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Preface

This is the third volume in a three-volume series of Linear and Interface Circuit Applications
books. To maintain overall continuity in the series, the section numbers in this book follow
those in Volume 2. Volume 1 presented information on operational amplifiers, voltage
regulators, and timers. Volume 2 provides information on display drivers and data line
drivers, receivers, and transceivers. Volume 3 provides information on peripheral drivers,
data acquisition circuits, and Hall effect circuits.

The purpose of this series of books is to present linear and interface circuit applications
in a manner that will give the reader a basic understanding of the products and provide
simple but practical examples for typical applications. Care has been taken to choose
illustrations which are of interest, at least by analogy, to a wide class of readers. This
material is written for not only the design engineer but also for engineering managers,
engineering technicians, system designers, and marketing or sales people with some
technical background. The authors have attempted to avoid lengthy mathematical analyses
for technical elegance, so that the important points may be clearly emphasized and not
obscured by distracting derivations. In cases where a rigorous derivation has been omitted,
an attempt has been made to state the results precisely and to emphasize limitations that
are practically significant.

To facilitate their use, the sections have been made basically independent. The primary
goal of the books is to assist the user in selecting the proper device for a particular
application. To accomplish this, key features of devices are presented along with discussions
of device or system theory and requirements.

Potential uses of the devices are demonstrated in circuit applications. These applications
are not intended to be a how-to for specific circuits but to be examples of how the device
might be used to solve your specific design requirements. In each case, a data book or
data sheet should be referred to for complete device characteristics and operating limits.
The circuit examples selected for this book have accrued from numerous customer inquiries
and related laboratory simulations.

This series of books has been written primarily by two members of the Linear
Applications Staff. They would like to express their appreciation for the helpful inputs
and assistance from members of the Linear Applications Lab, Product Engineering Staff,
and Field Application Engineering.






Section 10

Peripheral Drivers

Peripheral drivers are general-purpose integrated circuits that
can be used to interface between TTL, MOS, and CMOS
logic levels and higher voltage, higher current components.
Higher voltage and higher current components include lamps,
relays, solenoids, data transmission lines, and motors
(Figure 10-1).
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requiring additional drive power. These peripheral drivers
usually include output transistors to provide the required
drive capability, preceded by logic level shifting circuitry.
Level shifting is accomplished by integrated resistors and
diodes or logic gates. Figure 10-2 illustrates the two basic
configurations of peripheral drivers. One uses resistor and/or

IN

SN75603 ! : F i

SERIES DC MOTOR

SN75604

STEPPER
sN75438 MOTOR
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‘ PRINTER
i HAMMER
DRIVER

SN75435

Figure 10-1. Typical Uses for Peripheral Drivers

DEVICE CONSIDERATIONS
AND PRODUCT DESCRIPTIONS

BASIC CONFIGURATIONS

In the mid 1960s, integrated circuit logic gates were
combined with a variety of discrete small signal transistors
and power transistors to provide the desired interfacing.
Integrated circuit devices were developed to allow direct,
single -IC interfacing from logic levels to components

diode level shifting [Figure 10-2(a)], and the other uses logic
gate level shifting [Figure 10-2(b)].

TYPICAL REQUIREMENTS
Power

Peripheral drivers are used in situations which require
them to dissipate a significant amount of power. As a result,
most IC peripheral drivers are designed to handle at least
1 W. Packages with copper lead frames are often used to
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improve power handling capability. The small dual-in-line
8-pin package with a copper lead frame will typically handle
over 1.4 W at 25°C. The 14- and 16-pin packages with
copper lead frames are rated at 2 W or greater.

CLAMP

INPUT

OUTPUT

GND

(a) RESISTOR/DIODE INPUT

CLAMP
INPUT A, OUTPUT
INPUT B

GND

(b) GATE INPUT

Figure 10-2. Basic Peripheral Driver Input
Configurations

Voltage
Voltage capability ranges from a minimum of 15 V to
100 V. Care must be exercised in the selection of drivers
for switching applications. The switching voltage output
limits are generally less than the maximum dc standoff
voltage [V(BR)CER]. For example, a typical peripheral
driver with a standoff voltage rating of 30 V may not be
suitable for use as a 24-V relay driver, even if an output
clamp diode is used. The high level output voltage after
switching (VOH) is typically 20 V for this device. The output
voltage swing of 24 V or 25 V would result in secondary
" breakdown and device latch-up. This is a destructive
condition which could result in device failure. The correct
device for this application would have a VO rating of 30 V.
Gate controlled input devices require a 5-V supply in addition
to any higher level supply required for the output circuit.

Current

Peripheral drivers are designed to operate at output
current levels of 100 mA to 2 A. As with output voltage,
device output current selection should be done with care.
Most devices will have a continuous output current rating
and a peak current rating. Peak current ratings are specified
for a maximum on time of 10 ms and a duty cycle of 50%
or less. NOTE: The peak current level of integrated circuit
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drivers should not be exceeded, no matter how short the time
or how low the duty cycle. Although average power
dissipation may be within limits if the on times and duty
cycles are very short, chip surface metal migration may occur
with any current above the rated peak level. Metal migration
results in destruction of the chip surface metal. This is
associated with the output emitter contacts, and eventually
causes device failure. For example, short current spikes
associated with charging a capacitive load could seem to have
no immediate effect on the device. However, if the peak
current level is exceeded for even a short time, a small
amount of deterioration occurs and the device will exhibit
long-term failure.

Speed

Peripheral drivers can be used as switches and are
therefore operating in a dc or very low frequency mode.
Other applications, such as memory clock drivers require
speeds as high as 10 MHz. At low or high data rates or dc
operation, the device must never exceed its voltage, current
or power limits.

High-speed operation can, in some applications, result
in excessive power dissipation. High-speed power dissipation
can (and should) be limited to improve operating reliability.
Turn-on transients are one form of excessive power that can
be controlled to some extent. Figure 10-3 illustrates the
effects of transients on power dissipation as frequencies are
increased.

Logic

~ Generally these devices are used to interface between
logic level signals and circuits requiring more drive power.
Most peripheral driver inputs are compatible with TTL
voltage levels. The input resistance of some devices is high
allowing compatibility with low level CMOS, MOS, and low
power Schottky TTL, as well as standard TTL.

PERIPHERAL DRIVER DEVICES

A wide variety of peripheral drivers is available for
today’s design engineer. The first monolithic IC peripheral
driver, the SN75450B which was introduced by Texas
Instruments in 1968 (Figure 10-4), was very basic and
versatile, allowing many application options. This versatility
has accounted for its continued popularity. The SN75450B’s
schematic and logic symbol diagrams are illustrated in
Figures 10-5 and 10-6. Note that the output transistor’s
emitter, collector, and base leads are pinned out separately
to allow for various methods of interconnections.

Key design features of the SN75450B include the ability
to switch load currents of 300 mA. It has a dc off-state
transistor collector output voltage capability of 30 V and can
switch off 300 mA with inductive loads while operating from
collector supply voltages of up to 20 V. The SN75450B also
features fast (less than 30 ns) switching speeds for use in
high speed logic interfacing applications. As shown in Figure
10-5, its TTL compatible inputs are diode clamped for
protection from negative voltage transients.
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Figure 10-4. SN75450B Peripheral Driver

It was noted that in most of the applications using the
SN75450B device, the emitters were tied together and
grounded. Also the gate outputs were tied to the transistor
base inputs. Implementing this configuration yielded the next
device in this series — the SN75451B. Other devices with
different logic functions, but basically the same operating
characteristics, led to the series of drivers summarized in
Table 10-1.

4 kO3
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Resistor values shown are nominal.

Figure 10-5. SN75450B Schematic
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Figure 10-6. SN75450B Logic Symbol

Vee

1E

suB

2C

2E

GND

Table 10-1. Summary of Series 55450B/75450B

DEVICE CIRCUIT LOGIC PACKAGES
SN75450B AND J.N
SN75451B AND JG,P,D
SN75452B NAND JG,P,.D
SN75453B OR JG,P,.D
SN75454B NOR JG,P,.D
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SN75431, ‘461 and ‘471 Series

The need for different voltages, currents and speeds
has resulted in the development of several families of
peripheral drivers. Families with the same block diagram
and basic function as the ‘451 series include the SN75431,
SN75461, and SN75471 series. Figures 10-7 and 10-8 list
the basic schematics, logic symbols, and package pinouts for
these four families.

Features and comparisons of the SN75431, 451, 461,
and 471 families are listed in Table 10-2.

SN75446 and SN75476 Series

The SN75446 and SN75476 series are also dual drivers
but have additional features illustrated in Figure 10-9. Both
the SN75446 series and the SN75476 series have PNP input
transistors, resulting in compatibility with TTL, MOS, and
low level CMOS logic. Built-in output clamp diodes allow
clamping of inductive loads without external diodes. The 446

AAA

4 kO

Resistor values shown are nominal.

Table 10-2. SN75431 Series Device Features

OFFSTATE | SWITCH LOAD| OUTPUT |TYPICAL
FAMILY VOLTAGE VOLTAGE CURRENT tpd
(V) (V) (mA) (ns)
SN75431-434 15 15 300 15
SN75451-454 30 20 300 20
SN75461-464 40 30 300 35
SN75471-474 70 55 300 35

series provides 350 mA continuous output and 70-V standoff
with 50-V inductive switching capability. The 476 series
provides 300 mA continuous output current with 70-V
standoff and 55-V inductive switching capability. These
devices are especially suited for driving inductive loads such
as relays, solenoids, printer hammers, and motors. Figure
10-10 shows the package and function similarities between
these devices and their interchangeability.
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(a) SN55/75431, SN55/75451, SN55/75461, SN55/75471
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(b) SN55/75432, SN55/75452, SN55/75462, SN55/75472
Figure 10-7. SN75431/451/461 and 471 Series (AND, NAND) Schematics and Diagrams
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(b) SN55/75434, SN55/75454, SN55/75464, SN55/75474
Figure 10-8. SN75431/451/461 and 471 Series (OR, NOR) Schematics and Diagrams
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Figure 10-9. Schematics of Device Inputs and Outputs

SN75436, SN75437A, and SN75438

The SN75436, SN75437A and SN75438 are quad, gate
controlled, peripheral drivers. They are designed for driving
loads requiring relatively high power (15 to 35 W). Each
device features four open-collector output drivers with

common enables. These devices are designed for use as relay
drivers, printer hammer or other types of solenoid drivers,
lamp drivers, motor drivers, data line drivers, and memory
drivers. The basic device schematic diagrams, Figure 10-11,
show some of the special features of this series. PNP
transistors provide high-impedance inputs for TTL and
CMOS compatibility. Low power logic control circuitry
results in less than 26 mW standby power. Open-collector
output transistors provide low resistance saturated outputs

(TOP VIEW)

s Us[JVee

1A 2 7] 2A

1v[ds  ef]2y
GND[]a  s[]cLAamp

Figure 10-10. SN75446 and SN75476 Series
Package Pinouts
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Figure 10-11. Basic Device Schematics

resulting in low VSAT levels. The outputs of these devices
do not have spurious transients during power-up or power-
down sequencing. The device package, Figure 10-12,
provides four heat sink pins to help conduct heat from the
device. As a result of this, and their copper leads, the
SN75436, SN75437A and SN75438 packages are rated for
2 W continuous power dissipation at 25 °C or less (free-air
operating temperature). Inputs and outputs are conveniently
located on opposite sides of the package for easy PC-board
layout and assembly. Table 10-3 compares the maximum
output current, output saturation voltage, and switching
voltage for these three devices.

(TOP VIEW)

v Use[d A1

DZE:J 15[] A2

vy20s  wdaG
HEATSINK § 4 13:]}HEATSINK
AND GND{ 5 12[]§ AND GND

vaQe 11dVce

p2[]7 0[] A3

Y4 ]s 9| | A4

Figure 10-12. Package Pinout

Table 10-3. Device Selection Guide

Feature 436 437A 438
Output current 500 mA | 500 mA | 1000 mA
Maximum VgaT 0.5V 0.5V 1.0V
Max switching voltage 50 V 35V 35V

SN75435 Quad Driver

The SN75435 consists of four peripheral drivers, each
with up to 20 W output drive capability. It features
(Figures 10-13 and 10-14) four open-collector drivers with
a common enable input that, when taken low, disables all
four outputs (Table 10-4). Output on resistance is less than
1 © at an output current of 500 mA. The standard 2-W DIP
(Figure 10-13) is used for this device. Output clamp diodes
for transient protection are built in. The SN75435 is also free
of spurious transients during power-up and power-down
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sequencing. Device standby power is less than 53 mW
allowing cool operation and good long-term reliability.
One unique feature is that each driver output is
protected against load shorts with its own latching over-
current shutdown circuitry. The output will be turned off
whenever a load short is detected. A short on one output does
not affect the other three drivers. The latch for shutdown
will hold the output off until the input or enable pin is taken
low and then high again. A delay circuit is incorporated in
the over-current shutdown to allow for a load capacitance
of 500 uF at 35 V. Figure 10-15 illustrates the recommended
maximum supply voltage versus load capacitance.

Table 10-4. SN75435 Function Table

INPUTS OUTPUTS
1A 2A 3A 4A G | 1Y 2Y 3Y 4Y
L L L L X{H H H H
X X X X L|H H H H
H L L L H L H H H
L H L L H{H L H H
L L H L H|H H L H
L L L H HIH H H L
H H H H H]L L L L

(TOP VIEW)
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Figure 10-13. SN75435 Package Pinout

The SN75435, Figure 10-16, has high-impedance PNP
inputs to provide both TTL and low level CMOS
compatibility. Inputs are also diode clamped for negative
voltage input transient protection. Although very well suited
for driving solenoids, relays, memory systems, and LED
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circuits, this device is particularly well suited for driving
lamps and motors.

SN75440 Quad Peripheral Driver

The SN75440 quadruple peripheral driver is designed
for use in systems requiring high current, high voltage, and
high load power. The package Figure 10-17 allows easy heat
sinking and will provide 2-W power handling capability at
25°C. The device standby power is only 21 mW. Each

Vee — ——

INPUT

Figure 10-16. SN75435 Equivalent Schematic
of Each Input

device has four noninverting open-collector outputs with
600 mA sink capability and will switch inductive loads with
a supply voltage of 35 V. The SN75440 also features an
enable input control on pin 14, Figure 10-17, for enabling
or disabling all four outputs. The open-collector outputs,
Figure 10-18, are diode protected for transient protection and
have a low on-state resistance of less than 1.5 Q. The outputs
are free from spurious transitions (glitching) during power-
up or power-down sequencing.

(TOP VIEW)
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Figure 10-17. SN75440 Package Pinout
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Figure 10-18. SN75440 Logic Diagram (Each Driver)

PNP inputs, Figure 10-19, have low level input currents
of less than 10 uA. Functional relationships between the input
and output logic functions are given in Table 10-5.
Applications include driving relays, lamps, solenoids,
motors, LEDs, data transmission lines, printer hammers, and
other systems with high drive power requirements.

SN75603, SN75604, and SN75605
The SN75603, SN75604, and SN75605 are power
peripherals with three-state outputs having the capability to
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Table 10-5. SN75440 Logic Functions

INPUTS OUTPUT
A G Y

L H L

H X H

X L H

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

sink or source currents up to 2 A while switching

bidirectional loads at voltages of 8 V to 40 V. They come -

in a straight KH, or formed KV, 5-lead power package
illustrated in Figure 10-20. They are rated at 6.25 W at or
below 125°C. The devices have built-in input and output
transient diodes (Figure 10-21) and thermal shutdown
protection. Table 10-6 provides the input-output functions
for all three devices. Note that the SN75603 and SN75604
are both in their high impedance output state if their enable
input is low. The SN75605 uses an exclusive-OR input
control and if either the enable or the direction control inputs
are low the output is in the high impedance state.

Vee -_——

INPUT

Figure 10-19. SN75440 Equivalent Schematic
of Each Input

Table 10-6. SN75603/604 and 605 Function Table

INPUTS OUTPUT
EN DIR SN75603 | SN75604 | SN75605
L L Z z L
L H Z V4 Z
H L L H z
H H H L H
(TOP VIEW)
[ DIR
— OuUT
O —— GND
- = EN
—1Vce

GROUND TERMINAL IS IN
ELECTRICAL CONTACT WITH
MOUNTING BASE

Figure 10-20. SN75603/604 and 605 Package Pinout
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SN75603
Vee
EN
DIR ouTt
SN75604
Vce
EN
DIR ouTt
SN75605
EN Vce
DIR out

Figure 10-21. SN75603/604 and 605 Logic Diagrams

The equivalent input and output schematics are shown
in Figure 10-22. PNP input transistors provide high input
impedance with both TTL and CMOS compatibility. Internal
propagation delays are such that simultaneous conduction of
sink and source outputs cannot occur. These devices are
especially suited for driving bidirectional dc and stepper
motors as well as reversible solenoids and relays.

The SN75603 and SN75604 are designed to be used
together as complementary half-H drivers. Their direction
controls are complementary allowing the pair to function as
full-H drivers with the direction control function implemented
by a single logic control line.

The SN75605 (a functional equivalent to the Sprague
UDN2949) provides a high impedance output when either
the enable or the direction control is low. Note: If both of
the inputs are low at the same time, the output will be in
the low state. If both inputs are high, then the output will
be high.

SN75372 Dual and SN75374 Quad Power FET Drivers

The SN75372 and SN75374 are designed to drive
capacitive type loads at relatively high data rates. Primary
uses include driving power FET devices in switching
applications and interfacing between TTL and MOS or
CMOS. Their totem-pole outputs provide high speed sink
and source capability ideally suited to driving the capacitive
input characteristics of power FET devices. The SN75372
is a dual driver with TTL compatible inputs and totem-pole
outputs that can source, from a V2 supply level of up
to 24 V and sink currents of 100 mA minimum. Even when



5V

EORD
INPUT

INPUT SCHEMATIC

OUTPUT SCHEMATIC

Vce

OUTPUT

Figure 10-22. Equivalent SN75603/604 and 605

Input and Output Schematics

operating into a 390-pF load device propagation delays are
typically less than 35 ns with transition times accounting for
25 ns of that. The result is a very adequate speed for driving
power FETs. Figures 10-23 and 10-24 show the basic circuit
configurations for the SN75372 and SN75374. Both devices
have input and output transient protection diodes. These
devices have transient overdrive protection to minimize
power dissipation. The typical standby power is 22 mW for
the dual SN75372 and 38 mW for the quad SN75374.

The dual SN75372 comes in the 8-pin DIP package,
Figure 10-25, and has a common enable. The quad SN75374
comes in a 16 pin, Figure 10-26, and has 2 enables for each
pair of drivers. An additional feature of the SN75374, shown
in both Figures 10-24 and 10-26, is the availability of the
pre-driver supply rail (Vcc3 on pin 9). With Vcc3 at 3
to 4 V above the value of VC(2, it is possible to drive the
output level very close to the VC 2 rail.

When driving capacitive loads at relatively high data
rates, the package power dissipation will become significant
and it is desirable to know what to expect. Figures 10-27
and 10-28 illustrate the total package power dissipation that
may be expected versus operating frequency with several
different capacitive loads for the SN75372 and SN75374.

DS3680 Quad Telephone Relay Driver

The DS3680 quad relay driver is a monolithic
integrated circuit designed to interface from TTL to telephone
relay systems or other —48 V systems. It is capable of
sourcing 50 mA from standard —52 V battery power. To
reduce the effects of noise and IR drop between logic ground
and battery ground, these drivers are designed to operate with
a common- mode input range of +20 volts referred to battery
ground. Each driver in the package has common-mode input

Vcer Vee2
TO OTHER )¢
DRIVERS ) «—e i
< ]
3 [
| l:
s q
p
1 '—_K'_“—“_:'_OUTPUT
Y
INPUT A————?—K——-ﬂ
ENABLE E > —jg— | ‘
‘P
:»
’ Y * &——GND
L’ TO OTHER
»| DRIVERS

Figure 10-23. SN75372 Schematic (Each Driver)
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*~—
Y

r
1.
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VW

% TO OTHER
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pt

Figure 10-24. SN75374 Schematic (Each Driver)

(TOP VIEW)

1A U s[JVeer
E[]2 7[J1Y
2Y

2A[]3 6
GND [ j4 5

Figure 10-25. SN75372 Package Pinout

vee2

(TOP VIEW)

veez [ Use[d Vee
1Y[Q2  1s[J4Y
1A 14[J4A
1m%4 13[] 2€2
1€2(0s  12[] 2E1
2AJe 11[d3A
2v[]7s  10[J3Y
GND[( |8 9] ] Vces

Figure 10-26. SN75374 Package Pinout

voltage independent of the other drivers. High input
impedance with low input current (typically less than 100 pA)
results in minimum loading of the driving circuit. Built-in
driver output clamp diodes eliminate the need for external
networks to limit high voltage kickback levels present when
switching inductive loads. A fail-safe feature incorporated
in the DS3680 ensures that if either input is open, the driver
output will be off. Figures 10-29 and 10-30 illustrate each
driver’s logic symbol and schematic diagram respectively.
Figure 10-31 shows the convenience of the package pinout
with inputs on one side and outputs on the other. Ground
is located on a corner pin to implement easy board layouts.
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900 |Vce2 = 20V
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Figure 10-27. Total Dissipation Both 372 Drivers
vs Frequency

Some peripheral drivers are basically Darlington
transistor arrays designed to have logic compatible inputs.
They are often used in high current applications where the
control logic is provided externally. The following devices
are of this type.

SN75064/ULN2064 Series Quad Peripheral Drivers
.The SN75064, SN75065, SN75066, SN75067,

ULN2064, ULN2065, ULN2066, and ULN2067 are quad

high current, high voltage Darlington switches. Each device
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Figure 10-28. Total Dissipation All 374 Drivers
vs Frequency

BATTERY GROUND

NONINVERTING

INPUT IN +
INVERTING
INPUT IN -

OUTPUT

BATTERY NEGATIVE
Figure 10-29. DS3680 Logic Diagram (Each Driver)

15 kQ BAT GND
IN + —¢

OUTPUT

BAT NEG

\ 4 g @

Figure 10-30. Schematic Diagram (Each Driver)

has four Darlington transistor drivers with common-cathode
clamp diodes for switching inductive loads (Figure 10-32).
Each of the drivers has 0.5 A output current capability, and
their inputs and outputs may be paralleled for even higher
current handling. Connected as common emitter circuits,
these devices provide sink current drive for switching a
variety of applications including relays, printer hammers,
lamps, display circuits, memory circuits, and data

transmission lines. The NE packages (Figure 10-32) are rated
at 2 W. Output loads may be operated from voltages up to
50 or 80 V, depending on the device type.

The SN75064, ULN2064, SN75065, and ULN2065 are
intended for use with TTL and 5-V MOS logic. The
SN74066, ULN2066, SN75067 and ULN2067 are intended
for use with PMOS and higher voltage CMOS logic. The
SN75 series devices have a slightly higher maximum
VCE(sat) specification and feature economical pricing. The
ULN series devices have slightly lower maximum VCE(sat)
and are recommended where output low level voltages are
critical.

(TOP VIEW)
IN+ 1 4[] BAT GND
AMPL 41 {IN— 2 13[] OUTPUT AMPL #1
IN-[]3  12[] OUTPUT AMPL #2
AMPL #2{IN+E4 11]] OUTPUT AMPL #3
.o JIN+[]s  10[] OUTPUT AMPL #4
AMPL {IN—ES o[ ] BAT NEG
AMPL #4 IN-[]7 8] IN+ AMPL #4

Figure 10-31. DS3680 Package Pinout

NE DUAL-IN-LINE PACKAGE

(TOP VIEW)
cLampP [ Usg[] 4C
1c{2 1s[gNC
1B[Qs 1af]4B
HEAT SINK, E, f[Ja 1300 } HEAT SINK, E,
AND SUBSTRATE{ (05 12[]f AND SUBSTRATE
28[Je 11[]3B
2c[]7 1ofJNC
cLAmP []8 9[]3c

NC—No internal connection

SCHEMATIC
EACH DARLINGTON PAIR

CLAMP

OUTPUT C

SN75064, SN75065 Rj, = 350 2 NOM
ULN2064B, ULN2065B

SN75066, SN75067 Rj; = 3 kQ NOM
ULN2066B, ULN2067B

Figure 10-32. SN75064 Series and ULN2064 Series
Package Pinout and Schematic
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SN75068/ULN2068 and SN75069/ULN2069 Quad
Darlington Switches

The SN75068/ULN2068 and SN75069/ULN2069 are
quad high voltage, high current Darlington drivers
(Figure 10-33). Their outputs have common cathode clamp
diodes for switching inductive loads. A third transistor at
the input acts as a preamplifier providing high current gain
and input compatibility with low power TTL and 5-V CMOS
signals. With a maximum input current of only 250 uA at
a Vip of 2.4 V, these devices may be operated directly from
low power sources such as CMOS microprocessors or
computers. Their outputs can sink up to 1.5 A and switch
voltages of up to 50 V for the 068 devices and 80 V with
the 069 devices. The recommended VC for the preamp is
5 V.

NE DUAL-IN-LINE PACKAGE
(TOP VIEW)

1 U15:]4C

15:] 4B
14]Vee
13 :] }HEATSlNK, E,

b AND
]

SUBSTRATE
110 3B

10[] 3C
o[] cLAMP

CLAMP

1c
1B
HEATSINK, E,

AND {
SUBSTRATE
28
NC [

2c [

NC—No internal connection

N N OO d WN

SCHEMATIC
(EACH DRIVER)

Vce

CLAMP

INPUT B OUTPUT C

Resistor values shown are nominal.

Figure 10-33. SN75068, SN75069, ULN2068, and
ULN2069 Package Pinout and Schematic

SN75074/ULN2074 and SN75075/ULN2075
Quad Darlington Sink or Source Drivers

The SN75074/ULN2074 and SN75075/ ULN207S are
quad, high current, high voltage Darlington transistor
switches (Figure 10-34). They feature output voltage
operation up to 80 V and output current capabilities of up
to 1.5 A. These devices are unique in that they feature
uncommitted collectors and emitters allowing sink or source
applications. Inputs with respect to the emitters are
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compatible with TTL logic levels. These devices are
particularly useful in H-drive applications because of the
ability to perform both sink and source functions.

NE DUAL-IN-LINE PACKAGE

(TOP VIEW)
1cqr Use[J 4ac
12 1s[]4E
1Bz 4[] 4B
HEATSINK AND f[}4 13 \ HEATSINK AND
SUBSTRATE \[Js 12[]f SUBSTRATE
28[]e 11[] 3B
2e[]7 10[J3E
2c s a[] 3C
SCHEMATIC
(EACH DRIVER)
OUTPUT C

350 @

INPUT B

E

,5 SUBSTRATE

Figure 10-34. SN75074, SN75075, ULN2074,
and ULN2075 Package Pinout and Schematic

SN75465 and ULN2001A Series Seven Channel
Darlington Transistor Arrays

The SN75465 series and the ULN2001A series are high
voltage, high current Darlington npn transistor arrays with
common cathode clamp diodes for switching inductive loads
(Figure 10-36). Each Darlington pair has a collector current
rating of 500 mA. Darlington drivers may also be paralleled
for higher current capability when using the (N) plastic dual-
in-line package (Figure 10-35.) Total package substrate
current for the N package is 2.5 A. The (J) ceramic dual-in-

JORN
DUAL-IN-LINE PACKAGE

(TOP VIEW)
181 Uss[]1C
282 1sJ2cC
3BE3 14]30
4BE4 13[] 4C
58[]s 12[]5C
6B[le 11[]6C
7807 1wo[J7C
E[s o[]com

Figure 10-35. SN75465 and ULN2001A Series
Package Pinout



line package is limited to 500 mA total current. The SN75465
series devices have a 100 V maximum collector-emitter
voltage rating while the ULN2001A series have a 50 V
maximum.

The SN75465 and ULN2005A have 1.05-kQ series
base input resistors and are especially designed for standard
TTL or other sources with TTL equivalent or greater drive
current capability.

The SN75466 and ULN2001A are general-purpose
arrays with no input resistors or diodes for level shifting.
They have a guaranteed minimum hpg of 1000. These
devices will work well as switches or linear amplifiers.

The SN75467 and ULN2002A are especially designed
for use with 14 V to 25 V input signals, typical of PMOS
logic devices. Each driver has a zener diode and resistor in
series with its input to limit the input current for high voltage
applications.

The SN75468 and ULN2003A have 2.7-k{} resistors
in series with their inputs allowing them to be compatible
with TTL and 5-V CMOS logic.

The SN7469 and ULN2004A have 10.5-kQ resistors
in series with their inputs. They operate from medium logic
voltage levels of 6 V to 15 V, typical of some CMOS and
PMOS logic.

com

OUTPUT C
INPUT B

(a) SN75466/ULN2001A

INPUT B

UDN2841 and UDN2845 Quad High Current
Darlington Drivers

The UDN2841 and UD2845 are quad peripheral
drivers designed for high voltage (up to 50 V), high current
(to 1.5 A) switching applications. These devices are designed
to provide a solution to the unique application requirements
resulting from loads that must operate from a negative supply
rail. Such systems include electronic-discharge printers,
bipolar and unipolar dc motors, telephone relays, matrix
displays, PIN diodes and other high current loads operating
from negative power supplies.

The UDN2841 is intended for current sink applications
where, for example, the load is connected between ground
and the driver’s collector. The emitter is connected to the
negative supply and the driver acts as a sink to that supply
(Figure 10-37).

The UDN284S5 is intended for use as a sink and source
combination allowing bidirectional switching where both
ends of the load are floating. An application example would
be driving a reversible dc solenoid.

Both the UDN2841 and UDN2845 drivers feature a

- pnp input transistor that acts as a signal level translator and

provides a high input impedance for compatibility with

com

OUTPUT C

(b) SN75467/ULN2002A

com

RB
INPUT B

OUTPUT C

(c) SN75465, ULN2005A, SN75468, ULN2003A,
SN75469, AND ULN2004A

Figure 10-36. Schematics of Darlington Pairs
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NE DUAL-IN-LINE PACKAGE

(TOP VIEW)
acr Uqs[J4E
1c2 1s[J4 INPUT INPUT
1INPUT[3  14[JVcC
1E, 3E, AND § [Ja 13]}1E, 3E, AND
HEATSINK {ES 12[]f HEATSINK
GND[]s  11[J 3 INPUT
2 INPUT[]7  10[]3C
2e(]s  9f]2C

SCHEMATIC DIAGRAM
(EACH DRIVER)
Vee
TO 3
OTHER DRIVERS

(2]

TO0 3 10 k@

OTHER DRIVERS

7.2 kQ

= Substrate
UDN2841: R = 15 kQ each channel
UDN2845: R = 15 kQ channels 1 and 3, R = 1 kQ, channels 2 and 4
Resistor values shown are nominal.

Figure 10-37. UDN2841 and UDN2845 Package

Pinout and Schematic

standard TTL as well as low power 5-V CMOS. Following
the pnp input is an npn transistor acting as a preamplifier
and providing the gain required to adequately drive the 1.5 A
Darlington output pair. Drivers 2 and 4 have uncommitted
emitters and collectors while drivers 1 and 3 have emitters
internally connected to the substrate. For proper operation,
these emitters and the substrate must be connected to the most
negative supply voltage.

PERIPHERAL DRIVER APPLICATIONS
PERIPHERAL DRIVER-OPTO APPLICATIONS

Driving Tungsten Filament, or Equivalent,
Incandescent Lamps

Incandescant lamps have a characteristic that can pose
a serious problem to monolithic integrated circuit drivers.
The resistance of the typical incandescent bulb varies
significantly with changes in filament temperature. For
example, a typical general-purpose bulb, type 1815, is rated
at 14 V and 200 mA operating current. One might assume
that a monolithic driver rated at 300-mA continuous and
500-mA peak surge would be adequate for driving a lamp
requiring only 200-mA drive current. The problem becomes
evident if the turn-on surge current is monitored. Type 1815
bulbs have a (cold) turn-on peak surge current of up to 10
times their steady-state value, possibly as high as 2.7 A.
Figure 10-38 illustrates a test of surge current for a type 1815
bulb. To overcome the problem of high turn-on surge current
the designer has two alternatives: Select a driver witha 3 A
surge capability, or do something to limit the surge current.

Several methods can be employed to limit surge
currents when using peripheral drivers. One method uses
keep-alive resistors as shown in Figure 10-39. These resistors

10-14

maintain the off-state current at about 50% of the normal
steady-state level and result in a standby light intensity of
about 10% of normal. Steady-state current for the particular
bulbs being used was 250 mA and the warm-up current was
120 mA. With the keep-alive resistor, the surge current is
limited to only 500 mA or twice the normal steady-state
value.

Figure 10-40 illustrates the limiting of base drive to
limit surge current.

The hpg for the particular device output transistors
used was about 84. If a peak surge current of 500 mA is
selected, the value of the base resistor can be determined
by the following equation. The resulting limitation in the
output surge current is shown in Figure 10-41.

R = YOH — VBE

Ig(limit)
Where:
VoH = 3.5 V (typical)
VBE = 0.7 V (typical)
- Ic(limit)
Ig(limit) = ——
B(limit) hFE
500 mA
=~ = 5.95 mA
Therefore:
35V -07V _
R= —Jooso5a =~ 4708
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Figure 10-38. Results of Lamp Surge Current Test
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Figure 10-39. Limiting Surge Current with
Keep-Alive Resistors
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Figure 10-40. Base Drive Current Limiting

This method is not the best solution because of the
dependency on hFg and VBE. A resistor value would need
to be calculated for each device. A similar method that is
much less susceptible to variations in output device
parameters is illustrated in Figure 10-42. The current limiting
resistor in series with the output transistor’s emitter is small
enough to be of little significance at the steady-state on level,
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