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We've Pushed 
Signal-Generator 

Performance 
to the Limits 

An innovation in signal-generators 
brings about 10-to-1 better frequency 
stability and improved accuracy and 
resolution, without sacrificing other 
performance features. The key to this 
performance is the frequency-generating 
system - a single-range, optimally 

designed oscillator followed by fre­
quency dividers to provide the success­
ively lower ranges. Thus, the stability 
of one range is the stability of all, and 
range switching is accomplished without 
transient instability. After warmup, drift 
is typically less than 1 ppm per ten 
minutes, at least 10 times better than that 
of any other generator. Because of all­
solid-state circuitry, total warmup drift 
is less than 150 ppm in three hours. 
Frequency changes caused by band 
switching or variations in line voltage, 
load, or level are virtually nonexistent. 

The 1003 covers a 67-kHz-to-80 MHz 
frequency range, and tuning this instru­

ment is as much fun as it is convenient 
and fast. You can coarse-tune by motor 
over the main slide-rule dial to within 

0.25% at a rate of about 7% per second, 
and fine-tune manually with a large 

control whose dial divisions correspond 
to 0.01 % of the main scale. For greater 
resolution, a "~F" control provides elec­
tronic, backlash-free settability to 2 ppm. 
The motor-driven frequency control is 
fully utilized in the model containing the 
auto-control unit, which lets you preset 

frequencies. The preselected frequencies 
are useful either as limits for automatic 

sweeping or for programmed frequency 
selection (repeatable to 0.1 %). 

Frequency, incremental frequency, and 
automatic sweeping can al I be pro-

grammed, as can output level and 

modulation-percentage. A crystal cali­
brator with 1-MHz, 200-kHz, and 50-kHz 

outputs is also supplied with the model 
containing the auto-control unit. This 
calibrator allows you to calibrate to 
within 0.002 percent. 

The 1003 requires only 20 watts and 

delivers 180 milliwatts of leveled CW 
power into a 50-ohm load (6 volts behind 
50 ohms). Envelope distortion is less than 

2% at 70% a-m, with the modulating 
signal of 400 Hz or 1 kHz provided. 
Incidental phase modulation is less than 

0.1 radian with 30% a-m. The highly ac­
curate, 10-dB-per-step attenuator and 

a continuously adjustable carrier-level 
control give an over-all 155-dB dynamic 
range. 

This instrument must be seen to be 
appreciated. A demonstration will show 
that very-narrow-bandwidth measure­
ments can be made in 10 seconds with a 
1003 signal generator and an oscillo­
scope. Try that with any other signal 

generator. 

Price of the 1003 is $2995 ($2795 without 

the auto-control unit and crystal cali­
brator). For complete information, write 

General Radio Company, 22 Baker 
Avenue, W. Concord, Massachusetts 
01781; telephone (617) 369-4400; TWX 
(710) 347-1051. 

GENERAL RADIO 

See the Type 1003 Standard-Signal Generator at WESCON, Booths No. 3015-3018. 
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The new 17005A Incremental Chart Ad­
vance turns your Moseley X-Y recorder 
into a more flexible lab and production 
tool. It provides this added versatility 
and high performance by converting 
your X-Y into a strip-chart recorder. It 
offers incremental advance fo r multi­
channel pulse height analysis with reso­
lution between channels-and accepts 
both positive- and negative-going sig­
nals to advance the appropriate incre­
ment in the advance mode. 

Designed for remote control operation. 
Will adapt to most llx17 Moseley Re­
corders. Powered by the recorder itself. 
Uses roll chart or Z-fold paper. Price: 
Model 17005A, $895 . 

For complete information, contact your 
local HP field engineer, or write Hewlett­
Packard, Palo Alto, California 94304; 
Europe: 54 Route des Acacias, Geneva. 
Visit Hewlett-Packard at Wescon '67 
San Francisco, Cow Palace, August 22-25 

SPECIFICATIONS: 

Incremental advance mode 
Plot density (plots/ inch) : 
200, 100, 50,20, 10 

Increment size (in./ advance): 
0.005", 0.01", 0.02", 
0.05", 0.10" 

Frame advance mode 
Advance distance: 24" 
Accuracy: 
±0.005" (non-accumulative) 
Advance time: < 20 sec. 

newX-Y 
accessory 
offers 

• unique 
recorder 
flexibility 

Time base mode 
Chart speeds: 
1, 5, 10, 50, 100 sec / in. 
Accuracy: ±2% 

Major division advance mode 
Advance distance: 
Major divs. in 3" increments 
Accuracy: 
±0.005" (non-accumulative) 
Advance time: 21/2 sec. 
Other advance increments available 

11701 

Circle 1 on reader service card 



l j., I 

l J ~~" l. ' "-
" < • .i ........... ~ ,.J • • 

• • ... 1 .... .. ..l~ -- 1 "'-. 0 

• ' J L H .,,,. ~· ~ 

""""" >OCH>O•,¥ "'"" 

RF Vector Impedance Meter with direct readout simplifies testing 

A COMPANION INSTRUMENT COVERS THE 
5 Hz to 500 kHz RANGE 

The Hewlett-Packard 4800A Vector 
Impedance Meter measures impedance 
in seconds. It does for AC measure­
ment what the ohmmeter does for DC 
testing. Just plug it in and read it . 
Price : $1 ,650.00. Complete specifica· 
tions are yours on request. 

Circle 2 on reader service card 

The Hewlett-Packard 4815A RF Vector Impedance Meter provides fast, direct 
reading measurements of impedance and phase angle over the frequency range 
from 500 kHz to 108 MHz. The convenience of probe measurement and direct 
readout make the instrument equally useful for laboratory, receiving inspection 
or production line measurements. The 4815A reads complex impedance over 
its full frequency range without charts, data interpretation or a slide rule. As a 
result, it offers fast, accurate evaluation of the complex impedance of both 
active circuits and components. 

The 4815A is an all solid-state integrated vector impedance system that reads 
out directly in Z and e. Low-level signal strength minimizes circuit disturbance 
and prevents overloading the test component. Price: $2,650.00. For complete 
specifications, contact your local 
Hewlett-Packard field engineer or write HEWLETT , 
Hewlett-Packard, Green Pond Road, PACKARD 
Rockaway, N. J. 07866. 

IMPEDANCE INSTRUMENTS 
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Readers Comment 

Why not? 

To th e Editor: 
Now that A.J. Williams h as de­

veloped a new type of chart re­
corder [June 26, p. 45], he is cer­
rnin ly to be congratulated for his 
advancement of the state of the 
art. Having had prior experience 
with invention s, he is of course pre­
pared for letters of the vein-why 
didn't you do it his way? My "why 
not" follows: 

Having sampled the wave shape 
an d digitized, there is no advan­
tage taken of coding to redu ce 
th e stylics problem. Through the 
use of binary-coded decimal octal 
to code each channel, several 
economic advantages cou ld be 
achieved : 

I . Recording in BCD-octal would 
permit the use of only th ree stylics 
per channel instead of 10. 

2. The BCD-octal coding would 
not require that calibration lines b e 
drawn on the paper. 

3. Position accuracy of the re­
corded data would in no way be 
critical as described in the article. 

4. Paper widths could be nar­
rower. 

As the review no tes, the use of 
1c' s for elec tronics will hold down 
the cost, and the difference between 
decimal coding and BCD-octal will 
not be significant. 

Edward M. Sawtelle 
F ederal Aviation Admini stration 
Atlantic City, N.J. 

Creativity continuum 

To the Editor: 
Your story "Second generation" 

[June 26, p. 45) has prompted me 
to some observations on engineer­
ing obsolescence. 

Suppose A.J. Williams , Jr. , had 
been laid off and was looking for 
a job before he made this discov­
ery. \Vhat percentage of company 

Indexes of activity 
Starting in this issue (page 42), 
Electronics \V ill publish four in­
dexes measuring the industry's 
production. The figures will appear 
in the first issue of every month. 

Electronics I Augu st 7, 1967 
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Now from Sprague Efecfricl 

LOGIC 
CIRCUITS 

IN PLASTIC DIP 
Choose from 8 families of DTL and TTL 
in low-cost plastic dual in-line packages 

e SERIES 1000~ TTL 
super speed- world 's fastest 

e SERIES 5400A/7400A TTL 
pin-for-pin interchangeable "1ith other source 

e SERIES 400A TTL* 
low power, 4.5 mW/gate \ 

e SERIES 100A/6GOA DTL 
hig ~oise margin, 1.0 volt i 

e SERIES 1200A i 
COUNTER/STORAGE ELEMENTS* 
4-bit subsystems, compati le with DTL ond TTL 

e SERIES 8000A TTL* 
ner's oice 

e SE IES 
very high , eed, 5 nse gate 
pin-f r-pin ource 

You rnay order all Sprag 
circui shipped to you in lastic maga­
zine arriers f r automatic insertion. 

*Circuits have pin-for-pin and spec- r-spec dual urce availa ility through the Sprague/Signetics technology interchange, 

For co le e techni 1 ata on the circuits in which you are 
interest , rite to Technical Literature Service, Sprague Elec­
tric Com . y, 35 Marshall Street, North Adams, Mass. 01241 

SPRAGUE COMPONENTS 

INTEGRATED CIRCUITS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS SPRAGUE® THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES 

TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES 

CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY 

RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS 
4 S S ·11 lS · O 
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It can keep your costs 
competitive in the 1970's. 

Westinghouse Hipernom's high 
permeability lets you use th inner, lighter 
shielding aga inst magnetic f ields 
from DC to 10,000 Hz. That means easier 
fabrication , less material per shield . 
So if you use magnetic shielding 
materials, be sure to use Hipernom. 
Its premium performance gives you the 
shielding you need at the lowest possible 

cost. And cuts needless weight from 
your products. 
Along with Hipernom, you get the 
services of the largest group of 
metallurgists specializing in magnetics. 
For 50 years, Westinghouse research 
has led in th is field . You get the benefit. 
Want specific deta ils? Call Bob Carroll 
at 412-459-9400. 

Free 36-page book on magnetic 
shielding. It's a complete seminar in 
practical, easy-to-use form ... tells you 
everyth ing you must know to design and 
evaluate magnetic shielding. The only 
book of its kind. For your free copy, 
write for "Shielding Book." Address 
Westinghouse Metals Division, Box 868, 
Pittsburgh , Pennsylvania 15230. 
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recruiters do you suppose would 
h ave selected him from his resume 
fo r an interview in depth? \Vhat 
percentage of such interviews 
m ight have resulted in firm job 
offers? H e h as offered another of 
the many proofs th at the creativity 
of the individual does not neces­
sarily dry up with advancing age. 

It would b e mos t interes ting to 
learn if Williams had seen any of 
the "hybrid recording" work done 
by Dr. John C . Bellamy while he 
was at the University of Chicago, 
or la ter as director of the C ook 
Research Laboratories . (H ere I 
used "hybrid" to mean " incorpor­
ates b~th analog and digital ele­
m ents. ) 

As I recall , Bellamy's displays 
included both digital and hybrid 
records. In addition to reading the 
whole data word from the record, 
one could inspect one of the sig­
nificant digits of the record to de­
termine both the trend of the data 
(its first time deriva tive) and the 
changes in the trend (its second 
time derivative) just as you can in 
Williams' new recorder. 

Perhaps if the engineers and sci­
entis ts of 20 years ago had had the 
ability to understand number b ases 
other than 10, Bellamy's work 
might have found more ready ac­
ceptance. 

The fact remains that there has 
not been a general acceptance of 
continuous digital records that 
are readily readable b y both man 
and machine for any number base 
other than 10. So, although from a 
purely technical standpoint other 
earlier recording methods were 
known that could do everything 
Williams' now does, the fact 
that they did not win acceptance 
implies that their essential contri­
butions to the state of the art were 
not sufficiently distilled and pre-

.-----------
SUBSCRIPTION SERVICE 

Please include an El ect ron ics Maga zine address 
label to insure prompt service whenever you 
write us about your subscript ion. 
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El ect ronics 
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To subscribe mai l th is f orm wi th your payment 
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sented in a form readily under­
standable to potential users. 

Charles P . H edges 
Santa Barbara, Calif. 

• Williams, a 64-year-old engi­
neer with the Leeds & Northrup 
Co., was instrumental in develop­
ing the commonly used strip-chart 
recorder. ow, 38 years later , he 
has developed a next-generation 
instrument, an electronic strip­
chart recorder tha t's based on 
some new principles. The Williams 
design provides a resolution 40 
times better than conventional re­
corders and a response time of 
250 microseconds, compared with 
0.25 second for the earlier model. 

Standard sheets 

To the Editor: 
Over the few years I have col­

lected transistor specillcation 
sheets, I have found the only uni­
fom1ity in these sheets is in size. 
Since manufacturers obviously 
have standards in producing tran­
sistors, why can't they have stand­
ards for producing data sheets? It 
would be much simpler if a user 
could look at the same place on 
each data sheet for the same in­
form ation. Granted each transistor 
is individual and should be tes tecl 
before being put into a circuit, but 
how many users can afford a T ek­
tronix 575 Curve Tracer? 

I believe that standardization 
could be enforced if the u sers re­
fused to purchase nonstandard 
products, and engineer-designers 
specified only £IA-registered items, 
and let the manufacturers know 
this. 

Lt. John K. Lynn 
HQ 2nd Mbl Comm Gp (AFCS) 
Box 2727 
APO New York 09130 

------------., 
ATTACH 

LABEL 
HERE 

name 

address 

CHANGE OF ADDRESS 
If you are moving, please Jet us know 

five weeks before changin g your address. 

Place magazine address label here, print 

your new address below. 

city state zip code _J 
--~--------

Make your 
oscilloscope 
display linear 

in db 

withthenew 
120db 

ultra-fast 
LOGARITHMIC 
CONVERTER 

This new logari thmi c converter 
provides two unique features: The 
120 db dynamic range (one-m il ­
lion -to-one) allows ful l coverage of 
virtual ly any phenomena in a si ngle 
range. The microsecond response 
of the PM 1002 makes it the first 
logarithm ic converter fast enough 
to work with oscilloscopes, in te­
grating digita l voltmeters or high 
speed graphic recorders. 

Sma ll, solid state, ru gged, and drift 
free, the PM 1002 is invaluab le for 
all types of ratio measu rements 
and for appl i- -.,_ 
ca tions where \ . 
dynamic range '------~ 

is unknown . 

Let us prove it 
- write or call 

$660.00 

~M~ PACIFIC 
MEASUREMENTS 
INCORPORATED 

940 I N DU STRIAL AVEN UE , 
P AL O ALTO , CA L IFORN IA 

(415) 328-0300 
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UNUSUAL REQUIREMENTS 
CALL FOR UNUSUAL TALENTS 

In the seven years we've been in business we've concentrated on pro­
viding the best technical performance in certain specialized areas. 

For instance, using a proprietary process we trim resistors to .01 %. We 
specialize in meeting unique function and packaging requirements by 
combining chips, LIDS, and flip-chips on thin-film substrates with a vari­
ety of discrete components. And we adjust and match the temperature 
coeffi~ient of resistance to track to within + 5ppm/C 0

• Complete envi­
ronmental facilities allow us to test your finished circuit under almost 
any required environmental conditions. 

Naturally we have the latest equipment, but so does everybody else who 
is really serious about being in the hybrid microcircuit business. What 
we're offering you is the unique technical know-how that allows you to 
get exactly the precision you want in the package that meets your needs. 
And that means we don't cut corners on costs at the expense of perform­
ance. Why not give us a call. We'll be glad to tell you more about our 
approach to hybrid microcircuit technology. 

Contact Joe Crist, Sales Manager, Microelectronics Operation, (213) 
346-6000, Extension 546, or write to: 

8 

THE BUNKER-RAMO CORPORATION 
D E1F ENS E SYSTEMS DIVIS I 0 N 

8433 FALLBROOK AVENUE •CANOGA PARK. CALIFORNIA 91304 
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People 

The upheaval that elevated ener­
getic Jerry Sanders, 30, to his job 
as marketing manager for the Semi­
conductor di- l- ' 
VISlOn of the 
Fairchild Cam­
era & Instru­
ment Corp. will 
result, according 
to Sanders, in a 
more aggressive 
introduction of 
new integrated Jerry Sanders 
circuit products by the company 
that is already the industry leader. 
"We'll continue to support our cus­
tomers in day-to-day operations," 
Sanders says, "but we may be less 
bullish on orders that compete with 
our new product plans." 

Sanders emphatically denies that 
the reorganization that divided 
Fairchild into three manufacturing 
operations [Electronics, July 24, p. 
44) will downgrade the marketing 
department-even though some 
marketing personnel will be ab­
sorbed into operational teams. 

Team effort. "Those people will 
be part of a product marketing 
support team, with responsibility 
for field sales," Sanders says. "They 
will take care of information on 
prices, delivery, specifications, 
samples, data, and so forth. They 
will negotiate prices and handle 
short-term forecasting. 

"Basic pricing responsibility will 
remain part of the marketing de­
partment, which will make strategy 
and do long-term planning, re­
search and market analysis, and 
new product planning and intro­
ductions. 

"Look-as Fairchild grew, many 
functions that belonged to a sup­
port team were usurped by the 
marketing men, probably because 
most of them were E.E.'s. The in­
troduction of new products takes 
a coordinated effort by marketing, 
operations, and research and de­
velopment. With the new organ­
ization, we can take key men and 
put them on a particular project 
to get f~~ter introduction of new 
products. 

Not yet. Fairchild will not say 
exactly where it will concentrate 
its new product effort. But Sanders 
says that the company still con-

Electronics I August 7, 1967 
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MACHLETT ML-8618 
magnetically beamed 
triode requires 10 to 
100 times lower drive 

Machlett's exc lusive development, 
magnetically beamed tubes like the 
ML-8618 give you these advantages: 

• By magnetically controlling the 
trajectory , electrons from the cathode 
bypass the grid structure so that nearly 
all emitted electrons reach the anode . 

• Gr id current is very low because of the 
great reduction in grid interception­
about 3% as compared to 25% in 
conventional triodes. 

• Low grid current means that grid 
dissipation no longer limits tub e powsr. 

• Parallel plane electrode structure 
eliminates "shielded " portion of fil ame nts, 
permits 360° of the cathode surface to 
face anode surface and complete use is 
made of the filaments emission surface­
result is higher cathode current per 
watt of heating power. 

For details , write The Machlett Labora· 
t ories, Inc., Springdale, Conn . 06879. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 
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Now from Sprague Electric! 

A COMPLETE 

READY TO PLUG IN 
The Moduline® UM-1522 Operational Amplifier gives you optimum performance in 
a modified dual in-line package through integration of semiconductor technologies. 

Darl ington -connected input transistors are d iscrete ; input offset voltage is 

typically 3 mV, drift is less than 20µ.V /C. The amplifier section is monolith ic; 

open loop voltage gain is 11,500 typical. Precision resistors are screened on 

the ceram ic substrate ; you choose from 10 gain settings by nothing more than 

pin selection. 

Check the specs. The UM-1522 may be your optimum op amp ; superior 

performance in the Sprague-p ioneered modified dual in-l ine package. 

ABSOLUTE MAXIMUM RATINGS 
Su pply Voltage 

Maximum Power Dissipation 

Storage Temperature Range 

Operating Temperature Range 

± 25 Volts 

300 mW 

-65 C to + 150 C 

-55 C to +125 C 

ELECTRICAL CHARACTERISTICS at T= 25C, Ycc = +lSV, v •• =- lSV 
Parameter Min. Typical Max. Units 

Open Loop Voltage Gain 11,500 

Input Offset Voltage (optional zero adjustment) 3.0 mV 

Input Offset Drift (-55C to + 125C) 20 µV j°C 

Input Bias Current 3.2 nA 

Output Resistance 500 ohms 

Power Consumption, Ycc= + 15Y, v •• =-15Y 25 mW 

Common Mode Rejection Ratio 75 dB 

Input Offset Current 200 pA 

Unity Gain Bandwidth, Rf = lOK, R1 = lOK 10 MHz 

Input Common Mode Range ± 10 Volts 

Output Voltage Swing ± 11 ±11.5 Volts 

Input Impedance 1.0 x 106 2.5 x 106 ohms 

Power Supply Sensitivity 25 µV/V 

For complete technical data, write for Engineering Bulletin 22114 
to Technical Literature Service, Sprague Electric Co., 35 Marshall 
Street, North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

INTEGRATED CIRCUITS 
THIN -FILM MICROCIRCUITS 

TRANSISTORS 
CAPACITORS 
RESISTORS 
INTERFERENCE FILTERS 

PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCU ITS 
MAGNETIC COMPONENTS 
PULSE TRANSFORMERS 
CERAMIC -BASE PRINTED NETWORKS 
PULSE -FORMING NETWORKS 

10 Circle 10 on reader service card 

SPRAGUE® 
THE MARK OF RELIABILITY 

Spra1ue' and ·@· ne re1iste1ed lr1dem11ks ol lht Sp111ue Clectnc Co . 

People 

siders metal oxide semiconductor 
technology and large-scale integra­
ion of bipolar circuits to be remote 
horn the marketplace. "Bipolar LSI 

will not materialize until there is 
~wo-l ayer metal available for cross­
:wcrs," Sanders says. "vVe expect 
to have a production process for 
that metal ready to make proto­
type quantities by year's end." 

Functionally, Fairchild will con­
centrate on high-speed devices, 
·n icrowave re's, and bigger memory 
1cvices. The target? "One-third of 
'·e integrated circuit market," 
· mders says succinctly. 

"Use of computers is much too im­
portant in industry to let it drift 
as it has in the past," says William 
F. Brown. H e is 
one of the first 
'n a new indus­
trial role : inte­
grating a com-

any's computer 
<tctivities for its 
own engineer-

· ,lg and busi- William F. Brown 
·wss as well as 
ma rketing the computer service 
.~ utside the company. 

At the Atomic International divi­
·-: ion of North American Aviation 
Tnc., Canoga Park, Calif., he headed 
one of the fir st integrated comput­
ing operations in the aerospace in­
dus try. Last month , he moved to 
the Avco Corp.'s Missile Systems 
division , Wilmington , Mass., to 
head the new directorate of man­
agement systems and information 
sciences. 

In addition to controlling th e 
application of computers to scien­
tific and business problems in the 
division, he will direct the Avco 
Computer Center, one of the larg­
est in New England. It's now a 
hatch-processing operation tha t 
Avco aims to convert to a time­
shared center for other Avco divi­
sions and outs iders. 

Before going to Atomics Inter­
national, Brown, who is 43, taught 
mathematics and computer sub­
jects at ~vVest Coas t u11iversities, 
was a staff scientist at th e Los 
Alamos Scientific Laboratory and 
at General Dynamics Corp. 
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the 

Sorensen 
line. 

{ 

' ~ 
i 
./ 

However demanding your AC regulator checklist, the Sorensen 

line can bear a good hard look. Whatever your needs, chances 

are Sorensen has a unit for your application. We offer a broad 

range of off-the-shelf line regulators to choose from in the 

range l 50VA to l 5kV A. Our ACR Series, for' example, feature 

silicon controlled rectifier regulation, printed circuit maintain­

ability, and require minimal rack space. The .01 Series provides 

high precision regulation, ±0.01 %, for applications demand­

ing the strictest accuracy and stability. Where fast response is 

an important consideration, the FR Series is unsurpassed. Soren­

sen's magnetic-amplifier S Series offers excellent low-c:ost reg­

ulation for a variety of applications. 

See us at Wescon-Booth 2422, 2423. 

ems 
' II 

Precision Regulation Required? - N eed ±0.01 % ... maybe 

only ±0. 1 % ?-Sorensen 's broad line of 'off-the -shel f' reg u-

lato rs can provide it. 

Size and Weight Important? - A C R units are less than half 

the size and weight o f conventional units. 

Stringent Distortion Requirements? - FR models maintain 

less tha n 0.25% - even with an input line hav ing 10% 

d istortion. 

Need Quick Response? -All models of our FR Series re -

spond to l ine and load changes within 50 .A.Js- less than 1 

cycle. 

Delivery/Price a Factor? - Each standard mode l is avail -

able off-the-shelf. 

Each Series is a carefully designed combination o f power, 

performance and packaging,-to fill your specific requirements. 

Sorensen's AC regulation capability spans 25 years of experi­

ence in the design and production of regulators. Our standard 

product technology provides the firm basis for an outstanding 

custom design capability. Whatever your AC regulator prob­

lems, - check with Sorensen. 

For details on Sorensen AC regulators, or for standard/ cus­

tom DC power supplies or frequency changes, contact your 

local Sorensen rep. or: Raytheon Company, Sorensen Opera­

tion, Richards Ave., Norwalk, Conn. 06856. rff AYTH EO~ 
Tel: 203-838-6571. ~ ~ 
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Now ... simplify design 
of phase-delay filters 

with Rad iation's 
JC Am pl ifiers 
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Radiation Operational Amplifiers 
offer a new dimension in the de­
sign of monolithic phase-delay fil­
ters. They simp lify design , provide 
unconditional stabi li ty without ex­
ternal compensation, and allow ac­
curate determination of phase shift. 
Only Radiation IC Amplifiers offer 
the cha racterist ics needed for such 

.an app li cat ion . 
For examp le, Radiation's RA-239 

Broadband Amplifiers are used in 
the all-pass phase-delay filter shown 
at left. 

Feed-back components are se­
lected to determine th e 90° phase­
shift frequency, without rega rd to 
the active elements in this config­
uration. 

The transfer characteristic is: 
Eout 1-jx f - - = -- where · x = -· 
Ein 1+jx ' . fo 
90° phase-shift frequency is: 

1 
fo = 2n: RC. 

VISIT US AT WESCON 
BOOTH 5130-5131. . 

Xis the normalized frequency ratio 
referenced to the 90 ° phase-sh ift 
frequency. 
For f0 ::5 1 M Hz, output vo ltage is 
21 .6 V1'-l' · 

A new lin e of universal building 
blocks for integrated analog circuit­
ry is now available to des ign engi ­
nee rs . Radiation suppli es three 
different types of IC operational 
amplifiers to se rve yo ur individual 
requirem ents: gene ral-purpos e, 
broadband, and hi gh-gain ampli­
fiers. 

Th ese amp lifi ers provide out­
standin g performance. Parasitics are 
eliminated, thanks to our unique 
dielectric isolation technique. 
Tighter tolerances and improved 
temperature coefficie nt s a r e 
ach ieved through use of precision 
thin-film resisto rs ove r the oxide. 

Thus, Radiation 's tech no logy sim­
plifies system designs w hich were 
hampered by limitations imposed 
by conventional integrated circuit 

Rad iation IC Operationa l Amplifiers * 

fab ri cation techniques. 
Only Radiation can provide pro­

duct ion quantities of inherently 
stab le IC operatio nal amp lifiers. 

These circuits are stocked for im­
mediate shipment in T0-84 flat 
packages. 

Wr ite or phone for our data 
sheets, which include worst-case 
limit s as w ell as all information re­
quired by des ign engin eers. We' ll 
al so be glad to suppl y our new man­
ual, Operational Amplif ier Tech ­
ni cal Information and Application s. 
For your copy, write on your com­
pany letterhead to our Melbourne, 
Florida office. 

Typical characteristics GENERAL PURPOSE BROADBAND HIGH GAIN 
(TA= + 25' C) RA-238 RA-239 RA-240 

Phase margin 60 60 45 
Bandwidth (unity gain) 7 15 6 
Slew rate 3.2 23 3.2 
Vo ltage gain 2,700 2.700 33 ,000 
Offset voltage 2.0 2.0 2.0 
Offset cu rrent 80 400 80 

Thermal drift ±5 ± 5 ± 5 
± 1 ± 5 ± 1 

Undistorted output swing 21 21 9(11 .6)t 
Power dissipation 90 160 90 
Common mode rejection 100 100 100 
Power supply rejection 100 100 100 
Input bias current 0.4 1.0 0.4 
*Standard temperature range: -55' C to + 125' C. v • = + 25V; v - = -15V. 
tV ' = + 20V; v - = -20V. 
Alf Radiation integrated circuits are dielectricalfy isolated. 

RADIATION 
I NCORPORATED 

MICROELECTRONICS DIVISION 

UNIT 
Degrees 
MHz 
V/ µ_S 

mV 
nA 
µ_V / °C 
nA /'C 
v,_, 
mW 
dB 
dB 
µ_A 

Sales ofiices: Suite 622, 650 North Sepulveda Blvd., El Segundo, Cali f. (213) 772-6371- P.O. Box 738, Islington, Mass. (617) 762-3470 
Suite 232, 600 Old Country Road, Garden City, N. Y. (516) 747-3730-Suite 704, 2600 Virginia Ave., N.W., Washington, D.C. (202) 337-4914 

P.O. Box 37, Melbourne, Fla. (305) 723-1511, ext. 554 
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There always has to be a winner-and 
when it comes to all-purpose sweep signal 
generators, the Jerrold Model 900-C is a 
shoo-in. 

Measure a narrow band circuit (sweep­
width down to 10 kHz) or check the entire 
coverage of broad band units such as mix­
ers, amplifiers, or filters (sweepwidths up 
to 400 MHz). Design , test or measure a 
variety of VHF, UHF, narrow and wide band 
devices in the frequency range 500 kHz to 
1200 MHz .. . and do it with incomparable 
ease and accuracy. Here is convenience 
only an all-purpose sweeper can provide. 

The 900-C and ultra-reliable Measure­
ment-by-Comparison techniques permit ac­
curate and simple measurement of gain, 
loss, and VSWR . You can disregard vari­
ables such as nonlinearity of detectors, os­
cilloscope drift, and line voltage variat ions. 

If you need more convincing, send for 
complete data-or contact us for a demon­
stration. Write Government and Industrial 
Division, Jerrold Electronics Corporation, 
401 Walnut St., Philadelphia, Pa . 19105. 

-

aean~ eep. 

14 

IN TEST, 
MEASUREMENT, 

AND 
DESIGN 
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Meetings 

Conference on Energy Conversion 
Engineering, American Society of 
Mechanical Engineers; Miami Beach, 
Aug. 13-17. 

Guidance, Control, and Flight Dynamics 
Conference, American Institute of 
Aeronautics and Astronautics; Sheraton 
Motor Inn, Huntsville, Ala., Aug. 14·16. 

Conference on Medical and Biological 
Engineering, Royal Swedish Academy of 
Engineering Sc iences; Stockholm, 
Aug. 14-19. 

Cryogenic Exposition, Cryogenic 
Society of America; Cabana Motor 
Hotel, Palo Alto, Calif., Aug. 20-23. 

Cryogenic Engineering Conference, 
Cryogenic Engineers; Stanford 
University, San Francisco, Aug. 21·23. 

International Conference on Phenomena 
in Ionized Gases, International Atomic 
Energy Agency; Vienna, Austria , 
Aug. 27-Sept. 2. 

Association for Computing Machinery 
Conference, Association for Computing 
Machinery; Sheraton Park Hotel, 
Washington, Aug. 29-31. 

Cornell Conference on Engineering 
Applications of Electronic Phe:iomena, 
Cornell University and Office of Naval 
Research ; Cornell University, Ithaca, 
N.Y., Aug. 29-31. 

Symposium on Automatic Control of 
Space, International Federation on 
Automatic Control; Vienna, Austria, 
Sept. 4-8. 

Conference on Solid State Devices, 
IEEE; Manchester, England, Sept. 5-8. 

Computer Conference, IEEE; Chicago, 
Sept. 6-8. 

Electric Propulsion and Plasma­
dynamics, American Institute of 
Aeronautics and Astronautics; Colorado 
Springs, Colo., Sept. 11-13. 

Technical Meeting on Space Simulation, 
American Society for Testing and Mate· 
rials; Sheraton Hotel , Philadelphia 
Sept. 11-13. 

Symposium on Computer Control of 
Natural Resources and Public Utilities, 
International Federation of Automatic 
Control; Haifa, Israel , Sept. 11-14. 

Instrument Society of America Confer­
ence and Exhibit, Instrument Society of 
America ; International Amphitheater, 
Chicago, Sept. 11-14. "' 

International Symposium on lnforma· 
tion Theory, IEEE; Athens, Greece, 
Sept. 11-15. 

Seminar on Mathematical Systems 
Theory, Pennsylvania State University; 
Pennsylvania State University's Resi ­
dence Hall, Pa. Sept. 11-15. 

International Congress on Magnetism, 
International Union of Pure and Applied 
Physics and American Institute of 
Physics; Boston, Sept. 11-16. 

Symposium on Materials-key to 
effective use of the sea, Polytechnic 
Institute of Brooklyn and Naval Applied 
Science Laboratory; Statler Hilton 
Hotel, New York, Sept. 12-14. 

Biennial Electric Heating Technical Con­
ference, IEEE; Statler Hilton Hotel , De· 
troit , Sept. 13-14. 

European Machine Tool Exhibition, 
European Committee for the Coopera· 
tion of the Machine Tool Industries; 
Hanover, Germany, Sept. 17-26. 

Short Courses 
Modern control theory; Ohio State 
University' s Department of Electrical 
Engineering; Columbus, Ohio; Aug. 
2l·Sept. l ; $275 fee. 

Modern techniques in signal 
processing; Massachusetts Institute of 
Technology, Cambridge, Mass.; Aug . 
21-Sept. l ; $400 fee. 

Design and analysis of communications­
based systems; International Business 
Machines Corp.'s Systems Research 
Institute, N.Y., Sept. 5-0ct. 3; 
$1,600 fee. 

Calls for Papers 
Symposium on Remote Sensing of En­
vironment, Office of Naval Research ; 
University of Michigan , Ann Arbor, April 
16-19, 1968. Sept. 15 is deadline to· 
submission of abstracts to Dana C. 
Parker, University of Michigan, Willow 
Run Laboratories, P.O. Box 618, Ann 
Arbor, Mich ., 48107. 

Symposium on Commercial Application 
of Ultrasonics, Ultrasonic Manufactur· 
ers Association; International Hotel , 
Kennedy International Airport, New 
York, Feb. 15, 1968. Nov. 1 is deadline 
for submission of abstracts to John N. 
Antonevich, Blackstone Corp., R&D di ­
vision , 1111 Allen St., Jamestown, N.Y. 
14701. 

* Meeting preview on page 16. 
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NEW RMS DIGITAL VOLTMETER. 
Model 9500A offers true RMS response 

with fully automatic operation. Measures 
t.rom 0-1100 volts RMS within ± ( 0.05% + 0.015%of 
1ge) digit and has options for remote control, printer 
1 output, and low capacity probe input. Price $2,395. 

NEW DC 
DIFFERENTIAL 
VOLTMETER. 

Model 
891A features infinite 

input resistance at null 
over entire 11-00 volt 
range. Accuracy is 

± 0.02% Light weight 
and small , the new unit 

is priced at $595. 
Battery option $100. 

FORWESCON 
'67, FLUKE 
EXPRESSES 
SEVEN GREAT 
IDEAS ABOUT 
MEASUREMENl 
IN SEVEN NEW 
PIECES OF 
HARDWARE. 

See them all at the Fluke show, 
Wescon '67, Booths 3209, 3210, and 
3211. Perchance you 're one of the 
nine out of ten not going to the show, 
don't get shook! We'll be happy to 
send you full data and, if you like, 
arrange a visit from your full service 
Fluke sales engineer. Simply write 
or call us. 

Fluke, Box 7428, Seattle, Washington 
98133. Phone (206) 774-2211, TWX: 
(910) 449-2850. In Europe, address 
Fluke International Corporation, 
P. 0. Box 5053, Ledeboerstraat 27, 
Tilburg Holland. Telex: 844-50237, 

IFLUKEI 
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SERIES 
INTEGRATING DC 

DIGITAL VOLTMETER 

16 

f OWH.f'.lm 

01srt.-.Y 
tlME 

Extended Range Measurements: Fifth digit 
over-range. 

Precise Measurements: With accuracies to 
0.05% . 

Input Flexibility: Four voltage ranges and a 
micro-current input for measuring in " Engineer­
ing Units" (psi, degrees, etc.) 

System Compatibility: BCD Outputs and Re­
mote Programming. 

High Noise Rejection: Differential input and in­
tegration techniques provide common mode re­
jection greater than 120 db at 60 Hz. 

Economical: 3 and 4 digit models range from 
$349.50 to $495.50. 
These DVM's are not only NEW, they're AVAILABLE 
from Janus representatives from coast to coastl 

CALL OR WRITE FOR A DEMONSTRATION. 

JANUS CONTROL OIVISIONTt\JCO 

A 

WESCON 
See 400 Series 

at the 
Del Webb Towne 

House 

296 NEWTON STREET • WALTHAM • MASSACHUSETTS 02154 • TEL: !617) 891-4700 
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Meeting preview 

Sizing up 
The 22nd annual Instrument So­
ciety of America (ISA) Conference 
and Exhibit will gauge the prog­
ress of instrumentation-from con­
cepts and techniques to products 
and applications. The conference, 
in Chicago from Sept. 11 through 
14, will be keynoted by J.A. Shan­
non, director of the National In­
stitutes of Health. 

More than usual attention will 
be focused on industrial applica­
tions, particularly data handling 
and computation, ranging from the 
pulp and paper industry to the 
food industry. Two sessions will 
delve into the problems and tech-

. niques of programing systems for 
measurement and control. J.W. 
Garzanelli , a senior analyst at the 
Foxboro Co., will describe a pro­
cess-oriented language for batch se­
quence control. The new language, 
predictably called Batch, is de­
signed to simplify programing con­
trol systems to start up, run, and 
shut down most of the various 
processes in the chemical, petrole­
um, and food industries. 

List the logical steps. A systems 
analyst at Foxboro, D.C. Kendall, 
will describe the steps required to 
develop computer-controlled pro­
cess systems. Among these steps is 
the design of sequencing and 
scheduling logic along with peri­
pheral equipment and associated 
routines. 

Concurrent with the ISA confer­
ence will be the fourth annual 
Measurement Standard Instrumen­
tation Symposium. Various ses­
sions will review such areas as 
reference voltages, pressures, meas­
urements of temperatures, and sig­
nals at high-frequency and micro­
wave frequencies. Several of the 
papers to be presented will discuss 
some of the basic problems in 
metrology and calibration. Among 
these will be statistical methods for 
handling measurement data. Others 
will deal with general measurement 
techniques. 

Another concurrent symposium, 
the fourth annual Physical and 
Mechanical Measurement Sympo­
sium, will treat such topics as 
shock and vibration, heat, and 
strain measurements. 
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There's a 
Tektronix Field Engineer 

• 1n your area 

He can help you get the most 
out of your oscilloscope 
T oday's laboratory oscilloscope is an ext remely versatile 
instrument, capable of making many kinds of measure­
ments. Your T ektronix Field Engineer is equipped to help 
you learn its operation and get the most out of it in your 
own measurement situation. 

H e can slant operational training to any desired level -
professional, technical or semi-technica l. He can instruct 
individual engineers or technicians, or set up training 
classes for your personnel. T he objecti ve of his instruc­
tions is to give you the maximum usefulness of your os ­
cilloscope and reduce the time needed to make measure­
ments. 

The T ektronix Field Engineer specializes in th e technology 
of measurement. Call on him to help you get the most out 
of your oscilloscope . 

Tektronix, Inc. 

1!11~ 
11~ 

P 0 Bux 500 

Bea verton, Oregon 

9700 5 

John Unruh of Orange, Californ ia­
One of the Tektron ix Field Engineers 
serving you from 42 U .S. Field Offices 
and in more than 20 countr ies 
around the world . 
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~-------------------------· I c I Varian , Recorder Division 
I 611 Hansen Way, Palo Alto, California 94303 

I 
I 

Send me your comprehensive brochure on States I and II. 

I Name 

I 
I Company 
I 
I Address 
I 
I Cit I 
I 
I State 
I 

Zip 
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I keeping new ideas for electrical energy moving I ,, , 
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Television. Show Business. To Belden it's all 
a world of wire. Belden plays a leading role in 

many complex systems of sight and sound communication. 
By delving into design, processing, packaging and a host of 
factors, Belden's team of wire specialists have helped many 
people wring out hidden costs. Success takes a supplier that 
is really perceptive - one who makes all kinds of wire for 
all kinds of systems. Want to join us in wringing out values 
and costs? Just call us in . . · . Belden Corporation, 
P.O. Box 5070-A, Chicago, Illinois 60680. 

Belden 
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NUMBE~1 
IN NUMBERS 
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Wang products tend to be friendly .... but calculating 

Take our Series 300 calculator ... 
It's small, quick, quiet and very easy 
to get along with. You 'd never guess, 
till you get to know it, that inside this 
trim little keyboard console lurks the 
most versatile, most advanced elec­
tronic desk-top calculating capability 
ever developed. Among other things, 
these vital statistics : 
• Petite keyboard and large display 
• Silent, fast, and easy to use 
• Maximum economy - 4 keyboards can 
share the cost of 1 .. brain" 
• 2 adders, and 2 more registers for each 
keyboard 
• Automatic invoice extensions and 
line counts 
• Special keys for Log.X, e• , -fl, allld X'. 
SIN (9) , COS (8). ARCSIN (X) and ARCTAN (X) 
• Fully programmable for long or iterative 
calculations 

. . then there's the brand newSeries 
370 programmable calculator 
Although it looks like its little Series 300 
brother, this new, absolutely unique in­
strument can do things no other elec­
tronic calculalor in the world can 
handle. 
• Attaches to the 300 Series 
• Same calculating keys 
• Program capacity from 80 steps up 
• Only 81'2'' page printed output on a 
calculator 
• Complete programming features including 
decisions and loops 
• Extensive program library 
• Additional data storage up to 64 registers 
(with 10 digits, decimal point and sign) 
• Communication with telephone lines and 
data acquisition equipment 

... and while you're here, meet the 
Series 4000 on-line data system 
Actually a series of compatible " black­
box" data modules, this unusual " sys­
tem" can be custom-assembled, at low 
cost and virtually on a plug-in basis, to 
handle any of a broad variety of on-line 
data acquisition and reduction tasks. 
• Completely modular for versatility and 
expandability 
• Fully programmable multiple inputs and 
outputs 
• Data and program storage in modules of 
1024 - 10 digit numbers plus decimal 
point and sign 
• Economy of calculator with power of 
computer 

When your calculations are be­
yond an adding machine and 
below a computer, call 

WANG 
LABORATORIES, INC 

DEPARTMENT N - 8, 836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876 TELEPHONE: C617l 851-7311 
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Editorial 

Frightening testimony 
After the -midair collision b etween a private airplane 
and Piedmont Airlines Flight 22 killed 82 people las t 
month, a Congressional committee began hearings on 
whether the F ederal Aviation Administration , charged 
with the responsibility for air traffic control , has been 
doing everything it could. Some of the tes timony has 
been bloodcurdling. 

D eputy FAA Administrator David D . Thomas, who is 
nominally in charge of the agency's air traffic control 
operations, told the hearing resignedly, "Midair col­
lisions are inevitable as long as people can make mis-

<• takes." H e considers it fortunate that there haven't been 
more such tragedies because his agency gets reports 
of over 400 near-misses a year-better than one a clay. 

Thomas' resigned a ttitude is terrifying news for any­
body who has to travel by air regularly. It is bad news 
that will get worse very soon because air traffic is 
growing a t a staggering rate. And the FAA has nothing 

"" even in the \vorks to untang1e the raisin -pie congestion 
over and around airports-the most critical situation. 

Keeping planes from running into each other is an 
excrucia tingly complex problem. It won't be made any 
easier by the adven t of supersonic transports. And the 
cost of fai ling to separate aircraft could mushroom 
even sooner-in 1970, when the commercial airliners 
start flying the Boeing 747 with its passenger load of 
more than 450 people. 

But the problem can never be solved as long as two 
conditions exist: 

1. The men responsible for controlling traffic don't 
know where all the planes in their area are all the time. 

2. The FAA refuses to recognize that technology is 
avai lable today to supply this information to controllers. 

It's surprising and alarming to learn that a controller 
at a busy airport such as ew York's Kennedy or Los 
Angeles's International or Chicago's O'Hare- each of 
which handle thousands of landings and takeoffs a day 
-doesn't know exactly where all the aircraft in his 
area are. He has to assume that planes are where they 

• are supposed to be. 
His plan position indicator, displaying blips from a 

two-dimensional radar, is so crowded with the traces 
of aircraft taking off, landing, stacked up waiting to 
land, or flying over the airport that he can obtain little 
critical information. When he sees two blips on an 
apparent collision course, he has to assume sanguinely 
that the aircraft are really flying at different altitudes. 

vVhen a TWA airliner crashed into an Eastern Air 
Lines plane over Westchester County, N.Y., last autumn, 
on the airspace fringe of Kennedy airport, the impend­
ing crash was seen on radar, but the controller thought 
the planes were a t differen t altitudes. Only an ensuing 
investigation reported the critical information that one 
of the aircraft was not a t its assigned altitude. 

A year earlier, a controller who thought he saw an 
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impending midair collision ordered an Eastern Air 
Lines plane taking off from Kennedy Airport to make 
an emergency maneuver. The Eastern plane reacted too 
sharply and fell into the sea killing all aboard. It turned 
out that a collision had not been in prospect . 

E ven scarier is the realiza tion that when a controller 
gives an instruction to a pilot, the controller usually 
doesn't know for sure if the instruction has been obeyed. 
In fact, he doesn't even know if the order has been 
received . The FA A's Thomas claims that acknowledging 
such instructions would clog the already overloaded com­
munications sys tem. 

Although the inves tiga tion of the crash over orth 
Carolina is still under way, early indications are that 
a controller ordered the private plane, unaware that it 
was 10 to 12 miles off course, to make a turn that would 
take it out of the path of the climbing commercial air­
liner. 

Tobody knows if the maneuver was attempted or 
if the order was received, for the Asheville airport has 
no radar. It is one of the 434 airports in the U.S . that 
handle commercial airline traffic without radar-only 
113 of the nation's airports have radar coverage. 

In fact, the FAA admits that 12 of the 100 busiest 
airports in the U.S. don't have any radar coverage. And 
some of the remaining 88 are covered by radar operated 
a t a nearby airport. For example, White Plains, N.Y., 
the 43rd busies t airport in the U.S. has no radar 
coverage. Also wi thou t any radar coverage are airports 
at such ci ties as Madison, ' Vis., Daytona Beach, Fla., 
Bridgeport, Conn. , Champaign , Ill ., Lexington, Ky., and 
Rockford , Ill . The airport a t Opelaka, Fla., surprisingly 
the second busies t in the U.S.", is covered by the radar 
at Miami International Airport, roughly 30 miles away. 

vVhen a United Air Lines plane crashed into a TWA 
plane over Staten Island, New York, in 1960, an investi­
gation revealed that a con troller had instructed the 
United plane to By a holding pattern , but that the 
pilot had ignored the instruction and come into the 
landing pattern. The controller didn't know his order 
had been ignored. 

Ju st three months ago, when two private planes 
crashed as they landed at LaGuardia Airport in Tew 
York, it was found that a controller had ordered one 
of the aircraft to pull up instead of continuing its 
descent, but that the order hadn't been obeyed. Nobody 
knows for sure if it was ever received. 

Such incidents make it clear that the present sys tem 
is too far from foo lproof. It ought to be changed im­
mediately. The FAA is pinning its hopes for preventing 
midair collisions on a system that has been proposed 
by the Air Transport Association. The plan calls for 
installing an atomic clock, transmitter, computer, and 
display in every commercial airliner. The electronic 
equipment will weigh nearly 100 pounds and cost abou t 
$50,000. Its weight and cost immediately preclude its 
use in small aircraft, which outnumber commercial air­
liners roughly 40 to 1. Even if the system works as 

Continued on page 284 

• Opelaka ai rport is indeed number two in the nation, after Chicago's 
O' Hare. It 's a base for charter flights to the Caribbean and the Bahamas, 
f or private planes, and for commercial airli nes' p ilot training programs. 
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Sure, it's a JU' part of our Business ! 

TAC AN 
RANGE AND 
BEARING COUPLER$ 

DISCRETE MESSAGE INDICATOR 
DATA LINK SYSTEMS 

AUTOMATIC 
STABILIZATION 

ACTUATOR-SEA KNIGHT 

Circle 24 on reader service card 

ANTENNA 
CONTROL REPEATER 
ELECTRO-MECHANICAL OR SOLID STAT£ 

Our Special Devices Group for the past 10 years 
has designed, developed, and manufactured an ex­
tremely wide variety of electro-mechanical and elec­
tronic packages for aircraft and ground support 
equipment. We are also well versed in the solid state 
technology which is replacing electro-mechanics in 
some instances. We are flying in the F-111 , A7A, 
CH47A, 727 and dozens of our country's most impor­
tant aircraft. 

In your next " make or buy" situation, let Clifton 
engineering solve your problem-and with CLIFTON 
QUALITY built in! --

For further information call your local Clifton Sales 
Office or Ed Fisher 215 622-1000; TWX 215 623-1183. 



Fight heats up 

among IC makers 

for consumer market 

... while interest 

starts growing 

in industrial field 

Budget woes: 

NASA to feel 

project squeeze 
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Considering the fact that by 1971 some 200 million integrated circuits 
are expected to be sold annually for the consumer-entertainment market, 
no electronics firm wants to be left behind. In the past two months no 
less than five companies have announced new lines of IC' s for this con­
sumer market. The lastest to join the parade is RCA's Electronic Com­
ponents and Devices division, which is about to introduce three IC's in its 
3000 series that will sell for between 98 cents and $1.75 each. 

The most complex of the three-and the most complex of the mono­
lithic linear IC's introduced to date-is the CA3034, a six-function device; 
it's for automatic fine tuning in television and f-m receivers. The price 
will be $1.75. Last month Philco-Ford introduced a five-function device 
for radios [Electronics, July 10, p. 48]. 

Meanwhile, a drive is under way to sell IC's in the industrial market. 
Fairchild, Motorola, and Texas Instruments are racing for a dominant 

position with series 700 linear IC's; these IC's are widely used in instru­
mentation, control, and signal processing and generation. 

The Fairchild product, a plastic dual-in-line package (DIP) version 
of the µ.A709 operational amplifier, is priced at $6.55. Motorola has been 
offering sample quantities of a plastic DIP unit, the MC1709, for about 
$5 and expects to begin filling volume orders by next month. And TI 
has just started filling volume orders of its 702, 709, 710, and 711 in 
plastic DIP's; prices range from $2 to $5. 

In offering the plastic DIP's, Fairchild and Motorola have, in effect, 
scrapped a previous market entry, a "C" version of the 709 circuit in a 
T0-5 can. Reasons: electrical specs were too loose and the package was 
unpopular with industrial designers. Both firms plan to make remaining 
700 series IC's available in plastic DIP form by early fall. 

Also in the running is General Electric, which will introduce two 
operational amplifiers, DIP types, priced at about $2. While these units 
are not as sophisticated as the 700 series, their low price may help to 
convince users to settle for less. 

Though appropriations action by Congress is still some weeks away, 
the best estimate now is that NASA's funding won't be much over $4.7 
billion. That's about $400 million below the agency's request and will 
mean some critical reshuffling of programs. This cut represents a defeat 
for NASA's boss, James E . Webb, who observers thought could wring 
more money from Congress [Electronics, June 26, p. 59]. 

Last week the space agency's budget for fiscal 1968 passed its first 
hurdle when Senate and House conferees agreed to a $4,865,751,000 
authorization for the program. NASA wanted $5. l billion to carry on the 
Apollo lunar landing program, and get started on an ambitious round of 
new projects under the Apollo applications program. 

While the cuts were not as deep as had once been feared, the most 
critical test is still to come and agency officials are frankly worried. 
That's because the appropriations committees must still act on the bill 
and Congress is in a budget-cutting mood. Space spending ranks low 
compared with other big spending programs and Vietnam. 

No tampering will be done with the $2.5 billion earmarked for Apollo. 
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Solid state crt 

Laser cane to light 

way for blind 

Laser up in the air 

Doppler for Pan Am 

$695 voltmeter 

a jack of all trades 
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But the Voyager program to land instrumented capsules on Mars must 
be stretched beyond its first planned 1973 launch; the program remains 
as a line item, totaling $42 million, $30 million less than NASA asked. It 
also means that some projects within the Apollo applications program 
will be curtailed, possibly jeopardizing plans to orbit astronauts in space 
workshops. Ahnost certainly it will push this program past the planned 
1969 date. Other projects that won't get any money in fiscal 1968 include 
building two Mariner spacecraft for a Mars mission in 1971 and the 
initial development of a satellite that would beam radio signals directly 
to home receivers. 

With sharp paring and stretching out of programs, NASA can still 
keep the bulk of its planned projects at the reduced funding level. Delays 
encountered from the Apollo fire was already forcing a slowdown. 

Semiconductors are stepping up their assault on one of the last bastions 
of the vacuum tube-the cathode-ray tube. IBM's Federal Systems divi­
sion of Gaithersburg, Md., is building a prototype radar display for the 
array consisting of 60 gallium phosphide diodes in a 1- by 2-inch array. 
Robert J. Lynch, an IBM engineer, says the display can be driven either 
by a digital or an analog signal; integrated driver circuitry includes an 
unusual two-transistor-per-line analog-to-digital converter in addition to 
a conventional decoding matrix for line drive. Diodes can be latched in 
the "on" state to hold an image indefinitely for study. 

A new, lighter version of the laser cane for the blind is being delivered 
to the Veterans Administration by Bionic Instruments Inc. of Philadel­
phia. Seven of the 20-ounce canes-the VA had rejected earlier versions 
as too heavy-will be tested at the VA's center for the blind at Hines 
Hospital in Chicago. The gallium-arsenide laser operates in the far 
infrared, below the wavelength at which retinal damage might occur. 

The next generation of heads-up displays may use lasers to paint aiming 
and navigation patterns in aircraft cockpits. An Office of Na val Research 
study has already proved the feasibility of a laser-generated avionic dis­
play-now the Navy is about ready to select a contractor to develop a 
prototype system. 

Pan American World Airways, which last month gave up on Sperry 
Gyroscope's SGN-10 inertial navigation system [Electronics, July 24, p. 
38], appears to have given up on inertial navigation. Instead, Pan 
Am aircraft will be equipped with a Bendix dual-doppler system. 

A multipurpose digital voltmeter that combines the capabilities of a 
vacuum-tube voltmeter with the accuracy of a digital instrument has 
been developed by Non-Linear Systems of Del Mar, Calif. Made to sell 
for $695, the voltmeter, called model X-3, measures a-c up to I gigahertz, 
d-c resistance and current. It can act as a power supply for up to 30 volts 
at 150 milliamps, has a high-input impedance, and offers a three-digit 
readout. The closest thing to the Non-Linear instrument is the Fairchild 
7050 digital voltmeter that measures d-c only and sells for $299. 
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PHILCO_, 

The Innovator: Philco-Ford. 
The Product: A 5-way better digital IC family. 1. Only our 9930 Series DTL is available in these three packages: E-line epoxy 
dual inline , ceramic flat packs , and ceramic dual inline packages . 2. For absolute minimum power dissipation , we've developed a 
unique MEL (Micro Energy Logicl family of medium-speed TTL integrated circuits (gate , buffer, and register flip flop elements) . These 
circuits have a typical power dissipation of 440 µW per gate function-lowest in the industry. 3. Super RTL is also available : high speed, 
medium power NAND/ NOR log (Bns with 5.3 mW per function) . 4. To date, our d igital IC 's have logged over 65 million device-hours; relia­
bility data available on request. 5. Immediate delivery. Philco-Ford Corporation , Microelectronics Division, Santa Clara, California 95051. 



20 AMPS 
fP 

INCORPORATED 

~ 

I 

PD11 

+ 25,000 OPERATIONS 
+ 0,000 " s 

The rugged Hi-G "T" Series of 10 amp. crystal can relays 
meet all applicable requirements of Mil-R-5757. Testing 
has proved more than 25,000 operations typical at 20 
amps. They match or out-spec. other 10 amp. DPDT crys­
tal can relays and are priced competitively or lower. Case 
size: 1.234" x 1.025" x .515". All standard configurations 
and header styles are available for fast delivery. 

Write or call Hi-G for bulletin which provides full details 
on this high quality line of 10 amp. crystal can relays. Test 
data and performance capabilities are available on request. 
Tel: 203-623-2481. 

SPRING STREET & ROUTE 75 I WINDSOR LOCKS , CONNECTICUT 06096 
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PHILCO 1~1 

The Innovator: Philco-Ford. 
The Product: A 9-way better epoxy transistor. 1. PET T0-18's ambient power dissipation is typically greater than 400 mW 
(chip dependent) . 8Jc is typically 105°C/ W. 2. PET TO-S's ambient power dissipation is typically greater than 450 mW. 8Jc is typically 
100°C/ W. 3. PET packages have reliability factors equal to or exceeding that of metal cans. 4. PET's are immediately available in large 
volume production quantities. 5. PET's have a special deep-well interlock con struction that insures hermeticity and reliability. 6. PET 
packages are permanently and legibly marked-lettered black on white . 7. PET's are packaged in our low-cost Taiwan production facility­
to keep your cost low. 8. PET amplifiers operate on currents ranging from 10 µ.A to 1 A; PET switches to speeds 8 ns turn on and 11 ns turn 
off. 9. PET's cover frequencies from 40 MHz to 1400 MHz. Philco-Ford Corporation , Microelectronics Division, Santa Clara, Californ ia 95051 . 



The end of the non-portable portable 

Dimensions : 13.06" x 9.12" x 7.56". 

Mark 220 by Brush . . . · 
a brand new recorder with 
a 25,000-channel pedigree. 
Behaves like its famous grand­
daddy, the Mark 200, but 
weighs only 25 pounds. De­
livers traces that are unbe­
lievably sharp, 99 ~ percent 
accurate. Solid state electronics 
provide position feedback pen 
control . . . no springs, no 
strings. The new Mark 220 
has two channels for analog 
recording, two for events. 

Maximum sensitivity is one 
millivolt per chart division, y Mi 

• • Patented pressurized-ink 

but the recorder IS electrically writing system. 

protected from overloads as high as 500 volts. Pressurized 
writing puts smudge-proof traces into paper, and there's 
enough ink in the throwaway cartridge to last for about 
Throw-away ink cartridge-1000 mi. between th d • 1 L th $17 0 0 

;:;;:!fyT;:~'ff'J~ch.anges. a ousan ml es. ess an 

:, 

will put you in business with this 
fine instrument . .. and it's light 
enough to take anywhere. Call for 
a demonstration of the remarkable 

Mark 220 ... and if you wish to keep the unit we'll 
swap it for a P. 0. number. Clevite Corporation, Brush 
Instruments Div., 37th &Perkins, Cleveland, Ohio 44114. 
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PHILCO, ... , 

The Innovator: Philco-Ford. 
The Product : A 5-way better linear IC line. 1. Only linear line that covers the entire frequency spectrum from DC through VHF. 
2. Our PA 7600 RF/ IF video amplifier offers the highest gain bandwidth available in the industry (passband to 9000 MHz). 3. PA 7601 RF/ IF 
bandpass amplifier offers extreme linearity with AGC. 4. PA 7713 RF/ IF video amplifier: a special linear circuit featuring high gain bandwidth 
at low power (500 MHz at18 mW). 5. Immediate delivery. Philco-Ford Corporation, Microelectronics Division, Santa Clara, California 95051 . 



Row a TV r boosted 
picture power ZS'/, 

simply 
by switching . 

insulation 

Scotchp~r Polyester Film insulation permits 
a smaller sweep transformer 

that runs 30% cooler, lasts longer 
General El ectri c recentl y redes igned the sweep transformer for many 
of the ir TV models. They changed fro m a w ax impregnated paper co i l 
insulation to " Scotc hpa r" polyester fi lm . They benef ited by 25% more 
transform er power, greater rel iability and cos t savings. 

The specifi c di ffe rences are : (1) M etal can aro und the transfo rm er is 
no lo nger requ i red. U. L. approved elimi nation of the can beca use 
" Sco tchpar" po lyester f ilm wo n't burst into f lames. (2 ) The co il is 
small er because " Sco tch par" fi Im has seven times mo re di electri c 
strength than paper. The transformer can now be mounted o n the 
printed circuit board in some des igns w here it gets better air ci rcu­
la ti o n so it run s coo ler. (3) Thi s co ntri butes to a grea ter power output 
for co lo r - 0.3 m.a. mo re at 25,000 vo l ts. (4) Cost savings come from 
eliminati on of the can and six connecting w ires, less assembly labor 
and grea ter reli abil i ty. 

Elimination of the metal can saves money and per­
mits better transformer location. 

These were GE 's benefi ts from sw itching to modern " Scotchpar" 
film in sulati on. What about yo ur produ cts? Better find out what 
" Sco tchpar" fi lm co uld do there, too . W rite d irec t ly to m 
Film & Alli ed Products Di visio n, 3M Compa ny, 2501 Hud- ~ 
son Road, St. Paul. M inneso ta 55 11 9, Department ICL-87. a;J comPAHY SCOTC HPAR IS A REG. T. M . OF THE 3M CO. 
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PHILCO_, 

The Innovator : Philco-Ford. 
The Product : MOS. 1. The first major manufacturer to take MOS from the theoretical to the practical. 2. Finest MOS manufacturing 
technique in the industry. 3. Most experienced MOS team in the industry: R & D, engineering, and systems know-how people. 4. Proven 
systems capability in MOS and large scale integration (LSI). 5. One of our Philco-Ford MOS circuit types has logged over 2.5 million device­
hours; reliability data on MOS circuits available on request. Phi lco-Ford Corporation, Microelectronics Division, Santa Clara, California95051. 



JFD's 
Capacitor 

Progress Report 
'67- '68 

up to 7.5 KV RF. 10 KVDC 

up to 12 amps RF, 24 KVAR 

Solid Silver terminals 

Uniceram 

MINIATURE RF POWER CERAMIC CAPACITORS 

up to 2500 V peak @ 2 MHz & 200 °c 

0.5 to 5.0 pf 

Q > 2000@ 1 MHz 

JFD Precision - HIGH VOLTAGE 

QUARTZ VARIABLE CAPACITORS 

0.1 to 50.0 Mfd 

Epoxy-dip coat 

Quality @ low cost 

Stangard 

MINIATURE SOLID TANTALUM CAPACITORS 

.001 to 1.5 Mfd 

25 to 200 WVDC 

T.C.: ± 15% (-55°C to + 125 °C) 

Uniceram - HIGH K 

CERAMIC CAPACITORS 

NEW Standardized drive 

4 & 8 element models 

wide choice of capacitance 

J FD Long Life 

Modular COMPACTUNERS 

Write for your JFD/CCS. A one stop components reference file! 

" TODA Y'S COMPONENTS BUILT FOR TOM OR RO W'S CHALLENGES" 

D JFD ELECTRONICS CO. / COMPONENTS DIVISION • 15th Avenue at 62nd Street • Brooklyn, New York 11219 I Phone 212-331 -1000 • rf!'.D Sales Offices - Arcadia, California I Chicago, Illinois / Baltimore, Maryland I Saxonville, Massachusetts / Brooklyn , New York 
., .... j New Hartford, New York / Cincinnati , Ohio / Philadelphia, Pennsylvania / Pittsburgh, Pennsylvania / Paris, Fran ce I Azor, Israel 

VISIT JFD's WESCON BOOTH #4015 
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Now 
AE gives you complete 

PC Correed logic modules 

The Automatic Electric PC Correed (dry reed 
switch) is now available as an integral part of a 
complete printed circuit board assembly. It's made 
up of type GlO epoxy-glass laminate, 1/16 inch 
thick, with the necessary PC Correeds and associ­
ated components mounted and soldered. The as­
sembly is a complete circuit package-ready for 
direct insertion into an edge-type conpector. 

The high-reliability epoxy-glass cards feature 
copper-nickel-gold circuit paths and standard 
0.800 inch card spacing. They're rigidly inspected 
and tested before shipment. 

You give us your circuit-and we'll take it from 
there! We do the entire packaging to your specifi­
cations-including circuitry and artwork. 

You get a completely wired circuit module, 
which eliminates the need to design, assemble and 

wire discrete components. 
AE's type PC logic modules give the system 

designer flexibility, reliability and economy. They 
provide isolation between input and output, and 
high immunity to electrical noise. Packaged logic 
circuits are particularly suited for supervisory and 
telemetering equipment, process controls, check­
out and ground support equipment, test equip­
ment and engineering models. C! 

There's a lot of helpful, de-
P<o.i.ati ... 

tailed information in our new 
8-page brochure. To get your 
copy, just write for Circular 
1113 to the Director, Elec­
tronic Control Equipment 
Sales, Automatic Electric, 
Northlake, Illinois 60164. 

rm PC PllNlfl CIRCUIT 
cemre tom Mmm 

AUTOMATIC ELECTRIC 
GEN

1

ERRAL TELEPHONE & ELECTRONICS G1&E 
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quiet, please, 
not just "whisper" quiet, but circuit quiet- relays that 
switch microvolt signals with maximum signal fidelity. 

Most contact noise and thermal voltage problems are 
eliminated by Clare Low Level Relays. Four types furnish a 
wide range of switching speeds and sensitivities. Module 
packaging is compatible with advanced pcb applications. 

Type HGS2MT and HG2MT relays are built around mer­
cury-wetted contact switches, to provide multi-billion op­
eration service with complete freedom from maintenance. 
Type MR2MT uses the MicroClareed switch to provide 
faster switching speeds in modules of minimum size. Type 
FT, in the popular crystal can size, meets extreme condi ­
tions of temperature, shock, and vibration. 

To keep your circuits quiet, circle Reader Service Number, 
or ask Clare for Data Sheet 1251 B . . . write Group 8N 12, 

C. P. Clare & Co., Chicago, Illinois 60645 

• Low thermal voltages at 
varying duty cycles and 
ambient temperatures . . . as 
low as 1 µv at 10% duty cycle 
+25°C ambient 

• Extremely low contact noise 
. .. as low as 5 µv at 600 
cps band width, 5 ms after 
energization 

• Low and constant contact 
resistance ... 50 milliohms 
max. ; ± 2 milliohms 
variation over complete life 
(with mercury-wetted 
contacts) 

• Life : up to 22 x 1 os operations 

CLARE LOW LEVEL 
RELAYS 

fo r industrial process control, data logging and instrumentation, analog system cali bration, military ground support equipment 
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Perfect match 
The first instrumentation computer for Interface is simple, using plug-in cards 
practical instrumentation problems. and standard software to match the 

At last. Immediate, practical computer 
benefits are available for any applica­
tion involving Hewlett-Packard meas­
uring instruments. Now, a computer 
that allows you to solve your measur­
ing problems . The Hewlett-Packard 
2116A Digital Computer is the first 
one ever designed specifically to work 
with instruments-economically and 
without interface or software delays 
and problems. 

The 2116A brings the computer into 
the instrumentation environment. The 
engineer has immediate access to it and 
can now quickly turn his measurements 
into on-the-spot engineering solutions. 

Visit Hewlett-Packard at WESCON '67 
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computer with many HP measuring 
devices. No complex instructions 
needed for programming or obtaining 
data from your measuring instruments 
-this is done for you by simple 
FOR TRAN statements. 

The 2116A Computer features 70 
basic one-word instructions (with reg­
ister instructions that allow extensive 
microprogramming); 16-bit word 
length ; memory cyGle time of 1.6 fJ.Sec; 
4096-word memory expandable to 
8192 in main frame; 9 registers with 
the contents of 7 displayed on the op­
erator panel. 16 1/ 0 channels with 
assignable priority interrupt included 

San Francisco Cow Palace, August 22-25 

in main frame; expandable to 48 
channels. The complete software pack­
age includes an extended ASA Basic 
FORTRAN Compiler, Assembler, and 
modular Basic Control System. 

All this available now-at a price of 
$22,000, which includes customer 
training and Hewlett-Packard's stand­
ard instrument warranty. Input/ output 
options and extra memory additional. 

For more information, call your local 
HP field engineer or write Hewlett­
Packard, Palo Alto, Calif. 94304. Eu­
rope: 54 Route des Acacias, Geneva. 

INSTRUMENTATION COMPUTERS 



D Yes, you can do it easily with MECL II, 
in just 4 ns with 3 gates and a total power 
dissipation of 250 mW. The unique wired 

"OR" feature of MECL II allows you to obtain the 
OR function of two or more gate outputs by tieing 
the outputs together. As a result, you save delay 
time, power dissipation, extra gates and design head­
aches. More importantly, the flexibility of this 
system allows for an almost infinite number of logic 
design possibilities! 

The Family for Logic Designers 
The growing MECL II family of digital integrated 

circuits already has 24 members and is designed for 
easy use from audio frequencies to above 100 MHz. 
The gates shown, MClOOlP, 1003P and MC1201F, 
1203F are all Six-Input Gates in the new MECL II 
series. Each provides three simultaneous "OR" I 
"NOR" or "AND"/"NAND" output functions. By 

omitting all or part of pulldown resistors , three emit­
ter follower output options are provided on basic 
MECL II gates. 

These 6-input gates (MClOOO & MC1200 series) 
feature 4.0 ns propagation delay at a fan-out of 3 and 
a total fan-out of 25 (min) per output. The limited­
temperature-range 1000 series (0 ° to +75 °C) is 
available in the 14-pin dual in-line plastic package, 
while the full-temperature-range 1200 series (-55 ° 
to +125 °C) is in the 14-pin ceramic flat package. 

For complete details about the fastest, most flex­
ible logic family available, write for complete data 
sheets and application notes. Then, see how many 
high-speed gate functions you can synthesize! 

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P. 0. BOX 955 / PHOENIX, ARIZONA 85001 
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EMI is out. 

New Bendix 
filter-connectors are in. 

Bendix<m filter-connectors can eliminate EMI (electro mag­
netic interference) better than conventional filtering methods 
ever could. The filtering action is completely built-in because 
we've surrounded each individual pin with a miniature ferrite 
filter. 

We don't have to tell you the benefits of making the filter 
an integral part of the connector. The savings in space, weight 
and production costs are obvious. A Bendix filter-connector 
costs about a third less than a filter-box setup with a standard 
connector. It eliminates two out of three solder joints. There's no 
need to manufacture, assemble and test extra filter components. 

Also, consider what fewer solder joints and a superior 

Circle 40 on reader service card 

mechanical structure can mean in reliability. 
All this adds up to an entirely new concept in filtering. And 

a new way for you to save mopey while improving the 
performance and reliability of today's highly complex ' 
electronic equipment. 

A great number of models are readily available including 
types intermatable with the Bendix Pygmy lY Series (Mil-C-
26482 ), Bendix JT Pancake Series and Bendix LJT Series. 
More are on the way. And we'll design filter-connectors to 
meet your specific requirements. For all the details, just • 
write: The Bendix Corporation, Electrical Components Division, 
Sidney, N.Y. 13838. 

Electronics 
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Consumer electronics 

The sweet sound of IC's 

Just when it seemed that hi-fi set 
makers were chiefly concerned with 
ou twatting each other-producing 
solid state receivers and audio am­
plifiers that could shatter glass and 
burst eardrums-they changed 
their tune. Tow the emphasis is 
on building better receivers by de­
signing them with integrated cir­
cuits . 

' Vhen Fisher Radio introduces 
its 1968 line at the High Fidelity 
Show in New York this fall , it will 
unveil two home-entertainment 
firsts that capitalize on the advan ­
tages of 1c's. Although others are 
also using 1c's , Fisher will show a 
receiver tha t's the first to have as 
many as seven of the circuits (six 
in the intermediate-frequency and 
limiter stages, the seventh in the 
meter and muting circuit) and the 
first to be built around easily re­
movable modular plug-in circuit 

b oards ( there are seven of them ). 
Clean sounds. As Fislwr research 

chief, Freel Mergner, points out: 
"Using 1c's, it's now possible to de­
sign a high-gain linear i-f section 
without worrying about neutraliza­
tion or damping on tuned output 
circuits. The over-all result is bet­
ter adjacent- and alterna te-channel 
selectivity, better amplitude-modu­
lation suppression , and less distor­
tion . These facto rs depend entirely 
on the;: des ign of the intermediate 
frequency section." 

Still another advantage is that 
re's permit a better capture ratio : 
the ability of a receiver to null un­
wan ted f-m stations that are on the 
same frequency but a t a lower 
signal level than the on e desired . 

At the top of Fisher's new line 
is the model 550-T a-m/f-m stereo 
receiver priced at $450, whi ch is a 
bit lower than comparable receiv­
ers. It has the ex tremely low cap­
ture ratio of 1.5 decibels and an 
alternate channel selec tivity of 60 
<lbs. The reason : extremely low im­
pedances in the limiter stage and a 

{TO I C7) 

5-megahertz i-f bandwidth , and 
circuitry in which four of the six 
1c's in the i-f and limiter stages op­
erate as straigh t amplifiers while 
the other two fun ction as limiters 
in the presence of low-level signals. 
111 the presence of strong signals, 
one amplifier swi tches to the lim­
iter function. 

For openers 

' Vhen word recently leaked out 
that Arvin Indus tries was about 
to produce color-television set with 
a built-in tv tape recorder for under 
$1,000, not only was the industry 
caught by surprise, but there was 
openly expressed doubt that such 
a produ ct could be available within 
5 or 10 years. Realizing that it 
might have prematurely tipped off 
the competition, Arvin quickly 
tightened a ll security and declined 
to discuss the projec t. 

Meanwhile, back in Chicago, the 
company was deli ghted with the 
results of secret field tes ts of a 
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Hi-fi IC's. Fisher Radio will introduce a high -fidelity receiver this fall that uses seven integrated circuits: si x in the 
inl'ermediate-frequency and limiter stages and one in the meter and muting circuit. The receiver will sell for a little less 
than comparable high-fidelity receivers. Aside from cutting costs, the application of IC's produces better sound, Fisher 
maintains. Also, the !C 's improve the receiver 's capture ratio. 
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fully developed prototype of the 
set. In fact, Arvin was so confident 
that it had finally produced the in­
dustry's first consumer tv tape re­
corder, that it immediately applied 
for a patent and is preparing to 
preview the unit at a full press 
conference in New York. Further­
more, the Columbus, Ind., based 
firm plans to have the unit ready 
for its 1969 product line. 

Less tape. Technical details are 
still hush-hush. The recorder also 
will be offered separately, without 
a monitor. Besides the price break­
through, Arvin's color video re­
corder will offer a dramatic re­
duction in tape consumption by 
operating at a much slower speed 
than present video recorders. Pic­
ture definition will be close to that 
of professional recorders. 

At present, the only color video 
recorder outside broadcast studios 
is the Ampex VR-7500C, which 

sells for $4,500, less the $695 moni­
tor. However, since a color camera 
cannot be purchased for under 
$50,000, all color video tape re­
corders must be slaved to a color­
tv receiver. Also holding back 
widespread use of video recorders 
is the price of the recording tape: 
it costs about $60 to record a one­
hour program. An hour's worth 
of sound tape costs an average of 
$3. 

Communications 

Visual aid 
To be sure, a picture is worth a 
thousand words, but the cost of 
transmitting a picture and pro­
ducing hard copy is expensive. 
Now a cost-saving solution may be 
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1965 1966 1967 

Segment June May June 
of Industry 1967 1967 1966 
Consumer electronics . .. .. . ..... 95.0 87 .-3 108.0 
Defense electronics . . ..... . .... 144.1 139.5 119.9 
Industrial-commercial 

electron ics .. .. ... . ... .. .. . . 118.3 119.2 116.4 
Total industry ........ . . . . . .... 128.2 125.2 116.8 

Volume of electronics production rose 3 points in June to a record. Produc· 
t ion of consumer electronics began a recovery after a spri ng slump had 
pushed th is index down 28 points. Even after an S·point increase in June, 
t he index of consumer electron ics activity is still nearly 25 points below its 
December peak, when output hit a record 119.1. Over the year, defense 
electronics production rose over 20 points. 

Indexes chart pace of p roduct ion volume for total industry and each segment. The 
base period, equal to 100, is the average of 1965 mont hly output for each of the th ree 
parts of the industry. Index numbers are expressed as a percentage of the base period, 
Data are ·seasonally adjusted. 

in sight. Ec&c Inc. of Bedford, 
Mass., a company not known for 
its expertise in graphic communica­
tions, has a digital facsimile sys­
tem that cuts by a factor of five the 
time it takes to transmit a picture 
over a regular telephone line. 

The name of the fast system, 
PDQ, is no accident; in fact it took 
some imagination to find words to 
fit the acronym: predictive differ­
ential quantizing. 

Time to send. What makes PDQ 
unique is its use of redundancy­
elimination techniques. Conven­
tional facsimile units are slow be­
cause they scan and transmit each 
and every line of the picture; the 
higher the resolution, the more 
lines and the longer it takes to 
send, boosting the phone bill. 

PDQ, on the other hand, uses line­
to-line correlation techniques to 
squeeze out most of the line-scan­
ning redundancy. It quantizes and 
transmits only the line-to-line dif­
ference information. The recorder 
remembers the previous scan and 
prints a corrected line. Off-the­
shelf integrated circuits perform 
memory and logic functions at both 
ends of the link. It uses a flatbed 
scanner and coated paper, similar 
to office copier techniques. 

First marketing targets are the 
big Government facsimile net­
works. Prototype equipment has 
been built for both Navy and 
Weather Bureau feasibility tests. 

Ec&c took its initial prize in the 
facsimile market when it won a 
$3.5 million Air Force contract to 
re-equip bases with weather plotter 
transmitters and receivers. After 
30 months of development and 
tests, Ec&c will deliver 20 transmit­
ters and 125 receivers. This is part 
of the 433L program managed at 
Hanscom Field, Mass., for up­
dating the Air Force's global 
weather network. The company 
won the facsimile contract over the 
United Aircraft Corp. , the Litcom 
division of Litton Industries, and 
Cardion Electronics Inc. 

Transmitting maps. The contract 
calls for equipment to transmit Air 
Force weather maps and charts 
from forecast centers to bases five 
times faster than with current 
equipment. Today, it takes 10 min­
u tes to send an 18-by-12 inch 
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weather map over a voice-quality 
telephone circuit. PDQ takes less 
than two minutes per map, provid­
ing comparable resolution. In other 
models , being developed by EG&G 
for commercial and Government 
networks, 10 pages of standard 
business paper will be sent per 
minute over the 48-kilohertz chan­
nel of the telephone company's 
Telpak A circuits. 

"This will mean a businessman 
can talk for two minutes and also 
transmit a letter, all in a three-min­
ute call on a dial-up Dataphone 
channel," points out Victor M. Ty­
ler 2nd, manager of EG&c's graph ic 
systems department. 

PDQ gains speed by bandwidth­
compression techniques. "\Ve don't 
send any information abou t white 
space, just about the black lines," 
says T yler. "People have b een play­
ing with bandwidth compression 
for a decade, mostly for television 
applications. They usually end up 
by saying their techniques don't 
work for tv, but they ought to h e 
great for facsimile. \Ve checked 
th em all out, found they weren't 
any good for facsimile either, so we 
came up with our own line-to-line 
correlation technique." 

Nothing new. In line scanning, 
Tyler reports, there is inherently a 
high redundancy : "The next lin e 
has to b e almost the same as the las t 
one." The PDQ receiver predicts 
that the next scan will b e the same 
as the last. The transmitter knows 
this, measures the difference, quan­
tizes this, and sends only that in­
formation . The receiver uses this 
correction information, sent once 
every 100-milliseconds, to keep up­
dating its prediction . If no differ­
ence information is received it will 
print the previous line again . 

The system can be started by a 
generic scan, such as a line, or 
coded information from th e trans­
mitter. This latter technique lends 
itself to secure communications. 
"Unless you know what the first 
scan was," says Tyler, "the differ­
ence information actually means 
nothing." 

The modems (modulator-de-
modulator) fol' the Air Force equip­
ment will handle 4,800 bits per 
second. A 6,400-bps modem is b e­
ing developed for Weather Bureau 
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tes ts. Critical fea ture of the special 
modems is the design of precisely 
matched filters for a low-error 
ratio . 

Ec&c's new graphic sys tems de­
partment is looking for new mar­
kets to apply the PDQ, such as the 
Defense Department Autovon com­
munica tions sys tem, the Federal 
telecommunications system, the 
space agency's meteorological net­
works, and for police fingerpr~nt 
identification and railroad commu­
nication sys tems. In addition, says 
Tyler, the company is inves tigating 
markets in document storage and 
retrieval sys tems and in corporate 
communications networks. 

Air traffic control 

On the spot 
Developers of th e air traffic con­
trol equipment that the Federal 
Aviation Administration was cool 
to or rejected outright have pretty 
mu ch kept their grumbling to 
themselves. But they'll soon be 
given the chance to tell publicly, 
before the House Committee on 
Interstate and Foreign Commerce, 
just wha t equipment they have and 
what it can do. And the F,\A is go­
ing to have to do a lot of explain­
ing to Congressmen unhappy about 
the agency's snail's pace in air 
traffic control development [Elec­
tronics, July 24, p. 141]. 

The FAA got a taste of what's to 
come at the committee's first hear­
ing on air safety held a few days 
after the midair collision over 
North Carolina that claimed 82 
lives. Hep. Hichard L. Ottinger ( D ., 
N.Y. ), who charged the FAA with 
being dereli ct in "not aggressively 
pursuing equipment development," 
wants the committee to bring in­
dustry representatives into the air 
safety hearings to determine the 
state of the art. 

Ottinger wants fac ts and figures 
on equipment. And he wants to 
have committee members get into 
the fi eld to sec the equipment func­
tion or else the hardware demon­
strated in the committee room it­
self. 
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Answers wanted. "We want to 
see why the FAA rejected some of 
this equipment or failed to inves­
tigate it," says an Ottinger spokes­
man. "And if the reasons don't hold 
water, this should b e brought out." 

Th e hearings could result in leg­
islation giving the FAA power to 
segrega te commercial and private 
craft, con trol which the agency had 
never sought. H earings cou ld also 
lead to larger FAA budget reques ts 
for equipment. Even if no specific 
legisla tion emerges, Congressmen 
feel the hearings will serve to focus 
attention on the need to shake the 
FAA out of its lethargy. 

Ottinger isn' t the only commit­
tee member unhappy with the FAA. 
Hep . Fred B. Hooney ( D ., Pa.) 
charged that the agency has at 
least $25 million in unexpended 
funds left over from fiscal 1966, out 
of a $49 million appropriation for 
faciliti es and equipment. Hep . Paul 
G. Hogers ( D ., Fla. ) sharply 
rapped the FAA for not reques ting 
funds in its 1968 budget for addi­
tional radar installations, while at 
the same tim e giving "lack of bud­
get" as a reason for not having 
radar at six airports that qualify 
for it. 

Although no date has been set 
for the resumption of the hearings, 
committeemen expect them to b e 
held by this fall. 

Do it now. One bill h as already 
b een fil ed by Hep. Dante F ascell 
( D ., Fla.) that specifically directs 
the agency to "develop and make 
available as soon as possible a prox­
imity warning device for use on 
all U.S. aircraft." Fascell points out 
that although the FAA already has 
such authority, "this bill enuncia tes 
a Congressional directive to im­
mediately carry out specific objec­
tives ." Noting that FAA's studies 
into collision-avoidance sys tems up 
to now came up with equipment at 
prohibitive costs , he says, "the time 
has come to renew and redouble 
our efforts in this regard and em­
bark on a crash program to prevent 
midair collisions." 

"I am convinced that American 
technology can substantially re­
duce, if not totally remove, the 
threat of aircraft collision," he said. 

Echoing Fascell's sentiments is 
Sen . Howard H. Baker (D ., Tenn .). 
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Says the Senator: "I am certain 
that in the scope of the exotic con­
trol facilities available to the in­
dustry that midair collisions can 
be severely reduced or eliminated." 
Speaking of the North Carolina col­
'lision, where both aircraft were 
'under "positive control," he says, 
"positive control was disastrously 
unpositive." 

Advanced technology 

~ptilfeflng diodes ... 
~ · 

On paper, the concept of using ar-
rays of diodes for displays , light­
sensitive receivers , or memories is 
excellent-but applying the con­
cept is another thing. Pack the 
diodes too tightly and the system 
shorts out; attach a lead to each 
device and the system is a maze 
of wires. At TRW Systems in Re­
dondo Beach, Calif. , researchers 
have solved some of these prob­
lems. They have developed a sput­
tering technique for producing sili­
con diodes with a width of less 
than 0.2 micron. 

Such diodes would be impossible 
to produce by photoresist tech­
niques, according to Murray Bloom, 
a member of the technical s taff and 
project engineer for the sputtering 
work. 

"We proved we could do an epi­
taxial process this way and we have 
also proved that we can make an 
emitter," he says. 

When operated as avalanche 
photomultipliers, the diodes have 
shown quantum efficiencies as high 
as 5,000 at a I-micron wavelength, 
Bloom says, against a reported 
maximum of about 1,000 for ger­
manium avalanche diodes and 
about 250 for silicon . 

Where they'd go. Possible appli­
cations for the sputtered diodes are 
high-speed photosensors of high 
packing density and fixed memo­
ries. 

"W e could make memories with 
a packing density of 4 b y 106 bits 
(diodes) per square inch ," Bloom 
says. "This is about two orders of 
magnitude greater th an the density 
of silicon-on-sapphire that are cur-
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rently being produced." 
Breakdown voltages are sharp, 

he says, corresponding to the im­
purity concentration of the leas t 
doped element. For example, break­
down voltage is about 1,200 volts at 
a resistivity (lowest impurity con­
centration) of about 100 ohm-centi­
meters. 

Sputtering produces a mosaic of 
submicroscopic diodes on a silicon 
wafer, Bloom explains. A major ad­
vantage of the process is that it 
produces these tiny, dielectrically 
isolated diodes without the in­
volved photolithographic process. 

TRW has produced diode mosaics 
both by triode and diode sputter­
ing. Sputtering is done at around 
1 micron (1 millitorr or 10-3 torr) 
in an environment of commercial­
grade argon at 400° to 500°C. The 
argon is ionized and the positive 
ions are accelerated to the cathode 
(a silicon subsh·ate). En route, they 
strike a silicon target between the 
anode and the cathode, knocking 
off silicon atoms that then hit the 
substrate. 

The company has deposited p­
type layers on n-type silicon and 
vice versa in this way. Bloom says 
sputtering results in better adhe­
sion than evaporation and that it 
isn't necessary to clean th e sub­
strate as carefully. This is because 
the atoms strike the substrate with 
40 times more energy than in the 
evaporation system, in which atoms 
leave the filament with only thermal 
energy. 

Making connections, he points 
out, is simply a matter of taking 
a 0.1-mil connector and putting it 
down at any desired point on the 
substrate. All the diodes touched 
by the connector are wired in paral­
lel. Those which are not touched 
are isolated out of the circuit. 

In contrast, the conventional 
process requires the leads b e at­
tached to each diode. The disad­
vantages of this are isolation, 
Bloom notes, spacin g b etween di­
ode centers must be at leas t 0.7-
mil (usually they are several mils ). 

Pick and choose. Tnw's method 
of making connections is to deposit 
an oxide layer on the wafer after 
sputtering. This may be deposited 
by sputtering or ethyl-silica te pyro­
lysis. Photoresist techniqu es are 

then used to etch 0.1-mil holes for 
the connections. 

"Once you have etched the holes 
you have decided which of the 
crystallites will be in the circuit 
and which won't," Bloom says. 
"This process is the same as the 
conventional process, except that 
you etch more or less where you 
want to." 

... and selling them, too 
TRW isn't alone in working on di­
odes. At Monsanto Co. , for ex­
ample, work is also progressing on 
developing a monolithic array of 
diodes on a single chip. In the 
meantime, however, Monsanto is 
now offering for sale a small array 
(5 by 7 inches) for alphanumeric 
display that is made by photolitho­
graphic techniques. 

The only hitch is the price­
starting at $500 for a single array. 
But the device does have some 
advantages: it needs no drivers­
which are needed for Nixie tubes 
-to turn it on and off, it works 
on low-voltage sources, has higher 
reliability than Nixies, and is easy 
to read. 

Monsanto can provide diodes 
that produce brightnesses of from 
50 foot-lamberts to almost 600 foot­
lamberts; the brighter the array, 
the higher the price. 

Tuning a laser 
Tunable pulsed lasers select the 
colors within the optical spectrum 
somewhat as a radio dial selects 
frequencies, but up until now con­
tinuous-wave lasers have been 
more like a pushbutton radio: they 
can generate several discrete wave­
lengths but can't get anything in 
between. 

With simple laboratory equip­
ment, a young Stanford University 
professor produced the fir st c-w 
tunable source and considerably 
brightened the picture for achiev­
ing truly tunable c-w lasers . 

Stephen Harris , a professor of 
electrical engineering, beams c-w 
laser light through a crys tal and 
gets monochromatic light that can 
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... helps you 
meet tight schedules 

when you use 1/C 
p-STORE core memories 

Our submicrosecond µ.-STORE memories are ready 
now to meet your tightest delivery schedule - 60 
days or less on standard models with capacities of 
4,096, 8, 192, 16,384 and 32, 768 words. 

If you've drawn a block marked "core memory" 
recently, let us show you µ.-STORE speeds, capacities, 
and fast delivery capability. You'll find that both our 
ICM-40 and ICM-47 (670 nanosecond full cycle time) 
have been designed to offer a custom solution to your 
memory problems. Write for our new brochure. It sums 
up all the facts . Honeywell, Computer Control Division, 
Old Connecticut Path, Framingham, 
Massachusetts 01701. 
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Temperature tuning. Laser goes from infrared to blue-green. 

be tuned from infrared to deep 
green-blue by changing the tem­
perature of the crystal. 

Nearly as pure. While the light 
he receives now is weak ( 10-10 

watt with linewidths probably less 
than 1 angstrom), Harris claims 
it is nearly as pure as laser light. 
In effect, he says, "it will be a 
tunable laser and every bit as 
good as one," even though the 
laser light is being used as a pump. 

The discovery is important for 
several reasons. It will aid in the 
construction of higher power c-w 
optical parametric oscillators by 
allowing researchers to look at low­
level emissions and determine at 
what temperatures to set the crys­
tals. Also it will permit studies of 
different materials to determine 
which fluoresce strongly enough 
to make the best oscillators. 

It also promises benefit s in other 
fi elds. In underwater oommuni­
cations, the tunable light will al­
low selection of the bes t wave­
length (u sually in the blue-green) 
to match the medium. 

Harris' experiment uses a princi­
ple called "parametric fluores­
cence," which was predicted theo­
retically six years ago by several 
people, including Stanford pro­
fessor Anthony E. Siegman, Har­
ris' mentor when he earned a doc­
torate in 1963. 

Such fluorescence occurs when 
laser light passes through certain 
nonlinear crystals causing para­
metric (time varying) amplification 
or oscillation at two lower optical 
frequencies, often called the "sig­
nal'' and "idler" frequencies. 

Harris uses a weak (300 milli­
watt) c-w argon laser and beams 
it through a crystal of lithium nio­
bate 1 centimeter long that rests 
in a small open oven. The crystal 
is placed with its optic axis in its 
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face and parallel to the polariza­
tion of the incoming laser beam. 
The parametric fluorescence 
emerges from the crystal in a di­
rection parallel with the pumping 
laser and is orthogonally polarized. 

From red to green. Due to phase­
matching conditions, which require 
the pump, signal, and idler waves 
to travel at related velocities in the 
crystal, the wavelength of the fluo­
rescence is changed from deep red 
to green-blue as the crystal is 
heated from 100° and 350°C. 

The fluorescence occurs between 
5,400 and 6,600 angstrons . With 
the crystal temperature between 
75° and 100°, the emission is in 
the far red and between 100° and 
125°, plain red. As the tempera­
ture rises above 125°, the emission 
moves progressively toward the 
green. 

Because the outgoing beam is 
not a coherent oscillation but only 
an incoherent noise-light emission, 
it does not need a complicated set 
of aligning mirrors. Thou gh not 
coherent, it is one wavelength and 
fairly pure in color, and can be 
seen by using filters to protect the 
eye from the laser beam. 

Although the idea had lbeen 
around for six years , Harris was the 
first to demonstrate it. Surprisingly, 
it was easy to do. Harris said he set 
it up in four days after giving it a 
little thought. 

Military electronics 

Who goes there? 
After the Rome Air Development 
Center asked for intrusion detec­
tion devices for Vietnam, a flood 
of ideas and hardware poured in 

from 92 companies. The center has 
bought a number of devices to test 
here and in Vietnam. and will buy 
more. 

Weed and Seed. Almost any 
sensor Rome is testing gives more 
information when teamed with a 
second. One, for example, called 
W eed, a radar that uses a 5-foot 
whip antenna, will trip an alarm if 
an object comes within its range. 
But the unit can't tell whether 
it's an animal, a man , or a jeep. 
When the impedance of the an­
t enna's field is disturbed by the 
entry of a new object, a telemetry 
device radios the news to a moni­
tor. 

The unit, built by General Dy­
namics Corp. in San Diego, can 
detect an object the size of a man 
at 100 feet and a vehicle at 300. 

A seismic device is being teamed 
with W eed ; the combination is 
called Seed. With Seed an experi­
enced operator can tell the differ­
ence between the steps of a man 
and tl1ose of an animal; both are 
distinguishable from the steady 
shaking of a jeep . Two seismic de­
vices are being tes ted; one by Re­
search Inc. and one by Sandia 
Corp. The Sandia system stores 
information for later examination. 

Center stage. Two infrared sys­
tems under tes t show promise. 
When, for example, the lead man 
of a small group of Vietcong breaks 
an infrared pencil b eam trans­
mitted along the perimeter of a 
camp, a circle of Roman candles 
explodes. The intruders are on 
stage center with every light in the 
house turned on. 

One of the infrared systems is 
active, consisting of a transmitter 
pointed toward a receiver that will 
note the interrupted transmission 
and set off an alarm. The otl1er, a 
passive detector, consists of two 
receivers placed side by side that 
monitor nearly identical areas in 
the distance; a sudden disparity in 
heat between them sets off an 
alarm. Two receivers are used in­
stead of one to avoid false alarms 
caused by natural changes such as 
the sun's going behind a cloud, 
rainfall, or other normal phe­
nomena that would affect both 
areas in the same way. 

The active device is built by 
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If your blip is a blooper, 
you'll kno-w it in 10 seconds. 

Once you start using Polaroid Land 
film, you'll wonder how you and your 
oscilloscope ever got along without 
it. 

In 10 seconds, you get an on-the­
spot record. You can study it, attach 
it to a report, send it as a test record 
along with a product shipment, or 
file it for future reference. 

You have a choice of 5 films for 
oscilloscope recording. 

The standard film has an A.S.A. 
equivalent rating of 3000. You can get 
it both in pack film [Type 107] and 
roll film [Type 47]. They both give 
you 8 pictures 31/.i x 4 V4 inches. This 
emulsion is also available in 4 x 5 
sheets [Type 57]. 

And for extremely high-speed oscil­
loscope recording. there's Polaroid 
PolaScope Land film [a roll film, Type 
410]. 

It has an A.S.A. equivalent rating 
of 10,000. It can discover traces too 

fleeting for the human eye: such as 
a scintillation pulse with a rise time 
of less than 3 nanoseconds. 

Because these films are so sensi­
tive, you can use small camera aper­
tures and low-intensity settings. Every 
shot is a sharp, high-contrast image 
that's easy to read. 

To put these films to work on your 
scope, you need a camera equipped 
with a Polaroid Land Camera Back. 

Most oscilloscope camera manu­
facturers have one. 

For instance: Analab, BNK Associ­
ates, Coleman Engineering, EG&G, 
Fairchild, General Atronics, Hewlett­
Packard and Tektronix. 

You can get the full story by writ­
ing to Polaroid Corporation, Techni­
cal Sales Department, Cambridge. 
Massachusetts 02139 [or directly to 
the manufacturers mentioned above]. 

About the only thing we can't tell 
you is how to keep your blips from 
being bloopers. 

"Polaroid" and "PolaScope" ® 

Polaroid Land Film for Oscilloscope Trace Recording. 



Model 632A 

SOLID STATE NOISE GENERATORS 
Model 602A 5 Hz to 5 mHz, 3 Ranges $ 360 
Model 603A 5 Hz to 5 mHz, 3 Ranges $ 545 
Model 610A 5 Hz to 5 mHz, 8 Ranges $1 ,275 
Model 632A Two outputs DC to 

400 Hz and 10 Hz to 35 kHz ...... $2,595 
Series 624 (Fixed frequency) 5 Hz to 500 kHz 
$270 to $600. Write for details on frequency 
ranges and spectral flatness. 

NOISE GENERATOR CARDS 
Series 3600 . . .. ... $144 to $409 
Various frequency ranges and ou tput flatness 
available. Write for details. 

VACUUM TUBE NOISE GENERATORS 
Model 301A DC to 40 Hz ...... .... $2,195 
Model 311A Two outputs DC to 

40 Hz and 10 Hz to 20 kHz ...... , $2,595 
Model 312A Two outputs DC to 

120 Hz and 10 Hz to 20 kHz ...... $2,695 
Model 321A DC to 120 Hz ... ...... $2,295 
Model 331A 10 Hz to 20 kHz .. . .... $1,395 

ENCAPSULATED NOISE SOURCE MODULES 
Series 1600 ..... . ... $95 to $350 
Various frequency ranges and output flatness 
available . Write for details. 

For a more complete listing of Elgenco noise 
generators, write for short form catalog. 

DEMONSTRATOR MODELS AVAILABLE 
See EEM or Write for Name of Nearest Rep. 
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Santa Barbara Research Center, a 
division of Hughes Aircraft Co. ; 
the passive system by Barnes En­
gineering Co. 

Sensors. To check on the reac­
tion of the infrared set, several 
more sensors could be used. A 
magnetic strip, developed by 
Honeywell Inc., can be buried un­
der ground to detect metal passed 
above it. Or a pressure device can 
measure the approximate weight of 
the object pressing down on it. 
This sensor consists of an ordi­
nary garden hose, filled with water, 
buried in soft dirt. When someone 
steps on the hose, the pressure 
change is measured by a trans­
ducer and converted to an elec­
trical signal which is transmitted 
by wire or radio to the guard on 
duty. 

Rome is tes ting an acoustic re­
ceiver that is tuned to receive only 
ultrasonic frequencies made by a 
man brushing past foliage or 
rustling through weeds. The de­
vice, built by Westinghouse Elec­
tric Corp., was sponsored by the 
Army Limited War Laboratory at 
Aberdeen Proving Ground, Md. 

Two personnel detection radars 
are being tested at Rome now. One 
is a two-pound radar built by the 
Radio Corp. of America with a 
500-meter range for people and 
1,500 meters for a vehicle. The 
other is a jeep-mounted version of 
the AN/ PPs-5 radar, built by Air­
borne Instrument Laboratories, a 
division of Cutler-Hammer Corp. 
The PPS-5 detects personnel at 
.5,000 feet and a vehicle at 10,000 
feet. 

Industrial electronics 

Going commercial 

The U.S . invitation-which may 
eventually go to foreign ships-to 
use the avy's navigation satellite 
w ill open a $50 million market for 
the shipboard receivers. 

The satellite system, launched in 
1964 as Transit, was designed to 
sharpen the navigational fixes of 

submarines carrying Polaris ballis­
tic missiles. Under the U.S. pro­
posal, it will be available to fix the 
positions of survey ships, tankers, 
freighters , and oceanographic re­
search vessels. 

Unless other companies get into 
the receiver field quickly, sales 
will be divided among Magnavox, 
International Telephone & Tele­
graph , and Honeywell. 

Tooling up. The three have been 
primarily concerned with building 
military or research units in limited 
quantities, but they have also been 
preparing for heavy commercial 
sales. Depending on the size of 
production runs, a complete com­
mercial unit consis ting of a re­
ceiver data processor, and com­
puter may eventually sell for as 
little as $30,000-the current cost 
of military units without a com­
puter. 

Irr has already made the first 
commercial sale, delivering two 
units last week to a survey com­
pany that searches for undersea oil. 
And it is building units for a geo­
detic survey company and an oil 
concern . The company's main busi­
ness in this area, however, is still 
its contract with the Navy for 67 
units , two of which will go to the 

ational Aeronautical and Space 
Administration for range tracking 
ships. 

To date, Magnavox has built four 
versions for the Scripps Institution 
of Oceanography-two of which 
could be marketed commercially, 
the company says. 

Honeywell hasn ' t built a com­
mercial unit yet, but in October it 
will deliver an 18-pound airborne 
unit to the Applied Physics Labora­
tory of Johns Hopkins University, 
where the entire satellite system 
was designed. The airborne sys­
tem, Honeywell says, could also 
be used on ships, and w ill be suit­
able for commercial use. All three 
companies use silicon transis tors, 
integrated circuits, and d iode 
switching. 

Opening floodgates. The over­
seas market is expected to be good. 
Since the two navigation satellites 
in the system went up in 1964, 
Magnavox and ITT have been be­
sieged with reques ts from West 
Germany, Britain, and France for 

Electronics I August 7 , 1967 

,. 

.. 



Sotne .of our FETS 
are tttne too's" 

Sotne of our FETS 
arettme only's" 

(THREE NEW JEDEC TYPES FOR LOW NOISE AT LOW FREQUENCY) 

'Our "me too's,,-include lhe 2N3823 and 
2N4416, the industry's very popular, high 
performance, n-channel junction FETs. 
They're in everybody's line, including ours. 

But our "me only's" are something spe­
cial; they have lower noise-at low fre­
quency-than any n-channel junction FET 
in the entire JEDEC list. They are avail­
able now-from stock-at volume prices. 

If you need a really low noise, high gain 
FET for low frequency applications, you 
need our 2N5105. It has an equivalent noise 
voltage of only 40 nV/VHz at 10 Hz and 
transconductance of 5,000 to 10,000 µmhos. 

It's ideal for small signal circuits from 
lOHz to 200MHz: 
• Low level operational amplifiers 
•High impedance instrument inputs 

(scope/voltmeter probes, recorder pickups) 
• IF and RF linear stages 
•Wideband amplifiers 

As a group, the 2N5103, 2N5104 and 
2N5105 have the highest figure of merit 
(gm/loss) of all n-channel junction FETs 
available today, whether high or low fre­
quency. And all three offer low feedback 
capacity, low input capacity, and small 
leakage currents. 

KEY PARAMETERS: AMPEREX "ME ONLY" N-CHANNEL, JUNCTION FET'S0 

CHARACTERISTICS SYMBOL 2N5103 2N5104 2N5105 UNITS 

EQUIVALENT 
eN 

100 50 40 nV/VHz 
NOISE VOLTAGE @lOHz @lOHz @10 Hz 

TRANSCONDUCTANCE I Yi. I Min. 2000 3500 5000 
AT lKHz Max. 8000 7500 10,000 µmhos 

DRAIN TO SOURCE loss Min. 1.0 2.0 5.0 
CURRENT Max. 8.0 6.0 15.0 

mA 

INPUT CAPACITY ciss Max. 1 1 1 pf 

FEEDBACK CAP A CITY crss Max. 5 5 5 pf 
-

*In T0-72 

!For complete data and application!!' assistance on Amperex n -channel junction FE Ts, 
write: Amperex Electronic Corporation, Semiconductor and Receiving Tube Division, 

Department 371, Slatersville, Rhode Island 02876, 

Ampere» 
Xomorrow's Thinking In Today's Products· 
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lh" shank 
SOLID 
CARBIDE 
DRILLS 

PCB-I 
AIR 
BEARING 
SPINDLES 

sizes 
from #80 
to 1/s" ... 

ALL with l/s" 
shank rigidity. 
For unequalled 

drilling precision and 
feeds up to 15 feet per 

minute! No drill jig 
bushings required. 

UP TO 
150,000 RPM 

SPINDLE SPEED 

Absolutely vibration free ..• 
spindle shaft literally "floats" on air 
film . • • no ball bearings, no metal· 
to-metal contact. Eliminates all har­
monics. Creates the truest running 
drill spindle ever made. Air turbine or 
electric high frequency driven. 

SOLID CARBIDE 
DIAMOND CUT 
ROUTERS For the 

smoothest finish 
in routing . • . any 

material or plastic· 
metal laminate. 

Choice of end styles 
including drill point. 

Take the proved solid carbide advan­
tages of rigidity and wear resistance 
••• add the proved advantages of Metal 
Removal tool design and precision ••• 
to give you problem-free produdion in 
circuit board drilling and routing. 

Write for Catalogs. 

THE METAL REMOVAL COMPANY 
1859 W. Columbia Ave., Chicago 60626 
Plants in Chicago • Los Angeles • San Juan 

MASTER TOOL AND WHEEL 
MAKERS FOR THE WORLD 
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shipboard units. But because the 
system was " military," they 
couldn' t sell to fo reign customers. 
Now that the lid may be taken off, 
a further flood of requests is ex­
pected from abroad. 

Japan, however, may not be one 
of the buyers. According to the 
Japanese government's science and 
technology agency, the surface gear 
needed to work with the avy's 
satellites is too expensive. Japan 
currently plans to put up a satellite 
of its own in the spring of 1971 to 
test communications or navigation 
concepts. If the cost of receivers 
for the U.S. system drops much 
more, these plans could change. 

Medical electronics 

New wave 

Since their inception, monitors for 
medical electronic systems have 
been built around conventional 
large-screen oscilloscopes that dis­
play low-frequency electrocardio­
graphic (EKG) tracings as a train 
of waves. Each heartbeat is typi­
cally represented as four, five, or 
six waves chasing across the screen 
in succession . Comparing one mov­
ing wave with another is no easy 
task, and doctors generally com­
plain that no rhythm shifts but 
those gross enough to cause heart­
rate changes can be detected. 

Now a small medical electronics 
firm in ew York, Datascope Corp., 
has developed a scope monitor, 
called the Carditron , that displays 
only one complete cycle of a pa­
tient's E KG, not five or six. Each 
cycle is "painted" over the one 
before it, so that even the slightest 
change in the waveform can be 
easily detected. 

Life and death. This feature 
could save lives. Early detection is 
essential in the case of such prob­
lems as ventricular fibrillation, 
where the heart beats out of con­
trol. 

Conventional scope monitors 
don't provide this heart rate data; 
for such information the doctor 
must turn to a heart rate meter, 

Handy meter. Checking the heart. 

which averages many heartbeats. 
The Carditron , on the other h and, 
performs the job itself by measur­
ing intervals between peaks of a 
patient's EKG; the peaks chosen are 
called R ·waves, typically the 
larges t in a complex EKG signal. 

To synchronize the scope to the 
heartbeat, the Carditron's sensing 
circuitry reacts to the prominent 
R wave. When an R wave is de­
tected , a delay gate is generated, 
initiating a sweep . The trailing 
edge of this gate terminates the 
sweep and triggers a new one. 

Complete picture. The delay gate 
also crea tes a window for the T 
wave, a waveform that generally 
follows the R wave, so that the 
entire EKG complex can appear in 
the correct physiological sequence. 
The delay ga te is adjustable from 
0.15 to 0.5 second to accommodate 
the range of the T wave. 

Aside from b eing easy to read, 
the single wave can be displayed 
on a scope with a very small dia­
meter-1112 inches in the Carditron. 
The whole unit measures about 15 
cubic inches, weighs only 3% 
pounds and consumes about 7 
watts; this compares with the con-
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That's Bendix reliability! 
Designed for a minimum life of 12 months, the first 
Bendix AT052 acoustic transponder was still oper­
ating well within limits after 48 months of uninter­
rupted service. That's 35 ,064 hours without failure. 
Associated sh ipboard equipment installed on July 
16, 1963 has proven equally reliable. Similar results 
are being obtained with other AT052 transponders, 

. ' .. 

some of which operate at depths to 20,000 feet. 

A wide variety of acoustic transponder systems are 
available for accurate ship positioning in survey and 
salvage work and for oil well position markers. 

Please write Electrodynamics Division, The Bendix 
Corporation, North Hollywood, California 91605. 

Oceanics 

Attend WESCON and visit the Electrodynamics Booth 2815 
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••• In conductive plastic and wire wound 
precision potentiometers bY BLISS-GAMEWELL 

Higher and even higher standards of performance at competitive prices are 
being demanded of your electroni c designs. How do your precision potentiom­
eters stack up under these requirements? We believe they become almost a 
necessity. With Gamewell, you specify exactly what you want , no more and no 
less . We offer a comprehensive line of conductive plastic elements , pots in 
rotary and translatory styles - with resistance values to 100 k. ohms and 
accuracy as fine as 0 .05%. We also manufacture wire wound types in metal 
and plastic cases . Rotary units vary from 'l's inch to 5 inches. Linear and non­
linear outputs to meet your requirements. Gamewell pots are tough! Depend ­
able! And remarkably precise! In most cases, they actually cost less when all 
is considered, than so-called " economy" types . Worried CIJSTllll'RECISlllPlllflllllfJERS 
about choice? Send for our ... 

52 

FREE - NEW COLOR. CATALOG 
. , . which gives complete details of our capabi lities 
and facilities. Let your pot requirements take a turn 
for the better. Call your local Gamewell representat ive 
today, or write to Bliss-Gamewell, 1305 Chestnut 
Street, Newton, Mass. 02164. 

. '. 

I: J ! f iJ ii'l"i GAMEWELL I 
A D I VISION OF THEE . W . BLISS COMPANY 

FIRST .•• WHEN PRECISION COUNTS! 
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ventional scope's volume of more 
than 1,500 cubic inches, weight of 
about 25 pounds, and consumption 
of 100 watts. 

For the record 

What's new? Everyone knows it, 
and now the Federal Power Com­
mission has said it: computers 
cou ld help prevent electric power 
fai lures like the Northeastern black­
out of Nov. 9, 1965. In its report 
on th e blackout, the FPC urges the 
power industry to use computers 
for more than accounting. 

Space travelers. Joseph F. Shea, 
manager of the Apollo space pr(')­
gram office at the Manned Space­
craft Center in Houston at .the time 
of the Cape Kennedy fire that killed 
three astronauts, has joined the 
Polaroid Corp. in Cambridge, 
Mass. , as a vice president. \Valter 
D. Smith has been appointed gen­
eral manager of Martin Marietta's 
Apoll o applications program. 

Last word. A 1,206-foot antenna 
is getting final tests as a focal point 
of the nation's last-ditch-survival 
communications system. The tower, 
in the Mojave Desert at Hawes, 
Calif. , is atop the first of four trans­
mit-receive stations for the 487L 
very-low-frequency net·work, capa­
ble of communication through nu­
clear fallout during and after an 
attack. Others are being built in 
Nebraska, Pu erto Rico , and Vir­
ginia. Also, there will be 200 re­
ceive-only sites that can be reached 
by the fixed stations or flying com­
mand posts. 

Happy landing. The Army has 
awarded Airborne Instruments 
Laboratory a $635,732 contract to 
develop a rnanpack tactical landing 
system. To be called A-SCAN. the 
system will use technology already 
developed for AIL's Flarescan series 
of landing systems . 

Tooling up. Transitron Electric 
Corp. is readying a full line of off­
the-shelf linear re's. The company, 
heretofore a large supplier of digi­
tal re's, plans to offer operational 
amplifiers , differential amplifiers, 
and comparators. Also planned are 
complex linear re's , including dual 
analog circuits and sense ampli­
fiers. 
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low cost 

~olitron's IT§(())}U __ 
T.M. 

NPN SILICON TRANSISTORS 
PAT. PENDING 

PMJYE TNEl~NltlH IEl/AlllRY! 

COLLECTOR 

Initial customer response to Solitron's ISOLTAXIAL 
NPN Silicon Transistors has proven the wide ac­
ceptance of these devices for h"igh reliability appli­
cations. Their special construction innovations and 
processing techniques have resulted in a combina­
tion of high secondary breakdown resistance and 
low leakages never before achieved. As shown in 
the cross-sectional drawing, the key is in the planar 
surface and the uniform base. Available in a T0-3 or 
T0-61 case, the ISOL T AXIAL may be used in power 
supplies, audio amplifiers, inverters, converters, 
relay drivers and series regulators. 

ISOLTAXIAL 
(Oxide Passivated Single Diffused Transistor) 

REFERENCE INDEX 
1. Aluminum Leads 
2. Aluminum Metalization for low contact 

resistance 
3. Ultrasonic Bonded (aluminum to 

aluminum) 
4. Silicon Dioxide Passivated (low leakage) 
5. Uniform Base Concentration for high 

secondary breakdown 
6. Gold-Silicon Eutectic for permanent 

mounting 
7. Moly Pedestal silver brazed to nickel 

plated copper package for improved 
thermal expansion matching 

All types include these specifications: 

Gain 20-60 @ 5 A 
VcE (satl 0.5 V Max. @ 5 A 

VBE (sat) 1.2 V Max. @ 5 A 
ft. 1.0 MHz Min. 

Type Pkg. Type Pkg. DESIGN LIMITS PERFORMANCE SPECS. 
Number Size Number Size 

BV CBO VcEo BV EBO I CEX <k v CE 
(SUS) 

Volts Volts Volts (VEB = l.5V) 

Min. Min. Min. µA (Max.) Volts 

SDT9801 T0-3 SDT9901 T0-61 60 40 12 100 40 

SDT9802 T0-3 SDT9902 T0-61 80 60 12 100 60 

SDT9803 T0-3 SDT9903 T0-61 100 80 12 100 80 

SDT9804 T0-3 SDT9904 T0-61 120 100 12 100 100 

Dial 1-800-327-3243 for a "No Charge" telephone call and further information 

Eflolitron DEVICES, INC. 
1177 BLUE HERON BLVD. I RIVIERA BEACH, FLORIDA / (305) 848 ·4311 I TWX: (510) 952 -6676 
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"Bulldog" Marshall 
spends another disappointing day 
with Super-Mercury. 

Marshall? He's the crankiest of the 
Twelve Cranks on Pleasant Avenue. One 
of the extra-picky grumps at Trygon 
Power Supplies who feels good all over 
only when he can pick something off our 
production line and shriek, " Hey! This 
is no % # &¢@# good!" 

So far, he's had problems with our 
Super-Mercury series. Because there 
haven 't been any problems. 

The Super-Mercury is a ·brand new 
series of fully programmable, wide range 
power supplies-the new generation of 
the industry-accepted, field-proven 
Trygon Mercury Series. And Marshall 
and friends make sure that the new 
Super-Mercuries maintain Constant 
Voltage / Constant Current with precision 
performance from 0 to 160 volts, and up 
to 100 amps. Panel heights range from 

3V2 to 10 V2 inches .. 005 % regulation 
and 0.015 % stability are standard 
(.005 % stability optional). Total ripple 
and noise is less than lmv rms and 1 Omv 
P-P (to lOMHz). 

Master- slave tracking, automatic load 
share paralleling and dozens of other fea­
tures make Super-Mercury make sense 
for you. And we'll guarantee that the 
only person who's ever disappointed is 
"Bulldog." How many shall we send? 

Trygon Power Supplie;f 

MODEL 

M3P 8-25 OV 
MSP 8-50 OV 
M7C 8-100 OV 
MSP lS-30 
MSC 15-50 
M7C lS-80 
MSP 36-15 
MSC 36-30 
M7C 40-50 
MSP 60-10 
MSC 60-15 
M7C 60-30 
MSC 160-5 
M7C 160-8 
MlOC 160-16 

\ 
\, 

\ 
\ 

, 

,lo 

VOLTS AMPS HEIGHT 

0-8 0-2S 31/2 
0-8 0-SO S 1/4 
0-8 0-100 7 
0-15 0-30 51/4 
0-15 0-50 51/4 
0-15 0-80 7 
0-36 0-lS Sl/4 
0-36 0-30 Sl/4 
0-40 0-SO 7 
0-60 0-10 S 1/4 
0-60 0-15 Sl/4 
0-60 0-30 7 
0-160 0-5 51/4 
0-160 0-8 7 
0-160 0-16 101/2 

Overvoltage Protect ion is available on all models. 
Most models slightly higher pri ced in Europe. 

PRICE 
W/METERS 

$S2S 
6SO 
99S 
660 
845 

12SO 
S7S 
690 
975 
645 
69S 

1070 
995 

12SO 
1550 

TR YGO N ELECTRONICS. INC .. 1 11 PLEASANT AVENUE, ROOSEVE LT, LONG ISLAND, NEW YORK 1 1575; TRYGON GMBH 8 MUNCHEN 60. HAIDELWEG 20, GE RMAN Y. 
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A TECHNICAL DIGEST FDR INNOVATORS OF CONSUMER EOUIPMENT 

Revolutionary 
advances 

In 
·electronic 

tubes 

Need 
Black Hawk 

capacitors 
in a hurry? 

Maximum 
energy product: 

7,000,000 gauss-oersteds 
with GE 

Alnico 5-7 

New 2-transistor 
Darlington amplifier 

costs as low as 35r 

COMPONENT 
CAPSULES 

"4+ 1" TUBE KIT IS DESIGNED TO 
HELP MAKE $50 TV SETS POSSIBLE 
Here, clearly, is the most economical and 
most compact black and white tube kit 
yet offered. Only 5 tubes are needed to 
perform al I necessary tube functi ons ex­
cept the tuner and picture tube. This new 
idea in electronic tubes is designed to help 
lower the price of monochrome set s. 

GE THICK-FILM MODULETRON . . . 
A BOLD NEW PACKAGING CONCEPT 
Up to 75% of the passive elements in your 
TV receiver can now be included with in 
this new compactron. Yet no circuit re­
design is necessary; active tube elements 
remain unchanged. The GE Moduletron 
may offer savings as high as 50% on pas­
sive elements and installation costs. 

Circle Number 90. Circle Number 91. 

II + 

Y-16078 178F11 Y-16998 33GY7A 18C2 
Takes passive elements off the circuit board 

and puts them inside the compactron 

Immediately 
available in 

volume 
quantities 

Now you can specify Black Hawk capacitors for immediate 
delivery in 7 different case sizes and in 5 different voltage 
ratings-SO, 100, 200, 400 and 600 VDC. Black Hawk capacitors 
feature molded encapsulation to provide a hard moisture­
resistant shell around the capacitor roll and strengthen the 
welded leads. Other advantages include extended foil con­
struction and very precise dimensions (±0.005). 

Circle Number 92. 

At 7,000,000 minimum gauss-oersteds, Alnico 5-7 gives 
you a 25% increase over conventional Alnico 5 ... per­
mits either greater magnetic performance in the same 
size material, or equal performance in a smaller and 
lighter magnet. High-energy premium priced Aln ico 5-7 
is excellent for applications requiring superior perform­
ance such as high-density meter movements, large de 
motors and sophisticated speakers. GE engineers will 
gladly help you discover how to make the most efficient 
use of its properties. Circle Number 93. 800 700 600 500 400 300 200 100 0 ° 

Oemainetizina: force H {oersteds) 

Demagnetization vs. energy 
output 

•• = 
Actual Size 

Use GE's new D16P NPN device (in monolithic structure) to 
simplify your audio amplifier circuits in pre-amps for phono­
graphs and tape recorders. One D16P actually costs less than 
its discrete counterpart in these applications-two 2N3394's. 
D~6P's provide single stage input imP.edance over 2 megohms 
with a 6-to-1 voltage gain at negligible distortion (less than 
0.1 %). For more information. Circle Number 94. 
*In lots of 1 ,000 and up 

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS 
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE. 

285-33 

GENERALfj ELECTRIC 
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Thal·s the Ll\[ 201. Our iww, low pri cPtl 

Op ,-\mp des igned as a limited temperature 

range replacement for the 709. 

lL 1rns Bob Dugan who discoYe rcd the 

market for this one. He sa id that mu could 

rca 11 y use a 101 type Op Amp 1rith a 
0 ° lo 70° range. If, of roursc, it sold for 

mu ch, much less than the LM 101. It docs. 

And th e pin configuration 's the same as 

the 709, so no need to change PC hoards. 

Tlw rn!nirnum 15,000 voltage gain ran he 
compensated by onl y one 30 pF ca1xwilor. 

The -+- 30V differential input range 

JOpf 

INVERTING AMPLIFIER 
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reduces your chance of burnout from 
OYerload. It also has a class-B output-with 
continuous short-circuit protectiqn - giving 
at least a -+- lOV output swing with a 2Kn 
load. And, operation's specified from +5V 
to +20V, with power dissipation less 
than 100 mW at -+- 20V supplies . 

Sound familiar? 
In spite of the low price, we'll also 

guarantee: 7.5m V offset voltage, 500 nA 
offset current and a -+- 12V common mode 
range. 

Ready? So are our distributors. They're 
delivering 1-24 at $13.10; 25-99 at $10.50 
and 100-999 at $8.80. That's National 
Semiconductor Corporation, 2090 San 
Ysidro Way, Santa Clara, California 95051 
(408) 245-4320. 

National Semiconductor 
Electronics I August 7, 1967 

Cheap son-ofa-101 market discoverer, Dugan . 
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Stake AMPMODU* posts to P. C. boards. Solder or 
wire by automation. Mount receptacles in any 
position, vertical or horizontal, even in 
a housing or crimped to a wire. Plug modules 
together. Test. Examine. Replug. Utter simplicity. 
For computers, TV, electronic organs, military 
electronics, industrial controls-anyside up­
anywhere circuit modules need stacking. 
*Trademark of AMP Incorporated 

PUT YOUR IDEAS INTO ACTION WI TH THE HELP OF AMP ENGIN EERING ... WORLOWI OE. AM p 



IJ FREON®is the 
"high-priced"cleaning agent 
••. how come it saves IBM 
$19,000 a year? 

In their new East Fishkill plant near 
Poughkeepsie, N.Y.,where IBM makes 
microminiature circuits for their new­
est lines of computers, System/360, 
engineers made this discovery: 

They could save big money by 
spending more forthe cleaning agent 
used to decontaminate stainless· 
steel beakers. 

These steel beakers are used in 
the process of manufacturing semi · 
conductors ... and they must be com­
pletely free of contamination or be 
rejected. This care is vital because 

each beaker holds a wafer that is 
later made into a transistor. The 
slightest degree of contamination to 
the wafer makes it unusable. 

The former 3-step method-water 
ultrasonic , acetone, hot plate­
required 6 minutes for each step. 
Even then , a sizable number of 
beakers was rejected. When the East 
Fishkill plant switched to FREON ·:· , 
cleaning time decreased 30% and re· 
jections were cut to 5%. Overall labor 
was reduced from 27 to 13 hours. 
Annual savings totaled $19,000. 

One way FREON saves money is 
by combining cleaning and drying­
formerly two operations- into one. 
Another way is through the re-use of 
FREON many times a day. Even at 
the end of a workday, FREON is still 

free from contamination. The former 
cleaning a2ent was contaminated 
after one use. 

How much can FREON, the "high· 
priced" cleaning agent, save you? 
Your first step in finding out is to 
write: Du Pont Co., Room 5296, Wil· 
mington, Del. 19898. (In Europe, 
write: Du Pont de Nemours lnterna· 
tional S.A., FREON Products Div., 
81 route de l'Aire, CH 1211 Geneva 
24, Switzerland .) 

FREON® 
solvents 

~ 
Better Things for Better Living 

• •. through Chemistry 

• ou Pont registered trademark for its fluorocarbon cleaning agent. 
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A high-power signal generator 
• Wavering signals may cut the ice in certain Alpine applications. But 

there 's no place for them in the r-f test and measurement laboratory. 
There you'll want rock-steady signals from a stable source of r-f power 
-the kind of performance you 'd get with a Sierra Series 470A High· 
Power Signal Generator. 

The four Sierra 470A's deliver signals at selectable frequencies 
through 2.5 GHz with ultra-reliable all -solid-state circuits. (Exception: 

• The final output tube, a standard type, that can be changed in 30 
seconds.) Power outputs range from around 70 watts at 400 MHz to 
15 watts at 2 .5 GHz. You can monitor power output plus grid and 
cathode currents on direct-reading front -panel meters. All units incor· 
porate automatic no-load, underload protection. Prices are lower than 
you might expect at $2 ,495 (for coverage of 200-500 MHz or 470-
1000 MHz) , $2,775 (1000-1800 MHz), and $3 ,300 (1800-2500 
MHz). 

One call to Sierra will produce an echoing avalanche of relevant 
data and information. Or write Sierra/Philco, 3885 Bohannon Drive, 
Menlo Park, California 94025. 

.. . Four others from Sierra 

I PHILCO,. 
PHILCO-FORD CORPORATION 
S ierra Electronic Operation 
Menlo Park, Cal ifornia • 94025 
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Now available from Norden Analog and digital 
microcircuits with Glastrate dielectric isolation 
NM 1032 General purpose 

amplifier 
NM 1038 Driver switch 
NM 4013 RS Flip flop 
NM 4014 Dual 4-input clocked 

DTL NAND/ NOR gate 
NM 4015 Dual 4-input DTL 

NAND/ NOR gate 
NM 4016 Driver amplifier 
NM 4017 7-input clock DTL 

NAND/ NOR gate 
NM 4018 Triple high-leve l DTL 

NAND gate 

Norden announces off-the-shelf availability of high-performance, dielectri­
cally isolated analog and digital microcircuits produced to Minuteman speci­
fi cations, guaranteeing you highest quality and reliability. 

Norden's G/astrate process of dielectric isolation reduces leakage current 
and capacitance to substrate, prevents unwanted PNP action, eliminates 
"latching," and improves radiation resistance. 

If you have special circuit design problems, use Norden's NM 3025 
Master Dice Breadboard . Circuit interconnections can be made to your 
requirements, and your new circuit can be tested in a matter of days. 

For more information about Norden's off-the-shelf circuits , or custom 
circuit service, write to Microcircuits Department, Norden Division of United 
Aircraft Corporation, Norwalk, Conn. 06856, Phone (203) 838-4471, TWX 
NWLK 21. u Norden 01v1s10N oF UNITED AIRCRAFT coRPORATION 

See us at WESCON, East Exhibit Hall, Booths 4901-4904. NORWALK, CONNECTICUT R 
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Precision housed power 
wirewounds from Dale meet 
your power requirements with ease! 
When circuit design calls for mounting to or 
through the chassis - specify Dale RH or PH 
housed wirewounds. In a range from 5 to 250 watts 
they give you bonus capacity to handle any power 
or stability problem. And they are available in 
precision tolerances down to .05%. 
In chassis-mounted styles the RH Series offers 
two choices within MIL-R-18546D dimensions: 
(1 ) Full power operation 25% to 108% above mil 
levels. (2) Derating to mil levels for exceptional 
long- term stability. 

Dale's patented PH Series is also made to MIL-R-
18546 specifications but offers the versatility of 
through-chassis mounting. Both double and single 
terminals are available. Single terminal models 
have non-inductive winding to allow fast cycle 
time. For faster assembly, particularly in modules, 
they are designed to ground through the housing 
to the chassis. 
For mounting to or through the chassis, you have 
a choice of 12 standard RH and PH models plus 
dozens of easily-produced special variations. 

For prompt delivery: Phone 402-564-3131 

DALE 

For more information: Turn the page 

TOTAL CAPABILITY IN 
PRECISION RESISTANCE 

DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebraska 

In Canada : Dale Electronics Canada, Ltd . 



QUICK REFERENCE GUIDE 
PRECISION HOUSED WIREWOUND RESISTORS 

TYPE RH 
CHASSIS MOUNT 

• Six models, 5 - 250 watts 

• Exceeds MIL-R-185460 for high 
stability at conventional ratings 

• All models available with non­
inductive winding (Type NH) 

• Screw mounts on chassis 

• Flat marking surface on top for 
easy iden t ification 

RH RESISTOR SPECIFICATIONS 
RH-250 

DALE EQUIV. DALE Mil. RESISTANCE STANDARD 
TYPE Mil. TYPE RATING* RATING RANGE (OHMS) HEAT SINK 

RH-5 RE-60 7.5 (5) 5 .l - 24K 4x6x2x.040 

RH-10 RE-65 12.5 (10) 10 . l - 47K Alum inum Chassis 

RH-25 RE-70 25 20 .l - 95K 5x7x2x.040 
Aluminum Chassis 

RH-50 RE-75 50 30 .l - 273K 12xl2x.059 
Aluminum Panel 

RH-100 RE-77 100 75 .l - 50K 12xl2x.125 

RH-250 RE-80 250 120 .l - 75K Aluminum Panel 

TYPE PH 
THROUGH-CHASSIS MOUNT 

• Six models, 10 - 100 watts 

• Versatile terminal arrangements 

• Non-inductive models available 
(PH-10-5, PH-25-8) 

• Patented design 

Mounting Information: Non -inductive 
models. PH-10-5, PH-25-8 need only one 
connection since housing grounds to chas­
sis. Others require two connections as 
shown. 

PH RESISTOR SPECIFICAT IONS 

DALE RESISTANCE RANGES (OHMS) 
DALE RATING• 
TYPE WATTS .05%, .1 %, .25% .5%,1%, 3% 

PH-10-1 10 1 to 12.7K .lto47.1K 

PH-10-5 10 .5 to 6.3K .1 to 23.5K 

PH-25 25 .5 to 25.7K .1 to 95.2K 

PH -25-8 25 .25 to 12.8K .1 to 47 .7K 

PH-50 50 3 to 52K .lto75K 

PH-100 100 5 to 35K .1 to 50K 

PH-100 

STANDARD 
HEAT SINK 

4x6x2x.040 
Aluminum Chassis 

5x7x2x.040 
Aluminum Chassis 

12xl2x.1 25 
Aluminum Panel 

RH-100 RH-50 RH-25 RH-10 RH-5 

Electrical & Environmental Specifications 

Tolerance: .05%, .10%, .25%, .5%, 1 %, 3% 

Load Life: 1% max . ..:i.R (RH-5 - 50) 3% max.ilR 
(RH -100 - 250) in 1000-hour load life. 

Operating Temperature: - 55°C to +275°C 

Overload: ± .5% max . ..:i. R per MIL-R-18546D 

* Power Rating based on 275°C max. internal hotspot temperature with 
resistor mounted on standard heat sink. Figures in parentheses indicate 
wattage printed on RH -5 and RH -10. New construction allows higher 
ratings as shown. but these resistors will be printed with the higher 
rating only on customer request. 

PH-50 PH-25 PH-25-8 PH-10-5 PH-10-1 

Electrical & Environmental Specifications 

Temperature Coefficient: +50 PPM + 30 PPM + 20 PPM 
depending on value a

0

nd toleranc
0

e 

Operating Temperature: - 55' C to +275' C 

Construction: Extruded aluminum housing with steatite or alumina 
core and tinned Copperweld or 180 alloy terminals, 
depending on physical size. Covered by U.S. Patents. 

' Power Rating based on 275°C max. internal hotspot temperature 
with resistor mounted on standard heat sink. 

For complete information circle 181, or call DALE, Columbus, Nebr. 402-564-3131 
Literature available: 

• CATALOG A lthe complete Dale resistor line) REV s -66 

• CATALOG B (Wirewound Trimmer & Precision Pots) REV. 4-66 

DALE ELECTRONICS, INC. 
1300 28th Ave., Columbus, Nebr. 68601 

In Canada: Dale Electronics Canada, Ltd. 



Bypassed for job 

as science overseer, 

Commerce aide quits 

Price tag may slow 

airlines' satellite 

Congress may plug 

X-ray leakage 

Army wants radar 

within 18 months 

to find enemy guns 
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Washington Newsletter 
August 7, 1967 

Chalmers W. Sherwin, who as number two man was considered most 
likely to succeed J. Herbert Hollomon as assistant secretary of Commerce 
heading up science and technology [Electronics, June 12, p. 47] has quit 
the Government because he didn't. Sherwin comments, ''I've been a 
Democrat for a long time but I'm not enthusiastic about going back to 
work for the government." 

Having bypassed Sherwin, the Commerce Department is having 
trouble filling the post. It has named Allen V. Astin, director of the 
National Bureau of Standards, to take over Hollomon's duties tem­
porarily. Astin, who wants to get back to his old job as soon as he can, 
isn't expected to embark on anything new or make any significant 
changes. 

High costs threaten to scuttle plans to launch a satellite for relaying vhf 
communications from transoceanic airliners by 1970. Stopped once before 
by technical and cost problems, the Communications Satellite Corp. 
promises a "firm systems proposal" to the FAA in the immediate future 
to meet the latest target date. But a Comsat official admits there are still 
"basic issues to be resolved." 

As far as the FAA is concerned, the only issue is cost. The agency is 
still reeling from a Comsat proposal earlier this year pricing such com­
munication services at $5 million per channel per year; the FAA told 
Comsat it was not interested at that price. To make matters worse, one 
FAA official says current estimates from hardware makers are even 
higher. 

Three Congressional probes this month on excessive X-ray leakage are 
likely to produce more than scare headlines. Insiders consider it probable 
that the hearings-triggered by the Surgeon General's appeal to find 
9,000 unaccounted-for GE television sets that might be unsafe-will 
result in legislation. A new law could direct the Public Health Service 
to set and enforce radiation safety standards, or could establish a Na­
tional Commission for Product Safety. 

Tests on 185 shunt regulator tubes (6EF4 and 6LC6), the types used 
in the recalled GE sets, showed that 77% produced X rays above the safe 
level of 0.05 milliroentgens an hour. The faulty tubes emitted from 500 to, 
in one case, more than 50,000 milliroentgens an hour. 

The Army, which still hasn't been able to get what it wants in a mortar­
locating radar despite a top-priority R&D program, is now seeking a 
quick solution to a much tougher problem. The service will request 
industry proposals for the first-ever system to pinpoint enemy artillery 
and rocket batteries; further it wants the system in Vietnam in 18 months. 

The simpler task of quickly detecting enemy mortar locations has long 
defied designers despite the arching trajectory of the shells. One reason: 
no 360° radar. With a field of less than 25°, as in the AN/ MPQ-4A 
counter-mortar system, radar can't get a good fix until three or four 
rounds have been fired. A new system with 360° radar, the AN/TPQ-28, 
is still in the development stage. 
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So far, so good 

for AWACS radar 

Big city cops 

want more air 

Westinghouse bid 

for torpedo order 

boosted by tests 

Pentagon may try 

to bar awards 

on bids below cost 

Congress weighs 

arms credit curbs 
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Washington Newsletter 

Tests to date, including Hight tests that began last month, have satisfied 
the Air Force that the overland surveillance radar technique, now being 
considered for the airborne warning and control system (AW ACS), is 
feasible. The advantage of overland radar is that it will reject ground 
clutter and reflection. The feasibility tests cover radars from four com­
panies: Hughes, GE, Raytheon, and Westinghouse. The Westinghouse 
version began flight tests in July on an EC-121 piston craft; tests of the 
Raytheon and Hughes systems will start this month. The GE system, 
which is also feeding data to the test, is being flown on an E2A Hawkeye. 
Once all the data is in, the Air Force will write the proposal package 
for the AW ACS radar, which is aimed at detecting and tracking low­
flying aircraft. Boeing and Douglas are now in a runoff for AW ACS and 
the winner will be selected in about a year. The prime contractor then 
will conduct a competition to build the A WACS radar. 

Watch for a major push by police departments of riot-tom U.S. cities to 
get more radio frequency space. At a meeting in Toronto this month, 
the Associated Public Safety Communications Officers will ask its 1,800 
members to cite riot problems in appealing to Congressmen to press 
for FCC action. Says an official of the group: ''The FCC realizes some­
thing must be done, but it won't do anything." Police have their eye on 
the ultrahigh-frequency television spectrum and the lower channels in 
the very-high-frequency tv spectrum. 

Westinghouse is feeling better about its chances to get the production 
contract for the Mark 48 torpedo. The company's development of the top­
priority, wire-guided torpedo ran into such severe technical and man­
agerial problems earlier that the Navy named the Clevite Corp. to 
develop a backup model [Electronics, July 10, p. 45]. But late last month, 
the Westinghouse model went through a successful series of Navy tests 
at Keyport, Wash., according to an in-house memo circulated among 
top Westinghouse executives. 

The Pentagon may tighten contract regulations in an attempt to eliminate 
awards to companies that bid at less than anticipated cost. Some firms 
do this with the intention of making up the loss on subsequent orders of 
the same system. Consideration of the change is prompted by an angry 
report from a House Armed Services subcommittee that the Army 
bungled in awarding a contract for light observation helicopters to the 
Hughes Tool Co. Hughes admits it bid below cost but says it hoped to 
make up the difference on civilian sales. 

One outcome of the Arab-Israeli war may be a U.S. clampdown on arms 
credit to underdeveloped nations. Congressional critics of easy credit 
terms are pushing hard for tighter controls. Such a move would hit the 
electronics industry's pocketbook hardest in the area of missile and air­
craft equipment sales. 

In the past two years, 14 countries have purchased weapons on credit. 
And in the last six years, one-third of the $12 billion in arms exports has 
been sold on the cuff. Sales to the Middle East, Africa, and Asia could be 
crippled by a credit squeeze. 
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AIRPAX 
ELECTROMAGNETIC 
TIME-DELAY 
CIRCUIT 
PROTECTORS 
SERIES 
APL 

Sensitive - trip levels as 
low as 50 milliamperes 

Rugged - withstand shocks of 
50 g while operating 

Powerful - trip levels as high as 
50A at 50 v de or 250 v ac 

Reliable - rated for at least 
10,000 operations 

Stable - trip level unaffected by 
ambient temperature or past 
current history 

Safe - handle is trip free so that a 
protector cannot be manually held 
closed in presence of overload 

Versatile - instantaneous trip 
for protection of sensitive cir­
cuits - time delays of normal 
surges without tripping 

Adaptable - units can be stacked 
for mechanical interlock, auxili­
ary contacts permit remote elec­
trical interlocking and signalling 

Dependable -designed and 
manufactured by Ai rpax 

AIRPAX ELECTRONICS, Cambridge, Md. 21613 
Phone 301 228-4600 • TWX 710 865-9655 • TELEX 8-7715 
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Microwave Drive Power 
Tung-Sol Electron Multiplier Tubes employ secon­

dary emission multiplication to provide power suitable 

for driving microwave devices such as traveling wave 

tubes, lasers and hydrogen thyratrons. Operating 

from negligible input power, the tubes produce a posi­

tive or negative-going peak output pulse of up to 1000 

volts at 4 amps. Output rise time is less than 10 nano­

seconds. Total delay is under 20 nanoseconds. Write 

for complete information. Tung-Sol Division, Wagner 

Electric Corporation, One Summer Avenue, Newark, 

New Jersey 07104. 
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TYPICAL O P ERATION 

5-STAGE 2-STAGE 
TYPES TYPES 

8455 B 4 2B CT1527A 

Peak Pulse Output Voltage 1000v 600v 50v 

Peak Pulse Output Current 4A 4A 1A 

Peak Pulse Output Power 4.0kw 2.4kw 50w 

Average Output Power 40w 24w 

TUNG·SO[ 
ELECT RON MULTIPLIER TUBES 
®REG IS TERED TRA DEMARK WAGNER ELECTRIC CORPORATION 
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MAllNmc SH/Ell/NII 
Two Miles of Shielding in the 
Stanford Linear Accelerator 

Arnold can handle any magnetic shielding requirement ... from CRT 
shields to shielding the full two mile length of the Stanford Linear Accelera · 
tor. Mumetal , 4750 and 4-79 Mo-Permalloy is stocked in quantity to meet 
any demand . Fabricating facilities include a high speed 750 ton hydropress 
and other capacity presses from 4 to 100 tons for high production work. 
Modern furnaces anneal shields in a dry hydrogen atmosphere to obtain 
maximum permeabilities for each material. 

Arnold is also • Permanent Magnets • •Tape Wound Cores • Bobbin 
Cores • MPP Cores • Iron Powder Cores • Electrical Alloy Transformer 
Laminations • Transformer Cans & Hardware • Sitectron Cores • Special 
Magnetic Materials 

Write for Catalog PD-122A 

THI AIN<M.0 INGINHllNG COMPANY, Ma"' OfflC" MAREH C.0 , Ill 

llAHCH OfffCfS orttf lf,ltESENJAOVES "' 'RtHCIPAl CmES 
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Thank goodness we have 
competition in 

miniature power regulation. 

Now we can say we're 
No.1 

But more important - now yov can say it: 
Because we were first to enable you to build a 

precision power supply in minutes - using any 
DC power source. 

And because now we've gone ahead and upped 
your capability 104 times. 

You can choose from · 104 different super /reg® 
precision miniature regulators - both shunt and 
series versions. Just connect rough DC from what­
ever source you have - semi-filtered, half-wave 
rectified transformer output, or even a battery -
you get instant precision DC power where you need 
it: at the load itself. 

Each super/reg power regulator is uniquely de-

Circle 70 on reader service card 

signed for maximum heat transfer and power-han­
dling ability. Ultra-compact configurations provide 
maximum flexibility over a wide range of voltage 
levels. Point-of-load installation eliminates distri­
bution-line losses and cross-talk. 

Write for complete data sheets and applications 
bulletins. 

Make us prove our # 1 claim - we'll be happy 
to do it 104 ways. ~~ 

~ 
Trio Laboratories, Inc. , New Ideas in Power Sources from 

Plainview,L.I.,N.Y. 11803. ,...---·----:-;----- .. ® 

Tel :(516)681-0400. l~_:-:•.i.<;>1c.::~ 
~-·-- ... --···-·-·---
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1 ;LV Full Scale 
10 t<Hz to 30 MHz 

Wave Analyzer 

TYPE USVH 

SELECTIVE MICROVOLT/ AMMETER 

FEA TURES: 
• Wide frequency range covers 

10 kHz-30 MHz 
• Measure Voltage: 1 µ V to l V, f .s.d. 

(-118 dB to + 2 dB) 
• Measure Current: Clip-on current 

probe (optional, 0.1 - 30 MHz) 
1µA to 1 A, f.s.d. 

• Dynamic Range: 60 dB 
• Fine Frequency Adjustment: 

± 2.5 kHz 

• Selectable Bandwidth: 500 & 
5000 Hz 

• Noise Level: 0.5µV 
• Input Impedances: 50, 60, 75, 150, 

soon and 500k!1 11 20 pf High impe­
dance probe available. 

• Internal reference makes unit self. 
calibrating. 

• Demodulated phone output. 

• Economically priced. 

TYPICAL SELECTIVITY 
TYPE USVH 

BANDWIDTH 500 Hz 

d B 
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TYP'? USVH Select ive Microvolt / ammeter 
is continuously tunable over the wide 
frequency range of 10 kHz to 30 MHz. 
High sensit ivity and selectivity are out­
standing features of this superhetero­
dyne receiver with d irect readings in 
vol ts and decibels. Voltage measuring 
range covers from lµV to 1 V f .s.d. with 
an accuracy of ± 3% referred to 1 MHz 
& 1 V. Measurements can be made to 
0.25p..V. Frequency response is ± 0.5 dB 
from 20 kHzl- 10 MHz, and ± 1.0 dB 
from 10-20 kHz and 10·30 MHz. Type 
USVH also can be used for selective 
current measurements using Clip-On 
Current Probe, BN 150013. Inst rument 
features selectable bandwidth of 500 & 
5000 Hz, and provides six switchable 
input frequencies. 

Applications Include: 
• 30 MHz Wave Analyzer 
• Attenuation and frequency response 

measurements on networks up to 
140 dB . 

• Null ind icator for high frequency 
bridges 

• Measurements of RF distortion as low 
as - 60 dB 

• Inter-Channel cross-talk attenuat ion 
measurements on carrier systems 

ROHDE & SCHWARZ Get The Extra Ca pabi l ity, 
Greate r Reliab i l ity, and 
Longer Useful Life Of . . • 111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 • 201 - 773-8010 

Inqui ries outside the U.S.A. should be made to: Rohde & Schwarz, Muehldoristrasse 15, Munchen 8, West Germany. 
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Quality Need Not Be Expensive 
Some people would have you believe that to buy the 

best, you must pay the most. This is not necessarily 
true. Price is only a measure of value-never a substi­
tute for it. 

At Stackpole, the real value of any resistor is deter­
mined by a combination of its performance record and 
its price. Perhaps this is why so many of our customers 
continue to specify Stackpole resistors year after year 
to maintain top performance for established products 
and for their new ones, too. Such confidence and loyalty 
cannot be based on price alone. 

Uniformity has become the accepted characteristic of 
Stackpole resistors. Unique production methods, coupled 
with in-depth experience in manufacturing and testing 
are your assurance that Stackpole resistors will give you 
absolute performance. The resistors you order today will 
be identical in every way to your last order. 

Most leading manufacturers of electronic equipment 
have long recognized Stackpole resistors for reliability. 

Circle 294 on reader service card 

Wheth er it be the rugged demands of portable television 
or the crit ical tolerances of space age communication 
and tracking equipment, Stackpole resistors deliver the 
performance you expect- the kind of dependability that 
builds a reputation for your products. 

Why continue to pay a premium fo r qua I ity? Let us 
prove that you get value from Stackpole. Quality re­
sistors, economically priced, are delive-red promptly and 
backed up by our complete corporate fa ci lity. Next time, 
specify Stackpole. There's a family of tine resistors 
available in sizes of 2, 1, 1/2 and 1,1,i watts. For samples 
and additional information, write: Stackpole Carbon Com­
pany, Electronic Components Division, Kane, Pa. Phone: 
814-837-7000 - TWX: 510-695-8404. 

f(} STACltPOlE 
ELECTRONIC COMPONENTS OIVISION 

.. OU R 60th YEAR .. 
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Polarad modular microwave signal in­
st ruments offer you new flexibility. Build 
the system you need now, rearrange or 
add new modules later. 

Choose from 12 modules. Signal gen­
erators and sources cover a 0.95 to 11 
GHz range. Doublers obtain frequencies 
to 21 GHz. Frequency stabilizers and a 
common modulator are available too. 
Rack, stack, or interchange in minutes. 

Performance? Closely regulated power 
supplies, -+- 0.5% digital frequency 
readout accuracy, bimetallic cavity sta­
bilization and other features assure low­
est drift and incidental AM and FM, 
greatest freedom from spurious signal s. 

Polarad Signal Modules include: 

Signal Generators Frequency-GHz 
1105 ... . .. . ....... .• . . . . 0.95 to 2.4 
1106 . . . ..... ... .... ..... 2.0 to 4.6 
1107 ......... ..... . .. . .. 3.8 to 8.2 
1108 .. .. .. .. ....... . .... 6.95to11.0 

Signal Sources 
1205 .................... 0.95 to 2.4 
1206 . ... . .. ..... ...... .. 1.95 to 4.2 
1207 . . . . ..... .. . .. ..... . 3.8 to 8.2 
1208 . ... ... ............. 6.95 to11 .0 

Frequency Doublers 
1509 ............ .. .... . . 10.0 to 15 .5 
1510 . .... . .... .. .. . . . .. . 15.0 to21.0 

use these Polarad instruments 
as an extended range 

Other Instruments 
1001 .................... Modulator 
3815 . . . . . ....... Frequency Stabilizer 

Let your Polarad field engineer dem­
onstrate the flexibility and performance 
of these modular microwave instruments, 
and prove their economy too. Call him 
directly or contact Polarad Electronic 
Instruments, 34-02 Queens Boulevard, 
Long Island City, N . Y. 11101 . Tele­
phone : (212 ) 392-4500. 

.,.,, fri'·• 
Visit our booths 3101 and 3102 at Wescon 

pulse modulated signal generator today ... 
give them separate assignments tomorrow 



At whatever stage of your project you need 
a cabinet, your most reliable choice is EMCOR® 

Albany: 436-9649; Albuquerque: 265-7766; Alex-­
andria: 836-1800; Atlanta: 939-1674; Balt imore : 
727-1999; Binghamton : 723-9661; Bridgeport : 
368-4582; Chicago: 676-1100; Cleve land: 442-
8080; Dallas: 631-7450; Dayton: 298-7573; Del 
Mar: 454-2191; Denver: 934-5505; Detroit: 357· 
3700; Fort Laude rda le: 564-0000; Ft. Lee (No, 
N.J .): 944-1600; Ft. Walton Beach: 243-6424; 
Hou sto n: 526-2959; Huntsville : 539-6884: Indian• 
apolis: 356-4249; Kansas City: 444·-9494; Los An· 
ge les: 938-2073; Minneapolis: 545 -4481; New• 
port News: 245-8272; N.Y.C. area: 695-0082; Or• 
lando: 425-5505; Palo Alto: 968-8304; Philadel­
phia: 242-0150; Pittsburgh: 884-5515; Phoenix: 
273-1673; Rochester, N. Y.: 473-2115; St. Louis: 
647-4350; Seattle (Be llevu e) : 454-5224; Syracuse : 
471-7274; Tulsa: 742-4657; Utica: 732-3775; 
Valley Forge (So. N. J.): 265-5800; Wilming­
ton, Mass.: 944-3930; Winston-Salem: 725-5384. 
EMCOR Reg •. U.S. Pat. Off. 

When you start designing your system, 

it's also th e right time to think EMCOR 

cabinetry. Think how beautiful and 

precise the final package will look­

and plan ahead. 

But if time becomes vital, let EMCOR 

watch the clock for you. We've 

stepped-up production facilities to the 

EMCOR / distinguished cabinetry 

point where we can meet time dead­

lines head-on, and give you the same 

supe rb cabinetry in very short orde r. 

If you have time to plan ahead and 

orde r early, great. If you need quick 

servi ce, just ask us at EMCOR. 

Or call your local EMCOR Sales and 

Service Engineer lis ted on th e right. 

Ingersoll Products 1002west 1201h st., Chicago, 1mnois 60643 01v1 s10N oF eoRG-wARNER coRPoRAT101~ 

74 Circle 74 on reader service card 

electronic 
equipment 

Electronics I August 7, 1967 



GUARANTEED VALUES 2N3921 

TRACKING = 10µV/'C 
OFFSET = 5mV 
LEAKAGE =. 0.25 nA 
TRANSCONDUCTANCE = 1500 µmhos 
NOISE FIGURE=2.0db 

Until now, poor tracking was the price of high 
input impedance when using field effect tran­
sistors. No longer! Now Amelco's 2N3921 
matched FET Differential Amplifier is provid­
ing tracking better than 1Oµ,VI °C and input 
offset of less than 5mV. Best yet, the price for 
this outstanding performance is surprisingly 
low. And, if your requirements allow less strin­
gent temperature characteristics, the 2N3922 
with 251-tV / 0 c tracking is even Jess expensive. 

Prices 
2N3921 

2N3922 

1 - 99 
$26.50 
$18.50 

100 - 999 
$17.67 
$12.33 

AMELCO SEMICONDUCTOR 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P. 0 . Box 1030, 
Mountain View, California • Phone: (415) 968·9241 I TWX: (415) 969-9112 I Telex: 34-8416 • REGIONAL OFFICES : Southwest -
Suite 213, 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678·3146 • Northwest-1300 Terra Bella Ave ., Mountain View, California, (415) 968 ·9241 
East-P. 0 . Box 2091 , Paterson, New Jersey 07509, (201) 696-4747; P. 0 , Box 366, Kimberton , Pennsylvania 19442, (215) 885-1755 • Northeast-805 High 
Street, Westwood , Massachusetts, (617) 326·6600; 60 Broad Hollow Rd ., Mellville , l.1., N. Y. 11749, (516) 692 -4070 • Southeast-711 Magnolia Avenue, Orlando, 
Florida , (305) 423-5833 • Midwest-650 West Al gonquin Road , Des Plaines, Illinois, (312) 439-3250; 3020 Woodlark Lane, St, Paul, Minnesota, (612) 
646-1161 • Canada-Deskin Sales, Montreal, Quebec, (514) 384-1420. 
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Why does this Inductance 
Bridge have 27 controls, a 
meter ,and a cathode-ray tube? 

.. . .... ... . 
.... . ..... 

·- 1 .... . 

~ - ----='--'/ 

- • 
Because we've thought 
of everything. 

Our new TF 2702 answers any inductance analysis problem you are 
ever likely to meet ; it does more than any other bridge at any price­
and yet it costs only £490. A remarkably low price for the first true 
inductor analyser- both a self-contained low and medium current 
inductance bridge and the nucleus of a complete high-power 
inductor test assembly. 
Its inductance range (0.3 µ H to 21 ,000 henries) is twenty-one times 
wider than its nearest competitor's. It can be used at any frequency 
from 20 Hz to 20 kHz- internal frequencies: 10 kHz, 1 kHz, and 
50 Hz. And it switches to Maxwell or Hay configuration for 
equiva lent series or parallel inductance, with loss resistance 
indicated directly in ohms. 
The a.c. can be monitored, and d.c. bias appli ed directly into the 
bridge up to 0.5 amps- or up to 10 amps using our mixer unit 

TM 8339. 

Easy to Balance. Although its versatility is unequalled, TF 2702 
is easier to balance than any inductance bridge ever marketed. It 
has two detector systems-a cathode-ray tube display for search, 
and a tuned detector for final balance. The c.r.t. gives a positive 
indication of the direction of inductance unbalance, shows up iron 
distortion, and even tells you if the inductor is capacitive at the test 
frequency . Furthermore, the use of the reactance standard as the 
inductance -ba lance variable completely eliminates the inter­
dependance between the L and R balance controls that can make 
inductance measurement so tedious. There 's no "chasing the 
balance" with this bridge. 
If you 've grown to enjoy th e suspense of hit-or-miss methods of 
inductor analysis, TF 2702 will spoil your fun, but it will give you 
the right answer first go- with precisely controllable measuring 
conditions. Ask now for technical data. 

MARCONI 
111 Cedar Lane • Englewood, N. J. INSTRUMENTS Telephone : 201-567-0607 

Di1:ision of English ~'lcctric CorJJoration 

See us at WESCON - Booth 2619-20 
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King Radio needed: 
capacitors that stay reliable even 

with extreme cold, humidity 
and vibration. 

So King Radio chose: capacitors 
of ~~R·~~~~ 

Strict aircraft safety standards require 
the most reliable navigation equipment 
available. That's why King Radio Cor­
poration uses capacitors of MYLAR* 
for their Distance Measuring Equip­
ment. MYLAR can take temperature 
extremes from -60° to .+ l 50°C ; 
MYLAR remains constantly stable un­
der humid conditions. 

$ ou PONT ' S fl [O ISTtRED TlltAD EMARK FOR ITS POLYESTER ' ILM.' 

Electronics I August 7 , 1967 

But reliability 
isn't the only reason King Radio chose 
MYLAR. The extremely high dielectric 
strength of MYLAR permits its use in 
thinner film, thus helping King Radio 
to build the lightest and most com­
pact distance measuring unit on the 
market. MYLAR is available in films as 
thin as 15 gauge. 

And another reason why you will 
want to investigate using capacitors 
of MYLAR: they usually cost no more 
than others. Write for complete tech­
nical data to DuPont Company, Room 
4960A, Wilmington, Delaware 19898. 
(In Canada, for information write 
Du Pont of Canada Ltd. , Post Office 
Box 660, Montreal, Quebec.) 

~MYLAR® 
....... ... O'~ 
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Unit Citation 
We're honored I Not that we've won our 
crusade yet ... just another battle ribbon . 
A while back we scored a militaryvictorywith 
our Model 880, the first solid state Mil Spec 
counter. This time it's a fully-militarized 
5MHz all-silicon solid state universal counter. 
timer. Call it AN / USM-245, sir. 

There's a good reason you should be in­
terested . You see, the military model had its 
basic reliability well proved by our original 
commercial version, Model 607 A. Now 
there's the one for you! It offers more features 
and capabilities than even the Admirals 
asked for. And it's available on-the-double. 

Now hear this: Our lowest-bidder-type 
price is only $1,575. (Check that saving 
against our competitor I) Then check these 
features: Model 607A is ideal for wide-range 
frequency measurements, frequency ratio 
determinat ion, period and multiple period 
or time interval measurements, and pulse 
count totalizing. Time base is a 1 MHz 
crystal oscillator (for 1 microsec resolution). 
Display is six decade in line with display stor­
age. BCD output transfers directly to CMC 
Model 410 tape printer, computer systems, 
etc. Automatically positioned illuminated 
decimal. Either ac or de coupling of input 
signal. Front and rear A and B channel in· 
puts. Rugged, compact (approx. 3~· high). 
A vailable for bench or rack. 

THANKS 

With all our pride and excitement over 
our AN / USM-245 award, and other new. 
products, we haven't forgotten our fellow 
Crusaders who've made this success pos­
sible ... YOU. A FREE Crusading Engineers 
medal is our fun-loving way of saying thanks. 
Get yours !:Jy writing for data so you can 
"Check the Specs" of our 607 A. Your "chief" 
will be so proud of you at mail call! 

12981 Bradley / San Fernando, Cal ifornia 
Phone (213) 367-2161/TWX910-496-1487 

Compu ter Measurements Company is a Leading Designer and Manufacturer of Electronic Instrumentation to Count, Measure, and Control. 
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has 
superiorit~ 

eomple* 
J 

••• and why not? Any device selected from 

this complete proven line of Avalanche 

Silicon Rectifiers offers assured protec­

tion against voltage transients. 

Available from 750 MA-250 Amps. Volt· 

age from 100 to 1,000 Volts. 

Write For Literature 

Electronics I August 7, 1967 

SYNTRON COMPANY 
241 LEXINGTON AVE. • HOME CITY, PA. 15748 

TELEPHONE 412-479-8011 
Sales Representatives Coast-to-Coast 

67SR13 
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Think 
vertically. 

Get your 
functional 
circuit 
designs 
stacked 
in a 
Microcircuit 
PackT.M .. 
ready to 
mount. 

Wouldn't you like to see your breadboard 
model of functional circuits converted to a 
fully microelectronic module-ready to weld, 
solder, or plug in? Want a package with your pre­
ferred mix of semi-conductors, monolithic integrated 
circuits, thin-film and discrete devices ready to per­
form a number of system functions, either analog or 
digital-one that combines all the advantages of 
vertical, multilayer stacking, welded interconnec­
tions, hermetically-sealed enclosure, and uniform 
modular assembly? 

That's no pipe dream with Hamilton Standard's 
Microcircuit Pack technology. We can deliver a 
custom-built module of up to 15 ceramic wafers, 
pretested to meet your design, in either evaluation 
or production quantities. And it will cost far less than 
you would think. 

Actual size 

SEE US 
AT 

WESCON 

How? We have developed flexible, com­
puter-controlled methods of manufacture. We 

test each layer and each module step-by-step 
as we put it together. And we use electron-beam 

scribing, welding and sealing under ultraclean vac­
uum conditions. Results? Your packaged module is 
strong and reliable, will resist moisture and radia­
t ion, and will operate over a wide temperature range. 

Whatever your system requirements might be, 
investigate going to MicroCircuit Packs direct. Con­
sider all the in-between expenses you can save. For 
more information, price quotations, or assistance in 
component selection and system layout, contact the 
Marketing Manager, Electroni cs Departme nt, 
Hamilton Standard, Windsor Locks, Conn., 06096. 
Phone (203) 623-1621, ext. 2012 . TWX 710-
420-0586. 

Hamilton Standard u 
DIVISION OF UNITED AIRCRAFT CORPORATION 

A WINDSOR LOCKS, CONNECTICUT 
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Two 100-megawatt modulator waveforms 
can't indicate your best choice in a switch tube. 
But our unbiased advice can. 
That's because we're experts in 
both high-vacuum power tubes 
and hydrogen thyratrons for pulse 
modulation. So we play no favor­
ites when it comes to helping you 
with tube selection. In fact, we 
work directly from your particu­
lar application requirements in 
specifying or designing the right 
tube for the job. 

We're used to solving problems 
in existing systems, too. For exam­
ple, negative grid current in high­
vacuum power tubes. It was a 
characteristic that had been caus-

ing excessive equipment downtime 
in LORAN navigation transmitters 
... until we developed the Type 
F-1086 vacuum tube in which there 
is no negative grid current through­
out the operating range of the 
equipment. 

We've been just as busy in ce­
ramic hydrogen thyratron R&D. 
For Type 8479/KU-275A, we per­
fected a new keep-alive electrode. 
It allows the tube to switch up to 
100 megawatts and maintain less 
than 0.15 microseconds variation in 
anode delay time over a wide range 
of operating conditions. The result: 
a "repeatable" tube for the largest 
linear accelerators. 

By applying a new gradient tech­
nique from our F-1087 100-KV 
thyratron development, we are 
developing a tube that will have 
almost four times the current car­
rying capability as the KU-275A ... 
and with even greater voltage 
hold-off. 

And we're doing a lot more in 
the gas-and-power-tube field to 
benefit your design needs. Ask us 
for general information or specific 
answers. Write: Dept. EL, Electron 
Tube Division, International Tele­
phone and Telegraph Corporation, 
P.O. Box 100, Easton, Pa. 18043. 

ELECTRON TUBE ITT 
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Test these new 
cost-saving 
P&B relays 
in your circuits 

CU/KUP Socket 

CU Series 

Your local electronic parts distributor 
has them all for fast delivery 

RELIABLE SOLID STATE TIME DELAY 
RELAY FOR ONLY $12.50 
This new solid state time delay relay (CU Series) could 
be the biggest $12.50 relay value you' ve ever seen. Tim­
ing tolerance is ±5 %. Internal DPDT relay is rated at 
10 amperes. Fixed timing ranges : 10 and 120 seconds. 
Resistor adjustable ranges are 1to10 and 1to120 seconds. 

Both AC and DC models are available. Standard .187" 
quick-connect terminals are pierced for solder connec­
tions. A special socket permits plug-in convenience. 

FOR LOW COST, HIGH DENSITY PACKAGING 
High density relay packaging becomes a reality with 
the low profile, 1/5 cubic inch HP Series. Height above 
terminals is only 0.49". Mechanical life is 10 million 
operations minimum. 

The DPDT contacts are rated from low level to 2 
amperes at 30V DC resistive or 0.5 ampere maximum 
at 120V AC. Coil voltages range from 6V to 48V DC 
•.. with 12- and 24-volt models standard. 

COST-SAVINGS UP TO $2.40 
PER PLUG-IN R ELAY 
This versatile KUP relay can be a cost-saving answer 
to your plug-in relay problem. Save up to $2.40 each 
over similar relays with octal-type plugs. Get greater 
reliability, too. Relay has quick connect/solder terminals. 
Nylon socket (sold separately) rated for 10 amperes. 
One to three poles. Cover is heat and shock resistant 
Lexan. For DC or AC operation. 

REED RELAYS MAY REPLACE 
EXPENSIVE SOLID STATE DEVICES 
For applications where fast operate time, low power, high 
sensitivity, compact size and long life are required. 

Both JR standard size and JRM miniature reed relays 
are available in assemblies of 1 to 4 switches. In a stand­
ard range of coil voltages and various combinations of 
Forms A, B and C contact arrangements. 

These and 62 other basic relays are listed in Stock Catalog 100. Ask your distributor for your copy. 
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POTTER & BRUMFIELD 
Division of American Machine & Foundry Co., Princeton, Ind . 47570 
Export: AMF International, 261 Madison Ave., New York, N.Y. 10016 
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O/E/N IS QUALITY COMPONENTS 

We help you make it better. O/E/N products are used 
wherever circuitry has to perform precisely and depend­
ably. Wherever man or his machines go, from deep 
space to deep water, O/E/N products prove their relia­
bility daily, no matter what the conditions. 

Each year America's leading manufacturers come to 
O/E/N for an ever-growing variety of products for an 
ever-widening list of applications. Diverse though they 
may be, O/E/N products have one th:ng in common: 
EXCELLENCE. 

Engineering and manufacturing excellence have carved 
out a unique position for us in the fiercely competitive 

electronic components market. And they have made 
O/E/N a trusted name in leading industries of aerospace, 
computers, appliances, communications, industrial and 
other electronic controls. 

If your products use pushbuttons, rotary switches, rotary 
solenoids, TV tuners, indicator lights, quartz crystals, 
relays or thermostats, chances are quality components 
from such O/E/N companies as Oak Manufacturing, 
MCCoy Electronics, Marco-Oak and Hart Manufactur­
ing will help you make it better. 

For co mplete information about O/E/N, its facilities and 
its products, send for a copy of our Facilities & Capa­
biliti es Brochure. 

O/E/N OAK ELECTRD / NETICScoRP 
.._.......__ CORPORATE OFFICE 

CRYSTAL LAKE, ILLINOIS 60014 

COMMUNICATIONS AEROSPACE APPLIANCES COMPUTERS INDUSTRIAL CONTROLS 



'Quite a bit now. On a busy Friday afternoon, 
more than 2500 aircraft may be under Air 
Traffic Control nationally. In the next ten 
years that number is expected to double. 
Aircraft mix will range from small single 

·engine types to jumbo-jets and SST's. 
Helping to plan for and engineer the auto­
mated air traffic control systems to 
accommodate this spectacular growth of 
aviation is one of MITRE's missions 
and challenges. 

•NATIONAL AIRSPACE SYSTEM 
MITRE is currently augmenting its top-flight 
team of systems men in the suburban Wash­
ington, D.C. and Atlantic City, N.J. areas 

· where FAA's prototype Air Traffic Control 
systems are now under development. Their 

' mission: to provide the system engineering 
to the Federal Aviation Agency on the new 
National Airspace System - an air traffic 

. control system for the 1970's. Their job 
encompasses such technical areas as broad 
level system analysis, computer program 
analysis, system specifications, syst~m 
logical design and system test planning 
for design verillci.tion. 
Working on this projtct you would engage 
in such activities as : translating system 

·operational objectives into technical require· 
ments for the system's subsystems; syn­
thesizing the technical characteristics. of . 
equipment subsystems of ~a lance~ rel.iabil­
ity, and analyzing alternatives; rev1ewmg 
and analyzing, at the logic level, design sub-

' 

missions of system hardware contractor-s; 
conducting design optimization studies 
with respect to cost, reliability, and tech­
nical suitability; or synthesizing software 
designs for a multi-processing computer 
environment. 

COMMUNICATIONS SYSTEMS PLANNING 
AND DEVELOPMENT 
Among MITRE's current communicatio~s 
activities are included: conceptual design of 
new communications systems and analysis 
of their performance; analysis, investigation 
and development of advanced communica­
tion techniques; analysis and projection of 
Air Force tactical communications needs; 
and development of sophisticated simulation 
techniques for communications systems 
synthesis and evalution. 

Immediate staff and management level open ­
ings exist in Bedford for: Communications 
Engineers and System Analysts experienced 
in the systems analysis and design of com­
munications networks, modulation and sig­
nal processingtechniques, switching-sys­
tems and voice and data transmission; 
Operations Analysts with experience in 
simulation techniques and capable of estab­
lishing communications requirements and 
performing cost effectiveness trade-offs; 
Project Engineers for detailed engineering 
and specification of satellite communica­
tions systems; and specialists in airborne 
antenna and multiple access signal.process­
ing techniques. 

RADAR SYSTEMS AN~LYSIS 
Senior openings exist for candidates with 
experience in airborne radar, airborne an­
tennas, MTI systems or pulse compression. 
Work areas involve detailed analysis of 
proposed ·radar systems coupled with the 
analysis of several on-going data-taking 
activities. Included in these analyses are 
signal processing, clutter phenomenology 
and clutter measurements. Emphasis is on 
airborne radar. 

MITRE now has openings in Bedford, Massa­
chusetts; Washington, D.C.; Atlantic City, 
New Jersey; Houston, Texas; Eglin and 
Patrick Air Force Bases , Florida. 
If you have two or more years' experience 
and a degree in electronics, mathematics or 
physics, write in confidence to Vice Presi­
dent - Technical Operations, The MITRE 
Corporation, Box 208BC, Bedford, Massachu­
setts. Persons interested in Washington 
openings should write directly to Vice 
President - Washington Operations, The 
MITRE Corporation, P.O. Box 1202 BC, Bailey's 
Crossroads, Va . 22041. 

An Equal Opportunity Employer (M&Fl 

Formed in 1958 pioneer in the design and development of command and control systems ••• MITRE serves as technical advisor and systems ~ngineer 
for the Electronic Systems Division of the Air Force Systems Comman.d and provi des technical assis!a~ce t_o the Federal Aviation Administration , the 

. Department of Defense, the Department of Transportation and the National Aeron~utics and Space Admm1strat1on. 
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August 7 , 1967 I Highlights of this issue 

Technical Articles 

Overview: 
Linear integrated circuits 

page 88 

Laser brightens the picture 
for IC mask-making camera 

page 119 

Special report: 
Medical electronics, 

Part Ill, 
page 125 

Coming 

August 21 

~ircle 86 on reader service card 

Electronics _ _...... ...... ,_,..,,.,,~·-..-· ....... _,.. ___ ,,..,,.,..,.,,, 
The concept of integrated circuits has been 
accepted by most electronics engineers be­
cause they have been impressed by the 
success of digital microcircuits in com­
puters and military applications. Now, the 
use of tiny integrated circuits is spread­
ing to analog functions. In this overview 
article, the :first in a series on linear cir­
cuits , an examination is made of the po­

tential market, the approaches that suppliers are taking, the 
role of monolithic and hybrid circuits, the limitations of 
linear 1c's, and the ways to use them. On the cover is a high­
frequency ampli:6er, typical of the new linear circuits being 
introduced in increasing variety. It was fabricated by the 
Microelectronics division of the Philco-Ford Corp. 

For several years now, engineers have talked about the 
promise of the laser for making the masks that are needed 
to fabricate in tegrated circuits. The reason for the interest 
is the high resolution that a laser instrument would allow. 
This article describes a step-and-repeat camera that is con­
trolled by a laser interferometer. Its resolution is 600 lines 
per millimeter; its repeatability is 12.5 microinches. 

This final part of a special report on medical electronics 
explores three areas: 
6. Helping hands (p. 125). An examination of how electronic 
components and signal-processing techniques help build better 
prosthetic devices for amputees. 
7. Vigilant machines (p. 132). Electronic monitoring equip­
ment that can watch critically ill patients continuously has 
already dramatically reduced the mortality rate among such 
patients. The need is particularly crucial in the case of victims 
of heart attacks. 
8. More than an ounce of prevention (p. 134). The goal among 
one segment of doctors is to predict the onset of illness by 
repeatedly measuring certain important body variables and 
then comparing their values over months or years. The 
belief is that most illnesses do not happen suddenly, but 
build up over a period of time. 

•An examination of linear IC's: 
operational and differential amplifiers 

•Designing circuits to protect against radiation 

•A multiple winding choke simplifies filters 

•A new approach to antenna design 
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Line up. Inspection workers examine linear integrated circui ts prior to 
sealing and shipment at Westinghouse's Molecular Electronics plant. 

88 

Special report 

Linear integrated circuits are coming into their own and will affect 
every segment of the electronics industry. 

In this overview, the first in a comprehensive series on linear IC's, 
Electronics examines the market (page 89), the monolithic technology 
(page 100), the hybrid technology and the relation of linears to the rest 
of the IC world (page 107). Covered are the evolution of linear IC's, the 
shape of the market, product and merchandising trends, a profile sketch 
of the makers, and projections of linear growth into the 1970's. In 
addition, the article describes the how and why of linear IC design, 
compares the linear IC with competitive devices and networks, and 
demonstrates where they can be and should be used. 

Future reports will probe the integral parts of the linear IC spectrum 
-operational amplifiers, communications circuits, etc. 
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Integrated electronics I 

Scrambling for linear IC business 

Although the linear integrated circuit push has only begun, 

the growth rate exceeds that of digital IC's; as sales 

boom manufacturers jockey for position 

By Mark B. Leeds 
Solid st ate editor 

Asked about the boom in linear integrated circuits, 
an executive at Motorola Semiconductor Products 
Inc. replied : "Linears have arrived because the 
technology is sound, the pricing is economic for 
mos t users and there are more applioations for 
analog Ic' s than there are for digital. As the tech­
nology improves, cos t per fun ction will drop, new, 
mass-outlet markets will emerge, and I doubt if 
anyone will design a television set better and more 
economicall y using digit,al Ic' s." 

Thi s opinion refl ects the sentiment of the semi­
conduc tor indus try as it wa tches sales of linear 
Ic's expand a t rates higher than any other major 
semiconductor product. There will still be a place 
-and a large one-for digital Ic' s. Even the most 
optimistic prophets of linear IC achievement ex­
pect them to account for no more than 40% of total 
IC sales, with that peak percentage not occurring 
until the early 1970' s. 

Part of the success of linear integrated circuits 
is due to a recent, extensive merchandising effort 
by th e makers. Another fac tor is user acceptance 
of the IC concept, made possible by the digital IC. 
But in the main, linears are winning approval be­
cause they cost less than discrete semiconductor 
and vacuum tube networks in a wide variety of ap­
plications. 

Production and sales are up 

Production is up tenfold over last year, sales are 
climbing fas t and the average price per chip is 
down. Mass outlets h ave been defined and pene­
trated; the technology is already yielding products 
for fu r ther market conques ts; and makers are 
scrambling to increase their market share. 

Las t year digital IC' s dominated the microelec­
tronics scene; linears accounted for less than 20% 
of the total IC sales volume in dollars and about 
8% of the number of units sold. This year, linears 
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are accounting for 25% of the dollars and 10% of 
the units. 

Linear IC growth rates have risen to nearly triple 
that of digital units. In the fir st half of 1966, linear 
volume and sales were 600,000 pieces and $11.6 
million; for the same period in 1967, the figures 
are approaching 2,300,000 units and $25 million, 
increases of 350% and 106% , respectively. The 
comparable half-year figures for logic units show 
increases of 125% and 45% . 

E stimates of linear IC sales fo r 1968 indicate 
they'll hit $90 million ; by 1970, the volume may 
reach $155 million . Ben A. Jacob y, the Radio Corp. 
of America's marketing manager for Ic's, expects 
the volume to approach 150 million units a year 
by then, despite the fact that automotive and con­
sumer industr,ies won' t be using Ic's in large quan­
tities. And by the early 1970's, linear re's are ex­
pected to saturate these enormou s markets. 

The lines were drawn 

Just a fev.: years ago, the linear IC was not ac­
corded much of a chance to b ecome an equal work­
ing partner of the digital integrated circui t. Makers 
and would-be u sers doubted that linears would 
ever become widely used semiconductor products. 
Technological limitations, the marketing situation, 
and the specter of direct digital control (nnc) posed 
nearly insurmountable barriers; linears appeared 
des tined for special-purpose, small-volume appli­
ca tions . 

Technologically, it was said, lineiars couldn't 
provide the same electronic fun ctions as discrete 
semiconductor circuits and vacuum h1be netw orks. 
Passive elements were tough or imp ossible to 
fabrica te and were more cos tly than active ele­
ments; h igh-performance pnp devices to work with 
npn elements were costly and hard to make. 

There were other drawbacks. Signal-handling 
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levels in analog systems were too high for linear 
Ic's. Frequency n eeds were similarly too high. And 
how far could a linear IC go in the way of func­
tioning, with its innate d-c operation [see "Design 
ingenuity is the key to success," page 100] facing 
the biasing, £ltering, and other a-c requirements 
typical of analog applications? 

Logic Ic's had a ready-made market in the com­
puter industry which encouraged and awaited them. 
But linears were not equally sought after. The 
only high-volume es timates were b eing made for 
the automotive and consumer entertainment 
equipment markets-both extremely cost-con­
scious industries and both w'th little need for 
the $40 operational ampMiers that typified linear 
IC products. These industries wanted voltage regu­
la tors, sound-processing strips, audio drivers, and 
other basic Ic's-costing a dollar or two each. 

Linear IC development didn't get much help from 
the Government. Of the funds available, the lion's 
share went into digital Ic's . The small sums for 
linears went into microwave phased-arrays and 
other subsystems that couldn't easily be translated 
into industrial and consumer products. In industry, 
investment capital was already earmarked for logic 
Ic's and large-scale integration (LSI), so linear IC 
efforts were hamstrung. 

Additionally, experts were predicting the steady 
replacement of analog methods with direct digital 
control, so manufacturers held back on <analog prod­
uct improvements. 

Des·pite these portents of a small demand, analog 
Ic's have come on strong. Nearly every major tech­
nological limitation has been solved-in many cases 
by ingeniou s design. Linear Ic's costing under $2 
are on the market and the manufacturers of tv 
se ts and other consumer products have resis ted 
DDC; they're still using linear techniques. 

Consumer market ahead 

The bulk of tihe dollar volume until now has been 
for operational amplifiers and differential ampli­
fiers , largely because they can be used in a variety 
of applications. Signal-processing, signal genera­
tion, control, and instrumentation are but a few of 
the roles these Ic' s fill. 

While other linear types have enjoyed relatively 
small sales success, this picture is changing. Also, 
the overwhelming majority of Ic's-at least 75%, 
according to a Texas Instruments Incorporated 
spokesman-have thus far been for military and 
aerospace applications; indush·ial and consumer 
usage has been minimal. In the latter, instrumen­
tation engineers have used linear Ic's; makers of 
tv se ts , radios, and the like are evaluating them. 

Yet the semiconductor industry b elieves that by 
1970, linear IC success will b e shared by a number 
of different product types. Operational and differen­
tial amplifiers will still command a substantial 
share of the business, but communications circuits , 
units for computer periphery applications (sense 
amplifiers, interface networks, etc. ), Ic's for timing 
and control, and other types will b e widely used. 
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And by that time, the amount going for military 
and space sys tems is expected to be less than 50% 
of the total linear volume. 

Experts predict that by the early 1970's, the use 
of linear IC's in automotive and consumer products 
will outpace all other markets. Some 90% of the 
elech·onic functions in tv sets, radios , phonographs, 
recorders, and nearly all present electrical func­
tions in automobiles, as well as some new ones 
concerning safety and maintenance, will be per­
formed by linear Ic's-most of them complex, 
multifunction types. 

Linear Ic's are also going into applications for­
merly impractical with discrete components. In 
medical elech·onics, for example, new devices are 
small enough to b e implanted in the body. Coupled 
to appropriate transducers, such items as detec tors, 
amplifiers, and pulse generators-on tiny hybrid 
chips-will b e used for diagnosis and treatment. 

Follow the leader 

There is no clear-cut leader in sales or tech­
nology, but most makers grudgingly concede that 
Fairchild Semiconductor, a division of the Fair­
child Camera & Ins trument Corp., has probably 
sold more off-the-shelf monolithic linear Ic's than 
anybody else. The success of Fairchild is due 
mainly to its early introduction of a number of 
operational amplifier products and other low- and 
medium-£requency analog units. Almost universal 
in terms of application, these devices, with their 
attendant size, reliability, and cost-savings advan­
tages, initiated the linear IC success story. 

One, the µ.A709 premium operational amplifier, 
has established a dominance like that of the 2N697, 
the semiconductor industry's most popular transis­
tor. Today, nearly a dozen firms make 709-'type 
units, most of which are second-source items. These 
firms call their Ic's 1709, 809, SN52709, etc.-some 
use 709 prefixed by a letter identifying the maker. 
Others have recently introduced operational am­
plifiers-with claims of higher gain, less stringen t 

Definitions: drawing the lines 
To the electronics engineer, linear integrated cir­
cuits-also called analog Ic's-mean any Ic's that 
aren't digital. But that clear-cut definition becomes 
muddled; the application of analog Ic's is not al­
ways analog and linear Ic's often have nonlinear 
characteristics. The traditional straight-line rela­
tionship, y = mx + b, doesn't necessarily express 
the operation of all linear chips- good examples 
are logarithmic amplifiers and demodulators. 

The difference between digital and linear Ic's is 
this: the logic unit operates with a discontinuous 
response; the analog unit produces a continuous, 
proportional response. 

Jack G i.lford, manager of linear IC marketing at 
Fairchild Semiconductor, suggests that linear Ic's 
operating at frequencies below 10 Mhz be called 
analog types and those functioning at 10 Mhz and 
higher be called communication units. Acceptance 
of the terms may place them in the IC lexicon. 
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The IC sales picture: linears become a major shareholder 

DIG ITAL 

1965 TOTAL : 9.5 MILLION 1C
1
S 

72 MILLION 
( S198 MILL ION ) 

\ _____ 
8M ILLION 
(S5 2MILL ION) 

1967 TO TAL: 80 MILLION re's (ES TIMATED) 

275 MILL ION 75 MIL LION 
( S31 0 MILLI ON) ( S1 20M ILLION) 

\ J 

1969 TOTAL: 350 MILLION re's (EST.) 

27.7 MI L LIO N 
( S89MILLION) 

\ 

1966 TOTAL : 30 MILLION 1c's 

190 Ml LLION 
( S 240 MILLION) 

\ 
30 MILL ION 

/ ( S90MILLION) 

1968 TOTAL : 22 0 MILLION re's (EST.) 

370 Ml LLION 
( S 345 MILLION) 

\ 
110 MILLION 

(S155MILLION) 

/ 

1970 TOTAL: 4 80 MILL ION re's (EST. ) 

Pieces of the IC pie. Linear integrated circuits continue to chip away at the digital IC's. A few years ago linears 
accounted for less than 8 % of the number and less than 20 % of the dollar volumes of all IC's. This year t he 
respective qhunks will reach 10% and 22 %; by 1970, the linear portion is expect ed to account for 24% 
of the number sold and 31 % of the dollar volume. Why?-beoause mass-outlet markets have begun to realize that 
linear IC 's are t ech nically equal to and more economical than discrete component circuits. 
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Comparison of average prices 

Linear 
1965 
1966 
1967 
1968 
1969 
1970 

$25.06 
13.37 
7.50 
3.00 
1.60 
1.40 

(figures for 1968-1 970 are estimates) 

Digital 
$7.25 

4.33 
3.00 
1.50 
1.25 
1.08 

compensation needs, more bandwidth-and entire 
lines of specialized operahonal amplifiers, all in­
tended to chip away at the 709. Fairchild has re­
cently introduced linear Ic's for con umer applica­
tions, and plans to broaden its communication IC 
product lines. 

Substantial custom market 

Close behind Fairchild is Texas Instruments. 
TI has enjoyed its biggest success in the custom­
circuit market, particularly with military and aero­
space customers. Since custom linear IC sales ac­
count for 40% of all the units sold, TI had a healthy 
market to tap. During the last few months TI has 
added a dozen new linear Ic's to its product line, 
including general- and special-purpose operational 
amplifiers , high-frequency circuits, and basic com­
munications subsystems, of the monolithic and 
hybrid varieties, all off-the-shelf items. 

TI is also about to market dual-in-line, plastic­
packaged versions of the basic operational ampli­
fier series-types 702, 709, 710, and 711. The com­
pany has stockpiled large quantities of these items. 
Pricing will be 40% below existing cost structures, 
and both a military-temperature range version 
(-55° to + 125°C) and an industrial temperature 
range version (0 to 70°C) will be available. 

During the last nine months Motorola Inc.'s 

Slow start 
The first linear integrated circuits that were more 
than laboratory curiosities came from Texas Instru­
ments, which developed the very first IC, a flip-flop, 
back in 1959. The linears, along with digital units, 
were then called solid circuit semiconductor net­
works. Linear IC activity remained fairly dormant 
until 1962; then TI received a contract from the 
North American Aviation Inc.'s Autonetics division 
for linear IC's in the Air Force's Minuteman pro­
gram. It introduced the first off-the-shelf monolithic 
linear Ic's , series-52 devices , in December of 1962. 
These were operational amplifiers with npn and pnp 
transistor elements; the gain of each was a modest 
62 db and the half-power frequency point was 60 
kilohertz. 

The first linear Ic' s that were widely accepted, 
units that are now industry standards, were Fair­
child Semiconductor's µA700 family, launched in 
1965-in particular the 702 and 709. These ampli­
fiers parallel the prominence of the 2 '404 and 
2N697 bipolar transistors, kingpins of the discrete 
technology. More µA709 operational amplifiers have 
been sold than any other linear IC product. 
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Semiconductor Products division has pushed for­
ward with bread-and-butter linear circuits and some 
which advanced the state of the art. Among the 
former are operational amplifiers, audio amplifiers, 
sense amplifiers, and narrow-band amplifiern; in 
the latter are ultrahigh gain-ibandwidth types , r-f 
amplifiers, dual operational amplifiers, and com­
plex communications circuits. The firm has also 
won major contracts of several years duration, in­
cluding a multimillion dollar order from the General 
Dynamics Corp.'s Pomona division for linears for 
the Redeye [Electronics, Oct. 17, 1966, p. 77]. 

Other firms are making extensive efforts to cap­
ture large chunks of the expanding market. The 
General Electric Co., a relative latecomer to the 
field, is pushing linears harder than digital Ic's. 
The firm has introduced low-cost amplifiers, com­
munications circuits , and a variety of brand new 
types-such as Ic's for power control sys tems [Elec­
tronics, May 15, p. 26 and June 26, p. 10]. GE's 
big advantage is its strong position in industrial 
and consumer areas. GE engineers point to the 
company's new $7.5 million IC center in Syracuse 
as an example of the firm's resolve. T;l1e company 
has started an extensive effort to mechanize pro­
duction so it can also build low-cost hybrid linear 
1c's for mass markets. 

Communications thrust 

RcA's Electronic Components and Devices divi­
sion is considered the leader in linear Ic' s for com­
munications applications. Like GE, RCA is using 
linears as the spearhead of its integrated circuit 
activity. The firm isn't neglecting the operational 
and differential amplifier products either and has 
low-cost items in these and related areas , includ­
ing multifunction communication networks selling 
for under $2. 

RcA's current product line, ser.ies 3000, is one 
of the industry's largest, with 36 different items. 

At the Molecular Electronics division of the 
Westinghouse Elech·ic Corp.-in the game early 
and considered a technology leader-the strength 
thus far has b een in low- and medium-frequency 
amplifiers and associated circuitry. The firm had 
concentrated on serving military and aerospace 
needs, but is now shifting part of its emphasis 
to industrial and consumer quarters. vVestinghouse 
recently introduced Ic's containing scR elements for 
control applications . 

Product emphasis at Westinghouse has centered 
on medium-frequency operational amplifiers, gen­
eral-purpose differential amplifiers , preamplifiers, 
and audio amplifiers. The firm is extending its high­
frequency linear IC product line, and is currently 
developing complex communications types . 

The Microelectronics division of the Philco-Ford 
CMp. has been active in the communications area, 
particularly with high-frequency Ic's and products 
for c.:onsumer and auto applications [Elech·onics, 
May 1, p. 26 and July 10, p. 50]. It is also making 
operational and differential amplifiers on a second­
source basis. Philco-Ford's production during the 
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The outlook for linear IC's -
I . 

Type Market 

As of mid-1967, with annual sales of $50M 

As the 1960's close, with·total sales estimates pointing to $100M . 

By the early 1970's, when the expected sales volume will be $200M 

LEGEND 
OPERATIONAL AND DIFFERENTIAL 
AMPLIFIERS 

COMMUNICATIONS CIRCUITS, ALL 
TYPES (INCLUDING MUL Tl FUNCTION 
re's AND ASSOCIATED CIRCUITRY) 
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~ 

C3 

REGULATORS AND OTHER POWER 
CIRCUITS 

COMPUTER PERIPHERY 

TIMING AND CONTROL 
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Monolithics: ingenious pattern-makers meet the challenge . .. 

. . . with a new breed of tailor-made specials . .. 

Radio chip. Complex IC providing five signal-processing functions is used in commercial radio-receivers. Chip 
amplifies audio and i·f signals, provides age, detects envelopes, and has temperature-stabilizing network. Sony 
engineers developed the unit rather than use three or four commercial IC 's with one or two functions each. 

Power play. IC for driving-power devices such as 
thyristors, transistors, and relays, is capable of a-c line 
operation. The GE unit, type PA424, detects voltage, 
unbalances and generates timed, trigger-pulse outputs. 
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Citizen-soldier. Elaborate gain-control circuit can be used 
in both color-tv sets and radar i-f strips. Designed by 
Sprague Electric , var ia ble electronic attenuator works 
directly with IC amplifi ers to provide the age function . 
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.. and improved versions of standard IC types 

Wide screen. High-gain video amplifier from Tl is improved 
version of earlier wideband differential amplifier. The 
SN55ll 's stages have a three-octave spread in 
frequency breakpoints; additional elements on chip help 
maintain 30 db of gain over a 35-Mhz bandwidth. 
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Stable IC. Self-tracking preamplifier mitigates performance 
variations caused by temperature change. An offshoot 
of an earlier linear amplifier, this Fairchild µA726 
contains a two-stage feedback amplifier which senses chip 
temperature and regulates current supply accordingly. 

Universal IC. Wideband multistage circuit, 
RCA's CA3020, is outgrowth of simple 
audio-frequency differential amplifier. 
Modified chip contains additional stages 
and elements, and is configured for 
general -purpose applications. Unit may be 
used for communications, control , 
cable-driving , and even as a 
quasi-operational amplifier. 
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The hybrid IC world: sophisticated subsystems to economy packages 

Super card. Video-processing subsystem, a radar range gate filter, contains two complex IC's having about 
150 elements each. The 40-lead flatpacks, developed by GE Aerospace engineers, contain both monolithic and 
thin -film elements. The range gate filter consists of input, clutter rejection, amplifier, detector, integrator, 
and output circuits in a space less than one-sixth that of previous discrete semiconductor cards. 
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Active pattern. Monolithic dual common-emitter 
pairs provide the active functions in hybrids. 

Access to each of the four transistor elements 
gives users the option of any or all devices 

and bypassing of substandard units. 

Tv fade-in. IC combines diverse elements not 
mutually amenable to monolithic fabrication for use 
in television sets' f-m sound system. Tl developed 
this chip as a direct replacement for existing 
discrete and tube circuits. 
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first quarter of 1967 was up 15 times over the same 
period in 1966; through other divisions of the com­
pany, the Microelectronics division reaches the 
entertainment equipment market and the automo­
tive industry. The firm has developed some of the 
most complex monolithic linear IC's now available 
[Electronics , July 10, p. 50], and is working on a 
number of linear IC subsystems for the Government 
in radar and communications equipment. 

In the black 

The Signetics Corp. which boas•ts that its total 
rc effort , nearly all digital thus far, has already 
reached the profitable stage, is expanding its linear 
rc lines. It has plans for dual operational ampliBers, 
dual i-f and r-f amplifiers , and Ic' s for motor-control 
'and voltage regulation. Signetics currently makes 
a few operational and high-frequency amplifiers. 
The firm is also developing linear hybrids for 
Touch-Tone dialing, monolithic function generators, 
and interface circuitry for computer applications. 

The Norden division of the United Aircraft Corp. 
has been carving out a place in the linear IC field 
with premium-type products, particularly with high­
power handling units. The company has a number 
of Ic' s for applica tion s in the 10- to 40-watt area 
and has introduced basic operational and differen­
tial amplifiers and preamplifiers. Soon to be inh·o­
duced, says Eugene Tatom, engineering manager of 
the microcircuits department, are active filters, 
function generators, bigger and more sophisticated 
operational amplifiers , and linears for computer­
periphery applications. Among the latter are sense 
amplifiers , line receivers , analog-to-digital convert­
ers , and level shifters. 

The Raytheon Co. 's Semiconductor Devices divi­
sion, the Amelco Semiconductor division of Tele­
dyne Inc. , the Union Cal'bide Corp. , and the Sperry 
Semiconductor division of the Sperry Rand Corp., 
are concentrating on fundamental items-opera­
tional and differential amplifiers, and basic com­
munications circuits. Union Carbide and Sperry are 
both enlarging their hy;brid operations; the former 
is converting some operational amplifier modules 
'nto IC form. Amelco is selling operational and high­
frequency amplifiers , including sophisticated pre­
mium types as well as general-purpose units. Radi­
ation Inc. is concentrating on operational amplifiers 
-'premium types combining monolithic and thin­
film technologies, and with dielectric isolation . 
Amperex Elech·onics Corp. has evolved audio am­
plifier and preamplifier linear IC products. The firm 
intends to introduce operation al amplifiers this fall. 
General Inshi.1ment Corp. , a leader in the l\IOS 

technology, has developed hybrid linear opera­
tional amplifiers, and intends to expand into other 
product areas this year. 

Other makers moving in 

The Transitron Elech·onics Corp. already a siz­
able digital IC maker, just inh·oduced operational 
amplifiers, its first linear IC' s. According to R. Ed­
ward Shaut, IC product sales manager, the firm will 
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MOS analog array. Chip conta ining 230 MOS-transistor 
elem€nts, General In strument Corp.'s digital 
differential analyzer, performs such lin ear jobs 
as fun ction generation and analog computing . 

Ultracomplex array. More than 600 elements 
are crammed into the Plessey Co's linear array, including 
a 10-by-10 matrix of photodiodes and scores of 
MOS-transistor amplifiers. MOS input impedance levels 
approximate those of optoelectronic units, whereas 
bipolar impedances are orders of magnitude lower. 
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The operational amplifier: jack of all trades 

Versatility. More than a dozen major classes of applications are satisfied by operational amplifiers; users merely alter 
external feedback and coupling components for amplifying, switching, detecting, and other signal-processing needs. 

INSTRUMENTATION 

CONTROLS 

SIGNAL-CONDITIONING 

SIGNAL-PROCESSING AND GENERATION 

DATA PROCESSING AND DISPLAY 

AND ENERGY SYSTEMS 

Broad band. Operational amplifiers are used in many 
different types of major electronic equipment. Circuit 
applications include comparators, amplifiers, detectors, 
modulators, demodulators, multipliers and oscillators. 
The wide usage is possible because the high-gain , 
wideband amplifier is configured to perform virtually any 
electronic function that can be expressed mathematically 
as an impedance ratio. 

Kingpin. The most popular linear IC is the 709, a premium 
operational amplifier invented by Fairchild Semiconductor. 
Containing 14 transistors and 14 resistors, it has a gain 
of 45,000, an output swing of 14 volts, and accepts input 
signals as large as 10 volts. More 709's have been 
designed into linear systems than any other linear IC 
product-one reason why at least 12 IC makers 
manufacture it. This is Amelco's version . 
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market additional operational and differential am­
plifiers, comparators, and then dual versions of 
these items. 

audio units-aimed at the entertainment equipment 
market and for process control and instrumenta­
tion. The firm often prefers to tailor-make products, 
using compatible Ic's and special monolithics. Work 
is under way on triple operational amplifiers, ac­
tive filters , and optoelectronic arrays. 

The Sprague Electric Co. , which has just opened 
additional manufacturing facilities in Worcester, 
Mass. , sees more room for invention with linear 
Ic's than digital circuits. Devices like its integrated 
automatic gain control blocks and, perhaps, stand­
ard frequency (455 khz) i-f amplifiers will help 
move the company into the linear market. Hybrid 
circuits , made by a combination of film and mono­
lithic techniques, will be used for peripheral Ic's 
like sense amplifiers and d-a converters . 

Mullard has ·concentrated on Ic's for instrumen­
tation-operational, differential, and video ampli­
fi ers-and will encourage circuit development for 
radio, television, and telecommunications. 

By next year the Sylvania Electric Products Inc., 
a major suprplier of digital Ic's, expects to be in the 
field. Toughest markets to conquer, Sylvania be­
lieves, will be the automotive and appliance indus­
tries , primarily because of the problems in dissi­
pating heat and because a lower-cost package, yet 
undeveloped, is vital. 

Elsewhere abroad, electronics firm s have largely 
relied on U.S. imports for their linear IC needs . 
In West Germany at least 80% of the linears 
used are made in America. The Germans, in par­
ticular Valvo cmbH and Siemens AG, have been 
gearing up to manufacture linear Ic's for consumer 
products. They hope to dominate that part of the 
European market by late next year or early 1969. 

In Japan, linear IC activity has flourished. One 
firm, the Nippon Electric Co., had 1966 sales 
of some 57,000 monolithic Ic's and 90,000 hybrids ; 
most were used in communications equipment. 
Others, such as Hitachi Ltd. and the Mitsubishi 
Electric Corp., report more moderate achievements . 

Technology abroad abounds 

In Great Britain and Europe, technological 
achievement in linears isn't far behind that of the 
U.S. Firms such as the Plessey Co. and Mullard 
Ltd. have concentrated on linear Ic's, instead of 
digital units. Spokesmen at each company indicate 
that at least 60% of the IC effort has been devoted 
to linears to date. 

Plessey has developed analog and communica­
tions type linear products-operational amplifiers , 
wideband amplifiers, logarithmic amplifiers, and 

Now that volume outlets have been established, 
the percent of monolithics produced in Japan will 
be increased. Industrial and consumer markets are 
exp ected to absorb large quantities. Among the cir­
cuits on drawing boards are compat~ble operational 
amplifiers , drivers for power devices, high-fre­
quency amplifiers, servoresolvers, active filters, sig­
nal-generators , and instrumentation networks. 

Users think twice 

Equipment manufacturers switch 
to linear Ic' s from discrete circuits 
because of the promise of contin­
uous availability- at lower and 
lower prices- of standard circuits 
that can be used in many ways. 
Yet the transition is often accom­
panied by many complaints , and 
the need to review design methods. 

Among the users' concerns are: 
• Prices are still too high. Many 

makers say stock lines are limited 
and specials are overpriced. Some 
observers insist military grade lin­
ear prices must be slashed to a 
third of their present level. 

• H eat dissipation is a problem. 
In particular, if linear Ic's are to 
make serious inroads into the ap­
pliance and automotive markets, 
packages and packaging techniques 
must be refined to get rid of the 
heat. And the packages must be 
inexpensive. While plastic pack­
aged 1c' s are expected to help cut 
costs, their ability to operate in 
environments where temperature 
swings are broad remains in doubt. 
One large user has set up a 15-
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week test for plastic-packaged de­
vices during which they are cycled 
from -35°C to 75°C at 24 cycles 
per day, with power applied inter­
mittently. Ic's tested have exhib­
ited lead failures of 50% and more. 

Equipment makers who buy un­
cased chips-both 1c's and dis­
crete components-for use in hy­
brid circuits have these comments: 

• Better chip protection is 
needed. A high quality passivation 
layer such as silicon nitride is 
sought. In addition, chips must 
be mounted readily and reliably 
by techniques such as face bonding 
or beam leads. 

• Testing is inadequate. IC chips 
supplied to users, for example, are 
not tested sufficiently at temper­
ature extremes . One equipment 
maker suggests that it would be 
a simple matter for the vendor to 
elevate the temperature of the 
chips in an inert atmosphere and 
test them before shipping. 

• Greater ingenuity in device 
design is needed. Users want uni­
versal arrays of components that 
can be connected in many ways­
like thin-film resis tors on a ceramic 

subs trate with guaranteed resistor 
ratios and temperature coefficients , 
or multiple transistor arrays. 

Linear IC makers have been 
guilty of a few dark deeds that 
proved costly to customers. One 
changed sizes and metalization 
patterns of an IC amplifier chip 
without notifying the user who in­
tended to mount it in a ceramic 
substrate hybrid circuit designed 
to accommodate only the original 
version. In another case a user 
switched to an alternate supplier 
for an operational amplifier and 
had to modify the compensation 
networks to prevent oscillation. 

Some users are finding it neces­
sary to revamp their own circuit 
design organizations. Where in­
dividual circuit groups once serv­
iced each design engineering de­
partment in a company, one 
consolidated group may now serv­
ice several. Such users reason as 
follows: the best way to drive 
linear IC prices down is to get 
volume up. A central group can 
help by encouraging engineers to 
base equipment designs on a few 
standard integrated circuits. 
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Integrated electronics II 

Design ingenuity 
is the key to success 

Clever and resou rceful eng ineering of linear IC's overcomes 

technologica l barr iers once considered insurmountable 

Resourceful design engineers can take the bows for 
much of the success of linear integrated circuits. 
They evolved the various elements, configurations, 
circuits, and unusual designs to meet the dictates 
of many analog applications . 

Not too long ago the linear integrated circuit 
appeared to be too limited in technical capabilities 
in several areas: active devices, passive compo­
nents, and the ensuing power levels, and a-c signal­
processing requirements. 

The npn transistor elements didn't have terribly 
high gains; a d-c b eta of 40 was considered out­
standing. Cutoff frequencies were barely into the 
megahertz region, loo low for many applications, 
particularly in the communications area. Pnp de­
vices with gains above 1 or 2 could not be eco­
nomically fabricated. It was felt that the poor 
quality pnp's and the predominance of npn tran­
sistor elements would make it difficult for the IC 

to meet common linear needs such as complemen­
tary design , large output swings, level shifting, etc. 
Also, the tran sis tors handled only a few milliam­
peres of current, and had low breakdown limits. 

Resistors were imprecise and large-valued types 
(for example 47 kilohms) consumed most of the 
chip. Workable inductors, of even of a few micro­
henrys, were impossible to attain. Capacitors were 
small-valued, usually a few picofarads, and they 
had large tolerances. 

Output capabilities were typically 5-10 volts or 
less; breakdown restrictions of the elements pro­
jected the use of only low-level power supplies and 
even smaller subcircuit biasing levels. Parasitic 
capacitances were present all over the chip , restrict­
ing and interfering with its functioning. Such a-c 
methods as interstage coupling, frequency-selective 
filtering, and other dynamic functions seemed be­
yond the capability of the linear chip, restricted 
by its d-c operating modes and lack of sizable 
capacitive elements . 

Faced with these res trictions , designers realized 
that processing improvements wouldn't overcome 
many of the limitations. So they literally evolved 
entirely new design techniques, largely of a sim-
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ulative rather than duplicative nature. They put 
active devices to work like passive components, 
used special configurations to make a low-beta pnp 
device behave like a high-beta unit, and created 
constant-current source replacements for the large 
resistors. Hybrid assembly and other technologies 
were chosen to overcome the lack of workable in­
ductors, large capacitors and precision resistors. 

Need for simulation 

Designers used clever direct-current coupling 
techniques in place of a-c methods and devised 
various device configurations to accommodate high 
power and high frequency needs. These develop­
ments, coupled with processing improvements and 
the experience gained in designing and fabricating 
digital 1c's have brought the linear rc state-of-the­
art to a finely honed point. The all-diffused silicon 
monolithic technology can compete successfully 
with discrete semiconductor circuits on almost all 
levels. The tables on page 101, which refl ect this 
parity, were generated by J.E. Solomon and T.N. 
Fredericksen of Motorola's integrated circuit re­
search and development department. The data re­
fers to junction-isolated devices made by standard 
monolithic fabrication. 

Improved processing has helped to overcome 
frequency limitations due to parasitic capacitance 
in the conventional junction-isolated monolithic 
circuit. A typical high-frequency transistor using a 
thin high-resistivity collector has a substrate-col­
lector capacitance of less than 1 pf, which compares 
with the unavoidable strays of discrete circuits. 
Other techniques such as dielec tric isolation and 
beam lead methods [Electronics , March 20, p . 91], 
more costly than junction isolation, improve per­
formance in vhf and higher frequency applications. 

Buried layer uncovers power path 

The use of a buried layer has substantially re­
duced the problem of high collector saturation 
resis tance, rsa t, that resulted from the top-collector 
contact. Values of rsa t from 20 to 40 ohms are now 
common for small-signal transistor elements, and 
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Characteristics of npn transistor elements 

Type 
Parameter High frequency High cu rrent 

fr 1 Ghz 250 Mhz 
r sat 20 ohm 1 ohm 
Cccol.-sub.J 0 .8 pf 8 pf 
Ccco l.-basel 0 .4 pf 6 pf 
LVcEO 20 volts 30 volts 
I max 10 m A 750 mA 
Area 2 .5 x 3.5 mi ls 18 x 20 mi ls 

values less than 1 ohm can be achieved in large 
geometry devices capable of handling 1 ampere. 

The problem of d-c coupling in analog circuits 
is simplified by combining pnp and npn transistors . 
Three types of pnp' s are compatible with the npn 
process : the vertical-isolated pnp, the lateral pnp, 
and the substrate pnp. Of these, the lateral pnp is 
most used because, unlike the others, it does not 
require additional processing steps. Despite its 
lower beta (1 to 10) and a lower gain-bandwidth 
product, (1 to 10 Mhz), the lateral pnp is quite 
u seful for d-c and medium frequency applications. 

The makers have evolved various geometries for 
realizing the lateral pnp structure; no one geometry 
has received universal recommendation yet, but 
showing promise is the closed-circular struchire. 
According to Motorola's Solomon, "The optimum 
geometry for the lateral pnp appears to be the 
closed-circular structure. Typical mask spacing be­
tween the em itter and coll ec tor is 0.4 mil for base 
depths of 2 microns. ·wider spacing leads to lower 
betas, while closer spacin g produces low break­
downs (via the punch-through effect) and other 
detrimental characteristics. Use of the conventional 
n + buried layer significantly improves the per­
formance of the lateral pnp; current collected in 
the subs trate, which is as much as 50% of the 
emitted current in a nonburied-layer device, is 
nearly eliminated, yet base recombination current 
is essentially unchanged. A separate P+ emitter 
diffusion is also desirable if high beta is needed ; 
d-c beta's of 20 to 40 are possible." 

Pnp currents are low 

In addition, the lateral pnp has a res tricted cur­
rent-carrying capability; u sually just a few milli­
amperes. This is due to the relatively high resis­
tivities of the emitter and base regions. 

Thus far, substrate pnp's can be used in ernitter­
follower circuits; they have limited current capa­
bilities due to the lightly-doped subsb·ate. A poten­
tial u se for a medium-current substrate pnp is in 
the complementary emitter-follower quad. Such a 
circuit may find wide applica tion as a broadband, 
class-B, output stage. 

The compatible, isolated , vertical pnp is the most 
desirable device of the three because it offers the 
highes t b eta. H owever, two steps in the manufac­
ture of this device have proven difficult: sirnul-

Electronics [ August 7 , 1967 

taneous formation of isolated collector regions for 
the npn and the pnp devices and simultaneous 
drive-in of the pnp and the npn emitters to obtain 
good betas. Processes with reasonable yield are 
still relatively cos tly and the resulting pnp's have 
high collector sa turation resistances and modest 
frequency responses. Therefore, equivalent circuit 
performance and lower cost are more often ob ­
tained from designs using lateral pnp's , substrate 
pnp's, or no pnp's at all. 

Inductance out of reach 

Inductors have remained the most difficult pas­
sive component to make. At frequencies b elow a 
few hundred megahertz inductors of sufficient value 
(more than a few microhenrys) just haven 't been 
obtained; makers concede the inductor element is 
likely to remain out of reach for some time-pos­
sibly five years or more. 

Various schemes have emerged to provide induc­
tive effects: layout1 (using special geometries, such 
as th e plated spiral resistor, circular-configured 
diodes, re trograded-base transistor elements ); hy­
brid (the use of small discrete inductors); and 
simulation (configurations of active and passive 
elements arranged to provide a small inductance­
like, or phase-shifting b ehavior). The last technique 
is easier and more widely used than the others. 

For example, inductance is often simulated by 
the output impedance of an emitter follower with 
a large base res istor, Rb. To the first order, and 
where 

Wr To< W < Wr, 

this inductance, L eq is: 

Lcq = (R b + r b') I W r 

H ere, (30 is the d-c gain, wT the gain-bandwidth 
frequency in rad / sec, and rb' the base-spreading 
resistance. 

Equivalent inductors of a few microh enrys have 
been realized in this fashion. Packing more induct-

Typical IC costs relative to discrete networks 

IC cost 
relative to 

Circuit type Performance discrete 

Operational amplifier 100,000 gain 20% 
20 V p-p out 

Wideband amplifier 100 Mhz bandwidth 30% 
100 db ga in 

Voltage regulator lamp 60% 
18 volts 

1-f amplifier 45 db ga in 45% 
60 Mhz, age 

Power amplifier 3 watts 50% 
0.4% distortion 

Co nsumer entertain- 3- 6 functions / chip 100- 150% 
ment equipment comi:.iarable 
circuits performance 
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Level shifters. Three techniques for shifting d-c 
levels in IC's are the lateral pnp-npn composite (top), 
the zener-diode (lower left), and the 
resistor-constant-current source (lower right). 
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ance into monolithics may bring about another 
breed of 1c's-combination linear-digital circuits, 
wherein shift registers will store the energy. Such 
a marriage isn't yet economical, but RCA's Jacoby, 
among others, thinks integrated circuits of that type 
may be two years or less away. 

Other passive components present less difficulty. 
Motorola's J. Robertson, head of re applications 
feels that the total resistance and capacitance al­
lowed on a die, limited by the available area, is 
now approximately 200 kilohms and 100 pf, respec­
tively2; these typify industry opinion. Minimum 
resistor widths have been reduced to a fraction of 
a mil by improved masking and etching techniques, 
permitting higher total resistance and reduced dis­
tributed capacitance in the elements. 

Resistors in a pinch 

A higher total resistance, to 4 megohms, is pos­
sible by using the pinch resistor which consists 
of a conventional p-base diffusion with an n+ 
emitter used to pinch off the base channel. This 
channel has a sheet resistance of 5 kilohms to 15 
kilohms/ square. The control of absolute resistance 
value is poor but resistor ratios of ±3% or better 
are attained. These resistors are not necessarily 
restricted to circuits having supply voltages under 
their low ( 6 volts to 9 volts) breakdown values. 
They can be built · on separate, floating n-isolation 
islands; it is only necessary to hold the resistor 
end-to-end voltage below the breakdown limit. 

Capacitors still being used on the die are usually 
small feedback types, constructed from the reverse­
biased emitter-base junction. A polarized capacitor 
of about 0.5 pf/mil2 with a maximum breakdown 
of 6 v to 9 v typifies this element. Higher values, to 
2.5 pf/mil2, are obtained by diffusing the P+ chan-=­
nel into then+ buried layer and then diffusing the 
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n+ emitter into the surface of the p + channel. 
A lighter-than-normal p-isolation diffusion must be 
used to prevent the junction from leaking heavily 
above 2 v or 3 v. Typically, 5-v to 6-v breakdowns 
can be reliably achieved. 

The case is not so clear when comparing thin­
film capacitors with junction capacitors. Because 
of limited breakdown voltages, high leakages , po­
larization, and parasitic capacitance to ground, the 
junction capacitor often cannot be used, even where 
small values of capacitance are sufficient. 

Demand for thin-film 

There are good reasons for using high perform­
ance thin-film capacitors. Thin-film capacitive ele­
ments are innately superior to junction types, but 
the manufacturing costs are high. Virtually every 
major re maker is striving to produce a low cost 
thin-film capacitive element. One promising effort 
is a vapor-plated, tantalum oxide-alumina dielectric 
which has yielded a capacitance of 1 pf/mil2 with 
nondestructive breakdowns greater than 25 v. Esti­
mated manufacturing costs aren't prohibitive. The 
capacitors were made at Motorola for the Navy. 

About 1,000 pf is the practical limit set by Gen­
eral Electric's Aerospace electronics department 
for thin-film capacitors in its hybrid circuits. Above 
that it resorts to some form of discrete capacitors, 
such as barium titanate chips. 

It is evident that npn transistors and resistors 
account for the bulk of elements in monolithic re's. 
In practice, the special design techniques work 
easily vvithin these restrictions and many high per­
formance circuits are being produced. 

Bob Grimes of TI points out that because of the 
lack of large-valued capacitors on the die there is 
a con tinuing drive to develop circuits which min­
imize or eliminate the need for capacitors. Direct 
coupling is almost always used, whether the IC is 
intended for d-c, high-frequency or power service. 

Bias considerations, d-c paths, current-source 
needs, and power requirements per stage strongly 
influence the choice of circuit topology and are 
often dominant in the design of linear circuits. 

D-c amplifier the mainstay 

At present the d-c amplifier is used more widely 
than any other monolithic analog circuit. There are 
two reasons : low offsets and low temperature drift 
are easily obtained, and external feedback can be 
applied to a high gain amplifier type, enabling the 
circuit to perform a wide variety of linear functions. 

The design of an integrated d-c amplifier differs 
from its conventional discrete counterpart primarily 
because of d-c level shifting problems. In the dis­
crete circuit, pnp and npn transistors maintain d-c 
levels. In the npn-dominated integrated circuit, the 
d-c voltage builds up toward the positive supply 
and must be shifted negatively if the output is to 
have large signal swing. There are three ways to 
achieve this: the lateral pnp-npn composite, the 
zener diode level shift, and the resistance level shift 
[Electronics, June 26, p. 116]. 
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Of the three levf: · 11ifting methods currently em­
ployed, the pnp-npn c:omposite appears most favor­
able, probably b ecause of the trend to minimize the 
incorporation of passive elements, and because the 
manufacturing tolerances for the composite are not 
too severe. With the res istive method, in addition 
to its passive status and more demanding toler­
ances, the area needed is relatively large and power 
is wasted. Zener diodes present more severe toler­
ance problems, particularly the low voltage types. 
Their zener ratings , related to the impurity profiles 
used, limit the working voltages. The fabrication 
of the transistor composite is more involved than 
for the diode and resistor, although the area con­
sumed is less; in terms of extending linear IC 
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capabilities the effort is considered worthwhile. 
Monolithic operational amplifiers are now avail­

able which achieve voltage gains of 100,000, input 
impedances of 500 kilohms, and unity gain-band­
width products greater than 1 Mhz. Fairchild's 
Gifford says, "Most incorporate a lateral pnp tech­
nique, and perform as well or better than their dis­
crete counterparts." 

Wideband amplifiers are popular 

A second linear circuit that has achieved wide 
acceptance is the wideband amplifier; excellent 
high-frequency characteristics of monolithic tran­
sistor elements are largely reponsible. Most con­
ventional transistor broadbanding techniques are 
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Comparing techniques. IC power circuit design differs from discrete semiconductor versions. Classic c lass B output 
stage ( left) requires complementary npn and pnp t ra nsistors. IC makers use design tr icks-such as d iode-coupled 
npn cascodes (right that avoid need for high-quality pnp 's that are costly and difficult t o fabricate. 
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Monolithic power. Totem pole output stages boost power-hand li ng capabilit ies of IC's. This circuit, Motorola's 
MC1554, produces 3-watt output as a cl ass B amplifier. 
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used in integrated amplifiers, but only those reason­
ably insensitive to component tolerances provide 
high yield and low cost. The common-emitter am­
plifier with resistive broadbanding, or local feed­
back, is one of the most useful basic stages. Per­
formance of a cascade of such stages is improved 
by adding emitter-follower interstages for addi­
tional mismatch, thereby reducing sensitivity to 
device variations. 

Single-ended amplifiers employing over-all feed­
back to produce high linearity and wide band­
widths are also common. Bandwidths of 40 Mhz, 
voltage gains of 200, and a total harmonic distor­
tion at 1 Mhz of less than 0.5% have been realized 
by the monolithic feedback ·h·iple. Another type 
useful for tuned applications is the internally wide­
band amplifier. All interstages are broadbanded 
except the input and output ports , which are de­
signed for tuning. Typical characteristics are 45-
decibels power gain, 100-Mhz internal bandwidth, 
50-db age range, and very low reverse transmission 
Motorola's Fredericksen suggests that "two cir­
cuits of this type can be used with three tuned 
circuits (or multipole filters ) to fabricate a high 
gain i-f amplifier at any frequency up to 100 Mhz. 
The advantages are minimum inductor usage, high 
stability, simple assembly and alignment, negligible 
passband shift with age, and low cost." 

Operational amplifiers are not the only linear 1c's 
which can serve a large variety of applications. 
Some of the makers, RCA and Norden in particular, 
have already evolved near-universal medium-fre­
quency linear amplifiers. For example, RCA's 
CA3020 device is suitable for power-supply regu­
lation, in motor-speed control subsystems, for 
power control in light, relay-switching and pulse 
applications, in inverter circuits , and as a cable 
driver and pulser of power semiconductors. In 
communications service, the 3020 performs as an 
audio amplifier, part of an a-m broadcast receiver, 
a front-end amplifier, as well as in i-f strips and 
frequency multiplying networks. In the instrumen­
tation area the unit is a quasi-operational amplifier 
and can be a bridge-unbalance amplifier. Norden's 
"breadboard 1c", the NM3025, offers similar appli­
cations versatility. 

IC's for power 

Power circuits represent one of the areas in which 
integrated devices are now competitive. Several 
types including power supply regulators, industrial 
and consumer controls [Electronics, May 15, p. 26], 
and power amplifiers are finding volume usage. 

Because only npn power device are available, 
design approaches for power integrated circuits 
often differ greatly from those of discrete circuits. 
For example, consider a linear transformerless 
class-B power amplifier. In discretes the output 
stage uses complementary devices. High current 
npn and pnp devices are not available on a single 
clie, so an all-npn output stage, such as the diode­
coupled totem pole is employed. Using modifica­
tions , amplifiers have been built that achieve less 
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than 0.4% distortion at outputs of 3 watts; they are 
fabricated on single chips, each less than 60 mils 
square. 

Another example is the monolithic series voltage 
regulator. This circuit would typically include a 
high-curren t series pass device on the die, along 
with a high-gain-control amplifier, a variable zener 
level shifting network, a short-circuit limiter, a 
regulated pnp bias supply, and a self-start net­
work. Good transient response is achieved by con­
necting the regulator amplifier directly to the output 
sense point and level shifting the zener reference 
rather than using a conventional resistive divider. 
Auxiliary power supplies are eliminated by deriving 
a regulated cunent from the unregulated input with 
a multiple-collector, lateral pnp. 

Testing gap 

One aspect of the technology that has lagged i~ 
tes ting and instrumentation. Very little information 
is available on the reliability of linear integrated 
circuits and other high-priority tes ts ; there remains 
a need for industry-wide standards on circuit de­
scriptions, performance indexes, and the salient 
parameters for circuit evaluation. Moreover, users 
and some makers are waiting for low-cost instru­
mentation gear tailored to linear 1c's. 

Manufacturers do perform extensive testing in 
terms of reliability. Most makers assume that linear 
rc reliability is as good as that of logic units , since 
the processes are nearly identical. Much has been 
published on digital re reliability-the results were 
assumed to fit linears as well. But the one great 
difference between logic and analog 1c's is in betas 
of the transistor elements. 

With digitals , wide variances in beta are toler­
able because speed is far more important than gain. 
But in linears , beta is often paramount; too low a 
value may mean the difference between successful 
functioning and misoperation or even re damage. 

Texas Instruments recently conducted an exten­
sive reliability tes t program-reportedly the first of 
its kind to be made public-on some of its basic 
linear re's, series 52 devices . The program was as 
detailed and comprehensive as that used on digital 
1c's. After millions of device hours recorded 
TI concluded that linear re's are just as reliable as 
digital IC's; the very low failure rates matched those 
that arise in logic units and the causes were iden­
tical. The program included operating conditions as 
well as storage, mechanical, and thermal shock; not 
a single operating failure occurred. 

Some critics may scoff at TI spending time and 
money to end up proving an industry-wide, and 
thus far valid, assumption-one considered almost 
axiomatic. But users will probably deem this relia­
bility effort and similar ones in the works reassur­
ing, and will certainly press for further tes ting. 

The over-all problem of standards is being 
studied. A group under the auspices of the Elec­
tronics Industries Association, the active analog 
circuits committee (MED 3.3), has been working to 
establish linear integrated circuit standards for the 
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Instrumentation measures up 

Environmenta l chamber blows IC's hot and cold. 

Plug-in test modules make a·c, 
d·c testing a snap. 

A-to-d interfacers tie the unit 
to computerized test system. 
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IC test system. The Microelectron­
ics division of Philco-Ford devel­
oped test instrumentation for lin­
ear 1c's to mate directly with the 
digital IC tester already in opera­
tion. The new unit accommodates 
both T0-5 and Ratpack linear re's, 
ranging from established products 
such as standard operational am­
plifiers, to recently introduced re's 
such as complex communications 
networks. 

le engineers started out with a 
single-track automatic environ­
mental test chamber (top) devel­
oped by the company's Lansdale 
division. The unit makes d-c and 
transient measurements between 
- 55 and + 125°C, at the rate of 
180 1c' s per hour. Linear test 
leads, tailored to the characteristics 
of the various re 's, are merely 
plugged in (center) and pulled out 
each time a particular product type 
is to be tested. 

The facility is completed by the 
addition of interface circuitry 
which converts the analog data into 
digital form suitable for feeding 
into the digital re test station 
(bottom). The interfacers include 
control networks, signal-condition­
ing and generating circuits, com­
puting networks, and converters, 
all linked together to pe1mit com­
puterized operation of the entire 
facility. 
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Monolithic audio amplifier. Hand-carried dictating machine 
uses IC amplifier. A three-stage audio circuit, Siemens 
AG's TAA311, replaces discrete components on printed 
circuit card in the Grundig Model EN-3 tape recorder. 

past few years. The committee, headed by H.F. 
Sawyer, head of microelectronics specialties at Gen­
eral Dynamics' Pomona division, is describing cir­
cuit types, establishing applications formats and 
parameter guidelines, evolving registration testing 
and methods, and considering numbering systems. 

The committee is composed of representatives 
from nearly all the makers and from a number of 
medium and large-scale users . A committee mem­
ber indicated that a report on their completed ef­
forts would b e presented to industry later this year. 
He added, "Aside from our concern with linear Ic's 
in general, the tremendous recent growth and rising 
importance of analog circuits in electronics , and the 
sharp criticism of feet-dragging applied to digital 
Ic's over the years has spurred our efforts." 

Modify the digital gear 

On the matter of instrumentation, makers and 
users have modified the apparatus used for digital 
IC testing to fit linears. The IC' s, with their different 
circuit makeup and functioning, require appropriate 
input signal generation and biasing voltages, com­
pensation networks, and the like; similarly, output 
loading and metering are modified to fit the analog 
performance. Some test units employ computers 
and complete d-c gear introduced during the wave 
of the logic IC; some set-ups consist of oscillo­
scopes, power supplies, and signal generators in 
a hodgepodge that somehow does the job. 

Fairchild Semiconductor recently introduced an 
analog plug-in module which mates with its 4000 
IC tester. Linear IC's are directly tested, albeit the 
tests are d-c, not a-c. The Industrial Products Group 
of Texas Instruments' Apparatus division has de­
veloped a linear test instrument, and will display 
it at Wescon [Electronics , July 24, p. 25]. It's an 
a-c module with oscillator and converter circuih-y 
and an adaptive switching network; the unit plugs 
into n's model-553 IC tester-claimed to be the 
only off-the-shelf dynamic semiconductor test sys­
tem. 'With the module, the 553 performs complete 
a-c and d-c testing of linears, including bandwidth 
measurements to 50 Mhz. Input from 10 hz to 100 
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Khz are applied; outputs are true rms values. 
The Philco-Ford Corp.'s Microelectronics divi­

sion has an au tomatic test system for T0-5's and 
Ratpacks. Although developed for linears , the unit 
was converted to handle digital Ic's as well. Philco­
Ford, a late starter in linear Ic's , made rapid testing 
a key element in the equipment design. Since they 
were about to second-source basic operational am­
plifiers as part of their initial thrust, they wanted 
to know quickly how good the products were and 
what failures were occurring during the initial pro­
duction period. Because new linears , particularly 
communications types, are on the way, a replace­
able tes t header was developed to :handle linear 
Ic's easily and rapidly without resorting to new 
apparatus. The gear is described in detail on page 
105. A Philco-Ford spokesman credits the test ap­
paratus with "being a contributing factor to our 
improved yields, which have doubled since we 
installed the system." H e adds, "It was also a 
major influence on our rapidly gaining expertise in 
the production of operational amplifiers and other 
basic 1c's." 

What's ahead 

It is very likely that other firms-users and mak­
ers as well as companies that specialize in instru­
mentation products-will market linear IC test sys­
tems in the month s and years ahead. Similarly, 
efforts in other regions of the technology aimed at 
advancing the entire state-of-the-art will b e accel­
erated. Improved yields, more complex chips, and 
new production means incorporating more automa­
tion devoted to furth er reducing the cost per chip 
are but a few of the major targets. 

Typical of what's in the wings in the way of de­
vice improvements is described by Motorola's Solo­
mon: "The monolithic technology will b e advanced 
on many fronts; voltage and current limits will be 
extended to 300 volts and 5 amperes, respectively. 
The quality of compatible pnp's will be improved 
an order of magnitude. Ranges and tolerances of 
passive elements will similarly improve. Novel cir­
cuit techniques, rather than a brand new technology, 
will be the means for these advances. Increasing 
efforts will go into the other current technologies 
-thick- and thin-films-to provide improved tol­
erances as well as large capacitors and better in­
ductive effects." 
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Integrated electronics Ill 

Hybrid technology wins a foothold 

Hybrid techniques have become essential to linear IC's, 

advancing the state-of-the-art beyond monolithic achievement 

The hybrid technology is now of inh·insic value to 
linear Ic's because it extends their capabilities and 
often makes them more economically feasible; it 
also promises to endure. Generally the hybrid 
method is employed when the application or the 
market is beyond the technology or cost limits of 
the monolithic approach. An Electronic magazine 
survey shows that hybrids have thus far accounted 
for between 10% and 20% of the dollar volume 
of linear IC's sold, with the major portion going for 
custom IC' s. Furthermore, most makers and users 
feel that hybrid will remain the interim technology 
between discretes and foll monolithics well into 
the early 1970's, accounting for 25% of sales. 

H ybrid activity-meaning any microcircuit tech­
nology that is not purely monolithic-is far more 
widespread than monolithic. Interested parties 
range from the semiconductor giants, through the 
ranks of medium and small IC makers and include 
virtually every type of present IC user. Among 
users, efforts are being made by instrument houses, 
original-equipment manufachuers of military and 
aerospace systems, power supply manufacturers , 
the telephone industry, makers of data-processing 
equipment, auto makers, manufacturers of tradi­
tional components (capacitors, resistors) , and mak­
ers and processors of raw materials (such as glass). 
Hybrid is preferred to monolithic for acquiring 
some IC competence because it requires less invest­
ment (tooling costs are only a fraction of those for 
monolithics); yet, some hybrid Ic's cost more be­
cause of greater technical sophistication. 

Fairchild's Gifford offers some examples : high 
voltage, usually 60 or more volts, high frequency, 
typically a few hundred megahertz and up; low 
noise, below 4 db; and high power, where 50 watts 
or more is being handled. Also providing induc­
tance, for high-quality pnp elements, for higher­
valued and better toleranced resistors, and for 
various complex and/ or exceptionally accurate cus­
tom IC's. Motorola's Jerry Robertson lists another 
role for hybrid's-the incorporation of MOS-FET's, 
particularly for the front end of amplifier circuits . 

The prototype role 

Aside from a method by which certain semicon-
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ductors, passive components, and other devices 
not directly amenable to monolithic fabrication are 
put on a chip, hybrid serves other purposes, in­
cluding its use as an engineering prototype micro­
circuit form. H ybrids can also be a transitional IC 
form between a discrete system and its eventual 
monolithic version. Hybrids ease the conversion 
process by influencing the makeup of the mono­
lithics that evolve and show which sections can 
become entirely monolithic, and which cannot. 

The benefits of the hybrid prototype step are 
summarized by H.F. Sawyer, head of microelec­
tronic design at General Dynamics Corp.'s Pomona 
division. Gn used hybrids in its Redeye program 
[Electronics, Oct. 17, p. 77] and in a number of 
other systems. According to Sawyer, hybrids pro­
vide "a short turnaround time, enough design flexi­
bility to preclude major errors in the monolithic 
design makeup, and a means for protecting pro­
prietary circuit designs. They also sharpen our 
knowledge of 1c's and microcircuit techniques, par­
ticularly in evaluation, improve the ultimate pro­
duction conh·ol, and make us less dependent upon 
development efforts and plans of the IC makers." 

Sawyer points out that GD doesn't interpose a 
hybrid step all the time, but restricts its applica­
tions to those areas where monolithic means won't 
produce circuits of sufficient capability at a rea­
sonable price and in a relatively short time. For 
GD, with its history of large IC purchases and its 
plans to buy about $3 million worth of linears in 
1968, the hybrid concept continues to have value. 

A spokesman for Japan's Nippon Electric Co. 
indicates hybrids are being used to develop pulse­
code modulation networks and other gear for the 
telephone industry. The Mitsubishi Electric Corp.'s 
IC effort thus far has been almost entirely hybrid; 
and in developing its monolithic product lines the 
experience is invaluable because only hybrids which 
help define the circuit needs for high-volume out­
lets are being converted to monolithic designs. 

Paving the way 

Another example of the interim role of hybrids 
is u's thrust at two markets-the automotive [Elec­
tronics, May 1, p. 26] and the consumer entertain-
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Cost-squeezing. Packaging of linear IC's into low-cost, 
nonhermet ic-sealed, dual-in-line packages ( DIP) is a 
primary means of bringing device costs down. At T l 's 
Dallas facilities four of every 10 IC's made this year 
will be plastic-encapsulated types. The same monolit hic 
chip used in metal cans and flatpacks (such as this 
SN52709 amplifier) is placed onto DIP carriers; 
subs€q uent ly, each molded package is cut into a 
separate unit . 

Compat ible. Combination of monolithic act ive elements 
and thi n-film resistors on a common substrate forms 
compa tible IC's. This unit, developed by TRW Sytems, 
is a precision mu ltichannel level shift gate comparab le 
to a dual three -input NAND gate. 
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ment equipment industries-[Electronics, June 12, 
p. 38]-which promise to provide product volume 
demands. paralleling the computer industry's needs 
for digital units. The company developed a voltage 
regulator, an f-m sound system and four audio cir­
cuits; rather than entail substaptial system rede­
sign, the hybrid units were tailored to existing 
requirements to minimize changeover during eval­
uation. The chips combine equal grade npn and 
pnp transistors, field effect devices, zener diodes, 
scr's and other semiconductors, and thick-film 
resistors. Present pricing is competitive wifh the 
vacuum tube and h·ansistor networks that perform 
the same functions. 

Tr anticipates a gradual lowering of the hybrid 
costs as re's acquire acceptance and the concurrent 
elevation of their monolithic content. vVhen it ap­
pears likely that the re's will reach saturation levels 
in these applications, TI plans to offer full mono­
lithics, for within two years the monolithic capa­
bility will meet the technical requirements and the 
volume needs will justify production. Generally 
speaking, hybrid is more economic than monolithic 
when 50,000 or less re's are involved. 

Hybrids possess other features not found in mon­
olithics. Packaging of individual chips is typically 
larger ; heat-sinking is therefore less of a problem . 
Diverse elements not mutually amenable to mono­
lithic fabrication are eas ily combined, providing 
broader technical capabilities (such as a-c line 
operation, higher noise immunity, etc.). Thus, the 
hybrids can better withstand those environmental 
stresses that may impair circuit functioning such 
as thermal shock, electromagnetic radiation and 
noise in the automobile. 

Licking the problem of passives 

Another form of hybrid, dubbed compatible, 
which combines monolithic active elements with 
thin-film passive components , is also taking hold. A 
spokesman for the Marconi Co.'s Microelectronics 
division considers thin-film "the full complement 
of the monolithic technology.'' He contends that 
their marriage will permit the microcircuit state­
of-the-art to advance more rapidly than by any 
other means. 

Compatible re work is going on in many quar­
ters-by the giants and among medium-sized 
makers such as Norden, Signetics , and Union 
Carbide. A number of users-such as General Dy­
namics, Autonetics , TRW Inc.-are also engaged in 
similar efforts . Most attempts are aimed at premium 
applications with characteristics exceeding those of 
the monolitliic art. Many experts view thin-films as 
the answer to interconnection problems in mono­
lithics and as a precursor to large-scale integration 
(Lsr) products . 

1 
In compatibles the monolithic chip offers the 

most advanced active-device capabilities, and the 
thin-film is used to provide premium passive ele­
ments. TRw Systems Group's [Electronics, June 26, 
p. 111] compatible re program, already imple­
mented in a number of custom circuits, is success-
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High-gain amplifiers. Extensive internal feedback staging in newer wideband amplifiers results in higher and higher 
.open-loop gain-bandwidth products. Philco-Ford 's PA7600 (left) has 9-Ghz product ; Motorola 's MC1553 (right) 
has a 7-Ghz gain -bandwidth product. Under' closed-loop operation the 7600 develops 28 db of gain over a 130-Mhz 
bandwidth ; 1553 in closed-loop mode maintains 46 db of gain over 35-Mhz bandwidth. 

fully procuring new business. TRw's LeRoy A. 
Darling, re program director, outlines the com­
patible re fabrication process: active devices (bi­
polar transistors and diodes ) are constructed in 
monolithic silicon blocks by oxide masking, dif­
fusion , and epitaxial growth techniques . Thin-film 
resistors are formed by depositing cermet ( chro­
mium, silicon monoxide) over the silicon dioxide 
layer and etching to the desired geometries. 

Next, l\IOs-type capacitors are added by coupling 
the dielectric isolation process with aluminum 
deposition; the capacitors are in monolithic silicon 
block form . The altuninum is deposited over the 
surface and etched to desired geometries to serve 
as circuit interconnections and MOS capacitors. 
Finally, the monolithic blocks are mounted in the 
package; metal wires are bonded block-to-block 
and block-to-package to form the remaining con­
nections. The package is hermetically sealed by a 
compatible glass-to-metal coating. 

Characteristic of compatible IC's 

C.P. Johnson, manager of re applications at TRW, 
lists these resulting characteristics: sheet resistances 
of 1,000 ohms per square, with temperature co­
efficients of 150 parts per million, resistance toler­
ances adjustable to 1 % and stray capacitances of 
less than 0.02 picofarad per square mil. He adds 
that "we've obtained amplifiers with drifts of a frac­
tion of a microvolt per degree centigrade." 

Tnw has concentrated on amplifiers operating at 
vhf or higher frequencies, prototype custom cir­
cuits for microwave applications, level shifters, 
complex current-sources, and switching regulators. 
Johnson reports that some of the needs for these 
high-performance linears came from users turned 
away by the big re houses-usually because the 
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volume was too small. Tnw has thus carved out 
a useful niche in the competitive re industry; a 
spokesman hinted that the systems group's efforts 
may help the semiconductor division reenter the 
re picture. 

RcA recently es tablished a high-performance cus­
tom circuits group at its Somerville, N.J. facility. 
Part of the defense microelectronics operation, the 
new group will develop hybrid custom re's, using 
the thin- and thick-film, and compatible technolo­
gies, for various departmen ts . A spokesman indi­
cated that the unit will strive to build a high-volume 
production capability, possibly to service re product 
needs outside the company. 

Thin-film vs. thick-film 

The major passive-element fabrication technolo­
gies, thin-film and thick-film, have each contributed 
to the linear re state-of-the-art. Most hybrids make 
use of one or the other; the compatible re's devel­
oped thus far use thin-films exclusively. Yet, that 
old controversy, " thick-film vs. thin-film," persists . 

A consensus of re makers suggests that thick-film 
will eventually win, although most agree that mat­
ters probably won't be settled until the 1970's . 
Thin-film's strength is largely based upon what 
monolithics cannot achieve-more precise passive 
elements, for example. The technique offers higher 
packaging density than thick-film does, and is more 
workable in providing premium elements; it also 
is more expensive. 

Thick-film techniques entail simpler production 
methods (no vacuum ); they have higher power 
capabilities and cost less. Hybrid interim linear 
re's, a means of penetrating new markets, usually 
rely on the incorporation of thick-film techniques, 

(Continued on page 112) 
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Passive elements: a contrast of IC structures 

Monolithic diffused resistors vs. thin-film resistors 

Diffused resistor (emitter sheet) 

DIFFU SION CROSS SECTION AND STRUC TURE 

Characteristics 

R N+= 3 Q/D 

EQUI VALENT 
CIRCUIT 

T olerance = ± 10% ; ± 5% matching 
T emp. coeff. = ± 0.1 %/°C 

CN+ = 1.5 pf/ m il2 

BVeuo ""' BVeeo (npn) = 9v 
BVobo ""' BV,00 (pnp) = 80v 

R r = 1,600 ohms/sq. 
R N = 50 ohms/sq . 
Cr = 0.7 pf/ rnil2 

CN = 0.5 pf/ mi l2 

""' '"' = 0.98 
« p n p = 0.01 

Diffused resistor (base sheet) 

P SU BSTR ATE 

DIFFUSIO N CROSS SECTION AND STRUCTURE 

Rp 

~7'/7:-::".7:?:-::"'.'"=::"'"""7'.I>? 

Characteristics 

RP = 180 £1/D 

EQUIVALENT 
CI RCU IT 

Tolerance = ± 20 % ; ± 5 % matching 
T emp. coeff. = ± 0.1 6 %/°C 

Cr = 0.7 pf/ rni l2 

BVcbo = BV,,0 = 40v 
BVcbo = BVeoo = 80v 

R N = 50 Q/D 
c,_, = 0.4 pf/ mi l2 

O:pnp = 0 .01 
I cco = l,.,o = ln a 

Compatible thin-film resistor 

N EPITAXIAL 

POLYCRYSTALLINE OR P TYPE Si SU BSTRATE 

CROSS SECTION AND STRUCTURE 

110 

R 
~ 

Cos 
~~~~-...~~~~ 

~ S,U,BST_RfffW/,1 0-/, 

Characteristics 
R = 300 Sl/D 

EQUIVALENT 
CIRCUIT 

T olera nce = ± 10% ; ± 53 matchi ng 
T emp. cocff. = 100 ppm ; 

= 25 ppm (t rack ing) 
Cos ;:::; 0.02 pf / mi12 

BVox1oro ~ 400 v 
I d<OSl ;:::; 10- 9 ma 

D issipat ion = J na/ mil2 
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Diffused junction and MOS capacitors vs. thin-film capacitors 

Diffused capacitor 

P SUBSTRATE 

DI FFU SION CROSS SECT ION AND STRUCTURE 

n+--- c - --

Characteristics 
C N+ = 1.5 pf/ mil2 

CN = 0.7 pf / mil2 

Cs = 0.4 pf/ mil2 

EQUIVALENT 
CI RCUI T 

Toleran ce = ± 10% ;±5% Matching 

BVcs = lOOv 
IlVebo(npn) = 9v 
BVcoo(pnp) = 80v 

Dissipation factor = 0.01- 0.1 
<>npn = 0.98 
ll<pnp = 0.01 

Diffused MOS capacitor 

P SU BSTRATE 

DI FFU SION CROSS SECTION AND STR UCTU RE 

~,_I D-E--+--~ EQUIVALENT 
CIRCUIT 

Characteristics 
Cox1oi; = 0.25 pf/ mi l2 

Cs = 0.4 p f / mi l2 

T oleran ce = ± 10 % ; ± 5% matching 

BVos = lOOv 
Ids = 1 na 

D issipa tion factor = 0.01- 0. 1 

Compatible thin-film capacitor (SiO) 

N EPITA XIAL 

POLYCRYSTA LLI NE OR P TY PE Si SUBSTRATE 

CROSS SECTI ON AN D STR UCTURE 

Characteristics 
C~ ; o = O.l pf / mil2 

Cos < 0.02 p f/ mil2 

EQUIVALENT 
CIR CU IT 

Tolerance = ± 5 % ; ± 3% matching 
nv ~ 50v 

I d ~ 10- o ma 
Dissipat ion facto r = 0.01- 0.1 

Sl ice thin. Thi n-fi lm passi ve elemrnts ma ke up th e nonactive device portion of th e compat ible integrat ed ci rcuit. 
Alth oug h costl ier to man ufact ure t han monol it hic elements, th e thin -film devi ces offer superior ch aract eri stics , such as 
higher-valued and tig hter-t oleranced resi st ors, and, more stable, t ight er-tol era nce d ca pac itors. Active elements on the 
com pat ible chip consist of monol it hic chips contain ing t ra n sistors and diodes. 
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for both cost-savings and boosted technical capa­
bility. But by the 1970's, the monolithic art is ex­
pected to be far enough along in terms of cheaper, 
automated production to close the premium gap 
presently existing between it and thin-film. For that 
reason, and the innate economy of thick-film, "it is 
highly unlikely that thin-films will endure," sub­
mits Philco-Ford Corp.'s Ekiss, reRecting a fairly 
widespread industrial sentiment. However, the feel­
ing is not universal. 

The General Electric Co., for example, plans to 
invest $1 million to expand its thin-film re opera­
tion at its aerospace electronics dep artment in 
Utica, N.Y. this year. The aerospace group achieves 
high surface r esistivities by thin-film vacuum deposi­
tion methods-up to 5,000 ohms per square. 

Normal tolerances are -+- 10% (absolute) and 
±3% (ratios). If need be, power trimming brings 
the resistors within ± 0.05 %. Temperature stabilities 
and radiation resistance, the department reports, 
are better than those of thick-films. The practical 
limit of thin-film capacitors is about 1,000 pf in the 
GE circuits. Barium titanite chip capacitors are used 
in the circuits to provide values ranging from 20 pf 
up to 10,000 pf. 

Master circuit. Universal IC breadboard performs various 
jobs-at user's discretion. Circuit interconnections are 
made to fit differing requirements; six transistor 
elements and 33 resistors on Norden's NM3025 chip 
may be connected to function as amplifiers, power-switch 
drivers, Schmitt triggers, even RTL digital logic gates. 

Around the corner: functional IC's field, negative-resistance domain 
that travels across the crystal, de­
livering one current pulse to the 
output for each transit period. 
Since the domain s travel at a fixed 
velocity, the frequency of the out­
put waveform depends mainly on 
the length of the crystal. 

Linear integrated circuits built as 
monolithic counterparts of discrete­
component circuits are only a few 
years old but advanced thinkers 
already see a way to replace them 
with completely new, simpler de­
vices. 

The new technique carries sev­
eral labels: functional (the circuits 
perform complete functions, such 
as amplification and oscillation), 
bulk-effect (they use a single block 
of junctionless bulk material), and 
morphological (designed by con­
trolling shape and composition , or 
morphology). 

Two fundamental bulk effects 
are under study-one based on 
electroacoustics, the interaction of 
electric fields with acoustic stress 
waves in a piezoelectric material, 
the other based on a high-field, 
negative-resistance domain travel­
ing through a semiconductor. 

Electroacoustics. Taking the 
piezoelectric effect a step beyond 
its use in delay lines and quite a 
few steps beyond its use in fre­
quency stabilizing elements, re­
searchers have built r-f amplifiers 
and oscillators based on an elec­
troacoustic effect. The amplifiers 
can be rated in terms of decibels 
gain per unit length, so that engi­
neers envision amplifiers being pro­
duced simply by cutting off a slice 
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of semiconductor of the proper 
length. 

Electroacoustic amplification was 
first demonstrated in 1961 by 
three Bell Telephone researchers 
-A.R. Hutson, D.L. White, and 
J.H. McFee. The crystal, com­
monly zinc oxide or cadmium sul­
fide, is fitted on each end with 
a piezoelectric transducer that 
couples the signal wave into the 
crys tal, launching an acoustic wave 
of the same frequency. A d-c elec­
tric field is placed across the crys­
tal in the same direction as the 
traveling acoustic wave. The acous­
tic wave picks up energy from the 
electric field and is amplified as 
it travels down the crystal, much 
the same way that a wave is am­
plified in a microwave traveling­
wave tube. With appropriate feed­
back, the effect also can be used 
to produce oscillations. 

Travel ing domains. In the Gunn 
effect, microwave oscillations are 
produced when the electric field 
across a semiconductor is increased 
above a certain critical level. Dis­
covered by International Business 
Machines Corp. researcher J.B. 
Gunn, the effect was predicted 
earlier in England by B.K. Ridley 
and T.B. Watkins and also by 
Cyril Hilsum. The effect is based 
on the fo1mation of a narrow, high-

Besides use in single-frequency 
microwave oscillators, the effect 
has been applied at Bell Labs 
in an ultrahigh frequency oscillator 
that was tuned by varying the volt­
age. The bulk material was ta­
pered, and points up the special­
purpose potential of controlling 
the shape of the device. Other en­
gineers at Bell Labs have also 
used the effect in demonstrating 
logic operations. 

Millimeter-wave power has been 
generated with a first cousin to 
the Gunn diode, the limited space­
charge accumulation diode, first 
studied by John Copeland of Bell. 

Traveling domain circuits also 
are being studied in England by 
Charles Sandbank of Standard 
Telecommunications Laboratories. 
He calls the circuits domain-ori­
ented functional integrated cir­
cuits-dofic' s. Sandbank has al­
ready built complex waveform 
generators, analog-to-digital con­
ve1ters, and believes that optical 
readouts can be made using the 
high-field domain to interact with 
an electroluminescent material. 
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The place of MOS 

The metal oxide semiconductor technology has a 
reserved place in linear Ic's-the question is when 
it will b e compatible with the other semiconductor 
elements amenable to monolithic fabrication. Mos 
elements-for example, transistors and capacitors­
are used in hybrid and monolithic Ic's, but no one 
has figured out how to consistently combine MOS 
active elements (transistors) with the bipolars and 
come up with a high-quality, economically sound 
chip. 

Despite the higher impedance Mos's possess in 
comparison to bipolars, the use of Darlington-con­
figured bipolar elements and multiple Darlington's 
appear to suffice in linear Ic's. 

By itself, MOS has admirable characteristics-it's 
cheaper and easier to fabricate, has better noise 
properties and other electrical attributes, consumes 
less space:..._but it is difficult to match MOS elements, 
and Mos transistors are much slower than the bi­
polars. Moreover, as Norden's Tatom points out, 
"Mos devices have less immunity to contaminants 
during the various processing steps-a major cause 
of intolerable parameter drift." 

Mos transistors are wanted for operational am­
plifier front ends so that a zero input-current con­
dition will exist, and for communications circuits­
high and low frequency types-for preamplifiers 
and high input impedance circuits. 

Moreover, the :Mos integrated circuit form offers 
greater compatibi lity than bipolars when it comes 
to interfacing with optoelectronic semiconductors 
largely because the impedance levels of the two 
are equally extremely high . Thus, off-the-shelf linear 
arrays combining MOS transistor elements and 
photo-type devices may well emerge before the 
1970's. 

M.J. Gay, of the Plessey Co.'s Allan Clark Re­
search Center, sees MOS analog-switching re's, MOS 
delay lines, and MOS micropower amplifiers arriv­
ing soon. Plessey has developed an optoelectronic 
array, containing a 10-by-10 matrix of photodiodes, 
MOS amplifiers , and scanning circuits, that produces 
a television-type output waveform; the chip con­
tains 620 components. 

In terms of what's already available off-the-shelf, 
there is the General Instrument Corp.'s digital dif­
ferential analyzer ( DDA ) [Electronics, Aug. 22, p. 
38]. The DDA chip, primarily intended for digital 
applications, is an Mos-type containing 230 transis­
tors and can be used in linear applications as a 
func tion generator and in analog computing appli­
cations. However, despite these accomplishments, 
the Mos-bipolar monolithic chip isn't around the 
corner. 

Expressing an industry op11110n, Floyd K. 
Kvamme, marketing manager of tbe National Semi­
conductor Corp.'s Microelectronics division, thinks 
that the MOS-bipolar combination is a few years 
away. Mos analog gates are more immediate, he 
feels . Ekiss of Philco-Ford seconds this view, but 
another spokesman for the firm expects to see "Mos-
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bipolar Ic's for interfacing with logic circuits within 
one to one-and-a-half years." 

LS I and other matters 

Also under consideration are linear's relation to 
large-scale integration and the question of com­
plexity in general, and the relation of outboard 
components. "Linears will have a definite place in 
LSI products but there is considerable doubt that 
such items as 100-amplifier chips will evolve," 
claims Lorimer Hill, a TI design engineer. Don Win­
stead, Signetics' manager of IC development, pre­
dicts there will soon b e dual and quad versions of 
existing linear IC's, complete analog subsystems (an 
all~1c radio receiver) and combination level shifting 
and interconnection networks to interface with digi­
tal units. The interface role is where linears will 
make their presence felt in LSI arrays as they mate 
with the large digital sections. Hybrid techniques 
and MOS elements may be the key means to this. 

Another factor on the LSI front will influence the 
emergence of linear portions on the arrays. If the 
memory means shifts from core devices to semi­
conductor memories, the interface b etween the 
memories and sense amplifiers is b etter; present 
sense amplifiers don't easily mate with core memo­
ries because of noise levels, interconnection prob­
lems, and magnetic effects. These difficulties are 
less severe in the all-1c interface. 

External components presently coupled to the 
linear chip-such as compensation capacitors-will 
be brought inside where possible, either directly or 
by some design feat that provides the same func­
tioning. The older operational amplifiers typically 
required compensation networks consisting of one 
or two capacitors and a resistor or two. In one of 
the new breed, the LMlOl operational amplifier 
from National Semiconductor, a 30-f.lf capacitor is 
all that is needed to compensate down to unity 
gain. And the Bunker-Ramo Corp. and Radiation 
Inc. have developed similar amplifiers that contain 
the compensation network within the chip itself. 
These improvements are primarily due to the mak­
ers putting more and more of the wave-shaping 
functions inside the chip by employing extra tran­
sistor stages as compensating circuits. 

One of the largest obstacles to linear IC com­
plexity is the package itself. Most linears have 14 
or so leads and more will be required for added 
complexity. It is necessary for the user to get inside 
the linear chip more than with digitals-to com­
pensate, to peak, for biasing, to have single and 
double-ended inputs to key stages, for the applica­
tion of positive and negative feedback, and so on. 

Thus, packages with 28, 32, or more leads are 
coming; so are new packages with better heat­
sinking capabilities to accommodate larger and 
larger signal and power levels . As Bob Grimes of 
TI points out, "Small siz.e isn't what distinguishes 
a chip from a discrete circuit; if the construction is 
all-monolithic and even hundreds of watts must be 
handled, a chip as big as a pack of cigarettes can 
still be considered an integrated circuit." 
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Circuit design Designer's casebook is a regular 
feature in Electronics. Readers are invited 

Desig~er's casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published . 

Wide-range multivibrator 
doesn't stall at start 
By Gilbert Marosi 
CMC Systems Inc., Sunnyvale, Calif. 

A square-wave oscillator b ecomes a versatile de­
vice vvhen its output amplitude is independent of 
the frequency control voltage, its output asymmetry 
is variable, it attains a wide frequency range with 
small control voltage variations, and it doesn' t stall 
when the supply voltage is turned on. The five­
transistor multivibrator shown b elow has all these 
features. 

·without the nonstall feature, switching transis­
tors Qi and Q2 are turned on simultaneously by 
biasing currents from Q3 and Q.l when the supply 
voltage is first turned on. If Qi and Q2 both con-

2k 

D1 

D5 

01 

C3 1 0.1,1 

2k 

10k 

03 
2N3415 

c, 

1000 pf t-

duct, the multivibrator is stalled. In this multi­
vibrator a self-biasing feature prevents stalling. 

Assuming transistors Qi and Q2 are both on 
when the supply voltage is applied, diodes Di 
and D 2 do not conduct and the voltage at the top 
of capacitor C0 remains at ground. Thus, the 
emitter-follower Q:; is also grounded and it sup­
plies no current to transistors Q:i and Q4 . \Vith 
Q:i and Q4 off, no current flows to the bases of 
Q1 or Q2 so that one of them turns off first and 
the multivibrator starts properly. 

If Q1 turns off fir st and Q2 remains on, capacitor 
G 1 charges to - 12 volts through diode D i; it 
charges through D2 whenever Q2 is off. The voltage 
on G i, as applied through Q5 , serves as the supply 
for Q:i and Q4- the two transistors that supply 
base drive and timing current to Q1 -Q2 and Ci-C2. 
Emitter-follower Q;; provides a separate drive for 
Q:i and Q4, preventing them from loading the col­
lec tor circuits of Q1 and Q2. 

-12v 

Q4 

2N3415 

Ov 
LflJ-12v 

OU TP UT 

UNMARKED 
TRANSISTORS 

2N3702 
ALL DIODES 

02 
1N662 

FREQUENCY CONTROL VOLTAGE 0 TO - Bv 

Astable multivibrator. Frequency contro l voltage is applied t J th e bases of Qa and Q, and the cathodes of D" and D, 
to increase the multivibrator' s controllable frequency range by 50 %. 
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The multivibrator's cycle b egins with Qi just 
turning off and Q2 just turning on. If diode D5 

and Da are replaced by open circuits , capacitor Ci 
will be charged - 12 volts. vVhen Q2 turns on, 
diode D 4 is forward biased so that the right side 
of capacitor C2 is shorted to ground and the output 
rises from - 12 to 0 volts. Since the charge on C2 
cannot change instantaneously, the potential on 
the left side of capacitor C2 jumps to + 12 volts, 
keeping Qi off. Transistor Q 4 then supplies a con­
stant current that discharges C2 toward - 12 volts. 
As the voltage on the left side of C2 reaches ground 
and goes negative by 1.4 volts , transistor Qi turns 
on , Q2 turns off, the output drops to - 12 volts, 
and the cycle repeats in the left half of the multi­
vibrator. 

A 50% increase in controllable frequency range 
is achieved b y applying the control voltage to the 
bases of Q3 and Q4 as well as to the cathodes of 

Control voltage determines 
multivibrator pulse width 

By David J. Comer 
University of Calgary, Alberta , Canada 

and Donald T. Comer 
San Jose State College, San Jose, Calif. 

Two transistors added to a conventional astable 
multivibrator as constant-current sources produce 
an output pulse whose width is a linear function 
of a control voltage, rather than an RC time 
constant. A typical application for this circuit 
is in modulation sys tems where pulse-width control 
is desired. 

For the circuit values shown, the pulse width 
varies linearly from 2 to 10 milliseconds as E e 
goes from 2 to 10 volts. The techniques des cribed 
can be applied to design a one-shot circuit with 
the same output characteris ti cs as the astable mul­
tivibrator. 

Transistors Qi and Q2 are driven by the constant 
current supplied by transistors Q3 and Q4. When 
Q 1 is off, Q2 is on, and capacitor C2 charges 
through resistor Ri to a voltage equal to the con­
trol voltage, E e. When Q1 conducts, Q2 cuts off, 
and the base of Q2 drops from 0 volts to approx­
imately - E e. Capacitor C2 is then charged by the 
constan t current, l e, from Q4 until the voltage at 
Q2' s base returns to 0. At this point, Q2 conducts. 
Operation of Q1 and its associated components is 
complementary to Q2. 
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D3 and D4. As the frequency control voltage be­
comes more positive, the bases of npn transistors 
Q3 and Q4 b ecome less negative and conduct more 
heavily. The larger current through Q3 and Q4 
discharges the timing capacitors, Ci and C2, more 
quickly; the faster discharge makes the slope of 
the ramp-shaped discharge curve steeper. 

As the frequency control voltage goes more 
positive, the height of the discharge ramp also 
decreases. If, for example, the frequency control 
voltage is - 8 volts when the potential at the right 
side of C2 equals the control voltage, one potential 
can go no more than 0.7 volt negative. Thus, C2 
charges to the control voltage. 

By reducing the height of the discharge ramp 
and increasing its steepness, the more positive 
control voltage cuts the time required to discharge 
the timing capacitors and thus increases the fre­
quency. 

+ 12v 

04 
2Nf307 

4k 
4k 

-=-
l c 

R1 
le 

2k 

PULSE PULSE 
OU TP UT OUTPUT 

lJ1J D1 IUl 
01 Oz 

2Nf306 2N1306 

ALL DIODES 1 N34A 

Variable output. Pulse width is proportional to the control 
voltage, Ee. Before Q, or Q, conducts, constant 
cu rrent, le, must charge capacitor C, or C, to Ee. 

The charging times of capacitors C1 and C2 
are given by: 

Therefore, both portions of the multivibrator's 
as table period are proportional to E e. 

Diodes D 1 and D 2 isolate the timing capacitors 
from the output, so that recovery time does not 
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affect the output waveform. Diode D 3 is biased 
to make its voltage drop equal to the sum of the 
drop across the saturated transistor and associated 
isolation diode. Under this condition, the output 

Batch testing speeds 
bolometer curve generation 

By Dean Watson 
University of California, Berkeley, Calif. 

Any one of 10 cryogenic germanium bolometers is 
quickly selected and its voltage-current curve is 
generated with this inexpensive field effect transis­
tor circuit. Bolometers are devices that detect in­
frared radiation by converting the radiation into 
heat, which, in turn, causes a temperature change 
in the material used in the detector. This change 
is then measured to give an indication of the 
amount of incident radiant energy. The change is 
plotted as a calibration curve that is useful in 
determining proper biasing and device response. 

The devices must operate with a cryogenic ma­
terial such as liquid helium. But the coolant is 
expensive and is at such a low temperature that 

SELECT 
BL 1 

Ov = OFF 
-15v = ON 

SELECT SELECT 
BL 2 ----------- BL 10 

pulse width is independent of diode drops and 
transistor saturation voltages, even for small values 
of E 0 • In addition, D 3 compensates for variations 
in isolation diode voltage drop due to temperature. 

it lasts for only a few hours; a batch tes ting set-up 
such as this one is therefore essential for econom­
ical operation. 

Batch tes ting is feasible as the FET circuit per­
mits efficient switching without relays. Individual 
bolometers are chosen by applying a voltage to 
the gate of the corresponding FET switch. 

The transistors offer other advantages: 
• Their very low gate current enables the de­

signer to use 1-mil stainless steel leads to minimize 
heat leaks caused by electrical wires entering the 
Dewar flask. 

• They're stable in the low-temperature (100°K) 
environment. 

• \Vith their small size, the engineer can place 
them inside the vacuum jacket of the Dewar for 
optimum electrical shielding. 

• They provide a high input impedance. 
A high-impedance operational amplifier serves as 

a variable current source for the device under test. 
The current is controlled by the input voltage, v, 
and limited by the series scaling resistor, R. A 
voltage ramp is applied to R, resulting in a cur-

7 v 

-2 v 

CURRENT 
CONTROL 
RAMP 
INPUT 

f'rn 
BOLOMETER 
RES PONS E 
VOLTAGE 
OUTPUT 

~-------- - - -- - - --- ------------' 
ALL CAPACITORS 0.1µf MYLAR LOCATED AT TRANSISTOR 
ALL RESISTORS 1 MEGOHM 
ALL FET 'S 2 N4353 

Generat ing curves. Individual bolometers are selected for testing by applying a negative step to t he gate 
of an appropriate FET to turn it on. Voltage-current curves are printed on strip-chart recorder. 
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rent ramp whose instantaneous value is v / R. This 
current ramp and the amplifier output-the voltage 
developed across the bolometer under test-are 
sirnultaneously displayed on a strip recorder. 

Vi' ith the resulting current-voltage characteristic, 
the designer can ,calibrate the device to read radia­
tion intensity. Bolometer resistances are in the 
megohm range, and peak tes t currents range from 
0.1 to 10 microamperes. 

RTL slows the response, 
but boosts IC comparator 

By Fred Gruner 
Jordan Controls Inc., Milwaukee, Wis. 

A simple, low-cost voltage comparator can b e made 
with a resistor-transistor-logic (RTL) integrated 
circuit for applications where fast response can 
b e a drawback. For example, this circuit is able 
to sense overweight or underweight by comparing 
a signal that represents a measured weight to a 
standard in a batch-weighing process. H ere, the 
fast response of commercially available re voltage 
comparators is a possible source of undesired high­
frequency oscillation. 

Two of the four transistors of an RTL dual-logic 
gate (Fairchild 9914), Q1 and Q3 , are connected 
as a differential amplifier with an external 3-kilohm 

emitter resistor, Ri, the base inputs of unused 
transistors Q2 and Q.1 are connected to Ri, and the 
amplifier's input is applied to gate terminals 1 and 
3. Output is taken from the 640-ohm collector loads 
at gate terminals 7 and 6. 

By adding two external stages, Q;; and QG, com­
parator gain is increased. To increase the load­
driving capacity an emitter follower can b e con­
nected at the output of Q6, thereby lowering the 
comparator's output impedance. The output im­
pedance of the collector of QG is 9 kilohms. 

The output characteristic of the comparator in­
dicates a maximum off set voltage of 4 millivolts , 
which may b e + or - depending upon the direc­
tion of amplifier unbalan ce. Since transistors Qt 
and Q3 are on the same monolithic chip , the com­
parator has good balance and drift characteristics . 

OUTPUT VOLTS 

3 _____ ....,._1 
I 

-THRESHOLD (2.5vl 

2 

0 

I 
I 
I 
I 
I 
I 
I 
I 
I 

SLOPE' GAIN' 500 

~ 
IN PUT OFFSET 
(4 mv MAX) 

DIFFERENTIAL 
BETWEEN 
INPUTS 1 AND 2 

Output. Comparator's output characteristic has a maxi­
mum offset voltage of 4 millivo lts. When the difference 
between the comparator inputs exceeds this value, 
th e output switches from 1 to 0 . 

+3.6v 

®~----_.__----~ 

INPUT 1 

(D -.11JV\..---I 

450 

640 

750 

640 
® 

450 ®er· -'VllV---1 

05 
2N3638 

R1 
3k 

- 12v 

01, 02,03,0 4 ARE PART OF FAIRCHILD 9914 
RTL DUAL LOGI C GATE 

CD-®' GATE TER MINALS 

Comparator. Inputs applied to terminals 1 and 3 are compared and am plified , producing a log ica l 1 or 0 at the output. 
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No. 3 of a Series 

Tips on cooling off 
hot "plastic" transistors 
See how circuit and packaging designers use new IERC heat dissipaters 
to increase the efficiency of epoxy and ceramic semiconductors. Mode ls 
are available for all T0-5, T0-18 and D-case sizes, with and without flan _ges. 

New, press-on "Fan Tops" fit all T0-5, T0-18 and 
D-case size devices . Need no board area ; add 
virtually nothing to board height. An R0-97 
with Fan Top dissipates 400 milliwatts at 65 °C. 
compared to 200 milliwatts with 110 dissipator. 

New "Universal" Spade types fit a ll D-casc sizes, 
including the flanged type. Permit operating 
power of transistors to be increased .33%. Unique 
spring-clip retainer accommodates variations in 
case diameters. Single and dual models. 

New Clip types arc especially effec­
ti,·c in hi gh g cm·ironments. Hold 
T0-5 and T0-18 size devices se­
curely; reduce load on leads. Allow 
30% more operating power. 

Unique new Spade types fit all T0-5 , T0-18 and no-flange 
D-case sizes. Provide excellent retention and diss ipation and arc 
also valuable production aids. "Stand-off" legs give a positive 
0.1 " grid location for automatic insertion in p-c boards and hold 
transistors above the sold er , preventing poss ibl e thermal dam­
age. Single and dual models. 

New PA and PB dissipators for medium power plastic devices accommodate 
the fl at, rectangular shaped thyristors, transistors and SCR's. Patented , 
staggered-fin ger design and aluminum construction maximize diss ipa­
tion. In natural convection a PA will permit a sin gle X-58 or i\1332 case 
device to be operated with 80% more power. A PB type will allow 
matched pairs or larger devices to be operated with '.WO% more power. 

IMPROVED SEMICONDUCTOR PERFORMANCE FOR ONLY PENNIES 

Epoxy and ceramic case semicond uctors, like those in metal cases, have max imum 
allowable operating temperatures . E xceeding these limits can damage or destroy 
th e component. Low cost IERC dissipators/rctaincrs reduce operating tempera ­
tures, permitting semiconductors to be operated at power ratings up to 3.3% hi gher 
without increasing case temperatures . Th eir use also sharply reduces failures 
caused by excessive solder heat during assembly. New SHORT FORM CATALOG 
gives complete specifications and other helpful information for selecting tran­
sistors / clissipators. May we send you a copy? 

• 1erc 
SEMICONDUCTOR 
HEAT DISSIPATORS 

Transistor dissipators/retainers • Forced air cooling packages • Fluid cooled heat sinks• Tub e shields 

INTERNATIONAL ELECTRON IC RESEARCH CORPORATION • A corporate division of Dynamics Corporation of America~, 135 West Magnolia Ave. • Burbank, Calif. 91502 
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Ind ustria I electronics 

Laser brightens the picture 
for IC mask-making camera 

With position repeatability of 12.5 microinches and resolution 

of 600 lines per millimeter, a laser interferometer-controlled 

step-and-repeat camera can boost the yield of integrated circuits 

By E. A. Hilton and D. M. Cross 
Hewlett-Packard Co., Freq uency and Time Division , Palo Alto , Calif. 

One of the biggest stumbling blocks in the manu­
facture of integra ted circuits is making photo­
graphic masks used in etching and diffusing. Be­
cause six or so masks are often needed to make a 
single circui t, the trick is to achieve precise posi­
tion and high resolution across an entire wafer. 
The end result: higher yield. 

In hopes of achieving this, several IC makers 
have focused their attention on optical interfero­
meters to control step-and-repeat cameras for mask 
making. One of the more promising approaches 
is a new, automatic system developed by the 
H ewlett-Packard Co. that uses a helium-neon laser 
as a single-frequency light source. 

Position repeatability of the camera is 12.5 mi­
croinches, half the wavelength of the light emitted 

The authors 

E. A. Hilton organized the integrated­
circuits department, which he now 
manages, for Hewlett-Packard's 
Frequency and Time division in 
1965. Before that, he was manager 
of the photoconductor group at 
Hewlett-Packard Associates. 

D. M. Cross moved over from 
Hewlett-Packard Associates to 
design in-plant test equipment for 
the Frequency and Time division. 
With the company seven years, 
he designed the circuitry in the 
step-and-repeat camera system . 
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by the laser. The system is wear-free and friction­
less, unlike the most widely used mask-making 
technique that relies on a mechanical lead screw 
to control position. Here, position increments are 
controlled by the wavelength of light, with photo­
elec tric detectors sensing the position of the pho­
tographic plate being exposed from the mas ter 
negative. 

The camera projects a single mask image and 
can repeat it 500 times on a 1.250-inch-square area. 
The plate is th en developed and used to print the 
masks. Resolution is at leas t ·GOO lines per milli­
meter; focus is 0.1 mil. 

The step-and:repeat camera is used at the in­
house IC facility that H ewlett-Packard created to 
meet its instrument needs [Electronics, June 26, 
p. 15.5; April 17, p. 47]. 

Before Hewlett-~ackard decided on the step­
and-repeat technique, it took a look at other ap­
proaches . The company weighed making a large 
array-all the circuits would b e on a glass plate 
roughly 2-feet square-and then reducing the 
image optically in a single exposure. But this 
was rejected because of the difficulty in achieving 
high resolution across the entire mask area. Also 
turned down was the so-called :8.y's-eye tech­
nique-the use of multiple lenses to project a 
single pattern many times . Still largely experi­
mental, this approach is probably b es t suited for 
high-volume production of simple masks requiring 
limited resolution. 

If the yield and reliability of Ic's are to be high, 
precise positioning accuracy is essential. The 
greater the accuracy, the smaller and more com­
plex the circuit can b e. The obvious advantage 
is that more circuits can be crammed onto a single 
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chip. And, as circuit size is reduced, the upper 
limit of the operating frequency is increased. 

Presently, the, company is making bipolar re's 
for counters using standard silicon processes. Al­
though the circuits' maximum frequency is rated 
at 12.5 megahertz, much higher frequencies have 
been achieved experimentally. 

Michelson interferometer 

Hewlett-Packard's new control sys tem isn't en­
tirely new at all. In reality, it's an updated version 
of the interferometer invented more than 50 years 
ago by American physicist Albert A. Michelson. 
The system measures position, the distance moved 
from a reference point, by counting " fringes"­
the alternating dark and bright patterns that ap-

MOVABLE MIRROR 

I 
BEAM 
SPLITTER 

/ 

DETECTOR 

FIXED 
MIRROR 

Michelson interferometer. Light beam from gas laser is 
split, reflected from fi xed and movable mirrors 
and th €n recombin ed at photo detector. 

I 
BEAM 1 - - - - - -t-

1 
BEAMS OUT OF PHASE 1 

BEAM 2 - - - - - ,.If' 

r-1 
BEAM 1 + BEAM 2-

I I 

Interference. ln·phase beams produce construe· 
tive interference or a bright line at the detector of the 
interferometer. Out-of-phase beams interfere 
destructively so there is no light at all when 
phases are a half wavelength apart. 
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pear when two beams of coherent light mix. Michel­
son didn't have a laser; he used multifrequency 
white light. 

In the Michelson interferometer, a light beam 
is divided in two by a half-silvered plane mirror, 
or beam splitter. Beam 1 is reflected back by a 
fixed mirror to the beam splitter where it is re­
combined with beam 2, which is reflected back 
by a movable mirror. If the distance traveled 
by beam 1 is exactly equal to that traveled by 
beam 2, the two waves are in phase and recom­
bine constructively. A photodetector senses bright 
light. 

If the mirror that reflects beam 2 moves so 
the distance the beam travels is changed by half 
a wavelength, the two recombined waves are out 
of phase. Destructive interference occurs and no 
light is sensed by a photodetector. 

Moving the mirror that reflects beam 2 either 
backward or forward causes alternate light and 
dark fringes to sweep across rhe photodetector. 
Whenever light and dark fringes appear, the 
photodetector produces a sine-wave-shaped pulse. 
These pulses occur in half- rather than full-wave­
length increments of movement because the light 
beam is reflected on itself by the mirror. Thus, 
a half-wavelength movement doubles to a full 
wavelength the distance the light travels. The 
distance the mirror moves can be determined by 
counting the pulses generated by the fringe pat­
terns. 

Between two points 

With only a single photodetector, each movement 
of the mirror generates an identical pulse, making 
it impossible to distinguish whether the mirror 
moves towards or away from the photodetector. 
Such discrimination can be achieved by adding a 
second detector that receives signals 90° out of 
phase with the first signal. By coating the fixed mir­
rors with phase-retarding material, both an in-phase 
signal and a 90° -shifted signal are reflected. One 
photodetector receives the in-phase, recombined 
signals; the other receives the out-of-phase signal 
combined with the in-phase signal. 

The outputs from the detectors are then fed 
to a reversible counter operating in the A quad B 
mode. In this mode, only one channel-A-is 
counted but the direction of count in the plus or 
minus direction is controlled by the phase rela­
tionship between the two inputs. 

Thus, when pulses in the B channel lead those 
in the A channel by 90°, the latter are counted in 
a positive direction. When the pulses in channel 
B lag behind those in channel A by 90°, the latter 
are counted in a negative direction. This means 
the position of the movable mirror can be deter­
mined to an accuracy of one-half the wavelength 
of the light being used. 

With a helium-neon laser emitting radiation 
at 6,328 angs troms, this distance is 12.5 micro­
inches. Thus, the position accuracy of the control 
system depends on the light wavelength, and on 
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Focusing. D. M. Cross focuses the mask master onto the plane of the photographic plate before the xenon 
flash lamp, to the left of the focusing microscope, is moved into position. Helium-neon laser is in the foreground. 
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~--- CARRIAGE SER VO MOTOR ~ CONTROL FEROMETER 

HELIUM- NEON 
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X-axis control. Outputs from p-i-n photodetectors, which respond to 
interferometer fringe pattern , are shaped into sharp pulses and read by reversible 
counter (color). Position and rate-counting decades are used for smooth 
control in d-c motor servoloop. 

the stability and precision with which the light 
frequency can be · maintained. Accuracy is inde­
pendent of any mechanical calibration system. 

To minimize the effects of air turbulence, the 
laser beam diameter should be as small as nossihle. 
Yet it must be large enough so that diffraction 
isn't too severe. A telescopic lens sys tem expands 
and collimates the beam to give it the best diameter. 

The Hewlett-Packard sys tem uses two interfer­
ometers, one to position the x axis , the other for 

Fringe pickup. 
Horizontal tube 

at right 
contains the 
photodiodes 

that sense the 
fringe pattern 

of the 
interferometer. 
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Beam splitter 
and fixed, 
reflective 

mirror are 
immediately 

in front of 
photodiodes. 

the y axis. E ach interferometer has one leg of 
known length and another that becomes longer 
or shorter as it is reflected from a mirror on a 
movable carriage. 

Granite beds 

The photographic plate to be exposed from 
the mas ter negative is placed on the carriage, a 
fl.at slab of granite, ·which is supported on cushions 
of air atop the camera bed-a massive granite 
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REVERSIBLE X-AXIS 

COUNTER SERVO SYSTEM 
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•••DD ~ Y-AXIS 

ODD DD SERVO SYSTEM 
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D-C 

MIRROR MOTOR 

~-----------.i REVERSIBLE 
COUNTER 

Reflected light. Interference fr inges are created as t he laser beam (color) is reflected from quartz mirrors. 
The absolute value of the carriage's position is displayed on two 2-megahertz reversible counters. 

block. Granite ways with air cushions enable the 
carriage to move horizontally in two orthogonal 
axes. 

The photographic master, which is on a glass 
plate, is held in a vacuum chuck under a xenon 
flash tube at the top of the camera. The vacuum 
chuck is fixed to the camera bed. A lens projects 
a reduced image of the master onto the 2 x 2-in. 
photographic plate held in another vacuum chuck 
on the granite carriage. 

The master is produced from the large circuit 
layout by a photoreduction camera built by Dain­
ippon Screen Manufacturing Co., Kyoto, Japan. 
This camera reduces the circuit designer's mask 
layout (generally at a 40:1 reduction in a single 
step) to the master-mask size required by the step­
and-repeat camera. Maximum deviation of the 
Dainippon camera in master-to-film parallelism is 
5 seconds of arc. Positioning repeatability is 0.5 
mil when the circuit layout is moved anywhere 
across the 24-foot length of the camera bed. 

Counting fringes 

Before the camera exposes the master mask, 
the stepping interval is set to a numerical value 
representing the distance the carriage must move. 
D-c printed-circuit servomotors drive the granite 
slabs to the preset position. The xenon tube then 
flashes; a row of equally spaced images is exposed 
on the plate by a sequence of steps and flashes. 

'Vhen the end of the row is reached, the car­
riage is automatically indexed a preset amount 
to the next row. The carriage stops when the re­
quired number of exposures has been made. 

The motion of the granite slabs is sensed by 
a pair of p-i-n photodiodes on each axis. These 
ex tremely fast light detectors respond to the 
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light and dark fringes crea ted by the laser beam 
reflecting from the quartz mirrors of the inter­
ferometers. Pulses from the photodiodes are fed 
to the servoloops controlling the axes motors. 
An interference frin ge produces a pulse output 
from a diode every time the carriage moves 12.5 
microinches. 

At fir st, the light-detecting devices were photo­
sensitive field effec t transistors . These were re­
placed with p-i-n diodes whose response in the 
blue and violet spectral region is less than a nano­
second, fast enough to count fringes even if the 
carriage is bumped accidentally. Outputs from 
the diodes are amplified and shaped into clean 
square waves by a divide-by-four amplifier and 
trigger plug-in in a 2-Mhz reversible counter. 

Absolute positioning 

Two 2-Mhz counters display the absolute posi­
tion of the carriage. The counters' binary-coded 
decimal output also provides all the input signals 
needed to control the carriage automatically. Digi­
tal signals are converted to d-c voltage levels in 
a resistor matrix for mixing with rate signals. The 
sum of the position and rate signals drives the 
motors. 

Analog motors were used because the smooth 
table motion they provided was more desirable 
than that obtained from a stepping motor. 

For smoo ther control, a feedback signal propor­
tional to table rate is obtained b y counting the 
number of interferometer fringes that occur in 
each 8-millisecond interval , derived from the 60-
hertz line frequency. The rate signal is derived 
by ga ting the fringe-counting decades. Rate dec­
ades are reset in less th an 0.3 milliseconds after 
each sampling interval. 
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PIEZD ACCELERDmETER 
REPORT CECB}})lllll 
REPORT NUMBER 3 

No job too demanding 
for CEC Accelerometers 
If you can define your problem, CEC 
can deliver the solution-because CEC 
already has accelerometers designed to 
meet the most demanding and specific 
requirements. What's more, most units 
are "on the shelf"-ready NOW to meet 
your application. 

; 

Problem: laboratory measurements -
where acceleration measurement over 
extended frequency range is required. 

Solution: Type 4-270 
The extreme sensitivity of this unit ex­
tends the measurable acceleration range 
to low levels which are undiscernible by 
most piezoelectric accelerometers . The 
4-270 produces a readable signal at 
lower than usual g levels. 

Specifications: 
00 Basic Voltage Sensitivity (Open Circuit): 
72 mv/ g nom, 65 mv/ g min at 77 °F and 
lOOHz 
00 Charge Sensitivity: 33 picocoulombs / g 
nominal 
00 Frequency Response:2 to 8000 Hz ± 5% 
00 Temperature Range: -65 °F to + 350°F 

Problem: limited space where size is 
critical;small unit required with accurate 
data capability. 

Solution: Type 4-275 
First "pea size" accelerometer on the 
market with a detachable cable to elimi-
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nate the expense and inconvenience of 
returning accelerometer to th e manu­
facturer to replace a frayed cable. 
"Compliant rod" design isolates the 
sensing element from the housing, vir~ 
tually eliminating such troubles as cable 
whip effect, acoustic bombardment, and 
thermal transients . 

Specifications: 
00 Basic Voltage Sensitivity: 5.5 mv /g nom, 
4.0 mv / g min (at 77 °F and 100 Hz) 
00 Charge Sensitivity: 2.3 pcmb / g nominal 
00 Frequency Response: ± 5% from 4 to 
15,000 Hz with 300 meg load 
00 Temperature Range:-l00°F to + 250°F 

Problem: small, lightweight low-imped­
ance unit needed for direct readout of 
an output signal. 

Solution: Type 4-281 
"Compliant rod" construction is com­
bined with an internal source follower, 
both electrically and mechanically iso­
lated from the housing. Effects of cable 
whip, acoustic bombardment, ground 
loops are minimized by this two-fold 
isolation along with the accelerometer's 
all-welded housing; with low impedance 
output the noise susceptibility, con­
tamination, and problems of low-noise 
coaxial cables are eliminated. 

Specifications: 
00 Basic V oltage Sensitivity: 30 ± 6 mv / g 
at 77 °F 100 Hz 50,000-ohm load, and 22 v 
excitation 
00 Frequency R esponse: 4-10,000 Hz ± 5% 
from 100 Hz reference 
00 Output Impedance: 150 ohms max 
00 Harm onic Distortion of Output: 2 % max 
(at 2.5 v rms and 0.2 ma rms max current) 
00 Temperature Range: - l00°F to + 300°F 

BELLE. HOWELL 

Problem: high accuracy structural test­
ing-free from unwanted inputs. 

Solution: Type 4-250 
Unwanted inputs from deformation of 
the accelerometer base are effectively 
eliminated by CEC's new 4-250 Series 
Accelerometers-thanks to a unique 
application for CEC's Ceramicite®. Up 
to 30 times more resistant to base strain, 
CEC 4-250 Series Accelerometers fea­
ture a compliant rod / mass assembly 
virtually isolated from distortion of the 
base. Users are no longer plagued by 
temperature transients and acoustic 
loading. As a result, CEC specifies a 
maximum base strain sensitivity guar­
anteed to .01 g/ 10-G in/ in. on each 
accelerometer. 
Each of the four accelerometers in this 
series has unique features to match spe­
cific requirements. The 4-250 is designed 
for high charge output and flat charge 
vs. temperature sensitivity. The 4-251 
provides fl at voltage response over a 
wide temperature range (-320 °F to 
+ 500°F). The 4-252 gives flat charge 
response at cryogenic and high tempera­
tures. And the 4-253 delivers flat charge 
and voltage response at cryogenic and 
very high temperatures (operating range 
-320°F to + 700 °F). 
CEC also supplies a line of associated 
electronics for use with these transduc­
ers: source followers, voltage amplifiers, 
and charge amplifiers. 
For complete information on these 
accelerometers or application problems, 
call your nearest CEC Field Office. Or 
write Consolidated Electrodynamics, 
Pasadena, California 91109. A subsid­
iary of Bell & Howell. Bulletin Kit 
#327-X2. 

CEC 
TRAnSDUCER PRODUCTS 
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Medical electron ics: 6 

Helping hands 
Modern electronic components and signal -processing techniques 

are t he keys to better prosthetic devices fo r amputees 

By Yves Lozac'h, Andrew L. Lippay, E. David Sherman , M.D. , and Gustave Gingras, M.D. 
Rehabilitation Institut e of Montreal, Montreal, Canada 

Technology has reached a point where electronics 
can help restore physically disabled people to a 
useful life. 

With the availability of such components as 
integrated circuits and miniature actuators and 
energy supplies, it's technically possible to build 
powered devices to replace or assist human organs 
and limbs. 

But before these devices are completely accept­
able, more must be learned about the interface 
between man and prostheses. Modern control 
theory must be brought to bear on that most ex­
quisitely engineered system of all-the human 
neuromuscular sys tem. 

Consider what the system does. Directed by the 
brain-a device weighin g about three pounds and 
consuming only a few watts-it controls and ener­
gizes the physical activities of the body with grace­
ful coordination and useful purpose. It responds 
to s timuli from the environment, processes this 
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input data, and compares it to past experiences 
stored in the memory. If physical action is called 
for, instructions are passed through nerve channels 
to activate muscles in sequence. 

The instructions can be modified or cancelled 
if obstacles or hostile conditions are encountered . 
The history of the activity is stored in a 5hort­
term memory, and the action can be repeated with­
out furth er monitoring. 

With all this, the system requires relatively 
low operating costs , and is mass produced by rela­
tively unskilled labor. 

The replacement or restoration of any compo­
nent of this extraordinary complex is a tremendous 
challenge. Complicating the situation is the fact 
that each lmman's problems are unique; this prob­
ably precludes the development of any standard 
device to serve all cases. 

Since the Middle Ages, prosrheses have been al­
most exclu sively in the form of mechanical devices 
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operated by c~bles attached to harnesses. The 
force required to operate the device is derived 
from the movement of some normal muscle or 
other part of the body. While this type of pros­
thetic is surely helpful, it suffers from a number 
of disadvantages. 

In the first place, the number of control sites 
on the body, especially after extensiv:e amputation, 
is limited. Secondly, the method affords the patient 
only a limited degree of functional freedom and 
clearly presents difficulties in terms of activity, 
appearance, and mechanical efficiency. 

Early in the 1950's, Norbert Wiener suggested 
that the electrical signals generated by muscles 
when they contract-the so-called myoelectric po­
tentials-could b e used to control externally pow­
ered prostheses. Since that time, the myoelectric 
approach to prosthetics has been the subject of 
considerable research both here and in Europe1-3 

[Electronics, July 10, p. 105] . Combined with new 
developments in electrical and gas-operated actu­
ators , it promises to provide the patient with 
superior control and to minimize adjustments. 

Muscle action 

The basic module of muscular operation is the 
motor unit. Small groups of individual cells, or 
fibers , of skeletal muscles are connected to the 
terminal branches of a nerve fiber or axon, whose 
main cell body is in the grey matter in the spine. 

A nerve ,impulse originating in the central 
nervous system (brain and spinal cord) travels 
down the axon at a finite velocity and depolarizes 
a membrane enveloping the muscle fibers. Ions 
stored along the membrane by metabolic processes 
rush in to cancel the opposite-polarity charges pro­
duced by the impulse. The fibers connected to the 
axon contract sharply and almost simultaneously 
to about 57% of their res ting length, then relax 
completely while other similar units are "fired." 

SKIN ELECTRODES 
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As the demand for muscular effort increases, so 
does the frequency of firing in each motor unit, and 
additional units are gradually brought into action. 

The fibers of a motor unit are distributed ran­
domly across the section of rhe muscle, which 
seems to contract smoothly, although even at maxi­
mum effort only about one-third of its fibers are 
contracted at any given ins tant and a continuous 
cycling of motor units is taking place. Independent 
fibers of the motor unit fire at slightly different 
times, depending on the distance along the ter­
minal nerve branch. 

Muscles used for delicate movements require 
greater precision of control than gross muscles. 
Accordingly, their motor units are small, with 
separate nerve ends controlling as few as 10 
muscle fibers; other muscles may have motor units 
containing 2,000 fibers , also controlled by one axon. 

In practical applications, the muscle signals 
must b e coupled into the control circuit without 
penetrating or otherwise damaging the skin. Much 
effort is now being made to develop components 
for a miniature radio link that would be implanted 
in the body to directly connect the signal source to 
the control unit.4 , 5 At Case Institute of Technology 
in Cleveland, an operational myoelectric amplifier 
and transmitter was successfolly implanted in the 
shoulder of a research associate recently. Right 
now, however, surface electrodes, with all their 
associated problems, have to be used. 

These contacts must be maintained at the appro­
priate points of the skin, necessarily some dis­
tance from the actual control muscle. Motor units ' 
action potentials lose their higher-frequency com­
ponents in traveling through tissue, and the signal 
pickup is subject to crosstalk from other muscles 
operating in the vicinity, including the heart. A 
poor electrode contact tends to inject noise into 
the necessarily high-gain amplifier system con­
nected to it. What the control amplifier sees, even 

TO CHANNEL 8-----to---. 

Control amplifier. Off·the-shelf integrated-circuit preamplifier stage saves space, cuts costs, and resists noise. 
Miniature relay K" functions as on-off control tor motor. Each two-channel amplifier can handle two actuators. 
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Rehabilitation . Fitted with myoelectrically controlled 
hand, t his amputee demonstrates dexterity. 

under the best of conditions, is a distorted form 
of the electrical sum of the outputs of many motor 
units . Such gross myoelectric signals must be 
processed to es tablish an output approximately 
proportional to the muscular effort. Control inputs 
can be derived by comparing two instrumented 
muscles, or a single input can be used. Short­
term integration, measuring the frequency of base­
line crossings, or counting the peak reversals occur­
ring in a given time are some signal-processing 
methods now in general use. 

Several important contributions to the develop­
ment of myoelectrically controlled artificial limbs 
have been made in the recent past. Russian scien­
tists , for example, have developed an artificial arm 
for below-the-e1bow amputees that uses muscle 
currents to conh·ol the finger movements [Electron­
ics , Dec. 28, 1964, p. 111]. Scientists at the Philco­
Ford Corp. initially used myoelectric signals to 
operate the knee joint of a leg brace on an artifi­
cial leg [Electronics , Nov. 30, 1964, p. 74] ; later 
the company went a step furth er and designed a 
completely self-powered artificial arm that could 
bend at the elbow and turn at the wrist [Electron­
ics, Sept. 20, 1965, p. 42]. And a myoelectrically 
controlled arm aid has been developed at Case 
Institute of Technology [Electronics, Sept. 20, 1965, 
p. 110] . 

The Rehabilitation Institute of Montreal has 
b een fitting amputees with externally powered 
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prosthetic devices for about four years. Gas-oper­
ated devices were initially used, mainly to equip 
young children born with deformities that were 
caused by the drug thalidomide. Two years ago, 
electric devices were introduced, primarily electric 
hands designed and built in the Soviet Union.6 

Experience with these turned up serious main­
tenance problems. Designed with marginally rated 
components , the units failed whenever noise at 
the amplifier input b ecame excessive. 

The institute staff decided to design and build 
a similar control sys tem using available U.S . and 
Canadian hardware. Performance specifications and 
size requirements practically dictated the use of 
monolithic integrated circuits in the preamplifier . 

Design considerations 

The institute's experience with myoelectric con­
trols defined some of the requirements for the 
sys tem, while prosthetic considerations, costs, and 
a pressing need for operational equipment dictated 
others. The principal objective was to produce a 
practical, reliable, reasonably inexpensive control 
system for two existing electrically powered de­
vices-an artificial hand and a prosthetic hook­
that both perform the function of simple preh en­
sion (pin ch ) when energized. 

An on-off mode of control is initially being used, 
but proportional control is projec ted as the next 
step. The equipment has to be used by nontech­
nical people, of course, and operation has to b e 
simple, and servicing and maintenance minimal. 

Independent muscle signal inputs for each chan­
nel were preferred by designers to techniques that 
use a balancin g of opposing muscles or compare 
the output of several muscles . The devices, it was 
reasoned, would often have to be fitted in cases 
where control muscles could only be found on the 
trunk, perhaps in the abdomen. 

Because of low signal levels and high amb ient 
noise, a low input impedance in the range of 
several thousand ohms is desirable for the pream­
plifier. On the other hand, the amplifier sees a high 
and variable source impedance b ecause of changing 
physical conditions at the electrodes. The ampli­
fier may be looking into several tens of kilohms or 
more, which must be matched to the input circuit. 
An equivalent input impedance in the order of 50 
kilohms in therefore a reasonable compromise. 

Because shielding is difficult, high levels of 
electromagnetic interference make high common­
mode rejection essential to prevent operation of 
the prosthetic device except on command. Ther­
mal stability is also an important factor, and sili­
con devices are used exclusively. 

A rela tively narrow frequency-response band of 
80-1,000 hertz was specified to increase the signal­
to-noise ratio wl1ile reducing sensitivity to high­
frequency ambient noise and power-line frequen­
cies. Capacitive coupling of the input eliminates 
the effects of variations of d-c levels occurring in 
the ti ssue an d at the electrode-skin interface. 

A maximum over-all time delay of 100 millisec-
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Prototype. Assembled two-channel control unit incorporates IC preamplifiers and miniature relays. 

onds between a command and actuator movement 
was specified. Any greater lag would require 
conscious concentration on the part of the operator, 
and delays of more than 200 msec could cause 
serious frustration in his part. 

Selecting the preamplifier 

In the first design attempt, it was intended to 
install the IC input stages directly over the pic1..'Up 
electrodes. This would eliminate much of the am­
bient interference and permit the locating of the 
rest of the amplifier at any convenient point inde­
pendent of lead length. However, for production 
reasons this scheme was abandoned in favor of a 
single control unit, separated from the structure 
holding the electrodes in place but installed in 
reasonably close proximity. The IC preamplifiers 
provide, in a very small package, a balanced and 
matched differential input, high stability and input 
impedance, and an open-loop gain of about 50,000. 

Two flatpack IC amplifiers were used in the first 
experimental installation, which has now been in 
service on a female patient for more than nine 
months. Flatpacks ideally meet the space require­
ments , but they are expensive, involve long de­
livery times, and require that the control circuit 
be adjusted each time a new preamplifier is wired 
into the unit. 

The design was bherefore changed to accommo­
date a Fairchild 1•A709C amplifier packaged in a 
T0-5 case. It is available off the shelf and costs 
less than $10 each in 100-unit lots. More than 30 of 
these devices were interchanged in the breadboard, 
and only one- which later proved to be defective 
-caused appreciable changes in the operating 
characteristics of the prosthetic arm. 

In keeping with space requirements , discrete 
microminiature components were selected for the 
rest of the control circuit. Capacitors must have 
a comfortable margin of voltage ratings because 
the system is frequently exposed to high noise 
levels at the input. 

Babcock miniature relays in a flat can energize 
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high-speed permanent magnet motors to drive the 
prosthetic devices . The motors draw approximately 
150 milliamperes at full load and 700-800 ma when 
stalled. o relay failures have yet occurred, al­
though some motors have been exposed to con­
tinuous operation on the breadboard and to vicious 
chattering during adjustments and electrode trials. 
Since the motors have to operate in either direction 
with dynamic braking, the usual methods of pro­
tecting contact aren't practical. However, shunting 
the contac ts with back-to-back zener diodes can 
divert high voltage surges if the relays are af­
fected by the inductive loading. 

Control unit 

The input circuit couples the signal from the 
muscle to the preamplifier. A single-transistor 

The human factor 

Replacing a missing human limb isn' t just a matter 
of hooking up the man to an artificial device. The 
design of a prosthetic device is naturally affected 
by a great number of psychological and phys iologi­
cal factors. Here are just a few, as described by 
the authors: 

The designer must never forget that he is deal­
ing with human functions. The most sophisticated 
preprogramed crane attached to a wheelchair won't 
serve the purposes of rehabilitation as well as a 
simple splint the patient can use to hold a hook 
by bringing thumb and fingers together. 

The patient must be able to adapt to the ma­
chine's idiosyncracies. 

If the patient has to accept discomfort and lim­
itations, the device must significantly improve his 
functional freedom. Conversely, if op eration is 
smooth and sustained, the efforts demanded of the 
patient mustn' t be fa tiguing . 

Cosmetic aspects can ' t be ignored. The prosthetic 
device shouldn't embarrass the patient by being 
noisy, jerky, or noticeably slow or fast . It should 
be light and strong, easy to operate and clean, 
and not irritating. 
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amplifier stage follows the preamplifier, whose 
output is an a-c analog of the input. The input, 
in turn, is approximately proportional to the mus­
cular effort. After half-wave rectification, the sig­
nal is filtered by an RC circuit that performs, in 
effect, iterative integration. The d-c output is am­
plified in a Darlington power amplifier that drives 
the relay on or off when the coil current reaches 
a predetermined level. 

The muscular command signal input is capaci­
tively coupled to the input network, which matches 
the source impedances to the preamplifier. 

The Fairchild µA709C is essentially a dual oper­
ational amplifier with an inverting and non invert­
ing input channel, and is designed for comparator 
and low-signal applications. Input impedance is 
specified at 400 kilohms and the open-loop gain 
is 45,000 when operated with a supply voltage of 
+ 18 volts. In the prosthetic control, the supply volt­
age is zener-regulated to +4.5 volts, reducing the 
open-loop gain to approximately 80 decibels. 

Frequency response 

To achieve d-c stability, the loop is closed 
around the amplifier, establishing very low d-c 
gain, minimizing the effects of drift, and eliminat­
ing the need for offset adjustment. The gain char­
acteristic rises smoothly from unity at d-c to a 
maximum approaching the open-loop gain at 120 
hz. The curve is flat within 3 db of this level up 
to 200 hz, then rolls off to unity gain at approxi­
mately 2 kilohertz. At 60 hz the gain is 15 db down. 
The area under this characteristic curve coincides 
with the frequency limits representing the maxi­
mum information content of the myoelectric spec­
trum. The amplifier thus combines high sensitivity 
to the most important segment of its signal input 
with relatively narrow frequency response for a 
high signal-to-noise ratio. 

The measured output impedance of the ampli­
fier is 150 ohms. The root-mean-square noise am­
plitude is on the order of one microvolt, referred 
to the input, using the maximum gain figure of 
80 db. At the standard frequency of 200 hz, the 
common-mode attenuation is approximately 90 db. 
The input impedance was determined under sim­
ulated input conditions to be 45 kilohms. 

The single transistor, Q2, and its base resistor 
serve to decrease the effects of capacitive loading 
on the output [figure on page 126]. The stage pro­
duces a voltage gain of 25, increasing the signal 
enough to overcome the forward threshold of in­
tegrating diode D1 • 

Signal processing in the form of short-term inte­
gration is accomplished with half-wave rectifica­
tion and RC filtering. Diode D2 provides a refer­
ence voltage for the coupling capacitor. The re­
sponse of the integrating circuit, approximately 
100 msec under operating conditions, is less than 
the RC product since the circuit is never completely 
quiescent when connected to the electrodes. 

Because there is no bias in the first stage of 
the Darlington amplifier, the circuit triggers when 
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Improvement. Closeup of prosthetic hand and drive 
motor with IC control unit. Design successfully 
overcame shortcomings of Russian prosthetic hand, 
which suffered frequent breakdowns because of 
poor-quality components. 

Fitted out. Patient with double amputation below 
the elbow wears myoelectric hands. Battery pack 
is installed on belt. 
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the integrator output exceeds the base threshold, 
and turns off when the voltage falls. This action 
provides a positive triggering, completely cutting 
off the relay coil current when not energized and 
thus reducing the standby drain on the battery. 

In a two-channel control, a common resistor is 
added between the relays and battery neutral to 
ensure selective operation of the desired channel 
and to counteract simultaneous activity due to 
muscular cross talk. The difference b etween pickup 
and dropout voltages in the relay provides an in­
herent hysteresis characteristic, which helps ab­
sorb fluctuations in muscle signals occurring even 
under steady contraction. 

Energy source 

A single battery power supply is desirable to 
minimize the amount of equipment carried by the 
patient. A nickel-cadmium battery pack consisting 
of 11 Eveready C45T cells in a Vitrathene envelope 
has been used on institute patients with electric 
prostheses for some time. Rated at 450 ma-hours 
at a nominal 13.75 volts, some of these batteries 
have operated satisfactorily for more than 18 
months , representing at least 300-400 cycles of 
discharge. 

They seem to be indestructible unless grossly 
mishandled; a simple charger with a series resis tor 
to limit initial current and final voltage takes care 
of recharging witihout a timer or charge-level 
indicator. Because of the motor load current, volt­
age regulation has to be provided in the pream­
plifier stages. In previous installations, especially 
with a patient who had lost limbs on both sides of 
the body, the drop in battery voltage caused serious 
problems and individual batteries had to be used 
for each side. 

Even such a bilateral amputee needs simple 
surface elec trodes to operate the equipment 
throughout the day without adjustment or assist­
ance. Solid stainless-steel buttons of approximately 
an 8-millimeter diameter and spaced 25 mm apart 
are used. 

A water-soluble electrode jelly is rubbed over 
the skin surface in the electrode area. Natural 
skin salinity and moisture, in combination with a 
light salty residue from the jelly, maintain the 
electrode resistance at a reasonably low value 
indefinitely. 

Mechanical design 

The space available in the prosthetic structure 
limits the physical size of the control unit. To 
make the location of the electronic package inde­
pendent of the level of amputation, the unit was de­
signed to fit between the walls of the laminated 
socket structure common to all prosthetic devices; 
this is necessarily cus tom-tailored to each individ­
ual patient. On this basis, the maximum dimensions 
for a two-channel unit were set at 7 mm thiok by 
25 mm wide by approximately 60 mm long. Various 
curved shapes were considered for the printed 
circuit board at first, but a straight narrow shape 
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On the other hand 
The simple on-off type of control used by the Re­
habilitation Institute is relatively demanding when 
compared with the complexities and versatility of 
an actual human limb and the neuromuscular sys­
tem that drives it. vVith an on-off system, the 
patient must actuate his prosthetic device with a 
delicate application of fo rce. 

An approach that more closely approximates the 
action of a human limb incorporates feedback in 
a proportional control circuit. An electromechanical 
hand based on this principle was developed re­
cen tl y by the medical biomechanical research labor­
atory at the U.S. Army's Walter Reed Medical 
Center [Electronics, May 1, p. 38]. 

Unlike the institute device, this hand isn't under 
myoelectric control. It is instead powered by a 
nickel-cadmium battery that opera tes a motor di­
rectly through an amplifier. The wire on the hand's 
thumb in the photo above is connected to a piezo­
electric crystal that acts as a sensor. The sensor 
automatically detects the pressure required to hold 
an object; the sensor's output is coupled to the 
motor through the amplifier for the needed torque. 
If power is cut off, the hancl retains the object 
without further effort by the patient. 

was finally adopted because it's most easily adapt­
able to individual variations in prosthe tic design . 

E xhaustive tes ting in an environment of intense 
high-frequency fields showed the system to be un­
affected. \Vhen operated near airborne vhf and 
radar equipment, no fals e operation was observed, 
and no interference or objectionaible reflec tions were 
caused by the prosthe tic system. In fact, the system 
has been cleared by Canadian Pacific Airlines for 
use aboard its planes. 

With a single battery supplying both the control 
unit and the drive motor, armature noise is con­
tinuously reflected into the supply voltage. Fur­
thermore, the battery inevitably picks up ambient 
electronic noise. 

Electromagnetic induction in the metallic struc­
tural parts of the prostheses has created problems 
in previous systems, but the present IC amplifier 
is much less sensitive to such disturbances. Prep­
aration of the control sites appears to b e far less 
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critical than before, and the required muscular 
effort is appreciably less ; fast response and good 
control are reported by users. 

Since the introduction of this control sys tem 
at the institute two years ago, 23 electric hands 
have been fitted to patients with widely different 
medical histories. All the devices were controlled 
myoelectrically, and a few were combined with 
pneumatically driven sys tems. 

With a few exceptions, the control of the electric 
hands b ecame subconscious in a short time, even 
in cases where the conh·ol muscles were anatomi­
cally disassociated with hand funotions. For ex­
ample, after only three days of training, a bilateral 
shoulder amputee operated a pair of electric hands 
through four muscles of his back with apparently 
less con centration than he would need to select 
the control valves for a pneumatic elbow and wris t 
actu,ator. 

Most patients with below-elbow amputations 
report that their electric hand becomes closely 
identified with the phantom image of the missing 
hand; this identification increases in intensity with 
continued use of the residual muscles as myoelec­
tric signal sources. Even with amputations where 
functional loss is minimal, some patients insist on 
constant use of the externally powered devices, 
although such applications might be considered 
economically extravagant. 

Brief and informal experiments with children 
as young as four years of age showed that they 
can master myoelectric control quickly. With sur­
face electrodes applied to control sites on the 
limbs, trunk, and abdomen, the children operated 
appropria te muscles with few errors . 

The future 

E lectronic prosthetic control will come into its 
own when more sophisticated powered functional 
devices and systems are available. Whatever form 
of energy is used, the performance of av,ailable de­
vices is still far from the efficiency and versatility 
of the human limb s the equipment replaces. Me­
chanical developments are urgent. 

Portable energy sources developed for commer­
cial and military purposes more or less satisfy the 
immediate needs of powered limbs. However, 
more efficient batterie-s and energy conversion 
would reduce the weight and bulk the patient h as 
to carry, and would permit the design of more 
extensive and powerful sys tems. For example, 
lithium batteries are reported to have a four-fold 
advantage over nickel-cadmium cells in storage 
capacity. 

Hydraulic actuators and devices are excellent 
for energy conversion in high-gain mechanical 
systems, but their application to prosthetics lags 
b ecause of the difficulty of pressurizing a small 
portable system. Researchers at the Northern Elec­
tric Co. are currently developing a very small, 
electrically driven pump and a four-func tion hy­
draulic-arm complex suitable for very young am­
putees. An earlier electric-arm system is now under-
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going clinical and home evaluation. Also under 
development is a multifunction artificial hand 
adaptable to electric, pneumatic, or hydraulic 
drive. All these devices will be fitted to children 
at the Reh aibilitatfon Ins titute. 

The ideal type of bioelectric prosthetic device 
would operate under the control of actual nerve or 
brain signals sensed by a direct connection to the 
central nervous system. But this type of man­
machine connection isn' t immediately feasible. 

Even the simple myoelectric devices available 
now are useful clinical and rehabilitative tools ; 
most installations offer significant improvements 
in functional freedom. The cost is still high, but 
volume buying and new commercial developments 
will reduce unit costs from the prototypes' price 
of several hundred dollars. 
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Medical electronics: 7 

Vigilant machines 

Electronic monitoring systems are improving patient care 

while considerably reducing the workload on hospital staffs 

By Morris White 
Hewlett-Packard Co., Waltham, Mass. 

The heart patient's chances of survival have been 
dramatically improved by the use of ele0tronic 
monitoring equipment in hospitals. Already the 
mortality rate among patients admitted after heart 
attacks has been halved-to 20%-since monitor­
ing equipment first appeared in hospitals about 
seven years ago. 

Continuous, automatic monitoring in intensive 
care wards is a boon to doctors and nurses, reduc­
ing their workload and enhancing their vigilance. 
Audible or visible alarms immediately alert the 
staff to changes in a patient's condition , and some­
times even provide corrective measures via feed­
back. An example here would b e the cardiac moni­
tor that incorporates a demand-type pacemaker. 

Dynamic data is displayed visually on oscillo­
sconcs; slowly changing physiological data is shown 
wi th meters and numerical readouts. Important in­
formation and signs are recorded and s tored at 
central sta tions . 

\ i\That the systems monitor are the electrical sig­
nals (called biopotentials ) generated by th e human 
body [Electronics, July 10, p. 103], and such bio­
physical phenomena as liquid pressure, flow, dis­
placement, temperahtre, sound, and force. The 
equipment can handle the biopotentials directly, 
but nonelectrical data has to b e converted into 
electrical signals. 

In either case, the job isn' t easy. Patients can't 

The author 

132 

Morris White has been with the 
Santorn division of Hewlett­
Packard for 20 years. He has been 
involved in both the engineering 
2nd marketing of medical 
electronic instruments, and is 
currently a product manager 
for the division . 

be designed or modified to accommodate the elec­
tronic system. Sensors are usually applied ex ter­
nally, but not always. Surface elec trodes are safer 
and easier to use than internal sensors, but their 
performance can b e degraded by muscle-generated 
noise and the outer layer of skin resistance. 

Shock hazard 

Connecting a patient to electronic equipment 
poses the threat of electrical shock. The danger is 
most serious when currents have to be passed 
directly through the heart, since the lethal current 
level in the heart may be as low as 100 micro­
am oeres root-mean-square. 

This hazard, though, is significantly reduced in 
a series of electrocardiographic machines recently 
developed by engineers at the H ewlett-Packard 
Co.'s Sanborn division. Instead of using a direct 
wire connection or reference electrode, these ma­
chines connect the pa tient to ground potential 
through an amplifier with a current-limited output. 
Essentially, this active circuit operates like a fus e 
but is capable of reacting to the very low current 
values considered lethal. 

Should a patient accidentally contact a voltage 
source, such as the power line, through the electro­
cardiograph's ground circuit, the amplifier circuit's 
impedance increases to block any current flow. 
This technique reduces the leakage current from 
any 120-volt a-c source to 4 µa or less, and simul­
taneously produces a grounding impedance lower 
than an electrode's contact impedance. 

Besides its bedside role, monitorin g gear has a 
place in the operating room when major surgery 
is performed. Among the parameters monitored are 
blood pressure, heart potentials ( electrocardio­
graphic tracings), heart rate, body temperature, and 
brain waves (electroencephalographic tracings) . 
The anesthesiologist uses the EEG, for example, to 
gauge the level of unconsciousness. 
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Operating-room displays range from small scopes 
showing only EKG and E EG to multichannel systems 
with big scopes for real-time data, meter or numeri­
cal readouts , and magnetic-tape recorder. 

A large monitoring installation like that at George 
Washington University Hospifal in \iVashington , 
D.C. , usually has the bulk of the electronic equip­
ment in a room apart, with only oscilloscope and 
numerical-readout displays inside the operating 
areas. From the central control room, the monitoring 
equipment at the university hospital serves a cardio­
vascular and several general operating rooms, a 
recovery room, and a special-care unit. 

The signals monitored are transmitted through 
cables to the control room for signal condition­
ing, recording, and routing. The system's operator 
is in two-way voice communication with the surgi­
cal teams, and duplicate visual monitors are 
mounted on the walls or ceiling of operating rooms. 
Such an installation eliminates the clutter of in­
strumentation in the operating room and reduces 
the hazards associated with electronic gear. The 
recordings can be played back during surgery. 

The control-room operator at George \iVashington 
monitors signals displayed on an eight-channel, 17-
inch scope, and a consulting anesthesiologist can 
keep track of the patient's EKG on a five-inch oscillo­
scope in his office. 

Each b ed in the hospital's recovery room has 
an oscilloscope for continuous display of the pa­
tient's EKG, a heart-rate meter with adjustable high 
and low thresholds, and associated alarm indicators. 

Postoperative 

After leaving the recovery room , the patient is 
placed in an intensive care unit where EKG, heart 
rate, peripheral pulse, and central venous pressure 
are monitored. Peripheral pulse-detected at a 
fingertip or ear with a photoelectric-type pickup-­
serves as an index of the heart's pumping power. 

For continuous and accurate measurements of 
blood pressure, a small, hollow catheter tube is 
inserted directly into a vein. In the Sanborn moni­
toring system, these transducers work into a car­
rier amplifier to yield an output voltage calibrated 
in pressure. The output waveform can be recorded 
on an oscillograph , displayed on a scope, or proc­
essed by circuits that detect and hold the highs 
and lows for digital display. 

Continuous-loop magnetic tape recorders provide 
EKG information on the heart signals just prior to 
an emergency sihiation. Each loop can hold about 
15 minutes of data, although a 40-second loop is 
typical. Recording erases previous information. 
vVhen an alarm is triggered , however, the erase 
mechanism is inhibited and the EKG for up to 15 
minutes prior to the alarm is available for study. 

The \iVashoe Medical Center in Reno, Nev., has 
an intensive care unit for heart patients that pro­
vides graduated levels of care. Some patients are 
kept under direct observation by nurses viewing 
monitors at a central station ; others get this kind 
of attention only in case of alarms. 
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Central monitoring station. Five-bed cardiac care unit 
is watched over by one nurse. Multichannel scope 
simultaneously displays each patient's EKG. Individual 
units display patient's heart rate on a meter, and 
lighted indicators warn of significant changes. 

The bedside installations include meters for dis­
playing heart rate as an average value; flashing 
lights to indicate each heart beat; visual alarms to 
signal irregular heart rate, peripheral pulse loss, or 
cardiac arrest; a strip-chart recorder to take a 10-
second EKG sample every 15 minutes ; and facilities 
for internal or external heart pacing in the case 
of heart failure. 

The central station at vVashoe has individual 
oscilloscopes to observe each patient's electrocar­
diographic waveforms, an alarm system, and a 
numerical readout of blood-pressure and tempera­
ture measurements. 

Emergency measures 

In systems that feature data logging, impulses 
from the monitors are fed into a central data­
gathering unit that periodically prints out such 
measurements as temperature, respiration rate, and 
blood pressure. If the readings fall outside preset 
limits, though, the alarm is given and the sys tem 
speeds its printout of the salient parameters. At the 
same time, a tape memory unit automatically prints 
out the patient's EKG for the 40 seconds prior to the 
emergency, and a pacing device begins automatic 
heart stimulation. 

In cases where patients have faulty heart rhythms 
or a complete block, an electronic stimulator can 
save their lives. This pacemaker can be built into 
the monitoring system to operate automatically in 
response to distress signs or on command from the 
central station. In temporary situations, the pacing 
pulses can be transmitted by surface or intracardiac 
catheter electrodes; the pulse' s duration is about 
2 milliseconds. 

H ewle tt-Packard pacemakers deliver a constant­
current pulse whose amplitude can be adjusted 
from several milliamperes for internal electrodes 
to over 100 ma for ex ternal electrodes. The impulse 
rate is adjustable from 50 to 150 pulses per minute. 
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Med ical electronics: 8 

More than an ounce of prevention 

Comparison of the resu lts of multi phasic screening tests can draw 

a picture of a patient' s healt h status. The technique comes under 

t he heading of predictive medicine, and the goal is health itself 

Arva Schoen and Joseph J. Poyer 
Beckman In struments Inc., Ful lerton, Calif. 

The prime goal of future medical efforts will be the 
prevention of chronic and degenerative diseases. 
Advances in diagnostic techniques and therapeutic 
agents have given doctors the weapons to contain, 
and in some cases eradicate, their traditional ene­
mies-acute and communicable diseases. With 
these gains, the pursuit of cures is b ecoming sec­
ondary; health itself is the main objective. 

The trend is producing a new field of endeavor 
-periodic multiphasic screening-and a new tech­
nique-predictive medicine. H ere, phys icians, sci­
entists , and engineers have to work in concert; 
the anticipation or early detec tion of illness requires 
the extensive use of monitoring instruments and 
data systems. 

In this approach, h ealth and illness are viewed 
as opposite ends of a scale, not as discontinuous 
conditions. A person doesn 't suffer a heart attack 
b ecause a healthy hear t suddenly loses its blood 

The authors 
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supply. Strokes don't occur b ecause healthy arteries 
suddenly rupture or occlude. The overt problems 
are the result of subtle biochemical changes that 
persist and grow over a period of time. If spotted 
early in the degenerative process, these changes 
might be arres ted or even reversed. 

The important concern in predictive medicine is 
to pinpoint the individual's level of tolerance to 
various stresses, and to thereby gauge his predis­
position to disease. In monitoring a patient's adapt­
ability to stress, rate of response and rate of 
changes of response are more significant than the 
result of any physiological measurement by itself. 
Measurements of the overcorrective feedback of the 
adaptive mechanisms, and of the time lag following 
the s timulus , can be taken as indicators of poten tial 
reac tions to future stress. 

In glucose tolerance tests, for example, a sugar 
load is administered and adaptive reactions are 
measured as the body tries to cope with the meta­
bolic overload. Any deviations in the mechanisms 
that regulate this capacity to maintain the body 
system's functional integrity sugges t a potentially 
diseased state. The use of a treadmill in cardio­
vascular tests also stems from this principle. 

Killing pace 
i 

Ample evidence exists that chronic diseases, 
which seem endemic to modern civilization, repre­
sent inadequate adaptations by individuals to the 
environment. H eart disease, cancer, and diabetes 
are examples of these so-called maladaptive dis­
eases. 

Some assert that these metabolic illnesses are 
only now becoming prominent because of the con­
tainment of infectious diseases. They argue that 
the shorter life spans of earlier times masked the 
degenerative processes we have to deal with now. 
Certainly aging is a factor here, but much experi-
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mental data on proneness to diabetes and high 
blood pressure, for example, hint at a considerable 
toll exacted by the environment alone. 

A distinction should be made between predictive 
medicine per se and preventive medicine. The latter 
aims at maintaining health by dealing with prob­
lems before they become debilitating. The special 
job of predictive medicine is to establish the status 
of a person's health and to determine the degree 
of his susceptibility to disease. Treatment of the 
injured and sick, of course, falls in the realm of 
clinical medicine. 

Picture of health 

Predictability is es tablished from a reproducible 
sequence of events. These sequences can take the 
form of individual or general pro:S.les composed of 
historical, physiological, biochemical, and psycho­
logical data points. The results of periodic tests 
produce a pichue describing the proneness of an 
individual or a population group to certain diseases. 
Such pro:S.les have already been used to forecast 
susceptibility to cardiovascular disease. 

General profiles are suspect; setting them up 
involves the apparently impossible task of compen­
sating for individual hereditary, biochemical, and 
physiological differences. Most experts hold that 
the statistical approach will never be as useful as 
continual follow-up tes ting on an individual basis 
~pei'iodic muitiphasic screening. 

In this screening procedure, individuals are given 
a battery of tes ts and are re- tested periodically for 
signs of change. There is growing enthusiasm for 
industrial and community programs along these 
lines; at least 55 organizations in this country 
started multip:hasic screening plans in the past 
decade, and Sena te hearings las t September on 
the approach attes t to this interest. 

Medical men generally agree on the value of 
multiphas ic screening, but there's considerable dis­
agreement on the format to be followed. For one 
thing, many aren ' t convinced of the validity of some 
biochemical tes ts currently used to diagnose overt 
disease, and would be even more dubious if the 
tests were given to detect problems in the sub­
clinical stage. 

New tests must be developed to measure the 
effect of various kinds of sh·ess on outwardly 
healthy persons. As body functions are dynamic, 
the sh·ess tests should be dynamic and should 
measure the total response. It just isn' t feas ible to 
selectively alter the physical sys tem parameter by 
parameter to determine the effect of the alteration. 
The sys tem's r esponses mus t be taken as a whole, 
lesser reactions must be viewed in context with 
major ones, and enormous amounts of data must 
be amassed. 

Much of the monitoring equipment needed for 
this kind of analys is exists today, ei ther as commer­
cial or labora tory ins truments. The scientis t has the 
tools to identify and measure all the biochemical 
substances known to be metabolically active. H e 
can measure metabolic changes occurring at the eel-
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Second generation 
Future multiphasic screening programs may follow 
a format as broad and comprehensive as this range 
of tests proposed by the authors: 

1. Historical data 
a) Cornell Medical Health Index or a Tape 

Medical Inventory 
b) Medical status profile 

2. Behavorial data 
a) Minnesota Multiphasic Personality Inventory 
b) Cognitive tests 

3. Physiological data 
a) Opthalmic 

Tonometry, retinal photography, visual 
acuity. 

b) Hearing 
Full-spectrum audiometry 

c) Musculoskeletal 
Movement and flexibility analysis 

d) Neurological 
Reflexes 

e) Body Build 
Full body photograph 

f) Cardiovascular 
Exercise tolerance with treadmill electro­
cardiographic analysis by computer, heart 
sounds, blood pressure, infrared scan for 
peripheral vascular disease 

g) Pulmonary-respiratory 
Function tests under stress, respiratory vol­
umes, chest X ray 

4. Biochemical data 
a) Hematologic 

White blood cell count-differential; 
Hemoglobin-bleeding time 

b) Electrophoretic 
Serum proteins, enzymes and isoenzymes 

c) Serologic 
VDRL, rheumatoid factor, immunological 
indices 

d) Serum chemistries 
Liver function tes ts, lipids, cholesterol, 
lipoproteins, glucose tolerance test, uric 
acid, triglycerides, creatinine, trace min­
erals, ho1mones, amylase 

e) Urine chemistries 
Renal clearance tests, glucose, protein, mi­
croscopic analysis, specific gravity 

f) Histochemical 
Pap smear, colposcopy 

After these tests are given, and the results are 
processed and stored by a computer, a doctor (either 
a program staff member or the subject's private 
physician) should review the test data with the 
patient, discuss and amplify on the medical history, 
and perform a phys ical examination emphasizing 
those organs or functions shown to deviate from 
clinical norms . 

The whole battery of tests should be repeated 
periodically to establi sh a profil e of the subject's 
health status . 
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lular and molecular .level, and detect subs tances in 
nanogram and picograrn amounts. 

Established instruments for the multiphasic 
screening lab include spectrophotometers, fluorom­
eters, atomic-absorption and flame photometers, 
automated chemical systems, gas chromatographs , 
and isotope tracers. Refinements in infrared and 
ultraviolet spectroscopy permit us to measure carbo­
hydrates and protein fractions. With infrared spec­
troscopy and gas chromatography we can define 
fatty acids, adrenal and gonadotrophic hormones, 
cholesterol and i'ts derivatives, and various glycer­
ides. Reaction kinetics and interactions are now 
monitorable with ratio spectrophotometers. 

The fluorometer has been adapted to analyze 
ca techolamines, adrenalin, and noradrenalin-the 
primary biochemical indicators of stress. Elec­
trophoresis-an old technique involving the move­
ment of molecules or particles through fluids by a 
force supplied via electrodes-is being applied to 
protein fractions and other serum components. 

Detectors such as these can be mated to the 
chromatograph, which can not only analyze com­
plex mixtures of blood or urine or breath, but can 
separate them and identify their components. 

As noted before, the dynamic testing of many 
response parameters generates an enormous amount 
of data. Systems to store and process this informa­
tion, therefore, will be the hub of health mainte­
nance programs. Also, more extensive laboratory 
automation is needed for increasingly complex bio­
chemical, cy tologic, and physiologic studies. 

Future systems 

Monitoring instrumentation will have to keep 
pace ·wi th changes in tes t procedures. In the future, 
temperature measurements may well be replaced 
by measurements of pulse wave velocity, for ex­
ample, and vectorcardiograms may be preferred to 
the standard 12-leacl electrocardiogram. 

Further, machine interrogation of patients will 
rid the doctor of one of his most irksome, routine, 
but important chores . Most of a doctor's time with 
patients is now devo ted to history-taking rather 
than to examination, diagnosis , or consultation. 
Many in the medical profession claim that automa­
tion diminishes the doctor-patient relationship, but 
actually the machine will give the physician more 
time to do the jobs he was tmined for. 

·with a ques tionnaire based on the Cornell Medi­
cal Health Index plus an IBM Votomatic machine, 
a person coming in for tes ts can tap out his own 
punched-card health history. In the Tape Medioal 
Index developed by Dr. 'Webster Marxer, director 
of the Beverly Hills Clinic in California, a tape 
recorder asks the ques tions , explains medical terms, 
and spells out symptoms. 

A psychological profile is becoming an important 
part of any evaluation of health status; the Min­
nesota Multiphasic Personality Inventory is one 
extensively used test that is applicable to computer 
processing. 

There are currently about 45 multiphasic screen-
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ing programs operating in the U.S. Information 
assembled for las t year's Senate hearings indicates 
that they have a lot in common, despite different 
circumstances, objectives, and approaches. 

The survey showed that there is only limited 
communication among the programs and their per­
sonnel. Staffs are unaware of many of the other 
programs, except for the well-publicized Kaiser­
Permanente Health Plan Clinic in Oakland, Calif. 

The present programs emphasize screening for 
cardiovascular and res·piratory diseases, glaucoma, 
diabetes, cancer, and certain blood disorders. The 
tests commonly given at the clinics include: elec­
trocardiogram, ches t X ray, audiometric measure­
ment, vision chart, tonometric eye measurement, 
Pap smear, and glucose determination for diabetes. 

All these examinations are generally performed 
on resting subjects. Static testing can detect most 
chronic diseases, but studies indicate that it can't 
spot cardiovascular and respirntory problems in 
their early stages. 

Future screening programs will surely employ 
more dynamic loading of body systems, more func­
tion tes ting, and more electronic history-taking [see 
panel on page 135]. 

Payoffs 

Three chronic diseases-heart disease, cancer, 
and stroke-account for more than 70% of the 
dea ths in this country. And the vast majority of 
the 1.5 million people now in U.S. medical institu­
tions have been put there by some chronic illness. 

By any standard-humanistic, dollars-and-cents, 
or productive man-years lost or retained-the ex­
pansion and upgrading of multiphasic screening 
programs promises tremendous rewards. A pre­
liminary Government study of a cervical cancer 
screening plan showed that 7 million women were 
examined over a five-year period, more than 80,000 
cancer cases were isolated, and about 34,000 deaths 
from cancer were averted. On the basis simply of 
potential treatment costs, the study es timated that 
the program returned $9 for every $1 invested. 

A number of industrial companies concerned 
about the high cost of their employees' medical 
and insurance benefits have experimented with pre­
ventive medicine projects. One Midwestern firm 
started such a program at one of its plants seven 
years ago, and recently found that its cost per 
employee there for sickness and disability pay­
ments-including insurance premiums-was $61 a 
year. By contrast, payments averaged $372 a year 
at another of the company's plants that has no 
health program. 

But beyond these dollar figures, the es tablish­
ment of more comprehensive and better-equipped 
screening programs can bring us all closer to the 
World Health Organization's ideal of health-"op­
timal physical, mental, and social efficiency and 
well-being." 

Reprints of this eight-part report are available at $1.25 each. 
© copyright 1967, Electronics ® A McGraw-Hill publication 
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One shot with 
parylene . 
covers everythtn~ 
There are a lot of ways to make a "con­
formal" coating. Dipping, spraying, fluid 
bed ... you name it. 

But only one way, vapor deposition , 
gives you a perfect conformal coating all 
over in one shot, every time. No matter 
how dense the circuitry or how complex 
the component, a uniform and continuous 
coating is deposited. (Vapor deposition of 
B AKELITE parylene is an exclusive pro­
cess from Union Carbide.) 

Here's why. With parylene, you're not 
coating with a liquid. You're vapor-depos­
iting a polymer. There are no solvents to 

evaporate, no opacifying fillers, no addi­
tives, no baking, no drying. And no multi­
ple coatings are needed to make sure it's 
pin-hole free. (This means that you can 
save as much as 10 hours in coating time.) 

Parylene conformal coatings can be as 
thin as 0.002 mil or as thick as 3 mils or 
more. And they won't, they can't run, sag, 
bloom, blister, wrinkle or blush. 

What else? As a conformal coating, 
parylene is a primary dielectric, an unsur­
passed moisture barrier, resists softening 
at high temperatures, and its chemical re­
sistance is outstanding. 

• 
If you have a circuit or component that 

you think might benefit from this new 
plastic why not let our development cus­
tom coating service make a trial run for 
you. Why take our word for it? 

(If you haven't heard, parylene produc­
tion units for your own use are available, 
with a license, from Union Carbide.) 

For additional information about our 
BAKELITE parylene, please • 
write to Union Carbide 1 

Corporation, Dept. EM-8, • • : • 
270 Park Avenue, New 
York, New York 10017. PLASTICS 
B~KEL\TE is a registPred trad emark of Union Carbide Corporat ion. 
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DURANT'S NEWEST! 
Preview the latest in count/control advancements 

at Wescon, Booth ·2124-2125 
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49600 UNISYSTEM® 
New, single-level predetermining count/control system 
developed to meet the need for a small, inexpensive 
digital counter or timer. It provides direct digital read­
ing, eliminating dial interpolation. Ideal for installation 
on control panels for machine tools, textile machinery, 
wire, machinery, metering and scaling equipment. This 
exceptionally compact unit is available as a standard unit 
equipped with 2, 3 or 4 Unipulser decades. Design per­
mits it to be used equally well as a desk or panel mount 
without change. Important advantages include ease of 
presetting and resetting (panel or remote) .. . set-up and 
wiring simplicity . . . pre-determined visual setting is 
always retained. Count life and reset life proven for oTer 
100 million counts. Count speed up to 30 cps. 115V -
230V, 50-60 cycles. . 

For more mformanon circle No. 491 on Reader Service Card 

6 YE SERIES ELECTRIC COUNTERS 
These new 6 figure electric units have been developed for 
instrument or control systems, office machinery, data 
processing equipment where long life and high count 
speeds are required . Reset is optional, manual push­
button or electric, with entire mechanism housed within 
the case. The 6 YE Series is available for base or panel 
mounting, providing permanent tamper-proof installation 
without extraneous hardware. 

High accuracy and reliability are assured by an exclu­
sive Durant drive feature: the power impulse cocks, 
power release counts, resulting in a uniform indexing 
force and smooth counting action. 

Count speed is 2400 cpm DC - 1800 cpm AC ( recti ­
fied). Models avai lable for I 20 V, 240V AC or I 20 V, 
28V DC - ot her voltages on requ es t. 

For more information circle No. 493 on R eader Service Card 

BCD UNIPULSER® 
Durant Unipulsers are now compatible with count/con­
trol equipment using binary coded decimal systems. They 
are especially suited for use in data processing equipment, 
medical instrumentation, business machinery and more. 

BCD Unipulsers use the 0-1-2-4-8 code and hook up 
easily with only 5 wires using standard connectors. Drive 
and visual readout is digital. Electrical readout is auto­
matically encoded from digital to binary, eliminating the 
need and expense of code converters. 

Important advantages include high count speed ( 40 
cps) , large readable figures , high current carrying capac­
ity, and long life (proven for over 100 milJion cou nts). 
The BCD Unipulsers are the latest addition to the grow­
ing line of Durant decade modules, permitting you to 
count or control practically anything; hours, minutes, 
units, ounces, pounds, etc. 

They are available in three models - 400 BCD non­
polarized, 401 BCD with a common negative, 402 BCD 
with a common positive. 

For more i11for111ation circle No. 492 on R eader Service Card 

DIGITAL CLOCK - ELECTRICAL READOUT 
Hours, minutes, seconds or decimal combinations of any 
time period can be readout visually and electrically by 
this highly dependable unit. It can be used in data re­
duction systems .. . for controlling batching where timed 
mixing is important ... to aid in computing piece rate 
in all production processes . . . for use in all types of 
data or material handling where a time base is required . 

Three, four, five and six digit models are available as 
shown or without cabinet for 9Yi" panel or 19" relay 
rack mounting. 1l5V or 230V AC, 50 or 60 cycle. 
Prices start at $280.00. 

For more informatwn circle No. 494 on Reader Service Card 

.~.;!~~·~~~~:Ii. 
M I LWAUKEE , WISCONSIN 

In Europe: Durant (Europa) N.V. Barneveld, Netherlands 
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This is the lighted pushbutton switch 
with aerospace quality at commercial prices! 
The MSC Series 12 Lighted Pushbutton Switch embodies aero­
space quality and engi neering features that reduce installation 
costs, increase perfo rmance and si mplify maintenance .. . yet 
it is priced to compete with commercial grade units. Compare 
the features li sted be low. From the exc lusive Twist / Lock front 
end removal that permits easy lamp, legend or color filter 
change without too ls (and without the hazard of accidental 
switching du ring rep lacement), to the internally bussed com­
mon ground lamp circuits that cut installation time and costs 
by reduci ng so lder connections, you 'll find better features for 
better performance. You' ll discover why the Series 12 has 
been speci f ied for computers, data processing equipment, 

industr ia l control s and commerc ial 
equipment where dependable, long-term 
performance is the prime consideration . 
You ' ll pay no more. Why settle for less? 

GET THE 20-PAGE CATALOG 2001 

It details all of the many options offered 
by t he versatile MSC Series 12 to solve 
any switching problem. Use the reader 
service card or write on your letterhead 
for an operating demonstration by your 
regional MSC specialist ... in your office! 

MASTER SPECIALTIES COMPANY 1640 MONROVIA • COSTA MESA • CALIFORNIA 92627 • (714) 642-2427 •TELEX 6-78433 . 

Regional Offices: Huntsvi lle, Ala. (205) 536·7415 • Costa Mesa, Calif. (714) 642-0 114 • Sunnyva le, Calif. (408 ) 245·9292 • Wi nier Pa rk, Florida (305) 647-0100 
• Ch icago, Iii. (312) 282-7112 • Waltham, Mass. (617) 893-1020 • Haddonf ield, N .J. (609) 428-0701 • Syracuse. N.Y. (315) 479-9191 • Valley Stream, 
L.I ., N.Y. (516) 561-2334 • Cleveland, Ohio (216) 851-9700 • Oaiias, Texas (214) 357-9459 •Houston, Texas (713) 228-2294 • Seattle, Wash . (206) 546-5161. 

Also available from distributor stock at AVNET ELECTRONICS 
WESTBURY, LONG ISLAND, NEW YORK • (516) 333-5800 

Electronics I August 7, 1967 Circle 139 on reader service card 139 



Not just 
a switch ... 

,...._. 
~· .... 

~-

'Iii 
World's largest selection of switches 

gives you a little extra design freedom. 

A MICRO SWITCH Field Engineer joins your team the instant 
you blow the whistle on a switching problem. He's especially 
trained to help you take full advantage of the complete capa­
bility offered by MICRO SWITCH. 

He offers you not just a switch, but a complete service 
capability, including (1) the largest group of switch engineer­
ing specialists-meaning we can put the best brains in the 
business to work on your switching problem. (2) the industry's 
largest R&D facilities-meaning the switch design you need 
may be already on file waiting for a problem Ii ke yours to come 
along, (3) the largest switch manufacturing facilities. with 
computerized inventory control-meaning on-time delivery. 

Call a Branch Office (Yellow Pages, "Switches. Electric"). 
Or write . .. 

MICRO SWITCH 
FREEPORT, JLLINOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL-Sales and service off ices In all principal cities of the world. Manufacturing in United States, Unit ed Kingdom, Canada, Netherlands, Germany, France, Japan. 
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You can record up to 1 million bits on I sq. in. of 
magnetic tape with our exclusive recording tech­
niques and still get that same high guaranteed error 
rate. Tape speeds are reduced over 10 to l , too. 

In space you get the fastest data dump possible over 
a telemetry window. Airborne you store more in less . 
(For example 200 million bits in under 51 cu. in.). 
And on the ground "on line", your transfer rate's 

J II 

faster you get closer to your computer's 
time capability. 

We call the whole thing HDDR *high density digi­
tal recording. 
You'll call it a necessity. 

Ask us at Leach Corporation-Controls Division, 717 

North Coney Avenue, Azusa, Calif. LEACH 
91702 Telephone (213) 334-821 l 

1oto2ok 
bits/in./track 
and errors 
less than 1 in 108 

This is a high 
density recc rding. 



MCCOY DOES IT EVERY DAY! 

MCCoy makes the most complete line of crystal filters 
in the world, from 5 KHz to 125 MHz ... precision 
assemblies that do an outstanding job of passing the 
desired range of frequencies while attenuating all 
others. Can be designed to withstand severe shock 
and vibration conditions under extreme changes in 
ambient temperature. 

Options in electrical components, particularly the 
MCCoy tight parameter-controlled quartz crystals, 
permit wide choice of narrow, intermediate and wide-

band filter types for every circuit need. 
MCCoy filters have low insertion loss, m1n1mum 

ripple, and excellent passband characteristics over 
temperature ranges of -55 to +105°C. 

Such filter precision is made possible by the use of 
MCCoy-made quartz crystals having the proper com­
bination of inductance, capacitance, Q and frequency 
stability. When you specify MCCoy crystal filters, you 
are going to get the highest quality available. 

For full details, write for our new catalog. 

McCOY ELECTRONICS COMPANY 
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A Subsidiary of OAK ELECTRO/NETICS c oRP 
Mt. Holly Springs, Pennsylvania 17065 
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One and one makes one 
whale of a company. 

Take two electronics companies, each producing quality 
products for its own customers. Put them together, combining their 

experience and research, and you've got one whale of a source for 
electrolytic capacitors, potentiometers, resistors and other components. 

Tennessee Electronics, Inc., and Nashville Electronics, Inc. 
have merged for greater production capacity and better quality control. 

We call the new compa ny Whale Electronics, Inc. 

What's more, we now have an agreement with SIC-SAFCO of 
Paris for the production of highest quality, even more sophisticated 

components manufactured in the four production plants o1 
this noted French firm. We also have access to and regular use 

of SIC-SAFCO's environmental test laboratories in Paris. 

We also have a subsidiary in Hong Kong, producing 
components primarily for the home entertainment field. 

Whatever your needs - whether you manufacture TV sets, 
computers or sophisticated guidance systems for space, you'll find 

the quality you want at the price you want at Whale Electronics. 
Let us llear from you. 

Whale Electronics, Inc., 2950 Foster Creighton Drive, Nashville, Tenn., Telephone 615 254-5576 ·Telex 554 312 

Circle 143 on reader service card 143 



Two ways to achieve selective signaling 

The M1N1TONE reed on the right does it better 
Motorola 's new miniaturized resonant 

reed either generates a highly stab le 

audio tone , or provides very selective 

decoding. It does the job better because 

it 's small , has excellent stability , and 

contains no contacts to wear out. And 

the M1N1TONE resonant reed is more eco­

nomical; it eliminates the expense of ex­

tra components and design time needed 

to build highly selective tone oscillators 

and associated compensating circuits. 

Take a look at these facts : 

See it at Booths 3116 & 7 at 

WESCON 

(!1\ MOTOROLA 
0 PRECISION 

INSTRUMENT 
PRODUCTS 
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SMALL SIZE: About Y4 of a cubic inch in volume. Measures only 1.11 " x 
0.619" x 0.393" . 

LONG LIFE: No contacts to wear out or cause malfunctions; life comparable 
to so lid-state devices. Plus 3-year warranty. 

HIGH STABILITY: Frequency tolerance ± 0.1 % . Temperature stability better 
than ± 0.001 % per ° C between - 30 ° C and + 100 ° C 
(25 °C reference). 

WIDE FREQUENCY RANGE: From 67 Hz up to 3150 Hz. 

QUICK DELIVERY: Over 200 standard frequencies available from stock. 

RUGGED CONSTRUCTION: Exceeds E.l.A. standards for shock and vibration. 

PROVEN PERFORMANCE: Reeds have been proven in thousands of demand-
ing situations, such as in aviation, control systems 
and radio communications applications. 

FOR MORE INFORMATION contact your Motorola representative. Or write for 

bu l letin TIC-32 14. 

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC. 

Dept. EO, 4900 West Flournoy Street 

Chicago, Illinois 60644. A subsidiary of Motorola Inc. 
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(ONE OFTHEM HAS GOTTO WORK FOR YOU.) 

When we say our Trim Trio 
has enormous application 
potential, we're not kidding. 
The combination of numbers 
surprised us too. For any of our 
three types of contacts-
sub-m in coax, machined or 
continuous formed strip- will 
work in any of nine connector 
blocks ( 14 to 152 positions) . 
In any combination. 

And if you wanted to count 
wire sizes, or figure the twisted 
pairs our sub-min coax can 

l 

J[ I 

Machined Sub-min Strip Twisted 
Coax Hyfen Pair 

accommodate, or leave some 
contact holes open, the 
possibilities would truly be 
endless. Probably most of 
them haven't been used yet. 
Surely some of them will 

See more at 
WESCON Booths 5344-6 

.o B URNDV 'O NORWALK, CONNECTICUT 
INTERNATIONAL SALES HEADQUARTERS ANO MANU FACTU RING FACILITIES : 

solve your problems. 
And Burndy can make your 

installation problems easier, 
too. Whether you crimp one at a 
time on a hand tool or 3 ,000 
per hour with a Hyfematic™ you 
can count on built-in qual ity 
control, save time and money. 
For the full story and details 
on the combinat ion that will 
work for you-=-from breadboard 
to production- write for our 
Bulletin MS67 . 

CAN ADA : Scarboro, Ontario/ EN GLAN D: St. Helens, Lones./ BELGIU M : Mechelen / M EXICO : Naucolpon de Juarez 

BRAZIL: Seo Peulo / JAPAN: Tokyo( Sele• Off;,.,;. Olh .. Mei•• c ;1;., Circle 145 on reader servi ce card 



WHO'LL 
make history · 

in EDP design 
77777 

146 

• • • • • 
Could be YOU: and 
Mosaic's Fiber Optics! 

fiber optics is not a "someday" technology. It's here now 
. . . and EDP systems design engineers are already 
making history with it. Creating new EDP systems with 
superior talents. Advances like greater speeds. New 
capabilities. Design freedom . Greater reliability and 
lower costs. 

Do you know what happens when you use Mosaic 's 
fiber optic faceplate on a CRT, vidicon , or orthicon 
tube? Your recording sensitivity is greatly increased 
(in some cases, as much as 40X) enabling you to 
compromise on the tube design. With the effect of 
a zero thickness window, you get improved con­
trast and resolution , and can take direct accurate 

measurements on the image. 

Have you heard about Mosaic's Fiber Optic sys­
tems? On new EDP printers, readers, punched 

tape and card verifiers, keypunch and 
teletype equipment, they beat heat, wear 

and friction-prone mechanical systems 

Electronics 
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hands-down: with increased reliability, greater 
efficiency, speeds over 4 times faster and lower 
cost! 

Mosaic's fiber optics can help you make history in 
EDP design, now . .. a field that leaves you no 
time for old design notions. Give those specific 
design problems of yours a hard look, today. 
Then contact Mosaic Fabrications. We know 
fiber optics inside-out. We' re the largest 
single source of fiber optics technology, 
capability, and productivity in the world! 

Mosaic will work with you to solve ·your 
EDP design problems now . . . will 
help you design and develop, from 
prototype to production, the spe-
cific EDP fiber optic hardware 
to put you far ahead! 

Call or write ... 
Mosaic Fabrications, Inc., 
Galileo Park, Sturbridge, 
Mass. 01518, (617) 
347-9191 for de­
scriptive litera-
ture today! 

Electronics I August 7, 1967 



MODEL 600 tr ans is tor i zed VOLT-OHMMETER 

1 1600 800 I •• 400 400 ZERO 
ADJUST ADJUST 

160 16 0 
D A 
c 40 40 c 
v v 

DCV+ 8 I; I ACY 
.n 4 

~ 
ocv-

.4 

fl xlOOK 



148 

Last week, 

you needed 

Today, 

you need a 

pushbutton 

switch. 

Tomorrow, a 

subminiature 

Next Tuesday, a 

hermetically· 

sealed a 

switch lite. 

toggle 

switch. switch. 

Good thing Control Switch is around to help. 

We're unique among switch suppliers. No other 
manufacturer makes all the kinds of switches 
we make. And some don't make any of them. 

When we're around to help, you can have your 
choice of: 
3,150 toggle switches 
4,200 pushbutton switches 
1,240 hermetically-sealed switches 
1,800 lighted pushbutton panel switches 

460 basic precision switches 
1,180 indicator lights. 

Plus countless more standard variations. Get any 
or all of the catalogs listed at the right and see 
our line-up for yourself. 

These are quality switches and switchlites. For 
computers, aircraft, missiles, equipment and 
controls that demand reliable components. 

Keep your Control Switch distributor ... or us ... 
in mind. Today. Tomorrow. Next Tuesday. 

® 

CONTROLS 
COMPANY 
OF AMERICA 

CONTROL SWITCH DIVISION 
A Subsidiary of 

('@ General Precision Equipment Corp. 

Build a reference file! Check num­
bers on the Reader Service Card 
corresponding to those below for any 
or all catalogs you want. 

;#:512 Condensed Switch Catalog 
100 

;#:513 Basic Snap-Action Switch 
Catalog 110 

:#: 514 Toggle Catalog 181 
;#:515 Indicator Light Catalog 120 
;#:516 Hermetic Switch Catalog 130 
;#:5 17 Switchlite Catalog 220 
;#:518 Pushbutton Catalog 190 
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. Flaming 
· resistor failure 
. used to bea 
· catastrophic 
danger. 
So Corning changed resistor failure. 

The fact is, new CORNING® FP Resistors just won't burn. 
Even if a circuit smacks one with an overload of a hundred times or more, it won't burn. 
It knows how to fail gracefully. It will open up, 
but no flame and no short. But don't just take our word. Test this new resistor yourself. 

FP resistors come in 2, 3, 4, 5, 7 and 10 watt sizes. from 9 ohms to 90K. 

Just write for free samples and complete data. 
Meanwhile, we're looking for more changes that will improve resistors. That's how our line of 
glass tin oxide film resistors has grown to be one of the most extensive and useful. That's 
how we've earned our qualifications for exceptional stability and reliability. 
Corning Glass Works, 3904 Electronics Drive, Raleigh, N.C. 

CORNING 
ELECTRONICS 



upportyour 
local Resistance. 

Model 
Range 

Accuracy 
Price 

Comments 

\;I•. •••• • 
--Multi-purpose instruments Resistance Bridges Ratio/ Deviation Bridges 

250 DE 
.Hl-12Mfl 
.1% 
$475 
R, C and L 

292 300 231 232 242 122 
.Hl-l.2Mll .0Hl-500Mfl .0Hl-12Gll .Hl-500Mfl .00Hl-120MQ .OOHl-lOOMQ 
.05% .02% .01% .01% 50ppm 0 .2ppm 

1380 875 2050 1075 3500 4000 
R, C, L R, E, I and Ratio and 1:1, 10:1 

deviation and G Ratio ratios 
ranges 

Resistance measurement is very much a local matter, 
requiring resistance measuring instruments designed 
to match your local needs. Whether the job is produc­
tion testing, on-line inspection, or laboratory calibra­
tion and certification-you want an instrument 
specifically tailored to the task. 

The chart illustrates the wide range of approaches 
ESI can offer to meet your resistance measuring 
needs. Among them, you're sure to find the ranges, 
accuracies and special features that suit your partic­
ular application. In many cases, you may be able to 
answer a number of different electronic measurement 
requirements in a single multi-purpose instrument. 

It's not by chance that every major manufacturer 
of precision resistors uses an ESI measuring instru­
ment. You'll find, as they have, that ESI instruments 
are fast and easy to use. And they give you the greatest 
reliability and accuracy for your dollar. That's a good 
local cause to be supporting, ESI, 13900 NW Science 
Park Drive, Portland, Oregon 97229. 

Electro Scientific Industries Inc. e ls li® 
WESCON Booths 2717-18 

500 261 
.Hl-lllMfl 10fl-2Mfl 
.01% .1% 
2595 Appr. 250 
Deviation 1:1 ratio 
ranges 
:±10% to 
:±.01%. 

±1%, 5%, 
20% ranges 
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Solve any 
CCTV problem 
with one of these 
seven basic systems 
from Cohu. 

High-fidelity color 
1000 Series system includes the 
first CCTV camera with built-in 
references for correct registration 
and color balance. Compact, light, 
low-priced and easy-to-operate . 

High-resolution 
self-contained 
Modular-designed 3200 Series offers 
choice of plug-in sync generators 
for EIA 525 or 729, 873 or 945-line 
scan rates . Compensates for light 
level variations to 10,000:1. 
Optional viewfinder. 
Cohu is looking for Design Engineers 
(in this area) with a degre e. If interested 
write to Chief Engineer J . L. Kimball •• '. 

Miniaturized 
Series 2000 cameras feature 3" 
outside diameter cylindrical 
housings that will accommodate 
remote-controlled 4:1 zoom lens. 
Many lens options available, 
including 10:1 zoom. Operate on 
10 or 20 megahertz bandwidths. 

Industrial 
self-contained 
Complete with all camera control 
circuits, Model 20/20 cameras need 
only video cabling and any standard 
TV monitor to make a complete 
CCTV system. Highly versatile. 

See us at WESCON, Booth 3001 

Radiation-tolerant 
Get top quality TV pictures from 
radiation environments up to a 
cumulative dosage of 10s roentgens 
and/ or 1012 neutrons/ cm2 with 
3-inch diameter 2500 Series 
cameras. Readily de-contaminated . 

Underwater 
Tested to 10,000 PSI and up to 
20,000 foot depth . Neutral buoyant. 
70° view lens. Camera and 
cable independent. 

Environment-resistant 
3000 Series cameras provide 
continuous-duty operation in up to 
100% humidity, at temperatures 
from -20 °C. to + 60°C., ocean 
depths to 250 feet and altitudes 
out to deep space . Meet military 
explosion-proof specifications. 
Operate on 10 or 20 megahertz 
bandwidths. 

Which one solves 
yours? 
For details on the industry's most 
complete CCTV line - including 
monitors, accessories and video 
switching systems-contact your 
nearest Cohu representative or call 
Bob Soulia direct at 714-277-6700 
in San Diego. 

ELECTRC>NIC S , INC 

BOX 623 ·SAN DIEGO, CALIFORNIA 92112 ·TWX 910-335-1244 SAN DIEGO oiv1s 10 N 
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Our vacuum capacitor testing is the next best 
thing to the worst field conditions. 

Only ITT Jennings maintains the facili­
ties to test vacuum capacitors in an 
environment that exactly duplicates 
actual operating conditions-and then 
some. In fact, as a government­
approved facility equipped to perform 
capacitor qualification testing under 
MIL-C-23183A, we carry our testing to 
extremes far beyond the worst possible 
field conditions. 

Our vacuum capacitors are rt tested 
at rated voltage and current or to cus­
tomer specifications on transmitters 
ranging in frequency from 17 kc to 600 
me and up to 100 kw cw power. 

ITT Jennings environmental testing 
includes capacitance shift versus 
temperature from -65°C. to +125°C. ; 
dynamic vibration; static vibration; 
shock ; salt spray ; humidity; and bellows 
life testing. 

All of this testing is done to assure 
you the most reliable performance from 
every vacuum capacitor we make: units 
up to 5000 pf in the 15 kv range, 1000 
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pf to 55 kv and 200 pf to 120 kv. Current 
ranges of our ultra high vacuum die­
lectric capacitors are available up to 
250 amps rms at 16 me with convection 
air cooling and 1000 amps rms with 
water cooling . Small units for lower 
power or space-saving use range from 
less than 1 pf to 25,000 pf. 

TYPICAL SPECIFICATIONS 

CADA CVTW CVDD 
600 1600 1000 - --

Capacity Range (PF ) .. 40-600 100-1600 25-1000 

Peak Test Voltage (kv ) 10,15 55 , 60 , 65 7.5, 10, 15 

Amps rms (16MHz) 65 600 125 

Overall Length .. 5.8 in . 23 in. 8 in . 

CADA 600 CVTW 1600 CVDD 1000 

ITT Jennings has more to offer than 
the industry's only complete testing 
facility. To back up our reputation for 
design leadership-which began with 
the first vacuum variable capacitor ever 
built and has been responsible for vir­
tually every significant new develop­
ment since-we rely on a staff of experi­
enced communications engineers. This 
staff directs its capacitor design capa­
bilities toward meeting the anticipated 
communication equipment needs of the 
future. This is why new developments in 
advanced vacuum capacitor design are 
always on their way from ITT Jennings. 
Before they ever reach you , however, 
they must first pass the most rigid 
quality control in the industry: testing in 
our own testing facility. 

For complete information on vacuum 
capacitors, write for Catalog No. 101 . 
ITT Jennings, a division of International 
Telephone and Telegraph Corporation, 
970 McLaughlin Avenue, San Jose , 
California 95108. 

JENNINGS ITT 
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Toughest IC Package 
from EW 

TI digital integrated circuits (both 
industrial and military temperature 
ranges) are now available in Tl's 
tougher-than-military dual-in-line 
molded packages shown at the right. 
Extensive testing has proved the 
ruggedness and reliability of Tl's 
package over the full military tem­
perature range. 

We carry complete stocks of Tl's 
Series 54 (military) and Series 74 
(industrial) TTL integrated cir­
cuits. Ask us for quotations. 

DTL also available 
We al so carry full warehouse stocks 
of Tl's Series 15930 (military ) and 
Series 15830 ( indu strial ) DTL inte­
grated circu its in the same toughe r­
t han-military plasti c packages. 
These devices are electrical equ iva-
lents . .. pin-for-pin and spec-for-
s pe c .. . of competitive 930 DTL 
types . All circuits are equivalent in 
every parameter and may be used 
interchangeably with other makes 
on a mixed system basis. 

New reliability report 

Just off the press, this new 84-page 
bulletin gives the full story of test­
ing behind m old ed dua l-in-line 
packages from Texas Instruments. 
Circle 100 on the reader serv ice 
card, or - better yet - ask us for a 
free copy. 

Gee~ Ilea! conductivity 
of meliing compound keeps 
temperature rise of package ~ 
te 70°C per watt 

Low mounting of circuit 
permits uphill bonding . .. 
preventing internal shorts ~ 

Solid molded package supports 
bonding wires . . . giving 
maximum resistance to shock, 
vilnatiun and acceleration \ 

leads are firmly anchored 
in package for 
mechanical strength ~ 

Mounting platform extends 
full length of package 
for up to 500 mW 
heat dissipation 

........... ··········-·­·•················•· ••• 4 • • 

• ::: ___ ! •• 
"SERVING THE ENTIRE SOUTHEASTERN U.S." 

Molding compound adheres 
tightly to leads over 
temperature range 

of -55° to + 150° C 
... preventing moisture 

/ intrusion 

I 

\ 
Stiff leads with 0.060" 

shoulders give strength 
and stability for automatic 

insertion and handling 

Pin shoulders support 
package above PC board 

... allowing free air 
circulation and preventing 

formation of 
moisture pockets 

aaaa I ,.. .. . .. .. .. . ... 
s: 'i ~= .. .. ... . .... 
::-.:: :::. ~l ·==~·= 

ELECTRONIC WHOLESALERS INC. 
••••• 1••• ••. • ••••• ..... ,... .•.. . .... , 
,::: !!!!!!!!!!!!!Ill:' ... . .. ..• . .. .. . . ........•.•..••••. 

·•!:::;;:::!·· m 
WASHINGTON, D. C. BALTIMORE , MARYLAND WINSTON-SALEM , N. C. MIAMI , FLORIDA 

2345 Sherman Ave ., N.W. 3200 Wil kens Avenue 938 Burke Street 9390 N.W. 27th Avenue 345 N. Graham Avenue 
Phone 202-483· 52 81 Phone 301-646 ·3600 Phone 919-725-8711 Phone 305-696-1620 Phone 305-841 · 1550 

ORLANDO , FLORIDA 
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The Tektronix Type 547 is a 50-MHz, 7-ns sweep-switch­
ing oscilloscope that offers dual-beam measurement capa­
bilities with most repetitive signals. A complete selection of 
plug-ins permits you to change your osc illoscope perform­
ance to meet your changing needs. 

The sweep-switching feature of the Tektronix Type 547 
Oscilloscop e and the vertical switching of the new Type 
1A4 Four-Channel plug-in provide two independent dual­
trace oscilloscope systems that time-share the same CRT. 
The identical sweep systems provide 2% calibration from 5 
s/cm to 100 ns/cm, extending to 10 ns/cm (± 5%) with the 
horizontal magnifier. The calibrated sweep delay range is 
from 100 ns to 50 s and sweep-switching provides alternate 
displays of the delayed and delaying sweeps. 

W ith the Type 1 A4 Four-Channel Plug-in, the Type 547 has 
a 7-ns risetime and DC-to-50 MHz bandwidth over its 10 
mY/cm to 20 V/cm calibrated range. You can also select 
from 50-MHz dual-trace plug-ins, differential plug-ins with 
bandwidths to 50 MHz, sub-nanosecond sampling and TDR 
plug-ins, and four spectrum analyzer plug-ins covering the 
spectrum from 50 Hz to 10.5 GHz. 

Type 547 Sweep-Switching Oscilloscope 
Type 1 A4 Four-Channel Plug-in 
Type 1 S1 Sampling Plug -in 
Type 202-2 Scope-Mobile® Cart 
Type C-12 Camera .. 
Type C-12 Camera Adapter (016-0226-00) 

154 

U.S. Sales Prices FOB Beaverton, Oregon 

Multi-trace , differential, 
sampling and spectrum analysis 
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$1875 
$ 750 
$1100 
$ 130 
$ 450 
$ 15 

Four Signals- Two Sweeps 
Using alternate vertical and horizontal 
display modes, Ch 1 and Ch 2 are 
locked to A Sweep (100 ns/cm) and 
Ch 3 and Ch 4 are locked to B Sweep 
(2 µs/cm). This provides dual-beam 
measurement capabilities with most 
repetitive signals . 

Three Signals- Delayed Sweep 
Increased convenience is provided 
with sweep-switching in the delayed 
sweep mode. You alternately view 
both the delaying sweep (2 µs/cm) , 
intensified by the delayed sweep, and 
the delayed sweep (100 ns/cm) . W ith 
the Type 1 A4 Plug-in, eight traces can 
be displayed . 

Sampling 
More measurement functions are 
available with the Type 547's com­
plete selection of plug-in units. The 
Type 1 S1 Sampling Plug- in features 
0.35-ns risetime, internal triggering 
and up to 100 ps/cm sweep speed . 

For a demonstration, contact your nearby Tektronix field 
engineer or write: Tektroni x, Inc., P. 0 . Box 500, Beaverton , 
Oregon 97005. 

... m all Tektronix 530-540-550-series 
plug-in oscilloscopes 
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Probing the News 
Integrated electronics 

Western firms banking 0 1n IC's 
Swelling volu me is picking up much of the slack caused by the slump 

in discrete devices ; some IC producers even expect to turn a profit 

Integrated-circuit manufacturers 
have lon g been accustomed to a 
looking-glass world where, like 
Alice, they had to run faster and 
faster just to stay in the same place. 
The more they cut costs, the more 

prices dropped. \Ves tern semicon­
ductor companies, however, have 
put on an ex tra burst of speed this 
year and may have gained a little 
grou nd. They are reporting ship­
ments three and four times as great 

Semiconductors af a glance 

Balancing act 
Semiconductor dollar volume has made no headway of late 

Price cuts and a sales slump in discrete devices are 
primarily responsible 

Market, about $1.05 billion last year, may reach only 
$1.1 bill ion in 1967 

But integrated circuits have come on strong 

Sales are up more than 50% so far this year 

1966 

Fairchild $38-41 
Texas Instruments 31-35 
Motorola 18 
Signetics 11-14 
U.S. factory sales in millions. Electronics' estimate. 

1967 

$60-75 
45-55 
25-38 
21 -23 

Total semiconductor IC volume will be between $225 million and 
$250 million during 1967 

One good order cou ld put an outfit like Westinghouse, 
Sylvania, Philco-Ford, or General Instrument 
firmly in fifth place 

A 50 % increase in faci lit ies manufacturing IC's will lead 
to overcapacity in some lines by yearend 

Prices will weaken, further trimming profit margins 
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as in 1966; and with yields show­
ing dramatic increases and prices 
declining only slightly, many mak­
ers are talking about a profit in 
re's in 1967. 

That turnaround may have come 
just in time. Discrete components, 
which have carried their glamorous 
cousins through several unprofit­
able years , have gone through se­
vere price declines since late last 
year; and while discrete unit sales 
are up, dollar volume during the 
first half of 1967 remained about 
level with that of the last half of 
1966. Discretes account for such a 
large percentage of sales that the 
price cuts are holding over-all semi­
conductor sales to 1966 levels. 

No one is particularly happy 
about the trend in discretes , but 
the swelling demand for re's has 
done a lot to assuage the pain. The 
Semiconductor division of the Fair­
child Camera & Instrnment Corp., 
of course, has been a consistent 
moneymaker in re's since it cut 
prices in 1964; and the Signetics 
Corp. , a Corning Glass Works sub­
sidiary that makes only silicon 
monolithic re's, has also been profit­
able. But this year the re opera­
tions of both Texas Instruments In­
corporated and the Semiconductor 
Products divi sion of Motorola Inc. 
are expected to be in the black, as 
are those of a number of smaller 
companies. 

I. Explosion in IC's 

Making a forecast of industry­
wide re sales is a little like handi­
capping a horse race for two-year­
olds: even the experts are frankly 
guessing. Motorola, for instance, . 
has been advertising itself as sec­
ond only to Fairchild Semiconduc­
tor in IC shipments, a claim ac-
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Delays: 2 to 1 80 seconds •• Actuated 
by a heater, they operate on A.C., D.C., or Pulsating 
Current . . . Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes ..• 
SPST only-normally open or normally closed . •. Com­
pensated for ambient temperature changes from -55° to 
+so• C .... Heaters consume approximately 2 W. and 
may be operated continuously .•. The units are rugged, 
explosion·proof, lonr·lived, and-inexpensive! 
TYPES: Standard Radio Octal, and 9·Pin Miniature. 

list Price, $4.00 

PROBLEM? Send for Bulletin No. TR·B 1 

Hermetically sealed, they are not affected by 
changes in altitude, ambient temperature (-50° 
to + 70' C.), or humidity . . . Rugged, light, 
compact, most inexpensive ... list Price, $3.00. 
Write for 4-page Technical Bulletin No. AB-51 

AM PE RITE 
600 PALISADE AVE., UNION CITY, N.J. 
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•.. large-scale integration is both 
the hope and despair of IC makers .•• 

cepted by none of its competitors 
-particularly since the company 
has yet to move production into 
its huge Mesa, Ariz., facility, dedi­
cated with such fanfare last fall. 
Yet one industry observer, Glen 
Madland of the Integrated Circuit 
Engineering Corp. , a Los Angeles­
based consulting firm, does believe 
that Motorola was number two in 
IC shipments last year, and may 
even become second to TI in semi­
conductor dollar volume in 1967. 

Output spurt. Part of the confu­
sion stems from the fact that pro­
duction is expanding so rapidly. 
Jerry Sanders, marketing manager 
at Fairchild Semiconductor, says 
the division will be delivering 4 
million to 5 million circuits a month 
by the end of the year, and total 
shipments this year may reach 25 
million-nearly three times the 
1966 level. Signetics, according to 
marketing manager George Didin­
ger, expects to ship up to four 
times as many 1c's this year as last; 
the best industrv estimate is that 
this surge wou.ld put Signetics' 
sales at 7 million to 8 million units. 

Over-all monolithic IC shipments 
last year totaled just under 30 mil­
lion units; that figure may triple 
this year, with dollar volume rising 
from 1966's $148 million to $250 
million. Madland attributes the 
boost to a doubling of yield and a 
50% increase in the floor space de­
voted to IC manufacture. Ile pre­
dicts an overcapacity in certain 
areas by the end of the year, with 
a weakening of prices. 

Sanders disagrees. "I don't expect 
overcapacity this year, and in fact, 
some major equipment manufac­
turers had better start ordering 
soon or they'll have trouble getting 
delivery," he says. Thomas J. Con­
nors, a Motorola vice president who 
directs semiconductor marketing 
activities, says, "I don't think the 
industry can keep pace with de­
mand this year." 

Question of logic. With sales ex­
panding so rapidly, the giants can 
afford to be detached in their dis­
cussion of the merits of the several 
IC logic families. Donald T. Valen­
tine, Sander's predecessor at Fair­
child, who resigned in a dispute 
over the company's manufacturing/ 

marketing reorganization [Elec­
tronics, July 24, p. 44), points out 
that the Fairchild 930 diode-tran­
sistor-logic line has been thor­
oughly designed into government 
contracts that are just getting into 
production stages. "As that hap­
pens," he says, "eight companies 
participate in the volume." 

Valentine believes resistor-tran­
sistor logic is reaching the stage of 
substantial, 100,000-unit orders, in 
the industrial area outside data 
processing, and is sharing the test 
and measuring equipment market 
with TI's transistor-transistor-logic 
family. In data processing, DTL and 
TTL will move from the stage of mil­
lion-unit orders to 2- and 3-million­
unit orders; "Here," Valentine says, 
"the real participants are Fairchild, 
Motorola, TI, and Signetics." Smaller 
manufacturers are waiting to see 
which way the cat will jump be­
fore committing themselves to any 
one logic family. 

Over the horizon. Large-scale in­
tegration, which is both the hope 
and despair of IC makers since it 
promises both great cost reductions 
and greater price reductions , plays 
almost no role in their short-term 
planning. Most companies feel that 
the technique won't be an economic 
factor before 1970. In the meantime, 
1c packages like the microelectron­
ics modular assembly (MEMA) 

made by Amelco Semiconductor, a 
division of Teledyne Inc. , may serve 
as transitional products. Amelco is 
integrating chunks of its MEMA as­
semblies; and it has reduced one 
from 25 chips to six. 

Linear 1c's, however, are rapidly 
becoming a significant factor. [For 
more on linear 1c's, see page 88.) 
Fairchild claims half of this mar­
ket, which may reach $40 million 
to $50 million this year. Since linear 
1c's are higher priced than digital 
circuits , the leap will tend to slow 
the decline in the average price of 
JC packages. In 1966, that average 
was about $4.90; this year market­
ing men expect it to slide to $3.25 
to $3.50. 

"At this price," says Signetics' 
Didinger, "profits will be up be­
cause increasing yields have kept 
costs down." Didinger expects 
some commercial and industrial 
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lines to go below $2, or even under 
$1 for plastic-packaged RTL units. 
But in high-reliability military cir­
cuitry, a dual gate will still cost 
$16 to $20. 

11. Slump in discretes 

After all of the glowing words 
about integrated circuits , it comes 
as something of a shock to hear 
Motorola's Connors predict that the 
semiconductor industry will at b es t 
match 1966 sales this year. 

At TI, Richard Hanschen . market­
ing manager for the Semiconductor­
Components division , puts last 
year's over-all semiconductor mar­
ket at about $1.05 billion, and adds 
that the company looks for a small 
gain this year, probably to around 
$1.1 billion. The integrated circuit 
market should come close to the 
$240 million to $250 million fore­
cast earlier, the TI official says. 
Hanschen notes that the semicon­
ductor sales slump has paralleled 
that in durable goods. 

Hard figures. Last month, TI an­
nounced that sales for the second 
quarter of 1967 slipped to $142.9 
million from $149.3 million in the 
like 1966 period . Though six­
months sales climbed to $288.1 mil­
lion from the year-earlier $285.4 

,. million, earnings fell to $26.8 mil­
lion from $31.8 million. 

At the same time, Fairchild re­
ported a first half sales increase 
to $120.7 million from $109.7 mil­
lion a year before, but an earnings 
decline to $5.5 million from $7 mil­
lion . Both sets of figures include 
all corporate activities , but n's an­
nouncement tied the profit drop 
directly to semiconductors. 

Diode dive. Motorola's main dis­
cre te lines are silicon and germa­
nium transistors , zener diodes , and 
silicon controll ed rectifiers. Con­
nors says scr's are the worst per­
formers this year and zeners rela­
tively the best. Sales of both types 
of transistor are trailing 1966. 

But while Motorola can live with 
the diode slump, others can't. "Peo­
ple are selling germanium diodes 
for less than cost in volume," says 
Edson B. Gould, who heads the 
Microelectronics division at the 
Hughes Aircraft Co. "Silicon diode 
p rices are also way down." He at­
tributes the drop to higher yields 
and automation-factors that have 
cut cos ts-and to the inroads made 
by ic's in diode markets. Another 
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30,000 INCREMENTAL FREQUENCIES 
(3x10-5) FOR $ 2.100 

Codasyn 301 
GENERATOR VERSATILITY 
SYNTHESIZER ACCURACY 

TRIPLE RANGE 0.1 Hz to 100 kHz • DIGITAL FREQUENCY SELEC­
TION • REMOTELY PROGRAMMABLE • 7 MILLI SEC SWITCHING 
SPEED • IC DESIGN AND SOLID STATE RELIABILITY • SPECTRAL 
PURITY AND HIGH STABILITY • VARIABLE OSCILLATOR • COM­
PACT AND LIGHT WEIGHT. 
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2100 $ 

+ 
321 

350 $ 

311 

400 $ 

--

2850 $ 

The Codasyn 301 in laboratory measurements permits : bridge 
measurements, work with filters , networks - rapid location of loss 
peaks in testing crystal filters- operation of the generator-synthesizer 
as a sweep generator - communications, carrier-current telephony, 
narrow band telemetry measurements - electroacoustic - medical 
electronic - vibration tests - all measurements or operations requi­
ring source of reference frequencies for standards labs, etc. The 
Codasyn301 in automatic measurements is adaptable to the program­
mer 311 and the display UN IT 321. 
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VIBRATION 
TESTING? 

Get more engineers, 
more equipment, 
quicker action­
from Associated 

Only Associated offers you so many advantages when you 
need vibration testing. You get the benefit of over a million 
man·hours of engineering experience! Twenty-four-hours­
a-day, seven-days-a-week operation - enough capacity and 
support instrumentation for the most demanding tests! 
Quick reaction time-your test is in-and out-in far less 
time! And fully detailed and documented reports! 

Equipment? Just one example: the 15,000 force -pound 
Vibration System shown above, including an 85-channel 
automatic equalizer/ analyzer console. In fact, with its 16 
systems, Associated has more vibration test systems and 
equipment than any other company on the East Coast! 

Want more information? Call or write us today, outlining 
your needs. Address: Dept. E-2. 

ASSOCIATED TESTING 
LABORATORIES, INC. 

200 Route 46, Wayne, New Jersey 
(201) 256-2800 

Northwest Industrial Park, 
Burlington, Mass.• (617) 272-9050 
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manufacturer says, "One customer 
who doesn't blink at a $20,000 tool­
ing charge on an IC order won't pay 
the extra $2,500 if I'm a penny too 
high on an order for 250,000 10-
cent diodes." H e ascribes the over­
supply in discretes to a military re­
quest for three-month inventories in 
1966. "Everybody expanded, and 
then the demand dried up last o­
vember," he explains. 

Connors figures the industry was 
foo led into overexpanding in 1966. 
Certainly, this was true at Motor­
ola ; the company underwent large­
scale layoffs last fall. The overex­
pansion, plus better yields, led to 
the disastrous price cuts. 

Foresight. Fairchild blames con­
sumer products for the decline in 
demand; radio and television sales 
were below the 1966 level during 
this vear's first half. But the com­
pany' claims to have come out of 
the slump in a b etter competitive 
position . "W e saw it coming." says 
Valentine. "Knowing that the IC 
demand would tax our output, we 
concentrated our advertising on dis­
cretes and gave some discrete pro­
duction space, at Portland, Maine, 
to Ic's." The result, Valentine says, 
is that Fairchild maintained its 
sales pace and increased its share 
of the market. 

The Continental D evice Corp. 
figures that the softness in consumer 
demand is about over. With mili­
tary demand steady, the company 
reasons , discrete-component sales 
should increase later this year. Con­
tinental also looks for sales gains 
in the computer market; D elbert 
\'an ' \Tinkle, executive vice presi­
dent, expects high-current, fast­
switching diodes to remain in heavy 
demand. 

Exception. While the big sup­
pliers have b een agonizing over 
price cuts, a small maker of fi eld 
effect transistors , Siliconix, Inc. , 
savs it hasn't made a reduction in 
ni~e months. "Some companies have 
whipsawed their suppliers to buy 
on price, and have been burned six 
months downstream on quality or 
delivery,' says Richard E . Lee, 
presiden t. H e blames the manufac­
turer for knuckling under, and adds, 
"There are some situations where 
vou have to let the contract go." 
Slowly expanding, Siliconix is pick­
ing its spots in the IC market as 
well ; "vVe have b een making deep 
inroads in areas that combine FET 
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ancl 1c tcchnologv-the multiplexer 
ancl analog- \\·itch world," says 
L ee. 

111. Ready or not 

\\'hen the ~licroel ectronics divi­
sion of the Philco-Ford Corp. cut 
prices on its me tal oxide semicon­
du ctor line hy 50% last month, and 
the General Instrument Corp. fol­
lowed suit with in two days , the 
qu estion was again raised: is MOS 

fin ally close to a production hreak­
through ? And once again the an­
swer-even from ~ros makers-was 
"not ye t." 

To b e sure, Philco says that with 
yiel<ls up by as much as an order 
of magnitude, and with improve­
ments in production techniques, it 
is now ready to produce in volume. 
But Don Richard. product market­
ing manager, concedes that Philco 
must get MOS designed into systems 
before the dedces b ecome high­
volume products. Richard estimates 
the MOS market at 86 million last 
year, $10 million to $11 million this 
year, and $20 million to $30 million 
next year. 

"Prices are still outrageous," 
snaps Fairchild's Sanders. "\Vho 
will pay $13 for a J-K flip-flon when 
we can sell him one for $3?" To 
which Richard replies , "vVe're not 
going after th e bipolar market. and 
the J-K won't sell on its own merit 
but as part of a system. Try to 
huild a 100-bit shift register in bi­
polar." 

H oward Bobb, who left Philco in 
1966 to form his own MOS company, 
American Microsvstems Inc., holds 
that "price lists . don't mean any­
thing anyway to someone who is 
serious about ~ros." Bobb, who 
didn't cu t prices, says that the few 
high-volume buyers are already en­
joying low unit prices. 

Backup. Richard and Bobb agree 
that the best thing that could hap­
pen to their business would be for 
Fairchild to come into the market. 
"I expect Fairchild to b e in l\lOS 

with both feet, but when?" Rich­
ard asks. H e figures , and Bobb 
agrees, that systems designers 
would be more likely to choose 
MOS if they were assured of a ma­
jor supplier. But they think that it 
'""ill b e 1970 or 1971 b efore MOS 

accounts for as much as 25% of 
the IC market. 

A surprise new starter in the MOS 

fie ld last month was the National 
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TEMPERATURE 
HUMIDITY 
CHAMBERS? 

Get proved reliatrility, 
lower prices, 
stock delivery­
from Associated 

• • Temperature range 
from -100 ° F to 
+ 350 °F, ± 2 °F 
control accuracy. 

• Humidity range from 
20% to 95 % RH , 
± 5% RH. 

• Two-pen , two-cam 
programming and 
recording controller. 

• Stainless steel 
helia rc welded 
interior. 

• Integral demineral­
izer with replaceable 
cartridge. 

Here is a complete line of temperature -hum idity chambers 
for testing everything from resistors to rocket motors! 

Choose from two basic systems: one offers a two-stage 
cascade refrigeration system permitting mechanical pull­
down to -l00°F. The other provides single-stage mechani ­
cal refrigeration to 0 °F, plus a liquid CO, system for pull· 
down to -l00°F. 

Both types of units offer dependable, proved -in-use per­
formance. They're the same units used in Associated 's own 
testing laboratories. What's more, they ' re available for 
immediate delivery from stock! 

Prices start at $3395 . Write today for our complete catalog 
showing full specifications. Address: Dept. E-3. 

ASSOCIATED TESTING 
LABORATORIES, INC. 

200 Route 46, Wayne, New Jersey 
(201) 256-2800 
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1.~ral!on i'solator is flexibl~ co1rugated 
c<Jlll(i~I assembly which connects rigid 
or semi-flexible transmission line to 
shock-mounted transmitters. 

"' 

™ • 

End-fired waveguide to coaxial 
cable transition is an excellent 
example of making cable an 
integral part of an assembly. 
The coaxial cable is cut to within 
2° of a standard at C band 
frequencies. VSWR of less than 
1.25 is exhibited. 

Extreme flexibility Is a feature of the larger 
assembly. A silver plated, solid copper inner 
conductor is utilized for best . conductivity 
at high frequenc\es. High ' temperature 

"rated polyethylene forms a dielectric. The 
outer conductor is corrugated brass on 
phosphor bronze with an ablative coating. 
The short, straight length is similar in design 
but has a different end-flange arrangement. 

Size, space and weiuht problem solvers 
With just about the ease with which you 

can bend a strand of cooked spaghetti, 
we can shape specified lengths of coaxial 
cable and solve very nasty transmission 
and installation problems in the process. 
And we do it without disturbing electrical 
and mechanical tolerances. 

A coaxial cable assembly, designed to 
specific requirements, is often the in· 
genious solution to cable connections in 
close physical confines or under difficult 
environmental conditions. Very tight 
specs can be met: delay time, ± .02 NS­
phase length, 0.4° relative-VSWR, 1.01; 

insertion loss, 0 to 40 db ± 0 .5 db and 
40 to 60 db ± 1.0 db-impedance, 
absolute value of average, 0.23. 

Phelps Dodge Electronics coaxial cable 
assemblies have been designed and 

·built as tracking antenna harnesses, 
special oscillator and receiver lines, 
transitions to waveguide, airborne vibra· 
tion isolators, matching sections, and for 
equalizing and balancing networks. 

We have a new catalog that describes 
many more. Please write for it. Bulletin CC, 
Issue 1. 

PHELP. s DODGE ELECTRONIC PRODUCTS ~ 
NORTH ll.'VEN, CONNECTICUT V1 
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Semiconductor Corp., the home of 
Charles E. Sporck and the topflight 
management crew that left Fair­
child with him last F ebruary [Elec­
tronics, March 7, p. 45]. Na­
tional , says marketing boss F loyd 
Kvamme, will be a linear and :-.ros 
house. The company is introducing 
four ::-ros circuits-all of which are 
sh ift regis ters-it says are avail­
able off the shelf. 

But if the smaller companies are 
banking on help from Fairchild, 
they will have to wait. Fairchild 
has had an 1v10s manufacturing arm 
since last September, but produc­
tion in this area has been trivial. 

One problem that plagues the 
::-ros companies is the difficulty of 
developing a standard line. "There's 
nothing standard except shift regis­
ters , and even there you run into 
special orders," Bobb says. Both 
A~CI and Philco have put consider­
able effort into programs to get the 
buyer to participate in circuit de­
sign. 

IV. Hope springs eternal 

An indication of confidence in 
IC sales is the position of the semi­
conductor operation of the Ray­
th eon Co., which second-sources 
just about every line made. Ray­
theon obviously believes that de­
mand will continue to grow, and it 
intends to establish itself in th e IC 
fi eld by delivering when the prime 
sources are overtaxed. Last winter, 
the company cut into Fairchild's 
709 operational-amplifier sales in 
such a situation . 

'i\!ith Ic's moving into the black, 
and the slump in discrete sales just 
about over, most companies see 
1968 as a good year. Motorola's 
Connors predicts a 20% incl11stry­
wide sales increase from 1967. If 
he's right, IC manufacturers will 
have to make money. 

Sanders offers an even more op­
timistic view of the future. "I feel 
I will have failed in my job if by 
1969 we are still shipping more 
discrete dollars than IC dollaVi," he 
says flatly. And, he indicates, the 
crossover may well come in 1968. 

The reporting for this article was 
done by Lawrence Curran and Ger­
ald Park inson in Los Angeles, Mar­
vin Reid in Dallas, and Walter Bar­
ney and William Arnold in San Fran­
cisco. Walter Barney wrote the story. 
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SPEED WITH 
STABILITY IN 
PHOTOCELLS ... 

Economy priced 

Proven reliability 

Hermetic T0-5 package 

Immediate delivery 

... from HPA 

Here's the answer to your sensitive, low-level 
chopping , switching and control circuit re­
quirements-HPA's 4600 Series of Cadmium 
Sulfo-Selenide Photocells with optional inte­
gral electrostat ic shield. You get fast switching 
t ime with high temperature stability. Order now 
d irectly from stock. Large quantity discounts 
are available . HP Associates , 620 Page Mill 
Road , Palo Alto , California 94304. 

Typical specifications at 25 ° C 

Type R LIT Price 
Kr! ± 50% 1-9 10-99 

4601 100 $2 .90 $2.45 
*4603 120 3.05 2.60 

4602 4 2.90 2.45 
*4604 5 3.05 2.60 
4606 10 2.90 2.45 

*4608 12 3.05 2.60 

. . RLIT @ 65. c ) 
1.5 typical Temperature Coeff1c1ent ( R @ 25 • c : 

LIT 

Dark resistance : 500 Mf! typical 
Decay time : 1.2 milliseconds typical , 

*Electrostatic shield 
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Advanced technology 

Ion implantation gets a shot in the arm 
Though precious few devices have been produced and more basic research is needed, 

implantation's potential as a usefu l adjunct of diffusion has researchers beaming 

By Stephen E. Scrupski 
Senior associate ed itor 

Ion implantation, long an overpub­
licized laboratory curiosity, is mak­
ing a serious run at the real worlll 
of semiconductor devices. As yet, 
only one device is commercially 
available and there is little likeli­
hood of others coming to market 
anytime soon. But such is the po­
tential to produce some devices 
better than can be made by con­
ventional diffu sion furnace tech­
niques , as well as some that can't 
be made at all, that both Govern­
ment and private interes t in th e 
field is quickening. Federal agen­
cies are putting cash on the line 

to finance more basic studies and 
industry is underwriting a growin g 
number of in-house projects. 

The key to making a practical 
transistor or. diode is placing the 
impurity dopant atoms-p-type ac~ 
ceptors or n-type donors-in such 
a way that they form a junction in 
silicon, germanium, or other semi­
condu ctor material. Presen tly, most 
manufacturers insert dopants by 
vaporizing the impurities and dif­
fusing them over a semiconductor 
substrate in a furnace heated to 
1,000° C or higher. This standard 
approach has its limitations. High 

Down the pipe. North American's James 0 . McCaldin shows how an ion moves 
through a semiconductor crystal to act as a donor or acceptor impurity. 
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temperatures, for example, ad­
versely affect carrier mobility and 
longevity. As a result, researchers 
have been striking out in a new 
direction. Instead of allowing th e 
impurities to migrate slowly from 
the vapor to the semiconductor, 
they reason, why not drive the 
dopant atoms directly into the ma­
terial ? 

Shooting gallery. An electric 
fi eld acting on ionized impurities, 
pointed at a semiconductor sub­
strate, can supply the push . vVlien 
the ionized impurities hit the semi­
conductor, they burrow a short dis­
tance-typically 1 or 2 microns­
into the crystal lattice and take up 
positions where they can act as 
dopants. 

I. Circumspection 

:\1ost researchers are, however, 
still cau tious in assessing im­
plantation's prospects. Ogden 
Marsh, who heads the Hughes Air­
craft Co.'s Research Laboratories 
in :\1alibu, Calif., says, "A lot of 
physics study has to b e done be­
fore ion implantation can be used 
to its fullest potential." Among the 
questions yet to be satisfactorily 
answered, Marsh points out, are: 
""'hat is the range of an ion as 
a function of its energy? What fac­
tors play a role in annealing dam­
age? 'Vhat defec ts are left after 
annealing? How do such defects 
influ ence junction b ehavior?" 

Possibilities. But Marsh isn ' t un­
mindful of the attractive features 
of ion implantation. Hughes has 
been working in the fi eld for two 
years , both on its own and with 
Government support. " Instead of 
doping a device and then putting 
on the contacts, you might reverse 
this process," Marsh says. "And 
with certain devices, you might 
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Two way. Along a 110 plane of the diamond structure at left . several atoms superimpose, leaving channels wide open 
for deep penetration by implanted ions. Along a 111 axis, at right, there are fewer atoms and channels are narrower. 

b e able to make the emitter fir st 
and then the base. Improved char­
acteris tics are generally obtainable 
any time you can tailor the cross 
section of the device." 

Bobby L. Buchanan, a research 
physicist at the Air Force Cam­
b ridge, Mass., Research Labora­
tories, says , "Every time you bring 
the heat up to the diffu sion level, 
you move jun ctions and other 
areas. And, wi th diffusion, you 
need multiple masking." Buchanan 
is working with high-energy ion 
beams in the hope of makin g tran­
sistors in a single implantat ion 
step-without masks. 

Radiation damage resulting from 
b ombardment is, according to a 
Bell Labs scientist, the great skele­
ton in the ion implantation close t. 
But, he add s, "there are now in ­
dica tions th at it may b e less of a 
problem than many experimenters 
previously believed." 

Despite some researchers' reser­
va tions, ion implantation has an 
impress ive li st of potential advan­
tages : 

• E xtreme heat isn 't required ; 
process ing fr equently occurs a t 
room temperature. vVhil e annealin g 
is usually necessary to repair ra­
dia tion damage in the semicon­
duc tor host crys tal, annealing tem­
peratures arc only in the 600° C 
range. 

• The dop in g profile-the way 
in which impurities distrib ute 
themselves b eneath the surface of 
the semicondu ctor-can b e more 
precisely con trolled. 
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• Almost any dopant can be 
used; ionization sides teps many of 
the chemistry problems involved 
in combining dopants with the 
proper vehicle gases. Moreover, 
ionization eliminates the chance 
of dopant vapors attacking the 
semiconductor surface. 

• Masking is simpler, and by 
electronically deflecting the b eam, 
circuits can be written directly on 
the substrate w ith better resolu­
tion than is poss ible with diffu sion. 

., Complex internal junction 
structures can be formed in side 
the semicondu ctor-an accomplish­
ment beyond the reach of diffusion 
techniqu es. 

• Higher yields and improved 
device uniformity can b e expected 
because control is electronic rather 
than chemical. 

• Ion implanta tion can b e ap­
plied to a selected part of a devicP, 
and other areas will not b e sub­
stantially affected . 

11. Meager results 

So far ion implanta tion has b een 
used to turn out only one commer­
cial device: the solar cell s produ ced 
b y the Ion Phys ics Corp., Burling­
ton, Mass. [Electronics, May 15, 
p. 40]. The company claims the 
cells are more effi c ient and radi­
ation-resis tant than those produced 
by diffusion techniques. One 
knowledgeable observer believes 
the firm , which is a subsidiary of 
the High Voltage E ngineerin g 
Corp., is getting close to 100% 
yields. 

Most companies investigating 
the fi eld have fabricated diodes. 
"A diode is simply a pn junction, 
and results in this area are pretty 
reliable indicators of the efficiency 
of the processing used ," says Ralph 
P. Ruth , a scientist with the semi­
conductor materials group at Nor th 
American Aviation Inc.'s Auto­
netics division. A division of the 
Columbia Broadcastin g Sys tem 
Inc., CBS Laboratories in Stamford, 
Conn., is making photodiodes that 
are the equivalent of their diffu­
sion-produced counterparts. 

But, on the other h and, only a 
few concern s have tackled transis­
tors. Russell P . Dolan, a research 
engineer a t Cambridge Lab s says, 
" \ i\T e haven ' t seen a bipolar tran­
sis tor as good as those produced 
b y diffusion. Eventually, we hope, 
ours '"'ill b e." 

However, replacing diffusion 
w ith ion implantation in transistor 
fabrication isn't necessarily the pri­
mary objective. At th is point, most 
researchers consider implantation 
a complementary technique for spe­
cial-purpose applica tions. "There 
is no point in spendin g $10 for an 
implanted device you can produce 
conventionally for $1," says one 
researcher. " However, there ap­
parently are devices , or classes of 
devices, th at cannot b e produced 
b y d iffusion." 

Dolan, whose efforts h ave largely 
b een devo ted to the mega-electron­
volt enPrgy range, points out, "The 
goal is to put dopants in deeply, 
causing virtually no ch ange in elcc-
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Dual Power· 
Supplies 

Visit Us-WESCON 
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MODEL MPD 15/100 is designed for 
use with operational amplifiers, in ­
st ruments and systems. It provides 
± 15 VDC @ 100 Ma output from 
110 VAC input, in a package only 
% " high including the power trans­
former. MPD 15/100 represents the 
first significant step in power supply 
miniaturization . The systems de­
signer can now take full advantage 
of the comparable reductions in his 
circu its brought about by hybrid 
techniques. 

Spec ificat ions include: 0.02% 
regulation (no load to full load) , 
0 .005 % regulation against line, 
complete short circuit protection 
and amb ients from - 25 • c to 
+ 65 °C. There are pin connectors 
for socket or printed circuit board 
mounting. 

MODEL MPD 5/150 is a miniature 
ca rd mount ing power supply specif ­
ically designed for mi crologic sys­
tems and inst ruments. It provides 5 
vo lts at 600 Mas to power conven ­
tiona l DTL and TTL logic as we ll as 
150 volts for neon or n ixie readout 
lights. 

Th is compact unit contains the 
ent ire power supply includ ing power 
t ransformer, f i ltering, regulators and 
adequate heat d iss ipating surface. 
Input power is 5.5 watts , 105 to 125 
VAC and 50 to 450 Hz. 

PASTORIZA 
ELECTRONICS , INC. 

385 Elliot St., Newton Upper Fall s, Mass. 02164 

(617) 332-2131 
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. .. ion implantation may also produce 

insulating films for semiconductors .. . 

trical properties near the surface." 
Working with Buchanan, Dolan has 
driven p-type impurities into n­
type silicon in such a way that 
the silicon remains n-type near the 
surface-creating an npn config­
uration with a single implantation. 

Bonanza. Using a gold mask, re­
searchers at Cambridge have also 
built buried-grid structures inside 
the silicon, creating vertical-junc­
tion fi eld effec t tran sistors. In such 
a device, the top of the slice might 
serve as the drain , and the bottom 
as the source. The buried-grid 
structure serves as the gate. 

Both Dolan and Buchanan agree 
that gold is the bes t masking ma­
terial for high-energy implanta­
tion s. Silicon dioxide may be used 
at lower energies, they say. But to 
stop incoming ions in the Mev 
range, silicon dioxide wou ld have 
to be made thicker than is ordi­
narily convenient. Gold has about 
three times the stopping power of 
silicon dioxide. 

Sharpshooting. When transistors 
are made by implantation , says 
James 0. McCaldin, of North 
American 's science center, Mal­
ibu , Calif., frequ encies and switch­
ing speeds two to four times those 
of diffusion-produced devices will 
be achieved because base thickness 
can be reduced. Deptl1 profile fig­
ures are typically in tenths of mi·­
crons. Moreover, la teral resolution 
-the faithfu l fo llowing of the 
mask's outline-is enhanced. In dif­
fusion processing, the mask is gen­
erally undercut. 

Leapfrog. Impl anted integrated 
circuits are probably five years 

away at best, according to most 
researchers . But Ion Physics dis­
agrees . In a joint venture with the 
Corning Glass Works, Ion Physics, 
although it has fabricated some 
diodes and transistors , p lans to skip 
discre te devices and start work im­
mediately on re's. The company's 
des igners believe that equipment 
can b e developed for economic pn..>­
du ction rates running to millions of 
devices a month. The bigges t plus, 
as far as Ion Physics is con­
cern ed, is that implantation prom­
ises to give the re designer more 
freedom than he now enjoys with 
conventional diffusion techniques. 
The company contends the de­
signer will be able to use any 
dopant in any host material with 
any des ired profile. 

H owever, some experimenters 
dism iss Ion Physics' re plans as 
more pretentious than practical. 
One source, who ques tions any­
one's right to comment on ion im­
p lantation because of the paucity 
of basic knowledge, goes so far as 
to call the company's progress re­
port~ "comic books." 

Coveru p. In addition to forming 
junctions, implantation may have a 
role in produ cing insulating fi lms 
on semicon du ctor devices. Jam es 
F. Gibbons, of Stanford University, 
one of th e acknowledged leaders 
in the fi eld, recently reported im­
planting nitrogen in silicon to form 
layers of si licon nitride. 

Silicon nitride is a more attrac­
tive protcctan t than silicon dioxide 
b ecause of its stability. The oxy­
gen in Si02 causes undesirable sur­
face states , particularly in metal 

BROAD ION BEAM 

11111111111 

Implanted FET. The source and drain regions of this Hughes device 
were diffused and ions implanted to bring both just up to the edge 
of the gate. This techn ique avoids the necessity of diffusing 
under the gate lead and reduces feedback capacitance by 40 times. 
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Researchers doing applied and 
basic ion-implantation work: 

Aarhus Institute ( Den mark) 
Atomic Weapons Research 

Establishment (England) 
Autonetics 
Bell Telephone Labs 
Chalk River Nuclear Labs (Canada) 
Electro-Optical Systems 
Fairchild Semiconductor 
General Electric 
Hughes Ai rcraft 
IBM 
Ion Physics 
Lawrence Radiation Lab 
Services Electronics Research 

Lab (England) 
Sprague Electric 
Stanford University 
Texas Instruments 
Wright-Patterson Avionics Lab 
Westinghouse Electric 

' _I 
oxide semiconductor fi eld effec t 
transistors. 

111. As time goes by 

Ion implantation techniques are 
as old as the basic nuclear physics 
s tudies on the effects of bombard­
ing solids with high-energy parti­
cles. 

Implants were first made around 
1956. But it wasn 't until 1961 that 
Ion Physics produced the first com­
mercial device. There was a good 
deal of excitement at the time, but 
as a result of the technology's fail­
ure to live up to its press clippings , 
the Government agencies that had 
been underwriting the basic re­
search became disen chanted. In 
recent years interest in ion implan­
tation has been on the upswing: 
the Air Force and the Na tional 
:.\eronautics and Space Adminis­
tration are sponsoring the program 
at Hughes ' Research Labs to thor­
oughly study the process. 

Hughes' effort is aimed at pilot­
] ine production of semicondu ctor 
devices. Th e Hughes team has pro­
duced metal oxide sPmicond11ctor 
field effect transistors in silicon , 
light-emittin g junctions in silicon 
carbide as well as rectifying pn 
junctions in si licon, galliu m arse­
nide, indium antimonidc, and ger­
manium. :Marsh says th e voltage 
charac teristi cs of these devices 
compare favorab ly with those of 
devices produ ced by diffu sion . But 
he qui ckly adds that th e work has 
lwcn done in a research lab. not 
a production environment . :\1 arsh 
is relu ctant to predict how device 
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livability 
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There's pleasant living for you and your employees 
when you locate your plant in prosperous WESTern 
PENNsylvania . Ski on nearby slopes .. . fish for wary 
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fair tax climate .. . pre-production training of a work force , usually at no 
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Area Development Department, Room 764 
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characteristics would measure up 
in a production environment, but 
feels there are indications that the 
lower temperatures involved in ion 
implantation may lead to higher 
carrier lifetimes in bulk materials. 

Although researchers are still 
using jury-rigged equipment and 
complaining that the lack of ade­
quate process machinery has been 
a drag on progress, manufacturers 
in the radiation-damage and par­
ticle-acceleration business say they 
can build hardware for ion im­
planters. Several vendors, seeing 
an emergent market, are reported 
to be scaling down their high-tem­
perture, high-voltage wares to 
serve the more modest needs of 
ion implanters. 

Most ion work is being done 
with energies between 10 and 300 
Kev. However, effects can be ob­
served as low as 50 electron-volts 
and some researchers , notably at 
Cambridge, are working at ener­
gies in the 1 to 3 Mev range. 

Freeways. The lower energy 
work capitalizes on a channeling 
effect, in which the ions penetrate 
deeply by moving down the empty 
passage between lattice atoms. To 
accomplish this , however, the host 
crystal must be aligned to within 
0.1° of the ion beam to achieve 
repeatable results. 

In the diamond-crystal structure 
of silicon and germanium, an axis 
perpendicular to 110-oriented in­
ternal planes has particularly wide 
channels because of the many su­
perimposed lattice atoms. Along 
other axes , there are fewer super­
imposed atoms and the channels 
are smaller. Little damage is don e 
to the crystal as the ions move 
down the channels, making the 
technique attractive. 

When higher energy is used, the 
crystal is often purposely oriented 
off a major channeling axis. Some 
researchers b elieve they can b et­
ter control the implantation depth 
in this way. This techniqu e is be­
ing used at Cambridge to build 
buried-grid structures. 

Energies in th e Mev range are, 
J10wever, accompanied by radia­
tion-type damage since the ions 
crash into the crystals, disrupting 
bonds. Researchers have found that 
if the crystal is heated to about 
400° C while b eing implanted , the 
ions tend to immediately take up 
substitutional positions where they 
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can act as donors or acceptors. 
vVhen implanted at lower temper­
atures, an annealing step at around 
600° C creates vacancies; the ions 
move from their interstitial sites 
into substitutional positions. 

Checkups. Another problem area 
to be dealt with is calculating how 
far the ions penetrate the host 
crystal. Researchers now rely on 
the theoretical work done by physi­
cist Jens Lindhard of Denmark's 
Aarhus Institute of Physics. 

But measuring how far the ions 
penetrate to form a junction is 
often as much a problem as the 
computations. For deep penetra­
tions , the angle lap-and-stain 
method can be used: the surface 
is lapped 1° to 5° to expose a 
junction . The exposed surface is 
then etched with hydrofluori c acid , 
which causes the p-type areas to 
darken; n-type areas remain light. 
Distances on the lapped edge then 
can be translated into the distances 
below the surface. 

Another method for finding the 
junction is to use successive strip­
ping processes, taking away a small 
layer of the surface in each step 
and then using a four-point probe 
on the exposed surface to deter­
mine the polarity and concentra­
tion of the impurities. This ap­
proach is useful for shallow 
junctions, but it is tedious. 

Still another check is to measure 
th e junction capacitance and its 
variation with applied voltage. 
Depth can be es timated from the 
break points in the resu lting char­
acteristic. 

A way to determine whether im­
planted ions have taken up sub­
stitutional positions was developed 
at th e Atomic Energy of Canada 
Ltd.'s Chalk River Nuclear Lab­
oratories, Ontario, by physicist 
John A. Davies. Five years ago, 
Davies, now a consultant to 
Hughes, discovered-in work un­
related to semiconductor devices 
-that if protons are aimed down 
the channels in a crystal, they pro­
duce little scattering. The ions am 
gently steered away from lattice 
atoms. 

James Mayer, who heads 
Hughes' ion implantation work, 
heard about Davies' method two 
years ago and recognized its use­
fulness. H e is spending the sum­
mer working with Davies at Chalk 
River. 

Some other 
ElltlGE& ... ARO 

products 

PRECISION-DRAWN TAPE is supplied 
to specification in bimetals or solid 
precious metals. ECON-0-TAPE is 
available in any thickness. length or 
width (from .0095 " ). Shaped or re c· 
ta ngu la r sections. Excel lent materia I 
for electrical contacts subject to 
corrosion. 

E-70 BRIGHT GOLD PROCESS pro­
duces mirror bright electroplates from 
flash deposits to 500 microinches in 
thickness. This highly efficient, neutral 
bath produces hard , wear resistant fin· 
ishes suitable for the complete range 
of decorative applications. 

CLAD CONTACT PARTS provide a pre­
cious metal layer essentially pore free 
and durable, with an extremely strong 
bond to the base metal. Th ese parts 
are supplied usually in the form of 
blades and spring assemblies. 

ACID GOLD PLATING PROCESS pro­
vides high purity gold electrodeposits 
(24 Karat) that are smooth , lust rous. 
free from porosity, highly ductile , rela­
tively hard. Excellent deposits up to 
several mils in either still or barrel 
plating. Highly stable and simple to 
handl e over long periods. Adaptable to 
plating wide variety of electronic com­
ponents. 

SEMICONDUCTOR MATERIALS are 
supplied in a wide ran ge of precious 
and base metals and their alloys . 
These include solid sheet, wire, tape, 
base t ab materials and clad products, 
fine gold wire, and ribbon . New mate­
r ials are constantly under develop­
ment. Technical assistance is available. 

PRECIOUS METAL CONTACTS in pure 
or alloyed forms of silver, platinum, 
palladium and gold provide unmatched 
resistance to atmospheric corrosion 
and electrical pitting. Enge lhard will 
manufacture to specifications or pro· 
vide material in wire, rod or sheet 
to rm. 

THIN WIRE AND FOIL are produced by 
Enge lhard's Baker Platirum Division 
to meet ri g id electronic design re· 
quirements. Both extruded and Taylor 
Process thin wire are available in di­
ameters as small as .001 " . Thin ­
gauge foil is supplied in sheets up to 
8 '' x 18" . 

MILL PRODUCTS include sheet, thin 
f oi l s, wi re, seamless tubin g, ga uz e, 
platinum clad and fabricated items. All 
are precision made usin g skills re­
sul ting from over seventy-five years 
experience in the working, drawing, 
machinin g , spinnin g , forg in g, and 
weaving of basic forms of platinum 
metals and alloys. 
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EIWGE& .. .A,;,~ gold and silver on relay contacts 
assure only one miss in ten million cycles! 

Electro-Tee Corp. faced one of its toughest problems -
develop electromechanical relays to meet the extraor­
dinary reliability requirements of missiles, manned 
aircraft and space craft, and computers. The solution: 
new Wedge-Action relays using Engelhard 24K gold 
and fine silver for contacts. 

These remarkable relays have the highest confidence 
level ever achieved in any electromechanical relay -
only one miss in 10 million cycles. Engelhard impurity­
free gold and silver, electrodeposited to both moving 
and stationary switching contacts, helped do the trick. 
Contact resistance is an extremely low 0.012 ohms to 
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0.015 ohms. And remains constant to within 15 milli­
ohms for more than 100,000 operations. 

This is just one more example of the problem-solving 
capabilities of Engelhard precious metals - capabili­
ties that result from our constant search and develop­
ment of the precious metals. When you have a precious 
metals problem, call on Engelhard: the company that 
is working wonders with wonder-working metals! 

ENGE& .. ARO 
INDUSTRIES, INC. 

EXECUTIVE OFFICES: 
113 Astor Street. Newark. New Jersey 07114 6 5 0A. 
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·• Centrifupl blower perfonnence In • compHt 
ulal flow fan • Long maintenance-free life • De­
signed to meet UL speclflcetlons (when thermaO,· 
protected) • Five bladed air foll propeller design 
of polJcarbonate • Aluminum spider • Fire retard­
ant c:oastruct1on throughout • Weighs on1J I pounds 
•• cps perfonMnce - • cps (Model TN2) ..... .......... _ .......... ,.,. 

Circle 168 on reader service card 

Weit Coast: Rotron/ Pac1flc, Burbank, Calif. 
Canada: Aerovox Canada Ltd., Hamilton, Ont. 
Rotron Europa N.V. Breda, The Netherlands 
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Meetings 

What's up in San Francisco 
Technical sessions at Wescon and concurrent meetings spotlight 

data compression , electronic tuning , and CAD thermal analysis 

Designing a tuner, findin g a hot 
spot on a circu it, and telemetering 
da ta are all workaday engineering 
chores that have been around for 
awhi le. Normally, such subjects 
wouldn 't be considered particularly 
exciting gri st for the convention 
mill. But such is not the case a t 
the \Vestern E lectronic Show and 
Convention meetings opening Aug. 
21 in San Francisco, where new 
slants will be presented. 

Industry bywords like linear in­
tegrated circuits, lasers , and large­
scale integration will, of course, 
ge t a big play. But the technical 
sessions that stand out during vVes­
con week are those on electronic 
tun ing, data compression, and com­
puter-aided design for thermal an­
alys is of circuits. 

I. Less is enough 

The increasing amount of scien­
tific and engineering data being 
telemetered and processed has be­
come one of the big problems fac­
ing engineers in the fi eld of infor­
mation technology. Telemetry 
transmission from missiles and sa t­
ellites, for example, is a wasteful 
user of the radio-frequency spec­
trrnn . More an d more data mu st h e 
sent back from spacecraft as the 
missions become more complex. 
Complicating the picture is the Fact 
that ground networks are sa turated 
and storage space is overflowing. 
The answer is data compression : 
elimination of redundancy. The con­
cept, a decade old. is just becoming 
practical. \\ 'es con will cover tlie 
subjec t with a five-paper sess ion. 

To demonstra te and prom ote ac­
ceptance of data-compression tech­
niques-many users don 't want to 
compress data because they fear 
they will lose some-Lockheed 
Missiles & Space Co. , Sunnyvale, 
Calif. , has bui lt a special-purpose 
computer. The $250,000 system, 
which. isn' t for sale, will be de­
scribed by three Lockheed engi-
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neers-J .J. Downing, W.E. Smith, 
and J.E. Stubbles. 

They put five algorithms in the 
computer so a potential user could 
match the results from one against 
the others. " You still can't say that 
all temperature data, for example, 
should use one particular algo­
rithm," says C.M. Kartman, man­
ager of advanced techniques at 
Lockheed's Space Sys tems. 

Another paper from Lockheed, 
by G.M. Loh, describes the use of 
a similar machine, except that the 
system-Simulation Control and 
Data System-is more highly inte­
grated; the multiplexing gates are 
addressed by the same random-ac­
cess sys tem that addresses the 
memory. 1ultiplexing and com­
pre~sing are integrated. It was de­
signed and built for Lockheed's 
biotechnology program. 

At Wescon, Lockheed will dem­
onstrate its special-purpose com­
puter by simulating a pulse-coded 

r 
Wescon highlights 

modulation telemetry system. It 
has built a Zero Order Predictor 
(an algorithm which converts the 
data curve to horizontal lines on 
a graph ) computer for use with 
Saturn telemetry. But this machine 
has ye t to be scheduled for flight. 
The company has also built two 
ground systems being used to re­
move redundancy from tes t data on 
the Agena rocket- to simplify data 
analysis , not transmission. 

11. Soft touch 

Mechanical tuning has proved a 
stumbling block for engineers try­
ing to des ign compact, lightweight 
tactical communications equipment. 
Air-variable capacitors, spiral in­
ductors, and slug-tunable coils are 
bulky and require precision gears. 
Attempts to cut size and weight 
hurt performance and reliab ility. 

For the past seven or eight years, 
however, engineers have been in­
ves tiga ting "vhat may b e the answer 

Varactor tuning of receive rs 
Data compression 

Tuesday afternoon 
\Vednesday morning 

DuBridge H all 
DuBridge Hall 

Des igning radio-frequency 
ci rcuits using FET's 

Large-scale integration of 
computer des ign sys tem 

Digital approach to ana log 
functions 

High-density recording tech­
niques 

Solid-state imaging, an evolv­
ing technology 

The future of solid-state 
phased arrays 

Static power systems: 
controls , in verters, recti­
fi ers, systems 

vVednesday morning 

\Vednesday aftern oon ° 

Thursday mornin g 

Thursday morning 

Friday morn ing 

Friday morning 

Friday morning 

DeF ores t H all 

Edison Hall 

DuBridge Hall 

DeForest H all 

Edison H all 

DuBridge H all 

T erman Hall 

All \Vescon technical sessions are at the San Francisco Cow Palace 
beginning Tuesday, Aug. 22, and runnin g through Friday, Aug. 25. 
Morning sess ions are 10 a. m.-12:30 p.m. ; afternoon sess ions are 
2:30-5 p.m. 

\..~.'-'S_p_e_c_ia_1 _se_s_s_io_n_._2_-4_:_3_o_p_._m_.~~~~~~~~~~~~~~~------' 

169 



/SIE! 
ENGINEERED ® 

TRANSFORMERS 

Dresse r SIE now offers o comple te 

engineering and manufac tur ing service 

to fi l l o l l your needs fo r specia l 

purpose wire wound components fo r 

you r ordnance, a irc ra ft, aero space 
and siesmic a ppli ca tions. 

Send your sp ecificof1ons todoy to the 

address be/ow for complete information. 

DRESSER 

I SIE I 
INC. 

INDUSTRIAL PR ODUCTS G ROUP 

P.O . Box 2928/ Houston, Texas 7700 / 

one of the~fndustries 

170 Circle 170 on reader service card 

... It's not how small you make it, 

but how you make it small . . . 

to their problems-electronic tun­
ing made possible by the voltage­
variable capacitor, or varactor. 
Until recently, designers have been 
hampered by difficulties in develop­
ing practical varactor circuits and 
by the performance limitations of 
commercially available devices. 

A vVescon session will hear a 
description of how engineers have 
been able to design equipment with 
electronic tuning, as well as a re­
port on new varactor types. 

Electronic tuning not only per­
mits significant reductions in size 
and weight, but also provides more 
immunity to shock and vibration. 
In addition, high-precision tuning 
is possible, as are remote operation 
and fa st scanning. 

One designer, E.A. Janning of 
the Avco Corp.'s Electronics divi ­
sion , Cincinnati, tell s how his firm 
has been able to design such equip­
ment as the AN/PRc-70 backpack 
transceiver. It was obvious from 
the start at Avco that the use of 
electronic tuning would be limited 
primarily by the availability of 
suitable varactors . Large junction 
capacitance and high breakdown 
voltage was needed for a large· 
capacitance change ratio. 

Janning compares PRC-70 with 
the recently designed mechanically 
tuned l'HC -77 solid sta te packset. 
'Vhile the units are of comparable 
size and weight, Avco was able 
to extend the frequ ency range of 
the PRc-70 ( 30-76 megahertz to 2-
76 Mhz ) and increase the number 
of channels ( 920 to 74,000 ). As 
a result of the weight-saving elec­
tronic-tuning approach, the com­
pany was also able to increase 
power output to 40 watts against 
the PRc-77's 2 watts, and provide 
automatic antenna matching. Jan­
ning asserts that tuner performan ce 
is better in the electronically tuned 
receiver, indicating that nonlinear­
ities of varactors are no problem. 

Transceiver designers still want 
varactors with hi gher voltages. 
Currently, 200 volts seems to b e 
the limit, says Jorge E. Roza of the 
General Dynamics Corp.'s Elec­
tronics division, Rochester, N.Y. 

In his paper, Roza will detail 
the design of his firm's remote-op­
eration Southern Cross receiver, 

which covers 2 to 30 Mhz in eight 
bands. Th e receiver operates with 
a phase servoloop; a variable-fre­
qu ency oscillator ( vfo ) uses the 
same varactors as the r-f tuned cir­
cuits. Cross-modulation distorti on 
was minimized by using the var­
actors back to back, Roza says. He 
a lso was able to overcome large 
signal di stortion. 

High-priced spread. Solid state 
tuning cos ts more than mechanical 
tuning. Although some designers 
don 't think electronic tuning will be 
used in home receivers anytime 
soon, a paper from the Motorola 
Inc.' s Semiconductor Products di­
visi on will discuss a new varactor 
sa id to he applicable to a-m radi o. 
The authors-Peter M. Torris and 
Paul H eidenreich-say that elec­
tronic tuning in the a-m band has 
not been ex tensively applied be­
cause the tuning ratios of available 
elements were too low. The r-f sec­
tion of a typical mechanical tuning 
capacitor in a standard a-m radio 
may \'ary capacitance by 12:1 to 
co\'er the band and to overcome the 
effect of stray and circuit capaci­
tance. They say the situation has 
changed, however, with a new tun­
in g diode series called Epicap th at 
has a tuning ratio exceeding 20 :1. 

The au th ors w ill report on a test 
to e\·aluate performance of the 
junction tuning diodes. They took 
a pair of devices, matched to 
within 2%, and replaced a two­
sccti on ganged, mechanical vari­
able capaci tor in a line-operated, 
transistori zed a-m radio. Although 
some degradation in the signal-to­
noise ra ti o and selectivity was 
noted with the tuning diodes, the 
~Iotoro la engineers considered 
performance sa tisfactory. They 
note that performance could b e 
improved by redesigning the os­
cillator-tank and antenna circuits. 
Thus, it is now possible to design 
practical, solid s tate tuning for a-m 
receivers with the new tun ing 
diodes. 

111. Hot topic 

Thermal management-finding 
potential hot spots-is a key prob­
lem in circuit design. H eat caused 
by high component densities can 
cause parts failure, followed by 
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the possible loss of the en tire cir­
cuit. 

Common engineering practice 
has been to build the circuits and 
then test to detect overheating or 
poor component placement. But 
Bruce Hyman and M.J . Merges, en­
gineers at the Bell Telephone Lab­
oratories, Holmdel, N.J., now are 
using computer-aided design to do 
the job analytically rather than 
empirically. 

At the eighth International E lec­
tronic Circuit Packaging Sympo­
sium running concurrently with 
vVescon at the San Francisco Hil­
ton, the Bell engineers will describe 
a computer program that applies 
the classical equations to plot- in 
a few seconds-the heat distribu­
tion across the face of a printed­
circuit board or in tegrated-circuit 
chip. 

The technique is about to be­
come an everyday design tool at 
Bell Labs, according to Hyman. He 
says it is part of a company plan 
to use computers in as many as­
pects of circuit development as 
possible. 

IV. Two steps 

The approach is a two-step pro­
cedure. First, the most efficient 
electronic and geometrical p lace­
ment of circuit components on the 
board or chip is defined, then the 
operating temperature of specific 
areas- spotting heat that could 
eause fai lure-is determined. 

The computer plots an optimum 
component arrangement. The loca­
tion and operating temperature of 
each part along with the heat­
transfer and heat-sinking character­
istics of the board or substrate is 
fed back to the computer. 

To calculate temperature dis­
tribution, the computer is pro­
gramed to divide the circuit's area 
into arbitrary squares, treating the 
components in each square as a 
single heat-generating element. 
The thermal mass of each square is 
considered to be at its center, or 
node. Each node is connected to 
the nodes of adjoining squares by 
a thermal resistance. The resistance 
varies with square size, and board 
or substrate thermal conductivity 
and thickness. The computer solves 
the heat-transfer equations for each 
node, plotting lines of equal tem­
perature across the face of the hy­
pothetical circuit. 
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••• IT's the MOST •• • 
EXCEPT FOR PRICE 

NEW l..l1_J ALL-
~ SILICON 

R-C OSCILLA TOR 
h o lds PERFORMANCE but: 

LOWERS PRICE 

¥~ ~~P· 
' w •<: O•d"""' w;<h LJ~'1,,,.~ 
quenc control. Sine- and •t' .,,. ~ 

Square-Wav imulta ously from 0.01 Hz to 
1 MHz. Pri $55 rovides performance of 
higher price · s. 5:1(6" H x SY," W x 14'/z" D. • ~ 

Using advanced circuit techniques, ~' :_&., f7 
Krohn-Hite has produced a new R-C ~·· -
Oscillator, at a medium price, with 

traditional K-H Quality. 
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SIMULTANEOUS SINE AND SQUARE-WAVE 
outputs pack real power (up to 1/2 watt into 
so ohms). Photos show open circuit output 
voltages at 1 MHz. 

These outputs typify the perform-

ance of the Model 4100. Add to th is 

'# ~ 

~~~ rY1 
half-watt output, 0.5% frequency fL,-,A.4-0 
accuracy, 0.03% distortion, 0.02% I J.11 (.J"". I 
hum and noise, 0.02 db freq~ency /),f}ln"i1 VW • ~. A'>D1 
response and 0.02%/ hr. amplitude . vv rvur ~ ~ -.'-~ 
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ture of what we're talk ing about. (}JO t:P~ 

~~9 There's much mere in KH Data Sheet 4100 

Write for a copy 

KH ~~P-=1-i~::. t:;t 'I~ 
580 Massachusetts Avenue, Cambridge. Mass. 02139 

Telephone: 617 / 491·3211 

Circle 171 on reader service card 171 



.. . when you 
let FANSTEEL do it! 

Let FANSTEEL make your electronic parts for you. What type of parts? For instance: 

(1) FANTORKr.M. Chassis-Mounted Heat Sinks that give you up to 3-times greater shank torque and provide 

comparable heat dissipation of wrought copper alloys. With a complete FANTORK part . .. all you do is 

die -bond , attach leads and assemble. Or, we'll do any . . . or all ... of these steps for you ... braze the 

steel threaded shank into the sintered copper base . . . add pre-form backing discs (with or without coat­

ings) . .. put on a steel weld ring . . . coin a projection into sintered copper base for direct ultrasonic weld· 

ing of can . . . insert pins ... or plate entire assembly. (2.) Lead Assemblies-from refractory to conven ­

tional lead materials in close tolerance diameters from .025" to .125" .. . plated to your specifications. 

(3) Semiconductor Backing Discs-either pressed and sintered . .. punched . . . or cut . . . from tungsten 

or molybdenum. Fansteel coating technology assures positive wetting action. All sizes throughout the 

power ratings. Whatever your component parts need ... LET FANSTEEL DO IT! Our diverse packaging 

technologies will help you reduce com(lonent assembly time and costs. For complete information on value 

engineered Fansteel parts, call your t-ansteel representative . .. or write us. 

1. 
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2. 

~YEARS ~OF PROGRESS 

3. 

FAN STEEL 
METALLURGICAL CORPORATION 

ELECTRONIC PARTS DIVISION 
NUMBER ONE TANTALUM PLACE 

NORT H CH ICAGO, ILLINO IS 60064 
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Space electronics 

The direct broadcast picture 
Satellite tv system will need large antennas, high-power amplifier tubes, 

and a big power supply to assure economical hardware for home receivers 

By James Brinton 
Staff writer 

A single satellite could beam tele­
vision programs directly into homes 
throughout most of the U.S. by the 
late 1970's. And the cost of modi­
fying sets to receive these signals 
could be as low as $20 each. While 
the fate of an operational system 
may well be decided by the ma­
neuvering of opposing special-in­
terest groups, the necessary tech­
nology is being developed now­
slowly but steadily. 

Second-generation communica­
tions satellites that come closer 
than ever to providing the large 
amounts of power necessary for di­
rect broadcasting are in the works: 
the Hughes Aircraft Co.'s tactical 
communications satellite under 
construction and Communications 
Satellite Corp.'s domestic service 
satellite now being designed. In 
addition, the National Aeronautics 
and Space Administration is fund­
ing an increasing number of stud­
ies to determine design tradeoffs 
and to lay the groundwork for a 
prototype system. 

Industry, of course, is pushing 
hard for the development of a di­
rect-broadcast system and several 
companies, including Hughes, the 
General Electric Co., and the Ra­
dio Corp. of America, have done a 
lot of work on their own. "vVe 
could deliver a direct-broadcast tv 
satellite in as little as three vears 
if we got a contract tomor~ow," 
says an optimistic GE engineer. 

But many influential people 
think there's no need for direct 
broadcast tv. Robert E. Lee, a 
member of the Federal Communi­
cations Commission, believes local 
station services are adequate and 
that direct broadcasting would si­
phon off their audiences. "We won't 
see direct-broadcast tv in our life­
time," he predicts. Moreover, it's 
unlikely that the FCC would allow 
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television networks to bypass, and 
perhaps bankrupt local stations. 

Certainly, local stations and 
community antenna television 
(CATV) operators would fight the 
establishment of direct broadcast. 
Such a system would also reduce 
the revenue that the American 
Telephone & Telegraph Corp. now 
pulls in for distributing network 
television over landlines. However, 
an AT&T spokesman points out that 
this activity accounts for only 
about 1 % of the company's in­
come. Bell, in fact, is fighting for 
a share of any satellite communica­
tions system built in this country. 

INSTRUMENTATION 
UNIT 

SOLAR 
ARRAY 

Next step. A distribution satel­
lite, one that relays tv signals to 
the medium-sized antennas of lo­
cal stations or schools for trans­
mission to individual receivers, is 
probably the next step toward di­
rect broadcasting. Some observers, 
including the Philco-Ford Corp., 
maintain it will be the final step. 

Comsat's domestic satellite is in 
this category. Due for launching 
in 1969, the craft will transmit on 
eight tv channels to some 30 an­
tennas-each 25 to 32 feet in di­
ameter-spotted throughout the 
western U.S. It is likely to be a 
modified Applications Technology 

TV TRANSMITTER 

---APOLLO 
SPACECRAFT 

---sTOWAGE 
FOR ANTENNA 
SECTIONS 

S-48 
WORKSHOP­
CREWS' 
QUARTERS 

Way out. Orbiting tv station, envisioned by the Radio Corp. of America, 
would include parabaloid antenna dish that would be assembled in space. 

173 



NEW VECTOR >POWER CHAIN 
DELIVERS 25 WATTS @ 400 MHz! 

174 

0.1 w 

2N3375 

~ 2N5016 

~ 

25 w 

You can get 25 watts (typical ) at 400 MHz fro m a high-ga in 
amplif ier using the four silicon transistors shown above . And, 
conservative per-s tage power gain allows you greater design 
bandwidths and higher temperature operat ion. 

All this is possible because of Vector's new fam ily of V410 
and 2N5016 high-frequency sil icon epitaxial NPN trans istors 
des igned for large-signal , high-power oscillator / ampl ifier ap­
pl ica tions in the 200-500 MHz region. 

Each of these transistors has over 400 emitters, 21/2 mi­
crons wide. These provide greater output, gain, eff iciency, 
frequency capability and linearity. 

Packaging variations are offered to permit either internally 
grounded emitter operation or complete electrode isolation 
in the T0-60 package . 

TRANSISTOR CHARACTERISTICS 

f p Elf. (min.) fT(typ ical) Package 
0 0 

V410 400 MHz 25W 50% 650 MHz T0-60 
2N5016 400 MHz 15W 50% 600 M Hz T0-60 
2N3375 400 MHz 3W 40% 500 MHz T0-60 
2N3866 400 MHz lW 45% 800 MHz T0·39 

All four of the transistors shown in the above power chain 
are available from stock . For data sheets and price quotations. 
call Vector Solid State Laboratories, (215) 355-2700. TWX 
510-667-1717. 

u Vector OIVISION OF UNITED AIRCRAFT CORPORATION _ 

SOUTHAMPTON, PENNSYLVANIA 18966 R 
See us at Booths 4901 - 4904, East Exhibit Hall , WESCON. 
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Satellite developed by Hughes for 
NASA [Electronics, July 24, p. 50] . 

Coming even closer to the power 
levels required for direct broad­
casting is the tactical communica­
tions satellite, which must relay 
voice transmissions to antennas as 
small as manpack units . Based on 
Hughes' HS307 design, the satellite 
will weigh an estimated 2,000 
pounds and cover a relatively 
large area of the earth with an es­
timated e ffective radiated power of 
at least 30 decibel watts. 

I. Check list 

'.\1odifications to tv receivers 
must cos t as little as possible if a 
direct broadcast system is to be 
practical. What's needed, therefore, 
is a satellite with enough power to 
transmit a signal home sets can 
pick up with small antennas and 
simple front-ends. 

The satellite would have to carry 
antennas larger than any now oper­
ating in space or even planned­
probably a parabolic or array an­
tenna 50 feet in diameter. The 
larges t space antenna now in de­
velopment is the 30-foot parabola 
being designed by the Goodyear 
Aerospace Corp. , Akron, Ohio; it's 
scheduled to fly aboard the space 
agency's ATS·F and ATS·G satellites 
in the 1971-1972 period. 

Direct broadcasting will also re­
quire higher powered amplifier 
tubes than any currently qualified 
for space. Some finns favor triodes 
but no high-powered versions are 
space proven. Even the t raveling­
wave tube amplifiers used by 
Hughes on its operational satellites 
lack sufficient output. 

The third big technical problem 
facing direct-broadcast designers 
is that of generating sufficient elec­
trical po'vver. Although some com­
panies have drawn plans using 
nuclear power units, most engi­
neers say such schemes are a dec­
ade away. The alternative-and 
way most engineers are going-is 
large, lightweight solar cell arrays. 

The Atlantic Research Corp., 
Alexandria, Va., made the first ex­
tensive study of the technical 
tradeoffs involved in direct broad­
casting. Under a contract from 
NASA's Office of Space Science and 
Applications, the firm's Jansky & 
Bailey Systems Engineering depart­
ment used computers to simulate 
direct broadcasts from synchronous 
orbits [Electronics, Sept. 19, 1966, 
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p. 52]. Engineers studied frequen­
cies from 200 megahertz to 12 giga­
hertz and ERP's of 20 to 90 decibel 
watts. They investigated both fre­
quency modulation and the U.S. 
tv standard-vestigial sideband­
amplitude modulation (vsB-A~I). 

Basing their cost and perform­
ance predictions on components 
that could be mass produced by 
1970, the probers found that the 
cheapest receivers would operate 
at from 600 to 1,000 Yihz. 

Outlays would be sharply higher 
at fre<]uencies below 600 Mhz since 
more antenna gain and directivity 
is needed to compensate for cos­
mic and man-made noise. Above 1 
Ghz, equipment costs would rise 
as tighter tolerances played a big­
ger part in manufacturing costs. 
Between 600 and 1,000 Mhz, con­
ventional ultrahigh-frequency tv 
tuner techniques and vsB-AM could 
be used. 

Tradeoffs. Frequency modulation 
was found to be more costly for uhf 
tv than VSB-AM. Above 1 Ghz, how­
ever, the inherently higher effi­
ciency of f-m would allow lower 
effective radiated powers than vsB­
AM. Although this could mean a 
cheaper satellite, a down-converter 
and a modulation converter would 
have to be added to home systems 
raising viewers' costs. 

Adapters for receivers in elec­
tronically noisy urban centers could 
retail for as little as $20 if the 
satellite had an ERP of 80 <lbw; 
this price would include both an­
tenna and preamplifier. Cutting 
back th e satellite's ERP to 70 <lbw 
would boost the price of a receiver 
adapter by only about $5. 

11. Opposition camp 

Opponents of direct broadcast­
ing are supported by a study made 
b y the Philco-Ford Corp.'s West­
ern Development Laboratories, 
Palo Alto, Calif. The report states 
bluntly that satellites with sufficient 
power for U.S. coverage will al­
ways b e at an economic disadvan­
tage vis-a-vis distribution systems. 

As an alternative, Philco suggests 
satellite distribution at microwave 
frequencies for both educational 
and commercial tv. Less costly, low­
powered-40 to 50 <lbw-spacecraft 
could reach 90% of the country's 
population through receive-only 
ground stations installed near 200 
cities; local stations or community 
antenna television systems would 
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MINIATURE LAMPS 
Comprehensive 40-page booklet lists all miniature I 
lamps larger than T2 . Includes flasher lamps, 
Christmas lamps , electric discharge lamps, too . I 
Complete with filament and base drawings of all 
lamps, plus a handy table that groups lamps D 
by primary application. I 
SUB-MINIATURE LAMPS I 
Filament and base descriptions, selection factors 
and completely updated listings of more than D I 
I 50 sub-miniature lamps (T2 and smaller). 

GLOW LAMPS 
GE glow lamps are rugged, long-lasting and inex­
pensive tools for electrical designers. Here are more 

I 
I than 50 for indicator and circuit component applica­

tions with photos and typical circuits. Argon D I 
and Helium-Argon descriptions, too. 

SEALED BEAMS 
Lists all sealed beam lamps-automotive, aircraft, 
marine, and tractor. Includes features of GE 
headlamps , information on Heavy Duty lamps, 
beam pattern descriptions, filament and base D 
information. 

I 
I 
I 

ELECTROLUMINESCENT LAMPS I 
You specify the shape. General Electric will design 
and fabricate an electroluminescent lamp for your I 
low-brightness lighting or luminous product applica­
tion. Catalog gives product uses, operating D 

1 characteristics, selection data. 

INDEX OF ALL LAMPS I 
Lists all the above mentioned lamps by number, with 
reference to the appropriate catalog and line D I 
number. 

I Name __________________ Title·-------
Plea1e Print I 

I 
I 
I 

I Company ____________ Address: _________ _ _ 

I 
City ____________ srare ________ Zip·-----

SERVING YOU WITH GENUINE GE SEALED BEAMS • MINIATURE LAMPS • TIRE STUDS • SILICONE PRODUCTS 

I 
L 

Miniature Lamp Departmemt 
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~m~~:1: 

.-------. OUTPUT 
( 

\ . ~~ ~ ~ Signal without noise. 
~kl1~l1l1l1 
'n11~l,• 1• IN 
~.1!!'/11: I 

AD-YU TYPE l 050 
CON. SWEEP 
TIME DELAY 
CORRELATOR 
~ Freq.= 1/T, 

- Time amplitude = C volts . 
Signal buried 
by noise. 

RECORDER 

CO~··a-1 N UOUS"SWEEP\~I1fM E 
··: ~ :/ 

DELAY CORRELATOR Type 1050 + 

APPLICATIONS 
1. Use as norrow-band filter for removing random noise 

and non-periodic disturbance. 
2. Use to determine transmission time and path of 

transmission for signals of any form. 
3. Use to ,, determine the degree of cohere~.ce between 

any two random signals. > : 

Write for FREE ENGINEERING BULLETIN 
"'Theory and Applrcat1ons of.;>weep Time Oejay Correlator. 

AD-y u ~4~2~ £R~U~E ~V~N!E~P!SAI~~.~- . 
Phone 1201 I 472-5622 • CABLE: ADYU PASSAIC 

See our Booth No. 3302 at the WESCON Show 
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relay the signals into the home­
either by coaxial cable or a re­
broadcasting network. 

Country cousin. According to 
Philco engineers, direct broadcast­
ing could be economical only in 
areas of very low population den­
sity that lack local tv services. But 
CATV is making steady inroads in 
those regions [Electronics, June 26, 
p. 143]. 

Philco's study also deals with fre­
quency-allocation problems. If di­
rect broadcasting is to be cheap 
enough to command a large audi­
ence, uhf frequencies will have to 
be used. But in this range, accord­
ing to the FCC, only channel 71-812 
to 818 Mhz-is neither in use now 
nor applied for. 

At least direct broadcasting at 
uhf frequencies wouldn't run afoul 
of worldwide interference regula­
tions. The International Radio Con­
sultative Committee ( ccrn) has no 
provisions applying to uhf satellite 
broadcasts. The organization's reg­
ulations would come into play only 
if broadcast satellites were to use 
frequencies also allocated to point­
to-point microwave systems. If this 
happened, satellite power would 
have to be limited to levels that 
\.VOuld make either direct broad­
casting or satellite distribution im­
possible. 

111. Where the action is 

The space agency's programs are 
centered at its Lewis Research Cen­
ter in Cleveland, Ohio, and the 
Marshall Space Flight Center, 
Huntsville, Ala. General Electric's 
Missiles and Space division, Valley 
Forge, Pa., and RCA's Astroelectron­
ics division, Princeton, N.J. , com­
pleted nine-month studies of voice 
broadcast satellites just as Lewis 
awarded two new study contracts 
-this time for tv systems. One 
went to TRW Systems, Redondo 
Beach, Calif., the other to GE. 

In the meantime, GE and THW 
are pushing ahead on their tv sat­
ellite studies for the Lewis Center. 
Color and black-and-white broad­
casting will be investigated, as will 
f-m and vsB-AM techniques for 
spacecraft with effective radiated 
power from 40 to 80 dbw. The 
booster could be in the Saturn 1-B 
class. 

General Electric is mum about 
its approach to this contract. But 
John Jansen, TRw's project man­
ager, agrees with others in the in-
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dustry that uhf tv bands are the 
b est bet to achieve low-cost home 
receivers . Jansen figures the effec­
tive radiated power for a vsB-AM 
satellite would have to be 75 dbw 
- about 34 Mw for a beam of 2° 
to 3°. But he b elieves that even 
with 75 dbw, a dish antenna of six­
foot diameter, plus a preamplifier, 
will be necessary for reception. 

Weighty matters. The Marshall 
Space Flight Center, which is re­
sponsible for larger spacecraft than 
Lewis, is about to let a study con­
tract for a direct-broadcast tv sat­
ellite to b e launched by the Saturn 
5. This booster is designed to put 
a 62,000-pound payload into syn­
chronous orbit. Three outfits are 
in the running for the nine-month 
feasibility award which will b e 
worth about $100,000: RCA's Astro­
electronics division, the Convair 
division of th e General Dynamics 
Corp., San Diego, Calif., and Booz 
Allen Applied Research Inc., Chi­
cago. 

Marshall wants the contractor 
to investigate tv transmission from 
synchronous orbit in : the uhf tv 
band; the 2.5-to-2.69-Ghz interna­
tional tv band; and the l.7-to-2.7-
Ghz range. Effective radiated 
power would range from 30 to 80 
dbw, with the transmitted b eam 
covering 500,000 to 10,000,000 
square miles- almost three times 
the area of th e U.S. 

Inside track. Observers give 
RCA the b est chance for the con­
tract ; the firm has already come 
up with preliminary designs for a 
very heavy satellite. Using the Sat­
urn 5 and an S4B second stage, 
RCA envisions a tv satelli te with a 
40-foot parabolic antenna and twin 
25-kw roll-out solar-cell arrays, 
each measuring 2,500 square foot. 
Radio-frequency power would 
come from gridded triodes in par­
allel. 

IV. Over the transom 

Funded programs were preceded 
b y several private projects under­
written by private enterprise. In 
early 1966, both GE and HCA pre­
sented the space agency with un­
solicited proposals for synchronous­
orbit, direct broadcast tv satellites. 
Vista, RCA's contender, weighed in 
a t about 7,000 pounds with a 40-
foot parabolic antenna and a 3,000 
squ are-foot, pantograph-deployed 
solar-cell array. D esigned to oper­
ate on uhf ch annel 69-800 to 806 
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LET'S TALK - SIZE 

I 111/z ± 1/sl A MAX. ,1% ± 1ls I 
B J. ,( ) ~---'H ) 

MAx.-o c=:::::tD.--~-
01 A. j RED EPOXY ~ ~ 

.020 ± .001 DIA. 

SERIES A B VOL 
MAX. MAX. CU. IN. 

CT .260 .095 .00184 
CM .320 .133 .00444 
CL . 345 .180 .00877 

LET'S TALK" - RATINGS 
ECONOTAN capac itors are avail• 
able in 3 case sizes and 41 differ­
ent rat ings from 2 to 35 WVDC 
and from .0047 MFD to 68 MFD. 
Ask for our complete technical 
data folder containing detailed 
spec ifications, A size reproducible 
master, and standard reel pack 
informat ion. 

LET'S TALK - PERFORMANCE 

ECONOTAN capacitors will oper­
ate reliably from _ 55 -c to + 85 ' C 
without derating. Maximum leak­
age is .OluA/ mfd-volt. Diss ipa­
tion factor is below 6% for 6 to 
35 WVDC ratings. Surge voltage 
specification is 130%. Withstand 
over 25,000 G's mechanical shock. 

LET'S TALK - DELIVERY 

Same day shipment en proto­
t ypes. Production quantities one 
week. We have the BEST DE· 
LIVERY JN THE INDUSTRY. 

LET'S TALK - APPLICATIONS 

FILTERING - BYPASSING 
COUPLING - TIMING . 
ECONOTANS are ideal for volume 
commercial applications requiring 
minimum space, high stability, 
rel iab i lity, and machine insert­
ab i l ity. 

LET'S TALK - PRICE ••• 
We 're very compet itive whether 
your requirements are for 2 units 
or 2,000,000 units. It takes only 
one phone call to find out we 
mean bus iness-dial 207-284-5956, 
SALES DEPARTMENT COMPO­

,NENTS INC., BIDDEFORD, MAINE 

LET'S TALK ECONOTAN -

BOOTHS 5009-5010 WESCON 

SMITH STREET, BIDDEFORD, MAINE 04005 I AC 207-284·5956 
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We are No. I 
in RF Voltmeters 

and you better believe it! 

We have sold more sensitive RF Volt .. 
meters than anyone else because we have 
been doing a lot of things right. We have 
given you 23 accuracy. We have given 
you the highest input impedance to make 
that accuracy meaningful. We have given 
you the highest AC and DC overload pro­
tection (probe diodes last longer that way). 
We have given you the fast response you 
need for peaking and nulling (sluggish 
sampling voltmeters can't make the grade). 
We have given you a well-mannered probe 
which works without any "backtalk" 
pulses pumped into your circuit (again, 
sampling voltmeters flunk out)! We have 
given you a clean, trouble-free design with 
a choice of features in three models rang­
ing from $495 to $650. Check on the specs 
(we'll send them) that have made us N o.1. 
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ROUTE 287 
PARSIPPANY, N.J. 07054 
Telephone: 201-887-5110 
TWX: 710-986-8241 

Mhz-the satellite achieved 5 kw 
transmitter power with a set of 
four gridded triodes; effective ra­
dia ted power was about 74 dbw. 
General Electric's similar but 
smaller d esign operated a t around 
650 Mhz. \ ,Yhile RCA had concen­
t rated power in a b eam covering 
only one-sixth of the U.S. But, as 
if to illustrate the ambiguities fac­
ing engineers in this area, GE op­
timistically fi gured Lhe same trans­
mitter power could serve the en­
tire country; GE also fa vored tri­
odes for its transmitter. 

Back to the drawing board. But 
recently, RCA has designed an ad­
vanced spacecraft in which a 49-
element, electronically steered 
phased-array antenna replaces the 
more common paraboloid. Each 
element includes a 160-watt tran­
sistor tran sponder. A SNAP-8 nu­
clear generator sys tem with an out­
put of about 25 kw would furnish 
power. 

The satellite would operate at 
about 800 Mhz with an ERP of 
about 70 dbw. Since it would use 
separate amplifiers for each array 
element, failure of one amplifier 
wouldn ' t knock out the whole sys­
tem. 

By locating the array and nuclear 
power source a t opposite ends of 
a 100-foot boom, the sa tellite's de­
signers built in one axis of a grav­
ity-gradient stabiliza tion system. 
Four other booms up to 200 feet 
long would stabilize the satellite 
in remaining axes. 

General Electric's latest in-house 
design uses a 44-foot parabolic an­
tenna. Twin roll-out solar-cell ar­
rays supply 50 kw of d-c power. 
Transmitter tubes would be four 
parallel planar triodes or tetrodes; 
GE is developing tubes for such spe­
cial applica tions a t Owensboro, Ky. 

Sidestep. The Hu ghes Space Sys­
tems division, El Segundo, Calif., 
has des igned spin-s tabilized satel­
lites with ERP's as high as one meg­
awatt or 60 dbw. Willia m Bake­
meyer, assistant laboratory manager 
for sys tems engineering, says these 
spacecraft would b e drum-shaped, 
measure 10 fee t high and 10 feet in 
diameter, weigh 1,500 to 2,000 
pounds, and use solar-cell power. 
The company is checking a variety 
of antenna des igns, including a 
64-elernent electronically despun 
phased array backed by multiple 
output tubes. 
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What is ELCO 
doing that's 

different? 
NOTHING. 

Illustrated : MIL-C-26482 and Mll-C-2321 6 Crimp Contacts 

NOTHING EXCEPT ... MANUFACTURING 

AND DELIVERING CERTIFIABLE 

MIL-C-26482's MEETING REVISION D. 

Whi ch is anoth er way of showin~ our capabiliti es, not just 

blowin{; about them. Yes, we' re deli vering these miniature 

cy lin dri cal conn ectors in th e compl ete range yo u need : 

receptacles, plugs, shell s, crimp and so lder type contacts, 

layo uts- the works . Even special appli cati ons. With out clip 

probl ems, schedule hang-ups, r eject headaches. What else 

are we doing different? Revolutionizing Catalogs. The one on 

MIL-C-26482 includes ball-park pricing to take the mystery 

out of costs. Like a copy? 

WESCON : BOOTHS 4323-4324 

ELCO CORPORATION, Main Plant and Administration Offices: 

Willow Grove, Pa. 19090; 215-659-7000; TWX 510-665-5573 
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Qualified 
Electronics 
Technicians 

(Where do you ti nd them?) 
Many Companies will tell you the best source is 
their present staff of technical personnel. These 
men have the necessary aptitude and ambition 
•. . can be readily up-graded through a planned 
electronics training program. 

Since 1934 Cleveland Institute has developed 
such programs for hundreds of leading com­
panies ... has provided thousands of men with 
practical , useable knowledge of electronics theory 
and fundamentals. These men understand the 
"why" of electronics . .. can install , maintain, 
troubleshoot, and repair the sophisticated equip­
ment you're using today, and will be using in the 
years ahead. Learn how CIE can " tailor" an 
Electronics Training Program to your speci fic 
needs. Its effectiveness and economy will amaze 
you . Send coupon today for FREE brochure. 
Cleveland Institute of Electronics, Dept. E-30, 
1776 E. 17th St., Cleveland , Ohio 44114. 

SEND COUPON TODAY 

Cleveland Institute 
of Electronics 

Dept. E-30, 1776 E. 17th St. , Cleveland, Ohio 

Gentlemen: I am interested in learning more about 
your Electronics Home Study Programs. Please send 
complete information. 

Name ___________ _ 

Title ____________ _ 

Company _ _______ ___ _ 

Address ___________ _ 

City State __ Zip __ _ 

Accredited Member, National Home Study Council. 

L---- ---- - ------- - -- - --- - --~ 
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Regions 

Australian i1ndustry 
says make it at home 
Government support for drive to get more military orders 

spurs expansion by both foreign and local electronic firms 

"The longer the Australian elec­
tronics industry is deprived of 
worthwhile military contracts, the 
more d ifficult it wi ll be to increase 
general production," says Sir L ionel 
Hooke, chairman and managing di­
rector of Amalgamated \Vireless 
(Aus tralasia) Ltd. His company­
the only 100% Australian-owned 
concern in the top three of a busi­
ness dominated by giant American, 
British, and Continental companies 
- hasn' t received any substantial 
defense orders in over a year. 

But knowledgeable observers be­
lieve the government is changing 
its position. The outbreak of war 
in the Middle East in June pre­
sented electronics indus try officials 
an opportunity to renew their pitch 
for a larger share of the island con­
tinent's defense do llar. The im­
mediate arms embargo slapped on 
Israel by its friends-the U nitcd 
States, United Kingdom, and 
France-raised the possibility that 
Australia might someday have to 
go it alone in a war. As a result, 
industry and political leaders have 
been renewing their pressure on 
Prime Minister Harold E . Holt. 

Keystone. Defense orders are 
crucial to the expansion designs of 
the Australian electronics indu stry. 
For one thing, domes tic markets 
for industrial and consumer goods 
are too limited to support sustained 
growth. For another, there arc not 
enough foreign outlets in which 
Australian-made electronics are 
competitive. Since the government 
orders about 80% of its military 
hardware, including elec tronics , 
from abroad, this area holds the 
greatest growth potential. 

By American standards, the 
Australian market for military elec­
tronics is not particularly prepos­
sessing. Informed sources estimate 

that electronics represents about 
7% of the $865 million worth of 
defense items that will have been 
imported by the end of 1967. The 
total is still enough of a plum to 
have triggered a Hurry of expansion 
activity. Texas Instruments Incor­
porated and the Fairchild Camera 
& Instrument Corp. are among 
those planning to beef up their 
Australian subsidiaries and take 
advan tage of the more bullish out­
look in military markets . 

The buy-a t-home campaign 
seems dictated less by chauvinism 
than by an interest in having a sclf­
sufficient electronics industry to en­
sure survival during a war. So 
long as equipment is built on Aus­
tralian soil, Aussies are not es­
pecially concerned if orders wind 
up at firms owned or controlled by 
foreign interests. 

Commercial colonialism. Over­
seas outfits have dominated the 
Australian electronics scene since 
the industry opened for business 
toward the turn of the century. 
Number one is Ph il ips Electrical 
Industries Ltd., a -subsidiary of the 
giant Dutch corporation , which 
manufactures radar, radios , and 
television sets. It also vends such 
components as thermionic tubes, 
yokes, capacitors, res istors , wind­
ing wire, and tuners to other Aus­
tralian-based concerns. Philips also 
has a majority interes t in Mullard­
Australia Ltd. and Kricslcr-Aus­
tralia Ltd.; it has bought control 
of the sometime Australian-owned 
Electronic Industries Ltd.-rcport­
edly, to move operations to South 
Africa. 

Ranked second is Pye Radio Ltd. , 
which is tied to Philips through the 
latter's ownership of Pye of Eng­
land, a U.K. subsidiary. The Aus­
tralian branch is the island con-
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tin ent's leading producer of tv sets. 
Amalgamated, which has a li­

censing and technical aid agree­
ment with the Radio Corp. of 
America, is third. It produces ra­
dar, tv, radios , thermionic tubes, 
and related communications gear 
under the MSP-for Manufacturers 
Special Products-label. 

I. Thinking small 

As early as 1965, Australia's poli­
tical leaders decided that the coun­
try must achieve self-sufficiency in 
integrated circuitry because of de­
fense considerations. Subsequently, 
the needs of the Pos t Office, the 
Depar tment of Civil Aviation, the 
Council for Scien tifi c and Indus trial 
Research, and other official agen­
cies provided additional impetus to 
the project. 

Manufacturers claimed they 
cou ldn't get in to production before 
1970, but the government came up 
with three proposals to get the ball 
roll ing sooner. Creation of an of­
ficial manufacturing facility like the 
ex tant Weapons Research Estab­
lishment went by the boards . The 
industry rejected a commercial con­
sortium since manufacturers re­
fused to share their know-how. As 
a result, a third plan based on 
competitively bid contracts was 
adopted; the government is now 
studying the first tenders from Aus­
tralian-based producers. 

Last year, demand was only 
about 40,000 devices. By 1970, it 
will probably be running at an an­
nual rate of 1 mill ion-about the 
current weekly output in the U.S. 
But the decision by the government 
to subsidize a local IC industry has 
set off a miniboom. No matter who 
snares the first contract, Philips, 
Amalgamated, Plessey Pacific Ltd ., 
associated with the U.K.'s Plessey 
Group, and Fairchild-among oth­
ers-plan to establish produ ction 
faciliti es to supply their own needs 
as well as the over-all market. 

Self-help. Evidence is accumulat­
ing that Australian-based systems 
manufacturers are performing in a 
way that will furth er ratify opti­
mism about the government's will­
in gnPss to give the home front a 
bigger share of its military orders. 
On the drawing board, for example, 
is Project Nangana, an unattended 
network of submarine detec tion 
buoys. Plessey Pacific is set to in­
ves t $2.8 million in expanding the 
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hp 465A, 467A Amplifiers 
465A Solid-State General-Purpose Amplifier: 

High power gain (5x10' ) ; voltage gain selectable (10 or 100) 
Bandwidth 5 Hz to 1 MHz ( < 2 db down) 
Gain accuracy ±0.1 db (1 % ) at 1 kHz 
10 megohm input impedance, true 50-ohm output impedance 
Low noise < 25 µ V rms referred to input (1 meg across input) 
Output 10 v rms open circuit, 5 v into 50 ohms 

• 3-terminal device isolated from chassis, float up to 500 v de 
above chassis ground 

467 A Power Amplifier: 
Gain Xl, X2, X5, XlO plus variable control 
Accuracy ±0.3%, dc-10 kHz with load of 40 ohms or greater 
Distortion < 0.01 % at 1 kHz 
Frequency response ±1%, dc-100 kHz; ±10% dc-1 MHz 
Output: ±20 v peak at 0 .5 amp peak (10 w) 
Also use as - 20 to +20 v variable, regulated de power supply 

Here are two high-performance ampli­
fiers for a multitude of applications. Use 
the 465A as a general-purpose lab in­
strument, an oscilloscope preamp, an 
in-system amplifier com ponent , power 
amplifier for solid-state oscillators, im­
pedance converter. Ideal for cascading, 
compact, light weight. hp 465A, $190. 

oscillator inputs, as a de power supply. 
Protected from short ci rcui ts or input 
overloads to 200 v p-p. hp 467 A, $575. 

Use the 467 A to drive magnetic cores, 
ultrasonic transducers , recording galva­
nometers, servo motors, or to amplify 

HEWLETT 

rr rb, 466A AMPl..IFl~ft 
!); v:f/ ++(Wt.C'J'! • •f,;11i1t• 

' .... 6 .. ,. .... 

465A 

Call your Hewlett-Packard field engi­
neer for com plete specifications, or write 
Hewlett-Packard, Palo Alto, Calif. 94304, 
Tel. (415) 326-7000; Europe : 54 Route 
des Acacias, Geneva. 

Data subject to change without notice. 
Prices t.o.b. fac tory. 

·PACKARD 
An extra measure oj quality 

467A 
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Bausch & Lomb Fiber Optics Light Wires enable you to conduct 
light to any desired location as easily as you can string an electric 
wire. They can be threaded easily through intricate mechanical and 
electronic components of sophisticated instrumentation. For Data 
Processing equipment, they can increase accuracy in automatic 
read-out systems, give greater speed and reliability in punched card 
reading and verification. Used with a single light source, they can 
eliminate the problem of balancing individual lamps. They are rel­
atively immune to temperature fluctuations, are unaffected by vi­
brations and mechanical wear. Their unique abilities may be the 
answer in your application. You can find out-for only $25.00. 

ORDER A BAUSCH & LOMB (NOT PLASTIC) 
LIGHT WIRES EXPERIMENTAL SET 

YOU GET: 
One each 48 inch x Vrn inch, 24 
inch x %2 inch, 18 inch x 1/s inch 
covered with polyvinyl chloride 
sheathing and one each 12 inch x 
o/i6 inch, 6 inch x ~~ inch covered 
with crush-resistant aluminum 
tubing. 

List price of the complete set is 
regularly $55.75-but you pay just $25.00! When ordering, please use 
your company letterhead. Send request with check or money order to 
Bausch & Lomb, 99744 Bausch Street, Rochester, New York 14602. 

NOTE: For applications requiring the transmittance of an image, 
Bausch & Lomb Coherent Light Wire bundles are available in any 
length up to 4 feet. 

See them al t he 
W escon Show, Booth No. 3306 BAUSCH & LOMB (i} 

In Canada, Bausch and Lomb Optical Co ., Ltd ., 16 Grosvenor St., Toronto . 
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... business is better, 

even for computers ... 

research facilities at three of its 
Australian units to inves tigate de­
velopments in microelectronics, so­
nar, defense radio , and airborn e and 
land-based radar. And EMI Aus­
tralia Ltd. will shortly acquire EMI 
Elec tronics of Australia from tllf' 
British parent, Electrical & Musical 
Industries of Britain, to go into de­
fense work. The company has b een 
developing the electronic guidance 
systems for Australia's Ikara anti­
submarine missile, which the gov­
ernment has been trying to sell to 
Japan . 

11. Crossroads 

On balance, the Australian elec­
tronics fi eld is riding a modest up­
ward curve. In June, annual out­
put was es timated at $224 million ; 
18 months earlier the rate was 
about $190 million worth of pro­
duction a year. One reason for this 
progress is strong tariff protection . 
A transistor radio selling for $3.50 
in Hong Kong would retail for 
about $10.50 by the time it reached 
a shop in Alice Springs or vVarr­
nambool. Japan, for one. is less 
than pleased with such protective 
barriers and has b een unsuccess­
fully seeking reductions in certain 
schedules. 

Busy signal. While the industry 
is hopeful about continued progress 
in the military and consum.er sec­
tors , the telecommunications fi eld , 
a sizable outlet for electronics , has 
turned in a solid performance and 
looks forward to furth er gains. Aus­
tralia's telephone system, which is 
under the aegis of the Postmaster 
General, is being ex tended into less 
populous areas in the western por­
tions of the island continent to link 
them with the commercial centers 
along the eas tern coast. Australian­
based concerns now supply 85% of 
all telephone equipment, a chunk 
of business that will be worth about 
$80 million this year. In addition, 
exports will total close to $6 mil­
lion. By contrast, local industry 
filled only 50% of the island na­
tion's telecommunications needs in 
1949 when import revenues were 
virtually nil . 

Seismic boom. Stepped-up pe­
troleum and natural gas explora­
tion activities have led to a growing 



demand for computer processing of 
seismic data. Two U.S. concerns 
are vying in this field. Geophysical 
Service International Inc., a divi­
sion of Texas Instruments Australia 
Ltd., is bringing in a TI Model 870 
digital processor designed to han­
dle seismic data; IBM Australia 
Ltd., a subsidiary of the Interna­
tional Business Machines Corp., re­
cently introduced a seismic data­
processing service. As a result, the 
practice of sending data abroad for 
analysis will probably come to a 
halt. 

Amalgamated ·wireless has the 
only significant equity in an Aus­
tralian computer firm: a 40% in­
teres t in Australian Cornpu ters 
Ltd. Control rests with U.K. inter­
es ts . Australian Computers is not 
exactly a goldmine for its proprie­
tors , having lost close to $1 million 
in fiscal 1966 and 1965. However, 
with the recent sale of the first of 
its new System 4 machines, the 
finn may be headed toward black 
ink. 

111. Right track 

American space programs have 
given Australian electronics a valu­
able boost. Under the terms of a 
1960 agreement, the National Aero­
nautics and Space Administration 
will have inves ted $112 million in 
six tracking stations by yearend 
1967. These faciliti es-which em­
ploy about 700 native scientists, 
engineers , and technicians-are de­
signed, built, and operated for the 
space agency by Australian-based 
companies. 

vVhile the. watchword in Aus­
tralia is self-sufficiency, manufac­
turers still buy most of their com­
ponents from overseas sources. Bri­
tish , Dutch, ·and American sup­
pliers fill a substantial .portion of 
the local demand for transistors , 
power semiconductors, tv h1bes , 
radios , radars, relays , capacitors, 
and miniature fus es. Japan sells 
some capacitors in Australia and 
\Ves t Germany merchandises tele­
vision tubes. 

On the plus side of the ledger, 
the government's willingness to 
subsidize a native IC capacity may 
eventually lead to a greater degree 
of self-sufficiency for Australian 
elec tronics. A bigger piece of the 
military action will also help the 
industry to chalk up further prog­
ress. 

SO MUCH FOR SO LITTLE ••• 
Can the Rrice be rig_ht? 
There's no mistake. 

At Bausch & Lomb we know electronics. We've come up with a remark­
able line of recorders ... the V.O.M. They have more of the features you 
want, built-in, than units costing up to twice as much. They're uniquely 
able to directly measure and record D.C. volts, ohms and milliamps. They 
are extremely accurate and sensitive, have high off-balance impedance. 

At no extra charge there's an event marker. There are five chart speeds­
the same instrument can be used for short term, intermediate or long term 
recordings. Nothing has been spared to assure top performance. We use a 
zener diode reference supply, a photoelectric modulator and a durable, 
smooth-writing sapphire-tipped pen. 

Choose the model having the sensitivity you need. Get the right recorder 
without paying a premium price or buying expensive options. 

And for any special applications ... we can modify to suit your needs. 
Send for our Catalogs 37-2174 and 37-2194. Write Bausch & Lomb, 
Electronics Division, 62344 Bausch Street, Rochester, New York 14602. 

V.O.M.-5 V.O.M.-6 V .0 .M.-7 V.O.M .-8 

Voltage range: 10 mv-500v D .C . 2.5 mv-125v D.C . 0.5 mv-10v D .C. Absorbance/ 
Transmittance 

Current range : 10 ma-100 ma 2.5 ma-25 ma 1 µa-10 ma Measurement 
(voltage, current, 

Resistance resistance 
range ; 1 ohm-100 K ohms 0.25 ohms-25 1 ohm-100 K ohms ranges same as 

K ohms V .O .M .-5) 

Weight : 18 lbs . 18 lbs. 20 lbs. 16 lbs . 
Prices : 

$675 COMPLETE $745 COMPLETE $910 COMPLETE $9g5 COMPLETE (suggested list) 

BAUSCH & LOMB~ 
E L E C TRON ICS DIV ISION 

In Canada, Bausch & Lomb Optical Co., Ltd., 16 Grosvenor St .. Toronto. 

See them at the Wescon Show, Booth No. 3306 
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Swept VSWR is just one of many applications tailor-made 
for Telonic's new 2003 Sweep Generator. Actually, a sweep 
"system", the 2003 makes versa tility an understatement for it 
has completely interchangeable frequency oscillators, 
frequency markers, attenuators, and modulators. You can run 
a frequency response test in the HF region and two minutes 
later, check the insertion losses in a microwave circuit. 

In terms of direct benefits to the engineer, the 2003 provides 
this wide range of versatility and convenience, in a single instru.­
ment, requiring less equipment inventory, less working space, 
and lower ins trum ent costs than the several units it replaces. 

Translate these features for your own applications • Fre­
quency ranges from 1 MHz to 1500 MHz • Start stop or .6. f 

II .and •• 

sweep • .35 to .5 VRMS useful output • Fixed, harmonic, or 
variable frequency markers • Marker tilting control • Atten­
uation to 109 dB • Three sweeping modes • Active and 
passive detection. 

Catalog 70 covers the 2003 in detail and includes an entire 
section on Sweep Generator Applications. Yours on request. 

/~•INSTRUMENTS 
A D1v1s1on of Telon1c lndu str1c<, In c. 

60 N. First Ave., Beech Grove, Indiana 46107 
Tel: (317) 787-3231 TWX: 810-341-3202 

See Telonic Industries, Inc. 
at WESCON, Booths 3124-3128 
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Is there anythi ng better than slotted line for VSWR 
measurements? Yes, it's Telonic's TVS-1 System that can match 
slotted line accuracy, is only one-third the size, much simpler 
to use, and costs far less . 

The TVS-1 Precision VSWR Measurement System consists 
of (1) a TSM-2 Rho-Meter, with a hand-calibrated dia l to 
provide direct, quantitative VSWR measurements both instan­
taneous and swept, (2) a TRB-11 Rho-Tector precision imped­
ance comparator and (3) two TRM calibrated terminations. 

The TVS-1 system permits VSWR measurements over a 
frequency range of .5 MHz to 1000 MHz, from 1.02:1 to 3:00:1 
wi th a typical worst case system error of less than 4.0% . 
Typical accuracy to be expected is 1.77%. 

The system may be used alone for fixed frequency VSWR 
measurements and with a sweep genera tor and oscilloscope, 

or XY recorder for swept VSWR. The Rho-Meter dial is also 
calibrated in dB for direct readout of attenuation and trans­
mission characteristics of RF devices. 

Size: the entire TVS-1 system occupies less than .2 cu. ft. 
Availability: Right now. Price: under $1200.00 

Catalog C-101 includes an entire section on VSWR mea­
surement and error analysis. Send for yours. 

7 ~•ENGINEERING CO. 
A Div1s10n of Telonic Industries, Inc. 

countries. Factory offices in Maidenhead, England, Frankfurt, Germany, and Milan, Italy. 

P.O. Box 277 Laguna Beach, Calif. 92652 
Tel: {714} 494-9401 TWX: 910-596-1320 

See Telonic Industries, Inc. 
at WESCON, Booths 3124~128 
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· ATHAWAY 

FORM ''C'' 
MINIATURE 

DRIREED RELAYS 

SPDT· GENERAL PURPOSE RELAY 

SPDT LOW SILHOUETTE RELAY 
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can do it! 
Problems with your small form C reed relays? 

Hathaway's true form C Drireed relay is 
your answer! 

• High reliability 
• Consistent contact resistance 
• Operating speeds up to 500 Hz. 
• True break before make 
• Short bounce characteristics on 

normally closed contact 
• Uniform long life 

TTATHAWAY INSTRUMENTS, INC. 
~ 5250 E. EVANS AVE. • DENVER, COLORADO 80222. 

(303) 756-8301 • TWX 292-2935 

Buy RELIABILITY! 

Buy HATHAWAY! 
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New Products 
New inst ru ments 

Sweep generator 
that is easy to use 
Device makes precise frequency measu rements, 

ca n be operated easily, and requ ires few accessories 

As military and industrial elec tron­
ics equipment becomes more so­
phisticated, users' specifications 
tighten, and designers must make 
more precise measurements. At the 
same time, manufacturers don't 
want to turn their engineering de­
partments into standards labora­
tories. To meet the needs of both 
user and producer, the H ewlett­
Packard Co. has developed a 
sweeping signal generator that 
makes precise frequency measure-

RAMP 
GENERATOR 

M 
RAMP 
ATTENUATOR 

HORIZ. 
OUTPUT 

+IOV 
~ 

-IOV +DCo 

+20V""OV 

100 Mhz 
CRYSTAL 
OSCILLATOR 

ments and can be operated easily 
by the average engineer. It also has 
internal and ex ternal modulation 
capabilities and a built-in detector. 

The instrument, designated the 
675A, can make either wide or nar­
row sweeps. With it, an engineer 
can tes t such broadband circuits 
as amplifiers and attenuators over 
a 31/z-decade range in one 10-
kilohertz- to-32-megahertz sweep­
without changing plug-in units . In 
addition, because the instrument 

~ EXT. MOD. 

DOUBLER­
FILTER 

DETECTOR 

R-C 
OSCILLATOR 

son 

EXT. 
MARKER 

has exceptional frequency stability 
and low residual frequency modu­
lation, it can measure the response 
of narrowband circuits, high-Q fil­
ters , and crystals. The generator's 
start-stop and center frequency 
sweeps have ± 1 % end-point ac­
curacy and a temperature drift of 
less than 3 khz per degree Centi­
grade. It isn ' t necessary, therefore, 
to calibrate each sweep setting in­
dividually. 

I. Inside the box 

Behind these unusual capabilities 
is a variable-frequency oscillator 
(vFo) that uses two field effect tran­
sistors-one as the driver and the 
other as a buffer amplifier. The 
transistors' high input and output 
impedances minimize loading of 
the tuned circuits, thus maintaining 
a high Q and assuring good fre­
quency stability and low res idual 
f-m. A voltage-variable capacitor 
allows for electronic, rather than 
mechanical, tuning. 

The oscillator has an effective 

INT 
HORIZ. DETECTOR 

DET. 
INPUT 

OUTPUT 
4 
Q:: 

~ 
0 

MARKER ---:::;-- l ADDER 
ACTIVE 
FILTER 

VERT. 
OUTPUT 

ALC loop. Output of VFO is doubled and mixed with 100-Mhz crystal-cont rolled signal. Osc illator injection am plitude is 
contro lled by ALC voltage derived from generator output. Ra mp-generat ing and summing ci rcu its produce signal sweep. 
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LC Filters? 
We'll try 
anything! 
If you have a tough,· 
tricky or unusual 
problem in LC filters, 
try Bulova first! 
Bulova has built a 
reputation for being 
willing to "try anything". Even jobs 
that other companies "can't be 
bothered with"! 

Are we crazy? Like foxes! Fact is, we 
can do things others can't-and that's 
the way we win friends and customers! 

We'll custom·design units to solve 
your unique problems. We 'll supply 
prototypes when you need them-in 
2 weeks or less! We'll schedule 
production units to meet your schedule 
-and give you solid proof we can do it! 

And what a range! High pass, low 
pass, band pass, lumped constant 
delay lines, I RIG filters-you name it! 
Frequencies from DC to 50MHz! 
Sharpest shape factors! Just tell us 
your requirements-when you need it 
-and let us tackle it. Our hot 
engineering group will show you why 
you should 'Try Bulova first"! 

For more information, . 
write to us at Dept. E·25. 

Try 
Bulova 
First! 
FREQUENCY CONTROL PRODUCTS 
ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61·20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5·6000 

188 Circle 188 on reader service card 

... sweeping too fast causes display to shift; 

sweeping too slow may miss the transients ... 

range of 100 to 132 Mhz, although 
its frequency varies only from 50 to 
66 Mhz, depending on the voltage 
applied to the capacitor. But by 
feeding the output into a full-wave 
rectifier, H-P obtains the second 
harmonic, doubling the effective 
frequency range. 

A controlled oven helps to mini­
mize frequency variations by keep­
ing the oscillator at a constant tem­
perature. 

One disadvantage of the oscilla­
tor design is the nonlinearity of 
the frequency versus voltage curve. 
To compensate for this , H-P de­
signed a 16-line segment-shaping 
network to modify the control volt­
age applied to the variable capaci­
tor. This network makes the oscil­
lator's output frequency directly 
proportional to the control voltage, 
resulting in a linear sweep. Depend­
ing on the function selected, the 
control voltage is derived by sum­
ming ramps, adjustable d-c volt­
ages, or externally applied signals. 

Different sweeps. The generator 
can handle a wide range of sweep 
times. Sweeping at too high a rate 
causes the display to shift ampli­
tude and frequency, while sweep­
ing at too low a rate may not catch 
the fast transients of interes t. 

Solid state. Model 675A is both a 
sweeping and continuous·wave signal 
generator over a range of 10 khz to 32 
Mhz. Completely solid state design 
incorporates an oven to stabilize the 
variable frequency oscillator. The 
display oscilloscope above the 
generator isn 't part of the instrument 
as it comes from the manufacturer. 

In a start-stop sweep, in which 
the end points are set, a ramp volt­
age is applied to a 10-turn poten­
tiometer to set the frequency where 
the sweep begins. Another ramp, 
the inverse of the first , is fed to a 
similar potentiometer to set the 
stopping frequency. The outputs of 
the potentiometers are then sum­
med to produce a composite con­
trol ramp. 

If a delta sweep is made, one 
potentiometer sets a d-c voltage to 
fix the center frequency. A ramp 
with no d-c component is then 
added; the amplitude of the result­
ing wave form determines the 
width of the sweep. In continuous­
wave operation, the d-c voltage 
alone sets the output frequency. 

11. Generating the output 

The generator's output is a dif­
ference frequency formed when the 
output of the variable-frequ ency 
oscillator (ranging from 100 to 132 
;vihz) is mixed with that of a 100-
j\,fh z crystal oscillator. After mix­
ing, the signal is filtered and am­
plified. 

A critical job of the circuit is to 
hold the amplitude of the quartz 
oscillator exactly where it should 
be. Control is important because 
the amplitude of the crystal oscil­
lator determines the amplitude of 
the generator output signal. 

A signal proportional to the gen­
erator output is derived from a 
peak-to-peak detector with excep­
tionally Rat frequency response. 
This voltage is used for output 
monitoring and also feeds an auto­
matic level control loop. 

An ALC modulator using hot car­
rier diodes directly controls the 
100-1\llhz output to the mixer and, 
thu s, the amplitude of the fin al out­
put signal. Hot carrier diodes are 
used because of their good fre­
quency response. The modulator's 
functions are leveling and r-f blank­
ing; it also allows for amplitude 
control from the front panel. More­
over, amplitude modulation can be 
done through the modulator by 
adding the output of a 1-khz RC 
oscillator to the ALC voltage. 

Control circuitry. For precise 
measurements, the oscillator supply 
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In Making Masks for 
Electronic Components ... 

. . . there's no 
Margin for Error! 

With sharp blade, outline the areas 
to be masked. Do not cut through 
the backing sheet. ihe Ulano 
Swivel Knife does the job quickly, 
easily . 

Now carefully peel oft the film as 
outlined leaving a completed photo 
mask, positive or negative, that 
corresponds exactly to the desired 
pattern. 

THAT'S WHY EXPERIENCED DESIGNERS 

AND ENGINEERS ALWAYS INSIST ON ••• 

0 

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS 

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM 
LAMINATED TO A STABLE POLYESTER BASE 

The most versat ile line of hand-cut masking films, including 

.0075-RUBYLITH 75 DR* .005 RUBYLITH 5 DR 
.005 AMBERLITH 5 DA 

These new, thick Ulano films provide the positive answers 
where exact register assumes a critical importance. 

•Available in sheets only, cul lo your specifications. 

Ulan., T _.M. _____ _ ___._.. 610 DEAN STREET. BROOKLYN. N . Y. 11238 

NEW YORK • CALIFORNIA • CHICAGO • ZURICH 

In Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland 

Write on your letterhead for special electronic test kit (no charge) No. 4148 
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From the Problem Solvers at Ucinite ... 

A redesigned 
test-probe receptacle 
that cuts costs 25% 

A prominent electronic equipment manufacturer asked Ucinite for 
help in reducing production costs of this 28-contact test-probe re­
ceptacle for printed circuit boards. The original design of this 
molded plastic receptacle had used screw-machined contacts and 
required the three threaded mounting inserts to be molded in. 
Putting their cost-cutting ingenuity to work, Ucinite engineers first 
replaced the 28 costly machined contacts with economical 
stamped closed-entry contacts of simple one-piece design. They 
cut costs still further by replacing the three expensive molded-in 
inserts with economical self-tapping inserts. Result : a 25% saving 
with no sacrifice in reliability or electrical characteristics. 

This is just one example of the money-saving design innovations 
you can expect from Ucinite. Learn more about how Ucinite 's de­
sign and manufacturing capabilities can help you get better elec­
tromechanical parts for less . Just write or call: The Ucinite Com­
pany, Division of United-Carr Incorporated, Newtonville, Mass. 
02160 • 617-527-8400. 

I UCINITE ' __ ___.. 
DIVISION OF UNITED-CARR 

Circle 190 on reader service card 

... no other generator 

can match its flat response ... 

and input voltages have to be clean. 
To assure this , H-P uses low-noise 
tran sistors in control circuits. 

Bypass markers are derived by 
mixing marker frequencies with the 
sweep frequency. An active low­
pass filter then obtains a bea t note. 

\Vhen the output and marker fre­
quencies are equal , a signal passes 
through the Biter and appears as a 
marker on the sweep display, iden­
tifying the frequency precisely. 

111. Using the generator 

To examine a narrowband circuit, 
an engineer fir st sets a center fre­
quency on a three-place digital dial. 
He next chooses an independent 
delta-width control to fi x the width 
of a symmetrical sweep around the 
cen ter frequency. Delta widths can 
range from 1 khz to 10 Mhz. 

To make a wide sweep , the en­
gineer sets the end points on digi­
tal dials , each with a range of 10 
kh z to 32 Mln. Since the delta­
width and frequency controls are 
independent of each other, the de­
sired sweep width can be set with­
out many adjustments. 

The output of the new generator 
is uniform over a wide range. Its 
high linearity enables a user to 
locate response points and corner 
frc9uencies accurat ely from a ca th­
ode-ray- tu be graticule. If more pre­
cise frequency identification is re­
quired, the engineer can buy op­
tional crystal markers. 

Minimizing accessories. The 
model 675A h as an intern al detec­
tor so that some measurements can 
be made without external equip­
ment. The instrument supplies 
base-line presentation to represent 
zero amplitude on the display dur­
in g retrace. 

With vertical blanking, the gen­
erator improves the display by 
grounding the detected signal 
rather than switching off the r-f. 
Transien ts are thus prevented from 
exciting the device under test. 

;\'o other sweeping signal gen­
erator can match the fla tness of 
response and wideband linearitv of 
the 675A. Its low res idual f-rn ·ancl 
dial accuracy are also outstanding. 

Hewlett-Packard Co., P.O. Box 301, 
Loveland, Colo . 80597 [388] 

Electronics J August 7, 1967 



The Fastest S / D Converter in the West ... or Bast! 
Continuous Synchro-ta-Digital Conversion 

Tracks Data Up ta 2000° /second. 
The NEW solid-state North Atlantic 545 is a good deal faster than 

Black Bart ... and more accurate too~ Featuring .01 ° resolution and 

accuracy, it continuous ly converts 400 Hz synchro (or resolver) data 

to digital form - eliminates variable errors due to data staleness 

associated with previous conversion techniques . 

In addition to the basic trackin g mode, track/ ho ld modes are 

provided to permit observation of slowly changing or jittery data. 

Drift-free performance is guaranteed through the use ot solid -state 

swi tched precision transformers . Optional features include 50 Hz to 

5 KHz data signals , .001 ° resolution , 2-speed inputs, and many other 

system-oriented options. 

-.. "' .. 

3 5 9 9 9 · 

See it at Wescon! 

Booth 3215-3216 

NORTH .ATLANTIC TERMINAL DRIVE, PLAINVIEW, NEW YOR K . (516) 681 -8600 

industries, inc. 
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New Components Review 

A high-resolution crt features a 
4-in . long raised cylindrical face­
plate of fiber optics and a yoke­
shield assembly for aerial photog­
raphy, sing le-l ine scan display, 
side-looking radar, and film re­
cording. Type WX-30519 offers 
a maximum center spot size of 
0.0007 in. and an edge spot size 
of 0.0008 in. Anode voltage is 
lOkv. Westinghouse Electric Corp., 
Elm ira, N.Y . [341J 

Absolu t e pressure switch 1857-
2261 switches circuits in response 
to pressure changes in gases and 
liquids. It has a working range 
lo 350 psi; burst pressure, 250% 
of proof rating. Electrical rating 
is 5 amps at 125 v, 60 hz, in­
ductive or resistive; 4 amps at 
30 v d-c resist ive; 2.5 amps at 
30 v d-c inductive. Occo Manu­
facturing Corp., 8 Romanelli Ave ., 
S. Hackensack, N.J. [345] 

New components 

Numerical readout tube NL-874, 
with an inverted base, is mounted 
vertically with the base al the 
top to permit optimum use of 
panel spac ing . It is a side-view 
display tube with 0.310-in. 
characters, O to 9. It requires a 
minimum d-c supply of 170 v at 
fl'ax imum cathode current of 3 
ma average; minimum, 1.5 ma 
average. National Electronics Inc., 
Geneva, Ill. [342] 

Custom-molded bobbins hold coils 
of fine wire for pot's and similar 
devices. Typical dimensions are: 
length, 0.073±0.001 in.; flange 
outside diameter, 0.073±0.001 x 
0.106±0.002 in.; core inside 
diameter, 0.062± 0.001 x 0.031± 
0.001 in. Units offer low moisture 
absorption and high insulating ca­
pacity. Thermotech Industries 
Inc., 3328 Gorham Ave. , St. Loui s 
Park, Minn. [346] 

Model 3007P is a wirewound ad­
justment pot for space-saving 
commercial uses. It is offered in 
resistances of 10 ohms to 20,000 
ohms. Power rat ing is 1 w at 
40 °C, and operating temperature 
range is - 55 ' to +125'C. Tem­
perature coefficient is 100 
ppm/'C maximum. Price is 99 
cents each in 1,000-piece quan­
tities. Bourns Inc., 1200 Colum­
bia Ave. , Riverside, Calif. [343] 

Righ t -ang le pin and socket con­
nectors are used where a soldered 
joint between connector and p-c 
board is required . MIG ser ies 
connectors are avai lable with 11, 
15, 23, or 37 contacts, with a 
contact grid spacing of 0.1 in. 
They are furnished with standard 
solder cup terminations as wel l as 
in dip-solder contact versions. 
U.S. Components Inc., 1320 Zer­
ega Ave. , Bronx, N.Y . D47] 

MOOEt .tO 

Silicon transistor choppers are 
encapsulated units for connecting 
and disconnecting a load from a 
signa l source . Linear switching 
can be done over a range of less 
than 1 mv to ±5 v. The devices 
can be driven from d-c to 50 khz . 
Model 40 is a miniature so lder-in 
module; t he 40P is a plug-in 
type. Solid Stale Electronics Co ., 
15321 Rayen St., Sepulveda, 
Calif. [344] 

Ten-turn prec1s1on pot 2110 
meets MIL-R-12934E, RRlOOO . 
It is servomounted, 7/a in . in 
diameter, wirewound, and offers 
±0.25% independent linearity. 
Available in resistance values 
from 100 to 50,000 ohms, the 
units give more than 20,000 cy­
cles of rotational life. They with­
stand 15 g shock. Amphenol Con­
trols Div., Amphenol Corp., 120 S. 
Main St., Janesville, Wis. [348] 

Center jack improves small connectors 

There's nothing new about jack 
screws; Hughes has long used them 
in rec tangular connectors. But the 
company believes this to be their 
first application in circular devices. 
Queried about this apparent over­
sight, Dominic D eLorenzis, prod­
uct marketing manager, says: 
"\Ve're wondering ourselves why 
we didn 't do it sooner. It's one of 
those things that's so simple that 
most of the time it's overlooked." 

An off-shoot of work fo r the Apollo project 

produces connectors with more pins 

Overlooking the obvious can be an 
occupational hazard in 'highly tech­
nical fi elds. A new line of high. 
performance subminia,ture connec­
tors from the Hughes Aircrnft Co. 
attests to this . 

By using a center jack screw, in-

192 

stead of a conventional bayonet 
locking nut, engineers at the com­
pany's connecting devices depart­
ment in Newport Beach , Calif. , 
have developed commercial assem­
blies that require less panel space 
and have more contact pins. 

Something borrowed. An off­
shoot of Hughes' work on the 
Apollo program, the new connector 
line has been dubbe.d Bulls-Eye. 
Devices are available in American 
Wire Gauge sizes 8, 10, 12, 14, 16, 
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limited rot at ion, long-life syn­
chros feature hairspring con ­
ductors in place of brushes. They 
are for use where environmental 
condit ions are detrimental to con­
ventiona l brushes and rotation 
does not exceed 330 ° . The hair­
springs pick off rotor winding in­
formation and allow a rotation of 
±165°. Harowe Servo Controls 
Inc., Westtown Rd ., West Chester, 
Pa. 19380. [349] 

Potentiometer type CP40 was de­
veloped for use in precision servo 
uni ts. or as a feedback device on 
miniatu re actuators where onl y 
very low torque outputs are 
available. Res istance values are 
from 5,-000 to 20,000 ohms. 
Torque is approximately 3 gr-cm, 
or less if specified. The unit 
measures 0.5 x 0.68 in. Humphrey 
I nc., 2805 Canon St., San Diego, 
Ca l if . 92106. [353] 

Miniature, coaxial cable connec­
to rs are rated at 10 kv d-c for 
l imited pulse app lications such as 
exploding bridge wire firing cir­
cu it s, photomultiplie r tubes, and 
high-speed cameras. Dielectr ic 
seals provide rated voltage stand­
off wh en mated. Series 600 con­
nector has a maximum plug di­
ameter of 'I• in. Reynolds Indus­
t ries fnc., 2105 Colorado Ave., 
Santa Monica, Ca lif. [350 ] 

An interstage pulse transformer 
occupy ing 1 cu in . and weighing 
75 gram s can operate at alt itudes 
up to 50,000 ft and withstand 
shock and vibration of 50 g. With 
a working voltage of 10 kv d-c, 
the unit has a 1:1 turns ratio, a 
ri se t ime of 0.5 µ.sec, and meets 
appl icable Mf L-T-27 specs. Price 
is $32 .42 in small quantities. PCA 
Elec t roni cs fnc., 16 799 Schoen­
born St ., Sepulveda, Calif. [354] 

an d 18 in environmental. non en­
vironmental, and potting versions 
for space, airborne, shipboard. and 
ground applications where size and 
weight are factors. Or where tem­
perature or humidity changes. 

\ 

Standardized Kwik disconnect 
terminal boards permit solderless 
connections of several circuits to 
a common feed line. All are rated 
for conti nuous operation at 155°C 
or 300 ° F. Boards are availab le 
in a variety of sizes with brass 
terminals that are either hot-tin 
or bright-brass plated. Priced 
from 13 cents to $1.18 . Keystone 
Electronics Corp ., 49 Bleecker 
St. , New York 10012. [351] 

Two miniature tuneable filters, 
types 7022 (bandpass) and 7023 
(band rejection) , have a centtr 
operating frequency of 10 Mhz. 
Each circuit includes 4 poles and 
4 precision tuning elements to fit 
filter curve characteristics to in­
dividual operating requirements. 
Specified operation conforms to 
most MIL-specs. Cambridge Ther­
mionic Corp ., 445 Concord Ave. , 
Cambridg e, Mass. [ 355 J 

Bayonet gone. Center jack screw rep laces conventional 
bayonet whose locking mechanism t akes a lot of room. 

·~!! // 17. •.. I If 
I /! i , 
l/ f)!/il //'· !!, I I 

Polar, so lid t antalum capacitors 
in the E se rie s use a dip-coated, 
hard epoxy encapsulation process . 
They are suited for decoupling, 
bypass, filtering , and blocking 
circuit uses. Units are offered in 
working voltages of 6 (330 µ.f 
max), 10, 15, 20, 25, 35, and 50 
Cl5 µ.f max.) v. Electronics Divi­
sion, Union Carbide Corp., 30-
20 Thomson Ave., Long Island 
City, N. Y. [ 352 ] 

An extractor-inserter for printed 
circuit cards, model 30 is a pin ­
type tool featuring positive reten­
tion of the extracted card. ft has 
a maximum extraction force rating 
of 100 lbs. Pick-up pins engage 
index holes in the circu it card and 
the card is extracted or inserted 
as the spring- loaded trigger is ac ­
tuated . Flotron Industries fnc., 
1201 E. Grand Ave., El Segundo, 
Calif. 90245. [356] 

Elimination of the bulky b ayonet 
locking mechanism can put more 
connectors on a panel. Bayonet 
locking units are usually spaced a 
half-inch apart to allow enough 
room for a worker to ge t his fingers 
in to make or break a connection ; 
jack screw devices can b e mounted 
flush with one another. Hughes es­
timates that nine conventional size-
18 connectors take up 25 square 
in ches of panel space; nine Bulls- As a result, more connectors can be squeezed ont o a pa nel. 
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Therm istors prov ide prec 1s1on measurement, compensa­
tion and control of temperatures, l iqu id levels, the flow of 
liqu ids and ga ses ... WITH INSTANT RESPONSE. 
Init ially developed for the communications field and then 
the aircraft and space age, VECO thermistors have found 
the ir place in industry. From Office Copying Machines and 
Juke Boxes to Computers and CATV Distribut ion Systems, 
design eng ineers are f ind ing more and more thermistor 
applicat ions in every-day products. 
VECO Therm istors are ava ilable in a wide range of sizes, 
shapes, resistance values and temperature coeffic ients. 
VECO's staff of exper ienced engineers is ava ilable to assist 
you in product application and circu it design. 

Write for Catalog MGP681 

VECO First in Progress • First in Service 
J. 8 429 

CORP. 
Springfield Ave., Springfield, N. J. 07081 
Tel: 201•379-5900 TWX: 710-983-4430 
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Eyes would need only 16 square 
inches. 

Making room. Removal of the 
sleeve-like bayonet locking nut also 
frees space on the face of the con­
nector for more contact pins. The 
size-18 Bulls-Eye has 122 contacts 
spaced 0.085 inch apart. On an 
equivalent assembly, says Hughes 
officials, the competition can fur­
nish only 85 pins . 

A furth er advantage of the Bulls­
Eye line, according to Hughes, is 
PolarHex hardware, which assures 
positive alignment and mating. Pat­
en ted PolarHex techniques have 
been used for some time on Hughes 
rectan gular connectors. 

Bulls-Eye units have nonmag­
netic stainless-steel shells and 
glass-fill ed diallyl pthalate insert s. 
Th e line will make its debut at the 
\Vestern Electronic Show and Con­
Yen tion in San Francisco, Aug. 
22-25. 

Hughes Connecting Devices, 500 Su­
perior Ave., Newport Beach, Calif. [357) 

New components 

One power oscillator 
replaces six 

Microdot unit with plug-in 

heads covers the vhf and uhf 

frequency spectrum 

For years Microdot Inc. of South 
Pasadena, Calif., has been selling 
a series of power oscillators to 
cover the very-high and ultrahigh 
frequencies. But coverage of the 
entire range has been expensive 
for users because each oscillator 
requires its own power supply. 
Now, Microdot is offering a single 
unit, the model 445, with six plug­
in heads to cover the vhf-uhf spec­
trum, from 10 to 2,350 megahertz. 

The price of the basic unit with­
out plug-in heads is $2,000; the 
heads range in cost from $1,375 to 
$2,250 each. If a customer buys a 
unit with all six heads he pays 
about half as much as he would for 
six individual units, notes Thomas 
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the course 011omorrow 
Tomorrow does not merely happen - it is created. Scientists and 
engineers, like you, are working now on tomorrow's globe-spanning 
satellite communications networks ... on miniature transceivers that 
are used today by downed airmen in Vietnam, and tomorrow will be 
pocket-sized communications links for doctors, businessmen ... on 
laser systems that offer new possibilities for information handling. 

As you help to shape technology's future, you build your own tomor­
row. At Sylvania Electronic Systems, you'll find first-rate engineers, 
scientists and t~chnical managers who span the complete communica­
tions spectrum of research, systems development, product and field 
engineering. 

Join the tomorrow-builders. Send your resume in strict confidence to 
Mr. Kimball Shaw, Professional Staffing, Sylvania Electronic Systems, 
Division of Sylvania Electric Products Inc., Box 803, 40 Sylvan Road, 
Waltham, Mass. 02154. 

Opportunities in suburban Boston, 
Buffalo or San Francisco. 

Gl&E 
GENERAL TEUPHONE & EUCTRONICS 

SYLVANIA ELECTRONIC SYSfEMS 
RESEARCH • SYSTEMS DEVELOPMENT • PRODUCT r. FIELD ENGINEERING 

An equal opportunity employer 
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MODEL 620 GAUSSMETER 
All solid-state automatic battery 
takeover in case of line power 
failure. Available from stock. 

--... -:- r~- . 

reasons 
why-.. 

nothing can match the performance 
of Bell's New 620 & 640 Gaussmeters 

MODEL 640 GAUSSMETER 
All solid-state-lOOOX scale 
expansion-5V AUX output 
standard. 

COLD - 4°F ( - 20°C) 

1 Temperature Compensated Probes-with ± 0.005% / °C temperature depend­
ence make possible a stability not formerly available in medium priced 
gaussmeters. 

2 
3 
4 
5 
6 
7 
8 

Precalibrated Probes - new imaginative design permits changing probes 
without recalibration (probe and instrument are programmed). 

High Accuracy - 0.5 % FS to 10 kG and 1.0% FS to 30 kG (possible without 
reference to cal magnet). 

True Zero & Field Polarity - measure direction as well as magnitude. 

Probe Versatility - IS standard transverse, axial & multi-axis probes. 

Direct & Independent meter readout of ac and de fields. 

1 V Calibrated Output at front panel output jacks. 

1 DODX Scale Expansion with automatic zero center meter reading in incre­
mental mode (640 only). 

All this and a Gold Seal Probe Guarantee, too! 

ELL 
J[ "BELL PRODUCTS for PLANNED 

F. w. Bell, Inc. 
1356 Norton Ave. 

Columbus, 0 . 43212 
Ph. 614-294-4906 

TWX: 810-482-1716 LL-,----Lr PROGRESS" 
See- us at WESCON booth 2517 
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... coaxial cavity lends 

itself to a plug-in ... 

Eccles, chief engineer at Micro­
dot 's microwave products. 

I. Applications 

The power oscillator can b e u sed 
to calibrate high-power watt meters 
or plot antenna-pattern measurin g 
ranges . It also has a place in lab­
oratories developing power ampli­
fi ers and varactor multipliers. 

The six plug-in heads are: the 
model 184, covering 10 to 50 Mh z; 
the 185. 50 to 200 Mhz; the 186, 
200-500 \ .fhz ; the 187, 500 to 1,000 
Mhz: the 188, 1,000 to 1,800 Mhz; 
and the 189, 2,150 to 2,350 Mh z. 

" \Ve try to encompass the major 
frequ ency applications for each 
particular band," says Eccles. " \Ve 
didn ' t split any of the common 
bands." 

\1 icrodot was able to des ign a 
plu g-in unit because all its oscilla­
tors, down to the 10-Mhz versions , 
are specially designed coaxial cav­
ity types that lend themselves to 
tlw plug-in system. Larger lump 
constant circuits, normally used in 
power oscillators below 200 Mhz, 
couldn ' t be adapted to this kind 
of design. 

Accuracy maintained. Since the 
basic circuitry of both the plug-in 
heads and the basic housing and 
power supply is essentially identi­
cal to that of the six individual 
units, the same accuracy and sta­
bility is maintained in the 44.5, ac­
cordin g to the company. Direct 
readin g is ± 1 % of actual frequency 
a t optimum coupling after half-hour 
operation at maximum rated power. 
Stability is ± 0.002 % for 10 min­
utes after 2 hours stabili zation at 
a constant power and frequ ency. 

Power is variable from 50 milli­
\Ya tts to 50 watts in all plu g-in 
heads except the model 188 (50 
milliwatts to 25 watts) and the 189 
(50 mw to 15 w). Both output power 
and reflected power are indicated 
on a front panel meter. A switch 
provides a choice of either 10 or 
.SO watts full scale for output power 
measurement. The ability to read 
refl ected power eliminates the need 
for an external watt meter in the 
circuit when adju sting for mini­
mum reflection. 

The oscillator can b e operated 
in either continuous-w ave, I -kilo-
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Nexus devises 
6 new operational 
am pl if iers ... each 
of which may bring 
a little happiness 
into the life of a 
hard-pressed 

• engineer 

3 low-cost, high­
performance OP AMPS 
These three nifty little modules give better temper­
ature characteristics and lower input bias currents 
than you would believe possible for the pri ce. Just 
try to find anything else in the ballpark that comes 
close to these typical specifi ca tions: 
TYPICAL PERFORMANCE @ 25°C 

Q-101 Q-101 Q-1 03 

Output ± I lV/ ±5. 5mA ± llV/±5.5mA 
l Megohm 
±JnA 
± 0.4nA/°C 
±0.2mV 
l5µV/°C 
5µV!°C 

Input i Diff. l Megohm 
Input Bias Current ±JnA 
Bias Current Drift ±0.4nA/ °C 
Initial Offset Voltage (Ext Trim) 
Max. Drift vs Temp. 15,.V/ °C 

-A Version 5,.v;oc 
List Price $22 

-A Version $25 
$25 
$28 

Typical Offse t Current vs. Temperatu re 

0°C +25°C +50°C +75°C 
Te mpera ture 

± llV/ ±2.5mA 
5 Megohms 
±.5nA 
±.05nA!°C 
(Ext Trim) 
15,.v;•c 
5,.v; 0 c 
$22 
$25 

1 lowest-cost FET OP AMP 
FET prices have gone ffft with the new Nexus 
QFT-5 which sells for $22 in moderate quantities. 
TYPICAL PERFORMANCE @ 25°C 
Output. .. ... . . .. .................................. ±lJV/ ±5.SmA 
Input impedance ....................................... 1010 ohms 
Gain ......... . ............................. . ............ 100,000 
Drift ........ ....... ............. ................ ....... 50,.v;oc 
Gain-bandwidth .. .......... ....... ......................... 2MHz 
Slewing rate (full output) ................................ . 5.0V/ µs 

SEE ALL THESE GREAT NEW 
OP AMPS AT WESCON BOOTH 2420 

Prices F. 0 . B. Canton, Mass. U.S.A. 

2 ultra-fast 
differential OP AMPS 
Both these new units, the FSL-4 and FSL-5 can handle 
invert ing, non-inverti ng or differential functions 
with full output at frequencies up to 1 M Hz. 

• Smooth Loop Dynamics : 6dB/ Octave Rolloff 
• 60V/µS Slewing , Either Inverting Or Non-Inverting 
• 4µs Settling Time To 0.13 With 20 Voll P-P Square Wave Output 
• ± 0.2nA!°C Maximum Input Bias Current Drift (FSL-5) 
• ± lOµV/°C Maximum Offset Voltage Drift (FSL-5) 
• ± 10 Volt @ ±20mA Output 

The following test photos compare FSL-4 performance with a typical com· 
petitive (Brand X) unit. 

AS UNITY GAIN INVERTER 
WITH RE SIST IVE FEEDBACK 

Sweep Speed Sµs/CM 

_ Input 37kHz square wave 
20V p.p 

......._Output Nexus FSL-4 
20V P-P 

-- Output " Brand X" 
20V P-P 

Note " Brand X's" oscillation 

AS UNITY-GAIN FOLLOWER 

-Input 37kHz square wave 
20V p.p 

- Output Nexus FSL-4 
20V P-P 

Output "Brand X" 
..--- 20V p.p 

Sweep Speed Sµs/CM 

Note "Brand X's" excessive overshoot 

480 Neponset SI., Canton, Mass. 02021 , Tel : (617) 828-9000 TWX (710) 348-1323 
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Why are most leading TV makers 
using Mallory MOL film resistors? 

They've got a secret. Ours. 

These manufacturers have found the secret 
---·of Mallory MOL metal oxide film resistors: 

performance is premium, price is not. 

Compare the MOL for stability. Resistance change on 10,000 hour load-life 
test is less than 53. After 1000 hours at 953 humidity at rated load, aver­
age resistance change is ± 0 .73. TC is ±250 ppmj°C. 

Every MOL is inspected on our automated production line. Delivery is prompt. 
And, the price is right. Get the full story. Call or write us today. 

:MALLORY ' 
MALLORY CONTROLS COMPANY 
a division o f P .R. MALLORY & CO. INC. 
B ox 327, Frankfort, Indiana 46041 

198 Circle 198 on reader service card 

... protective features 

are designed into it ..• 

h ertz-pulse, 
modes. 

I I. Protection 

or external-pulse 

The unit also has a number of 
protective fea tures . For example, a 
circuit protects individual cavities 
in the event the unit operated into 
an open, shorted, or badly mis­
matched load. A directional cou ­
pler in series with the r-f output 
samples the power reRected from 
the load. If it exceeds a preset 
level, th e high voltagP is switched 
off ; the reRected r-f voltage is rec­
tified and fed to a stable differen­
tial d-c amplifier, and the output 
of this amplifier causes a transis­
tor switch circuit to activate a re­
lay and turn off th e high voltage. 

The tu be is pro tec ted from exces­
sive plate current by a fixed cath­
ode bias res istor, and from exces­
sive grid current by an automatic 
grid current limiter. The limiter 
employs a tran sistor and zener 
diode circuit. The emitter-collector 
circuit of the transistor is placed 
in series with the grid-cathode cir­
cuit of the oscillator and is biased 
by the zener diode, which is in 
series with the cathode supply volt­
age. The bias is set so that th e 
tran sistor appears to be a short cir­
cuit until 50 milliamps is reached. 
At this point, th e grid cmTPnt is 
limited by the sudden high impe­
dance of the transistor, thereby 
clamping the grid circuit. 

Microdot Inc. , 220 Pasadena Ave., 
South Pasadena, Calif. 91030. [358] 

New components 

A better mousetrap? 

Versatile function generator 

furnishes precise waveforms 

at relatively low cost 

Despite a continuingly high level 
of demand, resonant networks that 
produce a varie ty of waveforms 
faithfully have proved a tou gh de­
velopment objective. >Jorrnally such 
ne tworks need environmental con-
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world's only gas lasers with 
Just 1 control : an on-on switch 

Model 240 
1.0 milliwatt guaranteed 
Full year warranty 
$295 complete 

Mode1200 
0.6 milliwatt guaranteed 
F ull year warranty 
$195 complete 

Never need adiustment, alignment, or maintenance 
As simple to work as a light switch. these 
new. rugged He-Ne continuous gas lasers 
are operated by a single on-off control. 
Noth ing more is necessary. because ULl's 
LasertronTM plasma tubes have perma­
nently al igned and sealed internal reflec­
to rs. Their proprietary design completely 
eliminates the need for adjusting mechan­
isms commonly found in other lasers of 
this type. 

The tubes are long-Jived and foolproof 
-will operate even under water! (They 
are practically complete instruments in 
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themselves and are available separately 
to OEMs.) 

Since they have no mechanisms to get 
out of order or out of adjustment, these 
lasers are excellent performers in tough 
environments. The solid-state power sup­
plies are simple and thoroughly reliable, 
assuring immediate, continuing output 
to specification. 

Use the coupon to order now from 
University Laboratories, Inc./ 733 Allston 
Way, Berkeley, California 94710 I Tele­
phone: (415) 848-0491. 

MODEL 200 $195 complete 
• Power over 0 0.6 milliwatt • Wave­
length: 6328 A • Uniphase (TEM00 ) 

wavefront • Alignment stabi li ty guaran­
teed • Built-in collimator • Low ripple 
DC supply • Full year warranty. 

MODEL 240 $295 complete 
•Power over

0
1.0 milliwatt • Wave­

length: 6328 A • Uniphase (TEi\1 00 ) 

wavefront • Alignment stability guaran­
teed • Built-in collimator • Adjustable 
tripod mount • Rugged design • Low 
ripple DC supply • Full year warranty. 

UNIVERSITY LABORATORIES, INC., 733 ALLSTON WAY 
BERKELEY, CALIFORNIA 94710 
O Please send technical data on UL I lasers. 
O Please reserve O a Model 200 O a M odel 240 from your current pro­
duction. My official purchase order and shipping instructions will follow. 

Organization------------------ -

Address----------------------

CitY---- - -----State-----Zip ____ _ 
Terms : 2% discount 10 days, net 30 days. UL I products returned for any 
reason, prepaid and undamaged , within 30 days will receive full credit. 

i Universnv Laboratories 
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TC/VCXO 
Frequency Stability 
within +2x104 

over 0 to 71°( range 

If space and power are limited in 
your telecommunication system, con­
sider the advantages of the Damon 
Temperature Compensated Voltage 
Controlled Crystal Oscillator 
(TC/VCXO). This rugged, miniatur­
ized unit provides a frequency de­
viation of ± 100 Hz about center 
frequency and maintains a stability 
comparable to that of an "oven­
ized" unit without the need for 
added circuitry and power. 

The illustration, above, shows a 
frequency stability curve for a sim­
ple Damon TC/VCXO. To achieve 
comparable frequency stability all' 
"ovenized" unit would require more 
space and more power. 

Circle 200 on reader service card 

0 10 20 30 40 50 60 70 71 

DegreesC. 

Typical TC/VCXO Model 5968WA 
Center Frequency: 6.8 MHz 
Size: approx. 2V2" L x 1 Ya" W x *" H 

Tight temperature compensation is 
only one example of Damon VCXO 
capability. low noise, small size and 
increased reliability are other Da­
mon VCXO accomplishments. Per­
haps your telecommunication system 
suggests new VCXO problems? Con­
sultations between circuit designers 
and Damon engineers are the best 
route to proper VCXO selection . As 
a starter, may we invite you to write 
for the Damon VCXO Brochure. 
Damon Engineering, Inc., 115 
Fourth Avenue, Needham Heights, 
Mass. 02194 (617) 449-0800. 

DAMON 

... it outperforms even 

precision oscillators ... 

trols as well as special-purpose de­
vices and circuitry, so systems that 
furnish accurate results in specific 
applications usually are prohibi­
tively high priced. 

l\'ow, however, the Delonics 
Corp. , a six-mon th-old New York 
City-based consulting £.rm , has a 
versatile and economical device 
that it b elieves will meet the re­
quirements of both science and in­
dustry. Called Dial-A-Log, it is a 
variable functional generator about 
the size of a pack of cigarettes. 
DPlonics is basing its sales pitch 
largely on the claim that its device 
will outperform tuning-fork oscil­
lators and other precision systems 
in Dial-A-Log's price range. The 
estimated unit cost in large lots 
is $25. In small quantities, the de­
vices will go for up to $500 apiece. 

Light touch. Dial-A-Log has a 
light source in line with one or 
more photocells. Two or more ro­
tatable, polarized optical Rlters are 
placed in the light path. As the 
polarizers turn , the output of the 
photocell is a sine wave with a fre­
quency proportional to the angular 
velocity of the revolving filters. By 
adding filters and rotating them 
in opposite directions, frequency 
can be multiplied to radio-fre­
qu ency values . 

However, the basic unit is de­
signed to operate .at a given fre­
quency, and this may not be 
changed by the user. Multiple­
phase outputs , pulse markers , and 
a waveshaping vernier are optional 
features. 

\Vhen only an urc of a filter is 
used, the effective light intensity 
at the photocell is a logarithmic­
shaped pulse. Any number of dif­
ferent waveforms can b e generated 
by using specific filters and bias 

Photocells in line. Polarized optical 
filters are in line with photocells, 
generating a sine wave as they rotate. 
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And the small one does a better job 
New 5/16" DAYSTROM® Commercial 501-505 SQUARETRIM® 

Potentiometers Take About 1/6 Space At No Extra Cost 

Notice how much space you save: 0.0185 inch cubic volume releases five-sixths 
of the space formerly required by conventional rectilinears- and you save that 
space at no increase in price. Nor do you pay extra for: 

Sureguard™ Terminations-for better protection against 
vibration, shock and humidity-no pressure taps. 

Better Tolerance - ±5% (100% better than many recti· 
linears). 

Superior Resolution -0.125% or less. 

Adjustability-15 mechanical turns or single turn . 

Slip Clutch-eliminates wiper damage, cuts production 
delays. 

Wide Range-10 ohms to 20K ohms. 

High Power-0.6 watt in still air at 70 C. 

Wide Temperature Range- -55 C to +150 C. 

Low Temperature Coefficient- ± 70 ppm max. 

Low Noise-100 ohms max . ENR. 

Convenience-5 different configurations to choose from: 
with adjusting screw on top, side or end . 

Value Engineered-Models 504 & 505 (single turn) priced 
at only $1.95 each in 500 lot quantity. Models 501 & 502 
(15 turn) priced at only $2.10 each in 500 lot quantity. 

Add it up and you can see why so many large users already have turned to 
the New DAYSTROM® Models 501- 505 SQUARETRIM® Potentiometers. Get 
the facts and you will too. Weston Instruments, Inc., Weston-Archbald 
Division, Archbald, Pa. 18403, a Schlumberger company 

WEST 0 N® prime source for precision ... since 1888 



A FREE RELAY IS YOURS ... to run your own relay race (evaluation test) 
in your own plant ... under your own conditions. 

YOU BE THE OFFICIAL JUDGE! You'll find out what we already know 
(see our race results below). Eagle Relays run longer ... and better. 
There's no premium in cost ... and they're readily available. 

YOU'LL BE A WINNER EVERY TIME! Send for your Official Judge's Entry 
Blank now by contacting: R. W. Emelander, Eagle Signal Division, 
E. W. Bliss Company, 736 Federal Street, Davenport, Iowa, 52808 or 
circle reader service number below. 

CONTACTS 

Arrangement 
Rating 

LIFE 
Mechanical 

ELECTRICAL 
5 Amp. Resistive 

1.6 Amp Inductive 

COMPETITIVE BRANDS 
EAGLE 

.,A" "B" uc" " D" "E" "F" RELAYS 

3 PDT 3 PDT 3 PDT 3 PDT 3 PDT 3 PDT 3 PDT 
5 Amp. 5 Amp. 5 Amp. 5 Amp . 5 Amp. 5 Amp . 5 Amp. 

15,061,261 14,077,866 28,808,000 21 ,625,333 16,923,133 29,433,600 34,492,950 
Operations Operat ions Operations Operations Operations Operati ons Operations 

295,466 490,433 129,600 235,700 778,200 921 ,400 948,675 
Operations Operations Operations Operations Operations Operations Operations 

488,666 1,071,666 496,000 284,333 3,529,466 1,842 ,000 3,102,200 
Operations Operations Operations Operations Operations Operations Operations 

FOR A FAST START in Eagle's "Great Relay 
Race" see us at the Wescon Show, San Fran­
cisco Cow Palace, Aug. 22-25. Booth No. 3401. 

l:J!FfJ 1•1 EAGLE SIGNAL I 
A DIVISION OF THE E . W . BLISS COMPANY 

At Wescon, stop at Eagle's booth No. 3401 for the latest "race results." 

202 Circle 202 on reader service card 

••. parameters can be 

tailored to a user's needs ••• 

voltage for the photocells. 
An important fea ture of the Dial­

A-Log design approach is that its 
circuit parameters are tailored to 
the needs of the user. For example, 
the magnitude of the output wave­
form can be es tablished by using a 
suitable photocell with the required 
sensitivity and efficiency. In gen­
eral, peak-to-peak potentials as 
high as 100 volts can be achieved 
by proper photocell selection and 
appropriate bias potential . 

Jack-of-all-trades. Dial-A-Log's 

Typical outputs 

Marker pulses. Typical fast rise time 
pulses can be used as frequency 
markers or as synchronized oscillator 
triggers. 

Sine wave. Undistorted sinusoidal 
waveforms have the accuracy of a 
tuning fork oscillator. 

Frequency division. The frequency of 
the output sine wave is proportional to 
the filters angular velocity. 
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It comes clean 
out of our test bath 

Temperature test your integrated or hybrid circuits 
in a 3M Brand Inert Fluorochemical Liquid and it'll 
drain clean, dry immediately and leave no residue. 

Unlike conventional test bath fluids, with our 
Inert Liquids there's no costly cleaning stage to slow 
down production. 

3M Brand Inert Liquids-FC-43, FC-75, FC-77, 
FC-78-also give you a wide liquid range so you can 
use them at both high and low temperatures, high 
dielectric strength for electrical insulation, compati­
bility to prevent adverse effects on sensitive mate­
rials, and non-flammability to make them safe. 

With those properties and that kind of reliabil­
ity-plus efficiency at removing heat-it's no wonder . 

Electronics \ August 7, 1967 
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our Inert Liquids work equally well as coolants. Test 
them for either application. 

r----------------------------------1 
I 3M Chemical Division I 
·l Dept. KAX·87, St. Paul, Minn. 55119 

1 Send me all the details about 3M Brand Inert Liquids. 
I 

l Name'----------------
1 l Company Title'----

1 l Address, ______________ _ 

l City State ip __ 

! Ch . 1 a· . . ~m 
I emu:a JVJSJDn .icomPANY 
~----------------------------------J 
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Control Products at WESCON/67 
Rotary Switches Broad new line of manual rotary 
switches, from l '1 to 2o/i.G" diameter; 8, I 0, 12, 18, 20 & 
24 positions. Ceramic, epoxy glass, kel-F, mycalex and 
phenolic insulation. 

WILMINGTO N CONTROLS DIV., LEDEX INC. 
111 Soutli Nelson Road, Wilm1ngto11, 01110 45177 
Phone 513/382-0987 

New Contactless Reed for Audio Tone Control Systems 
New Bramco resonant reed works as audio tone filter 
with sharp selectivity or as frequency source for stable 
audio tone generator. H as four termin als with isolated 
input and output. Frequency range is 80 to 3000 Hz., 
accuracy ±. 15 % . A major state-of-the art advance, the 
device has no mechanical contac ts. Its life and re liabil­
ity approach that of so lid state circuitry. Sugar cube 
size, plug-in package shown measures .395 x .620 x 
1.100. 

B RAMCO CONTROLS DIV., LEDEX INC. 
College a11d Soutli St reets, Piqua, Ohio 45356 
Plione 5131773-8271 

LEO EX 
FLAT·FACE PLUNGER 

(Short Stroke) 

Ledex Push / Pull Solenoids Precision built for rapid 
response, high force. Flat-face plunger for strokes to 
.060, conica l for strokes from .060 to .400. Force out­
put beyond 350 pounds. 10 basic models to choose from. 
Circ le 502 on 
rea der service card LED EX 

CONICAL PLUNGER 
(Medium Stroke) 

Ledex Bi-Directional Solenoid Energizing · either 
coil causes shaft lo move lo right or left of center detent 
("off") position . Shaft is spring- loaded . . . return s to 
center position when coil is de-energized. Outputs up to 
350 pounds. 
Circle 503 on 
reader service card 

Ledex Rotary Solenoids Known best for their shock 
resistant ability, high torque-to-size rotary motion , and 
rel ati vely fl at ou tput curve. 8 basic sizes, strokes from 
20° to 95 °, torque to 117 pound-inches. 
Circle 504 on 
reader service card 

Packaged Control Solutions Here we put our disc­
shaped solenoid to work as a driver for a miniaturized 
(4 }fo x l %2 x 11/12) 12-position stepping switch. Model 
shown is an armament control (interva lometer). It is 
used to fire 19 rockets in pai rs sequenti ally, at l 0 ms 
intervals. We can tailor one like it for your stepping or 
sequentially timed switch application. 
Circle 505 on 
reader se rvice card 

LEDEX Dll'IS!0."11.', LEDEX INC. 

Circ le 500 on 
reader service card 

RF20 Resonant Reed 

Circle 501 on 
reader service ca rd 

123 Webster Street, Dayton, Ohio 45402 • phone (513) 224-989 1 

See these control products plus others at WESCON booth 5216-18 
For d at a, circle numbers shown above. 

k="".._..._ __ _,.. ____ ..,_ ____ ==~~ ...... """";=:.;::"'=:~====""""==~=-====;m:::;J 
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output can range from sawtooth 
and triangular waves through 
square and logarithmic waves as 
well as simple sine waves and 
pulses. In addition, the device can 
serve as a direct current-to-alter­
nating current converter, logarith­
mic amplifier bias supply, or­
along with other circuitry-a radio 
transmitter modulator. 

Delonics is currently negotiating 
with a New York concern to 111anu­
facture and distribute various ver­
sions of Dial-A-Log in the United 
States and Europe. In addition , it 
is talking about a licensing agree­
ment with a Florida-basPd com­
puter product company. 

Specifications 

Frequency r a nge 

Freque ncy accuracy 
Temperature coeffic ient 
Outputs 

Sine wave 
Square wa v e 
Logar ithm ic o r quasi­
logarithm ic 

Output impeda nce 

Operating voltage 

Dim ensions 

1 hertz to 1 Ghz in 
discrete bands 
7 ± 0 .005 % per day 
0 (from 0 ° to 100°C) 

100 v P·P 
100 v p -p 

100 v rms 
10 ohms to IO meg­
ohms 
1.5 to 120 v de; 28 
to 240 v ac, 50-400 hz 
2.5" high x 1.5" wide 
x 1.5" deep 

Delonics Corp., 32 Union Square East, 
New York 10003 [359] 

New Components 

Transistors for 
microwave gear 

Two new oscillators 

can handle up to 

75 milliwatts at 4 Ghz 

Pushing back the power limit on 
microwave transistors , T exas In­
struments Incorporated this month 
is introducing tvvo new oscillator 
transistors , one capable of 40 milli­
watts power at 4 gigahertz, the 
other of 75 milliwatts. They are the 
Rrst devices of this type that can 
handle more than 10 milliwatts at 
such high frequencies. 

To obtain the high power out­
puts , TI has rearranged the geom­
etry of the transistors so it's pos­
sible to achieve a higher emitter 
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an invitation from 5,200 Manufacturers: 

5,200 manufacturers invite your judg­
ment of their products in Visual Search 
Microfilm Files. 
VSMF ... 1,500,000 catalog pages, 
5,200 manufacturers. millions of com­
ponents and materials, indexed by 
product for side-by-side comparison. 
The VSMF Defense Design File, alone, 
contains over 250,000 pages from de­
fense manufacturers. And, there's a 
file for OEM, too. In all. Information 
Handling Services produces 6 dif­
ferent VSMF files for industry and 
government. 
We know that when you design a prod­
uct you want to use the best compo­
nents and materials. And, to do this, 
you need to compare all that is avail­
able. VSMF can help you in this com· 
parison because VSMF supplies the 
data on all products. You supply the 
judgment. 
Manufacturers who place their data in 
VSMF know this and invite compari­
son. The constantly changing "state of 
the art" is reflected in the pages of 
VSMF. . 
If you have VSMF in your company, 
look into it. If you don't, you might look 
into that, too. Write for "Looking in­
to VSMF." 

~ f . 
In ormat1on 

HANDLING SERVICES . INC. 
Dept. E-807 

Denver Technological Center 
Englewood, Colo. 80110 

William H. 8. Com/Js, Manager, Engineering Services, Relay Division. leach Corporation. Los Angeles. uses the VSMF Defense Design file. 
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Before aerospace technology fostered the formal concept of reliab ility, the 
aircraft industry translated their requirements for filter performance to ADC in 
terms of dependability. • Illustrated here are two of the m any types of de­
pendable ADC filters that have operated in various aircraft electronic equip­
ment during the past decade • ADC's filter design staff combines computer­
assisted design techniques with years of experience in the highly important 
area of optimum selection of network components• This combination assures 
you the most economical and dependable solution to your filter problems. 

SPECIFICATIONS 
B P-1. 90 and 150 cps pass band filter 
for use in commercial air- borne ILS 
system. Constructed for extreme relia­
bility over-40°C to +72°C temp. range, 
and under all environmental conditions 
of Mil-F-183278. 

BP-2. Dual 30 cps tuned trans­
former, for Omni Range radio. 
Has ultra-stable primary to sec­
ondary phase characteristics from 
-55°C to +s5°C, and over 5 db 
input range. 

ADC PRODUCTS 
A DIVISION OF MAGNET I C CONTROLS CO . ADC 6405 CAMBRIDGE STREET • MINNEAPOLIS, MINN. 55426 

Circle 206 on reader service card 

Power pushed. A power gain of 10 d b 
is achieved at 2 Ghz by improved 
diffusion techniques in th e L-186. 

current without ruining emitter effi­
ciency. The new npn devices are 
made of silicon, and have an epi­
taxial planar structure built by 
double diffusion. They have a com­
mon base configuration . 

The oscillators-the L-187 and 
the L-187 A-will replace low­
power backward-wave oscill ators 
and reflex klystron tubes . Tl1 ey can 
be tuned over octave ranges, at­
taining a maximum frequency of 
oscill ation of 6 Ghz. 

Amplifier too. Along with these 
devices , TI is introducing another 
npn transistor , the L-186, for micro­
wave amplifier applications. It has 
a noise figure of only 5 decibels a t 
2 Ghz. For single and multistage 
amplifier circu its, it replaces tunnel 
diode amplifie rs and low-power 
traveling-wave tub es. Unlike the 
oscilla tor transis tors, the L-186 ha 
a common em itter configuration. 

All the new devices are packaged 
in what the company calls a TI­

Line, a unit designed for stripline 
circuitry. The p ackage h as a com­
mon-lead inductance of 0.16 nano­
henrys and a feedback capacitance 
of 0.02 p icofarads. 

Texas Instruments Incorporated , Dallas, 
Texas [360] 

Wave maker. A rearrangement of 
internal geometries permits the L-187 
to put out 100 mw at 2 Ghz. 
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A new technical report on Evaporative 
Cooling with FREONIDtells you How! 
When miniaturization is your objective, FREON 
dielectric coolants can solve a lot of design problems. 
They are the ultimate in heat-transfer effectiveness 
(1,000 times as effective as air; 100 times as effective 
as oil ) and they have a dielectric strength in both 
liquid and vapor phase that equals or exceeds oil. 

Our new technical report describes evaporative 
cooling systems and makes recommendations for best 
heat-transfer results. Just fill in the coupon on the 
right and we will be glad to send you this report. 
We're pretty proud of it. 

<®[QRP FREON® 
"' 11 s .. , 0 ,, dielec tric coolants 

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 
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r-------------------------, 
I E . I. du P on t de N emours & Co. (Inc.) P'!I ;f;l,;J~;'J ·· 
I FREON Produc ts Labora tory - ~,,__ 
I D evelopmen t Sec tion 
I C hes tnu t Run 
f Wilmington, Delawa re 19898 

I Please send me lhe 24-page T echnical 
f R e por t " E va por at ive Cooling wi t h 
f FREON Dielect ri c Liquids" . 

I I I 'm in leresled in cooling: ____ ~-------

! 
I I Na me ________ Ti t]e, _ _ _ ______ _ 

I Co mpa ny Address _ _______ _ 

I C ity & Stale Zip ___ _ 

L------------------------~:.:.....J 
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New Instruments Review 

Telephone transmission/ noise mea­
su r ing set model 3555A will 
bridge or lerminate lines of any 
standard impedances. It will mea­
sure frequencies from 30 hz to 
3 Mhz. Included in the unit are 
C-message 3 khz flat and program 
weighting filters . The instrument 
can measu re to O db random noise 
at 1 khz. Price is $525. Hewlett­
Packard Co. , 1501 Page Mill Rd., 
Palo Alto, Calif. [361] 

An in tegrating photometer digi­
tally totalizes light energy for 
periods ranging from 0.1 sec to 
many weeks. The I L600/ 620 has 
synchronized and predetermined 
outputs for delivering preset dos­
ages. It can totalize energy at 
any wavelength from 200 to 1,200 
millimicrons. Price ranges from 
$1,490 to $2,100. International 
Light Inc., 12 Unicorn St., New­
buryport, Mass. [ 365 ] 

New instruments 

Piezoe lectric accelerometer model 
AC-408 is designed for vibration 
measurements. Voltage sensitivity 
is 50 mv/ g, nominal. Charge sen­
sitivity is 25 picocoulombs / g, 
nominal. Transverse sensitivity is 
1 % of axial, nominal ; 2 % of 
axial , maximum. The unit weighs 
28 grams. Price is $125; delivery, 
from stock to 2 weeks. Agac­
Derritron Inc ., 600 N. Henry St., 
Alexandria, Va. 22314 [362] 

Pulse generato r type 284 produces 
a pulse output with a r ise time 
of less than 50 picosec and al so 
provides the signals necessary to 
verify the performance of sampling 
oscilloscopes . Pul se output has an 
amplitude of approximately 200 
µ.v into 50 ohms. Repetition rate 
of the 284 is 50 khz, with a 
pulse duration of 1 JJ.sec and a 
flatness of ±3%. Tektroni x Inc., 
Box 500, Beaverton, Ore. [ 366] 

WESTON 

VOL.T'\ OC 

All-elec t ron ic digital panel meter 
1270 is a 3-digit Nixie tube de­
vice su itable for various current 
and voltage measurements. A dual 
slope integrating techn ique as­
su res an accuracy of 0.1°o ±1 
digit and a stability of 0.05%. 
Common-mode rejection is 100 
db; resolution, 1 part in 103 . 

Price is $312 each. Weston Instru­
ments Inc., 614 Frelinghuysen 
Ave. , Newark, N.J. [363] 

Rack-moun ted frequency / d-c con­
verter Pl-408R offers high trans­
ient response rate , low output 
ripp le, and long-term stab ilitv. It 
features 0- to 5-v d-c floating 
output with ± 0.025 % termina l 
linearity. Dimens ions are 1% xl9 
xl3'!2 in . The unit is priced 
from $495. Delivery is 4 weeks. 
Anadex Inst ruments Inc., 7833 
Haskell Ave. , Van Nuys, Calif . 
91406. [367] 

Temperat ures can be held within 
0.5 ° F with a solid state process 
controller. The unit compares the 
controlled temperature with the 
se t point, automatically modulat­
ing electric heating elements to 
maintain desired he!lt . It gives vir­
tually straight-line control. The 
instrument's platinum resi stance 
bulbs operate to l ,400 ° F. Honey­
well Inc., 2727 S. Fourth Ave., 
Minneapolis 55408. [364 ] 

111111' 
cm 

Integrating digital voltmeter series 
540 has an accuracy of 0.01 % 
of reading ± 1 digit in 4 ranges 
from 1.5000 to 1000.0 v d-c. It 
maintains accuracy specs for 6 
months. Un it features 5-digit 
readout with overranging digit, 
polarity and decimal; manual and 
automatic range selection; con­
stant 10-megohm input impedance, 
Cohu Elect roni cs Inc., Box 62 3, 
San Diego, Calif. [ 368] 

Borrowing a leaf from broadcasters 

Afc loop. Ending the need for 
compromise is a technique bor­
rowed from commercial f-m broad­
cas ters. In the new instrumen t, 
called model 38, there is an auto­
matic frequency control loop, like 
the one used in broadcast receivers, 
that locks an LC oscilla tor to a 
crys tal-controlled reference oscil­
la tor. As a result, the LC oscilla tor 
supplies pure frequency modula­
tion whi le re taining the carrier s ta­
bility characteristics of the erys tal 
reference. 

Signal generator fo r t esting f -m and tel evision 

receivers controls frequency automatically 

Engineers who need high carrier 
stability in an f-m signal generator 
usually have to make an unsatis­
fa ctory compromise: either they 
buy a high-priced frequency syn­
thes is scheme that isn' t reall y tail­
ored for their requirements , or they 
settle for less perfo rmance. Another 

2 08 

alternative is to build a home-de­
signed generator. 

Vlith a new signal generator de­
veloped by the Hadio Hesearch Co., 
engineers have still another choice 
- a commercial instrument. It has 
long-term stabi lity never before 
available at such a low price: $850. 

The genera tor's stability is a 
hundred times better than that of 
conventional signal generators: 
0.005% or 1 kilohertz (whichever 
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Smoke meter model 912 measures 
the amount of smoke emitted by 
diesel trucks . A movable arm posi­
tions the sensor above exhaust 
stacks. Physical connect ion to the 
truck is not required . Readout is 
in both Ringelmann units, the 

standard smoke-shade unit of mea­
surement, and in % absorbance. 
Accuracy is ±2%. Beckman In­
struments Inc., 2500 Harbor Blvd., 
Fullerton, Calif. [3691 

,. -

Crt monitor model 1300A has an 
B x 10-in. display area. It offers 
20-Mhz on horizontal, vertical, 
and intensity axes, and the crt 
writing rate is faster than 20 in./ 
µs ec. Deflection linearity is better 
than 1 % full screen for accurate 
presentation of high-frequency x-y 
plots. The unit requ ires 175 w. 
Price is $1, 900. Hewlett-Packard 
Co., 1501 Page Mill Rd. , Palo 
Alto, Calif. [373 ) 

An a-c/d-c voltmeter has high 
accuracy and stability due to an 
integral proportional controlled 
oven for the zener reference. The 
365A offers ranges of ±1,100 v, 
±110 v, ± 11 v, 1,100 mv, and 
110 mv. It has a 6-digit readout. 
High sensitivity and resolution are 
achieved through a 110-!'V full 
scale null detector. Precision 
Standards Corp. , 911 Westminster 
Ave., Alhambra, Calif. [370 ) 

Pressure measurement is provided 
by a Pirani-type gauge, the Pira­
vac S. The unit measures from 100 
to 10-" torr, and two independent 
electronically-controlled relays can 
be set within the range of 100 
torr to 3 x 10- 2 torr while the in­
strument is in operation. Output 
terminals are provided for 10-mv 
recorders. Heraeus -Engelhard Vac­
uum Inc., 600 Seco Rd., Monroe­
ville, Pa. 15146. [374) 

is greater) of any single channel 
in the available operating range of 
3 to 250 megahertz. 

The technique is not new. Radio 
Research first conceived it several 
years ago when the company was 
building a stabilized f-m source 
that had a center alignment fre­
quency of exactly 4.500 megahertz. 
Now the concept is to be applied 
to a line of signal generators with 
different circuitry to handle a wide 
range of cen ter frequ encies. Model 
38 is the first in the new line. 

. ~ . 

Accept- re ject indication for pro­
duct ion testing is featured in the 
model 503CC milliohmmeter. The 
unit offers sensitivity of 10 micro­
ohms; 13 ranges from 1 milliohm 
to 10 kilohms; 1 % of full-scale 
accuracy; 0.25% repeatability; 
and less than lOµw dissipation in 
sample. The instrument measures 
5112x171;,x131;, in . Keithley 
Instruments Inc ., 28775 Aurora 
Rd., Cleveland 44139. [371) 

[" 

A profile monitor oscilloscope, with 
10-mv full-sca le deflection, dis­
plays up to 100 channels of in­
formation. The PM703 is de­
signed for real-time transducer 
output displays of temperature , 
pressure, or other phenomena. 
Among its applications are the 
chemical and textile process con­
trol fields. Industrial Products Di­
vision, ITT Corp., 15191 Bledsoe 
St., San Fernando, Calif. [375) 

Plug-in module 430 M provides 
d-c, a-c, and ohms measurement 
capab ilities for the company's 
4000 and 4100 series dig ital volt­
meters. It offers 4 d-c ranges 
from 0.9999 to 999.9 v d-c; 4 a-c 
ranges of the same voltages; and 
5 ohms ranges from 999 . 9 ohms 
to 9.999 megohms. The function 
head costs $295. Trymetrics 
Corp., 204 Babylon Turnpike, 
Roosevelt, N.Y. 11575. [3721 

A new line of electronic counters 
and control lers is for nuclear 
counting, machine-tool contro l, 
posit ion indication, and process 
or manufacturing tabulation. The 
6200 series includes 7 instru­
ments. Each has a 4-digit, in-line 
display, with provisions for an op­
tional 5th digit. Pr ices range from 
$495 to $925. Beckman Instru­
ments Inc., 2500 Harbor Blvd., 
Fullerton, Calif. D76 J 

All solid state. Since the new sig­
nal generator is all solid state and 
has no b lowers or rotating parts, 
it offers exceptional reliability. In Fixed frequency. Single channel generator varies voltage continuously. 
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Ballantine Announces a 
New Solid State 

DC Digital Voltmeter 

Model 353 

Gives you fast, accurate 
readings to 0.02o/o 
~0.013 f .s. and at a 
low c.ost of just *490 

,, 
Ballan~ne·s new Model 353 enables you 
to sp~ed up de measurements materially 
over tho e made on multi-knob differential 
voltmeters. And with laboratory accuracy 
from 0 to I 000 volts de. 

REQUIRES JUST 2 STEPS 

It requires just two steps: (I) Set knob 
to NORMAL mode and read voltage; (2) 
dial in the first digit in EXPAND mode 
and read voltage to four places with over­
range to five; and. in addition, interpolate 
to another digit. 

Sto p 1. 
NORMAL 

Modt 
1.342 y 

Stop 2. 
EXPANO 

Madi 
1 .3420 y 

txample of 
110nrnn11 
presentation 

108.340 y 

83 4~ 
l .r:_-+ 

• c 

8342~ 
I l ~ :11" . 

10 8 ~ 4=t:-
• 

The NORMAL mode error becomes sub­
merged by more than ten to one, and the 
operation is fast and accurate to 0.02% 
of reading ::': 0.0 I % f.s. If the input signal 
is varying. the last digit may be followed 
visually, thus providing the advantage of 
analog display. 
Note these other interesting features of the 
new 353: a left-to-right digital readout; 
an automatic display of "mV" or "V"; 
proper placement of the decimal point; 10 
megohms input resistance; an automatic 
disabling of the motor during the "ex­
pand" dialing ; a red light to indicate 
overrange or wrong polarity ; and provi­
sion for a foot-operated switch for a 
"read" or "hold" function. 

Write for full details 

BALLANTINE 
LABORATORIES INC. 

Boonton, New Jersey 

210 Circle 210 on reader service card 

Ballantine Model 355 
AC-DC Digital Voltmeter 

Measures Full Scale ac 
to 1 O m V ••• a c & d c 
from 0 to 1,000 V 
i3allantine's Model 355 is the only digital 
voltmeter of its type in the U.S.A .... with 
a versatility that makes it ideal for produc­
tion line and quality control applications. 

Use the 355 in place of analog instru­
ments, for example, in reducing personnel 
errors, for speeding up production. You 
can depend on Ballantine's high standards 
of accuracy, precision, and reliability to 
reward you with savings of time and 
money the first day you place it in service. 

The .instrument features a servo-driven, 
three-digit counter with over-ranging ... 
combines many virtues of both digital and 
analog voltmeters in one small, compact, 
economical package. Its large, well-lighted 
readout with illuminated decimal point, 
range and mode information allows fast, 
clear readings, while the indicator can fol­
low and allow observation of slowly vary­
ing signals. An optional foot-operated 
switch for retaining voltage readings en­
ables you to cut the time between succes­
sive readings materially. 

Voltage Range AC DC 
0 to 1000 0 to 1000 

Full scale, most 
sensitive range . .. 10 mV 100 mV 

Frequency Range . 30 Hz t o DC 

Accuracy in % 
of Full Scale . . . 

250 kHz 

AC DC 
lf.1%, 50 Hz to 10 kHz 114 % 
V2%, 30 Hz to 50 kHz 
1 %, 50 kHz to 250 kHz 

Power Requirements . . . . . 115/ 230 V, 
50-60 Hz, 52 W 

Relay Rack Version .... Model 800 rack 
mounting kit is optional 

Optional Model 600 Resistors 
are available for measuring 
current directly in volts 

Price: $620 - F.O.B. Boonton, N.J. 

W rite for full details 

• BA~L;;;TINE 
LABORATORIES INC. 

Boonton, New Jersey 
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. .. biggest users will be 

makers of f -m and tv sets . •• 

addition, the transistorized design _ 
makes the turn-on drift negligible. 
Built-in temperature compensation 
assures stability over the long-term. 

vVith a sinusoidal sweep, the in­
strument can be used as a res tricted 
range sweep generator for align­
ment purposes or as a clean signal 
source for lineari ty measurements. 

H.adio Research has built in a 
prov1s10n for disabling the afc 
loop, so that a slower sweep rate 
can b e obtained. The afc circuit 
may see a slo"v sweep as an error 
signal and continually try to cor­
rect the carrier frequency, causing 
deviation meter inaccuracies. vVith 
the afc - disabled , however. the 
sweep rate can be drastically re­
duced, permitting very narrow 
sweep widths to be examined. 

Because all controls and func­
tions for complete alignment are 
built-in , model 38 is suited for the 
test bench , the laboratory, or the 
production line. The bigges t users 
will be manufacturers of television 
and f-m receivers. 

In laboratory applications, the 
generator serves as a highly accu­
rate and stable reference frequency 
eas ily translated by mixing. It can 
also b e used for f-m dial calibra­
tion. On the production line. it 
aligns and tests f-m and television 
receivers. 

Kinship. A similar instrument, 
model 39, has been introduced for 
use only in central distribution sys­
tems . The r-f level controls and 
metering have b een eliminated. It 
supplies- a rock-stable I-volt output 
into a 50-ohm load. 

Specifications 

(model 38) 
Center frequency 

Fr equency accuracy 

f·m deviat io n 

Deviation r ate 

F-m non linear ity 
Spurious output 
Out p ut voltage 

Outp ut impedance 
Power requirements 

Any single frequency 
from 3 to 250 Mhz 

0 .005 % or 1 khz, which· 
ever is greater 

0 to ± 100 khz in four 
continuously variable 
ranges 

1 khz and 400 hz in· 
ternal; external from 
30 hz to 20 khz below 
15 Mhz, 20 hz to 150 
khz above 15 Mhz 
(for multiplex infor· 
mation) 

Less than 2 % 
Less than 3 % 
0·1 v rms, continuously 

variable 
50 ohms 
115 v ± 20 % 

Radio Research Co., 189 Mt. Pleasant 
Ave., Rockaway, N.J. (377] 
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The great IR family portrait 

How many do you know? SILICON POWER RECTIFIERS. 1. High­
Voltage 300-Amp Rectifier. 2. 500-Amp Rectifier. 3. 200-Amp Economy Rec­
tifier. 4. 450-Amp Rectifier. 5. 70-Amp Rectifier. 6. 150-Amp Rectifier. 7. 
15- to 60-Amp Rectifier. 8. 250- to 300-Amp Rectifier. 9. 150-Amp Rectifier. 
SELENIUM RECTIFIERS AND ASSEMBLIES. 10. Selenium Cartridges. 11. Klip­
Sel Voltage Transient Suppressor. 12. Single Selenium Split Cells. 13. Single 
Selenium Cells. 14. Selenium Stack Assembly. SILICON RECTIFIER ASSEM­
BLIES. 15. Silicon High-Voltage Column. 16. Silicon Stack Assembly. 17. 
Encapsulated High-Voltage Assembly. 18. General Purpose Molded Circuits. 
19. Medium Current Molded Circuit. 20. Silicon Tube Replacement. 21. 
Silicon Plug-In Rectifier. ZENER REGULATORS. VOLTAGE REFERENCES AND 
LOW POWER RECTIFIERS. 22. 10-Watt Zener Regulator. 23. 12-Amp Silicon 
Rectifier. 24. 50-Watt Zener Regulator. 25. 1-Amp Silicon Rectifier. 26. 
1-Amp Silicon Rectifier. 27. 1.3-Amp Silicon Rectifier. 28. Low-Power D0-7 
Glass Zener Regulator. 29. 2.0-Amp Silicon Rectifier. 30. Low-Current D0-7 
Glass Zener Regulator. 31. 1-Watt Zener Regulator. LIGHT SENSITIVE 
DEVICES. 32. Selen ium Photovoltaic Cell. 33. Silicon Photovoltaic Cell 
(mounted). 34. Silicon Readout Array. 35. Silicon Photovoltaic Cell (un­
mounted). 36. Cadmium Sulfide Photoconductive Cell. 37. Custom Silicon 
Readout Array. SILICON CONTROLLED RECTIFIERS. 38. 63-Amp RMS SCR. 
39. 4.7- to 7.4-Amp RMS SCR. 40. 16- to 35-Amp RMS SCR. 41. 55- to 110-
Amp RMS SCR. 42. 160- to 235-Amp RMS SCR. 43. 400-to 550-Amp RMS 
SCR. We'll gladly send you information about any of the above. Write. 

INTERNATIONAL RECTIFIER IICIR I 
SEMICONDUCTOR DIVIS ION 0 233 KANSAS STREET, EL SEGUNDO, CALIF. 90245 0 PHONE (213) 678-6281 
FIELD OFFICES AND DISTRIBUTORS IN MAJOR CITIES AROUND THE WORLD 
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HOW TO 
FORM 

STRONGER 
BOXES 
FAST! 

Shear up to 160 blanks per minute with 
lowest cost, high speed, precision shear on 
the market! Di-Aero Power Shear No. 36 
- only $1,350 complete! 

Notch blanks on a Di-Aero Power Tab 
N otcher. Extra strong tabbed corners are 
self-aligning. And easier to fasten. 

No wasted motion. Form box on a Di-Aero 
Hand or Power Press Brake or Di-Aero 
Leaf Type Brake. Read the full story in 
Di-Acro's newest catalog. See your distrib­
utor or write us. 

G.01-ACRO~ 
division of INDUSTRIES INC 

438 EIGHTH AVENUE 
LAKE CITY, MINNESOTA 55041 
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New instruments 

Fast-writing scope 
broadens a line 

Instrument maker buys 

two designs that use 

the fast Memotron tube 

When Measurement Control De­
vices Inc. bought the Memo-Scope 
line of oscilloscopes from a divi­
sion of the Hughes Aircraft Co. 
last month, two unmarketed oscil­
loscope des igns were included in 
the deal. Hughes had planned to 
introduce both instruments last 
year at the annual \Vescon show, 
but produ ction plans were shelved 
when company management 
started ta lking acquisition. \Vith 
the purchase signed and sealed in 
June. the new owner is rushin g the 
designs into manufacture so it can 
show them off at V\lescon later 
this month (Aug. 22 to 25). 

Fancy tube. Both of the new 
units. designated the 1502 and 
1531, will use Memotron cathode­
ray tubes built and still to be sup­
plied by Hughes. It is this tube 
that i\ICD feels gives the new instru­
ments a big edge over competition. 
Its major advantages: 

• A maximum writing speed of 

Acquired. Rushed to the marketplace 
after Measurement Control Devi ces 
purchased the design , new laboratory 
oscilloscope still has the Hughes 
name plate on its face. 
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The new Hitachi Vidicon 8758 is an improved, low-cost, replacement for the 7735A or 
7262A Vidicons: 

ACTUAL SIZE 

TYPE - 1 inch. 

SHORTER LENGTH - for sma ll transistorized cameras. 

LOWER HEAT POWER - 6.3V, 95mA. 

HIGHLY SENShlVE PHOTOCONDUCTIVE LAYER - clear im ages 
even with poor lighting. 

HIGH RESOLUTION .......:. over 600 TV lines at the center of the screen. 

FOR ECONOMY - THE HITACHI VIDICON 8758 

Overall length (mm ) 133±3 
Size 

Greatest diameter (mm) 28.6¢±0.3 

Focusing· method magnetic 
Method 

Deflection method magnetic 

Heater voltage (V) 6.3± 10% 

Heater current (mA) 95 

Illumin ation (Ix) 10 

Examples of usages · T a rget Voltage (V) 20-40 

Dark current (.u.A) 0.02 

Signal output current (µA) 0.2 

Center r esol ution (TV lines) 600 

Additional economies: the Hitachi Vidicon 8758 has the same base connection as the 7 pin-stem of conventional 
picture tubes, permitting the use of the lower-priced standard sockets. It is suitable for use with industrial television 
equipment and other closed-circuit television systems. 

HITACHI SALES CORPORATION: 333 N. Michigan Avenue, Chicago, Ill. 60601. U.S.A. T el: 726-4572/ 4 / 48-50 34 th ST., L .l.C ., N.Y. 11101 
U.S.A. Tel : 361-3090 / 9 I HITACHI, l TD., DUESSELDORF OFFICE : 4 Duesseldorf. Graf Adolf Strasse 37, West Germany Tel: 10846 
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HERE'S A BETTER WAY TO PACKAGE, 
PROTECT, AND SHIELD CUSTOM -TEST CIRCUITS 
Use Shielded "Black Boxes," manufactured exclusively by Pomona Electronics, to 
package vol tage dividers, attenuators, active, passive , isolation, impedance, and 
matching networks, or other specific test circuits. They' re compact, rugged die-cast 
aluminum containers , supplied with aluminum covers secured by self-tapping screws 
for effective RF shielding. Available in 16 different connector combinations to match 
ex isting test equ ipment. Solder turret terminals provide permanent noise-free 
connect ions. Write for catalog. 

POMONA ELECTRONICS ,.CO. INC. 
1500 East Ninth St. / Pomona, California 91766 / Phone: (714) 623-3463 
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72 HOUR DELIVERY 
FIXED COMPOSITION RESISTOR·S 
------Cl':»-----

RC Y. S 

REGULATED DC 

POWER SUPPLIES 
e Fully accessible, fully repairab le 

e Low Cost- Large quantity 
d i scounts 

e 0.5 to 250 vdc coverage 

• Comb ined regu lat ion 
from 0 .53 t o 0 .013 

• Temperatu re coeff ici en t from 
o.043/°C to 0 .0013/°C 

• Stability- To 0 .0053/Mon th 

e Two year war ra nty 

e Many optiona l mod ifica t ions 

See EEM for power supplies 
and voltage references 

214 

::m>YN" ..A.G-E inc. 
1331 Blue Hills Ave., Bloomfield 
Conn. 06002 • (203) 243-0315 
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-----.. u:-:= -----
RC Y. 

RC h 

RC I 

SEMI FIXED RESISTORS 

NOISE SUPPRESSORS 
FOR CAR RADIOS 

TYPE K ( ll ) 

TYPE LA 
TYPES 

0 TAIYO DENKI CO., LTD. 
1-1 2 , 3 -Chome, Sunamichi 
Sakai· c ., Osaka, Japan 
TEL: SAKAI ( 3) 684 1 
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.. . Hughes lacked the 

network to sell scopes ••• 

5 million centimeters per second 
is five times faster than any other 
storage tube. 

• Maximum light output is 20 
foot-lan1berts, four times brighter 
than conventional cathode-ray 
tubes. 

• T.race re tention capacity-as 
long as several months with un­
diminis11ed brightness at all writ­
ing speeds-far outclasses other 
storage tubes, most of which have 
re ten tion times around 15 minutes . 

Dynamic duo. The major differ­
ence between th e two new scopes 
is that the model 1531 has no s tor­
age capacity, an economy that 
makes it cost only half as much 
as the 1502. The other unit can 
store dis.played patterns, using 
repetitive or single sweeps, or it 
can operate as a high-speed, non­
storage unit. 

Because the 1502 scope can 
freeze and hold a trace on its 
Memotron tube, it can b e used in 
such applications as viewing tran­
sient phenomena associated with 
nuclear testing, measuring shock 
and vibration of structures , testing 
relays for contact bounce-record­
ing voltage waveforms at the in­
stant the contaots close-and 
studying shock waves from explo­
sions. 

Model 1531 is a general-purpose 
instrument for laboratory use. 

Trouble in the market. Although 
Hughes' management was con­
vinced that the line of ~1'emo­
Scope' s were good products, the 
company never could market them 
successfully. The chief reason was 
that the company did not ha,·e th e 
proper distribution network to sell 
instruments b ecause its main busi­
ness is sys tems engineering in aero­
space. In addition , Hughes had 
only a few models and a complete 
line is requ.ired to satisfy a large 
enough demand. 

Meo already builds a line of low­
pricad oscilloscopes. Its newly ac­
quired instruments give it higher­
performing, higher-priced devices 
with which it can invade a new 
market , the laboratory. Model 1531 
costs $995; 1502, $1,850. 
Measurement Cont rol Devices Inc., 
2445 Emerald St.. Philadelphia, Pa. 
[378] 
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Our l.C. digital modules reject 
more noise than anybody's. 

Integrated flip-flops, inverters 
and buffer amplifiers in T 
Series modules are made to 
our proprietary design and 

hermetical­
ly sealed 
inT0-5 

cans. 

Full-width copper ground 
plane sandwiched between 
epoxy-glass boards mini­
mizes circuit inductances and 
discourages noise spikes . 
Mounting cases also have 
full-width shield planes to 
retard J10ise coupling 
between logic wiring. 

The payoff . 
+4 v 

T Series input and load re­
sistors, made tO much tighter 
tolerances than can be at­
tained with integrated com­
ponents, are mounted out­
side the integrated cir-
cuit containers, 
eliminating 
power dis­
sipation 
problems. 

Discrete input diodes enable 
us to place the switching 
threshold right in the middle 
of the logic swing. 

.......--------------,----_~l L-0c51C i. 

t 2.5vj',':i,1n, . ~11 UNCf RTAINTY 
t: "I., I '''·B·,·1· r.tA "-'D f.:J... ·.;y ''i' • ' V"'-'" 

T Series logic levels are 0 and +4 volts, 
and noise rejection is 1.5 volts minimum, 
leavi ng a maximum uncertainty band 
only one volt wide within which noise can 
trigger the circuit output. This uncertainty 
band of 25 % is far SJClS 
narrower than those 5 5 f 
of other I. C. mod-
ules on the market. 

Scientific Data Systems, 
Santa Monica, California 

-f L-06lC 0 



Unbelievable! 
Unavailable! 

Until now. 
Next time someone walks up to you 
and asks, " Does Redcor/Modules' 
new 770-440 give you instrumentation 
amplifier performance at module am­
plifier prices?" look him right in the 
eye and say yes. You might also men­
tion that its unique patented dynamic 
bridge design principle means great 
closed-loop specs like differential 
input impe dance of 10 megohms; 
common mode input impedance of 
1000 megohms, from de to 60 cps; 

differential gains of 20 to 1000; and a 
gain accuracy of ± .02% FSA 20V. 
Then tell him all this performance 
costs less than one-fifth a kilobuck 
per each. There. You did a fine job. 
Now request complete data so you 
can really sock it to the next guy that 
asks. 

R E DC 0 R 7800 DEERING AVENUE 
CANOGA PARK. 
CALIFORNIA 91304 

(21 J) 348-5892 • TWX 910-494-1228 
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Now you can lock settings, eliminate 
complicated hardware with new self-locking 
push-to-turn knobs from Raytheon 
When pushed, these new control 
knobs rotate instrument shafts in 
either direction-with infinite resolu­
tion and zero backlash. 

When released, the knobs spring 
back and automatically lock the 
shaft against shock, vibration, ac­
cidentally turning. 

These knobs feature : patented, all­
mechanical locking device ; stainless 

216 Circle 216 on reader service card 

steel parts ; packaging which com­
plies with MS91528C and MIL-K-
39268 specifications. 

Send reader service card for data 
on styles, sizes, colors, custom fea­
tures. Or write Raytheon Company, 
Components Division, Quincy, Mass. 
02169. 

QiAYTHEON) 

New instruments 

Wedge for a laser 

Ceramic detector ends 

beam splitting in meters 

Laser beams can burn through a 
solid brick wall so they can easily 
burn through a meter placed in the 
beam to measure its energy level. 
To prevent des truction of the 
sensing element, laser beams are 
often split before a measurement 
takes place. 

Splitting the beam is no longer 
necessary with a new laser energy 
meter built by Barnes Engineering 
Co. The model 30-410 also meas­
ures the energy of ei ther pulse or 
continuous wave b eams. Its meas­
urements are limited to the spec­
trum from 0.3 to 40 microns . 

Wedge-shaped. A wedge-shaped 
pyroelectric detector, made of a 
rugged ceramic material , enables 
the meter to withstand the des truc­
tive impact of the laser's beam. The 
ceramic is shaped as a deep hollow 
wedge-what physicists call a 
M endenhall wedge-to absorb 
maximum ener-gy by multiple re­
flec tion instead of by direct ex­
posure regardless of the angle or 
point at which the beam hits the 
instrument. Since the material is 
pyroelec tric, a charge builds up 
with a change in temperature. 

Constant charge. A major advan­
tage of the new device is tha t the 
entire receiver is the energy sensor. 

Initially the temperature rises 
only at th e point where the beam 
hits the wedge. As the heat diffuses 
through the ceramic material , the 
temperature rises slightly, while 
it falls at the point of impact net 
chargf' remains the same. 

The voltage remains constant for 
2 seconds. It takes that long for the 
heat to reach a copper heat sink 
at the rear. Waiting time b etween 
measurements is only 2 seconds. 

Measuring c-w. To measure a 
continuous-wave laser b eam , the 
instrument has a shutter that syn­
thesizes a pulse of 25 milliseconds . 
Shutter action is produced by a 
slot in a reflecting disk mounted 
in front of the meter aperture. 

Barnes Engineering Co., 30 Commerce 
Road, Stamford , Conn . [379] 
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FREQUENCY MEASUREMENT NEWS 

New Tracor instrument measures 
frequency difference instantly, 
front-panel meter reads directly 
to parts per 1011

• 

See us at 

Wescon Booth 

2205-2206 

Built-in oscilloscope-and time-averaging-yields 
1x10-12 precision, provides signal-quality assessment. 
Inputs: 100 kc, 1 me, 2.5 me, and 5 me; reference 
and signal frequencies need not be the same. 
Price: $2850 

AUSTIN, TEXAS-A new instrument, the Tracor 
Model 527A , now makes frequency-difference 
measurements direct-reading without waiting 
time. 

Tracor engineers found the need for such an 
instrument virtually universal among those con­
cerned with time/frequency measurement. 
Their new 527 A reads on a front-panel meter 
with precision to I x I 0-11

• 

By using an internal oscilloscope and time­
averaging techniques, users can extend precision 
to I x I 0-12

. (On the most sensitive scale, one 
complete rotation of the oscilloscope dot pattern 
in I 00 seconds indicates a frequency offset of I 
part in 1012

.) 

Inputs signals may be any one of four differ­
ent frequencies and the compared signals need 
not be the same nominal frequency. Either may 
be called "reference ." 

For example, if a signal of l me that is high 
by 1 part in 10 11 is used as ··reference" and an 
unknown "signal" of 5 me that is low by 7 parts 
in l 011 is compared to the "reference," the meter 
will read minus 8 parts in 1011 . 

A typical bench setup to measure frequency 
difference requires, in addition to a complex 
array of equipment, timing of Lissajou-pattern 
rotation on a 'scope. At I me with I x 10·11 fre­
quency difference between compared signals, 
the Lissajou pattern will make about one revo­
lution per day! The Tracor 527 A can do this 
same job within one minute after turn-on. 
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TFA-266-A 

Tracor's Model 527 A frequency-difference meter allows 
adjustment of two oscillators to the same frequency, 
adjustment to a specific offset, determination of off­
set-all instantly-plus both short-term and long-term 
stability ana lysis. No additional equipment is needed. 

The zero-center meter reads 
frequency-difference directly in 
parts per 101, lQB, lQ9 , 101 0, 

or 10 1 1. Full-sca le reading is± 
10 parts per lQn. 

FHOUENCY ot <RENCE MtT<R 
MOOR S.l?A 

• 
.. 

•am @ 

A rotating dot on the front-panel oscilloscope indicates phase 
relationship between compared frequencies with fractional 
frequency difference multiplied by 10, 100, 1000, or 10,000 
as selected by the range switch. 

* * * 
Full technical and application information may 
be had by writing the manufacturer: TRACOR, 
Inc. , 6500 Tracor Lane, Austin, Texas 78721. 
Phone 512-926-2800. 
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New Subassemblies Review 

Dual modular and rack power sup­
plies are for use with opera­
tional amplifiers. The K and KH 
se ries feature slave tracking 
to ±0.005% / ° C, regulation to 
±0.05°0, and a temperature co­
efficient to ±0.015°0. They are 
available at ±10 v, ±12 v, and 
±15 v d-c with current outputs 
from 150 ma to 2 amps per out­
put. Dynage Inc., 390 Capitol 
Ave., Hartford, Conn. [381] 

Synchro simulator model 532 de­
velops synchro reference angle 
data for aircraft and satellite 
simulators, and production testing 
consoles. It takes up less panel 
space than a synchro-plus-vernier 
dial , furni shes output data angles 
in 5 ° steps from 0° through 
360° , and provides 30 arc-sec 
accuracy. Price is $375. North 
Atlantic Industries Inc., Terminal 
Drive, Plainview, N.Y. [385] 

New subassemblies 

Large-screen television projector 
model 260 features a resolution 
of 1,000 lines and adjustable scan 
rates to as high as 1,203 lines 
at 60 fields per sec. The system 
uses a 6-in. crt and a high-power­
ed video amplifier. The projection 
head measures 27 x 243/4 x 36 
in ., the control unit measures 
191/• x 21 x 20 in. Price is 
$11 ,000. Amphicon Systems Inc., 
Oak St., Norwood, N.J. [382] 

D-c amplifier 1-168 drives high­
frequency, light beam galvanome­
ters. The single plug-in module 
provides isolation between input 
and output and between circuitry 
and ground . Voltage gain ranges 
from 0.1 to 500 . Frequency re­
sponse is from ±1 % d-c to 5 khz. 
Overload recovery time is 100 
µsec. Consolidated Electrodynam­
ics Corp., 460 Sierra Madre Villa, 
Pasadena, Calif. [386 ] 

Model Kl5 photomultiplier power 
supply is a d-c/ d-c converter that 
delivers up to 1 ma of current 
with a rippl e of 0.1 % or less for 
inputs ranging from ±35 to ± 15 
v d-c. Output voltage is from 
±300 v to ±1,500 v. The unit 
is reverse polarity protected. It 
measures 1 x 21;. in . Price is 
$178 in small quantities. Venus 
Scientific Inc., 25 Bloomingdale 
Rd., Hicksvi lle, N.Y. [383] 

DADIT is a 15-bit integrating a-d 
converter with common-mode re­
jection of 10 million-to-1 at d-c 
to line frequency . It is for mon­
itoring such low-leve l transducers 
as strain gauges in high-level a-c 
environments, and also works well 
with multiplexers. No preamplifi­
cation or individual point filtering 
is needed . Control Data Corp ., 
4455 Eastgate Mall, La Jolla, 
Calif. [387] 

Converter puts tv on telephone lines 

Low-cost rotating scanner downgrades tv signals 

to an audio bandwidth of 8 kilohertz 

Tem perat ure t ransm itters 18-111 
and 18-112 receive sig nals from 
thermocouples and other millivolt 
sou rces and provide d-c voltage 
or current output signals. Accu­
racy of the output sig nal is to 
..LO.l % with linearity of ±0.05% 
of a straight line connecting ac­
tual end points, suiting the output 
for computation or control. Bell & 
Howell Co., 706 Bostwick Ave. , 
Bridgeport, Conn . [384] 

.... ...... 
•. -· .. .. 

Calibrat ion system model 8812 is 
designed for subcarrier discrim­
inators. It generates all 21 con­
stant-bandwidth channel frequen­
cies and a reference frequency 
simultaneously and applies the re­
sulting frequency-multiplex group 
to the discriminator system. De­
viation bandwidths for each chan­
nel can be set at ±2, ±4, or 
±9 khz. Vidar Corp., 77 Ortega 
Ave., Mountain View, Calif. [388] 

The cost of transmitting closed-cir­
cuit television signals more than a 
mile by coaxial cable or microwave 
relay are prohibitive. Where slow­
scan signals can be used, conven­
tional telephone or radio circuits 
are the most economical means. 

Seeking to capitalize on th is sit­
uation, Colorado Video Inc. has 
developed a converter sys tem that 
enables the transmiss ion of closed­
circuit, slow-scan tv signals over 
telephone lines. Although compar­
able equipment is available, cv1's 

Clear image. Quality of picture after 
it has passed through the two 
converters is still good enough so 
that printing can be easily read. One 
big appl ication could be in banks 
where the system would verify 
signatures and speed check cashing. 
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Type S-3100 time measurement 
system features digital program­
ing , measurement speeds greater 
than 100/ sec, and programable 
vertical and horizontal sampling 
units. It consists of a type 568 
oscilloscope, type 230 digital unit, 
an auxiliary unit, and programable 
time-base and vertical units with 
a 50 -ohm or 100-kilohm, 2-pf in­
put. Tektronix Inc., Box 500, 
Beaverton, Ore . 97005. [389 ] 

IC logic modules, designated the 
14 series, feature dual in-line 
chips, economy and flexibility. 
Simplified board layouts permit 
mixing of chip types on a single 
board. The DTL integrated cir­
cuits work from a 5-v power sup­
ply at 5-Mhz operating speeds. 
Noise rejection is typically 1 volt. 
Canoga Electronics Corp., 20131 
Sunburst St., Chatsworth, Calif. 
91311. [393] 

Core memory ICM-42 is for use 
in communications, telemetry, 
code conversion, machine tool con­
trol and digital buffer applications. 
Fu ll cycle time is 1.5 µ.sec and 
access time is 700 nsec. The IC­
designed, self-contained system 
is available in capacit ies of 2,048 
words and 1,024 words of 12 bits 
per word. Computer Control Divi­
sion, Honeywell Inc., Framingham, 
Mass. [390] 

Varactor bridge operational am­
plifiers 302 and 303 are for in­
verting and noninverting circuitry, 
respectively . They have 'h pico­
amp max bias current and 0.05 
picoamp/°C max current drift at 
25 ° C. Peak-to-peak noise from 
d-c to 1 hz is 0.01 picoamp and 
2 µ.v, Differential input impedance 
is 5 x 10 ohms. Analog De­
vices Inc., 221 Fifth St., Cam­
bridge, Mass. [394] 

Solid state analog function mod­
ules are useful building blocks in 
measurement, control, and analog 
computation systems. The 269 is 
a bipolar logarithmic amplifier; 
337, a matching bipolar antilog 
amplifier; 517 / 518 a polar analog 
multiplier; 521 / 522, a polar 
square root amp lifier; and 523 / 
524, a polar squa ring amplifier. 
Opti ca l Electronics Inc., Box 
11140, Tucson, Ariz. [391] 

Hermetical ly sea led for aerospace 
use, the PM1 570, a 3-channel 
d-c/ d-c instrumentation power 
converter, has a temperature co­
efficient of 5 ppm/ °C without 
ovens. Output voltage regulation 
for power line excursions of 22 to 
36 v d-c after load changes from 
i;. load to full load is ±0.l % 
on all channels. Pioneer Magne­
tics Inc., 1745 Berkeley St., 
Santa Monica, Calif. [395] 

appara tus costs less and is smaller 
in size. It has the capability of hold­
ing pictures indefinitely. 

rotating disc video memory made 
by Data Disc Inc., Palo Alto, Calif. 

I. Down and up 

Ai rborne d-c instrumentation am­
plifier DCAS-2 offers flexible de­
sign, permitting a variety of sen­
sor inputs. It contains an isolated, 
regulated 5-v transducer excita­
tion supply . The unit withstands 
high shock. Output operates into 
a load of 10,000 ohms or greater 
without degradation. Operating 
temperature is -65° to +105 ° F. 
Grant Electronics, 2017 Glendon 
Ave., Los Angeles. [392] 

The 120 LEED ( low-energy elec­
tron (jjffractionl system for 
crystal-surface studies is used 
primarily for obtaining data 
regarding atomic geometry. It 
permits direct study of corrosion , 
oxidation, epitaxial growth, and 
catalytic processes. Vacuum cham­
ber pressures down to 3 x 10-• 
torr are available. Varian Associ­
ates, 611 Hansen Way, Palo Al to, 
Calif. [396] 

There are two converters in the 
system: one, the 201A, downgrades 
tv signals to an audio bandwidth 
of 8 kilohertz; the 220-A, a new 
video disc converter, upgrades the 
signal to video bandwidths at the 
terminal. 

The disc permits the operator to 
use a recirculating video memory 
and to insert data to reconstruct 
a picture over periods of time rang­
ing from a third of a second to 
hours. It's also possible to record 
a tv timing reference on the disc 
to get a timing accuracy of 100 
nanoseconds. 

Compact. Each converter is packaged 
in its own neat rack. 

Glen Southworth, cvr's pres ident, 
says the company designed the 220-
A to use as much standard tv equip­
ment as possible. The unit has a 
slidin g pulse generator, a synchro­
nous generator, a record-era~ e 
playback amplifier, and a wideband 
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Foolproof. Incoming pictures can 
be recorded at a slow scan rate on 
the disc and simultaneously played 
back at conventional tv rates wi th 
a bright nonfading image that can 
be erased in 1/30 of a second. The 
220-A requires from 4 to 7 seconds 
to reproduce a single picture. A se-

lected slow-scan signal automati­
cally erases the previous picture 
and records a new one. However, 
there is a hold rnqde to prevent 
unwanted erasures. 

At the transmitting end, the tv 
camera's image is verified by a 

219 



9 
t 
a 
~ 
~ 
a 
T 
0 

cm 

No Engineer or Draftsman 
should be without the BY- BUK 
handy CROSS REFERENCE 
GUIDE to better 
printed circuit 
drafting 
which include standard sizes 
as specified in MS 16912. 1 

(NORD) conforming to MIL-P- f 
55110A ... & its FR EE 

The booklet features over 3000 sizes of tapes, pads 
and shapes for FASTER MORE ACCURATE DISTOR­
TION-FREE PRINTED CIRCUIT MASTER DRAWINGS. 
Write today for FREE handy cross- reference guide, pr ice list and 
FREE samples from the most complete supplier of Printed Cir­
cuit Dra ft ing and Masking Aids. 

BV-BUK COMPANY 
4326 West Pico Blvd., Los Angeles, Calif. 900 19 • Phone (213) 937-3511 

Circle 301 on reader service card 

LOW COST, 
SOLID-STATE 

DIGITAL to 
SYNCH RO 
CONVERTERS 

Completely solid-state, the DS 800 Series converters provide an 

analog synchro output signal equal to the digital angle input. Digital 

inputs are compatible with microelectronic logic levels at high up­

dating speeds. Synchro output is isolated from ground and the 

digital input. Available in RETMA rack modules or airborne MIL 

Spec packages. Send for Data File 111 . • S ee us W escon Booth 4s21-2-s --~ astrosystems, inc. 
ADVANCED INSTRUMENTATION, 6 Nevada Drive, New Hyde Park, N. Y 11040, (516) 328·1600 

220 Circle 220 on reader service card 

... any company with a phone 
can use the converter ... 

monitor before the 201A is acti­
vated. The 201A, a solid sta te unit, 
has a sliding pulse genera tor, a 
real-time video circuit, a sample­
and-hold circuit with a d-c-coupled 
amplifi er , and a simple circuit to 
signal the 220-A when a picture is 
being transmitted. It downgrades 
the signal by high-speed sampling. 

At the receiving encl , the 220-A 
takes the signal a t a lin e ra te of 
flO per second, scanning from top 
to bottom and left to right. It con­
verts the signal to a standard tv 
horizontal frequency of 15,750 hertz 
and a vertical frequency of 60 hz 
to produce a 525-line picture. 

11. Conditioned lines 

Competitive sys tems can use 
regular voice-rate telephone lines 
hut the cvr sys tem needs condi ­
tioned lines, which cos t more. H ow­
ever, the company says the con­
ditioned lines give its system a 
picture transmission capability of 
10 seconds, against a minimum of 
40 seconds for other gear. 

Southworth says, "Any company 
that uses a phone can use my sys­
tem." H e concedes, however. that 
hi s bes t markets are those where 
sharp reproduction is needed. 

Prospective buyers. Banks cou ld 
nse the sys tem to keep a central 
depository of records for their 
branches, and they are the first 
big marketing target. Sou th worth 
says signature-verification co11ld be 
improved and b anks could save the 
cost of keepin g card files. Other 
potential uses, he says, include se­
curity surveillance of remote areas 
and schoolroom applications in 
which the sys tem is " the tv ~quiva­
lent of the slide projector." 

The 201A cos ts $1,950 and meas­
ures 3112 x 19 x 18 inches; the 220-A 
cos ts $5,000. 

If radio, narrow-band micro­
wave, or intercity telephone cir­
cuits are used, a special modula­
tor-demodulator unit may he re­
quirncl to improve low-frequ ency 
characteristics . As a rule, however, 
the simplest connection between 
the 201A and the 220-A is an ordi­
nary telephone pair without trans­
formers or loading coils. 

Colorado Video Inc., Box 928, Boulder, 
Colo. 80302 [397] 
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Dial Direct-and Save 
Introducing the direct-dialing Bourns KNOBPOT® Model 3650 
- a digital dial, knob, and 10-turn precision potentiometer in 
a single assembly. At $25, this integrated unit costs you less 
than a precision pot entiometer and digital dial bought sep­
arately, yet gives you great er accuracy. Correlation between 
dial and wiper output isguaranteed accurate to 0 .1 per cent! 
There are no phase-it-yourself problems with the Model 3650, 
either. Each unit is phased at the factory . You save time, trouble 
and expense! 

Settings are fast and easy, thanks to the large, clear numerals 
that show turns, tenths of turns and hundredths of turns. Cali ­
bration marks beside hundredth-turn numerals allow settings as 
fine as 1/1000 turn or 1/10,000 of the total applied voltage. 
Reliability is enhanced by extensive in-process inspection, 100 
per cent final inspection, the Bourns Rel iability Assurance Pro­
gram, and by such outstanding construction features as the 
exclusive SILVERWELD® termination-the strongest in the 
industry. For value you can count on, speci fy Model 3650. Write 
today for complete technical data. 

MODEL 3650 11/,i" dia .. 10-turn 
STANDARD SPECIFICATIONS 

Dial accuracy 
(correlation of d ial 
reading and output, 
including linearity) 

± 0.1 % (50K and above) 

Repeatability 
of dial read ing 

Power ratii'lg 

Humidity 

Resistance Range 

± 0 .05 % 

2.5W at 25°C 

MIL-STD 202 
Method 103 

100!1-500K unit shown 114 actual size 

BOURNS , IN C . , TRIM POT DIVISION . 1200 C OLUMBIA AVE ., RIVERS I DE, CALIF. 
PHONE 664 - 1700 •TWX : 714- 682 9582 •CABLE : BO U RNSIN C . 

IRIMPOT® AND PRECISION POTENTIOMETERS- RELAYS - MICROCOMPONENTS : TRANSFORMERS, INDUCTORS. RESISTORS AND CAPAC ITORS 
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Circle 302 on reader service card 

UN/DUE! 
INVALUABLE! 
NECESSARY! 

For the first time a basic handbook 
of microcircuit screen printing is avail­
able. Written by one of the cou nt1y 's 
authorities on the subiect , Mr. Dan 
Hughes, president of PRESCO, the book 
deals in detail with fundamentals of pre­
paring printed and fired microcircuits. 

The 180 page, hard-cover book with 
over 125 photos, charts and diagrams will 
prove invaluable to those involved with 
printed and fired circui ts or those plan­
ning to enter the field. The eleven chap­
ters cover subjects from the semanti cs of 
integrated circui ts through inks, sc reen s, 
and substrates to post print treatment. 

The book can be ordered directly 
from PRESCO postpaid within the conti ­
nental United States when payment ac­
companies the order. Price is $22.50. Send 
check or money order to: 

•4dfi¥> 
PRECISION SYSTEMS CO., INC. 

U.S. Highway 22. P.O. Box 148 
Somerville, N . J. 08876 

Circle 303 on reader service card 

New subassemblies 

Interferometry , 
in a suitcase 

For machine tool calibration, 

digital IC's shrink 

laser interferometer 

There's nothing better than a laser 
interferomete1' for determining 
" -hether a numerically controlled 
machine tool is stepping through 
its programed paces accurately. 
Nothing better if you can pay the 
price-upwards of $20,000-and 
can accommodate the bulky con­
sole housing the electronics that 
goes with the laser head. 

Now the DoAll Co. has intro­
duced a laser interferometer which 
is small enough to fit into a wo­
men's overnight traveling case. And 
its price-$10,000-is roughly 25% 
less than the cost of instruments 
presently available. 

DoAll has been able to shrink its 
unit down to portable size-it 
weighs 50 pounds-by using inte­
grated circuits, says Thomas \tV. 
Mitchell, manager of quality and 
tc:chnical support. In comparison, 
the electronics console alone of a 
competing unit weighs 180 pounds. 

Jn designing its unit, DoAll had 
to develop a bidirectional counter 
that operates at 20 megahertz. 

"\Ve began by trying to find a 
counter on the market that would 
meet our requirements," says 

Portable. The bulk is taken out 
of new laser interferometer. 

., 
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See the little boxes. 

See w hat they can do. 

Measure voltage and frequency. 

Generate sine '\, square '1 triangle "v 

ram p/l tone burst* trigger-'\;- sweep 'Ill 

sine: phase lock,, VCG w. plus 

analog and digital control of 

frequency and amplitude. 

See the little boxes work at 

Wescon, booth 2417. 
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WAVETEK® 
8 159 En2ineor Rd . ,San Die20 . Cal if., Te l. 279 -2200 
European Sa les:JOOO Bern 9,Saidanwe2 17 ,Sw itzer land 
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11 9 years ago 
we had a great 

idea that put us 
in the high-rel 
relay business. 

It's still a great 
idea, and now 

we've put it 
in a one-inch 

package! JJ 
Wedge-action• was the grea t idea . By com­

bining long prec io us- m etal contact wip e with 
h igh contac t fo r ce , i t g ives Elec tro -T ee re lays 
th e high est dry -c ircu it confi d en ce level eve r 
r e ach ed . (90'/o, based on a fa ilure r ate of only 
.001'/o in 10,000 oper a tions.) 

P acking wedge-action into a one-inch enve­
l ope was n 't easy. But it w as wor th it. It gives 
you m axi mum reli abil ity in minimum sp ace. 
A n d it's available fo r both 6PDT an d 4PDT 
o p erations, in r elays that exceed a ll r equire­
m ents of MIL-R-5757 /1 and /7. 

The one-in ch r e lay is jus t one o f ou r family 
o f w edge-ac tion r e lays, w h ich cover a lmost 
every dry-circu it to 2 amp application. Wh en 
you n eed a h igh-r e l relay th at rea ll y works , 
r e m ember our great idea, and p u t it to w ork 
for you . 
• U.S . Patent No . 2,866,046 and others pending. 

® 
Electro.:rec corp_ 
SLIP RINGS• RELAYS • SWITCHES • OPTICS 

P . 0. Box 667 • Ormond Beach , Florida 
(904) 677-1771 • TWX 810-857-0305 

Manufacturing Fa cilities : 
Ormond Beach, Fla. • Black sburg, Va. 
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' ... we redesigned our circuits 

to use cheaper chips • •• ' 

Mitchell. "But the fastes t counter 
we could find only went to 5 Mhz 
and it was much too expensive. So 
we decided to design our own." 

The counter enables the inter­
ferometer to operate with machine 
tools traversing even faster than 
the usual maximum of 240 inches 
per minute. Theoretically, a 1-Mhz 
counter would just keep up with 
this speed. Using a counter 20 
times highe1'. in frequency provides 
that much more safety. 

The design road was not an easy 
one, however, and it wasn't DoAll's 
fault. "The semiconductor company 
that was supposed to provide our 
1c's stalled around for six months 
before they told us they couldn ' t 
deliver," says Mitchell. "We rede­
signed our circuits and we were 
not only able to get cheaper chips 
from competitors but we also 
wound up with a better design." 

" If you feel you're getting the 
business on 1c's, look around," 
Mitchell advises. "You may have 
to change a board, but it could be 
worth it. " 

DoAll has designed the interfer­
ometer to be as modular as p os­
sible. One module contain s the 
single frequency, helium-neon laser 
and its power supply, another the 
interferometer optics. A separate 
electronics package-measuring 3 
x 14 x 12 inches-contains the 
counter, nine-digit tube readouts, 
and preset and reset decades . In an 
earlier DoAll unit, the electronics 
was 30 inches square, 5 fee t high. 

Positioning accuracy is 6.24 mi­
croinches, one-fourth the 6,.328-
angs trom light emitted by the laser. 

E xtra modules give the unit more 
capability. A plug-in computer cor­
rection board converts the inter­
feromeh·ic fringes counted into 
either decimal or metric equiva­
lents. Thus the readouts indicate 
inches or centimeters directly. 

There are also modules to com­
pensate for temperature and pres­
sure variations in the operating en­
vironment. One compensation 
method uses a thermistor to sense 
temperature changes and a second 
transducer to detect pressure 
changes. Their outputs are fed into 
the circuitry to modify the count. 
DoAll Co ., Des Plaines, Ill. 60016 [398] 

DID 
YOU SAY 
INSIDET 
YES! 
Delevan will put la! • 
"'1111:A~ I ® 
Inductors & Transformers 

INDUCTORS 
• Size .100, .150, .250 SQ x .065 HIGH 
• L Range .015 uh to 1000 uh 
• Shielded, Encapsulated, Excellent T. C. 
• Meet MIL·C-15305C Grade & Class 5 

TUNABLE INDUCTORS 
•Size .150, .250 SQ x .125 HIGH 
• L Range .10 uh to 1,300 uh 
• Tuning Range 1.7 to 1 
• Excellent Resolution , Non-Retractable 

Tuning 

RF TRANSFORMERS 
(FIXED AND TUNABLE) 
• Size .100, .150, .250 SQ x .125 HIGH 

MAX. 
• Frequency Operation - 500 KHz to 

50 MHz 
• IF & Wideband Designs Available 
• 30 MHz & 60 MHz IF Designs in stock 

Hl -Q COILS 
• Size .250 SQ x .125 HIGH 
• L Range .12 uh to 1000 uh 
• Q values in area of 100 
• Direct replacement for toroids· 
• L tolerances as low as ± 1% 

Delevan Electronics e AMERICAN 
• PRECISION 

Co r po ration / D i v ision 1Nous1A1Es·Nc. 

270 QUAKER RD. / EAST AURORA, N. Y. 14052 
TELEP HONE 7 16 / 652-360 0 T EL EX 091 ~293 

OTH ER OIV1SIONS Of AMER ICAN PRECISION INDUSTRI ES, INC .: 

BASCO, INC. • ELECTRO ·MECHANICAL PROD UCTS DIV ISION 
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Challenge · In Mic1·oelectro11ics 

You'll find it at Delco Radio in a variety of research / development 
and manufactur ing programs. Rapid expansion of microelectron­
ics and silicon device projects has created new career opportu­
niti es for the S.S., M.S., Ph.D. in Chemistry, Electrical Engineering, 
Mechanical Engineering, Metallurgy, Physics, Physica l Chemistry, 
and related fields. 

Research and Development Programs in: 

Linear and digital circuitry, embracing monoli thi c . . . thick 
film .. . thin film . . . and hybrid microcircui t s 

Silicon transistors from low power 10 milliampere through 25 
ampere; vo ltages to 1200 

High frequency transistors to l gHz 

Thyristors from 50 millampere through 500 ampere, 2000 volts 

Silicon rectifiers from milliampere through 250 ampere. 3000 
volts 

Process Engi neering Posit ions: 

Unlimited opportunities in this area to develop and create new 
processes for manufactur ing germanium and silicon semi­
conductor devices, integrated ci rcuits, and automobile radios. 
Includes development of automatic and semiautomatic fabri­
ca ti on equipmen t, pilot line operation and general cost savings 
investigations pertinent to semiconductor manufacturing. 

Call us collect for an interview or more informat ion. Area Code 
317 / 459-2808. Ask for C. D. Longshore. Or send your resume to Mr. 

Longshore, Supervisor, Salaried Employment, Dept. 105, Delco 
Radio Division of General Motors, Kokomo, Ind iana. 

An equa l opportunity employer M'4RJ< or O:C£Ll [NCf 
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New subassembl ies 

How bright 
the laser? 

Optical power meter 

gives precise readings 

over wide spectrum 

As the commercial and laboratory 
applications of medium-power la­
sers grow, users increasingly need 
calibrated meters to precisely 
measure power and power inten­
sity over a broad range. One prob­
lem here is that commercial power 
meters generally can measure 
either at one wavelength or only 
a few. But at this month's \Vescon 
meeting, Coherent Radiation L<tb­
oratories of Palo Alto, Calif. , will 
introduce an optical meter that 
measures light power over the en­
tire visible and near-infrared spee­
trum with closely calibrated pre­
cision and sensitivity. 

The battery-powered instrument, 
the model 202, is essentially a spe­
cialized voltmeter that reads out 
in watts of optical power. It gives 
one nanowatt resolution in ranges 
from 100 nanowatts to 300 milli­
watts full scale, and a flat response 
from 4,700 to 8,000 angstroms. 

Contributing to the 202's sensi­
tivity and resolution are: a silicon 
solar cell; a high-gain , low-drift 
amplifier; and a zero-suppress ion 
circuit. 

I. In the head 

The solar cell is m the separate 
sensing head, which holds attenu­
ating filters and apertures and can 
be either hand-held or mounted on 
a stand. The instrument case con­
tains the solid state operational 
amplifier, range resistors , a meter, 
and the zero-suppression controls. 

The solar cell converts light en­
ergy into electrical energy for the 
output amplifier, which in tum 
feeds the range resistors that de­
termine the gain between the solar 
cell and the indicating meter. The 
range switch selects feedback re­
sistors that control amplifier gain. 

Block out. The zero-suppression 
circuit controls a current in oppo-
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Chapter II. 
LET THERE BE LIGHT 

OR 

TELL ME ABOUT THE FREE 

$50 SWITCH 
It's yours absolutely, unconditionally free. 
All we ask is that you g ive us $50 for it. 
\Vhy do \\·e call it "free" when we are 
earnest about getting paid for it? 
T \\'O reasons: 
First of all , whe n you throw the mechanical 
switch on, nothing happens until a teeny 
solid-stare dc\·icc senses that the \·olrage 
passes through zero. Then rhc switch turns 
the circuit on. \ V hcn you throw the 
mechanical switc h off and the curre nt passes 
through zero, rhc c ircuit is turned off. 
That means rhat the on-off S\\·itching is 
done at the point of minimum energy. 
And that means no step function \·olragc to 
generate high-frequency components. And 
that means t hat the switch is free from 
radio frequency inte rference. Quad est 
d e7l!o11strrrd11111. 

The second reason "·e call it " free" is we 
thought that if you thought ~ · ou could get 
a $50 S\\·itch for nothing you'd probably be 
greedy enough to read this ad. There 
appears to be some justification for this 
assumption. 

Circle 495 on reader service card 

O u R TELEi\IETRY GEAR WILL 

NEVERGETOFFTHEGROUND 
Because \\' C manufacture only equ ipment 
associated wirh check ing out telemetry 
transmission w hile the transmitter is still 
nice and accessi bl e. 

For example, our new, compact F1\ I 
Discrimin:1tor for playback in f ,\l/F,\'I 
telemetry systems. The pulse a\·eragc design 
has 0.1 % linearity. The Model 71-282 
operates on all lRIG chan nels, 1-21, and A 
through H, with an input sensitivity of 
20 mV. Accommodates any center 
frequency from 300 H z to 300 KH z. Each 
one weighs less than a pound. Disgustingly 
inexpensive, too. 

Circle 496 on reader service card 

How \VE INVENTED 

THE SAN DWICH 
To make the ruggedest possible field 
portable tape recorder we suspc:'ndcd the 
entire tape transport mechanism between 
rwo parallel flat plates. This gi\·cs double 
support to all members, and as the tape 
contacts only the primary dri\·e mechanism, 
reel hubs, two turn rollers and the head 
surfaces, its oxide coating gets maximum 
protection. 

As you know, the flanges on tape reels arc 
cantilevered members which can be 
supported against extreme shock and 
vibration only at the cost of a substantial 
increase in the rotational inertia of a 
system. So we got rid of them. The tape 
can't slip off the reel because hoop tension 

~ The Word from GENISCO. 

forces resulting from normal pulling of the 
tape prO\·ide great compressi\·c forces 
within the reel stack. It would rake in excess 
of 300 g's for slippage to occur. 

The result of our Sandwich and 
Flangeless design approaches (plus a few 
orhcr neat ideas ): a rugged, high 
performance field portable rape system. 
Request full information. 
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OuR RATE-OF-TURN TABLE 

LAUGHS AT ABUSE 

Our new i\ lodcl 1147 maintains high 
precision performance regardless of rough 
handling and transportation. (One reason 
it's used as the AGE gyro test table for 
F-111 Aircraft System.) Hydrostatic 
bearings gi\·c precise dimensional stability, 
excellent alignment, low runout and 
eccentricity, low mechanical noise and long 
life. The bearing is capable of smooth 
rotation at less than siderial rates 
(.004°/scc.). And up to 1500° /sec. 

The J\lodcl I 147's compacmess makes it 
ideal for field or bench checking. Its 
ruggedness makes it ideal in case you just 
happen to feel like kicking hell out of a fine 
piece of equipment. 

Circle 498 on reader service card 

OuR CoMPUTER CAN BEAT UP 

y OUR COMPUTER 
Filled with supreme confidence the 
engineer plugs in his newly designed gem 
of a system. Then disco\·crs that it's too 
noisy. So off to the supplier for a custom 
filter. It's cxpcnsi,·c and its weird 
configuration makes it almost impossible to 
maintain a hermetic seal under the stresses 
of high pressures and extreme temperature 
variations. 

\Ve can help you a\·oid rhc \\·hat-me­
nccd-a-filtcr syndrome . Gi\·c us a work 
statement. For free, we'll crank the system 
parameters into our computer and it wi ll 
design the Perfect Filter. It will do the job 
right, and cost you about +0% less than one 
that must be produced dO\\·nstream. 

Out of the hundred or so companies in 
the industry only two or three use 
computers.\ Ve'rc better at it than they are, 
and besides our salesmen know good jokes. 
Come on, give us a break. 
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GENISCO TECHNOLOGY CORPORATION 
18435 SUSANA ROAD 
COMPTON, CALIFORNIA 90221 



Atlas will put the 
blue bead anywhere 
you want it . .. 

But t he real value is the extra 
testing we do to save you trouble late r. 
The point is, most manufacturers of cus­
tom hermetically-sealed headers don't 
have the extensive test faci lities that 
Atlas has ... altitude, temperature, and 
humidity cycling chambers as well as 
Helium Mass Spectrometers for leak 
detection, and metallographic equip­
ment for taking high-magnification pho­
tographs of glass-to-metal interfaces or 
plating thickness cross-sections. 

These in-house test facilities allow Atlas 
to make . .. and test .. . your custom 
headers to your specs (or MIL specs, if 
you prefer), so that the rejects are 
weeded out before you get them. And 
when we say that a header with terminals 
spaced at % inch will withstand 900 
volts at 70 ,000 feet without flashover 
... WE CAN PROVE IT! 

Call our ma rketing department today. 
Or send for more detailed technical 
information. 

~LAS 
CHEMICAL INDUSTRIES, INC. 

Aerospace Components Division 
Valley Forge, Pa. 19481 
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Broad range. Power met er reads over 
the visible and near-infrared spectrum . 

sition to that generated by the 
photoconductor. By blocking out 
90% of the signal, for example, and 
amplifying the remainder, the me­
ter can measure small differences 
in large amounts of light. 

The 202 should therefore be val­
uable in many areas of laser re­
search and development. In polar­
ization studies, its sensitivity of 
10- ~ watts (at 10% of full scale) 
allows measurement of ex tinction 
ratios to 10- 0 with only a 10-milli­
watt source. Scattered optical loss 
in lenses, windows, and mirrors , 
can be measured directly, accord­
ing to Coherent Radiation. The 
company says the 202 is well­
suited for use as a scanning head 
for plotting diffraction patterns 
and mode structures . 

11. In any plane 

The extreme thinness of the 
sensing head-2.25 by 3.125 by 
0.75 inches-makes the 202 ideal 
for detecting light in any plane, 
an important feature for holo­
graphic work. 

The head, made of anodyzed 
aluminum, contains one dielectric 
filter and three neutral density fil­
ters. Further, the head is threaded, 
so lenses and extension tu bes can 
be added to it. A helium-neon la­
ser producing no more than 50 
milliwatts can be 111eas ured in di­
rect beam, but a high-power co~ 
laser cannot. 

\Vith variable meter illumina­
tion , the 202 can be operated in 
complete darkness. Battery opera­
tion with well-shielded components 
elimin ates noise from vibrations 
induced by power lines. 

The unit is priced at $1,250. 

Coherent Radiation Laboratories, Palo 
Alto, Calif. [399] 

Up. 
Dow n . 

On the ground. 
T he p lace for new electronics 

advances is Lockheed. 

Whatever environment you now 
work in - land , sea , or space-look 
into opportunities at Lockheed. Take 
Agena and Poseidon for example. 
Major technical expansion is under 
way. And both Agena and Poseidon 
share the need for new concepts and 
major technical advances. 0 T yp­
ica l Agena ass ignments include: 
digital communication systems for 
data transmission and command, 
digital and ana log flight control 
systems, optical and infra red sen­
sors, solar power panels, and power 
conditioning. 0 Poseidon's require­
ments range from weapon effects 
on electronics to the design and use 
of state-of-the- art test checkout 
equipment. O Undersea, Lockheed 
is active in deep submersibles and 
ocean mining. Now under way­
the Navy's DSRV and Lockheed's 
Deep Quest research vehicle. 0 On 
land: unique land vehicle systems, 
information systems for states and 
hospitals, a nd many others. 0 
Write Mr. R . C. Birdsall, Profes­
sional Employment Manager, P .O. 
Box 50..J., Sunnyvale, California, or, 
call collect (408) 743-2200, until 
midnight Pacific Coast Time. An 
equal opportunity employer. 

LOCKHEED 
NI/ SS/LES & SPACE COMPANY 
A GROVP OIVISION O~ l.OCKHEEO A IRCRAFT CORPORATION 
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DESIGNER'S CHOICE 
LOGIC 

Signetics puts IC systems design decisions back in the hands of the systems designer. 

Some IC families put sevens limits on the decisions the systems 
designer can make. He's often held back by the speed, power, 
and noise immunity trade-offs built into the family by the IC man­
ufacturer. Now Signetics Designer's Choice Logic changes all 
that. Signetics DCL Series 8000 includes high speed TTL cir­
cuits, slower low power TTL circuits that offer high AC noise 
immunity, and low power DTL circuits that provide high DC 
noise margins. The series also includes large functional arrays 
for counting and storage applications. All elements in the 8000-
Series are specified compatibly. And we've got a 46-page data 

handbook - the most complete one of its kind ever offered - to 
guide you in using these flexible circuits. In designing with DCL 
you can optimize your system performance without drawn-out 
calculations, expensive and time-consuming ground-plane de­
signs, or extensive use of outboard discrete components. The 
handbook provides special sections directed to systems, evalu­
ation and design engineers. Find out fast what can be done with 
our DCL series, and how to loosen constraints on your designs. 
Write Signetics for your DCL handbook: 811 East Arques, 
Sunnyvale, California 94086. * 

SIGNETICS [SI 
INTEGRATED 

CIRCUITS 
A SUBSIDIARY OF CO RNING GlASS WORKS 

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992·3980; Upper New York State (315) 469·1072; Southwestern (214) 231·6344; Western Regional (213) 272-9421; Eastern Regional (617) 245·8200; Mid·Atlantic 
(609) 858·2864; Southeastern (813) 726·3734; Midwestern Regional (312) 259·8300; Northwestern (408) 738·2710. 

DISTRilBUTORS: Com par at all locations listed below. Semiconductor Specialists. Inc. (3 12) 279-1000; Terminal Hudson Electronics (212) 243·5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968-3 475; 
Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060. 

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349·1266. Compar Corporation at the following locations: Alabama (205) 539·8476; Arizona (602) 947·4336; California (203) 245·1172; California (415) 697·6244; 
Colorado (303) 781·0912; Connecticut (203) 288·9276; Florida (305) 855 ·3964; Illinois (312) 775·5300; Maryland (301) 484·5400; Massachusetts (617) 969·7140; Michigan (313) 47~·5758; Minnesota (612) 922·7011; 
Missouri (314) 428-5313; New Jersey (609) 429·1526; New M"ico (505) 265· 1020; New York (518) 436·8536; New York (607) 723·8743; New York (716) 684-5731; New ?ork (201) 471·6090; North Carolina (919) 724·0750; 
Ohio (2 16) 333·41 20; Ohio (513) 878-2631; Te.as (2 14 ) EM 3·1526; Texas (713) 649·5756; Washington (206) 725·7800. 

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain- Sovcor Electronique, 11 , Chemin de Ronde, le Vesinet. (S.-&-0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland, 
Austria, Portugal - Eledrosil Ltd ., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire,"Crsat Britain. Australia- Corning, 1202 Plaza Building, Australi a Square, Sydney, N.S.W. 27-4318. Canada- Corning Glass Works of 
Canada, ltd., Lea side Plan t, Ontario, Canada (416) 421-150. lsrael-Optronix, P.O. Box 195, Ramat .Gan, Israel 724-437. Japan-ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan. 
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Here's how to get more cooling 
with less size and weight: 

Use Garrett-AiResearch "ICE'! 

The Garrett-Ai Research systems 
approach to "black box" cooling is 
called Integrated Coolin g for 
Electronics ("ICE"). It can save you 
development dollars, cut system 
weight, and reduce circuit enclo· 
sure size. 

Simply give us your circuit design 
heat transfer problem and we'll do 
the rest: trade-off studies, interface 
details, heat transfer system design, 
and manufacturing. 

You'll get an optimized system 
with minimum power consumption 
for maximum cooling, and a com­
pact, lightweight chassis with an 
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integral or separate heat transport 
loop or heat pump. 

If you're developing electronics 
circuits for space vehicles, weapons 
systems, aircraft or ground commu­
nications, or other critical applica­
tions, call in AiResearch while your 
package is being conceived; we'll 
work with you to match an "ICE" 
system to your specific needs. 
Contact Ai Research Manufacturing 
Company, 9851 Sepulveda Blvd., 
Los Angeles, California 90009. ...... 

ELECTRONICS 

HEAT EXCHANGER 

ACCUMULATOR 

FAN 

HEAT EXCHANGER 

PUMP 

THERMAL 
CONTROL 
VALVE 

/, HEAT 
V SINK 

~--------~ FLUID 
TYPICAL "ICE" SYSTEM SCHEMAT IC 

Thi s AiResearch "ICE" system in­
cludes both the heat transport system 
and electronics enclosure with inte ­
grated heat exchanger . 

• 
AiResearch 
Heat 

Transfer Systems 

Complete heat transport system (left) 
is contained in a single, compact unit. We can 

also utilize integral heat exchangers, heat pumps, 
an d expendable evaporant cooling methods. 
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New Microwave Review 

Spherical passive devices ca lled 
Ecco reflectors increase radar cross 
section and also produce scintilla­
tion patterns useful for simulating 
natural targets and for identifica­
t ion purposes as radar beacons. 
Parameters are the number of 
reflectors, distance between them, 
radar frequency, and each re­
flector's radar cross section. Em­
erson & Cuming I nc., Canton, 
Mass. [ 401) 

A microwave noise temperature 
ca librator checks sources utilizing 
gas-discharge no ise lamps. It in­
cludes an i-f switched radiometer 
t hat compares the output of an 
unknown noise source to that of 
a reference standard noise source. 
Difference is read directly in db 
from a front pane l dial. The 
standard has ±soc • K accuracy. 
Airborne Instruments Laboratory, 
Deer Park, N.Y. 11729. [ 405 ) 

New microwave 

Reflex klystron osc i Ila tors cove r­
ing 26.5 to 35 Ghz serve as pump 
tubes in parametric amplifiers. 
Tuning over a 1,000-Mhz range, 
the VA-312 delivers 150 mw at 
a beam voltage of 550 v. The VA-
313 has a mechanical tuning 
range of 700 Mhz and delivers a 
minimum of 500 mw at 26 Ghz. 
The tubes weigh 4 oz. Varian As­
sociates, 611 Hansen Way, Palo 
Alto, Cal if. 94303 . [ 402 ) 

Fai l-safe coax ial swi tches are 
single pole, triple throw. The 
SDN3120EFS provides minimum 
isolation of 60 db, max insertion 
loss of O .2 db, and max vswr of 
l.?, from d-c to 3 Ghz. Switching 
time is 10 msec and life expec­
t ancy is 1 mi llion operations. 
Units return to position 1 in 
event of power failure. Pri ce is 
$325. Sage Laboratories Inc., 3 
Huron Dr., Natick, Mass. [ 406 ) 

Slim antenna makes a point 

Shaped like a pencil instead of a trumpet horn, 

it can handle 12 to 140 gigahertz 

Klyst rons can be replaced by an 
X-band, step recovery loca l oscil­
lator. Simply connect a 17 .5-v 
to 28-v supply and produce 10-
mw output for l3/•-w input. 
Bandwidth is 400 Mhz tunable 
with ± 10 v d-c. Noise is in the 
same order as a klystron. Operat­
ing range is +so • to -40°C. 
Price is $650. Edwin Industries 
Corp., 5858 E. Molloy Rd ., Syra­
cuse, N.Y. [ 403 ) 

Navigat ion systems and airborne 
rada r are among t he applications 
for a compact, 21-oz beacon 
magnetron . The MA-250 operates 
at a fixed fre quency in t he 8.5 
to 9.6 Ghz range with a 0.5 µsec 
pul se width and a 0.005 duty 
ratio. Minimum peak power out­
put is 7 kw. Input connections 
are made through flexible leads or 
solder lugs. Microwave Associates 
Inc ., Burlington, Mass. [ 407 ] 

shape and the plastic material in 
it. 

Tuning un it T-RW spans 2 to 75 
Ghz and plugs into model TR gen­
eral-purpose / antenna-pattern re­
ceiver. The first mixer is mounted 
externally for direct connection 
at the receiving antenna, at dis­
tances up to 100 ft from the re­
ceiver. Operat ing modes include 
a-m, f-m, c-w, and pulse. Price 
is $2,750. Polarad Electronic In­
struments, 34-02 Queens Blvd., 
Long Island City, N.Y. [ 404] 

A miniature microwave generator 
consists of a silicon ava lanching 
diode mounted in a radial mode 
cavity. The source is tunable over 
3% bandwidth in the 5- to 9- Ghz 
frequency range and can deliver up 
to 100 mw continous microwave 
power. The unit weighs le ss than 
i;, oz and has a volume of 0.06 
cu. in. Sperry Microwave Electron­
ics Co., Box 1828, Clearwater, 
Fla. [ 408 J 

A new antenna is small , light, and 
shaped like a sharpened pencil 
instead of having the traditional 
look of a trumpet horn. Developed 
by me, a division of the Control 
Data Corp. , the antenna is suitable 
for use at from 12 to 140 gigahertz. 
The company calls the device a 
polyrocl antenna b ecause of its 

TRc was trying to scale horn 
antenna feeds clown to millimeter­
wave size when its engineers con­
ceived the pointed rod approach. 
The problem was to design a four­
horn antenna feed for a tracking 
interferometer that worked at 94 

Spiked. Hig her antenna efficiency and 
lower sidelobes resulted when TRG sub­
stit uted spikeli ke polyrod ant ennas fo r 
horns in this 94-ghz scanning feed. 
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THE HULL STORY ••• 

ENCAPSULA T/ON 

BY TRANSFER MOLDING 

For components 
like these ... 

why do the world's 
leading manufacturers* 
depend on Hull 
packaged systems ? 
Here's why: 
RECOMMENDATIONS BASED UPO N 
OVER 500 INSTALLATIONS-Since 
1956, Hull has accumulated a wealth 
of encapsulation know-how to guide 
selection of the right production 
equipment. 

UNDIVIDED SYSTEM RESPONSIBILITY 
-The Hull "package" includes 
press, molds, loading frames, and 
auxiliary handling equipment . . . 
assuring smooth, economical fl ow of 
production parts. 

INTO PRODUCTION, FASTER, SURER 
-Hull can help steer system design 
for optimum encapsulation while 
product is at "bread-board" stage .. . 
minimizing lost motion and delays. 

LOW-COST, QUALITY PRODUCT AS­
SURED-Hull encapsulation systems 
offer a proven method for rapid, pre­
cise, and economical packaging of 
electronic components and circuits, 
large or small. 

FOR MORE OF THE HULL STORY on 
encapsulation by transfer molding, 
write for a copy of Bulletin P963. 
H ULL CORPORATION, 7034 Davis­
ville Road, Hatboro, Pa. 19040. 
Telephone : (215) 675-5000. Export: 
1505 Race St., Phila., Pa. 19102. 
•Texas Instruments, General E lectric, IB M, 
I\totorola, Philtvs. Fairchild Semiconductor, 
Siemens &. Hnlske--to name a few. 
Write tor ANTEC Paper T471 on future or 
thermoset molding. 

232 

H-36R 

Visit us at WESCON Booth 1813 
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Tip of the line. Taper of plastic rod 
decides beam shape of polyrod antenna. 

Gliz. But the traditional shape of 
a flared horn radiator performed 
inadequately because the bu lging 
horns couldn't be squeezed to­
gether tightly enough. At 94 Ghz, 
the thickness of the horns' walls 
was a la rge fraction of the wave­
length so the thickness of the walls 
forced the axes of the radiators 
too far apart. 

To tighten the radiator cluster 
the engineers started slimming the 
horn walls but eventually dropped 
horns completely for the rod an­
tenna. The slim shape raised feed 
efficiency and redu ced sidelobes. 

Plastic pencil. TRc builds the 
radiators by fillin g one end of a 
cylindrical waveguide with poly­
styrene plastic. Inside the wave­
guide , t11 e plastic is tapered to pro­
vide an impedance match. Beyond 
the end of the waveguide, the 
plastic is machined to the taper 
that achieves desired beamshape. 

At the time of the initial devel­
opment these advantages were by­
produ cts. Now THC feels the by­
products are good enough to b e 
the basis for a .commercial line of 
antennas. First in the line is model 
860 designed to work at 95 Ghz. 
Its h eamwidth is 20° ; maximum 
sidelobe level is - 16 db ; gain is 18 
to 19 db. 
TRG Inc., a division of Control -Data 
Corp., Boston [409] 

MATSUO 
H ighly Re liable Cqpac itors 

POLYESTER FILM 
CAPACITORS. 

for rull de tai ls . contact: 

MATSUO 
ELECTRIC CO.,LTD. 

J-chome, Sennon-cho. T oyonoko-shi,Osoko, Japan 

Cobl e Address " NCC MATSUO" OSAKA 
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Excellent facilities for upper level education are 
combined with a well -equipped plant to offer a 
scope-broadening potential to creative engineers 
and scientists at the Fort Worth Division of 
General Dynamics in research, development, 
design, test and evaluation . Graduate study in 
virtually every discipline is available through 
major institutions of higher learning located 
minutes away from work or home. You'll live in 
Fort Worth, where uncrowded freeways, a mild 

climate, and smog-free air make for easy living 
.. . and where lower living costs and a full range 

of recreational and cultural facilities add to 
career satisfaction . Call Collect-817-732-4811 , 

Extension 3551 ; or send a resume of your 
training and experience to Mr. J. B. Ellis, 

Industrial Relations Administrator-Engineering, 
General Dynamics, Fort Worth Division , P.O. Box 

748E, Fort Worth, Texas 76101. 
An equal opportunity employer . 

GENERAL DYNAMICS 
Fort Worth Division 

Electronics I August 7, 1967 233 



234 

H LT2L ~AYTHEO~ H LT2L ~AYTHEO~ H LT2L ~AYTH EO~ H LT2L ~AYTHEO~ 
r&vrHEO~ H l T2l ~AYTHEO~ H LT2L ~AYTHEO~ H l J2l (iAvTHEO~ H LT2L 
H l T2l ~AYTHEO~ H l T2l (iAvrHEO~ H l T2l (iAvTH EO~ H l T2l (iAvTHEO~ 
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GAYTHEO~ H LT2L riAYTHEO~ 50 MHz DUAL J-K FLIP-FLOP 

Now-Raytheon completes the line! 

See us at Wescon . Bootn Ii 4421 

Circle 234 on reader service cant 

Raytheon 's 50MHz Dual J-K Flip-Flops (RF120 
Separate Clock and RF130 Common Clock) 

are available for delivery now. 

As with all Raytheon MIL Spec IC's, our HL T2L 
line features --55° C to 125°C temperature range, 

true hermetic seals guaranteed to 5x1 o-s 
cc / sec Helium, and a complete battery 

of electrical and physical quality assuran.ce 
tests and inspections. 

Raytheon HL T2L evaluation samples and data 
sheets are ready for immediate delivery. 

Raytheon Company, Semiconductor Operation , 
350 Ellis Street, Mountain View, California 94040. 

(RAYTHEON) 
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New Semiconductor Review 

Subminiature si li con rectifiers have 
compact tubular construct ion and 
fl exible leads that fac il itate cir­
cuit mounting and provide high 
thermal conductivity. Length is l / 4 

in . and diameter is O. llS in. 
Vol tage rating s for the se ries 
8223 run from 1,000 to 6,000 v 
piv; current ranges from 200 to 
1,000 ma are standard. Edal In­
dustr ies Inc., 4 Short Beach Rd., 
East Haven, Conn . [436) 

-, 

Point- cont act diodes called Pi co ­
Min are designed as broadband 
mixers and detectors for series 
mount ing in stripline and coax 
circuits. They are housed in a 
rn ic rominiature glass case with 
axial wire or ribbon leads. Typical 
is the MA -4811 D S-band mixer 
t ype with a maximum noi se figure 
of S.S db at a test frequency of 
3,060 Mhz. Microwave Associates 
I nc., Burlington, Mass. [440 ) 

New semiconductors 

Radiation-resistan t silicon power 
transistors feature a continuous 
collector current of 20 amps. They 
withstand exposure levels of S x 
10 " NVT (total integrated neutron 
flux with energy levels greater 
than 10 KEV >. Power dissipation 
is SO w; collector - to -emitter volt­
age, 40 to 7S v; and gain band­
width product, 200 Mhz at 28 v 
and O.S amp . Bendix Corp., Holm­
del, N.J. [437) 

Si licon pnp transistors 2N49S7-9 
f eature maximum noise figure s of 
3 db and minimum power gains of 
17 db at 4SO Mhz in the common 
emitter configuration. At 1 Ghz, 
the 2N49S7 delivers a typica l 
common emitter power ga in of 13 
db at a t yp ica l noi se figu re of S 
db. Prices range from $13.SO each 
to S4 .SO in lots of 100 and up. 
Motorola Sem iconduc tor Products 
Inc. Box 9SS, Phoeni x, Ariz. (4411 

Catching up in optoelectronics 

Motorola starts a three-phase program 

to make photosensitive semiconductors 

High-i so lation switching diodes 
come in 2 types. M0-282S is a 
fast -switching type with a test 
frequency of 8 Ghz; insertion loss 
at 10 ma of 0.8S db max; and 
isolation at -10 v of lS db mini­
mum. M0-1126 is a p-i-n switch­
ing diode with 8-Ghz test fre­
quency and insertion loss at SO 
ma, 0.50 db max. Alpha Industries 
Inc ., 381 Elliot St. , Newton Up­
per Fal ls, Mass. [438) 

Si licon chopper transistors in 
TO-S cases have voltage capabi li­
ties from 100 to 160 v. The pnp 
devices, series SSS lOOl-14, offer 
high re liability and 2-v saturat ion 
vo ltage, and can be bought in 
matched pairs. Applications in­
clude modulators and servos, and 
telemetry and multiplexing cir­
cuits. Solitron Devices Inc ., 1177 
Blue Heron Blvd ., Riviera Beach, 
Fla. [442 ) 

has to ignore a segment of the 
market until it becomes too big to 
pass up any longer. 

Four se ries of silicon power rec­
tifiers are for use in powe r 
supplies, converters, and motor 
controls. The control led -avalanche 
process eliminates matching while 
insuring reli ability and conform­
ance to MIL specs. Maximum cur ­
rent ratings are from 18 through 
60 amps; max prv, SO through 
1,000 v. Pri ces st art at $1.09. 
Slater Electri c Inc., 4S Sea Cl iff 
Ave., Glen Cove, N.Y . [ 439) 

Single-phase bridge rectifier model 
S-896 is made from a supercon­
ductive se lenium material. Life ex­
pectancy is over 100,000 hours 
when operated at full load at 
3S • C. The plastic-cased unit is 
rated at 60 ma and 230 v rms. 
It measures 3 18 x 2S / 32 x l / 2 in. 
high, exclusive of terminals. Pri ce 
is 82 cents each in 100-unit lots . 
Sarkes Tarzi an Inc ., 41S N. Col ­
lege Ave., Bloomington, Ind . [443) 

lo the semiconductor industry, 
where the technology alread~ · en­
compasses an awesome variety of 
products , even the bigges t com­
panies ican 't introduce lines of every 
kind of product as quickly as they 
would like. Sometimes a producer 

That's what :\fotorola Semicon­
du ctor Products In c., which al­
ready makes 80% of all kinds of 
semiconductor products, h as clone 

Tiny. Photodetector measures 
only 0 .06 in. in diameter. 
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The naked 
truth! 

Now for the first time ever! The un­
expurgated Redcar/Module's com­
plete 10-channel multiplexer facts are 
laid bare! A lascivious thrill will run 
down your s pine when you learn of its 
voluptuous 100 kc throughput rate! Its 
luscious 5 fJSec settling time! Your 
blood will thunder through your veins, 
your mind reel, at the wildly exciting 
possibility of eliminating multiplexer 

Complete magnetic material inventory . .. 
permanent magnets, high permeability , 
shielding and core materials. Fu ll fabrica­
tion facilities . Skilled engineering staff. 24-
hour del ivery. All at every Permag plant. 

PERMAG PACIFIC CORP. 
5441WEST104th ST ., LOS ANGELES, CALIFORNIA 90045 
Telephone Area Code 213 • 776·5656 or 670-7060 

PERMAG CENTRAL CORP. 
530 1 D ono AVE ., ROSE MONT, DES PLAI NES, ILL. 60018 
Telephone Area Code 312 • 678·1120 

PERMAG NORTHEAST CORP. 
50 THAYER ROAD, WAL THAM , MASSACHUSETTS 02154 
Telephone Area Code 617 • 484-0550 

PERMAG CORP. 
88·06 VANWYCK EXPRESSWAY, JAMAICA, N. Y. 11418 
Telephone Area Code 212 • 657 ·1818 
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modulations and offset! All th is and 
more are yours in a bold new cjata 
sheet, "Sex & Specs & our Mult i­
plex" , available to all red-blooded 
engineers at no cost! Engineers under 
18 must have a note from mommy. 

RED C 0 R 7800 DEERING AVENUE 
CANOGA PARK. 
CALIFORNIA 91304 

(213) 348-5892 • TWX 910-494-1228 
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WOW FLUTTER 
METER 

A sol id state sensitive and compact 
instrument for rapid and accurate de ­
termination of wow and flutter in 
sound recorders and reproduce rs. 

SPECIFICATIONS: 
Ce nter Freq uency··· · ·········· 3kc and l kc 
lnpu\ .. ..................... ........ . 3omv to 3 V 
Wow Flutter Range ...... 0 . 3 . I, 3% f.s .d . 
Weighting Characteris t ics · · ······ ··· · ······· 

as per JIS C555 1 specs . 
Wow: 0 .5 to 6c/ s 
Flu tter : 6 to 250c/ s 

Ca l ib. Osc.···· ......... ...... .. ... 3kc and I ke 

Circle 510 on reader service card 

. .. Motorola has to play 

catch up with other makers . •• 

so far about Optoelectronics. But 
this month, the company will 
widen its fi eld of operation with 
its first optoelectronic devices: two 
photosensitive semiconductors. One 
is a photo detector (type MRD200), 
the other a phototransistor (type 
:MRD300). 

Catching up. Motorola is play­
ing catch up in this area, and just 
how much catching up :\ilotorola 
has to do can be seen by the per­
forman ce of new products being 
introdu ced by others who have 
hcen in the fi eld longer [see page 
2:1S]. The two products are de­
signPcl primarily for such industrial 
and commercial applications as 
punched-card or tape readers, 
lighting controls, and counters. 

Because the new detector is only 
0.06 inch in diameter, it can be 
mounted in a dense arrangement 
of devices, the kind of pattern 
needed in high-speed tape and card 
readers and rotating shaft encod­
ers. Its output is linear over the 
dynamic range, so it can be u sed, 
for example, to read the sound 
track of a motion picture. It has 
a collector-emitter radiation sensi­
tivity of 0.5 milliamperes per milli­
watt per square centimeter. 

:-.1aximum h1rn-on/ turn-off time 
is 6.5 microseconds, allowing far 
faster reading than would h e pos­
sible with mechanical contacts. 
Finally, cross-talk is minimizPd by 
a 20° fi eld of view. 

Higher sensitivity. The new tran-

Phototransistor. With low 
leakage, it can work with lasers. 
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now ... consistent quality in 
metalized components 
through use of DIAMONITE 
HIGH ALUMINA CERAMICS 

Consistent results in metalizing by moly and other standard 
processes is just one of the reasons more and more engineers 
are designing Oiamonite into their electronic and electrical 
products. Uniform quality of your processing results makes 
Diamonite especially desirab le for ceramic-to-metal assem­
blies. High strength bonds suitable for dependable vacuum 
tight seals are readily accomplished by commonly-used met­
alizing and brazing techniques. 

Oiamonite combines this metalizing quality with high mechan­
ical strength, outstanding resistance to electrical and ther­
mal shock, resistance to corrosion and abrasion. Use it to 
upgrade existing components and for new product appli­
cations. 

Write for Aid In Design Catalog ... 
and ask for ou r "off-the-shelf" 

and "to-specificat ions " prototype service. 

PRODUCTS MANUFACTURING COMPANY 
SHREVE, OHIO 44676 

Div. of U. S. Ceramic Tile Co . 

Assembly shown throu gh cour tesy of Diamonite Customer 
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Learn 
''Ho,,r To Use'' 
Zener and 
Referenee 
Diodes 
In Your 
Cireuits 

I 

J 
llUlllUtll ! ~--"'~-"""'"" f ., --~- ,,: 

• • • ll'it/1. t/1iN 
i11.1J11.s t1•t1-
tf.ce Ill i111 ed 

. Now - for the electrical circuit designer 
who wants a single-source reference manual 
- the 4th applications-oriented edition of 
t he Motorola Zener Diode Handbook! Full 
of useful , practical, " how-to-do-it" informa­
tion like: 

• Protective Circuits & Techniques 
• Voltage Sensing Circuits & Applications 
• Basic Voltage Regulation Using Zeners 
• Reliability Considerations for the 

Designer 
• Special Regulation Devices 
• Understanding Zener Diode 

Characteristics 
... and much more from the recognized 
industry authority. 

For your personal copy, contact your 
franchised Motorola distributor or fill out 
and mail the coupon! Price $2.00. 

/J{Ja/. /,,1e"e '°"d m e ___ cop ies of 
- / [f!__-:.- Motorola's new Zener Diode H and-
~ book @ $2.00 each 

NAME _ ____________ _ 

TITLE _____________ ~ 

COMPANY ___________ _ 

ADDRESS ___________ _ 

CITY _____________ ~ 

STATE ________ ZIP ___ _ 

M a il with check (payable to Motorola Inc.) to : 
Motorola Semiconductor Products Inc., 

Box 955, Phoenix, Arizona 85001. 

lfl MOTOROLA Semiconduc~ors 
tltitJ - wkw tk p!U°edeM ~11edie,,tL ~ caM,/ 
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• How ... 
from the leading 
log amp specialists 

Kew, 
low cost 

high performance 
log amplifiers 

• WIDE DYNAMIC RANGE. is fea· 
tured in the new LEL log amplifier 
(ITL·5) which provides log video out· 
put proportional to log input over a 
70 dB input range from -60 to 
+ 10 dBm. The output is a positive 
pulse of 25 mV/ dB into a 1000 ohm 
load. 

• MATCHED PAIRS may be ordered 
with video amplitude matched. to 
1 dB. 

• STANDARD OFF·THE·S HELF 
MODELS are available with either 30 
or 60 MHz IF (CF) and either 4 or 8 
MHz bandwidth at each frequency. 
All models offer -+-2 dB max. log 
accuracy. Source impedance is 50 
ohms; power required: -20 VDC @ 
90 mA; Connectors: BNC. 

• PRICE $325.00 

238 Circle 238 on reader service card 

sis tor has a higher sensitivity than 
the detector: 1.6 ma/ mw I sq cm. 
It responds to modulation well 
above the audio spech·um, so it 
could be used to transfer informa­
tion from laser light sources. 

Because its leakage is low, the 
MRD300 transistor can be used in 
direct-coupled circuitry at low sig­
nal levels. Packaged in a T0-18 
can with external connections for 
additional control, the new unit 
has rise and fall times as fast as 
those of the detector's. 

Both of the new devices operate 
from power supplies of 1 to 50 
volts. Each costs $6.75 apiece if 
bought in quantities of 500 units. 

Long-range plans. Now that \lo­
torola has broken the ice 'vvith its 
first optoelectronic devices, the 
company has put together a three­
stage plan to broaden its penetra­
tion. The total 1967 market for 
light-sensitive semiconductor de­
vices was estimated at $23.5 mil­
lion in Electronics' annual market 
report [Jan. 9, p. 125). 

To complete the first phase. the 
company will add a p-i-n diode, a 
photosensitive field effect tran­
sistor, and a photosensitive switch 
with characteristics like those of a 
silicon controlled rectifier. 

Main objective of the second 
phase will be to add li~ht emitters. 
That means a line of gallium-arsen­
ide phosphide devices radiating 
from visible to near infrared. 

In the fin al phase, the compo­
nents developed earlier will be com­
bined into more complex devices, 
such as photo choppers. 

Motorola Semiconductor Products Inc., 
Box 955, Phoenix. Ariz. [444] 

New semiconductors 

Package doubles 
as photo-device lens 

Photo detector can pick up 

as much as 75% of the light 

40° from its center line 

Many more engineers could use 
phototransistors if the field of view 
of most devices wasn't so narrow. 
A narrow view makes for tight to!-

Radar 
Equipment 
Design 
Engineers 
The Hughes Radar & Space Elec­
tronics Laboratories have impor­
tant opportunities available for. 
experienced Engineers. 

System oriented 
Engineers, Physicists and Analysts 
are required for the conceptual de­
sign of advanced radar, laser and 
telecommunication systems. De­
sirable background would include a 
broad knowledge of the state of the 
electronic art and specific experi­
ence in sensors, signal processing 
and communication theory. 

Openings are available on nearly all 
levels-from those with a minimum 
of two years of applicable, profes­
sional experience through those 
who are interested in and qualified 
for senior supervisory positions. 

Accredited degree and U.S. citizen­
ship required. 

For immediate consideration, please 
airmail your resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 52, California 

r------------------, 
I I 

: HUGHES : 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer - M & F 
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SOLID CARBIDE CIRCUIT BOARD DRILLS AND ROUTERS 
DESIGNED FOR PRECISION DRILLING AND 
ROUTING OF ALL CIRCUIT BOARD LAMINATES 

:;; 

A precision solid car­
bide circuit board drill 
designed with a Ya" uni­
form shank for simpli­
fied chucking. Tapered 
webs for maximum 
strength. In wire gauge, 
fractional and metric 
diameters. 

The original solid carbide 
circuit board drill design with 
tapered web guaranteed to 
produce precision bur-free 
holes, as the CBU above, in 
single or stacked board oper­
ations where flute lengths per­
mit. In wire gauge, fractional 
and metric diameters. 

A diamond cut design solid car­
bide profile-router for plunge or 
outside profiling. The cross-hatch 
flute principle of this diamond­
cut design provides many positive 
overlapping cutting edges to in­
sure clean, sharp profiling with · 
absolutely no delamination. In 
fractional size range. 

Super circuit board drills and routers are guaranteed exact locating or repositioning in N/C or conventiona l 
to perform efficiently in all circuit board laminates. equipment. Literature No. EL -67-1 available a t distri ­
Tolerances and concentricity are minimal to permit butors and branches or directly from : 

SUPER TOOL COMPANY SINCE 1927 

A DIVISION OF UNIVERSAL * AMERICAN CORPORATION 

• 
Charlotte 

525 Enterprise Dr. 
Charlotte, North Carolina 28206 

The Gentle Connector 
Reduces rejects, repairs & 

salvage .. . protects Qual ity 

E-Z-Min i- Hook X-l 00 

Easy To Use 
Hold between the thumb and two 
f ingers, (like a hypo-dermic needle). 
Press on " Q" Ball with Thumb 
until hook is exposed. Relea se 
pressure, to close. 

Hard-To-Get-To Places 
Makes connections in places never 
before possible. 

--- If 
if•!:onnecl1on1 m 1 114 .. 0 .0. f•tcl e 

'2,,1 ~"'~ 
Not A Short in The Dozen 

ELK RAPIDS, MICHIGAN 49629 PHONE (616) 264-8151 
• 

Chicago 
5428 N. Milwaukee Ave . 
Chir.•~o . Illino is 60630 

• 
Detroit 

Suite 508, Professional Bldg . 
Eastland Center. Detroit, Mich . 48236 

• 
New York 

350 Hudson St . 
New York. New York 10014 

• Los Angeles 
5908 E. Washington Blvd. 
Los Angeles. California 90022 
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E-Z-HOOK 
® Pat. Na. 2702892 

TEST AND PRODUCTION CONNECTORS 
• CUPS • ADAPTERS • TEST LEADS • PROBES 

Designed for Your Pleasure and Profit 
Won't Short •• • Can't Pull Off 

.034~- ~-- ! .o5o-' .... _-.. f 
- - .078 .150 1

1 Automatic short protect ion . . . 
- - . 50 sp11ng keeps Nylon insulator over 

.093-• ,_ any unused clip metal ... Pro-

i
. ' .! v1des constant protection against 

accidental shorts. 

295-i <t ll'"""" ~ ~ 

_, .... -- .... 

' 

- -.150 

in size . .. Biggest 
in performance! 

(E-Z-Mini-HOOK) 

Miniature Clip 

No ho les to drill, 
or washers & nuts to place 

Harness Cable Board Clip 

CJ 

Used on: 
Cu stom PROBE. Tip, Clip & Sub. 

Harness Cable Board Clips 

Use E-Z-HOOK " Na il' Clips 

to improve quality, to reduce 

rejects and scrap, to increase 

production and profits . Wrile 

for the Reprint which tells 

how one Company est i maled 

saving over $20,000, annually 

by sw itch i ng to them. 

Catalogue In 
V.S.M.F . .. asca Satisfaction Guaranteed eem .. Radio Master 

Order E-Z-HOOKS from your Parts Distributor or direct from Factory 

Nrlon 

'"' 
"-" "' 

Easy To Use 
l:> COMfCI Pren on tut SHdtl'tooko.er 
li'l •te N1lon rnd po1ntunl1ll'looll tut poin t .and 
on Tut Point . . utrn10 o .. r 11,.. rt lu n ' 

Chassis Through Component 
Edge Holes Leads 

Connects Anywhere 
A new freedom of act ion 

in connecting 

"""'"''"' ',~"" "~' 
lol !)l~e.:i 

MofdcdN)lGn /80~' 
lnsui.111• -- si~;;~n 

- Sp<onc 

Durably Constructed 
Made of finest materials in an 
efficient hook design that provides 
good reliable performance. 
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COMPUTER TALK 
by W. Henry du Pont, President 

SCl-TEK 
COMPUTER CENTER, INC. 

ENGINEERING OR ACCOUNTING 
WHICH COMES FIRST? 

Does your computer still wear a 
green eyeshade and paper cuffs? 
Does it belong to the accounting 
department? Do your important en ­
gineers have to wait for free time 
after the payroll is run? Maybe 
you've thought of getting a com­
puter of your own for the exclusive 
use of the engineering department, 
or research and development group. 
If we ' ve hit home with these 
thoughts, let us at SCl-TEK help you 
solve your problem inexpensively. 

Give the engineers and scientists 
of your company one of the largest 
computers in the country to use as 
and when they need it . This com­
puter may be remote controlled 
from a desk in your engineering 
department. 

This problem solving capa bility of 
the SCl-TEK COMPUTER SYSTEM 
is the reason why more and more 
of the leading chemical, electronic 
and aerospace companies are turn ­
ing to SCl -TEK for the low cost fast 
solution to techni ca l work. How 
SGl -TEK can aid your engineering 
and techni ca l people is best ex­
plained in our brochure "SATEL­
LITE SERVICE " . To obtain a copy, 
contact: 

I 
240 

SCl-TEK 
COMPUTER CENTER, INC. 

1707 GILPIN AVENUE 

WILMINGTON , DELAWARE 19806 

Phone: (302) 652-3967 
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High gain. Two npn transistors 
are connected in a Darlington 
amplifier to increase the gain 
of the detector. Both are made 
by planar technology. 

eranees in other parts of the equip­
ment and raises the cost of manu­
facturing. 

Now from the General Electric 
Co. comes a new photodetector 
that has a wide angle of view. As 
frosting on the cake, the new de­
vice costs less than $2 in single 
quantities and as little as 68 cents 
a piece in quantities of a thousand 
or more. 

Because the curved side of the 
plastic package operates as a lens, 
as much as 75% of the illumin ation 
is detected as far as 40 degrees 
from the center of cu rvature­
against the 10 degrees most photo­
transistors are limited to [see page 
235]. In addition, the new device is 
relatively nondirection al. 

The new detector, labeled the 
Ll4B, is really two photo transis­
tors connected in a Darlington am­
plifier to increase the gain of the 
detector. Both are npn silicon tran­
sistors and are made by planar 
technology. 

Wide spectral range. The detec­
tor's sensitivity to varying wave­
lengths is very broad also. Although 
the spectral response is centered 
near 0.9 microns , the device has a 
relative response of 75% owr the 
range from 0.73 to 0.98 microns, so 
it can operate in light varying from 
infrared to unfiltered tungsten il­
lumination. 

Because it loosens mechanical 
tolerances on the equipment in 
which it's used, the wide-view 
photodetector will open some new 
applications for optoelectronics , 
such as replacing tiny switches in 
vending machines or detecting gas 
fumes. 

General Electric Co., Syracuse, N.Y. 
[445] 

MITSUMI UHF 
TV TUNER 

outrating international 
tuner standards! 

Far outrating the FCC and VOE specifications, 
which are widely prevailing in the World as tele­
communication standards, the MITSUMI UHF 
tuner only radiates spurious signals less than 
33 .5 dB below the reference field strength. 
Material , plating. soldering. as well as the pro­
prietorial circuit design are the technical a­
chievements by MITSUMI based on a long-term 
fundamental research . 
By virtue of high compactness. light-weight, 
outstanding durability and overall use of silicon 
transistors . the M !TSU MI TV -tuner has made 
possible of minimum frequency drift due to 
temperature variation . And also, the MITSUMI 
TV-tuner is made available to tube -type TV sets. 

Model UHF TV tuner 
Specifications UK-A32 for American channel 
-G~a-in_(_d-B)---~--- 10 min . 

Noise figure (dB) 14 max . 

~l'°'m~a"-,ge~r~a~tio~(C'od"'B i-) ---l-----=3-=-0_m~in .. ___ _ 
_J_F rejection (dB) 60 min . 

Temperature Stability . 

frequency stability ~kc at 25 - 65° C 
Voltage stability : 

t. 100kc at 11 V 1 1V 
_Q_uter dimensions (mm) 51 ' 62 .5 • 24.5 

UHF TV tuner :i~I pee U-ES1 28 for European channel 
ain (dB) 10 min. -
oise figure (dB) --N 16 max . 

mage ratio (d B) 35 min . --
F rejection (dB) 55 min . 

Temperature stabi lity : -
requency stability 800kc at 20 · 30° c 

Voltage stability : 
' 400k c at 11V · 1.1V 

uter dimensions (mm) 46 .5 50 19 

MAIN PRODUCTS 
• Polyethylene variable ca pacitors • IF Transformers 
• Micromotors • Synchronous motors • Front -end FM 
tuners • UHF & VHF TV tuners • CdS photoconductive 
cells • Trimming potentiometers • Various types of coils 
• Va rious types of sockets • Tri mmer capacitors 
• Va riou s types of terminals • Fuse holders 

lflMITSUMI 
MITSUMI ELECTRIC COMPANY. LIMITED 
1056 Koadachi . Komae ·machi . Tokyo. 415·621! 
302. Cheong Hing Bldg . 72 Natha n Road, 
Kowloon . Hong Kong. 666·925 
Marienstrasse 12. Dusseldorf . W. Germany. 
MITSUMI ELECTRONICS CORPORATION 
JI Broadway. New York 4, N.Y. 10004. HA5·3085 
333 N. Michiga n Avenue, Chicago, Ill. 60601 
263·6007 
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New Production Equipment Review 

The 6X6 M coordinate measuring 
machine has a 6-in. travel in both 
X and Y axes. It offers fast, re­
liab le inspection of comp lex com­
ponents used in !C' s and related 
assemb lies. Base and ways are 
made of Escondido black granite 
for stab ility and the desirable 
mass. Both coordinate movements 
are floated on air bearings. DoAll 
Co. , 254 N. Laurel Ave. , Des 
Plaines, Ill. [ 421] 

l 

A bu i lding-block tooling system is 
suited for drilling !C's and printed 
circuits. Metal removal is a me­
chanical function ; however, the 
system features optional automatic 
electronic and fluidi c i:ontrols. 
Holes less than 0.001-in. diameter 
can be drilled on a production 
basis· and simultaneous drilling 
of many hol es per sq in . is possi­
ble . National Jet Co. , 10 Cupler 
Drive, Cumber land, Md. [425] 

Toroida l coi l winder T0-125C ac­
commodates interchangeable shut­
tle heads and core holding and 
rotat ing fi xtu res, permitting fast 
changes in set-up. It produces 
fini shed coils from 0.028 in. i-d 
to over 5 in. o-d in wires from 
No . 16 to 50 Awg . It has vari able 
winding speed controls and a 
2-knob core position ing syst em. 
Leesona Corp., 131 West St., 
Danbury, Conn. [ 422 ] 

Model 1180A is an automatic 
belt-type fracturer for semicon­
ducto r wafers that works equally 
well on thick-film sc ribed sub­
strates. In the wafe r- fracturing 
process the wa fers are batch 
spray coated on the reverse side 
with a quick, air-d rying emulsion 
that holds the die together after 
fracturing. Price is $390. Mech­
anization Associates, Mounta in 
View Calif. [426] 

New production equipment 

Dynamically testing linear IC's 

Modular plug -in instrument can also make 

d-c and digital measurements 

A reflow solder sys tem is offered 
for attaching fl atpacks to p-c 
boards, t hi n-film and simple a-c 
we lding. Its so li d state-circuit 
power supp ly features positive 
phase firing contro l, enabling pre­
cise se lect ion of amp litude and 
duration . Bond-to-bond repeat­
ability is featured, regardless of 
size or composition of pads and 
leads. Unitek Corp., 950 Royal 
Oaks Dr , Monrovia, Calif. [ 423] 

Ultrason ic twins is a dual-tank, 
stainless-stee l consolette that 
cleans and rinses ul trason ica ll y. 
I t can be flu sh mounted on 
benches. A selector switch permits 
alternate tank ope ration, saving 
draining and refilling time. Each 
tank is powered by 200 or 300 w 
at 40 khz from self-conta ined 
generators and measures 14 x 
10 x 9 'h in . Dynasonics Corp., 
Box 672, Pipestone, Minn. [427J 

Air-operated pliers model CP -42 
can cut cleanly and quickly 
through so ldered, 0.062 - in .-dia­
meter coppe r wire. An adjus table 
jaw design prolongs jaw life, re­
duces down-time, and adapts jaw 
opening for the type of material 
being cut. The feather-touch 
throttle permits thousands of cu t s 
with minimum effort . Chicago 
Pneumatic Tool Co. , 6 E. 44th 
St. , New York 10017. [424] 

Thickness of evaporat ed and other 
thin-film deposits is measured and 
recorded by the Talyst ep. Step 
heights are electronically recorded 
at 8 magnifications from 5,000 X 
to 1,000,000 X. A variable stylus 
pressure of 0 to 30 milligrams 
prevents damage to so ft de­
posits . Stylus tips are 0.0001 , 
0.0005, and 0 .003 in. Engis 
Equipment Co. , 8035 Austin Ave., 
Morton Grove, Ill. [428] 

• 
The swift and sudden growth of 
th e market for linear integrated cir­
ouit (uc's) [Elech·onics, July 10, 
p . 125] has left a gap in the instru­
mentation field . And Texas Instru­
men ts Incorporated has moved 
quickly to fill it. The company's 

Hou ston-based Apparatus division, 
alerted to the deficiency by its 
s ister division in Dallas, which 
makes linear 1c's, is introdu cing a 
rnodu lar plug-in unit that dyn ami­
cally tes ts linear re's, replacing the 
has tily modified equipment that 

Dynamic design . Model 553 operat es 
on punched ta pe input so it is 
independent of other program sources. 
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LESS THAN 
18C 
PER CIRCUIT 
The new Daven ''X'' switch has 
been life tested for 50,000 cycles 
of rotational life with no failure 
carrying a .500 amp load at 
12s· c. 

The 10 deck, 1 pole, 12 position 
per deck model shown, sells for 
only $21.45 or $ .17875 per cir· 
cuit in 100 pc quantities. 

We build switches like no one else can! 

DAVEN . 
DIVISION OF THOMAS A. EDISON INDUSTRIES 
GRENIER FIELD , MANCHESTER , N. H. 03103 
( 603 ) 6.69-0940 • TWX 603-623-4938 

242 Circle 242 on reader service card 

... tester is adaptable 

to digital circuits too ... 

many company's have been forced 
to throw together to tes t the new 
devices. 

Digital, too. To be sure, the TI 

unit isn 't limited to linear circuits ; 
it's adaptable to digital devices and 
can take d-c and dynamic measure­
ments at repetition rates of up to 
50 megahertz. The unit, the model 
553, is digitally programed and can 
test all multilead devices. be they 
1c's, discrete component, thin-film 
modules, or printed circuit boards . 

As many as 10 cl-c inputs and 
two pulse inputs can be connected 
to any point, and measurements 
can be made to any point. 

The model 553 has 20 leads: 16 
are dynamic and d-c, four are d-c 
only. Each dynamic lead can func­
tion as either an input or an output 
point. And since each point in the 
test station has a unique address , 
more than one condition cnn lw 
programed to any lead. 

The 553 will sell for between 
$135,000 to $200,000, dependin g 
upon optional equipment. 

The fun ctional parts of the tes ter 
are an adapter board, a switchin g 
unit, and a performance board. 
Tes t sockets are mounted on the 
adapter board as connections for 
the d-c and dynamic leads. The 
switching units consist of program ­
able coaxial reed relays that con­
nect the inputs , loads, and probes 
to the test sockets. The device un-

D-c tester. Model 668 administers d-c 
tests to integrated circuits, can also 
check out printed circuit cards. 

SENIOR 
PROJECT 

ENGINEERS 
John Fluke Company, manu­
facturer of precision test and 
measurement instruments, has 
career openings for experi­
enced individuals. 

Digital 
Instrument Design 

Assume responsibility for the 
design and the development 
of digital voltage and current 
measurement and calibration 
instruments . Responsibility 
includes conducting feasibility 
studies, designing or directing 
the design of instruments and 
providing technical support to 
manufacturing. 

Component 
Evaluation 

Work closely with instrument 
design groups and semicon­
ductor manufacturers to es­
tablish critical parameters for 
discrete components and IC's. 
Obtain, evaluate, and recom­
mend devices on the basis of 
corporate need, cost and reli­
ability. 

These positions require a BS 
or MS in EE or Physics, plus 
several years closely related 
experience. Excellent benefits. 

Please send resume to Ron 
Elarth, Professional Placement 
Director, Fluke, P. 0. Box 
7 428, Seattle, Washington 
98133 or contact our repre­
sentatives at Booths 3209 to 
3211 during WESCON. 

IFLUKEI 
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A status symbol? 
No! a logical tool used by people who va lue time, their time. 
The electronic desk caluculator, Compet -30, was designed to 
be a work tool -speedy, accurate, efficient, not a show piece. 
That it is lightweight. easy-to-carry and good design was 
fall-out. It does add status to a desk, but that's not its prime 
purpose. 
Additional new features (to an otherwi se already good look­
ing tool) are two little lights. The yellow one is the " memory 
register"- wh ich sto res intermediate answers for continuing 
calculation and saves a lot of time. 
The red one prevents (or tries to) human errors such as 
overflow. It makes real status: a perfect, no mistake human! 
For looks and efficiency Compet-30B on your desk frees 
you for time at the club or long, long lunches. 
And that's statu s! 

•Noiseless * Instantaneous * Easy to operate and maintain * lmpos .. 
s ible to double set key s • Fractio n round-off key • Decimal, plus, 
minus automa ti ca lly disp layed • 14 digit display• M emory Register 

~SHARP 
HAYAKAWA ELECTRIC CO., LT-0. o" ' ' · Japan 

U .S. Su bsidiary: SHARP ELECT-R-ONICS CORP. l78 Commerce Road Carlstadt , New Jersey 

Circle 311 on reader service card 

TOTALLY ENCLOSED 
ROTARY SWITCHES. 
TEMPERATURE to 125°C. 
MULTI-POLE. ao: 36; 
45; 60° and 90° ANGLE 
of THROW. 100,000 
OPERATIONS. 

Select Materials: Typical Specifications: 
• Explosion Proof • Contacts: Silver Alloy, 

Silver Plated Brass, Gold 
Plated when needed 

• Contact Resistance l 0 
Milliohms 

• Terminals: Silver Alloy or 
Brass-Plated with Gold, 
Silver or Lead-Tin 

• Make or Break \l.i Amp. 
to 15 Amps., 

• Molded Parts: Thermoset­
ting Plastic to MIL-M-14 

• Detent Spring: Tinned 
Music Wire 

• All other Metal Parts: 
Stainless Steel or Cad­
mium Plated Brass 

115 V AC Resistive 

• l to 6 Poles per Deck 
• 2 to 12 Positions 

per Pole 
• l to 12 Decks 

Send for 
Engineering Catalog 

6304 

"PIONEERS IN MINIATURIZATION" 
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New, Tunable (Lock-in) 

Coherent Amplifier 

MODEL300-A 

For Measurement of 
Ultra-Low Level Signals 
in the Presence of Noise 

• Continuously tunable from 1.5 
Hz -200 kHz 

• Variable Q from broadband to 
25 

• 160 db gain (100 nV - full scale) 

• 0.1 uV equivalent noise voltage 

• Plug-in preamplifiers 

• Reference channel drives co-
axial switch or chopper directly 

Applications: 
The Model 300-A Coherent Ampli­
fier is useful for detection of ef­
fects of biological stimuli, photo­
metric measurements at low S/ N 
ratios, conversion of a commu­
n i cations receiver to sensitive 
radiometer, magnetic field effect 
studies, cross-correlation mea­
surements, and general amplifi­
cation and measurement of low 
level signals in the presence of 
noise. 

Write for data on the Model 300-A 
Price $1795 (including basic pre­
amp) 

Also available are: Fixed Fre­
quency Coherent Amplifiers, Co­
axial Switches, Radiometric Re­
ceivers, and Klystron Frequency 
Sta bi I izers. 

- Teltronics, Inc. 
Subsidiary of Roanwell Corporation 

P.O. Box 466, Nashua, New Hampshire 03060 
603-889-6694 

244 Circle 244 on reader service card 

.. . desk-top version 

for go, no-go tests ... 

cler tes t is mounted directly onto 
the p erformance board, minimizing 
the length of the leads between 
tes ter and circuit. 

I. Stable, adaptable 

Since the 5.53 is digitally con­
trollccl , accuracy is inherent. The 
unit's built-in clocks operate at in­
crements of 10 nanoseconds and 
have a jitter of ± 20 picoseconds. 
This accuracy makes the in stru­
lllent ideal for true differential 
rneasuremen ts in time. 

The 553 is an adaptable tes t s ta­
tion . \Vith little or no modifications , 
such things as environmental 
charnhers for temperature and hu­
lllidity tes ts can he added. 

Cousin. For the user who doesn't 
need the clvnarn ic capabilities fea­
tmccl by the 553, TI is offerin g a 
cou sin , the 668-a desk-top instru­
lllcnt that offers a go, no-go unit 
for cl-c tes ts. It can test both chips 
and encapsulated device .~. Priced 
at $33,000, the 668 offers multi­
plexing accessories so it can be 
used with several probe station s. 

To achieve tes t Aexibility, TT de­
signed the 668 with five voltage 
supplies, one current supply, and 
two load resistors, all of which are 
directly programahlc. 

11. Modifications 

Although the 668 is a go, no-go 

Using tape. In this configuration, 
a magnetic tape unit programs 
model 553 test station. , · 

Murata's remarkable new ceramic 
filter Model SF-10.?MA give you 
more selectivity for their size 
than any conventional 1-F filter . 
They are fixed tuned and need 
no alignment - are non-magnetic 
and non-microphonic. There is no 
mechanical coupling but wholly 
electrical. 
By the application of trapped 
energy theory about vibration 
mode to piezoelectric ceramics, 
Murata has succeeded to make 
this new high frequency ceramic 
filter that anyone could not suc­
ceed. 
Improve your next FM radio de­
sign with the new ceramic filter 
Model SF-10.?MA. 
Request today for the late:5t tech­
nical bulletin Cat. 765-E for com­
plete spec. and selectivity curve. 

MURATA 
MANUFACTURING CO., LTD. 

Nagaoka, Kyoto, Japan 
Phone : 075-92-1121 

Cable Address : MURATAKYOTO 
Telex: 5422-31 ?KYO 

IN THE UNITED STATES 
MURATA CORP. OF AMERICA 
160 Broadway, New York, N.Y. 10038 

Phone: (212) 686- 2510 
Telex: MURAT A421690 

See us at WESCON Booth 5006 
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Will the "real" 
Magnetic Shield 

please stand up! 
Define "real" this way: 
1) Not significantly affected by dropping, shock or vibration. 
2) Never needs periodic re-annealing ... no maintenance prob­
lems, no downtime. 
3) Minimal retentivity. 
Such " real" performance is delivered only by shields with the 
Yellow Netic Co-Netic label ... fabricated by MSD Shielding 
Specialists . That 's why Netic & Co-Netic shields are the ac­
cepted world standard for industrial , military and commercial 
applications. 

Available fabricated to your specs or in Sheet Stock for your fabrication . 
Delivery 3-4 weeks. Request Short Form Catalog No. 67 . 

Circle 313 on reader serv ice card 

yes, 
UUTV Cameras work best 

-

with COSMICAR®LENSFiS 
Superior cameras deserve superior lenses. COSMICAR's proven precision performance 
is the combined result of advanced optical engineering and exquisite workmanship. 

Now widely used, COSMICAR LENSES come in 23 models f_or focal lengths ranging from 
12.5 mm to 500 mm , and in 3 zoom models including a remote control zoom. 

Your CCTV camera and COSMICAR LENSES will make an unbeatable team . For tech­
nical data and other particulars, please write. 
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568, Shimoochiai, 2-chome, Shinjuku -ku, Tkoyo 
CABLE ADDRESS: "MOVI EKI NO TOKYO" 
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Microsonics 
State of the Art 
Design in Filters 

Oscillators 
and 

Delay Lines 

Broad Bandwidth 
Delay Lines 

Bulletin 4300 -----"""::"..,...., 

Send for literature . 

~MICROSONICS, INC. g 60 Winter Street 
Weymouth, Mass. 02188 
Tel: 617 337-4200 

A subsidiary of th e Sangamo Electric Company 

246 Circle 24 6 on reader service card 

... programing is easy, 

takes less than 5 minutes ... 

instrument, it is fairl y adaptable. 
For example, the user can select 
any of nine "fail" categories and 
any of three " pass" categories; 
hence, the user can modify this 
program for military requirements 
or less stringent industrial requ ire­
ments. 

Like the .553, the 668 can be tape­
programed to run a series of tes ts; 
either a Friden or a Dura type­
\\Titer can be used to prepare the 
tape. Program words are gated to 
the addressed functions by flip ­
flop registers and stored until 
changed. And for visual verification 
of the state of each flip-Bop regis­
ter. or memory, a display is pro­
vided. 

Both the 5.53 and the 668 were 
de,·eloped originally for in-housf' 
use by TI, but are being offered 
commercially to other producers . 

Both tes ters use a human lan­
guage program-a variable word­
length system with logic des igned 
for unlimited number of words. 
Each word has an individual ad­
dress for each instruction. Program­
ming time is less than 5 minutes 
per test and conversion from writ­
ten program to perforated tape is 
done on any typewriter with eight­
bit tape punch facilities. 

Texas Instruments Incorporated, Ap­
paratus div i~ ion, Houston. [429) 

Fixture. Also available as an accessory 
is a special fixt ure for integrated 
circuits that can work with Model 668. 

Lockheeds 
electronics 

• engineers 
have a lot 
of fingers 

in the ... 

It figures. The scope of pro­
duction, development and 
study programs now under 
way at Lockheed-California 
range from "A" ( ASW) . .. ta 
"V" (V/STOL); with many 
stops in between, such as 
Military Rotary Wing Aircraft; 
Commercial Aircraft; Fighter/ 
Bombers and Hypersonic Air­
craft. They all have one thing 
in common: sophisticated 
electronic systems ... and you 
can help to provide them. 

The variety of projects at 
Lockheed have created open­
ings far Electronics Engineers 
in the areas of Sensors; Data 
Processing; Navigation; Com­
munications; Armament and 
Electrical Installation. 0 If 
you're an electronics engineer 
equally at home with a for­
mula or an idea ... look into 
Lookheed-California . Send 
your resume to Mr. E. W. Des 
Lauriers, Professional Place­
ment Manager, Department 
J 5 0 8, 2404 North Holly­
wood Way, Burbank, Califor­
nia 91503. Lockheed is an 
equal opp ortunity employer. 

LOCl<HEED­
CALIFORNIA 
COMPANY 
A group d1vis1on of 
Lockheed A ircraft Corporation 
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all under 
one roof: 

Tukin memory systems are totally Tukiu 

from start to finish. At Tukin we handle 
everything concerned with the memory 
systems we make. That's why we 
guarantee top quality: the Tukiu quality 
you expect. We not only save time by 
doing it all ourselves, we save you money 
by cutting costs. 

Tukin is the largest manufacturer of 
memory cores, planes and stacks in Japan. 
(We make more 20-mil-and-under cores 
than anyone else here.) Tokio uses its 
famous ferrite cores fo r the very latest in 
2!1.! D memory systems: you get improved 
performance, lower cost potential in larger 
memory sizes. 

Write: 

i t.mm'I 
Tohoku Metal Industries, Ltd. 

4, 7-chome, Ginza -Higashi, Chuo -ku, Tokyo, Japan 
Telephone: Tokyo 542 -6171 Cable Address: TOHOKU METAL TOKYO 

Circle 314 on reader service card 

New ... 
3 instruments 

in 1 
DIGITAL VOLTMETER 
ELECTRONIC COUNTER 
ANALOG INTEGRATOR 

for $950 

versa/meter Model OM 5000 
TM 

1. Five operating modes : (1) 
0 .1 % DC digi tal voltmeter ; 
(2) ana log in tegration; (3) 
rate and frequency measure­
ment ; (4) period and interval 
measurement; and (5) elec-
tronic counter. 

2. Four-digit buffered display : 
with automatic polarity , 100 

1,V reso lution , no flicker , over­
range and mode indications. 

3. DC voltages in five ranges : 
:.:: .1000 V, ...!... 1.000 V, • 10.00 
V, ::': 100.0 V, and -• 1000. V; 
ca librated over-range to 40%. 

4. Integration : five full scale 
ranges-1 , 10, 100, 1000, and 
10,000 CPM/ vol t. 

5. Rate and frequency: four 
full scale ranges-10 , 100 , 
1000, and 10,000 kHz. 

6 . Period: four full sca l e 
ranges-99.99 ms, 999.9 ms, 
9.999 sec., and 99 .99 sec. 

7. Counter: from O to greater 
than 250 kHz with 1 count in 
104 resolution. 

Other features : no adapters 
or plug-ins required ... 10 
megohm fl oating inpu t. 

Write today for free Bulletin 701 -B. 

11 TECHNOLOGY /VERSATRONICS, INC. 
A SUBSIDIARY OF TECHNOLOGY INCORPORATED 

506 S. HIGH ST. , YELLOW SPRINGS , OHIO 45387 
TELEPHONE 513 / 767 -7365 
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New FETs, UJTs and 
SCRs from TI to optimize 

your circuit designs 
Improve your products, create new 
designs with these "firsts" from 
Texas Instruments: • six new fam i­
lies of FETs • six unijunctions • 
four low-cost SC Rs. 

Most of these de,·ices are avail­
able in the exclus ive SILECTT" 
package with T0-18 pin-circle lead 
configuration. SILECT transistors 
are backed up by more than 
10,000,000 hours of testing. A pre-
1 i mi nary report concludes tha t 
SILECT transistors are capable of 
meeting military specificat ions and 
are as reliable as metal can devices 
tested under the same cond itions. 

Circle 281 for Reliability Report. 

New low-cost, high-voltage 
FET replaces vacuum tubes 

The new TIXS78 silicon n-channel 
FET offers a 300-volt minimum 
breakdown voltage, making it a one­
for-o ne replacement for vacuum 
tubes in such applications as high­
voltage switching and large-signal 
amplification. 

The new FET is priced for com­
puter, industrial, communications 
and entertainment usage. 

Circle 282 for data sheet. 

New tetrode FET 
features industry's 
highest transconductance to 
capacitance ratio 

The TTXS80 is a high-frequency 
meta l-ca n tetrode FET that has a 
minimum transconductance of 5,000 

1.mhos with a maximum reverse 
transfer capacitance of 0.8 pF. 
A second gate s implifies biasing, 
AGC. and osc illato1· injection cir­
cuitry. The TIXS80 is designed for 
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mixer and automatic gain-control 
applications. 

In rf amplifiers, it provides high , 
stable gain at frequencies of 30 
to 300 MHz without neutralizing. 

Circle 283 for data sheet. 

Industry's first 
plastic-encapsulated MOS FET 

The TIXS67 is a 
p-channel si li con 
enhancement-mode 
field-effect transis­
tor. It is the first 
such device to be 

encapsulated in plastic. 
The unit features high transcon­

ductance (3500 to 6500 11.mhos), low 
feedback capacitance (4 pF), and 
the lowest leakage characteri stic to 
be found in a plastic-encapsulated 
device ( 50 pA ) . These character­
istics ma ke it suitable for switch­
ing and high-input-impedance am­
plifier applications from de through 
medium-frequencies. 

Circle 284 for data sheet. 

New economy matched-pair FETs 

Here is a low-cost matched-pair 
FET assembly for analog computers, 
comparators, and differential ampli­
fiers. The n-channel TIS68 pair, 
s imilar to the 2N381!), is matched 
for gate- leakage current and gate­
source voltage. In~s and transcon­
ductance are matched within 5% . 
Minimum transcondu c tan ce is 
1000 µmhos, maximum input capac­
itance is 8 pF, and reverse-transfe1· 
capacitance is 4 pF max imum. 

A metal clip is furnished for 
banding devices together. 

Circle 285 for data sheet. 

Matched dual FETs have high 
common-mode rejection capability 
This is the first dual FET having 
matched output admittances as well 
as matched transconductances for 
improved common-mode rej-ection 
capability. Designated 2N5045, this 
T0-18 type metal-can dual is ideal 
for general-purpose differential 
amplifier applications. Output ad­
mittance differential is within 1 
µmho; transconductance and loss 
are matched within 5% . The 
2N5045 is priced below comparable 
pairs which are matched to a 
lesser degree. 

Circle 286 for data sheet. 

Nine new FET switches feature 
lowest on-resistance 

Here are indu stry's first low on­
re s is tance switching FETs. The 
TIS73-75 series is offered in the 
SILECT package, while a meta l­
case T0-18 se ri es is designated 
2N..J856-61. 

Low on-resistance (25 to 60 ohms 
max. ) and extremely low leakage 
(0.25 and 2.0 nA max. ), make these 
devices unusually versatile. 

Circle 287 for data sheet. 

New planar lJJTs 
offer optimized cha racteristics 
for specific applications 

The 2N4892-94 series of planar 
s ilicon UJTs in SILECT packages 
and the 2N..J947-49 family of metal­
case equivalents are the first such 
devices on the market which are 
characterized for specific applica­
tions. They are designed for use as 
long-time-delays, SCR triggers, or 
high-frequency relaxation oscillators. 

Leakage is typically 0.1 nA ... 

one-thousand times lower than com­
parable alloy types . Other advan­
tages are low base-emitter satura­
tion voltage and high pulse-output 
voltage. 

Circle 288 for data sheet. 

Smallest, lowest-cost SCR 

Tl's new TIC44-47 SCRs are priced 
only one-third as much as the metal­
can equivalents. They are also the 
smallest SCRs avai lable. The series 
is rated for 600 mA continuous de 
current at 30, 60, 100 and 200 volts. 
A maximum gate-triggering cur­
rent of 200 µ,A provides high 
turn-on gain. 

Applications include motor speed 
controls, ignition system s, light 
flashers, light dimmers and a-c 
phase control systems. 

Circle 289 for data sheet. 
Call your nearest TI sales repre­

sentatives or authorized distributor 
for more information. If 
you prefer, write us at ~

0 

P. 0. Box 5012, Dallas, 
Texas 75222. · 

TEXAS INSTRUMENTS 
IN CORPORATED 
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Where in 
the world 

... but Kansas 

Aptly, and fondly, called "Rock City," this is 
another Kansas surprise. Here over 200 large 
eroded sandstone concretions stand as a curi­
ous geological formation in the north-central 
part of the state - near Minneapolis, Kansas. 
Let us tell you more about Kansas and send 
your free recording of "Where In the World But 
Kansas." Fill out, and mail us the coupon on 
this page. 

FLIGHT TEST: Design airborne instrumentation. 
Test and analysis related to production or pro­
totype aircraft systems. 

OPERATIONS ANALYSIS: Develop conceptual 
missions for future military aircraft. Use ad­
vanced mathematical techniques and cost effec­
tiveness methodology to define aircraft sys­
tems which satisfy the mission and cost re­
quirements. 

STRUCTURAL DESIGN: Design of major airframe 
structural components and perform preliminary 
stress analysis. 

STRESS ANALYSIS: Research of load-paths and 
strength characteristics of aircraft structure. 
Perform strength checks and formal stress 
analysis. 

STRUCTURAL DYNAMICS: Perform analysis of 
complex structure vibration, aeroelastic and 
design loads. 

LIAISON-STRUCTURAL I MECHANICAL: Resolve 
engineering problems during product fabrica· 
tion and represent Engineering on the Material 
Review Board. Perform design or re-design as 
required. 

AVIONICS: Analysis and development of electro· 
optical sensor systems, long range airborne 
communications, forward looking infrared sys· 
terns, ELINT /DF systems, radar, navigation/ 
guidance systems. Integration design and instal · 
lation of aircraft electrical/ electronic equip· 
ment. 

ANTENNA SYSTEMS: Perform design, perform­
ance evaluation and analysis of antennas, 
radomes and RF transmission systems, utilizing 
both digital computer and laboratory test evalua· 
tions. 

MECHANICAL SYSTEMS: Design and develop· 
ment of air systems, engine systems or equip­
ment systems. 

HYDRAULICS: Perform analysis and design of 
aircraft hydraulic systems, including hydraul ic 
pumps, motors, actuators and other system 
components. 

CONTROL DYNAMICS: Perform servo control 
analysis; involves analog and digital computer 
application in development of automatic flight 
controls. Analysis techniques include both clas­
sical and modern control theory. 

FLIGHT CONTROL SYSTEMS: Establish design 
criteria and specifications for automatic flight 
control systems, subsystems and components; 
establish systems configurations and coordinate 
procurement and testing phases. 

SCIENTIFIC COMPUTING SYSTEMS: Programming 
engineering applications (structural analysis, 
digital simulation, fluid dynamics, propulsion 
systems analysis) with emphasis on the inte­
grated system approach. Use of geometric 
mathematical models is also involved. 

Inquiries are also invited in other areas of Tech· 
nical Competence. Salaries are competitively 
commensurate with experience and educational 
background. Travel and moving allowances are 
paid to newly hired personnel. Boeing is an equal 
opportunity employer and complies with the pro· 
visions of the Civil Rights Act of 1964. 

TELEPHONE COLLECT 
Area Code 316, MUrray 7·2239 

Monday through Friday 
8:00 AM to 4:30 PM, CDT 

Details of a ca reer with Boeing in your specific 

area of engineering interest will be promptly 
provided. 

FREE RECORD OFFER: 
45 RPM recording of "Where In The World Bu t 
Kam;as" by composer Bill Post and Chorus. Mail 
coupon below. 

... E==D::X-, 
I ~~eing Professional Employm ent Office I 
I Wichita, Kansas 67210 

Name _________ _ __ _ 

I Address I 
City ____________ _ 

I ~tate Zip I L.; ____ ;.m 
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Even the biggest IC order you give us 
is 1nade in small pedigreed batches. 

Mistakrs don 't grt far at S~'lvania. By making 
!Cs in sn111 1l batch es and logg ing th eir perform­
an ce on eharts that follo,,- th em through eYery 
step of production , we spot trends and make cor­
r ec tion s ea rly. Yon gd rr li ::i bl e TCs, on time. 

To assure r r liability , wndors ' mater ial s must 
pass strin gr nt t rs ts. Parts made within Sylvania 
must p::iss th r same trs ts. 

For r eliability, proC'rss in g ::ircas ar c designed 
to eliminate ronta111ination. Ce ilings, fl oors and 

furnishing-s are impr rvious to dirt . Temperature, 
humidit~' and air arc precisely-controlled . 

\Ve 'v <' vi rtnall~- Pl iminat <'d clam age to chip 
substrat rs, meta 11 iza t ions and bond \\·ires " ·ith 
mr(· hanizPcl lrnndlin g· cquipmr nt. And to make 
<:r rtain ll"r achirvc r r li::ibility , e\·r ry I C must sur­
viYc 100% trst ing in 12 steps during production. 
And 100% trsting ag·ain at the n ry end. 

S~·lvani a Semiconcludor Division , El ectronic 
Components Gronp. \Yob urn , l\Tass. 01801. 

SYINANIA 
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New Books 

Potent blend 

Handbook of Engineering Sciences 
Ed ited by James H. Potte r, 
D. Van Nostrand Inc. , 1,347 pp., $37.50 

This weighty volume is commend­
able for its recognition of the broad 
range of ac tivities of modern en­
gineers and the need for informa­
tion organized in novel ways for 
application to interdisciplinary 
problems. 

The book covers mathematics, 
classical physics, modern physics, 
chemistry, graphics , statistics, 
theory of experiments , and me­
chanics. 

A second volume, scheduled to 
appear later this year, is expected 
to deal with the applied sciences, 
and, assuming that the same high 
quality of presentation is main­
tained, the set should provide a 
good working reference for the en­
gineer who needs to know a mod­
erate amount about a lot of things. 

As with all anthologies , there are 
problems. Sixty-eight authors con­
tribute to a wide variation in depth 
of treatment from one subject to 
anoth er, and to mu ch duplication 
in content. But some of the dupli­
cation is helpful. 

F or example, the reader can find 
at least five different introductions 
to <Jnantum mechanics , dependin g 
on whether he is interested in 
fundam entals of quantum theory, 
quantum electronics, quantum me­
chanics (in the chemistry section), 
early quantum theory (under struc­
tu re of matter), or quantum elec­
trodynamics (under optics). 

The editor has done an effective 
job in logically organizing each 
sec tion. Extensive references are 
included for each subject. The level 
of the material is approximately 
that of fir st-year graduate students 
specializing in specific fi elds , and 
the book should be useful to the 
advanced engineer. 

' Vhile many b asic topics are cov­
ered , some are slighted. For ex­
ample, only seven pages are allo­
cated to semiconductors-largely 
mathematical. On the other hand, 
sec tion s relating to materials' prop­
erties , instrumental analysis , or­
ganic and inorganic chemistry, op­
tics, and acoustics are much more 
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comprehensive and styled to pro­
vide background for engineers 
whose main body of experience is 
not in these fields. 

The section on mathematics is 
reasonably complete in that the 
basic equations and terms are given 
for basic calculus, as well as sum­
maries of complex variables, Boo­
lean algebra, vector analysis , ma­
trices, and tensors . 

C.G. Thornton 
Microelec tronics Division 
Philco-Ford Corp. 
Blue Bell, Pa. 

Through the gate 

MOS FET in Circuit Design 
Robert H. Crawford 
McGraw-Hill Book Co ., 136 pp., $10.00 

A bright future is predicted for the 
metal oxide semiconductor field ef­
fec t transistor even though the de­
vice novv performs far below expec­
tations (present switching speeds 
are nearly 100 times below theoreti­
cal limits ). The author, using his 
exoerience at Texas Instruments In­
co~porated, provides valuable prac­
tical and theoretical data for the 
MOS FET circuit designer. He covers 
the subject comprehensively, using 
abundant and well-executed illus­
trations. Unlike other volumes in 
this series by TI authors , each chap­
ter is supplemented with usefu l and 
pertinent references . 

At the outset, Crawford gives a 
concise summary of operation prin­
ciples and applications, and a pre­
diction of the economic future of 
the MOS FET. This material is a good 
introduction for the engineer desir­
ing only a basic knowledge of MOS 
FET's. The theory in this chapter is 
elementary, covering only basic 
definitions and operations of the 
device; at the end of the section 
the author recommends how and 
where the lvIOS FET can be most ef­
fec tively used. 

The author explains the details of 
three aspects of the MOS FET: theory 
of operation in chapter 2, empiri­
cal verification of equations in 
chap ter 3; and analysis of transient 
response of the device in chapter 4. 

The chapter on theory of opera­
tion covers the subject well, with 

qualitative and quantitative anal­
yses and a summary of MOS equa­
tions. Crawford deserves credit for 
giving the reader a complete ex­
planation of the notations that he 
uses throughout the book. 

Theoretical equations are em­
pirically verified in the section on 
:Mos FET characteristics . The square­
law relationship, transconductance, 
saturated and triode region opera­
tion , and mobility are covered and 
a device model is developed . 

The final chapter discusses analog 
applications of the MOS FET, various 
types of MOS circuits, and MOS-bi­
polar combinations. 

Edward Keonjian 
Grumman Aircraft Engineering 
Corp. 
Bethpage, N.Y. 

Recently published 

Medical Electronic Laboratory Equipment 
(1967-68) Edited by G.W.A. Dummer and J. 
Mackenzie Robertson , Pergamon Press Inc., 
1305 pp. , $30 

The vo lume, w hi c h incorporates inform ati on 
from Britain, America, Europe, a nd Japan, 
provides da ta s h eets on a comprehensive 
range of electronic and nucleonic equipm ent 
for use in laboratories concerned with all 
branch es of medica l researc h . 

Elem ents of Energy Conve rsion, Charles R. 
Russell , Pergamon Press Inc., 496 pp., $9 

Written at the undergraduate leve l, the book 
presents information in terms of fun damental 
thermodynamics on energy convers ion and 
energy storage. Combustion, electroc hemica l 
processes, and direct co nversion are dis­
cussed. 

Th eory and Appli ca tions of Active Devices, 
H erbert L. Kra uss, Herbert J. Reich, John G. 
Skalnik, Van Nostrand Co., 739 pp., $12.75 

Active c ircuit e lements are treated in a m a n ­
ner that applies t o al l active devices. T he 
book is intended for a n undergraduate , three­
semester course in electronics, and , as such, 
mathematical proofs have been replaced by 
prob lem so lving. 

Methods of Signal and System Analysis, 
George R. Cooper, and Clare D . McGillem, 
Holt, Rinehart & Winston Inc. , 432 pp. , $11.95 

The text is a mathematical analysis of sys­
t em s rather than c ircuits. A fter a basic dis­
cussion of systems, convo lution is introduced . 
Thi s is followed by a discussion of Fourier 
and Laplace transforms and ra ndom sig n a l 
probability fu nctions. 

Electronic Designer's Handbook, T.K. Hem­
ingway, Business Publications Ltd., Dis­
tributed in U.S. by TAB Books, 296 pp., $8.95 

Providing a ref erence on transistor c ircui t 
design, the book analyzes speci fi c ci rc u its 
so that the reader can a ppl y them to hi s own 
designs . Ch apter s on linear-sweep a nd con ­
stant-curren t circuits provide in f ormation not 
norm al ly found in books of thi s type. 
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THE NEWEST DEVELOPMENTS 

WESCON 
SHOW 

If you can't make the show, but have a prob­
lem in electrical protection, our staff of fuse 
engineers is at your service to help you solve it. 
In any event, be sure to get latest information 
BEFORE final design is crystallized. 

Write for BUSS 
Bulletin SFB. 

QUICK-ACHNG 
FUSES 

''Quick-Acting" fuses for protection of 
sensitive instruments or delicate appara· 
tus;-or normal acting fuses for protec· 
tion where circuit is not subject to current 
transients or surges. 

BUSSMANN MFG.DIVISION , McGraw-Ediso11 Co., ST. LOUIS, MO. 63107 

Circle 315 on reader service card 

: BUSSMANN MFG. DIVISION, McGraw·Edison Co., St. Louis, Mo. 63107 

Circle 315 on reader service C'llrd 

BUSS: The Complete Line of Fuses and ... 

Call your TRIAD 
distributor for all 
your transformer 
requirements ... 

256 Circle 256 on reader service card 

Watch him go into action. 
Fast, dependable delivery. Ready technical assistance. 
Largest stock- over 1700 items off-the-shelf. 
Complete customer capability. Most reliable transformers 
you can buy. That's the kind of action you'll get from your local 
TRIAD distributor. Contact him for all your transformer, 
inductor and filter problems. TRIAD Distributor Division, 
305 North Briant St., Huntington, Indiana. 

T Triad Distributor Division 
~ 01 uuon Industries rn 
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Technical Abstracts 

Study and Store 

Learning control of valve actuators in 
direct digital control systems 
Murray Garden 
Leeds and North ru p Co. 
North Wales, Pa. 

The nonlinear characteristics of 
electric drive units used as valve 
actuators make it difficult to appl}' 
conventional analog feedback con­
trol. A more practical technique is 
a direct digital control system 
that learns the actuator's char­
acteristics, stores them, and then 
sends signals based on this data 
back to the actuator. This proce­
dure, learning control, allows con­
tinuous adaptation to the nonlinear 
characteristics of the valve actua­
tors. 

Learning control offers two ma­
jor advantages over conventional 
feedback methods. First, the sys­
tem cos ts less because less stable 

devices can be used since their 
characteristics are continuously be­
ing recorded. Second, the system 
has better reliability, since auto­
matic adaptation to changing con­
ditions allows for drastic sys tem 
simplification. Moreover, continu­
ous checking of the actuators can 
pinpoint deteriorating components 
earlier. 

The valve actuator is an induc­
tion motor geared down to operate 
a valve at low speed. The unit is 
positioned by applying power for 
a given amount of time. The travel 
of the unit, measured in percent of 
fu l1 scale, is a highly nonlinear 
function of the number of cycles 
of applied a-c power. The unit's 
characteristics , however, can be di­
vided into two fairly linear regions , 
and a separate learning algorithm 
can be applied to each region. 

The direct digital control sys­
tem operates by sequentially scan­
ning the variables-flow rate, pres­
sures-and converting the outputs 
to digital form for input to the com­
puter. The digital input is proc-

essed according to a control al­
gorithm, and the result is a number 
represen ting the new valve position 
or the required position change, 
depending on the particular algo­
rithm used . These signals are then 
transmitted sequentially back to 
the valve actuators. 

Presented at the Joint Automatic Control 
Conference, Philadelphia , June 28-30. 

Through thick and thin 

Communications via seismic waves 
employing 80-hz resonant seismic 
transducers 
K. lkrath and W. Schneider 
U.S. Army Electronics Com mand 
Fort Monmouth, N.J. 

Narrowband amplitude or phase­
rnodulatcd seismic signals can b e 
useful in communications where 
conventional radio and wire trans­
missions are not feasible , for ex­
ample, between points far b elow 
the earth's surface. Ranges of up to 
600 meters have been achieved 
through soft media like ice and 
water, and up to 2,000 meters 

. Fuseholders of Unquestioned High Quality 

FUSEHOLDERS 
for 
Panel mounted, in-the- line, 
lamp indicating, signal acti· 
vating, visual indicating­
with solderte rmina lso rquick· 
connect terminals-for fuses 
from~ x Ya inches and larger. 
The most complete line ot 
fuseholders to meet Com· 
mercial and Military specifi· 
cations. 

Write for BUSS 
Bulletin SFB. 

FUSES 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St.Louis, Mo. 63107 

Circle 315 on reader service card 

FOR USE ON : 

• Electronic Components 
at Missile Sites 

• Marine Equipment 
• Mobile Power Supply 

Units 
• Yard Lights 
• Military Field 

Applications 
• Communications 

Equipment 
• Any circuit operating 

in exposed locations. 

FOR PROTECTION OF CIRCUITS 
OF 600 VOL TS OR LESS 

Watertight construction; resis­
tance to damage by weather, wa­
ter, salt spray or corrosive fumes 
permit use of TRON fuseholders 
in exposed locations where safety 
and long life are of vital impor­
tance. 

TRON fuseholders are available 
to take two sizes of fuses, 1%2" x 
1.).1!" and 1%2" x 1%"; and take 
many sizes of solid or stranded 
wire. 

Write for BUSS Bulletin SFH-11 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 

Circle 315 on reader service card 257 



Cool 
Control 
Stabilize 
Calibrate 
More Precisely 
With EG&G 
Thermoelectric 
Modules 

If you ' re involved with components such 
as infra-red sensors, photomultiplier tubes, 
lasers, field -effect transistors, particle detec­
tors, klystrons, dew-point indicators, the 
calibration of ferrite memory cores, transis­
tors and thermistors, or the stabilization of 
oil baths, gyros, voltage standard cells and 
accelerometers, you'll be interested in 
EG&G's new thermoelectric modules. 

These modules have a high breakdown 
voltage, compactness, rapid response, high 
cooling capabilities, and versatile physical 
design. Single-stage modules can achieve 
65°C differentials from 27°C heat sink 
temperatures (85°C differentials from 100°C 
heat sink) and standard cascade units 
achieve 120°C differentials. 

The Series H and Series G modules provide 
an unloaded temperature differential of 
65°C at an electrical current of 9 amperes. 
Series H modules have a maximum loaded 
heat pump capacity of 3.9 watts, are If.I" 
thick and weigh 7 grams; Series G units 
have a heat pump capacity of 19.5 watts, 
are .210 ±.0005" thick and weigh 19 grams. 
Small single-stage modules are also avail­
able for direct attachment to a semiconduc­
tor chip inside a transistor case. For this 
purpose, modules with Y<I" x l/e" and %" x 
Y<I" cross-sections are available. 

For more information, write EG&G, Inc., 
16.6 Brookline Avenue, Boston, Mass. 02215. 
Phone: 617-267-9700. TWX: 617-262-9317. 

n ~~EGRG 1Nc. 
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through hard media-rock forma­
tions and the like. 

One of the most important limita­
tions on seismic tranmission, 
however, is signal distortion . In 
soft media, severe distortion is 
caused by multipath propagation 
in th e upper, lower-velocity layers 
of the earth , while in hard media, 
distortion is produced by acous ti­
cal reverberations in mine shafts 
and weathered rock zones. 

Th e seismic signal carrier fre­
quency was chosen as 80 h ertz. 
Above 100 hz, audio coupling from 
the transducer to the air becomes 
intolerable, while below 80 hz elec­
trical interference at power line fre­
quencies precludes readable tran s­
mission. Bandwidth is 3 to 5 hz. 
Design of efficient seismic signal 
transmitters depends on mechani­
cally matching the signal source to 
the propagation medium. A slotted 
steel tube, acting as a mechanical 
transmission line transformer, was 
conn ected at one end to the voice 
coil of an electrodynamic speaker 
svstem. The tube was mounted a t 
the other end on a ground piston 
that sends the signal into the earth . 
Th e tran sducers designed for trans­
mitting in soft media are limitc>d 
to a drive nower of under 10 watts , 
and are also usf'd for reception of 
tlw 80-hz signals. Transducers de­
signed for ~ transmitting in hard 
media have a drive power rating of 
200 watts. 

Presented at the IEEE International 
Conference on Communication, Minneapolis, 
June 12·14. 

laser links 

Application of lasers to tactical 
ground communications 
D. Smith, M. Lipton, D. Shed, 
R. Johnson 
U.S. Army Electronics Command 
Fort Monmouth, N.J. 

Lasers, in opening new techniques 
for military fi eld communications, 
promise not only to supplement 
conventional wideband methods 
but also to replace bulky, unreliable 
cables in line-of-sight applications. 
The high data rate abilities of the 
laser make it an especially usefu I 
link for tactical computers . But 
work is still needed to characterize 

High Quality 

Printed 
Circuit 
Boards! 

(UL A p p roved: E-3 8 255) 

Through the strictest quality control 
system, Tokyo Print have won the 
tu lie st confidence, as top printed 
circuit board manufacturers in the 
field . Indeed, all the manufacturing 
processes are so systematically in­
stalled and organized that all engineers 
can keep watch on every part and 
every process. 

For computer uae 

For TV use 

* For further pleme write to 

Tokyo Print Industrial Co., ltd. 
No. 782, Shimoishihara, Chofu.shi, Tokyo, 
Japan Tel. 0424(83) 5711 
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LOOKING FOR AN EDGEWISE METER? 

Try looking in here. 

Inside you'll find industry's widest selection of edgewise 
panel meters. Sizes from l 1/2" to 6". Stackable models. 
Horizontal or vertical. A multitude of options, including 
bi-level scales for parallax elimination, internal illumina­
tion, and ruggedized construction . 

For more complete details and specifications, write 
for Bulletin 391. 

~international i n strum ents i n c . 
Ciffj#)~ 8703 Marsh Hill Road Orange, Conn. 06~;:a 
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Kl KUSU I'S S" OS CI LLOSCOPE 

* NEW! 
' 

D MODEL 

555 
I 

DC---7M Hz _, 
20 mV /cm 
VERTICAL AXIS 
Deflect ion Sensitivi ty: 20mV­

IO V/cm 19 ranges! 
Frequency Response: DC: o-

7 MHz. w;1h;n -3dB. AC 2Hz-
7MHz. W.ith;n -3dB 

Input Impedance: l MQ 
HORIZONTAL AXIS 
Swoop Range ' il'S-15/cm 

Magn ifier: 5 times 
Trigger Ra nges : 20Hz-7MHz 
EXTERNAL AXIS 
Defleclion Sensitiv ity: 1 Vp-p/ cm 
frequenc y Response: 2Hz-

200KHz w ,1h;n -3dB 
CRT , 5UPIF or 5U P7 f 
0 1mens1ons : '205W X 295H X 450Dmm 
Net We;ght , 11 k? Approx. 

kikusui 
KIKUSUI ELECTRONICS CORP. 
3·1175. SHINMARUKO.HIGASHI. KAWASAKI-CITY, 

KANAGAWA-PREf .. JAPAN. 
CABLE ADDRESS " KIKUSUIDE" KAWASAKI. 
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NOW YOU 
SEE IT ... 

MELPAR 
LIGHT 
CHOPPER 
AS _OEPENDABLE AS 

o -ay & Night 

RELIABLE· DEPENDABLE · COMPACT 

When the need arises for LIGHT BEAM Modulation, 
Pulsing. Scanning. Sweeping and Control. consider the 
exclusive features and unlimited applications of ... 

MELPAR LIGHT CHOPPERS 

EXCLUSIVE FEATU RE S: 

I. SIZE 
2. JEWELED BEARINGS 
3. LOWER POWER IN PUT 
4. WI DE ANGLE OF EXCUR SION 
5. OPTICAL QUALITY 
6. HIGH REFLECTIVITY 

SPECIFICAT IONS: 

MIRROR EXCURSION : UP TO 20° 
MIRROR FINISH OPTICAL ALUMINIZED FRONT 

SURFACE MIRROR. 
MIRROR SIZE · APPROX. 1 Cm' 
FREQUENCY : TO 500HZ (S tandard) 
INPUT POWER : SINE WAVE. 11/ 2 VOLTS (typical ) 
POWER CONSUMPTION: 25 MILLIWATTS (typical ) 
SIZE: 129/ 32 X 115/ 32 X 0.8" 

For a solution to your particular requirements-get the full story from 
your Mel par representat ive. call or write. 

Attention : Product Marketing Department 

~WABCC 

MELPAR1Nc 
A Subsidiary of Westinghouse Air Brake Company 

7752 ARLINGTON BLVD . • FALLS CHURCH. VA. • (703) 534 -6000 
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MICROWAVE 
Oscillators And 

Amplifiers 

With the lMJ~DC° 
a~ M' ,C'iiQW"A • ...-. 

"Dynamic~ 
Disciplines" Approach 

CAPABILITIES 
• DC TO 10 GHZ 
• MICROWATTS TO 

MEGAWATTS 
Custom Design, Engineering, 
Manufacturing to Industrial, 
Commercial, Scientific and 
Government Requirements. 

HIGH POWER RF CW 
AND PULSE AMPLIFIERS 
AND SYSTEMS 

• LARGE STOCK VARIETY 
OF TRIODE AND TETRODE 
CA VITI ES (Covers 200 to 
6000 MHZ) 

• CW, PULSE OSCILLATORS 

• CW MULTIPLIERS 

• PULSE MODULATORS 

• SOLID STATE COMPONENTS 

• TEST EQUIPMENT 

• ACCESSORIES 

See Our Spread in 1967 Electron­
ics Buyers' Guide. Write for MCL 

Catalog. 
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the transmission media and fit the 
laser modulation and detector 
schemes to the media. 

Two experimental links were 
constructed. The first covered about 
300 yards using a helium-neon con­
tinuous gas laser with a 3-milliwatt 
output. An ex ternal electro-optic 
erystal amplitude-modulated the 
beam, and a collimator reduced 
its divergence. After passing 
through the 150-yard one-way path, 
the light was refl ected back to the 
source and detected by a photo­
diode. The second link was about 
500 yards long. Here a 7 -mw 
He-1\'e laser was used and the beam 
collimated with a Ques tar fi eld 
telescope. An optical filter and 
photomultiplier replaced the diode 
on the receiving end. 

The atmospheric path passed 
over rollin g woods, open fi elds, sub­
urban homes, and a stream and 
marsh area. The beam was initially 
aimed at a reference point and its 
excursions with time were plotted. 

The probability of bit error was 
also inves tigated, since it is of para­
mount importance in the transmis­
sion of digital information. The 
b eam was amplitude-modulated at 
a 250-kilobit rate on the 300-yard 
link. An electronic comparison was 
made between the transmitted and 
received signals, and the errors 
were counted as a fun ction of per­
ceFJt rnodu lation. For clear weather 
and light wind, the probability of 
bit error was less than 10-~ at 
4.5% modulation, but the modula­
tion level needed to maintain -the 
same probability of error increased 
as the weather became more in ­
clement. 

The probability of bit error was 
also determined for different atmos­
pheric length s. 

Prese nted at the IEEE Internationa l Confer­
ence on Communication, Minneapolis, J une 
12- 14 . 

Forecasting rfi 

A new approach to the prediction of 
component-generated noise 
John R. Gerry 
Raytheon Co. 
Wayland, Mass. 

A graphical technique may be used 
to accurately predict the levels of 
radio-frequency interference pro-

· -

Imaginative engineering. a 
proven record of reliability and 
dependability, plus a dedica­
tion to customer service have 
given T.E.C. an international 
reputation in the design and 
manufacture of miniature reg­
ulated DC to DC converters and 
associated sol id state products 
for aerospace, military and 
commercial systems. Now, for 
the first time in one easy0to­
use catalog ... the details, the 
specifications, the technical 
data and the prices, all pack­
aged for your convenience. For 
your copy, write or call ..• 

ml TRANSFORMER 
ELECTRONICS 

COMPANY 

I ll BOULDER INDUSTRIAL PARK 

l!i BOULDER , COLORADO 
TWX 910-940-3246 PHONE (303) 442·3837 

r;ml POWER SUPPLIES • INVERTERS Wi CONVERTERS • TRANSFORMERS 

See us at the Wescon Show, Booth #5109. 
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See us at WESCON , booth 1115-16 

IT'S NEW! 
New folder on Syn thane metal-clad laminates contains 

latest information on Synthane copper-clad grades, sizes, 
foils, trademark identification, typical and guaranteed 
property values, thin laminates and pre-preg materials. 
Write for your copy to Synthane Corporation, 36 
River Road, Oaks, Pa. 19456. 

· ~ 
Laminated Plastic Sheets. Rods. Tu bes and Fabricat ed Part s 
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Yet cost no more. That's because new Insultite® CP-150 
and Insultite SRT are polyolefins. Heat-shrinkable, irradiated 
polyolefins that provide protection at a polyvinyl price. 
New CP-150 insulates and encapsulates any subject. And is 
particularly ideal for commercial, automotive, appliance, 
and computer applications. From %4" to 2" I.D. In black. 
As for new SRT? This clear, tough, thin-wall polyolefin is 
perfect for components subject to shock and strain and where 
visual identification is important. From 3/Js" to 2" I.D. 
Write for free samples today. (Specify diameters, please.) 

• f.L!S!r':a~~~~~~e ~!!.,,~':!~S~~~t isoRPORATION 
Burlington, Mass. 01803, Area Code 617-272·2850 

£.C,C. heat sh rinkables are recognized under UL component fil e E39 l 00. 
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Highest-quality copper-clad laminates 
for multi-layer printed circuits 

Laminated plastics for multi-layer printed circuits 
have to be a ·special breed-very thin, made to exact­
ing tolerances, uniform, free of voids and pinholes, 
suitable for etching and all soldering operations. 

Synthane Thin Laminated grades G-10 and FR-4 
are highest-quality fabric epoxy laminates. All pro­
duced under exacting clean room conditions. Write 
for leaflet. Synthane Corporation 36 River Road, 
666-5011 (Area Code 215). 

~ 
Laminated Plastic Sheets. Rods Tu bes and Fabricated Part s 

Circle 261 on reader service card 26.1 



~~w~ 
High RF 
Voltage 

Quartz 
Trimmer 

Capacitor 
The new Johanson GQ 11115 
quartz trimmer capacitor permits a 
working voltage of 2500 VDC and 
2500v peak RF at 30 me with a 
dielectric strength of 7000 VDC. It 
bridges the application gap be­
tween the low power handling capa­
bilities of conventional piston trim­
mer capacitors and the extremely 
high power handling capabilities of 
vacuum capacitors. 

Tubular 
Electrodes 
• Low losses and low inductance 

at microwave frequencies. 
• Components can be attached to the 

capacitors utilizing shorter leads. 
• Higher voltages (RF) and higher Q 

are a result of the " gripping" action 
of bands on glass. 

Call or write for complete information. 

~ 
MANUFACTURING 

CORPORATION 
400 Rockaway Valley Road 

Boonton, N.J. 07005 • (201) 334-2676 
Electronic Accuracy Through Mechanical Prec ision 
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Technical Abstracts 

duced by many noise sources in a 
large electronic system. 

Because rfi is difficult to detect, 
many equipment designers neglect 
it when devising complex systems. 
However, today's integrated cir­
cuits permit such high packaging 
densities that rfi can no longer be 
ignored. 

The new approach consists of 
four separate steps: a determina­
tion of the potential noise sources, 
a cataloging of the differen t 
sources, a graphical prediction of 
the individual noise source spec­
trums, and a calculation of the 
composite effect. The technique is 
not limited by system complexity 
-it is equally applicable to one 
equipment cabinet, a subsystem of 
cabinets, an entire weapons sys­
tem, or even a continental defense 
network. In practice, however, the 
approach is most effective when 
predicting the noise produced by 
a group of equipment cabinets. 

In the first step, a ·cabinet is 
viewed as an array of elementary 
dipoles. While an array may ap­
pear complex, the cabinet usually 
contains only a few signal sources 
that contribute significantly to the 
noise spectrum being considered. 
It is even possible to combine 
many sources using superposition. 

The cataloging step groups the 
various sources into areas such as 
video, intermediate, or radio fre­
quency, and subdivisions like con­
tinuous or time gated. 

Once the sources are cataloged, 
the noise spectrum is predicted by 
a set of graphs of the radiation 
spectrum associated with each 
source. Little analytical effort is 
required to develop the graphs 
since they are derived from a set 
of reference charts for the fi eld 
around an elementary dipole. These 
graphs are plotted by reducing the 
dipole equations to an arrange­
ment of variables that yields the 
maximum value of the field for all 
points in space. 

The last step is to generate the 
composite result with a number 
of methods, ranging from a com­
plete prediction tabulation to a 
more complex spectral density plot. 

Presented at the 1967 Electromagnetic 
Compatibility Symposium, Washington, 
July 18-20. 

MICO 
NEW MODEL 885 

SEVEN RATIO 
WIDE·RANG~ ENGRAVER 

NO. 885 FOR LONG AND 
MUL Tl -LINE WORK 

AMERICAN 
MADE 

• A tim e.saver for large plate work. 
• Engraves 3" x 19" area in one set-up . 
• Seven pa ntograph ratios-from I :5: 1 to 6 : 1. 

• eeh'?.ic3e/f~,,3~~a:!~~~~~~naon:p~~rt1:r:ssemblie s for 

• HSS. COBALT and Solid Carbide Cutters. 
• Single and multi - lin e co py carriers for holdino. 

blanks s1.i 11 to 3•/2 " hioh . 
• Accommodates Mico standard accessories. 

8 t•nd ror bulletins and prirt•s 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridg e, Mass. 02138 
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ECCO REFLECTOR® 

RADAR TARGET 

NEW FOLDER 
Based on the Luneberg Lens, the Ecco 

Reflector is a wide-a ngle, constant cross 

section radar reflective device. Four-page 

folder in color describes monostatic, bi­

static, omni-azimuthal and omni-directional 

types. Send for FREE copy. 

Emerso n &Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 

NORTH BROOK, ILL 
Sales Offices 
in Principal Cities 

EMERSON & CUMING EUROPE N.V., Devel, Belslum 
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--Write 

Now you can per111a11en1/y 
mark wire or tubing di­
rectl y on the insulation .. . 
quickly ... economically­
right in your own plant! 

Cut costs and speed produc­
tion with the same machine 
that has consistently prov­
en so successful in the air­
craft / missile field. 
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ECONOMICAL Thin film ! 
Resistor -Module and Discrete Resistor Plate -ohm have 

been developed by SUSUMU 's unique thin-film techniques. The 
ideal resistor for your purposes ! 
HIGH RELIABILITY ond LOW NOISE CHARACTERISTICS from SUSUMU's 

e vaporation techniques. 

LE SS EXPENSI VE os corbon re sislor due to SUSUMU 's f ine engineering. 

ADVANTAGEOUS for you r printed circuit wiring. with hydencity assembl ing. 

EXC ELLENT T.C.R., opplicoble in ronge of . J 00 ppm/°C- + 100 ppmf'C. 

See us at booth 
No. 4912 -·----

Specialist in Vacuum Evaporation : 

\il@l{1lll Ill 1llfi i il !:l lti1! ! i 11 
HEAD OFFICE AHO EXPORT DEPT. 1 

6, S~anou<h, Chudoi), ShlmoQyo-lnl, Kyoto, Jopon 
Pholfe1 Kyoto 0751311) 4,59 Coble oddreu 1 SUSUMU KYOTO 
fACfORIES, KYOTO, HAGASHINO 

TELEX NO. 5422-3.59 
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Still using LC~? 
This might change 

your mind: 
~---- 1.55 -----+! 

Clevite's ceramic 
ladder filters deliver 80 db 

rejection in Ol cu. in.! 

120 
TL40D55A 

90 ... 
c 

"' 80 
"' c ... 
z 70 

53 KC 0 
;::: 

60 a: 
CO DB 

w 
"' ! 50 
a: 
w ,. 

40 c ... 
30 

20 

10 6 DB 43 KC --;,---:1,__-

360 400 440 480 520 560 
FREQUENCY kHr 

H ere's a fixed-tuned filter that o ffers m o re se lec t ivi t y 
for its size than any conventiona l i-f filter on the market! 
Clevite 's non-magnetic, non-microphonic, 17-disc ceramic 
ladder filter is ideal for i-f stages of high quality superheterodyne 
radio receivers used in airborne or ground AM and FM com­
munications equipment. Stop band rejection: 60 or 80 db. Center 
frequency tolerance : ± 1 kHz for 20 kHz B /W and below; 
± 2 kHz for 30 kHz B /W and above. Stability: within +0.2% 
for 5 years; within 0.2% from -40°C to +85°C. Impedance 
(in and out) 2500 ohms for 12 kHz bandwidth and below; 
1500 ohms for 13 kHz to 29 kHz B / W; 1200 ohms for 30 kHz 
bandwidth and above. 

Following models standard at 455 kHz (A) or 500 kHz (C) 
(custom models on special order): 

Model 8 / W Model B/ W 
Number M in. @ &db Mu. a &Odb Number M in. @ 6db Mu. @ 60d lt 

Tl-205 (A) 2 kHz 5 kHz TL-20 032 (A) 20 kHz 32 kHz 
TL-408 (A) 4 kHz 8 kHz TL-30045 (A) 30 kHz 45 kHz 
TL-6 011 (A) 6 kHz 11 kHz TL-40055 (A) 40 kHz 55 kHz 
TL-8 014 (A) 8 kHz 14 kHz TL-45065 (A) 45 kHz 65 kHz 
TL-10016 (A) 10 kHz 16 kHz TL-50075 (C) 50 kHz 75 kHz 
TL-16025 (A) 16 kHz 25 kHz 

PRICES: 1 - $52.50 ; 25 - $42.00 ea; 100 - $36.75 ea; 
500 - $31.50 ea; 2000 - $26.00 ea. 

(Prices subject to change without notice.) 

Send order or request for Bulletin 94017 to : Clevite Corporation, 
Piezoelectric Div .• 232 Forbes Rd., Bedford, Ohio 44014, U.S.A. 
Or: Brush Clevite Company, Limited, Southampton, England. 

CLEVITE 
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When It Comes To 
Stepper Motors 

·-'The Logical Step 
Is To 

The A.W. Haydon co. 
If you're concerned with driving coun• 

. ters for coded or visual read outs; posi· 
tioning synchros, pots or rotary devices; 
driving cams, actuators, tapes, drums, or 
charts, The A. W. Haydon Company's 
stepper m otors will do the job precisely, 
-0ften at surprisingly low cost. 

These versatile motors can be used for 
integrating, timing, data transfer, count 
-0r position memory, step-servo position· 
jng and for digital/analog conversion. 

A variety of models operating from 
simple pulse control circuits or electronic 
logic circuits are available - matched to 
your application parameters. These 
motors include miniature, high torque, 
general duty, MIL-Spec, industrial and 
commercial models. Some are unidirec· 
tional, others bidirectional; some can be 
-Operated as synchronous motors. In ad­
dition, an enormous number of gear com· 
binations are possible including ratios up 
to 400,000 to 1. 

If you have an application, the chances 
are we've got the stepper. Send for data. 

AWHco!~N~ 
232 NORTH ELM ST., WATERBURY, CONN. 06720 

Tel: 203-756-4481 TWX: 203-753-3179 
4060 INCE BLVD., CULVER CITY, CALIF. 90231 
Tel : 213-UPton 0-5461 TWX: 213-836-0444. 
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New Literature 

Glass capillaries. Specialty Glass Prod­
ucts Inc., 145 Terwood Rd., Willow 
Grove, Pa. A technical bulletin describes 
glass capillaries for thermocompres­
sion bonding, flame-off, wire feed, ink 
marking, and other IC production ap­
plications. 
Circle 446 on reader service card. 

Piezoresistive accelerometer. Endevco 
Corp., 801 S. Arroyo Parkway, Pasa ­
dena , Calif. Characteristics of a minia­
ture piezoresistive accelerometer are 
detailed in technical bulletin No. 174. 
[447] 

Low-pass filter. Dynamics Instrumenta­
tion Co., 583 Monterey Pass Road, 
Monterey Park, Calif. Bulletin PD63-
1261 gives complete specifications for 
the Model 6371 variable low-pass filter 
that provides both linear phase and 
Butterworth characteristics. [448] 

Photochopper modules. Clairex Elec­
tronics Inc., 1239 Broadway, New York 
10001. Two high-speed cadmium 
sulfide photochoppers are described in 
a four-page bulletin. [449] 

Pressure switches. Sigma-Netics Inc., 
100 Route 46, Mountain Lakes, N.J., 
announces a brochure and technical 
data folder on series 703 pressure 
switches. [ 450] 

Signal-processing devices. A/R -Anzac 
Electronics Co., Moody's Lane, Norwalk, 
Conn. A six-page short-form catalog 
covers a complete line of devices for 
processing r-f, i-f, and microwave 
signals. [451] 

Dvm techniques. Dana Laboratories 
Inc., 2401 Campus Drive, Irvine, Calif . 
92664, has available a technical paper 
entitled " Techniques Affecting the Ac­
curacy and Reliability of High-Perform­
ance Digital Voltmeter Measurements." 
[452] 

Instrumentation catalog. Natel Engi­
neering Co., 7129 Gerald Ave.. Van 
Nuys, Calif. 91406, has a six-page 
catalog on its complete line of signal ­
conditioning and transducer instru ­
mentation. [453] 

Thermocouples. Nanmac Corp., 140 
Crescent Rd ., Needham Heights. Mass. 
Catalog TB-167 covers a line of flexible ­
ribbon and intrinsic thermocoupl~s for 
surface temperatures. [454] 

Power supplies. Transformer Electronics 
Co., Boulder Industrial Park, Boulder, 
Colo. 80302, offers a catalog on minia­
ture regulated power supplies for aero­
space, r.1ilitary, and industrial systems. 
[ 455] 

Millivolt amplifiers. Quindar Electronics 
Inc., 60 Fadem Road, Springfield, N.J. 
Bulletin 121 contains photos, descrip­
tion , specifications, and ordering infor-

Circle 326 on reader service card 

Solve your production 
and service problems 
with alignment and spe­
cialty tools from GC! 
Designed and manufac­
tured to O.E.M . and 
Government spedfica­
tions from the finest 
m aterials available. GC 
t ools make production 
faster, more efficient . 
And whether you need 
one or a thousand, all 
are available from 
stock for immediate 
shipment, 

Write today on your 
Company letterhead for the 
big FREE GC Elec tronic 
Components Catalog -
FR-66-1 . .. it's your key 
to greater profits. 
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Ref low 
Solder 

1 Lead ••• 

••• or 8 Leads 

or 14 Leads 
at a time ... 

with 
Our equipment reflow solders 
D. I. L. 's, flatpacks, multiple lead 
components - up to 40 leads at a 
time - without damaging the p. c. 
board! What's your problem? 

EQUIPMENT 
b y WELLS ELECTRONICS, INC. 

01 S. Mai n S treet, South B end , I n d ian a, U . S . A . 
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Our little 
black book has 
over 100,000 
phone numbers. 

You never had a black book like it. Over 1,500 pages. 
And those phone numbers! More than 100,000 telling 

you who to call/ where to go, for the over 4,000 
different product categories listed and advertised 

in the yellow pages of the Electronics Buyers' Guide. 
There's never been a buyer's directory like it. The 

new '68 edition will be coming your way in October. 
Look for the book in the black box . EBG for '68 ... 

bigger, better and more useful than ever before. 

Electronics Buyers' Guide 
A McGraw-Hill Market Directed Publication, 
330 West 42nd Street, New York, N.Y. 10036 
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Isn't 
this 
the 
darndest 
cable 
you 
ever 
saw? 

It just goes to show you that Markel 
can make just about any cable you 
can dream up! We make not only a 
wide variety of standard construc­
tions, including all standard RG / U 
coaxia l cables, but also a tremen­
dous number of special constructions 
to customers' specifications. These 
may provide single, twisted pair or 
multiple conductors-bare copper or 
with tin, si lver or nicke l coatings; 
rnay combine insulations of Teflon*, 
si licone rubber, fiberglass and nylon; 
braided metal shields; fillers, liners 
and jackets of various materials. Just 
give us your specs . . . we ' ll make 
your cable. For free samples, write: 

L. FRANK MARKEL & SONS 
Norristown Pa.19404 • 215-272-8960 

INSULATING TUBINGS AND SLEEVINGS 
HIGH TEMPERATURE WIRE AND CABLE 

COAXIAL CABLES 
AND SPECIAL 

CONSTRUCTIONS 
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Needa 
customTCXO 
fast? 
For airborne or manpack com­
munications? For a computer 
clock, or a data handling system? 

call Varo. 

This 2.5-ounce TCXO has a 
half-inch maximum profile, zero 
warm-up time, stability to 3 x 
I 0- 1 over the temperature range, 
and produces any frequency 
from 10 KHz to 10 MHz. We'll 
adapt this TCXO to meet your 
specs. Or we'll build you one 
that does. 

Varo answers 
fast. 
Because our business is oscilla­
tors. Not oscillators and ovens 
and crystals and etc. But os­
cillators, period. Tell us what you 
need. We'll tell you how and 
when. Like we've done for GM, 
RCA, Hughes, Sylvania, and 
others. Try us for speed. 

Varo's WESCON address is 
Booth 4418-4419 

VARO 

TIME & FREQUENCY PRODUCTS 
402 GUTIERREZ STREET 
SANTA BARBARA, CALIF. 
TELEPHONE (B05) 963-2055 
TWX 805-4497200 
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New Literature 

mation on QMVA-10/QMVA-10-1 milli ­
volt amplifiers. [456] 

Test adapter. McKee Automation Corp., 
7315 Greenbush Ave., N. Hollywood, 
Calif. 91605. Bulletin TA-101R d is­
cusses a test adapter that provides low­
resistance connections from test points 
on p-c boards and computer backplanes 
to circuit analyzers. [457] 

Transfer molding press. Morris Enter­
prises Inc., 16799 Schoenborn St., Se­
pulveda, Calif. A catalog sheet de­
scribes a molding press design to 
replace the potting process in the en­
capsulation of components. [458] 

Vacuum products. Vacuum division , 
Varian Associates, 611 Hansen Way, 
Palo Alto, Calif. 94303, has published 
a 24-page condensed catalog outlining 
its range of high and ultrahigh vacuum 
products. [459] 

Traffic control system. Eagle Signal di­
vision , E.W. Bliss Co., 736 Federal St., 
Davenport, Iowa 52808. A four-page, 
four-color pamphlet covers the inte­
grated-circuit Moduvac system of traffic 
control. [ 460] 

Ferrite components. Western Micro­
wave Laboratories, 1045 Di Giulio Ave., 
Santa Clara , Calif. 95050, has available 
a pocket-sized calculator with instruc­
tion sheet to assist in specifying ferrite 
components . [461] 

Scan/recording system. General Elec­
tric Co., Schenectady, N.Y. 12305. 
Product data sheet A6650G covers the 
lnframike scan/recording system, a 
moisture-gauging system for web pro­
file application at the dry end of a pa ­
per machine. [462] 

Electrolytic capacitors. Cornell-Dubilier 
Electronics division, Federal Pacific 
Electronic Co ., 50 Paris St., Newark, 
N.J. A 32-page cross reference includes 
all electrolytic capacitors used in color 
chassis from 32 set manufactu rers. 
[463] 

Coaxial latching switches. Microwave 
Associates Inc., Burlington, Mass., has 
released a bulletin on the MA-7524 se­
ries of compact, coaxial latching 
switches. [464] 

R-f circuit design'. Motorola Semicon ­
ductor Products Inc., P.O. Box 955, 
Phoenix, Ariz. 85001 , has compiled a 
150-page booklet containing circuit-de­
sign information from its r-f applica­
tions engineering staff. [465] 

Ceramic capacitors. Titania division , 
American Lava Corp., Manufacturers 
Rd., Chattanooga, Tenn . 37405, has 
issued Bulletin 677 giving details on a 
wide range of mutilayered ceramic ca­
pacitors. [466] 

Specifically Engineered ·for · 
RF COMPONENTS 

. - ' I 
A-27 Superfine 

-max 

Q-MAX impregnating and coating 
composition penetrates deeply, 
sea ls out moisture, provides a 
surface finish . Q-MAX imparts ri· 
gidity and promotes stability of the 
electrical constants of high fre­
quency circuits. Effect on the " Q" 
of RF windings is negligible. 

Write for colo log todo y. 

Q-max Corporation 
MARLBORO, NEW JERSEY 

Telephone: 462·3636 (Area Code 201) 
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The Voice. Anybody's voice. Your 
voice. It has a special quality and tim­
bre all its own. But. 

If it should become hoarse or if a 
cough should persist, find out what the 
reason is. Promptly . It could be a warn­
ing signal of cancer. And cancer is eas­
ier to cure when it's detected early. 

Frank Sinatra knows tlte se1•e11 wam­
ing signals of cancer. D o you? I . Un­
usual bleeding or discharge. 2. A lump 
or thick ening in the breast or else­
where. 3. A sore that does 1101 heal. 
4 . Change in bowel or bladder habits. 
5 . Hoarseness or cough. 6. Indigestion 
or difficulty in swallowing. 7. Change 
in a wart or m ole. 

If a signal lasts lon ge r than two 
weeks, see your doctor without delay. 

It makes sense to know the seven 
warning signals of cancer. ~ 

It makes sense to give to the 
American Cancer Society. . 
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Display & digital equipment engineers: 

Tie your future to the growth 
of educational technology at RCA Instructional Systems 
in Palo Alto, California 
Join RCA's full-scale entry into computer-based instruc­
tion and you'll expand your own career potential while 
helping solve prnblems created by enormous increases in 
student population, and in both volume and complexity 
of knowledge. 

RCA Instructional Systems has the full responsibility 
and resources to cal"l"y out a bJ"Oad mandate from RCA 
corporate management: to study, create, and test total 
educational systems designed to help teachers do a bet­
ter job of imparting more knowledge and skills to more 
students - more effectively. 

Here in the San Francisco Bay area, our highly com­
petent nucleus staff is working closely with nationally­
known educators- s uch as Stanford University's Dr. Pat­
rick Suppes, a pioneer in computer-based instruction ­
in the first major joint undertaking of its kind by indus­
try and education. 

Key to systems already under de\·elopment is RCA's 
Spectra 70, first computer family to utilize monolithic 
integrated circuitry and cross the threshold into the 
third generation. RCA's many other products, skills, and 
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services in such areas as communications, switching, 
displays, publishing, and field services are also playing 
a key role in this corporate-wide development program. 

If you are an engineer experienced in educational sys­
tems analysis, electJ"Onic display development, and/or 
compute r systems design , we'd like to talk to you. Cur­
rent effortR include: development of concepts for ad­
vanced computer-based instructional systems; design 
of advanced CRT displays and electronic data entry de­
vices; and des ign of the elements of digital processing 
and communications systems for use with computer­
based information. Areas of work are: digital circuits; 
digital logic design: packaging; human factors engineer­
ing; di splay devices des ign ; and analog circuit design. 

Send your res ume to: A .. J. Tasca, RCA Instructional 
Systems, 530 Uni\'crsity A venue, Palo Alto, Calif. 94301. 

An Equal Oppo1·tnni ty Employer 

- The Most Trusted Name in Electronics . ® 
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• engineers, 
your ship 

just came in! 

Anot her nuclear ai rcraft carrier, boosting our contract backlog t o $500 m il ­
lion, creates added engineering career openings in all t hese d iscipl ines: 

M echa nical Engineers 
Electr ical Engineers 
Marine Engineers 
Industria l Engineers 
Naval Archit ects 
Nuclear Engi neers 

Civil Engineers 
Met allurgical Engi neers 
Data Programmers 
Systems Analysts 
Chemist s 
Laboratory An alysts 

I f you r t raining and experience are in or close to these f iel ds, get deta il s on 
immed iate opportunities and long-range career security with the world 's 
largest, most advanced shipbuilding com pany. Write our employment man · 
ager, John J . Gaughan . You ' ll get fast act ion. 

N"ewpo:rt N"ews 
SHIP0UILOIN0 ANO OR'!' DOCK CO MPAN Y, NEWPORT NEWS VIRGINIA 

An Eq u al Opportunity Em ployer 

SUPERINTENDENT 
COMMUNICATIONS AND RELAYING 

l·:\.pt•rit>n<·ed person rec1uired for new JIO\\ l' I' suvply 
cooperathe undt•r ('onsu·u1·ti on c:onsi:-;ti n J.! of :WO 1\ 1\\' 
l."oal fi1wl g(•1w1·111i o n faC'ilitif's, 1800 milt•s of 1ra.n .., ­
nii .. ..., ion li ra'. 1::5 substations and HI minO\\ tl\t' sl:t 
1ion .... Hf"<l llin·mf'nt s: 

l·::q )t•rh· n c·t· in in-.tallation, 11·.sti n J[ and 11 111i nl 1·-
11:11Wf' nf 111 obi lt' radio. miero\\an·. s1 1JJ('r\'isory 
('U Hll'OI. H· lt·mrteri n g, load contro l , IH'OIPc·ti\1• l'(' ­
lu yi n .l:-, a nd plant and ~uhstation «0 11 1rol l'i! Uil'-
11t(' ll L l\frtl'l'ing- expe ri t>nc·(1 ch·~ irnhll' . 

For pror1101 con s idernli on, plt•a:.e sl' nd n'."HlllC out­
Jinin.L( t•.\pt• riNH 'I' amt s1:t\ur~· r<•q11ir1• r11 (• t1 fs to: 

HOOSIER ENERGY DIVISION 
P. 0 . Box 908 Bloomington , Indiana 4740 1 

All irn1u il'i~ <·ontldt'nli:.tl. 
.\n ('< itrnl opport un ity t' 111plo.\'1·1·. 

PROFESSIONAL 

SERVICES 
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Donald C. Harder., Inc. 
Magnetic Component Engineers 

Reoctors-T ransforme rs- Filters 
Serving the Research Laboratory 

2580 K StrH I, San Diego, Calif. 92102 
Phone (714) 239-8021 

I nlll:t·::·n·.; JUJX _\"O , JU~' J'f . 11·.'8 '/'(): t:ot ;.\'o. 

(' fa ....... i/lfrl .1d r. D ir. of tll ix 1111/Jlit"ation . 
8 t·nd lo oJric<' w ·a n xf you . 
.\'h'll ' \ ' UJ:n.·. ,: . .\". \". 100.:fi: 1' . 0 . B ri ."I' 1 2 

('fl}( '_ l(; (), /f l. fillfill: fi',-1 .\ '. M idii!JUll . l tlf' . 

S.l.\' Ft: . l S(' JS('O. ('(f /. fJ',111: ,t.;.; l'1rl i[on1ia Sf . 

POSITION VACANT 

Supervisor of Instrument Se rvices in Che m .. 
islry at I owa Stale Un iver:-;ity. Th e p os ition 
in vo lves providing- in fra red, mag; netic re­
:-; onnance, and mass s pectl'0 8CO IJ ~· se n · ices in 
the c hemi stry department. including" in stl' U­
rn ent maintena nce, s up ervis ion o f tec hn ician s , 
operation of instrum e n ts. Sa la l'y ope n. Rohert 
S. H a nsen, Chairman C h e mi stry De part ment, 
Iowa State Univers ity, Ames , Iowa 50 0 lO. 

POSITION WANTED 

El ectronic Eng. BS- EE seeks position with 
US Co rp . to wo rk in Ita ly in product Mfg-. 
Service or Sa les. Experience: Seven years 
ckt. des ign and Field Service for D i ~ i tal 
System s with knowledge of l talian la n g uage . 
For re s u m e or inlerview wl'ite: P\V-a .:>90, 
Electronics. 

R. U. answering more than1 
advertisement? Then please send a 
separate reply to each box number. It 
will help you get an answer sooner. 

Do you n eed electronics en · 

gineer s 01· t echnical nlan· 

age m ent m en? Electronics 

magazine is the wa y to re· 

cn1it them. Electronics is 

designed sp ecifically for 

the working en ginee1·. 68,. 

000 subscriber s and an ad-

clitiona] 133 ,000 pass-along 

r eade r s turn to it to k eep 

up with their industry. You 

can find the man tha t 111eets 

your qualifications with an 

advertisem ent in the Em-

p lo y m e n t Opp01·tunities 

Section. 

For rates & information 

write : Electronics, a Mc-

Gr a w-Hill Publi c ation . 

Classified Advertising Divi· 

sion, Post O ffice Box 12, 

New York 10036. 
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In electronics 
it's Electronics 
magazine 
to sell used 
equipment I 
Your advertisement will produce 
Results in Electronics. Engineers 
turn to Electron ics magazine for 
the latest technical developments 
- and for the latest buying 
information. You can reach them 
inexpensively in Electronics 
Searchlight Section. 

For information: 
Searchlight Section 
Classified Advertising Division 
Post Office Box 12 
New York 10036 
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SEARCHLIGHT SECTION 
• CLASSIFIED ADVERTISING • BUSINESS OPPORTUNITIES 

iilii.Uiiillllll.i.. • USED OR .SURPLUS EQUIPMENT 

Iii 
AUTOTRACK ANTENNA MOUNT 

360 degree azimuth, 210 
degree e levation sweep 
wi th betler than 1 mil. 
a ccuracy. Mi ss ile velocity 
acceleration and s lewing 
rates. Amplldyne and 
serrn rontro1. WI II handle 
up to 2 0 rt. dish . Sup­
pli ed complete wllh con­
trol l'hassis . In stock­
immediate delivery, Used 
world O\'er hy NASA . 
USAF, MP- 61-B. T-ype 
SCR-!184. Nike Ajax 
mounts also In stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 
Ou1out 25kv 40 amp. Duty cycle. 00 2. pulse lengths 
.25 to 2 microsec. Also .5 ro 5 mlcrosec. and . 1 to .5 
rnicrose<·. Usf's 6C21. Jnvut 115v GO cycle AC. Mtg. 
n 1;:, Compl ete with drlHr and high rnlt.age power 
suvply. ne r : MIT Rad. Lab . Series. Vol. 5 , p , 152 . 
2 MEGAWATT PULSER 
Output 30 kv Rt 70 a mp. Duty cycle .00 1. B ep r ates . 
I microsec 600 pps. I or 2 mRCc 300 pps. Uses 5948 
hydrogPn thyratron. Jnput l 20/ 208 VAC 60 cycle. 
Mrr. OE'. Complete with high voltage power 1uppJy. 
250 KW HARD TUBE PULSER 
Output 16 kv l 6 amt). Duly rycle .00 2 . Puh e1 can 
he coded. Uses 5D21, 715C or 4PR6 0A. Inpu t ll5 v 
fifl t'V ,4_(' J J 2 00 fll8 

18 MEGAWATT PULSER 
Omput 1.;0K \' at 120 am ps. Hep rate : ~0-500 PPS. 
l'ul "'r IPn l,l't h : .i mf'C'c. 15KV 120 amp. into pulse 
11:.lll"forrnf>r. H i.'\(' 11!111• l . ."i llHil'<'. F illlllli.' nt SllJJPIY .;v 
Sil am p. inl'l. 17 .5KV 1.5 am p D C J>OWer supply. 
Tnn111: 220Y (jO ('\" .\(°. 

VARIAN KLYSTRONS 
Y - .Jf>: .J.'j \\' 0111p111 t'\"\1 !} to JO KMC 
\" .\ -800: JO l\W Ollfl>lll ('W 1.7 to 2. 4 KMC 
\ " ,.\ -80fiTI: l K\V O\llpttf < ' \V 7 .5 to 8.5 ] {l.IC 

T.W .T. 
VA - J:-{7(' : ;) J\\\' l'C'H k . :i00 \V avg .. 87 to 1.0 Kl\IC 
H(' A - 11.;.t: 10 )f\V onr out 1 .. l to 4.5 1\MC 
l! f". \ - llGl: I Wa tt m111m1 1.!l to 4 . 1 K~JC 

SCR 584 AUTOTRACK RADARS 
Our 584s in like new condition . ready to go, and t n 
SltX'k for immediate de lh·en1 • Idea l for telemetry re­
!'earrh anti de\·e lopmenr, mi sl'lilt> tracki n g, 1rn.te1Ji te 
t raektn~ . Fully Desc. MIT Had . I.ah. Serles. Vol. 1, 
!IPR. 207 -2 10 , :?28, 2 ~4-:!8 6. Cnmp . ln st. Bk antl · 
aide i2!i. OO ea11 h . 

l~f)ll 
Sill.I~ 

When you have used electronlcs 

equipment to sell, advertise 

In Electronics Searchllght 

Section for fastest results. 

For information: 

Searchlight Section 

Classified Advertising Division 

Post Office Box 12 

New York 10036 

MICROWAVE SYSTEMS 
L BAND RF PKG. 
20 K\V J)<'ak 990 to 1040 MC. Pulse width . 7 to J.2 
mil-ro St'C. Hep. rate 180 to 420 PJJS. Input 115 ,.a.<.· 
inel. n e(•('i\"er $1200 

200-225 me RADAR SYSTEM 
I ;\ff'gawatt ou tput. 200 n auti ca l mile range for Ion :.: 
rnn1om (it'tl'Ction of nwdl um and hlKh altitu<lP jt.'t a.ir­
e-raft as wP ll as genera l search . f'omplPte s:r'it<'m in 
-todc In put l 20 / 208 V. GO cy. Type TPS-28. 

C-BAND RADAR 
2.iO KW output. C -band. PPI indicator. 5C22 111 :\Tn­
tion mo<lulator. Ant Pnna hi gain parabolic SN'tion . 
l np11t 115 ,·oh.;; f"if) 1·y<'I <' AC. complete $2700 .01) 
S MEGAWATT C-BAND 
Kh ...,r1·on HF padrngt~ d elh·erlng n omin a l 5 megawa t t 
p11J ..:e nF. Complete with pulse r and J)OWCI' Sll])l)lr. 

500 KW L BAND RADAR 
!'.iOO lrn' J220-J~5!l msc. 160 nautical mill• l'f'lll'f•h 
1·anitP I' P . 1. and .\ scopes. hiTI. t h yratron mod 5J2<i 
11\llg"JH'fl'Oll. ('o mplfll(' 'iYSlt>lll. 

100 KW X BAND RADAR 
('om 1JINP 100 kw outvut airborne system with .\".\l'l'T. 
5f'22 th:n. mod. 4.152 magnetron. PPT. :iCiO de~ :1s 
swf'f'JJ. fiO 'kg. elev. swe<'P. gyro stabilizer, hi -g:t ill 
rcn. f'ompl<'t"' with a ll pln ~s a nd cabl es. 

AN / GPG-1 SKY­
SWEEP TRACKER 
3 cm. automa t ic t rack ­
ini.:: radar system. Com­
plete J)tt{'l\a~e with In · 
dl<'afor system. ~1111 
rnnwt a cqui sition and 
a111onrntic t rackin g. ln ­
p11r 11!> rnlt"i 60 c:rclP 
:"f'W, I n 'itod\ fo1· im­
mNli n tt•rlf' l h·pr~·. F,n tirl' 
Sy.::t C'm W long. ~ · 
wi d <', 10' high . T' IC'al 
for Tn fr:i rert Trn<•kC'r. 
D ron"' Trnck<'r, )l i.;;'-iilo 
'l'rnC'kPr, R & ])_ 

SOOKW S BAND RADAR 
2.iO 111i h•-; "''a rt'h J LjV 60 cy AC. 

CIRCLE 967 ON READER SERVICE CARD 

I ELECTRON TUBES I--
KLYSTRONS • ATR & TR e MAGNETRONS 
SUBMINIATUREB • C.R .T. • T.W.T. e 1000· 

6000 SERIES 
• SEND FOR NEW CATALOG A2 • 

A & A ELE'CTRONICS CORP. 
1063 PERRY ANNEX 
WHITTIER. CALIF. 

&96-7544 

TWI - 36" Lead $11.65 
AC and Stored Energy Power Supplies 
and We ld ing Heads 

EWALD INSTRUMENTS CORP. 
_ _______ K_ ENT, CONN . 06757 

CIRCLE 969 ON READER SERVICE CARD 

BUSINESS OPPORTUNITY 

Electronic Components-Foreign manufac­
turer of vo lume co ntrol s wis hes to establi s h 
U.S . representation with local di s tribu \;or. 
Write to: Atomo Rafman, Martinez Melo y 
Gaona, Moreno BSAS, Argentina. 
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'microwave problem? ,.,.. ~ I 
'. talk to Andrew ... the antenna systems specialist 

Andrew microwave antenna systems are hard at 
work all over the world. Fixed, portable, and mobile 
installations, designed by Andrew, can be found 
wherever communications engineers demand the 
utmost in performance and reliability. •This new 
transportable 7 GHz system is a good case in 
point: used in a quick reaction microwave link, the 
unit packs broadband communications capability 
into a compact package. A 100 ft. aluminum tele­
scoping mast pneumatically raises the 6 foot 
antenna, guy wires, and dual axis positioner in 

270 Circle 270 on reader service card 

less than 60 minutes. The flexible HELIAX® ellip­
tical waveguide feeder goes up simultaneously, 
and the jacket includes control cables for the 
positioner. An automatic dehydrator-compressor, j 
1% ton trailer, and AC power supply complete the 
package-all from Andrew. One source-one re­
sponsibility. •Have a microwave antenna system 
problem? Bring it to Andrew, most people do! 
Andrew Corporation, P.O. Box 42807, Chicago, 
Illinois 60642. 
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France may lift 

Mideast arms ban 

Bonn balloons 

space spending 

Italian tv firms push 

for color before '70 
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Newsletter from Abroad 
August7,1967 

Insiders in the French aerospace industry now say there's a good chance 
that President de Gaulle will end his embargo on arms shipments to 
the Middle East early this fall. The reason: the ban may hurt French 
exports of military equipment, now running about $500 million yearly, 
elsewhere in the world. 

Already military officials from South Africa and Australia have asked 
Defense Minister Pierre Messmer to clarify French armaments policy. 
Both countries are big buyers of French aerospace and military elec­
tronics equipment. But both want assurances that they won't be ham­
pered in the future by a ban on spare parts if they use the equipment 
for operations that conflict with de Gaulle's policies. 

Messmer, whose ministry strongly backs export efforts by French 
military hardware producers, is urging de Gaulle to lift the ban. Other­
wise, he is arguing, France will lose her position as an international arms 
supplier. Avians Marcel Dassault, the country's leading military aircraft 
maker, is so convinced Messmer's argument will prevail that it plans 
to start shipping Mirage fighters to Israel again by October. 

Despite the Kiesinger government's austerity campaign to wipe out a $2 
billion budget deficit , a huge boost in West German space outlays is 
in the offing. 

The Ministry for Scientific Research will get some $457.5 million for 
space projects over the next five years. And if the economy comes out 
of the doldrums in time, another $47.5 million will be added to it between 
1969 and 1971. The $505-million total is almost four times more than 
what was spent in the five years ended in 1966. About 30% of space 
spending is for electronic hardware. 

Accompanying the stepped-up spending will be a shift in space 
emphasis. Up to now, the bulk of West German space money was used 
for international projects, like the European Launcher Development 
Organization's rocket program. But from now on, the bulk of the 
expenditures will be for national projects and the Franco-German tele­
communications satellite "Symphonie." 

Public discontent over the color-television policy of Aldo Moro's coalition 
government is beginning to surface in Italy. 

The loudest complaints come from the television industry, which has 
been hammering at the fact that Italy will be one of the last countries 
in Western Europe to begin color broadcasting unless the government 
revises its startup date-1970 at the earliest. Britain, France and West 
Germany will all start color programs later this year. 

Although still far from a clamor, enough public pressure has built 
up recently to force the Socialist Party to reiterate its opposition to an 
earlier startup. It was the Socialists who forced the coalition government 
to stay the start of colorcasts [Electronics, Oct. 3, 1966, p. 25]. They 
maintain that production of high-priced color sets would endanger both 
the planned economic growth rate for Italy and-largely because the 
picture tubes would have to be imported-the balance of payments. 

The balance-of-payments argument, however, doesn't stand up any 
more. Early this summer, RCA announced plans to build a shadow-mask 
picture h1be plant near Rome. Now, a Philips subsidiary says it will 
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Computer mishap 

leaves Zambia 

minus statistics 

CSF bowing out 

of U. S. tube plant 

Nippon Electric sells 

computer to Rumania 

Boeing 7 47 to get 

Elliott system 
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build a color-tube plant near Monza in the north. But neither company, 
apparently, intends to break ground for an Italian picture-tube plant 
until the Moro government sets a firm date for starting colorcasts. 

Zambian officials no longer have statistical bench marks with which 
to check out their balance-of-payments position or the effectiveness of 
sanctions against Rhodesia, their white-supremacy neighbor. Gross errors 
have turned up in the program of the kingpin computer for the national 
accounting system, and their discovery has forced the Zambian govern­
ment to scrap all its trade figures for 1967. There's doubt, too, about 
statistics for the past few years. 

Officials say programers from Britain whose contracts ran out earlier 
this year had the computer adding sets of figures that should have been 
subtracted. A new staff of data-processing experts started reprograming 
import-export statistics this month, but the first figures won't be foi:fh­
coming until the end of the year. 

France's leading electronics company, CSF-Compagnie Generale de 
Telegraphie sans Fil, has all but written off its money-losing effort to 
secure a foothold in the 1].S. military market for high-power micro­
wave tubes. 

The company has agreed to sell most of its holding in Warnecke 
Electron Tubes, the manufacturing subsidiary it set up in Illinois for 
the effort, to the Northrop Corp. The deal gives Northrop about a 
90% interest in Warnecke. Previously, Northrop had a minority share 
acquired when it took over the Hallicrafters Co. 

The Nippon Electric Co. has made a small beginning in the East 
European computer market. It has sold to the Rumanian government one 
of its ultrasmall Model 1240 business computers, which has an 800-word 
memory and cycle time of 5.3 microseconds. 

The contract for the $80,000 machine can't be signed until the Jap­
anese government makes sure the export doesn't violate the embargo 
on shipments of strategic equipment to Communist-bloc countries. 
Approval, though, seems to be .a formality even though the Model 1240 
has integrated circuits. Larger computers with IC's already have been 
shipped by Western producers to East Europe. 

Elliott-Automation Ltd. has made its first breakthrough into the U.S. 
commercial aircraft market. 

The British company's fuel-How measurement gear has been picked 
for the Boeing 747 by the Electro Development Corp., subcontractor 
for the jet transport's fuel-Bow system. Electro bevelopment will pro­
duce most of the hardware for Elliott's design, which is basically the 
same as the Elliott equipment going into the Concorde supersonic trans­
port and the Royal Air Force's Phantom fighters. 

Elliott previously had won U.S. contracts for military-aircraft hard­
ware under the offset buying plan that the Pentagon agreed to when 
Britain bought 50 F-111 fighter-bombers [Electronics, Sept. 5, 1966, p. 
199]. But the deal with Electro Development is the first in which Elliott 
bested U.S. competitors protected by tariffs. 
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Prime source for 
custom-designed antennas 

For unique antennas from 300MHz to 300-
GHz, TRG has the experience and capability 
necessary to meet your requirements. 
Contact: TR G, 4 0 0 Bord er Street, East 

THG Boston, Massachusetts 02128. 
DIVISION Te I e p h o n e ( 617 ) 5 6 9 -211 0 . CORPORATION 
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Here's just part of the full Honeywell line, which includes : Q 117 Visicorder direct-recording oscillographs in 6", 8", and 12" models; €) 2 Model 1806 fiber­

optics CRTVisicorder oscillographs;$ 26 magnetic tape systems, including the 7600 Series in 1 OJS" and 15" reel versions ; @ 84 amplifiers and other signal -condi -

We build 847 
instruments to be sure we. 
have the exact 1 you need. 
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tioning units; @ 78 analog recording systems; C) 46 electronic medical systems; @ 14 oscilloscopes; 4:) 37 digital multimeters; 0 29 differential voltmeters; 

9 179 precision laboratory standards and test instruments; 0 128 data loggers; C) 9 analysis systems; ~61 EM.I products; CD 37 X-Y graphic recorders. 

Your Honeywell sales engineer can zero in on the precise 
solution to your instrumentation problems. Quickly and 
efficiently. You w on't have to settle for "almost" what 
you need because the Honeywell sales engineer isn't 
handicapped by a limited line. He can choose from 847 
basic instruments whose combinations and permuta­
tions approach the infinjte. 

The solution might be a Visicorder recording.oscillo­
graph. Or one of our modular magnetic tape systems. Or 
an X-Y recorder. a digital multimeter. or a portable po­
tentiometer. But whether it's a single instrument or a 
comp lete data system.you can be sure the solution will 
be the right one. carefully thought out with your future 
requirements considered as well as your current needs. 

Loca l service and .nationwide metrology faci lities b13ck 
up your Honeywell instrument or system. And, we can 
even provide factory training courses for your operating 
personnel. For the full story on how Honeywell can help 
you. call your local sales engineer or write: Honeywell. 
Test Instruments Division. 
Denver. Colorado 80217. Honeywell 

Honeywell engineers 
sell solutions 

WESCON 67 - see Honeywell First! Booths 2701, 2702, 2703. Circle 275 on reader service card 

I 
11111 



MIL spec performance ... in half the space! 

Type 990 miniature solid tan­
talums typify TRW ' s creative 
engineering. They ' re designed 

to fit in half the space. Designed 

to give better shock and vibra ­
tion resistance. Designed to MIL 

276 Circle 276 on reader service card 

specs . They' re designed to be 
the best hermetically sealed 

tantalums you can buy. Values 
from 8.2 to 330 mfd , 6 to 35 V. 

Get the TRW tantalum story 
on space-savers like the 990, 

on standard MIL types and tan ­
talum hi rel capability . Contact 
TRW Capacitor Division , TRW 
I NC. , Box 1000, Ogallala , Ne­

braska. Phone (308) 284-3611. 
TWX: 910-620-0321. 

TRW 
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Japan 

First reader 
Post office officials in Japan now 
have in sight the critical item of 
hardware they need to automate 
mail handling-a letter sorter that 
can read handwritten zip codes. 

After successful tes ts with an ex­
perimental version, the Ministrv of 
Posts and Telecommunications 
plans to put two or three automatic 
sorters into post offices for field 
tests starting next spring. The trials 
will be part of a $5.5 million effort 
to install a zip-code system for the 
country. 

The zip codes will consist of five 
Arabic numerals, and Japanese 
postal officials figure that about 
90% of the time the codes will be 
handwritten. That rules out sorters 
that can read only typewritten nu­
merals. Even those are tough to 
build. The U.S. Post Office Depart­
ment had considerable teething 
troubles with its first reader-sorter, 
a prototype unit made by the 
Philco-Ford Corp. and first put into 
service in Detroit 20 months ago. 
Now, Philco-Ford is installing sort­
ers at post offices in Boston and 
Houston. 

And to make the problem more 
difficult, the Japanese sorter has to 
read numerals written with foun­
tain pens, ball-point pens , felt-tip 
pens, writing brushes, and pencils. 
The only restriction the ministry 
plans to place on mail senders is 
that they write their digits in small 
frames preprinted on envelopes. 

Fast. The prototype sorter, de­
veloped under a government con­
tract by the Tokyo Shibaura Elec­
tric Co., reads and sorts six letters 
a second. That compares to one 
letter a second for manual sorting. 
In a test on envelopes written by 
people from all parts of Japan , the 
Toshiba sorter successfully read 
about 95% , shunting the balance to 
a stack for manual sorting. The er-
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ror rate was about I %, no better 
and no worse than with manual 
handling. 

To deal with handwriting, To­
shiba's reader-sorter needs about 
the same logic circuitry and mem­
ory capacity as a medium-size com­
puter. The logic circuits, for ex­
ample, are built around 3,500 in­
tegrated circuit packages. The 
memory has a capacity of 8,000 
words of 32 bits and a cycle time 
of 1.5 microseconds. It includes in 
its stored program the dictionary 
through which the reader identifies 
digits. 

Spotted. Basic input for the rec­
ognition is a stepped scan by a 
vidicon camera of the first three 
digits of the code (the other two 
digits are used for manual sorting 
of small post offices). The camera 
has a scan width 0.2-mm high, and 
as it sweeps horizontally across the 
three digits the image picked up is 
quantized every 0.2 mm to get a 
binary input for the memory. Thus 
a complete scan of the 10-mm high 
frames in which the digits are writ­
ten puts into the memory a binary 

readout based on a 0.2 by 0.2 mm 
matrix. 

Next comes a normalization of 
the stored information, essentially 
a thinning of characters written in 
wide brush strokes and a reduction 
of large numerals. The stored ma­
trixes of normalized characters then 
are scanned in three-by-three 
groups to determine stroke direc­
tions and the sequence of charac­
teristics along horizontal lines. The 
sequences are checked against the 
dictionary to determine which digit 
has been read. Because extensive 
branching is needed to account for 
slight differences in sequences for 
the same digit caused by variations 
in handwriting, the dictionary lists 
about I million sequences. 

Two-faced 
Anyway you look at it, the flat 
cathode-ray tube figures high in 
the scheme of things to come at 
the Hayakawa Electric Co. 

Early this summer, Hayakawa 
showed an 8-inch flat tube it has in 
the works. Now the company has 

Front and back. Conductive-glas£ deflection electrodes make 
image visible from either side of flat cathode-ray tube. 
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built a two-face version with the 
picture vis ible from both front 
and back. 

H ayakawa says the tube could 
find a place in receivers used in 
room dividers. Those viewing 
from behind, thou gh, would see 
a mirror image of the picture in 
front. A more likely application 
might be in displays where a sec­
on d im age would be superimposed 
from the rear. 

Material. Essentially, the see­
through flat tube is the same as 
the one-face version. Its distin­
guishing characteristic is a pair 
of electrostatic vertical-defl ec tion 
plates [Electronics, June 12, p. 
246]. To make the two-faced tube, 
H ayakawa simply switched to a 
transparent- but condu ctive -
glass for the electrodes. 

The defl ection electrode is a con­
ductive-glass coa ting on th e back 
panel of the fl at tu b e. The target 
electrode is the same glass coa tin g 
on the faceplate-between the 
phosphors and the glass. 

Fine design 
As they jockey for b etter positions 
in their highly competitive domes­
tic color-television market, Japa­
nese set makers are whittling down 
their prices-and costs-whenever 
they can. 

Most of the cost-cutting so far 
can be traced to simpler cabinets 
and fewer loudspeakers . Now the 
1atsushita Electric Industrial Co. 

has come up with some money­
saving circuit kinks. As a result, 
the company's new 19-inch set at 
$430 lists for less than any other 
color set its size in Japan. 

Shunt out. Over-all , Matsushita 
engineers have cut the number of 
tubes in the new set to 20, fi ve or 
s ix fewer th an found in most sets. 
But the key characteristic of the 
new design is a negative feedback 
circuit that does away with the 
high-voltage shunt-regulator tube 
-usually a 6BK4-used in prac­
tically all other color sets. 

The circuit, Matsushita says, 
does more than simply make for a 
cheaper set. It cuts power con­
sumption and, at the same time, 
eliminates the need for special pre-
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cautions against X-ray radiation, 
which in conventional sets comes 
mainly from the regulator tube. 
Also, the feedback automatically 
compensates for deterioration in 
the horizontal deflection output 
tube, so it needs replacement less 
often. And the crucial component 
in the feedback circui t, its voltage­
dependent resistor, lasts much 
longer than a regulator tu be. 

Pulse. The input for the feedback 
circuit is a pulse picked off a wind­
ing on the set's flyback transformer. 
The pulse, proportional to the peak 
value of the fl yback pul se, is recti­
fi ed by the voltage-dependent res is­
tor and used to control the grid 
bias of the horizontal output tube. 
In other words , the output tube 
supplies only as much power as is 
needed to obtain the proper bright­
ness level on the screen. 

\Vith a shunt-regulator tube, the 
output tube works at full power 
always and excess power in the 
high-voltage circuit is dissipated by 
the shunt. ·when the picture-tube 
darkens, a high current passes 
through the regulator tube at high 
voltage and this triggers X-ray 
emission. The radiation level can 
be dangerous if the tube's anode 
and grid cap are misaligned. 

Drawback. Because of the non­
linear characteristics of the volt­
age-dependent res istor, the feed­
back circuit also stabilizes the h igh­
voltage output against change in 

+B 

H.V. 
ADJ 

line voltage. However, this leads 
to a slight problem for the feed­
back circuit. When the line voltage 
rises and the power supply follows 
suit, there is a sharp rise at the 
plate of the horizontal-deflection 
outpu t tube. Thus the h1be must 
handle a higher dissipation than it 
would in sets with a shunt-regula­
tor tube. But Matsushita says the 
slightly higher cos t for the deflec­
tion output h1be is negligible 
compared to the over-all savings 
achieved by replacing the shunt 
tube with a feedback circuit. 

Great Britain 

Better memories 
As far as Mullard Ltd . is concerned, 
the ferri te core has just about had 
it as the mainstay of memories in 
small computers. 

Mullard now expects to slash in­
stalled cos ts of small-computer 
memories by as much as two-thirds 
by switching from cores to metal 
oxide semiconductor integrated­
circuit arrays. The expectation is 
based on the performance of ex­
perimental 1,024-bit :Mos-transistor 
arrays being turned out at the com­
pany's research labora tories at Red­
hill. Mullard, a subsidiary of NV 

Philips' Gloeilampenfabrieken, is a 
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Banished tube. Negative feedback circuit in Matsushita color set does 
away with the shunt·regulator tube normally used to stabilize the 
high·voltage supply. For simplicity, the grid circuit that would be 
used with the shunt regulator tube (broken lines) is not shown. 
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major producer of memories. 
The company isn't alone in its 

high hopes for MOS memories. The 
General Instrument Corp. is pro­
ducing 128-bit shift registers and 
Litton Industries Inc. is design­
ing two experimental computers 
with MOS arrays for both logic cir­
cuits and memory [Electronics, 
March 6, p . 25]. 

The edge. P.J. Daniel, who heads 
Mullard's MOST memory-develop­
ment team at Redhill, England, 
says the company's IC arrays will 
be much cheaper for small com­
puters even though the seven-tran­
sistor MOST bit circuits have a 
higher unit cost than ferrite cores 
themselves. Unlike cores, the MOST 
memories work at voltage and cur­
rent levels compatible with IC logic 
circuits; the arrays thus do away 
with the line drivers , sense ampli­
fiers, and separate power supplies 
that account for much of the cost 
of a core memory in a small com­
puter. 

The larger the computer, Daniel 
notes, the smaller the cost edge of 
:ivrosT memories over ferrite-core 
memories . For very large com­
puters, he says, MOST memories 
might even cost more per bit than 
core memories but would have an 
edge in performance. A big advan­
tage is the MOST memory's nonde­
structive readout, a time-saver in 
many situations . With ferrite cores, 
information readout has to be re­
written back into the memorv if it 
is to be used again . Cycle ti~e of 
Mullard's experimental memories is 
currently 1 microsecond, and this 
may be halved eventually. 

Discretion. The arrays Daniel's 
group is building pack 32 words of 
32 bits onto a silicon slice about 
1 inch in diameter. Along with 
7,000-plus transistors for the bit 
circuits , the slice also carries an 
address matrix. 

The seven-transistor bit circuits 
are deposited on the slices conven­
tionally. And since yield isn't 100%, 
Mullard starts with a 40-by-40 ar­
ray of bit circuits and connects 
them-bypassing faulty circuits­
by discretionary wiring to get a 32-
by-32 array. 

The mask for the interconnection 
pattern is produced in about 10 
minutes by special optical-mcchani-
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cal machining equipment, devel­
oped by Mullard. The machine is 
controlled by a magnetic tape pre­
pared for each slice by a computer 
that is fed punched tape carrying 
the results of a circuit-by-circuit 
probe tes t. 

On the program 
Help is in sight for British engi­
neers who feel uneasy about using 
computers. 

The Royal Radar Establishment, 
for one, has worked out an experi­
mental software program that lets 
a computer understand questions 
put to it in straightforward Eng­
lish. And Ferranti Ltd., for another, 
has come to the aid of process­
control engineers by setting up ba­
sic program sequences that can b e 
put together easily to form control 
systems. 

Questions. In its effort to make 
computers accessible to anyone 
who can tap on a typewriter , the 
Radar Establishment took much 
the same tack as the General Elec­
tric Co. did in its direct English 
access and control (Deacon) proj­
ect [Electronics, April 4, 1966 p. 
37]. 

The program developed at the 
Establishment has three main 
parts: a dictionary that lists words 
the computer must recognize, rules 
of syntax for analyzing sentences, 
and answer-finding sequences. 
Question s fed by typewriter into 
the computer are first scanned for 
vocabulary and then noun phrases 
are distinguished from the verb 
phrases. The relationships between 
them are established by reference 
to the syntax rules. Y\Then the 
query has been understood , the 
computer looks up the answer in 
its store of facts. 

The dictionary, syntax rules, and 
facts are stored in disk memor.ies. 
The experimental program has a 
vocabulary of 120 words and some 
60 grammatical rules. 

Answers. The Radar Establish­
ment has its basic program work­
ing so well that it plans to set up an 
information retrieval system for the 
characteri stics of integrated cir­
cuits by the end of the year. The 
system will be able to answer 
questions like: "What are the 
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designations and costs of all cir­
cuits that can function as three­
input nand gates and are packaged 
in T0-5 cans?" 

At the outset, the system will 
cover some 40 IC packages and 
store about 80 characteristics for 
each. For comparisons among cir­
cuits , though, the computer will 
work with only 17 major character­
istics. 

On-line. Ferranti's programing 
scheme permits engineers who 
can't handle orthodox program 
routines to change programs on 
Argus on-line process control com­
puters. \Vhat's more, the changes 
can be checked out, without in­
terrupting the process , b efore 
they're put into effect in the con­
trol system. 

The foundation of the simplified 
program is a set of 23 routines. 
Each covers a basic process­
control function. In addition, up to 
nine special routines can b e pro­
gramed for specific applications. 
Normally, a control loop can b e 
built up by combining about five 
basic routines. The loops are inter­
connected to make up a complete 
control system. 

The sequence in each routine is 
fixed; however, the control engi­
neer can change the values of con­
stants, inputs , and outputs to keep 
the system optimized when there's 
a change, say, in raw materials or 
a slightly different end product is 
wanted. 

The new parameters are simply 
typed in on a keyboard. Through 
the keyboard the control engin eer 
can also feed into the computer 
new combinations of the routines 
in control loops or even add new 
loops. 

Sweden 

Five-finger exercise 
In the dozen years since a British 
research team first hit upon the 
idea of controlling the movements 
of artificial hands by the very low 
voltages generated in muscles , 
much work has been done around 
the globe to develop practical pros-
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thetics. Hands that can grasp ob­
jects with a claw-like movement 
have been built in Russia, \Ves tern 
Europe, the U.S., and Japan. 

ow that simple artificial hands 
controlled by myoelectric poten­
tials-as the low-level muscle volt­
ages are known-are fairly com­
monplace, researchers are h1rning 
their attention to more sophisti­
cated aids for amputees. \Vork on 
artificial hands that can make wrist 
movements and finger movements 
is under way in Japan, Sweden, 
and Yugoslavia. 

The most ambitious effort seems 
to be in Sweden. There, the Na­
tional Defense Research Institute 
is managing a cooperative devel­
opment program in which sev­
eral medical-engineering research 
groups are participating. The goal 
is an artificial forearm capable of 
wrist movements and a hand with 
independent finger movements. 
H enry Lymark of the Defense In­
stitute ·will report on the Swedish 
prosthetic at the Seventh Interna­
tional Conference on Medical and 
Biological Engineering in Stock­
holm this month . 

Quartet. The experimental pros­
thetic the Swedes are developing 
differs considerably from the open­
and-shut-only hands developed 
elsewhere. Instead of picking up 
myoelectric potentials from two 
muscles, the Swedish device works 
with four muscle pairs. And in­
stead of using skin electrodes, the 
Swedes will implant eight tiny 
frequency-modulated transmitters 
in th e muscle pairs to pick up the 
myoelectric control signals. 

The signals control four servo­
motors mounted in the arm and 
are linked to the hand through a 
worm gear, steel wires, and poly­
es ter plastic cords. 

One servomotor controls finger­
Bexing movements. It can close the 
fin gers in one second from a fully 
ex tended position into a fist. The 
motor is connected to the fin gers 
through a two-ratio gearbox. Until 
the fingers contact an object, the 
gearbox stays in the faster low 
ratio. When the fingers grasp, it 
shifts au tomatically to the more 
powerful high ratio. Each finger 
can exert forces up to 20 pounds 
on a grasped object. The other 
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three motors handle thumb and 
wrist movements. 

Subcutaneous. Because skin elec­
trodes often cause severe irrita­
tion, the Svvedish hand uses 
implanted frequency-modulation 
transmitters to pick up muscle con­
trol signals. The transmitters meas­
ure 11 by 5 by 4 millimeters and 
operate at 0.47 volt and 20 micro­
amps. The power comes from a 
small transmitter on the skin with 
an ou tput of 20 milliwatts at 3 
megahertz. 

F-m signals from the implanted 
transmitters, modulated by muscle-

Finger control. Experim enta l Swed ish 
prosthetic hanct is first with five 
independent fingers. 

movement voltages, are picked up 
by a receiver on the skin and fed 
to transistorized servoamplificrs. 
Both the servoamplificr circuits an d 
the batteries to power the skin 
tran smitter and receiver arc pack­
aged in a small carrying case. 

Worklist. Lymark emphasizes 
that the Swedish hand is sti ll ex­
perimental and that it will take 
some time to ready prototypes for 
tes ts on ampntees. One major un­
resolved problem is deciding which 
four muscle pairs could bes t con­
trol the prosthetic; muscles must 
be found that won't trigger un­
wanted movements in the pros­
thetic while carrying out their 
normal functions. Another problem 
is holding down noise in the drive 
mechanisms of the hand. This facet 
of the development has been turned 
over to a private company. 

Although much work remains to 
be done, several Swedish com­
panies are thinking about produc­
ing the artificial hand. The first­
and very tentative-cost es timates 
indicate the eventual price of the 
prosthetic will be at least $2,000. 

West Germany 

Sophisticated spots 
The small armies of intelligence ex­
perts who try to pinpoint enemy 
targets in long strips of aerial 
photographs often get the feeling 
that finding needles in haystacks 
would be a cinch. 

What's needed, military men say, 
is an electronic photointerpreter 
that would do the job faster and 
more accurately. And, for the most 
part, the bulk of the effort in this 
direction thus far has been largely 
based on film scanners that feed 
data directly into a computer for 
analysis. 

But the trouble is that a typical 
scanner produces about 6.25 mil­
lion bits of information from each 
square inch of film. With films usu­
ally 9 inches wide and up to 300 
feet long, analyzing the data be­
comes a formidable task, even for 
a computer. A huge storage ca­
pacity is required and data proc­
ess ing is time consuming. 

Trimmed. Researchers at the 
Technical University at Karlsruhe 
think they've found a way to ease 
the problem. They're working on a 
sys tem that takes much of the load 
off the computer that analyzes the 
data. Their system interposes a 
preprocessing unit and a special 
coordinate computer between the 
scanning equipment and the main 
computer. The interposed equip­
ment relieves the main computer 
-at Karlsruhe, a Control Data 
Corp. 3300-of the tasks of pattern 
definition and coordinate calcula­
tions. The main computer, then, 
gets only the data it needs for 
analysis and can handle the 
slimmed-down input much faster. 

West Germany's defense minis­
try is underwriting the work with 
a $200,000-a-year contract. Helmut 
Kazmierczak, who heads the re­
search team, says that along with 
its military applications, the sys­
tem could be used for photogram­
metry, for evaluating photos of bub­
ble chambers, and for counting par­
ticles in pictures of blood samples. 

Patterns. To help the computer 
sort out what's significant on an 
aerial photograph, the preprocess-
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ing unit distinguishes among 64 
shades of gray. It also calculates 
the direction and gradients of con­
trast boundaries and determines 
the orientation of all thin lines on 
the film. 

Details are picked out by scan­
ning film sections that measure 2 
by 2 centimeters . The resolution, 
programed into both the coordinate 
computer and the main computer, 
can range from 32 by 32 binary 
steps upwards to 256 by 256. In 
every case, the scan frequency for 
successive raster points is 125 kilo­
hertz. 

To spot and identify the pattern 
of a tank on a street, say, the co­
ordinates and orientation of the 
street are determined £rst bv a 
normal o.thogonal scan of the film. 
Then the coordinate computer re­
orients the scan along the axis of 
the street to pin down the object's 
ou tline. The pattern thus ca~ be 
fed into the memory of the main 
computer without complicated 
transformation of coordinates . The 
main computer could b e programed 
to identift the pattern as that of a 
tank. 

Tracked. Contours are pin­
pointed by rotating a small , round 
ligh t spot around a circular track 
near the edge of a contrast bound­
ary. The light transmitted through 
the film onto a photomultiplier is 
modulated along the circular track 
by th e opaqueness of the £lm. Th e 
phase of the photomultiplier's out­
put signal indicates the orientation 
of the boundary. 

For thin lines, the sys tem uses a 
small bar of light rotating about its 
center. Again , the direction of the 
line is determined by the phase of 
the ou tput signal of the photo­
multiplier. In both scanning modes, 
the outpu t of the photomultiplier 
is averaged over 4-rnicrosecond in­
tervals and quantized into one of 
64 values by an analog-to-digital 
converter. The digital values then 
are fed to the main computer. 

Shortcomings. Kazmierczak ad­
mits the Karlsruhe sys tem needs 
considerable refin ement. Before 
photointerpretors can b e mustered 
out, a way must be found to allow 
the main computer to recognize the 
objects stored as bits in its memory 
as planes, tanks, or the like. Kaz-
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mierczak's group is considering sta­
tistical methods that would piece 
the stored bits together by trial­
and-error, much as a jigsaw-puzzle 
solver works out his particular prob­
lem. But much more research has 
to be done, he says, before the sys­
tem can automatically interpret re­
connaissance films. 

France 

In-flight testing 
Flight-test engineers in France1will 
b e getting much more help horn 
their computers in the future. 

Electronique Marcel Dassault 
h as readied two prototypes of an 
airborn e data-recording system 
that monitors parameters under 
control of a stored program rather 
than cabled logic. The company, a 
division of Avions Marcel Das­
sault, will in stall the first system 
on a Caravelle test plane this year. 
The prototypes were developed 
under a $2-million contract from 
the Brctigny tes t fli ght facility of 
th e French air force, but Dassault 
expects to sell commercial versions 
for about $160,000. 

Handy. Dassault says the sys­
tem will make life mu ch eas ier for 
test engineers. To select the pa­
rameters he wants recorded-out 
of the 200 the system can handle 
-an engineer simply feeds the 
des ired tes t sequence into a com­
puter to prepare a punched tape. 
The information coded on the 
punched tape is read into the 
memory of the recorder's pro­
gramer unit, which controls an ac­
quisition unit that picks up analog 
and digital data from the plane's 
tes t instrumentation. All data is 
encoded into a digital format and 
recorded on magnetic tape for on­
ground analysis by computer. 

Punched in. The stored program 
can be revised inflight by entering 
changes on a keyboard. Eight key 
parameters are displayed in real 
time on a panel and up to 32 more 
can be monitored in flight by add­
ing an optional printer. 

The recorder system can handle 
up to 128 analog channels plus 64 
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The Aerometrics Model PM-720 Phase Meter covers from 
0 to 180 degrees in four ranges. For measurements above 
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Electronic Counters 
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digi tal channels. Maximum sam­
pling rate is 32 hertz and the max­
imum recording rate 2,000 hz. 

Grounded. Although Dassault had 
airborne use in mind when it de­
signed the recorder, the company 
says the equipment can be readily 
adapted for checkouts on sub­
marines and tanks. For less-exten­
sive tes t programs, the programer 
unit can be replaced with a simpler 
one programed by plug-in cards. 

Soviet Union 

The underground 
Amon g the world's coal producers 
the Soviet Union ranks fir st and 
Soviet mining officials make quite 
a fuss about their extensive auto­
mation of collieries. 

At last month's Fifth Interna­
tional Mining Congress in Mos­
cow, Soviet mining specialist L.E. 
Grafov reported that more than 90 
mines now have "complete mechan­
ization and automation." By 1970, 
he added, the number will be more 
than doubled. 

Grafov also told the congress 
that the Russians are pushing to get 
computers into action for regional 
mine management. An extensive 
data-processing system will go into 
service next year at Karaganda, in 
Soviet Central Asia. Five more sys­
tems are scheduled for operation 
by 1970 in the Donetsk Basin and 
other rich coal regions. 

Belied. At the Intergormash 
equipment show held along with 
the mining congress, however, the 
Russian machines were notable for 
their size-and their lack of elec­
tronic sophistication. If the Rus­
sians are as far along in mine auto­
mation as they claim, they took 
great pains to keep their best hard­
ware out of sight at lntergormash. 
Soviet electronics centered chiefly 
on gas-analysis instruments and on 
semiautomatic controls for individ­
ual equipment. The Poles, by con­
trast, offered a variety of solid state 
equipment and a model of the 
automatic long-wall system that 
mines deep seams in their Bielso­
wice colliery. 
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Whether the chips are hybrid or monolithic, one thing is certain, 
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Editorial 
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well as its developers predict, it 
will protect only about 3,000 air­
liners when it starts operating in 
1969, while 110,000 small private 
aircraft will be beyond the pale. 

A better answer, Electronics be­
lieves, would be to supply con­
trollers with complete information 
about the location of all aircraft and 
assurance that orders have b een 
received. Quick improvement could 
be possible with: 

• A small, simple, digital com­
munications system enabling a pi­
lot to acknowledge an order by 
pushing a button, and to report 
compliance with the instruction by 
a second push. The digital code 
wouldn't interfere with voice traffic. 

• Two-D radar at all airports 
handling fast-moving jet commer­
cial and business traffic. The FAA's 
current criterion for airport radar 
-100,000 flights a year to or from 
different airports-may not be ade­
quate in an era of jet traffic and 
giant air buses. 

• Three-D radar at major air­
ports. Such equipment is already 
being used by the military, and 
this technology can be applied to 
FAA requirements. Companies such 
as Hughes Aircraft, Avco, and ITT 
Gilfillan are deeply immersed in 
this technology. In Japan , Mitsu­
bishi Electric Co. has worked on a 
low-cost 3-D system. 

• Automatic data processing and 
storage system to keep track of the 
hundreds of aircraft around major 
airports. The systems could be pro­
gramed to display dangerous or po­
tentially dangerous situations. 

None of these possibilities are 
likely to be implemented by the 
FAA-or even explored-unless 
Congress prods the agency sharply. 

Because it chose an unrealistic 
approach to data process ing in 1959 
-one that computer experts con­
sidered unfeasible before the proj­
ect was even started-the FAA is 
convinced that the concept is use­
less. Because 3-D radar didn't have 
adequate accuracy in 1962, it too 
has been discarded despite obvious 
improvements since then and such 
new techniques as phased arrays 
and electronic scanning. 
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RFL Model 3265 Gaussmeter 
3 Modes of Magnetic Measurement: 

Absolute, Differential, Incremental 

The Model 3265 is a prec1s1on Hall-effect gaussmeter cap­
able of three distinct modes of operation: measurement of 
absolute flux densities from .02 gauss to 50 kilogauss (DC 
and AC to 400 Hz). Incremental determination of field varia­
tions to a resolution of 1 ppm as an expanded scale 
gaussmeter and a differential mode enabling simultaneous 
measurement of two separate fields or single field gradients. 

All solid-state design provides highly stable operation for 
laboratory, production line or portable field use. The large 
seven-inch taut-band meter allows precision measurements 
with ease of readability. 

An accessory DVM may be used for true Digital gaussmeter 
operation. 

r··------·--; Complete range of 

Phone Herb Brumbach (201) 334-3100 for engi­
neering evaluation loan or demonstration without 
obligation - or write for detailed specifications. 

• . Hall-effect probes 
~ ; for transverse , 

----- axial and 

" ----- --' tangential fields. 

C® RFf.ME~~~~~.~':!.'!~~ . .l,'!c. 
Instrumentation Division • Boonton, New Jersey 07005 

Tel : 201-334-3100/ TWX: 710-987-8352/ CABLE : RADAIRCO, N.J. 
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Order ITT 4-layer diodes­
they're big for simplifying 
oscillator, protective 

and switching circuits 
A n ITT 4-layer diode stays "off" until the voltage across 

it reaches a specified level. Then it switches "on" in 

nanoseconds and remains so until current through it 

falls below a specified minimum . Because gating com­

ponents are eliminated, the device is ideal when circuit 

simplification is the goal. You can specify it in glass D0-7 

or top hat packages, with firing voltages from 20 to 100. 

For application notes that will help you simpl ify your 

own circuits, as well as specification sheets and prices, 

use the coupon at right. ITI Semiconductors is a division 

of International Telephone and Telegraph Corporation, 

3301 Electronics Way, West Palm Beach, Florida, 

Circle 333 on reader servi ce card 
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