






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R, 

c 

OWG.NO. A-IO.075A 

Figure IDA 

If it is desired to have period tl equal to or greater 
than period 1" a slight circuit change is required as 
shown in Figures lOA and lOB. In either of these 
configurations the following design equations apply: 

tl = 0.12(R, + R3) C 
t2 = 0.17 (R, + R2) C 
f _ 3.45 ... 

- (Rl + 0.58 R2 + 0.41 R3) 

The output will be symmetrical �(�t�l�~�=� .1,) wben 
R3 = 0.42 R, +1;42 R2 

In each of these astable multivibrators certain limi­
tations should be noted. 

A. Any d-c load connector to VOUT will change 
the period tl because of the loading effect on R2• 

�F�o�~� this reason, the output should probably be 
taken from VOUT. 

B. The circuit of Figure lOA has a diode voltage 
drop in the RC timing network and is therefore 
not recommended for use with very low supply 
voltages. 

C. The capacitor leakage current can be sig­
nificant for large values of R, and, as an ex­
treme, can cause the trigger ·to "latch up." 

c 

TRANSISTOR ARRAYS 
and MISCELLANEOUS DEVICES (Continued) 

DWG.NO. A-lO.076A 

Figure lOB 

Monostable Multivibrators 

The basic monostable multivibratoris shown in 
Figure 11. In the quiescent state, the itiput and the 
output are both "low." If a trigger is applied that 
raises the input to the Schmitt trigger threshold, V oU'!' 

will go "high," applying V cc back to the input fora 
period t = 0.6 RC if resistor R is much greater in 
value than RL. The 1 Mil resistor prevents loading of 
the network by the trigger. 

In this circuit, the output loading of RL is desira­
ble, provided the device output current rating is not 
exceeded. The trigger input voltage should be be­
tween 0.66 Vee +0.7 V and Vee' and the trigger 
pulse width must be less than the output pulse width. 
Output pulse widths of �l�O�~�s� to 100 seconds are 
possible. The input pulse width should be at least 
10 ns. 

Where output pulse �~�~�t�h�J�I� are shorter than the 
trigger pulse width, the cUellit shown in Figure 12 is 
used. In this application, only the lea4ing edge of the 
trigger pulse is used after being differentiated by one 
Schmitt trigger. The .. time constantS of the differ­
entiated leading edge then determine the output pulse 
width as tl = 0.6 Re. 

As before, resistorR is much 'greater in value than 
RL, the trigger input voltage must be between 0.66 
Vee and Vee' the trigger pulse width must be greater 
than the output pulse width. In addition, to insure 
that the timing cap.llcitor completely discharges, 
period 1, should be at least'five times period tl . 
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TRANSISTOR ARRAYS 
and MISCELLANEOUS DEVICES (Continued) 

V,. L-.J.--w,.---........ --o VOUT 

v,_ 

V 
TRIGGER 

DWG.NO. A-IO,a77A 

Figure 11 
MONOSTABLE MULTIVIBRATOR 

Vee 

Figure 12 
MONOSTABLE MULTIVIBRATOR 

RL 

RL 

V, 

VOUT 

o 

"n 
',-" I 

Vee -

V,. 

V" 

v, 

VCIIUTI 

Veo 

O.55Vce 

V, 
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Number of 
Cylinders 

1 
2 
4 
.6 
8 

10K 

c 

DWELL 
ImA 

Approximate Resistor Values in Ohms 
-~ ~ ~ 
. 120 1000 400 k 

240 2000 400 k 
240 4000 200 k 
240 6000 133 k 
240 8000 100 k 

TACH 
ImA 

Figure 13 
TACHOMETER/DWELL METER 

10K 

O"'B.kO.A-IO,083 

! 

V. 

10K 

V, 

'loUT 

VOUT 

Figure 14 
MISSING PULSE DETECTOR 
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TRANSISTOR ARRAYS 
and MISCELLANEOUS DEVICES (Continued) 

DW6. "0. A-IO,082 



TRANSISTOR ARRAYS 
and MISCELLANEOUS DEVICES (Continued) 

lOOK 
R. 

Vee = 2..5-8V 

VCC ·2.2-8V 

ULN-330SM 

Vee. 2.2 - 10V 

'Adjust to Obtain Bistable Operation 

Figure 15 
TOUCH-CONTROLLED SWITCH 

10K IK 

270 
.Il. 

V. ~ 
j.--t .60ms_1 

~ 
f'3136Hz 

D\I/G. NO. A-tO.086 

C1 is chosen for burst frequency, f = 
C1 (R1 + R2) 

3.45 

C2 is chosen for burst duration, t = 0.6 R2 C2 

OWG. ~O. A-IO.087 

Figure 16 
TONE-BURST GENERATOR 

SHUTTER 
SOLENOID 

Choose C1 to match photocell characteristics. 
Choose Rl to match shutter characteristics. 
Choose R2 for desired flash timing (S2 closes in flash mode). 
At t = 0, shutter is released, Sl opens. 

Figure 17 
PHOTO INTEGRATOR 
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Vee ~ 2.2 -IOV 

1M 

t = 0.97 R C Typical (see Figure 7). 

Figure 18 
BASIC RC TIMER 

Vee = 2.2 - 12V 

OWG. NO. A~ 10, 089 

DWG,NO. A-10,09QA 

Note: Add resistor at "X" for symmetry (see Figure lOB) when 
VIN = O. 
The peak-to-peak signal input must be less than 
VIN!H) - VIN!l) or clipping will occur. 

Figure 19 

TRANSISTOR ARRAYS 
and MISCEllANEOUS DEVICES (Continued) 

Vee • 2.2 -IOV 

~WG. :.0. A-IO.092 

R, and R2 may be interchanged for opposite logic (see Figure GA). 

Figure 20 
LIGHT-ACTUATED SWITCH 

DUTY 
CYCLE 50 
% 

f '" 31.4kHz 

50 95 50 

D~'''. NO. 

PULSE-WIDTH MODULATOR/CLASS 0 AMPLIFIER 
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TRANSISTOR ARRAYS 
and MISCELLANEOUS DEVICES (Continued) 

100mA 
INDICATOR 

Vee ' 2.2 - 8V 

3450 Hz 10K 

= 

10K 

10K 

Note: A-C coupling to probe is used to prevent electrolysis. Output 
duty cycle is 50% unless peak detector is inserted at "X." 

~I 11 ' 
1M -= J 0,001 fJF 

Figure 21 
LIQUID-LEVEL DETECTOR 

VIN 

Vee = 2..2 -7V 

D"'G. MO. A_IO.09 0! 

I - VCr;-VCE 
OUT - R 

Output current temperature coefficient: 

A loUT = 0.002 AT 
R 

Where lour is in amperes, T is in °C, and R is in ohms. Pins 5 and 7 
are tied together for single control input. If separated, the VIN(51 and 
V1N(7) must both go "low" to obtain lour. 

Figure 22A 
CURRENT MIRROR 
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Figure 228 
CURRENT MIRROR 

D"G. NO. A-IO,095 
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CUSTOM CIRCUIT DESIGNS 

Sprague is active in the design of standard and 
custom high-volume integrated circuits and subas­
semblies for both linear and digital applications. A 
wide range of semiconductor technologies is avail­
able to optimize cost and performance. Often, new 
processes or innovative circuit designs are required. 

The first concern of a designer of a custom device 
is generally one of cost, though performance, relia­
bility, size, and process are also important considera­
tions. 

Production Volume: Unit cost is dependent on quan­
tity. A minimum volume of $250,000 per year is 
required after the initial design and development. 

Chip Size: Unit cost is directly affected by chip 
size, which is related to circuit complexity, output­
current and output-voltage ratings. 

Test Requirements: Logic, d-c. and static meas­
urements are simple, fast, and inexpensive to per­
form, while linear measurements such as those for 
distortion, phase and noise affect production rates 
and increase cost. 

Specifications: Well-defined specifications can 
expedite circuit design. Excessive or arbitrarily tight 
specifications will reduce yields and increase cost. 

Typical Custom Design Schedule 
Task Time in Weeks 

Define Specifications 
Circuit Design 
Breadboard Construction 
Breadboard Approval 
Circuit layout 
Prototype Construction 
Production Pilot Run 
Production Volume 

2 to 10 
2 to 8 
3 to 4 
2 to 8 
3 to 8 

8 to 12 
12 to 16 

Total 32 to 66 weeks at an engineering cost of between $20,000 
and $50,000, not including special test hardware or assembly 
tooling. 

TranSistors: 

Resistors: 

Capacitors: 

Diodes: 

Other: 

Integrated Component Capability 

NPN - Beta to 300, BVCES to 120 V, fl to 500 MHz 
PNP - Beta to 40, BVcEs to 100 V, fl to 4 MHz 
CMOS - V1H 0.8 to 2.5 V, BVos to 18 V 

Diffused - 5fl1D, to 1000, 100 V 
175n/D, to 100 kO, 100 V 

Ion Implant- 500fllDto 4 kO/o, to 4 MO, 20 V 
Thin Film - 2kO/o, to 2 MO, 250 V 
Aluminum - 0.025fl1o, to l.OO, 150 V 

Junction - 0.1 pF/mil2, to 30 pF, 100 V 
0.3 pF/mil2, to 100 pF, 12 V 
0.9 pF/mil 2, to 300 pF, 6 V 

MOS - 0: 1 pF/mil2, to 30 pF, 50 V 
0.2 pF/mil2, to 50 pF, 20 V 

Zener - 5.7 or 7.0 V, ±0.3 V 
Photo - 0.5 AlW or > 300 nA/fc at 800 nm 
Schottky-O.l toM Vat 1 pA, 0.3to 0.6 Vat 1 rnA 
Small Signal - BV = 7.0 V 
Varactor - Co/Cs "" 2 

SCRs - to 1 A, to 60 V 
PUTs - to 1 A, to 60 V 
12l - Propogation delay typically 100 ns 
BiMOS - High-power bipolar plus low-power MOS 
Hall Cells - 35 mV/kG 

Application Areas of Sprague Expertise 

TV - NTSC or PAL, video, chroma, sound, sync, 
I-F 

Toy - sound generators and amplifiers, optolinear, 
timers, controls 

Camera - photodiodes, light integrators, timers, 
controls 

Transistor Arrays - small-signal, control, high­
current, SCR 
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Control - Schmitt triggers, timers, Hall cells, 
switching regulators, motor drivers 

Radio - A-M, F-M, F-M stereo, A-M stereo 
Safety - GFl, smoke detectors, burglar alarms 
Audio - 250 m W to 10 W, mono and stereo 
Automotive - controls, monitoring, safety, radio 
Interface - display drivers, Hall cells, optolinear 
Military - communications, fuze, interface 
Computer - interface to ±115 V or 2 A 



SPRAGUE SEMI-CUSTOM, 
HIGH-VOLTAGE INTEGRATED CIRCUITS 

Spragu~ semi-custo.m integrated circuits fo.r 
transient-pro.ne. enviro.rtments· such as automo.biles 
and industrial co.ntro.ls include co.mpo.nents that can 
be used to. pro.tect o.peratio.nal circuitry from vo.ltage 
surges o.f up to. 500 V. ' 

Fabricatio.n o.f a semi-custow. integrated circuit 
begins with the user's design for interco.nnecting 
metal that transfo.rms unco.mmitted co.mpo.nents o.n a 
finished wafer into. a dedicated and lSoginal circuit. 
Amo.ng co.mpo.ne~ts available to. users o.f Sprague 
semi-custo.m arrays are po.wer transisto.rs with a 
B V CBS o.f mo.re than 80 V, a minimum o.f 53 diffused 
resisto.rs and 140 thin-fIlmpblysiliconresisto.rs, ca­
pacito.rs fo.rmed by buried-Iayetand iso.latio.n diffu­
sio.ns, vertical P~ transistors as well .as NPN and 
lateral PNP transis.tors,andemitter~iso.latio.n Zener 
dio.des with a nominal breakdowlivoltage o.f5.8 V. 

Po.wer transisto.rs in the compo.nent arrays can 
withstand lo.ad-disconnect transients o.f auto.mo.bile 
alternato.rs (80 V, 200 ms) witho.ut the use o.f Zener 
dio.de clamping circuits. 

The greater part o.f the resistive element o.f the 
arrays is ma<4;: up o.f dielectri.callY is()lated thin-film 
resisto.r.s that~. with their' high resistive values and 
their ability to ~thstandtra~sientsashighas 500 V, 

Figure 1 +v 

IB'~ 
111112 

Figure 3 
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can be used to. limit peak transieJ;H ,currents. 

Because these polysilicon resisto.rs are no.t po.larity 
sensitive (no. PN junctio.n is fo.rmed by the thin-fIlm 
manufacturing pro.cess), they are inherently pro­
tected fro.m damage by vo.ltage-supply reversal. The 
high values o.f resistance available with these co.m" 
po.nents are particularly useful in applicatio.ns requir­
ing lo.w levels o.f po.wer dissipatio.n and standby cur-
rent. . 

The arrays alSo. have capacitive elem,ents with typ­
ical values o.f 80 pF fo.r use in applicatio.ns requiring 
supply stabilizatio.n o.r no.ise suppressio.n: 

Vertical PNP transisto.rs, with (lurrent~gain typi­
cally two. o.r three times greater than the. hFE oflateral 
PNPs, co.mplement the arrays' standard set o.f NPN 
and PNP transisto.rs. Vertical PNPscan'be used in a 
current-mirro.r (Figures 1 and 2) to reduce erro.r in­
troducedby base currents froID: 20% to. lesS. than 1 %. 
The devices can alSo. be 'used in a'iHfferential 
amplifier co.nfiguratio.n (Figure 3)to decrease base-
currenLrequirements. ,. .' 

Mo.reco.mpiete info.rmatio.n on dwelo.pment of 
these semi-custom,. high-vo.ltage integrated circuits 
is presented.inSprague Technical Paper. TP 81-3. 

+v 

. Figure 2 

Dwg. No. A·11,441 
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ULN·2350C and ULN·2351C 

ULN.2350C and ULN.2351C 
TUFF CHlpTM SEMI·CUSTOM INTEGRATED CIRCUITS 

PRELIMINARY INFORMATION 
(Specifications Subject to Change Without Notice) 

FEATURES 

- BVCES = SO V Min. 
- 250 mA. Outputs 
• 500 Volt Resistors 
- High·Gain PNP Transistors 
-SO 'pFCapacito~ 
- Time and Cost Savings 

TUFF CHIP SEMI-CUSTOM integrated cir-
cuits offer substantial time and cost' savings 

for custom circuit .applications requiring from 
5,000 to 200,000 pieces. This is an area that 
previously was met by hybrid circuits and, in 
some cases, by printed wiring boards .. 

The TUFF CHIP. $emi~custom approach 
utilizes a standard array of components 
fabricated on a single silicon chip: the ULN-
2350C contains'· 480 separate elements; the 
ULN-2351C provides 276. Besides the tradi­
tional complement. of NPN and lateral PNP 
transistors, high-gain vertical PNP 'transistors 
are included. 

The user lays out the interconnecting circuit, 
similar to a printed wiring board layout, on 
sheets provided by Sprague Electric. The art­
work is checked by Sprague engineers, and used 
to generate the customer's proprietary metal 
mask. Finished circuits' are electrically probed 
and visually inspected. Chips are tray-packed for 
hybrid circuit manufacturers or are mounted in 
plastic, ceramic, or hermetic dual in-line 
packages with from 8 to 28 pins. 

TUFF CHIP components are optimized for a 
minimum BV CBS of 80 volts. Two or four 250 
rnA power transistors are provided, and these 
may be paralleled for high current requirements. 
On-chip transient protection of sensitive circuit 
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89 :x 104 mils 
2.26 x 2.64 mm 

ULN·2351C 

104 x 150 mils 
2.64 x 3.81 mm 
ULN·235OC 

components utilizes deposited film resistors with 
breakdown voltages higher than 500 volts. On­

. chip capacitors may be used for noise suppres­
sion or filtering. 

Circuit users can expect prototypes six to ten 
weeks after submitting initial artwork; produc­
tion quantities can be shipped eight to ten weeks 
after prototype approval. 



ULN·2350C and ULN·2351C 

ELECTRICAL CHARACTERISTIG atTJ = + 25°C COMPONENT LIST 

LIMITS Number of Devices 
MIN. TYP. MAX. UNITS UlN-2350C UlN-2351C 

Small·Sls nal NPN Transistors Small-Signal 

hFE at Ic = 1.0 rnA 50 150 200 - NPN Transistors 70 38 

Matching of hFE - 10 20 ±% 
BVCEO at Ic = 100 ,..A 30 46 - .. 

V 

NPN Power 
Transistors 4 2 

BVCES at Ic - 100 ,..A .... 80 100 - V 
BVEBO at IE =100 ,..A 6.9 - 7.7 V 
RSAT at 16 = 100,..A . 

(with plug) - 300 - '. Q 

lateral 
PNP Transistors 27 14 

Vertical 
PNP Transistors 10 7 

Cutoff Frequency - 500 - MHz 
Useful Current Range .. 0.1 - 10k ,..A 

NPN Power Transistors 

hFE at Ic == 200 mA 50 ........ 150 200 -
BVCEO at Ic - 100 ,..A .. ' 30 40 - V 

5.8 V 
. 

Zener Diodes 5 2 

80 V : 

Zener Diodes 20 .. 15 

Base Resistors: 
200Q 10 5 

BVCES at Ic = 100 ,..A 80 100 - V 450Q 20 12 
VCE(SAT) at Ic = 250 mA - - 1.4 V 900Q 20 12 
Useful Current Range 2.0 - 250 mA 1.8 kQ 20 12 

Lateral PNP Transistors 3.6kQ 20 12 

hFE at Ic = 100 ,..A 15 30 : - -
BVCEO at Ic = 10 ,..A 60 80 - V 

D.eposited. Film 
Resistors: 

2.0 kQ 16 8 
Cutoff Frequency - 3.0 - MHz 4.5 kQ 58 33 

Vertical PNP Transistors 9.0 kQ 48 28 

hFE at Ic = 100 ,..A 30 60 - -
BVCEO at Ic = 10 ,..A 50 - - V 

18 kQ 50 29 
36 kQ 72 42 

Passive Components 

Resistor Tolerance - - 30 ±% 
Resistor Matching 

80 pF 
Capacitors 10 5 

Bonding Pads 28 19 

(1:1) Tol. - 1.0 3.0 ±% 
BV - Base Resistor to 

Substrate - 80 - V 
BV - Deposited Film 
Resistor to Substrate 500 - - V 
Capacitance Tolerance - 40 - ±% 
BV - Capacitors 12 - - V 

ID 
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Optional Package CCipabilities 

Standard integrated circuits from Sprague Electric Company are most 
··often furnished in packages meeting indllstry or military standards (JEDEC 

TOe87, TO-91, TO-99~TOclOO, or TO-116, orMIL-M-3851O). However, 
on special order, other packages or assemblies of packaged devices cah also 
be supplied. A few special order devices are illustrated above, including 
special heat sink tabs, subminiature plastic packages, printed wiring boards, 
flexible circuits, and complex assemblies. Devices with photodiodes are 
furnished in clear plastic cases. 
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SECTION 12 - PACKAGE INFORMATION 

Package Thermal Characteristics ...................... 12-2 
Thermal Design for Plastic Integrated Circuits ............. 12-3 
Computing Integrated Circuit Temperature Rise ............ 12-9 
Operating and Handling Practices for MOS Integrated Circuits 12-13 

Package Drawings: 
SuJfix 'A' Plastic Dual In-Line ...................... 12-14 
Suffix 'B' Plastic Dual In-Line with Heat Sink Semi-Tabs .. 12-16 
Suffix 'C' Unpackaged Chip or Wafer ..................... . 
Suffix 'H' Glass/Metal Hermetic Side-Brazed Dual In-Line .. 12-17 
Suffix 'J' Glass/Metal Hermetic 14-Lead Flat-Pack ....... 12-19 
Suffix 'M' Plastic Mini 8-Pin Dual In-line ............. 12-20 
Suffix 'Q' Plastic Quad In-Line with Heat Sink Tabs ...... 12-20 
Suffix 'R' Glass/Ceramic Hermetic Dual In-Line ......... 12-21 
Suffix'S' Plastic Mini Single In-Line ................. 12-22 
Suffix 'T' Plastic 3-Pin Single In-line ................ 12-23 
Suffix 'W' Plastic 12-Pin Single In-Line Power Tab ....... 12-23 
Suffix 'Y' Plastic Head TO-92 Transistor ............. 12-24 
Suffix 'Z' Plastic 5-Lead TO-220 Single In-Line Power Tab . 12-24 
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PACKAGE INFORMATION (Continued) 

Package Thermal Characteristics 

Package Frame R8JAt 
Designator Package Type Material (OC/W) 

A 14-Lead Plastic DIP Copper 60 
A 16-Lead Plastic DIP Copper 60 
A 18-Lead Plastic DIP Copper 55 
A 20-Lead Plastic DIP Copper 55 
A 22-Lead Plastic DIP Copper 50 
A 28-Lead Plastic DIP Copper 40 

B 8-Lead Webbed Copper 75 
B 14-Lead Webbed Copper 45 
B 16-Lead Webbed Copper 45 

H 8-Lead Hermetic Kovar 120 
H 14-Lead Hermetic Kovar 90 
H 16-Lead Hermetic Kovar 90 
H 18-Lead Hermetic Kovar 75 

J 14-Lead Flat Pack Kovar 140 

M 8-Lead Mini DIP Copper 80 

Q 16-Lead Quad In-Line Copper 45 

R 14-Lead CerDIP Kovar 75 
R 16-Lead CerDIP Kovar 75 
R 18-Lead CerDIP Kovar 65 

W 12-Lead Power Tab SIP Copper 
y 3-Lead Transistor Copper 310 

Z 5-Lead Power Tab SIP Copper 40 

38 
38 
25 
25 
21 
16 

l3* 
13* 
13* 

40 
20 
20 
20 

80 

55 

13* 

3.0* 

170 

4.5* 

The data given is intended as a general reference only and is based on certain simplifications such as constant chip size, standard bonding methods, and 
an allowable + ISOaC junction temperature. Where differences exist, the detail specification takes precedence. 
tG8JA = lIR8JA and G8JC = l/R8JC 

-R8J1 
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PACKAGE INFORMATION (Continued) 

THERMAL DESIGN FOR 
PLASTIC INTEGRATED CIRCUITS 

pROPER THERMAL DESIGN is essential for re-
liable operation of many electronic circuits. 

Under severe thermal stress, leakage currents in­
crease, materials decompose, and components drift 
in value or fail. Present-day linear integrated circuits 
are capable of delivering 5 to 10 watts of continuous 
power. Previously, such· power levels came only 
with discrete metal can power transistors. It was 
relatively easy to determine the thermal resistance of 
these devices and attach a massive heat sink. How­
ever, in many markets, economic factors now dictate 
the use of molded dual in-line plastic packaged 
monolithic circuits. The guidelines to be discussed 
will provide the circuit design engineer with informa­
tion on maintaining junction temperature below a 
safe limit under worst case conditions. 

Design Considerotions 

Four factors must be considered before the re-
quired heat-sinking can be determined. These are: 

I. Maximum ambient temperature 
2. Maximum allowable chip temperature 
3. lunction-to-ambient thermal resistance 
4. Continuous chip power dissipation 

Maximum ambient temperature for the integrated 
circuit is normally between + 70°C and +85°C and is 
usually dependent on the Case material. In most 
applications, however, the limiting factor is the as­
sociated discrete components and a limit of about 
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+ 50°C is specified. The maximum allowable chip 
temperature is usually + 150°C for silicon. 

Thermal resistance is the all-important design fac­
tor. It is composed of several individual elements, 
some of which are determined by the integrated 
circuits manufacturer, and some by the user. 

Chip Power Dissipotion 

The chip power dissipation should be obtainable 
from·the manufacturer's specifications. In most ap­
plications it is a variable and determined by the user 
when he specifies the circuit variables. 

A typical example is the Sprague Type ULN -2277 
dual 2-watt audio. power amplifier. Power dissipa­
tion is determined by the load impedance, the re­
quiredpeak output power, the acceptable amount of 
total harmonic distortion (THD), and the supply 
voltage (Vee). This is illustrated in Figures 1-3. Note 
that for a given supply voltage, the chip dissipation 
may be greatest at some point below the peak output 
power rating and must be considered. 

As shown in the figures, a peak output power of 2 
watts per channel with 3% maximum THD wOlild 
mean a chip power dissipation of about 2.7 Wand a 
V cc of 15 V with a load impedance of 4il, or 1.8 W 
and 15 V at 8il, or 1.4 Wand 19 V at 16il. In 
general, the highest load impedance for a given out­
put power is the most desirable (within the output 
voltage capability of the device). 



PACKAGE INFORMATION (Continued) 

o~o--------f--------+--------+-------~--------~ 

OUTPUT POWER PER CHANNEL IN WA"115 
Dwg No. A·ll,419 

Figure 1 

OUTPUT POWER PER CHANNEL I N WATTS 

Figure 2 
Dwg No. A·ll,430 

OLO--------~--------~--------~----------~------~ 

OUTPUT POWER PER CHNmEl IIIJ WI\TTS 

Dwg No. A·ll.431 
Figure 3 
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Heat Dissipation 

In any circuit involving power, a major design 
objective is to reduce the temperature of the compo­
nents in order to improve reliability, reduce cost, or 
improve operation. The logical place to start is with 
the heat-producing component itself. First, keep the 
amount of heatgenerated to a minimum. Second, get 
rid of the heat that must be generated. 

Heat generation can be minimized through proper 
circuit design. Heat dissipation is a function of ther­
mal resistance. 

With the typical discrete component, heat dissipa­
tion can be accomplished by fastening it directly to 
the chassis. Dual in-line plastic packaged integrated 
circuits, however, are quite a bit different. Their 
shape is not conducive to fastening directly to the 
chassis, they are normally installed in a plastic sock­
et or on a printed wiring board, and the heat produc­
ing chip is not readily accessible. 

Some users specify unusual packages so as to get 
the heat sink as close as possible to the chip and lor 
provide an attachment point for an external heat sink. 
A common factor in many of these special designs is 
that the lead frame is an integral part of the heat sink. 

Since the plastic package may have a thermal 
resistance of between 50 and 100°C IW and the lead 
frame a thermal resistance of only 10 to 20°C IW, 
this would seem like the best route to go. 

Standard Packages 

The most common lead frame material has been 
Kovar (an iron-nickel-cobalt alloy). Its coefficient of 
expansion is close to that of silicon thereby minimiz­
ing mechanical stresses. However, Kovar has a rela­
tively high thermal resistance and consequently is 
not suitable for standard lead frames in high power 
dissipation circuits. For these applications, copper or 
copper-alloy lead frames should be used. 
Additionally, some type of added heat sinking may 
be necessary. Thus lead frame configurations are 
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being altered from the standard 14-pin or 16-pin 
designs. 

Rapidly becoming an industry standard is the 
"bat-wing" package. This package is the same size 
as a 14-pin dual in-line package, but the center por­
tion of the frame is left as tabs, measuring about ~ /I 

square. These tabs can be soldered, welded, or 
bolted to a heat sink, or inserted directly into some 
sockets. The worst case thermal resistance of various 
lead frames (SJc) is given below. 

Lead Frame 

14-pin Kovar 
14-pin copper 
"Bat-wing" 

Thermal Resistance 

Which Heat Sink? 

47°C/W 
19°C/W 
lloC/W 

If the integrated circuit manufacturer has done his 
job well, the chip-to-ambient thermal resistance will 
be minimized for maximum chip power dissipation. 
It would appear that even the Kovar lead frame would 
be adequate for most applications. However, the 
total thermal resistance (8JA ) is also dependent on a 
stagnant layer of air at the lead frame-ambient inter­
face which will support a temperature gradient. The 
total thermal resistance of a non-heat sinked dual 
in-line plastic package is therefore much higher. 
Since air is a natural thermal insulator, maximum 
heat transfer is througLl convection and the total 
thermal resistance will decrease some at high power 
levels. 

Lead Frame 

14-Pin Kovar 
14-Pin Copper 
"Bat-Wing" 

Total 
Thermal 

Resistance 

120°C/W 
72°C/W 
50°C/W 

Max. Power Diss. (W) 
at 50°C TA, 150°C TJ 

0.83 
1.39 
2.0 

Ignoring any safety margin and deviceperfor­
mance, even the "bat-wing" is now only barely 
adequate for most applications. The obvious solution 
is the use of an external heat sink. 
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Referring to Figures 4 and 5, the thermal resist­
ance requirement of the· heat sink is found at the 
junction of the specified chip power dissipation and 
maximum ambient temperature. These curves are 
typical of those furnished in many monolithic inte­
grated circuit data sheets. Actual performance in a 
specific situation depends on factors such as the 
proximity of objects interfering with air flow, heat 
radiated or convected from other components, at­
mospheric pressure, and humidity. A good safety 
factor is therefore in order. 

l1f---+--+----!--+---+----+--I-----l 

lOI~--+---+--I----+--~-~--~~ 
lH'lN COPPER LEAD FRAN( 

GJc: 190CIW 

AMBIENT TEMPERATURE IN 0e 

Figure 4 

AMBIENT TEMPERATURE IN °c 

Figure S 

Owg No. A·ll,432 

Owg No. A·ll,433 
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Heat sinks for plastic dual in-line packages can be 
of almost unlimited variety in design, material, and 
finish. Economics will normally playa very impor­
tant role in the selection of any heat sink. 

The least expensive and easiest to fabricate heat 
sink is the plain copper sheet. It is also very effective 
in reducing the total thermal resistance. The neces­
sary dimensions can be obtained from Figure 6. 
These heat sinks are square in geometry, 0.015 inch­
es thick, mounted vertically on each side of the lead 
frame, and with a dull or painted surface (Figure 7). 
The heat sinks should be soldered directly to the lead 
frame (approximately 0.3°e /W interface thermal 
resistance). 

The plain copper sheet heat sink is also available 
commercially and may be less expensive than in­
house manufacture. Two standard types are the 
Staver V7 and VS. 

10 

w 

" " ~ 
~ ~ 

'" u 
~ 
~ 
z I 
0 

~ 
~ 
5 

" z 

" ., 
'l! o. 1 

0,1 I 
eCA in °C PER WATT 

CASE 0 - 50 - 1000 C/W 

~JUNCTION 

SILICON Yo150C 

AMRIENT 

Figure 6 

Figure 7 

~ 

10 100 

Owg No. A-ll,434 
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Heat Sink Finishes 

Although plain copper is an effective heat sink, it 
is sometimes qesirable to have something that is 
more appealing to the eye. For this reason, and 
others, many heat sinks are either painted or 
anodized. 

The most common finish is probably black anodiz­
ing. It is economical and offers a good appearance. 
The black finish will also increase the performance 
of the heat sink, due to radiation, by as much as 25%. 
However, since anodizing is an electrical and ther­
mal insulator, the heat sink should have an area free 
of anodize where the heat-generating device is at­
tached. 

Other popular finishes for heat sinks· are irridite 
and chromic acid dips. They are economical and 
have negligible thermal and electrical resistances. 
These finishes, however, do not enjoy the 25% in­
crease in performance that a dull black finish has. 

Forced Air Cooling 

The performance of many heat sinks can be in­
creased by as much as 100% by forcing air over the 
fins. Where space is a problem, the cost of a small 
fan can often be justified. If a fan is required for other 
purposes, it is advantageous to place the semicon­
ductor heat source in the air flow. A rule-of-thumb is 
that semiconductor failure rate is halved for each 
lOOC reduction in junction operating temperature. 

Chip Design 

Proper thermal design by the integrated circuit 
user can reduce the operating temperature of the 
semiconductor junction. However, the minimum 
chip temperature at any power level is determined 
solely by the device manufacturer. For this reason, 
care must be taken in choosing the manufacturer. 
"Exact equivalent" integrated circuits are not neces­
sarily identical. Electrically and mechanically they 
may be the same, but thermal differences can mean 
that' 'identical" audio power amplifiers will not put 
out the same power without exceeding the rated 
junction temperature. 
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The circuit manufacturer must optimize his chip 
design so that component drift is minimized and lor 
equalized so that rated performance can actually be 
obtained under maximum thermal stress. 

Note in Figures 8 and 9 that the Darlington input 
differential pairs are cross-connected so as to 
minimize differences in gain as a function of output 
transistor power dissipation. Transistor Q., being 
closest to the output power transistors is naturally the 
hottest; Q3 is a degree or two cooler; Q[ and Q, are about 
equal and midway between Q3 and Q •. The gain of the 
Q[-Q, Darlington pair is about equal to the gain ofQrQ. at 
all output power levels because of careful thermal design. 

Figure 8 

Figure 9 
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In certain specialized applications, thermal cou­
pling can be used to a distinct advantage. Experimen­
tally, thermal coupling has been used to provide a 
low-pass feedback network which otherwise could 
be obtained only with very large values of capaci-
tance. ' 

The foregoing discussion has covered the average 
thermal characteristics oftoday's dual in-line plastic 
integrated circuits. The specific devices will vary 
with the different packages and bonding techniques 
employed, but the concepts will remain the same. 

APPENDIX 

The following is intended to review terminology 
and compare thermal circuits with the more familiar 
electrical quantities. 

The first law of thermodynamics states that energy 
cannot be created or destroyed but can be converted 
from one form to another. The second law of ther­
modynamics states that energy transfer will occur 
only in the direction of lower energy. In the 
semiconductor junction, the electrical energy is con­
verted to thermal energy. Since no heat will be stored 
at the junction, the heat will flow to a lower tempera­
ture medium, air. The rate of heat flow is dependent 
on the resistance to that flow and the temperature 
difference between the source and the sink. 

eLECTRICAL THERMAL 
CIRCUlf CI RCUIT 

r 
(VOLTSI 

l' 
(oCI 

(AM~ERESI j . ,R (OHMSI (WA~TSlj 8 (DC/WI 

E, (VOLTS I T, (oCI 

EI - £, = IR TI - T, = Q e 

Dwg No, A-ll,437 

Fig~re 10 

This thermal electrical analogy is convenient only 
for conduction problems where heat flow and tem­
perature obey linear equations. The analogy be­
comes much more complex for situations involving 
heat flow by convection and radiation. Where these 
two modes are not negligible, they can be approxi­
mated by an equivalent thermal resistance. If ig­
nored, the error introduced will only improve the 
device reliability. 

A simplified thermal flow diagram of a molded 
dual in-line package and heat sink is shown. The 
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thermal resistance of the lead frame-heat sink­
ambient is shown as a variable resistor, because this 
is under the control of the user and may be varied 
over a considerable range. 

, , , 
THERMAL RESISTANCE ~ 
OF PLASTIC CASE '? , ' , ' 

i 
THERMAL RESISTANCE ::' _~' 
OF PRINTED WIRING 
BOARD OR SOCKET I ' 

! ! 
L _____ .. __ _ 

;---Q = i~g~~:LO~~~E~N I~A~W;S 
TJ ~ JUNCTION TEMPERATURE 

BJC = THERMAL RESISTANCE 
JUNCTION - LEAD fRAME 

f)cs ~ THERMAL RES I STANCE 
LEAD fRAME - HEAT SINK 

6SA THERMAL RESISTANCE 
HEAT SINK - AMBIENT 

TA-AMBIENT TEMPERATURE 

Dwg No, A-ll,438 

Figure 11 

Material 

Silver 
Copper, Annealed 
Gold 
Beryllia Ceramic 
Aluminum 
Brass (66 Cu, 34 Zn) 
Silicon 
Germanium 
Steel, SAE 1045 
Solder (60 Sn. 40 Pb) 
Alumina Ceramic 
Kovar (54 Fe, 29 Ni, 17 Co) 
Glass 
Epoxy 
Mica 
Teflon PTFE 
Air 

Thermal Resistance in °C/W 
for Unit Area/Unit Length 

0.09 
0.10 
0.12 
0.20 
0.20 
0.40 
0.50 
0.70 
0.80 
1.5 
2.0 
3.0 

40 
40 
50 

200 
2000 
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Computing IC Temperature Rise 

Reprinted by permission from the June 9, 1977 
iS$ue of MACHINE DESIGN, Copyright © 1977 by 
Penton/lPC Inc., Cleveland, Ohio. 

EXCESSIVE heat shortens the 
life of an IC and reduces its 
operating capability. Until re­
cently, ICs were capable of 
operating only in low-power ap­
plications requiring perhaps a 
few milliwatts of power. But 
now, new ICs handle several 
hundred milliamperes and 
drive devices such, as. relays, 
solenoids, stepping motors, and 
incandescent lamps. These high 
power levels may increase IC 
temperatures substantially and 
are capable of destroying de­
vices unless appropriate pre­
cautions are taken. 

Thermal Characteristics 

The thermal characteristics 
of any IC are determined by four 
parameters. Maximum allowa­
ble IC chip junction temperature 
TJ and thermal resistance R. 
are specified by the IC manufac­
turer. Ambient temperature TA 
and the power dissipation PlJ 
are determined by the user. 
Equation 1 expresses the rela-

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

Why Ie Temperatures Rise 

Ie temperature T,f is determined 
by ambient temperature T" 
heat disSipated P", and total 
thermal resistance Re. This 
total thermal resistance is 
comprised of three individual 
component resistances: 
chip Re , lead frame RI., 

and heat sink Rs. 

tion of these parameters. 

T J = TA + PlJR, (1) 

Junction temperature T J 

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

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

Thermal resistance Ro is the 
basic thermal characteristic for 
ICs. It is usually expressed in 
terms of °C/W and represents 
the rise injunction temperature 
with a unit of power applied in 
still air. (The reciprocal of 
thermal resistance is thermal 
conductance, or derating factor, 
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What the Curves Show 
The junction temperature of an IC depends on several factors. including tha thermal resistance of the IC and the 
operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying an IC. 

~ 
c 
e 

Thermal Ratings 
3.0.-~-·~ ". 

'[ 2.0 
~ 

<5 

~ 
&. 
~ 
~ 
~ 1.0 

~ 
~ 05 
;;; 

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

The highest allowable package power dissipation shown 
here is 2.S W. Other special-purpose DIP packages are 
available with power dissipation ratings as high as 3.3 W at 
O"C (AH 4S"C/W). If not for package limitations. IC chip 
dissipation might be greater than 9 W at an ambient 
temperature of up to 70"C. 

O~ ____ ~~~ __ ~ .. __ ~~~ 

Although the curve for plastic DIPs goes all the way to 
IS0"C. they ordinarily are not used in ambients above 85"C 
because of traditional package limitations. Hermetic DIPs 
are specified to temperatures of 12S"C. and at IS0"C the 
device should be derated to 0 W. The higher 
specification limits for hermetic devices is the result of 
their design for use in rigorous, high-reliability military 
applications. 

-75 -50 -25 0 ,25 +50 +75 +100 
Ambient Temperatura. r I ("C) 

Duty Cycle 
<400r------r.------~·~~·--·~~~~·-·····-··· .. -·--, 

S 

(; 

~ 
.3 
~ 200 
Q> 

Q,. 

Q> 

'is 
'" ~ 
52 

Duty cycle is important in calculating IC junction 
temperature because average power-not instantaneous 
power-is responsible for heating the IC. To convert from 
peak power to average power, multiply the peak power 
dissipation by the duty cycle. The average-powllr rating is 
then used with the thermal-resistance rating to calculate 
the IC Junction temperature. Thus. short dutycycles allow 
peak power to be high without exceeding the IS0"C 
Junction-temperature limit. However. this consideration 
applies only to ON times of less than 0.5 sec. 

;;; 100 .............. ~ .... __ ~ .... __ ~ .. .. 
20 40 60 80 IDa 

Duty Cycle, 0 (ptHCtmt) 

'---------,---------------

G. expressed as W/"C.) Tht>rmal 
resistance of an Ie consists of 
several distinct (!omponl'nts, 
the sum of which is thl' spl't'itit>d 
thermal rl'sistance. ~'or II typi­
cal IC, these compont>nts of 
thermal resistance lire 0.5"C/W 
per unit thicknt'sS of the sili('on 
chip, 0.1 to 3"C/W pt>r unit 
length of the ll'ad frame, lind up 
to 2,OOO"C/W per unit thit'kllt'ss 
of still lIir surrounding 1.Ilt' !l'. 

01 Ps lire used mon' t ha n n ny 

oth(,r type of Pllt'kagi ng for 
I(,s Ilnd IH'Wt'r t'oppt'r-alloy 
ll'ad franlt's providl' a supt'rior 
tht>rmal 'rating OVl'r tilt' stand­
ard iron-nit'kt'l-cobalt alloy 
(Kovar) lead fran\('s. Howt'ver, 
pow!'r I\'s an' also availahle 
in otlll'r pack,lgl's such as flat­
packs and 'I'O-typl' cans. 

TIlt' pOWl'r /'/> that an II' can 
SlIfl'ly dissipatt' usually dt'­
pt'nds on till' sizl' of tilt' II' chip 
and tilt' tYPI' ofpackag-ing-. Most 
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common ('opper-frame DIPs can 
dissipatp about 1.5 W, although 
sonw spt'cial-purpose types 
havt' I'I\tings as high as 5 W. 

Power Dissipation 
Total ((' pow,>r to b,> dissi­

patl'd dt'pt'nds on input curn'nt, 
output cUITl'nt, voltag., drop, 
and duty cyell'. Thus, 1'01" many 
industrial digital-l'ontrol (('s, 
logie-gatt' powt'1' 1', (typieally 
11'''s than 0.1 W) and output 



power Po must be determined to 
find the total power to be dissi­

'pated. Total power dissipation 
for these logic devices is the sum 
of PI andPQ • 

Pi == n (V cclcC> 

Po ~ n(VCR,S!T)Ic ) 

(2) 

(3) 

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

PACKAGE INFORMATION (Continued) 

POET from 

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

Pn == DPON + (I - D)POFF (4) 

of the Ie is calculated to be 
greater than the maximum 
values specified by the man­
ufacturer, device reliability and 
,operating characteristics possi-

Corrective Actions 
Ifthejunction temperature or 

the required power dissipation 

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

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

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

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

For power levels above2W, it may be necessary to use more 
than a single transistor if only the device saturation voltage 
and sink current are used. When higher power is desired, keep 
the output out of saturation. 

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

The IC junction temperature can be determined by 
comparing the voltage measurement with the internal power 
source against the voltage measurement with the temperature 
chamber. 
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bly will be reduced. Possible 
solutions are: 1. Modify or parti­
tion the circuit design so the Ie 
is not required to dissipate as 
much power. 2. Reduce the 

thermal resistance of the Ie by 
using a heat sink or forced-air 
cooling. 3. Reduce the ambient 
temperature by moving heat­
producing components such as 

transformers and resistol 
away from the Ie. 4. Specify 
different Ie with improve 
thermal or electrical charal 
teristics (if available). 

Setting Up the Circuit Calibrating the Sense Diode 

Resistors control 
output transistor 
power dissipation 

ICdevice 

Constant cu rrent 
sou ree of about 1 rnA 

I 
,; 
<Ii 600 
Cl 
!!! 
'0 

Voltmeter measures > 
___ --..---.I:---f_J forward voltage "'E 

across sense diode ~ 500 

Transient 
suppression 
diode used 
as sense diode 

o 
u.. 
Q) 

"0 
o 
is 

400 

300L-__ .. ____ ~ __ ~ __ .. __ ~~~ 

Input power is negligible compared to output 
power and is therefore not measured. 
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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. 

S. Unused input leads should be committed to 
either VSS or VDD. 

Handling Practices - Ole 

A conductive carrier should be used in order to 
avoid differences in voltage potential. 
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Automatic 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. 
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'A' PACKAGE: 14-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0.008 

'4 13 12 II 10 9 8 ~ 

INDE~~I ::::::~II ~~15' -id ll 2 3 4 5 6 7 0075 REF ----,- 0 0 

.0065 I- 0.785 -I 0100:1:0010 J 
0.035 0,735 NOTE 1 

0200 MAX 

#tr~"'"'m 
0020 tWJi + 

MIN ---.JLO.023 0.100 MIN 

li0015 

Dwg. No. A-5496G ill 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

5.08 MAX 

l--i;EATING PLANE 

-4=L¥Amiiif-. 
0.

1
'51 MIN + 

--II 0.58 2.54 MIN 

lr-039 

Owg. No. A-5496G mm 

'A' PACKAGE: 16-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0,044 I! 0.014 
O.028~ ) 0.008 

1615141312 II 10 9 ~ 

INDEX:~~~:::: ~ ~lJL j 
0.065 ~ 21 3 4 5 ~ 0100 ± 0.010 ----I 
0.035 _ 1--0•785 _ NOTE 1 / 

0.735 

0.200 MAX. 

_~_+rSEATING PLANE 

-¥=-mmW: 0.100 MIN. 

0.020 ~ 
MIN. JLO.023 J 0025 REF. -II 0.015 I . 

NOTES: 

Owg. No. A-6402C in 

1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~:,~~'----i ~ g:~~ 
16 15 14 13 12 II 10 9 ~ 

.w"q:::::JJj-:l ILL~ 
1.65 1 21 3 4 5 6 7 8 254±O.25 ----,--
0.89 I-- 19.93 NOTE 1 / 

18.67 

5.08 MAX 

UrSEATING PLANE 

-¥=-~2.54MIN' Dwg.No.A-6402Cmm 

0.51 MIN +_~;~ -1 f'64 RE, 

2. Exact body and lead configuration at vendors option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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'A' PACKAGE: l8-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

Q..Q..1.! 
0.008 

18 17 I. 15 14 13 12 " 10 ~ 

INDE~~~::::::: :4-11 ~L--L. 
l~ ~ 4 5 6 7 8 9 -----r 0° 

~',b;~ g::~55 -I ~'6~~ ~1 0.010 / 

0.200 MAX. 

~SEATING PLANE 
0.100 

~
'N 

0.020 
MIN. --lL0023 I 0.050 

l,<roTt -, REF 

Dwg. No. A-9649 in 

DIMENSIONS IN MILLlMHRES 
Based on 1" = 25.4 mm 

~ 
0.21 

18 17 I. 15 14 13 12 " 10 rrrt= U::::::::II LllL~ 
INDEX A~~~ ~L2 3 :3.~4 • 7 J 9 254' 0.,25 -----r 

0.89 22.48 NOTE 1 / 

5.08 MAX. 

~SEATING PLANE 

'lTl"I"lF'rl"fTrl"rnrn-m. MIN ~
2'S4 

0.51 MIN. tt 
~f-~;~ --1 f.- ~~l. 

Dwg. No. A-9649 mm 

'A' PACKAGE: 20-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0008 

20 19 18 17 16 15 14 13 12 II ~ 

~Ji::::::::) ~~'5. 
DEX AREA~'I 2 3 4 5 • 7 8 9 '~060REF. / o. 

0065 ~ 0.990 ~ a 100 t 0010 
0.035 1,040 NOTE 1 

a 200 MAX 

1¢"HOO "~, 
0.020 mwmw+ 

MIN. --.JLO.023 O.lDO MIN ----n--- 0015 

Dwg. No. A-I0.430 in 

NOTES: 
1. Lead spacing tolerance is non-cu mulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

20 19 18 17 16 15 14 13 12 " rrrt= 
~::::::::) LllL~ 

INDEX AREA II 2 3 4 £> 6 7 8 9 10 I 52.REF ) 
165 I-- 2.5.15 ---I . 254':025 
0.89 26.42 NOTE 1 

Owg. No. A-IO,430 mm 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INfORMATION (Continued) 

I A' PACKAGE: 22-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0,008 

1r~f:::::::::11 f( ~". 
INDEX AREA"'" I iii '2 3 4 5 6 7 8 9 10 ~I O.045REF. ------ 0" 

O.065~ 1.110 ~ O.lOO'±O.OIO 7 
0,035 1.050 NOTE 1 

0.200 MAX. 

~SEATING PLANE 

O~O mwmvw+ 
MIN. I~ 0.023 0.100 MIN, 

---.--, 0.015 

Dwg. No. A-I0536 in 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

5.08 MAX. 

~, __ f;EATING PLANE 

~wv-wwww 
0.51 .-+-

Dwg. No. A-10536 mm 

MIN. -II- g.~~ 2.54 MIN. 

IB' PACKAGE: a-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0008 

87., t· .- .-- , Tr 
0260 0310 
0240 0290 '"~:~=4~"~ ~~ 0035 l -.l OIOO.t 0010 ---. 

.0 NOTE! ./ 

0200 MAX 

±tirEATING PLANE 

0020 WI 
MIN DIDO 

---J La 023 MIN 
~II- 0015 

NOTES: 

DWG.NO. A-IO.474A IN 

1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

035 
021 

87., L ,- --- --rI 
6,60 787 
6.10 7~ 

INOEX bO ---L! . 15" 'L2 3 4 102 R.E' . ---., 0" 
165 -I 254 t 025 _ I 
089 .91 NOTE 1 

5.08 MAX 
~SEATING PLANE 

051 ~I 
MIN 254 MIN 

-1H~~ 

DWG.NO. A-1O,474A MM 

2. Exact body and lead configuration at vendor's option within limits, shown. ' 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'8' PACKAGE: 14-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0.008 

.. ,,1211109. ~ 

~A:::) ~G 
INDEX AREA~\L2 :3 -"4 -5 6 7~_075 R~ -" Ig: 

0.065 0.785 ~ 0.100 * 0,010 , 
0,035 0.735' NOTE 1 

0.200 MAX 

~SEATING PLANE 

0.020 9iWWW=+-
MIN. -1\--- g'gf~ 0J~O 

DWG.NO. A-9843C IN 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

5.08 MAX 

~SEATING PLANE 

0.51 MIN9iWWWl= 
-1r-g.,~~ 2.54 MIN 

OWG.NO. 1~.-9843C ~ 

'8' PACKAGE: 16-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0,044 II 0.014 
O.028~ I 0.008 

16 15 I. 13 12 I' 10 9 ~ 

INDEX:~~=::~ ~L-1 
0.065 ~ 213 :,4, 5. ~ 0100tO.010 ~ 
0.035 _ !--0.785 ~ NOTE 1 / 

0.735 

0.200 MAX 

-1-_~-!}EATING PLANE 
-¥=-~O"OO MIN 

0.020 ~ 
,MIN. JL 0.023 J 0025 REF -II 0.015 l . 

Owg. ~o. A-10,311B ·IN 

DIMENSIONS IN MllLiMETRES 
Based on 1" = 25.4 mm 

~:~~--i ~ g:~r 
-r-- 16 15 I. 13 _~2 11 10 9 r-~ 

INDExj:~~/': : : :8:}: )1 LllL.-3 
1.65 ~21 3 • 5 ~ 2.5"0.25 ~ 
0.89 _ ~ 19.93 _ NOTE 1 / 

18.S7 

5.08 MAX 

0rSEATING PLANE 
-¥=-¥WfAfff ~5' MIN. 

0.51 MIN lH:;~ -1 f..6. REF 
Dwg'. No. A-IO.31lB MM 

'H' PACKAGE: 8-Pin Hermetic Dual In-Line 

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

~ 
0.220 
-L 

D5 

INDEX AREAJ l~ 2 3 4 I 
0.070 L......J-L 0.100±0.010 
0.030 0.528' I NOTE 1 MAX 

-r---r I MIN 
~O'200~AX ,-0.005 

~L ~ 
0.015 .j~ ~:~~~ T ~:~~~ 

NOTES: 

[[---.-
0.320 

1 0.290 -'-__ L 

1:; 
0.008 

Dwg, No. A-IO,31JA in 

1. Lead spacing tolerance is non-cumulative. 

~ 
5.59 

-L 

0 5 

INDEX AREAJ 11 2 3 4 I 
1.78 I- 1--I---+-2.54±0.25 
0.76 13.41 NOTE I MAX 
Fr I ,MIN 
5'08M~X ,--0.13 

bt ~ 
0.38 ~II ~:~!' T;:~~ 

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

0=----.-
8,13 

1 7.37 -'-__ L-

k 
0.20 

Dwg. No, A-I0,313A mm 

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

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

DIMENSIONS IN INCHES 

14 13 12 J 1 JO 9 8 

~~[~~~J] rr=-~~ 
INDEX ~I~ 4 5 6 7 I ~ 
AREA 0.070 i--++- 0.100.0.010 0:008 

0.030 0.785 NOTE 1 
MAX 

~AX "1r-~~Z5 

::=~-L 
0.015 II. 0.023 ~ 

.., 0.014 0.125 

Dwg. No. A~9767B in 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

14 13 12 II JO 9 8 

~~[~~~J] [I+~~ 
INDEXJ II 2 _3 4 5 6 7 I k 
AREA ~ i--++- 2.54 ± 0.25 g:~~ 

0.76 19.94 NOTE 1 
MAX 

D08 MAX "1 r- ~~~ 

1.52
L mm-L 

0.38 -l~ ~ 
0.36 3,18 

Owg. No. A-9767B mm 

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

DIMENSIONS IN INCHES 

~~~:::~[~I [L~~~-I~' 121 3 • 5 ~7 8 =t=-t::" I~~~~ ~ ~ .J O.IOO±O.OIO ~ 
0.030 NOTE 1 0.008 

0.840 MA 

~O'OO~MIN' LEADS I, 8, 9, 

~ ANO 16 AT 
!.i.... VENDOR'S OPTION 

0,060 
0.015 _11 .. 0.023 ~o 

...., 0.014 0.125 Dwg. No. A-IO,210B in 

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

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~~:::~r~1 [[~~~ 
/~~2~' 5 63-8 4-'L INDEX 1.78 + b 

AREA 0.76 J 2.54 - 0.25 0.20 
21.34 MAX NOTE I 

~~'~P161, !f 9, 
VENDOR'S OPTION 

Dwg. No. A·1O,211B mm 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'H' PACKAGE: l8-Pin Hermetic Dual In-Line 

DIMENSIONS IN INCHES 

~,:r:::J ~:I 
INDEX/"" 1'1}""3 4 5 6 7 8 9 I 
AREA ..j ~o H+O.l00±O.OlO 

0.030 0,927 NOTE 1 
MAX 

Owg. No, A-IO,3IlA in 

_0.200 MAX ., r-0M~::; 

~YRKR]fJ11~}lL ~~l{ 
0.015 I~ ~ 

-J 0,014 0.125 

DIMENSIONS IN MILLIMETRES 
Based on I" = 25.4 mm 

~':r:::J~:1 
/ I'l ? '03 4 5 6 7 8 9 I 

INDEX ..j ~ H+ 2.54±O.25 
AREA 0.76 ~A~ .1 NOTE I 

0=-. 
8.13 

.Ly 

k 
0.20 

- 5.08 MAX ., r-
Ef~L 
0.38 -I~ ~ 

0.36 3.18 

Owg. No. A-IO,3I2A mm 

'J' PACKAGE: 14-Pin Hermetic Flat-Pack 

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

O.15 TYP 1.02 

~::: =F=j ~1'.25 
~- ~~===::::J=-i ! 

NOTES: 
I i'NCLUDES OFF-CENTER LID, MENISCUS, t GLASS OVERRUN 
2 ALL LEADS WELDABLE AND SOLDERABLf 

Dwg. No. A-IO,252A mm 

NOTES: 
I. Lead spacing tolerance is non-cu mulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 

7.11 MAX 
NOTE I 

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

'M' PACKAGE: 8-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0.008 

8765 t --. tr 
0.260 0310 ,_,~ -'LJ ~,. 

0.065 J 2 3 4 0.040 REF 0 0 

0.035 I... -.I 0100' 0.010 / 
g~ NOTE I 

0,200 MAX 

tilEATING PLANE 

0020 WI 
MIN, 0.100 

---lLO.023 MIN. -11-0.015 

Dwg. No. A~5842B in 

DIMENSIONS IN MILLIMETRES 
Based on I" = 25.4 mm 

0.35 
0.21 

8765 t ,- II 
6.60 7.87 
SJO 7.37 

INDEX lREA::JIQ ~ *,5. 
I L2 3 4 1.02 REF. ----. 00 

J,65 ~ 2.54 :!:O.25 / 
0.89 9.91 NOTE 1 

5.08 MAX. 
~SEATING PLANE 

0.51 ffiff=r 
MIN, 2.54 MIN 

--lLo.58 --110.39 

Dwg, No. A-5842B mm 

'Q' PACKAGE: 16-Pin Plastic Quad In-Line 

DIMENSIONS IN INCHES 

~0012 
lE-I 0.0J.-~ I- 0,400 -I 

0.617 INDEX AREA ~ Z 3 6 j 
-I0 .• '7i<-
0.770 MAX 

0.232 MAX. 

HSEATING PLANE 

~WBm£09. MIN 

MIN. II ! f 0.100 ± 0.010 Ira.ou H- NOTE I 

Dwg. No. A-I0,434 in 

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

DIMENSIONS IN MILLIMETRES 
Based on I" = 25.4 mm 

~O"O 
l£...j,.0.~1.-1 ~IO.16~ 

11.2.0 

6~~~~~~~ 
MAX. 

~M'FiAFT"ffi'i;;!! 
INDEX AREA C2 3 ____ 6 j' 8 

-16.27 i<-
19.55 MAX. 

r7~EATING PLANE 

1.'0 WBm£'O MIN. 

MtN. ~I--O.6!5 w- 2.54 ± 0.25 

Dwg. No. A-IO,434mm 

NOTE I 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

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

DIMENSIONS IN INCHES 

0.014 
0.008 

~~:~::::l i~," 
INDEX AREA~~'I ,-; 5 6Uf7 --r 0° 

0,065 ~ 0.075 REF. 7 
o 035 0,785 0.100 ±a.OlD 

O.2~O MAX. 0.735 NOTE J 

1¢SEATING PLANE 

0.020 ~-=;= Dwg. No. A-7894B in 

MIN. -.JLO.023 D.lOOMIN. 
~II~ 0,015 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

141312111098 rL 
-.------~ Ti 7.11 7.87 
6.10' 7.37 

-*- ~ 15° 

INDEX T~~ l 19.93 5 ~:~5~~.25 ,0° 

18.67 NOTE 1 
5.08 MAX. 

b-F;EATING PLANE 

~~T Dwg. No. A-7894Bmm 
0.51 MIN.-V V V llllf-+ 

--.JL 0.58 2.54 MIN. 
-11- 0.39 

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

DIMENSIONS IN INCHES 

0.200 MAX 

WtSEATING PLANE 

-¥=-~0.'00 MIN. 

0.020 ~ 
MIN. 0023 ---It-- 0:015 -1 0,025 REF. 

NOTES, 

Dwg. No. A-IO,549 in 

1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~:~~--1 ~ g:~r 
r-~'6'51413 1211 109 -rnL 
7. II 7.87 15° 
6.10 I 7.37 0° 

INDEXA~~21 , 4 5 ~!~ 2.54'~ --r 
O.89-p 1- 19.93 ~NOTE 1 / 

18.67 

5.08 MAX 

1¢~'"~ ~~, 
Dwg. No. A·I0,549 mm 

0.51 MIN .JL J 
-11- ~'.;~ l 0.64 REF 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'R' PACKAGE: l8-Pin Ceramic Dual In-Line 

DIMENSIONS IN INCHES 

Q.Q.!.i 

.,.fi:::::::i ~L,~ 
~ ~ 0.915' ~ 0,100-0.010 ---,.. 
0.035 0.885 NOTE 1 / 

0,200 MAX. 

~SEATING PLANE 

~O"OO MIN 

0.020 IT 
.'N. -JI-%St! --I "]::i\Oe5FO 

Owg. No. A·lO.548 in 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
Q.2f 

T~ 
INDEX AREA -1-~ 10' 

"'L .... r='-'='---;:<7.;-~"-.q-2.54:1: 0.25 ---,.. 0-
0,89 NOTE 1. / 

5.08 MAX. 

~SEATING PLANE 

~ 
• MIN 

051 .'N. . 

-l1-<llL I I 1.27 l 0.39 --ao.j r-REF. Owg. No. A·lO,548 mm 

's' PACKAGE: 4-Pin Molded Single In-Line 

DIMENSIONS IN INCHES 

"'" ~3::i,~; j'~~'01'32396 0.085 '0'005-r1~~56 
o ~. 6 0.236 

0.030 ~SEATING PLANE T 
TYP. 

1 2 3 4 Jl 
~

o.120MIN 

0.100 :1-0.010 0.015 
0,300 ±O.OlO --1----1 NON-CUMULATIVE 0.008 

,. SEATING PLANE 

Dwg. No. A-9002C in 

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

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~ '~:; --j 2'2.o"I1~ 
INDEx;g~ ~6'5 (PIN NO. I) 0 _It 7:5 6.0 

0.76 ~5EATING PLANE T 
TYP. 

1 2 3 4 Jl 
~

I 3.0M1N 

2.5.0.3 0.4 
@ SEATIN~ ·:L~~ NON-CUMULATIVE 0.2 

Dwg. No. A-9002C mm 

2. Exact body and lead configuration at vendor's option within limits shown, 
3. Leads missing from their designated positions shall also be counted when numbering leads, 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mnl) max, below seating plane. 
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PACKAGE INFORMATION (Continued) 

'T' PACKAGE: 3-Pin Plastic Single In-Line 

DIMENSIONS IN INCHES 

0.178 +0.005 r- -t·o~ 
0.018 LE:I:J ~ f ~ ~ O.080±O.002 

0.500 MIN 
j 

MAGNET 
SOUTH POLE 

i 

ooJIt 
0.0161 

lJ 
-.11 ... 0.014 

Dwg. No. A-ll,1l8A in 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

o.~ 
lJ 

.... 11 ... 0.36 

1 23 

Dwg. No. A-ll,llSA mm 

'W' PACKAGE: 12-Pin Plastic Single In-Line 

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

~~89IOillI12 

NOTE 1-+-1 
0.100 ± omo 

NOTES: 

JWG.NO. A-ll,138A IN 

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

OWG.NO. A-ll,138A MM 

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

'Y' PACKAGE: 3-Pin TO-921TO~226AA 

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

0.205 
D."'i75 

~'135 
MIN. 

H 
0. 210 
0.170 

(Bottom View) 

5.20 
4.45 

M 
IAI (Bottom View) 

, , , 
SEAT! NG 

PLANE - 1 SEATING 1 
PLANE - 1 

5.33 
4.32 I I 

2.66 _I' I' 2.42 

0.022 0. 500 MIN, 

D.Oi6 
0.105 
0.080 

0.165 
0.125 

Vwg. No. A-lO,852 IN 

0.55 
0.41 

""" 

12.7 MIN. 2.66 
2.04 -L-_"""",,,"-_L. 

Dwg. No. A-IO.852 M 

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. Outside of these zones 
the lead diameter is not controlled. 

DIMENSIONS IN INCHES 

0.420 
0·161 O .. UO 

0·e60 

'Z' PACKAGE: 5-Lead TO-220 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

4'.2~ 3·06 

--J 1.3. 
I 0.151 

t-~ 2.92. 
2.04 

0.1115 
0.080 

0.080 
0.000 

1 
I 2 3 4 PrI 

0"34e~--lI~ 0.020 

0.268 

NOTES: 

0.045 
0.012 

Dwg. No. A·I0,460 in 

1. Lead spacing tolerance is non-cumulative 

14.73 
12.70 

1 
3~0 t::' 2 ~ 4~b 

0.51 

6.80 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal leadstandoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'IH' PACKAGE: S-Lead TO-220 
(Horizontal Mount) 

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

Owg. No. A-1D,462B IN 

16.51 
14.23 

* 

'IV' PACKAGE: S-Lead TO-220 
(Vertical Mount) 

Dwg. No. A-IQ,462B MM 

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

0.134 

~g::f~055 
~~ -mr-- -

'" 5: R ~ 

::R·~ lo~ 
~ 0.045 .-.1 o.lfo.OI2 

0.020 
0.268 0,34 

Dwg. No, A-lO,461B IN 

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

16.51 
14.23 

! 

3.40 

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

Dwg. No. A-1O.461B MM 

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



NOTES 



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. 
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