



























































































































































































































































































































































































































































































































































































































































SECTION 10A—POWER SUPPLY CONTROL CIRCUITS

ULX-8125A (SG3525AN) Switched-Mode Power Supply Controller . ............... ... ... oo, *
ULN-8126A (SG3526N) Switched-Mode Power Supply Controller ... ......... ... ... .. ... ... ... ...... t
ULN-8126R (SG3526J) Switched-Mode Power Supply Controller .......... ... .. ... ... ... ........... t
ULQ-8126A (SG2526N) Switched-Mode Power Supply Controller ... ....... ... .. ... . ... ........... t
ULQ-8126R (SG2526)) Hermetic Switched-Mode Power Supply Controller. .. ............................ T
ULS-8126R (SG1526J) Hermetic Switched-Mode Power Supply Controller . .. ............................ T
ULX-8127A (SG3527AN) Switched-Mode Power Supply Controller .. ... ... ... ... ... ... ... ... ... ...... *
ULN-8130A Line and Quad Voltage Monitor .. .......... ... o 10-60
ULN-8160A (NE5S560N) Switched-Mode Power Supply Controller .. ........ ... ... .. .. .. ... ... ....... t
ULN-8160R (NE5560F) Hermetic Switched-Mode Power Supply Controller . .......... ... ... ... ......... t
ULS-8160R (SE5560F) Hermetic Switched-Mode Power Supply Controller. .. ....... ... ... ... ........... T
ULN-8161M (NE5561N) Switched-Mode Power Supply Controller. . ............ ... ... .. . ... T
ULN-8163A Switched-Mode Power Supply Controller ........ ... ... ... ... . .. .. .. . ... 10-62
ULN-8163R Switched-Mode Power Supply Controller .. ......... .. ... . 10-62
ULS-8163R Switched-Mode Power Supply Controller .. ......... ... ... .. .. ... .. .. . 10-62
ULN-8168M Switched-Mode Power Supply Controf Circuit . ............. ... ... ... ... ... ...... 10-64
ULN-8194A (TL594N) Switched-Mode Power Supply Controller ............. ... ... ... .. ... ...... 10-67
ULN-8195A (TL595N) Switched-Mode Power Supply Controller ........... ... ... ... ... .. ....... 10-74

tComplete information is provided in Data Book WR-503.
*New product. Contact factory for detailed information.



SECTION 10B—TRANSISTOR ARRAYS AND MISCELLANEOUS DEVICES

ULN-2031ANPN 7-Darlington Array . .. ... . e
ULN-2032A PNP 7-Darlington Array ... ... ..o
ULN-2033APNP 7-Darlingtonm Array . ... ... .o
ULS-2045H Hermetic NPN Transistor Array ... ... e e
ULN-2046A NPN Transistor Array . ... ... oo o e e
ULN-2046A-1 NPN Transistor Array . . . ... .o e e e
ULN-2047A Triple Differential Amplifier Array. . . . ... . o
ULN-2054A Dual Differential Amplifier Array .. .. ... .
ULN-2081A NPN Common-Emitter 7-Transistor Array .. ... . s,
ULN-2082A NPN Common-Collector 7-Transistor Array ... ... .
ULN-2083A Independent NPN 5-Transistor Array ... ......oonn e
ULN-2083A-1 Independent NPN 5-Transistor Array . .. ... e
ULS-2083H Hermetic Independent NPN Transistor Array . . .. ... ... i
ULN-2086A NPN 5-Transistor Array. . . . ...ttt e e et e e
ULN-2140A Quad Current Switch . ... ... .. ... .. ... ... ... ...... [ A
ULS-2140H Hermetic Quad Current Switch .. ... ... ... .. ... .
ULN-2401A Lamp MOnItOr . . . o o e e
ULN-2429A Fluid Detector . . ..o e et e e
ULN=2A30M TIMEE . .. e e e e e e e e
ULN-2435A Automotive Lamp Momitor. . ... ... oo
ULN-2445A Automotive Lamp Monitor . . ... ..o o e
ULN-2450A Precision Power Timer/Oscillator ... .................. T S T T
ULN-2455A General-Purpose Quad Comparator .. ........ ... . . . . . i v
ULN-3310D and ULN-3310T Precision Light Sensors . ... ... ... .. i
ULN-3330D, ULN-3330T, and ULN-3330Y Optoelectronic Switches . ............ ... ... ... ... ...
ULN-3751B and 3751Z Power Operational Amplifiers .. .......... .0 i SR
ULN-3753B, 3753W, 3755B, and 3755W Dual Power Operational Amps ... ... ... oo i
ULN-8564A (NE564N) High-Frequency Phase-Locked Loop . .. ... ... oo
ULN-8564R (NE564F) Hermetic High-Frequency Phase-Locked Loop .. ... ... ... ... ool
ULS-8564R (SE564F) Hermetic High-Frequency Phase-Locked Loop . ... ... ... .. ... ... ... ... ou.
TPP Series of Medium-Power Darlington Arrays .. ... ... ...

TPQ Series of Quad Transistor Arrays . ... ..ot e e ;

Application Note:
An Electronic Lamp Monitor. . . ... o .o e
A Precision Light-Sensing Integrated Circuit ... ... ... . ... .. . . . .

‘tComplete information is provided in Data Book WR-503.
*New product. Contact factory for detailed information.

Additional information on the
ULN-3310D/T and ULN-3330D/T/Y
Optoelectronic Switches is available from:

Sprague Electric Company
Sensor Division
70 Pembroke Road
Concord, New Hampshire 03301
(603) 224-1961
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ULN-8130A
LINE AND QUAD VOLTAGE MONITOR

ULN-81

30A

LINE AND QUAD VOLTAGE MONITOR

FEATURES

@ 10 to 35 Volts Operation

® Low Standby Current

@ Precision 2.5 Voit 1% Trimmed Reference

@ Monitors Four Separate D.C. Supply Levels

® UV Threshold Fixed at Veee

® Independently Programmable 0 V Threshold

@ Separate UV Comparators for Precision Sensing

@ Line or Switch Sense Input for Early Failure Warning
@ Unique Pull Up Clamped Outputs Drive LED's or Logic
@ Individual Programmable Output Delays

® Input Supply UV Lockout Prevents False Outputs

he ULN-8130A is a power fault monitor capable
of monitoring four D.C. voltages for both under
and over voltages. Two of the four inputs are dedi-
cated to monitor only positive voltages. The other
two inputs can either be both positive or negative or
combmed to monitor one negatlve voltage The 0n}=y**~,

this combination). The circuit of the 813&{ all,gf
easy programming of over voltage thresh,;)ld “W.b
is a percentage above the 2.5 Volt ref’@,(eﬁ@@ A
output delay section can be controlled exterhajlyb
adding a capacitor from the 0 V delay pin to grot’l

SUPPLY.
VOLTAGE

VReF (25 ) 4
r
SENSE 1 (O)

2
7|

7
E b YV

SENSE 2 (T)— g l] Jo 40 POWER OK
SENSE 3 POWER OK
@ &) " DELAY

2 eau
_.__.@ GV FAULT
—(®) O.V.DELAY

oK
o

(® oNEFAUT

@ UNEFAULT
DELAY
ADJUST R
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%% &
OV Thiéshold
Adjust

Sense 4
Sense 3
Sense 2

Sense 1

finputsfrlsmg above the 0 V trip point. The out-
Tthe&ower OK section will remain high as long
5 the power input is above the preset level. The
N {oégammablhty of the line fault delay, 0V delay,
: nd’power OK delay are independent of each other.
the line monitor will accept a DC voltage propor-
tional to either the high voltage VNR or the AC line.
The value of capacitor used for the line fault delay
should be selected to provide suitable detection of
fault conditions.

The device is packaged in an industry standard 18-
pin plastic package.

ABSOLUTE MAXIMUM RATINGS
atT, = 25°C
Supply Voltage, Vee. . ..o 4V
Operating Temperature, T,. . ............. —40to +85°C
Storage Temperature, Tg . ............. —65°C to +150°C
Junction Temperature, Ty « v ovvveenneennn . 150°C
Power Dissipation, Py . ...................... 1,000 mW



ULN-8130A
LINE AND QUAD VOLTAGE MONITOR

ELECTRICAL CHARACTERISTICS (V. = 15V, T, = 25°C)

Limits
Characteristics Symbol Min. Max. Units
Quiescent Current (V,, = 35V) Ql 15 mA
Usable V,, Vee 10 35 )
Reference Voltage Veer 247 2.53 )
Load Regulation LDR 20 mV
Line Regulation LNR 10 mV
Ripple Rejection RR 60 dB
Input Bias Current for V1, V2, V3, V4 and Line Monitor IB1 6.0 A
Input Bias Current for VA, VB 1B2 2.0 pA
Line Monitor Trip Threshold (Vo = 15V) 2.46 2.54 v
Under Voltage Lockout Enable 8.5 )
Under Voltage Lockout Disable 10 v
Under Voltage Trip Points V1, V2, V3, V4 VUl 247 2.53 )
VU2 2.441 2.521 v
U. V. Trip Hysteresis 10 25 mV
Over Voltage Trip Points V1, V2, V3, V4 (V,, = 0V) Vo1 3.08 3.17 v
0. V. Trip Hysteresis 10 25 mV
VOL for Power OK and Power Fail VOL 04 v
VOL for Over Voltage VoL 04 v
VOH for Power OK and Power Fail VOH 4.0 5.25 v
VCE Maximum for Over Voltage Open Collector Output VCE,... 35 )
Under Voltage Delay Current Source IDS 35 75 pA
Line Fault Delay Source IDCS 160 240 wA
Sink —IDCS 3.2 48 mA
Over Voltage Delay Current Source DS 160 240 A

TYPICAL APPLICATION DIAGRAM

LINE R,

SENSE () 10<Vg<35VDC
INPUT
\J VRer =25V
1 8 2
INVERTING

3 ULN —8130A INPUTS

LINE FAULT
DELAY T~ }4
O.V. THRESHOLD LINE FAULT
our =5 —_—
TYPICAL INPUT
NETWORK

Voy. is the programmable
over voltage trip point. OV. DELAY ~a— 6
R OV. FAULT
Vov=VREF[1+ A ] out
4(Ry + Rg)

POWER OK .
DELAY

Vmax is the monitored input voltage, POWER OK 9

at which an O.V. FAULT is detected. ouT -

R R, + R
Vuax = Moy = 25 3! + Voy ( L.R*.__’)
)
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SERIES 8163
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS

SERIES 8163
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS

FEATURES

® Supply Rangeof 4.5t0 15V

@ High Frequency Range of Sawtooth Generator
@ |mproved Feed-forward Control (5:1 Range)
o Accurate Current Sense Thresholds (5%)

® Band-gap Voltage Reference (3V =1%)
® |mproved Stability Over Temperature

® Internal Voltage Regulator

@ (Current Limiting

® Pulse-width Modulator

@ External Synchronization

® |oop-fault Protection

® Demagnetization/High-voltage Protection
® Remote ON/OFF Switching

CURRENT-SENSE REMOTE
INPUT ONIOFF

SYNC
INPUT

DEMAG HV
PROTECTION

Featuring the basic architecture of 8160 series, the
8163 series is an improved switched-mode power
supply control circuit. The ULN-8163A, ULN-
8163R and UL.S-8163A each has a temperature-com-
pensated reference control, an internal error amplj
fier, a high frequency range sawtooth wavefo
generator, a pulse-width modulator, an outpu
driver, and a variety of protection circuitry

Type ULN-8163A is supplied in a 16-pin du !

Types ULN-8163R and ULS-8163R are furnished
in 16-pin hermetically sealed glass/ceramic pack-
ages for withstanding severe environmental contam-
ination. ULS-8163R can be used in extended
temperature ranges of —55°C to + 125°C for military
and aerospace applications.

power dissipation ratings for operation ov
perature range of 0°C to +70°C.

ABSOLUTE MAXIMUM RATINGS
atT, = 25°C

Supply Voltage, Vs .. ....... .. ... ... (See Note)
Supply Current, lgeg oo oo 30 mA
Output Current, by .. ... 200 mA
Package Power Dissipation, P,

(ULN-8163A) ... ... 2.1 W*

(ULN-8163R/ULS-8163R) .................... 1.7 W*
Operating Temperature Range, T,

(ULN-8163AR) ...t 0°C to +70°C

(ULS-8163R) . ................... —55°C to +125°C
Storage Temperature Range, T .. ....... —65°C to +150°C
*Derate linearityto OW at T, = +150°C.
NOTE: Maximum allowable supply voltage is dependent on value of exter-

nal current limiting resistor: 18 V @ 0 €.
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ELECTRICAL CHARACTERISTICS at T, = 25°C, V; = 12V (unless otherwise specified)

SERIES 8163

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS
L _______ |}

Applicable Limits
Characteristic Test Pin Test Conditions Min. Typ. Max. Units
Supply Clamp Voltage 11 lg=10mA; V5, Vi, Vig = OV 14 — 18 Vv
ls = 30mA; Vs, Vi, Vig = OV 14 — 18 v
Supply Current 11 Vo =12V Vg, V), Vig = 0V —_ 35 50 mA
REFERENCE SECTION
Internal Reference, Ve T, = +25°C 297 3.0 3.03 v
Over Operating Temp. Range 2.95 — 3.06 v
Temperature — — +100 | ppm/°C
Coefficient of Vegr
OSCILLATOR SECTION
Oscillator Frequency Range 15,16 50 — 300K Hz
Initial Oscillator Accuracy 15,16 f = 40 KHz — - 5.0 %
Duty-Cycle Range 15,16 f = 40 KHz — — 97 %
HOUSEKEEPING FUNCTIONS
Duty-Cycle Control 6 Ve =20V 47 50 53 %
PWM Input Current 6 Over Operating Temp. Range — — 50 RA
Protection Thresholds 11 Low Supply-Voltage Protection 3.8 = — Vv
@Ty = +25°C Low Supply-Voltage Hysteresis 450 — 550 mV
8 Demagnetization/High-Voltage Protection 555 600 650 mv
Sense-Input Current 3 Over Operating Temp. Range — — -05 pA
Input Current 8 | T,= +25C,V, = 0V — — 20 wA
QOver Operating Temp. Range — —_— 4.0 A
Feed-Forward Control 14 Vy, = 2V, percent of original duty cycle 30 40 50 %
Input Current 14 T, = +25%C k — 0.2 2.0 wA
i Over Operating Temp. Range — —_ 4.0 wA
CURRENT LIMITING
Input Current 7 V, =250mV, T, = +25°C — g 4.0 pA
V, = 250 mV, over operating temp. range —_ — 8.0 RA
Inhibit Delay 7 One pulse, 20% overdrive @ l, = 40 mA — — 800 nS
Trip Levels 7 Shutdown/slow start 570 600 630 mV
Current limit 455 480 505 mV
Shutdown/Current limit ratio — 1.25 — —
OUTPUT STAGE
Output Current 13 : — — 100 mA
Output-Saturation Voltage 13 Veeay @ lc = 100 mA e — 15 v
Output Compliance Voltage 12 Vi =V, — — Viis E.
ORDERING INFORMATION
Sprague Signetics Corp.* Operating
Part Number Part Number Temperature Range Package
ULN-8163A NE5563N 0°C to +70°C Plastic
ULN-8163R NE5563F 0°Cto +70°C Cer-DIP
ULS-8163R SE5563F —55°Cto +125°C Cer-DIP

These devices are manufactured under a cross-license with Signetics Corp.
(a subsidiary of U.S. Philips Corp.)
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ULN-8168M
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ULN-8168M

(NE5568N)

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

FEATURES

Vs

@ Stabilized Power Supply

o Current Limiting

@ Temperature-Compensated (= 2%)
Reference Source

@ Sawtooth Generator

o Pulse-Width Modulator

® Double-Pulse Protection

® Applications in:
—Switched-Mode Power Supplies
—Motor Controller-Inverters
—-D-C/D-C Converters

FEEDBACK ®

GAIN (®
0.48Vv

CURRENT
SENSE

ESIGNED AS A CONTROLLER for low-cost

switched-mode power supplies, the Type

ULN-8168M integrated circuit includes a +2%
temperature-compensated reference source.

This SMPS controller is ideally suited to applica-
tions requiring limited housekeeping functions. It
has its own internal Zener reference, sawtooth
waveform generator, error amplifier, pulse-width
modulator, output driver, current-sensing, and low-
voltage protection.

Type ULN-8168M is supplied in an 8-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. Similar devices are available
for operation over extended temperature ranges.

S OUTPUT
LATCH

STABILIZED
SUPPLY

Dwg.No. A-11,424A

FUNCTIONAL BLOCK DIAGRAM

Type ULN-8168M is normally marked with the
original-source part number, NES568N; however,
the Sprague part number should be used in orders
and correspondence.

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C
Supply Voltage, Vs (Voltage-Fed) .................. 18V
Supply Current, Is (Current-Fed) . . . ............... 30 mA
Output Current, by .. ... 40 mA
Qutput DutyCycle . ...... ... i 98%
Package Power Dissipation, Py . ... ......... ... ... L5W*

Operating Temperature Range, T,. .. ..... ... 0°C to +70°C
Storage Temperature Range, T —65°C to +150°C

*Derate at the rate of 12.5 mW/°C above T, = +25°C.
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ELECTRICAL CHARACTERISTICS at T, = +25°C, Vs = 12V (unless otherwise noted)

ULN-8168M
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT
S

Test Limits
Characteristic Pin Test Conditions Min. Typ. Max. Units
Supply Clamp Voltage 1 Is = 10 mA, Current-fed 19 — 24 )
ls= 30 mA, Current-fed 20 — 30 )
Internal Reference, Ve — | Over operating temperature range 3.66 — 3.87 )
— | T,= +25C 3.69 3.75 3.84 )
Temperature Coefficient of Vegr — — +100 — ppm/°C
Zener Reference, V, 2 l,=—7.0mA 7.8 8.4 9.0 Vv
Temperature Coefficient of V, 2 — +150 — ppm/°C
Oscillator Frequency Range 5 Over operating temperature range 50 — 100k Hz
Initial Oscillator Accuracy 5 — 20 — %
Duty-Cycle Range 5 fy = 20 kHz 0 — 98 %
Input Current 6 Ve = 250 mV, Over operating temperature range — — —-20 pA
6 Ve = 250mV, T, = +25°C — -20 -10 pA
Inhibit Delay 6 Single pulse, 20% overdrive at |, = 20 mA — 700 800 ns
Trip Level 6 Current limit 400 520 600 mV
Error-Amplifier Gain 3-4 | Open loop — 60 — dB
Error-Amplifier Feedback Resistance 4 10 — — k(2
Small-Signal Bandwidth 3-4 — 3.0 — MHz
Qutput-Voltage Swing 4 Positive limit 6.2 — — )
4 Negative limit — — 0.6 v
Output Current 7 Over operating temperature range 20 — — mA
Output-Saturation Voltage 7 lc = 20 mA — — 0.5 )
Supply Current 1 I, = 0, Over operating temp. range, Voltage-fed —_ — 15 mA
1 I, =0,T, = +25°C, Voltage-fed — — 9.0 mA
ORDERING INFORMATION
Original Source * Sprague Operating
Part Number Part Number Temperature Range Package
NE5568N ULN-8168M 0°Cto +70°C Plastic

* These devices are manufactured in accordance with a cross-license with Signetics Corp. (a subsidiary of

U.S. Philips Corp.).
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ULN-8168M
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

TEST CIRCUIT

Vs/1s +12V
O

680Q

O OuUT

O CURRENT
SENSE

DUTY-CYCLE
ADJUST o

* REQUIRED FOR CURRENT-FED
OPERATION ONLY
Dwg.No. A-12,479

TYPICAL OSCILLATOR FREQUENCY
AS A FUNCTION OF TIMING CAPACITANCE

1000
300\
25540
N 100
x
z §~
5 30
2 \ \~~
§ 10 ——
@
w ——
\=\~ ™ty
I —— \~
3.0 \b--#
1.0 ;
0.001 0.002 0.004 0.006 0.008 0.01

CAPACITANCE, Cy, IN uF

Dwq.No. A-12,480
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ULN
SWITCHED-MODE POWER

FEATURES

® Complete PWM Control Circuitry
® Under-Voltage Lockout
with Hysteresis
® 200 mA Output Current
Sink or Source
® Qutput Control Selects
Single-Ended or Push-Pull Operation
® Double-Pulse Suppression
® Variable Deadtime Control
® 5V Reference Trimmed to 1%
® Easy Multiple Device Slaving
® Equivalent to TL594CN

LL functions required of a high-performance

switched-mode power supply control circuit or

pulse-width modulation controller are provided by
the Type ULN-8194A integrated circuit.

This single, monolithic device contains an on-chip
5V precision reference (trimmed to *+1%), two
error amplifiers, a deadtime control comparator,
output-control circuitry, low-voltage lockout, and
an adjustable oscillator designed primarily for power
supply control.

Type ULN-8194A has uncommitted output tran-
sistors that can be used in either a common-emitter
or an emitter-follower configuration. Push-pull or
single-ended output can be selected by externally
available output-control logic.

Internal structure of the device protects outputs
from double pulses during push-pull operation.
Low-voltage lockout circuitry prevents activation of
outputs until on-board voltages reach operational
levels. The error amplifiers operate over a common-
mode voltage range of —0.3V to (Vc—2.0V). Un-

ULN-8194A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

-8194A

SUPPLY CONTROL CIRCUIT

NON-INVERTING NON-INVERTING
INPUT niVim INPUT
INVERTING Bls] INVERTING
INPUT ut
FEEDBACK
DEADTIME
CONTROL
Cr

OUTPUT
m CONTROL

Rt
GND
c1

Dwg.No. A-12,362A

less externally altered, the deadtime control com-
parator has a fixed offset that provides a delay of
approximately S percent.

Type ULN-8194A is furnished in a 16-pin dual in-
line plastic package with a copper lead frame that
gives it enhanced power dissipation ratings. It is
rated for operation over a temperature range of
0°C to +70°C. The controller can also be supplied,
on request, in a ceramic/glass hermetic (cer-DIP)
package.

ABSOLUTE MAXIMUM RATINGS
Over Operating Free-Air Temperature Range

Supply Voltage, Voo« « - oo v ov e 41V
Qutput Voltage, Vg ... ... .o 41V
Qutput Current, Iy ... ..o 250 mA
Amplifier Input Voltage, Viy .. ... ............ Vee + 03V

Package Power Dissipation, Py . .................. 1.owW*
Operating Temperature Range, T,........... 0°Cto +70°C
Storage Temperature Range, Tg —65°C to + 150°C

*Derate linearlyto OW at T, = + 150°C.
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ULN-8194A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

FUNCTIONAL BLOCK DIAGRAM

OUTPUT
CONTROL

R1(6)
oo\ ]

o.1v
DEADTIME
CONTROL @—'l—

PULSE (9 E2
STEERING

o
WM UNDER-VOLTAGE
COMPARATOR LocKkouT

ERROR AMPLIFIERS REFERENCE
NON-INVERTING () RESULATOR |
INPUT 14) REF. OUT

INVERTING INPUT @—> —(@ GND
NON-INVERTING (jg)
INPUT (9 >1 ™

INVERTING INPUT (18—
FEEDBACK @}—-—

Dwg.No. B-1529A

RECOMMENDED OPERATING CONDITIONS

Supply Voltage Range, Ve . ... ..o 70t040V
Amplifier Input Voltage Range, V, .. ....................... —03VioVe—2.0V
Output Voltage, Ve ... ..o 40V
Output Current, |, (each transistor) ................................. 200 mA
Feedback Current, I . ... ... ... . .. 300 wA
Timing Capacitance Range, C;. . ............. ... ............. 470 pF to 10 wF
Timing Resistor Range, Ry . ... ... . . . 1.8 to 500 kQ2
Oscillator FrequencyRange . . ................................. 1.0 to 300 kHz
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ULN-8194A

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

FUNCTION TABLE

Output Control, V 5

Output Function

<400 mV
>24V

Single-ended or Parallel Qutput
Normal Push-Pull Operation

ELECTRICAL CHARACTERISTICS over operating free-air temperature range, V¢ = 15V, f, = 10kHz

(unless otherwise noted)

10—69

Limits
Characteristic Test Conditions Min. Typ. Max. l Units
OUTPUT SECTION
Collector Off-State Current Vee = 40V, Ve = 40V — 2.0 100 nA
Emitter Off-State Current Ve = Ve =40V,V, =0V — —_ —100 A
Common-Emitter Ve Ve =0V, I, = 200 mA — 1.1 1.3 v
Emitter-Follower Vegsan Ve=15V, [ = —200mA — 1.5 2.5 )
Output-Control Input Current Vis = Veer — — 35 mA
Output-Current Voltage-Lockout Vee = 1.0t03.0V, Ve = 15V, Ve = 0V — 4.0 200 wA
Condition
REFERENCE SECTION
Output Voltage (Vier) ly=10mA T,= +25°C 4.95 5.0 5.05 v
Input Regulation Ve =7.0V040V, T, = +25°C - 2.0 25 mV
Output Regulation lp=10mAto10mA T, = +25°C — 14 35 mV
Output-Voltage Change with Temperature AT, = 0°Cto +70°C — 0.2 1.0 %
Short-Circuit Qutput Current Ver = 0V 10 35 50 mA
OSCILLATOR SECTION
Operating Frequency C; = 0.01 pF, R, = 12kQ — 10 —_ kHz
Standard Deviation of Frequency External Conditions and Components Constant — 10 — %
Frequency Change with Voltage Ve = 7.0Vt 40V, T, = +25°C — 0.1 — %
Frequency Change with Temperature C; = 0.0l wF, R, = 12kQ, — 1.0 5.0 %
AT, = 0°Cto +70°C
Continued next page




ULN-8194A

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ELECTRICAL CHARACTERISTICS (Continued)

Limits
Characteristic Test Conditions Min. Typ. Max. Units
SWITCHING CHARACTERISTICS at T, = +25°C
Output-Voltage Rise Time, t, Common-Emitter Output — 100 200 ns
Emitter-Follower Output — 200 400 ns
Output-Voltage Fall Time t; Common-Emitter Output — 30 100 ns
Emitter-Follower Output — 45 100 ns
DEADTIME CONTROL
Input Bias Current V, =0Vto5.25V — -20 -10 A
Maximum Duty Cycle Each Output, V, = 0V 45 —_ — %
Input Threshold Voltage Duty Cycle = 0% —_ 3.0 33 )
Duty Cycle = Maximum 0 — — v
ERROR AMPLIFIERS
Input Offset Voltage Vo = 2.5V (Pin3) — 2.0 10 mV
Input Offset Current V, = 2.5V (Pin 3) — 25 250 nA
Input Bias Current V, = 2.5V (Pin 3) — 200 1000 nA
Common-Mode Input Voltage Ve = 7.0Vto 40V -03 - Vee—2.0 )
Open-Loop Voltage Gain AV, =3.0V,V,=05Vto35V 70 95 — dB
Unity-Gain Bandwidth — 800 — kHz
Common-Mode Rejection Ratio Voo = 40V, T, = +25°C 65 80 — dB
Output Sink Current Vo= —0.015Vto —5.0V,V, = 0.5V 300 700 — wA
Output Source Current Vi = 0.015Vt05.0V,V, = 3.5V -2.0 — — mA
UNDER-VOLTAGE SECTION
Under-Voltage Lockout AtT, = +25°C —_ — 6.0
Over Operating Temperature Range 35 — 6.9
Hysteresis 100 — — mV
PWM COMPARATOR SECTION
Input Threshold Voltage Zero Duty Cycle — 4.0 45 )
Input Sink Current V, =05V 300 700 — wA
TOTAL DEVICE
Quiescent Supply Current Ve = 15V, Pin6 = Vg, — 9.0 15 mA
Inputs and Outputs Open
Vee = 40V, Pin 6 = Vg, — 11 18 mA
Inputs and Outputs Open
Average Supply Current V, =20V — 12.4 — mA

NOTE: Negative current is defined as coming out of (sourcing) the specified device pin.
All typical values, except for parameter changes with temperature, are at T, = +25°C.
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ULN-8194A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

TEST CIRCUIT

Vec =15V
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Dwg. No. A-12,484A
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- ULN-8194A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ERROR-AMPLIFIER TEST CIRCUITS
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ULN-8194A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

TYPICAL FREQUENCY RESPONSE
OF ERROR AMPLIFIER
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ULN-8195A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ULN-8195A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

FEATURES

o Complete PWM Control Circuitry
o Under-Voltage Lockout
with Hysteresis
® 200 mA Output Current
Sink or Source
o Qutput Control Selects
Single-Ended or Push-Pull Operation
® Double-Pulse Suppression
@ Variable Deadtime Control
Over Total Range
® 5V Reference Trimmed to 1%
o Easy Multiple Device Slaving
® On-Chip 39V Zener
® External Control of Qutput Steering
® Equivalent to TL595CN

SINGLE monolithic Type ULN-8195A

provides all of the functions required of a
high-performance switched-mode power supply
controller or pulse-width modulation control circuit.
In addition, the integrated circuit has a 39V Zener
diode for high-voltage applications in which V. ex-
ceeds 40 V, and an output-steering control that over-
rides the internal pulse-steering flip-flop.

The Type ULN-8195A controller contains an on-
chip 5V precision reference (trimmed to = 1%), two
error amplifiers, a deadtime control comparator,
output-control circuitry, low-voltage lockout, and
an adjustable oscillator designed primarily for power
supply control.

Type ULN-8195A has uncommitted output tran-
sistors that can be used in either a common-emitter
or an emitter-follower configuration. Push-pull or
single-ended output can be selected by. externally
available output-control logic.

Internal structure of the device protects outputs
from double pulses during push-pull operation.
Low-voltage lockout circuitry prevents activation of
outputs until on-board voltages reach operational

NON-INVERTING IVI NON-INVERTING
INPUT Il'} ‘lm INPUT

DEADTIME

OUTPUT
! CONTROL

STEERING
INPUT

Vee
c2
E2

Owg.No. A-12,361A

levels. The error amplifiers operate over a common-
mode voltage range of —0.3V to (V—2.0V). Un-
less externally altered, the deadtime control com-
parator has a fixed offset that provides a delay of
approximately 5 percent.

Type ULN-8195A 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 operation over a temperature range of
0°C to +70°C. The controller can also be supplied.
on request, in a ceramic/glass hermetic (cer-DIP)
package.

ABSOLUTE MAXIMUM RATINGS
Over Operating Free-Air Temperature Range

Supply Voltage, Ve . ..o oo 41v
Output Voltage, Ve ... .. ... ... 41v
QutputCurrent, Iy ..o 250 mA
Amplifier Input Voltage, Viy . ......... ... ... Vee + 03V

Package Power Dissipation, Py............... .. .. L.ow*
Operating Temperature Range, T,. .. ... ... .. 0°C to +70°C
Storage Temperature Range, Tg . ... ... .. —65°C to +150°C

*Derate linearlyto OW at T, = + 150°C.
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ULN-8195A

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

et TR

ERROR AMPLIFIERS
NON-INVERTING (7)
INPUT
INVERTING INPUT (2)}——
NON INVERTING (i3)
wpuT - (9
INVERTING INPUT (19—

FUNCTIONAL BLOCK DIAGRAM

STEERING
CONTROL

OUTPUT
(9) conTROL

Rt e
ot OSCILLATOR

0.1v

Ozles

STEERING

(® c1
(o) E4

1/ - O 0 C2
PULSE : E2

UNDER -
p VOLTAGE
LOCKOUT

REFERENCE
39v |REGULATOR

PWM
COMPARATOR

@ Vee

(i) REF OUT

RECOMMENDED OPERATING CONDITIONS

Supply Voltage Range, Voo .. ..o oo e ... 70to40V
Amplifier Input Voltage Range, V, . .. ... oo il —03VtoVee—20V
Output Voltage, Ve .. ..o oo 40V
Output Current, I, (Each Transistor) .. ........ oo 200 mA
Feedback Current, le . .. .. . e 300 pA
Timing Capacitance Range, Cy. ... oo i 470 pF to 10 wF
Timing Resistor Range, Ry .. ... ... i 1.8 to 500 kQ2
Oscillator Frequency Range .. ......... ..ot on, 1.0to 300 kHz
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ULN-8195A

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

L N
FUNCTION TABLE
Output Control, Steering Input,
Vi, Vi3 Output Function
<400 mV Open Single-Ended or Parallel Qutput
>24V Open Normal Push-Pull Operation
>2.4V <400 mV PWM Output at C,E,
>2.4V >24V PWM Output at C,E,
ELECTRICAL CHARACTERISTICS over operating free-air temperature range, Vo = 15V, f, = 10kHz
(unless otherwise noted)
Limits
Characteristic Test Conditions Min. Typ. Max. | Units
OUTPUT SECTION
Collector Off-State Current Ve =40V, Vo = 40V —_ 2.0 100 wA
Emitter Off-State Current Ve = Ve =40V, Ve =0V — — —-100 A
Common-Emitter Ve Ve =0V, I; = 200 mA — 1.1 1.3 )
Emitter-Follower Ve Ve =15V, Ic = —200 mA — 1.5 2.5
Output-Control Input Current Vie = Veer —_— — 35 mA
Output-Current Voltage-Lockout Vee = 1.0t03.0V,V, = 15V, Ve = 0V — 4.0 200 wA
Condition
REFERENCE SECTION
Output Voltage (Vger) ly=10mA T,= +25°C 4.95 5.0 5.05 )
Input Regulation Vee =T7.0Vtod0V, T, = +25°C — 2.0 25 mV
Output Regulation lg=10mAto 10mA T, = +25C — 14 35 mV
Output-Voltage Change with Temperature AT, = 0°Cto +70°C — 0.2 1.0 %
Short-Circuit Output Current Veer, = 0V 10 35 50 mA
OSCILLATOR SECTION
Operating Frequency C; = 0.01 uF, Ry = 12kQ — 10 — kHz
Standard Deviation of Frequency External Conditions and Components Constant —_ 10 — %
Frequency Change with Voltage Vee = 7.0V1040V, T, = +25°C — 0.1 — %
Frequency Change with Temperature C; = 0.01 wF, Ry = 12kQ, — 1.0 5.0 %
AT, = 0°Cto +70°C
SWITCHING CHARACTERISTICS at T, = + 25°C
Output-Voltage Rise Time, t, Common-Emitter Qutput — 100 200 ns
Emitter-Follower Output — 200 400 ns
Output-Voltage Fall Time, t; Common-Emitter Output —_ 30 100 ns
Emitter-Follower Output — 45 100 ns
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ELECTRICAL CHARACTERISTICS (Continued)

ULN-8195A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

Limits
| Characteristic Test Conditions Min. Typ. Max Units
_ DEADTIME CONTROL
Input Bias Current V, =0Vt 525V — -20 -10 nA
| Maximum Duty Cycle Each Output,V, = 0V 45 — — %
Input Threshold Voltage Duty Cycle = 0% — 3.0 3.3 v
| Duty Cycle = Maximum 0 —_ —_ Vv
ZENER CIRCUIT
| Breakdown Voltage Ve = 41V, I, = 20mA — 39 — v
| Sink Current Vy, =10V — 300 — pA
~__ERROR AMPLIFIERS
| Input Offset Voltage V, = 25V (Pin 3) — 2.0 10 my
| Input Offse_i_purrent Vy = 2.5V (Pin 3)_ — 25 250 nA
Input Bias Current - Vo = 2.5V (Pin 3) — 200 1000 nA
Common-Mode Input Voltage Ve = 7.0V10 40V -03 — Vee—2.0 v
Open-Loop Voltage Gain AV, = 3.0V, V = 0 9Vto! 3 5V 70 95 — dB
Unity-Gain Bandwidth — 800 — kHz
Common-Mode Rejection Ratio Voo =40V, T, = +25°C 65 80 — B
Output Sink Current V= —0015Vto —5.0V,V, =05V 300 700 — pA
Qutput Source Current Viy = 0.015Vto 5.0V, V, = 3.5V -2.0 — — mA
UNDER-VOLTAGE SECTION
Under-Voltage Lockout AtT, = +25°C — — 6.0 Vv
Over Operating Temperature Range 35 — 6.9 )
Hysteresis 100 — — mV
PWM COMPARATOR SECTION
Input Threshold Voltage Zero Duty Cycle — 4.0 4.5 v
Input Sink Current =05V 300 700 — pA
TOTAL DEVICE
Quiescent Supply Current Voo = 15V, Pin6 = Vgg, — 9.0 15 mA
Inputs and Qutputs Open
Voo = 40V, Pin 6 = Vig, — 11 18 mA
Inputs and Outputs Open N
Average Supply Current V, =20V — 124 — mA

NOTE: Negative current is defined as coming out of (sourcing) the specified device pin.
All typical values, except for parameter changes with temperature, are at T, = + 25°C.
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ULN-8195A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

TEST CIRCUIT
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ULN-8195A
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ERROR-AMPLIFIER TEST CIRCUITS
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ULN-8195A

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT
]

TYPICAL FREQUENCY RESPONSE
OF ERROR AMPLIFIER
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ULN-3751B AND ULN-37512
POWER OPERATIONAL AMPLIFIERS

ULN-3751B AND ULN-3751Z
POWER OPERATIONAL AMPLIFIERS

FEATURES

® +3Vto =15V Operation

® High Output Swing

® Peak Qutput Currentto £3.5A

o 2 mV Typical Input Offset

® 90 dB Typical Open-Loop Gain

® Internal Thermal Shutdown

® High Common-Mode Input Range

@ Unity Gain Stable

® Pin Compatible with L165, 1465, SG1173

S COMBINATION general-purpose opera-

tional amplifiers and power boosters, Type
ULN-3751B and ULN-3751Z integrated circuits
simplify circuit design, reduce component count,
and enhance system reliability.

The power op amps feature high-impedance dif-
ferential inputs, a unity-gain stable amplifier that
needs no external compensation, and a high-current
power output. Typical applications include use as
voice-coil motor drivers, linear servo amplifiers,
power oscillators, bipolar voltage regulators, and
audio power drivers.

The economical Type ULN-3751B is for applica-
tions requiring up to =2 A of peak output current. It
is supplied in an improved 8-lead dual in-line plastic
package with two webbed tabs. A copper alloy lead
frame allows maximum power dissipation without a
heat sink. The lead configuration is compatible with
standard 1C sockets and printed wiring board
layouts.

The more powerful Type ULN-3751Z is for appli-
cations demanding up to =3.5 A of peak output
current. It is furnished in a modified 5-lead JEDEC-
style TO-220 plastic package. Lead forming for ver-
tical or horizontal mounting is available (ULN-
3751ZV or ULN-3751ZH). The heat sink tab is at
substrate potential and must be insulated from
ground when the device is used with a split supply.

10—

INVERTING
L8 ] npur

SUBSTRATE/-Vg

Owy.No. A-12,363

ULN-3751B

I H

- L %] [ %l

> D > 2D >

a a o & +

= = E 3

o ©

z = £

= = &

& & >

> > w

=4 4

_é =

=}

= Iwa.No. A-12. 364
ULN-3751Z

The power op amps operate over a recommended
supply-voltage range of +3.0V to =13 V. Selected
devices that operate with supplies of =15V (17
V, maximum), are available as ULN-3751B-1 and
ULN-3751Z-1. Except for the supply-voltage speci-
fication, parts with the **— 1"’ suffix are identical to
the basic parts.

81




ULN-3751B AND ULN-37511
POWER ‘OPERATIONAL AMPLIFIERS

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C

Supply Voltage Differential (+ Vg to — V)

(ULN-3751B, ULN-3751Z) . ..o e 28V

(ULN-3751B-1, UIN-3751Z-1) .. ... oo 34V
Peak Output Current, Iy

(ULN-3751B, ULN-3751B-1) . ... e +2.0A

(ULN-3751Z, ULN-3751Z-1) . .. oo +35A
Input Voltage Range, Viy . ... ... ..o (+V;—2V)to — Vg
Differential Input Voltage ............. . .. ... ... . .. . ... . ... ... AV
Junction Temperature, Ty . .. ... ..o +150°C
Operating Temperature Range, T, . ... .. ... . .o . 0°Cto +70°C
Storage Temperature Range, Ts ............ ... ... . ... .... —40°C to +150°C

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

ULN-3751B ULN-3751Z
5
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Dwg. No. A-10,830A
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ULN-3751B AND ULN-37511
POWER OPERATIONAL AMPLIFIERS
L

ELECTRICAL CHARACTERISTICS at T, = +25°C, T, = +70°C, +V, = +6.0V, =V, = —6.0V
(unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Operating Voltage Range Vg ULN-3751B and ULN-3751Z +30 =60 =13 v
ULN-3751B-1 and ULN-3751Z-1 +30 =12 =15 v
Quiescent Supply Current +ls — 52 70 mA
=l — -5 =70 mA
Input Offset Voltage Vos Vo = 0V — +20 =10 mV
Input Bias Current Iv Vo = 0V — 40 1000 nA
Input Offset Current los — 10 100 nA
Open-Loop Gain A, f=0H 80 90 — dB
Slew Rate SR Vo, =200mV,R = 1.0 2.3 — V/ws
Qutput Swing Vi e = 1.OA 9.0 9.5 —_ Voo
Power Supply Rejection Ratio PSRR Positive or Negative Supply 60 80 — dB
Common-Mode Rejection Ratio CMRR Positive or Negative Supply 60 85 — dB
Thermal Shutdown T, — 160 — °C
Thermal Resistance 0 ULN-3751B and ULN-3751B-1 — — 15 °C/W
ULN-3751Z and ULN-3751Z-1 — — 3.0 °C/W
TYPICAL APPLICATIONS
WIEN BRIDGE VIDEO MONITOR
OSCILLATOR/MOTOR DRIVER VERTICAL DEFLECTION AMP

Dwyg.No. A-12,376

Dwg.No. A-12,375
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ULN-3751B AND ULN-37511
POWER OPERATIONAL AMPLIFIERS

TYPICAL APPLICATIONS

UNITY GAIN VOLTAGE FOLLOWER

Dwg. No. A-12,551

LINEAR VOLTAGE REGULATOR

O Ve = 5V T0 25V

2,75V
REF.
TL43]

OR EQUIV. Yo

VOLTAGE

R2
ADJUST Vo=2.15V [1 + RJ

R1

Dwg. No. A-12,553

CAPACITANCE VALUES IN pf.

NON-INVERTING POWER AMPLIFIER

+6V
o)

INPUT

a+RL
Av-1+ R2

CAPACITANCE VALUES IN uF.

Dwg.No. A-12,552

HIGH-POWER LINEAR REGULATOR

(Short-Circuit Protected)

Vee = 5V 10 25V

% : Rgc = VBE

= €7 Tse

2N2708
2.75V AN
REF.
TL431 2N3055/2N3772
OR EQUIV.
R2
Yo
VOLTAGE

ADJUST

- RZ
1 Vg=2.75v [1 + Rl]

CAPACITANCE VALUES IN pF.

Dwg. No. A-12,554
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ULN-3751B AND ULN-3751Z
POWER OPERATIONAL AMPLIFIERS

TYPICAL APPLICATIONS

OUTPUTISELECT

Veg = #5V TO 425V

> v
S Rec « VBE
3 fscx K
1K
PROGRAMMABLE INXOSSIN3TT2
HIGH-CURRENT LINEAR REGULATOR
A D-C OUTPUT
Rl
RL AND R2 ARE SELECTED TO PROVIDE THE DESIRED OUTPUT. 1T IS RECOMMENDED
THAT 1.z<% <30
PINS 14 AND 15 OF DIA CONVERTER CAN BE CONNECTED TO PROVIDE EITHER 2,56V OR 10V
FULL SCALE.
CAPACITANCE VALUES IN iF.
Dwg. No. A-12,555
FROM uP CONTROL
R
" 6V D-C MOTOR
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R3, C1 PICKED TO PROVIDE LOOP COMPENSATION.
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Owg. No. A-12,556

FROM uP CONTROL
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R4 =R5 =R6 =R,
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R3,  C1 SELECTED FOR LOOP COMPENSATION.

CAPACITANCE VALUES IN yF. Owg. No. 81543

_____________________ 1 1
MECHANICAL DRIVE LINK 0.1 T
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TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

A PRECISION LIGHT-SENSING INTEGRATED CIRCUIT

The Precision Light Sensor (PLS)! is a low-cost innovative ap-
proach to the accurate sensing of light levels in electronic circuits. It
is a two-terminal monolithic integrated circuit that linearly converts
light impinging upon it to a proportional output current. It is a light
dependent current source. It requires no separate d-c bias current, so
its supply current (output current) is a linear function of light level.

Introduction

The Precision Light Sensor, encased in a clear
plastic TO-92 package, may be used as a direct
replacement for photocells and phototran-
sistors. The PLS, in many ways, is a superior
device. The PLS output current (6 uA/lm/ft2
of tungsten light at 2850°K) is comparable in
magnitude to that of a phototransistor, but
unlike a phototransistor, the PLS is within
+5% of the nominal value. The PLS is linear
within 5% over the range of 1 to 200 Im/ft2 of
incident illumination. It operates over a supply
voltage range of 2.7 to 24 V, having a typical
power supply rejection ratio (Alo/Io)/AV of
0.3%/V.

Need For A Precise Light Sensor

Many situations exist in which there is a need
for the precise, linear conversion of light energy
into an electrical signal. This conversion is usual-
ly accomplished through the use of devices such
as photocells, phototransistors, and photo-
diodes. Limitations associated with these devices
make them difficult and costly to use in precise,
linear applications:

Photocells exhibit a change in resistance pro-
portional to changes in light intensity. They are,
however, highly inaccurate and exhibit a pro-
perty of light memory; that is, a photocell’s
response to a light level is dependent on the

(1) Sprague Electric Type ULN-3310Y.
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previous ambient light level. For any reasonably
accurate light sensing using a photocell, the am-
bient light level must be controlled. Due to unit-
to-unit variation in sensitivity, photocells require
an external calibration component, such as a
trimmer potentiometer, in all but the simplest
applications.

Phototransistors produce an output current
proportional to the incident light intensity. They
generally react much faster than photocells and
do not exhibit the memory phenomenon. They
do, however, exhibit an extremely wide variation
of output current per unit of light due to process
and beta variations. These variations in sensitivi-
ty can be +50% or more within a group of
devices of the same type.

Photodiodes have the inherent property of
linearity of output current as a function of il-
lumination, but the value of output current is
very small, in the range of tens of nA per lm/ft2.
The photodiode’s variation in sensitivity may be
as much as +25% from unit to unit.

In order to provide a precise, linear output
current per unit of light at a usable current level,
the best alternative to the devices mentioned
previously is a device that combines the linearity
of a photodiode with the output level of a
calibrated current amplifier. The alternative is a
two-terminal device that replaces all three
previously mentioned light-sensing devices in
most applications. This is the concept behind the
design of the PLS.



Basic Circuit Concept

A simplified block diagram of the PLS is
shown in Figure 1. In this configuration the PLS
consists of a photodiode whose photocurrent,
Ip, is amplified by a current amplifier having a
constant gain, A;. For the sensor’s total current
to be a linear function of light level, the
amplifier’s supply current must be a constant
multiple, B, of the photocurrent, or else must be
negligible in comparison to the output current.

One method of implementing this concept in
circuit form is shown in Figure 2. In this case, a
photodiode feeds a series of simple current mir-
rors, each having a fixed gain of 5 due to ratioed
emitter areas. It can be shown that the output
current of the entire circuit is a multiple of the
photodiode current. In this manner, the require-
ment that the amplifier’s supply current be
either negligible or a constant multiple of the
photocurrent is satisfied.

This simple circuit fails to meet precision re-
quirements for several reasons: First, the
relatively low output resistance of the simple
current mirrors results in great variations in out-
put current with respect to changes in supply
voltage ((Alo/Io)/AV). Second, since the
photodiode’s reverse-bias voltage is
unregulated, it exhibits a significant variation in
photocurrent due to changes in supply voltage.
In both of these cases, the error current is
multiplied through gain stages of the current

TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

of

4

1 }
/8

B x Ip

Al

Ip —» A x Ip

@ DWG. NO. A-11,798

Figure 1
SIMPLIFIED PLS BLOCK DIAGRAM

amplifier, so the total output-current error can
be large.

There are other problems associated with the
basic circuit of Figure 2. The simple current mir-
rors exhibit large base-current errors and
therefore are highly beta-dependent in terms of
gain-accuracy. In addition, there is no means
available to calibrate this circuit to the precision
required, taking into account mismatches in
the current-mirror transistors and processing
variations among individual photodiodes.

—

©
Io = 156 x Ip

125 x Ip

©

DWG. NO. A-11,799

Figure 2
SIMPLIFIED PLS SCHEMATIC
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TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

Even though the basic circuit described above @
has some significant drawbacks, it can be a
useful starting point in design of a functional

PLS. Using the basic concept as presented, and >4 Qu4
applying certain circuit techniques and con- E% 4+ DI

figurations, a practical PLS integrated circuit igﬁ 0 Q13

with the desired operating characteristics is 3%

feasible. _ s ' s
OUTPUT TO
Y NEXT STAGE

Q 55

-2

xQ

Functional Circuit Description £8

A block diagram of the functional PLS circuit Q@ §§
is shown in Figure 3. It is similar to the &l b
simplified block diagram of Figure 1, but it con- /.K“ )

tains circuit modifications that dramatically im- Q3 ___EN

prove its performance.
Q6 __L/. Q0
@x)

Q8

A series-pass voltage regulator circuit (Figure Q4
4) has been added in order to regulate the
reverse-bias voltage on the primary photodiode.

The voltage regulator, in turn, is driven by an MG, NO. A-11,801
auxiliary photodiode that is approximately one-
half the area of the primary photodiode.

Through the use of an auxiliary photodiode, the Figure 4
regulator bias current becomes a linear function PHOTODIODE-DRIVEN SERIES-PASS
of light level. Under dark conditions, there is no VOLTAGE REGULATOR/MODIFIED WILSON
d-c bias current. CURRENT-MIRROR INPUT STAGE
AUXILIARY
AR oMLy
OUTPUT-
” BUFFER
REGULATION
SERIES-PASS | 17V
REGULATOR
PRIMARY _
(400 MIL?) A} =48dB
1.3V
MODIFIED
WILSON GAIN-TRIM
A = 12dB FUSES

DWG. NO. A-11,800

Figure 3
DETAILED PLS BLOCK DIAGRAM
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TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

An equivalent resistor pull-up would require a
prohibitively large resistive value. In addition, a
d-c bias current would flow, independent of
light level but dependent on supply voltage. This
condition is unacceptable for a two-terminal
device such as the PLS.

Under dark conditions the auxiliary
photodiode shuts down the regulator, shutting
down the primary photodiode, thus minimizing
the PLS dark current.

The regulated voltage applied to the cathode
of the primary photodiode is approximately 1.7
V (3xVgg). The anode of the primary
photodiode is fed into a modified Wilson cur-
rent mirror2 input stage (Figure 4). Since the in-
put of this mirror is approximately 1.3 V
(2x Vgg) above ground, the regulated voltage
across the primary photodiode is held to approx-
imately 400 mV.

The modified Wilson input stage, in addition
to providing 12 dB of current gain (4:1 emitter-
area ratio), greatly improves PLS linearity at low
light levels. The modified Wilson current mirror
is basically a compromise between a Wilson cur-
rent mirror and a buffered current mirror. The
Wilson mirror has excellent linearity and ac-
curacy, but has unity gain. The buffered current
mirror can have a fixed gain greater than unity,
but has poor linearity at low currents due to beta
rolloff of the buffer transistor. The modified
Wilson current mirror improves low-current
operation by biasing up the buffer transistor,
Q7, with the collector current of Q8. In this
manner, the beta of Q7 does not roll off before
the beta of Q6 or Q9 as it would in a buffered
current mirror. This low-current operation is ex-
tended at the expense of a higher base-current
error in the input stage. This compromise is
essential if PLS output-current linearity down to
0.5 Im/ft2 is to be achieved.

The remaining current-mirror stages provide a
total of approximately 48 dB of current gain.
The PNP mirrors are Wilson current mirrors
having a unity gain. These mirrors have high
output resistance and a low value of beta error
(=<f3=2). As mentioned previously, the Wilson
current mirror’s accuracy loses its independence
with respect to beta variation if a gain greater

(2) P. Gray and R. Meyer, Analysis and Design of
Analog Integrated Circuits, Wiley, 1977, p. 208.
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than unity is required, so all of the gain must
take place in the NPN mirror stages. Since the
NPN betas are approximately four times as large
as the PNP betas, buffered current mirrors with
ratioed emitters are used to attain low values of
beta error.

Although the gain and accuracy of the NPN
buffered current mirrors are sufficient for the
PLS, their output resistance is too low. In order
to increase output resistance without adding a
source of current error, the outputs of the NPN
mirrors are buffered by a cascode output using a
Darlington pair as the common-base stage.
These buffers are, in turn, biased by a string of
three diodes (Q19, Q20, Q21) driven by an aux-
iliary PNP buffered current mirror (Figure 5). In
this manner, the outputs of the NPN current
mirrors are buffered to increase output
resistance by an arrangement that has a negligi-
ble effect on the total output current. This con-
dition exists because the bias current driving the
three-diode string is only two times the
photodiode current. Any error caused by the
buffer-stage base currents is isolated from the re-

maining gain stages.
®

Qls Q7 Q28
1 2
OUTPUT FROM o @
PREVIOUS
STAGE = 1 Q29

— —»

—_,————— OUTPUT TO

NEXT STAGE

_———s
TO SUBSEQUENT
Q25 ) DARLINGTON BUFFERS
Q26
Q19
FROM
FIRST STAGE
CURRENT Q20 Q23
MIRROR Q1o
- (2X)
Q24
Q22 @x)
Q21
é DWG. NO. A-11,802
Figure §

CASCODE-BUFFERED
NPN CURRENT-MIRROR OUTPUTS




TRANSISTOR ARRAYS

AND MISCELLANEOUS DEVICES (Continued)!
L

In order to provide the means for calibration
of the output current at a standard light level,
the emitters of the output transistors in the final
NPN gain stage are connected to ground
through fusible links. This fusing feature enables
the initial accuracy of the PLS to be set at wafer
probe to a value of +5%.

An automatic current-limit feature has also
been designed into the PLS circuit. By placing a
75kQ resistor in series with the primary photo-
diode, the photocurrent — and therefore the
output current — is limited to 8 mA, maximum
(400 1m/ft2). This limit protects the PLS, and
any circuitry to which it is connected, from high
output currents caused by abnormally high inci-
dent light levels. This current-limit feature can
be easily masked out during manufacture if ex-
ternal current limiting is to be provided. The

PLS schematic, incorporating all of the features
discussed previously, is shown in Figure 6.

To summarize, the PLS is basically a
photodiode with its photocurrent multiplied by a
series of current mirrors having a gain fixed by
ratioed emitter areas. In addition, to counteract
variations in output current due to supply
voltage changes, the primary photodiode is
biased by a series-pass voltage regulator that, in
turn, is driven by an auxiliary photodiode cur-
rent. The current mirror stages are designed to
have high output resistance. The final gain stage
of the PLS has fusible links to facilitate the
calibration of the output current to an initial ac-
curacy of +5%. An optional internal current-
limit feature protects the PLS from exceeding its
package power dissipation specifications due to
abnormally high incident light levels.

Q17 Q28 Q36
Q7 Q35
< Q29 Qa7
faa
N..E)u
{Q:}a j
Q34
- 152
l\:@zs
Q19
Q20 Q23 Q3
Q2 2 Qa0
221
O DWG. NO. A-11,803
Figure 6

PLS SCHEMATIC
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TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

3310

Figure 7
PLS METALLIZATION MASK

Layout and Processing

The PLS integrated circuit metallization mask
is shown in Figure 7. The primary photodiode
has an active area of 399 square mils; the aux-
iliary photodiode has an active area of 217
square mils. Both photodiodes use a base-
collector structure as the active junction. The
photodiode structure is shown in Figure 8. The
major disadvantage of this structure is high
capacitance per unit area that limits the max-
imum speed of the entire device. Since high
speed was not an original requirement of the

A\

ANODE CONTACT

CATHODE CONTACT

THIN OXIDE , 2)
ey Y B

PLS, this structure was chosen for its floating
(not grounded) anode. The large (14 x) output
transistor and its associated calibration fuse
pads can be seen at the upper right-hand corner
of the mask.

The PLS is processed using a 2 ohmecm [100]
epitaxial layer. This provides for high beta at
low collector current (< 10 nA), which is a par-
ticular requirement for the input stage and
voltage-regulator stage. This process will also
provide circuit operation at a supply voltage of
upto24 V.

ANy

{OXIDEZNTE.

P-TYPE
ISOLATION

P-TYPE BASE (135Q/0J)

N+ COLLECTOR REDOPE

N-TYPE EIP POCKET (2Q ¢ CM)

P-TYPE SUBSTRATE

N

DWG. NO. A-11,804

Figure 8
PLS PHOTODIODE STRUCTURE
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TRANSISTOR ARRAYS
AND MISCELLANEOUS DEVICES (Continued)

ot

SENSITIVITY = 6 uA/Im/#2 £5%

OUTPUT CURRENT IN mA

4

Figure 9
PLS OUTPUT CURRENT
AS A FUNCTION OF iLLUMINANCE

+
10 1000

ILLUMINATION IN 1m/f12
Wi, fo. A-11

Circuit Performance

The PLS is calibrated and functionally tested
at wafer probe using a computer-controlled light
reference. It is operationally tested at 20 Im/ft2
and then tested at 1 Im/ft2 and 200 lm/ft2 for
linearity. The calibrated chips are then encased
in clear TO-92 packages and subjected to final
tests for correct operation.

A graph of typical output current as a func-

R0

internal current limit takes effect in the range
between 200 and 400 Im/ft2.

A graph of normalized output current as a
function of supply voltage is shown in Figure 10.
The power supply rejection ratio ((Alo/Io)/AV)
is approximately 0.3%/V. This corresponds to
an effective output conductance of 60n¢5/1m/ft2
for the PLS.3

. I ) . b (3)  The International Electrotechnical Commission
tion of illuminance is shown in Figure 9. The recommends the use of siemens (S) as the standard
linearity drops off at less than 0.5 Im/ft2. The international unit of conductance.

S o
p
l/'
L
- SLOPE = PSRR = 0.3%/V :
z
£s '
32
5" 100 =
Figure 10 %; \
PLS NORMALIZED OUTPUT CURRENT 9‘_§ 'I
AS A FUNCTION OF SUPPLY VOLTAGE g% :
& |
|
- 1
0.95 :
w*ll.
1
P R . ; 1, |
0o 27 50 10 15 20 25 )
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SUPPLY VOLTAGE IN VOLTS
Dwg. No. A-11,806A
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WAVELENGTH IN NANOMETERS

The spectral response of the PLS photodiode,
along with the photopic response curve, is
shown in Figure 11. The wavelength of light inci-
dent on the PLS must be taken into account in
all output-current calculations.

PLS Applications
Precise Light-Level Sensing
A basic circuit application normally calling
for a photocell or phototransistor is a light-
level detection circuit (Figure 12A). In this con-
figuration, at a certain predetermined incident

light level, the voltage at the input of the Schmitt
trigger reaches the threshold value and some
event is triggered accordingly. In this case, in
order to achieve the required precision, a poten-

Vee

PHOTOTRANSISTOR
OR PHOTOCELL

W

DWG. NO. A-11,808

Figure 12A
LIGHT-LEVEL DETECTOR
REQUIRING EXTERNAL CALIBRATION
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tiometer must be used to provide a means for
system calibration.

The same circuit, using a PLS in place of the
photocell or phototransistor, is shown in Figure
12B. Since the PLS is already calibrated to + 5%
internally, a fixed-value resistor may be used,
thus eliminating the need for manual calibration
of the system.

Display-Brightness Control

A PLS may be used in conjunction with a
current-amplifier circuit, such as the one in
Figure 13, in order to control the brightness of
an LED display in stereo receivers and clock
radios. As the ambient light level decreases, the
display is automatically and proportionately
dimmed. The 15k< resistor sets the minimum
LED brightness level.

DWG. NO. A-11,809

Figure 12B
LIGHT-LEVEL DETECTOR USING PLS




TRANSISTOR ARRAYS
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L

Camera Applications
The PLS can be used as a simple through-the- @) Ve =10v
lens light meter in conjunction with a D’Arson-
val movement (Figure 14). As the shutter speed * o
A

switch is rotated, different shunt resistors are in-
troduced into the circuit, relating the shutter \\"QD ?
PLS

speed setting to the meter reading. 15k

Another camera application of the PLS is in
automatic shutter timing (Figure 15). In this
case, when the shutter is opened, the PLS begins v
to charge a capacitor, integrating the light level, N
until a predetermined trip voltage is reached.

The shutter is then closed by the threshold detec-

tion circuitry.

5X

DWG. NO. A-11,810

Figure 13
Conclusion AUTOMATIC LED DISPLAY-BRIGHTNESS CONTROL

The PLS is designed as a low-cost, two- 999R
terminal replacement for photocells and
phototransistors in the majority of light-sensing Vee
applications. In addition, the PLS is internally 15003 /
calibrated for an output current accurate to 4
within +5% at a nominal value of incident il- PLS o
lumination. The PLS has a distinct advantage SHUTTER-SPEED SWITCH oW\
over photocells and phototransistors whenever

precise light sensing is required, since no external
calibration is required.

In the applications described previously and in
many other instances, the PLS is a cost-effective
solution to the problem of precise electronic
light sensing.

W

@! |

DWG. NO. A-11,811

Figure 14
Specifications IN-CAMERA LIGHT METER
Initial Accuracy at 20 Im/ft2 .. .. ... ... ... .. +5%
Sensitivity. . ... ... 6 pA/Im/ft2
Operating Voltage Range . .. ................ 27t030V
Output Linearity (1t0 200 Im/ft2) . .. ... ... . . ... 5%
Output Conductance . ................ .. 60 ngs/Im/ft2
Qutput Current Limit . ... ... ... .. ........ ... 8 mA
Power Supply RejectionRatio. . ................ 0.3%/V
Acknowledgements

The author thanks Walter Gontowski for his
assistance with PLS development, from original
design concept to final layout, and Paul Berg-
quist and Dorothy Westling for their help in the Figure 15
preparation of this paper. AUTOMATIC SHUTTER CONTROL

DWG. NO. A-11,812
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SECTION 11—CUSTOM DEVICES

ULN-2350C and 2351C Tuff Chip® Semi-Custom Integrated Circuits. . .. ..................... Discontinued
High-Voltage, Semi-Custom Component Arrays .. ........ ... e T
Custom Bipolar ICs for Automotive Applications . . . ........ ... . ... . . . . . T
Custom Circuit Design Capability. . . ....... . ... T
Optional Package Capabilities . . ... ........ ... . oot T

TComplete information is provided in Data Book WR-503.
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SECTION 12—PACKAGE INFORMATION

Package Thermal Characteristics . . .. ........ . . 12-38
Thermal Design for Plastic Integrated Circuits . . ... ... ... . T
Computing Integrated Circuit Temperature Rise . . ... ..o T
Thermal Resistance—A Reliability Consideration ......... ... . ... ... ... . .. . . . i T
Operating and Handling Practices for MOS Integrated Circuits . . .. ......... .. ... .. ... .. ... 12-39
Mounting of Power Tab DeVICES . . .. ..ottt 12-40
Package Drawings:
Suffix ‘A" Plastic Dual In-Line . ... ... 12-41
Suffix ‘B’ Plastic Dual In-Line with Heat Sink Semi-Tabs .. ........... .. ... ... ............. 12-44
Suffix ‘C’ Unpackaged ChiporWafer. .. ... . ... . ...
Suffix ‘D" Metal 3-Pin T0-52/T0-206AC . . . ... ... o 1
Suffix ‘EP” 40-Pin Plastic Leaded Chip Carrier (PLCC) . ... ... .o\ 12-46
Suffix ‘H’ Glass/Metal Hermetic Side-Brazed Dual In-Line ....... ... ... ..., 12-46
Suffix ‘)’ Glass/Metal Hermetic 14-Lead Flat-Pack ......... ... ... .. . ... . . . . i T
Suffix ‘L" 16-Lead Small Qutline (SOIC) . .. ... ... o e 12-48
Suffix ‘M’ Plastic Mini 8-Pin Dual In-Line. .. ... ... o 12-48
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Suffix ‘Z’ Plastic 5-Lead T0-220 Single In-Line Power Tab .. ........ ... .. ..., 12-52

tComplete information is provided in Data Book WR-503.
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PACKAGE INFORMATION
L]

Package Thermal Characteristics

Package Frame RO, T ROt
Designator Package Type Material (°C/W) (°C/W)
A 14-Pin Plastic DIP Copper 60 38
A 16-Pin Plastic DIP Copper 60 38
A 18-Pin Plastic DIP Copper 55 25
A 20-Pin Plastic DIP Copper 55 25
A 22-Pin Plastic DIP Copper 50 21
A 28-Pin Plastic DIP Copper 40 16
A 40-Pin Plastic DIP Copper 36 —
B 8-Pin Semi-Tab Plastic DIP Copper 75 13*
B 14-Pin Semi-Tab Plastic DIP Copper 45 13*
B 16-Pin Semi-Tab Plastic DIP Copper 45 13*
B 22-Pin Semi-Tab Plastic DIP Copper 40 13*
D 3-Lead Metal Can 300 150
EC 20-Lead Hermetic LCC Kovar 110 —
EC 28-Lead Hermetic LCC Kovar 100 —
EP 20-Lead Plastic LCC Copper 95 —
EP 44-1ead Plastic LCC Copper 68 20
H 8-Pin Hermetic DIP Kovar 120 40
H 14-Pin Hermetic DIP Kovar 90 20
H 16-Pin Hermetic DIP Kovar 90 20
H 18-Pin Hermetic DIP Kovar 75 20
H 22-Pin Hermetic DIP Kovar 65 20
J 14-Lead Flat Pack Kovar 140 80
L 8-Lead SOIC Copper 175 —
L 14-Lead SOIC Copper ‘ 125 —_
L 16-Lead SOIC Copper 120 —
M 8-Pin Mini DIP Copper 80 55
Q 16-Pin Quad In-Line Copper 45 13*
R 14-Pin CerDIP Kovar 75 —
R 16-Pin CerDIP Kovar 75 —
R 18-Pin CerDIP Kovar 65 —
W 12-Lead Power Tab SIP Copper 24 3.0%
Y 3-Lead Plastic Transistor Copper 310 170
7 5-Lead Power Tab SIP Copper 40 4.5%

The data given is intended as a general reference only and is based on certain simplifications such as constant chip size and standard bonding methods.
Where differences exist, the detail specification takes precedence.

16O, = /RO, and GO, = /RO,

RO,
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PACKAGE INFORMATION

Operating and Handling Practices
for MOS Integrated Circuits

Handling Practices — Packaged Devices

Sprague Electric incorporates input protection
diodes in all of its MOS/CMOS devices. Because of
the very high input resistance in MOS devices, the
following practices should be observed for protection
against high static electrical charges:

1. Device leads should be in contact with a con-

ductive material except when being tested or in
actual operation.

2. Conductive parts of tools, fixtures, soldering
irons and handling equipment should be
grounded.

3. Devices should not be inserted into or removed
from test stations unless the power is off.

4. Neither should signals be applied to the inputs
while the device power supply is in an off con-
dition.

5. Unused input leads should be committed to
either V§s or VpD.

Handling Practices — Die

A conductive carrier should be used in order to
avoid differences in voltage potential.

1239

Avutomatic Handling Equipment

Grounding alone may not be sufficient and feed
mechanisms should be insulated from the devices un-
der test at the point where the devices are connected
to the test equipment. Ionized air blowers can be of
aide here and are available commercially. This
method is very effective in eliminating static elec-
tricity problems.

Ambient Conditions

Dry weather with accompanying low humidity
tends to intensify the accumulation of static charges
on any surface. In this atmosphere, proper handling
procedures take on added importance. If necessary,
steam injectors can be procured commercially.

Alert Failure Modes

The common failure modes that appear when
static energy exists and when proper handling prac-
tices are not used are:

1. Shorted input protection diodes.
2. Shorted or ‘blown’ open gates.
3. Open metal runs.

Simple diagnostic checks with curve tracers or
similar equipment readily identifies the above failure
modes.




PACKAGE INFORMATION

MOUNTING OF POWER TAB DEVICES

Power-tab packages are efficient thermal dissipa-
tors when properly utilized. In application, the fol-
lowing precautions should be taken:

1. Always fasten the tab to the heat sink before
the leads are soldered to fixed terminals.

2. Strain relief must be provided if there is any
probability of axial stress to the leads.

3. Thermal grease (Dow Corning 340 or equiva-
lent) should always be used. Thermal com-
pounds are better heat conductors than air but
not a good substitute for flat mating surfaces.

4. The mounting surface should be flat to within
0.002 inch/inch (0.05 mm/mm).

12—40

. “‘Brute Force’ mounting to poorly finished

heat sinks can cause internal stresses which
damage silicon chips and insulation parts.
Mounting torque should be between 4 and 8
inch pounds (0.45 t0 0.90 Nm.)

. The mounting holes should be as clean as pos-

sible with no burrs or ridges.

. Use appropriate hardware including a lock

washer or torque washer.

. If insulating bushings are used, they should be

of dialylphthalate, fiberglass/filled polycarbon-
ate, or fiberglass-filled nylon. Unfilled nylon
should be avoided.



PACKAGE INFORMATION

‘A’ PACKAGE: 14-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

40312 11 10 9 8
AAAARAA

—
0.260

0.240 b
i

0.014
0.008

—

0310
0.290

woex area’ T HHEHHY

i ‘_l 150
ooes 1|12 3 e 0075 REF 7 0°
~— o785 0.100 £ 0.010
0035 NOTE 1

0.200 MAX

~SEATING PLANE

_%AQ;W T

MIN,

0.023
0015

Dwg. No. A-5496G in

0.100 MIN.

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

02
413 12 11
A

]
660 | 787
610 | 737 \
,Lﬁ/ S ‘
INDEX Af [=R>]

508 MAX

—SEATING PLANE

o/ Dwg. No. A-54966 mm
__‘:i ) i
i 1 1 1
0.51 MIN U L' _‘_‘
_oss 254 MIN

‘\ 039

‘A’ PACKAGE: 16-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0044 F

0.028

16 15 14 13 12 11 10 9
AAAAAARA

0.260
0.240

~ S UuUuugu
INDEXO?)%E_L‘_IZI_} 456 78 oal0
0.035 o785 Tt T wote

0.735

0.200 MAX

—SEATING PLANE

0014

0008
0310 15°
0290 0°
T =
£ 0,010 B
1

o]oo MIN Dwg. No. A-6402C in
OgIZNO
88?2 0025 REF
NOTES:

1. Lead spacing tolerance is non-cumulative.

2. Exact body and lead configuration at vendor’s option within limits shown
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane
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DIMENSIONS IN MILLIMETRES
Based on 1’ = 25.4 mm
e o
16 15 14 13 12 11 10 9
nAnANAAAR
+—
6.60
6.10

7.87 15°
. 7.37 0°
INDEX AREAY | B T T Uy

.
1.65 2L} s | _254%0.25
0.89 19.93 [ NOTE 1
18.67

5.08 MAX

SEATING PLANE

2 54 MIN. Dwg. No. A-6402C mm

0.5] MIN

0 58
O 39 0.64 REF




PACKAGE INFORMATION

‘A’ PACKAGE: 18-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

olo

gl

o>
ojo
o
=&

AARARARARE —_ AARAARA AR ——
0.260
4 0310 0

0240 a 0290 % a 1% \

INDEX AREA HE BB —4 = 15° mOE“E UOUOU Uy 89 —4 = v
L_25456759 0° |L2345678‘9 (
2085 0.915 - 0100 £ 0.010 165 23.24 ] 254 % 025
0.885 =l NOTE 1 089 | 55 48 1 NOTE 1
0.200 MAX. 508 MAX

/—SEATING PLANE /-SEATING PLANE

254
Dwg. No. A-9649 in ; / Wm MIN Dwg. No. A-9649 mm
0.51 MIN. tt

T AP

REF

‘A" PACKAGE: 20-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1"’ = 25.4 mm

0008 021
2019 18 17 16 15 1413 12 11 2019 18 17 16 1S 14 13 12 1)
AARARAAAAARA — AAARARAAAARARA —r—-
0.260
. 0310 661 787
o240 7} 0290 \ 8% m 737 \
woex arer/ | BH B BU OO UHY i 150 ARA Hogguoguguoog =
IL-Z 3456 7 8 9 10| 0.060REF 0 INDEX- ARE. T 56 7 8 9 10| | 52REF
0065 0.990 - 0.100 £0.010 165 L 25.15 - 554 2 025 7
0035 = 1.040 — NOTE 1 089 | 26.42 1 NOTE 1
0200 MAX

508 MAX
SEATING PLANE

Ia SEATING PLANE

Dwg. No. A-10,430 in / ( } Dwg. No. A-10,430 mm
O&ZNO 0.51 MIN :1:

OlOO MIN
__I %g%g _‘I 058 254 MIN

039

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘A’ PACKAGE: 22-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0410
0.390
41 g _l_ X
INDEX ARE 12343678901 00SOREF o°
gggg 1.120 - 0.100+0.010 7
g 1.050 NOTE 1
0.200 MAX.
- SEATING PLANE

0.020

MIN. _.“,_ 0.023 0.100 MIN.
0.015
Dwg. No. A-10,5368 IN

‘A’ PACKAGE:
DIMENSIONS IN INCHES

0.014
0.008

—+

0.625
0.600

_\IS"

INDEX AREA Hogougooo
.065 123 4567 8 901l 121314 0075 REF. o°
gggs. Lt 1.460 -+l EF—0.1000.010 7
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ovozo_.“‘% O.I__OE MIN.

Dwg. No. A-12,1031K

NOTES:

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

0.35
0.2

2221 201918 17 16 1514 13 12

-
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_1_ l y1s°
'"DEXI‘G";EA s esers § 10 11| 1.27REF o°
? _L]——————#" 2.54 +0.25
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5.08 MAX.
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MIN. 4“._ 0.58 2.54 MIN.
0.38
Dug. No. A-10,5368 Mt

28-Pin Plastic Dual In-Line

DIMENSIONS IN MILLIMETRES
Based on 1’ = 254 mm

036
0.20
28 27 26 25 24 23 22 21 2019 18 17 16 15
AAAARAARAAAAAR
1422 15.88
1219 1524
INDEX AREAL 1 15°
12345678 9ol i213MBl | g0REF. °
165 |2 37.08 - .28 7 b
0.69 35.05 NOTE 1
5.08 MAX.

- SEATING PLANE

o8l *i g.ss z;g_mu.
.39

Owg. No. A~12,103M

1. Lead spacing tolerance is hon-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘A’ PACKAGE: 40-Pin Plastic Dual In-Line

DIMENSIONS IN MILLIMETRES
(Based on 1in. = 25.4 mm)

DIMENSIONS IN INCHES

0.014
0,008
0.625
0.600
l 15°
0.075 REF. 0° 165 |
01000010 7 89 1 s2.32
5.08 MAX. :

N 3
~SEATING PLANE L [SEATING PLANE
( ) ! [ \
2.54 MIN.

0.51
MIN. 4] 0.58
0.35
o o, 112,268 1

0.100 MIN.

0.020
MIN. ‘_| 0.023
0.015
[

'‘B' PACKAGE: 8-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
(Based on 1in. = 25.4 mm)

035

0014
0008 021
87 6 5 8 7 6 5
i s W A= T
0.260- 0310 660 787
0240 Z 0290 \l .10 737
¢ |
tJ t L INDEX AREA A T E==J ©J b 150
! 165 J‘LZ 3 4 102 REF o
o TR 2s4s025
™ NOTE 1

INDEX AREA: B
ooes__J'l.% 3.4 10040 REF
0035 | -l 0.100 ¢ 0.010
390 NOTE 1 089
[ 514
0.200 MAX 508 MAX
isznme PLANE | issnmg PLANE
0020 " a ﬁ G I 051 B i G i 1 74A MM
MIN 254 MIN. DWG.NO. A-10,4

0100 DWG.NO. A-10,474A IN MIN
0.023 MIN. l._o 58
—’“"0.0|5 -‘i 039

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

3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane
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PACKAGE INFORMATION

‘B' PACKAGE: 16-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

DIMENSIONS IN MILLIMETRES
Based on 1'" = 254 mm

0044 ! 0014 L1 035
0028 0008 072 o.2!
16 15 14 13 12 1" 10 9 { 16 15 14 13 12 11 10 9
i AFFAAAA AANANFAAA[QN —
T ] ¥ I o - f

0.260 0310 15° 6.60 7.87 15°

0.240 0290 o° 6.10 7357 0°
WEXAREA (BB ULIUUU . R 1 INDEXA_.?ZRE igsguge—gsgoy: 4L )

0065 __ | |2|_3 456 78 0100%0010 7 1.65 L_IZ 3456 78| 254%025

o.o35‘t ~0.785 - ™ NOTE 1 J 0.89 19.93 NOTE 1

0.735 18.67

0.200 MAX
/~SEATING PLANE

5.08 MAX
SEATING PLANE

2.54 MIN,

0.020 Dwg. No. A-10,3118 IN 0.51 MIN Dwg. No. A-10,311B MM
MIN

0.023 0.58
'”' 0015 '{ ~0.025 REF -nko_39 -( 0.64 REF

‘B' PACKAGE: 22-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

(Based on 1in. = 25.4 mm)

0.014 0.35
0.008 0.2l
| 2221201918 1716 15 14 13 12
T . T
991
0410 10.41
0.390 62 9.91
\ | \
B _hs® OO ouguog, -1 o 115°
0.050REF —0° 'NDEXI‘;ZEA Y23 45T 8910 127ReR — 0°
~0.100+0.010 / ¥ -~ 2845 = E}l .54 + 0.
NOTE 1 7 089 6.67 RrES® /
0.200 MAX. 5.08 MAX.
L SEATING PLANE | SEATING PLANE
p—
b TR
0.020 0.51 1
MIN. |_7 0.023 0100 MIN, WN. 4 ose 2.54 MIN,
0.015 Dwg. No. A-12,669 IN 0-38

Dwg. No. A-12,669 MM

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

'‘EP' PACKAGE: 44-Lead Plastic Leaded Chip Carrier (PLCC)

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

(Based on 1in. = 25.4 mm)

0,060 MIN., —jas —>1 |¢~0. 050 TYP. 1.53 MIN. —ja—nf —>l In—l. 21 TYP.

e ma o PSP
3 S~ 28 s ] |} 3 S 28 18
2 17 25 17
0.021 - 0.032 1 0.53 0.81
03] L 70,026 d 0.3 LN 0.66
LR ) 0,656 0,695 LI ! 1666 17. 6

o

S

!
|

0,630 i 0,650 0. 685 16.00 ; H 16,51 17,40
0.5% i p 14,99 {
q i q 7 b
3940  aaf1]2 P 3940 _4a[1]2 7p
e E— — 0 s R B4
0.120 e v 3,04 e \NDEX—>
0.0 *™ AREA L1 >% AREA
- 0, 656 _0_.—64__. 16. 66
0.05 0.180 0,650 4.57 16,51
0,165 0. 695 2.19 17, 65
0.685 7.4

Dwg. No. A-12,664 IN

'"H’' PACKAGE: 14-Pin Hermetic Dual In-Line

Dwg. No. A-12,664 MM

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
(Based on 1in. = 25.4 mm)
1413121109 8 1413121110 9 8
N I ¥ - N
0.310 0,320 7.87 5;
0.220 0,290 5.59 .
C 77/ 4 1 ) I
INDEX_/,l] 307% 45 6 7 Io.ms NoEx S| 2 3 4 5 6 7 0.38
AREA L_. fe}——0.100:0.010 AREA 1.78 fest——2.54 2 0.25 0.20
0.030 0,785 NOTE 1 0.008 0.76 19,94 NOTE |
MAX MAX
o, X 0.005 s, X 0.13
0,200 MA - = 508 MA =%
£ Ji 4 14
0,060} 1.52
T o T s.08
0.015 ’L._g'gﬁ 5 fgg Dwg. No. A-9767B in 038 ’"*—'g'ii Z 18 Dug. No. A-97678 mm

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘'H' PACKAGE: 16-Pin Hermetic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

Based on 1’ = 25.4 mm

615 14 13 12 11 10 9

1615 14 13 12 11 109

¥ ¥ L)
0310 0320 7.87 8.1
0.220

.13
0.290 .59 737
¥ y o i S A .
/ 3 /' 34 s s 8
INDEX oo7o —o 160£0.016 0.015 INDEX ’I 178 2, 5“0 28
NOTE | 0.76

0.030
[+——0.840 MAX—®]

0.008 AREA

0.20
le——21.34 MAX
~0.200 MAX 0.005 MIN. 5,08 MAX. 0.13MIN
_ g LEADS I, 8, 9, +— 1 LEADS 1,89,
AND 16" AT A

3 q VENDOR'S  OPTION PR = ij}l VENDOR'S OPTION
0060

0.015 _.‘ 0.023 §0.200 0.38 _,' 0.58 & 508

et : <5 3.8
00 0128 Dwg. No. A-10.2108 in 03¢

Dwg. No. A-10,2118 mm

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

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

Based on 1’ = 25.4 mm

18 17 16 15 14 1312 11 10 18 17 16 15 14 13 12 11 10
0.310 o.gzo 7.87 8.13
0.220 0.290 559 7.37
K $ v ' S )
wex—" 3456789’ 2 345 61789 1
REA .l 1.0_20 0.100:0.010 0.015 INDEX J l.l_ﬁ b 2.5420.25 0.38
0.030 0,927 ] NOTE 0.008 AREA 0.76 23,55 | NOTE] 0.20
! MAX MAX !
~ 0,200 MAX _.1 I..OM?ONS ~ 5.08 MAX ..l '..
0,060
0,015 4 0,023 T 0.200 o 33 ’l 0.58 5.0
0.014 ge12s Dwg. No. A-10.3124 in 0.36 3.18

Dwg. No. A-10,312A mm

NOTES:
1. Lead spacing tolerance is non-cumulative.

2. Exact body and lead configuration at vendor's option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘L’ PACKAGE: 16-Lead Small Outline (SOIC)
DIMENSIONS IN MILLIMETRES

DIMENSIONS IN INCHES
(Based on 1in. = 25.4 mm)
't/\imf’ 'V\ﬂo‘)
I 4 4
22 8

15 14 13 12 11 10 9

W
;;t—_l 12345 8l "y
7 S e HEHBBEEE 4 T
0.071 to. 004 4 H

0.055 10.5 b
10.1 Dwg. No. A-12,665 MM

8|

1 2 3 45 6 7

0.413
0.3%
Dwg. No. A-12,665 IN
%@% i
| o050 0 Ly 0.2
o 0l

. 0.008
0.09 e 5.8 NE Small

0,015

‘M’ PACKAGE: 8-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
(Based on 1in. = 25.4 mm)

035
021

0.014
0008

8 7 6 5
- LA T T
0.260 0310 660 787
0.240 t
- 0.290 Gj—o 737 ]
—t ! 15 INDEX AREA BT O ! 150
o° 165 J‘L_Z 102 REF of
— 2542025
NOTE 1

INDEX AREA—
00es__|'|.2 _j-—“;‘omo REF
0035 1—0.100 ¢ 0.010
0 NOTE 1 089 9
8T "
0.200 MAX
. 508 MAX
SEATING PLANE LEADS 1, 4, 5. SEATING PLANE LEADS 1, 4, 5,
a AND 8 AT — AND 8 AT
@ VENDOR'S OPTION E? VENDOR'S OPTION
0020 ; 051 I
MIN 254 MIN.

Mo

[~

Do
Do

4o
0

©

MIN
.58
0.39

Dwg.No. A-5842D IN

0100
0023 MIN.
0015

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

3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘R' PACKAGE: 14-Pin Ceramic Dual In-Line

DIMENSIONS IN INCHES
0.014
0.008
141312 1110 9 8
¥ AARAARABA
0.280 0.310)
0.240 0.290)
L ) 15°
iNDEx Area_J| B T H BT LTEH o
0.065 _] L_ .. 0.075 REF.
0.035 | 0.785 — 0.100 0,010
0.735 NOTE |
0.200 MAX. g

N
r—SEATI G PLANE

T

MIN. 0.023 0.100 MIN.
0.015

Dwg. No. A-78948B in

DIMENSIONS IN MILLIMETRES
(Based on 1 in. = 25.4 mm)

0.35
0.21
1413 1211 10 9 8
ARARAA
¥ f
7.1 7.87
6.10 7.37
i - i o
Zp=n= L
INDEX AREA S| T BT T ETETEHE —
l.os_jL__ feol 190 REF.
0.89 19.98 [ 2.5410.25
18.67 NOTE |
5.08 MAX.

r SEATING PLANE

Bt LaLAL =S

0.58 2.54 MIN,
”"“ 0.39

Dwg. No. A-7894B mm

‘R' PACKAGE: 16-Pin Ceramic Dual In-Line

DIMENSIONS IN INCHES

0.044 0014
0.028

0008
1615 14 13 1211 10 9
AAAARAAATR _
o280 0.310 15°
0240 0290 0°
INDEX ARE UUOTUUUU I B 4y
1203456 78
0.065 | 0.100+¢ 0010
0.035 0.785 NOTE 1
0.735
0,200 MAX

SEATING PLANE

% / qu Min
0.020

MIN.
«"—— %922 -’ [—0.025 REF, Dwg. No. A-10.549 in

NOTES:
1. Lead spacing tolerance is non-cumulative.

DIMENSIONS IN MILLIMETRES
(Based on 1in. = 25.4 mm)

L ]_ 0.35
072

16 15 14 13 12 11 10 9
AANAANANAARN

——

7.87 159

1 Z 737 0°
A‘LpZRE fUUoUUY -+ - b
1.65 11203 456 78| 2532025 ﬁ
0.89 19.93 NOTE 1

18.67

5.08 MAX

7.0
6.

INDEX

L J=

SEATING PLANE

Wi“ h
0.5 MIN
«”»?;ii -‘ b 0.64 rReF Dwg. No. A-10,549 mm

2. Exact body and lead configuration at vendor's option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION

‘R' PACKAGE: 18-Pin Ceramic Dual In-Line

DIMENSIONS IN INCHES
9014
0.008
IB|7I6I5I4IF31;%II.1IR
ARARA ——
36 7 835
12§ .

/ IERZRZR Rz AR )

A

INOEX ARE |Lzsqss1as 70-
0.065
=== 0.915 -~ 0.100 # 0,010
0035 6865 NOTE 1

200 MAX
/-SEAT|NG PLANE

Z 0.100
W T
0020 ‘j:

I

DIMENSIONS IN MILLIMETRES
(Based on 1 in. = 25.4 mm)

pARl
10 &)

I=mrar

INDEX AREA L.’C}%’?Ls’}“ér 8 9 70'
165 .
gl e kg

508 MAX

I SEATING PLANE

051 MIN

+ e

Dwg. No. A-10,548 mm

‘R' PACKAGE: 22-Pin Ceramic Dual In-Line

MIN.
—'ﬂ’_%‘%ﬁ '4 W Dwg. No. A-10,548 in
DIMENSIONS IN INCHES
0.014
0,008
2221 201918 1716 15 14 13 12
0390 0410
0.300 0390
l“ ._115‘

INDEX AREA™ | G S o S 6 7 & 9 10.1 | 0.050REF 0°
99es 1120 - 0.100+0.010 7
! 1050 NOTE 1
0.200 MAX.
[ SEATING PLANE

0.020
MiIN. 0.023 ©0.100 MIN.
_'”"‘ 0.015

Dwg. No. A-11,620 IN

NOTES:

1. Lead spacing tolerance is non-cumulative.

DIMENSIONS IN MILLIMETRES
(Based on 1 in. = 25.4 mm)

035
0.21
2221201918 17 16 15 1413 12
9.91 i0.41
7.62 9.9
_‘1 } s

INDEX AREA 2y s e 89100 L27REE o*
Les 28.45 - 2.54 £0.25 7
26.67 N%TE [
5.08 MAX.
SEATING PLANE

#Wﬁt

MIN. X 2.54 MIN.
-+ 338

Dwg. No. A-11,620 MM

2. Exact body and lead configuration at vendor’s option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.



PACKAGE INFORMATION

‘U’ PACKAGE: 3-Pin Plastic Single In-Line

DIMENSIONS IN MILLIMETRES

DIMENSIONS IN INCHES
Based on 1" = 254 mm

0.178 :g~ggg—-1
g 0.010R
¢ l. R r Ry [P
5,018 C RANE) !

I\ - uv R —l 0.061%0.002 Oizﬁ C == 1/._

] ' k T u.;] 1.5420.0%
Sl | :

P— 0.162 2° T%"“" i
! T____J—=_ ! I-— 4.12 —= 20
: NOTE 1 ! -{———J“““‘—"
s | NOTE |
047823888 -~ + - — = + /
. N N
~4- /ﬂﬂ'aer 4.52:35% - -4 Hf—
i 20 ., -J€-0.00 T + + -+ i
B T R i (2 & N . |
0.079 ! l 0.018 'H“0.00I 3 L I' L { o.;s
! ' 201 ! ’ 048 a”-— 0.03
0.500MIN. | |
0.0l6 12.70 MIN.
o[ 0014 0.41
0.050 1
—=fl=-0.36
0.100 1.27
2.54
Dwg. No. A-11,901 MM

Dwg.-do. A-1i,3G1 IN

NOTE: Lead diameter is controlled in the zone between 0.050” (0.13 mm) and 0.250” (6.35 mm) from the seating plane. Between 0.250"
(6.35 mm) and 0.500” (12.7 mm) from the seating plane, a maximum lead diameter of 0.021” (0.53 mm) is specified. Qutside of

these zones the lead diameter is not controlled.

‘W’ PACKAGE: 12-Pin Plastic Single In-Line

DIMENSIONS IN INCHES

1260 0.180
0020 120 o775 05, o 5”‘“' | 0055
e [0 H2e | [

LIS,

& F

ST =

12345|6739x0ulz oozzL
0, A
‘_O%NOTE 0.018"
1 0,080
0100 + 0010 000

Dwg.No. A-11,1388B IN

NOTES:

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

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

12-51

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

200
3150 196 6.2
051 1943 571

=TI, =

11234 5(67 89 10 059,
NOTE 1 0.6
65 076 203
o5 Q51 250 £ 025 e -

Dwg.No. A-11,1388 MM




PACKAGE INFORMATION

‘Z' PACKAGE: 5-Lead TO-220

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

DIMENSIONS IN INCHES

0420 0.190)
L__..'__... —{0.140— 10.66 4,82
o.161 0.380 4.08 5.66 ase[
0139 N -+ 0.0855 354\ 139
N 0.020 ) 1=
¥ o3 T 342 ot
0.270 0:100 2.54
X 4 [ 6.85 2. ) I
o.z‘ao T s.85 1
. 4
0.650 | 16.51 |
0.560 | 14.23
- | L |
0.us |
0.080 o
0.580 14.73 |
0.500 0.045 12.70 | 14
o.012 | o
3 23

4 n - i 4
1
0134 ___l._.l 0.045 340 ! 114
‘l 0.020 ———L—-|~l L——M,

= 6.80

Dwg. No. A-10,460 in Dwg. No. A-10,460 mn

'ZH' PACKAGE: 5-Lead TO-220
(Horizontal Mount)

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

DIMENSIONS IN INCHES

0.161 0,420 0.190 4.08 10.66 4.82
0,139 43,380 " "’0.140‘:055 —"3‘54—\"_——”.66 —*l356 “' .
v N | a5 50— ' | >l le—
3 0.135 +020 0.51
0.270 0.100 _ _ b 6.85 2.54 | 1. | .
0,230 T 5.85 f
v v ’
0.650 ’ -
~ 16.51 )
0.360 < @ 14.23 N X
0
~ 0,045 2 1.14
123465 ° 0.012 ﬂﬁﬂﬁl | 0.31
0.134 | L >l 0,045 — 3.40 L 114
r '] 0,020 0,24 l0.51 > 6.4
0.268-p 0.33 6.80 > 8.4

NOTES:

1. Lead spacing tolerance is non-cumulative.

Dwg. No. A-10,462B IN

/

/

/

2. Exact body and lead configuration at vendor's oﬁtion within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.

Dwg. No. A-10,462B MM



PACKAGE INFORMATION

‘ZV' PACKAGE: 5-Lead TO-220
(Vertical Mount)

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
{ Based on 1" = 25.4 mm

0.161 0.420 0.190) 4.82
0.139 “ 0.380 ™ ‘ﬂo.uc —»f 3l56e—
0.055 1.39
v | | 0.020 "I 14551
$ 0.135
0.270 0.100 — —_—— — — —_
0.230 f
v

16.51
14.23

0.90
0.70
0.62

02

|
Ll AL

e 0:045
0.012
0.045 »l0.19 LM 4.9 e
0.134 lﬂm 3.40 0.51
0.268 — 0.34 6.80 8.6 b

Dwg. No. A-10,461B IN Dwg. No. A-10,461B MM

T — —
1>

{ — — m—
1

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Lead gauge plane is 0.030” (0.76 mm) max. below seating plane.
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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 specifications as may be
required to permit improvements in the design of its products.
Components made under military approvals will be in accord-
ance 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.




Sprague Electric Company

A unit of the Penn Central Corporation
INTEGRATED CIRCUITS DIVISION
115 NORTHEAST CUTOFF, WORCESTER, MA 01606
TEL.: (617) 853-5000

DISCRETE SEMICONDUCTOR AND SENSOR DIVISIONS
70 PEMBROKE ROAD, CONCORD, NH 03301
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