





























































































































































































































































































































































































































































































































































































































































































































APPLICATIONS INFORMATION (Cont'd)

5700M dual and UDN-5700A quad peripheral/power
drivers all include high-current/high-voltage transient
(flyback) diodes for use with inductive loads. The ob-
vious advantage is the reduction in component count,
board space, and assembly costs that result when
choosing a Sprague Electric relay driver over a non-
diode protected type.

SOLENOID DRIVER

Figure 9

vCEX(uu) Curve

Operating inductive loads requires that any semi-
conductor sustain a combination of output voltage
and current as the load is switched OFF; a combina-
tion of voltage/current not required with non-inductive
loads. The collapse of the inductive load produces a
very non-linear “looping” load line. It is desirable
that it not intersect the device output breakdown
curve. The phantom of secondary breakdown creates
device failures when the voltage/current (power) com-
bines with an excessive interval (time). Secondary
breakdown is a power/time related failure mechanism,
but the intersecting of a breakdown curve by an in-

i ductive load line is at times permissable. It is, however,
definitely advantageous not to have such an intersec-
tion (crossing) occur during turn-off.

Figure 10 shows a typical Ve curve obtained
with the Series UDN-3600 or UDN-5700 IC drivers,
In accordance with the V¢c notation, this curve is ob-
tained with the supply equal to or greater than +44.75
volts. Inductive load lines vary greatly with load cur-
rent and voltage and are difficult to include. The load
line of a solenoid or relay may be obtained by properly
connecting an oscilloscope to monitor load current
and voltage while repetitively switching the coil. Use
of a current probe to monitor load current (vertical
input) while applying the voltage waveform to a cali-
brated horizontal input will display the load line.

100

90. Vee 2 475V

MILLIAMPERES
8

re
[

100nAltyp)
$100uA (max)

10 20 30 40 50 60 70 8O 80 100 NO |20
voLTS

TYPICAL Veex(sus) CURVE

Figure 10

Paralleling Outputs

Due to the excellent matching provided by mono-
lithic IC processing and' identical output transistor
designs, it is possible to parallel output/input com-
binations to allow higher current sinking as systems
necessitate. All four outputs may be paralleled with
results like those shown in Figure 11 for 2, 3, or 4
drivers in parallel. Current sharing is extremely well
matched, and the best choice for pairing would be
outputs on the quads across from one another (i.e.,
output pin 3 with output pin 11 with a UHP-400),

3 GATES
J

4 GATES
1000

800

600 4{‘ +
I mA
200 |— _| _J
|

o |
° 02 04 08 o8 10
Von
PARALLEL OUTPUTS

2 GATES

1 GATE

Figure 11

Logic Gate Power

The high gain transistor process used at Sprague
Electric has resulted in a considerable decrease in the
power dissipated in the logic gate which sources base
current for the output NPN. The collector resistor in
the TTL totem pole output is the determining com-
ponent for the high current output. It is this resistor
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in each of the gates which has a principal influence on
the power when the output is switched on (supply
current/output low). Figure 12A compares the Com-
petitor A or B logic output (130 ohm resistor) to the
Sprague types (228 ohm resistor). It is this 228 ohm
resistor value in Figure 12B that decreases package
power substantially.

LOGIC GATE POWER
+5V.

SPRAGUE UHP 400/500
® uon 3609/5700

TI 75451 erc
NS LM36i1 etc

Figure 12A Figure 12B

The histograms of Figures 13A and 13B compare
the dual drivers furnished by Sprague, Competitor A
and Competitor B. Note that the output ON currents
of Competitive A and B circuits are either identical or
very similar but that both are considerably higher
than the Sprague equivalents. A small discrepancy
exists between the output OFF currents, but these are
of much less consideration than the output ON supply
current. The Sprague devices offer an obvious advan-

. tage of less heat and lower current supplies while pro-
viding the same functional capability for interface to
peripheral loads. Reductions in power (heat) can ap-
preciably affect some system considerations (largely
power supplies) and/or improve reliability via lower
.operating temperatures.

TH 75452
NS LM3612

SPRAGUE
UDN 3612/5712
SUPPLY CURRENTS (MAX)

SPRAGUE
UDN 3611/5711

Figure 13A
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5453 E
NS LM3613 UDN 3614/5714
SUPPLY CURRENTS (MAX)

Figure 13B

\GUE
UDN 3613/5713

NS LM3614

Logic *'0" Input Current — DTL Types

The reversion to a DTL logic gate with an allowa-
ble input logic level of up to 30 volts brings new di-
mensions to the applications for the newer dual and
quad power drivers. TTL circuits are difficult to use
in systems that have logic “1” input levels beyond the
5.5 volt TTL maximum specified; but even more dif-
ficult to handle with many MOS devices is the maxi-
mum logic “0” current of 1.6 mA for UDN-7400
TTL. Figure 14 compares the Sprague DTL 100 uA
maximum types to the much higher (1.6 mA max)
levels of the Competitor A and B types.

TI 75451 efc;
B8NS LM3611 etc.

SPRAGUE
. UDN3600/5700
POWER DRIVERS

LOGIC "0" INPUT CURRENT

Figure 14
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PMOS Interface - DTL Types

The combination of an allowable input voltage of
up to 30 volts and the 100 pA input current for the
logic ““0” state opens up new areas of simple, minimum
component interface with both PMOS and CMOS.
The open drain PMOS of Figure 15A shows the
technique for employing the UDN-5707 or UDN-
5712 with only an appropriate pulldown resistor for
each MOS output and a series Zener to obtain the
+5 volt V¢ for the logic gate of the driver. The use
of a high voltage input diode (collector/base diode)
results in a vertical PNP to the substrate and accounts
for the dramatic reduction in logic “0” input current.
The input is actually a PNP, and the current (<100
uA) being sunk in the driving device or puildown
resistor is the base current of the PNP shown in Figure
15B. The main element of the logic “0” input current
(Ig) is shunted to the substrate (ground) as PNP col-
lector current (I¢); — another Sprague first in periph-
eral/power drivers.

SECTION OF LOGIC GATE 5707/57)2

o (MOS)

<

<
[~ Pmos opEN DRANI

AN
& _
g

—i—

PULLDOWN;
R

Figure 15A

Figure 158

Pulldown resistors for this type of application fall
within reasonable values, although the same is not
true of standard TTL inputs with a 1.6 mA input cur-
rent limit. It would be necessary to use a 250 ohm
pulldown with standard TTL (0.4 + 1.6 mA = 250
ohm), but the 100 zA of the Sprague DTL units will
allow up to 4 k. Even if this need for a 250 ohm pull-
down is overcome, the maximum input voltage of 5.5
volts for TTL precludes its easy use with most MOS
circuitry operating above 5 volts.

Most PMOS circuits have a limited output source
capability and a problem results when the PMOS out-
put is turned on. To properly operate a TTL or DTL
IC, its input must swing higher than 2.4 V; a serious
difficulty if a 250 ohm pulldown resistor is used (TTL).
However, when using the Sprague DTL types, it is
only necessary to source 615 pA (2.4 V =+ 3900 ohms),
and should present little, if any, problem for most
PMOS interface. ¢
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With the exception of the probable need for a pull-
down resistor (may not be required with some deple-
tion load PMOS), the same basic considerations apply
to CMOS interface.

CMOS Interface ~ DTL Types

The much lower input logic “0” current and the 30
volt minimum input breakdown afforded by a collec-
tor/base diode are a great asset for those wishing to
interface from CMOS to a high current load. In Fig-
ure 16 a typical CMOS to relay/solenoid scheme em-
ploys the UDN-5712 dual driver; a configuration op-
erating from the CMOS supply of +12 volts. Use of
a simple series Zener diode of an appropriate current
rating will suffice for the V¢c line if the 412 volt
CMOS supply is adequately regulated.

12V £5%
~Mos ; g
outeuT [ vonsrizm :
. - 68V
]
1 H . Tiﬁ'fn

Figure 16

Systems with poor regulation may require a simple
regulator such as those shown in Figure 17A (NPN
power transistor) or Figure 17B (power Darlington)
to obtain the 45 volt V¢c line. The choice is based
upon the input current required for the series pass
power device, and the effects upon the Zener power
rating under minimum load conditions (obvious ad-
vantage to Darlington). For CMOS logic systems re-
quiring relatively few peripheral/power drivers for
high current interface either of these schemes or the
use of an appropriate three terminal regulator would
simplify system design, particularly if system 45V
currents are small and little heat sinking is required
for the pass transistor or three terminal regulator.
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Extending Output Sink Current — DTL Types

The high current output NPN of all the Sprague
peripheral power drivers will operate beyond the 250
mA guaranteed level (Series UHP-400 and UHP-500)
or the 300 mA rating of the newer DTL types (Series
UDN-3600 and UDN-5700). The newer units are
better suited to use above standard output current
ratings, an improvement largely related to improve-
ments in the output NPN design. Extending the 300
mA capability requires additional base current and
consequently; the V¢c line must be raised above the
nominal 5 volts. In Figure 18A, the increased mini-
mum output current is plotted against the increased
Vee. Alternatively, it can be viewed as a maximum
increase in Ve to obtain additional sink current
capability.
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OUTPUT EXTENDED SINK CURRENT

Figure 18A Figure 18B

Figure 18B indicates the maximum Vg changes
as the current is increased from 300 mA to 500 mA.
This information is necessary for calculations of pack-
age power dissipation if the system duty cycle presents
questions of average power.

Figure 19A and 19B present information relating to
the increased logic gate supply currents as a function
of the increased V¢c required for extending output
currents. Figure 19A is for the dual types and presents
the information on both a per package change (A
16 mA/V) and a per gate maximum. The maximum
increase is presented for both Icc “1” and Icc “0” and
the most significant is the Icc “0” which is indicated
in each figure on both a per package and per gate
basis. The change in Icc “1” is small (< 1.5 mA/gate)
and, to prevent confusion, is shown per package for
the dual only and per gate only in the quad graph.
Increase in Icc “1” in quad types is 4X the per gate
maximum (4 X 1.5 mA, or 6 mA/package per volt).
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Package Dissipation - Mini-DIPs

The 6ja rating of Sprague dual drivers in a mini-
DIP is 4-80°C/W, while the Competitor B specifica-
tions list all dual mini-DIPs at ++110°C/W. Similar
ratings apply to other suppliers and the advantage is
to any type using copper alloy lead frames.

The allowable average power, low at 470°C, is
definitely in favor of the Sprague DIPs. Contrast this
1.0 W maximum from Figure 20 (+80°C/W curve
intersects 1.0 W at 70°C) with a 727 mW limit cal-
culated from the 4-100°C/W ratings listed by Compe-
titor B (both limits are derived using max. junction
limit of 4150°C and manufacturers ©ja rating). A
worst case analysis will reveal that the electrical speci-
fications of competitive parts produce power levels
for 1009, duty cycle applications that may result in
junction temperatures above the 4150°C level if both
outputs are simultaneously and continuously sinking
300 mA with Vecat 5.25 V. The LM 3611 max. power
(per spec) could reach 782 mW (LM 3612, etc, slightly
higher) and the 75451 maximum is 761 mW (75452, |
etc. slightly higher).

The Sprague UDN-3611 or UDN-5711 will have a
worst-case power (same conditions of Vec and I¢) of
only 677 mW and is also manufactured in a DIP pack-
age capable of sustaining 1.0 W rather than the
727 mW limit. A clear advantage for lower junction
temperatures, less heat, and/or greater output capa-
bility in a system. Maximum junction temperatures
obtained would be: LM 3611 with 782 mW = 156°C;
75451 with 761 mW = 153°C; and the Sprague UDN-
3611/5711 with 677 mW = 124°C.
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Stepping Motor Applications

Combining the use of a peripheral/power driver and
a dual Darlington switch (Type ULN-2061) provides
a capability of driving a 4-phase bifilar stepping motor.
Motors designed to operate with voltages and currents
compatible with these ICs may be driven with a mini-
mum of components. In Figure 21, the signals from
appropriate logic/sequencing circuitry operate a
Sprague UHP-407 or UDN-5707 (may also be done
with two UDN-5712 devices) for switching the motor
coils selected. The transient suppression diodes are
utilized in accordance with solenoid/relay applica-
tions, although here they are connected through a
Zener diode to the supply voltage. The Zener will im-
prove the speed of the switching, but should be chosen
such that the maximum voltage across the output
(4V added to V) is below the device breakdown.
Permitting voltage excursions of this sort produces
improved high speed motor operation, but must be
clamped to a safe value.

Application requiring a holding or detent current
may employ a dual Darlington (ULN-2061). One
Darlington switch is used for the RUN mode, while
the second (lower) half of the ULN-2061 is used to
provide a lower holding current to maintain the posi-
tion of the motor. Use of two-supplies is shown and
diode D1 decouples the power supplies and prevents
unwanted reverse bias from reaching the STANDBY
Darlington. Similar schemes may be employed to ob-
tain bipolar drive schemes for high-speed stepping
motor applications. Current is sourced from the posi-
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STEPPING MOTOR DRIVE

UDN-5707

ULN-2061

Figure 21

tive supply (a PNP switched by a gate capable of sus-
taining the supply voltage is one example), while an
appropriate peripheral/power driver is used to sink
coil current (Figure 21).

Control 100 Watts With an IC

The quad peripheral power drivers are capable of
controlling or switching loads that total 100 W/pack-
age (50 watts for duals). Load currents beyond the
standard 250 mA level (UHP-500) or 300 mA (UDN-
5700A) would result in the capability of switching
loads in excess of the 100 watt capability with stand-
ard specifications.

The UHP-500 series has a 100 volt/250 mA capa-
bility for each of four outputs: 100 V x .25 A x 4 out-
puts = 100 watts of control.

The UDN-3600 and UDN-5700 quad drivers offer
an 80 volt/300 mA combination for each of four out-
puts: 80 volts x 0.3 A x 4 outputs = 96 watts.

All of these high-current/high-voltage peripheral/
power drivers offer simple, inexpensive interface solu-
tions to some tough load requirements. Those. appli-
tions beyond the output voltage and/or current han-
dling limits of lower current, TTL type devices are
easily handled with these devices. The newer DTL
types provide solutions to interface problems associ-
ated with PMOS and CMOS that are quite often im-
possible with TTL type units. The “giant step back-
ward” actually results in a “stride forward” with the
newer DTL peripheral/power drivers.
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 Completely 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 regulatéd 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 isclated
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 apbroach
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. ’
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DIGIT DRIVER
UDN-6184A

i A
A
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Basic Scheme

Replacing discrete components through incor-
porating their function into this IC series results in
the block diagram of Figure 1 with its basic require-
ment 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
minimum 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
three digit driver packages: UDN-6144 (4-digit),
UDN-6164 (6-digit), and UDN-6184 (8-digit). Seg-
ment 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 others 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
Veo), CMOS, PMOS, etc. Input current-limiting

ELECTRICAL CHARACTERISTICS: Ta

and one-half of the pull-down for open drain PMOS
is the function of Rs; Rg adds the second half of the
pull-down to the ground buss. The protective value
of R4 and R5 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

destroying the low level logic outputs.

Input transistor Q4 is a high voltage inverter and
sinks the base current of PNP Q;. The current sink
Qs, Rg, D,, and D; is common to all stages and ser-
ves to both minimize power (influence of battery ap-
plications) and to maintain PNP base current suf-
ficient for saturating the output Darlington while

being independent of power supply variations.

A positive input (4.5 to 20 V) will turn on Q4 and
this base current (65 pA typ.) for PNP Q; will turn
on the output Darlington (Q; and Q,) and source
digit current. The typical current of 65 pA is defined
by the current sink Qs, D,, and Dj, and Ry is to
enhance battery life in portable (hand held) designs.

Resistor R, is the output pull-down connected to
the off voltage buss from the pull-down shunt Qg and
Q;. Qg and Q, are needed to shunt the current in a
pull-down resistor to ground and prevent excessive
shifts in the level developed by the voltage divider
Rjp and R;;. This voltage divider sets up an ON to

— +25°C, V= —110V
(unless otherwise specified)

Test| UDN-7180/83A UDN-7184A UDN-7186A
Charactenistic Symbol Test Conditions Fig. | Min. Typ. Max. [ Min. Typ. Max. | Min. Typ. Max. Units
Output ON Voltage Von | All inputs at 6 V* 1 —100 —104 — -9 —-102 — -97 —-100 — |V
UDN-7183/84/86A All inputs at 6 V*, Vkx = ~70V 1 - —-66 — - -6 - |- -63 — |V
Output ON Voltage Von | Allinputs at 6 V*, —105 —108 — — - - - — = Y
UDN-7180A lon = 14 mA
Output OFF Voltage|] ~ Vore | All inputs at 0.5V,
Reference Vkk 2 76 8 — 7% 8 — 7% 8 - |V
Qutput Current lon | Allinputs at 15V, Vkk = =110V, UDN-7183A only
(IumITING) Test output held at —60 V 3A | 1475 1850 2450 | 910 1140 1520 | 440 550 725 wA
Output Current lon | Allinputs at 0.5V, Vkx = =110V, R
(IsENSE) Test output held at —66 V 3B | -95 —120 —155 | —65 —85 —115f{ —50 —65 —90| pA
Input High Current Iy Test inputat 15V, .
Other inputs at 0 V 4 |- 200 275 ] — 200 275 | — 200 275 pA
Input Low Current Iy Test input at 0.5V, One input
at 6 V*, Other inputs at 0.5V 5 |- 1 10 - 1 10 - 1 10 | A
Supply Current Ikk | Allinputs at Qv 6 - 125 1751 — 125 175 - 125 175) wA

*Specify input voltage = 4.5V for devices with 5" suffix.
NOTES:

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

2. All voltage measurements made with 10M ¢, DVM or VTVM.
3. Recommended Vkx operating range: —85to —110V.
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PARTIAL SCHEMATIC

COMMON BIASING NETWORK

VBBO

ONWE OF FOUR DRIVERS (UDN-6144A)
ONE OF SIX DRIVERS (UDN-6164A)
ONE OF EIGHT DRIVERS (UDN-6184A)

1 outeur

i

10 %R7 |

Q¢ '

lNPUTRS :

R d Q4 i

11 R |

9 Rgs Di :

D2 Qs '

V D3; Rg |

ao O i — ;
Figure 2

OFF voltage swing of approximately 2/3 the dif-
ference between Vpp and ground. This adequate
swing prevents problems associated with past at-
tempts at ‘direct MOS drive’ — problems quite fre-
quently the result of inadequate voltage swings
available from the PMOS LSI.

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.

The ‘housekeeping’ current resulting from the very
high impedance voltage divider (typ. Rg + Rjy =
1.3 MQ) is low, and aids the use of these ICs in bat-
tery or low power applications.

1-21

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
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 Q;). Emitter resistor (R;) 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 Qs, and the associated
resistors R, R,, and R3. 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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O S T PSS S U A PN

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 Rg.
As in the digit driver, the value of output bias is =2/3
the voltage across Vgg and ground — thus insuring
sufficient ‘on to off’ swings to properly fire, and ef-
fectively extinguish unaddressed segments during a
scan. Emitter follower Q4 and Qs sources current to
the pull-up buss connected to the various outputs as
they are turned on during the display scan.

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

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

Minimum Component Interface Summary

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-6164 digit driver, and a UDN-7183 segment
driver. Total component count is approximately 30

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.
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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. '
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Augmenting the uP LSl Revolution
with New Power Interface for Peripheral Loads

Introduction

It is a foregone conclusion to now state that the
microprocessor will have a profound effect upon the
electronics world; we are already into another revolu-
tionary era. Random logic LSI has had an enormous
effect upon “‘component shrinkage” in computing and
control systems, and even to. “insiders” stretches the
imagination. Although the uP is not yet a mature
product, it has been and is being designed into a
myriad of new products. In many instances, the sys-
tems have never previously utilized any semiconduc-
tors, while in a great many others the product (system)
has never existed in any form. Functions which had
previously been difficult or impossible to implement,
particularly economically are rapidly surrendering to
the onslaught of the uP, PLA, or custom LSI devices
now available.

The revolution in control/calculation capability re-
sulting from devices such as the uP and PLA is bring-
ing about an increasing need for further evolution
(with perhaps an occasional revolution) in many other
areas. Systems are becoming smaller while also incor-
porating additional functions; becoming more reliable
while becoming lower in price; more versatile while
becoming more complex; and operating at higher
speeds while also interfacing to electromechanical de-
vices. Some of this represents a bit of a paradox (i.e.
improved reliability at lower costs), but the dynamic
nature of the semiconductor industry is continuing to
bring about dissolution of old concepts of function,
reliability, and cost.

At Sprague Electric an evolution of interface ICs is
underway to provide answers for lower speed applica-
tions such as electromechanical peripheral loads and
electronic displays. Few of the newer interface ICs at
Sprague Electric are oriented toward “jellybean” IC
markets, but rather are designed to displace discrete
components in tough applications. Most of the activ-
ity is based upon high current or/and high voltage in-
terface circuits and will extend our product leadership
in these areas.

ULN-2064/2074 Quad Darlington

Originally this quad 1.5A (max.) Darlington was in-
tended for interface to peripheral loads such as sole-
noids, relays, and small motors. By virtue of unsatis-
fied needs for high current buffers for LEDs, incandes-
cent lamps, and other low voltage loads, additional
systems applications continue to evolve. Multiplexed
LED applications have arisen in which the strobed
current was 1.0 to 1.4A, and the ULN-2064 or ULN-
2074 has provided the only IC solution,

In Figures 1A, 1B and 1C, the basic Darlingtons
are shown; a redesign effort has added other versions
which will provide interface solutions for 5V CMOS
with its very low current handling capability to 1.5A
loads. The standard types in this series are guaranteed
to sustain a 50 volt breakdown; although new part
types are being added for breakdown selection to
other limits, thus satisfying applications outside the
normal 50V limit.

A version to allow interface directly from PMOS
and 12V CMOS logic is being added; the ULN-2066
incorporates a higher input resistor than the ULN-
2064 and limits the current from the MOS logic out-
put to a value which allows use with many MOS ICs
while simultaneously providing adequate input current
for high current loads (Figure 1B).

The loading of the logic circuitry is of considerable
concern and the Vi /Iy curves of Figure 2 and Figure
3 indicate the input limits over a range which corre-
sponds to normal application. Figure 2 is for the ULN-
2064/2074 versions with a nominal input resistor of
350 (increased from original value of 230Q), and is
designed to switch high currents when operated from
“totem pole” TTL or LS TTL. For 5V CMOS ICs
with limited source capability the ULN-2068 type
(discussed later) should be a better choice, although
the use of pull up resistors may be employed to satisfy
the necessary input current for the load. i
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PARTIAL SCHEMATIC
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Figure 3 is the input current curve for the ULN-
2066 and is intended for PMOS or CMOS applica-
tions. For MOS ICs which do not provide sufficient
source output currents the use of the pull up resistors
is required, or an alternative is the use of the ULN-
2070 (another three stage buffer like the aforemen-
tioned ULN-2068 - shown in Figure 4).

INPUT VOLTAGE - V|

Figure 3

The low current capabilities of many MOS devices
necessitated further evolution which has resulted in
adding a third NPN to these high current buffers. The
intent is to provide a high current interface, which in
some instances requires less than 100uxA input current,
while offering output capability to 1.5A. It is difficult
to provide any graphical analysis of MOS interface,
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PARTIAL SCHEMATIC
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particularly due to the vast range of MOS source cap-
ability, which ranges from less than 100uA to well
above the milliamp level. While TTL specs are quite
well defined, a useful approach to MOS applications
is to use the worst case equivalent output Z for the
particular device. Source outputs (CMOS and PMOS)
are spec’d for given current and voltage conditions
and a series circuit can be depicted much like Figure
5. Use the output voltage/current levels for the partic-
ular device to determine its suitability; Von =+ Iour =
Output Z (max).

ULN2064/2066 etc. ULN2068 etc.
sV, . sV, v
' '
= %z out — gz
RIN RN out
= —
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CIRCUIT EQUIVALENTS

Figure 5
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Determining the worst case (minimum) input cur-
rent is necessary to assure that the output is well sat-
urated. Although there is nonlinearity due chiefly to
to beta rolloff, the graph of Figure 6 will insure the
output sinking capability is matched to the input
drive. The input current origin is skewed to compen-
sate for the effects of the shunting resistors across the
EB junction of the ULN-2064, ULN-2074, etc. types
which do not incorporate the additional (third) NPN
stage.
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Allowable Power

An obvious concern with such high current ICs is
the allowable combination of outputs ON, the output
load current, and duty cycle. The “B” type of plastic
DIP with its copper lead frame is used for this series
and offers a thermal resistance (©ja) adequate for
many applications, and may be improved further
through use of heat sinking.

In Figure 7, the plot of output current, number of
outputs, and duty cycle for a +70°C ambient is shown.
As in earlier, similar graphs it conveys:

(a) Allowable d-c current; intersection of the 1009
duty cycle (i.e. = 500 mA for 3 outputs simulta-
neously).

(b) Allowable duty cycle with a given output current.

(c) Allowable output current for a given duty cycle.
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DEVICE LIMIT
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Input | - TTL and LS TTL (ULN-2064/74)

Although it is not well recognized, the outputs of
“totem pole” TTL and Schottky TTL are capable of
sourcing current well in excess of the 400pA (at 2.4V
min logic “1””) that is part of TTL specs. If it is not
necessary to maintain the proper logic “1” level of 2.4
(or 2.7 volts) the output may be more heavily loaded
via a lower impedance, and the result is higher input
currents for the ULN-2064/2074 type of IC.

In Figure 8, the enclosed area indicates ULN-2064/
2074 operation with TTL or LS TTL and the normal
variations of Darlington input resistor value, logic
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supply voltage, and TTL output level. This is useful
information for designers operaling with 7400 or 74LS
families, but obviously cannot be guaranteed since we
have no control over another vendor’s devices. The
minimum input current is extremely important for in-
terface to high current loads, and the user can empir-
ically corroborate the indicated In/Viy levels for TTL
logic. I corresponds to the Ioyr for the TTL; and Vour
equates to the Vouy logic ““1,”” or Vi for the Darling-
ton.

Solenoid Drivers

A large portion of the ULN-2064 series ICs are for
solenoid, relay, or motor interface. Use of the types
with suppression diodes minimizes component count
while allowing use with inductive loads as in Figure 9.
The usual concern for power dissipation, input cur-
rent, etc. should be exercised for these applications.

INg

DWG. NO. A-97754

Figure 9

LED Interface

Figure 10 shows the ULN-2074 used as a source
driver (digit driver) for common anode LEDS; this is
a quasi-emitter-follower with the collector common
being biased by the discrete diodes shown. Using such
a scheme allows the base (input) to be pulled above
the collector potential and provides a much better so-
lution than a true emitter follower which is subject to
the variables of gain, changes in load current, and the
ranges of MOS output impedance.
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Vss In Figure 11, the ULN-2064 series is again shown
as a digit switch; here it is used as a sinking output

with common cathode LEDs. Using such a combina-
4

h 4 tion allows an easy interface to high cursent, MUXed
y LED displays of large digit size, many digits, or low
efficiency (green and amber types).

Sink/Source (Bridge) Circuit

The combination of a ULN-2068 bigh gain buffer
and a ULN-2981 source driver offers a solution to
bipolar (bridge) drive schemes. By paralleling inputs/
outputs of the ULN-2981 IC driver it is possible to
switch load currents of 1A with the basic configura-
tion of Figure 12. While Figure 12 shows a 5V CMOS

7 v interface, the same prospects are available with PMOS,
w| | i\ | W\ 4 W ol il A #h i i #h 4] TTL, or DTL IGs.

Other potential solutions will be forthcoming with
the introduction of the ULN-2840 series of drivers
which may be used as source or sink drivers (a pack-
aging configuration change).

SEGMENT
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L 1/7 ULN-2002A

Figure 10 OWG. NO. A-97768

Figure 11
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SELECT

d
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UDN-2840 Series (Figure 13)

The prospects for this circuit are not well defined
as yet, but it will offer solutions to high current appli-
cations presently being done with discrete components.
Through packaging options it will operate as either a
source or sink driver, and will have the same basic
electrical parameters (1.5A and 50V) as the ULN-
2064 family.

COMMON TO R
ALL INPUT
TRANSISTORS

Figure 13

UDN-2956/2957 Relay Drivers

Although chiefly intended as interface to telecom-
munications relays and similar loads, this source driv-
er has additional areas of application. Shown (Figure
14) is the basic circuit which functions as a PNP driver,
and utilizes the NPN stages to provide adequate cur-
rent gain, The enable pin must be high (>5.0V for
UDN-2956 and >2.4V for UDN-2957) for operation
of the outputs; while a low or logic “0” on the enable
pin inhibits all outputs.
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These source drivers are capable of switching cur-
rents to 500mA (max) and sustaining OFF voltages to
a max of —80V. The UDN-2956 has input limiting
designed for MOS applications, while the UDN-2957
is intended for TTL, LS TTL, and 5V CMOS appli-
cations.

The minimum TTL logic “1” level of 2.4V guaran-
tees a source current of —100mA for the UDN-2957,
and the output voltage will be less than —1.1V under
these conditions. Similarly the UDN-2956 will source
—100MA with an input potential of +6V and Voy
will not exceed —1.1V. Higher output currents are a
function of increased input voltage and greater input
currents.

An interface for common anode LEDs is shown in
Figure 15; the UDN-2957 is shown as a digit driver
operating with CMOS logic. In this configuration the
DIP ground (pin 7) is connected to a positive supply
to allow the IC to operate as a source to ground. A
variety of Sprague Electric arrays are prospects for the
segment side; these include the ULN-2031, ULN-2081,
ULN-2003 or ULN-2004 types, all of which incorpo-
rate seven drivers per 16-lead DIP.

COMMON ANODE LED INTERFACE
+12v

ENABLE
106V

COMMON ANODE LEDS

2003/2004

Figure 15

Another sourcing interface is shown in Figure 16;
again the DIP ground pin is shifted to a positive sup-
ply for interface to a PIN diode. With open collector
TTL or 12V CMOS the UDN-2957 will again serve
as a source driver to ground. The output is pulled
down in the OFF condition by Ry and the PIN diode
forward current is limited by R,.

7-31

PIN INTERFACE / SOURCE TO GND

+1010+12v

V-V (s-80V)
UDN 2957

Figure 16

A similar prospect is the UDN-2957 sourcing from
ground if the PIN diode supply is a proper negative
voltage (—3 to —5 volts), the same pulldown to the
—80 volt maximum applies. Military applications of
the UDN-2956 or UDN-2957 drivers as PIN diode in-
terface may be served by hermetic, 883 versions of
these types.

Considerations for output current, duty cycle, and
ambient temperature are shown in Figure 17. As is
being done with other Sprague Electric power inter-
face the allowable conditions of duty cycle, output
current, and d-c operation are shown for various com-
binations of outputs activated. The curves of Figure
17 are for plastic DIPs (copper lead frame) for an
ambient of +70°C.
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Figure 17
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The loading of the logic outputs is shown in Figures
18 and 19. The UDN-2956 Vy/Iiy curves are shown
in Fig. 18; the same information for the UDN-2957A

is indicated in Figure 19.

Use of the UDN-2957 with TTL or Schottky TTL
(LS TTL) will produce input voltage (logic output “1°)

and input current (logic

“1”

output loading) limits as

typified in Figure 20. It is not possible to guarantee
other manufacturers’ ICs, but the totem pole outputs
of the 7400 and 74LS families will not be excessively
loaded by the UDN-2957A. With the input Z of the
UDN-2957 the minimum logic “1” level of 2.0 volts
for TTL should be maintained without a need for ad-
ditional pullup resistors.

In
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TTL/LS TTL
w0 20 30 40
Vout
Figure 20
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UDN-2980 Series Source Drivers

Customer inquiries for a source IC to complement
our highly successful Series ULN-2000 Darlington
Arrays have resulted in another high current device;
the UDN-2980 series is an 8-channel array for general
purpose high voltage/high current sourcing appli-
cations. Output loads range from LEDs, relays,
solenoids, stepping motors, lamps, etc. which operate
within the electrical limits of the device and the thermal
limits of the package.

Two output voltage limits are available; 450V
(min) for the UDN-2981 and UDN-2982, and +4-80V
(min) for the UDN-2983 and UDN-2984. Outputs are
spec’d for a recommended current of —350mA, while
a maximum limit is —500mA per output. The UDN-
2981 and UDN-2983 are intended for TTL, DTL, and
5V CMOS applications, and the UDN-2982 and
UDN-2984 are for 12V CMOS or PMOS logic types.

Pin-out for the series is inputs opposite outputs,
thus facilitating printed wiring board layouts and sep-
arating high voltage connections from lower levels
wherever practical. As is the typical case with Sprague
Electric interface the series incorporates transient pro-
tection diodes for inductive loads. Shown (Figure 21)
is. the pin-out of these 18-lead DIPs which utilize a
copper alloy lead frame for improved thermal charac-
teristics.

The schematic of Figure 22 shows the basic source
circuit with an inductive load. To minimize power
and allow use with a wide range of power supplies
the high voltage input inverter uses a current sink.
Of particular importance with such a device is power,
since unwanted circuit power restricts output current
and duty cycle combinations.
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An advantage using the source driver for high cur- Higher current applications may utilize the UDN-
rent interface is a potential minimization of coupling 2980 series as a segment driver and the ULN-2064
of unwanted switching transients which affect circuit type as a digit driver. With no duty cycle considera-
logic components. Poorly designed printed wiring tions the output current for all 8 channels is approxi-
boards or lengthy cabling may create difficulties with mately —100mA at +70°C (assuming the 4V supply
the high ground currents (and IR drops) when open is less than +4+15V). A 100mA segment current trans-
collector circuits are used. Lamps are particularly lates into 800mA digit current for the ULN-2064
strong offenders due to their severe inrush currents. driver. High currents are possible with duty cycles
less than the d-c (1009) level which assumes all
Separation of logic ground and load ground is “eights” and no “blanking” intervals.

possible with the UDN-2980 series, and IR drops or
high transient currents are much less problemsome.
IR drops in the wiring from the output will affect
lamp intensity, and the ground side of the lamp may
be well separated (physically) from the logic grounds.
With open collector ICs high currents and microsec-
ond switching speeds may combine to create “false”
signals, but separating these at the power supply mini-
mizes any potential difficulties (a UDN-2980 advan-
tage).
NUMBER
In Figures 23 and 24 the UDN-2980 series is shown 500 | OF OUTPUTS
with MUXed LEDs; the configuration in Figure 23 is CONOUCTING

for common anode LEDs, and the UDN-2980 type is swuLTANEOUSLY ¥ ° ) l _‘_l
used as a digit driver. The arrays for the segment side ) I~ |
of the display offer current sinking levels to a 350mA 00 T~
max (ULN-2003) with proper duty cycle and package UON 2981-2984 -‘\<:
power considerations. Since the S00mA maximum Vs S 70V,

level of the UDN-2980 types is the digit current the 0B 6 R N
upper limit of source current is approximately 70mA

without any guty cycle or Vg level concerns. k Figure 25
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Power curves indicating allowable conditions for a
470°C ambient and Vs < 470 volts are shown in
Figure 25. Operation at much lower supplies improves
the capability somewhat, since the max current from
V, affects the IC power. Lower voltages improve the
allowable duty cycle or current limits somewhat, and
if necessary should be included as a factor in
calculating safe thermal operation.

Hot wire (incandescent) readouts are driven in much
the same manner as LEDs, except that MUXed (Fig-
ure 26) hot wire displays must incorporate diodes to
prevent “sneak” series-parallel paths to unaddressed
elements. It may be possible to use some transistor
arrays (short collector to base) for the circuit diodes,
but the maximum reverse voltage to the diode must

not exceed 6 volts. Another consideration is current,
and this limit (max base current) may have to be con-
firmed by the vendor.

Summary

With each new Sprague Electric interface 1C has
come an extension of the boundaries of simplifying
many designs while also reducing component count
and system cost. A great many complex MOS ICs
must interface to the outside world and such designs
are “self defeating” if they must incorporate large
numbers of discrete components for peripheral loads
and displays. Further evolution of Sprague Electric
power and display interface will be keyed to the cus-
tomer needs evolving from the growing uP revolution.
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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 five 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 five 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 470°C.
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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

\

INNAD

NUMBER OF QUTPUTS
CONDUCTING
SIMULTANEOUSLY

11/ [/
[ L/

~
~
ey
~

ALLOWABLE PEAK COLLECTOR CURRENT [N mA 4T +70°C
~
8

20 30 40 50 60
PER CENT DUTY CYCLE

~
3
®
3

Figure 1

COLLECTOR CURRENT AS A FUNCTION OF
DUTY CYCLE AND NUMBER OF OUTPUTS

8
8

7-43

copper lead frame used on these devices. As shown,
at an ambient temperature of 470°C, the Kovar lead
frame allows only 0.64 watts while the copper lead
frame allows 1.33 watts. At -+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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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.

» o COM

(each driver)

Figure 3
TYPE ULN-2001A SCHEMATIC

DRAIN-TO-SOURCE VOLTAGE, Vps
=16 -14 =12 -10 -8 -6 -4

-2

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 I 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

-4

DRAIN CURRENT, Ip IN mA

-5

-6

DWG. KO, A-10. 174
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OWG, No. A4~9650

(each driver)

ULN-2002A

+V

PMOS
GUTPUT

DWG. No. A-9652

Figure 5

TYPE ULN-2002A SCHEMATIC AND APPLICATION

TTL totem pole outputs are not specified between
the 400 v A logic / 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 current level is specified at
1.35 mA at the extrapolated TTL maximum logic /
level of 3.85 V.,

OWG. No. 4-9651

(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

+V

+Vee

S Lamp
F 1est

OWG. NO. A-9653A

T
OouTPUT

Figure 6
TYPE ULN-2003A SCHEMATIC AND APPLICATION
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The diodes are designed to handle the same current
and voltage 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 (2
No. 327 or 2 No. 387 lamps per output) there is no
problem with continuous operation.

6 to 15 Volt CMOS or PMOS Applications

The Type ULN-2004A Darlington array has an ap-
propriate series input resistor (nominally 10.5k@) 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 paral-
leling outputs as was described earlier.

OWG. NO. 4-9898A

(each driver)

ULN-2004A

*Vpp

2N4901

CMOS=
OuTPUT

Figure 7
Type ULN-2004A SCHEMATIC AND APPLICATION

COLLECTOR CURRENT IN mA - |~
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Input Current

The Darlington collector current (output in satura-
tion) at an ambient temperature of +425°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 collec-
tor current is described by the equation:

Iintuay = lemay + 140 gA
where T;, 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:
Iinua) = 0.58 letmay + 110 A

where the figure 0.58 is an adjustment for the typical
Darlington current gain and the figure 110 represents
the typical shunt current.
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The input current as a function of input voltage is
shown in Figure 9 for the ULN-2002A, ULN-2003A,
and the ULN-2004A. The Type ULN-2001A Darl-
ington array is not shown since input current is more
a function of the external circuitry. Systems utilizing
either CMOS or PMOS logic should be evaluated for
intrinsic current limiting as was shown in Figure 4.
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Low Available Drive Current Operation

Occasionally, applications featuring minimum avail-
able input drive current and a high output load current
have shown the Type ULN-2003A and ULN-2004A
Darlington arrays to be inadequate for the particular
requirement under worst case conditions. This usual-
ly results from the restricted drive current available
from a TTL or CMOS gate operating from a nominal
supply of 5 volts.

Under worst case conditions with a low logic / volt-
age (2.4 V), and a high input resistor value (3.51 k@),
the available load current is reduced to only 145 mA.
Compounding this problem would be the effect that a
high drive current requirement would have on the
logic output voltage since that is normally specified at
only 400 pA. If the gate output is connected to addi-
tional logic elements, a minimum logic / voltage of
2.0 V must be maintained and at that level the worst
case Darlington load current would be reduced to only
31 mA! ‘ )

A simple solution to this problem is through the
use of inexpensive pull-up resistors as shown in Figure
10. The minimum resistor value is determined by the
maximum allowable sink current (16 mA for TTL,
360u A for CMOS), the minimum logic 0 output volt-
age, and the maximum supply voltage as per the fol-
lowing equation:

Vs — Vouro)
Re > ———

lour

For standard TTL, the minimum value for Rp is
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
package are shown in Bulletin No. 7042.

Conclusion

Since the Series ULN-2000A high-voltage, high-
current Darlington transistor arrays are quite conser-
vatively designed, the basic product is fully capable of
being ordered to higher voltages and/or higher currents
than the standard specifications. Presently, parts are
available to withstand up to 95 volts on the output.
Parts with this higher voltage rating would create a
potential for switching loads far in excess of 125 watts!
Aside from the higher power handling capability, the
higher voltage rating is required for driving plasma or
gas-discharge displays.
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Although not intended for high power applications,
there is also available a Series ULS-2000H with her-
metic sealing and an operating temperature range to
+125°C. These parts are recommended for military
and aerospace applications as well as commercial and
industrial control applications where severe environ-
ments may be encountered.

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 re-
duction, 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.
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Computing IC Temperature Rise

Heat is the enemy of integrated circuits—particular-
ly power devices. Here's how to use thermal ratings

Reprinted by permission from the June 9, 1977
issue of MACHINE - DESIGN, Copyright © 1977 by
Penton/1PC Inc., Cleveland, Ohio.

EXCESSIVE heat shortens the
life of an IC and reduces its
operating capability. Until re-

cently, ICs were capable of

operating only in low-power ap-
plications requiring perhaps a
few milliwatts of power. But
now, new ICs handle several
hundred milliamperes and
drive devices such as relays,
solenoids, stepping motors, and
incandescent lamps. These high
power levels may increase IC
temperatures substantially and
are capable of destroying de-
vices uniess appropriate pre-
cautions are taken.

Thermal Characteristics

The thermal characteristics
of any IC are determined by four
parameters. Maximum allowa-
bleIC chip junction temperature
T, and thermal resistance Re
are specified by the IC manufac-
turer. Ambient temperature T,
and the power dissipation P,
are determined by the user.
Equation 1 expresses the rela-

to determine safe IC operation.

IC temperature T, is determined
by ambient temperature T,
heat dissipated P, and total
thermal resistance Ry. This
total thermal resistance is
comprised of three individual
component resistances:
chip R, lead frame R,,
and heat sink R;.

Why IC Temperatures Rise

tion of these parameters.
T; = T4 -+ PpRy (1)

Junction temperature T,
usually is limited to 150°C for
silicon ICs. Devices may operate
momentarily at slightly higher
temperatures, but device life
expectancy decreases exponen-
tially for extended high-
temperature operation. Usu-
ally, the lower the junction
operating temperature, the
greater the anticipated life of
the IC.

Ambient temperature T; is
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traditionally limited either to
70°C or 85°C for plastic dual in-
line packages (DIPs) or 125°C for
hermetic devices. Again, the ob-
jective is to operate at as low a
junction temperature as practi-
cal.

Thermal resistance Rs is the
basic thermal characteristic for
ICs. It is usually expressed in
terms of °C/W and represents
the rise in junction temperature
with a unit of power applied in
still air. (The reciprocal of
thermal resistance is thermal
conductance, or derating factor,
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What the Curves Show

Thermal Ratings
30

25

20

15

1.0

05

Allowable Package Power Dissipation, P, (W)

—-75 -50 -25 0

+25 +50 +75 +100 +125 +150
Ambient Temperature, T, (°C)

The junction temperature of an IC depends on several factors, including the thermal resistance of the IC and the
operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying an IC.

Typical thermal-resistance ratings for ICs in still air range
from 60°C/W to 140°C/W. The slope of each curve on this
graph is equal to the derating factor Gg, which is the
reciprocal of thermal resistance Rd. For an ambient
temperature of 50°C, a typical 14-lead flatpack with an R of
140°C/W can dissipate about 0.7 W. A typical DIP, however,
with 14 copper-alloy leads can dissipate almost 1.7 W at
50°C.

The highest allowable package power dissipation shown
here is 2.5 W. Other special-purpose DIP packages are
available with power dissipation ratings as high as 3.3W at
0°C (Re = 45°C/W). If not for package limitations, IC chip
dissipation might be greater than 9 W at an ambient
temperature of up to 70°C,

Although the curve for plastic DIPs goes all the way to
150°C, they ordinarily are not used in ambients above 85°C
because of traditional package limitations. Hermetic DIPs
are specified to temperatures of 125°C, and at 150°C the
device should be derated to 0 W. The higher
specification limits for hermetic devices is the result of
their design for use in rigorous, high-reliability military
applications.

Duty Cycle

Allowable Peak Collector Current, /- (mA)

20 40 © 60 -

80

100

Duty cycle is important in calculating IC junction
temperature because average power—not instantaneous
power—is responsible for heating the IC. To convert from
peak power to average power, multiply the peak power
dissipation by the duty cycle. The average-power rating is
then used with the thermal-resistance rating to calculate
the IC junction temperature. Thus, short duty cycles allow
peak power to be high without exceeding the 150°C
junction-temperature limit. However, this consideration
applies only to ON times of less than 0.5 sec.

Duty Cycle, D (peréént)

G expressed as W/°C.) Thermal
resistance of an IC consists of
several distinct components,
the sum of which is the specified
thermal resistance. For a typi-
cal I1C, these components of
thermal resistance are 0.5°C/'W
per unit thickness of the silicon
chip, 0.1 to 3°C/W per unit
length of the lead frame, and up
to 2,000°C/W per unit thickness
of still air surrounding the IC.
Dips are used more than any

other type of packaging for
1¢s and newer copper-alloy
lead frames provide a superior
thermal rating over the stand-
ard iron-nickel-cobalt alloy
(Kovar) lead frames. However,
power ICs are also available
in other packages such as flat-
packs and TO-type cans.

The power P, that an IC can
safely dissipate usually de-
pends on the size of the IC chip
and the type of packaging. Most
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common copper-frame DIPs can
dissipate about 1.5 W, although
some special-purpose types
have ratings as high as 5 W.

Power Dissipation

Total IC power to be dissi-
pated depends on input current,
output current, voltage drop,
and duty cycle. Thus, for many
industrial digital-control ICs,
logic-gate power P, (typically
less than 0.1 W) and output
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e T SO
power P, must be determined to
find the total power to be dissi-
pated. Total power dissipation
for these logic devices is the sum
of P, and P,.

P = n(Veeleo) 2)
P, = n(Vegsarle) @)

where V. = logic-gate supply
voltage, I, = logic-gate ON
current, Vg4, = output sat-
uration voltage, I, = output
load current, and n = number of
logic gates. Manufacturers
usually list typical and maxi-
mum values for these voltages
and currents. For thermal con-
siderations it is best to use the
maximum values so that
worst-case power dissipation is
determined.

If the duty cycle of the device
is longer than 0.5 sec, the peak
power dissipation is the sum of
the logic-gate power P, and out-
put power P, for the logic ON
state alone. If the' ON time is
less than 0.5 sec, however, av-
erage power dissipation must be
calculated from instantaneous

Pypr from
Pp =DPoy + (1 — D)Porr  (4)

Corrective Actions
If the junction temperature or

of the IC is calculated to be
greater than the maximum
values specified by the man-
ufacturer, device reliability and

ON and OFF power P,y and

the required power dissipation

operating characteristics possi-

Measuring ‘|c Temperature

Sometimes IC junction temperature cannot be calculated
readily and instead must be measured. Measurement should
be made when there is insufficient data with which to
calculate, when the effects of external variables such as
forced-air cooling or enclosure size must be determined, oras
a check on the manufacturer’s specifications regarding
package thermal resistance.

The most popular technique for measuring IC temperature
uses the characteristic of a diode to reduce its forward voltage
with temperature. Many IC chips have some sort of accessible
diode—parasitic, input protection, base-emitter junction, or
output clamp. With this technique, a “‘sense” diode is
calibrated so that forward voltage is a direct indicator of diode
junction temperature. Then, current is applied to some other
component on the chip to simulate operating conditions and
to produce a temperature rise. Since the thermal resistance of
the silicon chip is low, the temperature of the sense diode is
assumed to be the same as the rest of the monolithic chip.

The sense diode should be calibrated over at least the
expected junction operating temperature chamber. Apply an
accurately measured, low current of about 1 mA through the

sense diode and measure the forward voltage in 25°C
increments after stabilization at each temperature. This
calibration provides enough data for at least six points to
construct a diode-forward-voltage versus
junction-temperature graph at the specified forward current.
Atypical 25°C forward voltage is between 600 and 750 mV and
decreases 1.6 to 2.0 mV/°C.

For power levels above 2 W, it may be necessary to use more
than a single transistor if only the device saturation voltage
and sink current are used. When higher power is desired, keep
the output out of saturation.

Measuring the sense-diode forward voltage may require a
considerable waiting period (10 to 15 minutes) for thermal
equilibrium. In any event, at the instant of measurement, the
heating power may have to be disconnected since erroneous
readings may result from IR drop in circuit common leads.
Various circuitconnections (such as four-point Kelvin) may be
arranged to reduce or eliminate this source of error.

The IC junction temperature can be determined by
comparing the voltage measurement with the internal power
source against the voltage measurement with the temperature
chamber.
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bly will be reduced. Possible
solutions are: 1. Modify or parti-
tion the circuit design so the IC
is not required to dissipate as

thermal resistance of the IC by
using a heat sink or forced-air
cooling. 3. Reduce the ambient
temperature by moving heat-

transformers and resistors
away from the IC. 4. Specify a
different IC with improved
thermal or electrical charac-

much power. 2. Reduce the producing components such as teristics (if available). MD
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'H' PACKAGE: 8-Pin Hermetic Dual In-Line
NOTES:

1. Lead spacing tolerance is non-cumulative.

2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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DIMENSIONS IN INCHES

DIMENSIONS IN MILLIMETRES
METRIC DIMENSIONS ARE BASED ON 1" = 25.4 mm
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'H’' PACKAGE:
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NOTES:

DWG. NO. A-10,312A IN

'H’' PACKAGE: 18-Pin Hermetic Dual In-Line

1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

METRIC DIMENSIONS ARE BASED ON 1" = 25.4 mm

. INDEX AREA
/

- INDEX AREA
/

p———-——\/-— 0.750 MIN —— ‘—-—-——«i— 19,05 MIN

0.370 0.260 9.40 .60

= 0.250 T 0735 —ﬂLg:g:er [T *h——g”’ G
:

0.3% 9.91
Mg;(s @ e = @ MAX @ == = @
NOTE 1 NOTE 1
@ r&’: 3 ___@ &: =
L0.005 MIN L £:882TP l':0.13 MIN “l)’g ™
4 0.006 0.040 150 - 1.02
0,008 P o 216 0.08 0.25
g.gig =’,={ ) |%,= 0.010 204 ==I _{_
¥ ¥
.2 7.11 MAX
f l'_ ONS‘?’EMIAX — P l" NOTET ™
NOTES:
1 INCLUDES OFF-CENTER LID, MENISCUS, + GLASS OVERRUN
2 ALL LEADS WELDABLE AND SOLDERABLE
DWG. NO. A-10.2524 IN OWG. NO. A-10.2524 MM
') PACKAGE: 14-Pin Hermetic Flat-Pack
2508 o5
8 7 65
AANA
680 787
610 a 7.37
\' ’g INDEX Z'RT:AJ Y b 113:
102 REF
7 165 l-! L TR 2542025 j
089 NOTE 1
-3
0.200 MAX 508 MAX.

SEATING PLANE
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. MIN,
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NOTES:
1. Lead spacing tolerance is non-cumulative.

2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.

'M' PACKAGE: 8-Pin Plastic Dual In-Line
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DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
METRIC DIMENSIONS ARE BASED ON 1" = 25.4 mm
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'R' PACKAGE: 18-Pin (Ceramic Dual In-Line

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE DRAWINGS (Cont'd)

Package Thermal Characteristics

Package Frame Applicable

Type Designator Mater Curve ROja GOja
Plastic

8 Lead Mini M Copper Fig 1C 80°C/W 12.5mW/°C
14 Lead A Kovar Fig 1E 125°C/W 8mW/°C

14 Lead A Copper Fig 1B 60°C/W 16.67mW/°C
16 Lead A Kovar Fig 1E 125°C/W 8mW/°C

16 Lead A Copper Fig 1B 60°C/W 16.67mW/°C
16 Lead B Copper Fig 2C 45°C/W 22.22mW/°C
16 Lead (V8 Heat Sink) B Coppeér Fig 2B 37.5°C/W 26.67mW/°C
16 Lead (V7 Heat Sink) B Copper Fig 2A 27.5°C/W 36.36mW/°C
18 Lead A Kovar Fig 1D 110°C/W 9.1mW/°C
18 Lead A Copper Fig 1A 55°C/W 18.18mW/°C
22 Lead A Copper - 50°C/W 20mW/°C
Cer DIP

14 Lead R Kovar Fig 3B 75°C/W 13.33mW/°C
16 Lead R Kovar Fig 3B 75°C/W 13.33mW/°C
18 Lead R Kovar Fig 3A 65°C/W 15.4mW/°C
Hermetic

8 Lead H Fig 4C 120°C/W 8.33mW/°C
14 Lead H Fig 4B 90°C/W 11.1mW/°C
16 Lead H Fig4B 90°C/W 11.1mW/°C
18 Lead H Fig 4A 75°C/W 13.33mW/°C
14 Lead ) (flat pack) Fig4D 140°C/W 7.14mW/°C

NOTE: Further thermal information is contained in the Applications Section; reference pages 7—16, 7—23, 7—43, and 7—49 thru 52.
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In the construction of the components described, the full intent of the specification will be
met. The Sprague Electric Company, however, reserves the right to make, from time to time,
such departures from the detail specification as may be required to permit improvements in
the design of its products. Components made under military approvals will be in accordance
with the approval requirements.

The information included herein is believed to be accurate and reliable. However, the
Sprague Electric Company assumes no responsibility for its use; nor for any infringements of
patents or other rights of third parties which may result from its use.
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