actuators I 

Cross-Reference Guide 
Data Sheets 

r.-._M_e_m_O_r_Y_I_n_t_e_rf_a_c_e_C_ir_c_u_it_s _____ _ 

Data Sheets 

Speech' Synthesis Circuits 

Data Sheets 

~_A_P_P_e_n_d_ix_A __ po_w_e_r..;.D_e_ra_ti_n9_CU_r_ve_s __ _1• 

Appendix B 
Ordering, Instructions 
Mechanical Data 
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• High Speed and Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• Adjustable Input Threshold Voltage Levels 

• Narrow Window of Threshold Voltage 
Uncertainty 

• Multiple Differential·lnput Preamplifiers 

• High DC Noise Margin ... 1 V Typ 

• Good Fanout Capability 

• TTL Drive Capability 

• Standard Logic Supply Voltages 

• Plug-in Configuration Ideal for Flow­
Soldering Techniques 

description 

The SN5520 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 
between the memory and the logic section. Low­
level pulses originating in the memory are 
transformed into logic levels compatible with 
standard TTL circuits. 

The SN5520 sense amplifier features multiple 
differential-input preamplifiers and versatile 
gating . and output circuits, permitting a 
significant reduction in the circuitry required to 
accomplish the sensing function. A unique circuit 
design provides an inherent stability of the input 
threshold level over a wide range of supply 
voltage levels and temperature ranges. 
Independent strobing of each of the dual sense-

SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

J PACKAGE 

(TOP VIEW) 

02338. DECEMBER 1986 

ce~ VCC+ 

INPUTS {A 1 SA 
A2 Gy 

Vref - yz} OUTPUTS 
Vref+ 

{ 
81 S8 

INPUTS 82 GZ 

VC-C - -,.;;;._~,... GND 

FUNCTION TABLE 

INPUTS OUTPUTS 

A B Gy Gz SA SB Y 

x X L X X X H 

H X X X H X H 

x H X X X H H 

L L H X X X L 

L X H X X L L 

X L H X L X L 

X X H X L L L 

X X X L X X X 

positive logic: Y = Gy + A • SA + 8 • S8 

Z = Gz + Y 
z = Gz + Gy(A+5AI (8+58) 

DEFINITION OF LOGIC LEVELS 

Z 

Gz 
Gz 
Gz 
H 

H 

H 

H 

H 

t A and 8 are differential voltages (ViOl between A 1 al'ld A2 or 81 
and 82, respectively. For these circuits, VIO is considered positive 
regardless of whiCh terminal of each pair is positive with respect 
to the other. 

input channels ensures maximum versatility and permits detection to occur when the signal-to-noise ratio 
is at a maximum. The gate and strobe inputs and the outputs are compatible with standard TTL logic circuits. 

With the Z output connected to the Gy input, the SN5520 may be used to perform the functions of a 
flip-flop or register that responds to the sense and strobe input conditions. 

The SN5520 is available in the J ceramic dual-in-line package and is characterized for operation over the 
full military temperature range of - 55 °e to 125°e. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

:~~~~:~~i~ai~:I~~~ ~!~~~~tigfn fr~o::~:~~t:r~:s not 
TEXAS • 

INSTRUMENTS 
POST OFFICE BOX 655012 ' DALLAS. TEXAS 75265 

Copyright © 1986. Texas Instruments Incorporated 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

circuit operation 

The SN5520 is a dual-channel sense amplifier with the preamplifiers connected to a common output stage 
and a complementary output stage. The output circuit is composed of two cascaded NAND gates, each 
with external gate inputs. External connection of the Z output and the Gy input results in a flip-flop or 
register that is set by signals at the differential-input terminals. Reset of the register is performed by taking 
the GZ input low. Capacitive coupling from output Z to Gy results in output pulse stretching. With either 
connection, complementary output levels are available. The gate and strobe inputs and the outputs are 
compatible with standard TTL logic. The input function of the SN5520 can be expanded by connecting 
the Y output of the SN5522 to the Gy input of the circuit being expanded. 

logic symbol t logic diagram 

+Vref 
-Vref 

Cext 

SA 

A1 
A2 
SB 
B1 
B2 
Gy 
GZ G1 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

schematic 

Vcc+---------------.------~---------------, 

{

A1 

INPUTS 

A2 

STROBESA------+_----~_+------+_+_~ 

{ 

B1 

INPUTS 

B2 

STROBESB------+_----------------+_~ 

Vcc-

Cext 

Gz 
OUTPUT Y 

2 kG NOM 

OUTPUT Z 

GND 

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

Supply voltage, VCC + (see Note 1) ............................................. 7 V 
Supply voltage, VCC - ..................................................... -7 V 
Differential input voltage, VID or Vref. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Voltage from any input to ground (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total power dissipation at (or below) 25 DC free-air temperature 

(see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 300 DC 

NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe and gate input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/oC. 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

recommended operating conditions 

Positive supply voltage, Vcc + 
Negative supply voltage, VCC-

Reference voltage, Vref 

High-level input voltage (strobe and gate inputs). VIH 

Low-level input voltage (strobe and gate inputs), VIL 

MIN 

4.75 

-4.75 

15 

2 

NOM MAX UNIT 

5 5.25 V 

-5 -5.25 V 

40 rnV 

V 

0.8 V 

electrical characteristics over recommended operating free-air temperature range, Vee ± = ± 5 V, 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Vref = 15 rnV 10 15 20 
VT Differential·input threshold voltage rnV 

Vref = 40 rnV 35 40 45 

Common-mode input firing voltage 
Vref = 40 mV, VI(S) = VIH 

VICF Common-mode input pulse: ±2.5 V 
(see Note 4) 

tr :s 1 5 ns, tf :S 1 5 ns, tw = 50 ns 

ITA = -55°C 100 

liS Differential-input bias current VCC± = ±5.25 V, VID = 0 L T A = 25°C 30 75 p.A 

I TA = 125°C 75 

110 Differential-input offset current VCC± = ±5.25 V, VID = 0 0.5 p.A 

VOH High-level output voltage VCC± = ±4.75 V, IOH = -400 p.A 2.4 4 V 

VOL Low-level output voltage VCC± = ±4.75 V, IOL = 16 mA 0.25 0.4 V 

IIH 
High-level input current 

VCC± = ±5.25 V, VIH = 2.4 V 40 p.A 
(strobe and gate inputs) 

IlL 
Low-level input current 

VCC± = ±5.25 V, VIL = 0.4 V -1 -1.6 mA 
(strobe and gate inputs) 

losm Short-circuit output current into Y VCC± = ±5.25 V, TA = 25°C -3 -3.8 -5 rnA 

10S(Z) Short-circuit output current into Z VCC± = ±5.25 V, TA = 25°C -2.1 -2.6 -3.5 mA 

ICC+ Supply current from VCC + VCC± - ±5.25 V, TA = 25°C 28 40 rnA 

ICC- Supply current from VCC- VCC± = ±5.25 V, TA = 25°C -14 -20 rnA 

tTypical values are at VCC ± = ± 5 V, TA = 25 ac. 
NOTE 4: Common·mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 

the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is. high. 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

switching characteristics, V cc ± ... ± 5 V, T A >II 25°C 

FROM TO TEST 
PARAMETER 

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

tpLHIDY) 25 40 
A 1-A2 or B1-B2 Y 1 ns 

tpHL(DY) 20 

tpLHIDZ) 
A1-A2 or B1-B2 

30 
Z 1 ns 

tpHL(DZ) 35 55 

tpLH(SY) 15 30 
STROBE A or B Y 1 ns 

tpHL(SY) 20 

tpLH(SZ) 
CL = 15 pF. 

30 
STROBE A or B Z 1 Cext ~ 100 pF. ns 

tpHL(SZ) 35 55 

tpLH(GY Y) 
RL = 288 {} 

15 25 
GATE Gy Y 2 ns 

tpHL(GY Y) 10 

tpLH(GY Z) 15 
GATE Gy Z 2 ns 

tpHL(GY Z) 20 30 

tPLH(GZ Z) 15 
GATE GZ Z 3 ns 

tpHL(GZ Z) 10 20 

recovery and cycle times, Vee ± = ± 5 V, Cext ~ 100 pF, T A - 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

torD 
Differential-input overload Differential Input Pulse: 

20 
recovery time (see Note 5) VID = 2 V. tr = tf = 20 ns 

ns 

torC 
Common-mode input overload Common-mode Input Pulse: 

20 ns 
recovery time (see Note 6) VIC = ± 2 V. tr = tf = 20 ns 

tcyc(min) Minimum cycle time 200 ns 

NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input EI' 
overload signal prior to the strobe-enable signal. • 

6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode-
input overload signal prior to the strobe-enable signal. (I) 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

DIFFERENTIAL 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

Vcc+ 

28811 28811 

I--_--.-+-OU~UT 

V,ef - 20 mV-----1:..--{ 

TEST CIRCUIT 

CL - 15 pFT 
(See Note C) ';" 

~::~~~~~I:EL ~o mV ./20 mV 20 mv~ - - - 40 mV 

___ --.I jf- tw1 -+J '--------If ;--f~. tW2---J+I~"---1 0 V 

I I 
STR08E NPUT 1 I , r----\-: - - - - - 3.5 V 

PULSE 1.5 V I I 1.5 V , 1.5 Vif ~.5 V 

~tW2~ ,1-___ --.1 l+--tW1-+l-----0V 

1 
tPLH(Dy)-+j 14- -.I I4-tPHL(DY) tPLH(Sy)-+I I+- -.j I4-tPHL(SY) 

I ~. I~:-----VOH 
OUTPUT Y 17'·5 v: ~.5 V I 7'·5 vI ,\.5 V 

I I -----1f ,f..' ...;...----:-1 wi I ~---VOL 

I I f I: . VOH 

: tLf.5V :1.5 V ~ 1.5V 

I I IlL J +- - - - VOL 
tPHL(DZ)-+! It- I I tpHL(SZ)~ I I 

-+t I4-tpLH(DZ) ~ tPLH(SZ) 

OUTPUT Z 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 {l, tr = 15 ± 5 ns, tf = 15 ± 5 ns, tw1 = 100 ns, 
tw2 = 300 ns, and PRR s 1 MHz. 

B. The strobe input pulse is applied to Strobe SA when inputs A 1-A2 are being tested and to Strobe SB when inputs B '·B2 
are being tested. 

C. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES FROM DIFFERENTIAL AND STROBE INPUTS 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

288 {} 288 {} 

I-_--+--+-OU~UT 

Vref - 20 mV-t--t---f--t--t 

50 n 
50 n 50 n 

GATE Gy 
INPUT 

GATE Gy 
INPUT 

TEST CIRCUIT 

I _____ -1 

,.51 \~~--------3.5V 

------"" J4--;-tw~ 0 V 

tPHL(GY, y)-i+---+!I ~tPLH(GY, YI 
----------~~ I' ~~~~~-----vOH 

i \5V ! f~v ______ VOL 

OUTPUT 
Y 

OUTPUT 
Z 

tpLH(GY, Z) 14 .1 141f---t~+-1 ~l(GY~I __ -VOH 

15! ~5V 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the fa "owing characteristics: Zout = 50 n, tr = 15 ± 5 ns, tf = 15 ± 5 ns, tw = 100 ns, and 
PRR s 1 MHz. 

B. CL includes probe and jig capacitance. 

FIGURE 2. PROPAGATION DELAY TIMES FROM GATE Gy 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

V,ef - 20 mV-+-+---1I---+--I 

50 {} 

50 {} 

OUTPUT 
Z 

TEST CIRCUIT 

GATE GZ 

INPUT 

)--_~.__OUTPUT 
Z 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 {}, 'tr = 15 ±5 ns, tf = 15 ± 5 ns, tw = 100 ns, and 
PRR s 1 MHz. 

B. CL includes probe and jig capacitance. 

FIGURE 3. PROPAGATION DELAY TIMES FROM GATE GZ 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE THRESHOLD VOLTAGE 
vs vs 

REFERENCE VOLTAGE 

V I I 51V I V CC+ .. 
VCC- .. -5 V V TA a 25°C 

/ 
1/ 

1/ 1/ 
V 

1/ 

25 

24 

3: 23 
E 
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FIGURE 4 
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COMMON-MODE FIRING VOLTAGE 
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FREE-AIR TEMPERATURE 

I 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

TYPICAL CHARACTERISTICS 
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HIGH-LEVEL INPUT CURRENT 
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INPUT VOLTAGE 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 

, WITH COMPLEMENTARY OUTPUTS 

TYPICAL CHARACTERISTICS 

Y OUTPUT VOLTAGE Z OUTPUT VOLTAGE 
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DIFFERENTIAL-INPUT VOLTAGE 
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FIGURE 12 

HIGH-LEVEL OUTPUT VOLTAGE 
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LOW-LEVEL OUTPUT VOLTAGE 
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FIGURE 14 
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SN5520 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 

TYPICAL APPLICATIONS 

large memory systems 

6-14 

This application demonstrates an improved method of sensing data from large memory systems. The signal­
to-noise ratio can be increased by sectioning the large core planes as illustrated in Figure 16. Two segments, 
usually consisting of 4096 cores each, can be interfaced by each of the dual-input channels of the SN5520 
or SN5522 sense amplifiers. The cascaded output gates of the SN5520 circuits may be connected to serve 
as the memory data register (MDR). A number of SN5522 sense amplifiers may be wire-AND connected 
to expand the input function of the MDR to interface all the segments of the plane. Complementary outputs, 
clear, and preset functions are provided for the MDR. Rules for combined fan-out and wire-AND capabilities 
must be observed. 

SEGMENT A 
4096 CORES 

(Typical) 

SEGMENTED CORE PLANE (represents one bit in memory word) 

STROBELr 

- - - -S N-; 2;;' I T-; O~U-;- -, 

CONNECTED AS MEMORY I 
DATA REGISTER (MDR) I 

I 
I 

SEGMENT B 
4096 CORES 

(Typical) 

Y}MDR 

<--'---1:)--1---41'-- Z OUTPUTS 

SEGMENT C 
4096 CORES 

(Typical) 

SEGMENT D 
4096 CORES 

(Typical) 

.1 

SN5522 USED AS 
SENSE·INPUT EXPANDER 
FOR SN5520 

I 
1 
I ______ J 

WIRE AND 
CONNECTION 

--------------------------------~V~--------------------------------I 
TO ADI?ITIONAL SN5522s TO PROVIDE NECESSARY NUMBER OF SENSE INPUTS 

FIGURE 16. SENSING LARGE MEMORY SYSTEMS 
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• High Speed and Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• Adjustable Input Threshold Voltage Levels 

• Narrow Window of Threshold Voltage 
Uncertainty 

• Multiple Differential-Input Preamplifiers 

• High DC Noise Margin ... 1 V Typ 

• Good Fanout Capability 

• TTL Drive Capability 

• Standard Logic Supply Voltages 

• Plug·in Configuration Ideal for Flow­
Soldering Techniques 

description 

The SN5522 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 
between the memory and the logic section. Low­
level pulses originating in the memory are 
transformed into logic levels compatible with 
standard TTL circuits. 

The SN5522 sense amplifier features multiple 
differential·input preamplifiers and versatile 
gating and output circuits, permitting a 
significant reduction in the circuitry required to 
accomplish the sensin-g function. A unique circuit 
design provides an inherent stability of the input 
threshold level over a wide range of supply 
voltage levels and temperature ranges. 

SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

cext 

J PACKAGE 

(TOP VIEW) 

02338. DECEMBER 19B6 

VCC+ 

INPUTS { A1 SA 
A2 G 

Vref- GND 2 

Vref+ OUTPUT Y 

{ B1 SB 
INPUTS B2 RL 

VCC- GND 1 

FUNCTION TABLE 

INPUTS OUTPUT 

A B G SA SB y 

L L H X X H 

L X H X L H 

X L H L X H 

X X H L L H 

X X L X X L 

H X X H X L 

X H X X H L 

positive logic: Y = G(A + SAliS + 5B) 

DEFINITION OF LOGIC LEVELS 

t A and B are differential voltages (VIO) between A 1 and A2 or 61 
and 62. respectively. For these circuits, VIO is considered positive 
regardless of which terminal of each pair is positive with respect 
to the other. 

Independent strobing of each of the dual sense-input channels ensures maximum versatility and permits 
detection to occur when the signal-to-noise ratio is at a maximum. The gate and strobe inputs and the 
outputs are compatible with standard TTL logic circuits. 

The circuit features a high-fanout, single-ended, open-collector output stage. In addition, it may be used 
to expand the inputs to a SN5520 circuit or to perform the wire-AND function. 

The SN5522 is available in the J ceramic dual-in-line package and is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

Copyright © 1986. Texas Instruments Incorporated 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

circuit operation 

The SN5522 is a dual-channel sense amplifier with the preamplifiers connected to a common output stage. 
The output circuit features an open-collector output that permits two or more of these outputs to be 
connected in the wire-AND configuration. Each package includes a load resistor that may be used as the 
output pullup resistor. High sink-current capability is a feature of this design, and a separate ground terminal 
is used for the output circuitry. This device can also be used as an input expander for the SN5520 circuit. 

logic symbol t 

+Vref 

-Vref 

Cext 

SA 

A1 

A2 

S8 
81 

82 

G 

tThis symbol is in accordance with ANSI/IEEE Std 91·1984 and 
IEC Publication 617·12. 

schematic 

logic diagram 

Vcc+------------~~----~------------~ 

INPUTS{ A1 

A2 

STROBE A------il------+-II-------t-+__' 

INPUTS{ B1 

B2 

STROBE B------il----------------+--I 

Vcc-

RL 
OUTPUT Y 

'--_--...... -GND 2 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

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

Supply voltage, Vcc + (see Note 1) ................................. ' ........... , 7 V 
Supply voltage, VCC - ..................................................... - 7 V 
Differential input voltage, VID or Vref. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Voltage from any input to ground (see Note 2) .................................. " 5.5 V 
Off-state voltage applied to open-collector outputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
Operating free-air temperature range ...... . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . . . . . . . . . . . . . . . . .. 300°C 

NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe and gate input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Positive supply voltage, VCC + 4.75 5 5.25 V 

Negative supply voltage, VCC- -4.75 -5 -5.25 V 

Reference voltage, Vref 15 40 mV 

High-level input voltage (strobe and gate inputs), VIH 2 V 

Low-level input voltage (strobe and gate inputs), VIL 0.8 V 

electrical characteristics over recommended operating free-air temperature range, Vee ± - ± 5 V, 
RL connected to output, (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VT Differential-input threshold voltage 
Vref = 15 mV 10 15 20 

Vref = 40 mV 
mV 

35 40 45 

Common-mode input firing voltage 
Vref = 40 mY, VI(S) = VIH 

VICF (see Note 4) 
Common-mode input pulse: ±2.5 V 

tr :s 1 5 ns, tf :s 15 ns, tw = 50 ns 

ITA = -55°C 100 

118 Differential-input bias current VCC± = ±5.25 V, Via = 0 rTA = 25°C 30 75 /lA 

ITA = 125°C 75 

110 Differential-input offset current VCC± = ±5.25 V, VID = 0 0.5 /lA 

VOH High-level output voltage VCC± = ±4.75 V, 10H = -400/lA 2.4 4 V 

VOL Low-level output voltage VCC± = ±4.75 V, 10L = 16 mA 0.25 0.4 V 

High-level input current I VIH = 2.4 V 40 /lA 
IIH VCC± = ± 5.25 V, I VIH = 5.25 V (strobe and gate inputs) 1 mA 

IlL 
Low-level input current 

VCC± = ±5.25 V, VIL = 0.4 V -1 -1.6 mA 
(strobe and gate inputs) 

10H High-level output current VCC± = ±4.75 V, Vo = 5.25 V 250 /lA 

lOS Short-circuit output current VCC± = ±5.25 V, TA = 25°C -2.1 -2.6 -3.5 mA 

ICC+ Supply current from VCC+ VCC± = ±5.25 V, TA = 25°C 27 40 mA 

ICC- Supply current from V CC- VCC± = ±5.25 V, TA = 25°C -15 -20 mA 

tTypical values are at VCC ± = ± 5 V, T A = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 

the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

switching characteristics, VCC ± = ± 5 V, TA 

FROM TO TEST 
TEST CONDITIONS PARAMETER 

(INPUT) (OUTPUT) FIGURE 

tPLH(D) Al-A2 or Bl-B2 Y 1 
tpHL(D) 

tPLH(S) 
CL = 15 pF, 

STROBE A or B Y 1 Coxt ~ 100 pF, 
tPHL(S) 

tPLH(G) 
RL = 288 n 

GATE y 2 
tpHL(G) 

recovery and cycle times, V CC ± ±5 V, Cext ~ 100 pF, TA 

PARAMETER TEST CONDITIONS 

Differential-input overload Differential Input Pulse: 
torD recovery time (see Note 5) VID = 2 V, tr = tf = 20 ns 

Common-mode input overload Common-mode Input Pulse: 
torC 

recovery time (see Note 6) VIC = ±2V,tr = tf = 20ns 

tcyc(minl Minimum cycle time 

MIN TYP MAX UNIT 

20 

30 45 
ns 

20 
ns 

20 40 

10 

15 25 
ns 

MIN TYP MAX UNIT 

20 ns 

20 ns 

200 ns 

NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal prior to the strobe-enable signal. 

6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode­
input overload signal prior to the strobe-enable signal. 

driving SN54XXX loads and combining outputs 

The table below provides minimum and maximum resistor values for driving one to ten SN54XXX loads 
and wire-AND connecting two to seven parallel outputs. Each value shown for one wire-AND output is 
determined by the fanout plus the cutoff current of a single output transistor. Extension beyond seven 
wire-AND connections is permitted with fanouts of seven or less if a valid minimum and maximum RL 
is possible. When fanning out to ten SN54XXX loads, the calculation for the minimum value of RL indicates 
that an infinite resistance should be used; however, the use of a 4-kO resistor in this case will satisfy the 
high-level condition and limit the low level to less than 0.43 volt. 

FANOUT 

TO TTL 
WIRE-AND OUTPUTS 

LOADS 1 2 3 4 5 6 7 
1 8965 4614 3291 2500 2015 1688 1452 

2 7878 4482 3132 2407 1954 1645 1420 

3 7027 4193 2988 2321 1897 1604 1390 
4 6341 3939 2857 2241 1843 1566 1361 

5 5777 3714 2736 2166 1793 1529 1333 

6 5306 3513 2626 2096 1744 1494 1306 

7 4905 3333 2524 2031 1699 1460 1280 

8 4561 3170 2429 1969 1656 X X 

9 4262 3023 X X X X X 
10 4000 X X X X X X 

MAXIMUM 

LOAD RESISTOR VALUE IN OHMS 

tAil values shown in the table are based on: 
High-level conditions: VCC = 5 V, VOH min = 2.4 V 
Low-level conditions: VCC = 5 V, VOL max = 0.4 V 

X - Not recommended or not possible. 
See explanation in text. 

1 to 7 

319 

359 

410 

479 

575 

718 

958 

1437 

2875 

4000 

MIN 
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DIFFERENTIAL 
INPUT 

SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

Vcc+ 

288 {) 

OUTPUT 
r--...... - y 

Vref - 20 mV----'f--< 

TEST CIRCUIT 

20 mV 
OV 

DIFFERENTIAL • r---\,' 
INPUT PULSE ___ 2_0_m..lV,if ~20 mV I 

tt-tw1-t1'------:,U--.... 14--'--tw2---" 

STROBE INPUT 1.5Vt' : . ~ ~1.5V 1.5Vf\1;V----
3

.
5V 

PULSE ----'"If. I tw2 j ~~J"'----. J+-tw l-...1 . 0 V 

tPHL(D)-+j k- -.I !+- tpLH(D) I. tpHL(S) ~ 14- ~ 14-tPLH(S) 

1 1·'1 I VOH 
1.5 V1 J{1.5 V" 1.5 V);.. :/1.5 V 

"------..jI '--J- - - - -VOL 
OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 n, tr = tf = 15 ± 5 ns, tw1 = 100 ns. tw2 = 300 ns, 
and PRR s 1 MHz. 

B. The strobe input pulse is applied to Strobe SA when testing inputs A 1-A2 and to Strobe 5B when testing inputs 81-82. 
C. CL includes probe and jig capacitance. . 

FIGURE 1. PROPAGATION DELAY TIMES FROM DIFFERENTIAL AND STROBE INPUTS 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

288 fl 

>-___ -..-OUTPUT 
V 

Vref - 20 mV-+-+--+--t-{ 

I 
I 
I 
I 
i 

50 fl 

50 fl 

INPUT 

INPUT 

50 fl 

TEST CIRCUIT 

- -A _;:_J 
14 ~ 'P 

;(.v , .. \ ---------:.~v 
____ .J I4---tw~ 

tPLHIGI.../ 14- -.I If-tPHLIGI 

OUTPUT ______ ..,I. V , .• \ - - - - - - - -~:~ 
VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 fl, tr = 15 ± 5 ns, tf = 15 ± 5 ns, tw = 100 ns, and 
PRR :$ 1 MHz. 

B. CL includes probe and jig capacitance. 

FIGURE 2. PROPAGATION DELAY TIMES FROM GATE INPUT 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE 
vs 

REFERENCE VOLTAGE 

V' , 5'V' 
CC+ -

VCC- - -5 V 
TA - 25°C 

1/ 
V 

/ 
1/ 

/ 
/ 

V 
V 

o 5 10 15 20 25 30 35 40 45 50 

Vref-Reference Voltage-mV 

FIGURE 3 

NORMALIZED THRESHOLD VOLTAGE 
vs 

PULSE REPETITION RATE 

VCC~III- 5 V"" 
VCC- - -5 V-+ 
Vref - 20 mV _ 
TA - 25°C 
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J t-
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25 

24 

~ 23 

~ 22 
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~ 21 
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THRESHOLD VOLTAGE 
vs 

SUPPLY VOLTAGE 
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Vref - 20 mV 
TA - 25°C 

~ r---.. 
." 20 
'0 
ii 19 
!!? ---r-----

or: 7 18 

!; 17 

> 
I 

Q) 
CI 
S 
~ 
CI 

-2 
u: ... 
:::J 
Co 

16 

15 
4.5 

4 

3 

2 

1 0 
." 
o 
~ -1 
C 
o 
~ -2 
o 
(J 

I -3 
u. 

~ -4 

4.75 5 5.25 

Vcc+ and VCC- -Supply Voltages-V 

FIGURE 4 

COMMON-MODE FIRING VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 
rl-+ VICF 

---:! 

5.5 

Vcc+ - 5 V -
Vcc- - -5 V 
Vref - 20 mV 
VIIS) - VIH 
Common-Mode Input Pulse: 
tr s 15 ns, tf S 15 ns, tw - 50ns 

.. 
-VICF-~ , 

0.001 0.01 0.1 10 100 o 10 20 30 40 50 60 70 

PRR-Pulse Repetition Rate-MHz 

FIGURE 5 

TEXAS • 
INSTRUMENTS 

TA-Free-Air Temperature-:- °C 

FIGURE 6 

POST OFFICE BOX 655012 ' CALLAS. TEXAS 75265 

tn .... 
'S 
(.) .. 

C3 
Q) 
(.) 
C1:S .... .. 
Q) .... 

..E 
> .. 
o 
E 
Q) 

~ 

6-21 



II 
3: 
CD 
3 
0 ... 
"< 
5' ,.. 
CD ... .... 
m 
n 
CD 
(") 
::;0 
n 
c 
;::;'0 
en 

SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

TYPICAL CHARACTERISTICS 
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SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL-INPUT VOLTAGE 

Vref = 15 rnV 25 rnV 35 rnV 

VCC+ - 5V 
VCC--- 5V 
IOH - -400 pA 
IOL - 0 
TA - 25°C 

o 5 10 15 20 25 30 35 40 

VID- Differential-Input Voltage- rnV 

FIGURE 11 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 

5 .............. 
t'-.... 

0.5 
VCC+ - 5 V 

4 

3 

2 

o 
o 

....... r---
t---... 

I"-
r---..... 

....... "- t---... 

VCC+'" 5V 
VCC- - -5 V 
TA - 25°C 

-0.2 -0.4 -0.6 -0.8 -1 

> .... VCC- - -5 V 

~ 0.4 
TA ... 25°C 

CI 

!9 
(5 
> 
~ 0.3 
:; 
o 
Gi 
> 
!l 
~ 
o 

...J 

0.2 

~ 0.1 
o 
> 

o 

l--~ t....-
V ~ -

o 2 4 6 8 10 12 14 16 18 20 

IOH-High-level Output Current-rnA IOl -low-level Output Current-rnA 

FIGURE 12 FIGURE 13 

en ..... 
·S 
(J ... 

C3 
Q) 
(J 
CO .... ... 
Q) ..... 
&:: 

> ... 
o 
E 
Q) 

2 

TEXAS • 
INSTRUMENTS 6-23 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



35: 
(1) 

3 
o .. 
< 
S" ... 
(1) 

~ m 
n 
(1) 

(") 
~o 

n 
c 
::'0 
en 

SN5522 
DUAL·CHANNEL SENSE AMPLIFIER 
WITH OPEN·COLLECTOR OUTPUTS 

large memory systems 

APPLICATION DATA 

This application demonstrates an improved method of sensing data from large memory systems. The signal­
to-noise ratio can be increased by sectioning the large core planes as illustrated in Figure 14. Two segments, 
usually consisting of 4096 cores each, can be interfaced by each of the dual-input channels of the SN5520 
or SN5522 sense amplifiers. The cascaded output gates of the SN5520 circuits may be connected to serve 
as the memory data register (MDR). A number of SN5522 sense amplifiers may be wire-AND connected 
to expand the input function of the MDR to interface all the segments of the plane. Complementary outputs, 
clear, and preset functions are provided for the MDR. Rules for combined fan-out and wire-AND capabilities 
must be observed. 

SEGMENTED CORE PLANE (represents one bit In memory word) 

SEGMENT A t-+-...... ---:-I ....... 
4096 CORES 

(Typical) 

STROBELJ"" 

- - - -SN-;;2;;IT"; O;;'U;- -, 

CONNECTED AS MEMORY I 
DATA REGISTER (MDR) I 

I 
I 

SEGMENT B 
4096 CORES 

(Typical) 

Y}MDR 

<--r---D-+----4t-- Z OUTPUTS 

SEGMENT C 
4096 CORES 

(Typical) 

SEGMENT 0 
4096 CORES 

(Typical) 

RT 

SN5522 USED AS 
SENSE-INPUT EXPANDER 
FOR SN5520 

I 
I 
I ______ J 

WIRE AND 
CONNECTION 

\~------------------------------~V~--------------------------------I 
TO ADDITIONAL SN5522s TO PROVIDE NECESSARY NUMBER OF SENSE INPUTS 

FIGURE 14. SENSING LARGE MEMORY SYSTEMS 

6-24 TEXAS ~ 
,INSfRUMENlS 

POST OFFICE BOX 655012 ° DALLAS, TEXAS 75265 



• High Speed and Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• Adjustable Input Threshold Voltage Levels 

• Narrow Window of Threshold Voltage 
Uncertainty 

• Multiple Differential-Input Preamplifiers 

• High DC Noise Margin ... 1 V Typ 

• Good Fanout Capability 

• TTL Drive Capability 

• Standard Logic Supp'ly Voltages 

• Plug-in Configuration Ideal for Flow­
Soldering Techniques 

description 

The SN5524 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 
between the memory and the logic section. Low­
level pulses originating in the memory are 
transformed into logic levels compatible with 
standard TTL circuits. 

The SN5524 sense amplifier features multiple 
differential-input preamplifiers and versatile 
gating and output circuits, permitting a 

l 
l 
l 

SN5524 
DUAL SENSE AMPLIFIER 

J PACKAGE 

(TOP VIEW) 

02338. DECEMBER 1986 

Cext VCC+ 

INPUTS {lAl 1S 
1 A2 OUTPUT 1 W 

Vref- GND 2 
Vref+ OUTPUT 2W 

INPUTS { 
2A1 2S 
2A2 NC 

VCC- -..... __ r- GND 1 

NC - No internal connection 

FUNCTION TABLE 

INPUTS OUTPUT 

A S W 

H H H 

L X L 

X L L 

positive logic: W = AS 

DEFINITION OF LOGIC LEVELS 

INPUT 1 H L X 
At 1 VIO 2: Vr max VIO :s Vr min Irrelevant 

S j VI 2: VIH min VI :s VIL max Irrelevant 

t A is a differential voltage (VIOl between A 1 and A2. For these 
circuits, VIO is considered positive regardless of which terminal 
is positive with respect to the other. 

significant reduction in the circuitry required to 
accomplish the sensing function. A unique circuit design provides an inherent stability of the input threshold 
level over a wide range of supply voltage levels and temperature ranges. Independent strobing of each 
of the dual sense-input channels ensures maximum versatility and permits detection to occur when the 
signal-to-noise ratio is at a maximum. The strobe inputs and the outputs are compatible with standard 
TTL logic circuits. 

The circuit provides for independent, dual-channel sensing with separate outputs. 

The SN5524 is available in the J ceramic dual-in-Iine package and is characterized for operation over the 
full military temperature range of - 55 °C to 125°C. 

Copyright © 1986. Texas Instruments Incorporated 
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SN5524 
DUAL SENSE AMPLIFIER 

circuit operation 

The SN5524 circuit features two completely independent sense amplifiers in a single package. Each amplifier 
features high fanout capability. 

logic symbol t 

+Vrof 
-Vrof 

Cext 

1S 

1A1 +/- 114) 1W 

1A2 
13) -/+ 

2S 111 ) 

2A1 
16) 112) 2W 

2A2 
17) 

tThis symbol is in accordance with ANSIIIEEE Std 91-1984 and 
lEe Publication 617-12. 

schematic 

logic diagram 

VCC+---------------.------~--------------_, 

{

1A1 

INPUTS 

1A2 

STROBE1S------+-----~_+------+_+_~ 

{

2A1 

INPUTS 

2A2 

STROBE2S------+-----------------+_~ 

VCC-

Cext 

2 kO NOM 

OUTPUT 1W 

2 kO NOM 

...... --------1- OUTPUT 2W 

~-4~------~-GND2 
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SN5524 
DUAL SENSE AMPLIFIER 

absolute maximum ratings over operating free-air temperature range (unless ot~erwise noted) 

Supply voltage, VCC + (see Note 1) ................ . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC _ ..................................................... - 7 V 
Differential input voltage, VID or Vref. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Voltage from any input to ground (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds .................... " 300°C 

NOTES: 1. Voltage values. except differential voltages. are with respect to the network ground terminal. 
2. Strobe input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature. derate total power linearly at the rate of 11.0 mW/oC. 

recommended operating conditions 

MIN NOM MAX 

Positive supply voltage. VCC + 4.75 5 5.25 

Negative supply voltage. VCC- -4.75 -5 -5.25 

Reference voltage. Vref 15 40 

High-level input voltage (strobe inputs). VIH 2 

Low-level input voltage (strobe inputs). VIL 0.8 

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

PARAMETER TEST CONDITIONS MIN Typt MAX 

Vref = 15 mV 10 15 20 
VT Differential-input threshold voltage 

Vref = 40 mV 35 40 45 

Common-mode input firing voltage 
Vref = 40 mY. VI(S) = VIH 

VICF Common-mode input pulse: ±2.5 
(see Note 4) 

tr :s 15 ns. tf :S 15 ns. tw = 50 ns 

ITA = -55°C 100 

liB Differential-input bias current VCC± = ±5.25 V. VID = 0 ITA = 25°C 30 75 

ITA = 125°C 75 

110 Differential-input offset current VCC± = ±5.25 V. VID = 0 0.5 

VOH High-level output voltage VCC± = ±4.75 V. 10H = -400 p.A 2.4 4 

VOL Low-level output voltage VCC± = ±4.75 V. IOL = 16 mA 0.25 0.4 

High-level input current ±5.25 V l VIH = 2.4 V 40 
IIH VCC± = 

(strobe inputs) I VIH = 5.25 V 1 

IlL 
Low-level input current 

VCC± ±5.25 V. VIL = 0.4 V -1 -1.6 
(strobe inputs) 

-

lOS Short-circuit output current VCC+ = ±5.25 V. TA = 25°C -2.1 -2.6 -3.5 

ICC+ Supply current from VCC + VCC+ = ±5.25 V. TA = 25°C 25 40 

ICC- Supply current from VCC- VCC+ = ±5.25 V. TA = 25°C -15 -20 

tTypical values are at VCC ± = ± 5 V. T A = 25°C. 

UNIT 

V 

V 

mV 

V 

V 

±5V, 

UNIT 

mV 

V 

p.A 

p.A 

V 

V 

p.A 

mA 

mA 

mA 

mA 

mA 

NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 
the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 

• U) ... 
'5 
u ... 
U 
Q) 
u 
CO 
'I-... 
Q) ... 
.5 
> ... 
o 
E 
Q) 

~ 

TEXAS ~ 
INSTRUMENTS 

6-27 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



s: 
(1) 

3 
o .. 
-< 
S" .. 
(1) 

=. 
m 
n 
(1) 

C') 
::;' 
n 
c 
;:+' 
en 

SN5524 
DUAL SENSE AMPLIFIER 

switching characteristics. VCC± -= ± 5 V. TA 

FROM TO TEST 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

(INPUT) (OUTPUT) FIGURE 

tpLH(DL 25 40 
Al-A2 W 1 CL = 15 pF. ns 

tpHL(D) 20 

tpLH(SL 
Cext ;;:: 100 pF. 

15 30 
STROBE W 1 RL = 288 {l ns 

tPHL(S) 20 

recovery and cycle times. VCC± - ±5 V. Cext ~ 100 pF. TA - 25°C 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Differential-input overload Differential Input Pulse: 
20 torD 

recovery time (see Note 5) VID = 2 V. tr = tf = 20 ns 
ns 

Common-mode input overload Common-mode Input Pulse: 
20 torC 

recovery time (see Note 6) VIC = ±2 V.tr = tf = 20ns 
ns 

tcyc(min) Minimum cycle time 200 ns 

NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal prior to the strobe-enable signal. 

6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode­
input overload signal prior to the strobe-enable signal. 
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SN5524 
DUAL SENSE AMPLIFIER 

DIFFERENTIAL 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

VCC- vcc+ 

r~-------- 288 {} 288 {} 

\-...... _ ...... -1-_ OUTPUT 

PULSE 
GENERATOR 
(See Note AI 

1W 

}.-__ ............ _ OUTPUT 

Vref - 20 mV---+-~ 

I 
1 
1 
I 

2s---~-~J 

" 1 i 

TEST CIRCUIT 

~::~:~~~; 20 m~1 I 20 mV /20 mV 20 mv\ - - - - -40 mV 
____ .J. '". ___ ....oj: ~i 1 . . 0 V 

J+-tw1-+1 k--- tw2---+l 
I 

STROBE INPUT .I I I L ,_~-. ------3.5 V 

PULSE ----"'1..1.5 VI 11.5 ~ ., 1.5 7.~.5 V 

I.---j- t w2 I -.t 1-. ---~ !.-tw1-.1 '-------0 V 
-... i6-tpHL(DI ~ L ~ ~tpHl(SI 

tPLH(DI--.j I.- .. , I' tPLH(SI-., ..-"'?I ,~ 
I I , :r--'rl t-. - - - - --VOH 

1.57 ~.5V 
_____ J '"---I,io'------J ~-----VOL 

OUTPUT 

VOLTAGE WAVEFORMS 

2W 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 n. tr = 15 ± 5 ns. tf = 15 ± 5 ns. tw1 = 100 ns. 
tw2 = 300 ns. and PRR s 1 MHz. 

B. The strobe input pulse is applied to Strobe 1 S when inputs 1 A 1-1 A2 are being tested and to Strobe 25 when inputs 2A 1-2A2 
are being tested. 

C. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES· 
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SN5524 
DUAL SENSE AMPLIFIER 

TYPICAL CHARACTERISTICS 
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SN5524 
DUAL SENSE AMPLIFIER 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL-INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 
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SN5524 
DUAL SENSE AMPLIFIER 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL-INPUT VOLTAGE 

Vref .. 15 mV 25 mV . 35 mV 

VCC+ - 5V 
VCC- - -5 V 
'OH - -400 p.A 
'OL - 0 
TA - 25°C 

o 5 10 15 20 25 30 35 40 

VID-Differential-Input Voltage-mV 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
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small memory systems 

TYPICAL APPLICATIONS 

SN5524 
DUAL SENSE AMPLIFIER 

This application demonstrates an improved method of sensing data from small memory systems. Two 
individual core planes, usually consisting of 4096 cores each, can be interfaced by each of the dual-channel 
SN5524 sense amplifiers, see Figure 13. Standard TTL integrated circuits, driven directly from the 
compatible sense-amplifier outputs, may be selected to serve as the memory data register (MDR). 

STROBE JL. MEMORY DATA 
REGISTER 

SENSE LINE 1 r: - - - SN5524J r-----' 
PLANE 1 1 ; 4096 CORES I 
(Typical) BIT 1 1 

1 I 
RT 1 1 

-= -= 1------1 
I I 

PLANE 2 I I 4096 CORES BIT 2 
(Typical) I 

I I 
RT L ____ -' 

-= I 1 
I I 

PLANE 3 I I 4096 CORES BIT 3 

I (Typical) 

I I 
RT 1---- --~ 

I I 
I I 

PLANE 4 .1 BIT 4 I 
4096 CORES I I 

(Typical) 
I L ____ -l 

-= -= 

.. --------------------------~v~---------------------------­TO ADDITIONAL PLANES AND SN5524s AS NECESSARY FOR COMPLETE MEMORY WORD 

FIGURE 13. SENSING SMALL MEMORY SYSTEMS 
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SN55234 
DUAL SENSE AMPLIFIER 

02338. DECEM8ER 1986 

• High Speed and Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• Adjustable Input Threshold Voltage level$ 

• Narrow Window of Threshold Voltage 
Uncertainty 

• Multiple Differential-Input Preamplifier$ 

• High DC Noise Margin •.. 1 V Typ 

• Good Fanout Capability 

• TTL Drive Capability 

• Standard logic Supply Voltages 

• Plug-in Configuration Ideal for Flow­
Soldering Techniques 

description 

INPUTS 

INPUTS 

J PACKAGE 

(TOP VIEW) 

NC VCC+ 
J1Al 1S 
llA2 OUTPUT lW 

Vref- GND 2 
V ref + OUTPUT 2W 

{ 
2Al 2S 
2A2 NC 

VCC - '-C=-----":::J-' GND 1 

NC - No internal connection 

FUNCTION TABLE 

INPUTS OUTPUT 

A S W 

H H L 

L X H 

X L H 

positive logic: W = A'S 

OEFINTION OF LOGIC LEVELS 

The SN55234 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 
between the memory and the logic section. Low­
level pulses originating in the memory are 
transformed into logic levels compatible with 
standard TTL circuits. 

The SN55234 sense amplifier features multiple 
differential-input preamplifiers and versatile 
gating and output circuits, permitting a 

t A is a differential voltage (VIO) between Aland A2. For these 
circuits. VIO is considered positive regardless of which terminal 
is positive with respect to the other. 

significant reduction in the circuitry required to 
accomplish the sensing function. A unique circuit design provides an inherent stability of the input threshold 
level over a wide range of supply voltage levels and temperature ranges. Independent strobing of each 
of the dual sense-input channels ensures maximum versatility and permits detection to occur when the 
signal-to-noise ratio is at a maximum. The strobe inputs and the outputs are compatible with standard 
TTL logic circuits. . 

The SN55234 sense amplifier is available in the J ceramic dual-in-line package and is characterized for 
operation over the full military temperature range of - 55 DC to 125 DC. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS • 

INSTRUMENTS 

Copyright © 1986. Texas Instruments Incorporated 

=~~~~:~~i~ai~:1~1~ ~!:~~~ti:r fr~o;:~:~:t::.~s not 
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SN55234 
DUAL SENSE AMPLIFIER 

circuit operation 

The SN55234 dual sense amplifier circuit features two completely independent sense amplifiers in a single 
package. Each amplifier features high fanout capability. An additional stage in the output gate provides 
an inverted output and internal compensation has been added. By not using a separate gate for inversioh, 
the package count is reduced and less propagation delay is added. The need for an external roll-off capacitor 
is also eliminated. 

logic symbol t logic diagram 

+Vref 

-Vref 

15 

1A1 

1A2 

25 

2A1 

2A2 \71 

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

schematic 
Vcc+---------------. ______ .-______ .-______ ~ 

INPUTS 

{

1A1 

1A2 

STROBE 1 S------+-------1-4------+-+-.J 

{

2A1 

INPUTS 

2A2 

STROBE2S-----+---~---------+_~ 

VCC-

OUTPUT 1W 

OUTPUT 2W 

'----< ..... ---....... - GND 2 
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SN55234 
DUAL SENSE AMPLIFIER 

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

Supply voltage, Vcc + (see Note 1) ............................................. 7 V 
Supply voltage, V CC - ..................................................... - 7 V 
Differential input voltage, VID or Vref .......................................... , ± 5 V 
Voltage from any input to ground (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(see Note 3) ......................................... ' .............. 1375 mW 
Operating free-air temperature range ................................. , - 55°C to 125°C 
Storage temperature range .................. :...................... - 65°C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . . . . . . . . . . . . . . . . .. 300°C 

NOTES: 1. Voltage values. except differential voltages, are with respect to the network ground terminal. 
2. Strobe input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature. derate total power linearly at the rate of 11.0 mW/oC. 

recommended operating conditions 

MIN NOM MAX UNIT 

Positive supply voltage. VCC+ 4.75 5 5.25 V 

Negative supply voltage. VCC- -4.75 -5 -5.25 V 

R.eference voltage. Vref 15 40 mV 

High-level input voltage (strobe inputs). V,H 2 V 

Low-level input voltage (strobe inputs). V,L 0.8 V 

electrical characteristics over recommended operating free-air temperature range, Vee ± ... ± 5 V, 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Differential-input threshold voltage 
Vref = 15 mV 7 15 20 

VT- mV 
Vref =; 40 mV 32 40 48 

Common-mode input firing voltage 
Vref = 40 mV. VI(S) = V,H 

V,CF Common-mode input pulse: ±2.5 V 
(see Note 4) 

tr's 15 ns. tf s 15 ns. tw = 50 ns 

ITA = -55°C 100 

',8 Differential-input bias current VCC± = ±5.25 V. V/D = 0 ITA =; 25°C 30 75 p.A 

I TA = 125°C 75 

',0 Differential-input offset current VCC± = ±5.25 V. V/D = 0 0.5 p.A 

VOH High-level output voltage VCC± = ±4.75 V. IOH = -400 p.A 2.4 4 V 

VOL Low-level output voltage VCC± = ±4.75 V. IOL'" 16 mA 0.25 0.4 V 

High-level input current ±5.25 V I V,H = 2.4 V 40 p.A 
"H (strobe inputs) 

VCC± = 
I V,H = 5.25 V 1 mA 

',L 
Low-level input current 

VCC± = ±5.25 V. V,L = 0.4 V -1 -1.6 mA 
(strobe inputs) 

lOS Short-circuit output current VCC± =; ±5.25 V. TA '" 25°C -2.1 -2.6 -3.5 mA 

ICC+ Supply current from VCC + VCC± = ±5.25 V. TA = 25°C 25 40 mA 

ICC- Supply current from VCC- VCC± = ±5.25 V. TA = 25°C -15 -20 mA 

tTypical values are at VCC ± =; ± 5 V, T A = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 

t~e specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 
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SN55234 
DUAL SENSE AMPLIFIER 

switching characteristics, Vee ± - ± 5 V, TA - 25 °e 

PARAMETER 
FROM TO TEST 

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

FIGURE 

tpLH!D) 
A1-A2 W 1 

25 

tpHL!D1 CL = 15 pF. 25 40 
ns 

tpLH(S) 
STROBE W 1 

RL = 2BB 0 25 

tpHL(S) 15 30 
ns 

recovery and cycle times, Vee ± - ± 5 V, T A - 25 °e 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

torD 
Differential-input overload Differential Input Pulse: 

20 
recovery time (see Note 5) VID = 2 V. tr = tf = 20 ns 

ns 

torC 
Common-mode i~put overload Common-mode Input Pulse: 

20 
recovery time (see Note 61 VIC = ± 2 V. tr = tf = 20 ns 

ns 

tcvc(min) Minimum cycle time 200 ns 

NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal prior to the strobe-enable signal. 

6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode­
input overload signal prior to the strobe-enable signal. 

TEXAS • 
INSTRUMENTS 
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SN55234 
DUAL SENSE AMPLIFIER 

DIFFERENTIAL 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

VCC- vcc+ 

r~-------- 288 (} 288 (} 

}---.._--.-+_ OUTPUT 
1W PULSE 

GENERATOR 
(See Note AI 

}-__ ......... __ OUTPUT 
2W 

Vref - 20 mv----t---f 

TEST CIRCUIT 

DIFFERENTIAL • r--\. . 
INPUT PULSE ____ 2_0_m...,VIj }\.2_0_m_V ___ .-1, 

If- tw 1---111 I 

I 
I 
I 
I 

2s---¢-~J 

" i i 

20 mV 20 mV 

~------tw2------~ 
OV 

STR~~~~~PUT 1.5 V.t
1 

i J ~I' 1 .. SSVV.r 1.SV~1~V----3.5V 
---'\4. I tw2 j L ~'\.....--{,,.....---..., I+-tw1~ 0 V 

tPHL(DI-+j k-"""" ~tPLH(D).. tPHL(SI-+j k- -+t I4-tPLH(SI 

\...3
1 I.... ~' I VOH 

1.SV 1.SV 1.SV 1.SV 

-----VOL 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zout = 50 (}. tr = 15 ± 5 ns, tf = 15 ± 5 ns, tw1 = 100 ns, 
tw2 = 300 ns, and PRR s 1 MHz. 

B. The strobe input pulse is applied to Strobe 1 S when inputs 1 A 1-1 A2 are being tested and to Strobe 2S when inputs 2A 1-2A2 
are being tested. 

C. CL includes probe and jig capacitance. 

FIGURE 1. PROPAGATION DELAY TIMES 
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SN55234 
DUAL SENSE AMPLIFIER 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE THRESHOLD VOLTAGE 
vs 
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vs 
REFERENCE VOLTAGE 

V I I 51V I 
CC+ -

VCC- - -5 V 
TA - 25°C 

1/ 
V 

'/ 
1/ 

/ 
1/ 

V 
V 

o 5 10 15 20 25 30 35 40 45 50 

Vref-Reference Voltage-mV 

FIGURE 2 

NORMALIZED THRESHOLD VOLTAGE 
vs 

PULSE REPETITION RATE 

VCC'~III - 5 ,,'"' 
VCC- - -5 V-
Vref - 20 mV _ 
TA - 25°C 

~ 

~ ~ 

t-

~ f--

I-- f--

~ f--

t-- f--

'--- L....-

0.001 0.01 0.1 10 100 

PRR-Pulse Repetition Rate-MHz 

FIGURE 4 
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FIGURE 3 

COMMON-MODE FIRING VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 
r++ VICF 

.f 
VCC+ - 5 V --
VCC- - -5 V 
Vref - 20 mV 
VIIS) - VIH 
Common-Mode Input Pulse: 
tr s 15 ns, tf S 15 ns, tw - 50 ns 

-VICF V 
I 
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T A - Free-Air Temperature - °C 

FIGURE 5 
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SN55234 
DUAL SENSE AMPLIFIER 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL-INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

I I I 
VCC+ -5V 

1.6 
oCt 
::l 

DIFFERENTIAL-INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc+' - 5 V 

100 ~VCC- - -5 V 
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FIGURE 6 

HIGH-LEVEL INPUT CURRENT 
vs 

INPUT VOLTAGE 
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FIGURE 8 
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SN55234 
DUAL SENSE AMPLIFIER 
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TYPICAL CHARACTERISTICS 

Z OUTPUT VOLTAGE 
vs 

DIFFERENTIAL-INPUT VOLTAGE 
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IOH - -400 ",A 
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FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT VOLTAGE 
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small memory systems 

TYPICAL APPLICATIONS 

SN55234 
DUAL SENSE AMPLIFIER 

This application demonstrates an improved method of sensing data from smaIJ memory systems. Two 
individual core planes, usuaIJy consisting of 4096 cores each, can be interfaced by each of the dual-channel 
SN55234 sense amplifiers, see Figure 13. Standard TTL integrated circuits, driven from the compatible 
sense-amplifier outputs, may be selected to serve as the memory data register (MDR). 

PLANE 1 
4096 CORES 

(Typical) 

PLANE 2 
4096 CORES 

(Typical) 

PLANE 3 
4096 CORES 

(Typical) 

PLANE 4 
4096 CORES 

(Typical) 

STROBE ...JL 

SENSE LINE 3 r: - -

SENSE LINE 4 I 

V 

MEMORY DATA 
REGISTER r-----l 

I I 
BIT 1 I 

I I 
I I 
J-;-----j 

I I 
I BIT 2 I 

I 
I I 
L ____ -' 
I I 
I I 
I BIT 3 I 

I 
I I 
~-----~ 
I I 
I I 
I BIT 4 I 
I I 

I L ____ -1 

TO ADDITIONAL PLANES AND SN55234s AS NECESSARY FOR COMPLETE MEMORY WORD 

FIGURE 14. SENSING SMALL MEMORY SYSTEMS 
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• 600-mA Output Capability 

• Fast Switching Times 

• Output Transient-Voltage Protection 

• Dual Sink and Dual Source Outputs 

• Minimum Time Skew Between Address and 
Output Current Rise 

• 24-Volt Output Capability 

o Source Base Drive Externally Adjustable 

• TTL Compatibility 

• Input Clamping Diodes 

• Transformer Coupling Eliminated 

• Reliability Increased 

• Drive-Line Lengths Reduced 

• Use of External Components Minimized 

description 

The SN55325 monolithic integrated circuit 
memory driver is designed for use with magnetic 
memories. 

The device contains two 600-milliampere source 
switches and two 600-milliampere sink 
switches. Source selection is determined by one 
of two logic inputs, and source turn-on is 
determined by the source strobe. Likewise, sink 
selection is determiqed by one of two logic 
inputs, and sink turn-on is determined by the sink 
strobe. This arrangement allows selection of one 
of the four switches and its subsequent turn-on 
with minimum time skew of the-output current 
rise. 

SN55325 
MEMORY CORE DRIVER 

0969. MARCH 1971-REVISEO SEPTEMBER 1986 

J PACKAGE 

(TOP VIEW) 

SOURCE COLLECTORS VCC2 
W X 
A B 

S1 NODE R 

S2 Rint 
C D 
y Z 

GND VCC1 

FK PACKAGE 

(TOP VIEW) 

Ul 
a: 
0 
I-
U 
W 
...J 
...J 
0 
U 
w 
u 
a: N 
:::> u 

~ 
o u u 
UlZ>X 

3 2 1 2019 

4 18 

S1 5 17 

6 16 

7 15 

8 14 

9 1011 12 13 

>- o U .... N 
Z Z U 
(!) U 

> 

NC-No internal connection 

When Rint and node R are connected together, the amount of base drive available for the source-1 or 
source-2 output transistor is set internally by a 575-ohm resistor. This method provides adequate base 
drive for source currents up to 375 mA with a VCC2 voltage of 15 volts or 600 mA with a VCC2 voltage 
of 24 volts. 

When source currents greater than 375 mA are required, it is recommended that a resistor of the appropriate 
value be connected between VCC2 and node Rand Rint must remain open. By using this method tl:te source 
base current may usually be regulated within ± 5%. An advantage of this method of setting the base drive 
is that the power dissipated by this resistor is external to the package and allows the integrated circuit 
to operate at higher source currents for a given junction temperature. 

Each sink-output collector has an internal pull-up resistor in parallel with a clamping diode connected to 
VCC2. This arrangement provides protection from voltage surges associated with switching inductive loads. 

The SN55325 is characterized for operation over the full military temperature range of - 55°C to 125°C. 

Copyright © 1982. Texas Instruments Incorporated 
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SN55325 
MEMORY CORE DRIVER 

logic symbol t 

S1 

S2 

B 

C 
D (11) 

SOURCE COLLECTORS 

w 

NODE R 

x 
y 

(10) z 

tThis symbol is in accordance with ANSI/EEE Std 91-1984 and lEG Publication 617-12. 
Pin numbers shown are for the J package. 

FUNCTION TABLE logic diagram (positive logic) 

ADDRESS INPUTS STROBE INPUTS OUTPUTS (2) W 

SOURCE SINK SOURCE SINK SOURCE SINK 

A B C D S1 S2 

L H X X L H 

H L X X L H 

X X L H H L 

X X H L H L 

X X X X H H 

H H H H X X 

W X 

ON OFF 

OFF ON 

OFF OFF 

OFF OFF 

OFF OFF 

OFF OFF 

y Z 

OFF OFF 

OFF OFF 

ON OFF 

OFF ON 

OFF OFF 

OFF OFF 
C (6) 

(1 ) 

SOURCE 
COLLECTORS 

(15) X 

.--_---4f-_____ (7...;..) y . 

H = high level, L = low level, X = irrelevant 
NOTE: Not more than one output is to be on at anyone time. 

S2 .... __ 1-_--.;.(8...;..) GND 

(16) 
VCC2----------------------~--~ 

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

Supply voltage VCC1 (see Note 1) .............................................. 7 V 
Supply voltage VCC2 (see Note 1) ............................................. 25 V 
Input voltage (any address or strobe input) . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1375 mW 
Operating free-air temperature range .................................... - 55 to 125°C 
Storage temperature range .......................................... " - 65 to 150°C 
Case temperature for 10 seconds: FK package ................................. " 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 

NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 11.0 mW/oC for both packages. 
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recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Operating free-air temperatuare, T A 

SN55325 
MEMORY CORE DRIVER 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

4.5 24 V 

2 V 

0.8 V 

-55 125 °C 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Input clamp voltage 
VCC1 = 4.5 V, VCC2 = 24 V, 

-1.3 -1.7 V 
II = -10 rnA, TA = 25°C 

Source-collectors terminal VCC1 = 4.5 V, TA = -55°C to 125°C 500 
I(off) 

off-state current VCC2 = 24 V TA = 25°C 3 150 
p.A 

VOH High-level sink output voltage 
VCC1 = 4.5 V, VCC2 = 24 V, 

19 23 V 
10 = 0 

VCC1 = 4.5 V, 

VCC2 = 15V, TA = -55°C to 125°C 0.9 

Source outputs RL = 24 (} to VCC2, 

I(source) '" - 600 rnA t, 
TA = 25°C 0.43 0.7 

See Note 3 
V(sat) Saturation voltage V 

VCC1 = 4.5 V, 
TA = -55°C to 125°C 0.9 

VCC2 = 15 V, 

Sink outputs RL = 24 (} to VCC2' 

I(sink) "" 600 rnA t, 
TA = 25°C 0.43 0.7 

See Note 3 

Input current at Address inputs VCC1 = 5.5 V, VCC2 = 24 V, 1 
II maximum input rnA 

voltage Strobe inputs VI = 5.5 V 2 

High-level input Address inputs VCC1 = 5.5 V, VCC2 = 24 V, 3 40 
IIH 

current Strobe inputs VI = 2.4 V 6 80 
p.A 

Low-level input Address inputs VCC1 = 5.5 V, VCC2 = 24 V, -1 -1.6 
IlL rnA 

current Strobe inputs VI = 0.4 V -2 -3.2 

Supply current, all From VCC1 VCC1 = 5.5 V, VCC2 = 24 V, 14 22 

ICC(off) sources and sinks off 
rnA 

From VCC2 TA = 25°C 7.5 20 

ICC1 
Supply current from VCC1 VCC1 = 5.5 V, VCC2 = 24 V, 

55 70 rnA 
either sink on I(sink) = 50 rnA, TA = 25°C 

Supply current from VCC2, 
VCC1 = 5.5 V, VCC2 = 24 V, 

ICC2 I(source) = -50 rnA, TA = 25°C, 32 50 rnA 
either source on 

See Note 3 

t All typical values are at T A = 25°C. 
t Under these conditions, not more than one output is to be on at anyone time. 
NOTE 3: These parameters must be measured using pulse techniques, tw = 200 p's, duty cycle :::;2% . 
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SN55325 
MEMORY CORE DRIVER 

switching characteristics, VCC1 - 5 V, TA - 25°C 

PARAMETERT TO (OUTPUT) TEST CONDITIONS 

tpLH 
Source collectors VCC2 = 15 V, RL = 240, 

tpHL 

tTLH 
Source outputs VCC2 = 20 V, RL = 1 kO, 

tTHL 

tpLH 
Sink outputs VCC2 = 

tpHL 

tTLH 
Sink outputs VCC2 = 

tTHL 

ts Sink outputs VCC2 = 

ttPLH .. propagation delay time, low-to-high-Ievel output 
tpHL ... propagation delay time, high-to-Iow-Ievel output 
tTLH .. transition time, low-to-high-Ievel output 
tTHL EI transition time, high-to-Iow-Ievel output 
ts .. storage time 

schematic 

VCCI _19_1 -...._1------, 

AODRESS A 131 

15 V, RL = 240, 

15 V, RL = 240, 

15 V, RL = 240, 

STROBE S1 :..,14f-1 _+-__ ~-="I--t--~~ 

CL = 25 pF 

CL = 25 pF 

CL = 25 pF 

CL = 25 pF 

CL = 25 pF 

MIN 

III SOURCE 
COLLECTORS 

121 OUTPUT W 

+--t __ --I--'-ll~3) NODE R 

17) 
OUTPUT Y 

~-4 ________ ~ _______ ~ _____ -4_-=IBIGND 

Component values shown are nominal. Pin numbers shown arc for the J package. 
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45 50 

45 50 
ns 

55 

7 
ns 

25 45 

25 45 
ns 

10 15 

15 20 
ns 

20 30 ns 



TYPICAL APPLICATION DATA 

SN55325 
MEMORY CORE DRIVER 

balanced bipolar logic-line driver 

The circuit shown in Figure 1 converts standard TTL logic to bipolar logic. Bipolar logic is primarily used 
in transmitting data or clock pulses over long lines. This line-driver may be operated from a single 5-volt 
supply; however, the output drive may be increased by raising the supply voltage to the source collectors. 
The circuit features a three-state output that is off during the absence of data, thus not dissipating high 
power. It provides a balanced drive circuit giving maximum noise immunity when used with the proper 
line receiver. Large drive levels can be used to further increase noise immunity. The circuit is capable of 
driving twisted-pair lines of several thousand feet in length or low-impedance coaxial lines. 

5V 

41 

I SN54121 L ____ _ 

ct 

~_( __ L~, 
1 

Q 6 OPEN 
1 
11 

-0: 1 

B _____ ~ 
5 7GND 

R 
r--
1 
I 

AI 
I 
I 

51 1 
I 
1 

BI 

14V 

SOURCE 
COLLECTORS 

W 
---t------+-~~~ OUTPUT WZ 

x 

RL - 1000 
TTL 

DATA--'-~--------------------~ SN55325 
INPUT 

1 kO I SN54121 L ___ _ B 

5 

TTl 
INPUT 

OUTPUT 

WZ TO XV 

y 
I 

C l ./"""----'----4~'-"-O OUTPUT XV 

TEST CIRCUIT 

I 
I 

L - - -rv~c:;-- - -- GND 

5V 

VOLT"AGE WAVEFORMS 

Z 

tR and C are adjusted to give the desired bipolar output pulse width. 

FIGURE 1. BALANCED BIPOLAR LOGIC-LINE DRIVER 
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SN55325-
MEMORY CORE DRIVER 

TYPICAL APPLICATION DATA 

balanced bipolar logic-line driver 

In memory-drive applications, the SN55325 can be connected in any of several ways. Typically, however, 
sources and sinks are arranged in pairs from which many drive-lines branch off as shown in Figure 2. Here 
each drive-line is served by a unique combination of two source/sink pairs so that a selection matrix is 
formed. To select drive-line 13, SN54154 No.1 must be set to 3 (with mode select high), enabling source X 
of SN55325 No.2 to drive lines 12 through 15, and SN54154 No.2 must be set to 2, providing a sink 
at Y of SN55325 No.4 for drive-line 13 only. Alternatively, to drive current in drive-line 13 in the opposite 
direction, only the mode-select voltage would be changed from high to low. The size of such a matrix 
is limited only by the number of drive-lines that a source/sink pair can serve. This number in turn depends 
on the capacitive and inductive load that each drive-line of the particular system imposes on the driver. 
A 256-drive-line selection matrix is shown in Figure 3. These 256 drive-lines are sufficient to serve 
(256/2)2 = 16,384 individual cores. 

TIMING STROBE 

ISOURCEfSINKI SINK STROBe 

SOURCE STROBE 

TIMING STROBE _--<.-U" __ 

(IL) 

MODE sneCT ~ ....... ---.._ 
(SOURCE/SINK) 

I II 
I I II 
... __ ..1 !! 

TO ADDITIONAL TO ADDITIONAL 
SOURCE-STROBE SINK-STROBE 

INPUTS 

THIS 4 " 4 GRID OF SOURCE-SINK 
PAIRS FUNCTIONS AS A MATRIX 
TO SELECT ONE OUT OF 16 CRIVE·lINES 
~ ______ JA~ ______ ~ 

NOTE A: This optional mode-select and timing-strobe technique can be used in place of the SN5404 mode-select and SN54154 timing-
strobe when minimum time skew is desired. \ 

B. All diodes are IN4607. 

FIGURE 2. SN55325 USED AS A MEMORY DRIVER TO SELECT ONE OF SIXTEEN DRIVE LINES 
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f~-~;;';-------- -- - - ----l DRIVEUNES 

SOURCE j! III 1 1·1 ! 15 ~-o ___________________ -, 

1/2 
SN55325 

...1"--- .... 
-----, I I 

o I I I I 
" , " , ":.I : I I I I 

SINK i I I "-I I I I 
112 L_;:::::.-:., _________________ .1 "_16 .: ~I~~: I : ~ 

SN55325 DETAIL A J I "ORIVE UNES I I : I I 

L___ "-I I :DETAILBI : 

DRIVE I I I I 
r- - - -, LINES I :.--; 

EJ=1~~~~ : : 
SN55325 r - - -, I----l 

DETAIL A L ___ J 

~
---1. 

SN55325 D~~L~.1 ~€~E~:·----------------------~----~==~ 
\SN55325I . ~~i~} D~A~fJr----------------------~~==~===-

\SN553251 ~~1!iJ . I I -.' ~=A=~ . . f ~ 
\SN553251 ~~I~~ ~~A~A~~----------------------~---J---
\SN55325I :.!As.n--~~f~~-·----------------------4_---1~ 
ISN5532S1 ~I~1LTI--. DEl,A,!- A 's-. __ -:-__________________ ~----L~ L 

CIRCUIT REQUIREMENTS, 
16 SN55325 

2 SN54154 
112 SN5404 

672 lN4607 DIODES 

16.384 MEMORY CORES 

H-+---' 
I 
I .., 
I 
I 
I 

56 DETAIL S's AND 14 DETAIL C'. 
CONNECTED lAS SHOWN AT LEFTI 

TO 7 SN55325,. 

NOTES: A. Outputs from one SN54154 decoder are connected to each SN55325 as shown in Figure 2. Source strobe and sink strobe from an SN5404 
are connected to each SN55325 as shown in Figure 2. ' 

B. The division of the drive-line bus into four segments reduces the capacitive load on the SN55325 driver. 
C. All diodes are IN4607. 

FIGURE 3.SN55325 SERVING 256 DRIVE LINES IN A MAGNETIC MEMORY 

Memory Interface Circuits 
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SN55325 
MEMORY CORE DRIVER 

TYPICAL APPLICATION DATA 

external resistor calculation 

A typical magnetic-memory word-drive requirement is shown in Figure 4. A source-output transistor of 
one SN55325 delivers load current ilL). The sink-output transistor of another SN55325 sinks this current. 

The value of the external pull-up resistor (Rext) for a particular memory application may be determined 
using the following equation: 

Rext 
16 [VCC2(min) - Vs - 2.2] 

IL - 1.6 [VCC2(min)- Vs - 2.9] 

where: Rext is in kO, 
VCC2(min) is the lowest expected value of VCC2 in volts, 
Vs is the source output voltage in volts with respect to ground, 
IL is in mAo 

(1 ) 

The power dissipated in resistor Rext during the load current pulse duration is calculated using Equation 2, 

IL . 
PRext "'" 16 [VCC2(min) - Vs - 2] (2) 

where: PRext is In mW. 

After solving for Rext, the magnitude of the source collector current (ICS) is determined from Equation 3, 

ICS "'" 0.94 IL 

where: ICS in in mAo 

As an example, let VCC2(min) = 20 V and VL = 3 V while IL of 500 mA flows. 

Using Equation 1, 

and from Equation 2, 

Rext __ 1_6_1_20_-_3_---'-2_.2_) __ = 0.5 kO 

500 - 1.6120 - 3 - 2.9) 

500 
PRext "'" 16 [20 - 3 - 2] "'" 470 mW 

The amount of the memory system current source IICS) from Equation 3 is: 

ICS "'" 0.94 (500) "'" 470 mA 

(3) 

In this example, the regulated source-output transistor base current through the external pull-up resistor 
IRext) and the source gate is approximately 30 mAo This current and ICS comprise IL. 
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TYPICAL APPLICATION DATA 

external resistor calculation (continued) 

Rext 

r-----
lONE R 

I SN55325 
I SOURCE L ____ _ 

r------ -- -- -YI 
lONE OR I 
I SN55325 Z I 
I SINK I 
L__ _...J 

NOTES: A. For clarity, partial logic diagrams of two SN55325s are shown. 
B. Source and sink shown are in different packages. 

FIGURE 4 
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Common Features 

• Inputs Compatible with TTL Logic Levels 

• Minimum Time Skew Between Strobe. and 
Output-Current Rise 

• Compatible with High-Speed Magnetic Core 
Memories 

SN55326 Features 

• Quad Positive-OR Sink Driver 

• 600-mA Output Current Sink Capability 

• 24-V Output Capability 

• Output Clamp Voltage Variable to 24 V 

SN55327 Features 

• Quad Positive-OR Source Driver 

• 600-mA Output Source Capability 

• VCC2 Voltage Variable to 24 V 

• Output Capable of Swinging Between VCC2 
and Ground 

description 

The SN55326 and SN55327 are monolithic 
integrated circuit quadruple memory core 
drivers. These devices accept standard TTL 
decoder input signals and provide high-current 
and high-voltage output levels suitable for driving 
magnetic memory elements. Output transistor 
selection is determined by using one of the four 
address inputs and the common timing strobe. 

The SN55326 memory core driver can sink up 
to 600 milliamperes and operate from a single 
5-volt supply. Each driver is similar to the sink 
drivers of the SN55325. The four output 
transistors share a common base-drive resistor 

A 

L 

H 

H 

H 

H 

X 

SN55326, SN55327 
MEMORY CORE DRIVERS 

D1496. SEPTEMBER 1973-REVISED SEPTEMBER 1986 

SN55326 ... J PACKAGE 

(TOP VIEW) 

GND CLAMP W,Z 

W Z 

A D 

Rext S 
NC VCC 

B C 

X Y 

GND CLAMP X,Y 

SN55327 ... J PACKAGE 

(TOP VIEW) 

VCC2 COL W,Z 

W Z 

A D 

NODE R S 

Rint VCC1 
B C 

X Y 

GND COL X,Y 

NC-No internal connection 

FUNCTION TABLE 

INPUTS OUTPUTS 

ADDRESS STROBE 
W X Y Z 

B C D S 

H H H L ON OFF OFF OFF 

L H H L OFF ON' OFF OFF 

H L H L OFF OFF ON OFF 

H H L L OFF OFF OFF ON 

H H H X OFF OFF OFF OFF 

X X X H OFF OFF OFF OFF 

H = high level, L = low level. X = irrelevant 
NOTE: Not more than one output is to be on at anyone time. 

and it is recommended that only one of the four driver gates be selected at a time. Output-transistor base 
current may be increased by connecting an external resistor between Rext (pin 4) and Vee. Each output 
collector is protected from voltage surges during inductive switching by a clamping diode in parallel with 
its internal pull-up resistor. The tw.o clamp pins may be returned to a power supply of from 4.5 volts to 
24 volts. 

The SN55327 memory core switch can source or sink up to 600 milJiamperes and operate from two supplies; 
one of five volts and the other from 4.5 volts to 24 volts. Each switch is similar to the source drivers of 
the SN55325. They can function as either sink drivers or source drivers since the voltages at the output 
transistor terminals are capable of swinging between Vee2 and ground. The four output transistors share 
a common base-drive resistor and it is recommended that only one of the four outputs be selected at a 
time. An internal base-drive resistor is available on the chip and can be used by connecting Node R (pin 4) 
to Rint (pin 5). This resistor provides adequate base current to the output transistors for output sink currents 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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3: 
CD 

SN55326, SN55327 
MEMORY CORE DRIVERS 

description (continued) 

up to 375 milliamperes with VCC2 at 15 volts or 600 milliamperes with VCC2 at 24 volts. Base current 
can be regulated to within ± 5 percent by substituting for this resistor an external resistor connected 
between Node R (pin 4) and VCC2 with Rint (pin 5) remaining open. This method is preferable in'high­
duty-cycle, high-power applications since the power dissipated in this resistor is outside the package. When 
a source current and VCC2 voltage other than the above values are required, it is recommended that the 
base drive be supplied through an external resistor of the appropriate value calculated using Equation 1 
shown in the SN55325 data sheet. 

The SN55326 and SN55327 circuits are characterized for operation over the full military temperature range 
of -55°C to 125°C. 

logic symbols t 

SN55326 SN55327 

(5) 
Rint 

(4) 
NODE R 

W 
(2) 

W 

CLAMP W. Z 

COL W. Z 

Z 
(15) 

Z 

x 
(7) 

X B 
CLAMP X. Y 

COL X. Y 

Y' C (10) 
U Y 

~ tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12 . .. 
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logic diagrams (positive logic) 
SN55326 

S (13) 

A(3) 

(14) 
D--4--o-

(11) 
C";'-'04-a-

D (14) 

(1) 
GND 

(7) X 
(6) 

B 
(9) 

CLAMP X.V 

(10) V 
C (11) 

(8) GND 

SN55326, SN55327 
MEMORY CORE DRIVERS 

SN55327 

(2) 
W 

(16) COL W.Z 

(15) Z 

(7) 
(9 X 

) COL X.V 

(10) 
V 

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

SN55326 SN55327 UNIT 

Supply voltage. VCC or VCCl (see Note 1) 7 7 V 

Supply voltage. VCC2 25 V 

Input voltage. any address or strobe 5.5 5.5 V 

Output collector voltage 25 25 V 

Output clamp voltage 25 V 

Output collector current 750 750 mA 

Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) 1375 1375 mW 

Operating free-air temperature range -55 to 125 -55 to 125 DC 

Storage temperature range -65 to 150 -65 to 150 DC 

Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds 300 300 De 

NOTES: 1. Voltage values are with respect to the network ground terminai(s). 
2. For operation above 25 De free-air temperature. derate linearly at the rate of 11.0 mW/DC. 

recommended operating conditions 

SN55326 SN55327 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage. Vce or Vee1 4.5 5 5.5 4.5 5 5.5 V 

Supply voltage. Vee2 4.5 24 V 

High-level input voltage. VIH 2 2 V 

Low-level input voltage. VIL 0.8 0.8 V 

Output collector voltage 24 24 V 

Output clamp voltage. V(clamp) 4.5 24 V 

Output collector current 600 600 mA 

Operating free-air temperature. T A -55 125 -55 125 De 
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SN55326 
MEMORY CORE DRIVER 

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

PARAMETER TEST CONDITIONSt 
MIN 

VIK Input clamp voltage 
Vec = 4.5 V, II = -10 mA, 

TA = 25°C 

VOH High-level output voltage VCC = 4.5 V, 10 = 0 19 

Vec = 4.5 V, 
Full range 

V(sat) Saturation voltage 
RL = 23 rI to Vcc, 

I(sink) "" 600 mA§, 
TA = 25°C 

See Notes 3 and 4 

VF(clamp) 
Output-clamp-diode V(clamp) = 0, I(clamp) = - 10 mA, 
forward voltage TA = 25°e 

I(clamp) 
Output-clamp-current, 

I(sink) = 50 mA, TA = 25°e 
one output on 

Input current at Address 
II maximum input VI = 5.5 V 

voltage Strobe 

High-level Address 
IIH 

input current Strobe 
VI = 2.4 V 

Low-level Address 
IlL VI = 0.4 V 

input current Strobe 

ICC(off) Supply current, all outputs off All inputs at 5 V, TA = 25°C 

ICC(on) Supply current, one output on I(sink) - 50 mA, TA - 25°e II switching characteristics. Vee ~ 5 V. TA - 25°e 

35: 
CD 

3 
o .. 

PARAMETER' TO (OUTPUT) TEST CONDITIONS§ MIN 

tpLH 
W, X, y, or Z 

tpHL 
Vs = V(clamp) = 15 V, RL = 24O, CL = 25 pF, 

tTLH W, X, y, or Z See Figure 3 
tTHL 

ts W, X, Y, or Z 
< 
S" VOH W, X, Y, or Z 

Vs = V(clamp) = 24 V, RL = 47 rI, CL = 25 pF, 

I(sink) "" 500 mA, See Figure 3 ,... 
CD 
~ t Unless otherwise noted, Vec = 5.5 V, V(clamp) = 24 V. See Figure 1. 
m * All typical values are at T A = 25°C. 
e') § Under these conditions, not more than one output is to be on at anyone time. 
CD , tPLH '" propagation delay time, low-to-high-Ievel output 
n tpHL '" propagation delay time, high-to-Iow-Ievel output 
=i" tTLH '" transition time, low-to-high-Ievel output g tTHL '" transition time, high-to-Iow-Ievel output 
;:;" ts '" storage time 
(I) VOH '" high-level output voltage (after switching) 

NOTES: 3. These parameters must be measured using pulse techniques. tw = 200 P.s, duty cycle s 2%. 
4. Rext is connected to Vee through a 40-rI resistor. 
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SN55326 

TYP* MAX 
·UNIT 

-1 -1.7 V 

23 V 

0.9 

V 

0.43 0.7 

1.5 V 

5 7 mA 

1 
mA 

4 

40 

160 
p.A 

-1 -1.6 
mA 

-4 -6.4 

18 25 mA 

58 75 mA 

TYP MAX UNIT 

40 50 
ns 

35 50 
10 15 

ns 
15 20 
30 35 ns 

VS-l mV 



SN55327 
MEMORY CORE DRIVER 

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

TEST CONDITIONSt 
SN55327 

PARAMETER 

VIK Input clamp voltage 
VCC = 4.5 V, II = -10 rnA, 

TA = 25°C 

Collectors terminal VCCl = 4.5 V, Full range 
I(oft) 

off-state current V(col) = 24 V TA = 25°C 

VCCl = 4.5 V, 
Full range 

Vo = 0, 

V(sat) Saturation voltage RL = 25 0 to 15 V, 

I(source) == -600 mA§, 
TA = 25°C 

See Notes 3 and 5 

Input current at Address 
II maximum input VI = 5.5 V 

voltage Strobe 

High-level Address 
IIH 

input current Strobe 
VI = 2.4 V 

Low-level Address 
IlL VI = 0.4 V 

input current Strobe 

Supply current, From VCCl 
ICCloff) All inputs at 5 V, TA = 25°C 

all outputs off From VCC2 

Supply current, From VCCl V(col) = 6 V, I(source) = -50 rnA, 
ICC(on) 

one output on From VCC2 TA = 25°C, See Note 3 

switching characteristics, VCC1 

PARAMETER' TO (OUTPUT) TEST CONDITIONS§ 

tpLH Collectors Vs = VCC2 = 15 V, RL = 240, CL = 25 pF, 

tpHL W, Z or X, Y See Figure 3 and Note 5 

tTLH W, X, y, or Z 
V(col) = VCC2 = 20 V, RL = 1000, CL = 25 pF, 

tTHL See Figure 4 and Note 5 

Collectors Vs = VCC2 = 24 V, RL = 470, CL = 25 pF, 
VOH 

W, Z or X, Y I(sink) == 500 rnA, See Figure 3 and Note 5 

t Unless otherwise noted, VCCl = 5.5 V, VCC2 = 24 V. See Figure 2. 
:t All typical values are at T A = 25°C. 
§ Under these conditions, not more than one output is to be on at anyone time. 
, tpLH == propagation delay time, low-to-high-Ievel output 

tpHL == propagation delay time, high-to-Iow-Ievel output 
tTLH == transition time, low-to-high-Ievel output 
tTHL == transition time, high-to-Iow-Ievel output 
VOH == high-level output voltage (after switching) 

MIN 

MIN 

NOTES: 3. These parameters must be measured using pulse techniques. tw = 200 p's, duty cycle s 2%. 
5. A 350-0 resistor is connected between node R (pin 4) and VCC2 (pin 1) with Rint (pin 5) open. 
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Typf 

-1 

0.43 

-1 

-4 

7 

13 

S 

36 

TYP 

35 

30 

30 

10 

VS-l 

MAX 
UNIT 

-1.7 V 

500 

150 
p.A 

0.9 

V 

0.7 

1 
rnA 

4 

40 

160 
p.A 

-1.6 
rnA 

-6.4 

10 

20 
rnA 

12 
rnA 

55 

MAX UNIT 

55 
ns 

55 

ns 

mV 
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SN55326 
MEMORY CORE DRIVER 

schematic 

SN55326 

.--__ -..""" __ ..... _______ (_4_) Rext 

56 

VCC~(1_2)~_e_ __ ------~---_e 
,....-..--1111-(_16_) CLAMP 

W,Z 

5k 

(2) w 

A (3) 

STROBE_(~1~3) ____ ~------~ 

5k 

(15) z 

D 
(14) 

lEI (1) 
GND 

(9) CLAMP 

3: 
X,V 

5k 
CD 
3 
0 (7) x ... 
< 
S" B 

(6) 
r+ 
CD ... 
-h 
D) 
n 
CD 

(") 
~" 
n 
c 5k 
;:;'" 
(I) 

(10) v 

C 
(11) 

GND~(8~) ___ _e~---------__ -----~~----~ 
Resistor values shown are nominal and in ohms. 
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schematic 

SN55327 

SN55327 
MEMORY CORE DRIVER 

(12) 
vcc1-------e--e---------~ ~------------------~--~--~(~1)~VCC2 

A (3) 

(13) 
STROBE~~~._+_--------~ 

(14) 
D---t-t-. 

B (6) 

(11) C-....;....+-+-. 

GND_(8_) __ ~_e------------------~----------~ 

Resistor values shown are nominal and in ohms. 
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._--4....,:...;(1..:,.:6)- COLLECTOR 
W,Z 

(2) w 

(15) z 

(4) 
NODE R 

(5) 
Rint 

(9) COLLECTOR 
X,V 

(7) 
X 

(10) 
V 

II 
U) .... 
·S 
U 
to.. 

C3 
Q) 
u 
CO 
'I-
to.. 
Q) ..... 
~ 
>-to.. 
0 
E 
Q) 

~ 
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SN55326, SN55327 
MEMORY CORE DRIVERS 

PARAMETER MEASUREMENT INFORMATION 

II.IIH 
1+1-

IlL 
-1-1 

VI 
SEE 

FUNCTION 
TABLE 

VCC OPEN IUNLESS OTHERWISE NOTEDI 

I~!l_ J _____ I Ilclamp) 

1 VCC R
ext 

CLAMP W.Z I I~I 
I Vlclamp) 

I 
I 
IA 
1 
I 
10 
I 
I 
I 

I 
1 

S 

1 iI 

I 
I I L _________ ..J 

FIGURE 1. GENERALIZED TEST CIRCUIT FOR SN55326 

II.IIH 
1+)­

IlL 
VI_I - I 

VCC1 VCC2 

ICC1 ~1 ~ ICC2 

r VCC;- Vec;-
1 

I 
I 
IA 

r---, 
I SEE I 

NOTEAl 

R/,;; NODER! 

I 
I 
1 

COLW.Z I Iisink) 
-1+1 

NOTE A: Rint is connected to Node R unless otherwise noted. 

FIGURE 2. GENERALIZED TEST CIRCUIT FOR SN55327 
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PARAMETER MEASUREMENT INFORMATION 

SN55326, SN55327 
MEMORY CORE DRIVERS 

FROM OUTPUT~VSRL OUTPUT 'NPUT 

UNDER TEST 

CL - 25 pF 1 (See Note A) 

1 
I 
14 

;,..~----- 3 V 

I 
~.;;..;.;;.--....;..;;..;.;;.""!-I-------OV 

I~ 
I t4-tpLH~ 
1 1 

1 (See Note B) 

'+---tPHL~ 
I4-ts~ I 

OUTPUT 
LOAD CIRCUIT 

NOTES: A. CL includes probe and jig capacitance. 

90% I 
1 
I 

I 
I 
1 

I 
I 

~..;..;.;~ _____ ~ __ 1- -V(sat~ 

I 1 
tTLH 

VOLTAGE WAVEFORMS 

14 .1 

B. Input pulses are supplied by generators having the following characteristics: Zout "" 50 n. For testing VOH (after switching), 
tw = 40 itS, PRR :5 12.5 kHz. For all other tests, tw = 200 ns, duty cycle :5 1 %. 

FIGURE 3. SWITCHING TIMES 

1N3064 
FROMOUTPUT ____ ~-~----~--OUTPUT 

UNDER TEST 

RL - 100 n 

:510ns~ 
I I 

-~9~0~"A~o " I 

INPUT I 
I 

tw 

(see Note B) 

;,-------3 V 
90% 

tTHL~ 
:~ ...... ---___ ~'- -:- -- VOH 

OUTPUT 
I 
I 

LOAD CIRCUIT VOL 

VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 
B. Input pulses are supplied by generators having the following characteristics: Zout "" 50 n, tw = 200 ns, duty cycle :5 1 %. 

FIGURE 4. SWITCHING TIMES 

II 
o .... 
·S 
(J ... 
U 
Q) 
(J 
CO 
't: 
Q) .... 

..5 
> ... 
o 
E 
Q) 

~ 
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ADVANCE 
INFORMATION 

TSP50C40A 
SPEECH SYNTHESIZER 

• 
• 
• 
0 

• 
• 
• 

• 

02975. NOVEMBER 1986 

PRODUCT SUMMARY 

This data is excerpted from the TSP50C40A Speech Synthesizer Data Manual 
intended for publication in early 1987. 

LPC-l0 Synthesizer N PACKAGE 

8-Bit Microprocessor 
(TOP VIEW) 

8K-Byte ROM 
VDD D/A2 

OSCl DIAl 

32-Byte RAM OSC2 DP7 
INIT DP6 

18 Digital I/O Lines MO DP5 

4-V to 6-V CMOS Technology for Low Ml DP4. 

Power Dissipation ADD1 DP3 
ADD2 DP2 

High-Efficiency Push-Pull PWM (Pulse-Width ADD4 DPl 
Modulation) Digital-to-Analog Output Can ADDS DPO 
Drive a Speaker Directly ROMCLK R/W 

10- or 8-kHz Speech Sample Rate RDIN ENA2 
IRT ENAl 

description VSS ROY 

The TSP50C40A combines an 8-bit micro­
processor, a speech synthesizer, a 32-byte 
RAM, and a 64K-bit ROM onto one chip. 

The TSP50C40A implements an LPC-1 0 speech synthesis algorithm and a 1 O-pole latice filter to generate 
speech at a fow data rate. The TSP50C40A internal processor accesses speech data from an internal and 
an external ROM (TSP60C20), decodes the speech data, and sends the decoded data to the synthesizer 
at a predetermined frame data rate. The internal processor also performs interpolations to smooth the 
transitions between frames. The output of the synthesizer can be used to drive a small speaker directly 
or can be used with an external low-power filter and amplifier. 

The TSP50C40A is characterized for operation from OOC to 70°C. 

ADVANCE INFORMATION documents contain 

~~~:!~rO::h~~= o~r3;~~~~~:~eC~:~~:PS~~ 
data and other specifications are subject to change 
without notice. . 
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TSP50C40A 
SPEECH SYNTHESIZER 

functional block diagram 

DPO·DP3 'O-----_~". 

DP7·DP4 '""""""4T''----J 

I 
R/W I 

i 
HANDSHAKE / 

2 I CONTROL 
lOGIC 

! 
I 

MO·Ml '--.L-_-' 

ADD1. ADD2. ~-y--., 
ADD4. ADDB D2·REG 

RClK -+--'--1 I 
I 

RDIN 

I I L ______ J 

OSC1~ 
OSCILLATOR 

OSC2 ..... ---_---1 
VDDI + 5 VI --. 

VBBIGNDI --. 

PROCESSOR 

ALU 

ROM 

PROGRAM 

LOOK·UP 

SPEECH 
DATA 

ADDRESS 
BUS 

L ______________ _ 

tEXAS ~ 
INSTRUMENTS 
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ADVANCE 
INFORMATION 

EXCITATION 
ROM 

LPC·l0 
LATTICE 

I FILTER 

I 
I 
I 
I 
I 
I 
I 
I 
t---------
I 
I 
I 
lOlA CONVERTER 

I 
I L ______ _ 

DIAl D/A2 



ADVANCE 
INFORMATION 

PIN 

NAME NO. 

ADDl 7 

ADD2 8 

ADD4 9 

ADD8 10 

DPO 19 

DPl 20 

DP2 21 

DP3 22 

DP4 23 

DP5 24 

DP6 25 

DP7 26 

D/Al 27 

D/A2 28 

'E"NAl 16 

ENA2 17 

TNii 4 

Tiff 13 

MO 5 

Ml 6 

OSCl 2 

OSC2 3 

RDIN 12 

ROY 15 

ROMCLK 11 

RJW 18 

VDD 1 

VSS 14 

I/O 

0 

0 

0 

0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

0 

0 

I 

I 

I 

0 

0 

0 

I 

0 

I/O 

0 

0 

I 

I 

I 

PIN FUNCTION TABLE 

DESCRIPTION 

Address weight 1 output 

Address weight 2 output 

Address weight 4 output 

Address weight 8 output 

Data bit 0 (LSB) 

Data bit 1 

Data bit 2 

Data bit 3 

Data bit 4 

Data bit 5 

Data bit 6 

Data bit 7 (MSB) 

Noninverting digital-to-analog converter output (PWM) 

Inverting digital-to-analog converter output (PWM) 

Input/output control of data bus (DP7-DPO). 

Read mode (R/W high) 

TSP50C40A 
SPEECH SYNTHESIZER 

ENAl: Most significant nibble of data register is sent to the data bus (DP7 - DP4) while ENA 1 is low. 

'E"NA2: Least significant nibble of data register is output to the data bus (DP3-DPO) while ENA2 is low. 

When ENA 1 goes low, IRT goes high. 

Write mode (R/W) low) 

ENA1: Data already set on data bus DP7 -DP4 are strobed into most significant nibble of data register 

toggling ENA 1 (high-low-high). Data is latched as ENA 1 goes high. 

ENA2: Data already set on data bus DP3-DPO are strobed into least significant nibble of data register 

toggling ENA2 (high-low-high). Data is latched as EFJA2 goes high. 

Initialize input. When low, device is initialized and goes into low-power mode. 

Ready for data output. Tiff goes high as data in the data register is read on data bus DP4 through DP7. IRT 

can also be masked programmed to act as an event counter input. 

ROM mode control output 

ROM mode control output 

Clock Input 

Oscillator output. 2.86 MHz for speech data of 8-kHz sampling and 3.58 MHz for speech data of lO-kHz 

sampling. Can be used with crystal, ceramic resonator, or external input to OSC2. 

ROM data input 

Ready for data input. ROY goes high as data on data bus DPO through DP3 is written into the data register. 

ffi)'? is reset to a low level by internal command. 

Clock output to a ROM 

Read/Write input. Determines direction of data bus 

R/W: When high, data transfers from data register (read). 

R/W: When low, data transfers into data register (write). 

5-volt nominal supply voltage 

Substrate voltage (ground pin) 

TEXAS • 
INSTRUMENTS 
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TSP50C40A 
SPEECH SYNTHESIZER 

absolute maximum ratings over free-air temperature range 

ADVANCE 
INFORMATION 

Supply voltage t , Voo ................... '" ....... '" ............. " -0.3 V to 7 V 
Input voltage, VI ............................................ , - 0.3 V to VOO + 0.3 V 
Output voltage, Vo .......................................... -0.3 V to VOO+0.3 V 
Storage temperature range ......................................... - 30 DC to 125 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

t Unless otherwise noted, all voltages are with respect to VSS. 

recommended operating conditions 

MIN NOM MAX UNIT 

VOO Supply voltage 4 5 6 V 

VOO = 6 V VOO-1.2 VOO 

VIH High-level input voltage VOO = 5 V VOO-1 VOO V 

VOO = 4 V VOO-O.7 VOO 

VOO = 6 V VSS 1.2 

VIL Low-level input voltage VOO = 5 V VSS 1 V 

VOO == 4 V VSS 0.7 

fosc Oscillator frequency 2 3.6 4 MHz 

TA Operating free-air temperature 0 70 °C 

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

PARAMETER MIN TYP* MAX UNIT 

VOH High-level output voltage 
VOO = 5 V, IOH = -1 mA VOO-2.5 VOO-O.5 VOO 

V 
VOO = 5 V, IOH = 0.3 mA VOD-O.5 VOO-O.2 VOO 

VOL Low-level output voltage VOO = 5 V, IOL = 1.7 mA VSS 0.3 0.4 V 

VIH = VOO 5 
II Input current 

VIL = VSS -5 
p.A 

VOO = 6 V, VOH = VOO-0.5 V -0.35 -1.5 

IOH High-level output current VOO = 5 V, VOH = VOO-0.5V -0.3 -1.2 mA 

VOO = 4 V, VOH = VOO-0.5V -0.2 -0.8 

VOO = 6 V, VOL = 0.4 V 2 2.8 

IOL Low-level output current VOO = 5 V, VOL = 0.4 V 1.7 2.4 mA 

VOO = 4 V, VOL = 0.4 V 1.2 1.8 

IDO Supply current 
VOO = 5 V, fosc = 3.6 MHz, 

2 mA 
All outputs open 

t All typical values are at VOO = 5 V, T A = 25°C. 
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ADVANCE 
INFORMATION 

TSP50C50 
SPEECH PROCESSOR 

• 
• 
• 
• 
• 
• 
• 
• 
• 
e 

• 
• 
• 
• 
• 
• 

02978. DECEMBER 1986 

PRODUCT SUMMARY 

This data is excerpted from the TSP50C50 Speech Processor Data Manua/ 
intended for publication in early 1987. 

High-Quality Speech 

LPC 12 or LPC 10 Synthesis Algorithm 

10-kHz or 8-kHz Sample Rate 

Pitch Accuracy Better Than 0.1% at 1 kHz 

Parameter Interpolation Pitch Synchronous 
and Asynchronous 

On-Chip A-Law D/A Converter, 13-Bit 
Dynamic Range 

On-Chip 6th-Order Low-Pass Filter 

Phonetic Coding and Music Capabilities 

Standard 8- or 4-Bit Microprocessor 
Interface 

Serial Interface to TSP60C20 Speech ROM 

Standard PCM Interface-to-Digital Network 

4.32 MHz Crystal Oscillator 

28-Pin Plastic/Ceramic Dual-in-Line Package 

Silicon Gate CMOS Technology 

Single 5-V Power Supply 

Low-Power Standby Mode 

J OR N PACKAGE 

(TOP VIEW) 

STR 
CE 

A1 
AO 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 

OSC-O 
OSC-I 

R/W 
HC 
INT 

BUSY 
PST 
PDT 
PCK 

VSS 
ANG 
AS 

VDD 
SRDT 
SRST 
SRCK 

description 

The TSP50C50 is a silicon-gate CMOS LSI device consisting of a speech processor, speech acquisition 
logic, PCM interface logic, analog output circuits, and microprocessor controlled interface. These functional 
areas contain features and controls that produce band-limited high-quality speech and extends the capability 
of the TSP50C50 allowing its use with a wide range of speech products. It offers specific controls for 
constructive speech synthesis and musical and telecommunication network applications. 

The TSP50C50 is characterized for operation from OOC to 70 oC. 

ADVANCE INFORMATION documents contain 

~~~~~3~~~rO:~h:::of~~~~f:p~e!te C~:~~~~rYst~~ 
data and other specifications are subject to change 
without notice. 
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TSP50C50 
SPEECH PROCESSOR 

functional block diagram 

OSC-I OSc-o 

SERIAL ROM 
INTERFACE 

SRCK SRST SRDT 

PDT PST PCK 

C7-CO 

INITIALIZATION REG 

CONTROL REGISTER 

SPEECH REGISTER 

D 
E 
C 
o 
D 
E 
R 

TEXAS ~ 
INSTRUMENTS 

ADVANCE 
INFORMATION 

~1. AO CE STR R/W 

2 

INT 

~-- BUSY 

AS 
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ADVANCE 
INFORMATION 

PIN 

NAME NO. 
I/O 

ANG 20 

AS 19 0 

AO 4 I 

A1 3 I 

BUSY 25 0 

CE 2 I 

CO 12 I/O 

C1 11 I/O 

C2 10 I/O 

C3 9 I/O 

C4 8 I/O 

C5 7 I/O 

C6 6 I/O 

C7 5 I/O 

He 27 I 

INT 26 0 

OSC-O 13 0 

OSC-1 14 I 

PCK 22 I/O 

PDT 23 0 

PST 24 I/O 

R/W 28 I 

SRCK 15 0 
SRDT 17 I 

SRST 16 0 

STR 1 I 

VDD 18 

VSS 21 

PIN FUNCTION TABLE 

DESCRIPTION 

TSP50C50 
SPEECH PROCESSOR 

2.5 V analog ground. May be used to polarize an external speaker or to filter parasitic ground noise. 

Analog speech (filtered audio) output. Output is suitable for driving a low-power audio amplifier or a low-power 

speaker. 

Register address inputs. Used in conjunction with R/W to define the function of the registers. 

Busy output. When high. indicates that the interface is busy and a write strobe cannot be accepted. 

Chip enable input. When high. CE disables read and write. When low and strobe is low. CE enables read 

and write. 

Data input/output 

Hardware clear input. When high. disables the low-power standby mode and enables the crystal oscillator. When 

low. stops the crystal oscillator. sets the register address,to nonoperating state. sets the INIT register to the 

all-high default value. and enables the low-power standby mode. 

Interrupt output. When low. indicates that a condition exists in the TSP50C50 that requires immediate action by 

the microprocessor. 

Oscillator crystal connection 

Oscillator crystal connection or input to TSP50C50 from external oscillator 

Clock input/output. A free-running data-rate clock at 2.16 MHz. 

Serial PCM/binary two's compliment speech data output 

Sample-rate input/output strobe (8 kHz or 10kHz) 

Read/write select input. When high. selects read status register and. when low. selects write to address register. 

720-kHz clock output 

External serial speech data input to the multiplexer 

Single-bit speech data request strobe output to external speech ROM - 360 kHz maximum 

Strobe input. When high. disables read and write. When low and CE is low. enables read and write. 

5-volt power supply 

Digital ground 

TEXAS .. 
INSTRUMENTS 
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TSP50C50 
SPEECH PROCESSOR 

ADVANCE 
INFORMATION 

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

Supply voltage, Voo (see Note 1) ................................ . . . . .. - 0.3 V to 7 V 
All input voltages (see Note 1) .................................. - 0.3 V to VOO + 0.3 V 
All output voltages (see Note 1) ................................ , - 0.3 V to VOO + O. 3 V 
Operating free-air temperature range ................................ " - 55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: All voltages are with respect to VSS. 

recommended operating conditions 

PARAMETER MIN TYP MAX UNIT 

VOO Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 
OSC/input 2.8 VOO V 
All others 2 VOO 

Vil low-level input voltage 
OSC/input VSS 0.6 

V 
All others VSS 0.8 

fosc Crystal oscillator frequency 4.32 MHz 

TA Operating free-air temperature 0 70 °C 

electrical characteristics over full range of recommended operating conditions 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOH High-level output voltage IOH = -400 p.A VOO-0.5 V 

Val low-level output voltage IOl = 1.6 mA 0.4 V 

I aSCII input 8 20 

II Input current I CO-C7 inputs VI = VSS to VOO 10 p.A 

L All other inputs 2 

100 Supply current 
VOO = 5 V, All outputs open, 

fosc = 4.32 MHz 
5 mA 

IOO(stbvl Standby current VI = VSS-0.5 V to VSS+0.5 V 50 p.A 

7-10 TEXAS ~ 
INSTRUMENTS 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 

02976, NOVEMBER 1986 

PRODUCT SUMMARY 

This data is excerpted from the TSP5110A Voice Synthesis Processor Data Manual 
intended for publication in early 1987 

• LPC-10 Pitch Asynchronous Synthesis 
Algorithm 

• On-Chip Oscillator and Clock Generation 

• Direct Drive for 50-0 Speaker 

• Simple Control Interface for 4-Bit 
Microcomputers 

description 

TEST 
PDCLK 

ROMCLK 
CPUCLK 

VDD 
NU 

OSC 

NU 
NU 
NU 

SPEAKER 1 
SPEAKER 2 

NU 
VSS 

N PACKAGE 

ITOP VIEWI 

CS 
CTL 8 
ADD8 
CTL 1 
ADD1 
CTL 2 
ADD2 
ADD4 
CTL 4 
M1 

NU 
NU 
NU 
MO 

The TSP5110A is a PMOS Voice Synthesis 
Processor. Speech is synthesized by processing 
an externally provided variable data-rate bit 
stream of encoded speech data and converting 
the result to an audible output with an on-chip 
eight-bit digital-to-analog converter and push-pull 
amplifier. The TSP5110A outputs all control 
signals necessary for direct control of the 
TSP6100 vocabulary ROM. Control of the 
TSP5110A is provided by an external device 
(e.g., TMS 1000) through four control pins and 
a command clock. 

NU-Make no external connection 

The TSP511 OA is characterized for operation 
from O°C to 70°C 

functional block diagram 

PDCLK 121 

CS I_2S_I""-----_ 

1251 
CTL 1 1231 
CTL 2 -12-0 .... 1 ....,~---I 
CTL4~1 ..... --~ 
CTl S 1:,;;2;.;,.7.:...1 I-I~--~ 

ADD 1 1,-2_4"",,1 ..... -----1 
ADD2 1:,;;2;.;,.2.:...1 ..... ___ ~ 

ADD4 ;...12_1"",,1 ..... ----1 TSP6100 
ADDS (261 INTERFACE 

MO (151 LOGIC 

M1
1191 

LPC-10 10 
DIGITAL TO 

SPEECH ANALOG 

SYNTHESIZER TRUNCATION 
LOGIC 

35 

TIMING 

(71 
OSC----------------------~ 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~!:~~i~ai~~1~7~ ~!~~~~ti:i :llo::~:~:t:~~S not 
TEXAS ." 
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DIGITAL TO 
1111 SPEAKER 1 

ANALOG 
CONVERTER 

AND 
AMPLIFIER 1121 SPEAKER 2 

131 ROMCLK 

141 CPUCLK 

Copyright © 1986, Texas Instruments Incorporated 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 
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PIN 

NAME 

ADD1 

ADD2 

ADD4 

ADD8 

CTL 1 

CTL 2 

CTL 4 

CTL 8 

CPUCLK 

CS 

MO 

M1 

NU 

NU 

NU 

NU 

NU 

NU 

NU 

NU 

OSC 

PDCLK 

ROMCLK 

SPEAKER 1 

SPEAKER 2 

TEST 

VDD 

Vss 

NO. 

24 

22 

21 

26 

25 

23 

20 

27 

4 

28 

15 

19 

6 

9 
10 

13 

16 

17 

18 

8 

7 

2 

3 

11 

12 

1 

5 

14 

I/O 

0 
0 

0 

1/0 

1/0 

1/0 

1/0 

1/0 

0 

I 

0 

0 

I 

I 

0 

0 

0 

I 

I 

PIN FUNCTION TABLE 

DESCRIPTION 

Address weight 1 output to TSP6100 

Address weight 2 output to TSP61 00 

Address weight 4 output to TSP6100 

Address weight 8 output to TSP6100 or serial data input 

Control output to TSP6100 or read data bus Input (LSB) 

Control output to TSP6100 or read data bus input 

Control output to TSP6100 or read data bus input 

Control output to TSP61 00 or read data bus input (MSB) 

Clock output for CPU (320 kHz) 

Chip select input 

Transfers data to TSP6100 control input 

Load address to TSP61 00 control input 

Make no external connection. Used for factory testing only 

Optional oscillator input (640 kHz) 

Processor data clock 

Clock to control TSP6100 ROM (160 kHz) 

Analog speech out 

Analog speech out 

For factory testing only 

- 9 V nominal supply voltage 

Substrate supply voltage (0 V nominal) 

TEXAS • 
INSTRUMENTS 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 

absoiute maximum ratings over free-air temperature range 

Supply voltage range, VOO (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 15 V to 0.3 V 
Voltage applied to any device pin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 15 V to 0.3 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 30°C to 125°C 
Lead temperature 1,6 mm (1116 inch) from 'case for 10 seconds ...................... 260°C 

NOTE 1: Voltage values are with respect to Vss. 

recommended operating conditions 

MINt NOM MAxt UNIT 

VDD Drain supply voltage -S.3 -9 -9.7 V 

VSS Substrate supply voltage 0 V 

I ADDS -0.7 0 
VIH High·level input voltage I CTL 1 thru CTL 2, PDC, CS 

V 
0.95 0 

VIL Low·level input voltage VDD -4 V 

TA Operating free-air temperature 0 70 °C 

electrical characteristics over recommended operating free-air temperature range, Voo == - 9 V 

PARAMETER TEST CONDITIONS MINt TYP* MAXt UNIT 

ROM CLK, CPU CLK, 

10,11 
VOH High-level output voltage 

ADDl thru ADDS 
IOH = -100 p.A -0.5 

V 

CTL 1 thru CTL S IOH = -400 p.A -0.7 0 

VOL Low-level output voltage IOL = 100 p.A VOO -5 V 

IIH High-level input current VI = 0 100 p.A 

IlL Low-level input current VI = -12 V -50 p.A 

IDD Supply current All inputs and outputs open -20 -35 rnA 

Po Power output to speaker 100 {) speaker load, 50 {) each output 30 mW 

tThe algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in the data sheet for logic 
voltage levels only. 

t All typical values are at T A = 25°C. 
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TSP5220C 
VOICE SYNTHESIS PROCESSOR 

02960. SEPTEMBER 1986 

PRODUCT SUMMARY 

This data is excerpted from the TSP5220C Voice Synthesis Processor Data Manua/ 
intended for publication in early 1987 

Pitch-Excited LPC-10 Synthesis Algorithm N PACKAGE 

Choice of 4-kHz or 5-kHz Voice Input (TOP VIEW) 

Bandwidth LSB DO R 

Low Data-Rate Range ... 1000 to ADD1 IN 

1700 bps 
ROMCLK D1 

VDD ADD2 
On-Chip a-Bit Digital-to-Analog Converter VSS D2 

TTL-Compatible Inputs and Outputs OSc ADD4 
SYNC D3 

Compressed Voice Data Input Through SPEAKER ADDS/SERIAL IN 
Either a-Bit Control/Data Bus and FIFO for SERIAL OUT TEST 
Controller-Supplied Speech Data or Serial PROM OUT D4 
Interface for Use with TSP6100 Custom- REF READY 
Masked Speech ROMs D5 INT 

D6 M1 
description MSB D7 MO 

The TSP5220C is an LPC-10 voice synthesis 
function on a chip. A flexible interface structure 
allows a choice of storage media for the 
compressed model data and simple 
microprocessor selection of the spoken phrase or transfer of the data representing that phrase. For best 
performance, an external low-pass filter should be used between the TSP52;20C and the audio amplifier 
or speaker. 

The TSP5220C is characterized for operation from O°C to 70 oC. 

functional block diagram 

00-07 

STATUS 

DATA 

16-BYTE 
FIFO 

BUFFER 

: 
TIMING 

VS 
MEMORY 
CONTROL 

INT 

READY 

: ROMCLK 

SYNC 

4 
ADD1. ADD2 
ADD4.ADDS 

MO 

M1 

DIGITAL 
TO SPEAKER 

ANALOG 
CONVERTER 

'-----t----- SERIAL OUT 

Copyright © 1986. Texas Instruments Incorporated 
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TSP5220C 
VOICE SYNTHESIS PROCESSOR 

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

Any pin with respect to VSS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -15 V to 0.3 V 
Continuous total dissipation ............................................... 600 mW 
Operating free-air temperature ................................... '. . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 40°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VSS 4.75 5 5.25 V 

Supply voltage, Vref 0 V 

Supply voltage, VOO -4.75 -5 -5.25 V 

High-level input voltage, VIH (see Note 11 VSS-0.6 VSS V 

Low-level input voltage, VIL (see Note 21 VOO VSS-4 V 

Operational frequency (controlled by external RCI 620 825 kHz 

Operating free-air temperature, T A 0 70 DC 

NOTES: 1. Pull-up resistors are provided on all data and select inputs. This permits direct drive from TTL-compatible devices. 
2. The algebraic convention, in which the more positive (less negativellimit is designated as maximum, is used in this data sheet 

for logic voltage levels only. 

electrical characteristics over full range of recommended operating conditions 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

High-level output voltage 
00-07, W, R, INT IOH = 0.4 mA 2.4 VSS 

VOH V 
ROMCLK, A001-A008, MO, M1 IOH = 100 p.A VSS-0.5 VSS 

Low-level output voltage 
00-07, W, R, INT IOL = 1.6 mA Vref- 0 .5 Vref+ 0 .5 

VOL V 
ROMCLK, A001-A008, MO, M1 IOL = 100 p.A VSS-0.5 VSS 

Iref Supply current from Vref (see Note 31 -3 -5 mA 

100 Supply current from VOO (see Note 31 -10 -35 mA 

Ci Input capacitance, except data bus 15 pF 

Co Output capacitance, except data bus 15 pF 

CL Load capacitance, data bus 25 300 pF 

tTypical values are at VSS = 5 V, VOO = -5 V, TA = 25 DC. 
CJ) NOTE 3: Currents out of a terminal are considered to be negative. Iref and 100 are sourced from the current into terminal VSS (1551. 
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TSP5220C 
VOICE SYNTHESIS PROCESSOR 

TYPICAL APPLICATION DATA 

I 5{ 1 Vss Vss 

ANALOG OUTPUT 

ROMClK ClK 

MO MO 
M1 TSP6100 

M1 

ADD1 ADD1 

ADD2 ADD2 

ADD4 ADD4 
ADDS .L---. ADDS , ~ 

VDD 
T L 

VDD 

TSP5220C CS 
-5V 

REF 

J~ INT INT3 
READY AO 

VSS 

R BO Vec 

W B1 
/ , 

00-07 _S- ) CO-C7 

"' 
, 

/ 
TMS7040 

< B3-B7 , 
) A1-A7 , 

/ '" 
<- > 00-07 
, '" 

INT1 

FIGURE 1_ TSP5220C SYSTEM USING TSP6100 STORAGE FOR SPEECH DATA en .... 
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PRODUCT 
PREVIEW 

TSP60C20 
READ·ONL Y MEMORY 

• 
• 
• 
• 
• 

• 
0 

• 

02998, JANUARY 1987 

PRODUCT SUMMARY 

This data is excerpted from the TSP60C20 Read Only Memory Data Manual 
intended for publication in early 1987. 

256K·Bit ROM (Internal Organization N PACKAGE 

16K x 16K Bits) (TOP VIEW) 

On-Chip Address Register with Automatic VDD NC 
Incrementing Feature VSS TEST 

HCL MPMODE 
Parallel Port (4- or 8-Bit Format, User STR M1 
Controlled) R/W MO 
Address/Data/Control Compatible with CS SRCK 
Memory-Mapped Systems AO SRDTD 

A1 SRDT 
Serial Port for Interfacing with Speech A2 BUSYWIRE 
Synthesizers or Other Application Requiring CO BUSY IN 
Decoding of Variable Length Codes or Data C1 BUSY OUT 
Standby Mode for Very Low Power C2 C7 
Consumption C3 C6 

C4 C5 
On-Chip Table Lookup of Address (Indirect 
Addressing) NC-No internal connection 

TTL and MOS Compatabile 

description 

The TMS60C20 is a 256K-bit ROM fabricated in CMOS technology for low operating and standby power 
consumption. The design is optimized for the data storage requirements of synthetic speech systems. Low 
cost and high density are maximized by increasing access time. 

The TMS60C20 is characterized for operation from -40°C to 80°C. 

Copyright © 1987, Texas Instruments Incorporated 
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TSP60C20 
READ·ONLY MEMORY 

-c functional block diagram 
:xJ o 
tJ SRCK------------~ 

C 
(") 
~ 

-c 
:xJ 
m 
< -

MPMODE------------~ 

M1------------~ 

MO------------~ 

SRDT 

SRDTD 

(DATA BUS) 
C7,CO 

~ 

8 
... I .. 
"I 

8 
I .... 

I 

~ 

8 1 
j 

L.-- r--

SERIAL 

ROM r-- TO LOGIC AND 
COMMAND SEQUENCE CONTROL 

DECODE 

OUTPUT 
BUFFER 8 16 16 

f-+,L- MUX 1 1 '\l " , 
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J 
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INPUT ---LATCH 
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16 
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PRODUCT 
PREVIEW 

PIN 

NAME 

AO 

A1 

A2 

BUSY OUT 

BUSY IN 

BUSYWIRE 

CS 

CO 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

HCL 

MO 

M1 

MPMODE 

R/W 

STR 

SRDT 

SRDTD 

SRCK 

TEST 

VDD 

VSS 

PIN FUNCTIONAL DESCRIPTION 

NO. 
I/O DESCRIPTION 

7 I 

8 I Register address inputs 

9 I 

18 0 Busy output 

19 I Busy input 

20 0 Busy output - Open drain 

6 I Chip select 

10 I/O 

11 I/O 

12 I/O 

13 I/O 

14 I/O 
Data input/output 

15 I/O 

16 I/O 

17 I/O 

3 I Hardware clear input 

24 I Command bit a 
25 I Command bit 1 

26 I Microprocessor mode (M 1 ) 

5 I Read/Write input 

4 I Input strobe 

21 I Serial data input 

22 I Serial data input delayed 

23 I Clock input 

27 I Test enable 

1 5-V power supply 

2 Ground 

absolute maximum ratings over free-air temperature range 

TSP60C20 
READ·ONLY MEMORY 

Supply voltage, VDD (see Note 1) ...................................... - 0.3 V to 7 V 
Input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD + 0.3 V 
Output voltage range .......................................... - 0.3 V to VDD + 0.3 V 
Operating free-air temperature range ......... . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 °C to 80 0 C 
Storage temperature range ......................................... - 55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: A" voltages are with respect to VSS terminal. 

recommended operating conditions 

MIN TYP MAX UNIT 

Supply voltage, VDD 4.5 5 5.5 V 

High·level input voltage, V,H 2 V 

Low·level input voltage, V,L 0.8 V 

Clock frequency, fclock 100 900 kHz 

Operating free-air temperature, T A -40 80 °C 

~ 
w 
5> 
w 
a: 
0. 

I­
(.) 
:::J 
C 
o 
a: 
0. 

en ... 
'S 
() ... 

C3 
en 

'Ci) 
Q) 

.c ... 
I: 
>­en 
.c 
() 
Q) 
Q) 

c. 
en 

TEXAS • 
INSTRUMENTS 

7-21 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TSP60C20 
READ-ONLY MEMORY 

PRODUCT 
PREVIEW 

-a electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
:0 o 
C 
C 
n 
-I 
-a 
:0 
m 

VOH 

VOL 

ICC 

Ci 

Co 

PARAMETER 

High-level output voltage 

Low-level output voltage 

Supply current 
I Standby 

I Operating 

Input capacitance 

Output capacitance 

TEST CONDITIONS 

10H = -400 p.A 

10H = -100 p.A 

VOO = 4.5 V to 5.5 V, IOL = 1.6 rnA 

BUSYWIRE open, See Note 2 

MIN MAX UNIT 

2.4 VOO 
V 

VOO-O.5 VOO 
0.4 V 

0.2 

1 
mA 

10 pF 

10 pF 

< NOTE 2: These limits apply with all inputs between 0 and 0.5 V or Voo - 0.5 V and VOO. For TTL levels, standby supply current will 
- increase significantly in the input buffers. 
m 
~ timing requirements 

MIN MAX UNIT 

tw Pulse duration, strobe low 100 ns 

tsu1 Setup time, C7-CO high or low before strobe! 60 ns 

tsu2 Setup time, A2-AO high or low before strobe! 20 ns 

tsu3 Setup time, M1 high or low before strobe 20 ns 

tsu4 Setup time, R/W high before strobe! 50 ns 

tsu5 Setup time, R/W low before strobe! 20 ns 

th1 Hold time, data valid after strobe 20 ns 

th2 Hold time, R/W high after strobel 20 ns 

th3 Hold time, R/W low after strobel 20 ns 

tt Transition time (see Note 3) 30 ns 

NOTE 3: Transition time is defined from the 10% point to the 67% point for the rise time and from the 90% point to the 33% point for 
the fall time. 
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TSP6100 
CUSTOM MASKED ROM 

02974. NOVEMBER 1986 

PRODUCT SUMMARY 

This data is excerpted from the TSP6100 Customed Masked ROM Data Manual 
intended for publication in early 1987 

• 128K Bits of Serially Accessed Speech Data 

• One-of-16 Chip Select Decode Plus Optional 
External Chip Select 

• Auto Incrementing Address Counter 
(Presettable by TSP5220C or TSP511 OA) 

• Built-In Indirect Addressing Logic 

description 

The TSP6100 is a 128K-bit serial-interface 
masked ROM that provides economical speech 
data storage for TSP5220C- or TSP5110A­
based speech systems when production volume 
warrants masking. The TSP61 00 is designed for 
direct connection to the TSP5220C or 
TSP5110A ROM ports and takes advantage of 
several special ROM setup instructions provided 
in these devices. No connection of the TSP61 00 
to the rest of the speech control system is 
needed. 

The TSP61 00 is characterized for operation from 
DoC to 70°C. 

functional block diagram 

CS (13) 

ClK (7) 

MO (10) 

M1 (11) 

ADD1 (3) 

ADD2 (4) 

ADD4 (5) 

ADD8/DATA (6) 

TIMING 
CONTROL 

CHIP 
SELECT 
lOGIC 

14-BIT 
ADDRESS 
COUNTER 

N PACKAGE 
(TOP VIEW) 

VDD NC 
NC NC 

ADD1 NC 
ADD2 NC 
ADD4 NC 

ADDS/DATA 6 NC 
ClK NC 
NC NC 
NC NC 
MO NC 
M1 NC 
NC NC 
CS NC 

Vss NC 

NC-No internal connection 

16 ROM 
ARRAY 

(16384 x 8) 

OUTPUT 
BUFFER 

READ AND 
BRANCH CONTROL 1--41--,,&-8 __ ..... 

Copyright © 1986. Texas Instruments Incorporated 
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PIN 

NAME 

ADD1 

ADD2 

ADD4 

ADDS/DATA 

ClK 

CS 

MO 

M1 

NC 

VDD 

VSS 

NO. 

3 

4 

5 

PIN FUNCTION TABLE 

1/0 DESCRIPTION 

I Address 1 input 

I Address 2 input 

I Address 4 input 

TSP6100 
CUSTOM MASKED ROM 

6 I/O Address S input or serial data output 

7 I Clock input 

13 I Chip Select input 

10 I Mode Select 0 input 

11 I Mode Select 1 input 

2 

8 

9 

12 

15 

16 

17 

18 

19 No internal connection 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1 -10-V supply voltage 

14 Ground 

TEXAS -111 
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TSP6100 
CUSTOM MASKED ROM 

absolute maximum ratings over operating free-air temperature range 

Voltage applied to any pin (see Note 1) ................................. - 15 V to 0.3 V 
Supply voltage range, VOO .......................................... - 15 V to 0.3 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 30°C to 125°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: Voltage values are with respect to VSS. 

recommended operating characteristics 

MINt NOM MAX UNIT 

VOO Drain supply voltage -8.3 -10.5 V 

VSS Substrate supply voltage 0 V 

VIH High·level input voltage -1 VSS V 

VIL Low-level input voltage VOO -4 V 

TA Operating free-air temperature 0 70 °C 

tThe algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in the data sheet for logic 
voltage levels only. . 

electrical characteristics over recommended operating free-air temperature range, Voo = -10 V 

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

10 Output current 

100 Drain supply current 

TEST CONDITIONS 

10H = -100 p.A 

10L = 100 p.A 

VIH = -0.6 V 

VIL = -4.2 V 

VI = VSS to VOO 

TEXAS -II} 
INSTRUMENlS 
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MIN NOM MAX UNIT 

-0.6 V 

-4.2 V 

10 /LA 

-10 /LA 

±10 /LA 
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POWER DISSIPATION DERATING CURVES 

plastic "small outline" packages 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 
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POWER DISSIPATION DERATING CURVES 

lead less ceramic chip carrier and flat packages 

These curves are for use with the continuou~ dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 
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POWER DISSIPATION DERATING CURVES 

plastic chip-carrier packages 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 

;: 
E 
I 
c 
.2 
iii 
Co 
.~ 

0 
II> 
::l 
0 
::l 

'S 
C 
0 
u 
E 
::l 
E 

';( 

:E 
I 
c 

Q. 

DISSIPATION DERATING CURVES 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

'" '"" i"o... 

'" " '" ~ ~ " 

"" " / I- FN (44 Leads) 

....... 

'" ~ ~ "-
FN (20-28 Leads) .r " ~ '" "" ~ " ~ 

200 

o 
25 35 45 55 65 75 85 95 105 115 125 

T A -Free-Air Temperature- °C 

TEXAS .. 
INsrRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

o 
Q) 

> .. 
::::I 

U 
C) 
c 

"';::; 
CO .. 
Q) 

C 

A-5 



POWER DISSIPATION DERATING CURVES 

ceramic dual-in-line packages 
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These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings-apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. ' 
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POWER DISSIPATION DERATING CURVES 

ceramic packages - side-braze 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets, 
Those ratings apply up to the temperature at which the rated level intersects the appropriate deratirg curve 
or the maximum operating free-air temperature. 
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POWER DISSIPATION DERATING CURVES 

plastic dual-in-line packages 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 
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POWER DISSIPATION DERATING CURVES 

plastic dual-in-line packages (continued) 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 
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POWER DISSIPATION DERATING CURVES 

plastic power tab packages 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) 
listed in the page heading regardless of package. The availability of a circuit function in a particular package 
is denoted by an alphabetical reference above the pin-correction diagram(s). These alphabetical references 
refer to mechanical outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained 
in the following example. 

EXAMPLE: TL 4066M J /8838 
1. ~~ __________________________________________ ~t 

MUST CONTAIN TWO OR THREE LETTERS 

SN . . . . . . . . .. TI Special Function or Interface Products 
TL ... . . . . . . .. TI Linear Products (excluding Interface) 
TLC . . . . . . . . . .. TI Linear Silicon-Gate CMOS Products 
TSP . . . . . . . . . . . . . . . . . . . . . . . . . .. Speech Products 

STANDARD SECOND-SOURCE PREFIXES 
ADC ...... Analog Devices 
AM ............... ADM 
DS ... . . . . . . . . .. National 
L ................. SGS 
MC ............ Motorola 

N8T. . . . . . . . . . .. Signetics 
p,A ............. Fairchild 
UCN . . . . . . . . . . .. Sprague 
UDN . . . . . . . . . . .. Sprague 
ULN ............ Sprngue 

NOTE: Due to size limitations of the a-pin D package, some devices in this data book 
use abbreviated symbolization. Example: The TlC549CD becomes '549CD. 

2. Unique Circuit Designator Including Temperature 
Range (If not already specified by the prefix) t---------~ 

3. 

4. 

MUST CONTAIN ONE TO EIGHT CHARACTERS 
(From Individual Data Sheets) 

Examples: 4 533AM 
293 65554 
607M 75ALS194 

MUST CONTAIN ONE OR TWO.LETTERS 

D, DW, FD, FH, FJ, FK, FN,J,JD,JG,KC, KH, KV, N, P, U,W 
(From Pin-Connection Diagram on Individual Data Sheet) 

MIL-STD-8838, Method 5004, Class 8 

OMIT/883B WHEN NOT APPLICABLE 

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by 
the customer (with possible additional costs)' circuits will be shipped on the most practical carrier. 

(D,DW,J,JD,JG,N,P) 
-Slide Magazines 
-A-Channel Plastic Tubing 
-Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Cardboard Box 

Chip Carriers (FD,FH,FJ,FK,FN) 
-Anti-Static Plastic Tubing 
Flat (U,W) 
- Barnes Carrier 
-Milton Ross Carrier 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

Power Tab (KC,KH,KVI 
-Sleeves 

co ... 
CO 
C 

CO 
CJ 
'2 

CO 
.c 
CJ 
Q) 

~ 

III 

B-3 



s: 
CD 
n 
:::r 
Q) 
:::s 
,;" 
~ 
c 
Q) 
r+ 
Q) 

8-4 



MECHANICAL DATA 

o plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

D PLASTIC PACKAGE 
(16'pin package used for illustration) 

f I -
6,20 (0.244) ~ i¢=~=:::!::::!==~:::!::::!::::::!:~:!:::::!:::=:!:::::!;; 

~I 
4,00 (0.157) 

3,81 (0.150) 

*---~t;::;:;:::;:::;::;::;::::;:;:::;::;:::~ 

050 (0 020) ~ i 5,21 (0.205)-, 
-' --' - X 45° ~( 460 (0 181) \ I 0,229 (0.0090) 

lr __ ~ ___ ~~~;;~~;;;;~O'~25;:(0~.0;10~)~ ~\..:,:~=~~~ 

PIN SPACING 0,51 (0.020) 
1,27 (0.050) 
(See Note A) 

~ 8 14 16 
DIM 

A MIN 
4.80 8.55 9.80 

(0.189) (0.337) (0.386) 

A MAX 
5.00 8.74 10.00 

(0,197) (0.344) (0.394) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum materiel dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within ± 0,051 (0.002) exclusive of solder, 
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MECHANICAL DATA 

OW plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly: . 

DW PLASTIC PACKAGE 
(20-pin package used for illustration) 

Ir~' 
10.65 (0.4191 r 20 

10.1510.4001 

7.5510.2971 

""I"" ~G)~1~~~~~~~~~~~10~ 

~r
70NOM 

~ 4 PLACES 

'~f:=JhAAAAfuW 
0.30 ~ - , - , - I I O . .490 10.019) 

0.1010.0041 I I --+l ~~ 

0.78510.031) u' ' 

~I 
1.27 10.050) TP (See Note AI 

~ DIM 
16 20 

AMIN 
10,16 12,70 

(0.400) (0.500) 

A MAX 
10,36 12,90 

(0.408) (0.508) 

9.010.3541 

0.510.021 X 45'L C--8.610.33811 
rl:r -)1 
~~ !L r 40 40 ~70NOM 

0.320 10.0131 t 4 PLACES P 
0.23010.0091 1.2710.0501 

0.4010.0161 

24 28 t 

15,29 17,68 

(0.602) (0.696) 

15,49 17,88 

(0.610) (0.704) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThe 28-pin packa]e drawing is presently classified as Advance Information. 
NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within ±0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 

FD and FK leadless ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (O.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 

FK package terminal assignments conform to JEDEC standards 1, 2, and 11. 

44-TERMINAL FD and FK 

[
0 •. 6.35 .. 10.0.2. 5) ... T .. YP 

ODBDEl[]0 
f[][J[JIJQ[JLl 

0.71 10.028)-.1 I--
0.56 10.022) 

riU] EJ 0 EH3D 
f30EHJDOtl 
~ tJ f3 CHill EH] 

0.635 x 1.27 
10.025 x 0.050) 

TYPICAL 
35 PLACES 

(See Note A) 

NO. OF 

TERM)NAlS 

20 

28 

44 

52 

68 

84 

FD AND FK PACKAGES 

A B 

M)N MAX MAX 

8.69 9.09 9.09 

(0.3421 (0.358) (0.358) 

11.23 11.63 11.63 

(0.442) (0.4581 (0.458) 

16.26 16.76 14.22 

(0.6401 (0.6601 (0.5601 

18.78 19.33 14.22 

(0.7391 (0.7611 (0.5601 

23.83 24.43 21.89 

(0.9381 (0.9621 (0.8621 

28.83 29.59 27.05 

(1.1351 (1.1651 11.0651 

MIN 

1.63 

(0.064) 

1.63 

(0.0641 

1.75 

(0.0691 

2.08 

(0.0821 

2.08 

(0.0821 

2.08 

(0.0821 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

C 

MAX 

2.03 

(0.0801 

2.03 

(0.0801 

3.05 

(0.1201 

3.05 

(0.1201 

3.05 

(0.1201 

3.05 

(0.1201 

NOTE A: The checkerboard pattern is aligned vertically with the contact pads and is symmetrical horizontally as shown; it is applicable 
to some 44-terniinal packages only. 
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MECHANICAL 'DATA 

FJ ceramic chip carrier package 
144-pin package used for illustration) 

r'II' -A------.t 

6 5 4 3 2 1 44 43 42 41 40 

T
: -
10 

11 

14 

15 

TOP VIEW 

l
c :: 

:: __ ,_L...----~---------I 

2.16 (0.085) 
1.65 (0.065) 

~1.27(0.0501 NOM 

29 

39 

0.51 (0.020)l 
0.25 (0.010) 

DIM, A B 

PINS MIN MAX MIN MAX 

44 
17.27 17.78 16.28 16.74 

10.680) 10.700) 10.641) 10.659) 

68 
24.89 25.40 23.88 24.51 

10.980) 11.000) 10.940)' 10.965) 

T
E~ =1:.0.28(0.011) 

0.18 (0.007) 

LID 
0.38 (0.015) 
0.13(0.005) 

0.89 (0.036) 
0.64 (0.025) 

i. 
RAD 

0.89 (0.035) 
0.64 (0.025) 

C 

MIN MAX 

12.57 12.88 
10.495) 10.507) 

20.19 20.52 

10.795) 10.808) 

0.56 (0.022) 
0.31 (0.012) 

3.05(0.120) 
2.54 (0.100) 

D 

MIN MAX 

15.49 16.51 

10.610) 10.650) 

23.11 24.13 

10.910) 10.950) 

MIN 

1.52 
10.060) 

1.91 

10.075) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

ADVANCE INFORMATION documents contain 
information on new ~roducts in the samplinp or 
"reproduction phase of development Characteristic 
ifata and other specifications are subject to change 
without notice. 
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MECHANICAL DATA 

FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN PLASTIC CHIP CARRIER 
(28-lead package used for illustration I 

v 
122(0048) X450 

1,0710.042) 
...... _- ---o 

[5 4 3 2 1 28 27 26 25] 

[ 6 24 J 
[ 7 23 ) 

1,35 10.053) 
1,1910.047) 

ii 1, ~: ~ 1, JJJ "",,""" '" 
I!~I' =~~:~:~=C::::8:~:~:~:=:;.r~l'· 0,25 (0.0101 
~ .• ------A _IS_e_e_N_o_te_A_) _-+II. 3 PLACES R MAX 

JEDEC NO. OF A 8 

OUTLINE TERMINALS MIN MAX MIN MAX MIN 

MO-047AA 20 
9.78 10.03 8.89 9.04 7.87 

(0.385) (0.395) (0.350) (0.356) (0.310) 

MO-047A8 28 
12,32 12.57 11,43 11.58 10,41 

(0.485) (0.495) (0.450) (0.456) 10.410) 

MO-047AC 44 
17.40 17.65. 16.51 16.66 15.49 

(0.685) (0.695) (0.650) (0.656) (0.610) 

MO·047AE 68 
25.02 25.27 24.13 24.33 23.1 I 

(0.985) (0.995) (0.950) (0.956) (0.9101 

MO-047AF 84 
30.10 30.35 29.21 29.41 27.69 

(1.185) (1.195) (1.150) (1.158) (1.090) 

All dimensions and notes for the specified JEDEC outline apply. 

C 

MAX 

8.38 

(0.330) 

10.92 

10.430) 

16.00 

(0.630) 

23.62 

(0.9301 

28.70 

(1.130) 

SEATING PLANE 
(See Note C) 

R 

1,52 (0.060) MIN 

0,81 (0.032)~ 

0,66 (0.026) ~r 

i.J.. 
I ~ (0.025) MIN 

0,51 (0.020)--.j I ~ 
.0.36 (0.014) , 

LEAD DETAIL 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Centerline of center lead on each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each lead within 0,127 (0.005) of true position with respect to center lead on each side. 
C. The lead contact points are planar within 0,10 (0.004) . 
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MECHANICAL DATA 

FT CERAMIC FLAT PACKAGE 
(48-LEAD FT) 

INDEX MARKSt 

16.0 (0.630)------+j 

15.6 (0.614) ---, I 
~+-n---- » 

6-SEATING 
PLANE 

2.30 (0.091) MAX 

r;;;:.. 19.8 (0.780) 

~. ---------rn. 20.2 (0.795) 

14.2 (0.559) 

~~~~~~~~~~MTMT~~~~~ "·'l·;;~:[;~: 
2.10 (0.083) 

~ 1.90 (0.075) 

~nnnnnnnnnnnnnnnnnnnnHHH&~ 
0.8 (0.031) T.P. -...I I.- 03 (0 012) II~L ---r 

48 PLACES -I 1- 0.45 (0.018) 0:' 10:004) 
0.25 (0.010) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThere are two versions of the 48-lead FT package that differ in the position of the index mark in the top view. In one version. the mark 
is near lead 3. in the other version. it is near lead 46. Consult the individual data sheet to see which applies for a particular device type. 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7 ,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

14-PIN J CERAMIC 

@@@@@@@ r;;19'94 (0 785) 
19,18 (0.755) 

, ... ".,,,,, 'OM i: : : : : : : I 
7,87 (0.310) 

114-----,1~ 7,11 (0';8~J(0.290) CD 0) 0) (3) 000 
6,22 (0.245) 

-.j 1,27 0,51 (0.020) MIN 

(0.050) NOM 

1,78 (0.070) MAX 14 PLACES 

GLASS 
....... .,. .... ~I11!11 .... .,.IIIIII~~SEALANT ffi 5,08 (0.200) 

MAX 

-SEATING PLANE 8 105· L 0,69 (0.027) MIN 
900 r- 14 PLACES 

14 PLACES~\4- -.j.. 0,58 (0.023) 14 PLACES 

0,36 (0.014) 3,30 (0.130) k I I 0,38 (0.015) 
020(0008) MIN 2,54(0.100) ~ 
14 PLACES 1,78 (0.070) PIN SPACING 2,54 (0.100) T.P. 

4 PLACES (See Note A) 

Falls Within JEDEC TO-116 and EIA MO-001 AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

16-PIN J CERAMIC 

<t. <t. 

-1 . 1,27 (0.050) NOM 

19,94 (0.785 -----1 
19,18 (0.755) I 

.. ro"'~I"NOM{!!!! ~! j 
1,78 (0.070) MAX 16 PLACES It I '" il ~i; ;;;;. 

tf\ "wr"~"""~"~"-SE~~~~T 

1050 - SEATING PLANE ----,--'----y--

""""9"Qo 1~+I--++--I*O,6i2(~~;~k~IN 
16 PLACES, I\.,. 0,36 (0.014) -1 

~. 0,20 (0.008) jr- ~:~: :~:~~~: 
16 PLACES I~ 16 PLACES 

~:~~ :~:~~~: 4 PLACES 

• For memories of 64 bits and up, a few MSIILSI products in Series 54174 and Series 54S/74S that are 
derived from memory circuit bars, and complex HCMOS parts, this maximum is 7,62 (0.300). All other 
dimensions apply without modification. 

3: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
m 
n 
S NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
::l 
ri" 
e!. 
c 
Q) 
r+ 
Q) 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in solder~d assembly. 

la·PIN J CERAMIC r----- 23,1 (0.910) MAX--1 

'~"'~I",~{:~:::::j 
000000000 

-1 1,27 (0.050) NOM MAX 18 PLACES 

t!r\- 5,0~~~00) 
SEATING_-->+<----.. ___ -r-_I,J' 

.1.QE PLANE 3,30 (0.130)f 
90· MIN 

18 PLACES ....,r-------. U 
J I....- 0,356 (0.014) f· -W 
~ \ 0,203 (0.008) 

18 PLA!ES 
PIN SPACING 2,54 (0.100) 

(See NotoA) 

GLASS 
SEALANT 

0,58 (0.023) 
0,38 (0.015) 
18 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficierit tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

20-PIN J CERAMIC 

24,76 (0.975) 
1011-1----23,62 (0.930) ----~·I 

'm"'~1 • No·1 ~ ~~ ~ ~ ~ ~ ~ J Ci. <t. 

S 
~:~~ ~~.~~~: 
7,62 (0.300) 

~ 0000®000®@ 
1 1,27 (0.050) NOM 

~ -':~:~~' -3-,30--'(:-.'-30-) T'---Y--~~:<~ ~ MIN I 20 PLACES ,-______ Y 
\\ 0,36 (0.014) • 

~"""O,20 (0.008) I 
20 PLACES 

1,78 (0.070) MAX 20 PLACES 

GLASS 
SEALANT 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

~ NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

:::r 
-0) 

:::l 
(;' 
e. 
c 
0) ... 
0) 
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MECHANICAL DATA 

JD ceramic side-brade dual-in-line packages 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SlOE-BRAZE 

~~N _.-_-_-_B M_AX-=---=---=--_~'I 

IDD;~~~;'.~~~E~ n D [JT 
DR NUMBERI-{Jl ~ 

G)--------------------~ 

ct. <t. 
j.---- A ---.I 1,78 (0.070) . 

1_ _I 0,51 (0.020) MIN 0,76 (o.o~O)j t , 

~ ~mVVW\Mfim5,08(0.200)MAX 
_ SEATING * 

,OS" ''''NE ::J 3, '010.' 251 MIN 
1I ..... :~:8 (0.015) l,914(~i.~~isMAX +I ~I j * 

-+II+-- 0,20 (0.008) -+l !+-2,54 (0.100) NOM 0,53 (0.021) 

~~~eS~:~I~~ 0.38 (0.015) 

~) 
DIM 

16 18 20 22 24 

A' +0,51 (+0.020) 7,62 7.62 7.62 10.16 7.62 
-0.25 (-0.0101 (0.3001 (0.3001 (0.300) (0.400) (0.3001 

B (MAXI 20.57 23.11 25.65 27.94 30.86 

(0.8101 (0.9101 (1.0101 (1.1001 (1.215) 

C (NOM I 7.37 7.37 7.37 9.91 7.37 

(0.2901 (0.290) (0.2901 (0.3901 (0.2901 

~I 24 28 
DIM 

40 . 48 52 64 

A +0.51 (+0.0201 15.24 15.24 15.24 15.24 15.24 22.86 

-0.25 (-0.0101 (0.6001 (0.6001 (0.6001 (0.6001 (0.600) (0.9001 

B (MAXI 31.8 36.8 52.1 62.2 67.3 82.6 

(1.2501 (1.4501 (2.0501 (2.4501 (2.6501 (3.2501 

C (NOMI 15.0 15.0 15.0 15.0 15.0 22.6 

(0.5901 (0.5901 (0.5901 (0.5901 (0.5901 (0.8901 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0.25 (0.0101 of its true longitudinal position. 
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MECHANICAL DATA 

JG cera~ic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an a-pin lead 
frame. The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 

, Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. 

a-PIN JG CERAMIC 

(+------+!-- ~:~~ Ig:~~gl 
7,11 (0.280) 

~---~~6,22(0.245) 

0,63 (0.025) R NOM 

8000 

-.I 1,78 (0.070) MAX 8 PLACES1 
_I 1,27 (0.050) NOM 

m 
f' I 

5,08 (0.200) 
MAX 

. --SEATING PLANE----...-L------r-I 

1050 

900 
, 

8 PLACES JI.-- 0,36 (0.014) 
~r 0,20 (0.008) 

8 PLACES 
MIN I I 

I I 

I~ I PIN SPACING 
F-+-2,54 (0.100) T.P. 

(See Note A) 

GLASS 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

S NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
Q) 
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KC plastic package 

5-LEAD KC 

I 
14.27 (0.562) 'VL 

PIN SPACING-I.-.l 
1.70 10.067) 
ISee Note B) 

j L 1.0210.040) 
0.76 10.030) 

5 PLACES 

1.4010.055) 
0.51 10.020) 

Fi
~::~ :~:~!~: 

6'86C--l 
5.84 (0.230) 

L 15.8810.625) 

~:~~ :~:~~i:--..J 
5 PLACES 

J"~' 

2.92 10.115) 
2.03 10.080) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Notches mayor may not be present. 
B. Leads are within 0,' 3 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 

KH plastic package 

5·LEAD KH 

3.7310.1471 
3.53 10.1391 

0.64 10.0251 R NOM \. 
2 PLACES 

IS •• Not. AI 

14.7310.5801 
~ 

IS •• Not. BI 

3.0S 10.1201 
2.S410.1001 

L 1.02 10.0401 
0.76 10.0301 

S PLACES 

~::: :~:~:~:--k---+I 

lS.8B 10.62SI 

""L 0.64 10.02SI 

0.30 10.0121 
S PLACES 

ll;==l====--*-

... ,,~,Jl 6.68 10.2631 MIN 

MIN 

SEATING 
PLANE 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Notches mayor may not be present. 

8-18 

B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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KV plastic package 

5-LEAD KV 

3.73 (0.1471 
3.53 (0.1391 

0.64 (0.025) R NOM ~ 
2 PLACES 

(Se. Not. A) 

25.4 (1.001 
MIN 

PIN SPACING 
1.70 (0.0671 
15.8 Note BI 

l 
6.86 10.270) 

5.
84C 

15.88 10.6251 

""L 

L 0.64 (0'
025It 

1.02 10.0401 0.30 10.0121 

0.76 10.0301 
5 PLACES 

8.59 10.3381 
8.20 10.3231 

1.40 (0.0551 
0.51 10.020) 

15.77 (0.6211 
NOM 

17.8610.7031 
NOM 

2.92 10.1151 
2.0310.0801 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Notches mayor may not be present. 
B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 

KV plastic package 

15-LEAD KV 

2.54 10 1001 

~
~~:~::~~:~: r----+----~:~: :~:~!!: DIA. 

4.6210.1821 
4.37 10.1721 

2.03100801 

G:::::::: -_. 
17.6210.6941 rF==========F========~ 
17.3710.6841 

10.8210.4261 
10.5710.4161 

PIN SPACING ' 
1.27 10.0501 
(See Note AI 

1.0210.0401 
ITYPI 

1 
22.5 10.8861 
21.510.8461 

3.7910.1491 DIA. 
3 • .5310.1391 

\. 
DRAFT 
DRAFT 
ANGLE 
ITYPI 

18.0310.7101 
17.53 10.6901 

1.1410.0451 
0.89 10.0351 

II 4.5510.1791 
0 • .56 10.0221 ....j.Io-. 4.04 10.1591 

0.4610.0181 t...-..l.- 5.3310.2101 
4.83 10.1901 

Falls Within JEDEC MO-048AB Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Leads are within 0.13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

14-PIN N PLASTIC 

6.35 ± 0.25 
(0250 ± 0.010) 

'l§]'l (0~3~~: ~'.~~O) 
----l 2,0 (O.OBO) NOM I _ ~ -1 I--l,7B (0.070) MAX 14 PLACES 

fi1
~ ~ O'51(0'020)~1 

0,25 (0.010) 5 OB (0.200) MAX MIN 
NOM 't~ 

• -SEATING PLANE t ' - ..-J ~ O,B4 (0.033) MIN 
~ I I 14 PLACES 

14PLACES -\\-g:~~lg:mt J '~j ~~ -11-- 0533
(0.021) 

14 PLACES 3,17 (0.125) MIN . 0i!B~L~g~~) 
ISee Notes Band CI 2,03 ± 0,51 ISee Notes Band CI 

(O.OBO ± 0.020) 

4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

Falls Within JEDEC TO-116 and EIA MO-OO 1 AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

16·PIN N PLASTIC 

7,62 t 0,25 
(0.300. 0.010) 

6,35.0,25 
(0.250", 0.010) 

2,0 (0.080) NOM 

IS •• Notes Band CI 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 

0,84 (O.033) MIN 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position, 
B, This dimension does not apply for solder-dipped leads, 
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C, When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane, 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

18-PIN N PLASTIC 

7.62' 0.25 
(0.300 , 0.0101 

I ~--~~-6.99 (0.2751 MAX 

_ --1. 2.03 (0.0801 NOM ~ /'--1.78 (0.0701 MAX 18 PLACES 

-. t 0'51(00201~1 'L 0.25 (00101 NOM MIN 

-""'""'~, "~'"r'" ~J-f .j f-- 0.89 (0 0351 MIN 
18 PLACES 

3.17 (0.1251 MIN - ~ -..j f.-- 0,457 ± 0,076 
(0018 ± 0 0031 

18 PLACES 

." 'OM" L ... ~~'" ""'.'00,," 
1.91 (00751 (See Notes Band CI 

4 PLACES (See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0.51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature wi~h no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditjons. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the'leads are 
compressed and inserted, sufficient tension is provided to secure t~e package in the board ~uring soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

20-PIN N PLASTIC 

7.62 ± 0,25 
(0.300 ± 0.0101 

(See Notes B and C) 

~ J L 1,91 (O'~751 r-- 1,02 (0.040) 
4PLACeS 

VIEWA 
Parts may be supplied in accordance 
with the alternate side view at the 
option of TI, European·manufactured 
parts may have pin 1 as shown in 
view A. Alternate·side·view parts 
manufactured outside of the USA 
may have a maximum package length 
of 26.711.050). 

,~·~:::::,::i~~vvv~v~ 
000000000@ 

If----- ~~:~~ :~::~::----+I 

ALL LINEAR DIMENSIONS ARE )N MILLIMETERS AND PARENTHETICALLY IN INCHES 

•• 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position, 
B, This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0.51 (0.020) above seating 

plane, 
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MECHANICAL DATA 

N plastic dual-in-Iine package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mountng-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

22-PIN N PLASTIC 

,....------28.5 (1.120) MAX------.I 

1@@@@0®000®® 

,£~,,~:::::::::I 
ct.g ' ";1:?£1~;" 800000000@® ~\\ '" ,", . 

9.02 (0.355) MAX 

fj1 
.. 0'51(0'020)~ 5.08 (0.200) MIN 

MAX ..I..-

~O;: -S~~l~~G ! , . ~ ~ J I.- 0.8"J~N033) 
, I I 22 PLACES 

0.279 t 0.076...\~ 3.17 (0.125) I I -.\ I.- 0.457 :!: 0.076 
(0.011 :t: 0.0031 M(N -1 I---, (0.g~8p&gE~03) 

(s./:or.~.i~~ C) PIN SPACING 1 78 (0070) IS •• Not •• B and C) 

2'~:a~0;'}~t~) It . MA~ 
22 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline i~ located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

2a-PIN N PLASTIC 

~-----36.6 (1.440) MAX--------.t 

ALL LINEAR D)MENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

40-PIN N PLASTIC 

\' 53.1 12.090) MAX 'I 

''''~~::~~~:t :::::::::::::::::: 11.00

' 

o ,@ 
Ii. 15.24' 0.25 Ii. -

~
10.600' 0'0101~ 

0.51 10.020) 

B 
MIN,----------,----. 

--*-~5,0810.200)MAX 
!.Q?" -SEATINGPLANE~ ~ [ ~'17(0'125)MIN 
90" 0,28' 0,08 1r- 0,45H 0,076~i+ I , j 

104~I;L~~·~~3)\ 104~1!~A~~3);.-.i- PIN SPAC:~~ ~'~! ~i 100IT.P. 0'~~41~.~~~~IN 
(See Notes B and C) ISee Notes B and C) 1,40 (0.055) 

1,5210.060) NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: . A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
S, This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

NE plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 14-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the three central leads on each 
side of the 14-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 

14·PIN NE PLASTIC 

19,8 (0.780) 

ct.§Ect. (;:~~:~~10) 
(0.250" 0.010) 

~ 2,0 (0 080) NOM 
I _ --.i. --i r- 1,78 (0.070) MAX 14 PLACES 

ti1---,;: , 0'51~0'020)mmrml 
0,25 (0.010) 508 (0.200) MAX MIN 
NOM '+~ 

-SEATING PLANE + • 084 (0 033) MIN 

~ , I +j I- 14 PLA'CES 

14PLACES -\\-g:~~:g:g~6~ 1. ~ ~~ --If.-0533 (0.021) 
14 PLACES 3,17 (0.125) MIN 0i!8~L~g~~) 

ISee NOles Band CI 2,03:t 0,51 ISee NOles Band CI 
(0.080:t 0.020) 

4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

Falls Within JEDEC TO-116 and EIA MO-OOl AA Dimensions 

:s: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
CD 
(') 

~ NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
::I B. This dimension does not apply for solder-dipped leads. n' C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
~ plane. 

c 
Q) ... 
Q) 
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MECHANICAL DATA 

NE plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 16-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the two central leads on each 
side of the 16-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 

16·PIN NE PLASTIC 

r 19,8 (0.780) MAX -1 
~@@®@@®® 

G..~< ::~~m:, ':':::::.~~:i::::::i 
2,0(0.080) NOM CD ® 0) 00 ® 0 ® 

..L ~ 1--1•78 (0.070) MAX 16 PLACES 

':---r- • O'51(0'020)~1 I 't.O,25 (0.010) NOM I MIN 
5,08 (0.200) MAX ~ IT [ 

1050 --SEATING PLANE --l f ~ I 'J 0,84 iO.033) MIN 

... 90" II. 0,36 (0.014) U U U 12 PLACES 

16 PLACES --1 ~ 025 (0.010) 3,17 (0.125) MIN U~ -.j I-- 0,533 (0.021) 

Ise~'~:~e~~E;nd CI 1,65 (0.065) °i~8;L~g~~) 
0,38 (0.015) ISee Notes 8 and CI 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 

4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

ALTERNATE SIDE VIEW 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for SOlder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

NF plastic dual-in-line packages 

This dual-in-line package consists of a circuit mounted on a 28-pin lead frame and encapsulated within 
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Pin spacing within the rows 
is 1,78 (0.070). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-plated leads require no additional cleaning or processing when 
used in soldered assembly. 

28-PIN NF PLASTIC 

ct~I~:~~ :~~!~:~ct 
/.---9.65 10.380)-.../ 

1,.-8.38 (0.330) ,I 0.51~~N020) ..,-l , L~5'08(0'200)MAX 
~0;!37 (0.0145) .\~s:t:~~G-r II U J l j 12

.!3 (0080) MIN 

0.17 (00065) II 0.53 (0.021)--.j1-- 0.84 (0 33) MIN 

28 PLACES 0.38 (0 0151 PIN SPACING 1.78 (0.070) T.P. I 1.78 (0.070) 
(s •• Not •• B and C) (S •• Not •• B and C) (S •• Not. A) I--~ 

1.27 (0 0501 4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 

8-30 TEXAS .. 
INSTRUMENTS 

post OnlCE aox 655012 • CALLAS. TEXAS 76265 



MECHANICAL DATA 

NT plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
non conductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

24-PIN NT PLASTIC 

~
(07:i~~~~:~~0) 

7.1 (0.280) MAX 

-1 2.0 (0.080) NOM 

--~ 

51--:-T0.25 (0.010) NOM 

-SEATING PLANE 

105' 
goo 

24 PLACES -\1.--0.36 (0.014) 

r 0,25 (0.010) 
, 24 PLACES 

ISee Notes Band CI 

~--------------~~::g:~~~l--------------~ 

'~;:::,:::=i V v: v v v v v v V I 
0,38 (0.015) 

0000000008@@ 
MIN 1,78 (0.070) --1 j--1,14 (0.045) 24 PLACES 

5,08(~.200) ~ 

M!AX -t'--J- ~ r- 1,14(0.045)MIN 
24 PLACES 

I I 

- ~ ~ ~ L 0,533 (0.021) 4,06(0.160) I r-O,381 (0.015) 
3,17 (0.125) 24 PLACES 

2,16 (0.085) (S.o Notes 8 and C) 

0,71 (0.028) PIN SPACING 2,54 (0.100) T.P. 
4 PLACES (See Noto A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0,010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

8-31 



MECHANICAL DATA 

NW plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

24-PIN NW PLASTIC 

1----- 32.8 (1.290) MAX-----I 

@@®@@@@@@@®@ 

14'~6~550)~ CD000®®0®®@@@ 
2.0 (0.080) NOM H 1L-£0.25 (0.010) NOM I r1•78 (0.070) MAX 24 PLACES 

-irT ~I ---, ~ 5.08 (0200) MAX 

-SEATINGPLANE.--- J L -P ~ 24 PLACES 0.51 (0.020) MIN I I I 
0.2StO.08--1t- JLlt 0.83 (0 033) MIN J-3.17(0.125)MIN 

(02~1~L~~·~~3) 0.457:l 0.076 24 PLACES 2.42 (0.095) MAX 24 PLACES 

15.0 Noto. Band CI (0.Q18 ~ 0.003) 4 PLACES 

24 PLACES PIN SPACING 2.54 (0.100) T. P. 
15.0 Notos Band CI (Se. Not. A) 

:s: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
CD 
n 
;- NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
::s B. This dimension does not apply for solder-dipped leads. 
c;' C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
~ plane. 
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MECHANICAL DATA 

P dual-in-line plastic package 

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 

a·PIN P PLASTIC 

INDEX DOT 

Il

rt7

'62 (0.300) T'P.~1l 
(See Note A) r 6,35 ± 0,026 1 II (0.250 ± 0.010) \1 

J' 0,28 ± 0,08 
~\--(O.Oll ± 0.003) 

8 PLACES 
ISee Notes B and C) 

(2) 0 CD 0 

8 PLACES 

(See Note AI 
ISee Notes B and C) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. . 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

U ceramic flat package 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 

10·PIN U CERAMIC 

2,03 (0.080) 
1,27 (0.050) 

1,27 (0.050) 
0,13 (0.005) 

1r 
0,153 (0.006) 
0,076 (0.003) 

10 LEADS 

0,483 (0.019) e(~::)(::~)00 PIN SPACING 

0,381 (0.015)1 ~ I---t-l,27 (0.050) T.P. 
10 LEADS I I I (See Note A) 

I 
8,89 (0.350) 

r- -

________ 5_~~~~- e e e 

T 
25,4 (1.000) 
19,0 (0.750) 

7,62 (0.300) 
(See Note B) 

6,35 (0.250) 

~ =-l:- ----------
ALTERNATE 

~I7INDEX POINTS 

... 
i--- -- -- -- --

I' 
8,89 (0.350) 
5,08 (0.200) 

L --I _ .,64 ,0.025) 

I+-- 6,35 (0.250)~ - 0,00 (0.000) 

00000 
Fall Within JEDEC MO·004AE Dimensions 

lEI 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

: '---------'--------' 
NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 

8-34 

B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 

W ceramic flat packages 

Each of these hermetically sealed flat packages consists of an electrically nonconductive ceramic base 
and cap and a lead frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning 
or processing when used in soldered assembly. 

14-PIN W CERAMIC 

@@)@@@00 

BASE AND 
SEATING 
PLANE 

2,03 (0.080~ .... 
1,27 (0.050) 

---
r- --1-

) 7,0 (0.275 
(See Note B) 

r 
8,00 (0.315) 
6,86 (0.270) 

__ L 
~ 21,84 (0.860) j 

21,34 (0.840)_ ~ 

~-+-

(See Note C)......, ~ 

,73 (0.265) 
,97 (0.235) 

t 
--)-

8,00 (0.315) 

'''[ 

- - .-

f- - f-- -

I-

f.-

\.-1--1,27 (0.050) TYP 

I'" 14-

12 PLACES 
See Note A) ( 

0,483 (0.019) 
0,381 (0.015) 

14 LEADS 

1,02 (0.0401__ l-
0,51 (0.020) - 1- I--- 8,89 (0.350) ~I+ 

8,56 (0.337) 

0,64 (0.025) 
0,25 (0.010) 
4 PLACES 

8000000 
Fall Within JEDEC MO-004AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 

W ceramic flat packages 

16-PIN W CERAMIC 

@@@@@@@)0 
0,152 (0.006) II. 
0,Q76 (0.003) ~nr-. ___ ,.-

T 
I I 1,27 (0.050) TP 
I*"*t- 14 PLACES 

(See Note A) 
16 LEADS 

8,89 (0.350) 
7,87 (0.310) 

BASE AND 
SEATING PLANE r -- - - - - r __ J __ 1- - - I~ ~.~:~:~ :~:~~~: 

16 LEADS 

-
7,62 (0.300) 
(See Note B) 

24,38 (0 960) ~ 

23,88 (0.940) ~'~~ :~:~:~: . 

~--
[

(see Note C)" ~ 

uL
T 

- 1- -

1,02 (0.0401_ L 
0,51 (0.020) I 

8,89 (0.350) 
7,87 (0.310) 

L 'M"."" 
1016 (0400) --l .. 0,25 (0.010) 

- 9,42(0.371) - 4PLACES 

00000000 
Falls Within JEDEC MO-004-AA Dimensions . 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Leads are within 0,13 (0,005) radius of true position (T,P.) at maximum material condition. 
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B. This dimension determines a zone within which all body and lead irr~gularities lie. 
C, Index point is provided on cap for terminal identification only. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



W ceramic flat packages 

20-PIN W CERAMIC 

@@@@@@@@@@ 

BASE AND 
SEATING PLANE~ 

1.02 (0.0401 
0.25 (0.0101 

r 
9.4010. 3701 

---r~] 
7.371029011 
IS •• Note BI I 

2501 

--

~1 0_20_1 \6_

7

:!0_' I
j

U_1 189 (0 7451 1 
ISee Note CI 

D 

-

2.34 10.0921 
1.1410.0451 

1.1410.0451 

0.13 10.0051 
4 PLACES 

-~ 

If-! 1-1. 
-

i i 

I .... I+-
I-

I 
i 

12.95 10.5101 

27 10.0501 TYP 
18 PLACES 

(See Note AI 

0.483 10.0191 
0.381 10.0151 

20 LEADS 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 

W ceramic flat packages 

24-PIN W CERAMIC 

@@@@@0®0G0@@ 
g:~~~ :gg~~: ., r-

24 LEADS ~----r-
~:~~ :~~~i -_ _ t-- f-+ 1,27 (0050) T,P, 
4 PLACES .- 22 PLACES 

(See Not. A) 

BASEAND\ 
SEATING 
PLANE r-

~:~: :~~~~:-

10,16 (0,4001 
6,98 (0,2751 

_t • ~ ~:~:~ :g~:~: 
- r - T-

10,16 (0,400) 
(See NoteBI 

1- I- 1- I-

:u -!N'J: 
30

0 

NOM I ~ 
4 PLACES rr ! r-

(S.e ,\ : 1 

I} I 
30,5 (1.2001 
24,1 (0.9501 

Not. C) ~ r, 1 

10,1 (0,395) r 1 

8,510,335): : 

~ ~4r~'~~I~~~~~~~~~~~~'~1 
-~-- -----r 

10,16 (0.400) 
6,98 (0.275) 

- - - 1- 1- I- f-

1--12.3 (0,4851 MIN ----..{ 

f+-----16,2 (0,6351 MAX ------.1 

Falls Within JEDEC MO-019AA Dimensions 

24 LEADS 

(See 

NoteD) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0,005) radius of true position (T.P.) at maximum material condition. 

8-38 

S. This dimension determines a zone within which all body and lead irregularities lie, 
C, Index point is provided on cap for terminal identification only, 
D. End configuration of 24-pin package is at the option of TI. 
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WA ceramic flat package 

14-PIN WA CERAMIC 

@@@@@0® 
673 (0 265) 

1t--6:981O:275j--' 0.483 (0.019) 

~:~~! :~:~~~: -, ~ 0.381 (0.015)---- 1i +-1:- -1 .27 (0.050) TYP 
12 PLACES 

(See Note A) 
14 LEADS n-------, .... r 

8.89 (0.350 ) 

-------r'~r 
8ASE AND 
SEATING PLANE-..". 

) 

'-5.59 (0.220) ~ 
(See Note BI IN DEX 

21.8 (0.860) i5•08 (0.200) 
21.3 (0840) 

4.
70C 

'--- --- ----

~ 

1.91 (0.075) j.-
1.27 (0.050) -t . 0.76 (0.030) 

..-.e1-0•51 (0.020) 

0.81 10.03 
0.3B (0.01 !:-t 

i i 

-

! 
i.- -t 4-

....-5.97 (0.235l---. 
6.22 (0.245) 

0000000 

0.89 (0.035) 
0.36 (0.014) 

4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0.13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
D. End configuration of 24-pin package is at the option of TI. 
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MECHANICAL DATA 

we ceramic flat package 

24-PIN WC CERAMIC 

0.' 52 (0.006) 1 k-
0.076 (0.003) I 

24 LEADS H ------,r 

'.27 (0.050) TYP----J4f--+1 
(See Note A) 

22PLACES I' 
. I I 

'0.'6 (0.400) 

BASE AND .../' 
SEATING PLANE 

III 

rlr" -~~-L..I-.L..I....~V' 
. 8.38 (0.330) MAX ~ 

(See Note B) 

30,48 ('.200) 7.24 (0.285) ) 

".n "'''' ,." 1"" / 
/ U. 

- -

\Y\\ ~ 
See Note cJ 

2.29 (0.090) -I-~:~: :~:~~~: 
-,,':",4:-:0:-'(-=-0.-=-0"'55=-'-)- -~--tt 

0,48 (0.0'9) -.l1J.-
02~8~~A~:) ~~ _____ ~'2~.8~3~(~0~.5~05~1 ________ ~ 

, 2.32 (0.485) 

0000000®0@@@ 
ALL LINEAR DIMENSIONS ARE IN MI~L1METERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
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B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only . 
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IC SOCKETS 

INTRODUCTION 

Texas Instruments has developed solutions for today's high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world's largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 

During the last decade, TI has produced one of the largest IC socket families. TI's sockets include every type 
a,nd size socket in common use today and are available in a wide choice of contact materials and designs. 

Our sockets are designed for: 

• ergonomical efficiencies in assembly 
• compatibility with automatic assembly equipment 
• maximum performance and board density 

This section of the data book provides information on the foll~wing types of IC socket products. 

PRODUCTION SOCKETS 
Plastic Leaded Chip Carrier 
Single-in-Line Packages 
Pin-Grid Arrays 
Dual In-Line 
Dual In-Line 0.070-in spacing 
Quad In-Line 

BURN-IN/TEST SOCKETS 
Plastic Leaded Chip Carrier 
Pin Grid Array 
Dual In-Line 
Dual In-Line 0.070-in spacing 
Small Outline 
Quad 

Specially formulated alloys give the TI contact springs: 

• Low Contact Resistance 

TYPE 
PLCC 
SIP 
PGA 
DIP 
Shrink Pack 
QUIP 

TYPE 
PLCC 
PGA 
DIP 
Shrink Pack 
Flatpack 
Flatpack 

• High Contact Strength (to stand up to repetitive insertions and withdrawals) 
• High normal forces, assure gas tight reliability 

A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 

Additional information, on these and other TI products, including pricing and delivery quotations may be obtained 
from your nearest TI Distributor, TI Sales Representative or: 

Texas Instruments Incorporated 
Connector Systems Department MS 14-3 
Attleboro, Massachusetts 02703 

Telephone: (617) 699-5242/5269 
TELEX: 92-7708 

TEXAS • 
INSTRUMENTS 

34 Forest Street. Attleboro, Massachusetts 02703 
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IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G 
Shock: 100 G 
Solderability: Per MIL-STD 202, Method 208 
Insertion force: 0.59 Ibs per position 
Withdrawal force: 0.25 Ibs per position 
Normal force: 200 g min, 450 g typ 
Wipe: 0.075 in min 
Durability: 5 cycles min 
Contact retention: 1.5 Ibs min 

Electrical 
Current carrying capacity: 1 A 
Insulation resistance: 5000 Mfl min 
Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1.0 pF max 

Environmental 
Operating temperature: 
Operating: - 40 DC to 85 DC 
Storage: -40 DC to 95 DC 
Temperature cycling with humidity: will conform to final EIA 

specifications 
Shelf life: 1 year min 

MATERIALS 
Body - Ryton R-4 (40% glass) U/L 94-VO rating 
Contacts - CDA 510 spring temper 
Contact finish - 90/10 tin (200 /Lin - 400 /Lin) over 40 /Lin 

copper 

Contact factory for detailed information 

PLASTIC LEADER CHIP CARRIER CPR SERIES 

Device guide barriers not shown 

2.54 (0.1001 
I4--_T_Y_P __ c 

,....-_-UI:.VI~;t GUIDE 

EASILY 
AUTO INS,ERlrED __ 

PART NUMBER SYSTEM 

BARRIERS 

UNiciuE, HIGH 
NORMAL FORCE 

CONTACT 

CLOSED BOTTOM 
DESIGN 

I CPR IPH 1XXX 

- IX - t~o~"" "",,. 1 - "0 '"d 
plating 

Contact spacing 1 - 0.050 in 
Numb. er of pos (044, 052, 068, 084) 

Plated thru hole, solder tail 
TI socket Series 
Plastic leaded chip carrier 

o o 
Pos A B 

44 
21,43 17,78 
(0.844 (0.700) 

52 
23,98 20,32 

(0.944) (0.800) 

68 
29,06 25,40 

(1.144) (1.000) 

84 
34,14 30,48 

(1.344) (1.200) 

C 

12,70 
(0.500) 

15,24 

2.54 
10.100) TYP 

(0.600) 

20,32 
(0.800) 

25,40 
(1.000) 

Extraction tool available, consult factory. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

8-42 ~~~~:~~i~at::1~1e ~!~~~~ti~r ~~o::~:~:t:ros~s not 
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PRODUCT FEATURES 
Can be loaded by top actuated insertion or press-in 

insertion, either manually or automatically 
High reliability due to high pressure contact point 
Open body and high stand-off design provide high efficiency 

in heat dissipation 
High durability up to 10,000 cycles 
Compact design 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Durability: 10,000 cycles 
Operating Temperature: 180 °C max 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 30 m!l max 
Insulation resistance: 1000 M!l min 
Dielectric withstanding voltage: 500 V ac rms min 

MATERIALS 
Body - ultem glass filled (U/L 94 VOl 
Contact - copper alloy 
Plating - overall gold plate 

PlCC BURN·IN/TEST SOCKETS CPJ SERIES 

1.27 (0.0501 

L 5.08 (0.2001 

12.90 (0.5071-1 

Dimensions in parentheses are inches 
Contact factory for detailed information 

PART NUMBER SYSTEM 

CPJ AA33A - xxx B 

IC SOCKETS 
PLCC BURN·IN/TEST 

1_-- 1 N"mb" ,f ''';,;'"' 

TI series socket 

2.54n 
2.54 

(0.1001 

(01001~, + 

- 2.54 
(01001 

2.54 

" ~ '-'''~ "" 150~11-.-: 5.08 (0 2001 

18.08 (0 7121--1 

SIZES: 18 PIN 
22 PIN co ... 

CO 
C 
CO 
(.) 

'2 
CO 
.c 
(.) 
Q) 

~ 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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IC SOCKETS 
SINGLE·IN·L1NE PACKAGE 

PERFORMANCE SPECIFICATIONS t 

Mechanical 
Vibration: MIL-STD-202 
Durability: 30 cycles 
Insertion force: Og 
Withdrawal force: Og:t: 
Contact (normal) force: 200 g min 
Contact retention force: 2 Ibs per circuit min 
Electrical 
Contact rating: 1 A 
Contact resistance: 30 mO max initial 
Insulation resistance: 1000 MO at 500 dc 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 

tValues may vary due to test sequence and SIP module 
configuration 

:tAfter module is unlocked from the receptacle 
For a complete test report, please contact factory) 

Environmental 
(20 mO max contact resistance change after all tests) 
Operating and storage temperature: - 40°C to 100°C 
Humidity: MIL-STD 202, Method 106D, 10 days 
Temperature soak: 85°C for 160 hours 
Thermal Shock: 5 cycles, - 40 °C to 85°C per 

MIL-STD 202, Method 107E 
Shelf life: 12 months min 

MATERIALS 

LEADLESS 
SINGLE-IN-LiNE ..."...---lilir!­
PACKAGE 
(SIP) MODULES 

HIGH TEMPERATURE 
MOLDED BODY 

ZERO INSERTION FORCE, 
HIGH NORMAL FORCE CONTACT 

PART NUMBER SYSTEM 

TS8X xx XX X -XX - XX 

POLARIZING/ 
MOUNTING POST 

l Lvariations 
00 - standard 
product 

Size 
(number of 
contacts per row) 

Housing material 
A - PES 

Body - PES polyether sulfone, glass filled, black, 94 VO 
Contact - Beryllium copper C 17000; phosphor bronze alloy 

Contact base material/plating 
01-C17000/30 !tin gold 
02-CA510/30 !tin gold 
03-C17000/200 !tin tin/lead 
04-CA51 0/200 !tin tin/lead 

CA510 
Contact finishes - Post plate min 200 ~in tinllead over min 
50~in nickel overall 
Post plate min 30 ~in hard gold over min 75 ~in nickel overall 

For additional plating options contact the factory. 

SINGLE-IN-LiNE PACKAGE SOCKETS TS8 SERIES 

DUAL ROW VERTICAL 

~--------------~--A------------------~ 

Contact factory for detailed information 

Configuration/row-to-row spacing 
01-single row/N/A 
03-dual row/0.300 in 
04-dual row/0.400 in 
05-dual row/0.500 in 

Series number denotes 
0-0.100 in pitch, vertical mount 
1 -0.100 in pitch, low-profile (25°) mount 

Consult factory for availability of configurations, materials, and 
sizes. 

SINGLE ROW LOW PROFILE 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

8-44 standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.015 in to 0.021 in diameter 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.002 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 ma max contact resistance change 

per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 

diameter test pin 
Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 

diameter test pin 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 ma max initial 
Insulation resistance: 1000 Ma at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 1000 V ac rms 

per MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 125°C, gold; - 40°C to 

100°C, tin 
Corrosive atmosphere: 10 ma max contact resistance 

change when exposed to 22 % ammonium sulfide for 
4 hours 

Gas tight: 10 ma max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 ma max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shell life: 12 months min 

MATERIALS 
Body - PBT polyester U/L94-VO rating 
On request, G 1 0/FR4 or Mylar film 
Outer sleeve - Machined Brass (QQ-B-626) 
Inner contact - Beryllium copper (QQ-C-530) heat treated 
Plating: (specified by part number) 

PIN GRID ARRAY I f-@@@@@@@@@@@ 
@@@@@@@@@@@ 
@@@@@@@@@@@ 

A B @@@@@@@@@@@ t ~L@@@@@@@@@@@ @@@@@@@@@@@ 
@@@@@@@@@@@ 
-$- @@@@@@@@ 

1.3/2.0 2.54 
(0.05/0.081 TY~P 0.10/0.121 (0.1001 TYP NONCUMULATIVE 

3.6/4.6 I I 
(0.14/0.181 .-- W W W W W ~ W W ~ ~ ~ 

~~033 . ~~ 1.35 
2.67/3.61 (0.0211 DIA (0.0531 DIA 

(0.105/0.1501 

IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 

L
WIDE.TAPERED 

ENTRY 

. ....... t, •. 1 ~'. 

, . '. , PRECISION 
PRECISION' .... .. ' . . MACHINED 

..... ; fl-I 
SIX-FINGERED -~?~lll ] SLEEVE 

INNERCDNTA0 ~(l 

Inner contact - 30 j.tin gold over 50 j.tin nickel or 100 j.tin 
tin/lead over 50 j.tin nickel 

Outer sleeve - 10 j.tin gold over 50 j.tin nickel or 50 j.tin 
tin/lead over 50 j.tin nickel 

PART NUMBER SYSTEM 

C X G xx - xxx x 

W/W 

x lli-;in1ength 

--------~--------~ 3-0.510 long 

Plating 

Pin 
Grid 
Array 

Body Style and Orientation 

Contact Loading Pattern 

Number of Pins 
024 to 324 

Overall Grid Size 
5x5=05to 18x18=18 

BODY MATERIAL 
G - Glass Filled Epoxy 
P - PBT Polyester 

TI Socket 

Insulator Size A 
±O.O10 

9x9 (0.950) 24,13 
10xl0 (1.050) 26,67 
11 xll (1.150) 29,21 
12x 12 (1.250) 31,75 
13x 13 (1.350) 34,29 
14x 14 (1.450) 36,83 
15x 15 (1.550) 39,37 
16x 16 (1.650) 41,91 
17x 17 (1.750) 44,45 
18x 18 (1.850) 46,99 

t Noncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 

B 
±O.oost 

(0.800) 20.32 
(0.900) 22,86 
(1.000) 25.40 
(1.100) 27,94 
(1.200) 30,48 
(1.300) 33,02 
(1.400) 35,56 
(1.500) 38,10 
(1.600) 40,64 
(1.700) 43,18 

co .... 
CO 
C 
CO 
o 
'2 

CO 
..c 
o 
Q) 

~ 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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IC SOCKETS 
BURN·IN/TEST PIN GRID ARRAY 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 ma max contact resistance 

change per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 ma max initial 
Insulation resistance: 1.0 Ma at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170 °C 
Humidity: 10 ma max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak; 10 ma max contact resistance change 

when exposed to 105°C temperature for 48 hours 
Shelf life: 12 months max 

MATERIALS 
Body - CZF Series: PPS (polyphenylen sufidel glass filled 

U/L 94 va rating, - 65°C to 170 °C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 4/-1in over min 70 /-lin nickel 

plating 

tFor additional plating option consult the factory. 

BURN-IN TEST PIN GRID ARRAY 

f 
48,00 - 59,94 
11.89) - (2.36) 

CLOSED BOTTOM 
DESIGN 

(i, -\,1' 
"~ ':11' " ZERO INSERTION 

FORCE DUAL 
BEAM CONTACT 

SYSTEM 

PART NUMBER SYSTEM 

C xx 

lx lXXX tPI,":: 
37 - overall gold plate 

Number of positions 

Configuration 
W-11x11x2 

Style ZF - Zero force 

TI Series socket 

8,99 
(0.354) 

121 x 2 

,..--------­
'----------, 

Dimensions in parentheses are inches 
Contact factory for detailed information 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

8-46 standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 ± 0.003 in by 

0.018 ± 0.003 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.003 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III. 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mfl max contact resistance change 

per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Insertion force (C7X andC86): 16 oz (454 g) per pin max 
Insertion force (C50): 12 oz per pin max 
Withdrawal force: (40 g) per pin min 

Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mfl max initial 
Insulation resistance: 1000 Mfl at 500 V dc per 

MIL-STD 1344, Method 3003 
Dielectric withstanding voltage: 1000 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 
Operating temperature: - 55°C to 125°C, gold; - 40°C. 

to 100°C, tin 
Corrosive atmosphere: 10 mfl max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mfl max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mfl max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shelf life: 12 months min 

Materials (C7X. C50. and C86) 
Body - PBT polyester U/L 94 VO rating 
C7X & C50 Contacts - Outer sleeve: brass 

Clip: BECU or PHBR 
Contact finish - clip 30 !lin gold over 50 !lin nickel or 
Specified by 50 !lin tin/lead over 50 !lin nickel 
Part Number - sleeve 10 !lin gold over 50 !lin nickel 

or 50 !lin tin/lead over 50 !lin nickel 
C86 Contacts - Phosphor bronze base metal 
C86 Contact-finish - Tin plate 200 !lin over copper flash 

IC SOCKETS 
DUAL·IN·LlNE 

C7X SERIES - SCREW MACHINE 

PRECISION 
FOUR-FINGERED 

CONTACT 

C7X SERIES 

PART NUMBER SYSTEM 

C7X (X) x X 

lL Variations 
Solder Tail 
9 - Pin length 0.105/0.150 

Wire Wrap 
3 - Pin length 0.510 

Plating (Sleeve/Clip) Number of 
Positions o - Gold/Gold 

5 - Tin/Gold 

S - Single-in-line package (where applicable) 

Screw Machine Socket 
1 - wire wrap 
2 - solder tail 

C86 SERIES STAMPED AND FORMED 

C86 SERIES 

PART NUMBER SYSTEM 

, DUAL-FACED 
;SINGLE BEAM 

. HIGH RELIABILITY: 
GAS-TIGHT 
CONTACT 

l
c ISG lXX - L Variation 

01 -:- Standard product 

Number of positions 

Tin Dual Face Wipe Single Beam 

TI Socket Series 

ca ..... 
ca 
C 
CU 
CJ 
'2 
ca 
.c 
CJ 
CI) 

:E 
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~ 
C'D 
(') 

:::r 
OJ 
:::s 
(i" 
ea. 
c 
OJ ... 
OJ 

IC SOCKETS 
DUAL·IN·LlNE 

C50-UNICON 

PART NUMBER SYSTEM 

e50 xx xxx 

TL Internal Code Only 

LCliP 
o - PhBr Tin plated 
2 - PhBr Gold plated 10 /lin 
3 - BeCu Tin plated 
4 - BeCu Gold plated 20 /lin 
5 - BeCu Gold Plated 30 /lin 

Contact Sleeve 
1 - Brass tin plated 

Number of Position 

TI Unicon Socket 

DUAl·IN·L1NE 
C50, C7X AND C86 SERIES 

3.05 

~;' :20) M~ ... ~ ____ --,J9 m, 
3.6114.57 r.I (0.053) 0.53-1~ 

(0.14211(0.180) ~ (0.021) OIA 

-I!I- (0~06255) OIA 

DIPS 

'" '" g 0 
)( 

0 
>< 

:E 0 :E 
0 :E .. +1 +1 c: 

0 <C IX! U 0 <C 
.~ E E E E E 
a.. i5 i5 i5 i5 i5 

6 
7.62 5.08 10.16 7.62 t24 30,48 

(0.300) (0.2001 (0.400) (O.300) (1.200) 

8 10.16 7.62 10.16 7.62 
28 

35.56 
(0.400) (0.300) (O.400) (0.300) (1.400) 

14 
17.78 15.24 10.16 7.62 

32 
40.64 

(0.700) (0.600) (o.400) (0.300) (1.600) 

16 
20.32 17.78 10.16 7.62 

34 (~~8~~) (0.800) (0.7001 (0.400) (O.300) 

18 
22.86 20.32 10.16 7.62 

40 (;~o~g) (0.900) (0.800) (0.400) (0.300) 

20 
25,40 22.86 10.16 7.62 

48 (~~4~~) (1.000) (0.900) 10.400) (0.3001 

22 
27.94 25,40 12.76 10.16 

50 (~~5~g) 11.1001 (1.0001 (0.500) (0.400) 

24 
30,48 27.94 17.78 15.24 

64 
81.28 

(1.2001 11.1001 (0.7001 (0.600) (3.200) 

t24 30,48 27.94 10.16 7.62 
(1.200) (1.1001 (0.4001 (0.3001 

tNonstandard sizes 
Not all sizes availab)e in each series 

C7X SERIES 

C86 SERIES 

t 
4.25 

(0.169) 

+ 
+ 

0.38 TVP 
(0.015) MAX 

Dimensions in parentheses are inches 
Contact factory for detailed information 
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'" '" 0 0 
0 

)( 
0 

0 :E 
0 

+1 +1 
IX! U 0 
E E E 
i5 i5 i5 

27.94 12.76 10.16 
(1.100) (0.500) (0.400) 

33.02 17.78 15.24 
(1.3001 (0.700) (0.6001 

38.10 17.78 15.24 
(1.500) (0.700) (0.600) 

43.18 17.78 15.24 
(1.700) (0.700) (0.600) 

48.26 17.78 15.24 
(1.9001 (0.700) (0.600) 

58,42 17.78 15.24 
12.300) (0.700) (O.600) 

60.96 25,40 7.62 
(2.400) (1.000) (O.900) 

78.74 25,40 22.86 
(3.1001 (1.000) (0.900) 



PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 in by 0.018 in NOM 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended .PCB hold size range: 0.032 in to 0.042 in 
Durability: 10K cycles - CM Series, 5K cycles - CP/CO 
Solderability: per MIL-STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mn max initial 
Insulation resistance: 1000 Mn at 500 V dc 
Dielectric withstanding voltage: 1000 V ac rms 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 
Operating temperature: - 65°C to 170 °C - CP/CM Series, 

- 65°C to 150 °C - CO Series 
Humidity: 10 mn max contact resistance 
Temperature Soak: 10 mn max contact resistance change 

MATERIALS 
Body - PPS (polyphenylen sulfide) glass filled U/L 94 VO 
Contacts - Higher performance copper nickel alloy 
Plating: t 4 J.'in of gold min over 100 /lin of nickel min 

tFor additional plating options consult the factory 

BURN-IN/TEST DIP SOCKETS 

II 2.54 I I 

(0.100) ..... 14-

CQ37 SERIES 

CM37 SERIES 

t::i:::::w.::IJil 
I. A---J 

3.

30 5l? (0.130)L 

TJ.II 2.54 
:.{~(0.100) 

SOLDER TAIL 

CP37 SERIES 

6.50~ 051 """ ~!l0'" 
Jnc:1~.J. (0.472) n)l~1'99 

0.53--11- 1 7B-J I- 3.4B 
(0.021) (0.070) (0.137) 

0.50 
(0.020) 

Ie SOCKETS 
BURN·IN/TEST DIP 

PART NUMBER SYSTEM 

C X 37 XX -

A-0.l00 centers 
8-0.070 centers 1

22 LS L Pin to pin 

PPS high temperature 
body material 

Copper nickel alloy 
Soldertail 

Number of positions 

Overall gold plate 

Series Features 
Q- Auto unloadable 
P - High density mounting 
M-Shrink 0.070 centers 

TI Socket Series 

CQ37 SERIES 

Number of 
A D C 

±O.O1 ±O.O2 ±O.O1 
Positions 

Length Width 

14 20,32 (0.800) 
16 22,35 (0.880) 12,70 15,24 
18 24,89 (0.980) (0.500) (0.600) 
20 27,43 (1.080) 

24 32,51 (1,280) 
28 37,59 (1.480) 19,05 22,86 
40 52,83 (2.080) (0.750) (0.900) 
42 55,37 (2.180) 

CP37 SERIES 

Number of 
A B 

±O.O2 
Positions 

max 
Length 

8 11,68 (0.460) 
14 17,78 (0.700) 

7,62 
16 20,32 (0.800) 

(0.300) 
18 22,86 (0.900) 
20 25,40 (1.000) 

24 30,48 (1.200) 
15,24 

28 35,56 (1.400) 
(0.600) 

40 50,80 (2.000) 

CM37 SERIES 

Number of 
A B 

Positions 
±O.O16 ±O.O2 
Length 

28 27,18 (1.070) 
10,67 

(0.420) 

40 37,85 (1.490) 
16,51 42 39,62 (1.560) 

54 50,29 (1.980) 
(0.650) 

64 59,18 (2.330) 
20,32 

(0.800) 

Dimensions in parentheses are inches 
Contact factory for detailed information 

B 
±O.Ol 

Contact 

7,62 
(0.300) 

15,24 
(0.600) 

C 
max 

Width 

12,70 
(0.500) 

20,32 
(0.800) 

C 
±O.016 
Width 

17,20 
(0.677) 

23,11 
(0.910) 

26,92 
(1.060) 

co ... 
CO 
C 
ca 
CJ 
'2 
CO 
.::: 
CJ 
(1) 

~ 
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IC SOCKETS 
QUAD·IN·L1NE/SHRINK PACK 

PERFORMANCE SPECIFICATIONS' 
Insertion force: 16 oz (454 g) per pin max 
Withdrawal force: 1.5 oz (42 g) per pin min 
Operating temperature: - 40°C to 100°C, tin 
Accommodates IC leads 0.011 ± 0.003 in by 

0.018 ± 0.003 in 
Contact rating: 1.0 A per contact 

MATERIALS 
Body- PBT polyester U/L 94 VO rating 
C4S & CxW Contacts - Copper alloy 
Contact finish - Reflow tin plating, 40 /tin min 

PART NUMBER SYSTEM 

C X W XX - 11 

QUAD-IN-LiNE (CxW SERIES) 

DUAL BEAM 
EDGE GRIP 
CONTACT 

lll l Number of contacts (42, 52, 64) 
Staggered leads 

5 - 64 contacts 

,_ A------------~ 

s: 
CD 
n 
::r m 
:::s 
c=i' 
~ 
C m ... 
m 

• 

6 - 42, 52 contacts 

TI Socket Series 

PART NUMBER SYSTEMt 

14 1S t ~uO:ber of contacts 
28, 40, 42, 52, 54, 64 

Shrink Pack 
(0.070 in pin-to-pin contact spacing) 

Reflow tin plating. 

c 

TI Socket Series 

t AI~o available in s~rew machine contacts 

C4S SERIES 

A B C 
Positions max Row to Row max 

Length Width 

28 
25,02 10,16 13,00 

(0.985) (0.400) (0.512) 

40 
35,69 15,24 17,98 

(1.405) (0.600) (0.708) 

64 57,07 19,05 21,62 
(2.247) (0.750) (0.851) 

Dimension in parentheses are inches 

C4S SERIES 

SHRINK PACK DIP (C4S SERIES) 

QUAD-IN-LiNE (CxW SERIES) 

A B 
Product 

Max Row to Row 
Number 

Length 

C5W64-11 
41,90 22,90 
(1.65) (0.950) 

C6W42-11 
27,90 22,90 
(1.10) (0.900) 

C6W52-11 
34,30 22,90 
(1.35) (0.900) 

Dimensions in parentheses are inches 
Contact factory for detailed information 
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C 
Max 

1.79 
(0.050) 

Row to Row 

19,05 
(0.750) 

17,80 
(0.700) 

17,80 
(0.700) 



PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 mfl max contact resistance 

change per MIL-STD 1344, Method 2016 
Solderability: per MIL-STD 202, Method 208 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mfl max initial 
Insulation resistance: 1.0 Mfl at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1.0 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C 
Humidity: 10 mfl max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak: 10 mfl max contact resistance change 

when exposed to 105°C temperature for 48 hours 
Shelf life: 12 months min 

MATERIALS 
Body - CFP Series - PES (polyether sulfone) glass filled 

U/L 94 va rating 
Temperature: - 65°C to 170 °C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 4 !Lin over min 70 !Lin nickel 

plating 

tFor additional plating option consult the factory. 
Dimensional drawings available from factory. 

SMALL OUT LINE FLAT PACK (CFPH/K SERIES) 

PART NUMBER SYSTEM 

c xx 

Lx LXXX Lplati:: 

37 - overall gold plate 

Number of positions 

Configuration 
H - 14, 16, 18, 20 Positions 

K - 24, 28 Positions 

Style FP - Flat pack 

TI Series socket 

IC SOCKETS 
BURN·IN/TEST 

QUAD FLAT PACK (CFPM SERIES) 

PART NUMBER SYSTEM 

cxx X XXX xx 01X 

T I Lvariations 
A - 1.0 mm G;. 
B - 0.8 mm G;. 
contact spacing 

Number of Plating 
positions 37 - overall gold plate 

Configuration 
M - Quad pack 

TI socket 
Style PF - Flat pack 

SMALL OUTLINE (J-LEADED) 

PART NUMBER SYSTEM 

02 

AVAILABLE SIZES 

CFPH Series 14, 16, 18, 20 
. CFPK Series 24, 28 

CFPM Series 64, 80 

CSJT Series 20, 26 

Contact factory for detailed information 

Flat Pack 

Quad Pack 

Small Outline 
J-Leaded 

co ... 
CO 
o 
CO 
CJ 
'2 

CO 
.c 
CJ 
CD 
~ 
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Explanation of Logic Symbols 
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1 Introduction 

The International Electrotechnical Commission (lEC) has been developing 'a very powerful symbolic 
language that can show the relationship of each input of a digital logic circuit to each output without 
showing explicitly the internal logic. At the heart of the system is dependency notation, which will be 
explained in Section 4. 

The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. 
Lacking at that time a complete development of dependency notation, it offered little more than a 
substitution of rectangular shapes for the familiar distinctive shapes for representing the basic functions 
of AND, OR, negation, etc. This is no longer the case. 

Internationally, Working Group 2 of IEC Technical Committee TC-3 has prepared a new document 
(Publication 617-12) that consolidates the original work started in the mid 1960's and published in 1972 
(Publication 117-1S) and the amendments and supplements that have followed. Similarly for the USA, 
IEEE Committee SCC 11.9 has revised the publication IEEE Std 91 /ANSI Y32.14. Now numbered simply 
ANSI/IEEE Std 91-1984, the IEEE standard contains all of the IEC work that has been approved, and 
also a smail amount of material still under international consideration. Texas Instruments is participating 
in the work of both organizations and this document introduces new logic symbols in accordance with 
the new standards. When changes are made as the standards develop, future editions will take those 
changes into account. 

The following explanation of the new symbolic language is necessarily brief and greatly condensed from 
what the standards publications now contain. This is not intended to be sufficient for those people who 
will be developing symbols for new devices. It is primarily intended to make possible the understanding 
of the symbols used in this data book and is somewhat briefer than the explanation that appears in 
several of TI's data books on digital logic. However, it includes a new section (6.0) that explains several 
symbols for actual devices in detail. This has proven to be a powerful learning aid. 

2 Symbol Composition 

A symbol comprises an outline or a combination of outlines together with one or more qualifying symbols. 
The shape of the symbols is not significant. As shown in Figure 1, general qualifying symbols are used 
to tell exactly what logical operation is performed by the elements. Table 1 shows general qualifying 
symbols defined in the new standards. Input lines are placed on the left and output lines are placed 
on the right. When an exception is made to that convention, the direction of signal flow is indicated 
by an arrow as shown in Figure 9. 

OUTLINE 

I ** INPUT 
LINES 

* * 

GENERAL QUALIFYING 
SYMBOL 

**} OUTPUT 
LINES 

* * 

·Possible positions for qualifying symbols relating to inputs and outputs 

Figure 1. Symbol Composition 
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3 Qualifying Symbols 

3.1 General Qualifying Symbols 

Table 1 shows general qualifying symbols defined by ANSI/IEEE Standard 91. These characters are placed 
near the top center or the geometric center of a symbol or symbol element to define the basic function 
of the device represented by the symbol or of the element. 

X/V is the general qualifying symbol for identifying coders, code converters, and level converters. X 
and Y may be used in their own right to stand for some code or either or both may be replaced by some 
other indication of the code or level such as BCD or TTL. As might be expected, interface circuits make 
frequent use of this set of qualifying symbols. 

SYMBOL 

& 

;::1 

=1 

1 

C> or <l 

.IT 
XIV 

SRGm 

Table 1. General Qualifying Symbols 

DESCRIPTION 

AND gate or function 

OR gate or function. The symbol was chosen to indicate that at least one active input is needed to 

activate the output. 

Exclusive OR. One and only one input must be ·active to activate the. output. 

A simple 1-input gate or element 

A buffer or element with more than usual output capability (symbol is oriented in the direction of 

signal flow). 

Schmitt trigger; element with hysteresis 

Coder, code converter, level converter 

The following are examples of subsets of this general class of qualifying symbol used in this book. 

BCDI7-SEG BCD to 7-segment display driver 

TTL/MOS 

CMOS/PLASMA DISP 

MOS/LED 

CMOSIVAC FLUOR DISP 

CMOS/EL DISP 

TTL/GAS DISCH DISPLAY 

Shift register. m = number of bits. 

TTL to MOS level converter 

Plasma-display driver with CMOS-compatible inputs 

Light-emitting-diode driver with MOS-compatible inputs 

Vacuum-fluorescent display driver with CMOS-compatible 

inputs 

Electroluminescent display driver with CMOS-compatible 

inputs 

Gas-discharge display driver with TTL-compatible inputs 

l 3.2 Qualifying Symbols for Inputs and Outputs 
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Qualifying symbols for inputs and outputs are shown in Table 2 and many will be familiar to most users, 
a likely exception being the logic polarity symbol for directly indicating active-low inputs and outputs . 
The bider logic negation indicator means that the external 0 state produces the internal 1 state. The 
internal 1 state means the active state. Logic negation may be used in pure logic diagrams; in order 
to tie the external 1 and a logic states to the levels H (high) and L (low), a statement of whether positive 
logic (1 = H, 0 = L) or negative logic (1 = L, O. = H) is being used is required or must be assumed. 
Logic polarity indicators eliminate the need for calling out the logic convention and are used in this data 
book in the symbology for actual devices. The presence of the triangle polarity indicator indicates that 
the L logic level will produce the internal 1 state (the active state) or that, in the case of an output, 
the internal 1 state will produce the external L level. Note how the active direction of transition for a 
dynamic input is indicated in positive logic, negative logic, and with polarity indication. 

When nonstandardized information is shown inside an outline, it is usually enclosed in square brackets 
[like these). The square brackets are omitted when associated with a non logic input, which is indicated 
by an X superimposed on the connection line outside the symbol. 



Table 2. Qualifying Symbols for Inputs and Outputs 

---q Logic negation at input. External 0 produces internal 1. 

P--- Logic negation at output. Internal 1 produces external O. 

--C:::..I Active-low input. Equivalent to -q in positive logic 

~ Active-low output. Equivalent to P- in positive logic 

~ Active-low input in the case of right-to-Ieft signal flow 

~ Active-low output in the case of right-to-Ieft signal flow 

---4- Signal flow from right to left. If not otherwise indicated, signal flow is from left to right. 

-++- Bidirectional signal flow 

POSITIVE NEGATIVE POLARITY 
LOGIC LOGIC INDICATION 

fvoam

;"{ 

1LO 1S
0 

not used 
inputs 

active 
not used not used H~L on 

indicated OS1 °L1 LS

H 
transition 

~ Nonlogic connection. A label inside the symbol will usually define the nature of this pin. 

~ -Input for analog signals (on a digital symbol) (see Figure 11) 

~ Input for digital signals (on an analog symbol) (see Figure 11) 

3.3 Symbols Inside the Outline 

Table 3 shows some symbols used inside the outline. Note particularly that open-collector (open-drain). 
open-emitter (open-source), and three-state outputs have distinctive symbols. Also note that an EN input 
affects all of the outputs of the element and has no effect on inputs. An EN input affects all the external 
outputs of the element in which it is placed, plus the external outputs of any elements shown to be 
influenced by that element. It has no effect on inputs. When an enable input affects only certain outputs, 
affects outputs located outside the indicated influence of the element in which the enable input is placed, 
and/or affects one or more inputs, a form of dependency notation will indicate this (see 4.9). The effects 
of the EN input on the various types of outputs are shown. 

It is particularly important to note that a 0 input is always the data input of a storage element. At its 
internal 1 state, the 0 input sets the storage element to its 1 state, and at its internal 0 state it resets 
the storage element to its 0 state. 

The binary grouping symbol will be explained more fully in Section 6.11. Binary-weighted inputs are 
arranged in order and the binary weights of the least significant and the most significant lines are indicated 
by numbers. In this document weights of input and output lines will be represented by powers of two 
usually only when the binary grouping symbol is used, otherwise decimal numbers will be used. The 
grouped inputs generate an internal number on which a mathematical function can be performed or that 
can be an identifying number for dependency notation. This number is the sum of the weights 
(1, 2, 4 ... 2n) of those input standing at their 1 states. A frequent use is in addresses for memories. 

Reversed in direction, the binary grouping symbol can be used with outputs. The concept is analogous 
to that for the inputs and the weighted outputs will indicate the internal number assumed to be developed 
within the circuit. 
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Table 3. Symbols Inside the Outline 

Bithreshold input (input with hysteresis) 

N-P-N open-collector or similar output that can supply a relatively low­

impedance L level when not turned off. Requires external 

pull-up. Capable of positive-logic wired-AND connection. 

Passive-pull-up output is similar to N-P-N open-collector output but is 

supplemented with a built-in passive pUll-Up. 

N-P-N open-emitter or similar output that can supply a relatively low­

impedance H level when not turned off. Requires external pull·down. 

Capable of positive-logic wired-OR connection. 

Passive-pull-down output is similar to N-P-N open-emitter output but is 

supplemented with a built-in passive pull-down. 

3-state output 

Output with more than usual output capability (symbol is oriented in the direction of signal flow). 

Enable input 

When at its internal 1-state, all outputs are enabled. 

When at its internal O-state, open-collector, open-emitter outputs, and three-state outputs at 

external high-impedance state, and all other outputs (i.e., totem-poles) are at the internal O-state. 

Usual meanings associated with flip-flops (e.g., R = reset, T = toggle) 

-r-i SR Data input to a storage element equivalent to: Lq 

Shift right (left) inputs, m = 1, 2, 3, etc. If m = 1', it is usually not shown. 

Binary grouping. m is highest power of 2. Produces a number equal-to the sum of the weights 

of the active inputs 

Input line grouping ... indicates two or more terminals used to implement a single logic input. 

e.g., differential inputs. 

Combinations of Outlines and Internal Connections 

When a circuit has one or more inputs that are common to more than one element of the circuit, the 
common-control block may be used. This is the only distinctively shaped outline used in the IEC system. 
Figure 2 shows that unless otherwise qualified by dependency notation, an input to the common-control 
block is an input to each of the elements below the common-control block. 

COMMON~ONTROLBLOCK 

b 

d 

Figure 2. Common-Control Block 



The outlines of elements may be embedded within one another or abuttea to form complex elements, 
in which case the following rules apply. There is no logic connection between elements when the line 
common to their outlines is in the direction of signal flow. There is at least one logic connection when 
the line common to two outlines is perpendicular to the direction of signal flow. If no indications are 
shown on either side of the common line, it is assumed that there is only one logic connection. If more 
than one internal connection exists between adjacent elements, the number of connections will be clarified 
by the use of one or more of the internal connection symbols from Table 4 and/or appropriate qualifying 
symbols or dependency notation. 

--~-E--

-~-¢---

---2:-

--§?-

Table 4. Symbols for Internal Connections 

Internal connection. 1 state on left produces 1 state on right. 

Negated internal connection. 1 state on left produces 0 state on right. 

Dynamic internal connection. Transition from 0 to 1 on left produces transitory 1 state on 

right. 

Dynamic internal connection. Transition from 1 to 0 on left produces transitory 1 state on 

right. 

Table 4 shows symbols that are used to represent internal connection with specific characteristics. The 
first is a simple noninverting connection, the second is inverting, the third is dynamic. As with this symbol 
and an external input line, the transition from 0 to 1 on the left produces a momentary 1-state on the 
right. The fourth symbol is similar except that the active transition on the left is from 1 to O. 

Only logic states, not levels, exist inside symbols. The negation symbol (0) is used internally even when 
direct polarity indication (t::::..) is used externally. 

In an array of elements, if the same general qualifying symbol and the same qualifying symbols associated 
with inputs and outputs would appear inside each of the elements of the array, these qualifying symbols 
_ are usually shown only in the first element. This is done to reduce clutter and to save time in recognition. 
Similarly, large identical elements that are subdivided into smaller elements may each be represented 
by an unsubdivided outline. The SN75163B symbol (see 6.8) illustrates this principle. 

4 Dependency Notation 

4.1 

Some readers will find it more to their liking to skip this section and proceed to-the explanation of the 
symbols for a few actual devices in 6.0. Reference will be made there to various parts of this section 
as it is needed. If this procedure is followed, it is recommended that 5.0 be read after 6.0 and then 
all of 4.0 be reread. 

General Explanation 

Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems and 
makes compact, meaningful, symbols possible. It provides the means of denoting the relationship 
between inputs, outputs, or inputs and outputs without actually showing all the elements and 
interconnections involved. The information provided by dependency notation supplements that provided 
by the qualifying symbols for an element's function. 

In the convention for the dependency notation, use will be made of the terms "affecting" and "affected." 
In cases where it is not evident which inputs must be considered as being the affecting or the affected 
ones (e.g., if they stand in an AND relationship). the choice may be made in any convenient way. 
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So far, eleven types of dependency have been defined but only the eight used in this book are explained. 
They are listed below in the order in which they are presented and are summarized in Table 5 following 
4.10.2. 

Section 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 

Dependency Type or Other Subject 
G,AND 
General Rules for Dependency Notation 
V, OR 
N, Negate (Exclusive-OR) 
Z, Interconnection 
X, Transmission 
C, Control 
EN, Enable 
M, Mode 

4.2 G (AND) Dependency 

C-10 

A common relationship between two signals is to have them ANDed together. This has traditionally 
been shown by explicitly drawing an AND gate with the signals connected to the inputs of the gate. 
The 1972 IEC publication and the 1973 IEEE/ANSI standard showed several ways to show this AND 
relationship using dependency notation. While ten other forms of dependency have since been defined, 
the ways to invoke AND dependency are now reduced to one. 

In Figure 3 input b is ANDed with input a and the complement of b is ANDed with c. The letter G has 
been chosen to indicate AND relationships and is placed at input b, inside the symbol. A number 
considered appropriate by the symbol designer (1 has been used here) is placed after the letter G and 
also at each affected input. Note the bar. over the 1 at input c. 

=i
_-

a 1 

b ~1 
c 1 

:~--­

c~ 
Figure 3 .. G Dependency Between Inputs 

In Figure 4, output b affects input a with an AND relationship. The lower example shows that it is the 
internal logic state of b, unaffected by the negation sign, that is ANDed. Figure 5 shows input a to be 
ANDed with a dynamic input b. 

a-E~3-b 

Figure 4. G Dependency Between Outputs and Inputs 

= 

Figure 5. G Dependency with a Dynamic Input 



The rules for G dependency can be summarized thus: 

When a Gm input or output (m is a number) stands at its internal 1 state, all inputs and outputs affected 
by Gm stand at their normally defined internal logic states. When the Gm input or output stands at 
its 0 state, all inputs and outputs affected by Gm stand at their internal 0 states. 

4.3 Conventions for the Application of Dependency Notation in General 

The rules for applying dependency relationships in general follow the same pattern as was illustrated 
for G dependency. 

Application of dependency notation is accomplished by: 

1 . Labeling the input (or output) affecting other inputs or outputs with the letter symbol indicating 
the relationship involved (e.g., G for AND) followed by an identifying number, appropriately 
chosen, and 

2. Labeling each input or output affected by that affecting input (or output) with that same number. 

If it is the complement of the internal logic state of the affecting input or output that does the affecting, 
then a bar is placed over the identifying numbers at the affected inputs or outputs (Figure 3). 

If two affecting inputs or outputs have the same letter and same identifying number, they stand in an 
OR relationship to each other (Figure 6). 

a={G1-
b G1 

c 1 

a~1 b & 

c 

Figure 6. ORed Affecting Inputs 

If the affected input or output requires a label to denote its function (e.g., "0"), this label will be prefixed 
by the identifying number of the affecting input (Figure 12). 

If an input or output is affected by more than one affecting input, the identifying numbers of each of 
the affecting inputs will appear in the label of the affected one, separated by commas. The normal reading 
order of these numbers is the same as the sequence of the affecting relationships (Figure 12). 

4.4 V (OR) Dependency 

The symbol denoting OR dependency is the letter V (Figure 7). 

When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by Vm stand 
at their internal 1 states. When the Vm input or output stands at its internal 0 state, all inputs and outputs 
affected by Vm stand at their normally defined internal logic states. 

at~}-b == [=l----R b - [=1-, 
a~ a~b 

3=: -=ro: -3£=: 
Figure 7. V (OR) Dependency 
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4.5 N (Negate) (Exclusive-OR) Dependency 

The symbol denoting negate dependency is the letter N (Figure 8). Each input or output affected by 
an Nm input or output stands in an Exclusive-OR relationship with the Nm input or output. 

When an Nm input or output stands at its internal 1 state, the internal logic state of each input and 
each output affected by Nm is the complement of what it would otherwise be. When an Nm input or 
output stands at its internal 0 state, all inputs and outputs affected by Nm stand at their normally defined 
internal logic states. 

If a = 0, then c = b 

If a = 1, then c = b 

Figure 8. N (Negate) (Exclusive-OR) Dependency 

4.6 Z (Interconnection) Dependency 

C-12 

The symbol denoting intetconnection dependency is the letter Z. 

Inter"connection dependency is used to indicate the existence of internal logic connections between inputs, 
outputs, internal inputs, and/or internal outputs. 

The internal logic state of an input or output affected by a Zm input or output will be the same as the 
internal logic state of the Zm input or output, unless modified by additional dependency notation (Figure 9). 

a----fG1 :L 
b--l!Z~ ~ c 

where -B-=-t>-

where 

Figure 9. Z (Interconnection) Dependency 



4.7 X (Transmission) Dependency 

4.8 

The symbol denoting transmission dependency is the letter X. 

Transmission dependency is used to indicate controlled bidirectional connections between affected 
input/output ports (Figure 10). 

When an Xm input or output stands at its internal 1 state, all input-output ports affected by this Xm 
input or output are bidirectionally connected together and stand at the same internal logic state or analog 
signal level. When an Xm input or output stands at its internal 0 state, the connection associated with 
this set of dependency notation does not exist. 

If a = 1, there is a bidirectional 
connection between band c. 

If a = 0, there is a bidirectional 
connection between c and d. 

Figure 10. X (Transmission) Dependency 

Although the transmission paths represented by X dependency are inherently bidirectional. use is not 
always made of this property. This is analogous to a piece of wire, which may be constrained to carry 
current in only one direction. If this is the case in a particular application, then the directional arrows 
shown in Figures 10 and 11 would be omitted. 

# 
# 

MUXDMUX 

O} 0 x-
l 3 

011/2/3 

2 

3 

Figure 11. Analog Data Selector (Multiplexer/Demultiplexer) 

C (Control) Dependency 

The symbol denoting control dependency is the letter C. 

Control inputs are usually used to enable or disable the data (0, J, K, R, or S) inputs of storage elements. 
They may take on their internal 1 states (be active) either statically or dynamically. In the latter case 
the dynamic input symbol is used as shown in the second example of Figure 12. 

When a Cm input or output stands at its internal 1 state, 'the inputs affected by Cm have their normally 
defined effect on the function of the element, i.e., these inputs are enabled. When a Cm input or output 
stands at its internal 0 state, the inputs affected by Cm are disabled and have no effect on the function 
of the element. 
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a-rc~ 
b-eO 

a--t:c"1 
b-rO = 

a~G-;- _ a~&s-
b 1C2 = b 
c 20 c & R - -l

-
a C1 

b C2 == 
c 1,!,.D 

/ 
Note AND relationship of a and b 

Figure 12. C (Control) Dependency 

4.9 EN (Enable) Dependency 

The symbol denoting enable dependency is the combination of letters EN. 

An ENm input has the same effect on outputs as an EN input, see 3.3, but it affects only those outputs 
labeled with the identifying number m. It also affects those inputs labeled with the identifying number 
m. By contrast, an EN input affects all outputs and no inputs. The effect of an ENm input on an affected 
input is identical to that of a Cm input (Figure 13). 

b 
1'1 

---1_----i EN1 

EN V 
d 

If a = 0, input b and output c are disabled and e = d 
If a = 1, output d is disabled and e = c 

Figure 13. EN (Enable) Dependency 

When an ENm input stands at its internal 1 state, the inputs affected by ENm have their normally defined 
effect on the function of the element and the outputs affected by this input stand at their normally defined 
internal logic states, i.e., these inputs and outputs are enabled. 

When an ENm input stands at its internal 0 state, the inputs affected by ENm are disabled and have 
no effect on the function of the element, and the outputs affected by ENm are also disabled. Open­
collector outputs are turned off, three-state outputs stand at their high-impedance state, and all other 
outputs (e.g., totem-pole outputs) stand at their internal 0 states. . 

4.10 M (MODE) Dependency 

C-14 

The symbol denoting mode dependency is the letter M. 

Mode dependency is used to indicate that the effects of particular inputs and outputs of an element 
depend on the mode in which the element is operating. 

If an input or output has the same effect in different modes of operation, the identifying numbers of 
the relevant affecting Mm inputs will appear in the label of that affected input or output between 
parentheses and separated by solidi, e.g., (1/2)CT=O == 1CT=O/2CT=O where 1 and 2 refer to M1 
and M2. 



4.10.1 M Dependency Affecting Inputs 
M dependency affects inputs the same as C dependency. When an Mm input or Mm output stands at 
its internal 1 state, the inputs affected by this Mm input or Mm output have their normally defined effect 
on the function of the element, i.e., the inputs are enabled. 

When an Mm input or Mm output stands at its internal 0 state, the inputs affected by this Mm input 
or Mm output have no effect on the function of the element. When an affected input has several sets 
of labels separated by solidi (e.g., C4/2-+/3 +), any set in which the identifying number of the Mm input 
or Mm output appears has no effect and is to be ignored. This represents disabling of some of the functions 
of a multifunction input. 

The circuit in Figure 14 has two inputs, band c, that control which one of four modes (0, 1, 2, or 3) 
will exist at any time. Inputs d, e, and fare 0 inputs subject to dynamic control (clocking) by the a 
input. The numbers 1 and 2 are in the series chosen to indicate the modes so inputs e and f are only 
enabled in mode 1 (for parallel loading) and input d is only enabled in mode 2 (for serial loading). Note 
that input a has three functions. It is the clock for entering data. In mode 2, it causes right shifting 
of data, which means a shift away from the control block. In mode 3, it causes the contents of the 
register to be incremented by one count. 

b 

d 

1,40 

Note that all operations are synchronous. 

In MODE 0 (b = O. c = 0). the outputs 
remain at their existing states as none 
of the inputs has an effect. 

In MODE 1 (b = 1. c = 01. parallel loading 
takes place thru inputs e and f. -

In MODE 2 (b = O. c = 1 I. shifting down 
and serial loading thru input d take place. 

In MODE 3 (b = c = 1). counting up by 
increment of 1 per clock pulse takes place. 

Figure 14. M (Mode) Dependency Affecting Inputs 

4.10.2 M Dependency Affecting Outputs 
When an Mm input or Mm output stands at its internal 1 state, the affected outputs stand at their normally 
defined internal logic states, i.e., the outputs are enabled. 

When an Mm input or Mm output stands at its internal 0 state, at each affected output any set of labels 
containing the identifying number of that Mm input or Mm output has no effect and is to be ignored. 
When an output has several different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets 
in which the identifying number of this Mm input or Mm output appears are to be ignored. 

Figure 1 5 shows a symbol for a device whose output 
can behave like either a 3-state output or an open­
collector output depending on the signal applied to 
input a. Mode 1 exists when input a stands at its 
internal 1 state and, in that case, the three-state 
symbol applies and the open-element symbol has no 
effect. When a = 0, mode 1 does not exist so the 
three-state symbol has no effect and the open­
element symbol applies. 

b 

[> 

M1 

EN 

1'V/1Q 

Figure 15. Type of Output 

Determined by Mode 

d 
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Table 5. Summary of Dependency Notation 

TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT 

DEPENDENCY SYMBOL· AT ITS 1-STATE AT ITS O-STATE 

Control C Permits action Prevents action 

Prevents action of inputs 

Enable EN Permits action 
o outputs turned off 

\J outputs at external high impedance 

Other outputs at internal 0 state 

AND G Permits action Imposes 0 state 

Mode M Permits action (mode selected) Prevents action (mode not selected) 

Negate (Ex-NOR) N Complements state No effect 

OR V Imposes 1 state Permits action 

Transmission X Bidirectional connection exists Bidirectional connection does not exist 

Interconnection Z Imposes 1 state Imposes 0 state 

* These letter symbols appear at the AFFECTING input (or output) and are followed by a number. Each input (or output) 
AFFECTED by that input is labeled with that same number. 

5 Bistable Elements 

C-16 

The dynamic input symbol and dependency notation provide the tools to identify different types of bistable 
elements and make synchronous and asynchronous inputs easily recognizable (Figure 16). 

c-+I--­
D-U-
c~ 
D~ 

Ri}-C C1 

D 1D 

S S 

Ri}-C C1 

D 1D 

S S 

Transparent latch with true and complement outputs 

Edge-triggered flip-flop. D input enabled momentarily 
as C goes from 1 to 0 

Edge-triggered flip-flop, 0 input enabled momentarily 
as C goes from low to high. Asynchronous active-low 
set and reset inputs. Active-low output 

Same f1ip·flop shown in positive logic 

Figure 16. Latches and Flip-Flops 

Transparent latches have a level-operated control input. The D input is active as long as the C input 
is at its internal 1 state. The outputs respond immediately_ Edge-triggered elements accept data from 
D, J, K, R, or S inputs on the active transition of C. 

Notice that synchronous inputs can be readily recognized by their dependency labels (a number preceding 
the functional label, 1 D in these examples) compared to the asynchronous inputs (S and R), which are 
not dependent on the C inputs. Of course if the set and reset inputs were dependent on the C inputs, 
their labels would be similarly modified (e.g., 1 S, 1 R). 



6 Examples of Actual Device Symbols 

The symbols explained in this section include some of the most complex in this book. These were chosen, 
not to discourage the reader, but to illustrate the amount of information that can be conveyed. It is 
likely that if one reads these explanations and follows them reasonably well, most of the other symbols 
will seem simple indeed. The explanations are intended to be independent of each other so they may 
seem somewhat repetitious. However each illustrates new principles. They are arranged more or less 
in.the order of complexity. 

6.1 UDN2841 High-Current Darlington Drivers 

C> 

liN (3) -c (2) lC 

C> 

31N (11) -C 
C> 

21N 
(7) -C 

(9) 2C 

(8) 2E 

C> 

41N (15) -C 
(16) 4E 

(1) 4C 

6.2 SN75437 Quadruple Peripheral Driver 

There are four identical sections. The emitters of the 
output transistors of the elements numbered 1 and 
3 are connected together and share pins 4, 5, 12, 
and 13. The triangular qualifying symbol ( I> ) 
indicates amplification, the principal function of the 
device. 

An extension of symbology used for analog devices 
has been used to show the output transistors. The 
emitter and collector terminals are lined up with the 
terminals to which they are connected. 

There are four identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the other elements indicates they are 
identical. The top two elements share a common 
output clamp, pin 2. This is shown to be a nonlogic 
connection by the superimposed X on the line. The 
function for this type of connection is indicated 
briefly and not necessarily exactly by a small amount 
of text within the symbol. The bottom two elements 
likewise share a common clamp. 

Each element is shown to be an inverter with 
amplification (indicated by 1». Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the. output has 
greater drive capability than usual. The latter applies 
in this case. The output is shown by Q to be open 
collector. 

All the outputs share a common EN input, pin 14. See Figure 2 for an explanation of the common control 
block. When EN = 0 (pin 14 is low), the outputs, being open-collector types, are turned off and would 
be pulled high by an external pullup resistor. 
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6.3 TL607 Analog Switch with Enable 

ENABLE (3) 

A (2) 

(4) 
S 

G3 

3X1 

n 1/2 

This device is basically two single-pole, single­
throw (SPST) switches connected between pins 4 
and 6 and pins 4 and 7. This is indicated using X 
(Transmission) dependency, which is explained in 
4.7. When the internal input X2 stands at its 1-state, 
a bilateral connection exists between those points 
affected by X2: pins 4 and 7. The 1 at pins 4 and 
6 means they are affected by X 1; X 1 must stand at 
the 1-state to establish a connection between them. 

The numeral 3 in front of X 1 and X2 indicates that 
both of these internal inputs are themselves affected 

by affecting input number 3, which is G3. This is coincidently pin number 3. This means that both the 
active-high branch of pin 2 (X1) and the active-low branch (X2) are ANDed with pin 3. See 4.2 for an 
explanation of G (AND) dependency. If pin 3 is low, both X1 and X2 will be at the a-state and both 
switches will be off. If pin 3 is high and pin 2 is high, X 1 will be at the 1-state, X2 will be at the a-state, 
and only the switch between pins 4 and 6 will be on. If pin 3 is high and pin 2 is low, X1 will be at 
the O-state, X2 will be at the 1-state, and only the switch between pins 4 and 7 will be on. 

6.4 SN75128 8-Channel Line Receiver 
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1S 

2S 

1A 

2A 

3A 

4A 

5A 

6A 

7A 

SA 

1Y 
2Y 

There are eight identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the next three elements indicates they 
are identical. Likewise the symbology is complete for 
the fifth element; the absence of any symbology for 
the next three elements indicates they are identical 
to the fifth. 

Each element is shown to be an inverter with 
amplification (indicated by [> ). Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the output has 
greater drive capability than usual. The former 
applies in this case. Since neither the symbol for 
open-collector ( ~ ) or 3-state ( '\l ) outputs is 
shown, the outputs are of the totem-pole type. 

The top four outputs are shown to be affected by affecting input number 1, which is EN 1, meaning 
they will be enabled if EN1 = 1 (pin 1 is high). See 4.9 for an explanation of EN dependency. If pin 
1 is low, EN 1 = a and the affected outputs will go to their inactive (high) levels. Similarly, the lower 
four outputs are controlled by pin 11. 



6.5 SN75122 Triple Line Receivers 

1R 

15 

1A 

18 

2R 

2S 

2A 

28 

3R 

3S 

3A 

There are two identical sections. The symbology is 
complete for the first section; the absence of any 
symbology for the next section indicates it is 
identical. Likewise the symbology is complete for the 
third section, which is similar, but not identical, to 
the first and second. 

The top section may be considered to be an OR 
element (~1) with two embedded ANDs (&), one of 
which has an active-low amplified input ( C> ) with 
hysteresis (.rr ), pin 14. This is ANDed with pin 15 
and the result is ORed with the AND of pins 1 and 
2. The output of the OR, pin 13, is active-low. 

The third section is identical to the first except that 
pin 12 has no input ANDed with it. Since neither the 
symbol for open-collector ( ~ ) or 3-state ( '\J ) 
outputs is shown, the outputs are of the totem-pole 
type. 

6.6 DS8831 Quad Single-Ended or Dual Differential Line Drivers 

MC1 
{71 

MC2 
{91 

1.2G1 

1.2G2. 

3AG1 

3AG2 

1A 

2A 
{61 

3A 
{101 

4A 
{121 

2:1 

N1 

[> 2'\7 

[> 3'\7 

[> 3'\7 

{31 1Y 

{51 2Y 

{111 3Y 

(131 4Y 

There are four similar elements in the array. Each' 
element is shown to be noninverting with 
amplification (indicated by C». Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals or the output has 
greater drive capability than usual. The latter applies 
in this case. The outputs are shown by '\J to be of 
the 3-state type. 

The top two outputs are shown to be affected by 
affecting input number 2, which is EN2, meaning 
they will be enabled if EN2 = 1. See 4.9 for an 
explanation of EN dependency. If EN2 = 0, the 
affected outputs will go to their high-impedance (off) 
states. EN2 is the output of an AND gate (indicated 
by &) whose active-low inputs are pins 1 and 2. Both 
pins 1 and 2 must be low to enable pins 3 and 5. 
Likewise both pins 14 and 15 must be low to enable 
pins 11 and 13 through EN3. 

Input pins 6 and 10 are shown to be affected by affecting input number 1, which is N 1, meaning they 
will be negated if N1 = 1. See 4.5 for an explanation of N (negate or exclusive-OR) dependency. If 
N1 = 0, the input signals are not negated. N1 is the output of an OR gate (indicated by ~ 1) whose 
active-high inputs are pins 7 and 9. Thus if either of these pins are high, then the second and third elements 
become inverters. 
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6.7 SN75113 Differential Line Drivers with Split 3-State Outputs 

(7) & 
1C 

EN 1 

CC 

2C 

1A 

18 

1YP 

1YS 

1ZP 

1ZS 

2YP 

2YS 

2ZP 

2ZS 

There are two similar elements in the array. The first 
is a 2-input AND element (indicated by &); the 
second has only a single input. Both elements are 
shown to have special amplification (indicated 
by I> ). Taking TTL as a reference, this means that 
either the input is sensitive to lower level signals, or 
the output has greater drive capability than usual. 
The latter applies in this case. 

Each element has four outputs. Pins 4 and 3 are a 
pair consisting of one open-emitter output ( U ) and 
one open-collector output ( ~ ). Relative to the AND 
function, both are active high. Pins 1 and 2 are a 
similar pair but relative to the AND function, both are 
active low. All outputs of a single, unsubdivided 
element always have identical internal logic states 
determined by the function of the element except 
when otherwise indicated by an associated symbol 
or label inside the element. Here there is no such 
contrary indication. All four outputs are shown to be 
affected by affecting input number 1, which is EN', 

meaning they will all be enabled if EN1 = 1. See 4.9 for an explanation of EN dependency. If EN1 = 0, 
all the affected outputs will be turned off. EN1 is the output of an AND gate (indicated by &) whose 
active-high inputs are pins 7 and 9. Both pins 7 and 9 must be high to enable the outputs of the top 
element. Assuming they are enabled and that pins 5 and 6 are both high, the internal state of all four 
outputs will be a 1. Pins 4 and 3 will both be high, pins 1 and 2 will both be low. The part is designed 
so that pins 3 and 4 may be connected together creating an active-high 3-state output. Likewise pins 
1 and 2 may be connected together to create an active-low 3-state output. 

All that has been said about the first element regarding its outputs and their enable inputs also applies 
to the second element. Pins 9 and 10 are the enable inputs in this case. 

6.8 SN75163B Octal General-Purpose Interface Bus Transceiver 
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TE 

84 

85 

86 

87 

88 

There are eight I/O ports on each side, pins 2 through 
9 and 12 through 19. There are eight identical 
channels. The symbology is complete for the first 
channel; the absence of any symbology for the other 
channels indicates they are identical. The eight 
bidirectional channels each have amplificati0l) from 
left to right, that is, the outputs on the right have 
increased drive capability (indicated by 1», and the 
inputs on the right all have hysteresis (indicated 
by..rr) . 

The outputs on the left are shown to be 3-state 
outputs by the 'V. They are also shown to be 
affected by affecting input number 4, which is EN4, 
meaning they will be enabled if EN4 = 1 (pin 1 is 
low). See 4.9 for an explanation of EN dependency. 
If EN4 = 0 (pin 1 is high), the affected outputs will 
go to their high-impedance (off) states. 

The labeling at pin 2, which applies to all the outputs on the right, is unusual because the outputs 
themselves have an unusual feature. The label includes both the symbol for a 3-state output ( 'V ) and 
for an open-collector output (Q), separated by a slash indicating that these are alternatives. 



The symbol for the 3-state output is shown to be affected by affecting input number 1, which is M 1, 
meaning the 'V label is valid when M 1 = 1 (pin 11 is high), but is to be ignored when M 1 = 0 (pin 
11 is low). See 4.10 for an explanation of M (mode) dependency. Likewise the symbol for the open­
collector output is shown to be affected by affecting input number 2, which is M2, meaning the ~ 
label is valid when M2 = 1 (pin 11 is low), but is to be ignored when M2 = 0 (pin 11 is high). These 
labels are enclosed in parentheses (used as in algebra); the numeral 3 indicates that in either case the 
output is affected by EN3. Thus the right-hand outputs will be off if pin 1 is low. It can now be seen 
that pin 1 is the direction control and pin 11 is used to determine whether the outputs are of the 3-state 
or open-collector variety. 

6.9 SN75161B Octal IEEE Std 488 Interface Bus Transceiver 

DC (11) 

TE (1) 
EN1/G4 

EN2/G5 

ATN 

EOI 

SRQ 

REN 

IFC 

There are eight I/O ports on each side, pins 2 through 
9 and 12 through 19. Pin 13 is not only an I/O port; 
the line running into the common-control block (see 
Figure 2) indicates that it also has control functions. 
Pins 1 and 11 are also controls. The eight 
bidirectional channels each have amplification from 
left to right, that is, the outputs on the right have 
increased drive capability (indicated by I> ), and the 
inputs on the right all have hysteresis (indicated 
by.rr). All of the outputs are shown to be of the 
3-state type by the 'V symbol except for the outputs 
at pins 9, 4, and 5, which are shown to have passive 
pull ups by the ~ symbol. 

Starting with a typical I/O port, pin 18, the output 
DAV portion is identified by an arrow indicating right-to­

left signal flow and the three-state output symbol 
NDAC ( \J ). This output is shown to be affected by 

t:::=~=B~~~ affecting input number 1, which is EN1, meaning it 
NRFD will be enabled as an output if EN1 = 1 (pin 11 is 

high). See 4.9 for an explanation of EN dependency. 
If pin 11 is low, EN1 = 0 and the output at pin 18 

will be in its high-impedance (off) state. This also applies to the 3-state outputs at pins 13 and 19 and 
to the passive-pull up output at pin 9. On the other hand, the outputs at pins 8, 2, 3, and 12 all are 
affected by the complement of EN1. This is indicated by the bar over the 1 at each of those outputs. 
They are enabled only when pin 11 is low. Thus one function of pin 11 is to serve as direction control 
for the first, third, fourth, and fifth channels. 

Similarly it can be seen that pin 1 serves as direction control for the sixth, seventh, and eighth channels. 
If pin 1 is high, transmission will be from left to right in the sixth channel, right to left in the seventh 
and eighth. These transmissions are reversed if pin 1 is low. 

The direction control for the second channel, EN3, is more complex. EN3 is the output of an OR (;::= 1 ) 
function. One of the inputs to this OR is the active-high signal on pin 13. This signal is shown to be 
affected at the input tothe OR gate by affecting input number 5, which is G5, meaning that pin 13 
is ANDed with pin 1 before entering the OR gate. See 4.2 for an explanation of G (AND) dependency. 
The other input to the OR is the active-low signal on pin 13. This signal is ANDed with the complement 
of pin 11 before entering the OR gate. This is indicated by the G4 at pin 1 and the 4 with a bar over 
it at pin 13. Thus for EN3 to stand at the 1 state, which would enable transmission from pin 14 to pin 7, 
both pins 1 3 and 1 must be high or both pins 13 and 11 must be low. 
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6.10 SN5520 Dual-Channel Sense Amplifier with Complementary Outputs 

C-22 

+Vref 
-Vref 

Cext 

A1 

A2 

S8 

81 

82 
Gy 

Gz 

(13) y 

There are two input channels. The symbology is 
complete for the first channel; the absense of any 
symbology for the second channel indicates it is 
identical. 

The square bracket around the input lines connected 
to pins 2 and 3 shows they constitute a single input 
pair. The + / - by one line and the - / + by the other 
indicate that these are differential inputs, and in this 
case, only the magnitude and not the polarity of the 
applied voltage affects the device. The differential 
inputs connected to pins 5 and 4 supply the 
reference voltage for both channels; see Figure 2 for 
an explanation of the common-control block. The 
differential input of each channel constitutes one 
input of an AND gate (indicated by &). The other 
input to the AND gate is pin 15 or 11. The outputs 
of the two AND gates go to an OR gate (indicated 

by ~ 1). Pin 14 is also an input to this OR gate and is shown by the t::::. symbol to be active 
when low. Thus if a voltage greater in magnitude than Vref is applied to either channel along with a 
high-level voltage to the respective "S" input, or if pin 14 is low, then the output at pin 13 will be high. 

Pin 12 is shown to be the complement of pin 13 except that pin 12 is shown by its label "1" to also 
be affected by pin 10 (Gl) in an AND relationship. See 4.2 for an explanation of G (AND) dependency. 
Thus if pin lOis low, it imposes the internal 0 state or external high level on pin 12. 

Pins 5, 4, and 1 are all shown to be non logic connections by the small X superimposed on those lines. 
The function of such a connection is indicated briefly and not necessarily very exactly by a small amount 
of text within the symbol. Pin 1 is a connection for an external capacitor. The function of pins 5 and 
4 was explained above. 



6.11 SN75500E AC Plasma Display Driver with CMOS-Compatible Inputs 

CMOS/PLASMA DISP 

Z6 8.13 C> 

Z7 
1.14 C> 

(4) 1Q1 

(11) 1Q8 

(12) 2Q1 

(19) 2Q8 

(29) 3Q1 

(22) 3Q8 

(37) 4Q1 

The heart of this device and its symbol is an 8-bit 
shift register. It has a single D input, pin 2, which 
is shown to be affected by affecting input number 9, 
which is C9, meaning it will be enabled if C9 = 1. 
See 4.8 for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since the C 
input is dynamic, the storage elements are edge­
triggered flip-flops. While C9 = 1, which in this case 
will occur on the transition of pin 3 from low to high, 
the state of the D input will be stored. Pin 2 is shown 
to be active low so to store a 1, pin 2 must be low. 

In addition to controlling the D input, pin 3 is shown 
by j- to have an additional function. As pin 3 goes 
from low to high, data stored in the shift register is 
shifted one position. The right-pointing arrow means 
that the data is shifted away from the control block 
(down). 

On the right side of the symbol an abbreviation 
technique has been used that is practical only when 

the internal labels and the pin numbers are both consecutive. Thus it should be clear that the input of 
the element whose output is pin 5 is affected by affecting input number 2, just as the input of the element 
whose output is pin 4 is affected by affecting input number 1. Affecting inputs 1 through 8 are Z inputs 
(Z1 through Z8), which means their signals are tranferred directly to the output elements. See 4.6 for 
an explanation of Z dependency. 

Z8 8.14 (30) 4Q8 

The inputs of the 32 implicitly shown output elements are also shown to be affected by affecting inputs 
numbers 11, 12, 13, and 14 in four blocks of eight each. These inputs will be found in'the common 
control block preceded by a letter G and a brace. The brace is called the binary grouping symbol. It 
is equivalent to a decoder with outputs in this case driving four G inputs (G 11, G 12, G 13, and G 14). 
The weights of the inputs to the coder are shown to be 20 and 21 for pins 1 and 39, respectively. The 
decoder has four outputs corresponding to the four possible sums of the weights of the activated decoder 
inputs. If pins 1 and 39 are both low, the sum of the weights = 0 and G 11 = 1. If pin 1 is low while 
pin 39 is high, the sum = 2 and G 13 = 1 and so forth. G indicates AND dependency, see 4.2. Only 
one of the four affecting G inputs at a time can take on the 1 state. The block of eight output elements 
affected by that G input are enabled; the 0 state is imposed on the other 24 output elements and externally 
those output pins are low. 

Because of their high-current, high-voltage characteristics, the outputs are labeled with the amplification 
symbol 1>. All the outputs share a common EN input, pin 38. See Figure 2 for an explanation of the 
common control block. When EN = 0 (pin 38 is high), the outputs take on their internal 0 states. Being 
active high, that means they are forced low. 
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6.12 SN75551 Electroluminescent Row Driver with CMOS-Compatible Inputs 

SUBSTRATE 1211 
COMMON 

STROBE 1231 

CMOS/EL DISP 

(Q SOURCE SUPPL VI 

The heart of this device and its symbol is a 
32-bit shift register. It has a single D input, 
pin 24, which is shown to be affected by 
affecting input number 1, which is C 1, 
meaning it will be enabled if C1 = 1. See 4.8 
for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since 
the C input is dynamic, the storage elements 
are edge-triggered flip-flops. While C 1 = 1, 
which in this case will occur on the transition 
of pin 20 from high to low, the state of the 
D input will be stored. Pin 24 is shown to be 
active high so to store a 1, pin 24 must be 
high. 

C-24 

2.3 

2.3 I> 
2.3 I> 

2.3 I> 
2.3 I> In addition to controlling the D input, pin 20 

is shown by /- to have an additional function. 
As pin 20 goes from high to low, data stored 
in the shift register is shifted one position. The 

right-pointing arrow means that the data is shifted away from the control block (down). The internal 
inputs of the output buffers are all shown to be affected by affecting inputs 2 and 3. Affecting input 
2 is G2, meaning that pin 19 is ANDed with each of the internal register outputs, which are the buffer 
inputs. If pin 19 is high, the affected buffer inputs are enabled. If pin 19 is low, the 0 state is imposed 
on the affected buffer inputs. See 4.2 for an explanation of G (AND) dependency. Affecting input 3 
is V3, meaning that pin 23 (active low) is ORed with each of the internal register outputs. If pin 23 
is high, V3 = 0 and the affected buffer inputs are enabled. If pin 23 is low, V3 = 1 and the 1 state 
is imposed on the affected buffer inputs. See 4.4 for an explanation of V (OR) dependency. The effect 
of V3 is taken into account after that of G2 because of the order in which the labels appear. This means 
that the imposition of the 1 state on the internal buffer inputs by pin 23 would take precedence over 
the imposition of the 0 state by pin 19 in case both inputs were active. Pin 18 is shown to be an output 
directly from the thirty-second stage of the shift register. Pins 19 and 23 do not affect this output. 

An abbreviation techniRue has been used for the shift register elements and associated the output lines. 
This technique is practical only when the pin numbers and pin names are both consecutive. 

The symbol ~ designates an n-p-n open-collector or similar output. In this device, the outputs are actually 
open-drain n-channel field-effect transistors. Instead of being grounded, the sources of these transistors 
are all connected to pin 21. This pin is used as an input to control the output voltage. 
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Santa Clara (408) 748-2220. 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS: Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895-9197. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CSn 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
General Radio Supply Company 
Graham Electronics 
Hall·Mark Electronics 
Klerulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837-6955; 
Hall-Mark (205) 837-8700; Kierulff (205) 883-6070; 
Marshall (205) 881-9235; Schweber (205) 895-0480. 

ARIZONA: Arrow (602) 968-4800; 
Hall-Mark (602) 437-1200; Kierulfl (602) 437-0750; 
Marshall (602) 968-6181; Schweber (602) 997-4874; 
Wyle (602) 866-2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 716-7300, (714) 669-4700, 
(213) 217-8400; Kierulll (213) 725-0325, (714) 731-5711, 
(714) 220-6300; (818) 407-2500; 
Marshall (818) 407-0101, (818) 442-7204, 
(714) 458-5395; Schweber (818) 999-4702; 
(714) 863-0200; (213) 327-8409; Wyle (213) 322-8100, 
(818) 880-9001, (714) 863-9953; Zeus (714) 632-6880; 
Sacramento: Hall-Mark (916) 722-8600; 
Marshall (916) 635-9700; Schweber (916) 929-9732; 
Wyle (916) 638-5282; 

~~~I_~i:!!.o(6~~o26J~11iJr~i:~.9i (619) 278-2112; 
Marshall (619) 578-9600; Schweber (619) 450-0454; 
Wyle (619) 565-9171; 

~~~)~:;~~6iJ~ ~:~_~r:r~: ~08)~1~?JMo:5-6600; 
Kierulll (408) 971-2600; Marshall (408) 943-4600; 
SChweber (408) 946-7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 

COLORADO: Arrow (303) 696-1111; 
Hall-Mark (303) 790-1662; Kierulll (303) 790-4444; 
Marshall (303) 451-8444; Schweber (303) 799-0258; 
Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 
Hall-Mark (203) 269-0100; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Milgray (203) 795-0714; 
Schweber (203) 748-7080. 

FlORIDA: FI. Lauderdale: Arrow (305) 429-8200; 
Hall-Mark (305) 971-9280; Kierulll (305) 486-4004; 
Marshall (305) 928-0661; Schweber (305) 977-7511; 
Orlando: Arrow (305) 725-1480; 
Hall-Mark (305) 855-4020; Marshall (305) 841-1878; 
Milgray (305) 647-5747; Schweber (305) 331-7555; 
Zeus (305) 365-3000; 
Tampa: Arrow (813) 576-8995; 
Hall-Mark (813) 530-4543; Kierulff (813) 576-1966. 

GEORGIA: Arrow (404) 449-8252; 
Hall-Mark (404) 447-8000; Kierulff (404) 447-5252; 
Marshall (404) 923-5750; Schweber (404) 449-9170. 

ILLINOIS: Arrow (312) 397-3440; 
Hall-Mark (312) 860-3800; Kierulff (312) 250-0500; 
Marshall (312) 490-0155; Newark (312) 784-5100; 
Schweber (312) 364-3750. 

• TEXAS 
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INDIANA: Indianapolis: Arrow (317) 243-9353; 
Graham (317) 634-8202; Hall-Mark (317) 872-8875; 
Marshall (317) 297-0483; 
FI. Wayne: Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230; 
Schweber (319) 373-1417. 

KANSAS: Kansas City: Arrow (913) 541-9542; 
Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2921-

MARYLAND: Arrow (301) 995-0003; 
Hall-Mark (301) 988-9800; Kierulff (301) 840-1155; 

_Milgray (301) 995-6169; Marshall (301) 840-9450; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 

MASSACHUSETTS: Arrow (617) 933-8130; 
Hall-Mark (617) 667-0902; Kierulll (617) 667-8331; 
Marshall (617) 658-0810; Schweber (617) 275-5100, 
(617) 657-0760; Time (617) 532-6200; 
Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Schweber (313) 525-8100; 
Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; 
Hall-Mark (612) 941-2600; Kierulll (612) 941-7500; 
Marshall (612) 559-2211; Schweber (612) 941-5280. 

MISSOURI: SI. Louis: Arrow (314) 567-6888; 
Hall-Mark (314) 291-5350; Kierulff (314) 997-4956; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow (201) 575-5300, 
(609) 596-8000; General Radio (609) 964-8560; 
Hall-Mark (201) 575-4415, (609) 235-1900; 
Kierulff (201) 575-6750, (609) 235-1444; 
Marshall (201) 882-0320, (609) 234-9100; 
Milgray (609) 983-5010; Schweber (201) 227-7880. 

NEW MEXICO: Arrow (505) 243-4566 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Hall-Mark (516) 737-0600; Marshall (516) 273-2053; 
Milgray (516) 420-9800; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 
Rochester: Arrow (716) 427-0300; 
Marshall (716) 235-7620; Schweber (716) 424-2222. 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Kierulff (919) 872-8410; Marshall (919) 878-9882; 
Schweber (919) 876-0000. 

OHIO: Cleveland: Arrow (216) 248-3990; 
Hall-Mark (216) 349-4632; Kierulff (216) 831-5222; 
Marshall (216) 248-1788; Schweber (216) 464-2970. 
Columbus: Arrow (614) 885-8362; 
Hall-Mark (614) 888-3313; 
Dayton: Arrow (513) 435-5563; 
Graham (513) 435-8660; Kierulff (513) 439-0045; 
Marshall (513) 236-8088; Schweber (513) 439-1800. 

OKLAHOMA: Arrow (918) 665-7700; 
Kierulff (918) 252-7537; Schweber (918) 622-8000. 

OREGON: Arrow (503) 684-1690; 
Kierulff (503) 641-9153; Wyle (503) 640-6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856-7000, 
(215) 928-1800; General Radio (215) 922-7037; 
Schweber (215) 441-0600, (412) 782-1600_ 

TEXAS: Austin: Arrow (512) 835-4180; 
Hall-Mark (512) 258-8848; Kierulff (512) 835-2090; 
MarShall (512) 837-1991; Schweber (512) 458-8253; 
Wyle (512) 834-9957; 
Dallas: Arrow (214) 380-6464; 
Hall-Mark (214) 553-4300; Kierulff (214) 343-2400; 
MarShall (214) 233-5200; Schweber (214) 661-5010; 
Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow (713) 530-4700; 
Hall-Mark (713) 781-6100; Kierulff (713) 530-7030; 
Marshall (713) 895-9200; Schweber (713) 784-3600; 
Wyle (713) 879-9953. 

UTAH: Arrow (801) 972-0404; 
Hall-Mark (801) 972-1008; Kierulff (801) 973-6913; 
Marshall (801) 485-1551; Wyle (801) 974-9953; . 

WASHINGTON: Arrow (206) 643-4800; 
Kierulll (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747-9100. 

WISCONSIN: Arrow (414) 792-0150; 
Hall-Mark (414) 797-7844; Klerulff (414) 784-8160; 
Marshall (414) 797-8400; Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 661-0220; 
Future (416) 638-4771; 
Vancouver: Future (604) 294-1166 
Winnipeg: Future (204) 339-0554 

SR 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007. 

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine, 
CA 92714, (714) 660-8187; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815, 

~~i~~ 9J~-~~~'b~:gno~b'2~2m~ (~;~i 2~~~0~~e, 
Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217·7010; 
Woodland Hills: 21220 Erwin St., Woodland Hills, 
CA 91367, (818) 704·7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Au",ra, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269-0074. 

FLORIDA: FI. Lauderdale: 2765 NW. 62nd St., 
Ft. Lauderdale, FL 33309, (305) 973-8502; 
Maitland: 2601 Maitland Center Parkway, 
Maitland, FL 32751, (305) 660-4600; 
Tampa: 5010 W. Kennedy Blvd., Suite 101, 
Tampa, FL 33609, (813) 870-6420. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

~r~il~g~~~: ~~\~~t~~LH~~~~~~:(~n ~40~~g~~QUin, 
INDIANA: FI. Wayne: 2020 Inwood Dr., Ft. Wayne, 
IN 46815, (219) 424-5174; 
Indianapolis: 2346 S. Lynhurst, Suite J-400, 
Indianapolis, IN 46241, (317) 248-8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395-9550. 

MARYLAND: Baltimore: 1 Rutherford PI., 
7133 Rutherford Rd., Baltimore, MD 21207, 
(301) 944-8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895-91CO. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, MI 48018, (313) 553-1500. 

MINNESOTA: Eden Prairie: 11000 W_ 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas 
City, MO 64114, (816) 523-2500; 
SI. Louis: 11816 Borman Drive, St. Louis, 
MO 63146, (314) 569-7600. 

NEW JERSEY: Iselin: 485E U.S. Route I South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050 

NEW MEXICO: Albuquerque: 2B20-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY 13057, (315) 463-9291; 
Endicott: 112 Nanticoke Ave_, P.O. Box 618, Endicott, 
NY 13760, (607) 754-3900; Melville: 1 Huntington 
Quadrangle, Suite 3Cl0, P_O_ Box 2936, Melville, 
NY 11747, (516) 454-6600; Pittsford: 2851 Clover St., 
Pittsford, NY 14534, (716) 385-6770; 
Poughkeepsie: 385 South Rd., Poughkeepsie. 
NY 12601, (914) 473-2900. 

NORTH CAROLINA: Charlotte: B Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; 
~~em~1.8&;~i~~6'~72d5s Blvd., Suite 100, Raleigh, 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 

gU'.f5".i3~:(gf1)Y2~J~3~7i'24 linden Ave., Dayton, 

OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: FI. Washington: 260 New York Dr., 
Ft. Washington, f'A 19034, (215) 643-6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
CoraopoliS, PA 15108, (412) 771-8550. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809) 753-8700. 

TEXAS: Austin: P.O_ Box 2909, Austin, TX 78769, 
(512) 250-7655; Richardson: 1001 E. Campbell Rd., 
Richardson, TX 750BO, 
(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 237, Houston, TX 77036, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 
San AntoniO, TX 78232, (512) 496-1779. 

UTAH: Murray: 5201 South Green SE, Suite 200, 
Murray, UT 84107, (801) 266-8972. 

VIRGINIA: Falrtax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849-1400. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, 
Suite 150, Brookfield, WI 53005, (414) 785-7140. 

CANADA: Nepean: 301 Moodie Drive, Mallorn 
Cenler, Nepean, OntariO, Canada, K2H9C4, 
(613) 726-1970. Richmond Hill: 280 Centre St. E_, 
Richmond Hill L4C1Bl, Ontario, Canada 
(416) 884-9181; 51. Laurent: Ville St. Laurent Quebec, 
9460 Trans Canada Hwy., St. Laurent, Quebec, 
Canada H4S1R7, (514) 335-8392. 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F_: Esmeralda 130, 15th Floor, t035 Buenos 
Aires, Argentina, 1 + 394-3008. 

AUSTRALIA (I NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 
2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H_: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N.V. Belgium S-A.: 
Mercure Centre, Raketstraat 100, Rue de la Fusee, 
1130 Brussels, Belgium, 2/720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166_ 

DENMARK: Texas Instruments AlS, Mairelundvej 
46E, DK-2730 Herlev, Denmark, 2 - 91 7400. 

FINLAND: Texas Instruments Finland OY: 
Teollisuuskatu 19000511 Helsinki 51, Finland, (90) 
701-3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet, 
(93) 20-01-01; Paris Office, BI'. 678-10 Avenue 
Morane-Saulnier, 78141 Velizy-Villacoublay, 
(3) 946-97-12; Lyon Sales Office, L'Oree D'Ecully, 
Batiment B, Chemin de la Forestiere, 69130 Ecully, 
(7) 833-04-40; Strasbourg Sales Office, Le Sebastopol 
3, Quai Kleber, 67055 Strasbourg Cedex, 

&~~,*,2~;:;,s~s~(~e~i_~~:~; ~~~I~~:au~:I~aO?~2e, 
Le Peripole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44-18-19; Marseille Sales Office, 
Noilly Paradis-146 Rue ParadiS, 13006 Marseille, 
(91) 37-25-30_ 
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GERMANY (Fed_ Republic of Germany): Texas 
Instruments Deutschland GmbH: HagQertystrasse 1, 
0-8050 Freising, 8161 +80-4591; Kurfuerstendamm 
1951196, 0-1000 Berlin 15,30 + 882-7365; III, Hagen 
43/Kibbelstrasse, .19, 0-4300 Essen, 201-24250; 
Frankfurter Allee 6-8, 0-6236 Eschborm " 
06196+8070; Hamburgerstrasse II, 0-2000 Hamburg 
76,040+220-1154, Kirchhorsterstrasse 2, 0-3000 
Hannover 51,511 +648021; Maybachstrabe 11, 
0-7302 Ostfildern 2-Nelingen, 711 +547001; 

~~~\~~~i~~ 31J'9, ~~:;t7:S~~u,r3, ~~S!&+ ~~~I~~ 1; 
261 +35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr_, Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
1831311. 

ITALY: Texas Instruments Semiconduttorl Italia Spa: 
Viale Delle Scienze, 1,02015 Cittaducale (Rieti), 
Italy, 746694. I; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6 + 9003241; Viale 
Europa, 38-44, 20093 Cologno Monzese (Milano), 
22532541; Corso Svizzera, 185, 10100 Torino, Italy, 
11 774545; Via J. Barozzi 6,40100 Bologna, Italy, 51 
355851_ 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bldg_, 6-12, Klta Aoyama 3-Chome, Minato-ku, 
Tokyo, Japan 107,3-498-2111; Osaka Branch, SF, 
Nissho Iwai Bldg_, 30 Imabashi 3- Chome, 
Higashl-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Bldg_, 10-27, Meieki 
4-Chome, Nakamura-ku Nagoya, Japan 
450, 52-583-86.91. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bldg., Yuksam-Dong, Gangnam-ku, 
135 Seoul, Korea, 2+462-8001. 

MEXICO: Texas Instruments de Mexico S-A.: Mexico 
City, AV Reforma No. 450 - 10th Floor, Mexico, 
D.F., 06600, 5 + 514-~003. 

MIDDLE EAST: Texas Instruments: No_ 13, I st Floor 

~:~~~aB~da~;a?~~~~~:~~ ~~~', ~g+~~~l:,~35, 
NETHERLANDS: Texas Instruments Holland B.V., 
P_O. Box 12995, (Bullewijk) 1100 CB Amsterdam, 
Zuid-Oost, Holland 20 + 5602911, 

~~~~:~3r,eo~~01~~t~uo~~~~ (~)o~;6~S: PB106' 

PHILIPPINES: Texas Instruments Asia Ltd_: 14th 

~~~!ii~~e~~g~!~i~d~iii~~~rn~:~~o. g~ 8~~~~s, 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng_ Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003_ 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd_: 12 Lorong 
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747-2255. 

SPAIN: Texas Instruments Espana, S-A.: C/Jose 
Lazaro Galdlano No_ 6, Madrid 16, 11458_14_58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigelilialen): Box 39103, 10054 
Stockholm, Sweden, 8 - 235480. 

SWITZERLAND: Texas Instruments, Inc_, Reidstrasse 
6, CH-8953 Dletikon (Zuerich) Switzerland, 
1-7402220_ 

TAIWAN: Texas Instruments SUPPI~ Co_: Room 903, 

~~Tw~~~ ~e~~~I~~O/2:h~~~,g2K~~~, -~tfj_ Taipei, 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 + 442-7162. 
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