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SELECTION GUIDE TO AM AND FM RADIO CIRCUITS

Device RF FM Fivl Mute/ Af Stereo AW Audio Supply Voltage
Type Wixer IF Det. Souelch Mute Decode Radio Amp Range

NESBAN/F — _— X — — — — — 45-55Y
ULK-2111A — X X — — — - — 8.0-14V
LILN-2204A — X X — — — X X 2.0-12v
ULN-2241A — X X — — — X — 10-16V

ULN-2243A X X — — — — — — 8.0-12v
ULK-3803A — X X — — — X — 3.0-12V
ULN-3809A — — — — — X — — 9.0-18 ¥
ULN-3820A — — — — — Xt — — 6.0-12V
ULN-3821A — _— — — — — XXt — 6.0-12V
ULN-38734 - —_ — — — X — — 1.8-3.0V
ULN-38394 — — —— — — — X X 1.8-9.0Y
ULN-3840A — X X X X — X — 8.5-16Y
ULN-3841A — — — — — — b4 — 6.5-16 V
ULN-38424 X X X X X — X — 8.5-16V
ULN-3858A X X X X — - — — 4.0-9.0V
ULN-38624 X X X X — —_ — — 2.0-8.0V
ULN-3869M X — — — — — — — 1.5-6.0V
ULN-38834 X X X X — — — X 3.0-9.0v

Detailed technical informaticn is available from any Sprague sales office or sales representative.
1C-QUAM® AM stereo decoder (®Motorola, Inc.).
T1Tuning stabilizer for AM radio.
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SELECTION GUIDE TO AUDIO POWER AMPLIFIERS

Device Type Monaphonic Steren Pour @ R, and Vee Supply Voltage Range
ULN-2280B X — 25w 80 18y 8.0-26 ¥
25W 160 24V
ULN-3718M* X — 80 mw 80 .0V 1.8-90V
125 mwW 320 60V
430 mW 8Q 6.0V
ULN-3725M1 X — 0.9W 4Q 60V 3.0-14v
LIW 80 g0V
23W 30 12v
ULN-3750B — X 0.9W 40 6.0V 30-14V
13w 80 9.0V
23W 80 12V
ULN-3782MF — X 220 mW 80 3.0v 1.8-9.0V
430 mW 80 6.0V
ULN-37848 X - hOW 80 24¥ 9.0-28V
48w 162 28V
UILN-3793/94W X — 18W 10 13.2v 8.0-16V
11w 0 13.2V

Detailed technical informaticn is available from any Sprague sales office or sales representative.
‘tNew prodyct. Contact factory for information.



LINEAR INTEGRATED CIRCUITS

SELECTION GUIDE TO POWER SUPPLY CIRCUITS

Davice
Type Description Page
NE5S60N/F General-purpose, full-feature, primary side PWM controller with feed-forward control for single-ended power converter

APl GRS .. o e §
NES561N Low-cost, basic PWM sontraller far de-to-de systems. ... ..o §
NE5368N Similar to NESS61N with trimmed 2% reference .. ...t §
$G3525A1/AN  High-frequency PWM controller with dual NOR outputs for single- or double-ended systems ........o.vooreonnn. .. §
SG3526)N High-frequency full-feature PWM controller for single- or double-ended systems . .. ... ... ... .. . i iul. §
SG3527A/AN  Similar to SGIS25M/AN with dual OR OUIPUES ... . e it e §
TL594CN Universal PWM controller featuring dual analog inputs and pin-programmable duaf outputs .. ................ .. .. §
TLS94IN Similar to TL5S4C for operation over temperature range of —40°C 0 +85°C ... .. .. . §
TL595CN Similar to TL594CN with added 39 V shunt regulator and output logic steeringinput . ........ .. ... ... ... . ... ... §
TL595IN Similar to TLB95CN for operaticn over temperature range of —40°Ct0 +85°C . ... ... . 0. §
UILN-8130A Versatile precision voltage monitoring system featuring a == 1% trimmed reference. Monitars four positive or

two positive and two negative power supply outputs and powerfine .. ..., . 7-23
ULN-8131A Similar to ULN-8130A. Can also monitor three positive outputs and one negative power supply output and power line . .. .. 7-28
ULN-8163A/R  Full-feature, precision (trimmed to = 1%), low-valtage primary-side controller with pulse-by-pulse current limiting

for single-ended applications. . . ... v 7-33

§Detailed technical informatisn is avaitable from any Sprague sales office or sales representative.
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SELECTION GUIDE TO MISCELLANEQUS LINEAR ICs

Description Page
Telecemmunications
NESGAF/N and SE564F High-Frequency Phase-Locked LOOPS. . .. .ottt e e e e e §
UDN-25228 Quad Bus Transmitter Remiver . .. v vt ot e e e e e 3-25
Series ULN-3800A FM Radio SYStBMS . . .. .t i e e e 7-3
Automotive/Transportation
Series ULN-2240A FM and AN/FM Radio Systems . .. .. oot e e 7-3
ULN-24294 Fluid Detector (Impedance Comparator) . ... v o e 7-7
L 230N T« v\ttt et et et e et e e e e e e e e e e e e e 7-10
ULN-24354 and 24458 Automotive Lamp Moniors .. ... v e e s 7-13
[JLN-2436M Dual-Mode (10 min./a min) Countdown Timar . . ... e e t
ULN-2455A General-Purpose Quad Comparator . ... . e et ettt ettt e e e i aian 7-13
ULN-2487A/L Quad Lamp Monitor for 24V Systems . . ... oo e e 7-19
Series ULN-3700 Audio Power Amplfirs . .. .. i e e s 7-4
Series ULN-3800A AM and AM/FM Radio Systams . ..ottt et e e e 7-3
Hall Effect and Optoglectimnic SoMSIS . . o ot e e e, *
Linear Power Control
UEN-37517 Power Operational AMplifier .. ... .. o e e 4-93
ULN-3735B/W Dual Power Operational Amplifiers . ... .ot oo 4-98
ULN-3755B/W Dual Power Qperational AmDlifiers . . .. ... . e e 4-107
Sensors
Series UGN-3500 Lingar Qutput Hall Effect Sensars .. ... oo e e e *
ULN-33100/T Precision Lot SBns0rS « oottt vttt e et e et e e e e e e e *
ULN-8130A Precision Supervisary Systems Monitor . .. ... i e 7-23
ULN-8131A Precision Supesvisory Systems Monior . .. ..o e e s 7-28

&Detailed technical information is available from any Sprague sales office or sales representative.
TNew product. Contact factory for information.
*Refer to Data Book SN-500, Integrated Sensors.



ULN-2429A FLUID DETECTOR

ULN-2429A FLUID DETECTOR

FEATURES

# High Qutput Current

# A-C or D-C Qutput

© Single-Wire Probe

® Low External Parts Count

& |nternal Voltage Regulator

® Reverse Voltage Protection

& 14-Pin Dual In-Line Plastic Package

PRIMARILY DESIGNED for use as an auto-

motive low coolant detector, the ULN-2429A
monolithic bipolar integrated cireuit is ideal for
detecting the presence or absence of many dif-
ferent types of liquids in automotive, home, or
industrial applictions. Especially useful in harsh
environments, reverse voltage protection, inter-
nal voltage regulation, temperature compen-
sation, and high-frequency noise immunity are
all incorporated in the design.

A simple probe, immersed in the fluid being
monitored, is driven with an a-c signal to
prevent plating problems. The presence, ab-
sence, or condition of the fluid is determined by
comparing the loaded probe resistance with an
internal (pin 8) or external (pin 6) resistance.
Typical conductive fluids which can be sensed
are tap water, sea water, weak acids and bases,
wet soil, wine, beer, and coffee. Non-conduc-
tive fluids include most petroleum products,
distilled water, dry soil, and vodka, The probe
can be replaced with any variable-resistance
element such as a photodiode or photoconduc-
tive cell, rotary or linear position sensor, or
thermistor for detecting solids, non-conducting
liquids, gases, etc.

The high-current output is typically a square
wave signal for use with an LED, incandescent
lamp, or loudspeaker. A capacitor can be con-
nected (pin 12) to provide a d-¢ output for use
with inductive loads such as relays and
solenoids.

The ULN-2429A is rated for operation with a
load voltage of dp to 30 volts. Selected devices,
for operation up to 50 V are available as the
ULN-2429A-1. In all other respects, the
ULN-2429A and the ULN-2429A-1 fluid detec-
tors are identical.

These devices are furnished in an improved
14-lead dual in-line plastic package with a cop-
per alloy lead frame for superior thermal
characteristics. However, in order to realize the
maximum current-handling capability of these
devices, both of the output pins (1 and 14) and
both ground pins (3 and 4) should be used.

Yee OSCILLATOR

uTRUT

ouTrT

FUNCTIONAL BLOCK DIAGRAM




ULN-2429A FLUID DETECTOR
T INNRN—___——

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vpp (continuous) ... ............ +16V,-50V
(Ihr.at+25°C).................. +24 ¥
AOpsh ..o +50 ¥
Quiput Voltage, Vpyr (ULN-24208). . .................. +30¥
(ULN-2429A-1) ... +50 V
Output Current, lgyy (continuous) ..............oves 100 mA
{Lhr.at+25°C) .................. 1.0A

Package Power Dissipation, Py ..................... 133w
Operating Temperature Range, To............ —40° to +85°C
Storage Temperature Range, Tg ............ —659C to +150°C

*Derate at the rate of 16.67 mW/°C above Ty = +70°C.

ELECTRICAL CHARACTERISTICS at Ty = —25°C, Ve = Vour = +12V
{unless otherwise specified)

Test Limits
Characteristic Symbol Fin Test Conditions Min. Typ. Max. | Units
Supply Voltige Range Yoo 13 - 10 - 1§ ¥
Supply Current I_c; 13 Voo = +16V - - 10 mA
Oscillator Output Vortage | Vese 3 R, = 18 kQ T - 30 - | ¥
Output ON Yoltage Your L4 | R =30 kRlgyy = 500 mA - 0.9 1.5 v
Output OFF Current lour LI& | R < 10 k& Vgyr = Voyr{max) - — 100 A
Oscillator Frequency foss ] R, = 18 k@ - 24 - kHz

TEST CIRCUIT

WG, WD. - 10.707

7—38



ULN-2429A FLUID DETECTOR

CIRCUIT SCHEMATIC
Vee OSCILLATCR DECOUPLING NC
Pt
@ ®6 ® ®
4700
47K
A
2K
qa | 2z
Q4
A <o
e
@ ® @
SROUND 5C.  Ther DETECTOR DECCUPLING GROUND
OUTRUT INPUT O¥G. NO. A-|0,825
TYPICAL APPLICATIONS
10-16v 10-16¥
-]
-]
_____ AL FOR { — — — — = CPTIONAL FOR
o Dofg'%ﬁwh +1p-¢ QUTRIT
- ey
“zopF _|20pF
0.1
HIGH-RESISTANCE (AIR)
TURNS QUTRUT LAMP DN,
A
18K
[ 0,1
FLUID
‘-!—‘ HIGH-RESISTANCE (AIR) =
onG, 4. 410,700 TURNS QUTPUT LAMP OFF,
FLUID DHG, NO. A= 10, P11



ULN-2430M TIMER

ULN-2430M TIMER

FEATURES

® Microseconds to Minutes

o Temperature Compensated

» 400 mA Output

® 3-Pin Dual In-Line Plastic Package

PROVIDING time delays from several mi-
croseconds to approximately 10 minutes, the
ULN-2430M timer was originally designed for use
as a rear window heater timer in automotive applica-
tions. In typical system designs, this device will
meet all of the stringent automotive environmental
and transient requirements, including *‘load dump™’.
The rugged design, the high output current rating,
and an internal voltage regulator and reference allow
the ULN-2430M timer to be used in many industrial
applications.

ABSOLUTE MAXIMUM RATINGS

Regulator Current, lpeg - - .o oot 15 mA
Latch Current, Ly ..o ov e I mA
Output Current, lyg - - ov v ve 400 mA
Package Power Dissipation, Py ... ............. 330 mw*
Operating Temperature Range, Tp ... .. .- —40°C to +85°C
Storage Temperature Range, Tg ........ —65°C to +150°C

*Derate at the rate of 4.2 mW°C above T, = +70°C.

DG, NO. A=10,846

TC ADJ.
Vi
REG VREF VREF TRIGGER START/STOP OUTPUT
I/ 89K
38K
gasx Bg 4 l\
K |
H 08K
v
sk 1.1K§ 5.8y
l/ a7k é
. %m
70K
7.0K
7.1K
73K 8K

7—10



ULN-2430M TIMER

M

ELECTRICAL CHARACTERISTICS at T, =

+25°C (unless otherwise noted), Fig. 1

Test Limits
Characteristic Pin Test Conditions Min. Typ. Max. Units
Operating Voltage Range 10 — 16 )
Regulator Yoltage 5 8.4 30 10.1 v
Qutput Breakdown Voltage 2 lew = 100 ph 30 — — v
Cutput Saturation Volfage 2 lor = 400 mA — — 2.5 v
log = 250 mA — — 13 ¥
Latch Voltage 4 QOver Op. Temp. Range 5.5 7.0 8.0 v
Trigger Threshold 7 VAV, 0.60 0.63 0.67
[ Reference g [ Vv, 058 063 (.68
Temp. Coeff. of 7 -2.0 — —40 my/°C
Trigger Threshoid
Trigger input Current 7 — 20 200 né
Capacitor Discharge Time i G, = 220 uF, >10% — — 2.0 5
Supply Current [ V. =16V — —_— 10 mA
GIRCUIT OPERATION

The basic system shown in Figure 1 provides
power for thie timer after the momentary closure of
the “‘rear window heater switch”’ §,. Momentary
closure provides an input to pin 4 which turns ON the
output driver, energizes the relay, and (through the
relay contacts) provides power to the timer and the
heater element. Waveforms are shown in Figure 2.

The output remains ON, supplying power to the
heater until V,; = 62% V,, which occurs at time t =
R; x C,. The time delay can be adjusted from several
microseconds to approximately 10 minutes by the
choice of R, and C,. When t = R, x C,, the com-
parator changes state and the relay de-energizes,
returning the circuit to the quiescent condition.

Timing accuracy is primarily a function of capac-
itor leakage for long time delays. Hard switching of

7--11

the comparator necessitates low input bias currents
on the comparator and low capacitor leakage cur-
rent. The worst case comparator input is 200 nA and
the charge cumrent at V, = 62% V, is approximately
1.7 pA for R, = 2 M(). For these reasons, it is
recommended that R, not exceed 2 M{} and C, leak-
age be less than 500 nA.

Diode D, and the circuitry associated with pin 4
provide start-stop capability for the timer. When the
voltage at pin 4 is larger than 8 V timing is initiated.
When less than 3.5 V, timing is stopped. Transient
protection against load dump and other automotive
environmental hazards is provided by the integrated
circuit design and discrete components Z,, C,, R,,
R,, and D,.



ULN-2430M TIME

TYPICAL APPLICATION
{Figure 1)
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® 2 L BALLAST RESISTOR
\E‘ !
—0 | =
REAR \
WINDOW <n .
HEATER 3 by »q

() parTeey

1K 4,7K 5
—c

o

40 pF z,
I 10, oy 24 vouT
- = &2% 1 | = TWATT

vee
Ry
2m g’ =
7 CI

+

20 F ?
‘]: 16V

tia. WO, A-10.B4G

TIMER WAVEFORMS
narv
Va
0 - L
saovl 47
) L
0 —
5.7 ———
Vs
o T
L%
Iz
0 — L
l———— P =Ry x Cy [

D3 NO. A 10, 841

T—12



ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

ULN-2435A, ULN-2445A, AND ULN-2455A
AUTOMOTIVE LAMP MONITORS

FEATURES

® No Standby Power

o |ntegral to Wiring Assembly

® Fail-Safe

o Reverse Voltage Protected

¢ Internal Transient Protection
# Dual In-Line Plastic Packages

APABLE of monitoring all types of automotive
lamps, Type ULN-2435A, ULN-2445A, and
ULN-2455A lamp monitors provide multiple LED
outputs to pinpoint the area in which a lamp has
failed. Types ULN-2435A and ULN-24435A feature
an additional output that triggers an alarm if any of
the comparators detects a lamp failure. This output
can be used to drive an audible signaling device or
centrally located warning indicator.

The Type ULN-2435A lamp monitor has intercon-
nected compdrator ouputs and logic to monitor the
ignition circuit and fuses, making it uniquely appli-
cable to automotive applications. Type ULN-2445A
is similar, but has no interconnected comparators.
Type ULN-2455A is a general-purpose quad com-
parator that can be used to monitor automotive
lamps, multiple low-voltage power supplies, or, with
appropriate sensors, industrial processes.

Installation and operation of these quad lamp
monitors has no effect on normal lamp operation.
Comparators sense the normal voltage drop in the
lamp wiring (zpproximately 20 mV) for each of the
monitored lamp circuits. Little additional wiring is
necessary for installation because the system can
be completely integral to the wiring assembly. No
standby power is required: The operating voltage is
obtained from the sense leads; the system is ener-
gized only when the lamps are turned ON.

7—13

All three integrated circuits are designed for use
in the severe automotive environment. Lateral PNP
transistors provide high-frequency noise immunity
and differential transient-voltage protection. Re-
verse voltage protection, internal regulators, and
temperature compensation are all embodied in the
circuit design. A failure within the device will not
affect lamp operation.

Types ULN-2435A and ULN-2445A are supplied
in 18-pin dual in-line plastic packages. The Type
ULN-2455A lamp monitor is supplied in a 14-pin
dual in-line plastic package.

ABSOLUTE MAXIMUM RATINGS

at +25°C Free-Air Temperature
SupplyVoltage, Vee. .. ..o ou oo v
Peak Supply Voltage, Vo (0.1S) .. ... ... ... .. ..., a0y
Peak Reverse Voltage, V. ... .......... ... ...... oV
Output Current, lyr .+ ..o vve o 35mA
Package Power Dissipation, P, (ULN-2435/458) .. ... 2.3W*
(ULN-24554) . ... ... 2.0W*

Operating Temperature Range, T,........ ~40°C to +85°C
Storage Temperature Range, Ty ......... —65°Cto +150°C

*Derate at the rate of 18.18 mW/°C above T, = + 25°C.
**Derate at the rate of 16.67 mW/°C abave T, = + 25°C.




ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

PRINCIPLE OF OPERATION

Operation of these lamp monitors is similar to that of a sunple bridge
circuit in which the top two legs of the bridge are formed by the wiring
assembly resistance or discrete low-value resistors. The bottom legs of the
bridge are the monitored lamps. Four differential amplifier circuits sense
the voltage drops in the wiring assemblies (approximately 20 mV) for each
of the lamp circuits. When the system detects a difference in voltage due
to an open filament, the appropriate output driver is turned ON,

Sprague Electric Technical Paper TP 81-7 discusses the requirements of
automotive lamp monitoring systems and presents a more detailéd descrip-
tion of the operation of these differential sense amplifiers (page 10-56).

BASIC BRIDGE MONITORING SYSTEM

FEED
‘ TYPICAL SWITCH CHARACTERISTICS
! 30V
g Vee
-\
5 )
DIFFERENTIAL F %
- INPUT SIGNAL. ————————— W - 1 =z
g B oy &
2 z 5
SUPPLY ] \
CLRRENT 5 = *
P D g 3 I
3 |
| VCE {SAT}
= 35?;‘3# J_ ° 7.0 mv 20 mv
DIFFERENTIAL SWITCH VOLTAGE, &V|y
Dwg. Mo, A-13,4794 Deg. Mo A-32,187
ELECTRICAL CHARACTERISTICS at T, = +25°C, Ve = Viy = 1010 16V (unless otherwise shown)
Test Pins Limits
Characteristic ULN-2435/45A ULN-2455A Test Conditions Min.  Typ. Max. | Units
Qutput ‘Leakage Current 1'37'1%0’16 1,4,811 Vor = 8OV, AV <TmV — — 100 pA
Output Saturation Voltage 1,7, 10, 1,4,8 11 logr= S mA, AVy > 20my — 0.8 1.0 ¥y
13,13, 16 lr = 30 WA, AV > 20 mV — 14 20 | ¥
Differential Switch Voltage 2-3,8-9, 2-3, 5-6, Absolute Value Vi, — V5, 70 13 20 my
11-12, 17-18 9-10, 12-13
Input Current 4 NA Vy = Yo = 16Y —  — B0 | uA
5 NA Y = VYoo = 1BY — - 15 | mA
b NA V=0V V=16V —_ — 10| mA
2,811,117 2,59, 12 AVy=Vg—Vy = +30my 150 300 860 A
13,9,12,18 36,1013 AVy=Vg — Vo= —30mV | 05 17 35 | mA

—14



ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

ULN-2435A
FUNCTIONAL BLOCK DIAGRAM

STOP FUSE @ o ™)

IGNITION
MASTER
INDICATOR
TEST
L PARK @Dy, }E@ L. PARK
3
L. TAIL (3N
e L. STOP
L sTOP @ — D_g@ L. TAIlL
i
R STOP  (-—1p :D—E® "
R TAIL  (B—
R. PARK
R PARK  (B4— —D—E®
MARKERS 5 |
; MARKERS
MARKERS (B)4—12 BROUND

Dwg, Mo, A-12,031A

ULN-2435A and ULN-2445A TRUTH TABLES

QUTPUT PINS
INPUT PINS ULN-2435A ULN-24454
89 11712 17/18 & 10 10 13

CONDITIONS

I
o3
—
[I%]
—
o
—_
[=2]
[V
o
—
o

Nermal

L. Park Lamp Failure
L. Tail Lamp Failure
Marker Lamp Failure
Marker Lamp Failure
R. Stop Lamp Failure
L. Stop Lamp Failure
R. Park Lamp Failure
R. Tail Lamp Failure
Stop Lamp Fuse Failure
Indicator Lamp Test

=nounnunAvVI
AN 0
00w AN nw i
mroOoooccoooocooo
M T ETIT T ITXX I |~
e i i T R ]
I I IXTIXTXITITXTrr=IT|[—
rmrETEXTT T TrM~~T I XI|~d
—rrrexXITT~ T IT T
m~rr~ T T r—>I XXr—3XI
rerrrr-err~r—m
mrTTITITr~ITTITIXTI T EIL
M~ I T TT TR ILZIZrr I |—
mMEaETIT T ITITrrr >TXT T |-
rrErETrrxXTITITITIT =T
M~ I ETr— T ITXXIXTXT
rFrre~r~ee~CC— e s
mrT T XTI ITITIIT=T™

> AN 000 nonn

>

= — Less than 7 mV offset between a pair of input pins

> — Greater than + 20mV differential between a pair of input pins [Vy, — Y]
< — Greaterthan —20mV differential between a pair of input pins [V — Vil
H— Ve

L — Vg, (outputs) or GROUND (inputs)

0 — OpenorVg

X — Irrelevant
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ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

ULN-2445A FUNCTIONAL BLOCK DIAGRAM

STOP FUSE (@) > B

MASTER

N F?g@
L PARK  @—P, _ D_E@L. PARK
L. TAIL @-Ei;“‘
e

L. sToP B

L. STOP
R. STOP

R. STOP
o+ |
R. TAIL @-——}L__
|
@—‘DL j"i’
MARKERS | ‘
MARKERS
MARKERS (9 GROUND

Dwg. Wo. A-12,0324

R. PARK

R. PARK

ULN-2455A
FUNCTIONAL BLOCK DIAGRAM

@ Nc

W &—1f ]J-’,—(:) ouT,
IN1p @“

() ouT,
(?) GROUND

Dwg. No. X-12,0334



ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

TYPICAL APPLICATIONS

AUTOMOTIVE LAMP MONITOR

l IGNITION
\T ULN-24454

e ————my

0 BATTERY

z|}-—0|_ﬁ
oy

i 5 el () Rl () il ()
+ U T

=)

O

%

MARKER}S

L. STOP
::i:@@ R. STOP
Iﬂ_'_@L_APJ!\F(K
|[}—@ L. TAIL
I:’_@ R. TAIL
|{!—@ R. PARK
ll]'—@ MARKERS

w

g
=
ol [+]
clg r
E |t
£

QUAD LAMP MONITOR
Voo Vee
o]
ULN-2455A
|K‘ |K‘
=\\‘
Al
T
H—‘% !
Bl
TR
14

Dwg. Ho. A-1Z,035A
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ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS

TYPICAL APPLICATIONS (Continued)

POWER SUPPLY SUPERVISORY CIRCUIT

Ry

VN o—y&r -;5- O VReF
Rg

VOLTAGE FOLLOWER SUPPLIES
DETECTOR OPERATING CURRENT

Vorrser K VawiteH VSWITCH —E
- {10, 3
Rz {VIN - VREF)
VRer
Vowiten (Ry || R2){Ri+Ry)
" (AVIN*Rz) -Vewmen (Ri+Rz)

4=

5

|
|
(&)—ouT
t
|
M|

14 ULN-2455A

IF VRep = 10V IF AViy = 250 mV =
Vin=18YV VewiTeH =13 mv
Rz =15k8 THEN Rg=423R

THEN Ry = 7Z.5kR g, No. B-15za

SIMPLIFIED SCHEMATIC
(One of 4 differential
sense amplifiers)

220K

7
l L TO MASTER INDICATOR DRIVER
Dwg. No. A-12,036
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ULN-2457A AND ULN-24571
QUAD LAMP MONITORS

ULN-2457A AND ULN-2457L
QUAD LAMP MONITORS FOR 24V SYSTEMS

FEATURES

& 181032 V Qperation

& Mo Standby Power

® Integral to Wiring Assembly
® Fair-Safe

& Reverse-Voltage Protected
# Internal Transient Protecticn

APABLE of monitoring lamps in truck or bus,
railroad, marine, and other applications using
24V power systems, the ULN-2457A and ULN-
2457L lamp monitors provide LED outputs (to 35
mA) to indicate the circuit in which a lamp failure
has occurred. Differential amplifiers sense the volt-
age drops in the wiring assemblies (approximately
20 mV} for similar lamps. When the monitor detects
a difference in voltage due to an open filament or
lamp socket, the appropriate output driver is turned
oN. Both devices are general-purpose quad com-
parators that can also be used to monitor multiple
low-voltage power supplies and, with appropriate
sensors, industrial processes.

The installation and operation of these quad lamp
monitors has negligible effect on normal lamp oper-
ation. Comparators sense the normal voltage drop in
the lamp wiring for each of the monitored lamp cir-
cuits. Little additional wiring is necessary for instal-
lation because the system can be completely integral
to the wiring assembly. No standby power is re-
quired. The operating voltage is obtained from the
sense leads; the system is energized only when the
lamps are turned oN.

These integrated circuits were designed to with-
stand the severe environment of heavy-duty auto-
motive applications. Lateral PNP transistors and
thin-film resistors provide high-frequency noise im-
munity, transient-voltage protection, and reverse
voltage protection. Internal regulators and temper-

7—19

ature compensation are included in the circuit de-
sign. A failure within the device will not affect lamp
operation. For low-voltage applications (10 to 16 V)
the pin-compatible ULN-2455A 1s suggested.

The ULN-2457A i3 supplied in a standard 14-pin
dual in-line plastic package. The ULN-2457L is sup-
plied in a surface-mount 14-lead SOIC plastic pack-
age. Both devices are rated for operation over the
temperature range of —40°C to +85°C.

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
Supply Voltage, Voo, ...

Peak Supply Voltage, Yoo (0.18) ... ...t
Peak Reverse Voftage, V.. .. ... ... ittt

Qutput Current, Ty oo oo 35 mA
Package Power Dissination, Ppy................ See Graph
Gperating Temperature Range, T, .. .. ... —40°C to +85°C
Storage Temperature Range, Ty .. .... ... —65°C to -+~ 150°C




ULN-2457A AND ULN-2457L

QUAD LAMP MONITORS

ALLOWABLE PACKAGE POWER DISSIPATION

AS A FUNCTION OF TEMPERATURE FUNCTIONAL BLOCK DIAGRAM
(5]
E 20 M Ne
¢ [+
= ’v| s @ L auT,
= Y@
D..a .V\O, IN1g @—
g‘ 1.5 ‘V'& ]
e} &
& Nz G
E @Ou Nz . @) oUT
0 o
& 1.0 g 7. if Nzp (B e
o WO \‘
3 & L INsa (B—
E \4‘;’9\30 \\\ * . . @ outs
h [y
g oS ~ 5 INsp @—4—p
X y, \ 1
g SN
" ™~ “ INag @'—-
i N\ OUT4
m Q \ﬁ
g 25 50 75 100 1256 150 Nes B @ GROUND
% TEMPERATURE IN °C ‘
<

Drvg. No. A-14,210

ELECTRICAL CHARACTERISTICS at T, = +25°C, V. = V\y = 18 to 32V (unless otherwise shown)

Dwg. No, A-12,033A

Limits
Characteristic Test Pins Test Conditions Min. Typ. Max. Units
Output Lezkage Current 1,4,8,11 Vor = 80V, AV, <7mV — — 100 A
Qutput Saturation Yoltage 14,811 lor = SMA AV, > 20mV — 0.8 1.0 ¥
loy = 30mA, AV, > 20 mY — 14 2.0 )
Differential Switch Voltage 2-3, 5-6, 9-10, 12-13 Absolute Value Vi, — Vi 7.0 13 20 my
Input Current 2,59 12 AV =V — V= +30mV 150 300 800 LA
3,6,10,13 AVp=Vy —Vy = —30m¥ 0.5 17 35 mé
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UEN-2457A AND ULN-2457L
QUAD LAMP MONITORS

PRINCIPLE OF OPERATION

Operation of these lamp monitors is similar to that
of a simple bridge circuit in which the top two legs of
the bridge are formed by the wiring assembly resis-
tance or discrete low-value resistors. The bottom
legs of the bridge are the monitored lamps. Four
differential amplifier circuits sense the voltage drops
in the wiring assemblies (approximately 20 mV) for

BASIC BRIDGE MONITORING SYSTEM
FEED

DIFFERENTIAL

«+————— |NPUT SIGNAL ————=

SUPFLY

5) CRRET D)

SIGNAL
OUTPUT =

Dwg. No. A-11,4734

each of the lamp circutts. When the system detects
a difference in voltage due to an open filament, the
appropriate output driver is turned oN.

Sprague Technical Paper TP 81-7 discusses the
requirements of automotive lamp monitoring sys-
tems and presents a more detailed description of the
operation of these differential sense amplifiers.

TYPICAL SWITCH CHARACTERISTICS

IOV
Ve -
b}
s ]
> ]
W
o] T [ z
= = 1k
g s 12
fr} 1 !
5 z 1z
= = 1 =
3 1
U VCE {5AT)
o
70 mv 20 mv

DIFFERENTIAL SWITCH VOLTAGE, AV)y

Dwg. No, A-12,187

SIMPLIFIED SCHEMATIC
{One of 4 differential sense amplifiers)

Q

fars
Q124 G4

11
gl( %23?( %51?(

>10K

Y
=
i
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ULN-2457A AND ULN-2457L
QUAD LAMP MONITORS

TYPICAL APPLICATIONS

QUAD LAMP MONITOR

r
1
2 B @
< 1 1 . Pt
RZ i ; 2
& i
= !
O 1
R : > 2 P
! : 2
L '
: |
| 5 1
] () f|
: - R
8] ® |
o
y 1
Lo 1
* 1
Pt
X1 B

Ll
™

Dwg. No. A-14,209

POWER SUPPLY SUPERVISORY CIRCUIT

Vin O—«yg‘ v;&'» O VRer
1 é\Rz Rs

VOLTAGE FOLLOWER SUPPLIES
DETECTOR OPERATING CURRENT
Vorrser K Vswiten
R, = R (Vin - VRer)

Veee

ouT
Re - Vswiten (Ril| R2) (Rq1+R3)
7 (AVin-R2)-Vswiten (R1+Rz)
IF  Vegep =20V IF AViN=2.8Y =
Vin= 28V Vswiteh =13 mV
Rz=15k%

THEN Rs=288
THEN R1=86.0k&R

Dwg, No. A-14,211

7—22



ULN-8130A
PRECISION SUPERVISORY SYSTEMS MONITOR

ULN-8130A
PRECISION SUPERVISORY SYSTEMS MONITOR
Quad Voltage and Line Monitor

FEATURES

¢ 10 V to 35 V QOperation

e |.ow Standby Current

» Reference Trimmed to 1%

* Monitors 4 Separate DC Levels

» Separate Under-Voltage Comparators
» Fixed Under-Voltage Threshold

s Line Sense Imput

» Pyll-Up Clamped Qutputs

* Programmable Qutput Delays

» V5 Under-Voltage Lockout

Capable of monitoring four dc power lines, the
ULN-8130A is a power fault monitor for both
under-voltage and over-voltage conditions. Two
of the four inputs are designed o monitor positive
voltages while the other two inputs can be used
to monitor two positive or two negative voltages.
An additional comparator is used to monitor the
primary power line and will provide early warning
of line voitage drop-out.

An under-voltage lockout, monitoring the
ULN-8130A internal supply, prevents faise outputs
from occurring during low supply-voltage opera-
tion. The logic outputs can be used to operate
I.LEDs or other low-voltage indicators,

The circuit configuration of the ULN-8130A
allows easy programming of over-voltage thresh-
olds which are referenced to a 1% trimmed 2.5 V
bandgap reference. The uv FAULT (pin 8) is in-
itiated by one or more of the four sense inputs fall-

va 1] [ 18] Veer
arounp [ 2 ] ~SENSE 4
LiNE SENSE | 3 | [ 16 | EnaBLE
LF DELAY ﬂ -SENSE 3

THRESHOLD
L4 ADJUST

=IE] SENSE 4
.IE SENSE 3

[ 11 ] sEnsE 2

COMPARATORS

116} ] sEnsE 1

Dwg. No. A-13,221

ing below the uv trip point {the internal reference
voltage). The Qv FAULT (pin 7) is activated by one
or more of the sense inputs rising above the ex-
ternally set {pin 14) oV trip point. The LINE OK out-
put {pin 5) will remain high as long as the LINE
SENSE input (pin 3) is above the internal reference
voltage. The LINE SENSE will accept a positive dc
voltage proportional to either the high-voltage
master bus or the ac line.

Output delays can he introduced by adding
capacitors from the appropriate DELAY pins to
ground. The LINE FAULT DELAY capacitor value
should be large enough to prevent false shut-
downs due to short line transients.

The ULN-8130A is supplied in an 18-pin dual
in-line plastic package with a copper lead frame
that gives it enhanced power dissipation ratings.
It is rated for continuous operation over the
temperature range of 0°C to +70°C.
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ULN-8130A
PRECISION SUPERVISORY SYSTEMS MONITOR

ABSOLUTE MAXIMUM RATINGS at 7, = +25°C

Supply Voltage, Ve ...
Power Dissipation, Py ...........coiiiii
Operating Temperature, Ta ... .ot
Storage Temperature, Tg ............. v,
Junction Temperature, T, ... ....................

*Derate at the rate of 18.2 mW/°C above Ty = 25°0

FUNCTIONAL BLOCK DIAGRAM
Vs

............ 2.3 Wr
..... 0eC to +70°C

—65°C to +150°C

Veeo
Vige

SENSE 1 (i9)

sENSE 2 (— . 2

ACTATYA®

T

SENSE 3 (2) T

SENSE 4 (3)

]
|

® ®

LINE SENSE GROUND

~sense 4 (—F

ENABLE \I8, -

VA

—SENSE 3( >

THRESHOLD
ADJUST

=)

1—24

.......... +150°C
]
uy
LOCK-
ouT
Veer
m uv oK
" —® Luv raut

7;{ :) UNBER-VOLT. DELAY

OV OK

—® Lov FauLr
() OVER-VOLT. DELAY

LINE OK
LINE FAULT

(%) LINE FAULT DELAY

DWG A-13,002



ULN-8130A
PRECISION SUPERVISQRY SYSTEMS MONITOR

ELECTRICAL CHARACTERISTICS at T, = +25°C, V, = 15V

Limits
Characteristic Test Pin Test Conditions Min. Max, Units
Functional Vs Range 1 10 35 vV
Quiescent Current 1 Vs = 35V, Vg = V5, NoFault — 15 ma
REFERENGE YOLTAGE SECTION
Reference Voltage 18 MNolead, T, = +25°C 247 2.53 v
No Load, Change Over Temp. — 25 mv
Load Regulation 18 lie = 010 10 mA — 20 my
Line Regulation 18 ¥, = 101035V — 10 mY
Ripple Rejection 18 f=120Hz 60 — dB
Short-Gircuit Current Protection 18 —_ 40 mA
GCOMPARATOR SECTION
Under-Voltage Trip Points 10-13* T, = +25°C 247 2.53 Y
Over Temperature 246 2.54 ¥
Under-Vaoltage Trip Hysteresis 10-13% Qver Temperature 10 25 my
Over-Voltage Trip Points 10-13* V,=10 3.08 3.17 1)
Jver-Yoitage Trip Hysteresis 14 Y, = 01025V, Over Temp. 10 25 my
Line Monitor Trip Threshold 3 2.40 2.54
Under-Yoltage Lockout Enable 1 Vs Decreasing 8.5 —
Under-Valtage Lockout Disable H Vs Increasing — 10.5
Input Bias Current 3,10, 11 Vi = 2.0V — —6.0 pA
Vo = 3.0V — 8.0 A
14 Y = 0 — —50 1A
15,17 Vo= —20V, V=10V — -2.0 A
OUTPUT DRIVERS
Qutput Saturation Yoltage 5,9 lgws = 5.0 mA — 0.5 ¥
7 I = 10mA — 0.5 ¥
579 lsource = 500 A 4.0 5.25 ¥
Qutput Leakage Current 57,9 Yor = 35V — 30 pA
Line Fault Delay Current Source 4 Y, = 2.0V 160 350 ph
Line Fault Delay Current Sink 4 Vo= 2.0V 3.2 7.0 mA
Over-Yoltage Delay Current Source ] ¥, = 2.0V 160 300 pA
Under-Yoitage Delay Current Source 8 Yo = 2.0V 35 75 pA

*All inputs connected to 2,75 V except input being tested.

=25



ULN-3130A
PRECISION SUPERVISORY SYSTEMS MONITOR

L e

APPLICATIONS

The basic voltage monitors are based on a 2.5
V precision bandgap reference. External resistive
dividers are used to present a nominal 2.5 V level
to each under-voltage comparator at the minimum
allowable under-voltage condition. The over-
voltage reference is set up by another resistive
divider at pin 14 determined by the tightest over-
voltage tolerance requirement.

BASIC FORMULAS:

(1) An under-voltage fault is detected, (pin @
goes low), when the positive input voitage being
monitored is less than:

Vo = 2.5 (R, + R)/R,
{2) The internal over-voitage threshold is defined

as’
VOVT = 2.5 1 + ——L
4R, + Ra)

where R, // Ry << 100 k2.

(3) An over-voltage fault is detected when the
positive input voltage being monitored exceeds:
Vo = Vour (Ry + Ro)/R;

(4) Individual over-voltage thresholds can be in-

creased by the addition of R, with
Vour — 2.5

CRLITT V(Hﬂ;ﬂ)

2

(5) To monitor negative supplies at SENSE 3 and
SENSE 4, pin 16 is connected to ground. In this
condition, an under-voltage fault indication will oc-
cur when either negative supply being monitored
falls below:

VMON(LD) = 2.5 RyR,
Note that for monitor purposes, under-voltage
means the negative supply is actually going net
positive, or toward ground.

() For negative supplies, an over-voltage fault
indication will occur when:

VMON(HI) = Veour RefR,

{7) Fault delay capacitor values are determined

by:
C,orC; = 200 x 107% x ¢
25
Cy =55 x 107% x t
25
where 1 is the output delay in seconds.

LINE SENSE AND POSITIVE SUPPLY MONITORING
(SENSE 1, 2, 3, and 4)

+5V +10to +35V

Dwg. No. A-18,222



ULN-8130A
PRECISION SUPERVISQRY SYSTEMS MONITOR

UNUSED INPUTS

Unused positive sense channel inputs (pins 3,
10-13) must not be left unconnected. Neither can
they be tied high (over-voltage fault indication),
tied low (under-voltage fault indication), or tied
to the internal reference (susceptible to noise
and voltage offsets). Unused sense channel in-
puts should be connected to any operating sense
channel input. For example, if channels 1, 2, and
4 are being used, the unused channel 3 sense
input (pin 12) should be connected to the sense 2
orsense 4 input.

Unused negative sense channel inputs (pins 15
and 17) can be left open-circuited provided the
associated enable input {pin 16) is tied high and
the associated positive sense channel inputs
{pins 12 and 13) are utilized to monitor positive
supplies or are connected as described above.

DESIGN EXAMPLE
As an example, consider the following set of
monitoring conditions:
V, = +5V+10%, —5%
V, = +12V £10%
Ve = +15V +5%
Ve = +24V +10%

The required input dividers are calculated per
(1) to yield the resistor divider ratios, R, (R, +
R,), of: 0.5263, 0.2315, 0.1754 {Note 1), and
0.1157 respectively. The over-voltage threshold,
Vovr, would be dictated by the tightest tolerance
supply which gives the lowest Vg from (3).
Therefore, Vg, = 15 x 1.05 = 15.75 volts
and Vgr = 15.75 x 0.1754 = 2.763 volts’. This
is the voltage appearing at the SENSE terminal
and is equal to the over-voltage threshold to be

NEGATIVE SENSE MONITORING
SENSE 3 and 4 Only

..-
il
2
N
)
3
1t

SENSE 4 4 «

S

SENSE 2
SENSE 1

COMPARATOR:

Owy. Mo A13,223

set via the resistor ratio at pin 14, From (2},
R4 (R, + Rg} is calculated 1o be 0.4096. It is
good practice to keep the equivalent external im-
pedances as low as possible, in order to minimize
bias current and offset errors. For the purpose of
this example, all resistor dividers will be taken to
have an equivalent impedance of 1000 echms. This
being the case, the final values are: Ry = 1.7 kD
and Rg = 2.44 kQ.

In order to provide accurate over-voltage sens-
ing for the V,, V,, and V, supplies, resistors are
connected from the respective input sense nodes
and returned to the 2.5 V reference. Calculation
is made by first picking values for the input
dividers and then calculating the required value
of Ry from (4). Again, assuming 1 k@ equivalent
divider impedances and making the calculations,
a summary of results is given below.

MONITORED SUPPLY Vo Vonia R: R. Ry
+5V {+10%, - 5%) 55Y 475V 190Kk 2.11ka 20 ko
+12Y (+10%) 18.2 ¥ 108Y  432kx 1.30kn 900 Q
+15 ¥ (1 5%) 1B.I5Y 1425V 570ke 121kQ o
+24 Y (£10%) 264V 16V 864ka 1.13kn 9000

1. Note that the number 0.1754 is rounded off. Due to required accuracies in the
external dividers, round off numbers only after final resistor values are calculated.
For the same reason, use stable high-accuracy metal film resistors. Many applica-
tions may benefit from combining the ULN-8130A and functionaily trimmed

Sprague resistor-capacitor networks.
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ULN-8131A
PRECISION SUPERVISORY SYSTEMS MONITOR
e

ULN-8131A
PRECISION SUPERVISORY SYSTEMS MONITOR
Quad Voltage and Line Monitor

FEATURES

& Referenca Trimmed to 1%

Manitors Faur DC Supplies

1010 35 Volts Operation

Low Standby Current

Separate Under-Voltags Comparators
Fixed Under-Valtage Threshold
Programmable Qver-Voltage Threshold
Ling Sense Input

Full-Up Clamped Outputs
Programmakle Gutput Delays

¥s Under-Voltage Lockout

Capable of monitoring four dc power lines, the ULN-
8131A is a power-fault monitor for both under-voltage and
over-voltage conditions. Two of the four inputs are
designed to monitor positive voltages, while the other two
inputs can be used to monitor positive or negative volt-
ages. Typical examples might be a + 5V logic supply,
+15V and — 15V analog supplies, and a positive
peripheral power load supply. The primary power line is
monitored by an additional comparator and will provide
early warning of line voltage drop-out.

During low-supply voltage operations, an under-
voltage lockout which monitors the ULN-813]1 A internal
supply, prevents false outputs from occurring. The logic
outputs can be used to operate LEDs or other low-voltage
indicators.

The circuit configuration of the ULN-8131A allows
easy programuming of over-voltage thresholds which are
referenced to a 1% irimmed 2.5 V bandgap reference.
The uv FAULT (pin 10) is initiated by: one or more of the
four sense inputs falling below the UV trip point (the
internal reference voltage). The ov FAULT (pin 8) is acti-
vated by one or more of the sense inputs rising above the
externally set (pin 15) ov trip point. The LINE oK output
(pin 3) will remain high as long as the LINE SENSE input

GROUND —~SENSE 4

LINE SENSE ENABLE 4

LF DELAY ENASLE 3

LINE FAULT [ 5 | -SENSE3
OV DELAY . SENSE 4
OVER-VOLTAGE [ 8 | é SENSE 3

o

UvDELAY [ 9 | % | 12 ] SENSE 2
UNDER-VOLTAGE [ 10 | ° SENSE 1
Dwg. No. W-185

{pin 3) is above the internal reference voltage. The LINE
SENSE will accept a positive de voltage proportional to
either the high-voitage master bus or the ac line.

Qutput delays can be introduced by adding capacitors
from the appropriate DELAY pins to ground. The LINE
FAULT DELAY capacitor value should be large enough to
prevent false shutdowns due to short line transients.

The ULN-BI31A is supplied in a 20-pin dual in-line
plastic package with a capper lead frame that gives it
enhanced power dissipation ratings. The similar ULN-
81304 is intended for monitoring four positive supplies,
or two positive and two negative supplies. It is supplied
in an 18-pin DIP.
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ULN-8131A
PRECISION SUPERVISORY SYSTEMS MONITOR

ABSOLUTE MAXIMUM RATINGS

atTy = +25%
SUpPlY Yolage, Yoo oo 35Y
Power Dissipation, Py ..o 2.3W*
Qperating Temperature, Ta o\ ovvcovicinniinnan., 0°Cto +70°C
Storage Temperature, Ts oovvvvvrven e, —65°Cto + 150°C
Junction Temperature, Ty ..o +150°C

“Derateattherate of 18,2 mWi*Cabove Ty = 25°C

FUNCTIONAL BLOCK DIAGRAM

uv
LOCKOUT
—@ Veer
sense1 (71}
,_{\_ 4 UV OK
sense 2 (12 > O uvrauT
SENSE 3 (i3) [—7;-@ UNDER-VOLT. DELAY
Id oV oK
sense4 (19) !t >——E) [ovFaur
-sEnsE4 (1S ~ \ [ |
ENABLE4 (o > : II'/ . _‘_@L&VEE;-(VOLT. DELAY
ENABLE & (17) >_4 (5) |LINEFAULT
~SENSE 3 (16)
THRESHOLD (£) LINE FAULT DELAY
ADJUST
4R
ol
LINE SENSE GROUND
Dwg. No. W-186



ULN-8131A
PRECISION SUPERVISORY SYSTEMS MONITOR

ELECTRICAL CHARACTERISTICS at T = +25°C, Vs = 15V

Litmits
Characteristic Test Pin Test Conditions Min.  Max. Units
Functional YsRanga 1 10 35 y
(Quiescent Current 1 Vg = 35Y,Vi; = Vig = Voo NoFauit — 15 mA
REFERENCE VOLTAGE SECTION
Reference Voltage 20 NolLoad, Ta = +25°C 2.47 2.53 ¥
No Load, Change Over Temp. - % my
L.oad Regulation 20 Irer = 0to L0mA - 2 my
Line Regulation 20 Ys = 101035V — 10 my
Ripple Rejection 20 f=120Hz B0 - dB
Short-Circuit Current Protection 20 — 40 mA
COMPARATOR SECTION
Under-Yoltage Trip Points 11-18% | Ty = +25%C 247 2.53 v
QOver Temperature 246 2.54 ¥
Under-Voltage Trip Hysteresis 11-14* Over Temperature 0 25 my
(ver-Yoltage Trin Points 1114 | V=0 3.08 3.17 ¥
Over-Voltage Trip Hysteresis 15 Vis = 010 2.5Y, Over Temp. 10 25 my
Line Monitor Trip Threshold 3 2.40 2.54 ¥
Under-Yoltage Lockout Enable 1 Vs Decreasing 85 - v
Under-Voltage Lockout Disaile 1 Vs Increasing — 105 ¥
Input Bias Current 311,12 | Viy = 2.0V —~6.0 A
Yin = 3.0V — 6.0 wA
15 V=20 — —50 | uA
16,18 Yn= —2.0V,¥; =Va =0V — =20 A
OUTPUT DRIVERS
Qutput Saturation Yoltage 5,10 lsing = 5.0mA — 0.5
8 ‘SINK = [0mA — 0.5
5810 | lsousce = 500 A 4.0 5.25
Output Leakage Current 58,10 | Vour = 35V — & WA
Line Fault Delay Current Seurce & Yo = 2.0V 160 350 pA
Line Fault Delay Current Sink 4 Vo = 2.0V 32 1.0 mA
QOver-Voltage Delay Current Source 7 V7 = 2.0¥ 160 300 A
Under-Voltage Delay Current Source S Yo = 2.0V 3% 7B wA

*All inputs connected to 2.75 V except input being tested.
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APPLICATIONS

The basic voltage monitors are based on a 2.5 V precision
bandgap reference. External resistive dividers are used
to present a nominal 2.5V level to each under-voltage
comparator at the minimum allowable under-voltage
condition. The over-voltage reference is set up by another
resistive divider at pin 15 determined by the tightest over-
voltage tolerance requirement.

BASIC FORMULAS:

(I} An under-voltage fault is detected, (pin 10 goes
low), when the positive input voltage being monitored is
less than:

Vvonioy = 2.5 (R + Ra)/Ra
(2) The internal over-voltage threshold is defined as:
R
Vovr =25 |1+ —2—0
4(Ras + Rp)
where Ra // Rg << 100 k().

(3) An over-voltage fault is detected when the positive

input voltage being monitored exceeds:
Vamonn = Vovr (R + R2)V/R2

(4) Individual over-voltage thresholds can be increased
by the addition of Rx with

Vovr — 2.5

Ri + Rz )
R:

(5) To monitor negative supplies at SENSE 3 or
SENSE 4, pin 17 or 18, respectively, is connected to
ground. In this condition, an under-voltage fault indication
will occur when the negative supply being monitored falls
below:

Rx = R
x " Vaonen — Vovr (

Yuoniwe = 2.5 Ra/R,
Note that for monitor purposes, under-voltage means the
negative supply is actually going net positive, or toward
ground.

{6) For negative supplies, an over-voltage fault indi-
cation will occur when:

Vauonn = Voyr R3/Ry4
(7) Fault delay capacitor vaiues are determined by:

&
CoorCy = 200 x 1077 x ¢t
2.5
-6
Co = 55X 107 xt
2.5

where t is the output delay in seconds.

LINE SENSE AND POSITIVE SUPPLY MONITORING
(SENSE 1, 2, 3, and 4)

+5 V +101 +35 V

R,

LINE g +
SENSE

LOGIC
ouT -

LOGIC %
ouT

7—31

Dwg. No, W-157




ULN-8131A
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UNUSED INPUTS

Urused positive sense channel inputs {pins 3, 11-14) must
not be left unconnected. They cannot be tied high (over-
voltage fanlt indication), tied low (under-voltage fault
indication), ot tied to the internal reference (susceptible
to noise and voltage offsets). Unused sense channel inputs
should be connected to any operating sense channel input.
For example, if channels 1, 2, and 4 are being used, the
unused channel 3 sense input {pin 13) should be connected
to the SENSE 2 or SENSE 4 input.

Unused negative sense channe! inputs (pins 16 and 19)
can be left open-circuited provided the associated ENABLE
inputs (pins 17 and 18) are tied high and the associated
positive sense channel inputs (pins 13 and 14) are utilized
to monitor positive supplies or are connected as described
above.

DESIGN EXAMPLE

As an example, consider the following set of monitoring
conditions;

Vi= +5V(+10%, —5%)
Vo = + 12V (£ 10%)
V= +15V(£3%)
Vo= +24V (£10%)

The required input dividers are calculated per (1) to
vield the resistor divider ratios, Rz (R1 + Rz), of: 0.5263,
0.2315, 0.1754 {Note 1), and 0.1157 respectively. The
over-valtage threshold, Vovr, would be dictated by the
tightest tolerance supply which gives the lowest Vovr
from (3) Therefore, Vimonwn = 15 ¥ 1.05 = 1575V
and Voyr = 1575 % 0.1754 = 2.763V'. This is the
voltage appearing at the SENSE terminal and is equal to

NEGATIVE SENSE MONITORING
SENSE 3 and 4 Only

COMPARATORS

Dwg. No, W-187

the over-voltage threshold to be set via the resistor ratio
at pin 15. From {2), Ra/(Ra + Rg) is calculated to be
0.4096. It is good practice to keep the equivalent external
impedances as low as possible, in order to minimize bias
current and offset errors. For the purpose of this example,
all resistor dividers will be taken to have an eguivalent
impedance of 1000 ohmms. This being the case, the final
values are: Ra = 1.7k} and Rg = 2.44k0.

In order to provide accurate over-voltage sensing for
the V1, V2, and V. supplies, resistors are connected from
the respective input sense nodes and returned to the 2.5V
reference. Caleulation is made by first picking values for
the input dividers and then calculating the required value
of Rx from {4). Again, assuming 1k{} equivalent divider
impedances and making the calculations, a summary of
results is given below.

MONWORED SU PPLY VMDN[HH VMDN(LO) R]_ R? RK
+5¥ [+ 10%, —5%) 5.5V 4.75Y 1.90k02 211k 2.0k0
+12¥ (£ 10%) 13.2v 10.8v 4.32k02 130k 90002
+ 15V (= 5%) 15.75V 14.25¥ 570k 121k w©
+ 24V (= 10%) 26.4Y 21.6v 8.64k0) 113k 90002

1. Note that the number 0.1754 is rounded off. Due to required accuracies in the external
dividers, round off nurmbers only after final resistor values are calculated. For the same reasen,
use steble high-accuracy metal film resistors. Many applications may benefit from combining
the ULN-8131A and functionally trimmed Sprague resistor-capacitor networks.
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ULN-8163A AND ULN-8163R
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS

FEATURES

® Supply Range of 4.5V to 14 V; Internal Shunt Regulater for
Higher-Yoltage Source Operation

® Low Standby Current

® 300 kHz Sawtocth Generator

# Improved Feed-forward Control (4:1 Range)

# Precision Current-Limit Threshold

® Precision (1%) Bandgap Voltage Reference

® |mproved Stability Over Temperature

® Direct Pulse-Width Modulator Access

© External TTL-Compatible Synchronization

& Precision Qver-Voltage Threshold

& TTL-Compatible Shutdown

The ULN-8163A and ULN-8163R are switched-
mode power supply control circuits featuring
low-voltage operation, precision reference, and
protective features. Both have a temperature-
compensated bandgap reference, an internal error
amplifier, wide-range feedforward capability, a
high-frequency 300 kHz sawtooth waveform
generator, a pulse-width modulator, a variety of
protection circuitry, and a 200 mA output driver.

Low-voltage operation and low guiescent current
drain make them suitable for automotive and other
general SMPS applications such as de-to-dc con-
verters operating directly from 5V or 12 V supplies
and off-line primary-side control.

The ULN-8163A is supplied in a 16-pin dual in-
line package with a copper lead frame for enhanced
power dissipation ratings for operation over a tem-
perature range of —20°C to +85°C. The ULN-
8163R is furnished in a 16-pin hermetically sealed
glass/ceramic package which will withstand severe
environmental contamination.

MODULATOR i
INPUT [

GAIN EH

FEEDBACK[3 |
VOLTASE

DUTY CYCLE
ADJUST

CURRENT-3ENSE

048V
i E
DEMAG HV
PROTECTION BM

REMOTE

Diwg. No, A-14,251

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Supply Voltage Vs .. ... ... ... L.l {See Note)
Supply Currant, feg - oo 30 mA
Output Current, |, (peak). .. ................... 200 mA
{continuousy ................. 100 mA
Reference OQutput Current, by .. .. .. ... .. ... ... 10 mA
togic Input Voltage, Vo, Vg ... oo 8.0V

Package Power Dissipation, P,
(ULN-81B3A) . .. ..o 21w
(ULN-8163R) . ... ... L7 w*
Operating Temperature Range, T,. ... .. .. —20°C to +85°C
Storage Temperature Range, Tg ... ... ... —65°C to +150°C

*Derate linearity to OWat T, = + 150°C

NOTE: Maximum allowable sunply valtage is dependent on vaiue of exter-
naal current fimiting resistor: 14V at 0 Q.
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ALLOWABLE AVERAGE PACKAGE

POWER DISSIPATION AS A
FUNCTION OF TEMPERATURE

s FUNCTIONAL BLOCK DIAGRAM
[72]
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Drwa. No, A-14,253
ELECTRICAL CHARACTERISTICS ot T, = 25°C, V; = 12V, {, = 40kHz (unless otherwise specified).
Limits
Characteristic Test Pin Test Conditions Min. Typ. Max. Units
Supply Clamp Voltage 11 ly = 10 mA 14 — 18 V
11 Iy = 30 mA 15 — 19 v

Supply Current 11 Vy=Va=10 2.0 5.5 70 mA

REFERENCE SECTION

Internal Reference, Vee 4 T, = +25°C 297 3.00 3.03 v

4 Over Operating Temyp. Ranget 2.54 — 3.06 ¥

Temperatuse Coafficient of Vig 4 —_ +100 — ppm/°C

Line Reguiation 4 Y=<V <12V — 1.0 3.0 my/y

Load Regulation 4 0 << lpgr < 5 mA — 3.0 10 my

Note: Negative current is defined as coming out of {sourcing) the specified device pin.
1These parameters, although guaranteed over the operating temperature range, are fested at T, = +25°C only.
*These parameters are tested to a lot sample plan only.
chny autput other than zera Is not allowed.
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ELECTRICAL CHARACTERISTICS o1 T, = 25°C, V; = 12V, f, = 40 kHz (unless othetwise specified).

Limits
Charatteristic Test Pin Test Conditions Min. Typ. May. Units
OSCILLATOR SECTION
Min. Dscillator Frequency® 15, 16 Ry = 5 M(L, G, = 15000 pF — — 50 Hz
Max. Oscillator Freguency 15, 16 Ry = 2.3k, &, = 500 oF 200 300 — kHz
Initial Oscillator Accuracy 15, 16 Ry = 5kQ — +2.0 — %
Voltage Stability 15, 16 BV <V, <12V — 0.2 0.5 kHz/V
Temgperature Stability — 30 100 ppm/°C
MODULATOR/COMPARATOR SECTION
Modulator Input Current ] ¥, =10V — -10 =30 ph
Maximum Duty Cycle 12 Vo< 3.0V 95 — 93 %
Minimum Duty Cycle* 12 V. > 0.9V — — 0 %
Duty Cycie Accuracy 12 V, =20V 44 47 50 %
Propagation Delay 6-12 — 200 — ns
Input Current, Duty Cycle Control [} — =10 -3.0 ph
PROTEGTIVE FUNCTIONS
Under-Yoltage Lockaut 11-12 3.80 40 4.25 ¥
Start Threshold 11-12 4.25 4.5 475 i
Qver-Voltage Threshald B-12 570 600 §30 my
Over-Voltage Delay §-12 — 200 500 ns
Qver-Voltage Input Current 8 — 2.0 5.0 A
EXTERNAL SYNCHRONIZATION
Sync Input OFF Voltage g 0 — 0.8 ¥
Syng Input OK Voltage 9 2.0 — — y
Syne Input Current 9 V. =0V, T, = +25°C e —85 — 125 A
9 VY, = 0V, Over Operating Temp. Range — — —125 LA
REMOTE
Remate OFF Voitage 10 0 — 0.8 v
Remote ON Voltage 10 20 — — y
Remote Input Current 10 T.= +25€C — -85 —125 ph
10 Over Operating Temp. Rarget — — —125 WA
CURRENT LIMITING
Input Current 7 V, < 450 m — —5.0 -2 A
inhibit Delay* 7 One Puise, 20% Overdrive at |, = 40 mA — 400 600 ns
Trip Levels 7 Shutdown/Slow Start 570 600 630 mY
7 Currant Limit 455 480 505 my
Shutdown/Currgnt Limit Ratio —_ 1.15 1.25 140 —
ERROR AMPLIFIER
Error-Amplifier Gain 3-2 (Open Loop 80 6 — dB
Eror-Amplifier Feadback Resistance 2 10 — — [10]
Small-Signal Bandwidth 3-2 7060 — — kHz
Input Offset Voltage 3 —10 — 10 my
Input Current 3 — 0.1 1.0 [
Power Supply Rejection 60 70 — B
OUTPUT STAGE
Qutput-Saturation Voltage 13 | Vematle=10mA Y, =10 — — 750 my
Voemp 8t 1o = 100 mA, ¥V = 0 — — 1.0 v
Qutput Voltage 12 e — 30 v
Qutput Source Compliance 11 SV <V, <14V ¥i=3 —_ — v

Note: Megative current is definad as coming out of {sourcing) the specified device piri.

These parameters, although guaranteed over the operating temperature rangs, are tested at 7, = +25°C only.
*These parameters are tested te a lot sample plan only.
*Any output other than zero Is nat allowed. 7—35
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VOLTAGE GAIN IN dB
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TYPICAL CHARACTERISTICS
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e ——..
TYPICAL APPLICATION

The boost converter shown in Figure 1 is an example of a step-up type
de-to-de converter that might be used in an automotive application. The
ULN-8163A is used due to its wide supply operating range, over-voltage
protection, and current-limiting circuits. The application shown will pro-
duce an output of 30 V from an input source which varies from 8 Vo 24 V
(typical of automotive requirements). By changing the feedback, the out-
put switch, and the storage inductor, a wide range of output voltages and
power levels can be produced.

The IC supply requirements allow powering the controller through a
470 Q) current-limiting resistor. A 0.1 wF capacitor provides adequate sup-
ply bypassing. Over the normal operating range of 8 V to 16 V, the ULN-
8163A is voltage driven. The low quiescent current of the ¢ireuit, coupled
with the low dc current required to drive the power FET switch, results in
an IR drop of typically 2V in the supply resistor, which means that the
circuit will remain active at input supply levels as low as 6.5 V, The output
regulation may be compromised at these low voltages, depending on the
load requirements. At supply voltages above approximately 16 V, the con-
troller will operate in the current-driven mode. The usual maximum supply
voltage of 18 V results in a power dissipation requirement of only 10 mW
in the supply resistor. With a 24V supply, the supply resistor dissipation

- rises to 136 mW, worst case, suggesting the 250 mW resistor. The internal
Zenor diode, plus external RC network, provides the additional benefit of
excellent protection against over-voltage transients.

The output voltage is set by the feedback resistor divider R,, R,. Error
amplifier compensation is provided by the RC network connected between
pins 2 and 3.

Continued next page

o8V TO 24V SUPFLY

VOLTAGE FEEDBACK
9K
Ry
) ULN-8163A

—

2zopF_-l- 30 g

L ani—d uH
15K
Oi PA75NSSL ) _2,8:; "

L )
, | o
s [
~100CuUF
0.28
10K ZN3638[a

47052; = L =

Vaw
\AA,
175K Rsg
’ CURRENT FEEDBACK e
L0001 1K
Dwg. No. A-14,258
FIGURE 1
BOOST CONVERTER
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ﬂ

The supply operates at a frequency of 100kHz, set by the timing com-
ponents at pins 15 and 16. The maximum available duty cycle is set up by
the resistor ratio Ry:R.. The setting is determined by the cutput voltage
and required minimum supply input and in this application is set at 75
percent by a 5:1 resistor divider producing 2.5 V at pin 6.

The over-voltage function provides protection to the power switch dur-
ing over-voltage transients. This is accomplished by setting the Ry, R,
divider so that, at some supply voltage, a pin 8 voltage of 600 mV disables
the circuit. In this example, the over-voltage trip threshold is at a supply
voltage of 18 V. Adjustment of the divider ratio allows the threshold to be
adjusted as required.

The output switch is a G.I. PA75N85L n-channel power FET. Alterna-
tively, an IR520 or MTP1ON10 can be substituted. The power FET switch
results in very low current drive requirements, which significantly eases
the supply requirements on the control circuitry. The gate turn-on is done
directly by the sourcing output of the ULN-8163A through the diode. The
2N3638A PNP provides a very simple, low-cost, and effective means of
providing rapid (<50 ns) turn-or¥. The value of the storage inductor is
determined by the output power requirement and frequency of operation.

For increased output current requirements, a Darlington bipolar power
switch can be implemented by using the output drive circuit of Figure 2. In
this case, the output collector requires a separate supply return from pin
13 to the input supply.

Additionally, the output connection for a voltage buck converter is
shown in Figure 3. With the same 8V to 24 V supply, the buck converter
can be used to provide a high-efficiency 2.5V to 5 V supply. Considerable
literature exists that analyzes both the buck and boost converters.

Vee

g

FIGURE 2
HIGH-CURRENT
BOOST CONVERTER
.
Dwg. No. A-14,259
Vee
FIGURE 3
BUCK CONVERTER

Dwg. No. A-14,260
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AN ELECTRONIC LAMP MONITOR

REQUIREMENTS

There are several requirements for a lamp monitor-
ing system. The system should be able to monitor all
types of exterior lamps on the automobile; the
number of lamps must not be critical to the design.
The system must be easy to assemble; it should be
simple in design so that it can be repaired in the field
with minimal training of personnel; it must be reli-
able and must be able to withstand the electrical and
environmental conditions to which the vehicle is
subjected. There should be minimal change from one
car line to another, and from one model year to
another. Most importantly, the unit cost should be
reasonable.

LAMP MONITORING METHODS

Several methods of detecting lamp failure have
been examined by the automotive industry. In one,
reed relays mounted close to the wiring hamess are
closed by the electromagnetic force produced by the
lamp current. If a lamp fails, the relay opens, result-
ing in an indication on the dashboard. The system
has inherent problems, including a lack of uni-
formity of the relays, tight tolerances on the prox-
imity of the relays to the wiring assemblies, and the
effects of vibration in the automobile.

Another method of monitoring lamps involves the
use of phototransistors (Figure 1). These light-
sensitive solid-state devices detect the presence of
light at each monitored lamp. The signals from each

LAMP FEED
$

Dz

SIGNAL OUT

Dwg. No. A-11,471

Figure 1
PHOTOTRANSISTOR SYSTEM

lamp are brought to a common switch, which con-
trols the operation of an indicator on the dash. This
monitoring system is unattractive to the user because
of cost, difficulty in placement of the sensing de-
vices, inability to detect a single failure in a dual
filament lamp, and the need for calibration of devices
for various types of lamps.

One of the more frequently used systems employs
fiber optics (Figure 2). The fiber-optic system uses a
plastic or glass fiber that transmits light and gives a
positive-function indication for each of the lamps
monitored. However, this system is used only in
applications requiring the monitoring of a small
number of lamps, since the cost of materials and of
routing fiber optics is prohibitively expensive.

TO DASHBOARD

FIBER OPTIC

LAMP

Figure 2

Dwg. No. A-11,472

FIBER-OPTIC SYSTEM
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SOLUTION

The Sprague Type ULN-2435A electronic lamp
monitor overcomes technical problems discussed
above while taking advantage of the low cost of
integrated circuits. This integrated circuit monitors
all types of exterior lamps and provides five outputs
capable of driving light-emitting diodes that indicate
the location of automotive lamp failure.

FEED
Y

DIFFERENTIAL

4o |NPUT SIGNAL ————>

SIGNAL
= OuTPUT =

Dwg. No. A-11,473

Figure 3
BRIDGE MONITORING SYSTEM

The principle of operation is that of a simple
bridge circuit (Figure 3) in which the top two legs of
the bridge are the wiring-assembly resistance or dis-
crete resistors. The bottom legs of the bridge circuit
are the monitored lamps. Four differential amplifiers
sense the voltage drops in the wiring assemblies
(approximately 20 mV) for each of the various lamp
circuits. When the system detects a difference in
voltage due to an open filament, the appropriate
output driver is turned ON.

A sixth output driver gives an indication if any of
the monitored lamps fail. This output can be used to
drive an audible signaling device or a centrally-
located warning lamp.

CIRCUIT DESCRIPTION

A simplified detector is shown in Figure 4. Q1 and
Q2 form a differential amplifier. The amplified dif-
ferential signal is applied at Point A-B to threshold

7—40
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Figure 4
SIMPLIFIED DETECTOR

detectors QO3 and Q4, which drive the LED driver
transistors. D1 and D2 perform the dual function of
level-shifting the input signal and establishing re-
quired bias currents for Q1 and Q2. Since the supply
current is derived from the lamp lines, standby cur-
rent isreduced to zero when the lamps are turned off.

The use of PNPs in the detectors reduces the
system’s susceptibility to high-frequency noise.
Figure 5 shows a comparison of frequency response
for a monolithic NPN transistor and a monolithic
PNP transistor.

LATERAL PNP
adB/dec 5dB/dec

OM 100M  1000M

1K 10K 10K IM
FREQUENCY (H2)

Dwg. No. A-11,478

Figure 5
FREQUENCY RESPONSE
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A block diagram of a typical application of Type
ULN-2435A is depicted in Figure 6. In this applica-
tion, eight lamps and three fuses are monitored. The
stop-lamp fuse (A) is monitored by the circuitry at
Pin 4. If the fuse blows, the LEDs connected to pins
10 and 13 turn ON. By using separate fuses for the
park lamps and tail /marker-lamp circuits, detectors
l'and 2 can double as fuse monitors. If, for example,
fuse B blows, detectors 1 and 2 turn on the LEDs
connected to pins 1 and 16. An additional input, pin
6, is used to test the LEDs and the master indicator
during cranking.

The simplistic design of this system enables easy
installation in an automobile. No external compo-
nents are required, other than the LED indicators and
the voltage-dropping resistors, to complete the sys-
tem. The integrated circuit may be mounted on a
printed wiring board. Depending on lamp current,
the copper runs of a printed wiring board might be

used as the top legs of the bridge circuit. A failure
within the integrated circuit will not affect lamp
operation or other automotive functions.

TRANSIENT PROTECTION

In laying out the integrated circuit, careful consid-
eration was given to providing om-chip voltage-
transient protection. The LED driver transistors, for
example, were designed to withstand an 80-volt
load-dump transient. The detector inputs are also
designed to withstand 80 volts, In addition, the in-
puts to the detectors are essentially grounded through
the low-resistance lamps being monitored, which
further protects the integrated circuit from transients.
Reverse-battery protection is included on the chip. In
the event of a battery reversal, the PNPs provide
inherent protection, while the dielectrically-isolated
resistors provide additional safeguards.
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TYPICAL APPLICATION
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