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b)Co  D) nil 
with a new DMM that out-classes all competition 

111». 

$650. That's the full price for complete 
multimeter capability: 5 DC ranges, 4 AC 
ranges, 5 ohm ranges. 

4-DIGIT LED. 5th digit for 100% overrange, 
with leading zero suppression. Easy read-
ing, reliable, cooler. 

BATTERY CHECK. Shows operating hours 
remaining. When battery is low, automatic 
shut-off prevents wrong reading or battery 
damage. 

AUTOMATIC BRIGHTNESS. The LED 
self-adjusts intensity to ambient light 
conditions. 

RUGGED. Virtually unbreakable case. 
Weatherproof. Reliable for roughest field 
use. Won't quit. 

Wee 

dew 

ONLY 71/2 LBS., with self-contained bat-
tery pack. Compact and lightweight for 
easy use ... anywhere. 

GOOF-PROOF. Exclusive cam-interlock 
absolutely prevents mis-matching of range 
and function. 

EASY ACCESS. Just loosen 2 screws to 
remove case. Display and battery pack 
plug -ins for easy, fast replacement or 
repair. 

SPARE FUSE. Fuse box has no-shock 
safety interlock. Never leaves you dead in 
the field. 

NO CREEP. Non-slip-grip feet won't let 
this DMM slide away. 

So, before you buy any old standard DMM, check out this new 
Dana Model 4300 Multimeter. It has all the performance specs 
you need ... plus all these features designed to make your job 
easier and safer. Write for literature on Dana Model 4300 
today. Or phone: (714) 833-1234 Collect. 

Nia  
Dana Laboratories, Inc. 2401 Campus Drive, Irvine, California 92664 
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Are uniform magnetic alloys 
just a dream? 

Not for you! 

Uniformity is reality at CarTech. Over the com-

plete range of magnetic alloys. Including: 

The purest commercial iron available today 

. . . Silicon core irons . . . Nickel-iron alloys . . . 

Ferritic stainless steels for magnetic applications. 

Our objective is to assure you the same opti-

mum magnetic properties order after order. To 

assure you the same optimum fabricating qual-

ities, time after time. 

In fact, each alloy is made specifically to meet 

the needs of the fabricating process you use ... 

photoetching, stamping, deep drawing, machin-

ing, forging, brazing. 

In addition, we can provide metallurgists and 

service specialists to help you on specific prob-

lems. From design, to materials selection, to 

\  fabrication, to finished product. 

So, call us today for prompt, complete serv-

ice on your magnetic alloy requirements. You'll 

find uniformity can be a reality for you. And 

that's a profitable benefit. Steel Division, Car-

penter Technology Corporation, Reading, 

. . Pa. 19603. European Office, Emmastraat t i‘ 

- 39, Amsterdam-Z, The Netherlands. 

Ca=RCLi CARPENTER rl TECHNOLOGY 

STEEL DIVISION 
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Highlights 

How Poland is pushing electronics, 69 

With the Polish government setting a 20% 
annual increase in production as the goal 
for commercial-industrial electronics, com-
puter activity in particular is booming. Radio 
and radar equipment are other strengths, 
and monochrome TV tubes may soon find a 
Western market. 

An automated Olympics—almost, 78 

At past Olympic games, human limitations 
have often slowed the business of deciding 
on a victor and then announcing him—or 
her. At Munich this year, however, novel 
computer programs, computer-controlled 
displays, and electronic measuring devices 
will make real-time judgments possible. 

ICs catch on in consumer products, 93 (cover) 

Suddenly linear ICs are being designed into 
many more color TV sets, and are about to 
break through into audio equipment, too. 
Reliability seems a key attraction to set 
manufacturers, says this Special Report, 
conscious as they are of consumerism and 
high servicing costs. 

Functional testing made more informative, 115 

Improving fault diagnosis with functional 
testers is a Special Report that is also the 
first of an in-depth series on the newly im-
portant area of automatic testing. The re-
port's recommendations include eight ways 
of modifying a complex logic board's design 
so that it will maximize the tester's diagnos-
tic ability, plus three ways in which the test 
program itself can be made to pinpoint 
faults more efficiently. 

. . . and in the next Issue 
Special report on semiconductor memories 
. . . results of survey of the EE's job status 
. . . what computers are doing in aero-
space. 

The cover 

The invasion of color TV sets by linear ICs 
has suddenly surged. 
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Publisher's letter 

O ur special report on the appli-
cation of ICs to entertainment 

products (p. 93) is one of those 
pieces that couldn't have been done 
a year ago, because the breakout 
just hadn't occurred. But in that 
year's time some five years of plan-
ning came to fruition and integrated 
circuits began moving into con-
sumer products in a big way. 
"The design effort," comments 

Consumer Editor Jerry Walker, 
"was kind of a case study in how en-
gineers stay alive by continuing 
education. The TV companies gener-
ally assigned people who came from 
vacuum tubes and then transistors 
to learn the ropes in ICs. That 
sounds easy, but the education pro-
cess alone took a couple of years, 
and it still goes on." 

Solid State Editor Larry Altman, 
who collaborated with Walker on 
this two-part report, adds that the 
semiconductor engineers had to do 
some learning, too. Only in their 
case it was getting a grounding in 
the basic problems of TV and audio 
receivers. Sounds like the engineer's 
familiar concept—synergism. 

T wo millennia ago, the Greeks 
used smoke signals and relays of 

runners to spread the news about 
who won the various Olympic 
events. 
Today, electronic equipment— 

from portable television cameras to 
complex satellite broadcasting sys-
tems—will speed the news, indeed 
the entire action as it happens, to 
the far corners of the world. And 
electronics will have another impor-
tant role: judging the winners. 

What's more, electronic tech-
niques will help the press by rapidly 
retrieving data on past games and 
victors, will help the show officials 
by instantly posting results at the 
Olympic grounds, and will help the 
athletes by monitoring their physi-
cal fitness. You'll find the behind-
the-scoreboard story of electronics 
at the Olympics, by our Frankfurt-
based field editor John Gosch, on 
page 78. 

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 articles, and cover all the stimu-
lating new developments in electronic technology. 

Specifically, the ideal candidate will have an engineering degree and experience in 
electronic packaging and production techniques. A real plus would be know-how in 
the application of a wide range of electronic components. 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 offer ex-
cellent working conditions and fringe benefits. 

If vou qualify, send .sour résumé with salary requirements to: The Executive Editor, 
ELECTRONICS magazine, 1221 Avenue of the Americas, New York, N.Y. 10020. 
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The new Krohn-Hite Model 5200 linear sweep/function \ 

I, 

generator 

generator gives you more versatility and performance for \ 
your money . If that's a sweeping statement, we stand ready to .< 
prove it' Model 5200 generates basic sine, square, triangle and 

ramp waveforms that you can manipulate with sweeps and triggers 
from 0 00003Hz to 3M Hz. For even more versatility, the new Model 5300 
adds an exponential ramp for logarithmic sweeping at only $695 For fast 

action, call the Wavemakers at (617) 491-3211, TWX 710-320-6583, Krohn-Hite 
Corporation, 580 Massachusetts Ave. Cambridge, Mass 02139 
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SWEEP TIME 

OVERSEAS SALES OFFICES: AUSTRIA. Universal Elektronik Import; AUSTRALIA. Warburton 
O'Donnell Limited; BELGIUM, C. N. Rood s. a.; DENMARK, SC Metric A/S; ENGLAND, 
Allied International Limited; FINLAND, INTO 0/Y; FRANCE, Antares; GERMANY, Nucletron 
Vertriebs-GMBH; HOLLAND, C. N. Rood n. v.; INDIA, Bali International Agencies; ISRAEL, 
R.D.T. Electronics Engineering, Ltd.; ITALY, Vianello SPA.; JAPAN, Shoshin Shoji Kaisha, 
Ltd.; NEW ZEALAND. H.M.Z Ltd.; SOUTH AFRICA, Protea Physical- SPAIN, Rema Leo 
Haag, S.A ; SWEDEN, Telemstrument, SWITZERLAND, Megaz Zurich GMBH. 
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We sent our 
1062 

to boot camp, 
and this is what 
we got back. 

Sergeant Scope. 

The military does great things for oscillo-
scopes. It toughens them up. Gives them 
a thick hide. Makes them impervious to 
shock, vibration, and extremes of tem-
perature. 

Little wonder that our 1950-series "Ser-
geant" scopes are so rugged. They were 
designed for tough military applications. 
Given a practically impenetrable covering 
of cowhide and made to withstand prac-
tically anything you can dish out. Includ-
ing really grueling duty like oil field work. 

Not that our 1950's are all brawn and no 
brains. Perish the thought. They have 
most of the same sophisticated features 
of our 1962's. The same patented trigger-
ing system. The same ail-around modern 
technology. 

To get all the details on our 1950's, in-
cluding their low price. Send for our liter-
ature. 

And that's an. order. 

DUMONT OSCILLOSCOPE 
LABORATORIES INC. 
40 Fairfield Pl., West Caldwell, N.J. 07006 
(201) 575-8666; TWX (710) 734-4308 

EILJIVIONT 

Readers comment 

Automated medicine? Not yet! 

ro the Editor: I read with interest 
your "Computer is key to health 
tester" [Electronics, July 17, p.27]. I 
find it distressing that Electronics 
has joined the ranks of Federal 
agencies, politicians, and some man-
ufacturers to tout a product that 
they are really unable to deliver. 
Although modular design and 

disposable parts have been most ef-
fective in mechanical and electrical 
maintenance techniques, our tech-
nology and physiology in human 
anatomy have not reached that 
point. These techniques belong at 
present in the office of the quack 
and on the pages of science fiction. 

Except for a few easily measured 
parameters, we have distressingly 
little to offer of prognostic signifi-
cance in the health field, and we 
seem to be quite ineffective in 
changing life styles. We should not 
discard automated medical tech-
niques or multiphasic testing, but to 
bill them as "health maintenance" is 
a cruel deception. We have no such 
technology at this time—by any 
mechanism. We should explore 
many pilot projects, but make none 
our main effort at this time. 

James A. Stark, M. D. 
Oakland, Calif. 

Criticism of NASA clarified 

To the Editor: While you quote me 
accurately in "Washington com-
mentary," [Electronics, May 22, 
p.50], I believe the balance and 
thrust of my criticism is not accu-
rately portrayed. My main point 
was that NASA should consider an-
other means of accelerating tech-
nology transfer. This involves iden-
tification of universal critical 
problems in delivery of health care 
that are amenable to technical solu-
tions, followed by a jointly managed 
project between NASA and mission-
oriented Federal health agencies to 
apply the technology. 
I faulted NASA not for errors in its 

technology transfer program, but 
for not approaching the subject on a 
broad scale. I do not believe your 
editorial reflected this view. 

Charles W. Garrett 
National Academy of Engineering 

Washington, D. C. 

NEW 
GP SERIES 
DC TO AC 
INVERTERS 

STANDARD RATINGS: 
Input: 12, 24, 48, 125 VDC 
Output: 115,230 VAC 
Frequency: 50, 60, 400 Hz 

SPECIFICATIONS: 
Output Voltage Regulation 

+8% for line and load 
Frequency Stability 

+1% of fixed frequency 
Total Harmonic Distortion 

Typically 5% 
Operating Temperature 

0 to 55°C 
Efficiency 

Approx. 72% at full load 
Input Protection 

Reverse polarity 
Output Protection 

Overload and short circuit 

STANDARD OPTIONS: 
Improved frequency stability 
External synchronization 
Meters 
AC input 

Power List Price Panel Height  
250 VA $425 5'/4" 
500 VA $595 7" 
1000 VA $895 83/4" 

Over 70 models available — many in stock. 

ELECTRONICS 
3855 Ruffin Road, San Diego, CA. 92123 
Phone (714) 279-0111 TWX: (910)335-1526 
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INTRODUCING 54C/74C. 
CMOS, SIMPLIFIED. 

If you've been designing with 
54/74 series TTL (standard 
or low-power) and would now 
like to design with cmos, we've 
greatly eased the procedure. 

Our new mm54C and 
mm74C devices are functionally 
equivalent to and pin-and-
power-supply-compatible with 
standard and low-power 54/74. 
Noise immunity is typically 
45% of supply voltage (which can 
be anywhere from 3 to 15 
volts). And power dissipation 
is typically 10 nanowatts per 
gate. All this with the kind of 
functions you've come to know 
and love with 54/74 TTL. 

In addition to our new full 
temperature range mm54C/74C 
series and our intermediate 
temperature range mm64C 
series,we are also second-sourc-
ing many of the other popular 
cmos devices on the market. 

For full particulars on cmos, 
National style, simply call us at 
(408) 732-5000. 

Or drop us a line. National 
Semiconductor Corporation, 
2900 Semiconductor Drive, 
Santa Clara, California 95051. 

CMOS, NATIONAL STYLE 
Part Number 

MM74C00 MM64C00 MM54C00 

mm74c02 Mm64CO2 MM54CO2 

MM74C04/MM64C04/MM54C04 

mm74C10 MM64C10/MM54C10 

mM74C20, mm64C20,,MM54C20 

MM74C74/MM64C74 MM54C74 

MM74C73/MM64C73 MM54C73 

mm74C76 Mm64C76/MM54C76 

MM74C107/MM64C107,MM54C107 

mm74C95/MM64C95/MM54C95 

mm74C160/MM64C160 Mm54C160 

MM74C161, MM64C161, MM54C161 

MM74C162/MM64C162, MM54C162 

mM74C163/MM64C163, MM54C163 

mm74C195/MM64C195,,Mm54C195 

mM74C173/MM64C173/MM54C173 

mm74C151/MM64C151/MM54C151 

MM74C157 MM64C157 MM54C157 

mm74C42 MM64C42 MM54C42 

MM74C154/MM64C154/ MM54C154 

Function 

Quad 2-input NAND Gate 

Quad 2-input NOR Gate 

Hex Inverter 

Triple 3-input NAND Gate 

Dual 4-input NAND Gate 

Dual "D" Flip-Flop 

Dual J-K Master-Slave 
Flip -Flop 

Dual J-K Master -Slave October 
Flip-Flop 

Dual J-K Master-Slave October 
Flip-Flop 

4-Bit Parallel-In Parallel- December 
Out Shift Register 

Synchronous Decade November 
Counter 

Synchronous 4-Bit Binary November 
Counter 

Fully Synchronous Decade November 
Counter 

Fully Synchronous 4-Bit November 
Binary Counter 

4-Bit Parallel -Access November 
Shift Registers 

Quad Latch December 

8-Bit Data Selections December 
MUR with Strobe 

Quad 2 Line to 1 Line MUX February 

BCD -to-Decimal Decoder December 

4 to 16 Line Decoder January 
Demultiplexer 

mM74C192/MM64C192, MM54C192 Synchronous Up/Down 
Decade Counter 

mm74C193/MM64C193/MM54C193 Synchronous Up/Down February 
4-Bit Binary Counter 

MM74C164/MM64C164/MM54C164 8-Bit Parallel-Out Shift January 
Register 

MM74C165/MM64C165/MM54C165 Parallel-Load 8-Bit Shift February 
Register 

MM74C123/MM64C123 MM54C123 Retriggerable Monostable January 
Multivibrator 

MM74C200/MM64C200 MM54C200 256 Bit RAM 

MM4601A/MM5601A Quad 2-input NOR Gate 

mM4602A/MM5602A Dual 4-input NOR Gate 

MM4609A: MM5609A Hex Inverter Buffer 

MM4610A MM5610A Hex Non-inverter Buffer 

MM4611A MM5611A Quad 2-input NAND Gate 

MM4612A, MM5612A Dual 4-input NAND Gate 

MM4613A MM5613A Dual "D" Flip-Flop 

MM4623A MM5623A Triple 3-input NAND Gate 

Availability 

Now 

Now 

November 

Now 

Now 

Now 

October 

February 

2nd Qrtr 1973 

Now 

Now 

Now 

Now 

Now 

Now 

Now 

Now 

NATIONAL 
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An9112o,_rjpragye Breakthrough! 40 years ago 

Solid flame-retardant 
epoxy with precise 
dimensions for 
automatic insertion. 
Completely shock and 
vibration resistant. 

Flat surface permits 
clear easy-to-read 
marking. 

No rundown to interfere 
with seating of capacitors 
on printed wiring board. 

Rugged 0.025" dia. tinned 
leads maintain alignment. 
0.100" lead spacing for 
standard PWB grids. 

PRODUCTION-ORIENTED 
22NI '1> SOLID TANTALUM 
15V 
M CAPACITORS 

1M 

35V 

rà,) 

ACTUAL SIZE 

Top flat for easy 
identification of 

positive lead either irvisually or by touch. 

Standoff feet on base 
to eliminate moisture 

entrapment and 
facilitate cleaning of 

wiring boards. 

Formed leads with either 
0.200" or 0.250" spacing 

to permit 
interchangeability with 

dipped capacitors. 

Type 198D Low-cost 
Econoline* Tantalum Capacitors 

Lead in Performance! 
When it comes to low-cost solid 
Type 198D Econoline Capacitors 
some additional advantages: 

• Low d-c leakage 

• Low dissipation factor 

• Wide voltage range, 
4 to 50 VDC 

• Capacitance range from 
0.1 to 100p.F 

tantalum capacitors, the new Sprague 
outperform all other designs. Here are 

• Withstand severe 
temperature cycling and 
temperature shock over 
—55 C to +85 C 

• Speedier handling for insertion 

• Easier-to-read markings 

The new Sprague Type 198D epoxy-encased Econoline Capacitor is tooled 
for mass production and priced competitively with imported dipped units. 
Investigate this new Sprague breakthrough without delay. 

Call your nearest Sprague district office or sales representative, or 
write for Engineering Bulletin 3546 to: Technical Literature Serv-
ice, Sprague Electric Co., 35 Marshall Street, North Adams, 
Mass. 01247. 

•5,1•21-1 

*Trademark 

 '911119111ffluenis. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

SPRAGUE® 
THE MARK OF RELIABILITY 

From the pages of Electronics, August 1932 

Some significant testimony concern-
ing the radio experiences of the Bell 
telephone interests was that given 
by Dr. Frank B. Jewett, president of 
the Bell Laboratories and vice presi-
dent of the American Telephone 
and Telegraph Company, before a 
Mid-West court last month. 

Dr. Jewett reported that research 
in radio to date has cost the Bell in-
terests about $11,000,000. In addi-
tion $5,000,000 to $6,000,000 has 
been expended for the various radio 
circuits now in commercial use for 
telephone communications. Not a 
single one of these radio circuits 
comes anywhere near paying its 
costs, and the combined radio oper-
ations represent a loss of from 
$700,000 to $800,000 a year. Owing 
to the depression, recent trans-
oceanic phone service demands 
have fallen; the Buenos Aires link to 
New York sometimes carries only 
two phone calls per day. 

This experience throws light on 
other radio operations from a bal-
ance-sheet standpoint. It also sup-
ports the view long held by Dr. Jew-
ett and the telephone group that if a 
wire can be put up, wire service will 
perform more dependably and eco-
nomically than space oscillations. 

Professor E.V. Appleton, King's 
College, London, suggests that there 
exist two distinct ionized layers [in 
the atmosphere]. The upper layer or 
F region at about 230 km. altitude is 
produced by ultraviolet light, the 
lower or E layer at about 90 km. by 
electrons or atoms thrown by the 
sun with speed of 1,000 miles per 
sec. Professor Appleton calls atten-
tion to the opportunity of using the 
eclipse [of the sun on Aug. 31] to 
shed light into this question. 

In consequence of the motions of 
the moon and the earth, the stream 
of supposed particles will be inter-
rupted more than an hour before 
the ultraviolet light is stopped. 
There would possibly be two radio 
eclipses, the particle eclipse affect-
ing the E layer, from which the ordi-
nary broadcast waves are turned 
back and the much shorter optical 
eclipse affecting the F layer which is 
reached by 80 m. waves. 
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NEW, FAST, LOW COST, 
SOLID STATE EMITTER-

DETECT° 
MODULES 

NEW GE INTERRUPTER MODULES 
REQUIRE NO CONTACT PRESSURE 
OFFER HIGH RELIABILITY 

Easy to mount new optoelectronic interrupters 
are compatible with integrated circuits. Write 
for application note "Photon Couplers: Pub. 
200.62 

TYPICAL APPLICATIONS 
• Shaft encoders 
• Tachometers 
• Counters 
• Position sensing 

• Key boards 
• Level sensing 
• Limit switch and micro 

switch replacement 

For more information, contact your authorized 
G. E. distributor, G.E. Electronic Components 
Sales Office, or use Inquiry Card #200 

*Suggested resale price 1,000 lot quantities 

GENERAL 

FOUR MODELS 

1113A1 FOR HIGH SPEED 
H13A2 

Over 10,000 operations 
possible per second 

• Stable within 20% between 
— 55 C. to 100 C. 

• $1 35*. 

H13B1 
H13B2 FOR HIGH GAIN 

• 12 mA min. output current 
• $1.45* 

ELECTRIC 
Semiconductor Products Department, Syracuse. New York 

OUR NO 1GOAL 
TO MAKE 

GENERAL ELECTRIC 
YOUR BEST BUY 
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Single-Diffused 
...better than EpiBase? 
We've got both now. Single-diffused, UniBase* power 
Darlingtons. EpiBase* power Darlingtons. Plus 
capability to supply discrete power transistors in both 
technologies. The first to do this. 

Great, you say. "Let me have 
the latest thing so I can edge 
my competitor's design." 

Wait, though . . . not that easy. 
Unless you understand the basics of 
both technologies you won't get what 
you really want — an optimum device 
matched to true design needs, with 
the best trade-offs in device 
characteristics. 

More and more engineers are 
educating themselves before designing 
in either process. Questioning and 
comparing to find out which is really 
better for their application. Probing. 
Analyzing. Asking. 

"Are they structurally different?" 
"Which is better for high-speed switching?" 
"Is there an edge in safe operating area?" 
"What are tradeoffs in inductive loads?" 
"Which is more applicable to complementary 

designs?" 

If you're satisfied with your supplier's answers, 
your education, your design, fine. If not, listen. 

TAKING THE RIGHT SHAPE... 
They're different, alright. 

Single-diffused, UniBase, is achieved by diffusing collec-
tor and emitter into lightly doped P material with the base 
formed by the undiffused portion of the start material. 
Emitter and collector are equidistant from opposite chip 
sides. The deep emitter junction biases off high-current 
density area and leads to more uniform current distribution 
throughout the emitter. Result: very good safe operating 

area ... with low frequency 
response due to distributed 
resistance and longer RC 
time constants. 

BASE 
CONTACT 

EMITTER 
CONTACT 

EMITTER 

COLLECTOR BASE 

UNIBASE SILICON POWER 

EpiBase offers devices with emitter diffused 
into an epitaxial base deposited on the collector 
substrate. The collector voltage depletes into the 
base region with resulting devices characterized 
by higher-frequency response and low switching 
losses with SOA equal to, or better than, UniBase 
except at or near device BVrEo• 

BASE 
CONTACT 

EMITTER 
CONTACT 

COLLECTOR BASE 

EPIBASE SILICON POWER 

P+ 

EMITTER 

THE TRADEOFFS... 
A couple. If switching efficiency, fT or phase shift 
are your thing, EpiBase wins hands down. 
Although power-handling and safe area of the 
two are about equal, UniBase offers an edge in 
SOA if your design pushes ultimate device break-

Where the action is ... 

100, 
50! .----1-1-   

UNIBASE 2N3772 
BASE M.13772 ......, EPI 

10 

5 

1 
.5!*". 

• ' 

_ _ . . 

----------
-... ! • -- 

. ........" "..t...... ..«.e....a 
...! 

.".......—.1 

.5 .7 3 5 7 0 
COLLECTOR CURRENT (AMP) 

of 

of 

30 

down capability. And, while beta-vs.-current curves are 
similar for EpiBase and UniBase transistors of given chip 
size, UniBase will exhibit higher sat voltages and slightly 
lower high-current beta. Again, a result of higher 
distributed resistance. 

Typically, more gain and gain linearity can be had 
with EpiBase by sacrificing some ruggedness. With Epi-
Base, it's near-impossible to achieve high f, and high 
SOA simultaneously . . . something's got to give. 

Conversely, single-diffused offers a bit more SOA but 
slower action; and gain and gain roll-off figures of merit 
are only about half or less than EpiBase counterparts. 

If your motto's "safety first". . 

im 
50 

10 
5 

'...-77-.-..-"«.....414"-......-•.. 
‘ 

. UN I BASE \ 
— — EPI BASE 

.5 7 3 
SUSTAINING VOLTAGE 

5 7 10 
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Power Darlingtons 
LOOM 

PEE DO R SC 

THE APPLICATIONS ... 
Practically everywhere! Commonly, regulators, hammer 
drivers, inverters, converters, stereo and servo amps and power 
switching. Which for which? Easy. Follow our suggestions: 
we've factored in tradeoffs: gain, fT, ruggedness and break-
down voltage. In many applications such as regulated power 
supplies for high-speed logic, EpiBase is more desirable for 
its better response to fast-changing load conditions. And in all 
circuits demanding higher frequency response, EpiBase is your 
best bet. Because of that edge in SOA near device BV,E,,, 
UniBase is better where you're working into unclamped induc-
tors — not recommended but sometimes unavoidable - where 
it must absorb stored energy. 

e.--11/1ffligrlilirTliBasetiBase 

audio 

series pass regulator 

inverter 

unclamped inductive 
load 

power switch: slow 

fast 

de,4,1;1 
e 

THE DARLINGTONS 

Sounds simple: power integrated 
circuits consisting of driver, output 
devices and emitter-base resistors 
on one monolithic chip. But advan-
tages are revolutionary: super-high 
gain . . . new levels of efficiency, 
simplicity, cost-savings . . . direct, 
logic-to-Darlington interfacing . . . 
with EpiBase available in both NPN and PNP for com-
plementary symmetry designs. Depending on your con-
clusions and your needs, your choice will be EpiBase or 
UniBase Darlingtons. 
Draw those conclusions now. Match your design need 

with an unmatched solid-state power capability. Write us 
at Box 20912, Phoenix, AZ 85036 — contact your Motorola 
distributor on prototype or production. 
EpiBase or UniBase . . . the choice is yours. But know 

this. We've got both. 

maw, g 

,„ •  
, 

íiI/ li/I4iiiIi ,PII   

THE SPECS... 

EPIBASE VS. UNIBASE 
PRIME SPECS ON SOME PRIME 

NEW DISCRETES 

DEVICE GAIN FREQUENCY SAFE 
OPERATING AREA 

EpiBase 2N3055 
vs. 

UniBase 2N3055 

20 @ 4A 

20 @ 4A 

4 MHz 

200 kHz 

60V/200 mA 

60V/1.5A 
EpiBase M13771 

vs. 
UniBase 2N3771 

15 ® 15A 

15 @ 15A 

4 MHz 

200 kHz 

40V/200 mA 

40V/3.75A 

.. . plus a choice between these discretes 
M13772 EpiBase M16257 EpiBase M13773 EpiBase M16302 EpiBase 

and and and and 
"N3772 UniBase 256257 UniBase 2N3773 UniBase 256302 UniBase 

256253 UniBase 256254 UniBase 

NEW DARLINGTONS 

DEVICE GAIN FREQUENCY SAFE 
OPERATING AREA 

EpiBase 2N6056 
vs. 

UniBase M13521 

750 @ 4A 

500 @ 4A 

4 MHz 

200 kHz 

80V/100 mA 

80V/1.4A 
EpiBase 2N6283 

vs. 
UniBase 2N6356 

750 @ 10A 

400 @ 10A 

4 MHz 

200 kHz 

40V/1A 

40V/3.75A 

. . . plus a choice between these Darlingtons 
256282 EpiBase 256283 EpiBase 256284 EpiBase 

and and and 
256355 UniBase 256357 UniBase 256358 UniBase 

A413520 UniBase 

Trademark of Motorola Inc. 

MOTOROLA POWER 
—Technology By Design, For Design 
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More 
power 

to 
you! 

In fact, our model 320L delivers 
the most power and widest 
bandwidth of any solid state 

instrument amplifier available 
Easily mated with a wide variety of 
signal sources, it amplifies AM, 
FM, SSB, TV, Pulse and other 
complex modulations with 

minimum distortion Constant 
forward power is continuously 

available regardless of load match 
(from an open to a short) The 
320L provides over 20 Watts of 
power from 100 KHz to 125 MHz 
with useful output all the way to 

160 MHz and there's no tuning 

Applications include: 

• RFI/EMI testing 

• NMR Spectroscopy 

• Transmitter 
applications 

• Laser modulation 

II Signal distribution 

• Test equipment 
calibration 

la Cable isolation 

For complete information 
write or call 

Electronic Navigation Industries, 
3000 Winton Road South. 

Rochester, New York 14623 
(716) 473-6900 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

People 

Black FCC commissioner 

seeks to inspire youth 

As a minister, banker, lawyer, judge, 
and television producer, Benjamin 
L. Hooks combined several roles to 
become a model of success in his 
hometown of Memphis, Tenn. Now, 
as the first black appointed to the 
Federal Communications Commis-
sion, the 47-year-old commissioner 
hopes he will be a model to inspire 
black youths across the country to 
work within the system. 
Hooks thinks that kids need to see 

the right models on television. "If it 
hadn't been for TV, the black revo-
lution would never have been won," 
he says, recalling network coverage 
of the civil rights struggles. "The 
conscience of America couldn't 
sleep after that." 

However, Hooks fears that since 
then, black youths have only seen 
athletes and revolutionaries on TV. 
"The revolutionaries alone have 
been given too much coverage. "If 
my grandson wants to become a 
revolutionary, that's his decision," 
Hooks declares. "But I want him to 
be exposed to other models, such as 
doctors and lawyers, so he has other 
roles to choose from." 
He makes clear that he seeks no 

restraints on broadcasting, though 
he would like to see the roles of 
blacks on both sides of the camera 
changed. "Freedom of the press is 
the best guarantee black people 
have," he observes. 
As "a black man who is a com-

missioner," Hooks says, he will de-
vote as much time as he can to 
speaking around the country, en-
couraging black youths to seek pro-
fessional and skilled jobs. But, "my 
first role is to be a good commis-
sioner. I don't plan to be a black 
commissioner." 

Although interested in innova-
tion, Hooks is steering a cautious 
course for the time being. As a new 
commissioner, he says, he has a lot 
of catching up to do before he can 
fully exercise his new role on such 
issues as the domestic satellite deci-
sion, which the commission is now 
being petitioned to reconsider, 
[Electronics, July 31, p. 23]. "I don't 
have any preconceived notions," he 
says, but "anyone who is here seven 
years and works hard is bound to 
have an impact." And Hooks 
sounds like a man who will. 

Patience, tact vital 

for consultant: Bolt 

If there were such a title, Richard H. 
Bolt, board chairman of Bolt Ber-
anek & Newman, probably would 
qualify as dean of the technical con-
sultants. He has been consulting 
since 1948—first as an individual, 
then as part of a Cambridge, Mass., 
company that now is BB&N and in-
cludes 350 to 400 professionals. And 
although its reputation lies mostly 
in audio and acoustics, BB&N has 
strong groups working in data pro-
cessing, data communications, and a 

'Bound to hays an Impact.' Hooks, left, with FCC Chairman Dean Burch after swearing in. 
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Our filter connectors are designed to 
eliminate interference from your circuits. 
See those attenuation curves? They are 
just a part of our selection. We can mix 
and match filters to solve your low pass 
filtering requirements. Small wonder 
Bendix filter connectors are first choice 
in the fight against electronic noise pol-
lution. 

Bendix filters come packaged in con-
nectors intermateable with MIL-C-
26482, MIL-C-83723, MIL-C-38999 and 

MIL-C-5015 connectors. In addition, fil-
ter contacts can be packaged to mate 
with other popular connector types in-
cluding rectangular in military, industri-
al and commercial applications. There's 
sure to be one to meet your attenuation 
and frequency requirements. 

You'll like the price, too. 
Delivery? We won't give you any static 

there, either. Write for our brochure. The 
Bendix Corporation, Electrical Compo-
nents Division, Sidney, New York 13838. 
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Finally! 
A filter so precise, 

filter characteristics 
for every setting 

are printed 
on top. 

Niet-

• e4004,"--

on« 

4 ‘ 

• 

• 

We've built a variable electronic filter 
that's so precise, it has enabled us to print 

the cutoff frequencies, center frequency, bandwidth, 
noise bandwidth and filter gain, 

for every setting, on top of the instrument. 
Besides being the easiest-to-use filters on the market, 

our 4200 series filters are twice as accurate, 
have less than half the self-noise, 

and provide 10 dB greater outband rejection than 
any other filters. Frequency coverage is 

.01 Hz to 1 MHz. Built-in selectable post-filter 
gain and remote preamplifiers are optional. 

A Butterworth response is used in the NORMAL 
mode and a Bessel response in the PULSE mode 
(transient response is superior to conventional 

"RC" or "Low Q" modes of other filters). 

The price? $695. 

For complete specifications and 
your free copies of our variable electronic filter 

application notes, write to: lthaco, Inc., 
Box 818-7R, Ithaca, New York 14850. 

For immediate response, call Don Chandler at 
607-272-7640 or TWX 510-255-9307. 

ITHACO 

People 

host of other electronics industries, 
with contracts from the Defense De-
partment's Advanced Research 
Projects Agency and others. 
Over the years, Bolt has been "of-

fering for sale the professional tal-
ents of creative men." But while 
those talents are often easy to offer, 
they're often difficult to manage. 
The client-consultant relationship 
most often is the sticking point. 

Pinch. "Two things we want in 
our consultants are patience and 
tact. Some clients approach us with 
a partial solution; this can place our 
man in a pinch if he has his own 
strong ideas—and especially so if 
our ideas are really superior. So our 
men often must not only tactfully 
steer clients toward what we feel are 
the best solutions, but also help our 
own sometimes temperamental cre-
ative types meet clients halfway." 
One of the best ways to avoid this 

conflict in the first place is to "get in 
early," says Bolt. "We like to get in 
at the definition and talk stage." 
Bolt figures that this protects the 
firm against clients committed to 
one way of doing a task—say an 
acoustician who has designed a hall, 
but afterward finds that it needs 
electronic reinforcement for speech 
or music. "We can nearly always 
improve hall acoustics electronic-
ally, but often this is not enough. If 
the project has gotten enough pub-
licity, our name is attached to it, and 
we endanger our reputation." 

Tightwire. Thus, Bolt must not 
only look out for sticky situations, 
but also manage a group of highly 
intelligent men who are often as 
high-strung as race horses. "We 
have had a few clients so angry with 
us it was frightening," he says, "and 
in each case the cause was a person-
ality clash. We have fired BB&N men 
because of fuzzy thinking and some, 
unfortunately, because they were 
emotionally disturbed. A few 
brilliant men, unable to come to 
conclusions, lead clients down long 
and costly paths. 
"On the other hand, clients often 

won't let us alone—you can get calls 
every day. It can reach the point 
where a consultant is afraid to hear 
the phone ring." When that hap-
pens, his efficiency falls off. 
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MER/UREMEMIM I 
m,nnovotions froT wlott-Dockarc BMW. 

AUGUST edition 

Now, automate your 
calibration lab 

New fast-writing 
storage scopes 

Precision power supplies? 
Exactly! 

New multimeters with 
multi-innovations 
A new multimeter that tests itself 

and a new low-cost "clam-shell" 
DMM that can be several meters in 
one have joined HP's growing line 
of solid-state LED instruments. 
The 3490A multimeter performs 

its own diagnostics and trouble-
shooting. Automatic self-testing 
checks the meter's readiness, 
reduces your calibration time, 
reduces the required verification 
standards, and lets you quickly 
isolate possible troubles from the 
front panel. 
The 3470A digital measuring 

system is really five compact 
modules that snap together. In 
seconds, a digital voltmeter converts 
to a multimeter, to a battery-
operated field instrument, or to a 
digitizer with BCD output. 

(For both stories, please turn 
to page 3.) 
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Compact OEM peripherals 
for mass storage 

The 7900 disc drive (top) and 7970 tape 
transport (underneath) are compact, 
flexible peripheral memories. 

Besides data products and 
computer systems, HP has developed 
high-quality disc, tape and card 
peripherals for original equipment 
manufacturers. Now, OEMs can 
select the storage capacity, speed 
and I/O hardware that they need to 
complement their own systems. 
The 7900A disc drive is an ultra-

fast, random-access, moving-head 
dual-disc memory. The compact 
design is ideal for small and medium-
sized computers. Average seek time 

is less than 30 ms; and the data 
capacity is five million bytes on-line 
(with unlimited shelf storage). A new 
single-cartridge version, 7901A, is 
now available for low-cost, random-
access data base applications. Both 
disc drives are fully compatible. 

For a versatile, compact tape 
drive, consider the 7970 family. 
There are over 200 configurations--
from 9-track PE and 7/9-track NRZI 
to a single unit that reads multiple-
density 7- and 9-track NRZI as well 
as 9-track PE tapes. 

For card input, the 2761A-07 
optical mark reader handles punched 
and marked cards at the rate of 
200-250/min. Reading time is 
190 ms/card. 
For more information on these OEM 
products, check T on the HP Reply 
Card. 

All you ever wanted to know 
about dc power supplies 

How can ground loops in multiple 
loops be avoided? What's the 
difference between a constant 
voltage/constant current and a 
constant voltage/current limit power 
supply? How do you measure 
power supply performance? 
Questions like these are answered 
in the 138-page DC Power Supply 
Handbook (AN-90A). 
Choosing the right power supply 

for your application is easier, too, 
with FIP's DC Power Supply 
Selection Guide. Both general and 
special-purpose power supplies are 
listed by voltage and current in 
tabular form. This 40-page booklet 
also contains performance data, 

The 2761A-07 optical mark reader 

'ee e‘.à 
eiSpee 

operating featuies, and outline 
drawings with dimensions. 
If you would like copies, check 0 
and P on the HP Reply Card. 

New microwave test set 
for production, lab, field 

In a typical production test application, 
the 8755L large screen display shows 
forward- and return-loss response of 
components. 

Our new 8755 series frequency 
response test set gives you accurate 
swept displays of characteristics 
from 100 MHz to 18 GHz. Use it for 
those basic insertion gain/loss and 
return loss (VSWR) measurements. 
The 8755 features high sensitivity 
(-50 dBm), high resolution (better 
than 0.05 dB), and a full 60 dB 
dynamic range with only 10 mW of 
RF drive, which means it's 
compatible with your solid-state 
microwave sweeper (e.g., HP 8620 
series). 

Production testing and incoming 
inspections are accurate and easy 
with the 8755 test set. Fewer controls 
mean simpler operation. Outstanding 
stability means less recalibration 
and greater confidence in results. 
This broadband test set is ideal for 
testing active and passive circuits, 
coax and waveguide. It's also 
immensely useful in the lab. 

Because the solid-state system is 
rugged and compact, it's a natural 
for field tests of antennas and cables. 
The detectors can be placed as far 
as 200 feet away from the test set. 
A typical system consists of 

analyzer, detectors, modulator, and 
HP 180 series scope display and 
costs approximately $3200. 
For details, check M on the HP 
Reply Caid. 
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Smoke stack monitoring, soil 
analysis for mineral content, 
oceanographic research, and 
automobile exhaust emission tests— 
they all use a 680 strip-chart 
recorder to graph final output. Since 
1961, this compact recorder has 
proven itself highly accurate in 
specialized industrial applications as 
well as in general laboratory use. 

With a 5-inch (12 cm) writing 
width, the recorder has multi-range 
input, multi-speed chart transport, 
full-range zero set, electric pen lift, 
and full-tilting chart magazine. You 
can choose standard (English) or 
metric scaling, and electric writing 
is optional. 

This popular recorder also has a 
popular price: only $900. 
For details, check H on the HP 
Reply Card. 
The "tried and true" 680 recorder weighs 
only 11 lbs. (5 kg) and fits into a rack 
mounting space 7 inches (178 mm) high. 

New HP self-testing DMM 
improves reliability 
Now, HP introduces a new 

concept in digital multimeters: self-
testing. The 3490A multimeter 
provides 5 ranges of dc measurement 
(0.1 V to 1000 V), 4 ranges of ac 
measurement (1.0 V to 1000 V, 20 Hz 
to 250 kHz), 6 ohms ranges (100 n 
to 10 megohms), and the exclusive 
self-test function. For readability and 
reliability, the five-digit display uses 
HP light-emitting diodes. 
Measurement capability is 

unsurpassed. The 3490A uses a dual 
slope integrating technique and is 
fully guarded, providing excellent 
noise immunity at 5 readings/sec. on 
all dc ranges. It detects average ac 

1•••• 
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and displays rms at the rate of 1 
reading/sec. All six resistance ranges 
provide true 4-wire ohms measuring. 
Maximum current through the 
unknown is 1 ma, and there is 
built-in over-voltage protection in 
case you inadvertently apply a high 
voltage to the ohms terminals. 

There are 16 front-panel tests, 
each of which interrogates an 

With self-testing, 
the 3490 
is calibrated 
and ready for 
any measuring task. 

internal parameter and displays the 
results. You merely compare the 
readout with the proper values on an 
instruction card. Logic tests, ratio 
amplifier offset, reference voltage— 
the multimeter checks them faster 
than you can. 

Price: $1650 
For more information, check E on 
the HP Reply Card. 

Diverse uses for compact New 'clam-shell' DMM can 
strip-chart recorder 

be several meters 
More than just a multimeter or a dc 
voltmeter, the new 3470 measuring 
system features versatile snap-
together modules that you can 
configure in minutes. The same 
system can be a bench instrument 
in the lab and, five minutes later, a 
test device in the field. And it 
couldn't be easier: 
• Start with the four-digit 
solid-state display. 
• Snap it on top of the multimeter 
module and it's a digital multimeter 
with 4 full digits plus 100% 
overranging. It has 4 ac and dc ranges 
from 1 V to 1000 V full scale and 6 
ohms ranges from 100 Çlto 10 
megohms. 
• Or, snap the display and dc section 
together for a dc voltmeter from 
1 V to 1000 V full scale. Dc accuracy is 
±- 0.03% of reading +0.01% of 
range on all four ranges. 
• For portability, merely add a 
battery module between the display 
and the bottom section. Immediately, 
your system converts to 6 hours of 
continuous measuring on 
rechargeable batteries. 
• Need BCD output? Simply take 
out the battery and insert the BCD 
module for the center section. 
Non isolated BCD output can be used 

to drive printers and other devices. 
It's as economical as it is easy. 
Modules start at $150. 
For prices and full details, check 
D on the HP Reply Card. 

im awe, 
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More precision and power 
in four new dc supplies 

A 6115A precision power supply is used to 
calibrate the dc voltmeter section of an 
HP multimeter. 

If you need a low-cost calibrator, a 
systems reference supply, or a 
high-performance lab supply, 
consider one of HP's four new 
precision power supplies. 
These new 40-watt supplies feature 

output voltage accuracy of 0.025% 
plus 1 mV, with 5-minute cold-start 
warmup. Two supplies (6114A and 
6115A) use four-digit pushbutton 
switches for fast and accurate voltage 
setting, with a fifth-digit vernier 

providing 200 i.LV resolution. The 
other two supplies (6104A and 
6105A) are designed for applications 
where the supply is programmed 
remotely. 
Models 6104A and 6114A provide 

0-20 Vat 0-2 A and 20-40 Vat 0-1 A. 
Models 6105A and 6115A provide 
0-50 Vat 0-0.8 A and 50-100 Vat 
0-0.4 A. These supplies also feature 
constant voltage/constant current 
operation, front-panel mode 
indicator, built-in overvoltage 
protection, high speed, and remote 
programming capability. In addition, 
there are full voltage and current 
metering and auto-tracking, series, or 
parallel operation. 

Prices: 6104A, $440; 6105A, $455; 
6114A, $525; and 6115A, $540. 
For power supply specifications, 
check I on the HP Reply Card. 

Get microwave design data 
quickly, accurately 

To save hours of work while 
producing more accurate and 
thorough microwave designs, you 
need the 8410S network analyzer. In 
minutes, this complete system 
measures key network parameters, 
such as: phase, gain, attenuation, 
impedance, return loss, reflection 
coefficient, and s-parameters. You 
can quickly characterize active and 
passive components—even stripline 
devices—from 110 MHz to 40 GHz. 
The system has >60 dB dynamic 
range with 0.1 dB resolution and 360° 
phase range with 0.1° resolution. 

Even a taxing chore like 
characterizing microwave transistors 
can be done quickly and effectively, 
using our precise yet simple 
transistor fixtures, pushbutton-
controlled test sets, and bright CRT 
With this stripline test fixture, merely drop 

in a stripline microwave device or 
transistor and let the 8410S do the work. 

display of results. Many system 
functions are readily programmable 
to further speed the measurement 
process. 

Full systems start at $11,745. 
To learn more about solving tough 
microwave measurements, check K 
on the HP Rep!',' Card. 

HP videotapes make inexpensive, individual, 
on-the-job service training a reality. 

HP videotapes: a better 
way to learn 

When planning a training program 
—for beginners or for experienced 
staffers—consider HP's library of 
quality videotapes. This new 
medium offers: 
• More information in less time. 
• Higher retention, even higher than 
with live lectures. 
• Convenience. Your "instructor" is 
available anytime, anywhere. 
• Flexibility. You can organize 
seminars for 100 people or view the 
tape alone for refresher purposes. 
• Economy. For just the initial cost, 
you use a videotape over and over. 
Executives and engineers don't have 
to interrupt projects to teach a 
seminar. 
The HP library covers three 

categories: tutorial, "how to use," 
and service/maintenance tapes. Our 
most popular tutorial series is 
Practical Transistors, a 15-program 
course for electronic service 
technicians. The "how to" topics 
range from How to Use HP 
Instruments to BASIC Programming. 
Service/maintenance tapes cover 
many areas from adjusting 
oscilloscopes to servicing computers 
Tape format is usually EIAJ half-inch, 
but other formats are available 
including cassette. You can also 
order Sony cameras, video recorders 
and monitors from HP. 

For a complete index and price list, 
check U on the HP Reply Card. 
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New instrument calibration system A scope for all seasons 
reduces costly overhead (or any environment) 

calibrating a sweep-time plug-in for 
a scope, the operator reads the CRT instruc-
ions, changes ranges with one 
land and answers "done" 
Nith the keyboard in the 
-ight hand. 

Now, there is a way to calibrate 
today's proliferation of complex 
instruments, to beat spiraling labor 
costs, to reduce training costs, and 
yet to increase efficiency—all 
without raising the operating budget. 
How? With an HP 9550A automatic 
instrument calibration system. 
Whether you calibrate HP 

instruments or others, this automated 
system covers oscilloscopes, 
plug-ins, voltmeters, multimeters, 
test oscillators, amplifiers, DVMs, and 
low-frequency generators. The 
system calibrates to manufacturer's 
recommendations and for the 
instrument's intended use. 
HP has developed almost 50 

application programs for calibration. 
You can adapt or convert these to 
other workloads by modifying the 
program. Should you need to write a 
special program from scratch, the 
system language is ATS-BASIC, a 
conversational language that any 
skilled technician can easily learn. 
The calibration system uses a 16K 

core and a mass memory disc for 
flexible information storage and fast 
access. This combination makes it 
easier to convert programs and 
parameters, as well as being more 
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economical. (Saving two minutes on 
each calibration by having fast 
access is worth about $10,000 each 
year.) 
HP quality instruments and reliable 

hardware provide a precise 
calibration-quality stimulus, dc to 
1300 MHz. 
The 9550A system optimizes 

man-machine capabilities. An HP 
2100 computer handles programming 
and switching the stimulus, pacing 
test sequences, measuring and data 
keeping. The operator makes 
connections, adjustments, and 
control checks and decides whether 
anomalies are within tolerance or if 
he should rerun a certain test 
sequence. For the past year and a 
half, we've used the 9550A 
instrument calibration system on our 
own instruments at the HP Customer 
Service Center. 

Because the 9550A is a modular 
system, you can also add digital test 
units or programmable scopes to 
handle other lab applications. 
Instrument calibration systems range 
from $125,000 to $175,000. 

To learn more, check N on the HP 
Reply Card. 

You probably won't use your 
oscilloscope under water, but it's 
reassuring to know that an HP 
portable scope (1700B, Option 300) 
operates in virtually any environment. 
This 35-MHz scope is dustproof, 
weatherproof, shockproof, and with 
slight modifications, waterproof. You 
get laboratory quality and accuracy 
even when external conditions are 
less than perfect. 
Take the rugged case; fill it with a 

weight equivalent to the scope; raise 
it 30 inches off the ground, then 
drop it onto concrete 14 times—it's 
still watertight. Use the scope on 
shipboard without concern about 
corrosive salt spray. Send it up in an 
airplane; the scope operates between 
—40° and +55°C at altitudes up to 
10,000 feet. The 170013, Option 300 is 
reliable in a chemical plant, refinery 
or dusty environment; contaminants 
won't get inside the instrument. The 
key to environment-resistance is 
low power consumption and low 
heat buildup which eliminates the 
need for vent holes in the case. 
An optional internal battery pack 

enables the scope to operate 
anywhere without ac or dc power 
lines. Yet you get laboratory qualities 
such as 10 ils risetime, 10 ns/div 
sweep speed, and 10 mV/div 
minimum deflection factor. 

Price: $2600 
Interested? Just check B on the HP 
Reply Card 

Should you accidentally drop your scope 
overboard, don't worry. It floats. 



Solid-value, solid-state 
microwave sweepers 

Choose from our family of mainframes. 
RF plug-ins and modules ... 

- -impirmin+reauele: 
o 

forngh value solid-state 
sweeper only 5 inches (12 cm) high. 

High performance and attractive 
pricing are two features of the HP 
3620 series solid-state sweepers. And 
there's a wide selection so you can 
choose the configuration that best 
suits your needs. 

Start with the mainframe. The 
economical 8620B has start-stop and 
AF sweeps, stable CW and versatile 
modulation. The more sophisticated 
8620A provides remarkable latitude 
in operating modes, exceptional 
frequency resolution, plus remote 
programming capability. 

For flexible RF coverage, there are 
new wideband VHF/UHF plug-ins 
(3-350 MHz and 10-1300 MHz) plus 
microwave units extending to 18 
GHz. For most frequency ranges, you 
can choose either single-band 
plug-ins or get multiband operation 
by combining RF modules in a single 
drawer (e.g., 0.1-6.5 GHz or 
5.9-12.4 GHz). 

All versions give you high sweep 
linearity, accurate frequency 
calibration, low residual FM, low 
spurious content—and a low price. 
The 8620A mainframe costs $1,450; 
the 8620B, $975; and RF units range 
from $1,375 to $2,950. 
For details, check L on the HP Reply 
Card. 

Two new x-y recorders 
designed for the lab 
Two new general-purpose x-y 
recorders will withstand all sorts of 
abuse and rough handling and still 
give you laboratory quality, speed 
and accuracy. Both the 7044A and 
7045A are contained by a rugged 
aluminum mainframe which 
eliminates the need for critical 
Both the 7044A (pictured here) and 7045A 
boast an accuracy of ±0.1% of full scale. 

mechanical adjustments, yet provides 
desired durability. 
The 7044A operates at medium 

speed with a slewing speed of 20 
inches/sec. The faster 7045A has a 
slewing speed of 30 in/sec. and 
acceleration of 3000 in/see on the 
y axis and 2000 in/see on the x axis. 
Input ranges for both instruments are 
from 0.5 mV/in. to 10 V/in.; input 
resistance is one megohm on all 
ranges. 

Both recorders use a servo-
actuated ink pen. The writing area is 
10 by 15 in. (25 by 38 cm) which 
means you simply use 11 by 17 in. or 
standard European A3 size paper. 
Metric calibration is available with 
either recorder at no extra charge. 

Prices: $1350 for the 7044A; 
$1675 for the 7045A. 

For more on these new x-y recorders, 
just check I on the HP Reply Card. 

New storage scopes show 
nanosecond transients 

Now, you can view fast rise, low 
rep-rate or single-shot signals without 
having to photograph them. The 
HP 184 A/B oscilloscopes combine 
fast writing speed and new storage 
surface processing to produce a 
bright display of hard-to-capture 
signals. 

Storage writing speed is greater 
than 400 cm/gs. The FAST mode 
automatically switches the CRT 
display to a high-writing speed, 
reduced scan and maintains a fully 
calibrated display. The reduced 
graticule is superimposed on the 
center of the normal graticule. This 
lets you see signals such as a 16-bit 
computer word directly, without 
using a camera. With storage, you can 
retain the display for 5 minutes from 
FAST mode or over 30 minutes 
from the standard mode. 

In variable persistence mode, 
match persistence to the signal speed. 
Thus, a slowly-moving dot becomes 
a complete trace and meaningful 
waveform for study. 

Several plug-ins complement these 
new scopes and let you tailor sweep, 
bandwidth and sensitivity to 
specialized applications. The cabinet 
style 184A costs $2200; rack style 
184B, $2275. 
For more on these new storage 
scopes, check A on the HP Reply 
Card. 

A single-shot TTL digital word with a 
10 ns noise pulse shows up readily on 
the 184 display. 
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Microwave measurements—quickly and reliably 
For the most accurate, reliable 

frequency measurements of CW 
signals in the shortest time, the 
heterodyne converter is unsurpassed. 
For equal resolution, counter gate 
time is up to 500 times shorter than 
with a transfer oscillator. Now, there 
are four easy-to-use plug-in 
converters (up to 18 GHz) for HP 
5245, 5246 and 5248 counters. 
Tuning is easy. Just dial upwards 

in frequency until the level meter 
needle indicates "tuned," then add 

Low-cost PIN diodes for 
industrial electronics New Schottky ring quad 

double-balanced mixer 

Its small size makes the ring quad 
ideal for microstrip applications. 

This monolithic array of Schottky 
diodes features wideband operation 
to 2 GHz, tight diode match and 
temperature tracking, low conversion 
loss, and a compact mechanical 
package. Typical characteristics are: 
4 dB conversion loss at 1 GHz and VF 
of 0.4 V at IF=1 mA. 

Designed for high-volume 
low-cost applications, these devices 
provide diode circuit functions in 
double-balanced mixers, AM 
modulators, pulse modulators, phase 
detectors and low-power limiters 
requiring wideband operation and 
small size. The 5082-2830 ring quads 
are available from stock. 

Price: $3.90 each in 1K quantity. 

For details, check G. on the 11P 
Reply Card. 

the dial and counter readings for 
your answer. Constant bandwidth 
cavities ensure that tuning is 
consistent over the entire range. HP 
converters give the most reliable 
answers—there are no spurious 
responses. 

Converter prices are as follows: 
(50-512 MHz) $675; (0.15-3 GHz) 
$925; (3-12.4 GHz) $2,200; and 
(8-18 GHz) $2,300. 
For more information, check Q on 
the HP Reply Card. 

HP's expanded series of PIN diodes 
cover the frequency spectrum from 
RF to above 1 GHz. Types 5082-3080 
and 5082-3081 are ideally suited for 
constant impedance EGC circuits in 
bi-directional CATV trunk and line 
extender amplifiers, where operation 
with extremely low distortion down 
to frequencies of 5 GHz is required. 
The 1N5767 is a general-purpose 

PIN diode for low-cost switching, 
attenuating, and modulating. A 
minimum effective carrier lifetime of 
1 p.s extends the useful frequency 
range below 10 MHz. The 5082-3077, 
with minimum effective carrier 
lifetime of 100 r.4, has similar 
applications in the UHF frequency 
band. 

Prices in quantities of 1000: 
5082-3077, $1.80 each; 5082-3080, 
$1.65 each; 5082-3081, $1.80 each; 
and 1N5767, $1.95 each. 

For data sheets and Application 
Note 9 i6, check S on the HP Reply 
Card. 

The heterodyne converter provides rapid, 
reliable resolution of CW and 
hnnvilv-modulated signals. 

Two component kits for 
engineers, designers 
Two popular kits are available so 

that you can try HP components in 
your design or development project. 
The 5082-0050 Schottky diode kit 
features 24 diodes (8 each of 3 
different types) together with sup-
porting literature. Price: $8.40. 
The 5082-0051 communications kit 

contains a transistor and several PIN 
and Schottky diodes for amplifiers, 
AGC and mixer/detector applica-
tions. It's a $34 value for $19.40. 
To find out how to get your kit, 
check F on the HP Reply Card. 

Diode fits military 
specifications 

Now, Schottky diode type 1N5711 
qualifies to military specification 
MIL-S-19500/444. This specification 
applies to both JAN and JAN TX 
devices. Stock to four weeks delivery. 
Prices: 

JAN 1N5711 
1-99 $A .95 

100-999 1.45 

JAN TX 1N5711 
$6.95 
5.95 

To learn more, check C on the HP 
Reply Ca rd. 
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New logic probe and logic pulser 
aid IC troubleshooting 

At last, you can inject logic pulses 
between TTL and DTL gates without 
unsoldering or trace cutting. Simply 
touch the new 105261 logic pulser to 
any in-circuit node, press the pulse 
button, and a 300-nanosecond pulse 
is "stuffed" into inputs and outputs. 
If the node is high, it is pulsed low 
instantaneously; if low, it goes high— 
all automatically. The ability to 
source or sink up to 1 amp, typically, 
ensures a pulse into even the hardiest 
loads. 
Another addition to the IC trouble-

shooting line is the new three-state 
105251 logic probe. Besides 
detecting TTL highs and lows, the 
new probe detects bad levels and 
open circuits. Single pulses as narrow 
as 10 ns and pulse trains to 50 MHz 
rep rate are also indicated. (No 
wonder so many engineers and 
technicians reach first for their logic 
probe when digital troubleshooting.) 
Combine the unique stimulation 

capabilities of the logic pulser with 
the response monitors—the logic 
probe and the 10528A logic clip. The 
pulser injects pulses into logic gates; 
the probe monitors the output. Shorts 
to ground or Vcc are detectable with 
the pulser and probe. (Opens are 
detected by the probe itself.) Attach 

Togele the pulser and probe form an 

IC logic stimulus-response test set 

that's only the size of two pens. 

the logic clip to flip-flops, counters, 
decoders, shift registers, and other 
MSI chips; then monitor exact 
operation 14 or 16 pins at a time with 
the pulser providing clock, reset, 
clear or transfer pulses. 
You can buy these three trouble-

shooters separately or all together in 
a convenient low-cost kit. The 
10525T logic probe and 105261 
pulser cost $95 each; the 10528A 
logic clip, $125. The 50151 trouble-
shooting kit contains all three for 
only $285. 
For more information, check R on 
the HP Reply Card. 

The 5015T logic troubleshooting kit packs 

corrplete stimulus/response zapabiLly into 

a single package ... at a 10% discount. 
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Press here 
to save on lighted 

pushbutton switches. 

211 buys all 
the switch 
you need. 

Oak's Series 300 gives you good looks and a 
small price-tag in lighted pushbutton switches. 
Plenty of switching performance for most jobs, 
without paying a premium. Even the Series 
300 Split-Legend/4 Lamp Switch is less than 
$1.60 (normal latch, 2P2T, glass alkyd insula-
tion, no engraving, less lamps.) 

Three versions 
with switching up to 4P2T. 

Choose from single, dual, or four lamp dis-
play as well as non-lighted type. One to twelve 
station, momentary, interlock, alternate action, 
or any combination available on the same 
switch bank. Lockout feature available for all 
types. Power Module 3A125VAC. Lighted in-
dicators are identical in size and appearance, 
but without switching. 

OAK 
SERIES 

300 

Built to take it. 
Series 300 is built for reliable perform-
ance and long life. Applications galore 
—bank terminals, calculators, and copy 
equipment. 

Gang them up 
by the dozen. 
Order up to 12 switching 
stations on a single 
channel, any switching 
mix, with convenient 
panel-mounting studs. Color 
selection: white, lunar white, 
yellow, amber, orange, red, green, blue. 
Choose silk-screened, hot-stamped, or 
engraved-and-filled legends. Split-
legend switches can be specified with 
any two, three, or four colors on insert-
able legend plates. 

Modular design. 
Single-legend/single-lamp, split-legend 
/4-lamp, and single-legend/redundant 
lamp switches have snap-on lamp hold-
ers. Plus replaceable legend plates, lens 
caps, and button assemblies. Front-
panel relamping, too, without special 
tools on all types. 

Write for our Series 300 Brochure 

Industries Inc. 
SWITCH DIVISION/ CRYSTAL CRYSTAL LAKE, ILLINOIS 60014 

TELEPHONE 815 • 459 • 5000 • TVVX 910 • 634.3353 • TELEX 72 • 2447 

Electronics/August 14, 1972 Circle 27 on reader service card 27 





The1965 model 
cost $18,000. 

The1972 model 
costs $4,000. 

Our PDP-8 was the first computer under $20,000. 
The first under $15,000. The first under $10,000. 
The first under $5,000. But its smaller, better, 

and even more reliable today. 
To find out why we're the people that make more 

computer cost less, write Digital Equipment 
Corporation, Maynard, Mass. 01754. (617) 897-5111. 

European headquarters: 81, route de l'Aire, 
1211 Geneva 26. Tel.: 43 79 50. 

If you're not buying from Digital, you're paying 
too much for too little. 

d DO a 
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Meetings 

ExcelIon 
recommends 

Gale. 
Gale wave soldering systems really 
impressed us. 
So much, in fact, that we're 

now the sole distributors for them 
world-wide. 

Here are some of the reasons 
ExcelIon chose Gale over a lot of 
other kinds. 

First, they're constructed for long, 
trouble-free service. Frames are 
welded, not bolted. Conveyor rails 
are extruded in one continuous 
piece. And electronic controls are 
all solid state. 
Second, they're flexible. For 

example, Gale's unique oil intermix 
design provides infinitely variable 
mixtures. There's no oil orifice to 
clean or clog, though. And the unit 
may be operated oilless, if desired. 
For further production flexibility, 

ExcelIon =IMO\ 

IMMOMIF 

Gale offers a wide choice of pallet 
or palletless conveyor combinations. 

Third, they're safe. Stepless pump 
speed control permits safe, splash-
free, wave startups, every time. Gale 
electrostatic smoke eliminators 
allow safe operation without vent-
ing. And the heaters are designed 
for maximum operator protection. 

Fourth, Gale wave soldering 
machines are among the most eco-
nomical you'll find in both price and 
operation. 
And finally, Gale offers a variety 

of equipment types, sizes and 
options for every kind of produc-
tion need. 

For full details on the Gale pack-
age that fits your needs, call or write 
Dick Hogan, Sales Manager. His 
number is (213) 325-8000. 

EXCELLON INDUSTRIES 

23915 GARNIER / TORRANCE. CALIFORNIA 90505 

Phone: (213) 325-8000 

Telex 674562 —Cable EXCELLON Torrance 

First National Conference on Re-
motely Manned Systems: NASA, Cal-
tech, Ramo Aud., Caltech, Pasa-
dena, Calif., Sept. 13-15. 

Western Electronic Show & Conven-
tion (Wescon): WEMA, Convention 
Center, Los Angeles, Sept. 19-22. 

Engineering in Medicine and Bio-
logy: IEEE, Americana, Bal Harbour, 
Fla., Oct. 1-5. 

International Symposium on Remote 
Sensing of Environment: U. of 
Michigan, Willow Run Labs, Ann 
Arbor, Oct. 2-6. 

U.S.A. & Japan Computer Conf.: 
AFIPS, IPSJ, Tokyo, Oct. 3-5. 

Ultrasonics Symposium: IEEE, Stat-
ler Hilton. Boston, Oct. 4-6. 

National Electronics Conf.: NEC, 

Regency Hyatt O'Hare, Chicago, 
Oct. 9-11. 

International Conference on Cyber-
netics and Society: IEEE, Sheraton, 
Washington, D.C. Oct. 9-12. 

Conference on Display Devices: 
IEEE, United Engineering Center, 
New York, Oct. 11-12. 

Eascon: IEEE, Marriott Twin 
Bridges, Washington, D.C., Oct. 16-
18. 

The Business Equipment Show: 
McCormick Place, Chicago, Oct. 16-
20 

International Conference on Com-
puter Communications: IEEE, ACM, 

Hilton, Washington, D.C., Oct. 24-
26. 

Nerem: IEEE, John B. Hynes Civic 
Auditorium, Boston, Nov. 1-3. 

International Conference on Mag-
netism and Magnetic Materials: AIP, 
IEEE, et al., Hilton, Denver, Nov. 28-
Dec. I. 

International Electron Devices 
Meeting: IEEE, Washington Hilton, 
Washington. D.C., Dec. 4-6 

Excellon Sales and Service in ENGLAND • FRANCE • SCANDINAVIA • W. GERMANY • SPAIN 
HOLLAND • ITALY • ARGENTINA • ISRAEL • AUSTRALIA • HONG KONG • TAIWAN • JAPAN 
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The Fluke problem solver 

The DVM you put together 
an option at a time, anytime 

of true rms ac volts Isolated 4-terminal, real-time 
ratio measurement. 

FUNCTION 

• • 

MvDC VAC 

INPUT 

Because we use single main frame construction with 
all options field installable, you can configure the 
Fluke 8200A anyway you want when you buy it or any-
time you want to change it. It's Fluke's way of giving 
you total flexibility for minimum money. It's one of the 
reasons Fluke has moved to DVM leadership in a 
scant two years. 

Here's what you get for just $995: Ei 41/2 digits with 
60% overranging for f16000 count resolution E] Auto-
ranging and autopolarity on all functions El Switched 
input filter J Full 1000 volt guarding ±- 0.01% accu-
racy E Fluke's unique recirculating remainder* A to D 
conversion which combines low parts count and low 
power consumption to provide higher reliability. 

To the basic unit you can add: fl Two ranges of milli-
volts, giving you autoranging from 1 microvolt resolu-
tion up to 1200 volts input r: Six ranges of ohms meas-
urement, providing autoranging from 10 milliohms to 
16 megohms Ei Four ranges of ac voltsEJ Four ranges 

1111(10 

• FUNCTION 
• 

FILTER UT REF REMOTE 

RANCE 

POWER 

ON-OFF 

A real systems DVM too: E Speeds up to 400 readings 
per second with full accuracy after only a 500 micro-
second look at the input E Isolated and buffered data 
output for digits, range, functions and polarity—with 
status flags HI Isolated remote control for continuous 
or buffered input commands L] Isolated and buffered 
printer output. 

Ask for Fluke's 8200A Application Bulletin No. AB-10 
for systems designers. 

The 8200A's single main frame and field-installed op-
tions let you configure the most cost-effective 41/2 
digit DVM on the market. 

To arrange a demonstration or get complete informa-
tion, call your nearby Fluke Sales Engineer or contact 
us directly. •Pent pending 

Fluke, 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: 884-52337. In the U.K., address Fluke International Corp., Garnett Close, Watford, 
WD2,4TT. Phone: Watford, 33066. Telex: 934583. 

IFLU KE1 
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You've got the kind of an organization 
that demands instant, high-Impact, full 
spectrum visual communication. 

We've got Digivue. 

OPERATING EXPENDITURES - 

200 
150 
100 
se 
JFMAMJJASON 

imam 

Communicate. That's the watchword for the 
Seventies. And that's just what Digivue® 
Display/Memory units do—with impact, 
immediacy and memorability. 

Digivue Display/Memory units deliver 
computer-generated alphanumeric or graphic 
information at microsecond speeds. And a 
Digivue Display/Memory unit is a digital 
plasma display device—the space age display 
system that's a technological giant step 
beyond the cathode ray tube. 

Inherent memory, selective write/erase, 
drift-free images, rear-projection capability, 
design adaptability, hard copy printout 
potential—that's Digivue. 

Digivue Display/Memory units are now 
available in three different sizes: A 256 x 80 
addressable line panel at a resolution of 33 
lines per inch; a 256 x 512 addressable line 
panel at a resolution of 50 lines per inch; and 
a 512 x 512 addressable line panel at a 
resolution of 60 lines per inch that offers an 
active display area for up to 4,000 characters. 

If you need fast, multi-purpose visual 
communication with impact—in a business, 
school, hospital, transportation center—we've 
got what you need. Digivue Display/Memory 
units. 

Call or write: Jon Klotz, Marketing Manager 
Electro/Optical Display 
Business Operations C, 
Owens-Illinois, Inc., 
P.O. Box 1035, Toledo, Ohio 43601 
(419) 242-6543. 

Communication with Digivue units begins at a 
data processing center like the one pictured on 
the opposite page, where computer-generated 
information is directly addressed to Digivue units 
at various locations. 

a/A Digivue unit in a shipping department relays 
the day's orders by catalog number, type, quantity 
and method of shipment. Digivue's inherent 
memory allows instant retrieval of this information 
without refresh requirements at any time. 

b/A Digivue unit on the desk of a financial vice 
president transmits a twelve-month cost projection. 
Terminal manufacturers note: Digivue's slim panel 
depth allows for high-styled consoles and 
attractive, unobtrusive placement in an almost 
limitless variety of situations and locations. 

c/Digivue units help a sales training class with 
assembly techniques for a new product line. 
Because Digivue panels are transparent, rear-
projected graphics in every color of the rainbow 
deliver high-impact visuals no CRT system can 
even come close to. 

d/ With the help of a Digivue unit, a busy 
executive secretary prepares information for an 
important meeting—utilizing a combination of 
rear-projected graphics and computer-
generated alphanumerics. 

Owens-Illinois 
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lat you'd rather be fishing 
Let SAE solve your packaging problems. 

Wouldn't you rather be up to your hip boots in a trout 
stream than up to your neck in packaging problems? 
Then turn over component selection, packaging, and 
systems assembly to us. You go chasing the Rainbow. 

Only SAE provides a complete packaging service in your 
choice of three systems: Plug-in, Planer, and Dipstik". 

We manufacture all the hardware for card cage plug-in 
systems, including PC cards, card files, card guides, 
connectors, sockets, enclosures, mounting and bussing. 

Rather go planer with logic panels? We have everything: 
panels, mounting hardware, sockets, peripheral items. 

Or try our unique Dipstik. It gives twice the IC density 
as PC methods, and eliminates a lot of hardware. 

Whichever method you select, we can supply the com-
ponents for you to assemble yourself. Or, we'll pick the 
parts, do the assembly, and let you do the wiring. Or, 
we'll provide everything: components, assembly, and 
Wire-Wrap". So, call us in ... and you can go out fishing! 

Free bumper sticker for your desk. Tell the world you're 
a fisherman. If not, tell us what you are. Maybe we have 
a bumper sticker to match. Anyway, we'll send a new 
brochure showing how we can relieve you of systems 
packaging snarls. Write us: 

I'd rather be 
fishing 

Stanford Applied Engineering Inc. 
340 Martin Avenue, Santa Clara, California 95050 Telephone (408) 243-9200 — (714) 540-9256 — TWX 910-338-0132 
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Inselek adds speed 

to static memory 

The elusive combination of high speed and low power in a static device 
has been achieved in a 256-bit random-access memory by Inselek Co. 
of Princeton, N.J. Indeed, the new memory may have the lowest speed-
power product of any standard part available. 

Using silicon-on-sapphire technology, Inselek's memory has an ac-
cess time of only 35 nanoseconds and dissipates only 0.4 milliwatt per 
bit, in contrast to about 2 mW per bit for a bipolar memory of compa-
rable speed. The SOS fabricating system yields a packing density four 
times higher than the equivalent bipolar structure. 

Inselek is adding the 256-bit part to its 64-bit static memory already 
in production. Also, the company indicates it's about to announce a 
1,024-bit static device with equally impressive speed-power specs. 

Ph ilco replaces Relying on techniques developed for its military switching systems, the 
wiring with logic Communications and Technical Services division of Philco-Ford Corp. 

has produced its first commercial product—a programable electronic 
in phone exchange private automatic branch exchange (EPABX). Hard-wired logic is re-

placed by software in the Philco-Ford unit, which has a capacity of 512 
lines. 
Two redundant processors—each with roughly the over-all capability 

of a minicomputer but without arithmetic functions—are at the control 
system center. A great variety of functions—such as call-forward and 
call-back, abbreviated dialing, traffic statistics recording, conferencing, 
class-of-service marking, and even adding new extensions—can be han-
dled simply by reprograming. Another feature is that the system uses 
silicon-controlled rectifiers, instead of pnpn switches or reed relays, to 
replace the electromechanical cross-point switches of the conventional 

PABX. 

Radio Shack to sell The Tandy Corp. of Fort Worth. Texas. will sell the first private label 
TI calculator handheld calculator from Texas Instruments through its chain of 1,300 

Radio Shack stores. The calculators will retail for $129.95—$20 less 
under own label than TI's own Datamath brand [Electronics, July 3, p. 44]. The eight-

digit machine, with its light-emitting-diode display, is similar to Data-
math, but will run either on penlight or nickel-cadmium batteries and 
has an ac adapter. But it cannot multiply or divide by a constant. 

Datran delays Data Transmission Co. appears to have slipped its schedule for naming 
a microwave system supplier for its nationwide switched digital data 

naming supplier. network, increasing industry speculation that the parent company, Uni-
gets fresh money versity Computing Co. of Dallas, is having difficulty pulling together the 

required financing. Having earlier reported plans to name a contractor 
by the end of June [Electronics, May 22, p. 49] and later changing the 
date to mid-July [Electronics, June 5, p. 36], Datran management at the 
company's Vienna. Va., headquarters now says only that it will "com-
mit to construction before the end of the year." Negotiations are in 
progress with four suppliers identified only as "both foreign and do-
mestic." The company will not confirm earlier reports that Nippon 
Electric Co. is one of those that has offered to supply equipment with 
financing. 
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Meanwhile, University Computing has lived up to its earlier pledge to 
sell some of its own holdings to back Datran [Electronics, March 13, p. 
34]. UCC chairman and founder Sam Wyly has agreed to sell UCC 
Communications Systems Inc. to Harris-Intertype Corp., Cleveland, 
for about $20 million in cash. 

Fluke to sell 

S299 multimeter 

Surveillance 

business expected 

to increase 

John Fluke Mfg. Co. is entering the low-cost digital multimeter field 
with its model 8000A 31/2 -digit machine. The new meter, which will 
sell for $299. incorporates two technological innovations: it uses a 
voltage-to-frequency conversion scheme and a custom linear LSI chip 
that combines both bipolar and MOS transistors. 

Looking for the industrial and police surveillance market to open up. 
MOS Technology Inc. of Valley Forge, Pa., says it's getting into pro-
duction with silicon targets for low-light-level vidicon tubes. Agree-
ments have been signed to supply the targets to two vidicon manufac-
turers. The targets. 1-inch square and containing some three-quarters 
of a million ion-implanted p-n diodes, are of the type supplied either 
separately or in finished tubes by companies such as RCA, Texas In-
struments. and Hughes Aircraft. With silicon targets that can better 
withstand overpowering light levels, the vidicons are more rugged and 
electrically faster than vidicons with photoconductive targets. 
Some 3,500 silicon vidicons were sold last year, an MOS Technology 

spokesman says. And he expects their use to increase "considerably," 
particularly in anticrime surveillance applications that don't require 
extremely high-quality, and therefore expensive, devices. 

Swedish firm Swedish office-machine maker Facit AB has bought into Lago-Calc, 
b the Woodland Hills. Calif, calculator maker. No details on the deal uys share of  

were available. The Swedish company plans to stop selling Japanese-
calculator maker made desktop machines now that it has the U.S. manufacturing capabil-

ity. As for Lago-Calc, it previously had taken over financially pressed 
International Calculating Machines, formed as a subsidiary of Elec-
tronic Arrays Inc. 

Since 1965, Facit has been selling machines made by Sharp of Japan 
under its Facit and Addo-X labels in the U.S., Europe, and other mar-
kets. 

Western Union 

orders 3 satellites 

from Hughes 

Western Union has contracted for three satellites from Hughes Aircraft 
Co. at a cost of $20.7 million. The order is the first for a domestic com-
munications satellite system, for which Western Union is one of eight 
competitors. The company's move indicates that it is confident of being 
named one of up to four operators of such systems under the FCC's 
"multiple entry" policy [Electronics, July 3, p. 72]. 
The three Western Union satellites will be identical, except for an-

tenna coverage, to the ANIK I being built by Hughes for the Canadian 
Telesat system. ANIK I is a 75-inch-diameter spin-stabilized craft. The 
American satellites, due for first orbit in 18 months, will carry 12 trans-
ponders each. Still to be ordered by Western Union are seven earth sta-
tions, bringing total system cost to more than $68 million. 
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In truth, there is nothing else around 
that can do the job as quickly, efficiently and 
as inexpensively as our Functional Computers. 

No other minicomputer manufacturer has had the 
guts to say it, so let us be the first: 

the actual cost of a minicomputer is meaningless 
when compared to the ultimate investment 

you have to make in interfacing it to your system, 
debugging the software and, finally, getting 

the system to perform the job it was designed for. 

That's the REAL COST of the minicomputer you buy. 

GRI's Functional Minicomputers* can easily compete 
with theirs on hardware cost. It's in the post-purchase 
operations where GRI computers' simplicity and ease 

of systems integration helps you to save, and save big. 
We can do it because GRI computers are organized 

functionally for amazingly easy interfacing 
and unmatched programming and use simplicity. 

*Patented 

Don't take our word for it. Make us prove it. 
You owe it to yourself to find out about 
our Direct Function Minicomputers. 
Send for our new book and find out what all 
the shouting is going to be about. 

Write to: GRI Computer Corporation 
320 Needham Street, Newton, Mass. 02164 
Phone: (617) 969-0800. Cable: GRICOMP 

eGo ahead and crack a nut. 

GRI Computer 
CORPORATION 
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looking for semiconductor memory components that fit your system? 
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Our 102g-bit MOS RAM checks out. Try it in for size. 
If you're designing memory systems 
for such applications as computers, 
peripherals, office machines or 
terminals you're concerned about a 
number of critical items. Look at that 
cluttered blackboard for a starter! 
So which RAM to choose? We've got 
some ideas that will help you make 
up your mind. Read on ... and see 
how our 1024-bit MOS RAM, the 
MK 4006 P, checks out against your 
system requirements. 

E] System Design / Manpower / 
Cost. Our ion implanted 4006 is TTL 
compatible. No need for input 
interface circuits. No clocks. Simple 
timing, which means fewer 
design/engineering hours, fewer 
debugging hours, and smaller 
engineering charges on your budget. 

E Development Time. By using our 
RAM, you'll reduce your engineering 
time ... get your system into the 

marketplace more quickly. This means 
a lot — not only to your marketing 
people but to your customers as well. 

El Manufacturing Costs / PCB 
Factors. With our 4006 you'll need 
'ess PC Board area (because you 
don't need those interface circuits or 
clock drivers). Your layout people will 
appreciate the easy, uncritical layout 
made possible by the 4006. And major 
benefits for manufacturing include 
reductions to one board instead of 
two and double-sided boards instead 
of the more costly three-layer ones. 
Plus, our 16-pin package means you 
can use standard insertion equipment. 

D System Reliability. When you 
design-in the 4006 you need fewer 
components, fewer PC Board 
interconnects — thus fewer chances 
for problems. And to assure the high 
reliability of every circuit, we test 
each 1024-bit RAM at temperature. 

At MOSTEK volume manufacturing 
backs our product — we're currently 
shipping to over 17 volume customers. 

End of checklist? Not really. We invite 
you to check around. Find out who's 
buying 1024-bit MOS RAMs and 
who's shipping them in quantity. 
(You might be surprised at where the 
action is.) Then call your nearest 
MOSTEK sales office, representative 
or distributor. We'll help you make up 
your mind — while we lake a load 
oft it. 

MOSTEK 
CURPURATIO 11 

1215 West Crosby Road 
Carrollton, Texas 75006 
(214) 242-0444 

Regional Sales °Metre West: 11222 La C.enaga Boulevard. Inglewood, Calif. 90304 (213) 649-2600 East: 60 Turner Street. Waltham. Mass. 02154 (617) 899-9107. Midwest/Southeast: 
515 S W Avenue, Jackson, Michigan 49203 (517) 787-0508. 

International: MOSTEK GmbH. 7 Stuttgart 80, Waldburgstrasse 79, West Germany 0711-731305: System Marketing Inc., Center News Bldg.. 1-3-11 Sotokanda. Chiyoda-ku. Tokyo. 
Japan: W. G. Booth Pty.. Ltd., 39 Church Street. Hawthorn, Victoria 3122. Australia. 
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Sugn,ficant develo 

CCDs spawn 
all-solid-state 
color TV camera 
Bell Labs says demonstration 

model could be shrunk to 

size of a 35-mm still camera; 

three arrays replace tubes 

The first all-solid-state color tele-
vision camera, which could ulti-
mately be shrunk to the size of a 35-
mm still camera and hung from a 
strap around the neck, has been de-
veloped at Bell Laboratories. 
To sense the primary red, blue, 

and green colors, the camera uses 
three arrays of the charge-coupled 
devices Bell announced last spring 
(Electronics, March 27, p. 29). The 
more cumbersome vacuum-tube 
and electron-beam scanning systems 
of existing color cameras are elimi-
nated. That's why Eugene I. Gor-
don, director of the Electro-Optical 
Device Laboratory, estimates that a 
fully engineered CCD color camera 
could be held in the hand. 

Resolution. The present color 
camera measures 8 by 9 by 5 inches. 
The three CCD arrays, fabricated 
with tungsten metal electrodes de-
posited on silicon dioxide over a sili-
con substrate, each contains 128 by 
106 elements. With this structure, 
resolution is half that required, for 
example, by Bell's Picturephone. 

Because the camera is what Gor-
don takes pains to describe as a lab 
demonstration model, little effort 
has been spent on making it as 
small as possible. For instance, the 
beam-splitting optical device that 
produces the primary colors is a 
commercially available color-sepa-
ration prism used in the ordinary 
three-tube, 1.25-inch Plumbicon 
camera. Actually, the prism is two 

or three times as large as needed for 
the 192-by-240-mil CCD chips. 

In addition, points out Michael F. 
Tomsett of the solid state imaging 
Device group, the man who helped 
develop Bell's original CCD, as well 
as the new color camera, no great 
effort was made to miniaturize the 
circuitry. Discrete transistors are 
used for the drivers that interface 
with the cam, he says. And the 
logic, with a 1.45-megahertz clock 
frequency, is made up of standard 
transistor-transistor-logic packages. 
Once integrated on either custom or 
standard chips, the circuitry could 
be reduced to a mere handful of 
chips. 

Another important feature of the 

CCD camera is that it's the first time 
interlaced line scans that make up a 
picture in conventional Tv systems 
have been used with CCD solid state 
imaging. This is accomplished by in-
terlacing the way the charge, stored 
under the metal electrodes of each 
picture element in the array, is inte-
grated, or measured. Three 9-micro-
meter-wide tungsten electrodes, 
spaced 2 iLm apart, make up each 
element, and the charge is produced 
in the silicon underneath by light 
emanating from the scene. 

Fielding. The first of the inter-
laced fields is produced by integrat-
ing the charge under the first of the 
three electrodes, Gordon explains. 
Time to read out the charge in a 

Color camera. Red, blue, and green are sensed by CCD arrays in Bell's 8-by-9-by-5-in. 

model solid state TV camera. With ICs and more engineering, unit could be halt the size. 
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field is 1/60th of a second. The sec-
ond field is produced by integrating 
under the second and third elec-
trodes. As a result, the array pro-
duces twice the number of lines that 
would apparently be available from 
a given array size. 

This doubling is needed because 
the elements in a CCD array are di-
vided into two halves—an image 
section and a storage section; thus, 
each section contains an array of 64-
by-106 elements. (A small part of 
the chip is also devoted to the read-
out circuitry.) During readout, 
charges in the image section are 
transferred to the storage section. 
But because of the interlacing, a 
128-line rather than a 64-line pic-
ture is produced in the vertical di-
rection. To achieve the 525-line scan 

of conventional TV, 263 elements 
would be needed in the imaging sec-
tion, and 263 would be needed in 
the storage section. 
As for the future, Gordon points 

out, "There are no commitments for 
color Picturephone service, nor for 
black-and-white Picturephone 
cum." However, work undoubtedly 
will continue on fabricating larger 
CCD arrays—ones suitable for Pic-
turephone and even for commercial 
television. In either application, 
ccos would have striking advan-
tages over conventional vidicons, in 
addition to small size and low power 
consumption. And its fabrication 
and readout mechanism are far less 
complicated than those of other 
thin-film and silicon solid-state cam-
eras being developed. 

  Computers  

Two new 370s drawing wary looks 

from peripheral, semiconductor makers 

IBM's long-expected announcement 
of its new System 370 models—the 
158 and 168—has created the antici-
pated waves. Technological im-
provements in the two machines, as 
expected, constitute a threat to the 
future prosperity of independent pe-
ripheral equipment makers and also 
have semiconductor memory equip-
ment manufacturers sitting up and 
taking notice. Both new machines 

Memory. IBM uses four-chip storage mod-
ules in MOS memories for 158 and 168. 

have large virtual memories. But 
more significant are their mos 
memories and the integrated file 
adapters for controlling the IBM 
3330 disk storage units. 
Though IBM has long been inter-

ested in mos technology, this is the 
first time the company has used it in 
a computer memory. The memories 
are quite large—in the model 158, 
the mos memory is available from 

524,000 to 2 million bytes and has a 
1.035-microsecond cycle time; the 
model 168 comes with 1 million to 4 
million bytes that cycle at 800 
nanoseconds. The memories come 
in 1,000-bit chips, with two chips (n-
channel RAms) on a ceramic sub-
strate and two substrates in a pack-
age, similar to the packaging 
scheme IBM has been using since 
1969. The performance of both ma-
chines is upgraded by cache memo-
ries that have specifications identi-
cal to those of the earlier models 155 
and 165. Cycle times are 115 na-
noseconds for the model 158 and 80 
ns for the model 168. Both have ca-
pacities of 8,000 bytes, with 16,000 
bytes available on the 168. The 
cache memory makes the main 
memory appear to be faster than it 
is, whereas the virtual memory (see 
panel on opposite page) makes the 
main memory look bigger than it is. 
Metal gates. IBM has used con-

ventional metal-gate structure in its 
circuits instead of the newer and 
more compact silicon gate. Circuit 
designers recognize the better toler-
ances and the inteconnection advan-
tages offered by silicon gate, a 
spokesman says, but IBM says it's 
skills in photolithography are suf-
ficiently advanced that the tolerance 
build-up was kept low enough, even 
with the metal gate, so the extra in-
terconnection level isn't needed. 
These factors, coupled with the 

metal gate's better cost performance 
figure at the present time, and its 
simpler structure with IBM's design, 

The bounce of the legal ball 

As IBM prepared to announce the System 370 models 158 and 168, it let 
out the word in advance in a dazzling display of corporate oneupmanship. 
IBM's official reason for deviating from its long-standing practice of not 
"preannouncing" products was to forestall rumor and speculation. But the 
real reason was to defend itself from a legal action brought by Telex Corp. 
As part of that action Telex asked for an injunction against such an an-
nouncement. 

To defend itself, IBM would have to discuss in court its plans for an-
nouncement. So IBM asked for, and got, a "sequestration" of the court pro-
ceedings to keep the discussions off the public record until after the litiga-
tion was over. But the judge also barred IBM from making any 
announcements until after Telex had its day in court. 

At this point, IBM gambled. Rather than postpone its planned announce-
ment, it appealed the temporary injunction and won. But in appealing, it had 
to permit the earlier proceedings to become public; so it "preannounced." 
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tipped the balance against silicon-
gate technology. 

Because mos memory, even with 
metal gates. is much more compact 
than a ferrite-core array, the new 
machines take up much less floor 
space than the models 155 and 165, 
their nearest neighbors in the 370 
line. Space is available in the 
smaller frames to expand the 
memories to the maximum. 

Older IBM units required addi-
tional frames to be connected to the 
basic machines for expanded 
memory. even within IBM's own an-
nounced specifications. Makers of 
add-on memories aimed to connect 
their own frames at lower costs in 
place of ism's. With the maximum 
memory in the basic frame, the in-
dependents might expect to encoun-
ter a little more difficulty in selling 
their products; but a marketing 
spokesman at Advanced Memory 
Systems Inc., Sunnyvale, Calif.. 
didn't seem to be worried about this 
prospect. And Mike Markkula, mar-
keting manager at Intel Corp.. 
hinted that Intel might supply 
memory cards to plug into IBM 
sockets, rather than providing an 
add-on memory in a separate frame. 

Robert Lloyd, president of AMS, 
says the announcement makes him 
very happy "because it sort of legiti-
mizes aluminum-gate mos, not sili-
con gate." AMS builds a 1,000-bit 
memory chip with p-channel mos, 
which he says is fast enough to com-
pete with IBM's n-channel chip. 
Lloyd expects to be able to compete 
well in selling add-on memories for 
the new machines—in part because 
he expects the 500-ns 2-megabyte 
specification "will squeeze out core 
memory" from the add-on market. 

Independent peripheral equip-
ment makers are unhappy, but not 
particularly surprised, about IBM's 
incorporation of the control unit for 
the 3330 disk storage unit in the 
central processor, instead of in a 
stand-alone box. This changes the 
characteristics of the interface so 
that competitive machines that are 
plug-to-plug compatible with the 
3330 can't be used with the new 
controllers. IBM did the same thing 
almost two years ago with an older 
and smaller disk storage unit, the 

Virtual memory a la IBV: what 

you see isn't exactly what you get 

Virtual memory permits the pro-
gramer to write his program as if he 
had direct access to a much larger 
memory than is actually installed in 
his computer. It relieves him of con-
cern with storage management. 

In the System 370, the maximum 
is over 16 million bytes. which is 
much larger than any main memory 
ever installed on any computer. This 
flexibility is achieved with the 24-bit 
address that every machine-lan-
guage instruction in the 370 has. 

This 24-bit address is part and 
parcel of the instruction format and 
was also present in the System 360, 
introduced in 1964. But in the ab-
sence of virtual storage, many of 
those bits in the address went 
unused. Even the more sophis-
ticated attempts at beefing up per-
formance and simplifying program-
ing couldn't use all those bits. 
The key to virtual memory is the 

ability to modify addresses dynam-
ically. With virtual memory, 
"pages,- or portions of a program, 
are sloshing back and forth between 
main memory and bulk memory 
(drum or disk) all the time. The op-

erating system software has to keep 
track of what pages are in the main 
memory at any given time, to modify 
the address in every reference to 
those pages, and to fetch the de-
sired page from bulk memory if 
necessary and relocate it in some 
available spot in the main memory. 

Virtual memory will be available 
as additions to the models 135 and 
145 without charge, and to pur-
chased models 155 and 165 at 
charges of $200,000 and $400,000 
respectively. It involves the address 
modification hardware, which is mi-
nor, and changes in the control pro-
gram, which in the two smaller mod-
els is reloadable. 

In the larger models a whole new 
read-only memory must be installed; 
besides, they have core memories 
instead of semiconductor memo-
ries, which alters the modification 
scheme somewhat. This accounts 
for the steep charge for the, two 
larger models. Virtual memory is not 
offered as an option to be added to 
leased 155s or 165s; for those cus-
tomers, merely trading in the old 
machines for the new is simpler. 

370/145, and made suppliers of 
plug-to-plug compatible equipment 
unhappy then too. 

Medical electronics 

HEW examining 

treatment via TV 

The Department of Health, Educa-
tion, and Welfare is starting a series 
of seven pilot projects using a new 
health care team—television teamed 
with laser, microwave, or cable com-
munications—that will let doctors 
treat patients at a distance with the 
help of on-the-spot paramedical 
personnel. Some of the equipment 
will permit transmission of hard-
copy data like electrocardiograms. 

Moreover, as the projects grow, 

they will provide the broadband 
data from which planners can de-
sign national health care communi-
cations networks, says Maxine L. 
Rockoff, logistics chief of the Health 
Care Technology division in HEW'S 
Health Services and Mental Health 
Administration. Eventually, com-
puters will be part of those net-
works, she adds. HEw's job, Ms. 
Rockoff cautions, is simply to deter-
mine the requirements for health 
care communications. Private 
groups will have to build them, but 
"anybody who needs to design a na-
tionál network needs to know what 
the needs are," she says. Prolife-
rating "wired city" concepts make it 
vital to define requirements. 
One project using coaxial cable 

will connect a doctor's office in New 
York's Mount Sinai School of Medi-
cine with a pediatric clinic in East 
Harlem, reports Edward Wall-
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erstein, communications section 
coordinator with the school's de-
partment of community medicine. 
The two-way link will use two TV 
screens in each location, permitting 
a nurse to examine a baby under the 
doctor's directions before a fixed-
focus black-and-white camera. Pro-
totype equipment for hard-copy 
transmission is being installed now, 
Wallerstein says. "You have to start 
on a small scale and work up," he 
adds. "A year from now we hope to 
use color." More clinics are also 
planned. 
Case study. At Case Western Re-

serve University's School of Medi-
cine, a 1-milliwatt helium-neon la-
ser will enable an anesthesiologist to 
supervise a nurse anesthetist, and 
will include color television, voice, 
and hard-copy transmission on the 
same beam. The nondigital system 
employs an fm subcarrier in a 
proprietary modulation format, says 
John W. Allen, who helped develop 
the system and is now chief engineer 
for electro-optics, Laser Communi-
cations Inc., Cleveland. 
The advantages of a laser system 

for distances up to a few miles are 
that "you don't need a license to 
transmit" and "you can transmit 
any information," Allen says. Also, 
it's portable and much cheaper than 
using telephone lines or microwave 
lines. But it's line-of-sight. 
A Picturephone network connect-

ing four community mental health 
centers and a combination Picture-
phone and cable system for record 
transmission are two Chicago pro-
grams at Illinois' Medical Center 
complex and Bethany Brethren 
Hospital, respectively. Picture-
phones are cheap and available in 
Chicago, Ms. Rockoff comments. 
The other multi-discipline projects 
use television and/or cable or mi-
crowave systems for doctors to di-
rect paramedical personnel in four 
clinics at Cambridge Hospital, near 
Harvard University, for a rural 
group practice in Waconia, Wis., 
and for speech therapy work at 
Dartmouth Medical School. 

In breaking new ground, the proj-
ects raise some questions about 
patient examination. One is: do re-
mote communications systems le-
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gally constitute adequate medical 
supervision? Ms. Rockoff says these 
problems will be studied as the proj-
ects go on. 

Phone system cuts 

EKG -Lime, cost 

The ultimate goal in remote inter-
pretation of electrocardiograms is to 
permit the family doctor to obtain 
fast, accurate, and complete read-
ings without having to consult a car-
diologist or send the EKG to a labo-
ratory. A new system, called Phone-
a-gram, promises to cut costs and 
time required for reading electro-
cardiograms. 

Phone-a-gram, a portable system, 
uses conventional phone lines to 
transmit an EKG in only 80 seconds 
to a computer equipped with a U.S. 
Public Health Service program. A 
complete diagnosis is possible in an 
additional three minutes, while 
similar equipment takes four min-
utes for transmission alone. Phone-
a-gram leases for $24 a month. 
Ten leads. Developed by Michael 

A. Robinton, a former MOS LSI tester 
designer, Phone-a-gram has 10 elec-
trode leads attached to the patient. 
Twelve analog signals with values 
from 50 microvolts to 2 millivolts 
are derived; these are then multi-
plexed and sent as 13 blocks of data 
via a built-in acoustic coupler. The 
extra block is a 1-millivolt square 
wave that is used to calibrate the 
computer. At the other end, the 12 
signals are demodulated and com-
bined to form eight standard EKG 
traces. 

Several safety features are built 

in. The patient is isolated from ex-
ternal electrical hazards because the 
box operates on self-contained bat-
teries. Also, the high input imped-
ence of the input operational ampli-
fiers protects the patient from 
electric shock. The op amps, in a 
summing network, remove any off-
set voltage that might be present on 
the EKG signal. Robinton says that 
the offset can be as low as 30 milli-
volts or as high as 300 millivolts. 
The proper op amp is then selected 
by a multiplexing circuit, and that 
block of data is converted to an 
audio tone and transmitted over the 
phone lines to the computer, via the 
Phone-a-gram's built-in coupler. 

Marketed and produced by the 
Fred J. Petersen Co., San Francisco, 
a small medical-equipment sales 
firm. the Phone-a-gram has 180 sub-
scribers in seven western states. One 
user, Pittsburg, Calif., Community 
Hospital, does about 200 EKGs a 
month with the Phone-a-gram. 

But there are still a few problems 
to be worked out. Says a hospital 
spokesman: "If we are to take all 
the computer's interpretations liter-
ally, we would very seldom get a 
normal person. There is a tendency 
to overread." 

Government electronics 

LEAA pays for 

work on hardware 

The major tasks of the Law En-
forcement Assistance Adminis-
tration to date have been to conduct 
paper studies and help state and lo-
cal law enforcement agencies buy 
more equipment. Now, however, the 

emote. Phone-a-gram EKG reader promises lower cost, faster service from bedside. 
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TEKTRONIX S-3260 Automated Test System." 

The TEKTRONIX S-3260 Automated Test System per-
forms Functional, DC and Dynamic Tests at rates up to 
20 MHz with nanosecond response characteristics. This 
remarkable performance is the result of CRITICAL-PATH 
FIXTURING — developed by Tektronix, Inc. to do tough 
jobs, fully testing devices with up to 128 active pins. All 
tests on a device are performed with a single test fixture. 
This means one insertion, one program, one system to 
do all your tests on any one device type. 

The S-3260 hardware/software package will test: MOS 
and bipolar shift registers, random access memories, 
read-only memories, MOS and bipolar logic arrays, cir-
cuit boards, modules and subsystems. 

Your TEKTRONIX Field Engineer can arrange a dis-
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Inc., P.O. Box 500-A, Beaverton, Oregon 97005. 
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Justice Department unit is turning 
its attention toward finding out 
what equipment is needed and help-
ing industry develop it. Accordingly. 
LEAA has awarded two contracts to-
taling $2.85 million—to Mitre Corp. 
in Washington for evaluation, and 
to the Aerospace Corp. in El Se-
gundo, Calif., for development of 
hardware. 

List of needs. With the new 
awards comes a shopping list of 
hardware development, says George 
D. Shollenberger. He's a program 
manager in the equipment develop-
ment group of LEAA's R&D arm, the 
National Institute for Law Enforce-
ment and Criminal Justice. Among 
the electronic items to be investi-
gated are: a relatively low-cost 
home burglar alarm system; a citi-
zen's distress alarm that. though 
tiny, could broadcast a locational 
"help" to police; voice identification 
detectors; a better antenna for foot 
patrolmen's radios than their 
present stub antennas: concealed-
weapons detectors; and sensors for 
spotting radio-isotope-tagged 
bombs and narcotics. 

Developing automated drug anal-
ysis for crime laboratories is high on 
the list also: "If a corporation 
looked at the market, it might find 
that crime labs might be willing to 
pay $50,000 for one and that 10 sys-
tems could be sold across the coun-
try," Shollenberger says. However, 
"development costs might be 10 
times that amount," he adds. and 
this is the reason why, although 
LEAA won't buy equipment, it will 
help by developing it and turning it 
over to private industry for produc-
tion. 

Inducement. An example in point 
is the lightweight personal radio for 
foot patrolmen that Martin Mar-
ietta and Sylvania will bring out of 
R&D shortly, Shollenberger says. 
Under contracts totaling $500,000, 
LEAA induced the two to compete to 
produce a new radio costing $650, 
half the usual cost, on a 10,000-unit 
production run. he says. After a 
two-month field trial, the two com-
panies will produce it for sale, un-
funded by the agency. 

"I'd like to get the cost even 
lower." Shollenberger says. "In fact. 

I'd like to make them disposable. 
throw-away." This LEAA hopes to 
make possible in the next phase of 
the radios' development, by "mak-
ing them on one chip." 
The agency's total fiscal 1972 pro-

gram funding for evaluation, devel-
opment. and standards was $4.25 
million, with about $6 million asked 
for fiscal 1973. Even so, LEAA will 
investigate two blue-sky ideas, an 
evaluation of police helicopters and 
the electronic support equipment to 
see if their crime-fighting potential 
can be improved, and a remote au-
tomobile disabling system. Shollen-
berger says. Although he concedes 

Space electronics 

that the latter idea may run into a 
lot of problems, it would, if success-
ful, enable pursuing police to 
deactivate a fleeing car's ignition or 
fuel system electronically. 
Down the road, Shollenberger 

foresees LEAA looking into an over-
haul of police communications sys-
tems, that would integrate them into 
an urban communications system 
along with health, fire, and educa-
tion components. Also, "there looks 
like there's some use for police in 
the 900-megahertz land-mobile 
band," he says. "It could handle 
video much easier than the vhf we 
have now." 

Costs determine shape of shuttle's 

$400 million worth of avionic gear 

North American Rockwell must 
have been listening intently when 
NASA said it wanted low cost instead 
of blazing new technology for the 
space-shuttle orbiter program. In 
electronics alone, 60% of the hard-
ware in NR's winning proposal is 
proven and available. And with 
avionics estimated to cost $400 mil-
lion, such availability went a long 
way toward helping NR pull out the 

shuttle plum with its unexpectedly 
low bid of $2.6 billion. NR also as-
sumes there will be few major 
changes during the life of the pro-
gram. 

Although the final price may 
change because of contract and 
specification changes, NASA's late-
July award means that the Downey, 
Calif., company has most of the 
multibillion-dollar shuttle program 

SEPARATION 

JETTISON 

BOOSTER 
RECOVERY 

REENTR 

44 LANDING 

44 Electronics/August 14,1972 



fi Id return i one too many! 
I hate these impassioned 

Horace, you're never satisfied. technical discussions. 
We may have just set the industry's 

lowest return record! 

Even a 3.1% Function Generator 
return rate agitates Horace. 
IEC has trained him well. 

It's an unwritten business rule that you 
don't discuss your problems with the out-
side world, but we're breaking tradition 
because we feel our F34 returns are worth 
talking about. This extremely low warranty 
repair record was established during the 
first year of production, even though 
industry statistics demonstrate that failure 
percentages are highest during the initial 
stage of product life. According to elec-
tronics manufacturers' trade association 
data, standard warranty returns can range 
from 10% for DVM's and oscilloscopes, 
to as much as 300% for some tempera-
mental instruments. This is why we feel 
that our F34's current return rate of 3.1% 
is a real achievement. 

Much of the credit for this reliable new 
function generator must go to IEC's Cor-
porate Cal Lab, one of the few testing 
facilities with analysis standards one gen-
eration away from the National Bureau of 
Standards. The F-34 underwent the same 
kind of computerized error-analysis and 
evaluation testing that our Metrology 
staff developed for Polaris/Poseidon and 
other government programs. 

With our stringent Quality Control system, 
we make sure that our test instruments 
measure up to performance standards, 
because we're vitally aware that down-
time is a significant factor in test instru-
ment selection. Over 300 generators were 

OVERSEAS SALES OFFICES: AUSTRALIA. Parameters Pty.. Ltd.: BELGIUM. LUXEMBURG. Etablisse-
ments L. de Greet S.P.R.L.: FINLAND. Havulinno Oy: FRANCE. Tekelec Autromc. S.A.: ITALY. Romag-
na' Elettromca: ISRAEL. Radat International Company. Ltd.: NETHERLANDS. Tekelec Airtronic. N.V.: 
NEW ZEALAND. David J. Reid. Ltd.: REPUBLIC OF CHINA. Bons International Co.. Ltd.: SPAIN. Telco. 
S.L.: SWEDEN. M. Stenhardt AB: SWITZERLAND. Traco Trading Co.. Ltd.: UNITED KINGDOM. Euro 
Electronic Instruments. Ltd.: WEST GERMANY, Tekelec Airtromc GMBH. 
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shipped before one was ever returned, 
and to date, 96.9% have never required 
warranty maintenance. But because our 
QC people, like Horace, worry about that 
3.1%, we'll try to do even better. 

If you would like a perfectionist like 
Horace on your team, specify the 
F-34. It generates reliable 0.03Hz - 
3MHz waveforms, with Variable 
Width Pulse for pulse generator 
applications, and an outstanding com-
bination of operating features for 
$495 ...In a hurry to match your 

requirements? Call John Norburg 
(collect) 7141772-2811. 

glE INTERSTATE 

CORPORATION 
ELECTRONICS 

Subsidiary of A-T-0 Inc. 

Dept. 7000, Box 3117, Anaheim, Calif. 92803, 

TWX 714-776-0280 TELEX 655443 8. 655419 



SCIENCEOSCOPE 

A "four-for-four" record for the Intelsat IV was achieved recently when the fourth 
of the giant communications satellites was successfully put in orbit over the In-
dian Ocean. It joins the Intelsat IVs already stationed over the Atlantic and Pa-
cific to complete the global network. The newest satellite increases by five times 
the communications capacity among 17 nations in Africa, Asia, Australia, and Eu-
rope. It was built by Hughes and an international team of subcontractors for Com-
sat, manager for the 83-nation Intelsat Consortium. 

A small hand-held surgical instrument that uses space-age thermal transfer tech-
niques to bring cryogenic temperatures directly to a surgical area was introduced 
at the 71st Annual American Proctologic Society Conference in New York recently. 
Called the KryostikTM, it consists of a 12-inch probe and a -liter reservoir that 
can sustain the probe tip at temperatures lower than -190°C for over 30 minutes. 
It will be manufactured by Hughes and marketed worldwide by the Ritter Company, 
division of Sybron Corporation. 

The U.S. Air Force's F-15 air superiority fighter, rolled out in St. Louis recently 
by McDonnell Douglas Corp., will have an attack radar system developed by Hughes 
which acts as an electronic extension of the pilot's eyes and mind. It automati-
cally scans and acquires targets, makes complex computations, and displays on the 
cockpit windscreen the instant information he needs for successful air-to-air com-
bat. The new radar makes the F-15 the only USAF fighter that can locate and track 
low-flying aircraft in the ground "clutter" that blinds conventional radars. 

A new high-temperature strain gage for testing aircraft, missiles, and space vehi-
cles in a simulated flight environment has'been developed for the U.S. Air Force by 
Hughes. It can measure structural stresses imposed at temperatures up to 2000°F, 
producing capacitance instead of resistance changes as a measure of strain. Only 
i-inch long, it can be welded or bonded to airframe surfaces. DoD and NASA have 
bought several hundred of the gages for use in such programs as the space shuttle. 

Hughes has immediate openings for engineers in the following categories: field en-
gineers, technical instructors, ground support equipment engineers, test equipment 
design engineers, technical writers, and configuration engineers. Must have at 
least a BSEE degree. All openings require U.S. citizenship. Please write: Mr. 
H. G. Staggs, Hughes Aircraft Company, Field Service & Support Division, P.O. Box 
90515, Los Angeles, CA 90009. Hughes is an equal opportunity M/F employer. 

Microwave filters for communications satellites and other spacecraft must be made 
of material with very low thermal expansion. So far, the only successful material 
has been invar, a very heavy alloy of iron and nickel. On some recent satellites, 
as much as 120 pounds of invar filters have been used. Now Hughes has developed 
prototype microwave filters made of graphite epoxy composite materials. They have 
performed better than their invar counterparts, weigh only 20 to 40 percent as 
much, are much easier to manufacture, and are expected to cost less. 

Creating a new world with electronics 

HUGHES 
HUGHES AIRCRAFT COMPANY 
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[Electronics, July 31, P. 33]. This 
leaves NR very well set up, since that 
company also has the Minuteman-3 
guidance and B-1 bomber pro-
grams. The new award calls for de-
velopment and production of two 
orbiters for operation by 1978. The 
DC-9-size orbiters will be rocket-
launched piggyback to tend orbital 
satellites and then be piloted back 
to earth and landed like gliders. 
Three more. NR also is likely to 

get a follow-on $1 billion contract to 
refurbish the two orbiters and build 
three more for an operational 
shuttle system. The company says it 
plans to spread some of the devel-
opment work among the orbiter los-
ers: Grumman, which is hurting 
badly from the loss; Lockheed, and 
McDonnell-Douglas. Moreover, NR 
foresees business for about 10,000 
contractors and subcontractors, big 
and small. Major NR subcontractors 
are IBM for data handling and Hon-
eywell for flight control. 

Extensive pursuit of off-the-shelf 
hardware has cut estimated cost of 
electronics, says Ronald V. Murad, 
NASA's shuttle avionics chief. Avion-
ics cost was originally estimated at 
$600 million [Electronics, Jan. 17, p. 
36]. But, "we're not installing black 
boxes without touching them," Mu-
rad says. "We'll redesign them to fit 
our environment." For inertial mea-
surement units, for example, he says 
NASA is looking at three commercial 
units: the Carrousel-5 is by the AC 
Electronics division of General Mo-
tors, the LN-30 by Litton, and the 
KT-70 by the Kearfott division of 
the Singer Co. 

In a sense, Murad comments, the 
situation is analogous to buying 
Boeing 747 avionics units and re-
configuring them to meet the 
shuttle's requirements. It's cheaper 
to buy production units, since the 
orbiter program of five vehicles will 
use about 20, and most of the items' 
cost is in the development, he com-
ments. 
Wide view. "We're going to take a 

look at the whole avionics world," 
Murad says. particularly the prob-
lem of redundancy. Since an orbiter 
will fly both as a spacecraft and as a 
plane, it will need two types of 
avionics equipment, each with inter-

related functions of flight control, 
guidance and navigation, and per-
formance monitoring. To meet the 
goal of triple redundancy, NASA is 
leaning toward a series of simpler 
systems using many black boxes in-
stead of one large complex network. 

Shuttle avionics will incorporate 
some innovation, though. Murad 
says NASA wants electronic fly-by-
wire flight control, and "we'll take a 
good look at digital fly-by-wire." 
For the computers, the agency spec-
ifies floating-point units and may 
also want 100% margins with 
32.768-bit or 65,536-bit units. Even 
large-scale integrated circuits will be 
considered if they're "tried and 
true," Murad says. All command 
and critical functions will be hard-
wired, he says. 
To simplify avionics develop-

ment, "we're going to look at it 
functionally and hope to decouple 
problems," Murad says. One 
method would be first to develop 
the horizontal flight equipment for 
the 1976 flight trials and then de-
velop the rest. An alternative would 
be to overlay the test-performance 
monitoring equipment on the regu-
lar shuttle avionics. 

Components 

Shipments up 1 2.5% 

over 1971 period 

Is no news good news? American 
components makers will be able to 
decide, now that the Commerce De-
partment has disclosed that its latest 
quarterly report on U.S. compo-
nents shipments—one showing a 
long-awaited upturn in the first 
quarter from the year before—will 
be the last. 
The last report of the Bureau of 

Domestic Commerce says that fac-
tory shipments of U.S.-made com-
ponents totaled $1.2 billion, a gain 
of 12.5% from a year earlier and 
10.6% above the last three months 
of 1971. But from now on, an 
agency official said, the national sta-
tistical survey will be taken over by 
the Census Bureau and "converted 

Hughes is 
in industrial 

electronics, too: 
components, 
equipment 
and systems. 

Bipolar and hybrid circuits ,RS 221) 

Microcircuit production equipment 
(RS 232) 

- 

Flat flexible cable and circuit assemblies 
(RS 224) 

Thermal energy transfer devices (RS 237) 

Frequency control devices (RS 227) 

Numerical control systems (RS 233) 

For complete information, write Bldg. 6, 
Mail Station D-135, Culver City, CA 90230. 
Or request by Reader Service (RS) numbers. 

HUGHES 
HUGHES AIRCRAFT COMPANY 
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Those high-flying thumbwheel prices just came DOWN 

ec5. 1,erf. * 
,ree'• 

0 —  
,Drasee" 

tl• b  4. 

cHERay to, 
Circle 48 on reader service card to 8 

PI 

Cherry thumbwheel & leverwheel switch 

Cherry's new down-to-earth prices are an average 
reduction of 24%—as much as 46% reduction on 
some models. Prices are down on every Cherry 
Thumbwheel and Leverwheel Switch. On every 
one of the infinite variations in coding, termina-
tion, mounting and readout symbols. 
Now you get 20% discount on as few as 50 

pieces . . . 25% on 100 pieces . . . 27% on 200 
pieces . . . 30% on 500 pieces . . . 32% on 1000 
pieces and 34% on 2000 pieces. 

Everything has been reduced except the size 
of the nevv, larger, easier-to-read digits. 
Everything cut except the quality—which is 
the same high level you expect, and get, from 
Cherry. 

FOR NEW PRICE LIST and CATALOG 
TVVX 910-235-1572 or PHONE (312) 689-7600 
extension 7703 and ask for Walt or Frank 

Prices shown are for 2000 piece quantity. Lower 
prices on larger quantity. 

CHERRY ELECTRICAL PRODUCTS CORP. 
3608 Sunset Avenue, Waukegan, Illinois 60085 

Makers of patented Leverwheel/Thumbwheel Switches, Matrix 
Selector Switches, Snap-Action Switches and Keyboards. 
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from a quarterly to an annual 
basis." Bureau survey specialist 
John Clifford indicated that the 
quarterly reports were eliminated 
"for budgetary reasons." 

Census Bureau annual statistical 
reports generally contain only about 
20% of the detailed statistical break-
outs of the Bureau of Domestic 
Commerce reports, which broke out 
the quarterly components data into 
about 190 product categories by ap-
plication, power, and size. They also 
"run 18 to 24 months" behind the 
period they cover, adds Clifford. 

Nondefense up. Strongest in-
creases during the first quarter of 
this year were recorded in the non-
defense sector of the components 
market. This showed a gain of 12% 
over the prior quarter and a 14% in-
crease over the corresponding 1971 
period. The defense share of the ex-
panding market for components 
produced totally in the U.S. (as op-
posed to those assembled offshore 
from U.S. parts and imported duty-
free) also rose 3.8% in the first quar-
ter from the previous quarter and 
over 4% from 1971 first quarter. 

Nevertheless, the defense share of 
the total market dropped to 16.8% 
as electronics applications ex-
panded. According to Clifford, this 
decline has "been consistent at a 
few tenths of a percentage point 
each quarter" since 1960, when de-
fense components accounted for 
about 25% of the total. 
Under most product categories in 

the defense sector, components 
shipments were up over the last 
1971 quarter. The only drops were 
registered in transistors and quartz 
crystals, each down 10%, and power 
and special-purpose tubes, off 6%. D 

Commercial electronics 

DOT plan forecasts 

STOL, rapid rail 

When the Department of Trans-
portation completed its Northeast 
Corridor transportation study [Elec-
tronics, Sept. 27. 1971, p. 25], it de-
cided that the Boston-Washington 

Defense Change from Nondefense Change from 
prior quarter prior quarter 

Total 

Capacitors 

Connectors 

Quartz crystals 

Integrated circuits 

Hybrid 

Monolithic, digital 

DTL 

TTL 

CML (ECL) 

MOS 

Other 

Monolithic, analog 

Transformers & reactors 

Relays (for electronics uses) 

Power & special-purpose tubes 

Receiving tubes 

Resistors 

Semiconductor devices 

Diodes & rectifiers• 

Transistors 

Silicon 

Germanium 

Field-effect 

S15,463 

31,804 

1,108 

40,784 

8,300 

22,628 

8,607 

9,605 

1,857 

1,399 

1,160 

5,044 

8,692 

16,156 

38,853 

3,171 

15,644 

30,555 

16,744 

13,811 

10,392 

843 

638 

• Includes assemblies and special light-sensit 
Source: U.S. Dept. of Commerce 

1 

+14% 

+11 

-10 

+ 6 

+1.6 

N.A. 

N.A. 

- 6 

N.A. 

+12 

-10 

ive and light-em 

axis needed better highway and 
high-speed rail travel, but could do 
without short-haul air routes served 
by short-takeoff-and-landing (sToL) 
aircraft. Now, in its new 1.000-page 
National Transportation Report. 
which looks into the nation's trans-
portation needs over the next 20 
years, the department sees a crying 
need for all three modes of travel 
and then some. 

Unlike the Northeast, the DOT re-
port says, "There are many intercity 
short-haul corridor-like regions in 
the country where improved rail 
and air technology" could be oper-
ated in "a more profitable and desir-
able manner than today's system." 
As an example, the study cites the 
Chicago area, where "a short-haul 
air transportation system using 
existing airports other than the large 
air-carrier airports could be eco-
nomically viable for airlines." 
To handle the growing congestion 

at large airports. DOT suggests in-
creasing their capacity "through im-
proved air-traffic control systems." 
Electronics would also play a part, 
for the study proposes a reduction 

S 94,030 

60,059 

12,684 

190,807 

60,166 

100,660 

7,324 

32,118 

30,925 

24,083 

6,210 

23,815 

102,862 

56,070 

44,047 

47,038 

84,903 

163,406 

83,514 

79,892 

59,442 

11,172 

6,064 

+48 

+10 
+ 

- 4 

+20 

+13 

itting semiconductors 

I j 

S109,493 

91,863 

13,792 

231,591 

68,466 

123,288 

15,930 

41,724 

32,782 

25,482 

7,370 

28,859 

111,554 

72,226 

82,900 

50,209 

100,547 

193,961 

100,258 

93,703 

69,834 

12,015 

6,702 

in "total trip times by terminal and 
access-system improvements, such 
as the introduction of satellite 
downtown terminals linked by spe-
cial transportation to the airport ter-
minal," by systems like "people 
movers" and rapid rail. 

Together. Besides providing a 
basis for DOT'S planning and budg-
eting in the years to come, the re-
port is significant because it shows 
DDT's movement toward consid-
ering integrated transportation sys-
tems, instead of merely highway or 
air. In analyzing the 63 urban areas 
expected by 1990. for example, the 
department sees many benefits in 
"major shifts in funds from highway 
to transit." 

Electronics-laden new technology 
should be researched and developed 
to improve transportation where ap-
plicable, the report says. It divides 
new systems into three types: flex-
ible-routing concepts, such as public 
automobiles and demand-respon-
sive transit systems: fixed-guideway 
systems. such as people movers, 
moving sidewalks, personalized 
rapid transit, and fast-link transit 
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systems; and dual-mode vehicle and 
multipurpose pallet systems. 
"The report provides a basis for 

future investment programs," de-
clares Ira Dye. director of the office 
of system analysis and information. 
For the electronics industries, the 
report should provide a useful in-
ventory of potential transportation 
markets. DOT surveyed every state 
government and many metropolitan 
planning and transportation 
agencies, as well as industry, to get 
its first overall look at needs. 
The states told DOT that a whop-

For the record 

ping $670 billion would be required 
to meet their needs through 1990. 
Of this. highways would consume 
85%. Public transit would need $63 
billion, of which 70% would be rail-
transit investments. Also, airports 
would need $27 billion. Even 
though the total would be a modest 
increase when compared to the 
Gross National Product. Dye con-
cedes that the figure isn't likely to be 
met. However, the requests show 
the craving for new capital equip-
ment in transportation systems. 

Private industry projections to 

Ultrasonic flaw finder 
Finding flaws in the bond between two ceramic layers joined by an adhesive 
such as Corning's Pyroceram has been made easier by a method of ul-
trasonic testing. Since the density and elastic properties of the bonding 
plastic closely resemble those of the ceramic, reflections of ultrasonic 
energy through the sandwich can reveal imperfections. In a method devel-
oped by Tektran, of Newark. Ohio, ultrasonic impulses are sent through the 
substrate, reflected off a "mirror," and back through the substrate to the 
pick-up. Thus, the energy passes through twice. Defective bond areas are 
indicated by highly attenuated reflected waves. 

TI names Cramer 
After adding Cramer Electronics to Texas Instruments' distribution rolls in 
three western cities, ri distributor marketing manager OF. • •Orm" Henning 
is waiting for the industry—frozen in anticipation of the TI move involving 
distribution—to thaw. 
"We've made the moves we felt would disrupt the markets the least." 

Henning explains. "And we expect to see very little reaction from the princi-
pals in the industry—Motorola, Farchild, National. But from Signetics on 
down, I imagine they'll be shifting," he adds. 

Jobs for engineers 
The U.S. Labor Department says that it has identified as many as 55,000 
professional jobs that could be filled through 1975 by engineers and scien-
tists laid off by the defense and aerospace industries. Manpower Adminis-
trator Paul Fasser said a $750,000 skills-conversion study, carried out by 
the National Society of Professional Engineers with the IEEE and six other 
engineering societies, identified 14 major areas where engineers could 
work: food, health care, transportation, wood products, power resources, 
pollution control, security systems and criminal justice, ocean engineering 
and oceanography, banking and finance, solid-waste management, petro-
leum and chemicals, education technology, public service, and occupa-
tional safety. 

Microwave routes 
Three new special-service microwave common-carrier routes, to cost 
nearly $21 million, have been approved by the FCC. Nebraska Consoli-
dated Communications Corp.'s application for a $12 million system linking 
Minneapolis to Houston and intermediate points was approved. while West-
ern Tele-Communications Inc. was granted one route linking Seattle to San 
Francisco and another linking Los Angeles, San Diego, and El Paso, Texas, 
together with intermediate locations. Both will cost a total of $8.9 million, in-
cluding multiplexing equipment. 

DOT also add to the pot. The rail-
roads expect to spend S32.9 billion 
by 1980, the airlines S13.7 billion, 
and water carriers $1.5 billion. D 

Industrial electronics 

GE, U.S. to develop 

automated ship gear 

If anybody has an advantage in the 
potential market for automated ship 
control systems for the U.S. mer-
chant fleet, it has to be General 
Electric Co., which is already impor-
tant in ship control and propulsion 
systems. The company's Space divi-
sion. Orlando. Fla., has agreed to 
develop with the U.S. Maritime Ad-
ministration a prototype computer-
directed system to control parts of a 
ship's machinery and propulsion 
equipment, as well as to link naviga-
tion and administrative functions 
via satellite to a shore-based com-
puter. 
Not only does GE want to develop 

the system. but it has agreed to pay 
$3.2 million toward the $7.8 million 
cost of the 42-month project. When 
developed, the prototype will be the 
forerunner of several operational 
systems. By the late 1970s, the Mari-
time Administration hopes to pro-
vide an extensive test by having 10 
to 15 ships equipped with comput-
ers and three to four times that 
many with satellite navigation. 
The development program is in 

two phases-18 months to design the 
system and develop the specifica-
tions and 24 months to install and 
test the equipment on board a 
Navy-chartered transport ship. If 
the program doesn't pan out along 
the way, either party can withdraw, 
and the other can continue, says 
Stanley D. Wheatley, chief of MA's 
office of advanced ship operations. 
He comments that GE, which also 
builds satellites. "is probably the 
only company in the world that 
could undertake the program." 
The nuts and bolts remain to be 

worked out, but "we're going to look 
at the total ship system and deter-
mine what work computers can do 
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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. lsocons, 25mm and 
40mm SIT tubes sizes, IV's and I2V's 
also can be supplied, as well as I ntensi-
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. 

mikeN Electro Z 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./SWI TZE R LAND — 2-4 rue du Lièvre, 1227 Geneva. 
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Delay line draws 

radar makers' eye 

A high-performance acoustic-filter 
delay line developed at MIT'S Lin-
coln Laboratory. Bedford, Mass., is 

aboard ship and what can be done 
on shore." says Gene St. Germaine. 
senior project engineer for MA'S ad-
vanced ship operations office. 

Concurrently, MA also is pushing 
development of' an operational 
maritime satellite by the mid-1970s 
to link the systems [Electronic. 
March 27, p.6S]. The satellite may 
be one of the projected series of 
small application technology satel-
lites under study by NASA or part of 
the doddering Aeronautical Services 
Satellite Program. D 

Grating grid. A dual grating with separated 

transducers allows radar signal delay lines 

to achieve performance several times better 

than previous single-grating techniques. 

stimulating interest among builders 

Communications  of modern pulse-compression radar 
systems. It's drawing special atten-
tion from the Huntsville, Ala., office 
of the Army's Advanced Ballistic 
Missile Defense Agency. 
A chief measure of delay-line per-

formance is its time-bandwidth 
product—the total time a signal is 
delayed in the line—multiplied by 
the signal's bandwidth. The labora-
tory has achieved a time-bandwidth 

product "in excess of 1,500 and with 
amplitude and phase ripple consis-
tent with -35-decibel side lobes," 
says Robert Smith of ABMDA'S Ra-
dar division. This is several times 
better than previously obtainable 
products. Lincoln Lab has also de-
veloped a unit with a pulse-com-
pression ratio of 3,000, requiring 
several bridged Ts to compensate 
for 20° of phase ripple across a 75-
megahertz band. 
The technique used is a surface-

wave adaptation of a dual etched-
grating pattern developed at Ander-
sen Laboratories Inc., Bloomfield, 
Conn. Andersen has been using a 
steel bulk-wave construction ap-
proach for several years to build 
these delay lines. 
The Lincoln Lab version consists 

of an ion-beam etched grating on 
lithium niobate with interdigital 
transducers. It provides a dispersion 
of 60 microseconds in the frequency 
range from 150-350 wiz. 
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Industrial-commercial electronics 
Consumer electronics um 
Defe electronics emu 
To ustry 

Segment of Industry 

ND SONO 

June'72 May'72* June71 

Consumer electronics  115.2  113.6  101.8 
Defense electronics  105.1  104.2  113.7 
Industrial-commercial electronics 123.4  122.9  118.7 
Total Industry  112.5  111.5  112.5 

Electronics 
Index of 
Activity 
Aug.14,1972 

The total industry index rose 0.9% in 
June to remain unchanged from its June 
1971 level. While each sector of the in-
dex contributed to the increase, the con-
sumer area chalked up the healthiest 
gain: 1.4% for the month and 13.2% over 
the year-ago figure. Industrial-commer-
cial managed a 0.4% advance, leaving it 
5.7% beyond the comparable 1971 total. 
Its year-to-year gain can be credited to 
increased spending for capital equip-
ment. 

Even defense electronics moved up in 
June. The increase was a modest 0.9%, 
leaving it 7.6% behind the June 1971 
level. 

Indexes chart pace of production volume for total in-
dustry and each segment The base period, equal to 
100, is the average 011065 monthly output tor each of 
the three parts of the industry Irides numbers are ex-
pressed as a percentage of the base period Data is 
seasonally adjusted 
• Revised 
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STM. Not just 

Sorensen's new modular DC power supplies 
give you twice the efficiency, half the size, 

for equivalent power ratings. 
• Efficiencies as high as 75%. 
• Unequalled power outputs — standard package sizes. 
• Low heat dissipation — eliminates external cooling. 
• Excellent performance — check the specs. 
• Built-in overvoltage protection— all units. 
• Computer optimized filtering — superior RFI and noise 
performance. 
• 20 models now available — 20 more to come. 

Compared with competitive series-pass power supplies, Sorensen's STM switching-transistor power supplies 
provide unequalled space and money-saving benefits. And, unlike competitive units, STM power supplies offer 
overvoltage protection as a standard rather than an optional extra-cost feature. 

Sorensen STM's are backed by our world-wide reputation for excellence. For more information write Sorensen 
Company, a unit of the Raytheon Company, 676 Island Pond Road, Manchester, New Hampshire 03103. 
Telephone (603) 668-1600. Or, TWX 710-220-1339. 



another black box. 
Package Size: 

Model 

STM3.5-24 

STM5-24 

STM9-12 

STM12-12 

STM15-10 

STM18-10 

STM24-8.5 

STM28-7 

STM36-4 

STM48-4 

STM3.5-36 

STM5-36 

STM9-20 

STM 12-20 

STM15-15 

STM18-15 

STM24-13 

STM28-11 

STM36-6 

STM48-6 

OUTPUT 
VOLTAGE 
Set Range 

3.0 

4.5 

6.0 

9.5 

13 

16 

19 

24 

29 

42 

3.0 

4.5 

6.0 

9.5 

13 

16 

19 

24 

29 

42 

4.5 

6.0 

10 

13.5 

17 

20 

25 

30 

43 

56 

4.5 

6.0 

10 

13.5 

17 

20 

25 

30 

43 

56 

111101.11111r 

OUTPUT CURRENT 
(Adc)* 

24 

24 

12 

12 

10 

10 

8.5 

7.0 

4.0 

4.0 

36 

36 

20 

20 

15 

15 

13 

11 

6.0 

6.0 

19.4 

19.4 

9.7 

9.7 

8.1 

8.1 

6.8 

5.6 

3.2 

3.2 

29.1 

29.1 

16.2 

16.2 

12.1 

12.1 

10.5 

8.9 

4.8 

4.8 

14.9 

14.9 

7.5 

7.5 

6.2 

6.2 

5.3 

4.3 

2.5 

2.5 

22.3 

22.3 

12.4 

12.4 

9.3 

9.3 

8.0 

6.8 

3.7 

3.7 

9.6 

9.6 

4.8 

4.8 

4.0 

4.0 

3.4 

2.8 

1.6 

1.6 

14.4 

14.4 

8.0 

8.0 

6.0 

6.0 

5.2 

4.4 

2.4 

2.4 

VOLTAGE 
REGULATION 

(comb. line 
erwarigitailimi 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

.05% 

5 mv 50 mv 

5 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

5 mv 50 mv 

5 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

3 mv 50 mv 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

105-132 

INPUT POWER 

AC 

1.8 

2.3 

2.1 

2.9 

2.7 

3.2 

3.3 

3.2 

4.0 

4.0 

3.8 

4.2 

3.8 

4.8 

4.3 

5.0 

5.5 

5.5 

4.5 

5.5 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

50-440 

150±15% 

150±15% 

150±15% 

150±15% 

150±15% 

150±-15% 

150-±-15% 

150-2=15% 

150±-15% 

150±-15% 

150-±15% 

1501:15% 

150±15% 

150-±15% 

150-±-15% 

150-±15% 

150±15% 

150-±-15% 

150±-15% 

150-±-15% 

1.5 $229 

1.5 229 

1.5 239 

1.5 249 

1.8 239 

1.8 249 

1.9 249 

1.9 249 

1.9 259 

1.9 269 

2.2 319 

2.5 324 

2.2 299 

2.8 289 

2.6 289 

3.0 299 

3.2 309 

3.2 309 

2.6 329 

3.2 329 

'Free - air rating - no external heatsin 

160 

150 

140 

130 

120 

110 

100 
3. 
1- 90 

80 

70 

60 

50 

40 

30 
20K 100K 1M 10M 

FREQUENCY IN Hz --a-

DC Load Leads. Conducted Current Level in db above a 
Microamp/ MHz 

"Worst case. Typically less than 30 mv 

MIL STD 461A 
SPEC LIMIT 

50M 
Compare this point-by-point spec-check between Sorensen's 
STM5-24 and Brand "X." 

?U.S.A. list prices 

Specification 
Sorensen 
STM5-24 Brand "X" 

Size 3%6 x 51/2  x 91/2 41%6 x 71/2 x 9% 

Volume 160 in3 344 in3 

Price $229 $235 

Efficiency 58% 29% 

Regulation (line & load 
combined) 

0.05% 0.2% 

Temperature Coefficient 0.01 %/°C 0.03%/°C 

Overload Protection Current limiting-
adjustable electronic 

Overvoltage Protection Built-in adjustable, 
all models 

Optional @ $30 
(except built-in, 
fixed, on 5-volt 
model only 

SPgrEfiSIPEES 
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1103 RAMS 
IN tISPEEDS 
WITHOUT 
CRITICAL 
TIMING 
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Our 3534 1024x1OPTIMOS RAM is now 
available in 4 speeds: 15Ons, 
180ns, 220ns and 300ns access time. 
At lowest prices in the industry. 

Our new dynamic silicon gate RAM is a vastly 
simplified, pin for pin replacement for the 1103. 
Not only have timing margin problems been 
eliminated and stand-by power dissipation been 
reduced 97%, but now there are four standard 
versions: each with its own standard specs, each 
with its own speed, each at lowest industry prices. 
All available off-the-shelf in production quantities. 

We've optimized the design of 3534 in five important 
areas. Important to those who would use it as a 
plug-in replacement for the 1103 in an existing 
system. Equally important to those who would 
design our device into new systems. Important to 
both because these innovations solve the major 
problems of the existing 1103. 

No Precharge and Chip Enable overlap requirement. 
Result: Better and less critical timing margin on 
control of Chip Enable-Prechárge overlap. Less 
drift problem. Less adjusting. Less maintenance. 
No critical window to stew about. Greater design 
margins (other 1103's have no margin, worst case). 

Data Out referenced to the leading edge of the Chip 
Enable. Unlike other 1103's, which have as many 
as five critical times affecting access, ours has only 
two; the 3534 array access time is dependent on the 
timing of only one critical edge relative to Precharge 
and only one delay relative to Chip Enable. No timing 
margin problems to create system malfunctions, 

Fairchild 3534/1103 (300ns version) 

PRECHARGE 

CHIP ENABLE 

DATA OUT 

15Ons (min.) 

  125ns (mln.) 

r-  -H 165ns (max.) 

st DATA VALID 
_ — 

No Precharge and Chip Enable overlap requirements. The 3534 
requires only that the ['recharge pulse stays low for a minimum of 
15Ons and that at least 125ns delay occur from the start of ['recharge 
to the start of Chip Enable. The Data Out is valid 165ns after the Chip 
Enable goes low but is independent of Precharge. 

There are no other restrictions on the Precharge pulse. It can go 
high immediately or it can stay low throughout the entire cycle. Or it 
can remain low for successive cycles. 

board rework, acceptance tests, downtime, and other 
virulent forms of field aggravation. 

Maximum standby power dissipation reduced 97%. 
From 70mW for the other 1103's to 2mW for our 
3534. Result: significantly lower power supply costs. 

Equal Read and Write cycle time. 
The system can now operate at a higher data rate. 
You don't need to Read before Writing. By a simple 
pre-selection the 3534 can go either way. 
The system can operate at a higher data rate 
without additional timing and control circuitry. 

Read/Write specified as a voltage level rather than 
a pulse. Since the Read/Write input may remain low 
indefinitely (assuming continuous Write cycles), 
Read/Write timing is no longer critical, And system 
Read and Write cycle times are sharply reduced. 

The 3534 is another example of Fairchild OPTIMOS: 
practical MOS devices that optimize your system. 
Easy to use. Simple to produce. At less cost/ function. 

The 3534/1103 is available now— in ceramic DIP— 
from your friendly Fairchild distributor. 

PART # 

35342 DC (1103) 
35343 DC (11035146) 
35344 DC (1103-1) 
35345 DC (1103-1) 

GUARANTEED MAX. PRICES 
ACCESS TIME 

300ns 
22Ons 
180ns 
150ns 

100-999 1000-4999 
_ 

$8.00 $5.00 
$9.60 $6.00 

$12.80 $8.00 
$18.40 $11.50 

24-page applications guide free. Detailed, compre-
hensive applications guide (and composite data sheet 
on each of the 4 versions of 3534) are available on 
request. 

Other Standard 1103's 

PRECHARGE 

CHIP ENABLE 

+—trio tows— (max.) 

tOVI. (min. &max.)/" 

DATA OUT DATA VALID 

With other 1103s, the Precharge pulse not only must stay low for 
a precise ['recharge interval but its transition from low to high 
must occur within a time interval which has a minimum as well as a 
maxi in um limit. Asa result, the designer must stay within very tight 
boundaries of these maximum and minimum values. All control circuitry 
musi ,xtraordinarily precise, and system costs rise sharply. 

FAIRCHILD SEMICONDUCTOR, A Division or Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-51111. TWX : 910-379-6435 
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Adar Associates, Inc. 
85 Bolton Street, Cambridge, MA 02140 

Gentlemen: 
Please send me details on 12 Dr. 12 D Dr. 32-11 
D Dr. 64 D Look, while you're at it, tell me 
about the whole series. 

NAME  

TITLE  

COMPANY  

STREET  

CITY STATE ZIP  
At 

THE DOCTORS. 

Doctor 12. 
The smallest and newest in the 
Doctor series provides the most 
complete functional testing 
available. Dr. 12 tests core 
memories for mini and maxi 
computers, semi-conductor add-
on memories, memory cards, 
Shift Register memories, ROM's 
and RAM's. Up to 72 bits wide 
and down to 125 nanoseconds. 
Test programs are activated via a 
CRT-keyboard link. That means 
flexibility. But it means about 
half what you'd expect to pay. 
Send for more facts. 

Doctor 32-11 
Doctor 32 was the first of our 
Doctor series. More of them 
have been sold than any other 
computer-controlled, high speed 
functional test system in exis-
tence. And the most important 
customer requested options have 
been incorporated into the new 
-II configuration. Doctor 32-II 
tests 95% of all digital IC's. And 
it does it functionally, paramet-
rically, and dynamically. Dr. 
32-II has a highly refined soft-
ware package which includes 
data logging, automatic device 
characterization, and schmoo 
plotting. Send for more facts. 

Doctor 64. 
This is the big one. It tests 
everything. SSI, MSI, LSI, 
MOS, Bipolar, Hybrid, ROM's, 
RAM's, Shift Registers, Logic 
Arrays. Dr. 64 tests functionally, 
parametrically and dynamically. 
It does all of today's testing, 
and most of tomorrow's as well. 
Dr. 64 is the most cost effective 
system available. It does pro-
duction testing, device charac-
terization, engineering evalua-
tion, incoming inspection. 
Everything. Send for more facts. 
Or call. 

AdorAssodates,Inc. 
85 Bolton Street, Cambridge, MA 02140, Call Fran Bigda collect: (617) 492-7110 

See a Doctor at WESCON, Convention Center, Los Angeles. Adar's booths are 1911 & 1912. 
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Tariff exemption 

sought for plastics 

used in packaging 

The Treasury Department is threatening tariffs on the epoxy used to en-
capsulate component packages assembled abroad from U.S. parts, and 
elimination of that threat will be the goal of the Electronic Industries 
Association's talks with the department. EIA hopes to repeat its success 
before the U.S. Court of Customs and Patent Appeals. In a late-July 
landmark decision, that court drew on EIA's amicus curiae brief to up-
hold General Instrument Corp.'s position that U.S.-made gold wire 
used to interconnect U.S.-produced parts in a transistor can did not 
lose its "physical identity" and therefore qualified for tariff exemption 
under item 807.00, which permits deduction of the value of U.S. parts 
assembled abroad provided there has been no "further fabrication." 
EIA Solid State Products division vice president James J. Conway, 

who says the decision could save components makers up to $5 million a 
year in duties, notes that the court rejected the Government position 
that cutting gold wire from spools constituted further fabrication. EIA 
plans to argue that plastic used to encapsulate components does not un-
dergo further fabrication either. 

Pollution monitoring Companies eager to get a foothold in the pollution monitoring market 

awards promise are anxiously awaiting two awards by the Environmental Protection 
. . . 

Agency expected around the end of the year. The Regional Air Pollu-
tion Study, an experimental network of electronic sensing stations to be 
set up in the St. Louis, Mo., area, was bid on by "you can say almost 
everybody," says an EPA official. During the five-year program, the 
stations will continuously monitor a combination of air quality and 
meteorological data and feed the results into a central computer. 

... a big 

edge to winners 

In addition, requests for proposals are expected within two months for 
an upgrading of EPA's Community Health Air Monitoring Program net-
work from mechanical to electronic sensors. Located in six urban areas, 
the network continuously monitors air pollution data which EPA can 
call up on cathode-ray-tube displays as part of a study to determine the 
effects of pollution on health. 
EPA officials say that the winners of the two $I million contracts are 

likely to have a good lead on the market, as the agency moves to expand 
its systems and as state and local governments get deeper into pollution 
monitoring. 

Communications A dozen U.S. communications and industrial equipment makers have 
trade mission set signed up for a Commerce Department trade mission to the Soviet 

Union and Poland. Scheduled to arrive in Moscow on Sept. II with a 
for USSR, Poland representative of EIA, which initiated the trade visit, are executives 

from Harris-Intertype's Gates Radio Co., General DataComm Indus-
tries, General Dynamics Corp., GE, GT&E, ITT, Magnavox, PathCom 
Inc., RCA, Scientific Atlanta, and Collins Radio. 
The companies are makers of communications and industrial elec-

tronics, including hardware for over-the-air broadcasting, cable tele-
vision, head-end transmission and a variety of modems. They will 
spend a week in Russia and a week in Poland. 
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Washington commentary 

McGovern's ̀ plan' to reorient technology 

With the selection of a vice-presidential nomi-
nee, George McGovern and the Democratic 
party appear to have moved back to square 
one. But appearances cannot be trusted, as the 
recent turmoil within that party over the Eagle-
ton affair has vividly demonstrated. Indeed, 
just before the meeting of the Democratic Na-
tional Committee in Washington to confirm the 
selection of Sargent Shriver for the second spot 
on the ticket, Sen. McGovern himself remarked 
that "I feel we're about where we were at the 
beginning of the New Hampshire primary. 
We've got to come from behind." 

At this time, however, it is ludicrous to fore-
cast just how the final ballot will go in Novem-
ber. As the crafty chairman of the House Ways 
and Means Committee. Wilbur Mills, has 
pointed out, incumbent Presidents must defeat 
themselves, and there are no signs yet that 
Richard Nixon is doing so. 

The language barrier 

The Mills dictum is particularly applicable to 
the upcoming contest, for the campaign of 
George McGovern appears cursed. And the 
single thread that ties together all its misfor-
tunes is sloppy staff work. On defense and aero-
space spending—the issue most likely to affect 
the viability of the electronics industries—ex-
amples of bad staff work abound. 
One of these can be found in the misguided 

McGovern effort to amend the fiscal 1973 mili-
tary procurement bill to reduce the Nixon 
budget by about $4 billion. At first, the 
McGovern headquarters said the amendment 
would hold "military expenditures" to $77.6 
billion, the same as last year. Thus did Senator 
McGovern's staff confuse Pentagon expendi-
tures with congressional appropriations, as Re-
publicans were quick to point out. Where the 
White House requested a total of $85.7 billion 
in obligational authority, or appropriations, it 
has estimated that only $77.7 billion of that will 
be spent this fiscal year—a figure that hardly 
differs from the initial McGovern press release. 
The earlier failure of an amendment by a 

conservative Texas Democrat. Sen. Lloyd Bent-
sen, that would have slowed funds for develop-
ment of the new Trident missile submarine, 
made it evident that the broader and less spe-
cific McGovern effort was doomed from the 
start, but the poor staff work on the McGovern 
amendment insured its defeat. "It's unbe-
lievable," one long-time committee man on the 
Democratic side of the House declared sadly. 
"These people around McGovern just don't do 

their homework. If you're going to talk about 
amending a bill, especially when it is a matter 
of controversy, the least you must do is get the 
language right." 

Search for a plan 

But for the community of aerospace and de-
fense electronics engineers and managers long 
accustomed to the precise documentation and 
detailed options their customers demand, there 
is a larger flaw in the McGovern plan to reduce 
defense outlays by some 40% in three years. 
The flaw, of course, is that there appears to be 
no plan at all to turn industry's technological 
expertise to a reordered set of national prior-
ities without generating a massive economic 
downturn. 
Whether or not one agrees that priorities 

need to be reordered away from defense and 
space is beside the point. There are in fact 
many engineers, scientists, and economists who 
concur with the view that one of the major 
sources of the American electronics industries' 
present problems in world competition has 
been their heavy dependence on Federal funds 
for defense and space programs. And it appears 
that this group is becoming the most bitter 
about the inability of the McGovern staff to 
spell out an alternative. Grappling with the 
needs of humanity and the environment is 
praiseworthy indeed, but industry's past at-
tempts make clear that it has yet to find the 
means of doing so. Says one despondent indus-
try supporter of the Democratic nominee, "It is 
hard to know where to turn now. If there is a 
McGovern plan for industry after he cuts the 
defense budget, it must be like Nixon's plan in 
1968 to end the Vietnam war—a secret." 
What is astonishing, however, is how little all 

the criticism of McGovern, whether over the 
Eagleton affair or his lack of a plan for re-
orienting American technological resources 
away from defense and space programs, seems 
to trouble the candidate or his staff. 
Of the latter, it must be said, there is not a 

single heavyweight knowledgeable in the field 
of defense and aerospace budgeting. And thus 
those who carry this burden are free to com-
pound their ignorance with arrogance, secure in 
their belief that one engineer is much like an-
other, able—along with his corporate employ-
ers—to quickly adapt his expertise from missiles 
and spacecraft to health, education, and pollu-
tion control just so long as the Federal funds 
are there. Regrettably, that concept is naive in 
the extreme. —Ray Connolly 
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ae, de, Intis, amps, ohms 
25 ranges 
0.01% de accuracy 
$650 complete 

SAMPLE RATE 

OFF 

FUNCTION RANGE 

Systron-Donner's new all-function 7004 Digital 
Multi meter. Measures everything —dc and ac 
voltage, dc and ac current, and resistance. Built-in 
shunts for current measurements. Fully guarded 

input for highest common mode isolation. Dual-
slope integration design. 1,000 megohm input 
impedance on three lowest ranges. Optional 
battery pack with recharger ($95) mounts 
internally. For lab, field or systems use (with 

DTL/TTL compatible BCD outputs $45). Ask your 
local Scientific Devices offices for technical data 
or contact: Concord Instruments Division, 888 
Galindo St., Concord, CA 94520. Phone (415) 
682-6161. 

SYSTRON DONNER 

Another S — I) instrument uni• • Electronic counters / Digital voltmeters/ Pulse generators/ Data gen-
erators / Time code generators / Sweep generators / Spectrum analyzers / Digital panel meters / Digital clocks / Signal generators 
Oscillators/ Laboratory magnets/ Precision power supplies/Analog & analog-hybrid computers/ Data acquisition systems. 
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New from nape: the lowest 
trimmer profile in the business. 

SHOWN ACTUAL SIZE 

Girl  0.15" 

You can't do better than our 
Series 82 Trimmers for small 
size and low cost ... and, of 
course, Helipot dependability. 
These 1/4Y single-turn, 
general-purpose cermet 
models have the lowest 
profile in the industry with 
a proven cermet resistance 
element that can be set to 
any voltage ratio within 
0.05% of full scale. Sealed 
metal housings, solid stops, 
and essentially infinite 
resolution. They'll save 
you space—they'll save you 
money. (Our prices start at 
$1.40 list.) Two good reasons 
to write for specs and prices 
today. 

Beckman. INSTRUMENTS, INC. 

HELIPOT DIVISION 

2500 Ho/ el.vo F ul:erton Calf 92634 

,IELPING SCIENCE ANO INDUSTRY IMPROVE THE QUALITY OF LIFE 
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Electronics international   
Significant developments in technology and business 

Moving-map display for light planes 

cuts costs by using VOR/DVE signals 

Fliers agree that the moving-map 
navigation display is a great boon, 
expecially in bad weather and at 
night. However, it's an expensive 
item. It's used mostly in military air-
craft, where it's driven from inertial 
systems through computers—and 
where cost is secondary to accuracy. 
Now a Briton at the Royal Air-

craft Establishment has built a map 
display that he says can be made for 
less than a tenth the cost of standard 
military display. It could probably 
be sold for between $1,000 and 
$2,000. Because it is driven from 
VOR/DME receivers already installed 
in most aircraft, there's nothing 
more to add that costs money. Thus, 
it could become standard in light 
commercial and private aircraft. 

Inventor Ken Honick led the 
team that worked on the original 
RAE moving maps for military air-
craft 10 years ago. He says trials of 
the new map in an RAE aircraft 
show that in flat countryside it 
works from 350 feet up at 40 miles 
from a beacon. 

Beacons. Reception of beacon 
signals varies widely according to 
topography, so it's not possible to 
generalize about performance in re-
lation to distance from a beacon. 
But the map will operate wherever 
beacon signals can be received, and 
VOR/DME beacons are pretty thick 
on the ground, particularly in the 
U.S. It will also operate from Tacan 
military signals. 

Because of the map's commercial 
potential in light aircraft, a manu-
facturing license has been taken out 
by Elliott Brothers (London) Ltd., 
part of Marconi-Elliott Avionic Sys-
tems Ltd. Elliott is testing a display 
in its executive Aero Commander. 

Honick's display uses two radio 
frequency outputs from co-located 
VOR and DME beacons to move a 
map transparency in two axes so 
that the point on the map below a 

cross on a covering lens indicates 
the aircraft's position. The map is 
on a circular transparency 2.25 
inches in diameter, representing 
about 200 nautical miles radius 
from a co-located VOR/DME beacon. 
To use the display, the pilot tunes 

into a beacon en route to where he's 
going, puts the transparency that's 
centered on that beacon into a slot, 
and switches on the light. There-
after, he changes the transparency 
only as often as he changes beacons. 

Drive. The mechanism is very 
simple. VOR and DME cockpit re-
ceivers have spare output sockets in 
addition to those that drive the nor-
mal instruments. Honick's display 
plugs into these sockets. The VOR 
signal from the ac synchro in the re-
ceiver is used to drive a dc servo 
that rotates the transparency via a 
rim drive according to the bearing 
that the aircraft is flying. The DME 
signal feeds a self-balancing bridge 
circuit, which produces an analog 
voltage that turns a screw drive to 
move the map backwards and for-
wards in linear motion according to 
distance from the beacon. 
The optical system on the pro-

totype displays a section approxi-
mately 50 miles across a 6-inch 
diameter screen. All in all, the unit 
fits in a box about 7 inches square 
by 6 in. deep. 

France 

Sescosem integrates 

dc-motor control 

The financially troubled French 
semiconductor firm Sescosem is go-
ing after the consumer market with 
a new integrated circuit designed for 
portable tape recorders and record 
players. It won't solve the com-

pany's money problems, but at least 
it indicates one market sector that 
Sescosem hopes to stay in. 
The new linear lc, a high-per-

formance speed regulator for bat-
tery-powered electric motors, comes 
amid increasingly gloomy talk 
about the company's survival pros-
pects, ranging from rumors of total 
collapse to the more likely eventual-
ity of a merger of sorts with the 
semiconductor operation of West 
Germany's AEG-Telefunken. 
New circuit. Developed in large 

part for the consumer line of its par-
ent firm Thomson-csF, the lc also 
will be sold to competitors in Eu-
rope. It is being shown to consumer 
electronics firms in France and Ger-
many. "Several hundred thousand" 
units are expected to be produced in 
1973, says Sescosem marketing 
people. The first deliveries are 
scheduled for October. 

Jean-Pierre Oehmichen, an engi-
neer who worked on the project, 
says the circuit will replace the con-
ventional card of discrete compo-
nents that usually includes at least 
three diodes, two transistors, two 
condensers, six or seven resistors, 
and two coils. No other semicon-
ductor maker has yet commer-
cialized an lc to replace the stan-
dard speed regulator, but others are 
known to have IC versions under de-
velopment. 
Power consumption normally 

runs about 10 milliamperes in con-
ventional regulators. The Sescosem 
version consumes only 6 mA. And 
where the standard regulators allow 
motor revolutions to vary up to 3%, 
the new lc keeps this fluctuation 
down to between 1% and 2%. The 
ESM227 can handle power supply 
ranging from 3 to 18 volts. And 
nominal motor current ranges from 
10 to 160 mA. The lc has been 
tested successfully in temperatures 
ranging from -15° to +55°C. 
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before you specify 
your next minicomputer 
you should know this 
about minicomputer applications 
Cincinnati Milacron offers complete adaptive aid in applying minicomputers to your 
product or process. Cincinnati has helped to design and apply minicomputers to 
such operations as machine controls, inventory control, chemical processing, 
electric power generation, commercial scale and batching, insurance data handling, 
medical data processing, radio and television communications, fast food business 
operation, commercial printing, and scientific education. 
A full line of minicomputers is available from Cincinnati to fit your 

particular application requirements. A new "Strippable CIP" minimum 
hardware unit is also available for about $1600.00. You can custom-
tailor your own if you like. Full software is available for standard and 
special applications. Call (513) 494-5444 and ask for Minicomputer 
Applications Support ... we'll help you get the most for your minicom-
puter dollar. Or send for our brochure, MINICOMPUTERS AND THEIR 
APPLICATIONS. Cincinnati Milacron, Process 
Controls Division, Lebanon, Ohio 45036. 

Cincinnati Milacron's CIP/ 2200 
minicomputer is the high-speed 
reliable heart of this concrete 
batching system. 

/ 
minicomputers 

cx CINCINNATI MILACRON 
Machine Tools 

Process Controls 

Chemicals 

Plastics 

Plastics Processing Machinery 
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Abrasives 

Cincinnati area (513) 494-5444 • Chicago area (312) 439-5726 • Los Angeles area (213) 582-8361 • Detroit area (313) 557-2700 • New York area (201) 687-4500 
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International newsletter   

Japanese TV imports: 

a court fight in 

West Germany. . 

There's a courtroom showdown between West Germany's AEG-Tele-
funken and Japan's Sony Corp. coming up over PAL TV patents. Sony 
is now selling Trinitron color TV sets specifically engineered for use in 
West Germany—that is, suitable for PAL reception. AEG-Telefunken, 
the developer of PAL, has instructed its legal experts to take the Japa-
nese firm to court. The Sony sets introduced this month are 13-inch ver-
sions. The selling price Sony is recommending is 1,598 marks—equiva-
lent to just below $500. 

. . and mounting Britain's TV set makers are getting really worried about imports from 
Japan. From nothing 18 months ago, sales climbed to an average of concern in Britain 
7,500 per month in the first half of this year, or nearly 4% of total color 
sales by value. Almost all sets were made by Hitachi and Sony. Al-
though volume is not enough so far to have hurt sales of British-made 
sets, industry leaders believe that, unless forcibly discouraged. the 
Japanese will maintain this rate of increase, particularly if other 
makers jump on the bandwagon. 

Because several British industries are threatened by Japanese im-
ports, two months ago Britain's trade minister warned the Japanese to 
ease the pressure. Next month an official British delegation will visit 
Japan, looking for evidence of Japanese goodwill. If they don't find it, 
the government will consider legal sanctions to limit imports. But a vol-
untary limitation agreement is preferred by most Britons, so that at-
tempts to open up the Japanese market to British products are not hurt. 

Bipolar speedometer First models of a car speedometer built around a custom bipolar IC will 
bein readied be working within a month at Britain's Smiths Industries Ltd. The IC is g  

built to Smiths' design by Texas Instruments Ltd. and is an eight-pin 
by British company dual-in-line pack that mounts with timing and filter capacitors on a 

thick-film substrate. For speed measurement, gearbox revolutions drive 
a monostable circuit that puts out pulses controlling a current switch. 
For total mileage indication, the input pulses are divided by 256 and 
used to drive a stepping motor through two of the pins. Bipolar rather 
than MOS technology is used because Smiths' engineers say bipolar 
makes it easier to obtain analog stability and the high output currents 
needed to drive the stepping motor. The chip complements Smiths' 
existing IC revolution counter chip, and one of the aims is to mount both 
on a common substrate driving paired instruments. Speedometer price 
is expected to be slightly higher than for a mechanical speedometer. 

A six-digit 

calculator sells 

for $42.67 in Japan 

Until recently, a buyer could get a larger discount on almost any calcu-
lator than the $42.67 list price in Japan of a new six-digit hand-held 
calculator announced by Casio Computer Co. The company says it 
plans to make 10,000 per month, with about half to be sold in Japan 
and about half to be exported, primarily to the U.S. Six-digit calcu-
lators are not covered by recently imposed export restrictions. 
The calculator uses a single LSI chip, made by Hitachi Ltd., for all 

logic and the six individual 8-millimeter-diameter fluorescent display 
tubes. It will operate for 10 hours on four AA alkaline cells. While the 
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calculator can add and subtract up to six digits—with double-length dis-
play for multiplication and division—no decimal point of any type is 
provided. However, in division the ordinary six-digit display shows dig-
its before the decimal point, while the shifted display shows digits after 
the decimal point. 

Alpha Jet will Like the British-German-Italian Multi-Role Combat Aircraft (MRCA) 

boost German French project, the German-French Alpha Jet program promises to provide a ,  boost to an otherwise sluggish avionics market. The Alpha Jet, now in 
avionics market its $50 million development and prototype phase at West Germany's 

Dornier AG and at France's Dassault/Breguet, will come in two ver-
sions—as a light jet trainer for the French and as a close-air-support 
plane for the West German air force. The German version, of which 
200 are likely to be built, will therefore require more avionics gear—be-
tween 10% and 15% of the plane's total cost of $1.1 million—than the 
less expensive French version, of which also 200 may be produced. 

Although the Alpha Jets' serial production is still some time off, 
avionics producers in both countries are already forming bidding con-
sortia to improve their competitive positions. In West Germany, Stan-
dard Elektrik Lorenz AG (SEL) has signed agreements with several 
French avionics producers to offer jointly the equipment of each part-
ner, and, in case of a contract award, to jointly produce the two aircraft 
versions. Should any equipment be used in the German version only, 
SEL would build French-developed gear under license. 

MOS leads to EMI-Hughes Microcomponents Ltd., joint subsidiary of Hughes Air-

a touch-plate craft Co. and EMI Ltd., is sampling TV set makers with a touch-plate 
channel selector using MOS technology. A finger touch makes a high-

TV selector impedance path between two contact plates, passing a current which 
effectively applies a voltage to a MOS transistor gate. Six pairs of plates 
control six channels, a new touch automatically canceling the current 
channel. The selector works in conjunction with a varicap tuner. 
The company claims the high-impedance characteristics of a MOS 

transistor make it a natural for the function, so that the chip is poten-
tially cheaper than existing biolar touch switches. Furthermore, it is 
easy to drive cheap, high-voltage neon channel-indicator lamps more 
directly than with integrated bipolar selectors. EMI-Hughes claims ne-
gotiations to supply a large TV set maker are at an advanced stage. 

Philips to unveil Look for Philips Gloeilampenfabrieken to introduce a couple of new 

two new Plumbicons 
Plumbicon camera tubes at the European electro-optics show at Gen-
eva next month. One will be a 30-millimeter-diameter tube, designated 

at Geneva show 36XQ and intended primarily for broadcast applications. Beam-dis-
charge lag is cut down by a light pipe, which illuminates the cathode 
side of the target plate to achieve a small, uniform, and controllable 
dark current. The other tube is a fiber-optic version of the firm's 1-inch-
diameter second-generation XQ1080 Plumbicon. The tube, called 
30XQ, also has a light pipe and an anti-comet-tail electron gun to re-
duce blooming of bright lights. Intended for high-quality low-light-
level cameras, the 30XQ comes with an 18-mm-diameter image intensi-
fier that is fiber-optically coupled to the target plate. 
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Cinch Dura-Con 
0.050" centers 
ependable. Available. 

Now you have an effective source for your micro-
miniature connector needs. Cinch can produce and 
deliver these rugged reliable connectors on a 
timely basis, with size 24 contacts on 0.050" centers. 

These connectors utilize the proven pin-socket 
contact system, where the pin, made from a pre-
cision spring cable, is the spring member. The 
seven cable strands are fused in a hemispherical 
weld, resulting in a strong flexible shock and vibra-
tion resistant contact with assured alignment and 
no discontinuities. 

The Dura-Con pin is available in five sizes of Dura-

Con D-configurations as well as single row strip 
configurations. It can also be supplied in custom 
insulators. 

The size 24 contacts with 0.050" centers are sup-
plied factory terminated, with pigtail or wire leads. 
Size 22 contacts, on 0.075" and 0.100" centers, are 
crimp removable. 

Cinch Dura-Con Micro-Miniature Connectors are 
described in Bulletin PBC-174, available free on 
request from Cinch Connectors, an Operation of 
TRW Inc. Electronic Components, 1501 Morse 
Avenue, Elk Grove Village, Illinois 60007. CM-7203 

TRW® 
CINCH CONNECTORS 
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100% ac testing of consumer ICs 
Is it really necessary? Is it practical? Is it available? 

Sample testing of TV and 
radio parts is no way to ensure a 
good night's sleep. Ideally, both 
makers and users of consumer 
ICs should test every device for 
ac characteristics. 

But 100% ac testing 
sounds expensive, so what do 
people do? They compromise. 

They tighten up on AQL specs. 
They make dc correlations instead 

of true ac tests. 
If the return rate climbs, or if bad 

parts show up in the finished product, they 
shout a little louder at the vendor or the 
inspector or the QC manager. 

There's a better way. 
Our J263 will automatically test for 

every ac spec from stereo channel separa-
tion to chroma demodulation angle to video 
i-f gain. And it will do it so fast that 100% 
testing is economically practical. 

On an IC production line, the J263 
will even wafer probe, and it will multiplex to 
as many as seven stations. 

In incoming 
inspection, the J263 
will datalog chapter 
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and verse on all your suppliers, so you'll 
know who's shipping you what. 

Backing up the J263 is a long list of 
test packages. They include the applica-
tions hardware and software for just about 
any consumer IC on the market. All the 
tests have already been worked out with 
the key producers and users, so you start 
off with a thoroughly proven, debugged 
installation. 

If the alternatives to 100% ac test-
ing are getting you down, tell us to rush you 
a J263 brochure. It illustrates again that in 
testing, the best solution is always an 
honest one. 

Write: Teradyne, 183 Essex St., 
Boston, Mass. 02111. In Europe: 
Teradyne Europe S.A., 11 bis, 
rue Roquépine, 75 Paris 8e, France. 

Tel. 265 72 62. 

leerea 
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Probing the news 
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Poland switches to electronics 
Current five-year plan doubles the previous budget for the industries; 

computer expenditures to increase six-fold, and consumer gear is boosted 

by John Gosch, Frankfurt bureau 

Priorities have changed drastically 
in Poland since grievances over ris-
ing prices led to street riots in 1970. 
The emphasis has shifted from agri-
culture and heavy industry to more 
sophisticated industry—and elec-
tronics is the star. Since 1970, prices 
of consumer electronics have stabi-
lized and in some instances 
dropped. 
Government planners have tar-

geted production of all kinds of 
electronic equipment, including 
computers, for a 20% annual in-
crease between 1971 and 1975. The 
$1 billion estimated for 1972 is pre-
dicted to reach $1.73 billion in 
1975—more than double last year's 
production. 
The task of reaching these goals 

falls mainly on two state-run com-
bines, the Unitra Electronic Indus-
try Union and the Mera Union. 

Unitra, a 70-factory conglomerate 
employing 78,000 persons, concen-
trates on consumer electronics, in-
dustrial/commercial equipment, 
and components. Mera specializes 
in computers, peripheral devices, 
automation gear, and measuring in-
struments. 
The electronics industries are 

scheduled to receive twice the in-
vestment under the current five-year 
plan that they did during the 

previous one. For computer activi-
ties alone, $136 million will be 
dished out between 1971 and 1975— 
six times the previous budget. In the 
consumer electronics sector, the Pol-
ish government plans to increase the 
output of consumer goods by 42% 
during the five years, in contrast to 
the 36% increase during the preced-
ing half-decade. 
Computers are spotlighted in Po-

land's electronics world. The coun-
try is probably second only to the 
Soviet Union in the number of com-
puters used among the countries of 
Comecon, the East Europe trading 
bloc that includes Poland, East Ger-
many, Czechoslovakia, Hungary, 
Rumania and Bulgaria. About half 
of the computers are of Western ori-
gin, but the country is cranking up 
its own production, with the first 
third-generation machine due off 
the assembly line this year—and 
production goals are ambitious. 

Poland already has developed a 
few specialties of its own. Polish-de-
signed marine radar equipment is 
being used on Western ships, as well 
as by East Bloc fleets. The Poles 
have also been highly successful 
with communications gear and com-
puter components, especially mag-
netic tape heads, which have also 
been exported to the West. 

In the more sophisticated areas of 
electronics, Polish authorities are 
building on expertise furnished by 
Western countries. This reliance is 
in sharp contrast to the go-it-alone 
attitude of other Communist Bloc 
countries [Electronics, May 22, p. 
81]. The Poles are employing tech-
nology agreements with the United 
Kingdom for computers, France for 
integrated circuits, West Germany 
for phonographs, and The Nether-
lands for Tv tubes. 
With the emphasis that the War-

saw government is giving Poland's 
light industry, Ryszard Kujalnik, 
head of Unitra's advanced design 
and development department, is 
confident that electronics industries 
will achieve their production goals, 
enabling them to approach the pro-
duction posture of West Europe in 
recent years. 

Export phase. Unitra's Kujalnik, 
an unassuming man of 47, says: 
"We are now in the second phase of 
our electronics efforts. The first, 
which ended only recently, was de-
voted to satisfying the basic needs of 
our country. The second phase will 
stress exports and across-the-border 
cooperation." 
As for exports, Unitra is already 

beginning to chalk up big sales 
abroad. Of the combine's total pro-

Entertainment electronics. At the Fonica plant in Lodz (below), production of consumer electronics is increasing 18% annually. 



POWER SUPPLY 
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All 51 models in our OEM series qualified for UL listing. 
Every one: from 4 to 32 volts, from 0.9 to 36 amps. That's 
another big bonus to boost your confidence in our OEM 
power supplies. Proven in actual use, now they're proven 
through UL's exhaustive testing for cool operation and 
safety requirements. 

Yes, these are our low-priced units. But you still get 
0.1% regulation, reliable overload protection, stability, 
versatile mounting, off-the-shelf delivery, and our "guar-
anteed forever" performance. All the dependability you 
always get with any ACDC power supply. So follow UL's 
lead and make us big on your list. 

acute electronics inc. 
Oceanside Industrial Center, Oceanside, California 92054, (714) 757-1880 
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duction—around $650 million this 
year—nearly 20% will be sold on for-
eign markets, says technical director 
Jerzy Bilip. 
The Mera combine employs 

40,000 people in computer, automa-
tion, and measuring-equipment 
manufacturing. The company's pro-
duction goal is to increase sales 
from 8.16 billion zloty this year to 
12 billion zloty by 1975, that is, 
from $221.8 million to $315.2 mil-
lion, a 42% rise over the next four 
years. For data processing alone, 
however, the increase will be much 
steeper-302%. 
"By far the biggest benefactor 

from increased investments in elec-
tronics will be the components sec-
tor," says Kujalnik. No less than 
80% of what Unitra will spend in its 
1971-1975 expansion and modern-
ization program is slated for compo-
nents—two-thirds for active devices, 
primarily integrated circuits, and 
one-third for passive devices. 

Unitra has produced a million in-
tegrated circuits thus far, claims Bi-
lip. These are digital types, made by 
Russian fabrication techniques. 
These epiplanar ics, called Logika 
2, are for industrial applications and 
are roughly equivalent to the West's 
SN series. Of Polish origin are cir-
cuits based on thin-film, thick-film, 
and hybrid techniques. 
Next year, France's Sescosem will 

supply Poland's devices and digital 
lc makers with technological assist-
ance for production. Next year, too, 
should see the start of mos device 
fabrication in Polish factories. 

Linear la, supplied by another 
arm of Thomson-CSF, are now being 
used in commercial equipment such 
as TV monitoring gear, and they 
should turn up in Polish consumer 
electronics next year. The develop-
ment of advanced components, such 
as liquid crystals, and gallium-arse-
nide devices, are carried out at four 
Unitra-associated institutes—the in-
stitutes for semiconductor materials, 
for technology, for application, and 
for semiconductor-production 
equipment. 
A sector-by-sector assessment of 

Polish electronics clearly shows 
computers to be the leader. Both the 
level of technology achieved and the 

number of systems in use are im-
pressive by Eastern standards. Offi-
cials of Mera, the data-processing 
and automation-equipment com-
bine, report that 758 digital ma-
chines are now operating in Poland. 
Counting minicomputers, analog, 
and hybrid machines, the number is 
twice as high. 
Of the digital systems now oper-

ating, about half are of foreign ori-
gin, with Western firms like the In-
ternational Business Machines 
Corp., Honeywell Corp., and above 
all, Britain's International Comput-
ers Ltd., supplying a substantial 
number. And there's still a need for 
more digital systems from the West. 
"Imports of Western systems," says 
a Mera man, "will rise along with 
installations of our own computers." 

Poland's continuing need for sys-
tems from abroad should not be 
construed to mean that the country 
hasn't developed a computer capa-
bility of its own. To be sure, much 
help has come in the past from Brit-
ain's ICL. In fact, Poland's Odra 
model 1304 computer is based on 
the ICL 1900 series. 
The Poles are wasting no time in 

getting their new systems off the 
production lines in their 5,000-man 
Elwro computer plant in Wroclaw, 
Silesia. This year, Poland will intro-

duce its first domestically designed 
third-generation computers—the 
Odra 1305, a general-purpose cen-
tral processor, and the Odra 1325, a 
process-control system. 
Of the Odra 1305, 25 systems will 

be built this year, and twice that 
number in 1973. The production 
target for the Odra 1325 is 30 sys-
tems in 1972; for 1973, the figure 
will be 100. The long-term produc-
tion goal for Odra models 1304, 
1305, and 1325 is for 500 to 600 ma-
chines during the 1971-1975 period. 
Above that, the Poles will produce 
the Soviet Union's third-generation 
Rjad R-30—five to six systems this 
year and from 15 to 20 in 1973. 
The 1305 computer is a medium-

size machine roughly equivalent to 
Britain's ICL 1904. The software in-
cludes the Plan, Cobol, Fortran, Al-
gol, CSL, and Simon languages and 
a large library of programs for plan-
ning, production management, con-
trol, and scientific and engineering 
calculation. 

Functionally, the Odra 1305 con-
tains two processors plus consoles. A 
ferrite core memory common to 
both processors consists of up to 
four blocks of independently oper-
ating entities, each block having a 
capacity of either 32,768 or 65,536 
words. The maximum capacity is 

How Poland's electronics industries grew 

Poland's coming of age in electronics has been a decades-long uphill 
struggle, Unitra's Ryszard Kujalnik recalls. Before World War II. there 
wasn't much industry, except for a few communications houses and several 
foreign-owned subsidiaries of such companies as Holland's Philips and 
Germany's AEG-Telefunken. After the war, which left Poland devastated, 
there was even less of a base for electronics activities. 

Not until the late 1940s did a group of 110 people or so—Kujalnik, then a 
young engineer fresh out of college, was one—form the nucleus of Poland's 
electronics industries. First priority went to restarting the broadcasting net-
works and conventional communications lines. Only slowly could electron-
ics people turn to more sophisticated gear. Now, some 20 years later, Po-
land boasts of an electronics sector employing about 120,000 people. And 
production facilities are expanding. 
The new plants, such as the Meramat computer components plant on the 

outskirts of Warsaw, exude an air of freshness: the test equipment is up-to-
date, the work areas are sparkling, and most of the technicians and engi-
neers don't seem to be more than 30 years old. 

Outside, workmen are adding yet another building to the complex, which 
has become too small to meet the production targets for the next few years. 
Meramat's expansion activities, repeated at plant after plant across the 
country, belie the notion that Poland is mainly a farming society. Zdizislow 
Lapinski, Meramat's general director, boasts that there'll be an eight-fold 
rise in output of line printers by 1975—to 1,600 units—and a doubling of 
magnetic tape head production by next year, to 60,000 devices. Spectacu-
lar spurts are targeted for other computer products too. 
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thus 256,000 words. The 1305 has a 
cycle time of 1 microsecond. Either 
Polish-made or 1GL-designed pe-
ripheral equipment can be used 
with the machine. 
The other machine, the Odra 

1325, is intended for remote control 
of industrial processes and for scien-
tific applications. It is a small-to-me-
dium computer with multiprogram-
ing capability. Technically, the 1325 
checks in with a working store cycle 
time of 1 microsecond and a storage 
capacity of 8,192, 16,384, and 32,768 
24-bit words. Elwro's K202, a mini-
computer intended for industrial-
control purposes is expected by 
Mera officials to find customers in 
Western countries. 
Computer components. Western 

markets are also opening up for Pol-
ish-made computer components in a 
fairly big way, especially for the 
magnetic tape heads made at Mera-
mat. Half of all foreign orders, re-
ports Zdzislaw Lapinski, general 
manager of Meramat are from 
Western countries: So big are these 
orders that he says demand is out-
stripping his plant's capacity by 
three to four times. Not surprisingly, 
output of the tape heads-30,000 
this year—will be doubled in 1973. 
Fully 80% are for exports both to 
East and West. 
The success of Meramat's tape 

heads is based on the ferrite mate-
rial used for their magnetic circuits. 
That material is made by a proprie-
tary process that assures high mate-
rial uniformity, hardness, and resist-
ance to wear of the head faces. 
Except for saying that "the material 
is especially dense," Lapinski de-
clines to reveal details of the pro-
cess. 

Lapinski is not tight-lipped on the 
unit's performance characteristics, 
though. Crosstalk, he says, is only 
0.5%, which compares with 2% typi-
cal for Western-made heads using 
permalloy material. Compatible 
with IBM dual-gap heads and con-
forming to International Standards 
Organization standards, a typical 
Meramat unit such as the GPT-3z 
handles nine-track, 1/2 -inch magnetic 
tape with a recording density of 800 
bits per inch and a speed of 3 meters 
per second. The reading voltage is 

15 millivolts peak-to-peak, and the 
writing and erase currents are 80 
and 55 milliamperes, respectively. 
The conglomerate also makes 

magnetic-tape handlers, as well as 
heads for drum memories and line 
printers. And "under preparation" 
at the 2,200-man firm is a cassette-
type recorder for industrial and con-
sumer applications. 

Polish expertise. The Poles also 
have to their credit considerable ex-
pertise in communications. As frank 
as Kujalnik is in pointing out defi-
ciencies in Ics, he exhibits as much 
pride in the strengths of commercial 
radio and radar equipment. In addi-
tion to the marine radar gear sup-
plied to East European fleets, an 
automatic radio direction finder 
having an accuracy within 0.5° is in 
full production and also seems des-
tined for export. The unit, ARC 
1402, features simple operation, 
with the direction of the received 
emitter station automatically indi-
cated by digits without the need to 
specify the beacon's sides. 

For all their emphasis on comput-
ers and commercial equipment, the 
Poles aren't neglecting consumer 
electronics. At Unitra's Zelos factory 
at Piaseczno, a few miles outside the 
Polish capital, black-and-white iv-
tube production is going on at a fe-
verish pace. The 2,700-man plant is 
the country's only TV tube manufac-
turer. 

Poland's black-and-white Tv satu-
ration level now stands at 140 sets 
per 1,000 people, and Zelos' general 
manager Ryszard Witkowski figures 
that the demand will keep up at 
least through 1978. After a two-year 
stable-production period ending in 
1980 or so, his plant's black-and-
white tube output should drop be-
cause of color-tube production. 
Black-and-white sets now sell for 
$150 to $285, depending on model. 

Zelos supplies its wares primarily 
to the country's two set assembly 
plants—one in Warsaw, the other in 
Gdansk. Output is expected to 
climb to a million tubes next year 
from 850,000 this year. In 1975, 1.2 
million tubes are scheduled to leave 
the factory. Between 18% and 22% 
of Zelos' production is exported to 
such Western countries as England, 
France, and West Germany, where 
monochrome tube production is 
being throttled because of increas-

On record. The growing production of 

phonographs is typical of Poland's turn to 

consumer electronics. 

ing color tube production. 
Zelos' production program in-

cludes nine types of picture tubes 
with screen diagonals from 14 to 24 
inches and with deflection angles 
from 70° to 114°. This year, produc-
tion was started for rectangular 
tubes with screen diagonals of 12 to 
16 inches for portable receivers. 
Much of Zelos' production equip-
ment is Corning Glass-supplied. 
Philips, from whom a license was 
bought in 1959, supplies the Tv tube 
production knowhow. Production, 
which started a year later, has now 
reached a total of 7.5 million units. 
Of these, 1.5 million have been sold 
abroad. 

Other consumer products. An-
other deal involves production of 
phonographs under license by West 
Germany's AEG-Telefunken. Ini-
tially, these phonographs, produced 
at Fonica, a 3,000-man plant and a 
member of the Unitra group, were 
exported to West Germany to pay 
for the manufacturing knowhow the 
German firm supplied. With that 
expertise now acquired, Fonica is 
producing the equipment for Polish 
consumption. 

Fonica's production of record 
players and chassis of both foreign 
and in-house design is about 
600,000 units a year. One quarter of 
the plant's output, valued at $30 
million for 1972, is exported. Lodz, 
about 75 miles southwest of War-
saw, expects annual production in-
creases of between 16% and 18%. D 

This report completes the Electromcs survey of the East 
Bloc countries A comprehensive analysis of the other 
countries in the Comecon group was published in the May 
22 issue 
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FROM THE POWER HOUSE 
Dual and Triple Output OEM Power Supplies 
The most economical power/cost ratios in the power supply industry are now available in 16 new multiple 
output power supplies. These new units are specifically designed for computer, peripheral and instrument 
applications. 
The same high quality components, low manufacturing costs, proven engineering design, reliability and 
economy incorporated in our highly successful single output OEM Series are here now in our new multiple 
output series and that means multiple satisfaction! We do it better for less, that's why Powertec is the leader 
in the OEM business. EXCLUSIVE FEATURES: Reliability • Economy • Proven Engineering Design • Low 
Manufacturing Costs • High Quality Components. 

MODEL 
NUMBER 

OUTPUT POWER 

OUTPUT #1 OUTPUT #2 OUTPUT #3 

100 PIECE ** 
PRICE 

2K - DUAL OUTPUT 2K15D-1 3 + 12V, 15A or + 15V. 1.3A - 12V, 1.5A or - 15V, 1.3A NA 

* 2K5D-3.0 5V, 3.0A or 6V, 2.5A 5V, 3.0A or 6V, 2.5A NA 

Depth - 2.50 * 2K5, 15D 5V, 3.0A or 6V, 2.5A 12V, 1.5A or 15V, 1.3A NA 
Width - 7.87 
Height - 4.00 * 2K5, 24D 5V, 3.0A or 6V. 2.5A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A NA 

$37.00 
2L - DUAL OUTPUT 2L15D-2.8 + 12V. 3 OA or + 15V, 2.8A - 12V. 3.0A or - 15V. 2.8A NA 

* 2L5D-6.0 5V, 6.0A or 6V, 5.0A 5V, 6.0A or 6V, 5.0A NA 

Depth - 2.75 *2L5, 15D 5V, 6.0A or 6V, 5.0A 12V, 3.0A or 15V, 2.8A NA 
Width - 9.38 
Height - 4.88 *2L5, 24D 5V, 6.0A or 6V, 5.0A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A NA 

$65.00 
2R - TRIPLE OUTPUT 

2S - TRIPLE OUTPUT 

2R-707 + 12V, 1.5A or +15V, 1.3A - 12V, 1.5A or - 15V, 1.3A 5V, 6.0A or 6V, 5.0A 

*2R-72T 5V, 3.0A or 6V, 2.5A 12V, 1.5A or 15V, 1.3A 5V, 6.0A or 6V, 5.0A 

Depth - 2.87 *2R-74T 5V, 3.0A or 6V, 2.5A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A 
Width - 11.00 
Height - 4.88 * 2R-76T 12V, 1.5A or 15V, 1.3A 18V, 1.0A or 20V, 1.0A or 24V, 1.0A 5V, 6.0A or 6V, 5.0A 

$69.00 

Depth 
4.00 

Width 
15.00 

Height 
4.88 

2S-140T + 12V, 3.0A or + 15V, 2.8A -12V, 3.0A or - 15V, 2.8A 5V. 12A or 6V, 8.0A 

* 2S-142T 5V, 6.0A or 6V, 5.0A 12V, 3.0A or 15V, 2.8A 5V, 12A or 6V, 8.0A 

*2S-144T 5V, 6.0A or 6V, 5.0A 18V, 2.0A or 20V, 2.3A or 24V, 2.3A 5V, 12A or 6V, 8.0A 

*29-146T 12V, 3.0A or 15V. 2.8A 18V, 2.0A or 20V. 2.3A or 24V. 2.3A 5V, 12A or 6V. 8.0A 

$119.00 
All outputs are floating, can be connected in any common configuration unless otherwise noted. Other voltages and currents available. consult factory for price and delivery. 

*NON-STOCKED **For quantities other than 100, contact factory. 

SPECIFICATIONS: INPUT: 115VAC ±10V, 47-63 Hz • REGULATION: Line ± .25% , Load ±.25% • RIPPLE: 
1mv RMS 5 & 15V • RESPONSE: 50 itsec typical • TEMPERATURE: 0°C to 40°C derated to 71°C • O.L. 
PROTECTION: Current limit/foldback • Optional OVP available. DELIVERY: stocked models within 24 hours, 
30 days for others. 
Incidentally, if you don't see your exact model on the chart, we'll build an OEM multiple from stocked 
subassemblies in any voltage/current combination. Give us a call and we'll be glad to quote within 24 hours. 
Stay within the same size and power rating, and the price won't change. 

POVVERTEC INC. an Ai rtronics Subsidiary 
9168 DeSoto Ave., Chatsworth, California 91311. (213) 882-0004 • TWX (910) 494-2092 
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Table Travel 
Speed: 400 ipm 
each axis. 
High-torque, high-speed, low 
inertia servo motor driven by 
General Automation computer 
provides instant acceleration 
for unmatched production. 

Drill Hit Rate: 
200/m in. 
Quality holes on 0.25-inch 
movement with 3-high stacks 
and .002 chip load. 

Spindle Motor 
Speed: 45.000-
80,000 rpm. 
Air-bearing, AC variable-fre-
quency motor exceeds practical 
limits of ball bearing motors.   

Spindle Feed 
Rate: 20-250 ipm. 
Constant feed rate accuracy to 
within 2.0% of setting. Stroke limit 
adjustable in 0.001-inch increments. 

ExcelIon marks a new era 

in p.c. drilling. mark III 

We've had more than our share of 
advancements over the years. 

Like the first multiple-spindle manual 
drilling machine, the Quad-Drill. That was 
in 1963. 

In 1965, we introduced the Quadramatic 
tape machine. It was the first to use a 
granite base and a unique, 2-position 
shuttle plate. 
We introduced the Accumatic, with the 

first granite ways and free-floating granite 
table, in 1968. It increased the going 
spindle rates from 21,000 rpm to 80,000 
rpm. It increased hit rates from about 
45 per minute to 120 per minute. 

ExcelIon 
IBURIMP 

Computer-directed NC 
utilizing General 
Automation SPC-12/15. 

fa • • 
e e 
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Step and repeat, mirror image, automatic 
rewind. Handles variety of code formats and is 
plug-compatible with central computer. 

Automatic 
Drill 
Changer. 
Selects from 12 drill 
sizes on computer 
command. No drillinç 
area sacrificed. 

The fact is, when we added up the 
knowledge we'd gained from our 
successes, (and failures), we had all the 
makings of a major breakthrough. 
The Mark Ill, controlled by General 

Automation's SPC-12/15. 
Compare its performance with any 

other drilling machine made. We think 
you'll agree it makes 1972 the beginning 
of a new era. 
And while you're at it, investigate 

Excellons world-wide drilling industry 
supply and service capability. 

Call or write Dick Hogan, Sales 
Manager. His number is (213) 325-8000. 

EXCELLON INDUSTRIES 

23915 GARNIER / TORRANCE. CALIFORNIA 90505 

Phone: (213) 325-8000 

Telex 674562 — Cable EXCELLON Torrance 

Excellon Sales and Service in ENGLAND • FRANCE • SCANDINAVIA • W. GERMANY • SPAIN 
HOLLAND • ITALY • ARGENTINA • ISRAEL • AUSTRALIA • HONG KONG • TAIWAN • JAPAN 
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Probing the news 

Commercial electronics 

Point-of-sale rings up $$ 
Store executives like the convenience and efficiency of point-of-sale 

equipment, but they grumble over lack of standardization by suppliers 

by Gerald M. Walker, Consumer Editor 

"Anyone who buys an electrome-
chanical cash register now, instead 
of an electronic point-of-sale termi-
nal, is investing in obsolescence." 
This is the view stated by one retail-
store EDP manager and espoused by 
many others. The expected growth 
in this relatively new electronics in-
dustry segment has begun. 
This year, the market for p-o-s is 

estimated at $74 million and that 
figure is expected to reach $390 mil-
lion by 1976 (see Electronics, July 
31, p. 22). Several large retailers al-
ready have passed through the trial-
and-error period to all-out conver-
sion of cash registers to point-of-sale 
terminals, particularly in new stores. 

P-o-s users are generally satisfied 
because the hardware has per-
formed as promised, and the soft-
ware—data collection systems to 
track sales transactions—has pro-
vided more and better information 
than previously was possible with 
the best electromechanical ma-
chines. Although installation cost 
represents a heavy investment, this 
is expected to be amortized by pro-
viding greater control over inven-
tory, increasing sales-force produc-
tivity, and improving credit 
verification and billing efficiencies. 

Essentially, the p-o-s system in-
volves registers that capture all per-
tinent data involved in a sales trans-
action by reading a coded tag and 
picking up keyboard input from the 
sales clerk. This input is either col-
lected on magnetic tape and fed to a 
central data collection computer via 
telephone lines or partially pro-
cessed in a stand-alone unit. 
Although some 25 companies are 

competing for point-of-sale busi-
ness, retailers agree that less than 10 
manufacturers will become domi-

nant suppliers—perhaps only five. 
Despite their general satisfaction, 

retailers have specific complaints 
about the point-of-sale systems. The 
lack of equipment compatibility 
among contending manufacturers is 
the most persistent gripe. Lack of 
standards on hardware, coding, and 
procedures from one supplier to an-
other has forced some stores to de-
pend on a single source, once they 
decide to buy that company's equip-
ment. There is little prospect that 
standards will be set soon, despite 
the efforts of the National Retail 
Merchants Association and the Na-
tional Bureau of Standards to come 
up with guidelines. 
Other recommendations include 

more flexible terminal keyboards 
with full alphanumerics and special-
function keys, more extensive soft-
ware and, because wiring is one of 
the largest expenses in conversion, 
wireless transmission from terminal 
to data collector. 

Ideally. One discount-store execu-
tive says that he would like to be 
able to combine features from a 
handful of manufacturers: the pro-
gramability of one, the training aids 
of another, the credit-check capabil-
ity of a third, and the back-office 
system of a fourth. But, another 
newcomer to point-of-sale com-
ments: "It's like buying a new car. 
Next year's model will always have 
something you want. We need the 
terminals now. However, we will 
continue to evaluate suppliers." 
As important as hardware fea-

tures are, it's software support, 
maintenance capability, and over-
all financial stability of the supplier 
that will determine success in the 
market. "The best-designed circuits 
may not get very far if the manufac-

turer is not prepared to back his 
equipment up with field service-
men," says Morton Weitz, vice pres-
ident of management information 
of Korvettes, New York City. 
Though Weitz's evaluation of 

manufacturers is intended to min-
imize risks, Korvettes has entered 
point-of-sale systems in a gutsy 
fashion by converting the most diffi-
cult stores first. Rather than singling 
out a relatively safe, quiet suburban 
store, Weitz has chosen to take the 
plunge in the high-pressure cookers 
of New York City. His reason: "If it 
works in New York City, it'll work 
anywhere. I'd much rather see the 
equipment perform under combat 
conditions than at Walden Pond." 

Korvettes is evaluating three sys-
tems at three different New York 
City stores. At one store, there are 
90 free-standing terminals made by 
the Singer Co., New York. At a 
smaller store, 45 terminals from Pit-
ney-Bowes-Alpex are tied to a dedi-
cated minicomputer. This month, a 
third Manhattan store will go on-
line with 90 free-standing terminals 
from National Cash Register Co., 
Dayton, Ohio, serving a mini-
computer data-collection setup that 
also handles a central credit veri-
fication plan for both a bank card 
and Korvettes' credit card. Even-
tually, the giant discount chain will 
need 2,500 terminals in 22 different 
locations on the East Coast. 

Unlike Korvettes, Montgomery 
Ward & Co., Chicago, began its pi-
lot runs outside a city. After starting 
a small program in 1970 at Lima, 
Ohio, Montgomery Ward added 14 
trial terminals during August 1971 
in a small-town store in Illinois. To-
day, however, the firm has about 
1,000 terminals—all from NCR—in 
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30 stores. Even without adding new 
stores, Montgomery Ward will con-
vert 10,000 to 15,000 standard cash 
registers to p-o-s terminals during 
the next seven to eight years. 
At the May Co., in Los Angeles, 

William DeBoer, general credit 
manager, says that after a year and 
a half of developing the system, the 
store has what "we believe to be the 
fastest credit authorization in South-
ern California," thanks to the TRW 
System 4000. It takes three seconds 
to get a "yes" or "call central credit 
office" back to the selling floor after 
the clerk punches in the credit card 
number on the terminal keyboard 
and requests authorization. "This 
allows us to authorize all credit sales 
regardless of the amount, since a 
significant number of our losses 
were the result of charges made on 
low-dollar sales," says DeBoer. 
One of the first p-o-s installations 

in the country is at Kaufmann's, a 
May Co. division in Pittsburgh, Pa. 
It has 700 Uni-Tote terminals made 
by American Totalisator Co., Tow-
son, Md., in use in five stores— 80 to 
85 in branch locations, and the rest 
in one downtown installation. In the 
two years the equipment has been 
in full use, hardware failures have 
been minimal. At first, Uni-Tote 
handled service, but as the number 
of terminals grew, Kaufmann's 
hired its own service crew. 
One of the newest p-o-s installa-

tions is the 180-plus terminal system 
put on-line by Gimbel Bros. Inc. last 
February at its newest store in New 
York, Gimbels East. The store uses 
Uni-Tote terminals and data collec-
tors, but provides its own credit ver-
ification system. The weak link, says 
Edward A. Strobin, director of man-
agement information services, is the 
telephone service between the store 
and the data collectors. 

Strobin says that the installation 
at Gimbels East was simplified be-

Spicing sales. On line at Rink's, Hamilton, Ohio, is an array of SPICE (sales point informa-

tion computing equipment) registers made and marketed by Pitney Bowes-Alpex. 

cause of programing assistance from 
Gimbels in Pittsburgh, which had 
been using p-o-s equipment for 
more than a year before the New 
York store started planning. Strobin 
reports, "We did need to modify 
some of the reports used in the other 
store, but at least we didn't have to 
go from ground-zero." 

Full alphanumeric printing is one 
of the features that gets high praise 
from James Gray, director of man-
agement information systems for 
Bullock's Magnin Co., Los Angeles. 
Using terminals from American 
Regitel Corp., San Carlos, Calif., a 
clerk can fully describe merchandise 
on the sales check without hand-
writing. "We can pretty much dic-
tate what we want, especially when 
the manufacturer is small," says 
Gray. As a consequence, the Regitel 
system is "pretty much customized 
to our specifications." 
A similar step was taken by 

Bloomingdale Bros. of New York 
when it set up a trial system, tai-
lored to specifications, in its Stam-
ford, Conn., store near supplier Pit-
ney-Bowes-Alpex. Now 90 terminals 
are on-line, and the next step is to 
add another 60 to 70 terminals in 
the New York City store. Even-
tually, 800 or more terminals will be 
needed. 

It pays. Although 50 terminals in 
28 Hahn Shoe stores near Washing-
ton, D.C., were operating in 10 
months after the initial concept, Ar-
thur Boyle, Hahn data processing 
manager, says that the next 150 or 
so terminals planned by the firm 
can be installed in a year. After 
evaluating most of the manufac-
turers, Hahn chose Singer equip-
ment, and he expects to realize a 
seven-year pay-back on the 
$700,000 investment. 
Another Singer user in the Mid-

west has vowed to buy nothing but 
electronic registers from now on. 
The discount stores in this nation-
wide group saw the light, says the 
manager of systems planning, when 
one store generated 270 miles of 
punched paper tape during one day 
of Christmas shopping. That kind of 
load was putting too much strain on 
the data processing equipment in 
the back office accounting depart-
ment and convinced the firm that 
electronic point-of-sale was the only 
way out of a massive bottleneck. D 



CA3146AE 
CA3146E 

We've UPPED our VcE0 to 40 volts... 
to give you flexibility with extra muscle 

We've taken our already popular 
CA3018, CA3046, CA3083 transis-
tor arrays and upped their VcE0 rat-
ings from 15 volts to 30 and 40 volts. 
The new CA3118AT, CA3118T, 
CA3146AE, CA3146E, CA3183AE, 
CA3183A now bring you a new level 
of design flexibility in our widely ac-
cepted line of monolithic transistor 
arrays. 

They offer a broad variety of con-
figurations — Darlingtons, differen-
tial amplifiers and uncommitted tran-
sistors — for communication, con-
trol, and instrumentation equipment. 
High-current types CA3183E and 
CA3183AE offer capability up to 75 
mA. 

If compact, economical design 

and high voltage are important to 
you . . . use these new RCA arrays, 
CA3100 Series. They're the logical 
choice for lamp and relay drivers, 
thyristor triggering, and for most sig-
nal processing and switching systems 
from DC to 120 MHz. (If VcE0 to 
15 volts meets your requirements, 
specify the standard CA3018, 
CA3018A, CA3045, CA3046 or 
CA3083.) 

If you have been using discretes, 
take advantage of RCA's unequalled 
experience in the design and manu-
facture of high-quality transistor 
arrays. If you've been voltage- or cur-
rent-limited by previous arrays — 
check RCA's six new types now. 

For more information see your 

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 
3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited, Ste. Anne de Bellevue 
810, Quebec. 

RCA Representative or your local 
RCA Distributor. All types are avail-
able from stock in quantity for new 
designs. For technical data, write 
RCA Solid State, Section 70 H 14 
Box 3200, Somerville, N.J. 08876. 

Type VCEO 

IC 
(max.) 
mA Package 

Price 
(1000-unit 
level) 

CA3118AT 40 

CA3118 T 30 
CA3146AE 40 

CA3146E 30 

CA3183AE 40 
CA3183E 30 

so 12L TO-5" 81.40 

50 12L TO-5• .98 
50 14L DIP• • 1.40 

50 14L DIP" .98 

75 16L DIP• • 1.50 

75 16L DIP" 1.25 

*Operates over full military temperature 
range of -55°C to 125°C 

••Operates over ambient temperature 
range of -40°C to +85°C 

il Solid 
State 

products that make products pay off 
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Commercial electronics 

Technology scores Olympic firsts 
At Munich, new electronics for measuring, computing, and displaying results 

will speed compilation of statistics and announcement of victors 

by John Gosch, Frankfurt bureau manager 

The summer Olympics in Munich 
will not only be a mammoth sports 
festival—it will also celebrate several 
technology firsts. Besides doing its 
traditional job of spreading the 
words and the pictures around the 
globe, electronic equipment will 
take on the evaluation and display 
of results, as well as assuming the 
basic functions of timekeeping and 
distance-measuring. 

For the first time during an 
Olympic games, data-processing 
equipment will operate on-line, and 
many scoreboards will be computer-
controlled. The systems will keep 
track of everything that happens in 
the 196 events of the 21 Olympic 
sports. Infrared beams will replace 
tape-measures, electronically con-
trolled cameras will replace stop-
watches, and microswitches will as-
sure that competitors are timed with 
the smallest margin of error. 

In previous Olympics, computers 

have been used as decentralized sys-
tems to tabulate decisions of the 
judges. This time, however, comput-
ers will accept electronically ob-
tained data right at the contest areas 
and process it in real time. 
The Munich computers will also 

handle the results coming from 
Augsburg, site of the canoeing 
events 30 miles away, and from the 
North German city of Kiel, where 
the yachting competitions will be 
held. Further, results will be distrib-
uted to the scoreboards at Munich's 
Oberwiesenfeld Olympic grounds, 
as well as to display systems spotted 
around the city. Computers will also 
answer queries relating to any 
Olympic competition since 1896, the 
year of the first modern games. 

Like the athletes, the electronic 
equipment at Munich's Oberwiesen-
feld stadiums comes from many 
parts of the world. Not surprisingly, 
though, most is furnished by West 

Germany, and Munich-based Sie-
mens AG, the biggest German elec-
trical and electronics equipment 
producer, out-supplies all other 
firms. Helmut Becker, chairman of 
the Siemens committee responsible 
for the company's Olympics-related 
activities, reports that the firm has 
received nearly $22 million worth of 
primary contracts. 
Siemens data-processing equip-

ment constitutes the largest single 
electronics installation at the games. 
It has two configurations, the real-
time competition-results system, 
built around three 4004/45 proces-
sor models, and the sports memory 
and retrieval system, which uses two 
such processors. One computer in 
each system is a standby. 

Results. The basic job of the re-
sults system is to assure that journal-
ists, spectators, radio listeners, and 
TV watchers get the latest scores. 
This system will also help produce a 

Infallible decision. Photo-finish cameras, developed by Junghans GmbH, will replace stopwatches for the first time in Olympic competition. 
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and how it saves you money on your mini. 
Discover the all-new SPC-16 family of 

minicomputers. The first minis to save you 
substantial money in system implementa-
tion. They're from General Automation ... 
the fast-growing, pace-setting mini maker. 

In overall performance, SPC-16's run 
circles around those other two brands of 
minis you've heard so much about. With 
features like the industry's most powerful 
addressing scheme, including base relative 
addressing. Exclusive pre- and post-index-
ing. And eight (16 optional) true general 
purpose registers that can save you up to 
4K (about $2500 worth) of core. Another 
plus is a unique one word Load All Regis-
ters/Store All Registers capability. And 
much more. 

Including the right price, the best quan-
tity discounts in the industry and the easiest 
OEM buying policy of all. 

SPC-16's are available as I/O and mem-
ory-integrated models for dedicated in-
house applications. Or as unbundled ver-
sions for OEM users or large system appli-
cations requiring up to 65K of memory. Six 
models in all, in three speeds. 
No other minis come close to SPC-16's 

in giving you so much 
your money. Give 
us a benchmark, 
we'll prove it. Mean-
time, send today 
for a detailed bro-
chure. 

GENERAL AUTOMATION, INC. loss So. East Street, Anaheim, Ca 
'Discover The Value Of Power' 

performance for 

92805 (714) 778-4800 TWX 910-591-1695 
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Get a clock driver free...with each 
Static Shift Register you order. 

It's built right into the chip. Every 
2500 Series MOS static shift 

register comes off Signetics' 
production line with its own 
on-board clock generator. 

Plus a real windfall 
of other major 
improvements. To 
help lower total 
systems cost, and 
make the parts 

easier to use. 

Usability at a reasonable price. 
That is what you've been after. And usability runs in 
the family of Signetics new MOS static shift registers, 
the most complete collection in the field. 

Operating from DC up to 3 MHz, these optimized 
devices eliminate minimum frequency headaches. Go 
right down to DC without adding extra logic. 

And because the Signetics line can be treated like TTL 
itself, no level shifters are necessary at either input or 
output—again lowering your overall component count 
and cost. Just as the built-in clock generator demands 
no expensive high-level clock drivers. 

Power requirements are standard 5V, 12V. And 
you recirculate data without external logic. 

Signetics 1024-Bit Static Shift Register 

For the first time, with the 1024-bit static shift register 
you can have the benefit of easy-to-use static shift 
registers for long bit length applications. And, a 
dual-128 for 128 column printers, or a quad-80 for 
80 column CRTs. 

Combine the on-board clock generator, with TTL 
compatibility and the wide range of bit density (from 
50 up through 1024), and you've got more flexibility to 
work with, in both design and application, than you 
ever hoped to find in static shift registers. 

MIIIPIRIMMO ../.711/1111r4M,M I..1r 7TM.WilrereTrel 

1024x 1 8 pin 2.0 $9.90 2533V 

Quad 80 16 pin 
2.0 Ili eLli 25325 

Dual 256/250/240 8 pin 3.0 4.80 2527/28/29V 

Dual 128/132 8 pin 3.0 4.50/4.00 2521/22V 

Hex 32/40 16 pin 3.0 4.00 2518/195 

Dual 200/100/50 14 pm 3.0 5.00/4.00/3.00 2511/10/09A 

You save on parts, on engineer ng no longer required. 
Yet end up with maximum memory on the board, at 
minimum cost in time, space and dollars. 

Write Signetics for our helpful MOS Wall Chart and 
new Handbook, which organize the specs, technical 
data, and applications of all our MOS memory 
products—the broadest, most versatile line of static 
shift registers ever put on distributors' shelves, as well 
as optimized RAMs and ROMs. 

Signetics/MOS 
811 E. Argues Avenue 
Sunnyvale, California 94086 
(408) 739-7700 

Please send us your MOS Wall Chart and new Handbook, 
with complete technical and applications data on 
Signetics user-oriented static shift registers. 

Name 

Title 

Company 

Address 

City State Zip 

Telephone 
e 

StanetIcs Corporal, on—a subsIdlary of Gomm; Glass Works 

SigrIntiC5 
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several-hundred-page final report 
on the 1972 Olympic Games within 
hours after they are finished. 
About 300 teleprinters are tied in 

with the results system and used as 
terminals at the competition areas 
in the three Olympic cities. Data 
communication is via 5,400 miles of 
dedicated telegraph circuits, having 
transmission speeds between 100 
and 1,200 bits per second. 
At the contest areas, the terminals 

accept the results from judges and 
referees and feed them to the com-
puter system. However, in some 
events, data is entered automatically 
from sensors. In the swimming 
events, for example, inputs come 
from foot- and hand-actuated tim-
ing devices that are closed when a 
swimmer applies pressure to the 
touch-finish strips at either end of 
the pool. 
One of the competition-results 

computers controls the two-way 
communications with numerous ter-
minals, thus replacing scores of mes-
sengers. The second computer pro-
cesses the results: when fed an 
athlete's number and performance, 
it determines his name and nation-
ality for presentation on the score-
boards and other displays. The ma-
chine also computes the placings of 
competitors, notes who qualifies for 
the subsequent events, and works 
out team competition tables. 
The other Siemens EDP installa-

tion, the two-computer sports 
memory and retrieval system, 
dubbed "Golym," stores hundreds 
of thousands of Olympics-related 
bits of information in eight data 
pools to which journalists and sports 
fans have access via 72 terminals. 
One pool contains all personal data 

such as name, date of birth, nation-
ality, height, weight, and victories of 
some 15,000 athletes and sports offi-
cials. Other pools provide informa-
tion in German, English, and 
French on rules for all Olympic 
events. 
With the competitions to be held 

at more than 30 stadiums and 
courses in the three Olympic cities, 
there is a need for numerous score-
boards. There will be 56 boards, 
many of them computer-controlled, 
worth about $3.2 million. 
The score. One major scoreboard 

supplier is Elektron GmbH, the 
German subsidiary of the Conrac 
Corp., New York City. The com-
pany is providing three large com-
puter-controlled information dis-
plays worth $1.7 million. Two of 
them are for the main stadium in 
Munich. Each is about 23 feet high 
by 56 feet long, and consists of a 
matrix of 24,000 25-watt light bulbs. 
The third Conrac scoreboard is a 
mobile unit for use at places far 
from the main stadium. 
Each lamp in the boards' matrix 

is computer-controlled so that char-
acters, symbols, and drawings of 
varying sizes can be shown. The 
computer, a model CA216 from 
Computer Automation Corp., oper-
ates with a Siemens model 301 ma-
chine, which stores prepared pro-
grams, such as prior Olympic and 
world records. 
Another major scoreboard sup-

plier is England's Associated Instru-
ment Marketing Ltd., which is pro-
viding a large four-sided board 
operated by a Unidata computer, as 
well as a smaller electronically con-
trolled board for the equestrian 
events. The Swiss firm, Omega 
Louis Brandt and Frère S.A., is sup-
plying two boards, one of which is 
computer-controlled, and the Hun-

Automating scores. The results computer is fed scores and posts data on scoreboards. 
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NEW 
SHORTER 
CASE! 

SCHAUER 
1-WATT 

ZENERS 
.160 MAX. All welded 

DIA. and brazed assembly 

No fragile 
nail heads 

High pressure 
leiteee...,72o molded case 

.028 DIA. 

GOLD PLATED 

NICKEL CLAD 

COPPER LEADS 

USA Made 
ALKYD RESIN RESIN 

1 1 1 8 1e; 

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 
$1.07 

.97 

.91 

.86 

.82 

IMMEDIATE SHIPMENT 
Send for rating data and 
20%, 10%, 5% and 2% 
tolerance prices. 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4514 Awme Ave , Cincinnati, Ohio 45242 
Telephone 513/791-3030 

Circle 81 on reader service card 81 



Keter TO ANODIZE 
TANTALUM 

If you are already experimenting 

with the trimming by anodization 

of tantalum thin film resistors, or 

RS? RESISTO. started (good thinking), Electro if you are thinking about getting 

Scientific Industries is equipped 

to help. 

We have two distinct measure-

ment and control systems 

operating successfully in labs and 

on production lines. One is 

automatic, the other semi. In both 

accuracy is insured by a 0.01% 

measurement system, cancella-

tion of thermals and a contact 

validity check. 

Pictured here is the Model 

SP3361, which in essence is a 

starter set for lab work but which, 

with an optional scanner system 

has done very well on small 

production runs. It has two modes 

of operation: (a) constant current 

for a specified time and (b) a 

high-to-low current mode that is 

controlled by a limits comparator 

and trims until nominal value is 

reached. This console goes for 

less than $10.000. 

MODEL SP3361 

BELGIUM 
Brussels 
Regulation-Mesure, S.P.R.L. 
Phone: 71 20 20 
ENGLAND 
Weybrudge, Surrey 
D. A. Pitman, Ltd. 
Phone: 46327/8 
FRANCE 
Clichy 
Tranchant Electronique, S.A. 
Phone: 270 22 55, 270 26 10 
GERMANY 
Essen 
ADITRON 
Phone: (021 41) 704989 
ITALY 
Milan 
Silverstar, Ltd. 
Phone: 4996 
JAPAN 
Tokyo 
Hakuto Company, Ltd. 
Phone: (503) 3711-9 
NEDERLAND 
Den Haag 
lngenieursbureau Kempff 
Phone: (070) 68 56 56 
SWEDEN 
Vallingby 
Teleinstrument A.B. 
Phone: 08/87 03 45 
SWITZERLAND 
Zurich 
Omni Ray A.G. 
Phone: (051) 47 82 00 

e 

If greater speed or accuracy is 

needed, then you should consider 

a computer-controlled system, 

such as the ESI system that 

anodizes up to 36 resistors at a 

time to 0.01% precision. Other 

versions use a master computer 

to provide program entry and 

data storage for up to 12 slave 

systems. We can supply programs 

and sub-routines to permit 

trimming and testing of 

resistors in virtually any system 

configuration. 

ELECTRO SCIENTIFIC 
• INDUSTRIES 

I e 
13900 NW Science Park Drive 
Portland. Oregon 97229 

Phone: 503/646-4141 

Probing the news 

ganan company, Elektro-Impex, is 
supplying a number of electroni-
cally controlled boards for the bi-
cycle stadium and other places at 
the Olympic grounds. 

Timing, one of the most impor-
tant responsibilities at the games, 
will be handled by West Germany's 
Junghans GmbH and Switzerland's 
Compagnie des Montres Longines 
Francillon S.A.—Longines, for short. 
For the first time in Olympic athlet-
ics, hand-operated stopwatches are 
being replaced by photo-finish film 
cameras. In a short race, the cam-
eras produce a 3.5-by-4.75-inch pic-
ture of the finish in 20 seconds. For 
a longer race, a 130-foot film of the 
finish is projected onto a screen 45 
seconds after the race. The simulta-
neously reproduced time -scale 
shows results to within 3 milli-
seconds. 

Should a runner be completely 
covered by another at the finish line, 
an overhead n' camera will show 
results. The camera produces 100 
images a second, which are recorded 
on magnetic tape. 

Electronic tape measure. Another 
Olympic innovation in Munich is 
replacement of the tape measure by 
a new optoelectronic method 
whereby distance results are ob-
tained immediately after the throw 
of, say, the javelin, or the discus. 
The heart of the new distance-mea-
suring equipment is the Reg Elta 
from the West German optical 
equipment maker Carl Zeiss of 
Oberkochen. A small computer con-
nected to the instrument determines 
the distance thrown. The instrument 
prints out the result, and displays it 
on scoreboards. 

Sports history. Olympic data from Siemens' 
Golym computer is displayed on terminal. 

AW•Wl. 
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CABLEBILITY — "The specialized skill of 

designing and producing quality electrical 
and electronic cables to meet the sophisticated 

requirements of today's industry." 

Our word yes, and our definition — but we 

think it aptly describes our ability to 

provide the best possible solution to 
your multi-conductor cable problems. But 

CABLEBILITY is even more than that. It's a 
blend of experience and technical know-how 

combined with the virtually unlimited 
resources and facilities of Cities Service ... 

your assurance of dependable and practical 

cable constructions to fulfill your most 

exacting requirements. 

CITIES SERVICE COMPANY 
CHESTER CABLE OPERATIONS 

CHESTER, NEW YORK 10918 



proven by performance 

Leading manufacturers in such fields as electronics, automa-

tion, nucleonics, communications and electronic data process-
ing have learned to depend on Cities Service quality cables. 
This industry-wide acceptance has resulted in four expansion 
programs since 1945 to keep pace with increasing customer 

demands. Thanks to enlarged research and development facil-
ities, exceptional technical manpower and the latest production 

equipment, we furnished more than 1,000,000 miles of in-
sulated cables and wires to our customers last year. 

Today, our CABLEBILITY is your assurance that Cities Service 
CITCO brand cables will meet your specifications . . . be com-
petitively priced and will be delivered to you on time. No matter 
what your requirements . . . check first with Cities Service . . . 
we know you'll be glad you did. 

CITCO AUDIO SOUND CABLE: 25 
shielded pairs, stranded copper con-
ductors, low loss insulation, twisted 
with uninsulated drain wire, isolated 
aluminum tape shields, cabled PVC 
jacket. 

CITCO TV CAMERA CONTROL CABLE: 
Camera control cable for Audio and 
Video signals: a composite of PVC and 
polyethylene insulated conductors, 
cabled, overall braid shield, PVC jacket. 

CITCO AIRCRAFT CONTROL CABLE: 12 
triples shielded jacketed, stranded 
copper conductors, PVC insulated, in-
dividual shield jacket color coded, 
cabled overall PVC jacket. 

CITCO ELEVATOR CONTROL CABLE: 35 
conductors, stranded copper, PVC in-
sulated, conductors coded by colors 
and printed numbers, cabled with 
open binder; individual conductors 
U/L listed. 

CITCO INTEROFFICE COMMUNICATION 
CABLE: 250 conductor interoffice com-
munication and signaling cable: solid 
bare copper, PVC insulation, paired, 
cabled, PVC jacket; U/L listed. 

CITCO STATION CONTROL CABLE: 37 
conductors, stranded polyethylene and 
PVC insulated, color coded, cabled, 
overall tough PVC jacket; per NEMA/ 
IPCEA Specifications. 

CITCO MUNICIPAL COMMUNICATION 
CABLE: 50 pairs, polyethylene insu-
lated, cabled, continuous layer of cop-
per shielding tape, PVC jacket; per 
spec. IMSA-19-2, 600 volts. 

CITCO SHIPBOARD CABLE: Stranded 
conductors, nylon-jacketed PVC insu-
lation, pairs shielded and jacketed, 
cabled, PVC jacket, and aluminum 
braid armor overall; per spec. MIL-
C-915. 

CITCO COAXIAL CABLE: Type RG-218/U, 
solid copper conductor, polyethylene 
insulated, copper braid shield, PVC 
jacket; per spec. MIL-C-17/79. 

CITCO REMOTE CONTROL BROADCAST-
ING CABLE: Stranded conductors, poly-
ethylene insulation, pairs and triples 
shielded and jacketed, cabled, PVC 
jacket overall. 

CITCO COMPUTER CONTROL CABLE: 55 
conductors, stranded copper conduc-
tors, PVC insulated, formed into 7 
groups of 7 conductors, cabled, PVC 
jacket; U/L listed. 

CITCO BUS DROP CABLE: 3 PVC in-
sulated stranded conductors, with split 
uninsulated grounding conductor, 
cabled, overall PVC jacket; U/L listed; 
per NEC. 

OTHER CITIES SERVICE WIRE & CABLE PRODUCTS 

APPLIANCE WIRE • BUILDING WIRE • FLEXIBLE CORDS • FIXTURE WIRE 

GAS TUBE SIGN CABLE • HIGH VOLTAGE CABLE • HOOK-UP WIRE 

LEAD-IN CABLE • MACHINE TOOL WIRE & CABLE • SHIELDED WIRES 

WEATHER-PROOF WIRE • DEEP-WELL SUBMERSIBLE WATER PUMP CABLE 

LOW ENERGY CIRCUIT CONTROL CABLE • GASOLINE & OIL RESISTANT WIRE 

CITIES SERVICE COMPANY 
CHESTER CABLE OPERATIONS 

CHESTER, NEW YORK 10918 

Phone: (914) 469-2141 TWX (914) 469-9801 



The great 11th-hour 
wrap-up 

We can turn your IC designs into products in just 
weeks instead of months. 

And cut your packaging costs 40% or more doing it. 
We've got the world's largest selection of plug-in IC 

hardware, everything from wire-wrap sockets to complete 
low-cost, high-density packaging systems. 

They save you time and money 
during the initial design stages, 
because changes are readily made 
by simply re-routing your wiring 
and plugging in a new IC. 

They save time and money 
in production, because the wire-
wrapping can be automated and 
you're not locked into long 
lead-time PC boards, expensive 
connectorsand back planes. 

And they save you 
time and money on field main-

tenance and modification because of their plug-in flexibility 
and low-cost spares requirements. 

To solve your IC packaging problems, just tell us 
which sockets, panels, drawers or special assemblies you 
need. We'll deliver in 1-2 weeks. 

Or make it even easier on yourself. Just send us 
your logic diagram and we deliver a 
complete packaged system in just 5 
weeks. Wrapped, tested, debugged 
and fully documented. For much less 
than you could do it yourself. 

So why not write for our 
- new catalog and get back on 

schedule today? 
Electronic Engineering 

Company of California, 
1441 E. Chestnut Avenue, 

- Santa Ana, California, 
Telephone (714) 547-5651. 

EECO logic panels: help when you need it most. 
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Series 50P 

Series DS 

MICRO SWITCH products are available worldwide through Honeywell International. 

Series SN 

Series 8 

Series 3 Series DM 



in pushbuttons. 

Think MICRO SWITCH when you're in the market for 
pushbuttons. 

Because we offer one of the biggest selections in the 
industry. . literally thousands of pushbuttons. With 

many available right off the distributor's shelf. 

OUR NEW LOOK. 
Two new pushbuttons are good examples of our 
commitment to total capability in lighted 
switches. 

The Series 4 is one of the least expensive lighted 
pushbuttons in existence. While the Series SN, 
our solid state pushbutton, is ideal for use where 
direct control of solid state circuitry is desired. 

OTHER BRIGHT EXAMPLES. 
The Series 2 is a versatile lighted switch featur-
ing up to a four section display screen. The Series 
DS meets Mil/Spec requirements and can be in-
dividually or matrix mounted. The miniature 
Series 3 is available for low energy or power 
switch applications. The Series 50PB offers 
bushing mounting, as well as a choice of button 
sizes, shapes and colors. 

WHEN LIGHTS AREN'T NECESSARY. 
Our lineup of unlighted switches is just as broad. The new 
Series 8 includes colored buttons in two sizes. The Series 

DM is an inexpensive snap-action 
switch with long life. (Also avail-
able lighted.) For versatility, 
there's the Series 6 and the Series 

PB with a variety of circuitry and load handling options. 
Both use subminiature "SM" basics for switching. 

There are plenty more. And your MICRO SWITCH 
Branch Office or Authorized Distributor (Yellow Pages, 
"Switches, Electric") can show you how to use them to 
custom design your panel without resorting to custom 
switches. Call them or write to us direct. 

MICRO SWITCH makes your ideas work. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 
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BUY YOUR MINICOMPUTERS FROM DATA 
Just buy some Nova-line 

minicomputers and peripherals, 
at OEM discounts as high as 40%. 

In the bargain, you get the 
benefit of all the hardware and 
software development that these 
guys (and a lot of others) have 
done in the last four years. 

And that can save you a lot 
of time, money and trouble. 

If you're an OEM designing 
systems, you want to concentrate 
on your job. 

You don't want to waste 
time building special interfaces 
and writing software that should 
have come with the minicomputer. 

That can eat up everything 
you saved on the minicomputer! 

There's a better way: buy 

your minicomputers from Data 
General. 

They come with a lot of free 
software — much of it written by 
some of the guys in the picture — 
that's been proven in over 3,500 
minicomputer systems all over 
the world. 

It includes assemblers, 
editors, debuggers, diagnostics, 



GENERAL AND GET THESE GUYS FREE. 
math routines, Extended FOR-
TRAN IV, Extended ALGOL, 
Extended Timesharing BASIC, 
Real Time Disc Operating Sys-
tem (RDOS), and Real Time 
Operating System (RTOS). You 
get everything that runs on your 
hardware. 

And it's all free. 
Then we've got the periph-

erals you need: our new fixed-
head Novadisc, cartridge discs, 
moving-head discs, mag tape 
drives, teletypewriters, CRTs, 
A/D and DIA, line printers, 
plotters, card equipment, paper 
tape equipment, communica-
tions interfaces. 

Every device comes inter-
faced and ready to operate. 

It would cost a fortune to 
buy the software and hardware 
development we've already done. 

Or, you can get it all from 
us free. 

Just contact any Data 
General salesman. 

He comes free, too. 

gr DATA GENERAL 
Southboro, Massachusetts 01772 
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Reads 
credit cards. 

Read all about them. 
The innovation you see at the 

left is our new electronic card 
reader. It scans and helps verify 
credit in seconds. It may be used 
by itself, or as part of a complete 
point-of-sale transaction 
terminal. In fact, we have 
technology for all types of card 
or tag readers. And we have 
electronic sub systems for 
digital data processing and 

transmission including modems, 
and liquid crystal displays. 

In the musical department, 
we've developed the "brain" of 
an electronic organ. Mounted on 
an 11" x 17" board, we built a 
musical mini-computer that 
converts sound waves into digital 
signals, stores them in memory, 
then recalls them as sound 
waves. Truer than any other 
electric organ in the world. 

And at a fraction of what it would 
cost with conventional electronics. 

You'll find us in textiles as well. 
With an electronically controlled 
knitting machine that changes 
fabric patterns faster than the 
fashion industry can change its 
mind (or a girl can change 
her outfit). A computer tape 
does it. In seconds. 

Impressed? Keep reading. 
We work in the automotive 
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Reads 
music. 

field, too. For example, our 
automatic braking system 
(known as Skid-Tror) prevents 
big rigs from jackknifing, even 
under the worst road conditions. 

Another field is utilities. The 
dispatch control center that we 
built for the Philadelphia Electric 
Company gives an instantaneous 
picture of the entire bulk power 
complex. Plus a forecast of 
load factors during the 

Reads 
fashion news. 

next 15 minutes. 
And, of course, we're suppliers 

to the business machine 
manufacturers—we're the 
world's leading supplier of 
MOS/LSI devices for electronic 
calculators. 
These—and many more. 
When it comes to processing, 

op 

storing, sensing, displaying or 
transmitting data, nobody can 
match our experience. 
Or capabilities. Write us 
in Anaheim, California 92803. 
Or phone 714/632-4195. 
Maybe we can improve your 

reading habits and save you 
money besides. 

North American Rockwell 
Electronics Group 
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Allen-Bradley Type CO handles 
your toughest applications. 
"Immersion-proof:' can be en-
capsulated. Dissipates 1/2 watt at 
125°C. Tough. 

Our A-B cermet is formulated 
for long life. Rotational life 
50,000 cycles with less than a 

Actual S.ze 

5% resistance change. With-
stands "temperature cycling:' as 
well as being vibration- and 
shock-resistant. A big perform-
er in a small package. 

Resistance range 100 ohms to 
5 megohms. Temperature range 
—65°C to +175°C. Watertight 
bushings are standard in plain 

or locking styles. Large variety 
of shaft and bushing options. 

Allen-Bradley CO. Available 
through your A-B electronics 
distributor, or write: Allen-
Bradley, Electronics Division, 
Milwaukee, Wisconsin 53204. 
Export: Bloomfield, N. J. 00703. 
In Canada: Galt, Ontario. 

NEW DIMENSION ELECTRONICS 

ALLEN-BRADLEY 
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Technical articles 

Special report: Consumer gear 
benefits from IC design tradeoffs 

Home-entertainment equipment designers, turning to in-house IC work, are 

balancing advantages—longer life, compactness, maintainability—against 

lower cost of discrete components; when volume picks up, prices may plummet 

by Gerald M Walker, consumer Editor. and Laurence Altman, solid State Editor 

D Designers of consumer electronic equipment—partic-
ularly color television sets and audio equipment—are 
beginning to take advantage of the high performance, 
reliability, and compactness of linear integrated circuits. 
And IC manufacturers are still developing and improv-
ing circuits, but they are now beginning to focus on the 
technical challenges of audio ics. All are emphasizing 
power monolithic audio amplifiers, as well as high-sen-
sitivity, low-noise preamplifiers, phase-locked-loop 
stereo decoders, and Dolby noise-reduction circuits. 
Equipment manufacturers have been convinced, fur-

ther, that prices of linear ics will drop, as they have for 
digital devices, with increased demand. Extensive price 
cutting on large orders has already begun. And some 
observers have expressed doubt that the supply of 
linear devices will meet the demand by 1973, with the 
probable result that more competitors will enter the 
market to try to fill the gap. 

This two-part special report explores the imminent 
explosion of linear ics—probably this year—into the 
$4 billion-a-year consumer electronics market. An ear-
lier story, [Electronics, June 5, p. 83] traced the develop-
ment of linear circuits. 
The first part of the following article reveals the expe-

riences and attitudes of consumer equipment manufac-
turers, and the second part summarizes the design activ-
ities of lc suppliers for that lucrative market. 
Among the trends this investigation uncovered are: 

• Major increase in lc design in television sets in the 
new model year. 
• More functions per chip on the way for TV appli-
cations—combining two, maybe three, present-day de-
vices into one. 
• The number of ics in a iv chassis to settle at a total 
of five or six, with all functions integrated except the 
high-voltage supply. 
• Reliability the key selling point in the wake of con-
sumerism and the increasing cost of repairs. 
• Arrival of the throwaway module, as well as the re-
trofit board and ICs to upgrade previous-model TV sets. 

• Growing insistence that lc manufacturers share in the 
costs and risks of longer warranties by sharing the costs 
of repairing product failures. 

Part 1: Home-entertainment picture 

Integrated circuits—virtually all linear—are moving into 
consumer electronic products in a big way. What began 
on a tentative scale two to three years ago has now 
mushroomed into significant lc utilization by television 
receiver manufacturers and, to a lesser extent, by audio 
equipment producers and camera makers. 
The trend is also in full swing abroad. Ironically, 

home entertainment equipment producers in West Ger-
many and Japan have been using integrated circuits in 
larger numbers than in the U.S., where the IC was in-
vented. Companies in Great Britain and France, on the 
other hand, appear to be lagging behind the U.S. in 
numbers of ics in use for consumer products. 
The demand for ics is expected to grow so large that 

there will likely be a capacity problem among 1c sup-
pliers, starting in 1973, says Ronald J. Strout, manager 
of components engineering for General Electric Co. The 
demand centers on specific devices, rather than a range, 
and there will be increasing demand—not only from 
television and audio manufacturers—but also from auto 
and appliance companies by 1973. Consequently, the 
semiconductor houses may not be ready to handle the 
peak orders, Strout cautions. 
Though there is little argument that the long-awaited 

era of consumer ics has arrived, equipment manufac-
turers are taking a cautious view toward expanding 
their application. The next move will require a step 
closer to the state-of-the-art, particularly toward linear 
high-power designs. 
TV chassis with as many as six—and even 10—ics are 

in production now. Audio equipment with three to four 
linear circuits will also reach the consumer this year. 
And hybrid packages—three and four to a unit in both 
TV and audio gear—are right alongside the monolithics 
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SPECIAL REPORT 

in this push. Adaptation of digital ICS for such conve-
nienccs as automatic shut-off, tuning, and frequency 
display is being explored by --among others--Fisher Ra-
dio, Long Island City, N.Y. 
The invasion of ICs into consumer products became 

almost certain when the manufacturers successfully in-
troduced and sold the public on solid-state electronics. 
"All solid state" is a feature that most consumers can 
understand and believe. From there, the route to inte-
grating 30 to 50 discrete components into a single ic 
chip was a logical design step, but to date, promotion of 
integrated circuits tu the buying public has been almost 
completely nonexistent. 

For an industry that ordinarily introduces new de-
signs mainly to save pennies or tickle the consumer's 
fancy. to make an unheralded conversion to ICs is re-
maikable. In a sense, the costs and risks of this effort 
mark the coining of age of engineering in the consumer 
sector after years of playing second fiddle to aerospace 
innovators. 

System approach begins 

Sume of the designers responsible for bringing Rs 
into consumer land are, in fact, former aerospace and 
semiconductor industry engineers specifically recruited 
foi their backgiounds. These engineers probably were 
influential in the shift to the system approach of design 
that ICs have initiated in the consumer sector. No longer 
is the typical tradeoff made in ternis of saving a few 
pennies by changing. say. one resistor the total cost of 
making the product -from design to consumer's home --
lb considered when convening to Its, including the costs 
of repairs covered by wariaraies. 
Companies have decided to pay the additional price 

to gain systems advantages. In addition, every user need 
only study the price trends for Ks in the last few years 
to know that accelerating sales will bring down prices 
and increase ieliability from the present base, thanks to 
increased i( yields. 
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The majority of the design effort was accomplished 
with in-house talent, painfully self-taught in ic tech-
nology during the last five years. On the whole, direct 
applications assistance from the semiconductor houses 
was limited, with the possible exception of TV manufac-
turers that had semiconductor divisions within their 
companies. 

Related divisions help 

Howc \ cE. 01 four leading television manufacturers in-
terviewed in depth for this report -RCA Corp., General 
Electric Co.. Zenith Radio Corp., and Motorola Inc. - 
RCA and Motorola profited from the interaction of their 
consumer-products and solid-state divisions. 
An early advocate of the solid-state chassis and con-

veision to integrated circuits, RCA Consumer Electron-
ics division. Indianapolis. Ind.. exploited a close rela-
tionship with the Solid State division to bring lc 
knowhow into the design effort. Despite the close ties. 
the consumer group has maintained the attitude that IC 
cost, reliability, and performance have to be equal to 
those of the discrete components they replace. there-
fore, conversion has not been made simply to use RCA 
microelectronics. 

In Motorola's case. the Semiconductor Products divi-
MOH is the leading supplier, but the Consumer division 
also purchases from RCA and Spi ague. Having an asso-
ciation with the Semiconductoi division helped Moto-
rola cross the design hump to get optimum chip size and 
to lock up final parameters that assure required per-
foiinance without creating extra costs in production. 
However. Consumer Pioducts division engineers did the 
bulk of the design woi k. reports Richard Kraft, head of 
color iv development. 

.[he conversion has picked up steam so rapidly in the 
last year. however, that ICs sometimes have leapfrogged 
discrete components in the steady replacement of vac-
uum tubes that started years ago. Along with the in-
tioduction ut integrated circuits, two long-discussed 
concepts have become realities the throwaway module 
and the solid-state ietrotit for upgrading older units. 
I hese two developments. partially related to ICs. are the 

I. ICs now and later. 1 he block diagram ut the typical IV chassis 

.1-1A,Vb pertorined uy ICs now (Solid areas) cirid those RCA 

tut idter (.,lucked or t.rdJ) Clilrent model h; le XL 100 chassis has 

ti se ,37 ¡figuration 
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direct result of a parallel trend toward modular con-
struction. 

However, one audio equipment supplier dissents 
from the general switch to ICs. John Spanos. vice presi-
dent of engineering for H.H. Scott, Maynard. Mass., 
contends that linear devices have not come far enough 
to be a major economic attraction for audio compo-
nents. Scott's receiver line uses two to three bipolar de-
vices, but Spanos insists that adding more Ics to the 
present units would be of marginal benefit. 

Spanos, a former semiconductor industry engineer, 
adds, "We have to balance our natural enthusiasm for 
new technology against the business outlook. It costs 
anywhere from $7,000 to $30,000 just to develop a 
linear circuit, and that's still too expensive when over-
all system costs are considered. What sells a stereo unit 
is performance. not promotion. If the consumer cannot 
hear a difference, he won't pay a premium to get inte-
grated circuits - 

Performance and reliability improved 

More direct benefits of applying integrated circuits to 
consumer products concern performance and reliability. 
The industry is in the throes of competition to extend 
warranties on parts and labor—a feature the consumer 
can appreciate even without Ralph Nader—and at the 
same time to add more and more complexity. This puts 
a premium on reliability that tcs promise to fulfill. Now, 
television set manufacturers have generally settled on 
one-year warranties on solid-state color receivers. Fully 
aware that if ics survive shipping damage and the first 
two to three months of normal use, they will not ordi-
narily break down during the remainder of the war-
ranty, set makers have an incentive to apply integrated 
circuits, even if the individual devices are now priced 
higher than the discrete components being replaced. 
There are direct savings in production and inventory 

overhead, once the assembly-line conversion is com-
plete. Another advantage on the design side is that Ics 
permit direct coupling in some functions, thus elimina-
ting the need to use the ac coupling circuits required 
with discrete parts. For example, in the chroma process-
ing circuit, the transistors for red, green, and blue un-
dergo different thermal changes at any given time, re-
quiring ac connections; but when the functions of the 
three transistors are integrated side by side on a chip, 
thermal changes are the same, thus permitting direct 
coupling. 

Problems have arisen in applying Ics, however. The 
demands that entertainment equipment makes on 
linear designs are more stringent than those that are 
made on digital circuits. In addition, one chief engineer 
points out, "They [semiconductor suppliers] don't have 
the experience and control over the linears that they 
have in digital." 

Industry officials are arguing over the relative merits 
of plastic versus ceramic packaging and what is opti-
mum partitioning of chips. Another design considera-
tion is whether to use proprietary or off-the-shelf de-
vices. The proprietary design has the advantage of 
secrecy, but this route requires production of hefty 
quantities of devices to become economical, and not 
many individual consumer companies can bargain in 

2. Generation gaps. Three model years of one of Motorola's modu-

lar boards illustrate retrofit panels from 1969 (top), 1970 (middle), 

and 1973 (bottom) Addition of color-tuning circuitry in 1970 re-

quired "piggyback- board. but in 1973. addition of another IC elimi-

nated that board by making enough room on the master board to 

handle the necessary circuits. The IC thus saved production costs. 

the large numbers to which semiconductor suppliers are 
accustomed. The reverse is true for off-the-shelf cir-
cuits—the numbers game is right, but when everybody 
has a "me-too" chassis there isn't much room for inno-
vation. 

Officials at Zenith Radio, the Chicago Tv manufac-
turer, justify using proprietary designs in four out of 
five of their la by the volume of Zenith's requirements 
and the company's emphasis on high performance. 
Donald W. Ruby, engineering specialist who headed 
the Zenith microelectronics team, points out that 
Zenith's demand for proprietary devices was greater 
than one of its semiconductor supplier's sales of off-the-
shelf units for the same consumer applications. "Per-
formance is the only element that distinguishes our 
product from others, and we feel that we have that edge 
with these circuits. Besides, we don't like looking at our 
designs in someone else's cabinet," he explains. 

RCA'S Consumer division took both routes in the 
proprietary versus off-the-shelf tradeoff. Three of the 
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five devices—i-f detector/automatic gain control, auto-
matic fine tuning, and sound system—are supplied by 
RCA Somerville and other semiconductor manufac-
turers. The color-processing circuits, however, were de-
signed by the Consumer division engineering depart-
ment, with developmental assistance from Somerville. 
These circuits, sole-source to RCA, are proprietary. 
As for packaging, Gordon E. Kelly, manager of color 

television engineering at RCA, advocates the plastic-
packaged silicon chip "for low-level, low-power appli-
cations, but for high-power, high-voltage applications, 
thick film is the way to go." All five of RCA'S ICS are in 
plastic packages, but Kelly says that plastic can cause 
difficulty with hermetic sealing. But RCA is using plastic 
because ceramic is too costly. 

RCA uses five ICs 

There are five bipolar Ks in the RCA XL 100 chassis 
(Fig. 1). A single package performs i-f video detection, 
automatic gain control, and i-f gain in automatic fine 
tuning. Two color-processing ICs include automatic 
color gain control and chroma selectivity. The fourth IC 
is for demodulator and tint control, and the fifth is an i-f 
sound-input detector for 4.5 megahertz. 

In addition to these silicon monolithic devices, the 
XL 100 uses three ceramic hybrid devices for video and 
chroma drivers, one for each of the three color channels. 
A sound output is also hybrid. Other functions now 
being evaluated for conversion to lcs are video systems 
synchronization separation, both vertical and horizontal 
oscillators, and a power device for sound output. 

"It appears that the sound detector, now integrated, 
and the sound output could be put on one chip," says 
Kelly, "but we're nervous about the idea." 

Divisions cooperate 

The conversion to ICs was facilitated by a team of a 
dozen or so Consumer division advanced engineers who 
are stationed at RCA in Somerville. Lead time from de-
sign concept to breadboard to finished device was ap-
proximately two years. "The first thing we learned," 
says color engineer Eugene Lemke, "is never to confuse 

3. Throwaway. This audio module in General Electric chassis has 

one IC for the i-f function, plus other discrete components. includ,ng 

three transistors for output stage. The board can be discarded when 

repairs are required. The same audio IC appears in a b-w set. 

digital and linear. Linear devices for TV were far more 
difficult to deal with—the signal level is greater, there is 
no redundancy on the chip, capacitors can't be avoided, 
the limits are a lot tighter, and yield is much lower." 
Lemke points out that the industry is in the early stages 
of using linear fcs, and the applications still represent 
risks. 
General Electric's Television division, Portsmouth, 

Va., has pushed ahead with two new all-solid-state 
chassis—one with five ICS and another with four. GE is 
also making a monochrome receiver with one lc for the 
i-f audio stage. The chassis for large-screen color sets 
has ICs in sockets for first and second video i-f, afc, 
chroma demonstration, and color processing. The fifth 
device, for audio i-f, is soldered onto a throwaway audio 
module (Fig. 3) designed to make in-home repairs faster 
and less costly. 
GE has incorporated this same module in a black-

and-white set. However, since the tolerances are wider 
in the lower-priced monochrome receivers than in the 
color sets, GE realizes considerable savings by salvaging 
the dropout lcs from its color lines for the black-and-
white sets. The GE audio module includes a 4.5-MHz 
amplifier-limiter, 4.5-MHz fm detector, an electronic at-
tenuator, and a push-pull audio output amplifier. The 
ic provides the amplifier limiter function. The rest of 
the throwaway module contains the typical array of ca-
pacitors, resistors, and a transformer, along with three 
discrete transistors for audio drive and output for 2 
watts. An output transformer is not required, since the 
speaker is driven directly. 
Don E. Garrett, manager of product design engineer-

ing for the TV division, predicts that the next generation 
of large-screen color sets will probably have eight to 
nine ics; the small-screen sets will have about seven or 
eight. By 1974-1975, these numbers will shrink as more 
functions are combined on single chips, he adds. 'ry sets 
would wind up with medium-scale integration at this 
point. For instance, the two i-f functions, video detec-
tion, and chroma demonstration, now on three separate 
chips, could be combined on one. 

Zenith uses five ICs 

Another TV manufacturer that has gone heavily into 
integrated circuits is Zenith Radio. The Zenith color "1"V 
chassis that began with one lc jumped to five in a six-
month developmental period, although the planning 
and design for this move dates back to 1969. Three of 
the ICs are for color signal processing, one is for f-m 
sound limiting and detection, and one is for video signal 
processing. 
Four of the five are proprietary designs being sup-

plied by Texas Instruments, Sprague, RCA, Motorola, 
Fairchild, and Signetics. Zenith engineers have de-
signed these devices through to the primary breadboard 
stage. In the case of signal processing, the company 
jumped from using nine vacuum tubes to an lc, al-
though they used discretes for signal processing in a 
chassis that was never marketed. 
As for future applications, Zenith's Ruby suggests, 

"We're living in a throwaway age. We can expect to see 
eight to 10 ICs for the complete TV receiver, all on one 
disposable board." 
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Unlike GE and Zenith, Motorola's Consumer Prod-
ucts division, Chicago, converted to lcs gradually. Its 
first color all-solid-state, works-in-a-drawer chassis, in-
troduced in the fall of 1967, achieved notable success. 
That model was the first with an ic —for 4.5-MHz audio 
processing. In the 1969-70 model year, a second lc was 
added for color demodulation. And last fall, Motorola 
phased in a third device for automatic gain control and 
video i-f amplifier functions. 
One of the values of integration came in the last two 

stages. When Motorola introduced its automatic tuning 
feature, Insta-Matic, the circuit board had to be 
mounted piggyback over the basic video module. But 
the arrival of the third lc freed enough space to elimi-
nate the piggyback board and thus integrate the Insta-
Matic on the master circuit board. 
The gradual evolution toward Ics has worked for 

Motorola, says color TV developer Kraft. And Motorola 
has designed a "universal-replacement" panel in order 
to retrofit modules of 1969-70-73 design into older sets. 

"Reliability, function for function, has broken even 
from discretes to ICs," Kraft reports, "but the potential 
for improvement is on the side of la. There is an inher-
ent capacity for substantially greater reliability as we 
get used to designing with ICs." 

Fisher gets design help 

Like Motorola, Fisher Radio carried the design ball 
to the semiconductor houses in developing its new line 
of hi-fi receivers. The company uses both monolithic 
and hybrid circuits. In the fm tuner section of the cur-
rent line, one lc for i-f decoder function replaced 200 
active components. (An IC also performs muting func-
tions.) 

Fisher has already entered the early stages of msf by 
combining two or three ICs formerly used in the fm i-f 
strip into one. In the fm multiplex section, four tuned 
circuits were replaced by an lc using a single 9-cent po-
tentiometer for adjustments. "This not only improved 
performance," comments Frank J. Krausser, Fisher's 
chief engineer, "but reduced production costs." 
The two hybrids used for power amplifiers in the 

Fisher line are produced in Japan. An advantage of the 
thick-film hybrid over a monolithic circuit, says Kraus-
ser, is that these circuits are now available, whereas the 
monolithics to perform power functions are still under 
development. 
Through a newly formed R&D department, Fisher is 

now turning its attention to digital lc applications for 
such convenience features as automatic shut-off at a 
preselected time, tuning, and frequency display combi-
nations. 

"Considering that the audio enthusiast pays more for 
quality equipment, it's remarkable that a stereo ampli-
fier does not have a timing device to turn it on and off 
automatically," observes Joseph L. Behr, vice president 
for R&D. Fisher has included an integrated phase-
locked loop in its newest tuner. And similar circuits will 
also be developed at the company. 

New products benefit from ICs 

But Ics have invaded more than TV and audio equip-
ment. A unique set of circumstances has caused kit 

manufacturer Heath Co., Benton Harbor, Mich., to pull 
out all the stops in buying integrated circuits. Says Eu-
gene C. Fiebick, vice-president of engineering, "ICs 
have made possible complex products that can be as-
sembled at home. This is our main justification in de-
signing with them." As Fiebick explains, a single device 
may replace 30 to 50 discrete components. This makes 
packing the kits for shipment not only simpler but much 
less susceptible to errors or omissions of key parts. 
For example, Heath's $540 AJ- 1510 digital fm stereo 

tuner kit contains no less than 55 ICs. The odds in favor 
of successful assembly of this tuner by a do-it-yourselfer 
using discrete components would approach zero, Fie-
bick explains. 
The company's color TV set was the first home-assem-

bly product to incorporate ics. The bulk of the devices 
are off-the-shelf. ICs also appear in kits for model air-
plane control, phonograph amplifiers, and an electronic 
calculator, as well as some servo equipment. 
The kit business poses some unique problems for lc 

designers. First, it is impossible to provide circuit dia-
grams for all the lcs—the manual would weigh more 
than the equipment—so Heath has had to provide block 
diagrams to guide users. 
Another problem with ICs is soldering because closer 

pin spacing necessitates greater care than discretes. 
Consequently, Heath warns customers to use thin sol-
dering-iron tips or else wrap No. 12 wire around iron 
tips. The connection pattern on a digital depth sounder 
is so complex that the company is planning to include a 
foil pattern that the hobbyist can lay over each printed-
circuit board after he finishes soldering. If any solder 
appears outside the foil pattern, he knows there is a 
bridge that needs correction. 
Another integrated circuit helped create a new prod-

uct—Polaroid Corp.'s new electronically controlled cam-
era. Though few technical details have become avail-
able since Erwin Land, Polaroid president, 
demonstrated the single-lens reflex folding camera last 
spring, it is known that Fairchild and Ti are the subcon-
tractors for the IC, which controls the 21 separate func-
tions performed in the camera. The circuit, which con-
tains the equivalent of 290 transistors and more than 
200 resistors, controls exposure, start and stop of the 
unique film-drive motor, length of film exposure, and 
operation of the shutter, as well as the flash mechanism. 
When a five-flash array, made by General Electric, is 
inserted, the lc checks the resistance of each bulb until 
it reaches a good one and sets it off. This feature elimi-
nates the chance of spoiling a shot with a faulty flash. 

Overseas ICs romping 

Manufacturers in West Germany and Japan are 
ahead of the United States in the application of fcs to 
home entertainment equipment. However, this tech-
nology has not advanced so fast in the United Kingdom 
and France. 

In West Germany, Europe's biggest market for home 
entertainment equipment, consumer IC design and ap-
plication is one of the industry's strong areas. German 
home-entertainment equipment makers began applying 
ICS to consumer products because the lack of a big space 
and military investment and absence of a strong domes-
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tic computer industry have directed the country toward 
linear lc development. 
For example, in the mid-1960s Grundig Werke AG 

applied monolithic circuits in a pocket tape recorder. 
Last year the company incorporated rn. digital la in 
Tv receivers for electronic tuning. Grundig's latest color 
iv line includes a set containing 12 ICS that has a 26-
inch screen and 110° deflection. 

Linear ics are in the video i-f amplifier, video ampli-
fier, color signal processing, horizontal deflection cir-
cuitry for phase comparison, sound i-f amplifier, and 
audio output amplifier, and in the tuner for voltage 
stabilization. The only likely function left for integra-
tion, the company says, is to replace with a single lc the 
seven transistors used for tuner voltage selection and 
seven more for range switching. 
The German manufacturer has already discussed this 

possibility with a U.S. firm. Grundig says that integra-
tion in hi-fi equipment will not proceed as rapidly as in 
Tv because of the critical requirements in distortion, 
group delay, and crosstalk. 
Grundig has followed much the same reasoning as 

American companies in justifying use of integrated cir-
cuits—reliability and cost. One difference, however, is 
that Grundig contends that the space-saving factor of 
la alone makes possible the modular concept of equip-
ment design. U.S. engineers argue that it's possible to 
have modular design without ICs, and that it's possible 
to have ics without modules. 
Other equipment makers using ICS generally go along 

with Grundig, but not to the same extent. Deutsche 
Philips GmbH, a subsidiary of Philips in The Nether-
lands, says it is using two Ks in black-and-white TV re-
ceivers and several in color sets for various functions: 
sound i-f amplification demodulation. PAL [French TV 
system] switching, and other color-signal processing 
jobs. In one portable radio, an lc handles functions in 
all stages except those in the uhf input stages and in the 
power output amplifier. 
Japanese consumer goods manufacturers have also 

converted heavily to ics, with television manufacturers 
accounting for an estimated half of all consumer ICs 
sold. This percentage could grow as device prices de-
cline, wages increase, and the economic factor bends in 
favor of more ics. This rapid growth in television may 
not be duplicated in stereo equipment, radios, or tape 
recorders because of the wider variety of requirements 
and power supply voltages that would be involved. 

Tax Incentive that wasn't 

A nondesign factor that has artificially encouraged 
more ICs in TV chassis was a belief that receivers would 
win a waiver on the Japanese excise tax, based on the 
number of integrated circuits they contained. Instead, 
the Japanese government increased the tax on solid-
state color receivers from the previous 10% to 15% (for 
sets with picture tubes up to 20-in, outside dimension), 
regardless of the number of Ics or transistors used. As a 
result, many companies are redesigning their ICs to re-
duce the numbers required and achieve a better cost 
balance. 

Matsushita Electric Industrial Co. now uses nine inte-
grated circuits in many of its color receivers. These are 
for sound i-f and demodulator, local oscillator, auto-
matic fine tuning, sync separation, jungle circuit, hy-
brid-vertical and horizontal oscillator (including hori-
zontal automatic fine-tuning), video preamplifier, 
(including driver, automatic resolution control, chroma 
amplifier), chroma continuous-wave oscillator, and 
chroma demodulator. More expensive models also have 
an mos LS1 that generates a 31.5-kHz signal from which 
frequency-counter circuits derive horizontal and vertical 
oscillator frequencies. 

Hitachi Ltd. is also a heavy user of Ics, with 10 in its 
large-screen sets and either one or two in inexpensive 
small-screen units for sound i-f, as well as automatic 
fine tuning in sets with this option. Among the functions 
in the large-screen models are Ics for color sync, includ-
ing oscillator automatic phase and frequency control, 
color dc control, and video amplifier-through-driver, 
automatic resolution control, automatic brightness con-
trol, and contrast and brightness dc control. The rest of 
the iCs are much the same as other producers are using. 

4. Old and new. The hybrid GE chassis at the left had tubes and dis-

crete components The leap to all solid state in the new modular 

chassis (right) included ICs, which helps to ease home repair. 
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Hitachi's enthusiasm for the benefits of tcs matches 
the company's commitment in numbers improvements 
cited by a company source include incieased sensitivity, 
decreased noise, less cross-modulation with strong sig-
nals, higher bandwidth for better resolution, and better 
agc speed than sets with discrete components. 

Separate agc circuits for tuner and i-f stages eliminate 
agc adjustments, and use of a low-level demodulator 
eliminates interference from detector harmonics. Also. 
the bandpass amplifier maintains constant saturation, 
despite changes in signal level; the ordinary bandpass 
amplifier has an ac circuit that maintains a constant sig-
nal, which saturation tends to change. Finally, because 
most chips have built-in regulator circuits, they are al-
most completely unaffected by power-supply variations. 
While both Matsushita and Hitachi acquire Ks from 

within their companies, Sharp Corp. has to purchase 
them from outside sources. Sharp is using five ics in a 
10-in, set without automatic tine tuning, and six in a 14-
in. set with automatic fine tuning. 

Sharp's second generation 

'I he company is now starting production of chassis 
for large-screen -tv with five ics. This line is a redesign 
of last year's chassis that had 17 ics, nine of which were 
monolithic and six hybrid. In response to the unex-
pected excise tax increase, Sharp has removed all the 
hybrid circuits and some of the monolithic ones, retain-
ing only the sound i-f, video i-f, chroma subcarrier rege-
nerator, and chroma demodulator. Despite this cutback. 
Sharp is contemplating design of another chassis that 
will have seven or eight monolithic ics. The company 
has also added a MOS LSI circuit for remote tuning that 
displays the channel number on the screen for 1.5 sec-
onds after tuning to the frequency. 
Another Japanese television set maker that had 

planned to consolidate lis because of the tax break that 
never materialized is the General Corp. Its 23-in. 
chassis has six monolithic and four hybrid tcs. The 
automatic resolution control of the video-stage tc varies 
the frequency passband of the amplifier for optimum 
performance in both color and black-and-white sets. 
The automatic beam limit controls an average beam 
current and thus prevents overload of the horizontal 
output transistor. General had originally planned to use 
more hybrid and fewet monolithic circuits. but the 
present lineup with monolithic circuits costs less. For 
the horizontal output stage. the company is also using 
two scRs made under license from RCA by Tokyo Sanyo 
Electric Cu. Field claims, says General, have dropped to 
less than one-fifth of those for receivers that employ 
transistor output stages. 

UK makers are cautious 

Manufacturers in Cheat Britain have been more 
cautious than either the Japanese or Americans in 
adapting it's. At British Radio Corp., the biggest Tv 
producer. for example, Ks are used for sync detection. 
color modulation, and the usual sound i-f. Chief devel-
opment engineer Tony Henk points out that the firm 
uses only standard circuits in the belief that they offer 
the best cost advantage in converting to ics. He is par-
ticularly enthusiastic about the color demodulator sup-

i-11 

5. Stereo hybrids. Fisher Radii, uses tvv.)hybild ICs ri;ade :r; iupJ 

tjrpouer functions At riqht ;;-, the ;C Uu; Or, .11,r 

du. hou ut Mt; hybrid Cud, ...tv ;he &my.; 

plied by Motorola because it permits direct coupling, 
whereas discrete circuits have to be ac-coupled to ac-
conimodate differing thermal elfeas. 
The attitude toward lis at Rank-Bush-Murphy Ltd.. 

another major iv set maker, is slightly different from 
BRC's. R-B-M uses two chips that between them catty out 
nearly all the color decoding functions. These chips are 
designed by R-B-M engineers and made by Plessey Ltd 
in the late 1960s, when R-B-M decided to use ics, theft; 
were no standard chips available. Better performance. 
primarily gicater stability and reliability, was the stimu 
lus, rather than savings. Cyril Ward. development pioj-
ects manager at R-B-M's Plymouth plant. says that the 
company may continue to design its omi chips foi lu-
turc sets, though with so many standards available now, 
it's less likely than before. 

R-B-M now uses an off-the-shelf sound intelearriei tc 
in all sets, while in its nionochiome sets it uses the 
Motorola sync detector and the if sync-line oscillator 
jungle 

Audio IC creates new radio 

Eddystone Radio Ltd. has begun marketing a high• 
quality a-muni stele.) receiver that would not be d‘411 
able on the consumer market without ics. Eddystone. 
subsidiary of Britain's GL. is mainly a maker of pules-
sional communications equipment and has used poles 
sional techniques and top-quality components to make 
a portable receiver designed to perform under arduous 
conditions. 

fhere are four integiated circuits one each in the 
the fm Il the tin stereo decodei and the output 

circuit. [he first thice devices are standard Rt. A prod-
ucts. and the latter is a Mullaid product. 

Richard Carroll, managing director. says ils ale used 
because the alternative discrete component receiver 
would be so complex and expensive that it would riot be 
practicable. Carroll adds that Eddystone has used the 
sanie lis for some time in professional communications 
equipment. so there were no developmental bugs tu 
work out in the consumer product that followed 

Part 2: TV and audio ICs 

The rush of TV manufacture's to incorporate the new 
ii designs into their sets is well underway In fact. all 
the sinall-sitmal functions in the IN set can now be satis-
tied with IC's -autoinatk fine tuning. video and sound 
i-f. video signal processing (called a jungle eneurt he-
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cause it contains a hodgepodge of diverse elements), 
and the chroma system (signal detector and demodula-
tor). 
Only the front-end receiver and the high-power de-

flection circuits at present still require discrete compo-
nents, to supply the former's sensitivity and low distor-
tion and the latter's high power. 

Because different TV manufacturers partition sets dif-
ferently, ic manufacturers have built different circuit 
versions for every functional-block area. For example, 
the partitioning method shown in Fig. 6 could be used 
in a top-of-the-line color set. Key to this partitioning 
approach is the use of a single chip, designated the 
CA3068, which supplies the entire video i-f function 
block. 

Developed by RCA and applicable to both color and 
black-and-white receivers, it carries the video and 
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sound channels from the front-end mixer stages all the 
way to the sound and video detector and amplifier 
stages. In the process, it performs video i-f amplifica-
tion, video linear detection, video output amplification. 
automatic gain control from a keyed supply, agc delay 
for tuning, sound carrier detection. sound carrier ampli-
fication, and buffeted automatic frequency tuned out-
put. All this is available in a standard 20-lead quad in-
line plastic package, with wrap-around shield to min-
imize interlead capacitances. 

Figure 7 gives a functional block diagram of the 3068. 
One of its innovations is an isolated zener reference 
diode providing a convenient means for controlling the 
regulated voltage supply. Also key to the design is its 
wide bandwidth capability (10 to 70 MHz) and high 
over-all gain (87 decibels)—specifications that make this 
chip equally suitable for many a-m i-f applications. 
The chroma section of the TV set offers another op-

portunity for lc implementation, and in fact color Tv re-
ceiver design indicates a rapidly changing trend toward 
ICs to supply this function. As shown in Fig. 6, two 
schemes are generally used: a two-chip and a three-chip 
partitioning scheme. 
A recently developed circuit, the RCA CA3067, de-

modulator, is intended specifically for the two-chip 
chroma system. Its design guidelines took into account 
the set manufacturers' growing preference for a red-
green-blue (RGB) receiver system instead of a color-dif-
ference (CD) system. 
The chip, which is supplied in a quad in-line 16-lead 

plastic package, provides the following color demodula-
tor circuit functions: amplification, balanced chroma 
demodulation (where chroma means sidebands of the 
modulated chrominance subcarrier). dc-operated tint 
(phase) control, and zener-diode voltage regulation. A 
phase-shift circuit is included for tint control, a limiting 
amplifier eliminates the need for amplitude modulation 
of the reference subcarrier. and a preamplifier circuit 
boosts the subcarrier signal before it's injected into the 
balanced demodulator. Most important, because rf fil-
ters are provided on the chip to remove the high-fre-
quency products of demodulation, external filtering is 
unnecessary. 

In addition, the output amplifier for each of the color-
difference signals contains a feedback emitter-follower 
arrangement to keep the output impedance low during 
both the positive and the negative peak signal swings of 
the output stage. This arrangement assures sufficient 
drive capability for the high-voltage output trans-
formers of present color systems. yet doesn't produce 
degradation of bandwidth- characteristics, even when 
signal amplitudes are at peak values. The circuit can 
drive either an ROB or a CD circuit, making it very 
adaptable indeed for TV applications. 
The basic connections of the 3067 for an ROB system 

are shown in Fig. 8. The chip's output amplifiers are 
directly coupled to the ROB output amplifier circuits. 
Regardless of dc bias considerations, it is always neces-
sary to control the output drive level to obtain proper 
gray-scale tracking. This control is accomplished by ad-
justing the relative gains of the ROB amplifier, varying 
either the emitter or the collector resistors. 

Another recently developed color-processing circuit, 
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7. Blockbuster. This video i-f function block (RCA's CA3068) is typ-

ical of the degree of integration being provided at low cost for con-
sumer applications. Though it was designed for TV, its wide band-
width and high gain are suitable for a-m i-f applications. 
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Motorola's MC1398P, was designed to replace the six to 
10 discrete transistors now used in some Tv sets to pro-
vide that function. The 14-lead package comprises a 
chroma i-f amplifier with automatic chroma control, a 
color-killer circuit, and an injection lock reference sys-
tem. This last system generates the required chroma 
subcarrier reference signal by pulling a crystal oscillator 
into phase with the reference color burst. The lc also 
has an internal feedback oscillator that locks into phase 
only at a threshold level of 200 microvolts or more, thus 
providing greater noise immunity than was generally 
available in this type of circuit. 

Another feature of the 1398P is the use of dc control 
circuitry for hue and chroma amplitude adjustments. 
This obviates the need to generate high-level ac signal 
levels, which require lossy shielded cables from the 
front panel to the circuit board. As a result, the manu-
facturer is given greater freedom in circuit mounting, a 
particularly useful asset for remote control sets. 

Not all roses 

However pleased the IC manufacturers are in general 
with their new relationship with the TV set makers, one 
aspect of it gives them pain: the growing demand that 
they, the IC manufacturers, participate in new set war-
ranties. It's no secret that, as a sales leverage, the set 
makers want to use the increased reliability that ICs 
offer to extend their warranties—now typically one 
year (parts and labor) but as high as two years for 
some top-of-the-line sets. 
The problem from an IC manufacturer's point of 

view is not unwillingness to absorb the cost of a defec-
tive part, but that he is being asked to share in the la-
bor costs of replacing the part as well. That could 
mean a significant portion of a $20 to $30 parts-and-
labor charge. 

Right now the situation is at a standoff—the set 
makers pressuring the IC vendors, and the IC vendors 
resisting the pressure. But as set makers use more 
ICs, the orders will go up into the millions of dollars, 
and resistance will be harder to maintain. 
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In the 1398P. a Schmitt trigger provides hysteresis ac-
tion which squelches the chroma output during mo-
nochrome or weak color broadcasts- -a color killer pro-
vision normally not found in many chroma processing 
circuits Providing 40 dB of chroma gain with an age 
range of 23 dB. the 1398 can he mated to any one of the 
typical chroma demodulators now available, such as the 
MC! 376, to complete the entire chroma system. 

The jungle 

!1/1 ry manufacturers found that, after they had 
integrated many of the standard circuit functions, a 
block of miscellaneous circuits was left over. This gap is 
now being filled by jungle circuits --single-chip function 
blocks that include any of the small-signal functions not 
already integrated. For example. one popular jungle 
circuit. Motorola's MC1345P. provides sync separation, 
noise inversion and age keying. amplifying, and delay. 
In some sets it replaces at least four transistors and the 
passive components associated with them. 
The chip provides a 10-volt range of either positive-or 

negative-going age voltage and a 16-v peak-to-peak 
sync output for horizontal and vertical sweep circuits, as 
shown in Fig. 9. The noise inversion circuit prevents 
noise pulse from being misinterpreted as a sync pulse. 
The noise threshold may he externally adjusted with an 
appropriate resistor vaitie, while the maximum blank-
ing interval for very long noise pulses is determined by 
an external capacitor. Thus jungle circuits become an 
integral part of the video i-f function described above. 

One-chip sound channel 

Perhaps the function that has benefited most from in-
tegrated-circuit techniques is the TV sound channel. The 
last few months have seen the introduction of chips ca-
pable of providing an entire sound channel, from the 
small-signal sound detector coils to the terminals of the 
speaker. Both Sprague and National now offer complete 

8. Making colors. In a typical chroma section, the outputs of the 

color demodulator chip (RCA's CA3067) are coupled directly to the 
RGB output amplifier circuits 
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9. Remainders. Miscellaneous small-signal functions not integrated 

elsewhere are put on a single chip called the jungle—and everyone's 

making it Motorola's tingle circuit (MC1345P), for example, pro-

vides sync separation, noise inversion, agc keying, and delay. 

sound-channel chips, with the other semiconductor 
manufacturers not far behind. 
A block diagram of the Sprague circuit, a 2-watt 

sound channel called the ULX2211. is shown in Fig. 
10a. The basic sound system is composed of five blocks: 
the limiting amplifier, fm detector, gain control, audio 
pre-amplifier. and output amplifier. The limiting ampli-
fier and the detector characteristics determine the sensi-
tivity of the system. and are adequate to detect audio 
signal levels of all existing TV set designs. Note, too, that 
the device provides 2 to 3 w of output power. sufficient 
to drive any of the speakers currently in use in today's 
sets. 
Key to the integration of the output amplifier was 

Sprague's use of ion implantation for the high-resis-
tivity structures (up to 50 kilohms) needed to build out-
put transistors. It is Sprague's contention that the nor-
mal diffusion methods are inadequate for creation of 
high-power monolithic devices in minimal chip areas. 
The use of implants. however, does allow fabrication of 
these high-resistance elements in smaller spaces. More-
over. they have tighter tolerances (typically well within 
±10%) than normal diffused resistors (4:30%). And as 
only one extra masking step is needed for implanted re-
sistors, processing costs are only slightly raised. 

Figure 10h shows the 2211 used as a complete sound 
section of a TV receiver. This schematic shows that a 
minimum of external components is required for basic 
operation. What are needed are a tuned circuit, a vol-
ume control potentiometer, an ac volume control op-
tion, and an optional gain adjustment. The tuned net-
work could simply consist of an external LC network, 
say. 120 picofarads and 12 microhenries. to provide the 
correct resonant frequency. 

Since it may be necessary in some applications to de-
couple the dc control to eliminate buzz pickup from the 
vertical sweep. an ac volume control is provided as an 
option. Finally, the output is coupled through a elec-
trolytic capacitor of approximately 200-'nF to a I6-ohm 
spea. ker load. A small RC network is usually required to 
damp out the inductive action of the speaker coil. 

In addition to encompassing the complete sound sys-
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tern for a TV receiver, the 2211 with a little help -a 
tuner, two ceramic filters and a few external compo-
nents—can also be used as a "one-chip" fm receiver. 
Such a receiver would provide a sensitivity of about 10 
to 20 microvolts. Automatic frequency control can be 
provided by properly filtering the detector output (pin 
10) and using it to control the tuning diode. 

National's single-chip TV sound system, catalogued as 
LM1805. also combines good low-threshold perform-
ance and a-m rejection characteristics over more than 
three decades of input levels, with an output capability 
of 2 to 4 w. Like the Sprague circuit, the 1805 offers dc 
volume control, and has a 20-microvolt sensitivity and 
a-m rejection of 50 dB typically. Significantly. it requires 
only one tuning element, making set alignment at the 
factory very easy. The major difference between the Na-
tional and Sprague circuits is that the former employs a 
differential-peak-detector, the latter a quadrature detec-
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10. Basic sound. A one-chip sound-channel block (a) for TV has 

limiting amplifier, gain control, audio pre-amp. and output stage ca-

pable of 2 to 5 watts. The schematic (b) shows minimal external cir-

cuitry. Called the ULX2211, it's made by Sprague. 

11. What every home video needs. This sync generator designed 

for low-cost portable and home video color sets, is Fairchild's 

pA3261. It provides complete horizontal and vertical sync functions: 

color subcarriers, horizontal drive, color burst flag, and blanking. 

12. Wide open spaces. Using a PLL decoder in a stereo set elimi-

nates tuning coils and therefore cuts back even more on board 

space. The Heath chassis (bottom) has a Fairchild PLL decoder, 

while the one above has the conventional tuning circuits. 
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tor. Quadrature detectors generally require higher-level 
signals than differential peak detectors. 

Conscious of the growing demand for small portable 
color TV sets, particularly those used with home video 
systems. Fairchild has designed a low-cost color TV sync 
generator on a single chip. Designated the tA3261. it 
provides a complete horizontal and vertical sync func-
tion (see Fig. 11). The circuit operates off a two-phase 
14.31818-mHz clock, and supplies the 0° and 90' color 
subcarriers, the horizontal drive signal. the color burst 
flag, a composite sync signal. composite blanking. verti-
cal drive timing, and odd and even frame indications. 

It'll/ represents the greatest dollar value in consumer 
ICs. audio represents the greatest amount of new circuit 
activity. Indeed, at the recent consumer show held in 

13. Decoding stereos. The block diagram of the RCA stereo de-

coder is shown at lower left in schematic of radio set. In addition to 

its decoding function, the CA3090 provides automatic stereo switch-

ing and lamp indicator signals. The schematic shown is for the circuit 

being used in RCA radios presently in production, because it offers 

high tuning reliability in a small space. 
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Chicago, by far the greatest number of new products 
introduced was in the audio area. 

Audio: starting to be heard 

Because many of the top-of-the-line audio equipment 
manufacturers want to use a monolithic input stages in 
much of their equipment. both to improve reliability 
and to lower costs. IC manufacturers have become in-
creasingly eager to produce suitable low-noise ampli-
fiers. Until now, however, these amplifiers, although 
providing sufficient gain, introduced unwanted noise, 
forcing customers to stay with discrete-transistor cir-
cuits. Two new monolithic circuits from National, the 
LM381 and LM382, seem to have turned the trick, of-
fering high gain along with low noise. Both operate 
from a single voltage of anywhere from 9 to 40 v dc, 
while an internal supply decoupler regulator provides 
120-dB power supply rejection. 
Because of this rejection. the LM381 is ideal for use 

with equipment that must work from low-level inputs, 
such as those from magnetic tape heads and phono-
graph cartridges. It has a total equivalent noise input of 
only 0.5 ¡tv/rms. which is not only better than anything 
else available in integrated form, but equals or sur-
passes the noise figure of the best discrete circuits found 
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in top-of-the-line stereo equipment. Gain of the 381 is 
112 dB. The small-signal bandwidth is 15 MHz. and 
power bandwidth is 75 kHz. Other features include a to-
tal harmonic distortion of typically 0.1% at 75 dB gain 
point, and channel separation of typically 60 dB. 
The LM382 dual preamp is similar to the 381 except 

for a slightly higher noise-0.8 itv/rms. Technically, the 
major difference between the two is that a resistor 
matrix on the 382 chip allows the user to select a variety 
of closed-loop gain options and frequency response 
characteristics for either tape or record compensation. 

Phase-locked loops in stereo 

Phased-locked-loop (i)LL) systems have been used for 
many years in other forms of' consumer entertainment 
equipment. for example. in black-and-white TV receiv-
ers for horizontal sweep sychronization and in color TV 
receivers for regeneration of the chroma subcarrier. 
Only recently. however, has the PLI concept been suc-
cessfully applied to I'm stereo multiplex signal decoding. 
New nil_ decoders have now appeared from many IC 
manufacturers. including Fairchild. Motorola. RCA. 
Sprague, and National. 
These FIL decoder ics offer the high performance de-

manded by high-fidelity stereo component equipment 
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at a cost that most builders of fm stereo receivers can 
manage. Moreover, with such monolithic decoders. no 
tuning coils are required. and the total parts count for 
the decoder function is reduced by almost an order of 
magnitude. 

In any fm stereo multiplex decoder, it's necessary to 
reconstruct the 38-kHz subcarrier present in the encod-
ing equipment. Earlier decoders either doubled the 19-
kHz pilot tone or used it to lock the 38-kHz oscillator. 
The problem was that both techniques require at least 
one. hut more commonly two, selective I9-kHz signals 
to extract the pilot from the composite signal. In addi-
tion. a 38-kHz-tuned circuit is needed either to separate 
the 38-kHz subcarrier from the pilot in the doubler sys-
tem or to establish the oscillator frequency for the injec-
tion lock system. Critical phasing is required for good 
separation. making the alignment of these tuned circuits 
critical and not easily obtained in large-volume circuits. 
Temperature and aging atTect the drift characteristics of 
coils, further degrading long-term performance. 
A FIL decoder announced recently. Fairchild's itA758 

is one chip that eliminates this problem by doing away 
with the need for coils. Its FIL method of regenerating 
the 38-kHz subcarrier produces a signal with a phase ac-
curacy limited only by the loop gain of the system and 
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14. Locking In. Major new area for ICs is fm stereo multiplex de-

coder that uses a phase-locked-loop circuit. Block diagram of Moto-

rola's 1310 shows the principal parts of the circuit: the PLL sub-car-
rier regenerator and the stereo demodulator. 

by the stability of the free-running oscillator frequency. 
Because the phase-locked-loop aspect of the 758 auto-
matically provides for this phase accuracy. both the 
subcarrier and its phase can be easily controlled. In ad-
dition. the 758 system operates over the extreme tem-
perature range encountered in the automobile radio en-
vironment. adding another potential application. 

Figure 12 is a photograph showing two chassis manu-
factured by Heath Co.—the bottom one has the Fair-
child 758 stereo decoder, the other has conventional 
tuning. Note the significant reduction in chassis space 
offered by PLL stereo decoding. 

Motorola's PLL stereo decoder, type MC1310, also 
eliminates coils by employing the PLL principle to lock 
onto the 19-kHz pilot signal provided by the stereo 
broadcaster, creating a signal which is in phase with the 
pilot signal and of exactly double the frequency. Again. 
this 38-kHz subcarrier is then used to demodulate the 
stereo information. 
A block diagram of the 1310 (Fig. 14) shows its two 

principal components. a phase-locked-loop subcarrier 
regenerator and a multiplier-type stereo demodulator. 
A stereo/mono switching circuit is provided to disable 
the decoder during monaural broadcasts or weak stereo 
broadcasts. This switch also controls a lamp driver that 
employs 6 dB of hysteresis to avoid flickering of the 
stereo indicator lamp caused by variations in signal 
level. As an example of the specs available in these cir-
cuits, the system gives stereo separation of 40 dB at 1 
kHz, with total harmonic distortion typically 0.3% for a 
560-mv level of composite input. 

RCA's stereo multiplex decoder, which the company 
introduced about a year ago, operates with only one 
low-inductance tuning coil, and therefore needs one ad-
justment for complete tuning. The device, designated 
CA3090Q, can operate from a wide range of power sup-
plies (10 to 16 v) and provides automatic stereo switch-
ing and stereo indicator lamp energization. 

Figure 13 shows a block diagram of the decoder 

(lower left) as it would appear in a complete a-m/fm 
stereo multiplex audio system: these chips are presently 
being designed into medium- and top-line RCA radios. 

In operation. the input signal from the detector is am-
plified by a low-distortion preamplifier and then simul-
taneously applied to both the 19-kHz and 39-kHz syn-
chronous detectors. A 76-kHz signal, generated by a 
local voltage controlled oscillator (vco), is divided 
down to a 38-kHz signal and to two 19-kHz signals in 
phase quadrature. The 19-kHz pilot tone supplied by 
the fm detector is then compared to the locally gener-
ated 19-kHz signal in a synchronous detector. The de-
tector output controls the vco output so as to phase-
lock the stereo decoder with the pilot tone. 
A second synchronous detector compares the locally 

generated 19-kHz signal with the 19-kHz pilot, and if the 
pilot tone level exceeds an externally adjustable thres-
hold voltage. a Schmitt trigger circuit is energized. The 
signal from the trigger lights the stereo indicator, en-
ables the 38-kHz synchronous detector, and automatic-
ally switches the circuit from monaural to stereo oper-
ation. 
As shown in the schematic of the audio system, the 

output of the 38-kHz detector and the composite signal 
from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel 
audio signals. These signals are then applied to their re-
spective left and right post amplifiers for amplification 
to a level sufficient to drive most audio amplifiers. 

Integrating power: new audio game 

Another barrier lately overcome by the lc manufac-
turers is the integration of power, at any rate in the un-
der-5-watt region. Most manufacturers now have 
monolithic power amplifiers ranging from 2- to 5-w out-
puts, and are working on 10-w capability. These devices 
are suitable for radio and iv receiver applications, as 
well as industrial audio applications requiring high-
power and low distortion. 

Fairchild's p.A706 audio power amplifier (see p. 157 
for more details) is an example of the high-output capa-
bility of these new circuits. It is suitable for applications 
in audio systems operating on 14-v nominal supplies. 
At this voltage the 706 can deliver 5.5 w continuously to 
a 4-ohm load. A unique feature of the device is its self-
biasing capability and at any supply voltage from 6 to 
16 V. making thé amplifier very desirable for automo-
tive and portable audio applications. 
To attain a power of 5 w. not only must the drive cir-

cuit limitation be overcome with bootstrapping tech-
niques. but voltage swing limitation due to the satura-
tion resistance of the power transistors must also be 
overcome. Fairchild therefore uses a special diffused 
collector sinker, formed by a highly doped well that 
creates a low-resistance path for the collector current. 

High-power amplifiers require heat sinks, and to 
meet this demand most manufacturers use a modified 
plastic dual in-line package with a copper heat sink. In 
addition, the user has the option of soldering a copper 
bracket to the top of the device, to serve as a mechani-
cal support as well as an additional path to a heat sink. 
The power amplifier line introduced by National at 

the beginning of the year includes a 2-w audio ampli-
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15. Power to the people. New ICs capable of 2- to 5-watt audio 

outputs make low-cost power circuits available for radios. including 

auto designs. For instance, this chip from National, the LM383, can 

deliver 5 watts into a 4-ohm load at 14-volt supply. 

fier, the LM380. The company is also about to bring out 
a 2-w-per-channel dual power amplifier (1M377). a 
dual 4-w-per-channel (LM378) and a single-channel 5-
w amp (LM383). In addition, National is planning very 
soon to produce a single 10-w device, which will be the 
highest-power-output integrated amplifier commer-
cially available. 
The dual 2-w and 4-w stereo amplifiers are designed 

for stereo phonographs. tape players and recorders and 
a-m and fm receivers. The LM377 delivers 2 watts per 
channel into 8-ohm speaker. while the I.M378 will de-
liver 4 watts per channel into a I6-ohm load. Both de-
vices contain an internal bias regulator to bias each am-
plifier and yield 80-dB supply rejection. This high 
power-supply rejection spec makes these amplifiers 
strong contenders for the quality audio market. 

For higher power applications. National's 5-watt am-
plifier chip. the LM383 (Fig. 15). is similar to Fairchild's 
Ft.A706. The device delivers 5 w rms into a 4-ohm load 
at 14-v supply. 

Like National. Sprague Electric has several new 
audio ICS in the works: a 2-w audio amplifier 
(ULX2277), designed primarily for Tv; a dual 4-w-per-
channel device (ULN2276); and two 5-w single-channel 
units (ULX2205) and (ULX2285). The 2277 (Fig. 16) 
delivers a full 2 watts continuous power per channel. 
and can he operated over a very large voltage supply 
range -9 to 30 V. Available in 8-lead plastic packages 
with two heat sink tabs, it is designed t'or use in stereo 
phonographs. a-m/fm and stereo receivers, auto radios. 
tape players and recorders. intercoms and motion pic-
ture projectors. 
Texas Instruments has recently got into the audio 

power game by adding two amplifier ics to their con-
sumer line -a 1-w and a 4-w chip. Like the other ic 
makers. it is aiming these circuits at the entertainment 
market. but other applications such as servo drivers and 
communication systems could use them also. 

Both the 1-w (SN760 II) and 4-w (SN76024) circuit 
are suitable for low-cost systems. They deliver their 
power into an 8-ohm load with maximum harmonic dis-
tortion of less than 5%. With a high peak output current 
of approximately 1 ampere. they can be used with low 

load impedances. such as those found in automobile 
speakers. Their ability to operate over a supply voltage 
range of 4 to 13 v further encourages this application. 

Along with its TV tc activity. Signetics is presently 
concentrating its efforts in audio on an ic version of the 
Dolby -B-type- circuit. This is a noise-reduction circuit 
for sound equipment that is used. for example. to re-
duce tape hiss in quality audio transmission. Signetics 
has been licensed by Ray Dolby. inventor of the circuit. 
to develop an integrate-el vèrsion. Discrete versions of 
the system are presently being used by Decca/London. 
Columbia. RCA. F1i. Philips. and others. 
The Dolby tc from Signetics, which will come in a 16-

pin package. will reduce a manufacturer's assembly 
costs. For example. the only other parts each channel of 
a basic tape deck will require. in addition to the Dolby 
IC and associated components, are an equalized play-
back preamplifier capable of meeting the Dolby input 
spec of 30 mw. an equalized record amplifier: and a 
bias and erase amplifier. No output amplifier will he ne-
cessary. 

Another push in the audio area is to the integration 
of the i-f portion of fm receivers. Signetics. for example. 
is soon to announce a phase-locked-loop audio chip that 
performs the entire i-f limiter and f-m demodulator 
function. Catalogued the 563, this chip will come after 
the front-end input preamplifier, and deliver demodu-
lated fm to the output stages. Significantly, no external 
adjustment will be necessary other than setting the VCO 
in the PLL circuit. 

16. Double dealing. Dual-channel audio power amplifier are row 

available in IC form in the 2- to 4 W range. This Sprague device. the 

LIXL2277, which can operate over a wide supply range (9-30 V). 

provides 2 W per channel, and is suitable for auto applications 
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THE WIDE WONDE: 
Everybody is joining the I FD solid state revolution. They're using them in hand held 
calculators from India to Australia and Havre, Montana to Montreal. They're 
using them in DVM's, test instruments, hand-held probes, 
oscilloscopes, digital clocks, computers, marine radios, 
programmers, locomotives, submarines, organs, 
hi fi sets, do-it-yourself kits, airplanes, 
military aircraft, police cars, medical 
instruments, automotive diagnostic 
equipment, atomic energy 
plants, wrist watches, dig-
ital multimeters, elec-
tronic slide rules and 
pop corn machines— 
to name a few. 
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Desigrier's casebook 

Logic driving gates double 
as d-a converter switches 
by Amos Wane' 
Monolithic Memories Inc.. Sunnyvale. Calif. 

The design of a weighted-resistor digital-to-analog con-
verter can be simplified by using the gate that supplies 
the digital input data as a switch. This approach permits 
a high-resolution converter to be built with standard 
open-collector logic. With 1% resistors, five-bit resolu-
tion is possible; tightening the tolerance to 0.1% can 
provide seven-bit resolution on selected units. 
A d-a converter (a) usually contains input switches, a 

resistor network, and an operational amplifier that pro-
vides gain and a low-impedance analog voltage output. 
The digital input data is generally supplied at standard 
logic levels—for example. at transistor-transistor-logic 
levels or diode-transistor-logic levels. Logic gates driv-
ing the converter can therefore he used as its input 
switches (b). 

Individually packaged gates, however, limit output 
word length to about two to three bits because of the 
marked gate-to-gate variation in logic low and logic 
high output levels. A rn. high, for instance, is guaran-
teed to be between 2.4 and 5 volts, while a low lies be-
tween 0 and 0.4 V. Output resistance also varies consid-
erably from unit to unit. Excellent voltage-level tracking 
can. however, be obtained by using gates that share a 
common substrate if they are operated under the same 
load conditions. A five--bit converter (c) can be built 
with an open collector hex inverter performing the in-
put switching function. 
When the outputs of the open-collector gates are low, 

each gate has a load impedance of 500 ohms, and the 
collector-emitter saturation voltages of the gate output 
transistors are within millivolts of each other. When the 
outputs are high. each output transistor is off and the 
resistor network is referenced to supply voltage Vcc. 

Longer output word lengths can be realized in the 
same way by utilizing two hex inverter packages. There 
may he some variation between packages in the low 
gate output voltage level, but this can be minimized by 
selecting the two packages from the same lot (by using 
the date code on the package). D 

Let gates do the switching. Basic digital-to-analog converter (a) requires input switching network to interface digital input data. Using indi-

vidual logic gates (b) to drive and switch converter limits resolution. However, up to five-bit word lengths can be obtained with open-collector 

hex inverter (c) as driving and switching network. Because inverters have common substrate, voltage-level tracking is good. 
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TTL gates speed up 
pulse-height analysis 
by Joseph Laughter 
University of Tennessee Medical Units Memphis Tenn 

Being used mainly for analyzing nuclear energy, deter-
mining white-noie amplitude, or counting blood cells, 
pulse-height analyzers require high-speed performance. 
They are complicated to design with discrete transistors. 
But with transistor-transistor logic and integrated com-
parators. fast operation can he realized at a fraction of 
the usual cost. 

Positive dc voltage EL is the lower limit for a pulse 
passing from input to output. and positive dc voltage Eu 
is its upper limit. At the instant the input pulse rises 
above EL. lower-level comparator A1 switches to zero. 
triggering monostable multivibrator OS1. The output of 
OS, returns to zero after about 300 nanoseconds and 
triggers monostable OS.,. sending a 60-ns pulse to the 
anti-conic gate. The anti-conic gate inverts the pulse 
and triggers the output pulse shaper ( monostable 0S3). 

When input pulse height is greater than Eu, compara-
tor AI is fired first, and then upper-level comparator A2 
is fired. Once A2 switches on, the pulse stretcher 
(monostable OS1) produces a positive pulse that turns 
off the anti-conic gate for 600 ns. Therefore, when the 
pulse from monostable OS«, appears several nanose-
conds later, it is blocked by the anti-conic gate and 
there is no output. Throwing the window switch to its 
"out" position disables the anti-conic gate, allowing a 
pulse to reach the output each time the input pulse ex-
ceeds the lower-level limit voltage. 

This pulse-height analyzer can accept positive pulses 
having a maximum rise time of 250 ns and a maximum 
repetition rate of 500.000 pulses per second. The repeti-
tion rate can be increased by using lower-value timing 
capacitors for delay line OSi, output pulse shaper 0S3, 
and pulse stretcher 0S4. However, input rise time re-
quirements become more stringent. 
The type CMP-01C comparators can be replaced by 

the more popular type 710 comparators if the supply 
voltage is changed from ±I5 volts to +12 and -6 V. Al-
though the type 710 is considerably cheaper, it does not 
perform as well in critical applications. 
Timing curves show output wave forms for several 

important points in the circuit. 

Examining pulse height. Comparators A, and A set lower (E1,) and upper (Er) voltage limits When pulse height exceeds EL, one-shots OS, 

and OS 2 slow down pulse from Al and transmit it to anti-conic gate, which fires output pulse shaper OS:, When input exceeds Eu, Al and A2 

switch, causing pulse stretcher OS, to turn off gate so that pulse from OS2 cannot reach output. Window switch at "out" disables gate 
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Analog voltage sensor 
controls LED threshold 
by Thomas Mazur 
Motorola Semiconductor Products, Phoenix, Ariz. 

Most light-emitting diodes are found in alphanumeric 
displays and optically isolated circuits where they are 
usually controlled, either directly or indirectly, by dig-
ital logic systems. Analog LED control circuits can also 
be useful, provided that distinct light/dark LED transi-
tions can be obtained. The scanning circuit in the dia-
gram employs silicon unilateral switches, which func-
tion like four-layer diodes but have a gate control to 
produce sharp LED transitions for voltage-level sensing 
applications. 
There are N circuit sections, depending on the num-

ber of voltage levels to be sensed. Each section consists 
of a LED, a silicon unilateral switch, a zener diode, a 
bipolar transistor, and two biasing resistors. The unilat-
eral switch begins to conduct when its terminal voltage 
reaches a critical level, nominally 8 volts. Once the 
switch is turned on, its terminal voltage decreases to ap-
proximately 1 V. 
While switch voltage is increasing, the LED and the 

transistor's base-emitter junction become forward-
biased. LED current, which is limited by the emitter re-
sistor, rises until the unilateral switch conducts. Since 
the transistor junction and the LED require around 2 v 
to be forward-biased, the LED shuts off when the switch 
voltage drops to 1 V. 
Whether the switches are on or off, the voltage across 

the transistors continues to increase with rising input 
voltage. Because the transistors are separated by zener 
diodes, each succeeding section operates only after in-
put voltage Vi increases by zener voltage Vz. Therefore, 
accurate LED turn-on levels (VI)) can be set and, with 
the switches providing an abrupt turnoff, incremental 
control of each LED can be achieved. 
Assuming that all the zeners have identical voltage 

ratings: 
(Vi)mix = V11 + + 
(Vi)\tAx = NVz + Vs 

where VEH is transistor emitter-base junction voltage, 
and Vs is the critical voltage level of the preceding uni-
lateral switch. 
The LEDs may be operated sequentially or in an over-

lapping fashion by varying the type of zener used in 
each section. For a sequential mode: 
Vs is less than or equal to Vz + VEIl + VI) 

For an overlapping mode: 
Vs is greater than or equal to Vz + VER + VI) 

In addition, the level of Vs may be reduced by connect-
ing a zener diode between a switch's gate and cathode 
terminals. 
The scanning circuit may be modified to provide 

highly discernible visual indication by replacing the 
emitter resistors by constant-current sources. This sup-
plies the LEDs with uniform current pulses, allowing 
each one to produce a constant light output. Another 
modification permits the circuit to serve as a data trans-
fer mechanism—phototransistors can be inserted be-
tween the LEDs and the emitter resistors so that the 
LEDs can be optically modulated. 

Designer s casebook is a regular feature in Electronics We invite readers 10 submit original 
and unpublished circuit ideas and solutions to design problems Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published 

LED scanning circuit. Silicon unilateral switches SI through S \ require 8 volts to trigger, but only 1 V to stay on. Rising input voltage for-

ward-biases transistor Q1 and light-emitting diode DI. LED emits light until switch Si conducts: it goes dark abruptly when switch voltage 

drops to 1 V. Zener diodes Zi through ZN establish voltage levels that are sensed by each section of scanning circuit. 

SILICON UNILATERAL SWITCH 

ALL SEMICONDUCTORS: MOTOROLA 0, - ON : MPS 6515 
St - Sry : MUS 4987 

DI - Dry : MLED 55 
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to build a better 
VHF/UHF FET mixer: 

Try our U310 junction FET in this balanced 
mixer and make your own performance com-
parison. Our results are below. The inherent 
square-law transfer characteristic of the FET en-
sures high in termodulation intercept and signal 
desensitization. The grounded-gate connection 
is most stable, while source injection of both the 
signal and local oscillator make easy impedance 
matching into the FETs. Also, the balanced con-
figuration reducesl.o. radiation from the signal 
port and suppresses the generation of even har-
monics (which helps reduce intermodulation). 

How do you select an optimum JFET 
for a mixer? Low gate capacitance is needed 
for wide bandwidth — the Siliconix U310 
typically has Cgs = 4.5 pF and Cgd = 1.9 pF. 
Useful conversion gain comes from high 
transconductance. Our U310 has typical 
g fs = 14,000 p.mhos. Dynamic range is 
bracketed by the lowest drain current for 
an acceptable noise figure and the maximum 
drain current — typically I DSS = 40 mA 
for the U310. For an optimum balance, 
matched pairs are available. 

50-250 MHz Mixer Performance Comparison 
Characteristic .114 i Schottky Bipolar 

Intermodulation Intercept Point + 32 dBm +28 dBm +12 dBmt 

Dynamic Range 100 dB 100 dB 80 dBt 

Desensitization Level (the level for an 
unwanted signal when the desired signal 
first experiences compression) 

8.5 dBm +3 dBm +1 dBmt 

• 

Conversion Gain +3 dB* —6 dB +18dB 

Single-sideband Noise Figure 6.5 dB 6.5 dB 6.0 dB 

t Estimated *Conservative minimum 

There's a lot more to this, so 

write for data 
and get the complete story on VHF/UHF mixing and the Siliconix U310. 

Applications Engineering: (408) 246-8905 

Ir 
Siliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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A digital multimeter that 
measures true RMS and 
and current like these — 

3310 Universal Multimeter: true RMS voltage Elm 
Look what you can measure with the Hickok d 

directly. 
For 

•180y 

rr'ILLÍA- 6•V 

•,65V 

/ // 
Sine wave synthesis by Load voltage using full-wave 

ERMS = 110.2 Volts; 43.1 dBm ERMS = 98.6 Volts; 42.1 dBm 
voltage switching SCR phase control ERMS 5.77 Volts: 17.4 dBm iust   Sawtooth waveform 

You save money and receive performance with the Hickok 3310. Here are 00 
some of its RMS specs — 100-1tV resolution, 4:1 crest factor, bandwidth $845 
from 20 Hz to 50 kHz, RMS current capability from 100 nA to 2 A plus all-

solid-state circuits for reliability and ruggedness. 

But keep going. The 3310 reads from —40 dB to +60 dB with 0.1-dB resolu-
tion directly; no conversion or mental additions are necessary. You can 

choose between a 600 and 900-ohm internal reference with a front panel 

switch. 

And don't forget the "multi." The 3310 measures DC voltage from 100 1tV to 
1.5 kV, DC current from 100 nA to 2 A, and resistance from 100 milliohms to 

200 megohms. 

Then, there are the extras. You can add an internal rechargeable battery option 

with 20 hours consecutive operation or you can add a BCD-output option. Ac-

cessories extend ranges to 30 kV or 100 A, and one converts the 3310 to a 
20-MHz counter. All accessories will fit into a convenient carrying case along 

with the 3310. 

Try the 3310 for yourself. Call Hickok or your nearest Hickok field engineer for 
a demonstration and see RMS for yourself. 

FA I C KO K Instrumentation & Controls Division 
10514 Dupont Ave. Cleveland, OH 44108 

the value innovator (216) 541-8060 

shown 
1/2 actual size 

114 Circle 114 on reader service card 



Improved fault-finding with 
automatic functional testers 

Automatic test equipment is gaining popularity from high labor costs: for 

complex logic boards. it will yield better fault diagnosis if logic designs are 

made more testable and if test programs are made more sophisticated 

by Michael J. Riezenman, Instrumentation Editor 

D Rapidly. hut without the usual fanfare, a major area 
of electronics technology is coming of age. Automatic 
testing. which has long been used by big semiconductor 
houses for testing very large quantities of complex 
products. is becoming increasingly attractive to an ever 
growing number of users. In fact. 15q, to 20'7r of' all in-
struments sold today are going into automatic testing 
systems. according to Robert A. Grimm of Hewlett-
Packard Co.'s. Automatic Measurement division. 

Economics, as usual, is the key 

The reasons for the great and growing interest in 
automatic testing are the increased complexity of mod-
ern electronics products. plus the increased cost of 
skilled labor. This combination is enough to make auto-
matic test equipment (ATE) economically attractive. de-
spite the often staggering initial cost of such systems. 
And staggering is often the word. A "small" auto-

matic tester for, say. the functional testing of digital ic 
boards is often a $25.000 investment. A fancy multi-sta-
tion installation, capable of checking both digital and 
analog equipment. may easily cost ten times that 
amount. Neither of these figures is for equipment that 
includes automatic parts handling. Add that, and the 
sky's the limit. 

Because of the high cost of ATE. the purchase of an 
automated system is not something to he taken lightly. 
Typically. the decision is made at the level of a vice 
president or comptroller ;in interesting challenge for 
an instrument sales representative. 
Why is ATE so expensive? A simple answer is switch-

ing and "software." However. Richard W. Van Satin. 
chief engineer at John Fluke Manufacturing Co. in 
Seattle. prefers to say that about a third of the cost of a 
good automatic test system is hardware, the other two 
thirds is "other things." 

Switching. in this context, refers to both the fixture 
that holds the unit under test (L'UT) -typically a 
printed-circuit board or small subassembly -and the ar-
ray of switches that feeds stimuli and responses between 
tester and uuT. Since a tester will almost invariably he 
called upon to handle a variety of uuTs. the switching 
matrix must he able to route signals from the tester, and 
connect measurement gear in the tester, to any terminal 
on the UUT. The solution to this switching problem is al-
most always an array of high-quality -and high-cost 
reed relays. 

"Software" is tougher to define. Besides the actual 
programing. the terni is used to refer to all of the careful 
planning and customer-manufacturer interfacing 
needed to put a working s‘ stem into operation. (The 
automatic testing business. at least for the larger sys-
tems, is very much a customized one-of-a-kind type of 
operation.) 
The cost of the actual system operating software is 

high because it is axiomatic. that a product is no sooner 
designed than an engineering change order is written 
about it. Therefore, the tester that was purchased to test 
this new product must he capable of being easily pro-
gramed and reprogramed to handle all of the changes 
that :ire, and are not, expected. 

Making it work 

The operative word in the preceding sentence is "eas-
ily." Test programs that can he changed only after 
much sweat and toil do not carry a high initial price. 
But a truly universal user-oriented language requires a 
package (if very sophisticated software to back it up. 
According to Ernest H. Filling. vice chairman of the 
hoard at Instrumentation Engineering in Franklin 
Lakes. N. J., the operating software in his company's 
ATE is every bit as complex as the operating system and 
compiler in a modern full-scale digital comp-liter. Such 
a software package takes several man-years to put to-
gether and represents a healthy fraction of the value 
and cost of an automatic test system. 
One of the most important applications of ATE today 

is in the testing of digital logic boards. While some so-
called parametric testers are used in this area. most of 
the work is done hy functional ATE. (Parametric testers 
measure actual electrical parameters such as voltage. 
current, resistance. frequency. rise and fall times. etc. 
Functional testers merely verily the logic operation of a 
circuit.) A good functional tester, however, incorporates 
a great deal of diagnostic capability in its software, so it 
can do a lot more than merely decide it' a hoard is good 
or had. 
To get the maximum value from a functional tester. 

it's a good idea to make easy testability one of the prime 
design criteria of a logic hoard. The contributed article 
by Fredric Boswell. which follows, tells how to do this. 
It is followed by a discussion by Randall Cork and 
Christopher Salzmann of some of the latest techniques 
in automatic diagnosis. D 
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Designing testability into 
complex logic boards 
by Fredric R Boswell 
Digital General Corp , Cleveland. Ohio 

As a cost-effective way of testing complex digital assem-
blies and subsystems, functional testing with modern 
automatic equipment is well established. Its efficiency. 
however, could be much enhanced if the logic design 
engineer included testability among his design criteria. 
As yet, no formal, systematic tools exist for synthesizing 
testable logic designs, but the following eight empirical 
guidelines have proven themselves highly successful in 
practice. 
What a functional test does is to verify the logic oper-

ation of a circuit in terms of its binary-valued input and 
output signals, thus eliminating the need for direct, pre-
cision measurement of voltage, current and time at the 
terminals of the board under test. The faults detected by 
this process are shorts, opens, and "stuck faults." (A 
stuck fault is one that causes a logic element to behave 
as though one of its input or output terminals were per-
'Fredric Boswell e now practicing as an independent consultant in Cleveland. Ohio 

manently fixed at a logic 1 or 0 level.) Unfortunately, 
these faults are not always easily detectable from obser-
vation of the circuit's input and output terminals. Some-
times, in fact, a fault is impossible to detect in this way. 
The solution here is to give the tester more information. 
Hence the first guideline: 

I. Give the tester access to internal circuit-board nodes. 
This is usually done either by using spare edge-connec-
tor pins or by providing a separate connector on the 
card specifically for test purposes. Since it is seldom fea-
sible to bring out every node, the designer must choose 
test points that maximize the diagnostic information 
yielded by a test. 

Figure I illustrates how it should be done. From the 
truth table, it is clear that no set of inputs to the circuit 
propagates the stuck-at-zero fault, which is shown in the 
figure, to the output terminal. This fault is therefore un-
detectable by the tester. However, incorporating a test 
point as shown in color allows input combinations 010 
and 110 to detect the fault at the test point terminal. 

2. As a general rule, avoid logically redundant circuits. 
In the circuit in Fig. 1, the fault shown is undetectable 
because the circuit design is logically redundant. A con-
nection in a circuit is said to be redundant if no change 
in the output function of the circuit occurs when this 
connection is cut. But if the uppermost AND gate in Fig. 
1 is removed, the circuit will perform exactly the same 

STUCK AT ZERO FAULT 

- Tp TEST POINT OUTPUT , 

F- BC+M +A13 

TEST NO 

INPUT 
PATTERN 

A B C 

CORRECT 
CIRCUIT 
OUTPUT 

FAULTED 
CIRCUIT 
OUTPUT 

CORRECT 
TEST POINT 
OUTPUT 

FAULTED 
TEST POINT 
OUTPUT 

o 0 0 0 1 1 0 0 

1 0 0 1 o 0 0 

2 0 1 0 1 1 

3 o 1 1 1 1 o 

4 1 0 0 0 0 

5 1 0 1 0 0 

6 1 1 0 1 1 
.1 

7 1 1 1 1 1 

1. Taking a peek. No set of inputs can detect the illustrated stuck fault merely by examining output F However. if test point T1. is added to 

make an internal node visible at the output, the fault can be spotted quite easily 
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2. Diagnostic resolution. Both of these circuits realize the same 

logic function. But circuit (a) gives the same output when the B input 

is stuck at 1 on gate G1 and when C is stuck at 1 on gate G2. Circuit 

(b) can isolate these faults to a single gate. 

logic function, and it will eliminate the undetectable 
fault. By designing circuits without redundancy. the 
logic designer can eliminate many such faults. Note, 
however, that redundancy is not always a thing to be 
avoided—it has its uses in reducing circuit complexity, 
and in eliminating certain types of logic race problems 
(see last paragraph under guideline 7). 

Where does it hurt? 

3. Make _faults as easy to locate as possible. Some un-
certainty in the location of a fault is inherent in all cir-
cuits. For example, a stuck-at-zero fault at an input to 
an AND gate is indistinguishable from a stuck-at-zero 
fault at the output. The accuracy with which a fault can 
be located is called diagnostic resolution. 
The design of a circuit can be a significant limiting 

factor in obtaining maximum diagnostic resolution. Fig-
ure  2a  shows one possible realization of the function F 
= ABC + ABD + ACD. The faults B stuck-at-one 
on gate G1 and C stuck-at-one on G., can be detected 
only by the input combination ABCD = 1001. No in-
put combination can distinguish between these two 
faults. However, if the function F is realized as shown in 
Fig. 2b. B and C are inputs to the same gate. and either 
fault is now locatable to one gate instead of two. Unfor-
tunately, no systematic procedure for factoring logic 
functions to obtain maximum diagnostic resolution is 
presently known. 

4. Use svnchronous (clocked) circuitrr whenever pos-
sible. Every tester, regardless of its internal organiza-
tion, has a latency period between the time new test in-
puts are applied to the logic board and the time outputs 
are sampled. In this interval, the outputs may change 
without being detected. Consequently. it' the latency pe-
riod is long in relation to the operating speed of the cir-

  r 
Unnnnn 

EDGE CONNECTOR 

ITJU UU 
CLOCK JUMPER 

3. Beat the clock. Connecting the internal clock through a jumper 

at the edge connector allows the tester to break the connection and 

supply its own clock signal for testing purposes. The tests can use a 

slower clock rate that is consistent with the test setup time. 

cuit under test, the tester may not be adequate for cir-
cuit designs employing one-shots or asynchronous 
sequential circuits. 

5. But do take precautions to isolate the clock from the 
logic. The problem is that the time that a tester« requires 
to set up board inputs, scan the outputs. and compare 
them with the correct output values is usually long com-
pared with the circuit operating time. Hence, a board 
with a fast internal clock may sequence through many 
states in one tester cycle, making it impossible for the 
tester to verify that the various states are reached in the 
proper sequence. 

This difficulty can usually be overcome in the design 
phase in two ways. Either the logic can be partitioned so 
that the logic and clocks are isolated on separate 
boards, or the connection between the clock output and 
logic inputs can be made through a jumper at the edge 
connector (Fig. 3). This second method permits the 
tester itself to supply the clock signals at a rate con-
sistent with the test setup time. 

Start at the beginning 

O. Make ii possible to initiali.:e sequential circuits—cir-
cuits with menzorv—prior to testing. Since the outputs of 
such a circuit are a function of the internal memory 
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states. the circuit must be driven to some known initial 
state before testing can begin. The most satisfactory so-
lution to this problem is to incorporate in the logic de-
sign a master reset input that, when activated, drives the 
circuit to a known state. 
A simple example of this problem is illustrated in Fig. 

4. Here a D memory element is connected as a toggle. 
When power is first applied, the circuit latches in one of 
two possible states. A clock pulse complements this 
state. No preset input sequence exists that will drive the 
circuit to an unambiguous state. But if modified to in-
clude a reset input (shown dotted in Fig. 4). the circuit is 
easily initialized by a single pulse. 
Of course, the circuit could also be initialized by 

monitoring the output terminal and applying clock pul-
ses until the desired state is reached. This procedure im-
plies a conditional decision-making capability within 
the tester. While a few testers provide a conditional-
initialization capability for simple circuits such as this 
one, for some circuit designs. the initialization sequence 
may be so lengthy as to be impractical. or simply may 
not exist. 

Dealing with the race problem 

7. Take into account the operational characteristics of 
the tester to be used fie a particular board. While all 
function-checking testers apply input patterns and 
monitor output patterns for the correct responses. the 
methods by which these inputs and outputs are applied 
and sensed vary widely. A parallel-organized tester ap-
plies input patterns to the board under test so that all 
input bits which change from one test to the next 
change simultaneously. A quasi-parallel organization 
implies that all input bits which change within a fixed n-
bit group change simultaneously. (This organization 
arises quite naturally from using minicomputers with 
short. fixed word lengths as the test system controller.) 
A serial organization implies that only a single input bit 
toi the board under test changes at any given instant of 
time. Figure 5 illustrates how a given set of input test 
patterns would be seen by the board under test for each 

4. Reset. Sequential circuits pose a special testing problem be 

cause they have memory. Somehow, they must be driven to a known 

initial state before they can be tested. Adding a reset line is the 

easiest way to do this, if the connector space is available. 

of these three different tester organizations. 
When it comes to monitoring output patterns, there 

are two basic approaches: the tester can compare the 
output of the board under test with that of a known 
good board, or it can compare it against a stored pro-
gram of predicted outputs. The latter approach. as shall 
be seen. has the advantage of being able to eliminate 
some race problems by real-time modification of the 
test sequence. 
A race condition is said to exist when the operation of 

a circuit depends upon which of two or more variables, 
which theoretically change state simultaneously, ac-
tually does change first. If the various possibilities all 
eventually result in the same stable state, the race is 
noncritical. However, if the final stable state does de-
pend upon which variable wins the race. the circuit's 
performance is indeterminate, and the race is critical. 
A critical circuit race arises if the circuit in Fig. 6a is 

tested on a parallel-organized tester. If. for example. 
both A and B inputs change from O to I simultaneously. 

INPUT PAI 1ERN 

TEST NO. ABCDEF 

0 

1 

2 

3 

PARALLEL 

A   

E 

T,, 

0 0 0 0 0 0 

0 0 1 0 1 1 

1 0 0 1 1 1 

1 1 1 1 1 1 

T1 12 

uUASI PARALLEL, THREE 2 BIT WORDS 

A 

E 

SERIAL 

A   

B   

E   

To 

Ti T2 T3 

2 

5. Patterns. All testers are not the same. These widely different in 

put patterns show how three different testers—parallel, quasi-paral 

lei, and serial—might realize the presumably unambiguous test se-

quence that is specified in the truth table. 
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6. Two race problems. If both inputs to circuit (a) change from 

zero to one at the same time, the output is indeterminate A pro-

gramable tester is needed to assure that such a simultaneous 

change does not occur. In circuit (b). however, even restricting input 
patterns to single-bit changes won't help (see Fig 7). 

the resulting state of the latch is indeterminate. If the 
tester is programable, it may be possible to modify the 
test sequence to avoid the simultaneous input bit 
change. But if the tester employs random test patterns. 
this corrective measure would probably not be possible. 
Even restricting input patterns to single bit changes 

may not avoid the critical race problem on some testers. 
For example. consider the circuit of Fig. 6b. Here a 
single input-bit change (in bit A) causes a circuit race 
which may set the flip-flop erroneously. 

While this may not create any difficulties in the nor-
mal operation of the circuit. it can cause particularly 
acute problems with a tester of the type that compares 
the outputs of the board under test with those of a stan-
dard reference board. In this case, the comparison tester 
may reject boards that are effectively fault-free. With a 
programable tester, which compares actual board out-
puts against program-predicted outputs, this difficulty' 
can be overcome by conditionally' modifying the test se-
quence on the basis of the state of the flip-flop aller 
changing input A. 
The circuit of Fig. 6b could be changed to eliminate 

the race condition as shown in Fig. 7. By incorporating 
a redundant term in the network output function. the 

7. A solution. Adding redundancy solves the race problem shown 

in Fig. 6b. This, of course, raises problems of its own, but they can 

be solved by adding extra test points as in Fig. 1. 

race which occurs when input A changes is made non-
critical. With the introduction of redundancy, however, 
the problem of undetectable faults returns, and the cir-
cuitry must be made more complex to solve it. 

Standardize when possible 

8. Take test economics into consideration when devel-
oping a new logic design. Factors such as package design 
and the physical partitioning of logic functions between 
boards can significantly affect test equipment and labor 
costs. 

For instance, most testers use some type of mechani-
cal adapter to interface the board under test to the 
tester—and adopting a standard card edge connector 
and power supply pin assignment on the edge connector 
minimizes the number of adapters required. With 
adapters usually priced in the $100 to $200 range, and 
with adapter wiring times typically four to five hours for 
a moderately complex board, this savings can be sub-
stantial. 

Again, most testers available commercially have volt-
age levels intended primarly for testing transistor-tran-
sistor logic, and many manufacturers also provide logic 
level translation circuitry which permits testing other 
logic forms. Some of these logic level translators are ca-
pable of accommodating mixed logic types on the same 
board, but if so. they generally account for a substantial 
percentage of the tester cost. Minimizing the number of 
different logic types which appear at the edge connector 
can therefore reduce test equipment expenditures sig-
nificantly'. In fact, for low- and medium-volume produc-
tion boards, the designer may wish to convert all input 
and output signals to TTL levels before routing them off 
the board. 
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Devising patterns to. test 
complex logic circuits 
by Randall C. Cork and Christopher H Salzmann. 
Honeywell Information Systems. Phoenix, Ariz 

The total parts count of digital logic boards has been 
steadily increasing, and the boards have become pro-
gressively more complex. Now the only practical proce-
dure for detecting and isolating ic failures is to apply 
diagnostic patterns to the board inputs and monitor the 
outputs. What is not so clear is the best way to do this. 

Although much has been published concerning com-
puter generation of diagnostic patterns, little of the lit-
erature has seemed concerned about actual restrictions 
imposed by modern logic design. Most of the published 
results are valid only for the diagnosis of combinational 
(gates-only) circuits; those that may be applied to se-
quential (flip-flop) circuits have inconvenient restric-
tions. 

Stating the problem 

The problem can be concisely expressed in the fol-
lowing manner: 

Given a sequential synchronous or asynchronous 
logic board, S. as an arbitrary interconnection of 
combinational or sequential logic blocks, and given 
any one failure. F. in S. the problem is to devise a 
test consisting of a sequence ofi input patterns 1(1) 
through T(p), to be applied to the primary inputs 
PI of S. The response. consisting in general of a 
corresponding sequence S(1) through S(p). of out-
put patterns on the primary outputs PO of S. dif-
fers, depending on whether or not the failure F has 
occurred (Fig. U.' 
Since the problem is rather abstract. it is helpful to 

solve a simple practical example before discussing the 
solution to the clomplete problem. The example also 
serves to introduce the definitions of several terms. 
The objective is to design an input test pattern that 

will check to see if the output of gate J in Fig. 2 is stuck 
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1. Find the failure. Given fault F. buried somewhere in the middle of 

a digital-logic board, the problem is to find a sequence of input pat-

terns that will make F visible at the board's output terminals. 

low (at a logic 0). The solution is so to constrain the in-
puts to J that its output is forced to be a 1, and then to 
observe outputs N and 0 to find out whether or not the 
output of J actually does become a 1. All circuit outputs 
are initially given the unknown (U) assignment. 
The drives (circuit predecessors) of gate J are gates G 

and H. To force the J output to 1. either the G or H out-
put must be O. If G is O. H may be either 0 or 1—that is. 
the output of H is a don't care (X). The output assign-
ments 0 and X for G and H. respectively, represent a 
test assignment on J. The test assignment is minimally 
restrictive in that it contains as many don't cares as pos-
sible. The output of G must be assured by placing a I 
on both B and C. since these are the only assignments 
that will result in a 0 output on G. The assignments on 
B and C represent a forcing assignment for a 0 on G. 
Forcing assignments are pushed back from a test assign-
ment to a board input. 

Ascertaining that the output ofJ will be forced high is 
not enough to accomplish the test; the output of J must 
be visible from at least one of the two board outputs, N 
or O. The process of making this output visible, called 
sensitization, is achieved by a push-forward phase. 

This phase begins with a decision as to which load of 
J. either L or M, will have the output of J sensitized 
through it. If M is selected, a 1 on the other input of M 
will cause the output of J to be visible at board-output 
O. However, to make sure there exists a 1 at the output 
of K. the push-back phase must be implemented. which 
results in a 0 at input F. The input vector ABCDEF is 
Ul 1XXO. where the U is effectively the same as an X, 
and the fault is visible at board-output O. 

Treating the general case 

The elements needed to solve the complete problem 
have been implemented by a special computer program 
that incorporates three significant improvements over 
others that have been designed to select test inputs for 
failure detection: a fault-ordering scheme to improve 
fault detection: an extended circuit-assignment set, in-
cluding assignments for rising and falling edges, "don't 
care" and."unknown" assignments: and a special loop-
analysis scheme that attempts to prevent cycling while 
achieving the desired circuit assignments. 

A 

E 

_Do 

2. Is gate J stuck low? To find out. let B = C = 1 and F = O. 

Then, if J is indeed stuck low, output 0 will be high. For this test A, D, 

and E can each be either 0 or 1: it doesn't matter. 
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The basic strategy followed by the program can be 
described in four steps: 
• Select a failure. F. from the logic board, S. utilizing 
the configurational design characteristics of S. 
• Transform the diagnosis of failure F in S into the 
diagnosis of a corresponding failure F. in a circuit 
model. C„. constructed from S. 
• Compute a test. T. for F„ in C„. 
• Simulate T in S to verify that T is indeed a test for F 
in S. in view of possible races, hazards, and inade-
quacies of the model. 
The fault-mode selection for testing is ascertained by 

the way in which the logic blocks are put together. For 
this reason, the program includes user-input fault-mode 
ordering options so that the user may inspect the logic 
and then decide which option would work best. 

C„, the dynamic analytical circuit model constructed 
from S. is called the state matrix. The circuit model is 
analytical in that it attempts an analysis of the response 
of S to specific circuit assignments. and it is dynamic in 
that those circuit assignments are applied as the circuit 
is under construction. 
The test T for F„ in C„ is formulated by utilizing the 

state matrix to trace paths back to inputs and sensitize 
(make visible at an output) faults forward to outputs. 

Finally, the computer simulates T in S for models of 
both a good board in which no faults occur and a series 
of bad boards, each of which has a single different fault. 
Thus. all faults detected by T are determined, allowing 
the fault-selection algorithm to ignore those fault candi-
dates already inadvertently tested. The preceding basic 
strategy description is summarized in the gross-flow 
chart of Fig. 3. 

The fault-ordering scheme 

One problem encountered in a test-vector generation 
algorithm is how to decide which failure should be 
tested next. Previous solutions have been based on step-
ping through the total set of failures either by random 
selection or by means of a prime number. While either 
of these methods is adequate for combinational logic 
and for some simple sequential networks, they are not 
adequate for an arbitrary sequential circuit. 
When à board is in a particular state, the state neces-

sary for the detection of a given failure mode may not 
be a valid next state. Furthermore, random selection 
does not take into account parallelism in the logic and 
therefore tends to lead the recursive test-generation pro-
cess away from the minimum test set. But if random se-
lection is not acceptable. how are faults to be selected? 
A major part of the fault-selection process is the 

method by which the failure modes are ordered. In the 
new program, faults are selected through level ordering, 
circuit-type ordering, ordering by number of drives or 
loads, or any combination of these. 
The level-ordering options cause the fault-selection 

algorithm to tend to select the same failure modes on 
parallel networks and, thereby. cause the over-all test-
ing algorithm to generate fewer vectors to test a highly 
parallel network. For this type of network, random se-
lection may cause the test-generation process to diverge. 
generating an endless set of vectors. 
The advantages of circuit-type fault-selection order-

3. The Grand Plan. After using an advanced fault-ordering scheme 

to select the fault being tested and an array of advanced push-mode 

algorithms to determine the board input assignments, the test pro-

gram simulates the test vector for both good and bad boards. 

ing are more subtle. In fact, depending on the ordering 
of the circuit types under test, the option may be disad-
vantageous. This option is intended for highly sequen-
tial networks, where a certain operation sequence 
moves the board through a restricted set of states. The 
needed ordering causes the test generator to assign 
highest priority to testing bistable circuits first, and 
then, while keeping the network frozen in a state, gener-
ate tests for combinational elements of the network. 
This ordering scheme causes the test-generation process 
to generate fewer vectors to test a highly sequential net-
work. Misuse of the option may cause the opposite. 

Fault-selection ordering by the number of drives into 
a circuit can be similar to circuit-type fault selection or-
dering. Drive fault-selection, primarily for combina-
tional networks, causes the test-generation process to 
follow the classical find-rate curve (Fig. 4). Since many 
failures are detected early in the test, the find-rate drops 
sharply towards the end. Fault-selection ordering by 
number of loads generates the same results. It should 
also be used primarily for combinational networks. 
There is one other option—the user may specify that a 
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particular fault mode on all circuits has top priority for 
'detection. This option may be of use in combination 
with other fault-selection options; but by itself, it is es-
sentially a random selection process and, therefore, of 
little meaning for a general sequential network. 

The fault-selection process 

In the beginning, the fault-selection program puts all 
the undetected failure modes in one ordered fault-list 
file. The network is placed in a completely or partially 
unknown state, depending on whether or not manual 
inputs have been inserted and whether or not test as-
signments have already been made. The next step is to 
enter the sensitizability identifier. This algorithm identi-
fies all circuits that may be made sensitive to the termi-
nal chosen by the user or control mechanism. 
By stepping down the fault-list containing the or-

dered fault modes, an analysis determines whether or 
not the circuit containing the failure is sensitizable. If it 
is, the failure is handed off to the push-mode algorithms 
(push-back and push-forward) to have the test gener-
ated; if it is not, the next failure mode is selected. 

If there remain sensitizable circuits after one pass 
through the ordered-failure bin, a search determines if 
there are any failures for which the test-generation al-
gorithm had previously generated a test, but for which 
for some reason the fault had not been detected during 
fault simulation. If such a failure mode exists, it is deter-
mined whether the failure is on a sensitizable circuit. If 
it is, the failure is handed off for test generation. 
On completion of the second bin search, all unas-

signed inputs are assigned their previous states. and the 
newly generated test vector is sent by the control mech-
anism to the logic and fault simulators. 
The test-generation control mechanism may also set 

the "trapped-faults flag," which will give top priority in 
sensitizing trapped faults to outputs. Trapped faults are 
faults in which bistables have interfered with visibility. 
These faults must be trapped by bistables that are sensi-
tizable to an appropriate terminal (bistable or board 
output). 
The same routine that handles fault selection also 

controls the automatic initialization of the network. Un-
der automatic initialization, the fault-list file orders cri-
teria for initializing bistables to known states. 

4. Diminishing returns. Fault-selection ordering by number o 
drives (or number of loads) results in this classic find-rate curve 

In the push-mode algorithms, most test-generation 
routines build in assumptions as to what may constitute 
the network under test. Typical restrictions of first-gen-
eration algorithms are that no bistable may toggle more 
than once during a particular test. and no bistable may 
be used to shape the clock input for another bistable. 
This sort of restriction is inordinately severe for the 
types of networks now used. Since the advent of Ms! 
and LSI technology, networks seldom satisfy such as-
sumptions. 

The thoroughly modern push-mode algorithm 

It is, therefore, necessary to modify design constraints 
imposed by the earliest test-generation algorithms and 
substitute innovations to be incorporated in the push-
mode algorithms for circuit analysis. 
The first modification is an extension to the assign-

ment set (logic 0 and logic I) to include X. the don't 
care; U. the unknown; E, the falling edge; and E, the 
rising edge. The edge assignments are necessary be-
cause certain bistables are triggered by an edge rather 
than a level on the clock input; also, the edge assign-
ments may be used to remove contradictions in pushing 
an assignment backward through reconverging paths of 
odd polarity. 

Incorporation of D and El (the sensitive level 1 and 
level 0. respectively) is necessary to ensure the proper 
operation of the push-forward process. specifically, that 
portion of the process in which the results of a testing 
assignment are made visible at an appropriate sensi-
tization terminal (a bistable or network output). The ex-
istence of D and O guarantees that a sensitive path will 
not be destroyed in a later attempt to push any assign-
ment back onto a previously sensitized line. 
A further innovation is a compatibility matrix to de-

termine if a desired assignment contradicts an assign-
ment already in place. A matrix allows the criteria for a 
contradiction to be exactly defined, and. if desirable, 
redefined by the user because what constitutes a contra-
diction is not hard-wired in the program. 
The last and. perhaps. most important innovation is 

loop analysis. which has been built into the push-mode 
algorithms. All loops in the network are identified at the 
time the network image is constructed. The compatibil-
ity matrix circuit assignments are divided into three pri-
ority classes for loop analysis. These classes are basi-
cally an ordering by degree of time-independence, 
beginning with the most independent. The priority 
classes are: 

I. X 
2. 0, 1. 0. D 
3. É. E 
These three priority classes are used to make the best 

fault-detection assignments possible to push back and 
forward through a circuit which is part of a logic loop. 
The major goal for the push-mode algorithms in loop 
analysis is to avoid causing the loop to cycle. The first 
loop analysis. therefore, attempts to place a class 1 
don't-care assignment on the loop line(s), and the pos-
sible non-loop assignments are then taken in order from 
classes I. 2. and. finally. 3. 

lf such circuit-input assignments are possible. then 
the desired output is achieved without cycling. The na-
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5. Edge push-back. To push back the É on the output of gate Y (a 

requires an input vector, ST O (b). Note that the previous-state 

output of each gate is specified below its output line, while the suc-

ceeding-state output is shown above. 

tun; of cycling is almost always based on a functional 
assignment contradiction on a loop line; however, if a 
don't-care assignment can be applied to a loop line, no 
contradiction can exist. The exception is when all cir-
cuit-input lines are loop lines. 

In this case, all input assignments must be taken from 
the class 3 edge assignments because, despite their low 
priority, their timing exactness is necessary to simplify 
the loop analysis of the preceding or succeeding loop 
circuits. Eventually, of course, a loop circuit will have 
the non-loop lines necessary to impede cycling. 

Before illustrating how edge assignments are pushed. 
as well as how loops are analyzed, it seems appropriate 
to give a short description of the algorithm for pushing 
back rising and falling edges: 
• The circuit assignment to be pushed back through the 
block in question is assumed to be the quiescent logic 
level of the edge- -that is. in logic I is pushed back for 
an E. and a logic 0 is pushed back for an E. 
• A set of inputs for the block is selected so that a 

change in the logic level of at least one of the inputs will 
result in a change in the output level--that is, at least 
one of the inputs is sensitized to the output. 
• An input logic level that is sensitive to the output is 
selected for the edge assignment. If the logic level is O. 
an E is assigned: dies I, an E is assigned. 
• The push-back of an edge through a circuit requires 
that the previous state of the circuit be the pretransitory 
state of the edge. For example, an E can be pushed 
back only through those circuits with a logic I previous 
state. 
An example involving edge push-back and loop anal-

ysis is illustrated in Fig. 5a. The previous-state output of 
each gate is specified under its output line. In pushing 
back an E (rising edge) through gate Y, it is first noted 
that the previous state output of Y is a logic O. the pre-
transitory state of an E. This indicates that the edge 
push-back through the loop is possible. 
The next step is to push back a logic I (quiescent 

level of an E.) through Y. This leads to two possible in-
put vectors: OX or XO. (Note: the vector components 
from left to right correspond to the gate inputs of Fig. 5 
from top to bottom.) Loop analysis indicates that the X 
assignment should be placed on the loop line; however. 
in this case, both lines are loop lines. The two possible 
input vectors are. therefore, transformed into E.E. 
EE, and E. Since the previous states of both V 
and Z are logic Is. the best of the three possible input 
assignments is EE. and these are the input assign-
ments applied to Y. 
The next push-back sequence involves the pushing 

back of the E assignment through V. Since V has a non-
loop input, loop analysis indicates a XIX, input vec-
tor for a logic 0 output. This, in turn, transforms into a 
lE I input vector for an E output. 
The same sequence of events is repeated for gate W, 

resulting in a XOX input assignment (Fig. 5b), since 
both V and R belong to elements forming a loop with 
W. 
Although input assignments now exist for both the S 

and T inputs, the push-back process must still be ac-
complished for the other E input to Y. The push-back 
through Z results in the circuit input assignment vector 
EE, which is compatible with the Él vector already on 
the two input lines to gate Z. The push-back algorithm 
terminates at this point with the input assignment vec-

tor sT=io to obtain the desired E. output from Y. 
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Engineer's notebook 

Digital ICs set temperature 
compensation for oscillators 
by Jan Willem L Prak and Ralph J PedutL 
Bu/ova Watch Co Flushing N Y 

The availability of digital integrated circuits, along with 
a trend toward monolithic analog-to-digital and digital-
to-analog circuits, demands that an engineer take a 
fresh look at his field to ascertain if digital techniques 
could do the job better then his present analog methods. 
In temperature-compensated crystal oscillators (Tcxos) 
where low power and compact circuitry are musts, dig-
ital methods can simplify the adjustments needed and 
remove many constraints imposed by purely analog 
methods of compensation. 
Such a digital system therefore must be integrated to 

save space, while power consumption can be reduced by 
low-power lc technology such as low-power mos or 
even complementary mos. Another way is to use a low 
duty cycle; since the temperature response of the crystal 
is rather slow, conversion rates of one per second or less 
are quite acceptable. 
The analog temperature-compensated crystal oscilla-

tor circuit (Fig. 1) contains a varactor as part of its load 
capacitance. With a fixed bias voltage, the oscillator fre-
quency will vary with temperature. This frequency-ver-
sus-temperature curve can be used to determine the 
varactor bias voltage, as a function of temperature. 
needed to compensate for temperature changes. A net-
work of resistors and thermistors can be used to gener-
ate the temperature-dependent bias voltage. The close-
ness with which the voltage can be approximated will 
determine the oscillator's over-all frequency stability. 
There are several problems inherent in this analog 

compensation scheme. The number of elements and ac-
curacy of the resistor-thertnistor network depend on the 
parameters of the crystal curve to be compensated (such 
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1. Analog way. Temperature compensation for crystal oscillator is 

obtained by providing temperature-variable voltage to varactor. 

as the curve's steepness) and the level of accuracy re-
quired. Corrections may also have to be made to the 
network a number of times to trim it into final form. 
However, if the slope of the crystal frequency-versus-
temperature curve is steep, and the supply voltage is 
limited, sufficient voltage change may be impossible to 
get from the resistor-thermistor network over some tem-
perature intervals. 
A digital temperature-compensation system will over-

come some of these problems. In its simplest form (Fig. 
2), the oscillator circuit also contains a varactor, but bias 
voltage is generated digitally. A simple temperature 
sensor (one thermistor-resistor voltage divider) gener-
ates the input voltage for an a-d converter. The con-
verter output addresses a Rom, which stores the com-
pensation data, and the Rom is in turn connected to a 
d-a converter. The required bias-voltage-versus-tem-
perature curve is matched by the curve generated by the 
digital system. Thus, by adjusting the contents of the 
Rom, it's possible to accommodate most constraints on 
the analog system. A programable Rom that will have 
contents that can be determined after a temperature run 
of a complete system can be used to eliminate the need 
for any trimming and adjusting. 
How well the Rom compensates depends on its capac-

ity. If N is the number of output bits of the a-d conver-
ter (and thus the number of words in the Rom) and M 
the number of input bits to the d-a (M is thus the word 
size of the Rom), then the number of bits needed in the 
Rom can be expressed as M X 2s; thus N should be 
minimized before M. 
For TCXOS of limited accuracy (about 1 part per mil-

lion over the specified temperature range) the circuit 
used for the direct method (Fig. 2) is probably most 
cost-effective. However, there are ways of reducing the 
number of Rom bits from the M X 2s needed for this 
"brute-force" approach. Figure 3 shows one alternative. 
Assume a system with a resolution requiring N = 10 

and M = 12, so that the direct method would require 
12,288 bits in the Rom. Let the a-d converter consist of a 
clock generator, a 10-stage binary counter (not an up/ 
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2. Digital way. Read-only memory stores correction-curve charac 

tensties a-d converter addresses ROM which drives d-a converter 
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3. Small ROM. Capacity of ROM can be reduced by using adder-Subtracter to effectively bias correction curve at base temperature. 
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4. Divider control. A presettable divider, controlled by contents of ROM, can also compensate for temperature changes. 

down counter) with current sources, and a resistor lad-
der network to generate an internal voltage. This volt-
age is applied to a comparator that stops the count 
when the internal voltage equals the applied analog 
voltage. The counter's 10-bit output then represents in 
digital form the analog input voltage. 
The seven most significant bits of the counter are fed 

to a 128-word ROM with five output bits, one of which is 
used as a sign bit. The a-d converter's three least signifi-
cant bits are left unconnected. The ROM output lines 
feed into an add/subtract circuit which adds or sub-
tracts the ROM output to or from a 12-bit accumulator. 
The accumulator is reset to a value corresponding to the 
output voltage desired at the bottom of the temperature 
range. When the conversion starts, every clock pulse ap-

plied to the counter in the a-d converter simultaneously 
causes the ROM output from the previous conversion to 
be added to (or subtracted from) the contents of the ac-
cumulator. Since the three least significant bits are not 
connected, the contents of each ROM address will there-
fore be added eight times before a new number appears 
on the ROM output lines. In this way, the total curve is 
divided up into 128 linear segments, and each segment 
is broken down into 8 steps. 
This is not a very fast system, but quartz crystals nor-

mally respond fairly slowly to changes in ambient tem-
perature. One conversion per second or less is adequate. 
With such a system, the worst-case frequency error ob-
viously becomes somewhat greater, but more than off-
setting that, the number of ROM bits has been reduced 
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nearly 20-fold—from a high of 12,288 to 640. 
A digital temperature-compensation system, as it 

might be used in a watch or clock, is shown in Fig. 4. 
The a-d converter and the ROM are used in a low-duty-
cycle mode. The output of the ROM is stored in a c-mos 
latch that is permanently on. The d-a converter and the 
varactor have been eliminated by using the digital in-
formation to modify the operation of the divider, which 
divides the crystal frequency down to 1 hertz. This out-
put drives either a stepping motor for a conventional 
time display or a counter/decoder-driver circuit for a 

digital display system. The divider also provides the sig-
nal that turns on the low duty cycle components. 
There are many more ways of applying these ideas to 

an actual system (several patents have been applied 
for). Its application is not limited to quartz crystal os-
cillators but extends to all types of temperature-depen-
dent systems. Moreover, the basic circuits can be easily 
modified to obtain an ultra-linear voltage-controlled 
crystal oscillator (vcxo) or any other functional de-
pendence of frequency on voltage that the system de-
signer may want. 

Charting power losses 
for hybrid-combined amplifiers 
by Ronald M. Sonkin 
Electronic Navigation Industries Inc.. Rochester, N.Y. 

If a hybrid junction is used to combine the output 
power of several transistor amplifiers that are in phase 
and of equal magnitude, then it's easy to figure the total 
output power—simply multiply one amplifier's power by 
the total number. However, in the real world, outputs 
are seldom exactly equal in phase or magnitude. For 
such cases, the designer has to know how much gain 
and phase mismatch between amplifiers he can tolerate 
and still deliver the required output power. The accom-
panying curves show this latitude. 
Hybrid junctions represent a class of four-port net-

works that have the properties of being matched, iso-
lated, lossless, and reciprocal. In the basic hybrid con-
nection for a two-transistor amplifier, a hybrid at the 
input splits the power for each transistor, and another 
hybrid at the output combines the transistor outputs. 
The curves show the resultant loss in power at the 

output as a function of differences in phase and magni-
tude. The curves are derived from the scattering matrix 
of a magic-T hybrid junction. For example, if the ratio 
of the absolute values of the output voltages of the am-
plifiers is 0.8, the output power would drop by 0.05 deci-
bel from the ideal level (where the two magnitudes and 
phases are equal). And, if the phases differ by, say, 30°, 
then an additional decrease of 0.3 dB would occur (the 
two effects are cumulative). For this example, output 
power thus would be 0.35 dB less than ideal. 

Also shown is a curve that helps estimate the effects 
of a failure of one or more output transistors. For ex-
ample, in the simple two-transistor case, if one transis-
tor fails, the output power drops by 6 dB below the ideal 
level, since (N-M)/N is 0.5 (N is the total number of 
transistors that have their outputs combined, and M is 
the number of failed transistors). In this case, the output 
from the one transistor still operating is split by the hy-
brid—half to the output and half to the terminating re-
sistor required on the hybrid's fourth arm. 
BIBUOGRAPHY 
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Microwave Semiconductor Corp. 

The leader in advance 
design microwave 

technology 
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OUR ANGLE: angle position indicators 
that do more and cost less 

SHOULDN'T YOU TAKE A NEW READING 
ON THIS COST-PERFORMANCE ANGLE? 

For better ways to measure synchro and resolver data, North 
Atlantic offers the best of both worlds: budget prices for the 

popular API-8025; superior performance and increased 
capability of the new 8525. • Both are interchangeable 
without any mechanical or wiring modifications. 
North Atlantic's solid-state 8525 offers an accu-

racy of 0.05° (3 minutes). Following a 180° 
step input, it synchronizes a five-digit 
NIXIE readout in 1/2 second flat. And 

it tracks at up to 1000° per second. 
Where cost can be traded 
against performance, the 

proven electromechani-
cal API-8025 . . . a 
recognized indus-

is available with its 6 
try workhAligkoWrse.... 

minute accuracy, 25 °/ 
second slew speed, and 

many options. • Input of the 
8525 is any 60 or 400Hz resolver/ 

synchro data from control instrumen-

tation. The patented servo design elimi-
nates all inertia and improves dynamic per-

formance many times over. Its digital outputs 
are especially suited to the computer-oriented 

requirements of today's automatic test systems. 

The 8525 . . . priced at $1885 . . . and the API-8025 
priced at $995 actually cost less because they perform 
lore functions per dollar. And with greater reliability. 

8 

For complete information on the cost-performance angle, please write or phone now. 

NOR. rT H A. r"1" L1 A.N TIC 
industries, inc. 

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 

cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600 

128 Circle 128 on reader service card Electronics/August 14, 1972 



Engineer's newsletter 

New 1103 RAMs 

can be enabled 

almost at leisure 

Double slide rule 

helps with 

ion implant control 

5-W audio amps 

go monolithic 

Computer centers 

keep your 

designs secret 

Addenda 

If you've been using 1103-type random-access memory chips, chances 
are you've, had to design around some critical timing problems—the 
chip has to be enabled during a narrow window in the pre-charge 
cycle. That's no longer the case, however. Now coming on the market 
are 1103s that don't have an overlap between chip enable and pre-
charge, and consequently timing circuitry and clock supplies are sim-
plified. Early models will cost about $5 each in 1,000 quantities, but 
there's little doubt that prices will soon drop to present 1103 levels. 

If you are setting up ion-implantation production facilities for semicon-
ductor devices, here's an item that could be a boon, according to the 
developers, Accelerators Inc., Austin, Texas. It's a copyrighted double 
slide rule that will allow direct reading of the ion dosage required to 
yield a desired concentration and the total charge in coulombs required 
to obtain that particular dose. The rule works for boron, phosphorus, 
arsenic, and aluminum implants, and contains charts of equivalent 
mass ratios to ascertain stopping power of common masks such as sili-
con oxide, silicon nitride, and aluminum oxide. Price isn't firm yet, but 
the company expects it to be around $25. You can write to them at P.O. 
Box 3293—zip is 78704. 

Engineers requiring moderately high-power audio amplifiers can now 
satisfy their needs with low-cost monolithic amplifiers instead of hybrid 
circuits or discrete components. This substitution saves money, not 
only on the amplifier, but also on the wiring and package-count costs. 
Amplifiers supplying 1 to 5 watts can be obtained from a half-dozen IC 
makers, and up to 10 watts will soon be available. 

Do you get a little nervous when you have to reveal your proprietary 
design plans to IC makers in order to develop a custom-designed chip? 
If so, you might look into the computer-aided design centers that are 
being established by many IC manufacturers in cities across the country. 
The manufacturers store their design rules in computers, and you input 
your parameters from remote terminals in your own plant and get back 
design schematics. 

Fast turnaround on custom designs appears to be the name of the game 
today. Allen-Bradley is setting up and training distributors at eight loca-
tions to assemble and test A-B's modular potentiometers, 5.8 inch-
square, hot-molded composition types that can be assembled with a va-
riety of switch, shaft, and drive options. Delivery time on the Mod Pots, 
they say, will be cut from weeks to days. . . . "Photon Couplers," an 
application note out of General Electric's Semiconductor Products de-
partment in Syracuse, looks worth having, no matter what your design 
specialty. The couplers, combinations of light sources and photodetec-
tors, have many uses—for anything from logic circuits to triggering 
SCRs. For a copy, write to GE SPD at Electronics Park, Building 7, 
Mail Drop 49, Syracuse, 13201. Ask for note No. 200.62. 
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111 11 • ;. 
That's the word ea llok 
for selected 
linears from 
Microsystems 
International 
Quiet means virtual elimination of 
popcorn noise and 1 if noise—typically 
less than 1 db increase at 10Hz over 
the 1KHz value. 

Add low drift rates of between ILA,/ °C 
and 34i °C: and long term stability 
to the built-in characteristics of our op 
amps and quiet becomes synonymous 
with quality—the highest quality. 

Selected means a broad range of products 
carefully chosen to meet most of the needs 
of the design engineer—op amps, both single 
and dual—many with internal frequency com-

pensation, voltage regulators and comparators: 
line drivers and receivers, reference diodes and 
transistor arrays. All manufactured with Microsys-
tems unique OL process, the quiet, high quality pro-

cess. All fully tested to commercial, industrial or military 
specifications. including MIL std. 883 class B. All backed-up 
by world-wide applications engineering support. 

When considering your next linear order remember the selected 
linears from Microsystems International. they're available now in most 
popular packages, or as chips. 

selected linears from 
the performance leader 

microsysten, international lirnited box 3529 Sieben c ottawa Canada — montreal ottawa toronto brussels Stuttgart london palo alto Philadelphia. 

t 
1111 microsystems 

international 

For further information—call or write your nearest Microsystems sales office or distributor 

U S A. MICROSYSTEMS INTERNATIONAL SALES OFFICES. CALIFORNIA — Orange. - Palo Alto, : : c."e 4 1 4 • ,-- ILLINOIS — Schaumburg. Phone 312-894-7660 
MINNESOTA — New Hope. Pnone 612-54-1 - • - NEW HAMPSHIRE — Nashua. - . • . . • PENNSYLVANIA — Philadelphia. Huntingdon Valley. - ' • ' .', i 7-5641 ,2 

SALES REPRESENTATIVES: ARIZONA — Scottsdale. • • • • • : CALIFORNIA — Los Altos. .*. .'. , . ' Santa Ana. = , , --,,,ates. Phone 
- CONNECTICUT — New Canaan. ' • FLORIDA — Indialantic. ' • • . . Largo. -• . ••• . ates. Phone 

GEORGIA — Chamblee. ...,--',.. •- • ILLINOIS — Itasca, - : ' • .. ,. • c ' INDIANA — Indianapolis. - ; Marquart A 
, ,.. ph,' ,,,• -_,',2-3, .: MISSOURI — St Louis - • 3., ' MARYLAND — Baltimore. • - •• • MASSACHUSETTS — Norwood. 

NEW YORK — Cicero. - • . . New York, ABC t ,. - ,, Sales Phone 516-747-6610 OHIO — Columbus. 
PENNSYLVANIA — Philadelphia. . . : ', TEXAS — Addison, Caferson Sales Phone 214- - , .' 9e WASHING-

TON — Seattle, .: , e 'e • ' —. ,. - • • 

DISTRIBUTORS, ARIZONA — Phoenix. - - CALIFORNIA — Gardena. Los Angeles. ...espo P.10, 213-685-952, 
Menlo Park, 'It i ect,CeScs P":_ ••• San Carlos. ' -- COLORADO — Denver... ." ,1' .. ! '..• 

.. ' s Phone 303-343-7090 FLORIDA — Clearwater. .'• , • • ' LONG ISLAND —.Freeportw.;,:„.,..w.n., , MARYLAND — Balti-
more, Arrow Electron,cs ln c Phone 301-24." • MASSACHUSETTS — Dedham. • .. • • . NEW JERSEY — 

HaddonvIlle. '.., ,• :." • . --e 609-426-- e» NEW YORK — Rochester. • • NEW MEXICO — Albuquerque :.an.cs Phone SO5-247-1055 
TEXAS — Dallas. • • • • • • Specal,sls Inc P, . • • •• • ' WASHINGTON — Seattle • 

CANADA — MICROSYSTEMS INTERNATIONAL SALES OFFICES ONTARIO — Ottawa. - - • • Toronto. • . - QUEBEC — Montreal, .hone 514-875-2814 

SALES REPRESENTATIVES: BRITISH COLUMBIA — Vancouver. -'• .'• - .• .: DISTRIBUTORS. BRITISH COLUMBIA — Vancouver. - .- ...r.al ElectrOnes Lid . Phone 604 — 
687-2621 ONTARIO — Melton, SerniconductOr Specialists (Cana,i . • ' .1 QUEBEC — Montreal. 
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New Products 

Multifunction tester polices data links 
User-oriented device monitors multiplexers, modems, and lines: 

terminals can be emulated to check out an installation in advance 

by Harry R. Karp, Special Issues Editor. and Paul Franson, 

Data communications, heralded as a 
growth market for the 1970s, labors 
under standards and conventions es-
tablished 30 or 40 years ago, while 
using the advanced electronics de-
velopments of recent years. Thus, 
even a medium-size network oper-
ates with different data speeds, code 
formats, communications links, and 
terminals. 

Testing such diverse systems often 
takes a variety of instruments—some 
specific to a particular test and oth-
ers capable of several tests. Recog-
nizing the need for a tester that can 
provide user-oriented system tests, 
yet handle a variety of technical 
configurations, Computer Trans-
mission Corp. has developed an all-
purpose tester which, the company 
says, is the most versatile unit of its 
kind available in a small package 
and at a low price. 

Called Checktran. the tester eval-
uates the functional operation of 
multiplexers, modems, and the com-
munications links. It is, the com-
pany says. the only unit that can 
check both internally and externally 
clocked modems. With a diagnostic 
procedure. the user can isolate 
faulty equipment anywhere in a 
widely dispersed system by employ-
ing one Checktran at the computer 
center. The flexibility of Checktran 
allows it to be used in links ranging 
from the lowest-speed terminals to 
direct computer-to-computer trans-
mission—even up to 2 megabits per 
second for internally clocked config-
urations. 

Another novel feature of Check-
tran is its use as a versatile terminal 
emulator. Thumbwheel switches 
permit selection of any asyn-
chronous code at speeds up to 1,800 
bits/s. Thus, for example. Check-
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Los Angeles bureau manager 

tran can prove out an installation 
even before a terminal has been 
shipped to a station site. 
The basic Checktran 350 includes 

several test features: delay measure-
ments between request to send and 
clear to send, scope synch points, 
both mark and space display of 
transmit and receive data and clock-
ing signals, testing of asynchronous 
devices in a true start-stop mode, 
and a versatile data-rate selection 
technique that provides practically 
every standard and nonstandard 
rate from 45 to 4,800 bits per sec-
ond. asynchronous, and up to 2 
megabits, synchronous. 
The test set provides a full com-

plement of test patterns, with force-
error capability in each. In the 
asynchronous mode, it offers three 
patterns: mark hold, break (all 
spaces), and alternate mark-space 
with its complement. In the syn-
chronous mode, it provides four pat-
terns: all marks, all spaces, alternate 
mark-space. and 2,047-bit pseudo-
random. Automatic or manual re-
ceiver synchronization may be se-
lected for the 2,047-bit patterns. The 
manual mode allows isolation of er-
ror to clock or data. 
The Checktran 350 is designed to 

accept most standard and special in-
terfaces on plug-in modules. The 
modular approach permits the user 
to purchase only the interfaces he 
needs today and add others without 
buying a completely new instru-
ment. 

Plug-in modules are available for 
six standard interfaces. These 
handle both synchronous and 
asynchronous signals and special 
military systems; they permit 
Checktran to emulate terminals, to 
test system equipment, and—in a 
transparent mode—to check out the 
lines. 
The front panel includes a three-

decade error display with an over-
flow indicator, and data-status and 
control-status indicators; all are 
light-emitting diodes. Pushbuttons 
are provided for power, delay/error 
count, reset, control signal selection, 
pattern selection, manual/auto-
matic synch, and force error. 
The price of the basic Checktran 

is $1,450. Standard interface mod-
ules are priced at $250 and $350. 
Prices for six-foot test cables range 
from $50 to $170. Delivery time is 
60 days. 
Computer Transmission Corp., 1508 Cot-

ner Ave., Los Angeles. Calif. 90025 [338] 

Quick change. Plug-in interface modules permit Checktran to test modems, multiplexers, 

transmission facilities, and other components of a data communications system. 

-ferr-



‘va Here's something 
even more reliable 
\ than your old 
\ Scout knife. 

Remember when you slipped that 
knife out of your pocket? You 
never had a doubt you could tackle 
anything. From cutting down a 
tree — eventually — to opening up a 
can of beans. You knew it wouldn't 
fail — ever. 

That's the kind of feeling 
Raytheon builds into micro-
electronics. Custom hybrid cir-
cuitry that may use discrete 
components, monolithic chips or 
beam lead IC's. Very specialized 
circuits that aren't available off 
anyone's shelf. 

We specialize in reliability. 

Raytheon 
ci microelectronic 
ia,)11 circuits. 

Quality assurance to satisfy virtually 
every NASA / military / commercial 
requirement. Unmatched engineering 
and packaging. Plus a production 
capability proven by thousands of 
successful circuits. And delivery 
to specification, on time. 

Cut through all your micro-
electronic circuit problems. Contact 
Raytheon Company, Industrial 
Components Oper-
ation, 465 Centre 
Street, Quincy, 
Mass. 02169. 

RAYTHEON 
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New products 

Data handling 

Mini executes 
92 instructions 

Machine aimed at end user 

is built with small circuit 

cards for easy repairs 

When minicomputers first appeared 
on the market almost 10 years ago, 
they were characterized by very 
short word lengths of eight to 12 
bits. Because such short words could 
contain only limited amounts of in-
formation, rather large memories 
were necessary to hold programs 
and data bases of reasonable size. 
Such large memories paid off be-
cause with core arrays, the more 
bits, the less cost per bit. But, be-
cause of the short word length, 
clever addressing schemes were 
necessary to compensate for the fact 
that a single word could not hold all 
the necessary information about an 
instruction and an address. 

Later, as the cost of integrated cir-
cuits decreased, they could be em-
ployed with greater abandon in 
driving and sensing ferrite core ar-
rays, and longer word lengths be-
came economical-16 bits is almost 
standard for today's minicomputers. 
Today, ics cost less than ever, and 

the word length continues to creep 
upward. A case in point is the new 
EPI 218 computer, from Electronic 
Processors Inc., a subsidiary of Sam-
sonite Corp., Englewood, Colo. It 
has an 18-bit word length and a re-
pertoire of 92 instructions. While 
the word length is the same as that 
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of its predecessor, the two-year-old 
EPI 118, it has 54 more instructions. 
These, plus the availability of six 
addressable internal registers (as 
against two in the 118) permit the 
programer to employ any of several 
addressing techniques. 

Other features of the 218 are 
three index registers, an extension 
for the accumulator to permit 
double-length words to be pro-
cessed, instructions for processing 
half-words and individual octal dig-
its (three bits), and indirect address-
ing. 
Whereas the 118 was designed for 

marketing only to manufacturers of 
other equipment in which the com-
puter would be a subassembly, the 
218, with these additional instruc-
tions and other features, is aimed at 
the end user. But, like the 118, it 
emphasizes rugged design and easy 
repairability—it's built with small 
printed-circuit cards of which only 
five different kinds are used in the 
entire processor-plus-memory com-
plex. This simplifies the spare-parts 
problem; the company contrasts this 
with the trend in some minicom-
puters to use large cards, 15 or 20 
inches square, with only one of a 
kind per machine. 
Electronic Processors Inc., 5050 S Federal 

Blvd., Englewood, Colo., 80110 [361] 

Add-on memory can expand 

storage to 2 million bytes 

An expansion memory system for 
IBM System/370 model 155 comput-
ers can replace or expand the main 
memories up to a maximum of 
2,048,000 bytes. The memory sys-
tem, designated 370/STOR, is ex-
pandable from a minimum of 
256,000 bytes to its maximum in 
modules that match exactly the ex-
pansion characteristics of IBM main 
memories. In addition, the 
370/STOR can operate inter-
changeably on all seven models of 
the 370/155 with no additional cost 
to the user. The 370/STOR uses 
identical planar cards, each of 
which will store 32,000 bytes of 
data. Tiny 18-mil core arrays permit 
a high packing density. In addition, 

the cards are plug-insertable into 
small, 12-inch slots in the 
370/STOR cabinet. 
Cambridge Memories Inc., 285 Newtonville 

Ave., Newton, Mass. 02160 [362] 

Paper-tape reader operates 

to 150 characters a second 

Operation in bidirectional read 
modes, at asynchronous speeds up 
to 150 characters per second, is of-
fered by the model 2015 asyn-
chronous paper-tape reader. The 
unit reads all commercially avail-

able tape, opaque or translucent, 5-
to 8-level. Only one moving part as-
sures long life. An optional tape 
handler is available. 
Digitronics Corp., Route 9, Southboro, 

Mass. 01772 [364] 

Tape cassette drive 

is servo-controlled 

The model 4200 digital cassette 
drive is intended primarily for OEM 
applications. The transport has a 
servo-controlled reel drive that uses 
only two moving parts and provides 
constant tape velocity without cap-
stan, pinch rollers or solenoids. A 
torque feedback tension servo main-
tains precise tape tension during 
starts and stops. Recording speed is 



A free minicomputer 
with every tape system. 
Honest. 

If you need mag tape performance for your minicomputer, 
we can save you the price of another mini. 

And if all you can spend is the price of punched tape, 
we can set your mini free. 

With the Cipher Mini-Cette 
2000. It's a full-fledged, scaled-
down tape system. For less than 
punched tape. 

Use it for program loading 
and overlays. Data acquisition. 
File storage. Sorts and merges. 
In fact, for just about anything you 
would do with a 1/2  "-compatible 
tape system (we make the big 
systems, too). 

It loads a 40-minute, 12k punched tape program in10 seconds 
(faster than any other cassette or cartridge system you can buy). 

Stores up to 720,000 characters on a convenient cassette 
(fully ECMA/ANSI-compatible and fully interchangeable). 

Has an error rate of less than 1 bit in 108 even after a 
thousand passes (our read-after-write error correction is unique 
for cassettes and cartridges). 

And because it is a complete system, you can have the 
Mini-Cette 2000 on-line 5 minutes after you receive it with 
almost any mini made. 

So why not call now for the details or a demo? 
They're both free, too. 

4-ene.W. 
i— s 
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Data I Products 
(714) 277-8070 

FIGHT 
THEM ALL... 

Heart Attack 
Stroke 
High Blood Pressure 
Rheumatic Fever 

'GIVE ZfL",(2,U HEART FUND 

New products 

37.5 inches per second, and options 
include speeds from 10 to 75 in./s. 
Rewind and search speeds are 120 
in./s, and start and stop times are 5 
milliseconds at 75 in./s. Also offered 
are single-gap read/write or dual-
gap read-after-write heads. Price 
ranges from $1,000 to $1,600, de-
pending on options. 
Peripheral Dynamics Corp., 1809 National 

Ave., Anaheim, Calif. 92801 [363] 

Disk drive links 

with any CPU 

A single-density disk drive, when 
used with the Peripherals General 
model 844 universal controller, can 
then be used to interface with any 
computer. The model 741 is avail-
able in either single- or dual-spindle 
cabinets, and both the universal 
controller and disk drive may be 
packaged in one cabinet. The model 

741 linear motor actuator increases 
access speed, and a maintenance 
panel provides built-in diagnostics. 
Price for the controller is $30,000 
and for the disk drive, $9,500. Lease 
price for both units ranges from 
$1,609 to $3,524 per month, de-
pending on configuration. 
Peripherals General Inc.. Cherry Hill Indus-

trial Park, Cherry Hill, N.J. [365] 

Hand-held calculators have 

multiple storage registers 

Four models in a line called Micro 
Computers combine the power and 
versatility of desktop computers 
with the size-and cost of hand-held 
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Why we think 
the Brush 222 is your best 
choice in a 2-channel 

battery-run portable recorder. 

11111111111111111 
Hnrinni-ir e 

-} ACCURACY. With the 222, you get 
linearity guaranteed to 99.5% with our 

Of course, there are other recorders 
Metrisitee servo loop feedback system. 

just as accurate. We know that. r 
Because we make most of them. 

THE CLEANEST TRACES. When 
you say hello to your 222, you say 
good-bye to smudging, smearing, 
skipping and puddling traces. The 

reason: pressurized inking that 
forces a crisp, clean trace not just 

Our traces Thermal traces onto, but into the paper. 

REAL PORTABILITY. You don't have to be King Kong to take the 222 exactly where you 
need it. Its completely self-contained and weighs just 25 pounds. 
SOLID FEATURES, NOT FRILLS. Like: built-in preamps that give you measurement 
range from 1mV per division to 500V full scale without 
recalibration. Pushbutton-controlled chart speeds. Two 
event channels. An ink supply that lasts a year. And a 
no-mess disposable ink cartridge, so your fingers 
never look like part of a Rorschach test. 
LONG-LIFE BATTERIES. The internal battery 
supply gives you 12 hours of continous operation. 
Up to 6,000 hours of total operating life. And complete 
rechargability in just 16 hours. Just plug the 222 into an 
ac or dc outlet overnight and you're ready to go in the morning. 
We think you may want to know more about the 222 and our 

other recorders. So, write us. Gould Inc., Instrument Systems 
Division, 3631 Perkins Avenue, Cleveland, Ohio 44113 or 
Rue Van Boeckel 38, Brussels 1140, Belgium. A year's supply of ink. 

BRUSH INSTRUMENTS -> Gown 
E I ectro n ics / August 14, 1972 
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ENGINEERS 
WHO KNOW 
REFERENCE DIODES 
SPEC MESON 

"The 

Specialists" 

Aik 
IC ZEMERS 

77_ 

For voltage reference (TC Zener) diodes, 
knowledgeable engineers look to Dickson first 
because Dickson has been a specialist in reference 
diodes since 1960. This specialization just naturally 
means more quality built into every device. The 
standard line includes voltages from 6.2 to 200V 
and test currents from 0.5mA to 10mA. Try us! 

Write, today, for new 6-page Zener selection guide. 

"Where Quality Makes The Difference" 

Circle 136 on reader service card 

1> ICICH 0 
ELECTRONICS CORPORATION 
PHONE (602) 947.2231 TWX 910 950 1292 TELEX 667-406 
P.O. BOX 1390 • SCOTTSDALE. ARIZONA 85252 

We are still 
the world's largest 

producer of 

HIGH 
VOLTAGE 
DIFFUSED 
SILICON 

RECTIFIERS 

(ACTUAL SIZE) SERIES VG20 
20 KV PRV 

$1.49 ea. (1000 qnty) 

P.O.BOX 676, 1000 N 

• Six Versatile series include 
PRV ratings from 1 KV to 40 
KV in a wide range of 
minimum-sized packages. 

• 5 mA to 100 mA, average 
forward current (10) ratings. 

• All series available with fast 
recovery characteristics 

• Designed for high reliability 
at economical cost 

• Typical applications include 
CRT power supplies, 
television receivers, 
electrostatic copiers, 
electrostatic precipitators, 
RF transmitters, and 
microwave ovens. 

• For complete information 
and applications assistance,. 
call or write Sales Dept., 
Varo Semiconductor, Inc. 

VARO 

VARO SEMICONDUCTOR, INC. 
SHILOH, GARLAND, TEX. 75040 (214) 272-4551 TWX 910-860-5178 

New products 

calculators. The machines are the 
nonprogramable model 320 Scien-
tist and 340 Statistician, and the 
programable models 322 and 342. 
The units offer a wide range of key 
functions, multiple storage registers, 

;e41111111111 

calculation with 13-digit accuracy, 
and a display of 10 digits with sign 
and two-digit exponent. Prices begin 
at $595 for the Scientist and $795 
for the Statistician. 
Computer Design Corp., 12401 West Olym-

pic Blvd., Los Angeles, Calif. 90064 [367] 

Grid digitizer incorporates 

4,000-word minicomputer 

Free-cursor operation is included in 
the Comp-U-Grid digitizing system, 
which can also perform a variety of 
control and processing functions. 
This versatility is possible because 
the unit incorporates a 4,000-word 
minicomputer with teletypewriters 
or other optional output devices. The 
unit uses a 20-by-20 inch (or up 
to 42-by-60-inch) electronic-grid 
digitizing work surface, and its free-
cursor operation is unencumbered 
by mechanical linkages. Accuracy is 
to within -±0.010 inch, and resolu-
tion is to 0.010 inch. 
Computer Equipment Corp., 14616 South-

lawn Lane, Rockville, Md., 20850 [368] 

Reader/spooler operates 

at 800 characters/second 

Designed to hold as much as 1,200 
feet of tape, the TRs930 OB 
reader/spooler operates in a stan-

136 Circle 191 on reader service card 
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Fishing for GHz oscillators? 
Try IRCUs line for depth! 

S494, S495, S496 

S363 
S417 

You'll catch the one you need for 
your application and get premium 
performance, too. Check the fea-
tures and see why: 
• Wideband Fundamental Oscilla-
tors 
• Excellent performance versus tem-
perature 
• Ruggedized for military applica-

tions 
• Electronically or mechanically 
tunable 
• Devices utilize RCA's own micro-
wave GaAs diodes 
For more information, see your lo-
cal RCA representative. For more 

technical data, write: Mgr., Micro-
wave Marketing, RCA, 1000 South 
Second St., Harrison, N.J. 07029. 
International: RCA, 2-4 rue du 
Lièvre, 1227 Geneva, Switzerland, 
or Sunbury-on-Thames, U.K., or 
P.O. Box 112, Hong Kong. 

[Ica 
Microwave 
Devices 

S487 

S511 

RCA 
Family 

TYR. 
5494 

Fundy 
Freq. 
Coverage 
1014:1 

2 0 - 4 0 

Device 
Tuning TYR 
Range PO 

Elect. lOrnWcw 
2 GHz 

5495 4.0 - 8.5 Elect 10 rnW cw 
My 3 GH, 

5496 7.5 - 12.0 Elect 10 mW Om 
Any 4 61.1: 

5487 8 0 - 12.0 Elect. 30 mVii cw 
500 MHz 

5510 80 - 12 0 Elect. 30 mW my 
51)0 lilliz 

5511 8 0 - 12 0 Mech 60 inW cw OF ± 50 MHz 
400 MHz -54C to .100C 
FM 30 MHz 

5363 14.0 - 16.0 Mech 5 mW cy• OF .t 15MHz 
500 MHz -40C to.9SC 
Elect. Hermetecally sealed 

80 MHz 

5413 4.0 - 8.0 Mech. 10-120mWcyr loF ±61.110 
5427 8.0 - 12.0 500 MHz -40C to *70C 

5417 4.0 - 8.0 Mech. I - 7 W Peak iniF ± 10 MHz 
$431 8.0 - 12.0 500MHz -20C to .70C 

Comments 
Electronically tunable 
± 40 MHz linearity 

Electronically tunable 
50 MHz linearitY 

Electronically tunable 
60 MHz Meetly 

F ± 10 MHz 
-45C to .85C 

Low AM/FM noise 

Electronics/August 14, 1972 
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Megohmmeter and Hipor? 
YES! For true integrity in HV bench-
testing of electrical or electronic equipment 
—you need both! Megohmmeter to test insulation 
resistance (IR) Hipot to test dielectric strength. 

HIPOTRONICS OFFERS 
a full line of high 
resistance megohm-
meters — 
sixteen 
models with 
ranges to 
20,000,000 
megohms and 
high current 
capability for 
testing insulation 
resistance to ASTM 
specification D-257, MIL, and UL standards. 

HIPOTRONICS ALSO OFFERS 
a full line of AC/DC hipots — twenty-seven 
models with ranges to 10KV AC and 25 KV 
DC for non-destructive measurement of 
leakage current, corona discharge. 
AC and DC insulation strength. 

HIPOTRONICS GUARANTEES 
complete high voltage — high 
resistance capability for thorough 
testing of switches ... motors ... coils ... chokes ... insulation 
... transformers ... cables ... electrical/electronic assemblies 
... harnesses ... and more. 
For more information write or call our marketing department 
for brochures HP7101 and HP7107. 

1 1 8 BREWSTER, N. Y. 10509 1-II ICS 
Phone: (914) 279-8091 

Circle 138 on reader service card 
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electronic delay 
relayability 

Reliability is 
built into 

300 different 
configurations 

offered by 
Hoagland in its 

electronic 
time-delay 

relays. 

These are solid 
solid-state-controlled 
time-delay relays 

So we coined 
a word for the 
reliability 
in our relays... 
relayability. 

Your choice of: time from .1 up to 300 seconds, AC or DC operating volt-
ages in seven voltages, SPDT or DPDT, transient and polarity protection. 
Prices to fit all applications from economic to high reliability. 

Write or call for our new descriptive catalog on electronic and thermal 
time delay relays. Hoagland Instruments, 65 Chestnut Street, Red Bank, 
New Jersey 07701. Phone: (201) 741-7319. HOAGLAND 

 I 

New products 

dard search-rewind mode at 800 
characters per second. The 71/2 -inch 
punched tape unit, which can stop 
on character bidirectionally at 300 
characters per second, can be oper-
ated manually or by remote control. 
The unit reads standard 5-, 6-, 7-, 
and 8-level tapes without adjust-

11P-1111111----, 
o 

410 

111 
4,4 • 

ment, even with tape opacity as low 
as 40%. The reader/spooler is com-
patible with DTL, RTL. and TTL cir-
cuits. 
Electronic Engineering Co. of California. 
1441 East Chestnut Ave.. Santa Ana, Calif. 

[369] 

Disk controller links IBM 

drives to DEC computers 

The model DC-18 disk controller is 
designed to interface IBM 2311- and 
2314-compatible disk drives to DEC 
PDP computers. Up to eight drives 
can be controlled. Commands are 
interpreted by the controller and 
translated into a form compatible 
with the storage unit. The controller 
then provides 16 computer words of 
buffering and signal timing for the 

GINS •••••••• ••••••ee 

•  —!Et' et? .2 -999'922U 

core/disk transmission. The DC-18 
monitors the status of the drives and 
the data transfers, presenting this 
information to the processing sys-
tem. Features include simultaneous 
seek operations, verification of track 
location, and programing with only 
eight commands. Price starts at 
$15,000. 
Telefile Computer Products Inc., 17785 Sky 

Park Circle, Irvine, Calif. 92664 [370] 
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AlSinumj COMPONENTS FOR HYBRIDS 

SUBSTRATES 

Many advanced ceramic substrate mate-
rials for thick film, thin film and micro-
wave applications are available to suit 
your exacting requirements. Many sizes 
are stocked for immediate delivery. 
Custom prototypes can be quickly 
manufactured. High volume production 
fulfills your needs. New Bulletin 712 
on request or phone 803/682-3215. 

Circle 212 on reader service card 

CAPACITOR 
CHIPS BERYLLIA 

SUBSTRATES 

Heat dissipation your major problem? 
Investigate beryllia substrates. We are 
in volume production on Be0 substrates 
and heat sinks and can meet "fast 
turn-around" requirements. Stock items 
for immediate shipment let you make 
quick and economical tests. 
Phone 615/265-3411. 

Circle 215 on reader service card 

SNAP-STRATES 

Originated by American Lava, these 
monolithic parts can be snapped into 
individual substrates after circuit work 
is completed. Tooled Snap-Strates per-
mit odd shapes, holes, slots, etc. Laser 
Snap-Strates permit very small or 
thin parts of great accuracy. 

Phone 803/682-3215. 
Circle 712 on reader service card 

CUSTOM 
METALLIZING 

Tailored for maximum bond strength 
on wide choice of our own ceramic 
compositions including Black Alumina, 
White Alumina and Beryllia. All pop-
ular metallizations are offered applied 
by both precision generation and photo-
etching. Phone 615/265-3411. 

Circle 214 on reader service card 

Single or multilayer, custom made or 
stock. Diced chips from 1 pf to .05 
mfd. Sizes .020" square and up. Multi-
Cap® capacitors in all EIA preferred 
sizes, .080" x .050" and up. Available 
in TC compositions from P120 to N5600 
and in all high dielectric constant mate-
rials. Bulletins 689 and 694 on request. 
Phone 803/682-3215. 

Circle 216 on reader service card 
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APPROX. ACTUAL SIZE 

MULTILAYER 
COMPOSITE SUBSTRATES 

Monolithic multilayered structures with 
buried conductors permit a customized 
top layer for complex, custom designed, 
high reliability thick or thin film cir-
cuits. The conductive patterns are sep-
arated and insulated by planes of high 
alumina ceramic . . . NO glass. Also 
used for high quality hybrid packages 
and bases for complex Multi-Chip cir-
cuits. Phone 615/265-3411. 

Circle 217 on reader service card 

American Lava Corporation 
PHONE 6157265-3411 • CHATTANOOGA, TENN. 37405, U. S. A. 3 A SUBSIDIARY OF COMPANY 
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'We packed even mofe 
circuitry info CTS 

cerinet esistor etieerks. 
8,-14,-16 ale - 18 lead styles 

eries 760 'Dual 6111-Lie Packages. 

..4e4e 

CTS now offers you a choice of 

four popular space-saver 
packages. Packed with up to 
17 resistors per module, they 

provide an infinite number of 

circuit combinations. All are 

designed to simplify automatic 
insertion along with IC's and 

other DIP products for reduced 

costs. Easy to hand-mount, too. 
Available without inorganic 
cover coat, so you can trim for 
circuit balance in your own 

plant. 5 lbs. pull strength on all 

leads; .100" lead spacing; rated 

up to 2 watts on 18 lead style. 

Choose from standard circuit 
available for immediate delivery 
(see data sheet 3760... or 

custom design to specifications). 

CTS of Berne, Inc., Berne, 

Indiana 46711. (219) 589-3111. 

»II 

Series 750 edge mount 
cermet resistor packages 
available in infinite 
number of resistor 
patterns and wide 
selection of package 
configurations. 

CTS CORPORATION 
Elkhart Indiana 

A world leader in cermet and variable resistor technology 

Circle 140 on reader service card 



New products 

Microwave 

FETs give 
linear gain 

Discrete transistors for 

vhf and uhf also offer 

low cross-modulation 

The first semiconductor devices to 
employ Signetics Corp.'s D-MOST 

(double-diffused metal-oxide-semi-
conductor technology) are two dis-
crete field-effect transistors that are 
aimed at such vhf and uhf appli-
cations as television receivers. 
Although noise figures of the new 

devices are a little higher than those 
for bipolar transistors with which 
they will compete, "cross-modu-
lation performance can be sig-
nificantly better with the FETs," says 
George Urbani, marketing manager 
at Signetics. 
The model SD200 is a single-gain 

transistor that combines high gain 
with low cross-modulation, low 
noise, and low feedback capaci-
tance. The typical noise figure at 1 
gigahertz is 5.0 dB, and feedback ca-
pacitance is 0.13 picofarad. Input 
impedance for the SD200 is typi-
cally 10" ohms. Other specifications 
include forward transconductance 
of typically 15,000 microhms and an 
input capacitance of about 2.0 pF. 
Typical drain-to-source voltage is 
+30 volts, and gain is 10 dB at 1 
GHz. 

The SD300 is a dual-gate version. 
Special diodes are diffused into the 
transistor and connected electrically 
between the two gates and the 
source. These diodes bypass any 
voltage transients that lie outside 
the range of -0.3 y to + 25 v, pro-
tecting the gates against damage in 
normal handling and operational 
situations. 

Characteristics of the SD300 
make it useful for a wide variety of 
applications in rf amplifiers. This 
FET is capable of linear mixing and 
reverse agc. Its two gates make pos-
sible much lower feedback capaci-
tance, wider dynamic range, and 

much lower cross-modulation than 
can be achieved with bipolar and 
single-gate FETs. 
Feedback capacitance is typically 

0.02 pF, and the typical noise figure 
at 1 GHz is 8 dB. The transistor also 
benefits from an unusually high in-
put resistance and high forward 
transconductance (GFs typically 
equals 10,000 micrornhos). Input ca-
pacitance is low (2.0 pF typically), 
and gain is high (13 dB typically at 1 
GHz) up to S band. 

Both units are hermetically sealed 
in a standard 4-lead TO-46 package. 
They are guaranteed for normal op-
eration over an ambient tempera-
ture range of-65'C to + 125°C. The 
SD200 is priced at $5 each and the 
SD300 at $9 when they are ordered 
in quantities of 250 to 999. Orders 
must be placed directly through the 
factory. 
Signetics Corp., 811 E. Argues Ave., Sunny-

vale, Calif., 94086 [401] 

Impatt diode amplifier 

operates from 33 to 40 GHz 

A silicon Impatt diode amplifier op-
erates in the Ka band between 33 
and 40 gigahertz. The unit is de-
signed as an alternative to high-
power generator multipliers or trav-
eling-wave tube amplifiers. The am-
plifier consists of two circular-

coupled reflection amplifier stages. 
Mixing the two stages can result in a 
variety of specifications. For ex-
ample, a unit with a bandwidth of 
2.5 GHz can have 10 dB gain and 
200 milliwatts of output power, or 
16 dB of gain can be obtained with 
1-GHz bandwidth and 100-milliwatt 
output power. The amplifier has 

current regulators and limiters that 
protect the diodes from transients. 
Size is 4 by 3 by 5 inches, and 
weight is 4 pounds. Price of the 
model 46613H is $4,950. 
Hughes Electron Dynamics Division, 3100 

West Lomita Blvd., Torrance, Calif. 90509 

[403] 

Voltage-tuned oscillators 

cover 100 MHz-12 GHz range 

Any octave bandwidth between 100 
megahertz and 12 gigahertz can be 
provided by the SSDV-0100 series 
of voltage-tuned transistor oscilla-
tors. Among the higher-frequency 
units in the series are the model 

SSDV-0103 (4-8 GHz at 5 mw out-
put) and SSDV-0105 (8-12 GHz at 1 
mw output). Harmonic rejection is 
-20 dB referenced to the carrier to 8 
GHz, and -15 dB to 12 GHz. Tuning 
rate is 10 MHz. The oscillators mea-
sure 1 by 1.25 by 1.5 inches and 
weigh 2.5 ounces. Unit price for the 
0103 is $2,144; for the 0105, $2,348. 
Solid State Technology Inc 1190 Norman 

Ave, Santa Clara, Calif . 95050 [404] 

Preamplifier built for 

S-band telemetry 

At least 23 dB gain over the band-
width from 2,200 to 2,300 MHz (1-dB 
bandwidth) is provided by the 
model SMA-2250-NS3 transistor 
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New products 

preamplifier. The device is for the 
2.250-GHz telemetry band and of-
fers a maximum noise figure of 4.5 
dB. Output power, with 1-dB com-
pression, is +10 dB minimum. 
Other specifications include an in-
put-output impedance of 50 ohms, 
VSWR of 1.5:1 maximum, and oper-
ation in the range from 0° to 60°C. 
Price is $695. 
Spectrum Microwave Corp., 328 Maple 

Ave., Horsham, Penn. 19044 [405] 

Monopulse antenna is 

for use in radar systems 

A four-port millimeter monopulse 
antenna for use at 70 gigahertz is 
designed for pulsed radar systems. 
Signal frequency is from 69.0 to 71.0 
gigahertz, and gain is 47 decibels. 
Sum pattern beamwidth is 0.7% and 
difference pattern null depth is 30 

rra‘1/4, 

aut 
en„ MM. 

dB minimum. Other features are a 
side lobe of 19 dB nominal below 
the main lobe, and a voltage stand-
ing wave ratio (maximum any port) 
of 1.35:1. 
Control Data Corp., Boston Microwave 
Products Division, 400 Border St., East Bos-

ton, Mass. [406] 

Amplifiers are ruggedized 

for severe environments 

Specially packaged microwave am-
plifiers are designed for operation in 
severe environments. Typical of the 
line is the model SSD-54112, which 
provides 100 watts of continuous-
wave power from 2 to 4 gigahertz. 
The unit is modularly constructed 

and is designed to meet military 
specifications. Small-signal gain is 
50 decibels, gain at rated power is 
45 dB, and gain variation is ±I.5 dB 
across the bandwidth. In addition, 

prime power input is 115/220v, 400 
hertz, 1 phase with a maximum con-
sumption of 2 kvA. Similar models 
are available up to 18 GHZ, with out-
put powers as high as 400 watts cw, 
depending on frequency. 
Sperry Electronic Tube Division, Dept. 9002, 
Waldo Rd., Gainsville, Fla. 32601 [407] 

Sweeper provides at least 

10 mW up to 18 GHz 

The model 430A solid-state sweeper 
is offered with a series of seven fun-
damental oscillator plug-in units to 
achieve a sweepable frequency 
range of 0.01 to 18 GHz. Internally 
leveled rf output power of the units 
is at least 20 mw from 0.01 to 2 GHz 
(40 mw from 1 to 2 GHz), 15 mw 
from 2 to 4 GHz and, with the high-
power option. at least 10 mw across 

the 4 to 18 GHz range. Output 
power variation with internal level-
ing is +0.5 dB to 8 GHz. The unit 
features many modes of operation 
including automatic sweeping, 0 to 
100% symmetrical sweeping, stable 
cw, a-m, and fm. One plug-in covers 
0.01 to 2 GHz, and has a calibrated 
20 mw minimum output. allowing 
precise power levels from + 13 to 

HA-2065 
0°C to • 75°C 

HA-2065A 
0°C to 75°C 

The new F.E.T. HA-2000 combines 
with the Harris HA-2520 and 
HA-2620 high performance op 
amps to provide two additional 
new F.E.T. Input devices: 

HA-2050/2055 High Slew Rate 
F.E.T. Input Op Amp 

High slew rate 120/lis 

Fast settling time 400 ns 

Wide power bandwidth 20 MHz 

High input impedance 102 Ohms 

Ultra-low bias current 1 pA 

Operates inverting or non-inverting 

Supplied TO-99 pkgs. 
Input offset 100-999 

HA-2050 voltage units 

55°C to • 125°C 15mV $19.25 

HA-2050A 
55°C to • 125°C 7mV S24.00 

HA-2055 
0°C to • 75°C 

HA-2055A 
0°C to • 75°C 

30mV $11.75 

7mV $13.40 

HA-2060/2065 Wideband F.E.T. 
Input Op Amp 

Widepower bandwidth 600 KHz 

Gain bandwidth product 100 MHz 

High input impedance 

Low bias current 

High slew rate 

102 Ohms 

1 pA 

35 V/Iis 

Operates inverting or non-inverting 

Supplied TO-99 pkgs. 

HA-2060 
55°C to 125°C 

Input offset 100-999 
voltage units 

15mV $15.40 

HA-2060A 
55°C to • 125°C 7mV $19.90 

15mV $10.20 

7mV $11.85 

HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS. INTERTYK CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 
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Our new F.E.T. input preamp offers more 
design features and application possibilities 
than any alternative device. 
The HA-2000 is universal. A 
monolithic unity gain differential 
amplifier stage with junction F.E.T. 
inputs and bipolar transistor 
outputs, it can be combined with 
any op amp, comparator, and most 
linear circuit functions without 
compromising the features of 
these devices. 

As a result. the HA-2000 offers 
almost limitless possibilities for 

low-input current, high source 
impedance applications such as 
buffers for op amps and 
comparators. In addition, because 
of its compatibility with so many 
other components, the device 
permits the user great flexibility in 
systems design at optimum prices. 
Find out about our new 'universal' 
F.E.T. preamp. See your Harris 
distributor or representative. 

ar 

Features: 

Converts any op amp or comparator 
to F.E.T. input 

Input bias current 1 pA 

Input resistance 10'. Ohms 

Slew rate 100 Volts/Sec. 

Bandwidth flat to 10 MHz and 
10db at 100 MHz 

Supplied TO-99 pkgs. 

HA-2000 
55°C to + 125°C 

HA-2000A 
55°C to + 125°C 

HA-2005 
0°C to + 75°C 

HA-2005A 
0°C to 75°C 

Input offset 100-999 
voltage units 

12mV $ 6.50 

5mV $10.95 

25mV S 4.35 

5mV S 5.95 

For information on 
other new F.E.T. 
Op Amps incorporating 
the HA-2000, see 
the adjacent column. 

LU 
HARRIS 
SEMICONDUCTOR 
A DIVISION Of HARRIS INT ER I YPf CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305)727-5430 

WHERE TO BUY THEM: ARIZONA.' Phoenix—Liberty. VYeatherford. Scottsdale—HAN (602) 946-3556 CALIFORNIA.' Anaheim—Weatherford: El Segundo—Liberty; Glendale—Weatherford, Long Beach—HAN 
(213) 426-7687; Mountain View —E Imar. Palo Alto—VVeatherlord. HAN (415) 321-2280; Pomona—Weatherford, San Diego—Weatherford. Western COLORADO: Denver—Elmar. Weatherford WASHINGTON. D.C.: 
HAN (202) 337-4914 FLORIDA: Hollywood—Schweber; Melbourne—HAN (305) 727-5430 ILLINOIS: Chicago—Semi-Specs. Schweber; Palos Heights—HAN (312) 597-7510 INDIANA. Indianapolis—Semi-Specs 
MARYLAND: Rockville—Schweber MASSACHUSETTS: Lexington—R&D. Waltham—Schweber. Wellesley—HAN (617) 237-5430 MICHIGAN: Detroit—Semi-Specs MINNESOTA: Minneapolis—Semi-Specs 
MISSOURI: Kansas City—Semi-Specs. St Louis—Semi-Specs NEW MEXICO: Albuquerque—Weatherford NEW YORK: Melville—HAN (516) 249-4500; Syracuse—HAN (315) 463-3373; Rochester—Schweber; 
Westbury—Schweber OHIO: Beachwood—Schweber; Dayton—Semi-Specs PENNSYLVANIA: Pittsburgh—Semi-Specs. Wayne—HAN (215) 687-6680 TEXAS: Dallas—Weatherford. Semi-Specs. HAN (214) 231-
9031 WASHINGTON: Seattle—Liberty, Weatherford 

LEGEND FOR HARRIS SALES OFFICES II DISTRIBUTORS: Harris Semiconductor (HARI: Elmar Electronics (Elmer). Harvey/R&D Electronics (R&D). Liberty Electronics (Liberty); Schweber Electronics 
(Schweizer); Semiconductor Specialists. Inc. (Semi-Specs); R V Weatherford Co. (Weatherford); Western Radio (Western). 
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Its your 
ea 

y()ii deal with MICRO-1 
• e 

A winning combination often depends on the selection of the right lead. You 
can make that selection when you specify MICRO-i. 
Choose your leads from standard .100 inch grid styles of gold plated beryllium 

copper ribbon for welding; tin coated for standard applications; plated pads 
for reflow soldering or wire bonding; and leads that are internally bonded 
to withstand high temperature processing . .. or one that's just right for your 
circuit design. 
MICRO-i inductors are inherently self-shielding, moisture resistant and have 

negligible core saturation effects within rated current values. These miniature 
inductors are available in four basic sizes from .100 to .250 inch square. Their 
profile is a scant .065 or .075 inches with "L" values from .015 H to 1.0 mH. 

Perhaps your unique requirements demand special materials and configura-
tion; a miniature discrete transformer or a tuned resonant circuit. Special 
designs, values or tolerances can be matched to your needs. 

Find out exactly how Delevan can transform its MICRO-i to fit your application 
and make your next selection a winner. Phone or write. 

MICRO-1 is covered 
by U S Patent 
No 3.493.909 

Delevan 
Division 

AMERICAN 
PRECISION 
INDUSTRIES INC 

270 QUAKER RD./EAST AURORA, N.Y. 14052 
TELEPHONE 71S/652-3600 TELEX 091-2E13 

OTHER DIVISIONS OF AMERICAN PRECISION INDUSTRIES INC 

BASCO•DUSTEx•MOELLER INSTRUMENT CO .OXFORD CORP 

New products 

-90 dBm. Price is $1.450, and plug-
ins start at $1.600. 
Weinschel Engineering, Gaithersburg, Md. 

[409] 

Mixer/detector diodes 

have high burnout resistance 

Two series of thermal-compression-
bonded low-barrier-height Schottky 
mixer/detector diodes are desig-
nated the MA-40100 and MA-40200 
lines. The low barrier height results 
in a diode whose noise figure is opti-
mum at a smaller local-oscillator 
level. The noise figure of the MA-
40100 is less than 6.0 dB at 9.375 
GHz with a local-oscillator drive of 
0.5 mw. The MA-40200 series has a 
typical sensitivity of -58 dBm in X 
band. Burnout occurs in both diodes 
in excess of 2.0 watts peak for rf 
pulses up to 10 nanoseconds long. 
and in excess of 100 mw for cw rf 
power. Prices range from $15 to 
$27.50 each for 1 to 9 units. 
Microwave Associates, Burlington, Mass. 

01803 [408] 

TVVT can operate 

in pulse or cw mode 

Operation in either a pulse or con-
tinuous-wave mode is offered by the 
type 2119 traveling-wave tuber Ap-
plications are in electronic counter-
measures systems. The unit operates 
in the 1.7- to 4.0-gigahertz range. 

and provides a minimum of 1-kilo-
watt peak pulse output at 5% duty 
factor. or 100 watts of cw power. 
The 2119 works at a fixed beam 
voltage, with its mode changes 
achieved through modification of 
the gating-electrode voltage. Price is 
under S4.000. 
ITT Electron Tube Division, Box 100, Easton, 

Pa. 18042 [410] 

144 Electronics/August 14, 1972 



At the core of yoke technology 

LET'S START AT THE 

BEGINNING. WITH TEL 
STACKPOLE DID. 

SINCE 1947, STAC 
HAS BEEN A LEADI 

SUPPLIER OF CRT Y 

CORES TO THE TELE1111111 

INDUSTRY. FIR,.--, 
AND WHITr 

Stackpole Ceramag" Ferrite Yoke 
Cores for CRT Displays 

Let's start at the beginning. With 

television. Stackpole did. 

Since 1947, Stackpole has been 

a leading supplier of CRT yoke 

cores to the television industry. 
First, black and white. Now color. 

This makes us the oldest ferrite 

yoke core manufacturer in the 

U.S. 

Now this knowledge and experi-
ence have been applied to the 
precision components necessary 

for CRT information displays. 

Whole rings. Quarter segments. 
Stator yokes. 

What you get is a greater choice. 

First, tooling. Many configura-

tions are already available. If not, 
Stackpole can develop precision 

tooling for you. Secondly, a fam-
ily of ferrite materials permits 

greater flexibility in design, 

tighter control over results. 

Stackpole also offers machining 

facilities for grinding to close 

tolerances. 

Initial Permeability 

Saturation Flux Density 

Residual Flux Density 

Coercive Force 

Curie Temperature 

TYPICAL CERAMAGii' MATERIALS FOR 
INFORMATION DISPLAY YOKES 

7B 11 12 24 

450 125 35 2500 

2600 2550 2400 4500 

1650 1420 750 1700 

0.48 2.8 4.7 0.25 

160 385 450 205 

We've been around cathode ray 

tubes for a long time. Why not 

take advantage of the technology 
that can be yours at Stackpole. 

We may have the answer you've 

been looking for, or know how to 

get it. Simply contact: Stackpole 

Carbon Company, Electronic 

Components Division, St. Marys, 
Pa. 15857. Phone: 814-781-8521. 

TWX: 510-693-4511. 

STACKPOLE 
o ELECTRONIC COMPONENTS DIVISION 

Circle 145 on reader service card 



Centralab Push Button Switches... 
in line with your design requirements 

Write 
Centralab 
for 
Bulletin 
No. ELC-2 

Reasons to switch from the ordinary 
Versatile Centralab push button 
switches* give you more reasons to 
change from the ones you're using now. 
Our push button switch conforms to a 
variety of specifications for consumer 
products, instrumentation, and 
industrial applications. 
Reasons? Consider these: Centralab 

is the only manufacturer to offer diallyl 
phthalate—for highest possible 
insulation resistance—as well as 
phenolic or glass alkyd. Our phenolic 
modules provide greater than 65 db 
isolation in the voice frequency range. 
Our modules are available with sealed 
terminals to avoid flux penetration and 
we can provide gold contacts and 
terminals for dry circuit applications. 
To conserve space and provide com-

pact stacking in circuit board applica-
tions, Centralab modules are adaptable 
to selective pin cutting or solder lug 
terminations. We offer three different 

lockout devices to match your appli-
cation. Functions include momentary, 
interlocking, push-push and push-pull. 
lip to 29 individual switch modules 
can be ganged on a common bracket. 
Other options include keyboard and 
row-to-row interlock. There are five 
center-to-center spacings with the 
widest variety of button colors, sizes 
and shapes. 
Or ask for lighted push button 

switches that offer all the same features 
plus interchangeable lenses and filters 
in a variety of colors to provide 
maximum utility and appeal. 
Our versatile module size line switch 

rated 3 amps at 120 V AC can be 
utilized in any position within the 
switch assembly. 

If you need more reasons to switch 
to Centralab, ask for our bulletin and 
technical data. Write Switch Sales 
Manager, Centralab. 
lsostat Licensed 

GET CENTRALAB 
THE "IN" LINE FOR 
YOUR DESIGN 

Hybrid Microcircuits 
Pushbutton & Rotary Switches 
Capacitors 
Potentiometers 
Technical Ceramics 
Ceramic Packages 
Semiconductor Devices 

CENTRAL-AB 
ElectronIcs Onosion 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 

MILWAUKEE, WISCONSIN 53201 
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Centralab 
Distributors 
are another 

reason 
to switch 

Our field assembly distributors provide 
a proven capability for immediate 
delivery of versatile, low-cost push 
button switches.* These specialists 
offer a wide variety of lighted and non-
lighted switches with custom assem-
bly service to meet your design 
requirements. Three reasons to con-
tact your Centralab push button field 
assembly distributor are the right 
switch, the right price with delivery, 
right now! 

lsostat Licensed 

Almac/Stroum Electronics 
Seattle, Washington 98109 
Phone: (206) 763-2300 

Cameradio Company 
Pittsburgh, Pennsylvania 15222 
Phone: (412) 391-7400 

Kierulff Electronics, Inc. 
Los Angeles, California 90022 
Phone: (213)685-5511 

Pioneer-Standard Electronics, Inc. 
Cleveland, Ohio 44105 
Phone: (216) 432-0010 

Radio Distributing Company, Inc. 
South Bend, Indiana 46624 
Phone: (219) 287-2911 

Gopher Electronics Company 
St. Paul, Minnesota 55113 
Phone: (612) 645-0241 

Fisher/Brownell 
Santa Clara, California 95050 
Phone (408) 244-6182 

Hammond Electronics 
Orlando, Florida 32802 
Phone: (305) 241-6601 

Herbach & Rademan, Inc. 
Philadelphia, Pennsylvania 19134 
Phone: (215) 426-1700 

Summit Distributors, Inc. 
Buffalo, New York 14202 
Phone (716) 884-3450 

Kirkman Electronics 
Winston-Salem, N.C. 27108 
Phone (919) 724-0541 

DISTRIBUTOR PRODUCTS 

AIM\ 

BIMIMII • 

1111 Miar 
NMI 

CENTRALAB 
Electronms DonsIon 

GLOBE-UNION INC. 
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New products 

Packaging & production 

Package clamps 
into socket 

Leadless technique reduces 

MOS LSI costs, permits 

high circuit density 

The two-headed monster of mos-Lsi 
packaging—costs of the package it-
self and the problem of removing 
40-lead circuits when they're sol-
dered into a pc board—is being at-
tacked on a new front. In a com-
bined approach, American Lava, 
Chattanooga, Tenn., has produced a 
leadless ceramic package that fits 
into a socket specifically designed 
for it by Amphenol Industrial divi-
sion, Chicago. The package-socket 
pair will sell for less than present LSI 
packages with lead frames, accord-
ing to the two companies involved. 
The lowest-cost version of the 

American Lava package is a simple 
ceramic substrate on which are 
screened a refractory-metal conduc-
tive pattern and an aluminum die-
lectric layer. Pads along the edge, 
bonding fingers, and die-attach pad 
in the center are plated with 60 mi-
croinches of gold. A cup-shaped lid 
is required to cover the chip area. 
The die-attach pad lies in the same 
plane as the bonding fingers, so that 
downhill bonding is required. Some 
semiconductor makers have pre-
ferred the pad to be on a lower 
plane than the bonding fingers, al-
lowing uphill bonding and avoiding 
the possibility of bonding wires 
shorting to the edges of the chip. 
However, this isn't the first single-
plane package. The edge-mount 
package has been in use for several 
years, and many semiconductor 
manufacturers have by now gained 
experience with downhill bond-
ing. 
Other versions of the package do 

have three-level construction to al-
low uphill bonding, while a third 
variety has three-level construction 
with the contact pads on the bottom 
of the package. Present packages 

are available with 40 leads, but 
other configurations are under de-
velopment. 
The Amphenol socket has a snap-

down lid that presses the pads on 
the ceramic package against the 
contacts in the socket. The lid 
swings up without extending over 
the edges of the socket outline, so 
that the same package density is 
possible on the circuit board as with 
lead-frame ceramic packages. Des-
ignated the 851 series, the planar 
plug-in connectors are made of 
glass-filled nylon. Contacts are be-
ryllium copper alloy, plated with 20 
microinches of gold at their tips. 
Minimum normal contact force is 50 
grams. Individual contacts can be 
replaced (test technicians have a 
proclivity for putting test probes 
into contacts and over-stressing 
them). Since no insertion force is re-
quired, the contacts are not subject 
to abrasion from the ceramic if the 
package is misaligned. 
American Lava Corp., Chattanooga, Tenn. 

37405 [391] 

Amphenol Industrial Division, 1830 South 

54th Ave., Chicago, III. 60650 [392] 

Laser scribes 25-mil 

alumina at 4 in./s 

Two carbon dioxide laser systems 
offer precise scribe lines for close-
tolerance parts, and accuracies to 
within a few mils. The kerf has zero 
width, and scribe lines may cross 
with no adverse effects. The model 
320 ceramic-scribing laser can scribe 
25-mil thick alumina at up to four 
inches per second, and faster on 



iron Realer 
Fuses 

Available in sizes from 1/2  to 1000 amps for voltages up to 
1500, TRON Rectifier Fuses are ideal for protecting variable 
speed drives, inverters, battery chargers, plating power sup-

ples, power controls, and INSIST ON 
any other application 
where fast opening and 
great current limitation 
are required. 

51.11,t110 .4( .04/0141.0.0 

ittieu 015111110,01.5 

Write for BUSS Form TRFS 
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 

I., FUSES 
r protection ol Electronic Devices 

There is a complete line of BUSS Quality fuses in 1/4 x 1 inch, 

1/4 x 11/4 inch, and miniature sizes, with standard and pigtail 

types available in quick- INSIST ON 

acting or dual-element 

slow blowing varieties. 

1.0.110 Tr« tC0140.C. *At 

14410.1 DISTRIOUt011, 

Write for BUSS Form SFB 
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 

BUSS: The Complete Line of Fuses and .. 

EX 
Why industry 
giants use this 
inexpensive 

drilling 
machine. 

It's the Excellon 

ELLON 

RI 

And it's excellent for small companies just starting out. 
Or for well-established giants. 

For example, if short-run p.c. drilling is the only kind 
you do, there's no need to tie up a lot of capital in 
expensive drilling machines. All you need, for now, is an 
inexpensive Uni -Drill. 

If you're a big producer, on the other hand, there's no 
need to tie up your expensive drilling machines on 
prototype work and small jobs. A Uni -Drill can handle 
them a lot cheaper. 

Find out more about the Uni -Drill. And find out how you 
can get small-run production rates of over 250,000 holes a 
day for a minimum capital investment. 

Call or write Dick Hogan, Sales Manager. 
His number s (213) 325-8000 

Excellon 
EXCELLON INDUSTRIES 
23915 GARNIER / TORRANCE, CALIFORNIA 90505 
Phone: (213) 325-8000 

Excellon Sales and Service in: England • France • Scandinavia • West Germa 
Spain • Holland • Italy • Argentina • Israel • Australia • Hong Kong • Taiwan • lap a 
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New products 

thinner materials. The model 310 
scribes 10-mil alumina at up to one 
inch per second, with slower rates 
on thicker materials. Each unit has a 
control input for external switching 
in less than 0.001 second. Price of 
the 310 is less than $5,000, and the 
320 sells for less than $10,000. 
Apollo Lasers Inc., 6365 Arizona Circle, Los 

Angeles, Calif. 90045 [396] 

Soldering machine has 

variable stroke adjustment 

Difficult or odd-shaped pieces, such 
as open switch terminals, poten-
tiometers, or printed-circuit termi-
nals that cannot be wave-soldered, 
can be positioned with the Third 
Hand automated soldering iron. 
The model TH-1 can be fully auto-
mated for production runs in con-
junction with single or X-Y axis 

positioning systems or be used as a 
self-feeding soldering iron for short-
run or repair jobs. The TH-1 has a 
variable stroke adjustment up to 1.2 
inches (30 mm), and soldering time 
is variable from 3 to 10 seconds. Sol-
der-feed strokes are from 0 to 0.8 
inch (0 to 20 mm), and the tempera-
ture-controlled solder heats from 
260° to 430°C. Delivery is from 
stock. 
Hollis Engineering Inc., Box 1189, Charron 

Ave., Nashua, N.H. 03060 [393] 

Wave-soldering system 

handles 15-inch-wide boards 

The Ultrapak 15 is a wave-soldering 
system that handles boards up to 15 
inches wide. The unit includes 
foam-fluxing, preheating, soldering, 
and cleaning stations. The soldering 
station features an interchangeable 

nozzle capable of forming three dif-
ferent wave configurations and the 
option of soldering with or without 
oil. The preheating station offers 
dual controls to permit independent 
temperature regulation of the cen-
tral and peripheral heating ele-
ments, so that rapid heat dissipation 
encountered around the periphery 

Fuseholders of Unquestioned High Quality 

There is a full line of BUSS Quality fuseblocks in bakelite, 
phenolic, and porcelain, 
with solder, screw-type, or 
quick-connect terminals. 

INSIST ON 

Write for BUSS Form SFB 
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107 

shielded types, and a full 
line of military types. 
Most are available with 
quick-connect terminals. 

BUSS has a complete line of fuseholders to cover every appli-
cation. It includes lamp indicating and alarm activating types, 
space-saving panel mounted types, in-line holders , RFI-

INSIST ON 

Write for BUSS Form SFB 

Bussmann Mfg. Division, McGraw-Edison Co.. St. Louis, Mo. 63107 



If any 
old knob 
will do, 
see 
someone else. 
If the knob you require 
doesn't require things like 
careful craftsmanship and 
precision performance, 
maybe you don't need 
Raytheon. Maybe you should 
turn to somebody else. 

But if the kind of knob that will 
do for you must be a high quality, 
reliable component, we're the 
only ones to see. Raytheon 

IMP 
knobs have set a new 
standard of excellence. 
Because with Raytheon, 
excellence is standard. 
Each Raytheon knob is 

made to exacting military speci-
fications and injection molded of 
the highest quality impact resist-
ant plastic. Every knob 
surface is clearly defined, 
mar-free, with no flash 
marks or conspicuous gate 
marks. And every knob 
features double set-screws 
and corrosion-resistant 
Circle 150 on reader service ca',1 

aluminum bushings. 
Our Standard, Designer, 400 

and Panelrama Series offer a 
distinctive variety of stock sizes, 
styles and colors to match most 
any application. And 
our new Microvernier 
control knob provides 
a better, low-cost 
method of obtaining 
high-resolution tuning or 
precise zero setting. 

If you have unique require-
ments, we'll customize a knob 
to suit your specifications. 
So don't make do 
with any old knob. 
Write Raytheon 
Company, Fourth 
Avenue, Burling-
ton, Massachusetts 
01803. 

RAYTHEON 

FIGHT 
THEM ALL... 

Heart Attack 
Stroke 
High Blood Pressure 
Rheumatic Fever 

GIVE eL"i1),,R,EE HEART FUND 

New products 

of the heating station can be com-
pensated for, and a constant heat 
level can be maintained throughout 
the width and length of the panel. 
Price is $6,000. 
Electrovert Inc., 86 Hartford Ave., Mount 

Vernon, N.Y. 10553 [394] 

Generator is designed for 

ultrasonic wire bonding 

The model 363 ultrasonic generator, 
designed for production wire bond-
ing, features two channels and 
power output to 10 watts. The time 
and power controls are 10-turn po-
tentiometers, which provide high 
resolution. Several options are avail-
able to adapt the unit to most wire 
bonders. The model 363 is also de-
signed to operate as part of the com-
pany's bond-recording and analysis 
system. Price is $675. 
Orthodyne Electronics, 817 West 17th St., 

Costa Mesa. Calif. 92627 [395] 

Chip handler speeds 

accurate placement 

The 4200 Pick and Place system is 
said to increase speed two- to four-
fold over manual chip placement 
techniques, while eliminating mate-
rial losses. The unit is designed pri-
marily for manufacturers that 
screen epoxy on substrates to facil-
itate chip bonding, and it can also 
be used wherever small devices 
must be picked up and accurately 
positioned. One version of the unit 
has a heated work chuck and bond-
ing tool, for manufacturers using 

150 
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61 kHz to 1024 MHz. And the output fre-
quency reads directly on a six-digit LED 
frequency counter with 0.0005% accuracy. 
The 6201 has simultaneous modulation 

capabilities in AM, FM and pulse with 
negligible interaction. Output power is 
variable from an exceptionally high + 20 
dBm to — 146 dBm. Negligible warm-up 
drift. No "settling time" after band switch-
ing. And the frequency readout indicator 
doubles as a counter for modulation fre-
quencies and rep rates. 

Get all the facts on the Great Imposter 
and its great price/performance advan-
tages. Write today. 

R 2 .1 s 
MHz 

The Great Imposter. 
Our new Signal Generator performs with 
"synthesizer stability"at half the cost. 
Exceptional spectral purity 

LOG 
o 

—10 

—15 

20 

25 

30 

35 

40 

DB 

CF 

LIN 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Judging from its 
stability alone, 
1 ppm/24 hours, 
you might mis-
take the Singer 
6201 Signal Gen-
erator for an 
expensive syn-
thesizer. The 
6201 gives you 
synthesizer 

stability and spectral purity, with no worry 
about spurious signals or phase noise. You 
get continuously tunable DAFL (Digital 
Automatic Frequency Lock) coverage from 

SINGER SIGNAL GENERATOR MODEL 6201 

o4" orr 
tt Otit 

DEY 

• 
Ate Ltvft DI.. 

.1 u Our. Ay YU:SE WOO OUT Ft/ 

High performance Signal Generator Model 6201 

RANGE 

re/ C. etneriotgt 

FREQUENCY 

SINGER 
INSTRUMENTATION 

11.011i le tilt NO(1.1 Ittlt a Witt 

RANGE 

/el 

SINGER MODEL 6201 

11111, 

The Singer Company, Palo Alto Operation • 3176 Porter Drive, Palo Alto, Calif. 94304 • Telephone (415) 493-3231 
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dip cli 
The "Dip-Clip" 
is specially designed 
to allow the attachment of 
test probes to 14 or 16 lead 
DIPs. The unique patented 
design greatly reduces the 
possibility of accidental 
shorting while testing 
live circuits. Numerous 
test probes may be 
quickly connected 
for hands-free testing. 

MODEL 3916 

POMONA ELECTRONICS 
1500 E. Ninth St., Pomona, Calif 

Circle 152 on reader service card 

$66.(1-9) 

lanai 

91766 • Telephone: (714) 623-3463 

5V/5A 
COMPUTER 
OEM SUPPLY 

Hard to believe? Then read on. Our ELV Series 
supplies (available in ratings of 25W, 75W, 
125W and 250W) reduce your power costs with 
no reduction in quality. 

Every supply is put together under stringent 
QC with American-made transformers, capacitors. 

semiconductors, IC's and G-10 quality boards. 
Every supply delivers all the power we promise 

with no temperature derating, even with 50 Hz input. 
Regulation, ripple and noise are specified by the book. Spike-suppres-
sion and short-circuit protection are standard, OVP optional. And 
deliveries are off-the-shelf for most 
configurations. 
And the same is true for all our 

other supplies, open or enclosed, 
single- or multiple-output. 
Check it out today. Call 

(714) 979-4450. 

Distributed nationally by Cramer and Newark. 

ELV-25  

Output: 3V/5A to 28V/1.3A 
116 models avail.) 

Temp range: 0-55.17 

Line & load reg: 

Ripple & noise: 

0.1% 

0.1% 

ELEXON POWER SYSTEMS 
3131 S. Standard St., Santa Ana, Calif. 92705 

An Elpac division. .31= 

New products 

epoxy preforms for chip bonding. 
Price is $1,350. 
Nordex Inc., 50 Newton Rd Danbury. 

Conn. [397] 

Master programer handles 

Signetics fusible ROMs 

Manual programing of all Signetics 
fusible read-only memories is ac-
complished by a master programer 
called the PR-369. The unit pro-
grams five different devices having 
both 32-by-8 and 256-by-4 organi-
zations. An automatic internal pro-
graming sequence is initiated by a 

single pushbutton per output. Lamp 
indicators continuously display out-
put states for addressed words. Ad-
dressing is accomplished by a three-
digit octal thumbwheel switch. 
Zero-insertion-force DIP sockets pro-
vide in excess of 10,000 insertions. 
Price is $399.50. 
Curtis Electro Devices, Box 4090, Mountain 
View, Calif. 94040 [399] 

Sputtering system offers 

high coating uniformity 

For large-batch thin-film coating, an 
automatic coaxial sputtering system 
has a load capacity several times 
larger than that of planar diode sys-
tems. It features a film uniformity to 
within ±-2% over a 450-square-inch 
area and extremely low substrate 
temperatures for good adhesion. Af-
ter loading, the operator starts the 
process with a single pushbutton 

152 Circle 193 on reader service card Electronics/August 14.1972 



EA1500 N-CHANNEL Si GATE 
TAKES ON BIPOLAR. 

There's a lot of noise these days about RAMs and new 
super, bipolar processes. Well, we'd like to challenge 
all those bipolar claims. In fact, you can too. All one 
needs to do is pick up the data sheets and compare. 

You may have heard or read that MOS is slower than 
bipolar. The fact is that the EA1500 N-channel silicon 
gate 1K RAM has an access time of 85nsec— worst 
case, including voltage variation, over the 0° to 70°C 
temperature range. Our "fair" competition also specs 
their 1K bipolar RAM at 85nsec— but at a nominal volt-
age and a junction temperature of 25°C! 

OK, let's just assume it's a standoff in speed. In power 
dissipation, the EA1500 with a maximum, worst case, 
guaranteed .220mW/bit wins right out. The 93415 
draws .684mW/bit at 75°C case temperature. That 
would take a whole bunch of air conditioning if you're 
going to use more than one. 

Then, of course, there's price. The EA1500 sells for 
about one-third less than the 93415. That's 2.4/bit vs. 
6.8(P per bit in 100 up quantities. Just add up your bits 
and add up your savings. Finally, when you come to 
EA, you can get it. Because we don't tout it until we 
got it. 

electronic 
arrays, 
loc. 

501 ELLIS STREET 

MOUNTAIN VIEW, CALIFORNIA 94040 
(415) 964-4321 TWX: 910-379-6985 

WE \ 
GOT 'EM 

FR 

THE GREAT RAM 
CHALLENGE: 
N-CHANNEL 
VS. BIPOLAR. 
Electronics/August 14. 1972 Circle 153 on reader service card 153 



For some 
time now, we've been 
saying that, "We make things you can use in your 

work." Some of you are hard of hearing. Can you 

use solders or solder preforms? We make nearly 2 

billion preforms a year .... preforms of guaranteed 

purities, guaranteed tolerances, guaranteed configu-
rations according to your specs. Our solders are also 

available in rod, bar, tube, ingot, ribbon, wire, foil or 

whatever form you need. If you can use our solders or 

solder preforms, then lend an ear to this: we'll deliver 

what you need, when you need it, at a price you won't 

want to miss. Call or write for our comprehensive 

Solder Preform Selector. Hear? 

INDIM1 012 AN1MICA 

SOLDER FABRICATION DEPARTMENT 
1676 Lincoln Ave. • Utica. N.Y. 13502 • Telephone (315) 797-1666 • TWX 510-242-0288 

High quality solders and solder preforms of Lead. Tin. Silver. Indium. Cadmium, 
Gallium, Antimony, Bismuth, Copper. Aluminum. Nickel, Zinc and Germanium. 

New products 

switch; the machine cycles from 
vacuum pumpdown to argon back-
fill and plasma ignition and through 

finely controlled coating. Uniform-
ity to within -±5% is available over 
an area of 680 square inches. 
Varian Associates, Vacuum Division, 611 

Hansen Way, Palo Alto, Calif. 94303 [398] 

IC tester does functional 

and parametric checkouts 

Both functional and parametric tests 
for digital and linear circuits are of-
fered by the model 716A general-
purpose integrated-circuit tester. 
The unit is designed for use in de-
vice characterization applications 
and in moderate-volume incoming 
inspection. The tester includes four 
adjustable constant-voltage sup-

• 

I 1 ; 

1111111111 

plies, an adjustable constant-current 
supply. a square-wave pulse gener-
ator with adjustable amplitude and 
offset, a high-voltage supply, a 
swept-voltage supply. four voltage 
comparators, a DPM, and a cross-
point matrix that can handle devices 
with up to 36 leads. Price is $2,990. 
Computest Corp, 3 Computer Dr.. Cherry 

Hill, N.J.08002 [400] 
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The TM 500 Series 
Anew 
low cost 
PLUG-IN 
measurement   
and test 
system   

space-saving modules 
you can mix and interface 

lere's an example of what you can do: Combine 
3 ramp generator, function generator, and universal 
Dounter in the 3-hole mainframe. Using the intra-
ompartment interface you can use the ramp gen-
?rator to sweep the function generator, and monitor 
he output with the counter. Complete cost of this 
wstem is only $1345. 

deed these plug-in functions? 

550-MHz digital counter 

100-MHz digital counter 

100-MHz universal counter 

Digital multimeter 

1-MHz function generator 

10-ps ramp generator 

50-MHz pulse generator 

1-MHz RC Oscillator 

20-V single- or dual-tracking power supplies 

Need a compact 3-function system for your bench? 

The TM 503 power module accepts any 3 plug-ins, 
i.e., digital multimeter, function generator, ramp 

generator, yet only occupies 6 by 8.7 by 15.3 inches 
on your bench. 

Need a rack installation? 

Mount one or two TM 503s in a rack, and get 3 or 
6 functions in only 51/4  inches of rack height. Com-
patible large-screen monitors available. 

Need mobility? 

The TM 501 accepts any single plug-in module for 

maximum carrying ease. The 203-3 Scope-Mobile' 
powers any 3 plug-ins, stores up to 4 more, and 

supports a scope or other instrument on its tilting 
platform. 

More 

TEKTRONIX® 
P. 0. BOX 500 
BEAVERTON, OREGON 97005 

in Europe—TEKTRONIX LTD., Guernsey, C. I., U. K. 
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New products 

Semiconductors 

IC audio amp 
puts out 5 W 

Harmonic distortion in unit 

for auto radios is as low 

as 0.3% at 50-mVV level 

One of the major thrusts in the de-
velopment of ics for consumer 
equipment is the integration of 
power circuits in the 2-5-watt range. 
In its µA706, Fairchild Semicon-
ductor Corp. offers one of the high-

est power ratings available in lc 
audio amplifiers; when operated 
from a 12-volt supply, it delivers 5 
watts into a 4-ohm load. The µA706 
was developed for the automotive 
radio and tape-player market, and is 
particularly suited for high-noise 
environments such as occur in trac-
tors and large convertibles. 
The circuit operates over the full 

automotive battery range of 6 to 16 
V. And, says John W. Chu, senior 
engineer for consumer microcircuits 
at Fairchild, "It incorporates special 
features such as self-centering bias, 
direct coupling to the input, low 
quiescent current, high input im-
pedance and low distortion, which 
make it ideal for quality automotive 
applications." The quiescent current 
in the output transistors is typically 
15 mA with zero power out; full out-
put power is typically 5.5 w with a 
14-v supply (battery fully charged) 
and with a 4-ohm speaker. At this 
level, the voltage gain is typically 46 
dB, and the total harmonic distor-

tion is 10%. Total harmonic distor-
tion with 50 mw out is 0.3%; at 2 w, 
it's 0.5%; and at 4.5 w, the distortion 
is 3%. 
The 706 consists of two sections, 

the preamplifier and the power am-
plifier. Basically, the preamplifier is 
a single-stage. common-emitter am-
plifier with an input buffer transis-
tor, a gain transistor, a current 
source, and the associated bias cir-
cuitry. The input buffer is a high-
current-gain pnp transistor that pro-
vides 3 megohms input resistance 
and a level shift that allows the in-
put signal to be referenced to 
ground. The gain transistor is a 
high-gain common-emitter ampli-
fier with a high-impedance collector 
load provided by the current source. 
The preamplifier output is 

coupled directly to the power ampli-
fier, which consists of a gain transis-
tor, two buffer transistors, two out-
put transistors, and the biasing 
circuits. The output stage is a quasi-
complementary push-pull amplifier 
operating in the class AB mode, 
meaning that the output transistors 
are biased to achieve a conduction 
angle greater than 180°. This results 
in a low-distortion design. Also, a 
negative feedback is applied from 
the output of the power amplifier to 
the emitter of the preamplifier's 
gain transistor to further reduce dis-
tortion and improve linearity. 
The µA706 sells for $2.80 in 

quantities of 100, and samples can 
be delivered from stock. Full pro-
duction of the audio amplifier will 
begin by November. 
Fairchild Semiconductor Corp., 313 Fair-
child Dr., Mountain View, Calif. 94040 [411] 

Dual comparator gives 25 mA 

per channel off 5-V supply 

"When we came out with the LM 
Ill comparator," says Robert Dob-
kin, director of advanced linear cir-
cuit development at National Semi-
conductor Corp., "we found out that 
many people don't need a high-
speed comparator, especially for 
real-time applications such as in 
a-to-d converters. What designers 
want, in systems where more than 

11" 

DC 502 measures frequency to 550 
MHz. Costs only $895. DC 501 

measures frequency to 100 MHz. 

Costs only $550. DC 503 performs 

PERIOD, RATIO, TIME INTERVAL, 

TOTALIZE and TIME MANUAL 

functions and measures frequency 

to 100 MHz. Costs only $695. All 
have 7-digit stored LED displays 

with automatic decimal positioning, 
leading-zero blanking. Standard 

time base accurate to 1 part in 10 .. 

Optional time base accurate to 5 
parts in 10. 

TM 503 Mainframe powers 
any 3 units   S150 

TM 501 Mainframe powers 
one unit   $115 

U S. Sales Prices FOB Beaverton, Oregon 

Part of the TEKTRONIX TM 500 

Modular Instrumentation System 

More I> 

Electronics/August 14. 1972 Circle 157 on reader service card 157 



In less than one second 

you've got it 
wired 

These light, quiet air tools wrap wires at a high rate 

of speed for solderless connections that are perma-

nent, gas-tight, and reliable. Model 14XL1 weighs 

131/2 ounces, takes bits and sleeves for 20 through 

32 gauge wire. 

Pneumatic Wire-Wrap tools have pistol grip or 

Permanent gastight electrical connections with Gardner. Denver Wiht-ebtOlitools 

straight handles. Or you may prefer our electric-

powered models. Or the model with rechargeable 

battery. Manual wrapping and unwrapping tools are 

available for service kits. Bulletin 144 describes 

them all. Write for your copy today. 

GARDNER-DENVER 
Gardner-Denver Company, Quincy, Illinois 62301 

*I. lit is a registered Trademark of Gardner-Denver Company 

158 Circle 158 on reader service card Electronics/August 14, 1972 



OUTSTANDING 
THERMAL ENDURANCE 
RUNS IN THIS FAMILY: 

ELECTRICAL 
TEMP-R-TAPE 
OF KAPTON. 
Temp-R-Jape of Kapton* is now avail-
able in a complete "family" of tapes— 
all offering outstanding thermal en-
durance, retaining their excellent me-
chanical and electrical properties over 
an operating range from —100F to 
+500F. Available in thicknesses from 
.001 to .0045" with electric 
strengths up to 10,000 volts ... with a 
choice of pressure-sensitive silicone 
adhesive on one or both sides, or ther-
mosetting acrylic adhesive, or a flame 
retardant adhesive ... and in 1/4,,. 1/2 n, 
-%", 1", 11/2 ", and 2" widths, with spe-
cial widths slit to order. 

Find your CHR distributor in the Yel-
low Pages under "Tapes, Industrial" 
or in industrial directories. Or write for 
details and sample. The Connecticut 
Hard Rubber Company, 
New Haven, 
Connecticut 06509. 

CHR 
a HITCO compel, y 

New products 

one is going to be used, is a dual 
comparator and one that can work 
off 5 volts." 

National responded with the LM 
119. It has a gain of 25,000, a bias 
current of 500 nanoamperes max-
imum, and a typical response time 
of only 100 nanoseconds to a 100-
millivolt step input—faster than the 
LM 111. The LM 119 can supply up 
to 25 mA at the output, which is suf-
ficient to drive relays. But best of all, 
says Dobkin, "the LM 119 is a dual 
comparator (each unit is capable of 
25 mA output) and it can operate 
from a single +5-volt power sup-
ply; or if desired, -5 v and ground 
or -±5 V, or even ±-15 v." And while 
the LM 119 was designed primarily 
for applications requiring operation 
from digital logic supplies, it also 
works well at voltages up to ±-15 V. 
The response time is the same no 
mattei what the power supply volt-
age is. 
Dobkin points out that most other 

comparators employ zener diodes in 
the level-shifting network. "Mono-
lithically-made zener diodes have a 
6.5-volt breakdown, so they can't be 
used in 5-volt systems. We use a re-
sistor/capacitor level-shift circuit, 
and this works well off 5 volts," he 
adds. And the uncommitted collec-
tor output stage of the LM 119 
makes it compatible with RTL, DTL, 
and TTL systems. Minimum fan-out 
is four for each part of the dual cir-
cuit. 

In a TO-5 can, the LM 119, de-
signed to operate over the -55 to 
+125°C range, is priced at $13.95 in 
quantities of 100. The commercial 
version—for operation over the 
range from 0 to +70°C—is priced at 
$3.95 in the TO-5 can and$4.95 in a 
ceramic dual in-line package. Deliv-
ery is from stock. 
National Semiconductor Corp., 2900 Semi-

conductor Drive, Santa Clara, Calif. 95051 

[412] 

Laser diodes put out 

4 to 15 watts peak 

Gallium-arsenide laser diodes, des-
ignated the LD60 series, are housed 
in TO-18 coaxial stud packages. The 

d 77« 77 0 0 - 

The FG 501 is a .001 Hz to 1 

MHz function generator with sine. 

square, triangle, pulse, and ramp 

outputs. Harmonic distortion is low. 

VCF input has 1000:1 range. Gate/ 

burst input has phasing variable 

from - 90 ° to •i 90 °. 

Function Generator 

50-MHz Pulse 
Generator 

10-eus Ramp 

Generator 

1-MHz RC 
Oscillator 

FG 501 $325 

PG 501 $295 

RG 501 $175 

SG 502 $295 

TM 503 Mainframe powers 
any 3 units   $150 

TM 501 Mainframe powers 

one unit   $115 

U S. Sales Prices FOB Beaverton. Oregon 

Part of the TEKTRONIX TM 500 

Modular Instrumentation System. 

More I> 

Circle 194 un reader service card Circle 159 on reader service card 159 



The industry was looking for 
a breakthrough in 1_51 design systems... 

then along came Macrodata! 

"Once upon a time IC chips were small and simple and 
no one needed an automated design system. Then 
suddenly thousands of transistors were being designed 
on a single LSI chip. Now, everyone discovered that 
the design and production of these complex circuits 
couldn't be accomplished by the old techniques with-
out countless iterations due to errors. Still, no one 
could agree on what should be done about it. 

"Some said: 'let's develop a computer system that will 
do all the design for us.' Others said: 'only the designer 
is creative and completely automatic systems would 
not provide an efficient working design.' 

"Then along came Macrodata with the 'FEDIS' MD-170 
LSI Design System, backed up by the unique 'CADIS' 
software packages. Here at last was the first truly ori-
ginal system designed to best utilize the creativity of 
the designer and the power of the computer. It was the 
first LSI design system available for outright purchase 
that offered transient analysis, logic equation simula-
tion, logic equation generation, cross-talk analysis, 

and nodal analysis with design rule checks. 

"Here was a system that could buy you calendar time, 
reduce your LSI design costs, eliminate subtle errors, 
and increase yield because you could be sure that your 
final artwork would be produced exactly as you 
designed it. The system houses were quick to see the 
advantage of such a turn-key, in-house capability. 

"Here was the breakthrough. No one else offered so 
much. Now, you could control your own designs and 
assure yourself of a multiple sourcing capability. Here 
was a system totally compatible with all methods of 
artwork generation— both photo optical and rubylith. 
Here, at last, was the only system with the analysis 
packages necessary to produce error-free artwork." 

But so much for Chapter Four of the Macrodata Story; 
you can read the rest of it in the new "FEDIS/CADIS" 
brochure. For your copy, just use the reader service 
card, or call us directly. 

Chapter Four. 
The Macrodata Story. 

Macrodata Company, 20440 Corisco Street, Chatsworth, California 91311, Phone: (213) 882-8880, Telex: 65-1345 
Sales Offices: Los Angeles Area Tel. (213) 245-9404 • San Diego Area Tel. (714) 232-2017 • Northern California Area Tel. (408) 244-1505 • Philadelphia 
Area Tel. (609) 228-1325 • New England Tel. (617) 862-5700 • Southeast Area Tel. (205) 883-0140 • Foreign: Munich, West Germany Tel 34 56 00 
Telex: 841-521-5969 • Milan, Italy Tel. 871.988 - 899.248 Telex: (843) 34314 • Tokyo, Japan Tel 03 985 5266 Telex: (781) 272-2171 
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Tung-Sol ® 
Bridge Rectifiers 
Provide High 

Thermal Efficiencies 
Junction sizes and assembly 
techniques comparable to 
those used for discrete 
power rectifiers, are em-
ployed in the manufacture of 
Tung-Sol modular bridge 
rectifiers. As a result, Tung-
Sol bridges offer superior 
overload capacities, greater 
thermal efficiencies and in-
creased reliability. 

NEW! B-50 Series—Single phase 
DC rating-10A @ 75°C. Forward 
surge rating-300A @ rated load. 
Ratings from 50 to 600 PRV per leg. 
Epoxy case construction. 

NEW! B-40 Series—Single phase 
DC rating-15A @ 75°C. Forward 
surge rating-300A @ rated load. 
Ratings from 50 to 1,000 PRV per 
leg. Epoxy case construction. 

Other Tung-Sol Bridges 
(With Higher Ratings) 

B-10 Series—Single phase 
DC rating-30A @ 55°C. Forward 
surge rating-400A at rated load. 
50 to 1,000 PRV per leg. 

B-20 Series—Three phase 
DC rating-35A @ 55°C. Forward 
surge rating-400A @ rated load. 
50 to 1,000 PRV per leg. 

Write for complete information. 

SILICON PRODUCTS SECTION 

WAGNER ELECTRIC CORPORATION 
630 West Mt. Pleasant Ave Livingston. N J. 07039 

TWX: 710-994-4865 PHONE: (201) 992-1100 
(212) 732-5426 

Trademark TUNG-SOL Reg U S. Pat, 011. and 
Marcas Registradas 

New products 

package locates the optical sources 
on the stud's center rotational axis, 
which allows for simple laser align-
ment to optics. The units emit from 
4 to 15 watts minimum peak power, 
and operate at 27°C up to duty 

cycles of 0.1% when biased in the 
forward direction with up to 200-
nanosecond pulses. The diodes are 
available in a hermetic package or a 
nonhermetic, high-thermal-conduc-
tivity copper package. Volume price 
ranges from $8 to $27.60. 
Laser Diode Laboratories Inc., 205 Forrest 

St., Metuchen, N.J. 08840 [413] 

C-MOS up-counters offer 

high-speed operation 

The models designated MC14518 
and MC14520 are c-mos logic up-
counters for counting applications 
at rates of up to 6 megahertz. An in-

ternal synchronous counting design 
reduces propagation delay where 
many counting stages are required. 
Both units consist of two identical 
independent four-stage counters. 
The MC14518 provides a dual BCD 
up-counting function, and the 
MC14520 offers a dual binary up-
counting capability. Price ranges 

TEKTRONIX® 

PLUG-IN 
POWER 
SUPPLIES 

These high density, easy to oper-
ate supplies are designed for to-
day's devices. Ideal for circuit 
investigation, device testing and 
educational applications. The PS 
503 is a dual power supply with 
precisely regulated, shortproof out-
puts variable independently or at a 
constant ratio. All plug-ins have a 
variable floating power supply and 
+5 V ground referenced supply. 

0-20 V 0-400 mA 

0-20 V, 0.5% 0-400 mA 

10-20 V Dual Tracking 

0-20 V, 0-40 V Dual 

PS 501 

PS 501-1 

PS 502 

PS 503 

$ 95 

$130 

$130 

$180 

TM 503 Mainframe powers 

any 3 units   $150 

TM 501 Mainframe powers 

one unit   $115 

U.S. Sales Prices FOB Beaverton, Oregon 

Part of the TEKTRONIX TM 500 
Modular Instrumentation System 

4 See previous 3 pages 
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It took us years to develop 
the best stereo microscope. 

Now give us a few minutes to prove it. 
Let us compare our StereoStar/zoom to any 
stereoscopic microscope in your lab. 

Our microscope offers high resolution, larger 
fields of view, greater working distance. We 
have as wide a magnification range as you're 
likely to need: a full 6 to 1 zoom range with 
magnifications from 3.5 X through 210 X. 
The zoom control knob is coupled—so that it's 
conveniently located on both sides, for either 
left or right-hand operation. And the entire 
head is easily rotatable through 360°. 

135 years of optical excellence went into the 
AO StereoStar/zooM. Let us compare it to any 
stereo microscope in your lab. After all, if it's 
worth your money, it's worth your time. 

Call your AO Representative. Or write for our 
convincing 24-page brochure. 

ly AMERICAN OPTICAL 
CORPORATION 

SCIENTIFIC INSTRUMENT DIVISION • BUFFALO N Y 14215 
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SUE: 
THE FIRST 

GIRL 
MINICOMPUTER 

Never underestimate 
the power of a woman.] 

Don't be misled by the 
fact that our SUE is a lady. 
When it comes to a compet-
itive situation, SUE is more 
than a match for any of the 
neuter computers. 

Her wide bandwidth 
lnfibus gives her a thruput 
of 80 million bits per second. 
That's the kind of power we 
mean when we talk about 
Super SUE for big, complex 
systems. Or SUE the Savant 
for high-powered research 
and scientific applications. 
Or Synergistic SUE for con-
trolling a large number of 
elements in a single system. 
If you haven't met SUE, you 
don't know how modular 
a minicomputer can be. 
Call her at (213) 722-6810, 
or write: 6201 E. Randolph 
Street, Los Angeles, California 
90040 for an introduction. 

Lockheed Electronics 
A Subsidiary of Lockheed Aircraft Corporation 

New products 

from $7 to $19.35, depending on 
quantity and type. 
Motorola Inc., Semiconductor Products Divi-

sion, P.O. Box 20924, Phoenix, Ariz. 85036 

[417] 

First-in, first-out memory 

is organized 4 by 64 bits 

A low-cost solution to problems as-
sociated with interface of digital sys-
tems that have different data rates is 
offered in the model 3341 asynch-
ronous first-in, first-out memory. 
The unit is organized 4 bits wide by 
64 bits long, and once data is en-
tered, it propagates to the farthest 
downstream unfilled location, with 
no clocking required. When data is 
moved from the outputs by a shift-
out signal, other data in the memory 
moves down automatically to fill the 
empty locations. The result is inde-
pendent operation of input and out-
put. Price in quantities of 100 to 999 
is $22 for the 1-MHz version and 
$15.60 for the 0.6-MHz type. 

Fairchild Camera and Instrument Corp., 

Semiconductor Components Group, 464 

Ellis St., Mountain View, Calif. 94040 [415] 

Power hybrids designed 

to drive inductive loads 

A power hybrid device consisting of 
two Darlington amplifiers in a 14-
lead dual in-line hermetic package 
is designated the TA8590. Each am-

plifier can deliver 5 amperes with a 
current gain of 500, or 3 amperes 
with a current gain of 600. The units 
are for driving inductive loads, and 
use hometaxial power transistor 
chips with good second-breakdown 
capability. The amplifiers also in-
clude integral diodes for load-cur-
rent commutation. Applications in-
clude hammer drivers, solenoid 

N/C PATTERN 
GENERATION 
WITH 
GYREX 1001 

Economical master reticle genera-
tion for 

' THIN FILM, THICK FILM, 
HYBRID CIRCUITS 

1-1 MOS and LSI 

The Model 1001 Pattern Generator 
features fully automatic artwork 
generation. Master patterns are 
formed on high resolution plates 
mounted on a precision X-Y 

stage. Stage travel up to 4"x4" is 
available with over-all positioning 
accuracy of .0001". Lens resolution 
of 650 lines per mm and a 
precision aperture provide for 

projected image size of rectangles 
varying from 0.5 mils to 120 mils. 
Alphanumerics and custom logos 
are automatically flashed. Com-

mands are initiated by punched 
tape with magnetic tape 
optionally available. By eliminating 
many processing steps necessary 

in present artwork generation 
methods the 1001 reduces both 

cost and production time. 
Software is available. 

For further information on the 

Model 1001 and other Gyrex 
Microelectronic Production 
Equipment, call or write us today. 

GYREX 
GYREX CORPORATION 
400 EAST GUTIERREZ STREET 

SANTA BARBARA, CALIFORNIA 93101 
TELEPHONE (805) 966-7131 
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JOB e ttneemd 
REPORT 

ELECTRONICS 

NO. 137 

How Deionized Water Aids Quality Control 
In Making Printed Circuit Boards 

Some of the many printed circuit boards made by Poncher 
Industries, Inc., Cary, Illinois—shown by President Charles 
Poncher. Very high quality water is a production "must." 

To provide water for plating solutions and ultra-clean rinsing 
of circuit boards—the treatment system includes a Culligan 
deionizer, activated carbon filter and deionizer exchange tank. 

E Rejects stay low and quality stays 
high at Poncher Industries, Inc., 
Illinois manufacturer of sophisticated 
printed circuit boards for commer-
cial and consumer applications. A 
key supplier to such blue chip elec-
tronics makers as Zenith, Motorola. 
Stewart-Warner, Seeburg, Oak 
Electro-Netics and others, Poncher 
stresses perfection in every step of 
manufacture. 

"Our job is to make sure the printed 
circuit board is as reliable as we 
can make it," says Mr. Poncher. 

"This, of course, includes using the 
cleanest water possible in plating 
solutions and in rinsing tanks. The 
only answer to the contamination 
problem is deionized water." 

The deionizer chosen was Culligan's 
Model DA. 

The high-quality deionized water 
provided is used for rinsing at criti-
cal points in the cleaning, sensitiza-
tion and electroplating processes. 
General Manager Andy Walsh em-
phasizes— 

"I knew from long experience with 
printed circuit manufacturing that 
deionized water is vital, so we or-
dered the deionizer right from the 
start. It has proved to be a wise 
decision." 

For detailed information and addi-
tional case histories, write to Will 
Sanders for our 4-page Job Report 
No. 137—or call your local Culligan 
Man for a consultation. El 

Culligan USA, One Culligan Park-
way, Northbrook, Illinois 60062. 

CUSTOMER: Poncher Industries, Inc.. Cary, Illinois 

PROBLEM: Need for high quality water for plating and rinsing circuit boards 

SOLUTION: Deionized water 

EQUIPMENT: Culligan Model DA Deionizer, Activated Carbon Filter, 
Deionizer Exchange Service 
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Have you 
wondered 
ifyour 
kids can 
make the 
ade in 
ochester? 

Today, college preparation starts in 
kindergarten. If a youngster is to 
compete, he must get a first-rate pri-
mary and secondary education. Here, 
in a fertile, dynamic 9-county' area of 
Western New York, learning is as 
important as earning. New York 
State standards are high. And the 
public, private, and parochial schools 
in our affluent area reflect those 
standards. With 16 colleges nearby, 
a student can pursue undergraduate 
and graduate studies at a variety of 
institutions specializing in the sci-
ences, humanities, or arts. Would you 
like specific information of educa-
tional opportunities ... or any aspect 
of plant or site selection? If so, call 
collect or write to Bob Hall, 
Director of Area Development, 
Rochester Gas& Electric, 89 East Ave.. 
Rochester, New York 14604 (Tele-
phone 716-546-2700). Nobody knows 
more about this area than we do. 
And because we make money selling 
energy to industry, we're eager to 
share our knowledge with you. 

Stromberg-Carlson made it here. 
How about you? 

REZ' ROCHESTER GAS AND ELECTRIC 

New products 

drivers and stepper-motor drivers. 
Price is $4.25 in 1,000-lots. 
RCA Solid State Division, Box 3200, Som-

erville, N.J. 08876 [416] 

FET linear IC line includes 

preamplifier, two op amps 

A new line of field-effect-transistor 
'linear integrated circuits consists of 
three devices: the HA-2000 FET in-
put preamplifier, the HA-2050 high-
slew-rate FET-input operational am-

plifier, and the HA-2060 wideband 
FET-input op amp. Each is available 
in commercial and military versions. 
The 2000 is a high-impedance input 
buffer for op amps or comparators, 
and offers a bias current of I pA. 
The 2050 has a slew rate of 120/its 
and a bandwidth of 20 MHz. Input is 
1 pA. The 2060 features a gain-
bandwidth product of 100 mHz and 
input impedance of 10 12 ohms. Bias 
current is 1 pA. Prices range from 
$4.35 to $24 in quantities of 100. 
Harris Semiconductor, P.O. Box 883, Mel-

bourne, Fla. 32901 [418] 

Power driver-control circuit 

is versatile building block 

Off-the-shelf solutions to interface 
circuit needs are provided by a 
thick-film control circuit and power 
driver designated the LMD- l. By 
adding two external resistors to the 
hybrid unit, a Schmitt trigger ca-
pable of handling 50-volt, 10-am-
pere loads can be made. If a pro-
gramable pulser is needed with a 
rate from 1,000 pulses per second to 
less than one every 10 minutes, only 
one capacitor and one resistor need 

UNIFORM 
COATING 
WITH 
GYREX 9 

Rapid, continuous coating of 

photoresist to 

THIN FILM, THICK FILM, 

HYBRID CIRCUITS 

GLASS, METAL AND SILICON 

SILICON WAFERS 

The GYREX 9 Microcoater coats 

uniform photoresist films on micro-

circuit substrates. It is excellent for 

coating rectangular substrates. It 

eliminates the variation in photoresist 

thickness at the substrate corners and 

also resist waste which normally occurs 

with spin or spray methods. The new 

fully enclosed RPF Fluid System com-

bined with the HI-FILM technique 

and a closely controllable interfer-

ence adjustment provide accurate resist 

thickness control and repeatability. 

The compactness of the unit makes 

it ideally suited for lab and prototype 

work. Coupled with the GYREX 

Model 825 Microdryer, the GYREX 9 

provides a complete in-line continuous 

coating and drying system. 

For further information on GYREX 

Microelectronic Production Equipment, 

call or write us today. 

GYREX 
GYREX CORPORATION 
400 EAST GUTIERREZ STREET 
SANTA BARBARA, CALIFORNIA 93101 
TELEPHONE (805) 966-7131 
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SOLID STATE 
ZERO CROSSING 

RELAY 
1,-

N•1111. TUPI 
50..0 MU 

SUPERIOR FEATURES available 
nowhere else.. Noise immunity. 
Extremely high inrush capability. 
Input-output isolation. Fully encap-
sulated. All solid state. No moving 
parts for maintenance-free operation. 

• ZERO CROSSING TYPES FOR 
CONTAMINATED, EXPLOSIVE 
OR CRITICAL APPLICATIONS 
8 amp. standard duty. 15 and 
30 amp. heavy duty in single, 
2 and 3-pole styles. Minia-
ture style-2, 3 and 4 amp. 

• PROPORTIONAL CONTROLLER 
RELAY TYPES 

• VARIATIONS TO ORDER 

Write or phone for 
pricing and technical 

information. 

Jewell 
JEWELL ELECTRICAL INSTRUMENTS, INC. 

Grenier Field, Manchester, NH 03105 
Phone: (603) 669-6400 • Telex: 94-3435 

New products 

be added to the LMD-l. Controllers 
and time delay circuits can also be 
made with it. The LMD-1 is priced 
at $22 each in 100-lots. 
Ledex Inc., 123 Webster St., Dayton, Ohio 
45401 [419] 

Low-power counters 

operate at 23 megahertz 

New low-power msl devices include 
the model Am93L60 decade and 
Am93L66 hexidecimal counters. 
The 4-bit up/down synchronous-
counter pair offers separate up and 
down clocks, asynchronous parallel 
loading, and typical operating speed 
of 23 megahertz with a power dissi-
pation of 85 milliwatts. The circuits 
are hermetically sealed, and are 
configured to the specifications of 
Military Standard 883. Price ranges 
from $6 to $23 in 100-lots, depend-
ing on temperature range and pack-
aging. 
Advanced Micro Devices Inc., 901 Thomp-

son Pl., Sunnyvale, Calif. 94086 [414] 

Ion-implanted rectifiers 

offer fast recovery 

A series of I-ampere hermetically 
sealed ion-implanted rectifies fea-
tures a forward voltage drop of less 

than 1/2 volt and a reverse recovery 
time of 9 nanoseconds maximum. 
Forward recovery is 1 nanosecond 
maximum. The series is designated 
HSR-OA and is available in five 
separate types. They are housed in 
D029 packages. Prices start at 75 
cents in quantities of 1,000. 
Solid State Devices Inc., 12741 Los Nietos 

Rd., Santa Fe Springs, Calif. 90670 [420] 

COMPLETE @«. 
PRESS-FIT SERIES 111D 

TRIACs 
SCR's 

SCR's 8A to 35A I It (Rmsd 
50V to 600V (V0R0m) 

TRIAC's 6A to 40A [I t(Rms)] 
50V to 600V (VDRom) 

El Electrically isolated & 
non-isolated types. 

E 1/2" and 3/4 " sizes 
E Press-fit, Stud Mount & TO-3 Out-

line Mounting Flange 
E Shorted-emitter, center-gate de-

sign for lower switching losses 
and improved critical & commuta-
ting dv/dt ratings & di/dt charac-
teristics. 

E Patented Di-Mesa construction 
with void-free glass-passivated 
chips for maximum operational 
reliability. 

E Other triacs and SCR's in all pop-
ular package configurations and 
in chip form. 

Li 
Write for new 
Hutson catalog 

'T M. HUTSON INDUS:1121ES 

HUTSON INDUSTRIES 
BOX 34235 • 2 0 1 9 . 
DALLAS. TEXAS 75: 
TWX 910-860-5537 

Distributed by: 
BODELLE CO.. INC.. Chicago. Ill. 312 468-1016 
Detroit. Mi 313 273 6920 II NEWARK ELECTRONICS 
CORP., Inglewood, Cal 213 678 0441 
THOR ELECTRONICS, Elizabeth, N I 201'354-2420 
Canada WEBER-SEMAD ELECTRONICS. Downsyiew. Ont 

European Marketing Director: 
30 Rue Pierre Semard. Yerres. 91 France 
Tel Paris 925-8258 TELEX 21.311 

Distributed in Europe by: 
Switzerland D. LEITGEB. Dubendorf 
Sweden ELEKTROFLEX, Sundbyberg 
Spain BELPORT, Madrid 
Holland RODELCO, Den Haag 
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"LIISTEN,WE 
JUST CAN'T 
AFFORD 
TWO NEW 
PROCESSORS r 

It's almost a complete processing department 
in only 25 square feet of floor space. Lets you 
process Kodagraph wash-off films ... plus 
conventional Kodagraph films and Super-K 
papers, all in two minutes or less. 

For the full story on this two-in-one processor, 
send in the coupon. We'll process your 
inquiry fast. 

You only need one. 
The KODAK 
SUPERMATIC-STAR 
Processor. 

Please send me full details on the 
Kodak Supermatic-Star processor. 

Name__ 

Position 

Company 

Address 

City State 

Eastman Kodak Company 
Business Systems Markets Division 
Dept. DP 860, Rochester, N.Y. 14650 

ENGINEERING DATA sysTEms 

Zip 
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The Truth About Monolithics 

ITruth is stronger than fiction. 
It's also said to be the greatest 

gimmick in advertising. That's what this 
series of ads is about — the truth about 
monolithic crystal filters. If you want the 
truth about the best filter for your ap-
plication, talk to us. We've been making 
monolithic crystal filters longer than any-
one else—and we've made more of 
them. We know what can't be done as 
well as what can. 

Standard Substitute . . . 

IWhen is a conventional crystal 
filter unconventional? When 

it's a monolithic designed to be com-
pletely interchangeable with its conven-
tional counterpart — and to be 10 to 
50% less expensive. If you're still using 
conventional crystal filters and aren't 
ready to redesign your equipment,check 
with us. The next best thing to designing 
your new radio around a monolithic crys-
tal filter is plugging a monolithic into 
your old one. It may be just what the 
doctor ordered to keep the patient alive 
and well a little longer. 

Short Course ... 

IN Whether you're now using in-
tegrated crystal filters or just 

thinking about it, you'd probably like to 
know more about them. We're offering a 
limited number of reprints of an up-to-
date survey article including specifica-
tion guidelines. A copy is yours for the 
asking. Just drop us a note on your 
letterhead, 

like more information on mono-
lithics? Drop us a line or call us. 

Plezo Technology Inc. 
2400 Dwersil led Way 
Orlando. Florida 32804 
305 425-1574 

The Standard in monolithic 
crystal filters. 

New products/materials 

A solvent-soluble temporary solder 
resist is designed for printed-circuit-
board assembly. It prevents solder 
from adhering to selected portions 
of the boards during flow-soldering 
operations. The material, called 
Soder-Mask type CHL-1, may be 
applied with a brush or by dipping. 
It dries in five to 10 minutes at room 
temperature to form a hard coating 
that withstands the scratching and 
nicking encountered during auto-
matic component insertion. It is 
heat-resistant to all flow-solder envi-
ronments, and dissolves in the hot 
or cold chlorinated solvents that re-
move flux residue. 
Solder Removal Co., 1077 E. Edna Pl., 

Covina, Calif. 91724 [476] 

Stycast 2741 is an epoxy casting 
resin and sealing compound with 
adjustable capabilities. The flexibil-
ity and hardness of the cured resin 
can be tailored to meet the needs of 
the application. Hardness is adjust-
able from 30 to 80, Shore D, de-
pending on the proportion of cata-
lyst 15. The material is used for elec-
tronic embedding and in sealing ce-
ramics, plastics and metals. It will 
not crack at temperatures as low as 
-55°C. It can be cured at room tem-
perature or in a short time in ele-
vated temperatures. Pot life is at 
least two hours. Price is $1.50 per 
pound in 12-pound lots. 
Emerson & Coming Inc, Canton, Mass. 

02021 [477] 

A line of palladium silver pastes in-
cludes six materials, each with dis-
tinctive adhesion, conductivity, and 
solderability characteristics for ap-
plications in the manufacture of hy-
brid devices. Resistance ranges from 
0.010 to 0.060 ohm per square. 
Plessey Inc., Materials Division, Melville, 

N.Y. [478] 

A thermally conductive adhesive can 
increase the efficiency of high-
wattage semiconductors by provid-
ing a low heat resistance bond to 
heat sinks. The material is desig-
nated Castall 341 and is a two-part 
adhesive that can be used where 
glue lines of 0.001 inch or less are 
required. It will maintain a strong 
bond over a broad temperature 

The pollution 
problem. 

Maybe your 
engineers deserve 
a little help. 

The engineers'will be the ones 
to find the technical solutions to 
pollution problems. There's no 
doubt about it. 
But pollution is a people prob-

lem, too. And the engineers' 
technological approach to pollu-
tion isn't going to solve people 
problems. 
Maybe this booklet can help. 

It lists some of the things all 
people can do to fight pollution. 
And with all the people sup-
porting your engineers we'll have 
a better chance of winning the 
fight. 
For a free copy or a list of 

bulk rates write to Keep 
America Beautiful, Inc., Box 
1771, Radio City Station, New 
York, New York 10020. 

Keep America Beautiful 
Advertising contributed for the public good 

< 
* 

Ou.C.e.b 

71 
things 

Noll co do 
to stop 
)ollution". 

People start pollution. 
People can stop it. 
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EMPLOYMENT OPPORTUNITIES 

TECHNICAL 

WRITERS 

With the establishment of a new documenta-
tions department, requirements are for im-
mediate openings in Galion, Ohio. Minimum 
one year experience in computer software 
documentation required. Degree not neces-
sary. Telephone background desirable. Send 
resume in confidence to: 

Mr. D. Lance 
NORTH 

ELECTRIC COMPANY 
P.O. Box 688 

Galion, Ohio 44833 

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. 

ELECTRONIC E GINE,ERS: 
CAREER OPPORTUNITIES 
WITH A FLORIDA COMPANY 

SPECIALIZING IN 
ADVANCED COMMUNICATIONS SYSTEMS 

AND HIGH TECHNOLOGY 
UHF RADIO EQUIPMENT 

Electronic Communications, Inc., a subsidiary of 
NCR, has openings at all levels for electronic 
engineers experienced in the design and develop-
ment of communication systems, RF, digital and 
audio equipment. You will be working with major 
UHF command and control systems, satellite relay 
and telemetry systems, and a variety of other 
challenging long-term programs. At ECI, you (like 
all of our pros) will function with a minimum of 
supervision and a maximum of opportunity for 
advancement. ECI is small enough to give your 
accomplishments high visibility, yet big enough to 
provide the facilities and benefits of the largest 
companies. ECI is on Florida's West Coast — the 
BEST COAST — in comfortable, sunny cosmo-
politan St. Petersburg. 

If you are tops in your field, and if you are 
interested in a career opportunity on long-term 
programs in an intriguing location, write in con-
fidence today to Paul E. Jordan, Supervisor of 
Professional Placement, Electronic Communica-
tions, Inc., Box 12248, St. Petersburg, Fla. 33733. 

A Subsidiary of NCR 
An Equal Opportunity Employer 

SOLID STATE CIRCUIT DESIGN 
Creative ability stifled? Beltone Electronics, a major manufacturer of consumer 
electronics has exceptional opportunities for circuit design engineers with poten-
tial for creative solutions to design problems in the area of hybrid and monolithic 
audio amplifiers, oscillators, filters and attenuators. 
The basic requirements for these positions are: 

• Intimate knowledge of theoretical foundations of solid state circuit 
design 
• Ability to bisualize operation of solid state circuits 
• Desire to create design solutions where none exist 

Beltone offers a record of continued growth, financial soundness, stable employ-
ment and excellent management sensitivity to the needs of engineering opera-
tions. This record, coupled with a competitive salary structure and a full range 
of fringe benefits, makes these positions unique opportunities for the right people. 
If you believe you are qualified to he a solid state circuit designer and are willing 
to demonstrate your capability, send your full resume in confidence to: ROBERT 
RIEFKE, Personnel Director 

%9e gee e ELECTRONICS CORP. 
4201 W. Victoria Street 
Chicago, Illinois 60646 

An Equal Opportunity Employer mlf 
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RECON DRONE CONTROL RADARS 
AUTOTRACK MOUNT 

AUTOTRACK 
SCR-584 RADARS 
360 degree azimuth. 210 
degree elevation sweep with 
better than I mil. accuracy. 
Missile velocity acceleration 
and dewing rates. Ampli-

'\ dyne and servo control. Will 
handle up to 20 ft. dish. Sup-
plied complete with control 
chassis. A L.S0 in stock 10 
ern. van mounted radar S”- -1., tern. Conical sean. PPI. 6 It 

•. dish. Ideal for S band tele-
- metry. weather. baloon irk. 

missile irk. rocket trk. ECM range. %% rite or complete 
data 600 pg. Instr bk avail at S25 ea 

PATH LOSS MEAS. FACILITY 
Mfg. REL For establishing max. ynisn paths for tropo 
and microwave links. 2 heli-hut vans. Covers 1-2-5ghz 
bands. 20 to 130 watts CW output. 

PHOENIX MISSILE SYSTEM 
PPI. 5' B and C displa.s, and complete digital com-

puter consoles 

IBM 704 SCIENTIFIC COMPUTER 
, peripherals it programs Cost 52.000.000. Our price 

S10,000 
MIT MODEL 9 PULSER 1 MW—HARD TUBE 
Output 25k. 40 amp.. 30k. 40 amp. max. Duty c> .002. 
.25 to 2 MICO)CC. Also 5 tu micros«. and .1 to.5 mi-
cros«. Uses 6C21. Input 11.5s 60 cycle AC. Mfg. GE. 
Complete with driver and high voltage power supply. 
Ref MIT Rad. Lab, Series. Vol 5. p. 152. 

2 MEGAWATT PULSER 
Output 30 kv at 70 amp. Duty cycle 001. Rep. 
rates. I microsec. 600 pps. I or 2 msec. 300 
pus lies 5948 hydrogen thyratron. Input 
120/ 2011 VAC 60 cycle. Mfr. GE Complete 
with high voltage power supply. 

2 MEGAWATT HARD TUBE PULSER 
Output KAY, at 50 Amps. Duts cy .0038 

pulse width Cumpl. with diner and HS 
Dower suppl). Input 208V 60 hi. 

NV POWER SUPPLIES 
I Amp. 2010: e 1.3 Amps, 351Csi e 

5 Amps. 28K V. 70MA: I2KV 800MA: 

X Band systems autotrack and search complete with 
plotting boards Fulls mobile (an mounted. Gives PPI, 
slant range. altitude data. Ground to air control links 
and beacons also in stock. AN / MPQ-29 & AN / 
UPW-1 

PARAMETRIC AMPLIFIER 
Collins type. 2.3 Ghz. 30 Mhr band width. 1.7 DB noise 
figure, 20 DB gain. 5-way power splitter output. 

SPARE PARTS IN STOCK 
Nike (kw, Nike Hercules. M-33. MPS-19. TPS-ID. 
¡PS-I0D. FPS-6. SPS21. SCR-584. HIPAR. 

RADAR RF PKGS. 
34ghi 40k. Pulse R F pkg 
24ghz 40kw Pulse bomb toss system 
16ghz 13) kw Pulse B-58 search radar system 
X BAND AUTO1 RACK 250KW PULSE M-3.3 
compl / plot boards 

X BAND AUTOTRACK 50K% PI. LSE B-47 
fire control complete 

(' BAND HEIGHT FINDER 
AN/FPS-26 5 megawatt output 
AN/TPS-37. I megawatt output. 

C BAND I MEGAWATT AUTOTRACK 
10ft dish mortar locator MPQ-21 

C BAND 211/5KW PULSE Search AN / SPS-5 / 10 
S BAND I MEGAWATT COHERENT AN / EPS-18 
S BAND I MEGAWATT PULSE NIKE ACQ. 
L BAND I MEGAWATT PULSE AN / UPS-I 
I. BAND 500KW PULSE AN , 1 PS- ID / E 
I. BAND 5 to 20K% PULSE 
400mhz 1KM, (WAN / FPS-23 
225mhz I MEGAWATT PULSE AN/TN 211 
2-30mlw 100KM PULSE 

CW 950-5ghr 150% TTS 
I 

AN GPG-1 SKYSWEEP TRACKER 

HUNDREDS MORE IN MO( 
(RIGHT RADAR 

IN 
IN WORLD. 

WDIII 
FOR 
MU% 
ON YOUR 

LEITFINUie 

.1 on auto tra..kine radar omp. 
pkg. w / indicator Nrt. Full iarget acquisi-
tion & auto tracking. Input 115v 60 cy . new. 
In stock for immed. del. Entire sys. s 3' 
10'. Ideal for infrared tracker. drone tracker. 
missile tracker. R & D. 

CATV-COLOR 
MICROWAVE LINKS 
Rat F. TR 1,, F ullcolor band-' 
with' ut. nioufficii 

11410, e, 2 25 Amps. 17 SKU e (.11 Amps. Con • 

Radio-Research Instrument Co.iNc. 
3 Quincy St., Norwalk, Conn. 06850 • 203-853-2600 

CIRCLE 951 ON READER SE.1( VICE CARD 

CIRCLE 952 ON READER SERVICE CARD 

HARD-TO-FIND PRECISION TOOLS 
Usis Mort thdll 1700 items—pilers, 
tweezers, wire strippers, vacuum systems, 
relay tools, optical equipment, tool kits 
and cases. Also includes four pages of 
useful "Tool Tips" to aid in tool selection. 

Don't forget the 

BOX NUMBER 

. . . when answering the 
classified advertisements in 
this magazine. It's our only 
means of identifying the ad-
vertisement you are answer-
ing. 

"SEARCHLIGHT" 
is 

Opportunit), 
Advertising 

—to help you get what 

you want—to help you 

sell what you no longer 

need. 

Take Advantage 
Of It 

"THINK 
SEARCHLIGHT 

FIRST'. 

New products/materials  

range. It is resistant to water, a vari-
ety of chemicals, and other harsh 
environments. Available in quart or 
gallon quantities, it is priced at 
about $15 a gallon. 
Castall Inc., East Weymouth. Mass. 02189 

[479] 

Ceramacast 510 is a high-alumina 
castable ceramic material suitable 
for use at temperatures to 3,2005F. 
After mixing with water, the mate-
rial is poured into plastic molds and 
hardens into a dense ceramic struc-
ture. After heat treatment, the resul-
tant ceramic casting will withstand 
high temperatures. The material has 
zero shrinkage upon casting and fir-
ing at 1,500 F. Applications are in rf 
heating-coil potting and low-cost 
brazing fixtures. Price for an engi-
neering sample lot of one quart is 
$25. In larger quantities, the price 
drops to $20 per gallon. 
Aremco Products Inc., P.O. Box 145, 

Briarcliff Manor, N.Y. 10510 [480] 

Soldering flux in paste form is de-
signed for tinning or soldering of in-
sulated wire and cable. AMCO 4363 
eliminates corrosion due to wicking 
of fluxes within the wire and cable. 
Its residue is non-corrosive, and any 
amount of 4363 that travels up un-
der the insulation will serve as a 
protective shield on copper wire. 
The fumes produced by the flux are 
nonirritating because the material is 
blended without heavy-metal chlo-
rides. 
Force Chemicals Division, American Solder 

& Flux Co., Paoli, Pa. 19301 [371] 

A flexible copper-clad, glass-epoxy 
printed-circuit material is designed 
for continuous, large-volume pro-
duction. Nelflex-1 withstands re-
peated solder temperatures of 500°F 
and has a high degree of dimen-
›ional stability (0.0005 in./in.) after 
etching. which eliminates sub-
sequent drill registration problems. 
Moisture absorption percentage is 
0.5%. and low Z-axis characteristics 
make it effective for multilayer 
packages. The material can be 
drilled or punched for plated-
through holes. 
New England Laminates Co., 25 Crescent 

St., Glenbrook, Conn. 06906 [372] 

For Every Business Want 
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Now there are 3 
Breadboarding Systems! 

Design, layout, test build any 
combination of components FREE for 5 days! 
Elite 1 features built-in 
wide range pulse gen-
erator, variable power 
supply, independent 
circuit monitor logic 
lights, isolated push-
buttons and toggle 
switch arrays. Plus 
universal component 
acceptance with SK-10 
socket, unlimited fan 
in / fan out capability 
and common hook up 
wire interconnections. 
Only $650. 

Elite 2, advanced design 
concept, features func-
tion generator, dual 
output pulse generator, 
3 independent power 
supplies, 12 buffered 
monitor lamps, 4 SK-10 
universal component 
sockets, isolated switch, 
pushbutton arrays and 
a variety of I /0 con-
nectors. Over 3,503 
interconnection con-
tacts simulating hi-
density p.c. card 
layouts. $1,300. 

Elite 3, the basic econ-
omy package bread-
board, including built-
in. independent circuit 
monitor logic lights, 
isolated pushbuttons 
and toggle switches, 
plus universal com-
ponent acceptance with 
SK-10 socket, common 
hook-up wire inter-
connections and un-
limited fan in / fan out 
capability. Only $350. 

Send purchase order now. Try FREE for 5 days! If not 
completely satisfied, just return! Write for literature. 

Il 'uwpo n 
  .1 

EL INSTRUMENTS, INCORPORATED 
61 First Street, Derby, Conn. 06418 
Telephone: 203/735-8774 

Circle 240 on reader service card 

where 
life counts... 
count on 

àGeneral Time 
-Ye 

Write for 
Catalog 136 
today. 

subminiature 
elapsed time indicators 
and events counters meet 
Military Standards. 

General Time subminiature Elapsed Time Indicators and 
Events Counters provide a built-in record of how-long/ 
how-many data for aerospace and military applications. 
Precise. Dependable. Proven reliability/30 million test 
hours. Digital or dial readouts. 400 Hz or 28v DC 
Systems. Anticipate breakdowns, record service life, 
count revolutions, monitor starts, vibrations, any critical 
function. We'll design or modify to your specifications. 

GENERAL TIME 
A TALLEY INDUSTRIES COMPANY X 

SPACE AND SYSTEMS DIVISION 

1200 Hicks Road • Rolling Meadows, III. 60008 

emi/rfi filters... 

STOCK 
TO 
TWO 
WEEKS 

...from USCC/Centralab 

If you have an EMI /12F1 problem—contact us 

first. That's because we've amassed an exten-
sive distributor inventory on popular size 

EMI RFI filters ready for immediate delivery. 
In addition, we've stocked our production 
shelves with all the components necessary to 

deliver other sizes in not more than two weeks. 

And if you have a custom requirement we 
have a staff of applications engineers whose 

business is solving your specific problem... 
and fast. 

Before you buy, contact a reliable source for 
highest quality EMI RFI filters—USCC 
Centralab, 2151 N. Lincoln St., Burbank, 
California 91504 • (213) 843-4222. 

1111/IFI IU 

MOM 

•=-

Ivr 

USCC 
U.S. CAPACITOR 

CORPORATIoN 

Send for your free copy of 

our EMI/RFI Catalog contain-

ing complete technical data 

on: Miniature Ceramic 1000/ 

2000 Series, Subminiature 

Ceramic 3000 Series, 8000 

Series for Data Processing 

Equipment, and 9000 Series 

Ceramic Feed-thru Filter/ 

Capacitors. 

efi 
CENTRALAB 

Electronics Division • GLOBE-UNION INC. 

Circle 241 on reader service card Circle 171 on reader service card 1 71 



N
ot so long ago, most of us got 
a good look at the Great Wall 
of China, in living color. 

It is quite a sight. 
Built where it is. 
But some people would like 

to build a "Great Wall" around America. 
And that would be a different sight 
entirely. 
The specifications for the 

wall are contained in the 
Burke-Hartke Bill, now 
before Congress. The 
key provisions of this 
bill would: 
• Establish perma-
nent quotas on for-
eign imports into the 
U.S., at about 60% of 
current levels. 
• Regulate, and severely re-
strict, the export of U.S. capital 
and technology. 
• Impose a form of double taxation 
on the foreign earnings of U.S. com-
panies. 
The Great Wall of China was built to 

keep out invaders. The Burke-Hartke 
Wall goes the Chinese one better. It has 
two sides. One to keep out, and one to 
keep in. One to shut out foreign competi-
tion, and one to shut in Ainericon compé-
tition — in the form of American products, 
or of American initiative and enterprise. 
The clear prospect is that the Burke-

Hartke Wall would do far more shutting 
in than shutting out, at the catastrophic 
expense of most of U.S. business and 
industry, most of U.S. labor, and all 
American consumers and taxpayers. 
The even grimmer prospect is that 

this hostile and defiant act—the United 
States against the world— would trigger 
an international trade war. Which would be 
an economic, political and moral disaster for 
all concerned. 
Why take such an obviously extreme, des-

perate and dangerous step? 
Because, say the supporters of Burke-

Hartke, our case is desperate. Foreign corn-

Do we 
need a 
(linese 
Mull 

an mud 
America 

petition and the export of U.S. capital and 
technology have created a "national crisis:' 
We face the "destruction of major industries" 
and the "loss of one million Kmerican jobs:' 

It is time to set some things straight. 
For 77 years, from 1893 through 1970, the 

U.S. exported more than it im-
ported. The net result was a 

constant, cumulative in-
crease in U.S. jobs and 

wages. 
In 1971, for the 

first time in this cen-
tury, we imported 
more than we ex-
ported—by $2.9-
billion .The net re-
sult, at least in 
theory, was to dis-

place $2.9-billion 
worth of domestic 

goods with foreign im-
ports— and to reduce total 

U.S. output and employment 
accordingly. 

Total U.S. output in goods in 1971 was 
well over $600-billion. The possible loss in 

output attributable to the $2.9-billion trading 
gap was, consequently, 0.5% of the total—and 
the presumable loss in employment about the 
same.That is, less than one-half of one percent. 
These are the exact dimensions of the "cri-

sis" as it relates to trade. 
The facts about the "outflow of U.S. capital 

and technology" are equally plain. 
In 1971, the capital outflow —the addi-
tional investment made by U.S. com-
panies in foreign operations—amounted 
to $4.5-billion. But the capital inflow— 
the return on previous investment— 
reached $7.3-billion. Leaving a positive 

bfflance of $2.8-billion. 
Similarly, the previous export of U.S. tech-

nology produced a cash inflow, in the form of 
royalties and fees, that amounted to $2.0-bil-
lion in 1971. 
The idea that the outflow of U.S. capital and 

technology costs U.S. jobs is quite simply a 
delusion. 
The foreign subsidiaries of U.S. multi-

national companies are essentially local busi-
nesses. 92% of what they produce is sold 
abroad — and, in most cases, can only be made 
and sold abroad. It cannot be made in the U.S., 
shipped abroad and sold competitively against 
domestic products. 
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existed, and cannot exist. Except in the imag-
ination of those willing to ignore reality to 
make a case. 

he plain truth of the matter 
is that the "crisis" that has 
produced the Burke-Hartke 

Bill is not national, and has noth-
ing to do with exports—of goods, 
or of capital and technology. 
This Bill is the result of the very 

particular and special problems of certain in-
dustries and companies that find themselves 
unable, for a variety of reasons, to compete 
effectively against foreign imports. 
With all due regard for the reality and seri-

ousness of these problems—and for the indus-
tries, companies and people concerned— the 
Burke-Hartke Bill is not the answer. 
To protect their interests, it is proposed 

that we ignore all other interests, all other 
considerations, and all possible consequences. 
To (perhaps) save their jobs, it is proposed 
that we gamble the jobs of another, larger 
group of Americans. 
The trouble is, it won't work—for anybody. 

It is a had idea, and a worse gamble. 
The Burke-Hartke idea, in brief, is to delib-

erately demolish the entire delicately balanced 
structure of international trade and com-
merce, kick aside the pieces, and declare "a 
whole new ball game:' 
The gamble, on which everything rides, is 

that we can play the game by our own rules— 
with the outcome fixed in advance, in our 
favor. 
The Burke-Hartke rules arbitrarily and uni-

laterally cut U.S. imports almost in half— 
from $47-billion in 1971, to a fixed annual rate 
of about $28-billion. 

This presents the other nations of the world 
with an ultimatum—and two equally bleak 
alternatives. 
They can accept an $18-billion annual loss in 

sales to the U.S., while continuing to buy at 
the rate of $40-50-billion from the U.S.—thus 
accepting a permanent trading gap on the 
order of $20-billion a year. 

ny. yh.y, nun pill- fluair nnroliacpc nf ITS 

goods, build their own walls, and let the trade 
war take its ruinous course. 
A hard choice. But can there be any doubt 

as to the answer? And the results? 
alls, in the general ex-
perience of mankind, are 

rooted in fear, built on delu-
sion, and doomed to futility. 
The Burke-Hartke Wall 

is no exception. 
It is a product of fear, based 

on the delusion that the answer to competition 
is to refuse to compete. 

It is a symbol of panic and despair—crying, 
"Stop the world, we want to get off' 
But the world won't stop, we can't get off, 

and we don't need a wall, but a way. 
A way, quite simply, to make this country 

what it can and should be. Strong, productive, 
and confidently competitive in a competitive 
world. 

This is the way—the only way—to really 
save our jobs. 
And our self-respect. 

We at McGraw-Hill believe in the interdependence of 
American society. We believe that, particularly among 
the major groups—business, professions, labor and 
government —there is too little recognition of our mu-
tual dependence, and of our respective contributions. 
And we believe that it is the responsibility of the media 
to improve this recognition. 

This is the fourth of a series of editorial messages on 
a variety of significant subjects that we hope will con-
tribute to a broadtr understanding. 
Permission is freely granted to. individuals and or-

ganizations to reprint or republish these messages. 

John R. Emery, President 
McGraw-Hill Publications Co. 

nre 
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New literature New books 

Uhf transistors. RCA Solid State 
Division, Route 202, Somerville, 
N.J. 08876. Performance character-
istics and circuit details of the 
2N6104 and 2N6105 uhf power 
transistors for broadband uhf power 
amplifiers are described in a 10-
page application note. Circle 421 on 
reader service card. 

Magnetic diodes. A four-page appli-
cations bulletin on magnetic diodes 
is available from European Elec-
tronic Products Corp., 10180 West 
Jefferson Blvd., Culver City, Calif. 
90230 [422] 

Telephone transformer. Microtran 
Co., 145 East Mineola Ave., Valley 
Stream, New York 11582, has avail-
able an applications bulletin on 
telephone coupling transformers. 
The six-page bulletin provides defi-
nition of terms, bibliographies, and 
test methods. [423] 

Optical scanner. The series G opti-
cal scanner is described in a catalog 
available from General Scanning 
Inc., 80 Coolidge Hill Rd., Water-
town, Mass. 02172 [424] 

Microwave devices. Transco Prod-
ucts Inc., 4241 Glencoe Ave., 
Venice, Calif. 90291. A brochure is 
available with specifications on 18 
microwave devices, including filters, 
hybrids, couplers, multiplexers, and 
power dividers. [425] 

Limit switches. Namco Controls, 
170 East 131st St., Cleveland, Ohio 
44108, has published a data sheet 
on a highly sensitive limit switch, 
series EA150, for rotary and oscillat-
ing applications. The two-page sheet 
includes design and performance 
features, specifications, and order-
ing instructions. [426] 

Digital instruments. "Your Guide to 
Digital Instrumentation" is the 
name of an eight-page survey of 
products available from SE Labora-
tories Ltd., North Feltham Trading 
Estate, Feltham, Middlesex, En-
gland [427] 

Light sources. Oriel Corp. of Amer-
ica, 1 Market St., Stamford, Conn. 

06902. An 11-page catalog describes 
a series of xenon and mercury arc 
lamp sources rated at from 75 to 
1,000 watts. Included are lamp 
power supplies and lamp housings. 
[428] 

Data coupler. Elgin Electronics Inc., 
Walnut St., Waterford, Pa. 16441. is 
offering a two-page illustrated speci-
fication sheet on its EDC-1001B 
automatic data coupler, which con-
nects the user's automatic data 
equipment to a switched tele-
communications network for data 
and voice communications. [429] 

Rf current probes. A 42-page book-
let has been published by Singer In-
strumentation, Los Angeles Oper-
ation, 3211 South La Cienega Blvd., 
Los Angeles 90016, presenting a dis-
cussion of current-probe character-
istics and details on 14 models. [430] 

Relays. A 12-page catalog contain-
ing information on solid-state ac re-
lays is available from Hamlin Inc., 
Lake Mills, Wis. 53551. Bulletin 
A-00011B describes three-phase 
motor starters included in the com-
pany's line. [431] 

Junction FETs. Teledyne Semicon-
ductor, 1300 Terra Bella Ave., 
Mountain View, Calif. 94040. A 
160-page manual is being offered on 
junction field-effect transistors and 
includes tabular data and specifica-
tions, application notes, selection 
guides, and glossary. [432] 

Thermistors. Fenwal Electronics, 63 
Fountain St., Framingham, Mass. 
01701, is offering an applications 
sheet on thermistors. Bulletin AG-
lA is designed to assist the engineer 
and reduce the time necessary to se-
lect the proper thermistor for appli-
cations that most often present the 
designer with problems, such as 
time delay and transistor compensa-
tion. [433] 

MOS modem. A six-page brochure, 
describing an mos modem featuring 
4,800 bits per second full-duplex op-
eration, is available from American 
Data Systems, Canoga Park, Cali-
fornia. [434] 

IEEE Standard Dictionary of Elec-
trical and Electronics Terms, Ap-
proved by the Standards Committee 
of the Institute of Electrical and 
Electronics Engineers, Inc., Wiley-
Interscience, 716 pp., $19.95 
What's wrong with this book is 
symptomatic of what's wrong with 
the IEEE. It's slow-moving, academ-
ically oriented, behind the times, 
and too wrapped up in committees 
to respond to the needs of its mem-
bers. The cutoff date for the terms 
defined in this 1972 publication was 
January 31, 1968, and since then 
the book has become out of date. 

Even so, it's still hard to under-
stand why terms like "laser," "metal 
oxide semiconductor," and its com-
mon abbreviation, "MOs"—all of 
which were in use in 1968—are not 
included. "Electromagnetic brak-
ing" is defined, but "electromagne-
tic" is not. And while "random ac-
cess" is in, "random-access 
memory" is not; nor is "read-only 
memory." "Bipolar" is defined in 
terms of power supplies, with no 
hint of the existence of bipolar semi-
conductor devices. "Silicon," "sili-
con gate," "charge-coupled device," 
and "emitter-coupled logic" are all 
omitted. 

"Electro-optical" is defined in 
terms of "double refraction," but 
"double refraction" appears no-
where. "Hertz" is included, but the 
prefixes "kilo-," "mega-" and 
"giga." are omitted along with most 
compounds that include them. Also 
among the missing terms are "Gunn 
diode," "Impatt diode," "bubble," 
"domain," and many others. 
Even the definition for the term 

"electrical" is confusing, because it 
is given in terms of "electricity"— 
and electricity is not defined. 

Perhaps the coverage is simply 
too broad. The jacket blurb empha-
sizes electronics—"13,000 words 
from every area of electrical and 
electronics engineering." The claims 
of "electrical" coverage are valid 
(with definitions relating to electric 
power transmission, electric rail-
ways, elevators, and the like), but 
the "electronics" part of the book's 
title falls far short of the needs of ta 
day's electronics engineer. 

Wallace B. Riley 
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Ten years from now, 
half of what you learned 
in engineering school 
will be outdatéd. 

Shocking but true. 
The knowledge that 

equips you to perform as an 
engineer no longer is the 
career insurance you might 
have expected. 

The world refuses to 
stand still. 

New knowledge is 
developing at an 
unprecedented pace. New 
technologies, appearing 

almost overnight, are making 

long-accepted ones obsolete. 
The tragic result: R&D 

engineers often can't, or 

don't, keep up. All too often 
they face professional oblivion 
in the prime of their careers. 

It can happen at 35. In 
Alvin Toffler's best-seller, 

Future Shock, an electronics-

industry spokesman is quoted 
as follows: "... the so-called 
'half-life' of a graduate 
engineer is only ten years." 

But this doesn't have to 

be. At Hughes, we've 

developed an extensive 
program to combat technical 
obsolescence. 

PRECISION MECHANISMS 

c̀ »^PoNEN-rs 

We award fellowships 
yearly to selected candidates 
for graduate study at Masters 
and Doctoral levels. 

We pay 75% of the cost 
when Hughes engineers take 
appropriate college courses 
after hours. 

Our Technical Education 
Center develops forecasts on 
future technology needs, and 
establishes programs to meet 
these needs. Including courses, 
on-premises, by recognized 
specialists. 

And the Engineering 
Rotation Program enables a 

new Hughes engineer to 
take on a series of 

interdisciplinary job 
assignments. He gains 

broader experience fast, 
determines what field 

interests him most. 

We also keep building a 
stronger, more diversified 

company. Today Hughes is in 
over 80 major areas, including 
over 550 products and services. 
And that's good insurance 

against becoming extinct. 

HUGHES 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

Send us your resume before it's too late. 
If you're an electro-optical, experience, we'd like to have you a copy of Future Shock. Co., 11940W. Jefferson Blvd., 
infrared system, or radar your resume. If you are Write: Mr. Robert A. Martin, Culver City, CA 90230. 
system engineer with an qualified for one of the Head of Employment, Dept. U.S. citizenship required 
accredited degree and three to current opportunities at 24, Aerospace Engineering An equal opportunity M/F 
eight years of special design Hughes, we'll be glad to send Divisions, Hughes Aircraft employer 
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Specify 

(C-7,) S T 0 NI 

Mica Capacitors 

this week 
use them 

ex 
CMR 
CER 
GEM 

week 
...Within hours after receiving your application requirements 
by phone, we're back to you with the design and cost quote. 

Your order can be in production the next day. 
This is just standard procedure at Custom's short run 

department with the wrap and fill CMR's and the epoxy 
housed CER's. The epoxy molded CEM's take a little longer. 
like one more week due to tooling requirements. 

Try us, we're sure you'll like the service. 

C ---"‘ ( -----1%).STOM ELECTRONICS, Inc. 
Browne St., Oneonta, N. Y. 13820 

PH: 607-432-3880 TWX 510-241-8292 

Circle 176 on reader service card 

Automatic 
Industrial 
Controls 

MPC COMPONENTS AND ELECTRIC SERVOS ARE ENGINEERED 
TO MEET THE INCREASING DEMANDS FOR INSTANTANEOUS AND 
PRECISE CONTROL OF TORQUE, SPEED AND POSITION FOR 
A WIDE RANGE OF INDUSTRIAL SERVO APPLICATIONS. 

FEATURES: 
• integrated component assemblies 
• total capability 

control & stepper motors 
high capacity precision gearing 
brushless position transducers 
permanent magnet alternators 
control electronics brakes 
rate tachometers clutches 

• rotary or linear motion 
• operating temperatures to +450 F 
• rugged construction for long life 
• compact design 
• proven application experience 
• prompt delivery—standard inventoried 

sub-assemblies 

Contact MPC for Free Design 
and Application Catalog 

MPC PRODUCTS COPROPATION 
4200 WEST VICTORIA AVE.. CHICAGO. ILLINOIS 60646 • 312 583-5100 

Advertising Sales Staff 
Pierre J. Brain% [212] 997-3485 
Advertising Sales Manager 

Atlanta, Ge. 30309: Joseph Lane 
100 Colony Square. 1175 Peachtree St N E 
[404) 892-2868 

Boston, Mass. 02116: James R Pierce 
607 Boylston St [617] 262-1160 

Chicago, III. 60611: Robert W Bartlett 
Paul L Reiss 645 North Michigan 
Avenue. 1312) MO 4-5800 

Cleveland, Ohio 44113: William J Boyle 
1716) 586-5040 

Dallas, Texas 75201: Richard P Poole. 
Charles G Hubbard 
1340 Republic National Bank Building 
[214] RI 7-9721 

Denver. Colo. 80202: Harry B Doyle Jr 
Tower Bldg 1700 Broadway 
[303) 266-3863 

Detroit, Michigan 48226: Robert W Bartlett 
2600 Penobscot Building 
[313] 962-1793 

Houston, Texas 77002: Richard P Poole, 
Charles G Hubbard 
2270 Humble Bldg [713) CA 4-8381 

Los Angeles, Calif. 90010: Robert J Rielly 
Bradley K Jones. 3200 Wilshire Blvd South Tower 
[213)487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H Gardner [212) 997-3617 
Michael J Stoller [2121 997-3616 

Philadelphia, Pa. 19103: Warren H Gardner 
6 Penn Center Plaza 
[2121 971-3617 

Pittsburgh, Pa. 15222: Warren H Gardner 
4 Gateway Center. [212-971-3617 

5s: • 5. 072.0Y. 14534: William J Boyle 
9 Greylock Ridge Pittsford. N Y 
R[77767 

San Francisco, Calif. 94111: Don Farris 
Robert J Rielly. 425 Battery Street. 
[415] 362-4600 

Paris: Alain Offergeld 
17 Rue-Georges Bizet 75 Paris 16. France 
Tel 720-73-01 

Geneva: Alain Off ergeld 
1 rue du Temple. Geneva. Switzerland 
Tel 32-35-63 

United Kingdom: Keith Mantle 
Tel 01-493-1451. 34 Dover Street London W1 

nert Saidei 
chin Phone 86-90-656 

Brussels: Alain Oftergeld 
,a„ssee de Wavre 

Brussels 1040, Belgium 
Tel 13-65-03 

Stockholm: Brian Bowes 
Office 17. Kontor-Center AB. Hagagarten 29 
113 47 Stockholm Tel 24 72 00 

Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c 
Phone 72 01 81 

Tokyo: Masaru Wakeshima. McGraw-Hill 
Publications Overseas Corporation 
Kasumigaseki Building 2-5, 3-chome. 
Kasumigaseki Chiyoda-Ku Tokyo. Japan 
[581) 9811 

Osaka: Ryli Kobayashi. McGraw-Hill 
Publications Overseas Corporation. Kondo 
Bldg. 163, Umegae.cho Kita-ku [362] 8771 

Australasia: Warren E Ball, IPO Box 5106. 
Tokyo, Japan 

Business Department 
Stephen R. Weiss, Manager 
[212) 997-2044 

Thomas M. Egan. 
Production Manager [212] 997-3140 

Carol Gallagher 
Assistant Production Manager [212] 997-2045 

Dorothy Carter, Contracts and Billings 
[212) 997-2908 

Frances Valione, Reader Service Manager 
[212)997-6057 

Electronics Buyers' Guide 
George F. Werner. Associate Publisher 
[212) 997-3139 

Regina Hera, Directory Manager 
[212) 997-2544 
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Enclosed switch quality 
at open wafer prices 

Here is the newest addition to the Grayhill top quality 
line of enclosed rotary switches with up to 12 decks, 
6 poles per deck, 12 positions per pole. 

Competitively priced with open wafer switches...de-
signed especially to be produced in volume without 
sacrificing traditional Grayhill quality. 

Available with 30° or 36 ' angles of throw... positive 
"stall-free" detent ... only 3/4 " diameter behind panel. 
Series 71 Rotary Switches add up to the excellence you 
expect from Grayhill at an unexpectedly low price. 

For our latest Engineering Catalog write or phone 
Grayhill, Inc., 523 Hillgrove Ave., /, 

(312) 354-1040. \CL À 

La Grange, Illinois 60525. 
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CRT Circuitry Breakthrough! 
One Victoreen Corotron Acts As 
100-Zener Equivalent Regulator 

In this circuit ex-
ample, a Corotron 
M42D-9.7 (9,700 
volts) regulates a 
high voltage power 
supply for a com-
puter data display 
system cathode ray 
tube. The Corotron 
provides reliable 
line and load regula-
tion, and clarity of 
the CRT display. 

Specifying one Victoreen Corotron is like gaining the equiv-
alent regulating performance of hundreds of zener diodes. 
Ideal "failsafe" reference voltage in 400 to 25,000 volt range. 
Enables circuitry to hold constant high voltage. Operating 
range: —65°C to 200°C. Shock resistant to 2000G. Easy to 
design into circuits. Important size, weight, and cost savings. 
Send for Design Manual or call. 

Free Design Manual 
40-page manual contains 
specs and design data 
for circuit engineers. Re-
quest Corotron Manual. 

VICTOREEN INSTRUMENT DIV. of VLN 
10101 WOODLAND AVE •CLEVEL/1/110 0H10 44104•TEL 218/795-11200 

(11101/4 ARII0MINOUSI TIO 1.11(CIIICI (GUAM SU1111(1 illIGIA110.111 MIAMI Mill 
VICTOREEN 

OUR STANDARD "OFF-THE-
SHELF" TRIMMERS ARE 
BETTER THAN OTHER 

MANUFACTURER'S SPECIALS 
Accutrim TM trimmers RJ12 Styles 

TC: 10 PPM/°C 
MAX 

NOISE: 10S- ENR 
MAX 

RANGE: DOWN TO 
22 

RESOLUTION 
0.05% SETABILITY 

iiem!. Model 1202Y 
RJR12Y Style 

Staggered pins el çitil Model 1202P 
Inline Pins 

Circle 188 on reader service card 

Model 1202L 
RJR12L Style 
Flexible leads 

Model 1202L8 
Panel mounted 

AccutrimTM trimmers RJR26 & RJR50 
Styles 

TC: 10 PPM/°C 
MAX 

NOISE: ONLY 102 
ENR MAX 

RANGE: DOWN TO 
2S2 

RESOLUTION: 
0.05% SETABILITY 
WITH 20 FULL 
TURNS OF 

ADJUSTMENT! 

Circle 

uir 
189 on reader service card 

Model 1240X 
Style RJR26X 

Model 1240PS 
Style RJR5OP 

Model 1240W 
Style RJR26W 

Model 1240P 
Style RJR26P 

To send for FREE design and application information, 
circle reader service numbers above. 

VISHAY RESISTOR PRODUCTS 
63 LINCOLN HIGHWAY u MALVERN, PENNA. 19355 

TELEPHONE: (215) 644-1300 • TWX: 510-668-8944 
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SLIDE SWITCHES 

How much 
free time 

do you have 
available for 
reading? 

Add up the number of magazines that 
come across your desk. 

Multiply them by an average reading time 
— minutes to scan, an hour or more to dig in. 

Most people can only spend six hour's each 
week on all sources of occupational information. 

So how do you fill your professional needs 
and still keep your reading within reason? 

Leaf through this issue again. 
Notice how much of its editorial is 

designed to keep you aware of trends, show 
you how new technologies are being applied, 
and give you information on new products. 

If you want to keep yourself up to date and 
cut down on your reading time, do the same 
thing with every issue of Electronics. 

When you make Electronics your regular 
habit, you'll find you have only occasional 
need for other electronics magazines. 

More information, in less reading tune, is 
one reason it pays you to have your own 
subscription to Electronics. 

Electronics. 
It's all you need to read. 

Miniature series of-
fers multiple circuit 
switching in limited 
P. C. space. Choice of 
upright mounting or 
right-angle mounting. 
Compact size for P. C. 
cards. Economically 
priced. 

ALCOSUUITCH® 
DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS. 

e 
IDEAL SIZE FOR 
PRINTED CIRCUITS 

Circle 245 on reader service card 

ALCO's fine anodized finish enhances your 
frontippeel appearance — where it counts. 

Writ r call for latest Designer's Catalog! 

1551 OSGOOD STREET, 

ZYOU'RE WHISTLING IN THE DARK... 

Circle 179 on reader service card 

if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 
Contrtbuted by the Pu6:4sher 
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MINIATURE 
PRECISION THUMBWHEEL SWITCH 
1,000,000 Oetents (for quality) 
Low Cost (for savings) 

9 TOP QUALITY FEATURES 

1. .05 ohms max. contact resistance. 
2. 200 megohms min. insulation. 

3. 1,000 volts min. dielectric strength. 
4. 2 amps @ 115VAC current carrying capability. 
5. 125 ma @ 115VAC current breaking capability. 
6. Mounts on 1/2 " centers only 11/2 " behind panel. 
7. Glass laminate with precious metal contacts 

& plating. 
8. Multi-applications—you name it. 
9. Over 1,000,000 detents. 

IMMEDIATE DELIVERY ... ASK THE PRICE— 
BE PLEASANTLY SURPRISED. 

COI Covers The Spectrum of Switches 
Saves You Space • Effort • Time • Money 

THUMBWHEEL 
SWITCHES 

Completely sealed against 
hostile environments. 

Mounts on 
1/2" centers, 
retrofits 
most panel 
openings 
for miniature 
thumbwheel 
switches. 

ROTARY 
SWITCHES 

Snap-in. snap-out 
modules in seconds. 
eliminating 
downtime. 

Tabet Pat. 
2841660, 
2971066, 
3015000. 
2956131, 
2988607. 

PUSHBUTTON 
SWITCHES • 

Miniature 
add/subtract units 
retrofit most m inithumb-
wheel switch panel openings. 

CDI earns its reputation every day for Consistently 
High Quality, Consistently Good Delivery. 

CHICAGO DYNAMIC INDUSTRIES, INC. 
PRECISION PRODUCTS DIVISION 

1725 Diversey Blvd.. Chicago, Illinois 60614 
Phone. 312. 935-4600 

The thin switch 
Designed for the new micro panels. 
EECo's series-1976 rotary thumbwheel switches are 
only 0.35 inches wide, yet a lot of features are 
packed into that small space. Including: — 38 stand-
ard codes — 8, 10, and 12 positions — lighting — 
mother-board compatible terminals — component-
mounting provisions — and field-adjustable stops. 

And, they're all backed by EECo's exclusive 2-year 
warranty. 

o 
Free Send today for 
our 8-page Series-1976 bro-
chure describing the most 
complete line of thin switches 
available anywhere: 

Electronic Products Division 
Electronic Engineering Company of California 
1441 East Chestnut Avenue, Santa Ana, California 92701 
Telephone: (714) 547-5651 
Dist. by: G.S. Marshall — Hall-Mark — Schweber 
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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 continue 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 
au: 
Advertising contributed for the public good. "0.> 

Council for Financial Aid to Education, Inc. 
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