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6 Reasons to look to PRD 
for le instruments 

1 The 7815 Tunable Power 
1 Amplifier 

It's tunable in 6 band-switched 
ranges from 10 to 500 MHz. 
Offers high power output (8 
watts) and low distortion. Unit is 
solid state except for final ampli-
fier tube, and provides output 
metering and overload protec-
tion. Has 2.0 to 5.0 MHz band-
width. 

Circle 211 on reader service card 

2The 7808 Synthesized Signal 
Generator 

This is three instruments in one. 
It has synthesizer accuracy and 
stability, yet retains the manual 
tuning and sweep capabilities of 
conventional signal generators. 
Frequency range: 0.05 to 80 MHz 
in 1 kHz phase-locked steps, and 
an optional vernier provides 1 Hz 
resolution. Stability: 1 part in 
106/mo. Frequency, modulation 
and attenuation are fully pro-
grammable. 

Circle 214 on reader service card 
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The 7828 Programmable Fre-
i.) quency Synthesizer 

It's offered with 1 kHz phase-
locked steps. An optional vernier 
provides 1 Hz resolution. It's fully 
programmable with contact clo-
sures, RTL, DTL, TTL logic. One 
part in 106 mo. stability; up to 
1.0 volt output into 50 ohms. 

Circle 212 on reader service card 

4 The 7805 Low Distortion 
Power Amplifier 

A solid state broadband amplifier 
with — 30 dB harmonic and inter-
modulation distortion. Gain is 47 
dB minimum, constant within 
1 dB for full output with less than 
0.1 volt at 50 ohm input. Has 
highly effective input and output 
protection so that overdriving or 
operation into a short or open cir-
cuit is possible without damage. 

Circle 215 on reader service card 
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5 The NEW 7825 Wideband 
Power Amplifier 

Designed for applications in the 
10 Hz to 10 MHz range, this unit 
requires no tuning or adjust-
ments and delivers 10 watts into 
a 50 ohm load with harmonics 
and intermodulation distortion 
down more than 40 dB. It pro-
vides over 15 watts with higher 
drive levels, and operates with 
20 dB gain, overdrive protection 
and its 3 ohm output impedance 
will drive any load. 

Circle 213 on reader service card 

6 The PRD Quality and Relia-
bility 

Built into every PRD product, 
from our first microwave instru-
ment to these five new RF in-
struments. They all feature the 
excellent design, workmanship 
and service that have been syn-
onymous with PRD for three 
decades. 

PRD Electronics, Inc. • A Division of Harris-Intertype Corporation 

1200 Prospect Avenue • Westbury, New York 11590 • Tel. (516) 334-7810 • TWX 510-222-4494 



One OEM xy recorder MOW works at breathtaking speed. 
Inhale ... exhale. It takes about 4.5 

;econds. Just about any XY recorder 
:ould chart the volume of air in a 
juman breath—if doctors were willing 
o settle for a flow loop the size of a 
le dollar. But they won't. In a breath 
.nalyzer, a small flow loop means 
mprecise, hard-to-read measurements. 
Ind Hewlett-Packard's new Model 
'041A High Speed XY Recorder is the 
Illy unit fast enough to chart a large, 
ccurate picture of the lung's "vital 
apacity." In real time. 
The 7041A is an OEM machine from 

le ground up, designed for speeds in 
iccess of 30 in/s. It's the only XY 
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recorder built on a one piece, die-cast 
aluminum mainframe. And you can 
choose from nearly 40 independent 
options to customize the recorder to 
your special application (standard or 
high speed ). You'll get just what 
you want ... and only what you want. 
Our standard features make sense in 

any OEM system: Autogrip electrostatic 
holddown, IC circuitry, long-life hybrid 
potentiometer, disposable pens and 
more. All the things we learned while 
pioneering the development of XY 
recorders for two decades. 

I Vs new cast aluminum XY 
re“nder: high accuracy at breathtaking 
speed. Make your own diagnosis, get 
specifications and discount data from 
Hewlett-Packard, 16399 West Bernardo 
Drive, San Diego, California 92127. 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT df‘ PACKARD 
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For the really tough applications, 
OEM's like VIDAR choose HP. 
How do you record millions of 

telephone calls daily, process this data, 
and bill millions of customers monthly — 
without any errors? The VITEL division 
of VIDAR tackled this problem and 
solved it with their unique new telephone 
message metering system. 
To record the raw data, VIDAR 

needed a magnetic tape drive with 
proven reliability at a competitive price. 
That's why VIDAR chose HP's 7970E 
Tape Drive. They needed the best of 
both worlds and knew that HP quality 
was the result of 33 years of experience 
in engineering and mass production 
techniques that lower costs and improve 
reliability. 
The VITEL system records "one-shot" 

data at a telephone company central 
office to provide accurate usage 

Circle 2 on reader service card 

information. For instance, one system 
in a major metropolitan area handles 3.6 
million telephones in over 100 offices. 
The system replaces mechanical message 
registers to bring a new level of accuracy 
to customer billing procedures. 

But OEM's like VITEL want — and 
need — more than rugged construction, 
reliable performance, and competitive 
pricing. 
They want a broad range of data 

rates. Like 200,556,800 cpi NRZI, 
or 1600 cpi phase-encoded recording 
that's ANSI/IBM compatible. And 
flexibility, like 7 and 9 track, 
multi-density, NRZI and PE; all in one 
read-only tape drive. 

Plus OEM Specials. Like 50-Hz 
230-volt operation. Or personalized 
labels or logos. Even different paint on 

the front panel. And how about OEM 
discounts, and a one-page OEM 
agreement written in plain English. 

For the full story call your local HF 
sales engineer or write: Hewlett-Packard 
1501 Page Mill Road, Palo Alto, 
California 94304; Europe: P.O. Box 
85, CH-1217 Meyrin 2, Geneva, 
Switzerland; Japan: Yokogawa — 
Hewlett-Packard, 1-59-1, Yoyogi, 
Shibuya-ku, Tokyo, 151. 

HEWLETT 4PACKARL 
2223 

HP sales, service and support in 172 cities in e countries 
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More join the ranks of the Army-Navy vendors, 135 

Expectations that orders for ICs fabricated 
to Joint Army-Navy specifications will soon 
increase substantially have encouraged a 
lot of manufacturers to qualify as vendors 
with the Defense Electronics Supply Center. 
The present high prices of the very-high-
reliability parts should drop as shipment 
sizes increase. 

New cathode-ray tube creates color display, 155 
Although displays in color convey more in-
formation more rapidly than black-and-
white displays, the conventional color-TV 
tube is ill-adapted to this role. Therefore a 
special penetration tube has been devel-
oped that uses a single electron beam to 
obtain four colors and high resolution. 

Charge-coupled devices will vie with vidicons, 162 
As a solid-state substitute for the TV camera 
tube and for many other imaging appli-
cations, charge-coupling is almost an ideal 
technology. Its basic principle is simple, and 
even large chips can be made to produce 
quality images. 

Easing the move from nonlinear to linear CAD, 174 

By translating the parameters of a nonlinear 
charge-control transistor model into those 
of the linear hybrid-pi transistor model, a 
new program called Hypi enables its user to 
apply nonlinear data to linear circuit-analy-
sis programs. 

And in the next issue . . . 

Magnetic sensor can read at any speed 
. . . a simple, low-cost way of designing 
program controllers . . . profile of a prod-
uct design success. 

The cover 

A 106-by-126 element charge-coupled area 
device produced picture of Margaret 
Tompsett, wife of one of the authors of the 
article on p. 162. Also shown is a wafer con-
taining 30 500-element charge-coupled 
linear devices. 
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Publisher's letter 

T he charge-coupled device story on 
page 162 details the latest refine-

ments in applying this exciting new 
technology to imaging. Written by 
scientists at ReII Laboratories who 
pioneered in CCD imaging—Mike 
Tompsett, Wally Bertram, Dave 
Sealer and Carlos Séquin—the ar-
ticle shows how close to realization 
is an an all-solid-state video camera. 
Indeed, progress in CCD imaging is 
so impressive that the vidicon man-
ufacturers are in a race to develop 
the first commercial CCD camera. 
The military is also interested in the 
attractive qualities of CCD imaging 
in both conventional and low-light-
level cameras. Fairchild, Ti, and 
RCA are competing in a big Navy 
contract that promises to yield a 
full-scale Tv-quality camera by 
year's end. 

Our bureau chief in Los Angeles, 
Paul Franson, has his byline on 

two articles in this issue. At Com-
puter Automation, which is the sub-
ject of one Probing the News (see p. 
142), Franson found an interesting 
sales trend. He says: "Where only 

recently OEM orders for mini-
computers from that company were 
for five and 10 units, customers are 
interested in 500, 1,000, even 
10,000 at a time. There's one quote 
out now for a 20,000-40,000-ma-
chine buy." 

Franson also wrote the story on 
lasers emerging as an OEM compo-
nent (see p. 144). He notes that la-
sers are entering the area of the use-
price curve where a lot of action 
starts. They are, after years of wait-
ing, being built into systems. 
Hughes, for one, is automating laser 
production to lower costs. Can in-
creased laser applications be far be-
hind? 

The index of articles published in 
Electronics in 1972 will be avail-

able shortly. For a copy, circle 340 
on the reader service card inside the 
back cover. 

We're looking for an editor 

An exciting career opportunity has just opened on the editorial staff of 
ELECTRONICS. Our editors travel extensively, write and edit technical arti-

cles, and cover stimulating new developments in electronic technology. 
Specifically, the ideal candidate will have an engineering degree and ex-

tensive experience in the application of a wide range of components, both 
active and passive, to the design of electronic equipment. Writing ability is 

an obvious requirement. 
The salary is as good as or better than industry rates for engineers. We're 

part of McGraw-Hill, one of the world's best-known publishing companies, 
and we otter excellent working conditions and fringe benefits. 

If you qualify, send your résumé with salary requirements to: The Execu-
tive Editor, ELECTRONICS Magazine, 1221 Avenue of the Americas, New 
York. N.Y. 10020. 
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a superior power supply for your system 

•M•34. 

...introducing the 
JMK design from 
KEPCL.i 

• Automatic voltage and current crossover; functions as a current-limited voltage stabi-
lizer or a voltage-limited current stabilizer. 

• Panel-mounted lamps tell you whether JMK is controlling voltage or current; an elec-
trical "flag" tells your system. 

• Ten-turn controls for exceptional resolution of both the voltage and the current ad-
justment. They're very stable, too! 

• Programming (remote control) and sensing functions are accessed through rear-

mounted plug connectors. You don't fuss with wired lugs to get on line. 

• Multirange (10:1) metering for easy readability. 

• Built-in voltage-sensing crowbar can be set from the panel, and checked, without 
actually shorting the output and upsetting your system. 

• Self-contained, sealed-bearing blower exhausts the heat, keeping JMK cool for excep-

tional reliability. You can use them without derating inside hot equipment cabinets, 
up to 71 °C (160°F). 

• "Quarter-rack" shape allows you to mount up to 4 units across in a standard 19-inch 
equipment bay. 

a a. 
a a 

. •••••••.•... 

aa. 

MODEL VOLTS AMPS PRICE 

JMK 6-5M 0-6 0-5 S395.00 

JMK 6-10M 0-6 0-10 465.00i« 

JMK 15-3M 0-15 0-3 395.00 _ 

JMK 15-6M 0-15 0-6 465.00 

JMK 25-2M 0-25 0-2 395.00 

JMK 25-4M 0-25 0-4 465.00 _ 

JMK 36- 1.5M 0-36 0-1.5 395.00 

JMK 36- 3M 0-36 0-3 465.00 - 

JMK 55-1M 0-55 0-1 395.00 

JMK 55-2M 0-55 0-2 465.00 

JMK 75-07M 0-75 0-0.7 395.00_ 

JMK 75-1.5M 0-75 0-1.5 465.00 _ 

JMK 100 - 0.5M 0-100 0-0.5 395.00 

JMK 100-1M 0-100 0-1 465.00 

• All transistors and the IC chips that control the voltage and current stabilizing chan-
nels are plug-in for easy maintenance. Even the power transistors plug-in. 

• Digital control. Interface with the Kepco "SN" programmers (2-, 3-digit BCD up to 
12-bit binary) and let your system control its own voltage or current. 

• Exceptional immunity from the effect of your wildly varying power source. A 

105-125V ac variation (50-65 Hz) produces less then 0.0005% change in the stabi-
lized voltage. Less than 0.005% change in the stabilized current. 

• JMK power supplies can be loaded with impunity. A 100% current swing disturbs the 

voltage less than 0.005% (or 0.2 mV, whichever is greater). When you stabilize cur-

rent with the internal control channel, a 100% load voltage change produces less than 
5 mA effect on the current. 

• Excellent temperature immunity, using the controls supplied (no need to substitute 

"more stable" ones, JMK's are as good as you can get) 0.005% per °C typical; 0.01% 

per °C guaranteed for the voltage channel. A small extra charge will buy a rigorous 
test and certified report guaranteeing the 0.005% figure. 

JMK, the superior voltage or current stabilizer for your system. 

KEPCCI® Ask your Kepco-man for the new JMK specification folder, 
or write: DEPT. EK- 14 

CO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 • (212) 461-7000 • TWX #710-582-2631 • Telex: 12-6055 • Cable: KEPCOPOWER NEWYORK 
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A Smart Way to Beat Your 
Power Supply Size Problem 

r 

MEG. SF R NU 
MEG PART NO. 

MEG. MODEL -"' 
INPUT RANGE :TO 

INPUT TRANSIENT', 60V.—.01SEC. 
INPUT TERM. + — 

OUTPUT [ AMPS 
OUTPUT TERM + 
MAX BASE TEMP 
FUSE INPUT 

PA" thio, 2/4" oorrow, 2vI" short 
yet this converter produces 1000 volts 
DC, regulated, from a battery input of 
28 VDC! It weights less than 15 ounces. 
This is only one of our wide variety of 
many small light weight converters, in-
verters and power supplies — there are 
over 3000 models listed in our newest 
catalog, including size, weight and prices. 
If you have a size problem, why not send 
for an Abbott catalog? 
MIL SPEC ENVIRONMENT — All of the power 
modules listed in our new catalog have 
been designed to meet the severe environ-
mental conditions required by modern 
aerospace systems, including MIL-E-
5272C and MIL-E-5400K. They are her-
metically sealed and encapsulated in luu•.o-y 
steel containers. New all silicon units will 
operate at 100°C. 

RELIABLE — Highest quality components 
arc in Abbott power modules to yield 
the high NITIlle (mean time betteen fail-
ure) as calculated in the MIL-UMW-217 
handbook. Typical power modules have 
over 100,000 hours MTBF — proving that 
the (platy was built in from the beginning. 
WIDE RANGE OF OUTPUTS — Any Voltage 
from 5 volts DC to 3,650 VDC is avail-
able by selecting the correct model you 
need from our catalog with any of a vari-
ety of inputs inchiding: 

60<a, to DC, Regulated 

400.t.to DC, Regulated 

28 VDC to DC, Regulated 

28 VDC to 1‘,', or 30 

24 VDC to 60..", lçs 

Please see pages 618 to 632 of your 1971-72 EEM ELECTRONIC ENGINEERS MASTER Catalog) 
for complete information on Abbott modules 

Send for our new 56 page FREE catalog. 

abbott transistor 

LABORATORIES, 

5200 W. Jefferson Blvd Los Angeles 90016 
(213) 936-8185 Cable ABTLABS 

INCORPORATED 

1224 Anderson Ave. Fort Lee, N.J. 07024 
(201) 224-6900 

Readers comment 

Updating magnetic tapes 

I o the r (Huff: From the description 
in the article, "How to update tapes 
without recopying" [Nov. 6, 1972, 
p. 36]. it appears that this procedure 
is based on the work of Roger 
Seeman of Boeing. who has re-
worked a program that I wrote sev-
eral years ago. This program has 
been available for some time from 
the Digital Equipment Computer 
User's Society program library. I got 
the idea from David Custer of the 
Laboratory for Atmospheric and 
Space Physics, who published the 
original article about the general 
scheme in the Fall Decus Sym-
posium in November 1969. 

Mr. Seeman has carefully 
analyzed my original program, 
found a bug, and eliminated it. 
A major weakness of industry-

standard tape systems is that there is 
no way to permanently mark the 
tape on blocks, except by the kluge 
mentioned in the referenced article. 
A single-tape unit, thus, is rather 
useless in the small-computer envi-
ronment. since it is difficult to use as 
a random-storage device. Most 
small-computer operating systems 
require such devices, hence the DEC-
tape and cassettes with block-marks 
are desirable. The big advantage of 
industry-standard magtape is that it 
is the only magnetic storage me-
dium that is interchangeable be. 
tween large and small computer 
and between computers of differen 
manufacturers. 

John C. Alderman Jr 
Digital Communications Associate: 

Atlanta, Ga 
ST/te story did indeed come fron 
Roger Seeman, who credits Aldermai 
with the basic idea. Seeman expand 
thus on Alderman's explanation 
"His program would work well fo 
several days. but then the systen 
would blow up. Although block-ad 
dressing is valuable to many peoplt 
the program wasn't used much be 
cause of this tendency." 

1972 index is available 

The index of articles published i 
Electronics in 1972 will be avallabl 
shortly. For a copy, circle 340 on th 
reader service card inside the bac 
cover. 
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At last, a really 
new computer. 

I may be different, but when 
another new computer comes 
along, I cringe. Do they really 
think I'll buy it because it has 
a Supersonic Omnibus, 66 
Multifarious Registers, and 
the new universal language, 
FOLDEROL? 
Imagine my surprise and delight 
to discover a company that 
designs computers for the way 
people really use them. Instead 
of chasing nanoseconds they 
put all of the systems software 
together first, and then built a 
fast, low-cost box where it 
could do its exercises. Finally, 
somebody has developed a sys-
tem that asks not what the soft-
ware can do for the hardware 
but vice versa. The result is a 
computer with more software 
available now than most com-
puters ever hope to have: DOS, 
RTOS, FORTRAN IV, MACRO 
assembler, IOCS, the works. 
With that kind of software 
available, I wonder what's 
small about the PRIME 200? 

The PRIME 200 16-bit computer raises 
a lot of interesting questions for which 
we have prepared detailed answers. Let 
us send them to you. Prime Computer, 
Inc., 17 Strathmore Road, Natick, 
Mass. 01760. (617) 655-6999. 

Prime 200 
small computer 
Prime sales offices: Boston (617) 
237-4565, New York (212) 896-6262, 
Washington D.C. (703) 533-9343, 
Philadelphia (215) 688-0396, 
Jacksonville (904) 396-5253, Chicago 
(312) 887-1845, Dayton (513) 435-1343, 
Detroit (313) 356-4840, Tulsa (918) 663-
0518, Palo Alto (415) 968-6003, Los 
Angeles (213) 881-8433. 

Authorized representatives: 
Phoenix (602) 957-9110, Albuquerque 
(505) 255-2.330, Denver (303) 771-0140, 
Seattle (206) 454-9332. 
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PRINTER/ 
RECORDER 

CRT 

TAPE 
READER 

T-BAR 
APPLICATION 40 years ago 

T-BAR HIGH DENSITY SWITCHING COMPONENTS 

If THIS computer FAILS... 

just switch over 
*bars® WITH 

T-Bars are available 
off-the-shelf from 

ALLIED . . CRAMER. .. NEWARK.. . 
FISHER, BROWNELL. .. HOLLYWOOD 

.. and SOUTHWEST ELECTRON ICS 

T-Bars are designed specifically for switching 
many parallel lines, either manually 
or remotely. 8, 12, 24, 36 and 60 pole T-Bars 
are available in Form A and C contacts. For 
data switching, specify Series 901 T-Bars 
with bifurcated contacts for high reliability. 
For information, write or phone T-Bar, refer 
to distributor catalogs or eem. 

switching 
comoonents 

DIVISION 'Bar 
INCORPORATED 
SWITCHING TECHNOLOGY 

From the pages of Electronics. January 1933 

quarter of a million automobile 
radios will be sold during 1933, ac-
cording to estimates made by 
prominent radio and automotive 
manufacturers. This optimistic fig-
ure is based on the growth of sales 
figures during 1932 and is colored 
somewhat by the high degree of 
public interest shown late in the 
year. The average price of these sets 
will be in the neighborhood of $45 if 
sold without power supply or ap-
proximately $10 more for complete 
a.c. operation. 

As a result of a field-strength survey 
in Ohio of broadcast stations on sev-
eral frequencies made by Professor 
J.F. Byrne of Ohio State University, 
and reported in its Bulletin 71, there 
is no longer any need or excuse for 
an ostrich-like attitude on the rela-
tive merits of frequency assignment 
at the two extremes of the present 
band. Although the research did not 
take into account unfavorable loca-
tion of the transmitter, the results 
are most important. 

Professor Byme's studies conclu-
sively prove "that the different fre-
quencies in the broadcast band can-
not be treated as equivalent, and 
that frequencies of 1,000 kilocycles 
or above are uneconomical for large 
coverage and high power. They also 
indicate that low-power stations are 
at present wasting good low fre-
quency assignments that are suit-
able for high power. 

The Edgerton Stroboscope, recently 
described in Electronics, has been 
applied by the General Radio Com-
pany, Cambridge, Mass., in deter-
mining the register of color printin¡ 
as it is speeding through the presses 
Its usefulness is in "stopping" tilt 
motion of color printing as eact 
color is applied. The application, o 
course, is only to rotary presses 
such as are used for printing cornut 
sections and long-run magazines. 

In operation, a suitable make 
and-break contact is fastened to ont 
roller of the rotary press, which wil 
flash the stroboscope as each shee 
goes by. This will, of course, give thi 
effect to the eye of the sheets stand 
ing still. 

141 Danbury Road, Wilton, CT 06897 • phone 203 762-8351 

4619 
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1,ccurSystem TM back panels from Winchester Electronics 
ffer you the bottom-to-top versatility and reliability you 
eed from one manufacturer. To give you the 
ost/ performance target you're after. 

ust consider the three basic AccurSystem offerings... 
ottoms or tops up. 

)n the bottom, AccurFrame®, AccurPlate TM 
nd AccurPlane TM back panels are available 
eady for automatic or semi-automatic wire-
napping with accurate, reliable terminal 
lignment. Or, they will be shipped already 
recision-wrapped to your specifications. 

,ccurFrame and AccurPlane back panels accept 
Jinchester Electronics HW Series edgeboard con-
ectors on grids of .100 x .200 and .125 x .250; and our 
a's with .125 x .125 spacing. AccurPlate back panels 
xept our PW Series connectors for grids of .100 x .200 
ld .125 x .250; or, PDW's with .125 x .125 spacing. Plus 
three types accept our RW Series input/output connectors 
n either a .100 or .125 grid with wrappable contacts. 

In the top, we can give you .100 or .125 contact spacing. 

Many AccurSystem back panels 
feature field replaceable contacts. 

And, our back panels accept standard .062 
printed circuit cards. Custom designs will be quoted 

to suit your specifications. 

AccurSystem is a proven, total interconnect solution 
to suit your design requirements. Exactly, even 

if it includes ground/voltage planes or ground 
bussing. You'll call it a beautiful bottoms up 

story, too. Because any way you go, the 
AccurSystem means you can order precisely 

the back panel you want. AccurSystem. 
Developed by Winchester Electronics with 

your total needs in mind. Put our full scope of 
innovative ideas and practical knowledge to work 

for you, now. Winchester Electronics Division, Main 
Street & Hillside Avenue, Oakville,Conn. 06779. 

(203) 274-8891. Or, for discrete connectors, 
contact your local authorized distributor. 

[El WINCHESTER ELECTRONICS 
Litton 
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New 

1,0451 l. 

I I 1 1 
WIMA® MKS3 

FKS 3 
FKC 3 1 
FKS 2 min 
MKS4 
MKC5 
MKB7 

0.68 
250-

220 
100-

MKB 7 

10,uF 
400 V-

il 
Capacitors  
for electronic equipment 
and for stringent 
requirements 
Metallized-Miniature types-
Polyester/polycarbonate 
dielectric. 
The newly developed capacitors are the answer 
to improving the reliability of your equipment. 
Please send for the latest technical catalogue 

WILHELM WESTERMANN Spezialfabrik fúr Kondensatoren 
Augusta-Anlage 56 • P. O. Box 2345 • D-68 Mannheim 1 
Fed. Rep. of Germany • Tel : (621) 40 80 12 

People 

the data-processing industry. And 
with the addition a year ago of a 
new wafer-fabrication area totally 
committed to 3-inch wafers, the 
move to mos is a natural. It was de-
layed somewhat, however, because 
the tremendous increase in the 
bipolar memory business took up 
much of the new facility's capacity. 
The 32-year-old Downey, who 

had headed up mos operations for 
Fairchild Semiconductor before 
moving to AMD, reports, "We are 
now in the process of establishing a 
business plan to develop a viable 
mos operation." AMD presently has 
one mos process in production (p-
channel silicon-gate) with which it 
makes a 256-bit random-access 
memory, and Downey is planning to 
build on this foundation. "We are 
now deciding what new staff and 
equipment we will need for the near 
term." He feels that the present 3-in. 
wafer area with 30 tubes will suffice 
for a year, but then, "our total wafer 
requirement will be exceeded, and 
so a new facility will have to be 
added." 
MOS trail. Downey has had quite 

a bit of experience in mos. After he 
received his MSEE from the Univer-
sity of Arizona in 1964, he joined 
General Electric's Advanced Pe-
ripheral Equipment Lab in Sunny-
vale. Two years later, he joined 
Fairchild Semiconductor as an mos 
designer, became manager of the 
custom-mos design center, and, 
from mid-1971 until September 
1972, he was mos operations man-
ager. Then during one of the many 
management changes that have 
taken place in the Fairchild mos de-
partment in the last year, he was 
made manager of operations for the 
joint venture of Fairchild and TDK 
of Japan. After getting Fairchild-
TDK going, he joined AMC,. 
As for AMD'S position in the mos 

world, Downey says, "For now, we 
will concentrate on standard prod-
ucts" to get customers and to get vis-
ibility. He adds, however, "We will 
do custom work where it fits in with 
our standard-product goals," and he 
says that he is looking forward to 
heading an organization that de-1 
fines, develops, and produces mos 
and that "has the tools to do it." 
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Fluke problem solvers 

Introducing the Fluke 810013. 
At $595, you'll wonder 
how we did so much in a 
41/2 Digit Multimetet 

The new version of Fluke's most successful DMM, 
Model 8100B, gives you the most value for your money 
ever offered in a quality digital voltmeter. 

With a basic dc accuracy of 0.02%, the Fluke 8100B 
measures ac and dc volts in four ranges from 100 
microvolts to 1200 volts and resistance from 100 milli-
ohms to 12 megohms. With an optional ac/dc current 
shunt accessory, it measures from 10 nanoamperes to 
12 amps in six switched ranges. 

Features include an active 2-pole switchable filter and 
automatic polarity indicator. All functions are push-
button selectable. 

For $100 extra, a rechargeable battery pack can be 

added to give the user complete portability with up to 

eight hours continuous operation. Other options in-
clude RF and high voltage probes, switched ac/dc 
current shunts, data output and a ruggedized case. 

Demonstrated MTBF is over 10,000 hours, to make the 
instrument the most reliable available. The 8100B has 
tough environmental specs to ease your workload. 
Fully backed by Fluke's no-nonsense 12-month guar-
antee and service policy, here's an instrument that 
will meet your greatest expectations. 

Call your local Fluke sales engineer for a demo and 
details. In the contiguous U.S., get his location by dial-

ing our toll free number, 800-426-0361. Otherwise, 
address one of the locations listed below. 

Fluke, P.O. Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850. 
In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone 13-670130. 

Telex: 884-55237. In the U.K., address Fluke International Corp., Garnett Close, Watford, 
WD2, 4TT. Phone, Watford, 33066. Telex: 934583. 

'FLU K E I 
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Why are so many of our competitors 
also our customers? 



We make terminals for the 
data processing and communi-
cations industries. 

So do a lot of other manu-
facturers who specialize in 
computer and communications 
equipment. (Over 400—accord-
ing to latest industry figures.) 

The irony of this is that 
a lot of our competitors use the 
Teletype® teleprinter as the back-
bone of many of their systems. 

Which says a lot about 
Teletype equipment. Because who 
could be a more critical, discern-
ing judge than your competition? 

Why do they specify Teletype 
machines for sub-components? 
For three good reasons. 

Reliability. Nobody has 
moved more information before 
or since the information explosion 
—with greater reliability. 

Flexibility. We build our 
terminals to meet your particular 
needs. That's why we offer you 
a choice in arrangements, fea-
tures, configurations and speed. 
Interface capabilities? Teletype 
equipment is compatible with 
practically any computer-based 
communications system. 

Economy. From initial cost 
to operation to maintenance, 
nobody can deliver higher per-
formance at a lower cost. Nobody. 

Tough, demanding criteria. 
But what else would you expect 
from your competition? 

This unusual situation is a 
good thing for everyone in the 
data processing industry. 

But you benefit most. Because 
the terminal equipment you buy 
meets exacting standards for 
reliability, flexibility and economy. 

We know. Because we set 
those standards. 

It takes mdre than manu-
facturing facilities to build the 
machines Teletype Corporation 
offers. It also takes cdmmitment. 
From people who think service 
is as important as sales. In 
terminals for computers and 
point-to-point communications. 

That's why we invented 
a new name for who we are and 
what we make. The computer-
cations people. 

For more information about any Teletype 
product, write or call TERMINAL CENTRAL: 
Teletype Corporation, Dept. 53E, 
5555 Touhy Avenue, Skokie, Illinois 60076. 
Phone 312/982-2500 

TELETYPE 

Teletype is a trademark registered in the 
United States Patent Office. 
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Advert sernent 

Application Handbook 

New, first edition, bound handbook. Over 1,300 pages. Includes complete product 
specifications for GE's complete line of semiconductors, over 2,500 types arranged in 
alpha-numeric order. Interchangeability information, Selector Guides, and check lists 
make this a complete, comprehensive guide. 

Price $3.95 

Transistor Manual 

Written for circuit designers by circuit designers. Applications, characteristics, and 
theory for transistors, unijunctions, diodes, tunnel diodes, plus other discrete signal 
devices. Over 600 pages. 

7th. Edition: Price $2.00 

SCR Manual 
New, updated edition. Covers the complete story on SCR's, plus expertise on Triacs, 
regulating circuits, motor controls, and other power semiconductor applications. Over 

500 pages. 

5th. Edition: Price $3.00 
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SILICON SIGNAL TRANSISTORS 22 

SILICON POWER TRANSISTORS 30 

SIGNAL DIODES 36 
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DARLINGTON AMPLIFIERS 71 
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SELENIUM COMPONENTS 76 

SOLID STATE CIRCUIT ASSEMBLIES 77 

PACKAGE OUTLINES 79 

TECHNICAL PUBLICATIONS 90 

Copyright (é) 1973 General Electric Company 

Semiconductor Products Dept. 
Electronics Park 

Syracuse, N. Y. 13201 U.S.A. 

The information in this advertisement has been carefully checked and is believed to be reliable. 
However, no responsibility is assumed for inaccuracies. 
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INDEX 

Only summary device parameters are listed in this advertisement. For complete cross reference and interchangeability.... General 
Electric equivalents to popular 1N, 2N, 3N and industry house numbers, see our interchangeability Guide (#451.104) or Semiconductor 

Data Handbook (#451.90). 
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Page 

22,26,29 
22,26.29 

22,26 
22.26 
22,26 

22.24,26 
22,24,26.70 
22,24,26,70 

22,28 
22.23 

22,26,29 
70 
70 

22.26,29 
34 

34 
22,26 
22,26 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
41,44 
22,25 

22,25 
22,24,26,70 

22,28 
22.28 
22.28 

57 
57 
57 
57 

22,24.26.70 
22,26 

22 
22,70 

22 
22 

22,26 
22.26,29 
22,26,29 
22,24,26 
22,24.26 
22,24,26 

26 
26 
26 

22,23.25.28 
22,23,25.28 
22,23.25,28 
22,23.25.28 
2223.25,28 
22,23,25,28 

22.23.25,28 
22.23.25.28 

22.23.25 
22.23,25 
22,23,25 
22,23,25 
22,24.26 
22,24,26 
22.24,26 
22.23.25 
22.23,25 
22.23.25 
22.23.25 
22,23,25 

47 

47 
47 
47 

22.23.25 
22,23.25 
22.23,25 
22.23.25 

22,23.25.70 
22.23.25.70 

22.23.25 
22.23.25 
22.23.25 
22.23.25 
22.23.25 
22,23,25 

22,23.25 
22,23.25 
22,23,25 

22.23 
22,23 
22.23 
22.23 

22.24.27.29 
22.24.27 

22,23.25.28.29 
22.23,25,28.29 
22,23,25.28.29 
22.23.25.28.29 
22,23.25.28.29 
22,23,25,28.29 
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INDEX 

Type Page 

256006 22,23,25.28,29 
256007 , 22,23,25,28,29 , 
256008 22,24,27.29 
256009 22,24,27,29 
256010 22.23,25,28,29 
256011 22,23.25,28,29 
256012 22.23,25,28,29 
256013 22,23,25,28,29 
256014 22.23.25.28.29 
256015 22,23,25,28.29 
256016 22,23,25.28.29 
256017 s 22,23,25.28,29 
256027 41.43 
256028 41,43 
256076 22,24,27 

256218 22,25,28 
256219 22,25,28 
256220 22,25.28 
256221 22.25,28 
256222 22.23.25 
256223 22,23,25 
256224 22,23.25 
256225 22,23,25 
3581 44 
3582 44 
3583 44 
3584 44 
3585 44 
3586 44 
A14* 49 

Al4P0* 49 
A15' 49 
A27881200' 73 
A27DR1200' 73 
A27,081200' 73 
A26' 50 
A28E3111200' 73 
828DR1200' 73 
4288R1201" 73 
4280R1201' 73 
4388R1200* 73 
A3813111200' 73 
A38MRI200* 73 
438E1R1202' 73 
438DR1202' 73 

A40* 51 
444' 51 
A70* 52 
090* 52 
A96' 52 
0114* 49 
A115' 49 
0129* 50 
0211' 74 
A220' 74 
A291' 52 
4295' 53 
A390* 53 
A396* 53 
A411* 75 

A420-22* 74 
A500' 53.74 
A540* 53.74 
4570' 53,74 
01423' 75 
A1425* 75 
A2011' 75 
A2511* 75 
03511* 75 
A3512' 75 

'Denotes Series 

Type 

47011-14' 
A9013.16' 
801-7' 
BD402-7' 
C3' 
C5" 
C5081200* 
C5BR1200* 
C5DRI200' 
C6' 
C7' 
C10' 
CIOAR1200' 
CIOBRI200' 
ClODR1200* 

C11' 
CI IAR1200' 
C11 BR1200" 

, CI IDR1200* 
r, C11 MRI200* 

!M: 
f:C35AR1200' 

I.  ' C35E1R1200' '05081200* 
C35ER1200* 
035MR1200* 
`C36' 
C37' 
C38* 

03813R1200* 
C38HRI200' 
C38DR1200* 
C45-46* 
C50* 
C52* 
C60' 
C62* 
C103* 
C106' 
C107* 
C122' 
C137' 
0137MR1200' 
C138* 

C139' 
CI40* 
C141* 
C144' 
C147' 
C149* 
C150' 
CI51-153' 
C152* 
C35006' 
C154-159' 
C180' 
C185* 
C220' 
C230* 

C231* 
C280* 
C282" 
C283' 
C286' 
C287' 
C290' 
C291' 
C350' 
C354-55' 

Page 

75 
75 
40 
40 
55 
55 
73 
73 
73 
55 
55 
56 
73 
73 
73 

56 
73 
73 
73 
73 
56 
47 
73 
73 
73 
73 
73 
56 
56 
57 

73 
73 
73 
58 
58 
58 
58 
58 
55 
55 
55 
56 
57 
73 
61 

61 
61 
61 
61 
61 
62 
58 
62 
58 
73 
62 
59 
63 
56 
56 

56 
59 
59 
59 
59 
59 
59 
59 
58 
62 

Type 

C35466' 
C35506* 
C358' 
C364' 
C365' 
0380' 
038066' 
C385' 
C38066* 
C38506* 
C387* , 
038766 
C388' • 
C38806' 
C39006' 

C390' 
C392' 
C393' 
C394' 
C395' 
C397' 
039706' 
C398* 
C39806* 
C501' 
C501E7-411' y 
C50105,08' . 
050167,A11* ' 
0520* 
C52005,68* 

C530* 
C53005.G8' 
C600* 
C601' 
C602' 
C609* 
01012,13' 
CI112,13' 
01212,13' 
C3512,13* 
C4012,13* 
C5014' 
C6014' 
C15014' 
C15414' 

C15514* 
C158I4* 
C18015* 
CI 8515» 
05E43.44' 
D50514.16' 
05(1-2' 
01288* 
D12E026' 
012(109* 
01311-4* 
013V1-4' 
012(126' 
D1361* 
D1606' 

016P1* 
02601-5", 
026E1-6* 
02661* 
D26P1' 
D26P2' 
026P3' 0111 
D29EI-1 
029F1-7". 
030AI-5*,   

Page 

73 
73 
62 
63 
63 
59 
73 
63 
73 
73 
63 
73 
63 
73 
73 

60 
64 
64 
64 
64 
64 
73 
64 
73 
60 
74 
74 
74 
60 
74 

60 
74 
60 
60 
61 
64 
73 
73 
73 
73 
73 
73 
73 
73 
73 

73 
73 
73 
73 
42 
42 

41,43 
71 
71 
71 

41,43 
72 
71 

41.43 
22,27 

28 
22,24,27 

27 
22.27 

23 
23 
23 

22.24,27 
22,24.27 
22,24,27 

i Type 

' 032K1* 
. 03282' 
• 032P1* 
' 032P2' 

1 

• ' 032P3 ' , 
, 032P4* ; 
D33021-30 
" 04001-8' ,-
D4001-8" 
D40E1-7' , 
040(1-7' ' 
D4051-5' , 
D4101-14' 
D41E1-7* ' 

-D4201-12' 

04281-2' 
D4301-12* 

v14401-12' 
044111* 
044112* 
D4464* 
044H5* 
044H7* 
04468' 
-044H10* 
V441-111' , 
04401.5" 
04481-8* ' 
D4501-12* 
045111" 

'1)4912* 
D45144* 
0451-15* 
1145H7' 

'0451-18' 
O45610 
0451-111' ' 
O81701-04 
,DT2300' - 
DT230H* 
17230H1* , 
DT2308* 
-012300* 
DT2300* 
*01.230F' 

O2800' 
O2805' 
02806* 
GEB100' 
ER' 
GER4001* 
,GET706" 
GET708* 
GET914' 
-6E1929' 
ET930' 

GET222I,A 
GET2222,4 
GET2369* 
GET2484* 

GET2904-0 
ET3013-1 
ET3563' 

GET3646' 
GET3638,A 
ET3903* 
ET3904* 

GET3905' 
6E1'3906' 
GET5305' 

Page 

22 
22 
22 
22 
22 
22 

22,24,27 
30 
31 
31 
31 
30 
31 
31 
32 

32 
32 
33 
34 
34 
34 
34 
34 
34 
34 
34 
33 
30 
33 
34 

34 
34 
34 
34 
34 
34 
34 
36 
37 

37,49 
37.49 
37,49 
37,49 
37,49 
37,49 

36 
36 
36 
74 
49 
49 

22,29 
22,29 
22,29 

22,25,29 
22,25.29 

22,23,25,28 
22.23,25,28 

22 
22,25,29 

22,23,25.28 
22.29 

22 
22.29 

22.25.28 
22.23,25,28 
22,23.25,28 
22,23,25,28 
22.23,25,28 

28 

Type 
GET5306* 
GET5307* 
0E15308' 
H10' 

13' 
15' 

L1V* 
18* 
19' 
1144502' 
114E1-4' 
114F' 
114T* 
115E' 

MAI 701» 
MA1702* 
MA1703* 
MAI 704' 
MP-2" 
MPD200' 
MPD300' 
MP13400* 
mPRIO* 
MPR12* 

IrIlPt5s: 
A-3(A,B,C,)* 
00AG* 

00-A* 
OA* 

00A' 
135* 
136' 
141' 
142' 
146' 
240,41' 
245,46' 
250,51* 
260,61' 
708' 

SS321* 
66322' 

SS324* 
66325' 
SS334* 
SS337' 
ST2 
ST4* 
STE1567' 
SIB 568' 
STB569* 
TD9' 
TD25I-56* 
10251A-56A* 
TD261-66* 
TD261A-660* 
T0201-206* 

T02014-2064' 
TD271-76* 
10271A-76A' 
TD281-6* 
TD401-39* 
VP' 

Page 

28 
28 
28 

45.46 
45,46 
45,46 
45,46 

47 
47 
47 
47 
47 

47,48 
47 
47 

36 
36 
36 
36 
37 
37 
37 
37 
49 
49 
49 
37 
70 
72 
77 

77 
78 
78 
78 
65 
66 
66 
66 
65 
66 
67 
68 
36 
36 
36 

36 
36 
36 
36 
67 
67 
37 
37 
37 
39 
39 
39 
39 
39 
39 

39 
39 
39 
39 
38 
69 
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Advert,sement 

SELECTOR GUIDE TO-18 SILICON SIGNAL TRANSISTORS 

N 

50 .A to 5mA 5mA to 25mA :5mA to 75mA 75mA to 800mA 

NPN NPN NPN PNP 

GET706 GET3013 GET706 GET2369 GET2369 

to GET708 GET3563 GET708 GET3013 

19 6E1914 
GET2369 

GET3646 GET914 GET3646 

20 255810 256000 6E13638 255813 GET3014 256002 GET3638 256001 ,GET3014 256002 GET3638 256001 255810 2N6002 255811 256001 
to 255812 256002 GET3638A 256001 256000 03201 GET36380 256003 255451 03201 GET36384 256003 255812 032K1 2N5813 256003 
29 255811 256003 256000 255447 256000 

255368 032P1 255372 255374 GET2221 255369 255372 255374 GL1[221 255370 255372 255375 255368 255370 255372 255374 
255369 03201 255373 255375 GET2222 255370 255373 255375 GET2222 255371 255373 255448 255369 2N5371 255373 2N5375 
255370 D32P3 2N5368 255371 255368 255449 255374 
2N5371 032P4 255369 255450 

255814 2558278 GET2904 255819 GET22214 256006 GET2904 256005 6E122210 256010 GET2904 256005 255814 256006 GET2904 255819 
255816 255828 6E02905 256005 GET2222A 256010 GET2905 256007 GET2222A 256012 GET2905 256057 255816 256010 6E12905 2N6005 
255818 2558288 GET2906 256007 254994 256012 GET2906 256011 256004 03202 GET2906 256011 255818 256012 GET2906 256007 
255824 256004 GET2907 256011 254995 03202 GET2907 256013 256006 GET2907 256013 256004 03202 GET2907 256011 
255825 256006 255815 256013 256004 255815 256013 
255826 256010 255817 255817 
255827 256012 

50 GET929 GET929 
to 
59 GET930 GET930 

60 GET2484 256016 255821 2N6017 G(T2484 256222 256015 256223 256014 2N6015 255820 256014 256015 

to 255820 256222 255823 256223 256014 256224 256017 256225 256016 256017 255821 256016 256017 

79 255822 
256014 

256224 256015 2N6225 256016 255822 
255823 

80 256218 256221 256218 256221 
to 256219 256219 
' - 256220 256220 

SELECTOR GUIDE TO-98 SILICON SIGNAL 

U 
(  mA) 

V , 
(Volts) 

50 A to 5mA 5mA to 25mA 25mA to 75mA 75m4 to 800m4 

NPN PNP NPN PNP 

252926 253662 252926 253662 
253900 253663 253900 253663 
2539000 01666 2539000 01666 
253901 253901 

253390 253396 255354 256076 253390 2N5420 255354 256076 255418 255305 255354 256009 033021 D29E1 

253391 253397 255355 255999 253391 255172 255355 255999 255419 2N5306 255355 029E1 D33D22 029E2 

2N3391A 253398 255356 256009 2533918 255998 2N5356 2N6009 255420 2553060 255356 029E2 

253392 255172 253392 256008 253402 255998 255999 

20 1 253393 255998 253393 253402 253403 256008 
to 1 253394 256008 253394 253403 253414 033021 
29 , 253395 253395 253414 253415 D33D22 

, 253396 253415 
253397 255305 
253398 255306 

, 255418 2553060 
.- 255419 

253843 253854 253843 253854 

30 
2538430 2538540 2538430 2538544 

to 
253844 253855 253844 253855 

39 
2538444 2538550 
253845 253856 

2538440 2938550 
253845 253856 

2538450 2538560 2538450 2538564 

253858 02901 255765 253858 254425 D29F1 255365 254424 033024 255365 029E5 033524 D29E4 
40 253859 02902 255366 253859 255307 029F2 255366 254425 033025 255366 029E6 033025 D29E5 
to 253860 02903 255367 753860 255308 D29F3 2N5367 255307 033026 255367 029E7 033026 D29E6 
49 02904 254424 2553080 D29F4 255308 033027 029E4 D33D27 029E7 

2553089 

255232 255309 255232 2N5311 253404 

50 2552320 255310 2552320 253404 253405 

to 
255249 255311 255249 253405 253416 

59 2N5249A 2552496 253416 
255309 253417 

253417 

255310 

60 2538554 02905 2538588 D29F5 033029 029F9 033029 D29E9 
to 2538590 02906 2N38594 D29F6 033030 D29E10 D33D30 D29E10 
go 2538600 02907 2N38604 02907 

253877 255175 253877 255175 
2538778 255176 2538770 255176 
255174 255174 

I 
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MICRO MINIATURE EPDXY TRANSISTORS 
441i, 

4.40, 

erA 
Advertisement 

To SrnA See to 2Sfegi ,m11 tr 

D26G1 

026P1 

026C1 
026C2 
026C3 
026C4 
D26C5 
026 P2 
026 P3 

030A1 
D30A2 
030A3 
1330A4 
D30A5 

026E1 
026E2 
026E3 
D26E4 
D26E5 
026E6 

NIN POP 

026P1 

D26C1 
026C2 
026C3 
026C4 
026C5 
026P2 
026P3 

030AI 
030A2 
030A3 
030A4 
030AS 

D26E I 
026E2 
026E3 
026E4 
026E5 
D26E6 

026P1 

D26C I 
026C2 
026C3 
026C4 
026C5 
026 P2 
026P3 

030A I 
D30,42 
030A3 
030A4 
D30A5 

026E1 
D26E2 
026E3 
026E4 
D26E5 
026E6 

SILICON SIGNAL 
COMPLEMENTARY PAIRS 

TO-18 PACKAGE 

Device BY h v .. - , 
Min-Mat. ,e. I , v • v, EA al ,,-7 I . I Complement 

MPH ,.. 

255368 30 60-200 150mA.I0 0.3 150mA 15mA 255372 

255369 30 100-300 150mA,10 0.3 150mA,15mA 255373 

255370 30 200-600 150mA.10 0.3 150mA,15mA 255374 

2 5 53 71 30 60-600 150m6.10 0.3 150mA,15mA 255375 

30 40-120 150mA.I0 0.3 I 50mA,I5mA 255368 

30 100-300 150mA,10 0.3 I 50mA,I5mA 255369 

2553 74 30 200-400 150mA,10 0.3 150mA.15mA 255370 

25 ' 30 40-400 150mA,10 0.3 150mA.I5mA 255371 

255380 40 50-150 10mA 1 0.2 10mA,IrnA 255382 

255381 40 100-300 10mA.1 0.2 10mA,ImA 255383 

255382 40 50-150 10mA 1 0.2 10mA,ImA 255380 

755383 40 100-300 10mA.1 0.25 10mA,ImA 255381 

255447 25 60-300 50m/1.5 0.25 50mA,5mA 255449 

255448 30 30-150 50mA,5 0.25 50mA,5mA 255450 

255449 30 100-300 50mA,2 0.6 100mA,5mA 255447 

255450 30 50-150 50mA,2 0.8 100mA,5mA 255448 

255451 20 30-600 50mA.2 1.0 100mA,5mA 255447 

255810 25 60-200 2mA,2 0 75 500mA,50mA 255811 

255811 25 60-200 2mA,2 0.75 500mA,50mA 255810 

255812 25 150-500 2mA,2 0.75 500mA,50mA 255813 

255813 25 150-500 2mA,2 0.75 500mA,50mA 255812 

255814 40 60-120 2mA.2 0.75 500mA,50mA 255815 

265815 40 60-120 2mA.2 0.75 500mA.50mA 255814 

255816 40 100-200 2mA,2 0.75 500mA.50mA 255817 

255817 40 100-200 2mA,2 0.75 500mA,50mA 255816 

255818 40 150-300 2mA,2 0.75 500mA,50mA 255819 

255819 40 150-300 2m8,2 0.75 500mA,50mA 255818 

255820 60 60-120 2mA,2 0.75 500mA,50mA 255821 

255821 60 60-120 2mA,2 0.75 500mA.50mA 255820 

255822 60 100-200 2mA,2 0.75 500m4,50mA 255823 

295823 60 100-200 2mA,2 0.75 500mA,50mA 255822 

256000 25 100-300 10mA.1 0.4 300mA.30mA 256001 

256001 25 100-300 10mA,I 0.75 300mA.30mA 256000 

256002 L 25 250-500 10mA,I 0.4 300mA.30mA 256003 

256003 j 25 250-500 10mA,I 0.75 300mA,30mA 256002 

256004 40 100-300 10mA.1 0.4 300mA.30mA 256005 

256005 r 40 100-300 10mA.1 0.75 300mA.30mA 256004 

256006 j 40 250-500 10mA.1 0.4 300mA,30mA 256007 

256007 40 250-500 10mA,I 0.75 300mA.30mA 256006 

256010 40 100-300 10mA,1 0.25 300mA.30mA 256011 

256011 40 100-300 10mA.1 0.6 300mA.30mA 256010 

256012 40 250-500 10mA,1 0.25 300mA.30mA 256013 

256013 40 250-500 10mA.1 0.6 300mA.30mA 256012 

256014 60 100-300 10mA,1 0.25 300mA.30mA 256015 

256015 60 100-300 10mA,I 0.6 300mA.30mA 256014 

256016 60 250-500 10mA.1 0.25 300mA.30mA 256017 

296017 60 250-500 10mA,I 0.6 300mA.30mA 256016 

286222 60 75-200 2mA,5 0.125 10mA.1mA 286223 

256223 60 75-200 2mA 5 0.250 10mA,ImA 286222 

256224 60 150-300 2mA 5 0.125 10mA,ImA 256225 

256225 60 150 300 2mA.5 0.250 10mA,ImA 286224 

0E02221 30 40-120 150mA,10 0.3 150mA I5mA GET2904 

GET2221A 40 40-120 150mA,10 0.3 150mA 15mA GET2904 

0E72222 30 100-300 150mA,I0 0.3 150mA,15mA 0E72905 

GET2222A 40 100-300 150mA,I0 0.3 150mA 15mA 0E72905 

0E12904 40 40-120 150mA,I0 0.4 150mA,15mA GE122218 

0E12905 40 100-300 150mA,10 0.4 150mA,15mA GET2222A 

0E73903 40 50-150 10mA,I2 0.3 50mA,5mA 0E73905 

0E13904 40 100-300 10mA,12 0.3 50mA,5mA 0E73906 

G E 13905 40 50-150 10mA 12 0.4 50mA,5mA 0E03903 

0E03906 40 100-300 10mA,12 0.4 50mA,5mA 0E03904 
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Advertisernent 

SILICON SIGNAL 
COMPLEMENTARY PAIRS 
TO-98 OUTLINE 

Device BV ,-• h • 
IV) Min.-Max. @ I , V:F (V) Complement NPN PNP 

2N3858 ad 60-120 2mA,5 0.125 10mA,1mA D29F1 

2N3859 40 100-200 2mA,5 0.125 10mA.1m4 D29F2 

2N3860 40 150-300 2mA.5 0.125 10mA,1mA D29F3 

2N3858A 60 60-120 2mA,5 0.125 10mA lmA D29F5 

2N3859A 60 100-200 2mA,5 0.125 10mA,1mA 029F6 

2N3860A 60 150-300 2mA.5 0.125 10mA.1mA D29F7 

2N5172 25 100-500 10mA,10 0.25 10mA,1MA 2N6076 

2N5232 50 250.500 2mA,5 0.125 10mA,ImA D29F4 

2N5354 25 40-120 50mA,1 0.25 50mA,2.5mA 2N5418 

2N5355 25 100-300 50mA,1 0.25 50mA,2.5mA 2N54I9 

2N5356 25 250-500 50mA,1 0.25 50mA,2.5mA 2N5420 

2N5418 25 40-120 50mA,1 0 25 50mA,2.5mA 2N5354 

2N5419 25 100-300 50mA,1 0.25 50mA.2.5mA 2N5355 

2N5420 25 250-500 50mA,1 0.25 50mA,2.5mA 2N5356 

2N5998 25 150-300 10mA,2 0.25 50mA,2.5mA 2N5999 

2N5999 150-300 

250-500 

10mA,2 0.25 50mA,2.5mA 2N5998 

2N6008 10mA,2 0.25 50mA,2.5mA 2N6009 

2N6009 25 250-500 10mA,2 0.25 50mA,2.5mA 2N6008 

2N6076 25 100-500 10mA,10 0.25 10mA,1mA 2N5172 

029E1 25 60-200 2mA,2 0.75 500mA,50mA 033021 

02912 25 150-500 2mA,2 0.75 500mA,50mA 033022 

02914 40 60-120 2mA,2 0.75 500mA,50mA 033024 

D29E5 100-200 2mA,2 0.75 500mA,50mA D33D25 

02916 150-300 2mA,2 0.75 500mA,50mA D33D26 

02917 40 250-500 2mA,2 0.75 500mA.50mA D33D27 

02919 60 60-120 2mA,2 0.75 500mA,50mA D33D29 

029110 60 100-200 2mA,2 0.75 500mA,50mA 033030 

D29F1 40 60-120 2mA,5 0,25 10mA,1mA 2N3858 

D29F2 40 100-200 2mA,5 0.25 10mA,1mA 2143859 

D29F3 40 150-300 2mA,5 0.25 10 mA,1 mA 2143860 

D29F4 40 ' 250-500 2mA,5 0.25 10mA,ImA 2145232 

029F5 60 60-120 2mA,5 0.25 10mA,1mA 21438580 

1:129F6 60 100-200 2mA,5 0,25 10mA,1mA 2N3859A 

D29F7 60 150-300 2mA,5 0.25 10mA,ImA 2143860A 

033021 25 60-200 2mA,2 0.75 500mA,50mA D29E1 

033D22 25 150-500 2mA,2 0.75 500mA,50mA 02912 

033024 40 60-120 2mA,2 0.75 500mA,50mA 02914 

033025 40 100-200 2mA,2 0.75 500mA,50mA 02915 

033026 40 150-300 2mA,2 0.75 500mA,50mA 02916 

033027 40 250-500 2mA,2 0.75 500mA,50mA 02917 

033029 60 60-120 2mA,2 0.75 500mA,50mA D29E9 

033030 60 100-200 2mA,2 0.75 500mA,50mA 029110 

SILICON SIGNAL 
COMPLEMENTARY PAIRS 
MICRO MINIATURE PACKAGE 

Device A V 
Complement 

Min.-Max. (6.• I , V (V) NPN PNP 

026C1 25 30-90 10mA,5 0.25 10mA,1mA 03061 

D26C2 25 60-180 10mA,5 0.25 10mA,1mA D30A2 

D26C3 25 U 140-300 10mA,5 0.25 10mA,1mA D30A3 

D26C4 25 250-500 10mA,5 0.25 10mA,1mA 03004 

D26C5 25 400-800 10mA.5 0.25 10mA,1mA D30A5 

D30A1 25 30-90 10mA,5 0.25 10mA.ImA D26CI 

03062 25 60-180 10mA,5 0.25 10mA,1mA D26C2 

D30A3 25 r 140-300 10mA,5 0.25 10mA,ImA D26C3 

D30A4 
_...i 

25 jh 250-500 10mA,5 0.25 10mA lmA D26C4 

D30A5 :,....Jg---zi. 400-800 10mA,5 0.25 10mA,1mA D26C5 

24 



.100' Adv,115é,ent 

••••,, 

TO-18 

Device 

254994 
254995 
255368 
255369 
255370 

255371 
255372 
255373 
255374 
255375 

255380 
255381 
255382 
255383 
255447 

255448 
255449 
255450 
255451 
255810 

255811 
255812 
255813 
255814 
255815 

255816 
755817 
755818 
255819 
255820 

255821 
255822 
255823 
255824 
255825 

255826 
255827 
2558270 
255828 
2558280 

256000 
256001 
256002 
256003 
256004 

256005 
256006 
256007 
256010 
256011 

256012 
256013 
256014 
256015 
256016 

256017 
256218 
256219 
256220 
256221 

256222 
256223 
256224 
256225 
D32PI 

032P2 
D32P3 
032P4 
GE 1929 
GET930 

GET2221 
GET22210 
GE 12222 
GE 122228 
6E12484 

GE 72904 
6612905 
G612906 
GET2907 
GET3563 

GE 13638 
GE 136380 
GE 73903 
GE 13904 
GE 13905 
CFT3906 

NPN 
NPN 
NPN 
NPN 
NPN 

NPN 
PNP 
PNP 
PNP 
PNP 

AWN 
NPN 
PNP 
PNP 
PNP 

PNP 
MPS 
NPN 
NPN 
NPN 

PNP 
MPS 
PNP 
NPN 
PNP 

NPN 
PNP 
NPN 
PNP 
NPN 

PNP 
NPN 
PNP 
NPN 
NPN 

NPN 
NPN 
NPN 
MPS 
MPS 

NPN 
PNP 
NPN 
PNP 
NPN 

PNP 
NPN 
PNP 
MPS 
PNP 

NPN 
PNP 
MPS 
PNP 
NPN 

PNP 
MPS 
NPN 
NPN 
MPS 

NPN 
PNP 
MPS 
PNP 
YiPN 

NPN 
NPN 
NPN 
NPN 
MPS 

NPN 
MPS 
MPS 
MPS 
MPS 

PNP 
PNP 
PNP 
PNP 
NPN 

PNP 
PNP 
NPN 
MPS 
PNP 
PNP 

(re 10mA 
(V) 

45 
45 
30 
30 
30 

30 
30 
30 
30 
30 

40 
40 
40 
40 
25 

30 
30 
30 
20 
25 

25 
25 
25 
40 
40 

40 
40 
40 
40 
60 

60 
60 
60 
40 
40 

40 
40 
40 
40 
40 

25 
25 
25 
25 
40 

40 
40 
40 
40 
40 

40 
40 
60 
60 
60 

60 
300 
250 
200 
150 

60 

60 
60 
30 

30 
30 
30 
50 
50 

30 
40 
30 
40 
60 

40 
41 
40 
40 
12 

25 
25 
40 
40 
40 
40 

hr 
-Mx. 3/ I , V (V' 

40-160 10mA,10 
100-400 10mA,10 
60-200 150mA,10 
100 300 150mA,10 
200-600 150mA,10 

60-600 150mA,10 
40-120 150mA,10 
100 300 150mA,10 
200.400 150mA,10 
40-400 150mA,10 

50-150 10mA,1 
100-300 10mA.1 
50-150 10mA.1 

100-300 10mA.1 
60-300 50mA,5 

30-150 50mA,5 
100-300 50mA,2 
50-150 50mA.2 
30-600 50mA,2 
60 200 2mA,2 

60-200 2mA,2 
150-500 2mA,2 
150-500 2mA,2 
60-120 2mA,2 
60-120 2mA.2 

100-200 2mA,2 
100-200 2mA.2 
150-300 2mA,2 
150-300 2mA.2 
60-120 2mA,2 

60-120 2mA,2 
100-200 2mA.2 
100-200 2mA,2 
60-120 2mA,2 

100-200 2mA,5 

150-300 2mA,5 
250-500 2mA.5 
250-500 2mA,5 
400-800 2mA.5 
400-800 2mA,5 

100.300 10mA,1 
100-300 10mA,1 
250-500 10mA,1 
250-500 10mA,1 
100-300 10mA,1 

100-300 10mA,1 
250-500 10mA,1 
250-500 10mA,1 
100-300 10mA,1 
100-300 10mA,1 

250-500 10mA,1 
250-500 10mA.1 
100-300 10mA,1 
100-300 10mA.1 
250-500 10mA,1 

250-500 10mA,1 
20- 20mA,10 
20- 20mA.10 
20- 20mA,10 
20- 20mA,10 

75-200 2mA,5 
75-200 2m0.5 

150-300 2mA.5 
150-300 2mA,5 
40-80 2mA,5 

60-120 2mA.5 
100-200 2mA,5 
150-300 2mA,5 
60-120 10A.5 

100-300 10.‘,A,5 

40-120 150mA.10 
40-120 150mA,10 
100-300 150mA,10 
100-300 150m0.10 
150 900 2mA,5* 

40-120 150mA,10 
40-120 150mA,10 

100-300 150mA.10 
100-300 150mA,10 
20 200 8mA,10 

30-800 50mA,1 
100 800 50mA,I 
50-150 10mA.1 

100-300 10mA,1 
50-150 10mA,1 
100-300 10mA.1 

SILICON SIGNAL 
GENERAL PURPOSE AMPLIFIERS 

TO-18 OUTLINE 

(V) Ma . p k, 

.30 150mA,15mA 

.30 150mA,15mA 

.30 150mA,I5mA 

.30 150mA,15mA 

.30 150mA,15mA 

.30 150mA,15mA 
30 150mA.I5mA 
.30 150mA.15mA 

.2 10mA,ImA 

.2 10mA,ImA 

.25 10mA. lmA 

.25 10mA.1mA 

.25 50mA,5mA 

25 50mA.5mA 
6 100mA.5mA 
8 100mA,5mA 

1.0 100mA,5mA 
.75 500 mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 500mA,50mA 

.75 53.0mA,50mA 

.125 10mA,ImA 

.125 10mA,1mA 

.125 10mA.ImA 

.125 10mA,ImA 

.125 10mA,ImA 

.125 10mA,ImA 

.125 10mA,1mA 

.175 100mA,I0mA 

.175 100mA,10mA 

.175 100mA,I0mA 
175 100mA,10mA 
.175 100mA,10mA 

.175 100mA,I0mA 

.175 100mA,10mA 

.175 100mA.I0mA 

.25 300mA,30mA 

.60 300mA,30mA 

.25 300mA.30mA 

.60 300mA.30mA 

.25 300mA.30mA 

.60 300mA.30mA 

.25 300mA,30mA 

.60 300mA,30mA 
1.0 10mA,ImA 
1.0 10mA.ImA 
2.0 20mA.2mA 
2.0 20mA,2mA 

.125 10mA. ImA 

.25 10mA,ImA 

.125 10mA,ImA 

.25 10mA.ImA 

.150 10mA, I mA 

.150 10mA,ImA 

.150 10mA. I mA 

.150 10mA,1mA 

.125 10mA,ImA 

.125 10mA, 1mA 

.30 150mA,I5mA 

.30 150mA,15mA 

.30 150mA,15mA 

.30 150mA,15mA 

.35 I mA, 1mA 

.40 I 50mA,I5mA 
150mA,15mA 

:0 150mA,I5mA 
150mA,15mA 

.25 50mA,2.5mA 

.25 50mA.2.5mA 

.3 50mA.5mA 

.3 50mA,5mA 

.4 50mA.5mA 
50mA,5mA 

Co. 
1, @ 10V, P, 

Typical 1MHz (F ,i 25 
Typical (P1) 

400 
400 
300 
300 
300 

300 
250 
250 
250 
250 

300 
300 
300 
300 
150 

150 
150 
150 
150 
150 

150 
150 
150 
150 
150 

150 
150 
150 
150 
150 

150 
150 
150 
200 
200 

200 
200 
200 
200 
200 

200 
250 
200 
250 
200 

250 
200 
250 
150 
150 

150 
150 
150 
150 
150 

150 
80 
80 
80 
80 

200 
200 
250 
250 
250 

250 
300 
300 
200 
200 

300 
300 
300 
300 
100 

150 
150 
150 
150 
750 

200 
200 
250 
250 
250 
250 

1 
1 
5 
5 
5 

7 

7 
7 
7 
7 
7 

7 
7 
7 
2 
2 

2 
2 
2 
2 
2 

5 
7 
5 
7 
5 

7 
5 

7 
8 

7 
8 
7 

a 

3 
3 
3 

2 
2 
2 
2 
.9 

.9 

.9 

.9 
2 
2 

360 
360 
360 
360 
360 

360 
360 
360 
360 
360 

360 
360 
360 
360 
360 

360 
625 
625 
625 
625 

500 
625 
500 
625 
500 

625 
500 
625 
500 
625 

500 
625 
500 
360 
360 

360 
360 
360 
360 
360 

400 
400 
400 
400 
400 

400 
400 
400 
625 
500 

625 
500 
625 
500 
625 

500 
500 
500 
500 
500 

360 
360 
360 
360 
360 

360 
360 
360 
360 
360 

360 
360 
360 
360 
360 

360 
360 
360 
360 
200 

360 
360 
310 
310 
310 
310 

25 



Advertisement 

SILICON SIGNAL 
GENERAL PURPOSE AMPLIFIERS 
TO-98 OUTLINE 

BV,5 
10mA 

Device 

NPN 18 
NFIV 18 
NPN 18 
NPN 18 
NPN 25 

NPN 25 
NPN 25 
NPN 18 
NPN 25 
NPN 25 

NPN 25 
NPN 25 
NPN 25 
NPN 25 
NPN 25 

NPN 25 
NPN 25 
NPN 25 
NPN 25 
NPN 25 

NPN 50 
NPN 50 
NPN 25 
NPN 25 
NPN 50 

NPN 50 
NPN 12 
NPN 12 
NPN 30 
NPN 30 

NPN 30 
NPN 30 
NPN 25 
NPN 25 
NPN 36 

NPN 36 
NPN 36 
NPN 36 
NPN 36 
NPN 36 

NPN 40 
NPN 60 
NPN 40 
NPN 60 
NPN 40 

NPN 18 
NPN 18 
NPN 25 
NPN 40 
NPN 40 

NPN 25 
NPN 50 
NPN 50 
NPN 50 
NPN 50 

NPN 50 
NPN 50 
NPN 50 
PNP 25 
PNP 25 

PNP 25 
PNP 40 
PNP 40 
PNP 40 

' h at INFIz 

30-90 2mA,5 
75-225 2mA,5 
30-90 2mA,5 
75-225 2mA,5 
90-180 2mA,10 

150-300* 2mA,10 
235-470' 2mA,10 
35-470* 2mA,I0 

400-800 2mA.5 
250-500 2mA,5 

250-500 2mA,5 
150-300 2mA,5 
90-180 2mA,5 
55-110 2414,5 

150-500 2mA,5 

90-500 2mA,5 
55-500 2mA,5 
55-800 2mA,5 
75-225 2mA,5 

180-540 2mA,5 

75-225 2mA,5 
180-540 2mA,5 
75-225 2mA,5 

180-540 2mA,5 
75-225 2mA,5 

180-540 2mA.5 
20- 8mA,I0 
20- 8mA,10 
20-40 2mA,5 
20-40 2mA,5 

35-70 2mA.5 
35-70 2mA,5 
60-120 2mA,5 
60-120 2mA,5 
35-70 2mA,5 

35-70 2mA,5 
60-120 2mA,5 
60-120 2mA,5 

100-200 2mA,5 
100-200 2mA.5 

60-120 2mA,5 
60-120 2mA.5 
100-200 2mA,5 
100-200 2mA,5 
150-300 2mA,5 

250-500 2mA.5 
250-500 2mA.5 
350-700 2mA.5 
180-540 2mA,5 
180-540 2mA.5 

100-500 10mA,10 
250-500 2mA,5 
250-500 2mA.5 
400-800 2mA,5 
400 800 2mA,5 

60-120 1001,5 
100-300 10,AA.5 
250-500 10AA.5 
40-120 50mA,I 
100-300 50mA,I 

250-500 50mA,I 
40-120 50mA,I 
100-300 50mA,I 
250-500 50mA,1 

1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
0.3 50mA,3mA 120 5 360 
0.3 50mA.3mA 120 5 360 
1.6 50mA,3mA 120 7 360 

1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 

1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 

1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
0.3 50mA,3mA 150 5 560 
0.3 50mA,3mA 150 5 560 

0.3 50mA,3mA 150 5 560 
0.3 50mA,3mA 150 560 
0.3 50mA,3mA 150 360 
0.3 50mA,3mA 150 360 
0.3 50mA,3mA 150 360 

0.3 50mA,3mA 150 5 360 
0.6 10mA,ImA 1000 .9 200 
0.6 10mA,1mA 1000 .9 200 
0.2 10mA,1mA 150 2 360 
0.2 10mA,1mA 150 2 360 

0.2 10mA,1mA 150 2 360 
0.2 10mA,ImA 150 2 360 
0.2 10mA,1mA 150 2 360 
0.2 10mA,1mA 150 2 360 
0.2 10mA,1mA 200 1.7 360 

0.2 10mA,1mA 200 1.7 360 
0.2 10mA,1mA 200 1.7 360 
0.2 10mA,1mA 200 1.7 360 
0.2 10mA,ImA 200 1.7 360 
0.2 10mA,1mA 200 1.7 360 

.125 10mA,1mA 150 

.125 10mA,ImA 150 

.125 10mA,ImA 150 

.125 10mA,1mA 150 

.125 10mA,ImA 150 

2 360 
360 
360 
360 
360 

1.6 50m/1.3mA 120 7 360 
1.6 50mA,3mA 120 7 360 
1.6 50mA.3mA 120 7 360 
0.3 50mA,3mA 150 360 
0.3 50mA,3mA 150 o 360 

0.25 10mA,1mA 100 
.125 10mA,1mA 150 
.125 10mA,1mA 150 
.125 10mA,ImA 150 
.125 10mA,1mA 150 

360 
360 
360 
360 
360 

.125 10mA,1mA 150 7 360 

.125 10mA,ImA 150 360 

.125 10mA,1mA 150 360 
0.25 50mA,2.5mA 350 5 360 
0.25 50mA,2.5mA 350 5 360 

0.25 50mA,2.5mA 350 5 360 
0.25 50mA,2.5mA 350 5 360 
0.25 50mA.2.5mA 350 o, 360 
0.25 50mA,2.5mA 350 o 360 

26 



TO-98 

SILICON SIGNAL 
GENERAL PURPOSE AMPLIFIERS 

TO 98 OUTLINE 

f-
Typ1 

NPN 25 40-120 50mA,I 0.25 50mA,2.5mA 250 4 400 NPN 25 100-300 50mA,I 0.25 50mA,2.5mA 250 4 400 NPN 25 250-500 50mA,I 0.25 50mA,2.5mA 250 4 400 NPN 25 150-300 10mA,2 0.25 50mA,2.5mA 250 4 400 PNP 25 150-300 10mA,2 0.25 50mA,2.5mA 350 5 400 

NPN 25 250-500 10mA,2 0.25 50mA,2.5mA 250 4 400 PNP 25 250-500 10mA,2 0.25 50mA,2.5mA 350 5 400 Pre 25 100-500 10mA,10 0.25 10mA,1mA 300 5 360 NPN 12 20- 8mA,10 0.6 10mA,1mA 1000 0.9 200 PNP 25 60-200 2mA,2 0.75 500mA,50mA 150 9.4 500 

PNP 25 150-500 2mA,2 0.75 500mA,50mA 165 9.4 500 PNP 40 60-120 2mA,2 0.75 500mA,50mA 120 9.4 500 PNP 40 100-200 2mA,2 0.75 500mA,50mA 135 9.4 500 PNP 40 150-300 2mA,2 0.75 500mA,50mA 150 9.4 500 PNP 40 250-500 2mA,2 0.75 500mA,50mA 165 9.4 500 

PNP 60 60-120 2mA,2 0.75 500mA,50mA 120 9.4 500 PNP 60 100-200 2mA,2 0.75 500mA,50mA 135 9.4 500 PNP 40 60-120 2mA,5 0.25 10mA,1mA 150 2.1 360 PNP 40 100-200 2mA,5 0.25 10mA,1mA 150 2.1 360 PNP 40 150-300 2mA,5 0.25 10mA,1mA 150 2.1 360 

PNP 40 250-500 2mA,5 0.25 10mA,1mA 150 2.1 360 PNP 60 60-120 2mA,5 0.25 10mA,1mA 150 2.1 360 PNP 60 100-200 2mA,5 0.25 10m4,1mA 150 2.1 360 PNP 60 150-300 2mA,5 0.25 10mA,1mA 150 2.1 360 NPN 25 60-200 2mA,2 0.75 500mA,50mA 150 9.4 625 NPN 25 150-500 2mA,2 0.75 500mA,50mA 165 9.4 625 

NPN 40 60-120 2mA,2 0.75 500mA,50mA 120 9.4 625 NPN 40 100-200 2mA,2 0.75 500mA,50mA 135 9.4 625 NPN 40 150-300 2mA,2 0.75 500mA,50mA 150 9.4 625 NPN 40 250-500 2mA,2 0.75 500mA,50mA 165 9.4 625 NPN 60 60-120 2mA,2 0.75 500mA,50mA 120 9.4 625 NPN 60 100-200 2mA,2 0.75 500mA,50mA 135 9.4 625 

SILICON SIGNAL 
GENERAL PURPOSE AMPLIFIERS 

MICRO MINIATURE PACKAGE 

GevILL 

C 

4 'n 111V P. 
25 C 

1111W 

D26C1 NPN 
NPN 

25 30-90 10mA,5 0.25 10mA,1mA 250 5 90 D26C2 
NPN 

25 60-180 10mA,5 0.25 10mA,1mA 250 5 90 D26C3 
026C4 NPN 

NPN 

25 
25 

140-300 
250-500 

10mA,5 
10mA,5 

0.25 
0.25 

10mA,1mA 
10mA,1mA 

250 
250 

5 
5 

90 
90 D26C5 25 400-800 10mA,5 0.25 10mA,1mA 250 5 90 

026E1 
026E2 
026E3 
D26E4 

NPN 
NPN 
NPN 
NPN 
NPN 

45 
40 
40 
40 

100-300 
40-90 
70-145 

115-220 

10A.5 
100µA,2.5 
100µA,2.5 
100µA,2.5 

1.0 
0.25 
0.25 
0.25 

10mA,0.5mA 
10mA,1mA 
10mA,1mA 
10mA,1mA 

150 
150 
150 
150 

2 
2 
2 
2 

90 
90 
90 
90 026E5 40 180-330 100µA,2.5 0.25 10mA,1mA 150 2 90 

D26E6 
02601 

NPN 
NPN 
PNP 

40 
15 

40-330 
20- 

100µA.2.5 
3mA,I 

0.25 
0.4 

10mA,1mA 
10mA,1mA 

150 
1000 

2 
0.9 

90 
so 030A1 

PNP 
25 30-90 10mA,5 0.25 10mA,1mA 250 5 90 D30A2 

03063 PNP 
25 
25 

60-180 
140-300 

10mA,5 
10mA,5 

0.25 
0.25 

10mA,ImA 
10mA,1mA 

250 
250 

5 
5 

90 
90 

03044 
(03065 

PNP 
PNP 

25 
25 

250-500 
400-800 

10mA,5 
10mA,5 

0.25 
0.25 

10mA,1mA 
10mA,1mA 

250 
250 

5 
5 

90 
90 D26P1 NPN 12 2000. 2mA,5 1.0 50mA,50mA 60 7.6 90 026P? NPN 25 2000-20000 2mA,5 1.0 50mA,50µA 60 7.6 90 NPN 25 7000-70000 2mA,5 1.0 50mA,50µA 60 7.6 90 
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SILICON SIGNAL 
GENERAL PURPOSE SWITCHES 
TO 18 OUTLINE 

TO-18 

Advert,senient 

BV 
Device Tv!, (1) Conditions 

2N53E, 
2N5369 
2N5370 
2N5371 
2N537:' 

255373 
2N5374 
2N5375 
2146000 
2N6001 

256002 
256003 
2N6004 
2146005 
2N6006 

2N6007 
2146010 
2196011 
256012 
2146013 

256014 
256015 
2N6016 
2116017 
GET2221A 

GET2222A 
GE 12904 
GE T2905 
GE 12906 
GE T2907 

6E13638 
GE 136389 
GE 73903 
GET3904 
GE 13905 
GE 13906 

NPN 
NPN 
NPN 
NPN 
PNP 

PNP 
PNP 
PNP 
NPN 
PNP 

NPN 
PNP 
NPN 
PNP 
NPN 

PNP 
NPN 
PNP 
NPN 
PNP 

NPN 
PNP 
NPN 
PNP 
NPN 

NPN 
PNP 
PNP 
PNP 
PNP 

PNP 
PNP 
NPN 
NPN 
PNP 
PNP 

30 
30 
30 
30 
30 

30 
30 
30 
25 
25 

25 
25 
40 
40 
40 

40 
40 
40 
40 
40 

60 
60 
60 
60 
40 

40 
40 
40 
40 
40 

25 
25 
40 
40 
40 
40 

4Onsec 
4Onsec 
40n sec 
4Onsec 
SOnsec 

5Onsec 
5Onsec 
5Onsec 
25nsec 
23nsec 

25nsec 
23nsec 
25nsec 
23nsec 
25nsec 

23nsec 
37nsec 
45nsec 
37nsec 
45nsec 

37nsec 
45nsec 
37nsec 
45nsec 
35nsec 

35nsec 
5Onsec 
5Onsec 
Son soc 
5Onsec 

75nsec 
75nsec 
7Onsec 
7Onsec 
7Onsec 
7Onsec 

35Onsec 
35Onsec 
400e sec 
40Onsec 
15Onsec 

15Onsec 
175nsec 
I 75nsec 
32Onsec 
23Onsec 

41Onsec 
30Onsec 
32Onsec 
23Onsec 
4 lOnsec 

30Onsec 
40Onsec 
425nsec 
50Onsec 
525nsec 

40Onsec 
425nsec 
500n sec 
525nsec 
285nsec 

285nsec 
I lOnsec 
1 lOnsec 
1 lOnsec 
1 lOnsec 

17Onsec 
17Onsec 
225nsec 
25Onsec 
26Onsec 
35Onsec 

= 150mA, le = 15mA, Vcc = 30V 
= 150mA, le -= 15mA, Vcc = 30V 
= 150mA, 18 = 15mA, Vcc = 30V 

c = 150mA, le = 15mA, Vcc = 30V 
= 150mA, le = 15mA, Vcc = 30V 

= 150mA, le = 15mA, Vcc = 30V 
= 150mA, le = 15mA, Vcc 30V 
= 150mA, le = 15mA, Vcc = 30V 

c = 150mA, Is, = -let = 15mA, Vcc = 30V 
c = 150mA, Is  = = 15mA, Vcc = 30V 

C = 150mA, Is, = -lea = 15mA, Vcc = 30V 
c = 150mA, le = -lex = 15mA, Vcc = 30V 
C = 150MA, Is, = -let -= 15mA, Vcc = 30V 
c = 150mA, Is, = = 15mA, Vcc = 30V 
C = 150mA, Is, = -let = 15mA, Vcc = 30V 

c = 150mA, le = = 15mA, Vcc = 30V 
C = 160MA, 18, = -182 = 15mA, Vcc = 30V 
c = 150mA, le = -leo = 15mA, Vcc = 30V 
c = 150mA, li, = -let = 15mA, Vcc = 30V 
c = 150mA, I. = -182 = 15mA, Vcc = 30V 

C = 160MA, 181 = -le = 15mA, Vcc = 30V 
c = 150mA, Is, = -lax = 15mA, Vcc = 30V 
C = 150MA, tel = -182 = 15mA, Vcc = 30V 
C = 150mA, le = = 15mA, Vcc = 30V 
CC = 150mA, Is  = lxx = 15mA, Vcc = 30V 

CC = 150mA, le = let -= 15mA, Vcc = 30V 
CC = 150mA, lx. = let =- 15mA, Vcc = 30V 
CC = 150mA, le = leo = 15mA, Vcc = 30V 
cc = 150mA, le = Is, = 15mA, Vcc = 30V 
c = 150mA, 18, = Iso = 15mA, Vcc = 30V 

c = 300mA, 181 = -lei = 30mA, Vcc = 10V 
c = 300mA, Is  = -let = 30mA, Vcc = 10V 
c = 10mA, Is, = leo = 1MA, Vcc = 10V 
C = 10mA, le, = leo = lmA, Vcc = 10V 
C = 10mA, le = leo = lmA, Vcc = 10V 
c = 10mA, lb = leo = lmA, Vcc = 10V 

SILICON SIGNAL 
DARLINGTON AMPLIFIERS 
TO-18 OUTLINE 

Device BV 
NPN Min. -Max. Irld I V IV 

GE T5305 25 26•20K 
GET5306 25 7K-70K 
1E153060 25 76-70K 
7E15307 40 2K-20K 
GET5308 40 7K•70K 
GET5308A 40 7K-70K 

2mA,5 
2mA,5 
2mA,5 
2mA,5 
2mA,5 
2mA,5 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

200mA,200,,A, 
200mA,200,.A 
200mA,200,.A 
200mA,200,.A 
200mA,200A 
200mA,200,,A 

SILICON SIGNAL 
DARLINGTON AMPLIFIERS 
10 98 OUTLINE 

Device EIV h 
NPN Min.-Max. 'Er-' I , V (V 

,IN5305 
.lN5306 
2N53060 
?N5307 
255308 
?N5308A 
016P1 

25 
25 
25 
40 
40 
40 
12 

2K-20K 
7K-70K 
7K-70K 
2K-20K 
7K-70K 
7K-70K 
2K- 

2mA,5 
2mA,5 
2mA,5 
2mA.5 
2mA,5 
2mA,5 
2mA,5 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

200mA,200,,A 
200mA,200,A 
200m4,200,.A 
200mA,200,,A 
200mA,200A 
200mA,200,,A 
200mA,200A 

SILICON SIGNAL 
HIGH VOLTAGE TYPES 
TO-18 OUTLINE 

Device BV h 
NPN (V) Min.-Max. riic I , V (V IV P.11:11 

2N6218 300 20 
2116219 • 250 20 
256220 200 20 
256221 140 20 

20m0,10 500nA 
20mA,10 1,8,A 
20mA,10 1pA 
20mA,10 10µA 

250 1.0 
200 10 
150 20 
100 2.3 

10mA,ImA 
10mA,ImA 
20mA.2mA 
20mA,2mA 

SILICON SIGNAL 
HIGH VOLTAGE TYPES 
TO-98 OUTLINE 

Device 
NPN 

I3V,- 
(VI 

h , 
Min.-Max. @ lc, V.- (V) 

I 
Max. •ri v V 

V 
(V) Ma , h I 

:', ,,,7 - 70 20 2mA,5 100nA ' 40 .125 lOrrA,ImA 
85 20 2mA,5 100nA • 40 .125 10mA,ImA 
75 40.600 10mA,5 500nA 60 .950 10mA,ImA 
100 55-160 10mA,5 500nA 60 .950 10mA.1mA 
eo 140-300 10mA,5 500nA 60 .950 10mA,1mA 

TO-18 

28 ICES 



Advertisement 

Devi( 

256004 
256005 
256006 
256007 

256010 
256011 
25601' 
25601" 
25601.: 

256015 
256016 
256017 
GE 0929 
GE 1930 

GE 02., 
GETS] 
GET53 

SILICON SIGNAL 
HIGH SPEED SWITCHES 

TO-18 OUTLINE 

Device BV,E0 
NPN tqN 

D32K1 
03262 
GET706 
GE 1708 

GET911 

Gf , 
CI 

25 
40 
15 
15 

15 
15 
20 
IS 

45 
45 
40 
40 

40 
15 
16 
18 

100 
100 
75 
75 

40 
25 
25 
28 

Conditions 

lc 500mA, le = -ler = 50mA, c = 30V 
lc 500mA, I8 = -ler = 50mA, V.c = 30V 
I, 10mA, I. 3mA, le: r. ImA, V,c = 3V 
lc 10mA, IR 3mA, le: = 1mA, th.c = 3V 

200mA. I, 40mA, It, = -20mA, 1/,,c = 5V 
I 300mA, I. - = 30mA, = 15V 
I 30mA, le = 3mA, Va. = 2V 
I 300mA, It = - = 30mA, V. = 10V 

SILICON SIGNAL 
LOW NOISE AMPLIFIERS 

TO-18 OUTLINE 

NPN 
PNP 
NPN 
PNP 
NPN 

PNP 
NPN 
PNP 
NPN 
PNP 

NPN 
PNP 
NPN 
PNP 
NPN 

PNP 
NPN 
PNP 
NPN 
NPN 

NPN 
NPN 
NPN 

40 
40 
25 
25 
25 

25 
40 
40 
40 
40 

40 
40 
40 
40 
60 

60 
60 
60 
50 
50 

60 
25 
40 

250-500 
400.800 
100-300 
100-300 
250-500 

250.500 
100-300 
100.300 
250-500 
250-500 

100-300 
100.300 
250.500 
250.500 
100-300 

100-300 
250-500 
250-500 
60-120 
100-300 

100 min 
7K-70K 
7K-70K 

2mA,5 
2mA,5 
10mA.1 
10mA,1 
10mA.1 

10m0.1 
10mA,1 
10mA,1 
10mA, 1 
10mA.1 

10mA,1 
10mA.1 
10mA,1 
10mA,1 
10mA,1 

10mA, 1 
10mA.1 
10mA,1 
10gA.5 
100A 5 

10gA,5 
2mA.5 
2mA,5 

NE 
Idb, 

5 
5 
3 
3 
2 

1.5 
3 
3 
2 
1 5 

5 
3 
3 
2 
5 

3 
3 
2 

3 

3 
5 
5 

Conditions 

VC( = 5V, lc = 100p.A, Rg = 5K, 8W = 15.7104z 
VCE = 5V, lc = 100µA, Ro = 5K, BW = 15.7KHz 
VCE = 5V, Iv = 100gA, Rs = 5K, BW = 15.7KHz 
VCE = 5V, IF = 100j/A, Rs = 5K, BW = 15.7KHz 
VCE = 5V, k = 100gA, Rs = 5K, BW = 15.7KHz 

Va = 5V, IE = 100µA, RS .= 5K, BW = 15.7KHz 
Va = 5V, IE = 100gA, Rs = 5K, BW = 15.7KHz 
Vu = 5V, It = 100gA, Rs = 5K, BW = 15.7KHz 
Va = 5V, Iv = 100gA, Rs = 5K, BW = 15.7KHz 
Vu = 5V, IÉ = 100µA, Rs = 5K, BW = 15.7KHz 

VCE = 5V, Iv = 100µA, Rs = 5K, BW = 15.7KHz 
Va = 5V, I, = 100gA, Rs = 5K, BW = 15.7KHz 
Vcr = 54, If = 100LEA, RS = 5K. BW = 15.7KHz 
Vu = 5V, Iv = 100,A, Rs = 5K, BW = 15.7KHz 
Vu = 5V, IÉ = 1004A, RS =. 5K, BW = I5.7KHz 

Vu = 5V, If = 100gA, Rs = 5K, BW = 15.7KHz 
Vu = 5V, Iv = 100gA, Rs = 5K. BW = 15.7KHz 
BW = 15.7KHz, f= 10Hz to 10KHz 
Vu = 5V, lc = 10µA, Rs = 10K, BW = 15.7KHz, f = 10Hz to 10KHz 
Vu = 5V, lc = lOgA, Rs = 10K, BW = 15.7KHz, f = 10Hz to 10KHz 

Va = 5V, lc = 10gA, Rs = 10K, BW = 15.7KHz, f = 10Hz to 10KHz 
Vu = 5V, lc = 600gA, Rg = 160K, BW = 15.7KHz, f = 10Hz to 10KHz 
VCE = 5V, lc = 600gA, Rg = 160K, BW = 15.7KHz, f = 10Hz to 10KHz 

SILICON SIGNAL 
LOW NOISE AMPLIFIERS 

TO-98 OUTLINE 

N F 
DvelCe Typa db I Condo,-

253391A NPN 25 250.500 2mA,5 5 Va = 5V, lc = 10mA, Rs = 5K, 8W = 15.7KHz, f = 10Hz to 15.7elz 
2538.: , NPN 30 35-70 2mA,5 10.2 Vu = 10V, lc = 1mA, Rs = 20. f = 2MHz, BW = 100KHz 
2538.1 NPN 30 35-70 2mA,5 8.5 VCE = 10V, IC = 1mA, Rs = 20, f = 2MHz, BW = 100KHz 
2538.t . NPN 30 60-120 2mA,5 10.2 Vu = 10V, lc = ImA, Rs -=- 20, f = 2MHz, BW r_-_ 100KHz 
2538.: NPN 30 60-120 2mA,5 8.5 Va = 10V, lc = lmA, Rs = 20, f = 2MHz, BW = 100KHz 

25390 NPN 18 250.500 2mA.5 5 Va = 5V, lc = 100uA, Rs -=. 5K, BW = 15.7KHz, f = 10Hz to 15.7KHz 
2539, • NPN 18 350.700 2rnA,5 5 VCE = 5V, lc = 10pA, RS = 5K, BW = 15.7KHz, f-=- 10Hz to 15.7KHz 
2557 ,, NPN 50 250-500 2mA,5 5 Vcr = 5V, lc = lOgA, Rs = 5K, BW = 15.7KHz, f= 10KHz to 15.7KHz 
2552.1 NPN 50 400-800 2mA,5 3 VCE =  5V, lc = 100gA, Rs = 5K, BW = 15.7KHz, f = 10KHz to 15.7KHz 
25530. NPN 25 7K-70K 2mA,5 5 Va = SV, lc = 600gA, Rs = 160K, BW = 15.7KHz, f = 10Hz 10 10KHz 

2553n. NPN 40 7K-70K 2mA,5 5 VCE = SV, lc = 60001, Rs = 160K, BW = 15.7KHz, f = 10Hz to 10KHz 
25531' NPN 50 60-120 lOgA.5 1 Va = 5V, lc = 204A, RS = 5K, f = 1KHz, BW = 15.7KHz 
25531 NPN 50 100-300 10uA,5 3 Vu = 5V,Ic = 20uA, Rs -= 5K, f = 1KHz, BW = I5.7KHz 
25531 NPN 50 250.500 10µA,5 3 Va = 5V, lc = 200A, Rs = 5K, f = 1KHz. BW = 15.7KHz 
2559.- NPN 25 150-300 10mA,2 1 5 Vu = 5V, lc = 100gA, Rs = 5K, BW -= 15.7KHz, f = 10Hz to 10KHz 

255999 PNP 25 150-300 10mA,2 1.5 Vu = 5V, lc = 100µA, Rs = 5K, BW = 15.7KHz, f = 10Hz to 10KHz 
256008 NPN 25 250-500 10mA,2 1 5 VCE = 5V. lc = 100uA, Rs = 5K, BW = 15.7KHz, f = 10Hz to 10KHz 
2560n , PNP 25 250-500 10mA.2 1 5 Va = 5V, lc = 100µA, Rs = 5K, BW = 15.7KHz, f = 10Hz to 10KHz 
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NPN SILICON POWER TRANSISTORS 
DARLINGTON-HIGH GAIN 

• . 

e-N 

198 

200 "fele• 

• 

Advertisement 

Pr 
Tc = 25°C VCF0 

CC Max. Min. Cent 
Type (W: (Y) A Min. 

h 
@ 5V, 200mA 

D40C1 

D40C2 

040C3 

040C4 

040CS 

D4007 

04008 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

30 

30 

30 

40 

40 

50 

50 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

fT 
Typical 

Max. (MHz) 

10,000 60,000 

40,000 

90,000 

10,000 60,000 

40,000 

10,000 60,000 

40,000 

SILICON POWER TRANSISTORS 
NPN HIGH VOLTAGE 

75 

75 

75 

75 

75 

75 

75 

Comments 

Very high gain: 60k typical. High input 
impedance: 50k ohm typ. 1.2 watts 
Pr @ 25°C ambient. 
Applications: audio output, touch switch, 
oscillator, buffer, high power transistor driver, 
relay replacement. 

• 

198 
200 

Packne 

BROVft4 
Encapsulated 
Power Tab 

Package 
Outline 
No. 

198 

Specifi-
cation 
Sheet 
No. 

50.80 

P- 
T 25 C V . - 

GE Max. Min. 
Type ON) (V) 

I @ 10V, 20m4 
h 

@ 10V, 500m4 

i 
Specifi-

f• Package cation 
Typical Package Outline Sheet 
:MHO) Comments Type No. No. 

Cont. 
(A, Min. Max. Min. Max. 

040N1 6.25 250 .1 30 90 - - 80 

TYPICAL APPLICATIONS 
• 120V AC Line Operated Amplifiers 
• Regulators 
• TV Video and Chroma Output 
• Inverters Converters 

FEATURES 
• Glass Passivated Mesa Construction 
• Fast Switching 
• High Voltage 

NMI 
Encapsulated 
'Pawn* 

198, 200 50.88 

040N2 6.25 250 .1 60 180 - - 80 

040N3 6.25 300 .1 30 90 - - 80 

040N4 6.25 300 .1 60 180 - - 80 

040P45 6.25 375 .1 20 -- -- -- 80 

040P1 6.25 120 .5 40 20 2 -- 

,_ MOWN 
Encapsulated 
Power Tab  

198,200 50.70 040P3 6.25 180 .5 40 - 20 ' -- -- 

040P5 6.25 225 .5 40 20 2 -- - 

04201 15 250 1.0 - - 30 - 55 
III1 Encapsulated 

• Power Tab 
198,200 50.74 

042R2 15 300 1.0 -- 30 - 55 

04401 31.25 125 4.0 30 l - 20 . - 50 
RIO 

Encapsulated 
Power Pic 

229, 230 50.78 04403 31.25 175 4.0 30 l 20.. - 50 

04405 31.25 225 4.0 30 l 20 . - 50 

044R1 31.25 250 1.0 - 30 90 40 

me ' 
Encepsumm 
Power Pas 

• 

229,230 51170 

D44R2 31.25 250 1.0 75 175 40 

D44R3 31.25 300 1.0 30 90 40 

04484 31.25 300 1.0 75 175 40 

044R5 31.25 250 1.0 - 30 - 40 

044R6 31.25 300 1.0 - - 30 -- 40 

04487 31.25 250 1.0 -- 150 300 40 

04488 31.25 300 1.0 - 150 300 40 

Measured at 80mA 

Measured at 2mA 

Measured at 200mA 

Measured at 2A 
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.....4vertisemen1 

.0, 
198 

200 
SILICON POWER TRANSISTORS 
COMPLEMENTARY-1 AMPERE 

8, 
, 25°C v, 

GE Type Max. Min. Cont 
NPN PNP (W) (Y) (tc Min 

hri 
("& 2V, 1(10mA (A' 2V, lA 

Mao. Min. Comments 

Specifi-
Package cation 

Package Outline Sheet 
Type No. No. 

04001 - 

-  04101 

1140[12 - 

-  04102 

04003 

-  04103 

04004 

-  114104 

04005 - 

-  04105 

04001 - 

- 04107 

04008 - 

-  1/4108 

40010 - 

-  041010 

040011 - 

- 041011 

040012 

-  041012 

040013 - 

-  041013 

040014 - 

- 041014 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.23 

6.25 

30 

-30 

30 

-- 30 

30 

-30 

45 

-45 

45 

-45 

60 

- 60 

60 

-60 

75 

- - 75 

75 

-75 

75 

-75 

75 

-75 

75 

75 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

50 150 

50 150 

120 360 

120 360 

290 

290 

50 150 

150 

120 360 

120 360 

50 150 

50 150 

120 360 

120 360 

50 150 

50 150 

120 360 

120 360 

290 

290 

50 150 

50 150 

120 360 

120 360 

10 

10 

20 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

TYPICAL APPLICATIONS 
• Amplifier Output and Driver Stages 
• Regulators series, shunt, and switching 
• Inverters Converters 

FEATURES 

• High Free Air Dissipation (1.25 Watts @ 25°C) 
• Low Collector Saturation Voltage 

(0.5V Typ. @ I.0A) 
• Excellent Linearity 
• Fast Switching 
• TO-5 Compatible 
• Typical f., 150 MHz 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

BROWN 
Power Tab 

BLACK 
Power Tab 

198,200 

198,200 

198,200 

198,200 

198, 200 

198,200 

198, 200 

198,200 

198, 700 

198, 200 

198, 200 

198 200 

198. 200 

198, 700 

198, 200 

198,200 

198.200 

198, 200 

198, 200 

198,200 

198, 200 

198.200 

198, 200 

198.200 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 

50.63 

50.64 
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SILICON POWER TRANSISTORS 
COMPLEMENTARY-3 AMPERE 

198 

199 

200 

Advert,,n,en, 

Pr 
Tc = 25°C ',CEO IC 

GE Type Max. Min. Cont. 
NPN PNP (W) (V) (8) Min. 

Ne bet 
@ IV, 200mA @ IV, 1 A 

942C1 - 

D43r 

042C2 

-  54 , 

1142C3 

r 

D42C4 - 

D42C5 

-  D43C5 

D42C6 

042C7 

-  D430 / 

042C8 - 

D42C9 - 

-  D43C9 

D42C10 - 

-  043C10 

D42C11 - -

-  D43C11 

1142C12 - 

-  1343C12 

042C100 - 

-  043C100 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 I 

hit measured at I 

30 

-30 

30 

-30 

30 

-30 

45 

-45 

45 

-45 

45 

-45 

60 

-60 

60 

-60 

60 

-60 

80 

-80 

80 

-80 

80 

-80 

30 

-30 

3.0 

- 3.0 

3.0 

-3.0 

3.0 

-3.0 . 

3.0 

-3.0 

-3.0 

3.0 

- 3.0 

3.0 

-3.0 

3.0 

Max. Min. 

25 

25 

40 120 

40 120 

40 120 

40 120 

25 

25 

40 120 

40 120 

40 120 

40 120 

25 

25 

40 120 

40 120 

40 120 

40 120 

25 

25 

40 120 

40 120 

40 120 

40 120 

75 

75 

10 

10 

20 

20 

20 

20 

or 

,10 

:10 

20 

, .• 1 20 

20 

20 ' 

10 

10 

Comments 

TYPICAL APPLICATIONS 
• ,:mplitier Output and Driver Stages 
• Regulators: series, shunt, and switching 
• l nverters. -Converters 

FEATURES 
• High Free Air Power Dissipation 

(2.1 Watts @ 25°C) 
• Very Low Collector Saturation Voltage 

(0.5V Typ. @ 3.0A lc) 
• Excellent Linearity 
• Fast Switching 
• TOS or 10.66 Compatible 
• Typical 1-, 50 MHz 

Package 
Package Outline 
Type No. 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

RED 
Power Tab 

GREEN 
Power Tab 

Specifi 
cation 

198,199,200 50.61 

198,199,200 50 62 

198,199,200 50.61 

198.199,200 50 62 

198.199,200 50.61 

198,199,200 50.62 

198.199,200 50.61 

198,199,200 50.62 

198.199,200 50.61 

198,199,200 50.62 

198,199,200 50.61 

198.199,200 50.62 

198.199.200 50.61 

198.199.200 50.62 

198.199.200 50.61 

198.199,200 50.62 

198,199,200 50.61 

198,199,200 50.62 

198,199,200 50.61 

198,199,200 50.62 

198,199,200 50.61 

198.199,200 50.62 

198,199,2C0 50.61 

198,199,200 50.62 

198,199,2C0 50 61 

198,199.200 50.62 
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Advertisement 229 
230 

SILICON POWER TRANSISTORS 
COMPLEMENTARY-4 AMPERE 

GE Type 
NPN PNP 

25°C 
Max. 

VCE0 IC 
Min Cont. 
(V; (A) Min. 

ht 
@ IV, 200mA 

lb( 
@ IV, IA 

Max. Min Comments 

Specifi-
Package cation 

Package Outline Sheet 
Type No. No. 

D44C1 - 30 30 4.0 25 10 

- D45C1 30 -30 -4.0 25 10 

D44C2 30 30 4.0 40 120 

-  045C2 30 -30 -4.0 40 120 20 

1144C3 30 30 4.0 40 120 20 

- 045C3 30 -30 -4.0 40 120 20' 

044C4 - 30 4.0 25 
TYPICAL APPLICATIONS 

10 • Amplifier Outputs 
• Regulators; series, shunt, and switching 
• Inverters/Converters 

FEATURES 
Low Collector Saturation Voltage 
(0.5V Typ. @ 3.0A lc) 
Excellent Linearity 
Fast Switching 
Round Leads 
TO-66 Compatible 
Typical f., 50 MHz 

- D45C4 30 45 -4.0 25 10 

D44CS - 30 45 4.0 40 120 20 

- 045C5 30 45 -4.0 40 120 20 

1144U 30 45 4.0 40 120 20' 

- D45C6 30 45 -4.0 40 120 20 

044C7 30 60 4.0 25 10 

- D45C7 30 -60 -4.0 25 10 

D44C8 30 60 4.0 40 120 20 

-  045C8 30 -60 -4.0 40 120 20 

044c9 - 30 60 4.0 40 20 

045C9 30 60 -4.0 40 20 

044C10 - 30 80 4.0 25 10 

- 1145C10 30 80 -4.0 25 10 

044C11 30 80 4.0 40 120 20 

- 045C11 30 80 -4.0 40 120 20 

D44C12 - 30 80 4.0 40 120 20' 

- D45C12 30 -80 -4.0 40 120 20' 

RED 229. 230 
Power Pac 50.68 

GREEN 229. 230 
Power Pac 50.69 

RED 229. 230 
Power Pac 50.68 

GREEN 229. 230 
Power Pac 50.69 

RED 229. 230 
Power Pac 50.68 

GREEN ?29. 230 
Power Pac 50.69 

RED 229. 230 
Power Pac 50.68 

GREEN 229. 230 
Power Pat 50.69 

RED  Power Pac 229. 230 50.68 

GREEN 229, 230 
Power Pac 50.69 

RED 229, 230 50.68 
Power Pac 

GREEN 229. 230 50.69 
Power Pac 

RED 
Power Pa 229, 230 50.68 

GREEN 229. 230 50.69 
Power Pac 

RED 229 230 
Power Pac 50.68 

GREEN 229. 230 
Power Pac 50.69 

RED 
Power Pat 229. 230 50.68 

GREEN 
Power Pac 229, 230 50.69 

RED 
Power Pac 229, 230 50.68 

GREEN 
Power Pac 229, 230 50.69 

RED 
Power Pac 229, 230 50.68 

GREEN 
Power Pac 229. 230 50.69 

RED 229, 230 
Power Pac 50.68 

GREEN 
Power Pac 229. 230 50.69 

h., measured at Ic = 2A. 
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SILICON POWER TRANSISTORS 
COMPLEMENTARY -10 AMPERE 

Advertisement 

Pr 
Tc = 25°C Vceo lc Itre flee 

GE Type Max. Mitt. Cont. @ 1V, 2A @ 1V. AA 
NPN PNP 'v Min 

044141 

—  D45H1 

044142 — 

—  045H2 

D44H4 — 

-  D4it• 

044H5 - 

— 045145 

D44H7 — 

1145N , 

144H11 

045H8 

0441410 — 

— 0451410 

0441411 — 

—  0451411 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

30 

30 

30 

—30 

45 

—45 

45 

—45 

60 

60 

60 

- 60 

80 

—80 

80 

—80 

10 

—10 

10 

—10 

10 

—10 

10 

—10 

10 

—10 

10 

—10 

10 

—10 

10 

—10 

SINGLE DIFFUSED HERMETIC 
3-20 AMPS 

Comments 

Package Specification 
Outline Sheet 
No. No 

35 20 

35 20 

60 40 

60 ozi 

35 20 
TYPICAL APPLICATIONS 

35 20 . Amplifier Outputs 

  • Regulators; Series, Shunt and Switching 

60 40 • Inverters Converters 

60 40 

35 20 

35 20 

60 40 

FEATURES 

• Low Collector Saturation Voltage 

10.24V Typ. @ 3.0A lc 

• Excellent Linearity 

• Fast Switching 
• Round Leads 

  • TO-66 Compatible 

• Typical Fi, 50 MHz 60 40 

35 20 

35 20 

60 40 

60 40 

RED 
Power Tab 229, 230 

GREEN 
Power Tab 229, 230 

RED 
Power Tab 229, 230 

GREEN 
Power Tab 

229, 230 

RED 
Power Tab 229. 230 

GREEN 
Power Tab 

229, 230 

RED 
Power Tab 

229, 230 

GREEN 
Power Tab 229. 230 

RED 
Power Tab 

229, 230 

GREEN 
Power Tab 229, 230 

RED 
Power Tab 

229, 230 

GREEN 
Power Tab 229, 230 

RED 
Power Tab 

229, 230 

GREEN 
Power Tab 

229, 230 

RED 
Power Tab 229, 230 

GREEN 
Power Tab 

229, 230 

I' 
Ti 25 C V I hi. 

GE Type Max. Min. Cont. Package 
NPN IWi iv A Min •Mat. -ó. I IA Type 

2N3-1.1 25 140 3 25 100 .5 TO-66 

25 55 4 25 100 .5 10.66 

100 120 5 15 60 2 TO-3 

120 120 10 15 60 5 TO-3 

25344. 117 140 10 20 70 3 TO-3 

2N305' 115 60 15 20 70 4 10-3 

2N377 , 150 140 16 15 60 8 TO-3 

25377: 150 60 20 15 60 10 TO-3 

TO-66 
TO-3 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 

50.71 

50.72 
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General Electric's 
new epoxy 
transistors run 
hot and cold 

PASSED 
—65 to +150C 
temperature cycling 
MIL TEST 

General Electric has just introduced 32 new TO-18 based 
epoxy transistors. And we know they're good. We've tested 
them over and over again. Tests like temperature cycling 
from —65C to +150C. Not just a few times ... but 300 times. 
That's 30-times the normal MIL requirement for reliability. 

We've subjected these new epoxy transistors to other tests, 
too, such as 850 at 85% relative humidity for up to 8000 
hours just to find out how reliable they really are. 

GENERAL 

Ir+e, 

PASSED 
V  85C @ 85% R.H. 

PASSED 

GE's epoxy TO-18 transistors can take the bumps, too. No 
need to worry about shock or vibration damage. Their solid 
epoxy encapsulant provides rigid mechanical stability . . . 
seals trouble out and performance in. 

We've got new JEDEC types and many new GET replacement 
devices that will substitute for common 2N types with no 
redesign at all. We're adding more new types every month. 
They're available in NPN's, PNP's, matched pairs and Darling-
ton amps with breakdown ratings up to 60V and dissipation 
as high as 500 mw. 

We've tested these transistors in every way possible. See the 
results for yourself in our new reliability brochure #95.28. 

ELECTRIC 
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SILICON SIGNAL DIODES 
100 MA TYPES . 

; UV 
(i3C Part Number 

i., 
8V @ 25°C 

.-,- ion 0 Max. Milx 
Packag, 
Type 

! 
Package Specification 

Outline No. Sheet No. fliki @ V.(V) (V , 

19251 35 100 10 1.00 5 007 37 - 

19252 25 100 5 100 10 -- 007 37 

19904 30 100 30 1.00 10 - 007 37 - 

19914 100 25 20 1.00 10 4 0035 38 75.28 

199144 100 25 20 100 20 4 4 0035 38 75.28 

199148 100 25 20 1.00 100 4 4 0035 38 75.28 

1991E 100 25 20 1.00 10 2 4 0035 38 75.28 

199160 100 25 20 1.00 20 2 4 0035 38 75.28 

199168 100 25 20 1.00 30 2 4 0035 38 75.28 

193062 75 100 50 1.00 20 1 4 DO7 37 - 

IN3083 75 100 50 .850 10 2 2 007 37 75.20 

193064 75 100 50 1.00 10 2 4 007 37 75.25 

193065 75 100 50 100 20 1.5 4 007 37 75.25 

193067 30 100 20 1.00 5 4 4 007 37 - 

193604 75 50 50 1.00 50 2 2 007 37 75.25 

193605 40 50 30 .880 20 2 2 507 37 ú '. 75.25 

193606 75 50 50 880 20 2 2 007 37 4 75.25 

194009 35 100 25 1.00 30 4 2 007 37 75.28 

75.28 194148 • 100 25 20 1.00 10 4 4 0035 38 

194149 100 25 20 1.00 10 2 4 0035 38 75 28 

1114151 75' 50 50 1.00 50 2 2 0035 38 75.25 

194152 40 50 30 .880 20 2 2 0035 38 75.25 

194153 • 75 50 50 880 20 2 2 0035 38 75.25 

194154 35 100 25 lOO 30 4 2 0035 38 75.25 

194305 75 100 50 850 10 2 2 0035 38 75:20 

194444 70 50 50 1.00 100 2 7 0035 

5035 

38 75.37 

194446 100 25 20 100 20 4 38 75.28 

194447 100 25 20 1.00 20 4 0035 38 75.28 

194448 100 25 20 100 100 4 0035 38 75.28 

194449 100 25 20 1.00 30 

= 

4 0035 38 75.28 

194454 • 75 100 50 1 00 10 2 0035 38 75.25 

194531 • 100 25 20 1 00 10 4 0034 39 75.28 

194532 75 100 50 100 10 2 0034 39 75.25 

194533 40 50 30 .880 20 2 D034 39 75.25 

194534 75 50 50 .880 20 2 0034 39 75.25 

194536 35 100 25 1.00 30 2 0034 39 75.28 

194727 30 100 20 .850 10 4 4 0035 38 75.45 

194663 70 50 50 1.20 100 2 7 0035 38 75.40 

194864 125 100 80 1 10 100 1.3 4 0035 38 75.40 

041701 100 30 30 1.00 50 i 4 0035 38 
•1.--
, 75.21 

DA1702 75 30 30 1.00 50 1 4 0035 38 75.21 

DA1703 40 50 30 1. 00 50 2 4 0035 38 75.21 

DA1704 25 100 20 I 00 30 4 0035 38 75.21 

MA1701 100 30 30 1.00 50 4 0034 39 75.22 

MA1702 75 30 30 1.00 50 0034 39 g 75.22 

MAI 703 ..'‘ 50 30 1.00 50 4 0034 39 , 75.22 

MA1704 25 100 20 1.00 30 4 0034 39 75.22 

55321 40 2 30 880 10 007 37 75.63 

55322 - - .2 20 .880 10 007 37 75.63 

55324 -- .1 20 1 0 50 007 37 75.63 

55325 - - 25 20 1 0 50 007 37 75.63 

55334 40 1 30 .880 10 007 37 75.63 

55337 - 2 50 880 10 007 37 75.63 

5E708 40 .02 20 1 50 007 37 75.58 

00800 2 2000 2 .800 10 0035 38 75.57 

111805 15 2000 12 8C 10 0035 38 75.57 

01806 ii, 25 2000 22 ,  .800 10 0035 38 75.57 

ete' 37 
38 

-411e" Advertisement 

• JAN and JANTX types avaHable Measured at 5{4A 
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Adverbsenent 100- 200 MA TYPES 
1N415G 50 100 50 1.00 200 2.5 4 0035 38 75.25 

1N4450 30 50 30 1.00 200 4 4 0035 38 75.36 

1N4606 85 100 50 1.00 200 2.5 4 0035 38 75.44 

1N4451 

1N4607 

1N4608 

00230C 

DT230H 

DT230111 

012308 

DT2300 

DT230A 

01230F 

40 

85 

85 

300 

250 

250 

200 

150 

100 

50 

• JAN and JANTX types available 

50 30 

100 50 

100 50 

1000 300 

1000 250 

1000 250 

1000 200 

1000 150 

1000 100 

1000 50 

1.00 300 

1.00 400 

.96 400 

1.20 250 

1.00 200 

1.10 250 

1.10 250 

1.10 250 

1.10 250 

1.10 250 

Part Number 

Ir 
@ 25°C V, 

Mai 

6 

4 

4 

5 

5 

5 

5 

5 

5 

5 

10 

10 

10 

300 

300 

300 

300 

300 

300 

300 

0035 

0035 

0035 

0035 

0035 

0035 

D035 

0035 

0035 

0035 

00-400 MA TYPES 
38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

75.36 

75.44 

75.44 

130.25 

130.25 

130.25 

130.25 

130.25 

130.25 

130.25 

SILICON SIGNAL DIODES 
MULTIPELLET AND MATCHED TYPES 

(nA) @ Ve(V) (V) @ li(mA) 

Co 
OV 

Mat 
(IN) 

t. 
(nsec) 

Package Package Specification 
Type Outline No. Sheet No. 

MULTIPELLET TYPES 
1N4156 30 50 20 1.58 10 25 0035 42 75.42 

1N4157 30 50 20 2.32 10 20 D035 41 75.42 

1N4453 30 50 20 .800 10 30 - 0035 38 75.42 

1N4828 30 100 20 .830 10 35 D035 38 - 

1N4829 30' 100 20 1.61 10 25 .. 
.- - • 0035 42 75.42 

1N4830 30 ' 100 20 2.35 10 20 .• '-r•-.1”. D035 41 75.42 

1N5179 30 50 20 3.20 10 20 0035 40 75.42 

1N4156 30 50 20 1.58 10 25 

., 
D035 

D035 

42 75.42 

75.42 1N4157 30 50 20 2.32 10 20 41 

1N4453 30 50 20 .800 10 30 0035 38 75.42 

1N4828 30 100 20 .830 10 35 
- r' .. 0035 38 - 

1N4829 30 ' 100 20 1.61 10 25 , ••••. ../7e' 0035 42 7542 

1N4830 30 ' 100 20 2.35 10 20 e' .7.' 7-- D035 41 75.42 

1N5179 30 50 20 320 10 20 D035 40 75.42 

MPD200 70 30 30 1.54 10 15 0035 42 75.42 

MP0201 50 50 20 1 57 10 15 D035 42 75.42 

MP0202 50 90 20 1.60 10 15 •' 0035 42 75.42 

MP0203 50 90 20 1.51 10 15 '"--''''.'5' D035 42 75.42 

518567 50 500 20 e 161 10 15 
1U  - . 0035 42 75.46 

MPD300 100 30 30 2.33 10 10 
. 

0035 41 75.42 

MP0301 60 40 20 2.32 10 10  ',.. - 
D035 41 75.42 

MPD302 60 90 20 2.32 10 10 •rt '.. .. .:., AL • , . - ... 0035 41 75.42 

STB568 60 500 20 2.31 10 10 '...::•ez D035 41 75.46 

MP0400 120 30 30 3.07 10 7 :" 0035 40 75.46 

MP0401 75 50 20 3.01 10 7 ' '..• • 'tr'z' : -• t'l 0035 40 75.46 

MP0402 75 90 20 3.01 10 7 • • 0035 40 75.46 

518569 75 500 20 3.01 10 7 D035 40 75.46 

MATCHED PAIRS AND QUADS 
1N4306 75 50 50 10mV Match 2 2 - 43 75.50 

MP•2 40 100 30 10mV Match 2 2 - 43 75.50 

1N4307 75 50 50 10mV Match 2 2 - 43 75.50 

MQ-2 40 100 30 10mV Match 2 
r 

---
43 75.50 

Measured @ 100xrA 
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Advertisement 

TUNNEL DIODES 
MICROWAVE 

CJ 
I, VP Vu ViP IIP/M Rs Junction 

Peak Peak Valley Forward Peak to -R Series Capacitance Resistive 
Current Voltage Voltage Peak Voltage Valley Negative Resistance @ -R, Cutoff Freq. 
Typ. Typ. Typ. Typ. Ratio Resistance Max. TM Min. 

Type' (ma (mV) (mV) (mV) TYP- (.0 (PT) GHz' 

TD-401 1.85 65 350 52C 8 60-80 3 2.0 5 

TD-402 1.85 67 360 540 8 60-80 4 1.0 10 

TD-403 1.85 70 380 550 8 60-80 5 0.65 15 

TD-404 1.85 72 380 560 8 60.80 5 0.46 20 

TD-405 1.85 74 390 570 8 60-80 6 0.36 25 

TD-406 1.85 . 75 390 570 8 60-80 6 
- 

0.25 30 

TD-407 1.85 , 76 400 580 8 . 60-80 6 0.18 40 

10-408 1 85 77 400 580 8 - 60.80 7 0.13 50 

TD-409 1.85 , 78 400 580 8 60-80 8 0.09 65 

TO-411 2.35 ' 65 350 520 8 50-60 3 2.3 5 

TO-412 2.35 • 67 360 540 8 50.60 4 1.2 10 

TD-413 2.35 70 380 . 
-i 

550 8 50-60 5 0.75 15 

10-414 2.35 72 380 ' 560 8 50.60 5 0.53 20 

10415 2.35 74 390 . 570 8 50-60 6 0.41 25 

TD-416 
k 

2.35 75 , 390 570 8 50.60 6 0.30 30 

ID-411 2.35 76 
k -a 

400 580 8 50-60 6 0.22 40 

TD-418 2.35 ' 77 400 580 8 50.60 7 0.15 50 

TD-419 2.35 ' 78 400 580 8 50-60 8 0.11 65 

TD-421 2.85 65 350 520 8 40-50 3 2.6 5 

10422 2.85 67 360 540 8 40-50 4 1.3 10 

10423 285 70 380 550 ii.._ 
40.50 5 0.84 15 

TO-424 2. 85 72 380 560 8 40-50 5 0.58 20 

TO-425 2.85 71 390 570 8 40.50 6 0.46 25 

TO-426 2 85 75 
4 

390 570 8 40.50 6 0.34 30 

TO-421 2.85 76 400 580 8 40-50 6 0.24 40 

TD-428 2 85 77 400 580 8 40-50 7 0.16 50 

TO-429 2 85 78 400 58' 8 40-50 8 0.12 65 

10431 37 65 350 520 8 30-40 3 0.32 5 

1D-432 3.7 67 360 540 8 30-40 4 1.6 10 

TD-433 37 70 
...----4 

380 550 8 30-40 4 1.0 15 

TD-434 3 7 72 380 5Fn 8 30-40 5 0.70 20 

1D-435 3.7 74 390 570 8 30-40 5 0.55 25 

TD-436 3 7 75 390 570 8 30.40 5 0.38 30 

ID-437 3. 7 76 400 580 8 30-40 6  0.27 40 

ID-438 37 77 400 580 8 30.40 6 0.18 50 

TD-439 3.7 78 400 j 580 8 30-40 7 0.13 65 

The 400 Series high performance Microwave Tunnel Diodes are available in the pH] package-Outline 49 
Series Inductance, Ls, = 0.15 nH typical. Cr = .25 pF. 
Ca @ -R =. 0.75 of the junction capacitance measured at V,. 

1N3712 SERIES 

BD1 SERIES 

10250/260 SERIES 

TD270 SERIES Fe0 

10400 SERIES 

BD400 SERIES 

DC 

_J 
3.4 20 40 65 

38 
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Advertisement 
TUNNEL DIODES 

GENERAL PURPOSE 
For Switching, Oscillators, Amplifiers, Converter Circuits and Threshold Detectors. 

GE TYPE 

Ir 
Peak Point 
Current 
1-01 

I. Vr 
Valley C Peak V, 
Point Capad- Point Valley 

Current tance Voltage Voltage 
Max. Max. Typ. TYD. 
(m*) r (mV) (mV) 

V,r) 1.0 
Forward Rs -G Resistive 
Peak Series Negative Cutoff 

Voltage Resist. Con- Frequency 
Typ. Max. ductance Typical 
(mV) ^(--- (mhos x 10 'I (CI' 

+100°C 
Operation 
TD-1 iii 

+100°C 
Subminiature 

Package 
TD-200 '' 

183712 TD-201 1.0 - 1 0.18 10 65 500 4.0 8 Typ. W' 2.3 

183713 ' 10 -201* 1.0 _ 25% 0.14 5 • 65 350 510 4.0 8.5 ±- 1 3.2 

183714 TD-202 2.2 -± 10% 0.48 25 65 350 500 3.0 18 Typ. 2.2 

183715 ' TD-2020 2.2 -2: 2.5% 0.31 10 65 350 510 3.0 19 -±- 3 30 

183718 TD-293 4.7 -± 10% 1.04 50 65 350 11 500 20 40 Typ. 1.8 

183717 ' TD-2030 4.7 ±- 2.5% 0.60 25 65 350 510 2.0 41 _ 5 3.4 

043718 TO-204 10.0 _ 10% 2.20 90 65 350 500 1.5 80 Typ. 1.6 

183719 ' TD-204A 10.0 -± 2.5% 1.40 50 . 65 350 510 1.5 85 -± 10 2.8 

1143720 TO 205 22.0 -±- 10% 4.80 150 65 350 500 1.0 180 Typ. 1.6 

183721 ' 10-2054 22.0 ::"-. 25% 3.10 100 65 350 510 1.0 190 -± 30 . 2.6 

TO-9 TD•706 0.5 2-- 10% 0.10 5 60 - - 6.0 4.0 Typ. 1.3 

TO-1 Series in Miniature Axial Pkg.-Outline No. 47 Nominal Series Inductance Is = 0.5 nH. 
(2, TD-200 Series in Sandwich Pkg.-Outline No. 48. 
If' Mil Versions Available. 

TUNNEL DIODES 
ULTRA HIGH SPEED SWITCHING 

For High Speed Memory Circuits, Pulse Generators and Threshold Detectors. 

GE TYPE 
lv V. 

Ir Valley C Peak Vv 
Peak Point Caine Point Valley 
Point Current tance Voltage Voltage 

Current Max. Max. Typical Typical 
(mAi (mA) (pF) (mV) (mV) 

WI 
Forward Rs t-
Voltage Series Rise 
@ li . Ir Resist. Time 

Typ. Typical Typical 
(mV) ())) (psec.) 

LS = 1.5 nH Ls = .15 nH 
+100°C 
Low 

Inductance 
ID-270 ,, 

+75°C 
Operation 
TD-250 ” 

4-100°C 
Operation 
TD-260 .'' 

10.251 T0-261 TD-271 ' 2.2 2...- 10% 0.31 3.0 70 390 ' 500-700 5.0 1 430 

TD-2514 TD-2614 10-2714 2.2 ,_.-.. 10% 0.31 1.0 80 390 500-700 7.0 160 

TD-252 10-282 TD-272 4.7 -I.- 10% 0.60 6.0 80 390 500-700 3.5 320 

TO-2524 10-2624 TD-272A 4.7 -± 10% 0.60 1.0 90 400 500-700 4.0 74 

TD-253 TD-263 TD-273 10.0 -± 10% 1.40 9.0 75 400 500-700 1.7 350 

TD-2534 TD-2634 TD-2734 10.0 -± 10% 1.40 5.0 , 80 410 520-700 2.0 190 

TD-25311 TD-2638 TD•273B 10.0 :.._- 10/ 1.40 2.0 90 420 550-700 2.5 68 

TD-254 TD-284 10-274 22.0 :..-. 10% 3.80 18.0 90 425 600 Typ. 1.8 185 

TO-2544 10-21144 10•2744 22.0 ±- 10% 3.80 4.0 • 100 ' 425 550-700 2.0 64 

TD-255 TD-2135 TD-275 50.0 -±- 10 . 8.50 25.0 110 425 625 Typ. 1.4 100 

10-2554 10-2854 10-2754 50.0 -± 10 8.50 5.0 130 ' 425 640 Typ. 1.5 35 

TD-258 70.288 TD-278 100 -± 10 17.50 35.0 _i 150 450 650 Typ. 1.1 57 

TO-2584 TD-2884 10-2784 100 :... 1 (.._ . 17.50 6.0 180 660 Typ. 1.2_,i 22 

TD-250 d 260 Series in SandwichPkg.-Outline No. 48. 
(25 TD-270 Series In Pill Pkg. with Leads-Package Outline No. 49. 
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TD PUBLICATIONS AVAILABLE 
See back page for ordering instructions. 

Product Specifications 
70.09 TD-401-439 Microwave Tunnel Diodes 
70.20 1N3712-3721 General Purpose Tunnel Diodes 
70.22 TD-9 General Purpose Tunnel Diodes 
70.26 TD251-256, 251A-256A, 253B Ultra High Speed 

Switching Tunnel Diodes 
70.28 TD261/270 Ultra High Speed Switching Tunnel Diodes 
70.32 1N4090 Mixer Tunnel Diode 
70.51 BD1-7 General Purpose Back Diodes 

Application Notes 
90.42 Tunnel Diode UHF-TV Tuner 
90.43 A Tunnel Diode R.F. Radiation Detector 
90.44 Practical Tunnel Diode Converter Circuit Considerations 
90.45 Tunnel Diode Sinewave Oscillators 
90.66 Application for the Low Cost 1N3712 Series Tunnel Diodes 

TUNNEL DIODE CIRCUITS are also detailed in Chapter 14 of the 
GE Transistor Manual, Pub. 450.37. Price: $2.00. Available from your local 
GE authorized semiconductor distributor. 
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Adverfisement 

GENERAL PURPOSE 
BACK DIODES 

I. C 
Peak Point Total 
Current Capacitance 
Mao. Mao. 

GE Type' 1m1r) (pf) 

Reverse Voltage 
Mm. 

li, V., 
Forward Forward t. 
Current Voltage Rise 

@ V., = 10 @ Ii, = 3 Ir, Time 
- 10 mV Typical Typical 
(mA) (mV) (psec.) 

V., 
a; IR .----- Ir max 

(mV, 

V., 
@ 1 mA 
(mV, 

50-1 1.0 20 440 440 10.0 120 1.0 

10-2 0.5 10 420 465 5.0 130 0.7 

ID-3 0.2 10 400 465 2.0 170 0.5 

89.4 0.1 10 380 465 1.0 170 0.4 

10.5 0.05 10 350 465 0.5 160 0.4 

110.6 0.02 10 330 465 0.2 160 0.4 

117-7 0.01 10 300 465 0.1 160 0.4 

0, Miniature Axial Package-Outline No. 47 Series Inductance, L 

For Mixers, Detectors and Switching Circuits 

BACK DIODES 
MICROWAVE 

1 5 n H 

For High Frequency Detectors, Mixers, and Switching Circuits 

Ir C 
Peak Point Total 
Current Capacitance 

M., 
CE Type' 

R eeeeee Voltage 
Min. 

Ir, 4,, 
Forward Forward 
Current Voltage 

@ V, = 90 TyPical 
* 10 MV 
ImAl 

Vei V., 
' 1, - 1r - 1 , A 

50-102 0.5 3 420 465 5.0 138 

90403 0.2 1 400 465 2.0 170 

50-404 0.1 1 380 465 i 1.0 170 

80-405 0.05 1 350 465 0.5 160 

80-406 0.02 1 330 465 0.2 160 

90-407 0.01 1 330 465 0.1 160 

it Pill Pack-Package Outline No. 49. Series Inductance, Ls.. 0.1 nH. 

GERMANIUM SIGNAL TRANSISTORS 
IricER 
Min. 

f.r.. @ 100,., A 
GE he, Typical 10/C• 
Type @ 1V, 20mA (MHz) (V) 

'coo 
Max. 
@ VC. 

Pr Package Specification 
Max. Outline Sheet 
flnW) Comments No. No. .rA) (k) 

28319 25-42 2.0 20 16 25 225 

Audio driver and audio output. 

282 80.24 

28320 34-65 2.5 20 16 25 225 282 80.24 

28321 53-121 3.0 20 16 25 225 282 80.24 

28322 34-65 3.0 18 16 16 200 282 80.25 

28323 53-121 3.5 18 16 16 200 282 80.25 

2N324 72-198 4.0 18 16 16 200 282 80.25 

rc 28481 32-199 , 4.0 35 15 45 200 General purpose-28525 recommended. 282 20.25 
Q. 
= 28506 
a.High 

100-200 4.5 18 7 16 200 
gain, low noise preamplifiers. 

282 80.28 

2N501111 100-200 4.5 25 7 25 200 282 80.28 

28524 25-42 2.5 30 10 30 225 

Military/industrial-Audio amplifiers and medium speed 
switch. Specified hEE hold-up, high temperature Ica, and 
low temperature h.E. Guaranteed reliability index. 

282 20.30 

28525 34.65 3.0 30 10 30 225 282 20.30 

28528 ' 53-90 3 5 30 10 30 225 282 20.30 

28527 72-121 4.0 30 10 30 225 282 20.30 

2141175 70-140 4.0 25 12 30 200 General purpose industrial and consumers preamplifier. 282 ' 20.35 

2811754 70-140 4.0 25 12 30 200 General purpose industrial and consumer, high gain, low 
noise preamplifiers. Guaranteed noise figure. 

282 20.35 

281413 25-42 3.2 25 12 30 200 
General purpose industrial and consumer audio amplifier 
and medium speed switch. 

282 20.70 

281414 34-65 3.6 25 12 30 200 
282 20.70 

281415 53-90 4.0 25 12 30 200 282 20.70 

281124 34-65 3.0 40 10 45 225 Military/industrial audio amplifier and medium speed 
switch. High voltage, specified h., hold-up, low temper- 
ature hEE, and high temperature 'co. Guaranteed 
reliability index. 

282 20.80 

21111125 53-90 3.5 40 10 45 225 
282 20.80 

2P411128 72-121 4.0 40 10 45 225 282 20.80 

Also available as military types. 'Vc. = 1V, lc = 10mA. Vox = 5V, IE = lmA, f = 1 KHz I EtVcio. Vez' Ven = 60V 
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Advertisement UNIJUNCTIONS, TRIGGERS 
AND SWITCHES 

Since the introduction of the commercial silicon unijunction transistor in 1956, General Electric has continued de-
veloping an extensive line of negative resistance threshold and four-layer switch devices. Each of these devices can 
be used as a power thyristor trigger, and each offers a special advantage for a particular trigger function. In addition, 
each can be used for various non-trigger applications. 

The features—both in design and characteristics—which you receive with these products are concisely defined for 
each series: 

TYPES 
CONVENTIONAL UNIJUNCTIONS 2N489-494—proved reliability, MIL spec version. 

2N2646-47—low cost, proved hermetic sealed device. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT)—variable threshold, low cost, fast switching speed, 
and circuit adjustable electrical characteristics. 

COMPLEMENTARY UNIJUNCTION TRANSISTOR —ultimate in temperature stability for timing and oscillator 
applications. 

SILICON ASYMMETRICAL SWITCH (SAS)— asymmetrical voltage threshold, gate triggered 

SILICON UNILATERAL SWITCH (SUS)—a stable fixed low voltage threshold, low cost, high performance 
"4-layer diode." 

SILICON BILATERAL SWITCH (SBS)—low voltage triac trigger, two silicon unilateral switches connected 
back to back. 

SILICON CONTROLLED SWITCH (SCS)—high triggering sensitivity, 4-lead capability for multiple loads or 
dv/dt suppression. 

APPLICATIONS 

Device UleekeSENIMMIMMINI--- Triggers 
Conventional Complementary Programmable 

Use 2N489-94, 2N2417-22 
2N1671. 2N2160 

2N2646 0501 2N6027 SUS SBS SAS 
2N7647 0502 21160211 2114983.90 794991 91 01311 

DC, Lo Cost P 
F P E E E 

DC, NI Pert. F 
F F F F F 

DC, Volt Regulator P 
LI P F E E E 

v) DC, Inverter F .._ 
o F E E F F F 

,_ DC, Hi 31 / .1T P 
o P p E' P P P 
IL 
.im AC, ,..., Ni Perf. F 

e. 
F E E' F F F 

AL, ,,',, Hi f F 
F F E P P P 

AC, Lo RFI P P F F E E E 

AC, ,:i, Lo Cost P F p E E E E 

>1 hr. F' P F1 E' N N N 

>1 min, Lo Cost P F P E N N 

1.,•1 min, Stable 
.i 

F 
P E N MON N 

...-. ., 1 min, Lo Cost 

É 

P 
F p F F 

iz • 1 min, Stable F P E P F N N 

• 10V P P F E N N N 

10V-25V E E E E F F F 

•25V P P P E F F F 

Stability F F E F N N N 

Cost P 
cp '0 

F P E N N N 

Adjust, Range E E F F. N N N 

. Military 
Ii. 

E y i F2 P P P 

t Hi.Rel E P E F, F F P 

1  Economy P F P 

,_ cx 
..1. 
be r-
001— SEE TRIAC SELECTOR GUIDE PAGE 67 .n •-
b— . 

E Excellent, F Fait, P = Poor, N , Not Appl,cabi, 
With additional circuitry 
Hermetic version 2N6116-18 
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UNIJUNCTIONS 
CONVENTIONAL 
General Electric produces a very broad line of standard UJT's. The TO-5 ceramic disc bar structure device has been the workhorse of 
the unijunction industry for over 10 years. MIL versions are available on the 2N489-494 series. Equivalent types are available in TO-18 
packages where small size is required. 
The cube structure TO-18 series offers excellent value for those requiring proved, low cost units. 

Advertisement 

Applications Oscillators 
Timers 
Sawtooth Generators 

SCR Triggers 
Frequency Divider 
Stable Voltage Sensing 

Riro 
Interhase I., 
Resistance Intrinsic Valley 
@ Vs. = 3V Standoff Current 

GE I, - 0 Ratio Min. 
Type .7 Vie = 10V (mA) 

Ir To 
Peak Point (miter 
Emitter Reverse Current 

V:, 
Base One 
Peak Pulse Specifi-
Voltage Package cation 
Min Cernme^ts Outline Sheet 

No. No. 

Current 
Max. Ma , T 25°C. 
(.3,1 

2N489 
2N4894 ' 
2N4898 

4.7. 6.8 .51-.62 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 
3 

"A" versions are guaranteed in recommended 
circuit to trigger GE SCR's over range 
T. , -- 55°C to 125°C. 

-13" versions in addition to SCR triggering 
 guarantees lower 1E0 and i, for long timing 
periods with a smaller capacitor. 

31 

60.10 

60.10 
2N490 
2N490A • 
2N490B 
2N4900 

6.2- 9.1 .51-.62 8 

12 
12 
6 
2 

2 
2 
0.2 
.02 

60 
60 
30 
30 

- 
3 
3 
3 60. 11 

. 

2N491 
2N4914 • 
2N49113 

4.7- 6.8 .56-.68 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 
3 

31 60.10 

... u 
..- 
- cr, 
r_ 

2N492 
2N492A • 
2N492B 
2N492C 

6.2- 9.1 .56-.68 8 

12 
12 
6 
2 

2 
2 
0.2 
.02 

60 
60 
30 
30 

- 
3 
3 
3 

31 60.10 

60.11 

ro 
a' 
.",, 
à 
I-

2N493 
2N4934 • 
2N493B 

4.7- 6.8 .62-.75 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 31 60.10 

2N494 
2N494A • 
2N4948 
2N494C 

6.2- 9.1 .62- .75 8 

12 
12 
6 
2 

2 
2 
0 .2 
.02 

60 
60 
30 
30 

- 
3 
3 
3 

31 60.10 

60.11 

2N1671 
2N16714 
2N1671B 
2N1671C 

4.7. 9.1 .47-.62 8 

25 
25 
6 
2 

12 

12 2 
0. 
.02 

30 
30 
30 
30 

- 
3 
3 
3 

Industrial types. 31 60. 50 

2N2160 4.0 12.0 .47-.80 8 25 12 30 3 General purpose-low cost. 31 60.53 

' 
2, 
u 

rn 
.- ro 
oh 
co 
.- 
à r-

2N2417 
2N24170 
2N2417B 

4.7- 6.8 .51-.62 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

3 30 60.10 

2N2418 
2N241138 
2N24188 

6.2- 9.1 .51-.62 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 
3 "A" versions are guaranteed in recommended 

to trigger GE SCR's over range 

30 60.10 

2N2419 
2N2419A 
2N2.419B 

4.7- 6.8 .56-.68 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 
3 

circuit 
TA = -55°C to 125°C. 

30 60.10 

2N2420 
2N2420A 
2N2420B 

6.2- 9.1 .56..68 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

- 
3 
3 "B" versions in addition to SCR triggering 

lower Ito ir for long timing 

30 60.10 

2N2421 
2N2421A 
2N2421B 

4.7- 6.8 .62-.75 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

3 

guarantees and 
periods with a smaller capacitor. 

30 60.10 

2N2422 
2N2422A 
2N2422I3 

6.2- 9.1 .62-.75 8 
12 
12 
6 

2 
2 
0.2 

60 
60 
30 

3 30 60.10 

D5G514 
D5G515 
DSGS16 

- 

4.7- 9.1 .47,62 8 

25 
25 
6 
2 

12 
12 2 
0. 
.02 

30 
30 
30 
30 

- 
3 
3 
3 

TO-18 versions of 2N1671 industrial series. 30 - 

..' .ca el 

c.à . 
u 

à . .- - 
cr,,,, 
1- 

2N2646 4.7- 9.1 .56..75 4 5 12 30 3 General purpose. 29 60.62 

2N2647 4.7- 9.1 .68-.82 8 2 0.2 30 6 For long timing periods and triggering high 
current SCR's. 29 60.62 

D5E.43 4.7- 9.1 .68-.82 6 2 1 30 5 General purpose. 29 60.12 

05E.44 4.7- 9.1 .68-.82 4 5 12 30 4 General purpose-low cost. 29 60.13 

2N2840 4.7- 9.1 , .62 Typical .2 10 1 30 For 1.5 volt applications. 29 60.56 

• JAN & JANTX types available See selector guide-Unijunctions, Triggers, Switches page 33 
= 1.59 

30 
31 

',raw 
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Adveyficement PROGRAMMABLE UNIJUNCTIONS 
(PUT-D13T SERIES) 

The 2N6028 is specifically characterized for long interval timers and other applications requiring low leakage and 
low peak point current. The 2N6027 has been characterized for general use where the low peak point current of the 
2N6028 is not essential. 

Applications: 

• SCR Trigger • Sensing Circuits 
• Pulse & Timing Circuits • Sweep Circuits 
• Oscillators 

Outstanding Features of thr PUT: 

• Low Cost • Programmable n 
• Low Leakage Current • Programmable R., 
• Low Peak Point Current • Programmable I, 
• Low Forward Voltage • Programmable L 
• Fast, High Energy Trigger Pulse • Planar Passivated Structure 

Peak 
Gate to Anode 
Anode DC Current Leakage 
Reverse Anode 20 usec. Current 

Pk. Pain Current 
Max. 

Voltage Current 1% D.C. @ 40V @ RG 
JEDEC Max. Max. Max. Max. 10 k 
Types (mA) (A) (nA) (uel) 

Iv t. 
Valley V , Pulse 
Current Output Rate of 

@ R. -__,- Min. Voltage Rise 
1 Meg. @ R. r_- 10 k Min. Max. 
(a) (a) (V) (nsec.) 

Specification 
Package Sheet No. 

2N6027 40 150 2 10 5 2 70 6 80 1 60.20 

2N6028 150 2 10 .15 25 6 80 1 60.20 

Hermetic version of 2N6027i2N6116 
2 Hermetic version of 2N6028 :2N6118 

COMPLEMENTARY UNIJUNCTIONS 
(D5K SERIES) 

The D5K offers the ultimate in unijunction stability and uniformity. Low frequency oscillators and timers can be built 
using the D5K with better than 1.0% accuracy over extended temperature ranges. The D5K has characteristics like 
those of a standard unijunction except the currents and voltages applied to it are of opposite polarity than those of 
the standard devices. 

GE 
Tyne 

I. I1É, V., 
11.0 I, Peak Point Emitter Peak Operating riegueer. 

Interbase ... Valley Emitter Reverse Pulse Temp. Stability 
Resistance Intrinsic Current Current Current Voltage Range I. ,rit t,5'n 

@ lo, = 0.1mA Standoff Min. Max. Max. Min. Top —55 to 4- 150°C 
k Ratio (mA) (a) (nA) (V) (°C) o 

Specification 
Package Sheet Na. 

051(1 5.54.2 .58-.62 1 5 10 3.5 —55 to +150 1.0 29 60.15 

0562 5-15 .58- 62 1 15 10 3.5 —55 to +100 2.0 29 60.16 

SILICON ASYMMETRICAL SWITCH 
(SAS) 

A Monolithic Integrated Switch for Bistable Application 
Where Stability of Switching Voltage is Required. 

GE Type 

V . 
V-: V V+ Forward 

Swit hing Swit hing 1..1. Ii i Forward Voltag Drop Temperature 
Volt ge Voltage Switching Voltage Drop @ 100 mn Cnefficient 

Current (iv 100 mit) of V, 
Min Max. Min Mac. Max. Max. Min. Mao. —55 to +125°C 
(V) (V) (V) (V) (..A) (V) (V) (V) Typical Package Shrrt No. 

Specification 

013111 7 9 11 18 80 1.6 7 10 .03%/n 1 65.34 
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SILICON UNILATERAL AND BILATERAL SWITCHES 
(SUS, SBS) 

Advertisement 

The General Electric SUS is a silicon, planar monolithic integrated circuit having thyristor electrical characteristics closely approxi-
mating those of an "ideal" four-layer diode. The device is designed to switch at 8 volts with a typical temperature coefficient of 
0.02%/"C. A gate lead is provided to eliminate rate effect, obtain triggering at lower voltages, and to obtain transient-free waveforms. 

The SBS is a bilateral version of the forward characteristics of the SUS. It provides excellently matched characteristics in both direc-
tions with the same low temperature coefficient. 

Peak 
Recurrent 
Forward Tc 

k Current Temperature 
V. . Continuous a 100°C. Coefficient 

Reverse Forward 10 ‘.s. of 
Voltage Current I°. P, Switching 

GE Max. Max. duty cycle Dissipation Voltage Min. 
Type (V) (mA) (A) (mW) C....CI (V) 

Vs 
Switching 
Voltage 

254987 

254988 

254989 

254990 

2144983 

2114984 

254985 

254986 

• 254991 

a»   
• 2114992 

▪ 2114993 

30 

30 

30 

30 

30 

30 

30 

30 

175 

200 

200 

175 

175 

200 

200 

175 

175 

200 

175 

1.0 

1.0 

1.0 

10 

I 0 

1.0 

1 0 

I 0 

1,0 

1.0 

10 

SILICON CONTROL SWITCHES 
(SCS) 

300 

350 

350 

300 

300 

350 

350 

300 

300 

350 

High triggering sensitivity. 4 lead capability 
for multiple load or dv/dt suppression. 

300 

e.os 

.*.112^ -•;`) ,.• 

*.i •"9").;.2.;  

II Vo 
Is Forward Ib Peak 

Switching Blocking Forward I. Pulse 
Current Current Voltage Holding Voltage GE 

Max 6. s i @ 5V a 200mA Current Min. Package Specificat 
(V) I.A) (V) (mA) (V) Outline 

6 10 

7.5 9 

7.5 82 

7 9 

6 10 

7.5 9 

7.5 82 

7 9 

6 10 

7.5 9 

6 10 

500 

150 

300 

200 

500 

150 

300 

200 

500 

120 

500 

1.0 

0.1 

0.01 

0.1 

1.0 

0.1 

0.01 

0.1 

1.0 

0.1 

1.0 

15 

1 5 

1.5 

1.5 

1.5 

1.5 

1 5 

1.5 

1.7 

1.7 

1.7 

1.5 

5 

(.0 

75 

1.5 

5 

1.0 

75 

1.5 

5 

1.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

262 

16 

16 

262 

65.26 

65.28 

65.28 

65.26 

65.25 

65.27 

65.27 

65.25 

65.31 

65.32 

65.30 

Con• 
Cutoff ducting Max. 
Charac- Charac- Cate Gate tr ggering 
teristics teristics Ratings Charac eristics 

Peak le 
A> F  V I Recurrent Cathode 'r 

Anode Continuous Forward Gate tt I. Vo. VOA 
Voltage DC Forward Current Peak 10n.) Ron= IGn= 

CE Blocking Current a 10Orsec Current Pl 150°C 101e! 20a 
Type (mA) (mA) (mW1 (all) ImA (V) 

ION 
@ V.«=40)/. 

La= li, =800'2, 

1.,A RG.= 
(V) 

VGIK 

r 
ne 

IGT• 
@ Val, 

R, 

RG 
(mA) 

VGTA Specie , 
=40V, cation 

= 80CE!, CE Sheet 
Package 

=10K Outline No. 
(V) 

3581 65 200 1 0 500 1111.111. 20 1.5 s 65 1.0 .4 to .65 1.5 -.4 to -IF 28 65.16 

3582 100 200 1.0 500 400 20 1.5 5 100 1.0 .4 to .65 1.5 - .4 to -.8 28 65.16 

3583 70 50 0.1 50 200 20 • 4.0 1 5 70 150 1 .4 10.80 - - 28 65.17 

3584 40 175 0.5 100 320 20 • 2.0 5 40 10 .4 to .65 - - 28 65.18 

3585 100 175 0.5 100 320 20 • - 2.0 5 100 10 .4 to .65 - - 28 65.18 

3586 65 200 1.0 500 400 20 f, 0.2 ... 5 65 1.0 .4 to .65 0.1 -.4 to -.8 28 65.19 

• Measured @125°C. t Measured in special test circuit (See specification sheet). 

90.10 The Unijunction Transistor Characteristics 
and Applications 

90.12 Unijunction Temperature Compensation 

ADDITIONAL REFERENCE PUBLICATIONS 
ORDER BY PUBLICATION NUMBER 

90.19 Unijunction Frequency Divider 

90.70 The D13T-A Programmable Unijunction 
Transistor 

90.72 Complementary Unijunction Transistors 
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dvertisernent 

CE Type 

GE 
Packet 
Outlini 

Isulation 
Voltage 

297 

PHOTON COUPLED 
ISOLATORS 

PHOTO TRANSISTOR OUTPUT 
Curter: 
Transf. 
Ratio 
Min 

HIOA1 1000 
HUAI 2500 
H11A2 1500 

1111114 
111591 4000 
HI5A2 4000  

2500 
1500 

HIIA3 

289 
296 

20% 
50% 
20% 
20% 
10% 
20% 
10% 

Typical 

t, t. 
VCI (snip 

MAX. 
Spec. 
Pub. « 

100 
50 
50 
50 
50 

100 
100 

40 
30 
30 
30 
30 
30 
30 

3 
2 
2 
2 
2 
3 
3 

3 
2 
2 
2 
2 
3 
3 

.4 

.4 

.4 

.4 

.4 

.4 

.4 

55.61 
55.64 
55.64 
55.72 
55.72 
55.70 
55.70 

PHOTO DARLINGTON OUTPUT 

CE Type 

111081 
111181 
111182 
HI581 
H1582 

GE 
Package 
Outline 

Current 
Transfer 

Isolation Ratio 
Voltage Min. 

Typical 

tr, ,,-
VC1 (SAY I 

41 I MAX. 
Spec. 
Pub. # 

1000 
2500 
1500 
4000 
4000 

100 
100 
100 
100 
100 

25 
25 
25 
25 
25 

125 
125 
125 
125 
125 

100 
100 
100 
100 
100 

55.62 
55.65 
55.65 
55.71 
55.71 

PHOTO SCR 

CE 
Package Isolation 

CE Type Outline Voltage to Trigger 
ID Blocking 

Voltage 

Typical 

Ton , tf VS 1V1 
Spec 
Pub. 1: 

HIOC1 
HIICI 
HIIC2 7 f' 

1000 
2500 
1500 

295 

10.A 
2.A 
2A 

1 55.63 
55.73 
55.73 

PHOTON COUPLED 
INTERRUPTER MODULE 

GE 
Package 

GE Type Outline Output Current (V) Ton 
Typical Vct ts.ft 

yy , MAX.  

PHOTO TRANSISTOR OUTPUT 

Spec. 

1113AI 
H13A2 

Ir = 20MA 
Ir = 20mA 

100 
100 

5 
5 

5 
5 

55.68 
55.68 

PHOTO DARLINGTON OUTPUT 
111381 
111382 

Ir = 10mA 
Ir = 10mA 

100 
100 

150 
150 

150 
150 

55.69 
55.69 

45 
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‘ree. 

PHOTON COUPLED ISOLATOR 
INTERCHANGEABILITY GUIDE 

Advertisement 

•Closest 
GE 

Manufacture Replacement Isolation 
Type Type Voltage  

Current Transfer Ratio 

Min. Max. @ k (mA) 
ID 

IV) 

GE 
Package 
Outlines 

CLAIREX 
CL1.2 
C11.3 
C11-5 
CL 1.10 

FAIRCHILD 
H1183502 

FCD810 
FCD811 
FCD820 
FPLA810 
FPLA820 

LITRON IX 
t' 

A4 '. HI1 
: HIIA3 

HIIA2 
HI1A4 
M142 

ISO.L IT1 
IS04.1T12 
ISO.LIT16 

MONSANTO 
••MCT1 
MCT2 
MCT26 

• •MCS1 
MCS2 
MCA2.30 
MCA2-55 

• •MCA8 
••MCA8-1 

MOTOROLA 

1500 
1500 
1500 
1500 

2500 
1500 
1500 
1500  

1500 10%1 
20% 
20% 
10% 
20%  

%MT 
HI1A2 
H11A4 
HIICI 
H11C2 

11 
H82 
H1113X503 
H1381 • 

MOC1000 
MOC1001 
MOC1002 
MOC1100 

T.I. 

HI1A2 
H11A4 
H15A2 
H1182 
1$1361._ 

— TIL102 
••TIL103 

TIL111 
TIL112 

••TIX1109 
TIXL113 

••TIL138 

2500 
1000 
1500 

2500 
1500 
1500 
2500 
1500 
1500 
1500 

1500 
2500 
1500 
1500 

100% 
200% 

25 274 
25 274 
25 274 
50 IIII  274 

100 
50 
50 
50 
50 

274 
274 
274 
274 
274 

50 274 
100 274 
100 274 

20% 
20% 
6% 

4 mA TYP 

100% 
100% 
I.  = 2mA 

10% 

1000 
1000 
1500 
1500 
5000 
1500 

14mA 

10 

10 
7,44 

75 
50 

100 
100 
100 
100 

___110211 
10 

1011 
10 

35 
2.5 
35  

55 
30 

•The suggested replacements represent what we believe to be 
equivalents for the products listed. GE assumes no responsibility and does not 
guarantee that the replacements are exact, but only that the replacements will 
meet the terms of its applicable published written product warranties. The 
pertinent GE product specification sheets should be used as the key tool for 
actual replacements. 

•*Check package for computability 

100 
100 
50 

100 
500 
100 
25 

275 
274 
274 
274 
274 
274 
274 
273 
273 

268 
268 
274 
274 
275 
274 
273 

46 
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 111  274 
50 274 
50 274 

274 
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Advertisement 

DETECTORS 

PHOTO TRANSISTORS 

Package Sensitivity (ma/mw/cm') BY. BY. 1. ,, 1,.(nA)  Switching Typ  TYP Specs. 
GE Type Outline Min. Max . (V) (V) Max. , tf ', V , Pub. 

1.15AF601 
1.15AX602 
LIS 4X603 
L15AX604 
115A600 
LISE 
Ll4A502 
114E1 
1.14E2 
Ll4E3 
Ll4E4 
114c1 
Ll4G1 
114G2 

270 
270 
270 
270 
289 
54 

263 
263 
263 
263 
544 
54 
54 

.075 

.125 

.20 

.35 

.05 

.15 

.3 

.005 

.01 

.04 

.005 

.1 

.6 

.3 

.15 

.25 

.4 

.03 

.07 

.1 

1•111191. 

50 
50 
40 
40 
45 
50 
50 
50 
50 
45 
45 
5 

MU M -- • 

' 

23 
25 
25 

• 100 

 11111 100 

100 
: 100 

100 
100 

, 10 
. 10 

100 
 4  100 

so 
50 
50 
50 

45 
45 
45 
45 

2.5 25 
2.5 25 
2.5 25 
2.5 25 
3 3 
3 3 
5 5 
6 6 
15 10 
20 15 
20 15 
5 5 
5 5 
5 5 

"F-  15 55.80 
55.80 
55.80 
55.80 
55.58 
55.56 
55.45 
55.47 
55.47 
55.47 
55.47 
55.81 
55.82 
55.82 

PHOTO DARLINGTONS 

Package Sensitivity (ma/mw/cm') UY 8V. 1,.. 1,.(nA, 
GE Type Outline Min. Max • 00 Max. 

255777 
2N5778 
2N5779 
2N5780 
Ll4F 

OE Tyne 

L1V 
11411 
11412 
LI413 
1.14T4 
11415 
1.8 
L9 

.25 

.25 
1.0 
1.0 
15 

Package 
Outline 

Irradiance To 
Ti Inner (mw/cm 

10 
.2 
.2 
.2 
.2 
.2 

4.2 
10 

25 
ao 
25 
40 
25 

Switching Typ 

40 
40 
40 
40 
40 
40 

25-200 
25-200 

tr I r. tf 

75 
75 
75 
75 
75 

so 
so 
so 
50 
50 

(nA) 
Max. 

1.A 
100 
100 
100 
100 
100 
10.A 
10.A 

TIP Specs. 
V, (....,1•1 Pub. 72 

Vr (V) 

55.46 
55.46 
55.46 
55.46 
55.49 

PHOTO SWITCHES 

55.41 
55.54 
55.54 
55.54 
55.54 
55.54 

190.10 
190.10 



DETECTOR 
INTERCHANGEABILITY GUIDE 

Advert sement 

' • GE 
Manufacturer Equivalent Min. 

Type  Type (mA) 

CLAIREX 
CLT2010 
CLT2020 
CLT2030 
CLT2130 
CL12140 
CLT2150 
CLT2160 
CLR2050 
CLR2060 
CLR2170 
CLR2180 
CLR3160 
CLR3170 

114CO2010 
L14CX2020 
L14CX2030 
114AX2130 
1.14AX2140 
114AX2150 
114AX2160 
114F02050 
114FX2060 
114f 02170 
L I4FX2180 
11540506 
15AX507 

MONSANTO 
MT1 
MT? 

1.14C1 
1140502 

MOTOROLA 
MRD200 
MRD2I 0 
MR0250 
MR 0300 
MRD310 
MR 0600 
MRD810 
MRD3050 
MRD3051 
MR03052 
MR 03053 
MRD3054 
MRD3055 
MRD 056 

Ll5AX50' 
1.15AX5L1 
1.154051C 
1144X300 
1144)(310 
1154600 
114C0810 
1144X3050 
114AX3051 
1.14AX3052 
114/U3053 
114AX3054 
1144X3055 
LI440 • 6 

ht Current 

Max. 
(mA1 

Dark Current 

H Max. 
mw/cm (nA) 

.6 '5 
.4 1.2 5 

1.0 3.0 5 
.6 1.8 5 
1 2 3.6 5 I 
2.4 7.2 5 
4.0 12.0 5 • 
.6 1.8 .2 

1.4 4.0 .2 
.5 .02 
.8 .02 

O 3.0 20 
O 5.0 20 

(ire 

V. I Min. 
Volts (V) 

25 10 
25 IC 
25 10 
25 10 
25 10 
25 10 
25 10 
50 10 
50 10 
50 10 
50 10 
10 10 
10 10 

OPTRON 
o P600 
OP601 
0 P602 
OP603 
•P .I4 

1.15460C 
L154X601 
115AX602 
1154X603 
LI 40.04 

SPECTRONICS 
SD2440 115460 
SD2440.1 1154601 
502440.2 1154X601 
S02440.3 1154X602 
5132440.4 11540604 
S03440-1 1.14CX502 
503440-2 114C0503 
503440.3 L I4CX504 
SID3440.4 114C/1505 
505440.1 114AX545 
505440.2 11411X546 
505440.3 114AX547 
SD5440.4 114AX548 
S1)5440 114A0548 
50.5410.1 114F0518 
505410.3 114f/1519 
S05410.2 Ll4FX520 

T.I. 
15600 1154600 
TIL601 1154X601 
T 11602 11540602 
T I L603 1.15AX603 
T 11604 115AX604 
T I 4 

20 
20 

1.25 
.25 
.5 
40 
1.0 
.8 

1.0 
.1 
.2 
.1 

.25 
.6 

1.5 
2.0 

.4 
1.0 
2.5 

5 
5 

1 
5 
20 
5 
5 
5 
5 
5 11 

55 

5 

1.5 
2.5 
4.0 
6.0 

3.0 
5.0 
80 

12.0 

20 
20 
20 
20 
20 

.8 20 

.5 20 
1.6 20 
2.4 - 20 
4.8 - 20 
.25 - 20 
.8 _ 20 

1.2 _ 20 
2.4 _ 20 
2.4 - 20 
2.0 - 20 
4.0 20 
8.0 20 
8.0 - 20 
2.0 2 
6.0 - .2 
8 _ .2 

2.0 
4.0 
7.0 
5.0 

20 
20 
20 
20 
20 
5 

8Vi,,, 
8V i, 8V. n, • 8V  

lc - Min. 
(A) (VI 

30 
30 
50 
40 
40 
30 
40 
40 
40 
40 
50 
40 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

25 20 
25 20 
25 20 
25 20 
25 20 
25 30 
50 20 
100 20 
100 20 
100 20 
100 20 
100 20 
100 20 
100 20 

30 
30 

80 100 
60 100 
60 100 
80 100 
80 100 
80 100 
80 100 
80 100 
80 100 
80 100 
80 100 

Min. 
(V) 

I r 

'5 
'5 
•5 
'5 
'5 
'5 
'5 
•10 
• 10 
• 10 
'10 
5 
5 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

GE 
Package 
Outline 

54A 
54A 
544 
54 
54 
54 
54 

540 
54A 
54 
54 

270 
270 

100 P 100 I 100 -- 540 1 
100 80  100 7 100 54  

50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
35 100 
40 100 
40 100 
40 100 
40 100 
40 100 
40 100 
40 100 

25 
25 
25 
25 
25 

30 
30 
30 
30 
30 

25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 

250 5 
250 5 
250 5 

80 100 
80 100 

30-  100 
30 100 
30 100 
30 100 
30 100 
30 100 
30 100 

50 
50 
45 
40 
40 

100 
100 
100 
100 
100 

50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
30 100 
30 100 
30 100 

25 
25 
25 
25 
25 

100 

30 
30 
30 
30 
30 
10 

50 100 
50 100 
50 100 
50 100 
50 100 
30 100 

50 
50 
50 
50 
50 
50 
50 
50 
50 
30 
30 
30 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

7 100 
7 100 
7 100 
7 100 
7 100 

100 
5 100 
5 100 
5 100 
5 100 
5 100 
5 100 
5 100 

loo 

7 
7 
7 
7 
7 

100 
100 
100 
100 
100 

50 100 

270 
270 
270 
54 
54 

270 
54A 
54 
54 
54 
54 
54 
54 
54 

270 
270 
270 
270 
270 

7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 
7 100 

• • The suggested replacements represent what we believe to be the nearest GE 
equivalents for the products listed and in most instances are exact replacements. 
However. GE assumes no responsibility and does not guarantee that the replace-
ments are exact, but only that the replacements will meet the terms of its aPPli• 
cable published written product warranties. The pertinent GE product specification 
sheets should be used as the key tool for actual replacements. 

7 
7 
7 
7 
7 

100 
100 
100 
100 
100 
100 

270 
270 
270 
270 
270 
546 
54A 
54A 
54A 
54 
54 
54 
54 
54 
54 
54 
54 

270 
270 
270 
270 
270 
54 
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Advert.sement SILICON RECTIFIERS 
.25 TO 3 AMPERES 

JEOEC 
- - 155059 62 164245-49 - - 165624-27 - 

GE TYPE 01230 MPRIO-15 1114PD tt114PD2 0144 P - 6664001.7 01144.M -  415A 411511-M 

SPECIFICATIONS 

I,.... (A) .25 .5 1 1 1 1 1 1 3 3 3 
@ T..(°C) 50 100 75 75 100 55 75 55 70 70 55 

V.,..., , - Max. repetitive peak reverse voltage (V) 

50 DT230F - - - Al4F 0E84001 01I4F 016F 6115F 

100 512300 - - - Al4A - 0E64002 01140, Al5A 61150 

150 DT230G - - - - ._ - - - 

200 012300 - 155059 154245 • 6081003 61148 1N5624 6158 61158 

250 572304 - - _ - _ - 
1« 

- 

300 - - -- Al4C - - All4C - Al5C All5C 

400 - - - 155060 154246 • 0E84004 01145 155625 0155 61150 

500 - Al4E - - 11114E - Al5E A1150 

600 - - 155061 154247 • GER4005 6114M 155626 /115M 6115M 

800 _ - 155062 154248 • GER4006 6114s 155627 0155 _ 

1000 - MPRIO - _. Al4P ' 154249 GER4007 •- _ 

1200 - MPR12 - - - - - - - 

1400 - - Al4PD All4PD2 - - - - - - 

1500 - MPR15 - - - _ - - - 

I,. ..,,,.t Max. peak one cycle, non-recurrent surge 
current (60 Hz sine wave, 1 phase 
Operation) @ max. rated load conditions , r. 

5 25 40 40 50 25 30 40 125 125 110 

I 't Max. non-repetitive for 8.3 msec. (A ,sec - 3 3.5 3.5 4 4 - 3.5 25 25 20 

L Operating junction temperature range (•(• -65 to 
150 

65 to 
175 

-65 to 
150 

-65 to 
150 

- 65 to 
175 ' 

-65 to 
160 

-65 to 
175 

-65 to 
125 

-65 to 
175 

-65 : 
175 

-65 to 
150 

T,„ Storage temperature range (°C) -65 to 
200 

65 to 
175 

-65 to 
175 

-65 to 
175 

-65 to 
175 

-65 to 
200 

-65 to 
175 

-65 to 
175 

-65 to 
200 

-65 t . 
175 

-65 to 
175 

Viii Mao. peak forward voltage drop @ 
rated 1,,....1 (1 phase operation) 1.1 1.8 1.1 1.1 1.0 . 12@ 

+ 55°C-
1.1 1.1 1.0 1.0 1.0 

t.. Max. reverse recovery time (sec( 0.3 5 - 20 6 5 
_ 

0.2 5 5 0.2 

PACKAGE OUTLINE NO. 38 119 119 119 119 119 119 119 119 2 119 2 116 2 

SPECIFICATION SHEET NO. 130.25 130.53 Contact I : 130.55 130.56 130.66 130.63 
130.64 

130.59 130.58 
130.55 

130.67 
130.68 

Average forward current 1 amp. @ Junction, operating and storage temperature range -65 to +165°C. 
• JAN 8. JANTX types available 

119.2 38 

119 

The best way to assure reliability in a low-current rectifier pellet is to put 
it in a package that really protects it. Protects it from shock, humidity, 
vibration and temperature. 

And that's just what we do with General Electric's glassivated 1-amp (A14) 
and 3-amp (A15) rectifiers. Solid glass provides passivation and protection 
of the silicon pellet's P-N junction-no organic material is present within 
the hermetically sealed package. In addition, rigid mechanical support 
and excellent thermal characteristics are provided by the dual heat sink 
construction. 

For high-frequency applications, GE offers a fast-recovery rectifier, the 
1-amp A114, with a 200 nsec. max. reverse recovery. 
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SILICON RECTIiii% 
5 TO 12 AMPERES 

Aoverfiserne-f 

JEDEC 

161199A-1206A 
161612 16 1613414 480 163987-90 163879-83 163670A-73A 163889-93 

1 65331 
164510-11 

GE TYPES 1,28F-0 01296-PB 

SPECIFICAJIIJN 

Ira r 0 5 6 6 6 12 12 12 12 12 

. 7 - (0Ci 150 150 150 100 150 100 135 65 135 

v . - Mar r epetitive peak reverse voltage ,V, — — — — — — _ _ 

50 191612 1913414 193879 1911994 193889 428F — 

100 191613 1913424 -- 193880 1912004 193890' A28A — 

150 — 1913434 — 1912014 — — - — 

200 161614' 1913444 193881' 191202A* 193891' 4288 — 

300 — 1913454 193882 1912034 193892 4280 — 

400 191615' 191346A 193883' 1912044* 193893' 428D — 

500 — 1913474 — 1912054 — — 4129E — 

600 191616' 1913480 1912064* — 41291A — 

700 — — 193987 1936704 — — — 

800 — — 193988 1936714 — — 41296 — 

900 — 193989 1936724 — — — 

1000 — 193990 1936734' — 4129P 164510 

1200 — 195331 — — 4129P8 194511 

1.. ,,„,,, a1 Mao. peak one cycle, non recurrent surge current 
(60 Hz sine wave, 1 phase operation) @ man. 
rated load conditions (Ai 

150 150 150 ;c) 240 150 

-- 

240 150 240 

It Mar non repetitive for 8.3 msec (Arec) 25 25 25 60 67 38 67 

T Operating junction temperature range (°C) —65 to 
+190 

--55 to 
• 200 

—65 to 
+200 

—65 to 
+150 

—65 to 
4- 200 

—65 to 
4-200 

—65 to 
+175 

—40 to 
4-125 

—65 to 
+175 

T. Storage temperature range 1°C1 — 65 to 
+200 

—65 to 
+200 

—65 to 
+200 

—65 to 
+175 

—65 to 
+200 

—65 to 
+200 

—65 to 
+175 

—40 to 
+125 

—65 to 
+200 

Mar thermal resistance junction to case (°E/Wl 7.0 4.25 4.25 2.5 2.5 2.0 2.0 3.25 2.0 

Mar peak forward voltage drop nr rated t 
(I phase operatronl (VI 

1.1 1.1 1.1 1.4 1.1 1.4 1.1 1.4 1.4 

Ed' E +('Cl 25 25 25 25 25 25 25 25 135 

Mar reverse recovery time trisec , — — 200 — 200 100 500 — 

PACKAGE OUTLINE NO 120 12' 120 120 120 120 120 120 120 

SPECIFICATION SHEET NO. 140.15 — 140.12 140.20 140.22 140.23 140.25 140.24 

'JAN & JANTX types available 

120 

"vow 
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.110. 

SILICON RECTIFIERS 
20 TO 40 AMPERES 

941183-90 
JEDEC M24813.508 11411954.98A 1142154-60 1N3765-68 1141183A-90A 1/43899-3903 1N3909.13 1N4529.30 1N3208-14 

1145332 

GE TYPE 440F.M 844F-M A139 

SPECIFICATIONS 
Max. average forward cur- 
rent (1 phase operation) (A) 

20 20 25 35 40 20 30 35 20 20 25 

@ Tc=(°C) 150 150 145 140 150 100 100 115 110 110 75 

-Man, repetitive peak reverse 
voltage (V) 

50 111248E1 - 11412154 1141183 1N1183A 1143899 1113909 1143208 
A4OF 

A44F _ 

100 111249B• - 1142155 1111184' 11111184A 1143900 1143910* 1143209 
A404 

A44A _ 

150 - - - 1141185 1N1185A - - - - - 
200 1N25013* - 1112156 1N1186* 1141186A 1N3901 1113911* 1113210 

A40B 
A448 - 

300 - 1N11954 1112157 1111187 1N1187A 1N3902 1N3912• 1143211 
A4t)C 

A44C _ 

400 - 11411964 1112158 1N1188' 1N1188A 1N3903 1N3913• 1113212 
440D 

A44D _ 

500 - 11411974 1112159 1111189 1I11189A - - - 1113213 
A40E 

444E A139E 

600 - 11111984 1112160 1111190 1N1190A - - 1113214 
A4OM 

A44M A139M 

700 - - - 1113765 - - - - - - - 

800 - - - 1N3766 - - - - - A139N 
900 - - - 1143767 - - - - - 
1000 - - - 1N3768 - - 1114529 - - A139 P 
1200 - - - 1115332 - - 1144530 - A139PB 

Isi.. Sq.') Max. peak one cycle, non- 
recurrent surge current (60 
Hz sine wave, 1 phase oper-
ation) @ man, rated load 
conditions (A) 

350 350 400 500 800 225 500 300 300 400 

11t Mao. Pt rating (non•repeti• 
tine for 8.3 msec.) A, sec 

- - 250 500 - - 500 100 100 500 

1 Operating junction temper. 
ature range (CC) 

-65 to 
+175 

-65 to 
+175 

- 65 to 
+200 

- 65 to 
• 200 

-65 to 
+200 

-65 to 
4-150 

-65 to 
+150 

- 65 to 
• 175 

-65 to 
+175 

-65 to 
+175 

-40 to 
+125 

T.i, Storage temperature range 
(°C) 

-65 to 
+175 

-65 to 
-• 175 

-65 to 
+200 

65 to 
• 200 

-65 to 
+200 

--- 65 to 
+175 

-65 to 
+175 

65 to 
• 200 

-65 to 
+175 

-65 to 
+175 

-40 to 
+200 

, c Man, thermal resistance, 
junction-to-case (•C/W) 

1.2 1.2 1.4 1.0 1.0 1.5 1.0 1.0 1.5 
Typical 

1.5 
Typical 1.0 

V ,., Max. peak forward voltage 
drop @ rated Ir ..v) (1 
phase operation) (V) 

- - I 7 1.3 1.4 1.4 1.4 1.35 
Typical 

1.35 
Typical 1.85 

@ Tr =(°D) 150 150 145 140 25 25 25 115 25 25 75 

, Max. reverse recovery timii 
(nsec) 

- - - - 200 200 -- - - 500 

PACKAGE OUTLINE NO. 123 123 123 123 123 123 123 123 125 126 126 

SPECIFICATION SHEET NO. 140.28 140,30 140.40 140.50 140.50 140.47 140.48 140 37 140.32 140.33 14026 

• JAN 8 JANTX types available 

123 
125 126 
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SILICON RECTIFIERS 
100 TO 275 AMPERES 

JEOEC TYPE 1N3289.96 1113260.73 1N3735,42 

GE TYPE ATOB.P8 A906 PO 

Am> 
Adverfisernent 

1N4044-56 

A96A-P A291PC PM 

... —...........— ._ 

1,...1pool Max.  ge forward current (1 phase operation) 160 250 250 250 275 

(a T,: =1°C) 125 130 70 135 120 

Vi..,...,., — May. repetitive peak reverse voltage (V) -- — — 

50 163260 — _ 164044 

100 163261 6906. 163735 A96A — 164045 

150 —  . 163262 — -- — 164046 

200 A7CB 163213 163263 , 6908 163736 A968 164047 

250 — r 163264 — -- — 1414048 

300 A70C 163290 163265 690C, 163737 A96C — 164049 

350 — 163266 -- — — 

000 7013 163291 163267 A900. 163 738 A96D — 164050 

500 A70E 163292 163268 A90E. 163739 696E — 164051 

SOO A70M, 163293 , 163269 690M. 163740 A96S — 164052 

700 A7OS T 163270 A9OS A96M 164053 

800 A7084, 043294 163271 6906. 163741 A966 164054 

900 A7OT 163272 '..1190T A96T — 164055 

1000 A7OP 1N3295 163273 ,A90P. 163742 A96P — 164056 

1100 - - A9OPA — — -- 

1200 OPB 043296 .690P13 — --

1300 — A291PC — 

1400 — 6291PD 

1500 — A291PE — 

1600 — A291PM — 

loi .,,,,,i Max. peak one cycle, non-recurrent surge current 
(60 Hz sine wave. 1 phase operation) @ max. 
rated load conditions (A) 

1600 2000 4500 3300 4500 5000 

171 Max non repetitive for 8.3 m eC (A7sec) 10 000 16.000 84 000 , 43.000 84,000 100.000 

T, Operating junction temperature range 1°C) —40 2 
2011 

—55 to 
4 190 

—40 to 
-4 200 

—40 to 
4 125 

—40 to 
4 200 

65 to 
• 190 

T,., Storage temperature range 1°C) 40 
4 

- 55 to 
4-200 190 

—40 to 
4-200 

—40 to 
4 125 

—40 to rg 
4 200 

—65 to 
4-190 

Max. thermal resistance, Junction-to-case )°C/W) 4 .3 .18 .18 .15 .18 

V,. Max. peak forward voltage drop @ rated 1....... 
(1 phase operation) 

1.6 1.3 1.25 1.0 1.35 

@ T, =1°C) 25 125 130 25 25 120 

0. II l Max. reverse recovered charge ( C! — - — 19 — 

PACKAGE OUTLINE NO 127 128 128 128 129 128 

SPECIFICATION SHEET NO. 140.1S 145.28 1.1. 3..0 145.55 145.58 ' 145.30 
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GE TYPE  

SPECIFICATIONS 

Inivvi Max.  ge forward current Cl phase operation) (A) 

@ =(°C) 

Vtit, .v; — Maz. repetitive peak reverse voltage (1) 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

11100 

2000 

2100 

2200 

2300 

2400 

2500 

2800 

2700 

2800 

2100 

3000 

Ind Max. peak one cycle, non-recurrent surge current 
(80 Hz sine wave, 1 phase operation) @ max. 
rated load conditions (4) 

Max. non•repetitive for 8.3 msec (Vie 

T.; Operating Junction temperature range (6C) 

T... Storage temperature range 1.01 

c Max. thermal resistance, Junction-to-use (nAll) 

/bid Max. peak forward voltage drop (8 rated Ir,Avr 
(1 phase operation) 

Tc=('C) 

PACKACE NO. 

SPECIFICATION SHEET NO. 

7.1960-P A3904 r, 

400 

70 

43964 

43966 

A396C 

43960 

4396E 

4396M 

A396S 

A396N 

A3967 

A396P 

, 9,300 

43,000 

; —40 TO 
4-125 

—40 TO 
+125 

.18 

1.25 

25 

109.1 

145 71 

400 

145 

A390A 

A3908 

A390C 

43900 

A390E 

A390M 

A390S 

A390N 

A390T 

4390P 

A390PA 

A390P13 

4500 

84.000 

—40 TO 
+200 

—40 TO 
4-200 

.15 

1.15 

25 

109.1 

145.70 

SILICON RECTIFIERS 
400 TO 1500 AMPERES 

95A PN 11500P-LP 

500 

130 

A295B 

A295C 

A295D 

4295E 

4295M 

4295S 

A295N 

A2957 

A295P 

A29 PA 

A295PB 

A295PC 

A295PD 

A295PE 

#295 PM 

#295 PS 

A295PN 

7000 

200,000 

—40 TO 
• 200 

—40 TO 
4- 200 

12 

1.1 

25 

129 

145.60 

A540PA-L 45704-P 

740 

100 

A500P 

A500PA 

A500P13 

A500PC 

A500PD 

A500PE 

asoopm 

A500PS 

A500P11 

A5OOPT 

A5001 

A5001A 

A500LB 

A5001C 

A5OOLD 

A500LE 

A5OOLM 

A5OOLS 

45001N 

A5OOLT 

A5001P 

8400 

270,000 

—40 TO 
+200 

—40 TO 
+200 

.06 

1.25 

25 

182 

145.78 

1000 

100 

A540A 

A5408 

A540C 

A540D 

A540E 

A540M 

A540S 

A540N 

A540T 

A540P 

A540PA 

4540P8 

4540 PC 

4540 P0 

A540PE 

#540 PM 

#540 PS 

A540PN 

4540 PT 

45401 

10,000 

400.000 

—40 TO 
200 

—40 TO 
+200 

.06 

1.15 

150 

182 

145 80 

1500 

80 

A570A 

457013 

A570C 

A570D 

A570E 

A570M 

A5705 

A570N 

A570T, 

AS 70F 

15,000 

920,000 

—40 TO 
+200 

—40 TO 
+200 

.053 

1.0 

25 

182 

145.85 

109.1 182 ' 
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SELECTOR GUIDE PHASE CONTROL SCR's 
2600 

2400 

2200-

2000 

1800 . 

1600 

1200 

600. 

400 

.R 0 
5 8 1.6 

1-.1 I-J 1-1 

4 7.5 8 16 25 35 55 

14— LOW —444— MEDIUM 

e 
8 
P. 

• 

U 1,—) u u 

110 180200 235 380400470 

R MS CURRENT RATING — AMPERES 

SELECTOR GUIDE INVERTER SCR's 

V
O
L
T
A
G
E
 
R
A
T
I
N
G
S
 
-
 V
O
L
T
S
 

1300 

1200 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

i*s • 
VI 
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ve01. 

PHASE CONTROL SCR's 
.5 TO 4.0 AMPERES 

GE TYPE C3 C103 C8 C7 C5 C108 C107 

JEDEC 2N1177-81 - 2N2344-48 2112322-21 • 211158518 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 

FORWARD CONDUCTION 

30-200 15-400 

Irftws, Max. MS on-state current (A) 0.80 1.60 1.60 4.00 

ItrAvi Max. p on-state current ® IMP 
conduction (A) ® Tc 

0.50 
@ 25°C 

1.0 
@ 55°C 

1.0 
@ 85°C 

1.0 
@ 110°C 

2.5 ' 
@ 30°C 

2.5 
@ 20°C 

ITsm Max. peak one cycle, non-repetitive surge 
current (A) 

8.0 15 15 15 20 15 

Pt Max. Pt for fusing for <1.5 mote (AI see) 
:JIM-

- 0. - 0.5 0.5 0.5 0.5 

Vrm Max. peak on-state voltage (8 WC, 180• 
conduction, rated 1,1,4v) (V) 

i. 1.5 1.4 2.0 2.2 2.0 2.2 2.5 

110Jc Max. Internal thermal resistance, de, 
Junction-to-case (•C/W) 

125 18 18 18 18 10 10 

I. Typical holding current ® 25•C (mA) I 1.7 5.0 1 0 1.0 2.0 0.5 1 0 1.0 

ta Typical turn-off time (osee) 
Maximum Turn-off Time (»sec) 

15 
- 

15 
- 

40 
- 

20 
- 

40 
- 

40 
- 

40 
100 

40 
100 

ta 4- t Typical turn-on time Couic) 1. . - 1.4 1.4 1.4 1.2 1.2' 1.2' 

di/dt klax. rate-of-rise turned-on 
current (A/nec) 

- - 50 - 50. . 

-40 to 
110 

50 

-40 to 
110 

1 Junction operating temperature range (n) -65 to 
125 

-40 to 
125 

-65 to 
100 

-65 to 
125 

-65 to 
150 

BLOCKING 
dv/dt Typical critical rate-of-rise of off-stage 

voltage, exponential to rated Voim 
® max. rated T, (V/useel 

20 20 20 

FIRING 
ler Max. required gate current to trigger (RA) 

-85•C 

® -40•C 

211•C 

500 

200 

@ 25C 100 

VOT Max. req•uired gate voltage to trigger (V) 1.0 
-85C 

-40•C 

• 25•C 0.8 

Vor Min. required gate voltage to trigger (V) 
® 110"C 

125•C 0.1 

VOLTAGE TYPES 

10 

08 . 

0.1 

75 350 

8 

200 10 20 

1.0 7 e:0-

0.8 0.8 3.0 

0.1 1E0.1 

500 

200 

10 

0.8 

0.2 

500 

0.8 

0.2 

Repetitive Peak Forward and Reverse Voltages 

15 
--

C10601-4 C10701-4 

25 - - C6U 2112344 2112322 - - - 

XI 211877 C103Y - - - - C106Y1-4 C107Y1-4 

55 - all - C6F • 2142345 2112323 • , 2111595 C106F1-4 C107F1-4 

80 211878 C103YY 
• 

- - - - 

100 211879 C103A C6A 2112346 2112324 • 2N1596 C10641.4 C10741-4 

150 211880 - C6G 2N2347 2112325 - - 

200 211881 C1038 C68 2112348 2112326 •  291597 C106131 -4 C10781-4 

250 - - - - - 2112327 291598 - - 

300 - C6C 2112328 • 2N1599 C106C1-4 C107C1-4 

400 - C60 2112329 • - C10601-4 C10701-4 

PACKAGE OUTLINE NO. 112 195.1 
228 

102.1 101 

150 11 

102.1 101 232 232 

SPECIFICATION SHEET NO. L 150'5 150.7 150.8 150.10 150.15 150.9 150.13 

• JAN & JANTX types available 
Units = mA 
Maximum turn-on time 
Junction to ambient 

101 

55 



PHASE CONTROL SCR's 
7.5 TO 25 AMPERES 

Advertisement 

GE TYPE C10 C11 C15 C122 C220-2 C36 C7'n., C711.1 C37 

JEDEC 251770A-77V 2141770-76 251542-50 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 25400 25-600 MN 25-400 25-500 25.500 25-500 25-500 25.000 

FORWARD CONDUCTION 
Insmsi Max. RMS on-state current (A) 7.40 7.40 8.0 8.0 7.40 16.0 25.0 25.0 à 25.0 

1“...v) Max. average on-state current @ ISO' 
conduction (A) @ Tc 

4.7 
@ 106°C 

4.7 
@ 105°C 

5.1 
@ 50°C 

- - -i 10.0 
@ 35 C 

16.0 
@ 70°C 

16.0 
@ 70 C 

16.0 
@ 35°C 

Its. Max. peak one cycle, non-repetitive surge 
current (A) 

60 60 60 80 90 .',. 125 250 250 ï 125 

In Max. In for fusing for -- 1.5 msec (A, sec) .5 .5 - 

2.2 

27 260 260 40 

Vi. Max. peak on-state voltage @ 25°C, 150° 
conduction, rated IT(...».1 (V) 

1.8 1.8 1.85 2.0 2.9 1.5 1.5 2.25 

ItnJc Max. Internal thermal resistance, de, 
junction-to-case )°C/W) 

3.1 3.1 3.1 2.0 - 2.5 1.0 1.0 1.5 

la Max. holding current @ 25°C (mA) 25 8.0 30 30 30 20 50 50 10 

t, Typical turn-off time (esec) @ 100°C 
125°C 

- 
40 

- 
40 

- 
- 

- 15 - - 

td + t. Typical turn-on time (alet) 1.0 1.0 1.0 - 2.5 3 3 3 3 

dVdt Max. rate-of-rise turned-on 
current (A/usec) 

60 40 , 40 100 100 20 20 20 20 

TJ Junction operating temperature range ('e) -65 to 
150 

-65 to 
125 

-65 to 
105 

40 to 
100 

-40 to 
100 

- 40 to 
100 

- 40 to 
100 

-40 to 
100 

- 40 to 
105 

BLOCKING 
dv/dt Typical critical rate-of-rise of off-stage 

voltage, exponential to rated VD04 
@ max. rated Ti (V/usee 

FIRING 
lr Max. required gate current to trigger (mA) 

@ -55°C 

@ -40•C 

@ 25°C 

@ 100°C 

@ 125°C 

Vet Max. required gate voltage to trigger (V) 
@ -55°C 

@ -40°C 

@ 25°C 

VQT Min, required gate voltage to trigger (V) 
@ 100°C 

@ 125°C 

VOLTAGE TYPES 

Repetitive Peak Forward and Reverse Voltages 

25 

50 

100 

150 

200 

250 

300 

400 

500 

1100 

700 

500 

PACKAGE OUTLINE NO. 

SPEC SHEET NO. 

20 

30 

15 

0.2 

2517703 • 
CIOU 

2517718 • 
C1OF 

2517728 • 
C1OA 

2517738 
C1OG 

2517748 • 
C1OB 

2517758 
ClOH 

2517768 • 
C1OC 

2517778 • 
CIOD 

104.1 

150.20 

20 20 50 40 I 20 40 40 40 

30 

15 

2 

251770 
CI 1U 

251771 
CUE 

251772 
ClIA 

251773 
ClIG 

251774 
CI1B 

251775 
CIIH 

251776 
ClIC 

251777 
CI1D 

251778 
CUE 

252619 
CI1M 

104 

150.21 

50 

35 

2.5 

0.3 

C15U 

Cl 51 

Cl 58 

Cl 5G 

Cl5B 

CISH 

CI5C 

Cl5D 

C15E 

C15M 

104.1 

150.22 

173.1 

150.35 

40 

25 

40 

30 

1.5 

0.5 

C220U 
C222U 

C220F 
C222F 

C220A 
C222A 

C220B 
C222B 

C220C 
C222C 

C220D 
C2220 

C220E 
C222E 

241 to 243 

150 36 

150 

80 

50 

251842 
C36U 

40 

25 

2 

2.0 

1.5 

0.2 

251843 
C36F 

251844 
C36A 

251845 
C36G 

251846 
C36B 

251847 
C36H 

251848 
C36C 

25184° 
C36D 

251850 
C36E 

1,11' 1'1 

C230U 
C232U 

C230F 
C232F 

C230A 
C232A 

C230B 
C2320 

C230H 
C23 21f 

C230C 
C232C 

C230D 
C232D 

C230E 
C232E 

241 to 243 

160.27 

C231U 
C233U 

C231F 
C233F 

C231A 
C233A 

C231B 
C233B 

C23IC 
C233C 

C23 ID 
C233D 

C231E 
C233F 

150 

80 

40 

3.5 

0.25 

C37U 

C37F 

C37A 

C37B 

C37C 

C37D 

C3 7E 

C37M 

C37S 

C375 

107 1 

160,23 

56 
• JAN & JANTX types available ' Specified 6 mA max @ 150°C Specified 0.2 V min @ 150'C Typical Value 
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173.1 

PHASE CONTROL SCR's 
25 TO 35 AMPERES 

GE TYPE 035 C38 C137 

JEDEC 2N681.92 N5204-07 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 25-800 25 800 25.800 500-1200 600-1200 

FORWARD CONDUCTION 

Iiimusl Max. RMS on-state current (A) 25.0 35.0 35.0 35 35 

hi.) Max. average on-state current @ 180° 
conduction (A) @ T, (°C) 

16.0 
® 65°C 

22.3 
@ 35°C 

22.5 
® 70°C 

22.3 
@ 40°C 

22.3 
@ 40°C 

Irsm Mao. peak one cycle, non-repetitive surge 
current (A) 

150 150 150 360 300 

In Max. Pt for fusing for 5 to 
8.3 msec (A, sec) 

100 100 100 460 320 

V141 Peak on-state Voltage @ 125°C, 180° 
conduction, rated 1,.., (V) 

2.0 2.0 2.0 2.3 2.3 

R• Max. internal thermal resistance, dc, 
junction-to-case )°C/W) 

1.7 1.7 1.5 1.0 1.5 

I Max. holding current @ 25°C (rnA) 100 100 80 100 100 

t, + t, Typical turn-on time (usec) 1.6 1.6 1.6 1.6 1.6 

t, Turn-off time luseci (MAX) 75 75 25 
Typ. 

75 - 

di/dt Max. rate-of-rise turned-on 
current (A/usec) 

80 80 80 150 150 

T., Junction operating temperature range (°C) -65 to 
125 

-65 to 
125 

-65 to 
150 

-65 to 
125 

-40 to 
125 

BLOCKING 

dv/dt Min. critical rate-of-rise of off-stage 
voltage, exponential @ max. 
rated T, )V/sec) 

20 20 
Typ. 

20 100 100 

FIRING 

IGT Max. required gate current to trigger (mA) 
@ -65°C 

80 80 80 120 - 

@ -40°C - - - 80 80 

@ 25°C 40 40 40 40 40 

® 100°C - - - - - 

@ 125°C 10 10 - 15 15 

@ 150°C - - 20 - - 

Von Max. required gate voltage to trigger (V) 
@ -65°C 

3.0 3.0 3.0 3.0 - 

@ -40°C - - 3.0 3.0 

@ 25°C 3.0 3.0 3.0 3.0 3.0 

VG1 Min. required gate voltage to tric^^ , s' 
@ 125°C 0.25 0.25 - 0.25 0.25 

@ 150°C - 0.15 - - 

VOLTAGE TYPES 

Repetitive Peak Forward and Reverse Voltages 

25 29681 C35U C38U - 

50 29682 • C35F C38F - 

100 29683 • C35A C38A - 

150 29684 C35G C380 - 

200 29685 ' C35B C388 - 

250 29686 • C35H C38H - 

300 29687 • C35C C38C - 

400 29688 • C35D C38D - - 

500 29689 • C35E 038E 0137E - 

600 29690 C35M 0137M 295204 

700 29691 C355 C1375 - 

800 29692 C35N 01379 295205 

900 01371 - 

1000 C137P 295206 

1100 C137PA - 

1200 CI37PB 295207 

PACKAGE OUTLINE NO 107.1 107 1 107 I 107.1 107.1 

SPECIFICATION SHEET NO. 160.22 160 20 160.30 160.45 160.46 

• JAN & JANTX types available 57 
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PHASE CONTROL SCR's 
55 TO 200 AMPERES 
GE TYPE C150.152 060, 62 C350 

JEDEC 2N1909-16 
291792-98 292023-30 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 25400 100-1200 25400 500-1300 25.600 

FORWARD CONDUCTION 

Max. OMS on-state current (A) 

Max. average on-state current di 180 
conduction (Al (12 

Ir •.. Max. average on-state current for 3 
conduction (AI T 

Max. peak one cycle, non-repetitive sur pe 
current (Al 

Max. for fusing for 5 to 
8.3 msec sec) 

1,741 Peak on-state voltage @ 125 C. (80 
conduction, rated I • . (V) 

Max. internal thermal resistance. dc, 
junction-to-case I C•W) 

Typical turn-off time (..sec) 

t.) • t. Typical turn-on time (_sec) 

di/dt Rate of-rise turned-on current lA -Sec) 

Ti Junction operating temperature range t C) 

BLOCKING 

55 

35 
@ 87' C 

32 
@ 90'C 

700 

2000 

2.1 

.4 

30 

5 

30 

—40 to 125°C 

63 

40 
@ 102 C 

36 
@ 101 C 

1000 

4150 

1.4 

35 

5 

100 

—40 to 175 C 

110 

70 
@ 62°C 

62 
@ 65*C 

1000 

4000 

1.8 

.4 

30 

5 

30 

—40 to 125°C 

110 

70 
e 80'C 

52 
@ 80 -C 

1500 

7000 

2.0 

.3 

100 

8 

50-75 

- 40 to 125•C 

do/At Min critical rate-of-rise of off-stage voltage. 
exponential @ max. rated T.) (11/..sec) 

500-1300 

110 

70 

62 
@ 92°C 

1000 

4000 

1.8 

.4 

50 

5 

30 

—65 to 150C 

180 

110 
@ 90-C 

95 
@ 85'C 

1500 

10,000 

2.5 

.135 

125 

8 

50.100 

—40 to 125'C 

30 YYP. 200 30 TOP. 200 30 TOP. 200 

FIRING 

Max. required gate current to trigger (me 
@ —40' C 

@ 125°C 

VG, Mao. required gate voltage to trigger (9 
@ —40 -0 

Vor Min. required gate voltage to trigger 
@ 125 

VOLTAGE TYPES 

Repetitive Peak Forward and Reverse Voltages 

25 

50 

100 

150 

200 

250 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1100 

PACKAGE TYPE 

125 

40 

3 

.25 

300 

125 

3.5 

.25 

C4511 
C4611 

C45F 
C46F 

C45A 
C46A 

C45G 
C46G 

C458 
C46B 

C45H 
C46H 

C45C 
COeC 

C45D 
C46D 

C45E 
C46E 

C45M 
C46M 

C455 
C46S 

C45N 
C46N 

1/2 " STUD 

125 

40 

3 

.25 

C147U 

C147F 

C1.17A 

C1470 

C1478 

C147H 

Cl-07G 

C1470 

C1476 

Cl-07M 

CI475 

C1475 

C1470 

C147P 

5147PA 

C147P8 

14" STUD 

200 

125 

3 

251909 
C52U 

291910 
291792 

291911 
291793 

251912 
291794 

291913 
251795 

291914 
291 796 

291915 
291797 

291916 
2N1798 

C506 
C52E 

C5OM 
C52M 

C5OS 
C525 

C5ON 
C52N 

1/2 " STUD 

15 

CONSULT 
FACTORY 

125 

40 

3 

.25 

C150E 
C152E 

C 15EIM 
C152M 

C1505 
C1525 

CI5ON 
C152N 

C150T 
C1527 

C150P 
CI 52P 

C150PA 
C152PA 

C150PB 
C152PB 

C150PC 
CI52PC 

2" STUD 

200 

125 

3 

.15 

292023 
C62U 

292024 
C62F 

292025 
C624 

292026 
C62G 

292027 
C62B 

292028 
C62H 

292029 
C62C 

292030 
C62D 

C60E 
C62E 

C6OM 
C62M 

C6OS 
C62S 

C6ON 
C629 

11/2" STUD 

COSSA 

535051 

C350C 

C350D 

C350E 

C350M 

C3505 

C350N 

C3507 

C350P 

C350PA 

C350PB 

C350PC 

12" PRESS PAK 

58 

PACKAGE OUTLINE NO 

SPECIFICATION SHEET NO 

108, 109 

170.17 

108.1 

170.19 

108, 109 

170.20 

108. 109 

170.23 

108, 109 

170.26 

280 

170 54 



Advertisement PHASE CONTROL SCR's 
235 TO 470 AMPERES 

GE TYPE C180 C280 C380 C282, 283 C286, 287 C290, 291 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 500-1300 700-1700 500 • 1300 600 - 1700 800 • 1700 100 - 1200 

FORWARD CONDUCTION 
Inxxxsi Max RMS on-state current (A) 235 235 380 400 400 470 

li-xxi Mao. average on-state current @ 180° 
conduction (A) @ Tc 

150 
® 88°C 

150 
@ 90°C 

235 
@ 80°C 

200 
@ 80°C 

225 
® 80°C 

300 
@ 76°C 

li;xvi Max. average on-state current for 3, 
conduction (Al (a T 

135 
@ 80 'C 

125 
@ 80`C 

180 
@ 80'C 

175 
® 80°C 

200 
® 80`C 

250 
® 80"C 

ITSAI Max. peak one cycle, non-repetitive surge 
current (A) 

3500 3500 3500 4500 5000 5500 

IN Max. IN for fusing for 5 to 
8.3 msec (10 sec) 

50 000 50,000 50,000 85,000 100,000 120,000 

Peak on-state voltage @ 125°C, 180° 
conduction, rated Ir...) (V) 

1.7 1.36 1 8 1.3 1.3 1.4 

Max. internal thermal resistance, dc, 
junction-to-case 1°C/WI 

.14 .18 .095 .136 .136 .118 

t., Typical turn-off time (sec) 125 250 125 250 250 250 

t + t, Typical turn on time (,sec) 8 10 8 10 10 10 

di/dt Rate-of-rise turned-on current (A/,iseci 50-100 50 50-100 50 50 50 

Ti Junction operating temperature range(°C) —40 to 125 -C —40 to 125°C —40 to 125°C 40 to 120°C —40 to 125°C —40 to 125°C 

BLOCKING 
dv/dt Min, critical rate-of-rise of off-stage voltage. 

exponential @ max. rated T, (V/msec) 

FIRING 
lor Max. required gate current to trigger (mA) 

@ —40°C 

(a 125°C 

VGT Max. required gate voltage to trigger (V) 
@ —40°C 

VGT Min. required gate voltage to trigger (V) 
@ 125°C 

200 100 200 100 100 100 

200 

125 

3 

15 

200 

125 

3 

.15 

200 

125 

3 

.15 

300 

100 

3.5 

.15 

300 

100 

3.5 

.15 

300 

100 

3.5 

.15 

Repetitive Peak Forward and Reverse Voltages 

100 

CONSULT 
FACTORY 

C380A 

CONSULT 
FACTORY 

CONSULT 
FACTORY 

C290A C291A 

200 C3808 C290B, C291B 

300 C380C C290C, C291C 

400 C380D C290D, C2910 

500 C180E C380E C290E, C291E 

600 C180M C380M C282K C283M C286M, C287M C290M, C291M 

700 C180S C280S C3805 C282S, C283S C286S, C287S C290S. C291S 

800 C180N C280N C380N C282N, C283N C286N, C287N C290N, C291N 

900 C180T C280T C3801 C282T, C283T C2867. C287T C290T C291T 

1 000 C180P C280P C380P C282P, C283P C286P, C287P C290P, C291P 

1100 C180PA C280PA C380PA C282PA, C283PA C286PA. C287PA C290PA C291PA 

1200 C180PB C280PB C380PB C282PB, C283P8 C286PB C287P0 C290PB, C291PB 

1300 C180PC C280PC C380PC C282PC, C283PC C286PC, C287PC 

1 400 C280PD C282PD, C283PD C286PD C287PD 

1500 C280PE C282PE, C283PE C286PE. C287PE 

1600 C280PM C282PM, C283PM C286PM, C287PM 

1700 C280PS C282PS, C283PS C286PS, C287PS 

PACKAGE TYPE 3/4" STUD 3/4 " STUD 1/2" PRESS PAK 3/4" STUD 3/4 " STUD 3/4 " STUD 

PACKAGE OUTLINE NO. 110 287, 288 280 287, 288 287. 288 287, 288 

SPECIFICATION SHEET NO. 170.52 170.58 170.56 CONTACT FACTORY CONTACT FACTORY 170.60 
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PHASE CONTROL SCR's 
850 TO 1400 AMPERES 
GE TYPE 

Advertisement 

C390 C501 C530 C520 C600 C601 C602 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 500-1300 700-1700 100-600 100-400 500-1200 1100-1700 1600-2600 

FORWARD CONDUCTION 

I- ,s,r., Max. RMS on-state current (A) 850 850 1100 1250 1400 1100 940 

l,,.•.) Max. average on-state current @ 180 
conduction (A) @ Tc 

550 
g 65'C 

550 
@ 67°C 

700 
@ 80 C 

800 
@ 75°C 

900 
@ 72`C 

750 
@ 72°C 

600 
@ 72°C 

1,, ..- i Max. average on-state current for 3ii 
conduction (A) @ T: 

500 
@ 65 C 

525 
@ 70°C 

600 
@ 75°0 

680 
@ 75°C 

720 
@ 80°C 

620 
'" 80°C 

510 
@ 80°0 

ITsm Max. peak one cycle, non-repetitive surge 
current (A) 

8000 7000 10,000 10,000 13,000 11,000 6500 

I,t Max. I,t for fusing for 5 to 
L3 msec (A, sec) 

200,000 200,000 415,000 415,000 700,000 516,000 176,000 

VT,,, Peak on-state voltage @ 125 C, 180 
conduction, rated 1•, .. , (V) 

1.75 1.9 1.4 1.6 1.6 2.0 2.3 

Riirc Max. internal thermal resistance, dc, 
junction-to-case (`C/1V) 

.059 .059 .054 .054 .041 .041 .041 

f., Typical turn-off time (,sec) 125 250 150 150 200 275 300 

tel , t, Typical turn-on time (..sec) 5 4 4 4 5 5 5 

di/dt Rate-of-rise turned-on current (A/,.sec) 500 30-75 75 75 150 80-150 35-75 

Tr Junction operating temperature range (Cl -- 4010 125C -40 to 125 C —40 to 125°C —40 to 150 C 40 to 125°C —40 to 125°C —40 to 125°0 

BLOCKING 

dv/dt Min. critical rate-of-rise of off-stage voltap, 
exponential @ rated T., (V/,.sec) 

FIRING 

liGT Max. required gate current to trigger imr, 
@ —40- C 

@ 125°C 

200 100 50 TYP 50 TYP 100 

VGT Mao. required gate voltage to trigger (V) 
@ —40°C 

VGT Min. required gate voltage to trigger (V) 
@ 125°C 

VOLTAGE TYPES 

Repetitive Peak Forward and Reverse Voltages 

100 

200 

300 

400 

300 

125 

5 

.35 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

PACKAGE TYPE 

PACKAGE OUTLINE NO. 

SPECIFICATION SHEET NO. 

CONSULT 
FACTORY 

C390E 

C390M 

C390S 

C390N 

0390T 

C390P 

0390PA 

C390P8 

0390 PC 

276 

170.62 

225 

75 

6.5 

.15 

300 

125 

4 

.15 

CONSULT 
FACTORY 

0501M 

C5015 

C501N 

C501T 

C50 1P 

C501PA 

C501P8 

C501PC 

C501PD 

C501PE 

C501PM 

C501PS 

1" PRESS PAR 

185 

170.70 

C530A 

0530B 

C5300 

C5300 

C530E 

C530M 

1" PRESS PAR 

185 

170.82 

300 

125 

4 

.15 

0520A 

C520B 

C520C 

C520D 

1 PRESS PAY 

185 

170.81 

75 

6.5 

.3 

100 100 

CONSULT 
FACTORY 

C600E 

0600M 

C6005 

C600N 

C600T 

C600P 

C600PA 

C600PB 

1" PRESS PAR 

276 

170.84 

75 

6.5 

C601PA 

C601PB 

C601PC 

0601PD 

0601PE 

C601PM 

C601PS 

1" PRESS PAR 

276 

170.85 

C602 
SERIES 
VOLTAGE 

CAPAB IL ITT 
1600 THRU 
2600 VOLTS 

SEE 
DETAILED 

SPECIFICATION 

1" PRESS PAR 

276 

170.86 

15 276 
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.4110, Advertisement 

•••••• 

107.1 

INVERTER SCR's 
25 TO 35 AMPERES 

GE TYPE 

JEDEC 

C140 C141 C131) C139 C144 

2N3649-53 2N3654-58 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 

FORWARD CONDUCTION 

50-400 50-400 500-800 500-800 500-1000 

1,0).,$) Max. AMO on-state current 
@ T.-..,- 65°C, 50°. duty, (A) 

35 35 35' 35 35 

11(Hz 26 26 26 26 35 

51(11z 26 26 22 22 32 

1010Iz 20 20 18 18 30 

Irsu Max. peak one cycle, non-repetitive surge 
currant (A) 

200 200 200 200 200 

In Max. II for fusing 
@ •-.-: 1.5 msec (A's«) 

165 165 165 165 165 

R a., c Max. Internal thermal resistance, 
dc, junction-to-case (°C/W) 

1.7 1.7 1.0 1.0 1.0 

fi 4- t, Typical turn-on time (sac) 3.1 3.1 3 1 3.1 3.1 

t, Max. turn-off time 
@ rated voltage and n (sec) 

20V/sec reapplied - - - - 

@ 200V/sec reapplied 15 10 10 10 30 

di/dl Critical rate-of -riss of on-state 
current (4/.sec) 

400 400 100 100 100 

T., junction operating temperature range (n) - 65 to 120 -65 to 120 L.-65 to 125 .-._ 
- 65 to 125 -65 to 125 

BLOCKING 
dv/dt Min. critical rate-of-rise of off-state 

voltage exponential to rated VDRU 
@ Max. rated T, (V/sec) 200 200 200 200 200 

FIRING 
lar Max. required gate current to trigger (mA) 

@ -115°C 500 500 500 500 450 

g -40°C - - - - - 

@ 25°C 180 180 180 180 150 

Vo. 1 Max. required voltage to trigger (V) 
@ -85°C 4.5 4.5 4.0 

@ -40°C - - - - 

@ 25°C 3.0 3.0 3.0 3.0 2.5 

VG! Min. required voltage to trigger (V) 
@ 100°C - - - - _ 

@ 125°C 0.25 0.25 0.25 0.25 0.3 

VOLTAGE TYPES 
Repetitive Peak Forward & Reverse Voltage 

25 

50 
CI4OF 
253649 

C141F 
253654 

100 
C1406 
253650 

CI41A 
253655 

200 
C1408 
253651 

C1418 
253656 

300 
C140C 
2N3652 

C141C 
253657 

400 
C1400 
253653 

C141D 
253658 

500 C138E1 2 C139E1 2 C144E 

800 C138M1 2 C139M1 2 CI44M 

700 C138S1, 2 C13951. 2 CI44S 

800 C13851, 2 C139N1 2 CI44N 

900 

1000 

PACKAGE OUTLINE NO. 107.1 107.1 107.1 107.1 107.1 

SPECIFICATION SHEET NO. 160.35 160.35 160.47 160.47 160.49 

Vstu=50 volts 
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INVERTER SCR's 
63 TO 180 AMPERES 

280 

C355 

Advertisement 

GE TYPE C149 C151 C153 C154, 156 ,155, 157 C158, 159 C354 

CONSTRUCTION ALL 
DIFFUSED 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 

FORWARD CONDUC r ION 

ALL 
IIFFUSFr 

ALL 

C358 

ALL 
FFUSED 

AMPLIFYING 
GATE 

ALL 
— FUSED 

ALL 
DIFFUSED 

AMPLIFYING 
TATE 

100-600 500.1000 100-600 100 600 500-1200 100 600 100-800 500-1200 

I, e Max. forward conduction sinusoida' 
@ T. s: 65'C, 50% duty (AI 

@ 80 Hz 63 110 110 110 110 180 180 180 

@ 600 Hz 63 - 105 105 110 170 170 180 

@ 1200 Hz 63 .,102 102 110 160 160 180 

@ 2500 Hz 63 85 100 140 140 160 

@ 5000 Hz 63 -65 65 90 120 120 140 

Max. peak one cycle, non-repetitive surge 1000 1000 1200 1200 1600 1200 1200 1600 
current (A) 

ut Max. lit for fusing for 5 to 
8.3 nisei, (Amadl 

Ail Max. thermal impedance 

4000 4000 6000 6000 10,500 6000 6000 10,500 

.35 .3 3 .3 .3 13 .13 .135 

t • ) Typical turn-on time („sec. 2 8 2 2 5 2 2 5 

t Turn•off time @ rated voltage & 
T r 50 volts min („sec) 
@ 20V/.sec reapplied 

10 30 10 20 30 20 30 

® 100V/.sec reapplied 

200V/.sec reapplied 

15 15 25 35 15 25 35 

20 20 40 20 40 

di/dt Critical rate.of.rlse of on state 
current IA/sic) 

100 75 100 100 800 100 100 800 

7, Junction operating temperature range ( Ci ,,,40 to 125°C 40 to 125°C 

BLOCKING 
dv/dt Min. critical rate-Of-rise off-state 

voltage exponential to rated V 
@ Max. T (V/sec( 

FIRING 
Max. required gate current to trigger (mA, 
@ —40' C 

@ 125'C 

Min. required voltage to trigger (V) 
@ —40 C 

@ 125°C 

PACKAGE TYPE 

VOLTAGE TYPES 

200 200 200 200 Mg 200 200 200 

300 200 200 200 300 200 200 300 

120 125 120 120 125 120 120 125 

3 3 3 3 5 3 3 5 

.15 •  .15 .15 .15 15 .15 .15 .15 

V2" 1/2 " Vz" 
Va" STUD Vz" STUD 1/2 " STUD 1-'2" STUD Vz" STUD PRESS PAK PRESS PAK PRESS PAK 

Repetitive Peak Forward & Reverse Voltage 

100 CI49A C154A 
C156A 

C155A 
C157A C354A C355A 

IT' C149G — C154G 
C156G 

C155G 
C157G C354G C355G 

20 C149B — CI548 
C1568 

C1558 
C157B C354B C3558 

300 C149C C154C 
C156C C155C 

C157C se „ C354C C355C 

400 C149D C154D 
C156D 

C1550 
C157D C3540 e C355D 

500 C149E C151E 
C153E 

C154E 
C156E 

C155E 
C157E 

C158E 
C159E C354E C355E C358E 

800 C149M C151M 
C153M 

C154M 
C156M 

C155M 
C157M 

C158M 
C159M 

C354M C355M C358M 

700 
C1515 
C1535 

CI585 
C1595 C358S 

800 
C151N 
C153N 

CI58N 
C159N C358N 

900 C1517 
C153T 

C158T 
C1591 C3581 

1000 C151P 
C153P . 

C158P 
C159P C358P 

1100 
t C158PA 

C159PA C358PA 

1200 _ CI58PB 
B159PB C358PB 

PACKAGE OUTLINE NO. 108.1 109,108 109,108 109,108 109. 108 280 280 280 

SPECIFICATION SHEET NO. 170.22 170.23 170.85 170.35 170.36 170.37 170.37 170.38 



Advertisement 

280 

C185 C364 

276 

INVERTER SCR's 
235 TO 550 AMPERES 

GE TYPE C365 C385 C387 C388 

CONSTRUCTION ALL 
flFFur ri 

AMPLIFYING 
GATE 

AMPLIFYING 
GATE 

ALL 
DIFFUSED 

AMPLIFYING 
GATE 

AMPLIFYING 
CATE 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 

FORWARD CONDUCTION 

I.. Max. forward conduction sinusoidal 
@ T.. _ 65-C, 50% duty (A) 

@ 60 Hz 

@ 600 Hz 

@ 1200 Hz 

@ 2500 Hz 

@ 5000 Hz 

Max. peak one cycle, non-repetitive surge 
current (A) 

Max. Pt for fusing for 5 to 
11.3 msec (Al:en) 

Rro. ,.. Max. thermal impedance ('C/WI 

t t- Typical turnton time (sec) 

t, Turn-off time @ rated voltage & 
TJ, V. = 50 volts min. (sec) 
@ 20V/,.sec reapplied 

@ 100V/„sec reapplied 

@ 200V/.sec reapplied 

di/dt Critical rate-of-rise ot on-state 
current (A/,,secl 

Junction operating temperature range 

BLOCKING 
dv/dt Min. critical rate-of-rise off-state 

voltage exponential to rn.ol '.• 
@ Max. T (V/,,sec) 

FIRING 

I .• Max. required gate current to trigger (mA) 
@ —40°C 

@ 125C 

Min. required voltage to trigger (V) 
@ —40-C 

• 125`C 

PACKAGE TYPE 

VOLTAGE TYPES 

Repetitive Peak Forward & Reverse voltage 

100 

150 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1200 

1300 

100-600 

235 

235 

210 

180 

115 

3500 

50,000 

.14 

2 

20 

25 

100 

200 

500 

250 

3 

.15 

3/4 " 
STUD 

C185A 

C185G 

C185B 

C185C 

C1850 

C185E 

C185M 

100-600 

300 

300 

270 

230 

150 

1600 

10,500 

.135 

2.0 

< 10 

< 10 

10 

800 

500 

400 

175 

5 

3 

V2" 
PRESS PAK 

C364A 

C364B 

C364C 

C3640 

C364E 

C364M 

100400 

300 

300 

270 

230 

150 

1600 

10,500 

.135 

2.0 

15 

20 

800 

—40* to 125°C 

500 

400 

175 

5 

3 

1 1/2 " 
PRESS PAK 

C365A 

C365B 

'C365C 

C365D 

C365E 

C365A1 

380 

320 

275 

215 

170 

3500 

50,000 

.095 

2 

20 

25 

100 

200 

500 

250 

3 

.15 

1/2 " 
PRESS PAY 

C385A 

C385G 

C38513 

C385C 

C385D 

C385E 

C385M 

500-1300 

455 

225 

120 

5500 

120.000 

.06 

2 

30 

800 

200 

300 

125 

3 

15 

1" 
PRESS PAK 

550 

530 

455 

225 

120 

550 

120,000 

.06 

2 

20 

25 

30 

800 

200 

300 

125 

3 

.15 

1" 
PRESS PAY 

C387P 

 ill C387PA 

C387PB ' • 

C387PC 

6388E 

C388M 

C388S 

C388N 

C3887 

C388P 

C388PA 

C388PB 

C388PC 

PACKAGE OUTLINE NO. 

SPECIFICATION SHEET NO. 

110.1 

170.53 

280 

170.39 

280 

170.39 

280 

170.57 

276 

170.44 

276 

170.44 
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Advertisement 

INVERTER SCR's 
700 TO 1000 AMPERES 

276 

GE TYPE C397 C398 C392 C393 C394 C395 C609 

CONSTRUCTION AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 
GATE GATE GATE GATE GATE GATE GATE 

ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 500-1300 500.1300 100-600 100-600 100.600 100-600 700-1200 j 

It (Rut I Max. forward conduction sinusoidal 
@ Tc = 85°C, 50% duty (A) 

@ 60 Hz 700 700 500 500 700 700 1000 

@ 800 Hz 650 650 450 450 650 650 1000 

@ 1200 Hz 550 550 400 400 550 550 1000 

@ 2500 Hz 275 275 210 210 275 275 950 

@ 5000 Hz 150 150 145 145 150 150 700 

... Max. peak one cycle, non-repetitive surge 
current (A) 

7500 7500 5,500 5,500 8000 8000 10,000 

In Max. Pt for fusing for 5 to 
8.3 msec (A'sec) 

230,000 230,000 100,000 100,000 250,000 250,000 415,000 

Itn.,c Max. thermal Impedance ("C/W) 06 .06 06 .06 .06 .06 .04 

t -, t Typical turn-on time I sez) 2 2 2 2 2 2 2.5 

t, Turn-off time @ rated voltage & 
7,, V, = 50 V min. (vm) 
@ 20V/sec reapplied 

40 30 10 15 10 15 

@ 100V/,.sec reapplied 50 35 12 18 12 18 

@ 200V/sec reapplied 60 40 14 20 14 20 40 

di/dt Critical rate-of-rise of on-state 
current (A/sec) 

800 800 800 800 800 800 800 

Junction operating temperature range ( C) -40 to - 125 °C -40 to -125`C -40 to. 125C 43 to -125°C -40 to - 125°C 40 to -025°C -40 to - I25°C 

BLOCKING 
dv/dt Min. critical rate-of-rise off-state 

voltage exponential to rated V 
@ Max. T (V/„sec) 

FIRING 

200 

I Max. required gate current to trigger (mA) 
@ -40°C 

@ 125°C 

Min. required voltage to trigger (V) 
@ -40°C 

@ 125°C 

PACKAGE TYPE 

VOLTAGE TYPES 

200 

300 

125 

3 

.15 

1" 
PRESS PAK 

Repetitive Peak Forward & R  Voltage 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1200 

1300 

1400 

PACKAGE OUTLINE NO. 

SPECIFICATION SHEET NO. 

200 

300 

125 

3 

.15 

1" 
PRESS PAK 

0397E 

C397M 

C3975 

C397N 

03977 

C397P 

C397PA 

0397 P8 

C397PC 

276 

170.45 

400 

150 

5 

.15 

1-
PRESS PAF 

C398E 

C398M 

C3985 

C398N 

C398T 

C398P 

C398PA 

C398PB 

C398PC 

276 

170 .15 

200 

400 

200 

150 

5 

.15 

C392A 

0392E1 

C392C 

03920 

C392E 

C392M 

276 

170 42 

1" 
PRESS PAK 

0393A 

03938 

200 

400 

150 

5 

.15 

1" 
PRESS PAF 

0393C 

03930 

0393E 

C393M 

276 

170.42 

400 

150 

.15 

C394A 

C394B 

C394C 

03940 

0394E 

C394M 

276 

170.42 

1" 
PRESS PAF 

400 

350 

100 

5 

.15 

1" 
PRESS PAF 

C395A 

03958 

C395C 

03950 

C395E 

C395M 

C6095 

0609N 

C6091 

C609P 

0609 PA 

0609PB 

276 276 

170.42 170.93 
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Advertisement 

General purpose 3 ampere MACS. 

SPECIFICATION SHEET 
SC136 

4. 
POWER TAB 

173.2 

TRIACS 
3 AMPERES RMS 

V 
RePetitive Pk 

01T-State 
Voltage 
T 40 MT 

GE Package to 100 C 
Type Type (VI 

0C1368 Power Tab 200 

SC1360 Pow« Tab 400 

• Commutating di dt = 1.6 A msec 

Gate 

let Vgt do dl 
DC Gate Trigg, OC Gate Trigger Commu. 

Current Voltage de , dl Wing 
(a) 5V. 25 C @ 6V. 25 C Static (ai 65 C 

Mae. Max. @ HO C Rated I - Surge Current 
(mA) (VI Rated Leakage (a.' 60 Hz 

V and I Current One Cycle 
MT • Gate Open Gate Open ii 25 C Nor-repetitive 

Typical Min Max. Max. 
Gate V .. sec) (V ..sec) I-A) (A) 

25 25 25 

25 25 25 

2.0 2 0 2.0 so 5.0 ' 10 30 

20 20 20 50 5.0 10 30 

General purpose 6 ampere TRIACS with POWER 
GLAS TM passivated pellets in 4 different package con-
figurations including a silicone encapsulated POWER 
PAC series. 

SPECIFICATION SHEET NO. 
SC240/241-175.25 
SC141-175.15 

POWER PAC 
73,1 

j. 

PRESS FIT 
241 

STUD 
242 

ISOLATED STUD 
243 

TRIACS 
6 AMPERES RMS 

Vciiu 
Repetitive Pk 

Oft-State 
Voltage 

@Tc - -40 
GE PI cpe to 1-00°C 

Type (VI 

Igt Vet 
OC Gate Trigger OC Gate Trigger 

Current Voltage (Writ 
@ 121/. 25°C @ 12V, 25°C Static 

Max. Max. @ 100°C 
(mA) (V) Rated 

V... 

de/dl 
Commu• 
tating 
@ 75°C 11,... 
Rated ID11114 Surge Current 
YD.., Leakage @ 60 Hz 
end li Current One Cycle 

Gate Open (4) 25°C Non-repetitive 
Min. Max. Max. 

(V/sec) OW (A) 

MT, + + - - MT, + + - - Gate Open 
Typical 

Gate + - - Gate + - - ri/..sec) 

SC2418 Press Fit 200 50 50 50 25 2.5 2.5 20 4.0 0 0.1 80 
SC2408 Stud 200 50 50 50 - 2.5 2.5 2.5 20 4.0 , 0.1 80 
SC24082 Isolated Stud 200 50 50 50 - 2.5 2.5 2.5 - 20 4.00 0.1 80 

SC141I3 Power Pac 200 50 50 50 - 2.5 2.5 25 - 20 4 0 . 0.1 80 
cr SC241D 
t; 

Press Fit 400 50 50 50 - 2.5 2.5 2.5 - 20 40 , 0 1 80 
= SC2400 
nx 

Stud 400 50 50 50 - 2.5 2.5 2.5 - 20 4.0 0 0.1 80 
.7.1 SC24002 Isolated Stud 400 50 50 50 - 2.5 2.5 2 5 - 20 4.0 , 0 1 80 

SC1410 Power Pac 400 50 50 50 - 2.5 2.5 2.5 20 4.0 , 0 1 80 
SC241E Press Fit 500 50 50 50 2.5 2.5 2.5 20 4.0 0 0.1 80 

SC240E Stud 500 50 50 50 - 2.5 2.5 2.5 20 4.0 , 0 1 80 
SC240E2 Isolated Stud 500 50 50 50 2.5 2.5 2.5 20 4.0. 0.1 80 

SC241812 Press Fit 200 - 30 ' 30 ' - - 20' 2.0 1 20 4.0. 0.1 80 
SC240811 

.. 
Stud 200 - 30' 30' - - 20' 2.0' 20 4.0 , 01 80 

e SC240822 Isolated Stud 200 - 30' 30' - - 20' 2.0' 20 4.0 , 0.1 80 
vve SC241011 
.., 

press Fit 400 - 30 30' - 20' 2.0' - 20 4.0 0 0. 1 80 
ee SC2401112 Stud 400 - 30' 30 , - - 2.0' 2.0' - 20 4.0. 01 80 
ee SC240022 Isolated Stud 400 30' 30' - - 2.0' 2.0' 20 4.0. 01 80 
E. SC241E11 
no 

Press Fit SOO 30' 30' - 2.0' 2.0' - 20 4.0 , 0 1 80 
SC240E11 Stud 500 - 30' 30 , - 2.0' 2.0' - 20 4.0 0 0. 1 80 
SC240E21 Isolated Stud 500 -- 30' 30' - 2.0 , 20. - 20 4.0. 0.1 80 
SC141813 press Ed 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 01 80 

SC240813 Stud 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4 0 . 0 1 80 

SC240823 

.4 

Isolated Stud 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0. 0.1 80 

ce SC241013 Press Fit 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0.1 80 
I= 
rpr SC240013 
.4 

Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0 1 80 

1.0 SC240023 Isolated Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0 1 80 

SC241E13 Press Fit 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 01 80 
SC240E13 Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0 1 80 
SC240E23 Isolated Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 0 0.1 80 

SC241814 Press Fit 200 50 50 50 - 25 2.5 2.5 20 4 0 ' 01 173 @ 400Hz 

SC240814 Stud 200 50 50 50 2.5 2.5 2.5 20 4.0' 01 173 @ 400Hz 
g SC240824 

'TT! 

Isolated Stud 200 50 50 50 2.5 2.5 2.5 20 4.0 0 0.1 173 @ 400Hz 

SC241014 Press Fit 400 50 50 50 25 2.5 2.5 20 4.0' 0.1 173 @ 400Hz 
ex. 
i= SC240014 
.4 

Stud 400 so 50 50 - 25 2.5 2.5 - 20 4.0 0 01 173 @ 400Hz 

= SC240024 
e4 

Isolated Stud 400 50 50 50 - 2.5 2.5 2.5 - 20 4.0 0 0 1 173 @ 400Hz 

c° SC241E14 we Press Fit 500 50 50 50 25 2.5 2.5 - 20 4.0 0 01 173 @ 400Hz 

SC240E14 Stud 500 50 50 50 25 2.5 2.5 20 4.0' 0 1 173 @ 400Hz 

SC240E24 Isolated Stud 500 50 50 50 - 2.5 2.5 2.5 20 4.0' 0.1 173 @ 400Hz 

Pulse Condition VD = 3V, Gate Pulse Width = 50 usec Commutating di/dl = 3.2 A/msec 'Commute ing dl/dt = 21.5 A/msec TM T,aderna,o. ,• • ect,Comoaar 
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General purpose 8 ampere ISOLATED TRIACS with POWER 
GLAS Te'l passivated pellets in silicone encapsulated 
POWER PAC series. 

TRIACS 
8 AMPERES 

SPECIFICATION SHEET NO. 
RMS ISOLATED SC142 POWER PAC 

lit Vat dvdt 
DC Gate Trigger uc Gate TrIgge• Comma. 

Current Voltage dvidt Wing 
V ...• @ 12V. 25 C (Fe 12V, 25 C Static @ 75 C 1,.. 

Repetitive Pk Mai. Max. e 100 C Rated Surge Current 
OH-Stage (mA) IV) Rated leakage @ 60 Hz 
Voltage V ... and I Current One Cycle 

ri T 40 MT. • MT. - Gate Open Gate Open @ 25 C Non-repetitive 
GE Package to 100 C   Typical Min. Man. Mae. 
Type Type (VI Gate • Gate - - - Ilii-seci Iv .sect lmAi (A) 

SC1428 

SCI42D 

SCI42E 

Power Pac 

Power Pac 

Power Pic 

200 

400 

500 

Commutating di dt = 4.3 A msec 

50 50 50 

50 50 50 

50 50 50 

2.5 2.5 2.5 

25 2.5 2.5 

25 2.5 2.5 

80 

80 

80 

TRIACS 
10 AMPERES RMS POWER PAC 

173.1 
ISOLATED STUD 

243 
PRESS FIT STUD 

241 242 

General Purpose 10 ampere TRIACS with POWER 
GLAS ".' passivated pellets in 4 different package con-
figurations including a silicone encapsulated POWER 
PAC series. 

SPECIFICATION SHEET NO. 
SC245/246-175.26 
SC146-175.15 

Vo,,.. 
Repetitive Pk 

Oft-State 
Voltage 

eTc - -40 
1- °C  GE Faclialie to 100°C 

Type (V) 

let Vat 
DC Gate Trigger DC Gate Trigger 

Current Voltage 
@ 12V, 25°C 'C' 12V, 25°C 

Man. Man. 
(mA) (VI 

dv/dt 
Commu. I r SY 

dvidt feting Surge 
Static @ 75°C @ 60 Hz 
@ 100°C Rated ID. . Current 
Rated *Au Leakage One Cycle 
Vow,. and I, Current Non• 

Gate Open Cate Open @ 25°C repetitive 
Typical Min. Mai Max. 
(V/tee( (V.isec 80 

MT, 4- 4- _ _ MT, + + - - 

Gate -i- _ _ + Cate + - - + 

SC2465 Press Fit 200 50 50 50 - 2.5 2.5 2.5 - 4.0 , 0.1 100 

SC245E1 "El---- Stud 200 50 50 50 _ 2 5 2.5 2.5 _ , 20 4.0 , 0.1 100 

SC245R2 Isolated Stud 200 50 50 50 _ 2.5 2.5 2.5 - 20 ' 4.0 , 0 1 100 

SC14613 Power Pac " 200 50 50 50 - 2.5 2.5 2.5 - 20 4.0 , 0.1 80 

iiri SC246D Press fit 11-7 -00 50 50 50 - 2.5 2.5 2.5 -20 4.0 , 0.1 100 

'F' SC2450 Stud 400 50 50 50 - 2.5 2.5 2.5 - • 20 4.0 , 0.1 100 

SC245D2 Isolated Stud 400 50 50 50 _ 2.5 2.5 25 - i 2° 
4.0 , 0.1 100 

SG146D power pa,. 400 50 50 50 - 2.5 2.5 2.5 _I 20 4 0 , 0.1 80 

SC246E Press fit 
et 

500 SO 50 50 2.5 2.5 2.5 - 20 , 4.0 , 0.1 100 

SC245( Stud 500 50 50 50 -- 2.5 2.5 25 - j 20 4 0 , 0.1 100 

SC245E2 Isolated Stud 500 50 50 50 15 2.5 2.5 - 20 4.0 , 0.1 100 

SC246812 Press nt 200 - 30 ' 30' _ - 2.0' 2.0' -  i 20 4.0 , 0.1 100 

SC245512 Stud 200 30' 30' _ - - 2.0' 2.0' - 20 4.0 , 0.1 100 
.. 
.....• SC245822 ._ Isolated Stud 200 30' 30' - - 2.0' 2.0' - 20 it 0 ' 0.1 100 

SC246012 
4. 

Press fit 400 30 ' 30' - 2.0' 2.0' - 20 4.0 0.1 100 

el SC245012 21 Stud 400 30' 30' - - 2.0 ' 2.0 ' - 20 0 ' 0.1 100 

SC245022 Isolated Stud 400 30' 30' _ 2.0 ' 2 0 ' - 20 s 4 0 , 0.1 100 

E SC246012 Press Fit 500 . _ 30' 30' - - 2.0' 2.0 ' - 20 4.0' 0.1 100 
...1 

SC245(12 Stud 500 30 ' 30' -.- 2.0 ' 2.0 ' - 20 4.0 , 0.1 100 

SC245E22 Isolated Stud 500 --- 30 1 30' - 2.0 ' 2.0' - 20 - 4.0 r 0.1 100 

SC246813 Press fit 200 25 25 25 25 20 2.0 2.0 2.0 4.0 , 0.1 100 

SC245513 Stud 200 25 25 25 25 20 2.0 2.0 2.0 20 4.0 , 0.1 100 

SC245823 Isolated Stud 290 25 25 25 25 20 2.0 2.0 2.0 20 4.0 , 0.1 100 
..... 
'. SC246013 CO Press Fit 400 25 25 25 25 20 2.0 2.0 2.0 20 4.0 , 0 1 100 

'.' SC245013 Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0.1 100 

.01 SC245023 isolated Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0.1 100 

SC246EI3 Press fit 500 25 125 25 25 2.0 2.0 2.0 2.0 29 4.0' 0.1 100 

SC245E13 Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 40 0.1 100 

SC245E23 Isolated Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 , 0.1 100 

sr248814 Press Fit 200 50 50 50 - 2.5 2.5 2.5 - 20 4.0 ' 0 1 187 @ 400Hz 

SC245524 Stud 200 50 50 50 - 2.5 2.5 2.5 - 20 4.0 ' 0.1 187 @ 400Hz 

= SC245524 
._ 

Isolated Stud 200 50 50 50 - 2.5 2.5 2.5 - 20 4.0 ' 0.1 187 @ 400Hz 

.-SC246014 Press fit 400 50 50 50 - 2.5 2.5 2.5 _ 20 4.0' 0.1 187 @ 400Hz 

." 
". SC245014 Stud 400 50 50 50 -  2.5 2.5 2.5 - 20 4.0 ' 0.1 187 @ 400Hz 

1... SC245024 Isolated Stud 400 50 50 50 _ 2.5 2.5 2.5 - 20 4.0' 0.1 187 @ 400Hz 

o SC 246(14 o 
wi Press F i t 500 50 50 50 -  2.5 2.5 2.5 - 20 4 0 ' 0.1 187 ® 400Hz 

SC245E14 Stud 500 50 50 50 - 2.5 2.5 25 - 20 • 4.0' 0.1 187 @ 400Hz 

SC245E24 Isolated Stud 500 50 50 50 - 2.5 2.5 2.5 20 4.0 ' 0.1 187 @ 400HZ 

Pulse Conditions Vo = 3V, Gate Pulse Width = 50 Alec Commutating di, dl = 5.4 A/msec Commutating di/dl = 36 A/msee TM Traded., or Crer,era, Electr,c COmPar`r 
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TRIAC TRIGGERS 
The ST2 (diac) is a silicon bi-directional diode which may be used for triggering triacs or SCR's. It has a three layer structure with neg-

ative resistance switching characteristics in both directions. 

The ST4 is an asymmetrical AC trigger integrated circuit for use in triac phase control applications. This device reduces the snap-on 
effects that are present in conventional trigger circuits by eliminating control circuit hystersis. This performance is possible with a single 
RC time constant where as a symmetrical circuit of comparable performance would require at least three more passive components. 

Switching Voltage Switchin Voltage 

GE Min. 
Type (V) 

Max. 
(V) 

Min. 
(V) (V) 

Switching Pulse 
Current Output Package Specification 
Max Min. Outline Sheet 
1..41 (V) Na. No. 

ST2 
514 

28 

7 
38' 

9 
28 
14 

36 200 3.0 37 175.30 
18 80 3.5 290 175.32 

For ST2, Vul 10% 

General purpose 15 amperes TRIACS with POWER GLAS 
passivated pellets for reliability. 

SPECIFICATION SHEET NO. 175.18 

PRESS FIT 
241 

STUD 
242 

ISOLATED STUD 
243 

TRIACS 
15 AMPERES RMS 

v ,•./ 
Repet,tive Pk 

Olt-State 
Voltage 

@Tc -= -40 
CE Package to 115°C 
Type (V) 

let vgt 
0C Gate Trigger OC Cate Trigger 

Current Voltage de/dt 
12V, 25°C @ 12V, 25°C Static 
Mac. Max. @ 515°C 
(me) (V) Rated 

dv/dt 
Comma- 
tating 
@ 80°C 
Rated 
VD•kg 

and Ir 
Cate Open 

Min. 
v.,.,sec 

In.. 
Leakage 
Current 
@ 23°C 
Ma, 

0.1 

',via 
Surge 
Current 
@ 60 Hz 
One Cycle 

Non. 
repetitive 

Mac. 
(Al 

MT, . - - MT, + + _ 
Vu,,,, 

- Cate Open 

Gate • _ Gale 4- - - 
Typical 

+ 

SC2518 Press Fit 200 50 50 50 - 2.5 2.5 2.5 - 20 4.0' 100 

SC2508 Stud 200 50 50 50 2.5 2.5 2.5 - 20 4.0 ' 0.1 100 

SC25082 ISolated Stud 200 so 50 50 2.5 2.5 2.5 20 4.0 ' 0.1 100 

lc_. SC2510 
ris 

Press Fit 400 50 50 50 2.5 25 25 - 20 4.0' 0.1 100 

«2 SC250D 
.o 

Stud 400 50 50 50 2.5 2.5 2.5 - 20 4.0' 0.1 100 

17, 5G25002 Isolated Stud 400 50 50 50 2.5 2 5 2.5 20 4.0 ' 0 1 100 

SC251E Press Fit 500 50 50 50 2.5 2.5 2.5 20 4,0' 

4.0 . 

0 1 100 

SC250F Stud 500 50 so 50 - 2.5 2.5 25 - 20 0.1 100 

SC250E2 Isolated Stud 500 50 50 50 - 2.5 2.5 2.5 - 20 4.0' 0.1 100 

SC251812 Press Fit 200 - 30 ' 30 ' - - 2.0 ' 2.0 • - 20 4.0' 01 100 

SC250812 Stud 200 - 30 ' 30 ' - - 2.0 ' 2.0 ' - 20 4.0' 01 100 

.:-.1 SC2501122 Isolated Stud 200 - 30 ' 30 ' - - 2.0' 2.0' - 20 4.0 ' 01 100 
ie-

SC251012 Press Fit 400 - 30' 30' -- --2.0 ' 2 0 ' - 20 40' 0.1 100 
i.,.. 
Gi SC250012 Stud 400 - 30 ' 30 ' 2.0 ' 2 0 ' - 20 4 0 ' 01 100 
_ 
i' SC250E12 Isolated Stud 400 30 ' 30 ' -- - 2.0 ' 2 0 ' - 20 4 0 ' 0.1 100 

E SC251E12 Press fit 500 - 30 ' 30 ' - 2 0 ' 2 0 ' - 20 4.0' 0.1 100 
h., 

SC250E12 Stud 500 .- 30 ' 30 ' - 2.0' 2.0' - 20 4.0' 0.1 100 

SC250E22 Isolated Stud 500 - 30 ' 30 ' - 2.0 ' 2 0 ' - 20 4.0' 0.1 100 

SC251813 Press Fit 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0' 0.1 100 

SC250613 Stud 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4 0 ' 0.1 100 

SC250823 
AI 

.solated Stud 200 25 25 25 25 2.0 2.0 2.0 2.0 20 4 0 ' 0.1 100 

a SC2511113 Press Fit  400 25 25 25 25 2.0 2.0 2.0 2.0 20 4 0 ' 0 1 100 

.... 
iu SC250013 Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 1 0 ' 0.1 100 

A' SC250023 Isolated Stud 400 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0' 0.1 100 

SC251E13 Press Fit 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0' 0.1 100 

SC250F13 Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4,0 ' 0.1 100 

SC250E23 Isolated Stud 500 25 25 25 25 2.0 2.0 2.0 2.0 20 4.0 ' 0.1 100 

SC251814 Press Fit 200 50 50 so - 2.5 2.5 2.5 2.0 20 4.0' 0.1 187 @ 400Hz 

SC250814 Stud 200 50 50 so _ 2.5 2.5 2.5 2.0 20 4.0' 0.1 187 @ 400Hz 

g SC250824 
'.z." 

Isolated Stud 200 50 so so - 2.5 2.5 2.5 2.0 20 4.0' 0.1 187 @ 400Hz 

2 SC251014 
is. 

Press Fit 400 50 50 50 2.5 2.5 2.5 20 20 4.0' 0.1 187 @ 400Hz 
cv. 
cm SC2501)14 Stud 400 50 50 50 - 2.5 2.5 2.5 2.0 20 4 0 ' 0 1 187 @ 400Hz 

m  SC250024 Isolated Stud 400 50 50 50 -   2.5 2.5 2.5 2.0 20 4 0 ' 0.1 187 @ 400Hz 
o 
tzie. SC251F14 Press Fit 500 50 50 50 2.5 2.5 2.5 2.0 20 4 0 ' 0.1 187 @ 400Hz 

SC250E14 Stud 500 so so 50 _ 2.5 2.5 2.5 2.0 20 4.0' 0.1 187 @ 400Hz 

SC250E24 Isolated Stud 500 50 50 50 - 2.5 2.5 2.5 2.0 20 4.0 ' 0.1 187 @ 400Hz 

Pulse conditions Vo = 3V, gate pulse width = 50)/stc Commutating di/dt = 8A/Msic. Commu ating di/dt = 54A, M1E TM T,dTlernark Genera' Euect.c Company 
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TRIACS 
25 AMPERES RMS 

General Purpose 25 ampere TRIACS with POWER GLAS TM - 

Passivated Pellets for reliability. 

.. 
./ , 

';.---i 

SPECIFICATION SHEET NO. SC260 PRESS FIT STUD ISOLATED STUD 
256 257 258 

Von, 
Repetitive PS 

WI-State 
Voltage 
= -40 

RE Package to 115°C 
Typo Type (V) 

Igt Vet 
DC Rate Trigger DC Gate Trigger 

Current voltage 
@ 12V, WC ,:i 12V, 25°C 

Mao. Mar 
(me) ('VI 

dr/dt 
Comma 1,... 

dr/dt Wing Surge 
Static ,& 80°C Current 
@ 100•C Rated I SO Hz 
Rated 11,-,.... leakage One Cycle 
VD111.0 and I. Current Non-

Gate Open Gate Open @ 25°C repetitive 
Typical Min Mat Mau 
ry '.. sec' (V/..sec) Ima , (11) 

MT, -4- - MT, 4- - - u 

Gate , Gate 4- _ _ 

SC2618 Press Ft 200 50 50 50 - 2.5 25 2.5 100 50 05 250 

SC2608 Stud 200 50 50 50 - 2.5 2 5 2.5 100 5.0 0 5 250 

SC26082 Isolated Stud 200 50 50 50 - 2.5 2 5 2 5 100 5 0 0 5 250 

•or SC261D Press rd 400 50 50 50 2 5 2 5 2 5 - 100 5 0 0 5 250 
r: 
. SC260D Stud 400 50 50 50 25 25 25 100 50 05 250 
«a 
ria SC260D2 Isolated Stud 400 50 50 50 - 2 5 2 5 2 5 100 5.0 0 5 250 

SC261E Press Fit 500 50 50 50 2.5 2.5 2.5 100 50 05 250 

SC260E Stud 500 50 50 50 2.5 2 5 2 5 - 100 5 0 0 5 250 

SC260E2 Isolated Stud 500 50 50 50 2.5 25 2 5 - 100 5 0 0 5 250 

SC261812 Press fit 200 - 30 ' 30' - 2 0 ' 2 0' - 100 5 0 0 5 250 

SC260812 Stud 200 - 30' 30' - - 2.0' 2 0 ' - 100 50 05 250 

SC260822 Isolated Stud 200 - 30 ' 30 ' - 2 0 ' 2.0' - 100 5 0 0 5 250 

Ts 
SC261012' Press id 400 - 30' 30' - 2 0 ' 20' - 100 50 05 250 

W SC260012 Stud 400 - 30 ' 30' - - 2 0 ' 2 0 ' 100 50 05 250 

e. SC260D22 !touted Stud 400 30 ' 30 ' - - 2.0 ' 2 0 ' - 100 5 0 0 5 250 

e SC261E12 Press rd 500 -30' 20' 2.0' 100 50 05 250 

SC260E1 --• Stud 500 - 30 ' 30' - 2 0 ' 2 0 ' 100 50 05 250 

SC260E22 Isolated Stud 500 - 30 ' 30' - - 2 0 ' 20' - 100 SO 05 250 

scum :, Press Fd 200 50 50 50 50 25 25 25 25 100 50 05 250 

SC260131, Stud 200 50 50 50 50 2 5 2 5 2 5 2 5 100 50 0 5 250 

.4 SC26082:- Isolated Stud 200 50 50 50 50 2 5 2.5 2 5 2 5 100 5.0 0 5 250 

us SC26101 , Press Fit 400 50 50 50 50 25 2.5 25 25 100 5.0 05 250 

mr 
e: SC26001. , Stud 400 so so 50 50 2.5 2.5 25 25 100 5.0 05 250 
u 
oa 

SC260132,, Isolated Stud 400 50 50 50 50 2.5 2 5 2 5 2 5 100 5.0 0 5 250 

va 
SC261E1:. Press y,4 500 50 so so 50 2 5 25 25 25 100 50 05 250 

SC260E1.• Stud 500 50 50 50 50 2 5 2 5 2 5 2 5 100 5.0 0 5 250 

SC260E2: Isolated Stud 500 50 50 50 50 25 2 5 25 25 100 50 05 250 

SC26181 

SC26081 

Press Fit 200 50 50 50 _. 25 25 25 100 5 0 ' 05 510 @ 400Hz 

Stud 200 50 50 50 2.5 25 2.5 100 so' 05 510 @ 400Hz 

e SC260(32 , Isolated Stud 200 50 50 50 2.5 25 25 - 100 5 0 ' 05 510 @ 400Hz 

". SC26101 Press F.1 400 50 50 50 2.5 2 5 2 5 100 5 0 ' 0 5 510 @ 400Hz 
or 
o SC26001 Stud 400 50 50 50 2.5 25 25 100 50 ' 05 510 @ 400Hz 

= SC26002 ' Isolated Stud 400 50 50 50 2.5 2 5 2 5 100 50 ' 0 5 510 @ 400Hz 

g SC261E1 Press Fd 500 50 50 50 - 25 25 25 100 so' 05 510 @ 400Hz 

SC260E1 Stud 500 50 50 50 2.5 25 2.5 100 5 0 ' 05 510 @ 400111 

SC260E2.1 Isolated Stud 500 so so 50 2.5 25 2.5 100 5 0 ' 05 510 @ 400Hz 

Advert,ernent 

Pulse Condition Vo = 3V, Gate Pulse Width = 50 usec 
Commutating cli/dt = 13.5 A/msec 
Commutating cli/dt = 89 A/msec 

•••••• 

•••••• 
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TM 

VARISTORS 
ASSURE YOUR EQUIPMENT WILL ENDURE 

General Electric Metal Oxide Varistors are voltage dependent, symmetrical 
resistors which perform in a manner similar to back-to-back zener diodes in 
circuit protective functions and offer advantages in performance and eco-
nomics. When exposed to high energy voltage transients, the varistor imped-
ance changes from a very high standby value to a very low conducting value 
thus clamping the line voltage to a safe level. The dangerous energy of the 
incoming high voltage pulse is absorbed by the GE-MOV varistor, thus protect-
ing your voltage sensitive circuit components. 

GE-MOV TM 

Peak 
Current 

for Pukes 
7 ,,sec. 
(A) 

50,51 

Model 

VP95L47 
VP1301410 
VP11 
VP(' 
VP11, 

VP250LAI5 
VP250LA20 
VP2501.440 
VP420L820 
VP4201.1340 

VP460tB20 
VP4601.1340 
1/P4801E120 
vP4801040 
VP480LB80 

VP510LB20 
VP51016.; 
VP510LB8u 
VP100011380 
VP100018160 

Max. 
RMS 
Input 

Voltage 
ivi 

95 
130 
130 
150 
150 

250 
250 
250 
420 
420 

460 
460 
480 
480 
480 

510 
510 
510 
1000 
1000 

• DC Max. Clamp Ratio = 2.2 

Max. 
DC 

Input 
Voltage 

(V) 

130 
177 
177 
197 
197 

330 
330 
330 

560 

615 

640 
640 

675 
675 

Varistor 
Peak Voltage 
.1ma AC (V) 

Min Mao 

136 
185 
185 
212 
212 

354 
354 
354 
595 
595 

650 
650 
680 
680 
680 

725 
725 
725 

1414 
1414 

207 
254 
254 
282 
282 

472 
472 
472 
800 
800 

878 
878 
914 
914 
914 

963 
963 
963 

1900 
1900 

Max. 
Energy 
Rating 
(Joules) 

7 
10 
20 
10 
20 

15 
20 
40 
20 
40 

20 
40 
20 
40 
80 

20 
40 
80 
80 
160 

Average 
Power 

Dissipation 
Rating 
1W , 

.50 

.50 

.85 

.50 

.85 

.60 

.60 

.90 

.50 

.90 

.50 

.90 

.55 

.70 
1.00 

.55 

.70 
1.00 
.90 

1.30 

MINI-MOVTM 

Capacitance 
Typical 
(pF) 

1500 
900 
1800 
900 
1800 

600 
600 
1200 
300 
600 

300 
600 
300 
300 
630 

Max. 
Thermal 

Resistance 
C'W) 

60 
60 
37 
60 
37 

50 
50 
35 
60 
35 

60 
35 
55 
45 
30 

300 55 
300 45 
150 30 
150 35 
300   24 

Mao Max. Average 
RMS DC Varistor Mat. Power 
InW Input Peak Voltage Energy Dissipation 

Model Volt Voltage (a, .1 ma AC (V) Rating Rating 
:..-. (9) Min. Max (Joules) (W) 

VP130LA1 
VP130LA2 
VP150LAI 
VP1501A2 
VP251 Ai 

130 
130 
150 
150 
250 
250 

DC Max. Clamp Ratio 2.2 

177 
177 
197 
197 
330 
330 

185 
185 
212 
212 
354 
354 

254 
254 
287 
187 
479 
479 

1 
2 
1 
2 
2 

.24 

.24 

.24 
24 
28 
28 

1000 
1000 
22C0 
1000 
2200 

750 
1000 
2200 
420 
2200 

420 
2200 
420 
1000 
2200 

420 
1000 
2200 
1000 
2200 

AC Mao.• 
Clamp 
Ratio 
a-e 10 A 

2.0 
2.0 
2.0 
2.0 
2.0 

2.2 
2.0 
2.0 
2.5 
2.0 

2.5 
2.0 
2.5 
2.0 
2.0 

2.5 
2.0 
2.0 
2.0 
2.0 

Max. Current AC Mae.• 
Capacitance Thermal for Pulses Clamp 

Typical Resistance 7 ,sec. Ratio 
(pF) ( C,W) (A) "ii, 1 A 

120 
120 
120 
120 
80 
80 

125 
125 
125 
125 
110 
110 

FOR APPLICATION INFORMATION WRITE FOR 

PUBLICATIONS 180.59, =200.62, & =180.66 

150 
150 
150 
150 
150 
150 

2 
2 
2 
2 
2 
2 
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SPECIAL SILICON PRODUCTS 
SILICON SIGNAL DIODE CHIPS 

Equivalent CE Chip 
JEDEC Description 
Number TiDwg. 

SheetSpecification No. 

1N914 
M46P-X503 ; 

í 
V 

Designed for high-speed switching and 
general purpose applications. 

35.88 
1N914A 

1N9148 M46P-X510 35.90 

1N3064 M46P.X507 „ Very high speed 35.89 

1N3600 M79P.X506 
High conductance and high-speed switching 

driver circuits 2 rt and general ree;uhrpaomsmeearpdpri.icvaio 
a 

35.97  

1N3605 
; M46P-X516 ;',' 

, 

High-speed switching: high conductance, 
fast recovery time, low leakage and 
low capacitance. 

I 35.91 

IN4150 M79P-X506 ' Similar to 1N3600 (Chip) 2 35.97 

IN4152 M46P.X516 Similar to 1N3605 (Chip) 1 35.91 

1N4551 M87PX500 " High current, fast switching diode 
designed primarily for computer usage 

2, 35.101 

IN4454 
M46P-X507 r Similar to 1N3064 (Chip) 

1 
35.89 

1N4532 

IN4533 M46P-X516 • Similar to 1N3605 (Chip) 
1.--_-_ L---21.71 35.91 

1N4606 M79P.X501 „iii Similar to 1N3600 (Chip) except high voltage. 35.96 

SILICON SIGNAL TRANSISTOR CHIPS 
Equivalent lEDEC Description Chip Specification 
Number Dwg. Sheet No. 

2N708 M82P-X500 NPN chip for high-speed switching. Also 35.98 
suitable as small signal device. 

2N918 M63P-X503 NPN chip for high frequency 4. 35.92 

2N929 M26P X531 35.79 

2N930 M26P-X505 
NPN chip for low-level amplifiers. 

35.76 

2N2219 

2N2220 
M23P-X504 NPN chip for high-speed switching, 6 35.71 

2N2221 amplifiers and core drivers. 

2N2222 

2N2222A M23PX503 

2N2369 * , M33PX504 NPN chip ideal for high speed switching 11 35.102 

2N2484 . 8126P-1504 NPN chip for low-level, high gain preamplifiers 
in hybrid and micro-miniature circuits. 

S 35.75 

2N2604 ' 8192PX500 PNP chip featuring high BVc(cr and 
low capacitance 

11 35.103 

2N2714 .1124P-1502 NPN chip for general purpose. 8 35.74 

2N2905 

M67P-X504 
PNP chip for amplifiers, drivers and general 
purpose switching. (Electrically similar to 
1EDEC series only.) 

35.93 2N2906 

2N2907 

2N3414 M32P.X503 

NPN chip suited for high-level linear amplifiers 
or medium-speed switching circuits. 

35.84 

35.87 2N3415 M32P-X509 

35.85 2N3416 M32P-1506 

35.86 2N3417 M32P-0508 

2N3855A M28P X507 NPN chip for RF, IF and converters in AM 
and FM radio and TV video amplifiers. 

35.82 

35.83 2N3856A M28P-X508 

2N3859 M26P-X516 
NPN chip for AM radio, IF and converters. 

35.77 

35.81 2N3860 M26P-X560 

2N3975 M23P•X509 NPN chip for medium-speed switching and 35.72 
large signal RF amplifiers. 35.73 2N3976 M23P X516 

2N5172 M26P X558 NPN chip for general purpose. 35.80 

2N5232 M26P-X517 NPN chip for low noise preamp and small 35.78 
signal amplifier. 

2N5306 M73P 1502 NPN darlington chip for preamp input stages. : 35.95 

2N5814 M86PX503 
NPN chip for general purpose 
amplifier applications at audio and 12 35.104 
intermediate frequencies 

2N5815 M85PX506 PNP chip-complement to M86PX503 12 35.104 

M22P2 

8 35.70 M22P3 NPN chip for general low signal levels. 

M22P4 

M73P1 NPN darlington chip for preamp input stages. 10 35.94 

'Similar to chip drawing 02 except chip is 20 mils square with 12 mil diameter cathode do 
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SPECIAL SILICON PRODUCTS 
DIFFERENTIAL AMPLIFIERS 

VCEO 
CE kilo 
Type 

h E 
@ 100µA 

WE 
@ 1 mA hudhu, 

Match 
@ 1mA 

1,-xo 
A Vox @ Vcii (V) 

Package Specification 
Outline No. Sheet No. 

@ 10µ11 
(mV) 

@ 1mA 
(mV) 

Max. 

Min. Max Min. Max. (nA) (VI 

z  
a. 

é 

o. 
E 
«,c 

e.-e 
,u 
Sa 

ea 

2112060 ' 60 1 30 - 0 9-1 0 40 - - -- 5 2 80 283 35.42 

262223 60 25 - 0 8.1 0 50 1 200 - 15 1 10 80 283 35.14 

21122238 60 25 150 .91.0 50 a 200 -. 5' 10 80 283 35.14 

2112453 1 30 80' - 150 600 0.9-1.0 3 5 5 50 283 35 20 

2N2453,1 1 50 - - 150 600 .9.1.0 3 5 5 60 283 35 20 

2112460 40 20 0810 30 350 0.8.1.0 10 50 60 283 35.25 

2624106 40 35 0 8.1 0 50 200 0.8.1.0 5 20 60 283 35 25 

262639' 45 55 - 65 -- .9.1.0' 5 10 45 283 35.61 

2112640' 45 55 - - 65 - .8-1.0' 10 10 45 283 35.61 

2112641 1 45 55 - - - - - - 10 45 283 35 61 

262642' 45 110 - 130 .9.1.0 ' 5 10 45 283 35.61 

2112643' 45 110 - 130 .8-1.0' 10 10 45 283 35,61 

262644 1 45 110 - - - -- 10 45 283 35.61 

2/12652 60 35 - .85-1.0 50 200 0.85.1.0 -3 10 50 283 35.32 

2N265211 60 35 0.9-1.0 50 1 200 0.9-1.0 -- 3 2 50 283 35.32 

262903 30 60' - 125 j 625 
i 

.8.1.0 10 - - 283 - 

2112910 25 70 - 0.8.1.0 80 I - 0.8.1.0 10 10 20 283 35.34 

2/12913 1 45 100 - 150 i -- - -- 10 45 283 35.36 

2/12914' 45 225 - 300 - 10 45 283 35.36 

2112915 1 45 100 0.9-1.0 150 - 5 5 10 45 283 35.36 

2112916 1 45 225 -- 0.9.1.0 300 - - 5 5 10 45 283 35.36 

262917 1 45 100 - 0 8 1.0 150 - - 10 10 10 45 283 35.36 

2112916' 45 225 0.8-1.0 300 - - 10 10 10 45 283 35.36 

2112919 1 60 100 0.9-1.0 150 - 5 5 2 45 283 35.36 

2112920 ' 60 225 -- 0.9-1.0 300 - 5 5 2 45 283 35.36 

263521 ' 45 155 ' 500 0.8-1.0' 200 600' 0 13.1 0 5 10 5 50 283 35.31 

2113522 45 155' 500 0.8.1.0' .. 200 600 a .8-1.0 5 10 10 50 285 35 31 

1312A1) 30 30 - 0.6-1.0 - - - - 15' 25 30 283 35.27 

012E026 30 40 - .6.1.0 60 - - - - 25 20 283 35.24 

0121109 30 80' - 150 600 0.9-1.0 3 5 5 30 283 35 20 

012E126 30 40 0.6-1.0 60 - - - - 25 20 285 35 24 

1 lc = 10µA JAN 8. JANTX types avelable 
a lc = 10mA TO-18 packages available 
a lc = 100µA lc = 5mA 
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CHOPPERS 
Vo 

Offset Voltage VEE0 
@ le, = 1'3= 1mA @ = 1mA 

GE 1,, = 1E, = 0 = 
Type (a) (V) 

Choppers  262356 

NPN 21123568 

300 @ 

50 @ -55°C to +125°C 

VCE0 
@ 30mA 

GE Min. 

20 

20 

R, 
@ la, = 1mA 
IEE = 0.1mA 

(9) 

'coo, or Ice), 
@ 25V 
Max Package Specification 
(1111) Outline No. Sheet No. 

10 

10 

35.10 

35.10 

DARLINGTONS 

hi, 
@ 100mA 

Type (V) Min. 

211997 

Darlingtons '  2N9/8 

NPN 211999 

21127115 

40 

60 

60 

40 

I. 
h h,, @ V. (V) SpecIfi-

@ 10mA @ 1mA Max. Package cation 
Min. Outline Sheet 

Max. Min. Max. (ne (V1 No. No. 

7000 70.000 

2000 

7000 70.000 

2000 20.000 

4000 

1600 

4000 

8000 

1200 

' Measured at 20mA 

a For Plastic Encapsulated Darlington types see Silicon Signal Transistor Section Page 28 

800 

600 

10 60 

10 

10 

90 

60 

50 30 

286 

286 

286 

286 

35.11 

35 12 

35.11 

35.33 
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\me 

Circuit Characteristics 

Vcs=3 Volts, Ic-=0.5mA, lz=0, Re =1K 

Temperature lemperature 
GE Coefficient Range Min. 
TvPe (°- °C , 1°C) (V) 

RAI 
RA1A 
RAIB 
RA1C 

RA2 1 
RA2A 
RA28 I 

RA3 1 
RA3A 
RA38 

.02 

.005 

.002 

.001 

.02 

.005 

.002 

.02 

.005 

.002 

0 to 70 

55 to +150 

—55 to +150' 

Vca 3 Volts I, 0 1mA. 11 ---5rnA, Ru=-1K 
At Vt., 3V, lc = lmA 

Transistor Characteristics 

Vce=3V, Ic=.5mA Vci=30V Vcx=45V 

  Minimum Trans-
Max. conductance TYP• 
ry (uP4110) Min. Max. (“A) 

6.3 7.7 

6.65 7.35 

6.65 7.35 ' 

3,000 

6,000 

2,000 ' 

10 120 

40 120 

30 90 

SPECIAL SILICON PRODUCTS 
INTEGRATED VOLTAGE REGULATOR (IVR) D13V SERIES 

Icsc Specifi• I - e  
Package cation 

Max. TVP. Max. Outline Sheet 
(4. 1,) (-A (“A) No. N^ 

.004 1.0 

.004 01 

006 0.1 
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The D13V is a monolithic integrated voltage regulator circuit. Designed for use as a shunt voltage regulating ele-
ment, it can be utilized over wide voltage and current ranges. It also features a specified voltage temperature 
coefficient. It has a power dissipation rating of 500 MW or 1 watt with heatsink. 

Regulated Voltage T.C. of Regulated 
GE R-inge Voltage 
Type (V , (%CC) 

D13V1 

013V2 

D13V3 

D13V4 

8.5-40 

8.5-40 

8.0-80 

8.0-80 

.03 

.03 

.03 

.03 

MILITARY PIUS AVAILABLE 

Thevinin 
Impedance 

20 

10 

10 

10 

Military 
Type TX Type Specification 

JAN 1N93A MIL-S-19500/293 

JAN 1N24913, 2508. MIL-S-19500/134 

JAN 1N1184, 6, 8 JANTX 1N1184, 6, 8 MIL-S-19500/297 

JAN 1N1202A, 04A JANTX 1N1202A, 048 MIL-S-19500/260 

JAN 1N1206A JANTX 1N1206A MIL-S-19500/260 

JAN 1N1614, 15, 16 MIL-S-19500/162 

JAN 1N3289, 91, 93 
94, 95 

MIL-S-19500/246 

JAN 1N3713, 15, 17 
19, 21 

MIL-S-19500/269 

JAN 1N3880, 81, 83 MIL-S-19500/266 

JAN 1N3890, 91, 93 JANTX 1N3890, 91, 93 MIL-S-19500/304 

JAN 1N3909, 10, 11 
12, 13 

MIL-S-19500/308 

JAN 1N4148 JANTX 1N4148 MIL-S-19500/116 

JAN 1N4150 lANTX 1N4150 MIL-S-19500/231 

JAN 1N4153 JANTX 1N4153 MIL-S-19500/337 

JAN 1N4245 MIL-S-19500/286 

JAN 1N4246, 7, 8 MIL-S-19500/286 

JAN 1N4454 JANTX 1N4454 MIL-S-19500/144 

JAN 1N4531 JANTX 1N4531 MIL-S-19500/116 

JAN 1N4532 MIL-S-19500/144 

Thevinin 
Reference Voltage 
Min. Max. Package 

(V) Outline No. 

7.0 8.5 

7.5 7.8 

7.3 8.0 

7.6 7.9 

282 

Specification 
Sheet No. 

35.65 

35.35 

TYP , 
military 

TX Type Specification 

I JAN 2N461 MIL-S-19500/45 

JAN 2N489A-94A JANTX 2N489A-94A MIL-S-19500/75 

JAN 2N526 MIL-S-19500/60 

JAN 2N682, 3, 5, 
7, 8, 

6 
9 

MIL-S-19500/108 

JAN 2N1771A, 2A, 4A, 
6A, 7A 

JANTX 2N1771A, 2A, 48, MIL-S•19500/168 
6A, 7A 

JAN 2N1792, 3, 5 
7, 8 

MIL-S-19500/204 

JAN 2N1910, 11, 13, 
15, 16 

MIL-S-19500/204 

JAN 2N2031 MIL-S-19500/204 

JAN 2N2060 JANTX 2N2060 MIL-S-19500/270 

JAN 2N2323, 24, 26 &A JANTX 252323, 24, 26 & A MIL-S-19500/276 

..•••••• 
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Advertisement HIGH RELIABILITY SPECIFICATIONS 

High Rel. Commercial 
Type Type 

Conservative Design Maximum Conditions Estimated Maximum Failure 
Rate in Conservatively 

lo T4,4c., T.17.`1, VD111.1, V.1.1 
Designed Equipment 

V.S..1 °./10D0 hrs. 

A27BR1200 1N1202 12A —65 to -4-100°C 100V 200V .001 

A27DR1200 1N1204 12A —65 to -4- 100°C 200V 400V .001 

A27MR1200 1N1206 128 —65 to 4- 100°C 400V 600V .001 

828881200 8288 128 —65 to -4-100°C 100V 200V .001 

828081200 A28D 128 —65 to --1-100°C 200V 400V .001 

828881201 1193891 128 —65 to 4- 100°C 100V 200V .001 

828DR1201 1193893 128 —65 to -1-100°C 200V 400V 001 

838881200 1192156 258 —65 to 4 1043°C 100V 200V 001 

A38DR1200 1192158 258 —65 to 0 100°C 200V 400V 001 

A38MR1200 1192160 258 —65 to -1 100°C 400V 600V .001 

A3813171202 1193911 308 —65 to 4 100°C 100V 200V .001 

838081202 1193913 308 —65 to 4 100°C 200V 400V .001 

C5AR1200 2192324 I.6A —65 to -4-85°C 50V 100V .001 

C513812043 2192326 16A —65 to -4-85°C 100V 200V .001 

C5DRI200 2192329 16A —65 to -1-85°C 200V 400V .001 

CIOAR1200 21917728 47A —65 to --4-100°C 50V 100V .001 

ClOBR1200 21917748 47A —65 to -4-100°C 100V 200V .001 

CIODR1200 21917778 47A —65 to -1-100°C 200V 400V .001 

CIIARI200 2191772 4.7A —65 to -1-85°C 50V 100V .001 

CI1BRI200 2191774 4.78 —65 to -4-85°C 100V 2001/ .001 

CI IDR1200 2191777 4.7A —65 to 4-85°C 200V 400V .001 

CIIMR1200 2192619 4.7A —65 to -1-85°C 300V 600V 001 

C35ARI200 219683 16A —65 to 4 85°C 50V 100V .001 

C3513812013 219685 16A —65 to -1 85°C 100V 200V .001 

C35DRI200 219688 168 —65 to 4 85°C 200V 400V .001 

C35ERI200 219689 168 —65 to 4 85°C 250V 500V 001 

C35MR1200 219690 16A —65 to -f-85°C 300V 600V 001 

C3813121200 219685 16A —65 to -1 100°C 100V 200V 001 

C38HRI200 219686 168 —65 to 4- 100°C 125V 250V 001 

C38DR1200 219688 16A —65 to 4 100°C 200V 400V .001 

C137MRI200 2195204 22.3A —65 to -1 85°C 300V 600V .001 

General Electric's broad line of SCR's and rectifiers permits 
the offering of packaged SCR building blocks. This new con-
cept in stack design includes SCR's, compatible rectifiers, 

C3512, 13 
C4012, 13 
C1012, 13 
C1112, 13 
C1212, 13 

C5014 C15014 C18015 
C6014 C15414 C18515 

C15514 
C15814 

C350G6 C390G6 
C380G6 
C354G6 
C355G6 
C385G6 
C398G6 
C397G6 
C388G6 
C387G6 

SCR COMBINATION STACKS 
heatsinks, interconnections and all required hardware in one 
package. Installation requires only mounting bolts and elec-
trical connections for power and triggering signal. 

Up to 13.65A per fin free convection rating in 25°C ambient. 
Up to 23.5A per fin forced cooling in 25°C ambient. 
Two fin sizes (3" x 3", 5" x 5") and 5 SCR types permit an 
optimum designed assembly for each application. Stacks can 
be mounted in either vertical or horizontal plane. An almost 
limitless number of circuit configurations available. Will op-
erate from —65°C up to +150°C. 

Up to 102 amps per fin free convection rating in 30°C am-
bient: Aluminum extrusions designed specifically for maxi-
mum heat dissipation when used with any G-E high current 
SCR. Hundreds of configurations available. 

G6 Watercooled Heatsinks in single, doubler and AC Switch 
configurations for 1/2" Press Pak C350, C380, and A390 series 
as well as 1" Press Pak C398, C500 and A500 families. Data 
is available showing variance in sink to ambient thermal re-
sistance for different flow rates as well as pressure drop and 
transient thermal curves. Ask for data and outlines available 
in Power Data Book TAB7, pp. 1-9. Package outline no. 277 
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SCR COMBINATION STACKS (Continued) 

C501G5, G8 
C520G5, G8 
C530G5, G8 
A500G5, G8 
A540G5, G8 
A570G5, G8 rr o 

Advertisement 

G5, G8 Watercooled Heatsink assemblies especially designed 
for the C500 and A500 series for the maximum thermal 
efficiency available. Configurations include single and doubler 
with both the flat surface mounted G5 and straight tang 
model G8. See spec 170.72 where all C500 and A500 devices 
are characterized in average amps out for various water tem-
peratures and conduction angles. Package outline no. 217 

C501G7-Al 1 
C501G10-All 

CONSULT 
FACTORY 

Solid State Watercooled AC Power Switch: Two SCR's, anti-
parallel mounted between watercooled heat exchangers pro-
vide control up to 1400 A (RMS) at 50% duty. Blocking 
capability is 1700 volts peak repetitive in both directions. 
Other voltages down to 1000 volts blocking are available. 
Double side cooling gives 850 A (RMS) per pellet. One cycle 
(60 HZ) surge capability is 7000 amps. Required water flow 
is one GPM. Preliminary data sheets are available. Package 
outline no. 278 

C501E1 All 
A540E7 
A500E7 
A570E7 

Air cooled AC Switch. Two SCR's anti-parallel mounted be-
tween forced air cooled heat exchanger provide up to 750 A 
(RMS) continuous at 40°C ambient and 1000 LFPM. Ask for 
information available in TAB7 of Power Data Book. 

Half wave air cooled SCR or diode assembly also available. 
Ask for data in Tab 7 in Power Data Book for average current 
vs. various ambient temperatures, air flow rates, and conduc-
tion angles. Package outline no. 279 

RECTIFIER DIODE BRIDGES AND STACKS 

GERMANIUM 
LOW CURRENT 

Up to 6 Amps @ 55°C 
Up to 630 PRY 

SILICON 
SINGLE PHASE RECTIFIER BRIDGES 

Up to 1.6 Amps @ 50°C 
Up to 1000 PRY 

A211 Stacks: The industry's most widely-used semi-
conductor rectifier diode series. Hundred of thousands 
in use. May be arranged in stacks up to 12 fins to pro-
duce more than 160 various circuit configurations. 
Small, lightweight, excellent regulation. 
Specification Sheet No. 120.20 

GEB Bridges: The GEB 100 Series Rectifier offer a wide 
range of voltage grades for general purpose applica-
tions. Voltage ratings 50 to 1000 volts, Av Forward 
Current @ 50°C 1.6 amps. Bridge consists of A14 Glass 
hermetically sealed devices offering small size and 
high reliability. 
Specification Sheet No. 130.96 
Package Outline No. 271 

POTTED 
RECTIFIER DIODE CIRCUITS 

A220 .4 Amp @ 55°C 
A420 2.0 Amps @ 50°C 
A421 .65 Amp @ 25°C 
A422 1.5 Amps @25°C 

Up to 1,800 PRY 
Up to 3,000 PRY 
Up to 10.000 PRY 
Up to 2,000 PRY 

A220, A420-421-422 Series: Mounted in standard eight-
pin tube base (A220-420 Series) or in rectangular de-
sign with solder lug connections (A221-421-422 Series). 
Available in a large number of circuit configurations. 
One to 20 cells may be potted in a single circuit. Indi-
vidual cell specifications determine ratings. A220 Series 
utilize germanium 1N91-93 cells. A420-421-422 Series 
utilize silicon Al4F-P cells. (See BASIC RECTIFIER-
DIODE LISTING.) 
Specification Sheet No. 130.95 
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CONTROLLED AVALANCHE RECTIFIER DIODES 

IN POTTED ASSEMBLIES 

Up to: 
1N1730 .1 amp @ 100°C amb. 
1N2382 .075 amp @ 100°C amb. 
A1425 .770 amp @ 100°C amb. 
A1423 1.0 amp @ 50°C amb. 

Up to: 
5,000 PRV 
10,000 PRV 
12,000 PRV 
12,000 PRV 

SILICON 

LOW CURRENT 

Up to 18 Amps @ 25°C 
Up to 1800 PRV 

SILICON 

MEDIUM CURRENT 

Up to 65 Amps @ 55°C 
Up to 1800 PRV 

SILICON 

MEDIUM CURRENT 

Up to 108 Amps @55°C 
Up to 1800 PRV 

SILICON 

HIGH CURRENT 

Up to 690 Amps @ 40°C 
Up to 1000 PRV 

A7012 
A9016 

A7013 - 
A9013 

• " , 

4 

A7014 
A9015 

11 

RECTIFIER DIODE BRIDGES AND STACKS 

1N1730, 1N2382 and A1425 Series: 
Controlled Avalanche rectifier diodes 
potted in axial lead cartridge type as-
semblies. 
A1423 Series: Potted block assemblies 
utilizing A14 Controlled Avalanche rec-
tifier diodes. Available in half wave, 
center tap, voltage doublers, full-wave 
bridge, single phase or three phase. 
Specification Sheet No. 130.95 

A411 Stacks: Combine high temperature operation (up 
to 150°C) with increased ratings (up to 18 amps d-c). 
Hundreds of stack combinations to meet a variety of 
circuit conditions. High efficiency plus excellent regu-
lation. 
A1011 Stacks: Available in same mechanical and cir-
cuit configurations and featuring 45 amp, one cycle 
surge rating. 
Specification Sheet No. 130.90, 130.91 

A2011 Stacks: Provide a wide range 
up to 32 amps. 

A2511 Stacks: Provide a wide range 
up to 47 amps. 

A3511 Stacks: Provide a wide range 
up to 67 amps. 

of power applications 

of power applications 

of power applications 

with d-c outputs 

with d-c outputs 

with d-c outputs 

A3512 Stacks: This 5" square fin assembly makes optimum use of the 
1N2154 series 25 ampere cell. This stack provide a wide range of power 
applications with d-c outputs up to 108 amperes. 

A7011 31/2 " x 31/2 " x 2" Aluminum Extrusion Stacks: Particularly suitable 
for free convection applications. Plated copper terminals for all purchaser 
connections. 

A7012, A7013 Stacks: Available with a choice of two heat sink sizes: the 
5" x 5" x 1/8" flat copper fin (7012) and the 7" x 7" x 3/8" flat aluminum fin 
(7013). Lightweight units with outputs up to 165 amps DC. 

A7014 Stacks: The A7014 stack line has been designed especially for free 
convection cooled applications where a maximum amount of current is 
required in a relatively small space. Fin size is 4" x 4" x 5" anodized 
aluminum. DC outputs up to 240 amps, free convection cooled in 40°C 
ambient. 

A9013 Stacks: DC outputs up to 250 amps, per fin forced air cooled in 
40°C ambient. Utilizes light-weight 7" x 7" x 3/8" aluminum fin. Heat dissipa-
tion abilities equal to 7" x 7" x 1/4 " nickel-plated copper, yet less than half 
the weight of copper fin stacks. 

A9015 Aluminum Extrusion Stacks: Designed for maximum heat dissipation 
in free convection cooled applications. Plated copper terminals for all pur-
chaser connections. 

A9016 Stacks: Different rectifier diode configurations available on 5" x 5" 
nickel-plated copper flat fins. Fin thickness 1/8". 
NOTE: Series and parallel configurations available in all High Current Stacks 
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SELENIUM RECTIFIER DIODES AND STACKS 
General Electric's unique vacuum process provides 
highly reliable selenium cells, known for long life 
and high temperature operation. This Vac-U-Selà-,' 
process assures you of uniformity from cell to cell 
and excellent margins of safety. 

Advert.sement 

Capitalize on the low cost versatility of design in-
herent in quality selenium products. Typical G-E 
types are shown in a variety of voltages and cell 
sizes, finishes and mountings. Many other types to 
suit individual needs are available on request. 

A complete line of low cost miniature selenium rectifier doides are now 
offered by General Electric. These rectifier diodes are epoxy-encapsulated 
and exhibit exceptional electrical and mechanical properties. 
Because of the very high product value of these devices, they offer opti-
mized application opportunities especially in the electronics, consumer 
appliance, and entertainment markets. Significant merit is obtained in 
NiCad battery charging, photograph amplifier, motor speed control, lamp 
dimmer and other circuits. 

Three dual diode types are offered as universal replacements for AFC circuits 
in most TV receivers. The G-E units have proven reliability, with more units in 
service than any other make. See publication 180.20 for more details. 

General Electric offers a full line of miniature cartridge (tubular) rectifier 
diodes. These rectifier diodes incorporate thin cells which greatly increase 
function capacity in a given unit size. Up to 31,000 PRV is available in a 7" 
long cartridge. Metal cap and epoxy sealed end types are available. See SPD 
Publications 180.50 and 180.51 for complete specifications. 

The standard stud intermediate line includes some of the most reliable 
products in its power range . . . 100 ma to 1 amp, 15 to over 4,000 volts. 
The cost per watt is particularly attractive. 

Thyrector diodes have unique capabilities as voltage surge protectors for 
guarding single crystal rectifier diodes and transistors against damaging 
voltage transients. The 1 inch square cell series (A) contains twenty sizes 
(25-500 volt rms). See SPD publications 180.30, 180.35, and 200.5 for com-
plete information. Miniature Thyrector diodes (B) are available in either 132" 
or S' 2" round cells, from 30-600 volts rms. See publications 180.31, 180.36, 
and 200.5. Large area Thyrector diodes are available using 2" x 2" discs 
mounted on studs. The maximum peak current for a single pulse is 70 
amperes. See Publications 180.32 and 180.37 for complete specifications. 
(Larger sizes available on special order.) 

Selenium Arc Suppressors for direct current circuits are produced by a 
special variation of General Electric's Vac-U-Sele process, thus giving them 
very suitable characteristics for the reduction of transient voltage magnitudes 
in DC circuits. Available in 92" and 1'42" round cell sizes. Maximum dc supply 
voltage per series blocking cell is 30 volts. See SPD publication 180.40 for 
complete spec information. 

Large plate stacks use cells up to 6" x 10" in size, and are rated to 45 Vrms 
per cell. The high density capabilities of Vac-U-Sele rectifier stacks very 
often enable them to be substituted for cells of much more active area with 
no sacrifice of life expectancy. 

Now available is a new line of low current cartridge (tubular) miniature 
rectifier diodes. These rectifier diodes have been developed specifically as 
replacements in some applications for tube rectifiers in television sets and 
also for use in power supplies for radiation detectors, ignition analyzers, 
and commercial radar sets. Current ratings go up to 2.5 mA and stacks are 
available with PRV ratings as high as 20,000 volts. 

_ 

Transients exist in all low-voltage distribution systems, and originate both 
inside and outside the system. Without protection, damage is likely to occur 
to all connected loads; especially semi-conductors, lamps, clock motors, and 
other electronic devices. 
Two (2), miniature, epoxy-encapsulated Thyrector Diodes have been designed 
specifically for application in household appliances, TV, and radio protection. 
They provide protection from line-conducted transient voltages having mag-
nitudes as high as 2000 and 3000 volts, respectively. Complete ratings and 
specifications available in Publication Numbers 180.33 and 180.34. Outline 
Drawing No. 272. 

76 



Advertisement 

SOLID STATE CIRCUIT ASSEMBLIES 

S100 LINE 

S100 Family: "Off-the-shelf" availability for 6 amp, 10 amp, and 
15 amp triac packages. Input is the nominal 115 or 230V (RMS) 
line. 
All of these assemblies feature an electrically isolated heatsink 
allowing the user to mount it directly to the metal frame of his 
equipment. 
As the titles imply, these circuit variations allow the purchaser 
a wide variety of uses, including simple voltage control, shade-
pole or permanent split capacitor type motor speed control, 
resistance heating control and many others. 

Models 
S100A1 (6A-120V) 
S100A2 (6A-230V) 
S100A3 (10A-120V) 
S100A4 (10A-230V) 
S100A5 (15A-120V) 
S100A6 (15A-230V) 

Models 
S 10061 (6A-120V) 
S10082 (6A-230V) 
S 10063 (10A-120V) 
S100B4 (10A-230V) 
S100B5 (15A-120V) 
S100136 (15A-230V) 

Models 
stoocl (6A-120V) 
S100C2 (6A-230V) 
S100C3 (10A-120V) 
S100C4 (10A-230V) 
S10005 (15A-120V) 
S10006 (15A-230V) 

Models 
SlOOD1 (6A-120V) 
SlOOD2 (6A-230V) 
S10003 (10A-120V) 
S10004 (10A-230V) 
SlOOD5 (15A-120V) 
SlOOD6 (15A-230V) 

Comments 
Limited range voltage control—no RFI 
suppression. 
Suggested for fan motor or universal 
motor speed control applications. 

Comments 
Extended range voltage control—no RFI 
suppression. 
Suggested for resistive heating or lamp 
dimming control where RFI generation 
is not a serious problem. Also, useable 
as motor speed controller. 

Comments 
Extended range voltage control with RFI 
suppression. 
Classic incandescent lamp dimmer cir-
cuit. Also, useable for motor speed con-
trol. 

Comments 
Limited range voltage control with RFI 
suppression. 
Plus static switching function. Allows 
motor to run at full speed or switch to 
pre-set low speed based on single con-
tact closure. Potential air cooled con-
denser fan use. 

S200 LINE-AC POWER CONTROLLERS 

General —the S200 line consists of two current ratings (10 & 15 
amp) and three voltage ratings (120, 240 & 277 volts RMS). All 
units have a "Family" appearance (similar to S100) and are all 
zero voltage switching power controllers. Utilizing PA424 inte-
grated circuit to detect the zero voltage crossings of the supply 
voltage, these units are capable of controlling temperature in 
resistive heating applications within 1 to 2°F with practically 
no RFI being generated. They are particularly useful in process 
heating applications where RFI could cause erratic operation of 
other solid state controls. They will find ready use anywhere a 
resistive heating load is involved which is desired to be con-
trolled by thermistor feedback. 

Model 
S200A 1   10 amps, 120 volts (RMS) 
S200A2  10 amps, 240 volts (RMS) 
S200A21  10 amps, 277 volts (RMS) 
S200A3  15 amps, 120 volts (RMS) 
S200A4  15 amps, 240 volts (RMS) 
S200A41  15 amps, 277 volts (RMS) 

.•••••• 

Models 
S100E1 
S100E2 
S100E3 
S100E4 
S100E5 
S100E6 

Models 
SlOOF1 
SlOOF2 
SlOOF3 
SlOOF4 
SlOOF5 
SlOOF6 

(6A-120V) 
(6A-230V) 
(10A-120V) 
(10A-230V) 
(15A-120V) 
(15A-230V) 

(6A-120V) 
(6A-230V) 
(10A-120V) 
(10A-230V) 
(15A-120V) 
(15A-230V) 

Comments 
Limited range voltage control with RFI 
suppression. 
Also, equipped with second Diac-RL 
combination to allow minimum speed 
setting when controlling heater motors 
by thermistor feed-back. 

Comments 
Limited range voltage control with RFI 
suppression. 
Best choice for fan motor speed control. 

Models Comments 
S100G1 (6A-120V) Static switching module. 
S100G2 (6A-230V) Replaces single pole relay. Requires ex-
S100G3 (10A-120V) ternal pair of light duty contracts (100 
S100G4 (10A-230V) ma max) to control rated current. Very 
S100G5 (15A-120V) popular in applications involving high 
S100G6 (15A-230V) cyclic rate of operations. Use with reed 

switches. 
For further information on S100 line refer to spec. sheets 155.20 
thru 155.26. For prices see Confidential Price List. 

Comments 
Controls resistive loads up to 3600 watts 
"Zero-Voltage Switching" lowers RFI 
Solid-state long life and high reliability 
Operates with a variety of variable resistance sensors 
High input impedance allows sensors from 5K to 100K ohms 
Control point drift with ambient temperature less than 0.02% of 
sensor resistance per degree centigrade 
See spec. sheets 155.40 for further details. 

77 



SOLID STATE CIRCUIT ASSEMBLIES (Continued) 
Advertisement 

S400 LINE 
General—Our newest standard line, the S400 is very similar 
application-wise to the S100 line. It is, however, a complete 
control in that it incorporates its own main control potentiometer 
and a line switch as well. It will be available in four models, 
all rated at 5 amps max. at 120V RMS. All units will be mounted 
on a common printed circuit board and will be equipped with a 
self-contained heatsink. All units include trim pot to allow mini-
mum output voltage setting. Individual features will be as follows: 

Models Comments 
S400A1 5A-120V Limited range voltage control. Par-

ticularly designed as fan motor 
speed control. No RFI suppression 
included. Lowest cost end of line. 

S400A1S 5A-120V Same as S400A1 except with RFI 
suppression added. Medium prices 
section of line. 

S400A1 SC 5A-120V Same as S400A1S except with 
line voltage compensation added. 
Automatically compensates for 
fluctuations in line voltage (for 
10% variation in input we can 
hold ± 3V variation in output). 
Top of product line. 

S400A1SCH 5A-120V Same as S400A1SC except with 
high-voltage output limiting trim-
potentiometer. Top of product line. 

For further information, consult spec. sheet 155.60. 

CUSTOMIZED ASSEMBLIES 
Complete semiconductor circuit assemblies using discrete com-
ponents are available in a variety of mechanical configurations, 
including printed circuit boards, potted modules, standard tube 
shells and many special packages to meet individual customer 
needs. 
SCR and TRIAC motor speed controls. Solid state replacements 
for thyratron tubes. Static switching. High voltage rectifier 
stacks. Molded multiple diode modules for computer logic cir-
cuits. Molded SCR and transistor modules for computer and 
other uses. Temperature controllers. Automatic exposure lamp 
controls for copying machines, etc. Light activated controls. 
Static switching functions. 
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Advertesement 

Semiconductor product application and circuit design infor-
mation is provided in these application notes and article 
reprints from professional and technical journals. Prepared 

Particular publications which interest you may be ordered by publication number from: Inquiry Clerk, General Electric Company, 
Semiconductor Products Dept., Bldg. -17.7 Mail Drop 49, Electronics Park, Liverpool, N.Y. 13088 

and written by General Electric's Semiconductor Application 
Engineering Center, these publications give you a valuable 
solid state reference library. 

PLEASE ORDER BY PUBLICATION NUMBER General References: 451.90 Semiconductor Data Handbook 

1. General Applications of Signal 1‘i(l I 

90.23 Economy Transistors in Linear Industrial Applications 

90.28 The Use of "y" Parameters in Transistor Circuit Design 

90.30 Measurement of Stored Charge in High Speed Diodes 

90.50 An Economy Silicon Transistor with Wide Range 
Voltage and Current Capability- Characteristics and 
Applications for 2N3402-05 and 2N3414-17 

90.56 Belting Out Plastic Transistors on Mechanized 
Assembly Lines 

90.60 Application of Multi-pellet Diodes in DTL Circuits 

90.61 DC Coupling of Multivibrators Using Multi-pellet 

Diodes 

90.62 Y Parameters: Their Accuracy and Measurement 

200.52 The Characterization of Power Transistors to Avoid 
Forward Bias Second Breakdown 

200.56 On Switching Inductive Loads With Power Transistors 

450.37 (ETR 3296) GE Transistor Manual-7th Edition 

660.22 The Computerized Use of Transient Thermal Resis-
tance to Avoid Forward Biased Second Breakdown 
in Transistors 

2. Audio Amplifier Circuits 
90.59 Low Cost Audio for Line-Operated Radio, TV, 

Phonographs, Etc. 

90.78 Portable TV Sound System 

90.79 Silicon Power Transistor Amplifier Circuits With 
High Performance at Low Cost 

90.89 1 to 2 Watt Amplifier Circuits Requiring 
Minimum Components 

90.91 TV Audio Amplifier 

90.98 Monolithic Darlington Preamplifier 

90.99 Medium Power Amplifier Circuits 

90.100 High Power Audio Amplifier 

92.19 1 Watt Phonograph Amplifier 

3. Receiving And Tuning Circuits 
90.76 Complementary Audio Outputs Make A High Perform-

ance, Low Cost Automobile Receiver 

90.81 TV Color Difference Amplifiers Using High Voltage 

Transistors 

90.82 Video Output Considerations Using a High Voltage 
Transistor 

90.86 Transistor Models for CACD 

90.88 RGB Video Amplifiers for Color TV Offer High 
Performance 

90.97 Heatsink-Less RGB Amplifier for Color TV 

200.63 Complementary Vertical Deflection-
Two Approaches 

200.64 Horizontal Deflection Under Normal & Arcing 
Conditions 

660.23 Using Improved Transistor Models in Computer. 
Aided Analysis of a RGB Video Amplifier 

4. Current and Voltage Regulators 
90.15 An Integrated Reference Amplifier for Precision 

Power Supplies 

90.83 A Highly Reliable, Fail Safe, Precision Undervoltage 
Protection Circuit 

90.84 A Low Cost Precision Current Source Using the 
Integrated Voltage Regulator (IV R) 

90.85 A High Performance Symmetrical Power Supply 
Utilizing an Integrated Voltage Regulator 

90.92 Low Voltage Regulated Supply For Color TV 

90.95 General Purpose Power Supplies With Good 
Performance to Low Cost 

5 Converters And Inverters 
200.57 An Assortment of High Frequency, Transistor 

Inverters/Converters Utilizing Saturating Core 

Transformers 

201.25 A High Input Voltage Converter 

6. Miscellaneous Transistor 
90.14 Tape Erase and Bias Oscillator 

90.90 A Practical R-C Tone Generator System for 

Electronic Organs 
92.4 Sound Effect Generator 

7. Rectifier Application Notes 
200.1 Characteristics of Common Rectifier Circuits 

200.30 Capacitor Input Filter Design with Silicon Rectifier 

Diodes (Revision) 

200.38 Application of Fast Recovery Rectifiers 

200.39 The Series Connection of Rectifier Diodes 

200.42 Commutation Behavior of Diffused High Current 

Rectifier Diodes 

8. General Applications of Thyristors 
200.01 Semiconductor Application Information 

90.21 How to Suppress Rate Effect in PNPN Devices 

90.24 A Ring Counter For Driving Incandescent Bulbs 

90.58 Reversible Ring Counter Utilizing the Silicon 
Controlled Switch 

90.94 The Complementary SCR 

200.9 Power Semiconductor Ratings Under Transient 
and Intermittent Loads 

200.19 Using Low-Current SCR's (Revision) 

200.32 A Variety of Mounting Techniques for Press-Fit 
SCR's and Rectifiers 

200.35 Using the Triac Control for AC Power (Revision) 

200.48 Flashers, Ring Counters and Chasers (Revision) 

200.50 Mounting Press Pak Semiconductors 

90 
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8. General Applications of Thyristors (Continued) 

200.54 Design of Triggering Circuits for Power SCR's 

200.55 Handling & Thermal Considerations for GE Plastic 
Power Devices 

201.23 SCR-Ignitron Comparison 

ETRC 38758 SCR Manual-5th Edition 

ETRN 3960A Experimenter's Circuit Manual-
3rd Edition 
Liquid Cooling of Power Thyristors 

Technological Trends in Power Semiconductors 
Significant for Electric Vehicle Controls 

Ratings & Applications of Power Thyristors for 
Resistance Welding 

9. General Phase Control Circuits 

200.21 Three Phase SCR Firing Circuits for DC Power 
Supplies 

200.31 Phase Control of SCR's With Transformer and 
Other Inductive AC Loads 

200.33 Regulated Battery Chargers Using the Silicon 
Controlled Rectifier 

200.46 AC Voltage or Current Regulator Featuring 
Closed-Loop Feedback Control 

201.6, 9-11 Applications for C106 Economy SCR 

201.12 500 Watt AC Line Voltage and Power Regulator 

201.14 Automatic Liquid Level Control 

201.18 High Voltage Power Supply for Low Current 
Applications 

201.26 Phase Control Voltage With Light 

C-72-913-7 A New Triac Trigger to Optimize 
Consumer Phase Control 

10. Lighting Control 

200.18 Fluorescent Lamp Dimming With SCR's and Assoc-
iated Semiconductors 

200.53 Solid State Incandescent Lighting Control 

11. Motor Control 

20(143 Solid State Control for DC Motors Provides Variable 
Speed With Synchronous-Motor Performance 

200.44 Speed Control for Shunt-Wound Motors 

200.47 Speed Control for Universal Motors 

201.16 Fan Motor Speed Control-"Hi-Intensity" Lamp 
Dimmer 

12. Temperature Control 

200.51 Better Room Conditioning Via Solid-State Controls 

200.58 Solid-State Electric Heating Controls 

200.61 A Zero Voltage Switching Temperature Control 

201.15 Solid-State Control for Electric Blankets 

*671.12 Optimum Solid-State Control Parameters for 
Improved Performance of In-Space Electric 
Heating Systems 

13. SCR Inverter Circuits 

200.49 A Low Cost, Ultrasonic-Frequency Inverter Using 
a Single SCR 

660.14 Basic Magnetic Functions in Converters and Inverters 

Including New Soft Commutation 

66(115 SCR Inverter Commutated By An Auxiliary Impulse 

660.16 An SCR Inverter With Good Regulation & Sine. 
Wave Output 

671.21 Resonant Bridge Inverter 

14. Protection Of Power Semiconductors 

200.5 General Electric Selenium Thyrector Diodes 

200.10 Overcurrent Protection of Semiconductor Rectifiers 

200.60 GE-MOV(Tro) Varistors-Voltage Transient Suppressors 

660.21 Take the Guesswork Out of Fuse Selection 

660.24 Analysis and Design of Optimized Snubber Circuits 
for dv/dt Protection in Power Thyristor Applications 

15. Optoelectronic Applications 

200.34 The Light Activated SCR 

20(159 How to Evaluate Light Emitters & Optical Systems 
for Light Sensitive Silicon Devices 

200.62 Photon Couplers 

200.67 How to Use the Plastic Photodarlington Transistor 

200.68 High Performance Circuits Using the Plastic 
Photodarlington 

16. Unijunction Applications 

90.10 The Unijunction Transistor Characteristics and 
Applications 

90.16 Silicon Controlled Switches 

90.57 Using the Silicon Bilateral/Unilateral Switch 

90.68 The Silicon Unilateral Switch Provides Stable, 
Economical Frequency Division 

90.70 The 2H6027-A Programmable Unijunction Transistor 

90.72 Complementary Unijunction Transistors 

17. Tunnel Diode Applications 

90.32 Tunnel Diodes as Amplifiers and Switches 

90.42 Tunnel Diode UHF-TV Tuner 

90.43 A Tunnel Diode R.F, Radiation Detector 

90.44 Practical Tunnel Diode Converter Circuit Considerations 

90.45 Tunnel Diode Sinewave Oscillators 

90.66 Applications for the IN3712 Series Tunnel Diodes 

18. Test Circuits 

201.3 Portable SCR and Silicon Rectifier Tester 

19. Reliability 

95.10 A Report on the Reliability of General Electric 
Unijunction Transistor Types, Etc.-dated material 

95.14 Unijunction Transistors Types 2N2646, 2N3647 

95.13 Reliability Data on SCS 

95.21 Reliability of Double Heatsink Diodes 

95.29 Improved Triac Reliability Through Power-Glas 

95.32 Reliability of GE Transistor 

95.28 Epoxy Transistors Packaged for Reliability 

95.36 GE Industrial Epoxy Transistors 

95.36A Industrial Epoxy Transistor Reliability 

95.37 GE Unijunction Transistor Reliability 

95.38 Industrial Silicon Encapsulated Power Transistors 

95.39 Guide to Designing for Reliability in Power Semi-
conductor Device Applications 

95.41 GE Reliability of Epoxy Transistors 

95.43 Semiconductor Reliability Report 

671.14 What the Reliability of Plastic Encapsulated 
Devices Means to You 
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MAY WE HELP YOU FURTHER? 

PLEASE OUTLINE YOUR SPECIFIC NEEDS AND CONTACT: 

ARIZONA 
Phoenix 85012 
Suite 712 
United Bank Bldg. 
3550 N. Central Avenue 
Area Code: 602 
264-1751 

CALIFORNIA 
Los Angeles 90064 
11840 W. Olympic Blvd. 
Area Code: 213 
479-7763 
272-8566 
879-1350 

Portola Valley 94025 
3210 Alpine Rd. 
Area Code: 415 
854-4010 

CANADA 
Marketing Section 
Canadian General 
Electric Company, Ltd. 
189 Dufferin Street 
Toronto 3, Ontario 

COLORADO 
Denver 80206 
201 University Boulevard 
P.O. Box 2331, 80201 
Area Code: 303 
388-5771 

CONNECTICUT 
Bridgeport 06602 
1285 Boston Ave. 
Bldg. 21-ES 
Area Code: 203 
334-1012 

DISTRICT OF 
COLUMBIA 
Washington 20005 
777-14th St., N.W. 
Area Code: 202 
393-3600 

FLORIDA 
North Palm Beach 33408 
321 North Lake Blvd. 
Room 201 
Area Code: 305 
844-5202 

Tampa 33609 
2104 S. Lois Ave. 
P.O. Box 10577 
Area Code: 813 
877-8311 

GEORGIA 
Atlanta 30329 
1699 Tully Circle, N.E. 
Area Code: 404 
633-4522 

ILLINOIS 
Chicago 60641 
3800 N. Milwaukee Avenue 
Area Code: 312 
777-1600 

INDIANA 
Ft. Wayne 46816 
6001 S. Anthony Blvd. 
Area Code: 219 
447-1511 

Indianapolis 46208 
3750 N. Meridian St. 
Area Code: 317 
923-7221 

IOWA 
Cedar Rapids 52401 
210 Second Street, S.E. 
Area Code: 319 
364-9149 

LOUISIANA 
New Orleans 70112 
613 Hibernia National 
Bank Bldg. 

Area Code: 504 
525-4324 

MASSACHUSETTS 
Wellesley 02181 
1 Washington St. 
Area Code: 617 
237-2050 

MICHIGAN 
Southfield 48075 
24681 North Western 
Area Code: 313 
355-3552 

MINNESOTA 
Minneapolis 55435 
4900 Viking Drive, Rm. 108 
Area Code: 612 
927-5458 

MISSOURI 
Kansas City 64105 
911 Main St., Suite 518 
P.O. Box 13566 
Area Code: 816 
221-4033 

St. Louis 63132 
1530 Fairview St. 
Area Code: 314 
429-6941 

NEW JERSEY 
Clifton 07014 
200 Main Ave. 
Area Code: 201 
472-8100 

NEW YORK 
Albany 12205 
11 Computer Drive W. 
Area Code: 518 
458-7755 

New York City—call: 
Great Neck, Long Island 

11021 
425 Northern Blvd. 
Area Code: 516 
466-8800 

Rochester 14624 
35 Deep Rock Rd. 
Area Code: 716 
436-3480 

Syracuse—call: 
East Syracuse 13057 
7 Adler Drive 
Area Code: 315 
456-1046 

NORTH CAROLINA 
Charlotte 28211 
2915 Providence Rd. 
Area Code: 704 
364-6313 

Greensboro 27408 
1828 Banking St. 
Area Code: 919 
273-6982 

OHIO 
Cincinnati 45203 
801-B West 8th St. 
Area Code: 513 
281-2547 

Cleveland 44117 
25000 Euclid Ave. 
Area Code: 216 
266-2900 

Dayton 45439 
3430 S. Dixie Highway 
Mailing Address: 
P.O. Box 2143 
Kettering Branch 45429 
Area Code: 513 
298-0311 

OKLAHOMA 
Oklahoma City 73112 
3022 Northwest Expressway 
May-Ex Building, Rm. 412 
Area Code: 405 
943-9015 

PENNSYLVANIA 
Erie 16505 
2318 W. 8th Street 
Area Code: 814 
455-8377 

Philadelphia 19102 
3 Penn Center Plaza 
Area Code: 215 
568-1800 

Pittsburgh 15220 
875 Greentree Rd. 
3 Parkway Center 
Area Code: 412 
921-8594 

TEXAS 
Dallas 75205 
4447 N. Central Expressway 
Area Code: 214 
521-1931 

Houston 77006 
3110 Southwest Freeway 
Area Code: 713 
524-3061 

VIRGINIA 
Charlottesville 22902 
2007 Earhart Street, Suite 300 
Area Code: 703 
296-8118 

Portsmouth 23704 
355 Crawford Pky. 
Citizens Trust Bldg., Suite 516 
Area Code: 703 
484-3521 Ext. 628 

WASHINGTON 
Seattle 98188 
112 Andover Park E. 
P.O. Box 88850, 98188 
Area Code: 206 
575-2865 

WISCONSIN 
Milwaukee 53202 
615 E. Michigan St. 
Area Code: 414 
271-5000 

451.111 U.S.A.-OEM Electronics/January 18.1973 PRINTED IN U. 



1973:TheYear of the Advertiser 
Beginning January 1, Electronics is dropping all 

bleed charges! And there'll be no full-run rate increase 
in 1973. Actually, Electronics hasn't had a rate 
increase since January, 1970. While in the same 
period, circulation is up nearly 10% and will continue 
to rise in 1973. 
What does this mean to you? 

• You can now reach an Electronics reader at 
nearly 10% less than you paid in 1970. You save! 

• If you use bleed, you save an additional 15% on 
the cost of a full page ad. 25% savings in all! 

• Free bleed allows you to be even more creative 
by using the additional 29% area available! 

Why are we setting a precedent by lowering your 
advertising costs? Because we want 1973 to be 
the year of the advertiser. How can we do this? By 

giving you an extra return on your investment. And, 
speaking of investments, leading advertisers 
have already increased our ad revenue by 22% over 
last year. 

What else does Electronics give you? Only the most 
authoritative editorial in the technical publishing 
business, delivering the most involved readers in 
your markets. 

Electronics is THE SOURCE for advertiser 
benefits in 1973—the year of the advertiser. 
Because Electronics saves ad dollars! 

Electronics ritr.ie 
THE SOURCE. IV I II 

Electronics/January 18. 1973 



Siemens has made 
more cradle relays than 
anyone in the world. 



SIEMENS 

Whatever your application, 
Siemens can offer you the right 
cradle relay at the right price. 
And in the quantity you require. 

In the years since we designed 
and built the first cradle relay, we've 
produced over 100 million of them. And 
we've developed highly automated 
mass production and quality control 
techniques that have made possible a 
new order of product quality and 
uniformity at the lowest possible prices. 

Siemens cradle relays are UL 
listed at no extra cost to you. And they 
are freely interchangeable with cradle 
relays of other manufacturers. 

The Siemens line of cradle relays 
includes the industry's widest variety 
of contacts, terminals and mounting 
styles. And magnetic latching, hermetic 
and sensitive versions are also available. 

Siemens cradle relays are ideal for 
circuitry in computer peripherals, 
communications, industrial controls, 
alarms and signal equipment, medical 
electronics and office machines. 

While the cradle relay is still the 
most popular relay around, Siemens 
continues to introduce new designs. 
Our latest is a new family of low-profile 
PC board relays that we expect will 
start another major trend. 

Writeorcall us for more information. 
Siemens Corporation, 186 Wood 
Avenue South, Iselin, N.J. 08830. 
(201) 494-1000 Ext. 239. 

f 

L 

Alarm and signal 
equipment Office machines 

Communications equipment 

Computer peripherals 

Industrial controls 

Medical equipment 
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Dear Gabby: 

"Why is parallel vs serial 
automatic IC testing 
like comparing a Ferrari 
to a Model T Ford?" 

Datatron's Girl Gabby 

D
EAR GABBY: My neighbor fast enough. Help me before our 

who works for a large IC user says marriage is ruined. DESPERATE 

that comparing Datatron's parallel 
automatic IC tester to serial testers 
is like comparing a Ferrari to a 
Model T Ford. Can this be true? 

CAR BUFF 

D EAR BUFF: A good analogy 
indeed! Serial testers apply a stim-
ulus to an IC input and sequen-
tially monitor all outputs. A very 
slow process. Datatron is a paral-
lel tester with individual electronic 
cards (PECs) for each pin of the 
IC under test, making it possible 
to force and monitor all inputs 
and outputs simultaneously. 

Model 4400 has separate PECs 
for each pin which contain 

force/Monitor circuits 

This drastically reduces test 
time simulates actual IC opera use your sery ces. 

High slew rate 

PECs are located 
inches from 

D.U.T. on 10MHz tester 

D EAR DESPERATE: Slip him 
a data sheet on Datatron's Model 
4500 test system which will exer-
cise his memory at 10MHz and 
perform access time measurements 
in parallel as well! Program gen-
eration uses simple English lan-

guage too. He's sure to come home 
happy! GABBY 

* * * 
Confidential to Weight Lifter 

from Muscle Beach: Thanks for 
the snapshot showing your "pees". 
However, since the "PECs" we re-
fer to are our exclusive Pin Elec-
tronic Cards, I'm afraid we can't 

GABBY 

tion, and makes it easy to expand 
or update the system. GABBY 

* * * 

D EAR GABBY: M y husband is 
in charge of testing at Integrated 
Circuits Inc. Lately, he's been 
grumpy with me and the kids be-

cause he can't exercise his memory 

Microelectronic 
Testing 

* * * 
Send your questions — either 

straight or humorous — to Gabby. 
We'll mail a Flair pen for all re-
ceived and pay $100 if we use 
question in future ad. 

dotation inc • 
1562 Reynolds Ave/ Santa Ana, Calif. 92711 

(714) 540-9330 

Timing 
Instrumentatign 

••ei 

Shelly Indicators 
and Readouts 

Meetings 

International Solid State Circuits 
Conference: IEEE, Marriott, Phila-
delphia, Feb. 14-16. 

Aerospace and Electronic Systems 
(Wincon): IEEE, Sheraton, U. of Pa., 
Philadelphia, Feb. 13-15. 

IEEE International Convention (In-
tercon): IEEE, Coliseum and New 
York Hilton, March 26-29. 

Reliability Physics Symposium: 
IEEE, Dunes, Las Vegas, Nev., April 
3-5. 

Southwestern IEEE Conference and 
Exhibition (Swieeeco): IEEE, Hous-
ton, Texas, April 4-6. 

International Symposium on Circuit 
Theory: IEEE, Four Seasons Shera-
ton, Toronto, Canada, April 9-11. 

International Magnetics Conference 
(Intermag): IEEE, Washington Hil-
ton Hotel, Washington, D.C., April 
24-27. 

Carnahan Conference on Electronic 
Crime Countermeasures: IEEE, U. of 
Kentucky, Carnahan House, 
Lexington, Ky., April 25-27. 

Electron Device Techniques Confer-
ence: IEEE, United Engineering 
Center, New York, May 1-2. 

Electronic Components Conference: 
IEEE, EIA, Statler-Hilton, Washing-
ton, D.C., May 14-16. 

Naecon: IEEE, Sheraton, Dayton, 
Ohio, May 14-16. 

International Symposium: SID, Stat-
ler-Hilton, New York, May 15-17. 

Measurement and Test Instrument 
Conference: IEEE, Skyline Hotel, Ot-
tawa, Ont., Canada, May 15-17. 

Conference on Laser Engineering 
and Applications: IEEE, OSA, Hilton, 
Washington, D.C., May 30-June 1. 

National Computer Conference and 
Exposition: Afips, New York Coli-
seum, New York City, June 4-8. 
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Deltrol's New catalog lists 1570 relays, 
232 solenoids and 218 timers ... and 
it's yours, free! 
One of Deltrol's relays, solenoids or timers may be just what you're looking for. 
You'll find engineering specs and prices for 5, 10, 15 amp AC and DC general 
purpose relays, including the popular new 160/165 series...25 amp heavy duty 
power relays with or without auxiliary switch...magnetic latching relays up to 
6PDT...low, medium and highpower intermittent and continuous duty solenoids 
with optional buzz trimmer that eliminates AC hum...medium and heavy duty 
clappers with adjustable stops...and interval, pushbutton, repeat cycle, fixed or 
adjustable automatic reset timers. We'll send you this catalog free if you circle 
the number below or write to... 

DELTROL 
controls 

1)1 t (.:or 

2745 S. 19th Sr., Milwaukee, Wis. 53215 
Phone (414) 671-6800 Telex 2-6871 
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Hewlett-Packard 
Series 9800. 
ne Name 
And Number 
%fit ShortenYour 
Path Rum 
To Final Solution. 

Get your hands on a Series 9800 Cal-
culator System and you'll experience 
why it's the shortest, simplest path. From 
the outset you're certain to notice four 
outstanding features. 
The modular, plug-in architecture that 

lets you design your own keyboard. The 
choice of memories that lets you pick the 
capacity you need today—with room to 
grow for tomorrow. The extensive line 
of Series 9800 Peripherals that lets you 
handle data in the form best for your 
operation. And the instrument interface 
that lets you plug in test instruments for 
real-time data acquisition. 
But one Series 9800 feature really 

stands out. Conversation. Our calcula-
tors "speak" English, German, French, 
Italian, Spanish — even Japanese. In 
complete words and sentences, and 
scientific symbols. To solve a problem 
you set up a dialogue with your 9800 
Calculator. Talk to it through the key-



board. It talks back to you through its 
exclusive alphanumeric printer (and 
display on some models). 

That's the idea. Here's the payoff. On 
the left is a typical equation solved with 
the HP Alpha Printer. On the right, the 
same equation solved without alpha. 

SOLUTION TO 
QUADRATIC 
EQUATION 
OF THE FORM 
2 

AX +BX+C.0 

ENTER A. 

ENTER B. 

ENTER C. 

COMPLEX ROOTS 
REAL PART-

-0. 508 
IMAGINARY PART. 

0.866_120 

-0.500 
-0.866 

-0.500 
0.866 

 e 
The benefits? Instant verification of 

your program and input data. Positive 

identification of each portion of your 
solution. And the confidence that you 
can send data to your colleagues and 
have them understand it. 

Moreover, with these easy-to-compre-
hend user instructions, your assistants 
can confidently and reliably operate a 
9800 Calculator with no computer 
training whatsoever. 

Series 9800 users in science, en-
gineering, medicine, and business have 
been telling us this silent, built-in 
"mini-typewriter" is the greatest boon 
to problem solving since the invention 
of the electronic calculator. (Note: If 
you need the formatting versatility of a 
full-fledged typewriter, we offer one of 
those. Also with complete Alphanu-
merics.) 
This Printer is but one example of the 

technology that's enabled us to offer the 
widest and most exciting line of com-
puting alternatives in the scientific com-

munity. Today, our line starts with the 
dynamic Model 35 Calculator —a shirt-
pocket size electronic super slide rule. 
Goes to our Series 9800 Programmable 
Calculators. To our 2100 Minicomputer 
fami ly. On through to our System 3000, 
a multi-lingual, multi-programming 
computer. 

The shortest, simplest path? We'll 
send you maps in the form of definitive 
literature. Or we'll be happy to guide 
you with a demonstration of the Series 
9800—right at your desk. Call your HP 
Sales Office. Or write: Hewlett-Packard, 
P.O. Box 301, Loveland, Colorado 
80537. In Europe: P.O. Box 85, CH-
1217 Meyrin 2, Geneva, Switzerland. 

092/0 MEW 

HEWLETT ïhî PACKARD 

HP sales, service. and support in 172 cities in 65 countries. 

For more information, circle reader service no. 217 For a demonstration, circle reader service no. 218 
For information on the HP-35, circle reader service no. 219 



Economy: First Class 
AMPLIFIERS 

OPERATIONAL 
AMPLIFIERS 
AiMk 

VIDEO 
AMPLIFIERS 
41111•11iIiih 

1 INTERFACE 

HIGH SPEED 
COMPARATORS 

SIGNETICS LINEAR. First with phase locked loop! 
First with the universal IC timer! First with the Schottky-clamped 
comparator! Plus a solid line of standard-busters in between. 

Class tells. In vastly extended design capabilities. 
In pared down device costs and function consolidation. 

Old shoe linear gets the boot at Signetics. 
We never leave well enough alone. And from 
this commitment has come industry-shaking 
innovations. Spectacular enough to set new 
technological standards. Practical enough to 
expand your options without penalizing system 
design, compatibility or efficiency. But with so 
much versatility built in, the flexibility of each 
component reduces circuit count. 

Phase Locked Loop. The world's first PLL 
devices eliminated tuned circuits altogether 
when Signetics put complete systems on a 
chip. Operating from dc to 30 MHz, our PLL 
invention has proved extremely versatile— 
useful for AM and FM demodulation, frequency multiplication 
and division, or frequency sensing (tone decoding). With no 
precision components required. Signetics ships the broadest 
PLL product line available anywhere: circuits 560, 561, 562, 
565, 566, 567 now on the shelves. 

555 IC Timer. The wood's first standard timer has intrigued 
countless designers with time control on their hands. Low-cost, 
easy to use. Signetics 555 functions interchangeably as a 
resettable time delay, sequencer, power modulator or oscillator. 
So multi-applicable, you can't help turning creative yourself. 

527/529 High Speed Comparator. A real two-in-one 
breakthrough, still another Signetics first. The fastest, least 
cantankerous voltage comparator to hit the market when 
introduced last year. The biggest improvement in comparators 
since the 710 (300%faster). By incorporating Schottky technology 

into 527 529, both high speed and precise input 
characteristics are maximized. Offering users a 

new generation of sense amplifiers as an 
alternate application of these devices. 

When it comes to industry standards, 
Signetics linear shapes them up before we 

ship them out. So much so, they evolve into 
new circuits—pin-compatible but considerably 

[ CONSUMER 

PHASE 
LOCKED LOOP 

enhanced. So versatile, you can stock fewer parts yet accom-
plish a great deal more, while lowering total board costs. 

592 Video Amplifier. Primarily applied as a magnetic 
head preamp for disc file read circuitry. Pin-for-pin with 733, but 
offering more refined performance and versatility. Proven useful 
for high frequency bandpass or highpass filtering because 
no matched passive components are required. So, less parts 
are needed—both inventory and board work costs go down. 

531/536 Op Amps. Salt of the earth, economy-minded 
op amps for generalized performance requirements. The 536 
FET Input Op Amp easily replaces the lower end of the modular 
op amp market without penalty, and saves up to 50% cost. 
Low-price 531 High Slew Rate Op Amp is priced under 
competitive devices, but functions more than adequately 
over most standard requirements. 

540 Power Amplifier. Out-performs common power 
drivers with extra high speed. This Class AB audio amp on a 
single chip is economy-priced, but saves still more on unnec-
essary associated components. Output power limiting delivers 
total power protection and still allows smaller output 
transistors: less cooling is required. 

Signetics: first class linear that never loses sight of 
budgetary needs. Far and away the most linear for the money: 
optimized circuits that let you do more. For less. Volume stocked 
now at your Signetics distributor. 

Signetics-Linear 
811 East Argues Avenue, Sunnyvale, California 94086 

Fill us in on Signetics economical first class linear devices. Please send: 

D PLI. Applications Book 
0 Linear Handbook, Vol. No. 1 

Name 

Title 

Company 

Address 

City State Zip 

Telephone SIgnehcs Corporobon A sulosrckory of Corrung Gloss Works 

worm 
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Magnetic bubbles Are magnetic bubbles dead? The answer may well be yes, as far as 
commercial-memory makers are concerned, says C. Lester Hogan, 

losing out to president of Fairchild Camera & Instrument Corp. He should know 
CCD technology because Fairchild has been following bubble development ever since 

the technology was introduced at Bell Labs in 1969. In fact, even Bell 
apparently has cut back bubble-device development in the last year in fa-
vor of work on charge-coupled devices. 
Hogan says, "The great promise of bubble technology never materi-

alized, and it has quickly been overshadowed by charge-coupled de-
vices." Hogan, who feels that bubbles never made it as serious com-
petitors of disk technology because of the difficulties inherent in the 
magnetic materials, predicts that CCD memories will eventually replace 
disk drives. "With CCDs, we can do everything magnetic bubbles can 
do, only we can do it smaller, cheaper, faster, and better." 

Jerrold readies 

two-way TV trials 

Avco 10-kW laser 

going to work at 

Caterpillar Tractor 

Retailers promise 

P-O-S item code 

Look for Jerrold Electronics Corp., Philadelphia, to set up an experi-
mental bidirectional cable-television system this spring. This move 
swings Jerrold's enormous weight into developing new two-way services 
for CATV. With more than 50% of the cable hardware market, the Gen-
eral Instrument subsidiary may set a new pace for earlier starters in 
two-way TV now running experiments in California, Texas, and Flor-
ida. The Jerrold trials will be cosponsored by a cable-Tv operator. 

What may be the most powerful industrial laser yet has gone into oper-
ation at the Caterpillar Tractor Co. Manufacturing and Materials De-
velopment Center, East Peoria, Ill. A carbon-dioxide, continuous-wave 
device, the new laser delivers more than 10 kilowatts. It was developed 
at the Avco Everett Research Laboratory Inc.. Everett, Mass. 

Caterpillar plans to study its use in metalworking and fabrication— 
heat-treatment, machining, cutting, and welding. With a view toward 
future markets. Avco designed the unit to conform to industrial-safety 
standards and to operate in industrial environments that are hot, acid, 
and dirty. It also is adaptable to computer control on automated pro-
duction lines. 

The National Retail Merchants Association has gone out on a limb to 
promise completion by the end of this year of a standard code for iden-
tifying retail merchandise. If successful, the code will end the confusion 
among point-of-sale terminal manufacturers over how to equip their ma-
chines to read coded sales tags. The NRMA is expected to recommend 
optical coding because optical codes are less expensive to print than are 
other kinds. Also, the supermarket industry in March will establish an 
optical code for groceries and other merchandise. Since many items 
sold in supermarkets today are also handled by department and dis-
count stores, there's pressure to have compatible coding. 

$20,000 tester Technology Marketing Inc., custom designer of memories and com-

for pc boards 
puter equipment for other firms, will soon introduce a relatively low-
cost $20,000 system for testing printed-circuit boards. The Costa Mesa, 
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Calif., company developed the general-purpose desktop tester after ex-
perience in providing specialized production-test equipment for its de-
signs; the company says it delivered about 50 of these dedicated testers 
last year. 
The new system can be programed from its front panel, or it can be 

programed automatically by a known good board. Test programs are 
stored in core and on plug-in IBM magnetic cards capable of storing 
80,000 bits. The test system is controlled by an internal micro-
programed minicomputer, and it includes self-test and diagnostic capa-
bilities, according to the company. Both analog and digital boards can 
be tested by changing the test fixtures. 

LC displays 

gain ground 

Neutrons see' 

aluminum 

in closed package 

H-P adds 

calculator 

Fairchild eyes 

production order 

for GM ignition 

Liquid-crystal displays are finding their way into more products. Per-
haps most unusual is a throwaway clinical thermometer using tempera-
lure-sensitive cholesteric liquid crystal that's printed on a thin, flat plas-
tic "stick." Liquid Crystal Inc. of New York, recently formed from the 
liquid-crystal operation of Ashley-Butler Inc. of Somerville, N.J., and 
Thermograph Products Inc., Pittsburgh, says it has delivered samples 
to a "major pharmaceutical distributor." Temperature on the oral ther-
mometer is delineated by a bar-graph-like line of cholestric "pips," 
each sensitive to a given temperature to within ±-0.1°F. The more sensi-
tive pips, at the high end of the scale, change from an opaque green to 
transparent as the thermometer is held in the mouth; numbers printed 
on the stick indicate at what temperature the color change has oc-
curred. 

General Electric's H.E. Sharp has developed a neutron radiography 
technique that permits inspection of completed lc packages that have 
aluminum wire bonds. Such packages can't be X-rayed because alumi-
num is virtually transparent to the rays. The GE technique requires the 
use of gadolinium-alloyed aluminum wire because gadolinium makes 
aluminum opaque to neutrons. 

The huge success of the HP-35 pocket calculator for engineering and 
scientific uses has prompted Hewlett-Packard to introduce another 
model, this one for business and financial users, including bankers, bro-
kers, insurance personnel, and accountants. 

Even though Fairchild Semiconductor has until next May to prove its 
ability to make a hybrid semiconductor ignition system for General 
Motors' Delco division, it's clear that the Mountain View, Calif., firm is 
banking heavily on converting its present development contract [Elec-
tronics, Jan. 4. p. 34] into a production order this year. From a pilot 
line, Fairchild has delivered some 1,000 of the systems, using a combi-
nation of monolithic ICs and discretes, to Delco. Flip-chip techniques 
are used to bond the active devices to ceramic substrates. 

C. Lester Hogan, president of Fairchild Camera & Instrument Corp., 
ever bullish, says he knows of no other firm Delco is working with to 
develop such an ignition system. adding that he "can't build capacity 
fast enough to build what I think General Motors will order." 
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C-LINE ONESHOT POWER PULSERS 

The Unitrode Power Pulser is a hybrid circuit available in two 
series optimized for switching loads up to 500 watts (60V) for 
0.5 to 50ms. Output pulse width tolerance is within 1% of the 
internally preset time with a temperature coefficient of —0.04%/°C 
from 0°C to 125°C. It is a complete, ready-to-use thick film circuit 
in a compact TO-3 package. 

VOLTAGE SWITCH — PIC400 

Upon actuation by an input pulse from an IC logic gate, the 
output of the PIC400 will switch the supply voltage across the 
load independent of the shape or duration of the input. No 
external components are necessary. The load may be placed in 
either the collector or emitter of the darlington output and may 
be driven from either a positive or negative supply. A wide 
variety of options are available, including 1800W switching 
capability (15A, 120V), extended pulse width range (from a 
fraction of a millisecond to several seconds), and controlled 
rise and fall rates. The two applications listed below illustrate 
the versatility of the PIC400. 

TYPICAL PIC400 SERIES APPLICATIONS 
1. Driving electro-mechanical counter from 24V AC. 

  -1 CLAMP 
00 

JL4 TIMER LelE -A-- POWER COUNTER COIL 1-.4 24 
OUTPUT 

GROUND RETURN  

ACÇII1FOVAC 

2. Solenoid actuation from negative power supply. 

keî-r1-4 

PIC400 

TIMER e're 
SOLENOID -V.‘ 

REGULATED CURRENT SWITCH —PIC410 

The PIC410 is a more sophisticated version of the PIC400. The 
output pulse is current regulated to within 1% of an externally 
preset value by means of a switching regulator in the output 
circuitry. This insures substantially lower internal power losses 
and higher efficiency than could be obtained with a series 

regulator. A rapid turn-off circuit insures the fastest possible 
current decay upon termination of the output pulse. The range 
of options available for the PIC410 are the same as for the 
PIC400. Two typical applications follow. 

TYPICAL PIC410 SERIES APPLICATIONS 
1. Constant current switching of high speed print-hammer 

from unregulated supply. 

2. Driving high-speed stepper motor (with 5A constant 
current pulse) from 48V AC. 

PIC410 

TIMER -•-coponcer•-, 

 — f -

  I MOTOR + t00,y1 
POWER 140ING 48VAC 

OUTPUT 

FEED8ACX 

R. 

For more specific information call Vinnie Savoie—collect—at 
(617) 926-0404, or return the coupon to Unitrode Corporation, 
580 Pleasant St., Watertown, Mass. 02172. 

11.111fflIMMMIIIIIIIIIBMMMMIIIINIMMMIIIIIMM 
e Unitrode Corporation II 
I Dept. 1 Y, 580 Pleasant St., Watertown, Mass. 02172 II 

I PLEASE SEND INFORMATION ON: 
E PIC400 E PIC410 I 
IE Application Note E Power Darlingtons I 

I My application is: I 

I I 
I I 
I 

Name: 
I 

I Title: I 

I Address: I 

I I 
City: _ State: Zip: 

I I 
I Telephone: I 

1111311MIIMMfflMMMIMIIIIIIIMMMIIIMMfflIMIll 
See [EM Sectmn 4800 And EBG Semmonductors Sectmn for more complete product listing 

U N I T R O D E quality takes the worry out of paying less. 



Two GE men gave up 
a night's sleep. But they 
rebuilt our switch 
in time 
to meet a 
crash change 
in customer 
specs. 
The change came at the last minute. 
A Cleveland OEM found he couldn't use the 
complex GE control switch he'd just received. 
A new one would take 10-12 weeks to get. 
But all he had was one week. 

He called Jim Wink, GE's Cleveland District 
Sales Manager, and explained the problem. 

Jim and his Senior Sales Assistant, Ken 
Korbel, picked up the part at the customer's 
plant. That same afternoon. And then they 
called one of our design engineers. 

The next morning Jim and Ken were back 
with the switch. They'd taken it back to the 
office and spent the night resequencing and 
regrinding the cams. It met the new specs 
exactly. And the customer got his rush order 
out in time. We can give you other examples 
where we wouldn't leave our customers alone. And we intend to. When a 
company has people like Jim Wink and Ken Korbel, you deserve to know about 

GE won't leave you alone. 

GENERAL ELECTRIC 

it. 690 11 
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SeMcant developments o technology and busme,s 

Hostile Congress 
threatens life 
of Grumman F-14 
Fighter is battleground 

for larger struggle over 

control of funds: avionics 

major factor in cost hike 

The threat of cancellation looms 
larger for Grumman Aerospace 
Corp.'s troubled F- 14A air-super-
iority fighter. If the Navy or the De-
fense Department doesn't swing the 
ax, then funds can be withheld from 
the Nixon Administration by a hos-
tile 93rd Congress, under the firm 
control of Democrats. 

This is the estimate of an increas-
ing number of Democrats, partic-
ularly on the Senate side, who are 
seeking issues to reassert congres-
sional power over the purse in 1973 
after a series of setbacks in confron-
tations with the White House. 
"Grumman will become a house-

hold word," says one Senate staffer, 
"just like Lockheed did last year" 
when the financially pressed Cali-
fornia aerospace giant got a one-
vote majority approving a prece-
dent-setting Federal guarantee of a 
private line of credit for its commer-
cial-aircraft ventures. 
At stake in the Grumman dispute 

is the Bethpage, N.Y., corporation's 
refusal to perform on the Naval Air 
Systems Command's 48-plane op-
tion under lot V of a 313-plane 
fixed-price contract. Grumman con-
tends that the contract, which it re-
gards as the last of the discredited 
"total-package procurement" 
awards conceived under former De-
fense Secretary Robert S. 
McNamara, is invalid and unen-
forceable, since it would force the 
company to "close its doors." 

Barrier. Although the Navy wants 
the planes badly, it is restricted in 
renegotiating the contract by the 
precise language of the fiscal 1973 
appropriation, which orders the ser-
vice to procure "not less than 48 air-
craft" under lot V at a price "not to 
exceed $570.1 million." The Navy 
exercised its option on Dec. II, 
1972, but Grumman has refused to 
perform, citing its earlier contention 
that it would lose $2.2 million per 
plane. 
The Navy is anxious to get the 

dispute settled without turning to a 
prolonged court struggle. "Every 
day nothing happens, it costs an-
other $30,000. That's a million a 
month," says one Government 
source privately. Yet the Navy can 
expect nothing but opposition in 
Congress. Even Senate Republican 
Barry Goldwater of Arizona, usu-
ally a staunch supporter of military 
programs, has rebelled. 
Under the Navy's minimum pur-

chase of 313 planes, including 12 
R&D models, the existing program 
will cost $5.267 million-including 
$1.463 million for R&D and $3.804 
million for procurement. That puts 
the average unit price at $16.8 mil-
lion per plane, the nation's most 
costly. And that doesn't include the 
loss of $2.2 million per plane Grum-
man wants to recoup on the cost of 
such Government-furnished equip-
ment as the Hughes Aircraft Phoe-
nix missile, estimated to cost about 
$3.6 million per plane for an all-up 
system of six rounds. The total, 
based on Senate testimony before 
the Cannon subcommittee last 
April, puts the operational cost per 
plane well above the $20 million 
forecast last year. 
Overruns. Avionics subcon-

tractors to the F-1 4A are credited by 
its Capitol Hill opponents as signifi-
cant contributors to the cost escala-
tion. Although Grumman says it has 
obtained price extensions from sup-

Supplier 

IBM 

Teledyne 

Garrett central air 
Ai Research data computer 

EDO Corp. 

Novatronics 

Honeywell 

Hartman 

Curtiss Wright 

Raytheon 

TYPICAL AVIONICS COST CHANGES FOR 331 ITEMS 
(in millions of dollars) 

Items Base Changes Relief Total 

S13.8 S15.2 S29.0 multidisplay 
indicator group 

central system 
digital computer 

jettison release 
mechanism 

interference blanker 

automatic flight 
control system 

digital data 
indicator 

flap/stat drive 

Sparrow launcher 

17.4 0.5 23.8 41.7 

5.0 1.4 7.3 13.7' 

2.5 0.7 2.4 5.6 

1.4 1.0 2.4 

8.6 2.9 4.3 15.8 

1.4 0.3 1.7 

6.4 4.8 7.4 18.6 

5.4 2.4 7.0 14.8 

'Garrett later testlf red ti CADC contracts totaled S18.97 mrllro,, up S10.5 rndlion. through Lot IV 
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pliers on lot V options that expired 
unexercised in early January, there 
are signs that subs are pushing for 
significant repricing proposals while 
the Navy and Grumman try to 
strike a bargain they believe will be 
politically acceptable. Most sup-
pliers are keeping silent, except for 
extending their options temporarily 
on lot V. 

Nevertheless, Grumman's own es-
timate before the Cannon subcom-
mittee provides a clue to the 
changes that led the Senate Armed 
Services Committee to conclude 
that "Grumman seriously under-
estimated its subcontractor costs, 
which represent about 50 cents of 
every F-14 dollar to Grumman. Ac-

Solid state 

tuai contract awards to the subcon-
tractors were nearly $300 million 
over Grumman estimates." [See 
table on p. 105] 
Grumman's figures on "restruc-

tured sellers and potential repricing 
requirements" for 17 of its key sub-
contractors, including a dozen elec-
tronics suppliers, last April showed 
a $185 million increase to $577.6 
million from a $392.6 million base. 
This included an escalation of $76.7 
million from change proposals, plus 
$108.4 million in subcontractor "re-
lief." "Those figures are surely 
higher now," says one knowl-
edgeable Senate staff man, "but 
they are still useful guidelines until 
we hear from the navy." 

IBV's Esaki uses superlattice 

to build new class of devices 

Experimental semiconductors being 
made at IBM in a project headed by 
Leo Esaki, developer of the tunnel 
diode, could lead to what Esaki calls 
"a new class of high-speed devices 
for which there will be no frequency 
limit." 
What Esaki is doing in his major 

project as an IBM Fellow at the 
Thomas J. Watson Research Center 
in Yorkstown Heights, N.Y., is 
building a "superlattice" of alternat-
ing layers of semiconductors and 
their alloys. "In the past," he says. 
"we depended on the nature of ma-
terials as God gave them to us. Now 
we want to develop new materials." 
The objective is to produce a peri-
odic variation in semiconductors. 

It has been 15 years since Esaki' 
discovery that if a p-n junction were 
reduced in width to less than 150 
angstroms, conduction electrons 
would produce tunneling, character-
ized by the now familiar negative 
resistance curve of the tunnel, or Es-
aki, diode. 

Esaki now proposes the period of 
his superlattice to be less than 
100 À; this is shorter than the mean 
free path of electrons in semicon-
ductor materials. Such a structure, 

says Esaki. should permit the inter-
action of electron waves with the su-
perlattice potential. 

In the devices now being made. 
Esaki says, "we're beginning to see a 
negative resistance." Planar-type 
devices have been made from a su-
perlattice structure of alternating 

layers of gallium arsenide 50 À thick 
and gallium-aluminum arsenide 20 
À thick. The active area of the de-
vice was of the order of 10-6 square 
centimeters, and a weak negative 
resistance was found to exist beyond 
2 volts. 
What remains to be done? "We 

have many stupid electrons, and we 
have to get rid of them by improv-
ing the quality of crystals," says Es-
aki. "Stupid electrons" is his 
whimsical term for electrons having 
mean free paths too short to permit 
interaction with the period potential 
of the superlattice. 

Esaki is using what is probably 
the most sophisticated crystal-grow-
ing apparatus ever developed. It is 
an ultra-high-vacuum (10-1° Torr) 
epitaxy system. There are six 
sources for multiple evaporation, a 
mass analyzer for spectroscopic 
monitoring, and a scanning, high-
energy, electron-diffraction system 
for ensuring the smoothness of each 
layer. 
The entire evaporation system is 

controlled essentially by two com-
puter programs. The first calibrates 
and enters parameters for the sys-
tem. The system receives informa-
tion from the mass analyzer, and 
from this data, it determines the 
timing of each set of components. 
The second program controls the 

No frequency limit. That's what IBM's Leo Easaki is seeking with his superlattice devices. 
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operation of the equipment. The 
main computer, an IBM 1130, inter-
faces with the apparatus via an IBM 
System 7. 

This work is partly funded by the 
U.S. Army Research Office, Dur-
ham, N.C. I=1 

Satellites 

ESRO to pick U.S. 

Aerosat partner 

The European Space Research Or-
ganization (EsR0) is about to select 
a U.S. carrier to share operation of 
the Aeronautical Services Satellite 
(Aerosat) under broad principles 
being drafted with the U.S. Such se-
lection makes it appear likely that 
hardware contracts to equipment 
suppliers could be let as early as this 
fall if the outcome of ongoing dis-
cussions to speed the long-delayed 
program get Government approval. 
Under these principles, ESRO has 

asked the U.S. international carriers 
of record—Communications Satel-
lite Corp., ITT World Communi-
cations, RCA Globcom, and Western 
Union International—for proposals. 
ESRO is expected to select one within 
the next few months to be its U.S. 
partner. The launch timetable 
would require that equipment sup-
pliers be selected by fall. Reempha-
sized as an experimental program to 
be launched in late 1976, Aerosat 
has been reduced to a three-satel-
lite, $90 million system from a six-
satellite, $140 million system. 

It is generally agreed that ESRO 
and a U.S. company to be selected 
will operate equal shares of the sat-
ellites. The U.S. company would 
work out with ESRO how it would 
contract with U.S. equipment sup-
pliers for the U.S. share. The Fed-
eral Aviation Administration would 
lease aeronautical services from the 
U.S. company, while ESRO would 
run the European side for its mem-
ber nations. 

If solidified, the Aerosat accord 
appears to be a victory for ESRO, 
which, fed up with U.S. delays told 

NASA to experiment with making 

semiconductor materials in space 
As any manufacturer can attest, 
making semiconducting and crystal-
line materials involves intricate 
problems of economics, yields, 
qualities, and quantities. However, 
the National Aeronautics and Space 
Administration thinks that space 
manufacturing can alleviate some of 
those problems. Thus, the agency 
plans to spend $3 million in fiscal 
1973 on R&D and will include sev-
eral space manufacturing experi-
ments on the upcoming Skylab orbi-
tal workshop. 

While large-scale processing of 
delicate electronic materials in 
space is at least a decade away, 
NASA thinks that the spadework 
must be undertaken now to reap its 
potential when the space shuttle be-
comes operational. "In the ex-
tended free-fall in space, you can 
control processing better than on 
earth," says James H. Bredt, man-
ager of NASA's Materials Science 
and Manufacturing in Space 
(MS/MS) programs, who lists po-
tential benefits as: 
• Levitation of "molten materials 
and [the ability to] grow them with-
out touching anything," thus im-
proving purity and composition. 
• Production of "mixtures that are 
unstable on earth." 
• Elimination of nearly all disturbing 
acceleration and vibrations, impor-
tant in processing gases and fluids. 
"In crystal growth, you can control 
the melt and growth." 
"A lot of things that are black arts 

now can be turned into real sci-
ences," Bredt says. "Materials 
could be produced to their limits," 
the solid-state physicist forecasts. 
"There is no semiconductor prod-
uct now that works as well as it 
theoretically should." Pushed to its 
potential, "LSI could lead to the 
smallest and fastest computer prod-
ucts." 
One Skylab experiment will at-

tempt to grow perfect and chem-
ically homogeneous gallium-arse-
nide crystals epitaxially on single-
crystal substrates. This will be done 
by transporting the solution through 
a temperature gradient maintained 
in a column of liquid gallium metal. 
Other Skylab experiments include 
cadmium selenide, cadmium tell-
uride, and indium antimonide. 

"It's too early to decide what ma-
terials could be mass-produced in 
space," Bredt says, "and in a way 
you don't have to decide yet," 
though he nominates such as sili-
con, germanium, and niobate. Bredt 
acknowledges that at $10 million 
per space shuttle flight, "baseline 
operating costs will be high," which 
"restricts you to production pro-
grams." 

Louis R. McCreight, manager of 
General Electric Co.'s space pro-
cessing program, Valley Forge, Pa., 
also asserts that space processing 
is feasible, depending on the mate-
rials and techniques. He foresees 
an unattended automated factory in 
a shuttle laboratory. 

the U.S. to join it, or it would do the 
job alone, says one source. The 
EsRo-U.S. company principle pla-
cates the White House Office of 
Telecommunications Policy, which 
object to U.S. Government own-
ership, but sidesteps the issue of 
50-50 production sharing. 

Besides technical and policy ques-
tions, before a final memorandum 
of understanding can be signed any 
agreement would have to go 
through a series of ratifications, in-
cluding contracts among parties, 
U.S. intragovernmental okay, and 
White House and congressional ap-

proval. The decision to leave the de-
tails for an operational Aerosat sys-
tem to be worked out through the 
International Civil Aviation Organi-
zation is expected to ease approval. 
Among the questions involved 

with the experimental Aerosat are: 
possible participation of Canada as 
owner or partner and whether it can 
be both owner and user; how ESRO 
and a U.S. company will select sup-
pliers; whether or not the U.S. car-
rier also can be a supplier, although 
this seems unlikely; and what voice 
the FAA will have in determining 
policy; a question also is how a U.S. 
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company deals directly with a for-
eign government entity on an inter-
national issue. D 

Optoelectronics 

Memory tube uses 

metal grid on Si 

A new solid-state target structure 
for storage tubes promises improved 
writing and erase speeds, as well as 
the ruggedness and easier fabrica-
tion already available in other types 
of solid targets. Developed at the 
Hughes Aircraft Co. Industrial 
Products division in Oceanside, 
Calif., the structure has a metallic 
grid deposited on a silicon or glass 
substrate. 

Although Hughes has been using 
the tube in equipment and systems 
for about a year, the company 
hasn't been discussing construction 
details. 
Older storage tubes had a fragile, 

mesh-type storage target in front of 
a separate signal output plate. In 
writing, a conventional electron gun 
like that in cathode-ray tubes depos-
its charges that depend on the inten-
sity of the electron beam at various 
points on the target. Then, in read-
ing, an unmodulated beam scans 
the target; electron transmission, 
and hence output, through the mesh 

depends on the charge at any loca-
tion. 
A recent improvement is a solid-

target tube, first marketed by 
Princeton Electronic Products and 
now also used by other firms. Its tar-
get structure uses reflection modu-
lation, rather than transmission. The 
charge-storage locations are silicon-
dioxide islands fabricated on the 
surface of a conducting silicon sub-
strate, which acts as a signal plate, 
as well as support for the grid. Elec-
trons repelled by the charged is-
lands cannot reach the substrate 
and are collected by a separate col-
lector. 

Glass base. Hughes' improvement 
is also a solid-state structure much 
like Princeton's, but with a glass 
substrate, rather than silicon, and a 
metallic mesh-like grid on its sur-
face. This, then, is the reverse of the 
Princeton structure in that the 
charge is stored on the insulating 
substrate with the signal plate ac 
tually a grid on its surface. Ken 
Hesse, manager of advanced display 
components at Hughes, claims that 
this structure, developed by E. E. 
Herman, provides 400 times less ca-
pacitance between the storage loca-
tions and the plate than that of the 
earlier solid structure, with con-
sequent improvement in speed. 

Hesse himself has provided a fur-
ther development, a silicon-dioxide 
insulating layer on a silicon sub-
strate, rather than the glass. Even 
though this is only three times faster 

Metal Islands. Hughes has taken the Princeton Electronic Products solid-target tube (top) a 

step further by using a glass substrate. Next. says Hughes, is the structure shown at bottom 

y  si ICON DIOXIDE 

.M.1 lir 

SILICON SUBSTRATE 

METALLIC GRID 

SILICON 
DIOXIDE 

than the Princeton structure, he 
says, 1.5-inch silicon substrates of 
suitable quality and high resistivity 
are much easier to obtain and less 
expensive than glass. 
He says that the tube is capable of 

writing a diameter in less than a 
couple of microseconds, with target 
erasure in one frame. Hesse says 
that the lower writing current re-
quired for the tubes for a given 
speed also permits finer resolution. 
In fabrication, photolithographic 
and production steps are much like 
those in making ics. 
Hughes so far is using its tubes in 

equipment, but Hesse says the com-
pany would sell the tubes sepa-
rately. They are used in such appli-
cations as slow-scan (soft-copy) 
facsimile, thermography storage in 
medicine, image processing, and 
photodigitizing. D 

Avionics 

LSI leads to 

smaller Gamma 1 

While two generations of aircraft 
inertial navigation systems have 
achieved high standards of accuracy 
and reliability over the past several 
years, their size often makes them 
hard to squeeze into crowded equip-
ment bays. But by turning to large-
scale integration and hybrid cir-
cuitry, the Singer Co.'s Kearfott di-
vision is building a new third-gener-
ation system, Gamma 1, which has 
"half the size, half the weight and 
half the alignment time" of compa-
rable units, claims Arnold A. Weiss, 
program manager for commercial 
inertial systems. 
"Going to LSI and hybrid cir-

cuitry allows us to get the costs 
down and reduce size and weight 
significantly," Weiss says. "It's the 
latest electronics technology; it's as 
pure and simple as that." The result 
is an inertial navigation unit that 
weighs about 25 pounds, measures 
7.5 by 7.6 by 12.5 inches, aligns in 
eight minutes, and, though listed in 
the usual $100,000 ball park [Elec-
tronics, Jan. 4, p.53] will sell for "at 
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Softvere 

The TEKTEST " Ill Software operating 

system developed for the Tektronix S-3260 

Automated Test System is designed to enable 

maximum device throughput while permitting 

engineering studies when required. TEKTEST Ill 

is a new test language written by Tektronix 

Software Engineers. The language was designed 

to be easily understood by systems engineers 

yet powerful enough to control the full hard-

ware testing capabilities of the S-3260. 

The TEKTEST Ill Executive disc operating 

system permits interactive test program 

preparation. Other features permit on line 

editing, on line debugging and functional 

test pattern editing. 

All commands are as descriptive as 

practical and are entered in English language 

format. For more information on TEKTEST III 

and the S-3260 contact your Tektronix Field 
Engineer and ask for a copy of S3260 Automated 

Test System Control Through TEKTEST Ill Software 

and the S-3260 Brochure. 

ystenis 

TEKTRONIX® 

P.O. Box 500 
Beaverton, Oregon 97005 
in Europe—TEKTRONIX LTD. 
Guernsey, ci., U.K. 
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Ready to fly. Kearfott's third-generation inertial navigation system, Gamma 1, is 7% inches 

high, 7. in wide, and 12V2 in. in depth. It costs $15.000 less than competitive versions. 

MOTHERBOARD 

DC DC POWER SUPPLY 

CPU, PROD MEMORY 

SYNCHRO BUFFERS 

AC DC POWER CONVERSION 
BATTERY CHG., DiA CONVERSION 

least $15,000 less than the competi-
tion." 

Consequently, Singer expects to 
sell about 300 units in the next five 
years to airlines and executive-air-
craft owners, although Weiss says 
"I'm more enthusiastic now about 
the latter market." 
As for a military market, "I hon-

estly don't know, but, at a min-

News briefs 

imum, it could be another 300 
units," Weiss says. 
The modular unit, designated the 

SKN-2610, also includes a control 
display unit, incorporating c-mos 
circuitry to reduce the heat dissi-
pated in the cockpit, and mode-se-
lect and battery units. And it has 
sufficient computer and hardware 
capacity to be augmented by other 

Fairchild, Polaroid in S19 million deal 
Fairchild Camera & Instrument Corp. received a contract 
from Polaroid Corp. calling for up to $19 million in elec-
tronic circuitry for Polaroid's new instant-picture camera, 
the SX-70. Fairchild President C. Lester Hogan says Po-
laroid is likely to be his biggest customer this year [Elec-
tronics, Jan. 4, p. 34]. 
Under the contract, Fairchild will be a major supplier of 

the three solid-state modules that control the exposure, 
flash-firing, and motor functions of the camera. Produc-
tion quantities of the modules now are being shipped to 
Polaroid, Fairchild said. The ICs were developed in a 
three-year program by the two companies. 

Western Union gets first domsat OK 
Western Union, which was the first to ask FCC approval 
and the first to contract for satellites [Electronics, Aug. 
28, 1972, p. 32], became the first company receiving 
commission approval to begin building a domestic satel-
lite system. The company was incorrectly called Western 
Union International in a previous story [Electronics. Jan. 
4, p. 33]. The FCC approved satellite construction for the 
estimated $70 million communications network to begin 
operating by mid-1974, but withheld approval of earth-
station construction, pending further consideration. WU 
not only is first out of the starting gate, it is the only one 
ready, as the commission says no other application is 
ready to be acted upon. Several potential applicants are 
expected to drop out as the domsat stakes race contin-
ues. 

sensors, such as Omega, Loran, or 
doppler. FAA certification is ex-
pected before the end of the year. 
An important advantage is that, 

because the unit is a half-size box— 
it fits into a three-quarters ATR short 
package instead of the conventional 
ATR long—it can be mounted either 
way in a standard equipment rack, 
he adds. Weiss points out that the 
inertial measurement unit in the 
navigation system builds on Kear-
fott's KT-70 design, of which some 
2,000 have been delivered to mili-
tary and commercial customers. 
However, the ¡mu in the SKN-2610 
relies on a "cantilevered" gimbal 
structure instead of the conventional 
ring gimbal. This reduces by a third 
the size of the gimbal structure and 
improves the access to the unit for 
maintenance. The Gamma 1 (for 
Gyroflex Advanced Miniature 
Modular Autonavigator) was de-
rived from military contracts. 
A key part of the new unit is the 

"whole computer, including 

RCA names Vonderschmitt 
RCA's Solid State division, Somerville, N.J., has a new 
head: Bernard Vonderschmitt, a 27-year veteran of RCA, 
who moves up from divisional vice-president, solid state 
integrated circuits. 
He succeeds William C. Hittinger. named last month 

to be executive vice-president of the corporation's con-
sumer and solid state division [Electronics, Dec. 18, 
1972. p. 38]. 

GI looks east 
New York-based General Instrument Corp. has picked 
Richard F. Adler to head its new sales and marketing op-
eration in the Far East, General Instrument-Japan. Re-
placing Adler as vice president and general manager of 
the Semiconductor Components division, Hicksville, N.Y., 
is Douglas O'Connor, who joined the company a few 
months ago from Fairchild Semiconductor. The division 
turns out rectifiers, MOS field-effect transistors and multi-
plexers. 

Baggage X-ray 
Airlines have generally been experimenting with portable 
low-level X-ray systems, [Electronics, Sept. 25, 1972, 
p. 32] for examining the carry-on baggage of their pas-
sengers. But now Delta Airlines is testing at New York's 
Kennedy International Airport a relatively high-level Dy-
nafluor II system, which uses X rays and fluoroscopy, 
built by Philips Electronics division of PEPI, Inc., Mt. Ver-
non, N.Y. 
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DM64 10 MHz, 1 mV/cm, 100 ns/cm $1095 
The Telequipment line is growing . . . and offers 
you a greater selection for your next dual-trace 
scope. Take the new DM64. .. it offers 25 cm/ms 
bistable storage with auto erase, 10-MHz conven-
tional operation, alternate or chopped dual-trace 
displays and convenient single-button X-Y opera-
tion. The new 066 offers 25-MHz dual-trace per-
formance and X-Y. The D67 offers laboratory 
performance with delayed sweep, regulated power 
supplies, and 3% accuracy. The 054 offers dual-
trace convenience at lowest cost. All have trig-
gered sweeps. 

All are backed with the same warranty as other 
TEKTRONIX products, and are marketed and 
supported through an international network of 
Tektronix Field Offices, Service Centers, Distrib-
utors and Representatives. Call your nearest of-
fice or write Tektronix, Inc., P.O. Box 500, Bea-
verton, Oregon 97005. 

$975 067 25 MHz. 10 mV/cm. 200 ns/cm 

$5195 054 10 MHz. 10 mV/cm. 200 ns/cm 

U.S. Sales Prices FOB Beaverton °rector 

Part of the Telequipment line from Tektronix, Inc. 
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SHORTER 
CASE! 

SCHAUER 
ZIS 

f 
028 DIA. 

GOLD PLATED 

NICKEL CLAD 

COPPER LEADS 

U.S.A Made 

No fragile 
nail heads 

High pressure 
molded case 

ALKYD RESIN 
± 16 

\diellile CASE LENGTH 

0.320" MAX. 

(Was 0.437") 

SAME LOW PRICES FOR 
1% TOLERANCE ZENERS 

ANY VOLTAGE 
FROM 2.0 TO 18.0 

Quantity 

1-99 

100-499 

500-999 

1000-4999 

5000 up 

Price Each 

S1.07 

.97 

.91 

.86 

.82 

IMMEDIATE SHIPMENT 
Send for rating data and 
20%, 10%, 5% and 2% 
tolerance prices. 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4514 Alome Ave Cincinnati, Ohio 45242 
Telephone 513/791-3030 
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memory, on one card," Weiss says. 
Mounted on a 6-in.2 card, the paral-
lel processor features 43 read-only-
memory chips for its 7,168-word 
program and data memory, 10 LSI 
chips of five types (mostly from 
Fairchild Semiconductor) and four 
hybrid circuits. In addition to the 
program memory, the system has an 
LSI random-access scratch-pad 
memory of 512 words, a nonvolatile 
one of 64 words, and a micro-
program of 128 words of LS! ROM. 
Execution times are 9.8 micro-
seconds for addition, 68.4 gs for 
multiplication and 73.2 its for divi-
sion. 
Other improvements have been 

made in the inertial platform, in-
cluding restructured gimbals, im-
proved Singer Gyrotlex gyros, and 
better accelerometers. 

Singer Kearfott also has another 
part of the inertial-navigator mar-
ket. It makes the gimbals and iner-
tial platform for Collins Radio Co's 
second-generation 61-B system. E 

Military electronics 

C-5A testers get 

new automatic gear 

Impressed with what it calls the "ex-
cellent success" of automatic test 
systems for base-level maintenance 
of the C-5A's flight-control system, 
the Air Force has ordered eight 
more at a total cost of $1.6 million. 
The test systems for the giant trans-
port are the H-316 minicomputer-
directed 2600 series from Honeywell 
Inc.'s Government and Aeronauti-
cal Products division in Min-
neapolis, Minn., and will replace 
older tape-controlled systems sup-
plied by the Bendix Corp. 
The new stations, which the Air 

Force designates the MR-1505, will 
enable maintenance people at each 
of the C-5As' four bases in the U.S. 
to pinpoint faulty modules and 
printed-circuit-card assemblies from 
among the 120 in the five line-re-
placeable units that make up the 
flight control's two stability-aug-
mentation systems, two autopilot 

computers, and one auto-throttle 
computer. Faulty cards will be sent, 
as at present, to the MR-1505 instal-
lation at Tinker Air Force Base, 
Okla., for depot-level repair in 
which faulty components are de-
tected and replaced. Malfunctioning 
line-replaceable units are, of course, 
pinpointed on the flight line by the 
C-5A's combination of built-in test 
computer, onboard fault-locating 
computer, and warning flags. 

During the first 3,000 hours of op-
eration since it was installed at Tin-
ker last May, the Honeywell test 
equipment has had only five hours 
of downtime, reports Larry Smith, 
manager for the C-5A's automatic 
flight control system at Aeronautical 
Systems division, Wright-Patterson 
Air Force Base, Ohio. 

Exceptionally good performance 
recommendations were also forth-
coming to the Air Force from com-
mercial users of the Honeywell test 
equipment. These include American 
Airlines, United Air Lines, and 
McDonnell Douglas, all of which 
have been using the 2600-series gear 
for trouble-shooting aboard the DC-
10 wide-bellied aircraft. 
Spurred by change. The impetus 

to buy the Honeywell equipment 
came from engineering changes that 
had to be made in the C-5A's flight-
control system as a result of all-
weather landing tests made late in 
1971, Smith explains. The cost of 
writing the new programs on the 
Bendix equipment, particularly af-
ter Honeywell engineers doing the 
flight-control redesign produced test 
specifications in their own program-
ing language, plus the cost of modi-
fying the interfaces between the test 
gear and the line-replaceable units, 
led the Air Force to opt for the 
Honeywell test system, he continues. 
A big plus was Honeywell's dem-

onstration that the MR0-187 inter-
face presently used with the old test 
station could be tied into the MR-
1505. Thus, the same test gear could 
be used for both the old and new 
versions of the flight-control system, 
which is being modified gradually, 
Smith says. 
Another factor was the need to 

share the Bendix gear between two 
aircraft. This was a goal of the origi-
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14/74 TTL lines in the world 

e past 18 months we've developed 151 new IC's and put 

into production. 53 of them were 54/74 series types. 

)tal in the standard family (not including the H, L or S se-

now 95 types, each of which is available in two temper-

ranges and your choice of dual-in-line or flat package. 
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Tung-Sol 
Modular Bridge 
Rectifiers Have 

Highest Surge Ratings 
Junction sizes enable Tung-
Sol modular bridge rectifiers 
to withstand single cycle 
surges of 300 to 400 am-
peres. These exceptionally 
high ratings provide circuit 
designers with maximum 
protection against over-
loads. Check all of the high-
performance characteristics 
of Tung-Sol bridge rectifiers. 

Single Phase Bridges 

B-50 Series—DC rating: 10A @ 75cC 
case. Forward surge rating: 300A @ 
rated load. Ratings from 50 to 600 
PRV per leg. Epoxy case construc-
tion. 

B-40 Series—DC rating: 15A @ 75°C 
case. Forward surge rating: 300A @ 
rated load. Ratings from 50 to 1,000 
PRV per leg. Epoxy case construc-
tion. 

B-10 Series—DC rating: 30A @ 75'C 
case. Forward surge rating: 400A @ 
rated load. Ratings from 50 to 1,000 
PRV per leg. Aluminum case con-
, struction. 

Three Phase Bridges 
,„ 

B-20 Series—DC rating: 35A @ 75°C 
case. Forward surge rating: 400A @ 
rated load. Ratings from 50 to 1,000 
PRV per leg. 

Write for complete intormation. 

SILICON PRODUCTS SECTION 

WARNER ELECTRIC CORPORATION 
630 West MI. Pleasant Ave Livingston. N J. 07039 • 

TWX: 710-994-4865 PHONE: (201) 992-1100 
(2121 732-5426 

Trademark TUNG-SOL Reg. U. S. Pat. OIL and 
Marcas Registradas 
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tern, it will order 21 more at an esti-
mated total cost of $78 million for 
the en-route air-traffic-control cen-
ter, says Spencer S. Hunn, director 
of FAA's Systems Research and De-
velopment service. 
"We would like to make a pro-

duction award as early as possible," 
Hunn adds. The prototype is to be 
delivered during the winter of 1975 
for six months of testing. Production 
plans would call for delivery of five 
systems a year, beginning in 1976, 
with final installation by 1980. The 
system is designed for a life cycle of 
20 to 25 years, he says. 
FAA needs the EVS because the 

agency faces high costs from leasing 
much of the present nonautomatic 
system from the telephone com-
pany. And expansion to meet added 
requirements would be even more 
expensive, Hunn says. Because the 
agency estimates that EVS will save 
$350 million in phone bills over 15 
years and pay for itself in six or 
seven, "it made sense to own the 
stuff outright," he explains. 

"In essence, it's a special-purpose 
electronic telephone-switching sys-
tem," explains Albert E. Tegeler, 
chief of the FAA's Control System 
section. A complex of three proces-
sors the size of its Univac 1615 mini-
computers automatically will give 
controllers instantaneous communi-
cations by rerouting calls over a va-
riety of available circuits to avoid 
busy or down circuits. Electronic cir-
cuits and relays will replace me-
chanical relays. 

In automating controller commu-
nications, EVS will handle voice flow 
between the controller on one end 
and pilots, administrators, and other 
controllers, who may be either 
within the same center or at other 
centers. To be replaced with new 
equipment are radio, intercom, in-
terphone, and switchboard net-
works, as well as trunk service to the 
military automatic voice network 
(Autovon), the Federal Tele-
communications Service, and com-
mercial telephone networks. 

Tegeler adds that EVS will give 
the FAA real-time quality-control 
over its lines. EVS equipment also 
will take up one-fourth the room of 
present gear. 

116 Circle 1 1 6 on reader service card 

Now that the EVS automatic link 
within each air-traffic-control center 
is planned, the FAA is thinking 
about a network for the 1980s to 
connect all EVS installations sim-
ilarly to the military's Autovon sys-
tem. Still in the formulation stage, 
the switched aviation communi-
cations (Savcom) network auto-
matically would manage the whole 
EVS system and switch calls between 
centers. The agency has not decided 
whether an existing ATC would 
house Savcom processing gear or if 
it should go in a new center. 

Software 

Commercial version 

of Vultics offered 

Honeywell Information Systems has 
announced a commercial version of 
Multics, a time-sharing computer 
system that it calls the "most ad-
vanced and sophisticated computer 
system in the world today." The 
product of more than seven years of 
development jointly with Massachu-
setts Institute of Technology, Mul-
tics is based on an enhanced version 
of the H-6080—the largest of Hon-
eywell's 6000 computer series. 

Multics differs from other avail-
able time-sharing systems in that it 
not only uses virtual memory and 
paged bulk storage, but its bulk 
storage is segmented, which Honey-
well claims to provide equally ef-
ficient operation for both large and 
small users. The system also in-
cludes a microprogramed controller 
that replaces the control-system 
software that was used in develop-
ment at MIT. The result is a faster 
Multics system capable of servicing 
as many as 100 users simulta-
neously. 
A Honeywell spokesman says that 

Multics adapts to the user's needs 
and abilities, rather than forcing the 
user into a given time-sharing oper-
ational format. At MIT, for example, 
even the time-sharing systems of 
other colleges, such as Dartmouth, 
are held in memory for emulation. 
Also, the Multics system is said to 
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10-TURN PRECISION/ POTENTIOMETER 

3OLTRNS 
EVV MODEL 

•1000-1999 quantity 
U.S. Dollars, F.O.B, U.S.A. 

WHEN 
BUDGETS AND 
SPACE ARE TIGHT... 

)DEL 3540 IS RUGGED, TOO! 

¡ECK THE EXCLUSIVE CONSTRUCTION FEATURES. 

IILVERWELD UNITIZED TERMINATION — Why settle for multi-joint, 

erminal-to-element connection? Get the direct element-to-terminal connection 
nethod that guards against catastrophic failures 

A OLDED-IN, SHAFT-TO-ROTOR CONSTRUCTION — This Bourns feature 
ptimizes stop-strength and minimizes accidental rotor/shaft displacement and 

lippage 

JON-CEMENTED, ALL-MECHANICAL ASSEMBLY. Snap-on straps provide 

Ill-mechanical assembly. No cemented joints, heat-forming, or ultrasonic welding 

()K AT THE SIGNIFICANT SPECS! 

.INEARITY: 0.25% 

'EMPERATURE RANGE: —55 to +125°C 

RESISTANCE RANGE: 100 ohms to 100K ohms 

)R COMPLETE DETAILS AND PRICES... CONTACT YOUR LOCAL BOURNS 

'PRESENTATIVE, FIELD SALES OFFICE, OR THE FACTORY DIRECT. 

3C3E.Tel\TS 
URNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
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neodymium 
glass lasers 
from 100 MW 
to 100 GW 
between 
2 and 30 ns 

Research: 

LABORATOIRES de 

MARCOUSSIS 

Production : 
COMPAGNIE INDUSTRIELLE DES LASERS 

91460 MARCOUSSIS - France - Tél. (1) 901.20.02 

Representative for the U.S.A. 800 Shames Drive, Westbury 
New-York 11590 
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be t euter system avail-
able lout losing interim 
resu ecess, halt process-
ing ler one program, 
ston , data, and interim 
rest n perform other 
task programs before 
goin original. 

, Mass., computer 
mak inique security" in 
Mul e owners can pro-
hibi heir data, or allow 
limi • even alteration of 
thei: by other Multics 
user in contrast to nor-
mal ntry, Multics uses 
wha :ircles of security—a 
user Awed access to files 
to a of security, but not 
to th • circles." 

TI stem is priced from 
$3.5 en; Multics systems 
will because of added 
cont: 

lectronics 

NA ays shuttle; 

cut HEAO 

The N; e Office of Manage-
ment :t has been panting 
its col iwn NASA's neck for 
some a result, the space 
agenc gram-cutting fever 
even i iscal 1974 budget is 
to be ; in Washington late 
this m 

In ( ries of actions that 
look • the future, NASA 
annou it is stretching out 
the m iollar space shuttle 
progri ying the launch al-
most the early part of 
1979, rming reports that 
the ag ring shuttle-funding 
problt onics, Dec. 4, 1972, 
p. 57]. 
Twi :e companies were 

hurt t tions. TRW Systems 
Inc., F each, Calif., learned 
that .ted $250 million 
High- ronomical Observa-
tory -ogram was being 
"susp a year while NASA 
figure per ways to do the 
job c ther satellites that 

Actual scan using RL.512 array. Scan rate. 2 MHz; Resolution, 6 mils; 4 bit A/O conversion 
provides 16 gray levels. Photo is courtesy of Recognition Equipment, Incorporated. (see 
Note) 

ANNOUNCING 
THE FIRST 

PAGE READER 
ON A CHIP 

You can read a standard 81/2 " wide page at 16 mil 
resolution with only a single RI-512 self-scanned array. 
With only two of the 512 element devices aligned you 
can improve resolution to 8 mil on paper and still read 

at up to 10 MHz scan rates. 

ice 
Ft; 
--I: I 8 
........1 - ,. ..11  
‘...», ., .. .. ill: ..‘ .  

Z ie ¡ i I 

The Reticon RI-512 array offers 512 photodiodes on 1 mil 
centers self-scanned by on chip shift registers and 

multiplex switches. The device offers high sensitivity, 
charge storage mode operation, scan rates from 10 KHz 
to 10 MHz and operation on 15V supply. Optical quality 
quartz window seals the 18 pin standard ceramic DIP. 

Other applications include OCR, facsimile, surveillance, 
industrial control, size and edge monitoring, laser 

detection and many others. 

This and other devices of 16, 64, 128, 256 elements are 
available from inventory. 

RETICON TM 
363 MIDDLEFIELD ROAD 

MOUNTAIN VIEW, CA 94040 

(415) 964-6800 
Note the lilt Nd 1674,1971 Hrgh Delappon lar unpile Iry Chad was reproduce,' hr perrh,,,,,e, 01 dtc. ..,,trhge ht ih"ctrrc., end ['NH.," ing'..N.H. 
1.5 (am gith Sheet, Na. look, Ml laIr 
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WHY 
CHOOSE RENTAL 

ELECTRONICS WHEN 
YOU RENT, LEASE, OR 
RENTAL-PURCHASE? 
Because REI is the recognized leader when it comes to supplying you 

the most complete selection of electronic/scientific test equipment—to 
rent, to lease, or to rental-purchase—at the most attractive costs. 
Now, more than ever, you must expand along with the pace of eco-

nomic and technological development. To avoid the handicap of obso-
lete equipment, to help you maintain a flexible budget, to keep abreast 
of the competition, to assure growth with increased production and 
sales—Rental Electronics offers you the instruments you need, when 
you need them, for as long as you need them. 
REI offers you precisely the right instruments—everything from 

amplifiers to oscilloscopes to synthesizers—with a plan custom-designed 
to meet your specific requirements! 
Our staff of sophisticated financial planners is ready to help you 

choose the rental, lease, or rental-purchase package that best fits your 
situation. 
And your needed equipment is ready for almost instantaneous de-

livery, direct from one of nine strategically-located "Instant Inventory" 
Centers across the U.S. and Canada. 
Every Rental Electronics customer is our very special customer, 

receiving the service he needs under a rental, lease, or rental-purchase 
plan custom-tailored especially for him. The results are increased 
PROFITS for you! 

Ask for our full catalog today! Write or call: 

Rental Electronics, Inc. 
A pEpISIM LEASING COMPANY 

99 Hartwell Avenue, P. 0. Box 223 
Lexington, Massachusetts 02173 Tel. 617/862-6905 

Gaithersburg, Maryland 301/948-0620 / Lexington, Massachusetts 617/861-0667 / Anaheim, California 
714/879-0561 / Rosemont, Illinois 312/671-2464 / Fort Lauderdale, Florida 305/771-3500 / Dallas, Texas 
214/638-4180 / Oakland, New Jersey 201/337-3757 / Ontario, Canada 416/677-7513 / Palo Alto, California 
415/328-4525 
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could perform some of the same 
functions. Only about $17 million 
had been spent so far on the HEAO 
program. 
A little luckier was Fairchild In-

dustries Inc. of Germantown, Md. 
Even though it was told that its Ap-
plied Technology Satellite (Ais) G 
had been canceled, most of the 
more than $60 million for the AIS F 
and G satellites has been spent on 
F, which is still set for launch in 
1974. 
The ATS program has straight-

ened out and has been rescheduled 
after running into problems [Elec-
tronics, Feb. 14, 1972, p. 49], but 
NASA decided under budget pres-
sure that, with the domestic-com-
munications-satellite market open 
[Electronics, Jan. 4, p. 33], commu-
nications satellites now can be de-
veloped by the members of private 
industry. 
No impact. Fairchild, as a matter 

of fact, says that the cancellation of 
G "looks like it will have no signifi-
cant impact on the company, at 
least for the first half of this year." 
Fairchild is a contender for the do-
mestic-satellite market. 

Civilian development of a short-
takeoff and landing (STOL) transport 
also received a blow. NASA chopped 
a contract with Lockheed-Georgia 
to study and possibly build a quiet-
engine, propulsive-lift experimental 
STOL plane. The White House 
budget office also hasn't yet released 
$2 million in fiscal 1973 funds ear-
marked for STOL quiet-engine de-
velopment. 

Also, with the closing of the Plum 
Brook, Ohio, nuclear research sta-
tion, the agency sharply curtailed its 
space nuclear power efforts and 
dropped its nuclear propulsion re-
search. Li 

Instrumentation 

Slew knobs replace 

light pens 

Researchers at a California nuclear 
science laboratory have hit on an al-
ternative to the familiar cathode-
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SI ICITY, PERFORMANCE, RELIABILITY... 

wh could you ask of a dual trace oscilloscope that's selling for s 5 5 0 ? 

OU COULD ASH FOR THE PHILIPS LABEL! 
PhilipE 
and th 

your a 
protes 
test ar 
N.V. P 

SIMPI 
trigge 
usual 
forms 
Even 
uncer 
in the 
3110 
PM31 
frame 
displa 

PERF 
50mV 

àder in instrumentation 
3 that famous label. It is 
is made with the same 
and concern as other 

:rvices manufactured by 
herlands. 

nd stability controls for 
eliminated, as have the 
ntrols. The PM3110 Per-
internally, automatically. 
:hnicians are sometimes 
lisplay a particular signal 
le "alternate" mode: PM-
is automatic. And the 
, chooses either line or 
r its trigger input when 

C bandwidth is 10MHz at 
sensitivity can be multi-

LIPS PM 3110 

ITEMS 

• 

plied by 10X to 5mV/cm with a bandwidth of 
5MHz. Maximum vertical deflection is three 
times screen height or 24cm. Overall accuracy 
from input to screen is 5%. Line voltage varia-
tions of —15% to +10% produce only 1% over-
all error. 
The horizontal sweep can be expanded 5X to 
50cm so that, for example, a color TV burst can 
be displayed in enough detail to permit the 
technician to count the cycles in the burst. 
And PM3110 signals are displayed on a full 
8x10cm graticule, not the usual 6x10, this per-
mits the entire CRT surface to be used for 
accurate measurement. 

RELIABILITY. The PM3110 can withstand in-
put overloads up to 1.000 volts for as long as 
30 seconds: inputs as high as 500 volts can be 
handled with perfect safety, a great advantage 
in TV service applications. 
Although the PM3110 weighs only 19 pounds, 

0 10 MHz 

AC .10 

"A 

MAGNI 

it is both rugged and durable, having passed 
rigid environmental and vibration tests. Its max-
imum operating temperature range is from 
—10104 45 degrees C. 

ECONOMY. The PM3110 sells for $550. That's 
less than any comparable dual trace oscillo-
scope and is within the reach of schools, ser-
vice centers, laboratories and manufacturing 
concerns. 

THE PHILIPS LABEL. Philips quality makes 
the PM3110 your best buy in a low-price dual 
trace oscilloscope. The PM3110 is available 
from Test & Measuring Instruments Inc., which 
provides applications engineering assistance 
and service everywhere in the U.S.A. For com-
plete data on the PM3110 and for information 
on the entire line of Philips test and measuring 
instruments, contact: Test & Measuring Instru-
ments Inc., Hicksville, New York 11802. Phone: 
(516)433-8800. 
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 TRiGGERING 

0101TIA •I 
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TIME 
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areee iffeeseveu meeeeemvee hilN. 
A NORTH AMERICAN PHILIPS COMPANY 
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there is only 
one calibrator 
desiened for 

digital 
(asa;IAgTes) meters 
ROTEK'S 
NEW 
Series 300 

E/I/R calibrator 
This versatile, high-precision instrument introduces a new con-
cept in voltage, current and resistance calibration for the digital 
instruments of the 70's, as well as for classic analog meters. 
No other calibrator on the market can match its combination 
of high accuracy, operating speed and safety, and flexibility. 
It gives you: 

High accuracy — 0.005% 
DC; 0.05%, AC 

Broad operating range — 6 
voltage ranges; 6 resistance 
ranges; 7 current ranges; fre-
quencies to 10 kHz 

Closed-loop operation — pro-
vides instant, automatic 
response to dial settings ... 
eliminates fussy manual 
adjustments 

Digital error readout 

Programmable operation 
available — Model 310 

Unprecedented flexibility — 
ideal for calibrating analog 
meters and panel meters of 
all types, including 3, 4 and 
41/2 digit AC or DC am-
meters, voltmeters, multi-
meters and A-to-D 
converters 

Complete specifica-
tions and data are now 
available on the Series 
300. Send for your .004 
free copy today. 

ROTEIK INSTRUMENT CORP. 

40 Guinan Street, Waltham, Massachusetts Tel. (617) 899-4611 

Electronics review 

ray-tube display and light pen. They 
use slew knobs—two knots mounted 
on two shaft encoders that generate 
pulse trains. The computer inter-
prets these pulse trains in much the 
same way that it interprets light-pen 
signals and takes appropriate ac-
tion—modifying the display, making 
computations, or what have you. 
The idea isn't new. The nuclear 

scientists at Lockheed's Palo Alto 
Research Laboratory are using the 
older technique instead of the newer 
light pen. Slew knobs are not lim-
ited to particular kinds of appli-
cations in the way that light pens 
and other familiar man-machine in-
teraction devices are. On the other 
hand, they do have disadvantages 
for some applications. 

Basically, there are two ways to 
use a light pen. One is to point at a 
part of a display to trigger some des-
ignated action by the computer. The 
other is to move a marker on the 
screen so that it draws a line or 
curve, or connects two otherwise un-
related sections of the display. Slew 
knobs are good for the first appli-
cation, but not so good for the sec-
ond—as anyone can testify who has 
tried to use Etch-a-Sketch, the 
child's toy that traces patterns in 
metallic powder adhering to the 
back of a transparent screen. 
The big advantage of the slew 

knobs is their generality; because 
they are independently mounted, 
their signals are not limited to X-Y 
coordinates or any other predeter-
mined meaning, but they can be 
programed to do anything. 

Functionally, slew knobs are simi-
lar to the mouse, the joystick, and 
the trackball, other common display 
input devices. All three are two-
shaft encoders; however, the shaft 
encoders of all these are mounted at 
right angles, and they produce sig-
nals that are interpreted as X-Y 
coordinates of points on the display. 
While the slew-knob signals can also 
control X-Y coordinates, they are 
not limited to this interpretation 
because they are physically inde-
pendent. Their independence is what 
makes the curve-drawing applica-
tion difficult—although this can be 
simplified by software that inter-
prets signals: 
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In telephone companies around the 
world, inclusion-free copper-clad 
laminates from Norplex provide the 
extra measure of dependability de-
manded by sophisticated communi-
cations systems. They are without 
equal for stress-free uniform quality 
and reliability. 

The Lint-Pickers take such infinite 
pains in manufacturing a superior 
product, they have had to design 
much of their own quality-control 

equipment. This way they can guar-
antee it will meet or exceed NEMA. 
MIL-P and customer specifications. 

This careful attention to detail con-
tinues even after the sale. Your ac-
count is in the hands of an in-depth 
service organization, headed by your 
Norplex representative. He is an ex-
perienced laminate engineer, and a 
qualified problem-solving consultant 
in his own right. He is supported by 
a customer-service team on the "in-
side" and a technical service depart-

ment "outside" in the field. Together 
they offer readily available expertise 
second to none. 

For the most complete line of lami-
nates in the industry, call on the Lint-
Pickers from Norplex Division, UOP 
(Universal Oil Products Company). 
Main Office and Plant 
Norplex Drive 
LaCrosse, Wisconsin 
54601 
608/784-6070 

Franklin Office and Plant 
P.O. Box 186— 
Route 31 North 
Franklin, Indiana 46131 
317/736-6106 

How the Lint-Pickers 
keep the conversation clear. 

Norplexiominates 
by uop 
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KISS YOUR THERMAL 
INTERMITTENT 

OPENS GOODBYE 
Epoxy B is here. 
As the molded package solution for 

every product we make, including all 
IC's and our TO-92 transistors. 

Epoxy B eliminates thermal intermit-
tent opens, for fewer field failures and 

10 

1 Competitor 

2 Competitor 

3 Silicone 

1 -Epoxy A 

2-Phenol,c 

.... 

4 Epoxy B 

/ 
: 

1.--

4 

o 40 ISO 
NUMBER OF TEMPERATURE CYCLES 

500 1K 20 

substantial savings in service calls. 
You can see for yourself in the temp 

cycle test chart shown. The failure rate 
for Epoxy B even after 2,000 cycles 
is still zero. 

In our previous ad about this 
development we told you that, as in the 
past, other semiconductor manufacturers 
"will soon follow our lead:' And so 
they have. 

Scottsdale. Ariz 
(602) 945-8473 

Skeptics Test. But if you're skeptical, 
you need one of our Epoxy B Skeptics 
Test Kits. Each kit contains a bundle of 
data documenting tests 
pitting Epoxy B against 
alternative molded 
package solutions in such 
critical areas as moisture 
resistance, salt atmosphere and 
thermal intermittance. 

Our kit also contains a chart form, 
pencil and free National device with 
which to conduct your very own temp 
cycle test. 

For your Epoxy B Skeptics Test Kit, 
just call any of the sales offices listed 
below. 

Our only restriction is that you are 
a bona fide purchasing agent, quality 
control or reliability engineer. Or for 
those of you who'd simply like more 
information, we'd be happy to send you 
our new Epoxy B Reliability Brochure. 

Call (408) 732-5000. 

Or write National Semiconductor 
Corporation, 2900 Semiconductor Drive, 
Santa Clara, California 95051, and say 
goodbye to your thermal intermittent opens. 

National 
Mountain View. Calif Sherman Oaks Calif Miami. Florida Chicago. Illinois Lenexa, Kansas Burlington, Mass 
(415) 961-4740 (213) 783-8272 (305) 446-8309 (312) 693-2660 (816) 358-8102 (617) 273-1350 

Glen Burnie. Md Englewood Cliffs, NJ Syracuse, N Y 
(301) 760-5220 (201) 871-4410 (315) 455-5858 

Chagrin Falls, Ohio Beayenon. Oregon Dallas. Texas 
(216) 247-5481 (503) 643-5445 (214) 233-6801 



Washington newsletter 

FCC's Hinchman 

forecasts four 

or more domsats 

Semiconductor 

statistics 

suspended by EIA 

Univac, IBM, TI 

tie up touring Soviet 

ATC team. • • 

. . . but U.S. 

naiveté hobbles 

first talks 

America's domestic satellite communications requirements will come to 
four and possibly more systems, predicts Walter R. Hinchman, the 
Federal Communications Commission's new policy and planning 
chief. Hinchman should know, since he was the White House domestic 
satellite specialist in the Office of Telecommunications Policy before 
moving over to the FCC post carved out for him. 
Hinchman's four-plus number of candidates contrasts with earlier 

FCC staff projections of a three-system complex. Among them he in-
cludes: a joint AT&T-Comsat venture (along with the hint that AT&T will 
later go it alone); Hughes-GT&E pending a successful blend of service 
offerings; the already approved Western Union venture to be called 
Westar [Electronics, Jan. 4, p. 33], plus one or more systems for special-
ized services evolving from combinations of remaining competitors. 

Monthly publication of U. S. semiconductor production statistics will 
be dropped by the Electronic Industries Association, says president 
V. J. Adduci, confirming earlier staff reports [Electronics, Jan. 4, p. 36]. 
Members remaining in the Solid State Products division (ssPD) will get 
a 40% dues rebate for the last three quarters of 1973 under a revised 
budget adopted at a mid-January emergency meeting of the SSPD 
executive committee chaired by Delco Electronics' Frank Jaumot (see 
p. 10). The action followed the resignation from EIA of Fairchild Semi-
conductor and Texas Instruments, near the end of 1972. 
Adduci says the SSPD will substitute "monthly management sum-

maries" of total solid-state sales and bookings.Confirmation of the rec-
ommendations is expected at EIA's March meeting in Washington. 

The lion's share of U. S. industry tour time by a Soviet delegation inter-
ested in a possible buy of U. S. air-traffic-control equipment [Electron-
ics, Jan. 4, p. 50] has been locked up by Sperry Rand Corp.'s Univac 
division, IBM, and Texas Instruments—the three manufacturers instru-
mental in setting up the mission from Moscow sponsored by the Amer-
ican Institute of Aeronautics and Astronautics (AIAA). The Russians 
will spend close to four days at Sperry Rand plants and installations, a 
day each at IBM and TI, and part of another day at Cutler Hammer's 
AIL division during the two-week visit that ends later this month. The 
Soviets are also visiting FAA and NASA installations and, while they met 
other vendors at the AIAA annual meeting, industry sources say it is 
easier to sell on home ground. FAA officials insist that the Russians will 
visit other companies "on their next trip." 

I cn though there are White House indications that Pentagon export 
embargoes will present no problem in the event of a U. S. sale of com-
puterized air-traffic-control equipment to the Soviet Union, industry's 
inability to coordinate its proposal efforts hobbled the first round of 
U. S.-Russian talks in Washington. American manufacturers, lacking 
significant precedent for large deals with the Soviets, were left confused 
when the response to U. S. inquiries about how to structure a pro-
posal was that it was up to the Americans to make that judgment. 
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Washington commentary 

The slashing of Federal support for domestic R&D 

Meat axes are much in evidence in the capital 
as President Nixon's budget managers rush to 
fulfill their chiefs desire to put a lid on Federal 
spending, beginning with the fiscal 1974 budget 
that will go to Congress at the end of January. 
The result is that many Federal research pro-
grams in electronics and other technologies are 
being lopped off so fast that much of the na-
tion's research community is angry and frustra-
ted. These critics also question the whole sys-
tem of R&D priorities set up by the White 
House, which seems to be highlighting short-
term applications programs with trade poten-
tial to the exclusion of nearly everything else in 
the domestic sector. 
Who are the critics? There are many. Among 

the most prominent are Edward David, who 
recently resigned as science adviser to the Presi-
dent to join battery maker and Navy torpedo 
contractor, Gould Inc., and most of the Presi-
dential Science Advisory Committee (PsAc), all 
of whose resignations have been accepted by 
the White House, pending a complete reorgani-
zation of its Office of Science and Technology 
[Electronics, Nov. 6, 1972, p. 51]. But David 
and the PSAC members must be considered pas-
sive critics, having stopped short of publicly 
challenging the budget policies. 

An unhappy Branscomb 

Among the distinguished outspoken critics is 
former National Bureau of Standards boss 
Lewis M. Branscomb. now with IBM. Empha-
sizing that his personal concerns were those of 
"a scientist and private citizen." Branscomb 
used the forum of the Scientific Research 
Society of America meeting in Washington a 
month ago to deliver some sharp criticisms of 
the Nixon program for stimulating commercial 
R&D. He specifically targeted the direction of 
Experimental Technology Incentives Program 
(ET1P), which is being promoted and directed 
by William Magruder, presidential adviser and 
former SST project director [Electronics. Jan. 31, 
1972, p. 42]. 
Branscomb finds himself uncomfortable with 

ET1P "as many conceive it." He does not believe 
"that the way to approach the identification 
and removal of barriers to innovation is 
through contractual relationships with single 
companies for the conduct of commercial re-
search and development. It is hard to imagine 
that decisive results will flow from Govern-
ment-funded development unless the Govern-
ment is the real, rather than the surrogate. cus-
tomer for the resulting product. We have no 

way to find that narrow band of return-on-in-
vestment that is insufficient to justify invest-
ment of private capital, yet somehow sufficient 
to justify the Government's participation." 

Nevertheless, the Bureau of Standards has 
been restricted to initiating but a single new 
program. ETIP, out of its largest budget in his-
tory. notes Branscomb with some bitterness. 
"After the excellent policy basis set in the Presi-
dent's R&D message to Congress last March. the 
new appropriated funds for many well-
thought-out programs that address barriers to 
private R&D without interfering with the free 
play of competitive forces have apparently 
been impounded." With his old agency left 
only with ET1P as an initiative, Branscomb calls 
it "very disappointing to see a pattern of suc-
cessful work in support of economic develop-
ment and public protection. welcomed by the 
industrial R&D community, turned off and re-
placed by a speculative program whose basis 
for usefulness is still to be established." 

Who's all right? 

Criticisms such as Branscomb's on the direc-
tion of Federal support for nonmilitary R&D are 
only beginning to appear within the electronics 
industries. At that, they are still largely con-
fined to affected researchers heard griping at 
industry symposia. Corporate managements for 
the most part tend to focus on the benefits of 
the Nixon hold-down on Federal spending and 
its ostensible goal of halting tax increases. Their 
attitude, described by one research manager as 
one of"I'm all right. Jack." appears not to have 
sensed what the overriding emphasis on appli-
cations development programs portends for the 
long-term future of U.S. technology. Never-
theless, that issue and its implications for indus-
try are sure to surface in the new Congress, one 
that is increasingly angry at having its legisla-
tive programs frustrated by the President's ar-
bitrary impounding of appropriated funds. 
Among other places on Capitol Hill where 

answers will be sought to the question of who's 
all right—and who is not—in the Nixon pro-
gram for advancing civilian applications of 
technology: the new Office of Technology As-
sessment. whose congressional committee is 
being chaired by Sen. Edward M. Kennedy of 
Massachusetts. that commonwealth now jok-
ingly referred to in some Nixon quarters since 
the election as "the lone star state." It shapes 
up as one of a number of bitter battles between 
the White House and the Congress in 1973. 

—R a% Connolly 
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Right for the times! 

Here's why these new counters—offered in 
four frequency ranges of 50, 200, 512 MHz and 
3 GHz —are right for today's requirements: 

New 6150 series expandable 
universal counter-timers. 
S-D developed this line to handle almost every 
counter/timer requirement — bench and sys-
tems. Four basic models cover frequency 
ranges of 50, 200, 512 MHz, and fully automatic 
3 GHz. Buy for current requirements and up-
grade frequency range at any time. These in-
struments were designed from scratch for 
programmability: single line or binary, total 
control including attenuators, and analog or 
digital trigger level control. 

5 6 3 4 (-H3 
41E): COUNTER TIMER MODEL 6153 

SYSTRON 

6150 options and features: Choice of 100 nsec 
or 10 nsec TIM resolution—choice of five oscil-
lators—four types of BCD output—up to 9-digit 
readout — versatile remote programming — 
3 1/2 " height in full rack width —10mV rms reso-
lution to 0.1 Hz. 

Expandability. The expandable counter con-
cept satisfies many needs, present and future. 
Why? Because it's so simple and economical 
to upgrade the frequency range of your count-
er and add options. BCD output, additional 
readout digits, and a 200 MHz frequency range 
(in place of 50) are added by inserting new 
plug-in PC cards right inside your lab in min-
utes. Go to 512 MHz or 3 GHz, higher stability 
oscillators, 10 nsec TIM resolution (on 6150 
universal series), and remote programming — 
all are offered as expandable option kits in-
stalled by your local S-D service center. 

50 200 512 3 
MHz MHz MHz GHz 

Universal Model: 6150 6151 6152 6153 

Counters Price: $1195 $1495 $1795 $2995 

DONNER 

-e• O 

Concord Instruments Division, 888 Galindo Street, Concord, CA 94520. Phone: (415) 682-6161 
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All 191 flavors of RESNETT" 
DIPs offer system compatibility 
because we use the same packages 
you use for I.C.s; plus you get 
ceramic dependability at plastic 
prices. 

Whether you're inserting resistors 
automatically or by hand - call 
your local Beckman/ Helipot 
representative and ask how you 
can save money using RESNET 
DIPs. He stocks locally for 
immediate delivery. 

To request technical data, call 
your local Beckman/Helipot 
representative. Or write to 
Beckman Instruments, Inc., 
Helipot Division, 2500 Harbor 
Blvd., Fullerton, Calif. 92634. 

898-1(15 resistors) 
Price 11,000-4,999) 8.85 

:I.R 1R 1R 1 R, 

898-3 (8 resistors) 
Price I 1,000-4,999) 8.76 

STANDARD RESISTANCE VALUES 
I:I- V% or 2f1 
62 110 330 1.0K 2.2K 6.0K 15.0K 
68 150 470 1.5K 3.3K 6.8K 22.0K 
100 220 680 2.0Kt 4.7K 10.0K 

• Standard in 898-3 only. 
tStandard in 898-1 only. 

899-1 (13 resistors 
Price (1.000-1,999, 

899-3 )7 resistors) 
Price (1.000-4,999) 8.72 

STANDARD RESISTANCE VALUES 
2% or 211 I 

22 62 180 510 1.5K 4.3K IIK 
24 68 200 560 1.6K 4.7K I2K 
27 75 220 620 1.8K 5.1K le 
30 82 240 680 2.0K 5.6K 15K 
33 91 270 750 2.2K 6.0K I6K 
36 100 300 820 2.4K 6.2K 18K 
39 110 330 910 2.7K 6.8K 20K 
43 120 360 1.0K 3.0K 7.5K 22K 
47 130 390 1.1K 3.3K 8.2K 
51 150 430 1.2K 3.6K 9.1K 
56 160 470 1.3K 3.9K 10K 

Beckman 

ete 

•  •  • 

0-

-• 

4 
411-
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898-5-R220/330 
Pulse squaring TTL terminator. 
Price (1.000-4.999) 81.45 

899-5-R220/330 
Pulse squaring 1"I'L terminator 
Price (1,000-4,999) 81.35 

899-19 
DIP interface network providing resistors 
for uA711 core sense amplifier configuration. 
Price (1,000-4.999) 81.18 

899-40 
DIP network provides six line terminators 
and the threshold setting divider for the Intel 
3208A sense amplifier. 
Price (1,000-4,9991 81.35 
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Electronics international 
Significant developments in technology and business 

Circuit conserves energy 

in photo flash units 

Photographers will soon be getting 
more flashes per charge—and per 
minute—from the new generation of 
automatic electronic flash units now 
hitting the market. 

Like the units now on the market, 
they control their own light output, 
freeing the photographer from hav-
ing to readjust his lens aperture 
each time he changes his distance 
from the subject. However, when 
their full illuminating capabilities 
are excessive, the new units do not 
waste energy like the earlier units. 
Instead, the photographer gets more 
flashes from his batteries and 
quicker recycling after each flash. 
The race to develop a unit of this 

type on both sides of the world was 
a dead heat. Japan's Nikon and 
Braun in West Germany both un-
veiled their new automatic flash 
units recently in Germany. 
Longer life. Nikon's unit has a 

switch that gives automatic oper-
ation, with a choice of three differ-
ent lens apertures, or full output for 
manual operation. During manual 
operation about 40 flashes are ob-
tained with ordinary penlight cells, 
and recycling time is about 8.5 sec-
onds. But for automatic operation at 
a distance of 3 feet, the same dry 
cells will give about 400 flashes, and 
recycling time is reduced to less 
than 1 second. 
Other Japanese companies now 

have units, too. Matsushita Electric 
Industrial Co. has put a similar flash 
unit on the market. And Toshiba 
has announced a similar unit to go 
on sale in February. 
The basic electronic flash is 

simple. It consists of a direct-cur-
rent-to-direct-current converter, a 
capacitor to store energy, a gas-
filled flash tube, and a trigger circuit 
to synchronize the flash with the 
camera shutter. The first generation 
automatic flash units use the same 
basic circuit with additional compo-
nents that terminate the flash when 

subject illumination is adequate, 
when the photo is taken at less than 
the maximum distance. 
Quench. A sensor, normally a sili-

con photodiode or phototransistor, 
picks up light reflected from the 
subject. Its output, amplified and in-
tegrated, actuates a switching circuit 
when its output reaches a predeter-
mined value. That circuit triggers a 
so-called quench tube—a small low-
impedance gas tube that short cir-
cuits the flash tube—thus termi-
nating the flash and discharging the 
energy still stored in the capacitor. 
The quench tube is a simple arres-
tor-type gas discharge tube with ex-
ternal trigger electrode—capacitive 
current flowing from the trigger 
electrode to cathode is sufficient to 
fire the tube. 
Nikon engineers sought to replace 

this circuit with a series switching 
circuit that would stop the flash 
without dumping the charge re-
maining in the capacitor. But they 
could not do so because no suitable 
switching device existed. This year, 
however, Mitsubishi Electric Corp., 
which is in the same industrial 
group as Nikon, was able to produce 
a suitably small silicon-controlled 
rectifier that can handle 300 volts 
and surge currents in excess of 300 
amperes, and still be turned off 
within 5 microseconds. 

Italy 

Drumming up sales 

with rhythm IC 

The percussive world of the dance-
band drummer might seem to have 
little in common with the arcane 
world of mos. But SGS-Ates—Italy's 
leading semiconductor manufac-
turer, located on the outskirts of Mi-
lan—thinks otherwise. 

It is offering a single-chip 
"rhythm" generator that supplies 
much of the skill once required of a 
drummer. This ic is the key compo-
nent of the electronic rhythm ac-
companiment for electronic organs. 
One outstanding feature of the ic 

is that, via a relatively inexpensive 
change of masks during manufac-
ture, clients can select up to 12 dif-
ferent rhythms. Thus, by courtesy of 
SOS-Ates mos Planox technology, 
dance band organists can back their 
sounds with anything from waltz to 
rock rhythms, or if they want, even 
an Irish jig or a tarantella. 
The basic idea, SOS-Ates says, al-

ready existed as a result of regular 
contact with Italian and European 
organ manufacturers. But that idea 
was put into practice in late 1971 
when a leading european organ 
manufacturer wanted a custom-de-
signed single chip. The client not 
only wanted to be in the tech-
nological forefront but also wanted 
to cut down on the cost and space 
taken up by the conventional com-
ponents, which were either combi-
nations of ics or, more frequently, 
transistorized circuits. 

Intervention. The sGs-Ates 24-pin 
package offers savings in assembly 
time, space, and materials that can 
reach as high as 30%. It measures a 
meager 2.97 by 1.52 centimeters, 
compared with up to 10 by 10 cm 
for the transistorized circuits. Al-
though having adapted the original 
chip for the standard market, SGS-
Ates considers it a semi-custom 
item, because users will be able to 
customize part of the chip—the final 
circuit masking—themselves. 
The immediate market that SOS-

Ates has in mind is the Italian organ 
and accordion market, which the 
company reports is the largest in 

Europe, with at least half of Eu-
rope's manufacturers of such equip-
ment and more than half the Euro-
pean industry's sales. 
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If you thought our first 
I.C. multiplier solved a lot 

of your problems, 
take a look at this one. 

AD531. The first programmable 
XY/Z Multiplier/Divider. 
From $20 in 100's. 

If you have anything to do with I.C. multipliers, you 
know our two-year-old AD530 line of monolithic 
multiplier/dividers has become the industry standard. 
That kind of reputation we like. And we know our new 

AD531 will keep it going nicely. 
The AD531 has our proven high performance design 

of a differential transconductance multiplying element, 
stable reference, and output amplifier combined on a 

single chip. And we've added a variable scale factor 
which allows you to set any fixed value of a Z by an 
external resistor, or to dynamically vary the value of Z by 
an externally controlled simple reference circuit. 

Plus a differential Vx input with 75dB of common 
mode rejection. All this makes a lot of complex applica-
tions very simple. Like automatic gain control. 
True RMS-to-DC conversion. Absolute value. 
Vector summation. 
You can use the instrumentation amplifier input to 

reject common mode noise. Or to subtract two input 
signals prior to further processing. 
Or you can use the AD531 just to multiply, divide, 

square, or square root. 
The AD531 will help you do all of this and more with 

an error guaranteed to be less than 0.5%. 
The package is the TO-116 14-pin ceramic DIL for 

high reliability and handling ease. You can choose from 
three accuracy versions (J,K,L) for operation over the 
0°C to +70°C temperature range, and one for —55°C to 
+125°C operation(S). 

For the next 60 days we're offering five evaluation 
samples of any version of the AD531 at the 100-piece 
price. 

Call for complete applications and price information. 
We'll also tell you about two other additions to our I.C. 
multiplier line. The AD530L, the highest accuracy addi-
tion to our AD530 line: 0.5% maximum error. And the 
availability of the AD530 in a ceramic 14-pin DIL 
package. 

I.C. multipliers are just another of the unique solutions 
we bring to more of your problems. 
Analog Devices, Inc., Norwood, Massachusetts 02062. 

ANALOG 
DEVICES 

Call 617-329-4700 
for everything you need to know about multipliers. 
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International newsletter 

Soviet belief in own 

computers spells 

poor sales for West 

Plessey X-band 

devices show 

low noise 

Technical abstracts 

available from 

German EE society 

Though a leading Soviet automation expert, V. Galeev, who is in 
charge of the city of Moscow's computer center, in Pravda this week 
described widespread waste, duplication of effort, and lack of govern-
ment leadership in developing software, the Soviets' confidence in their 
hardware is stronger than ever. A spot check with informed Western 
business and computer experts in Moscow reveals that currently there 
is a decidedly gloomy outlook for computer and peripheral equipment 
sales to the Soviet Union. "There are clear-cut signs that the Soviets, 
rightly or wrongly, are convinced that they can resolve most of their 
major computer problems with their own equipment or equipment 
from Eastern Europe," says one of Moscow's most seasoned computer 
marketing experts. 

Negotiations are still under way for sales of computer systems to 
Aeroflot, Intourist, and the Kama River truck plant, the sources say. 
Moreover, all are expected to be signed by the end of the current year. 
Firms bidding include IBM, ICL, Sperry-Univac, and Leasco. But again, 
some sources here think that Soviet planners may well opt for So-
viet/Comecon-built equipment, and even Kama—whose eventual com-
puter system is estimated at $15 million—may buy Western equipment 
only to supplement its needs. 

Builders of instrument-landing and electronic-countermeasures systems 
are experimenting with samples of low-noise, high-gain gallium-arsenide 
field-effect devices built into microstrip amplifiers. Production samples 
of the devices, developed by transistor researchers at the Plessey Co. 
Caswell Laboratories, yield maximum stable gain of 10 decibels at 9.5 
gigahertz. Noise measurements are not yet complete, but it's estimated 
at 6.5 dB in X band, extrapolated from a directly measured 4 dB at 5 
GHz. Unity gain cutoff is around 40 GHz. 

High gain with low noise is obtained by using a three-layer GaAs 
structure in which the high-resistivity substrate has a similar epitaxial 
layer grown on it before the active layer, 0.3 micrometer thick, is grown 
on top of that. The intermediate layer produces a sharper change in 
carrier concentration at the active interface, which boosts the gain, and 
it has fewer structural defects than the bulk substrate, which cuts noise. 
For high definition, the photoresist in the gate region is exposed to an 
electron beam, but ultraviolet light is retained for source and drain. 

For engineers, technicians, and scientists who want access to material 
published in electronics or electrical journals, the German association 
of electrical engineers has started up a computerized information ser-
vice called the Electrotechnical Literature Service. Available to any 
subscriber in any country, it furnishes abstracts of technical articles 
published in about 500 magazines from around the globe. Articles in 
English are summarized in English, all others in German. Fee for the 
service is between $14 and $75 a year, depending on the number of ab-
stracts and frequency at which they are mailed. These charges work out 
to an average of 2 cents per abstract. 
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International newsletter   

Motorola seeks Motorola is looking for a new French president for its semiconductor 
plant in Toulouse to replace Tienne Cassignol, the former professor president for 
who has been in charge since the plant started operating in 1969. Cas-

French plant signol resigned this month to become president of Jaeger S.A., a French 
producer of avionics equipment and automobile instruments, many of 
them electronic. Motorola European vice-president Robert Heikes says 
the Jaeger offer gives Cassignol an opportunity to expand his manage-
rial responsibilities in a way that would have been impossible in the 
near future at Motorola. "He would have been a candidate for my job, 
but I'm not planning to leave tomorrow," Heikes says. 

Directly switched Tests at Standard Telecommunication Laboratories Ltd. by the team 
laser achieves working on laser-powered glass-fiber digital data transmission have 

shown that sTL's mesa-type gallium-aluminum-arsenide double het-
1-GHz bit rate ero-structure laser can be switched directly to produce a pulse-code-

modulated data stream at a bit rate of 1 gigahertz. This is quite fast 
enough to be acceptable in operational systems and much faster than 
previously reported for direct switching. To attain such a bit rate, it's 
been generally assumed that complicated modulation, possibly optical, 
would be necessary. sn's mesa is typically 30 micrometers across and 
dc-biased to 130 milliamperes, which is around the lasing threshold. 
Added to the steady bias are 20-mA modulating pulses. 

Japan starts Japan's overseas telecommunications carrier, Kokusai Denshin 
fax service Denwa, has started public facsimile service to Korea from Tokyo. The 

service, says the company, can send at reasonable rates Chinese, Japa-
to Korea nese, and Korean characters and graphic information.Customers send-

ing lengthy manuscripts will benefit from rates that are less than half 
those of the present word rate. Two page sizes, full and half, are avail-
able. A full page, equivalent to about 400 words, costs only $16.80, 
compared with $53.33 for standard message transmission. 

Ericsson sells Sweden's L M Ericsson has landed its first export order for an electron-
electronic phone ically controlled rural telephone exchange system—a $3 million order 

from the Mexican telecommunications administration. The order cov-
exchanges to Mexico ers some 100 small exchanges, which include both integrated circuits 

and discrete components in the control units. The Ericsson system was 
developed in cooperation with the company's Norwegian subsidiary, 
A/S Elektrisk Bureau, which is making similar exchanges for Norway. 

Addenda Sweden's Bofors has sold its electronic equipment subsidiary, AB Me-
teor, to the electrical-equipment maker ASEA. Meteor, founded as a 
subsidiary of a security-guard service, was acquired by Bofors in 1969. 
It has developed several computer-linked control systems, and its ma-
jor product is a banknote-dispensing system.. . . Japan's Murata Man-
ufacturing Co. is setting up a U.S. manufacturing plant in Cartersville, 
Ga., to make ceramic capacitors. piezoelectric devices, and varistors. 
. . . Another Japanese company, Oki Electric Industry Co. is setting up 
a joint venture, Oki Data Corp., in Cherry Hill, N. J., to import Oki's 
computer-peripheral and terminal equipment. 
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POLYSKOP® III 

INTEGRATED SWEEP TEST SYSTEM 

100 kHz - 1250 MHz 

Variable 
Sweep Rate 

Wide Band 
Sweep Generator 
1-860 M Hz 

Interchangeable 
with 

Narrow and Medium 
Band Sweep Generator 
100 kHz 1250 MHz 

Modular Amplifiers, 
Detectors, Recorder 
Adapter 

Horizontal 
Reference Line 
Generator 

Precision Attenuators 
1 dB Steps to 70 dB 

MODULAR DESIGN PERMITS TAILORING TO YOUR REQUIREMENTS AND CASH FLOW 

• Solid State 

• Narrow Band Measurements in IF Ranges, e.g., 400-

510 kHz/9.5-12.5 MHz/28-45 MHz. Crystal Filter 

Measurements in conjunction with a synthesizer 

• Medium Band Measurements: 

10 Subranges from 100 kHz-1250 MHz 

• Wideband Measurements: covering the VHF 

(1-300 MHz) and UHF (460-860 MHz) and 

300-460 MHz 

• Four Parameters can be displayed simultaneously 

Get The Extra Capability, 
Greater Reliability, and 
Longer Useful Life Of ... 

• Simultaneous display of forward and return sweep 

with magnified display during flyback 

• Forward and return sweep times adjustable 

between 20 msec and 10 sec and a manually 

controlled CW signal 

• Crystal-controlled frequency markers 

1, 10, 100 MHz+Ext. Marker Input. Pulse or 

vertical line marker selectable 

• Parallax-free superimposed reference lines for 

frequency and level 

• Available in 50 or 75 2impedance 

ROHDE ek SCHWARZ 
111 LEXINGTON AVENUE, PASSAIC, N.J. 07055 • (201) 773-8010 

Western Office: 510 S. Mathilda Avenue, Sunnyvale, Calif. 94086 (406) 736-1122 
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What more can you expect from 
Carpenter soft magnetic alloys a month from now? 

In a word—uniformity! Of that you can be sure. 
Because Carpenter specializes in making alloys 
consistently uniform, time after time after time. 

It means that next month you'll still be getting 
the best soft magnetic alloys available anywhere 
... the best for two reasons: First, Carpenter 
offers you the widest range of alloys and prop-
erties from which to choose ... from the purest 
commercial iron to high permeability alloys such 
as High Permeability "49" and HyMu "80" as 
well as Hipernom for shielding ... plus silicon 
core irons ... a wide range of nickel-iron alloys 

ferritic stainless steels. You name it! 
Secondly, Carpenter alloys are made to give 

#111110111 

optimum performance for a single specific fab-
ricating process: photoetching, deep drawing, 
stamping, spinning, hydroforming, machining, 
forging, brazing, or whatever. You just tell us 
which one you use. 
So what more can you expect from Carpenter 

soft magnetic alloys? More of the same—uni-
formity and confidence—order after order... 
backed by complete technical assistance and 
prompt service to meet all your magnetic alloy 
needs. Call your nearest Carpenter Service Cen-
ter today, listed in the yellow pages. Carpenter 
Steel Division, Carpenter Technology Corpora-
tion, Reading, Pa. 19603. European Office: Em-
mastraat 39, Amsterdam-Z, The Netherlands. 

Cal-i ij CARPENTER 
f-2M TECHNOLOGY 

CARPENTER STEEL DIVISION 
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Probing the news 
AnalysIs of technology an busmess OevetOpmentS 

IC makers speed JAN qualification 
The prospect of a rising military market for parts that meet joint Army-Navy 

specifications induces manufacturers to get on the qualified-vendor list 

by Larry Armstrong, Midwest bureau manager 

After a surge of activity late last 
year, many integrated-circuit sup-
pliers have qualified as Joint Army-
Navy vendors. Although they have 
beefed for years about the incon-
veniences of conforming to JAN 

specs [Electronics, Oct. 25, 1971, 
p.97], lc houses have been lured 
into the fold by the promise of 
sizeable shipments in the first quar-
ter of 1973 and by the prospect of 
simplifying in-house high-reliability 
specs. 
"The market," says Frank 

Jelanko, military merchandising 
manager at Signetics Corp., Sunny-
vale. Calif., "will probably be large 
enough that you'll be hurt if you're 
not qualified." He expects that 
about 10%—$3 to $5 million—of the 
high-reliability 'Cs sold in 1973 will 
be JAN parts. 
"We picture the JAN parts as tak-

ing over a large part of the market 
now covered by customers' high-
reliability specifications," says 
Charles Ketchum, product market-
ing group manager for rn. at Moto-
rola Semiconductor Products divi-
sion, Phoenix, Ariz. "Like others in 
the industry, we also have had our 
own high-rel program, but we see 
the JAN parts replacing them in a 
few years." 
No consensus. Long-range esti-

mates of the market range all over 
the ball park. Bob McKenna, man-
ager of military strategy at Texas In-
struments, Houston, predicts, 
"Within the next two to three years, 
the JAN lc market will be up to $30 
million annually, assuming substan-
tial growth in the total military IC 
market." Tom Magill, marketing 
manager for JAN ics at ITT Semicon-
ductor division, West Palm Beach, 
Fla., the first manufacturer to qual-

ify an lc to meet the JAN spec, pre-
dicts that the JAN market will be in 
excess of $100 million by 1975. 

But while many firms have won 
either interim or final qualification 
from the Defense Electronics Sup-
ply Center to produce and sell JAN-
symbolized ICs, most characterize 
shipments to date as "minimal"— 
they expect substantial orders to be-
gin this quarter. Texas Instruments, 
however, apparently is the excep-
tion. TI reports that it has been ship-
ping 50,000 JAN devices a month 
since October, although many of the 
devices have gone to distributors. 
Many manufacturers seem reluc-

tant to build inventories knowing 
that another vendor's final quali-
fication will oust their interim quali-

Now available. Ti's McKenna: "The growth 
of JAN ICs will be impacted almost totally by 

availability." 

The who, what, and how of JAN specs 

The JAN IC program is an effort to create an industry standard for high-
reliability integrated circuits for military uses. The program is supervised by 
the Defense Electronics Supply Center (DESC). MIL-STD-883 tells how to 
test ICs, MIL-M-38510 details how 883 must be applied in specifiying pro-
curement of ICs, and JAN specification "slash sheets" give the detailed 
electrical and mechanical specifications that families of ICs must meet. 

Qualification requires two steps. Part II is interim—a manufacturer is listed 
after he has been surveyed by DESC, after he's submitted design and test 
documentation for each part he intends to produce, and after he has sub-
mitted electrical test data taken on a minimum sample of parts per slash 
sheet. Following submission of additional qualification test data, he is listed 
as part I supplier. Part II is a temporary qualification—good for a year: but as 
soon as any vendor achieves part I, others making that device have 30 days 
to achieve final qualification, or they lose their part II listing. 
JAN numbers specify not only device type. but also the lead materials 

and finish, package, and 883-device-testing class. At last count, 31 specifi-
cation slash sheets covering 120 device types had been issued under the 
JAN IC program. Bipolars make up the bulk of the ICs covered by the slash 
sheets, but other technologies are included as well. Among them: a dozen 
linear devices, a programable read-only memory, and two complementary-
MOS devices. In addition, a number of other C-MOS slash sheets covering 
some 27 device types are close to final issue. Industry also expects to see 
slash sheets fairly soon for more memories, the 5400 Schottky rri_ family, 
and diode-transistor and emitter-coupled logic. 
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4 Quadrant Magnetic 

Analog 
Multiplier 
DC x AC = AC Output 

Product Accuracy 
is -412% of all 

readings Over Full 
Temperature Range 

of -55 C to +125 C 

II Product accuracy is specified in % 
of reading for all output analog 
voltage product points over the full 
military temperature range instead 
of % of full scale error giving 
superior results for small values. 

II Linearity, product accuracy, and 
zero point virtually unaffected by 
temperature changes. 

• All units are hermetically sealed and 
completely shielded from external 
electric or magnetic fields. 

Specifications Include: 

Transfer equation: E XY/3 

X & Y input signal ranges: 
0 to -4-3V Peak 

Maximum static and dynamic product 
error: V2 % of point or 2 MVRMS, 

whichever is greater. over entire 
temperature range 

Input impedance: X = 10K; Y = 10K 

Full scale output: 3 VRMS 

Minimum load resistance for 
full scale output: 2000 ohms 

Output impedance: Less than 50 ohms 

X input bandwidth: 
-*II:1.5db. 0 to 200 hertz 

Y input bandwidth: 
-t0.5db, 20 hertz to 1000 hertz 

DC power: :+:15V unless otherwise 
required @ 20 ma 

2 

There is No Substitute 

for Reliability 

GENERAL MAGNETICS, INC. 
135 Bloomfield Avenue 

Bloomfield, New Jersey 07003 
(201) 743-2700 

Probing the news 

fled parts. Not completely so, says 
McKenna: "Material being pro-
duced for JAN business on the 
books, or devices on the customers' 
and distributors' shelves is still con-
sidered JAN material." Devices in a 
manufacturer's stock are disquali-
fied until he achieves final quali-
fication. 

Price has undoubtedly cut down 
on shipments. "Right now, it looks 
like it will cost as high as three to 
five times as much to build to JAN 
instead of similar, high-rel military 
device lines," McKenna says, and 
he echoes the sentiment of the in-
dustry. This increased cost reflects 
the military requirement to build 
only domestically, tightened electri-
cal parameters, 100% dc-parameter 
testing at high, low, and room tem-
peratures, 100% electrical switching 
tests, periodic testing, and reporting 
requirements, as well as such nonre-
curring factors as equipment costs 
and qualification. 

Price differential. Jelanko, of Sig-
netics, agrees that the JAN-qualified 
Ics are three to five times more 
costly than commercial-grade ICS. 
He attributes this to the costs of do-
mestic assembly. And he says that if 
at a later date the military allows 

offshore assembly, the costs will 
drop, and the JAN market could be-
come 25% of the total lc market— 
but no more than that, he adds. 
Advanced Micro Devices, Sunny-

vale, Calif., in the process of quali-
fying its plant now, expects "huge 
administrative hurdles"—documen-
tation and inspection—ahead, says 
G. Bowers, director of product as-
surance. He doesn't expect technical 
problems in testing devices. 

Charles Von Urff, military-aero-
space marketing manager at Na-
tional Semiconductor Corp., Santa 
Clara, Calif., agrees that there are 
no technical problems in testing 
procedures, but adds that the testing 
equipment means a heavy addi-
tional investment. 

But prices for JAN circuits are al-
ready dropping, points out Joseph 
Brauer, chief of the Solid State Ap-
plications section in the Reliability 
branch, Rome Air Development 
Center, Rome, N.Y. Companies are 
finding it easier to produce devices 
to a single specification than to the 
many different ones they had to 
worry about before, he says, repeat-
ing a frequent rationale given for 
the establishment of the standards. 
As for the price premiums being 
paid as a result of rigid spec and 
testing requirements, these vary 
considerably among devices, he 

The view from RADC 

"After all the sound and fury, people found they actually could get good 
yield on quality devices," says Joseph Brauer, chief of the Solid State Ap-
plications section in the Reliability branch, Rome Air Development Center, 
Rome, N.Y. "We've seen a dramatic reduction in prices since the first mil 
specs for ICs were out." Brauer, who was instrumental in drafting MIL-M-
3851 0. has been critical in the past about the poor quality of ICs his branch 
has evaluated. 

Brauer characterizes as "generally small" the ratio of JAN IC costs to 
other high-reliability program costs, but one ratio that is large, he adds, is 
the price difference between the lowest and highest bidder, particularly for 
a complex part. Bids may range over a five- or 10-to-one ratio, indicating to 
Brauer that some companies are not as serious about what they're doing as 
others. 

Industry has signaled that it welcomes standardization, "as long as we 
don't get too nasty about it," he says. "We've had better communications 
in the spec-generation process than ever before." But some of the loudest 
complaints about individual specs may have been just "smoke screens" to 
cover up a company's deficiencies in the choice of process or schematic or 
both, he adds. 

As an example of this new industry-Government cooperation, Brauer 
points to a new Texas Instruments brochure, "a simplified guide to JAN ICs 
and Mil-M-38510." It has some exceedingly complimentary words on how 
well the JAN IC program is going, Brauer says. "I couldn't have written it 
better myself." 
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says. Simple gates may sell for "very 
close to commercial prices," he says, 
while more complex devices are 
more expensive. 
Spec simplification. Offsetting 

these higher device costs will be the 
reduced cost of procuring Ics, which 
industry sources expect may be cut 
by as much as one-third—by the 
elimination of customers' in-house 
spec-writing groups and quali-
fication activities. "One of the 
equipment subs on the F-15, for ex-
ample, has reported $150,000 sav-
ings for the initial development 
quantity of JAN ics over the cost of 
buying to its own nonstandard 
specs," says Terry Utz, standards 
engineering manager and F-15 
parts-control-board chairman at 
McDonnell Douglas Corp., St. 
Louis. "He's already placed the or-
der and gotten delivery, so it's not 
something that's going to happen— 
it's something that has happened." 
The big market impetus will be 

the Government's insistence that 
JAN ICs be used on major military 
programs, and industry says it's 
been supplying qualified circuits for 
the F-15. B-1, and even F-4 aircraft 
modification programs, as well as 
other programs still in their early 
stages. "The Harpoon missile wasn't 
able to use JAN Ics in development, 
but will use about 2,000 per bird in 
production," Utz says. 
And manufacturers expect that 

many programs that do not require 
JAN specs will go that way because 
of the availability of multiple 
sources. "A JAN circuit is a JAN cir-
cuit, regardless of who is supplying 
it," says ITT'S Magill. "The only fac-
tor will be price and delivery." Mag-
ill also points out that, since discrete 
JAN equivalents are used in some 
commercial programs, JAN ics may 
follow suit. But he cautions that can 
only become a small factor in the 
market. 
"We've detected a surprising mar-

ket in small subcontractors building 
military field equipment," adds Tis 
McKenna. "These people are be-
coming extremely interested in the 
distributor availability of JAN, al-
though it may be for systems not re-
quiring JAN devices. It allows them 
to utilize the characterization and 
qualification work done by the man-
ufacturer in obtaining the JAN qual-
ification." 

PLUG AND 
THREADED 

CAP. 

ALL THERMOTECH. 
ALL PLENCO. 

ALL SCREW INJECTION MOLDED. 
Thermotech Division of ITT, Minne-
apolis, Minn., makes a lot of things 
for a lot of companies who demand 
a lot of high standards of excellence. 
Thermotech, in turn, insists on 

similar excellence from its suppliers. 
We're pleased that Plenco thermo-
sets are part of this exacting "chain 
of demand". 
The injection-molded jack-nut, 

used in welding equipment, is made 
of our Plenco 548 General-Purpose 
Electrical Phenolic Compound. 
Thermotech finds it an easy-flowing, 
very fast cure material of excellent 
hot rigidity, low die-wear. 
The three bobbins are injection-

molded of our Plenco 369, a single-

stage G.P. phenolic for minimum 
odor, ammonia-free applications. 
A gas cap for chain saws, the in-

jection-molded plug and threaded 
cap are made of our versatile Plenco 
308 G.P. phenolic. Approved for its 
fast cure and dimensional stability. 
What can Plenco do for you ? 

THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 53081 

Through Plenco research ... a wide range of 
ready-made or custom-formulated phenolic, 
melamine, epoxy and alkyd thermoset 
molding compounds, and industrial resins. 
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When you 
make hybrid 
microcircuits like 
these,you can 
Guarantee 
Performance 

...and we do. 
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Bell & Howell's hardy hybrids offer the best of two 
worlds — superior performance to monolithic 
units . .-. and the high performance of discrete 
circuits but smaller in size. Check Bell & Howell's 
complete line and specify the type, configuration 
and parameters that are critical to your applica-
tion. Their performance is guaranteed. 1. Low 
noise, general purpose FET op amps in TO-8 or 
molded case. 2. Bipolar input op amps offering 
exceptional microvolt stability. 3. Fast slew rate of 
80V/p. Sec., 5 pA bias (max.) guaranteed, and wide 
bandwidth. 4. Single and dual voltage regulators 
with excellent line/load regulation and exceptional 
temperature stability. 5. Economy FET's with 5 pA 
bias (max.) guaranteed. 6. Ultra low bias current op 
amps with 1 pA (max.) guaranteed. 7. NEW! Optical 
Detector, designed with a large area silicon photo-
diode, low-noise operational amplifier and gain 
determining network — all in a miniature TO-5 
transistor package. 

Write or phone for complete information on spe-
cific units or on the complete line of microcircuits. 

C011TROL PRODUCTS Division 
706 Bost(Anck Ave.. Bridgeport. Conn. 06605 (203) 368.6751 

EiELL E HOWELL 
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Probing the news 

Commercial electronics 

Loran C signals commercial bid 
Four receiver manufacturers, capitalizing on digital IC design. 

have cut prices to less than $5.000 for marine navigation receivers 

by Lyman J. Hardeman. Communications & Microwave Editor 

Loran C, once exclusively military, 
is becoming available to commercial 
shipping, fishing vessels, and even 
large private yachts. The key to the 
commercial market for navigation 
systems is price. The first generation 
of Loran C receivers cost well over 
$20,000 per unit. But recently re-
ceiver manufacturers have come up 
with new designs that make exten-
sive use of digital integrated cir-
cuitry and innovative hardware, and 
receiver prices have dropped to be-
tween $3,000 and $5,000. 
Development of low-cost Loran C 

receivers has been stimulated by 
U.S. Coast Guard funding of re-
search and development. But now, 
careful market research, even more 
than technical design, will be a criti-
cal factor for companies seeking to 
win a chunk of the commercial Lo-
ran C business. It is not apparent 
now, for example, whether the com-
mercial user is willing to pay more 
for automatic features or whether he 
may be willing to sacrifice a few op-
erator conveniences for lower costs. 
It is certain, however, that use of 
Loran C equipment is gaining mo-
mentum and will play a much more 
dominant role among navigation 
systems of the 1970s. 

For several years, inexpensive Lo-
ran C receivers that detect and pro-
cess the pulse envelope of the trans-
mitted Loran C waveform have 
been marketed. Loran C is a naviga-
tion system in which the difference 
in time of arrival of pulses trans-
mitted from two or more fixed-sta-
tion pairs is compared at a mobile 
receiver to determine the receiver's 
location. The system's operating fre-
quency is 100 kHz, and its band-
width is 20 kHz. The new receivers 
considered here achieve much 

greater accuracy (down to about a 
quarter of a nautical mile, or 5-10 
times better than envelope detec-
tors) by tracking the phase of the rf 
waveform inside the transmitted 
pulse envelope. 
Who makes them. Two of the four 

companies that have developed 
such receivers are Teledyne Systems 
Co., Northridge, Calif., and Litcom 
division of Litton Industries, Mel-
ville, N.Y. Both developed their 
units under Coast Guard sponsor-
ship. Epsco Inc. and International 
Navigation Inc., both located near 
Boston, have developed receiver 
models using in-house funds, and 
each of these two companies last 
month announced marketing ar-
rangements with European-based 

distributors. 
John Hopkins, commercial mar-

keting manager at Teledyne, em-
phasizes that the earlier so-called 
Loran C-type receivers now selling 
at about $1,000 or so, employ enve-
lope-detecting techniques similar to 
those of Loran A and therefore 
don't use the full capability of the 
Loran C signal. Hopkins believes 
that "many users mistakenly think 
that Loran C is less accurate than 
Loran A because of these receivers." 
For the full-capability receivers, 

both rf front-end design and the ex-
tensive use of digital integrated cir-
cuits have been strong factors in re-
ducing receiver hardware costs. All 
of the commerical receivers contain 
a hard-limiting amplifier in the rf 

For commercial navigation. Loran C receiver from Litcom is expected to sell for less than 

$5.000. It includes a centralized processor and a narrow-band rt input filter. 

 A  
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Probing the news 

section, a cost-saving design that is 
often considered less attractive for 
military receivers because of its sus-
ceptibility to jamming interference. 

Standard TTL integrated circuits 
are being used extensively to imple-
ment the numerous Loran C digital 
functions. However, under separate 
development programs, the military 
is pushing to get most Loran C func-
tions on several metal-oxide-semi-

conductor LSI chips. Once this is ac-
complished, fallout from these 
efforts may be applied to commer-
cial receivers, and costs could drop 
even more. 

Like Teledyne's receiver, Litcom 
LCR-301 is manufactured to Coast 
Guard standards. But unique to the 
unit, states Claude Pasquier, direc-
tor of the company's Navigation 
Products department, are a central-
ized multipurpose processor and 
high-performance front-end filter. 
The single processor replaces nu-

Let us tell you if 
our custom 
linear LSI can 
help reduce your 
system costs. 

High-precision bipolar processing of linear circuits 
is one of the important ways that Micro Power 
Systems turns technology into profitable 
customer products. 

Our custom bipolar circuits often feature super-beta 
transistors, high-value, closely matched thin-film 
resistors sputtered onto the chip (see circuit photo 
below), and high-frequency transistors. These 
techniques are ideal for high-precision circuits or 
low-power applications. Or both. 

At Micro Power, we can offer you the advantages of 
bipolar, thin-film on bipolar, and High-Density CMOS. 
We know how to select the right combination of 
these advanced processes to solve your problem and 
shrink system costs. 

To learn more about some of the other very real 
benefits we have to offer, circle reader service 
number 245 or give us a call today. 

«We can help. 

MICRO POWER SYSTEMS 
3100 Alfred Street, Santa Clara, Calif. 95050 Telephone (408) 247-5350 

TECHNICAL REPRESENTATIVES IN EUROPE AND THE FAH EAST 
goolifflumuus%•...ffloorre.p..... 
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merous specialized circuits that were 
previously required to perform the 
multiple functions in the receiver. 
Considering the diversity of such 
functions, Pasquier believes that 
Litcom's multipurpose processor is a 
major factor in minimizing costs as 
well as in increasing the reliability 
and reducing the size and weight of 
the unit. 
The front-end filter in the Litcom 

receiver produces a 20-kHz 
passband at the 100-kHz Loran C 
center frequency. This is done by 
designing the filter so that all fre-
quencies outside the 20-kHz 
passband are attenuated by approx-
imately 50 dB. In competing de-
signs, narrow-band notch filters 
must be manually tuned to cancel 
the effect of interfering signals. 

Prices. The Teledyne TDL-601 
receiver is now in early stages of 
production, with deliveries to start 
next June. Price is not definite yet, 
but it will probably be about $5,000 
retail. Teledyne will sell through 
dealers to ensure service, hence the 
price is higher than the $3,000 to 
$4,000 originally projected. The 
company has sold "well over 100 re-
ceivers" in this early stage, says 
Hopkins. 
The Litton receiver is also in the 

preproduction stage. Volume pro-
duction prices to users are expected 
to range from $4,000 to $5,000. The 
model 4010, built by Epsco is priced 
the lowest of all the Loran C receiv-
ers; it sells for $2,995. Bob Bartlett, 
engineering vice-president at Epsco, 
reports that nine preproduction 
models have been extensively 
tested, and delivery of production 
receivers will start this month. 

Epsco cut some $500 of the cost of 
its unit by eliminating the process-
ing circuitry needed to automati-
cally lock on to two of the three Lo-
ran C stations, says Bartlett. This 
means that the user must manually 
input his approximate position. 
Epsco is betting that many of com-
mercial customers will be willing to 
sacrifice this automatic feature in re-
turn for the lower price. 
The fourth full-accuracy Loran C 

receiver is International Navigation 
Co.'s model 101, which like the 
Epsco unit, requires manual acquisi-
tion of secondary Loran C trans-
mitters. The unit sells for about 
$3,500. 
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The News is 

A 6" tubeaxial fan that moves more air... 
at higher pressures ... and costs less! 

ROTRON 

Major! 

It's the kind of news you expect from Rotron. An air mover with the extras 
built in. The Major' fan will deliver 150 cfm at a static pressure of .35 inches 
of water. That's 12% more air than the closest competitor. 

The Major stays cooler, too. Its multi-slot permanent split capacitor motor 
draws less power than a shaded pole, and withstands line voltage variations 
better. An aluminum venturi and motor housing dissipate heat. And ball bearings 
add still further to long motor life. 

The Major fan mounts interchangeably with other 6" fans. It can also be 
mounted on less than 6" centers. 

Price? About 10% less than you used to have to pay for less performance! 

Get all the facts on Rotron's new Major tubeaxial fan today by sending for 
Catalog E2855. 

Why settle for less when the best costs no more. 

ROTRON INC., Woodstock, N. Y. 12498 L] 914 *679-2401 E TWX 510-247-9033 
Pacific Div., Burbank, cal. 91506, 213.849-7871 • Rotron By., Breda, Netherlands, Tel.: 49550, Telex: 844-54074 

INCORPORATED 
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Probing the news 

Companies 

Minicomputer firm thrives on OEMs 
In a unique strategy. Computer Automation passes up popular end-user 

market and cuts costs to concentrate on mass sales to systems houses 

by Paul Franson, Los Angeles bureau manager 

When the recession of 1970-71 
struck, a number of start-up mini-
computer manufacturers died 
aborning. Still others that had com-
mitted themselves to the original-
equipment-manufacturer market 
began abandoning it for end-user 
business—any business that would 
keep the orders coming. Possibly 
unique among U. S. minicomputer 
makers is Computer Automation 
Inc., Irvine, Calif., which got its start 
as an OEM supplier about five years 
ago, weathered the recession with-
out wavering from its original mar-
ket target, and is even more firmly 
committed exclusively to ()Ems to-
day. 

Determined firm's course. "We 
will not be a systems company," 
says David Methvin, Computer Au-
tomation's 35-year-old founder and 
president. "We're in the OEM busi-
ness to stay—by choice," he asserts. 
That determination is paying off. 
Sales for fiscal 1972 reached $4.87 
million, with profits better than 
$649,000, and one investment 
analyst predicts that the company 
will top $9 million in fiscal 1973 
sales. 

Methvin won't make public his 
sales and earnings forecasts. He 
points to the record: 320 mini-
computers shipped in the most re-
cent quarter, in contrast to 550 all 
last year, recent orders of more than 
$3.3 million from five OEM custom-
ers, and $2,150,000 in sales for the 
first quarter of fiscal 1973. 
Computer Automation is prob-

ably best known as the originator of 
the Naked Mini—a computer with-
out power supply, chassis, or 
programer console, which is typi-
cally buried in the customer's sys-
tem. But the firm also makes 

"dressed" minicomputers in its Al-
pha line. The first product, an eight-
bit machine, made its bow in De-
cember, 1967; since then has come a 
series of eight- and 16-bit machines 
that evolved into the Naked Mini 
and Alpha lines. Computer Auto-
mation's 1,000th machine was deliv-
ered last July; number 1000 is ex-
pected to be shipped from the 
company's new 73,000 square foot 
leased plant next month. 

Price of the eight-bit stripped pro-
cessor is as low as $1,450, and when 

Trend-bucker. David Methvin. Computer 

Automation's president. finds profits in the 

OEM business. 

the 16-bit version was announced in 
late 1971, its price ($2,500 for a min-
imum of 10) sent a shudder through 
the industry and triggered a round 
of price reductions much like those 
that have typified the semicon-
ductor industry. 
The analogy isn't far off; Methvin 

points out that the declining price 
curve is opening many markets, just 
as semiconductor price reductions 
have: "We used to quote on five, 10, 
maybe 100 computers, two years 
ago. Now, after the Naked Mini, we 
bid on 500, 1,000, even 10,000." 
A broadening customer base. 

Computer Automation has more 
than 100 customers, but only a few 
are taking larger numbers of com-
puters. Only a year ago, Methvin 
says the firm had a single major cus-
tomer (he defines major customer as 
one responsible for over $1 million 
per year). But now he has five, and 
hopes eventually to have 30. 
General Computer Systems Inc., 

a Dallas manufacturer of key-disk-
tape systems is a major customer, as 
are Docutel Corp. of Irving, Texas, 
which makes automatic bank tell-
ers: and Hycel Inc., of Houston, 
which makes automatic medical in-
struments. 

In addition to these markets, 
Computer Automation is seeking 
markets in office equipment, point-
of-sale systems, the telephone indus-
try, and, to a lesser degree, the au-
tomotive industry. 
The diversity of customers points 

up Methvin's strategy: "The whole 
world is a market for mini-
computers, but I know that I can't 
get into end-user markets unless I 
concentrate on one or two. But we 
can get into all of the markets 
through the back door." The back 
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door to the market is provided by 
the system supplier to whom Com-
puter Automation sells. As an ex-
ample, he mentions Docutel Corp.'s 
automated bank teller. "It's a very 
complex product and market. One 
company couldn't compete effec-
tively in more than one market like 
that. But the back doors of all the 
systems suppliers look the same. 
They have the same concerns: relia-
bility, supply, delivery, and prices." 

Just as Computer Automation is 
trying to reduce its dependence on a 
few companies, its customers are 
concerned about sole sources: "Our 
customers are seriously dependent 
on us. We could sink a customer if 
we ran into problems," admits 
Methvin, and he adds, "we really 
have to work with them. They can 
talk directly to me." 
"We have to live with our OEM 

customers and recognize their prob-
lems. We realize that our customers' 
new R&D products sometimes slip, 
and we don't scream if their orders 
slip as a result. Projections made on 
new products are typically not met. 
We know that, and we plan for it. 
We get very close to both technical 
people and management. We have 
nondisclosure agreements and 
sometimes know a year in advance 
about their new products," Methvin 
says. Part of this confidence may re-
sult from the customers' knowing 
that Computer Automation isn't go-
ing to compete with them, which is 
also part of Computer Automation's 
strategy. "We've had customers 
madder than hell because their sup-
pliers have gone into business 
against them," he adds. 
Why are companies buying com-

puters rather than making them 
themselves? One reason, says Meth-
vin, is the time it takes to develop a 
computer. This adds to the time it 
takes to get a new system product to 
market. Another reason is cost. "If 
the customer designs his computer," 
says Methvin, "he locks himself into 
that cost, or has to spend more to 
keep current, while prices in the 
minicomputer industry are declin-
ing." 

Methvin says that for a large 
quantity of computers, the user 
might think it worth the risk, but 
there's an alternative: "We offered 
to let a major company build the 
computers themselves after 4,000 

units. They'd get the best of both 
worlds. They can get in the market 
quickly with a proven design, yet 
know that they can build the com-
puters if they think they can save 
money on high quantity." 
Methvin admits that he doubts 

that the customer will build the 
computer. "By the time we get 
there, the price will probably have 
dropped." 
How to make it. Computer Auto-

mation has pushed its prices down, 
he says, by looking hard at all the 
components in the computer. The 
Alpha, for example, uses injection 
molding instead of metal for the 
front panel. "You can't use it for 
only a few hundred computers," 
Methvin says. "We watch compo-
nent price curves, too, and squeeze 
each piece. We tell engineers, 'don't 
make it especially fast; don't make 
an engineering monument.' We say 
'make it at half the cost!' " 
Computer Automation empha-

sizes reliability, burning-in and test-
ing all incoming components, then 
doing the same for the finished com-
puter. All computers go through an 
accelerated test Methvin says is 
equivalent to three months of actual 
service. 

This kind of intensive testing, in 
fact, led to the only system the com-
pany sells, though Methvin calls it a 
product rather than a system. It's 
the Capable tester for printed-cir-
cuit boards. "We backed into the 
Capable tester, but no one in that 
business was a customer of ours, 
and it's for a limited number of 
users." 

Ubiquitious minicomputer. A 
large cloud on the horizon of all 
minicomputer makers, the reason 
that many minicomputer companies 
are seeking end-user business, is the 
development of computers on a few 
semiconductor chips. These micro-
processors have taken little business 
from minis so far, but with increas-
ing capability, the minicomputer 
hardware business may increasingly 
belong to "people with furnaces." 
Methvin agrees that micro-
processors can be used in many ap-
plications that don't need full mini-
computer capabilities. But he thinks 
that many of the microprocessors 
will end up talking to minis, and 
"there are many places where you 
can't use a microcomputer." D 
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ERC's Digital Instruments 

may look like just another "black box" 

until you put them to work. Then you 

can count on dependable control in all 

applications because the quality is de-
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We pack a lot of quality performance 

into a little space and if they weren't 

worth a lot more we couldn't charge 

a little more. 

It takes more than manufacturing fa-

cilities to build a quality product. It 

also takes people who think service 
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Probing the news 

Commercial electronics 

Lasers start to shine in industry 
As automation and mass production cut their cost, coherent-light devices 

begin to replace other components and increase efficiency in many systems 

by Paul Franson, Los Angeles bureau manager 

The laser, once described by its in-
ventor, Ted Maiman. as "a solution 
looking for a problem," is emerging 
as an OEM component with a market 
estimated at $20 million this year 
and rising to $115 million in 1980. 

This is the prediction of Richard 
P. Roemer, manager of laser prod-
uct sales at the Hughes Aircraft Co. 
Electron Dynamics division, Tor-
rance. Calif. The major reason for 
the recent surge in applications is 
price. Automated manufacturing 
techniques, particularly at Hughes, 
the RCA Corp. Electronic Compo-
nents division, Lancaster, Pa., and 
Spectra Physics Inc., Mountain 
View, Calif., have reduced the price 
of a gas laser (without its power sup-
ply) to between $80 and $100 in 
large quantities. 

Philip H. Vokrot, RCA marketing 
manager for gas lasers, sees prices 
falling to "$25 to $40," depending 
on volume. Spectra Physics Laser 
Products division sales manager Da-
vid S. Evans attributes the rapid de-
crease in prices to high-volume pro-
duction and a drop in research and 

development costs. 
Present users, although widely di-

versified, do not yet require partic-
ularly large volumes, but that may 
change soon. Hughes is quoting 
quantities of 10,000 to 100,000 a 
year to some users, says Roemer. 
The large-volume applications may 
include data readers, credit verifiers, 
facsimile, and new consumer prod-
ucts. In applications such as these, 
the lasers are regarded as system 
components—more expensive than 
integrated circuits, but comparable 
in price to the digital panel meters 
that form similar subsystems. 

Right now, however, sales are 
confined to a variety of small-vol-
ume users. "Construction is the big-
gest market," says Roemer. The ma-
jor suppliers of laser systems for the 
construction industry are Laser 
Alignment, Grand Rapids, Mich., 
Blount & George Inc.'s Laser Grade 
Light division, Jacksonville, Ark., 
and Spectra Physics. The systems 
cost up to $8,000. 

Blount & George was the first 
firm to use the laser for construction 

work, beginning in 1964, says a 
company spokesman. The first prod-
uct was a laser alignment system for 
controlling grade and direction of 
sewer lines. Today, sewer-line con-
trol accounts for $6 million to $7 
million annually, he says. 

Blount & George's most recent 
product is a laser tracking level, 
used in surveying. A laser at a re-
motely controlled station tracks 
automatically a level rod held by a 
surveyor, shines a dot on the rod, 
and the surveyor reads the elevation 
directly from the rod. 

Bill Carson, president of Con-
structors Supply Co., Santa Fe 
Springs, Calif., says his firm has had 
a laser alignment system on the 
market for three years, but "it's still 
somewhat novel." The biggest ap-
plications, says Carson, are in laying 
and aligning gravity-flow pipes, lev-
eling suspended ceilings, and align-
ing plumbing, partitions, and tun-
neling. Carson's company uses RCA 
lasers in its instruments, which sell 
for about $1,500, but Carson sees a 
reduction to a range from $600 to 
$900 in a few years. 

Like alignment, inspection and 
measurement are popular uses for 
lasers. Charles Nater, president of 
Laser Image Systems, Mountain 
View, Calif., says his company has 
been using gas lasers for two-and-a-
half years, principally in a laser mi-
crometer that measures to within 1 
microinch at high speeds. 
Other uses of lasers are more 

complex. Control Data Corp.'s Spe-
cial Products operation, Rockville, 

Lasers on line. At RCA's plant in Lancaster, 
Pa., an operator measures the beam 

strength of helium-neon lasers typical of 

those used in construction alignment. 
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Q.1 Who just slashed RTV adhesive/sealant prices? 

Q.2 Is there an easy way to improve TV reception? 

Q.3 How can I cut prototype mold costs by 25%? 

Q.4 What's a practical way to protect delicate parts from shock? 

Al GE did. By as much 
as 12%. Which means 
you can now use one-part 
RTV silicone engineering grade 
adhesive/ sealants without paying a 
premium. So why compromise? Spec-
ify GE RTV-102 (white), 103 (black), 

108 (clear) or 109 (me-
tallic). And you'll meet industry, 

government, UL and food-grade require-
ments. Circle Reader Service No. 91. 

A2 Definitely. With GE Silicone 
Rubber. It improves TV set per 
formance because its elec-
trical properties are far 
superior to 
those of 
other 
elastomers. 
And because it takes 
less material to do the 
job with silicone rub-
ber, you save space 
and weight. Fire resist-
ance? GE Silicone 

Rubber meets all the latest TV industry safety require-
ments. It's perfect for wire insulation, corona rings and 
anode caps. Circle Reader Service No. 93. 

A3 Use GE RTV-700, the 
strong, two-part silicone mold-making 
compound that needs no postbake, 

cures in 24 hours and has the high tear 
strength and 
elongation 
o reproduce 
precision 

parts quickly and 
accurately. Circle Reader 
Service No. 92. 

A4 With GE RTV-619 Silicone 
Gel. It cures at room temper-

ature into a clear, resilient, 
dielectric gel cushion 

for circuitry and for pro-
tecting electronic assem-

blies. RTV-619 cures without 
exotherm and can withstand 
temperatures from -65°C to 

+150°C. 
Circle 

Reader 
Service 
No. 94. 

For all the details, write: Section AY1383 
Silicone Products Dept., General Electric Co., Waterford, N.Y. 12188. 
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Dialight 
sees a need 

(Need: The right switch for the right price.) 

See Dialight 
For the switch buyer, choice of function and esthetics, 
reliability, ease of mounting, and low cost are his prime 
concerns. He may need a pushbutton switch for panel, 
sub-panel or snap-in mounting. He may need a choice of 
bezels with or without barriers in black, gray, dark gray 
or white. He may need a legend that's positive, negative, 
or hidden until energized ...one that's white when "off" 
and red, green, amber, blue or light yellow when "on" ... 
or colored both "on" and "off." He may need a highly 

reliable switch proven in thousands of installations... 
available in momentary or alternate action ... N.O., N.C. 
or two circuit (one N.O., one N.C.) or for low level, low volt-
age and current applications. that accommodates a 
T-1 3/4 bulb with midget flanged base, incandescent, in 
voltages from 6 to 28 V. Matching indicators with same 
front-of-panel appearance are also available. These are 
some custom needs he may face, and these switches are 
some off-the-shelf answers from Dialight. 



Conservatively speaking, Dialight 
offers well over 1,879,698 switch pos-
sibilities. Dialight is a company that 
looks for needs ...and develops solu-
tions. That's how we developed the in-
dustry's broadest line, of switches, in-
dicator lights and readouts. No other 
company offers you one-stop shop-
ping in these product areas. And no 
one has more experience in the visual 
display field. Dialight can help you do 
more with switches than anyone else 
because we have done more with 
them. Talk to the specialists at 
Dialight first. You won't have to talk 
to anyone else. 

Here are a few products in this 
family: 1.Thumbwheel switches— 
miniature and standard sizes 2. 
Contactless solid state switch 3. 
Keyboard reed switch 4. Double pole, 
double throw snap action switch 5. 
LED lighted momentary action switch 
6. Matching indicators 7. Momen-
tary snap, nonsnap, and alternate ac-
tion switches 8. Transistorized indi-
cator with momentary switch 9. 
Incandescent or neon lighted switch. 

Please send data on your switches. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE 

13/A LIGHT 

Probing the news 

Md., is using inexpensive gas lasers 
as scanning-light sources in its 
model 921 document reader. An of-
ficial there says the laser replaces 
cathode-ray tubes used as flying-
spot scanners, and it has replaced 
some incandescent lamps. ('DC 
turned to the laser primarily be-
cause of "its cost-effectiveness. It's 
cheaper than a CRT, it's a good 
high-energy light source, and of 
course, is monochromatic." 

Optical Data Systems, Mountain 
View, Calif., uses a gas laser in its 
Holoscan System 200, a read-only 
memory with a capacity of 12 mil-
lion bits and access time of 2 sec-
onds. Optical Data Systems has 
plans for further laser uses, includ-
ing the credit-verification business, 
which the company plans to enter in 
a few months. A spokesman sees fu-
ture applications in facsimile ma-
chines, home entertainment devices, 
and a phonograph "needle." 
A similar application is reading 

package labels. Computer Identics 
Corp., Westwood, Mass., has many 
applications for its scanning sys-
tems, which are based on the laser's 
ability to work with conventional 
printed labels, rather than the ex-
pensive reflective ones required with 
other light sources. "If the contents 
of a box are worth about $25, it is 
not economical to pay 3 or 4 cents 
for a reflective label, whereas a label 
for a laser scanning system may cost 

only 1/3 cent," says a spokesman. He 
adds that improvements in laser sys-
tems have increased their life span 
from 5,000 to 10,000 hours. 
Laser transmitters. Data communi-
cations by lasers has attracted the 

.'attention of a number of firms. One 
is Laser Communications Inc., a 
Cleveland-based subsidiary of 
Quandia Inc. The company uses la-
sers to transmit black-and-white 
video signals over distances .up to 
four miles without repeaters. Devel-
oped by Dr. Yo-Han Pao at Case 
Western Reserve University, the 
Quandia system uses a heliuiii-neon 
laser that costs about $150, says 
general manager David La Fleur. 
The company has been manufac-

turing systems to replace cable and 
microwave-communications links 
for about two years: "The lasers and 
a transmitter/receiver package are 
tied into TV applications, law-en-
forcement systems, telemedicine for 
consultation and education, and in-
dustrial applications. 

Several applications derive from 
the laser's unique features. One is 
the security of communications that 
can be achieved, especially if data 
on a laser beam is run through fiber 
optics, because of the difficulty of 
interception. A California company 
largely involved in classified Gov-
ernment work finds lasers especially 
useful here. The same firm also uses 
lasers in alignment to replace lights, 
photocells and line-of-sight equip-
ment, which were more cumber-
some and not as precise. 

Still searching for standards 
As the push begins to market laser systems, two groups are at work on de-
veloping laser hazard standards: the American National Standards Institute 
Inc. (ANSI), New York City, and the Bureau of Radiological Health, a divi-
sion of the Department of Health, Education, and Welfare. The Electronics 
Industries Association, Washington, D. C., is working with both groups. 

Four basic classifications of lasers being considered: 
• lasers that pose no hazard for long-term direct viewing, 
• lasers that are unsafe for long-term viewing, but have a low probability of 
causing injury in the event of a single short accidental viewing, 
• lasers that present a high probability of causing eye damage in a single 
short exposure, and 
• lasers that constitute a hazard both to the eye and the unprotected skin. 
The EIA has voted against the proposed ANSI Z-136 standard that would 

have limited output of class 2 lasers (above) to 1 milliwatt. Allen Wilson, EIA 
manager of engineering, feels that the 1-mW limit "is unnecessarily low and 
could be significantly raised," to about 4.5 mW, which is the typical max-
imum output for helium-neon lasers. The class 2 laser constitutes about 
90% of those now sold commercially. Specific wavelengths and emissions 
for the other classes are unavailable. 

Dialight Corporation. A North American Philips Company 
60 Stewart Avenue, Brooklyn. N.Y. 11237 (212) 497-7600 
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Think Twice: 

When is a portable 
really portable? 

HP's 1700 Series Portable 
Scopes Always Are... 

They're tough go-anywhere scopes: 
weatherproof, dustproof, completely 
self-contained. Not the kind of "port-
able" that's gently moved from bench 
to bench, trailing a power cord. With 
a 1700 Series scope you don't worry 
about the rain. Or the rough ride. Or 
whether, when you get there, you'll 
find ac or dc power—or no line power. 

An HP portable gives you features you'd 
expect only in a big lab scope. Like a 
large, bright CRT that lets you see 
even difficult signals in high ambient 
lighting, ECL trigger circuits and a 
trigger hold-off control, and sweep 
linearity over the full 10 divisions of 
horizontal display —ideal for maximum 
resolution in making those critical 
timing measurements. 

But that's just the beginning. Then the 
1700 Series allows you to pick the 
specific features you need for your 
field service application: conventional 
or variable-persistence storage CRT; 
bandwidths of 35, 75, or 150 MHz; 
sweep speeds as fast as 2 ns/div; de-
layed or non-delayed sweep; selectable 
input impedance; bright-scan viewing 
mode; and a built-in rechargeable bat-

tery pack for complete measurement 
independence. 

And we're just as proud of the things 
you don't get with a 1700 Series port-
able. No heat sinks. No fans. No venti-
lation holes to let in dust and moisture. 
That's because our circuits are designed 
for very low power consumption—and 
for long, trouble-free operation. And 
there's no challenge in servicing our 
portables. In fact, you can completely 
recalibrate some models in an hour or 
less, even if all the internal adjustments 
are misaligned. It's not very sporting, 
but this ease of servicing quickly adds 
up to impressive savings. 

So before you choose a scope, check 
your requirements. Then think twice 
about costs and benefits. Remember, 
Hewlett-Packard portables let you 
make any measurement you need—and 
they cost from $100 to $250 less than 
comparable scopes. These 1700 Series 
portables are priced from $1475 to 
$2300 for non-storage models and from 
$2375 to $2725 for models with 
variable-persistence storage. For help 
in choosing the HP portable that's best 
for you, send for a free copy of our 
"No-Nonsense Guide to Oscilloscope 
Selection." Or contact your local HP 
field engineer. Hewlett-Packard, Palo 
Alto, California 94304. In Japan: 

Yokogawa— Hewlett-Packard, 1-59-1, 
Yoyogi, Shibuya-Ku, Tokoyo 151, 
Japan. In Europe: H PSA, P.O. Box 85, 
CH-1217 Meyrin 2, Geneva, Switzer-
land. 

Scopes Are Changing; 
Think Twice. 

083/1 

HEWLETT ii PACKARD 

OSCILLOSCOPE SYSTEMS 
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Every day of every year we compete for 
OEM business on the basis of product selection. 
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And every day of every---year, more 
OEM's buy more computers from us 
than all our competitors combined. 

d 11 Nan 
Digital Equipment Corporation, Maynard, Mass. 01754. (617) 897-5111. European headquarters: 

81 route de l'Aire, 1211 Geneva 26. Tel: 42 79 50. Digital Equipment of Canada Ltd. 
P. O. Box 11500, Ottawa, Ontario, K21-I 8K8. (613) 592-5111. 
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WHEN YOUR 
RF POWER TRANSISTORS 
COVER THE MILITARY RANGE... 
THEY'VE GOT TO RISE 
TO THE OCCASION. 

Have a power problem in HF, VHF, 
or UHF? CTC manufactures a complete line 
of the highest power transistors available 
anywhere. Designed and characterized for 
easy broadbanding. For every military 
application. With applications assistance 
and circuit schematics in every frequency 
range. 

In HF, at 30 MHz and lower, our 
SSB linear transistors (S150-28 series) come 
across loud and clear. Deliver 150 Watts 
with an IM of -33 db and power dissipation 
almost 3 times peak power. In VHF, our 
BM80-28 series has no peer in power. The 
most rugged 28V VHF devices on the 
market, they withstand extremely high 
VSWR. And are internally matched for easy 
broadbanding. In UHF, our CM75-28 series 
offers half again the power of any other 
device in the 225--400 MHz range. We 
deliver a 250 Watt pulse which is the highest 
of any RF device in any frequency range. And 
internal matching makes it easy to broadband 
these devices. Our DM40-28 delivers twice 
the power of any product in the 500— 1000 
MHz range. 

CTC builds in unsurpassed reliability. 
Our exclusive, long-life metal system and 
glass passivation set the reliability standards 
for the field. Hermetically sealed of course. 
And all CTC products are capable of 
working into severe load mismatches. 

You're ahead when you specify CTC. 
For complete information and product now, 
call or write. 
Communications Transistor Corporation, 
301 Industrial Way, San Carlos, 
California 94070 (415) 591-8921 
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Unifor 
resistor 
reduc 
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If you're really 
serious about cost, 

be serious about quality. 

• 

That could be money in your pocket. 
Allen-Bradley's exclusive hot mold-
ing process offers physical consist-
ency that can reduce your installa-
tion costs. Bodies are a uniform size 
with clean squared ends, free from 
coatings which adversely affect auto-
matic handling equipment. Lead 

lengths and diameters are precise. 
Resistors with uniform physical char-
acteristics, accurately placed on tape 
reels, eliminate insertion machine 
jam-ups. And trouble free assembly 
means less production down-time; 
lower cost. That's A-B quality. Con-
sistent shipment after shipment. If 

you think all resistors are the same, 
send for our free booklet, "7 ways to 
tell the difference in fixed resistors:' 
Allen-Bradley Electronics Div., 1201 
S. 2nd St., Milwaukee, WI 53204. Ex-
port: Bloomfield, NJ 07003. Canada: 
Allen-Bradley Canada Ltd., Galt, Ont. 
U. K.: Jarrow, Co. Durham NE32 3EN. 

A-13 Allen-Bradley 
\mar/ Milwaukee, Wisconsin 53204 
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Technical articles 

Penetration 
color tubes 
are enhancing 
information displays 
Varying the voltage of a single 

gun shooting through a multilayer 

phosphor screen produces various 

colors that are easy on the eyes 

and provide a high density of easily 

distinguishable graphics data 

by André F. Martin, 
Thomson-CSF, Groupement Tubes Electroniques. Pans. France 

Colorful. Four-color display, with keyboard and light pen. is part of 

surface-traffic-control system designed by CIT-Alcatel of France. 

El Although color is extremely effective for displaying 
visual information, most cathode-ray-tube displays de-
signed for scientific or industrial graphics applications 
show only black-and-white pictures. This is surprising, 
since color can increase the legibility of a display while 
reducing the time needed to read it. 
The reason for the lag is that most color-CRT develop-

ment work to date has been for color television, and the 
characteristics of a good color-Tv CRT, such as a 
shadow-mask tube or Trinitron, do not fit the require-
ments for a good information-display tube (see table). 
A relatively new class of device—the penetration 'olor 

tube—has now been developed to the point where it ful-
fills those requirements. By controlling the voltage of a 
single gun through a multiphosphor screen, several col-
ors can be produced. This development indicates that 
color is destined to take as big a place in professional 
display as it has already taken in printing, photography, 
TV, and motion pictures. Thomson-csF has produced 
several tubes that are now commercially available, and 
development is proceeding on several other types. 

Applications abound 

Penetration color tubes have many potential appli-
cations in such diverse areas as aviation (both in the air 
and on the ground), production control, and hospital 
patient monitoring. As an example, an air-traffic control 
display—the Orly UAC display system—has been devel-
oped by TVT, a subsidiary of Thomson-CSF. The system 
is a computer-controlled multiradar information display 
that shows aircraft, labels, tracks, and air routes simul-
taneously and in different colors (Fig. I). 

Experiments with the new system show that it allows 
much more information to be displayed at one time 
than any monochrome system—even one under the con-
trol of a highly skilled operator. And recognition with 
the color system is much easier and faster. 

Similarly, airborne displays have been found to ben-
efit greatly from color: they can present more data to 
the pilot in a clear and legible form (Fig. 2). The illus-
tration shows one of these displays in the Electronic At-
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1. Air-traffic control. Synthetic radar display consists of a map of 
Eurocontrol's Northwestern European upper-air traffic area, show-
ing air routes, aircraft positions, and identification symbols. 

titude Director and Indicator (FADO. which was de-
signed by AVS. the avionics division of Thomson-csF. 
The display uses a special penetration color tube with 
enough brightness and contrast to make it possible to 
read the flight information under high ambient illumi-

nation. The display contrast exceeds 1.4 at an illumina-
tion of 70.000 lux. 

Several weeks of flight-simulator testing have demon-
strated the validity of the EADi display system. It has 
overcome the problems encountered by monochromatic 
displays that have attempted to perform the same func-
tion, and it seems to be pointing the way to the future. 
Its potential benefits from reduction of i'atigue and hu-

man errors in air-traffic control alone may well be be-
yond our ability to calculate. 

Despite its ability to display large amounts of mean-
ingful information, construction of the penetration color 
CRT is simple. And its color characteristics enable an 

operator to use it for long periods at a time with min-

2. Airborne. This is one u. .•uee displu, nomson-CSF's •.!ec-
Ironic attitude director and indicator. It uses a special high-bright-

ness tube that allows it to be read under very strong ambient light. 

Why color-TV tubes won't do 

Two well-known color-TV tubes are the conventional 
shadow-mask tube and the new Trinitron. To show why 
these tubes are not suitable for a professional display, the 
operation and characteristics of these devices are re-
viewed briefly. 
The shadow-mask tube uses a dotted tricolor screen 

(a). It achieves color separation by means of a metallic 
shadow mask positioned just behind the screen and con-
taining about 400.000 holes—one for each trio of red, 
green, and blue phosphor dots. This structure has some 
immediately obvious advantages and disadvantages: 
• Color purity is good when the signals feeding the tube 
are properly adjusted. However, the tube is very sensitive 
to microphonics and stray magnetic fields. 
• Brightness is correct because high-voltage (25-kV) op-
eration is possible, and improved phosphors are avail-
able. 
• Resolution is poor because of the periodic structure of 
the screen and the need for convergence of the three 
electron beams. 
• Circuitry must be provided to maintain dynamic con-
vergence of the three beams: this is easy with a repetitive 
fixed-frequency raster, but very expensive with random 
scanning. 
• Deflection angle is generally 90- . although some 110' 
tubes are available. The tube is difficult to drive with de-
flection amplifiers. 
• Range of colors is fairly good for TV pictures, but the 
dot pattern is objectionable for short-distance viewing. 

This tube is the world standard color-TV tube today. It 
has improved gradually over the years. New phosphors 
have improved its brightness, tighter manufacturing toler-
ances have improved its color uniformity, new tempera-
ture-compensated masks have improved its color stabil-
ity. and improved electron optics have improved its 
resolution. Despite these undeniable advances, the 
shadow-mask tube is still mainly suitable only for color TV 
because of the previously mentioned inherent character-
istics of its design. 
The Trinitron tube differs from the shadow-mask tube 

mainly in that it replaces the 400,000-hole mask with a 
metallic grill, the elements of which are perpendicular to 
the TV lines (b). Instead of using a dotted tricolor screen. 
the Trinitron uses a vertically striped tricolor screen; this 
improves the vertical resolution and eliminates the moiré 
patterns generated by the interaction of the raster and 
the mask. The number of phosphor elements allows a 
horizontal resolution of about 700 TV lines. 
The Trinitron's electron guns differ markedly from 

those of the shadow-mask tube. Instead of a delta-
shaped arrangement of the three guns, the Trinitron in-
line configuration emits three independently modulated 
coplanar beams. This allows the tube to employ only one 
focusing system for all three beams. 
Because the angles between the beams are smaller 

than those encountered with shadow-mask tubes, and 
because the beams are coplanar, the dynamic conver-
gence problem is greatly simplified. Very simple circuitry 
is all that is needed to provide it. For the preceding rea-
sons, the Trinitron shows the following operating charac-
teristics: 
• Color purity is good when properly adjusted; the tube, 
however, is sensitive to stray magnetic fields and micro-
phonics. 
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• Brightness is even better than for the shadow-mask 
tube because the grill has a transparency of 20% (vs 15% 
for the shadow-mask tube) and the operating voltages 
are about the same. 
• Resolution is medium because of the periodic struc-
ture of the screen, which is composed of trios of vertical 
phosphor stripes. 
• Circuitry is needed to maintain dynamic convergence: 
this is easy with conventional N raster scanning, but it 
can get expensive with random scanning. 
• Deflection angle is 90 . 
The performance of the Trinitron differs from that of the 

shadow-mask tube in two important ways: Its resolution is 
better, and its demands on the convergency circuitry are 
relaxed. Basically. however, there is no fundamental dif-
ference between these tubes in the principles behind 
their color-separation techniques. 
The most important differences between the two tubes 

discussed here and the penetration color tube are 
summed up in the chart. 

ELECTRON GUN 

(a) 

AXES OF SCANNING BEAMS 

SHADOW MASK 

CATHODE 

It 

THREE 
BEAMS 

PRE FOCUS 
LENS 

MAIN FOCUS 
LENS 

ELECTRON 
PRISM 

(b) 

APERTURE 
(GRILL 

PHOSPHOR 
SCREEN 

B - BLUE 
G = GREEN 
R = RED 

PHOSPHOR DOT PLATE 

COMPARISON BETWEEN SHADOW MASK,TRINITRON, AND PENETRATION TUBE 

Shadow mask Trmitron Penetration tube 

Basic phosphors Green, blue, red Green, blue, red Green and red or red and 
white or special phosphors 

Type of screen Dots Stripes Layers 

Number of guns 3 3 1 

Number of colors displayed when used 
for a display console 5 ,.5 At least 4 

Full screen brightness 100 cd/m2 200 cd/m2 200 cd/m2 

Resolution TV lines by raster height 550 650 1,000 to 1,500 

Type of scanning iv raster compulsory TV raster compulsory TV raster or random scanning 

Needs for use Convergence coils and Convergence coils, as for the High-voltage switching and 
associated circuitry, special shadow mask, and special associated deflection correctioii 
deflection yokes deflection yokes standard deflection yokes 

Sensitivity to earth and stray 
magnetic fields 

Important Important Very small displacements 
without any loss of purity 

Moiré or interference patterns Important Moderate None 

Sensitivity to shock and vibrations Important Important Very small 
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6. Short swing. A swing of only 3 kV—from 8.5 kV to 11.5 kV—changes the output of the E20 screen all the way from red to green. 

characterized by the absence of any internal mechanical 
device for the separation of colors and by its need for 
only one electron gun. Its main characteristics, there-
fore, are: 
• Good resolution—more than 1,500 TV lines. 
• High brightness in the high-voltage mode, good 
brightness in the low-voltage mode. 
• No convergence circuitry needed to superimpose the 
elements of a picture (uses only one electron gun). 
• Deflection angle not limited by the color-separation 
device, since it's built into the screen. 

In addition to the four preceding characteristics, the 
penetration tube has a quality that sometimes is an ad-
vantage and at other times is a disadvantage. This is the 
impossibility of producing more than one color at one 
time. Because it is a one-gun device, the penetration 
tube can only select colors in a sequential fashion; the 
appearance of a simultaneous selection is accomplished 
by the persistence of the eye. 

Models of modern penetration tubes 

All of the preceding discussion has been aimed at the 
desirability and characteristics of a red-to-green pene-
tration color tube. And, indeed, development work at 
Thomson-CSF laboratories has borne fruit in the form of 
several tubes that are now commercially available. But 
many other types of phosphors may be used to make 
other penetration tubes for a wide variety of appli-
cations. For example, phosphors with different persis-
tences can be combined to yield special variable-persis-
tence tubes for radar displays. 
Advances in the important red-to-green tubes have 

been many and rapid over the last few years. Line 
brightness of 2,500 candela per square meter for the red 
610-nanometer line can now be achieved; two years 
ago, such a level was unthinkable. Corresponding im-
provements in color range and color uniformity over the 
whole screen area have also come along. And perhaps 
more important, the voltage change needed to switch 

colors has been reduced to an acceptable level. 
Thomson-csF's screen E20 can display four colors 

with a total voltage swing of only 3 kv (Fig. 6). Al-
though this screen produces its deepest red color at 7.5 
kv and its purest green at 12.5 kv, four distinct colors 
can be produced at 8.5 kv for red, 9.2 kv for orange, 
10.0 kv for yellow, and 11.5 kv for green. Several types 
of cwrs with screens E20 and E21 are currently avail-
able. E21 is a brighter, higher-voltage screen. 
A penetration red-to-white screen has also been 

made. This type of tube can produce ordinary mono-
chrome TV pictures, and the red color is used to under-
line or encircle areas of particular interest. Brightness 
and resolution are equivalent to a conventional black-
and-white tube. 
The dream of every radar manufacturer and user has 

always been a variable-persistence tube that would al-
low the display of low-repetition-rate information, such 
as radar video, on a long-persistence screen, and, at the 
same time, allow the display of such rapidly moving in-
formation as labels and position symbols on a short-per-
sistence screen. 
For small cockpit-size radar displays, the direct-view 

storage tube has provided a realization of that dream. 
But, until now, no solution has been available for larger 
displays—of more than about 10 inches in diameter. 
Variable-persistence penetration screens can provide a 
solution for these special display problems. 

In applications such as radiological TV, noise can se-
verely limit the amount of information that the operator 
can glean from the display. A long-persistence phos-
phor can effectively integrate the signal, thus reducing 
the noise, but it can also cause smearing of the picture. 
A penetration tube combining a medium-persistence 
phosphor with an anti-flicker phosphor of the same 
color provides a partial solution to this dilemma. Man-
ual selection of the tube's screen voltage allows the op-
erator to make the optimum tradeoff between noise re-
duction and smearing for each individual situation. 
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\tv 
Tell it like it is! 

Measure the total power density from multiple 300 MHz to 18 GHz sources 
in a single integrated reading only with Narda's NEW isotropic monitor 

+.5 
o 

dB — I 

—2 

3 

Model 8321/8323 Isotropic Probe — 
Frequency Response 

.5 .75 1 2 4 6 8 10 14 18 

Frequency GHz 

This compact, easy-to-read, radiation monitor accurately meas-
ures near and far field power densities over the broad frequency 
range of 300 MHz to 18 GHz . . . it simultaneously responds to 
different polarizations and direction of incident power. Read the 
total power density at any one point from CW, FM, pulsed RF 
and microwave sources used in communication, radar, ECM and 
industrial applications. 

Write for complete information. 

ideeciet miCAOtualie:180... narda 
THE NARDA MICROWAVE CORPORATION • PLAINVIEW, L.I., NEW YORK 11803 

516-433-9000 • TWX: 510-221-1867 • CABLE: NARDACORP PLAINVIEW NEWYORK 
23:1 
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CCDs in perspective 

Charge-coupling 
improves its image, 
challenging video 
camera tubes 
As versatile, long-lived image 

sensors for television, facsimile 

recording, and character recognition, 

charge-coupled devices show great 

promise once they can be produced to 

high enough fabrication standards 

by M.F. Tompsett, W.J. Bertram, D.A 
Sequin, Bell Laboratories, Murray Hill, N.J. 

0 One of the most exciting applications of charge-
coupled devices is in solid-state image sensing. Like ev-
ery other electronic image sensor, the CCD converts light 
quanta into charges that can be stored on a point-to-
point basis and then read out in sequence. But unlike 
present-day television camera tubes, it does not need 
the complex, power-consuming apparatus of a scanning 
electron beam to do so. 

True, most of the performance problems in commer-
cial-Tv cameras have now been solved. But the cameras 
are still bulky and suffer from drift and misalignment, 
and tube life continues to be short. Color-Tv cameras 
suffer from the added complications of having to regis-
ter separate electron beams and reduce the effects of 
electron-beam lag. So engineers are still seeking to re-
place the tube with a solid-state device. 
Even apart from television, applications abound for a 

compact, inexpensive, reliable yet sensitive all-solid-
state camera. Examples are card readers, facsimile 
recorders, Picturephones, and character recognition. 
Approaches other than charge coupling can be ap-

plied to solid-state image sensors. But though, for in-
stance, linear devices with shift-register address and 

Sealer. and C.H. area devices with X-Y address have been fabricated, 
they suffer from nonuniformity and switching tran-
sients, both of which worsen with increasing size. On the 
other hand, charge-coupled devices become relatively 
more attractive as the size requirement becomes larger 
and the application more demanding. 

In ccDs, the basic charge-coupling principle is very 
simple. It consists of storing carriers in the inversion re-
gions or potential wells under depletion-biased elec-
trodes, and of moving these carriers from beneath one 
electrode to beneath the next by appropriate pulsing of 
the electrode potentials. To do this charge-transfer oper-

162 Electronics/January 18, 1973 



ation, the neighboring electrodes must be close enough 
to allow the potential wells between them to couple and 
the charges to move smoothly from one well to the next. 

In imaging, charges are introduced into the device 
when light from a scene is focused onto the surface of 
the device. As in all semiconductors, the absorption of 
light quanta creates hole-electron pairs which, under 
the influence of the potential beneath each storage elec-
trode, are collected as a charge packet. The quantity of 
charge thus stored is proportional to the intensity of the 
image. In this manner, a spatial charge representation 
of the scene is stored in the device. It is transferred off 
the device when clock voltages are applied to the elec-
trodes, moving each charge packet serially from storage 
site to site until all charges reach the output diode. 
The storage and transfer of charge for the three-

phase planar device are shown in Fig. la and b. In this 
structure, all the electrodes are on one level and are nor-
mally separated by about 3 micrometers. Figure 2 
shows a section of an imaging device built with this type 
of structure and having 500 triplets of electrodes. Used 
as linear imaging devices, two displays that were made 
by line scanning are also shown in the figure, along with 
a more recent, 1,500-element linear device that was 
made to give greater resolution over a full 8-by- I I inch 
page. 

Although the results obtained with the planar, three-
phase devices with a single metal level have been re-
markably good, such devices have three principal prob-
lems. From the standpoint of commercially acceptable 
production, the most pressing need is to make spacings 
or gaps between electrodes on the order of 2-3 micro-
meters in width, while avoiding short circuits between 
electrodes over the very long total length of such gaps. 
Also, the requirement for three phases imposes certain 

image on a chip. Charge-coupled image sensors are changing 

camera design, being suitable for facsimile, information display, and 

commercial-television vidicon systems. Picture was imaged through 

an area device, of which part is shown here. 
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1. Basic CCD. In three-phase charge transfer, charge is stored in a 

potential well, formed by a voltage V2 larger than V, as shown in (a). 

Charge transfer (b) is accomplished by applying a voltage V, greater 

than V2, thus causing the charge to spill over. 

geometrical restrictions on the design so that cross-un-
ders are required to address at least one set of elec-
trodes. Finally, the exposed oxide surface in the gaps 
can assume potentials that affect the performance of the 
devices adversely. 

Multilevel metalization 

As one method of avoiding the shortcomings of 
single-level devices, two-level metalization structures 
are now being built. These devices, which have com-
pletely sealed channels, are either four- or two-phase, as 
illustrated in Fig. 3. In the four-phase device (Fig. 3a), 
charges may move in either direction depending on the 
pulse sequence, so it's necessary to arrange the pulse se-
quence so that charge always flows in the desired direc-
tion. In the two-phase device (Fig. 3b), on the other 
hand, since neighboring electrodes can be connected in 
pairs and directionality governed by the asymmetry, the 
direction of charge flow is built into the device. Here the 
smaller surface potential underneath the thicker oxide 
always causes the charge to move in one direction. 
The necessary asymmetry to obtain directionality and 

simple two-phase clocking can also be obtained in ways 
other than the double-metal approach. An example is 
the use of an ion-implanted barrier under the electrodes 
as shown in Fig. 4a. This is done by implanting a p-type 
barrier region which forms a potential step underneath 
each electrode that defines the direction of charge flow. 
This implant method has the significant advantage of 
requiring only one level of metal and no overlapping 
electrodes, but still suffers from the problems associated 
with small, unprotected gaps between electrodes. 

All the devices described so far rely on charges trans-
ferred along a silicon-to-silicon-dioxide interface, and 
these surface caps exhibit certain performance limita-
tions—a reduced transfer efficiency and increase in noise 

because charge is trapped in interface states at the sur-
face. These limitations can be eliminated by using a 
buried-channel CCD, which involves building an ion-im-
planted silicon layer of opposite polarity in the bulk sili-
con to a depth of about 1 micrometer below the oxide-
silicon interface. Now a potential well can be generated 
in the bulk material rather than at the surface. Result: 
no surface trapping, although bulk traps still inhibit the 
performance. 
The principle is illustrated in Fig. 4b. Here the chan-

nel is built with implanted p material—a region which 
defines the charge path. Any standard electrode struc-
tures can be used to generate potential wells in these 
buried-channel devices. The only difference is that now 
charge packets are stored and transferred through the 
bulk silicon. And because the charge is stored across a 
thickness of depleted silicon as well as the oxide, the 
charge-handling capability of a buried-channel device 
is considerably less than that of presently fabricated 
surface-channel device. 

How they perform 

In all CCDS, since charges generated by the incident 
light are stored in the potential wells under transfer 
electrodes, an estimate of signal levels can be obtained 
by knowing the total capacitance under each electrode. 
The capacitance per unit area of, say, a 1,200-angstrom 
thick oxide would be 2.8 x 10-8 farads per centimeter. 
If the area under an electrode storing charge is consid-
ered to be 10 x 10 tim2, and the change in voltage 
across the capacitor when this charge appears is half the 
typical applied voltage of ±-10 volts, then each signal 
charge packet Qs would be 0.14 picofarads. With a 
drive frequency C, = 1 megahertz, delivering just 106 
packets per second, the signal current would be 140 na-
noamperes. Clearly, no problem will be encountered 
detecting a signal of this level, provided the equivalent 
noise current is significantly lower. 
The signal-to-noise ratio in this output signal is deter-

mined by shot noise, transfer noise and noise in the out-
put preamplifier. These theoretical signal-to-noise ratios 
are plotted in Fig. 5. One attractive aspect of charge-
coupled image sensors, when compared to camera tubes 
or other X-Y addressed devices, is their very low output 
capacitance, on the order of 1 pF, that can be obtained 
by bringing all the charges to one small output diode. 
Signal-to-noise ratio improves as the inverse of the ca-
pacitance (assuming the limit to the signal-to-noise ratio 
is thermal noise in the input resistance of the preampli-
fier and this resistor is optimally adjusted to maintain 
the required bandwidth). 

Transfer efficiency 

Transfer efficiency is a key parameter in any charge-
transfer imaging device since low efficiency will limit 
the number of elements through which charge can be 
transferred and hence will limit the resolution of the de-
vice. Charge-transfer ineffiency, r, is defined as the frac-
tion of the signal charge left behind at each transfer. In 
CCDS there are two sources of transfer inefficiency. At 
high frequencies, the biggest problem is simply the time 
it takes for the charge carriers to move between elec-
trodes. The values of e for n- and p-channel devices at 
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2. By the line. Linear charge-coupled imagers for both printed and pictorial information have been built. Device on left is a three-phase 500-

element linear array. On the right is a 1,500-element array which is capable of far greater resolution. 

two frequencies, as z function of electrode length, are 
shown in Fig. 6. 
A more serious limitation on transfer efficiency in 

surface-channel CCDs is the effect of interface states. 
Here, as each charge packet passes along the device, it 
can fill an interface state (a place in the oxide-silicon 
boundary that can trap charge) and then, when it moves 
on, these states can empty as shown in Fig. 7. Some of 
the charges emitted from the interface state return to 
the correct charge packet, but others empty into trailing 
packets and give rise to transfer inefficiency. 

For a three-phase device with electrodes 10 p.m long 
in the direction of transfer, a value of f = 2 X 10— i, 

arising from the uncompensated effects of interface 
states, has been both calculated and measured. This 
value of inefficiency is low enough for most applications 
of image sensors. Values less than on the order of 10-1 
have been measured in buried-channel devices. 

Sensitivity 

In terms of sensitivity, the CCD has essentially the 
same light response as any silicon device under corre-
sponding conditions, with allowance for geometrical 

3. Many levels. Using two layers of metalization makes fabrication 

easier because it removes the need to have very narrow gaps be-
tween electrodes. Either two- or four-phase devices are possible; 

charge direction is built into the two-phase type, simplifying clocks. 

factors. If a quantum efficiency of unity is assumed (as 
is nearly achieved in silicon-diode-array camera tubes), 
then the CCD has a sensitivity of 500 microamperes per 
lumen. This value is comparable to that of most com-
mercial vidicons. And by exploiting the response of sili-
con out to wavelengths of 0.9 iirn, a still greater sensi-
tivity can be achieved. 
These figures assume that the silicon slice is thinned 

down, as in silicon camera tubes, and that the optical 
image is formed on the back of the device. A rather 
lower sensitivity is obtained if the light falls on the front 
surface, typically the case for most experimental devices 
fabricated so far. In such cameras, light has been passed 
only through the gaps between the metal electrodes or 
through thin polysilicon transfer electrodes. 
The dark current is an important characteristic of 

most image sensors and must normally be held to a 
small percentage of the signal. In the CCD, the dark cur-
rent arises from recombination-generation centers both 
in the bulk and at the silicon-to-silicon-dioxide inter-
face. A rapid method of assessing the magnitude of this 
current can be obtained from the relaxation time of an 
mos capacitor when it is pulsed to the same potential as 
is used in the CCD. Now the signal charge in the CCD is 
stored over perhaps a quarter of the total area contrib-
uting dark current, and a full signal packet holds about 
half the charge per unit area that is contained in the 
fully discharged mos capacitor. Consequently, the mos 
relaxation time will be an order of magnitude greater 
than the integration period multiplied by the required 
ratio of the signal to the dark current. When this rela-
tionship is applied to a dark current of 1% of the signal 
current and a total integration and storage time not ex-
ceeding 30 milliseconds, the mos capacitor must have a 
relaxation time of 30 seconds, a value easily obtainable 
in correctly processed mos capacitors. 

Building CCD imagers 

Although there are several possible basic organiza-
tions of charge-coupled image sensors for both area-and 
line-sensing applications, two important requirements 
must be met by all sensing arrays. Since light is contin-
uously incident on the array across which charge is 
being moved, some method of avoiding smearing must 
be employed. Secondly, in order to minimize the effect 
of preamplifier noise and pickup from the pulsing elec-
trodes, all charges should be brought to a single, small 
output diode. 

In line sensors, the problems are relatively easy. A 
configuration in which charges are integrated in a cen-
tral photosensitive region and subsequently gated into 
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4. Implanting a good idea. By implanting a p+ region beneath elec-

trodes (a), a barrier is formed which prevents charge from flowing in 

the wrong direction. This results in the necessary directionality in a 

single metal system with simple clocking. Implants can also be used 

to build buried-channel devices (b); here, an implant of p material 

forms the channel, confining the charge to the bulk during transfer, 

eliminating surface state loss and promoting transfer efficiency. 

two shift registers, one on either side of the central re-
gion, is shown in Fig. 8a. The charges are then moved to 
a common output while the next line of information is 
being integrated in the central region. 
The lateral transfer process overcomes the problems 

of light smearing since the charge-transfer region is 
shielded from light. Furthermore, the use of two shift 
registers means that only half as many transfers must be 
made for each charge packet, reducing by half the total 
length of the device for a given number of resolution 
elements and set of fabrication tolerances. 

Using this principle, a 1,500-element four-phase line-
sensing device with two levels of tungsten metalization 
has been fabricated that has 3,000 electrodes in each of 
two transfer sections. The self-scan direction is horizon-
tal and the mechanical scanned direction is vertical. The 
measured value of transfer inefficiency on this device is 
an impressive 7 X 10-5. 

In area arrays, two designs in particular satisfy the re-
quirements and have received most attention. One is 
the line-addressed structure shown schematically in Fig. 
8b. It consists of an array of charge-transfer lines to 
which the transfer pulses can be applied via switches 
operated by a line-address shift register. Each horizon-
tal line of information is read in serial form into the ver-
tical register and transferred to the output diode. Such a 
system has been demonstrated in a 32-by-44 array using 
bucket-brigade shift registers, but its principle is appli-
cable equally well to charge-coupled structures. 
The other principle used successfully in imaging ar-

rays is that of frame or field transfer. In such an array, 
shown schematically in Fig. 9, charge is integrated in an 
array of vertical registers with common horizontal elec-

trodes. The array may be considered as consisting of 
three functional parts. The top part is the integration re-
gion, or image area, on which the light falls and where 
the generated carriers are collected. At the end of the 
integration period, all electrodes are pulsed, and the 
whole frame/field of information is moved rapidly into 
the lower storage section, while the integration of a new 
frame/field starts in the upper part. Then the whole 
frame/field is moved down the storage section, one line 
at a time, with the lowest line of charge being read into 
the lower serial readout register (video out) and trans-
ferred horizontally to the output diode. 
The standard TV format requires two interlaced fields 

per frame. These may be obtained by using the frame-
transfer sensor in a simple but effective way. By inte-
grating the charge packets alternately underneath dif-
ferent electrodes for subsequent fields, the number of 
samples taken in the vertical direction can be doubled, 
without the number of elements being altered. The cen-
ters of charge collection for these samples are shifted 
from one field to the next, so that two interlocked sets of 
scan lines may be used in the display. This interlace 
scheme is therefore capable of giving both the correct 
geometrical representation and the increased vertical 
resolution. 
A frame-transfer device having 106 vertical registers, 

each 128 elements long, has been fabricated with the 
three-phase charge coupling technique. A photograph 
of the device is shown in Fig. la The vertical transfer 
regions are defined by vertical bars of a channel stop 
diffusion. 

In order that the device can also be used for test pur-
poses as a serial memory with electrical input, the serial 
shift register has been placed at the top of the array as 
well as the bottom. The total number of elements is 
13.780. The element size is 30 X 32 tm2, and the active 
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tion of charge quantity shows that the S/N ratio is fundamentally lim-

ited by shot noise rather than the thermal noise in the input resistor 

that is characteristic of the preamplifier effect. 
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area of chip is 3 X 5 mm2. 
An image reproduced with such a device operating at 

an element frequency of 1 wiz in the frame/field-trans-
fer mode is shown in Fig. 11. In this mode the number 
of elements used to form the pictures is 64 x 106. By 
increasing the integration time and accepting additional 
smearing, the full 128-by-106 elements may be used as 
an image sensor. 

Defects 

It is evident from the white spots in Fig. 11 that there 
are some physical defects in the imaging devices. A re-
duction in the incidence of such defects must be a major 
consideration in the design and fabrication of commer-
cial imaging devices, because a microscopically small 
defect in charge-coupled devices can have a macrosco-
pic effect on the display image. For example, defects 
could give rise to noticeable white or black lines in the 
picture. There must also be a complete absence of short 
circuits between the metallized electrodes in all parts of 
the array, or the device cannot be made to operate. 
There are various types of nonkilling defects. Local-

ized regions of high dark current in the integration or 
storage area give rise to bright spots and bright streaks 
in the display. Pinholes in the oxide will allow charge to 
be drained from the channel to the electrodes and will 
cause black streaks in the image. A black streak also oc-
curs if the channel-defining diffusion inadvertently 
bridges the transfer channel and therefore prevents 
transfer. 
One problem that must be overcome in commercial 

devices is blooming. Blooming is caused by the lateral 
spreading of charge from an intense spot of light. In the 
frame/field-transfer type of imager, excess charge spills 
preferentially along the transfer channel in the vertical 
direction, causing objectionable white bars in the dis-

6. Minimizing inefficiency. Two factors that affect inefficiency of 

charge transfer in CCDs are electrode length and speed of oper-

ation. For an n-channel device a reasonbly small transfer inefficiency 

is obtained at 10 MHz with an electrode length of 50 iLm. 

7. Surface states are bad. Changes in surface states occurring in 

the oxide-silicon interface are killers of transfer efficiency. They hap-

pen when charge is captured during storage and then released after 

transfer. Since the release is random and can occur in subsequent 

transfers, noise may appear and may blur the signal. 
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8. Reading out. In linear devices (a), the image can be read out from 

a central photosensor region into two flanking shift registers. The 

charges are then moved to common output while the next line is 

being integrated. In an area device, a line-addressed structure (b) 

could be used, with each line of information being read serially into a 

vertical register, then transferred serially to the output diode. 

play. 
This effect can be readily prevented by introducing 

an overflow drain, which provides a well-defined path 
to leak off excess minority carriers when the integrating 
potential well is filled. These drains would be placed be-
tween adjacent vertical transfer channels and combined 
into a single outlet at the top end of the device. A 
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9. Framed. Another good scheme for area imagers is to transfer one 

frame at a time. With this three-section device, the scene is sensed 

in an imaging area, passed to a storage area, and then moved out a 
line at a time through the video output section. 

threshold potential is formed between the region under 
the storage electrode and the overflow drain so that only 
excess charge above a predetermined level flows into 
the drain. 

Designing a charge-coupled image sensor 

For small devices, with about 30 x 30 elements, the 
choice of structure is not critical. X-Y addressing or 
charge-transfer devices can be used with almost any or-
ganization discussed above, and satisfactory results and 
yield obtained with current technology. However, in the 
design of arrays for more ambitious applications, such 
as those requiring 50,000 picture elements and a l-MHz 
bandwidth, or commercial TV with each of these figures 
increased by a factor of five, considerations of perform-
ance and yield become critical. 
For large arrays, the conductivity of the transfer elec-

trodes must be maximized. This is to prevent the driv-
ing pulses from attenuating before ihey reach the ends 
of the transfer electrodes, causing nonuniform charge 
distribution across the array. In addition, any attenua-
tion would appear as undesired heating on the array. 
Suitable candidates for electrode material are polysili-
con, or a refractory metal such as tungsten, or a highly 
conductive one like aluminum. 
Any one of these metal systems may be used with ei-

ther buried- or surface-channel CCDS. It is initially 
thought that the buried-channel CCD would have the 
higher performance, but this is not true in all cases. In-
deed, there are penalties. The charge density that can 
be handled by a buried-channel device will be less than 
in surface-channel devices—though this limitation may 
be somewhat academic, since the surface-channel de-
vice can in fact handle more charge than is needed in 
most applications. Also, the additional junction area 
necessary for buried-channel operation can introduce 
extra dark current, and this, combined with the lower 
stored-charge density, can reduce the ratio of signal to 
dark current in these devices. 

Fortunately, it is unnecessary to decide absolutely be-
tween these two types of CCD at this time. The same 
electrode structure may be used in both surface- and 
buried-channel devices. Indeed, a surface-channel de-
vice may be converted to a buried-channel device by a 
suitable ion implant. The choice of one over the other 
will depend on the application and the empirical results 
obtained in suppressing dark current. In a low-light-
level Tv application, for instance, the tradeoffs will be 
very different from those in line image sensing or studio 
TV, and the buried-channel device should do better. 

In any case, from the standpoint of designing an area 
image-sensing device, the choice between a line-ad-
dressed and a frame- or field-transfer organization is a 
more fundamental one. The latter has been preferred in 
recent devices. One reason is that in the frame-transfer 
units, interlace effectively doubles the utilization of each 
element of the integration section and halves the size of 
the storage section. 

What's more, the line-addressed structure requires an 

10. Getting the picture. This area imager has 106 by 128 elements 

on an active chip area of 3 x 5 mm2. A CCD image chip with 250 by 

250 elements will be needed for Picturephones, a 550-by-550-ele-

ment structure for pictures of commercial-TV quality. 
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additional vertical scan generator and gating on the 
chip to address the individual lines. This increases the 
number of small contact holes on the array and sets a 
limit to the minimum dimensions. Also, the electrode 
structure is more complicated, an anti-blooming struc-
ture is not easily incorporated into the array, and the 
pickup to the output varies because lines must be ad-
dressed during the readout of a previous line and this 
gives rise to noise. 

In any case, one thing is certain: power dissipation in 
cam is small. With present dimensions, the maximum 
energy dissipated by the carriers per transfer is about 1 
picojoule. On an array suitable for commercial broad-
cast Tv (with, say, 500-by-500 storage elements) the fun-
damental power dissipation would be less than 100 mi-
crowatts, with some extra power going on resistive 
losses along the leads and the transfer electrodes. In 
fact, the pulse drivers promise to be the major source of 
power dissipation. using up several watts. 

Charge-coupled cameras 

Any camera that is built around any CCD array prom-
ises to be extremely compact. To date, transistor-transis-
tor logic has been used to generate the appropriate se-
quence of pulses and sync signals required by CCDs. 
The pulses are then passed to drivers, which interface 
directly with the device. 

Part of the logic function involves counting the num-
ber of transfers that have occurred on the array, but this 
could be replaced by passing count-charge packets 
along separate transfer regions on the array itself and 
using these to control the logic operation. All the logic 
functions, drivers, preamplifier, and sensing array 
would be integrated onto a very few chips that could be 
bonded onto a common ceramic substrate a few square 
centimeters in size. The lens would then most likely be 
the bulkiest part of the camera. 
The small size and low power requirements of CCD 

cameras clearly indicate that both linear- and area-
imaging devices will have a strong impact in the field of 
image sensing. Although the ultimate goal of making a 
sensor for commercial TV is some way off, devices for 
less demanding applications will certainly be available 
in the near future. 

For example, card reading, optical character recogni-
tion, visual aids for the blind, and a replacement for the 
silicon-diode-array camera tube are all well within the 
scope of present CCD technology. Low-light-level TV 
with CCDs is also an attractive prospect because of the 
high quantum efficiency of silicon over a broad spectral 
range and the low output capacitance of the readout 
stage. Expected, therefore, are cccés with sensitivities 
that compare favorable with present low-light-level 
camera tubes operating in the same visible and near-in-
frared spectral range. The ease with which CCDs can be 
cooled to reduce dark current should also increase their 
low-light-level capability in special IR applications. This 
asset, plus the zero lag and the accuracy of the position 
on the target to which each emergent charge packet can 
be assigned, could give these image sensors wide appli-
cation in the field of particle detection. 

Further development of charge-coupled technology 
will, again, most certainly lead to TV cameras which will 

11. Blemishes. Defects in CCD images show up as white spots. Re-

ducing such imperfections is a major requirement in CCD imaging 

because a microscopic defect will have a macroscopic effect on the 

displayed image. Fabrication standards therefore must be high. 

be simpler, more compact, and will require less power 
than present video cameras. The new models will be 
more rugged and have a longer life than current video 
cameras. Nor will they require warm-up time. 

For color TV there are several major advantages. Be-
cause of its fixed geometry and self-scanning capability, 
the charge-coupled image sensor completely overcomes 
the problems of alignment and registration of the 
scanned areas which are found with color cameras using 
three tubes and which give rise to color fringing. The 
CCD should permit drift-free, unattended operation. 
Moreover, it should eliminate image lag, another prob-
lem with conventional cameras that gives rise to color 
fringing in moving objects. All these factors should 
eventually allow color cameras to be built that are much 
simpler and less expensive than conventional ones. 
An exploratory, all-solid-state color-Tv camera that 

indeed bears out these high hopes has already been 
demonstrated in the laboratory. The image is shown on 
the cover. In this camera, the standard electron-beam-
scanned camera tubes are replaced by three charge-
coupled image sensors. The light from the scene being 
viewed is split into three colors (red, green and blue) 
and focused onto the image sensors. 
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Designer's casebook 

Synchronous ramp generator 
maintains output linearity 
by D. M. Brockman 
Boeing Co Seattle. Wash 

With complementary-mos analog switches, a synchro-
nous ramp generator can be built without the need for 
expensive ladder networks or costly amplifiers. This cir-
cuit is intended for use in a multichannel analog-to-dig-
ital converter system where digital words must be devel-
oped to represent transducer outputs. 
When triggered, the circuit generates a linear ramp 

having time and voltage parameters that are indepen-
dent of component tolerances, power-supply voltage, 
and clock rate. The ramp output is synchronous with a 
binary or binary-coded-decimal counter and always 
runs from a negative reference voltage at the counter's 
zero state to a positive reference voltage at the counter's 
full-scale state. The generator's ramp output can be 
used as the reference signal for comparator-type 
analog-to-digital converters. 
The ramp is generated by integrator Al. Switch S., is 

initially closed, and switches S1 and S3 are open, clamp-
ing Al's output to -V,r. The counter is kept reset by 
flip-flop FF 1. 
When the circuit is triggered, the counter begins to 

run, S., is opened, and S1 is closed. Integrator AI begins 
to charge linearly at a rate determined by time constant 
RICI and the output voltage produced by integrator A.,. 

After the counter reaches full scale, switch S1 opens and 
stops the ramp, while switch S3 closes and starts the 
comparison cycle. 
During the comparison cycle, Ai's output is inverted 

by amplifier A3 and summed with +V rer by integrator 
A2. If the sum is not zero, A2 charges toward a voltage 
(and polarity) that will make the sum zero at the next 
comparison cycle. When the counter reaches full scale 
for the second time, the comparison cycle is ended, 
switch S3 is opened, switch S2 is closed, and the counter 
and flip-flop FF1 are reset. 

This generate/compare process is repeated each time 
the circuit is triggered. And, after a few cycles, the out-
put voltage of integrator A2 will be just large enough to 
drive integrator Ai to +VT.« in the time required for the 
counter to reach full scale. 

Inverter A3 is provided with a gain adjustment to 
compensate for tolerances on integrator Az's summing 
resistors and to allow the peak ramp voltage to be set 
exactly to +V rer. Time constant RICI must be chosen so 
that integrator A., does not saturate. And time constant 
R2C., must be selected for circuit stability: 

11,C2 = T2/RiCi 
where T is the ratio of the full-scale count to the clock 
rate. 
The circuit's stability factor becomes: 
S.F. = RIR2C1C2/T2 

If the stability factor is equal to one, the circuit will re-
spond to step changes in +Vref without overshoot. If 
the factor is greater than one, the generator's response 
will be underdamped. 
The component values shown are for a 1.8-megahertz 

clock rate and a full-scale count of 1,024. 

Automatic compensation. Synchronous ramp generator uses low-cost complementary-MOS analog switches instead of high-priced ladder 

networks. Closed-loop circuitry automatically corrects ramp slope for small changes in component values, clock rate, or supply voltage. 

Ramp output climbs from -V,,or to + V,..í as counter runs from its zero state to its full-scale count. For this circuit, clock rate is 1.8 megahertz 
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Astable multivibrator 
needs only one capacitor 
by Glen Goers 
Texas Instruments, Dallas. Texas 

Two large capacitors are required for most astable mul-
tivibrator designs. But, by using a programable unijunc-
tion transistor (PUT), one of these can be eliminated, 
and only one inexpensive Mylar capacitor is needed. 
The multivibrator in the diagram, for example, is de-

signed to operate at 1 hertz. Its output symmetry can be 
adjusted with timing resistors R1 and R2—resistor R1 
controls the negative output pulse width (t1), while re-
sistor R.» controls the positive output pulse width (0. 
The values of R1 and R2, along with the value of capaci-
tor C, determine the output pulse durations: 
RI = 1.4t, /C 
R2 = 2.5t2/C 

At the start of the circuit's cycle, the PUT is off, the 
bipolar transistor is on, and capacitor C charges 
through resistor RI. When the Pur's peak-point emitter 
voltage (Vp) is reached, the PUT triggers and turns off 
the bipolar transistor, allowing this device's collector 
voltage to go toward the supply level. 

Diode DI and resistors R3 and R4 provide latching 
current for the PUT. The value of resistor R3 can be de-
termined by: 
R3 = [V1 - (Vv+ VD)Inv 

where VI is the supply voltage, V» is the diode drop, VII 
is the PUT'S valley-point voltage, and Iv is its valley-
point current. 
When capacitor C discharges through resistor R2, the 

bipolar transistor is turned on so that the latching cur-
rent is removed from the PUT. This device's gate voltage 
(VG) then rises to the level set by the voltage divider 
formed by resistors R5 and R6. The PUT then turns off, 

Trimming down to single capacitor. Programable unijunction Iran 

sistor (PUT) eliminates the second capacitor in astable multivibrator 

circuit. When PUT is off, bipolar transistor is on and capacitor C 

charges through resistor R1 until PUT triggers, turning off the bipolar. 
As capacitor C discharges through resistor R2, the PUT remains on 

until the bipolar conducts. Capacitor C then charges again. 

capacitor C again begins to charge through resistor RI, 
and the cycle repeats. 
The value of timing resistor R1 must be small enough 

to meet the PUT'S peak-point current (I„) requirement. 
And the value of the other timing resistor, R2, must be 
small enough to assure that the bipolar transistor will 
turn on. 

Automobile ignition system 
is rugged and reliable 
by J.P. Thomas 
Litton Industries. Litton Systems (Canada) Ltd., Rexdale. Ont.. Canada 

Capacitive-discharge ignition systems permit engine 
performance to be maintained over an extended period 
by reducing automotive component degradation due to 
mechanical wear. With a capacitive-discharge system, 
ignition voltages are high, allowing sparkplug gap spac-
ing to vary considerably without affecting engine per-
formance. But ignition point current is kept low so that 
point erosion is significantly reduced. 
The failure of a capacitive-discharge ignition system 

can usually be attributed to erratic triggering of the sili-
con-controlled rectifier, the heart of the circuit. Erratic 
triggering can generally be traced to either poor design 
of the trigger circuit or improper elimination of point 
bounce. 

In contrast, here is a capacitive-discharge ignition sys-
tem that provides reliable SCR triggering over a broad 
range of operating conditions and offers an engine over-
speed cutout as an additional feature. The system can 
operate over the temperature range of -70°F to + 150°F 
and over the supply-voltage range of 7 to 20 volts. 

Unijunction transistor Qi generates trigger pulses for 
the SCR by discharging capacitor CI when transistors Q2 
and Q3 are both saturated. Engine overspeed protection 
is provided by transistors Q3, Qi, and Q5, diodes DI, D2, 
and D3, and a speed limit set by the values of resistor R1 
and capacitor C1. Transistor Qi and its associated com-
ponents act as a current source that charges capacitor 
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CI at a predictable constant rate when thc points close. 
Transistor Q.; discharges C1 when the points open. 

Unless capacitor C1 is charged to a voltage that 
equals D3's zener voltage plus Q's base-emitter voltage. 
transistor Q3 remains off so that the SCR trigger pulses 
are inhibited. If the time between successive point open-
ings is less than CI's charging time, the ignition system 
is inhibited, thereby providing overspeed protection. 
The circuit's cutoff point is precise so that there is no er-
ratic behavior at the edge of the protection speed and 
the possibility of engine damage due to transient me-
chanical loads is eliminated. 
When the ignition points open. transistor Q3 is in sa-

turation, and transistor Qo will go into saturation as 
transistor Q7 turns off and transistor Qg saturates. After 
the time elapse (about 5 microseconds), determined by 
the time constant of capacitor Co and resistor Ro. tran-
sistor (;),; is driven into saturation, removing any charge 
remaining on capacitor C1. 
At some time during this sequence. the voltage across 

C1 falls below the level required to keep transistor Q3 
on. forcing this device, as well as transistor Q3. to turn 
off. After the time (around 20 its) established by capaci-
tor C3 and resistor R3 has passed. transistor Q. satu-
rates, causing transistor Qi; to turn off and removing the 
base drive from transistor Qo. 
When the points close. transistor Q7 saturates, and 

transistor Qs turns off, maintaining transistor Q2 in its 
off state. Capacitor C3 begins to discharge through re-

sistors R3. It 1. and R5 and Q9's base-emitter junction. 
The time constant of this network is long enough to 
keep transistor (1) saturated during a point-bounce 
cycle. i,ut short enough to discharge capacitor C:t com-
pletely during a normal point-dwell cycle. 

Transistors Qv) and Q11, the transformer, and the 
bridge rectifier form a dc-to-dc inverter that charges the 
1-microfarad discharge capacitor. C4, to about 375 V. 
This voltage level provides a spark energy that is an or-
der of magnitude larger than what is available from a 
standard ignition system. A conventional ignition coil is 
used as a pulse transformer to raise the discharge volt-
age to about 40 kilovolts, which is approximately four 
times greater than the voltage provided by conventional 
ignitions. 
For a four-stroke engine, the value of resistor R1 can 

be initially chosen as: 
RI = 18/NMC 1 

where N is the number of cylinders. M is the maximum 
engine rpm. and C1 is expressed in farads. For a two. 
stroke en2ine, the initial estimate for RI is: 
RI = 9/NMC, 

The value of capacitor C1 is somewhat arbitrary, but it 
should be at least 0.111F and not more than 0.5 itLF. After 
choosing CI. the value of RI must be adjusted to give 
the precise speed limit desired. LI 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 

and unpublished circuit ideas and solutions to design problems Explain briefly but thor-

oughly the circuit's operating principle and purpose Well pay $50 for each item published 

Sure firing. Automobile capacitive-discharge ignition system performs reliably at 7 to 20 volts from -70 F to + 150 F, in addition to providing 

engine overspeed protection. Unijunction transistor Qi generates trigger pulses for the SCR by discharging capacitor CI. When points close, 

CI is charged; when points open. CI is discharged. The discharge capacitor. C1. accumulates about 375 V for high spark energy. 
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ee 
P-Channel 
JFET 

N-Channel 
JFET 

Since 1962, Siliconix has evolved FET technology and applied it to a 
complete line of singles, duals, arrays, and ICs. So what's new? 

Economy 
Epoxy FETs 

Siliconix, the world's leading supplier of FETs, now brings 
you a full line of plastic encapsulated field-effect transistors—at 
economy prices as low as 32c each in 1000-unit quantities. Why 
be concerned over alternate sources? Call on the FET leader 
for quality devices at rock-bottom cost. 

The Siliconix line 
of epoxy products includes 
• FETs for general purpose amplifiers 
• FETs for VHF/UHF amplifiers and mixers 
• FETs for switches, choppers, and commutators 

• FET pairs for differential amplifiers 
• FET diodes for current limiters and regulators 

Use these new epoxy FETs 
with the same confidence you 
have placed in Siliconix prod-
ucts in the past—they are 
typed, manufactured, and 
tested specifically for the indus-
trial and commercial markets. 

A copy of our new epoxy FET cross-reference guide and 
full line catalog is yours for the asking. Just circle the 

bingo card number or call your nearest 
Siliconix distributor. 

Write for Data 

Siliconix incorporated 
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Easy-to-use 
Hypi program 
makes possible 
transition from 
nonlinear to linear 
transistor model 
Acting as an interface between linear 

and nonlinear analysis programs, 

a new computer program called Hypi 

converts parameters of nonlinear 

charge-control transistor model 

to those of linear hybrid-pi model 

by John R. Greenbaum, General Electric Co., Syracuse, N.Y. 

PRINT TITLE, IDENTIFY TRANSISTOR 

READ DATA 

WHAT ARE VALUES OF VCB, JN 

FOR I 1 TO M 

IS INPUT VALUE OF JN 
GREATER THAN 

STORED VALUE OF JN 

NO 

IS INPUT VALUE OF JN 
LESS THAN 

STORED VALUE OF JN 

NO 

STORE TABLE VALUES 
AS J1, Bi, D1, Ul, El 

YES 

YES 

NEXT I I 

STORE STATEMENT 
DATA FOR NEXT LOWER 

VALUE OF JN 
AS J5, B5, D5, U5, E5 

STORE STATEMENT 
DATA FOR NEXT LARGER 

VALUE OF JN 
AS J6, 86, D6, U6, E6 

GO SUB TO GET 
LINEAR APPROX 

AS J1, Bi, D1, Ul, El 

XIT 

4 
CALCULATE VBE 

4  
CALCULATE SMALL SIGNAL PARAMETERS 

4  
PRINT RESULTS 

NEW RUN 
YES 

NO 

END 

El Most nonlinear computer programs can analyze cir-
cuits only in the time domain, while linear computer 
programs perform analysis in the frequency domain. 
However, practically all available transistor perform-
ance data is in nonlinear form, making it inappropriate 
for the linear programs. Consequently, an intermediate 
program is needed to convert nonlinear transistor mod-
els to linear models, so that the linear programs can be 
used for frequency analysis. 
A new short program, which is called Hypi (pro-

nounced high-pie), enables the user to describe his cir-
cuit with a nonlinear transistor model, but perform his 
analysis with a linear computer program, like Cornap 
(Cornell network analysis program), ECAP (electronic 
circuit analysis program), Acnet (ac network analysis 
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1. Hypl computer program. Flowchart outlines how Hypi converts nonlinear charge-control transistor model to linear hybrid-pi transistor 

model. The user simply supplies data for transistor collector current and base-collector voltage. Previously stored table contains data for 

charge-control model parameter values. (Linear interpolation is used to bridge table values.) After reading user input data, Hypi solves equa-

tions relating charge-control parameters to hybrid-pi parameters. Sample program develops model for type 2N1711 transistor. 

Menlo 

1110 PSINT .PNIE•saM To DERIVE SMALL SIGOAL MY81.10 PI FROM LANGE SIGNAL" 
IIC PkIN1 "DATA -
120 rMINT   
$30 sEM sies8.k60,6.S3the,AIEA1,A2EA2,I1EIC.12EIES.13EICS 
gad se rIEP1411.0tEPNIt.TIETNETA F.T2ETMETA 1,1/1:01,112EN2 
150 her. YIEVCE, ve.vec. V3E111E. JIEJN J2EJI, J$EJC, JA:J6 
Ito 4, ÇIELJEA4EUt.t3EtTC.C4ECTE.dei.CEECC.DIEGME ;PA.R6E 

riX r9Estt 
ISO 40 6(1)4.16. btl/E0S. D(1):11. UCI)E)CN, VII/ETC1 
19.1 04141 :.0"..EL zsoll. 
zee PsINT .  
tIO Jela 
ttJ med.) ol,M410.d1.ad.11,13 
E3d J4IA 
2.0 me4à rI,P0.11,Tk.i1.114 
• Le1 03E1.0 
20e 312. C(54)..(56).i;(5E).0(5e1.9(5e) 
676 LeT 4:22 
eye PRINT 
ne mid DATA TAULE IM ktioTONIC litheASIAO CUESeNTS 
366 )313 .60d5Ed3.4...56.9.e-16.3.E-6 
3)d JATA .Egli-3.2...56.5..-10.3.E-4 
See e41. 
330 JAL: .mIE-3.e.R.,.56.5.i-10.3.fd6 
340 ja14 .dZE-3.25,5t,5e-10,3E-6 
3711 GATA .63E-3.26,58.5E-10.36..6 
36d JATA 
370 JATA 
ON. JATA 
37. Gala .a.,3,55..72.5E-10.3Ed6 
4.0. JAIA 
41: GAIA 
eid 
43.1 JAI,' 1.i-3.96...e2.5.E-10.3.E, 
444 meld 2e-3,165,57.9Z-IN.34-6 
45d Gale 3E-3,117,53.51-16,31-6 
ES. 5.E-3.13t.,.5.5.E-10,3.6-N 
470 Jai. 7e-3.14g..47.5E-111.3£.6 
480 !ea.% 10E-3,149..4i,SE-16.3E-6 
Add 3.14 /0E-3.158,30.5Z-10,36-6 
bid GAIA 30L-3.160..3s.5,10,4E-6 
31i dATA 56E-3.1641,33,5Z-16.3E-6 
52e Fun 1E1 TC M 
530 oil.: CC11.0(17.3111,0(1).N(1) 
74.1 NEAT 
556 MaINT YOUS VAL)IES iok VCA,J11 Ahe'l 
504 Re VCIDEV2 TA VOLTS JNEJI IN AMPS 
978 INPUT VO..)) 
9881.4111 
590FUN 1.1 In 8 
6118 IF JIEC(I) Idea 670 
610 IF eIEC(I) THEM 730 
620 LET 81:8(1) 
630 LET 01.0(1) 
640 LET 81.11(1) 
650 LET EIEWII7 
6611 GO TO IOU 
670 LET J5EC(I) 
61.2 LET 65.6(1) 
69d LET 7940(1) 
700 LET 115.3(1) 
710 LET 15.0(1) 
720 60 TO 9611 
730 LET JAEC(1) 
740 LiT 06E0(11 
790 LEI 06EDID 
760 LIT (1648(17 
776 LET 66.11(1) 
TEC Lei 11.87 
7911 LEI YtE,)6 

NIP)). CONTINUED 

81111 GC SUN 1270 
81d LEI 81:13 
fte LET Y1ED5 
030 LiT 72.00 
8411 GO SON 1270 
8911 Let D1EY3 
660 LE: 71:05 
870 LEI 42:116 
880 Gu SUO 1270 
OP LET 41E13 
91d LEI RIEE5 
922 1.11 10.66 
93@ GC OUI 127d 
940 LIT EMS 
e50 at ft 1866 
560 NENI 1 
(080 LT V3ELGd1.11/127/T1 
lee Lei JgE134CEPPCIE,40/.1.7 
IOU LET J34.1E/C1-J1 
1136 LEI JA:J1/81-J2 
1642 LET CIETI 4U1 41.11412, 
1494 L4I CEET2aE1 0 1J24 137 
Idle LET C3E42/1P6-627 .112 
1070 LEI CAE41 ,(1.1-93/"NI 
1800 LET C5ECI4C4 
/09! LE/ GNEC24C3 
1160 Lei GIET14J1 
1;10 LET RAE61/61 
1120 PRINT 
1131 PRINT 
1140 PRIXT.FOR VC8.102:,J0. - 8J1 
1150 PRINT'  
1160 PRINT'1111.1111. -RCein2, -,E..:63, -R8E.164 
1171 PRINT "OEE.-105..EE.- sC6, -CE.- ;05,'011E.":01 
1180 PRINT.V8EE. 103 
1140 PAINT 
1220 PRINT. IF YOU RANT A NEW Rum TYPE I, FOR 40 Ntie RUN TYPE 0. 
12311 LET 1.2 
1240 INPUT 
12911 IF TNEN550 
1255 STOP 
1260 REP SUPOUTINE rat LINEAR APPROXIMATION 
1270 LET A E (1,2-11),(J6-J5) 
12111 LET 8.1,1-6.J5 
1290 LET 13 EA4J148 
1311 RETURN 
1310 END 

program), or any one of several other programs. 
Developed at General Electric, Hypi can be run on a 

time-shared basis and is written in Basic language. It 
converts the parameters of the nonlinear large-signal 
Beaufoy-Sparkes charge-control transistor model to the 
parameters of the familiar linear small-signal hybrid-pi 
transistor model. The panel, "From charge-control to 
hybrid-pi," shows the two models and the conversion 
equations. 
There are several ways to solve these equations. For 

instance, they can be solved directly, if not very conve-
niently, with the nonlinear program, Sceptre (system for 
circuit evaluation and prediction of transient radiation 
effects) [Electronics, Aug. 16, 1971, p. 72]. Alternatively, 
Hypi can be used alone, after the values for two of the 

parameters for the charge-control model, current den-
sity iN and base-collector voltage \TIN', have been com-
puted manually. Or, again, the nonlinear program, Cir-
cus (circuit simulator), can be used to find the JN and 
\Ir C. values, and then Hypi used to finish the conversion. 

Examining Hypi 

Hypi's flowchart (Fig. I) is a generalized description 
of how the hybrid-pi model data is obtained. The peo-
gram identifies the transistor type being examined, 
reads the data describing the charge-control transistor 
characteristics, and then asks the user for the operating 
conditions specific to his circuit's performance. 

Hypi represents the charge-control model parameters 
of forward gain /3N, inverse gain /31, normal time con-
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stant TN, and inverse time constant r1, as points on the 
curves normally used to describe these functions. (This 
data can be obtained from published transistor liter-
ature.) The Hypi program automatically provides linear 
interpolation between adjacent parameter values when 
necessary. Therefore, a proper result is obtained when 
an evaluation is requested for a value of current density 
JN that does not exactly correspond with one of the 
listed entries. 

User input data is examined to determine whether it 
agrees with the charge-control model data previously 
stored or whether an interpolation is required. The 
charge-control model equations are then solved, and the 
results inserted in the conversion equations for the hy-
brid-pi model. The outcomes of these computations are 
labelled with the hybrid-pi parameter descriptions. 
A sample Hypi program is also included in Fig. I. 

Statements 100 through 200 identify the program, the 
transistor that is being evaluated (in this case, type 
2N1711), and the variables in the program. Statements 
210 through 540 cause the data describing the transistor 
to be read into the program. By changing this data, dif-
ferent transistors can be modeled. 
The charge-control model parameters are called out 

in statements 210 and 230. Statement 210 provides data 
for base bulk resistance RBB, collector bulk resistance 
Rye, emitter bulk resistance REE, base-emitter capaci-
tance A1, base-collector capacitance A.), saturation emit-
ter current IEs, and saturation collector current les. 
Statement 230 enters data for intrinsic base-emitter po-
tential Oh intrinsic base-collector potential ¢2, and con-
stants 01, 02, N 1, and N2. 

Statement 270 indicates the number (m) of different 
collector current values to be stored in the program. 
Statements 300 through 510 list these various values of 
current JN„,, in addition to the values for forward gain 
PNrn, inverse gain film, normal time constant TN., and 
inverse time constant Ti„,. This creates a data table, with 
the current values given in increasing order. 

User input data for current JN and voltage VoB is re-
quested by program statements 550, 560, and 570. With 
this input information, Hypi searches its data table to 
determine if the input current value agrees with a stored 
current value. If no agreement is found, a linear inter-
polation is performed between the two stored current 
values between which the input current value falls. 

This procedure is described in statements 590 
through 960. The lower data point values for SN, flu, TN, 

R, 
+47 V 

2N1711 

03 
2N1490 

+24 Vdc 

R2 

ALL INDUCTORS (L) AND RESISTORS R, AND R2 ARE DUE TO LEAD LENGTHS 

R, 
LOAD 

ONDITI 

01 02 03 
RL (el) 

VBc (V) 41 (A) VBC (V) 41 (A) VBc (V) JN (A) 

25 -5.54 0.0132 -13.90 0.0027 -6.16 0.996 

50 -12.40 0.00536 -14.00 0.00626 -13.00 0.519 

125 -16.70 0.00228 -14.10 0.00848 -17.30 0.220 

250 -18.20 0.00151 -14.10 0.00924 -18.80 0.119 

I 

2. Sample analysis. Voltage regulator can be examined for potential instabilities. Nonlinear Circus program is used first to determine collec-

tor currents and base-collector voltages of all three transistors for four different load conditions. Table shows results of Circus analysis of the 

transistors for load resistances of 25 to 250 ohms, which cause load current for the 24-volt regulator to vary from 1 to 10 amperes. 
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From charge-control to hybrid-pi 

When a transistor operates under varying conditions, a 
nonlinear model is needed to describe device behavior 
properly. One such model, a simplified version of the 
Beaufoy-Sparkes charge-control transistor model, is 
shown along with a tabulation of its parameters and some 
typical values. 
The equations to determine the current generators for 

the model are: 
= (1 //IN + 1)JN - J1 

12 = -JN + (1 //:, 1)J1 
where: 
J \ - lEs[exp(ONVIiE) - 1] 
= Irs[exp(O IVEr) - 1] 

The depletion and diffusion capacitances for the model 
can be expressed as: 

• = A1 — V111.:)\I 
Orr = A2/((>2 - VE,•)N2 

CDE - 0\ (J\ IF:s) 
• - 0171(J + les) 
The accuracy of nonlinear transistor modeling and the 

convenience of linear problem-solving can be combined 
by converting the nonlinear charge-control model param-
eters to the parameters of the linear hybrid-pi model 
shown. Four equations must be solved: 

gun k: = ONJN 
• --- /IN /IINJN = IIN ÍginE 
Cc = A2/((;).2 - Vc,•)\ + 0,71(J 1 + Irs) 
CE = Al/((;)1- VcE)` 1 + 0\7\(J\ + lEs) 

Generally, base-collector resistance RE,• is assumed to 
be so large that it can be neglected. 

NONLINEAR CHARGE-CONTROL MODEL 

CTE CTC 

CUE 

 II II  

Ri, 

R E 

CDC 

1 I-. 

RCC 

Reg 

LINEAR HYBRID-P1 MODEL 

C, 

Rc 

VBE 

Para-
meter 

HARGE-CONTROL TRANSISTOR PARAMETERS.ii 

Definition Sample 
value 

Rgg 

RCC 

REE 

sc 

RE 

CTC 

CTE 

CDC 

CDE 

ICE 

'ES 

JN 

J, 

eN 

A, 

A2 

02 

N1 

N2 

TN 

Base bulk resistance 

Collector bulk resistance 

Emitter bulk resistance 

Collector reverse-bias leakage resistance 

Emitter reverse-bias leakage resistance 

Collector depletion capacitance 

Emitter depletion capacitance 

Collector diffusion capacitance 

Emitter diffusion capacitance 

Saturation collector current when VBE = 

Saturation emitter current when Vgc = 

Forward current generator 

Inverted current generator 

Normal beta with Vgc = 0, VBE = 

Inverse beta 

Base-emitter capacitance 

Base-collector capacitance 

Intrinsic base-emitter junction potential 

Intrinsic base-collector junction potential 

q.'mkT, 1 < m < 2, T = 25°C 

q/mkT, 1 < m < 2, T = 25°C 

Constant, 0.33 (graded junction) 

to 0.5 (step junction) 

Same as N1, usually N2 < N1 

Normal storage time constant 

Inverted storage time constant 

55 

5 

1 mn 

10 Mn 

30 MO 

0.485 pA 

3.5 fA 

72 

0.62 

3.7 pF 

3.3 pF 

1.1 V 

1.1 V 

40.1 V 

29.4 V-1 

0.34 

0.10 

120 Ps 

35 ns 

and i 1 are stored as J5, B5, D5, U5, and ES, respectively. 
Upper data point values for these same parameters are 
stored respectively as J6, B6, D6, U6, and E6. 
The values for the hybrid-pi model parameters are 

calculated with the equations listed in statements 1000 
through 1100. Printout instructions for these computed 
values are given in statements 1140 through 1180. State-
ments 1220 through 1250 allow additional circuit oper-

ating conditions to be examined and, therefore, other 
parameter values to be generated at the user's option. If 
no further modeling is required, the program stops. 

Using Hypi 

A design example will illustrate how the Hypi pro-
gram can simplify circuit analysis. The voltage regulator 
of Fig. 2 is to be examined to identify any potential cir-
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25V REG 

17,94 112469_ E_LAPSED_TIME_. 

RUN 1 

TRANIF_EB FUNCTION_ SRI_TICAL_FRE2V.ENCIE3 

OrePt-Jf- VAR-ii-RLE --
SOURCE VARIARI F  

__GAIN CONSTANT IS_ _5. 966 48330 -03 

Po_LE pQSITIONS  
REAL PART IMAGINARY PART ORDER 

-2.74806490 08 0.  1  
-5.3980355D 06 0. 1 
-5.695.029911_0A -2._3229_Z_9/ D__LI Z. 1. 
-7,41325480 05 4.07107220 06 1 
-7 . 05311.9_8_4D__01_1, 5.812489_1_p_¢ 
-2.20698881) 06 0. 1 

-1.02082720 03 1.38692070 04 1 

SCALED RY 

4 SCONS 

_LERO FLOSI TIONS 
REAL PART IMAGINARY PART ORDER 

-2...14.1.0.6220 08 0. _ 
1.3145697D 06 0. 1 

-5..692.7.90.1D...06 -2.31 999 71D 07 1._ 
-6.66252250 05 -4.20864330 06 1 
-1..80708_39D Q6. 4,585 7293_D_05 1 _ 
-6.0152818D 05 0. 1 
_-_3_,5.1_91.5.1.91_04 0. _. _ . 

TRANSFER FUNCTION POLYNOMIALS - RADIANS 
1.0000 08  IN FREQUENCY AND i.onon  

DENOMINATOR DEGREE 
COEFFECIENTS IN S 

J_L00flO Ofl00.0QDQI. /2_ _ 
1.86421780292370D 01 11 
7. 671.4.2.5.2112111.917D  
5.344559084114750 01 9 
_3_.1_0_444.15_931538Q1)_11.1-__ 
1.16988443537986D 01 7 
3...4145.0.619_41.8125D _10 
6.148752089695850-01 5 
8.9_11153839472356D-02  4  
6.590655930135160-03 3 
6..080.73218117.7.6111 -06_ 2 
5.683390326587980-09 1 
31_17143.31112712___ _ 

NUMERATOR 
COEFFECIENTS DEGREE IN S 

_i.onommootinuou_op _AA 
1.825079863676180 01 9 
1...9.5.2Z11&1522AL8h.D__01 8 
4.44161733646198D 01 7 
1„..19.14à7e320.6.44910_01 6 
3.594712320496980 00 5 
_4 L12.47_9470851/U.D.- 0.1 4 

-5.280801379067990-03 3 
-2.88926191533646D-03 2 
-1.279931354482660-04 1 
-2,61368.0.6_7642120707 0 

3. Frequency response. Nonlinear transistor model data computed by Circus is entered into Hypi so that hybrid-pi model and, therefore, 
linear program can be used to analyze regulator. Subsequent frequency analysis by linear Cornap program provides plot (a) of regulator 

characteristics for 1-ampere load, as well as tabulation (b) of pole-zero locations. Potential instability is outlined in color. 

cuit instabilities that could cause unwanted oscillation. 
First, the collector currents and base-collector voltage 

drops of all the transistors are found with the nonlinear 
Circus program for four different load conditions. In 
this case, load current ranges from approximately 1 am-

pere to 10 milliamperes, as load resistance is varied 
from 25 to 250 ohms. The table in Fig. 2 gives the re-
sults of this analysis. 

The current and voltage values are then entered into 
the Hypi program; a separate run is needed for each 

transistor. The hybrid-pi model data supplied by Hypi 
can then be entered into any one of several linear analy-
sis programs. For this example, the widely used linear 

program, Cornap, is chosen for convenience. With a 
command of only a single instruction, Cornap can pro-
vide transfer functions, pole-zero locations, and plots. 

Figure 3a is a Cornap frequency-domain plot of the 

regulator's gain, phase and delay characteristics when 
load current is about I A. Amplitude values and peak 

amplitude locations vary with transistor collector cur-
rent. The peak (outlined in color) in the vicinity of 14 
kilohertz for all characteristics indicates the presence of 
a potentially critical pole. 

Cornap's tabulated output format (Fig. 3b) for the 
regulator's frequency-domain transfer function and 

pole-zero locations lists the potentially troublesome 
pole (outlined in color) as having its real part located at 

1,021 hertz and its imaginary part at 13,869 Hz. An 
analysis of this pole location reveals that the pole's 

phase angle is approximately 86°, which implies ex-
treme sensitivity to ringing and probable oscillation if 
parameter values change even slightly. 

The author wishes to acknowledge J E HoOper's deveieelh9 the He Program 
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Multiplexer adds efficiency 
to 32-channel telephone system 
Analog signals are time-division multiplexed by recently developed 
integrated circuits in a two-level switching scheme; the technique 
promises to add speed and efficiency to digital telephone systems 

by John A. Roberts* and J.O.M. Jenkins, Siliconix Ltd., Swansea. England 

D Time-division multiplexing has gained wide accept-
ance in recent years as a means of combining multiple 
telephone channels on wire-pair transmission lines that 
previously accommodated only one channel. Combined 
with pulse-code-modulation (Pcm) circuitry to convert 
the sampled signals to a digital format, the multiplexing 
techniques have generally reduced size, power con-
sumption, and costs of plant equipment. 
To achieve minimum signal loss and distortion in 

Now with Microsystems International Ltd . Ottawa. Canada 

2 
3 

TIME-DIVISION 
MULTIPLEXER 

AN TO 
CONVERTER 

(WAN-
TIZER 

BINARY 
CODER 

PULSE-CODE 
MODULATED 
OUTPUT 

PULSE-AMPLITUDE MODULATION 

1. Telephone's answer. Problems in overcrowding of wire-pair tele-

phone-transmission lines are lessened by using analog time-division 

multiplexers followed by a-d converters. 

321 2 
.4— 3.906 gs 

4-125 ps 

3 2 

SAMPLING OF CHANNEL 32 

SAMPLING OF CHANNEL 1 

SAMPLING OF CHANNEL 2 

-- PULSE AMPLITUDE 
MODULATED OUTPUT 
OF MULTIPLEXER 

2. Tight fit. For accurate reconstruction of a 3.3-kHz telephone sig 

nal, it must be sampled at a rate of about 8 kHz, or once every 125 

its. The hierarchy of today's telephone system makes it highly desir-

able to multiplex 32 speech channels during this period. 

such systems, much effort has been directed toward 
building multiplexers that switch from channel to chan-
nel with minimum output rise and fall times. Such a 
multiplexer design recently built and tested provides 
150-nanosecond switching time, an order of magnitude 
faster than presently available circuits. 
This high-speed switching is achieved by applying 

biphase control logic to a two-level multiplexer arrange-
ment that takes advantage of the fast rise times and the 
break-before-make action of newly developed inte-
grated-circuit multiplexers. 

Telephone system requirements 

A generalized system used to time-division multiplex 
voice signals is shown in Fig. I. After the signals on 
each of analog channels have been sampled, each 
sample is quantized and coded into a PCM format. The 
new design focuses on the analog multiplexer, which 
feeds the analog-to-digital converter. 
The sampling rate for each of the incoming channels 

is determined by the desired bandwidth of the voice sig-
nals being sampled, while sampling dwell time is fixed 
by the number of channels that must be sampled. 
Nyquist's sampling theoryL2 states that any transmitted 
waveform that is band-limited to a maximum frequency 
off,. can be accurately reconstructed from periodic sam-

CIRCUIT CHARACTERISTICS TABLE 

DG 501: 8-CHANNEL 
ANALOG MULTIPLEXER 

CONTROL 
INPUTS 

2n  

INPUT 
1 2 3 4 5 6 7 8 ," CHANNELS 

DG 181: 2-CHANNEL 
ANALOG MULTIPLEXER 

CONTROL 1 
INPUTS 

2 

I 11,111 I 

SINGLE OUTPUT 

2 INPUT 
CHANNELS 

OUTPUTS 
0G501 DG 181 

500 !.1 SERIES RESISTANCE ION CHANNEL) 30 !2 
1.5 ps SWITCHING TIME 150 es 
40 pF OUTPUT CAPACITANCE 20 pF 
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32 SPEECH CHANNEL INPUTS 

lA 

10 12 14 18 
9 111 113 1 115 

20 38 

2A 

17 
18 20 
I 1j9 21 

22 24 

3A 

26 28 32 

2( 212 219 I 30 31 

 I 

48 

OUTPUT TO AD CONVERTER 

18 

4A 

1 
FIRST.LEVEL 
06501's 

SECOND-LEVEL 
DG 181's 

3. Two-level multiplexing. Output-node capacitance is significantly reduced when a second level of multiplexers is added. Interchannel 

switching time, however, is still determined primarily by the speed of the first-level switches. 

pies taken at a rate as slow as 2f1,. 
In practice, however, filters do not provide ideal cut-

off at f1,, and a somewhat higher sampling rate must be 
tolerated. For example, to achieve less than I% error in 
reconstruction accuracy, the sampling rate must be at 
least twice the frequency at which the unwanted signals 
above cutoff are reduced by 40 dB.2." Thus, to relax dif-
ficult filtering requirements at the input-to-sampling cir-
cuitry, a voice bandwidth that is nominally limited to 
about 3.3 kHz is usually sampled at an 8-kHz rate, or 
once every 125 its. 

Single-level multiplexers 

The standard configurations of today's telephone sys-
tems dictate that a fundamental group of 32 channels 
be multiplexed onto one line. Therefore, with a sample 
frame time of 125 its, each of 32 multiplexed channels is 

4. Phase II timing. By adding two-phase control logic to the two-level multiplexer of Fig. 3, the full advantage of the 150-ns switching speed 

of the DG181 circuits is realized. Channel numbers correspond with those in Fig. 3. 

sampled for 125/32, or 3.906 /is, as Fig. 2 indicates. 
Conventional multiplexing networks can be imple-

mented with either descrete components or integrated 
circuits, such as the Siliconix DG501 (see table). This 
circuit multiplexes eight input channels with a switching 
time between channels of 1 to 2 µs. A 32-channel multi-
plexer is constructed simply by paralleling four 
DG501s. Thus, in single-level switching, each of the 32 
analog input channels is multiplexed through a single 
switching bank. 
The problem with such a system stems from the rela-

tively slow 1-2-itts switching times between channels. 
Depending on the design of the particular multiplexer, 
there can either be an overlap between sampling pulses, 
which leads to crosstalk between channels, or a large 
separation between samples, which reduces the 
sampling time of a particular channel. The reduced 
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+5 V 

CLOCK 
•  J K 

AB 

J K 

AB 

8 

DG 181 
SWITCHES 

HDD___ 113 

DG 501 TRUTH TABLE 

CONTROL 
LOGIC  

A° 

A t 

A2 

INPUT CHANNEL ON 
1 2 3 4 5 6 7 8 

O 1 0 1 0 1 0 1 

O 0 1 1 0 0 1 1 

O 0 0 0 1 1 1 1 

28 

38 

+5 V 

 OD/ X AB 

(a) LOGIC 

J K J K J K 

4B 

,5 V 

XAB 

A 

A' 
AO 

1 Ili lt I 

DG 501 
IA 

2  •1111111 

A' 

o 
DG 501 
2A 

28 
DG 
181 38 

J K 

•—• J 

J K 

A' 

o 

DG 501 
3A 

•  

J 

J K 

Ai 

A° 

1 1111111 

DG 501 
4A 

46 DG 
181 

OUTPUT 

— 1 

t)) TIMING 

3.906 ¿sec 

X CLOCK 

A (:2) 

B 4) 

AB — LOGIC 1 CLOSES 48 

AB — LOGIC 1 CLOSES 3B 

Aà — LOGIC 1 CLOSES 2B 

Ag — LOGIC 1 CLOSES 16 

XAB 

XAg 

XAB — INPUT TO 1ST :8 COUNTER 

XAg — INPUT TO 2ND 8 COUNTER 

DG501 Nos. 1A, 2A 

DG501 Nos. 3A, 4A 

5. Logic hardware. TTL control circuits (a) implement timing (b) required in two-phase, two-level multiplexing system. First-level DG501 

switches are MOS circuits, and J-FET technology gives the faster switching times needed in the DG181 second-level switches. 
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411  4141_III I 4114  

(a) 20 ps/DIV 

6. Quick switch. Thirty-two dc levels are sampled in a prototype multiplexer to demonstrate switching speed of the two-level two-phase de-

sign. Largest single transition, from -3 to + 3 volts, is expanded in the lower trace. Vertical scale for both traces: 2 V per division. 

sampling time results in lower multiplexer efficiency. 
Added to the l-2-ps switching time is a delay associ-

ated with the increased output-node capacitance when 
multiple channels are combined. For four DG50Is (32 
channels), the added delay is about 200 ns. These delays 
further reduce the effective sampling time and bring 
some uncertainty into the timing strobe for the a-d con-
verter. The node-capacitance problem can be eased to 
some extent by a high-performance sample-and-hold 
circuit between the multiplexer and the a-d converter. 
However, the 1-2-its switching times remain, and this 
problem becomes acute for signals obtained from 
sources with output impedances of 2 kilohms and 
above. 

Two-level multiplexing 

System-response time can be improved by reducing 
the output-node capacitance. This is achieved by using 
a two-level multiplexing system as shown in Fig. 
Here, circuits with lower output capacitance (such as 
the DGI81, with performance shown in the table) are 
placed in the second multiplexing level, which feeds the 
a-d converter. 
The DG181 circuits can switch at a speed of 150 ns. 

The full advantages of these speeds, however, are not 
realized, since interchannel sampling time is still limited 
by the 1-2-ps rise times of the DG501s. 
A timing sequence that makes maximum use of the 

switching rise times of the DG181s (and therefore re-
sults in extremely high sampling efficiency) can be 
achieved by applying control logic to the two-level mul-
tiplexer in a manner which will give the sampling se-
quence shown in Fig. 4. The faster switching speed and 
the break-before-make action of the DGI81 virtually 
removes the possibility of overlap. 
The problems caused by the relatively slow switching 

time of the DG501 are eliminated by ensuring that the 
first channels of multiplexer switches IA and 2A (Fig. 3) 
are already fully closed when 2B and 3B, respectively, 
are closed, and that the first channels of switches 3A 
and 4A are fully closed when 4B and 1B, respectively, 
are closed. This sequence is then repeated for each of 

the eight channels of the DG501s, and the complete 
cycle is again repeated. 

Two-phase control logic 

The timing requirement and logic-control layout for 
the complete circuit are shown in Figs. 5a and 5b. 
Waveforms A and B are obtained from the input clock 
waveform by an asynchronous divider. The A and B 
waveforms are combined to give AB, Ali, AB and À 
which are needed to close the DG 181 gates sequen-
tially'. Functions XAB and XAB then clock two three-
bit asynchronous counters. A delay of two clock periods 
exists between XAB and Xikii so that the count se-
quence applied to the second and third multiplexer is 
suitably delayed. 
A prototype multiplexer with two-phase control logic 

has been constructed and successfully tested. Series 
7400 TTL circuitry is used to implement the timing and 
control logic. First-level DG501 switches are mos cir-
cuits, while J-FET technology gives the faster switching 
times needed in the DG181 second-level switches. 
To simulate all 32 analog inputs to the multiplexer, a 

voltage-divider network of series resistors is connected 
across a ±-3-volt supply. Thus, 32 dc voltage levels are 
consecutively tapped off the network and applied to the 
multiplexer input. The multiplexer output is displayed 
on the oscilloscope, as shown in Fig. 6a. As can be seen, 
the largest transition is from -3 to +3 V. In Fig. 6b, this 
6-v transition is demonstrated as being accomplished in 
less than 100 ns. 

If low-power TTL or diode-transistor logic is used in 
the control circuits, synchronous counters may be neces-
sary to eliminate cumulative flip-flop delays. Although 
the system shown is designed for negative-edge-trig-
gered J-K flip-flops, the circuitry can be rearranged 
quite simply for almost any bistable logic element. D 

REFERENCES 
1. Schwartz. M., "Information Transmission Modulation and Noise,- 2nd ed., p. 174. 
McGraw-Hill Book Co. 1970. 
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4 Yoder. D. "Two-Level Multiplexing for Data-Acquisition Systems." pp. 67-72. EEE. July 
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Moon TV available 
at down-to-earth prices. 

You probably noticed the great-
ly improved pictures transmitted from 
the surface of the moon during the 
Apollo XV and XVI missions. Previ-
ously it was difficult to handle detail 
in both deep shadow and bright sun-
light. State-of-the-art camera tube 
technology from RCA overcomes this 
difficulty, while at the same time elim-
inating the possibility of catastrophic 
failure should the camera accidentally 
scan past the sun. 

Responsible for these dramatic 
improvements is RCA's type 4804 
16mm SIT (Silicon Intensifier Target) 
tube family. RCA's unique, no-com-
promise silicon - diode - array target 
structure enables simultaneous optimi-
zation of the SIT tube's resolution, lag 
and dark current. The extremely high 
sensitivity of the 4804 series is conven-
iently variable over a typical range of 

up to 1000 to 1 by means of a single, 
simple voltage adjustment. 

Now you can afford to design 
this small size and remarkable per-
formance into your camera. The popu-
larity of the 4804 SIT series is rapidly 
increasing in space, defense, industrial 
instrumentation and day/night surveil-
lance applications. RCA normally 
maintains off-the-shelf delivery capa-
bility of four grades of the basic 4804. 
You pay only for what you need: if 
your application demands a premium 
quality camera tube, specify 4804/ 
PRE; if your blemish criteria are not 
ultra-stringent, order the 4804/PRO; 
when general surveillance is the name 
of the game, the RCA 4804/SUR rep-
resents an excellent buy; and finally, 
where price is an overriding considera-
tion, the 4804/SCI is available to re-
laxed blemish and testing specifica-

tions. Potted versions, complete with 
high-voltage protective window, are 
recommended for safety and ease of 
use. 

Check into the other low-light-
level tubes in RCA's extensive camera 
tube line too. Isocons, 25mm and 
40mm SIT tubes sizes, IV's and I2V's 
also can be supplied, as well as Intensi-
fier-lsocon and Intensifier-SIT coupled 
assemblies. 

For more information, see your 
RCA Representative, or write, Mgr., 
Electro-Optics Marketing, RCA, New 
Holland Ave., Lancaster, Pa. 17604. 

ne g. Electro 
NZ Optics 

INTERNATIONAL SALES OFFICES: ARGENTINA — Casilla de Correo 4400, Buenos Aires/BRAZIL — Caixa Postal 8460, Sao Paulo/ 
CANADA — 21001 No. Service Rd., Ste. Anne de Bellevue, 810 Quebec/ENGLAND — Sunbury-on-Thames, Middlesex/HONG KONG — P.O. 
Box 112/MEXICO — Apartado 17-570, Mexico 17, D.F./SWITZER LAND — 2-4 rue du Lièvre, 1227 Geneva. 

184 Electronics/January 18, 1973 



Engineer's notebook 

Hand-soldering DIP circuits 
can save testing dollars 
by William Mansfield and Herbert Perkins 
Datatron Inc., Santa Ana. Cala. 

Nowadays, integrated circuits are frequently mounted 
on printed-circuit boards by dropping their leads 
through plated-through holes and then flow-soldering. 
Although this method may yield the shortest assembly 
time, it is not necessarily he least expensive because the 
costs of product inspection and production testing can 
run high. Also, isolating faults on defective devices is 
extremely difficult, and removing installed devices risks 
the possibility of damage to both part and board. 

Surprisingly, a return to hand-soldering leads on only 
one sid, of the board can mean substantial savings in 
nonrecurring engineering costs, as well as the costs of 
inspection and production testing. Since most ICs are 
supplied in dual-in-line packages, device leads can sim-
ply be bent away from the DIP body by 90 , so that the 
resulting flattened package can be easily attached to the 
board, as shown in the figure. 
Abandoning plated-through holes, moreover, releases 

the opposite side of the board for other circuit func-

PC BOARD 

v  

PLATED THROUGH 
HOLES 

DIP LEAD POSITIONS REPRESENTATIVE ONLY 

IC 

4 1, A 

HAND-SOLDERED 

(b) 

BACKSIDE AVAILABLE 
FOR CI RCUIT WI RING AND 
OTHER COMPONENTS 

tions. All the real estate on the bottom becomes avail-
able for circuit paths, permitting increased density of 
both wiring and components. This additional real estate 
also enhances reliability because wider line spacing can 
be employed to reduce the likelihood of solder bridging. 
The cost penalty of hand-soldering a board contain-

ing 50 ics—an increase in assembly time of approxi-
mately 15 minutes—can be offset by a saving of about 
$1.75 a board that results from fewer plated-through 
holes. And because layouts are more flexible, charges 
for engineering time can be cut by as much as 30%. 

All lc leads are easily accessible for probing so that 
production testing and debugging is simpler. And any 
single ic lead can be unsoldered and lifted for fault iso-
lation. With plated-through holes, removing an lc from 
the board risks debarrelled holes and raised wiring. 
Since repair is often unsuccessful, and the entire board 
must be scrapped, losses can run as high as $500 to 
$1.000 for a single ruined board. The savings from 
avoiding a scrapped board offset the cost penalty for 
hand-soldering some 100 boards. 

Furthermore, plated-through holes are the histori-
cally weak link in the soldering operation, since they 
can introduce contaminants or open up during thermal 
cycling. Hand-soldering avoids these difficulties, in ad-
dition to providing a secure mechanical connection that 
can withstand the stress of exposure to shock, vibration. 
and direct pull. 

Hand-soldering has advantages. Plated-through holes (a) require 

space on both sides of printed-circuit board and make fault isolation 

difficult. By bending IC leads and hand-soldering (as in b), back of 

board becomes free for other circuit wiring, and single lead is easily 

unsoldered for testing. (Photo shows some mounted devices.) Cost 

penalty of hand-soldering is offset by savings in other operations. 
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Finding reciprocals easily 
with pocket calculators 
by D.R. Wheeler 
Raytheon Services Co.. Burlington, Mass 

Since the advent of electronic calculators. many engi-
neers now own and use them daily. These versatile tools 
can perform a variety of arithmitic functions to get an-
swers quickly and easily, but obtaining the reciprocal of 
a number is quite cumbersome, since most inexpensive 
calculators don't have a "1/x" key. Many users write 
the number on paper, clear the machine, enter 1, press 
"divide," re-enter the number and then press the 
"add/equal" key. 

Although this method is viable, many of the pocket 

calculators can solve the problem more directly by us-
ing the "constant" (K) register. If n is the number, then 
its reciprocal, 1/n, can be found directly, as shown in 
the table: 
• Depress and hold the "constant" key. 
• Press "divide" key. 
• Press "add/equal" key. 
• Release the "constant" key. 
• Press "add/equal" key. 

Operation 
Accumulator/display 

register 
K register 

K operation 

flip-flop 

Hold 

button 1 In n 

1.n 

clear 

clear clear 

Vinicomputer controller 
is inexpensive 
by Richard Hilton 
U.S. Naval Weapons Laboratory, Dahlgren, Va. 

Minicomputers are frequently used as controllers, but 
most commercially available models are much faster 
than needed and often cost more than a prospective 
customer can afford to spend. With the proper archi-
tecture, however, a minicomputer can be built easily. It 
is easy to debug. and costs hundreds, rather than thou-
sands, of dollars. It features a I6-bit word length, 22 in-
structions. and provisions for up to 4,096 words of 
memory. 
The minicomputer can be fabricated from small- and 

medium-scale Tn. integrated circuits. including a 
memory array that is composed of 256-bit static ran-
dom-access lc memories, like the Signetics type 2501. 
Package count can be minimized because the system 
employs a one-dimensional memory array, as well as se-
rial data processing and routing. 
The memory format requires the I 6-bit references be 

made for each word reference. During each system 
memory cycle, which is made up of 16 phases. each 
memory module is first accessed and then optionally 
written into, permitting the contents of any memory lo-
cation to be added to in a single cycle with only a few 
instructions. 
The minicomputer's functional block diagram shows 

the accumulator to be a 16-bit right-shift register with 

Data selection. Minicomputer controller has four data selectors that 

pick up input data according to the instruction being executed. As 

shown in the block diagram. they are located at the accumulator, the 

memory's write-in port, the adder, and the incrementer. 

parallel-set capabilities for input/output data and in-
dicator lights. There is a two-part memory address reg-
ister. The lower part (MARL), together with the four-bit 
operation register (0P), make up a 16-bit shift register 
that can receive the serial memory output and hold it as 
a 16-bit parallel word. The upper memory address reg-
ister (mARu) is a 12-bit latch that can be cleared for 
sampling the contents of the lower memory address reg-
ister when desired. 
The arithmetic section is composed of a Boolean logic 

network (one AND gate and one OR gate), a full adder 

INSTRUCTION 
CODE 
(HEXA- 

DECIMAL! 

ACTION SELECT 
WTM 

SELECT 
ACCUM 

SELECT 
ADD 

SELECT 
INCRE 

0 vri 

1 yyy 

2 yyy 

3 rn, 

4 yr., 

5 YYY 

6 no/ 

7 riv 

80 __ 

81 __ 

82 __ 

83 __ 

84 dd 

85 __ 

86 __ 

9 YYY 

A yyy 

8 vvv 

C yyy 

0 vY1, 

E yyy 

F yyy 

ENTER ACCUM WITH iyyyi 

STORE ACCUM IN yyy 

ADD lyril TO ACCUM 

ADD ACCUM TO yyy 

COMPARE ACCUM WITH Iyyyi 

INCREMENT lyyyl ANO 
COMPARE RESULT WITH ACCUM 

AND lyyyl WITH ACCUM 

OR lyyyl INTO ACCUM 

ONE'S COMPLEMENT ACCUM 

TWO'S COMPLEMENT ACCUM 

INCREMENT ACCUM 

INCREMENT ACCUM IF C = I 

HALT FOR INPUT, OUTPUT 
ALERT DEVICE dd 

RIGHT SHIFT ACCUM INTO C 

CLEAR ACCUM 

INCREMENT iyyyl 

ONU COMPLEMENT Ivril 

CLEAR lyyyl 

JUMP TO yyy IF Z . 1 

JUMP TO yyy, [01 TO ACCUM 

JUMP TO yyy IF C . 1 

JUMP TO yyy 

A 

S 

1 

I 

M 

ZERO 

MARL 

MARL 

MARL 

MARL 
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A 
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A 

A 

A 

ANO 

OR 

À 

I 

I 

I 

M 

m 

M 

M 

7 

A 

wi 

À 

A 

A 

M 

[yyy[ = CONTENTS OF LOCATION yyy; [01 = CONTENTS OF LOCATION ZERO 
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Minicomputer structure. Block diagram outlines the makeup of minicomputer intended for use as controller. The machine processes data 

serially and has one-dimensional memory array. Because it operates at a conservative speed, which is all that's needed for controller appli-

cations, it can be built for only several hundred dollars. The faster, commercially available minicomputers cost thousands. 
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MARL 

PHASE 
GEN 
116) 

(two exclusive-OR gates, four NAND gates, and one carry 
flip-flop, called the C register), and a half-adder or in-
crementer (one exclusive-OR, one NAND, and one flip-
flop). The accumulator, the write-in port of the memory 
array, the full adder, and the half-adder are provided 
with data selectors that are only one bit wide. These 
pick up data from various devices, according to the in-
struction being executed. The table lists the instructions 
and settings of the four data selectors, as well as the 
command that is executed. 
Memory location (000) 16 is used as the program 

counter. Every instruction goes through three memory 
reference cycles—p, i, and x. The phase counter is a 
four-stage ripple counter that goes through 16 states for 
each memory reference cycle and feeds its four output 
lines to the lowest four bits of the memory-address port 
of the memory array. 
As the memory cycle proceeds, the contents of the 

memory cell specified by the 12 bits of memory address 
register MARU appear at memory-array output M in se-
rial. During the p cycle, MARU is cleared and the con-
tents of memory location (000) 16 are directed serially to 
the OP and MARL registers, as well as to the incrementer. 
The output of the incrementer is selected by the write-in 
port of the memory array. When the p cycle is over, the 
contents of the program counter are increased by one, 
and the old contents of the program counter lie in OP 

p ix 

CYCLE 
GEN 

13-BIT RING) 

---ol A FULL ADDER 

t  ISELECT ADD 
A I m teq i  

ARITHMETIC 
SECTION 

AND 

OR 

C REG 
1 BIT 

CARRY 

HALF-ADDER 
OR 

INCREMENTER 

ISELECT I INCR. 

AAM 

and MARL. 
Next the minicomputer enters the i cycle. At the out-

set of this cycle, MARU samples MARL and uses that ad-
dress to fetch an instruction that is placed in both OP 
and MARL. During the x cycle, data is routed serially, as 
it is needed to effect the desired instruction. 
When jump instructions are executed, the contents of 

MARL are serially transferred to memory location 
(000) 16. During this transfer, the upper four bits of 
MARL'S contents are oRed to logic Is so that the con-
tents of location (000)16 are kept equal to those of the 
unconditional jump instruction. 
The unconditional jump instruction in location 

(000)16 is never used by the processor directly, but a 
jump-to-subroutine instruction causes the old contents 
of location (000) 16 to be loaded into the accumulator as 
the new contents are being placed into (000) 16. The 
programer then generates his subroutine exit by placing 
a store instruction into his exit location. 
An index register for the minicomputer can be easily 

implemented with a suitable shift register—one that can 
be incremented during the i cycle while having its new 
contents added to the address that is being serially 
loaded into the MARL register. An interrupt structure 
could also be included. El 

Engineer s Notebook is a regular teature in Electronics We invite readers to submit original 
design, applications, and measurement ideas Well pay $50 for each item published 
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Engineer's newsletter 

A quarter of a quad 

gives control 

Automatic stud 

welding comes 

to electronics 

In CAD, older is 

sometimes better 

Designers are finding that the inexpensive quad transistor arrays newly 
on the market can be a cheap way of getting matched characteristics. 
Instead of using expensive duals that are matched for a particular cir-
cuit parameter, such as temperature tracking, they buy the quads and 
operate one of the transistors in the array as a diode for temperature 
compensation. Or they use one or more transistors in the array as a ze-
ner to establish voltage regulation. 

A welding machine that's been used for years in the sheet-metal indus-
tries can save you 25% of your stud-mounting costs on equipment like 
hermetically sealed transformers and filters. The machine, the NSA-80 
stud welding system manufactured by Nelson Stud Welding Company 
in Lorain, Ohio, 44055, will shoot the stud into your sheet-metal hous-
ing and automatically align and weld it, all in one step. 

Although the newer nonlinear CAD programs are the wave of the fu-
ture, if you're interested in doing frequency analysis only, it's better to 
stick with established linear programs like ECAP or Cornap. You can 
probably get away with simple instructions, whereas the nonlinear pro-
grams have more complex instructions, having been written mainly for 
the more complex transient analysis. 

Leakage current Here's a simple way to predict the reliability of solid-state high-voltage 
drivers for gas discharge displays—you just measure the driver's leak-predicts reliability 
age current. According to Tom Kelly, chief engineer at Weston Instru-

of display drivers ments in Newark, N.J., if the driver's IcB0 is low, the odds are that the 
unit will have a long life; if it's high, watch out. Kelly adds, though, that 
the technique can't be used on zener-protected units, because the zener 
current is included in their leakage. 

Fewer engineers 

are entering the 

education pipeline 

Modems testing, 

testing, testing . . . 

Engineers worrying about being bumped out of their jobs by new crop 
of graduates will be pleased with the following statistic. According to 
the Engineers Joint Council in New York, N.Y., although the number 
of engineers of all kinds graduated from engineering colleges this year 
reached the highest level since 1950, freshman enrollment dropped 14% 
from last year. The relief will be particularly welcome for EEs, who 
head the list for bachelor's, master's, and doctor's degrees. 

Another piece of good news is the declining unemployment rate for 
engineers. It dropped from 2% to 1.8% for the third quarter of 1972, ac-
cording to the Labor Department. Nevertheless, there are still 20,000 
engineers out of work. 

A modem trend worth watching: newer models have built-in test fea-
tures that not only catch internal malfunctions (such as wrong voltage 
levels) but obtain external transmission-line data, too. For example, 
many suppliers now offer modems that can monitor transmission lines 
for equalization. 
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Would the engineer who asked us to design a marking system 
to imprint electronic anti-hazard golf balls please call 
(603) 352-1130. 

It's ready. 
If for some strange reason you're not making electronic golf 
balls, how about your semiconductors, switches, bulbs, circuit 
breakers, motors, generators, connectors, circuit boards or 
whatever? Markem can handle those, too. We've got the 
marking systems, printing elements, foils, inks, supplies and 
services to mark whatever you make, and mark it right. 
Plus do-it-yourself pressure-sensitive labelmakers. 

If you want a better way to solve your marking problems, 
write to us now. Markem Corp., 305 Congress St., Keene, N.H. 
03431. We'd like to help you avoid a few hazards. 
MARKENI 

Sales Offices: Chicago New York Boston Los Angeles Charlotte Dallas 

Cleveland Kitchener, Ontario Dorval, Quebec Rugby, England Schipol Oost, Holland 
C.irrIP 100 nn rparipr rvirP rarri 



More TI integrated circuits are 
used in today's electronic system 
than any other brand in the world. 
And for the reasons you'd expect: 
Technology. Volume. Price. Breadth. 
Dependability. Service. Quality. 
Weigh them all when you buy 
radiation- hardened ICs. 

• 
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If your system calls 
for radiation-tolerant ICs, 

TI can provide full-service support. 

49 standard digital and linear functions. 
Custom capability backed by more than a decade 
of "rad-hard" R&D and production experience. 

Computer aided design. Comprehensive documentation. 

Full service. 
From materials technology to product design, man-

ufacturing experience and capability, support data 
and program management—Texas Instruments can 
supply everything you need to meet the most chal-
lenging system and program requirements. 
TI has been solving radiation effects problems for 

more than 10 years ...and is a major supplier of radia-
tion-hardened devices for strategic defense systems. 

Technological strength — 
now and in the future 

TI is thoroughly experienced in all technologies basic 
to radiation-tolerant integrated circuits, including 
dielectrically isolated substrates, thin-film resistors, 
minimum-size transistor geometries, narrow base 
widths, various packaging options and photocurrent 

compensation, where required. 
Computer-aided design is now a matter of routine 

for both the design and layout of TI radiation-tolerant 
integrated circuits. 
And TI will continue to extend its technological 

capability by combining radiation-hardening exper-
tise with in-depth knowledge of MSI, beam leads and 
low-power Schottky TTL. (In addition, TI has depth 
experience in "rad-hard" discrete devices—both pow-
er and small-signal — and offers a broad line.) 

Complete custom capability 

In addition to its standard rad-hard line, TI has com-
plete facilities, personnel and know-how — including 
all necessary R&D back-up— for the design of 
radiation-tolerant devices to your specifications and 
program requirements. A top-secret facility and stor-
age security clearance, as well as provisions for com-
prehensive documentation, further strengthen TI's 
ability to provide full-service support. 

Industry's broadest standard line 

TI today offers industry's broadest line of standard 
rad-hard ICs — 49 digital and linear functions, with 
more to come. 

Digital ICs lmW/ 3Ons 10mW/lOns 20mW/7ns 
TTL TTL TTL DTL 

Quad 2 NAND RSN54L00 
Hex inverter 
Triple 3 NAND RSN54L10 
Dual 4 NAND RSN54L20 
Single 11 NAND 
Dual 4 buffer 
Dual 4 power gate 
Dual 2-wide A01 
Single 4-wide A01 
Single 2-wide A01 
Dual 3-2 A01 
RS flip-flop RSN54L71 
JK flip-flop RSN54L72 
Dual D flip-flop RSN54L74 
Dual J-K flip-flop 
One shot RSN54L122 

Dual 3 NAND RSN54L130 
Dual 3 NAND 
w/expander RSN54L131 

3-to-8 decoder 

RSN54L57 

RSN5400 
RSN5404 
RSN5410 
RSN5420 
RSN5431 
RSN5440 

RSN5456 
RSN5457 
RSN5458 

RSN54H00 
RSN54H04 
RSN54H10 RSN15962 
RSN54H20 RSN 15930 
RSN54H31 
RSN54H40 RSN 15932 

RSN 15944 
RSN54H56 
RSN54H57 
RSN54H58 
RSN54H66 

RSN 15945 
RSN'5474 RSN54H74 

RSN54H103 

RSN54H149 

Linear, Interface ICs and Monolithic Arrays 

Standard operational amplifier 

High-performance operational amplifier 

2-channel/capacitor-coupled 
plated-wire sense amplifier 

4-channel/DC-coupled plated-wire 

sense amplifier 

Dual 500mA word switch 

Quad JFET interface driver 
7-diode array 

16-diode array 
Quad 30mA NPN transistor array 

Quad 100mA NPN transistor array 

RSN 52709 
RSN 52800 

RSN55900/55910 

RSN55920 

RSN 14026 
RSN21890 

RSN 14925 
RSN 14097 

RSN21885 
RSN21886 

For more information 

For price and availability, call your local TI sales 
office. Or call Gerd Noebel, in Dallas, (214) 238-3025. 
For a copy of TI Bulletin CB-146, "Radiation and 
Semiconductors," circle 250 on the Reader Service 
card. Or write Texas Instruments Incor-
porated, P. 0. Box 5012, MIS 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 84073 



You get more out of 
memories from 
Microsystems International... 

• 

4 11111114.:_ 

• 

"I do for one Their MF 110810 
MOS RAM is the guts of my 
mainframe program. It's a 
and every week several thou 
1103s are delivered from Micr 
systems They fill small memory 
systems too with MF 1101s They're, 

I the 256 Olt MOS RAMs. For my 
money they're number one when it 
comes to MOS RAMs " • 

vala 

invo Itra big peed , 
microprogram sand I mean I 
can't use a g that Isn't-the best. 
I've been using icrosystem's MD 
6200, the 256 x 4 bit Bipolar ROM. It 
has a 35 ns access time so I get 
pretty well what t want, you know'? 
When I get into specialized displays 
I've been specifying the MF 7107 
4032 bit ROM—it's a 64 x 9 x 7 MOS 
character generator. It makes the 
sharpest display I've seen yet Sure 
I'll go on using them" 

MOS & Bipolar Memories from 
the performance leader 

• 4̀ 

• ex 

"My pream requirements are 
cons tly changing and 
MicrOsystems have a 2048 bit MOS 
pROM, the MF 1601. It's electrically 
programmable and does a first 
class job at low cost For 
prototyping we use their light 
erasable reprogrammable pROM, 
the MF 1701. And for very high 
speeds their 256 x 4 bit Bipolar MD 
6300 pROM is about the best damn 
buy you can get! We fill our sockets 
with them ." 

limicrosystems 
international 

microsystems international limited. box 3529 station c. ottawa canada — montreal. ottawa, 10rontu 1,0 ',is Stuttgart. london. palo alto. philadelphla 

For further information—call or write your nearest Microsystems sales office or distributor. 

USA — MICROSYSTEMS INTERNATIONAL SALES OFFICES, CALIFORNIA — Palo Alto. :4151493 0848 Santa Ana. (714)979-6522 ILLINOIS — Schaumburg. (312)894-7660. MINNESOTA — New Hope 
1612)541 1802 NEW HAMPSHIRE — Nashua. (6171762 8298 PENNSYLVANIA — Pluladelphop Huntingdon Valley. (215)W17-6541 r2. 

SALES REPRESENTATIVES, ARIZONA — Sco(tsdale. Barnhtll Ftve Inc. (602)947.7841 CALIFORNIA — Los Altos. W W Posey. (415)948.7771. Santa Ana, lilcal Associates. (714)557 6543. COLORADO — 
Denver. Barnhill Five Inc . (303)934 5505 CONNECTICUT — New C — Sian Poem° Inc (203)966-4630 FLORIDA — Indialantic. Tech-Rep Assoceales. (305)723.9140. Largo. Tech • Rep Associates. (813) 
595 2834 GEORGIA — Chamblee, Tech-Rep Assoctates (404)939 8339 ILLINOIS — Chicago. L Tee Inc . (312)286.1500 INDIANA — Indianapolis. R E. Marquart Pit Assocoates. (317)253.3997 MARYLAND — 
Baltimore. L H. Kok:Ian Co, (301)752-8756 MASSACHUSETTS — Norwood. Stan Pierce Inc, (617)762-3164. MISSOURI — Kansas. Florence A Meyer Inc , (913)722.5210 NEW YORK — Cicero. Advanced 
Components Inc . (3151699-2671. New York. ABC flecuente Sales (516)747 6610 North White Plains, ABC Electronic Sales. (9141946-3001 2 NEW JERSEY — Tenafly. ABC Electronic Sale, (201)568.2354. 
OHIO — Columbus. Torn Mullogan & Assoceates. (614)457 2242 NEW MEXICO — Albuquerque. Barnhill Ft. Inc . (505)299-765R PENNSYLVANIA — Philadelphia. ABC Electronic Sale, (215)917.5641. 
TEXAS — Addison. Campion Sales. (214)239.9196. UTAH — Salt lake City, Barnhill Ewe Inc, (801)487-1327. WASHINGTON — Seattle. Carlyle Technical Sales (206)632 4290. 

DISTRIBUTORS: ARIZONA — Phoenix. Kierullt Electronics (602)273-7331 CALIFORNIA -- Carson. Hi -Roi, (213)537.6500. Los Angeles. Wm.°. (213)685-9525 Menlo Park, Bell Electronlcs. (4151323.943r 
San Carlos, Sterling Electronics. (415)592.2353. San Diego, Klerulfl Electronics (714 1278-2112 COLORADO — D . Kterullt Electronics. (303)343.7090 FLORIDA — Clearwater. Southland Electrontcs Int 
(813)443 4514 LONG ISLAND — Freeport. Mtlgray Electron,cs kc . (516)546-6000 Farmingdale. Arrow Electronics. (516)694 6800 Plainview, Newark Electrontcs (516)822-5000 MARYLAND — Baltimore. 
Arrow Electrontcs. (301)247-5200 MASSACHUSETTS — Boston. DeMambro Electronics, (6171787.1200. Dedham. Gerber Electronocs (617)329.2400 Watertown. Sterling Electronics. (617)926.9720 NEW 
JERSEY — Haddonville. M id Mantle. (609)428 8288 NEW YORK — Roch«ter. Someona Electronics. (716)328.3230. NEW MEXICO — Albuquerque. 6,0,011 flectrorucs. (505)247.1055 TEXAS — Dallas. Semiconductor Spectalosts Inc. (214)358 5211 WASHINGTON — Seattle. Kierullf flectronrcs. 4206)763.1550. 

CANADA -. MICROSYSTEMS INTERNATIONAL SALES OFFICES : ONTARIO — Ones«. (613)828-9191. Toront o. (416)279-1358 QUEBEC — Montreal. (514)875-2814. 

Cemo Electron. % Landed. (514 )73 5 5511 DISTRIBUTORS: BRITISH COLUMBIA — Vancouver. R A E Industrial Electron ics Ltd.. (604 )687. 2621. ONTARIO — Melton. Semoconductor Spectaltsts (Canada) Ltd . (418)578.7414. QUEBEC — Montreal. 
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New products 

Instrument marketing goes global 
Under new policy, International Schlumberger Group produces 

multimeter in England, sells it worldwide under various labels 

by Michael Payne, London bureau manager 

Sharp competition in pricing contin-
ues to keep the electronic instru-
ment business in ferment [Electron-
ics, Nov. 20, 1972, p. 76]. 
Under a new policy, the Inter-

national Schlumberger Group will 
now produce a single product of 
each type for world markets and 
make it in one plant, instead of 
making many similar products in 
many plants throughout the world. 
Although the electronics operation 
is centered in France, under this 
new policy a laboratory-type digital 
multimeter was designed and is now 
being manufactured by Solartron 
Electronics Group Ltd. in England. 
There, it's the Solartron type 7040, 
selling at 195 pounds sterling; in the 
U.S., it's Weston Instruments type 
4444, at $585. Elsewhere, it's the 
Schlumberger 7040. 
One control. The only operational 

control is a parameter-selection 
switch, for volts dc. volts ac, resist-
ance, microamperes dc and for an 
rf-probe option that will be avail-
able in a few months. Range selec-
tion is completely automatic. Read-
ings appear on the 4'h-digit LED 
display without perceptible delay— 
Solartron engineers say one of their 
main achievements is elimination of 
delays in automatic range selection. 
which last several seconds in some 
instruments. The decimal point is 
placed automatically, redundant 
zeros blank out, and there is also a 
10% overlap between ranges. For 
example, when monitoring a voltage 
fluctuating on each side of 1 volt, 
the instrument reads 999 mv, 1,000 
mv, 1,001 mv, and so on, without 
jumping between ranges. 

There are five voltage ranges. and 
the most sensitive, the 100-millivolt 
range, can resolve 10 microvolts. 

There are also five resistance ranges. 
beginning. with I kilohm full-scale. 
and three current ranges. starting 
with 10 microamperes. De voltage 
readout is said to be accurate to 
0.02% of reading. ac voltage is accu-
rate to 0.2%, and resistance and cur-
rent to 0.05%. Input resistance in the 
fine dc voltage ranges is 1.000 meg-
ohms, and reading rate is three per 
second. The key component is an 
LSI mos integrated circuit with 
about 1,800 components, including 
counters, shift registers. and ROMS, 
on a chip measuring 24 mils by 109 
mils in a 40-lead ceramic package. 
It's entirely designed by Solartron 
and manufactured by Plessey Co. 
The lc does all the digital functions 
except for some connected with the 
clock drive. 
The measurement and analog-to-

digital conversion are 
performed by a process 
called triple-slope inte-
gration. and the chip 
controls these processes. 
as well as range selection 
and display driving. 
Triple-slope integration 
is a further development 
of conventional dual-
slope integration. As in 
dual-slope, the input is 
integrated for 100 ms 
and then counted back 
to zero at a fixed slope. 
The slope overshoots 
zero to the next clock 
pulse, and Solartron 
then adds its third slope. 
counting back to zero at 
a very fine slope very ac-
curately. Because there's 
a third slope, the second 
slope can be steeper, and 
hence quicker. than if it 

were the only slope, so that there are 
a coarse and a fine measurement. 
The chip subtracts the fine reading 
from the coarse one. 

In front of the integrator, there's a 
chopper-stabilized input amplifier. 
The reference, with which the input 
is compared, is a zener diode. All 
measurements are made to six fig-
ures; autoranging merely selects the 
figures relevant for display. If the 
input is more than 10 volts, the in-
strument makes one run to detect 
the fact and then switches in a 100-
times attenuator to make its dis-
played reading. The display is time-
shared; each digit is lighted for 200 
Its, so that five digit places, plus a 
point diode, gives a scan time of 1.2 
ms. 

Weston Instruments Inc 614 Frelinghuysen 

Ave , Newark N J 07114 [338] 

Multinational. Meter. left, is built for global market. 
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CHANGE 
YOUR DISPLAY 
FOR MORE SALES 
PROFITS,T00 
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Maybe you do make a better system, but 
is your display just as good? First im-
pressions can be a key to more sales. 
And your display provides those im-
pressions. That's why so many manufac-
turers have switched to PEP Lithocon0 
displays built with our low cost, high 
resolution scan converters. They make 
your displays faster, sharper, brighter 
and more easily understood than other 
displays. 

The flexibility, image clarity and data 
storage capabilities of Lithocon displays 
make them ideal for displaying crisp, 
clean waveforms of all kinds. Like indus-
trial process parameters. Biomedical 
functions like ECG's. And thickness pro-
files. Other Lithocon displays are used 
for applications where full gray scale 
is important. Like ultrasound scanning. 
Infrared. Nuclear cameras. X-ray. Stop-
action or strobed process inspection. 
And hundreds more. 

Another important consideration: Litho-
con displays are tailored to meet the 
specific needs of the OEM. Which means 
you keep your identity and individuality. 
For example, some OEM's use our selec-
tive erase feature to provide a strip 
chart effect. Others take an hour's data, 
display it, then start over again. Some 
add computer-generated legends to their 
display, or incorporate graph paper-
like graduations in the display for easy 
scaling. Let us add the sizzle to your 
system with a PEP Lithocon display. 
Write or call for more information today. 
Princeton Electronic Products, Inc., P.O. 
Box 101, North Brunswick, New Jersey 
08902; (201) 297-4448. 

PRINCETON 
ELECTRONIC 

PRODUCTS, INC. 

New products 

Instruments 

Format converter 
is fast, precise 

Digital unit with nanosecond 

resolution is aimed at radar, 

data, communications jobs 

With the speed of communications 
equipment and data processors con-
stantly rising and with the need for 
ever greater accuracy in radar sys-
tems, engineers need the fastest in-
struments available if they are to 
service their designs or surpass old 
levels of performance. Tau-tron 
Inc.'s new PFC-101 format conver-
ter offers the kind of timing resolu-
tion and speed control that are re-
quired. 
Such format converters as the 

PFC-101 control the width, delay, 
offset, and amplitude of pulses fed 
into them. The four-channel PFC-
101 does these jobs at rates from 1 
pulse per second to 35 megabits per 
second and it can control any of the 
time-related parameters to within 
I-nanosecond resolution, regardless 
of programed value. Programing is 
via front-panel thumbwheel 
switches, BCD instructions, or both. 

Unlike most competing format 
converters, the PFC-101 has a dig-
ital design. "There seemed no re-
liable way to nanosecond-resolution 
with analog techniques," says Yo-
han Cho. Tau-tron president. "Ac-
curacy sometimes was coarser than 
resolution, and both might vary 
with the input/output parameters 
used. So we went digital, and in the 
process, may have produced a con-
verter with better performance and 
more channels per dollar." The 
PFC-101 sells for $7,900. 
The format converter controls 

width and delay through a combi-
nation of oscillator time references, 
ECL counters, and tapped coaxial 
delay lines to reach timing accu-
racies to within -±0.1% and stabilities 
of ±0.5 nanosecond, ±-0.1% of pro-
gramed values. 

This level of operation is ade-

quate to handle semiconductor 
memories, and since a nanosecond 
equals one foot of range to radar en-
gineers, the PFC-101 offers a new, 
simple means of fast calibration of 
high-resolution radar systems. The 
PFC-101 alsp should find its way 
into test racics for digital communi-
cations systems. 

Operation of the converter is 
simple. At the back panel, a rrt in-
put pulse of fixed amplitude and 
width is fed into the PFC- 101 via a 
gated local oscillator and dis-
appears, except for control signals 
emitted by the oscillator. A new 
clean pulse is reconstructed, thus 
eliminating any inaccuracies in the 
original pulse generator. 
Under manual control, width of 

delay is set on the front panel by 
three-digit switches, a digit each for 
units, tens, and hundreds. The 
switch-set voltages pass through a 
TTL-to-DTL-level shifter and then 
are split among high-speed logic, us-
ing ECL counters and detectors, 
which yields the value of the first 
and second significant digits. Mean-
while, the units digit—the one that 
makes Tau-tron's specifications 
meaningful—is converted from BCD 
to a 10-line output signal, one out-
put for each tap on a 10-stage delay 
line. This delay line yields the even-
tual nanosecond resolution. Tau-
tron had to build its own reference 
delay line for production control. 
The company also was limited by 
available test equipment. The delay 
line is the only part of the system, 
except for output amplifiers, which 
is not strictly digital, yet it takes the 
place of more complex analog cir-
cuits in other systems. 

Delay and width are controlled 
identically. Both depend on the ac-
curacy of the input oscillator and 
tapped delay line. Amplitude and 
offset (or baseline) are front-panel 
adjustments. Tau-tron engineers fig-
ure that these parameters will be 
relatively constant in most test situ-
ations, compared to pulse width and 
delay, which many users wish to al-
ter in real time. 
Although it can be used with any 

pulse generator, the 101 is designed 
as a companion unit to the firm's 
WG-304 programable word gener-
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ator [Electronics, Dec. 18, 1972, 
p. 117]. 
Tau-tron Inc., 685 Lawrence St., Lowell, 

Mass. 01852 [351] 

Instrumentation amplifier 

produces 100 W in class A 

Capable of producing more than 
100 watts of power in class A oper-
ation, and up to 180 w of pulse 
power over the frequency range of 
250 kHz to 105 MHz, the model 
3100L instrumentation amplifier op-

erates from single-phase ac power. 
At 70 pounds, the linear amplifier is 
more than 100 pounds lighter than a 
comparable tube type. The 3100L 
delivers full rated power to any load 
impedance. Price is $5,690. 
Electronic Navigation Industries Inc., 3000 
Winton Rd. South, Rochester, N.Y. [354] 

Oscilloscope provides 

dc-to-60-MHz bandwidth 

The model 1064 dual-trace oscillo-
scope offers a bandwidth ranging 
from dc to 60 mFiz and provides a 
sensitivity of 5 mV /cm. Maximum 
sweep speed is 10 nanoseconds/cm. 
Also featured are a display measur-

people sensing 
problem solvers 
The most flexible, reliable switches in the world don't have to 
look complicated — because they're not! In fact, you may find it difficult 
to believe that Magic Dot's clean, low-profile switch can be the best 
solution to many of your major switching problems — but it can! 

Magic Dot solid-state lifetime switches operate on a capacitance 
principle, have no moving parts, last a lifetime and feature bounceless 
output and low profile. The switches talk directly to logic and even 
more unique — logic can talk to the switches. 

We currently offer Magic Dot switches in Momentary, Latching and 
Toggle (touch-on/touch-off) versions with and without LED visual 
indication. Standard and custom packages are available to meet and 
solve your toughest application problems. 

TM 

Write or call Magic Dot today for comprehensive 
technical and applications information. 

MAGIC DOT, INC. 
40 Washington Ave. S., Minneapolis, Minn. 55401 • (612) 333-8161 

Circle 195 on reader service card 

The Electronic 
Slide Rule 
Here's the most exciting scientific/engineering tool since/ 

we introduced the log-log slide rule in 1884. It does / 
everything your slide rule does, and then some. 
Hyperbolics, for example. It's fast, con-

venient, and has large, bright, 12-digit 

readout. 

Direct entry makes complex calculations 
easy. Automatic sine of a number by entering the number and 

pressing n . Convert degrees, minutes, seconds to 

decimal equivalent by entering angle and 
pressing . Calculate the natural log of a number by 

entering the number and pressing D. Read 
hyperbolic, trigonometric and exponential functions; 
convert radians to degrees or degrees to radians; all 
with a single function key that really fits your finger. 

Put this slim, trim, 16-function electronic slide rule 
on your desk, right at your fingertips, and make life 
easy. From Dietzgen, the slide rule people. Who else? See 

it at your Dietzgen dealer today. 

Use just the CD scale on your slide rule? (+, —, X, ÷) Get a Dietzgen 

CD-1. Dietzgen Corporation, 2425 North Sheffield Avenue, Chicago 60614 

DIETZGEN 
Electronics/January 18, 1973 
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New products 

ing 8 by 10 cm and calibrated de-
layed sweep. Integrated-circuit dual 
modulators help eliminate trigger-
ing problems. The unit, with two 
10 X attenuator probes, power cord, 
and 3-2 adaptor, is priced at $1,625. 
Dumont Oscilloscope Laboratories Inc., 40 

Fairfield Pl., West Caldwell, N.J. 07006 
[355] 

Rf generator provides 

10-W output in S band 

Designed for applications in auto-
matic test equipment for microwave 
systems, an rf generator provides a 
minimum of 10 watts of continuous 
output power from 3.0 to 3.5 GHz. 
The model 1216H combines the rf 
source and a traveling-wave-tube 
amplifier in one unit. Small size re-
sults from a solid-state source, 
tunable over the entire range by a 
single control, a solid-state power 

converter, and metal/ceramic TWT. 
Protective features include auto-
matic time delay and thermal over-
load. Price is $4,550. 
Hughes Aircraft Co., P.O. Box 90515, Los 
Angeles, Calif. 90009 [356] 

Linear amplifier is 

for vhf applications 

A linear power amplifier that fea-
tures automatic tuning is for vhf op-
eration. Called the model 762, the 
unit operates from 148 to 155 mHz 
and tunes itself in a maximum of 10 

seconds. Output is 5 kw in fm and 
2.5 kw at 90% modulation in a-m. 
Gain is 13 dB, and instantaneous 1-
dB bandwidth is greater than 1 MHz. 
Rf Communications Inc., 1680 University 

Ave., Rochester, N.Y. 14610 [359] 

Impulse memory-voltmeter 

is for harsh environments 

The model 5210 impulse memory-
voltmeter, for use in severe electrical 
environments, is designed specifi-
cally to read and hold peak tran-

General Radio 
Logic-Circuit 

Analyzers 



sient voltages of arcs, flashovers, 
and impulses. The unit is housed in 
a low-capacitance dual-shielded 
cabinet and makes pulse measure-
ments where high-frequency radi-
ation and a large number of com-
mon-mode signals cause difficulty in 
some instruments. Price is $1,495. 
Micro Instrument Co., 12901 Crenshaw 

Blvd., Hawthorne, Calif. [357] 

Logic circuit tester has 

range from ±-3 V to ±-30 V 

A test probe for checking logic cir-
cuits provides a range from -±3 volts 
to ±-30 v. Threshold is adjustable 
from I-state to 0-state. In addition 
to detecting open circuits, the Acro-
Probe responds from dc to pulses as 
short as 5 nanoseconds, positive or 
negative pulses, dc levels, and wave 
trains. The unit operates on any sys-
tem supplying voltage with positive, 

negative, or intermediate ground-
ing. Price is $99.50. 
Acron Corp., 1095 Towbin Ave., Corporate 

Park, Lakewood, N.J. 08701 [358] 

Audio frequency meter 

provides 0.1-Hz resolution 

An audio frequency meter, the 
1200A, uses LSI circuits and an LED 
display. Accuracy is to within 
±-0.01% of full scale, -±1 count, and 

maximum sensitivity is 20 mv rms, 
10 HZ to 300 kHz; and 30 mv rms, 
300 kHz to 2 MFIZ. Overload protec-
tion is 200 vac and 400 vdc contin-
uous. The unit contains a crystal-
controlled period generator. The 
lowest range extends sampling pe-
riod to 10 seconds and provides 0.1-
Hz resolution. Price is $245. 
Linear Digital Systems Inc., P.O. Box 954, 

Glenwood Springs, Colo. 81601 [360] 

If you buy or make dicta' circuits, 

it will pay you o learn why 

you cet the best locio analyzers from the folks 

who introduced the first logic analyzers. 

General Radio 

Sticklers for Accuracy 

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 

NEW YORK (74 Y ) 212 964.2722, IN .J 1 201 791-8990 
BOSTON 617 646-0550 • CHICAGO 312 992-0800 

WASHINGTON, D C. 301 948-7071 • ATLANTA 404 457.2485 
DALLAS 214 1134-3357 • LOS ANGELES 714 540.9830 

SAN FRANCISCO 415 948.8233 

TORONTO 416 252-3395 • ZURICH IOU 55 24 20 

GR COMPANIES • Gram-Stadler . Time •Data • T491194/4 CmKPutIP9 Corp. 
GR ASSOCIATE • Micronem Systems Inc. 
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: ' : 
cramming more power distribution cable into less space. 

SOLUTION: 
a cable that's flat instead of round. 

Now you can pack more power distribu-
tion cable into less space than you ever 
thought possible. By using Brand-Rex's 
new flat PVCA cable. A vinyl-insulated 
aluminum strip you can stack, run in trays 
or ducts, bend at any angle for branching 
or to follow any contour. 

UL-recognized for 105°C, 100 volt opera-
tion, PVCA has passed the UL vertical 
flame test. And its outer jacket is highly 
resistant to oil and grease. 

Standard terminals, including center tap, 
are readily available for fast, economical, 
air-tight, water-tight connections and 
splices. Yet new PVCA costs /ess.than 
the conventional cable it replaces. 

For a fact folder that outlines in detail all 
the special problems this new concept in 
flat power distribution can solve, write to 
Brand-Rex Company, Willimantic, 
Conn. 06226. Or call: 203/423-7771. 

BRAND-REX 
4,000 solutions in search of a problem. 

iRAND-REX CO . A PART OF Akzona Nc 

See us at Nepcon West Booth #419 

Circle 198 on reader service card 



New products 

Data handling 

Memory uses 
2.5-mil wire 

Stack for high-density 

applications can store 

1,500 bits per square inch 

Along with the much-heralded ad-
vances in semiconductor memories, 
other types of storage are also being 
improved. An example is plated 
wire, a technology that is making 
rapid progress in commercial appli-

cations because improved produc-
tion techniques are resulting in 
lower costs for these nonvolatile 
memories. 

In some commercial applications, 
however, size or noise resistance is 
more important than price, and for 
these uses, Memory Systems Inc. 
has developed a new memory stack 
using tiny 2.5-mil wire, which per-
mits miniscule size, along with the 
noise-resistant nonvolatility of 
plated wire. 
The new miniwire stack provides 

storage of 8,192 18-bit words in a 
space measuring 4 by 4 by 11/2 
inches, with comparable sizes for 
other storage. Density is 1,500 bits 
per square inch, roughly triple that 
of standard 5-mil wires. 

Bruce Kaufman, president, says 
the stack will be used initially in 
high-density avionics computers, 
fuel-management controllers. and 
vehicle-positioning and control ap-

plications. In these epplications, the 
nonvolatility and nondestructive 
readout of plated wire is essential 
because of the high electrical-noise 
environment and because the power 
supplies in aircraft and vehicles are 
often subject to dropout. Bits that 
could be dropped by core or inte-
grated-circuit memories could result 
in erroneous control instructions. 
with possibly serious results. 
Kaufman says most of these ap-

plications can benefit from custom, 
high-performance stacks, but says 
the prices in production quantities 
will be only slightly higher than 
those of the conventional 5-mil wire 
stacks that are designed for similar 
uses. 

Reduction in size of the wires per-
mits the use of 10-mil centers for 
sense-digit wires (formed by the 
plated wires), and 35 mils for the 
word lines. An important advantage 
of the miniwire is that the smaller 
size of the array halves the required 
drive currents, allowing the use of 
integrated-circuit word drivers, 
rather than the present larger and 
more expensive discrete semicon-
ductor arrays. Some previous digit 
drivers have been made of ics, but 
not for the higher-current words. 
The sense output is about the same 
as 5-mil arrays provide. 
The initial products are basic 

stacks, without associated electron-
ics. but Kaufman plans to supply 
complete systems in the future. De-
livery time for standard configura-
tions of the miniwire stacks is 60 
days. Price of the memory stack de-
pends on size and quantity. 
Memory Systems Inc.. 3341 West El Se-

gundo Blvd., Hawthorne, Calif. 90250. [361] 

Computer models tailored 

to high-level software 

Two computer models developed by 
Modular Computer Systems Inc. are 
specially designed to execute the 
company's higher-level software op-
erating systems. The ModComp 
II/10, priced at $11,500, and the 
11/25, priced at $12,500, offer as 
standard features 16,384 16-bit 
words of 800-nanosecond core 

memory, 15 general registers, 154 
basic instructions (including hard-
ware multiply/divide), power-fail-
safe/auto-start, memory parity, 
executive features, hardware fill. 
and programer's control panel. The 
ModComp 11/25 also contains a 
controller that can handle a paper-
tape reader and most types of termi-
nals. Additional memory can be ob-
tained at $6,500 per 16,000-word 
module. OEM discounts go as high as 
40%. Deliveries of the two models 
will begin this quarter. 
Modular Computer Systems Inc, 1650 West 

McNab Rd., Fort Lauderdale, Fla. 33309 

[363] 

Recorder is compatible 

with any computer 

A portable digital cassette recorder, 
model STR-200, eliminates the need 
for an ultraprecise drive mechanism 
and produces a single-track, self-
clocking recording that is compat-

ible with any digital-computer sys-
tem. The unit tolerates tape-speed 
changes caused by cassette binding 
and makes character spacing non-
critical. Bit-error rate is less than 
one soft error in 100 million bits. 
Price is $495 for one unit and $465 
each for two to nine units. Discounts 
are available for quantity orders. 
Electronic Processors Inc., 5050 S. Federal 

Blvd.. Englewood. Colo. 80110 [364] 

Simulator tests peripherals 

connecting to a PDP-11 

The 11-simulator is a manually con-
trolled development-diagnostic aid 
that exercises any standard or spe-
cial-purpose peripheral that con-
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SEC MAKES 
TROUBLE, 

SO YOU WO 

REAL-WORLD TELEPHONE CHANNELS mean PROBLEMS for you 
if you're using, installing, leasing, developing or 
manufacturing data-corn equipment. In your labora-
tory, or in the field, SEG's "package of precision 
troubles" simulates real telephone channels with all 
the impairments normally encountered. SEG's cali-
brated impairments include: 

PHASE JITTER . . . PHASE HITS . . . HARMONIC 
DISTORTION .. . IMPULSE HITS . .. BROADBAND 
NOISE . . . FREQUENCY TRANSLATION . . . ECHO 
. . . ATTENUATION AND GROUP DELAY. 

Call us or write for literature and/or a demonstration of our FA-1564 

. . . AND KEEP OUT OF TROUBLE. 

SEG ELECTRONICS Corp. 
120-30 JAMAICA AVENUE • RICHMOND ,LL. N Y 1141E1 

SubSrd 

COMSTRON CORPORATION 212-441-3200 

New products 

nects to the Unibus of a PDP-11 
computer. External devices may be 
addressed, interrogated, or written 

into under manual control, provid-
ing savings in time for writing and 
debugging test programs. The 
model 11 also enables proper oper-
ation of external interrupt and di-
rect-memory-access logic to be veri-
fied. 
Teletron Co 40 Elliott St Melrose. Mass 

02176 [365] 

Data generators operate 

to 300 megabits a second 

Operating from 1 bit per second to 
over 300 megabits per second, the 
DG-525 series of programable data 
generators produce serial bit 
streams of 16 and 32 bits per word, 
which can be increased to 64 bits 
per word with options. Serial data 

stream is NRZ or RZ format, and 
output signals feature 1-volt ampli-
tude and up to -±1 vdc offset. Rise 
and fall time is 0.8 nanosecond. The 
units operate with an external clock 
signal, either sine wave or pulse. 
Prices begin at $4,365, depending 
on options. 
Tau-tron Inc. 685 Lawrence St, Lowell, 

Mass 01852 [367] 

Terminal buffers contain 

a 4,000-character memory 

Terminal buffers for communi-
cations and small-batch data-entry 
systems are designated the series 
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2N3055 
COMMERCIAL 
10 AMP VERSION 
FOR ONLY 31e 
Solitron's new SDT 9301-09 series of 10 Amp NPN 

silicon power transistors are low cost replacement devices 

for standard 2N3055 commercial applications. These single 

diffused planar units meet or exceed characteristics of com-

parable plastic power transistors — but are packaged in a steel Ni - 

plated TO - 3 case and cost only 31 cents each in quantities of 1000 and up. 

They're the lowest priced devices of their type on the market! D BVcE0 ranges 

are 40 to 80 Volts. Both the typical gains of 15 min. and the VcE (sat) of 

1.0 Volt max. are specified in three groups: 1.0 Amp (SDT 9301-03), 2.0 Amps 

(SDT 9304-06) and 3.0 Amps (SDT 9307-09). They're available from Solitron 

stock for immediate delivery. E Why settle for plastic versions of the 2N3055 

when you can have much more rugged types for only 31 cents? Call or write 

today for information and specification sheets. 

In I., 
bolitron, 
DEVICES, INC. 

1177 BLUE HERON BLVD. , RIVIERA BEACH. FLORIDA I (3051 818 4311 / TWX: (510) 952-7610 

SAN DIEGO. CAL IF. 
8809 Balboa Ave. 
CMOS. PMOS Circuits 
Diodes, Rectifiers. & 

Zeners 
FET & Dual FU 

Transistors 
High Voltage Assemblies 

',IrrrMhIC 

RIVIERA BEACH, FLA. PORT SALERNO. FLA 
1177 Blue Heron Blvd. Cove Road 
Hi-Rd l Power Transistors Microwave Connectors 
SI & Ge. Power Plaxial 0) Cable 

Transistors Precision RF Coaxial 
Hi-Rel Power Hybrids Connectors 
PNP-NPN Industrial 

Transistors 

JUPITER. FLA 
1440 W. Indiantown Rd 
Microwave Stripline 

Components 
Microwave Diodes 
RF and Microwave 

Transistors 
Hi Ref Power 

Transistors 

TAPPAN. N.Y. KENT. ENGLAND BEN BARAO. ISRAEL 
256 Oak Tree Road Tubbs Hill House 51 Hayarkon Street 
Diodes & Rectifiers London Road. AEL Israel, Ltd. 
Ferrite & Ferrite Devices Sevenoaks Full line of 
High Voltage Assemblies Solidev. Ltd Soldron devices 
Power Rectifiers Full line of 
Thick Filin Soldron devices 

Hybrid Circuits 

TOKYO 105. JAPAN 
Rm. No. 21. 

Kyodo Bldg. 
No. 4-10. 2 Chome 
Higashi Shinbashi 
Minato-ku 
Full line of 

Solitron devices 
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11111.14 BREAK New products 

YOUR 
110171,ENECK. 

It's Decision Data's 9610 Interpreting 
Data Recorder that can keypunch, 
verify, reproduce, gangpunch, inter-
file and interpret 96 column cards 
all on one machine. So versatile that 

its been selected to break the bottle-
necks in many 96 column computer 
installations. So many features to 

ease 96 column data preparation 
that you'll want it for your install-
ation. For a quick lesson in how to 
"break your bottleneck" with the 

9610, call the man from Decision 
Data -- the world's largest independent 
supplier of 96 column equipment. 

THE !Halt: Another SuperMachine train Decision Data. 

<> DECISION DATA 
CO PUTE CORPORATION 

100 WITMER ROAD HORSHAM. PENNA 19044 
12151674.3300 :d TELEX 83.1471 

Circle 202 on reader service card 

A new read/write memory system 
with ROM capability— by TOKO 
Let TOKO bridge the gap between 
law-performance 0.5 penny per bit 
memory and 3 pennies per bit 
memory. TOKO's new NDRO mem-
ory system, 1-IS-600E, offers high 
performance- 30ONS access time 
and 60ONS cycle time and elec-
trically alterable ROM capability. 
TOKO's plated wire memories, as-
sure simplified computer architec-
ture. 
Basic module size: 

4K word by 9 bits 
4K word by 18 bits 
8K word by 9 bits 
8K word by 18 bits 

8K x18 configuration consists of 
five plug-in boards: two memory 
stack boards, two bit electronics 
boards and one word electronics 
and control board. Each board 13" 
x 8.7" in size. 
Various memory systems, stacks, 

pulse transformers, and delay lines 
are also available 

Held Office 
Tel s• 

LOS Angele• 

To, I Cmtd1 

HS-600E 

Aài TOKO, INC. 

7132. They are used to mate low-
priced teleprinters. such as Teletype 
models 33 and 38. to data links that 
operate at 1.200 baud or faster. 

Each terminal buffer contains a 
4.000-character (one-page) memory 
that is expandable in modules. 
Pulse Communications Inc.. 5714 Columbia 

Pike, Falls Church. Va. 22041 [366] 

Multiplexer links up to 32 

datasets to minicomputer 

The model 1590 asynchronous com-
munications multiplexer links as 
many as 32 full-duplex datasets to 
the SPC-16/40/45 family of mini-
computers. The unit continuously 
monitors datasets or communi-
cations lines and assembles serial 
strings of bits into full characters for 
presentation to the computer upon 
program request. The 1590 executes 
four standard 1/0 instructions: data 
transfer out of register. data transfer 
into register. data transfer out of 
memory, and data transfer into 
memory. Price is S3,125. 
General Automation Inc.. 1055 South East 

St.. Anaheim, Calif. 92805 [368] 

Serial printer operates 

to 120 characters a second 

An asynchronous serial 1/0 impact 
printer offers a choice of printing 
rates of IQ 15. 30. 60, or 120 charac-
ters per second. The OEM 120 
printer provides 96 upper- and 
lower-case characters, and other 
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FOR USERS OF ELECTRONIC COMPONENTS 

Cearalab 
TS • ecCw 

DISTRIBUTOR PRODUCTS 

MIMI\ 

-fflume 
CENTRAL-AB 

E lectromcs DIv.sion 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 

MILWAUKEE, WISCONSIN 53201 

e 

Custom push button switches. 
Samples in 3 days. Quantities in a week. 
Companies in a hurry for 
made-to-order push button 
switches are taking advan-
tage of Centralab's field 
assembly program, and not 
paying a premium for the 

service. 

Let's say you're an engineer and you 
need samples of a 10-station push 
button switch for design mock-up 
purposes. A call to a Centralab Field 
Assembly Distributor will get you 
samples of 5 to 10 switches in 2 to 3 
days. Now assume you're a PA and 
you want prototype or limited pro-
duction quantities of push button 
switches? A similar call will bring 
that initial run in a week's time. 

This "hot button" service is part 
of Centralab's program to provide 
custom assembly of made-to-order 
push button switches as near to the 
customer as possible, without charg-
ing him more than he'd expect to 
pay for any similar factory-placed 
order. Now in its third year, the pro-
gram has grown to include a great 
variety of push button options here-
tofore available only as special or-
ders from the factory. The wide se-
lection is proving to fill the lion's 
share of push button switch require-
ments. 

As a result, the customer can spec-
ify from a broad spectrum of these 
standard components and still ob-
tain the switch that fits his partic-
ular needs. For example, you can 
order switches with up to 19 differ-
ent stations and with 3 spacing op-
tions-10, 15 and 20 mm. You have 
a full choice of switching actions, 
such as interlocking, push push, or 
momentary, all available with lock-

NORTH CAROLINA 
Kirkman Electronics 
Winston-Salem 27108 . 919/724-0541 

ip 1 !rielklititikkt 

ieb•see 

CALIFORNIA 
Fisher/ Brownell 
Santa Clara 95050  408/244-6182 
Kierulff Electronics, Inc. 
Los Angeles 90022 213/685-5511 

FLORIDA 
Hammond Electronics 
Orlando 32802 .. 305/241-6601 

INDIANA 
Radio Distributing Co. Inc  
South Bend 46624  219/287-2911 

MINNESOTA 
Gopher Electronics 
St. Paul 55113  612/645-0241 

NEW YORK 
Summit Distributors 
Buffalo 14202 716/884-3450 

OHIO 
Pioneer-Standard Electronics, Inc. 
Cleveland 44105  216/587-3600 

PENNSYLVANIA 
Cameradio Company 
Pittsburgh 15222  412/391-7400 
Herbach & Rademan, Inc  
Philadelphia 19134  215/426-1700 

TEXAS 
Southwest Electronics Inc  
Houston 77036  713/782-3060 

WASHINGTON 
Almac/Stroum Electronics 
Seattle 98109  206/763-2300 

out. Electrical considerations in-
clude a choice of 2, 4, 6 or 8 pole 
double-throw designs and a new low 
profile 2 amp line switch. 

Both non-lighted and lighted push 
button switches are available. In 
non-lighted, 12 button styles in 5 
standard colors are offered. In light-

ed switches, there are 10 different 
colored lenses available. 

For further details regarding the 
program, direct inquiries to the Dis-
tributor nearest you. Or write Cen-
tralab Distributor Products in Mil-
waukee, Dept. PB-2 
* Isostat licensed. 
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Avoid distress by speCt-
fying computer-grade 

heads for your cassette 

drive. HDC cassette 
heads are designed and 

manufactured to the 

same high standards a 

their industry-endorsed 
big brothers. With cas 
sette heads, as with all 

HDC heads, we have 

seen no reason to com-

promise. Remember, 

HDC is the pioneer of 
shieldless heads. 

COMPUTER GRADE 

DUAL GAP 

WRITE READ 

NO EXTERNAL 
CROSSFEED 

SHIELD 

DUAL OR 
SINGLE TRACK 

M 

HAMILTON DIGITAL DIGITAL CONTROLS, inc. 
2118 Beechgrove Place, Utica, N.Y. 13501 

(315) 797-2370 

New products 

character sets are optional. The 
OEM-120 prints up to 132 charac-
ters per line, 10 characters per inch 
horizontally, and six lines per inch 
vertically. As an on-line terminal, 
data can be entered locally from a • 
keyboard or tape cassette and re-

motely from a computer. The termi-
nal can be operated off-line when 
not in transmit or receive mode, and 
it accepts parallel or serial data 
from RS-232B-compatible modems. 
In OEM quantities, the price is 
$2,088. 
Litton Automated Business Systems, OEM 

Division. 600 Washington Ave., Carlstadt, 
N.J. 07072 [369] 

Core memory offers 

650-nanosecond cycle time 

A modular core memory for 20-bit 
computer words is designated the 
model 2065. The memory, designed 
for original-equipment manufac-
turers, has a full cycle time of 650 
nanoseconds. The unit may be ex-

àélk, 
panded modularly from 8,192 to 
65,526 words of 20 bits each or 
32,768 words of 40 bits each. Price is 
less than 15 cents per bit. 
Ampex Corp., 13031 W. Jefferson Blvd., 
Marina del Rey, Calif. 90291 [370] 

Birth 
Defects 
are 

forever 
...unless 
you help 
Give 

to the 
March 
of Dimes 
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MAKE YOUR CONNECTIONS: FAST. With 

Molex standard and miniature connectors. 
They're easier to work with. Simplify wiring. 
Speed production. Save assembly steps. 
Make installation and servicing extra easy, 

too. This is why circuitry idea men every-
where are making connections with Molex. 
From one circuit to 104 or more. Production 
keyed and available in a variety of colors to 
meet design requirements. Molex has the 

connector. Plus the design and engineering 
capability to solve the most complex wiring 
problems ... fast. For a colorful free sample 
of the Molex connector write: Molex Incor-
porated, Lisle, Illinois 60532. 
Or you can make connections by 
calling (312) 969-4550. 

...creating components that 
simplify circuitry 
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Looking for maximum 

circuit density and lower cost? 

A typical printed circuit board with six standard 
24 lead packages with .200" device area. 

Let American Lava help solve your space and cost prob-
lems with our Hi-Density Leadless Packages. This pack-
aging concept lends itself to automation and permits 
convenient repair or replacement. Electrical testing after 
hermetic sealing allows storage of good devices in a less 
expensive package BEFORE committing to the circuit. The 
design permits conventional die attach, wire bonding and 
lid sealing operations . . . and re-flow solder attachment 
to a multilayer ceramic substrate, hybrid substrate or 
phenolic circuit board. 

his single AlSiPake 24-lea 
ermetic chip carrier ha' 
'235" device area. 

hese eight AlSi 24 
lead hermetic chip carrier 
on AlSiBaseR multilayer ce 
ramic substrate give fa 
greater circuit density. 

' Illustrations approximar 
actual size. 

AiSirOglà 
CERAMICS 

AMERICAN LAVA CORPORATION 
CHATTANOOGA, TENN. 37405, U.S.A. • PHONE 615/265-3411 
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New products 

Semiconductors 

Diode chips are 
glass-passivated 

Metallurgically bonded units 

eliminate die separation. 

shorting of particles 

While one segment of the compo-
nent industry constantly seeks lower 
prices, the goal or another segment 
is the ultimate in reliability. In 
small-signal switching diodes, for 
example, some manufacturers are 
supplying parts at 11/2 to 2 cents 
apiece, but Microsemiconductor 
Corp.'s president Philip Frey says, 
"We've solved the problem of diode 
reliability, but not a competitive 
price." He talks of 30 to 50 cents in 
quantity. 
The company's new line of diodes 

is a military-inspired adaptation of 
its present rectifiers. "We're the only 
company making general-purpose 
and switching-type voidless, metal-
lurgically bonded diodes," Frey 
says, adding that they are approved 
as conforming to new military speci-
fications. The firm's rectifiers com-
pete with those made by Semtech 
and Unitrode Corp. 
The tiny diodes, about the same 

size as the standard DP-34, differ 
from conventional diodes in having 
both expensive materials and un-
usual production techniques. 
The basic construction is a semi-

conductor die sandwiched between 
two small, metal, cylindrical slugs, 
with the whole assembly then sealed 
in glass. 
The metal, however, is silver-

plated tungsten with flat, machined 
surfaces, rather than the usual cop-
per-plated Dumet wire sheared to 
provide the slugs. The flat surfaces 
make for good contact. 
The tungsten provides an excel-

lent thermal match to the silicon 
and glass seal, unlike the Dumet. 
which does not match the length-to-
diameter ratios of the glass used in 
most diodes. 
The diode chip is a mesa device, 

completely glass-passivated before 
assembly and metallurgically 
bonded to the metal slugs. Because 
of the mesa construction, the entire 
top is flat and can be bonded fully 
(planar diodes can be bonded only 
to raised metal buttons). This elimi-
nates the two major diode failure 
modes, according to Frey: separa-
tion of die from the metal, causing 
poor contact, and shorting of par-
ticles from the surface to the oppo-
site contact. 
The glass seal is a tube of alkali-

free Corning 7061 or 7063 hard 
glass, pressure-molded to the metal 
and chip structure to eliminate all 
voids within it. This glass contains 
none of the free sodium ions found. 
in the soft glass of conventional 
diodes. Flying leads can be of de-
sired materials. 
The company has started produc-

tion of the parts, and Frey says it 
can supply versions of all popular 
1N-type diodes. He anticipates that 
much of the prospective business 
will be custom. 
The company uses the same pro-

cess to make larger rectifiers, and it 
is starting to produce high-voltage 
parts from multiple dice bonded to-
gether before sealing. 
Microsemiconductor Corp., 2830 South 

Fairview. Santa Ana, Calif. 92704 [411] 

Two-digit display is aimed at 

inexpensive multiplexing 

A two-digit LED display with 0.19-
inch characters, designed for inex-
pensive multiplex-drive appli-
cations, has been introduced by Lit-
ronix. Called the DL-44, the display 
is designed for use in multidigit dis-
plays where a multiplex drive has 
been chosen to minimize the elec-
tronics cost. Such systems include 
desktop calculators and credit veri-
fiers. The display has a brightness of 
250 footlamberts at 5 milliamperes 
per segment. which provides good 
visibility at up to five or six feet. 
A common-cathode design was 

chosen for the DL-44 to maximize 
yield on the digits. For multiplexing 
the DL-44 displays, Computer Mi-
crotechnology Inc., Sunnyvale, 

Calif., recently introduced a series 
of 50-mA constant-current TTL 

driver-decoders, the CM 5112 and 
5113. Other drivers, such as the 
9307 and 7448, can be used, but 
they require internal segment resist-
ors. 
The DL-44 is priced at $6.80 

($3.40 per digit) in quantities of 100. 
Delivery is from stock. 
Litronix Inc., Cupertino, Calif. [412] 

Transistor delivers 75 W 

at 400 megahertz 

A series of 400-MHz, 28-volt linear 
power transistors, designed for oper-
ation in class A, AB, B or C broad-
band or narrowband applications, 
cover the range from 200 to 500 
MHz and offer internal matching. 
The three transistors in the series 
are rated at 20, 40, and 75 watts. 
and an alternate 75-w unit is avail-
able for high-power continuous-
wave or pulsed operation, or as a 
linear transistor. Price for I to 99 is 
$45 for the 20-w unit, $90 for the 
40-w, and $135 for the 75-w. 
Communications Transistor Corp., 301 In-

dustrial Way, San Carlos, Calif. 94070 [413] 

Radio receiver is on chip 

measuring 0.001 sq. in. 

An integrated circuit, the ZN414, 
provides a complete a-m radio cir-
cuit on a chip with an area of less 
than 0.001 square inch. Components 
for a radio, such as transistors, 
diodes, and coils, can be replaced by 
the integrated circuit together with 
two resistors, a tuning capacitor and 
two fixed capacitors. The addition 
of a battery, an antenna, and a 
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Once maps were made 
by hand. 

But why today? 
Once, a man told another 

of what he'd seen and that 
man drew a map that all 
others could follow. 

All of that was done by 
hand. That was then. 

Today, a man takes a 
picture from an airplane of 
what he sees. And a second 
man prepares a manuscript 
from these photos. And then, 
this manuscript is transferred 
to film. 

And then— incredibly — 
all of the lines that will make 
up the map (the rivers, the 
mountains, roads and streets) 
are scribed onto a negative 
master. By hand. 

Finally, a swivel knife is 
used to cut outlines of 
specified areas. By hand. In 

Circle 208 on reader service card 

the seventies of the twentieth 
century. 

Someone doesn't trust 
someone. 

We, CalComp, have told 
cartographers that our 745 
flatbed plotter will scribe 
lines equal to the tolerances 
and standards of the most 
skilled mapmaker's hand. 

Cartographers have told 
us that they tried plotters 
once. And the lines were not 
accurate. And they were 
uneven. And wiggly. 

The CalComp 745 Plotter 
is accurate to a rate of plus 
or minus .001 inch. The lines 
it scribes or cuts are smooth 
and even. (Their step size is 
only .0001 inch.) 

And our 745 plots at a 

0000000 

speed of 4.2 inches per second. 
No hand alive can do that 
accurately. 

If you make maps by 
hand, call us. We'll help you 
get from here to there. 

Write us at California 
Computer Products, Inc., 
Dept. EM-M1-73, 2411 West 
La Palma Avenue, Anaheim, 
California 92801. Or call 
(714) 821-2011. 



New products 

loudspeaker system completes a ra-
dio that can cover the medium and 
long wave bands. Recommended 
supply voltage is 1.5 V. frequency 
range is from 200 kHz to 1.5 MHz. 
and power gain is 70 dB. 
Ferranti Electric Inc., E. Bethpage Rd., Plain-
view, N.Y. 11803 [414] 

Multiplier contains two 

amplifiers, bias regulator 

The model XR-2208 operational 
multiplier is a monolithic linear in-
tegrated circuit containing a four-
quadrant multiplier, operational 
amplifier, buffer amplifier, and bias 
regulator. The combination of func-
tions serves to increase dynamic 
performance over other types of 
monolithic multipliers and extends 
op amp operations into many com-
puter, communications, and control 
applications of analog multipliers. It 
also reduces the cost of using 
monolithic multipliers, which gener-
ally require external amplifiers and 
up to 26 discrete components. Price 
in 100 lots is $4. S6.90. and S9.25 
each, depending on temperature 
range. 
Exar Integrated Systems Inc., 750 Palomar 
Ave., Sunnyvale, Calif. 94086 [415] 

RAM's stored-data access 

time is 10 ns typical 

A 64-bit fully address-decoded 
memory offering almost 150 equiva-

Now you can measure 
true HMS for 

less 

To be precise, 
you save more than $700 in the bargain. 
Begin with Intronics' new R310 RMS to DC converter Module at $145. Add a 
scaling amp, digital panel meter and modular power supply and for a total 
of $300 or less you can equal the performance of a true RMS volt meter 
costing $1000 or more. 

Intronics' R310 unit precisely measures (to .05%) true RMS value in 

applications where averaging techniques just aren't sufficient—acoustical 
noise (noise pollution for example), random thermal noise, AC power 
source measurement, and many other applications where complex 
waveforms and high crest factors create a measurement problem. Intronics 
R301 and R101 make the same measurements where accuracy isn't so 
critical for additional savings up to $60 more. 

All models measure the true RMS value of arbitrary input waveforms with 
signal components all the way from DC to one megahertz. The RMS 
calculation is smoothly computed with no break point type non-linearities, 
and you don't have to wait seconds for the answer (10 milliseconds for 
the R310 and only 2 milliseconds for the R101). DC response means 
precise calibration can be performed with a DC source. 

Specify lntronics RMS modules and buy something else you need with 
all the money you've saved. 

intronies 
57 CHAPEL STREET, NEWTON, MASSACHUSETTS 02158 U.S.A. 

617-332-7350, TWX 710-335-6835 
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If you've got the 
circuit, we've got 
the socket. 
We ought to. 
After all, Augat conceived 

and pioneered the socket 
panel for dual-in-line IC's. 
So why wouldn't we make 
other sockets for printed 
circuit boards as well? 
We do. Low profile types, 

ultra-low profile types, 
MS! and LSI types, even LED 
sockets. More important, 
Augat design and quality 
standards provide for longer 
life, better retention and 
greater reliability. 

There's more to Augat than 
sockets. As the leader in 
electronic interconnection, 
we also offer a broad selec-
tion of accessories. For 
quick information on price 
and delivery, call us at 
(617) 222-2202. Or write for 
our catalog. Augat Inc., 
33 Perry Ave., Attleboro, 
Mass. 02703. Our represen-
tation and distribution is 
nationwide and international. 

Plug into Augat 
See our new packaging developments at 

"See us at NEPCON WEST, 
Booth ±-:441 

New products 

lent gates on the chip is part of the 
MECL-I0.000 logic family. The ran-
dom-access memory is organized as 
16 words by 4 bits. Stored-data ac-
cess time is 10 ns typical. and 
read/write cycle time is typically 
17.5 ns. Power consumption is 600 

mw per package. Called the model 
MC 10145. the high-speed RAM is in 
a ceramic dual in-line package. It is 
priced at $36 each for 1 to 14 pieces, 
$30 for 25 to 99 pieces and $24 for 
100-lots. 
Motorola Semiconductor Products Inc., P.O. 

Box 20912, Phoenix, Ariz. 85036 [416] 

4.096-bit static ROM 

built for code conversion 

A 4,096-bit static mos read-only 
memory, organized 512 by 8 bits, is 
designed for microprograming and 
for code-conversion applications. 
Three-state outputs allow OR-tying 
for implementing larger memories, 
and two output-enable lines control 
the eight output devices without af-
fecting the address circuitry. The 
model 2530 has Tn.-compatible in-
puts and outputs and requires + 5-v 
and -12-v power supplies. A READ 
input controls the entry of data from 
the ROM into output latches. Price is 
$16 in lots of 100. Programing 
charge is $250 when data is fur-
nished on IBM cards. 
Signetics 811 East Argues Ave Sunnyvale. 

Calif 94086 [4171 

Light-emitting diodes 

indicate circuit faults 

Designed as fault indicators for 
electronic circuitry. each of the 555 
series of light-emitting diodes con-

HolyokEp 

COLORAdOp MAY bE 
A gREAT ESCAPE 

FOR TOUR compANy. 

E 
• A 

C.) 

t 

An escape from a high-cost, 
big city or suburban location 
to a low-cost, small city 
location. Land and water are 
plentiful and very reasonable. 
A number of advantageous, 
long term loans are available. 
And good transportation is 
both accessible and 
uncrowded. 

Holyoke is also one of 
several Colorado cities with a 
work force that is among the 
best educated, skilled and 
productive in the nation. If 
big city economic and social 
anxieties are getting to you, 
Colorado may well have a 
great escape for you. 

Learn about 127 Colorado 
communities—including 
Holyoke—that have prime 
industrial sites to suit your 
business. Send for our free, 
83-page Executive Portfolio. 
Write William C. Hacker, 
Colorado Division of 
Commerce and Development, 
1336 State Capitol Annex, 
Denver, Colorado 80203. 

COLORADO 
where there's room to live and breathe 
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Put time on your tape for $1595 
...and read it too! New Model 8350 generates and reads 
serial time code with unprecedented economy. Enables you to find recorded data at 
search speeds up to 250 times the recording speed. Displays real time when record-
ing and recorded time when searching. Takes only half the rack space usually 
occupied by generator/readers. 
Tapes containing high noise or flutter can be searched reliably, because Model 

8350 will disregard as many as three consecutive garbled time frames and will 
compensate for brief signal drop-outs. 

1 

¢ZEDIEll , 
• la» 

4 
4, • 

MEMNON  

„ e 5 moommo 
rie211= 1. I 6 

Systron-Donner produces a complete line of time code equipment built 
with modern integrated circuits. Shown in the photo at left are: 1. Digital 
clock with BCD output and time stability of 2 parts in 106 per month. 2. 
Battery-powered time code generator for field use. 3. Model 8350 described 
above. 4. Generator/reader with switch selection of six different codes. 5. 
Bi-directional tape search control for automatic data location. 6. Precision 
generator with time stability of 5 parts in 109 per day. 

Send for catalog. 

SYSTRON 11::> DONNER 

bl•\ Prno Concord C.\ 94520."klephone (415) 682-6161 
The Systron-Donner Instruments Group: 
Computer Systems El Concord Instruments El Datapulse CI Kruse Electronics Ill Microwave ID Ir gone Electronics 
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seal of improval 
Improved reliability through the 

use of a glass-to-tantalum true 

hermetic anode seal is the prime 
feature of new Type 138D gelled-

electrolyte sintered-anode Tanta-

lex Capacitors. This new con-

struction eliminates all internal 
lead welds while retaining the 

strength of conventional internal 

lead-welded parts. In addition, the 
new construction offers outstand-

ing resistance to extensive tem-

perature cycling. 

Type 138D Tantalex Capacitors 

are designed to meet or exceed 

the environmental and life test re-

quirements of MIL-C-39006. The 
gelled-electrolyte employed in 
these new capacitors gives pre-

mium performance for all capaci-

tor parameters with respect to 

frequency and temperature vari-

ations. 

Originally developed for use in 

aerospace applications, this ca-

pacitor design is now available for 

general industrial and aviation 

use where the utmost in compo-

nent performance and reliability 

are primary necessities. 

For complete technical data, write for 

Engineering Bulletin 3704A to: Technical 

Literature Service, Sprague Electric Co., 

35 Marshall St., North Adams, Mass. 01247. SPRAGUE 
THE MARK OF RELIABILITY 

New products 

tains an internal series resistor. Pin 
centers are 0.100 inch apart, and the 
two-pin units mount into a DIP 
socket or on a printed-circuit board. 
Ten indicators can fit side-by-side in 
1 inch. The units, which can be 
directly driven from DTL or TTL, are 
available in voltages from 1.7 to 14 
V and currents to 10 mA. Price in 
1,000-lots is 74 cents. 
Dialight Corp., 60 Stewart Ave., Brooklyn, 

N.Y. 11237 [418] 

Multiplier holds error 

to 0.5% at 25 C 

The model AD530L integrated-cir-
cuit multiplier features a maximum 
multiplying error of 0.5% at 25°C 
and 1.5% at other temperatures 
from 0° to 70°C. The device includes 
the transconductance multiplying 
element, stable reference, and out-
put amplifier on a single silicon 
chip. The unit multiplies in four 
quadrants with a transfer function 
of XY/10, divides in two quadrants 
with 10Z/X transfer function, and 
finds square roots in one quadrant. 
Price of the AD530L is $27.50. De-
livery is from stock. 
Analog Devices, Route 1, Industrial Park, 

P.O. Box 280, Norwood, Mass. 02062 [419] 

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 
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Truly the finest DPMs you can buy! 

• 13 Plug-In Voltage and Current Ranges 

.• Big, Bright "Field-Effect" Liquid Crystal Displays 
• Bi-Polar Operation — Standard 
• Cool Operation — Less than 1.5 Watts 

Total Power Consumption 
• Outstanding Noise Immunity 
• Shielded Transformer Power Supply 
• Input Isolation — 220 V RMS 
• Highest Quality All-Metal Case 

• Fully Isolated Parallel BCD — Optional 

— and much, much more! 
Unbelievable! 

— but also true! 

For complete details and specifications, 
ask for our new 8 page brochure. Call or write to — TEKELEC. INC. 17A 

Electronics/January 18, 1973 

31829 W. La Tienda Drive, Westlake Village, California 91361 
Tel: 213/889-2834 TWX: 910-4641910 
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Complete 
RF Network Analysis for S-PARAMETERS 

D,C 

REFERENCE(0 cIB) 
250 MHz 

LOW—PASS 
FILTER 

0 MHz/DIV 4_ 
B/0 V l 

RECIU(OCI 

IS 

11) Win SS,-
S14 

,soc — 

YOUR parameter — simply selected by 
pushbuttons for forward or reverse transmission 
characteristics (s2, or s12), input or output 
reflection characteristics (s11 or 522), s21 and 
sl, or s12 and s22 simultaneously, or the vector 
difference of any two transmission parameters 
or any two reflection parameters. 

YOUR accuracy — carefully preserved by a 
built-in adjustable line stretcher to eliminate 
lead-length errors, by a well-designed means 
of inserting external bias with a minimum of 
measurement degradation, and by a totally 
integrated design to reduce system 
uncertainties. 

YOUR device — easily interfaced by a 
variety of transistor mounts, a large selection of 
adaptors, and a broad line of accessories to 
suit nearly any requirement. 

YOUR solution — the 1710 RF Network 
Analyzer fully equipped for s-parameter 
measurements from 400 kHz to 500 MHz with 
115-dB dynamic range and 0.005-dB resolution, 
only $9700 from General Radio. 

OUR pleasure 

o General Radio 

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 
• NEW YORK IN Y 1 212 964.2722, (N J.) 201 791.8990 • BOSTON 617 646-0550 • CHICAGO 312 992.0800 • WASHINGTON, D.C. 301 948-7071 • ATLANTA 404 457-2485 • DALLAS 214 234-3357 

• LOS ANGELES 714 540-9830 • SAN FRANCISCO 415 94B-8233 • TORONTO 416 252.3395 • ZURICH (01/ 55 24 20 
• GR COMPANIES • Grason.Stadler • Tore Data • Tecnsvare Computing Corp. • GR ASSOCIATE • Micronetic Systems Inc. 



New products 

Components 

Trimmer pot 
simplifies design 

1 1/4 -inch rectangular cermet 

unit is interchangeable 

with earlier models 

It's been characteristic of the trim-
ming-potentiometer industry in the 
last few years to keep improving its 
products, and there has been a con-
sequent proliferation of models that 
are basically similar, but not inter-
changeable. One of the trimmer 
companies, Spectrol Electronics 
Corp. is now going the other way 
with a new 11/4 -inch rectangular cer-
met trimmer that, along with a simi-
lar wirewound version, replaces any 
of seven earlier models. At the same 
time, the new model 70 incorporates 
a number of design improvements 
already used in the company's 
model 43. a 1/4 -in, trimmer, giving 
the advantages of the small trimmer 
in a size that is still more popular 
with military users and for retro-
fitting. The larger size also provides 
slightly higher-power handling ca-
pability, 1 watt at 85°C. rather than 
0.75 w at 25°C. The power capacity 
of the pot is derated linearly to O w 
at 150°C. 
The new model uses a multifinger 

brush for good electrical contact to 
the cermet resistive element. Its 
slider incorporates compressed 
beads that maintain pressure be-
tween shoulders on the slider and its 
track to reduce rocking. directional 
effects, and transverse rotation. 
Maximum operating torque of the 
24-turn (±5) thread is 5 ounce-
inches, and rotational life is 200 
cycles minimum, with maximum to-
tal resistance changes of -±2%. Stan-
dard resistance range is 10 ohms to 
2 megohms, with tolerance of ±-10% 
and temperature coefficient of -±100 
ppmrC. 
The trimmer is insulated for 1,000 

vac at sea level, with insulation 
resistance of at least 1,000 meg-
ohms. Contact variation is the larger 

of 3% or 3 ohms. Setability is 
-±0.05% of the total resistance, and 
end-resistance is no more than 2 
ohms or 1.0%. 

Since the part is expected to find 
use in military applications, its spec-
ification conform to MIL-R-22097. 
Environmental ratings include no 
more than -±1% change in maximum 
resistance or setting stability with 
30 g of vibration in the range from 
10 to 2,000 hertz, and the same 
change for 100 g of shock for 6 ms. 
The trimmer is rated for operation 
from -55° C(±2% resistance change) 
to 150C (473% total resistance 
change). 

Five varieties of the model 70 are 
available with different terminal 
styles, including lead wires, two 
types of circuit-board spacing, sol-
der hooks, and bushing mounts. 
Price is $1.90 each in I.000-piece 
quantities. 
Spectrol Electronic Corp., 17070 E. Gale 

Ave., City of Industry, Calif. 91745 [341] 

SCR trigger transformers 

built for pc board mounting 

A family of SCR trigger transformers 
includes the 505-36 series of round-
case-encapsulated. 6-pin types de-
signed for direct printed-circuit 
board mounting. The leads are 
spaced on a 0.600-in.-diameter 
circle, and the units are available 
open or encapsulated, with number 
20 AWG tinned copper leads. Inter-

winding capacitance is low, thereby 
reducing the problems of false trig-
gering. A version is available to 
meet any requirements in SCR 

power control. Standard turns ratios 

include I:1. 1:1:1. 2:1, 2:1:1, 5:1, 
and 5: I: I. Models are available for 
operation from -10°C to +70°C. 
Delivery of the transformer is from 
stock. 
BH Electronics, 245 East 6th St., St. Paul. 
Minnesota 55101 [371] 

Feed-through signal coupler 

has 0.030-in. sleeve 

For use in miniature amplifiers, a 
feed-through coupler measures 
0.030 inch in sleeve diameter. It is 
designed for reliable operation in 
vacuum, radiation. high tempera-
ture and shock, and cryogenic envi-
ronments. The inner pin is insulated 
from the outer sleeve by ceramic 
sealed with epoxy. Applications in-
clude signal transmission in pyro-
electric and liquid-helium-cooled 
infrared and X-ray detectors. Insu-
lation resistance is more than 10" 
ohms, and operating temperature 
range is from -270 to +200C. Ca-
pacitance is 0.6 picofarad and max-
imum voltage is 1000 vdc. The 
outer sleeve, which is fabricated 
from nickel-plated stainless steel, 

may be mounted into an assembly 
by soldering or using epoxy. The in-
ner pin is gold-plated Kovar and the 
insulator is aluminum oxide. Con-
nection to the pin may be made by 
soldering or spot welding. Price for 
large orders is 95 cents. 
Eltec Instruments Inc., Central Industrial 
Park, Daytona Beach. Fla. 32014 [372] 

Nonlinear low-pass filter 

holds phase shift to zero 

A new type of filter, a nonlinear 
low-pass unit, attenuates fre-
quencies above its corner frequency 
without introducing phase shift in-
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1. Pos. to pos. 2. Small to big. 

Kodak now has three KODAGRAPH 
Wash-Off Films that can save you 
hours of redrawing time. 

1 Now you can enjoy the benefits of 
• KODAGRAPH Wash-Off Films for more 

of your drafting room work. With the new 
KODAGRAPH Wash-Off AUTOPOSITIVE 
Film, you get a positive reproduction from a 
positive original. Like all KODAGRAPH 
Films, it gives you high-contrast prints that 
make excellent second originals. 

2 When you need a size-change of a 
drawing, or an enlargement from an 

aperture card, just ask for it on the new 
KODAGRAPH Wash-Off Projection Film. 
You can count on getting a sharp, posi-
tive reproduction. And, as with other 

3. Contact. 

KODAGRAPH Wash-Off Films, you'll like its 
wet-erasable photo lines and excellent 
dimensional stability. 

/ You probably know already what 
KODAGRAPH Wash-Off Contact Film 

can do for your designs. You may even be 
specifying it regularly to obtain high-
quality, positive reproductions from inter-
mediate negatives of your drawings. It 
produces intense black lines on an outstand-
ing drafting surface that takes either pencil 
or ink, just like the other KODAGRAPH 
Wash-Off Products. 

Get the facts. 

For additional information on The New 
Threedom, write Eastman Kodak Company, 
Business Systems Markets Division, 
Dept. DP535, Rochester, N.Y. 14650. Kodak 
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New products 

side or outside of' its passhand. l'he 
filter, called the model IPI. which is 
selling for S100 singly. can eliminate 
noise spikes. Two external capaci-
tors determine the corner frequency. 
which can he set from dc to io 

kilohertz. Intended applications in-
clude digital communications. am-
plitude demodulation, spike filter-
ing. and noise limiting in 
(minmunications receivers. First de-
liveries are scheduled for the end of 
March. 
Non Linear Filters. P.0 Box 338. Trumbull. 

Conn. 06611 13431 

Rotary switch measures 

less than 0.3 in. diameter 

The series 75 rotary switch has a 36 
angle of throw (1i) positions). with 
one or two poles in a single-deck de-
sign. The switches. designed Ibr di-
rect insertion into printed-circuit 
hoards, measure less than 0.3 inch 
in diameter. 0.7 inch behind panel 
in the shaft-and-hushing version. or 
0.6 inch overall length in the screw-
driver-operated version. The 
switches are rated to make and 

à> 

break 200 milliamperes for 5.000 
cycles of operation at I 15 vac or 30 
Yrdc resistive load. Price is 70 cents 
for a one-pole-per-deck screwdriver-

Decision: Assume you need an alterable, non-volatile 
memory in your system, what choices do you have right now? 

And at what true and complete cost-per-bit ? 

Cores and plated wire—patchboards—diode arrays ? Fine. 
Providing you need lots of memory—and you're not concerned about 

size, bulk and speed. Or power consumption. Or compatibility 
with existing and future logic forms. Or the additional cost 

of power-fail detection circuitry, or retrieval 
software and reload hardware—and the like. 

Semiconductor memories? If you go with RAMs 
your bit cost per se may be lower. But you'll have to 

consider the extra cost of providing Cost-per-G13it an uninterruptable power source. 
Or power-fail detection circuitry and 

battery back-up. Or retrieval software and reload 
hardware. Just to compensate for their inherent volatility. 

If you consider ROMs—either the fixed or one-shot programmable 
variety—your cost-per-bit for memory alone could be even lower. Until 

you start adding up all the extra peripheral costs involved in trying 
to overcome their inherent unalterability. Simulation systems. 

Special masks and programmers. Surplus capacity for unused future 
options. Not to mention multiple spare parts inventories, field 

retrofits, obsolete stock, and spoilage due to errors. 

So where do you go from there? Take a good look at RMMs! 

AMORPHOUIFINI 

ALTERABLE/NON-VOLATILE 

SEMICONDUCTOR MEMORIES 

cLets talk 

They're the only inherently non-volatile, fully electrically alterable 
semiconductor memories in production—now! You can use them just 

like any other hard-wired memory elements—but without having to 

buy and build a bunch of superfluous circuitry into your system 
just to protect stored data or correct program errors. 

In fact, you can take Ovonic RMMs completely 
out of your system—for days, weeks, years 

at a time—without loss of data. And you 
can also change, up-date and re-alter 

stored information at will. Quickly, selectively 
and repeatedly—by simple electrical means. 

Easy to apply, too. Standard packages. TTL/DTL 
compatible. Compatible with each other. Which means 

you can mix or intermix them any way you like to 
create flexible, expandable memory systems to 

meet present and future needs—exactly! 

Cost-per-bit ? Still a bit more than RAMs or 
ROMs on a straight device comparison basis. 

But considering the fact that bit cost is 
the only cost with RMMs, you'll find they're 
worth it! Important, too: RMM costs have 
dropped dramatically in the past 18 months 

and haven't reached bottom yet. So if 
you start using them now, your true bit 

costs will be a lot less by the time 
you hit volume production. 

46, 

13, 

Call or write for complete information today! 

Energy Conversion Devices, Inc. 
1675 WEST MAPLE ROAD • TROY. MICHIGAN 48084 

TELEPHONE 313/549-7300 

7L 

E 

D 
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The Elegant 
Molded Parts 

For elegant applications. Custom-made 
or standard, EPC parts come with thin 
walls down to 5 mils, tolerances to 

.05% — even threaded bushings. In 
six different materials: fluorocarbon, ny-
lon, glass-reinforced nylon, DAP, poly-
ester and epoxy. For temperature ranges 
that go up to 200°C. 

It's just the sort of selection and 
craftsmanship that you expect from EPC 
as an EAI component company. Look to 
EPC also for transformer kits. Or to EAI 

for thick-film audio amps. 
Capacitors. Custom coils. 
Solenoids. Active filters. 
Analog/digital convert-
ers and other special 

function modules. Plus a growing list of 
other elegantly crafted etceteras. 

Electrical Plastics Corporation 
500 Long Branch Avenue 

Long Branch, New Jersey 07740 
Tel. (201) 870-9500 

A Subsidiary of Electronic Associates, Inc. 

New products 

operated switch. and delivery is 
from stock. 
Grayhill Inc.. 523 Hill Grove Ave., La 

Grange. III. 60525 [344] 

Trimming pots are sealed 

in polycarbonate case 

Available with either wirewound or 
cermet resistance elements having 
0.5': maximum nonlinearity, trim-
ming potentiometers feature sealed 
construction in a clear high-tem-
perature polycarbonate case. The 
units have 18 turns and measure 
0.75 by 0.33 by 0.25 inch with 
printed-circuit terminals. The cer-
met-element types have four-con-
tact wipers. Price is S1.32 each. 
Harry Levinson Co., 1211 East Denny Way, 

Seattle. Wash. [345] 

Thin-film fixed resistors 

maintain low reactance 

Resistors, called the MAR series. 
are aimed at precision applications. 
Available also in matched sets and 
module assemblies, the resistors 
maintain the low reactance of thin-
111m devices, and they have tem-
perature coefficients, long-term sta-
bility. and tolerances comparable to 
those of precision wirewounds. 
RC Fixed Resistors. An Operation of TRW 

Electronic Components. P.O. Box 887. Bur-

lington, Iowa 52601 [346] 

 • 

Transducer combines 

emitter and detector 

Fast. sensitive response is provided 
by a miniature optical-pair trans-

the only printed 
circuit Relay 

that plugs into 
your PC board 

without SOCKETS 
or SOLDERING 

MAGNETIC LNAOTNC-LATCHING RELAYS 
The only relay designed to make 

full use of printed circuit technology. 
Unlike others adapted with terminal 
pins or sockets for solder mounting, 
Printact plugs directly into your mod-
ule. Precious metal plated PC pads 
mate with shorting bar contacts on the 
pivoting armature, which is the single 
moving part. Held by a permanent 
magnet, it eliminates return springs, 
pigtails, electrical and mechanical 
connections—assuring reliability for 
millions of cycles. 

Inherent Custom Features include: 
Low Thermal EMF, Low Contact 
Bounce, Impedance Matching, 45-60 
db Isolation, Bifurcated Contacts, and 
Encapsulated Coil—all at low cost! 

Send for Test Sample and PC Board 
Preparation Aids to simplify design 
and production of your module. 

For action write or call 212—EX 2-4800. 

PRINTACT RELAY DIVISION 
P.O. Box 1430E 

LONG ISLAND CITY, N.Y. 11101 
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New. 
8-channel recorder 

with preamps 
ki a single box. 

fi 

Its the Brush 481. For about $1000 
less than the same components bought 
separately. 

It gives you Brush quality. And Brush in-
novations. For example: pressurized 
inking system that writes dry and elimin-
ates smudging, puddling and priming. And 

— .. . Y Metrisite non-contact servo-loop feed-
- ... Y back device that guarantees 99.5% — _ 
— linearity. ... .. / . Y 
ma / You also get 12 pushbutton chart ... .. , 
. Y speeds, from 0.05 to 200mm/second. 40 

Hz full scale frequency response. And the 
built-in preamps provide a measurement 

range of 1mV/div to 500 V d-c full scale. With differential, balanced 
and floating inputs and high common mode rejection. 

Finally, you get your choice of either a compact portable or rack 
mounted version —and accessories like chart take-up reel 
and Z-folder. 
The only thing missing: the problems of separate preamps. 
You'll certainly want more information. So contact Gould Inc., 

nstrument Systems Division, 3631 Perkins Avenue, Cleveland, 
Dhio 44114. Or Rue Van Boeckel 38, Brussels 1140 Belgium. 

!MUSH INRI HIJN1I N 

m> GOULD 
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Good 
Listeners maintain 
a low profile 
Even in the solitude of the forest depths, from rooftops, 
arctic tundra, swamps to sweltering tropics, 'neath snow, 
sand or ice, 
the Hermes Loop antenna keeps an ear to the sky. 
The amazing aperiodic antenna does away with vast log 
periodic and rhombic arrays - those towering antenna 

farms. 
In rosette configuration, the Hermes loop antenna provides 
an omnidirectional broadband receiving array in space 
merely 1/100th that of the traditional antenna farm. 
More than 53 government agencies around the world have 
pressed the loop antenna into service. 
A new, even more compact version is available. 
Only Hermes Electronics makes it. 

ASK US Send for our Brochure 

Hermes Electronics Limited 
Suite 315 
2020 F Street NW 
Washington, DC 20006 USA 

202-296 2978 
TWX 710 822 1106 

2-32MH, 
BROADBAND 

New products 

ducer that combines an emitter and 
detector in a single package. Appli-
cations include beginning- and end-
of-tape-sensing, character reconi-
tion, mark sensing. and optical igni-
tion. The units combine a gallium-
arsenide infrared LED and a silicon 
npn phototransistor chip, with the 
emitter and detector elements posi-
tioned on the same perpendicular 

plane, thus providing response to 
radiation only when a reflective sur-
face comes into the field of view of 
the phototransistor. 
Sensor Technology Inc., 21012 Lassen St., 

Chatsworth, Calif. 91311 [347] 

Lamps offer range of 

beam patterns, intensities 

Offering a range of bew patterns 
and intensities, T-4 and TL-4 lamps 
are suitable for a variety of appli-
cations, including fiberoptic devices 
and computers. Different lamp in-
tensities and beam patterns are de-
termined by lens and filament types 
and ratings. The bulbs are available 
in clear, thin-lens, or heavy-lens, 
and filament types are bar or C-2R. 
Six filament ratings are offered. The 
lamps are available in unbased. 
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Why spend 
a bundle to automate, 
then fumble around 
with hand wiring? 
You can automate right down the line, but when you get to the hand wiring you're back in the dark ages. 

It's one of those costly things you always had to put up with, until Flexprint e Circuitry came along. 
Flexprint Circuitry saves you money on installation, and it fits into an automated system like a glove. 

Recently for one customer, Flexprint Circuits saved up to $4.02 on every $6.24" wiring installation. 
Because Flexprint Circuits are so adaptable, no other design changes in his product were necessary. 
If you manufacture in quantity, the savings multiply. And there's no room for error, because the wiring design 
is built into every Flexprint Circuit design. You reduce repair costs, soldering costs and handling costs 
because Flexprint Circuitry is built to fit into your system. Consider Flexprint Circuitry while your new product 
is still in the concept stage. That way, you'll get maximum cost and design flexibility from the very beginning. 

Call Mr. Tom Stewart at (603) 669-4615 (Ext. 417) or write to Perimeter Road, Manchester, 
New Hampshire now, while your automation is still in the design stage. 
It can save you a bundle. 

*Ask to see our 8-minute film presentation on Flexprint Circuitry cost savings. 

SA 

7iY 

eri: /i•f 

SANDERS ASSOCIAT 
FLEXPRINT DIVISION 
Call your nearby Sanders rep, or write Senders Flexprint Divisi 

*TM SANDERS ASSOCIATES. .NC Grenier Field, Manchester, New Hampelet 03103. 
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New NL-8051 
from 

NATIONAL ELECTRONICS 

• Segmented Phosphor Display 

• Low Cost • Low Power 

• Direct Drive from MOS 

@ NATIONAL ELECTRONICS 
a varian division 

geneva Illinois 60134 (312) 232-4300 

Circle ?31 on reaciPr service card 

High dynamic range 

amplifier 

Low distortion and 10 db gain are 
provided by ANZAC Model AM-
102 amplifiers over the 10 to 300 
MHz range. Proprietary circuitry 
provides good gain stabilization, low 
intermodulation distortion (+27 
dbm 3rd order intercept) and flat 
frequency response (to ± 0.8 db). 
Price $69. ANZAC Electronics, 39 
Green Street, Waltham, Mass. 02154 
Tel. (617) 899-1900. 

A Scope-Matee Hood 
and any Polaroid Camera* 
can produce B/W or color 
photos of CRT data. 
• Versatile, low-cost, lightweight, easy to use. 

• Standard hood fits 90% of all scopes. 

• Models available for latest Tektronix and H-P scopes. 

• Special hoods for large CRT displays. 

• Shutter speeds from 1/100 to 3 sec. and bulb. 

• Graticule illuminators, incandescent and U.V. 

• Hoods from $90. 

Contact -

INTEGRATED CONTROLS, INC. 
3045 Moore Street 

San Diego, Calif. 92110 
Phone: 714/295-5807 

Except Swinger and Square Shooter. Polaroid 
s a registered trademark of Polaroid Corp. 

New products 

epoxy-based, brass-based, and 
aluminum-based versions. 
'Lamps Inc., 19220 S. Normandie Ave., Tor-

rande, Calif. 90502 [3481 

Varistors are rated 

from 1 to 4 joules 

Six lead-mounted metal-oxide var-
istors for printed-circuit boards are 
rated in energy-handling capability 
from 1 to 4 joules for ac and dc op-
eration. Models V 130LA1 and 
VI3OLA2 handle 1 and 2 joules, re-
spectively, with maximum ac rms 
voltage of 130 v; V ISOLA 1 and 
V 150LA2 handle 1 and 2 joules. re-
spectively, at 150 vac maximum; 
and V250LA2 and V250LA5 are 
rated at 2 and 4 joules, at 250 vac. 
Quantity price is 48 cents. 
The General Electric Co., Semiconductor 

Products Department, Building 7, Mail Drop 

49. Electronics Park, Syracuse. N.Y. [349] 

Coating protects resistors 

from transformer oil 

Epoxy-coated type AS ceramic-car-
bon composition resistors are nonin-
ductive devices intended for high-
reliability applications and where 
the resistors must be immersed in 
transformer oil-cooled packages. 
The epoxy coating protects the car-
bon composition from attack by 
chemical constituents of the trans-
former oil. Power ratings range 
from 15 w to 150 w. 
Carborundum Co., Electrical Products 

Branch, Refractories and Electronics Divi-

sion, PO. Box 339, Niagara Falls. N.Y. 

[350] 
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SOLID STATE 
IF FILTERS 
FOR 
SOLID STATE 
RELIABILITY 

=Side 
CERAMIC 
IF FILTERS 
Whether your application includes AM 
and FM entertainment receivers or 
communications and TV receivers, 
Murata has a solid state ceramic IF 
filter that can replace those tired, 
wound IF cans for increased perform-
ance and reliability with reduced size 
and cost. 455 KHz filters, 10.7 MHz 
filters, 4.5 MHz filters including band-
widths for the sharpest communica-
tions receiver specifications and 
bandwidths to meet the "flat-top" re-
quirements of good FM and TV are 
all included in this, the industry's 
largest, line of ceramic IF filters. 

Why not add solid state reliability 
to your entire IF strip? Write for com-
plete technical information today, it's 
yours for the asking. 

MURATA CORPORATION OF AMERICA 
2 Westchester Plaza. Elmsford, New York 10523 

Telex: MURATA EMFD 137332 

Phone: 914/592-9180 

A Subsidiary of 
Murata Mfg. Co.. Ltd.. Japan 

New products/materials 

An electrically conductive noncorro-
sive silver-alloy-filled silicone rub-
ber, called 490, is designed for use 
as an rf shielding gasket or adhe-
sive. The two-component system 
cures at room temperature over-
night or at 65°C in two hours. h 
bonds to most surfaces with 490 pri-
mer, and to silicone rubber without 
priming. A 2-ounce kit with base, 
hardener and primer is $15. 
Dynaloy Inc., P.O. Box 162, Hanover, N J 

07936 [476] 

A copper thick-film conductor has a 
resistivity of less than 2 milliohms 
per square mil. Leach resistance is 
over 10 minutes in 60/40 solder at 
230°C. Processing requires a single 
firing under a nitrogen cover at 750° 
to 1,000°C, with a soak time of six to 
eight minutes. Applications include 
large-area ground planes, microstrip 
and microwave components, and re-
flow solder-chip resistor and chip-
capacitor hybrids. 
Owens-Illinois, 1700 Westwood Ave., To-

ledo, Ohio 43651 [477] 

A 99.5% alumina substrate with a 
finish of 2 to 4 microinches for thin-
film component manufacture is des-
ignated Ceramislik. The material is 
available in standard thicknesses of 
10 and 25 mils, but other thick-
nesses can be supplied to customer 
specifications. Surface finish may 
also be supplied at 7 to 10 gin. De-
livery is from stock. 
fPlessey Inc.. Materials Division. Frenchtown. 

N.J. [478] 

A series of low-temperature-curable 
thick-film resistor and conductor 

00 
Engineers. 

os rj 

Experienced or 
Beginning 

Opportunity is knocking in 
the Pacific Northwest Aero-
space industry. 

The Seattle area, a great 
place to live and work, has 
challenging aerospace op-
portunities in varied com-
mercial and military pro-
grams. Especially... 

Antenna/ 
Communications 
• Analysis of EMP effects. 
RF communications, in-
cluding antennas, link analy-
sis, and equipment design. 
RF and microwave circuit 
design. 

Design/ 
Implementation 
• Design and implementa-
tion of subsystems level 
status monitoring, fault de-
tection and fault isolation. 

Design/Impedence 
• Design of subsystems im-
pedence matching circuitry, 
amplifiers and monitoring 
circuitry. 

RF Specifications 
• RF equipment specifica-
tion preparation, proposal 
evaluation, performance de-
termination and monitoring 
of subcontracts for HF and 
VHF equipment. 

Please send your resume to 
the Employment Office, 
The Boeing Company, P.O. 
Box 3707-EAH, Seattle, 
Washington 98124. 

1747.E7111eG 
An Equal Opportunity Employer 
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Major breakthrough 
In advanced power tube technology 

THOMSON-CSF announces a revolutionary new invention from their power tube laboratories... 
We call it the Pyrobloc* Grid and it surpasses all earlier grid designs. 

With the Pyrobloc Grid, we can offer an entirely new generation of high power 
and compact Triodes and Tetrodes with remarkable improvement in performance. 

These new grids offer: 
Single piece construction u Enhanced mechanical strength 

• High precision assembly u Low expansion coefficient u Optimum heat dissipation. 

With our Pyrobloc Grids, and Hypervapotroir cooling techniques, our new generation 
of tubes gives the designer of broadcasting, television, telecommunications, 

radar, nuclear and industrial equipments, a powerful tool for long-life, low-cost and reliable operation. 
For more information on our Pyrobloc Grid Tubes, please circle the appropriate number 

on the Reader Service Card, or contact us directly. 

• Registered Trade Mark 
and THOMSON-CSF patents. 

THOMSON-CSF 
THOMSON-CSF ELECTRON TUBES. INC / 50 ROCKEI ELLER PLAZA / NEW YORK. NY 10020 / TEL (2121489-0400 

France - THOMSON-CSF Groupement Tubes Eiectioniques / 8. rue Chasseloup-Laubat / 75015 PARIS / lei 56670 04 
Germany - TlIOMSON-CSF Elektronenrohren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel 70 20 99 

Italy THOMSON-CSF Tubi Elettronici SRL / Viale degh Ammiragli 71 / ROMA / Tel. 63 80 143 
Japan - THOMSON-CSF JAPAN K.K / Kyosho Building / 1-9-3 Hirakawa-cho / Chiyoda-ku / TOKYO / T 102 / lei. 03 264-6341 

Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel 08/22 58 15 
United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Baton House. Uxbridge Road. Ealing / LONDON W5 2TT / Tel. 01-579 1857 / Telex, 25 659 
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This is what 
we're not! 

The Matrix printer is not an "ink spitter," 
thermal printer, magnetic printer, optical 
printer, electrolytic printer, or anything 
like that. 

Over 500 Matrix units are now operat-
ing with mini and midi computer systems 
throughout the world. 
So people are beginning to understand 

what we are. 

We're a true 
electrostatic printer. 

Versatec's Matrix Electrostatic Writing 
Technique (MEWT'') is demonstrably 
more reliable than any impact or other 
non-impact technique. (Matrix MTBF is 
over 3,000 hours!) 

For the performance the Matrix unit 
provides, it is the lowest cost computer 
printer in the world! 
Our Matrix Model LP-860 prints 64 

ASCII characters 80 columns wide on 
81/2 " fanfold paper at 600 Lines Per Min-
ute. That's 800 CPS . . . for only $3,900. 
Quantity one. 
And for $4,300 our Model LP-1150 

prints 132 columns wide on 11" fanfold 
paper at 500 LPM (1100 CPS). 96 ASCII 
character options for both models are 
available without reduction in printing 
speed. 
We also have fast printer/plotters at 

the lowest prices in the industry. And 
controllers and software for 23 mini's and 
midi's. 
Our customer list is as impressive as 

our products. For complete information 
contact Versatec, Inc., 10100 Bubb Road, 
Cupertino, California 95014. (408) 257-
9900. TWX: 910-338-0243. 

9rVERSATEC 

The Matrix Printer delivers 
600 LPM for only $3,900. 

New products/materials 

pastes are screen-printable on most 
printed-circuit-board materials, in-
cluding copper-clads and unclads. 
Once cured, Blend-Ohm is resistant 
to all solvents, and the material is 
available in resistor values of 1 ki-
lohm to 75 ohms per square. Con-
ductivity is 0.5 ohm per square. The 
pastes can also be used for trimmers 
or potentiometers. 
Methode Development Co., 7447 W. Wilson 

Ave., Chicago, III. [479] 

Clear, light-stable liquid-epoxy 
compounds are for encapsulating 
light-emitting diodes. The C74 and 
C75 encapsulants maintain optical 
clarity at continuous exposure to 
125 C. and some materials survive 
several hundred hours at 150 C. 
Handling properties range from 
low-viscosity compounds for 
straight casting applications to 
higher viscosities for casting and the 
self-crowning approach to lens-
forming. 
Hysol Division, The Dexter Corp., 211 Frank-

lin St., Olean, N.Y. 14760 [480] 

A liquid flux cleaner is specifically 
formulated to remove all traces of 
rosin flux residues without injury to 
the printed-circuit board or compo-
nents. Type 0 cleaner has a low tox-
icity and is biodegradable and wa-
ter-soluble. The material is a low 
foamer and can be used under pres-
sure or agitation with any type of 
cleaning equipment. The material is 
provided as a concentrate. and 
spent solution can be flushed into 
sewage systems without treatment. 
Electro -Mechanical Division, Electrovert 

Inc., 86 Hartford Ave.. Mt Vernon. N Y. 

10553 [401] 

A gold-filled single-component 
epoxy has an electrical conductivity 
rating-. of 0.0001 to 0.0003 ohm-cm. 
Epotek H44 is recommended for 
bonding semiconductor chips in hy-
brid circuits as well as attaching CSI 
and mos chips. The material is in 
paste form and contains no solvents. 
It can be silk-screened and cures in 
45 minutes at 120 C and 15 minutes 
at 150 C. One-half ounce trial kits 
are $75. 
Epoxy Technology Inc., 65 Grove St.. Water-

town, Mass. 02172 [402] 

Tubes? 
Forget them. 

HERE'S 100 
WATTS OF 
SOLID-STATE 
RF POWER! 

%4L 

S01111 STATE J\MP 
100W 100 MHz t3\ 1 

A state-of-the-art amplifier. 
ENI's new Model 3100L all-solid-
state power amplifier provides 
more than 100 watts of linear 
power and up to 180 watts of 
pulse power from 250 kHz to 
105 MHz. This state-of-the-art 
class A unit supplies over 50 watts 
at frequencies up to 120 MHz and 
down to 120 kHz. All this capa-
bility is packaged in a case as 
small as an oscilloscope, and it's 
just as portable. 

Extraordinary performance. 
Featuring a flat 50 dB gain, the 
Model 3100L is driven to full 
power by any signal generator, 
synthesizer or sweeper. AM, 
FM, SSB, TV and pulse modulations 
are faithfully reproduced by the 
highly linear output circuitry. 
Immune to damage due to load 
mismatch or overdrive, the 
3100L delivers constant forward 
power to loads ranging from an 
open to a short circuit. 

Solid-state reliability is here. 

The price? $5,690. 

Write for complete information: ENI, 3000 
Winton Road South, Rochester, N. Y. 14623 
Call (716)-473-6900 or TELEX 97-8283 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

ENI... The world's leader 
In solld-state power amplifiers. 
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the CIS eliminator 
makes pu an offer you can't resist 

It's CTS Series 760 DIP cermet resistor 
networks, available "off the shelf" from 

authorized CTS Industrial Distributors. 

Thirty-five standard 760 series resistor 

modules (in 2 package styles) make it easy 

to be a time, space, and money saver. 
They eliminate lead forming, lead trimming, 

and individual component insertions ... 

eliminate costly PCB real estate... 

eliminate up to 12 separate components. 

And, we eliminate long delivery times too! 

These cost savers are stocked for 
immediate delivery. All have 1.5 watts 

power capabilities per module and provide 
proven CTS cermet reliability. 

Doesn't it make sense to make the switch 

to CTS standard networks ... non-

standards are available, too, from CTS of 

Berne, Inc., 406 Parr Road, Berne, Indiana 

46711. Phone: (219) 589-3111. 

CTS CORPORATION 
Elkhart indrana 

A world leader in cermet and variable resistor technology. 

_ 

Model 760-1 
Resistance values 100 ohms 
thru 22K ohms. Applications: 
MOS/ROM pull-up/pull-down; 
open collector pull-up; "wired 

OR" pull-up; power driver 
pull-up; high speed parallel 

pull-up; TTL unused gate pull-up; 
TTL input pull-down; digital 

pulse squaring. 

Prices (n. 2% std tolerance): 
1-99 61.45 
100-499 1.24 
500-999 .91 

1 

- 

Model 760-3 
Resistance values 68 ohms 

thru 22K ohms. Applications: 
"Wired OR" pull-up; power 
driver pull-up; power gate 
pull-up; line termination; 

long-line impedance 
balancing; LED current 

limiting; ECL output pull-down 
resistors; TTL input pull-down. 

Prices (-±2% lot standard) 
1-99 $1.25 
100-499 1.07 
500-999 .74 

The complete line of CTS series 760 cermet 
resistor modules are in stock at: 
ALABAMA—Cramer!EW Huntsville. Inc. ARIZONA—Cramer/ 
Phoenix CALIFORNIA—Santa Monica Bell Electronics • Bell 
Electronics • Cramer/Los Angeles • Cramer/San Diego • Cramer/ 
San Francisco • Hollywood Radio & Electronics. Inc. • Rose 
Electronics • Terminal—Hudson West COLORADO—Cramer/ 
Denver • Waco Electronics CONNECTICUT—Cramer Electronics, 

Inc. FLORIDA—Cramer/EW Hollywood • Cramer/EW Orlando • 
Lykes Electronics Corp. GEORGIA—Cramer/ EW Atlanta ILLI-

NOIS—Allied Electronics Corp. • Cramer/Chicago • Merquip Electronics 
MARYLAND—Arrow Electronics • Cramer/ EW Baltimore MASSACHUSETTS— 

Cramer Electronics. Inc. • DeMambro Electronics MICHIGAN—Cramer/Detroit • Northland Electronics MINNESOTA—Cramer/Bonn • Electro-Corn 
Corp. MISSOURI—Olive Industrial Electronics NEBRASKA—Scott Electronics NEW JERSEY—Cramer/Penn.. Inc. • Cramer/New Jersey • Radio 
Electric Service Co. NEW MEXICO—Cramer/New Mexico NEW YORK—Arrow Electronics • Cramer/Binghamton. Inc. • Cramer/Long Island • 
Cramer/Rochester • Cramer/Syracuse • Summit Distributors • Terminal—Hudson Electronics NORTH CAROLINA—Cramer/EW Raleigh • Cramer/ 
EW Winston-Salem OHIO—Cramer/Cleveland • Cramer/Tri-States. Inc. • ESCO Incorporated • Hillebrand Electronic Supply • Sun Radio Company 
OKLAHOMA—Cramer/Tulsa PENNSYLVANIA—Arrow Electronics • Cameradio Company • Cramer/Penn • Radio Electric Service Co. TEXAS— 
Adleta Electronics Co. • Cramer/Texas • Southwest Electronics. Inc. UTAH—W. H. Bintz Co. • Cramer/Utah WASHINGTON. D. C.—Cramer/ EW 
Washington WASHINGTON (State)—Cramer/Seattle. Inc. • Far West Electronics WISCONSIN—Cramer/Wisconsin 
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New literature 

Good News 
For 
OSCILLATORS, 
TONE GENERATORS, 
TIMERS... 

Statek 
Quartz Crystals... 

Smaller, 
Less Expensive, 
Rugged, 
Accurate. 

Here's why. 
First, Statek developed a design to 

reduce the size of 10 kHz to 600 kHz 
crystals. Then, they applied IC type manu-
facturing techniques. The result ... crys-
tals that come in hermetically sealed TO-5 
cans or IC flat packs. 

Next, they're inexpensive. In produc-
tion quantities, the cost may be lower 
than the less accurate, conventional 
LC/RC circuits you've been using. And 
high volume delivery is fast. 

Their inherent design and rigid 
mounting make them rugged too. Even 
the lowest cost standard versions survive 
over 1,000 G shock. 

Send for detailed data. Or for recom-
mended circuits, simply write or call 
Statek detailing your design require-
ments. 

Specifications 
Frequency  10 kHz to 600 kHz 
Accuracy: 
0 to 70°C 0  06% 
• -40 to +85°C 008% 
--55 to +125°C 0  15% 

Better specifications available on request. 

In addition, Statek offers low fre-
quency standard or custom hybrid oscil-
lators and filters. 

STATEK CORPORATION, 
-.11111111111.11P1.-

1233 Alvarez Avenue 
Orange, California 92668 
Phone: (714) 639-7810 

Semiconductor fuses. Semicon-
ductor Division. International Rec-
tifier Corp., 233 Kansas St.. El Se-
gundo, Calif. A handbook to aid 
circuit designers in the use of semi-
conductor fuses is more than 100 
pages long and provides graphs, rat-
ings. tables. and circuit diagrams. 
Circle 421 on reader service card. 

Diodes. An eight-page application 
note available from Hewlett-Pack-
ard Co.. 1501 Page Mill Rd.. Palo 
Alto. Calif.. provides information on 
diode packages for hybrid inte-
grated circuits and characteristics of 
each type. [422] 

Temperature indicator. The installa-
tion and operation of the DTI/6I1 
digital temperature indicator is out-
lined in a four-page catalog pub-
lished by Thermo Electric. Saddle 
Brook. NJ. [4231 

Chain printers. Fact sheets for the 
models 4335 and 4345 chain print-
ers are available from Mohawk 
Data Sciences Corp.. 781 Third 
Ave.. King of Prussia, Pa. 19406 
[424] 

TWT amplifiers. Specifications for a 
traveling-wave-tube amplifier fam-
ily are provided in a brochure avail-
able from MCL Inc., 10 North Beach 
Ave.. La Grange. Ill. 60525. [425] 

Relays. C.P. Clare and Co.. 3101 
Pratt Ave., Chicago. Ill. A 10-page 
booklet describes complex elec-
tronic interfacing problems and how 
to solve them by using dry-reed and 
mercury-wetted relays. [426] 

Solid-state products. Spectrum Mi-
crowave Corp.. 328 Maple Ave. 
Horsham. Pa.. has issued a catalog 
describing solid-state amplifiers. os-
cillators. sources, couplers. filters. 
microstrip circuits, and other solid-
state devices. The catalog describes 
a variety of products for rf through 
microwave applications. [427] 

Switches. A catalog providing infor-
mation on the company's line of il-
luminated pushbutton switches is 
available from Marco-Oak, 207 S. 
Helena. Anaheim. Calif. [428] 

Centralab 
Selectashaft 
Rotary Switch 
Distributor Catalog 
35-SAS 

Rotary switches. A I2-page catalog 
from Centralab, 5757 North Green 
Bay Ave.. Milwaukee, Wis., details 
the company's line of rotary 
switches. [429] 

Delay timer. A data sheet describing 
the TM301 solid-state in-series de-
lay timer for automatic control sys-
tems has been published by Regent 
Controls Inc.. Harvard Ave., Stam-
ford, Conn. [430] 

Power head. Bulletin 440 describes a 
thermoelectric power head, oper-
ating from 10 MHz to 18 GHz, for 
use with precision microwave power 
meters. It is available from General 
Microwave Corp.. 155 Marine St., 
Farmingdale. N.Y. 11735. [431] 

Rf conductors. Nytronics Inc.. Dar-
lington Division. Orange St., Dar-
lington. S.C. 29532, has published 
two data sheets describing the envi-
ronmental characteristics, mechani-
cal dimensions, voltage ratings, and 
inductance ratings of a line of un-
shielded rf inductors. [432] 

Semiconductors. A 44-page con-
densed catalog from General Semi-
conductor Industries Inc., P.O. Box 
3078. Tempe. Ariz. 85281, lists spec-
ifications on more than 6.000 semi-
conductor devices. [433] 

Microwave components. Norsal In-
dustries Inc., 34 Grand Boulevard. 
Brentwood, N.Y. 11717. A four-
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It's our new RT-02. 
Whereas our RT-01 has 

been a big hit because people 
know they can count on it. 

It's numeric. 
Our new RT-02 is 

alphanumeric. 
32 alphanumeric characters 

on a single-line gas-discharge 
type readout panel to be exact. 

It has its own self-contained 
power supply and weighs so 

little, it's really portable. 
It's ASCII compatible so 

you can interface it, input and 
output, to any computer that's 
got a Teletype port. 
And it doesn't cost much 

more, really, than our RT-01 
that's sold so well 
And it's simple as saying 

your A,B,C's to use. 
We're the Logic Products 

Group, Digital Equipment 

Corporation, Maynard, Massa-
chusetts 01754/(617) 897-5111 
in the U.S. 

81 route de l'Aire, 1211 
Geneva 26/(022) 42 79 50 in 
Europe. 
And we'll be happy to show 

it to you, no matter how remote 
you are. 

d g Midi g 
Introducing a remote data 

entry terminal that you can read as 
easy as A,B,C. Anywhere you 

want to read it. 



New literature 

The test, the whole test, 
and nothing but the test. 

Our System 1000A/ 
1100A is a — no, the — 
complete digital com-
munications test set. It 
transmits, receives, 
synchronizes, measures 
and displays error rates 
under pseudo-noise 
conditions at bit rates 
from 120 MHz per 
second to 300 MHz per second. Errors may be accumulated and 
totalized, or counted against the number of bits (which gives you a 
direct reading of bit error rate). Automatic sync, pseudo-random 
sequences, frame sync ... the specs are a sight for sore digital 
communications systems. Drop us a line, and we'll send you spec 
sheets, our applications folder and a whole catalog full of the fastest, 
surest, most economical digital equipment in the world. 

• _ 
. • . • 
• %,` 

, . 
. 111 

VL 
• • • 

1/4 1/4  1/4  1/4 1/4 

1/4  

„ 

The Troubleshooters, from 

Tau -Tron, 
685 Lawrence Street Lowell, Massachusetts 01852 

1 
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YOU'RE WHISTLING IN THE DARK... 

if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 
Cono,bmud 

page brochure describes miniature 
directional couplers, diode switches, 
isolated power dividers, termi-
nations, and 15 other stripline as-
semblies for use up to 18 GHz. [434] 

Control system. Kepco Inc., 131-38 
Sanford, Ave., Flushing. N.Y. 
11352. An eight-page brochure de-
scribes a digital control system, 
called the SN series, for regulated 
power supplies. [435] 

Counter circuit. Mostek Corp., 1215 
W. Crosby Rd.. Carrollton, Texas 
75006, has published a four-page 
applications note on the use of the 
MK 5009 p-mos counter time-base 
circuit. [436] 

Multiplex system. A 20-page bro-
chure from GTE Lenkurt Inc., 1105 
County Rd., San Carlos, Calif. 
94070, describes the type 46A3 mul-
tiplex system that transmits voice 
and data signals over a single micro-
wave-radio or coaxial-cable circuit. 
[437] 

Microvoltmeter. Doric Scientific 
Corp.. 7601 Convoy Ct.. San Diego, 
Calif. 92111. Bulletin D-100G de-
scribes the company's line of digital 
microvoltmeters. consisting of 10 
models. [438] 

Temperature controllers. Oven In-
dustries Inc.. P.O. Box 229. Mechan-
icsburg, Pa. 17055, has issued a 
short-form catalog detailing 42 pro-
portional zero-crossing temperature 
controllers. Included are units with 
current-handling capabilities from 
0.1 to 40 amperes. [439] 

Reed relays. A reed-relay catalog 
has been published by Guardian 
Electric Manufacturing Co., 1550 
West Carroll Ave., Chicago, Ill., and 
it describes the six-series line of re-
lays, providing specifications, di-
mensional drawings. schematic dia-
grams and applications data. [440] 

Tape sensors. International Recti-
fier Corp., Semiconductor Division, 
233 Kansas St.. El Segundo, Calif. A 
series of high-speed silicon card-
tape sensors is described in data 
sheet PD-6.003. [390] 
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pluggable I C connections 
than gold. 

-40 

• 
• 

• 
• 
• 
• 

And for the price 
of a stamp 

HYPOINT will prove it 
• For years the only way to make reliable IC 

• connections has been the expensive way — with 
old. But not anymore. 

ow after 3 years of research and testing we've 
veloped a way to make better IC connections for a lot 

ss money—with tin plating. 
YPOINT,'" a totally new termination concept makes it pos-

,'le. It has no leads to bend. Now tiny chisel points in the re-
ceptacle penetrate metal targets in the ceramic package to make a 
perfect gas-tight, corrosion-free contact. This low profile terminator 
is easy to connect (zero entry), the ceramic can be disconnected and 
reconnected easily for field servicing and each connection is as 
reliable as the first. 

Hard to believe? Take e and mail us your coupon. We'll send 
you the proof. 

si 

I Please send me detailed information on your new HYPOINT tin IC terminators. 
I Please include, too, your complete test data on its performance as compared to gold. 

Name Title eng4»meivizs,-
Company  

Street _ 

City  

llurndv Corp, 'rat 

Norwalk. Connecticut 06856 

Zip 

BURNDY 
CONNECTS 

Ingenunnnal Sal...Headquarters& Manulactunna Fardnaaa Canada England Behnum Mmen,Brazd Amman.. Japan Sera Man La mope nil.. 
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CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

RaDAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 
TRRICKING ANTENNA SYSTEMS NIKE AJAX NIKE 14FR-
C JLES M-33 MSO-1A MPS-I9 MPS-9 SCR 581 1PS-ID 
TP5-28 FAA•ASR-2 AIRBORNE SYSTEMS APN•84 APN-102 
APS 20 AP5-27 APS-15 OPN•19 DIGITAL COMPUTERS 
IBM 650 IBM 701 k. LARGEST INVENTORY OF RADAR AND 

MICROWAVE EQUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 

3 OUINCY '..T NORWALK. CONN 06150 12031 153-2600 

CIRCLE 951 ON READER SERVICE CARD 

PATENTS / IDEAS 
We provide COMpl reVICW & eval rildr-

ktg analysis & devel. Pkg. also incl. fi-
nancing ass't when nec For add. Info call 

coll. / send gen. details. 
PRODUCT MARKETING SERVICES 

Division of PSI 
739 Boylston St (Suites 100-1101 

Boston, Ma 02116 U SA Tel 617/261-8200 

CIRCLE 952 ON READER SERVICE CARD 

HELP! 

Q. How do I reply to a box number 
ad? 

A. Address an envelope with the 
box number indicated in the ad, 
c/o Electronics, Class. Adv. 
Dept., P.O. Box 900, NY, NY 
10020 

Q. Whom do I contact or call to re-
new my classified ad or make 
corrections? 

A. Write Electronics, Class. Adv. 
Dept., P.O. Box 900, NY, NY 
10020 or call: (212) 997-6585 
or 6586. Give full company 
name, size of ad, & date or dates 
it is scheduled to appear. 

THE ENGINEERING 
OPPORTUNITY AT 
HALLICRAFTERS 

We don't want 
engineers who 
think like machines. 

We want 
engineers who 
think. 

V. e want engineers who are curious. restless. imaginatise F ngineers who thrice in an 

ensironment that encourages cre•tisity and recognires indisidual effort. the growth 

and ditersits of Ilallicrafters as • major designer and manufacturer of communica-

tions and electronic counter-measures demand professional, who can ser things not 

ont, as Ihs. are toda, but the na, the, c•n be tomorrow. 

If smite approaching the limit of the technical and creatise challenges of your pre.-

uni position. consider matching sour potential to one if the following positions 

asailable. %. • subsidiars of siorthrop ( orporation. we offer the tremendous resources 

of a large organiration. set the rewards and indisidual recognition of a smaller cum-

pans. Our salar, and benefits programs protide ample ineenlites at all letels. 

POWER SUPPLY ENGINEERS 
Design fabricate, test and document power supplies high voltage solid 

state) for airborne ECM equipment 

SENIOR ENGINEERS 
Electrical • 

leveli circuits for airborne ECM equipment 

MECHANICAL ENGINEERS 

st analog ilow 

• equipment. 

SENIOR ENGINEERS 
Flectrical env, • documentation and manufacture of 

•,tary airborne ere. • • 'l'itt 

MECHANICAL ENGINEER 
Mechanical design ar. . In areas of Floi* ir and Stress as it 

relates to airborne electronic equipment 

PROJECT ENGINEERS 
Electrical engineers to serve at the project level for design documenta-

tion and manufacture of military airborne electronic equipment 

SENIOR ENGINEER 
Design. test and integrate subsections of aerospace ground supper' 

equipment 

Excellent starting salary plus complete benefit program includin 

companx paid relocation. 

Submit resume in confidence to 

Professional Placement Representative 

hall/crafters 
• .t•••,3,e, o. Nomtgop Co.po,e , 

600 NICKS ROAD • ROLUNG 65tADOwS. ILLINOIS boo 

.4n Equal Opportunar Employer — M d F 

o 
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The equivalent of 25 cubic feet of 
catalogs sits right on your desk 
in this little 4" x 6" box. 

The most complete Power Supply 
Catalog File available anywhere... 
6667 current catalog pages have 
been collected and organized on 
microfiche cards — 98 pages per 
card. Every major source of power 
is listed, indexed and easy to find. 

This little box costs only $94.00 
and can save you hundreds of dol-
lars in space, time and effort. 

Never before available: This is 
. the first microfiche series from the 
Electronics Catalog Retrieval Sys-
tem. The microfiche cards fit any 

Everything you need 
to know about power 
supplies is right here 
in this little box. 

standard reader and there is space 
in the box for up-dated information. 

Special introductory offer: If you 
don't already have a standard mi-
crofiche reader, you can order the 
new Kodak Ektalite 120 with your 

"''',',",ï‘¡•,It 

s- klk« 

de I 

Only 04.00 
complete 

purchase of the Power Supply Cat-
alog File at the special low intro-
ductory price of $85.00 (delivery 
included). 

The Ektalite 120 is a desktop 
reader weighing less than five 
pounds. It's compact, noiseless, 
easy-to-use. All you do is feed in 
the microfiche from left to right, 
and manipulate the control knob to 
locate the image you want. 

II/4 r4 re Electronics 
eje , Catalog Retrieval 

I:111 System 



íThc ?4(3 on render servi  

( 
go portable 

CONSIDERING 
Frequency, Time, or Voltage 
Measurements? 

NEED 
Digital Systems or Time 
Code Instrumentation? 
CALL ELDORADO! 
... Eldorado invented the 1 ns Time 

Interval Meter 

. . . Eldorado invented direct gigahertz 
frequency measurements 

. . . Eldorado pioneered low-cost 
IC counters 

. . . Eldorado introduced the first U.S. 
made electronic calculator 
at under $200 

ELDORADO 
ELDORADO ELECTRODATA CORPORATION 
601 Chalomar Rd. • Concord, Calif. 94518 • (415)686-4200 

Introducing THE Digital Panel Meter for Portable Instruments 
• Operates over 600 

hours on 4 D-cells 

NOW, make your portable instruments smaller, lighter, less ex-
pensive and more reliable. With the Datascan Model 820 battery 
powered DPM, you also get a bright, reliable and readable 31/2 digit 
LED display, 0.1% (of reading) accuracy, battery input voltage from 
4.8 to 8.0* volts and an attractive miniaturized metal case that's 
only 3.5" deep x 2.5" wide x 1.3" high. 
To get complete specs or to arrange for a demonstration, call or 
write. We're anxious to help you GO PORTABLE. 
*other ranges available. 

• Only 100 mw total 
power required 

a Eliminates battery 
recharging 

Datascan 
Electronic 
Products 

P.O. Box 785 
1111 Paulison Ave. 
Clifton, N.J. 07013 
Telephone: (201) 478-2800 

Datascan 
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Help 
college 
help 
you. 
Businesses like yours 

gave over $340,000,000 to higher 
education last year. 

It was good business to do 
so. Half of all college graduates 
who seek work go into business. 
The more graduates there are, 
and the better educated they are, 
the more college serves the 
business community. 

Your money was vital to 
colleges. It relieved financial 
pressures, made planning more 
flexible, and contributed to the 
kind of basic and applied research 
that puts new knowledge and 
technology at the service of 
industry. 

So that colleges can con-
tinue to help you, give to the 
college of your choice now. For 
information on ways to do it, 
please write on your letterhead 
to Council for Financial Aid to 
Education, Inc., 6 East 45th 
Street, New York, N.Y. 10017. 
Ask for the free booklet, "How 
Corporations Can Aid Colleges 
and Universities:' 

CF 
E Council for Financial Aid to Education, Inc. 

Advertising contributed for the public good. 

New books 

Computer-Oriented Approaches to 
Pattern Recognition, W. S. Meisel. 
Academic Press, pp. 250, $15. 
Pattern recognition is an area of 
technology that is becoming of ex-
traordinary importance and interest 
to engineers. But most books on the 
subject reek with abstruse concepts 
seemingly incapable of being ex-
pressed without many mathematical 
equations. Rare is the author who 
can devote himself to explaining 
complex ideas without falling into 
the equation trap. 

Professor Meisel is not one of the 
rare breed. His book oozes with 
equations, but he manages to be 
clear and understandable. His first 
chapter explains basic concepts and 
methods in mathematical pattern 
recognition. Although many of the 
concepts of pattern recognition in-
volve multidimensional vectors, 
Meisel succeeds in either boiling 
these down to two dimensions or 
giving simplified two-dimensional 
examples so that the concepts can 
be illustrated graphically. 
Other chapters deal with various 

topics in pattern recognition in 
greater detail. For example, chapter 
2 is on statistical formulation—how 
to treat the statistics after they have 
been obtained. Chapter 3 describes 
several approaches to optimiza-
tion—indirect methods, beginning 
with finding the extrema of a proba-
bility function and continuing with 
secondary evaluation via partial de-
rivatives and other means; direct 
methods, such as searching for ex-
trema by random searches or by 
hill-climbing methods; and use of 
linear programing to optimize 
within prescribed constraints. Chap-
ters 4 and 5 show how to obtain a 
decision rule for distinguishing 
among several patterns. 
Other chapters deal with cluster 

analysis and feature selection. Al-
though all these chapters plunge 
somewhat deeper into the forest of 
equations and special symbols, they 
remain almost as clear and easy to 
follow as the opening chapter. 
The book is excellent, both as an 

introduction to a complex subject 
and as a broad survey of various 
subtopics within the subject. 

—W. B. Riley, Computers Editor 

LET'S 
TALK 

FETS 
1@olitron DEVICES. INC. 

over 300 
types 
in stock 
Oolitron DEVICES. INC 

and you 
can't beat 
our price 
and 
delivery 
write for free data 

flitron DEVICES. INC. 
Give us a quick call today, and test our produci-
bility. We also excel in CèAOS, PMOS, LIC's, and 
Custom Circuits. Solitron Devices, Inc., P.O. Box 
23157, San Diego, California 92123. 
Telephone (714) 278-8780 TWX 910-335-1221 

Electronics/January 18, 1973 
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NOBODY, 
BUT NOBODY, 

CAN PACK SO MUCH 
INTO SO LITTLE 

Teledyne Microelectronics has the reputation for pushing the 
state-of-the-art in designing so much into such a small package. This 
has been accomplished time after time without sacrificing high 
reliability standards. 

Certainly the answer is experience, people, facilities and dedication 
all wrapped up into a package second to none. 

As pioneers in the high density hybrid business, we have a highly 
talented team of technical and production people, most of whom 
have worked together for more than nine years—uncommon in this 
relatively young business. 

Our facilities and equipment are the most modern in the industry— 
integrated in super clean development, production and testing rooms. 

Teledyne Microelectronics is one of the largest hybrid manufac-
turers for military and space applications. We've shipped more than 
one-half million high density hybrids and designed and fabricated more 
than 700 custom types. We manufacture both analog and digital 
hybrids, thick and thin film. And, we've been qualified by all branches 
of the military and NASA. 

Ale What really sells our customers is visiting our facility and meeting 
our people. We'd like to show you. 

Call or write: Albert Silver, Director of Marketing, 12964 Panama 
Street. Los Angeles, Calif. 90066, Telephone (213) 870-9831. 

OTELEDYNE 
MICROELECTRONICS 
TELL ME MORE 

• fl) I have or will have an application for custom 
hybrids 

Have a salesman call 

Name   

Title 

Company  

Address  

L City_  State Zip  

1 
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Fine quality plastic ALCO-

KNOBS with spun alum-

inum inlays at economy 

prices. Available in four 

styles with concentrics, 

skirted, fluted, knurled and 

pointer configurations. 

Sizes range from 1/2 inch 

to 2 inches in diameter. 

ALCCL 

flameless 
1000° 
hea 

Instant, precise heat for 

1001 uses — shrink tubing, 
soldering-desoldering. t forming, bonding, deburring. 

drying, setting adhesives. 
World's most complete line. 

Models from 200-1000 F. 

Send for Catalog Page K-100. 

you can hold 
in your hand 

MISTER 

U.L. listed 

1[::itrfr  
1745 FLETT AVE.. RACINE, WI 53403 

Circle 250 on reader service card 

KEYLOCK SWITCH 
Attractive appearance, 
with convenient one-
hole mounting. Key 
is removable in either 
on/off position. Uti-
lizing double—bitted 
keys with selection of 
25 combinations. 5A-
125VAC rating. Sup-
plied with two keys 
@ $4.95. 

ALCOSLMTCH® 
11R, ATCO ELECT RONK-, PRODUCTS, INC NORTH ANDOVER, MASS 01845 

Drcle na'd 

016
The U S Goreenéhen1 de.« net Der • 

. Vesehled as • eublte teee.ce Gem , 
. "'• , the Tr ,,,,, e end The he, 

The 
Dream Scheme. 

LEXINGTON KNOBS 
Ob i 

Saving up to make your dreams a 
reality can be pretty frustrating. 
You try to figure out a way to 
tighten your belt a little without 
pinching too hard. But you can't 
find any sensible solution, and you 
end up figuring no dream is worth 
all that fretting and worry. 
But there's an easy savings 

scheme—U.S. Savings Bonds. Easy 
to buy .... and one of the easiest 
ways to save. Just sign up for the 
Payroll Savings Plan where you 
work, or buy them on a regular 
basis at your bank. Either way, 
that money gets tucked away, and 
you get a chance to do something 
more than just dream. 

If you've got a dream, buy U.S. 
Savings Bonds. It's a scheme to 
make dreams come true. 

Now E Bonds pay 5- interest when held he .,<Q,11 Se4 

year). Bonds are replaced if lost, stolen, or 
maturity of 5 years, 10 months 4' the first ,ileth.r .•et 

destroyed. When needed they can be cashed * * 
at your bank. Interest is not sulnect to state — 
or local income taxes, and federal tax may 
be deferred until redemption. 4tti ti° 

Take stock in America. 
Now Bonds mature in less than six years. 

ELECTRONIC PRODUCTS, INC. 
1551 OSGOOD STREET, NORTH ANDOVER, MASS. 01845 
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MONOLITHIC 
CRYSTAL FILTERS 

AZ\ 

Thank you, Ma Bell ... 

For years, mobile radios op-
erating in urban areas have 

been plagued with interference prob-
lems. One of the biggest is intermod-
ulation. This is where Ma Bell comes 
in. Mobile telephone channels as-
signed to her can generate IM prod-
ucts at nearby frequencies allocated 
to local cab companies. 

The solution — a monolithic front-
end filter in each cab radio to protect 
the first stage. We started making 
these filters five years ago as custom 
jobs. Now we're making them in low-
cost OEM quantities for paging, medi-
cal telemetry and other single-
channel receivers. 

Speaking of intermodulation 

It should be noted that crys-
tal filters—even ours—can 

generate IM products. Happily, this 
non-linear proclivity can be controlled. 
If your application involves IM re-
quirements for either out-of-band or 
in-band signals, we may be able to 
help where others have failed. 

Drop us a line about your project or, 
if you're really in a hurry, give us a 
call via Ma Bell at (305) 425.1574. 

UI 
Plazo Technology Inc. 
2400 Diversified Way 
Orlando, Ha. 32804 

(305) 425-1574 

The standard in monolithic 
crystal filters. 

Circle 165 on reader service card 
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You can replace your thermopile with a 
SBN PYROELECTRIC DETECTOR. 

• BROADBAND RESPONSE_ 
UV to microwaves 

• HIGH SENSITIVITY— 
> to 125 V /W 

• FAST RESPONSE 
better than 5ns 

• NO CRYOGENICS_ 
operates from —40°C to 90°C 

• RUGGED AND 
NONHYGROSCOPIC 

This package includes a sensing element 
plus a integral FET and fits a standard 9 
pin miniature tube socket Available from 
stock for only $125.00. 

Call us at 216/248-7400 with your IR 
detection and measurement problems. 

THE HARSHAW CHEMICAL COMPANY 
DIVISION OF KEWANEE OIL COMPANY 

Crystal & Electronic Products Department 
6801 Cochran Road • Solon, Ohio 44139 

(216) 248-7400 
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MONO-KAPS 
Unique in 

Availability, 
Price and Quality 

1 
*FREE Samples 

USCC/Centralab Mono-Kap Ceramic Capacitors 
have availability, price and quality inherent in every 

part. 
AVAILABILITY. Immediately available from over 

150 distributors are stock units in six sizes from 
.100 x .100 to .500 x .500. Our four dielectrics are 
NPO, W5R, Z5U and Y5V, with capacitance values 
from 4.7 pF to 10 Mfd in 50, 100 and 200 VDC 

ratings. 
PRICE. $.09 average in production quantities. This 

low price is due to USCC's development of highly 
automated assembly techniques resulting in large 
volume production of Mono-Kaps. 

QUALITY. USCC is currently under contract to 
produce chip capacitors (the heart of Mono-Kaps) at 
the rate of 25,000 per hour, with a failure rate level 
of only .001% per 1000 hrs. 

*Want FREE evaluation samples? 
Write on company letterhead to 
USCC/Centralab. For complete 
technical data on MONO-KAPS and 
other quality USCC components, 
circle the information retrieval 
number below. 

R 

Erie USCC/Centralab 

Electronlcs DvIsIon • Globe-Llmon. 

2151 North Lincoln Street • Burbank, California 91504 
(213) 843-4222 • TVVX: 910-498-2222 

THE MINIATURE 
PC ROTARY SWITCH. 

Very big in 
communications 
circuits. 

The screwdriver operated PC 
mount rotary is 0.6 inches in 
length. It's half that in diameter. 
(A shaft-actuated bushing-mounted 
version also available.) 

Both provide a 36° angle of 
throw with one or two pole 
circuitry. Rated make or break 200 
milliamps at 115 VAC resistive load 
for 5,000 cycles. (Or 50 milliamps 
at 25,000 cycles.) 

For more information on all Grayhill products, write today 
for our newest Engineering Catalog. Grayhill, Inc., 523 Hillgrove 

Avenue, La Grange, Illinois 60525 t 

(312) 354-1040. 

Circle .? 0)r-) on reader service card 

it's a TALL order! 

birth defects 
are forever 

unless you help. 
March of Dimes 
THIS SPACE CENTP.BuTED BY THE P,./BLISFIER 
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the manufacturer. The man-
ufacturer assumes all re-
sponsibilities for respond-
ing to inquiries. 

Subscriptions & Renewals 
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card adjoining this card. 
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the address indicated on 
the card. 

ELECTRONICS Issue: January 18, 1973 Expires: April 1, 1973 

NAME   TITLE  

COMPANY  

STREET  

CITY STATE ZIP  

Industry Classification (check one) 
a n Computer & Related Equip. 
b [—; Communications Equip. & Systems 
c [1 Navigation, Guidance or Control Systems 
d r' Aerospace, Underseas Ground Support 

e 111 Test & Measuring Equip. 

f 
g 0 
h D 
ID 
k 

Consumer Products 
Industrial Controls & Equip. 
Components & Subassemblies 
Independent R&D Organizations 
Government 

1 
2 
3 
4 
5 

21 
22 
23 
24 
25 

41 
42 
43 
44 
45 

61 
62 
63 
64 
65 

81 
82 
83 
84 
85 

101 
102 
103 
104 
105 

121 
122 
123 
124 
125 

141 
142 
143 
144 
145 

161 
162 
163 
164 
165 

181 
182 
183 
184 
185 

201 
202 
203 
204 
205 

221 
222 
223 
224 
225 

241 
242 
243 
244 
245 

261 
262 
263 
264 
265 

343 
344 
345 
346 
347 

363 
364 
365 
366 
367 

383 
384 
385 
386 
387 

403 
404 
405 
406 
407 

423 
424 
425 
426 
427 

443 
444 
445 
446 
447 

463 
464 
465 
466 
467 

483 
484 
485 
486 
487 

503713 
504714 
505715 
506716 
507717 

6 26 46 66 86 106 126 146 166 186 206 226 246 266 348 368 388 408 428 448 468 488 508 718 

7 27 47 67 87 107 127 147 167 187 207 227 247 267 349 369 389 409 429 449 469 489 509 719 

8 28 48 68 88 108 128 148 168 188 208 228 248 268 350 370 390 410 430 450 470 490 510 720 

9 29 49 69 89 109 129 149 169 189 209 229 249 269 351 371 391 411 431 451 471 491 701 900 

10 30 50 70 90 110 130 150 170 190 210 230 250 270 352 372 392 412 432 452 472 492 702 901 

11 31 51 71 91 111 131 151 171 191 211 231 251 271 353 373 393 413 433 453 473 493 703 902 

12 32 52 72 92 112 132 152 172 192 212 232 252 272 354 374 394 414 434 454 474 494 704 951 

13 33 53 73 93 113 133 153 173 193 213 233 253 273 355 375 395 415 435 455 475 495 705 952 

14 34 54 74 94 114 134 154 174 194 214 234 254 274 356 376 396 416 436 456 476 496 706 953 

15 35 55 75 95 115 135 155 175 195 215 235 255 275 357 377 397 417 437 457 477 497 707 954 

16 36 56 76 96 116 136 156 176 196 216 236 256 338 358 378 398 418 438 458 478 498 708 956 

17 37 57 77 97 117 137 157 177 197 217 237 257 339 359 379 399 419 439 459 479 499 709 957 

18 38 58 78 98 118 138 158 178 198 218 238 258 340 360 380 400 420 440 460 480 500 710 958 

19 39 59 79 99 119 139 159 179 199 219 239 259 341 361 381 401 421 441 461 481 501 711 959 

20 40 60 80 100 120 140 160 180 200 220 240 260 342 362 382 402 422 442 462 482 502 712 960 

ELECTRONICS 

NAME  TITLE 

Issue: January 18, 1973 

COMPANY   

STREET  

CITY  STATE 

Industry Classification (check one) 
a CI Computer & Related Equip. 
b F-1 Communications Equip. & Systems 
c r Navigation, Guidance or Control Systems 

d Aerospace, Underseas Ground Support 

e Test & Measuring Equip. 

Expires: April 1, 1973 

f 
g D 
h E] 

I 
k 

ZIP 

Consumer Products 
Industrial Controls & Equip. 
Components & Subassemblies 
Independent R&D Organizations 
Government 

1 
2 
3 
4 
5 

21 
22 
23 
24 
25 

41 
42 
43 
44 
45 

61 
62 
63 
64 
65 

81 
82 
83 
84 
85 

101 
102 
103 
104 
105 

121 
122 
123 
124 
125 

141 
142 
143 
144 
145 

161 
162 
163 
164 
165 

181 
182 
183 
184 
185 

201 
202 
203 
204 
205 

221 
222 
223 
224 
225 

241 
242 
243 
244 
245 

261 
262 
263 
264 
265 

343363 
344364 
345 365 
346366 
347367 

383 
384 
385 
386 
387 

403 
404 
405 
406 
407 

423 
424 
425 
426 
427 

443 
444 
445 
446 
447 

463 
464 
465 
466 
467 

483 503 71 
484 504 71 
485 505 71 
486 506 71 
487 507 71 

6 26 46 66 86 106 126 146 166 186 206 226 246 266 348 368 388 408 428 448 468 488 508 71 

7 27 47 67 87 107 127 147 167 187 207 227 247 267 349 369 389 409 429 449 469 489 509 71 

8 28 48 68 88 108 128 148 168 188 208 228 248 268 350 370 390 410 430 450 470 490 510 72 

9 29 49 69 89 109 129 149 169 189 209 229 249 269 351371 391 411 431 451 471 491701 91 

10 30 50 70 90 110 130 150 170 190 210 230 250 270 352372 392 412 432 452 472 492702 91 

11 31 51 71 91 Ill 131 151 171 191 211 231 251 271 353 373 393 413 433 453 473 493 703 91 

12 32 52 72 92 112 132 152 172 192 212 232 252 272 354 374 394 414 434 454 474 494704 9 

13 33 53 73 93 113 133 153 173 193 213 233 253 273 355375 395 415 435 455 475 495705 9 

14 34 54 74 94 114 134 154 174 194 214 234 254 274 356 376 396 416 436 456 476 496 706 9 

15 35 55 75 95 115 135 155 175 195 215 235 255 275 357 377 397 417 437 457 477 497 707 9 

16 36 56 76 96 116 136 156 176 196 216 236 256 338 358 378 398 418 438 458 478 498708 9 

17 37 57 77 97 117 137 157 177 197 217 237 257 339 359 379 399 419 439 459 479 499 709 9 

18 38 58 78 98 118 138 158 178 198 218 238 258 340 360 380 400 420 440 460 480 500710 9 

19 39 59 79 99 119 139 159 179 199 219 239 259 341 361 381 401 421 441 461 481 501 711 9 
9n An C.n CM inn 19n Inn in ign inn 99n co 9gri 1,0 1E9 159 409 492 449 467 4B2 %)271,2 9 



If the cards below have already been used, you may obtain the 
needed information by writing directly to the manufacturer, or by 
sending your name and address, plus the Reader Service number, 
to Electronics Reader Service Department, Box 2530, Clinton, 
Iowa 52732. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 

Postage will be paid by 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52732 

First Class 
Permit No. 217 
Clinton. Iowa 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 

Postage will be paid by 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52732 

First Class 
Permit No. 217 
Clinton. Iowa 

•I/Ià 

Electronics 
Reprint service 
Only the Electronics editorial 
matter listed on this page is 

available in reprint form: 

Bulk reprints of editorial matter can be 
ordered from current or past issues The 
minimum quantity is 500 copies. Prices 
quoted on request: call 609-448-1700 
Ext. 5494. or write to address below. 
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