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ULN-2280B
ULN-2283B and 2283B-1
ULN-2429A
ULN-2430M
ULN-2435A and 2445A
ULN-2436M
ULN-2455A
ULN-2457A/L
TPQ 2483 and 2484
UDN-2522A
UDN-2540B
UDN-2543B
UDN-2545B
UDN-2580A through 2588A
UDN-2595A
UDN-2596A through 2599A
ULN-2801A through 2825A
ULS-2801H/R through 2825H/R
UDN-2841B and 2845B
UDN-2878W and 2879W
TPQ 2906 and 2906A
UDN-2906W

Quad Transistor Arrays . ... ...
Hermetic Quad Power and Relay Drivers .. ......................
Quad Power and Relay Drivers . ............ ..o i
High-Frequency Phase-Locked Loops .. ............... ... .....
Switched-Mode Power Supply Controllers
Switched-Mode Power Supply Controllers
CMOS Logic Screened to MIL-STD-883
Multiple Diode Arrays . . ... ... ...
7-Channel Darlington Drivers .. ........ . ... .. ... ... ......
7-Channel Darlington Drivers . ........... ... .. ... oii..
Hermetic High-Current Darlington Drivers . . .....................
Darlington Arrays. ... ...
Hermetic NPN Transistor Array . ... ... .
NPN Transistor Arrays . . . ... oo
Differential Amplifier Arrays
1.5A Darlington Switches . . . .......... .. ... ...l
Hermetic Quad 1.5 A Darlington Switches .......................
General-Purpose NPN TransistorArrays . .. ......................
Independent NPN Transistor Arrays. ... ...,
Hermetic Independent NPN TransistorArray. .. ...................
NPN Transistor Array . ...
FM, IF Amplifier/Limiter and Detector .. ........................
(TDA1083) AM/FM Radio System
Quad NPN Transistor Arrays. .. ...
AM/FM Signal Processing System . . ........... .. ... .. L
Mixer/IF for FM Radios ...................... e
2.5-Watt Audio Power Amplifier ............... ... ... ...
Low Power Audio Amplifier. . ... ..
Fluid Detector (Impedance Comparator) ........................
Timer
Automotive Lamp Monitors . ............ .. ... ..o
Dual-Mode (10 min./5 min.) Countdown Timer . .. ... ..............
General-Purpose Quad Comparator ...........................
Quad Lamp Monitor for 24V Systems . ............. ... ........
Quad NPN Transistor Arrays. .. ...
Quad Bus Transmitter/Receiver ... ............. . ...l
Quad 1.25APower Driver .. ...
Quad NAND-Gate Power Driver . . ...,
Universal Quad 2.5ADriver. . ... .. o
8-Channel High-Current Source Drivers
8-Channel Medium-Current Sink Driver. .. ......................
8-Channel Saturated Sink Drivers .............. ... ... .......
8-Channel High-Current Darlington Drivers . . ....................
Hermetic 8-Channel Darlington Drivers. . .......................
Quad 1.5A Darlington Drivers . ........ ... ..
Quad 4 A Darlington Switches .. .......... ... ... ... ...
Quad PNP Transistor Arrays . . . ... ..o
3-Phase Brushless DC Motor Driver ... ........................

*Complete information is provided in Data Book CN-250, Discrete Semiconductors.
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TPQ 2907 and 2907A
UDN-2931B/W

UDN-2933B and 29348
UDS-2933H and 2934H
UDN-2935Z

UDN-2936W and 2937W
UDN-2938W and 29398
UDN-2941B

UDN-29432

UDN-2944W

UDN-2948W

UDN-29497

UDN-2950Z

UDN-2951Z

UDN-2952B/W

UDN-2953B

UDN-2954W

UDN-2955W

UDN-2956A and 2957A
UDN-2962B/W
UDN-2965W-2
UDN-2975W and 2976W
UDN-2981A through 2984A
UDS-2981H/R through 2984H/R
UDN-2985A and 2986A
UDN-2987A

UDN-2993B

UDN-2998W
UGN/UGS-3000 through 3299
ULN-3310 through 3390
UGN/UGS-3500 through 3599
SG3525A)/AN

SG3526)N

SG3527AJ/AN

UGN-3600 through 3609
UDN-3611M through 3614M
UDS-3611H through 3614H
ULN-3705M

ULN-3718M

TPQ 3724 and 3725
ULN-3725M

ULN-37508

ULN-37512

ULN-3753B/W
ULN-3755B/W

ULN-3782M

ULN-3784B

Quad PNP Transistor Arrays . . . ..o *
3-Channel 2 A Half-Bridge Drivers .. .......................... 4-31
3-Channel 1 A Half-Bridge Motor Drivers. ... .................... 3-55
Hermetic 3-Channel Half-Bridge Motor Drivers. .. ................. 6-47
2 A Half-Bridge Motor Driver .. ....... ... ... ... ... ... .. ... 4-34
3-Phase =2 A Brushless DC Motor Drivers ... ................... 4-40
3-Phase 4 A Brushless DC Motor Drivers . . ...................... 4-46
Quad 2ASource Driver ... ... 4-48
1 A Half-Bridge Motor Driver . ............. ... ... ........ ... 4-51
Quad 4 A High-Voltage Source Driver .......................... 4-55
Quad 6 A High-Voltage Source Driver ... ....................... 4-58
2 A Half-Bridge Motor Driver .......................... See UDN-2950Z
2 A Half-Bridge Motor Driver ......... ... ... ... ... ....... 4-34
8 A Half-Bridge Motor Driver ............... ... ... .. ........ 4-61
2 AFull-Bridge Motor Drivers . . ....... ... 4-64
2 AFull-Bridge Motor Driver . ........ ... 4-70
2 AFull-Bridge Motor Driver .. ....... ... ... ... ... .. ... ... .. 4-70
8 A Half-Bridge Motor Driver .. ....... ... ... ... ... ... .. ... 4-61
Negative-Supply, 5-Channel Source Drivers. . .................... 3-58
Dual 3 A PWM Solenoid/Motor Driver . .. ........................ 4-75
Dual 5 A Solenoid/Motor Driver. . ............................. 4-81
Dual 4 A Solenoid Drivers . .......... .. ... . . . 4-86
8-Channel Source Drivers . ......... ... 3-62
Hermetic 8-Channel Source Drivers . ...................... ... 6-50
8-Channel Saturated Source Drivers. .......................... 3-69
8-Channel Short-Circuit, Protected Source Drivers ................. 3-71
Dual H-Bridge Motor Driver . .. ....... .. ... ... .. . i 3-77
Dual 2 A Full-Bridge Motor Driver . ... ......................... 4-89
Digital Hall-Effect Switches . .............. ... ... ... ....... T
Optoelectronic Sensors . .. ... .. .. ... T
Linear Qutput Hall-Effect Sensors ... ......................... T
Switched-Mode Power Supply Controllers .. ..................... 7-5
Switched-Mode Power Supply Controllers . ...................... 7-5
Switched-Mode Power Supply Controllers . ...................... 7-5
Hall-Effect Sensor Elements .. ............. ... ... . ... ... t
Dual Peripheral and Power Drivers . ... ....... ... ... ... ... ... 3-82
Hermetic Dual Peripheral and Power Drivers ..................... 6-56
Low-voltage Audio Power Amplifier .. ... ... ... ... .. ... See ULN-3718M
Low-Voltage Audio Power Amplifier. . .. .......... ... ... .. ..., 7-4
Quad NPN Transistor Armays. ... ..o *
1-Watt Audio Power Amplifier . ......... ... ... ... ... ..., 7-4
Dual 1-W Audio Power Amplifier . . ............. ... ... o L. 1-4
Power Operational Amplifier ................ ... ... ... ... ... 4-93
Dual Power Operational Amplifiers ............. ... ... ... ... 4-98
Dual Power Operational Amplifiers .............. ... ... ... ... 4-107
Dual Low-Voltage Audio Power Amplifier .. ...................... 7-4
4-Watt Audio Power Amplifier ........ ... 7-4

*Complete information is provided in Data Book CN-250, Discrete Semiconductors.
‘tComplete information is provided in Data Book SN-500, Sensor ICs.
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ULN-3793W and 3794W 20-Watt Automotive BTL Audio Power Amplifiers. .................. 1-4
TPQ 3798 and 3799 Quad PNP Transistor Arrays . . . ... *
ULN-3803A Low-Voltage AM/FM Short-Wave Signal Pracessor. .. ............... 7-3
ULN-3804A AM/FM Signal Processor .. ...........oovviiiiian... See ULN-3803A
ULN-3809A Low-Voltage Phase-Locked Loop Stereo Decoder................... 7-3
ULN-3820A C-QUAM® AM Stereo Decoder. . ...t 7-3
ULN-3821A AM Tuning Stabilizer . ....... ... .. 7-3
ULN-3823A Low-Voltage FM Stereo Decoder with Blend Function................ 7-3
ULN-3838A AM Radio System . ... ... See ULN-3839A
ULN-3839A AMRadio System . .. ... . 7-3
ULN-3840A AM/FM Signal Processing System . .. ... ... 7-3
ULN-3841A AM Signal Processor. .. ... 7-3
ULN-3842A AM/FM Signal Processing System ... ....... .. ... o il 7-3
ULN-3859A Low-Power, Narrow-Band FMIF ......... .. ... ... ... ... ... 7-3
ULN-3862A Low-Power, Narrow-Band FM IF System . .. ...................... 7-3
ULN-3883A FM Communications IF/Audio System . ......................... 7-3
TPQ 3904 and 3906 ) Quad Transistor Arrays . .. ... .. *
TPP 4000 Medium-Power Quad Darlington Array. .. ....................... *
883C 4000 Series CMOS Logic Screened to MIL-M-38510 . ... ..................... 6-4
TPQ 4001A and 4002A Quad NPN Transistor Arrays. ... ... oo *
UCN-4202A and 4203A Stepper Motor Translator/Driver . . . ................ ... ... ... 5-3
UCN-42048 and 42058-2 1.25 A Unipolar Stepper-Motor Translator/Driver .................. 5-10
TPQ 4354 Quad PNP TransistorArray . .......... it *
UCN-4401A 4-Bit BiMOS Latched Driver. .. ......... ... ... ... .. .. See UCN-5800A
UCS-4401H Hermetic 4-Bit BiMOS Latched Driver . ......................... 6-62
UCN-4801A 8-Bit BiMOS Latched Driver. . .. .. ... .. o See UCN-5801A
UCS-4801H Hermetic 8-Bit BiMOS Latched Driver ... ....................... 6-62
UCN-4805A BiMOS Latched Decoder/Driver ... ... .o 5-13
UCN-4807A and 4808A Addressable BiMOS Latched Drivers ... ....... ... ... .. o 5-17
UCN-4810A and 4810A-1 10-Bit Serial-In, Latched Driver . .. ..................... See UCN-5810A
UCS-4810H Hermetic 10-Bit Serial-In, Latched Driver ............ ... ... ... 6-67
UCN-4815A 8-Channel BiMOS Latched Source Driver . ................. See UCN-5815A
UCS-4815H Hermetic 8-Channel Latched Source Driver .. .................... 6-73
UCN-4821A through 4823A 8-Bit BiMOS Serial-In, Latched Drivers ... ........... See UCN-5821/22/23A
UCS-4821H through 4823H Hermetic 8-Bit BiMOS Serial-in, Latched Drivers .................. 6-79
TPQ 5400 through 5551 Quad Transistor Arrays . . . ... ..t *
NE 5560N/F Switched-Mode Power Supply Controllers ....................... 7-5
NE 556N Switched-Mode Power Supply Controller ..................... ... 7-5
NE 5568N Switched-Mode Power Supply Controller .. ...................... 7-5
UDN-5703A through 5707A Quad Peripheral and Power Drivers. . .......................... 3-86
UDS-5703H through 5707H Hermetic Peripheral and Power Drivers ... ...................... 6-85
UDS-5711H through 5714H Hermetic Peripheral and Power Drivers . ........................ 6-91
UDN-5711M through 5714M Dual Peripheral and Power Drivers .. .......................... 3-90
UDN-5721M through 5724M Dual Peripheral and Power Drivers ............. ... ... ... 3-94
UDN-5725M Dual Peripheral and Power Driver . . . .......... .. ... ... .. 4-117
UDN-5732M Dual 2-Input NAND Power Driver .. ........... .. ... ... See UDN-5725M
UDN-5733A Quad 2-Input NOR Power Driver . . ...... ... . 3-89
UDS-5733H Hermetic Quad 2-Input NOR Power Driver ....................... 6-85

*Complete information is provided in Data Book CN-250, Discrete Semiconductors.
®C-QUAM (Compatible Quadrature Amplitude Modulation) is a registered trademark of Motorola, Inc.
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UDN-5741M through 5754M
UDS-5791H

UCN-5800A and 5801A
UCS-5800H and 5801H
UCN-5804B

UCN-5810A and 5810A-1
UCS-5810H

UCN-5811A and 5811A-1
UCN-5812A and 5812A-1
UCN-5813B and 58148
UCN-5815A and 5815A-1
UCS-5815H

UCN-5816A

UCN-5818A and 5818A-1
UCN-5818AF/AF-1
UCN-5818EPF/EPF-1
UCN-5821A and 5822A
UCS-5822H

UCN-5823A

UCN-5825B and 58268
UCN-5832A/C
UCN-5832EP
UCN-5833A/C/EP
UCN-5834A/C/EP
UCN-5841A through 5843A
UCN-5851A/EP and 5852A/EP
UCN-5853A/EP
UCN-5854A/EP
UCN-5855EP and 5856EP
UCN-5857A/EP
UCN-5858A/EP
UCN-5859A/EP
UCN-5860A/EP
UCN-5864C

UCN-5881EP

UCN-5882EP
UCN-5890A/B and 5891A/B
UCN-5895A

UCN-5896W

UCN-5900A and 5901A
UCN-5910A

TPQ 6001 through 6100A
UDN-6116A/R through 6138A/R
UDS-6118H

TPQ 6426 through 6700
UDN-6510A/R and 6514A/R
UDN-65408

ULN-7001A through 7005A
TPQ 7041 through 7053
ULN-7064B through 70748
UDN-7078W

TPQ 7091 through 7093
UDN-7180A through 7186A

Dual Peripheral and Power Drivers .. .......... ... ... ... .... 3-94
Hermetic Quad PIN Diode Driver . . .......... ... ... ... ....... 6-97
High-Speed BiMOS Latched Drivers . .............. ... ......... 5-23
Hermetic High-Speed BiMOS Il Latched Drivers ................... 6-100
1.25 A, Stepper Motor Translator/Driver. .. ...................... 5-28
10-Bit High-Speed Serial-In Latched Drivers ... .................. 5-33
Hermetic 10-Bit Serial-In Latched Driver. ... .................... 6-106
12-Bit BiMOS Serial-In Latched Drivers. . ....................... 5-37
20-Bit BiMOS Serial-In Latched Driver . ........................ 5-33
4-Bit High-Speed BiMOS Latched 1.5A Drivers . .................. 5-41
8-Bit High-Speed BiMOS Latched Source Drivers . ................. 5-46
Hermetic 8-Bit BiMOS Latched Source Driver . .. .................. 6-111
16-Bit Addressable, BiMOS Latched Sink Driver . .. ................ 5-49
32-Bit BiMOS Serial-In, Latched Driver . . . ...................... 5-33
32-Bit BiMOS Serial-In, Latched Drivers .................. .. .... 5-51
32-Bit BiMOS Serial-In, Latched Drivers . ....................... 5-51
8-Bit Serial-In, Latched High-Voltage Drivers .................... 5-55
Hermetic 8-Bit BiMOS Serial-In, Latched Driver .. ................. 6-116
8-Bit Serial-In, Latched 100V Driver .. ........................ 5-55
4-Bit BiMOS Serial-In; Latched 2ADrivers . ..................... 5-59
32-Bit BiMOS Serial-In, Latched Sink Drivers . . ................... 5-65
32-Bit BiMOS Serial-In, Latched Sink Driver . .................... 5-71
32-Bit Serial-In, Latched Darlington Drivers .. ................... 5-74
32-Bit Serial-In, Latched Saturated Sink Drivers ................. 52
8-Bit Serial-In Latched High-Voltage Drivers . .. .................. 5-82
32-Bit BiMOS Serial-In, TFEL Row Drivers ....................... 5-87
32-Bit BiMOS Serial-In, TFEL Column Drivers . .. .................. 5-95
32-Bit BiMOS Serial-In, TFEL Column Drivers . .. .................. 5-95
32-Bit Serial-In, Latched TFEL Column Drivers. .. .................. 52

8 of 32-Bit BiMOS AC Plasma Display Drivers .................... 5-103
32-Bit Serial-In AC Plasma Display Drivers . ..................... 5-105
8 of 32-Bit BiMOS AC Plasma Display Drivers .................... 5-103
32-Bit Serial-In AC Plasma Display Drivers .. .................... 5-105
64-Bit Serial-In, Latched Driver ... ........... ... ... ... .. 52
2x8-Bit BiMOS Latched Driver with Read Back-. . . ................. 5-107
2x8-Bit BiMOS Latched Driver with Read Back . . .................. 5-110
8-Bit BiMOS Serial-In, Latched Source Drivers .. .................. 5-113
8-Bit Serial-In, BiMOS Latched Source Driver. .. .................. 5-119
4-Bit Serial-In, Latched 2A Source Driver .. ...................... 5-2
150 V BiMOS Latched Drivers .. ...... ... i 5-123
10-Bit BiMOS Serial-In, 150 V Latched Driver. .................... 5-129
Dual Complémentary-Pair Transistor Arrays. . . ................... *
Fluorescent Display Drivers . .. ....... ..o nneena.., 2-3
Hermetic Fluorescent Display Driver . .................. See UDN-6118A/R
Quad Transistor Arrays . .. ... *
High-Voltage Source Drivers . ........ ... ... ... .. oo, .. 2-7
8-Channel, High-Voltage DMOS Driver ... ...................... 2-10
150V, High-Current Darlington Arrays ......................... 2-13
Quad Transistor Arrays .. ... ... *
Quad High-Voltage Darlington Arrays .. ......... ... ... ... ...... 2-15
Quad 3A/90 V Darlington Switch . ............. ... ... ... ... ... 4-121
Quad PNP Transistor Arrays . . . ... *
Gas-Discharge Display Segment Drivers .. ...................... 2-17

*Complete information is provided in Data Book CN-250, Discrete Semiconductors.
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ULN-8125A/R
ULN-8126A/R
ULN-8127AR
ULN-8130A
ULN-8131A
ULN-8160A/R
ULN-8161M
ULN-8163AR
ULN-83168M
ULN-8194A
ULQ-8194A
ULN-8195A
ULQ-8195A
ULN-8564A/R
ULS-8564R

M38510/05001 through /05951
M38510/14103
M38510/16202 through /17701

Switched-Mode Power Supply Controllers .................. See SG3525A
Switched-Mode Power Supply Controllers ................... See SG3526
Switched-Mode Power Supply Controllers .................. See SG3527A
Line and Quad Voltage Monitor ... ...... ... ... ... .. ... ... ... 7-23
Line and Quad Voltage Monitor ... ................ ... ... ... 7-28
Switched-Mode Power Supply Controllers ................. See NES560N/F
Switched-Mode Power Supply Controller ................... See NE5S561N
Switched-Mode Power Supply Controllers . ...................... 7-33
Switched-Mode Power Supply Controller ................... See NE5S568N
Switched-Mode Power Supply Controller .. ................. See TL594CN
Extended-Temperature SMPS Controller .................... See TL594IN
Switched-Mode Power Supply Controller .. ................. See TL595CN
Extended-Temperature SMPS Controller .................... See TL595IN
High-Frequency Phase-Locked Loops ..................... See NES6AN/F
Hermetic High-Frequency Phase Locked Loop . .. .............. See SE564F
4000B CMOS Logic to MIL-M-38510 . . ...........ccovvevnen. .. 6-4
BEC Darlington Driver to MIL-M-38510 .. ................. See ULS-2003H
4000B CMOS Logic to MIL-M-38510 . ... ..., 6-4
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SPRAGUE FACILITIES
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SEMICONDUCTOR GROUP
SPRAGUE ELECTRIC COMPANY

Sprague Electric Company was founded in 1926
and is recognized as a pioneer in the research,
development, and manufacture of reliable, high-
quality electronic components for the electrical and
electronics industries. It is one of four business units
making up the Electronics, Defense, and Tele-
communications Group of The Penn Central Cor-
poration. Its products are used in virtually
every electronics application ranging from air-
conditioners, cars, radios and TVs, to computers,
communications, and space vehicles. Sprague
manufactures active and passive electronic com-
ponents in 17 locations in the United States and
in 5 countries in Europe and the Far East.

Headquarters for the Sprague Semiconductor
Group is on a 40-acre site in Worcester, Massachu-
setts. Manufacturing operations and many support
services have been in place there since 1966 in 2
modern plant that now occupies 183,000 square feet.

The current Worcester employment level is in ex-
cess of 750 people.

Additional production facilities occupying
223,000 square feet are on a 30-acre site in Willow
Grove, Pennsylvania. Other support operations are
located in Manila, Republic of the Philippines, Hong
Kong, and Ferney Voltaire, France.

The Semiconductor Group has concentrated its
activities in the areas of CMOS logic and high-
performance power and smart power integrated cir-
cuits serving the computer, industrial control and
radio markets. It manufactures standard and custom
integrated circuits for specialized, high-volume ap-
plications. A reputation for versatility and unique
capability has been established, making Sprague the
standard of performance for electronic products of
this type. Distinctive circuits, involving proprietary
designs and state-of-the-art processing, have helped
establish the Sprague Semiconductor Group as a
leader in its field.



PROCESS TECHNOLOGIES
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The three basic process technologies available from Sprague are bipolar,
CMOS, and DMOS. These three technologies are used separately or in
combination in the form of merged process technologies. Merged technol-
ogy capabilities include:

Bipolar + CMOS BiMOS
(high-current) DMOS + CMOS D/CMOS
CMOS + (high-voltage) DMOS C/DMOS

CMOS + DMOS + Bipolar

This merging gives Sprague a design flexibility to incorporate multiple
system functions in a cost-effective (and often unique) manner. Functions
which are currently being merged in monolithic silicon chips by Sprague
include:

Input Sense (Hall effect, photosensitive, low-level)
Information Processing (Analog or digital)
Output Control (High voltage and/or high current)

““‘Smart Power’’ is a monolithic combination of information processing
and output drive capability of 2 A and/or 2 W or greater. Sprague devel-
oped and has been a leader in smart power technology since 1977.

Bipolar Capabilities

Sprague has a mature and broad range of bipolar technologies that are
used in small-signal linear products and in power and smart power inte-
grated circuits. Multiple bipolar sink and source functions with current
capability to 8 A per channel and voltage capability to 200 V are available.
Two-level metal processes are used extensively in power bipolar struc-
tures greater than 2 A. The two-level metal construction provides power
devices which are superior in SOA performance to conventional single-
level metal construction.

Current/Voltage Capabilities

Function Type (per channel)

SA/BOV
Sink Driver 4A/60V
1A/150V

Source Driver . —8A/40V
—4A/60V
— 100 mA/150 V

CMOS Capabilities

Sprague offers a wide range of CMOS process technologies produced in
a military (MIL-M-38510) qualified plant. These technologies cover the
range from high voltage to low voltage/high density. The base technologies

are:
Nominal Operating
Process Dimensions Voltage
F-Metal Gate (P-well) 6-8 um 1.5-15V
HIIA Silicon Gate 4 pum 3-20V
HIl Silicon Gate 3um 2-8V
HIll Silicon Gate 2 um 2-8V

The silicon gate processes are available with either N or P wells, double-
silicon, and polysilicon resistors and capacitors. HII and HIII are available
with two-level metal.
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12L Merged with Analog Bipolar

This technology is available with feature sizes from 4 to 8 microns, and
maximum bipolar operating voltages from 6 V to 20 V. In all cases the
logic portion functions down to 1.0 V. These technologies can include
2 k/square resistors, Schottky diodes, and two-level metal.

DMOS Capabilities

A process technology with multiple, independent, lateral DMOS power
output devices with capabilities to 200 V and 200 mA per output stage is
available. The output DMOS devices are enhancement-mode N-channel
DMOS structures. The process has been designed to allow for the integra-
tion of bipolar and CMOS elements on the same monolithic chip while
optimizing the DMOS power output performance.

BiMOS Smart Power Capabilities

The first CMOS + bipolar smart power integrated circuits in the indus-
try were developed by Sprague in 1977-78 (UCN-4401/4801). Since then,
Sprague has developed a family of BIMOS processes to optimize size
(cost)/performance for a variety of applications. A summary of current
processes is given below:

BiMOS 11 5-12 V logic supply voltage
100 V/4 A (per channel) power bipolar
5 MHz logic operation at 5 V supply
1x relative size

BiMOS II1 5-12 V logic supply voltage

- 150 V/2 A (per channel) power bipolar

SMHz logic operation at 5 V supply
1x relative size

BiMOS IV 5-12 V logic supply voltage
40 V/4 A (per channel) power bipolar
5 MHz logic operation at 5V supply
0.5x relative size

BiMOS V 5-7 V logic supply voltage

(developmental) 80 V/2 A (per channel) power bipolar
10 MHz logic operation at 5 V supply
0.25x relative size

With the evolution of Sprague BiMOS, logic content has increased sig-
nificantly and chip size per function has decreased dramatically.

The majority of the standard products designed to date with Sprague
BiMOS processes have used CMOS as a digital logic function with power
bipolar. Sprague has recently begun to utilize the CMOS for analog func-
tions as well.

C/DMOS Smart Power Capabilities

Sprague has developed a series of display driver devices based on
a C/DMOS (lateral) process. The CMOS has the performance charac-
teristics of BiMOS II and the output devices are N-channel DMOS
devices with output ratings of 225 V breakdown and 50 mA current capa-
bility. This process is well-suited for multi-channel high-voltage/low-
current applications.
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D/CMOS Smart Power Capabilities

Presently under advanced development at Sprague is a D/CMOS tech-
nology which incorporates Sigate CMOS logic and either a single-channel
high-current (20 A) DMOS capability or multi-channel DMOS power out-
puts rated at 50 V and a current capability in the 2 A range.

Summary of Sprague Power Integrated Circuit
Technologies for Multi-Channel Applications

BiMOS/ CMOS/Bipolar/

Linear CMOS DMOS
Characteristic Bipolar Bipolar Vertical DMOS
Current per Channel 8A 4A 4A
Current per Chip 32A 16A 16A
ON Resistance 0.25 0.5 0.1-0.3
Sustaining Voltage 50-80V 50-80V 50-80V
Breakdown Voltage 80-200V 80-150V 50-80V
Extensive Logic on Chip No Yes Yes
Logic Data Rate NA 5-10 MHz 5-10 MHz
Logic Predrive Power High Low Low
Linear Functions Yes Yes Yes
Source/Sink Functions Yes Yes Sink Only*
Cost Low Moderate High
*May require bootstrapping for N-channel MOS source function or a bipolar source function could be

used with bootstrapping.

Power IC Packages

Power and smart power IC performance is dependent on the power
efficiency of the silicon chip (chip power dissipation), the maximum allow-
able junction temperature (typically 125°C to 150°C), and the availability
of a low thermal-resistance path from the chip to a suitable external heat
sink. Sprague specifies an approximate thermal resistance from junction
to air and junction to case or, for highest power dissipation requirements,
junction to tab or heat sink. For minimum power dissipation requirements
(to 2 W), industry-standard packages with copper leadframes are ade-
quate. For medium power dissipation requirements (3-8 W), packages with
heat-sink contact tabs are available (DIPs and SOICs) or will be soon
(PLCCs). Highest package power dissipation requirements (3-30 W) are
answered with power tab SIPs. Complete information on Sprague pack-
ages is given in Seciton 8 of this Data Book.

TYPICAL CUSTOM DESIGN SCHEDULE
Task Time in Weeks

Define Specifications —_—
Circuit Design 2-1
Breadboard Construction and Analysis 4-8
Circuit Layout and Maskmaking 4-1
Prototype Processing 2-1
3-8
8-1
5-1

Prototype Evaluation
Production Pilot Run
Production Volume

Nominal Developmental Cycle of 28 to 48 weeks.




PART NUMBERS

INTEGRATED CIRCUIT PART-NUMBERING SYSTEMS
ub N - 6116 A -1

T 7 T |
INSTRUCTIONS.

1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS

BU = BURNED-IN PARTS TO DOUBLE-DEUCE PROGRAM*

MIL = MILITARY GRADE, NON-COMPLIANT, WITH SCREENING TO
MIL-STD-883, CLASS B*

883 = MILITARY GRADE, COMPLIANT, WITH SCREENING TO MIL-STD-883,
CLASS B*

PACKAGE DESIGNATION.
A = PLASTIC, DUAL IN-LINE
B PLASTIC, DUAL IN-LINE SEMI-TAB
C UNPACKAGED CHIP
CW = PROBED WAFER
EK = CERAMIC/METAL HERMETIC, LEADLESS CHIP CARRIER
EP = PLASTIC, LEADED CHIP CARRIER
H = CERAMIC/METAL HERMETIC, DUAL IN-LINE
L = PLASTIC, SOIC

LB = PLASTIC, WIDE-BODY SOIC POWER TAB
LW = PLASTIC, WIDE-BODY SOIC
M = PLASTIC, 8-PIN DUAL IN-LINE

R = CERAMIC/GLASS HERMETIC, DUAL IN-LINE
W = PLASTIC, 12-LEAD SINGLE IN-LINE POWER TAB
I = PLASTIC, 5-LEAD SINGLE IN-LINE POWER TAB (10-220)

IH = Z PACKAGE WITH FORMED LEADS FOR HORIZONTAL MOUNT
IV = 7 PACKAGE WITH FORMED LEADS FOR VERTICAL MOUNT
DEVICE TYPE (FOUR DIGITS).

OPERATING AMBIENT TEMPERATURE RANGE.
N = COMMERCIAL/INDUSTRIAL, SEE DETAIL SPECIFICATIONS
= EXTENDED (—40°C T0 +85°C)
S = FULL MILITARY (—55°C TO +125°C)

FAMILY (UC, UD, UG, OR UL).
UH D - 400 - 1

- -+
L————— INSTRUCTIONS.

1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS

BU = BURNED-IN PARTS TO DOUBLE-DEUCE PROGRAM*
883 = MILITARY GRADE, COMPLIANT, WITH SCREENING TO MIL-STD-883C,
CLASS B*
DEVICE TYPE (THREE DIGITS).

PACKAGE DESIGNATION.
C = CERAMIC/METAL HERMETIC, 14-LEAD FLAT PACK (—55°C to + 125°C)
= CERAMIC/METAL HERMETIC, 14-PIN DUAL IN-LINE (- 55°C to +125°C)
K = UNPACKAGED CHIP OR PROBED WAFER
P = PLASTIC, 14-PIN DUAL IN-LINE (—20°C to +85°C)

FAMILY (UH ONLY).

*Parts with suffix “-BU" are available only with temperature codes “N”" and “Q" or prefix “UHP.”
*Parts with suffixes “~-MIL"" and “-883" are available only with temperature code “S” or prefixes “UHC”" and “UHD.” See Section 6 for deivce availability.
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PART NUMBERS

INTEGRATED CIRCUIT PART-NUMBERING SYSTEMS

CMOS LOGIC
883C  4011B  C

T PACKAGE DESIGNATION. C = CERAMIC/GLASS HERMETIC

DEVICE TYPE. (FOUR DIGITS PLUS ONE OR TWO LETTERS)

FAMILY. 883C = MILITARY GRADE, COMPLIANT WITH SCREENING TO MIL-STD-883, CLASS B

JAN TO MIL-STD-883
(ULS-2003H-883 AND SERIES 4000B CMOS LOGIC)

Msl0 /M1 03 B E G

T -
I'——- LEAD FINISH. A = KOVAR/SOLDER

KOVAR/TIN PLATE
KOVAR/GOLD PLATE

B
C
X = ANY (A, B, or C acceptable)

PACKAGE. A = 14-LEAD FLAT PACK (F-1)
C = 14-PINDIP (D-1)
E = 16-PINDIP (D-2)
F = 16-LEAD FLAT PACK (F-5)

PRODUCT ASSURANCE LEVEL. B = CLASS B

DEVICE TYPE

DETAIL SPECIFICATION

PREFIX

All possible combinations of device types, temperature ranges, and package types are not necessarily available.
Consult individual data book pages for complete information.




‘DOUBLE-DEUCE’ BURN-IN PROGRAM

THE SPRAGUE ELECTRIC
‘DOUBLE-DEUCE' BURN-IN PROGRAM
FOR INTEGRATED CIRCUITS

THE EXPENSE OF DEVICE FAILURE is

more than the time and money spent
locating and replacing a defective in-
tegrated circuit. The total cost can include
the price of assembly rework, system
downtime, service calls, warranty claims
and lost customer goodwill.

Costs of $25 for each in-house failure
and $250 for each field failure are not un-
common. At a relatively low cost, Sprague

Electric Company’s ‘“Double-Deuce”
screening program removes marginal
devices before shipment. Improved
customer satisfaction with performance
and reliability is an immeasurable but cer-
tain bonus of the program.

“Double-Deuce” screening is done dur-
ing the last stage of production. Because
Sprague does the screening, only qualified
devices are received by the user.

QUALITY AND RELIABILITY

Quality and reliability are terms that are
often used interchangeably. Quality im-
plies reliability, but a product’s merit
should always be defined by both.

Quality is the extent to which a device
conforms to specifications when it is ship-
ped to the user. Quality is verified by
testing. Inspections at every step of pro-
duction of Sprague integrated circuits en-
sure the devices meet demanding stan-
dards for workmanship and materials.

Inspections of integrated circuits under
the “Double-Deuce” program have been
made even more stringent to secure a
higher level of quality.

Reliability is the measure of an in-
tegrated circuit’s ability to meet specifica-
tions over time. Reliability is a product of
design and process control. Accelerated-
life tests provide the manufacturer and
user with an indication of the reliability of a
device. Normally, a small number of in-
tegrated circuits exhibit signs of early
failure or infant mortality. This statistic,
taken from the steepest part of the IC

lifetime probability curve, is often used to
project time-to-failure for integrated cir-
cuits. Because the ‘“Double-Deuce” pro-
gram eliminates early failures, Sprague in-
tegrated circuits delivered after the screen-
ing process have a higher degree of
reliability.

PROBABILITY OF FAILURE
AS A FUNCTION OF TIME

DOUBLE - DEUCE

WEAR
INFANT
MORTALITIES our

PROBABILITY OF FAILURE

Dwg. No. A-11,417



‘DOUBLE-DEUCE’ BURN-IN PROGRAM

OUTLINE OF THE 'DOUBLE-DEUCE' PROCESS

The ‘“Double-Deuce” burn-in program
uses high stress levels to accelerate the
failure mechanisms associated with infant
mortality. These normally occur within the
first few hours of user application.
Although typically less than 1 per cent of a
lot will be rejected, user confidence in lot
integrity is greatly improved. The screening
program is designed to eliminate the
following failure modes:

Stress Failure Mode
High-Temp. Bake Contamination
Temp. Cycling Package-Related
Burn-In Process-Related

High-Temp, Testing
The majority of early integrated circuit
failures (infant mortality or ionic con-
tamination) can be attributed to manufac-
turing defects, package or assembly
defects, or final test escapes. The “Double-
Deuce” program is designed to eliminate
weaker parts, reduce or eliminate user
shipment inspection, assembly rework,
system checkout, and warranty returns.

Electrical Degradation

WAFER
FABRICATION

WAFER
FABRICATION

COMMERCIAL
PRODUCT

MILITARY PRODUCT
PROCESSING

PACKAGE
ASSEMBLY

DOUBLE-DEUCE

PROGRAM
STANDARD PRODUCT
PROCESSING

HIGH-TEMPERATURE
BAKE
>
25° C D-C & 1

25 C D-C &
FUNCTIONAL TESTS FUNCTIONAL TESTS
¥ ¥

BRAND
2 @

BRAND I

TOLLGATE
ACCEPTANCE
INSP.

SHIP SHIP

Dwg. No. A-11,418A

TEST PROCEDURES

The “Double-Deuce’ burn-in program in-
cludes five test procedures:

1. High-Temperature Bake

This is a process designed to stabilize
electrical drift and to accelerate chemical
degradation such as surface contamina-
tion. It is a four-hour bake at +175°C
without electrical stress (similar to MIL-
STD-883, Method 1008).

2. Temperature Cycling

This is a screening process designed to
mechanically stress the integrated circuit
by alternately heating and cooling it.

Potential failures are seal or bond failure,
cracked packages or chips.

The process has 10 cycles with 10
minutes of dwell at —65°C and 10 minutes
of dwell at + 150°C (air to air), with a max-
imum transfer time of five minutes (MIL-
STD-883, Method 1010, Condition C). At
Sprague’s option, this process may be
changed to thermal shock (liquid to liquid)
for 10 cycles, five minutes at 0°C and five
minutes at + 100°C with a transfer time of
10 seconds (MIL-STD-883, Method 1011,
Condition A).




‘DOUBLE-DEUCE’ BURN-IN PROGRAM

3. Burn-In

The burn-in, or accelerated-life test, is
performed to screen out marginal devices,
those with inherent defects, or defects
resulting from manufacturing deviations
that can cause time-dependent or stress-
dependent failures. Without this condition-
ing, marginal circuits that initially meet all
specifications could exhibit early lifetime
failures under normal operating condi-
tions. The test is conducted for 96 hours at
a junction temperature of +150°C under
electrical stress conditions (similar to MIL-
STD-883, Method 1015) such as:

Type of Device

Bipolar Interface
Linear Devices
12L and MOS Logic

Electrical Stress

Steady-State Reverse Bias
Steady-State Forward Bias
Clocked

The burn-in conditions (96 hours at T
= + 150°C) are equivalent to 525 hours at

T, = +125°C for ionic contamination (E,
= 1.0eV)orfor192 hoursatT; = +125°C
for infant mortality defects (E, = 0.4 eV).

4. High-Temperature Test

Every device is subjected to complete
electrical tests at +70°C for function and
d-c parameters (similar to MIL-STD-883,
Methods 3001 through 3014 and 4001
through 4007, as applicable). Relaxed
+25°C limits or published high-
temperature limits, are used to remove
devices with circuit anomalies such as
beta mismatch, high leakage current, and
intermittent bonds, which may only affect
the circuit at higher temperatures.

5. Outgoing Quality Control Inspection

All “Double-Deuce” product is inspected
to an outgoing sampling plan that guar-
antees the product will meet an acceptable
quality level of 0.10%.

I
1>

.

TYPICAL BiMOS DRIVER BURN-IN

1
|

I

+50V

GROUND

COMMON MOS CONTROL

TYPICAL MOS LATCH

1
]
"
1
1
1
Il
1
|
I
1
I
i
I
1

TYPICAL BIPOLAR DRIVER
Dwg. No. A-11,419
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‘DOUBLE-DEUCE’ BURN-IN PROGRAM

HOW TO ORDER DEVICES IN ‘DOUBLE-DEUCE’' PROGRAM

All standard Sprague integrated circuits are subjected to the screening program for extra
branded with the Sprague registered trademark, reliability.
@.

Integrated circuits screened to the added re-
quirements of the “Double-Deuce” program are
marked:

Devices processed in the “Double-Deuce’”
burn-in program are specified by adding the suf-
fix “BU” to the end of the part number. For ex-
ample, to order ULN-2023A with this processing,
@ specify ULN-2023ABU; to order UDN-6118R-2,

The double ‘“‘circle-deuce’” identifies a part

specify UDN-6118R-2BU.

ULN-2001A/R through 2025A/R
ULN-2031/32A

ULN-2061/62M

ULN-2064B through 2071B
ULN-2075/77B

ULN-2082/83A

ULN-2111A

UDN-2541B

UDN-2595A

ULN-2801A/R through 2825A/R
UDN-2952B

UDN-2981A through 2984A

DEVICES CURRENTLY AVAILABLE

UDN-3611M through 3614M
UCN-4202A
UCN-5800A
UCN-5801A
UCN-5810A
UCN-5815A

Series UDN-5700A
UDN-5712M
UDN-6118A/R
ULN-8130A
ULN-8160A/R

Unlisted devices may be processed in the “‘Double-Deuce” burn-in program if order size is

sufficient.
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PARTNERSHIP AND SEMI-STANDARD ICs

PARTNERSHIP
AND SEMI-STANDARD ICs

Introduction

Change or Die! It's the first law of survival for today’s high-technology
industries, and the world of integrated circuits certainly epitomizes both
change and a struggle to survive. Few industries have ever progressed
at such a rate and with such inescapable and accelerated obsolescence
of both product and technology.

The rapid growth of semiconductor continues to present new concepts
and opportunities, such as combining semi-standard ICs and partnerships.
The basic concept is to provide standard building blocks for a volume
market segment. The semi-standard IC may afford new, reliable, and cost-
effective solutions to those users/vendors willing and able to explore this
possibility.

The available alternatives are:

STANDARD: A wide variety of logic, linear, memory, and others utilizing
many biopolar, MOS, and increasingly, merged (bipolar/MOS combined)
technologies. Complexity ranges from multiple gates to 256K memories
and 32-bit microprocessors.

SEMI-STANDARD: Circuits that are market or applications driven, useful
to specific target segments. An increasing number of ICs are being created
to satisfy particular customer needs not well accommodated by the other
approaches. These might be considered as application-specific and range
from rather broad and general-purpose (such as relay drivers) to very
specific (such as three-phase brushless dc motor ICs). Various technology
alternatives are available.

SEMI-CUSTOM: An alternative for many users seeking the basic attributes
of custom ICs, but without the development time and cost and the high
volume requirements of proprietary designs. There are many — perhaps
too many — suppliers, with bipolar, MOS, and merged technologies fab-
ricating gate arrays, standard cell, linear, etc. These may also be used for
application-specific ICs, but are limited almost exclusively to low-power
logic or analog operation with restricted voltage, current, and power
capabilities.

CUSTOM: Limited to a small, probably diminishing, set of users that seek
the proprietary features, performance, low cost (in very high volume), and
size reductions. There is a considerable variety of technologies, packaging,
and vendors, but the usual program requirements dictate much devel-
opment funding and large volume production.

Copyright © 1985, Dana Chase Publications, Inc. Reprinted by permission.
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PARTNERSHIP AND SEMI-STANDARD ICs

Abbreviation Codes

MS = Market Segment

$D = Development Cost

A(D)C = Availability (Design) Cycle
UC = Unit Cost (Relative)

#S = Supplier(s)

DD = Device/Design Density
CC = Chip Complexity (Range)
GA = Gate Array (Semi-Custom)
SC = STD Cell (Semi-Custom)

New ICs Often Sole Sourced
DD =Excellent (Chip)

Poor (System) DD = Excellent (Chip)
Good to Excellent (System)
CC = SSITo VLSI

CC = MSI to VLSI (Size and/or

Complexity)
STANDARD ICs

SEMI-STANDARD ICs

SEMI-CUSTOM ICs

MS = Universal (System Glue) MS = Market (Applications) Driven
$D = None $D = $0to $50K ($25 K TYP.)
A(D)C = Off-the-Shelf A(D)C = 36to 72 weeks
UC =Low, Varies with UC =Low to Medium
Size Complexity (Size/Complexity Related)
#S = Multiple Sourced #S = Alternative Sources (Volume Products)

MS = Customer (System) Driven

$D = $10K to $50K (GA)
$50K to $100K (SC)

A(D)C = 7 to 14 Weeks (GA)
14 to 28 Weeks (SC)

UC = Medium to High (GA)
Medium (SC)

#S = Sole Sourced (Many)
Licensed Alternates (Improving)

DD = Much Variation and Design(er)
Dependent

CC = Varies, MSi to LS|

CUSTOM ICs Although Costly

MS = Single User (Cost, Performance,
Proprietary, Etc Advantages)

$D = $100K to $500 K

A(D)C = 40to 100 + Weeks

UC = Lowest (Very High Volume)

#8S = Sole Source (the Rule); Licensing or
Alternate Development Possible,

DD = Excellent (Hand-Packed)

CC = Full Spectrum (as Required)
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PARTNERSHIP AND SEMI-STANDARD ICs

Vendor Definition/Selection

To create a semi-standard IC it is imperative that
both parties understand their partner’s fundamental
strengths and weaknesses. Usually, new circuits
originate from defining user requirements, executed
by the supplier. It is very important, initially, that
potential users approach the proper set of suppliers.

Often the user does not understand which IC
suppliers are capable and willing to fabricate a par-
ticular circuit function. Selecting a suitable supplier
must be the very first priority, and should include
considerations of technology, product design
strengths, reputation, size (which must be sufficient
to support user requirements), proximity (often
helpful), and the portion of development costs to be
borne by the user. Suppliers fall into three categories:

1. Large volume suppliers offer broad product lines
and usually extensive process capabilities, but
generally require very high volumes to satisfy busi-
ness thresholds. Many offer semi-custom and cus-
tom, and are usually founded on standard
(commodity) ICs.

2. Medium volume suppliers usually are more niche
market oriented, and use special expertise in mar-
keting, applications, design, and technology toward
selective market segments. Thresholds generally are
lower than with large volume suppliers, and often
medium volume suppliers are more inclined to form
special partnerships with customers. A number of
potential suppliers with specific skills: analog, digital,
power, precision linear, data conversion, high fre-
quency ICs, etc. are available from the many volume
specialists. These suppliers are prime candidates
for designing and developing semi-standard ICs.

3. Small volume suppliers/independent specialists
are those not covered in the firsttwo categories. An
increasing number of operations with rather spe-
cialized skills in IC design, assembly, testing, wafer
fabrication, burn-in (reliability/test operations), etc.
are available. However, despite the concept that an
IC might be designed, processed, tested, assem-
bled, etc. by combining such separate entities, the
coordination of various, distinct groups is definitely
not for the novice.

1—14

Semi-Standard Circuits

Potential users initiating a semi-standard |C must
determine that a nonproprietary design is suitable
(multiple users mandated), and that the originator’'s
advantage is to be one of cost, performance, size,
reliability, etc. Being an originator affords at least a
temporary advantage or maintains competitive
equality. In some instances an exclusive period may
be negotiated, but the user must be willing and able
to commit volume business and/or funds to secure
exclusivity. Users with leadership positions may
enhance their advantage, while those already behind
may close in on, or surpass, the competition. From
asupplier viewpoint, itis preferable to have a leader
as a partner, but if the product has substantial
promise and product life, execution of the design may
be undertaken, for a follower. Other partnership
concerns are:

Unit Price: Does the estimated unit price offer an
advantage to the user while providing a reasonable
return to the supplier? If not both, it is probably best
to abandon the project. Be certain to compare total
system cost. Realize there is a learning curve; the
cost reductions generally occur in the future, rather
than immediately.

Volume: Does the basic application, plus any spin
offs, provide sufficient market potential to interest
the supplier? ICs are very much batch process/
volume businesses; smaller volume markets are
probably best suited to the smaller specialists. The
supplier, often aided by the user, may need or desire
to determine overall market potential.

Seed Money: Certain suppliers will not undertake
design of a new IC without some commitment on the
part of the user; others may be more concerned with
the window of opportunity and proceed with internal
funding. Much of this depends upon the awareness,
confidence, and decision-making capabilities of
vendor marketing, applications, and design
engineers.

Specifications: These take on many forms; the initial
approach may begin with telephone discussions of
function, form, ratings, etc. Early dialogue may be
very general in nature, and — in fact — usually



PARTNERSHIP AND SEMI-STANDARD ICs

should be, to allow the supplier to broaden the scope
of the potential market. However, at some point an
agreement relating to function, form, and ratings is
mandated; start with basics and expand and refine.
Limit specifications to those necessary to ensure a
quality and reliable design without excessive safety
margins; remember that the device cost will be
affected.

Schedules: State-of-the-art ICs take time to develop;
users should be certain that their anticipated pro-
duction dates are realistic and that the supplier has
sufficient time. Our past experience indicates this to
be a frequent problem. Investigate suppliers and
technology early, and commit swiftly, then follow up
the progress to prevent surprises. No vendor intends
to slip schedules, but IC design and fabrication often
goes through serial, iterative, time-consuming
modifications and redesigns.

Alternatives: Both partners should have alternatives;
the supplier needs other prospective users, while the
user needs other approaches to fabricate his system
should delays occur. Not all programs flow smoothly,
and problems may be encountered on either side.
The user may use discrete circuitry or combinations
- of ICs and discretes for early entry to the market;
thus, heavy financial commitment may be avoided
for an early test market using a swift, though costlier,
alternative approach.

Advantages versus Features: If the basic objective
relates to achieving cost benefits, improved quality
and/or reliability, performance, size reduction, or
similar concepts, do not add unnecessary bells and
whistles! These cost money and, often, time. Know
the difference between an advantage and a feature,
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which is often unneeded, unused, and uncompeti-
tive. Also, avoid the NIH (not invented here) syn-
drome; use supplier or even competitor ideas, if they
fit the basic objective.

Revolution versus Evolution: Evolutions are much
more predictable, but the occasional revolution will
advance technology, markets and, often, profits to
a new plateau. Distinguishing between them is not
difficult, but judging and committing to a successful
revolution requires knowledge, intuition, and cour-
age. Semiconductor technology has had many rev-
olutions, but unless such an approach is truly
necessary it is swifter, and usually, safer to take the
evolutionary route. Have an honest appraisal of the
circuit requirements by potential suppliers and
choose accordingly. Competent vendor applications
engineers will steer you toward a suitable solution,
without attempting to use the next revolutionary
technology unless it is necessary. Many opportu-
nities suffer from missing a window of opportunity
while struggling with an unnecessary, unproven
approach.

There is a three-party possibility, for example, with
suppliers of displays or motors and with a common
end user. In such cases, the two suppliers are likely
to form a partnership with a common customer or
market segment objective. The creation of a new
semi-standard IC aids the user and the motor or
display or printhead or other supplier, while adding
another building block to the IC supplier’s catalog.
However, these three-part combinations are con-
siderably more difficult to execute than the user/
supplier version.
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SEMI-STANDARD vs. SEMI-CUSTOM

Although the semi-custom IC has received great
media attention, extremely optimistic growth fore-
casts, and has approximately 100 suppliers world-
wide, the suppliers of semi-standard have been
quietly chipping away at a large and growing market.

Semi-custom ICs are manufactured using three
basic approaches: gate arrays, standard cells, and
cell-oriented custom design. However, each of these
approaches uses a standard wafer containing a
suitable number and type of components or functions
(cells). Inessence, the user customizes a section of
his design on a chip, but is not afforded the optimi-
zation of minimum size, nor maximum capability that
is afforded by suitable use of semi-standard or cus-
tom ICs. This approach largely combines other IC
functions within a single device; semi-standard also
accomplishes this, but adds a new dimension.

To an increasing degree, many semi-standard ICs
combine the capabilities of logic, analog, and discrete

devices. Many new prospects for power interface
require the combinations of high-voltage and/or high-
current (usually discretes) with logic and/or analog
circuitry, and represent a strong growth market.
Medium volume suppliers are strong contenders for
power ICs to displace discrete/IC combinations,
while some companies continue further integration
of data conversion, mainly displacing hybrids with
advanced ICs.

The semi-standard IC offers the cost and reliability
benefits of consistent high volume production, little
or no wasted circuitry area, standardized testing,
and — increasingly — alternate suppliers. Circuits
are designed by experts, rather than engineers who
are often unfamiliar with sophisticated IC technology
and design. While there definitely is a need and place
for the semi-custom, the semi-standard affords
parameters, functions, and cost reductions generally
outside the market covered by semi-custom.

MARKET FOR SEMI-STANDARD ICs

Data on the semi-standard IC market do not exist as separate entities,
but the market s very large, and rapidly expanding. The future prospects
should track or exceed the dramatic growth of the entire industry; projec-
tions for worldwide sales of ICs indicate that between 1983 and 1990 the
industry is to increase 400 percent. Opportunities for the joint creation of

- semi-standard hardware abound, but both users and suppliers need to
improve awareness and communications. All classical segments of the
market present such opportunities (automotive, computers, peripherals,
telecom, and major appliances). The size and scope of any opportunity,

obviously, vary, but prospects surround us.
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TECHNICAL DATA TERMINOLOGY

DEFINITION OF TERMS

ADVANCE INFORMATION is issued to advise
customers of proposed additions to the product line.
The specifications given are target or goal specifica-
tions and may, therefore, change without notice.
Contact your local Sprague sales office for details of
current status.

PRELIMINARY INFORMATION is issued to ad-
vise customers of additions to the product line
which, nevertheless, still have ‘‘pre-production’’
status. Details given may, therefore, change without
notice although it is expected that the performance
data is representative of ‘‘full production’ status.
Contact your local Sprague sales office for details of
current status.

ABSOLUTE MAXIMUM RATINGS are limiting
values of operation and environmental conditions
and should not be exceeded under the worst proba-
ble conditions. Sprague Electric chooses these val-
ues to provide acceptable serviceability of the
device.

The equipment manufacturer should design so
that initially, and throughout life, no absolute maxi-
mum value for the intended service is exceeded with
any device under the worst probable operating con-
ditions.

The absolute maximum output current ratings are
the maximum allowable under any condition. In
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application, current will be limited by duty cycle,
ambient temperature, heat sinking, and other
heat sources. Under any set of conditions, the speci-
fied maximum junction temperature must not be
exceeded:

Prefix UCN- ...... +125°C, maximum.
Prefix UCS-....... +130°C, maximum.
Allothers......... +150°C, maximum.

TYPICAL ELECTRICAL CHARACTERISTICS
values are given for circuit design information only.
Although these values are indicative of the peak dis-
tribution for a large number of production lots, these
values should not be construed as guaranteed for
any particular device or production lot.

ELECTRICAL CHARACTERISTICS LIMITS
are those values that are guaranteed by Sprague
Electric under the test conditions shown.

RECOMMENDED OPERATING CONDITIONS
are given for optimum device performance. Opera-
tion outside these conditions is permitted (within the
Absolute Maximum Ratings) without any implied
guarantee of level of performance.

It is recommended that equipment manufacturers
consult Sprague Electric whenever device applica-
tions involve unusual electrical, mechanical, or en-
vironmental operating conditions.
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COMPETITIVE CROSS-REFERENCE

CROSS-REFERENCE in Alphanumerical Order

The suggested Sprague replacement devices are based on similarity as
shown in currently published data. Exact replacement in all applications
is not guaranteed. The user should compare the specifications of the com-
petitive and recommended Sprague replacement.

Manufacturers’ Abbreviations: Competitive Suggested

Part Sprague
AMI American Microsystems Number . Manufacturer Replacement
CS Cherry Semiconductor CA1724E RCA TPQ-3724
DI Dionics, Inc. CA1725E RCA TPQ-3725
EXR  ExarIntegrated Systems CA2111AE RCA - ULN-2111A
FSC  Fairchild Semiconductor CA3045 RCA ULS-2045R§
FUI - Fujitsu ‘ CA3045F RCA ULS-2045R§
GE ngergl Electric CA3045L RCA ULS-2045H
HIT  Hitachi Ltd. CA3046 RCA ULN-2046A
IP Integrated Power CA3054 RCA ULN-2054A
ITT ITT Semiconductors CA3081 RCA ULN-2081A
LT~ Linear Technology CA3082 RCA ULN-2082A
MAT Mgtsughltg ] CA3083 RCA ULN-2083A
MIT. Mitsubishi Electric Corp. CA3086 RCA ULN-2086A
MOT ~ Motorola Semiconductor CA3146E RCA ULN-2046A-1
NEC  Nippon Electric Co. CA3183AF RCA ULN-2083A-1
NS National Semiconductor CA3183E RCA ULN-2083A-1
OKI Oki Semiconductor CA3219E RCA UDN-2543B
PE Pro-EIectronlS? CA3724G RCA TPQ-3724
PLS  Plessey Semiconductor CA3725G RCA TPQ-3725
RCA  RCA
RFA  Rifa . CS166 CS ULN-2429A
SAM  Samsung Semiconductor
SANY Sgpyo DH3724CN NS TPQ-3724
SG Silicon General Inc. DH3725CN NS TPQ-3725
SIEM  Siemens Corp.
SIG  Signetics Corp. DI302 DI UDN-7183A
SIL Siliconix DI507 ol UDN-6116A-19
SGS  SGS/ATES
SPR  Sprague Electric Co.
THM  Thomson-CSF QEuropean registration; manufactured by various companies including
T Texas Instruments ITT, Philips, SGS/ATES, Siemens, Thomson-CSF, AEG-Telefunken, &
TLF AEG-Telefunken ﬁ‘éa‘m device includes intornal pul-down resist

prague device includes internai puli-down resistors.
TOKO  RCL .TOkO 1 Some differences in specified switching speed with the Sprague device
TOS  Toshiba C
os. 1ba orp. being superior for use with inductive loads.

UNI Unitrode § Sprague engineering bulletin in preparation.

() Functional equivalent only; improved performance but not necessarily

pin compatible.
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COMPETITIVE CROSS-REFERENCE
B e

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
DI509 DI UDN-6116A-29 11352 1l ULN-2001A
DI510 DI UDN-6510A ITT554 7 ULN-2002A
DI512 DI UDN-6514A TT556 7 ULN-2003A
DI154 DI UDN-6118A-29 17652 m ULN-2001A
ITT654 I ULN-2002A
DM3724CN NS TPQ-3724 ITTT656 I ULN-2003A
DM3725CN NS TPQ-3725
KA2508A SAM UDN-2508A
DS3611N NS UDN-3611M KA2588A SAM UDN-2588A
DS3612N NS UDN-3612M
DS3613N NS UDN-3613M L165 SGS ULN-3751Z
DS3614N NS UDN-3614M 1201 SGS ULN-2001A
1202 SGS ULN-2002A
FPQ2222 FSC TPQ-2222 1203 SGS ULN-2003A
FPQ2907 FSC TPQ-2907 L204 SGS ULN-2004A
FPQ3724 FSC TPQ-3724 L272 SGS (ULN-3755B)
FPQ3725 FSC TPQ-3725 1293 SGS (UDN-2993B)
1295 SGS (UDN-2962W)
FSA2619P FSC TND-908 1298 SGS (UDN-2998W)
FSA2719P FSC TND-903 L601 SGS ULN-2821A
L602 SGS ULN-2822A
GEL2113 GE ULN-2111A 1603 SGS ULN-2823A
L604 SGS ULN-2824A
HA12402 HIT ULN-2204A
LA1160 SANY ULN-2243A
1P2064 IP ULN-2064B LA3045 SANY ULS-2045H
1P2065 IP ULN-2065B LA3046 SANY ULN-2046A
1P2066 IP ULN-2066B LA3086 SANY ULN-2086A
IP2067 IP ULN-2067B
1P2068 P ULN-2068B LB1231 SANY ULN-2001A
1P2069 IP ULN-2069B LB1232 SANY ULN-2002A
1P2070 IP ULN-2070B 1B1233 SANY ULN-2003A
1P2071 IP ULN-2071B 1B1234 SANY ULN-2004A
IP2074 IP ULN-2074B
1P2075 P ULN-2075B LM380N NS ULN-2280B
IP2076 IP ULN-2076B LM384N NS ULN-3784B
1P2077 IP ULN-2077B LM211IN NS ULN-2111A
IP3525A IP SG 3525A LM2113N NS ULN-2111A
IP3526 IP SG 3526A LM3045D NS ULS-2045H
IP5560C IP NE 5560 LM3046N NS ULN-2046A
IP5561C IP NE 5560 LM3054N NS ULN-2054A

fSprague device includes internal pull-down resistors.
()Functional equivalent only; improved performance but not necessarily pin compatible.
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COMPETITIVE CROSS-REFERENCE
e e e

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
LM3086N NS ULN-2086A MC3359P MoT ULN-3859A
LM3611N NS UDN-3611M MC3386P moT ULN-2086A
LM3612N NS UDN-3612M
LM3613N NS UDN-3613M ML3045 ULS-2045H
LM3614N NS UDN-3614M ML3046 ULN-2046A
ML3086 ULN-2086A
M54523P MIT ULN-2003A
M54524P MIT ULN-2001A MPQ2221 MOT TPQ-2221
M54525P MIT ULN-2002A MPQ2222 moT TPQ-2222
M54526P MIT ULN-2004A MPQ2369 MOT TPQ-2369
M54532P MIT ULN-2064B MPQ2483 MoT TPQ-2483
M54562P MIT UDN-2982A MPQ2484 MoT TPQ-2484
M54563P mIT UDN-2981A MPQ2906 MOT TPQ-2906
MPQ2907 Mot TPQ-2907
MB3759C FUJ TL-5941§ MPQ3724 MoT TPQ-3724
MB3759P FU) TL-594IN§ MPQ3725 MOT TPQ-3725
MB3760C Ful TL-5951)§ MPQ3725A MoT TPQ-3725A
MB3760P FUJ TL-595IN§ MPQ3798 MOT TPQ-3798
, MPQ3799 MOT TPQ-3799
MC1309 MOT ULN-3809A MPQ3904 MOT TPQ-3904
MC1357P moT ULN-2111A MPQ3906 MoT TPQ-3906
MC1411L MOT ULN-2001R§ MPQ6001 MOT TPQ-6001
MC1411P MoT ULN-2001A MPQ6002 moT TPQ-6002
MC1411TP MoT ULQ-2001A% MPQ6100 MOT TPQ-6100
MC1412L MOT ULN-2002R§ MPQ6100A MOT TPQ-6100A
MC1412P MOT ULN-2002A MPQ6501 MOT TPQ-6501
MC1412TP MoT ULQ-2002A8 MPQ6502 MoT TPQ-6502
MC1413L MOT ULN-2003R§ MPQ6600 MoT TPQ-6600
MC1413P MOT ULN-2003A MPQ6600A MOT TPQ-6600A
MC1413TP MOT ULQ-2003A% MPQ6700 MOT TPQ-6700
MC1416L MoT ULN-2004R§
MC1416P MoT ULN-2004A MSL912R 0Kl UDN-6118A-2
MC1416TP MOT ULQ-2004A8
MC1417pP MOT UDN-2580A N5111A SIG ULN-2111A
MC1471P1 MOT UDN-5711M
MC1472P1 MoT UDN-5712M NA3086 ULN-2086A
MC1472U MoT UDN-5712R§
MC1473P1 MOT UDN-5713M NE564N SIG NE 564N
MC1474P1 MoT UDN-5714M NE5S64F SIG NE 564F
MC3346 MOT ULN-2046A NE594N SIG UDN-6118A-2

§Sprague engineering bulletin in preparation.




COMPETITIVE CROSS-REFERENCE

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement n
NE594F SIG UDN-6118R-2 SG2003) SG ULS-2003R
NES50IN SIG ULN-2021A SG2003N SG ULN-2003A
NE5502N SIG ULN-2022A $G2004 SG ULS-2004R
NE5503N SIG ULN-2023A SG2004N SG ULN-2004A
NE5504N SIG ULN-2024A SG2064W SG ULN-2064B
NE5560F SIG NE 5560F SG2065W SG ULN-2065B
NE5560N SIG NE 5560N SG2066W - SG ULN-2066B
NE5561N SIG NE 5561N SG2067W SG ULN-2067B
NE5563F SIG ULN-8163R SG2068W SG ULN-2068B
NE5563N SIG ULN-8163A SG2069W SG ULN-2069B
NE5568N SIG NE 5568N SG2070W SG ULN-2070B
NE5601N SIG ULN-2001A SG2071W SG ULN-2071B
NE5602N SIG ULN-2002A SG2074W SG ULN-2074B
NES603N SIG ULN-2003A SG2075W SG ULN-2075B
NE5604N SIG ULN-2004A SG2076W SG ULN-2076B
SG2077W SG ULN-20778B
PBD352301) RFA ULN-2001R§ SG2841N SG UDN-2841B
PBD352301N RFA ULN-2001A SG2845N SG UDN-2845B
PBD352302) RFA ULN-2004R§ $G3045) SG ULS-2045H
PBD352302N RFA ULN-2004A SG3046N SG ULN-2046A
PBD352303) RFA ULN-2003R§ SG3081IN SG ULN-2081A
PBD352303N RFA ULN-2003A SG3082N SG ULN-2082A
PBD352304) RFA ULN-2002R§ SG30832N SG ULN-2083A
PBD352304N RFA ULN-2002A SG3086N SG ULN-2086A
PBD352311N RFA ULN-2021A SG3146N SG ULN-2046A-1
PBD352312N RFA ULN-2024A SG3173P SG ULN-3751Z
PBD352313N RFA ULN-2023A SG3183N SG ULN-2083A-1
PBD352314N RFA ULN-2022A SG3525A) SG SG-3525A)
PBD353801) RFA ULN-2801R§ SG3525AN SG SG-3525AN
PBD353802) RFA ULN-2804R§ SG3526) SG SG-3526)
PBD353803) RFA ULN-2803R§ SG3526N SG SG-3526N
PBD353804) RFA ULN-2802R§ SG3527A) SG SG-3527A)
SG3527AN SG SG-3527AN
PWM25CK SIL SG 3525A) SG3548N SG (ULN-8130A)
PWM27CK Si SG 3527A) SG3635P SG UDN-29352
SG3637 SG UDN-2545B
0212222 Tl TPQ-2222 SG3638AS SG UDN-2976W
Q213725 Tl TPQ-3725 SG3643AS SG (UDN-2962W)
SG3821) SG ULS-2045H
S4534 AMI UCN-5801A SG3821N SG ULN-2046A

§Sprague engineering bulletin in preparation.
(JFunctional equivalent only; improved performance but not necessarily pin compatible.
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COMPETITIVE CROSS-REFERENCE
.

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
SG3822N SG ULN-2054A SN75465) T ULN-2025R§
$G3851J SG ULS-2011R SN75465N Tl ULN-2025A
SG3851N SG ULN-2011A SN75466) T ULN-2021R§
$G3852) SG ULS-2012R SN75466N Tl ULN-2021A
SG3852N SG ULN-2012A SN75467) Tl ULN-2022R§
$G3853) SG ULS-2013R SN75467N Tl ULN-2022A
SG3853N SG ULN-2013A SN75468) Tl ULN-2023R§
SG3854) SG ULS-2014R SN75468N Tl ULN-2023A
SG3854N SG ULN-2014A SN75469) Tl ULN-2024R§
SG3886N SG ULN-2086A SN75469N Tl ULN-2024A
SG6118N SG UDN-6118A SN75471P T UDN-3611Mt
SN75472pP T UDN-3612Mt
Si3525BK Sil (SG-3525AJ) SN75473P Tl UDN-3613Mt
Si3527BK SIi (SG-3527AJ) SN75474P Tl UDN-3614Mt
SN75475P T UDN-5712Mt
SL3045C PLS ULS-2045R SN75476P Tl UDN-5711M+
SL3046C PLS ULN-2046A SN75477P Tl UDN-5722M+
SL3054 PLS ULN-2054A SN75478P Tl UDN-5713M+
SL3081C PLS ULN-2081A SN75479P Tl UDN-5714Mt
SL3082C PLS ULN-2082A SN755512N Tl UCN-5811A
SL3083E PLS ULN-2083A SN75518N Tl UCN-5818A
SL3086 PLS ULN-2086A SN75500N T UCN-5857A
SL3145E PLS ULS-2045H SN75501N T UCN-5858A
SL3146E PLS ULN-2046A-1 SN75551FN T UCN-5851EP
SL3183E PLS ULN-2083A-1 SN75552FN T UCN-5852EP
SN75553FN Tl UCN-5853EP
SN75064NE Tl ULN-2064B SN75554FN Tl UCN-5853EP
SN75065NE Tl ULN-20658 SN75605K Tl UDN-2950Z
SN75066NE Tl ULN-2066B SN76642N T ULN-2111A
SN75067NE Tl ULN-2067B SN76643N T ULN-2111A
SN75068NE Tl ULN-2068B SP3724QD Tl TPQ-3724
SN75069NE Tl ULN-2069B SP3725QD Tl TPQ-3725
SN75070NE Tl ULN-2070B
SN75071NE Tl ULN-2071B TA7272P T0S (ULN-3755W)
SN75074NE Tl ULN-2074B TA7613P T0S ULN-2204A
SN75075NE Tl ULN-2075B TAA930 ULN-2111A
SN75076NE Tl ULN-2076B
SN75077NE Tl ULN-2077B TCA365 SIEM (ULN-37512)
SN75407P Tl UDN-5732M
SN75437ND Tl UDN-25438 TD62001AP T0S ULN-2001A
TD62001P T0S ULN-2001A
TD62002AP T0S ULN-2002A

tSome differences in specified switching speed with the Sprague device being superior for use with
inductive loads.

§Sprague engineering bulletin in preparation.

()Functional equivalent only; improved performance but not necessarily pin compatible.
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Competitive Suggested
Part Sprague
Number Manufacturer Replacement
TD62001P T0S ULN-2001A
TD62002AP T0S ULN-2002A
TD62002P T0S ULN-2002A
TD62003AP T0S ULN-2003A
TD62003P T0S ULN-2003A
TD62004AP T0S ULN-2004A
TD62004P T0S ULN-2004A
TD62064AP T0S ULN-2064B
TD62064P T0S ULN-2064B
TD62074AP T0S ULN-2074B
TD62074P T0S ULN-2074B
TD62081AP T0S ULN-2801A
TD62082AP T0S ULN-2802A
TD62083 T0S ULN-2803A
TD62084AP T0S ULN-2804A
TD62101P T0S ULN-2001A
TD62103P. T0S ULN-2003A
TD62104P T0S ULN-2004A
TD62479P T0S UDN-5714M
TD62781AP T0S UDN-6118A-2
TD62782AP T0S UDN-6128A-2
TDA1060 PE NE 5560N
TDA1083 PE ULN-2204A
TID121 Tl TND-933
TID122 Tl TND-940
TID123 Tl TND-938
TID124 Tl TND-939
TL494C) Tl TL-594CJ§
TL494CN Tl TL-594CN
TLA941) Tl TL-59418
TLA94IN Tl TL-594IN§
TI495C) Tl TL-595C)§
TL495CN Tl TL-595CN
TLA95I) Ti TL-5951§
TL495IN Tl TL-595IN§
TL594C) Tl TL-594C)§
TL594CN Tl TL-595CN
TL5941) Tl TL-5941)§
TL594IN Tl TL-594IN§

COMPETITIVE CROSS-REFERENCE
e

Competitive Suggested
Part Sprague
Number Manufacturer Replacement
TL595C) Tl TL-595C)§
TL595CN Tl TL-595CN
TL5951) Tl TL-59518
TL595IN Tl TL-595IN§
U417B TLF ULN-2204A
UA3045DM FSC ULS-2045H
UA3046PC FSC ULN-2046A
UA3054PC FSC ULN-2054A
UA3086PC FSC ULN-2086A
UC494AC) UNI TL-594C)§
UC494ACN UNI TL-594CN
UC495AC) UNI TL-595C)8
UC495ACN UNI TL-595CN
UC3525A) UNI SG-3525A)
UC3525AN UNI SG-3525AN
UC3526) UNI SG-3526)
UC3526N UNI SG-3526N
UC3527A) UNI SG-3527A)
UC3527AN UNI SG-3527AN
Uc3717 UNI (UDN-2953B)
UC3903 UNI (ULN-8130A)
UCN-4810A SPR UCN-5801A
UCN480IN Tl UCN-5810A
UCN-4815A SPR UCN-5815A
UDN-2541B SPR (UDN-2543B)
UDN-2542B SPR (UDN-2543B)
UDN2841B MOT UDN-2841B
UDN2841INE Tl UDN-2841B
UDN-2845B MOT UDN-2845B
UDN2845NE T UDN-2845B

§Sprague engineering bulletin in preparation.

()Functional equivalent only; improved performance but not necessarily pin compatible.
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COMPETITIVE CROSS-REFERENCE

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
UDN-2952W SPR (UDN-2954W) UDS-0433H-1 SPR UHD-433-1
UDS-0433) SPR UHC-433
UDN5711N T UDN-5711M UDS-0433J-1 SPR UHC-433-1
UDN5712N Tl UDN-5712M UDS-0500H SPR UHD-500
UDN5713N Tl UDN-5713M UDS-0500J SPR UHC-500
UDN5714N Tl UDN-5714M UDS-0502H SPR UHD-502
UDS-0502J SPR UHC-502
UDN-6126A SPR UDN-6116A UDS-0503H SPR UHD-503
UDN-6148A SPR UDN-6138A UDS-0503) SPR UHC-503
UDN-6164A SPR UDN-6116A-1 UDS-0506H SPR UHD-506
UDN-6184A SPR UDN-6118A-1 UDS-0506J SPR UHC-506
UDS-0400H SPR UHD-400 UDS-0507H SPR UHD-507
UDS-0400H-1 SPR UHD-400-1 UDS-0507) SPR UHC-507
UDS-0400) SPR UHC-400 UDS-0508H SPR UHD-508
UDS-0400J-1 SPR UHC-400-1 UDS-0508) SPR UHC-508
UDS-0402H SPR UHD-402 UDS-0532H SPR UHD-532
UDS-0402H-1 SPR UHD-402-1 UDS-0532) SPR UHC-532
UDS-0402) SPR UHC-402 UDS-0533H SPR UHD-533
UDS-0402)-1 SPR UHC-402-1 UDS-0533J SPR UHC-533
UDS-0403H SPR UHD-403
UDS-0403H-1 SPR UHD-403-1 ULN-2001A MOT ULN-2001A
UDS-0403) SPR UHC-403 ULN2001A SGS ULN-2001A
UDS-0403)-1 SPR UHC-403-1 ULN2001AJ Tl ULN-2001R§
UDS-0406H SPR UHD-406 ULN2001AN Tl ULN-2001A
UDS-0406H-1 SPR UHD-406-1 ULN2002A MOT ULN-2002A
UDS-0406) SPR UHC-406 ULN2002A SGS ULN-2002A
UDS-0406J-1 SPR UHC-406-1 ULN2002AJ Tl ULN-2002R§
UDS-0407H SPR UHD-407 ULN2002AN Tl ULN-2002A
UDS-0407H-1 SPR UHD-407-1 ULN2003A moT ULN-2003A
UDS-0407) SPR UHC-407 ULN2003A SGS ULN-2003A
UDS-0407J-1 SPR UHC-407-1 ULN2003AJ Tl ULN-2003R§
UDS-0408H SPR UHD-408 ULN2003AN T ULN-2003A
UDS-0408H-1 SPR UHD-408-1 ULN-2003F SIG ULN-2003R§
UDS-0408) SPR UHC-408 ULN2003N SIG ULN-2003A
UDS-0408)-1 SPR UHC-408-1 ULN2004A Mot ULN-2004A
UDS-0432H SPR UHD-432 ULN-2004A SGS ULN-2004A
UDS-0432H-1 SPR UHD-432-1 ULN2004A) Tl ULN-2004R$
UDS-0432) SPR UHC-432 ULN2004AN Tl ULN-2004A
UDS-0432)-1 SPR UHC-432-1 ULN2004F SIG ULN-2004R§
UDS-0433H SPR UHD-433 ULN2004N SIG ULN-2004A

§Sprague engineering bulletin in preparation.
()Functional equivalent only; improved performance but not necessarily pin compatible.
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Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement n
ULN2005A) Tl ULN-2005R$ ULN2803A MOT ULN-2803A
ULN2005AN Tl ULN-2005A ULN2803A SGS ULN-2803A
ULN2064B MoT ULN-2064B ULN2804A MOT ULN-2804A
ULN2064B SGS ULN-2064B ULN2804A SGS ULN-2804A
ULN2064NE Tl ULN-2064B ULN2805A SGS ULN-2805A
ULN2065B MOT ULN-2065B
ULN2065B SGS ULN-2065B ULN-3006M SPR UGN-3201M
ULN2065NE Tl ULN-2065B ULN-3006T SPR UGN-3019T
ULN2066B MOT ULN-2066B ULN-3007M SPR UGN-3203M
ULN-2066B SGS ULN-2066B ULN-3008M SPR UGN-3501M
ULN2066NE Tl ULN-2066B ULN-3008T SPR UGN-3501T
ULN2067B MOT ULN-2067B ULN-3100M SPR UGN-3600M
ULN2067B SGS ULN-2067B ULN-3101M SPR UGN-3601M
ULN2067NE Tl ULN-2067B ULN-3330Y-2 SPR ULN-3330Y
ULN2068B MOT ULN-2068B ULN-3783M SPR ULN-3782M
ULN2068B SGS ULN-2068B ULN-3838A SPR ULN-3839A
ULN2068NE Tl ULN-2068B ULN-8125A SPR SG-3525AN
ULN2069B MoT ULN-2069B ULN-8125R SPR SG-3525A)
ULN2069B SGS ULN-2069B ULN-8126A SPR SG-3526N
ULN2069NE Tl ULN-2069B ULN-8126R SPR SG-3526)
ULN2070B SGS ULN-2070B ULN-8127A SPR SG-3527AN
ULN2071B SGS ULN-2071B ULN-8127R SPR SG-3527MA
ULN2074B MOT ULN-2074B ULN-8160A SPR NE-5560N
ULN2074B SGS ULN-2074B ULN-8160R SPR NE-5560F
ULN2074NE Tl ULN-2074B ULN-8161M SPR NE-5561N
ULN2075B MOT ULN-2075B ULN-8168M SPR NE-5568N
ULN-2075B SGS ULN-2075B ULN-8194A SPR TL-594CN
ULN2075NE Tl ULN-2075B ULN-8194R SPR TL-594CJ8
ULN2076B SGS ULN-2076B ULN-8195A SPR TL-595CN
ULN20778 SGS ULN-2077B ULN-8195R SPR TL-595C)8
ULQ-8194A SPR TL-594IN§
ULN-2113A SPR ULN-2111A ULQ-8194R SPR TL-5941)8
ULN-2240A SPR (ULN-3840R) ULQ-8195A SPR TL-595IN§
ULN-2281B SPR ULN-3784B ULQ-8195R SPR TL-59518
ULN-2401A SPR (ULN-2455R) ULS-3006T SPR UGS-3019T
ULN2801A MOT ULN-2801A UPA2001C NEC ULN-2001A
ULN2801A SGS ULN-2801A UPA2002C NEC ULN-2002A
ULN2802A MOT ULN-2802A UPA2003C NEC ULN-2003A
ULN2802A SGS ULN-2802A UPA2004C NEC ULN-2004A

§ Sprague engineering bulletin in preparation.
() Functional equivalent only; improved performance but not necessarily pin compatible.
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COMPETITIVE CROSS-REFERENCE

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
US5438A SPR UHD-408 XR2205CP EXR ULN-2005A
US5438) SPR UHC-408 XR6118P EXR UDN-6118A
US5439) SPR UHC-408 XR6118P-2 EXR UDN-6118A-2
US7438A SPR UHP-0408 XR6128P EXR UDN-6128A
US7438) SPR UHC-408

US7439) SPR UHL-408 IN1060 FER NE 5560N
XR2001CN EXR ULN-2001R§ 552 I ULN-2001A
XR2001P EXR ULQ-2001A8 554 ITT ULN-2002A
XR2002CN EXR ULN-2002R§ 556 1T ULN-2003A
XR2002P EXR ULQ-2002A§ 652 I ULN-2001A
XR2003CN EXR ULN-2003R§ 654 T ULN-2002A
XR2003P EXR ULQ-2003A8§ 656 1T ULN-2003A
XR2004CN EXR ULN-2004R§

XR2004P EXR ULQ-2004A% 9665DC FSC ULN-2001R§
XR2011CN EXR ULN-2011R§ - 9665DM FSC ULS-2001R
XR2011CP EXR ULN-2011A 9665PC FSC ULN-2001A
XR2012CN EXR ULN-2012R§ 9666DC FSC ULN-2002R§
XR2012CP EXR ULN-2012A 9666DM FSC ULS-2002R
XR2013CN EXR ULN-2013R§ 9666PC FSC ULN-2002A
XR2013CP EXR ULN-2013A 9667DC FSC ULN-2003R§
XR2014CN EXR ULN-2014R§ 9667DM FSC ULS-2003R
XR2014CP EXR ULN-2014A 9667PC FSC ULN-2003A
XR2201CP EXR ULN-2001A 9668DC FSC ULN-2004R§
XR2202CP EXR ULN-2002A 9668DM FSC ULS-2004R
XR2203CP EXR ULN-2003A 9668PC FSC ULN-2004A
XR2204CP EXR ULN-2004A

§ Sprague engineering bulletin in preparation.
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COMPETITIVE PART NUMBERS

COMPETITIVE PART-NUMBERING SYSTEMS

Cherry Semiconductor

[$) 123 D
- - T PACKAGE.D = PLASTIC DIP.

Exar

R 2000 ¢

’—|z

N = CERDIP.
P = PLASTIC DIP.

GRADE. C = COMMERCIAL, 0°C TO +70°C.

M = MILITARY, —55°CTO +125°C.

o BLANK = IMPROVED COMMERCIAL.
Fairchild

pAoM PG
T TEMPERATURE. C

L
M

PACKAGE. CERAMIC DIP.

FLANGE MOUNT (T0-66).
FLANGE MOUNT (T0-3).
PLASTIC DIP.

CERAMIC MINI-DIP.
MINI-DIP.

POWER TAB (T0-220).

- vxX-0O

1 | R 1 R A

Fujitsu

moows E

L—- PACKAGE. C = CERAMIC.

C
P = PLASTIC DIP.
1=

CERDIP.
Hitachi
HA 1199 P
T—-—— P = PLASTIC DIP.
C = CERAMIC DIP.
CG = CERAMIC LEADLESS CHIP CARRIER.
CP = PLASTIC LEADED CHIP CARRIER.
SO = SMALL OUTLINE.
G = CERDIP.
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PACKAGE. D = SMALL OUTLINE.

0°CTO +70/+75°C.
—55°C T0 +85°C.
—55°CT0 +125°C.




COMPETITIVE PART NUMBERS

COMPETITIVE PART-NUMBERING SYSTEMS

Integrated Power
P 3 P 45 T

]-—— PACKAGE. D = CERAMIC.

J = CERDIP.
K = METAL FLANGE MOUNT (T0-3).
N = PLASTIC DIP.
T = POWER TAB (T0-220).
TEMPERATURE. 1 = —55°T0 +125°C.
2= —25°CT0 +85°C.
3 =0°CTO +70°C.

JAN
M38510 / 14103 B E C

T— LEAD FINISH. A = KOVAR/SOLDER.

B = KOVAR/TIN PLATE.
C = KOVAR/GOLD PLATE.

PACKAGE. A = 14-PIN FLAT PACK.
= 14-PIN CERAMIC DIP.
16-PIN CERAMIC DIP.

C
E
F = 16-PIN FLAT PACK.

~PRODUCT ASSURANCE LEVEL. B = CLASS B.
S = CLASS S.

Mitsubishi

m 5 4523 P

L——- PACKAGE. K = CERDIP.

P = PLASTIC DIP.
TEMPERATURE. 5 = COMMERCIAL/INDUSTRIAL.
9 = MILITARY.
Motorola
mc 1311 P

L———— PACKAGE. D = SMALL OUTLINE.

K = METAL FLANGE MOUNT (T0-3).
L = CERAMIC DIP.

P = PLASTIC DIP.

PQ = PLASTIC QUAD IN-LINE.

R = METAL FLANGE MOUNT (T0-66).
T = POWER TAB (T0-220).

U = CERAMIC DIP.
National Semiconductor
R
;— PACKAGE. N = PLASTIC DIP.
D = CERAMIC DIP.
T = POWER TAB (T0-220).
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Pro-Electron

i

COMPETITIVE PART NUMBERS

COMPETITIVE PART-NUMBERING SYSTEMS

1060 P

o

m A
RCA

a 71
Signetics
NE 564
T =

E
L———-———- PACKAGE. D
E
F
M
Q
W
BLANK
N

Silicon General

56

1524

F

I—————— PACKAGE.

<=mmU==Tr— X“—

1 | | O A | R

PACKAGE.

1 | | T [

PACKAGE. A

TEMPERATURE. A

B
C
F

C
P
C
P
P!

STAGGERED-LEAD PLASTIC QUAD IN-LINE.

S

TEMPERATURE. NE
SA
SE
SU

CERDIP.
PLASTIC DIP.
PLASTIC QUAD IN-LINE.

o

D
P
Q
BLANK
SEE DETAIL SPECIFICATION.
0°T0 +70°C.

—55°C 70 +125°C.
—40°CT0 +85°C.

I

||

ERAMIC DIP.

LASTIC DIP.

ERDIP.

OWER TAB (T0-220).
LASTIC QUAD IN-LINE.

EE DETAILED SPECIFICATION.

D = SMALL OUTLINE.

F = CERDIP.

FE = MINI-CERDIP.

= LEADLESS CHIP CARRIER.
= CERAMIC DIP.

= PLASTIC DIP.

= SMALL OUTLINE.

= PLASTIC SIP.

o —=Z"—o

0°CT0 +70°C.
—40°C TO +85°C.
—55°C 70 +125°C.
—25°CT0 +85°C.

[ | I

CERDIP.
METAL FLANGE MOUNT (T0-3).
L

EADLESS CHIP CARRIER.

MINI-DIP.

P
P

LASTIC DIP.
OWER TAB (T0-220).

METAL FLANGE MOUNT (T0-66).
P

LASTIC DIP SEMI-TAB.

MINI-CERDIP.

1-31

= SEE DETAIL SPECIFICATION.

= PLASTIC LEADED CHIP CARRIER.




COMPETITIVE PART NUMBERS

COMPETITIVE PART-NUMBERING SYSTEMS

Siliconix
WM 25 B K

T PACKAGE.

PLASTIC DIP.
CERDIP.
CERAMIC DIP.
CERAMIC DIP.
SMALL OUTLINE.

~< U U X “—

TEMPERATURE. A = —55°C TO + 125°C.

B = —25°CTO +85°C.
C = 0°CT0 +70°C.
D = —40°CTO +85°C.
Texas Instruments
SN 15 064 NE
N 2 2ot _|_
PACKAGE. D = SMALL OUTLINE (0.150” WIDE).

DW = SMALL OUTLINE (0.300” WIDE).

FG = CERAMIC RECTANGULAR LEADLESS CHIP CARRIER.
FH = LEADLESS CHIP CARRIER.

FK = CERAMIC SQUARE LEADLESS CHIP CARRIER.
FM = PLASTIC RECTANGULAR LEAD CHIP CARRIER.
FN = PLASTIC SQUARE LEADED CHIP CARRIER.

J = CERDIP.

JD = CERAMIC DIP.

K = POWER TAB (T0-220).

N = PLASTIC DIP.

ND = PLASTIC DIP SEMI-TAB.

NE = PLASTIC DIP SEMI-TAB.'

P = PLASTIC MINI-DIP.

TEMPERATURE. 55 = —55°CTO + 125°C.
75 = 0°CT0 +70°C.

nooa ¢
L PACKAGE. AS SHOWN ABOVE.
TEMPERATURE. C = 0°C TO +70°C.
E = —40°CT0 + 85°C.
I = —25°CT0 +85°C.
M = —55°CTO0 + 125°C.
Toshiba
TA 7272 P
.l-_———— PACKAGE. C = CERAMIC.
P = PLASTIC.
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HOW TO ORDER

HOW TO ORDER

O PLACE AN ORDER, obtain price and deliv-
ery information, or request technical literature,
contact your local Sprague sales office or sales rep-

resentative. See inside back cover, or:

From U.S.and  Sprague Electric Co.
Canada: 92 Hayden Avenue
Lexington, MA 02173
(617) 862-5500
Telex: 710-321-0021

From Europe Sprague World Trade Corp.
and Mideast: 18 Avenue Louis Casai
1209-Geneva
Switzerland
98-4021
Telex: 845-23469

From Asia: Sprague Asia Ltd.
G.P.O. Box 4289
Hong Kong
0-283188
Telex: 43395

EQUESTS FOR technical information and ap-
plications assistance can be sent to the appro-
priate manufacturing facility.

For integrated circuits:

Sprague Electric Company
Semiconductor Group

115 Northeast Cutoff
Worcester, MA 01606
(617) 853-5000

(800) 247-2076 in Mass.
(800) 247-2077

Telex: 710-340-6304

For Hall effect and optoelectronic sensors:

Sprague Electric Company
Sensor Division

70 Pembroke Road
Concord, NH 03301

(603) 224-2755

(603) 224-1961

Telex: 710-361-1495

For discrete semiconductor chips, discrete semi-
conductors in plastic packages, MOS capacitors:

Sprague Electric Company
Discrete Semiconductor Division
70 Pembroke Road

Concord, NH 03301

(603) 224-1961

Telex: 710-361-1495

1—33







HIGH-VOLTAGE INTERFACE DRIVERS E







SECTION 2—HIGH-VOLTAGE (=100V) INTERFACE DRIVERS

Selection GUIde . . ... ..ot 2-2
UDN-6116A/R through 6138A/R Fluorescent Display Drivers . ........ ... .o o i, 2-3
UDN-6510A/R and 6514A/R High-Voltage Source Drivers. . . ... 2-7
UDN-6540B 8-Channel High-Voltage DMOS Driver . ... ... .. ... et 2-10
ULN-7001A through 7005A High-Voltage, High-Current Darlington Arrays .. ....... ... ... ...t 2-13
ULN-7064B through 7074B Quad High-Voltage, 1A Darlington Arrays . ............. ... ... ... ....... 2-15
UDN-7180A through 7186A Gas-Discharge Display Segment Drivers . ... ......... . ..coinen.... 2-17
Application Notes:
A Monolithic IC Series for Gas-Discharge Displays .. ......... oo 2-23
Trends in IC Interface for Electronic Displays . . ....... ... oo 2-29
Reliability of Series UDN-6100A High-Voltage Display Drivers .............. ... ..o, 2-40
See Also:
UHP-500 through 533 Quad Power and Relay Drivers . ............ ... ..ot .. 33
UDS-5791H Quad PIN Diode DIVET . . . .ottt e 6-97
UCN-5823A BiMOS 8-Bit Serial-Input, Latched 100V Driver. .. ...........c i 5-55
UCN-5843A BiMOS 8-Bit Serial-Input, Latched 100V Driver. .. .............. ... ... ... ... 5-82
UCN-5851A/EP and 5852A/EP 32-Bit Serial Input, TFEL Drivers .. ......... ... ..coieiiiiinnnn. 5-87
UCN-5857A/EP and 5859A/EP 8 of 32-Bit AC Plasma Display Drivers . .......................... 5-103
UCN-5858A/EP and 5860A/EP 32-Bit Serial-In AC Plasma Display Drivers . ....................... 5-105
UCN-5900A BiMOS 4-Bit Latched 150 VDriver . . ...t i 5-123
UCN-5901A BiMOS 8-Bit Latched 150V Driver . . ........ ... . e 5-123
UCN-5910A BiMOS 10-Bit Serial-Input, 150 V Latched Driver . . .. ............ ... ... ..oon... 5-129




HIGH-VOLTAGE (>100V) INTERFACE DRIVERS
L e e e

SELECTION GUIDE
(in order of output breakdown voltage rating)

Vour lour Outputs Device Type Page
100V 250 mA Sink 4 Series UHP-500 3-3
100V 250 mA Sink 4 Series UHC-500 6-7
100V 350 mA Sink 81 UCN-5823A 5-55
100V 350 mA Sink 81 UCN-5843A 5-82
100V 350 mA Sink 81 UCS-4823H 6-79

—115A 20 mA Sink 8 Series UDN-7180A 2-17
115V —25mA Source 6 UDN-6116/26A-1 2-3
115V —25mA Source 8 UDN-6118/28A-1 2-3
120V 300 mA Sink 4 UDS-5791H 6-97
140V —25mA Source 8 UDN-6514A/R 2-7
150V —40 mA Source 10T UCN-5910A 5-129
150V 250 mA Sink 7 Series ULN-7000A 2-13
150V 350 mA Sink 41 UCN-5900A 5-123
150V 350 mA Sink 8t UCN-5901A 5-123
150V 1.0A Sink 4 ULN-7064/68/74B 2-15
200V —25mA Source 8 UDN-6510A/R 2-7
200V 200 mA Sink 8 UDN-6540B 2-10
225V 100 mA Sink 32 UCN-5851/52A/EP 5-87

Voltage ratings shown are maximum allowable; current ratings are maximum tested condition.

tLatched drivers.



SERIES UDN-6100A AND UDN-6100R
FLUORESCENT DISPLAY DRIVERS

SERIES UDN-6100A AND UDN-6100R
FLUORESCENT DISPLAY DRIVERS

FEATURES
*Digit or Segment Drivers
oLow Input Current
o|ntegral Output Pull-Down Resistors
ohigh Output Breakdown Voltage
oSingle or Split Supply Operation

CONSISTING of six or eight NPN Darlington output stages and

the associated common-emitter input stages, these drivers are
designed to interface between low-level digital logic and vacuum
fluorescent displays. All devices are capable of driving the digits
and/or segments of these displays and are designed to permit all out-
puts to be activated simultaneously. Pull-down resistors are incor-
porated into each output and no external components are required
for most fluorescent display applications. The highest voltage parts
(suffix A-1) are also used in gas-discharge display applications as
anode (digit) drivers.

Twenty-four standard devices are listed, so that a circuit designer
may select the optimum device for his application. Input
characteristics, number of drivers, package style, and output voltage
are tabulated for each device in the Device Type Number Designation
chart. With any device, the output load is activated when the input is
pulled towards the positive supply (active ‘high’). All units operate
over the temperature range of —20°C to +85°C.

*Always specify complete part number, such as:

U N-—éns A - 2
INSTRUCTIONS:  SELECTED VERSION. SEE
TYPE NUMBER DESIGNATION, NEXT PAGE.

PACKAGE: A = PLASTIC DIP
R = CERAMIC DIP

DEVICE TYPE.

L FAMILY. UD = DIGITAL DRIVERS

OPERATING TEMPERATURE RANGE. N = —20°C to +85°C

H
i

7

HH

4

2

Ei

EgtimE

i

Vgg [10

Dwg. No. A-9641A

UDN-6118*
UDN-6128*

OWG. NO. A-11,222

UDN-6138*




SERIES UDN-6100A AND UDN-6100R
FLUORESCENT DISPLAY DRIVERS

DEVICE TYPE NUMBER DESIGNATION

ABSOLUTE MAXIMUM RATINGS at Tp = +25°C
(Voltages are with reference to ground unless otherwise shown)

Supply Voltage, Vg (all devices, suffixAorR) ..................... 85V
(UDN-6138A0rR,ref. Veg) .o 85V

(all devices, suffixA-1) ....................... 115V

(all devices, suffixA-20rR-2) .................. 65V

(UDN-6138A-2 orR-2,ref, Veg) . ..o ool 65V

Supply Voltage, Ve (UDN-6138 all suffixes) . .................... —40V
Input Voltage, V,y (all devices) . .......... PP 20
(UDN-6138 all suffixes, ref. V) .................. 55V

Output Current, loyr .o oo —40mA
Allowable Package Power Dissipation, Py. .. .................. See Graph
Operating Temperature Range, T,. . .................. —20°Cto +85°C
Storage Temperature Range, Ts ..................... —55°C to + 150°C

Caution: The high input impedance of these devices makes them susceptible to
static discharge damage associated with handling and testing. Techniques similar
to those used for handling MOS devices should be employed.

No. of No. of Type Number
Input Compatibility Drivers Vour Pins | plasticDIP | Ceramic DIP
60V 16 | UDN-6116A-2 | UDN-6116R-2
6 80V 16 | UDN-6116A | UDN-6116R
110V 16 | UDN-6116A-1 —
60V 18 | UDN-6118A-2 | UDN-6118R-2
SV TIL, CMOS 80V 18 | UDN-6118A | UDN-6118R
8 110V 18 | UDN-6118A-1 —
30V 20 | UDN-6138A-2 _
=40V 20 | UDN-6138A —
60V 18 | UDN-6128A-2 | UDN-6128R-2
6-15V CMOS, PMOS 8 80V 18 | UDN-6128A | UDN-6I28R
110V 18 | UDN-6128A-1 —
ALLOWABLE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

SN

18- LEAD 'A’ PACKAGE
[ 18.2mw/eC
! ]

\ 16- LEAD ‘A’ PACKAGE
16.7 mWj/°C | \
20 } |
N 18- LEAD 'R’ PACKAGE
(5.4 mw/°C
) Q \
NN

N

ALLOWABLE PACKAGE POWER DISSIPATION, Py IN WATTS

AN\
16-LEAD AN
1.0]-R_PACKAGE \\
~I133 mw/°C N\
\ A\
\\ \‘\\
AN
W
0.5 A\\\N
W
A\
\\
N
0 .
0 50 100 150

AMBIENT TEMPERATURE, T IN °C

Dwg. No. A-14,318



SERIES UDN-6100A AND UDN-6100R
FLUORESCENT DISPLAY DRIVERS

ELECTRICAL CHARACTERISTICS (over operating temperature range)
Note: All Valves Specified At ——

Suffixes A R A-1 A-2 R-2
Vg = 80 80 110 60 60 Volts
Vg = 0 0 NA 0 0 Volts
*UDN-6138
Applicable Devices Limits
Characteristic Symbol Basic Part. No. Suffix Test Conditions Min. Typ. Max. Units
Qutput Leakage Current logr All Al Vy =04V — — 15 pA
Output OFF Voltage Vour Al Al Vo =04V — — 1.0 )
Output Pull-Down Current lour Al AorR Input Open, Vo,r = Vg 450 650 1100 pA
A-1 600 900 1500 pA
A-2 orR-2 350 500 775 pA
Output ON Voltage Vour UDN-6116/18/38 AorR Vo = 24V, Iy = —25mA 71 78 — Vv
A-1 107 108 — v
A-2 orR-2 571 58 — v
UDN-6128 AorR Vo =40V, lpy=—-25mA 4 77 78 — v
A-1 107 108 — Vv
A-2 orR-2 571 58 — v
Input ON Current Iy UDN-6116/18/38 Al Vi = 24V — 120 225 pA
Vo =50V — 375 650 A
UDN-6128 All Vo = 4.0V — 130 250 pA
Vo =15V — 675 1150 pA
Supply Current [ All All All Inputs Open — 10 100 pA
UDN-6116 AorR All Inputs = 2.4V — 5.0 15 mA
A-1 Two Inputs = 2.4V — 2.5 45 mA
A-20rR-2 | All Inputs = 2.4V - 4.0 6.0 mA
UDN-6118/38 AorR All Inputs = 2.4V — 6.0 9.0 mA
A-1 Two Inputs = 2.4V — 2.5 45 mA
A-20rR-2 | Alllnputs = 2.4V — 5.5 8.0 mA
UDN-6128 AorR All Inputs = 4.0V — 6.0 9.0 mA
A-1 Two Inputs = 4.0V — 2.5 4.5 mA
A-20rR-2 | AllInputs = 4.0V — 5.5 8.0 mA
RECOMMENDED OPERATING CONDITIONS
Supply Voltage Vs UDN-6116/18/28 AorR 5.0 — 70 v
A-1 5.0 — 100 v
A-20rR-2 5.0 — 50 v
UDN-6138 A 5.0 — —40 Vv
A-2 5.0 — —30 v
Vee UDN-6138 A 0 — —40 v
A-2 0 — -30 v
Input ON Voltage Vi UDN-6116/18/38 All 2.4 — 15 Vv
UDN-6128 All 4.0 — 15 v
Qutput ON Current [ Al Al — — —25 mA

NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin.




SERIES UDN-6100A AND UDN-6100R
FLUORESCENT DISPLAY DRIVERS

PARTIAL SCHEMATIC

One Driver
(All Types)

Type (All Suffixes) R Rg

UDN-6116/18/38  10kQ  30kQ
UDN-6128 20kQ  20kQ) GND

| oOUTPUT
§125K

-4 (UDN-6138 ONLY)
o VEE

DWG.NO. A-10,592C

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY

Vs

SEGMENT SELECT §
UDN-6118/28A

a0 aee = a o

o

UDN-6118/28A

il

DIGIT SELECT 1 i — ‘&—j—
— o —o ———o0
. Veas q
' VEIL

2,
il
skl

2—6

DWG. NO. A-10,2618



UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

FEATURES

® TTL/MOS-Compatible Inputs

o High Qutput-Breakdown Voltage

® 40 mA Qutput-Current Capability
® Low Power Dissipation

® Reliable Monolithic Construction

ASY, EFFECTIVE INTERFACE for low-level
TTL or MOS circuitry and high-voltage loads is
available with Sprague UDN-6510A /R and UDN-
6514A /R bipolar integrated circuits. These eight-
channel devices drive the anodes of gas-discharge
displays or the grids and anodes of large, multi-
plexed dot-matrix vacuum-fluorescent display
panels.

Types UDN-6510A and UDN-6510R supply an
outpnt-voltage swing of up to 100 V with a
maximum Vg of 200 V. Typically, the output is
switched between +100 V and +180 V.

Types UDN-6514A and UDN-6514R can switch
output-voltage levels from ground to +135 V with
appropriate pull-down circuitry and a maximum
supply voltage of +140 V.

Each device in the series has eight independent
drivers made up of switched constant-current level

i

7

1

o > ]
-
w

=]

@©
&

!

1

Dwg. No. A-9641A

shifters and PNP/NPN driver stages. Driver inputs
operate with open-drain PMOS or CMOS, or with
open-collector or standard TTL.

Types UDN-6510R and UDN-6514R are fur-
nished in 18-pin dual in-line industrial-grade, her-
metically sealed ceramic packages. Types UDN-
6510A and UDN-6514A are supplied in inexpensive
18-pin dual in-line plastic packages. To simplify
applications designs, all units have input connections
on one side of the package and output pins on the
other. All devices are rated for operation over the
temperature range of —20°C-to +85°C.

ABSOLUTE MAXIMUM RATINGS

at T,

= +25°C

(Veer = GROUND unless otherwise specified)

Supply Voltage, Vgs (UDN-6510A/R) ... ... ..ot i 200 V

(UDN-65L4A/R) .o 140V
Output OFF Voltage (Ve = Vgg), Vour (UDN-6510A/R) .. .. .............. —100 vV
Input Voltage, Vix - .o e 20V
Output Current, logr - oo —40 mA
Package Power Dissipation, Py ....... ... ... ... . i i See Graph

Operating Temperature Range, T, ...
Storage Temperature Range, Tg . ...

....................... —20°C to +85°C
...................... —55°C to +150°C




UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

PARTIAL SCHEMATIC
One Driver (All Types)

—o
Vgs

>
>

30K

<

[___OOUTPUT

Dwg. No. A-11,657

GND

PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

AMBIENT TEMPERATURE, Tp, IN oc
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v
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= 2.0
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Dwg. No. A-11,658

Caution: The high input impedance of these devices makes them suscepti-
ble to static discharge damage associated with handling and testing.
Techniques similar to those used for handling MOS devices should be

employed.

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vgg = 200 V (UDN-6510A/R) or 140 V (UDN-6514A/R),
all voltage measurements are referenced to ground (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Typ.  Max. | Units
Output Leakage Current| loy UDN-6510A/R | Vo = 100V, Vy = 04V, T, = +70°C| — — 15 HA
UDN-6514A/R | Vor = OV, Vy = 04 V, T, = +70°C | — — 15 A
Oufput ON Voltage Vour UDN-65I10AR [ Vy = 24V Ty = —25 mA 19 197  — v
UDN-65T4A/R [ Vy = 24V, Iy = =25 mA 135 137 — V-
Input ON Current Iy All Vy = 24V — 120 225 | upA
Vy =50V — 375 650 | umA
Supply Current leg All All inputs open — 10 100 | wA
One input = 3.5V — — 500 | wA
RECOMMENDED OPERATING CONDITIONS
Supply Voltage Ves UDN-6510A/R 55 — 180 v
UDN-6514A/R 55 — 130 v
Output OFF Voltage Vour UDN-6510A/R | Reference Vg —_ — =8 )
Input ON Voltage W All 24 — 15 V
Output ON Current lowr All — — =251 mA

NOTE: Negative current is defined as coming out of the specified device pin.
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UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

TYPICAL PLASMA GAS-DISCHARGE DISPLAY APPLICATION EQUIVALENT CIRCUIT
TTL/CMOS DIGIT SELECT 180V
YY'Y VY€ ubN-6510 [ géleercu

+180V ~WV—0 +110V

==

o 8 HA—o +80V

L SEGMENT

ULN-2823A / SWITCH

=

Dwg. No. A-11,656

Dwg. No. A-11,655

MULTIPLEXED DOT-MATRIX VACUUM-FLUORESCENT DISPLAY APPLICATION

UDN-6514A

TTL/CMOS INPUTS

+140V

Dwg. No. A-11.659




UDN-6540B
8-CHANNEL DMOS HIGH-VOLTAGE DRIVER

UDN-6540B
8-CHANNEL DMOS HIGH-VOLTAGE DRIVER

FEATURES
® 200V Qutputs
® CMOS, PMOS Compatible
o Internal Gate Limiting Resistors
® Diode Clamped Inputs and Qutputs
o |mproved Output SOA

The UDN-6540B is an eight-channel high-voltage
DMOS driver capable of sinking 200 mA and main-
taining an output OFF voltage of 200 V. This device
has many possible applications such as driving pie-
zoelectric elements, gas-discharge or electrolumi-
nescent displays, and other high-voltage power
loads. This device is input compatible with 7-20 V
logic such as PMOS, CMOS, and high-voltage open
collector TTL.

Because DMOS outputs have output SOA supe-
rior to that of conventional bipolar technologies, the
UDN-6540B is ideal for inductive load applications.
Unlike NPN transistors, DMOS devices can operate
safely to their breakdown voltage limit without risk
of secondary breakdown (latch-back) or sacrifice of
reliability.

INy
OuT,
IN2

OUT:

GROUND

OUTs
IN3
OUT,

INg

Dwg. No. W-103
The UDN-6540B is furnished in a 22-pin dual in-
line package with 0.400” row centers and sink con-
tact tabs. A copper-alloy lead frame provides
maximum power dissipation using standard cooling
methods. This lead configuration facilitates attach-
ment of external heat-sinks for increased power dis-
sipation with standard IC sockets and printed wiring
boards.

INn

ONE OF EIGHT DRIVERS

OUTx

-

Dwg. No. W-104
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UDN-6540B
8-CHANNEL DMOS HIGH-VOLTAGE DRIVER

ABSOLUTE MAXIMUM RATINGS OUTPUT CURRENT
at +25°C Free-Air Temperature ' AS A FUNCTION OF Vos
OutputVoltage, Vos. .. ..o ooeeeeneee e, 200V 300
InputVoltage, Vin ..o 20V
Output Current, lout + ..o 250mA 250
Power Dissipation, Pp................... See Graph Vs =15V V/Q
Storage Temperature Range ... .... —55°C to +150°C 2 ‘665 = ‘ﬁxy 2
Operating Temperature Range, Ta.... —20°Cto +85°C £ o e A
E Y,
3 /V
=
. Y%
' Y/
o
) Vas = 7L/
o 1
é 100 / ]
[
3
50
Vgs = 5V
0
0 10 20 30 40 50

DRAIN TO SOURCE VOLTAGE, Vps, in VOLTS

Dwg. No. W-169
ELECTRICAL CHARACTERISTICS at T, = +25°C
' Limits

Characteristics Symbol | Test Conditions Min. Max. | Units
Output Leakage Current loss Vos = 200V, Gate Shorted to Source — 10 A
Drain to Source Vosony | Ves = 10V, loyr = 100mA — 25 v
ON Voltage Vas = 10V, loyr = 200mA — 50 v

Ves = 15V, lour = 200mA — 4.0 v
Input Threshold Voltage Vi lour = 10mA, Vps = 0.5V — 7.0 v

lour = 50mA, Vps = 1.0V — 85 v
Turn-On Delay ton 0.5Ewnt0 0.5Eoyr, RL = 1kQ, Vour = 200V — 0.5 s
Turn-0ff Delay tore 0.5Eint0 0.5Equr, RL = 1kQ, Vour = 200V| — 0.5 us
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UDN-6540B

8-CHANNEL DMOS HIGH-VOLTAGE DRIVER

ALLOWABLE POWER DISSIPATION IN WATTS

BREAKDOWN CHARACTERISTICS

£ 204 - 207
w r4
o w
S« £t
OE =
T NPN [BIPOLAR g-—n DMOS FET
5L 104 I~ 10
@
1 &
P}
Q
o
0 120 200
COLLECTOR VOLTAGE, DRAIN VOLTAGE,
VCE in VOLTS Vps in VOLTS
Dwg. No. SD-113

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

5.0

0 50

100

150

AMBIENT TEMPERATURE IN °C
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SERIES ULN-7000A

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

SERIES ULN-7000A
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

hese high-voltage, high-current Darlington ar-

rays are comprised of seven silicon NPN Dar-
lington pairs on a common monolithic substrate. All
units have open-collector outputs and integral
diodes for inductive load transient suppression.

Series ULN-7001A devices are general purpose
arrays that may be used with standard bipolar digital
logic using external current limiting, or with most
PMOS or CMOS directly. All are pinned with out-
puts opposite inputs to facilitate printed wiring
board layout and are priced to compete directly with
discrete transistor alternatives.

Series ULN-7002A is designed for use with 14 to
25V PMOS devices. Each input has a Zener diode
and resistor in series to limit the input current to a
safe value in that application. The Zener diode also
gives these devices excellent noise immunity.

Series ULN-7003A has a 2.7 k() series base resis-
tor for each Darlington pair, allowing operation di-
rectly with TTL or CMOS operating at a supply
voltage of 5 V. These devices will handle numerous
interface needs—particularly those beyond the ca-
pabilities of standard logic buffers.

Series ULN-7004A has a 10.5 k() series input re-
sistor that permits operation directly from CMOS or
PMOS outputs utilizing supply voltages of 6to 15 V.
The required input current is below that of Series
ULN-7003A, while the required input voltage is less
than that required by Series ULN-7002A.

Series ULN-7005A is designed for use with stan-
dard TTL and Schottky TTL, with which higher out-
put currents are required and loading of the logic
output is not a concern. These devices will sink a
minimum of 250 mA when driven from a ‘‘totem
pole’’ logic output.

Series ULN-7000A is the original high-voltage,
high-current Darlington Array. The output transis-
tors are capable of sinking 300 mA and will sustain
at least 150 V in the OFF state. Outputs may be par-
alleled for higher load-current capability.

All Series ULN-7000A Darlington arrays are fur-
nished in a 16-pin dual in-line plastic package. These
devices can also be supplied in a hermetic dual in-
line package for use in military and aerospace appli-
cations.

PARTIAL SCHEMATICS

4

ULN-7001A

ULN-7004A

ULN-7005A




SERIES ULN-7000A
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
for any one Darlington pair
(unless otherwise noted)

Output Voltage, Ve .. vveeeee i 150V Device Number Designation
Input Voltage, -
Viy (ULN-7002/7003/7004A) ... ... 30V - U:gplc Type Number

(UIN-7005A) . . ..o 15V eneral Purpose ULN-7001A

Continuous Collector Current, I ................ 300 mA PMOS, CMOS

Continuous Input Current, ly .. ........ovevvnn. .. 25 mA 14-25V PMOS ULN-7002A

Power Dissipation, P, (total package) . ............. 2.0W* 5VTIL, CMOS ULN-7003A

Operating Ambient Temperature Range, T, .. —20°C to +85°C 6-15V ULN-7004A

Storage Temperature Range, Ty ......... —55°C to + 150°C CMoS, PMOS

*Derate at rate of 16.67 mW/°C above 25°C. High-Output TTL ULN-7005A

ELECTRICAL CHARACTERISTICS at + 25°C (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Typ. Max. | Units
Output Leakage Current leex Al Vee = 150V, T, = 25°C e 50 pA -
Ve = 150V, T, = 70°C — — 100 pA
ULN-7002A Ve = 150V, T, =70°C,Vy =60V | — — 500 | upA
ULN-7004A Ve = 150V, T, =70°C,Vy =10V | — — 500 | pA
Collector-Emitter Veesn All lo = 100mA, I; = 250 wA — 12 13 v
Saturation Voltage lo = 250 mA, I, = 350A — 14 16 | V
Input Current Iniow ULN-7002A Vo =17V — 08 125 | mA
ULN-7003A Viy = 3.85V — 093 135 | mA
ULN-7004A Vi =50V — 035 05 mA
Vo = 12V — 10 145 | mA
ULN-7005A Vi = 3.0V — 15 24 mA
Iniory Al l; = 500 pA, T, = 70°C 50 65 — pA
Input Voltage Visow ULN-7002A Ve = 2.0V, 1, = 250 mA _ = 13 v
ULN-7003A Ve = 2.0V, I, = 200 mA —  — 24 v
Ve = 2.0V, I, = 250 mA —  — 27 v
ULN-7004A Ve = 20V, 1, = 100 mA — — 50 )
Ve = 2.0V, 1, = 150 mA — — 60 v
Vee = 2.0V, I, = 200 mA — — 10 )
Ve = 2.0V, I, = 250 mA —  — 80 )
ULN-7005A Ve = 2.0V, I, = 250 mA —  — 24 v
D-C Forward Current hee ULN-7001A Vee = 20V, 1, = 250 mA 1000 — — —
Transfer Ratio
Input Capacitance Ci All -— 15 25 pF
Turn-On Delay tow All 0.5Eyt00.5Eqy; — 025 10 us
Turn-0ff Delay tow All 0.5Ey100.5 Egyyr — 025 10 ws
Clamp Diode e All Ve =150V, T, = 25°C R — 50 | pA
Leakage Current Ve = 150V, T, = 70°C _ - 100 |.LA
Clamp Diode Ve All Iy = 250 mA — 17 20 )
Forward Voltage
Sustaining Voltage Veesus) All L=2mH;R =450 N @ — — v
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ULN-7064B, ULN-7068B AND ULN-7074B
QUAD HIGH-VOLTAGE, 1A DARLINGTON ARRAYS

ULN-7064B, ULN-7068B AND ULN-7074B
QUAD HIGH-VOLTAGE, 1A DARLINGTON ARRAYS

ULN-7064B ULN-7068B

Dwg. No. A-13,669 \i\\\x “’% g% Dwg. No. A-13,670
/ e \ »“’m %,%; )
N S \

Dwag. No. A-13,671

Tﬁ;\;;)\l voltages and integral diodes for inductive load tran-
lfé"ﬁL,Ea ngton arrays are high-voltage versions of  sient suppression.

théyindustry standard ULN-2064B through ULN- The ULN-7068B includes additional predriver
2077&\]5?Jlington arrays. The ULN-7064B is the  stages for minimum input loading. The ULN-7074B

basic difver. Four open-collector Darlingtons fea-  features open emitter outputs for emitter follower or
ture 150 V minimum breakdowns, 90 V sustaining ~ output current sensing applications.

ABSOLUTE MAXIMUM RATINGS

Output Voltage, Ve . .o oo e 150V
Sustaining Voltage, Vopsus « « « « «« v v v v e 90V
Continuous OQutput Current, g .. ... ..o 1.0A
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ULN-7064B, ULN-7068B AND ULN-7074B
QUAD HIGH-VOLTAGE, 1A DARLINGTON ARRAYS

PARTIAL SCHEMATICS

ULN-70648

Dwg. No. 13,672

ULN-7068B

9000

Dwg. No. A-13,673

ULN-7074B

Dwg. No. A-13,674
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SERIES UDN-7180A

GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

SERIES UDN-7180A

GAS DISCHARGE DISPLAY SEGMENT DRIVERS

FEATURES

® Reliable Monolithic Construction
® High Output Breakdown Voltage

® Low Power

© TTL/MOS Compatible Inputs

Q

HB

7

i

6

0

Owg. No. A-9640A

Description

Series UDN-7180A segment drivers are monolithic high-voltage bipolar
integrated circuits for interfacing between MOS or other low-voltage
circuits and the cathode of gas-discharge display panels.

These drivers reduce substantially the number of discrete components
required with panels (Beckman, Burroughs, Dale, Matsushita, NEC, Pan-
tek, etc) in calculator, clock and instrumentation applications.

The UDN-7183A, UDN-7184A, and UDN-7186A drivers contain ap-
propriate level shifting, signal amplification, current limiting, and output
OFF-state voltage bias. The UDN-7180A driver requires external current
limiting and is intended for higher-current applications or where individual
outputs are operated at different current levels (i.e. with alpha-numeric
displays). All inputs have pull-down resistors for direct connection to
open-drain PMOS logic.

These devices provide output currents suitable for display segments ina
wide variety of display sizes and number of display digits. Either a fixed
split supply operation or a feedback-controlled scheme is allowed.

Applications

The Series UDN-7180A drivers can be used in a wide variety of low-
level to high-voltage applications utilizing gas discharge displays such as
those found in calculators, clocks, point-of-sale terminals, and instru-
ments. Their high reliability combined with minimum size, ease of installa-
tion, and the cost advantages of a complete monolithic interface make them
the ideal choice in many applications. A typical application showing the
use of these devices, and their counterpart anode drivers, is shown.
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SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

h

ABSOLUTE MAXIMUM RATINGS at + 25°C

Supply Voltage, Vi - ..o -115V
Input Voltage, Viy - ..o +20V
Output Current, lpy:: UDN-7180A . .. ... ... ... 20 mA
UDN-7183A .o 3.25mA
UDN-7184A ... o 2.0 mA
UDN-TI86A ... e 1.0mA
Power Dissipation, Py ......... ... .. ... e L13W*
Operating Temperature Range, T, ........................... —20°C to +85°C
Storage Temperature Range, Ty ........................... —65°C to +150°C

*Derate at the rate of 9.1 mW/°C above 25°C

Due to the high input impedance of these devices, they are susceptible to static
discharge damage sometimes associated with handling and testing. Therefore,
techniques similar to those used for handling MOS devices should be employed.

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vi« = 110V (unless otherwise specified)

Test UDN-7180/83A UDN-7184A UDN-7186A

Characteristic Symbol Test Conditions Fig. | Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max. | Units
Output ON Voltage Voo | Allinputsat2.4V 1 |-100 —104 — |{—98 —102 — | —97 —100 — v
UDN-7183/84/86A Ml inputs at 24V, Vg = —70V 1 | — —66 — | — —65% — | — 63 — [V
Output ON Voltage Voo | Allinputsat2.4V, ‘ -105-108 — | — — — | — — — v
UDN-7180A Iy = 14 mA
Output OFF Voltage| Vo | Allinputs at 0.4V,

Reference Vi 2 76 84 — 76 84 — 76 84 — v
Output Current lox Allinputs at 2.4V, Vi = =110V, ¢ UDN-7183A only
(l ) Test output held at —60V 3A [ 1475 1850 2450 | 910 1140 1520 | 440 550 725] pA
OQutput Current low Allinputs at 0.4V, Vi = — 110V,
(lsense) Test output held at —66V 3B [—95 —120 —155{—65 —85 —115{—-50 —65 —90 | pA
Input High Current ly Test input at 2.4 V,

Other inputs at 0 V 4 — 100 200] — 100 200 — 100 200 wA
Input Low Current I Test input at 0.4 V, One input

at 2.4V, Other inputs at 0.4 V 5 — 1 10 | — 1 10 | — 1 10 | pA
Supply Current I All inputs at 0V 6 — =125 =175| — =125 =175 — —125 —175| pA
NOTES:

1. All voltage measurements are referenced to pin 9 unless otherwise specified.

2. All voltage measurements made with 10MQ DVM or VTVM.

3. Recommended Vi operating range: —85to — 110 V.

4. Positivé (negative) current is defined as going into (coming out of) the specified device pin.
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SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

I
|+—

TEST CIRCUITS

W

VoN .
4,5V
DWG. NO. A-9737A
Vkk -1ov
DWG. NO. A-9738B OWG. NO. A-9739B
FIGURE 1 FIGURE 2 FIGURE 3A
0.4V > N ’ R ~E>—§E°N
-11ov OWG. NO. A-9741A
DWG. NO. A-97408
FIGURE 3B FIGURE 4
[T
OPEN OPEN OPEN
ald @ > 4.5v > ° 0.4V > —
DWG. NO. A-9742B
-1ov

FIGURE 5

-110v

DWG. NO. A-9743

FIGURE 6
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SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

PARTIAL SCHEMATIC
Ry R2
(kQ) | (kQ)
7180 350 ° r_lf\l“_l’UT T —OUTPUT _]
7183 | 350 | 25 | 3 |
7184 | 480 | 40 : ﬁ):
718 | 620 | 80 I ok |
GND : :
® , |
200K 1' | o
| |
I |
! [
! |
700K

! |
27K I I

|
| I
Vkk | |
! |
| ]

Dwg.No. A-9644C

Vs
DIGIT DRIVER 1+ e
UDN-6118A-1 T Y
T T
Vss = {
MOS —ANODES —
LOGIC 8-DIGIT
GAS-DISCHARGE DISPLAY
TYPICAL APPLICATION ~CATHODES —
= GND| j
SEGMENT DRIVER ¥
UDN-7183A 4
Vi =Tt
==l
Dwg.No. A-9646A




SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

A

TYPICAL SIX-DIGIT CLOCK
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SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

fo- ONE SCAN CYCLE -
IiciT 1/ 0N
DIGIT 2‘ m
DIGIT 3 T
DIGIT 4 Mo O\
SEG a
SEG b \ [\l \ [\
o ¢ 1\ /amm\ Vn
SEG d \
SEG e I\
SEG f I\
SEG 5 —\
—s| | INTERDIGIT BLANKING INTERVAL
a_ -, - _
N LI | o B I
elafe b/ I8 [

DWG. NO. A-11,096

ACTUAL OUTPUT CIRCUITS
—OVBB

| 1/8 UDN-6118A-1
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1/8 UDN-7183A

ANODE AND CATHODE WAVEFORMS
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!
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HIGH-VOLTAGE INTERFACE DRIVERS

A MONOLITHIC IC SERIES
FOR GAS-DISCHARGE DISPLAY INTERFACE

Introduction

The switching of the high voltages necessary for
display panels such as the Burroughs Panaplex® has
long presented difficulties to the semiconductor indus-
try - particularly to IC manufacturers. It is difficult
to fabricate devices capable of sustaining 200 volts or
greater with standard IC processes of today. Solutions
to the high voltage gas discharge display interface also
must be inexpensive as well as functional; this cost/
simplicity factor prohibits most unusual or exotic cir-
cuit designs and/or IC processes.

The earliest (and a great many recent) gas discharge
interface schemes used discrete components, but that
has been an increasingly cumbersome and expensive
solution. Competition at the system level has largely
come from LEDs, and a great many standard ICs are
available for the smaller LEDs. In most instances, the
small displays have gone to LEDs. However, the larger
display applications are still an opportunity for gas
discharge since character size and cost are not directly
related. The cost impact upon the potential for gas
discharge displays in many systems is a function of
interface complexity and cost, and it was to this end
that a joint Sprague/Burroughs effort was launched.

Early Sprague/Burroughs meetings were held to de-
fine the relevant factors involved in such a program
and provide the necessary insight for both parties into

the capabilities of diode isolated ICs, the voltage and
current requirements of the Panaplex displays, the need
for minimization of power (battery systems), pack-
aging of the circuits, component count and cost, etc.
Add to this the potential for use with feedback con-
trolled supplied, poorly regulated d-c supplies, the
wide variety of numbers of display digits, the range
of digit sizes (in use or contemplated), etc., and our
task was not to be an easy one.

Our direction was determined by two factors: a his-
tory of fabricating 130-140 volt PN diode isolated
display circuits, and a more recent effort to utilize
compatible thin-film resistor technology. These fac-
tors, coupled with considerable expertise in designing
and processing high voltage ICs, dictated an approach
utilizing a split (+ 100 V) supply. The split supply
would provide the 200 volts needed to ionize the dis-
play and the resistor capability would greatly aid the
incorporation of functions previously done by discrete
components — including both input and output (seg-
ment) current limiting, pulldown (open drain PMOS),
pullup and pulldown reference for IC outputs, and a
high impedance voltage divider for the output OFF
bias. All level shifting is accomplished via use of PNP
or NPN transistors, and the capacitors previously re-
quired were negated.

—

Ves
DIGIT DRIVER

UDN-6118A-1
[\

Lon el

T
QS-DISCHARGE D|SP|D
~CATHODES —

“~ANODES
8-DIGI

Vss
Figure 1 MOS
LOGIC
—
VbD -

[l o

GNDj j
SEGMENT DRIVER +
UDN-7183A

VK|

]

Dwg.No. A-9646A
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HIGH-VOLTAGE INTERFACE DRIVERS

Basic Scheme

Replacing discrete components through incorpo-
rating their function into this IC series results in the
block diagram of Figure 1 with its basic requirement
for a single digit and single segment driver; a scheme
capable of driving as many as eight digits and the
eight segments. Additional digits or segments be-
yond the eight provided in an 18-lead DIP may be
driven by combinations of packages beyond the min-
imum two necessary. Example: three ICs—two
digit and one segment—will fulfill the needs of a 12
to 16 digit calculator.

Included in this series of high voltage interface are
two digit driver packages: UDN-6116 (6-digit), and
UDN-6118 (8-digit). Segment drivers include the
UDN-7180, UDN-7183, UDN-7184, and UDN-
7186, and the four offer current ranges compatible
with display sizes from 0.250” to 1” panels, and oth-
ers will be made available as needs are defined.

Digit Interface

The digit driver is the more complex of the two
and its schematic is shown in Figure 2. Input address
polarity is positive (active high in TTL parlance) and
the circuit is designed to interface from TTL (4.5
volts from open collector—or using pull-up to V),
CMOS, PMOS, etc. Input current-limiting and one-
half of the pull-down for open drain PMOS is the
function of Rs; Ry adds the second half of the pull-
down to the ground bus. The protective value of R,
and R; must be noted; a junction failure in Q, has the
two resistors as a current limiter to the MOS (or
TTL) output and will minimize the likelihood of de-
stroying the low level logic outputs.

Input transistor Q, is a high voltage inverter and
sinks the base current of PNP Q,. A positive input
(4.5 to 20 V) will turn on Q, and this base current (65
rA typ.) for PNO Q; will turn on the output Darling-
ton (Q, and Q,) and source digit current.

ELECTRICAL CHARACTERISTICS: T, = +25°C, V,, = 110V (unless otherwise specified)

Test UDN-7180/83A UDN-7184A UDN-7186A

Characteristic Symbol Test Conditions Fig. { Min. Typ. Max. | Min. Typ. Max. { Min. Typ. Max. | Units
Output ON Voltage Voo | Allinputsat2.4V 1 |-100 —104 — | —98 —102 — | —97 —-100 — Vv
UDN-7183/84/86A Al inputs at 24V, V, = —70V 1 | — -6 — [ — -6 — [ — -63 — |V
Output ON Voltage Voo | Allinputsat2.4V, -105 -108 — | — — — | — — — )
UDN-7180A lw = 14 mA
Output OFF Voltage| Vo | Allinputsat 0.4V,

Reference Vi« 2 76 84 — 76 84 — 76 84 — v
Output Current low Allinputs at 2.4V, V = —110V, UDN-7183A only
(e Test output held at —60V 3A | 1475 1850 2450 | 910 1140 1520 | 440 550 725| pA
OQutput Current lon Allinputs at 0.4V, Vi, = —110V,
(lsense) Test output held at —66 V 3B |95 —120 —155|—65 —85 —115/-50 —65 —90 | pA
Input High Current ha Test input at 2.4V,

Other inputs at 0 V 4 — 100 200) — 100 200 — 100 200{ pA
Input Low Current I, Test input at 0.4 V, One input

at 2.4V, Other inputs at 0.4 V 5 — 1 10 | — 1 10 | — 1 10 | pA
Supply Current ™ All inputs at 0 V 6 — =125 —175| — =125 —175| — —125 —175| pA
NOTES:

1. Allvoltage measurements are referenced to pin 9 unless otherwise specified.
2. All voltage measurements made with 10MQ DVM or VIVM.
3. Recommended Vi operating range: —85to —110 V.

4. Positive (negative) current is defined as going into (coming out of) the specified device pin.




HIGH-VOLTAGE INTERFACE DRIVERS

PARTIAL SCHEMATIC

INPUT

GROUND O

VBB

Q3

:
¢

Q2

RL %
—-O outPuT
R7 %

Consistent ionization and extinguishing of the
display panel is the result of the 60-75 volt swings
available from both digit and segment ICs. The con-
ditions that previously created problems for the
‘direct MOS drive with minimal swings at the output
have been very adequately handled with the increased
output swings of the 6100/7100 series. Problems
from leading zero blanking, low temperature, low
ambient light, etc. which previously gave difficulty
are well taken care of with this series of ICs.

Segment interface

The segment driver circuit is shown in Figure 3 and
the value of R, (segment limiting) is determined via
masking for the appropriate display current. Its

Figure 2
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counterpart pull-up resistor R; is also changed to
some known ratio of R,. The ground terminal (#9) is
referenced near, or connected directly to ground, and
the Vg line is typically a —90 to — 100 volts.

The input PNP (Q,) serves as a level translator and
provides d-c level shifting to the output Darlington
(Q; and Q3). Emitter resistor (R3) both limits the in-
put current and furnished pull-down for open drain
PMOS. An added intent is the measure of protection
furnished the MOS by the very high impedance of
R;.

The basic switching function is the combination of
PNP Q,, Darlington Q, and Q,, and the associated
resistors R, Ry, and R,. Address polarity is again
active high. The input may be raised a maximum of
20 volts above ground and will function with input
levels obtained from CMOS and open collector TTL
@4.5V).
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PARTIAL SCHEMATIC
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The OFF output biasing network is common to all
the individual drivers with the level of bias deter-
mined by the ratio of R, to the total of R; and R;. As
in the digit driver, the value of output bias is =% the
voltage across Vig and ground—thus insuring suffi-
cient ‘on to off’ swings to properly fire, and effec-
tively extinguish unaddressed segments during a
scan. Emitter follower Q, and Qs sources current to
the pull-up bus connected to the various outputs as
they are turned on during the display scan.

Minimum Component Interface

The impact of this new product family may be
seen in the typical digital clock of Figure 5. This a-c
powered clock uses a Mostek 50250 clock IC, a
UDN-6116A-1 digit driver, and a UDN-7183 segment
driver. Total component count is approximately 30

HIGH-VOLTAGE INTERFACE DRIVERS

pieces, and the board layout is straightforward and
uses single-sided board.

Many calculator interface schemes use consider-
ble numbers of components (70 to 100 typically) to
drive gas discharge panels. As one example: a
twelve digit/eight segment machine uses 85-90 dis-
cretes while the new IC version uses only three
packages, and results in less space along with con-
siderable simplification. Other applications will ben-
efit similarly with this series of circuits.

Summary

Display technology and usage has emerged at a
mind boggling rate in the past several years—largely
due to the fantastic growth rate of calculators. The
planar gas panels have been an integral portion of
this burgeoning market, but like all the other displays
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available does not meet the requirements for an ideal
display.

Gas discharge panels are a fine combination of
aesthetics, reliability, low cost, large character size,
multiplexing capability, etc., but have been impacted
to some degree by the lack of an available and inex-
pensive, totally monolithic interface. The move
toward IC interface for displays has stifled some
potential — largely in favor of LEDs; although many
applications requiring large characters and/or in
high ambient light turn toward gas panels. The
planar gas discharge display is a long way from ob-
scurity, and the availability of this family of ICs
should open up new areas as well as satisfying
existing systems.

The intent from the inception of this program has
been to produce and provide a standard, inexpensive
and easy to use interface for gas discharge displays.
A great many potential applications exist for these
circuits in consumer and commercial products. From
the calculator and digital clock areas this product
also will find use in automotive dashboards, point-
of-sale systems, electronic cash registers and scales,
and instrumentation. The market for displays is still
very elastic, and many applications for gas discharge
panels are continuing to appear. The Sprague con-
tribution to this market is this series of state-of-the-
art interface ICs.

2—28



HIGH-VOLTAGE INTERFACE DRIVERS

TRENDS IN 1C INTERFACE
FOR ELECTRONIC DISPLAYS

Introduction

Display technology was truly set into high gear by the explosion of the electronic calculator
business. Expansion at a phenomenal pace continues, encompassing a multitude of products,
particularly high-volume consumer products (calculators, clocks, games, and watches). Re-
cently, further stimulated by the ‘‘microprocessor revolution,’’ with its far-reaching effects,
and the resulting changeover to solid state design from electromechanical, mechanical, fluidic,
or electrical systems, the vistas for displays have expanded well beyond the horizon. Products
have been and are being developed, using microprocessors and displays, that never previously
existed.

To augment this microprocessor revolution, semiconductor manufacturers are developing
many new interface circuits useful with displays, although some of these will not be exclu-
sively for display systems. To accomplish this, the present boundaries of device design,
process, packaging, and electrical parameters will require continual extension and expansion.

Display Buffers

A continuing evolution of standard interface ICs is needed to buffer low-level logic from
high-voltage and /or high-current loads. Some of this buffer development will serve display
systems. Since there already is a broad assortment of buffers (particularly for low- to
medium-current LED applications), the ongoing development in simple or low-order interface
will mainly concentrate upon further reduction in discrete component count, package im-
provement (particularly for high-current /high-power devices), improvements in device cur-
rent, voltage, switching speed, and greater reliability.

Figures 1, 2, and 3 show some Sprague interface ICs that represent buffer circuits; other
vendors supply similar, or identical, high-current or high-voltage buffers to allow operation of
displays from low-level logic. Two basic changes have occurred relatively recently:

1. Greater use of 18-pin DIPs for eight driver channels (Source Driver, Figure 2).

2. Creation of sourcing functions (Figures 2 and 3; useful for LED, gas-discharge, vacuum
fluorescent, incandescent, and electromagnetic displays, depending upon device
ratings). While further buffer designs are needed (particularly in high-current ( > 2 A)
and high-voltage ( > 100 V) circuits), the main emphasis will be toward the incorpora-
tion of logic and control circuitry with output buffers.

Complex Interface

Paralleling (though lagging) the microprocessor LSI revolution is the area of greatest future
for IC display circuits: The need for complex, smart or high-order interface. This will be MSI
to LSI logic (with perhaps some linear functions) combined with suitable output buffers.
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Display interface ICs (similar to the MOS I/O control chips), both custom and standard
product, are becoming available in this category. High-volume applications may justify
custom ICs, but the more general trend will be toward standard, off-the-shelf designs —

chiefly due to the high costs of developing custom ICs.

The higher voltage displays (gas-discharge, vacuum fluorescent, a-c plasma, and d-c
electroluminescent) may share some circuits (if appropriately planned and designed), particu-
larly in the area of matrix displays. It is difficult to imagine, however, much commonality
between high-current LEDs, high-voltage gas-discharge or a-c plasma, and low-power LCDs,
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COMMON ANODE LED

Figure 3
8-DIGIT/8-SEGMENT HIGH-CURRENT LED INTERFACE

although they should share considerably the development of cellular CAD circuit designs.
Basic shift registers, latches and decoders do have considerable commonality.

In Figure 4 is a pinout and logic diagram of a BIMOS Sprague IC combining logic and output
drive. Although not expressly intended for display applications, this BiMOS (CMOS logic and
bipolar outputs) IC has a great deal of utility to engineers working with lower voltages and
high currents (LEDs, incandescent and electromagnetic displays). Type UCN-3801A is a
parallel-in/parallel-out unit composed of eight ‘D’ latches and eight 350 mA/50 V bipolar Dar-
lington outputs.
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More recently, Sprague has designed a serial-in/parallel-out BiMOS interface IC expressly
for use with vacuum fluorescent displays. Figure 5 shows the UCN-5810A 10-bit serial-in/
parallel-out interface for use with VF displays; the use of serial data allows 10 output lines,
data in and data out in a standard 18-lead DIP. It makes possible both fewer IC packages and
simpler PC board wiring, although it is slower than a parallel data approach. It uses only a
single pin of the I/O ports.
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A slightly more recent design for vacuum fluorescent displays is the Sprague UCN-5815A.
This is a 22-lead, 8-bit parallel-in/parallel-out BIMOS unit. The unit may have data inputs and
a strobe bus (see Figure 6). The chip enable/blanking pin provides control of VF buffers. A
power-on-clear is internally incorporated.
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8 1
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Figure 6

UCN-5815A PARALLEL 8-BIT VF INTERFACE
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Device Technologies

With the exception of LCD displays (which at least until recently have been largely, if not
entirely, driven by MOS) the display and interface technologies in high-volume use are mainly
associated with bipolar semiconductors. Early display interface ICs (particularly devices such
as the 7447 and 7448) were aimed at LED technology and represent MSI with modest output
capability. The increasing use of higher voltage displays, multiplexed high-current applica-
tions, and the need for greater circuit complexity and low pin count will dictate other
technologies, such as I ’L, BiMOS, CMOS /DMOS, and possibly DMOS.

Standard Bipolar

Standard bipolar technology, long associated with TTL or linears (early op amps), appears
very limited in scope for the future. Circuit density and supply power requirements will dictate
other processes for functions beyond the simple MSI level. The advantages of standard bipolar
ICs appear to be in the areas of simple high-current, high-power or high-voltage interface. In
particular, applications requiring the combination of high voltages ( = 100 V) or multiple
high-current outputs ( =2 A) will restrict the logic /control circuitry to a low level. Cost, chip
size and package power dissipation will restrict this circuitry largely to versatile, simple
buffers.

'L

Anticipated to increase significantly is the use of I'L for systems of low to modest voltages
(LEDs through VF). The present limits of I L appear to be limited to applications below the 50-
to 60-volt level. I'L, with its combination of circuit density, low power and reasonable
switching speeds should make a fine match for LEDs or other low-voltage display applica-
tions. For higher voltages ( >25 or30 V), prospects the penalty of reduced circuit density may
diminish its cost effectiveness. Some increase in standoff voltage may be afforded by the uses
of cascaded output transistors or process improvements, thus reducing the need to sacrifice
logic density. Without a standard I'L logic family, the main market penetration would appear
to be custom designs although there is a definite opportunity for standard interface for lower
voltage applications, particularly LEDs and vacuum fluorescent.
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BiMOS

BiMOS, a combination of CMOS and bipolar for interface ICs, seems to fit a technology
niche of higher breakdown voltages than I2L, especially where logic power and supply voltage
range (5 to 15 V) is important. BiMOS or BiFET ICs, which are presently on the market, are
largely related to operational amplifiers, although other uses, such as the Sprague application
of BiMOS to interface, are emerging.

Currently, it is feasible to design and manufacture BiMOS interface with breakdown volt-
ages in the 80 to 100 V range. With additional time and greater concentration on increasing
BV, it appears that higher voltages (= 150 V) for output buffers could be obtained. By obtain-
ing breakdowns in the 120 V to 160 V range, BiMOS then becomes a viable IC technology for
interface for the higher voltage displays: d-c gas-discharge with +100 to =130 V; a-c plasma
with 160 to 170 V, and glow transfer or d-c electroluminescent (DCEL) opportunities with a
range of 120-150 volts.

Switching speeds and output configurations (active pull-down or resistive) are critical to
matrix displays (particularly a-c plasma) with large numbers of drive lines. Adding active pull-
down or pull-up will tend to increase chip size (and cost), thus adding to the potential overall
difficulty of BiMOS with its greater process complexity and slightly longer manufacturing
cycle. This does appear to be a very key technology for the near future. Its product niche will
include for applications requiring 60 to 100 V (or more) breakdowns, low-power logic, wide
supply range, modest speeds, and MSI to small LSI.

CMOS/DMOS

Chiefly being carried on by Texas Instruments, CMOS/DMOS display interface appears to
be intended for much of the same display market as BiMOS. Product information now avail-
able indicates 60 to 100 V breakdown (DMOS outputs), CMOS logic, low to modest output
currents (=25 mA), and logic speeds to 4 MHz. Designs now being promoted are targeted
toward a-c plasma and vacuum fluorescent panels.

Two apparent disadvantages now appear to exist:
1. Logic operates from 12 V = 10% (may be done to provide maximum speed).

2. Output drive current is insufficient for high-current displays (without 100 mA, or
more, the larger matrix panels will use discretes or another technology).

These shortcomings may be modified with time, although it is doubtful if S00mA to 1A
DMOS outputs are practical.

/1N
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Dielectric Isolation

Affording the highest breakdown voltage capability of present technologies is dielectric
isolation. Since there is no collector-to-substrate PN junction, nor a collector-to-isolation wall
PN junction, considerable improvement in collector-to-base and collector-to-emitter voltage
is possible. Additionally, transistor sizes are considerably smaller than their PN-isolated
counterparts. The dielectrically isolated devices offered by Dionics span a spectrum of ap-
proximately 100 volts to 280 volts (a-c plasma driver). DI affords the maximum breakdown
voltage capability currently available.

Opposing this great advantage in breakdown voltage, however, is the increased process
complexity of dielectrically isolated ICs. Definite improvements are needed in the area of
process simplification, cost reduction, and alternate sources. Large-volume use of DI circuits
will be restrained until these problems (particularly alternate sources) can be overcome. DI
interface, with its potential for 300 V transistors, has a great promise if the barriers can be
overcome.

Packaging

Semiconductor design and process have greatly outstripped packaging currently in use,
particularly the area of power-handling capability. Greater concentration and resources are
required to solve some of the following display interface related problems:

1. DIP power dissipation.

2. Greater number of leads (and smaller package sizes).

3. Improved plastic DIP resistance to moisture and corrosive environments.
4. Lower package manufacturing costs.

5. Smaller module or display subassemblies.
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Power dissipation difficulties (strobed high currents) are most associated with LEDs. Use
of very low duty-cycle and bright LEDs (particularly alphanumeric and matrix) dictates a
need for multiplexing with peak currents as high as 3 A. Nothing currently on the market
exceeds 1.75 A per output, and DIP ratings preclude d-c operation at such currents. However,
many of the high-current applications are within the capability of standard bipolar ICs now
offered.

For LSI ICs containing many I/O lines, the 24-, 28-, and 40-lead DIPs are standard. Since
package size and cost increase together, it may be desirable to constrain many newer ICs to
18-, 20-, or 22-lead DIPs (with 0.300" spacing, 22 also in use with 0.450” width). Printed wiring
board real estate is increasingly dictating smaller size. Solutions such as the quad in-line
(Rockwell) or less than 0.100” centers are possible. There are problems associated with a non-
standard configuration (lack of sockets and higher prices) and the smaller physical size will
not aid the quest for higher power (LEDs).

Improvements in plastic DIP moisture resistance and reliability are already underway; uses
of tri-metal schemes (such as RCA’s), silicon nitride or quartz passivation will continue to
improve resistance to moisture and corrosive fumes. For display applications, these reliability
improvements are of greatest concern in high-voltage devices.

Lower package costs are necessary to further increase the use of ICs in areas such as flat
panel matrix displays. Currently, much of the cost of such a system is related to drive elec-
tronics, and much of the cost of the interface is the assembly cost of the DIPs (or hybrids).
Increased use of automated assembly, film-carrier techniques and solder bumps will enhance
the choice of ICs over discretes, and flat panel over CRT.

Also of concern is the possible mating of IC chips, solder-bump chips, or film-strip chips
into the display assembly. Candidates for such a treatment would include d-c and a-c plasma,
LEDs (already being done to a degree), DCEL, ACEL, LCD, and VF. Panel technologies
using thick or thin-film techniques could benefit from such an approach. The biggest barrier
to such an integrated assembly is the market data needed to justify tooling and lead time. It
will only require one manufacturer willing to be a pioneer to further swing display technology
into integrated systems. Prospects for purchasing a display complete with all drive electron-
ics, such as a flat panel a-c plasma matrix (chips mounted via hybrid techniques on the rear of
the glass envelope), are improving with time.
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Summary

A bright future exists for IC interface in display systems; the combination of logic (from
MSI to small LSI) with suitable output buffers will further assist display designs. The
following IC Technology-Display Interface matrix lists the key characteristics and primary
display applications of various semiconductor technologies. Since many of these characteris-
tics are changing, the table lists the device characteristics either now available or for the near
future.

The most dynamic technologies for the immediate future appear to be BiMOS, IZL,
CMOS /DMOS, and, perhaps soon, DMOS. Sprague, Dionics, RCA, Texas Instruments,
National Semiconductor, and others are using these device technologies to carve market niches
where suitable. The dynamics of the IC market make for an uncertain future for any supplier of
display circuitry unable or unwilling to continue the technological advancement necessary to
meet the changing demands of the display market.

IC TECHNOLOGY — DISPLAY INTERFACE

LOGIC

Supply Primary Display

Technology  Breakdown V Output 1 Speed Complexity Range %ower Suitability
(max)
Linear Process 10 to ~170V <10mAto2A <1 MHz MSI 5V High LEDs, GD, VF, ACP,
Bipolar DCEL, EM
IZL 20 to ~60V <10 mAto 2A 3-6 MHz LS| 5V Low-Modest  LED, VF, EM
BiMOS 50 to ~150 V <10 MA to 500 mA 2-5 MHz LSI 5to 15V  Low LED, GD, VF, ACP,
DCEL, EM
CMOS/DMOS 60 to ~100V ~25mA 2-4 MHz LSI 12V Low GD, VF, ACP, LCD
DI ~200to ~300V <10 mA to 100 mA (est) 1MHz (est) MSI 5V High GD, VF, ACP, DCEL
Code: GD = D-C Gas-Discharge & Glow Transfer DCEL = D-C Electroluminescent
ACP = A-C Plasma EM = Electromagnetic

VF = Vacuum Fluorescent
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RELIABILITY OF SERIES UDN-6100A
HIGH-VOLTAGE DISPLAY DRIVERS

THIS REPORT SUMMARIZES accelerated-life tests that have been
performed on Series UDN-6100A integrated circuits and provides informa-
tion that can be used to calculate the failure rate at any junction operating

temperature.

INTRODUCTION

Product-reliability improvement is a continuous
and evolving process at Sprague Electric Company.
Ongoing life tests, environmental tests, and stress
tests are performed to establish failure rates and
monitor established process-control procedures.
Failures are analyzed to determine design changes or
process improvements that can be implemented to
improve device reliability.

The reliability of integrated circuits can be meas-
ured by qualification tests, accelerated tests, and
burn-in:

1) Qualification testing is performed at +125°C
for 1000 hours with an LTPD = § in accord-
ance with MIL-STD-883B. This testing is
normally conducted in response to a specific
customer request or requirement. Qualifica-
tion testing highlights design problems or
gross processing problems, but does not
provide sufficient data to generate accurate
failure rates in a reasonable period of time.

2) Accelerated testing is performed at tempera-
tures above +125°C and is used to generate
failure-rate data.

3) Burn-in is intended to remove infant-
mortality rejects and is conducted at +150°C
for 96 hours or at +125°C for 168 hours. An
analysis of test results from Sprague Elec-
tric’s Double-Deuce™ burn-in program found
1.27% failures in more than 325,000 pieces
tested in a recent time period. Most failures

were due to slight parametric shifts. Cata-
strophic failures, which would cause user-
equipment failure, were less than 0.1%.

ACCELERATED-LIFE TESTS

Sprague Electric performs accelerated-life tests on
integrated circuits at junction temperatures of
+150°C or +175°C at the recommended operating
voltages. The internal power dissipation on some
high-power circuits requires the ambient tempera-
ture to be lower than +150°C to keep the junction
temperature between +150°C and +175°C.

In these tests, failures are produced so that the
statistical life distribution may be established. The
distribution cannot be established without failures.
High-temperature accelerated-life testing is neces-
sary to accumulate data in reasonable time periods. It,
has been established that the failure mechanisms at
all temperatures in these tests are identical. Tempera-
tures above +175°C are not generally used for the
following reasons:

a) Industry-standard molding compounds de--
grade and release contaminants (halides) at
approximately +200°C.

b) Life-test boards constructed with materials
capable of withstanding exposure to tempera-
tures greater than + 175°C have been deemed
to be cost prohibitive.

¢) Increases in junction leakage currents may
increase the power dissipation and device
temperature to an indeterminant level.
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Table I contains Series UDN-6100A data
produced by life tests that were conducted at
+150°C. The data includes the number of test sam-
ples, number of units in each sample, and the time
periods during which failures occurred. The total
time-on-test varies, with priority changes influenc-
ing allocation of oven and board space, as new prod-
ucts are introduced. The time intervals between test
readings were chosen for ease of plotting on log-
normal paper.

The acceleration factor calculated using the Ar-
rhenius equation, and a 1 eV activation energy, is
approximately 5X for each 25°C temperature rise in
junction temperature and is multiplicative.! This al-
lows the data to be compared to qualification life-test
data by equating 200 hours at + 150°C to 1000 hours
at +125°C. If these tests had been qualification tests,
they would have ended at 200 hours at +150°C or 40
hours at +175°C.

The data at the bottom of Table I is compiled by
calculating the probability of success (P,), the
cumulative probability of success, the probability of
failure (P,) and the percentage of failed units in each
time period.

The cumulative percent of failures is plotted on
log-normal plotting paper in Figure 1. This paper has
a logarithmic time-scale axis and a probability-scale

axis. A log-normal distribution plots a straight line.
A line of best fit is drawn through the plotted points
and extended to determine the median lifefime at the
50% fail-point. The median life at a junction temper-
ature of +150°C is 100,000 hours, in this case.

The log-normal distribution is commonly and
widely used, because most semiconductor device
data fits such a distribution.? When the median life
has been found at the elevated temperature, it can be
converted to the lower temperature of the actual
application. The Arrhenius equation, which relates
the reaction rate to temperature, is used to make this
conversion.' The Arrhenius equation is:

V, — Vroe-s/kT
where V° = a constant
& = activation energy
k = Boltzmann’s constant
T = absolute temperature in degrees
Kelvin

An activation energy of 1.0 electron-volt was es-
tablished by testing Series ULN-2000A, Series
UDN-5700M, and Series UDN-2980A devices at
multiple temperatures. Failure analysis of devices
rejected during the testing also supports this activa-
tion energy, as failures were mainly due to increased
leakages, reduced beta, and surface inversion?

TABLE |
TEST RESULTS AT T, = +150°C
HOURS ON TEST
TEST BIAS 90 150 300 600 1200 1800 2000 5000 6000
NUMBER VOLTS Qry. NUMBER OF FAILURES

1 80 24 0 0 2 — — — — — —

2 80 24 0 0 0 0 0 0 1 0 —

3 80 12 0 0 0 0 0 —_ — — —

4 80 12 0 0 0 0 2 1 1 0 0

5 110 24 0 0 0 0 0 0 1 — —

6 80 12 0 0 0 — — — — — —

TOTAL ON TEST 108 108 108 72 72 58 571 31 8

TOTAL FAILURES 0 0 2 0 2 1 3 0 0

TOTAL GOOD 108 108 106 72 70 57 54 31 8
P, 1.00 1.00  0.981 1.00 0972 0983 0947 1.00 1.00
Cumulative P, 1.00 1.00 0981 0981 0954 0938 0.888 0.888  0.888
Pi=1-—P 0 0 0.019 0.019 0046 0.062 0.112 0112 0112
% Failures 0 0 1.9 1.9 4.6 6.2 112 11.2 11.2
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The median life-point is drawn on Arrhenius
graph paper in Figure 2. Arrhenius plotting paper
gives a graphical solution, rather titan a mathemati-
cal solution, to the problem of equivalent median
lifetime at any junction temperature. A line is drawn
through this point (or points when multiple tempera-
tures are used) with a slope of € = 1.0 eV.

Although not as statistically accurate as the me-
dian lifetime, the 5% fail-point can be read from
Figure 1and plotted parallel to the median-lifelinein
Figure 2.

The median life with lower junction temperatures
may now be determined using Figure 2. It must be
emphasized that this is junction temperature and not
ambient temperature. The temperature rise at the
junction due to internal power dissipation must be
taken into account using the formula:

T, =PO, + T,
or
T, = PO, + T¢

The median lifetime, or 50% fail-point, as deter-

mined in Figure 2, is approximately 100 years at

+125°C or 1,000 years at +90°C junction tempera-
ture.

The approximate failure rate (FR) may be deter-
mined from FR = 1/Median Life, where Median
Life is taken from Figure 2 at the intersection of the
junction-temperature line and median-life plot. The
actual instantaneous failure rate may be calculated
using a Goldwaite plot.# However, this approxima-
tion is very close. At +100°C the failure rate would
be:
= 1/(4 X 10¢ hours)

0.025% /1000 hours

Other failure rate values have been calculated in

Table II.

FR

TABLE 11
SERIES UDN-6100A FAILURE RATES

T, Median Life Failure Rate
(<€) (h) (%/1000 h)
125 6 x 10 0.167
100 4 x 108 0.025

75 4 x 107 0.0025
50 5x 108 0.0002




HIGH-VOLTAGE INTERFACE DRIVERS
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MEDIAN LIFE

CONCLUSION continuously monitored to ensure that assembly and

The relationship between temperature and failure
rate is well documented and is an important factor in
all designs. Load currents, duty cycle, and ambient
temperature must be considered by the design en-
gineer to establish a junction-temperature limit that
provides failure rates within design objectives.

‘Figure 2 shows that a design with a junction tem-
perature of +100°C, calculated from internal power
dissipation and external ambient temperature,
reaches the 5% fail-point in 10 years. Lowering the
junction temperature to +70°C increases the time to
100 years.

A complete sequence of environmental tests on
Series UDN-6100A, including temperature cycle,
pressure cooker, and biased humidity tests are also

2—43

package technology remain within established
limits.

These environmental tests and accelerated-life
tests establish a base line for comparisons of new
processes and materials.
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4) Goldwaite, L.R., ‘‘Failure Rate Study for the Log-Normal
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SECTION 3—MEDIUM-CURRENT (<1A) INTERFACE DRIVERS

Selection GUIde . . ... ..o 3-2
UHP-400 through 533 Quad Power and Relay Drivers . ........ ... ... . 0 i 3-3
ULN-2001A through 2025A 7-Channel Darlington Drivers . ........... . ... .. ... . ciiiiiiiiin. 3-13
ULN-2001L through 2005L 7-Channel Darlington Drivers. . .. ... .. ... .. 3-23
UDN-2522A Quad Bus Transmitter/Receiver .. ............c.c..ouiiiiniiiiiiii e, 3-25
UDN-2543B Quad NAND-Gate Power Driver . ... ...t 3-30
UDN-2580A through 2588A 8-Channel High-Current Source Drivers ........... .. ... ... .. ...l 3-33
UDN-2595A 8-Channel Medium-Current Sink Driver . ....... ... e 3-40
UDN-2596A through 2599A 8-Channel Saturated Sink Drivers .. ............... ... ... ... ... ... 3-42
ULN-2801A through 2825A 8-Channel Darlington Drivers ............... . ... iiiiiiiii.. 3-44
UDN-2933B and UDN-2934B 3-Channel Half-Bridge Motor Drivers . . ............ ... ... ... .... 3-55
UDN-2956A and 2957A Negative Supply, 5-Channel Source Drivers . .............................. 3-58
UDN-2981A through 2984A 8-Channel Source Drivers . .. ... e 3-62
UDN-2985A and 2986A 8-Channel Saturated Source Drivers . .......... ..o, 3-69
UDN-2987A 8-Channel Short-Circuit Protected Source Driver . .. ............. ... . .. 3-71
UDN-2993B Dual H-Bridge Motor Driver ... ...... ..o e 3-77
UDN-3611M through 3614M Dual Peripheral and Power Drivers . ............ ..., 3-82
UDN-5703A through 5707A Quad Peripheral and Power Drivers .......................ouiiio.. 3-86
UDN-5711M through 5714M Dual Peripheral and Power Drivers . ................coiiiieniiinnn. 3-90
UDN-5721M through 5724M Dual Peripheral and Power Drivers . ............ ... ... ... ... ... ..... 3-94
UDN-5732M Dual 2-Input NAND Power Driver. . .. ..... ... See UDN-5752M
UDN-5733A Quad 2-Input NOR Power Driver ... ... ... ...t 3-89
UDN-5741M through 5754M Dual Peripheral and Power Drivers ... .......... ..., 3-94
Application Notes:
Series ULN-2000A Darlington Arrays . ... ..ot 3-100
Expanding The Frontiers of Integrated Circuit Interface . .. ........... ... ... ... ... ... ... ... 3-107
Integrated Circuits for Current-Sourcing Applications . .. ....... ... ... ... .. ... . . 3-115
Reliability of Series ULN-2000A and ULN-2800A Darlington Drivers. .. ..................cooinnn. 3-125
See Also:
UDN-6540B 8-Channel High-Voltage DMOS Driver .. ....... ... ..o 2-10
ULN-7001A through 7005A High-Voltage, High-Current Darlmgton Arrays ........................ 2-13
BiMOS and Smart Power Interface Drivers ......... e DA
UDS-5791H Quad PIN Diode Driver . . . ... ..ot 6-97
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MEDIUM-CURRENT INTERFACE DRIVERS
]

SELECTION GUIDE

(in order of tested output current rating)

lour Vour Outputs Device Type Page
100 mA 30V Sink 32t UCN-5833A/EP 5-74
100 mA 4ov Sink 32t UCN-5832A 5-65
100 mA 4ov Sink 32t UCN-5832EP 5-71
100 mA 225V Sink 32 UCN-5851/52A/EP 5-87
—120 mA +25V Source 8 UDN-2585A 3-33
—120 mA 30V Source 8 UDN-2985/86A 3-69
—120 mA 50V Source 8 UCN-5895A 5-118
150 mA 50V Sink 81 UCN-4807A 5-17
200 mA 200V Sink 8 UDN-6540B 2-10
250 mA 4ov Sink 4 Series UHP-400 3-3
250 mA 0V Sink 4 Series UHP-400-1 33
250 mA 100V Sink 4 Series UHP-500 3-3
250 mA 150V Sink 7 Series ULN-7000A 2-13
300 mA 70V Sink 4 UDN-2522A 3-25
300 mA 80V Sink 2 Series UDN-3610M 3-82
300 mA 80V Sink 2 Series UDN-5710M 3-90
300 mA 80V Sink 4 Series UDN-5700A 3-86
300 mA 120V Sink 4 UDS-5791H 6-97
—350mA 35V Source 8 UDN-2987A 3-71
350 mA 50V Sink 41 UCN-5800A 5-23
350 mA 50V Sink 7 Series ULN-2000A 3-13
350 mA 50V Sink 7 Series ULN-2000L 3-23
350 mA 50V Sink 8 Series ULN-2800A 3-44
350 mA 50V Sink 8 UDN-2596/98A 3-42
350 mA 50V Sink 81 UCN-5801A 5-23
350 mA 50V Sink 81 UCN-5821A 5-55
350 mA 50V Sink 8t UCN-5841A 5-82
—350 mA -50V Source 8 UDN-2580/88A 3-33
—350 mA 50V Source 8 UDN-2981/82A 3-62
—350 mA 50V Source 81 UCN-5891A/B 5-113
350 mA 60V Sink 161 UCN-5816A 5-49
350 mA 70V Sink 2 Series UDN-5720M 3-94
—350 mA -80V Source 5 UDN-2956/57A 3-58
350 mA 80V Sink 81 UCN-5822A 5-55
350 mA 80V Sink 8t UCN-5842A 5-82
—350 mA 80V Source 8t UCN-5890A/B 5-113
—350 mA -80V Source 8 UDN-2580/88A-1 3-33
—350 mA 80V Source 8 UDN-2983/84A 3-62
350 mA 95V Sink 7 Series ULN-2020A 3-13
350 mA 95V Sink 8 Series ULN-2820A 3-44
350 mA 100V Sink 8t UCN-5823A 5-55
350 mA 100V Sink 81 UCN-5843A 5-82
350 mA 150V Sink 4t UCN-5900A 5-123
350 mA 150V Sink 81 UCN-5901A 5-123
+500 mA 4ov 2 X Full-Bridge UDN-2993B 3-77
500 mA 50V Sink 7 Series ULN-2010A 3-13
500 mA 50V Sink 8 Series ULN-2810A 3-44
500 mA 50V Sink 81 UCN-4808A 5-17
500 mA 70V Sink 2 Series UDN-5750M 3-94
600 mA 70V Sink 2 Series UDN-5740M 3-94
700 mA 60V Sink 4 UDN-2543B 3-30
750 mA 50V Sink 8 UDN-2597/99A 3-42
+800 mA 30V 3 X Half-Bridge UDN-2933/34B 3-55

Current ratings shown are maximum tested condition; voltage ratings are maximum allowable. Ratings of 1 A or greater are listed in Section 4. Additional
ratings are listed in Section 2 (<100 mA/>100 V) and Section 5 (BiMOS Smart Power).
tLatched Smart Power drivers.



SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

SERIES UHP-400, UHP-400-1, AND UHP-500
POWER AND RELAY DRIVERS

FEATURES

® |nputs Compatible with DTL/TTL

® 500 mA Output Current-Sink Capability

® Pinning Compatible with 54/74 Logic Series
® Transient-Protected Outputs on Relay Drivers
® High-Voltage Output:

100 V Series UHP-500
70V Series UHP-400-1 -
40V Series UHP-400 DHG. NO. A-7606 OWG. NO. A-7608
ERIES UHP-400, UHP-400-1, and UHP-500 UHE-490 . Hpa0 .
power and relay drivers are bipolar integrated UHP-500 UHP-502

circuits with logic and high-current switching tran-
sistors on the same chip. Each output transistor is
capable of sinking 500 mA in the ON state.

1 14)Vce
UHP Part Numbers Function 2 s
400 | 400-1 | 500 | Quad 2-Input AND F =
402 | 402-1 | 502 | Quad 2-Input OR L o
403 | 403-1 | 503 | Quad OR for Inductive Loads H 10
406 | 406-1 | 506 | Quad AND for Inductive Loads 3 9
407 | 407-1 | 507 | Quad NAND for Inductive Loads [ o o e
408 | 408-1 508 Quad 2-Input NAND Owg. No. A-9130A DNG. NO. A-7880A
432 | 432-1 | 532 | Quad 2-Input NOR
433 [ 433-1 | 533 | Quad NOR for Inductive Loads o g
UHP-503 UHP-506
1= 14]Vee g 14]Vee
2 13 2 13
3 12 3 12
4 >" K 11 4 >l' a ! 11
5 10 5 10
6 9 [3 9
oND[T P s v R s
OWG. NO. A-7973A DWG. NO. A-12,388 DNG. NO. A-12,389 OHG. NO. A-12,390
UHP-407 UHP-408 UHP-432 UHP-433
UHP-407-1 UHP-408-1 UHP-432-1 UHP-433-1
UHP-507 UHP-508 UHP-532 UHP-533




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

ABSOLUTE MAXIMUM RATINGS

SUPPIY VOIRAZE, Vog. . o v v e e e A
Input VoItage, Vi . . o o oo e 55V
Output Off-State Voltage, Vorr

Series UHP-400 . ... ... .o e 40v

Series UHP-400-1 ... ... oo 70v

Series UHP-500 . . ..o e 100V
Output On-State Sink Current, Iy (one driver) .......................... 500 mA

(total PACKAZE) ... ...\ttt 1A
Suppression Diode Off-State Voltage, Vg

Series UHP-800 . .. ..ot 40V

Series UHP-400-1 ... ... o e 0V

Series UHP-500 . .. ... e 100V
Suppression Diode On-State Current, I .. ............ccoviiiinen it 500 mA
Operating Free-Air Temperature Range, T . . .............ovtt. —20°C to +85°C
Storage Temperatire Range, T . ..........coviiiineennnnn.. —65°C to +150°C

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units

Supply Voltage (V) 4.75 5.0 5.25 v
Operating Temperature Range 0 +25 +85 °C
Current into Any Output (ON State) — — 250 mA

SWITCHING CHARACTERISTICS at T, = +25°C, V= 5.0V

Limits

Characteristic Series Test Conditions (Note 3) Min. Typ. Max. Units
Turn-On Delay Time UHP-400 Vs = 40V,R, = 265Q (6 W) — 200 500 ns
(ty) UHP-400-1 | Vi = 70V,R, = 4650 (10W) — 200 500 | s
UHP-500 Vs = 100V, R = 670Q (15W) — 200 500 ns
Turn-0ff Delay Time UHP-400 Vs = 40V,R = 2650 (6 W) — 300 750 ns
(ta) UHP-400-1 | V, =70V, R, = 4650 (10W) — 300 750 | ns
UHP-500 Vs = 100V, R = 6700 (15W) — 300 750 ns

NOTES:
1. Each input tested separately.
2. Voltage values shown in the test-circuit waveforms are with respect to network ground terminal.
3. C, = 15 pF. Capacitance value specified includes probe and test fixture capacitance.

~ INPUT PULSE CHARACTERISTICS

Vi = 0V t=70ns t,= 1.0 s
Vo =35Vt = l4ns PRR = 500 kHz

3—4



SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-400, UHP-400-1, and UHP-500
Quad 2-Input AND Power Drivers

DWG. NO. A-7606

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven QOther
Characteristic Symbol Devices Vee Input Input Output Min. Typ. Max. Units
Output Reverse loex UHP-400 Min. 20V 20V 4V — — 50 A
Current UHP-400-1 Min. 2.0V 2.0V 70V — — 50 pA
UHP-500 Min. 2.0V 2.0V 100V — — 50 ph
Output Voltage Veesn All Min. 0.8V 475V 150 mA — — 0.5 v
Min. 0.8V 475V | 250mA — — 0.7 v
Supply Current lecy All Max. 50V 50V — — 4.0 6.0 mA
(Notes 1,2and 4) | o Al Max. 0V 0V — — 175 245 | mA
Input Voltage Viny Al Min. — — — 2.0 — — v
Vino All Min. — — — — — 0.8 v
Input Current Iy All Max. 0.4V 45V — — —0.55 -08 mA
(Note 3) | Al Max. 2.4V ov — — — 40 pA
, " Max. 55V 0V — - — 10 mA
1. Typical values at Vo, = 5.0 V.
2. Each gate.
3. Each input tested separately.
4. T, = +25°C.

ouT-
INPUT 2,4V Vcc=5V PUT Vs

PULSE
GENERATOR

tod1 —,:-———: > tpd0

I
]: . = = =~ Vour()
= ors | ouTPUT %50% 50% *
CIRCUIT Vout(©)

D¥G. NO. A-7876D H DWG. No. A-7628C

*Includes probe and test fixture capacitance.




SERIES UHP-400, UHP-400-1, AND UHP-500

QUAD POWER AND RELAY DRIVERS

UHP-402, UHP-402-1, and UHP-502
Quad 2-Input OR Power Drivers

DWG. NO. A-7608

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Vee Input Input Output Min. Typ. Max. Units
Output Reverse logx UHP-402 Min. 2.0V ov v — — 50 wA
Current UHP-402-1 Min. 2.0V ov 70V —_ — 50 wA
UHP-502 Min. 20V ov 100V — —_ 50 A
Output Voltage Veesn Al Min. 08V 08V 150 mA — — 0.5 )
_ Min. 08V 0.8V 250 mA — — 0.7 v
Supply Current locay Al Max. 50V 50V — — 41 6.3 mA
(Notes 1,2and4) |~ Al Max. 0V 0V — — 18 25 mA
Input Voltage Vinay All Min. — — — 2.0 — — Vv
Vivoy All Min. — — — — — 0.8 )
Input Current . Al Max. 0.4V 4.5V — — —-05 -08 mA
(Note 3) Max. 24V 0V — - = 40 pA
oy Al
Max. 5.5V ov — — — 1.0 mA
1. Typical values at V,, = 5.0V.
2. Each gate.
3. Each input tested separately.
4. T, = +25°C.
QouT-

INPUT  Vee=5v PUT Vs

LOAD

OKG. NO. A-78778

*Includes probe and test fixture capacitance.

|
! 7~ — ~~Vout(l)

ouTPUT %50% 50% y‘
Vout(0)

DWG. No. A-7628C




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-403, UHP-403-1, and UHP-503
Quad OR Relay Drivers

Dwg. No. A-9130A

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve Input Input Output Min. Typ. Max. Units
Output Reverse loex UHP-403 Min. 20V ov 40V - — 100 A
Current UHP-403-1 Min. 2.0V ov 70V — — 100 pA
UHP-503 Min. 20V oV 100V — — 100 pA
Diode Leakage I Al Nom. ov ov Open — — 200 pA
Current (Note 5)
Diode Forward Ve All Nom. 5.0V 5.0V — — L5 1.75 )
Voltage Drop
(Note 6) ) .
Output Voltage Veesn Al Min. 0.8V 0.8V 150 mA — — 0.5
Min. 08V 0.8V 250 mA — — 0.7 v
Supply Current locay Al Max. 50V 50V — — 4.1 6.3 mA
(Notes 1, 2and4) | Al Max. 0V 0V — — 18 25 mA
Input Voltage Viny All Min. — — — 2.0 - —
Vino Al Max. — — — — — 0.8 v
Input Current at All Iy Al Max. | 04V 45V — — —0.55 —-08 mA
Inputs Except Strobe Max. 24V oV _ _ _ 140 pA
(Note 3) by Al Mar | 55V | 0V — | —  — 10 | m
Input Current Iy All Max. 04V 45V — — -11 -16 mA
at Strobe e Max, | 24V oV — —  — 100 | pA
(Note 3) b Al Ma. | 55V | OV — | — — 10| m
1. Typical values at Vo, = 5.0V. 4. T, = +25°C.
2. Each gate. 5. Diode leakage current measured at Vy; = Vorr-
3. Each input tested separately. 6. Diode forward voltage drop measured at I, = 200 mA.

.
I ) == = ==Vout(l)
= L = =+ = =104AD | outpuT 50% 50%
L creurr !
—————— Vout(0)

DWG. NO. A-9123B
DWG. No. A-7628C

*Includes probe and test fixture capacitance.




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-406, UHP-406-1, and UHP-506

Quad AND Relay Drivers

GND[7

kol 14)Vee

13
12

bl
10
9

-
Pt 4 8

DWG. NO. A-7880A

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve Input Input Output Min Typ. Max. Units
Output Reverse leex UHP-406 Min. 20V 20V 40v —_ —_ 100 wA
Current UHP-406-1 Min. 20V 20V 70V — — 100 wA
UHP-506 Min. 2.0V 20V 100V —_ —_ 100 wA
Diode Leakage: Ig Al Nom. ov ov Open —_ — 200 pA
Current (Note 5)
Diode Forward Ve Al Nom. 50V 50V — — 1.5 1.75 )
Voltage Drop
(Note 6)
Output Voltage Veesan Al Min. 08V 4.75V 150 mA — —_ 0.5 v
Min. 0.8V 475V 250 mA — — 0.7 v
Supply Current lecay All Max. 50V 50V — — 40 6.0 mA
(Notes 1, 2and 4) | | Al Max. 0V 0V — — 175 45 | mA
Input Voltage Vivoy Al Min. — — —_ 20 — — )
Vivg All Min. — — — — — 0.8 )
Input Current at All | lyq All Max. 0.4V 45V — — -05 -08 mA
Inputs Except Strobe Max. 24V oV — — - 40 pA
(Note 3) Iy All
Max. 55V ov —_ — — 1.0 mA
Input Current [ All Max. 04V 45V — — -11 -16 mA
at Strobe Max 24V 0V — —  — 100 pA
I All - .
(Note 3) o Mar. | 55V | OV — | = — 10 | m
1. Typical values at Vo, = 5.0V. 4, T, = +25°C.
2. Each gate. 5. Diode leakage current measured at Vi = Vorrqum-
3. Eachinput tested separately. 6. Diode forward voltage drop measured at I, = 200 mA.
INPUT 2.4V VCC=5V gpen Ll]JTT: Vs — i._ t ..,i Jo— tf
K, o o ! r_-‘_1 E 7 - - — = = = — - Vin(1)
|
' ot —a Vin©)
I ! i
: e
! I :’—_———‘,— = = ==Vout(1)
l: QuTPUT 50% 50%
_} Vout(0)

DWG. NO. A-7878B

*Includes probe and test fixture capacitance.

DWG. No. A-7628C




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

1 STROBE 7 Vcc
UHP-407, UHP-407-1, and UHP-507 3 L
Quad NAND Relay Drivers : ST TE :
I e :

DWG. NO. A-7973A

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve Input Input Output Min. Typ. Max. Units
Output Reverse loex UHP-407 Min. 08V 475V 4V — — 100 A
Current UHP-407-1 Min. 08V 475V 70V —_ — 100 A
UHP-507 Min. 08V 475V 100V —_ — 100 RA
Diode Leakage [ Al Nom. 50V 50V Open — — 200 HA
Current (Note 5)
Diode Forward Ve All Nom. ov ov — —_ 1.5 1.75 v
Voltage Drop
(Note 6)
Output Voltage Veesan All Min. 20V 2.0V 150 mA — — 0.5 )
Min. 2.0V 2.0V 250 mA — — 0.7 v
Supply Current lecay All Max. ov ov — — 6.0 1.5 mA
(Notes 1, 2and 4) | Al Max. 50V 50V — — 20 265 | mA
Input Voltage Vinwy All Min. — — — 2.0 — — v
Vi All Min. — — — — — 0.8 v
Input Current at All | g All Max. 0.4V 45V — — —05 -08 mA
Inputs Except Strobe Max. 24V oV — — _ 10 pA
(Note 3) Ity Al
Max. 55V ov — — — 1.0 mA
Input Current Iny All Max. 04V 45V — — -11 -16 mA
at Strobe Max 24V oV — — — 100 pA
I Al - .
(Note 3) NG Max. 55V ov — —_— — 1.0 mA
1. Typical values at V. = 5.0 V. 4. T, = +25°C.
2. Each gate. 5. Diode leakage current measured at Vo= Voo
3. Each input tested separately. 6. Diode forward voltage drop measured at |, = 200 mA.
INPUT 2.4V VCC-5V opepy LLJJTT: Vs h
o o o d J IS t —hest ':.:___v£ _______ v
i S ' INPUT L 0% 90%N 1 o)
: : ) 1 50% 50% ! )
. H 10% !’_~_ tp —l 10%, Vin(@)
PULSE ! ' i |
| ! fpd0 Al et
' 15pF* . : : Vour(1)
' : outpuT 0% 0%
= = = = } = LOAD
IL CIRCUIT 1

7T === = Vou0)

DWG. NO. A-7900A

DWG. NO. A-78998
*Includes probe and test fixture capacitance.




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-408, UHP-408-1, and UHP-508
Quad 2-Input NAND Power Drivers

DWG. NO. A-12,388

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve Input Input Output Min. Typ. Max. Units
Output Reverse leex UHP-408 Min. 08V 4.75V 40V — — 50 pA
Current UHP-408-1 Min. 08V | 475v | 70V - — 50 pA
UHP-508 Min. 08V 4.75V 100V — — 50 pA
Output Voltage Veesan All Min. 20V 20V 150 mA — — 0.5 )
Min. 2.0V 2.0V 250 mA —_— — 0.7 v
Supply Current lecy All Max. ov ov — —_ 6.0 1.5 mA
(Notes 1,2and4) [}~ Al Max. 5.0V 50V — — 20 25 | mA
Input Voltage Vi Al Min. — — — 2.0 — —_ )
Vino Al Min. — — — — — 0.8 )
Input Current Ing All Max. 04V 45V — — —05 -038 mA
(Note 3) Max. 24V ov — — — 40 pA
vy Al
‘ Max. 55V ov — — — 1.0 mA
1. Typical values at Vo, = 5.0V.
2. Each gate.
3. Each input tested separately.
4T, = +25°C.
QuT-
INPUT 2.4V Vcessv PUT Vs R bty
' Vin(1)
Vin(0)

i — F————g—rpau
1

h Vout(1)
U
ouTRUT 0% 0%

Vout(0)
OWG. NO. A-7300A

CIRCUIT

1
b e e = E
04G. No. A-0638

*Includes probe and test fixture capacitance.
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SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-432, UHP-432-1, and UHP-532
Quad 2-Input NOR Power Drivers

DWG. NO. A-12,389

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Vee Input Input Output Min. Typ. Max. Units
Output Reverse leex UHP-432 Min. 08V 08V 40V — — 50 A
Current UHP-432-1 Min. 08V 0.8V 0V — — 50 pA
UHP-532 Min. 08V 08V 100V — _ 50 pA
Output Voltage Veesan Al Min. 20V ov 150 mA — — 0.5 )
Min. 20V ov 250 mA — — 0.7 )
Supply Current lecy All Max. ov ov — — 6.0 7.5 mA
(Notes1,2and4) | | Al Max. 50V 50V — — 20 25 mA
Input Voltage Viny All Min. — — — 2.0 — - v
Vinoy All Min. — — — —_ — 0.8 )
Input Current Ino All Max. 0.4V 45V — — -05 08 mA
(Note 3) Max. 24V oV — - = 40 pA
ety Al
Max. 55V ov — — — 1.0 mA
1. Typical values at Vo, = 5.0V.
2. Each gate.
3. Each input tested separately.
4. T, = +25°C.
ouT-
|NT Vc=5V PU S N——— ;‘.;_"
r>---1 i Sracre S = Vin)
Ry il s sow )
10% i____ o _’i 10% Vint0)

tpd0 -1‘4———4' ;‘.—_.}_rpﬂ

|

|

1

1

|

! 1

15pE® | | , Vour(1)

[ 1
]: \oRD ' ouTPUT 0% 0%
= |

|

cRour® o e Vout(0)
————— OWG. NO. A-7900A
DNG. NO. A-7902B

*Inciudes probe and test fixture capacitance.
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SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-433, UHP-433-1, and UHP-533

Quad NOR Relay Drivers

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

DWG. NO. A-12,390

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Vee Input Input Qutput Min. Typ. Max. Units
Output Reverse loex UHP-433 Min. 08V 08V 40V — — 100 RA
Current UHP-433-1 Min. 0.8V 08V 70V — —_ 100 A
UHP-533 Min. 08V 08V 100V — — 100 WA
Diode Leakage I All Nom. 50V 50V Open — —_ 200 A
Current (Note 5)
Diode Forward Ve All Nom. ov ov — - 1.5 1.75 )
Voltage Drop
(Note 6)
Output Voltage Veesm Al Min. 20V ov 150 mA — — 0.5 v
Min. 2.0V ov 250 mA —_ — 0.7 v
Supply Current locy Al Max. ov ov — — 6.0 7.5 mA
(Notes 1,2and4) | Al Max. 50V 5.0V — — 20 25 mA
Input Voltage Viny Al Min. — —_ — 2.0 —_ — Vv
Vivoy Al Min. — — — —_ — 0.8 v
Input Current at All I All Max. 04V 45V — —_ -05 —-08 mA
Inputs Except Strobe | Al Max. 24V ov - — - 40 wA
(Note 3) o Mar | 55V | OV — | = = 10 | m
Input Current Ino Al Max. 04V 45V — — -11 -16 mA
at Strobe Max 24V ov — — — 100 pA
| All - -
(Note 3) o Max | 55V | OV — | = Z— 10 | m
1. Typical values at V,, = 5.0V. 4. T, = +25°C.
2. Each gate. 5. Diode leakage current measured at Vo = Vorr-
3. Each input tested separately. 6. Diode forward voltage drop measured at |, = 200 mA.
INWT Veessv OPEN ouTRUT v
[ I 11 il et Vin(1)
1 RL
! ]
! 1 Vin(0)
; i
. 15pF" ' Yout(1)
= = T = = E clk:lLJ?TAD E e e~ Vew)

DWG. NO. A-9135B
*Includes probe and test fixture capacitance.
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2000A
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

HESE HIGH-VOLTAGE, HIGH-CURRENT
Darlington arrays are comprised of seven silicon
NPN Darlington pairs on a common monolithic sub-
strate. All units have open-collector outputs and in-
tegral diodes for inductive load transient suppres-
sion.

Peak inrush currents to 600 mA (Series ULN-
2000A and ULN-2020A) or 750 mA (Series ULN-
2010A) are permissible, making them ideal for driv-
ing tungsten filament lamps.

Series ULN-2001A devices are general purpose
arrays that may be used with standard bipolar digital
logic using external current limiting, or with most
PMOS or CMOS directly. All are pinned with out-
puts opposite inputs to facilitate printed wiring board
layout and are priced to compete directly with dis-
crete transistor alternatives.

Series ULN-2002A is designed for use with 14 to
25 V PMOS devices. Each input has a Zener diode
and resistor in series to limit the input current to a
safe value in that application. The Zener diode also
gives these devices excellent noise immunity.

Series ULN-2003A has a 2.7 k() series base
resistor for each Darlington pair, allowing operation
directly with TTL or CMOS operating at a supply
voltage of 5 V. These devices will handle numerous
interface needs — particularly those beyond the
capabilities of standard logic buffers.

Series ULN-2004A has a 10.5 k{) series input
resistor that permits operation directly from CMOS
or PMOS outputs utilizing supply voltages of 6 to
15 V. The required input current is below that of
Series ULN-2003A, while the required inputvoltage
is less than that required by Series ULN-2002A.

Series ULN-2005A is designed for use with
standard TTL and Schottky TTL, with which higher
output currents are required and loading of the logic

3—13

output is not a concern. These devices will sink a
minimum of 350 mA when driven from a ‘‘totem
pole’’ logic output.

Series ULN-2000A is the original high-voltage,
high-current Darlington array. The output transistors
are capable of sinking 500 mA and will sustain at

Device Number Designation

Vs 50V 50V 95V
Loammo 50mA | 600mA | 500 mA
Logic Type Number
General Purpose -~ R
PMOS, CMOS ULN-2001A | ULN-2011A | ULN-2021A
14-25V
PMOS ULN-2002A | ULN-2012A | ULN-2022A
5V
TIL CMoS ULN-2003A | ULN-2013A | ULN-2023A
6-15V
CMOS, PMOS ULN-2004A | ULN-2014A | ULN-2024A
High Outhut | yin 20054 | ULN-2015A | ULN-2025H




SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

least 50 V in the OFF state. Qutputs may be paral-
leled for higher load-current capability. Series
ULN-2010A devices are similar, except that they
will sink 600 mA. Series ULN-2020A will sustain
95 V in the OFF state.

All Series ULN-2000A Darlington arrays are fur-
nished in a 16-pin dual in-line plastic package. These
can also be supplied in a hermetic dual in-line pack-
age for use in military and aerospace applications.

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
for any one Darlington pair

(unless otherwise noted)
Output Voltage, V. (Series ULN-2000, 2010A) ................oiiiiiin. 50V
(Series ULN-2020A) .. ... 95V
Input Voltage, V,y (Series ULN-2002, 2003, 2004A) .. ...........cvnivnnnn 30V
(Series ULN-2005A) ... .. .ot 15V
Continuous Collector Current, |; (Series ULN-2000, 20208) ................ 500 mA
(Series ULN-2010A) . .................... 600 mA
Continuous Input Current, by . ... 25mA
Power Dissipation, P, (one Darlington pair) ............................. 1.0W
(total package) . .............. i 2.0W*

Operating Ambient Temperature Range,

Storage Temperature Range, T

—20°C to +85°C
—55°C to +150°C

Ty

*Derate at the rate of 16.67 mW/°C above +25°C.

Under normal operating conditions, these device

s will sustain 350 mA per output with Vogqary = 1.6 Vat +70°C

with a pulse width of 20 ms and a duty cycle of 34%.

ALLOWABLE AVERAGE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

2.0

V?wce LIMIT

“

g \

<

z \

Z s

4

o

=

<

(-

0

4]

[a}

& 1.0 \\

5 \

< S

< Y

2 s

a \z

o 0.5 N

= \

; N

& b

< '\\
0 ‘
0 50 700 150

AMBIENT TEMPERATURE IN °C

Dwg. No. A-9753C
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PARTIAL SCHEMATICS

Series ULN-2002A
(each driver)

o COM

w 10. 5K o

x

WG, No.. A-0650

Series ULN-2004A
(each driver)

DWG. NO. A-9898A
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

Series ULN-2001A
(each driver)

U¥5. KO, A-9535

Series ULN-2003A
(each driver)

OWG. No. A-9651

Series ULN-2005A
(each driver)

VG NO. A-10.228




SERIES ULN-2000A

7-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2000A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current leex 1A Al Ve = 50V, T, = 25°C — — 50 ] uA
Vee = 50V, T, = 70°C — — 100 | uA
1B ULN-2002A | Ve = 50V, T, = 70°C, V,y = 6.0V — — 500 | mA
ULN-2004A | Ve = 50V, T, = 70°C, V,, = 1.0V — — 500 | mA
Collector-Emitter Veesm 2 I, = 100 mA, I; = 250 uA — 09 11 v
Saturation Voltage Al Ic = 200 mA, I; = 350 uA — 11 13 v
le = 350 mA, I; = 500 uA — 13 16 v
Input Current Iviom 3 ULN-2002A [ V,y = 17V — 082 125| mA
ULN-2003A | Vi, = 3.85V — 093 135] mA
ULN-2004A | V,y = 5.0V — 035 05 | mA
Vy = 12V — 1.0 145) mA
ULN-2005A | Viy = 3.0V — 15 24 | mA
Incorey 4 Al lc = 500 uA, T, = 70°C 50 65 — | uA
Input Voltage Vivow 5 ULN-2002A | Ve = 2.0V, I, = 300 mA — — 13 v
Ve = 2.0V, 1, = 200 mA — — 24 v
ULN-2003A | Ve = 2.0V, I, = 250 mA — — 2] v
Ve = 2.0V, 1, = 300 mA — — 30 v
Ve = 2.0V, 1. = 125mA — — 50 v
ULN-2004A | Vee = 2.0V, I, = 200 mA — — 6.0 Vv
Ve = 2.0V, 1, = 275mA — — 10 Vv
Ve = 2.0V, I = 350 mA — — 80 Vv
ULN-2005A | Ve = 2.0V, I, = 350 mA — — 24 v
D-C Forward Current hee 2 ULN-2001A | Ve = 2.0V, I, = 350 mA 1000 — —
Transfer Ratio
Input Capacitance Cy — All — 15 25 pF
Turn-On Delay o — Al 0.5 E, to 0.5 Eyy — 025 1.0 | us
Turn-Off Delay [ — All 0.5 E, to 0.5 E,, — 025 1.0 | ms
Clamp Diode I 6 Al Ve =50V, T, = 25°C — — 50 | uA
Leakage Current Ve = 50V, T, = 70°C — — 100 | wA
Clamp Diode Ve 7 Al I = 350 mA — 17 20 )
Forward Voltage
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SERIES ULN-2000A

7-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2010A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min.  Typ. Max. | Units
Output Leakage Current leex 1A Al Ve = 50V, T, = 25°C — — 50 | pA
Ve = 50V, T, = 70°C — — 100 | A
1B ULN-2012A | Ve = 50V, T, = 70°C, V,y = 6.0V — — 500 | nA
ULN-2014A | Ve = 50V, T, = 70°C, V), = 1.0V — — 500 | wA
Collector-Emitter Veesan 2 Al I, = 200 mA, 1y = 350 uA — 11 13 v
Saturation Voltage Ic = 350 mA, 1y = 500 A — 13 16
le = 500mA, I; = 600 uA — 17 19
Input Current inom 3 ULN-2012A |V, = 17V — 082 125] mA
ULN-2013A | V,, = 3.85V — 093 135] mA
ULN-2014A} V,, = 5.0V — 035 05 | mA
Vy = 12V — 10 145] mA
ULN-2015A | Vy = 3.0V — 15 24 | mA
gorr All l; = 500 uA, T, = 70°C 50 65 — | uA
Input Voltage Vivow ULN-2012A | Ve = 2.0V, | = 500 mA — — 17 Vv
ULN-2013A | Ve = 2.0V, I, = 250 mA —  — 2] v
Vee = 2.0V, I = 300 mA —_ — 30 v
Ve = 2.0V, I = 500 mA — — 35 v
ULN-2014A | Ve = 2.0V, |, = 275 mA — — 10 v
Ve = 2.0V, 1, = 350 mA — — 80 v
Vee = 2.0V, I = 500 mA — — 95 v
ULN-2015A | Ve = 2.0V, I, = 500 mA — — 26 v
D-C Forward Current hee 2 ULN-2011A | Ve = 2.0V, |, = 350 mA 1000 — —
Transfer Ratio Vee = 20V, I, = 500 mA 900 — —
Input Capacitance Ci — All — 15 25 | pF
Turn-On Delay tow — All 05E,t00.5E, — 025 1.0 | us
Turn-0ff Delay tow - All 05E,t00.5E, — 025 1.0 | ms
Clamp Diode Iy 6 Al Ve =50V, T, = 25°C — — 50 | pA
Leakage Current Ve =50V, T, = 70°C — — 100 | A
Clamp Diode Ve Al I = 350 mA — 17 20 v
Forward Voltage I = 500 mA — 21 25 v
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS
B

SERIES ULN-2020A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current leex 1A Al Ve = 95V, T, = 25°C — — 50| uA
Vee = 95V, T, = 70°C — — 100 | uA
1B ULN-2022A | Ve = 95V, T, = 70°C, V,y = 6.0V — — 500 | uA
ULN-2024A | Ve = 95V, T, = 70°C, Vyy = 1.0V — — 500 | uA
Collector-Emitter Veesn 2 All I, = 100 mA, I; = 250 uA — 09 11 v
Saturation Voltage I, = 200 mA, |y = 350 uA — 11 13 Vv
lo = 350 mA, Iy = 500 nA — 13 16 v
Input Current Inviomy 3 ULN-2022A | V,y = 17V — 08 125] mA
ULN-2023A | V,y = 3.85V — 093 135| mA
ULN-2024A | Viy = 5.0V — 035 05 | mA
Vy = 12V — 1.0 1.45] mA
ULN-2025A | Vy = 3.0V — 15 24 | mA
I, 4 All l; = 500 pA, T, = 70°C 50 65 — | wA
Input Voltage Vinow 5 ULN-2022A | Ve = 2.0V, I, = 300 mA — — 13 Vv
ULN-2023A | Ve = 2.0V, I, = 200 mA — — 24 )
Ve = 2.0V, I = 250 mA — — 27 v
Vee = 2.0V, | = 300 mA — — 30 )
ULN-2024A | Ve = 2.0V, 1. = 125 mA — — 50 v
Vee = 2.0V, I = 200 mA — — 60 v
Ve = 2.0V, I = 275mA — — 10 v
Ve = 2.0V, | = 350 mA — — 80 )
ULN-2025A | Ve = 2.0V, I, = 350 mA — — 24 v
D-C Forward Current hee 2 ULN-2021A | Ve = 2.0V, I = 350 mA 1000 — —
__Transfer Ratio
Input Capacitance Cw — Al — 15 25 pF
Turn-On Delay towm — All 0.5E,t0 0.5 E, — 025 1.0 | ms
Turn-0ff Delay touL — All 0.5E,t0 0.5 E, — 025 1.0 | ms
Clamp Diode [ 6 All Ve =95V, T, = 25°C — — 50 | upA
Leakage Current Ve =95V, T, = 70°C — — 100 | uA
Clamp Diode Ve 7 All I, = 350 mA — L7 20 )
Forward Voltage
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

COLLECTOR CURRENT IN mA - Ic

PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE

600

S )
® b
+ b
= -
< \ N <
% N\NN N ~ <
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DWG. NO. A-9754B
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS
e e

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

SERIES ULN-2002A SERIES ULN-2003A
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

TYPICAL APPLICATIONS

PMOS TO LOAD

PMOS
GUTPUT

DWG. No. A-9652

BUFFER FOR HIGH-CURRENT LOAD

ULN-2004A

Voo
Q

CMOS= =
OUTPUT

TTL TO LOAD

ULN-2003/5A
+V

+Vee

5 LAMP
F TEsT

OWG. NO. A-9653A

T
QUTPUT

USE OF PULL-UP RESISTORS
TO INCREASE DRIVE CURRENT

ULN-2003A
+Vee +V

DYG. NO. A-10,175

T
OUTPUT
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SERIES ULN-2000L

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

SERIES ULN-2000L
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

hese high-voltage, high-current Darlington ar-

rays are comprised of seven silicon NPN Dar-
lington pairs on a common monolithic substrate. All
units have open-collector outputs and integral
diodes for inductive load transient suppression.

The output transistors are capable of sinking 500
mA and will sustain at least 50 V in the OFF state.
Outputs may be paralleled for higher load-current
capability. All devices are packaged in the SOIC
package.

Output pins are opposite input pins to facilitate
printed wiring board layout. The ICs are priced to
compete directly with discrete transistor alterna-
tives.

The ULN-2001L is a general-purpose array that
can be used with standard bipolar digital logic using
external current limiting, or directly with most
PMOS or CMOS.

The ULN-2002L is designed for use with 14V to
25V PMOS devices. Each input has a Zener diode
and resistor in series to limit the input current to a
safe value in that application. The Zener diode also
gives these devices excellent noise immunity.

The ULN-2003L has a 2.7 k() series base resistor
for each Darlingon pair, allowing operation directly
with TTL or CMOS operating at a supply voltage of
5V. These devices will handle numerous inter-

SOIC PACKAGE

face needs—particularly those beyond the capabili-
ties of standard logic buffers.

The ULN-2004L has a 10.5 kQ series input resis-
tor that permits operation directly from CMOS or
PMOS outputs utilizing supply voltages of 6 to 15 V.
The required input current is below that of Series
ULN-2003L, while the required input voltage is less
than that required by Series ULN-2002L.

The ULN-2005L is designed for use with standard
TTL and Schottky TTL, with which higher output
currents are required and loading of the logic output
is not a concern. These devices will sink a minimum
of 350 mA when driven from a ‘‘totem pole’’ logic
output.

PARTIAL SCHEMATICS

——ph—o COM

ULN-2004L

ULN-2001L

~——Ppt—o COM

ULN-2005L




SERIES ULN-2000L
7-CHANNEL DARLINGTON DRIVERS

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature
for any one Darlington pair

(unless otherwise noted) Device Number Designation
OULPUE VOIAEE, Vg« + - oo e oo e 50V Veewan ; 33 [\I’] A
Input Voltage, CIMAY)
Vin (ULN-2002, 2003, 2004L) . ... 30V - U:EP'C Type Number
(ULN-2005L) . . oo 15V eneral Furpose ULN-2001L
Continuous Collector Current, Ig .. ............... 500 mA PMOS, CMOS
Continuous Input Current, by . .. ........oovvn.... 25 mA 14-25 VPMOS ULN-2002L
Power Dissipation, P, (total package) ............. 0.96 W* 5VTIL, CMOS ULN-2003L
Operating Ambient Temperature Range, T, . —20°C to +85°C 6-15V ULN-2004L
Storage Temperature Range, Ts .. ... .. .. —55°C to +150°C CMOS, PMOS
*Derate at rate of 7.7 mW/°C above = 25°C. High-Output TTL ULN-2005L

ELECTRICAL CHARACTERISTICS at + 25°C (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Typ. Max. | Units
Output Leakage Current beex All Vee = 50V, T, = 25°C _ - 50 wA
Vee = 50V, T, = 70°C — — 100 pA
ULN-2002L Vee = 50V, T, = 70°C,V,y = 6.0V — — 500 pA
ULN-2004L Vee = 50V, T, = 70°C,V,y = 1.0V —  — 500 | pA
Collector-Emitter Veesan All I = 100mA, Iy = 250 pA — 0.9 11 )
Saturation Voltage o = 200 mA, Iy = 350pA — 11 13| Vv
le=350mA I; = 5pA -— 13 16 )
Input Current Ivaro ULN-2002L Vo =17V — 08 125 | mA
ULN-2003L Vi = 3.85V — 093 135 | mA
ULN-2004L Vy = 5.0V — 035 05 mA
Vo = 12V — 10 145 | mA
ULN-2005L Vip = 3.0V — 15 24 mA
Inorpy All le = 500 wA, T, = 70°C 50 65 — pA
Input Voltage Vivon ULN-2002L Vee = 2.0V, I = 300 mA — — 13 )
ULN-2003L Vee = 2.0V, 1 = 200 mA — — 24 v
Ve = 2.0V, I = 250-mA —  — 2] )
Vee = 2.0V, 1, = 300 mA —  — 30 v
ULN-2004L Vee = 2.0V, 1, = 125mA . —_ - 5.0 )
ULN-2004L Vee = 2.0V, 1, = 200 mA — — 60 )
Vee = 2.0V, 1, = 275 mA — — 10 v
Vee = 2.0V, 1l = 350 mA — — 80 v
ULN-2005L Vee = 2.0V, 1 = 350 mA —  — 24 v
DC Forward Current hee ULN-2001L Vee = 20V, 1 = 350 mA 1000 — — —
Transfer Ratio
Input Capacitance C All —_ 15 25 pF
Turn-On Delay tou All 0.5Eyt00.5Ey, — 025 10 s
Turn-0ff Delay tow, All 0.5Eyt0 0.5 Egyy — 025 10 ws
Clamp Diode le Al Ve =50V, T, = 25°C —_ - 50 | pA
Leakage Current Vo = 50V,T, = 70°C — — 100 A
Clamp Diode Ve All lr = 350 mA — 1.7 2.0 v
Forward Voltage




UDN-2522A
QUAD BUS TRANSCEIVER

UDN-2522A QUAD BUS TRANSCEIVER

—Data and Direct Inductive Load Control

FEATURES

® Driver Output Current to 300mA

® Driver Qutput Sustaining Voltage of 50V
® Pulse-Width Discriminating Receivers
® [nternal Receiver Hysteresis

© Compatiblewith TTL and MOS Logic

® Driver Qutput Clamp Diodes

Designed for bidirectional flow of data over unbalanced
lines, the UDN-2522A quad bus transmitter/receivers
feature a unique driver/receiver combination. A 300mA
output current, 50 V sustaining voltage rating, and internal
clamp and blocking diodes allow these transmitter/
receivers to directly control loads such as relays and
solenoids, as well as the usual line receivers.

The driver stages include a common STROBE input
pin for extended control flexibility. The STROBE turns
off all four drivers but does not affect receiver operation.
Because of the high driver output current, a large num-
ber of transmitter/receivers can be connected to a single
data bus.

Each receiver’s input is internally connected to
its companion driver output. The receivers include a pulse-
width discriminator and hysteresis for pulse reconstruc-
tion and improved noise immunity. The minimum
detectable pulse width is determined by the user’s choice
of capacitor on the “C” pin for each of the four channels.

The UDN-2522A is rated for operation over the tem-
perature range of —20°C to + 85°C. It is packaged in a
20-pin dual in-line plastic package with copper leadframe
for enhanced power dissipation. The drivers are capable
of simultaneously sinking maximum rated current over
the full operating temperature range.

Dwg. No. A-14,178

ABSOLUTE MAXIMUM RATINGS
ATTy, = +25°C
Driver Output Voltage, Vg ..ovvvvvvvevieiie 70V
Driver Output Sustaining Voltage, Ve (sus)« -+ «vvvvvevverrvrnnns 50V
Driver Continuous Output Current, lout v..'vvvvvvvivnnnn. 300mA
Driver Input Voltage, Vinvovvevvveviii 5.5V
Receiver Qutput Current, lout ... vvvovvvveveeeiinnn, 50mA
Receiver Input Voltage, Vin. ..o 70V
Supply Voltage, Ve v e 7.0V
Package Power Dissipation, Pp ..., See Graph
Operating Temperature Range, Ta.............. —20°C to +85°C
Storage Temperature Range, Ts............... —55°C to +150°C
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UDN-2522A
QUAD BUS TRANSCEIVER
e

ELECTRICAL CHARACTERISTICS ot Ty = +25°C, Figure 1 and 2, 3, 4, or 5 as specified.

Test Conditions Limits
Characteristic Vec | Input | Stobe | Outln ] C | Output Min.  Typ.  Max | Units
DRIVERS
Output Leakage Current 4.5V | Open 0.8V | 70Vt Open | Open - - 70 pA
Output Saturation Voltage 4.5V | 2.0V 2.0V | 210mA Open | Open - 0.2 0.4 v
45V | 2.0V 2.0V | 300mA Open | Open - 0.4 0.6 v
Output Sat. Voltage Matching 4.5V | 2.0V 2.0V | 210mA Open | Open - +20 +50 mV
Output Sustaining Voltage* 50V | 310V 2.0V | Fig.2 Open | Open 50 - - v
Output Vo'tage 4.5V 108V 2.0V | —160pA | Open | Open 2.25 - - v
Logic Input Voltage 4.5V - — | Open Open | Open 2.0 - — v
4.5V — — | Open Open | Open - — 0.8 v
Logic Input Current 55V | 5.5V 2.0V | Open Open Open — - 20 A
55V | 0.1V 2.0V | Open Open | Open -1.0 - -20 A
Strobe Input Current 55V | 2.0V 5.5V | Open Open | Open — - 50 A
. 55V | 2.0V 0.1V | Open Open | Open — - —50 pA
Input Clamp Voltage Open | —12mA | Open | Open Open | Open 0 - —1.6 v
Propagation Delay Time 5.5V | 310V 2.0V | Fig.3 Open Open - - 750 ns
5.5V | 2.0V 310V | Fig.3 Open | Open - - 750 ns
5.5V | 310V 2.0V | Fig.4 Open | Open - — 14 s
55V | 2.0V 310V | Fig.4 Open | Open - - 14 WS
4.5V | 013V 2.0V | Fig.3 Open | Open - - 600 ns
45V | 2.0v 0r3v | fig:3 Open | Open _ = 600 s
4.5V | 03V 2.0V | Fig.4 Open | Open — - 600 ns
4.5V 1 2.0V 0r3V | Fig.4 Open | Open — — 600 ns
QOutput Rise Time 45V | 310V 2.0V | Fig.3 Open Open - - 175 ns
Ouput Fall Time 55V | 0J3V 2.0V | Fig.3 Open | Open - — 175 ns
Clamp Diode Leakage Current Vg =70V 0.0V Open Open - — 70 A
Clamp Diode Forward Voltage lr = 300mA Open | Open — 1.6 18 v
Supply Current (All Drivers) 55V | 0.0V 0.8V - Open | Open - - 20 mA
55V | 2.0V 2.0V - Open | Open - - 50 mA
RECEIVERS
Output Voltage 4.5V 1 0.8V 2.0V | Open 2.0V 4.0mA — — 0.5 v
4.5V {20V | 20V | Open 0.0V —400pA | 24 - - v
Short-Circuit Output Current 55V | 2.0V 2.0V | Open Open | 0.0V -20 - -50 mA
Input Current 5.5V | Open 0.0v | 4.0V Open Open —250 - — A
4.5V | Open 0.0v | 0.1V Open | Open - — —500 A
Input Voltage 4.5V | Open 0.0V - Open | Low 2.0 - - ]
4.5V | Open 0.0v — Open High - - 0.8 v
Input Voltage Hysteresis 4.5V | Open 0.0V | 0r310V | Open 250 - 775 mV
Propagation Delay Time 4.5V | Open 0.0V | 0J3V Open Fig.5 — — 375 ns
5.5V | Open 0.0V | 310V Open Fig.5 — — 375 ns
Output Fall Time 5.5V | Open 0.0V | 0f3V Open | Fig.5 - — 75 ns
Output Rise Time 5.5V | Open 0.0v | 310v Open Fig. 5 — — 75 ns
Noise Immunity 5.5V | Open 0.0v | 0rav 0.1F | Open 400 - — WS
4.5V | Open 0.0V | 0f2v 0.1F | Open — — 1400 ns

Note: Negative current is defined as coming out of (sourcing) the specified device pin.
*Vour (sus) s measured with a 5 ms ON pulse, 12 ms after turn-OFF.
fOutput clamp diode reverse-biased with Vg = 71V.
3—21
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QUAD BUS TRANSCEIVER
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UDN-2522A
QUAD BUS TRANSCEIVER
L e e

APPLICATIONS INFORMATION

Systems designers are often concerned with interfacing subsystems and trans-
mitting data a considerable distance. Whether it is to a nearby circuit board or
to another unit in a large spread-out system, the quality of the signal reproduced
in the receiving unit is dependent on:

Driver characteristics

Transmission line characteristics
Line length

General layout and noise environment
Receiver characteristics

Data transmission rate

Unbalanced (common-mode) data transmission is often preferred, since the
cabling requires only a single wire plus ground and the circuits are generally
lower in cost. However, the data transmission is susceptible to common-mode
noise, such as ground IR noise and crosstalk. For noise immunity, the receiver
should include pulse-width discrimination and hysteresis. A bus should not extend
out of its subsystem’s electronic enclosure without special care. Cables should
be in the form of twisted pair or flat cable where the signal wires are alternated
with ground wires.

If power loads are not being driven, a high output current drive capability allows
party-line operation with a low line impedance. The line can be terminated at
both ends and still give considerable noise margin at the receiver.

TYPICAL APPLICATION

+5V <50V <50V

T

r=
o

| -4 L-
——O0 STROBE

_______ .|

Dwg. No. A-14,186




UDN-2543B
QUAD NAND-GATE POWER DRIVER

UDN-2543B QUAD NAND-GATE POWER DRIVER
—For Incandescent or Inductive Loads

FEATURES

¢ 1.0 A Qutput Current

® Qutput Voltage to 60 V

® Low Qutput-Saturation Voltage

o |ntegral Qutput-Suppression Diodes

o Efficient Input/Output Pin Structure
* TTL, CMOS, PMOS, NMOS Compatible
 Qver-Current Protected

Providing interface between low-level signal processing
circuits and power loads to 240 W, the UDN-2543B quad
power driver combines NAND logic gates and high-
current bipolar outputs. Each of the four independent
outputs can sink up to 1. A in the ON state. The outputs
have a minimum breakdown voltage of 60 V and a sus-
taining voltage of 35 V. Inputs are compatible with most
TTL, DTL, LSTTL, and 5 V CMOS and PMOS logic
systems.

Over-current protection has been designed into the
UDN-2543B and typically occurs at 1 A. It protects the
device from output short-circuits with supply voltages of
up to 25 V. When the maximum driver output current is
reached, that output stage is driven linearly. If the over-
current condition continues, that output driver’s thermal

<

Dwg. No. A-11,561

limiting will operate, limiting the driver’s power dissipa-
tion and junction temperature. The outputs also include
transient suppression diodes for use with inductive loads
such as relays, solenoids, and dc stepping motors. In
display applications, the diodes can be used for the lamp-
test function.

The UDN-2543B is supplied in a 16-pin dual in-line
plastic package with heat-sink contact tabs. The lead
configuration allows easy attachment of an inexpensive
heat-sink and fits a standard integrated circuit socket or
a printed wiring board layout.

ABSOLUTE MAXIMUM RATINGS

at T, = +25°C
OutputVoltage, Ve, ... ..o 60V
Over-Current Protected Output Voltage, Ve .. ... .. ... ... ... .. ... ... .. 25V
Min. Output Sustaining Voltage, Voggysy - oo oo v oo 35V
Output Current, Togr. .o 1.0A*
SupplyVoltage, Voo ... 7.0V
InputVoltage, Viy. ... ..o 18V
Package Power Dissipation, P ... ... ... ... . ... .. See Graph
Operating Temperature Range, Ty ................ ... . ... ... —20°C to+85°C
Storage Temperature Range, T . ... ............ .. ... ... ..., —55°Cto+150°C

*Qutputs are current limited at approximately 1.0 A per driver and junction temperature limited if current in excess of
1.0 A is attempted. See Circuit Description and Applications Section for further information.



UDN-2543B
QUAD NAND-GATE POWER DRIVER

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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Dwg. No. A-11,793A

ELECTRICAL CHARACTERISTICS ATT, = +25°C, V¢ = 4.75V 10 5.25 V (unless otherwise noted)
Limits

Characteristic Symbol | Test Conditions Min.  Max. | Units
Output Leakage Current leex Vor=60V, V=08V Veyge = 2.0V - 100 uA

Vour=060V, Vy=20V, Veypge =08V - 100 | pA
Output Sustaining Voltage | Vegsys | lour= 100 mA, Viy= Veyuge = 0.8 V 35 - v
Output Saturation Voltage | Vegon | losr= 100 mA, Viy=Veyge=2.0V - 200 | mV

loyr=400 mA, Vy=Veupe=2.0V - 400 | mV

lour="700 mA, Vy=Veyge =20V - 600 | mV
Input Voltage Logic 1 | Viyy or Venagieay 2.0 — v

Logic 0 | Viyg 0r Vemsieo B - 0.8 v
Input Current Logic 1 | Vi 0r Venagiegy= 2.0V - 10 pA
Logic 0 | Viyg 0r Vensgigy= 0.8 V - -10 uA

Total Supply Current lge logr="700 mA, V\i* = Veyge =20V - 65 | mA

Outputs Open, V¥ = 0.8 V, Viyuge =20V - 15 | mA
Clamp Diode Ve l;=1.0A - 1.6 v
Forward Voltage l;=15A - 2.0 v
Clamp Diode [ Ve=060V, Viy=Veuee=20V,D,+ D,o0r D;+ D, - 50 | pA
Leakage Current

*All inputs simultaneously, all other tests are performed with each input tested separately.
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UDN-2543B
QUAD NAND-GATE POWER DRIVER

CIRCUIT DESCRIPTION AND APPLICATION

INCANDESCENT LAMP DRIVER

High incandescent lamp turn-on/in-rush current can
destroy semiconductor lamp drivers and contributes to
poor lamp reliability. However, lamps with steady-state
current ratings up to 700 mA can be driven with the
UDN-2543A without the need for warming or current
limiting resistors.

When an incandescent lamp is initially turned ON, the
cold lamp filament is at minimum resistance and would
normally allow a 10X to 12 X in-rush current. With the
UDN-2543A, during turn-on, the high in-rush current is
sensed by the internal low-value sense resistor, drive cur-
rent to the output stage is diverted by the shunting tran-
sistor, and the load current is limited to approximately
1 A. During this short transition period, the output
driver is driven in a linear fashion. During lamp warm-
up, the filament resistance increases to its maximum
value, the output driver goes into saturation and applies
full supply voltage to the lamp.

The internal diodes can be used to perform the lamp-
test function.

INDUCTIVE LOAD DRIVER

Bifilar (unipolar) stepper motors can be driven directly.
The internal flyback diodes prevent damage to the out-
put transistors by suppressing the high-voltage spikes
which occur when turning OFF an inductive load.

FAULT CONDITIONS
(Shorted Load or Stalled Motor)

In the event of a shorted load, shorted winding, or stalled
motor, the load current will attempt to increase. As
described above, the drive current to the output stage is
diverted (limiting the load current to about 1 A), causing
the output stage to go linear. As the junction temperature
of the output stage increases, the thermal limit circuit will
become operational, further decreasing the drive cur-
rent. The load current (junction temperature) is then a
function of ambient temperature, state of remaining
drivers, supply voltage, and load resistance. If the fault
condition is corrected, the output driver will return to its
normal saturated condition.

NORMAL IN-RUSH
CURRENT

LOAD CURRENT

ale
I
I
I
I
Il
K
n

I\
I\
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— SHORT-CIRCUIT
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L I
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|
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SERIES UDN-2580A

8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

SERIES UDN-2580A

8-CHANNEL SOURCE DRIVERS

FEATURES
® TTL, CMOS, PMOS, NMOS Compatible
® High Qutput Current Ratings
® Internal Transient Suppression
o Efficient Input/Output Pin Structure

HIS versatile family of integrated circuits, originally designed to
link NMOS logic with high-current inductive loads, will work with
many combinations of logic- and load-voltage levels, meeting inter-
face requirements beyond the capabilities of standard logic buffers.

Series UDN-2580A source drivers can drive incandescent, LED, or
vacuum fluorescent displays. Internal transient-suppression diodes
permit the drivers to be used with inductive loads.

Type UDN-2580A is a high-current source driver used to switch the
ground ends of loads that are directly connected to a negative supply.
Typical loads are telephone relays, PIN diodes, and LEDs.

Type UDN-2585A is a driver designed for applications requiring
low output saturation voltages. Typical loads are low-voltage LEDs
and incandescent displays. The eight non-Darlington outputs will
simultaneously sustain continuous load currents of — 120 mA at am-
bient temperatures to +70°C.

Type UDN-2588A, a high-current source driver similar to Type
UDN-2580A, has separate logic and driver supply lines. Its eight
drivers can serve as an interface between positive logic (TTL, CMOS,
PMOS) or negative logic (NMOS) and either negative or split-load
supplies.

Types UDN-2580A and UDN-2588A are rated for,operation with
output voltages of up to 50 V. Selected devices, carrying the suffix
““-1”’ on the Sprague part number, have maximum ratings of 80 V.

Types UDN-2580A and UDN-2585A are furnished in 18-pin dual
in-line plastic packages; Type UDN-2588A is supplied in a 20-pin
dual in-line plastic package. All input connections are on one side of
the packages, output pins on the other, to simplify printed wiring
board layout.

DWG.NO. A-11,359

UDN-2580A
UDN-2585A

DWG.NO. A-11,357

UDN-2588A




SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS
e ]

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature
for Any One Driver
(unless otherwise noted)

UDN-2580A UDN-2580A-1 UDN-2585A UDN-2588A UDN-2588A-1

Output Voltage, Ve 50V 80V 25V 50V 80V

Supply Voltage, Vs (ref. sub.) 50V 80V : 25V 50V 80V

Supply Voltage, Ve (ref. sub.) — — — 50V v

Input Voltage, Vyy (ref. Vy) =30V =30V =20V -30V -30V

Total Current, I + Ig —500 mA —500 mA —250 mA —500 mA —500 mA

Substrate Current, lg5 3.0A 3.0A 2.0A 3.0A 3.0A

Allowable Power Dissipation, P, (single output) ... ... .. . 10w
(total package) . ........o i e 2.2 W*

Operating Temperature RANGE, Ty - ..o vttt e e e —20°C to +85°C

Storage Temperature Range, Ts . ... ..ottt —55°C to +150°C

*Derate at the rate of 18 mW/°C above 25°C

For simplification, these devices are characterized on the following
pages with specific voltages for inputs, logic supply (Vs), load supply
(Vg), and collector supply (Vo). Typical use of the UDN-2580A and
UDN-2580A-1 is with negative referenced logic. The more common appli-
cation of the UDN-2585A, UDN-2588A, and UDN-2588A-1 is with
positive referenced logic supplies. In application, the devices are capable of
operation over a wide range of logic and supply voltage levels:

TYPICAL OPERATING VOLTAGES

Vs Viow Vinvorn Voo Veewny | Device Type
0V | —15Vto —36V] —05Vto OV NA —25V | UDN-2585A
—50V | UDN-2580A
—80V | UDN-2580A-1
+5V | OVto+14V | +45Vto +5V NA —20V | UDN-2585A
—45V | UDN-2580A
—75V | UDN-2580A-1
=5V —45V | UDN-2588A
—75V | UDN-2588A-1
+12V | OVto +84V |+115Vto +12V] NA —13V | UDN-2585A
—38V | UDN-2580A
—68V | UDN-2580A-1
=12V | —38V | UDN-2588A
—68V | UDN-2588A-1
+15V | OVto +11.4V |+145Vto +15V] NA —10V | UDN-2585A
—35V | UDN-2580A
—65V | UDN-2580A-1
=15V | —35V | UDN2588A
—65V | UDN-2588A-1

NOTE: The substrate must be tied to the most negative point in the external circuit to
maintain isolation between drivers and to provide for normal circuit operation.
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

UDN-2580A
UDN-2580A-1

iVS

1.2K

PARTIAL SCHEMATIC N

10K

1.2K

out

SUB DWG.NO. A-11,359

DWG.NO. A-11,358

ELECTRICAL CHARACTERISTICS at T, = +25°C,
Vs =0V, Vg = —45V (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Max. | Units
Output Leakage e UDN-2580A | Vyy = —0.5V, Vor = Ve = =50V — 50 A
Current Vo= =04V, Vo = Ve, = =50V, T, = 70°C — 100 | upA
UDN-2580A-1 | Vi = —0.5V, Vgy = Vg = —80V — 50 A
Vi = =04V, Voyy = Ve = 80V, T, = 70°C — 100 | mA
Output Sustaining Veesus) UDN-2580A | V,, = =04V, Iy = —25mA, Note 1 35 — v
Voltage UDN-2580A-1 | Viy = —0.4V, Vi = =75V, lo; = =25 mA, Note 1 50 — v
Output Saturation Veesan Both Vy = —24VY, lgy = —100 mA — 1.8 v
Voltage Vi = =3.0V, gy = —225mA — 19 Vv
Vg = —3.6V, Iy = —350 mA — 20 v
Input Current Inons Both Viy = —3.6V, lyy = —350 mA — =500 | wA
Vo = =15V, Iy = —350 mA — 21| mA
[ Both lor = —500 uA, T, = 70°C, Note 3 —50 — | uA
Input Voltage Vinow Both lor = —100:mA, Vee <1.8V, Note 4 — =241V
|l = —225mA, Ve =<1.9V, Note 4 — =30 V
lgr = —350mA, Vi =2.0V, Note 4 — =36 V
Vinern Both losr = —500 pA, T, = 70°C -02 — v
Clamp Diode I UDN-2580A | Vo =50V, T, = 70°C — 50 A
Leakage Current UDN-2580A-1 | V; = 80V, T, = 70°C 1 — 50 MA
Clamp Diode Vi Both lr = 350 mA — 20 v
Forward Voltage
Input Capacitance Cw Both — 25 pF
Turn-On Delay oy Both 0.5 Ey to 0.5 Egy — 5.0 us
Turn-0ff Delay ton Both 0.5 Ey t0 0.5 Eqyr ‘ — 50 | ms

NOTES: 1. Pulsed test, t, =300 us, duty cycle =2%.
2. Negative current.is defined as coming out of the specified device pin.
3. The Iy Current limit guarantees against partial turn-on of the output.
4. The Vi Voltage limit guarantees a minimum output source current per the specified conditions.
5. The substrate must always be tied to the most negative point and must be at least 4.0 V below V.
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

UDN-2585A

ELECTRICAL CHARACTERISTICS at T, = +25°C,
Vs = 0V, Vge = —20V (unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage loex Vo = =05V, Vor = Ve = =25V — 50 A
Current Vo= =04V, Voy = Ve = =25V, T, = 70°C — 100 A
Output Sustaining Veesus Vi = =04V, Iz = —25mA, Note 1 15 — )
Voltage
Output Saturation Veesm V= =46V, lyy = —60 mA — 1.1 v
Voltage Vo = —46V, Iy = —120 mA — 1.2 v
Input Current Iivom Vi = =46V, lgr = —120mA N mA
Vo = =146V, Iy = —120 mA — =50 mA
Input Voltage Vinow lor = —120mA, Vee <12V, Note 3 —  —46 v
Vinors) loor = —100 pA, T, = 70°C —0.4 — )
Clamp Diode lr Ve =25V, T, = 70°C — 50 A
Leakage Current
Clamp Diode Ve I = 120 mA — 2.0 v
Forward Voltage
Input Capacitance Ci — 25 pF
Turn-On Delay o 0.5 Eyt0 0.5 Egy — 5.0 us
| Turn-Off Delay tow 0.5 Ejy t0 0.5 Egy — 5.0 S

NOTES: 1. Pulsed test, t, =300 ws, duty cycle =2%.
2. Negative current is defined as coming out of the specified device pin.
3. The Viyon Voltage limit guarantees a minimum output source current per the specified conditions.
4. The substrate must always be tied to the most negative point and must be at least 4.0 V below V.

+Vg

1.2K

PARTIAL SCHEMATIC INo——VY

out

SuB

OWG.NO. A-11,360

DWG.NO. A-11,359



SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

UDN-2588A

UDN-2588A-1
Vs vee A 20
2 19
3 18
PARTIAL SCHEMATIC A [
5 L“_. 16
6 15
7 14
8 13
s[O3 12] NC
Vee [ sl susr v
ELECTRICAL CHARACTERISTICS at T, = +25°C,
Vs = 5.0V, Vec = 5.0V, Vgg = —40V (unless otherwise noted) ,
Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Max. Units
Output Leakage leex UDN-2588A | Vi =45V, Vyyr = Ve = —45V — 50 pA
Current Vin =46V, Voir = Ve = =45V, T, = 70°C — 100 puA
UDN-2588A-1 | Vi =45V, Vor = Ve = =75V — 50 A
Viy =46V, Yoy = Ve = =75V, T, = 70°C — 100 wA
Output Sustaining Versus UDN-2588A | Vi =4.6V, loy = —25 mA, Note 1 B — v
Voltage UDN-2588A-1 | Viy =4.6V, Ve = =70V, loyy = —25 mA, Note 1 50 — v
Qutput Saturation Veesm Both Vi = 2.6V, loy = —100 mA, Ref. V¢ — 1.8 )
Voltage Vi = 20V, gy = —225 mA, Ref. V¢ — 19 v
Vi = L4V, 1y = —350 mA, Ref. Vg, — 20 v
Input Current Inow Both Vi = LAV, lpy; = —350 mA — =500 wA
Vo= 15V, Vg = =30V, Vyy = 0V, lpyy = —350 mA — =21 mA,
oy Both 1 lor = —500 A, T, = 70°C, Note 3 -50 — A
Tnput Voltage Vo Both T = —100 mA, V; =18V, Note 4 — 26 V
lor = —225mA, Vee <1.9V, Note 4 — 20 vV
lor = —350 mA, Vg =2.0V, Note 4 — 14 v
Vinor Both loor = —500 uA, T, = 70°C 48  — v
Clamp Diode Iz UDN-2588A | V; = 50V, T, = 70°C — 50 A
Leakage Current UDN-2588A-1 | Vg = 80V, T, = 70°C — 50 uA
Clamp Diode Ve Both I = 350 mA — 2.0 v
Forward Voltage
Input Capacitance Cw Both — 25 pF
Turn-On Delay ton Both 0.5 Ey to 0.5 Egy — 5.0 us
Turn-Off Delay toy Both 0.5 Ey to 0.5 Egyy — 5.0 us

NOTES: 1. Pulsed test, t, =300 us, duty cycle =2%.
2. Negative current is defined as coming out of the specified device pin.
3. The Iy current limit guarantees against partial tum-on of the output.
4. The Vi Voltage limit guarantees a minimum output source current per the specified conditions.
5. The substrate must always be tied to the most negative point and must be at least 4.0 V below Vs.
6. Vo must never be more positive than Vs,
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT
AT 50°C AS A FUNCTION OF DUTY CYCLE
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

TYPICAL APPLICATIONS

TO OTHER DIGITS

UDN-2585A UDN-2580A-1
1 18 Vv
2 17 v
3 16
4 15 v
oo 3 1%
SEGME
SHiect y | 'S "
7 12 v
LK—* -
) 17 ) - o
i 91 Vg 10
DIGIT Vee
SELECT Owg.No. 8- 1858A DWG.NO. A-11,356
COMMON-CATHODE LED DRIVER TELECOMMUNICATIONS
RELAY DRIVER
(Negative Logic)
UDN-2588A-1

SEGMENT |
SELECT

' DIGIT |
SELECT

& & VEE
-48V 236V

Veg
DWG.NO. A-11,362

DWG.NO. A-11,363

TELECOMMUNICATIONS RELAY DRIVER VACUUM FLUORESCENT DISPLAY DRIVER
(Positive Logic) (Split Supply)




UDN-2595A
8-CHANNEL MEDIUM CURRENT SINK DRIVER

UDN-2595A
8-CHANNEL CURRENT-SINK DRIVER

FEATURES
® 200 mA Current Rating
® Low Saturation Voltage
o TTL, CMOS, NMOS Compatible
o Efficient Input/Output Pin Format
® 18-Pin Dual In-Line Plastic Package

DEVELOPED for use with low-voltage LED and

incandescent displays requiring low output sat-
uration voltage, Type UDN-2595A meets many
other interface needs, including those exceeding the
capabilities of standard logic buffers.

The eight non-Darlington outputs of this driver
can simultaneously sink load currents of 100 mA at
ambient temperatures of up to + 85°C.

The eight-channel driver’s active low inputs can
be linked directly to TTL, Schottky TTL, DTL, 5 to
16 V CMOS, and NMOS logic. All input connec-
tions are on one side of the package, output connec-
tions on the other, for simplified layout of printed
wiring boards.

Type UDN-2595A is supplied in an 18-pin dual-
in-line plastic package with a copper lead frame that
maximizes the driver’s power-handling capabilities.
A hermetically sealed version of Type UDN-2595A,
with reduced package power dissipation ratings, is
available on special order.

This device complements Sprague Type UDN-
2585A, an eight-channel source driver.
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Dwg. No. A-11,407

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature
for any one driver
(unless otherwise noted)

Output Voltage, Vg oo oo 20V
Supply Voltage, Vs .. ... 20V
Input Voltage, Viy « -« oo 20V
Output Collector Current, I .. ................. 200 mA
Ground Terminal Current, lgyp ..o oot 1.6A
Aliowable Power Dissipation, P,

(single output) . ... ... ...l 1.0wW

(total package) .. ..............ooeinnn 2.2W*
Operating Temperature Range, T, ...... .. —20°C to +85°C
Storage Temperature Range, T ........ —55°C to +150°C

*Derate at the rate of 18 mW/°C above +25°C.



UDN-2595A
8-CHANNEL MEDIUM CURRENT SINK DRIVER
S

ELECTRICAL CHARACTERISTICS at T, = +25°C, V; = 5.0V (unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage leex V=45V, Vo, = 20V, T, = 25°C — 50 wA
Current Vo = 4.6V, Voyy = 20V, T, = 70°C — 100 uh

Output Saturation Veesan Viw = 0.4V, I,y = 50 mA — 0.5 v

Voltage Vy = 0.4V, Iy = 100 mA — 06 v
Input Current Iovom Vin = 0.4V, | = 100 mA — -16 mA
Vi = 0.4V, loy; = 100 mA, Vg = 15V — -5.0 mA

Input Voltage Vinen loor = 100 mA, Voir = 0.6V, Vg = 5V — 0.4 v

Vikorn losr = 100 wA, T, = 70°C 46 — )

Input Capacitance Cw — 25 pF
Supply Current lss Vi = 0.4V, lg; = 100 mA — 6.0 mA
Ve = 04V, lo; = 100mA, Vg = 15V — 20 mA

NOTES:
1. Negative current is defined as coming out of the specified device pin.
2. The Viyoy Voltage limit guarantees a minimum output sink current per the specified conditions.
3. Iss is measured with any one of eight drivers turned ON.

UDN-2595A
ONE OF EIGHT DRIVERS

Vs

Dwg. No. A-11,408




UDN-2596A THROUGH UDN-2599A
8-CHANNEL SATURATED SINK DRIVERS

UDN-2596A THROUGH UDN-2599A
8-CHANNEL SATURATED SINK DRIVERS

FEATURES
o Low Output on Voltages
e Upto 1.0A Sink Capability
e 50V Min. Qutput Breakdown
o Output Transient-Suppression Diodes
o Qutput Pull-Down for Fast Turn-0ff
o TTL, CMOS Compatible Inputs

Low output saturation voltages at high load cur-
rents are provided by UDN-2596A through UDN-
2599A sink driver ICs. These devices can be used
as interface buffers between standard low-power
digital logic (particularly MOS) and high-power loads
such as relays, solenoids, stepping motors, and LED
or incandescent displays. The eigt.* saturated sink
drivers in each device feature high-voltage, high-
current open-collector outputs. Transient suppres-
sion clamp diodes and a minimum 35V output
sustaining voltage allow their use with many inductive
loads.

The saturated (non-Darlington) NPN outputs
provide low collector-emitter voltage drops as well
as improved turn-off times due to an active pull-down
function within the output predrive section. The UDN-
2596A and UDN-2598A are for use with output loads
to 500mA while the UDN-2597A and UDN-2599A
are for use with loads to 1 A. Adjacent outputs may
be paralleled for higher load currents.

ONE OF EIGHT DRIVERS

1"

80K ()

OUTw

INy

-t

Dwg. No. W-101
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Dwg. No. W-100

Inputs require very low input current and are acti-
vated by a low logic level consistent with the much
greater sinking capability associated with NMOS,
CMOS, and TTL logic. The UDN-2596A and UDN-
2597A are rated for use with 5V logic levels while
the UDN-2598A and UDN-2599A are for use with
10V to 12V logic levels.

All devices are furnished in 20-pin DIP packages
with copper leadframes for improved thermal
characteristics.

ABSOLUTE MAXIMUM RATINGS
atTa = +25°C

Output Voltage, Vee ... 50V
Output Current, loyr

(UDN-2596/98A) .................. 500mA

(UDN-2597/99A) .. .. ... 1.0A
Supply Voltage, Vcc

(UDN-2596/97A) . ... ... 7.0V

(UDN-2598/99A) . ... ... 15V
Input Voltage, Vin

(UDN-2596/97A) ... .. ..o 7.0V

(UDN-2598/99A) . . ... 15V

Package Power Dissipation, Pp............. 2.2TW*
Operating Temperature Range, Ta. ... —20°Cto +85°C
Storage Temperature Range, Ts .... —65°Cto +150°C

*Derate at the rate of 18.2mW/°C above Ta = 25°C.



UDN-2596A THROUGH UDN-2599A
8-CHANNEL SATURATED SINK DRIVERS
e =

ELECTRICAL CHARACTERISTICS at Ta = +25°C, V¢c = 5.0V (UDN-2596/97A) or 12V (UDN-2598/99A)

Applicable Limits

Characteristics Symbol | Devices* | Test Conditions Min. Max. | Units
Output Leakage Current lcex All Vour = 50V, Vin = 2.4V | — 10 A
Qutput Sustaining Voltage Vee(sus) 2596/98 lour = 300mA, L =2mH | 35 — v
2597/99 | loyr = 750mA,L=2mH | 35 — v

Output Saturation Voltage Vee(san 2596/98 lour = 300mA — 05 v
2597/99 | loyr = 750mA — 1.0 Vv

Clamp Diode Leakage Current In All Vg = 50V — 10 pA
Clamp Diode Forward Voltage Ve 2596/98 | Ir = 300mA — 18 v
2597/99 | I = 750mA — 18 Vv

Logic Input Current linco) 2596/97 | Vin = 0.8V — =15 pA
2598/99 | Vin = 0.8V — -50 pA

linety 2596/97 | Viy = 2.4V — 10 pA

2598/99 | Vin = 12V — 10 pA

Supply Current (per driver) lecion) 2596/98 | Viy = 0.8V — 6.0 mA
2597/99 | Vin = 0.8V — 22 | mA

lociorr) 2596/97 | Vin = 2.4V — 13 | mA
_ 2598/99 | Vin = 2.4V — 20 | mA
Turn-On Delay todo All 0.5En 10 0.5Equr — 3.0 WS
Turn-Off Delay tpa1 All 0.5En 10 0.5Equr — 20 WS

*Complete part number includes prefix UDN- and suffix A, e.g. UDN-2596A.

RECOMMENDED OPERATING CONDITIONS

TYPICAL APPLICATION Type Number Logic lour
DUAL STEPPER MOTOR DRIVE
UDN-2596A 5.0V 300mA
UDN-2597A 5.0V 750mA

UDN-2598A 10-12V 300mA
UDN-2599A 10-12V 750mA

Note: Pins 2 and 12 must both be con-
nected to power ground.

24V 24V

Dwg. No. W-102A




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2800A
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

IDEALLY SUITED for interfacing between low-

level digital logic circuitry and high-power periph-
eral loads, the Series ULN-2800A high-voltage, high-
current Darlington transistor arrays feature peak load
current ratings of 600 mA (Series ULN-2800A and
ULN-2820A) or 750 mA (Series ULN-2810A) for
each of the eight drivers in each device. Under the
proper conditions, high-power loads of up to 4 A at
50V (200 W at 239, duty cycle) or 3.2 A at 95 V (304 W
at 339, duty cycle) can be controlled. Typical loads
include relays, solenoids, stepping motors, multiplexed
LED and incandescent displays, and heaters. All de-
vices feature open collector outputs and integral dio-
des for inductive load transient suppression.

The Series ULN-2801A devices are general purpose
arrays which may be used with standard bipolar digital
logic using external current limiting, or with most
PMOS or CMOS directly. All are pinned with out-
puts opposite inputs to facilitate ease of circuit board
layout and are priced to compete directly with discrete
transistor alternatives.

The Series ULN-2802A was specifically designed for
use with 14 to 25 V PMOS devices. Each input has a
Zener diode and resistor in series to limit the input
current to a safe value in that application. The Zener
diode also means excellent noise immunity for these
devices.

The Series ULN-2803A has a 2.7 kQ series base re-
sistor to each Darlington pair, and thus allows opera-
tion directly with TTL or CMOS operating at a sup-
ply voltage of 5 V. These devices will handle numer-
ous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The Series ULN-2804A features a 10.5 kQ series
input resistor to permit their operation directly from
CMOS or PMOS outputs utilizing supply voltages of
6 to 15 V. The required input current is below that of
the Series ULN-2803A while the required input volt-
age is less than that required by the Series ULN-2802A.

The Series ULN-2805A is especially designed for
use with standard and Schottky TTL where higher
output currents are required and loading of the logic

D¥G. NO. A-10,322

output is not a concern. These devices will sink a
minimum of 350 mA when driven from a ‘“totem
pole” logic output.

The Series ULN-2800A is the standard high-
voltage, high-current Darlington array. The output
transistors are capable of sinking 500mA and will
withstand at least 50 V in the OFF state. Outputs may
be paralleled for higher load current capability. The
Series ULN-2810A devices are similar except that
they will sink 600mA. The Series ULN-2820A will
withstand 95 V in the OFF state.

All Series ULN-2800A Darlington arrays are fur-
nished in an 18-pin dual in-line plastic package.

Device Type Number Designation

Vermax) = 50V 50V 9V

lemax) = 500 mA 600 mA 500 mA
N Type Number

|
e o o | uLn-2sora | uLn-2stia | uLK-2s21A

Yobd | uin-asoza | uLn-2s12a | uLn-28224

TTUchos | ULN-2803A | ULN-2813A | ULN-2823A

cMgéyl|:5|\>|/og ULN-2804A | ULN-2814A | ULN-2824A

High Qutput 1y 28054 | ULN-2815A | ULN-2825A




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature
for any one Darlington pair (unless otherwise noted)

Output Voltage, Ve (Series ULN-2800, 2810A). ... .. oo oo 50V
(Series ULN-2820A). .. oottt LAY
Input Voltage, Vi (Series ULN-2802, 2803, 2804A). ... ... ouuiet ettt 30V
(Series ULN-2805A) . . ... i N 15V
Continuous Collector Current, 1¢ (Series ULN-2800, 2820A). . ... ... coiurnvi it 500 mA
(Series ULN-2810A) . . ... oottt 600 mA
ContinuOUS Base CUITENY, Ty ... oot ettt et et e e 25 mA
Power Dissipation, P, (one Darlington pair). ... ..o 1.0W
(total PACKAZE). . . ...\ e e c 2.25 W*
Operating Ambient Temperature Range, Ta. ... . ..o oiiiii i e —20°C to +85°C
Storage Temperature Range, Ts. .. ... oo it —55°C to 4-150°C
*Derate at the rate of 18.18mW/°C above 25°C.
Under normal operating conditions, these devices will sustain 350 mA per output with Vegsan = 1.6 V at 50°C with a pulse width of 20 ms and a duty cycle of 40%.
PARTIAL SCHEMATICS
—p—oCOM ——Pp—oCOM
vo105K —+—o
x
Series ULN-2801A Series ULN-2802A Series ULN-2803A
(each driver) (each driver) (each driver)

OWG. NO. A-98984A G, NO. A-10,228
Series ULN-2804A Series ULN-2805A
(each driver) (each driver)




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
e e e .

SERIES ULN-2800A

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max.| Units
Output Leakage Current | lcex 1A All Vee = 50V, Th = 25°C —  — 50 ] .A
Vee = 50V, To = 70°C —  — 100 | A
1B | ULN-2802A | Vee = 50V, To = /0°C, Vi =60V [ — — 500 | wA
ULN-2804A | Ve = 50V, To = 70°C,Vu = 10V | — — 500 | uA
Collector-Emitter Veeisan 2 le = 100 mA, Iz = 250 uA - 09 11 %
Saturation Voltage All lc = 200mA, lg = 350 LA - 11 13 vV
lc = 350 mA, I = 500 wA — 13 16 |V
Input Current Iinon) 3 ULN-2802A | Vi =17V — 082 1251 mA
ULN-2803A | Vin = 3.85V — 093 135 | mA
ULN-2804A | Vi = 5.0V — 035 05 mA
Vin = 12V — 10 145 mA
ULN-2805A | Vi = 3.0V — 15 24 mA
linors) 4 All lc = 500 A, T, = 70°C ) 5 65 - uA
Input Voltage Vinion) 5 ULN-2802A | Vee = 2.0V, Ic = 300 mA - - 13 v
Vee = 2.0V, [c = 200 mA - - 24 1V
ULN-2803A | Vee = 20V, Ic = 250 mA - = 27 v
Vee = 20V, Ic = 300 mA - — 30 vV
Vee = 20V, Ic = 125mA - — 50 |V
ULN-2804A | Ve = 20V, lc = 200 mA - — 60 |V
Vee = 20V, Ic = 275 mA - - 70 1|V
Vee = 20V, Ic = 350 mA - — 80 |V
ULN-2805A | Ve = 2.0V, Ic = 350 mA - — 24 1V
D-C Forward Current hee 2 ULN-2801A | Ve = 2.0V, Ic = 350 mA 1000 — —
Transfer Ratio
Input Capacitance Cin - All — 15 25 pF
Turn-On Delay ton - All 0.5 E;, t0 0.5 Eqyy — 025 1.0 us
Turn-0ff Delay torr - All 05E,t00.5E,, — 025 10 | us
Clamp Diode Ir 6 All Ve =50V, Th = 25°C - - 50 | wA
Leakage Current Ve =50V, T, = 70°C — — 100 | uA
Clamp Diode Ve 7 All l¢ = 350 mA - L7 20 v
Forward Voltage
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SERIES ULN-2800A

8-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2810A

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max.] Units
Output Leakage Current | lcex 1A All Vee = 50V, Ty = 25°C — - 50 | wA
Vee = 50V, To = 70°C — — 100 | wA
1B | ULN-2812A | Vee = 50V, To = 70°C, Viu =60V | — — 500 | nA
ULN-2814A | Vee = 50V, To = 70°C, Vi = 1OV | —  — 500 | wA
Collector-Emitter Vegsan 2 All lc = 200 mA, g = 350 xA - 11 13 V
Saturation Voltage lc = 350 mA, lg = 500 wA — 1.3 16 v
lc = 500 mA, I = 600 uA — 17 19 Vv
Input Current linion) 3 ULN-2812A | Vi = 17V — 082 1251 mA
ULN-2813A | Vin = 3.85V — 093 135] mA
ULN-2814A | Viw = 5.0V — 03 05 | mA
Vin = 12V — 10 145 | mA
ULN-2815A | Vi = 3.0V — 15 24 mA
IintorR) 4 All lc = 500 uA, To = 70°C 5 66 - uh
Input Voltage Vinion) 5 ULN-2812A | Ve = 2.0V, Ic = 500 mA - 17 Vv
ULN-2813A | Ve = 2.0V, Ic = 250 mA - = 2 Vv
Vee = 20V, Ic = 300 mA - = 30 |V
Vee = 20V, Ic = 500 mA - - 35 Vv
ULN-2814A | Vee = 2.0V, Ic = 275 mA - = 170 v
Vee = 20V, lc = 350 mA - = 80 |V
Vee = 2.0V, Ic = 500 mA - — 95 |V
ULN-2815A | Vee = 2.0V, Ic = 500 mA - — 26 |V
D-C Forward Current hiee 2 ULN-2811A | Vee = 2.0V, Ic = 350 mA 1000 — —
Transfer Ratio Vee = 2.0V, Ic = 500 mA 00 — —
Input Capacitance Cin - All — 15 25 pF
Turn-On Delay ton All 0.5 E, t0 0.5 Eqy - 025 1.0 us
Turn-0ff Delay torr - All 0.5E,100.5 Eqy — 025 10 | ws
Clamp Diode Te 6 Al Ve =50V, T, = 25°C —  — 50 A
Leakage Current Ve =50V, T, =70°C —  — 100 | wA
Clamp Diode Ve 7 All l¢ = 350 mA — L7 20 |V
Forward Voltage l¢ = 500 mA — 21 25 |V




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
e R ——

SERIES ULN-2820A

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min.  Typ. Max.| Units
Output Leakage Current | |cex 1A All Vee = 95V, Ty = 25°C - = 50 | wA
Vee = 9BV, To = 70°C —  — 100 | uA
1B | ULN-2822A | Vee = 95V, T, = 70°C, Vi =60V | — — 500 | wA
ULN-2824A | Ve = 95V, Ta=70°C,Vu =10V} — — 500 | wA
Collector-Emitter Verisan 2 All le = 100mA, Ig = 250 A - 09 11 Vv
Saturation Voltage le = 200 mA, Iz = 350 A — L1 13 %
lc = 350 mA, lg = 500 uA — 13 16 |V
Input Current Iingon) 3 ULN-2822A | Vi = 17V — 082 125 | mA
ULN-2823A | Viu = 3.85V — 093 135 mA
ULN-2824A | Vin = 5.0V — 035 05 mA
Vi = 12V — 10 1451 mA
ULN-2825A n=30V — 15 24 mA
linore) 4 All lc = 500 A, To = 70°C 5 65 — A
Input Voltage Vinion) 5 ULN-2822A | Vee = 2.0V, Ic = 300 mA - — 13 v
ULN-2823A | Vee = 2.0V, Ic = 200 mA - - 24|V
Vee = 2.0V, Ic = 250 mA S A Y
Vee = 20V, lc = 300 mA — — 3.0 v
ULN-2824A | Vee = 2.0V, Ic = 125 mA - = 50 |V
Vee = 2.0V, I = 200 mA - — 60 |V
Vee = 20V, lc = 275mA — - 10 {V
Vee = 20V, Ic = 350 mA — - 80 1V
ULN-2825A | Vee = 2.0V, Ic = 350 mA — — 2.4 v
D-C Forward Current hee 2 ULN-2821A | Ve = 2.0V, Ic = 350 mA 1000 — -
Transfer Ratio
Input Capacitance Cin All - 15 2 pF
Turn-On Delay ton All 0.5E,1t00.5E,, — 025 1.0 us
Turn-0ff Delay tore All 0.5E,1t005E,, — 0.25 1.0 uS
Clamp Diode [ 6 All Ve=95V, T, = 25°C - - 50 | wA
Leakage Current Ve =95V, T, =70°C — - 100 | A
Clamp Diode Ve 7 All lg = 350 mA — L7 20 |V
Forward Voltage




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

TEST FIGURES
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
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AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT CURRENT
600
/ 600 7
v " /
: / Y o7
zE 400 — ‘.g "s\;' /
< I 400 '\'
z z ’ /
£ Z d /
o g
s /) 3 I' /
5 200 va o 4 /
g ;7 ) 8 200 L4 /
o 4 / 8 ,!
o Y2 Ay = /
4 ¢ " /\_
, o A R e
0 0.5 1.0 1.5 2.0 0 [} 200 400 600
SATURATION VOLTAGE - VCE(SAT) INPUT CURRENT IN LA - 'lN

OWG. HO. A-97548 DWg KDL A-10. 124

ALLOWABLE AVERAGE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

2.5
DEVICE LIMIT
2.0
<
3
z -
: G
5 1.5
k=
g \
¢ \
% \
< AY
¥ \
o A
- \
2 1y
8 \
2 \
A)
\
A Y
AY
‘\
0.5 <
Y
A Y
A Y
A
LY
\
Y
\
\
° \
0 50 100 150

AMI o
BIENT TEMPERATURE IN °C Dwg. No. A-10,3798

3—50



SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
e e e e

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

TYPICAL DISPLAY INTERFACE

4—VS

f

DIGIT DRIVER,
1/2 ULN-2061M or
1/4 ULN-2074/76B or

1/8 UDN-2981/82A

7-SEGMENT DISPLAY
WITH DECIMAL POINT, /

COMMON-ANODE LED or
HOT-WIRE. READOUT

TO OTHER
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SEGMENT DRIVER,
SERIES ULN-2800A or
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UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

FEATURES

® Qutput Currentsto 1 A

® Qutput Voltages to 30V

® |ow Qutput-Saturation Voltage
® Transient-Protected Outputs

® Tri-State Qutputs

@ TIL or CMOS Compatible Inputs
@ Reliable Monolithic Construction

EVELOPED for use in 3-phase brushless d-c
motor applications, Types UDN-2933B and
UDN-2934B provide drive capabilities to 1 A and 30
V. Saturated drivers provide for low output voltage
drops at maximum rated current.

The 1 A half-bridge drivers differ only in input cir-
cuitry: Type UDN-2933B is compatible with TTL
and 5V CMOS; Type UDN-2934B is used with 12V
CMOS.

Monolithic construction and a 16-pin dual in-line
package with centered heat-sink contact tabs enable

outg [ 6] SINK g

ouT, [2 y 5] 0UT¢

sINKx 3 HSS *<H7] sink e

GND [2 \ [y eno

GND | 5 ' 12| GND
SOURCE, [ 9 Vool 1] LOGIC SUPPLY
SOURCEp [ 16] ENABLE
SOURCE ¢ [® Vel 5] MOTOR SUPPLY

* = SINK OUTPUT
+ = SOURCE OUTPUT

Dwg. No. A-12,356

cost-effective and reliable systems designs sup-
ported by excellent power dissipation ratings, mini-
mum size, and ease of installation. The package
configuration allows easy attachment of an inexpen-
sive heat sink. It fits a standard IC socket or printed
wiring board layout.

Half-bridge drivers with Darlington outputs (Type
UDN-2935Z and UDN-2950Z) are supplied in TO-
220 power-tab packages for operation with load cur-
rents of up to 3.5 A.

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature

Motor Supply Voltage, Vgg .. ............

Logic Supply Voltage Range, Ve,

(UDN-2933B). . .. ...

(UDN-2934B) . . .. ...
Logic Input Voltage, Vi . ... ............
Output Current, loyr oot
Package Power Dissipation, Py . ..........
Operating Temperature Range, T, . .. ... ...
Storage Temperature Range, T .. ...... .

...................... 45Vt 7.0V
....................... 10Vto 15V
............................ Vee
........................ See Graph
.................. —20°C to +85°C
.................. —55°C to +150°C

3—155




UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS
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SOURCE
orivers 7] ' 3 5

SINK
DRIVERS

A A’VQA

2 4 [

= Owg.No. A-12,354

TYPICAL COMMUTATION SEQUENCE

Drivers Motor Elec.
ON* Current Degrees
1+4 AB 0
1+6 —CA 60
3+6 BC 120
3+2 —AB 180
5+2 CA 240
5+14 —-BC 300

*Enable input must be low; Source drivers are turned
ON with a logic low, sink drivers are turned ON with a
logic high.



UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS
L

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vg = 30V, V. = 5V (UDN-2933B) or
Ve = 12V (UDN-2934B), T;,; = +70°C

Applicable Limits

Characteristic Symbol Devices Test Condtions Min. Typ. Max. Units
Output Leakage Current loex Both All Drivers OFF, Vo,; = 0V — =50 -100 wA
All Drivers OFF, Vo, = 30V — 5.0 100 wA

Output Saturation Voltage Veesan Both lor = —100 mA — 0.80 1.1 v

logr = 100 mA — 0.08 0.2 v

losr = —250 mA — 0.90 1.2 )

losr = 250 mA — 0.13 0.3 v

losr = — 500 mA - 1.1 15 v

loyr = 500 mA — 0.25 0.6 v

logr = — 800 mA — 1.3 1.8 )

loyr = 800 mA —_ 0.45 0.8 v

Output Sustaining Voltage Versus Both lor = =800mA, L =3mH 30 — — )
Motor Supply Current lgs Both All Drivers OFF — 50 200 A
1 Source + 1 Sink ON, No Loads — 1.0 13 mA

Clamp Diode Forward Voltage Ve Both le = 500 mA — 1.3 2.0 )

lr = 800 mA — 1.3 2.0 v

Logic Input Voltage Vv UDN-2933B 24 — — )

UDN-2934B 8.0 — — v

Vivo) UDN-2933B — — 0.8 v

UDN-2934B — — 4.0 v

Logic Input Current hny UDN-2933B | Vi = 24V — <1.0 10 wA
UDN-2934B | V,y = 8.0V — <1.0 10 pA

Invoy Both Vi = 08V — -5 —300 WA

Logic Supply Current lec Both All Drivers OFF — 1.7 3.0 mA
1 Source + 1 Sink ON — 30 40 mA

Output Rise Time t, Both losr = —500mA, Vgg = 20V — 250 — ns
losr = 500 mA, Vgg = 20V — 30 — ns

Qutput Fall Time t; Both lour = —500 mA, Vg = 20V — 500 — ns
losr = 500 mA, Vgg = 20V — 50 = ns

NOTES: 1. Each driver is tested separately.
2. Positive (negative) current is defined as going into (coming out of) the specified device pin.




UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS

UDN-2956A AND UDN-2957A
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

FEATURES

o 500 mA Output Source Current

® 50V Output Sustaining Voltage

o Qutput Transient Protection

@ 6-16 V PMOS,CMOS Input—UDN-2956A
e TIL, DTL, 5V CMOS Input—UDN-2957A
® Plastic or Cer-DIP Package

OMPRISED of five common-collector NPN

Darlington output stages, associated common-
base PNP input stages, and a common ENABLE
stage, the UDN-2956A and UDN-2957A high-volt-
age, high-current source drivers are used to switch
the ground end of loads that are directly connected
to a negative supply. Typical loads include tele-
phone relays, PIN diodes, and LEDs.

Both devices will sustain output OFF voltages of
—80V and will source currents to —500 mA per
driver. Under normal operating conditions, these
units will sustain load currents of —200 mA on each
of the five drivers simultaneously at ambient temper-
atures up to +70°C.

The UDN-2956A driver is intended for use with
MOS (PMOS or CMOS) logic input levels operating
with supply voltages from 6 V to 16 V. The UDN-
2957A driver has appropriate input-current limiting
resistors for.operation from TTL, Schottky TTL,
DTL, and 5V CMOS. With either device, the input
and ENABLE levels must both be biased towards the
positive supply to activate the output load.

Integral transient-suppression diodes allow these
devices to be used with inductive loads without add-
ing discrete diodes. In order to maintain isolation
between drivers, the substrate should be connected
to the most negative supply.

Input connections are on one side of the dual in-
line package, output connections on the other side
to simplify printed wiring board layout.

Dwg. No. A-10,229A

The UDN-2956A and UDN-2957A high-voltage,
high-current drivers are supplied in 14-lead dual
in-line packages conforming to JEDEC outline
TO-116 (MO-001AA). These devices can also be or-
dered in ceramic/glass (cer-DIP) hermetic packages
by changing the last character of the part number
from ‘A’ to ‘R.” Except for slightly reduced package
power dissipation capability, devices in cer-DIP her-
metic packages have electrical ratings ide. .cal to
those in plastic packages and are pin compatible
with them.

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
(Reference Pin 7)

Supply Voltage, Vee .. ... ... ... —-80V
Input Voltage, Vi, (UDN-2956A) ................. +20V
) (UDN-2957A) ................. +10V
Output Current, Iy + .o —500 mA
Power Dissipation, P, (any one driver) . .. ............ 1.0wW
(total package) .............. 2.0W*

Operating Temperature Range, T,. .. ... .. —20°C to +85°C
Storage Temperature Range, T .. ....... —55°C to +150°C

*Derate at the rate of 16.67 mW/°C above 25°C.



UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS
e e

ELECTRICAL CHARACTERISTICS at T, = + 25°C, Veus: = Vi (unless otherwise specified)

Applicable
Characteristic Symbol Devices Test Conditions Limit
Output Leakage Current | log UDN-2956A | Viy = Veuge = 0.4V, Vor = =80V, T, = +70°C —200 nA Max.
Vi = 04V, Voge = 15V, Voiy = —80V, T, = +70°C —200 A Max.
Vi = 15V, Vouge = 04V, Vo = =80V, T, = +70°C —200 A Max.
UDN-2957A Vi = Vouge = 0.4V, Voiy = =80V, T, = +70°C —200 pA-Max.
Ve = 04V, Vepge = 3.85V, Voy; = =80V, T, = +70°C —200 A Max.
Vi = 3.85V, Vguge = 0.4V, Vo, = =80V, T, = 70°C —200 A Max.
Collector-Emitter Veesan UDN-2956A Viy = 6.0V, loy = —100 mA — 1.20 V Max.
Saturation Voltage Vin =70V, Iy = —175mA — 1.35V Max.
Vo =10V, Ipy; = —350 mA — 1.70V Max.
UDN-2957A Vy = 24V, Iy = —100 mA — 1.20 V Max.
Ve = 27V, |y = —175mA — 1.35V Max.
Vi =39V, loy = =350 mA — 1.70V Max.
Input Current Ivom UDN-2956A Vi = 6.0V, Vo = =20V 650 A Max.
Vi = 18V, Vo = =20V 1.85 mA Max.
UDN-2957A Vip = 24V, Voy = =20V 675 wA Max.
Vi = 3.85V, Vo, = —2.0V 1.40 mA Max.
Invorn ALL lyr = =500 A, T, = +70°C 50 A Min.
Output Source Current lour UDN-2956A Vaw =50V, Vo = 2.0V —125 mA Min.
Vo = 6.0V, Voy = —2.0V —200 mA Min.
Vo = 7.0V, Vor = —20V —250 mA Min.
Vy =80V, Voy = =2.0V —300 mA Min.
Vi = 9.0V, Vor = —2.0V —350 mA Min.
UDN-2957A Viy = 24V, Voyy = =2.0V —125 mA Min.
Vo = 27V, Vs = —2.0V —200 mA Min.
Vi =30V, Vgy = =20V —250 mA Min.
Vi =33V, Vo = =20V —300 mA Min.
Vi =36V, Vo = =20V —350 mA Min.
OQutput Sustaining Veesus) UDN-2956A Vi =04V, Iy = —25mA 50 V Min.
Voltage UDN-2957A Vi =04V, lgy = —25mA 50V Min.
Clamp Diode I ALL Ve =80V 50 A Max.
Leakage Current
Clamp Diode Ve ALL I = 350 mA 2.0V Max.
Forward Voltage
Turn-On Delay ton ALL 0.5E,t0 0.5E, R =400Q C; = 25pF 4.0 us Max.
Turn-0ff Delay torr ALL 05E,t0 0.5E, R =400Q C; = 25pF 10 ws Max.




UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

2.0

L5 //
-~

E UDN-2956A W @ ~
< /l >

E 10 // /,/

=

< )/

3 //

g 0.5 /

5 6 7 8 9 10 11 12 13 14 15

INPUT VOLTAGE IN VOLTS Dwg. No. A-11,060
L5
//
UDN-2957A
S y
x 1.0
= v _
<C
= ]
= //
& MAX_A
< 05
(3]
c P
o0
[«
=
0
2.0 2.5 3.0 3.5 4.0

INPUT VOLTAGE IN VOLTS Dwg. No. A-11,061



UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS

SERIES UDN-2980A
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

FEATURES
o TTL, DTL, PMOS, or CMOS Compatible inputs
® 500 mA Output Source Current Capability
® Transient-Protected Qutputs
® Qutput Breakdown Voltage to 80 V

RECOMMENDED for applications requiring sep-
arate logic and load grounds, load supply volt-
age to +80 V, and load currents to 500 mA, Series
UDN-2980A source drivers are used as interfaces
between standard low-power digital logic and relays,
solenoids, stepping motors, and LEDs.

Under normal operating conditions, these devices
will sustain 120 mA continuously for each of the
eight outputs at an ambient temperature of +50°C
and a supply of +15.V. All devices in this series
incorporate input current limiting resistors and out-
put transient suppression diodes.

Type UDN-2981A and UDN-2983A drivers are
for use with +5 V logic systems — TTL, Schottky
TTL, DTL, and 5 V CMOS. Type UDN-2982A and
UDN-2984A drivers are intended for MOS interface
(PMOS and CMOS) operating from supply voltages

o~ b ]

VVVVVVVVI

geg

OVG. NO. A-10,243

of 6 to 16 V. Types UDN-2981A and UDN-2982A
will withstand a maximum output OFF voltage of
+50V, while Types UDN-2983A and UDN-2984A
will withstand an output voltage of +80V. In all
cases, the output is switched oN by an active high
input level.

Series UDN-2980A high-voltage, high-current
source drivers are supplied in 18-lead dual in-line
packages. On special order, hermetically-sealed ver-
sions of these devices (with reduced package power
dissipation capability) can also be furnished.

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature

Output Voltage Range, Ve (UDN-2981A & UDN-29824A) . . .
(UDN-2983A & UDN-2984A) . . .

Input Voltage, V,y (UDN-2981A & UDN-2983A)
(UDN-2982A & UDN-2984A)
Output Current, loyr

Power Dissipation, P, (any one driver) . . .............
(total package) .................
Operating Temperature Range, T, .. ................

Storage Temperature Range, Tg
*Derate at the rate of 18 mW/°C above + 25°C.

...................................... L1W
..................................... 2.2W*

............................ —55°C to +150°C

+5Vto +50V
+35Vto +80V
+15V

—20°Cto +85°C



SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS
e T ———

POWER DISSIPATION
ONE OF EIGHT DRIVERS AS AFUNCTION OF AMBIENT TEMPERATURE
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ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified)

Applicable Test Limit
Characteristic Symbol Devices Test Conditions Fig. | Min. | Typ. | Max. | Units
Output Leakage Current | log UDN-2981/82A Vo= 04V* V=50V, T, = +70°C| 1 — | — | 200 wmA
UDN-2983/84A | Vi = 0.4V* V; =80V, T, = +70°C| 1 — | — | 200 | wmA
Collector-Emitter Vin = 2.4V, gy = —100 mA 2 — 1.6 1.8 )
Saturation Voltage Veesn Al Viy = 24V, loyy = =225 mA 2 — 1 7] 19 v
Vi = 24V, |y = —350 mA 2 | — 181 20 v
UDN-2981/83A | Vy = 2.4V 3| — | 140 200 | wmA
Input Current Iiom Vy = 3.85V 3| — ] 310] 450 | wA
UDN-2982/84A | V, = 24V 3] — | 140 200 | wmA
Vi = 12V 3 — ] 125] 1931 mA
Output Source Current lour UDN-2981/83A Vin = 24V, Ve = 20V 21 =301 — | — mA
' UDN-2982/84A | Vi = 24V, Vi = 2.0V 2 =350 — | — | mA
Supply Current Is UDN-2981/82A | Vi = 2.4V* Vg = 50V 4 — 1 — 10 mA
(Qutputs Open) UDN-2983/84A | Vi = 24V* Vo =80V b — ] — 10 mA
Clamp Diode I UDN-2981/82A | Vi =50V, V, = 0.4V* 51 — | — 50 A
Leakage Current UDN-2983/84A | V, =80V, V, = 0.4V* 51 — | — 50 A
Clamp Diode V; Al I = 350 mA 6 — 1.5 20 )
Forward Voltage
Turn-On Delay ton All 0.5 Ey to 0.5 Eqy, R, = 10022, — | — 1.0 2.0 us
Vs =35V
Turn-0ff Delay tor Al 0.5 Ey to 0.5 Eqyr, R = 10002, —1 — 1 50 10 us
Vi = 35V

*All Inputs Simultaneously




SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS

IcEx

DWG. NO.A-11,083

Figure 1

DWG. NO. A-11,085

Figure 3

DWG. NO. A-11,087

Figure 5

TEST FIGURES
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Figure 6



SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS
e
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS
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INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE
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TYPICAL ELECTROSENSITIVE PRINTER APPLICATION
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TYPICAL VALUES: Vs = 50 V
lour = 200-300 mA



UDN-2985A AND UDN-2986A
8-CHANNEL SATURATED SOURCE DRIVERS
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UDN-2985A AND UDN-2986A
8-CHANNEL SOURCE DRIVERS

FEATURES

e TTL, DTL, PMOS, or CMOS Compatible Inputs
® 250 mA Output Source Current Capability

® Qutput Transient-Suppression Diodes

® 30 V Minimum Qutput Breakdown Voltage

e Low Qutput-Saturation Voltage

7

Recommended for applications requiring separate
logic and load grounds, load supply voltages to 30 V,
and load currents to 250 mA, the UDN-2985A and
UDN-2986A source drivers are used as interface bet-
ween standard low-power digital logic and LEDs,
relays and solenoids. The outputs feature saturated
transistors for low collector-emitter saturation
voltages.

The UDN-2985A driver is for use with 5 V logic
systems—TTL, Schottky TTL, DTL, and CMOS.
The UDN-2986A is intended for MOS interface Dwg. No. A-10, 243
(PMOS and CMOS) operating from supply voltages
of 6 to 16 V. Both devices have a minimum output
breakdown rating of 30 V with a minimum output

sustaining voltage of 15 V. In all cases, the output is PARTIAL SCHEMATIC DIAGRAM
switched ON by an active high input level. 1 of 8 Drivers

vvvvvvvi
|

Under normal operating conditions, these devices

can source up to 120 mA for each of the eight outputs Ve
at an ambient temperature of 75°C and a supply UDN-2985A R, =10 KQ
voltage of 15 V. Both devices incorporate input UDN-2085A o Kg
current-limiting resistors and output transient sup- 20 KQ
pression diodes.

The UDN-2985A and UDN-2986A source drivers
are supplied in 18-lead dual in-line packages. All in- INPUT O W
puts are on one side of the package, output pins on R,

4

the other, to simplify printed wiring board layout. O OuTPUT

K
ABSOLUTE MAXIMUM RATINGS

W

EEEE

»l

Ll
P
A

at T,=25°C
Driver Supply Voltage, Vg .. ...... ... o 30V ¢
Continuous Output Current, lgyr. ... ..ot —250 mA 77
Input Voltage, Viy ... ................... ... R .20V Dwg. No. DS-1013
Package Power Dissipation, Py....................... 2.2W*
Operating Temperature Range, T,. . . .......... —20°C to +85°C
Storage Temperature Range, Tg . ............ —55°C to +150°C

*Derate at the rate of 18 mW/°C above Ty = 25°C
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UDN-2985A AND UDN-2986A
8-CHANNEL SOURCE DRIVERS
e ]

ELECTRICAL CHARACTERISTICS AT T, = 25°C, V, = 30V (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current lorx Both V=04V, Vy;=0V - <-1.0 —100 uA
Output Sustaining Vet Both loyr=—120 mA, L = 3 mH 15 - - v
Voltage
Output Saturation Veesan UDN-2985A V=24V, Iy =—60 mA - 0.8 1.1 v
Voltage Vin=24V, gy =—120 mA - 0.9 12 v
UDN-2986A V=40V, lg;=—60 mA - 0.8 1.1 )
V=40V, lg;=—120 mA - 0.9 1.2 v
Input Current Iinony UDN-2985A V=24V — 90 225 uA
V=50V - 280 650 uA
UDN-2986A V=40V - 90 250 uA
Vp=15V - 450 1150 uA
I inorn Both V=04V - 10 15 uA
Supply Current I Both Ve=30V, V=24V - 10 15 mA
(outputs open)
Clamp Diode lg Both Ve=30V,T,=170°C - <1.0 50 uA
Leakage Current
Clamp Diode Ve Both ;=120 mA - 1.1 2.0 v
Forward Voltage
Turn-On Delay ton Both - 0.5 1.0 us
Turn-Off Delay tore Both - 5.0 10 us
NOTE: Negative current is defined as coming out of (sourcing) the specified device pin.
COMMON-CATHODE LED DRIVER
TO OTHER DIGITS
UDN-2985A UDN-2597A +5V

SEGMENT
SELECT

i..._.IILTJV.{

[ 8
10

EX
[
i

| DIGIT
SELECT

Dwg. No. DS-1014A



UDN-2987A
8-CHANNEL SOURCE DRIVER

UDN-2987A
8-CHANNEL SOURCE DRIVER

With Over-Current Protection

FEATURES

® 350 mA Qutput Source Current

® Qver-Current Protected

© Internal Ground Clamp Diodes

o Qutput Breakdown Voltage 35 V, Minimum
® TTL, DTL, PMOS, or CMOS Compatible Inputs
® Internal Thermal Shutdown

Providing over-current protection for each of its eight
sourcing outputs, the UDN-2987A driver is used as
an interface between standard low-level logic and
relays, motors, solenoids, LEDs and incandescent
lamps. The device includes thermal shutdown and out-
put transient protection/clamp diodes for use with sus-
taining voltages to 35 V.

In this driver, each channel includes a latch to turn
OFF that channel if the maximum channel current is
exceeded. All channels are disabled if the thermal
shutdown is activated. A common FAULT output is
used to indicate either chip thermal shutdown or any
over-current condition. All outputs are enabled by
pulling the common OE/R input high. When OE/R is
low, all outputs are inhibited and the eight latches
are reset. The UDN-2987A is supplied in a 20-lead
dual in-line plastic package.

Under normal operating conditions each of eight
outputs will source in excess of 100 mA continu-
ously at an ambient temperature of 25°C and a sup-
ply of 35 V. The over-current fault circuit will
protect the device from short-circuits to ground with
supply voltages of upto35 V.

Dwg. No. A-13,285

The inputs are compatible with 5V and 12 V logic
systems—TTL, Schottky TTL, DTL, PMOS, and
CMOS. In all cases, the output is switched oN by an
active high input level.

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Driver Supply Voltage, Vs . . ... .. .o 35V
Output Sustaining Voltage, Vegsug « - v vvevvvvn e 35V
Continuous Output Current, loyr ... .ottt — 500 mA*
FAULT Output Voltage, Vee . .. .o 50V
fFAULT Output Current, I, . oo 30 mA
Input Voltage, Vi . ... ..o oo 15V
Package Power Dissipation, Py................ See Graph
Operating Temperature Range, To. . ... ... —20°Cto +85°C
Storage Temperature Range, Ts . ........ —55°C to + 150°C

*Qutputs are disabled at approximately — 500 mA per driver.




UDN-2987A
8-CHANNEL SOURCE DRIVER
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UDN-2987A

8-CHANNEL SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at T, = 25°C, Ve = 2.4V, Vg = 35V unless otherwise noted.

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Functional Supply Range Vs 7.0 — 35 . v
Output Leakage Current logx Vi = 0.4V* — <-5 —200 pA
Output Sustaining Voltage Versus) lyr = —350mA, L = 2.0mH 35 — — v
Qutput Saturation Voltage Voursam Vw = 2.4V, lpy = — 100 mA — 1.6 1.8 Vv
Vi = 2.4V, Iy = —225mA — 17 19 v
Vi = 2.4V, gy = —350 mA — 1.8 2.0 v
Channel Shutdown Threshold Iy Vi = 24V —400 —500 — mA
FAULT Leakage Current loex Ve = 35V — <10 100 pA
FAULT Saturation Voltage Veesan le = 30 mA — 0.3 0.8 v
Input Voltage Vinow 24 — —_ )
Vinrs, — — 0.4 v
Input Current Iivcony Vi = 24V — 125 170 A
Vi =50V — 840 1020 pA
Vy =12V — 1500 1800 pA
nors) Vi = 04V — — 15 pA
Clamp Diode Leakage Current g Ve =35V, T, =70°C — — 50 pA
Clamp Diode Forward Voltage Ve I = 350 mA — 1.5 18 v
Supply Current lson Vi = 2.4 V*, Outputs Open — 13 18 mA
Is o) Vi = 0.4V* — 8.0 12 mA
Thermal Shutdown T, . — 165 — °C
Thermal Hysteresis T, — 15 — °C
Propagation Delay Time oy R, = 100Q — 0.3 0.6 T
o R, = 100Q — 2.0 4.0 ™
Dead Time ty — 1.0 — T

*All inputs simultaneously.




UDN-2987A
8-CHANNEL SOURCE DRIVER

ALLOWABLE OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE
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UDN-2987A
8-CHANNEL SOURCE DRIVER

APPLICATIONS INFORMATION
AND CIRCUIT DESCRIPTION

As with all power integrated circuits, the UDN-2987A has a maximum
allowable output current rating. The 500 mA rating does not imply that
operation at that value is permitted or even obtainable. The channel output
current trip point is specified as —400 mA, minimum; therefore, attempted
operation at current levels greater than —400 mA may cause a fault
indication and channel shutdown. The device is tested at a maximum of
—350 mA and that is the recommended maximum output current per
driver. It provides protection for current overloads or shorted loads up to
35V.

All outputs are enabled by pulling the OE/R input high. When OE/R is low
or allowed to float (internal pull-down), all outputs are inhibited and the
latches are reset. The latches are also reset during power-up, regardless of
the state of the OE/R input.

The load current causes a small voltage drop across the internal low-
value sense resistor. This voltage is compared to the voltage drop across a
reference resistor with a constant current. The two resistors are matched
to eliminate errors due to manufacturing tolerances ortemperature effects.
Each channel includes a comparator and its own latch. An over-current
fault (Vsgnse) > Veer) Will set the affected latch and shut down only that
channel. All other channels will continue to operate normally. The latch
includes a 1 us delay (t,) to prevent unwanted triggering due to crossover
currents generated when switching inductive loads. For an abrupt short
circuit, the delay and output switching times will allow a brief, permissable
current in excess of the trip current before the output driver is turned OFF.

A common thermal shutdown disables all outputs if the chip tempera-
ture exceeds + 165°C. At thermal shutdown, all latches are reset. The out-
puts are disabled until the chip cools down to about + 150°C (thermal
hysteresis).

A common open-collector FAULT output is used to indicate any channel
over-current condition or chip thermal shutdown.




UDN-2987A
8-CHANNEL SOURCE DRIVERS
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UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

FEATURES

® =600 mA Output Current

® Qutput Voltage to 40V

® Crossover Current Protection

o TTL/NMOS/CMOS Compatible Inputs

® Low Input Current

® |nternal Clamp Diodes

& Plastic DIP With Heat-Sink Tabs
(Machine Insertable)

RUSHLESS D-C or bipolar stepper motors to

40V and 500 mA per phase are economically
driven with the Type UDN-2993B dual H-bridge
driver. Each of the pair of full-bridge drivers has
separate input level shifting, internal logic, source
and sink drivers in an H-bridge configuration, and
internal clamp diodes.

The device provides an internally-generated dead-
time to prevent crossover currents during changes
in load-current phase. Monolithic, space-saving
construction offers reliability unobtainable with dis-
crete components.

Except for supply voltages, the two H-bridges are
independent. The ENABLE function is provided for
each bridge to allow pulse-width (chopper) modula-
tion with the use of external comparators. The chop-
per-drive mode is characterized by low power-
dissipation levels and maximum efficiency.

A PHASE input to each bridge determines load-
current direction. In addition, the emitters from
each bridge are externally available to allow the ad-
dition of current-sensing circuitry.

The Type UDN-2993B integrated circuit is sup-
plied in a 16-pin dual in-line plastic package with a
copper lead frame for optimum power dissipation
without a heat sink. The lead configuration allows
automatic insertion, fits a standard integrated cir-
cuitsocket or printed wiring board layout, and enables

LOAD SUPPLY [T |Vas Vpp[16] LOGIC SUPPLY
ENABLEg
PHASE g
GROUND

GROUND

Dwg. No. A-12,455

easy attachment of a heat sink for maximum power-
handling capability. The heat-sink tabs are at ground
potential and require no insulation.

A full-bridge bipolar driver with a current rating

of =3.5 Ais supplied as Type UDN-2952B. It is de-
scribed in Sprague Engineering Bulletin 29319.

ABSOLUTE MAXIMUM RATINGS

Load Supply Voltage, Vgg . . . ... oo a0V
Logic Supply Voltage, Voy ..o 7.0V
Logic Input Voltage Range,

Vornse O Vewsgte v oovovoevns

—03VtoVy, + 0.3V

Output Current, loyy ..o vveeee +600 mA
Sink Driver Emitter Voltage, Ve .. ......... ... .. ... 1.5V
Package Power Dissipation, Py . ... ............ See Graph
Operating Temperature Range, T,. . ... ... —20°Cto +85°C
Storage Temperature Range, Tg . ... ..... —55°Cto +150°C

NOTE: Output current rating may be limited by
chopping frequency, ambient temperature, air flow,
and heat sinking. Under any set of conditions, do
not exceed the specified maximum current and a
Jjunction temperature of +150°C.




UDN-29938
DUAL H-BRIDGE MOTOR DRIVER

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)
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ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

8
7 \
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a connected to the most negative point in the
o . .
= external circuit.
2
g
wy
w
=
&
g
o}
S
z
sy TRUTH TABLE
<
g Enable Phase
= Input Input Output 1 Output 2
High High Low High
High Low- High Low
2 50 75 100 125 150 Low High Low Open
TEMPERATURE IN °C Low Low Open Low

Dwg. No. A-11,793A

7R



UDN-29938B
DUAL H-BRIDGE MOTOR DRIVER
e —

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vg = 40V, V,, = 5V, V; = 0V, T < +70°C
Figure 1 (unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Drivers
Operating Voltage Range Ves 10 — 40 v
Output Leakage Current leex Vewse = 0.8V, Vour = Vg, Note 2 — <1.0 10 pA
Vewse = 0.8V, Vour = 0V, Note 2 — <-=10 -10 A
Qutput Saturation Voltage Veesan Vewae = 2.4V, loyr = 500 mA — 1.6 1.8 v
Vewee = 2.4V, lgyr = — 500 mA — 16 2.0

Output Sustaining Voltage Versus) loor = =500 mA, Figure 2, Note 2 40 50 — v
Motor Supply Current lsson Venage = 2.4V, Outputs Open, Note 2 —_ 1.0 3.0 mA

[ Vewse = 0.8V, Outputs Open, Note 2 — <1.0 10 wA
Source Driver Rise Time t, lour = —500mA, Vg = 30V — 75 — ns
Source Driver Fall Time t; lor = —500mA, Vg = 30V — 280 — ns
Deadtime ty losr = =500 mA, Vgg = 30V — 1.5 —_ WS
Clamp Diode Forward Voltage Ve I = 500 mA — 1.6 1.8 v
Control Logic (PHASE or ENABLE)
Logic Input Current Iy Vornse O Ve = 2.4V — <1.0 10 wA

lno Vornse O Venare = 0.8V ‘ — =200  -300 pA
Logic Input Voltage Vv 24 — — v

Vino — — 0.8 v
Logic Supply Current I — 14 20 mA
Turn-On Delay Time todo ENABLE Input to Source Drivers — 250 — ns
Turn-0ff Delay Time toa ENABLE Input to Source Drivers — 500 — ns

NOTES: 1. Each driver is tested separately.
2. Test is performed with Vy,se = 0.8 V and then repeated for Ve = 2.4 V.
3. Negative current is defined as coming out of (sourcing) the specified device pin.

VENABLE “.IM”"I"I
VPHASE | I_

lout

owg. No. A-12,448




UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

TEST FIGURES
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UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

TYPICAL APPLICATION

2-PHASE BIPOLAR STEPPER MOTOR DRIVE
(Chopper Mode)

+5V +36V +5V
O

470K 10K Lo1 10K 470K
+5V
1K 562 == Dwg. No. A-12,453

+5V
INPUT A , \
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+5V -———1
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SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS
e e e e

SERIES UDN-3610M
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

FEATURES

® Four Logic Types

® DTL/TTL/PMOS/CMOS Compatible Inputs

® Low Input Current

® 300 mA Continuous Output Current

@ Standoff Voltage of 80V

@ Pin-for-Pin Replacement for Series LM3600N

® Pin-for-Pin Replacement for SN75451BP through SN75454BP
and 75461 through 75464

Description

HESE MINI-DIP dual 2-input peripheral power drivers are bipolar mon-

olithic integrated circuits with AND, NAND, OR, or NOR logic gates

and high-current switching transistors on the same chip. The two output

transistors are capable of simultaneously sinking 300 mA continuously at

ambient temperatures of up to +70°C. In the OFF state, these drivers will
withstand at least 80 V.

Applications

Series UDN-3600M dual drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-voltage loads. Typical
applications include driving peripheral loads such as incandescent lamps,
light-emitting diodes, memories, heaters, and other non-inductive loads of
up to 600 mA (both drivers in parallel).

With appropriate external-diode transient-suppression, Series UDN-
3600M drivers can also be used with inductive loads such as relays, sole-
noids, and stepping motors.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo - o oo 7.0V
Input Voltage, Vi ..o F P 30V
Output Off-State Voltage, Vogr - oo ov oot 80V
Qutput On-State Sink Current, loy « ...t 600 mA
Power Dissipation, Py . ... 1L.5W .
Each Driver ... ... o 0.8W
Derating Factor Above T, = 25°C ..................... 12.5 mW/°C or 80°C/W
Operating Free-Air Temperature Range, Ty . .................... —20°C to +85°C
Storage Temperature Range, Tg .......... ...t —55°C to +150°C

1__R?



SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units
Supply Voltage (Vec) 4.75 5.0 5.95 Vv
Operating Temperature Range 0 25 185 ey
Current into any output (ON state) 300 mA
INPUT PULSE CHARACTERISTICS
Vinlo) = 0V te= 7ns tp = lus
Vin(1) = 3.5V t, = ldns PRR = 500kHz
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)
Test Conditions Limits
Driven Other
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes
“1" Input Voltage | Vin(1) MIN 20 \
“0" Input Voltage Vinlo) MIN 0.8 \
“0" Input Current | linfo) MAX 04V 0V -50 ~ -100 A 2
“1'" Input Current | lin(1) MAX 0V ov 10 . 2
Input Clamp Voltage | Vi MIN | —12mA l —-15 v
SWITCHING CHARACTERISTICS at Vo, = 5.0V, T, = 25°C
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes
Turn-on Delay Time tpdo Vs = 70V, Ry = 4654 (10 Watts) 200 500 ns 3
C, = 15pF
Turn-off Delay Time tpd1 Vs = 70V, Ry = 4650 (10 Watts) 300 750 ns 3
CL =15 DF
NOTES:

1. Typical values are at Vec = 5.0V, Ta = 25°C.

2. Each input tested separately. .

3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal.
4. Capacitance values specified include probe and test fixture capacitance.




SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS
L R e e

Type UDN-3611M Dual AND Driver

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven|  Other
Characteristic Symbol | Temp. Vee Input Input| Output Min.  Typ.  Max. | Units | Notes

“1" Qutput Reverse Current lott MIN 20V 20V 30V 100 .

OPEN] 2.0V 20V ] 8V 100 uA
“0" Qutput Voltage Von MIN 08V Vee 100 mA 025 04 v

MIN 0.8V Vee 300 mA 0.5 0.7 v
*1" Level Supply Current lce) NOM MAX | 5.0V 50V 8.0 12 mA 1,2
0" Level Supply Current Tecio) [ WAX [ 0V A4 35 19 mA 1,7

INPUT

b tpd0

|

1

Ind 1 I T
1

15pF todl

(Note 3) ' = ==Vout(l)
= = = = ' = oap OUTPUT %50% 50% ys
I
_SReu Vour(0)

06 No. A-7876D

Type UDN-3612M Dual NAND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

OWG. No. A-7628C

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input | Output Min.  Typ.  Max. | Units | Notes

“1" Qutput Reverse Current loff MIN 08V Vee 80V 100 uA

OPENT 08V [ Vec 30V 100 uA
“0" Output Voltage Von MIN 2.0V 2.0V 1 100 mA 025 04 v

MIN 2.0V 20V 1 300mA 0.5 0.7 v
“1" Level Supply Current lee NOM MAX ov ov 12 14 mA 1,2
0" Level Supply Current Tccio) | NOM | WAX [ 50V 50V L) 53 mA T2

out-
INPUT 2,4V Vees5V PUT Vs

PULSE
GENERATOR

15pF

(Note3) outeuT
= = = = = LOAD === === = Vou(0)
CIRCUIT OWG. NO. A-79004

DWG. No. A-9638

NOTES:
1. Typical values are at Vec = 5.0V, To = 25°C.
2. Per package.
3. Capacitance values specified include probe and test fixture capacitance.



SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS

Type UDN-3613M Dual OR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven | Other
Characteristic Symbol Temp. Vee Input Input | Output Min.  Typ. - Max. | Units Notes

“1" Output Reverse Current | logs MIN 2.0V oV 80V 100 uA

OPEN | 2.0V oV 80V 100 uA
“0" Output Voltage Von MIN 0.8V 08V | 100 mA 025 04 v

MIN 0.8V 0.8V | 300mA 0.5 0.7 v
“1" Level Supply Current leen) NOM MAX 50V 50V 8.0 13 mA 1,2
“0"" Level Supply Current lecio) NOM MAX | 0V oV 36 50 mA 1,2

QuT-

INPUT  VeessV  PUT Vs — fetr |
.
1
1.
:

mm s s === Vin
PULSE
GENERATOR

Vin(0)

bt —o
]

I

[

:

| : | |
! todl  —e— "—_"_. tpd0

1 |

]

1

1

1

1

' i~~~ ~~Vout(1)
OUTPUT 50% 50%
Vout(0)

DWG. No. A-7628C

15pF

:[(Nm &)
= LOAD

CIRCUIT

DWG. NO. A-78778

Type UDN-3614M Dual NOR Driver

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
) Driven | Other
Characteristic Symbol Temp. Vee Input - | Input | Output Min.  Typ. Max. | Units | Notes
“1" Output Reverse Current lott MIN 0.8V 0.8V 80V 100 pA
OPEN | 0.8V 08V ] 80V 100 A
“0" Output Voltage Von MIN 2.0V oV 100 mA 025 04 v
) MIN 2.0V oV 300 mA 0.5 0.7 v
“1"" Level Supply Current lccy | NOM MAX | 0V oV 12 15 mA 1,2
“0" Level Supply Current lecio) NOM MAX 5.0V 50V 40 50 mA 1,2
ouT-
INPUT  Vees5V PUT Vg .
0 9 ? 9 1, ——tesf fem—t¢
r>--"1 o Vin(1)

DS
1
PULSE 1
v
R
|
1
|
| o 15eF : Vour(1)
|| (Note d)
L 11 1 1 : L i0ap |l OuTPUT
h I ooreurt o e Vout(0)
| N, J

DWG. NO. A-7900A
DWG. NO. A-9942

NOTES:

1. Typical values are at Vee = 5.0V, To = 25°C.
2. Per package.
3. Capacitance values specified include probe and test fixture capacitance.

3—385




SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

SERIES UDN-5700A
QUAD 2-INPUT PERIPHERAL/POWER DRIVERS

—Transient-Protected Outputs

FEATURES:

® Four Logic Types

® DTL/TTL/PMOS/CMOS Compatible Inputs
© Low Input Current

® 300 mA Continuous Output Current

® Standoff Voltage of 80 V

Description
HESE 16-LEAD QUAD 2-input peripheral and power drivers are bipolar
monolithic integrated circuits containing AND, NAND, OR, or NOR
logic gates, high-current switching transistors, and transient-suppression
diodes on the same chip. The four output transistors are capable of simul-
taneously sinking 300 mA continuously at ambient temperatures of up to
+70°C. In the OFF state, these drivers will withstand at least 80 V.

Applications

Series UDN-5700A quad drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-voltage loads. Typical
applications include driving peripheral loads such as incandescent lamps,
light-emitting diodes, memories, and heaters.

The integral transient-suppression diodes allow their use with inductive
loads such as relays, solenoids, or stepping motors without the need of
discrete diodes. For non-inductive loads, the diode-common bus can be
used for a convenient lamp test.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo - .o v 7.0V
Input Voltage, iy -« ot 30V
Output Off-State Voltage, Vo - ..o oo 80V
Output On-State Sink Current, loy . ... ..o 600 mA
Suppression Diode Off-State Voltage, Vo .. .. ... oo 80V
Suppression Diode On-State Current, Iy . ... ...t 600 mA
Power Dissipation, Py .. ... ... .t 20W

Each Driver . ... .. i 0.8W

Derating Factor Above 25°C ............... ... 16.7 mW/°C or 60°C/W
Operating Free-Air Temperature Range, T . ............ooount.. —20°C to +85°C
Storage Temperature Range, Tg ..............coieiiiiii.t. —55°C to +150°C



SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units
_Supply Voltage (Veo): 4.75 5.0 5.25 Vv
~Operating Temperature Range 0 +25 185 C
Current into any output (ON state) 300 mA

INPUT PULSE CHARACTERISTICS
Vin(o) = 0V te= Tns tp = lus
Vin(1) = 3.5V tr = ldns PRR = 500kHz

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven Other
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes
“1" Input Voltage | Vin(1) MIN 2.0 v
0" Input Voltage | Vinlo) MIN 0.8 v
“0" Input Current | lin(o) MAX 04V oV -5 —100 .y 2
“1" Input Current | lin(1) MAX 30V ov 10 uA 2
Input Clamp Voltage | Vi MIN —-12mA -15 \

SWITCHING CHARACTERISTICS at Vo = 5.0V, T, = 25°C

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes
Turn-on Delay Time tpdo gs = l750 VF, Ry = 4650 (10 Watts) 200 500 ns 3
L=1op
Turn-off Delay Time todl Vs = 70 V, Ry = 4650 (10 Watts) 300 750 ns 3
C.=15pF

NOTES:
1. Typical values are at Vec = 5.0V, Ta = 25°C.
2. Each input tested separately.
3. Voltage values shown in the test circuit waveforms are with.respect to network ground terminal.
4. Capacitance values specified include probe and test fixture capacitance.




SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

Type UDN-5703A Quad OR Driver
ELECTRICAL BHARABIERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven § Other
Characteristic Symbol | Temp.| Vec Input input | Output Min.  Typ. Max. | Units Notes
“1" Output Reverse Current |  loff MIN 20V ov 8V 100 .
OPEN | 20V ov 80V 100 .
“0" Output Voltage Von MIN 08V 08V | 150mA 035 05 v
MIN 08V 08V] 300mA 0.5 0.7 v
Diode Leakage Current I NOM NOM ov ov OPEN 200 uA 3
Diode Forward Voltage Drop | Vp NOM NOM Vee Vee 1.5 175 \ 4
“1" Level Supply Current lecqy NOM MAX 5.0V 50V 16 25 mA 1,2
“0" Level Supply Current lecoy | NOM MAX ov ov 72 100 mA 1,2
INPUT Vecssv OPEN OUTPUT - vg n Voo
D _: 2 15
R [
| 3 14
1
! 4 ' ) ) 13
1)
e 5 12
’ :[N];':FS)E ' '- - - ==Vout(1)
= + L L 2 VL I outeur %50% 50% % ] 11
- - - - - TLCAD ¥ -
Carcun ! Vouo) [T 1-dpt {10
;: :0,_ I:il |_2:n ONG: Wo- A-7628C D 9
(]
Type UDN-5706A Quad AND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)
Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input | Output Min.  Typ. Max. | Units Notes
“1" Output Reverse Current | log MIN 20V 20v]) 8V 100 uA
OPEN | 2.0V 20V | 8V 100 uh
“0" Qutput Voltage Von MIN 0.8V Vee 150 mA 035 05 v
MIN 0.8V Vec | 300 mA 0.5 0.7
Diode Leakage Current lix NOM NOM ov oV OPEN 200 uA 3
Diode Forward Voltage Drop | Vp NOM NOM Vee Vee 15 1.75 v 4
“1" Level Supply Current lee) NOM MAX 50V 50V 16 24 mA 1,2
“0" Level Supply Current leco) NOM MAX ov ov 70 98 mA 1,2

INPUT 2.4V VCC=5V gp

-- et e

1 Sry | [ A T Vin()

] ' !

] | b

H ! R Vi

1 ] —tp in(0)

1

' | | : |

=L tod) r— ' A_‘: 0

! I(Nm 5 H = = = ==Vourt)
=+ = = = ' Lo | ouTPUT %50% 50% s‘

'|_- .C TC:J ‘I _: Vout(0)

OWG. 0. A-7878A DWG. No. A-7628C

NOTES:
1. Typical values are at Vec = 5.0V, Ta = 25°C. oG, 40, A-9866

2. Per package.

3. Diode leakage current measured at Vg = Vot{min).

4. Diode forward voltage drop measured at l¢ = 300 mA.

5. Capacitance values specified include probe and test fixture capacitance.

8%



SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

Type UDN-5707A Quad NAND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven |  Other
Characteristic Symbol Temp. Vee Input Input | Output Min.  Typ. Max.| Units Notes
“1" Qutput Reverse Current loff MIN 08V Vee vV 100 uA
OPEN 08V Vee 80V 100 A
“0" Qutput Voltage Von MIN 20V 20V} 150 mA 035 05 v
MIN 20V 20V ] 300mA 0.5 0.7 v
Diode Leakage Current lik NOM NOM Vee Vec | OPEN 200 uA 3
Diode Forward Voltage Drop | Vo NOM NOM ov ov 15 175 v 4
“1" Level Supply Current leen) NOM MAX oV ov 24 30 mA 1,2
““0" Level Supply Current Tcclo) | NOM | MAX | 5.0V 50V 80 106 mA 1,2
our-
mpur .4v cc=5v of TV n Voo
r>-"-71
| Sk, . 2 15
! ]
! ! 3 14
| H ! A C T3
E 1sF | tpd0  Ae———wl  p————sf—fpd] 5 12
1| (Note 3) ! : Vour(1)
/ 1 : 6 1T
= = = = V= oAb 1 outeur 0% e
1 CIRCUIT | 7 [ o @ 10
e - — == = == = Vout(0) Lt} g
DWG. NO. A-78994 DWG. NO. A-79004 ND 9
(]
Type UDN-5733A Quad NOR Driver . 0. b
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)
Test Conditions Limits
Driven | Other .
Characteristic Symbol | Temp. Vee Input Input | Output Min. . Typ.  Max. } Units | Notes
“1" Output Reverse Current | loss MIN 08V 08V | 80V 100 uA
OPEN 08V 08V 80V 100 1A
“0" Qutput Voltage Von MIN 20V ov 150 mA 035 05 v
MIN 20V oV 300 mA 0.5 0.7 v
Diode J.eakage Current Ik NOM NOM Vee Vee OPEN 200 uA 3
Diode Forward Voltage Drop Vp NOM NOM ov ov 15 1.75 v 4
“1" Level Supply Current leeq) NOM MAX ov ov 24 30 mA 1,2
“0" Level Supply Current lecto) NOM MAX 50V 50V 80 100 mA 1,2

INPUT Veos5V OPEN OUTRUT Vg

15pF !
(Note 5):

outpuT 0% 0%

'
TLOAD !
_______ —= == ==~ Vou{0)

DWG. NO. A-9135A DWG. NO. A-7900A

NOTES: OWG. NO. 4-9868
1. Typical values are at Ve = 5.0V, Ta = 25°C.
2. Per package.
3. Diode leakage current measured at Vg = Vost(min).
4. Diode forward voltage drop measured at Is = 300 mA.
5. Capacitance values specified include probe and test fixture capacitance.
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SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS
e e

SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

—Transient Protected Outputs

FEATURES

® Four Logic Types

o DTL/TTL/PMOS/CMOS Compatible Inputs
® Low Input Current

@ 300 mA Continuous Qutput Current

o Standoff Voltage of 80 V

Description

HESE MINI-DIP dual peripheral and power drivers are bipolar mono-
lithic integrated circuits incorporating AND, NAND, OR, or NOR
logic gates, high-current switching transistors, and transient-suppression
diodes on the same chip. The two output transistors are capable of simul-
taneously sinking 300 mA continuously at ambient temperatures of up to
+70°C. In the OFF state, these drivers will withstand at least 80 V.

Applications

Series UDN-5700M dual drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-voltage loads. Typical
applications include driving peripheral loads such as incandescent lamps,
light-emitting diodes, memories, and heaters with a load current of up to
600 mA.

The integral transientsuppression diodes allow the use of these drivers
with inductive loads such as relays, solenoids, or stepping motors without
the need for discrete diodes. When not required for transient suppression,
the diode-common bus can be used for the ‘‘lamp test’’ function.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vee . . .o v 7.0V
Input Voltage, Viy . . . oo 30V
Output Off-State Voltage, Vorr - ..« oo oo oo e 80V
Output On-State Sink Current, loy . . . ..o oo 600 mA
Suppression Diode Off-State Voltage, Vorr . ... oo 80V
Suppression Diode On-State Current, loy .. ... 600 mA
Power Dissipationat T, = +25°C,Py . ... 15w
Each Driver . ... 0.8W
Derating Factor ..................... B 12.5 mW/°C or 80°C/W
_Operating Free-Air Temperature Range, T, .. ................... —20°C to +85°C
Storage Temperature Range, Ts . .....................c.o.... —55°C to +150°C



RECOMMENDED OPERATING CONDITIONS

SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

Min. Nom. Max. Units
Supply Voltage (Vec): 4.75 5.0 5.25 V
Operating Temperature Range 0 +725 185 SC
Current into any output (ON state) 300 mA
INPUT PULSE CHARACTERISTICS
Vino) = 0V te= Tns te = lus
Vin1) = 3.5V t, = ldns PRR = 500kHz
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)
Test Conditions Limits
Driven |  Other
Characteristic Symbol Temp.| Vce Input Input | Output | Min.  Typ. Max. | Units Notes

“1" Input Voltage Vin(1) MIN 2.0 v

“0" Input Voltage Vinto) MIN 0.8 v

0" Input Current at all Inputs

except Strobe lint0) MAX 04V 0V -5 —100 uhA 2

“0" Input Current at Strobe lint0) MAX 04V 30V —-100 —200 uA

“1" Input Current at all Inputs

except Strobe lin(1) MAX 30V ov 10 A 2

“1"" Input Current at Strobe lin(1) MAX | 30V ov 20 uA

Input Clamp Voltage Vi MIN |-12 mA -15 v

SWITCHING CHARACTERISTICS at Vee = 5.0V, Ty = 25°C
Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes
Turn-on Delay Time tpdo Vs = 70V, Ry = 465 (10 Watts) 200 500 ns 3
C. = 15pF
Turn-off Delay Time tpd1 Vs = 70V, Ry = 4659 (10 Watts) 300 750 ns 3
CL=15pF
NOTES:

1. Typical values are at Vcc = 5.0V, Ta = 25°C.
2. Each input tested separately. .
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal.
4. Capacitance values specified include probe and test fixture capacitance.




SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS
e e ——

Type UDN-5711M Dual AND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven |  Other
Characteristic Symbol Temp. Vee Input Input Output | Min.  Typ. Max. | Units Notes
“1" Qutput Reverse Current loff MIN 20V 20V 80V 100 uh
OPEN | 20V 20V | 8V 100 7.
“0" Output Voltage Von MIN 08V Vee 150 mA 035 05 \%
MIN 0.8V Vee 300 mA 0.5 0.7
Diode Leakage Current I NOM NOM | OV ov OPEN 200 .y 3
Diode Forward Voltage Drop Vb NOM NOM Vee Vee 15 175 v L}
“1" Level Supply Current lect) NOM MAX 50V 50V 8.0 12 mA 1,2
“0" Level Supply Current lcefo) NOM MAX ov ov 35 49 mA 1,2

out-
INPUT 2.4V VCC=5V gpen puT— VS

PULSE
GENERATOR

15pF J X |
I(No'e 5) ' i~~~ = Vour(l)
OUTPUT 50% 50%
= = = = = LOAD |
ciReuIT ) ._.______.} -\__ Vo)
OWG. W0. A-7878A OWG. No. A-7628C WG, 0. A-9791

Type UDN-5712M Dual NAND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven |  Other . .
Characteristic Symbol Temp. Vee Input Input | Output Min.  Typ.  Max. | Units Notes
“1" Output Reverse Current lot MIN 08V Vee 80V 100 uhA
OPEN | 0.8V Vee 8V 100 .y
“0" Qutput Voltage Von MIN 20V 20V | 150mA 035 05 v
MIN 20V 20V ]} 300mA 0.5 0.7 v
Diode Leakage Current Ik NOM NOM Vee Vee OPEN 200 wA 3
Diode Forward Voltage Drop Vb NOM NOM ov ov 15 1.75 v 4
“1"" Level Supply Current lec) NOM MAX ov ov 12 15 mA 1,2
“0" Level Supply Current lecto) NOM MAX 50V 50V 40 53 mA 1,2
INPUT 2.8V VCCsY open aons V .
TY 7 e b, —esl —
1 i oo ™ Vi)
PR ! INPUT | ,
i ! s 0wy
! | 10% ."_ " I a0 Vin(0)
i ] '
: | tpd0 —-5*———-.( ;4-———-—4’——",(“
=L i ' Vou(1)
1| (Notes) - !
1 1 H | ouTeuT 0% 50%
= 5 = = | T LoaD |
voCcrCwT b — e Vout(0)
[ J
DWG. NO. A-9943 DWG. NO. A-7900A
NOTES:

1. Typical values are at Vee = 5.0V, T = 25°C.

2. Per package.

3. Diode leakage current measured at VR = Vogt(min).

4. Diode forward voltage drop measured at I¢ = 300 mA

5. Capacitance values specified include probe and test fixture capacitance.
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SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

£\ __________________________________________________________________________________________|]
Type UDN-5713M Dual OR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven | Other
Characteristic Symbol Temp. Vee Input Input{ Output Min.  Typ.  Max. | Units Notes
“1" Output Reverse Current | logt MIN 20V ov 80V 100 pA
OPEN] 20V ov 0V 100 uA
“0" Qutput Voltage Von MIN 0.8V 08V | 150 mA 035 05 \2
MIN 0.8V 08V | 300mA 0.5 0.7 \2
Diode Leakage Current lix NOM NOM ov ov OPEN 200 uA 3
Diode Forward Voltage Drop Vo NOM NOM Vee Vee L5 175 v 4
“1"" Level Supply Current lee) NOM MAX 50V 50V 8.0 13 mA 1,2
“0" Level Supply Current lecto) NOM MAX ov ov 36 50 mA 1,2
INPUT Vec=sv  open outeur Vs
0 o 0 PR
Ry

PULSE
GENERATOR

1
===V,
INo'e sl ! out(1)
= = = = = =LOAD | outpuT 50% 50%
| creurr )
----- Vout(0)

OWG. NO. A-9123A

OWG. No. A-7628C

Type UDN-5714M Dual NOR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven | Other
Characteristic Symbol Temp. Vee Input Input | Output Min.  Typ.  Max. | Units | Notes
“1" Output Reverse Current lotf MIN 08V 0.8V 80V 100 A
OPEN | 08V 08V | 8V 100 uh
0" Output Voltage Von MIN 20V ov 150 mA 035 05 \
MIN 20V ov 300 mA 0.5 0.7 v
Diode Leakage Current lik NOM NOM Vee Vee OPEN 200 uh 3
Diode Forward Voltage Drop Vb NOM NOM ov ov 1.5 1.75 \ 4
“1"" Level Supply Current lecn) NOM MAX ov ov 12 15 mA 1,2
0" Level Supply Current lecio) NOM MAX 50V 5.0V 40 50 mA 1,2
INPUT Veessv OPEN OUTRUT g Vo
o o o o o e et pe—t¢

QUTPUT

= = Vou)

DWG. NO. A-73004

DWG. NO. A-91354

NOTES:
1. Typical values are at Vee = 5.0V, Ta = 25°C.
2. Per package.
3. Diode leakage current measured at VR = Vogf(min).
4. Diode forward voltage drop measured at I = 300 mA.
5. Capacitance values specified include probe and test fixture capacitance.
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SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS
—Transient-Protected Outputs

FEATURES

® DTU/TTL/PMOS/CMOS Compatible

o Low Input Current

@ Continuous Output Current to 700 mA
@ 70V Qutput Standoff Voltage

® Low Supply-Current Requirement

ERIPHERAL AND POWER DRIVERS com-
bining dual logic gates, high-current saturated
output transistors, and transient-supression diodes
are the Series UDN-5720/40/50M. These monolithic
dual drivers surpass the interface requirements nor-
mally associated with standard logic buffers and are
ideally suited for interface between low-level logic
and high-current inductive loads. Internal transient-
suppression diodes allow their use with loads such
as stepping motors, relays, or solenoids. Additional
(non-inductive) applications include driving periph-
eral loads such as light-emitting diodes, memories,
heaters, and incandescent lamps with peak load cur-
rents of up to 700 mA. When not required for tran-
sient suppression, the diode common bus can be
used to perform the ‘‘lamp test’’ function.

Dwg. No. A-9790B

UDN-5722/42/52M

The Series UDN-5720M output transistors are ca-
pable of simultaneously sinking 350 mA continu-
ously over the rated operating temperature range.
The Series UDN-5740M is capable of sinking 600
mA continuously for a single output (57% duty cycle
for both outputs). The series UDN-5750M will sink
500 mA continuously for a single output (86% duty
cycle for both outputs). The outputs may be paral-
leled for higher load-current capability. In the OFF
state, the drivers will withstand at least 70 V.

All devices in this series are supplied in a minia-
ture 8-pin dual-in-line plastic package with a copper
lead frame for superior package power dissipation
ratings.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Ve (UDN-5740/50M) ... . oo 7.0V
(UDN-5720M) . . .. 15V

Input Voltage, Vin . . ..o 30V
Output Off-State Voltage, Vorr ... 0V
Output On-State Sink Current, loy (UDN-5720/50M) . . . ... ... ot 600 mA
(UDN-5T40M) .. ..o 700 mA

Suppression Diode Off-State Voltage, Vorr ... oo oo 0V
Suppression Diode On-State Current, loy (UDN-5720/50M) ... ... ... ... ... .. ...... 600 mA
(UDN-5740M) .. ... 700 mA

Allowable Package Power Dissipation, Py . . .......... .. 15w

Operating Free-Air Temperature Range, Ty ... .. ... ... oL,
................................... —55°C to +150°C

*Derate at the rate of 12.5 mW/°C above T, = +25°C

Storage Temperature Range, T

—20°C to +85°C



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

ALLOWABLE AVERAGE PACKAGE
POWER DISSIPATION AS A
FUNCTION OF TEMPERATURE

20
2
=
5 \
z
RECOMMENDED OPERATING CONDITIONS Z 15} N
Operating Condition Min.  Nom. Max. | Units g \
Supply Voltage, V¢ (UDN-5720M) 475 — 126 v 8
(UDN-5740/50M 475 500 525 ) £ W 'E;‘_
Output Current, loy (UDN-5720M) — — 350 mA §
(UDN-5740M) —  — 600 | mA u \
(UDN-5750M) — — 500 | mA g N
Operating Temperature Range 0 +25 +85 | °C g os \‘
w AN
2 A
8 AN
S T N N
o 2 50 75 |oﬁzs_#5o

AMBIENT TEMPERATURE IN °C

Dwg. No. A-13,220

SWITCHING CHARACTERISTICS at T, = +25°C, Ve = 5.0V

Limits
Characteristic Symbol Test Conditions Min. Max. Units | Notes
Turn-On Delay Time toio Vs =30V,R = 100(10W),C, = 15pF — 500 ns 1,2
Turn-0ff Delay Time b1 Vo= 30V,R = 100(10W),C = 15pF — 750 ns 1,2

Notes: 1. Capacitance value specified includes probe and test fixture capacitance.
2. Voltage values shown in test circuit waveforms are with respect to network ground.

Input-Pulse Characteristics

Vi = 0V t=<7ns t,=1lus
Vivy = 3.5V t=1ldns - PRR = 500kHz




SERIES UDN-5720M, UDN-5740M, UDN-5750M

DUAL PERIPHERAL/POWER DRIVERS

UDN-5721M, UDN-5741M, UDN-5751M

Dwg. No. A-9791A

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven QOther
Characteristic Symbol | Temp. Devices* Vee Input Input Output Min. Typ. Max Units Notes
Output Reverse leex — All 4.75 2.0V 2.0V oV — — 100 pA —
Current Open 2.0V 2.0V 0V | — — 100 pA —
Output Voltage Versan - 5721 4.75 0.8V 475V 200mA | — 0.4 0.6 v —_
5741/51 4.75 0.8V 475V 300mA | — 0.3 0.6 v —
5721 4.75 0.8V 4.75V 3B0mA | — 0.6 0.8 v —
5751 4.75 0.8V 4.75V 500mA | — 0.5 0.8 v —
5741 4.75 20V 475V 600mA | — 0.7 1.0 v —
Input Voltage Viny — Al 4.75 — — — 2.0 — — v —
Vi — All 4.75 — — — —_ — 0.8 v —
Input Current Inioy — All Max. 04V 30V o — -50 —10 wA 1,2
™ — Al Max. 30V 0v — — 50 10 ) 1,2
Strobe Input I — All Max. 04V 30V — — -10 -20 pA 2
Current I — Al Max. 30V oV — — 10 20 A 2
Input Clamp Volt. Voo — All 475 | —12mA — — —  -15 v
Diode Leakage I +25°C All 5.0 ov ov Open _— — 100 pA 3
Current
Diode Forward Ve +25°C 5721 5.0 50V 50V 300mA | — 15 1.75 Vv —
Voltage 5751 5.0 50V | 50V [ 500mA| — 15 20 v [ —
5741 5.0 50V 50V 600mA | — 15 2.0 v —
Supply Current leewy +25°C 5721 5.25 50V 50V — — 1.0 2.0 mA —
(Total Package) 126 50V | 50V [ — — 26 40 | mA | —
5741/51 5.25 50V 5.0V — — 1.0 3.0 mA —
lec +25°C 5721 5.25 0V o0V — — 13 16 mA —
12.6 oV 0V — — 38 45 mA —
5741/51 5.25 0V v — — 20 25 mA —

Notes:

* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5721M.

1. Except STROBE input, each input tested separately.

2. Voo is 12.6 V for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.
3. Diode leakage current measured at V; = 70 V.
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SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5722M, UDN-5742M, UDN-5752M

Dwg. No. A-9790B

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol | Temp. Devices* Vee Input Input Qutput Min. Typ. Max Units Notes
Output Reverse Teex . All 4.75 08V 4,75V 70V — — 100 A -
Current Open 08V [ 475V 0V — — 100 | pA —
Output Voltage Versn —_— 5722 4.75 2.0V 2.0V 200 mA — 0.4 0.6 Vv —
5742/52 4.75 2.0V 20V 300 mA — 0.3 0.6 v —
5722 4.75 2.0V 2.0V 350 mA — 0.6 0.8 v —
5752 4.75 2.0V 20V 500 mA — 0.5 0.8 v —
5742 4.75 20V 20V 600 mA — 0.7 1.0 v —
Input Voltage Vi — All 4.75 — — — 2.0 . — ) —
Vi _ Al 4.75 — — — —  — 08 ] —
Input Current Ino — All Max. 0.4V 30V — — =50 -10 wA 1,2
Iy — All Max. 30V 0V — — 5.0 10 wA 1,2
Strobe Input Iy — All Max. 0.4V 30V o — -10 -20 pA 2
Current ™ — Al Max. 30V 0V — — 10 2 LA 2
Input Clamp Volt. Vouwe — All 475 | —12mA — — — — -15 v —
Diode Leakage Ik +25°C All 5.0 50V 50V Open — — 100 pA
Current
Diode Forward A +25°C 5722 5.0 oV oV 300 mA — L5 1.75 v —
Voltage 5752 5.0 [N ov 500 mA — 15 2.0 v —
5742 5.0 0V o0V 600 mA — 1.5 2.0 v -
Supply Current leewy +25°C 5722 5.25 oV oV — — 1.0 2.0 mA —
(Total Package) 1256 0V o | — — 26 40 | mA | —
5742/52 5.25 ov oV — — 1.0 3.0 mA —
leco +25°C 5722 5.25 50V 50V - — 13 16 mA —
12.6 50V 50V — — 38 45 mA —
5742/52 5.25 50V 50V — — 20 25 mA —

Notes:

* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5722M.
1. Except STROBE input, each input tested separately.
2. Veco is 12.6 V for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.

3. Diode leakage current measured at Vg = 70 V.
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SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5723M, UDN-5743M, UDN-5753M

Dwg. No. A-9789A

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol | Temp. Devices* Ve Input Input Output Min. Typ. Max Units Notes
Qutput Reverse loex — Al 4.75 20V oV 0V — — 100 wA —_
Current Open 2.0V 0V 0v] — — 100 | pA —
Output Voltage Veesn — 5723 4.75 0.8V 0.8V 200 mA — 0.4 0.6 v —
5743/53 4.75 0.8V 0.8V 300 mA — 0.3 0.6 v —
5723 4.75 08V 08V 350 mA — 0.6 0.8 v —
5753 4.75 0.3V 0.8V 500 mA — 0.5 0.8 v —
5743 4.75 08V 0.8V 600 mA — 0.7 1.0 v —
Input Voltage Vi — All 4.75 — —_ —_ 2.0 —_ — ) —
Vi — All 4.75 — — — — — 0.8 v —
Input Current [ — All Max, 04V 30V — — -50 -10 A 1,2
[ — Al Max. 30V ov — — 5.0 10 A 1,2
Strobe Input Ino — All Max. 0.4V 30V — — -10 -20 A 2
Current T — Al Max, 30V 0V — — 10 20 pA 2
Input Clamp Volt. Veuwe — All 475 | —12mA — — — —  -15 v —
Diode Leakage I +25°C All 0 ov ov Open — — 100 A 3
Current
Diode Forward V; +25°C 5723 5.0 50V 50V 300 mA — 1.5 1.75 v —
Voltage 5753 5.0 50V | 50V | 500mA| — 15 20 v | —
5743 5.0 50V 50V 600 mA — 1.5 2.0 v —
Supply Current lecany +25°C 5723 5.25 50V 50V — — 1.0 2.0 mA —
(Total Package) 126 50V | 5.0V — — 26 40 | mA —
5743/53 5.25 50V 50V — — 1.0 3.0 mA —
lec +25°C 5723 5.25 ov oV — — 13 16 mA —
12.6 ov 0V — — 38 45 mA —
5743/53 5.25 oV oV — — 20 25 mA —
Notes:
* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5723M.
1. Except STROBE input, each input tested separately.
2. Veoumy i 12.6 V for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.
3. Diode leakage current measured at V; = 70 V.
' '
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'’ el | ) |
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SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5724M, UDN-5744M, UDN-5754M

Dwg. No. A-9788A

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol | Temp. Devices* Vee Input Input Output Min. Typ. Max Units Notes
Output Reverse leex - Al 475 0.8V 0.8V 70V — — 100 wA —
Current Open 08V 08V 0V —  — 100 ) —
Output Voltage Veesn _— 5724 475 20V oV 200 mA — 0.4 0.6 v —
5744/54 4.75 20V oV 300 mA — 0.3 0.6 v —
5724 4.75 2.0V oV 350 mA — 0.6 0.8 v —
5754 4.75 20V ov 500 mA — 0.5 0.8 \ —
5744 4.75 20V ov 600 mA — 0.7 1.0 v —
Input Voltage Vi — Al 4.75 — —_ — 2.0 — — ) —
Vo — All 4.75 — — — — — 0.8 v —
Input Current [ e All Max. 04V oV — — -50 -10 wA 1,2
hay — All Max. 30V 30V — — 5.0 10 pA 1,2
Strobe Input [ — All Max. 04V (% — — -10 -20 A 2
Current [ — Al Max. 30V 30V — i 0 2 A 2
Input Clamp Volt. Veuwe — All 475 | —12mA —_ —_ — — —15 v —
Diode Leakage I +25°C All 5.0 50V 50V Open — — 100 A 3
Current
Diode Forward vV +25°C 5724 5.0 0V ov 300 mA — 15 1.75 v —
Voltage 5754 50 0V OV | s00mA | — 15 20 v —
5744 5.0 oV oV 600 mA — 15 2.0 ) —
Supply Current locy +25°C 5724 5.25 0V oV — — 1.0 2.0 mA —
(Total Package) 126 0V 0V — — 26 40 m | —
5744/54 5.25 0V oV — — 1.0 3.0 mA —
lec +25°C 5724 5.25 50V 5.0V — — 13 16 mA —
126 5.0V 50V — e 38 45 mA —
5744/54 525 50V 50V — — 20 25 mA —

Notes:

* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5724M.
1. Except STROBE input, each input tested separately.

2. Voo 1S 12.6 V for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.
3. Diode leakage current measured at Vi = 70 V.

INPUT

PULSE
GENERATOR

Vec=sv OPEN OUTRUT Vg
°

Ry

15pF

I

, ~LoAD
1 CIRCUIT

OuUTPUT

— == === = Vour(0)

Dwg. No. A-7900B
Dwg. No. A-13,218A

3—99




HIGH-CURRENT INTERFACE DRIVERS

SERIES ULN-2000A
DARLINGTON TRANSISTOR ARRAYS*
—Description and Application

Introduction

The increased use of electronic circuits in systems
formerly built with mechanical, electro-mechanical, or
hydraulic components has resulted in systems becom-
ing more precise, more reliable, generally less expen-
sive, smaller, more efficient, and faster. Although the
drive capabilities of monolithic integrated logic circuits
are adequate for most information processing applica-
tions, there now exists a large and rapidly growing
number of system applications where the current-
carrying and/or voltage-sustaining capability of the in-
tegrated circuit logic is inadequate. Typically, these
deficiencies arise when the logic must control such
peripheral components as relays, solenoids, punches,
stepping motors, and a variety of indicators (incandes-
cent, LED, or gas discharge lamps and displays).

A very common solution to this output interface in-
adequacy has been the addition of discrete power
transistors (or SCRs) and associated passive compo-
nents to the logic output in order to obtain the neces-
sary current and/or voltage capability. Although this
provides a very satisfactory electrical solution, the
large number of discrete components often required,
high assembly labor costs, and space (packaging) lim-
itations often mean additional problems and cost. A
simple, and less expensive solution is the use of mono-
lithic integrated circuits.

The Series ULN-2000A is comprised of four differ-
ent high-voltage/high-current interface circuits. They
are capable of controlling resistive, inductive, or tung-
sten filament loads of up to 125 watts and are compati-
ble with all standard digital logic families (DTL, TTL,
PMOS, and CMOS) without the need for additional
discrete components.

High-Voltage and High-Current Capability

A large number of interface problems have been
simplified by the Series ULN-2000A high-voltage,
high-current Darlington transistor arrays. These de-
vices are suitable for voltage, current, and gain levels
beyond the limits of other monolithic buffers and
arrays.

The four devices in the ULN-2000A series are all
comprised of seven silicon NPN Darlington pairs on
a common monolithic substrate. All units feature
open collector outputs and integral suppression diodes
for use with inductive loads.

All devices have an output sink current capability of
500 mA although peak inrush currents to 600 mA are
permissible, making them ideal for use with tungsten
filament lamps. All of the outputs will sustain “OFF”
voltages of at Jeast 50 volts. Each individual Darling-
ton circuit may therefore switch up to 25 watts (50 V
at 500 mA).

A definite asset of monolithic device technology is
the very fine match between adjacent outputs when
used in parallel. Applications requiring a sink current
beyond the capability of a single output can be accom-
modated by parallel outputs. Continuous operation
of all outputs at the maximum rated current is not
allowed because of power dissipation limitations im-
posed by the package. However, as illustrated in Fig-
ure 1, under certain conditions, the Series ULN-2000A
Darlington arrays are capable of switching loads to-
taling more than 125 watts at an ambient temperature
of +70°C.

*Examples and data in this application note apply equally to Series ULN-2800A Darlington arrays.
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Figure 1

COLLECTOR CURRENT AS A FUNCTION OF
DUTY CYCLE AND NUMBER OF OUTPUTS

High-Power Capability

A primary limitation of many interface circuits is
the power dissipation of the device package. Until re-
cently, very little concern was expressed for monolithic
integrated circuit power dissipation. Improvements in
silicon device technology have brought about a grow-
ing number of monolithic circuits capable of power
considerably in excess of present package technology.

The Series ULN-2000A is supplied in a 16-pin dual
in-line plastic package with a copper lead frame.
Shown in Figure 2 is a comparison of the allowable
package power dissipation for the industry standard
iron-nickel alloy (Kovar) lead frame and the Sprague
copper lead frame used on these devices. As shown,
at an ambient temperature of +70°C, the Kovar lead
frame allows only 0.64 watts while the copper lead
frame allows 1.33 watts. At 4-25°C the copper lead
frame permits a package power dissipation of 2.0
watts!

Actual power dissipation in any application for the
Series ULN-2000A devices is the sum of the individual
driver ‘power dissipations. In turn, the individual
driver dissipation is the product of the collector-
emitter saturation voltage, the collector current, and
the duty cycle. The collector-emitter saturation volt-
age is dependent on the collector current and, to a
lesser extent, operating temperature.
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HIGH-CURRENT INTERFACE DRIVERS
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HIGH-CURRENT INTERFACE DRIVERS

The Basic Darlington Array

The first, and basic array, in this series, is the Type
ULN-2001A. This is a general-purpose version with
input current limiting normally accomplished via the
use of an appropriate discrete resistor connected in
series with each input. It is also possible to utilize
the intrinsic current limiting of many MOS outputs
as shown in Figure 4; a typical P-channel character-
istic.

The use of TTL in such a manner is not recommend-
ed due to the higher currents and resultant high level
of package power dissipation. Outputs of most PMOS
and CMOS circuits will not normally source currents
of any significance due to their high source impedance.

DW3. NO. A-9595

(each driver)

Figure 3
TYPE ULN-2001A SCHEMATIC

DRAIN-TO-SOURCE VOLTAGE, Vps
-16 14 12 -10 -8 -6 -4

14 to 25 Volts PMOS Applications

The Type ULN-2002A Darlington array was spe-
cifically designed for use with 14 to 25 volt PMOS de-
vices. Each input has a 7 V Zener diode and a 10,500
ohm resistor (nominal values) to limit the input cur-
rent to within the capability of most PMOS of the
type specified. The basic circuit diagram is shown in
Figure 5 with a typical application. Note that there
are no pull-down resistors or other external discrete
components necessary. The incorporation of the Zen-
er diode also results in excellent noise immunity for
this array.

TTL and CMOS INTERFACE

The ULN-2001A and ULN-2002A allow only a
limited number of input options. Shown in Figure 6
is the basic circuit diagram of the Type ULN-2003A.
This device has a series base input resistor to each
Darlington pair, and thus allows operation directly
with TTL or CMOS logic operating at a supply volt-
age of 5V (or 12 V CMOS using FET characteristics).

A guarantee of 200 mA output sink current capa-
bility (saturated) is provided with the worse case TTL
logic 1 level of 2.4 volts. Low-power Schottky-clamp-
ed TTL logic is generally specified to have a minimum
Vourof 2.7 volts. The ULN-2003A is guaranteed to
sink 250 mA under this input condition. With the
more typical input of 3 volts, the ULN-2003A Darl-
ington pair will sink at least 300 mA in the “ON”
state.

/.

Figure 4

-3

TYPICAL P-CHANNEL
DRAIN CHARACTERISTIC

DRAIN CURRENT, 1n IN mA

-5

-6

OWG. NO. A-10, 174



DWG. No. A-9650

(each driver)

Figure 5

HIGH-CURRENT INTERFACE DRIVERS

ULN-2002A

PMOS
OUTPUT

OWG. No. A-9652

TYPE ULN-2002A SCHEMATIC AND APPLICATION

TTL totem pole outputs are not specified between
the 400 A logic I fanout condition and the maximum
output short-circuit current (20 to 55 mA for the 7400
series). Between these rather wide limits lies the re-
quired ULN-2003A input current. The maximum
Type ULN-2003A input curreat level is specified at
1.35 mA at the extrapolated TTL maximum logic /
level of 3.85 V.

—Pp—oCOM

OWG. No. A-9651

(each driver)

The ULN-2003A Darlington array will handle a
great many interface needs — particularly those beyond
the capabilities of TTL buffers. Also shown in Figure
6, is a typical application of the ULN-2003A Darling-
ton array. Of particular interest in this application is
an unusual use of the transient-suppression diodes for
a non-inductive load. The lamp test feature can of
course be used with any of the devices in this series.

ULN-2003A

+Vee v

OWG. NO. A-9653A ,- LTAE’!;

T
OUTPUT

Figure 6
TYPE ULN-2003A SCHEMATIC AND APPLICATION
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HIGH-CURRENT INTERFACE DRIVERS

The diodes are designed to handle the same current
and voltages as the output transistors. Switching can
be accomplished through an ordinary switch or an
appropriate power transistor. With the standard

+70°C ambient and the most widely used lamps(No.

327 or No. 387 lamps) there is no problem with con-
tinuous operation.

6 to 15 Volt CMOS or PMOS Applications

The Type ULN-2004A Darlington array has an
appropriate series input resistor (nominally 10.5 k)
to allow its operation directly from CMOS or PMOS
logic outputs utilizing supply voltages of between 6
and 15 V.

Shown in Figure 7 is a typical application of this
array. Although the discrete output buffer could be
used to increase the output capability of any of the
devices in this series, this is most often done by par-
alleling outputs as was described earlier.

—p—o0COM

DWG. NO. A-9898A

(each driver)

ULN-2004A
*Vpp

CMOS™= =
OUTPUT

Figure7
Type ULN-2004A SCHEMATIC AND APPLICATION

Input Current

The Darlington collector current (output in satu-
ration) at an ambient temperature of +25°C, for any
input current is the same for all four devices in this
series and is shown in the graph of Figure 8. More
accurately, the maximum input current for any col-
lector current is described by the equation:

Iy = lomn + 140 pA

where I,y is the input current in microamperes, I is
the collector current in milliamperes, and the figure
140 represents the maximum shunt current through
the emitter-base resistors. The typical input current
can be described as:

by = 0.58 lginy + 110 pA

where the figure 0.58 is an adjustment for the typical
Darlington current gain and the figure 110 represents
the typical shunt current.

600 ~
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g
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O
o
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G 200
g
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o MAXIMUM REQUIRED
0 INPUT CURRENT

0 V)
0 200 400 600

INPUT CURRENT IN pA - Iy
DWG. NO. A-9755A

Figure 8

COLLECTOR CURRENT
AS A FUNCTION OF INPUT CURRENT



HIGH-CURRENT INTERFACE DRIVERS
e

The i.npu.t current as a function of input voltage is Low Available Drive Current Operation
:1:13»12;11[]1?%{?0(9) 4f:2r ﬂ?;hgﬁN-gOgi% gO%TAZODOM;’ Occasionally, applications featuring minimum avail-
. . : P ) L vark able input drive current and a high output load current
ington array is not shown since input current is more have shown the Type ULN-2003A and ULN-2004A

a function of the external circuitry. Systems utilizing Darlington arrays to be inadequate for the particular
either CMOS or PMOS logic should be evaluated for aring 4 quate pe
requirement under worst case conditions. This usual-

intrinsic current limiting as was shown in Figure 4. ly results from the restricted drive current available
from a TTL or CMOS gate operating from a nominal
supply of 5 volts.

2.0
z Under worst case conditions with a low logic 7 volt-
< s W Lo age (2.4' V), and a high inp.ut resistor value (3.51 k@),
; V L =" the available load current is reduced to only 145 mA.
C / ﬂ?’\(f—‘ Compounding this problem would be the effect that a
g0 / > = high drive current requirement would have on the
5 / - L~ logic output voltage since that is normally specified at
- (] Y -~ only 400 pA. If the gate output is connected to addi-
§ 2 tional logic elements, a minimum logic / voltage of
- 2.0 V must be maintained and at that level the worst
0 .
12 14 16 18 20 22 24 26 case Darlington load current would be reduced to only
INPUT VOLTAGE -V, 31mA!
DWG. NO. A-97574
A simple solution to this problem is through the
25 use of inexpensive pull-up resistors as shown in Figure
/ 10. The minimum resistor value is determined by the
2o A maximum allowable sink current (16 mA for TTL,
z L P 360 A for CMOS), the minimum logic 0 output volt-
< s P - age, and the maximum supply voltage as per the fol-
zE . — &?\2,,: e lowing equation:
z By
Z 10 -
> Vs — Vouro)
j A s tom
= 0.5 |« AREA OF NORMAL lour
2 RN OPERATION WITH
Z STANDARD OR
0 SCHOTTKY 1% For standard TTL, the minimum value for Rp is

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

INPUT VOLTAGE - Vi about 316 @ with values between 3000  and 5000 @

being used customarily. Multiple pull-up resistors in
a single in-line package are shown in Sprague Engi-
neering Bulletin No. 7041; resistors in a dual in-line
2.0 package are shown in Bulletin No. 7042.

OWG. NO. 4-97568

% L Conclusion
MAZS

Since the Series ULN-2000A high-voltage, high-
current Darlington transistor arrays are quite conser-
0.5 /__—.p—" vatively designed, the basic product is fully capable of
™ p being ordered to higher voltages and/or higher currents
: than the standard specifications. Presently, parts are
0 available to withstand up to 95 volts on the output.
> é TNPUT vgu AG:_ v 10 " 12 Parts with this higher voltage rating would create a
N o 0. 800 potential for switching loads far in excess of 125 watts!
Figure 9 Aside from the higher power handling capability, the
higher voltage rating is required for driving plasma or

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE gas-discharge displays.

\'\{P\Cﬁ_—"
-

INPUT CURRENT IN mA - Ijy
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HIGH-CURRENT INTERFACE DRIVERS

ULN-2003A
+Vee

e

OWG. NO. A-10, 175

T
OUTPUT

Figure 10

USE OF PULL-UP RESISTORS
TO INCREASE DRIVE CURRENT

Although not intended for high power applica-
tions, there is also available a Series ULS-2000H
with hermetic sealing and an operating temperature
range to +125°C. These parts are recommended for
military and aerospace applications as well as com-
mercial and industrial control applications where
severe environments may be encountered.

Cer-DIP, industrial-grade hermetic devices, Se-
ries ULQ-2000R, are rated for use over the tempera-
ture range of —40°C to +85°C, permitting their use
in commercial and industrial applications requiring a
moderate package power dissipation (1 W at T, =
+85°C).

All of these Darlington transistor arrays offer a
common solution to a great many interface needs.
The minimal component count and straightforward
printed wiring board layout offer benefits in cost
reduction, simplicity of board layout, and savings in
space. Other benefits are a reduction in insertion
costs, and lower handling and inventory costs than
other alternatives. Cost benefits from some of these
factors are not very tangible. However, fewer com-
ponents, less complex boards, etc. usually result in
lower system manufacturing costs.



HIGH-CURRENT INTERFACE DRIVERS

EXPANDING THE FRONTIERS OF IC INTERFACE
FOR ELECTRONIC DISPLAYS

INTRODUCTION

The original monolithic high-voltage/high-current
power drivers from Sprague were capable of
sustaining 100 V and sinking load currents of 250 mA
on each of four outputs. That 1970 peripheral driver
capability has since been expanded and improved on
to solve many of the most difficult display interfaces.
Our newest devices are rated for operation to 130 V,
sourcing or sinking to 1.5 A, and as many as eight
drivers per package (not all together) with inputs for
TTL, Schottky TTL, DTL, CMOS, and PMOS.

LAMP (INCANDESCENT) INTERFACE

Utilizing marketing inputs that related to existing
hybrid interface circuits, a group at Sprague designed
and manufactured monolithic ICs which initially
were largely used for aircraft indicator lamp inter-
face. Although not widely known, these quad driver
units were developed quite independently (and
simultaneously) to the ubiquitous TI 75451 series of
high-speed, low-voltage peripheral drivers. A con-
centration upon circuit design factors, improvements
in DIP packaging (copper alloy lead frames), and
tighter, tougher control of diffusion-related

UDN-5707A

y
x

parameters has allowed the manufacture of quad
power drivers rather than the dual mini-DIPs offered
by TIL.

An increased awareness for improvements in
reliability and space and power reductions provided a
rather successful military market for Sprague lamp
and relay interface; early success was evident in
military aircraft indicator lamp interface, a tough
application for TTL type ICs due to severe inrush
currents resulting in secondary breakdown during
"turn on”. The increased current sinking capability
of the Sprague ICs offers a solution to lamp interface
that usually obviates the need for "warming”
resistors (across the output) which slightly warm the
lamp filament and thus minimize problems
associated with cold lamp filaments.

The relay driver types of Sprague IC drivers
(and other similar transient-protected ICs) are
somewhat more useful than the so-called general
purpose types, since the diode common terminal may
be switched for a system lamp test. = As shown in
Figure 1, only a single connection to each DIP is
required.

ULN-2003A
+V

+Vee

OYG. NO. A-9653A }"LTAEASTP
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The high current-sinking capability of the Sprague
ICs allow such loads as the #327 or #387 lamps to
be driven without difficulty of secondary break-
down. The device beta will usually not allow sinking
of the 10 to 13 times (nominal value) inrush current
of cold lamps; but the lamp rapidly reaches a current
level within the device output limitations (Figure 2
shows current as a function of time for a single #327
lamp). Sustaining this instantaneous inrush current
and its peak power has been a key element in the
success of many lamp interface circuits.

GAS DISCHARGE DISPLAY ICs

Early in 1972, Sprague successfully produced its
first high-voltage IC designed for gas discharge dis-
plays—a five channel, 130 V unit for cathode (seg-
ment) interface. Subsequently, other circuits, both
cathode and anode drivers, were produced; most of
which were used in calculator applications with the
Burroughs Panaplex® I1. In Figure 3 is shown a dis-
play interface system utilizing the UHP-481 and
UHP-491 display drivers, associated thick-film net-
works, and discretes. This was a step forward, but
still required external discrete components.

Through a collaborative effort begun late in 1973
between Sprague Electric and Burroughs Corp. a
newer, more efficient interface scheme evolved.
Featured in ‘“Electronic Displays *75,”” this series of
monolithic IC interface devices for the high-voltage
gas discharge panels has been one of the trailblazers
in the world of display interface ICs. Intended for
use in multiplexed display systems, these ICs pres-
ent one of the easiest and least expensive solutions
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Figure 2

to a difficult interface problem. A combination of
high-voltage bipolar techniques with thin-film
resistor technology (circuit resistors sputtered over
the IC dielectric) has provided both digit (anode)
and segment (cathode) interface.

To facilitate a minimum component interface, a
split supply (= 100 V) is employed to allow d-c level-
shifting (rather than capacitors or >200 V transis-
tors) and both digit and segment drivers incorporate
all pull-up, pull-down, current limiting, off-bias ref-
erence, etc. which were formerly required in dis-
crete and/or hybrid systems. With the combination
of the digit and segment drivers (each capable of
withstanding 120 V), the split power supply ap-
proach affords PN diode IC technology suitable for
driving a display usually requiring a 180 V minimum
ionization voltage (equivalent to =90V in the split
system).

The use of the Series UDN-6100/7100A gas dis-
charge display drivers shows the need for only two
monolithic ICs for displays of up to eight digits and
eight segments as shown in Figure 4. Systems re-
quiring digit or segment counts greater than eight
employ additional driver ICs, and with the exception
of the Type UDN-7180A segment driver, the seg-
ment ICs all have outputs with internal current-lim-
iting resistors for the display segments. The UDN-
7180A device, for reasons of package power dissi-
pation and/or dissimilar segment currents (certain 14
or 16 segment alphanumeric panels) can also be
used, but must have external, discrete current-lim-
iting resistors.

Vss Voo
1) O ——
o4 .
23 —tF 1
a H
£ 00 x
1
_______ BT
" ~-18V
L ! [ Vsl Jvoo
2 x| 0 1
% 3 5] 3 v ' -4ov
¢ 33 .
3 x§ EE] §E§ A MOSTEK MK5017
anVa 216CH394X9PH. L3 -s0v
R i s T v
" IS
N [
VA4 " A4 1D
\: o N P4 1 -200v
e g LI
. 1 . N Y N L
- :
AAN i- Re 1]
- [ o4 o Y
1 s §
bit__ ! ot 3 {4
[216CK393XoMRA |~ 71 GEKIGHINRL fé S |
T
-200v
Type 206C and 216C are single in-line networks 0. W A-SI3k
Figure 3

3—108



HIGH-CURRENT INTERFACE DRIVERS

IN5852 |,
] o K &
o 105 Pco [Py O3 Py %
| DL 55
IR e YR B B R B
Ll
BURROUGHS
CDo0733CM
CIM HOURS TEN MINUTES
L SET L SET

J
ga In o SFL
<
ui g 2R g é
— o ~
O3] ¢ v R gt
D] = e - Z
D g = > [SAl
cNg [V
J
COUNT DISPLA
_INHIBIT
AMER| CAN =
MAGNETICS al
AM6612 v
Bl
Ll
+ ]
T % qkwssst?
=
+100V
MERE.
T 1
1 T - 100V - DVG. NO. A-9751A
T
Figure 4

Higher current applications are difficult for both
programmable current and switching type display
drivers. Segment currents beyond 2.5 or 3 mA
present package power dissipation limitations to
most dual in-line packages. By using external
resistors, the Type UDN-7180A driver allows
segment currents of up to 14 mA.

The transistor switch with current-limiting resistor
scheme used in Sprague gas discharge display drivers
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also minimizes problems associated with gas panel
arcing which can destroy programmable current cir-
cuits. Some of the gas display manufacturers
recommend the use of series resistors in each segment
line to prevent destruction to the semiconductor in-
terface circuit should such a panel arc occur.
Without these series resistors (internal thin-film
resistors in Sprague devices) the IC can be destroyed
by the high voltage and resulting high current should
the panel voltage drop to a very-low level during an
arc.




HIGH-CURRENT INTERFACE DRIVERS

LED INTERFACE

With the obvious abundance and variety of LED
interface integrated circuits it would seem unlikely
that there are still systems in search of an IC hard-
ware solution to further minimize cost, component
count, space, etc.; but this is definitely the case.
The deficiencies are chiefly related to the limited
number of current-sourcing circuits and/or high-
current drivers.

The efficiency of LED displays has improved, but
with the larger digits (up to 1” presently) most of the
IC drivers are unable to switch the higher currents
required in multiplexed systems. The rule-of-thumb
generally applied uses the suggested d-c current -
multiplied by the number of digits in the display.
For example, a multiplexed display of 160 mA peak
current will give approximately the same light inten-
sity output as a steady 20 mA in each of eight digits.
Of particular difficulty is the switching of currents
associated with the lower efficiency yellow and green
LEDs. Sprague has provided monolithic integrated
circuit solutions to applications requiring segment
currents of 350 mA and digit currents of up to 1.5
amperes!

Many of the Sprague ICs used in high-current LED
applications were originally designed for use with
electro-mechanical loads (relays, solenoids, motors,
etc.) although the high-voltage ratings of the drivers
are obviously not a concern. A combination of high-
current, high-voltage Darlington drivers is shown in
Figure S.

The ULN-2074B source driver is utilized as a
modified emitter-follower. Through the use of
discrete diodes in the common collector line,
allowing the base to be switched to a potential higher
than the collector, it is then possible to obtain a
saturated output. This prevents the usual emitter-
follower problems associated with gain, the MOS
output impedance, and power. It is also possible to
now better define the voltage at the emitter output
and to then provide suitable segment current-limiting
resistors for the LEDs.

The ULN-2002A sink driver is a high-current
Darlington array with the capability of switching
multiplexed LEDs with an available limit of 155 mA
for each of the seven drivers when used at a 100%
duty cycle. Even the more inefficient yellow or green
LEDs can be driven with higher output currents at
lower duty cycles (400 mA at a 28% duty cycle).
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A new eight-channel source driver is shown as a
digit switch for common anode LEDs in Figure 6.
The Series UDN-2980A drivers will handle output
currents to a maximum of 500 mA. Two basic ver-
sions of the driver will allow interface from TTL,
Schottky TTL, DTL, PMOS, and CMOS levels.
Other versions of the ULN-2003A driver are also
available for use with the various logic levels.

Of the three sink drivers shown, the ULN-2003A is
probably the better choice from a standpoint of both
pinout and component count. It also has straight-
forward in-out pinning. The ULN-2031A and ULN-
2081A devices offer lower cost. They are also inter-
changeable from a pinning aspect although the out-
put ON voltage will be dissimilar.

A common-cathode LED configuration is shown
in Figure 7 for currents of up to 1.5 A per digit!
A series UDN-2980A source driver is used to switch
the segment side, the ULN-2064B or ULN-2074B to
switch the digit side. As has been shown with Figure
S, the IC package power dissipation must be con-
sidered with high-current applications.
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The three examples that have been shown for LED
interface represent only a very-small portion of the
total applications area. The high-current capabilities
and high gain of the Sprague drivers represent poten-
tial solutions to many difficult LED display systems -
alphanumeric, seven-segment, or matrix; common-
cathode or common-anode; continuous or
multiplexed.

A-CPLASMA DISPLAY INTERFACE

Plasma displays, such as those manufactured by
National Electronics/NCR (USA) and NEC or Fujit-
su (Japan), all have one common element with their
gas discharge cousin - both types use a neon gas mix-
ture. The plasma panels emit an orange glow when
switched at rather high frequencies, and light output
intensity is a function of frequency. The a-c term for
the plasma display is something of a misnomer since
these panels actually operate from a toggled d-c sup-
ply (usually in the area of 20 kHz).

The panel is basically a neon-filled capacitor, and
has plates (electrodes) which are covered with the
dielectric - between which is the neon mixture.
Switching this capacitive load presents a problem
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with high peak currents in addition to the older
problem of the high voltages which are associated
with gas displays. Drive circuits use supply voltages
of 150 to 260 V (depending on unipolar or bipolar
drive), and the semiconductors used must switch in-
stantaneous currents in the order of several hundred
milliamperes for the larger displays.

Several high-voltage, high-current arrays made at
Sprague Electric can provide an answer to one side of
the a-c plasma display interface. The Series ULN-
2020A Darlingtons are rated at 95 V while the Series
UHP-500 power drivers are rated at 100 V. They are
both able to handle the application shown in Figure 8
(a basic d-¢, non-multiplexed clock interface rather
than a more complex multiplexed system). The
ULN-2022A is specifically designed for 14 to 25 V

PMOS logic levels while the UHP-506 is intended for
use with TTL.

The high-current diodes that are internal to the
Sprague arrays are utilized in the unipolar drive
scheme connected to a suitable OFF reference.
In one POS application, a set of 14 ULN-2023A
Darlington drivers replaced more than 400 discrete
components. The cost and space savings in such a
machine are considerable, and a very complex prin-
ted wiring board was greatly simplified.

Further improvements in interface and plasma
displays will no doubt evolve, and thus benefit all
concerned - display and interface vendor along with
the end user. Plasma displays are well-suited to
custom panels (particularly those with various sizes
of characters) and with improvements in IC break-
down voltages some further simplification of inter-
face should evolve.
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260 Vp at 20 kHz
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FLUORESCENT DISPLAY INTERFACE

Although the vast majority of fluorescent displays
are directly driven from MOS logic (handheld and low-
cost desk calculators), there is an emerging need for
interface integrated circuits for use with the larger
characters (higher currents) and the higher voltages
coming into use. These blue-green display panels
originated in Japan, and the manufacturers are quite
aggressively pursuing markets such as POS systems,
clocks, cash registers, appliances, automotive displays,
etc. Larger and/or more complex styles are being made,
including displays with alphanumeric capability (a star-
burst 14 or 16-segment pattern).

Modest voltage capability (60 or 70 volts) is all that
is required of a semiconductor device to drive these
panels, and the currents are in 20 to 30 mA region.
These electrical requirements are well within the
capability of many gas discharge digit drivers.

The UDN-6118/28A devices are designed specifi-
cally for use with fluorescent displays and include
internal pull-down resistors so that up to eight seg-
ments and eight digits will require only two packages

-or=

Figure 8
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and a greatly simplified power supply. The Type
UDN-6118A driver is compatible with TTL,
Schottky TTL, DTL, and S volt CMOS. The Type
UDN-6128A driver is for use with 6 to 15 volt PMOS
or CMOS logic.

The future of fluorescent displays look rather
strong, particularly if competition further reduces
prices. For the moment at least, these displays will
not seriously tax the capability of IC interface ex-
cept, perhaps, from a price/cost standpoint.

HOT WIRE READOUTS

Although hot wire readouts could easily be placed
in the incandescent category, their application in
multidigit, multiplexed display systems more
closely resembles LED circuit operation. Since hot
wire displays will conduct current in either direc-
tion, isolation diodes are required to prevent sneak
paths from partially turning ON unaddressed seg-
ments. Compare the typical hot wire display of Fig-
ure 10 with LED display of Figure 6. The availability
of a suitable, inexpensive diode array would be of
considerable asset in multiplexed hot wire systems.
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The hot wire readouts are available in both seven-
segment and alphanumeric (16-segment) versions and
are quite well-suited to high ambient light ap-
plications. They do not wash out in sunlight,
although their reliability diminishes with the higher

ULN-2003A

/7 ULN-?OB‘!A -or-

VG, NO. B-1362

currents required in brightly lighted applications.
As described, multiplexed schemes can be cumber-
some because of the great number of discrete diodes
required. One avionics system using a 16-character,
16-segment alphanumeric panel required 256 discrete
diodes.
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INTEGRATED CIRCUITS FOR
CURRENT-SOURCING APPLICATIONS

DURING RECENT YEARS, the appearance of

many new low-power monolithic devices (LSI
and microprocessors) has created an increased need
of peripheral power driver integrated circuits. Inter-
face drivers are typically categorized in terms of their
output-drive functions. When current flows out of
the driver output terminal and into the load, the
device is said to ‘‘source’’ current. Conversely, cur-
rent flows from a load into a “‘sink’’ driver.

Sprague integrated source drivers usually consist

of high-voltage PNP devices and high-power NPN-

Darlington outputs (which provide PNP-type ac-
tion), with input-level shifting. These power ICs are
useful for interfacing low-level logic (TTL, CMOS,
NMOS, PMOS) and high-current or high-voltage
relays, solenoids, lamps (incandescent, LED, neon),
motors, and displays (gas-discharge, LED,

FLOATING LOGIC-GROUND LEVEL

vacuum-fluorescent). They can also be used to
provide multi-channel buffers for discrete power
semiconductors.

The advantages of source drivers for display inter-
face are quite evident. The X-Y addressing of most
readouts requires both source and sink functions to
minimize pin count, interconnections, and package
count.

A more subtle advantage of source drivers is re-
lated to their use with inductive loads or incandescent
lamps. Both types of load generate troublesome tran-
sients and noise currents on common logic/load
ground lines. In addition, high ground currents can
shift the ground rail, affecting logic input levels,
thresholds, and noise immunity. The use of source
drivers can minimize many of these concems by
separating the logic and power returns.
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RELAY-DRIVER APPLICATIONS

SERIES UDN-2580A, eight-channel source driv-
ers, and Types UDN-2956A and UDN-2957A,
five-channel source drivers, provide current/voltage
translation from TTL, positive CMOS, or negative
CMOS logic to —48 V telecommunication relays
requiring less than 350 mA. All devices have inter-
nal inductive-load transient-suppression diodes.

Type UDN-2580A-1 is best driven from
negative-reference CMOS or NMOS logic (=5 V or
—12 V swing) in order to provide a —48 V swing at
the output. The active-low input Type UDN-
2588A-1 can be driven from positive logic TTL

TELECOMMUNICATIONS

RELAY DRIVER
(Positive Logic)

UDN-2588A-1

-48v

OWG. NO. A-11,524

(+5 V swing) or CMOS (+12 V swing) levels. The
active-high input Type UDN-2956A is similar to
Type UDN-2588A-1, but it also has a chip-enable
function that requires a minimum number of drive
lines to control outputs from several packages in a
simple multiplex scheme.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, Vg ... ..o oo -50V
Continuous Output Current, lo,; (per output) . ... .. —350 mA

TELECOMMUNICATIONS

RELAY DRIVER
(Negative Logic)

UDN-2580A-1

DWG.NO. A-11,538

MULTIPLEXED RELAY DRIVER

+5V

m
OUTPUT

TO OTHER
DRIVERS

UDN-2956A

DWG. NO. A-11,525
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PRINTER APPLICATIONS

PRAGUE SOURCE DRIVERS have been used

extensively in electrosensitive, thermal, and im-
pact printer applications. Multi-channel devices in
the Series UDN-2580A and UDN-2980A reduce
parts count and provide up to 350 mA per output at
voltages up to 75 V (resistive load). Copper lead
frames make these devices capable of simultane-
ously delivering up to 125 mA continuously from all
eight channels at an ambient temperature of +50°C.

THERMAL PRINTER APPLICATION

UDN-2583-1

=50V

DWG.NO. A-11,530
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RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage Range, Vg
UDN-2588A-1....... . e to 75V

UDN-2981A and UDN-2982A .............. 5Vtod5V
UDN-2983A and UDN-2984A ............. 3BVt 75V
Logic Voltage, Vig -« oo oveee i e 12V
Continuous Output Current, loy (per output) . .. ... —350 mA
Peak Output Current, lpp . ................... —500 mA

ELECTROSENSITIVE PRINTER APPLICATION

PRINT

UDN-2983/84A ELECTRODES

VVVVVVVVi

DWG.NO. A-11,529
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ELECTRO-MECHANICAL DISPLAY APPLICATIONS

OURCE DRIVERS in the Series UDN-2580A
and UDN-2980A, when combined with the
Type ULN-2804A sink driver, provide a simple in-
terface between 12 V. CMOS logic and a multiplexed
electro-mechanical display. As shown, the need for
additional inverter packages is eliminated since Type
UDN-2580A is activated by a low input level and
Type UDN-2982A is turned ON by a high input

input level. All drivers have internal inductive-load
transient-suppression diodes and copper lead frames
for improved package power dissipation capability.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, Vs ........... .0l 3BV
Continuous Qutput Current, loy (per output) ...... —350 mA

MULTIPLEXED ELECTRO-MECHANICAL DISPLAY DRIVERS
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VACUUM-FLUORESCENT/GAS-DISCHARGE DISPLAY APPLICATIONS

PRAGUE SERIES UDN-6100A and UDN-

2580A source drivers provide solutions to prob-
lems encountered in driving higher-voltage vacuum-
fluorescent and planar gas-discharge displays. Both
series of parts provide TTL, CMOS, and NMOS
input-logic compatibility. Series UDN-6100A de-
vices are active high (non-inverting) drivers. Series
UDN-2580A drivers are active low (inverting) de-
vices.

At minimum cost, Series UDN-6100A-2 devices
offer 60 V output breakdowns for vacuum-
fluorescent displays typically utilizing less than 32
characters. Featuring a minimum 80 V output
breakdown voltage, standard Series UDN-6100A
drivers (no additional suffix) guarantee 25 mA per
output. Suffix -1 devices provide fora 110 V break-
down, recommending them for 40 to 80-digit or
dot-matrix V-F applications or gas-discharge
anode-drive applications requiring the higher output
voltage. All of these drivers include internal pull-

MAXIMUM OPERATING VOLTAGES

VsVes | Viwow  Vivor | Voo | Veppawol Device Type
[~ +5 2‘1'21) "é'ags 0 —45_| UDN-2588A
—75 | UDN-2588A-1
+12 <84 >11.5 0 —45 | UDN-2588R
—75 | UDN-2588A-1
+30 24 <04 NA —30 | UDN-6138A-2
4.0 <04 NA —30 | UDN-6148A-2
+40 24 <04 NA —40 | UDN-6138A
4.0 <04 NA —40 | UDN-6148A
+60 TIL or CMOS NA 0 Series UDN-6100A-2
+80 TTL or CMOS NA 0 Series UDN-6100A
+110 TIL or CMOS NA 0 Series UDN-6100A-1

down resistors and provide operation from single-
ended positive supplies.

Operation from a split-supply allows the user to
bias the V-F filament at ground potential or to utilize
a system-supply voltage above ground (40 V in-
stead of +80 V). Either Type UDN-6138A or Type
UDN-6148A source drivers are recommended.

For vacuum-fluorescent display applications re-
quiring a higher current capability (operating several
displays with common drive circuitry), Type UDN-
2588A can be used with appropriate external output
pull-down resistors to provide up to 350 mA per
output.
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T

VACUUM-FLUORESCENT/GAS-DISCHARGE DISPLAY APPLICATIONS
(Continued)

VACUUM-FLUORESCENT DISPLAY DRIVERS
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INCANDESCENT LAMP DRIVER APPLICATIONS

DRIVING MULTIPLEXED incandescent lamps
at voltages up to 75 V with peak currents ap-
proaching 500 mA per segment, Series UDN-2980A
eight-channel source drivers, when combined with
Type ULN-2069B sink drivers, provide for a very
cost-effective approach. Multiplexed lamps must
typically be operated at a voltage /N (N = the
number of digits) times the nominal d-c voltage, to
obtain sufficient brightness. For example, a four-
digit, 28 V display requires 56 V to operate satisfac-
torily. In addition, care must be taken to select a
proper driver to withstand the substantial inrush cur-
rents created by cold filaments. Peak currents of up

to ten times the nominal operating currents have been
observed. Multiplexed lamps must also incorporate
diodes to prevent series /parallel paths to unad-
dressed elements.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage Range, Vs

UDN-2981A and UDN-2982A .............. 5Vto 45V
UDN-2983A and UDN-2984A .. ........... 35Vt 75V
Continuous Qutput Current, loy (per output) . .. ... —350 mA

Peak Output Current, Iy,

MULTIPLEXED LAMP DRIVER, TTL- OR MOS-COMPATIBLE

SEGMENT SELECT
UDN-2983/84A

IS
>
>
>
>
>
>
>

-l
o @
Ll
o
o
o
Al DIGIT SELECT
»! @ ULN-2069/71B
1 gl
— P} @ ¢ 16
Pt @ 15
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> @ 13
i @ 12
1l
o @ 11
\

1 10

N
bt A . 9] NC
o @
Pt
8
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LIGHT-EMITTING DIODE APPLICATIONS

ERIES UDN-2580A and Series UDN-2980A

8-channel source drivers provide monolithic sol-
utions to problems associated with driving multi-
plexed LED displays in common-cathode or
common-anode configurations.

Type UDN-2585A is a non-Darlington inverting
(input low = output high) source driver that is fre-
quently used as a segment or dot driver in a
common-cathode LED display where multiplexed
segment or dot currents do not exceed 120 mA. This
device features input logic-level compatibility with
open-collector TTL, standard TTL, CMOS, and
NMOS, as well as low output saturation voltages.

For common-cathode applications requiring
higher segment currents, or for common-anode digit
drive applications, Series UDN-2980A is recom-
mended. This non-inverting (input high = output
high) series features 350 mA per output continuous
current ratings with peak currents reaching 500 mA

per output. Outputs may be paralleled for higher
current capability. Type UDN-2982A is logic-
compatible with 2.4 V output levels of TTL and
CMOS. Similar high output current ratings, for use
in inverting applications, are offered by the Type
UDN-2580A driver.

Combining Sprague source drivers with multi-
channel, high-current sink drivers (such as Type
ULN-2068B, UDN-2595A, or ULN-2814A)
provides simple, compact, and economical solutions
to driving high-current multiplexed LED displays.

RECOMMENDED MAX. OPERATING CONDITIONS
Supply Voltage, Vs

UDN-2585A . ... ... 15V

UDN-2982A .. ... 45V
Continuous Qutput Current, loy (per output)

UDN-2585A . ... ... —120 mA

UDN-2982A . ... ... ... ... —350 mA
Input Voltage, Viy . . ... ..o 15V

COMMON-CATHODE LED DISPLAY

TO OTHER
SEGMENTS

TO OTHER DIGITS

t

/ ULN-20688

UDN-2982A
1 18
2 17
3 i 16
2 15
+5V g
AR —
SEGMENT 6 13
SELECT | |
D 7 12
:}—— 3 T
i 3lVs a0

Dwg. No. B-1473A

COMMON-CATHODE LED DISPLAY
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LIGHT-EMITTING DIODE APPLICATIONS
(Continued)

COMMON-CATHODE LED DISPLAY COMMON-ANODE LED DISPLAY
10 OTHER
SEGMENTS
UDN-2585A /—r\ UDN-2982A
+5V
18
1 18 #\\ H
2 17 \ —bt 2 17
3 kl\ 3 16
s '{‘ 4 15
4 15 %
+12v 5 1% 5 14
N
N % 13
SEGNVENT A ) "
SELECT X ] [
] & 16 3 al, YYyyYYYY
:}"" bt L AV e,
s 83 +5V 3| Vs 10
5 1Vs 10 .
il | o
= OUTPUT
+5V
ULN-2814A UDN-2595A
L~y
B
=
G—
. ]
DIGIT OTHER (4] > {15]
: oieiTs NN
SELECT A L
"-"'
= I -
D

m=
oUTPUT 45V

B

OWG.NO. B-1481 DWG.NO. B-148D
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MULTI-CHANNEL INTERFACE TO HIGH-POWER LOADS

S PRAGUE SOURCE DRIVERS can be employed obtained by using power NPN Darlington devices.
as multi-channel pre-drivers for discrete high-

current or high-voltage semiconductors, thus reduc-
ing the need for many discrete components. For
instance, a UDN-2580A 8-channel source driver can
provide up to 350 mA of pre-drive current into the
base of power NPN devices, making 5 A load cur-
rents readily available. Higher load currents can be

For a-c loads, it is possible to use any of the
Sprague source drivers to provide gate current (with
appropriate current-limiting) to a power SCR or
triac. This scheme can provide an economical solu-
tion to many applications such as driving incandes-
cent lamps or a-c motors at up to 20 A.

DRIVER FOR HIGH-POWER DISCRETE DEVICES

D-C

LOAD

l 5 A

;W—H)WER NPN
l

UDN-2585A

+5V
DWG.NO. A-11,533

20 A

DWG.NO. A-11,534
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RELIABILITY OF SERIES ULN-2000A AND ULN-2800A
HIGH-CURRENT DARLINGTON DRIVERS

HIS REPORT SUMMARIZES accelerated-life tests that have been
performed on Series ULN-2000A and ULN-2800A integrated circuits

and provides information that can be used to calculate the failure rate at
normal junction operating temperatures.

INTRODUCTION

Product-reliability improvement is a continuous
and evolving process at Sprague Electric Company.
Ongoing life tests, environmental tests, and stress
tests are performed to establish failure rates and
monitor established process-control procedures.
Failures are analyzed to determine design changes
or process improvements that can be implemented
to improve device reliability.

The reliability of integrated circuits can be mea-
sured by qualification tests, accelerated tests, and
burn-in:

1) Qualification testing is performed at an am-
bient temperature of + 125°C for 1000 hours
with an LTPD = 5 in accordance with MIL-
STD-883B. This testing is normally conducted
in response to a specific customer request or
requirement. Qualification testing highlights
design problems or gross processing problems,
but does not provide sufficient data to generate
accurate failure rates in a reasonable period of
time.

2

~

Accelerated testing is performed at junction
temperatures above +125°C and is used to
generate failure-rate data.

3) Burn-in is intended to remove infant-mortality
rejects and is conducted at + 150°C for 96
hours or at + 125°C for 168 hours. An analysis
of test results from Sprague Electric’s Double-
Deuce™ burn-in program found 1.27% failures
in more than 325,000 pieces tested in a recent
time period. Most failures were due to slight
parametric shifts. Catastrophic failures, which
would cause user-equipment failure, were less
than 0.1%.

3—125

ACCELERATED-LIFE TESTS

Sprague Electric performs accelerated-life tests
on integrated circuits at junction temperatures of
+150°C or +175°C at the recommended operating
voltages. The internal power dissipation on some
high-power circuits requires the ambient tempera-
ture to be lower than + 150°C to keep the junction
temperature between + 150°C and +175°C.

In these tests, failures are produced so that the
statistical life distribution may be established. The
distribution cannot be established without failures.
High-temperature accelerated-life testing is neces-
sary to accumulate data in reasonable time periods.
It has been established that the failure mechanisms
at all temperatures in these tests are identical. Tem-
peratures above +175°C are not generally used for
the following reasons:

a) Industry-standard molding compounds de-

grade and release contaminants (halides) at ap-
proximately +200°C.

b) Life-test boards constructed with materials ca-
pable of withstanding exposure to tempera-
tures greater than + 175°C have been deemed
to be cost prohibitive.

c) Increases in junction leakage currents may in-
crease the power dissipation and device tem-
perature to an indeterminant level.

Tables Ia and Ib contain data produced by life
tests that were conducted at + 150°C and + 175°C.
The data include the number of test samples, num-
ber of units in each sample, and the time periods
during which failures occurred. The total time-on-
test varies, with priority changes influencing alloca-
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TABLE la
TESTRESULTS at T, = +150°C
HOURS ON TEST
TEST 90 150 300 600 1200 1800 2400 3000 5000
NUMBER Qry. NUMBER OF FAILURES

1 12 0 0 0 0 2 0 — — —

2 22 0 0 0 0 0 0 0 0 —

3 22 0 0 0 0 0 0 0 0 —

4 22 0 0 2 0 0 3 0 0 —

5 22 0 0 0 0 0 0 0 0 —

6 22 0 0 0 0 0 1 0 0 —

7 12 0 0 0 0 0 0 — — —

8 12 0 0 0 0 0 0 — — —

9 90 0 0 0 2 0 0 — — —

10 12 0 0 0 0 0 0 — — —

11 12 0 0 0 0 0 0 — — —

12 12 0 0 0 0 0 0 0 0 —

13 12 0 0 0 0 0 0 0 0 —

14 35 0 0 0 0 0 0 1 — —

15 12 0 0 0 1 1 0 0 0 0

16 25 0 0 0 0 0 — — — —

17 25 0 0 0 0 0 — — — —

TOTAL ON TEST 381 381 381 379 376 323 173 138 10

TOTAL FAILURES 0 0 2 3 3 4 1 0 0

TOTAL GOOD 381 381 379 376 373 319 172 138 10
P 1.00 100 0995 0992 0992 0988 0994  1.00 1.00
Cumulative P, 1.00 100 0995 0987 0979 0967 0961 0961  0.961
Ph=1-P 0 0 0005 0013 0021 0033 0039 0.039 0039

o

Cumulative % Failures 0 0.5 13 2.1 33 39 39 39

tion of oven and board space, as new products are
inttoduced. The time intervals between test readings
were chosen for ease of plotting on log-normal
paper.

The acceleration factor calculated using the Ar-
rhenius equation, and a 1 eV activation energy, is
approximately 5x for each 25°C temperature rise in
junction temperature and is multiplicative.! This al-
lows the data to be compared to qualification life-
test data by equating 40 hours at +175°C or 200
hours at +150°C to 1000 hours of qualification life
test at + 125°C.

The data at the bottom of Tables Ia and Ib were
compiled by calculating the probability of success
(P,), the cumulative probability of success, the prob-
abilityof failure (Py) and the percentage of failed units
in each time period.

The cumulative percent of failures is plotted on
log-normal plotting paper in Figure 1. This paper has
a logarithmic time-scale axis and a probability-scale
axis. A log-normal distribution plots as a straight
line. A line of best fit is drawn through the plotted

points and extended to determine the median life-
time at the 50% failure point. The mediam life at a
Jjunction temperature of +150°C is 1.6 x 10° hours.
At +175°C, the median lifetime is 3.0 X 104 hours.

The log-normal distribution is commonly used be-
cause most semiconductor device data fit such a dis-
tribution.? When the median life has been found at
the elevated temperature, it can be converted to the
lower temperature of the actual application. The Ar-
rhenius equation, which relates the reaction rate to
temperature, is used to make this conversion.! The
Arrhenius equation is:

V' = V'ae —e/kT
where V.°= a constant
€= activation energy
k= Boltzmann’s constant
T = absolute temperature in degrees
Kelvin

An activation energy of 1.0 electron-volt was es-
tablished by testing Series ULN-2000A, Series
UDN-5710M, and Series UDN-2980A devices at
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TABLE Ib
TEST RESULTS at T, = + 175°C
HOURS ON TEST
TEST 90 150 300 600 1200 1800 2400 3000 5000
NUMBER qry. NUMBER OF FAILURES

1 25 0 0 0 7 — — — — —

2 25 0 0 0 0 0 0 0 — —

3 25 0 0 1 2 1 0 0 — —

4 24 0 1 0 1 0 0 0 0 —

5 19 0 0 0 0 0 0 —_ — —_

6 19 0 0 0 0 0 0 — — —

7 12 0 0 2 3 2 — — — —

8 12 0 0 0 0 0 — —_ — —

9 12 0 0 0 0 0 0 — — —_

10 18 0 0 0 0 0 — — — —_

11 12 0 0 0 0 0 2 0 0 2

12 12 0 0 0 0 0 0 — — —

13 12 1 0 0 0 0 0 0 — —

14 18 0 0 1 2 0 7 — — —_

15 12 1 0 0 0 0 0 — — —_

16 12 0 0 0 0 0 — — — —_

17 24 0 0 0 0 0 0 — — —

18 12 0 1 0 1 0 0 0 0 —

19 24 0 0 0 0 0 — — — —

TOTAL ON TEST 329 327 325 321 287 213 99 42 10

TOTAL FAILURES 2 2 4 16 3 9 0 0 2

TOTAL GOOD 327 325 321 305 284 204 99 42 8
P, 0994 0994 0988 0950 0990  0.958 1.00 1.00 0.800
Cumulative P, 0994 098 0976 0927 0917 0879 0879 0879  0.703
Pp=1-=P, 0.006 0012 0.024 0073 0083 0121 0.121  0.121  0.300
Cumulative % Failures 0.6 1.2 24 7.3 83 12.1 12.1 12.1 30.0

multiple temperatures. Failure analysis of devices
rejected during this testing of Series ULN-2000A
and ULN-2800A also supports this activation energy,
as failures were mainly due to increased leakages,
reduced beta, and surface inversion.?

The median life-point is drawn on Arrhenius graph

paper in Figure 2. Arrhenius plotting paper gives a
graphical solution, rather than a mathematical solu-
tion, to the problem of equivalent median lifetime at
any junction temperature. A line drawn through
+150°C and + 175°C failure points has a slope cor-
responding to that of the 1.0 eV failure mechanism.
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Although not as statistically accurate as the me- CONCLUSION

dian lifetime, the 5% failure point can be read from
Figure 1. It is plotted in Figure 2.

The median life with lower junction temperatures
can now be determined by using Figure 2. It must be
emphasized that this is junction temperature and not
ambient temperature. The temperature rise at the
junction due to internal power dissipation must be
taken into account using the formula:

T,=Pp0,+ T, or T, = Pyo,c + T¢

The median lifetime, or 50% failure point, as de-

termined in Figure 2, is approximately 100 years at

+125°C or 1,000 years at + 100°C junction temper-
ature.

The approximate failure rate (FR) can be deter-
mined from FR = 1/Median Life, where Median
Life is taken from Figure 2 at the intersection of the
junction-temperature line and median-life plot. The
actual instantaneous failure rate may be calculated
using a Goldwaite plot.* However, this approxima-
tion is very close. At + 100°C the failure rate would
be:

FR= 1/(8.8 x 10° hours)
= 0.0011%/1000 hours = 11 FIT
where FIT = failures per 10° unit-hours

TABLE Il
SERIES ULN-2000A AND ULN-2800A FAILURE RATE

T, Median Life Failure Rate Failures In Time

(°C) (h (%/100 h) (No./10° unit-hours)
125 10x10° 010 1000

100 838 x 10¢ 0.011 110

75 1.0 x 108 0.0010 10

50 8.8 x 108 0.00011 11
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The relationship between temperature and failure
rate is well documented and is an important factor in
all designs. Load currents, duty cycle, and ambient
temperature must be considered by the design engi-
neer to establish a junction-temperature limit that
provides failure rates within design objectives.

Figure 2 shows that a design with a junction tem-
perature of + 100°C, calcualted from internal power
dissipation and external ambient temperature,
would not reach the 5% failure point in 10 years.
Lowering the junction temperature to +70°C in-
creases the time to the 5% failure point to 300 years.

A complete sequence of environmental tests on
Series ULN-2000A and ULN-2800A, including tem-
perature cycle, pressure cooker, and biased humid-
ity tests are continuously monitored to ensure that
assembly and package technology remain within es-
tablished limits.

These environmental tests and accelerated-life
tests establish a base line for comparisons of new
processes and materials.

REFERENCES
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3) ibid., p. 6-7.
4) Goldwaite, L. R., “‘Failure Rate Study for the Log-Normal
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SECTION 4—HIGH-CURRENT (=1A) INTERFACE DRIVERS

SEleCtion GUIdE . . . ..\ 4-2
ULN-2061M through 2075B 1.5 A Darlington Switches . ........ ... . 4-3
UDN-2540B Quad 1.25 APower Driver. . .. ... o 4-14
UDN-2545B Universal Quad 2.5 ADrVer . ... ... 4-17
UDN-2841B and 28458 Quad 1.5 A Darlington Drivers . .............. oo 4-19
UDN-2878W and 2879W Quad 4 A Darlington Switches . . ............. .. ... . . . 4-25
UDN-2906W 3-Phase 2 A Brushless DC Motor Driver . . ..o 4-2
UDN-2931B/W 3-Channel 2 A Half-Bridge Drivers. . .. ... e 4-31
UDN-2935Z 2 A Half-Bridge Motor Driver. . ... ... ... 4-34
UDN-2936W and 2937W 3-Phase 3 A Brushless DC Motor Drivers . ...............ciieiiii i s, 4-40
UDN-2938W and 29398 3-Phase 4 A Brushless DC Motor Drivers .. .......... ..o innn. 4-46
UDN-2941B Quad 2 A Source Driver . . ... o 4-48
UDN-29437 1 A Half-Bridge Motor Driver. . . ... ... . . . . 4-51
UDN-2944W Quad 4 A High-Voltage Source Driver ... ... .. ... ... 4-55
UDN-2948W Quad 6 A High-Voltage Source Driver ... ......... ... 0 i 4-58
UDN-29497 2 A Half-Bridge Motor Driver. . . ......... ..o e See UDN-2950Z
UDN-29507 2 A Half-Bridge Motor Driver. ... ... ... 4-34
UDN-2951Z 8 A Half-Bridge Driver . . ... ... o 4-61
UDN-2952B/W 2 A Full-Bridge Motor Drivers .. ......... ... 4-64
UDN-2953B and 2954W 2 A Full-Bridge Motor Drivers . . ... ... 4-70
UDN-2955W 8 A Half-Bridge Motor Driver .. ......... o i 4-61
UDN-2962B/W Dual 3 A PWM Solenoid/Motor Drivers. ... ........ooi e 4-75
UDN-2965W-2 Dual 4 A Solenoid/Motor Driver ... ... . i i e 4-81
UBN-2975W and 2976W Dual 4 A Solenoid Drivers . ... ... 4-86
UDN-2998W Dual 2 A Full-Bridge Motor Driver ... ... ... e 4-89
ULN-3751Z Power Operational Amplifier .. ... .. . 4-93
ULN-3753B/W Dual Power Operational Amplifiers . . . ... et 4-98
ULN-3755B/W Dual Power Operational Amplifiers . . ........... e 4-107
UDN-5725M Dual Peripheral/Power Driver . . ... ...t 4-117
UDN-7078 Quad High-Current Darlington Switches . .......... ... ... .. ... i 4-121
Application Notes:
Power Interface ICs for Motor Drive Applications. . . .......... ... i i 4-124
Switching Inductive Loads with Power Interface ICs . ........... ... ... .. i 4-139
An Integrated 3-Phase Brushless DC Motor Driver .. ....... ... ... ... .. 4-143
Power Op Amp Applications . . . . ... ... 4-147
See Also:
UCN-5813 and 5814B 4-Bit Latched 1.5ADrivers ... oot .. 5-41
UCN-5825 and 5826B 4-Bit Serial-Input, Latched 2A Drivers ..................cciiiieeinnn. 5-59
ULN-7064B through 7074B Quad High-Voltage, 1 A Darlington Arrays . .. .................ccoouo.. 2-15
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]

SELECTION GUIDE
(in order of tested output current rating)
lour Vour Outputs Device Type Page
+1.0A 26V Half-Bridge UDN-29432 4-51
+ 1.0 A Linear 28V Power Op Amp ULN-3751Z 4-93
+ 1.0 A Linear 4V Dual Power Op Amp ULN-3753B/W 4-98
+ 1.0 ALinear 40V Dual Power Op Amp ULN-3755B/W 4-107
1.0A 50V Sink 41 UCN-5813/14B 5-41
1.0A 0V Sink 2 UDN-5725M 4-117
1.0A 8oV Sink 41 UCN-5813/14B-1 5-41
1.0A 150V Sink 4 ULN-7064/68/74B 2-15
1.25A 50V Source/Sink 2 ULN-2061M 4-3
1.25A 50V Sink 4 ULN-2064/66/68/70B 4-3
1.25A 50V Source/Sink 4 ULN-2074B 4-3
1.25A 60V Sink 4 UDN-2540B 4-14
—15A 35V Source 4 UDN-2941B 4-48
1.5A —-50V Sink 4 UDN-2841/45B 4-19
—15A -50V Source 4 UDN-2845B 4-19
15A 80V Source/Sink 2 ULN-2062M 4-3
1.5A 80V Sink 4 ULN-2065/67/69/71B 4-3
1.5A 80V Source/Sink 4 ULN-2075B 4-3
L75A 60V Sink 41 UCN-5825B 5-59
1.75A 80V Sink 41 UCN-58268 5-59
+2.0A 15V 3 X Half-Bridge UDN-2906W *
+2.0A 15V 3 X Half-Bridge UDN-2931BW 4-31
+2.0A 35V Half-Bridge UDN-2935/50Z 4-34
+2.0A 40V Full-Bridge UDN-2952B/W 4-64
+2.0A 50V Full-Bridge UDN-2953B/54W 4-70
+2.0A 50V 2 % Full-Bridge UDN-2998W 4-89
2.0A 80V Sink 4 UDN-2545B 4-17
+3.0A 45V 3 X Half-Bridge UDN-2936/37W 4-40
3.0APWM 45V Source/Sink 2 UDN-2962W 4-75
3.0A 0V Sink 4 UDN-7078W 4-121
4.0A 50V Sink 4 UDN-2878W 4-25
40A 50V Sink 3 UDN-2938W/398B 4-46
40A 50V Source/Sink 2 UDN-2975W 4-86
4.0APWM 50V Source/Sink 2 UDN-2965W-2 4-81
40A 60V Source/Sink 2 UDN-2976W 4-86
—4.0A 60V Source 4 UDN-2944W 4-55
40A 80V Sink 4 UDN-2879W 4-25
—6.0A 60V Source 4 UDN-2948W 4-58
+8.0A 50V Half-Bridge UDN-29517/55W 4-61

Current ratings shown are maximum tested condition; allowable peak, or start-up currents are generally higher; voltage ratings shown are maximum
allowable. Devices with ratings of less than 1 A are listed in Section 3.

‘tLatched Smart Power drivers.

*New product. Contact factory for information.



ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

FEATURES

® TTL, DTL, CMOS Compatible Inputs

@ Transient-Protected Outputs

® Loads to 480 Watts

@ Plastic Dual In-Line Packages

@ Heat-Sink Contact Tabs on Quad Arrays

HIGH-VOLTAGE, HIGH-CURRENT Darling-

ton arrays ULN-2061M through ULN-2075B
are designed as interface between low-level logic
and a variety of peripheral loads such as relays, so-
lenoids, dc and stepper motors, multiplexed LED
and incandescent displays, heaters, and similar
loads to 480 watts (1.5 A per output, 80 V, 26% duty
cycle).

The devices have a minimum output breakdown
of 50 V and a minimum V ¢gsys, of 35 V measured at
100 mA, or a minimum output breakdown of 80 V
and a minimum Vg gys, of 50 V.

Dual-driver arrays ULN-2061M and ULN-2062M

k[ 8] sus
]i ISUB
cl2 7]¢
B3 68
E[a 5]¢E
OWG. N0. A-10,2304
ULN-2061TM
ULN-2062M

are used for common-emitter (externally con-
nected), or emitter-follower applications. Both de-
vices are supplied in miniature 8-pin dual in-line
plastic packages.

Quad drivers ULN-2064B, ULN-2065B, ULN-
2068B and ULN-2069B are intended for use with
TTL, low-speed TTL, and 5V MOS logic. Types
ULN-2065B and ULN-2069B are selected for the
80 V minimum output breakdown specification.
Types ULN-2068B and ULN-2069B have pre-
driver stages and are most suitable for applications
requiring high gain (low input-current loading).

k[ {4+116]c k[ {4—16] ¢
K .
clL2 1 15 | NC clL2 1 158
83 14]8 8[3 14 Vs
GND [ 4 13| GND GND [ g 13} GND
GND| 5 12 | GND GND S 12 | GND
s [6 11]8 s [6 1]8
cLz 10 | NC NC| 7 1 10 ] C
4 Y
k(8 ¢ 9]c c® Pt 9]k
OWG. NO. A-97654 WG, NO. A-10.310 DWG. NO. A-97664
ULN-2064B ULN-2068B ULN-2074B
ULN-2065B ULN-20698B ULN-2075B




ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

Isolated Darlington arrays ULN-2074B and ULN-
2075B are identical to Types ULN-2064B and ULN-
2065B except for the isolated Darlington pinout and
the deletion of suppression diodes. These switches
are for emitter-follower or similar isolated-Darling-
to- applications.

All quad Darlington arrays (suffix ‘‘B’’ devices)
are supplied in a 16-pin plastic dual in-line package
with heat-sink contact tabs. A copper-alloy lead
frame provides maximum power dissipation using
standard cooling methods. This lead configuration
facilitates attachment of external heat sinks for in-
creased power dissipation with standard IC sockets
and printed wiring boards.

SELECTION GUIDE

Part MAX.  Min.  Max.

Number Vex  Versis Application
ULN-2061IM 50V 35V 30V  TIL, DTL, Schottky TTL,
ULN-2062M 80V 50V 60V and 5V CMOS
ULN-2064B 50V 35V 15V  TIL, DTL, Schottky TTL
ULN-20658B 80V 50V 15V  and 5V CMOS
ULN-20688 50V 35V 15V TIL, DTL, Schottky TTL,
ULN-2069B 80V 50V 15V and 5VCMOS
ULN-2074B 50V 35V 30V  General Purpose
ULN-2075B 80V 50V 60V

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature

for Any One Driver
(unless otherwise noted)
Output Voltage, Veex - - oo oo See Guide
Output Sustaining Voltage, Veesus) -+« v v v v v v vt See Guide
Output Current, loyy (Note 1) .................... 1.75A
Input Voltage, Vi (Note 2) . . .................. See Guide
Input Current, Iy (Note 3). . . .................... 25mA
Supply Voltage, Vs (ULN-2068/69B) . ............... 10V
Total Package Power Dissipation .............. See Graph
Operating Temperature Range, T,. . .. .. .. —20°Cto +85°C
Storage Temperature Range, Ts ......... —55°C to —150°C

NOTES:
1. Allowable combinations of output current, number of outputs conducting,
and duty cycle are shown on following pages.

2. Input voltage is ref d to the substrate (no tion to other pins) for
Type ULN-2061/62M and ULN-2074/75B; reference is ground for all other
types.

3. Input current may be limited by maximum allowable input voltage.
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2061M AND ULN-2062M

PARTIAL SCHEMATIC
P«
350 b———oc
8 1
* 7.2K
i E

Dwg. No. A-10,352B

OWG. NO. A-10,230A

ELECTRICAL CHARACTERISTICS at + 25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current leex 1 ULN-2061M Vee = 50V — 100 pA
Ve =50V, T, = 70°C — 500 A
ULN-2062M Ve = 80V — 100 A
Ve = 80V, T, = 70°C — 500 pA
Output Sustaining Voltage Veesus 2 ULN-2061M lo =100 mA,Vy = 04V 35 — v
ULN-2062M lc = 100mA,Vy = 04V 50 — v
Collector-Emitter Veesan 3 Both le = 500 mA, l; = 625 pA — 11 v
Saturation Voltage le = 750mA, Iz = 935 uA — 1.2 v
le =1.0A I = 1.25mA — 13 v
lo = 1.25A* I; = 2.0 mA — 14 v
ULN-2062M le = L5A% Iy = 2.25mA — 1.5 v
Input Current Inony 4 Both Vi = 24V 14 4.3 mA
Vi = 375V 33 9.6 mA
Input Voltage Vinen 5 Both Ve = 2.0V,1; = 1.0A — 2.0 v
ULN-2061M Ve = 2.0V, I, = 1.25A* — 2.5 v
ULN-2062M Ve = 20V, 1 = 1.5A* — 2.5 v
Turn-On Delay towy — Both 0.5E,t005E, — 1.0 s
Turn-0ff Delay tou — Both 05E,t005E,, — 1.5 s
Clamp Diode e 6 ULN-2061M Ve =50V — 50 pA
Leakage Current Ve =50V, T, = 70°C — 100 A
ULN-2062M Vi = 80V — . & pA
Ve = 80V, T, = 70°C — 100 pA
Clamp Diode Ve 7 Both lF=10A — 175 v
Forward Voltage I =15A —_ 2.0 v

*Pulse-Test




ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2064B AND ULN-2065B

PARTIAL SCHEMATIC

Dwg. No. A-10,353C

(SIMILAR TO ULN-2074B AND ULN-2075B)

ELECTRICAL CHARACTERISTICS at + 25°C (unless otherwise noted)

Dwg. No. A-9765A

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Qutput Leakage Current loex 1 ULN-2064B Vee = 50V — 100 pA
Vee = 50V, T, = 70°C — 500 wA
ULN-2065B Vee = 80V — 100 pA
Vee = 80V, T, = 70°C — 500 wA
Output Sustaining Voltage Veesus) 2 ULN-2064B le = 100 mA, Vi, = 0.4V 35 — )
ULN-2065B le = 100mA, Vy = 04V 50 —_ v
Collector-Emitter Veesan 3 Both I. = 500 mA, I = 625 pA — 11 v
Saturation Voltage I, = 750 mA, I = 935 pA . 12 v
I =10A1;=125mA — 13 v
le=125A1; = 20mA — 14 v
ULN-2065B le = 1.5AIg = 2.25mA — 1.5 v
Input Current Ivony 4 Both Vi = 24V 14 4.3 mA
Vi = 3.75V 3.3 9.6 mA
Input Voltage Vinow 5 Both Ve = 20V, 1, = 1.0A — 2.0 v
ULN-2064B Ve = 20V, 1, = 1.25A — 2.5 )
ULN-2065B Ve = 20V, 1, = 1.5A — 2.5 v
Turn-On Delay tou — Both 0.5E,t00.5E,, — 1.0 T
Turn-0ff Delay ton, — Both 0.5E,t00.5 — 1.5 ws
Clamp Diode Leakage Current lg 6 ULN-2064B Ve = 50V — 50 pA
Ve =50V, T, = 70°C — 100 pA
ULN-2065B Ve, = 80V — 50 pA
Ve =80V, T, = 70°C —_— 100 pA
Clamp Diode Forward Voltage Ve 7 Both lk=10A — 1.75 v
.= 15A — 2.0




ULN-206TM THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2068B AND ULN-2069B

PARTIAL SCHEMATIC

900

Vs

3K

Dwg. No. A-10,354C

Dwg. No. A-10,310

ELECTRICAL CHARACTERISTICS AT + 25°C, V, = 5.0 V (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current loex 1 ULN-2068B Vee = 50V — 100 nA
Ve = 50V, T, = 70°C — 500 pA
ULN-2069B Ve = 80V — 100 pA
Vee =80V, T, = 70°C — 500 pA
Output Sustaining Voltage Veesus 2 ULN-2068B | I = 100 mA,V,, = 04V 35 — v
ULN-2069B lo = 100mA, Vi, = 04V 50 — v
Collector-Emitter Veesan 3 Both lo = 500 mA, Iy, = 2.75V — 1.1 v
Saturation Voltage o = 750 mA, I, = 2.75V - 1.2 v
le = 1OA Iy =275V — 1.3 )
le = 1.25A 1y =275V — 14 )
ULN-2069B le=15A Iy =275V —_— 1.5 v
Input Current Iveom 4 Both Vi = 275V — 550 pA
Vi = 375V — 1000 pA
Input Voltage Vinen 5 ULN-2068B Vee = 2.0V, I, = 1.25A — 2.75 v
ULN-2069B Ve = 2.0V, 1, = L5A — 2.75 )
Supply Current ls 8 Both le = 500 mA, Viy = 2.75V — 6.0 mA
Turn-On Delay o — Both 05E,t005E,, — 1.0 s
Turn-0ff Delay ton, — Both 05E,t00.5,,l = 1.25A —_— 15 s
Clamp Diode Leakage Current Ik 6 ULN-2068B Ve = 50V —_ 50 RA
Ve =50V, T, =70C — 100 A
ULN-20698 Ve = 80V — 50 A
Ve =80V, T, =70°C — 100 pA
Clamp Diode Forward Voltage Ve 7 Both l=10A — 1.75 v
k= 15A — 2.0 v




ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

ULN-2074B AND ULN-2075B

PARTIAL SCHEMATIC

Dwg. No. A-10,3558

Dwg. No. A-9766A

(SIMILAR TO ULN-2064B8 AND ULN-2065B)

ELECTRICAL CHARACTERISTICS at + 25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current loex 1 ULN-2074B Vee = 50V — 100 pA
Vee = 50V, T, = 70°C — 500 pA
ULN-2075B Vee = 80V —_ 100 A
Ve = 50V, T, = 70°C — 500 A
Output Sustaining Voltage Veesus) 2 ULN-2074B le =100 mA Vy = 0.4V 35 — )
ULN-20758 le =100mA, Vy = 04V 50 — )
Collector-Emitter Veesn 3 Both l; = 500 mA, I; = 625 pA — 11 v
Saturation Voltage lo = 750 mA, Iy = 935 pA . 12 v
le=10A1=125mA —_ 13 v
lo=125A1;=20mA — 14 v
ULN-20758 le=15A = 225mA _— 1.5 )
Input Current Iiviom 4 Both Vi = 24V 14 43 mA
Vi = 3.75V 3.3 9.6 mA
Input Voltage Vivow 5 Both Ve = 2.0V, 1, = 1.0A — 2.0 )
ULN-2074B Ve = 2.0V, 1, = 1.25A — 2.5 )
ULN-2075B Ve = 20V, 1 = 1.5A — 2.5 v
Turn-On Delay o — Both 0.5E,t00.5E,, — 1.0 WS
Turn-0ff Delay o — Both 0.5E,1t00.5,, — 1.5 T




ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

TEST FIGURES
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE
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